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1,3-DITHIETANE-2-CARBOXYLIC ACID 
PENCILLIN AND CEPHALOSPORN 

DERVATIVES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This reissue application is a continuation of reissue appli 
cation Ser. No. 294,914, filed Jan. 6, 1989, now aban 
doned, which is a continuation of reissue application Ser. 
No. 105,464, filed Oct. 2, 1987, now abandoned, and 
which, in turn, is a continuation of reissue application Ser. 
No. 731,839, filed May 8, 1985, now abandoned. 

This application U.S. Pat. No. 4,414, 153 is a con 
tinuation of co-pending application. Ser. No. 48,015, 
filed June 13, 1979, now abandoned which, in turn, is a 
division of application Ser. No. 913,501, filed June 7, 
1978, now U.S. Pat. No. 4,198,339. 

DETAILED EXPLANATION OF THE 
INVENTION 

This invention relates to novel compounds. More 
particularly, the invention relates to novel compounds 
which are useful as intermediates in the production of 
therapeutically active penicillin and cephalosporin de 
rivatives, and to the processes for preparing these con 
pounds. 

It is an object of this invention to provide a new class 
of chemical intermediates which can be easily con 
verted to penicillins and cephalosporins as well as other 
therapeutically useful substances. 

It is another object of this invention to provide a 
process for the preparation of the novel compounds, 

Various investigations have already been made about 
the acyl groups to be introduced to the amino group at 
the 6-position or 7-position of penicillin or cephalospo 
rin. Some of these investigations disclose heterocyclic 
compounds. For example, U.S. Pat. No. 3,271,407 dis 
closes isothiazolylacetic acid. 

Also, as an example of heterocyclic acetic acids hav 
ing introduced thereto a cephalosporin ring, 1,3-dithiol 
2-one-4-ylacetic acid is known (see, U.S. Pat. No. 
4,034,090; U.K. Pat. No. 1,468,102; DT 2,529,300; and 
French Pat. Nos. 2,322.548 and 2,311,549). 
However, since the 1,3-dithietane-2-carboxylic acid 

having a 1,3-dithietane ring which is a 4-membered ring 
of two sulfur atoms having a carboxyl group directly 
bonded to the heterocyclic ring is a novel compound, 
the carboxylic acid forms as a matter of course a novel 
acyl group which has never been introduced in the 
amino group of penicillin or cephalosporin. 
The compounds of the present invention are repre 

sented by formula I 

R S 

X=x X-coor 
R2 S 

wherein R represents a carboxyl group or the func 
tional derivative residue which may be substituted; R2 
represents a carboxyl group or the functional derivative 
residue thereof which may be substituted, a hydrogen 

O 
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2 
atom, a substituted or unsubstituted lower alkyl group, 
a lower alkoxy group, a lower alkanoyl group, RS(O) 
group (wherein R'represents a lower alkyl group and n 
represents 0, 1 or 2), a substituted or unsubstituted aryl 
group, an aroyl group, a lower alkenyl group, a sulfa 
moyl group, or a substituted or unsubstituted heterocy 
clic residue; and R represents a hydrogen atom or a 
lower alkyl group. 
The functional derivative residues of carboxyl group 

in this invention represent, for example, carboxylic acid 
lower alkyl ester residines, carboxylic acid aralkyl ester 
residues, a carbamoyl group, a carbazoyl group, a 
cyano group, etc. The lower alkyl group in this inven 
tion is a straight or branched chain alkyl group having 
1-4 carbon atoms, such as a methyl group, ethyl group, 
isopropyl group, n-butyl group, tert-butyl group, etc. 
Examples of the aryl group are the phenyl group, naph 
thyl group, etc. Examples of the aroyl group are the 
benzoyl group, naphthoyl group, etc. As the heterocy 
clic compounds constituting the heterocyclic residues, 
there are 5-membered and 6-membered ring compounds 
having carbon atoms, and an oxygen atom, sulfur atom, 
and/or nitrogen atom as the hetero atom or atoms, such 
as the pyrrole ring pyridine ring, pyrimidine ring, thia 
zole ring, isothiazole ring, oxazole ring, pyridazine ring, 
thiadiazole ring, oxadiazole ring, triazole ring, tetrazole 
ring, furan ring, thiophene ring, pyran ring, thiopyran 
ring, etc. 
Examples of the lower alkenyl group are the vinyl 

group, allyl group, l-propenyl group, isopropenyl 
group, etc. 

Furthermore, the residues represented by R, R2, R 
and R' can have a substituent, and such a substituent 
includes, for example, a hydroxyalkyl group, alkoxyal 
kyl group, carboxyalkyl group, arylalkyl group, hy 
droxyphenyl group, alkoxyphenyl group, N-monoalk 
ylcarbamoyl group, N,N-dialkylcarbamoyl group, hy 
droxypyridyl group, methylpyridyl group, alkylthio 
thiadiazolyl group, etc. 
The compounds of this invention are prepared by 

reacting, for example, the ethylene-1,1-dithiol repre 
sented by general formula II 

II 

wherein R and R2 have the same significance as in 
general formula I and the dihalogenoacetic acid or 
lower alkyl ester thereof represented by general for 
mula III 

I 

wherein X represents a halogen atom and R has the 
same significance as in general formula I. 

It is preferred to perform the reaction using the con 
pound of formula II and an equimolar or excessive 
molar amount of the compound of formula III in a 
solvent which does not affect the reaction in the pres 
ence of a base under cooling or under heating. 

Examples of the solvent used in this reaction are 
methanol, ethanol, butanol, methylene chloride, tetra 
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hydrofuran, benzene, toluene, dimethoxyethane, anis 
ole, acetone, dimethylsulfoxide, dimethylformanide, 
dimethylaniline, etc., and examples of the base used in 
this reaction are pyridine, triethylamine, dicyclohexyla 
mine, an alkali metal (e.g., metallic potassium, etc.,), an 
alkali metal hydride (e.g., sodium hydride, potassium 
hydride, etc.,), an alkyl lithium (e.g., methyl lithium, 
tert-butyl lithium, etc.), sodium carbonate, potassium 
carbonate, lithium diisopropylamine, etc. 

5 

The preferred halogen atom of the compound of 10 
formula III is a chlorine atom, a bromine atom, or an 
iodine atom. Also, when R of general formula III is a 
hydrogen atom, the alkali metal salt of the compound, 
such as the sodium salt, potassium salt, etc., of the con 
pound can be used for the reaction. 
When R of general formula I is a lower alkyl group, 

the compound of the formula I can be converted to the 
compound of formula I wherein R is a hydrogen atom 
by decomposing the compound in the aforesaid organic 
solvent in the presence of an acid such as hydrochloric 
acid, acetic acid, trifluoroacetic acid, etc. 

15 

20 

IV 

wherein R and R2 have the same significance as in 
general formula I and carbon disulfide in the organic 
solvent described above in the presence of the aforesaid 
base under cooling or heating. 
The compound of formula I thus obtained can be 

introduced to the amino group of the penicillin or ceph 
alosporin by conventional methods by forming an acid 
amide with the amino group at the 6-position of the 
penicillin ring or the 7-position of the cephalosporin 
ring and thus useful antibiotics can be produced. 
Then, examples of the compounds obtained using the 

compounds of this invention shown by formula I as the 
starting material are illustrated together with antibiotic 
activity below, whereby it becomes apparent that the 
compounds of this invention are useful compounds. 

Rl S OCH3 s 

X-( >-cost N N R2 I 
S o? N 21 CH-s-l 1. N 

COOH CH 

Aletsiella Proteus Proteius 
Escherichia pneumoniae vulgaris morgani Serrata 

Compound R R2 Coli NIH ATCC 003 OXK US Kinno preserts 

l HOOC- CH3- 0.09 0.09 0.78 56 0.78 
2 H- 0.19 0.19 56 56 0.78 

3 f 0.39 0.39 0.78 6.25 6.25 

HO 

4. N N 6.25 3.3 1.56 50 50 

CHS ul 
S 

5 CH5S- 0.9 0.39 0.78 0.78 
6 r CH3SO- O.19 0.9 1.56 3.3 0.78 
7 HNOC- NC- 0.78 O.39 0.78 
8 HOOC-in HNO2S- 0.9 0.9 1.56 3.3 0.78 

9 0.78 0.39 0.78 3.3 3.13 
n 

a 

N 

10 CHNHoc- Hooc- 0.78 0.39 56 56 0.78 
These compounds were produced by the similar procedure as in Reference examples and 2. 

Also, when R and/or R2 of general formula I is a 
carbamoyl group, the compound having the carbamoyl 
group can be converted to the compound having a 
cyano group by performing the dehydration reaction 
thereof in the aforesaid organic solvent in the presence 
of, for example, phosphorus oxychloride, phosphorus 
pentachloride, thionyl chloride. sulfuryl chloride, etc. 
The compounds of formula II used as the raw mate 

rial in this invention include known materials as well as 
novel compounds and can be prepared by reacting the 
compound shown by general formula IV 

60 

65 

REFERENCE EXAMPLE 1 

HOOC S N / N pCH3 s 
CEC CHCONH 

CH M NY N N 
o? 21 CHs-N 1. 

N 
COOH 

CH 

N 

N 
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(a). In 15 ml. of methylene chloride were dissolved 
0.340 g. of 4-1-(tert-butoxycarbonyl)ethylidene-1,3- 
dithietane-2-carboxylic acid and 0.206 g of pyridine. 
While stirring the solution in an ice-water bath, 0.284 g. 
of phosphorus pentachloride was added to the solution. 
The reaction was carried out for one hour at a tempera 
ture below 10° C. and then after cooling the reaction 
mixture to -50 C., a solution of 0.690 g. of 743-amino 
7a-methoxy-3-(1-methyltetrazol-5-yl)thiomethyl-A- 
cephen-4-carboxylic acid benzhydryl ester in 10 ml. of 
methylene chloride was added dropwise to the solution 
and then 1.6 ml. of pyridine was added dropwise and 
the mixture was caused to react for one hour at temper 
atures of from -30' C. to -40 C. 

After the reaction was over, 10 ml. of 5 normal hy 
drochloric acid was added dropwise to the reaction 
mixture below 0° C. and the product was extracted with 
methylene chloride. The extract was washed with a 
saturated aqueous sodium chloride solution, dried over 
anhydrous calcium chloride, and then methylene chlo 
ride was distilled off to provide 1.1 g of a residue. The 
residue was subjected to a silica gel column chromatog 
raphy and then 0.490 g. (yield 47%) of caramel-like 
7(3-(1-(1-(tert-butoxycarbonyl)ethylidene-1,3-dithie 
tan-2-yl)carboxamido-7a-methoxy-3-(1-methyltetrazol 
5-yl)thiomethyl-cephem-4-carboxylic acid benzhydryl 
ester was obtained using a mixture of ethyl acetate and 
n-hexane of 1:1 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (D6-DMSO) 
5(p.p.m.): 1.44 (9H, tert-butyl), 

OOC 

1.56 (3H, X= ), 
CHy 

3.49 (3H, --OCH3), 

N / 
3.90 (3H, ). 

CH 

5.10 (1H) 
5.15 (1H) 

S 
N 

) H of C and ={ CH 
/ 

S 

6.92 (1H, -CH(C6H5)). 
9.68 (1H, -CONH-). 

(b). In 25 ml. of anisole was dissolved 0.44 g. of the 
product obtained in step (a) and while cooling the solu 
tion below 5' C. with ice-water, 7.5 ml, of trifluoroace 
tic acid was added dropwise to the solution. The reac 
tion was performed for one hour at 5-10' C., anisole 
and excess trifluoroacetic acid were distilled off under 
reduced pressure, and the residue was powdered by 
adding thereto ether. After recovering the powder by 
filtration, the powder was washed well with ether to 
provide 0.271 g (yield 86.7%) of the light yellow pow 
der of 743-4-(1-carboxyethylidene)-1,3-dithietan-2- 
yl)carboxamido-7a-methoxy-3-(1-methyltetrazol-5- 
yl)thiomethyl-A-cephem-4-carboxylic acid. 

Nuclear magnetic resonance spectra (D6-DMSO) 
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8(p.p.m.); -OOC 

1.56 (3H, X= ), 3.41 (3H, --OCH), 
CH3 

N / 
3.93 (3H, ), 

CH 

S 
N 

5.13 (2H) H of C6 and ={ CH-), 
/ 

S 

9.57 (1H, -CONH-) 
Infrared spectrum (KBr}(cm) 

1870 (lactam). 

REFERENCE EXAMPLE 2 

S 
/ N H3 s 

HoocCH=c eHCONH N 
S at N Ne CHS-l N N 

COOH th 

(a). In 20 ml. of methylene chloride was dissolved 
0.714 g. of 4-(tert-butoxycarbonylmethylene)-1,3-dithie 
tane-2-carboxylic acid. Then 0.454 g. of pyridine was 
added to the solution followed by cooling to a tempera 
ture below 5' C. Thereafter, 0.630 g, of phosphorus 
pentachloride was added to the mixture to cause the 
reaction for one hour at a temperature below 10° C. The 
reaction mixture obtained was cooled to about -50 C. 
and a solution prepared by dissolving 1.5 g. of 7.f3 
amino-7a-methoxy-3-(1-methyltetrazol-5-yl)-thiometh 
yl-A-cephem-4-carboxylic acid benzhydryl ester in 15 
ml. of methylene chloride was added dropwise to the 
reaction mixture. Then, 3 ml. of pyridine was added and 
the reaction was performed for 1 hour at -30 C. to 
-35 C. After the reaction was over, 20 ml. of 6 normal 
hydrochloric acid was added to the reaction mixture at 
a temperature below 0° C. The methylene chloride 
layer formed was recovered and the aqueous layer was 
further extracted with 20 ml. of methylene chloride. 
The extract was combined with the methylene chloride 
layer and the mixture was washed twice, each time with 
20 ml. of a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off to provide 1.89 g. of a brown 
caramel residue. The residue was subjected to a silica 
gel column chromatography to provide 0.308 g. of 743 
(4-tert-butoxycarbonylmethylene)-1,3-dithietan-2- 
yl)carboxanido-7a-methoxy-3-(1-methyltetrazol-5- 
yl)thiomethyl-A-cephem-4-carboxylic acid benzhydryl 
ester using a mixture of ethyl acetate and n-hexane of 
2:1 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (D6-DMSO) 

1.40 (9H, tert-buyl), 
3.44 (3H, --OCH), 
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-continued 

N / 
3.88 (3H, ), 

CHs 

5.23 (1H, H of C), 

5.33 (H. 

5.84 (H. 

6.88 (1H, 
9.66 (1H, 

(b). In 1.7 ml. of anisole was dissolved 0.3 g of the 
product obtained in aforesaid step (a). After cooling the 
solution to a temperature below -5' C., 5.1 ml. of tri 
fluoroacetic acid was added dropwise to the solution at 
a temperature below O'C. Thereafter, the reaction was 
performed for 30 minutes at O'-5 C. and then for 30 
minutes at 5'-10 C. After the reaction was over, anis 
ole and trifluoroacetic acid were distilled off under 
reduced pressure and the residue was powdered with 
the addition of ether. The powder was washed well 
with ether, and dried to provide 0.1584 g. of faint-yel 
low powdery 7f8-4-(carboxymethylene)-1,3-dithietan 
2-yl)carboxanido-7a-methoxy-3-(1-methyltetrazol-5- 
yl)thionethyl-A-cephem-4-carboxylic acid. 

Nuclear magnetic resonance spectra (D6-DMSO) 

6(p.p.m.); 3.43 (3H, ---OCH3), 

N M 
3.94 (3H, N ). 

CH3 

5.17 (H. H. of Cs), 

S 

5.33 (1H, ={ 
S 

S 
N 

5.84 (1H, -CH={ ), 
/ 

- S 

9.63 (H, -CONHar) 

EXAMPLE 

CH3OOC S 
N M. N. 
CEC CHCOOH 

M N / 
CHyOOC S 

O 
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In 10 ml. of anhydrous tetrahydrofuran was sus 

pended 2.1 g of disodium 2,2-bis(methoxycarbonyl 
)ethylene-1,1-dithiolate. 

After adding 2.2 g of sodium dibromoacetate to the 
suspension, the mixture was stirred for 2 hours at room 
temperature. The solvent was distilled off from the 
reaction mixture under reduced pressure and the resi 
due was dissolved in 5 m. of water. The solution was 
adjusted to pH 3.5-4.0 with diluted hydrochloric acid 
and extracted with ethyl acetate. The extract was dried 
over anhydrous magnesium sulfate and the solvent was 
distilled off under reduced pressure. The residue was 
mixed with ether and filtered to provide 1.5 g. of 4-bis(- 
methoxycarbonyl)methylene-1,3-dithietane-2-carboxy 
lic acid. 

Nuclear magnetic resonance spectra (D6-DMSO) 

6(p.p.m.); CHOOC 

3.70 (6H, CF), 
/ 

CHOOC 

S 
M. N. 

5.20 (1H, =C CH-) 

S 

EXAMPLE 2 

(CH3)3COOC S 
N M. N. 
CeC CHCOOH 

/ N M 
(CH3)3COOC S 

By following the same procedure as in Example 1 
using disodium 2.2-bis(tert-butoxycarbonyl)ethylene 
1,1-dithiolate, 4-bis(tert-butoxycarbonyl)methylene 
1,3-dithietane-2-carboxylic acid was obtained. 
Nuclear magnetic resonance spectra (D6-DMSO) 

8(p.p.m.): 1.46 (9H, (CH3)3COOC-). 

S 
/ N 

5.18 (H. FC CH-). 
N / 

S 

EXAMPLE 3 

(CH3)3COOC S 
/ N 

CEC CHCOOH 

NY 

To 15.6 g. of a 15% potassium tert-butylate tert 
butanol solution were added 4 g. of tert-butyl phenylac 
etate and then 1.6 g. of carbon disulfide with stirring at 
room temperature. After stirring the mixture for 15 
minutes, 20 ml. of anhydrous tetrahydrofuran and then 
31.2 g of a 15% potassium tert-butylate tert-butanol 
solution were added to the mixture and then 2.7 g. of 
dichloroacetic acid was added dropwise to the mixture 
at 30-40 C. followed by stirring for 30 minutes at the 
same temperature to finish the reaction. 
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Then, after adding dichloroacetic acid to the reaction 
mixture until the mixture became weak alkaline, the 
solvent was distilled off under reduced pressure and the 
residue was mixed with ice-water followed by washing 
with ether. Then, 0.5 ml. of 3 normal hydrochloric acid 
was added to the mixture and the product was extracted 
with ether. To the extract was further added 0.5 ml. of 
3 normal hydrochloric acid. The product was extracted 
with ether, and the procedure was further repeated. 
Each extract fraction obtained was detected by a silica 
gel thin layer chromatography, the fractions containing 
the objective material were collected and dried over 
anhydrous magnesium sulfate. Then, the solvent was 
distilled off under reduced pressure to provide about 1 
g. of 4-(o-tert-butoxycarbonylbenzylidene)-1,3-dithie 
tane-2-carboxylic acid. 

Nuclear magnetic resonance spectra (D6-DMSO) 

10 

5 

20 

5(p.p.m.); 1.40 (9H, (CH3)3COOC-), 

S 
M. N. 

5.17 (1H, =C CH-) 

S 

25 

30 
about 7.30 (5H, H ). 

35 

EXAMPLE 4 

(CH3)3COOC S 
N / N 
C-C CHCOOH 

(CH3)3CO N/ 

By treating tert-butyl 4-tert-butoxyphenylacetate as 45 
in Example 3, 4-(4-tert-butoxy-a-tert-butoxycarbonyl 
benzylidene)-1,3-dithiethane-2-carboxylic acid was ob 
tained. 

Nuclear magnetic resonance spectra (CDCl3) 50 

(p.p.m.); 
p.p.m. 1.35 (9H) 

55 

S 
M. N. 

4.85 (H, C CH-), 

S 

6.93 (2H 
7.15 (2H) ) O 

65 

O 

EXAMPLES 

(CH3)2COOC 

CH3 
N 

M 
CH3 

S 

N.M N CEC CHCOOH 

N/ M 
NOC 

By treating tert-butyl dimethylcarbamoylacetate as in 
Example 3, 4-(tert-butoxycarbonyl)(dimethylcar 
bamoyl)methylene-1,3-dithietane-2-carboxylic acid 
was obtained. 

Nuclear magnetic resonance spectra (CDCl3) 

5p.p.m.); .50 (9H, (CH3)3COOC-), 

CHy 

3.02 (6H, 

CH 

N-), 

S 
M. N. 

4.97 (H, =C CH-). 

S 

EXAMPLE 6 

(CH3)3COOC 

21 

S 
M. N. 

Cas C CHCOOH 

N/ 
Sa 

N 

By treating tert-butyl 3-pyridylacetate as in Example 
3, 4-(tert-butoxycarbonyl)(3-pyridyl)methylene-1,3- 
dithietane-2-carboxylic acid was obtained. 

Nuclear magnetic resonance spectra (D6-DMSO) 

5p.p.m.): 1.42 (9H. (CH3)3COOC-), 

S 
M. N. 

5.22 (1H, FC CH-), 

S 

H 

He1 H 

N 

7.40 (1H) 
7.66 (1H) 
8.45 (2H) 

EXAMPLE 7 

(CH3)3COOC S 

CH=CH S 

By treating tert-butyl 3-butenoic acid as in Example 
3, 4-(1-tert-butoxycarbonyl-2-propene-1-ylidene)-1,3- 
dithietane-2-carboxylic acid was obtained. 

Nuclear magnetic resonance spectra (CDCl3) 
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8(p.p.m.); 1.51 (9H, (CH3)3COOC-), 

S 
M. N. 

4.98 (1H, FC CH-), 

S 

5.00-5.40 (2H, CH=CH-), 
6. 10-6.50 H. CH=CH-). 

EXAMPLE 8 

(CH3)3COOC S 

CH3OC S 

To 150 ml. of tert-butanol was added 4.8 g. of sodium 
hydride (50% in oil). Then 15.8 g. of tert-butyl acetoac 
etate was added gradually to the mixture. Then, after 
adding thereto 7.6 g. of carbon disulfide under ice-cool 
ing, the mixture was stirred for 18 hours at room tem 
perature. Thereafter, 4.8 g. of sodium hydride (50% in 
oil) was added gradually under ice-cooling and after 
stirring the mixture for 2 hours at room temperature, 
16.7 g of potassium dichloroacetate was added to the 
mixture followed by stirring for further 2 hours. The 
reaction mixture obtained was concentrated under re 
duced pressure. The residue was mixed with 300 ml. of 
ethyl acetate and 200 ml. of ice-water, and the mixture 
was adjusted to pH 3-4 with 1 normal hydrochloric 
acid. The organic layer formed was washed with an 
aqueous sodium chloride solution, and extracted with a 
saturated aqueous sodium hydrogencarbonate solution. 
The sodium hydrogencarbonate extract was washed 

with 50 ml. of ethyl acetate, adjusted to pH 3-4 with 1 
normal hydrochloric acid, and extracted with 200 ml. of 
ethyl acetate. The ethyl acetate extract was washed 
with an aqueous sodium chloride solution, dried over 40 
anhydrous sodium sulfate, and then concentrated. The 
residue was washed with 50 ml. of a mixture of petro 
leum ether and ether of 10:1 by volume ratio and dis 
solved in 5 ml. of ether. Then, 50 ml. of petroleum ether 

10 

5 

20 

25 

30 

35 

was added gradually to the solution and the crystals 45 
thus precipitated were recovered by filtration to pro 
vide 10 g. of 4-(acetyl)(tert-butoxycarbonyl)me 
thylene-1,3-diethietane-2-carboxylic acid. 

Nuclear magnetic resonance sepctra (CDCl3) 

1.53 (9H, (CH3)3COOC-), 
2.49 (3H, CH3OC-), 

S 
M. N. 

4.94 (H. = C CH-). 

S 

EXAMPLE 9 

(CH3)3COOC S 
N N Yc- / N 
l J-1 C CHCOOH 

S 

N / 
CH3S S 

In 100 ml. of tert-butanol was dissolved 1.58 g. of 
metallic potassium. After adding thereto 10 g. of tert 

50 

55 

65 

12 
butyl 5-methylthio-1,3,4-thiadiazole-2-acetate, the mix 
ture was stirred for 20 minutes. Thereafter, 3.25 g. of 
carbon dilsulfide was added dropwise to the mixture 
over a period of 10 minutes. After stirring the mixture 
for one hour, 4.55 g. of potassium tert-butylate was 
added gradually to the mixture followed by stirring for 
20 minutes and then 6.63 g of potassium dichloroace 
tate was added to the mixture followed by stirring for 
18 hours. The reaction mixture was concentrated under 
reduced pressure, and the residue was mixed with 300 
ml. of ethyl acetate and 200 ml. of ice-water. The mix 
ture was adjusted to pH 3-4 with l normal hydrochlo 
ric acid, and the organic layer formed was washed with 
an aqueous sodium chloride solution, and then extracted 
with 1000 ml. of a saturated aqueous sodium hydrogen 
carbonate solution. The sodium hydrogencarbonate 
extract was washed with 100 ml. of ethyl acetate, ad 
justed to pH 3-4 with 5 normal hydrochloric acid, and 
then extracted with 200 ml. of ethyl acetate. The ethyl 
acetate extract was washed with an aqueous sodium 
chloride solution, dried over anhydrous sodium sulfate, 
and concentrated. The residue was subjected to a silica 
gel column chromatography to provide 1 g of 4-(tert 
butoxycarbonyl)(5-methylthio-1,3,4-thiadiazol-2-yl)me 
thylene)-1,3-dithietane-2-carboxylic acid using chloro 
form and then a mixture of chloroform and methanol of 
50:1 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (CDCl3) 

1.59 (9H. (CH3)3COOC-), 
2.79 (3H, CH3S-), 

S 
/ N 

4.99 (1H, = C CH-). 

S 

EXAMPLE O 

(CH3)3COOC S 
M. N. 

CEC CHCOOH 
/ N / 

OC S 

In a mixture of 2.2 g of tert-butylbenzoylacetate and 
20 ml. of tert-butanol was dissolved 0.24 g. of sodium 
hydride (50% in oil), and 0.6 ml of carbon disulfide was 
added to the solution at 15-20 C. followed by stirring 
for 40 minutes, and then 0.24 g. of sodium hydride (50% 
in oil) was added to the mixture followed by stirring for 
one hour. To the reaction mixture obtained was added 
1.52 g of sodium dichloroacetate followed by stirring 
for 4 hours at room temperature. The reaction mixture 
was concentrated under reduced pressure and after 
adding 30 ml. of 1 normal hydrochloric acid to the 
residue formed, the product was extracted with 30 ml. 
of benzene. The extract was washed with water, dried, 
and concentrated under reduced pressure. By adding a 
mixture of benzene and n-hexane of 3:1 by volume ratio 
to the residue formed, 0.9 g of the yellowish crystals of 
4-(benzoyl)(tert-butoxycarbonyl)methylene-1,3- 
dithietane-2-carboxylic acid were obtained. 

Melting point: 147-148 C. (decomposed) 
Nuclear magnetic resonance spectra (CDCl3) 
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EXAMPLE 12 
8(p.p.m.): 1.23 (9H, (CH3)3COOC-), 

(CH3)3COOC S 

5.02 (1H, =C CH-), c=c, CHCOOH 
N/ CH3S S 

H H In 14 ml. of anhydrous tetrahydrofuran was sus 
10 pended 0.96 g of sodium hydride (50% in oil). After 

adding dropwise a mixture of 20 ml. of tert-butanol and 
7.3-7.5 (5H, H OC-) 15 ml, of anhydrous tetrahydrofuran to the suspension, 

the mixture was stirred for 10 minutes at room tempera 
H H ture. Then, to the mixture was added a mixture of .62 

15 g. of tert-butyl methylthioacetate and 5 ml. of anhy 
8.22 H. -COOH). drous tetrahydrofuran at 3'-5' C. and after 30 minutes, 

0, 6 ml. of carbon disulfide was added to the mixture at 
the same temperature followed by stirring for 50 min 

EXAMPLE 1 utes. Then, 3.34 g. of sodium diiodoacetate was added 
20 to the mixture at temperature below 7" C. and they 

(CH3)3COOC S were caused to react for 50 minutes under ice-cooling. 
c=c, Ychcooh The solvent was distilled off under reduced pressure, 

/ N / the residue formed was dissolved in 50 ml. of ice-water, 
CH3O S and the solution was washed twice each time with 

ether. The aqueous layer formed was recovered, ad 
A mixture of 4.5 g. of tert-butyl methoxyacetate and justed to pH 2 with 10% hydrochloric acid, dried over 

10 ml. of tetrahydrofuran was added to a lithium diiso- anhydrous magnesium sulfate, and then ether was dis 
propylamine solution prepared by adding 18.2 ml of a tilled off under reduced pressure. The residue was sub 
15% n-butyl lithium hexane solution to a mixture of 3 g. jected to a silica gel column chromatography and 1.3.g. 
of diisopropylamine and 29 Ini. of tetrahydrofuran at 30 of oily 4-(tertibutoxycarbonyl)(methylthio)methylene)- 
temperature of from - 40' C. to -70' C. and then after 1,3-dithietane-2-carboxylic acid using a mixture of chlo 
adding theretoo.9 ml of carbon disulfide attempera roform, methanol, and formic acid by volume ratio as ture below - 40 C., the resultant mixture was stirred the eluent. 
for 20 minutes at the same temperature. Then, after Nuclear magnetic resonance spectra (CDCl3) 
adding to the reaction mixture obtained the lithium 35 
diisopropylamine solution of of the aforesaid amount 
and carbon disulfide of of the aforesaid amount at 6(p.p.m.); 1.52 (9H, (CH3)COOC-), 
temperature of from - 40 C. to -70' C. to cause reac- 2.22 (3H, CH3S-), 
tion, the lithium diisopropylamine solution of of the S 
aforesaid amount and carbon disulfide of of the afore- 40 / N 
said amount were further added to the mixture to cause 4.74 (H. EC CH-). 
reaction and then 9 g. of sodium diiodoacetate was N/ 
added to the reaction mixture followed by rising gradu 
ally the temperature and stirring for one hour at 0-5 9.12 (1 H. -COOH), 
C. and further for one hour at room temperature. The 45 
reaction mixture obtained was concentrated under re 
duced pressure and after adding 20 ml. of 10% hydro- - EXAMPLE 13 
chloric acid to the residue formed, the product was 
extracted with 100 ml. of benzene. The extract was (CH3)3COOC S 
washed with water and concentrated under reduced 50 N/ N 
pressure. The residue formed was subjected to a silica c=c, CHCOOH 
gel column chromatography and 5.6 g. of 4-((tert-butox- CH3CH2S S 
ycarbonyl)(methoxy) methylene)-1,3-dithietane-2-car 
boxylic acid was obtained using a mixture of chloro- By treating 3.4 g of tert-butyl ethylthioacetate as in 
form and ethanol of 10:2-5 by volume ratio as the elu- Example 12,405 g of oily 4-((tert-butoxycarbonyl)(e. 
ent. thylthio)methylene-1,3-dithietane-2-carboxylic acid 

Nuclear magnetic resonance spectra (CDCl3) was obtained. 
Nuclear magnetic resonance spectra (CDCl3) 

8(p.p.m.); 1.52 (9H, (CH3)3COOC-), 60 
3.67 (3H, CHO-), 8(p.p.m.): 1.42 (3H, CHCH2S-), 

S 1.52 (9H, (CH3)3COOC-), 
M. N. 2.68 (2H, CH3CHS-), 

4.88 (H, =C CH-), 
N / S 
S 65 M. N. 

4.76 (1H, FC CH-), 
8.64 (H. -COOH). N/ 
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-continued 
9.52 (1H. -COOH). 

EXAMPLE 14 

(CH)3COOC S 
/ N 

C-cC CHCOOH 
M N / 

CH3CH2S S 

In a mixture of dimethoxyethane and 10 ml. of tetra 
hydrofuran both were deoxygenated by distillation 
were added 1 ml. of n-isopropylcyclohexylamine and 
3.43 ml. of a 15% n-butyl lithium n-hexane solution 
under cooling below -70° C. Then, after adding 
thereto 0.65 g. of tert-butyl propionate, the mixture was 
stirred for about 30 minutes at temperatures below 
-70' C. To the reaction mixture was added dropwise 
0.332 ml. of carbon disulfide at temperatures of from 
-75 C. to -73' C. over a period of about 30 minutes. 
The reaction was further carried out for 10 minutes at 
temperature below -70' C. and then 3.4 ml. of a 15% 
n-butyl lithium n-hexane solution was added dropwise 
to the reaction mixture at temperature below -70' C. 
over a period of about 30 minutes. After carrying out 
the reaction for 15 minutes at temperature below -70 
C., sodium diiodoacetate obtained beforehand by react 
ing 0.24 g. of 50% oily sodium hydride and 1.56 g. of 
diiodoacetic acid in 10 ml. of dimethoxyethane under 
ice-cooling was added to the reaction mixture and the 
mixture was stirred overnight at room temperature. 
The solvent was distilled off from the reaction mix 

ture under reduced pressure and after adding cold ether 
to the residue and acidifying the residue with l normal 
hydrochloric acid, the product was extracted with 
ether. The ether extract was washed well with a satu 
rated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then the ether was 
distilled off to provide 1.42 g of a brown oily product. 
The product was subjected to silica gel column chroma 
tography and 0.5 g. of oily 4-(1-(tert-butoxycarbonyl)e- 
thylidene-1,3-dithietane-2-carboxylic acid was ob 
tained using a mixture of chloroform, methanol, and 
formic acid of 95:5:2 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (D6-DMSO) 

8(p.p.m.): 1.42 (9H, tert-butyl) 

--OOC 

1.53 (3H, X=). 
CHy 

S 

5.4 (H. -( N CH-) 
/ 

S 

Infrared spectra (cm): 
2970 (tert-butyl), 
2520-2650 (-COOH), 
1640-1740 (-COO-tert-butyl, -COOH), 
l360, 250, and 840 (tert-butyl 
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EXAMPLE 15 

S 
/ N 

(CH3)3COOCCH=C CHCOOH 

N/ 
A mixture of 80 ml. of dimethoxyethane and 20 ml. of 

tetrahydrofuran both were deoxygenated by distillation 
was cooled below -7O C. in a nitrogen stream and 
after adding thereto 2 ml, of N-isopropyl cyclohexyla 
mine and 6.86 ml. of a 15% n-butyl lithium n-hexane 
solution, 1.16 g. of tert-butyl acetate was added drop 
wise to the mixture. Then, the reaction was performed 
for 30 minutes at a temperature below -70' C. and then 
0.664 ml. of carbon disulfide was added to the reaction 
mixture over a period of about 30 minutes at a tempera 
ture below -72 C. The reaction mixture colored light 
yellow. After further causing the reaction for 20 min 
utes at a temperature below -70' C., 6.8 ml. of 15% 
n-butyl lithium n-hexane solution was added dropwise 
to the reaction mixture over a period of 15 minutes at a 
temperature below -72 C. Thereafter, the reaction 
was further performed for 20 minutes at a temperature 
below -70 C. and then a solution containing crystals 
of sodium diiodoacetate prepared from 0.48 g. of 50% 
sodium hydride and 3.12 g. of diiodacetic acid in 15 ml. 
of dimethoxyethane was added to the reaction mixture. 
The temperature of the reaction mixture was allowed to 
raise to room temperature and the reaction mixture was 
further reacted overnight. The solvent was distilled off 
and the black-brown oily material obtained was ex 
tracted with the additions of 50 ml. of cold ether and 20 
ml. of 1 normal hydrochloric acid. 
The aqueous layer was further extracted with the 

addition of 30 ml. of cold ether and the extracts were 
combined. The mixture was washed twice, each time 
with 30 ml. of a saturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and 
then ether was distilled off to provide 3 g. of a brown 
oily product. The product was subjected to a silica gel 
column chromatography to provide 0.564 g. of 4-(tert 
butoxycarbonylmethylene)-1,3-dithietane-2-carboxylic 
acid using a mixture of chloroform, methanol, and for 
mic acid of 95:5:2 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (D6-DMSO) 

5(p.p.m.); 1.45 (9H, tert-butyl), 

S 

5.03 (1H, ={ 
S 

S 

569 (IH-CH={ X). 
S 
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EXAMPLE 16 

(CH3)3COOC S 
/ N. 

CC CHCOOH 
M N / 

CH3SO S 

In 65 ml. of tert-butanol was dissolved 2.05 g. of 
tertbutyl methylsulfonylacetate. After adding thereto 
1.32 g. of potassium tert-butylate, the mixture was 
stirred for 5 minutes. After adding dropwise 0.91 g of 
carbon disulfide to the mixture and stirring them for 5 
minutes, 1.32 g of potassium tert-butylate was added to 
the mixture followed by stirring for one hour Then, 3.8 
g. of diiodoacetic acid and 1.32 g. of potassium tert 
butylate were added to the mixture and the resultant 
mixture was stirred overnight. The solvent was distilled 
off from the reaction mixture obtained under reduced 
pressure. The residue formed was mixed with water, 
adjusted to pH 2 with 10% hydrochloric acid, and ex 
tracted with ethyl acetate. The extract was washed with 
water and then a saturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and 
then the solvent was distilled off under reduced pres 
sure. The residue was subjected to a silica gel column 
chromatography to provide 1.7 g of 4-((tertbutoxycar 
bonyl)(methylsulfonyl)methylene-1,3-dithietane-2-car 
boxylic acid using a mixture of chloroform and metha 
nol of 50:1 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (CDCl3) 

8(p.p.m.): 1.52 (9H, (CH3)3COOC-) 
3.20 (3H, CHSO-), 

S 
M. N. 

4.88 (1 H. = C CH-). 

S 

EXAMPLE 17 

NC S 
N / N 
C=C CHCOOC(CH3) 

/ N / 
HNOC S 

In 50 ml. of dimethylsulfoxide was dissolved 4.8 g. of 
disodium 2-carbamoyl-2-cyano-ethylene-1,1-dithiolate. 
After adding 6.28 g. of tert-butyl dibromoacetate to the 
solution, the mixture was stirred for 48 hours at room 
temperature. The solvent was distilled off from the 
reaction mixture obtained under reduced pressure and 
the product was extracted with ethyl acetate. The ex 
tract was washed with water and then an aqueous so 
dium chloride solution, dried over anhydrous magne 
sium sulfate, and then the solvent was distilled off under 
reduced pressure. The residue was subjected to a silica 
gel column chromatography and 0.8 g. of tert-butyl 
4-(carbamoyl)(cyano)methylene-1,3-dithietane-2-car 
boxylate using a mixture of chloroform and ethyl ace 
tate of 7:l by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (D6-DMSO) 

5(p.p.m.); t,47 (9H, (CH3)3COOC-), 

10 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

18 
-continued 

S 
/ N 

5.42 (1H, FC CH-). 

S 

EXAMPLE 18 

NC S 
N / N 
CC CHCOOH 

M N / 
HNOC S 

To 0.4 g of tert-butyl 4-(carbamoyl)(cyano)me 
thylene-1,3-dithietan-2-carboxylate obtained in Refer 
ence example 7 were added 2 ml. ofanisole and 8 ml. of 
trifluoroacetic acid. And the mixture was stirred for one 
hour at room temperature. The solvents were distilled 
off under reduced pressure and the residue was mixed 
with 10 ml. of ether followed by stirring for one hour. 
The precipitates thus formed were recovered by filtra 
tion, washed with ether, and dried under reduced pres 
sure to provide 0.15 g. of 4-(carbamoyl)(cyano)me 
thylene-1,3-dithietane-2-carboxylic acid. 

EXAMPLE 19 

NC S 
N M. N. 
CC CHCOOC(CH3)3 

/ N / 
NC S 

To 15 ml. of methylene chloride was added 0.28 g. of 
tert-butyl 4-(carbamoyl)(cyano)methylenel-1,3-dithie 
tane-2-carboxylate obtained in Example 17. After add 
ing thereto 0.33 g of pyridine and 0.43g. of phosphorus 
pentachloride, the mixture was stirred for 30 minutes at 
room temperature. Then, 30 ml. of chloroform was 
added to the reaction mixture and the mixture was 
washed with 1 normal sulfuric acid, a 5% aqueous so 
dium carbonate solution, and then a saturated aqueous 
sodium chloride solution. The mixture was then dried 
over anhydrous magnesium sulfate and the solvent was 
distilled off under reduced pressure. The residue formed 
was subjected to a silica gel column chromatography to 
provide 0.23 g of tert-butyl 4-dicyanomethylene-1,3- 
dithietan-2-carboxylate using chloroform as the eluent. 

Nuclear magnetic resonance spectra (CDCl3) 

6(p.p.m.); 1.54 (9H, -COOC(CH3)3) 
S 

/ N. 
5.02 (1H, sc CH-). 

S 

EXAMPLE 2.0 

NC S 
N Y N 
C=C CHCOOH 

/ N / 
NC S 

To 0.23 g. of tert-butyl 4-dicyanomethylene-1,3- 
dithietane-2-carboxylate obtained in Example 19 were 
added 2 ml. of anisole and 6 ml. of trifluoroacetic acid. 
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And the mixture was stirred for 3 hours at room temper 
ature. The solvents were distilled off under reduced 
pressure and 10 ml. of hexane was mixed with the resi 
due followed by stirring for 10 minutes. The solvent 
was removed by decantation. Then the same procedure 
was applied twice to the residue thus formed. The resi 
due was then dried under reduced pressure to provide 
0.18 g. of 4-dicyanomethylene-1,3-dithietane-2-car 
boxylic acid. 

EXAMPLE 2 

NHSO S 
/ N. 

C CHCOOH 
N / 

CHOOC S 

C 

To 1.12 g of benzhydryl sulfamoylacetate were 
added 30 ml. of anhydrous tetrahydrofuran and 20 ml. 
of tert-butanol. 

After cooling the mixture to -20° C., 0.177 g. of 
sodium hydride (50% in oil) was added to the mixture 
followed by stirring for 15 minutes. To the mixture was 
added 0.3 g of carbon disulfide. The mixture was 
stirred for 30 minutes at -10 C. to -5°C. Then, to the 
mixture were added 0.354 g. of sodium hydride (50% in 
oil) and 1.05 g. of diiodoacetic acid. After stirring the 
mixture for 20 minutes at - 10 C. to O' C., the mixture 
was stirred overnight at room temperature. The solvent 
was distilled off from the reaction mixture under re 
duced pressure and after adjusting the residue to pH 2 
by adding thereto ice-water and 5% hydrochloric acid, 
the reaction mixture was extracted with ethyl acetate. 
The extract was washed twice, each time with a satu 
rated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then the solvent was 
distilled under reduced pressure. The residue was sub 
jected to a silica gel column chromatography to provide 
0.2 g of 4-(benzhydryloxycarbonyl)(sulfanoyl)me 
thylene-1,3-dithietane-2-carboxylic acid using a mix 
ture of chloroform and methanol of 10:1 by volume 
ratio as the eluent. 

Nuclear magnetic resonance spectra (CDCl3) 

/ N. 
4.66 (1H. eC CH-), 

EXAMPLE 22 

HCOC S 
N / N 
CEC 
/ 

HNOC 

CHCOOH 

NY 
(a). In 50 ml. of tert-butanol was dissolved 5.76 g. of 

potassium tert-butylate and 50 ml. of anhydrous tetra 
hydrofuran was added to the solution. Then, after dis 
solving therein 2.6 g. of acetoacetamide, a solution pre 
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20 
pared by dissolving 1.96 g of carbon disulfide in 5 ml. of 
anhydrous tetrahydrofuran was added dropwise to the 
solution under ice-cooling. To the reaction mixture 
obtained was added 100 ml. of anhydrous tetrahydrofu 
ran followed by stirring for 1.5 hours at room tempera 
ture. Then a suspension prepared by reacting 8 g. of 
diiodoacetic acid and 1.23g. of sodium hydride (50% in 
oil) in 100 ml. of anhydrous tetrahydrofuran under ice 
cooling was added to the mixture followed by stirring 
for 2.5 hours at room temperature. 
The reaction mixture obtained was concentrated and 

the residue was mixed with 50 ml. of 1 normal hydro 
chloric acid and extracted with 100 ml. of ethyl acetate. 
The extract was washed with 50 ml. of an aqueous 
sodium chloride solution and the organic layer formed 
was extracted with 100 ml. of a saturated aqueous so 
dium hydrogencarbonate solution. The extract was 
adjusted to pH 2-3 with concentrated hydrochloric 
acid and then extracted with 100 ml. of ethyl acetate. 
The extract was washed with 50 ml. of an aqueous 
sodium chloride solution, dried over anhydrous magne 
sium sulfate, and concentrated. 
The residue formed was dissolved in 30 ml. of methy 

lene chloride and after adding thereto 5g. of diphenyl 
diazomethane under ice-cooling, the mixture was 
stirred for 2 hours at room temperature. The reaction 
mixture was concentrated and the residue formed was 
subjected to a silica gel column chromatography to 
provide 0.6 g. of 4-(acetyl)(carbamoyl)methylene-1,3- 
dithietane-2-carboxylic acid benzhydryl ester using first 
chloroform and then a mixture of chloroform and meth 
anol of 10:2 by volume ratio as the eluent. 

Nuclear magnetic resonance spectra (CDCl3) 

2.32 (3.H., H3COC-). 
S 
N 

4.99 (H. ={ CH-). 
/ 

S 
6.97 (1H, -COOCH(C6H5)), 
7.2-7.4 (10H, -COOCH(CHs)). 

8(p.p.m.); 

(b). In a mixture of 8 ml. of trifluoroacetic acid and 2 
ml. of anisole was dissolved 0.6 g. of the product ob 
tained in the step (a) at -20 C. and the temperature of 
the reaction mixture was raised to 10 C. over a period 
of 20 minutes. Then, the reaction mixture was concen 
trated and 10 ml. of a mixture of ether and petroleum 
ether of 1:1 by volume ratio was added to the residue to 
form precipitates, which were recovered by filtration to 
provide 0.2 g of 4-(acetyl)(carbamoyl)methylene-1,3- 
dithietane-2-carboxylic acid. 

Nuclear magnetic resonance spectra (D6-DMSO) 

2.3 (3H, H3COC-), 
S 

5.20 (1H, ={ 
N 

CH-). 
/ 

S 
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EXAMPLE 23 

CH3CH2 S 
N / N 
CEC CHCOOH 

/ N / 
(CH3)3COOC S 

A mixture of 120 ml. of dimethoxyethane and 30 ml. 

22 
EXAMPLE 24 

(CH3)3COOC 
N 
CEC 

/ 
(CH3)3COOCH2C 

S 
M. N. 

CHCOOH 

N/ 
To a mixture of 80 ml. of diethylene glycol dimethyl 

of tetrahydrofuran was cooled to -74 C. in a dry 10 ether and 20 ml of tetrahydrofuran was added 1.54 ml. 
ice-acetone bath and then 4.0 ml. of N-isopropylcy 
clohexylamine and then 13.72 ml. of a 15% n-butyl 
lithium n-hexane solution were added to the mixture, 
whereby the temperature raised from -73 C. to -62 
C. After adding 3.17 g of tert-butylbutylate and caus 
ing reaction for 30 minutes at -74 C. to -75 C., 0.664 
ml. of carbon disulfide was added dropwise to the mix 
ture over a period of 10 minutes followed by reaction 
for 20 minutes at the temperature. Then, 6.86 ml. of a 
15% n-butyl lithium n-hexane solution was added drop 
wise to the reaction mixture at a temperature below 
-72 C. over a period of 10 minutes and then they were 
caused to react for 30 minutes. Then, 0.332 ml. of car 
bon disulfide was added to the reaction mixture over a 
period of 10 minutes and the reaction was performed for 
20 minutes. Furthermore, 3.43 ml. of a 15% n-butyl 
lithium n-hexane solution was added dropwise to the 
reaction mixture at a temperature below -72 C. over 
a period of 13 minutes and then the reaction was further 
performed for 20 minutes at -74 C. to -73 C. More 
over, 0.166 ml. of carbon disulfide was added to the 
reaction mixture at about -74 C. over a period of 6 
minutes and the reaction was performed for about 25 
minutes. Thereafter, sodium diiodoacetate prepared by 

25 

30 

reacting 0.84 g. of 50% sodium hydride and 5.46 g. of 35 
diiodoacetate acid in 25 ml. of dimethoxyethane was 
added to the reaction mixture followed by reaction for 
30 minutes at O'-5' C. and then the reaction was further 
continued overnight at room temperature. The solvent 
was distilled off under reduced pressure from the reac 
tion mixture and the residue was extracted with the 
addition of 50 ml, of cold ether and 40 ml. of 1 normal 
hydrochloric acid. The ether layer obtained was ex 
tracted twice, each time with 20 ml. of a saturated aque 
ous sodium hydrogencarbonate solution. The aqueous 
extracts were combined and adjusted to pH 1 with 1 
normal hydrochloric acid, extracted twice with 30 ml. 
and 20 ml. of ether, successively. The extracts were 
combined and washed with water, dried over anhy 
drous magnesium sulfate, and then ether was distilled 
off to provide 1.08 g. of an oily product. The oily prod 
uct was applied to a silica gel chromatographic column 
and the fractions containing the product were collected 
using a mixture of chloroform and methanol of 10:1 by 
volume ratio to provide 630 mg. of the brown oily 
4-(1-carboxypropylidene)-1,3-dithietane-2-carboxylic 
acid. 

Nuclear magnetic resonance spectra (CDCl3) 

1.24 (3H, -CH3, t), 
1.47 (9H, (CH3)3C-, s), 
2.01 (2H, -CH2-, q), 

S 
N 

4.87 (1H, ={ CH-, s). 

S 
Y 

45 

SO 

55 

of diisopropylamine. And the mixture was cooled to 
-74 C. with dry ice-acetone bath. Then, 6.86 ml. of a 
15% n-butyl lithium n-hexane solution was added to the 
mixture followed by reaction for 10 minutes at -72 C. 
to -74 C. Furthermore, 2.3 g of tert-butyl succinate 
was added to the reaction mixture and the reaction was 
further carried out for 30 minutes at -74 C. Then, 
0.332 ml. of carbon disulfide was added dropwise to the 
reaction mixture over a period of about 15 minutes and 
then the reaction was continued for 15 minutes at -74 
C. Also, 3.43 ml. of a 15% n-butyl lithium n-hexane 
solution was added dropwise to the reaction mixture at 
a temperature below -71 C. over a period of 20 min 
utes and the reaction was carried out for 20 minutes at 
the same temperature. Thereafter, 0.166 mi. of carbon 
disulfide was added dropwise to the reaction mixture 
over a period of 13 minutes at a temperature below 
-72 C. and the reaction was carried out for 17 minutes 
at the temperature. Moreover, 1.715 ml. of a 15% n 
butyl lithium n-hexane solution was added dropwise to 
the reaction mixture over a period of 10 minutes at a 
temperature below -71 C. Finally, 0.083 ml of carbon 
disulfide was added dropwise to the reaction mixture 
over a period of 10 minutes and then the reaction was 
further carried out for 20 minutes at -72 C. to -74 
C. 

Separately, a suspension of sodium diiodoacetate 
prepared beforehand from 432 mg. of 50% sodium hy 
dride and 2.8 g. of diiodoacetic acid in 20 ml. of diethyl 
ene glycol dimethyl ether dropwise to the reaction 
mixture obtained in the aforesaid reaction, whereby the 
temperature in the system raised from -74 C. to -64 
C. Then, the temperature was allowed to raise and after 
carrying out the reaction for one hour at 0-5 C., the 
mixture was stirred overnight at room temperature to 
cause further the reaction. Thereafter, the solvent was 
distilled off at room temperature under reduced pres 
sure to provide a brown residue. The residue was mixed 
with 50 ml of ether and 20 ml. of a cold 10% sulfuric 
acid and extracted with ether. The ether layer formed 
was extracted twice, each time with 50 ml. of a satu 
rated sodium hydrogencarbonate solution. The aqueous 
layer obtained was mixed with 50 ml. of 10% sulfuric 
acid and extracted with 50 ml. and 30 ml. of ether, 
successively. The ether extracts were combined and 
washed twice, each time with 30 ml. of a saturated 
aqueous sodium chloride solution, dried over anhy 
drous magnesium sulfate, and ether was distilled off to 
provide .83 g of an oily product. The oily product was 
applied to a silica gel chromatography column using 70 
g. of silica gel, eluted using first chloroform and then a 
mixture of chloroform and methanol of 50:1 by volume 
ratio, and the fractions containing the product were 
collected to provide 700 mg. of 4-1,2-bis(tert-butox 
ycarbonyl)-1,3-dithietane-2-carboxylic acid. 

Nuclear magnetic resonance spectra (CDCl3) 
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1.22 (18H, 2 x (CH3)3C-), 
2.58 (2H, -CH-), 

S 
N 

4.91 (1 H. CH-). 

S 

Mass spectra: 
The: 36 

What is clained is: 
1. 7-substituted cephalosporin or penicillin deriva 

tives represented by the formula 

R S 

X-( X-CONH-6 Ot 
2 R S 

R S 

X-( >-conH-69 2 R S 

wherein R is a carboxyl group or the functional deriva 
tive residue thereof selected from the group consisting 
of carboxylic acid lower alkyl ester residue, carboxylic 
acid aralkyl ester residue, a carbamoyl group, N 
monoalkylcarbamoyl group, N,N-dialkylcarbamoyl 
group, a carboazoyl group, and a cyano group; R2 is a 
carboxyl group or the functional derivative residue 
thereof selected from the group consisting of carboxylic 
acid lower alkyl ester residue, carboxylic acid aralkyl 
ester residue, a carbamoyl group, N-monoalkylcarbam 
oyl group, N,N-dialkylcarbamoyl group, a carboazoyl 
group, and a cyano group, a hydrogen atom, a lower 
alkyl group, a lower hydroxyalkyl group, a lower alk 
oxyalkyl group, a lower carboxyalkyl group, a lower 
arylalkyl group, a lower alkoxy group, a lower alkanoyl 
group, RS(O) group wherein R represents a lower 
alkyl group and n represents 0, or 2, and aryl group 
which may have a substituted selected from the group 
consisting of hydroxyl and alkoxy groups, an aroyl 
group, a lower alkenyl group, a sulfamoyl group, or a 
heterocyclic residue which may have a substituent se 
lected from the group consisting of a hydroxyl group, 
methyl group, and alkylthio group; and wherein Ce 
and Pe represent a cephalosporin nucleus and a peni 
cillin nucleus, respectively. 

2, 6-substituted penicillin derivative represented by the 
formula 

R S 

R X=x X-CONH- (e) 
2 S 

wherein R is a carboxyl group or the functional derivative 
residue thereaf selected from the group consisting of car 
boxylic acid lower alkyl ester residue, carboxylic acid aral 
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kyl ester residue, a carbamoyl group, N-monoalkylcar 
barnoyl group, N,N-dialkylcarbamoyl group, a carboazoyl 
group, and a cyano group; R2 is a carboxyl group or the 
functional derivative residue thereof selected from the 

5 group consisting of carboxylic acid lower alkyl ester resi 
due, carboxylic acid aralkyl ester residue, a carbamoyl 
group, N-monoalkylcarbamoyl group, N,N-dialkylcar 
bamoyl group, a carboazoyl group, and a cyano group, a 
hydrogen atom, a lower alkyl group, a lower hydroxyalkyl 
group, a lower alkoxyalkyl group, a lower carboxyalkyl 
group, a lower aralkyl group, a lower alkoxy group, a lower 
alkanoyl group, RS(O) group wherein R represents a 
lower alkyl group and in represents 0, 1 or 2, and aryl group 
which may have a substituent selected from the group 
consisting of hydroxyl and alkoxy groups, an aroyl group, 
a lower alkenyl group, a sulfanoyl group, or a heterocyclic 
residue which may have a substituent selected from the 
group consisting of a hydroxyl group, methyl group, and 
alkylthio group, and wherein i5 represents a penicillin 
nucleus. 

3. The 6-substituted penicillin derivative of claim 2 
wherein R1 and R2 are each a carboxyl group. 

4. The 6-substituted penicillin derivative of claim 2 
wherein R1 is a carboxyl group and R2 is a lower alkylthio 
group. 

5. The 6-substituted penicillin derivative of claim 2 
wherein R1 is a carboxyl group and R2 is a lower alkoxy 
group. 

6. The 6-substituted penicillin derivative of claim 2 
wherein R is a carboxyl group and R2 is a lower alkyl 
group. 

7. The 6-substituted penicillin derivative of claim 2 
wherein R1 is a carboxyl group and R2 is hydrogen. 

8. 7-substituted cephalosportin derivative represented by 
the formula 

O 
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wherein R1 is an N-monoalkylcarbamoyl group or an N,N- 
dialkylcarbamoyl group. R2 is a carboxyl group or the 

45 functional derivative residue thereof selected from the 
group consisting of carboxylic acid lower alkyl ester resi 
due, carboxylic acid aralkyl ester residue, a carbamoyl 
group, N-monoalkylcarbamoyl group, N,N-dialkylcar 
bamoyl group, a carboazoyl group, and a cyano group, a 
hydrogen aton, a lower alkyl group, a lower hydroxyalkyl 
group, a lower alkoxyalkyl group, a lower carboxyalkyl 
group, a lower arylalkyl group, a lower alkoxy group, a 
lower alkanoyl group, RSO) group wherein R repre 
sents a lower alkyl group and n represents 0, 1 or 2, and 
aryl group which may have a substituent selected from the 
group consisting of hydroxyl and alkoxy groups, an aroyd 
group, a lower alkenyl group, a sulfanoyl group, or a 
heterocyclic residue which may have a substituent selected 
from the group consisting of a hydroxyl group, methyl 

60 group, and alkylthio group, and wherein represents a 
cephalosporin nucleus. 

SO 

55 

65 


