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hydrazine-HC1, 250 mg of NaOAc, and 1.0 ml of AoOH and re-
fluxed for 40 min. The mixt was poured over a large amount 
of ice water and the ppt formed was collected by filtration. Re-
crystn from MeOH yielded 900 mg of 6, mp 154-157°. 

Receptor Binding Studies.^-Uteri from 10 immature rabbits 
weighing less than 2 kg were removed, minced, and washed sev­
eral times with buffer to rid the tissue of blood. Uteri were 
then homogenized in 0.4 vol of buffer (0.01 M Tris-HCl buffer, 
p H 8.0, eontg 0.001 M EDTA and 0.25 M sucrose) at 4°. The 
homogenates were first centrifuged at 12,0000 for 30 min, fol­
lowed by 273,000^ for 1.0 hr. Reaction mixts consisting of (a) 
0.2 ml of buffer (0.01 M Tris-HCl, pH 8.0, contg 0.001 M EDTA, 
0.25 M sucrose, and 25,000 cpm of progesterone-</ml), (b) non­
radioactive compds reported in this paper at a concn of 100 
ng/ml, and (c) 50 iA of uterine cytosol were incubated at 4° for 
16 hr. After incubation bound vs. unbound steroids were sepd 
as earlier reported, and the amt of bound progesterone-i was de­
termined. 
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Although the cell walls of bacteria and fungi differ 
widely in their mucopeptide and mucopolysaccharide 
arrangement, we thought that it would be interesting 
to prepare some /3-laetam-eontainmg semisynthetic 
compounds and test them against certain fungi. Un­
expectedly, we have found that a few of these antibiotics 
inhibit the growth of some pathogenic fungi in vitro. 

C6H5CH2NHCSCH2CONH—T—^' 

C0,Na 

'CH2OCOCH3 

1(14) 

II (15), R' = C6H5OCH(CH3)CO; R" = COSK 
III (16), R' = C6H5OCH2CO; R" = CHO 

Chemistry.—The compounds listed in Tables I 
and II were prepared by two procedures unless other­
wise noted. All of the thiocarbamoylmercaptomethyl-
cephalosporanic acids were prepared by direct acylation 
of 7-aminocephalosporanic acid (7-ACA) with the S-
carboxymethyl dithiocarbamate-carboxylic mixed an­
hydride (method A). The carbamoylmercaptomethyl-
cephalosporins were prepared from the tS-carboxy-
methyl JV*,2V-disubstituted dithiocarbamates and 7-ACA 

in the presence of I2 and Nal (method B).1'2 Ar-Benyzl-
thiocarbamoylmercaptoacetamidocephalosporanic acid 
(I) (14) was prepared from sodium 7-(2-bromoacet-
amido)cephalosporanate3 and potassium iV-benzyl-
dithiocarbamate. Potassium 6-[( — )-a-phenoxypropi-
onamidojthiopenicillanate (II) (15)4 and 6-phenoxy-
acetamidopenicillanal (III) (16)5 were prepared by 
published procedures. 

Antifungal Activity.—Results of the tests are sum­
marized in Table I. As can be seen, the most active 
compound is sodium (Ar-benzyldithiocarbamoyl-
acetamido)cephalosporanate (I) (Table I, 14). It is 
noteworthy that this cephalosporin showed two- to 
fourfold greater antifungal activity than the antifungal 
acid 176 from which it was derived. It is also of interest 
that the penicillin aldehyde III (16) which is virtually 
without activity in vitro aganist bacteria, showed anti­
fungal effects. Compound 14 was tested in an ex­
perimental systemic Cryptococcus neoformans infection 
of mice but was found to case no prolongation of sur­
vival time. Thus, the probability exists that, although 
these compounds are active in vitro, they are not-
present in an active form in animal tissues at high 
enough concentrations to give protection against sys­
temic fungal infections. 

Experimental Section7 

Sodium 7-(AvV-Dimethyldithiocarbamoylacetamido)cephalo-
sporanate (Table I, 1) (Method A).—To a soln of 1.8 g (0.01 
mole) of (S-carboxymethyl Ar,iV-dimethvldithiocarbamate and 
1 g (0.01 mole) of Et3N in 50 ml of T H F at 0° was added 1.2 g 
(0.01 mole) of isovaleryl chloride. The mixt was stirred for 10 
min and a soln of 2.8 g (0.01 mole) of 7-ACA and 1.1 g (0.11 
mole) of EtaN in 25 ml of H 2 0 was added all at once. The soln 
was stirred for 0.5 hr and the T H F was evapd under reduced pres­
sure at 30° (15 mm). The aq residue was acidified with 1:1 
H3P04 and extd with EtOAc. The exts were washed with H 2 0 
and dried (Na2S04). The soln was treated with sodium 2-ethyl-
hexanoate and the white cryst salt was collected and recrystd 
three times from aq ra-BuOH to give 2.5 g of product (see Table 
I I ) . 

Sodium 7-(A -Benzyldithiocarbamoylacetamido)cephalospor-
anate (14).—To a soln of 11.7 g (0.03 mole) of sodium 7-(2-bromo-
acetamido)cephalosporanate3 and 2.5 g of X a H C 0 3 in 200 ml of 
H 2 0 at 10° was added, with vigorous stirring, 6.6 g (0.03 mole) 
of potassium A'-benzyldithiocarbamate.6 The soln was stirred 
in the cold for 1 hr as the pH was kept around 7 with 2 A" NaHCOs 
soln. The soln was washed with E t 2 0 , layered with 100 ml of 
EtOAc, and acidified to pH 4 with 42^ c H3PO4. The org layer 
was sepd, and the aq phase was again extd with EtOAc. The 
exts were washed with H 20, dried (Na2SO.i), and evapd to an oil 
under 15 mm pressure at 35°. The residue, after trituration 
with dry Et 2 0 was collected by filtration and was dried over 
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Compd 

1 
2 

R or compd 

(CH3)2NC(S)SCH2 

(C2H5)2NC(S)SCH2 

TABLE T 

In Vitro ANTIFUNGAL ACTIVITY" 

0 

cr J CH2OCCH3 

C02Na 

RCHN-

n NC(S)SCH2 

T. mentagrophyUa 

250 
250 

250 

-Lowest level of inhibition-
TV/, canis 

>250 
>250 

250 

C. neoforrnans 

63 
250 

>250 

H. capsulatum 

63 
31 

31 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
15 
16 
17* 

0 NC(S)SCH2 

C6H5NCH3C(S)SCH2 

r~ \ lC(S)SCH 2 

C6HsCH2N(CHj)C(S)SCH2 

(CH3)2NCOSCH2 

(C2H5)2NCOSCH2 

{ NCOSCH2 

[ N C O S C H . , 

C6H5N(CH3)COCH2 

0 NCOSCH2 

I 
II 
III 
C6H6CH2NHC(S)SC: 

>250 

>25U 

250 

>250 

16 

31 

>250 

250 

125 

125 

4 
13 
62 
8 

>250 

>250 

250 

>250 

63 

31 

>250 

>250 

>250 

>250 

8 
25 
13 
32 

63 

>250 

250 

>250 

63 

63 

>250 

>250 

>250 

>250 

8 
250 
50 
2 

16 

250 

31 

16 

>250 

125 

125 

125 

250 

250 

1.6 
16 
63 
4 

» Agar dilution tests; minimum inhibitory conon, Mg/ml, h A. Rieche, J. Hilgetag, D. Martin, and I. Kreyzi, Arch. Pharm. {Wein-
heim), 296,310 (1963). 

Compd 

1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 

Method of 
prepn 

A 
A 
A 
A 
A 
A 
A 

B 

B 
B 
B 
B 
B 

Solvent 

Aq n-BuOH 
EtOAc 
Aq m-BuOH 
Aq ra-BuOH 
Aq n-BuOH 
Aq Me2CO 
Amorphous 

from EtOAc 
EtOAc-Et20 

Aq n-BuOH 
DMF-Me2CO 
Aq ra-BuOH 
Aq n-BuOH 
Aq ra-BuOH 

TABLE II 

Decompn 
point, °C 

210 
195-199 
182-185 
250 
192 
160 

>210 

95-96 

162-165 
158-159 
210-212 
185-187 
169-170 

Yield, % 

60 
24 
32 
Si 
58 
42 
10 

40 

20 
45 
37 
25 
40 

Formula 

Ci5H18NaN306S3 

Ci7H22NaN306Ss-H20 
C18H22NaN306S3 

Ci7HMNaN307S3 

C2oH20NaN806S3 

CiTHjoNaNaOeSs^HjO 
C21H22NaN30«S3 

C15H18N30782-H20 
(free acid) 

Ci7H22NaN307S2-H20 
CiSH22NaN307S2 
CnHMNaNs07S2 

C20H20NaN3O7S2 

C17H20N3NaO8S2 

Analyses0 

C, H, N 
C, H, N 
C,H, N 
C, H, N 
C, H, N 
C, H, 
C, H, N 

C, H, N 

C, H, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

Anal, results were within 0.4% of the theoretical values. 

P205 at 15 mm to give 8 g of product. The acid was dissolved in 
EtOAc and treated with solid sodium 2-ethylhexanoate. 
Crystals were collected by filtration, washed with hot EtOAc, 
and dried overnight over P206 at 15 mm, yield, 4 g (26%) of a 
light yellow cryst product. Recrystn from Me2CO-EtOH gave 
an anal, sample, mp 185° dec. Anal. (C2oH2oN3Na06S3) C, H, 
N. 

The semisynthetic compds were tested for activity against 
Trichophyton mentagrophytes, Microsporum canis, Cryptococcus 
neoforrnans, and Histoplasma capsulatum by a twofold serial diln 
method. The compds were dissolved in DMSO, brought to 

vol with sterile H20 (1:9) at 1 mg/ml, and serially dild twofold 
in appropriate liq media. These medicated dilns were dis­
pensed in 2-ml amts into sterile, capped, 1.56-cm diameter test 
tubes prior to inoculation. The tests for activity against T. 
mentagrophytes and M. canis were carried out in Sabouraud's 
dextrose broth (Difco), C. neoforrnans in antibiotic medium No. 
3 (Difco), and H. capsulatum in Salvin's Y-P medium.8 

Stock suspensions of the test cultures were prepd as follows 
and then used at the rate of 0.05 ml of inoculum per 2 ml of 

(eft 8 . 5 . S»ivin, J. Bacterial, 84, 655 (1947). 
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medicated broth: T. mentagrophytes and M. canis were grown on 
Sabouraud's dextrose agar slants at 28° for 7-10 days. Surface 
growth from an agar slant culture was taken up into 5 ml of 
sterile H»0, homogenized, and dild 500-fold with sterile H 2 0 . 
C. neoformans was grown on Sabouraud's dextrose agar slants 
at 22° for 2 days. The surface growth from an agar slant culture 
was taken up into 5 ml of sterile H 20, homogenized, and dild 
25-fold with sterile H>0. H. capsulatum was grown in Salvin'.s 
Y-P semifluid medium at 22° for 7 days: 0.5 ml of medium 
containing surface growth wras uniformly suspended in 25 ml of 
sterile H 2 0. 

Minimum inhibitory concns (MICs), which are considered to be 
the min concns of the test compds in micrograms per milliliter 
which prevent grossly detectable growth of the test organisms, 
were detd after inoculated tubes were incubated for a suitable 
period of time at the desired temp. In the case of T. menta­
grophytes and M. canis, this was 5 days at 28°, while C. neoformans 
and H. capsulatum were incubated for 2 and 4 days, respectively, 
at 37°. 

with the same ultimate effects, i.e., the female does 
not produce eggs or the eggs are infertile. Fertility 
of male insects, on the other hand, is not as easily 
affected by chemicals and only 3 well-defined classes 
of male chemosterilants are known: alkylating agents,3 

phosphoramides,4 and s-triazines.5 

In this communication we wish to describe a new 
class of male insect chemosterilants, derivatives of 
dithiobiuret (Table I). Compounds 2 through 20 were 
synthesized according to Scheme I. Dialkylthio-

SCHEME I 
KSCX 

RjRiNCSCl >• R2RiNCSNCS 

R3R4NH 
- > RANCSNHCSNR3R4 

Insec t C h e m o s t e r i l a n t s . 10. S u b s t i t u t e d 
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Sexual sterilization of female insects can be achieved 
with many compounds of different structural types.2 

carbamoyl chlorides were converted to the correspond­
ing thiocarbamoyl isothiocyanates6a with KSCX in 
AIe2CO; the rather unstable65 thiocarbamoyl isothio-
cyanates were then treated, without isolation, with 
amines to provide the dithiobiurets. 

Several of the 1,1,5,5-tetrasubstituted dithiobiurets, 
particularly the unsymmetrically substituted ones, were 
unstable. Although all but 8, 12, and 14 were crys­
talline, 8-12 and 14 tended to decompose on attempted 
purification or on prolonged standing at room tempera­
ture, and satisfactory elemental analyses were not 
obtained; the compounds were characterized by their 

TABLE I 

DITHIOBIURET CHEMOSTERILANTS 

R I C S N R S C S R J 

Compd Ri R-> Ra 

1 NH 2 H NH 2 

2 N(CH3)2 H NH 2 

3 X(CH8)2 H NHCHs 
4 N(CH3) , H NHC2H5 

5 N(CH3)2 H NH(l-adamantyl) 

6 N(CH3)2 H N H _ / -y_ c l 

7 N(CH3)2 H N(CH a)2 

8 N(CH3)2 H N(C2H3)2 

9 N(CH 3) , H Pyrrolidyl 
10 N(CH3)2 H Piperidyl 
11 N(CH3)2 H Morpholinyl 
12 N(CH3)2 H N(CH3)CH2CH2OH 
13 N(CH3)2 H N(CH2CH2OH)2 

14 N(CHS)2 H N(CH3)C6H5 

15 Pyrrolidyl H Pyrrolidyl 
16 Piperidyl H Piperidyl 
17 Morpholinyl H Morpholinyl 
18 Pyrrolidyl" H Piperidyl 
19 Pyrrolidyl H Morpholinyl 
20 Piperidyl H Morpholinyl 
21 N(CH3)2 CH3 N(CH3)2 

22 N(CH3)2 C6H3 N(CH3)2 

" Xew compds analyzed satisfactorily for C, H, X, S, except 
mercial sample (American Cyanamid). d J. S. Davidson, J. 
parentheses indicate per cent mortality in 48 hr. " At 1 and 2 

Mp, °C 

189-191" 
126-127* 
123-124 
81-82 

144-145 
103-105 

Formula0 

C2H5N3S2 

C4H9N3S2 

C5H„N3S2 

C6H13N3S2 

C H H 2 3 N 3 S 2 

CIOHI2C1X 3S2 

% hatchb at injected dose 
S i i g / c f / 

94 (0) 
92 (60) 
70 (90) 
79 (50) 
93 (0) 
90 (4) 

112-115 C6HisN3S2 15 (10) 
Oil" C8H17N3S2 15 (70) 

95-105" CsHisNsSa 59 (10) 
103-128" C9HnN3S2 28 (25) 
163-165" C8H15N3OS2 14 (50) 
Oil* C7H15N3OS2 41 (0) 
96-100 dec C8H17N302S2 92 (0) 

Oil" CnH15N3S2 (100)" 
147-153 dec C10Hi7N3S2 24 (0) 
133-138 C12H21N3S2 93 (0) 
161-163 dec C10HnN3O2S2 29 (40) 
125-130 dec CnH19N3S2 45 (0) 
137-141 Ci0Hi7X3OS2 54 (0) 
138-144 dec C„H19N3OS2 18 (10) 
Oil C7H1SN3S2 88 (60) 
130 C12H,7N3S2 94 (0) 

where indicated. h Average hatch among controls was 95 ± 
Chem. Soc. C, 2069 (1966). ' Unstable, not obtd anal, pure 
/jg, the hatch was 55 and 42%, respectively. 

10 ug/c?f 

91 (0) 
(100) 
(100) 
(100) 

78(0) 
82 (90) 

1 (SO) 
(100) 

44 (40) 
(100) 
(100) 

17(8) 
81 (0) 

(100) 
20 (20) 
87 (10) 
13 (90) 
26 (20) 
36 (20) 
47 (80) 
95 (70) 
90 (10) 

5%. " Com-
, < Values in 

Apparently, the complex biochemical processes in oo­
genesis can be interrupted or modified at several points 

(1) (a) Paper 9: P. H. Terry and A. B. Borkovec, / . Med. Chem., 13, 
782 (1970); (b) mention of a pesticide does not constitute a recommenda­
tion by the V. S. Department of Agriculture. 

(2) A. B. Bofkovec, "Insect Chemosterilants," Interscience, New York, 
N. Y., 1966. 

ir and nmr spectra. An extreme example was 1,1,5,5-
tetraethyldithiobiuret (too unstable for biological test-

(3) A. B. Bofkovec, Ann. Ar. Y. Acad. Sci., 163, 860 (1969). 
(4) P. H. Terry and A. B. Bofkovec, J. Med. Chem., 10, 118 (1967). 
(5) A. B. Bofkovec and A. B. DeMilo, ibid., 10, 457 (1967). 
(6) (a) J. S. Davidson, J. Chem. Soc. C, 2069 (1966); (b) 1. A. Spurlook 

and P. E. Newallis, J. Org. Chem., 33, 2073 (1968). 


