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1.0,0.0.0 INTRODUCTION

1.1.0.0.0 General

This dissertation is concerned with the following
aspects of the chemistry of sulfonyl carbenes:
(i) Search for new methods of generation of sulfonyl
carbenes in solution.
(ii) Effect of the method of generation on the chemistry
of sulfonyl carbenes.
(iii) Intramolecular reactions of sulfonyl carbenes with
aromatic nuclei positioned in the proximity of the carbenic
center.
(iv) Effect of external variables such as solvent and tem
perature on the state, multiplicity and chemistry of these
species.
(v) Mechanistic details of the reaction path followed by
sulfonyl carbenes in these reactions.

Carbenes are reactive intermediates containing a diva
lent carbon atom which is electron deficient, having a
sextet of electrons in its outer shell. They have the
general formula RCR, where the R's may be hydrogen, halogen,

Carbenes are isocyano ,
and can exist in different

1

aryl, sulfonyl or other groups, 
electronic with nitrenes,1
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electronic states:
(i) The ground state (usually) triplet, with the spins of
the non-bonding electrons on the sp-hybridized carbon atom
parallel, and each in a different carbon p-orbital (1-a),

state, higher (usually) in energy than

hybridized carbon atom paired, and both in the same

(1-bJ
and (1-b' ) .

state, higher in energy,
with the spins of the non-bonding electrons on the sp-
hybridized carbon atom paired, but each in a different
carbon p_-orbital, resulting in a nearly linear geometry
(1-c) .

1 R-
R--- ---R ---R

R-

1-b' 1-c

and numerous reviews. Since this

they will be considered here in detail. The recent
and relevent aspects of general carbene chemistry will be
discussed as needed.

orbital, resulting in a

(ii) The singlet SQ
the triplet state, with the spins of the electrons on the 
SP2

work deals primarily with the chemistry of sulfonyl car
benes ,

1-a
The chemistry of carbenes has been the subject of

Several books 1 nnmojyrMic: owe 19

resulting in a nearely linear geometry of the d-bonds.

bent geometry of the c-bonds,

(iii) The first excited singlet
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Synthesis of diazosulfones1.2.0.0.0

synthe
sized via diazotization of dipotassium aminomethane-bis-
sulfonate (2) .

2 3

a number of diazosulfones has been synthe-Since then,
using the methods outlined below.

Synthesis of diazosulfones via N-nitroso-1.2.1.0.0
urethanes

This method is based on the very first synthesis of

affords the diazosulfones (7) in good yield. Alternative-
stirring a solution of the N-nitrosourethane (6)

ch3n (no)cooch2ch3
54

76

diazomethane (5) itself by alkaline cleavage of N-methyl- 
N-nitrosocarbamate (4).2^'22

A12°3ArSO2CH2N(NO)COOCH2CH3

(k+-o3s)2chnh2 (K+ i

.,19 sized

O3S)2c=N2

CH2 N2
Base ---- >

Thus, chromatography of N- 
arylsulf onylmethyl-N-nitrosocarbamates (J5) on alumina2^ ,24

ArSO,CHN 
£ 2.

The only diazosulfone reported prior to the year 1960 
was dipotassium diazomethane-bis-sulfonate (3_),^^

ly,19,25

hno2
---->
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with basic alumina effects the same transformation in very-
good yield.

1.2.1.1.0 Synthesis of N-sulfonylmethylcarbamates

Two general approaches to the synthesis of N-sulfonyl
methylcarbamates (8) have been reported:
(i) Mannich condensation between sulfinic acids, aldehydes

and

1.2.1.1.1 Synthesis of N-sulfonylmethylcarbamates via the

Mannich reaction

Aliphatic and aromatic sulfinic acids react with alde-

The reaction is applicable to both

EtOH
8

substi
tuted aromatic sulfinic acids. The reaction of o-nitro-

and fails with o—methoxy—
The reaction is efficient with

formaldehyde, although few C-alkylated urethanes have been

RSO2H + R' CHO + NH2COOEt

on the other hand,

and ethylcarbamates,

31-33 and, metaJ . 23 24and para J'

hydes and ethyl carbamate to give N-sulfonylmethylcarbamates 
(8) in high yield.26

HCOOH
----- * RSO2CH (R' ) NHCOOEt

(ii) Curtius rearrangement of a-sulfonylacetyl azides in 
ethanol.27'28

aliphatic,23'24'29'30

benzenesulfinic acid with formaldehyde and ethyl carbamate, 
is sluggish,34 

2 9 benzenesulfinic acid.
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but 2-butanal
does.

1.2,1.1.2 Synthesis of N-sulfonylmethylcarbamates via

Curtius rearrangement of g-sulfonylacetyl azides

to the synthesis
The method seems to be

and is applicable to aliphatic, aromatic, and
g-substituted diazosulfones.

9 10 8
The successful application of this method to the

(13) has been reported.diazomethane

1211

Synthesis of diazosulfones via the Forster1.2.2.0.0
reaction

R' OH --- »

1-Phenyl-l-(g-toluenesulfonyl)diazomethane (15) has 
been synthesized in 6% yield by the reaction of chloramine

synthesis of otherwise inaccessible o-methoxybenzenesulfonyl-
29

A
—* RS0,CHo-N=C=0 z

A 
----> 
Eton

isolated from the Mannich reaction using acetaldehyde or 
propionaldehyde instead of formaldehyde.30

rso2ch2nhcoor'

o-MeOC,H.SOCHNHCOOEt 13— 0 4 2 2 --

rso2ch2con3

O-MeOC6H4SO2CH2CON3

of N-sulfonylmethylcarbamates (8_) . 
general, 3-9

The Curtius rearrangement of carbonyl azides (9_) to 
give isocyanates (10) has been adapted^ ,28

The use of thiocarbamates instead of the ethyl
OZ _O O 7 4 carbamate yields comparable results. '

Benzaldehyde
fails to give the corresponding urethane,3-9
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39with oximinosulfones (17). The latter intermediates have

with a-nitrosulfones in >68% yield.

p-TolS0oCH(Ph)N0o— z z 15
DMF

16 17

1.2.3.0.0
diazo-g-ketosultones

1-Benzoyl-l-(g-toluenesulf onyDdiazomethane (18) is
cleaved by triethylamine to p-toluenesulfonyldiazomethane

It has been trapped, however,
the phosphazine (20) by the addition of triphenylphos-as

phine to the reaction mixture. 1-Benzoyl-l- (g-nitrobenzene-
sulfonyl)diazomethane (21), on the other hand. yields

NEt3 --- »g-TolS02C(=N2)COPh

1918

20
g-nitrobenzenesulfonyldiazomethane (22) (45%) when treated

PPh3 --- >

nh2ci--- >

g-TolS02CH=N-N=PPh3

g- To1S02CH=N2

NaNO2
* g-TolS02C(Ph)=NOH

Synthesis of diazosulfones by cleavage of g-

been recently synthesized by the reaction of sodium nitrite
41

1-Phenyl-l- (g-toluenesulfonyl)diazomethane (15) is 
the only diazosulfone which has been synthesized by this 
method.

(19) which, under the basic reaction conditions, decomposes 
to unidentified products.
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with triethylamine in the presence of alumina. The latter

NEt3, A12O3
2-NO2C6H4SO2C(=N2)COPh £-NO2CgH4SO2CHN2

21 22

ful isolation of a diazosulfone from reaction mixtures con-

1.2.4.0.0 Synthesis of diazosulfones by diazo transfer
reactions

42-44Three groups
and benzyl sulfones to undergo direct diazo transfer
reactions with tosyl azide. When an additional activating

proceeds smoothly to give substituted diazosulfone
derivatives (24).

23 24
Y = COR, COOR,

Synthesis of diazosulfones via diazo transfer1.2.4.1.0
to formyl sulfones

to a-phenyl-a-(jo-toluenesulfonyl) acetaldehyde (14) .

have reported the failure of methyl
45

group is present, however, diazo transfer from tosyl azide
42,44,46

1-Phenyl-l-(]o-toluenesulfonyl)diazomethane (15) has
39

so2r

rso2c (=n2)YTosN3
RSO2CH2Y

been prepared-33 in a moderate yield (48%) by an adaptation 
of the diazo transfer - deformylation reaction reported by

diazosulfone (22) is the only reported example of success-

taining triethylamine.4

Regitz40
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Base ->

14

15
The generality of this method has not been tested

since the g-toluenesulfonyldiazomethane derivative (15) has

Diazo transfer using tosyl azide1.2.4.2.0

1-mesitylsulfonyl-1-
1-benzenesulfonyl-l-diazoacetophenone

are accessible
via direct diazo transfer to the corresponding active
methylene compounds (23) using tosyl azide and a base. Diazo-

(27) and (30) have been prepared using(26) ,sulfones (25) ,
and ethanol as the solvent,triethylamine as the base,

(31) and (32)whereas (28),
The importance of theof hydroxide ions in ethanol.

nature of the base and the solvent used in diazo transfer
reactions in determining the product is examplified by the
reaction of cc-sulfonylacetates with tosyl azide. In non

ether or methylene chloride, ethyl

£-To1S02C(Ph)=N2

polar solvents such as

were synthesized by the action

(27) ,46 N,N—dimethyl-1— (p-toluenesulfonyl)-1-diazoacetamide
(28) , 46

diazoacetone (26), 4^

been the only a-substituted diazosulfone synthesized by 
this method.

1-Tosyl-l-diazoacetone (25),44

HO2CC6H4S°2N3

l-phenyl-4-(benzenesulfonyl)-2,4-bis-diazobutane-l, 
(30), 4 7 X. o /han "yonoonl Fnntrl \ 4- a a t "4 1 1 43bis(benzenesulfonyl)diazomethane (31),

4 3 and bis (ethylsulfonyl)diazomethane (32)

£-To1S02CH (Ph)CHO +
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p-toluenesulfonylacetate (33) gives ethyl 1-(p-toluene-
sulfonyl)-1-diazoacetate (24.) in 84% yield when triethyl
amine is used as the base. With sodium ethoxide in ethanol,
displacement of the ethoxy group by g-toluenesulfonamide

EtOH
£-To1S02C (=N2) CONHTos

EtONa
35p-TolS02C (=N2)COOEt +TosN3

33 £-To1S02C(=N2)COOEt

34

For example, the
diazosulfone (37) formed in the reaction of the cyclic

(36) with tosyl azide, undergoes azo coupling withsulfone
a second equivalent of the active methylene compound (36)

The latter,

AT0SN3 38

(36), providing an indirect(37) and the cyclic sulfone
to the diazosulfone (37).access

NEt3

anion takes place readily to give the diazoacetamide deri
vative (35) in 70% yield.44

In addition to azo

on heating, reverts to the diazosulfone
to give, after tautomerization, the isomeric hydrazone 
(38_) .49

Diazo transfer to bis-sulfonyldiazomethanes is usually 
complicated by competing side reactions.48

CH2C12
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coupling, the displacement of sulfinate ions (41) by bis-

Both azo coupling and

+ others

39 40 41

1.2.4.3.0 Diazo transfer using 2-azido-3-ethylbenzo-l,3-
thiazolinium tetrafluoroborate

The facility of diazo transfer from azidinium salts becomes
apparent when resonance contributors such as structure (43)
are considered. Diazo transfer to active methylene com
pounds take place smoothly under mildly basic, neutral, or

<-

Et
4342

acidic conditions. when the active
methylene compound is not capable of furnishing anions
under the neutral or acidic conditions normally used, or

+ (ArSO2)CH ■» ArSO2

sulfonylmethide ions (40) during diazo transfer reactions 
has recently been demonstrated.^®

The method fails^®

The scope of diazo transfer reactions has been con
siderably widened by the use of azidinium salts (42).50,51

displacement reactions could be minimized considerably by
4 8 the use of inverse addition techniques.

(ArSO2)2C=N2
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when the diazo compound decomposes in acidic media. The
52the suppression

of azo coupling routinely encountered^®'^ during diazo

transfer reactions, and the suppression of cycloaddition

Thus, the cyclic
diazosulfone (36) (cf. Section 1.2.4.2.0) and 1-benzenesul-

using azidinium salts.

•>
45 44

Special methods for the synthesis of diazo-1.2.5.0.0
sulfones

have reported a novel cyclo
addition - cycloreversion sequence involving diphenylthiirene
dioxide (45) and phenyldiazomethane (4 6) to produce,
ultimately, the diazosulfone (47) , the first example of an
a-phenyl substituted diazosulfone.

45
■>+

47
46

SO, 
/ \ Ph-C ^^zC-Ph

PhSO2C(=N2)CN

PhCHN2
PhCH=C(Ph)SO2C(=N2)Ph

advantages offered by the method are:

PhSO CH CN + 42
2 2

Carpino and co-workers5®

fonyldiazoacetonitrile (44) have been successfully synthe-
j52 sizedJ

reactions to nitrile groups in the active methylene com
pounds during diazo transfer reactions/5
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A notable exception is the
special type of a-amino sul

fone ,
A second example of synthesis of diazosulfones via

diazotization has been reported (cf. Section 1.2.0.0.0).

1.2.6.0.0 Attempted syntheses of diazosulfones

to diazoketones,
to sulfonate diazomethane using sulfonyl chlo

rides have not been successful. "polymethylene"Instead,

unchanged. of sulfonation of phenyl diazo
methane using tosyl chloride to give p-toluenesulfonyl-
phenyldiazomethane (15) as an unstable. and hence uncharac-
terizable , by the
successful synthesis of the diazosulfone (15), a stable

via alternate routesand characterizable compound (cf.
Sections 1.2.4.1.0 and 1.2.2.0.0). The latter authors39

and the sulfonyl chloride is recovered 
A recent claim25

successful diazotization of a

HNO?

Although direct acylation of diazomethane with acyl 
halides provides a convenient access^ 
attempts^®

(48) , to give the resonance stabilized diazosulfone
(50) ,55

syntheses of diazosulfones via diazotization of a-amino- 
sulfones have not appeared.19

Since primary a-aminosulfones are not known,54

is formed,19'42'56

oil has been demonstrated to be void29
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have suggested that the unstable material claimed to be the
diazosulfone (15) could perhaps be 1-chloro-l-phenyldiazo-
methane, produced via attack of the carbon nucleophile in
phenyldiazomethane on chlorine, rather than on sulfur.

X+

46 15

1.3.0.0.0 Reactions of diazosulfones

1.3.1.0.0 Non-carbene reactions

1.3.1.1.0 Reaction of diazosulfones with bases

Diazosulfones react with hydroxide ions to produce
pink colored solutions.

remains unknown.
that even triethylamine destroys diazomethyl sulfones,

diazomethyl sulfones seem to have

Isolation of p-nitroben-

(cf. Section 1.2.3.0.0), azo couplingethylamine
Section 1.2.4.2.0) and displacement of sulfinate(cf .

(cf. Section 1.2.4.2.0) have also been reported.

It has been reported
19

The identity of the reaction pro- 
19,42

zenesulfonyldiazomethane (22) from mixtures containing tri-
42 1 o t n m ---- ____ 49

ArSO2Cl ArSO2C (=N2)Ph

PhC(=N )C1

PhCHN2

48 ions

ducts, however,

sufficient lifetime in the presence of triethylamine to be 
trapped by triphenylphosphine.42

but, in a few cases,
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1.3.1.2.0 Reactions of diazosulfones with acids

1.3.1.2.1 Intermolecular reactions

Diazomethyl sulfones (7) react with hydrochloric acid

The reaction of diazomethyl sulfones

HX

7 51
X = Cl,

perchloric,,58 60 nitric,61 aryl-

acids
has been reported. Thus, diazomethyl sulfones (7) are key

diazosulfones has been studied extensively.
Acid-catalyzed solvolyses in the presence of alcohols

The kinetics of the acid catalyzed decomposition of 
31-33,52

NO 2 , ocio3,

trifluoromethanesulfonic,63 and acetic^

or mercaptans give ot-Sulfonyl ethers and thioethers (56),64

arylsulfonylmethyl
5 7and perchlorates (55).

ArSO2CH2X

(7_) with sulfuric, 32

OSO2Ar, OSO2CF3

arylsulfonylmethyl nitrates (52), 
62

ArSO2CHN2

which can, however, be prepared more conveniently by other

in non-protic solvents to give a-chlorosulfones (51) in 
high yield.23/34,39,53

sulfonic,62

intermediates in the synthesis of chloromethyl sul-
, 23,34,39,53fones (51) ,

routes.66

arysulfonylmethyl sulfonates (53) , 
triflates (54) , 3
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+ RXH

1_ 56
X = 0, S

Acid catalyzed hydrolysis of 1-tosyl-l-diazoisobutane
aldehyde but, instead,

p-TolS02C (=N2)isoPr

58
+

59 60

compounds (58)- (60) are formed.

1.3.1.2.2 Intramolecular reactions

o-Methoxybenzenesulfonyldiazomethane (13), in the
presence of hydroxyfluoroboric acid, gives the cyclic

o-MeOC,H.SO_CHnN' +6 4 2
6113

<■MeOH

2N2
hbf3oh

BF3OH

BF3OH

+ H+

(57) does not give the expected®^

hcio4

The detailed mechanism^ ^0

rso2ch2xr

p-TolS02CH2C(OH)Me2+ £-TolS02CH2(Me)=CH2

2-TolS02CH=C (Me) 2 
dioxane-water

o-MeO-C,H.SO„CHNo — 6 4 2 2

RSO2CHN2

o trof this reaction has not been discussed. 3
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sulfone (63) (72%) . Similarly, 2-(benzyloxy)ethylsulfonyl-

The presence of nucleophiles other than

64
hydroxytrifluoroborate diverts the reaction path to pro
duce a-substituted sulfones.

(87%) even in

to extend the
acid-catalyzed formation of isatin (72) from o-nitrodiazo-
acetophenone (71) to o-nitrophenyldiazomethyl sulfone (69).
Instead, have been obtained
in low yield in addition to unidentified oils.

HX

7069 O
HOAC

O

71

Reaction of diazosulfones with enamines1.3.1.3.0

(73) in high (82-89%) yields.alkylated diazosulfones

OH
72

the a-substituted sulfones (70)
34

hbf3oh Q
65

An unsuccessful attempt has been made2^

o—N0oC,H.COCHN-— z o 4 z

PhCH2OCH2CH2SO2CHN2

The reaction provides access to a-

o-no2c6h4so2ch2x

In contrast, o-methoxydiazo-

diazomethane (64) gives the cyclic sulfone (65) in 56% 
yield.

O—NO CcH.SO„CHNo— 2 6 4 2 2

acetophenone (67) give the coumaranone (68)
71 aqueous hydrochloric acid.

An unusual alkylation of diazosulfones (7_) by enamines 
7 2 has been reported.



17

7 73

to proceed via a hydro
transition state. In contrast, diazoketones

1.3.1.4.0 Reactions of diazosulfones with electrophiles

to
give trisubstituted methanes (75) . butyl

RSC1 Cl
7 74 75

hypochlorite reacts with diazosulfones (7) in butanol to
give trisubstituted methane derivatives (76) in good yield.

(77) was isolated.derivative

ArSO2CH(O-t-Bu)Cl
767

t-BuOCl
EtOH

777

that product (77) arises from ethyl hypochlorite formed
in situ from the reactants.

+

ArSO2CH (OEt)Cl

ArSO2CH(SR)ClArSO2CH(SR)N

ch3cn

"N2

+ Me2C=CHNR2 ArSO2C(=N2)CH(NR2)CHMe2

19It has been proposed
When the solvent was replaced by ethanol, the ethoxy

76

72 73 The reaction is presumed '
gen-bonded^

ArSO2CHN2

Diazosulfones react with sulfenyl chlorides^'

Similarly,

ArSO2CHN2

ArSO2CHN2

ArSO2CHN2

and diazocarboxylic acid esters undergo cycloaddition
72 reactions with enamines.

t-BuOCl
t-BuOH
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similar fashion

N0C1

7 78.
Reaction of diazosulfones (7.) with dinitrogen trioxide

ArSO

ArSO
7 79 J-

1.3.1.5.0 Phosphazines from diazosulfones

This reaction has been used for the isolation of diazo

ether
807

sulfones from basic reaction media (cf. Section 1.2.4.0.0)

Diazosulfones react with triphenylphosphines to give
24crystalline phosphazines (80) in quantitative yield.

42

PPh3
ArSO2CH=N-N=PPh3

ArSO2C(C1)=NOH

The reaction of nitrosyl chloride with diazosulfones 
is thought-'-^ to proceed in a

ArSO2CHN2

proceeds smoothly at low temperatures, to give quantita-
7 8tive yields of furoxanes (79) •

ArSO2CHN2

ArSO2CHN2

and the characterization of unstable or non-crystalline
.. 24,35diazosulfones.

N2°3
CH_Cl,,0-5°

to give, after 

tautomerization, a-chloroximes (78) in low yield (ca. 30%).77
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Generation of sulfonyl, carbenes from diazo-1.3.2.0.0
sulfones

Diazo precursors have been commonly used for genera-

Generation of carbenes from diazo com-
Only the generation of

sulfonyl carbenes will be discussed here.

Photochemical generation of sulfonyl carbenes1.3.2.1.0

Application of the general principles of unsensitized

A photon of the proper wavelength

hv

singlet7
ISC

Products
triplet

excite a molecule of diazosulfone (7_) , producing ancan
excited molecule, which can then lose nitrogen to produce

The latter may either be

the triplet, and react as such.

-N2 ---> RSO2CH —> Products

ArSO2CH

a carbene in its singlet state.

pounds has been reviewed recently.

rso2chn2

trapped as the singlet, or undergo intersystem crossing to

tion of carbenes via thermal, photochemical and catalytic
. ■ 1-3decompositions.

photochemistry of diazo compounds to diazosulfones leads to
19 the following concept.

[rso2chn2 J
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1.3.2,1.1 Reaction of sulfonyl carbenes with carbon-carbon
multiple bonds

fonyldiazomethane (81) in cis-and trans-2-butene gives rise
to cyclopropanation of the olefins in ca_. 80% yield.

trans-2-butene

hv
82

81 cis-2-butene Me
+

Me
83

Me
ArSO

Me
84

The stereochemical course of the addition of o-meth-
oxybenzenesulfonylcarbene to cis- and trans-2-butene has
been studied in detail. Addition to both olefins is stereo
specific within the limits of detection by vpc. As expected.
trans-2-butene gives only one product, (82), whereas addition

(84) in a ratio of 84:83 = 47;36.

ArSO CH(Ar=p-MeOCcH) o 4

2---CBCE

He
— Me

Irradiation79'80 of solutions of p-methoxybenzenesul-

it has been concluded that the state of the carbene respon-

ArSO2CH
ArSO2CHN2

sible for cyclopropanation is the singlet.19'79'80

Using Skell1s postulate,1'1

Addition of photochemically generated £-methoxybenzene- 
sulfonylcarbene to 2-butyne has also been studied.19'79'80

to cis-butene yields a mixture of the diastereomers (83) and
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Addition to 2-butyne takes place in much lower yield
(ca. 36%) than addition to 2-butenes. The reaction pro
duct is the cyclopropene derivative (8_5) .

hv
U— Me

81 85

of benzenesulfonyldiazomethane (86) in
cyclohexene gives a mixture of the exo- and endo-norcaranes
(87) in 48.2% yield, with an exo/endo ratio of 2.1.

,CHSO2Phhv ->

86 87

methane (81) in ethyl vinyl ether gives a mixture of
cis- and trans-cyclopropanes (88) in ca. 60-70% yield, and

The latter
product (89) is presumed to arise via loss of ethylene from

hv p-MeOC_HSO„CH6 4 2-p-MeOC,H.SOoCHNo— o 4 Z Z
OEt8881

£-MeOC6H4SO2CH- 0

8990

Similarly, photolysis of p-methoxybenzenesulfonyldiazo-
19,83

H2C=CHOEt

— Me
■* 2-MeOC6H4SO2CH

Photolysis®^

C6H10

a vinyl ether derivative (89) in ca. 10% yield.

CH3C=C-CH3
p-MeOC_H.SO_CHN_6 4 2 2

->£-MeOC6H4SO2CH2OCH=CH2

PhSO2CHN2

an initially formed oxygen ylide (90) .
When p-toluenesulfonyldiazomethane (19) was photo

lyzed19'72'83 in the presence of enamines, the reaction
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mixture contained, in addition to other products, the trans
addition product (91) to the carbon-carbon double bond of
the enamine (8%).

hv
g-TolS02CHN2

2
19 91

1.3.2.1.2 Reactions of sulfonyl carbenes with benzene

of benzenesulfonyldiazomethane (86) in
benzene gives benzyl phenyl sulfone (93) (1.1%), benzene-

(23%), trans-di-sulfonylmethyl benzenesulfonate (94)
(benzenesulfonyl)ethylene (92) (traces), and diphenyl disulfide

hv
PhSO-CHN ■>2 2 22 2

9286 93

94
82(traces). It has been suggested that the sulfonate (94) arises

by oxygen abstraction by PhSOj- followed by coupling with
formed via hydrogen abstraction fromradicals,

have investigated the photochemistry
of bis-sulfonyldiazomethanes in benzene solution. Photo

Photolysis ofdoes not give isolable products.

H
^-TolSOj-i ...NR,

C,Hc6 6

lysis of bis-benzenesulfonyldiazomethane (39) in benzene84

+ others 
2

PhSO2CH2OSO2Ph

PhSO2CH2-
the solvent (cf. Section 1.3.2.2.0).

84,85Two groups

Photolysis8^

PhSO_CH=CHSO,Ph + PhSO-CH Ph + Z Z 2

(Me)_C=CHNR, 2
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bis-methanesulfonyldiazomethane (95.), on the other hand,
gives a complex reaction mixture from which a-(bis-methane-

hv
+

95 96 97.

1.3.2.1.3 Reactions with carbon-hydrogen bonds

gives the C-H insertion product, cyclohexyl
methyl phenyl sulfone (98) in 12.1% yield, together with
benzenesulfonylmethyl benzenesulfonate (94) (34.6%).
Insertion into other types of a-bonds have also been
reported in addition to hydrogen abstraction (cf. Section
1.3.2.1.4).

Reactions with substrates containing lone pairs1.3.2.1.4
of electrons

whether or not carbenes are involved in
these reactions; the actual reaction could take place 
between an excited diazosulfone (7.) and methanol.19'84

(MeSO2)2CHPh
C6H6

Photolysis of benzenesulfonyldiazomethane (86) in
8 2 cyclohexane

(MeSO2)2CH2

formal 0-H insertion product (99) in ca. 
It is unclear19,84

They are, however, generally regarded as proceeding via 
1,2-shifts from initially formed oxygen ylides (100) ,19

Irradiation of diazosulfones (7_) in methanol gives the 
80% yield.83,86

sulfonyl)toluene (96) and bis-methanesulfonylmethane (97) 
have been isolated in 3 and 12% yield, respectively3

(MeSO2)2C=N2
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H

rso2ch-<5 2 3->hv
100 99MeOH

7

101 102

in terms of
in the photochemistry of diazoketones.

The yields of the methyl sulfonates (102) are insensitive
to substituents on the phenyl moiety and are in the range

seems to be uncertain.

methane (103) in ethanol has provided a qualitative, but
direct, evaluation of the relative facility of sulfene and
ketene formation. Both rearrangements, although independent

ly

104 105103
ly observed, do not take place in competition with one
another.
hence to the acetate derivative (105) has been observed,
thus confirming that sulfene formation is not an efficient

Irradiation of

MeOH 
---- >

Photolysis of 1-benzoyl-l-(g-toluenesulfonyl)diazo-
87

—-- >
EtOH

To1S02C(=N2)COPh

xch3

1 3 monly encountered '

TolS02CH2COPh + TolS02CH(Ph)COOEt

7-12% for £-NO2-and g-methoxy-substituted diazosulfones.
The species responsible for the sulfene formation, however,

RCH=SO^

The formation of methyl benzylsulfonates (102) has been 
interpreted^ ® a Wolff type rearrangement, com-

process compared with ketene formation.

Instead, only rearrangement to the ketene and

1,2-„ RSO2CH2OCH.

RCH2S0 OCH z 2 3

RSO2CHN2
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hv

39 106
Similarly, irradiation of g-toluenesulfonyldiazomethane

methylisocyanide (107) in ca. 14% yield. The inter
mediacy of oxygen ylides in the reaction of diazosulfones
with vinyl ethers has also been postulated (cf. Section
1.3.2.1.1).

1.3.2.2.0 Thermal generation of sulfonyl carbenes

has reported formation of tars in the
thermal decomposition of bis-benzenesulfonyldiazomethane
(39) in benzene. Abramovitch and Roy, on the other hand,
have reported formation of di-(benzenesulfonyl)ethylene
(92) benzyl phenyl sulfone (Si) , and benzenesulfonylmethyl

(94) in 23, 1.2 and 3% yield, respectively,benzenesulfonate

When the reaction was carried out in a degassed

sulfonyl derivative.
affords the norcarane (87) in

(19) in liquid hydrogen cyanide gives p-toluenesulfonyl-
19,88

appreciably, suggesting that the oxygen must come from a

Dieckman®^

Thermolysis of benzenesulfonyldiazo-
o 2 methane (86) in cyclohexane

bi_s-benzenesulfonyldiazomethane (39) in the presence of
8 4 dibutyl sulfide affords a stable sulfonium ylide (106).

in the thermolysis of benzenesulfonyldiazomethane (86) in
8 2 benzene.

solvent, the yield of the sulfonate (21) did not change

(PhSO2)2C=N2 ----- >
Bu2S

“ +
(PhSO2)2C-S(Bu)2
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A
+ +

86 92. 93

94
53.1% yield, whereas thermolysis in cyclohexane gives the
cyclohexylmethyl phenyl sulfone (98) and the sulfonate (94)
in 28.9 and 5.8% yield respectively (cf. Sections 1.3.2.1.1
and 1.3.2.1.2) .

A
+

86 98 94

molecular C-H insertion of a bis-sulfonyl carbene to give a
benzothiophene derivative (109), mesitylenecarboxylic acid
(110), and dimesityl disulfide (111) in 44, 5, and 22%
yield, respectively.

SC>2 (Mesityl)(Mesityl)SO2C (=N2)SO2(Mesityl)

108 109

MesitylCOOH +
110 111

Instead,
rearrangement is presumed ultimately to lead to product

C6H12

PhSO2CH=CH-SO2Ph PhSO2CH2Ph

PhSO2CH2OSO2Ph

A ----  
c6H4C1

a Wolff type

PhSO2CH2OSO2Ph

PhSO2CHN2

PhSO„CHoC. z z o 11

C6H6 ’

(MesitylS)2

PhSO2CHN2

More recently, Holt and co-workers have observed intra-

The 2,4-xylyl analogue (112), however, does not under
go intramolecular C-H insertion.
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(116) It has been also postulated that the

A
->

Wolff
112 113

Xylyl ArSC^C-Ar

115
carboxylic acid (110) and the disulfide (111) arise from

the a-ketosulfoxide (117) by hydrolysis. The a-ketosul-
to

the carbenic carbon in the intermediate carbene (115)
formed from the original carbene (113) via a Wolff rearrange-

Evidence supporting the occurance of a Wolffment.

ArS-SAr+

115 117 118 110 111

(115) has

Generation of sulfonyl carbenes by a-elimination1.3.3.0.0

The first attempt to effect a-elimination in an a -
substituted sulfone was reported by Hine and Porter. When
difluoromethyl phenyl sulfone (119) was treated with sodium

methoxide in the presence sodium thiophenoxide, difluoro-

•^ArSOn] ---- > ArCOOH

‘“J

h2o

S°2 
116

-S02

ArSO2CAr

(ArSO2)C: ArSO2C (=SO2)Ar

(4%) ,89

O O 
Ars-CAr

methyl phenyl sulfide (120) and difluoromethyl ethyl ether 
(121) were obtained in 22 and 38% yield, respectively.9

foxide is thought to arise from oxygen transfer from SO2

(XylylSO2)2C=N2

rearrangement, or an oxygen shift in the carbene
8 9 not been presented.
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This suggested that a-elimination has indeed taken place,
but that the elimination of a sulfinate group rather than
of a fluoride ion has occurred.

EtOH+
119

+

+

120 121

A similar attempt involving p-toluenesulfonylmethyl
benzenesulfonate (122) resulted in the formation of P~

The sulfinic acid (123) and the

NaOH
p-TolS0oH— z +

dioxane-water
122 123

£-TolS03H

124
(124) were again obtained when the reactionsulfonic acid

The absence ofcarried out in ethanol. p-toluenesul-was
fonylmethyl ethyl ether (125) was taken
the involvement of tosylcarbene in this reaction. Linear
free energy correlations indicated that both C-O and C-S
bonds are weakened at the transition state. The proposed

:CF2

EtOCHF2

p-TolS02CH20S02Ph

+ EtO~Na+

PhSCHF2

PhSO2Na+

PhS Na+,EtOH

as evidence against
62

PhSO2CF2Na+

ch2o

PhSO2CHF2

toluenesulfinic acid (123), benzenesulfonic acid (124), 
and formaldehyde.62
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mechanism is as follows:

+ BH
ROH

slow

ROH

123 124z0 ■R

Similarly, hydrolysis of p-toluenesulfonylmethyltri-
flate (126) under basic conditions gives p-toluenesulfinic
acid (123) and, most likely, trifluoromethanesulfonic

and of p-toluenesulfonylmethyl
again give p-toluenesulfinic acid (123) and

formic acid.
involving a-elimination of

The reaction product, was therecently been reported.

t-BuOK 
p-TolS02CH(Cl)OCH3

130129
When (129) was treated with(80.6%).bis-sulfone (130)

isolated in only 21% yield, indicating that nucleophilic
substitution of the chloride by sulfinate anions consti
tuted only a minor path.

The base-catalyzed solvolyses of p-toluenesulfonyl- 
60

Ar SO CH OSOnAr' [ y ■
o.

‘‘-•H

ArSO2CHOSO2Ar'

+ ArSO2H + Ar'SO3H

ArSO2CH2OSO2Ar'+ B~

(RO).CH, z

91A successful attempt

(p—TolSO,),CHOCH,— z z 

chloride ions from a disubstituted sulfone (129) has

sodium p-toluenesulfinate, the bis-sulfone (130) was

acid.63

methyl perchlorate (127) 

nitrate (128)61

The reaction seems, therefore,
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Attempts to trap the latter have not been
successful. The mechanism of the reaction is outlined
below:

B~
p-TolSO-CH(Cl)OMe— z £-TolS02CC10Me + BH

129 -Cl”

£-TolS02-C-0Me + Cl”- (p-TolS02)

Cl-C-OMe

130

1.4.0,0.0 Nucleophilic displacement at the a-carbon atom
in sulfones

Chloromethyl phenyl sulfone (132) does not undergo

reflux with potassium iodide in acetone for 12 hr. The

Alkoxide and thioalkoxide
95triphenylphosphine,

attack the halogen, rather than the carbon atom to produce
Thiophenoxide ion displaces the bromidemethyl sulfones.

ion in bromomethyl phenyl sulfone (133) to give a-benzene-
sulfonylthioanisole (134) in 80% yield, together with small

tetrahydroquinoline, dimethylamine, potassium
94

Sn2 displacement reactions at the a-carbon when heated under
92

p-TolSO~2 
't

(p-TolS02) CHOMe

p-ToISO2 +

on the other hand, as well as

to involve the intermediacy of g-toluenesulfonylmethoxy- 
carbene (131).9-*-

bromethyl analogue (133) is similarly inert towards piperi
dine ,
cyanide and sodium acetate.

94 ions,
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133 134
molecular nucleophilic displacement reactions of a-halo-

The nature of the deacti-

between
the steric requirements and neopentyl halides and halomethyl
sulfones has been pointed out. Only when the halogen is

replaced by a triflate group is it that a-substituted sul
fones become reactive towards nucleophilic displacement

Thus, p-toluenesulfonylmethyl triflate (126)reactions.
undergoes displacement reactions with halide, azide,

With strong bases, on the other hand, abstrac-
63tion of a proton from the a-carbon atom predominates.

Y p-TolS02CH2Y+

0
Ar - S— ch2X

oz

PhSO2CH2Br + PhS~Na+

R
R — c — ch2x

R

p-TolS02CH20S02CF3

amounts of methyl phenyl sulfone.6

sulfones are extremely facile,^7

in terms of mainly 
An analogy92»98

cation of a-halosulfones towards nucleophilic displacement 

reactions has been explained^ > 96,98

In contrast, intra-

steric, and in part, field effects.

thiophenoxide, and thiocyanate ions at 40° in dimethyl- 
formamide.

•> PhSO2CH2SPh + PhSO2CH3



2.0.0.0.0 OBJECTS OF THE RESEARCH

The first object of this research was to design a
sulfonylcarbene to which facile intramolecular reaction
pathways were available. By analogy to the increased faci-

we expected
2-biphenylsulfonylcarbene to exhibit a parallel behaviour.
It was hoped that the reaction of 2-biphenylsulfonylcarbene
would lead to the two possible intramolecular cyclization
products: the aromatic substitution" product, and the
product of addition to the carbon-carbon double bond of the
phenyl group. Due to the destabilization inherent to the
geometry of a tricyclic norcaradiene, it was anticipated
that the norcaradiene would undergo an electrocyclic
rearrangement leading to the ring enlargement product, a
cycloheptatriene derivative.
reaction of sulfonyl nitrenes with aromatic substrates,
it was hoped that perhaps the cycloheptatriene would be the
product of kinetic control, whereas the formal "substitution"
product that of thermodynamic control, and hence, thermal
rearrangement of the cycloheptatriene derivative to the
"substitution" product could be observed. The second object

32

Furthermore, by analogy to the
103,104

lity at which sulfonyl nitrenes undergo intramolecular, 
relative to intermolecular reactions,9^-102

benes and study the effect of the method of generation on
was to develop new methods of generation of sulfonyl car—



33

the chemistry of the carbene. It was thought that phos-
a source for sulfonylas

carbenes at high temperatures. On the other hand.
suitably substituted sulfone

could furnish sulfonyl carbenes below room temperature, and
a catalytic decomposition of diazosulfones could
lead to metal-carbenoids having properties considerably
different than that of free carbenes. The third object was
to examine the effect of substituents on the ease of
cyclization and product distribution, and the effect of
external variables such as solvent and temperature. and
the presence of
carbene site on the state, multiplicity, and the chemistry
of sulfonyl carbenes. It was hoped that such a study would
reveal the identity of the reacting species, and provide
mechanistic details of the reaction path taken by the car
benes in these reactions. The fourth and last object was
to generate hitherto unreported 1-pyridinium (arylsulfonyl)-
methylides by the reaction of sulfonyl carbenes with
pyridines, and by deprotonation of 1-arylsulfonylmethyl-
pyridinium salts,
salts, perhaps accessible directly via nucleophilic dis-

a-substituted sulfone. It was of interest
to know whether the ylides were capable of losing a neutral
pyridine group, thus producing sulfonyl carbenes, and if

1,3-dipolar character.whether they would exhibitnot,

a new class of substituted pyridinium

placement of an

a heteroatom in close proximity to the

elimination reaction of a
an a-

phazines could, conceivably, serve
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and hence be trapped by activated acetylenes leading to
dihydro-indolizines, and hence to the more stable, aromatic
10-TT electron heterocyclic systems, the indolizines. The
sequence would then provide a two step synthesis of these
interesting heterocyclic systems directly from pyridines.



3.0.0.0.0 DISCUSSION OF EXPERIMENTAL

This section is divided into three parts. The first
discusses the synthesis and the reactions of a series of
diazosulfones and phosphazines. The second deals with the
effects of solvent and temperature on the product distribu
tion in the reactions of a sulfonyl carbene. The third is
concerned with reactions at the a-carbon atom of a-substi-
tuted sulfones and generation and reactions of 1-pyridinium
arysulfonylmethylides.

infrared assignments, the text by Jackman and Sternhell

Djerassi, and Williams in making the mass spectral frag
mentation assignments.

Synthesis and decomposition of diazosulfOnes3.1.0.0.0
and phosphazines

2-Biphenylsulfonyldiazomethane3.1.1.0.0

Synthesis3.1.1.1.0

2-aminobiphenyl in 28% overall yield by the reaction

35

was referred to in making the
106

in making the nmr assignments, and the text by Budzikiewicz, 
107

The text of Nakanishi^^^

sequence illustrated in Scheme 1.

2-Biphenylsulfonyldiazomethane (139) was prepared from
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KOH

135 (70%) 136
Ar = 2-Biphenylyl

NOCI2 3
Pyridine

139 (86%) 138 (96%) 137 (47%)

Scheme 1

Iron (III) tris(2-biphenylsulfinate)
The

known 2-biphenylsulfinic acid was obtained as an aqueous

salt with potassium hydroxide, or potassium carbonate.

gave ethyl N- (2-biphenylsulfonylmethyl)carbamate (137) in 47%
yield. a
satisfactory elemental analysis, spectral properties, and its
conversion to the N-nitroso derivative (138). The infrared
spectrum of the urethane (137) exhibited strong absorptions

), 1530 (5 ), 1312 (vat 3350 and

(135) was prepared
109

d2°.

AlnO 
2t±ArSO2CHN

(ArSO2)3Fe ArSO2K

HCHO,NH2COOEt

HCOOH
V

ArSO2CH2N(NO)COOEt

(V.
1143 cm"1

ArSO2CH2NHCOOEt

The NH proton did not undergo exchange upon the addition of
When a drop of D2O containing OD ions was added.

ArNH2

Treatment of the aqueous solution of potassium 2-biphenylsul-
2 6finate with formaldehyde, ethyl carbamate, and formic acid

in 70% yield by the method described by Gatterman.
110

solution of its potassium salt (136) by treatment of the iron
110

>NH), 1730 (Vc=0), 1530 (6nh), 1312 (V^SOp ,
('<,mSO9). The nmr spectrum (see Section 4.1.1.3.0)

(i) HNO2,SO2,Cu
(ii) FeCl3,H2SO4

SO„) . sym 2
was consistent with an N-substituted ethylcarbamate structure.

CH2C12

The urethane (137) was identified on the basis of
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This was
indicated by the disappearance of the NH signal. and was
confirmed by the conversion of the doublet for CH_NH into a
singlet.
m/e 319 in less than 1% relative abundance.

The fragment
= NHCOOEt was also present at m/e 102 (19%).
A by-product of the Mannich reaction was bis (2-biphen-

ylyl) disulfide-S , S_-dioxide (140) , and was isolated in 5%
yield. The thiosulfonate (140) was identified on the basis
of a satisfactory elemental analysis and its spectral pro
perties .
1325 (v (v The nmr spectrum

S(O)Ar structure from consideration, and was consistent with
the unsymmetrical structure proposed for the thiosulfonate
(140) . The mass spectrum of the thiosulfonate (140)
exhibited a simple fragmentation pattern. The molecular ion
was
184 which corresponds to (dibenzothiophene) 2
fragment was also present at m/e 338 (4%).

in 96% yield.
the basis of a satisfactory elemental analysis, spectral
properties, and its conversion to the diazosulfone (139).

The base peak 
+ .was at m/e 154, corresponding to (biphenyl)

+„„__ _ . . __

--- -- --------------- ,
The mass spectrum exhibited the molecular ion at

The ir spectrum exhibited strong absorptions at 
cm 1

It was identified on

SO-) and 1145 cm x (v SO-), as 2 sym 2
(see Section 4.1.1.4.0) eliminated the symmetrical ArS (O)-

CH2:

Ethyl N—(2-biphenylsulfonylmethyl)-N-nitrosocarbamate
(138) was prepared from the carbamate (137) by nitrosation

24 with nitrosyl chloride

present at m/e 402 (1%) , and the base peak was at m/e_

+‘. The M+‘—SO

however, instantaneous H-D exchange occurred.
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The infrared spectrum of the nitrosourethane (138) exhibited

) , 1540 (v.
(v

Section 4.1.1.5.0). The mass specturm of the nitrosocar-

the (C fragment.

(138) with neutral alumina 2-biphenyl-carbamate gave
(139)sulfonyldiazomethane in 86% yield. The diazosulfone

(139) was identified on the basis of
spectral properties, and its conversion to the phosphazine

(see Section 3.1.2.0.0). The infrared spectrum of the(156)
diazosulfone (139) showed strong absorptions at 2110

-1 (vand 1154 cm Ex-

The mass

The fragmentation pattern was similar

revealed striking similarities in the regionfluorene
This, together withbetween m/e^ 167 and 82

in the mass spectrum of cyclo-the presence of (C

Comparison of the
154,155

Treatment of ethyl N-(2-biphenylsulfonyl)-N-nitroso-
19,25

so2),

s°2),

The latter would correspond to
The fragment CH2=+NHCOOEt was also

SO.,), sym 2
in D-O/OD was complete in 30

synW-
with the N-substituted N-nitroso carbamate structure (see

a satisfactory analysis,

mass spectrum of (139) with that of

1320 do

strong absorptions at 1760 (v_n), 1540 (vM „), 1340 (v I C-—U IN—\J dS

and 1160 cm (v S0n). The nmr spectrum was consistent

hamate (138) exhibited the molecular at m/e 348 (<1%), and
the base peak at m/e 153.

12H9)
present at m/e 102 (21%).

ion at m/e_ 258 (<1%) .
to that of the 4'-bromo-derivative (cf. Section 3.1.5.1.0).

(vc=n2),24

spectrum of the diazosulfone (139) exhibited the molecular

change of the proton a to SO., iu i>2 , 
min at room temperature (see Section 4.1.1.6.0).

(see Table 1) .
H )+13 10J
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Table 1

m/e
258 <1
230 15 1 36
167 16 14 14 10 9
166 33 100 100 70 67
165 100 80 82 100 100
164 43 10 12 7 8
163 32 15 9 7 8
139 19 6 17 11 8
115 <5 <5 7 5 5
84 <5 <5 11 5 <5

18 683 25 11 7
5 6 1882 7 13

a Other fragments were also present.

trieno [1,2-b 
dibenzo

Comparison of common fragments in the mass spectrum of 
fluorene, 2-biphenylsulfonyldiazomethane (139), cyclohepta- 

-2H-thionaphthene-l,1-dioxide (143) , and 6H- 
[b,^| thi°pyran-S,S-dioxide (144)

(143)aFluorene155a (139)a (144)a
Relative abundances (%) 

Fluorenel^b
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-N and the

3.1.1.2.0 Thermolysis

Thermolysis of 2-biphenylsulfonyldiazomethane (139)
in various solvents is discussed in this section. The
results of the thermolyses are summarized in Table 2.

3.1.1.2.1 for three hours

for three hours gave the products
indicated in Scheme 2.

ArSSAr■*

141 (4.5%) 142 (7.6%)139

2-BiphenylylAr

143 (22.5%) 144 (8.0%)

Scheme 2

heptatrieno |1,2-^] - 

dibenzo

C6H12
120°

2-°2-H‘
in 15 and 11% relative abundance, respectively.

2H-thionaphthene-l,1-dioxide and 6H-

[^b,dj thiopyran-S^ S_-dioxide (see Section 4.1.2.1.0) 

suggested that the (C^^H

M+’-N2 fragment by the loss of S02. The MT‘-N2 
M+’-’CHNn-On-H' fragments were observed at m/e 230 and 184

In cyclohexane at 120°

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in 
cyclohexane at 120°

ArSO_CH_C,H.. z Zb 11ArSO2CHN2

+ (ArSO2CH£3
145 (17.0%)

10)+‘ fragment is derived from the 
The M+'-N
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and spectral properties (see Section

4.1.2.1.0). The mass spectrum of the disulfide (141)

was
The fragmentation pattern of the disulfide parallels that of

This is conceiv-the thiosulfonate (see Section 3.1.1.1.0).

This could

2-Biphenylyl cyclohexyl
methyl sulfone (142)

The infrared spectrum of the sulfone (142) exhibited strong
, aliph), 1300 (v

1150 (v
as expected from a

The mass spectrumstructure involving only one 0 proton.
The base peak

was
m/e 218

via g-elimination. Precedent for suchformed from the M

of aliphatic sulfones.
Involvement ofin Scheme 3.

The elimination is illustrated

+ species in the mass

The fragment at

able since both fragmentations exhibited a common fragment 
at m/e^ 338 which could correspond to (ArSAr)+*.

eliminations is present in the mass spectral fragmentation
154

thiosulfonate via loss of S02.
(7.6%) was identified on the basis of

absorptions at 2920, 2850 (■v„tr, aliph), 1300 (v SO-), and -xl Cl S Z.

cm (v SO.,). The nmr spectrum exhibited a doubletsymS02’-
(J = 6 Hz) for the protons a to SO2

a satisfactory elemental analysis and its spectral properties.

The disulfide (141) (4.5%) was identified on the basis of 
ill its melting point

form from the disulfide via loss of sulfur, and from the

RS(OH)2

exhibited the molecular ion at m/e 370 (21%). The base peak 
at m/e 184 which would correspond to (dibenzothiophene)+‘.

exhibited the molecular ion at m/e 314 (14%) .
at m/e 55, corresponding to (C4Hy)+.

(15%) could arise from (2-biphenylsulfinic acid) 
,+ .



43

+ CH_=CR.2 2

ArS (OH)

Scheme 3

others.

absorptions at 1295 (v The

in D2O/OD at room temperature decreased the intensity of
the signal at 63.69 (1H) to 44% of its value within one week.

within three hours.
a protons

that the signal at 63.69 is due to H The

profound changes in the coupling patterns of the other
These changes are:protons.

(i) the doublet of doublets at 65.79 (1H) was converted to a
doublet (see Figure 3), establishing that the signal at 65.79

This observationwas due to H.

Cycloheptatrieno |~1,2—-2H-thionaphthene-l, 1-dioxide

(143) was identified on the basis of a satisfactory elemental

0 
II 

ArS
II 
0

OlP+‘
I

ArS

L_
spectral fragmentation of sulfones has been postulated by 

154

I +
2

s°2).

HICR

analysis and its spectral properties. The infrared spectrum 
of the cycloheptatriene derivative (143) exhibited strong

■ S0_) and 1150 cm as z
line nmr spectrum is illustrated in Figure 1.

CH^

A* 
absorption- in the nmr spectrum of the

Complete exchange was achieved at 50°

(v Isym
H-D exchange

! , the proton adjacent to Hft.

This established, on the basis of the acidity of
163 m sulfones,

disappearance of
cycloheptatriene (143) after H-D exchange was accompanied by
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= 4 Hz.

by a coupling constant of the same
4 Hz) in the spectrum of H prior toA

exchange.
(ii) The apparent triplet of doublets at 66.88-6.90 was
converted to two doublets, the first at 66.88 (J = 4 Hz)
with an estimated area of 0.7 H, and the second at 66.90
(J = 5 Hz) with an estimated area of 0.3 H. The apparent
triplet of doublets prior to H-D exchange, therefore, was
reformulated as arising from a set of two overlapping
doublet of doublets as illustrated in Figure 1. This
effect is expected in view of the unequal areas of the two
protons, with the stronger signal obscuring the weaker ab-

The doublets at 66.90 and 66.88 together accountedsorption.
in two different conforma-and were assigned to H.for 1H,

tions.
set of two doublets upon H-D exchange suggested that

This was confirmed byby J = 1.5 Hz.was coupled to H
into aA

doublet of doublets upon irradiation of Hp. Furthermore,
= 1.5 Hz was in accord with an allylic

were irradiated,
was not

sinceor H,

F
The collapse of the set of two doublet of doublets

F
, and that it was not H.

coupling of H^ 
magnitude (J.„ —Axi

hf
coupled to either Hg or Hq, ana mat j-u was huu 

being adjacent to Hc, will invariably have to behd

to HB

into a
Hp was uuuyieu lu 
the collapse of the doublet of triplets due to H

also established that H„ was coupled to H,, with A —Ad
The latter conclusion was confirmed by the observation of

coupling between HA and Hp. When Hg or Hc 
remained unchanged, thus establishing that H.

the magnitude of J^p
and H_.r
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coupled to H^, as suggested by the multiplet nature of the

absorption.

Both of these requirements were not fulfilled

Further confirmation of this assignment was obtained from

(see Section 3.1.5.2.0)analogy to the bromo-derivative (179)
in which H. was also a doublet of doublets with a similarF

Unlike the unsaturated cycloheptatrienechemical shift.
(143), the bromo-derivative did not exist in two conformations.

assigned on the basis of collapse of the doubletwas
= 10 Hz) into a quartet when H. was

This was confirmedirradiated.was
and noting the expected alterations

(see Figures 2-6). Theand H.

also indicated by the presence of
in addition to the= 4.5 Hz),at 66.34 (ca. 0.3H,

= 4 Hz).

rough estimate was obtained by visual estimation.

and H.

he.

doublets when
by irradiation of Hc
in the spectrum of H^ emu 
existence of the cycloheptatriene in two conformations was

^CD
Attempts to obtain accurate relative proportions of the

HC

a doublet of doublets

hD “E
process, and on the basis of the areas (2H), decoupling

HC
of quarters at 66.35 (JB(_, ~ j-m-u =. ^ueLucu «ucm ug

irradiated and on the basis of its collapse to a doublet of

were assigned on the basis of an elimination

conformers by integration were unsuccessful, and hence a

The signal, therefore, has to be either HF 
should (i)

and hence, the signal was assigned to HF-
tion of H^. 
in this case,

^CD
doublet of doublets at 66.36 (ca. 0.7H,

or HE. He, being adjacent to both Hp and H^, 
appear as a triplet, and (ii) remain unchanged upon irradia-
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experiments (see Figure 5), and by analogy with the bromo
derivative (179) (see Section 3.1.5.2.0)

(but not to H„) and had aB
chemical shift similar to that in the unsubstituted analogue
(143) . In view of the complexity of the spectrum of H. and

indicated in Figure 5 are tentative. An important feature
signals was that coupling between the two

did not seem to be present. This conclusion was based on
the decoupling results summarized in Figure 5. The diffi
culty in identification of well defined signals for H. andD

protons in the decoupling experiments, however, leaves
the above conclusion unsupported.

The mass spectrum of the cycloheptatriene (143)
The base peak

Compari-

that of the cycloheptatriene derivative (143) revealed
These are summarized in Table 1.striking similarities.

The known 6H-dibenzo

the reported
analysis and its spectral properties. The mass spectrum ex-

The base peak was
fragment was at m/e 166 (67%) .-SO

D
He, the coupling constants and the shape of the signals

thiopyran-S,S-dioxide (144)
(8%) was identified by comparison of its melting point with 

114

doublet coupled to Hp

of the Hp

in which H_

he

and H_
■Lj

was at m/e 166 (70%).

hibited the molecular ion at 230 (36%).
at m/e_ 165 and the M+'-SO2
Comparison of the relative abundances of the major fragments

was a

value, and on the basis of a satisfactory

exhibited the molecular ion at m/e 230 (1%). 
was at 165, and the M+‘

£ ,154,155son of the reported
-S°2

mass spectrum of fluorene with
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(6.68)
(ca. (6.65)D

(ca. 6.35)C(7.80-7.30)
(5.79)B

L

Figure 1:

hdhehf

ha 
(3.69)

HC HA

6.89)H„\ *
,HE

hb

°2

Line nmr spectrum of cycloheptatrieno^1,2-bJ- 
2H-thionaphthene-l,1-dioxide (14 3) .
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4 Hz
= 1.5 Hz

= 1.5 Hz

If
irradiated)

If

irradiated)

irradiated)

zIT
irradiated)

Figure 2:
were irradiated.

and H„, 
£j

when , Hc'Coupling patterns of H^

—AB

Fa

ha

—AC :
—AF

ha

(hd

(hf

(Hc

and H_Jc
hd

(hb

and H_

H.
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= 10 Hz

= 4 Hz

irradiated)

irradiated)

[
were

irradiated.

Figure 3:
were irradiated.

HC' and H„, is

i!

when H^,

and H , is

(ha

—AB

—BC
hb
I

(Hc

Coupling patterns of HB
and H„F

or Hfwas unchanged when HHB

hb

hd
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= 10 Hz
= 4 Hz

,= 1.5 Hz

J = 4.5 Hz
J = 4 Hz

irradiated)

irradiated)

I 1
was irradiated

Figure 4:
were irradiated.

irradiated or 
-------deuterated)

and H„, iswhen H^, hb'

^CD

Coupling patterns of Hc

—BC

—AC

was unchanged when HF

and H„ r

and H_ is

Fc(B) (Ha

Hc

|HC

(hb

(hd

hd

Hc£

Hc

jc (A)
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= 4 Hz 4 Hzn

irradiated)

irradiated)

were
irradiated.

Figure 5:
were irradiated.

HC'hb'when

^CD

were unchanged when

Coupling patterns of Hp
and H„F

and H_Hi

hd

he <hf

(Hc

and H„
Hi

hd

hd

he

hf

I JEF

or Hb
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= 4 Hz
= 5 Hz

= 1.5 Hzf

irradiated or deuterated)
H.F(B)

irradiated)

J = 1.5 Hz

were irradiated

Figure 6:
irradiated.were

when H^, HC'

—■Lr

*F(A)

—AF

—EF

and H 
hi

or Hc

HF (A)

(ha

and H

(hd

and Hp

HF

hf (b)

hf(b)

hf (a)

Coupling patterns of Hf

was unchanged when HB
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(see Table 1)

On

in the relative abundances of the corresponding molecular
1% and 36% respectively. These pathways are illusions :

The trans-1,2,3-tri-(2-biphenylsulfonyl)-trated in Scheme 4.

14414 3

-e-e
(144)+-(143)+-

fragmentsFluorene

Scheme 4

(17.0% yield) was identified on the basiscyclopropane (145)
of a satisfactory elemental analysis and its spectral pro-

The infrared spectrum of the cyclopropane deriva-perties.
SO2) and

with those derived from either fluorene or cycloheptatrieno- 
^1,2-bJ -2H-thionaphthene-l,1-dioxide (143) 

revealed striking similarities between the three fragmenta-

13H10

tions, and it seems likely, therefore, that they involve 
the common fragment at m/e 166, possibly (C]_3Hiq)+' 

the other hand, appreciable rearrangement between the mole
cular ions derived from cycloheptatrieno [1,2-^ -2H-thionaph- 

thene-1,1-dioxide (143) and 6H-dibenzo ^b,<£| thiopyran-S_,S_- 
dioxide (144) is improbable in view of the large difference

tive (145) showed strong absorptions at 1320 (vas
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(v

was observed at m/e 329
(4%) . and the

The trans geometry was
confirmed by synthesis of an authentic sample via cyclo

addition of 2-biphenylsulfonyldiazomethane to trans-1,2-
di-(2-biphenylsulfonyl)ethylene (154) (see Section 3.1.1.4.0).

for eight hours3.1.1.2.2

The results obtained from thermolysis of 2-biphenyl-
for eight

hours are summarized in Table 2.

3.1.1.2.3 In benzene

The results obtained from thermolysis of 2-biphenyl-
sulfonyldiazomethane (139) in benzene are summarized in
Table 2.

3.1.1.2.4

The results obtained from thermolysis of 2-biphenyl-
sulfonyldiazomethane (139) in benzene, in the presence of

illustrated in Scheme 5.
identified on the basis of a satisfactory analysis, spectral
properties, and on the basis of synthesis of an authentic

symS02>- 
molecular ion, but, the M

1150 cm 1

sulfonyldiazomethane (139) in cyclohexane at 120°

The M -ArSC^H fragment was at m/e 472 (3%), 
base peak was at m/e 255, most likely arising from (2-bi- 
phenylsulfonylcyclopropenium)+.

In cyclohexane at 120°

The sulfonate ester (146) was

In benzene, in the presence of tetracyanoethylene

tetracyanoethylene, are summarized in Table 2, and are

The mass spectrum did not exhibit a 
.++ n 
1 "°2
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sample via unambiguous routes (see Scheme 5 and Section
3.1.1.3.4). The infrared spectrum of the sulfonate ester

+ +

22
146Ar=2-Biphenylyl

Scheme 5

SO,), and 1152 cm The nmr

The mass spectrum
exhibited the molecular ion at m/e 464 in <<1% relative
abundance.

fragment was alsofragment.

) fragment.

the case of benzenesulfonylmethyl benzenesulfonate.

In cyclohexene3.1.1.2.5

(10.4%

143
(7.6%)

144
(5.8%)

mixture of addition and insertion products (147-150) 
yield), cycloheptatrieno[11,2-bj-2H-thionaphthene-l,1-dioxide

(146) showed strong absorptions at 1360 (v
-1

ArSO3H,RT
Ether

(ArSO2OCH 
served.

ArSO2CHN
139

SO3), 1330 
,SO_) .

ArSO2CH2OSO2Ar
146 (5.1%)

120°
CrHc,TCNE6 6

a singlet (2H) for the methylene protons.

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in 
cyclohexene at 120°

The base peak was at m/e 218, most likely due to 
the (ArSO2H) + ‘ fragment. The M+'-ArSC>2 

observed at m/e 247 (20%) , presumably arising from the 
' +) fragment. The M+'-CH90 fragment was not ob- 

Elimination of formaldehyde has been observed in 
156

as
(vasS°2), 1179 (vsymSO3), and 1152 cm’" (vsym^2

spectrum exhibited in addition to the aromatic protons (18H),

gave bis(2-biphenylyl)disulfide (141), a

ArSO2CH2OSO2Ar
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These results are summarized in Table 2.

■H

ArSSAr
139 141 (1.1%) 148

Ar=2-Biphenylyl

149 150

+ 144 (7.6%) 145 (6.3%)143 (22.0%) ++

cycloheptatriene, thiopyran, and cyclopropane derivatives

(141) , (143) , (144) , and (145), respectively, were identified
by comparison of their melting points and spectral properties
with those of previously characterized samples. Attempted
separation of the addition and insertion products (147-150)
by thin layer chromatography or fractional crystallization

In an attempted glc separation, the chrom-was unsuccessful.
atogram exhibited three unresolved peaks. Attempts to col
lect pure fractions from a preparative scale glc separation

A sample purified by thin layer chroma-were unsuccessful.
tography gave unsatisfactory analysis data, which, however,
was within 0.6% of the calculated values. The infrared

S09), and 1148 cm SO,) .1300 (V2920

on the basis of theconsisted of a mixture of products

The disulfide,
ArS0„

spectrum of the mixture exhibited strong absorptions at
-1

120°
C6H10

(V_„, aliph) , 1300 (v SO,), and 1148 cm x (\, SO,).Ln a.s z sym z
The nmr spectrum (see Section 4.1.2.4.0) confirmed that it

ArSO2CH2

(143) , 6H-dibenzo^b,^| thiopyran-S,S-dioxide (144) , and 

trans-1,2,3-tri- (2-biphenylsulfonyl)cyclopropane (145) .

ArSO2CHN2
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presence of two vinylic multiplets at 65.40 (ca. 0.3H) and
singlet at 63.06 (ca. 0.1H) and two

additional singlets at 62.45 (ca. 0.2H) and 62.40 (ca. 0.4H).

The presence of two vinylic absorptions suggested that the

C-H insertion product (149) or (150) was a component. The

concealed in part under a larger signal at 62.40. The
norcarane protons were not present as well defined absorp
tions, perhaps due to overlap with the strong absorptions
of the aliphatic protons of the hydrocarbon ring.
the case with exo- and endo- 7-benzenesulfonylnorcaranes.
The mass spectrum of the mixture exhibited the molecular

(11%) which is consistent with the presenceion at m/e_ 312

fragment.

insertion reactions of aromatic sulfonyl carbenes.
that the mixture consists of addition and insertionpose

products.

In ethanol3.1.1.2.6

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in
absolute ethanol gave a complex mixture of products from
which bis(2-biphenylyi)disulfide-S,S-dioxide (140) (3.5%

Such is
164

doublet expected of the SC^CH-, protons was not well defined.
It is possible, however, that the expected doublet was

of 1:1 adducts of 2-biphenylsulfonyl carbene and cyclohexene.
) +The base peak was at m/e 95 corresponding to (CyHn 

probably arising from an M+’-ArSO2« fragment. On the basis 

of the above observations, and the known addition and 
82 we pro-

65.22 (ca. 0.3H), a
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yield) and other products were isolated. The results are
summarized in Table 2.

143 144 145+ + +
139 140 (3.5%) (11.8%)(15.1%) (12.9%)

The reaction products were identified by comparison of their
melting points and spectral properties with those of prev
iously characterized samples.

In pyridine3.1.1.2.7

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in
dry pyridine gave 1-pyridinium (2-biphenylsulfonyl)methylide
(151) (10.4% yield) in addition to the products summarized
in Table 2.

+ 143 144+
(14.5%) (8.2%)139

Ar=2-Biphenylyl

The ylide (151) was unstable, and hence could not be fully
The infrared spectrum of a partially decom-characterized.

The mass spectrum(vSO-) and 1145 cm1310

Two base peaks at
2-biphenylsulfonyl carbene and pyridine) at m/e 309 (41%). 
An M++l ion was present at m/e^ 310 (11%).

120° 
Pyridine ArSO2SAr

140 (4.8%)
ArSO2CH-
151 (10.4%)

ArS02SAr120°
EtOH

SO-) .sym 2
(on the basis of 1:1 adduct of

(v s^- as 2
exhibited the molecular ion

posed sample of the ylide (151) showed strong absorptions at
-1

ArSO2CHN2

ArSO2CHN2
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m/e 103 and m/e 83 were observed.
85 were also observed in 12 and 75% relative abundances
respectively.
alternative route and was similarly unstable (see Section
3.3.3.1.0).

3.1.1.2.8 In methylene bromide (0.16 M)

Thermolysis of 2-biphenylsulfonyldiazomethane (139)
(0.16 M) in methylene bromide gave cis-1-(2-biphenylsulfonyl)-

2-bromoethylene (152) (2.0%) and an oil (153) (1.5%) in

addition to the products summarized in Table 2 .

+
H2

'Br
153

Ar=2-Biphenylyl

144143 145+ +
(10.0%) (7.0%) (4.0%)

The ethylene derivative (152) was identified on the basis
of satisfactory spectral properties.
exhibited strong absorptions at 1323 (v
(v

Assignment of a cis- geometry wasto the aromatic protons.
based on the relatively low value of the coupling constant.

group deshields the vinylic a-

^2
(1.5%)

The infrared spectrum
-1 cm

ArSO2CH=CHBr
152 (2.0%)

The ylide (151) was then generated via an

S0o) .sym 2
vinylic region, with a coupling constant J = 4 Hz in addition

120° 
CH2Br

It was assumed that the S02 
protons more effectively than does bromine, so that the signal

Fragments at m/e 87, and

asSO2) and 1165
The nmr spectrum exhibited two doublets in the

ArSO2CHN2
139
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This absorption is

Br) was also present (3%) . The latter observation
supports the presence of only one bromine atom in the mole
cule .

-Br), (M ’-Br,-SO,) , and (M

abundances, respectively.
The oil (153) was partially characterized on the basis

The infrared spectrumof its infrared and mass spectra.

+2 peak at
m/e 310, both in 5% relative abundance, confirming the

The base
Further

-Br peak was also present in 5% relativeTable 1) .
The compound was not characterized further.abundance.

The cycloheptatriene, thiopyran and cyclopropane
derivatives (14 3) ,
comparison of their melting points and spectral properties 
with those of previously characterized samples.

presence of one bromine atom in the molecule, 
peak was at m/e 165 corresponding to (fluorenyl)+.

The mass spectrum
The M+‘+2 peak

in monosubstituted ethylenes is much larger for the
157,158

of the crude material exhibited strong absorptions at 1312
-1cm

at 66.11 must arise from ArSO2CH=CHBr.

not unreasonable since the value of the shielding constant,

-gem'
group than it is for bromine.

2 
fragments were also present in 50, 25, and 82% relative

The mass spectrum ex-
.+ .

S°2 
exhibited a molecular ion at m/e 322 (3%) .
(81:

fragments derived from the latter were also present (cf. 
The M+‘

(144) , and (145) were identified by

(v SO,) and 1185 cm x (v SO,).
hibited the molecular ion at m/e 308 and the M

The base peak was at m/e 152 probably arising from 
(biphenylene)+’. (M+‘-Br), (M^’-Br,-SO,) , and (M+‘-HBr,-SO2)
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3.1.1.2.9 In methylene bromide (0.32 M)

The results obtained from the thermolysis of
trated solution of 2-biphenylsulfonyldiazomethane (139)
(0.32 M) in methylene bromide are summarized in Table 2.
The products were identified by comparison of their melting
points and spectral properties with those of previously
characterized samples.

In perfluoro(methylcyclohexane)3.1.1.2.10

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in

They were identified by comparisonsummarized in Table 2.

of their melting points and spectral properties with those

of previously characterized samples.

Catalyzed decompositions3.1.1.3.0

With metals3.1.1.3.1

Pentafluorophenylcopper(I) tetramer-catalyzed decom

position of 2-biphenylsulfonyldiazomethane (139) in chloro

mixture of cycloheptatrieno-

that of the pure cycloheptatriene and thiopyran derivatives.
The (143/(144) ratios (see Table 3)

2H-thionaphthene-l,1-dioxide (143) and 6H-dibenzo-
They were identified by

were obtained from the

perfluoro(methylcyclohexane) gave the products that are

form at room temperature gave a
[1,2-bj-
Jja,dJthiopyran-S^S-dioxide (144) .

comparison of the nmr spectrum of the reaction mixture with

a concen-
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The

nmr spectrum of the reaction mixture showed the presence of

small amounts of the dimer, trans-1,2-di-(2-biphenylsulfonyl)-

ethylene (154). This was confirmed by the isolation of the
dimer (154) in 15% yield from the reaction mixture in a
preparative scale experiment by fractional crystallization.

the basis of comparison of its melting
point and spectral properties with those of a sample
obtained by a different route (see Section 3.1.1.3.2).

4 143 144+2
154

Ar=2-Biphenylyl

Similarly, the catalyzed decomposition of 2-biphenyl-

sulfonyldiazomethane (139) with various catalysts was

studied under various conditions.

summarized in Table 3, and the products formed are indicated

in Table 4.

With trifluoroacetic acid3.1.1.3.2

Trifluoroacetic acid (1 equivalent) catalyzed decom
position of 2-biphenylsulfonyldiazomethane (139) in boiling
chloroform
lization gave trans-1,2-di-(2-biphenylsulfonyl)ethylene

The ethylene derivative (154) was identified(17%) .

(C6F5Cu) 
chci3 ArSO2CH=CHSO2ArArSO2CHN

139

It was identified on

(154)
on the basis of a satisfactory analysis and its spectral

areas per proton by division (see Section 4.1.3.1.1).

The 143/144 ratios are

ether mixture (1:6 v/v) and fractional crystal-
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Table 3

Catalyzed decompositions of 2-biphenylsulfonyldiazo-
143/144 ratiosmethane:

Solvent Catalyst
0.45

Cul-P(OEt) 0.953
0.68
0.704
2.404
2.404

(C6F5Cu)
(C6F5Cu)

(C6F5Cu)

(ClRh(CO)2)2

30% Piperylene in CHCl^

143/144a

30% Pentane in CHCl^

aDetermined by nmr.

chci3
chci3

chci3
chci3 Cul-P(Ph)3
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Table 4

Catalyzed decomposition of 2-biphenylsulfonyldiazomethane

(139) .

aSolvent ProductsCatalyst
143 + 144 + 145
143 + 144 + 145

Cul-P(Ph) 143 + 144 + 1453
b143 + 144 + 145'4

143 + 1444
143 + 144 + 1454

aIdentified on the basis of comparison of the nmr 
spectrum of the mixture with those of pure samples.

^Isolated in 15% from a preparative scale experiment 
by fractional crystallization.

(c6f5cu)
(CgFj-Cu)

(ClRh(CO)2)2

(c6f5cu)

30% Pentane in CHCl^
30% Piperylene in CHCl^

chci3
chci3

chci3
chci3 Cul-P(OEt)3
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properties. The infrared spectrum exhibited strong

(trans-CH=CH).
dimeric structure proposed for the olefin (154) . The vinylic
protons appeared as a singlet, rather than as a doublet.
This fact is easily explained on the basis of the symmetry

The mass spectrum exhibited the molecularof the molecule.
ion at m/e 460 (<1%). most

2
, respectively, were also observed.

resolved to give bis (2-biphenylyl)disulfide (141) (1.0%) ,
(12.5%) ,

(8.9%) .
ing points and spectral properties with those of previously

These results are summarized incharacterized materials.
Scheme 6.

144143 ArSSAr
(8.9%) 141 (1.0%)(8.5%)

D
Ph

Scheme 6

bis (2-biphenylyldisulfide) -S_,S_-dioxide (140) 

cycloheptatrieno [1,2-b - 

(8.5%), and 6H-dibenzo

2H-thionaphthene-l,1-dioxide (143) 

b, thiopyran-S_, IS-dioxide (144)

They were identified by comparison of their melt-

Ar=2-Biphenylyl
H,

The base peak was at m/e 178, 
+ .

CF,COOH ---------- >CHC1j-ether

S02), 1160 (v

ArSSO2Ar
140 (12.5%)

HA

probably arising from (phenanthrene). Fragments at m/e^ 
332 (1%) and 330 (2%) corresponding to M+‘-2S0o and M+'-

ArSO2CHN2
139

absorptions at 1318 (v SO.-,) , 1160 (v SOn) , and 940 cm 1 as 2 sym 2
The nmr spectrum was consistent with the

2SO2,-H2
After isolation of (154), the remaining mixture was

ArSO2CH=CHSO2Ar
154 (17%)
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3.1.1.3.3 Reaction with trifluoromethanesulfonic acid

Trifluoromethanesulfonic acid (2 equivalents) effected

to give 2-biphenylsulfonylmethyl trifluoro
methanesulfonate (155) in 60% yield. The sulfonate ester
(155) was identified on the basis of a satisfactory analysis
and spectral properties. The infrared spectrum exhibited

139 155 (60%)
Ar=2-Biphenylyl

and 1130 cm The nmr spectrum
a

singlet at 64.54 for the methylene protons. The mass spectrum
The base peak

abundances, respectively.

exhibited the molecular ion at m/e 380 (24%).
Hq) +

cf3so3h
Ether

SO2), 12001330 d o

the decomposition of 2-biphenylsulfonyldiazomethane (139) in 
ether at -70°

was at m/e 153 corresponding to a (C-^Hg) fragment. Frag
ments corresponding to (2-biphenylyl-SO2+) and (CF3)+ were 
also observed at m/e_ 217 and 69 in 40 and 80% relative

The nmr spectrum of the reaction mixture established 
the absence of either cycloheptatrieno^1,2-bJ-2H-thionaphth- 

ene-1,1-dioxide (143), or 6H-dibenzo

ArSO2CH2OSO2CF3

strong absorptions at 1420 (vasS03), 
(vCF), and 1130 cm 1 (vsymS02 and S03> • 

exhibited, in addition to the aromatic protons (9H) ,

ArSO2CHN2

£b,djthiopyran-S,S- 

dioxide (144) in the reaction mixture.
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3.1.1.3.4 With 2-biphenylsulfonic acid

in 47.6% yield.
2-Biphenylsulfonic acid (1 equivalent) and 2-biphenyl

sulf onyldiazomethane (139) in ether at room temperature
afforded an authentic sample of 2-biphenylsulfonylmethyl 2-
biphenylsulfonate (146) in 53% yield. The sulfonate ester

identical in all respects (melting point, mixed meltingwas
point, infrared, nmr and mass spectrum) with the sulfonate
ester (146) obtained from the thermolysis of 2-biphenyl
sulf onyldiazomethane in benzene, in the presence of tetra
cyanoethylene (see Section 3.1.1.2.4).

■>

139
Ar=2-Biphenylyl

Attempted cycloadditions3.1.1.4.0

Attempted cycloaddition of 2-biphenylsulfonyldiazo-

(154) in chloroform at room temperature for two weeks gave

ArSO2CH2OSO2Ar
146 (53%)

ArSO3H, RT
Ether

was attempted at 70

2-Biphenylsulfonic acid was synthesized by the method 
of Smiles'1'^?

ArSO2CHN2

70.5 and 72% recovery, respectively. When the cycloaddition
° for four days, cycloheptatrieno JjL, 2—- 

2H-thionaphthene-l, 1-dioxide (143), 6H-dibenzo|^b ,dj thiopyran- 
S,S-dioxide (144), and trans-1,2,3-tri-(2-biphenylsulfonyl)-

methane (139) with trans-1,2-di-(2-biphenylsulfonyl)ethylene

the starting diazosulfone (139) and the olefin (154) in
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cyclopropane (145) were obtained in 14% (based on 2-bi-
phenylsulfonyldiazomethane), 15.6% (based on 2-biphenyl-
sulfonyldiazomethane), and 42% (based on trans-1,2-di- (2-
biphenylsulfonyL) ethylene), respectively. The reaction
products were identified by comparison of their melting

143 144 + 145+
139

Ar=2-Biphenylyl

points and spectral properties with those of previously
characterized samples.

(2-Biphenylsulfonyl)triphenylphosphaldazine3.1.2.0.0

(2-Biphenylsulfonyl)triphenylphosphaldazine (156) was

The phosphazine (156) was identi-

2

Ar=2-Biphenylyl

fied on the basis of a satisfactory analysis and spectral
The infrared spectrum of the phosphazineproperties.

exhibited strong absorptions at 1287 (v

The

cm 1

PPh3
Ether

ArSO2CH=CHSO2Ar
CHC13, 70°

so2).
(1H) in addition to the aromatic protons (24H).

ArSO2CHN
139

ArSO2CH=N-N=PPh3
156 (95%)

S0o) and 1060 as z
The nmr spectrum showed the imine proton at(v ;sym

67.44

ArSO2CHN2

prepared in 95% yield by the procedure described by Strating
24 for other phosphazines.
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and (PPh,) frag-, respectively.

(52%) .
melting point and spectral properties with those of a pre
viously characterized sample.

Resolution of the components of the remaining mixture
by preparative thin layer chromatography gave bis(2-biphenyl-

2H-

143 144ArSSAr + +
(58%) (2%)141 (3%)

Ar=2-Biphenylyl
+

The mixture of 2-biphenyl decahydronaphthylmethyl sul-
characterized on the basis of a satisfactory

190° 
Decalin^

(Pll^PO) ailkx

ment at m/e 230 (10%) was also observed.

ArSO2CH
157 (12%)

in 17 and 85% relative abundance, arising probably from
+ . / + 4"--J r-n-nl. ------- j---- The M

+ Ph3P=O
158 (42%)

-N2-PPh3

mass spectrum did not exhibit the molecular ion at m/e

ArSO2CH=N-N=PPh3
156

fones (157) was

520,but, instead, fragments at m/e 278 and 262 were observed

yl)disulfide (141), a mixture of 2-biphenylyl decahydro- 
naphthylmethyl sulfones (157), cyclohaptatrieno [1,2-bJ-2H- 
thionaphthene-1,1-dioxide (143), 6H-dibenzo^b ,djthiopyran- 
S_, S-dioxide (144), and triphenylphosphine oxide (158) in 3, 
12, 6, 2, and 42% yield, respectively.

Thermolysis of (2-biphenylsulfonyl)triphenylphosphalda- 
zine (156) in decalin at 190°, followed by fractional crystal
lization gave cycloheptatrieno [1,2-bJ-2H-thionaphthene-l,1- 

dioxide (143) (52%). It was identified by comparison of its
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analysis and its spectral properties. The infrared spec
trum of the mixture of sulfones (157) exhibited strong

, aliph), 1319 (s)
(v

to the aromatic (9H) and decalinyl (17H) protons. The mass
The

The

the one proposed for 2-biphenylyl cyclohexylmethyl sulfone
(142) (see Section 3.1.1.2.1).

The other products obtained from the thermolysis of the
were identified by comparison of theirphosphazine (156)

melting points and spectral properties with those of
previously characterized samples.

4'-Nitro-2-biphenylsulfonyldiazomethane3.1.3.0.0

Synthesis3.1.3.1.0

prepared from 2-aminobiphenyl in 15.5% overall yield by the
reaction sequence summarized in Scheme 7.

s°2) ,

base peak was at m/e 149 corresponding to (C
The (ArS(OH)2)+

latter fragment could be formed by a mechanism analogous to

11H18 
fragment was present at m/e 219 (6%).

symS02>-
doublet (2H) at 63.46 for the a-sulfonyl protons, in addition

absorptions at 2940 and 2870 (v, 
and 1160 cm 1

CH' cxu.hxx, , v = , (vas

The nmr spectrum exhibited a broad

spectrum exhibited the molecular ion at m/e 368 (1%).
) fragment.

4'-Nitro-2-biphenylsulfonyldiazomethane (163) was



71

KNO

>
162 (95%)

Scheme 7

in 77% yield. The
2-amino-4'-nitrobiphenyl (158) was converted to iron(III)

and the iron salt (159) was treated with potassium
carbonate to give an aqueous solution of potassium 4'-nitro-

The free sulfinic acid was not2-biphenylsulfinate (160).
isolated, but was generated in situ during the Mannich
reaction by acidification with formic acid.

gave ethyl N- (4'nitro-2-biphenylsulfonylmethyl)carbamate
(161) in 25% yield (based on 2-amino-41-nitrobiphenyl) . The
urethane (161) was identified on the basis of a satisfactory

(25%)

HNO
2

NOCI 
Pyridine

A12°3
CH2C12

(ArSO2)3Fe
159

158 (77%)
Ar=41-Nitro-2-biphenylyl

ArSO2CH2N (NO)COOEt

Treatment of an

,S09,Cu

aqueous solution of potassium 4'-nitro-2-biphenylsulfinate
(160) with formaldehyde, formic acid and ethyl carbamate

163 (85%)
(15.5% overall)

2.
FeCl3

2-Aminobiphenyl was nitrated with potassium nitrate in
120 sulfuric acid by reported procedures

CH2O,NH?COOEt
HCOOH

ArSO2CHN2

4'-nitro-2-biphenylsulfinate (159) by the method of Gatter-
m 109man,

K2CO3

ArSO2K
160

H2SO4

ArSO2CHnNHCOOEt
161
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analysis, its spectral properties, and its conversion to the
N-nitroso derivative (162). The infrared spectrum of the
urethane (161) exhibited strong absorptions at 3327 (v

), 1515 (6 1307
(v (v

(see Section 4.2.1.3.0). The NH proton did not undergo H-D
In the presence of

H-D exchange was instantaneous. This was

a singlet.

As in the case of the un-

(96%) .
Ethyl N- (4 '-nitro-2-biphenylsulfonylmethyl)-N-nitroso-

It was identifiedsimilar to that described by Strating
on the basis of
spectral properties, and its conversion to the diazosulfone

The infrared spectrum of the N-nitroso urethane(163) .
), 1555

confirmed by the conversion of the doublet for CH^NH into
The mass spectrum exhibited the molecular ion at

and v as

m/e_ 364 (<1%) , and the base peak was at m/e 152 which could 
correspond to (biphenylene)+ '.

NH^ '

-ch2

so2).
(162) exhibited strong absorptions at 1740 (vc=0 

SO2), and 1145 cm 1

no2),

NCO2Et-SO2

and vas

a satisfactory elemental analysis, its

(vN=O

1720 (vc=0, , — — VvNH

asSO2), and 1135 cm’1 (vsymSO2).

consistent with an N-substituted ethyl carbamate structure

NO ), 1340 (vA_ > Z do

-ArSO2' 
fragment, CH2=+NHCOOEt, was also observed at m/e 102 (22%) . 
The M+■-CHn=NC0oEt-S0o peak was also present at m/e 199

carbamate (162) was prepared in 95% yield by a procedure
24

(v 1 sym

:N02), 1343 (vsyinl
The nmr spectrum was

D2O/OD-, however, 
indicated by the disappearance of the NH signal, and was

exchange upon the addition of D20.

substituted urethane (see Section 3.1.1.1.0), the M+'
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with an N,N-disubstituted ethyl carbamate structure.

4'-nitro-2-biphenylsulfonyldiazometh-
The diazosulfone (163)

was identified on the basis of a satisfactory elemental
analysis, its spectral properties, and its conversion to the
phosphazine derivative (171) (see Section 3.1.4.0.0). The

absorptions at 2098 (v
1313 (v (v

proposed for the diazosulfone (163). The mass spectrum
exhibited the molecular ion at m/e 303 (<1%). The base

a
fragment. 2
at m/e 287 and 275, respectively, in less than 1% relative
abundance.

Thermolysis3.1.3.2.0

for two hours gave a black
solid (83% yield).
organic solvents, and was not characterized. The portion
of the reaction mixture that was soluble in methylene chloride

to give cyclohexylmethyl 4'-nitro-2-biphenylyl sulfone (164) ,

peak was at m/e 121 which would correspond to 
The M+‘~0 and the M+'-N

no2) ,

(C9H13
peaks were also detected

The solid was insoluble in the common

Thermolysis of 4'-nitro-2-biphenylsulfonyldiazomethane 
in degassed cyclohexane at 140°

When the N-nitroso urethane (162) was stirred with 
neutral alumina^'25

was resolved by preparative scale thin layer chromatography

C=N2- 1505 (vas'
' SO), and 1146 cm-1 (v SO,), 
do £. syiu z

(see Section 4.2.1.5.0) was consistent with the structure

NO2), 1343 (vsyml

The nmr spectrum

) +

infrared spectrum of the diazosulfone (163) exhibited strong 
),24 
-1

The nmr spectrum (see Section 4.2.1.4.0) was consistent

ane (163) was obtained in 85% yield.
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a pale yellow solid (165), and 41-nitro-2-biphenylsulfonyl-
diazomethane (163) , in 5.0, 0.002, and 2.7% yield, respec
tively. The cyclohexylmethyl 4'-nitro-2-biphenylyl sulfone

yellow solid+>2
165 (0.002%)

Ar=4'-Nitro-2-biphenylyl
black solid+ +
166 (83%)

(164) was identified on the basis of a satisfactory elemental
analysis and its spectral properties. The nmr spectrum of
the sulfone (164) (see Section 4.2.2.0.0) exhibited a
doublet (J = 6 Hz, 2H) for the a-sulfonyl protons, consis
tent with the presence of g proton in the sulfone (164) .one
The multiplet expected for the g-proton was unresolved, and
appeared as part of a multiplet (11H) with the rest of the

The mass spectrum exhibited the mole-cyclohexyl protons.
cular ion at m/e 359 (<1%). The base peak was at m/e 79.

The base peak was at m/e 83.
The solid was not 2-methanesulfonyl-41-nitrobiphenyl (167)

This was confirmed by synthesis of the methyl(m/e 277) .

Fragments at m/e_ 165 and 91 were also present arising, 

from (fluorenyl)+ and (tropylium)+ fragments.

ArSO2CHN
163

ArSO-CH-C-H., z- b -L JL
164 (5.0%)

agNO2) and 1335
The mass spectrum exhibited the probable

ArSO2CHN2

163 (2.7%)

140°
C6H12

probably.

The infrared spectrum of the yellow solid, mp 75-78°,
exhibited strong absorptions at 1505 (v

-1 cm(v NO-)sym 2
molecular ion at m/e 277 (2%) .
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158 160
Ar=4'-Nitro-2-biphenylyl

The methyl sulfone (167) was identified on the basis of
satisfactory elemental analysis and its spectral pro-a

perties. The infrared spectrum of the sulfone (167) ex-

1308 (v (V

addition to the aromatic protons (8H) (see Section 4.2.5.1.0).
The mass spectrum exhibited the molecular ion at m/e 277
(39%), and the base peak was at m/e 152.

Catalyzed decomposition3.1.3.3.0

Pentafluorophenylcopper(I)-catalyzed decomposition of
4 1-nitro-2-biphenylsulfonyldiazomethane (163) in chloroform

at room temperature and fractional crystallization of the

mixture gave trans-1,2-di-(4-nitro-2-biphenylsulfonyl)-
The olefin (168) was identi-ethylene (168) in 45% yield.

fied on the basis of a satisfactory elemental analysis and
The infrared spectrum of theits spectral properties.

ethylene derivative (168) exhibited strong absorptions at

Mel
EtOH -

as
SO,) .

no2).

ArSO2K ArSO2CH3
167 (32%)

H2°ArNH2

;N02), 1351 (vsym!
The nmr spectrum

hibited strong absorptions at 1513 (v
SO,) and 1158 cm-1 (v= SO ‘ as 2. sym 2

exhibited a singlet for the methyl group at 62.72 (3H) in

sulfone (167) from 2-amino-4'-nitrobiphenyl (158) in 32%
12 2 yield using the method similar to that described by Otto.
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singlet (2H) for the vinylic protons at 66.32, as expected
on the basis of a symmetrical molecule. The mass spectrum

but instead
the M fragment was observed at m/e 428 (2%) .

An attempt to resolve the compounds of the remaining
mixture by preparative thin layer chromatography gave in
tractable tars. The nmr spectrum of the reaction mixture
prior to the attempted resolution, however, revealed the

The

for the aromatic protons at 68.40-7.40.multiplet (4H) A

(7.0-7.4)
(7.0-7.4) h.

(8.4-7.4)
(6.10)2

170

absence of a singlet expected for the methylene protons in 
4-nitro-6H-dibenzo [jo, dj thiopyran-S_, S-dioxide (169) .
spectrum obtained, however, was consistent with the presence 
of 5-nitrocycloheptatrieno 
dioxide (170) .

so2),

ha b 
(3.80)

NO,), 1355 (v i z

and 9 60 cm 3’

he
,02

1520 (v as symN02’' 1320 <vas 
(trans-CH=CH).

S02), 1147 (Vsyml
The nmr spectrum exhibited a

did not exhibit the molecular ion at m/e 550, 
.+ .

1,2-bJ-2H-thionaphthene-l,1-
Thus, the nmr spectrum exhibited a complex

-SO2-O2-C2H2
The base peak was at m/e 207 and would correspond to (2- 
nitrosophenanthrene)+‘.

•Hc(7.0-7.4)
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second complex multiplet (3H) was observed at somewhat
higher field, at 67.40-7.00. On the basis of a large down
field shift expected of H protons by virtue of their

and on the basis of low field appearance of H. in the unsub-

the unresolved multiplet at 67.40-7.00 corresponding to 3H
Confirmation of theseand H.

exhibit well defined splitting patterns. It is supported.

proton was

stituted derivatives,
patability of their chemical shifts, which are summarized in
Table 8, the shape of the signal (doublet of doublets), the

= 11 Hz,

with respect to the shape of the signal (quintet), the
= 2 Hz), the area (1H),= 4 Hz,

The quintet
in the nitro-derivative (170) differed from the

in the bromo and
the unsubstituted derivatives. This is adequately

E 
stituted and the bromo-substituted analogues (see Table 8),

was assigned to H_, H_, emu CD D
assignments was not possible, since the multiplet did not

proton was assigned similarly

—AF 
(see Table 8).

coupling constants (J.AB 
and the chemical shift (63.80)

coupling constants (J.BC 
proton (1H).

The Hd Jo

assigned by analogy to the unsubstituted and the bromo-sub-

of the Hb proton (1H) . The H&
by analogy to the bromo and the unsubstituted derivatives

= 4 Hz), and the area

(143) and (179), in terms of the com-

for HA
usual doublet of triplets observed for H^

however, by the very large reported downfield shifts of
, 167,168vinylic protons in nitroolefms. '

[D and HC 
being ortho to a powerful electron withdrawing group (NC^) ,
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was 2 Hz,
whereas in the latter compounds, J The slight-was 1.5 Hz.

alter the appearance of the H signal in

duce a quintet. This is illustrated in Figure 7.
Due to the instability of the nitro-derivative (170),

and due to the failure of thin layer chromatographic purifi
cation attempts, the compound (170) was not fully identified.

4 -> 170+
163

Ar=4'-Nitro-2-biphenylyl

(4'-Nitro-2-biphenylsulfonyl)triphenylphosphalda-3.1.4.0.0
zine

(4'-Nitro-2-biphenylsulfonyl)triphenylphosphaldazine
(171) was prepared in 95% yield.

32

Ar=4'-Nitro-2-biphenylyl

identified on the basis of a satisfactory elemental analysis

A
the central portions of the triplets would overlap to pro-

■ —AF
in the nitro derivative (170) is expected to

PPh3
Ether ArSO2CH=N-N=PPh

171 (95%)
ArSO2CHN

163

ly larger

—AF

a manner in which

explained by the fact that in the former case,

ArSO2CH=CHSO2Ar
168 (45%)

(C6F5Cu) 
chci3

The phosphazine (171) was

ArSO2CHN2
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complex multiplet

Figure 7;

D
Line nmr spectrum of 5-nitrocycloheptatrieno- 
1,2-bJ-2H-thionaphthene-l,1-dioxide (170) .

he'hf'

ha

Hc hahb

hb r
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and its spectral properties. The infrared spectrum of the

NO,), 1307 (v
as

0.4H).
the phosphazine (171) could

exist as a mixture of the syn- and the anti-forms, (171-a)
and (171-b), respectively. This is depected below. The
two major interactions in the syn-form that may determine

H

syn-
the relative stabilities or the syn- and the anti-forms

dipole. The
former would destabilize the syn-form, whereas the latter

The fact that the phosphazine (171)would stabilize it.
exists in both the syn- and the anti-forms in nearly equal

40:60) suggests that the two forms are ofproportions

in the syn-form would be of the same order of magnitude.

^Ph

Ar — s
Ph<

//’

anti-

phosphazine (171) exhibited strong absorptions at 1510
=„„N0,), 1307 (v SO,), and 1064 cm-1 
by III z as z

The nmr spectrum exhibited the imine proton

electrostatic attraction between the negative end of the 
S+-O~ dipole with the positive end of the P+-N

ArSO2,

(v as
(v

(ca.
comparable energy and that, in the absence of other factors, 
the net effect of the attractive and repulsive interactions

H.
"C —N

arysulfonyl and the triphenylphosphono groups, and (ii) the

,N02), 1345 (v
symS02>'

two singlets at 67.83 (ca. 0.6H) and at 67.81 (ca.
159By analogy to the imines,

seem to be (i) the steric repulsion between the bulky
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Since these interactions are in an opposite sense, they
would result in little net stabilization or destabilization.
Factors other than those discussed, however, may also be
operative.

exhibit a molecular ion at m/e 565. peak, how-

Thermolysis of (4'-nitro-2-biphenylsulfonyl)triphenyl-

for

mixture by thin layer chromatography gave cyclohexylmethyl
4'-nitro-2-biphenyl sulfone (164) and triphenylphosphine

(158) in 4.2 and 32% yield, respectively.oxide

+

Ar=4'-Nitro-2-biphenylyl

4'-Bromo-2-biphenylsulfonyldiazomethane3.1.5.0.0

Synthesis3.1.5.1.0

4 ' -Bromo-2-biphenylsulfonyldiazomethane (178) was
prepared from 2-nitrobiphenyl (172) in 3.4% overall yield

4'-Bromo-by a reaction sequence summarized in Scheme 8.

The mass spectrum of the phosphazine (171) did not 
The M+’-N

Ph3P=O
158 (32%)

ArSO-CHnCcH.. z o J. J.
164 (4.2%)

170°
C6H12

phosphaldazine (171) in degassed cyclohexane at 170°

ArSO2CH=N-N=PPh3
171

2-biphenylsulfinic acid (175) was prepared by the procedure

2 
ever, was observed at m/e 536 (5%), and would correspond to 
(ArSO2CH=PPh3)+‘. The base peak was at m/e 184 which 
could arise from (dibenzothiophene)+'.

4 hr, and resolution of the components of the reaction
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Cl
126173 (52%) 174 (72%)

172
Ar=41-Bromo-2-biphenyl

2
2

2
176 (22%) 175 (51%)

V
■»

177 (96%) 178 (85%)

Scheme 8
109similar to that reported by Gatterman. The free sulfinic

acid (175) was relatively unstable, and was used immediately
in the Mannich reaction. Treatment of the sulfinic acid
(175) with formaldehyde, ethyl carbamate, and formic acid
gave ethyl N- (4'-bromo-2-biphenylsulfonylmethyl)carbamate
(176)..
satisfactory analysis, spectral properties, and its conver
sion to the N-nitroso derivative (177). The infrared
spectrum of the urethane (176) exhibited strong absorptions

S0-), 1243 (6at 3336 2
(V

2 -
HCOOH

NOCI 
Pyridine ArS02H

ArSO2CH2N(NO)COOEt

NH} ' and
The nmr spectrum was consistent withsymS02>-

an N-substituted ethyl carbamate structure (see Section

'N02

(i) hno2
(ii) Cu,SO

), 1720 (vc=Q

ArNO2

(VNH
1143 cm-1

The urethane (176) was identifed on the basis of a

(i) Zn,80°
(ii) HCl

124

) , 1312 (vdo

ArNH*

Al2°3 
ch2ci2 ArSO2CHN2

Br2,FeCl2
®2° *

NH,COOEt,CH-,0
ArSO2CH2NHCOOEt <-
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4.3.1.4.0). The NH proton did not undergo H-D exchange

disappearance of the NH signal, and was confirmed by the
The

mass

The m/e values and the relative
abundances are given in Table 5. Suggested fragmentation
patterns are illustrated in Scheme 9. The proposed frag

relative abundances, as expected on the basis of the
natural abundances of the bromine isotopes.

to give ethyl N-(41-bromo-2-bi-

phenylsulfonylmethyl)-N-nitrosocarbamate (177). The N-
nitrosocarbamate (177) was identified on the basis of a
satisfactory elemental analysis, its spectral properties,

41-bromo-2-biphenylsulfonyldiazo-and its conversion to
methane (178). The infrared spectrum of the N-nitrosocar-

) ,bamate
), 1333 ( v1375

nmr
(see Section 4.3.1.5.0). The masscarbamate structure

carbamate (176) exhibited the molecular ion at m/e 397 and 
the M+"+2 peak at m/e 399.

conversion of the doublet for SO2CH2NH into a singlet.
spectrum of ethyl N-(4'-bromo-2-biphenylsulfonylmethyl)-

<W' 1333 <VasS02>' and 1152 cm’X (VsymS°2
spectrum was consistent with an N,N-disubstituted ethyl

(177) exhibited strong absorptions at 1738 (
S09), and 1152 cm

in pyridine in 96% yield by a procedure similar to that
24 described by Strating

ments containing bromine atoms are supported by the occur-
+ 4-rence of the M <--J *'

The urethane (176) was nitrosated with nitrosyl chloride

In the presence of D2O/OD , however, 
This was indicated by the

and the M +2 peaks in ca. 1:1 ratio of

v C=O
SO9). The

upon addition of D2O.
H-D exchange was instantaneous.
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Table 5

Values of m/e and relative abundance for ethyl N-(4'-
bromo-2-biphenylsulfonylmethyl)carbamate (176)

m/em/e

399 <1 153 18
52397 <1 152

151 15244 5
9117242 6

102 100235 7
1285234 51
18838233
1076.553232

76 209184
775

Rel. Abundance
(%)

Rel. Abundance
(%)
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Scheme 9

-CH =NCOnEt2

m/e 184 (9)

-S-Br*

-H*
(C

m/e 152 (52)

-e

(C

m/e 234 (51)
232 (53)

m/e_ 399
397

+ “ 
CH2=NHCOOEt 
m/e 102 (100) -SO2=CHNHCO2Et

ArSO2•

(C13H7Br)+-
m/e_ 244 (5)

242 (6)

12H9)
m/e 76.5 (10)

12H9) 
m/e 153 (18)

-SO2
X. -NH2CO2Et
\-H2

““2 " 

-°2 \-HBr

i0oCHoNHC00Et
(<1)
(<1) ( 79Br)
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spectrum of the nitrosourethane (177) did not exhibit the
molecular ion at m/e 426. The m/e values, and the relative
abundances are given in Table 6. Suggested fragmentation
patterns are illustrated in Scheme 10.

methyl)-N-nitrosocarbamate (177) with neutral alumina
(178) in 85%gave

yield. The diazosulfone (178) was identified on the basis
of a satisfactory elemental analysis, its spectral properties,
and its conversion to the phosphazine derivative (182) (see
Section 3.1.6.0.0). The infrared spectrum of 4'-bromo-2-

(178) exhibited strong
absorptions at 2110 (v 1323 (v

was

(178).
however; M fragments were observed at

The m/e values and the relative abundances are given in
Table 7. are

fragment is the

presence of the fragment at m/e 246 and 244, which is also

illustrated in Scheme 11.
(cycloheptatrienothionaphthene)+‘

4'-bromo-2-biphenylsulfonyldiazomethane

biphenylsulfonyldiazomethane
24

Treatment of the ethyl N-(4'-bromo-2-biphenylsulfonyl-
19,25

present in the mass spectrum of the 5-bromocycloheptatrieno- 
Ql,2-bJ-2H-thionaphthene-l,l-dioxide (179), but not in

Suggested possible fragmentation patterns 
That the M+‘

'c=n2>“ 1323 <VasS02>'
The nmr spectrum (see Section 4.3.1.6.0)

-n2
is supported by the

and 1140 cm 3"

+2 -N2 and the M'"-N2 
m/e 310 and 308, respectively, in 6% relative abundance.

No molecular ion was observed in the mass spectrum 
and the M+-

^syrW- 
consistent with the structure proposed for the diazosulfone
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Table 6

Values of m/e and relative abundance for ethyl N-(4'-bromo-

m/e

428 0
0426
7297
6295

10264
10262
24234
25232
5183

19153
100152
17151
9139

14131
7126

70102

Rel. Abundance 
(%)

2-biphenylsulfonylmethyl)-N-nitrosocarbamate (177)
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Scheme 10

T-
Br

:0,CHoN(NO)COOEt2
-NO

-Br'
v

(c

-1 + --H’

->
m/e 152 (100)

m/e 297 (7)
295 (6)

m/e 264 (10)
262 (10)

-H'
-O„

-s°2
-Br'

+ &
CH2=NHCOOEt 
m/e 102 (70)

12H9) 
m/e 153 (18)

-SO2=CHN(NO)COOEt
-CH2=NCOOEt

m/e 234 (24)
232 (25)

-ArSO2NO
+H' /
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Table 7

Values of m/e and relative abundances for 4'-bromo-2-bi-
phenylsulfonyldiazomethane (178)

m/e m/e
17338 0 163

336 0 12152
11310 6 139
6308 6 115

89 76264
88 5262 5
87 814246

786244 13
83 6185 5
82.5 3511184
82 1220166

1381.5100165
68115164

Rel. Abundance 
(%)

Rel. Abundance
(%)
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Scheme 11

2

m/e 184 (11)

-s
V

m/e 152 (12)

-Br ‘

-em/e 165 (100)

H 
m/e 310 (6) 

308 (6)

m/e 246 (14)
244 (13)

m/e 264 (6)
262 (5)

-c4h.

~C2H2

-CHN2
\°2

\-Br"
V•Br

-S°2

"CH2N2
-O

(C11H7)+ 
m/e 139 (11)

(C13H9)++‘ 

m/e 82.5 (35)

(c9h7)+ 
m/e 115 (6)

:o2chn2
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(180)

3.1.5.2.0 Thermolysis

and

resolution of the components of the mixture by preparative

and 4-bromo-6H-

■dioxide (180) in 8.7 and 2.9%

2

179 (8.7%) 180 (2.9%)Ar=4'-Bromo-2-biphenylyl

factory elemental analysis and its spectral properties. The

exhibited strong absorptions at 1338 (v

(v

The assignments of the olefinic protons were67.80-7.40.
made on the basis of their areas (1H each), and on the basis

that of the 5-bromo-6H-dibenzo^b,dj thiopyran-£,S-dioxide 
(see Section 3.1.5.2.0).

thin layer chromatography gave 5-bromocycloheptatrieno-
, 2-bJ-2H-thionaphthene-l,1-dioxide (179) 

dibenzo Qb ,dj thiopyran-S^ S_- 
yield, respectively.

135
C7F14

The S-bromocycloheptatrienoTl

1,1-dioxide (179)

ArSO2CHN
178

symSO2>-
exhibited a multiplet for the aromatic protons (4H) at

infrared spectrum of the cycloheptatriene derivative (179)
SO.,) and 1142 cm cl S 2-

The nmr spectrum of the cycloheptatriene (179)

,2-bJ-2H-thionaphthene- 
was identified on the basis of a satis-

Thermolysis of 4'-bromo-2-biphenylsulfonyldiazomethane 
(178) in degassed perfluoro(methylcyclohexane) at 135°
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(7.14)H.

(7.80-7.40)

179

of comparison of their chemical shifts, splitting patterns,
and coupling constants with those of the unsubstituted
derivative (143). The chemical shifts and the coupling
constants of the various protons in cycloheptatriene deriva
tives studied here are summarized in Table 8. The first

proton was easily assigned on the basis of its

This assignment was con-unsubstituted derivative (143).
firmed on the basis of the shape of the signal, which was,

in the case of the unsubstituted analogue (143) , a doubletas
of triplets.

and J
signals with those ofand H.

enabled their facile assignment to the various protons. The
in the case of the unsubstituted analogue

order analysis of the nmr spectrum of 5-bromocyclohepta- 
trieno Ql, 2-b^j-2H-thionaphthene-l, 1-dioxide (179) is illus
trated in Figure 8 .

HC'

Comparison of the coupling constants
further confirmed the assignment (see Table 8) .JAC' and —AF

Comparison of the H^, H^, H^,, auu up 
the unsubstituted derivative (143) using the above criteria

Hc(6.13)
Hr(5.82) jd‘°2 HA 

(3.87)

hb
(143), was a doublet of doublets, with a chemical shift and

The Ha 
chemical shift which had a value similar to that of the

H„(6.75) /< ^Br

proton, as
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Table 8

(6) and coupling constants of olefinic proChemical shifts
tons in

derivatives

) )

143 3.69 5.79 6.35 6.68 6.65 6.88
(4, 1.5, 1.5) (10) (4-4.5, 0) (4-5)

179 6.133.87 5.82 6.75 7.14
(5, 1, 1) (11) (—, 1) (6)

170 3.80 6.10
(ID (—,(4, 2, 2)

7.4-7.0 7.4-7.0
(ua)

(-AB'
ha hf

^BC ^EF
Hc hd he

aUndetermined

hb

cycloheptatrieno [1,2-bJ-2H-thionaphthene-l,1- 

dioxide (143) and its 5-bromo (179) and 5-nitro (170)

7.4-7.0
a. u )

-AC' ^AF> <^CD' ^Ce'
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in the
The

doublet of triplets at 66.13 was easily identified as aris-
on the basis of its coupling constant (J. 10

and H. from consideration. The
were
(i.e.B

10 Hz) . confirmed on the basis of the
similarity of the chemical shift of H with that in theC
unsubstituted analogue (143). Further confirmation of the
assignment was obtained from the similarity of the J

(179) and (143), respectively (see
notableTable 8) . difference, however, was the weakOne

This latter coupling1 Hz) .coupling of H

= 6 Hz) of the(143).

Since the presenceadjacent protons, probably H.

andand H
and H.

those in the unsubstituted derivative, where

H.

b-AC
values in the 5-nitro-and the unsubstituted cyclo-

—BC

comparable to
[ exhibited an absorption at lower field than that of H . F
On this basis, the higher field signal was assigned to H^,, 
and that at the lower field was assigned to Hp.

protons relative to that of Hg
in the

and -bc
heptatriene derivative,

shifts of the H„ n-
in the unsubstituted derivative (143),Hc in the unsubstituted derivative (14i), HE 

bromo-derivative were expected to have a chemical shift

coupling constants very similar to those of H_ 
unsubstituted cycloheptatriene derivative (143).

ing from Hc
Hz) , thus eliminating H_ auu F F
latter protons, being 3 and 4 carbons away from H0,
not expected to exhibit such strong coupling with H.

[ with H„
was not observed in the case of the unsubstituted derivative

[ and H . F r
of the bromine atom did not appreciably change the chemical

The identical coupling constants (JEF 
signals at 66.75 and 67.14 suggested that they were due to

This assignment was
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lF E

I Illi

Figure 8 : Line nmr spectrum of 5-bromocycloheptatrieno- 
|1,2-bJ-2H-thionaphthene-l,1-dioxide (179) .

H HF E c jb p

o o m^i^n M

he Hc

Pc

hahf hb

hb
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abundances.

given in Table 9. Suggested possible fragmentstion patterns

are illustrated in Scheme 12.

of 5
are

compared below.

The infrared spectrumanalysis and its spectral properties.

(vtions at 1346 (v The nmr

(180) proposed (see Section 4.3.2.0.0). The mass spectrum

and an M
peak was not observed. In the310 (16.5%).

fact indicated that the

in the mass
spectrometer.

Suggested fragmentation patternsare given in Table 10.
illustrated in Scheme 13.are

-S°2 
cycloheptatriene derivative (179), however.

The fragmentation patterns
-bromocycloheptatrienoJl,2-bJ-2H-thionaphthene (179) and 

4-bromo-6H-dibenzo^b,djthiopyran-S,S-dioxide (180)

-S°2
This

The mass spectrum of 5-bromocycloheptatrieno £1,2-bj- 

2H-thionaphthene-l,1-dioxide (179) exhibited the molecular 
ion peak at m/e 308 and M+’+2 peak at m/e 310 in 1% relative

the M+‘

lar ion peak at m/e 308 (15%), 
The M+’

The m/e values and the relative abundances are

The 4-bromo-6H-dibenzo^b,<£] thiopyran-S^S^-dioxide (180) 
was identified on the basis of a satisfactory elemental

peak was present at m/e 244 (18%) (see Scheme 12).
(4-bromo-6H-dibenzo £b,djthiopyran-

S,S-dioxide)+‘ did not rearrange to the (5-bromocyclohep
tatrieno Ql ,dj -2H-thionaphthene-l,1-dioxide)

The m/e values and the relative abundances

of the dibenzothiopyran derivative (180) exhibited a molecu- 
l+‘+2 peak at m/e

of the thiopyran derivative (180) exhibited strong absorp-
S0_) and 1158 cm (v SO_). as 2 sym 2'

spectrum was consistent with the dibenzothiopyran structure
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Table 9

m/e Rel. Abundance (%)
70 ev 7 ev

310 1 5
308 41
246 15 72
244 18 58

17166 26
100100165

22164
32163

30159
15139
10115
3182.5

Values of m/e and relative abundances for 5-bromo- 
cycloheptatrieno^l, 2-bj-2H-thionaphthene-l,1-dioxide (179)
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Scheme 12

-Br'

m/e 165 (100)
-e

m/e 310 (1)
308 (1)

m/e 246 (15)
244 (18)

^9^7
m/e 115 (10)

-C4H2

-C2H

-so2

(cHH7) + 
m/e 139 (15)

(C13H9)++’ 
m/e 82.5 (31)
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Table 10

m/e Rel. Abundance (%)

310 16.5
308 15
166 15
165 100
164 12
163 16.5

7139
1582.5
882
881.5
869.5

Values of m/e and relative abundances for 4-bromo-6H- 
dibenzo j^b, dj thiopyran-S, S-dioxide (180)
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Scheme 13

m/e 165 (100)

m/e 310 (16.5)
308 (15)

-S°2
-Br •

C2H2 (c13Hg) 
m/e 82.5 (15)

(C11H7)+ 

m/e 139 (7)
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3.1.5.3.0 Catalyzed decomposition

Pentafluorophenylcopper(I) tetramer-catalyzed decom

position of 41-bromo-2-biphenylsulfonyldiazomethane (178)

tion gave trans-1,2-di - (4'-bromo-2-biphenylsulfonyl)ethylene
(181) in 32% yield. The olefin (181) was identified on the

satisfactory elemental analysis and its spectral
properties. The infrared spectrum of the olefin (181) ex-

S09), 1177 (v
(trans-CH=CH).

with the proposed structure (cf. Sections 3.1.3.3.0,

respectively and the ratio of the M '+4
as expected from an ion containing two bromine1:2:1,
The m/e values and the relative abundancesatoms. are

given in Table 11. Suggested possible fragmentation
patterns are illustrated in Scheme 14. The nmr spectrum
of the reaction mixture after isolation of the dimer (181)
indicated the presence of the cycloheptatriene derivative
(179) and the thiopyran derivative (180) in a 179/180
ratio of 10.5.

asSO2), 1177 (vsymSO2),
The nmr spectrum was consistent

hibited strong absorptions at 1336 (v 
and 9 40 cm

in Freon-113 at room temperature and fractional crystalliza-

basis of a

3.1.1.3.2, and 4.3.3.0.0). The mass spectrum of the dimer 
exhibited the molecular ion at m/e_ 616 (1%). The M+’+2 
and M+‘+4 peaks were also present at m/e 618 and 620, 

■’+' ' 1 : M+’+2 : M+‘ was
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Table 11

Values of m/e and relative abundances for trans-1,2-
di-(4'-bromo-2-biphenylsulfonyl)ethylene (181)

m/e Rel. Abundance (%)

620 1
2618
1616
5311
5309

17258
18256
12234
12232
9184

16178
18153

100152
18151
8150
8126
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Scheme 14

■Br

616

m/e 184 (9)
Br

-S

V -HC=CBr

+ .“I V

C-CH
m/e 152 (100) CECH

m/e 126 (8)

(2)

(1)

>C=CH
m/e 258 (17)

256 (18)

~C2H2

■ArSO2H
\-S°2

so2ch=chso

-1 + -

“I+-

-ArSO2CH=CH’

--ar-/

m/e 620 (1)
618

“1+-
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3.1.6.0.0 (4'-Bromo-2-biphenylsulfonyl)triphenylphos-
phaldazine

(4'-Bromo-2-biphenylsulfonyl)triphenylphosphaldazine
(182) was prepared in 96% yield.

and its spectral properties. The infrared spectrum of the

SO„) and 1066 cm The nmr spectrum did not
The mass

lar ion at m/e 598, fragment was

-> 3

Ar=4'-Bromo-2-biphenylyl

observed at m/e 308 and 310 in 2% relative abundances. The
m/e values and the relative abundances are given in Table

Suggested fragmentation patterns are illustrated in12.
Scheme 15.

(2-Phenoxy-5-chlorobenzenesulfonyl)diazomethane3.1.7.0.0

Synthesis3.1.7.1.0

(2-Phenoxy-5-chlorobenzenesulfonyl)diazomethane (193)

13% overall yield by the reaction sequence outlined in

The phosphazine (182) was 
identified on the basis of a satisfactory elemental analysis

spectrum of the phosphazine (182) did not exhibit a molecu- 
but the M+‘-PPh

phosphazine (182) exhibited strong absorptions at 1290
-1

PPh3
Ether

was prepared from 2-phenoxy-5-chloroaniline (183) in ca.

(v SO„) and 1066 cm x (v SO-). as 2' sym 2
exhibit the imine proton (see Section 4.3.4.0.0).

ArSO2CH=N-N=PPh
182

ArSO2CHN2
178

3 N2
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Table 12

Rel. Abundance (%)m/eRel. Abundance (%)m/e

183 100600 0
166 8598 0

521652310
71642308
81639277
815312263

3215264262
815110261
81395246
71155244

3910818185
1810726184

Values of m/e and relative abundances for (4-bromo- 
2-biphenylsulfonyl)triphenylphosphaldazine (182)



106

Scheme 15

+ .

I •S'
m/e 184 (26)

-Ph'

-s -SO
-l+-

m/e 152 (32)
m/e 185 (18)

-Br'

//

m/e 165 (52)
m/e 183 (100)

m/e 310 (2)
308 (2)

m/e 246 (5)
244 (5)

1Br

-C4H2
-H2

SO2CH=N-N-PPh3

(c9h7)+ 
m/e 115 (7)

,-ArSO2CHN2

-PPh3
"N2 (PPh3)+' 

m/e 262 (64)

<C11H7)+ 

m/e 139 (8)

P

2 1H
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Scheme 16.

ArSNa
183 184 185

Ar=Cl
2

V

-e-2
188 (90%) 187 (60-70%) 186 (65%)

32 2
189 (85%) 190 191 (66%)

'2' 2
192 (82%)193 (76%)

Scheme 16

gave 2-
phenoxy-5-chlorophenylxanthogenate (184) which was hydrolyzed

to give Sy- (2-

phenoxy-5-chlorophenyl)thioglycolic acid (186) in 65% yield

(based on 2-phenoxy-5-chloroaniline).

S
ArSCOEt

HC1
MeOH

(i) HNO2
(ii) KSCSOEt

NOCI

ArSO,CH,N (NO) boEt

ArSCH2COOHH2°2
HOAc

hno2
HOAc

80°
EtOH

solution of sodium 2-phenoxy-5-chlorophenylmercaptide (185) .
. 27-29 This was treated with chloroacetic acid

ArNH2

0 
ArSO2CH2CN

0 
ArSO2CH2CNHNH

in situ with aqueous ethanolic sodium hydroxide to give a

9 ArSO2CH2COMe

nh2nh2

A12°3
CH2C12

(i) ClCH-CO-H
(ii) H+

ArSO2CHN2

ArSO2CH2COOH

9 ■>ArSO2CH2NHCOEt

NaOH/H2O
EtOH *

Diazotization of 2-phenoxy-5-chloroaniline (183) fol-
127 lowed by treatment with potassium xanthogenate
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5-chlorobenzenesulfonyl)acetic acid (187) in 60-70% yield.

summarized in Table 13. The assignments were made on the
basis of the coupling patterns, the coupling constants, and
the areas of the various protons. The hydroxylic proton

This sim-
(see Section

4.4.1.2.0). appeared at higher field than

it is positioned on the more electron deficient ring. The
could be due to

protons, thus shifting the latter to lower
It is more likely, however, that the

proton above the plane of the phenoxy group.

Cl

is
Examples

of the SO2CH2COOH group through

/

Oxidation of the thioglycolic acid (186) with 36%
27—OQ i27 hydrogen peroxide in acetic acid ' gave (2-phenoxy-

expected to shift HF upfieldxu;’ relative to Hg. 
illustrating the strong shielding of the central region

underwent rapid H-D exchange when D2O was added, 
plified the nmr spectrum of the acid (187)

Surprisingly, H_£
the remaining aromatic protons, in spite of the fact that

F
Such an

The nmr spectrum of the acid and derivatives thereof are

orientation of the phenyl ring with respect to HF 
upfield

space on H„
field relative to H_. £

diphenyl ether assumes such geometry as to place the H.

cause of the high field appearance of HF 
the deshielding effect^®
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Table 13

Chemical shifts (6) of the aromatic protons in substituted

diphenyl ethers

A

R

um umum um um
7.85 7.54 7.49 7.26 7.13,7.11 6.88

7.67 7.49 7.27 7.207.89 6.97
7.59 7.42 7.20 7.14,7.127.85 6.92

7.42 7.20 7.227.80 7.56 6.92
6.727.88 um umum um
6.837.78 um um umum

7.06 6.827.90 umum um
7.017.24 7.10 6.767.327.91

a,The symbol um refers to the unresolved multiplets.

umasch2cooh
haHc hfhe hg

SO2CH2N(O)COOEt

SO2CH2COOD

SO2CH2CONHNH2

SO2CH2COOH

hg

SO2CH2NHCOOEt

hb

SO2CHN2

SO2CH2COOCH3

SOoCHoCcH. .Z Z o ±-L
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and the origin of such shielding has

The above geometry could account satis

factorily for the observed deshielding of the aliphatic

protons in the R group in the series of 2-substituted di

phenyl ether series studied here (see Table 14 and 15) .

ing groups by an ether oxygen have been reported.

are

not well understood. The line nmr spectrum of the acid

(187) is illustrated in Figure 9. The mass spectrum of the

acid did not exhibit the molecular ion at m/e 326. The

Treatment of the sulfonylacetic acid (187) with hydrogen
chloride in methanol gave ethyl (2-phenoxy-5-chlorobenzene-
sulfonyl)acetate (188) in 90% yield (see Section 4.4.1.3.0).

(2-Phenoxy-5-chlorobenzenesulfonyl)acetyl hydrazide
prepared in 85% yield from the ester (188) , by

The nmr spectrum of the hydrazinetreatment with hydrazine.
exhibited only one NH proton at 67.10,-

194
Ar=2-Phenoxy-5-chlorophenyl

---  - 6 4
-CO2~O fragment was also observed at m/e

Examples of illustrating deshielding through space of neighbor-
173-177

in acetone-dg 
presumably due to the formation of the hydrazone (194).

Acetone-dg
ArSO2CH2CONHN=C (CDj)2ArSO2CH2CONHNH2

189

The factors responsible for this phenomenon, however,
165

(189) was

above and below the plane of an aromatic ring system have 
been reported,170_172 

, , 169been discussed.

base peak was at m/e 173, which could arise from m-CICgH 
SOCH2. The M+' 

266 (7%).
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F A
Cl 0

c A

Figure 9: (2-phenoxy-5-Chlorobenzene-Line nmr spectrum of
sulfonyl)acetic acid (187) .
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in acetic
acid gave (2-phenoxy-5-chlorobenzenesulfonyl)acetyl azide

in ethanol to give ethyl N-(2-phenoxy-5-chlorobenzenesulfonyl-
methyl)carbamate (191) in 66% yield. The nmr spectrum of
the urethane (191) exhibited a doublet for the methylene
protons at 64.86 (2H) which collapsed to a singlet upon the

The NH proton appeared as a triplet

The chemical shifts of the aromatic

aliphatic protons are compared with those of the correspond
ing urethane in the biphenyl series in Table 14. The NH and

protons in the urethane (191) appear at much lower
This can be

The ethoxy protons, which are farther from the ether oxygen

Nitrosation of the urethane (191) with nitrosyl
chloride in pyridine gave ethyl N-(2-phenoxy-5-chlorophen-
ylsulfonylmethyl)-N-nitrosocarbamate (192) in 82% yield.
The chemical shifts of the aliphatic protons in the N-
nitroso urethanes studied here are summarized in Table 15.

and NH
173-177

explained on the basis of deshielding of SC^CH^ 
protons by the oxygen atom of the ortho-phenoxy group.

so2ch2
field than those in the biphenyl series.

than the SC>2CH2 and the NH protons, appear at normal 
frequencies (see Table 14).

Diazotization of the hydrazide (189) at -5°

addition of D2O-OD .
protons are summarized in Table 13. The chemical shifts of the

addition of D2O/OD .
at 66.32 (1H), underwent instantaneous H-D exchange upon the

(190) as an unstable oil which was immediately thermolyzed
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Table 15

Ar

1.344.392-Biphenylyl 4.69

1.324.404'-Nitro-2-biphenylyl 4.79

4.46 1.384.784'-Bromo-2-biphenylyl

1.384.485.452-Phenoxy-5-chlorophenyl

Chemical shifts (6) of the aliphatic protons in ethyl N- 
(ary sulfonylmethyl) -N-nitrosocarbamates

och2ch3(t)SO2CH2 (s) OCH2CH3(q)

ArSO2CH2N(NO)COOCH2CH3
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(2-Phenoxy-5-chlorobenzenesulfonyl)diazomethane (193)
was prepared from the N-nitroso urethane (192) in 76% yield
by treatment with alumina in methylene chloride. The diazo
sulfone (193) was identified on the basis of a satisfactory
elemental analysis and its spectral properties. The

absorptions at 2100 (v 1328 (v
(\)

(193) .
at m/e 234 (9%)

peak in 5% relative abundance).

This fragment could arise via the pathway217 (27%).
illustrated in Scheme 17.

n+-

-H

m/e 215 (100) (
217 (27)

Scheme 17

Thermolysis3.1.7.2.0

for 4 hr gave cyclo-

The base peak was

-N2-CO.

SO2CHN

symS02>-
Table 13) was consistent with the diazosulfone structure

The mass spectrum exhibited the M+'-N2~CO2 fragment 
(confirmed by the presence of the M+'+2-

N2-c°2
at m/e 215 accompanied by the corresponding MT+2 at m/e

C=N2" vvasS02)' and 1147 cm T

The nmr spectrum (see Section 4.4.1.7.0 and

35C1)

infrared spectrum of the diazosulfone exhibited strong 
),24

Thermolysis of (2-phenoxy-5-chlorobenzenesulfonyl)dia
zomethane (193) in cyclohexane at 150°
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hexylmethyl 2-phenoxy-5-chlorophenyl sulfone (194) in 76%

yield. The nmr spectrum of the reaction mixture clearly
demonstrated the absence of any product other than the
sulfone (194) in quantities detectable by nmr spectroscopy,
thus establishing that the (194) was the sole reaction
product.

->2

Ar=2-Phenoxy-5-chlorophenyl

satisfactory elemental analysis and its spectral properties.
The infrared spectrum of the sulfone (196) exhibited strong

aliph), 1315
(v

(see Section 4.4.2.0.0 and Table 13). The mass

respectively.
• fragment was also

They were present inCl) .

from CH2=C (CH3)CHj. 
observed at m/e 97 (25%).
acid from the molecular ion (cf. Section 3.1.1.2.1) could

ArSO2CHN
193

150°
C6H12

(194)
spectrum exhibited the molecular ion at m/e 364 and the 
M+’ +2 peak at m/e 366 in 11 and 5% relative abundance,

The base peak was at m/e 55, probably arising
The M+’-ArSO2 

A B-elimination of a sulfinic

aliph), 2850 (v ,
The nmr spectrum was

be the source of the fragment at m/e 268 and the corres
ponding M+‘+2 peak at m/e_ 2 70 (^

ArS0oCH_CcH.o z z o ±z
196

The sulfone (194) was identified on the basis of a

absorption at 2920 (VCH, 
(vasS02) ' and 1150 cm-1 (vsymS02)’ 

consistent with the cyclohexylmethyl aryl sulfone structure
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18 and 6% relative abundance, respectively.

Benzoyl(ferrocenesulfonyl)diazomethane3.1.8.0.0

3.1.8.1.0 Synthesis

Benzoyl(ferrocenesulfonyl)diazomethane (200) was pre
pared from ferrocene in 8.6% yield by
illustrated in Scheme 18.

FcSOnCl2
197196

195

2 2
198199200

Scheme 18

The ct-ferrocenesulfonylacetophenoneyield, respectively.

The nmr spectrum of the ketone exhibited the
(2H) which underwentmethylene protons as a singlet at 64.62

FcSO2Na'NEt3

(i) Zn
(ii) Na2CO3

FcSO3
(i) ClSO3H
(ii) NH4OH>

PC13

a reaction sequence

yield by a

nh4

BrCH2COPh
FcSO2CH2COPh ^queous Et0H

in 70, 82 and 60%

129Ammonium ferrocenesulfonate (196),
1 29 chloride (197), 3

(199) was prepared from sodium ferrocenesulfinate in 50% 

procedure similar to that described by Troeger 
131 and Beck.

TosN,
FcSO2C (=N2)COPh<------- -

ferrocenesulfonyl
13 0 and sodium ferrocenesulfinate (198)

129 130 were prepared by reported methods '
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The mass spec-

ion at m/e 368 (100%). The m/e values and the relative
abundances are summarized in Table 16, and the suggested
fragmentation patterns are illustrated in Scheme 19.

Diazo transfer to the g-keto sulfone (199) using tosyl
azide in the presence of triethylamine in aqueous ethanol
gave benzoyl(ferrocenesulfonyl)diazomethane (200) in 50%
yield. It was identified on the basis of a satisfactory

The infra-elemental analysis and its spectral properties.
red spectrum of the diazosulfone (200) exhibited strong

) , 1340 (v
(v

(see Section 4.5.1.5.0).
The mass spectrum exhibited the molecular ion at m/e 394
(5%) .

fragment is a relatively
g-keto sulfone, the open

chain analogue of which does indeed exhibit the molecular
This ision in 100% relative abundance (see Scheme 20).

illustrated in Scheme 20.

symS02>-
the diazosulfone structure (200)

2 
stable species, and possibly a

absorptions at 2105 (v( 
1133 cm’1

Rearrgangement of the molecular ion to the vinyl sulfonate 
was proposed to account for the (FeSO^)4" fragment at m/e 

265.

H-D exchange upon the addition of D2O/OD~.
trum of the g-keto sulfone (199) exhibited the molecular

'C=N2), 1635 (vc=Q), 1340 (vasSO2), and 
The nmr spectrum was consistent with

The base peak was at m/e .366 which would correspond 
to the M+’-N2 fragment. The high abundance of this frag
ment suggests that the M+’-N
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Table 16

Values of m/e and relative abundances of a-ferrocenesulfonyl-

acetophenone (199)

Rel. Abundance (%)m/em/e Rel. Abundance (%)

142 5370 8.4

133 2017369
44129100368
151287.8366
612710302

461215265
27105211 9
8103199 10
695198 20
99410186
69148185

11817184
2377155 5
6658153
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Scheme 19

PhC=O

m/e 105 (27)

(C7H7)+

(6)

2

m/e 121 (46)(48)m/e 185m/e 265 (5)

1+-

m/e 128 (15)
m/e 129 (44)

^7n7 
m/e 91

-so3

-PhC‘=CH

(FcSO2OC(Ph)=CH2)+‘

(FcSO2CH2COPh)+ ‘ 

m/e 368 (100%)

(C6H5Fe)+

-FcSO2CH2-
-FcSO2•
-CO

+Fe-- O -tw ?(Fc) +
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1 +'

m/e 394 (5) COPh
m/e 366 (100)

-H‘<-

m/e 174 (17)m/e 273 (67)
Scheme 20

3.1.8.2.0 Thermolysis

resolution gave intractable tars. Thermolysis in cyclo-
,ohexane or benzene at 80 gave a grey precipitate in 80%

yield (by weight). The infrared spectrum of the precipitate

and 1185 cm

Photolysis3.1.8.3.0

Pyrex filter gave a

infrared spectrum identical with the material obtained from
the thermal reaction (see Section 3.1.8.2.0), and an oil in

The infrared spectrum of the oil5% yield (by weight).

Thermolysis of benzoyl(ferrocenesulfonyl)diazomethane 

(200) in cyclohexane at 140°, followed by an attempted

exhibited strong absorptions at 1720 (v( 
-1

-CO
-SO 2

so2).
S°2),

(FcSO2C (=N2)COPh)+-

grey precipitate in 80% yield (by weight) which had an

Photolysis of benzoyl(ferrocenesulfonyl)diazomethane 
(200) in benzene at 3000 2 using a

^sym'
’c=O>' 1310 (vas



122

) , 1660 (v,
(v

3.1.8.4.0 Catalyzed decomposition

in methanol
at 40
in 76% yield. The sulfone (201) was identified on the basis

201200

of a satisfactory elemental and its spectral properties.

) , 1292 (v
(v

observed at m/e 368 (5%) . A

and the M

The catalyzed decomposition of benzoyl(ferrocenesul-
108

Cu 
MeOH

a-ferrocenesulfonyl-“-methoxyacetophenone (201)

FcSO2C(=N2)COPh FcSO2CHOMeCOPh

SO_) .sym 2
trisubstituted methane proton at 65.44 (1H), which exchanged

exhibited strong absorptions at 2120 (v, 
SO2), and 1165 cm’1

fonyl)diazomethane (200) with Gatterman copper 
o gave

absorptions at 1686 (vc=0, , '"as
The nmr spectrum exhibited

The infrared spectrum of the sulfone (201) exhibited strong
-1

C=N2'' xuuu 'VC=O)f
The infrared

SO2), and 1210 cm 
a singlet for the

1358 (v = cSO,), and 1165 cm x (v SO_) . as z sym 2
spectrum of the oil was different from that of the starting
diazosulfone (200) or a-diazoacetophenone.

deuterium in the presence of D2O/OD (see Section 4.5.4.1.0). 
The mass spectrum of the sulfone (201) exhibited the 
molecular ion at m/e 398 (21%). The M ‘-CH2O peak was

[1,3] -sigmatropic rearrangement 
of the FcSC>2 group from carbon to oxygen (cf. Scheme 20) 
could account for the M+’-SO2 and the M *—FcSO^* fragments. 
This is illustrated in Scheme 21.
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Scheme 21

Cl, 3]-+ .

(PhCO)+
m/e 105 (85)

>

3 
m/e 133 (10)

m/e 398 (21)

+ 
phC=CHOCH

-FcSO3- -so3

-CH2

(C8H5°)+ 
m/e 117 (94)

(FcC(Ph)=CHOCH3)+ ' 
m/e 318 (14)

-H2

-FcSO2CHOCH3

(c8h70)+

m/e 119 (100)

(FcSO2OC(Ph)=CHOCH3)+"(FcSO2CH(OCH3)COPh) 

m/e 398 (21)
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3.2.0.0.0 Solvent and temperature effects

3.2.1.0.0 Method of analysis

The 143/144 ratios and the absolute yields of the
major products in the temperature and solvent studies were

10% error on the values of absolute yields was assumed.

Thermolysis of3.2.2.0.0 2-biphenylsulfonyldiazomethane
in cyclohexane at various temperatures

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in

S,S-dioxide (144) .
of comparison of the nmr spectrum of the various mixtures

The 143/144 ratios arewith those of pure samples.
summarized in Table 17.

Pentafluorophenylcopper(I)-catalyzed decomposi-3.2.3.0.0
tion of 2-biphenylsulfonyldiazomethane in chloro

product ratiosform cyclohexane mixtures:

Pentafluorophenylcopper(I)-catalyzed decomposition

cyclohexane mixtures gave
naphthene-1,1-dioxide

-2H-thionaph-
I thiopyran-

of 2-biphenylsulfonyldiazomethane (139) in chloroform

cycloheptatrieno Ql, 2-bJ -2H-thio-

(143) and 6H-dibenzo^b,djthiopyran

cyclohexane in a sealed tube gave 2-biphenyl cyclohexyl
methyl sulfone (142) , cycloheptatrieno[1,2-b 
thene-1,1-dioxide (143) , and 6H-dibenzo |j> ,dj

The products were identified on the basis

determined by nmr using the internal standard method and a
187
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Table 17

Ratios of 143/144 in the thermal decomposition of 2-biphenyl-
sulfonyldiazomethane in cyclohexane at various temperatures

Time (min)

3.0160 10
120120
240 3.1100

3.3288080

3.2 (2.8b)

Temperature (C°) 143/144a

aBy nmr.

bBy isolation.
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S,S-dioxide (144). 2-Biphenylyl cyclohexylmethyl sulfone
(142) was not present in the reaction mixture. The products
were identified on the basis of comparison of the nmr
spectrum of the various mixtures with those of pure samples.
The 143/144 ratios are summarized in Table 18.

3.2.4.0.0 Pentafluorophenylcopper(I)-catalyzed decomposi-
tion of 2-biphenylsulfonyldiazomethane in
chloroform-cyclohexane mixtures: product yields

The 143/144 ratios were
calculated from the absolute yields by division. These
results are summarized in Table 19.

Thermolysis of (2-biphenylsulfonyl)triphenyl-3.2.5.0.0

phosphaldazine in cyclohexane at various

temperatures

(144) , and (142) were determined by the internal standard

cycloheptatrieno[1,2-t^ -2H-The absolute yields of the 
thionaphthene-1,1-dioxide (143) and 6H-dibenzo^b,dj thiopyran- 
S,^-dioxide (144) were obtained using the internal standard 
method (see Section 4.1.3.1.1).

Thermolysis (2-biphenylsulfonyl)triphenylphosphalda- 
zine (156) in cyclohexane gave cycloheptatrieno^1,2-bj-2H- 
thionaphthene-1,1-dioxide (143), 6H-dibenzo|^b,dj thiopyran- 
S,S-dioxide (144), and 2-biphenylyl cyclohexylmethyl sulfone 
(142) . The 143/144 ratios were determined by division. In 
a separate run, the absolute yields of the products (143) ,
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Table 18

in
143/144

0.70100
2.2566
3.0050
4.0030
5.850

Ratios of 143/144 in the (C,F.-Cu) .-catalyzed decomposition ----  ---- 0 3 4

of 2-biphenylsulfonyldiazomethane in CHCl^-CgH^

Wt. % chci3
CHC1,-C,H,o3 6 12
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method (see Section 4.1.6.2.2). These results are

summarized in Tables 20 and 21.

Reactions at the a-carbon atom of a-substituted3.3.0.0.0

sulfones

3.3.1.0.0 Attempted a-eliminations

^-Toluenesulfonylmethyl trifluoromethanesulfonate3.3.1.1.0

£-toluenesulfonylmethyl trifluoro

alcohol (205) with trifluoromethanesulfonic anhydride in the
The sulfonylmethanol derivative waspresence of pyridine.

Theprocedures.with aqueous formaldehyde by reported
anhydride was prepared by dehydration of the trifluoro

procedure described by Haszeldinea
and the more

efficient, direct synthesis developed here are depicted

below.

prepared from p-toluenesulfinic acid (204) by treatment
132

methanesulfonic acid with phosporus pentoxide according to
134 j— Ta... 133

methanesulfonate (206) was prepared from £-toluenesulfonyl

and by Burdon.
6 3The method described in the literature,

methanol (205) in 80% yield by direct esterification of the

The known (ca. 25%)
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Table 20

Ratios of 143/144 in the thermal decomposition of (2-bi-

phenylsulfonyl) triphenylphosphaldazine in cyclohexane at

various temperatures

143/144

6.4160 30
180 5.5150

5.0180145
4.3180135

Time 
(min)

Temperature(C°)
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CH,0
■>

3

£-To1S02CHN2

202 203

The p-toluenesulfonylmethyl trifluoromethanesulfonate
(206) was identified on the basis of a satisfactory elemental

analysis and its spectral properties. The infrared spectrum .
of the sulfonate ester (206) exhibited strong absorptions

at 1402 (\) SO_), 1208 (v

and 1126

(206) exhibited the molecular ion at m/e 318 in 5% relative

abundance.

£-To1S02CH20S02CF
206 (80%)

£-To1S02H
204

p-TolS02CH20H
205 (88%)

ch2o,hcooh

3 Weeks
(CF3SO2)2o 
Pyridine

~~'2
H2°

lSo2),

CF3SO3H
EtOAc

a2b2

£-TolS02CH2NHC02Et

201

A12°3?

' -SO,), 1208 (v ), 1148 (v ! as z syui
The nmr spectrum exhibited anSO,) . sym 3 

pattern for the aromatic protons, and a singlet (2H)
for the methylene protons which exchanged in D20/0D at 
room temperature. The mass spectrum of the sulfonate ester

The base peak was at m/e 91 (100%) , probably 
arising from (tropylium)+. The M+’-CH2OSO2CF3 was present 
at m/e 155 (50%) and could correspond to (g-TolS02+) .

a-Eliminations were attempted using the triflate (206)

asSO3), 1338 (v 
cm~l (v

NOCI 

vPy 

£-TolS02CH2N(NO)CO2Et
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and a number of bases under a variety of conditions. The
results of the attempted a-eliminations are summarized in

Table 22.

B starting material

The recovered sulfonate ester (206) was identified on

the basis of comparison of its melting point and infrared

spectrum with those of the starting material.

3.3.1.2.0 2~Biphenylsulfonylmethyl trifluoromethanesul-
fonate

2-Biphenylsulfonylmethyl trifluoromethanesulfonate

(155) reacted slowly, over a period of one month, in an
attempted a-elimination reaction in absolute ethanol in the
presence of excess sodium methoxide to give 2-biphenylsul-
finic acid (202) in 87% yield (based on 60% conversion) and

A quali-
indicated the presence of formaldehyde in

Its nmr spectrum indicated thethe reaction mixture.

Ar=2-Biphenylyl

MeONa,1 month
MeOH

absence of absorptions due to the a-protons of either 
cycloheptatrieno |1,2-^j-2H-thionaphthene-l, 1-dioxide (143) 
or 6H-dibenzo[^b ,dj thiopyran-Sy ^-dioxide (144) . These 
results are illustrated below.

ArSO2H + (CH2O)
202

the unreacted sulfonate ester (155) in 40% yield, 
tative test135

£-to1so2ch2oso2cf3

ArSO2CH2OSO2CF3
155
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Table 22

Attempted generation of carbenes by a-elimination from

p-toluenesulfonylmethyl trifluorome thane sulf onate

SolventBase
n-BuLi 858-70

85n-BuLi 16-70
808n-BuLi RT
70n-BuLi 12Reflux
8516NaH RT
808RefluxNaH
8548RTEtOH
7012RefluxEtOH
708tert-BuOK RTtert-BuOH
906Reflux

% Starting 
Material

Time 
(hr)

C6H6

Temperature (C°)

C6H6
C6H10

C6H10

C,Hc6 6

C6H10

C6H10

NEt3

NaOCH3
NaOCH3
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2-Biphenylsulfinic acid (202) was identified by

comparison of its infrared spectrum with that of an authentic

sample obtained by acidification of its sodium salt (see

Section 4.1.1.2.0).

3.3.2.0.0 Nucleophilic displacements

3.3.2.1.0 Attempted displacement reactions of chloromethyl

phenyl sulfone with pyridine

Treatment of chloromethyl phenyl sulfone (207) with

pyridine gave starting material quantitatively. The reaction

conditions and the results are summarized in Table 23.

Pyridine No Reaction

3.3.2.2.0 Displacement reaction of g-toluenesulfonylmethyl

trifluoromethanesulfonate with substituted

pyridines

Treatment of toluenesulfonylmethyl trifluoromethane

sulfonate

corresponding pyridinium salts (208) - (214).
is illustrated below, and the reaction conditions and the

(206) with substituted pyridines gave the
The reaction

yields are summarized in Table 24.

PhSO2CH2Cl
207
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Table 23

Attempted synthesis of 1-(benzenesulfonylmethyl) pyridinium

from chloromethyl phenyl sulfone and pyridinechloride

TimeTemperature

100THF (10) 14 days0.5 RT
10048 hr(5)Eton 2.0 RT
10024 hr(5) RefluxEtOH 2.0
1008 hrRefluxNeat 10.0
10015 hr(5) RefluxEtOH 10.0
1007 days(10) RefluxEtOH 1.0

% Recovered
Starting
Material

Solvent
(ml)

Pyridine 
(ml)
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Table 24

Displacement reaction of g-toluenesulfonylmethyl trifluoro
methanesulfonate with substituted pyridines

£-To1S02CH2N /p-TolS02CH20S02CF3 ->

R

952H (208) 140
9024-Me (209) 120
9744-CN (210) 145
9541454-PhCO (211)
8521204-tert-Bu (212)
9281453,5-Dichloro (213)
9621203,5-Dimethyl (214)

Time 
(hr)

Yield 
(%)

Temperature(C°)

cf3S°3
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,R
->

The pyridinium salts (208) - (214) were identified on
the basis of satisfactory elemental analyses and their
spectral properties. Some of the strong absorptions in the
infrared spectrum of the various salts are summarized in
Table 25. The chemical shifts and the coupling constants
are summarized in Tables 26 and 27, respectively. The nmr

splitting pattern for the aromatic protons in the

The lower field doublet (J = 8 Hz) was
group, on the basisprotons, ortho to the SO.

group on

The pyridine protons inprotons.

Thesystem.

quaternary pyridine nitrogen being the stronger deshielding

The assignments in the 3,5-group than the 4-substituent.

A
EtOH

+V
£-TosCH2N

and Hg, 

using

istic A2B2 

tosyl group.

HA

and that at the higher field (J = 6 Hz) to H^ and Hg 
arguments similar to those presented above with the

disubstituted pyridines were made similarly on the basis

£-to1so2ch2oso2cf3
206

protons than on .
was assigned to the H_ 

the 4-substituted pyridinium triflates appeared as a doublet

CF3SO3
208-214

spectrum of the salts (208) - (214) exhibited the character-

of doublets, indicating the presence of an A2B2 
lower field doublet (J = 6 Hz) was assigned to H2

assigned to pxuuuns, LUU lu cue ou»2
of greater expected shielding effect of the SC>2

The higher field doublet (J = 8 Hz)
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Table 25

) of 1-(p-toluenesulfonyl-

methyl) pyridinium trifluoromethanesulfonates in KBr

v2 OtherR

H (208) 1338 1245 1165
(209) 11501335 1260

117012401332
(1687)4-PhCO (211) 11651346 1235

4-tert-Bu (212) 116212601345
3,5-Dichloro (213) 116012601345

11653,5-Dimethyl (214) 12701350

VCN

VCF

VPhCO

Infrared absorption frequencies (cm

VasS0

4-ch3

4-CN (210) . „ , ,,184(not observed)

S0_ sym 2
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Table 27

Coupling constants in acetone-d of various protons in 1-
(g-toluenesulfonylmethyl) pyridinium trifluoromethanesulfonates

J. =J—2,3—5,6R

6H (208) 68

4-Me (209) 68

4-CN (210) 68

64-PhCO (211) unresolved

68

1.53,5-Dichloro (213) 8

0.73,5-Dimethyl (214) 8

—AB

aln CDC13

—3,4~^-4,5—2,4~^-4,6

4-tert-Bu (212)a
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of the greater deshielding effect of the nitrogen atom on
(ortho) than on Hand H (para). This latter assign-

and H

(214) exhibited a
singlet (2H) for the methylene protons in the region 66.20-
6.50, consistent with the strong deshielding provided by

and pyridinium groups. The methyl protons on

region 62.40-2.49. The chemical shifts of the methylene

protons in the 4-substituted pyridinium salts appeared to

correlate qualitatively with the electron withdrawing

ability of the substituents at the 4-position. The effect
the chemical shift of the methyl

protons in the tosyl group, however, was less discernible.
These trends are summarized in Table 26.

ions arising from the cationic portion of
except in the case of the unsubstituted saltthe salts,

signal at m/e 278 instead of the expected

at m/e 248.

The recurring features of the mass

spectra of the pyridinium salts are summarized in Table 28,

illustrated in Scheme 22.

of the 4-substituent on

and some of the prominent fragmentation patterns are

as a singlet (3H) in the

thermal processes.

which exhibited a 

M+

cxnui uuu, uncxii kjn n.2 6 --------- 4
ments were confirmed by the 2:1 ratio of the area of the

both the SC>2 

the tosyl group also appeared

H2 ciiiiu. rig 

constants (J2 
The nmr spectrum of the salts (208) -

The mass spectrum of the pyridinium salts generally 
exhibited the M+

protons to that of H^, and by the small coupling 
= 0.7-1.0 Hz) arising from meta coupling.

The signal at m/e 278 is compatible with
the (TolS02STol)+‘ structure, conceivably arising from
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Scheme 22

-(PyCH) '

(c7h7) + 
m/e 91p-TolSO-H— Z

m/e 156

- (Py,CH2=SO2)

ch2so2
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Displacement reaction of 2-biphenylsulfonyl-3.3.2.3.0
methyl trifluoromethanesulfonate

By pyridine3.3.2.3.1

Treatment of 2-biphenylsulfonylmethyl trifluoromethane

sulfonate (155) with pyridine gave 1-(2-biphenylsulfonyl

methyl) pyridinium trifluoromethanesulfonate (215) in 93%

yield. The infrared spectrum of the salt (215) exhibited

), and 1148

SO,)

protons.

(Ar=2-Biphenylyl)215

and H

respec-

The lower chemical shift of the H protonstively.

ring above the plane of the aromatic ring system'

(see structure 216).(see Section 3.1.7.1.0)

proton in the salts (215) and (208), on the other 
appeared at 68.84 (t, 1H) and <58.80 (t, 1H) ,

and Hg

SO,), 1250 (V z cr
The nmr spectrum (see

7 Hz) for H2

h2

strong abosrptions at 1333 (V as
cm-1 (v S0n) (cf. Table 22).

H3

The H4 
hand,

H4

higher field than the chemical shift of the H2 anu ng 
protons in the p-tosyl derivative (208) (see Table 26) .

 and H, z o
in (215) could be due to their being shielded by the phenyl

109,170-172

CF3SO3

(v Sv, sym 2
Section 4.6.2.2.1) exhibited a doublet at <58.73 (2H, J,2 3 =

This was at considerably

ArSO2CH2N
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216

This geometry requires that a similar shielding be exper
ienced also by the methylene protons. This was indeed

66.07 as compared to 66.38 for the
£-tosyl derivative (208).

= 7 Hz) - parallelled

= J.

respectively (cf. Table 28).

3.3.2.3.2

Treatment of 2-biphenylsulfonylmethyl trifluoromethane-

identified on the basis of a satisfactory

The infrared

the cationic portion of the salt.

184, probably arising from (dibenzothiophene)+' . 

the M+- (PyCH)‘J ”+

The base peak was at m/e
The M+-

J5 g - j = 6 Hz, J3 5 = 6 Hz) . The mass spectrum

of (215) exhibited the M+ ion at m/e 310 (18%) arising from

found to be the case:

and Hj

—5,6 = —2,3 = 7 Hz' -3,4 = il,5
those of the p-tosyl derivative (208) - 68.25 (t, 2H,

sulfone (217) was
elemental analysis and its spectral properties.

ArSC^CH^, the M - (PyCH) " , and the M -(Py,CH2SO2) fragments 
were observed at m/e 79 (76%) , 218 (8%) , and 153 (24%) ,

By iodide ions

sulfonate (155) with excess sodium iodide in ethanol gave 

2-biphenylyl iodomethyl sulfone (217) in 81% yield. The

The spectral properties of H^ 

in the biphenyl derivative (215) - 68.25 (t, 2H,
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1300 (V (y The nmr spectrum

in addition to a multiplet for the aromatic protons (9H) .

3.3.2.3.3 By triphenylphosphine

Displacement of the trifluoromethanesulfonate group
in 2-biphenylsulfonylmethyl trifluoromethanesulfonate (155)
by triphenylphosphine in boiling ethanol gave (2-biphenyl-
sulfonylmethyl) triphenylphosphonium trifluoromethanesulfonate
(218) in 95% yield. The phosphonium salt was identified on

the basis of

The infrared spectrum of the saltspectral properties.

(v, (V

a
due to coupling with phosphorus.

mass spectrum of the salt

The cation was, however, involved in the fragmenta—493.

tion of the salt

in behavior could be explained on the basis of the low

The mass spectrum exhibited the m/e 368 (60%) and the base 

peak at m/e 153 corresponding to M+'-ICH2SO‘ fragment.

spectrum of the sulfone exhibited strong absorptions at
-1 cm

—HP =
The aromatic

' SO,) and 1170 cm x (v SO_) . do sym z
exhibited a singlet for the methylene protons at 63.88 (2H)

a satisfactory elemental analysis and its

>asS02), 1250
The nmr spectrum exhibited

protons appeared as an unresolved multiplet (24H) . The
(218) did not exhibit an M+ ion 

derived from the cationic portion of the molecule at m/e

tion pattern of the ylide (219) generated from deprotona-
(see Section 3.3.3.3.0). This difference

(218) exhibited strong absorptions at 1335 (v
>CF), and 1148 cm-1 (vsymSO2) .

doublet for the methylene protons at 65.47 (2H, 
13 Hz)166
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volatility of the salt (218) which would prevent its
vaporization.

Deprotonations of the g-carbon3.3.3.0.0

Generation and cycloaddition of 1-pyridinium3.3.3.1.0

(arylsulfonyl)methylides

Treatment of 1-(2-biphenylsulfonylmethyl)pyridinium

trifluoromethanesulfonate (215) with potassium carbonate
in a two phase system consisting of water and methylene
chloride gave a yellow solution of the unstable 1-pyridinium
(2-biphenylsulfonyl)methylide (151) in methylyene chloride.
The color of the solution changed rapidly to red, then to

same
The infrared spectrum of

The infrared spectrum of the ylide (151) in methylene

chloride, generated by deprotonation of the corresponding

1337 (v (vSO_) and 1160 cm

group.

The infrared spectrum in

brown, and eventually to black, in a manner similar to the 

ylide obtained from thermolysis of 2-biphenylsulfonyl-

diazomethane (139) in pyridine.

the two products, however, exhibited considerable differences.

so2)

, __as 2
presence of an SO2
present at 1715 and 1640
KBr of the ylide obtained from the thermolysis, on the 
other hand, exhibited strong absorptions at 1310 (vas 
and 1145 cm-1 (v SO_), in addition to a broad absorption(\> :sym

pyridinium salt (215) , exhibited strong absorptions at 
i-1 ^vSymS02^ establishing the 

Strong absorptions were also 
-1 cm



149

In view of the demonstrable instability of

these species, purification and complete characterization

was not attempted. Assuming that the species formed in

the thermal and the deprotonation reactions is the same
(i.e. the ylide) , the differences in their spectral proper
ties could be explained on the basis of different modes of
decomposition under the different experimental conditions
employed in their isolation: thin layer chromatography on
silica gel in the case of the thermolysis, and treatment
with a solution of aqueous potassium carbonate with methy
lene chloride in the case of the deprotonation. These are
illustrated in Scheme 23.

Ar = 2-Biphenylyl

A+ Py

Scheme 23

This was amply demonin chloroform at room temperature.

1,2-dicarbomethoxyindolizine (220) in
56% yield.

The above ylide (151) , however, was successfully 
generated by treatment of the salt (215) with triethylamine

151
Decomposition
Products

+ ArSO2CH2Py CF3SO3
215

^ArSO2CHPy

at 3300 cm 'L

ArSO2CHN2

139

strated by its trapping with dimethyl acetylenedicarboxylate
4- • i 136to give the known

K2CO3
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The application of the above reaction to the synthesis

of substituted indolizines is illustrated below, and the

results obtained are summarized in Table 29.
RR

‘N

220-225
(225) were characterized on

the basis of a satisfactory elemental analysis and on their
Some of the strong absorptions in thespectral properties.

infrared spectrum of the various indolizines (220) - (225)
The indolizines (221) - (225)are summarized in Table 30.

The chemical shifts and the coupling

constants of the various indolizines are summarized in

The assignments in theTables 31 and 32, respectively.

unsubstituted 1,2-dicarbomethoxyindolizine (220) were made

the basis of comparison of the chemical shifts and theon

A good correspondance
and observed values was obtained.

the presence of a smalland Hp,
Para —

protons

:02Me

:02Me

i;
'S'NI

and Hg
= 1 Hz),

(-5,8
coupling was similarly observed for the
in 7-benzoyl- and 7-tert-butylindolizines (J^ g

I
£-To1S02CH2

CF3so3
The indolizines (220)

MeO2CCECCO2Me

(see Tables 31 and 32) .
136 between the reported

Although the authors did not report the presence of para- 
coupling between and Hg,136

= 1 Hz) but distinct coupling was observed.

NEt3 
-----> CHC13

p-TolS02CH~

coupling constants of the various protons with the reported 
values136

exhibited two carbonyl absorptions for the two carbomethoxy
136,161groups.
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Table 29

Yields of indolizines obtained from the reaction of 1-

pyridinium (p~toluenesulfonyl) methylides with dimethyl

acetylenedicarboxylate

3
R (Salts) R (Indolizines)

H (208) H (220) 72

4-CN (210) 7-CN (221) 78

4-PhCO (211) 7-PhCO (222) 82

4-tert-Bu (212) 7-tert-Bu (223) 64

6,8-Dichloro (224) 853,5-Dichloro (213)
6,8-Dimethyl (225) 883,5-Dimethyl (214)

//
p-TolSO_CH„N +

4 2 \

\?02ch

Yield (%)

(i) NEt3
(ii) MeO2CC=CCO2Me:>

cf3so3
:O2CH3
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Table 30

-1Infrared absorption frequencies (cm ) of 1,2-dicarbo-
methoxyindolizines (220) (225) in KBr

OtherR
H (220)

)7-CN (221) 16971720
,PhCO)7-PhCO (222) 16951730

7-tert-Bu (223) 16971730
17006,8-Dichloro (224) 1725

6,8-Dimethyl (225) 17001730

(co2ch3)

2217 ^VCEN

VC=O

1650 <VC=O

1695 (1689)a1740(1738)a

aLiterature values.'1'^
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Table 32

Coupling constants of various protons in 1,2-dicarbomethoxy-
(225)indolizines (220)

R

9(9)1(1)7(7)1(0)1(1)H
207-CN 7
217-PhCO 8
217-tert-Bu 8

6,8-Dichloro 2
06,8-Dimethyl

136

—7,8—5,8—5,7—5,6 —6,7

aLiterature values.

7 (7)a
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but not in 7-cyanoindolizine.

protons in the series of indolizines studied

in 1,2-dicarbomethoxyindoli-
protons were

that they were singlets. protons, as in the case of
as

for H
served as the basis for their assign

ments . and H
The large difference= 7-8 Hz).

protons in 1,2-and H

These were confirmed by the observa-ment of the signals.
tion of

protons upon the nature of the substituent at the
protons, on the other hand, exhibited a

The observed dependence of the
chemical shifts in 7-tert-butylindolizineand H

The literature values of

similar downfield shifts in tert-butylbenzene relative to

in rough agreement with above.

3
The assignments

This, and the observed coupling constants 
138,180,181

expected on the basis of similar chemical shifts reported
136,180,181 

8*
(J = 1-2 Hz)

Hg , emu xig 

on the substituent was small.

H5'

and HyH5 
protons in 6,8-disubstituted indolizines were assigned

a pronounced dependence of the chemical shifts of

were assigned on the basis of a common

The Hq o 
1,2-dicarbomethoxyindolizine, appeared at low field,

H5 — n6 
coupling constant (J,. g 
between the chemical shifts of Hg auu 
dicarbomethoxyindolizine (220) (61.26) facilitated assign-

H5 

less pronounced dependence.

of the Hg

confirmed on the basis of their areas (1H) , and the fact

the H_b
7-position.

The H3
here were assigned on the basis of comparison of their

benzene are 60.01 for the ortho protons, and 60.10 for the
179 meta protons,

chemical shifts with that of H 
zine (220).136
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similarly on the basis of comparison of their chemical
shifts with those summarized in Table 31. The methyl pro
tons in the carbomethoxy groups were usually resolved
singlets. The lower field singlet is thought to arise from
the 2-carbomethoxy protons, and that at the higher field

than at C Due
an

The assignmentunequivocal assignment was not possible.
of the 6- and 8-methyl protons were made similarly, on the

The mass spectrum of the indolizines (220) - (225)
The recurringexhibited the molecular ion in all cases.

features of the

marized in Table 33 and are illustrated in Scheme 24.

Treatment of 1- (p-toluenesulfonylmethyl)-4-benzoyl-

pyridinium trifluoromethanesulfonate (211) with triethyl

amine in the presence of methyl propiolate gave 1-carbo-

methoxy-7-benzoylindolizine (226) in 65% yield. It was
COPh

COPh

211
226

characterized on the basis of a satisfactory elemental

£-to1so2ch2n Z + ->
3

election density at uuui au «-2 

to the very small differences in their chemical shifts,

HCECCO2CH3
NEt3,CHCl

mass spectra of the indolizines are sum-

CO2CH3cf3so3

basis of the greater election density at the Cg, than at Cg
178 in the parent compound.

from the 1-carbomethoxy protons, on the basis of the greater
. . - - . . 17 8in indolizines.
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Scheme 24

R

-(CO,ECHO)

OMe

- (CO,HCHO)-ECHO

"l + ‘

:o2ch3

;O2CH3

°2CH3
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analysis and its spectral properties. The infrared spectrum

, carbomethoxy) and 1650

here (see Table 30) was absent in the infrared spectrum of
the indolizine (226).
tions for 3-benzoyl-l-carbomethoxyindolizine (169 7

and for 2-carbomethoxyindolizine (1714 suggested
that the indolizine in question was the 1-carbomethoxy
isomer (226) . and H

agreement with those in 1,2-dicarbomethoxy-7-benzoylindoli-

zine (222) . protons, however, appeared as
protons
This

large difference (60.86) in their chemical shifts is
is substituted by a methyl or a carboxylic

acid andgroup.

and

It is clear, therefore, that the

indolizine in question cannot be 2-carbomethoxy-7-benzoyl-

in the latter are expected toindolizine, since H1

) , 
-1 cm

This, and the reported ester absorp-
-1, 162 cm '

and Hj
180

2-methylindolizine exhibits the

protons at 66.09 and 66.94, respectively, the difference
180

(VC=O'
The carbomethoxy absorption at ca.

1730 present in all 1,2-dicarbomethoxyindolizines studied

Similarly,

and

preserved when H2
Thus,

for l-benzenesulfonyl-2-carbomethoxyindolizine (1715
-1,136 cm )

of the indolizine (226) exhibited only two carbonyl absorp- 

cm 1tions, at 1700 (vc_Q 

benzoyl), respectively.

The H2 

singlets at 67.33.

H3 

difference of 61.25.

H3

in their chemical shifts being 60.85.

protons in indolizine-2-carboxylic acid exhibits a
136

The nmr spectrum exhibited H_, H, , auu no Do o
protons at 68.03, 7.27, and 8.60, respectively, in good

} 183

and Hg

The chemical shifts of
in indolizine are 66.28 and 67.14, respectively.
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exhibit a difference in their chemical shifts of a magni
tude comparable to the examples cited, which clearly is not

On the other hand, the difference in chemicalthe case.
protons in indolizine is only 0.50,

and is expected to decrease in 1-carbomethoxyindolizines

in view of the greater deshielding effect of a 1-carbomethoxy

and H

and H protons

as is observed.

proposed to be l-carbomethoxy-7-benzoylindolizine. The mass
spectrum of the indolizine (226) exhibited a molecular ion

fragmentation patterns involved M '-MeO'

Generation of triphenylphosphonium (2-biphenyl-3.3.3.2.0
sulfonyl)methylide

Triphenylphosphonium (2-biphenylsulfonyl)methylide
generated by deprotonation of the corresponding

Itphosphonium salt (218) in a two phase solvent system.

3

Ar=2-Biphenylyl

than on Hj, and hence, accidental equiva- 
is not unreasonable, and if it obtains, 

182

substituent on H2,

NEt3 
chci2,h2o

lence of H2 anu n3 
this would results in

shifts between H2 and

a singlet (2H) for H2 aim

The compound in question, therefore, is

ArSO2CH=PPh3
219 (65%)

ArSO2CH2PPh
218

CF3SO3

(219) was

peak at m/e 279 which was also the base peak. The major 
fragmentation patterns involved M+,-MeO' and M+ * - (CO ,HCHO) 
ion peaks at m/e 248 (90) and m/e 221 {7).^^
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analysis and its spectral properties (see Section 4.6.3.2.8).

which was also the base peak. peak was at m/e
428 (26).

This is illustrated in373.5.
Scheme 25.

+ H‘ ->

Ar=2-Biphenylyl

Scheme 25

-so2

-so2
That the fragment at m/e 429 (27) was formed

(ArSO2CH=PPh3)+' 

m/e 492 (100)

The mass spectrum exhibited a molecular ion at m/e 492
The M+"

ArCH2PPh3 
m/e 429 (27)

ArSO2CH2PPh3 
m/e 493 (66)

was identified on the basis of a satisfactory elemental

from that at m/e 49 3 (66) was confirmed by the presence of 
* a metastable peak m

-S°2
(ArCH=PPh3)+' 

m/e 428 (26)



4.0.0.0.0 EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were

Perkin-Elmer 257 spectrometer. Nuclear

magnetic resonance spectra were recorded on a Varian
Associates HA-100 spectrometer, using tetramethylsilane as
the internal standard. Mass spectra were recorded on a
CEC 21-104 or a Hitachi Perkin-Elmer RMU-6 M spectrometer.
Gas chromatographic analyses were carried out with a Varian-
Aerograph 200 instrument, using helium as the carrier gas.

Reagents and solvents were usually reagent grade and
were fractionally distilled or recrystallized before use.
Drying of organic extracts effected with sodium orwas

magnesium sulfate. Basic alumina for dry column chromato

graphy was Alcoa (F-20), and neutral alumina was Baker

(Brockmann Activity Grade 1) and was not further activated.

Silica gel for column chromatography was Davison (60-200

mesh, grade 950) (activated), Silica gel for thin layer
chromatography was PF-254 from EM, used on 8 x 15 in plates,

100 mg of mixture perthickness of 1 mm.

plate was generally used in the resolution of the reaction

mixtures. The thin layer chromatographic plates were

usually developed 8-15 times prior to extraction of the

Lightvarious components of the mixture with methanol.

petroleum refers to the fraction bp 30-60°. Concentration

162

and applied in a

determined on a
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of organic extracts (unless otherwise stated) were carried

out on a rotary evaporator under reduced pressure provided

by a water aspirator.

Fischer-Porter pressure tubes, equipped with a degassing

top (rubber seal, teflon washer, standard piping, and high

pressure valve) were generally used for the thermal decom

positions .
grade nitrogen through a series of calcium chloride, sodium
hydroxide, and calcium sulfate traps. Copper metal used in

was
stored under acetone when not used immediately.

4.1.0.0.0 2-Biphenylsulfonyldiazomethane

4.1.1.0.0 Synthesis

tris(2-biphenylsulfinate) (cf.4.1.1.1.0 Iron (III)

Gatterman

2-Aminobiphenyl (28 g, 0.166 mole) in 30% sulfuric
with sodium nitrite

0.177 mole) in water (65 ml), and the cold solution(14.0
of the diazonium salt was filtered and added in small por-

freshly prepared copper powder (35 g, 0.50 mole)
suspended in 30% sulfuric acid (200 ml) saturated with
sulfur dioxide at 0°.
duced with vigorous stirring, keeping the temperature of

109j

Gatterman copper^-08

tions to a

Dry nitrogen was obtained by passing commercial

A stream of sulfur dioxide was intro-

the Ullmann reaction was Sargent-Welch (150 mesh) , and was

acid (200 ml) was diazotized at 0°

used as such, without activation.
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,othe mixture between 5-10 . After 2 hr, the temperature was
raised to 40°, After an additional 1 hr, the solids were

filtered, washed with concentrated ammonium hydroxide

solution (3 x 50 ml) , and the combined filtrates acidified
with concentrated sulfuric acid to pH 3. Addition of a

saturated solution of ferric chloride (200 g) gave a crude

product, which was washed with water (3 x 100 ml), to give

orange powder, mp >260° (decomp) unreported);

) ,

4.1.1.2.0

An aqueous solution of potassium hydroxide (8.0 g) in

added to iron(III) tris(2-biphenylsul-water (140 ml) was
(20.2 g, 0.0265 mole) with vigorous stirring.finate) The

ferric hydroxide was filtered, washed with water (3 x 20 ml) ,
and the combined filtrates concentrated to half volume under
reduced pressure to give a solution of sodium 2-biphenyl-
sulfinate which was used directly in the next step.

Ethyl N-(2-biphenylsulfonylmethyl)carbamate4.1.1.3.0

(8.0 g, 0.090 mole) and 85% formalde-Ethyl carbamate

hyde (20 ml) was added to the solution of potassium 2-

ir max
1465 (m) , 1400 (m) , 1230 (w) , 1180 (w) , 1075 (w) , 930 (s)

iron (III) tris (2-biphenylsulfinate) (29.5 g, 70%) as an 
ditllO-112

(KBr) 3180 (s) , 3060 (w) , 1660 (w) , 1590 (w) (\>c=c

Potassium 2-biphenylsulfinate'*'' 1'^

(vso)z 750 (s) , 735 (m), and 700 cm-1 (s) .

(cf. Strating26)
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biphenylsulfinate, and was acidified to pH 3-4 by the

addition of 88% formic acid, and the mixture was kept at

50° for 3 hr. After 3 weeks at room temperature, the
crystals which had separated were collected. Recrystalli

zation from carbon tetrachloride gave ethyl N-(2-biphenyl-

sulf onylmethyl) carbamate (13.0 g, 47%) as colorless crystals,

mp 132°; ), 3030 (w) (v.

2980 (m) ) ,
1590 (w)

1312 (s) (v SO,), 1032 (m),2
912 (w) , nmr

8.10 (dd. ortho to SO,), 7.422

(complex arom), 5.53 (t, J = 7 Hz, 1H, NH), 4.228H,m.

(d, J = 7 Hz, 2H, CH,CH,),

1.08

(11), 77 (11), 76 (19) , 64 (26), 65 (8) .

Anal.

Bis (2-biphenylyl) disulfide-S,S-dioxide4.1.1.4.0

Recrystallization of the insolubledissolved in methanol.

methanol-chloroform mixture (5:1 v/v) gave

(KBr) 3050 (m)

bis (2-biphenylyl) disulfide-S,S-dioxide (ca. 5%) as colorless 
, arom),

—2
i+-

3' '
), 155CH,CH,); ms m/e 319 (<1) (M z —  —

(15), 154 (100), 153 (36), 152 (27), 151 (7), 115 (7), 102

6 (CDC13)

<VCH

material from a

crystals, mp 179°; ir vmax

ir v max

(vc=c

(KBr) 3350 (s) (vNH) , 3030 (w) (vCH, arom) , 
(vCH, aliph) , 2940 (w) , 2900 (w) , 1730 (s) (v„  

), 1530 (s), 1467 (m) , 1445 (m), 1390 (m),
asSO2), 1248 (s), 1143 (s) (v^

863 (w) , 770 (s), and 709 cm“l (s) ;

C^gH-^yNO^S requires: C, 60.15; H, 5.36.

J = 7 Hz, J = 2 Hz, 1H, arom,

Found: C, 60.07; H, 5.36.

7 Hz, 2H, SO2CH2), 3.92 (q, J= 

(t, J = 7 Hz, 3H,

Crude ethyl N- (2-biphenylsulfonylmethyl)carbamate was



166

1585 (m) (V, (V

zene), 6.72 (m, 4H, arom) ; ms m/e 402 (<1) (M+‘), 370 (2),

334 (4), 217 (2), 187 (15), 186 (44), 185 (94), 184 (100),
183 (8), 153 (25), 152 (26), 151 (33) , 139 (11), 115 (5) .

Anal. Found: C, 71.57; 4.54.H,

c24Hig°2S2 re9uires: C, 71.64; H, 4,47.

4.1.1.5.0 Ethyl N- (2-biphenylsulfonylmethyl)-N-nitroso-

carbamate (cf. Strating

of ethyl N- (2-biphenylsulfonylmethyl)carbamate (1.0 g.

at 5-10°.0.00313 mole) After 30 min, the mixture was
(200 g) and the mixture kept at 0° for 30poured over ice

min. The solids were collected, dissolved in methylene

chloride, dried (MgSO4), filtered, and the solvent evaporated.

The yellow crystals obtained upon addition of ether were
recrystallized from methylene chloride-ether mixture (1:5
v/v) to give ethyl N-(2-biphenylsulfonylmethyl)-N-nitroso-

o96%) as pale yellow crystals, mp 97carbamate (1.04 9,
(decomp); ir v , arom), 3030 (w), 2980
(w) ), 1595 (w), 1540 (s) ,

(vCH

'c=c) , 1460 (s) , 1325 (s)

24)

(VC=O
(m) , 1405 (m), 1384 (m), 1340 (s) (v

(VCH'
1470 (m), 1450

' SO ), 1145 (s) ab Z

(s); nmr 6(CDC13) 7.78
ortho to SO^), 7.40 (m, 3H, arom, sulfonyl

substituted benzene), 7.20 (m, 10H, mono-substituted ben-

(v ;sym
(m,

pyridine (40 ml) was added dropwise to a stirred solution

1 SO), as 2

An ice cold solution of nitrosyl chloride (1.0 g) in

755 (s) , and 695 cmS02> ' 

1H, arom,

| (KBr) 3065 (w) max
aliph), 1760 (s)
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), 1160 (s)1260 (s) (v

(s); nmr
1H,

2H, 3
1.34 (t, J = 7 Hz,

(12.5), 127 (10), 126 (9), 115 (12.5), 102 (21), 92 (8),
86 (6), 77 (53).

Anal. Found: C, 54.91; H, 4.71.
C16H16N2°5S re<3uires: c/ 55.17; H, 4.59.

4.1.1.6.0

)

A mixture of ethyl N-(2-biphenylsulfonylmethyl)-N-

nitrosocarbamate (1.0 g, 0.0030 mole) and neutral alumina

(20 g) in methylene chloride (100 ml) was stirred at room

temperature in the absence of light for ca. 2 days. The

reaction mixture was then filtered, and the solvent

Careful recrystal

lization of the crude product from carbon tetrachloride

avoiding excessive heating gave 2-biphenylsulfonyldiazo-
omethane (0.66 g, 86%) as bright yellow crystals, mp 98-99

(KBr) 3090 (s)
(V

max
), 1585 (w)

(decomp); ir v
, 24C=N_

1428 (w), 1320 (s)

symS02)' 1080 (w)' 1040 (m)' 
850 (s), 770 (s) , and 710 cm-^

(VN=O
1015 (w) , 875 (s) ,

(VC=C
SO,), 1270 (s), 1154 (s) (v

arom, ortho to S02), 7.40 (m, 8H, 
SO2CH2), 4.39 (q, J = 7 Hz, 2H, CH2CH3), 
3H, CH2CH3); ms m/e 348 (<1) (M+>),

218 (12.5), 184 (46), 165 (5), 153 (100), 139 (12.5), 128

252-Biphenylsulfonyldiazomethane (cf. Muchowski
19and Strating

evaporated in vacuo, at room temperature.

(vasSO2), 1270 (s), 1154 (s) (vsymSO2),
1075 (m) , 1040 (w) , 1010 (w), 920 (w), 890 (w), 810 (s),

arom), 2110 (s) Cxi
), 1562 (w), 1464 (s), 1446 (m),

6(CDC13) 7.92 (dd, 
arom, 4.69 (s,
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-1

7.33 (m,

167 (14), 166 (100), 165 (82), 164 (12), 163 (9), 155 (6),
154 (15), 153 (7), 152 (6), 140 (17), 116 (7), 90 (5), 88
(5), 84 (11), 83 (25), 82 (18), 81 (6), 77 (8) .

Anal. Found: C, 60.31; H, 3.98.
60.46; H, 3.88.

4.1.2.0.0 Thermolysis of 2-biphenylsulfonyldiazomethane

4.1.2.1.0 In cyclohexane, for 3 hr.

2-Biphenyl sulfonyl diazomethane (1.03 g, 0.0040 mole)

tube at 120° for 3 hr. The solvent was evaporated in vacuo

at room temperature, and the residue (0.998 g) was dissolved

in methylene chloride, decolorized with charcoal, and

resolved by thin layer chromatography or silica gel.

Elution with 30% chloroform in light petroleum followed by

50 ml) gave, in order of their

elution, fractions (i)-(vii).

Recrystallization of fraction (i) from light petroleum

o 114°); ir V (KBr) 3042 (w)crystals, mp 114

arom), 1582 (w)

10H,

C, 3H N,0 S requires: C, 
J- -j _L U £ £.

extraction with methanol (3 x

gave bis (2-biphenylyl) disulfide (33 mg, 4.5%) as colorless 
(lit113

(VCH'

1428 (m), 1075 (m), 

cm-1

was thermolyzed in cyclohexane (25 ml) in a Fischer-Porter

ortho to SC>2) , 

N2); ms m/e 258 (<1)

max
) , 1496 (w), 1456 (m), 1442 (w),(vC=C

1038 (m), 1022 (m) , 758 (s), and 709

(s); nmr

762 (s), and 692 cm

6(CDC13) 7.55 (m, 2H, arom), 7.31 (m,

(s); nmr 6(CDC13) 8.05 (m, 1H, arom, 
8H, arom), 4.53 (s, 1H, SO2CH = 

(M+‘), 230 (15), 185 (10), 184 (11),
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(21) ), 338 (18), 187 (7), 186 (31), 185 (90), 184 (100),

183 (5) , 152 (13) , 139 (9) .

Recrystallization of fraction (ii) from light petroleum

(KBr) 3080 (w) (v.
arom), 2920 (s)

(V SO,), 1072 (m) ,

(33), 218 (15), 201 (14), 200 (13), 184 (5), 170 (8), 155
(5), 154 (34), 153 (13), 152 (19), 151 (5), 97 (21), 96 (7),
81 (10).

Anal.
H

, arom), 3020 (w) (v(KBr) 3050 (w)

(m), 1068 (w),
(s) , 700 (m) , and 650 cm

max
, aliph), 2850 (s) (v

890 (w) , 800 (w), 780 (m), 760 (s), 722
-1

ir vmax
2885 (m)

as pale yellow crystals, mp 172 ;

(w) (vc=c
1400 (m) , 1300 (s) ’SO,) , 1150 (s) (V, do Z.
782 (s) , 760 (s) , and 720 cm'1

tetrachloride gave

CH'
(v aliph), 2850 (s) (vp„, aliph), 1590 Utl tn

), 1562 (w) , 1500 (w), 1462 (s), 1450 (m), 1430 (m),

gave 2-biphenylyl cyclohexylmethyl sulfone (97 mg, 7.6%) as 

colorless crystals, mp 70°; ir v

(VCH

, aliph), 1620 (w)

C19H22°2S recJuires: c' 72.59; H, 7.05.

Recrystallization of fraction (iii) from carbon

cycloheptatrieno pL,2-b] -2H-thionaphthene-

1,1-dioxide (203 mg, 22.5%) ’ —n—. i t->°

mono-substituted benzene), 7.15 (m, 6H, arom); ms m/e 370 
(M+‘

(VC=C} ' 1570 (w) ' 1468 (s) ' 1373 (m) ' 1295 (S) (VasS02) ' 

1250 (m) , 1205 (m) , 1185 (m) , 1166 (m) , 1150 (m) , 1118

(VCH, aliph), 1620 (w) (vc=c
), 1570 (w) , 1468 (s), 1373 (m), 1295 (s) (V

(w); nmr (see Section 3.1.1.2.1);

1H, arom,

’cH' olefin), 
, olefin), 1590 (m)

sym 2 ' '
(s); nmr {(CDCl^) 8.22 (m, 

ortho to SO2), 7.57 (m, 2H, arom), 7.43 (m, 6H, 
arom), 2.53 (d, J = 6 Hz, 2H, aliph, SO2CH2), 1.36 (m, 11H, 
aliph, cyclohexyl); ms m/e 314 (14) (M+‘), 220 (5), 219

Found: C, 72.44; H, 6.99.
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(M+>), 167 (10), 166 (70), 165 (100), 164 (7),

163 (7), 139 (11), 115 (5), 84 (5), 83 (11), 82 (7).
Anal. Found: C, 67.74; H, 4.50.

0,S requires: C, 67.79; H, 4.32.

(lit 140-141°); ir (KBr)

3060 (w)

SO,), 1195 (s), 1165 (s)

(m) ; nmr820 (m), 760 (s), and 720 cm
8H, arom), 3.36 (s, 2H, aliph, SO,CH,);

) ,
(8) , 163 (8) , 139 (8) , 115 (5), 83 (7), 82 (13).

Anal. 67.75; H, 4.46.Found: C,
O,S requires: C, 67.79; H, 4.32.

(KBr) 3575 (s), 3507 (m) , 2920 (m) , 2848 (w) , 1605

709 (m) .
Recrystallization of fraction (vi) from chloroform

(KBr) 3060 (w)

' 3
ms m/e 230 (36)

ir vmax
(s) , 1465 (w) , 1446 (w) , 1317 (m) , 1160 (m) , 765 (m) , and 

cm 1

arom) , 2925 (w) (v^,

Vmax 
, aliph), 2910 (w)

(VCH'

arom), 2960 (w) (v_„ CH
), 1560 (w), 1475 (m), 1445 (m),

ms m/e 230 (1)

(VCH'
, aliph), 1590 (w)

6(CDC1,) 8.10-7.20 (m, 
(M+‘

(vCH, aliph), 1590 (w) (vc=c
1430 (m) , 1390 (m) , 1300 (s) (v.
(v SG ‘ ----sym 2 •
880 (w) , 870 (w) ,

-S_, S-dioxide (70 mg, 8.0%) as pale

' XX7 J \ O / / XXu J \ /

SO,), 1130 (s) , 1105 (m) , 1070 (m) , 958 (w) , 900 (w) ,
-1

C13H10°2S re(luires: c> 67.79; H, 4.32.
Recrystallization of fraction (iv) from ether gave 

6H-dibenzo [b,d]thiopyran' 

yellow crystals, mp 142-144

C^3H^qO2S requires: C, 67.79; H, 4.32.

Recrystallization of fraction (v) from ether gave a 

solid (2 mg, 0.2% by wt) as colorless crystals, mp 70-82°;

gave trans-1,2,3-tri- (2-biphenylsulfonyl) cyclopropane (107 

mg, 11.6%) as pale yellow crystals, mp 246-248°; ir vmax

aliph), 1650 (w),

O 11 f cl X UilL If J • J O X n f d XX£>11 f O xJ £1

167 (9), 166 (67), 165 (100), 164
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1588 (w) (V,

(V

708 cm' (m) ; ms m/e 472 (3), 344 (8), 343 (5), 271 (8),
257 (13), 256 (49), 255 (100), 210 (6), 209 (5), 208 (6),
202 (5), 201 (44), 192 (5), 191 (38), 189 (25), 185 (11),
184 (57), 179 (7), 178 (6), 166 (10), 165 (34), 154 (20),
153 (18), 64 (5) , 55 (34); 690 (not
observed)

Anal. 4.48.H,
requires: C, 67.79; H, 4.32.

4.1.2.2.0 In cyclohexane, for 8 hr.

2-Biphenylsulfonyl diazomethane (1.03 g, 0.0040 mole)

thermolyzed in cyclohexane (25 ml) in a sealed bomb atwas
120° for 8 hr. The solvent was evaporated in vacuo at room
temperature and the residue dissolved in methylene chloride.
decolorized with charcoal, and resolved by thin layer chro
matography on silica gel. Elution with 30% chloroform in

50 ml)

(i)

(ii) 6H-dibenzo

(iii) trans-1,2,3-tri- (2-biphenylsulfonyl) cyclopropane

152 (25), 151 (6), 

(M+-).

mp 140-141°

light petroleum followed by extraction with methanol (3 x

(vasS02)' 1200 (w) ' 1150 (vSymS02)' 1135 (m) ' 1125 (m) ' 

1075 (w) , 860 (m) , 787 (w) , 770 (s) , 745 (m) , 727 (m) , and 

-1

C39h30°6S3

'c=c) , 1562 (w) , 1465 (m) , 1448 (w) , 1320 (s)

SO2), 1200 (w), 1150 (s)

gave, in order of their elution:

cycloheptatrieno |1, 2-bj -2H-thionaphthene-l , 1-dioxide 

(292 mg, 31.8%) mp 168-172°;

£"b,<^| thiopyran-S,S-dioxide (168 mg, 18.3%) 

(lit114 140-141°);

(13 mg, 1.4%) mp 242-245°.

Found: C, 67.99;
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4.1.2.3.0 In benzene

2-Biphenylsulfonyl diazomethane (2.06 g, 0.0080 mole)

for 4 hr, and the mixture was resolved by thin

layer chromatography. Elution with 30% chloroform in light

petroleum followed by extraction with methanol (3 x 50 ml)

in order of their elution:gave,

-2H-thionaphthene-l,1-dioxide

(iv) trans-1,2,3-tri- (2-biphenylsulfonyl)cyclopropane

4.1.2.4.0 In cyclohexene

2-Biphenyl sulfonyl di azomethane (1.03 g, 0.0040 mole)

was

for 2 hr,

chromatography on silica gel. Elution with 20-40% chloro

form in light petroleum, gradually increasing the percentage

of chloroform from 20 to 40% gave, in order of their elution,

fractions (i)-(v).

Recrystallization of fraction (i) from light petroleum

thermolyzed in cyclohexene (25 ml) in a sealed bomb
at 12 0° for 2 hr, and the mixture was resolved by thin layer

(iii) 6H-dibenzo 
mp 140° (lit114 .

. .113 (lit

was thermolyzed in benzene (25 ml) in a Fischer-Porter tube 

at 120°

(i) bis (2-biphenylyl) disulfide (51 mg, 3.6%) mp 114° 

114°);

(ii) cycloheptatrieno p.,2-b[

(454 mg, 24.6%) mp 170°;

|~b,dj thiopyran-S,S-dioxide (289 mg, 15.6%) 

140-141°);

(64 mg, 3.4%) mp 242-245°.
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114 ) .

Attempted recrystallization of fraction (ii) from
light petroleum gave a mixture of addition and insertion
products (63 mg, 10.4%) as a colorless oil; ir (KBr)
3050 (w) , arom), 3020 (w) (v

(v

ca.
0.3H, vinylic), 3.06 (s, 0.1H, aliph), 2.45 (s,ca. ca. ca.

aliph), 1.25 (m,
ms m/e 312 (11) 231 (5), 221 (5), 219 (40), 202 (10),
201 (15) , 200 (6), 191 (6), 185 (5), 184 (9), 183 (6), 179
(13), 178 (6), 168 (7), 167 (5), 166 (7), 165 (19), 154 (19),
153 (19), 152 (47), 151 (9), 127 (5), 126 (5), 105 (5), 96
(9), 95 (100), 94 (52), 93 (11), 89 (8), 82 (5), 81 (9), 80
(5), 79 (31), 77 (20); glc (20% SE-30 GC on Gas Chrom Q,

temp. prog.
peaks with retention times 3400, 3510 and 3555 sec,
respectively.

Anal.
H

0.2H, aliph), 2.40 (s,
(M+‘) ,

2
0.3H, vinylic), 5.22 (m,

(VCH
, aliph), 1300 (s)(v„„, aliph), 1300 (s) (v SO.,) , 1148 (s) (v S0_) , 1072 as z sym z

(m) , 1012 (m) , 960 (w) , 948 (w), 910 (w), 760 (s), and

700 cm 1

gave bis (2-biphenylyl) disulfide (10 mg, 1.1%), mp 114° 
(lit113 114°) .

using an 8 ft x 3/16 in column, 60 ml/min helium flow rate, 

starting 200°, 2°/min) showed three unresolved

vmax
arom) , 2920 (s) Ln

SO,), 1148 (s) (V

(m) ; nmr 6(CDC1.j) 8.10 (m, 1H, arom, ortho to SO,),

7.35 (m, 9H, arom), 5.40 (m,

C19H20°2S retJuires: C' 73.04; H, 6.45.

Recrystallization of fraction (iii) from carbon tetra

chloride gave cycloheptatrieno [1,2—-2H-thionaphthene-l, 1- 

dioxide (197 mg, 22%), mp 165-170°.

Found: C, 72.40; H, 6.11.

ca. 0.4H, ca. 15H);
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(lit

Recrystallization of fraction (v) from chloroform

gave trans~l, 2,3-tri- (2-biphenylsulfonyl) cyclopropane (56 mg,

6.3%), mp 240-245°.

4.1.2.5.0

2-Biphenylsulf onyl diazomethane (1.03 g, 0.0040 mole)

thermolyzed in benzene (25 ml) in a Fischer-Porter tubewas

for 4 hr. The reaction mixture was resolved on

silica gel by thin layer chromatography. Elution with 40%

chloroform in light petroleum gave, in order of their

(i)

set of thin layer chromatographic plates,new
and recrystallization of the major component from ether-
light petroleum mixture (1:1 v/v) gave 2-biphenylsulfonyl-

3020 (w)
arom), 1565 (m)

(s)
SO2), 1307

(vso3), 1152 (s)

140°

'elution, fractions (i)-(iii):
cyclohepta trieno |jL, 2-b^j -2H-thionaphthene-l, 1-dioxide 

(67 mg, 7.6%), mp 168-170°);

(VC=C<

(ii) using a

(vd o

SO2), 1077

(VCH'
(m), 1360 (s) (vSO3), 1330 (s)

(VCH' 
arom), 1463 (s), 1446 (m),

(KBr) 3080 (w) (vCH, 
aliph), 1588 (m)

in the presence of tetrocyanoethylene (0.60 g, 0.0046 mole) 
at 120°

(ysym'

Recrystallization of fraction (iv) from ether gave 
6H-dibenzo ^b,dj thiopyran-S, S-dioxide (68 mg, 7.6%), mp 

114 140-141°).

In benzene, in the presence of tetracyanoethylene

methyl 2-biphenylsulfonate (46 mg, 5.1%) as colorless 
crystals, mp 152-154°; ir v (KBr) 3080 (w) (vp„, arom), max 

arom), 2960 (w)

1432 (m), 1400
(m), 1226 (m), 1179
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nmr 16H,

arorti) , 4.13 (s, 2H,

(20), 234

(47), 201 (5), 186 (5), 185 (5), 169 (7), 167 (7), 166 (5),
155 (32), 154 (79), 153 (50), 152 (12), 128 (4). This
compound was identical in all respects with an authentic
sample (see Section 4.1.3.7.2).

Anal. Found:

(iii) 6H-dibenzo

4.1.2.6.0 In the absence of solvent

2-Biphenyl sulfonyl di azomethane (1.03 g, 0.0040 mole)
sealed tube without solvent at 120°

for 4 hr. An attempt to resolve the reaction products by

thin layer chromatography revealed an extremely complex

mixture, and hence, analysis was abandoned.

4.1.2.7.0 In ethanol

(1.03 g, 0.0040 mole)2-Biphenylsulfonyl diazomethane

(25 ml) in a Fischer-
The thermolysis mixture wasfor 1 hr.

Elutionresolved by thin layer chromatography on silica gel.
57% light petroleum, and 3% methanolwith 40% chloroform.

Porter tube at 120°

c25h20s2°5 requires: C, 64.65; H, 4.34.
^b,dj thiopyran-S, S-dioxide (52 mg, 5.8%), 

mp 140-141° (lit114 140-141°) .

was thermolyzed in absolute ethanol

was thermolyzed in a

SO2CH2); ms m/e 464 (0.02)
(7), 220 (70), 219 (21), 218 (100), 204 (5), 203

(m) , 1020 (s) , 1010 (s), 930 (m), and 770-690 cm-1 (s);

C, 64.51; H, 4.39.

mixture gave, in order of their elution, fractions (i)-(iv):

(CC14) 7.94 (m, 2H, arom, ortho to S02) , 7.30 (m,
(M+-), 247



176

mp 176-178

(ii)

12.9%) ,

(iv) trans-1,2,3-tri- (2-biphenylsulfonyl) cyclopropane

(105 mg, 11.8%), mp 239-242°.

4.1.2.8.0 In pyridine

2-Biphenylsulfonyl diazomethane (1.03 g, 0.0040 mole)

layer chromatography on silica gel. Elution with 40%

(ii)

Attempted crystallization of fraction (iv) from methylene

chloride-light petroleum mixture (1:1 v/v) gave 1-pyridinium

(2-biphenylsulfonyl)methylide (125 mg, 10.4%) as a yellow

(see Section 4.1.1,4.0);

eyeloheptatr ieno[1,2-^-2H-thionaphthene-l, 1-dioxide 

(135 mg, 15.1%), mp 168-170°;

(iii) 6H-dibenzo^b,dj thiopyran-S^, S-dioxide (115 mg, 

mp 140-141° (lit114 140-141°);

was thermolyzed in pyridine (25 ml) in a sealed bomb at 120°

(i) bis (2-biphenylyl) disulfide-S,S-dioxide (56 mg, 3.5%),

°; ir and nmr identical with an authentic sample

chloroform, 3% methanol, and 57% light petroleum mixture

gave, in order of their elution, fractions (i)-(iv):

(i) bis (2-biphenylyl) disulfide-Sj S-dioxide (37 mg, 4.8%), 

mp 176-178°;

cycloheptatrieno [1,2-bJ -2H-thionaphthene-l, 1-dioxide 

(129 mg, 14.5%), mp 168-170°;

(iii) 6H-dibenzo|^b,dJ thiopyran-S,£-dioxide (73 mg, 8.2%), 

mp 140-141° (lit114 140-141°);

for 1 hr, and the thermolysis mixture was resolved by thin
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oil, which immediately darkened to brown, and then black,

and was converted to a semi-solid mass within 2 days; ir

(KBr) (s)3300 (broad), 1630 (m), 1470 (m), 1310 (m)
(v (s), 1195 (s), 1145 (m) (v1210
1060 (w) , 1028 (s) ;

(M+•), 230 (8), 201 (8), 186 (9),ms m/e 310 (11), 309 (41)
185 (20), 184 (22), 166 (14), 165 (40), 154 (10), 153 (7),
152 (9), 105 (6), 104 (15), 103 (100), 87 (12), 85 (75),
83 (100), 82 (9), 81 (8), 77 (14), 76 (17).

4.1.2.9.0 In methylene bromide (0.16 M)

(1.03 g, 0.0040 mole)2-Biphenylsulfonyldiazomethane

Porter tube at 120° for 1 hr. The reaction mixture was
Elu-resolved by thin layer chromatography on silica gel.

tion with 35% chloroform, 3% methanol, and 62% light

(i)-(v):

lene (25 mg, 2%) as a colorless oil, ir v,

(s) (\)(w), 1323 (s)
(w), 1093 (s) ,

6(CDC13) 8.23 (m, 1H,
arom), 7.26 (s, 6H, arom), 6.10 (d,(m, 2H,

J = 4 Hz,5.69 (d, 1H,

sym
(w) , 1010 (w), 760 (s), and 708 cm'

(vC=C ), 1592 (w), 1558 (m) (vc=c
1265 (m), 1165

vmax
asS02) ’

was thermolyzed in methylene bromide (25 ml) in a Fischer-

(i) from ether gave cis-1- (2-biphenylsulfonyl) -2-bromoethy-

arom, ortho(s); nmr

petroleum mixture gave, in order of their elution, fractions

(vasS°2), 1265 (m), 1165 (s) (^SO,,) , 1130 
1074 (s), 1043 (m), 1012 (m), 942 (m), 770 

cnT'l(s), and 708

1H, J = 4 Hz, cis-olefinic, a to SO2,

1 (KBr) 1605 (m) max
), 1467 (s), 1450 (m), 1432

S02), 1100 (m), 
-1

to SO2), 7.56
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cis-olef inic, a to Br); ms m/e 324 (3),

(3), 244 (8), 243 (50), 225 (3), 217 (5), 203 (3), 202 (5),

201 (32), 197 (6), 195 (7), 194 (31), 185 (6), 184 (16),

183 (7), 181 (20), 179 (25), 178 (82), 177 (7), 169 (5),

168 (12) , 166 (9), 165 (8), 154 (16), 153 (68), 152 (100),

151 (34), 150 (12), 149 (8), 141 (5), 139 (9), 137 (6),

127 (16), 126 (14), 125 (10), 123 (9), 115 (7), 113 (7),

112 (6), 111 (16), 110 (7), 109 (14), 107 (8), 105 (9), 99

(11), 98 (9), 97 (31), 96 (9), 95 (21), 85 (27), 84 (11),

83 (34), 82 (12), 81 (23), 79 (7), 77 (17), 76 (23), 75

(13), 74 (11), 71 (45), 70 (17), 69 (45), 68 (9), 67 (18),

(ii)

, 7.0%),

fraction (iv) gave a semisolidAn attempt to crystallize
arom), 2960oil (18 mg.

), 1472(w)

(s)

(s), 1072

-1ted benzene) , 726 (m) , and 678 cm

229 (5), 201 (30), 184 (17), 166 (22),308 (5),

165 (100), 164

(27), 82 (7), 76 (5), 69.5 (8), 63 (7); the83 (5), 82.5

compound was not characterized further;

230 (5),

(8), 163 (14), 152 (6), 139 (6), 103 (6),

(KBr) 3067 (w) (vCH,

), 1563 (m) (V_ c—c
SO,), 1120 sym 2''

■ o-disubstitu-

(VC=C

SO,), 1185 (s) (v

mp 140-141°

(vCH'

(m), 1450 (s), 1312

63 (19), 57 (85), 56 (22), 55 (70);

cycloheptatrieno [1,2-bJ -2H-thionaphthene-l, 1-dioxide 

(89 mg, 10%), mp 168-171°;

(iii) 6H-dibenzo£b,dj thiopyran-S,S-dioxide (65 mg 

(lit114 140-141°);

322 (3) (M+-), 245

(V_„SO,), 1185 (s) (v, a. o Z ■

(m) , 855 (m) , 830 (m), 760 (s) (6CH
(w) ; ms m/e 310 (5)(M+’),

ir vmax 
aliph), 1594 (m)
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4.1.2.10.0 In methylene bromide (0.32 M)

2-Biphenyl sulf onyl diazomethane (2.06 g, 0.0080 mole)

for 1 hr. The reaction mixture was

resolved by thin layer chromatography on silica gel.

Elution with 35% chloroform, 3% methanol, and 62% light

petroleum mixture gave, in order of their elution, fractions

(i)-(iii) :

(i)

23.2%),

(iii) trans-1,2,3-tri- (2-biphenylsulfonyl) cyclopropane

4.1.2.11.0 In perfluoro(methylcyclohexane)

2-biphenylsulfonyldiazomethaneA mixture of (0.258 g,

0.0010 mole) and perfluoro (methylcyclohexane) (20 ml) was

heated in Fischer-Porter tube in the absence of oxygena
at 120° for 2 hr. At the end of the reaction the solvent
was distilled and the residue was analyzed by thin layer

Elution with a mixture ofchromatography on silica gel.
35% chloroform and 60% light petroleum gave,5% methanol.

(v) trans-1,2,3-tri- (2-biphenylsulfonyl) cyclopropane 

(35 mg, 4.0%), mp 238-241°.

cycloheptatrieno p., 2-^j -2H-thionaphthene-l, 1-dioxide 

(454 mg, 25.5%), mp 168-170°;

(ii) 6H~dibenzo ,dj thiopyran-Sy S-dioxide (414 mg, 

(lit114 140-141°);mp 140-141°

was thermolyzed in methylene bromide (25 ml) in a Fischer-

Porter tube at 120°

(93 mg, 10.4%), mp 238-242°.
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(i)

(ii) 6H-dibenzo

(iii) trans-1,2,3-tri- (2-biphenylsulfonyl)cyclopropane

4.1.2.12.0 Thermolysis of 2-biphenylsulfonyldiazo

methane at various temperatures

2-Biphenyl sulfonyl diazomethane (0.103 g, 0.00040 mole)
in cyclohexane (25 ml) was heated in a sealed tube at the
specified temperature for the specified length of time
(Table 17). After evaporation of the solvent, the nmr

as

solvent. The signals integrated were the following (an

The ratio of

dibenzo
The results are

summarized in Table 17.

4.1.3.0.0 Catalyzed decompositions

spectrum of the mixture was determined using CDC13

, d~] thiopyran-S, S-dioxide. 

cycloheptatrieno |jL, 2-bJ-2H-thionaphthene-l, 1-dioxide to 6H- 

thiopyran-S, S-dioxide was obtained by division,

using the relative areas per proton.

mp 141° (lit114

in order of their elution, fractions (i)-(iii):

cycloheptatrieno [1,2-bJ -2H-thionaphthene-l,l-dioxide 

(0.102 g, 44.3%) , mp 172°;

£b,d] thiopyran-S,S-dioxide (0.024 g, 10.4%), 

140-141°);

(0.008 g, 4.5%), mp 246-248°.

average value from ca. five integrations was calculated) :

63.68 (dt, 1H, aliph, SC^CH) for cycloheptatrienop.,2-bj- 

2H-thionaphthene-l,1-dioxide; 64.30 (s, 2H, aliph, SC^CH^) 

for 6H-dibenzo
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With pentafluorophenylcopper(I) tetramer4.1.3.1.0

4.1.3.1.1 In chloroform-cyclohexane mixtures

2-Biphenylsulfonyl diazomethane (103 mg, 0.00040 mole)

in a mixture of chloroform and cyclohexane (25 ml) of

varying proportions was allowed to decompose in the pre-

of pentafluorophenylcopper (I) tetramer (2 mg) for ca.sence

2 hr at room temperature.

to dryness, and after addition of methyl phenyl sulfone

as the internal standard, the nmr spectrum of the indivi

dual mixtures was determined using chloroform as the solvent.

The signals integrated

for

64.30 ( s,

proton of the standard and the products (see Section

3.2.4.0.0), and their ratio by division of the correspond
ing absolute yields. The results are summerized in Table

The procedure was repeated in the absence of the19.

areas

per proton.

fresh sample of the catalyst, and 
the 143/144 ratios were determined from the relative 

The results are summarized in Table 18.

The solvent was then evaporated
115

internal standard with a

were: 62.92 (s, 3H, aliph, SO2CH3)

for methyl phenyl sulfone; 63.68 (dt, 1H, aliph, SO2CH) 

cycloheptatrieno [1,2-bJ -2H-thionaphthene-l, 1-dioxide ;

2H, aliph, SO2CH2) for 6H-dibenzo^b,dJ thiopyran- 

S,S-dioxide. The absolute yield of cycloheptatrieno [1,2-bJ- 

2H-thionaphthene-l, 1-dioxide and 6H-dibenzo |^b,dj thiopyran- 

S,^-dioxide was determined using the relative areas per



182

Equation 1 was employed to calculate the absolute

yields of the various components of the reaction mixtures

in the quantitative nmr measurements.

A(i) MW(sm)
X 100 = % component (i)X eq. 1

A(s) Mg(sm)

A(i)=Area per proton of component i
A(s)=Area per proton of standard
Mg(s)=Weight of standard
MW (s)=Molecular weight of standard
Mg(sm)=Weight of starting material

Equation 1 was derived using the general expression
for the calculation of percentage yields (eq. 2) and the
quantitative dependence of the integrated areas on the
number of protons measured in an

mole (i) 
X 100 = % component (i) 2eq.

mole (sm)

mole (s) mole (i)
3eq.

A (s)A(i)

Substitution of mole (i) into eq. 2, and replacement

of the number of moles by mole = Wt/MW led to equation 1.

MW(sm)=Molecular weight of starting 
material

Mg (s)
X -----
MW (s)

nmr determination (eq. 3).
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4.1.3.1.2 In chloroform - piperylene mixture

2-Biphenyl sulfonyl diazomethane (0.103 g, 0.00040
mole) and pentafluorophenylcopper (I) tetramer (2 mg) in 30%
(by wt) piperylene in chloroform were allowed to react at

described previously (see Section 4.1.2.12.0). The results
are summarized in Tables 3 and 4.

4.1.3.1.3 In chloroform - pentane mixture

2-Biphenylsulfonyl diazomethane (0.103 g, 0.00040

mole) and pentafluorophenylcopper (I) tetramer (2 mg) in 30%

temperature for 2 hr.

The results are summarized in(see Section 4.1.2.12.0).

Tables 3 and 4.

4.1.3.2.0 With cuprous iodide - triethylphosphite complex

(103 mg, 0.0040 mole)2-Biphenyl sulfonyl diazomethane

(2 mg) forof cuprous iodide - triethylphosphitesence

2 hr at room temperature.

[!,2-b]
The ratio of cycloheptatrieno-

-2H-thionaphthene-l, 1-dioxide to 6H-dibenzo^b,cf|-

room temperature for 2 hr. The ratio of cycloheptatrieno- 

[1 z 2-bJ-2H-thionaphthene-l, 1-dioxide to 6H-dibenzo |^b ,dj- 

thiopyran-S_, S-dioxide was obtained by the procedure

(by wt) pentane in chloroform were allowed to react at room

The ratio of cycloheptatrieno [1,2-bJ- 

2H-thionaphthene-l, 1-dioxide to 6H-dibenzo |^b,dj thiopyran-S  ̂S~ 

dioxide was obtained by the procedure described previously

allowed to decompose in the pre-
150

in chloroform (25 ml) was
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described previously

(see Section 4.1.2.12.0). The results are summarized in

Tables 3 and 4.

With cuprous iodide - triphenylphosphine complex4.1.3.3.0

The procedure described previously (see Section

(10 mg) as the catalysts. The results

are summarized in Tables 3 and 4.

4.1.3.4.0 With chlororhodium (I) dicarbonyl dimer

The procedure described previously (see Section

4.1.3.2.0) was followed using chlororhodium(I)dicarbonyl

dimer (20 mg) as the catalyst. The results are summarized

in Tables 3 and 4.

4.1.3.5.0 With trifluoroacetic acid

A solution of trifluoroacetic acid (0.456 g, 0.0040

added dropwise over a period of

stirred solution of

2-biphenylsulfonyldiazomethane (1.03 g, 0.0040 mole) in

anhydrous ether (60 ml) and chloroform (10 ml) mixture, the

and theresulting mixture was boiled under reflux for 6 hr,
Addition of chloroformsolvent was evaporated to dryness.
colorless precipitate.

which was dissolved in chloroform (20 ml) and the solution

5-10 min at room temperature to a

thiopyran-S, S-dioxide was obtained as

(10 ml) and ether (15-20 ml) gave a

4.1.3.2.0) was followed using cuprous iodide - triphenyl
phosphine complex 150

mole) in ether (10 ml) was
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Addition of ether to the chloroform solutionfiltered.

gave trans-1,2-di- (2-biphenylsulfonyl) ethylene (0.156 g,
17%) as colorless crystals, mp 210°; ir v (KBr) 3040 (w)

(v, arom), 1580 (w)CH'

1318 (s)

940 (m) trans-olefin) , 765 (s) (6, , arom), 703 (m),CH
and 684 (w) ; 6(CDC13) 8.08 (dd, 2H, = 7 Hz,nmr

2 Hz, ha), (td, 2H, J7.64 = 7 Hz, JBC = 7 Hz,arom, —AB
2 Hz, HB) . 7.50 (td, 2H, Jcp - 7 Hz, JBC = 7 Hz,arom,

= 2 Hz, (m, 12H, H and phenyl), 6.307.30arom,
2H,

331 (2), 330 (2), 243 (3), 232 (5), 231 (23), 217 (3), 201
(5), 185 (7), 184 (9), 179 (24), 178 (100), 165 (9), 154

(9), 153 (30), 152 (39), 151 (9), 127 (6), 105 (6), 97 (8),

85 (16), 77 (6).

67.82; H, 4.38.Anal. Found: C,

requires: C, 67.75; H, 4.46.

The components of the remaining mixture in the mother liquor

were resolved by preparative thin layer chromatography

using silica gel to give, in order of their elution,

fractions (i)-(iv):

—AC 
(s,

114°);

(ii) bis (2-biphenyl yl) disulf ide-S,S-dioxide (0.101g, 12.5%)

£ac

mp 179°;

(6CH' 

cm~l

—BD

(v
Ct o

(i) bis (2-biphenyl yl) disulfide (0.007 g, 1%), mp 114 

(lit113

HC >........................ -.......... D

vinylic) (see Section 3.1.1.3.2); ms m/e 460 (<1) , 332 (1

max
) , 1460 (m), 1442 (w), 1421 (w) ,

symS02)'

1136 (s) , 1020 (s), 1070 (w), 1032 (w) , 1008 (w) , 994 (w),

(VC=C

SO2), 1258 (w) , 1244 (w), 1160 (s) (v

C26H20°4S2
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(iii)

4.1.3.6.0 With trifluoromethanesulfonic acid

Trifluoromethanesulfonic acid (0.110 g, 0.00080 mole)

in ether (25 ml) was added dropwise to a solution of

(2-biphenylsulfonyl) diazomethane (0.103 g, 0.00040 mole) in

ether (25 ml) at -70°. The temperature of the reaction

mixture was raised to room temperature within 1 hr. After

extracted with water (3 x 25 ml) , the ether layer was dried

(MgSO4) , and the solvent evaporated in vacuo down to 10 ml.

Addition of light petroleum gave

recrystallized from ether-light petroleum mixture (1:1 v/v)

2948(KBr) 3060 (w) arom.

) , 1420

1200(s)

(s) (v

928

6.62 (m,

ms m/e 380 (24) (M

to give (2-biphenylsulfonyl)methyl trifluoromethanesulfon- 

colorless plates, mp 77-78°; ir

a crude product which was

(VCH 

aliph), 1589 (w)

cm~-*-

v max
(w) (VC=C

SO,), 1330 (s) (v(vas:

„,,„SO, anu ou,. , ...sym 2 3
o-disubstituted benzene), and 706

, arom) 3020 (w) (\> ,Ln
), 1562 (w) (\>c=c

3; , 1330 (o) (JasSO2),
and SO,), 1075 (w), 990 (s),

24 hr at room temperature, the reaction mixture was

ate (0.091 g, 60%) as

(VCH'

(s) ; nmr 6(CDC14) 8.18 (m, 1H, arom, ortho to SO2), 

2H, arom), 6.35 (s, 6H, arom), 4.54 (s, 2H, CH2) ;

.+ •), 218 (6), 217 (40), 202 (18), 201

cycloheptatrieno [jl, 2-bj -2H-thionaphthene-l, 1-dioxide 

(0.039 g, 8.5%) , mp 172°;

(iv) 6H-dibenzo£b,dJthiopyran-S,S-dioxide (0.041g, 8.9%), 

mp 141° (lit114 140-141°).

^VCH'

(vasS°3),
(vCF), 1130 (s)

(w), 750 (s)

1405 (s)
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(13), 183 (10), 168 (18), 167 (7), 166 (16),(47), 184
165 (10), 154 (16), 153 (100), 152 (80), 151 (22), 127

(9), 99 (11), 77 (13), 76 (20), 75 (10).(11), 126
Anal. Found: C, 44.12; H, 2.99.

requires: C, 44.21; H, 2.92.

4.1.3.7.0 With 2-biphenylsulfonic acid

4.1.3.7.1 2-Biphenylsulfonic acid (cf. Smiles

2-Biphenylsulfinic acid (4.34 g, 0.02 mole) in 10%
aqueous potassium hydroxide (50 ml) was titrated with an
aqueous solution of 2 0% potassium permanganate at room
temperature, with constant sitrring, until the color of
the added permanganate persisted.
ganese dioxide was filtered, and the green color of the
solution was discharged with a small amount of ethanol.

then acidified with dilute sulfuric acid
The filtrate was evaporated to dry-to pH 1 and filtered.

ness and the residue extracted continuously with anhydrous
Soxhlet apparatus for 4 weeks. The

fonic acid (2.22 g, 47.6%) as colorless crystals; ir
, arom), 1632 (m)(KBr) 3500 (s)

(m) .

The filtrate was

ether (100 ml) in a

residue was washed with ether to give crude 2-biphenylsul-

ether extract was then evaporated to dryness and the

U7)

C14H11F3°5S2

Vmax(KBr) 3500 (s) (vS°3H) , 3045 (w) (vCH
(vc=c), 1463 (m) , 1443 (w), 1430 (w) , 1200 (s) (vSO3), 1140
(m) , 1092 (m) , 1025 (m) , 1007 (w) , 880 (w) , 780 (m), 760
(s), and 704 cm”^

The precipitated man-
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2-Biphenylsulfonylmethyl 2-biphenylsulfonate4.1.3.7.2

A stirred suspension of crude 2-biphenylsulfonic acid
2-biphenylsulfonyldiazomethane

allowed to react at room temperature for 24 hr. The solvent

in methylene chloride (20 ml) and filtered. Addition of

light petroleum gave a colorless precipitate which was
recrystallized from ether to give 2-biphenylsulfonylmethyl
2-biphenylsulfonate (1.22 g, 53%) as colorless crystals,
mp 150-152°; ir, nmr and ms identical with that of the
previously obtained sample (see Section 4.1.2.5.0).

4.1.4.0.0 Attempted cycloadditions

4.1.4.1.0 With trans-1,2-di-(2-biphenylsulfonyl)ethylene

at room temperature

2-biphenylsulfonyldiazomethane (0.258A solution of

0.0010 mole) and trans-1,2-di-(2-biphenylsulfonyl)9»

ethylene (0.230 g, 0.00050 mole) in chloroform (30 ml) was
Theallowed to stand at room temperature for two weeks.

Trituration of the resulting mixture for 1 hrresidue.

gave trans-1,2-di- (2-biphenylsulfonyl) ethylene (0.165 g.

starting ethylene derivative) as colorless

crystals, mp 210°; ir identical with that of starting

72% based on

(1.29 g, 0.0050 mole) in anhydrous ether (50 ml) was

was then evaporated to dryness and the residue was dissolved

(1.17 g, 0.0050 mole) and

solvent was evaporated and ether (20 ml) was added to the
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The filtrate was then concentrated in vacuo tomaterial.

half its volume, and light petroleum was added to give

2-biphenylsulfonyldiazomethane (0.182 g, 70.5%, based on

starting diazosulfone) as yellow crystals, mp 98-99°

(decomp); ir identical with that of starting material.

4.1.4.2.0 With trans-1,2-di - (2-biphenylsulfonyl)ethylene

at 70°

2-biphenylsulfonyldiazomethaneA mixture of (0.258 g,
0.0010 mole), trans-1,2-di- (2-biphenylsulfonyl) ethylene
(0.230 0.0005 mole) and chloroform (20 ml) was heated ing,

The reaction mixture was resolved by preparative thin layer

chromatography on silica gel. Elution with a mixture of 5%

on

2-biphenyl sulfonyldiazomethane)on , mp

141°), and trans-1,2,3-tri- (2-biphenylsulfonyl)cyclopropane
42%, based on trans-1,2-di-(2-biphenylsulfonyl)(0.145 9/

ethylene)

4.1,5,0.0 Miscellaneous

6H-dibenzo b,d thiopyran-S, S-dioxide (0.036 g, 15.6%, based 

141° (lit114 140-

as pale yellow crystals, mp 246-248°.

a sealed tube, in the absence of oxygen, at 70° for 4 days.

methanol, 40% chloroform, and 55% light petroleum gave 

cycloheptatrieno Ql , 2-bJ-2H-thionaphthene-l, 1-dioxide (0.032 

g, 14% based on 2-biphenylsulfonyldiazomethane) , mp 172°;
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4.1.5.1.0

tetracyanoethylene

0.0010 mole) were heated in cyclohexane (25 ml) in a sealed
for 20 hr. The solvent was evaporated in

Elution with a mixture of 3% methanol, 35%

, mp

from ether gave a brown oil (0.008 g, 8% by wt) ; ir v
(KBr) 3000 (s), 2220 (s)

(s) ,

(V

(w) .

4.1.5.2.0

at room temperature in a Paar hydrogenator at 40 psi for 

charcoal (100 mg) as the

Cycloheptatrieno [1, 2-b]-2H-thionaphthene-l, 1-dioxide 

(0.103 g, 0.0040 mole) was hydrogenated in benzene (50 ml)

Attempted 2 + 4 cycloaddition of cyclohepta

trieno [1,2-b]-2H-thionaphthene-l,1-dioxide with

Attempted hydrogenation of cycloheptatrieno- 

[1,2-b] -2H-thionaphthene-l,1-dioxide

[1,2-b 
170°.

24 hr, using 5% palladium on 

catalyst, added in four portions to minimize poisoning.

tube at 150°

symS02>'

860 (s),

vacuo and the mixture resolved by thin layer chromatography
on silica gel.
chloroform, and 62% light petroleum gave cycloheptatrieno- 

-2H-thionaphthene-l, 1-dioxide (0.041 g, 45%) 

Attempted recrystallization of the second fraction

(VC=N

SO,), 1235 (s), 1180 (s)

max
), 1550 (s), 1487 (s), 1445

Cycloheptatrieno [jL, 2—-2H-thionaphthene-l, 1-dioxide 

(0.103 g, 0.00040 mole) and tetracyanoethylene (0.128 g,

(va=SO,), 1235 < 1180 (s)aS Z

1157 (m) , 1016 (s), 1003 (s), 945 (w), 930 (w),
-1720 (s), and 705 cm

1385 (s), 1330 (s)
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The reaction mixture was filtered, and the filtrate was

evaporated in vacuo. The mixture consisted of three

components indicated by glc (20% SE-30 GC on Gas Chrom Q,

8 ft x 3/16 in column,

40.4, 42.1, and

44.5 min, respectively). The components of the mixture

were not collected.

Attempted synthesis of cycloheptatrieno [1,2-b]-4.1.5.3.0

2H-thionaphthene

(0.453 g, 0.0033 mole)
and tropylium tetrafluoroborate (0.530 g, 0.0033 mole) in
acetonitrile was allowed to react at room temperature for
24 hr. Evaporation of the solvent in vacuo at room temper

ature gave a solid. Addition of ether (100 ml) to the

residue gave tropylium tetrafluoroborate (0.530 g, 100%) as

brown crystals, ir identical with that of starting material.

Evaporation of the filtrate gave benzothiadiazole (0.453 g,

100%), ir identical with that of starting material.

4.1.5.4.0 Attempted rearrangement of p-toluenesulfonyl-

cycloheptatriene to benzyl phenyl sulfone

p-Toluenesu Ifonylcycloheptatriene4.1.5.4.1

He flow rate 60 ml/min, temp. prog, 

starting 200°, 2°/min, retention time:

A suspension of sodium g—toluenesulfinate (0.712 g, 

0.0040 mole) in dry acetonitrile (25 ml) was added dropwise

118A mixture of benzothiadiazole
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to a solution of tropylium tetrafluoroborate (0.500 g,

0.00305 mole) in dry acetonitrile at -70°. Efficient
stirring was provided to disperse the undissolved particles

porated in vacuo at room temperature. Water (50 ml) was

then added to the mixture and the product was extracted

with methylene chloride. Drying (MgSO^), followed by
evaporation of the solvent in vacuo gave a grey solid which
was recrystallized from ether-light petroleum mixture
(1:1 v/v)

80%) as pale yellow crystals, mp 126-128° (lit

SO2), 7.31 (d. = 8 Hz,

olefinic), 3.59

4.1.5.4.2 Attempted thermal rearrangement of p-toluene-

sulfonylcycloheptatriene

for 5 hr. Eva

poration of the solvent and recrystallization of the crude

product from ether—light petroleum mixture (1:2 v/v) gave

starting material.

to give p-toluenesulfonylcycloheptatriene (0.600 g, 
119 127-128°);

p-toluenesulfonylcycloheptatriene (0.60 g, 100%) as pale 
yellow crystals, mp 126-128°; nmr identical with that of

nmr 6(CDC13) 7.76 (d, 2H, arom, = 8 Hz, HA, ortho to
Hg, meta to S02) , 6.38-2H, arom,

room temperature, and, after 2 hr, the solvent was eva-

p-Toluenesulf onylcycloheptatriene (0.60 g, 0.00244 
mole) was heated in cyclohexane (20 ml) at 170°

(t, 1H, aliph, J = 7 Hz, a to SO2), 2.42

—ba

6.26 (m, 4H, olefinic), 5.55 (two unresolved doublets, 2H,

(s, 3H, aliph, CH3).

After 3 0 min, the temperature of the mixture was raised to
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(2-Biphenylsulfonyl) triphenylphosphaldazine4.1.6.0.0

4.1.6.1.0 )

A solution of 2-biphenylsulfony2 diazomethane (2.58 g,

0.010 mole) and triphenylphosphine (2.62 g, 0.010 mole) in

ether (6 0 ml) was stirred at room temperature for 1 hr.

The pale yellow crystals formed were filtered, washed with

ether (3 x 25 ml) and recrystallized from super dry ethanol

to give (2-biphenylsulfonyl) triphenylphosphaldazine (4.94 g,

95%) as' pale yellow crystals, mp 173° (decomp); ir vmax

(KBr) 3045 (w) , arom), 1487 (s) ,

1430 (s) ), 1287 (s)

SO_), 1030 (m),2

(s) , and 69 0 cm 6 (CDC13) 7.86 (dd, 1H, arom,

3 Hz, ortho to S02), 7.44 (s, 1H, vinylic.J = 8 Hz, J =

arom); ms m/e 278 (12), 277 (25),S°2cH=N), (m, 23H,7.14

(5) ,(10), 199(85), 261 (10), 230 (10), 201263 (20), 262

(90) ,(60), 165186 (9), 185 (32), 184 (27), 183 (100), 166

(32) ,(10), 108154 (15), 153

107

4.84.71.60; H,Anal. Found; C,

4.1.6,2.0 Thermolysis

(13) , 152 (25), 139 (10) , 115 

(22), 77 (27); 520 (not observed) (M+l).

(vCH

Synthesis (cf. Strating^^

sym

995 (m) , 940 (m) , 807 (s), 785 (m) , 770 (m), 747 (m), 725

, arom), 1582 (w) (vr_„ C—L.

SO,), 1238 (w), 1180 (w),(<5CH) ' 1287 (s) (vasSu2- ■

1135 (m) , 1109 (m) , 1080 (s), 1060 (s) (v

C31h25n2°2ps requires; C, 71.52; H, 4.84.

(s); nmr
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4.1.6.2.1 In decalin

in 10 min. When the
addition was complete, charcoal was added to the mixture

and after boiling for 10 min, filtered while hot. After

with those of an authentic sample.

After isolation of the cycloheptatriene derivative,

gel using a 1 ft x 2 in column. Elution with light petro

leum gave decalin (ca. 16 ml) Elution

with chloroform gave a pale yellow oil (0.290 g) which was

resolved by thin layer chromatography on silica gel. Elution

with 35% chloroform, 3% methanol, and 62% light petroleum

in order of their elution, fractions (i)-(v):gave,
o

sample,

Attempted recrystallization of fraction (ii) from light

mixture of 2-biphenyl decahydronaphthyl

methyl sulfones (0.044 g, 12%) as a colorless oil; ir

(i) bis (2-biphenylyl) disulfide (0.0055 g, 3%), mp 112-114 

(lit113 114°) ; ir identical with that of an authentic

to boiling decalin (20 ml) at 190°

2 days at -2 0° pale yellow crystals formed which were

as a colorless liquid.

recrystallized from carbon tetrachloride to give cyclo

heptatrieno [1, 2-bJ-2H-thionaphthene-l, 1-dioxide (0.120 g, 

52%) as pale yellow crystals, mp 172°, ir and nmr identical

the remaining decalin solution was chromatographed on silica

petroleum gave a

Finely ground (2-biphenylsulfonyl) triphenylphosphal- 

dazine (0.520 g, 0.0010 mole) was added in small portions
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(KBr) 3070 (w) (uCH, arom) , 2940 (s) (v, aliph),CH'
2870 (s) aliph) , 1597 (w) (v.

arom), 1472 (s)

1319 (s)

-1 (5,'CH'

arom,

7.38 (m, 8H, arom), 3.46 (broad d, 2H, aliph,

368 (1)

(15), 184 (16), 181 (5), 166 (10), 165 (7), 154 (6), 153

(10), 152 (15), 151 (8), 150 (18), 149 (100), 105 (5), 104

(6), 95 (12), 89 (9), 83 (9), 81 (10), 77 (11), 76 (14).

Anal. Found: C, 75.00; H, 7.75.

•bj-2H-thionaphthene-l,1-dioxide(iii)

156-157°).

4.1.6.2.2 In cyclohexane at various temperatures

(2-Biphenylsulfonyl) triphenylphosphaldazine (0.200 g,

0.385 mole) in dry cyclohexane (20 ml) in a Fischer-Porter

tube was repeatedly (5 times) frozen in liquid nitrogen and

The sealed tube was then immersed in aevacuated at 5°.

2-
1022 (w) , 776 (s)

(vC=C'
(VCH'

vmax

J = 7 Hz, J = 3 Hz,

^vas

(v) triphenylphosphine oxide (0.110 g, 42%), mp 156-157° 
(lit121

(vsym',S02), 1137 (m), 1085 (m),
(^CH' arom) i 735 (w) , and 718 cm'

arom); nmr <5(CDC14) 8.17 (dd, 1H,

ortho to SC>2) ,

17H, aliph, decalinyl); ms m/e

(M+• ) , 242 (2), 223 (4), 219 (6), 200 (10), 185

(m, ca.

C23H28°2S requires: C, 74.79; H, 7.66.

cycloheptatrieno [1,2-bJ -2H-thionaphthene-l, 1-dioxide 

(0.014 g, 6%), mp 172°.

(iv) 6H-dibenzo |^b,dJthiopyran-S,S-dioxide (0.0050 g, 2.0%), 

mp 141-142° (lit114 141-142°).

'c=c, arom), 1570 (w)

(<SCH) , 1455 (s) (6ch), 1447 (s) (6Cfi) •

SO_), 1160 (s)

SO2CH2), 2.80-1.20
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wax bath at the specified temperature (i.e. 135°, 150° and

,o160°) . For the high temperature (i.e. 170

a different technique was used. The sample was introduced

into the Fischer-Porter tube in an aluminum dish which was

mechanically suspended on the wall of the tube by copper

wires at ca. 3 inches above the level of cyclohexane in the

tube. The solvent was degassed as described earlier, and
the tube was sealed. During this process, extreme caution

exercised to prevent either the solvent or the samplewas
from coming into contact with the copper wires. The tube
was heated in bath at the desired temperature (i.e.
180°), and was shaken such that the aluminum dish was

immediate reaction

After completion of the thermolysis (Table 20) ,took place.

determined using chloroform as the solvent and the peak

measured relative to TMS.

<53.68 (s, 1H, SO2CH2

The2H,

of the various signals were obtained from
repeated (five to twelve) integrations and the average

The signals
for 6H-dibenzo [}>,d^-

63.68 (dt, 1H, SO2CH for cyclo-
62.92

dropped into the solvent whereby an

was added as the internal

positions were
integrated were:

a wax

the solvent was evaporated in vacuo and the required amount 

of phenyl methyl sulfoneU^

so2ch2 
relative areas

SO2CH3
for 2-biphenyl cyclohexylmethyl sulfone).

thiopyran-SyS-dioxide), 

heptatrieno [1,2-bj -2H-thionaphthene-l, 1-dioxide) , 

(s, 3H, SO2CH3 for methyl phenyl sulfone), and 62.52 (d,

and 180°) runs,

standard (Table 21). The nmr spectrum of the mixture was
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value was used without statistical analysis. The absolute
yield of the various components of the mixture was calcu

lated by known methods (see Section 4.1.3.1.1) and the

product ratios and total yields were obtained from the

absolute yields (see Section 4.1.3.1.1) by the appropriate

computations. The results are summarized in Table 21.

The procedure was repeated in the absence of the

internal standard and the 143/144 ratios were determined from

the relative areas per proton. The results are summarized

in Table 20.

4.2.0.0.0 4 1 -Nitro-2-biphenylsulfonyldiazomethane

4.2.1.0.0 Synthesis

4.2.1.1.0

2-Aminobiphenyl (42.25 g, 0.25 mole) was dissolved in

95% sulfuric acid (600 ml) keeping the temperature below

30°, with vigorous stirring. The resulting homogenous

in an ice-salt bath, and powdered

200 ml) and recrystallized from a methy

lene chloride-ethanol mixture (1:1 v/v) by evaporation of

the methylene chloride to give 2-amino-4 '—nitrobiphenyl

potassium nitrate (25.28 g, 0.25 mole) was added in small 

portions while the temperature was maintained at 0-5°.

cold water (3 x

solution was cooled to 0°

2-Amino-4 '-nitrobiphenyl'1'20

After 2 hr, the mixture was poured into an ice-water
mixture (5 1) and the solids were collected, washed with
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(41.2 g, 77%)

158°) .

4.2.1.2.0

2-Amino-4'-nitrobiphenyl (21.4 g, 0.10 mole) in 30%

aqueous sulfuric acid (200 ml) was diazotized with sodium

nitrite (6.9 ,o0.10 mole) in water (50 ml) at O' and theg,

cold solution was filtered at 0°. The filtrate was added
mixture of freshly prepared copper

(35 g, 0.50 mole) suspended in 30% aqueous sul-

A stream of sulfur dioxide was introduced continuously
throughout the addition of the diazonium salt, and the
mixture was vigorously stirred. The temperature was kept

for 1 hr, after which, it

(5

Acidification of the combinedthe original filtrate.
filtrate with concentrated sulfuric acid to pH 1 and addi
tion of a saturated aqueous solution of ferric chloride
(400 g) and methanol (500 ml) gave

give iron (III) tris (4 1 -nitro-2-biphenylsulfinate)
Addition of a 10% aqueous potassiumorange powder.

Sodium 41-nitro-2-biphenylsulfinate 

(cf. Gatterman-l-(-|9)

an organe precipitate

as an

in small portions to a 

powder^O^

was lowered to room temperature and the solids were fil-

x 200 ml) and the filtered extracts were combined with

which was filtered and washed with water (3 x 300 ml) to

at 5-10° for 2 hr, and at 40°

tered, extracted with warm, dilute ammonium hydroxide

as orange-yellow crystals, mp 158° (lit120

furic acid (200 ml) saturated with sulfur dioxide at 0°.
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carbonate solution (3 x 200 ml) to the iron salt and

filtration gave an aqueous solution of potassium (4 '-

nitro-2-biphenyl)sulfinate and was used as such, without
isolation of the free sulfinic acid.

4.2.1.3.0 Ethyl N- (4 ' -nitro-2-biphenylsulfonylmethyl)

carbamate (cf. Strating

An aqueous solution of potassium 4'-nitro-2-biphenyl-

acidified to pH 3-4. Ethanol (ca. 100 ml) was added to

the suspension to dissolve the precipitated sulfinic acid

and filtered. After 1 month at room temperature the pre

cipitated crystals were filtered, washed with water (3 x

50 ml) and recrystallized from carbon tetrachloride while

avoiding excessive heating to give ethyl N- (4' -nitro-2-bi-

phenylsulfonylmethyl) carbamate (9.1 g, 25% based on 2-amino-

colorless crystals, mp 133°; ir4'-nitrobiphenyl) as

(KBr) 3327 (s) , arom), 2968 (w)

1583 and v(w) ), 1515 (s)

1384 (m) , (v

1135 (s)1237 (s) , 1210

1095 (m) , 1072

(m) ; nmr 6(CDClj) 8.24 (d, 2H,765 (s) (6qh)> and 697 cm

8 Hz ,£ab ~arom,

v max

ha,

(W) , 1025 (s),

,-l

26)

(vC=C

1343 (s)

(vNH 

aliph), 1720 (s) (vC=0' '

(6NH

NO,), sym 2
(m), 1173 (m), .

ml), and a 37% aqueous formaldehyde solution (3.0 ml) was

sulfinate, ethyl carbamate (8.9 g, 0.10 mole), water (200

'C=(P '
> NO.), 1462 (m) (6CH), as z

1307 (s) (v

(vCH'

ortho to N02), 8.08 (dd, 1H, arom.

), 3170 (w) (vCH

amide) , 1595 (m) (v,

i SO,), 1276 (m), as

(vsymSO2), 1H8 (m),

1000 (w), 907 (m), 850 (s),
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J = 8 Hz, J = 2 Hz,
= 8 Hz, 5.77

7 Hz,

208
(8), 200 (11), 199 (96), 184 (10), 183 (6), 169 (45), 153
(42), 152 (100), 151 (30), 141 (30), 127 (10), 126 (10),
119 (25), 117 (25), 115 (25), 102 (22).

Anal.

4.2.1.4.0
N-nitrosocarbamate

An ice cold solution of nitrosyl chloride (3.0 g) in
pyridine (10 ml)

(3.64 Afterg.

30 min at 10
for 30 min. The

pale yellow oil solidified during this period. The crystals

formed were collected, dissolved in methylene chloride

Additionevaporated in vacuo to a final volume of 10-20 ml.
of ether to the stirred solution gave yellow crystals which

of ethyl N- (4 ' -nitro-2-biphenylsulfonylmethyl) carbamate 
0.010 mole) in pyridine (10 ml) at 5-10°.

Hc,

hb,—AB
(t, 1H,

was added dropwise to a stirred solution

were recrystallized from methylene chloride-ether mixture

mixture (600 g) and allowed to stand at 0°

(50 ml), the solution was dried (MgSO^) and the solvent

C16H16N2°6S requires: C, 52.74; H, 4.43.

Found: C, 52.77; H, 4.52.

°, the mixture was poured into an ice-water

ortho to SO2), 7.73 (d, 2H, arom,

(1:9 v/v) to give ethyl N-(4'-nitro-2-biphenylsulfonyl-

meta to NO2), 7.62-7.30 (m, 3H, arom),
J = 7 Hz, NH , 4.27 (d, 2H, aliph, J = 7 Hz, S0,CHo), 

3.90 (q, 2H, aliph, J = 8 Hz, OCH2CH3), 1.08 (t, 3H, aliph, 
J = 8 Hz, OC^CHj); ms m/e 364 (<1) (M+-), 231 (18),

Ethyl N-(4'-nitro-2-biphenylsulfonylmethyl)- 

(cf. Strating24)
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arom), 2970 (w) , aliph). aliph), 1740

(s) (v, ), 1583 (m) (v,

(v and v (5,N=O

(s) SO2), 1268 (m) , 1242 (m) , 1145 (s) (v

(s), and 698

= 8 Hz, ortho to NO2), 7.92 (dd, 1H, arom. J = 8 Hz,

J = 2 Hz, ortho to SO2), 7.66 (d, 2H, arom, JAB = 8 Hz,

7.60-7.36 (m, 3H, arom), 4.79 (s, 2H,

3H, aliph, OCH2CH3).

Anal. Found: 48.65; H, 3.94.C,

4 ' -Nitro-2-biphenylsulfonyldiazomethane (cf.4.2.1.5.0

and Muchowski

Ethyl N- (4 ' -nitro-2-biphenylsulfonylmethyl) -N-nitro-

socarbamate (3.93 g, 0.010 mole) was dissolved in methylene

chloride (50 ml), and neutral alumina (20 g) was added to

After 10 hr at roomthe solution, with vigorous stirring.

second portion of alumina (10 g) was added

and after 36 hr the alumina was filtered.to the mixture,

Evaporation of the solvent in vacuo at room temperature to

a final volume of 10 ml, followed by addition of light

methyl) -N-nitrosocarbamate (3.73 g, 95%) as pale yellow 
crystals, mp 97-99° (decomp); ir v.

Ha,

HC,

hb.

asNO2), 1455 (m) CH), 1390 (m), 1370 (m), 1340

25)

^ab

('’as

Stratingl^

C16

(vc=c 'c=c), 1555 (s)'c=0), 1594 (m)

(VCH

(m) ; nmr 6(CDC13) 8.20 (d, 2H, arom,

symSO2), 1096

(w) , 1068 (w) , 1020 (s), 1000 (s), 850 (s), 822 (s), 700 
cm~l

meta to NO2),
aliph, SO2CH2) , 4.40 (q, 2H, aliph, J =8 Hz, OCJ^CH^,
1.32 (t.

H15N3O7S requires: C, 48.85; H, 3.84.

temperature, a

’max™ 3020 (w) (VCH,

2940 (w) (vCH,
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petroleum gave bright yellow crystals which were recry

stallized from a mixture of methylene chloride and light

petroleum (1:2 v/v) to give 4' ~nitro-2-biphenylsulfonyl-

(KBr) 3060 (m)

(v, ), 1591 (m) ) , 1559 (w), 1505 (s) (v

), 1343 (s) (v

(s) (v

-1 (s) ; nmr

6 (DCClg-dg-acetone, 80:20 v/v) 8.24 (d, 2H, arom, =

8 Hz, ortho to NO,), 8.12 (dd, 1H, arom, J = 8 Hz,2

7.60-7.30 (m, 3H, arom), 5.16 (s, 1H,

(5), 149 (5), 123 (5), 121 (100).

Anal.

4.2.2.0.0 Thermolysis in cyclohexane

4 '-Nitro-2-biphenylsulfonyldiazomethane (3.03 g,

After evaporationfor 2 hr.
of the solvent, methylene chloride (200 ml) was added to
the residue and the residual solids were washed thoroughly

A black solid, insoluble in methyleneand filtered.

C13H9N3O4S requires: C, 51.48; H, 2.99.

ha,

HC,

(5ch

HB'

'CH, arom) 2098 (s)
(VC=C

), 1427 (m) (|SCH

0.010 mole) in degassed cyclohexane (25 ml) was heated in 
a Fischer-Porter tube at 140°

diazomethane (2.58 g, 85%) as bright yellow crystals, mp
134° (decomp) ; ir v max

, 24C=N2
1460 (m) sym

S0?), 1120 (m), 1101

'asNO2>,

asSO2), 1270 (s), 1146 (s) (v>symSO2:. "" ( 113
(m) , 1070 (m) , 1036 (w) , 1015 (w) , 1000 (w) , 890 (w) , 852

(M+‘), 278 (<1), 275 (<1), 152

J = 2 Hz, ortho to SO2), 7.58 (d, 2H, arom, = 8 Hz,

SO2CHN2); ms m/e 303 (<1)
meta to NO2),

Found: C, 51.72; H, 3.08.

N02), 1313

(s) , 860 (s) , 760 (s) , 735 (w) , and 700 cm'
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chloride, acetone or ether was thus isolated (ca. 2.5 g) ,

but was not characterized. The filtrate was then concen
trated down to 10 ml and the resulting mixture was resolved
by thin layer chromatography on silica gel. Elution with
30% chloroform in light petroleum gave:
(i) cyclohexylmethyl 4 '-nitro-2-biphenylyl sulfone (0.18 g,
5%) as yellow crystals, mp 94° from light petroleum; nmr

, ortho to NO2),8 Hz,
Hc, ortho to SC>2) ,J = 2 Hz,

7.64-7.26
1.80-

11H,
203 (26), 195 (11), 165 (23), 164 (15), 163 (14), 145 (27),
135 (45), 121 (22), 105 (24), 101 (22), 93 (72), 92 (71),
91 (51), 90 (17), 89 (21), 88 (14), 87 (36), 81 (67), 80
(62), 79 (100), 78 (45), 77 (95), 76 (15).

63.66; H, 5.98.Anal. Found: C,
63.50; H, 5.89.<"19H21NO4S requires: C,

(ii) Recrystallization of the second fraction from light
solid (6 mg, 0.002% by wt) as pale yellow

arom),(KBr) 3025 (w) (v,crystals, mp 75-78°; ir v

2920 (w)

(v 1450

(w), 852 (s), and 746 cm'

184 (5), 169 (8), 153 (10), 152 (23), 87(2) , 199 (23) ,

83 (100), 74 (50) , 59 (70) .(13), 85 (70) ,

'asN02>'

1102 (m), 1005

(vCH'

HB

ha

petroleum gave a

, meta to N02),
(m, 3H, arom), 2.60 (d, 2H, aliph, J = 6, SO2-CH2) , 

0.80 (m, 11H, aliph, cyclohexyl); ms m/e 359 (<1) (M+‘),

max' CH' 
aliph), 2835 (w) , 1592 (s) (vc=c), 1505 (s)

(s) (6ch), 1397 (w), 1335 (s)

,-l

arom, =

(vsym'

(s); ms m/e 277

arom, J = 8 Hz,

6(CDC13) 8.24 (d, 2H,

8.20 (dd, 1H,

7.57 (d, 2H, arom, = 8 Hz,
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(iii) Recrystallization of the third fraction from methylene

chloride - light petroleum mixture (1:4 v/v) gave 4'-nitro-

2-biphenylsulfonyldiazomethane (0.080 g, 2.7%) as bright

yellow crystals, mp 134° (decomp); ir identical with that

of the starting material.

4.2.3.0.0 Pentafluorophenylcopper (I) tetramer-catalyzed
decomposition

A solution of 4 '-nitro-2-biphenylsulfonyldiazomethane
(0.303 0.0010 mole) and pentafluorophenylcopper(I)9,

tetramer (5 mg) in chloroform (20 ml) was stirred at room
The reaction mixture was concen-temperature for 1 hr.

fourth of its volume and anhydrous ether (25 ml)

was added to give

recrystallized from chloroform to give trans-1,2-di (41

nitro-2-biphenylsulfonyl)ethylene (0.124 g, 45%) as pale

(KBr) 3070 (w)yellow crystals, mp 224°; ir Vmax
), 1590 (m) (v,3020 (w)

), 1440 (w), 1355 (s),1520 (s) 1467 (s)
(v 1320 (s)

1130 (m), 1113 (m), 1070 (m),1147 (s)
, trans-vinylic),960 (s)1040

(s); nmr 6(CDC13)754 (s), and 700 cm'854 (s) , 773 (s) ,
= 8 Hz,8.18 (d,

7.00 Cm, 12H,
253 (10), 224 (15), 223 (8),(5) , 281 (15) ,428 (2), 295

C=c' '

so2),

(',CH'
(vas

(6CH 
,-i

'CH, arom),

-AB 
arom), 6.32 (s,

('’as

a pale yellow precipitate which was
trated to a

(6CH
1275 (w), 1248 (w), 1182 (w) ,synW'

1168 (s).

;no2) ,
vinylic) , 1605 (m) (^oc

4H, arom, Ha, ortho to N02), 7.80- 
2H, vinylic, SO2-CH=); ms m/e

(v SO,,), sym 2
(w) , 1023 (w) , 1008 (m) ,
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221 (19), 209 (13), 208 (19), 207 (100), 200 (11), 199

(22) , 96 (17) , 86 (33) , 84 (49); 550 (not observed)
Anal. Found: C, 56.68; H, 3.32.

requires: C, 56.73; H, 3.30.

able materials. Nmr spectrum of the mixture is given in
Section 3.1.3.3.0.

4.2.4.0.0 (4 ' -Nitro-2-biphenylsulfonyl)triphenylphos-
phaldazine

4.2.4.1.0 Synthesis )

A stirred solution of 4' -nitro-2-biphenylsulfonyl-
diazomethane (3.03 g, 0.010 mole) and triphenylphosphine
(2.62 0.010 mole) in ether (60 ml) was kept at room9,

The pale yellow precipitate formedtemperature for 1 hr.
was filtered, washed, and recrystallized from super dry
ethanol avoiding excessive heating to give (41 -nitro-2-

(decomp); ir vpale yellow crystals, mp 173
(w) ), 1582 (m) (V,arom), 1595 (m) (v

1476 (s),
1235 (w),
(v

8.13

(49), 184 (12), 169 (20), 153 (20), 152 (55), 151 (24), 147
(M+-).

(v : as
(v

(VCH'
NO,) , 1 z

as50?1 ' do Z

1064 (s)

f r , • 24(cf. Stratmg

994 (w) , 934 (m) , 854 (m) , 800 (s) ,
-1

C=C
1430 (s), 1345 (s) (v

symSO2>'
787 (s) , 750 (s), 720 (s), and 693 cm (s); nmr 6(CDC13)

(dd, 1H, arom, J — 8 Hz, J = 2 Hz, H^, ortho to SC^) r

C26H18N2°8S2
Attempted resolution of the remaining mixture gave intract-

i (KBr) 3050 max
> „), 1510 (s) c—c
NO-), 1307 (s) , sym 2

1175 (w), 1140 (s), 1106 (s), 1083 (s),

biphenyl sulfonyl) triphenylphosphaldazine (5.37 g, 95%) as 
o
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= 8 Hz, ca.

0.6H, vinylic,

7.70-7.30 (m,

, meta to NO-,) ; ms m/e 537 (5)

247 (10), (12) ,231 (10), 213 (10), 201 (12), 200 (10),214
199 (29), 198 (15) , (16), 185 (49), 184 (100), 183 (53),186
171 (10), 168 (14) , (9), 162 (10), 154 (10), 153 (18) ,165
152 (60), 151 (31) , (12), 140 (10), 139 (33), 126 (9),150
115 (12), (15) ,108 (10), 89 (10), 77 (75); 565 (not107

,+observed) (M ').
Anal. Found: C,

4.2.4.2.0 Thermolysis in cyclohexane

(4 ' -Nitro-2-biphenylsulfonyl) triphenylphosphaldazine
(0.565 0.0010 mole) was heated in degassed cyclohexane<3r

Fischer-Porter tube at 170° for 4 hr. The
reaction mixture was resolved by thin layer chromatography

Elution with 30% chloroform in light
petroleum gave two fractions.
Recrystallization of the first fraction from light petro
leum gave cyclohexylmethyl 4 '-nitro-2-biphenylyl sulfone

with that of sample obtained above.
Recrystallization of the second fraction from ether - light
petroleum mixture (1:4 v/v) gave triphenylphosphine oxide

ha,-AB = 8 HZ/ HA' ortho to NO ), 7.83 (s, 

S°2cH=N) , 7.81 (s, ca. 0.4H, vinylic, SO2CH=N), 

18H, arom), 7.20 (d, 2H,

HB

on silica gel.

(20 ml) in a

arom, JjB = 8 Hz, 
(M+-N2), 536 (5), 460 (6) , 

343 (9), 279 (9), 278 (18), 277 (30), 276 (15), 262 (18),

65.95; H, 4.50; N, 7.73.

C31H24N3°4PS recJuires: ci 65.83; H, 4.28; N, 7.43.

7.97 (d, 2H, arom,

(15 mg, 4.2%) as pale yellow cyrstals, mp 94°; nmr identical
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(89 mg, 156-
157°); ir identical with that of

Miscellaneous4.2.5.0.0

4.2.5.1.0

(cf. Otto

Ethanol was added to an aqueous solution of potassium

4 ' -nitro-2-biphenylsulf inate (see Section 4.2.1.2.0) and

excess methyl iodide (5 ml) in small portions, until a

homogenous solution was obtained. After 1 week at room

volume of 4 0 ml, and the pale yellow precipitate was

collected and recrystallized from methylene chloride -

light petroleum mixture (1:9 v/v) to give methyl 4'-nitro-2-

biphenylyl sulfone (0.74 g, 32% based on 2-amino-4'-nitrobi-

phenyl) as pale yellow crystals, mp 172°; ir (KBr)

aliph), 1600

(v 1464 (m)

SO,), 1158(s)1308

1075

(m) ; nmr gtCDC^)

8,22 (dd, 1H, arom.8.26 arom,

J = 8 Hz, J = 2 Hz,

277

^CH'

H„, ortno to £>u,. , --- ------ -

aliph, SO2CH3); ms m/e 278 (7),

197 (10), 181 (19), 168 (50), 153 (14),

HA'

temperature, the solvent was evaporated in vacuo to a

asN02>' 

(vasNC>2) , 

1110 (w),

an authentic sample.

Authentic methyl 4'-nitro-2-biphenylyl sulfone 

122j

vmax

3090 (w) (vchz arom) / 2945 (w) (vCH, alipb) > 2860 (w) 
) , 1588 (m) (v

arom), 2.72 (s, 3H, 
(39) (M+‘) , 198 (24) ,

ortho to NC^),
ortho to SO,), 7.75-7.32 (m, 5H,

^as8^1' 1158 (S) (vsymSu2"
(w), 1044 (w) , 1011 (w), 954 (m), 862 (s) , 

741 (m) , and 710 cm 1

(m) (Vr_r), 1588 (m) (v ), 1513 (s) 
(«CH), 1435 (w), 1408 (w), 1351 (s)

SO,) , 1133 (w),

32%) as tan crystals, mp 156-157° (lit126

775 (s), 763 (s).

(d, 2H,
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152 (100), 151 (70), 150 (22), 139 (32), 126 (17).
Anal.

4.3.0.0.0

4.3.1.0.0 Synthesis

4.3.1.1.0

A mixture of 2-nitrobiphenyl (19.9 g, 0.10 mole),

bromine (10.0 0.125 mole) and ferric chloride hexahy-9/
drate (2.70 0.010 mole) in water (25 ml) was kept at9,
room temperature for 48 hr. The mixture was warmed on a
steam bath for 4 hr at 60°, filtered, and the excess bro-

mi) , dried (MgSO4), and distilled under reduced pressure
to give 4 '-bromo-2-nitrobiphenyl (14.5 g, 52%) as a pale

300°/l atm, and
65°) .

(cf.4.3.1.2.0
Campbell

4 '-Bromo-2-nitrobiphenyl (27.9 g, 0.10 mole), calcium
0,10 mole), and zinc dust (327 g, 5 mole)chloride (11.0 g.

were added to 80% aqueous ethanol (1 1) and the resulting

4 ' -Bromo-2-biphenylsulfonyldiazomethane

4 ' -Bromo-2-nitrobiphenyl^-2

2-Amino-4'-bromobiphenyl hydrochloride
126)

The product was extracted with methylene chloride (3 x 100

mine was destroyed by the addition of sodium carbonate.

C13H11NO4S requires: C, 56.32; H, 4.00.

Found: C, 56.42; H, 4.04.

yellow oil which solidified on standing, bp 138°/0.2 mm 
(lit125 300°/l atm, and124 195-200°/4 mm), mp 65° (lit125
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mixture was boiled under reflux for 3 hr, filtered while

hot, washed with hot. 95% ethanol (3 x 100 ml), and the
combined filtrates evaporated in vacuo to a volume of
200 ml. The oil was extracted with ether (3 x 250 ml) and
dried. Addition of dry hydrogen chloride to the ether

solution gave a colorless solid which was recrystallized

from dilute hydrochloric acid to give 2-amino-41 -bromobi-

220-222°).

4.3.1.3.0 (cf.

Gatterman

2-Amino-41-biphenyl hydrochloride (28.45 g, 0.10 mole)

sodium nitrite (6.9 g, 0.10 mole) in water (50 ml), and the

(35 g, 0.50 mole) in

30% aqueous sulfuric acid (200 ml) saturated with sulfur

dioxide at 0°, with vigorous stirring. A stream of sulfur

dioxide introduced into the mixture continuously,was

keeping the temperature of the mixture at 5-10 for 2 hr,
The solids wereand then at 40° for

filtered and extracted with warm, 20% aqueous ammonium
100 ml) and filtered again.

Acidification of the combined filtrates with 30% sulfuric
acid gave 4 1 -bromo-2-biphenylsulfinic acid (15.2 g, 51.2%)

4 '-Bromo-2-biphenylsulfinic acid

109)

phenyl hydrochloride (20.5 g, 72%) as colorless crystals, 
mp 220-222° (lit124

hydroxide solution (5 x

an additional hour.

cold solution was gradually introduced into a suspension
1 H Q of freshly prepared copper powderxuo

in 30% sulfuric acid (200 ml) was diazotized at 0° with
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a colorless powder, unstable to light and air; iras

(KBr) 3450 (s) , 3360 (m), 3060 (w) , 2890 (w) (v
(w) ), 1460 (m) (<5ch), 1325 (w) , 1215 (s) (v
1170 (m), 1142 (s) (v
823 (m)

4.3.1.4.0 Ethyl N- (4 ' -bromo-2-biphenylsulfonylmethyl)

carbamate

ethyl carbamate (17.8 0.20 mole), water (400 ml), and a9/

37% aqueous formaldehyde solution (25 ml) were placed in a

1 liter flask. and ethanol was added at 50° in small por
tions, with vigorous stirring, to dissolve the sulfinic

acid. The solution was then acidified with 95% formic acid

The crystalline precipitate was collected, andmonth.

recrystallized from carbon tetrachloride - ether - light

biphenyl sulfonylmethyl) carbamate (15.9 g, 22.0%) as colorless
), 3046

, aliph),aliph), 2940 (w)(w)
2908 (w)

), 1588 (w)
1312 (s)
(s) (v

(VCH

(m) (<5ch) ; it was used, without 
purification, in the next step.

<VCH'

so2),
(vc=o

(KBr) 3336 (s) (vNH

(6ch

v max
SO2H^' 1690 

'aSS02>' 
symS02), 1068 (m)' 1016 (ra)' 1003 (m)'

) , and 762 cm-3-

(v= „ d O

S0o ) , sym 2• '

(vc=c

(vc=c
1276 (m) , 1243 (s) (6NH), H73 (w) , 1143 

1119 (w), 1066 (w) , 1028 (m), 1000 (w) ,

4 1-Bromo-2-biphenylsulfinic acid (59.4 g, 0.20 mole),

to pH 3-4, and allowed to stand at room temperature for 1

crystals, mp 131-132°; ir v max 
arom), 2981 (w) (vCH, 

aliph), 2868 (w) (vqjj, aliph), 1720 (s)
), 1524 (s), 1458 (s) (6CH), 1383 (m) ,

<VCH'

petroleum mixture (1:1:1 v/v) to give ethyl N- (4 1 -bromo-2-

(cf. Strating^G)
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nmr

7H, arom),
(d, 2H, aliph, J
J = 7 Hz, 3

Anal.

4.3.1.5.0 Ethyl N- (4'-bromo-2-biphenylsulfonylmethyl)-N-

nitrosocarbamate

Nitrosyl chloride was introduced through a sintered

After 30 min at 10°, the mixturedistinctly red-brown.

in small portions, into an ice-water mixturewas poured.

(100 g) with continuous stirring. The initially formed
yellow oil solidified within 30 min. The precipitate was
collected, washed with ice-cold water (3 x 25 ml), dissolved

The solvent was

(1:5 v/v) to give ethyl N-(4'bromo-2-biphenylsulfonylmethyl)-

stirred solution of ethyl N-(4'-bromo-
2-biphenylsulfonylmethyl)carbamate (3.98 g, 0.010 mole) 
in pyridine (10 ml) at 5-10°, until the solution became

1,10 3H' aliph- J = 7 Hz, OCH2CH3);
ms (see Section 3.1.5.1.0).

IA, ortho to S02), 7.60-7.20
5.63 (t, 1H, J = 7 Hz,

glass bubbler into a

were recrystallized from methylene chloride - ether mixture

H^gBrNO^S requires: C,

(®CH' Para~disubstituted benzene), 

(m) (<5(2h, ortho-disubstituted benzene);

912 (w), 858 (w), 828 (m) 

and 776 cm~l

6(CDC13) 8.11 (dd, 1H, arom H 

(m,

48.25; H, 4.05.

in methylene chloride and dried (MgSO^).

evaporated in vacuo at room temperature down to 10 ml, and 

ether (ca. 5 0 ml) was added to give yellow crystals, which

C16

Found; C, 48.22; H, 4,10.

(cf. Strating3^)

SO2CH2NH), 4.26

7 Hz, SC^CJ^NH) , 3.93 (q, 2H, aliph,

OCH_CH_),
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mp
(decomp) ; ir v. (v,

(w) (v, ), 2976 (w) aliph), 2948 aliph),CH
1738 (s) ), 1590 (w) (v, (s), 1460 (s) (6.
1393 (\) S02), 1252 (m) ,

(s)1152 (v
868 (s), para-disubstituted benzene), and
758 cm (s) , ortho-disubstituted benzene);
7.98 (dd, 1H, J = 7 Hz, Jarom,
SO2) , 7.60-7.40 (m, 7H, arom), 4.78 (s, 2H, aliph,

1.38

Anal.

4 1 -Bromo-2-biphenylsulfonyldiazomethane4.3.1.6.0
and Strating

A mixture of ethyl N-(4'-bromo-2-biphenylsulfonyl-

alumina (20 g) and anhydrous magnesium sulfate (2 g) in
methylene chloride (100 ml) was stirred at room temperature
for 4 8 hr until the infrared spectrum of an aliquot of the

The solids werecarbonyl absorption.
then filtered, and the solvent was evaporated carefully at

Addition of lightroom temperature to a volume of 10 ml.

sym

838 (s)

CH} '

'CH, arom), 3022

'c=c), 1540

(w) (vCH,

19)

mixture showed no

<5CH

(VCH'

nmr 6 (CDCI3)

<6CH'

N=0), 1333 <S) ^s

SO2), 1122 (m), 1068 (w), 1018 (m), 1003 (m),

SC^Ct^N (NO) R) , 4.46 (q, 2H, aliph, J = 7 Hz, OCH2CH3), 
(t, 3H, aliph, J = 7 Hz, OC^CHj); ms m/e (see Section 
3.1.5.1.0) .

n r(cf. Muchowski

1.5 Hz, HA, ortho to

(VC=O
(m), 1375 (s)

methyl)-N-nitrosocarbamate (4.27 g, 0.010 mole), neutral

N-nitrosocarbamate (4.1 g, 96%) as pale yellow crystals, 
85-89°

C16H15BrN2°5s re<3ui-res: c» 44.98; H, 3.54.

'max(KBr) 3075 (w)

Found: C, 45.08; H, 3.66.
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petroleum to the mixture gave bright yellow crystals.

Recrystallization of the product from methylene chloride -

light petroleum mixture (1:3 v/v) , avoiding excessive

heating, 4 1 -bromo-2-biphenylsulfonyl diazomethanegave
o(2.86 g, 85%) as bright yellow crystals, mp 104-106

ir (KBr) 3053 (m) , arom), 2110 (s)
) ,

(6,(m) SO2), 1284
(s), 1260 (m), 1151 (s) (v S02), 1140 (s) (v

, ortho-disubstituted'CH

6(CDC13) 8.14 (dd, 1H,(m) ; nmr

J = 1.5 Hz,

SO2CH=N2); ms m/e (see Section1H,

3.1.5.1.0) .

Anal. Found:

requires: C, 46.31; H, 2,69.

Thermal decomposition in perfluoro(methylcyclo-4.3.2.0.0

hexane

4'-bromo-2-biphenylsulfonyldiazomethaneA mixture of

(0.337 g, 0.0010 mole) in perfluoro(methylcyclohexane)

(20 ml) was heated in a sealed tube, in the absence of

At the end of the reaction, the

silica gel.
solvent was distilled, and the residue was resolved by thin

Elution with a mixture

HgBrN2O2

;CH), 1398 (w), 1323 (s) (vas

layer chromatography on

(VC=C

(VCH

), 1570 (w), 1490 (w), 1468 (s)

c13h9

para-disubstituted benzene), 776 (6, 
benzene), and 716 cm-1

vmax
1594 (m)

(decomp)
(v 24 lvCH=N2
(<5ch) , 1440

arom, J = 7 Hz,

oxygen, at 135° for 8 hr,

Ha, ortho to S02), 7.60-7.20

sym^2" 'vsymS02)' 1130

(s), 1074 (m) , 1027 (w) , 1012 (m) , 900 (w) , 827 (s) (6CH,

(m, 7H, arom), 4,75 (s,

C, 46.29; H, 2.75.
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gave fractions (i) and (ii) .

Recrystallization of fraction (i) from methylene chloride -

■2H-thionaphthene-1,1-dioxide (0.027 g, 8.7%)

(KBr) 3048 (w)
) , 1460 (m) (6ch) , 1338 (s)

SO2), 1292 (w), 1242 (w) , 1176 (s), 1160 (s) (vsymSO2) ,
1142 (s) (m) , 1018 (w), 1002 (m),

-1932 (m)
(s) ortho-disubstituted benzene) ; nmr (see Section
3.1.5.2.0); ms m/e (see Section 3.1.5.2.0).

Anal.

requires: C, 50.50; H, 2.93.C 2

, aliph) , 2922 (w) (v,arom), 2962 (w)

(5,), 1513 (s), 1462 (w)(w) aliph), 1593 (w)

(s) (v1346 (s) (v. 1322 (s), 1158

6H, arom),

m/e (see Section 3.1.5.2.0).4.38 (s, ms

3.01.Anal.

(vCH'

SO2), 1118 (m), 1068

(<SCH'

(<SCH'

<VCH

<VCH'

C13

13H9BrO

^vas

(vC=C

vmax

asso2>' do Z

and 755 cm-1

aliph), 2856

arom), 1588 (w) (vc=c

ortho to S02), 7.80-7.40 (m,J = 1.5 Hz,

symS02), 858 (m),

(m) ; nmr 6 (CDCl^) 8,80 (dd, 1H, arom, J = 8 Hz,

light petroleum mixture (1:1 v/v) gave 5-bromocyclohepta- 

trieno p., 2-bJ - 

as pale yellow crystals, mp 170-171°; ir

H9BrO2 requires: C, 50.50; H, 2,93.

Found: C, 50.43; H, 3.05.

Found; C, 50.25; H,

HA'

2H, aliph, SO2CH2);

Recrystallization of fraction (ii) from ether gave 4-bromo- 

6H-dibenzo [b,dj thiopyran-S, S-dioxide (0.009 g, 2.9%) as 

pale yellow crystals, mp 195°; ir vmax(KBr) 3068 (w) (vCH,

of 3% methanol, 32% chloroform, and 65% light petroleum

(vsym'

cis-olefin) , 822 (m) , 790 (m), and 763 cm'
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Catalytic decomposition of 4 '-bromo-2-biphenyl-4.3.3.0.0

A stirred suspension of 4 ' -bromo-2-biphenylsulfonyl-

allowed to react with pentafluorophenylcopper (I) tetramer

(10 mg) at room temperature. After 24 hr, the solvent was

evaporated in vacuo at 40°, and, the residue was dissolved

in chloroform (10 ml) and ether (30 ml) was added. The

colorless crystals formed were recrystallized from chloro

form - ether mixture (1:4 v/v) to give trans- 1,2-di- (4

bromo-2-biphenylsulfonyl) ethylene (99 mg, 32%) as colorless

(KBr) 3060 (w) (v.

1177 (s) (v

trans-olefinic),
(s) ; nmr MCDCl^)843 (m) , 830 (m) , 800 (s) , and 765 cm'

J = 2 Hz, Hp,ortho to SO2),8.11

8 Hz, Ha, ortho to Br), 7.70-7.48 (d, 4H, arom,

J = 2 Hz,7.40

= 8 Hz,ortho to bromophenyl), 7.06 (d, 4H, arom,

3.1.5.3.0).

Anal.

requires; C, 50.50; H, 2.93.

After isolation of the dimer, the filtrate was

sulfonyldiazomethane

hf,

hB'

Br2°4S2

>CH), 2960 (w)

symS02 '

1047 (w) , 1030 (w) , 1012 (m) , 940 (s) (6,

^AB
(m, 4H, arom) , 7.29 (dd, 2H, arom, J = 8 Hz,

C26H18

(vc=c), 1470 (m) (<5ch) , 1336 (s) (vasSC>2),
1170 (s), 1153 (s), 1130 (m), 1080 (m) ,

—AB
meta to Br) , and 6.34 (s, 2H, vinylic); ms (see Section

Found: C, 50.42; H, 2.95.

crystals, mp 262°; ir v max
) , 1470 (m) (<5ch) , 1336 (s) (v

(dd, 2H, arom, J = 7 Hz,

diazomethane (0.337 g, 0.0010 mole) in Freon-113 (30 ml) was

(VCH>' 1590

'CH'
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evaporated in vacuo to give a brown oil.

ture of 5-

in 5-bromocycloheptatrieno 1,2-b -2H-thionaphthene-l, 1-
dioxide) and 4.38 in 4-bromo-6H-
dibenzo The ratio of the

per proton to be 10.5.
The components of the brown oil were resolved by thin

layer chromatography on silica gel. Elution with 35%
chloroform in light petroleum gave, in the order of elution,
fractions (i) and (ii).
Recrystallization of fraction (i) from methylene chloride -

, 14.8%)

that of above.

of above,

Nmr (CDC13) 

spectrum of the oil indicated that it consisted of a mix- 

bromocycloheptatrieno [1,2-b]-2H-thionaphthene-l, 1- 

dioxide and 4-bromo-6H-dibenzo^b,djthiopyran-S,S-dioxide.

63.87 (dt, 1H, aliph, a to SO2

Recrystallization of fraction (ii) from ether gave 4-bromo- 

6H-dibenzo Qd , dj thiopyran-S[, Sydioxide (0.0074 g, 

pale yellow crystals, mp 193-195°; ir identical with that
The ratio of 5-bromocycloheptatrieno [1,2-bJ-2H- 

thionaphthene-1,1-dioxide to 4-bromo-6H-dibenzo^b,^| thiopyran-

S, S-dioxide was 6,2(calculated from yields of isolated products).

light petroleum mixture (1:2 v/v) gave 5-bromocyclohepta- 

trieno [jL , 2-bJ-2H5thionaphthene-l, 1-dioxide (0.0458 g 

as pale yellow crystals, mp 170-171°; nmr identical with

The integrated peaks were:

2.4%) as

(s, 2H, aliph, SO2CH2 

Jb_,d^]thiopyran-S,Sy-dioxide) .

former to the latter was calculated from the relative areas
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4.3.4.0.0

phaldazine )

A stirred mixture of 4'-bromo-2-biphenylsulfonyl-

diazomethane (3.37 g, 0.010 mole) and triphenylphosphine

(2.62 g, 0.010 mole) in dry ether (100 ml) was kept at room
temperature for 1 hr. Recrystallization of the precipitate
from super dry ethanol gave (4 ' -bromo-2-biphenylsulfonyl)-
triphenylphosphaldazine (5.76 g, 96%) as colorless crystals,
mp 151-152° (decomp); ir v.
1582 (m) ), 1480 (s) (6 ), 1430 (s)
(<5, SO2), 1240 (s), 1090 (s) ,(s)
1066 (s) so2), 1000 (m) , -940 (m) , 811 (s) («CH), 753
(s) (6. (s) (6,) , and 693 cm'

Anal. 4.06.
62.11; H, 4.04.C31H24BrN2°2PS re<luires: C,

(2-Phenoxy-5-chlorobenzenesulfonyl) diazomethane4.4.0.0.0

4.4.1.0.0 Synthesis

4.4.1.1.0

A mixture of 2-phenoxy-5-chloroaniline (21.95 g,

0,10 mole), concentrated hydrochloric acid (30 ml), and

stirred at 0-2° for 1 hr, and was then

0.10diazotized with an aqueous of sodium nitrite (6.9 g,

CH), 1400 (m), 1290

iCH) ; nmr

CH, arom),

(4 '-Bromo-2-biphenylsulfonyl)triphenylphos- 
(cf. Strating24

(cf. Mitra-1-2?

iCH) , 1458 (s) (<5ch

(vas
(vC=C

S- (2-Phenoxy-5-chlorophenyl) thioglycolic acid 
and Strating27-29)

(6CH

6(CDC1-j) 7.50-7.15 (m, arom); ms m/e (see Section 3.1.6.0.0).

(vsym'

CH), 720 (s)

imax(KBr) 3050 (m) (v,

water (80 ml) was

Found: C, 62.09; H,
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(150 ml) at 0°.mole) After 45 min at 0°, the mixture was

During the addition, the temperature of the

mixture rose to 40-60°. After stirring for 1 hr, the

mixture was extracted with methylene chloride (3 x 50 ml)

and the solvent was evaporated to give 2-phenoxy-5-chloro-

phenylxanthogenate as a brown oil. When the oil was

boiled under reflux with a mixture of sodium hydroxide

(22 g) , water (50 ml) and ethanol (150 ml) for 3 hr, sodium

2-phenoxy-5-chlorophenylmercaptide was formed which was

treated with sodium chloroacetate (from chloroacetic acid)

(18.8 0.20 mole) in 10% aqueous sodium hydroxide (85 ml);<3r

the resulting mixture was boiled under reflux for 45 min.

The ethanol was then evaporated, and the mixture was added

to ice (200 g) and acidified with concentrated hydrochloric

acid to pH 1 with vigorous stirring. The initially formed

brown oil solidified within a few hours. Recrystallization
of the crude product from ether - light petroleum mixture

acid (19.1 9/
H-bonded),1700 (s)ir

1585 ), 1582 (m)
(m) ,
(m) , 1175

carbonate (.50 <j) , and water (20 ml) with efficient stirring 
within 1 hr.

(v0H'
(VC=C

1393 (m),

^nax(.KBr) 3300-2800 (m) (v0H, H-bonded) ,1700 (s) (vc=0) , 
(m) (vr=r), 1582 (m) (vc=c), 1495 (s), 1465 (s), 1416 

1293 (s), 1264 (m) , 1240 (s), 1217 (w), 1203 
(m) , 1160 (m), 1144 (m) , 1105 (m), 1078 (m), 1030

filtered and the cold filtrate was added in small portions 

to a mixture of potassium xanthogenate (25 g) , sodium

(1:1 v/v) gave 5- (2-phenoxy-5-chlorophenyl) thioglycolic 

65%) as colorless crystals, mp 104-105°;
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and 703 cm (m) ; nmr 6 (acetone-d6) 7.50-6.70 (m, 8H, arom,
1H, OH),
294 (75) 250 (5), 248 (6), 238 (7), 237 (8), 236 (14),
235 (9), 218 (.7), 217 (14 ), 216 (20), 215 (25), 214 (7),
213 (8), 206 (8), 205 (6), 204 (30), 202 (13), 201 (15),
200 (100), 181 (15), 173 (12), 172 (25), 171 (52), 168 (17),
139 (14), 130 (11), 121 (19), 115 (7), 109 (9), 108 (8),
107 (10), 95 (37), 93 (10), 92 (8), 91 (98), 86 (14), 84
(25), 79 (10), 78 (8), 77 (65), 76 (7), 75 (17), 74 (15),
73 (16).

Anal.

57.04; H, 3.76.C,

4.4.1.2.0
and Strating

A mixture of acetic acid (150 ml), acetic anhydride
(25 ml), 36% aqueous hydrogen peroxide (140 ml, 1.2 mole),
and S_-(2-phenoxy-5-chlorophenyl) thioglycolic acid (29.45 g,
0.10 mole)
perature for 5-10 days.

After 30 min,
gradual addition of water (100-300 ml) and stirring, until

Recrystallization of thecolorless crystals separated.
crude product from carbon tetrachloride gave

reaction mixture and the temperature was raised to 40°.
the temperture was raised to 60°, with the

3.78 (s, 2H, aliph CH^); 
(M+’) ,

H^^CIO^S requires:

ms m/e 296 (30), 295 (14) ,

(2-Phenoxy-5-chlorophenylsulfonyl)acetic acid 

(cf. Troeger128 and Strating27-29)

was kept at 0° for 5 hr, and then at room tem-

C14

(w) , 908 (w) , 887 (w) , 867 (m), 845 (m), 804 (m), 762 (s), 
-1

Found: C, 56.90; H, 3.90.

Water (100 ml) was added to the
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(2-phenoxy-5-chlorophenyl sulfonyl) acetic acid (20-22 9/
60-70%) (KBr)
3500 (s) ), 3390 (s)
3000 (w) aliph), 1700 (s)CH'

<V, 1460 (s) (6. ) , 1315 (s) (vCH
1285 (s) , 1258 (s), 1237 (s) , 1183 (m) , 1150 (s) (v

-1885 (w) , 814 (m) , 785 (m) , 737 (s) , and 690 cm' (m) ; nmr

7.85 (d, J^E = 2 Hz, Hq, ortho

to SO2), (dd,7.54 1H, —EF = 8 Hz,arom,

so2), = 8 Hz,7.49 (t. 6 Hz, Jpara to Mag

7,26 (t, 1H, arom, J = 8 Hz,0 in phenoxy),meta to Mag

0 in phenoxy), 7.13 (d, 1H, arom,para to

of the Hg, ortho to 0 in phenoxy), 7.11 (d,

the other HR, ortho to 0 in phenoxy), 6.88= 6 Hz, lB

7.17 (s, 1H,8 Hz,

= 2 Hz, Hc), 7.67 (dd, 1H,7.89 (d, 1H, arom,arom,

= 6 Hz,7.49 (t, 2H, arom, J8 Hz,

= 8 ha),Hz ,

2H,

8 Hz,

223 (19), 217 (6), 216 (19), 204 (13),234 (48), 225 (6),

188 (7), 175 (36), 174 (9), 173 (100),202 (8), 200 (18),

171

2eF ~

'C=C^ '

HGz

, meta to SC>2) ,

2H, aliph, CH^) ; 6(acetone-dg and D2O)

'qH, arom) ,

ha,

• • Mab

J^. = 8 Hz, Hg) , 7.20

HB), 6.97 (d, 1H, arom, JEF = 
aliph, CH2); ms m/e 266 (7)

253 (9), 251 (22), 238 (8), 236 (35), 235 (8),

£ce

2 Hz, HE),

hf—EF

OH), and 4.45 (s,

Hf), 

(m+’-CO2-O),

^AG 

(d,

i\B

icE

as colorless crystals, mp 145-146°; ir vmax

6 (acetone-dg)

C=O}' 1577 (m)

(VCO2H)' 3070 (w) (vi 

aliph) , 2940 (w) (v,

6 Hz, one

^h2°
<VCH'

1H, arom,

1H, arom.

7.27 (t, 1H, arom,

2H, arom, =

SOn) , sym 2' '

(m) , 1030 (w), 1020 (w), 910 (s) ,

as5^1 '

arom, = 6 Hz,

= 2 Hz, H ,

4.50 (s, 2H,

1135 (s) , 1102 (s) , 1055

(d, 1H, arom,

(14), 168 (17), 139 (19), 132 (10), 130 (24), 95 (17),
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94 (8) , 91 (15) , 77 (50) ; (M+‘ at m/e 326 was not observed).
Anal.

4.4.1,3.0 Methyl (2-phenoxy-5-chlorophenylsulfonyl)acetate

A stream of dry hydrogen chloride was introduced into

a solution of (2-phenoxy-5-chlorobenzenesulfonyl)acetic

acid (32.6 g, 0.10 mole) in dry methanol (260 ml), and the

mixture was boiled under reflux for 1 hr. The reaction
mixture was cooled to -20°, and the crystals collected.
Recrystallization from methylene chloride - light petroleum

(1:5 v/v) mixture gave methyl (2-phenoxy-5-chlorophenyl-

sulf onyl) acetate (30.7 g, 90%) as colorless crystals, mp

(KBr) 3080 (w) (v,

1568

(s) ), 1435 (s)

(m); nmr 6(acetone-802 (w) , 773 (m) , 730 (m), and 685 cm'

ortho to SC>2) , 7.59d6) 7.85 2 Hz, Hc,

para to SO2), 7.42 (t, 2H,8 Hz,arom,

Ha, meta to 0 in phenoxy),= 7 Hz,7 Hz,arom,

para to 0 in phenoxy),= 7 Hz,7.20

= 7 Hz,7.13 (d.

hg.

he,

HB'

S02), 1255 (s),

iEF

<fiCH^C=C

Jab

CH, arom), 3000 (w)

—AB

Jag

max

aliph) , 2930 (w) (vCH, aliph) , 1720 (s) (vc=0) ,

C14H11C1O5S requi^es: C, 51.47; H, 3,39.

symSO2), 1090 (s),

1055 (s) , 1000 (m) , 912 (m) , 894 (w) , 873 (w), 818 (m), 
rl

(t, 1H, arom.

2H, arom,

(d, 1H, arom, JCE =

Found: C, 51.40; H, 3.43.

(dd, 1H,

), 1320 (s) (vas

(cf. Strating^S)

1228 (s), 1210 (s), 1182 (m) , 1140 (s) (v

(vCH'

110-111°; ir v.
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(26) ), 269 (9), 267 (20), 204 (10), 203 (18), 202 (21),
187 (9), 185 (23), 169 (17), 168 (100), 159 (11), 149 (8),
140 (11), 139 (52), 77 (60).

Anal. Found: C, 53.01; H, 3.96.

C15H13C1O5S requires: C, 52.86; H, 3.84.

4.4.1.4.0 (2-Phenoxy-5-chlorophenyl sulfonyl) acetyl hydra-

zide

Methyl (2-pheny 1-5-chlorophenylsulfonyl) acetate

(34.0 0.10 mole) was added in small portions to a stirredg,
solution, preheated to 40°, of 95% hydrazine hydrate (7.5 g.

(30 ml) over a period of 15 min. The
temperature of the mixture rose to 8 0°. After boiling the
solution under reflux for 30 min, ethanol (100 ml) was

,o for 2allowed to stand at -20

The colorless crystals were collected, washed withdays.
20 ml), and recrystallized from ethanol

to give 2-phenoxy-5-chlorophenylsulfonyl)acetyl hydrazide
85%) as colorless crystals, mp 168-169°; ir(27.9 g,

), 3260 (s) (vNH), 3060 (m) (vCH,(KBr) 3335 (s)
arom), 2920 (m)
(m)
1312 (s)

Opp — 8 Hz, Hp,
4.53 (s, 2H, aliph, CH2), and 3.60 (s, 3H, 

(see Section 3.1.7.1.0); ms m/e 342 (13), 340

meta to SO2) ,

(VCH
(VC=C) , 1565 (m) , 1450 (s) (6CH) , 1404 (w) , 1380 (m) , 

SO2), 1255 (s), 1238 (m), 1223 (s), 1185 (m),

aliph, CHj)
(M+‘

(vNH
, aliph), 1643 (s) (vc=0, amide), 1610

added and the mixture was

cold ethanol (3 x

vmax

<vas

0.15 mole) in ethanol

ortho to 0 in phenoxy), 6.92 (d, 1H, arom,

(cf. Strating2^)
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1144 (s)

915 (s). and

2 Hz, ortho to S02), 7.56 (dd, 1H, JEF = 8 Hz,arom,
Hz , para to S02), 7.42 (t, 2H, arom,
Hz, arom,
Hz, - 2 Hz, HB) , 7.30-7.10 (td, under HB and

Hg, para to 0 in phenoxy), 7.10 (s, 1H, NH),arom,

= 8 Hz,

141 (37), 139 (30), 115 (10), 99 (10), 91 (10), 77 (65),
75 (24) , 74 (15) , 73 (100).

Anal. Found: C, 49.28; H, 3.92.

4.4.1.5.0 Ethyl N-(2-phenoxy-5-chlorophenylsulfonylmethyl)

carbamate

An aqueous solution of N hydrochloric acid (100 ml)

was added to a suspension of (2-phenoxy-5-chlorophenylsul-

fonyl)acetyl hydrazide (17.0 g, 0.050 mole) in acetic acid

(40 ml), with vigorous stirring. The resulting mixture

was diazotized at -5° with an aqueous solution (10 ml) of
After stirring for

the mixture was poured into ice - water mixture (1 1) ,3 min,

and was extracted with methylene chloride (3 x 100 ml) . The

hE'

HC'

= 2

2bc

690 cm”l

icE

JEF ~ 8 Hz, meta to S02), 4.85 (s, 

 . ££2^ (see Section 3.1.7.1.0); ms m/e 340 (5)

), 267 (9), 206 (25), 205 (12), 204 (80), 168 (12),

^AG - 7

2H, aliph, CH?) 

(M+-

nmr <5 (acetone-d6) 7.80 (d, 1H, arom, =

(cf. Strating27"29)

Jab = 7

Jab _ 7 Hz'

Ha, meta to 0 in phenoxy), 7.22 (dd, 2H,

C14H13CIN2O4S requires: C, 49.34; H, 3.84.

(vsyms02)' 1100 <m>' 1068 (m) , 1053 (m) , 988 (s) , 

876 (m) , 817 (s), 774 (s), 643 (s), 706 (m) , 

(m) ;

NH, 1H,

6.92 (d, 1H, arom.

sodium nitrite (3,45 g) within 1 min.
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(600 ml) , and the mixture was distilled at atmospheric

to give a colorless oil, which was

and the solvent evaporated in vacuo to give ethyl

N- (2-phenoxy-5-chlorophenylsulfonylmethyl)carbamate (12.1 g,

66%) as a colorless oil; attempts to crystallize the oil

were unsuccessful; ir v ), 3080 (w)

1725 (s) ), 1530 (m), 1470 (s) (S.), 1590 (m)

(s)

2 Hz, orthoHC,

J == 8 Hz,

J = ms

(16), 102 (100), 99 (10), 94 (8),(26), 115

Anal,

51.96; H, 3.79.

redissolved in methylene chloride (50 ml), dried (MgSO4) for 

1 hr,

'ch' '

7 Hz, OCH2CH3); 
(10), 206 (31) , 

(14), 168 (24), 142 (8), 141 (48), 140 (8), 139

(w) ; nmr 6(CDC13) 7.88 (d, 1H, arom, J^E = 
to SO2), 7.50-7.00 (m, 6H, arom), 6.72 (d,

, meta to S02) , 6.32 (t, 1H,hf
(d, 2H, aliph, J = 7 Hz, SC^CH^N) , 3.95

extract was washed with cold water (3 x 50 ml), dried (MgSO4) 
and introduced into a flask containing super dry ethanol

(vas

C16h16C1NO5S re<2uires: c'

pressure to a volume of 30 ml, and then to dryness under 

reduced pressure at 0-10°

1H, arom,

(VC=C

S02), 1260-1240 (s), 1200 (w), 1148
(vsymSO2), 1115 (m) , 1070 (s), 1046 (s) , 1018 (w) , 920 

875 (m) , 828 (s), 790 (m), 768 (s), 705 (s),

(vC=O

1400 (m), 1330 (s)

Found: C, 52.79; H, 4.70.

(8), 169

>max(KBr) 3350 (s) (vNH 

arom), 2990 (m) (vCH, aliph), 2946 (w), 2880 (w),

(s), 890 (m), 
and 670 cm'1

2ef
7 Hz, NH), 4.86
(q, 2H, aliph, J = 7 Hz, OCH2CH3), 1.05 (t, 3H, aliph, 

m/e 371 (0.3), 369 (0.7)(M+-), 215 
205 (16), 204 (88), 203 (8), 202 (12), 176

<VCH'
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4.4.1.6.0

N-nitrosocarbamate )

A solution of nitrosyl chloride (1.31 g, 0.020 mole) in
pyridine (25 ml) was added dropwise over a period of 30 min

stirred solution of crude ethyl N- (2-phenoxy-5-chloro-to a

After 30 min at 10 , the mixture was

for 30 min. Recrystallization of the crude product from
methylene chloride - ether mixture (1:10 v/v) gave ethyl N-

(KBr) 3070 (w) arom) , 2980 (w) (v(v,
1710 (s)

SO,), 1260-1240 (s), 1140 (s)1380 (s) ) , 1330 (s) (v
(s), 820 (s),(v
(d, 1H, arom,and 705 cm
(d, 1H, arom,J

5.45 (s,

ms
(30), 268
(7), 218 (10), 217 (7), 216 (24), 215 (13), 206 (35),230

(100), 203 (15), 202 (45), 176 (10), 175 (11),205 (20) , 204
(21), 168 (80), 159 (15), 149 (10), 141 (36),173 (11) , 169
(25), 115 (16), 102 (19).139 (88) , 131

—2
m/e_ 40 0 (2)

(16), 267 (80), 238 (13), 236 (22), 234 (8),

phenylsulfonylmethyl) carbamate (7.38 g, 0.020 mole) in pyri
dine (30 ml) at 5-10°. in — -.4- in0

2 Hz, Hc),
J = 9 Hz, H__), r
aliph, J = 7 Hz,
CH2CH3); 
269

poured into ice-water (300 g) , and was allowed to stand at 
0°

(2-phenoxy-5-chlorophenylsulfonylmethyl) -N-nitrosocarbamate 
(6.53 g, 82%) as pale yellow crystals, mp 90-91°; ir Vmax 

aliph), 2940 (w) ,

symSO2>'

760 (s) ,

Ethyl N~ (2-phenoxy-5-chlorophenylsulfonylmethyl)- 

(cf. Strating^

' __z dXWlli; t £JQ\J (W) Vv/-,rrr 
Cri

), 1580 (w), 1530 (w), 1470 (s), 1400 (w),(VC=O
(VN=O?' va' kVasow2--
1115 (w), 1060 (s), 1040 (s), 910 

-1 (s) ; nmr <S(CDC13) 7.78 
7.60-7.10 (m, 6H, arom), 6.83

2H, aliph, SO2CH2), 4.48 (q, 2H,
CH2CH3) , 1.38 (t, 3H, aliph, J = 7 Hz, 

, 398 (4) (M+-) , 280 (11) , 278 (20) ,
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Anal. Found: C, 48.01; H, 3.82; N, 7.22.

4.4.1.7.0

and Strating

A mixture of ethyl N-(2-phenoxy-5-chlorophenylsulfonyl-

methyl) -N-nitrosocarbamate (3.98 g, 0.010 mole) and neutral

alumina (40 g) in methylene chloride (100 ml) was stirred

at room temperature in the absence of light for 48 hr. The

solids were filtered, and the solvent was evaporated in vacuo

Addition of etherat room temperature, to a volume of 5 ml.

(5 ml) and light petroleum (15 ml) to the solution gave

yellow crystals which were recrystallized from ether -

light petroleum mixture (1:2 v/v) to give (2-phenoxy-5-

chlorophenylsulfonyl)diazomethane (2.34 g, 76%) as bright

yellow crystals, mp 104-106° (decomp); ir (KBr) 3080

1577 (m)

(s) (v

(m) ; nmr

Hc, ortho to SO2),arom J = 3 Hz,6(CDC13) 7.90 (d, 1H,

arom), 7.06 (m,7.35-7.15 (m, 4H,

J = 8 Hz,1H, arom,

ms

(w) (vch' arom) , 2960 (w) aliph) , 2100 (s) (Vq_N2^ '

), 1385 (w), 1328

C1N2C>6S requires: C, 48.18; H, 3.79; N, 7.02.

), 1485 (m), 1462 (s) (6CH:

asso2)'

(2-Phenoxy-5-chlorophenylsulf onyl) diazomethane
(cf. Muchowski2® and Strating1®)

vmax

(m) , 1100 (m), 1055 (w), 1020 (w), 890 (w) , 
774 (m), 725 (m), and 690 cm-1

H_, meta to SO?); r -------0 in phenoxy), 6,82 (d,

m/e 236 (5), 234 (9) (M+>-N2-CO2), 217 (27), 216 (17), 

215 (100), 204 (10), 188 (9), 181 (20), 168 (13), 153 (8),

C16H15'

2H, arom, HB, ortho to

(vsymS02^' dl28 

876 (w), 825 (m),

(vC=C

1257 (s), 1233 (s), 1188 (m), 1147 (s)
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152 (13), 141 (8), 139 (20), 130 (14), 119 (15), 117 (16),

Anal.

4.4.2.0.0 Thermolysis in cyclohexane

A degassed solution of (2-phenoxy-5-chlorophenylsul-

fonyl) diazomethane (0.308 g, 0.0010 mole) in cyclohexane

for 4 hr. After
evaporation of the solvent in vacuo, the residue was
resolved by preparative thin layer chromatography on silica
gel. Elution with a mixture of chloroform and light pet
roleum (1:3 v/v) gave a colorless oil which crystallized on
addition of light petroleum. Recrystallization from light
petroleum gave cyclohexylmethyl 2-phenoxy-5-chlorophenyl
sulfone (0.277 g, 76%) as colorless crystals, mp 56°; ir

aliph), 2850(KBr) 3080 (w)
(s)
1395 (w) , 1315 (s)
1150 (s) (v
966 (w) ,

(w) ; nmr 6(CDC14) 7.91 (d, 1H,(s) , 694 (m) , and 658 cm'
, ortho to SO2); 7.32 (dd, 1H, arom,J, = 2 Hz,arom,

arom.= 2 Hz,
= 7 Hz,

106 (7), 99 (9), 95 (14), 91 (12), 78 (45), 77 (65); ( an 
M+ peak at m/e 308 was not observed).

SO2), 1260 (s), 1240 (s), 1198 (m), 
1108 (m), 1063 (w), 1024 (w), 1008 (w),

para to S02), 7.24 (t, 2H,

, meta to 0 in phenoxy), 7.10 (t,
£ef

Jag

he<

ha

arom), 2920 (s) (vCH,

(VCH'

vmax

HC

^as

symso2 '
930

was heated in a Fischer-Porter tube at 150°

(VCH'
aliph), 1587 (m) (vc=q) , 1495 (m), 1465 (s) (6CH),

2
(w) , 900 (m), 880 (w) , 836 (s), 816 (m), 765

C13H9CIN2O3S requires: C, 50.58; H, 2.94.

Jab = 7 Hz'
= 9 Hz, J,

Found: C, 50.48; H, 2.98.



228
1H, = 7 Hz, Hg, para to 0 in phenoxy), 7.01 (d,arom,
2H, £ab “ 7 Hz,arom. Hb, ortho to 0 in phenoxy), 6.76 (d,
1H, = 9 Hz, Hf, meta to SO2), 3.18 (d, 2H, aliph,arom,

6 Hz,J = ms
m/e 366 (5), 365 (2), 364 (11) 270 (6), 269 (2),
268 (18), 251 (5), 217 (5), 206 (11), 205 (8), 204 (48) ,
203 (6), 202 (10), 169 (9), 168 (22), 139 (22), 97 (25),
96 (5), 95 (10), 94 (15), 91 (25), 81 (15), 77 (25), 69 (11),
68 (7), 67 (24), 55 (100).

Anal.

c19H21c-'-°3s requires: C, 62.54; H, 5.81.

4.5.0.0.0 Benzoyl (ferrocenesulfonyl)diazomethane

4.5.1.0.0 Synthesis

Ammonium ferrocenesulfonate^S4.5.1.1.0

Chlorosulfonic acid (25 g, 0.215 mole) was added drop-
stirred solution of ferrocene (40 g, 0.215 mole)

in acetic anhydride (300 ml) through an addition funnel at
to keep the temperature of the reaction mix-

The reaction mixture was stirred for 40 hrture below 35°.

at room temperature, filtered through glass wool, poured

The filtrate was(600 g) and filtered again.onto ice

concentrated in vacuo to 200 ml at 55°, and concentrated

^AG

—EF

ammonium hydroxide solution was added to make it basic.

wise to a

Further concentration of the basic solution in vacuo at 55°

such a rate as

SO2CH2) , 2.20-0.80 (m, 1H, aliph, cyclohexyl);

(M+-),

Found: C, 62.61; H, 5.85.
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gave crude ammonium ferrocenesulfonate (42.5 g, 70%) as

yellow crystals.

Ferrocenesulfonyl chloride1’294.5.1.2.0

Crude ammonium ferrocenesulfonate (65.4 g, 0.20 mole)
was added in portions to phosphorous trichloride (210 ml.
2.4 mole) preheated to 50°, at such a rate as to maintain a
gentle reflux. The mixture was then heated on a water
bath for 6 hr and was diluted with light petroleum (100 ml)
and filtered. The organe filtrate was evaporated under

reduced pressure and the residual organe solid was recry

stallized from light petroleum to give ferrocenesulfonyl

100°).

4.5.1.3.0

A stirred solution of the sulfonyl chloride (28.5 g.
0.10 mole) in anhydrous ether (50 ml) and zinc powder

After(13 g, 0.20 mole)
the residue was extracted withevaporation of the solvent.

ferrocenesulfinate (16,3 g, 60%) as bright yellow plates.

5 M aqueous sodium carbonate (5 0 ml) and the extract was 
saturated with sodium chloride (10-15 g) to give sodium

was boiled under reflux for 1 hr.

chloride (48.1 g, 82%) as orange-red needles, mp 98-100° 

(lit129

Sodium ferrocenesulf inate'1’30
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4.5.1.4.0 (cf. Troeger

and Beck

A stirred solution of sodium ferrocenesulfinate (1.0 g,

0.00367 mole), water (20 ml), phenacyl bromide (0.734 g,
0.00367 mole), and ethanol (80 ml) was warmed on a water
bath at 50° for 2 hr. The product crystallized as pale

Recrystallization from methylene chloride -yellow needles.

light metroleum mixture (1:5 v/v) gave a-ferrocenesulfonyl-

acetophenone (0.86 g, 50%) as yellow needles, mp 159-160°;

arom) , 1675 (s) (v,(KBr) 3090 (w)

), 1405 (m) (6,

1118 (m),

ortho to C=O in benzoyl), 7.45 (m, 3H, arom.

meta and para to C=O in benzoyl, respectively), 4.62 (m, 4H,

arom,

7.45= 2 Hz,

Found; C, 58,76; H, 4.46.Anal.

and D2O/OD-) 7.91 (dd, 2H,

, ortho to C=0 in benzoyl),

SO2),

-1

6(CDC13) 7.91 (dd, 2H, arom = 8 Hz, = 2 Hz, 

and Hc,

and Hc

arom), 1445 (m) (^ch

respectively), 4.62 (d, 2H,

m/e (see Section 3.1.8.1.0).

so2),

hb

^AC

(VCH'

iCH), 1310 (S)

g-Ferrocene sulfonylacetophenone

131)

(va_
d o

C=0>' 1590

hA

, meta and para to C=0 in benzoyl, 
arom, J = 2 Hz, ortho to S02),

Jab - 8 Hz,

(2H, aliph, CH2 + 2H, arom, ortho to S02 in Fc) ) , 4.40 (m,

7H, arom, Fc); 6 (CDCI3

(m, 3H, arom.

(w); nmr

4,40 (m, 7H, arom Fc) ; ms

C1QH,,FeO,S requires: C, 58.71; H. 4.38. -L O J_ O

ir v max
(m) (v,C=C '

1260 (s), 1215 (m), 1192 (m), 1135 (s) (vsym:
1000 (s), 912 (w), 828 (s), 745 (s), and 680 cm'
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4.5.1.5.0 (cf.

)

A solution of a-ferrocenesulfonylacetophenone (0.86 g,
0.0018 mole), triethylamine (1.0 ml) and p-toluenesulfonyl

and water (25 ml) was kept at room temperature for 2 hr.

The product separates as an orange-red oil. Crystallization
of the product from mixture of methylene chloride - light
petroleum (1:10 v/v) gave benzoyl (ferrocene sulf onyl) diazo
methane (0.36 g,
(decomp) ; ir v.
1635 (s)
1285 (.s'), 1216 (s) , 1133 (s) (v
and 710 cm 1

ortho to C=0), 7.45 (m, 3H, arom,

Fc); ms m/e 394in Fc), 4.40 (m, 7H, arom,

(5)
(20), 274 (12), 273 (67), 213 (50), 186 (24),318 (27), 302
(7), 183 (12), 153 (16), 152 (20), 130 (10),185 (62), 184
(20), 127 (11), 121 (50), 105 (23), 103 (17),129 (70), 128

(33) , 89 (17) , 81 (22) , 77 (34) .95 (50), 94
Anal.

(M+-

ha,
and Hq,

HB

Benzoyl (ferrocenesulfonyl) diazomethane 
Holt42

(VC=O

50%) as orange-red crystals, mp 140°

arom, J = 2 Hz,

sym' 
6(CDC13) 7,86 (dd, 2H,(s); nmr

ortho to SO2
), 368 (12), 367 (27), 366 (100), 364 (7), 319 (6),

Found: C, 54.95; H, 3.70.

8 Hz, = 2 Hz,
meta and para to C=0) , 4.56 (d,

azide (0.26 g, 0.0018 mole) in a mixture of ethanol (25 ml)

!S02), 1018 (m), 820 (m) ,

>max(KBr) 3080 (w) (vCH, arom), 2105 (s) (vc=N2), 
,) , 1445 (w), 1410 (w), 1340 (s) (vasSO2),

C18H14FeN2°3S requires: C, 54.84; H, 3.58.

arom, J^g
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4.5.2.0.0 Thermolysis

4.5.2.1.0

Benzoyl (ferrocenesulfonyl)diazomethane (197 mg,

0.50 m mole) in cyclohexane (20 ml) was degassed thoroughly

and thermolyzed in a sealed tube at 140° for 30 min. An

attempt was made to resolve the reaction mixture by thin
layer chromatography on silica gel. Elution with 30%
chloroform in light petroleum gave intractable tars.

Thermolysis at 80°4.5.2.2.0

Benzoyl (ferrocenesulfonyl)diazomethane (197 mg, 0.50 m

mole) was thermolyzed at 80° in cyclohexane or benzene

(20 ml) for 12 hr. After complete thermolysis, the solvent

Addition of
light petroleum (15 ml) gave

, aliph),(KBr) 3400 (broad)

(w)

1445 (s) , 1310 (s) (v(w), 1790

1120 (m), 1110

4.5.3.0.0 Photolysis in benzene

Benzoyl (ferrocenesulfonyl)diazomethane (197 mg,

), 2918 (m) (vCH

In cyclohexane, at 140°

(vCH'

a grey precipitate (158 mg);

symS02^' 
(m) .

ir v.

at 3000 X in a

(vH2O 
aliph) , 1720 (w) (\>

was evaporated in vacuo, at room temperature, and chloro
form (1 ml) was added to the dark residue.

0,50 mmole) was photolyzed in benzene at room temperature, 
Rayonet (Srinivasan-Griffin) reactor, using

c=0), 1590 (s) (vc=c),
I SO,), 1185 (m) (v as

(m), 1018 (m) , 822 (m), and 795 cm-1

max

2840
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After 1.5 hr of smooth photolysis, the

Addition of
chloroform (1 ml) followed by light petroleum (15 ml) gave

a grey powder (158 mg); ir identical with that obtained from
the thermal reaction (see Section 4.5.2.2.0). Evaporation
of the solvent from the filtrate gave a red oil, (10 mg).

The oil could not be purified by recrystallization or by

(neat) 3050 (w) (vCH,

(w), 1018

4.5.4.0.0 Catalytic decomposition

4.5.4.1.0 With Gatterman copper

Benzoyl (ferrocenesulfonyl)diazomethane (197 mg, 0.50 m

copper at 40°. Evolution of nitrogen ceased within 10-20

The solvent was then evaporated, methylene chloridemin.

(1 ml) was added to the residue, and the solution was

Addition of light petroleum (15-20 ml) gavefiltered. a

Recrystallization of the product fromyellow precipitate.
methylene chloride - light petroleum mixture (1:2 v/v) gave

arom), 2900 (w) ^CH<-

(KBr) 3080 (w) (vCH,

g~ ferrocene sulf onyl-g-methoxyacetophenone (162 mg, 76%) as

-=c), 1445 (m), 1358 (s), 1165 (s), 1085

a Pyrex filter.

thin layer chromatography; ir
arom), 2918 (w) (vCH, aliph) 2120 (s) (vc=n2 ), 1660 (s) 
(vC=c)r 1592 (m) (VC:

mole) in dry methanol (20 ml) was stirred with Gatterman

orange crystals, mp 110-111°; ir vmax
aliph), 1686 (s) (vc=0), 1590 (m)

(w) , 815 (m) , 748 (m), and 710 cm (m).

solvent was evaporated under reduced pressure.
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, arom), 1577 (w)

S02), 1210 (s) (vsymSO2),

C=O in benzoyl),

in Fc),arom,
4.38 (m, ms
m/e 398 (21) (27) ,
233 (20), 214 (5), 213 (27), 199 (5), 198 (10), 186 (27) ,
185 (58), 153 (11), 152 (66), 150 (8), 149 (7), 133 (10) ,
130 (7) , 129 (55), 128 (16), 127 (9), 122 (17), 121 (76) ,
120 (9) , 119 (100), 117 (94), 111 (10), 105 (85), 97 (16),
95 (14), 91 (18), 86 (14), 85 (15), 84 (30), 83 (16), 82

(23), 81 (15), 77 (82).

Anal.

C19H18Fe®4® requires: C, 57.30; H, 4.55.

4.5.4.2.0 With pentafluorophenylcopper(I) tetramer

Pentafluorophenylcopper (I) tetramer (150 mg) was added
solution of benzoyl(ferro

cenesulfonyl) diazomethane (0.985 g, 0.0025 mole) in dry
chloroform (20 ml) at room temperature, over a period of

After 2 4 hr at room temperature, the reaction mixture1 hr.
resolved by thin layer chromatography using silica gel.was

in Fc), 3.67 (s, 3H, aliph, CH3); 
(M+-), 368 (5), 318 (14), 265 (5), 256

6(CDC13) 8.01 (dd,
= 2 Hz, ortho to C=O in

in small portions (10 mg) to a

(VC=C'
(m) (^ch) ' 1335 (m) , 1292 (s)

(w); nmr

(VC=C

J = 2 Hz, ortho to SO2

arom), 1443 (m) (6CH), 1409
(v aS

1184 (m) , 1120 (m) , 1084 (s) , 1000 (m), 958 (m), 852 (w),
820 (m), 773 (w) , and 690 cm"^

5.44 (s, 1H, aliph, X3CH, exchanges in
D2O/OD"), 4.68 (d, 2H,

arom, Hg and Hp, meta and para to

Found: C, 57.37; H, 4.56.

2H, arom, = 8 Hz,

7H, arom,

£ac
benzoyl), 7.45 (m, 3H,
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ir

), 1680

(s) (VC=Q), 1595 (m)

(m), 1316 (s) Cv

(s), 1022 (s) , (s)

(6, ) ; nmr Jab - 7arom,C—H

£ac _ 2 Hz, Ha, ortho to C=O in benzoyl), 7.40 (m, 3H,

and Hc, meta and para to C=O in benzoyl, respec-arom.

arom,
in Fc) , 4.34 (s, 7H,

(13), 186 (17), 185 (30), 167 (8), 166 (24), 164 (12), 147
(13), 138 (20), 136 (13), 135 (19), 133 (11), 129 (48),
128 (15), 122 (18), 121 (46), 105 (94), 79 (84), 77 (100).
Crystallization and further purification attempts by TLC
were unsuccessful.

4.5.4.0.0

fonylmethyl)carbamate

A solution of sodium ferrocenesulfinate (1.053 g,
0,0030 mole) in 88% formic acid (5 ml), 85% formaldehyde
(1 ml), and ethyl carbamate (0.23 g, 0.0030 mole) was

On standing at room temperaturewarmed at 50° for 30 min.

The color of the reaction mixture wastate was formed.

vmax

SymSO2), 1105
970 (m) , 830 (s) (6qH) » and 756 cm-^ 

6(CDC13) 8.00 (dd, 2H,

arom, Fc); ms m/e 416
(6), 370 (11), 257 (7), 256 (38), 234 (10), 233 (23), 198

ortho to SO2

tively), 5.22 (s, 1H, aliph, X3CH) , 4.50 (m, 2H,

for 3 weeks, and after cooling for 1 week at 0°, no precipi-

Elution with 5% methanol, 40% chloroform and 55% light 

petroleum mixture gave a yellow-orange oil (0.328 g) ;

(KBr) 3100 (w) (VC_H), 2980 (w) , 2925 (w) (\>C_H
(VC=O' arom), 1450 (m) (6C_H), 1412

asSO2) , 1272 (m), 1192 (s) (V

Attempted synthesis of ethyl N-(ferrocenesul- 

(cf Strating26)
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characteristic of the decomposition of the

ferrocenes.

4.6.0,0.0 g-Substituted su1fones

4.6.1.0.0 a-Eliminations

4.6.1.1.0 With p-toluenesulfonylmethyl trifluoromethane

sulfonate

4.6.1.1.1 jc-Toluenesulfonylmethyl trifluoromethanesul

fonate

(1-00 g.

(1.51 g.

0.0058 mole) and pyridine (0.60 g, 0.0076 mole) in ether

(25 ml) at -78° with stirring. After 1 hr, the mixture was

Aftertemperature for 24 hr.

evaporation of the solvent in vacuo, water (50 ml) was

added, and the mixture was extracted with methylene

The organic layers were combinedchloride (3 x 25 ml).

25 ml), dried (MgSO,}) andand washed with water (3 x

Recrystallization of the crudeevaporated in vacuo.
product from a mixture of ether - light petroleum (1:2 v/v)

A solution of p-toluenesulfonylmethanol'*'3^

allowed to stand at room

unreported); ir vmax (KBr) 3018 (m) (vCH, arom and aliph),

green, a

gave p-toluenesulfonylmethyl trifluoromethanesulfonate 

(1.37 g, 80%) as colorless needles, mp 88-89° (lit®3

0.00537 mole) in ether (25 ml) was added to a suspension 

of trifluoromethanesulfonic anhydride*'33''L34



237
(m)2950
(s)1402
(s), 1208 (s)1242

(s) (<SCH,

(42), 65 (32) , 63 (9) .
Anal. Found: C, 34.22; H, 2.89.
CgHgF3O3S2 requires: C, 33.96; H, 2.82.

4.6.1.1.2 Attempted a-eliminations: a general procedure

^-Toluene sulfonylmethyl trif luorome thane sulfonate
(1.00 0.00311 mole) was added to the solvent (25 ml)9/

under anhydrous conditions, and the base (0.00311 mole) was

After stirringadded to the mixture

at the specified temperature for the specified length of

time (Table 22), the mixture was poured into water (100 ml)

and extracted with methylene chloride (3 x 50 ml) . The

The results aretical with those of the starting material.

'asS02), 1292 (s), 
) , 1148 (s) (V

(d, 2H, Jab

asSO3), 1338 (s) (v
asS02)'

over a period of 5 min.

'c=c), 1425 (s) (v

cm"-''

£-disubstituted benzene); nmr 6 (CC14-CDC13, 1:1 v/v) 7.82

(vCF), 1148 (s) (vsymSO2), 1126 

(s) (vsymSO3), 1090 («), "0 (s) , 928 (m) , 795 (s) 

(^CH' p-disubstituted benzene), and 745

Hb, meta to S02), 5.10 (s, 2H, aliph,

(M+‘), 156

8 Hz, arom, HA, ortho to S02), 7.38 (d, 2H,

JAB = 8 Hz, arom,

CH2) , 2.46 (s, 3H, aliph, CH3) ; ms m/e 318 (5) 

(5), 155 (50), 139 (35), 99 (7), 92 (10), 91 (100), 90 (5),

89 (7.5), 69

solution was dried (MgSO4) and the solvent evaporated in 

vacuo at room temperature to give p-toluenesulfonylmethyl 

trifluoromethanesulfonate in 70-90% yield; ir and nmr iden-

CH' aliph) i 1595 (m) (v(

(V,
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summarized in Table 22.

With 2 biphenylsulfonylmethyl trifluoromethane-4.6.1,2.0

sulfonate

2-Biphenylsulfonylmethyl trifluoromethanesulfonate

0.020g,

mole) in absolute ethanol (50 ml) were allowed to react at

room temperature for 1 month. After evaporation of the sol

vent in vacuo, the residue was dissolved in methylene

chloride (30 ml) and extracted with water (2 x 15 ml).

Acidification of the aqueous layer with 10% sulfuric acid

gave 2-biphenylsulfinic acid (0.3 g, 87%based on 0.60 g

of ester consumed, 60% conversion); ir identical with that

of an authentic sample.

Evaporation of the solvent from the organic layer gave

2-biphenylsulfonylmethyl trifluoromethanesulfonate (0.40 g.

40%) as colorless crystals, mp 150-152°; ir identical with

that of starting material.

foraqueous filtrate was used for a qualitative test

A mixture of the filtrate (10 ml), 2-hydroxy-formaldehyde.

biphenyl (1 mg) , and concentrated sulfuric acid (5 ml) was

After cooling, thesteam bath for 10 min.
strong blue fluorescence under a uv lamp,solution showed a

positive test, indicating the presence of formaldehyde ina

the sample.

After isolation of the 2-biphenylsulfinic acid, the
135

warmed on a

(1.0 g, 0.00263 mole) and sodium methoxide (1.08
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Nucleophilic displacements at the a-carbon4.6.2.0.0

4.6.2.1.0 Attempted displacement reactions of chloromethyl

phenyl sulfone: a general procedure

(0.90 g,

0.0047 mole) and pyridine in the specified solvent was kept

under the specified conditions (Table 23) . After evaporation

of the solvents in vacuo at 50°, light petroleum was added

Trituration of the oil gave chloro-to the residual oil.

methyl phenyl sulfone (0.90 g, 100%) as colorless crystals;

ir identical with that of the starting material. The

results are summarized in Table 23.

Displacement reactions of arylsulfonylmethyl4.6.2.2.0

tri fluor ©methane sulf onates

With substituted pyridines:4.6.2.2.1

Arylsulfonylmethyl trifluoromethanesulfonate (0.010
mole) , the pyridine derivative (0.012 mole), and absolute

(20 ml) were heated in a sealed tube under theethanol

(Table 24), and the resulting mixture

salts,

specified conditions
was poured into anhydrous ether (500 ml) in small portions 
with stirring, to give colorless crystals of the pyridinium

A solution of chloromethyl phenyl sulfone-*-^®

a general procedure
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1- (p-Toluenesulfonylmethyl) pyridinium trifluoromethane

sulfonate

Recrystallized from ethanol (30 ml) and ether (170 ml) to

give colorless crystals (3.77 g, 95%), mp 135-136°; ir \>
*■ ' 1

(KBr) 3060 (m) arom), 2924 (m) (v

), 1595 (m) ) , 1478 (m) (6

1280 (s) 2

(s) (w) ;

6 Hz, H= J,arom,—6
arom, 4

2H, arom,

7.72 (d,

CH,) ,

(25), 123 (15), 122 (15), 121 (25), 108 (15), 107 (100),124

106

(36) ;

3.81.42.46; H,Anal. Found: C,

requires: C, 42.34; H, 3.55.

1- (p-Toluenesulf onylmethyl)-4-methylpyridinium trifluoro^

methanesulfonate

Recrystallized from ethanol (30 ml) and ether (170 ml)

(KBr) 3050 (m)

■^2

229

(55), 92 (62), 91 (85), 80 (12), 79 (52), 78 (20), 77 
(M+' at m/e 248 was not observed).

max
, aliph), 1630 (m)

, arom), 3000 (m) (yCH»

and H^) ,= ^4,5

F^N0_So>  z

—5,6
= 6 Hz,= —4,5

—AB
2.40 (s.

8.80 (t, 1H, J3 4
= 6 Hz, J, .J , 4
= 8 Hz, H,,

(VCH'
(VC=C

SO,), 1245 (s) (V,
(VC=C 'SO,)' do Z

SO,), 1143
-1

(V as

(VCH

= 6 Hz, H3 
ortho to SO,), 7.43 (d,

CH
Lh), 1338 (s) (v Ln <

>„_), 1165 (s) (V SO, or sym 2
1030 (s), 805 (w), 803 (w), and 790 cm

2H, arom,

—2,3 - 0 “2
H,), 8.25 (t,

C14H14F3

-2,3
= o nz, n^z ui eno lu

= 8 Hz, H_, meta to SOo) , 6.38 (s, 2H, aliph, tj ----- z

3H, aliph, CH3); ms m/e 278 (3), 276 (35),
(9), 195 (9), 156 (10), 149 (6), 140 (12), 139 (37),

^syrtW'
nmr <5 (acetone-d,) 8.94 (d, 2H,

mixture to give colorless crystals (3.70 g, 90%), mp 148
150°; ir v max

—5,6
2H, arom,

and H_) , o
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arom), 2940 (m) aliph), 1638 (m) (v (s)

> 1480 (m) • 1335 (s) (v (vCF) /
1150 (s) (v (w) ,

6 (acetone-dg) 8.78 (d. 2H,

6 Hz, in pyridinium), 8.10 (d, 2H,

6 Hz, and H5 in pyridinium), 7.74 (d, 2H,
8 Hz, arom,

(9), 198 (15), 156 (20), 155 (7), 140 (20), 139 (35), 124
(22), 123 (38), 108 (12), 107 (30), 106 (51), 105 (11), 94
(7), 93 (100), 92 (65), 91 (80), 79 (35), 78 (23), 77 (70).

Anal. Found: C, 43.77; H, 4.18.
requires: C, 43.79; H, 3.97.

1- (p-Toluenesulfonylmethyl)-4-cyanopyridinium trifluoro

methanesulfonate

Recrystallized from ethanol (30 ml) and ether (170 ml)

mixture to give colorless crystals (4.09 g, 97%), mp 200-

201°; ir (KBr) 3110 (w) (vCH, arom), 3035 (m) (vCH,

arom), 2925 (w) (vCH, aliph), 2840

), 1460 (m) (6,(w) , 1630 (m)

(s) (v

(w); nmr 6 (acetone-dg) 9.28

J23=J56=6Hz'H2 and h6 in pyridinium),

sym1
758 (w), and 710 cm'

arom = ha,

(vCH'

ch3

asS02> ,

and Hg

H3

h2

(vsymso2 '

758 (w) , 738 (w) , and 714 cm-3-

’c=c), 1590

v max
arom), 3000 (m)

^VCH'

;CH), 1332 
symS°2)' I138 <s>

(w); nmr

<VC=C
1240

asS02), 1260 (s)
SO2), 1030 (s), 928 (m), 840 (m), 812 

-1

), 1585 (m) (vc=c
(s) (vc_F) , 1170 (s) (v 

1078 (w), 1024 (m), 930 (m), 858 (m), 810 (w),

arom, J_2 3 =

arom, £2 3 =

(d, 2H, arom,

ortho to S02), 7.47 (d, 2H,
^AB = 8 Hz, Hb, meta to S02), 6,30 (s, 2H, aliph, CH2) ,
2.77 (s, 3H, aliph, CH^ in pyridinium), 2.46 (s, 3H, aliph, 

in tosyl); ms m/e 2 62 (7) (M+) , 261 (9), 246 (25), 215

C15H16F3NO5S2
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in

ortho to S09), in tosyl,
6.49 (s,meta to

ms m/e 273 (<1)

139 (22), 124 (8), 123 (32), 118 (9), 108 (8), 107 (11),

92 (30) , 91 (100) .

Anal. Found: C, 42.85; H, 3.09.

C15HJ-3F3N2O5S2 requires: C, 42.66; H, 3.10.

1- (g-Toluenesulfonylmethyl)-4-benzoylpyridinium trifluoro

methanesulfonate

Recrystallized from ethanol (30 ml) and ether mixture to

give colorless crystals (4.76 g, 95%), mp 188-189°; ir

3026

1648 (m) ), 1600 (s)

(s)

711

arom,

3H, aliph, CHj in tosyl);(s, ms

287 (6), 247 (5),

2- • 

so2),
CH3);

(10) ,

and Hg

and Hgh2

vmax

^CH 

(vasS°2''

<VC=C

), 1346 (s) (v

i,6
9H,

(vsym‘

848 (w), 825 (m), 

cm--'-

asS02), 1280 (s)(6ch

1235 (s) (vCF), 1210 1194 (m)' 1165 (s)
SO2), 1096 (m), 1043 (s), 956 (s), 935 (s), 873 (s), 

812 (m), 781 (m), 770 (m), 750 (m), and

6 Hz, arom.

(KBr) 3140 (m) (vcH' arom>' 3060 (s) (\>CH, arom),

(m) (vCH, arom) , 2965 (m) (vCH, aliph) , 1687 (s) (Vc=q) '

), 1568 (w), 1500 (w), 1475(VC=C

), 1460 (m)

(s); nmr 6(acetone-dg) 9.23 (d, 2H, 02,3 - Jgi r ~ 

in pyridinium), 8.51 (d, 2H, Jp 3 ~

= 6 Hz, arom, H3 and H5 in pyridinium), 7.40-8.00 (m, 

benzoyl and tosyl), 6.53 (s, 2H, aliph, CH2), 2.48

m/e 353 (5), 352 (18) (M+) ,

246 (6), 198 (16), 197 (15), 183 (35),

8; 72 (d, 2H, arom, J2 3 = J5 g = 6 Hz, 

pyridinium), 7.78 (d, 2H, arom, J^g = 8 Hz, HA in tosyl,

7.47 (d, 2H, arom, = 8 Hz, HB

2H, aliph, CH2), 2.46 (s, 3H, aliph, 
(M+), 246 (10), 220 (8), 172 (5), 156

H3 and Hg
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139 (9), 124 (6), 123 (9), 106 (8), 105 (100), 93 (7), 92

(9), 91 (78), 78 (10), 77 (90), 65 (8).

Anal. 3.73; N, 2.59.

requires: C, 50.29; H, 3.62; N, 2.79.

1- (g-Toluenesulfonylmethyl) -4-tert-butylpyridinium trifluoro

methanesulfonate
Recrystallized from chloroform (20 ml) and ether (ca. 20 ml)

gave colorless crystals (3.85 g, 85%), mp 107-108°; ir

(KBr) 3064 (m) (vCH, arom), 2987 (s) (v( , aliph), 1640 (s)CH

), 1600 (s) ), 1380 (m), 1345 (s)

(v SO?), 1128 (m), 1095'2

6(CDC13) 8.81 (d, 2H,(m) ; 22,3 “ 25,6 “arom,nror

and Hg in pyridinium), 7.94 (d, 2H,6 Hz, H2
Hz, arom,

in tosyl), 7.32 (d, 2H,8 Hz, arom,
Hb, meta to SO2 in tosyl), 6.20 (s, 2H, aliph.8 Hz,

2.41 (s, 3H,
in tert-butyl); ms

139 (12), 135 (24), 134 (5), 124 (7), 121 (8),(5), 150 (8),

120 (60), 92 (37), 91 (100), 77 (9).

47.67; H, 4.96; N, 3,21.Found; C,Anal.

3.09.requires: C, 47.67; H, 4.89; N,C

ha, ortho to S02

and Hgh3

,f3no5s2

<VC=C

CH3

asSO2)'

2aB

2ba

V max

), 1475 (s) (6Cr<vc=c

aliph, CH3 in tosyl), 1.36 (s, 9H, aliph, 

m/e 305 (7), 304 (31) (M+), 239 (5), 224

1260 (s) (vCF), 1162 (s) (vsym;

(m) , 1040 (s), 935 (m), 869 (m) , 825 (m), 774 (w), and 

750 cm"l

arom, J2 3 = 

in pyridinium), 7.72 (d, 2H,

18H22i 3

25,6 = 6

ch2).

Found: C, 50.36; H,

C21H18F3NO6S2
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1- (p-Toluenesulf  onylmethyl)-3,5-dichloropyridinium tri

fluoromethane sulf onate

Recrystallized from ethanol (20 ml) and ether (170 ml)

(KBr) 3112 (s) (v.
arom) , 2968 (s) (v

(vC=C}' 1574 (s) <VC=C> ' 1487 (5CH>' 1455 (w) ' 1425 (m) '
1345 (s) SO2), 1308 (m), 1260 (s) ) , 1237 (s), 1225
(s) , 1198 (m), 1160 (s) SO9), 1097 (s), 1040 (s), 941I

(w) ,

(s) ; 6(acetone-dfi) 9.20 (d, 2H, arom,nmr °6
and Hg in pyridinium), 9.11 (t, 1H,

in pyridinium), 7.82 (d, 2H,= 1.5 Hz,arom,
in tosyl), 7.51 (d, 2H,arom,

arom,

(12)
235 (5), 216 (5), 170 (11), 165 (7), 164 (10), 163237 (5),
(15), 161 (35), 160 (5), 156 (14), 155 (15), 151(29) , 162
(8), 149 (55), 148 (10), 147 (78), 140 (12), 139(13) , 150

124 (15), 123 (14), 114 (20), 112 (50), 92(40) , (13) ,126

(38) , 91 (100),

2.80.Anal.

requires; C, 36.06; H, 2.59; N, 3,00.

ortho to SO2

5.2,4 ~ —4,6

Jab = 8 Hz'

h4

(VCF

aliph, CJb,), 2.47 (s, 3H, aliph, CH^);

(M+) , 253 (6), 252 (10), 251 (8), 250 (13), 246 (7),

h2

>CH, aliph), 1600 (s)

hb

'CH, arom), 3068 (s) (vCK,
(VCH'

<vas

and 710 cm'

(vsym'
892 (m), 866 (w) , 850 (m), 825 (s), 760 (m), 717 (s),

-1

Jab _ 8 Hz'

C12F3NO5S2C14H12'

ms m/e 318 (10), 316

—2,4 - —4,6 ~ -1--5 Hz'

Found: C, 36.32; H, 2.68; N,

mixture to give colorless crystals (4.26 g, 92%) , mp 196-
198°; ir v max
arom), 3027 (s)

HA
meta to S02 in tosyl), 6.36 (s, 2H,
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1~ (g~Toluenesulfonylmethy 1) -3, 5-dimethy 1 pyridinium trifluoro

methanesulfonate

Recrystallized from ethanol (30 ml) and ether (170 ml) mix
ture to give colorless crystals (4.08 g, 96%), mp 202-204°;

(KBr) 3070 (s) (vCH, arom), 3017 (s) (vCH, arom),
2960 aliph), 1634 (s) (v, ), 1600 (s) (vc=c).

1500 (s) ,
1330 (m) , 1320 (m) , 1270 (s) (uCF)• 1232 <m)• 1210 <w), 1197
(w) , 1165 (s) SO2), 1130 (w), 1098 (s), 1038 (s), 990

(w) , 967

(m); nmr 6(acetone-751 (s), 723 (s), 710 (s), and 680 cm'

d6) 8.64

in

meta toin tosyl), 7.52 (d, 2H,

3.33.Anal.

3.29.requires: C, 45.17; H, 4.26; N,

1- (2-Biphenylsulfonylmethyl)pyridinium trifluoromethanesul

fonate

ture to give colorless

2940 (m)

Recrystallized from ethanol (30 ml) and ether (170 ml) mix
crystals (4,27 g, 93%), mp 168°;

, arom), 3075 (m) NcH' arom),

so2

H4

hb
so2

(vCH'

ch3

ir v.

ir vmax
(m) (vCH'

<vsynv
(w) , 917 (w) , 896 (m), 838 (s), 813 (m), 771 (w) ,

-1

C=C
1450 (w) , 1415 (w), 1393 (w) , 1350 (s) (vasSO2),

arom, = 8 Hz,
in tosyl), 6.24 (s, 2H, aliph, CH2) , 2.54 (s, 6H, aliph, 
in pyridinium), 2.49 (s, 3H, aliph, CH-j on tosyl).

J4 g = 0.7 Hz, H2 and Hg in 
arom, J2 4 = J4 g = 0.7 Hz, 

pyridinium) , 7.74 (d, 2H, arom, = 8 Hz, HA ortho to

(d, 2H, arom J2 4 
pyridinium), 8.57 (t, 1H,

Found: C, 45.22; H, 4.25; N,

C16H18F3NO5S2

>max(KBr) 3120 (vCH
aliph), 1630 (m) (vc=c), 1585 (m) (vc=c) ,
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(<51485 (m)

8.84 (t, 1H, arom, J
7 Hz,
7 Hz,

7 Hz,
arom,

ms m/e 310 (18)
187 (10) , 186 (38) , 185 (74), 184 (100), 183 (18), 172 (11),
171 (18) , 168 (18) , 165 (8), 155 (8), 154 (56), 153 (24) ,
152 (45) , (14) ,151 150 (6), 139 (20) , 127 (8) , 126 (7), 115
(8), 93 (16), 92.5 (5), 92 (20), 91 (8), 80 (8), 79 (76), 78
(15), 77 (10), 76 (30).

Anal.
requires: C, 49.67; H, 3,51.5b2

4.6.2.2.2 2-biphenylsulfonyl-With triphenylphosphine:

methyl triphenylphosphonium trifluoromethane-

sulfonate

A mixture of 2-biphenylsulfonylmethyl trifluoromethane

sulfonate (0.380 g, 0.0010 mole) and triphenylphosphine

(10 ml) was heated(0.393 g, 0.0015 mole) in absolute ethanol

Addition of ether to the cooledunder reflux for 1 hr.

Recrystallization of thesolution gave

crude product from a mixture of ethanol and ether (1:5 v/v)

^5,6 =
7.45-8.00

h2

as^®2^' 1250 (s) (^Qp) , 1148 (s)
1026 (s), 910 (w), 758 (m), 711 (w),

H4
and Hg

-- o.oy it, in, arom, J, , —D —3,4
in pyridinium), 8.73 (d, 2H, arom, J_ , 3 r 3

in pyridinium), 8.25 (t, 2H,

and 680 cm-^

a colorless solid.

(vas
CH) , 1460 (m) («CH), 1440 (w) («CH), 1333 (s)

SO2), 1275 (s) (V

^sym1
(w); nmr 6(acetone-d,)

;so2),
= ^,5 =

= —5,6 = 
arom, J2 3 =

J3 4 = 5 = 7 Hz, Hj and H5 in pyridinium),
(m, 9H, arom, biphenyl), 6.07 (s, 2H, aliph, CH2);

(M+), 218 (8), 202 (28), 201 (23), 200 (19),

Found: C, 49.48; H, 3.59.

C19H16F3NO5S
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2 biphenylsulfonylmethyltriphenylphosphonium trifluoro-gave

mp

aliph), 2865 (w) , aliph), 1690 (w) , 1580 (w) (v
1555 ), 1432 (s) (6,
(w) , 1335 (s) ), 1208 (m), 1205 (w),
1148 (s)
993 (m),
(m), 708 (m), and 680 cm (s); nmr 6 (acetone-dg) 7.66 (m,
24H, 13 Hz,arom,

ms m/e 278 (50), 277 (100), 262 (12), 232 (44),
(15) , 208 (20), 207 (96), 201 (36), 199 (20), 186 (20),

185 (37) , 184 (22), 183 (45), 154 (24), 153 (65), 152 (74),
151 (22) , at m/e 493 was not observed).91 (30);

Anal. 59.99; H, 4.23.Found: C,

requires: C, 59.81; H, 4.08.

4.6.2.2.3 2-biphenyl iodomethyl sulfoneWith iodide ion:

A mixture of 2-biphenylsulfonylmethyl trifluoromethane

sulfonate (0.38 g, 0.0010 mole) and sodium iodide (0.30 g,

0.002 mole) in absolute ethanol (20 ml) was boiled under

After evaporation of the solvent inreflux for 2 days.

extracted withwater was added, and the product wasvacuo
Evaporationmethylene chloride (3 x 20 ml) and dried (MgSO^),

of the solvent in vacuo gave a crude product, which was re
crystallized from ether - light petroleum mixture (1:1 v/v)

'CH, arom), 2930 (w) (vCH,

(M+

methanesulfonate (0.609 g, 95%) as colorless crystals, 

148-149°; ir V.

(VCH

(w) , 1480 (w) , 1460 (m) (6,

biphenyl), 5.47 (d, 2H, aliph, JHp 

S02CH9P+Ph,);

209

(vaS~~2" 'VCF
SO2), 1109 (s), 1073 (m), 1025 (s), 1005 (m),(v ;sym

925 (w) , 905 (w) , 823 (m) , 778 (s), 745 (s), 728
-1

lC=C) '
:CH>' 1383

'max(KBr) 3040 (m) (v,

CH
S02), 1250 (s) (v,

C32H26F3°5PS2
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to give 2-biphenylyl iodomethyl sulfone (300 mg, 81%) as

(KBr) 3005 (w)

arom), 2930 (w)

(v, ), 1460 (s)c=c
1300 (s)

8,12 (dd,

so2),

370 (4), 369 (10),

218 (7), 217 (55), 201 (16), 185 (7), 184 (18), 183 (9), 168

(20) , 167 (12), 166 (32), 165 (90), 164 (8), 163 (8), 154
(16) , 153 (100), 152 (90), 151 (28), 150 (9), 141 (9), 139
(13) , 127 (13), 126 (11), 115 (9), 83 (8), 82.3 (19), 82 (11),
77 (14).

Anal.

C13H11IO2S requires:

4.6.3.0.0 a-Deprotonations

1-Pyridinium (2-biphenylsulfonyl)methylide4.6.3.1.0

An aqueous solution of 10% potassium carbonate (30 ml)

suspension of 1-(2-biphenylsulfonylmethyl)~

pyridinium trifluoromethanesulfonate (0.23 g, 0.00050 mole)

in methylene chloride (50 ml) at

The organic layertwo phase system was stirred for 5 min.

was separated, washed with water (3 x 20 ml) and dried

(s) ; nmr 6 (CDCl-j)

arom), 3,88 (s, 2H, aliph, CH2) ; ms m/e 
368 (60) (M+-), 232 (8), 231 (7), 230 (26),

room temperature and the

(VCH'
C=c) , 1560 (w)

:CH)• 1440 (m) (6ch), 1425 (m), 1360 (w), 
SO2), 1170 (s) (v

was added to a

(vasS02)' 1170 (s) (vsymSO2), 1120 (s) ' 1078 (m> • 

1038 (w) , 1030 (w) , 1000 (w), 962 (w), 926 (w), 854 (w), 
794 (s) , 764 (s) , 748 (s) , and 710 cm’1

Found: C, 43.48; H, 3.24.

7.44 (m, 8H,

C, 43.59; H, 3.09.

colorless crystals, mp 128-129°; ir v max
CH' aHph) / 1585 (w) (v,

1H, arom, J ortho = 7 Hz, J meta = 2 Hz, ortho to
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(K2co3) to give 1-pyridinium (2-biphenylsulfonyl)methylide

yellow solution in methylene chloride; ir

2917 (m) 2865

1470 (w), 1337 (s) (v 1160 (s) (v

1083 (m), 1042 (s), 975 (w), (w) ; nmr

6(CDC13) 8.54 (d) , 8.30 (m) , 797 (d) , 7.80-6.80 (m), 5.76

(s) .

4.6.3.2.0 Generation and cycloaddition of substituted

1-pyridinium arylsulfonylmethylides : a general

procedure

Triethylamine (3.03 g, 0.030 mole) in chloroform (20

sion of the 1-(arylsulfonylmethyl)pyridinium trifluorometh-

(0.0050 mole) and dimethyl acetylenedicarboxy-anesulfonate

late (5.0 0.035 mole) in chloroform (100 ml) at room9,

When the addition of triethylaminetemperature.

plete, the reaction mixture was boiled under reflux for 30

after the addition of basic alumina (20 g), the

chromatographed over basic alumina.was

derivatives;

1,2-Dicarbomethoxyindolizine4.6.3.2.1

Prepared from 1- (p-toluenesulfonylmethyl)pyridinium

gave dimethyl acetylenedicarboxylate (ca. 4 g, 80%).
Continued elution gave the following fluorescent indolizine

asS02’'

solvent was evaporated in vacuo to dryness, and the mixture
Elution with ether

was com-

SymS02), H33 (m) , 

and 880-830 cm-'*’

as a

ml) was added dropwise in ca. 10 min to a stirred suspen-

vmax(CH2C12) 

(m) , 1715 (s), 1640 (s), 1590 (m), 1498 (m),

min, and,
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trifluoromethanesulfonate; elution with ether

(0.84 g, 72%) pale yellow crystals, mp 88-90'>oas

89-91°); (KBr) 3145 (m) , arom), 3110 (m) (vCH'
aliph) , 1740 (s) (\)CH'

ester), 1695 (s) , ester), 1638 (m) (v

1318 (s),

993 (m),

(s) , and 761 cm 6(CDC13) 8.04 (dt, 1H,

9 Hz, = 1 Hz,

= 1 Hz, H5), 7.58 (s, 1H, H3),= 1 Hz,

= 1 Hz, H7), 6.64 (td.

(15), 172 (33), 144 (15), 143 (12), 130 (9), 117

(21), 115 (15), 102.5 (4), 91 (35), 89 (24), 85.5(16), 116

(7), 71.5 (4) , 58.5 (2), 58 (33) , 57.5 (6).

Also prepared from 1-(2-biphenylsulfonylmethyl)pyridinium

trifluoromethanesulfonate (0.65 g, 56%), identical with

above sample,

1. 2-Dicarbomethoxy-7-tert-butylindolizine4.6,3.2.2

C=O' 
), 1550 (m),

—7,8 ~
7 Hz,

Prepared from 1^ (,p.-toluenesulfonylmethyl) -4-tert- 

butylpyridinium trifluoromethanesulfonate; elution with

25,7
(dq, 1H, J

(VCH

(VC=O

1520 (m) , 1492 (m) , 1455 (s) (6,

(s); nmr

972 (m) , 927 (m), 863 (w), 828 (w), 794 (w), 775 
-1

CH
1290 (s) , 1228 (s), 1195 (s), 1150 (s), 1072 (s),

ir v max
arom) , 3055 (w) , 2957 (m) (v,

gave a yellow 

solid which was recrystallized from ether — light petroleum 

mixture (1:4 v/v) to give 1,2-dicarbomethoxyindolizine 

(lit136

J5,6 = / nz, n6..
233 (70) M+-), 203 (15), 202

C=C
), 1378 (w), 1355 (w),

1H, J, - = 7 Hz, J, Q 
aliph, CH3); ms m/e 234 (13), 
(100), 175

^7,8 =
J5 8 = 1 Hz, H8), 7.90 (dt, 1H, J5 6 =
J5 8 = 1 Hz, H5), 7.58 (s, 1H, H,), 6.96

9 Hz, J, 7 = 7 Hz, J. , '—6,7 —5,7
= 1 Hz, JR = 7 Hz, Hfi), 3.86 (s, 6H,

2.6,8
7 Hz,
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to give 1,2-dicarbomethoxy-7-tert-

mp

1426 (s)

965 (w) , 950 (m) , 903 (m), 810 (w) , 792 (m), and 772 cm
(m) ; 6(CDClj) 8.03 (dd, 1H, arom, = 2 Hz,nmr
1 Hz,

arom,
= 2 Hz,

(M+-),

(6), 242 (13), 228 (5), 195 (13), 194 (42), 193 (5), 180
(12), 179 (16), 178 (14), 167 (15), 165 (11), 157 (8), 156

(16), 139 (8), 121.5 (4), 107.5 (8), 105 (9), 104(6), 155
92 (14), 91 (100), 90 (7), 89 (8), 78 (7),(11), 103 (8),

77 (24),
Anal.

requires; C, 66,42; H, 6,62; N, 4.84.C

1,2-Dicarbomethoxy-7-benzoylindolizine4.6,3.2,3

Prepared from 1-(g-toluenesulfonylmethyl) 4-benzoyl- 

pyridinium trifluoromethanesulfonate; elution with methylene

v max

h8),

h6),

'ch5 '

butylindolizine (0.96 g, 64%) as pale yellow crystals, 

84-86°; ir

—5,6 ~
3.87 (s, 6H, aliph, CHg in ester), 

9H, aliph, CHg in tert-butyl); ms m/e 289 (28) 

275 (9), 274 (44), 260 (5), 259 (7), 258 (13), 246 (5), 243

—6,8
1.30 (s,

—5,8
= 1 Hz,

no416H19

ester), 1650 (m) (vc=c

), 1377 (m), 1336 (s), 1290 (m), 1267 (s) ,

CH' 
c=q, ester), 1697 

), 1520 (s), 1448 (s) (6

8 Hz, J

Found; C, 66.53; H, 6.63; N, 4,95.

ether - methylene chloride mixture 9:1 v/v) gave yellow 

crystals which were recrystallized from ether — light pet

roleum mixture 2:98 v/v)

—6,8
7.84 (dd, 1H, arom, Jg g = 8 Hz, Jg g

H5), 7.50 (s, 1H, arom, H3), 6.75 (dd, 1H,

(KBr) 3137 (w) (vCH, arom), 2963 (s) (v( 

aliph), 2890 (w) (vCH, aliph), 1730 (s) (v, 

(S) (VC=O'

(6CH

1227 (s) , 1200 (w) , 1167 (s), 1107 (m), 1065 (m), 1022 (w), 

-1
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chloride gave pale yellow crystals which were recrystal

lized from ether to give 1,2-dicarbomethoxy-7-benzoylindo-

lizine (1.38 g, 82%) as pale yellow

(KBr) 3140 (w) (v,

2960 (w) aliph), 1730 (s) (y ester), 1695 (s)C=0'
ester), 1650 (s) (v , benzoyl) , 1603 (m) (\)

1582 (w) , 1541 ), 1418 (m) (6'CH

1387 (m) , 1350

1173 (w) , (w) , 1125 (m), 1073 (m), 1020 (m), 980 (w) ,1150

(s) , 722 (s); nmr 6(CDC13) 8.48 (dd,3

unresolved, 1 Hz, Ho), 7.98 (dd, 1H,1H, = 2Hz, ‘8

2H,arom. arom.

7.72

(s, 7.60-7.40 (m, 3H, arom,

in 2-carbo-

m/e 337 (5)

(11), 164 (9), 163 (100), 162 (12), 161 (13), 157(10), 169

155 (16), 152.5 (9), 144 (16), 154 (31), 142(8), 156 (9) ,

(8), 140.5 (12), 139 (9), 115.5 (12), 115 (9), 114(23), 141

(43), 112 (31), 111 (9), 104 (23), 103 (72), 101

(17), 99 (8), 93.5 (6), 87 (20), 86 (43), 85 (82),(16), 100

75 (80) , 74 (26) .79.5 (8), 76 (32),

Anal.

4.48; N, 4.15.67.65; H,c19h15no5 requires; C,

'CH, arom) , 3010 (w) (v(

(M+ •

2aC

HB

2aB

crystals, mp 123-124°;

26,8 

methoxy), 3.82 (s,

-6,8
= 8 Hz, —5,8

= 2 Hz,

25,6 
= 7 Hz,

'CH, arom) ,ir v max

(VCH'

H , ortho to C=O in benzoyl), 
and Hc, meta

'CH5 '

(s), 1317 (s), 1270 (s), 1240 (s) , 1191 (w),

h3),

and para to C=O in benzoyl), 7.26 (dd, 1H, arom, J5 g =

8 Hz' 2c o = 1 Hz, Hg) , 3‘88 (s' 3H' aliPh' c«3

3H, aliph, CH3 in 1-carbomethoxy); ms

), 306 (6), 219 (5), 198 (10), 189 (9), 188

C=0
(w) 1510 (m) , 1440 (s) (<5,

25,8 “
= 1 Hz, H5), 7.80 (dd,

'c=c5'

952 (m) , 930 (w) , 916 (m), 830 (w), 810 (w), 790 (m), 770 
(s) , and 708 cm-3-

N, 4.23.Found; C, 67.58; H, 4,42;

1H, arom.

84 (37), 80.5 (5),

(21), 113

(vC=O'
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4.6.3.2.4 1,2-Dicarbomethoxy-6,8-dimethylindolizine

Prepared from 1-(p-toluenesulfonylmethyl)-3,5-dimethyl-

pyridinium trifluoromethanesulfonate under a nitrogen atoms

phere; elution with ether - methylene chloride mixture (1:1
v/v) gave pale yellow crystals which were recrystallized

from ether to give 1,2-dicarbomethoxy-6,8-dimethylindolizine

88%) as colorless crystals, mp 135-136°; ir v(1.15 g,

(KBr) 3150 (m)

ester), 1700 (s) (y ), 1560

(m) , 820 (w) , 808 (w) , 778 (m) , and 748 cm' (m); nmr

<5 (acetone-d,) 7.85 (s, 1H,
6.56 arom, H-y) , 3.85 (s,(s,

in 1-carbomethoxy), 3.37methoxy), 3.81 (s,

(71), 229 (100), 216 (8), 215 (6), 214 (8), 203 (6), 202

172 (28), 171 (69), 158 (6), 149 (8), 145173 (6),
(9), 129(18), 143 (28), 142 (16), 131 (5), 130.5 (<1) , 130
( 1), 115(5), 128

(28), 114.5 (7),
58.5 (3), 58 (31), 57.5 (4), 57 (18) .

(5), 117 (14), 116.5 (5), 116 (15), 115.5

99.5 (7), 99 (5), 91 (17), 89 (11), 85.5

max
, aliph), 1730 (s)

556
1H,

(M+ ’

'C=0
„ ) , 1417 (s) (6„„ Un u-n

1360 (m) , 1330 (w) , 1250 (s), 1230 (s), 1160 (s), 1105 (m),
1070 (m) , 1055 (w) , 1037 (w) , 995 (m), 952 (m), 915 (m), 845

-1

(27), 201 (6), 200 (15), 186 (6), 185 (6), 184 (5), 175 (5),
(ID, 144

(vC=O'
(w), 1525 (s), 1455 (s) (6

3H, aliph, CH^
aliph, CH3-8), 3.19 (s, 3H, aliph, CH-j-6) ; ms m/e

262 (12), 261 (45) (M+‘), 233 (20), 232 (<1), 231 (15), 230

arom, H5), 7.78 (s, 1H, arom, H3) , 
3H, aliph, CH3 in 2-carbo-

(vCH, arom> < 2960 (^ch
, ester), 1660 (w) (vc=c

), 1390 (w),

(s, 3H,

(5), 85 (5), 77 (16),
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Anal.

requires: C, 64.36; H, 5.79; N, 5.36.

4.6.3.2.5 1,2-Dicarbomethoxy-6,8-dichloroindo 1 izine

Prepared from 1- (p-toluenesulfonylmethyl)-3,5-dichloro-

pyridinium trifluoromethanesulfonate under nitrogen; elution

with ether - methylene chloride mixture (1:1 v/v) gave

(KBr) 3150 (m) (vCH,
aliph), 1725 (s)

ester), 1700 (s) , ester) , 1630 (w) (v
), 1420 (s) (6CH

(w), 1070 (s),
(s); nmr810 (w) , 800 (w) , 777 (m) , 762 (m) , and 732 cm'

<S(CDC13) 7.83 (d, 1H, arom,
arom, 7

in

ms
301 ) ,

(10), 244 (5), 243 (15), 242 (12), 240 (17), 234 (10),245
(7), 214 (9), 213 (9), 212 (11), 211 (13), 200 (7), 198232

(8), 186 (12), 185 (13), 184 (15), 183 (19), 159(9), 187
(13), 152 (12), 151 (9), 150 (14), 149 (13), 148(9), 157

145 (9), 144 (7), 137.5 (2), 136.5 (4), 121(25), 146 (5) ,

120 (4), 119.5 (6), 114 (10), 93.5 (2), 93(12), 120.5 (4),

J5 7 = 2 Hz, H5), 7.64 (s, 1H,

= 2 Hz, H7), 3.95 (s, 3H,

C=C} ’

no4

colorless crystals, mp 127-128°; ir vmax 

arom), 3100 (m)

aliph , CH3 
1-carbomethoxy);

(45) (M+‘

990 (s) , 958 (m), 933 (m), 850 (s), 838 (m),
-1

-
m/e 305 (7), 304 (7), 303 (34), 302 (10),

274 (14), 273 (11), 272 (68), 271 (17), 270 (100),

r„), 1365 (w), Uri

1345 (w) , 1297 (s), 1270-1210 (s), 1160 (s), 1105 (m), 1090

C14H15

1,2-dicarbomethoxy-6,8-dichloroindolizine (1.28 g, 85%) as

(vc=0, ester) , 1700 (s) (vc=0
1530 (s), 1500 (m) , 1450 (s) (6

H3), 6.78 (d, 1H, arom, J5 ?
in 2-carbomethoxy) , 3.84 (s, 3H, aliph, CH

Found: C, 64.36; H, 5.80; N, 5.23.

(VCH' arom)' 2960 (m) (vch'
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85 (11).

Anal.

requires: C, 47.70; H, 3.00; N, 4.64.

4.6.3.2.6 l-Carbomethoxy-7-benzoylindolizine

Prepared from 1-(g-toluenesulfonylmethyl)-4-benzoyl-

pyridinium trifluoromethanesulfonate (1.25 g, 0.0025 mole)

and methyl propiolate (0.42 g, 0.0050 mole); elution with

ether - methylene chloride mixture (1:5 v/v) gave yellow

crystals which were recrystallized from ether - light

pertoleum mixture (1:4 v/v) to give l-carbomethoxy-7-benzoyl-

indolizine (0.454 g, 65%) as pale yellow crystals, mp 174-

175°; ir , arom), 3072 (w)

(s)

1275 (m), 1261 (m),

902 (w) , 830 (w) , 793 (w) , 754 (m) , and926 (w),

1H, arom, Hg), 8.03 (d,720

1H, arom,arom.

‘A

arom,

H6) , 3.83 (s.—5,6 = 

ms m/e 280

V 
max

arom), 2960 (w) (VCH

h2

= 7 Hz,

HB

—AC

—5,6
2 Hz, H

(VCH'

, ester), 1650

(vC=O

1460 (w), 1450 (s)

975 (w), 

cm~l

h9ci2no4

meta and para to C=0 in benzoyl, respective- 

and H3), 7,27 (d, 1H, arom,

7 Hz, H6), 3.83 (s, 3H, aliph, CH3 in carbomethoxy);

(18), 279 (100) (M+-), 249 (15), 248 (90), 221

tlSCH

1247 (s), 1204 (s), 1128 (s), 1051 (w),

C12h9

5?, ,.u. Jab = 8 HZ,

, ortho to C=0 in benzoyl), 7.60-7.45 (m, 3H,

(m) ; nmr <5(CDC13) 8.60 (s,

Hr), 7.82 (dd, 2H,

Found: C, 48.01; H, 3.12; N, 4.57.

and Hq, 

ly), 7,33 (s, 2H, arom,

(7), 92.5 (4), 92 (10), 91.5 (4), 91 (2), 87 (10), 86 (17),

(KBr) 3120 (w) (\>CH

, aliph), 1700 (s) (vc=0

, benzoyl), 1605 (w) (vc=c), 1530 (s), 1480 (w), 

), 1360 (s), 1345 (m), 1322 (s),
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143

Anal. Found: C, 72.80; H, 4.78; N, 4.86.

requires: C, 73.10; H, 4.69; N, 5.01.

4.6.3.2.7 Attempted synthesis of 1,2-dicarbomethoxy-7~

methylindolizine

Using 1- (g^-toluenesulfonylmethyl)-4-methylpyridinium

trifluoromethanesulfonate; during the addition of the base,

the color of the reaction mixture turned blue, then green,

Evaporation of the solvent gave a

black tar which was not analyzed.

4.6.3.2.8 1,2-Dicarbomethoxy-7-cyanoindolizine

Prepared from 1- (p-toluenesulfonylmethyl)-4-cyano-

pyridinium trifluoromethantsulfoante; the crude reaction

yellow crystals which were recrystallized from methanol to

give 1,2-dicarbomethoxy-7-cyanoindolizine (1.05 g, 78%) as

arom), 2940 (m)

(s) , 1055
794

—6,8 ~

((SCH
(s) ,

pale yellow crystals, mp 169°; ir vmax
, aliph), 2217 (m) (v^EN 

, ester), 1525 (m), 1505 (m),

N°3

(KBr) 3110 (m) (v„„, Ln
), 1720 (s)

mixture was triturated with methanol (20 ml) to give

(vCH 
ester), 1697 (s) (vc=0 

1368 (m), 1327 (s), 1280 (s), 1200 (s), 1137

C17H13

1435 (s)

red, and finally black.

2 Hz, H8), 8.00 (d, 1H, arom, J5,6 = 7 Hz, H5),

On); nmr 6(CDC13) 8.45 (d, 1H, arom,

(7), 220 (5), 202 (15), 174 (5), 165 (13), 159 (6), 

(5) , 115 (5), 105 (5) , 77 (7) .

) <
1010 (w), 955 (w), 935 (w), 884 (w), 865 (w), 

(w) , and 765 cnT^



257
7.74 (s, 1H, = 7 Hz,

2 Hz, h6>'

3
258 (46) (M+') ,
(18) , 168 (18), 155 )7), 142 (18), 141 (32), 140 (26), 139
(10) , 128 (10), 115 (13), 114 (44), 113 (20), 103 (15), 98

(12) , 97 (20) , 87 (18), 77 (20) .

Anal.

requires: C, 60.46; H, 3.90.

4.6.3.3.0 Triphenylphosphonium 2-biphenylsulfonylmethylide

mixture of (2-biphenylsulfonyl) methyl triphenylphosphonium

trifluoromethanesulfonate (0.642 g, 0.0010 mole), water (20

ml) , and methylene chloride (20 ml) at 0°. The organic layer

Evaporation of the

which from ether - light petroleum mixture gave triphenyl-
g, 65%) as

), 1430arom), 1580 (w)
(s) (6,

840 (m), 756 (s) ,
<5(CDC13) 7.29 (m, arom); ms m/e 495 (7),68 0 cm 3

1*6,8
3.90 (s.

phosphonium 2-biphenylsulfonylmethylide (0.32
(KBr) 3038 (w) (vCH,

arom, H3),

asS02^' J”LOU v“" 'vsym

1037 (w) , 1026 (w) , 1000 (w) , 963 (s) ,

;CH) , 1262 (s) 

SO2),137

in the two phase mixture was separated, washed with cold

;CH), 1458 (m) (6ch
1180 Cm), 1098 (s) (v

(vC=C
(v

Triethylamine (0.5 ml) was added dropwise to a stirred

in 1-carbomethoxy); ms m/e 259 (9),
228 (18), 227 (100), 200 (8), 197 (32), 169

-5,6
3.92 (s, 3H, aliph, CH^ in 2-carbomethoxy) , 

3H, aliph, CH

C13H10N2°4

water (3 x 10 ml) , and dried (MgSO^) .
solvent gave a colorless precipitate recrystallization of

(s); nmr

6.80 (dd, 1H, arom,

Found: C, 60.45; H, 3.94.

colorless crystals, mp 215°; ir ',max 

), 1475 (m) (6, 
137

1066 (w),

742 (m), 730 (m) , 713 (m), 700 (s), and
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(24) ,494 ), 430 (73), 429 (27),

(26) ,428 373.5 (matastable) , 352 (15), 340 (9), 278 (15),

(12) ,277 276 (48) , 275 (21), 274 (12), 264 (27) , 263 (42) ,

262 (20) , 229 (21) , 198 (42), 197 (16), 186 (33), 185 (18) ,

(78) ,184 178 (31) , 177 (26), 175 (75), 154 (15), 153 (38) ,

108 (18) , 107 (12) .

Anal. Found: 74.50; H, 4.80.C,

4.6.3.4.0

2- (p-toluenesulfonyl)nitrone (cf. Hamana

A suspension of 1-(p-toluenesulfonylmethyl)pyridinium

tri fluoromethanesulfonate (1.98 g, 0.05 mole) and p-nitroso-

N,N—dimethylaniline (0.75 g, 0.05 mole) in benzene (50 ml)

temperature for 15 min. A solution of

triethylamine (0.50 0.05 mole) in benzene (20 ml) wasg,

added dropwise in 15 min, and the reaction mixture was

allowed to stand at room temperature for 2 hr. After evapor-

of chloroform - ether (20 ml, 1:1 v/v) gave 1-(p-toluenesul-

f onylmethyl) pyridinium trif luoromethanesulfoante (0.695 g,

The mixture was then resolved by column chromato-35%) .

Elution

(lit(0.022 g,

graphy on alumina (500 g) (1 ft

with ether gave a brown solid, which was recrystallized from

ation of the solvent in vacuo at 40°, addition of a mixture

x 2 in column),

was stirred at room

Attempted synthesis of N-(4-dimethylaminophenyl)-

138)

493 (66), 492 (100) (M+-

C31H25°2PS requires: C, 74.59; H, 5.12.

nitrobenzene to give 4,4 '-di-(dimethylamino) azoxybenzene 

3.1%) as yellow crystals, mp 236-240° (lit^^ 241°);
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(KBr) 2900 (w) ), 1518

(s) , 1447 (m) ), 1373 (s) (v.
1170
8.19 (d, 2H, arom,
(d, 2H, arom,

= 8 Hz,

6(CDC13) 7.30-8.00 (broad s, 2H,
arom, = 9 Hz,

Continued elution with chloroform gave an orange
semi-solid oil; nmr 6(CDC13) 6.60-

arom) , and 3.02 (s, aliph,
Continued elution with chloroform gave a red fraction

6(CDC13) 9.40-6.40 (complex m, arom),
and 2.75-3.00 (complex m, aliph).

4.7.0.0.0 Miscellaneous

Attempted synthesis of 41-methoxy-2-biphenylsul-4.7,1.0.0
fonyldjazomethane

4.7.1.1.0

A mixture of 2-bromonitrobenzene (20.2 g, 0.10 mole).

4-iodanisole (27.77 g, 0.12 mole), and copper bronze (20 g)

ha, HB-

ha-'

!?AB

—BA
= 8 Hz, H.

ortho to NO), 6.53 (d, 2H, arom, JAB

ir %ax (vCH, aliph), 1600 (s) (vc=c

(^Ch)/ 1373 (s) (VN_Q), 1268 (m), 1239 (m), 
(s) , 956 (w) , 916 (w) , and 825 cm-1

1474 1 -Methoxy-2-nitrobiphenyl

(m) ; nmr 6(CDC13)
= 8 Hz, HB, ortho to N(0)), 8.06

—A'B' ~ 8 Hz< hb>' ortho to N), 6.62 (d, 2H, arom,
Ha, meta to N(O), 6.58 (d, 2H, arom, ,

fraction (12 mg) as a

uA.B.= 8 Hz, 
meta to N) , and 2.95 (s, 12H, aliph, N(CH3)2). 
Continued elution with ether gave 4-nitroso-N,N-di- 

methylaniline (0.353 g, 47%) as green crystals, mp 88-92° 
(lit146 92.5 -93.5°); nmr

(16 mg) as an oil; nmr

8.40 (complex m,

meta to NO), and 3.03 (s, 6H, aliph, N(CHj)2).
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with stirring for 48 hr.

to the mixture and the solids were filtered, washed with

methylene chloride (5 x 100 ml) , and the combined filtrates

150-155°/as

4.7.1.2.0

A mixture of 4' -methoxy-2-nitrobiphenyl (22.9 g, 0.10

mole) , zinc dust (50 g) , and calcium chloride (5 g) in 80%

aqueous ethanol (500 ml) was boiled under reflux for 4 hr

with vigorous stirring, the solids were filtered while hot,

washed with hot 80% aqueous ethanol (3 x 150 ml) , and the

combined filtrates evaporated to a volume of 200 ml. Extrac-

200 ml) followed by passing dry hydrogen

chloride into the ether solution gave 2-amino-4' -methoxy-

(lit

4.7.1.3.0

(cf. Strating

A mixture of 2-amino-4'-methoxybiphenyl hydrochloride

(23.55 g,

0.10 mole) in water (20 ml) at 0

After cooling 

to room temperature, methylene chloride (200 ml) was added

were distilled to give 4' -methoxy-2-nitrobiphenyl (11.5 g, 

50%) as an orange oil, bp 155-160°/0.5 mm (lit147 i=n_1ceo

tion with ether (3 x

4 1 -Methoxy-2-biphenylyl xanthogenate 
27-29.)

1262-Amino-4 1 -methoxybiphenyl

mm (lit

was heated at 180°

0.10 mole), concentrated hydrochloric acid (30 ml), 

and water (200 ml) was diazotized with sodium nitrite (6.9 g, 

° and after 30 min, the

biphenyl hydrochloride (14.13 g, 60%) as colorless crystals, 

mp 224-226° (lit149 227-228°).

0.5 mm) and 2,2'-dinitrobiphenyl (6.2 g, 25.4%) as a yellow 

oil, bp 165-170°/0.5 mm (lit147 165-170°/0.5 mm).
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filtered solution was added to

out characterization in the next step.

4.7.1.4.0

A mixture of crude 4'-methoxy-2-biphenylyl xanthogenate,

sodium hydroxide (25 g) , water (45 ml) and 95% ethanol

(150 ml) was boiled under reflux for 3 hr to give a solution

of the sodium salt of 2-mercapto-4' -methoxybiphenyl. It

4.7.1.5.0

A solution of 2-mercapto-41-methoxybiphenyl in aqueous

boiled under reflux with a

solution of chloroacetic acid (18.9 g, 0.20 mole) in 10%

aqueous sodium hydroxide (100 ml) for 1 hr, and the result

concentrated to a final volume of 200 ml,

mixture of ice (300 g) and concentrated

Five recrystallizations from methylenedified slowly.

(3 x 100 ml), and the solvent evaporated to give 4'-methoxy- 

2-biphenylyl xanthogenate as a brown oil which was used with-

S- (4 ' -Methoxy-2-biphenylyl) thioglycolic acid 

(cf. Strating27-29j

ethanolic sodium hydroxide was

ing mixture was
and poured qver a 
hydrochloric acid (100 ml) to give a black oil which soli-

2-Mercapto-4 1 -methoxybiphenyl (cf. Strating^^ 29)

was used in the next step without characterization.

a vigorously stirred mixture 

of potassium xanthogenate (25 g), sodium carbonate (75 g) , 

and water (50 ml) in small portions over a period of 30 min. 

After 1 hr, the products were extracted with methylene 

chloride (3 x 200 ml) , the extract was washed with water
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(KBr) 3300-2750 (s)
H-bonded) , 1696 (s) (\>

1184
(s) , 1090 (m) , 1038 (s) , 1030 (s), 1012 (m), 900 (s), 837

(w) ; 6(acetone-dg) 7.60-7.10 (complex 5H,nmr m.

arom and OH), 7.24 (d, 2H, meta to

methoxyl), 6.95 (d, 2H, arom, J = 8 Hz, Ha, ortho to

233 (60), 230

215 (29), 203 (14), 202 (100), 201 (26), 200 (49),(42), 214

(17), 196 (18), 186 (17), 185 (45), 184 (47),199 (17), 197

(17), 174 (5), 173 (21), 172 (51), 171 (48),183 (18), 175

(14), 152 (17), 149 (14), 139 (24), 129 (14),165 (21), 153

(18), 115 (22), 91 (50), 89 (25).117 (14), 116

65.74; H, 5.29.Anal. Found; C,

4.7.1,6.0

Troeger

A mixture of S-(4'-methoxy-2-biphenylyl) thioglycolic

CH2); ms m/e 275 (8),

(20), 228 (14), 227 (16), 217 (12), 216 (58),

C15H14°3S requires: C, 65.67; H, 5.14.

sulfonyl)acetic acid

128)

(vOH'

690 cm

chloride - light petroleum mixture (1:4 v/v)

(s), 825 (s), 817 (s), 770 (s), 752 (m), 738 (s), and 

-1

Attempted synthesis of a-(41-methoxy-2-biphenyl- 

(cf. Strating27-29 and

- -■ ■ ■ • ■ -AB

methoxyl), 3.82 (s, 3H, aliph, CH^), and 3.58 (s, 2H, aliph, 

274 (39) (M+‘), 262 (7), 234 (14),

gave S-(4'- 

methoxy-2-biphenylyl) thioglycolic acid (9.3 g, 33.8%) as 

colorless crystals, mp 163-165°; ir \)max

’c=0), 1613 (m) (vc=c), 1582 (m) 

(VC=C5 ' 1515 (m> ' 1460 <m) > 1430 (s) (« ), 1392 (m) , 1320 

(s) , 1312 (s), 1302 (s) , 1278 (w), 1250 (s), 1202 (s),

arom, = 8 Hz, HB,
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acid (27.4 g,

and at room
temperautre for 5 days, and the resulting mixture was poured
into ice (200 g) and water (200 ml) mixture to give a dark

oil (9.1 g) • Attempts to crystallize the oil from methylene

chloride - light pertoleum, chloroform - light petroleum,

and acetic acid - water mixtures, or from ether, carbon

tetrachloride, benzene, or ethanol failed. The oil has not
been characterized.

4.7.2.0.0 Attempted syntheses of diazosulfones

4.7.2.1.0 Via hydrolysis of a-sulfonyldiazoacetates

4.7.2.1.1 Ethyl benzenesulfonyldiazoacetate (cf. Regitz

A mixture of ethyl benzenesulfonylacetate (22.8 g.

0.10 mole), triethylamine (10.1 g, 0.10 mole), and tosyl

azide (18.3 g, 0.10 mole) in methylene chloride (300 ml) was

for five days, and then, at room
It was washed with cold water (5 xtemperature for 1 day.

300 ml), dried
vacuo at

0°. on

x

0.10 mole), glacial acetic acid (50 ml), 
acetic anhydride (25 ml) , and 36% aqueous hydrogen peroxide 
(140 ml) was allowed to stand at 0° for 5 hr,

(MgSO4), and dispersed on neutral alumina
(200 g) by careful evaporation of the solvent in 

Dry column chromatography of the suspended mixture
2 in column) using ether as

46j

allowed to stand at 0°

neutral alumina (500 g) (2 ft 
the eluent gave ethyl benzene sulfonyldiazoace fate (17.8 g, 

bright yellow crystals, mp 48-50°; ir vm;iv.(KBr) 3075ir v max70%) as
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(w) , arom), 2995 (m)
1708 (s)

), 1453 (m)

and
arom,

2 Hz, arom,

OCH?CH,); ) , 209 (6), 207 (5), 182 (5) ,ms

118 (15), 117 (9), 110 (30), 109 (13), 106 (21), 105 (100),

Anal.

4.7.2.1.2 Attempted cleavage of ethyl benzenesulfonyl

diazoacetate with aqueous potassium hydroxide

A suspension of ethyl benzenesulfonyldiazoacetate

(2.54 0.010 mole) in 5% aqueous potassium hydroxide9,

stirred vigorously at room temperature for 48

and filtered to give a colorless solid (0.51 g) insol-hr,

uble in water,

7,20-8.20 (m,

Thecooch2ch3).

ethanol, methylene chloride or ether; nmr 

10-15H, arom), 3,78 (q, 2H,

N2O^S requires: C, 47.23; H, 3.96.

HB

'CH, aliph), 2118 (s) (v, 

ester), 1588 (w) (v

(6CH

(VCH

(vC=O'

^ab = 8 Hz' 

ortho to S02), 7.70-7.40 (m, 3H,

and Hc, meta and para to S02 respectively), 4.19 (q, 2H, 

aliph, J = 7 Hz,

6(acetone-dg)

aliph, COOCH2CH3), 2.90 (s, 1H, aliph) and 0.87 (t, 3H, 

The solid was not characterized further.

Ha,

2—3

180 (5), 142 (9), 141 (33), 134 (26), 126 (14), 125 (29),

C10H10

Found: C, 47.32; H, 4.01.
97 (13), 94 (13), 91 (22), 90 (13), 89 (18).

(200 ml) was

OCH2CH3), 1.21 (t, 3H, aliph, J = 7 Hz, 
m/e 254 (6) (M+‘

C=N2)' 
c=c, arom), 1480 (m) 

^CH^' 1372 <S), 1340 (s) (vasSO2), 1290 (s), 
1220 (s), 1162 (s) (vownS02), 1100 (s) , 1077 (s) , 1035 (m) ,sym
1010 (m) , 864 (m) , 850 (m) , 808 (m) , 750 (s) , 730 (s) ,

688 cm-1 (s); nmr 6 (CDC13) 8.00 (dd, 2H,
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aqueous filtrate was extracted with ether, and after acidi-

was

7.80-7.00

further.

4.7.2.1.3 Attempted cleavage of ethyl benzenesulfonyl

diazoacetate with sodium methoxide in DMF

A mixture of ethyl benzenesulfonyldiazoacetate (2.54 g,

0.010 mole), sodium methoxide (1.08 g, 0.020 mole), and dry

N,N-dimethylformamide (30 ml) was stirred at room temperature

for 2 days, and the resulting mixture was poured into an

acetate (2.34 g, 92%) as

identical with starting material.

4.7.2.2.0 Via direct diazo transfer

4.7.2.2.1

A solution of sodium benzenesulfinate (16.4 g, 0.10

as colorless crystals, mp

ice-water mixture (500 ml) to give ethyl benzenesulfonyldiazo- 

bright yellow crystals, mp 48-50°,

ml) , and the precipitate filtered.

75% aqueous ethanol gave methyl phenyl sulfone (12.5 g, 80%) 

86-88° (lit115 86-88°) .

Methyl phenyl sulfone^5

mole) and methyl iodide (14,2 g, 0.10 mole) in aqueous 
ethanol (1;1 v/v) (100 ml) was allowed to stand at room 
temperature for 7 days, poured over ice-water mixture (500

Recrystallization from

fication with 10% hydrochloric acid to pH 3—4, washed with 
water (2 x 3 0 ml), dried (MgSO4), and the solvent 

evaporated to give a colorless oil (1.25 g); nmr 6(CDC13) 
(m, aromatic) . The oil was not characterized
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4.7.2.2.2

tetrafluoroborate at pH 7

0.00040 mole) and methyl phenyl sulfone

ethanol (5 ml) was allowed to stand at room temperature for

48 hr. After evaporation of the solvent in vacuo at room

temperature to a final volume of 10 ml, water (200 ml) was

added, and the solution was extracted with ether (3 x 100 ml) .
Drying
phenyl (lit
identical with

4.7.2.2.3 Attempted synthesis of benzenesulfonyldiazometh-

fluoroborate at pH 8

borate (0.111

mixture had a

Evaporation of the ether gave methyl(MgSO4).and dried

ed in vacuo at room temperature
poured into water (200 ml) , extracted with ether (3 x 100 ml) ,

kept at room temperature for 2 hr,
to a final volume of 10 ml,

A mixture of 3-ethyl-2-azidobenzothiazolium tetrafluoro- 

borate-'-5® (0.111 g,

A mixture of 3-ethyl-2-azidobenzothiazolium tetrafluoro- 

0.0040 mole), methyl phenyl sulfone (0.063 g.

an authentic sample of methyl phenyl sulfone.

ane using 3-ethyl-2-azidobenzothiazolium tetra-

Attempted synthesis of benzenesulfonyldiazo

methane using 3-ethyl-2-azidobenzothiazolium

the ether layer (MgSO4) and evaporation gave methyl 

sulfone (0.057 g, 90%) , mp 86-88° (lit115 86-88°),

g,

0.00040 mole), triethylamine (added dropwise, until the

pH of 8), ethanol (5 ml), and water (15 ml) was

The solvent was evaporat-

(0.063 g, 0.00040 mole) in a mixture of water (15 ml) and



267

sulfone.

4.7.2.2.4 Attempted synthesis of benzenesulfonyldiazometh

ane using 3-ethyl-2-azidobenzothiazolium tetra-

fluoroborate at pH 6

(0.063 0.0040 mole), ethanol (5 ml), water (15 ml), and

acetic acid (added dropwise until the mixture had a pH of 6)

was kept at room temperature for 2 hr. The solvent was

evaporated in vacuo at room temperature to a final volume

of 10 ml. After addition of water (200 ml), the reaction

extracted with ether (3 x 100 ml), dried (MgSO^),

(0.054 (lit9,

sample of methyl phenyl sulfone.authentic

Attempted synthesis of benzenesulfonyldiazometh-4.7.2.2.5

Tosyl

A mixture of 3-ethyl-r2-azidobenzothiazolium tetrafluoro- 

borate-'-^O (o.lll g, 0.0040 mole), methyl phenyl sulfone

phenyl sulfone (0.054 g, 85%), mp 86-88° (lit115 86-88°), 

identical with an authentic sample of methyl phenyl

mixture was

and the solvent was evaporated, to give methyl phenyl sulfone 
I15 86-88°), identical with an

gen at -78°

85%), mp 86-88°

ane using tosyl azide and n-butyl lithium

A 19% solution of n-butyl lithium (5.6 ml, 0.011 mole) 

in hexane was introduced through a hypodermic syringe into 

a solution of methyl phenyl sulfone (1,56 g, 0.010 mole) in 

ether (10 0 ml) that was kept under an atmosphere of nitro- 

The reaction mixture was allowed to stand at 

room temperature for 30 min and then cooled to -78°.
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Quenching the mixture at -78° with absolute ethanol (30 ml) ,

dried (MgSC>4), and the solvents evaporated. The components
of the resulting mixture were resolved by dry column chroma

tography on alumina (500 g) ( 1 ft x 2 in column) using

ether as the eluent to give tosyl azide (1.28 g, 65%); ir

identical with that of starting material. Continued elution

86-88°), identical with an authentic
sample of methyl phenyl sulfone.

Attempted synthesis of benzenesulfonyldiazo-4.7.2.2.6

methane using tosyl azide and lithium diiso

propylamide

a

-78°.

The yellow 

color of the mixture changed to deep red, and then darkened.

A 19% solution of n-butyl lithium (5.6 ml, 0.011 mole) 

introduced through a hypodermic syringe into

azide (1.97 g, 0.010 mole) in ether (30 ml) was introduced 

dropwise in 15 min through

solution of diisopropylamine (1.01 g, 0.010 mole) in ether 

(100 ml) that was kept under an atmosphere of nitrogen at 

The reaction mixture was allowed to stand at room

in hexane was

a pressure equalizing addition 

funnel with vigorous stirring. The temperature of the 

mixture was raised gradually to —20° over a period of 30 

min, and then kept at room temperature for 3 hr.

with methylene chloride gave methyl phenyl sulfone (1.17 g, 

75%), mp 86-88° (lit^''"^

and then water (300 ml) , followed by extraction with methy

lene chloride (3 x 100 ml) gave a yellow solution which was
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temperature for 30 min, and cooled to -78°. A solution of

was a

30 min. A solution of tosyl azide (1.97 g, 0.010 mole)

was in

After 3 hr, it

and was quenched with absolute

ethanol (30 ml) and water (300 ml). Extraction of the

mixture with ether followed by drying (MgSO^), evaporation

of the solvents, and resolution of the components of the

mixture by dry column chromatography on alumina using ether

(1.48

72%), mp 86-88° (litsulfone (1.12 g,

Theauthentic sample of methyl phenyl sulfone.

alumina recovered from the chromatographic column was pink

characteristic of the decomposition of diazosul-in color,

fones on alumina.

Attempted synthesis of benzenesulfonyldiazometh-4.7.2,2.7

tetramethylpiperidide

A 19% solution of n-butyllithium (5.6 ml, 0.011 mole)

methyl phenyl sulfone (1.56 g, 0.010 mole) in ether (30 ml) 

introduced dropwise

Continued elution with methylene chloride gave methyl phenyl

H5 86-88°), identical

with an

ane using tosyl azide and 1-lithium 2,2,6,6-

was cooled again to -78°

over a period of 15 min through 

pressure equalizing addition funnel with vigorous stirring, 

and the mixture was allowed to stand at room temperature for 

153

15 min, and the temperature raised to -20°.

as the eluent (see Section 4.7.2.2.5) gave tosyl azide

75%); identical with that of the starting material.

then added dropwise to the reaction mixture at -78°
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in hexane was introduced, through

a

of nitrogen and the mixture was allowed to stand at room

After cooling to -78°, a solutiontemperature for 30 min.

of methyl phenyl sulfone (1.56 g, 0.010 mole) in ether (30

ml) was introduced dropwise over a period of 15 min though

pressure equalizing addition funnel with vigorous stirring.a

allowed to stand at room temperature for
30 min.

over a
period of 15 min,

Extraction of thelute ethanol (30 ml) and water (300 ml).

Continuedir identical with that of the starting material.

(1.16 g, 75%), mp 86-88° (lit

authentic sample of methyl phenyl sulfone.

mixture, followed by drying (MgSO^), evaporation of the 

solvents, and resolution of the components of the mixture by

dry column chromatography on alumina using ether as the 

eluent (see Section 4.7.2.2.5) gave tosyl azide (1.58 g, 80%);

then added dropwise to the reaction mixture at -78

and the temperature was raised to -20°.

elution with methylene chloride gave methyl phenyl sulfone

115 86-88°), identical with an

A solution of tosyl azide (1,97 g, 0.10 mole) was
o

a hypodermic syringe, into 

solution of 2,2,6,6-tetramethylpiperidine (1.41 g, 0.010 

mole) in ether (100 ml) that was kept under an atmosphere

and the mixture was

After 3 hr, the reaction mixture was quenched with abso-



5.0.0.0.0 DISCUSSION OF RESULTS

5.1.0.0.0 Generation of 2-biphenylsulfonyl carbene

5.1.1.0.0 From 2-biphenylsulfonyldiazomethane by thermolysis

The reactions of thermally and photochemically

previously by Abramovitch and Roy. Benzyl phenyl sulfone

(1.2%) was among the reaction products in both thermal and

photochemical decompositions. The major products of thermal

and 6H-dibenzo

benzene, pyridine, ethanol, The

Bis (2-biphenylyl) disulfide (141) was formed in the

thermolyses in cyclohexane, cyclohexene, benzene, and methy

lene chloride, whereas bis (2-biphenylyl)disulfide-S,S-

When the

The mechanism of

271

sulfonylmethyl 2-biphenylsulfonate (146) .

formation of the disulfide (141) , the thiosulfonate (140)

generated benzenesulfonylcarbene in benzene has been studied
82

or methylene bromide.

yields of products are summarized in Table 2, p. 41.

decomposition of 2-biphenylsulfonyldiazomethane (139) (this 

study) were cycloheptatrieno fl,2—1£] -2H-thionaphthene (143)

[bfdJthiopyran-SyS-dioxide (144) when the 

decompositions were carried out in cyclohexane, cyclohexene,

cyanoethylene, one of the reaction products was 2-biphenyl-

dioxide (140) was formed in pyridine and ethanol.

decomposition was carried out in the presence of tetra-
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a common
This is

radicals

R« ArSO2‘ +2

Ar=2-Biphenylyl

ArSOQ- + ArS"3

is supported by the similarity in product distribution

the yield of sulfonate ester in the thermolysis of benzene-

dered below.

ArS-
V
ArSSAr

source of the additional oxygen in the sulfonate ester.

The various steps of the proposed mechamism will be consi- 

The first step is analogous to the radically

That the formation of these products 

proceeds by a free radical pathway involving

and the sulfonate ester (146) probably involves 

progenitor, the 2-biphenylsulfonyl radical, 

illustrated below.

ArSO3H

ArSO2CHN

139

ArSO2SAr

V
ArSO2CH2OSO2Ar

rchn2

ArSO2

sulfonyldiazomethane implicated a sulfonyl derivative as the
82

ArSO2CHN2

induced decomposition of sulfonyl azides, in which two
189 competing pathways have been identified. The first

obtained in these reactions with those obtained from
, 190-192,198-200reactions that clearly involve ArSO^ radicals.

Furthermore, the failure of atmospheric oxygen to increase
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pathway involved loss of nitrogen and followed a first

order kinetics to give a sulfonyl nitrene.

and

surrounding the nature of the radical initiator, the

kinetic data obtained contained little information. This

impurities present in the system. On the other hand,

mechanism involving
bond. Based on these arguments, it was concluded that the

>

R- +

uncertain.

in

radically induced process.

The second path

way involves the production of RSO • radicals.

has been pointed out.

By analogy to the above, the production of ArSO2" 

the thermolyses of 2-biphenylsulfonyldiazomethane probably

The possible involvment of triplet nitrenes 

produced by deactivation of the initially formed singlets 
189

pathway, however, was not initiated by peroxides or
189

-------------- 2

complex nature of the products derived from RSO,-,

Due to the
190

as well as the uncertainty
189

ArSO2- <RN3>

2
due to the different chemistry of alkyl and aryl sulfonyl 
radicals,189"192'198-200

ArSO2N:

a thermally induced homolysis of the S-N

ArSO2N3

involves also a

’N2

bond strength considerations led the author to reject a

production of the ArSO2* was a process initiated by radicals.

The nature of the radicals responsible for this process is
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Of the numerous reactions available

the relevant ones will be considered here.

The mechanism of the

2 2

+ Others3 6 5

widespread acceptance is illustrated in

Scheme 26. Kobayashi and co-workers have postulated that

a

have demonstrated that

indeed formed during the hydrolysis

Furthermore, sulfonic acidsof bis-arylsulfonylperoxides.

? •>

Noteworthy amonggenerated from a variety of sources.

them is the isolation of p-toluenesulfonic acid (11%) in

the thermolysis of p-toluenesulfonyl azide in the presence

The transformation of

2ArSO3HH2°ArSO2OOSO2Ar2ArSO3•

C6H6 
------- >

have been obtained in reactions involving ArSO2‘ radicals
190

ArSO2

sulfonic acids are

to ArSO2‘ radicals

ArS02" radicals 

produced by numerous sources give rise to a strikingly 

similar product distribution.190

by a hydrogen abstraction by an
194,195 Others,

of peroxides, which has been postulated to oxidize the
189 initially formed sulfinic acid.

transformations of ArSO2 • radicals that has achieved
190-192,198-200

the sulfonic acid is formed either by hydrolysis of
19 0 sulfonic anhydride, or

ArSO3- radical.193

the ArSO2 ■ radicals to sulfonic acids has been more

ArSO2H + ArS03H + ArCfH.

ArSSAr + ArSO2SAr + ArSO2OSO2Ar +
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Scheme 26

ArSO-ArSO-•

+ ArS-

ArS-RH

ArSSAr>
3

II 
0

V
ArSO-H

0
II 

ArS-O-SAr
II
0

0
ArS-O-SAr

ArSO2-

ArSO3‘
ArSO3•

<----- ;— ArSOjSAr

ArSO2• 
---------- »

ArSO,•
------ArSO2OOSO2Ar

ArSO2OSO2Ar ArS02/

H2°

0 0
II II

ArS-O-SAr —>ArS-O- + ArSO-
II II 
0 0
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of oxidizing additives. More recently, Abramovitch, Knaus,

A

hv
■>

Although thermolysis of 2-biphenylsulfonyldiazomethane did

not afford the corresponding sulfonic acid, its alkylated

derivative (146) was isolated in 5.1% yield when the ther

molysis was carried out in benzene in the presence of TCNE.

feasible was demonstrated by the

sulfonate ester from the reaction of

2-biphenylsulfonyldiazomethane and 2-biphenylsulfonic acid

The function of the TCNE in promoting theof high yield.

>2

Ar=2-Biphenylyl

Of theformation of the sulfonic acid is less clear.

and photo

decomposition of a,a-bis-sulfones in the absence

That such alkylation was

ArSOjH

ArSO3H

ArSO2CHN

139

ArSO3H

The TCNE could act as

ArSC^SC^Ar

isolation of the same

conclusively demonstrated in the thermal192
. . .190chemical

ArSO2CH2OSO2Ar
146

several possibilities, the following seems to be plausible, 

a trap for some of the short-lived

and Uma have postulated the intermediacy of methanesulfonyl-
103 

oxy radicals in the thermolysis of methanesulfonyl azide.
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radicals, thus producing longer lived,

R- +

+

of the sulfonic acid, and hence the ester (146) . The low

overall yields of the normal carbene-derived products in

this reaction is in accord with this interpretation. Due to

experimental difficulties, it was not determined whether or

not the disulfide was also a product. The electron

defficiency of TCNE could also play a dominant rol in the

oxidation of ArSO_• radicals to the sulfonic acid. There

is

in benzene in the absence of TCNE. Formation of the

disulfide in hydrocarbon solvents and of the thiosulfonate

the relative rates of the competing pathways involving

TCNE 
h2o

stable radicals, 

capable of promoting radical-induced decomposition of the 

starting diazosulfone, thus giving appreciable Quantities

ArSO2•

ArSO^HArSO2•

(r'chn2)

in ethanol and in pyridine can be explained by assuming that

no support for this since the analogous sulfonate ester

is formed in the thermolysis of benzenesulfonyldiazomethane
82

ArSO2CHN2

ArSC>2 • radicals are influenced by the nature of the solvent

r(nc)2c-c(cn)2(nc)2c=c(cn)2
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Such

literature, but no systematic investigation
of their origin has been attempted. The complexity of

pathways leading to the various products, together with

the fact that the radical reactions constitute only a minor

pathway in the overall reaction of 2-biphenylsulfonyl-

diazomethane, has made elucidation of such effects quite

difficult.

to explain the formation of disulfides and carboxylic acids

related system (see Section 1.3.2.2.0).

evidence to support this mechanism, however.

<■

in particular when

precedents for a particular type
Thermolysis of diazosulfones affords sulfonyl carbenes

00
Illi 

ArSCAr

variations in the product distribution are reported in the 
189-192,198-200

SO- 
ll 2
C-Ar

and of sulfonyl carbenes

of reaction were available.

-S°2

ArCO2H + ArSOH 

I 
ArSSAr

ArS02CArH2°

(ArS02)2C:

or by changes in temperature and concentration.

A 
---- >

in the thermolysis of a

ArSO2C(=N2)SO2Ar

There is no

The carbene-derived pathways were identified on the

An alternative explanation for the disulfide formation
89 has recently been formulated by Holt and his co-workers

Wol£f> ArSO.

basis of the characteristic reactions of carbenes in 
general,1-18 ' " - - - ’ 19
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(see Section 1.3.2.2.0).

conservation.

In cases where the ground

possible, and hence, has not been observed. The

discussion of the states of the carbene responsible for the

products obtained in the thermolysis of 2-biphenylsulfonyl-

diazomethane will be deferred to a later section.

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in

various solvents gave trans-1,2,3-tri- (2-biphenylsulfonyl)-

varying yields (see Table 2, p. 41).cyclopropane (145) in

carbene is statistically

improbable in view of the low concentration of carbenes in

time).

Whereas

of the dimer

That suchreaction

The state of the initially 

generated sulfonyl carbenes is singlet,

state of the carbene is a singlet, such deactivation is not
197

as required by spin

The isolated reaction products, however,

Concerted trimerization of a

likely arise from a sequence involving at least two steps.

a mechanism of stepwise (three steps) trimerization 

seems possible, it can be excluded on the basis of isolation 

(instead of the cyclopropane derivative) in

It appears very likely,

could be derived either from singlet or triplet carbenes.1 18

In thermal processes, the deactivation of the initially 

formed singlet carbenes to their ground triplet state is a
19 7well documented phenomenon.

the low temperature decompositions.

therefore, that an initially formed dimer undergoes further 

(cyclopropanation) to give the trimer.

solutions (caused by their high reactivity and short life- 

The cyclopropane derivative, therefore, could most
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154

Thermolyses + Others-

Ar=2-Biphenylyl

It is unlikely that the cyclopropane forming step

involves

double bond of the olefin, since the C=C double bond of

trans-1,2-di- (2-biphenvlsulfonyl) ethylene is less reactive

The latter undergoes cyclo-than that in cyclohexene.

This hypothesis waspropanation in less than 10% yield.

confirmed both in the case of carbenes and carbenoids

obtained from 2-biphenylsulfonyldiazomethane by trifluoro

further reaction

acetic acid and pentafluorophenylcopper (I)-catalyzed 

decompositions, whereby the ethylene derivative was formed 

in 17% and 15% yield, respectively, but did not undergo 

(cyclopropanation) under these conditions.

The cyclopropanation step, therefore, probably involves 

1,3-dipolar addition of 139 to 154, followed by thermal

ArSO2CH=CHSO2Ar + Others

ArSO2CHN
139

Room Temperature 
cud) or cf3co2h>

a direct addition of the carbene to the C=C

ArSO2CHN2,A

a course of events is feasible was demonstrated by the 

isolation of the trimer when trans-1,2-di- (2-biphenvlsul- 

fonyl) ethylene (154) and 2-biphenylsulfonyldiazomethane 

(139) were subjected to the reaction conditions.

(ArSO2CH£3
145
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elimination of N 2
olefins and diazomethane derivatives).

A
2'

139 154

Ar=2-Biphenylyl RT
Cu(I)
pr V

3

145

The intermolecular reactions of 2-biphenylsulfonyl

carbene depended on the solvent used in a particular

In most cases 1:1 adducts of the carbene andthermolysis.

Thus, products derived fromsolvent were also obtained.

insertion into the C-H bond of cyclohexane, addition to the

139
Ar=2-Biphenylyl

(cf. the formation of cyclopropanes from
204

ArSO2CH
CcHcN

ArSO2CH

CcH_N b 5

C6H1

^6H6

C,H o

ArSO2CHN

(ArSO2CH£

-N2
CF3CO2H

ArSO2CHN2

ArSO2CHN2

ArSO2CH2C6H5

+ ArSO2CH=CHSO2Ar

ArSO2CH2C6H11

ArSO.CH—CHSO-Ar 2 | | 2
N CHSO.Ar 'W 2
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In
contrast

This was not unexpected, since benzenesulfonyl carbene
82

2-biphenylyl analogue is expected to make this reaction

even less favored than that in the case of benzenesulfonyl

carbene. For similar reasons, formation of 2-biphenylyl

picolinyl sulfones in the thermolysis of 2-biphenylsulfonyl-

The fact that pyridine ring is even more electron

defficient than that in benzene makes such attack even less

In contrast to 2-biphenylsulfonyl carbene, theprobable.

diazomethane in pyridine affords 2-picoline

intermediateAn ylide is thought to be an

dibenzo

afforded the analogous sulfone in very low yield (ca. 1%) . 

The availability of facile intramolecular pathways in the

, the thermolysis of the diazosulfone (139) in benzene 

did not afford the benzyl 2-biphenylyl sulfone expected 

from an intermolecular reaction of the carbene with benzene.

C—C double bond of cyclohexene, and attack on the sp2 

lone pair of pyridine were isolated in these solvents.

Ylides have been isolated from the
206

diazomethane (139) in pyridine is improbable, and was not 

observed.

reaction of carbenes with pyridine

Thermolysis of 2-biphenylsulfonyldiazomethane (139) in 

methylene bromide also indicated the presence of minor 

intermolecular pathways. The formation cis-1- (2~biphenyl- 

sulfonyl)-2-bromoethylene (152) and possibly 6-bromo-6H-

[b,^ thiopyran-S,S-dioxide (153), both bromine 

containing compounds, suggested that the solvent (CJ^B^)

„ . ... 203and isogurnoline.

decomposition of 
in 83% yield.205 
in this case.205
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was indeed involved in their formation. The mechanism of

these reactions, however, is unclear.

is suggested

below.

Ar=2-Biphenylyl 2

«

Br153

The yields of 143 and 144
are

given in Table 34.are

the

polarity.

A possible sequence 

of reactions involving singlet carbenes207

ratio of 143/144 decreases with increasing solvent

This aspect was further studied using a mixed 

solvent system, and is discussed in the next section.

ArSO2CH

-> ArSO2CH2CHBr2

CH2Br2

The intramolecular reactions of 2-biphenylsulfonyl 

carbene involved cyclization to give cycloheptatrieno jl 

2H-thionaphthene-l, 1-dioxide (143) and 6H-dibenzo^b,dj- 

thiopyran-S,S-dioxide (144) .

summarized in Table 2, p. 41, and the ratios 143/144 

It can be seen that, in general,

HBr> ArSO2CH=CHBr

152

“ +
ArSO2CH-Br-CH2Br->ArSO2CHBr + CH2Br



284

Table 34

Ratios of 143/144 in the thermolysis of 2-biphenylsulfonyl-

diazomethane in various solvents

143/144ConditionsSolvent

1.6

1.3and TCNE

2.9

1.2Eton
1.7

1.1(0.32M)

1.4(0.16M)
,o120 , 2 hr

C6H10

C5H5N

C6H12

C6H6

C6H6

C6F11'

By nmr.

2.8 (3.2)a

CF3

120°, 4 hr

CH2Br2

120°, 1 hr

120°, 1 hr

120°, 1 hr

120°, 3 hr

CH2Br3 120°, 1 hr

120°, 2 hr

120°, 4 hr
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5.1.2.0.0

Diazosulfones react with strong acids (see Section

mechanism for these reactions is illustrated

below.

+ HX 

+

mixture of chloroform and ether, no visible reaction

Upon boiling the solution under reflux, however,occurred.

products were obtained whose distribution was very similar

to that obtained from the thermolysis of 2-biphenylsulfonyl-

The diazosulfonediazomethane (see Section 3.1.1.3.2).

the acid.

On the basis of

tion products,

to

produce 2-biphenylsulfonyl carbene.

In the presence of the acid, the expected (see 

above) reaction with the acid was not observed (i.e. the

trifluoroacetate was not a product) .

this and the formation of six- and seven-membered cycliza-

(143) and (144) , 

acid catalysis in the above reaction at ca.

This does not involve

From 2 biphenylsulfonyldiazomethane by tr 

fluoroacetic acid-catalyzed decomposition

1.3.1.2.0) to give a-substituted sulfones in good yield.
19 The proposed

SN2

we propose the involvement 
40-50°

N2

of an

ArSO2CH2X

ArSO2CH2N2+ x'

When 2-biphenylsulfonyldiazomethane (139) was 

treated with 1 equivalent of trifluoroacetic acid in a

(139) was stable under these conditions, in the absence of

ArSO2CHN2
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C-protonation, since the latter would lead to an a-substi-

trif luoromethanesulfonate,

than

this reaction (see Section 3.1.1.3.3) and afforded 2-bi-

phenylsulfonylmethyl trifluoromethanesulfonate in good

yield. That carbenes were not intermediates in the latter

reaction was demonstrated by the absence of the intramole

cular cyclization products, 143 and 144, in the reaction

mixture.

specific formation of cyclopropanes.

mediates have been proposed to be responsible for the stero-

Hydrogen-bonding

a much weaker nucleophile 

trifluoroacetate, was found to be capable of undergoing

Based on this, it is possible that an

Hydrogen-bonded inter-

initially formed hydrogen bonded diazosulfone decomposes at 

a temperature lower than the decomposition temperature of 

the unassociated diazosulfone, possibly giving rise to a

hydrogen-bonded carbene. The ratio 143/144 in this

not drastically different from those

tuted sulfone by displacement of N2 by trifluoroacetate ions 

and perhaps to 6H-dibenzo ^b thiopyran-S ,S-dioxide (144).

Even

Acid-catalyzed generation of carbenes has recently
208 been studied by Closs and Goh.

involving phenols and the oxygen atom in diazosulfones has 

been reported.

reaction, however, was 

obtained from the thermolyses in the absence of the acid. 

This suggests that if hydrogen-bonded carbenes are indeed
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2 2

Ar=2-Biphenylyl Products 

or

This leads to the conclu
sion that solvation of the transition states, and not
possible hydrogen bonding of the starting material, is
responsible for the solvent effect observed in the thermo
lyses (see Section 5.1.1.0.0).

5.1.3.0.0 From 2-biphenylsulfonyldiazomethane at room

temperature by metal-catalyzed decompositions

Smooth decomposition of 2-biphenylsulfonyldiazomethane

(139) occurred when catalytic amounts of either penta

fluorophenylcopper (I) , cuprous iodide-trietylphosphite,

cuprous iodide-triphenylphosphine,

dicarbonyl dimer was added to a solution of the diazosul

fone (139) at room temperature.

increase in the amount of

O'"
II

■> ArSCHN 
II 
0

The effect of solvent polarity on the 143/144 ratios 

is discussed in Section 5.1.3.0.0.

the chemistry of the carbenes or the 

intermediates derived therefrom.

£

cf3co2h 
CHCl^-Ether

or chlororhodium(I)

ArSO2CHN
139

nitrogen increased with an

ArSO2CH

The diazosulfone (139) is stable at room temperature 

in the absence of the catalysts. The rate of evolution of

the intermediates, such hydrogen bonds are either weak, 

have little effect on

,H00CCF_
O' i
II"

-> ArSCH
.■ II 

0

„.-HOOCCF3

~N2 ,
40-50° '
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to

4 (p.

, respectively) .

reactions. The similarity in the ratios obtained from

Cu(I) catalyzed reactions involving different ligands could

suggest that these reactions involve a common intermediate

that does not involve the ligand originally attached to the

This, however, is by no means certain. The morecatalyst.

the production of the reactive intermediates, and perhaps in

These species are,their subsequent reactions as well.

Furthertherefore, carbenoids, and not free carbenes.

support for this conclusion was obtained from the lower

drastic alteration of the 143/144 ratios produced by

the other hand, provided support for

Examination of Table 3 revealed that the 143/144 ratio 

was the same in a given solvent for

catalyst added but the amount of catalyst required 

effect complete decomposition was small.

ArSO2CH —» Cu ArSO2CH —>Rh(L)

altering the metal, on

the conclusion that the metal atom is directly involved in

a given metal catalyst.

The ligands had only small or no effect on the 143/144 

ratios (143/144 = 0.95, 0.68, 0.70 for CuI-PPh-j, CuI-POEt3, 

and ^C6F5Cu^4' respectively). When (ClRh(CO)2)2 was the 

catalyst, however, the 143/144 ratio was 0.45, appreciably 

different from those obtained from the Cu(I) catalyzed

The results obtained are summarized in Tables 3 (p. 63) , 

64 ) , 18 (p. 127), and 19 (p. 128).
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that from

catalyzed reaction in the

on the

grounds that it involves ratios obtained at different

temperatures. The 143/144 ratio increases with increasing

temperature (see Section 5.1.4.0.0). Thus, the ratio in

the catalyzed reaction at room temperature is expected to

be lower than that of the thermal reaction if both reactions
involved free carbenes as intermediates. That the 143/144

ratio was higher in the catalyzed reaction shows that a

carbenoid, rather than a free carbene is involved.

The effect of solvent polarity on the 143/144 ratios

in the metal-catalyzed reactions is summarized in Tables

18 and 19 A plot of 143/144 versus the( 127 and 128) .P.

weight % of cyclohexane in chloroform-cyclohexane mixtures

and partially decomposed pentafluorophenylcop-using fresh

per (I) tetramer as the catalyst for the decomposition of 2-

biphenylsulfonyldiazomethane is given in Figure 10. Both

similar dependence of the 143/144 ratios

Small differences between the two

The values of the 143/

This difference1.6 for the partially decomposed catalyst).

in behaviour in the region of higher polarity is thought

143/144 ratio obtained from the thermalysis of 2-biphenyl- 

sulfonyldiazomethane in cyclohexane (3.2) than

144 ratios in pure cyclohexane were identical, but those 

in pure chloroform were different (0.7 for the fresh, and

plots exhibited a
on solvent polarity.

the (CgF^Cu) catalyzed reaction in the same solvent (5.8).

The validity of this comparison may be questioned

plots were, however, also evident.
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5-

4.

3-

2-

Fresh Catalyst

1-

80 100 Wt. % C-H6020 40 6 12

Figure 10: Plot of product ratios (143/144) vs. wt. % of CgH^-

Partially Decomposer 
Catalyst

Product 
Ratios 
(143/144)
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to arise from a modification in the
through decomposition.

further.

It is evident

from examination of Table 19 that the total yield of the

cyclization products (143 + 144) remained nearly constant,

whereas the ratio 14 3/144 decreased with an increase in the

polarity of This suggested that the transitionthe solvent.

more polar than that leading to

solvents (see Table 34, p. 284).

From (2-biphenylsulfonyl) triphenylphosphaldazine5.1.4.0.0

by thermolysis

can

Similar 143/144 ratios were also observed in the 

thermolysis of 2-biphenylsulfonyldiazomethane in various

The absolute yields of products in the pentafluoro- 

phenylcopper (I) tetramer-catalyzed decomposition of 2-bi-

nature of the catalyst

This aspect was not studied

phenylsulfonyldiazomethane (139) in chloroform-cyclohexane 

mixtures are summarized in Table 19,

free carbene. Thus, a mixture of C-H insertion products

(157) , cycloheptatrieno [1,2-b] -2H-thionaphthene-l, 1-dioxide

(143) , 6H-dibenzo[jb,c[j thiopyran-S,S-dioxide (144) , and 

bis (2-biphenylyl) disulfide (141) were formed in this

p. 128.

state leading to 144 was

143.

Thermolysis of (2-biphenylsulfonyl)triphenylphos

phaldazine (156) in boiling decalin gave products that 

be easily explained on the basis of the intermediacy of a
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reaction. has

was nearly twice that obtained from the

thermolysis
cyclohexane
derivative (144)

To demonstrate that the dramatic increase in

the 143/144 ratio was not due to a solvent (decalin) but

to a temperature effect, the decomposition of the phos

phazine in cyclohexane was studied at various temperatures.

The relative yields of the reaction

,o

oil bath.

diazomethylsulfones did not occur at a single temperature 

but over a temperature range that was comparable in all 

experiments regardless to the external temperature of the 

The measured temperature of the surroundings,

effect (see Table 17, p- 125) .

the basis that the decomposition of the

Generation of carbenes from phosphazines 

been previously reported by Dalton and Liebman.210

Surprisingly, the yield of the cycloheptatriene derivative 

(143) (58%)

rationalized on

The results are summarized in Tables 20 and 21, p. 130 and

131, respectively.

products and the 14 3/144 ratios are summarized in Table 21.

The results clearly demonstrate that the 143/144 ratio 

depends on the temperature of the reaction between 135-180°. 

The 143/144 ratios obtained from the decomposition of 2- 

biphenylsulfonyldiazomethane in cyclohexane between 80-160

on the other hand, did not exhibit a detectable temperature

This can be easily

from the diazosulfone (139) . This made the preparation of 

the cycloheptatriene derivative (143) a synthetically 

useful one.

of 2-biphenylsulfonyldiazomethane (139) in

at 120 , whereas the yield of the thiopyran

(2%) was nearly a tenth of that obtained
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therefore, did not reflect the actual

of the 2-biphenylsulfonyl carbene

avoided this problem, and enabled the observation of a

effect (see below) .temperature

evidence exists that the mechanism of generationStrong

of carbenes from phosphazines involves initial dissociation

This mechanism will be assumed to apply to the

examples studied here. The higher temperatures and the

Slow +

Ar=2-Biphenylyl
+

from the diazosulfone; the

phosphazine are therefore coincident.

The data obtained in these reactions (see Table 21, P-

longer reaction times required for the decomposition of the 

phosphazine compared to those requires for the decomposi

tion of the diazosulfone indicate that the dissociation

131) clearly indicate that the absolute yields of 1£2 and

144 remain approximately constant but that of 143 increases

step is slower than loss of N2 

measured and actual temperatures in the thermolysis of the

ArSO2CH

ArSO2CH=N-N=PPh

156

N2

PPh3

temperature (or the 

range) at which the decomposition occurred. The use of the 

phosphazine (156) , mp 173°, instead of the diazosulfone 

210 source

ArSO2CHN2

139

(139) as a

of the latter to a diazo derivative and triphenylphos-
, . 210phine.
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appreciably.

those of

increase in

temperature.

from any solid phosphazine

in suspension. Attempts to isolate such a phosphorane were,

however, unsuccessful. An authentic sample of the phosphorane

?

Ar=2-Biphenylyl

stable in cyclohexane at 150°, but in the pressence ofwas

2-biphenylsulf onyldiazomethane (139) under the above condi

tions it gave rise to a complex reaction mixture. An

attempted resolution of the mixture by thin layer chromato-

It is clear, therefore, that thegraphy was unsuccessful.

tions.

in the presence of an equivalent

This eliminated the possi-

Alternatively, the relative yield of 143 may 

be viewed as going up from 56.9 to 69.6% while

142 and 144 go down from 12.4 to 8.4% and 30.6 to 22.0%, 

respectively.

phosphorane, if formed from any solid phosphazine in 

suspension, would react further under the reaction condi-

Both 14 3 and 144 were stable under the thermolysis

amount of triphenylphosphine.

bility that the observed temperature effect was caused by

The ratio of seven- to six-membered ring 

cyclization product almost doubles with a 45°

ArSO2CH=N-N=PPh3

156

 + 
ArSO2CH-PPh3

The lower overall yields of 142 + 143 + 144

at lower temperatures could be due to a possible competition
210 from phosphorane formation

conditions and at 180°
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Furthermore, unlike the

144 when heated at 300

These

are discussed in Section 5.3.0.0.0.

5.2.0.0.0 Generation of substituted biphenylsulfonyl

carbenes

An investigation of the reactions of carbenes related

to 2-biphenylsulfonyl carbene provided additional informa

tion which further elucidated the mechanisms of the intra

molecular reactions of sulfonyl carbenes.

4 1 -Bromo-2-biphenylsulfonyl carbene was generated by

of the corresponding diazosulfone in perfluoro

Resolution of components of the com-

tively.

of the diazosulfone in Freon-113 at room temperature gave an

The

This is in contrast to the

appreciable amount (32%) of the dimerization product.

10.5 (by nmr), and the 179 +

(179) cyclization products in 2.9 and 8.7% yield, respec- 

Pentaf luorophenylcopper (I) -catalyzed decomposition

thermolysis

143 did not rearrange thermally to 
o ,for ca. 1 hr, conditions that were

much more drastic than those employed in the thermolyses.

The absence of this 143 144 interconversion pro

vided a key to possible explanations of the results.

an exclusive destruction of 143 by triphenylphosphine, 

producing higher 143/144 ratios.
104N-sulfonylazepines,

(methylcyclohexane) .

plex reaction mixture afforded the six- (180) and seven-membered

179/180 ratio in this case was

180 overall yield was 17.2%. '

unsubstituted case where the 143/144 ratio was between
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1-6 (see Table 19,ca.

were greater than 50%.

was less efficient in the case of the bromo-substituted

derivative than it was in the case of 2-biphenylsulfonyl-

diazomethane. This decrease in the yield of total cycliza

tion in the 4 ' -bromo derivative suggested that the inter-

electrophilic species. Deactivation of the aromatic nucleus

towards attack by

the electron-withdrawing bromine is expected. A triplet

substituted aromatic nucleus more readily than an unsub-

The intramolecularfaster than attack

The

was

A further increase in the

4'-position. In this case, an even

compared with 17% in the unsubstituted case.

for dimer formation is not

cyclization products are, therefore, probably derived from 

singlet (electrophilic) , rather than triplet, species, 

decrease in the total yield of cyclization products 

accompanied by an increase of the amount of dimer, 32%, 

It must be

mediate responsible for the formation of 179 and 180 is an

an electrophilic singlet carbene (oid) by

Attack by radicals on

noted that the activation energy 

expected to be changed appreciably by the presence of a 

bromine substituent at the 4'-position.
barrier to intramolecular

carbene, on the other hand, is expected to attack a bromo-

stituted ring by virtue of the fact that it is a diradical, 

substituted benzenes, for example, is 
212 on benzene itself.

p. 128), and the 143 + 144 yields

Clearly, cyclization of the carbene

cyclization was expected if nitro group were present at the 

larger proportion of
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the dimer (45% yield) was formed. The presence of the

This is consistent with the involvement of a polar transition

state leading to the six-membered cyclization product.

Thermolysis of 5-chloro-2-phenoxybenzenesulfonyldiazo-

methane in cyclohexane, on the other hand, generated a

carbene which exclusively inserted into the C-H bond of the

solvent (76% yield). The solvent C-H insertion product

from the thermolysis of benzenesulfonyl carbene in cyclo-

This suggestedhexane was obtained in only 28.9% yield.

that the presence of an oxygen atom ortho to the sulfonyl

state.

One cancarbene resulting in an ylide-like structure.

6 (+)

formal ylide (see Section

rationalize. A more

carbene slowed its intersystem crossing to the triplet

This could be due to an overlap of the lone pair

seven-membered compound in the reaction mixture was

of electrons on oxygen with the vacant p-orbital of the

detected, but the six-membered derivative was not present.

postulate that this species is a

1.3.2.1.4) formed reversibly from the carbene, however, 

a C-H insertion by such an intermediate is difficult to 

attractive explanation is that the
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species undergoing C-H insertion is

vacant

This interaction could lower the

5.3.0.0.0 The mechanism of intramolecular cyclization

The arguments presented in Section 5.2.0.0.0 suggest

that both six- and seven-membered cyclization products arise

from the singlet state of the carbenes. This was further

supported by the fact that the addition of piperylene (a

30% solution in chloroform) had no effect on the 143/144

ratio (see Section 3.1.1.3.1, and Table 3, p. 63), but the

Capture of triplet carbenes by piperylene inpiperylene.

The isolation of increasing amounts of

the dimers in reactions involving 4'-bromo- and 4'-nitro-

to

energy of the singlet (but not that of the triplet) thus 

preventing its crossing to the triplet state.

a carbene in which the 

^-orbital partially overlaps with

a well documented phen-

a non-bonding

formation of the dimer was suppressed in the presence of

derivatives also implicated triplet carbenes as their 

precurssors, since the slower cyclization rates would 

increase the lifetime of the carbene thus permitting the

initially formed singlet carbenes to undergo intersystem 

corssing, possibly via collisional deactivation,

the ground (?) triplet state. Similar arguments have been 
, v 201,215

used by others concerning related phenomena.

Dimerization of singlet methylenes is disallowed by

preference to singlet carbenes is
3.213 214 omenom. ' x°

filled orbital on oxygen.



259

but that of

and has been In addition,

formation of carbene dimers from the reaction of singlet

carbenes with the diazo

by formation of azines. The absence of azine in the

RCR
Singlet

RCR

reactions of dimesityl carbenes,

in dimesityldiazomethane preventing the approach of singlet

to postulate that dimer

No azine was detecteddimerization of triplet carbenes.

in the reactions of 2-biphenylsulfonyldiazomethanes

attack by singlet carbenesstudied here.

it is in the case of dimesityl-

These
dimerization of triplet sulfonylcould arise from an actual

precursors is normally accompanied 
211

Dimerization ------------------>

diazomethane, sterically hindered due to the bulky S02, 

which is comparable in its steric demand to a tert-butyl 

group. These considerations suggest that the dimers

as well as steric hindrance

-?2+
-> R2C-CHR'

r2c=chr'

-N2

R'CHN2R'CHN2

carbenes to the reaction site (i.e. the carbon atom) has
pi q 

led Zimmerman and Paskovich

r'ch=n-n=cr2

Furthermore, an

triplet methylene is allowed, 

postulated to occur.218

carbenes in the absence of piperylene, but that in its 

presence, the triplet species are efficiently trapped.

on the a-carbon is, as

formation in the case of dimesityl carbene involved actual

216 symmetry,
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the thiosulfonate thus appear to be products of triplet

carbene reactions, and the intermolecular insertion product

into cyclohexane and the intramolecular cyclization products

to be products of singlet carbene reactions. To account for
the temperature effect, one could postulate the intermediacy

of two different singlet states. The product of insertion

into cyclohexane (142) and the six-membered cyclization

state, while the
carbene, or

from a thermally excited, linear S

norcaradiene intermediate.

ArSO„CH=N-N=PPhor 3

Ijmsymm.

v
S' 2 -H

->143

Scheme 27

o
This is depicted in Scheme 27.

2 —
156

A

V

T.S.JT.S.JQsymm.

ArSO2CH
Bent SQor linear SQ

product (144) could arise from an SQ 

cycloheptatriene (143) could arise from an

carbene, via a

S1

ArSO2CHN2

139

The dimer, the sulfonate ester, the disulfide, and
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Such a
transition

cr-complex. and linear

and such a transition

state would transform smoothly either to the norcaradiene

intermediate or perhaps directly, in a concerted bond

forming ring-expansion process, to the cycloheptatriene

(143) ,

tions. Raising the temperature would increase the popula-

carbene, and hencestate or of the linear S

sulfonyl carbene may be

state by the

sulfonylof a-sulfonyl dicarbanions.

OT
I

H «-> Ar-S=CH
I

o
for the formation

state could readily open up to 144 via the dipolar 

On the other hand, both S

carbenes are thought to add via an unsymmetrical 

state to olefinic double bonds.220,221

So
transition

<s> O
I 

ArSO2-C-R <-> Ar—S=CR
® O_

S o

of ketene is suspected.

This might make an Sx

ArSO2

a process that would be favored by entropy considera-

An

appreciably stabilized relative to the S( 
.226 same types of interactions proposed

tion of the S. — -1 o
the proportion of 143 relative to that of 144.

state of methylene lies ca. 20 Kcal above the 

and its involvement in the 2062 2 photolysis 

225

1 
methylenes are predicted to add via a symmetrical 

transition state to ethylene,222

carbene thermally accessible in solution. . An

The Sx 
state223,224
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argument against an S intermediate could be that

expect it to be

to the triplet. but there appears to be no experimental

data bearing on this. The above argument, however, does

not apply to the linear S state.

singlet

Formation of 143 would be favored at higher temperatures,

provided 143 and 144 were formed irreversibly (i.e. 143

144 does not obtain)

If such a competitive ring-is higher than AH

) can

AH.

AS

The ring opening of the norcara-

(a o-complex)

Formation of such a charged o-complex in the

reactions of 2-biphenylsulfonyldiazomethane explains the 

fact that production of 144 is favored in polar solvents.

o
An alternative explanation (see Scheme 28) would be

1 xncermeaiate could be that one might 

trapped by piperylene in a manner similar

depending on

143^144

=4.9+1

is also possible.
235 above type (presumably singlet

the mode of their generation) are known to

In addition,

diene to a

that 142, 143 , and 144 all arise from the So 

carbene by competing intra- and intermolecular pathways.

from a common norcaradiene intermediate, 

and is higher than AH144.

opening of the norcaradiene is assumed, log(K 
9 9 a 7^

be plotted vs. 1/T to give AH^^ - AH.^ 

= 15 + 2 e.u. Such transforma-

aromatize to products analogous to 144.

solvent effects have been observed in related 1,3-diradical 

systems.236

vs. 1/T to give AH

Kcal/mole and - AS^44

tions of norcaradienes to analogues of 143 and 144 are not 

without precedent.230-235

singlet diradical and hence to a dipolar species 

219,236 • B a1sn nnssible. Diradicals of the 
,, t 230as well as triplet,
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Scheme 28

v
V 144

143

Favored by 
higher 
temperatures

Favored by 
polar solvents

So

C6H12
ArSO2CH ArSO.ClhC.H.,

Z Z 0 11



6.0.0.0.0 SUMMARY

In contrast to the intermolecular reaction of benzene

sulfonyl carbene with an aromatic nucleus, a facile intra

molecular
observed, to give six- and seven-membered cyclization

products. Unlike the N-sulfonylazepines, the cyclohepta

triene derivative did not aromatize to the six-membered

product.

2-Biphenylsulfonyl carbene (oid) was generated by four

different methods (from diazosulfones by thermal, and

metal- or trifluoroacetic acid-catalyzed decompositions,

and from phosphazines by thermolysis) .

The ratio of seven- to six-membered cyclization

products was solvent and temperature dependent, but it

oxygen atom at the position ortho-

such crossing.
The

304

carbenes to the triplet state, whereas the presence

to the carbene prevented

Three major concurrent pathways

radical-induced decomposition of the

remained unaffected in the presence of added piperylene. 

The presence of electron withdrawing substituents at the 

4'-position facilitated the intersystem crossing of singlet 

of an

were identified.

first pathway was a

cyclization of 2-biphenylsulfonyl carbene was
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diazosulfone,

Based on arguements derived from the effect of substi-

mechanisms were proposed for the formation of the intra

molecular cyclization products. The first mechanism

tion state leading to the norcaradiene.

opening to either
depending on the solvent or on thethe sigma-complex

temperature.
1-Pyridinium

of indolizines,
pyridines.

a 10—it aromatic system was proposed.

efficient method of synthesis

trapped by acetylenes.

of sulfinic acid from the dihydro-intermediate leading to

This reaction

(arylsulfonyl)methylides were generated

by deproponation of the corresponding salts, and were 

The involvement of a 1,4-elimination

the second was inter- and intramolecular 

reactions involving singlet carbenes, and the third pathway 

was the dimerization of triplet sulfonyl carbenes produced 

from the initially formed singlet carbenes by collisional 

deactivation.

sequence was developed into an

in two steps, directly from substituted

the cycloheptatriene derivative or to

The second mechanism involved the addition of bent SQ 

carbenes to the aromatic nucleus via an unsymmetrical transi-

The mode of ring

state to produce a norcaradiene, and of bent SQ carbene via 

an unsymmetrical transition state to produce a sigma-complex.

tuents, and the solvent and temperature effects, two possible

involved the addition of an excited S. or a linear S1 o
carbene to the aromatic nucleus via a symmetrical transition



306
The following new compounds were prepared and

characterized:

trans-1,2-di- (2-Biphenylsulfonyl) ethylene

2-Biphenylsulfonylmethyl trifluoromethanesulfonate

(2-Biphenylsulfonyl) triphenylphosphaldazine

2-Biphenylyl decahydronaphthylmethyl sulfones

thiopyran-S,S-dioxide

Ethyl N- (4 '-nitro-2-biphenylsulfonylmethyl)carbamate

Ethyl N- (4 '-nitro-2-biphenylsulfonylmethyl)-N-nitrosocarbamate

Ethyl N- (2-biphenylsulfonylmethyl)carbamate

Bis- (2-biphenylyl) disulfide-S,S-dioxide

Ethyl N- (2-biphenylsulfonylmethyl)-N-nitrosocarbamate

2-Biphenylsulfonyldiazome thane

4' -Nitro-2-biphenylsulfonyldiazomethane

Cyclohexylmethyl 4 ' -nitro-2-biphenylyl sulfone 

trans-1,2-di- (4 ' -Nitro-2-biphenylsulfonyl)ethylene 

(4 ' -Nitro-2-biphenylsulf onyl) triphenylphosphaldazine

Methyl 4 '-nitro-2-biphenylyl sulfone

Ethyl N— (4 ' —bromo—2—biphenylsulfonylmethyl) carbamate

Ethyl N- (4 ' -bromo-2-biphenylsulfonylmethyl)-N-nitrosocarbamate

4 1 -Bromo-2-biphenylsulf onyldiazomethane

5-Bromocycloheptatrieno Ql,2-bj-2H-thionaphthene-l,l-dioxide

5-Bromo-6H-dibenzo , dj

2-Biphenylyl cyclohexylmethyl sulfone

Cycloheptatrieno [1,2-lf] -2H-thionaphthene- 1,1-dioxide 

trans-1,2,3-tri- (2-Biphenylsulfonyl) cyclopropane 

2-Biphenylsulfonylmethyl 2-biphenylsulfonate
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(2-Phenoxy-5-chlorophenylsulfonyl) diazomethane

me thanesulfonate

1- (p-Toluenesulfonylmethyl)-4-cyanopyridinium trifluoro-

trifluoromethane-

sulfonate

Cyclohexylmethyl 2-phenoxy-5-chlorophenyl sulfone

1- (p-Toluenesulf onylmethyl) pyridinium trifluoromethanesulfonate

1- (p-Toluenesulf onylmethyl)-4-methylpyridinium trifluoro

methanesulfonate

1- (p-Toluenesulfonylmethyl) -4-tert-butylpyridinium trifluoro

methanesulfonate

1- (p-Toluenesulfonylmethyl)-4-benzoylpyridinium trifluoro

methanesulfonate
1- (p-Toluenesulfonylmethyl) -3,5-dimethylpyridinium 

fluoromethanesulfonate

1- (2-Biphenylsulfonylmethyl)pyridinium

methanesulfonate
1- (p-Toluenesulf onylmethyl)-3,5-dichloropyridinium trifluoro

trans 1,2 di (4 Bromo 2 biphenylsulfonyl)ethylene 

(4' -Bromo-2-biphenylsulfonyl) triphenylphosphaldazine

S- (2-Phenoxy-5-chlorophenyl) thioglycolic acid 

(2-Phenoxy-5-chlorophenylsulfonyl)acetic acid 

Methyl (2-phenoxy-5-chlorophenylsulfonyl) acetate 

(2-Phenoxy-5-chlorophenylsulfonyl) acetyl hydrazide 

Ethyl N- (2-phenoxy-5-chlorophenylsulfonylmethyl)  carbamate 

Ethyl N- (2-phenoxy-5-chlorophenylsulfonylmethyl)-N-nitroso-  

carbamate



3C8

(2-Biphenylsulfonyl)methyltriphenylphosphonium trifluoro

methanesulfonate
2-Biphenylyl iodomethyl sulfone

1,2-Dicarbomethoxy-7-tert-butylindolizine

1,2-Dicarbomethoxy-7-benzoylindolizine

1,2-Dicarbomethoxy-6,8-dimethylindolizine

1,2-Dicarbomethoxy-6,8-dichloroindolizine

l-Carbomethoxy-7-benzoylindolizine

1,2-Dicarbomethoxy-7-cyanoindolizine

Triphenylphosphonium 2-biphenylsulfonylmethylide

S_-(4 1-methoxy-2-biphenylyl) thioglycolic acid

Ethyl benzenesulfonyldiazoacetate

a-Ferrocenesulf onylacetophenone

Benzoyl (ferrocenesulfonyl) diazomethane

a-Ferrocenesulf onyl-a-methoxy acetophenone
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