
ON THE SYNTHESIS OF a-ARYLSULFONYL- AND 
a-ALKYLSULFONYLPHENYLDIAZOMETHANES’ 

A. M. VAN LEUSEN,* B. A. REITH and D. VAN LEUSEN 
Department of Organic Chemistry, The University, 

Zemikelaan, Groningen, The Netherlands 

(Received in UK 6 September 1974; Accepted for publication 3 October 1974) 

AbdrW-Three general methods have been developed for the synthesis of a-diazosulfones, with special emphasis 
on the preparation of a-aryl substituted cldiazosulfones. 

Some years ago, a method was described for the synthesis 
of the previously unknown adiazosulfones* 1, based on 
the alumina-induced cleavage of nitrosocarbamates, 
according to 
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R’ = H, n-alkyl 

Although this approach was found applicable to a wide 
variety of substituents R, variation in R’ was restricted to 
H and n-alkylyb For reasons explained elsewhere,‘b 
reaction (1) did not apply to the case where R’ = phenyl. 
Equally unsuccessful were attempts to employ the 
d&o-transfer reaction’ to a number of benzyl sulfones:’ 

bmw 

RSOzCH,Ar + TosN, + RSOIC-Ar 
II 2 (2) 
N2 

Apparently, a-tosylphenyldiazomethane (5, R = p-tolyl, 
X = H) has provoked synthetic problems elsewhere too? 
The claim that this compound is obtained by reaction of 
tosyl chloride and phenyldiazomethane was recently 
disproven.Jb 

We wish to report the evaluation of three synthetic 
methods (Scheme and Table), two of which lead to 
the formation of 0 -sulfonylphenyldiazomethanes. t The 
yields of compounds 5 are moderate to low, however, the 
starting materials are available in quantity.6 The best 
results, relatively speaking, were obtained by a modifica- 
tion of the diazo-transfer reaction to a “methylene” group 
activated temporarily by an additional aldehyde function a 

?The very tirst example of an a-sulfonylphenyldiazomethane 
was reported recently by Carpino et aI., (5, R= PhCH=CPh, 
X = H), obtained by an unsolicited ring opening of a cycloadduct 
of 2,3diphenylthiiine-I,ldioxide and phenyldiazomethane.” 

SThis reaction was carried out in 40% EtOH with 1 equiv 
triethylamine. 

OYield determined by NMR, using dimethyl sulfone as an 
internal standard. 

(compounds 3, reaction (3A)). The application of the 
Forster reaction’ (3B) succeeded only for a- 
tosylphenyldiazomethane (51) in low yield (6% of isolated 
material), whereas the same compound was not formed 
by reaction (3C) of sulfonyl azide with a- 
tosylbenzylidenetriphenylphosphorane6d (7b). 

The principle of the methods (3A) and (3C) also 
provides useful alternative synthetic procedures for the 
preparation of tosyldiazomethane (la, Eq. (4) and (5)). 

Diaro-transfer reaction (3A). Prior to the investigation 
of reaction (3A), we established that the previously 
known unsubstituted tosyldiazomethane’ (la) can be 
synthesized alternatively by reaction (4). To ensure 
maximal conversion of 8, an excess of sulfonyl azide 4 
was necessary. Thus, 70% of la was formed (as 
determined by NMR) using a fivefold excess of tosyl 
azide #a). However, the separation of la from the excess 
of the isoelectronic (and otherwise very similar) reagent 
4a was not possible by chromatography or crystalliza- 
tion.*+ This problem could be circumvented satisfactorily 
by using a different azide, p-carboxybenzenesulfonyl 
azideJb (4b), the excess of which was readily removable. 
As a result of this variation in reagent, tosyldiazomethane 
(la) was isolated now in a yield of 73%, which makes this 
method a valuable alternative for reaction (1). 

The latter method was then extended to the synthesis of 
the new u-aryl substituted adiazosulfones Sad (reaction 
(3A) and table). As a side-product in all these reactions, 
another sulfonyl azide RS02N, was formed, in which the 
group R was the same as in the starting sulfonylaldehyde 
3. For example, ca 30% of tosyl azide @a) was formed in 
addition to a-tosylphenyldiazomethane (Sa, 58% yields), 
although the reaction was carried out with p- 
carboxybenzenesulfonyl azide (4b). This was quite 
unexpected and equally annoying, since the same tosyl 
azide was generated that had prevented the isolation of la 
in the experiment discussed above, and which we wanted 
to avoid by using 4b instead. However, we now were 
dealing with smaller quantities of the unwanted azide 4a. 
Further, the two products, Sa and 4a, differed in molecular 
weight, which permitted separation by crystallization, to 
give a-tosylphenyldiazomethane (Sa) in 48% yield. 
Comparable results were obtained for the diazosulfones 
M, although the yields were lower (Table). 
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Scheme and Table 

RSOzCH X 
I 

CHO 

7b (R = p-tolyl, X = H) 

RSG -Ar 
fi 
NOH 

Q (R = p -tolyl, Ar = Ph) 

% yield” 
R X by (3A) (3B) m.p. T @-N-N usol (cm-‘) 

51 p-tolyl H 48 (58) 6 (24) 79-81” (dec) 2085 1342, I IS2 
5b r-bury1 H 21(26) 53-54” 2090 1310,1150 
k benzyl H 400) 2095 1335,I165,1135’ 
5d p-tolyl p-Me0 b (27) - 

66-68” idec) 
2075 1320,1308, I l5W’ 

‘Yield of isolated material; between brackets yield as determined by NMR using dimethyl 
sulfone as an internal standard. 

bNot isolated in pure form. 
‘In nujol. 
dNeat. 

The best results in reaction (3A) were obtained in a two 
phase-system water-dichloromethane, using 5 equivalents 
of p-carboxybenzenesulfonyl azide (4b) and a large 
excess of ammonia (IS equiv). Similar results were found 
with sodium carbonate instead of ammonia. Sodium 
hydroxide or triethylamine gave lower yields of 5a, but an 
equal amount of the by-product tosyl azide (co 30%), 
whereas pyridine gave no reaction. 

ble to that of unsubstituted tosyldiazomethane’ (la). 
Compound Sd is somewhat exceptional since it was 
formed much faster (in 20min) and, moreover, it was 
thermally too unstable to be isolated. 

The synthetic methods leading to the starting materials 
3 are dealt with in a succeeding paper.& 

In a separate experiment it was shown that an azide 
function can be exchanged between sodium tosylate and 
p-carboxybenzenesulfonyl azide. We therefore tenta- 
tively explain the formation of tosyl azide in (3A), in 
addition to Sa and Sd, through such an exchange reaction 
with tosylate, formed by elimination from some inter- 
mediate, e.g. an intermediate similar to 9 (Eq (4)). The 
formation of t-butylsulfonyl azide and benzylsulfonyl 
azide in addition to Sb and SC, respectively, are 
interpretable likewise. 

The For&r reaction (3B). a-Tosylphenyldiazomethane 
(Sa) was prepared originally by reaction of chloramine and 
a-hydroxyiminobenzyl p-tolyl sulfone (6a). The highest 
yield of 5s was obtained by using chloramine, prepared in 
situ from ammonia (IO%, 20 equiv) and sodium hypochlo- 
rite (IS equiv), in an inhomogeneous mixture of water- 
dichloromethane. The crude mixture consisted, as esti- 
mated by NMR, of diazosulfone Sa (240/o), benzyl p-tolyl 
sulfone* (21%) and benzonitrile’” (55%). Unfortunately 
no more than 6% of Sa could be isolated by chromatog- 
raphy over alumina. 

The aryl substituted a-diazosulfones 5 are red to 
orange coloured compounds. The thermal stability of Sa-c 
and their sensitivity towards light and heat are compara- 

‘Formed possibly by reduction of 5s. 

a-Tosyl-p-methoxyphenyldiazomethane (&I) could not 
be prepared by this method. Here, the crude mixture 
showed IR bands at 2248 and 23lOcm- (indicative of 
-CZN and -GN+O, respectively), but no diazo band 
around 2100 cm-‘. Similar negative results were obtained 
with the oximes 6b and 6c (Experimental), in which 

TosCH#ZHO 8 r B ?J 1 TosCHN, Is 
+ 

R”SO,N, 4 = ~~~:~~R’j - R&jCHO 

4a: R” = p-CH,C& 
4b: R” = p-HOOCC+H, 9 

(4) 
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R = p-tolyl and Ar = 2,4, ~~ethylphenyl, or 2,4- 
dic~orophenyl~ res~ctiveIy. 

React~n of pho~~~~s ylids and s~jo~yI aside (3C). 
C~koxyme~yIenephosp~~nes have been de- 
scribed to provide a-diazoesters on treatment with 
certain azidesPab ahhough one erroneous cIaim was 
corrected recently? We, nevertheless, found this type of 
reaction applicable to t~y~ethyienet~phenyiphos- 
phorane@ (?a, R = H, Eq (5)), providing another ahema- 
tive for the synthesis of tosyldiazomethane (18, 60% 
yield). Since excess of suIfonyI azide was not required in 
this case, the reaction was successful with both tosyl 
azide (4a) and p-carboxybenzenesulfonyl azide (Ob). 

the above synthesis of la, compouud 5a was prepared from 
~-tosy~h~ylace~dcbyde~ f2.74 g, 10 mmole) and p- 
carbexvbenzenesulfonvl a&P Mb f I *4 ix. 50 mm&) in 150 ml 
dicblorometlmne and 75 ml 2 N a&nonia. -?&er the rchon was 
complete (i6 hr), the organic layer was filtered in co 5 min over a 
layer of alumina (Muck, act. III, thickness 4cm, diam 6cm) 
covered with dicbloromcthane on a sintefed glass funnel (to 
remove water and the remainder of 4b), and concentrated. Take 
resulting red oil was c~mato~phed on the same type of 
alumina (column length 15 cm, diam 1-S cm) in CCL. The tlrst 
coloured band provided 2.13 8 of red oil, containing 58% of fa and 
28% of tosyl &de (determined by NMRS). The a-diaxosulfone 5a 
was isolated from this mixture by crystallization from die&y1 
ether-light petroieum 4&&O’. providing 1.31 g (48%) of red 

As was found previousIy in similar reactior#“ the 
nature of the substituent R’ is of CR&I importance in 
these azide reactions. In our case, no reaction was 
observed between a-tosylbe~~dene~phenylphos - 
phoraoe6d (7b, Eq (3C)) and 4b, not even after 2 days at 
room temperature in dichIoromethane.* 

The following concIusions can be drawn from the 
present work: fi) reactions (4) and (5) are useful 
iterative for the previously reported2 synthesis (Eq (1)) 
of su~onyldi~o~~hu~e~ ; (ii) a -s~onyl~l~~~ 
methanes (5) are best prepared by reaction (3A). 

M nc U~PNL &trrminrA in sn nil hrrth unrent fnr I whbh yrcre b...Y’ _V.” ““,“I* . . . . . VW 1.1 “.I “.. U,...., -‘...-‘y* ..w‘ ” .f.. I”.. ..1.1 
taken on a Kofler Block. A Perkin-Elmer 257 Grating Infrared 
Spectrophotometer and a Varian A60 NMR apparatus were used. 
Tlte elemental micro analyses were carried out in the Analytical 
~~rneat of this laboratory. 

Tosyldiuzomerhane (I#, by reaction (4). Compound 4bsb 
(4*54g, 20 mmole) was added to 2.16 g (16 mmole) of tosylacet- 
aldehyde hemihydrate’* in a mixture of dichloromethane (90 ml) 
and 1 N ammonia (5Oml). The mixture, which turned yellowish- 
green, was stirred overnight (16hr) in the dark at room temp. Tote 
organic layer was dried over MgSO. and concentrated. Tbe 
resulting yellow oil was chromatogmphed with dichloromethane 
(in co 15 mitt) over a short, broad column of alumina (Merck, act. 
III, length 8cm, diam 35cm). Crude la (86% by NMRt) was 
crystallized from diethyl ether to provide I.42 g (73%) of yellow 
crystals, m.p. 36-38” (lit.‘” 34-37”). 

in a similar manner Is was prepared in 58% yield (by NMRS) 
from tosylace~dehyde enol acetate.t 

Tn.r,l~Lar.,IRin~~~.~~““~ Icab I.-, rnnntilrn ft, P:mitnr itn o= r”,,‘~“C”~,U’“‘““1ZrrlUlfC \$a,, “J ,ra..uv,, I,,. .J&,U”Lu L” 

*With R’ = CH, no a-tosyldiaxcethane is found either, although 
reaction did occur, presumably forming TosCH(CH~)P~b, 
To@ (36% yield). 

tPrepared by oxidation of 2-tosylethanol with dimetbyl suifox- 
ide inacetic auhydride,“” m.p. Found: tQ2-IOP, lit.“’ 109-l BP. 

#Yield dete~ined by NMR, using dimethyl sulfone as an 
internal standard. 

crystals, mp. 79-81” (de& NMR (CCL) 6 2.38 (s, 3 H), 785-7.35 _ . _ 
@r, 7 H), 76i id, 2 ii. .i 8.5 cisj. (Founci: C, 6i.i; ii, 4.5; s, 11.6; 
N, 9.8. Calc. for C,&NIO,S (272.3): C, 61.76; H, 4.44; S, t t-78; 
N, 10*29%). 

Q-C~~orobeazyf ptoryl srdfone. L&y HCI was bubbled through 
aa etheral soln of Sa until the colour disappeared. Removal of 
solvent gave qu~ti~tively the u~No~s~fone, m.p. 2tXQ04°, 
identical with an authentic sample,‘” m.p. 203*, by mixture m.p. 
and IR. 

a-t_R~tyJsulfonyfplienyJdJa~merk~e (sb, reaction (3A)) was 
prepared by the method used for Sa from a-t- 
butylsu~onylphenyl~e~ehyde (enoi tautomer,” 1.20 8, 
5.0 mmole) and 5.7 g (2.5 mmole) of axide 4b’” to provide, prior to 
column c~omat~phy, a red oil with IR bands at 2090cm-’ 

()CNa) and 213Ocm-” @I,), containing 26% of 5b, 40% of 

t~butylsulfonyl azide and 10% of beazyl t-butyl sulfone. (deter- 
mined by NMRS). Pure gb was obtained by chromatography 
followed by c~st~~~tion, as orange crystals (250 mg, 21%), m.p. 
53-W; NMR (CDCI,) 6 1.38 (s, 9 H), 7. I-7.6 (m, 5 H). (Found: C, 
55.5; H, S-9; N, t 1.7; S, 13.7. Calc. for C,,H,,N20$ (238.3): C, 
5544; H, 592; N, 11.73; S, t3*45%). 

a-BensyJsulfonylphenyJdJ~zometh4ne (Se, reaction (3A)) was 
prepared by the method used for Sb from a- 
ben~ylsuBonylp~nylace~dehyde (a mixture of enol and keto 
tautomers,& 2.478, 9.0 mmole) and tO*2g +t5 mmole) of azide 
4b’b in 2 br to provide, prior to column chromatography a red oil 

with IR bands at 2090 ()cN,) and 2143 cm-’ (N,), containing 10% 

of k and 25% of benzylsnlfonyl azide (determined by NMRS). 
Pure k was obtained after c~mato~phy followed by fractional 
e~st~li~tion, as orange crystals, 98 mg (4%). m.p. 66-68” (dec); 
NMR (CCL) 8 4.28 (s, 2 H), 70-7.5 (m, 10 H). (Found: C, 613; H, 
4;3. 1, tn.,. P ‘,.Q* fl..l” *-:^- P u Lr m c 167, 3,. P ‘I..X. 0 , 1.( I”.,, 0, ,1-o, t.alb ,“a \rllz1**I.*~~ \A,“>,. L, OI rut n, 
4~44; N, 10.29; S, il=I8%). 

a-Tosyl-pmefhoxyphmyldiazome~~ane (Sd), reaction (3A). 
According to the procedure given above for Sb, crude a-tosyl-p- 
methox~heoylacet~dehyde (from ~-methoxv~nzvl n-tolvl sul- 
fone (2:76g, IO mmole) by formylation with- ethyi f&mate and 
BuLI*) was converted with axide 4t? (7.9 I(. 33 mmole) in 25 ml 
2 N ammonia and SO ml dic~oro~th~e~ Af&r 20 min the organic 
layer was filtered over alumina and ~~ornat~h~, providing a 
red oil (1.92 g) containing 27% of sd and 25% of tosyl azide (by 
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NMR). The adiazosulfone decomposed during attempted 
isolation; no phosphazine derivative” could be obtained. 

a-Hydroxy&tinobenryl ptolyl sulfone #a). This was prepared 
according to the method of Hackmann et al.’ by stirring a soln of 
achlorobenzaldoxime” (7.78 g. 50 mmole) and sodium tosylate 
(890 g, 50 mmole) in 120 ml MeOH for 2 hr at room temp. After 
removal of the solid, the MeOH solution was concentrated, the 
residue was dissolved in ether and washed with water. After 
removal of the ether, the residue was crystallized from benzene, 
providing 5.5 g (40%) of 6a, m.p. 14~150” (dec); IR (KBr) 3260 (br, 
OH), 1645, 1325 (S02) and 1 I45 cm-’ (SO*); NMR (CDCI,) 8 240 
(s, 3 H), 7.1-7.4 (m, 7 II), 7.63 (d, 2 H, I 8 c/s), ce 9.7 (br, OH). 
(Found: C, 61.0; H, 4.8; N, 5.1; S, 11.5. Calc. for C,.H,,NO,S 
(275.3): C, 61.08; H, 4.76; N, 5.08; S, 11.65%). 

The synlanfi problem of oximes 6a-c is ignored. 
a-Hydroxyimino-2,4,61n’methylbentyI p-tolyf &forte (6b) was 

obtained similarly from achloro-2.4.6trimethvlbenzaldoxime” 
(3.95g. 20 mmole) and sodium tosylate (10.68g, 64lmmole) in 
60 ml MeOH, yield 3.67g (58%) m.p. 137-139” (dec) (from ether 
light petroleum 40-&t’); IR (nujol) 3395 and 3298 (OH), 1620, 1300 
(SO,) and llSOcm_ (SO& NMR (CIXI,) 8 2.18 (s, 6H), 2.27 (s, 
3 H), 240 (s, 3 H), 6.83 (s, 2 H), 7.26(d, 2 H, J 8 c/s),787 (d, co 2 H, 
J 8 c/s). (Found: C. 64.3: H. 5.9: S. 10.2; N. 4.5. Calc for 
C,,H,;NO;S (317.4): C, 64.33; H, 6;03;.S, lO.lO;.N, 4.41%). 

a-Hydroxyimino-2,6dh~orobenzyl gfolyl slrlfone (6e) was 
obtained similarly from a-2,6-trichJorobenzaldoxime6b (IO.0 g, 
45 mmole) and sodium tosylate (8.9 g, 50 mmole) in 7.1 g (46%) 
yield, m.p. 173-174”(dec) (from toluene); IR (nujol) 3410 aid 3256 
(OH), 1300 and 1140 cm-’ (SO& NMR (acetoned) 8 2.47 (s, 3 H), 
7.3-7.6 (m, 5 H), 8.05 (d, 2 H, I8.5 c/s), 12.34 (s, I H); the peak at 
12.34 ppm disappeared on addition of D,O. (Found: C, 48.9; H, 
3.2: Cl. 20.7: N. 4.0: S. 9.3. Calc for C,.H,CI,NO.S (344.2): C. _ _ . 
48.85; H, 3.22; Cl, 20.60; N, 4.07; S, 9.32%). 

, ~, 

a-Tosylphenyldiazomethane (So), by Forster reaction (39). A 
soln of sodium hypochlorite (360 ml, ca 15%) was added dropwise 
in 75 min to a stirred mixture of 6a (12.Og, 44mmole) in 
dichloromethane (360 ml), cone ammonia (lOOmI) and water 
(200 ml). After stirring for 4.5 hr at room temp in the dark, the 
organic layer was worked-up as described above for 5s by 
reaction (3A), providing ultimately 6% of 50, decomposing at ca 
80”; identical with the product described above according to IR 
and NMR. 

Tosyldiazomethane (la), by reaction (5). A soln of 7s” (2.15 g, 
5.0 mmole) in 30 ml dichloromethane was added slowly (in 4 hr) 
at room temp in the dark to a stirred suspension of 4t? (1.36g, 

6 mmole) in 20 ml dichloromethane. Work-up as above for la by 
reaction (4), provided 0.598 (60%) of yellow crystals, m.p. 35-38’. 
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