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Eqilibrium constants

BrCl+H,0== HOBr+H"' +CI~ 2.95X10°%
HOBr== 0Br~ +H" 200x10°%
HOBr+H*+Br- = B2+ H,0 2.27 X 10?
Br,+Br  ==Br; 17

Scheme 2.

tions.® Hydrolysis reaction was accelerated by these bromine
species which might act as a Lewis acid catalyst on the car-
bony! group in the hydrolysis of PNPA.

However, in CTAC] micellzr solution the same reaction
between N-chloro compound and ion yielded chlorine and
various chlorine species, which were less reactive than bro-
mine species’. The low reactivity of DCI in 16-OH micellar
system was expected as the result. It may be due to the
side reaction between the hydroxy group of 16-OH and DCI
which might yield alkylhypochlorite. Its relative reactivity
might be less than that of bromine species. This side reaction
may even decrease the amount of active bromine species.
in conclusion, the difference it reactivity of the catalytic hy-
drolysis of PNPA by DCI in various cationic micellar system
was derived from the formaticn of different halogen species
during the hydrolysis reactions. Similar studies of the effect
of this halogen species on other organic reactions will be
followed soon.
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Oxonium,! ammonium® or sulfonium® ylide intermediates
were presumed in carbene reactions and these intermediates
should be very useful for the construction of organic com-
pounds. Usually the empty orbital of carbenes interacts with
the unshared electron pair of heteroatoms to form ylides.
These reactive intermediates may abstract a nearby proton
to induce sigmatropic rearrangements and may be transfor-
med to stabilized products. The oxonium' and the ammonium?
ylides were used for sigmatropic rearrangements and for
the formation of carbapenems. The carbenes formed at the
y-position on the side chain at C-4 of azetidin-2-ones react
easily with the nitrogen atoms of the B-lactam rings to give
ammonium ylides which are converted to carbapenems th-
rough the rearrangement of the proton on the nitrogen atom.’
Similarly the sulfur atom readily reacts with various carbe-
nes to form sulfonium ylides.! The intermediates were adap-
ted in the formation of new C-glycoside bonds.® The carbene-
metal complexes, carbenoids, can be easily produced at low
temperature when diazo compounds are reacted with metal
powder or metal salts, and they are very selective in reactions.’
During the course of our study on the synthesis of penem
antibiotics, we have examined the reaction of carbenes for-
med by different ways and wish to report the result in this
communication.

4-(2-Diazo-2-ethoxycarbonylethoxy)azetidin-2-one (1) was
obtained from 4-acetoxyazetidin-2-one by reacting with 2-
diazo-3-hydroxy propionate which was prepared from L-se-
rine. 4-(2-Diazo-2-methoxycarbonylpropylthio)azetidin-2-one
(3), and 4-(2-diazo-2-ethoxycarbonylethylthio)azetidin-2-one
(5) were obtained by diazotization® with isoamyl nitrite, of
the amino compounds produced from 4-acetoxyazetidin-2-one
by reaction with DL-homocysteine methyl ester hydrochio-
ride’ and L-cysteine ethyl ester hydrochloride, respectively.
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When diazo compound 1 was treated with rhodium acetate,
1-oxacarbapenam 2 was obtained in good yield? However,
when the diazo compound 3 was treated with rhodium ace-
tate, no PB-lactam compound was detected; methyl thietane-
2-carboxylate (4) was obtained as the major product, which
was probably derived from the thietanium ylide.?

Attempt to construct a penam ring through decomposition
of the diazo group of compound § gave the desired product,
ethyl 7-0xo0-4-thia-1-azabicyclo[ 3.2.0]heptane-2-carboxylate (6)
in a very low yield (4%); the major product was 4-(1-ethoxy-
carbonylethenylthio)azetidin-2-one (7, yield: 35%).® The major
product was probably derived either from the thiiranium
ylide™ or from the rhodium complex!! formed by the reaction
of rhodium on the diazonium group. Reactivity of the sulfur
atom on the carbene seems to be higher than that of the
nitrogen atom of the B-lactam ring. To increase the relative
ratio of the penam, 6 to the undesired product, 7, we exami-
ned the reaction of the carbene formed with boron trifluo-
ride-ethyl ether complex. However, no desired product was
obtained at all; instead only diethyl 14-dithiane-2,5-dicarbox-
ylate (8) was obtained in 5% yield. The carbene formed by
decomposition® of the diazo compound (5) by boron trifluo-
ride-ethyl ether complex seemed to preferentiatly react with
S intermolecularly; the intramolecular reaction seems to be
blocked due to the steric hindrance. The third attempt to
improve the formation of penam through the carbene reac-
tion was peerformed by irradiation with UV (Hanovia lamp,
450 W) at —10TC. In this reaction ethyl 6-ethoxy-5-[(2-oxo-
azetidin-4-yl)thiomethyi]-6-[ (2-oxoazetidin-4-yl)oxy ]-4-thia-2,
5-hexadienecarboxylate (9) and 4-(cis-2-ethoxycarbonylethen-
ylthioazetidin-2-one (10) were obtained in yields of 16% and
24%, respectively.

Compound 9 shows characteristic signals at & 1.29 (t, 3H,
J=71 Hz, Me), 1.34 (¢, 3H, J=7.1 Hz, Me), 291-355 (m,
6H, p-lactam -COCH,-, SCH;-), 4.05-4.42 (crude quintet, 4H,
enol, two O-CHy), 483 (dd, 1H, /=5.0 and 2.6 Hz, B-lactam
N-CH-S), 506 (dd, 1H, /=49 and 24 Hz, B-lactam N-CH-
0), 584 (d, 1H, J=15 Hz, C=CH), 6.95 (bm, 1H, NH), 7.18
(bm, 1H, NH), and 7.66 ppm (d, 1H, J=15 Hz, C=CH) in
its NMR spectrum, and bands at 3320, 1760, 1590, 1270, and
1170 cm~! in its IR spectrum.

Photodecomposition of a diazo group is known to give both
a ground singlet, which should be equivalent to a carbonium
ion, and an excited singlet carbenes,® which should be equi-
valent to a linear sp hybrid. Thus, irradiation of UV on diazo
compound 3 should induce very quick formation of both the
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excited singlet and the ground singlet state carbenes. The
former is quickly transformed stereospecifically to cis-ethoxy-
carbonylethenylthioazetidin-2-one derivative {10) and the lat-
ter would react slowly with the sulfur atom of 10 intermole-
cularly followed with rearrangement™ eventually to give com-
pound 9. Thus, product 9 should be formed by the route
given in Scheme 3,

Acknowledgement. The financial support for this work
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In recent years, an increasing number of articles descri-
hing the synthesis, properties, and biological activities of 1,2,
5-thiadiazolidine 1,1-dioxides which contain the sulfamide
moiety has appeared’. Previously, Lee and Kohn have repor-
ted a general method for the synthesis of 3-imino-1,2,5-thia-
diazolidine 1,1-dioxides 1 from aldehydes, sodium cyanide
and sulfamide (2) by modifying the Strecker synthesis of
hydantoins®. The compounds 1 have been known to possess
anticonviusant effect,

R NH
RCHO  + HNSONH, —CN ./ A,
Na”
b S
0,
R = aryl, alkyl t
Ar NH
S5 —
wcca  + 2 —SH—m N
3 S
0.
a Are phenyl 2
b Ar= 4-meihylphenyl 1
¢ Ar= 4-methylphenyl
% HANNHCNH, | NaCN %
2. "
-  PhCH=NNHCNH
PhC CPh EIOH, rellux(5h) he CNH,
3 4

In this paper, we wish to describe a new route for the
preparation of 1 from benzil derivatives 3 instead of aldehy-
des, which were originally used in the Lee-Kohn procedure,
Table 1 summarizes the experimental results. Showen repor-

Communications to the Editor

Table 1. Synthesis of 1 from Benzil Derivatives 3

Products Isolated
mp. (C¥

No. Ar vields (%)
1a phenyl 272-273 51
: 1b 4-methylphenyl 252-254 50
1c 4-methoxyphenyl 247-248 62
Y "

. . |
phccPh  —CN. phcHO —CN . phcH-CN

<«——_ PhCH=NSO,NH, -CN,_ 4
8

PhCH-OR
hinsozma
7

Scheme 1

ted in 1971 that the cyanide-mediated cleavage of benzil (3a)
furnished benzaldehyde along with benzoic acid®. When we
repeated this experiment in the presence of semicarbazide
hydrochloride benzaldehyde semicarbazone was obtained in
75% vield. Treatment of benzil (3a) with sodium cyanide
and sulfamide also produced 4-phenyl compound 1a in 51%
yield.

A typical experimental procedure for the synthesis of 1
from benzil derivatives is as follows : An ethanolic solution
(20 m/) of 4-methylbenzil (240 mg, 10 mmol), sulfamide (290
mg, 300 mmol), and sodium cyanide (54 mg, 11 mmol} was
heated at reflux for 5 h and then cooled to room tempera-
ture. The mixture was acidified to pH 2.0 and then allowed
to stand at 0-5C for 24 h. The resulting crystalline material
was collected by filtration and dried in vacuo to give 115
mg (50%) of 1b: mp. 252-254C (dec); IR (KBr) 3450, 1645,
1355, 1120 ecm™Y; 'H-NMR (DMSO-ds) & 235 (s, 3H), 520
(d, 1H, J=6.0 Hz), 7.00-7.30 (m, 4H), 7.34 (s, 1H, exchange-
able with D;0), 7.50 (s, 1H, /=60 Hz, exchangeable with
D.0), 810 (s, 1H, exchangeable with D;0).

The probable mechanism of this reaction is depicted in
Scheme 1. When N-benzylidenesulfamide (8)°, which was
prepared by the reaction of N,N’-dibenzilidene-sulfamide
with aniline, was reacted with sodium cyanide, the compound
1a was obtained in 15% yield. However reaction of mandelo-
nitrile (6) with sulfamide under the same reaction conditions
did not produce compound 1. This fact suggests that the
mechanism should be 3a—35—>7—8—1. Although this proce-
dure permitted the preparation of aryl derivatives 3 from
benzil derivatives 4, reaction of aliphatic diones such as 1,2-
cyclohexanedione proved to be unsuccessful. Further appli-
cation of this procedure to various aromatic heterocyclic dio-
nes and reactivity studies of the resulting products 1 are
in progress.
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