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REACTION OF SULPHOXIMIDES WITH DIAZOMALONATE
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ACTIVE OXOSULPHONIUM YLIDES'

N. FURUKAWA, F. TAKAHASH], T. YOSHIMURA and S. OAg*
Depertment of Chemistry, University of Tsukuba, Sakura murs, Nithan-gun, [baraki 300-31 Japan

(Received in Japan 26 May 1978)

Abstrect—Sulphoximides (Ia-le) were found to react with dimethyl diazomalomate (DDM) in the presence of »
MdeMJm&MoWMhmmmm&d
»ot proceed at all under irradiation of UV light. (-)-Methyiphenyloxosulphonium bis(methoxycarboayl)-methylide

((-)-1Ib) was obtained from (+HS)-methylpheayhaiphoximide ((+HS)-b) together with (-{S)-methyl phenyl
sulphoxide ((—)S)-IITb) by this reaction. Hydrolysis of (-)-1Ib gave (+)-methylpheayloxosuiphonium methoxy-
carbonyimethytide ((+)-IIf) which was cooverted to (-){S)-Ilib upon treatment with dibenzoylethylene. Stereo-
chemical cycle starting from (+)S)-Ib to (-){S)-IITb was established and the absolute coafigurations of both
ylides, (—)-1Tb and (+)-1If were assigned as (R)-configuration. The stereocbemical courses, namely from (+)(S)-Ib
or (—-HS)}IIb to (=R)-ITb or (+R)}-IH to (-){S)-TIb were determined as retemtion processes. The optical
purities of the oxosulphonium ylides obtained from both reactions, (+){S)-Ib - (-HR)}MIb and (-)4S)H1Ib—(-)-
(R)-Ib, were almost equal. These results indicate that the mechanism of the reaction of sulphoximides with
carbeses (or carbenoids) involves the initial formation of the sulpboxides which react subsequestly with carbenes

SO0 | -B 171000

to afford the final products.

Receatly, sulphoximides were found to have larger pKa
vahmthanthouoltheemupoodmgmbhomof
sulpboxides, suggesting that sulphoximides are more
polar and basic than sulphoses or sulpboxides.’ We
found recently that when dimethylsulphoximide
(DMSOI) was used as solveat, the rates of Sy2 reactions
of alkyl halides were markedly enhanced as compared to
those protic solvents as methanol or water and were
mﬂyeqmlotcompcnbletottmemwchpohrmnc
solvents as dimethyl sulphoxide or
hr'enuenhwemen(oftheMmmDMSOl
suggests that the nucleophiles such as cyanide and azide
arc remarkably activated by strong solvation of the
cotmtuunonsbymtphoxmdomﬁhmmchpohr
aprotic solvents as dimethyl sulphoxide and dimethyl-
formamide.

In the course of the studies on the chemistry of
sulphoximides, we found that chloroform decomposed
violently when it was treated with potassiam hydroxide
in the presence of DMSOL. When the decomposition was
carmied out in the presence of cyclohexene, 7,7-di-
chiorobicyclo{4.1.0]beptane was obtained only in 5%
yield with a concomitant decomposition of DMSOI. This
observation suggests that dichlorocarbene is
and consumed by a competing reaction with DMSOI
during the reaction thus lowering the yield of the
carbene-olefin adduct. Therefore in order to clarify the
nature of the reaction of sulphoximides with carbenes (or
carbenoids), a few typical sulphoximides (Ia-Ic)® were
treated with dimethyl diazomalonate (DDM) in the
presence of a catalytic amount of Cu-salts. There was no
reaction under irradiation of UV kght incidentally,
however in the thermal reactions, the NH group of
sulphoximides was cventually displaced by dimethyl
malooate group affording the correspoading oxoeul-
phonium ylides as the major products.

Although preparations of optically active sulphoxides,
snblmmdu and sulphoximides were reported* and
topological treatment of these compounds was docu-
mented by Cram et al..* preparation of optically active
oxosulphooium ylides has mever appeared in the litera-
ture. This paper describes the reactions of sulphoxi-
mides with diazomalonate in the presence of Cu-salts
and the syntheses and the stereochemistry of optically
active oxosulphoaium ylides, (-)<(R)-ITb and (+)R)-1If
along with the most likely mechanism of this new substi-
tution reaction on the chiral S atom.

RESULTS AND DESCUSSION
Reaction of dinahylulphamadc witﬁ dichlorocar-

myienewhchmbewodlmdmaunihrm
sulphoneudwbonmhlonden the
potuunm hydroxide via the Ramberg-
Bickioad reaction,” was not observed in the present
experiment. :

In order to assess the rough reactivity of DMSOI
toward dichlorocarbene, the reaction of the sulphoximide
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with dichlorocarbene was carvied out in the presence of
aniline since aniline is more basic than sulphoximide and
dichbmwbmuexpectedtomctptdmmnymth
mhnetoy:eidpbeayluocy:mdc?mwnymm
decomposition of sulphoximide.® The results shown in
Fig. 2, bowever indicate that even in the preseace of
aniline, dimethy! sulphoae and dimethyl sulphoxide were
formed in nearly the same yields as in the reaction
without aniline by the decomposition of DMSOI, though
mﬂhocmidemfomadinamnmﬂyidd
(30%).

100

Yield (%)

1) 1ne{0)

50 Paeny! Isecyentde (8}

Dimetiy! Seiphone (0}

Dtanthy? Selpnoxide (W)
§ (@)

O

el

&
o—

1 2 3 4 ] & H ) 9 1N
Ancunt of Petessiem Hpdraxtse (=30 ag}’
The ylelds of the products were Getermined 8t various conceatratioms
{1-11) of potasstum hydroxide sdded.

Fig. 1. The reactios of dimethylsuipboximide (DMSOD with
dichlorocarbene in the presesce of asilise at room tempersture.

t

Apparently, the presence of anitine did not change the
rate of decrease of DMSOI. The decomposition of
DMSOI with dichlorocarbene proceeded very readily
when carbon tetrachioride was employed as the carbene
source instead of chioroform. The reaction of DMSO!
with dichiorocarbene generated from carbon tetrs-
chloride was comparatively mild as compared to the
reaction with that generated from chioroform at room
temperature. However, the rate of decrease of DMSOI
appeared to be faster than that of the formation of
phenyl isocyanide. These facts suggest that DMSO! is
more reactive toward dichlorocarbene than such a pri-
mary amine as aniline, though the basicity of aniline (pK,
4.70) is larger than DMSO! (pK, 3.24).

Reaction  of  sulphoximides with  dimethyl
diazomalonate (DDM). In ocder to examine the general
nature of the reactions of sulphoximides with carbenes, a
few sulphoximides (Ia-Je) were prepared and treated
with DDM in refluxing benzene in the presence of a
catalytic amount of Cu-sais. Then, the products were
separated by column chroomtograply asd identified by
their spectroscopic and elemental analyses. The products
andthesynddsmmmnmdechmldeable

mpmducumhtedmthemcmmoxond-
phoaium ylides (II), the major products, sulphoxides

1The reaction of dichlorocarbese with primary amines was
known as a peneral method to prepare the correspoading iso-
cysnides.

$Recently, the complexes betwoen sulphissides and Pd or Pt salts
were reported.
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(111), sulphides (IV), sulphonium ylides (V) and dimer of
DDM (V). Receatly, a few oxosulphonium ylides were
prepared both by photolysis and by thermolysis of DDM
in the presence of the corresponding sulphoxides.’
However, photolysis of a mixture of diphenyl-
sulphoximide (Ic) and DDM in beazene with high pres-
sure Hg lamp did not proceed at all and the sulpboximide
was recovered acarly quantitatively, implying that the free
carbene is not the key intermediate but the Cu-carbenoid
is the key intermediate for the thermolysis with sulphox-
imides. Meanwhile, the color of the solution changed to
deep green and the solution turned to homogeneous
{methylphenylsulphoximide (Ib} and cuprous chioride) at
the initial stage of the reaction while in the case of
DMSOIorIbwnhwpncsulphm blue crystalline pre-
were formed. »
Anmafamedbamlbndcurkw
was isolated and analyzed spectrometrically.® IR ab-
aotpbonof!heuddnct(lb-CuSO.)dwlothemlpboxr
mido group shifted toward somewhat wave
numbers (1020, 1040, 1100, 1150, 1170cm™") than those
of the original sulphoximide (1010, 1030, 1100, 1120,
1140cm™"). However, the NH group absorption band
mmwbro.d.mwedunt»cm",u

(1) {vn)

doubtedly indicate the formation of an 1:1 adduct be-
tween the sulphoximide and Cu-salt. In order to see the
fate of the N atom of the sulphoximide, a few N-
substituted sulpboximides (Id, Ie) were prepared and
treated with DDM. Unfortunately, no product containing
N-beazyl group could be isolated with N-benzyimethyl
pheoylsulphoximide (Id). However, with N-pheayl
d:utbyhubhonmde (Ie)’ and DDM, aniline and methy!

and sulphonium (10%) ylides. Furthermore, when the
mmmmwm&mmm
eompktod.mnmbkwdnuhamak;
value of 0.45 on chromatography was obtained. This
product was scparated carefully and analyzed by mass
spectrometer as shown in Table 2.
Thus this unstable product was coafirmed to be the -
corresponding Shifl's base having the structure as



Reaction of sulphoximides with diazomalonate

319

Table 1. The reaction of saiphoximides (Ia-Is) with DDM. The reactioa conditions aad the yields of the products

Sulphoxtmide (1)

Cu-salt Solv, Time (1I) (III) (1¥) (V) (vI)

DR

(lu)(:u1 Ot, [} CC) net I min 16 - -~ - -
Oy Oy H Cus0, CHe 12 hr 83~ - trace —

(I) Oty Gty M Gl CH65Ar2S 11 1S5 — 13
Oy CH, M GO CH 20hr 3 16 2.4 12 12

(Ic) Cghg Gy W CuSO, neat 12hr 60 19 5.8 — 16

(14) Oy CGHe OCeHy CuSO, Cgh 24 hr 14— - 18 -

(1) oy Oty e’ cuso CH The B - - 10 83

*ln this resction, anfline and methyl dihydroxymslonats were obtained

in 10 and 163 ylelds, respectively.

Table 2. Mass spectram of CHN=C(CO,CH,),

we Relative Intensity
(20 ev)
22) Parent 0.63
162 P-59 [CoHMeCCO,0H,]° 0.993
N8 P-103[CH MeC-CH, )’ 0.497
93 P-128[cgi w1’ 0.748
A BT (8 1.000
59 r-m[cozocal‘ 0.221

C(HsN=C(CO,CH;,);, suggesting that aniline and methyl
dibydroxymalonate are derived from this Shifl’s base
during the isolation process. These observations seem to
indicate rather ciearly that DDM attacks initially the
aitrogen atom of the sulphoximide.

Stereochemical cycle involving optically active
oxosmiphonium ylides. In oeder to explore the stereo-
chemistry of formation of the oxosulphonium ylides, we
prepared (+)4(S)-methylphenyisulphoximide ((+)<S)-Ib),
[alp® = +36.0° (¢ 2.5%4 acetooe), 0.p. 98.7%, according
totheknownmethod""mdmednmdctthemhr
reaction comdition as described above. Then,
(-)-metbyiphenyloxosulpboaium bis(methoxycar-
boayl)methylide ((-)-IIb), [a};,”--4&0' (c 2080

carefully in order to avoid

further fractionation of the product Oxosuipbonium
ytide (—=)-1Ib, [a}p® = ~37.2° (c 0.904 acetone), was also
prepared in the reaction of (—){S)-methyl phenyl
suiphoxide ((- )-(S)-IIIb). [al®=-1192° (c 2660
acetone), 0.p. 80.0%,“'> and DDM. The optical rotation
of (-)>IIb was increased by several repeated recrystal-
lizations of the partiaBy racemized compound, [a)p™ =
~37.2°, from ecther-bexane and eventually reached the
coastant valee of [a]p> = —49.9” (c 1.616 acetone). If we
assume this value to be 100% optically pure, the optical
pwuyobunedbythismcmn.mmdy (+HS)b—(-)
93%. Salphoximide (+)<S)-Ib was
coﬁmed nearly 100% optically pure by

TET Vel 15, No. 3—C

of both routes, (+)<(S)-Ib - (—)-ITb and (—)HS)-MMb - (~)
ITb, oxosulphonium ylide (-)}-IIb, [a)p™ = -47.8° (¢
1710 acetone), o.p. 95.8%, was hydrolyzed at first by
potassium hydroxide in methanol to (+)-methyl-

yloxosulphoaium methoxycarbonyimethytide ((+)-
N, [a)o™ = +94.7° (c 1.126 acetone) in 35% yield, since
(-)ITb was 30 stable that it was quite dificult to degrade
(-)Ib directly to the sulphoxide baving a known
configuration. Oxosulpbonium ylide (+)-IIf, thus
obtained, is less stable and hence was found to react with
dibeazoylethylene affording (~){S)-1IIb (79%), [ak™ =
-139.1° (c 0.574 acetooe), 0.p. 93.4%, and (+)-methyl
2,3-dibenzoyicyclopropanecarboxylate (53%), [a)p™ =
+11.4° (¢ 0.844 acetone).'” Therefore, the stereochemi-
cal reaction cycle between (—){S)-IIIb, (—)-1Ib and (+)-
Ilf was examined mnmg from the sulphoxide. The
results are illustrated in Fig. 2.

In this stereochemical cycle, the mutc( HIb - (+)-11f
should be a retention process since the route (—)-1Ib—»
(+)11f involves neither the direct bond formation nor the
cleavage at the chiral center. The route (+)-IIf -+ (—)S)
Iﬂbsboulddwbeanothermmnum since the
similar reaction of optically active (amino)oxosul

n’f\ (o),

(+)-(3)-1 (-)-(m-11p
?1 l g
-

H
nf[\ Tr PN nqy\c’nmtn
(=)-(s)-1118

(#)-(R)-11¢

’ l)ha,

Fg 2



configuration. Consequeatly, both routes to afford (-)- Mauﬁdmu.m@tmawﬁ:lmwﬁnﬁonof
ITb, namely the route (+)4S)-Ib— (~)R)-1Tb and (-)(S)- the oxosulphonium ylide resulted
mb»(—){k)-ﬂlgmconsidaedtopmoeedvhmﬁon izati

moderate yields together with other products, such as II,  volve any difficult procedure.
l\f.deVl.Munwhile.wtpnexcmlbmuuwd

with DDM, the apparent reaction rate increased and the EXPERIMENTAL
product obtained in a comparatively fair yield was only General. Chemicals were of reageat grade waless otherwise
lllb. When Ie was treated with DDM similarly, the Al are uncorrected. IR spectra were taken oa a

Resction of dimethylrniphosimide (DMSOT) with di
N“‘“Y'.““Nb“m°f‘"b‘°"‘}""°’m°‘”'°'“"‘ chiorocarhene in the presence of eadine. To a stirred sola of | ml
attacked initialy by the carbene to form the comespond- ) containing DMSO! (235 mg, 2.53 mmol) sad asiline
mmm)mmwﬂym (0img. 216mmol) was added powdered KOH (30mg.

s0me

to the sulphoxide and the imine. Finally the 0.54 mnol) at room temp. The resction took place with

the vigor except for the formation of phemyl isocysnide. The
products and their yields were determined by gic similarty, and
1C. R. Jobmsoe o al reported preparation of optically the resalts are shown in Fig. 2.

cuprous
chioride (10 g, 0.101 mmol) in dry beareoe for 6.5 br. Whea
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m.ps aod spectroscopic dats with those reported earlier’ and by
> was obtained in white crys-

m.p. 108-109". IR (KBr) 1625, 1630cm™' (C=O).
s, 6H, OCH,), 3.2 (s, 3H, SCH,), 7.54-8.0¢ (m,
ummmm’lmnu H, 5.16 Cak. for
C,53.32; H, smxmmmmﬂum—k)

it
TF
g%
§
!
5
=a
21
e

N, 4.19. Cak. !orC.;H..NO,SCu c.u
N-Benzyimethylphenylsuiphoximide (1d).
148mmol) in 25mi dry dimethoxyethanc under
added 1.5 equiv of NaH (1.) g 22.8 mmol). The
sbomnindfor)h'bym
benzyl bromide (3.8g 2.2 mmol) was added
m-xmmmndnmml
N; and thea queached with S0l water.

§
37

CH,), 7.00-7.90 (on, 10H, Ar-H). Mass; 245 (M*). (Found: C.
68.23; H, 5.94; N, 5.30. Cak. for C,.H,sNOS: C, 68.53; H, 6.16;
N, 5.70%).

Reoction of N-benryimethylphenylsuiphoximide (1d) with
dimethyl diazomalonste (DDM). A mixture of Id (291 g
1.19mmol) and DDM (23Smg 1.49mmol) was stired and
refluxed in | md dry benzeoe for 24 Iv in the preseace of CuSO,.
Thea benzeae was added and the beazene solo was filtered to
remove off CuSO,. Removal of the solvent left a dark brows odl,
which was chromatographed through sifica gel nsing EtOAc as
eluent. The products obtaised were ideatified by comparing their
spectroscopic data with those of the autbentic samples. Id was
recovered in 3¢% yield. The resolts are shown ia Table |.

Reaction of N-phenyidimethylsuiphoximide (lc) with dimethyl
diazomalonste (DDM). A wmixture of le (210 mg 1.24 mmol),
prepared by Swern's method” and DDM (217 mg 1.37 mmol) was
stirred and refluxed in 0.5 mi dry beazese for 7 be in the preseace
of CuSO,. Thes beazene was added asnd the benzene sola was
filtered to remove off CuSO,. The resulting mixture was washed
several times with water and the organic layers were analyzed by
gas chromatography. Anilise was obtained in 10% yield and the
other products were also chromatographed as im the previnus
cases. The aqueows layer was concestrated by vacuum dis-
tillation (Kugeirohs) asd extracted three times with CHCly. The
combised CHCly layer was dried over NSO, Evaporstioe of

Table 3. Optical rotations and optical purities of ylide (-

2

the solvest gave methyl dihydroxymaloasie (16%) together with
the oxossiphonium ylides. Methyl dibydroxymalosste was
ideatiied by comparing its NMR spoctrum with thet of the
suthentic sample.® The other products were idestiied by
comparing their m.ps and spectroscopic data with those of the
authentic samples. le was recovered in #9% yield. The results are
shown ia Table 1.

(=) - (R) - Methylphen

bonyl)methylide ((-){R)-Ib) from (+HS)-¥¢§
phoximide ((+)(S)}-Ib). Treatment of (+){S)-d,'!

+36.0° (c 2594 acetone), 0.p. 98.7%, mDDImwndou
by the same procedure for the racemate and the products were
obtained in the same yields. The reaction was carried out six
times under a few differeat conditions and their optical rotations
are shown in Table 3.

Coustant values of both mp. and the optical rotation of

(-HR)-ITb were obtaimed by several reposted recrystallizations
of the crude from ether-hexane: m.p. 145-146°,
(alo™ = ~49.9° (¢ 1.616 acetome).

(<) - (R) - Methylphenyloxosuiphonium bis(methoxycarbonyl)
methylide (- R)-Ib) from (- S)-methylphenyl sulfoxide ((-)
(S)1Ib). A mixture of (-){S)}-ITb.*" [alp® = ~119.2° (c 2660
acetone), 0.p. 50.0%, (565 mg, 4.06 mmol) obtained by diarzotizs-
tion of (+)S)-Ib and DDM (596 mg. 3.77 maol) was heated st
80" for 12br in the preseace of CuSO, (23 mg, 1.44 @mol). The
resaiting mixture was directly chromatographed through silica ge!
using CHC, as cluent. Separation of the recovered sulphoride
aad the oxosulpbonium ylide was carried owt further by chroma-
tography through silica gel with EtOAc as eluent. The products
obtaised were identified by comparing their spectroscopic dats
with those of the authentic samples. The results were the follow-
ng: (--RM-Ib 21%), [alo™ = ~37.2 (c 0.904 acetome), 0.p.
74.5%., recovered (—){S)}-1Ib (32%), IVD (3%), Vb (21%) and VI

).
Hydrolysis  of (- R)-methylphenyloxosuiphonium  bis-
(uaboxxubuyl)aahyﬂ‘t ((-)FR}1Ib) to (+NR)methyl-

phenylozo -abxgcm*ahyuc ({(+H{RHIf). A
mixture of (—R)}Ib, [alp™ = -47.8° (¢ 1.710 acetoue), 0.p.

E

10ml 2N HC) saturated with NaCl and
with 15l CHCl,. The aqueous layer
mmx,co,wemmmm
). The combined CHC), layer was dried oves
e HCl, was distilled off. The product was obtained
ite crystals having (elo® = +94.7° (¢ 1.126 acetome) in I5%
The optical rotation of (+R)-IIf reached the comstant
of (alp® = +105.1° (¢ 0.274 acetone), m.p. 109-110° upos
several repested recrystallizations of the crude compound from
cther-bexane. The racemate has mp. 119-120°. IR (KBp)
1635 cm™' (C=0). NMR (8) 3.45 (s, 3H, OCH,), 3.53 (s, 3H,
SCH,), 4.05 (broad s, IH, CH), 7.65-8.00 (m, SH, Ar-H). Mass:
M'+1, 213 (CL). (Found: C, 5666; H, 562 Cak. for
CwH,70,S: C, 56.58; H, 5.69%).

siid
ﬂg
g}

;
ir;

i

P

MR)-Ib) and sulphozide (( - }{S)-IIIb) for the roste from

sulphoximide ((+)S)-b) to yiide ((-HR)-1Ib)

Resct. Time (-)-(R)-11d

(-)-(S)-111b

X
7h [o]%’-«.cr (c 2.080) o.p.
8h [a)%-43.5° (c 1.752) 0.p.
20 b [a)2%-34.5° (c 2.180) 0.p.
20 h (a]2%-34.4% (c 2.198) 0.p.
208 [a]3%-29.8° (c 1.816) o.9.

o Ve W N -

[a]f,’--u.r (c 0.904) o.p.

4.0 [a)2%-104.8° (c 0.268) 0.p. 97.2
2.2
87.2 [a]3%-136.4* (¢ 0.164) 0.p. .9
.
68.9 [a)2%-122.1° (c 1.074) 0.p. 019
5.7 [a]f%+-120.3° (¢ 0.402) 0.p. #7.4

*All optical rotations were taken in acetome. Optical purities were shown as §.
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Comsersion of (+) - (R) - methylphenyloxosniphoninm
methorycarbonyimethytide ((+)(R)-1H) to (-S)-methyl phemyl
sulphoxide ((-)S)>-Ib). A mixture of (+)R) [ (55mg.
0.26 mmol), [a)o> = +94.7° (¢ 1.126 acetone) snd dibenzoylethyl-
coe (67.4 g, 0.29 mmol) in | ml dry THF was refluxed for 10 by,
After removal of the solvent, the resulting mixture was chrome-
tographed through silica gel with beazeae as clucat. The products
obtained were (+)-mothyl
(5Y%), [alo? = +11.4° (c 0.544 acesone) which was idestifled by
compariag its NMR spectrem with that cited in the lterature**
and (-)SHIIb (79.1%), [alp™ = -139.1° (¢ 0.574 acetone), 0.p.
93.4%, respectively.
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