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obtained with alkyl xanthate salts in yields of 4040%. 
Generally, there were obtained somewhat lower yields 
of derivatives of simple Y,N-dialkyldithiocarbamates 
[11, R = N< (10-12)]. Very low yields resulted in 
cases where hydroxyls were present in the alkyl groups 
(13 and 14), but the low yields reflected difficulty of 
isolation rather than some inherent lack of reactivit,y 
of hydroxylated dithiocarbamates. This was evident 
from the preparation of 16 from sodium N-methyl-X- 
sorbityldithiocarbamate in 52% yield where the isola- 
tion was relatively simple. 

The usual procedure for synthesis of the above 
derivatives n-as to heat aqueous mixtures of the cephalo- 
sporanate salt and an alkali salt of the xanthate or 
dithiocarbamate in molar excess a t  slightly elevated 
temperatures for several hours. Nore vigorous reac- 
tion conditions were avoided because of hydrolysis of 
both the p-lactam ring and the acetoxyl group that 
occurred as competing side reactions. Although the 
sulfur derivatives so obtained were usually water 
soluble, they were fortunately less soluble in 50% 
saturated NaCl solution than either the starting 
cephalosporin or its hydrolysis products. Most of the 
derivatives were salted out as yellow glasses, but the 
crude products still contained traces of starting iiia- 
terials and various hydrolysis products. Illany were 
purified quite readily because their salts were soluble 
in chloroforni. The chloroforni solution was washed 
repeatedly with 50y0 saturated XaC1 solution, the im- 
purities being extracted into the aqueous layer. 

The procedure outlined above for the simple xanthates 
and dithiocarbamates did not yield derivatives when 
alkali salts of amino-substituted xanthates and dithio- 
carbamates were employed. hininoalkylxanthate salts 
give strongly basic water solutions (pH >lo) and if 
these were used, the p-lactam ring of the cephalosporin 
was quickly destroyed. In  one instance, the alkalinity 
of the solution of sodium diethylaniinoethylxanthate 
was reduced by formation of the zwitterion, but even 
then the product obtained did not possess the char- 
acteristic absorption of a p-lactam ring in the infrared 
and was biologically inactive.’? Dialkylamino-sub- 
stituted dithiocarbamates, however, did displace the 
acetoxy group and yielded the expected products, if 
the necessary pH adjustment to less than 8.0 was made. 
The alkali salts of those dithiocarbamates that con- 
tained rather weakly basic amino substituents, such 
as the N-alkylpiperazine derivatives, gave water 
solutions of an alkalinity low enough to be used without 
pH adjustment, while those with more strongly basic 
amine substituents required adjustment to a lower pH 
with HC1. In  the latter cases products were not sodium 
salts but zwitterions (29-31 and 34-36), and in some 
instances these zwitterions were quite mater insoluble 
and precipitated from the reaction mixture. Some 
of these zwitterions were soluble in chloroforni and 
could be purified as described above. 

The series of piperazine derivatives (11, R = N- 
(CH2CHZ)zIVR”) that were prepared had alkyl groups 
R ”  that varied from methyl to n-octyl (17-23) and 
adamantyl (24). The yields were consistently poor, 
less than 25%. Replacement of the alkyl substitutiotl 
by phenyl (25) and hydroxyethyl (26) was made. 
One piperazine substituted with a carboxylate group 
(28) mas also prepared. 

The group of amine-substituted alkyl dithiocarba- 
mates had structures 11, R = R’N(CH2).KRz’’, where 
R’ was most often methyl, but also hydrogen or ethyl 
(see below for a discussion of structure); (CH2), 
was either ethylene or trimethylene; and KRZ” was 
either a dialkyl or cyclic amine (29-37). 

Betaines (111) were prepared from several of the N- 
alkylpiperazine-containing cephalosporin derivatives 
by reaction of the sodium salts I1 [R = N(CH2CH2)%- 

I 

COONa 
I 

COONa 
I1 

NR”] with methyl iodide (38, 39, and 41) or allyl bro- 
mide (40) in chloroform. There can be no doubt 
that the compounds prepared were the quaternary 
salts and not the isomeric esters. The esters would be 
soluble in organic solvents and would show the K- 
alkylpiperazine pK in titration and the carboxylate 
ester band in the infrared; the products obtained had 
the properties expected for structure I11 in solubility, 
titration, and spectrum. On the other hand, prepara- 
tion of betaines by treatment of the 4-methylpiperazine 
derivative 17 [11, R = -N(CH2CH2)&CH3] with 
less reactive alkyl halides, such as butyl or propyl 
bromide, in chloroforni a t  room temperature or a t  
reflux, was unsuccessful. From these limited data 
it would appear that a highly reactive alkyl halide is 
necessary for alkylations of these weakly basic materials. 
The state of aggregation in chloroform solution and the 
extent of solvation of the aggregates is probably also 
of ~ignificance.~ Osmometric molecular weight de- 
termination for the S-methylpiperazine derivative 17 
gave a value in dichloroethylene of 4000; the formula 
weight is 534. It is reasonable to suppose that all the 
E-alkylpiperazine derivatives are similarly aggregated 
and that aggregation would slow the rate of alkyla- 
tion. 

Only a few N-nionoalkyldithiocarbamate derivatives 
(8, 9, 31, and 37) were prepared because they proved 
to have low biological activity. Whether this low 
activity is a characteristic of monoalkylated derivatives 
or whether these compounds have different structures 
from the other derivatives could not be definitely 
established. Although infrared spectra of the niono- 
alkylated derivatives were similar in 0-lactam carbonyl 
intensity to that of the dialkylated dithiocarbamates, 
the ultraviolet spectra showed a deep trough in the 
250-mp region where the conjugated p-lactam system 
customarily absorbs. All attempts to obtain useful 
n.m.r. spectra of these salts, or of any dithiocarbaniyl 

(4) H. E. Zaugg, J. Am. Chem. Soc.. 82, 2995 (1960). 
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TABLE I 
BIOLOGICAL ~ T I V I T I E S ~  

N0.b 

1 
2 
3 
4 
5 
6 - 
I 

ah 
g h  

10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31" 
32 
33 
34 
S5 
36 

38 
3 9 
40 
41 
42% 
43' 

Pen. C: 
assay? 

units/rng. 

598 
650 
540 
610 
192 
550 
580 

56 
I 1-83 
160 
280 
147 

165-240 
9 0 

390 
74 

350-400 
330-430 

435 
350 

370-460 

-- 

360-530 
46-130 

270-370 
270 
260 

260-360 
30 

232 
800 

< I 5  
700 

195-250 
500 
500 

34 
620 
530 
700 
460 
325 

1600 

S .  aureus 
J l IC,d  
y/ml. 
0 .05 
0,025 
0 .05  
0 .05  
0 . 2 0  
0.05 
0.025 
0 . 4  

0 .10  
0.10 
0 . 2  
0 . 1  
0 . 2  
0.05 
0 .4  
0.025 

0.05 
0 .5  
0 .05  
0.05 
0 . 1  

< o .  025 
<o ,025 

0 . 1  

0 05 
0 . 4  
0.05 
3 .13  

0 . 1  
0 048 
0.048 

0 .78  
0 .05  
0.05 
0 . 1  
0.05 
0 .02  
0 .01  

. . .  

. . .  

. . .  

. , .  

. . .  

Pen. resist. 
8. aureus? 

y/m1. 
0 7->10 
1 3-13 3 
0 7->10 
0 3-35 
0 4-55 
0 4-14 3 
0 7->50 
1 5-1 4 
1 2-3 8 
0 6->20 
0 8->20 
0 8->50 
0 4->1 
1-> 1 
0 2->10 
2 4->10 
0 4->1 0 
0 5->1 0 
0 4->10 
0 5->10 
10->10 
0 6->10 
0 3->20 
0 3->10 
0 4->10 
0 4->1 
0 2->1 
0 7->IO 
2 4-6 8 
0 3-1 0 

0 8->1 0 
1 6 - > 1  0 
0 7->l 0 
0 8-0 4 

6 7- 
0 4-0 2 
0 5-0 4 
0 8-0 4 
0 4-0 3 
0 5->l 

2 3 

77-108 

S. pyogenes 
oral-mousef 

EDoo, 
mg./kg. X 2 

15 6 
10 4 
33 
13 1 
41 5 

9 5  
20 8 

>41 
10 4 
10 4 
22 9 
7 2  0 

>41 
21 

>41 
11 4 

>41 
>41 
>41 
>41 
>41 
>41 
>41 
>41 

>41 
>41 

19 4 

7 6  
7 3  

24 4 

9 1  
7 3  

>41 

>41 
>41 

1 64 
2 6  
4 6  
4 3  

41 5 
1 0  

Gram-negative organisms ( J l IC ,  y/ml.jg 
Shzgella sp. 

(K-9) 

78 
70 

126 
101 

> 200 
99 
92 

> 200 
>200 

84 
22 
64 
42 

124 
>200 

141 
2 

12 
26 
46 
15 
40 

>loo 
> 100 
> 100 

14 
18 
58 

110 
60 

> 200 
118 
95 

100 
88 

> 200 
37 

131 
88 

106 
11 
32 

E. colt  
(N-26) 

83 
84 

129 
108 

> 200 
107 
108 
42 
61 
78 
44 

23 
54 

> 200 
88 
3 
4 .ti 

16 
14 
24 
34 

> 100 
> 100 
> 100 

6 

41 
54 
22 

>200 
58 
23 
39 
16 

>200 

18 
12 
19 
8 

42 

r -  ia 

r 

- 
I 

Aerobacter 
sp. (X-68 

67 
80 

>200 
94 

108 
102 
116 
42 
36 

134 
40 

115 
33 
42 

> 200 
76 
4 
6 

22 
26 
28 
72 

> 100 
>loo 

59 
13 

14 
33 
27 

> 200 
55 
48 
57 
37 

>200 
16 
24 
16 
28 

5 
42 

- 

Klebszella sp. 
(X-26) 

6 
5 
Y 
8 

14 
6 
6 
9 

11 
13 
4 

16 
12 
18 
13 
7 2  
2 
2 8  

5 

4 5 
5 
8 

14 
33 
6 

20 
18 

5 
> 200 

11 
16 
16 
10 

>200 
10 

6 

6 
109 

1 

r 

- 
I 

- 
I 

a Explanations of the various assays are in the Iliscussion section. Data of this t,ype are only relatively comparable with other 
c This is the usual disk-plate assay 

The first value is without, the 
The value of the EDj, (effective curative dose in 50%; of the animals) is t'wice the value indicated; this 

Ceph- 

testing systems. 
for penicillin G. 
second with human serum. 
latter is the dose given 1 and 5 hr. post infection. 
alothin. f Penicillin G. 

* The numbers correspond to those assigned to  compounds in Tables 111-VI. 
Disk-plate assay for minimum inhibitory concentration (MIC). e Type 5--30. 

g Gradient plate assay. The structures of these compounds are equivocal. 

was used. 9 solution of sodium hydroxide (0.2 mole) in 35 ml. 
of water was cooled to  0" and mixed with the amine (0.2 mole). 
Then carbon disulfide (0.2 mole) was added dropwise and the 
mixture was stirred 1 hr. The dithiocarbamates with nonbasic 
side chains precipitated and were filtered, air dried, and recrystal- 
lized from ethyl acetate or methanol-ether. The simpler di- 
thiocarbamates so prepared as the sodium salts were made from 
the following amines: methylamine,l* n-propylamine,13 K,S- 
diethylamine,g piperidine,'? a-pipecoline,14 X-methyl-K-B-hy- 
dro~yethylamine,'~ S,S-bis(P-hydroxyethyl)amine,16 &--methyl- 

(12) L. Cornpin, Bull. SOC. chzm. Prance, 27,  464 (1920). 
(13) RI .  Delepine, C o m p t .  rend., 144, 1126 (1907). 
(14) S. 6 .  Lix shits and N. V. Preobrazhenskii, J .  Gen. Chem. C SSIZ, 17, 

1706 (1947) .  
(15) 31.p. 73-76'. Anal.  Calcd. for  CdHsNKaOSz: C ,  27.73; H, 4.65;  

N, 8.09. Found: C, 27.50; H . 4 . 8 2 ;  N ,  8.27. 
(16) H. L. Iiloppina and G. J. M. VanderKerk, Rec. trau. chim., 7 0 ,  935 

(1961). 

aniline, l7 and r\--methyl-S-sorbitylamine.'s The yields were 
from 60-80%,. 

Some of the basic dithiocarbamates also precipitated but 
others were soluble in the reaction mixture. In every case, 
several volumes of acetone were added to complete or effect 
precipitation of the product. The air-dried products were 
generally recrystallized from ethyl acetate or acetone-water. 
They were Light yellow t o  white materials; the basic ones, par- 
ticularly, possessed disagreeable odors. The ultraviolet spectra 
were typicallg and, while the amino groups of the basic dithio- 
carbamates could be titrated, the dithiocarbamate group de- 
composed readily on acidification below about pH 5.  The basic 
dithiocarbamate salts gave solutions with pH values 2 units 

(17) 3f.p.  130-133'. Anal. Calcd. for CsHaKiNaS2: C, 46.80; 11, 3.92; 

(18) RI.  Hunt ,  U. S. Patent 2,379,965 (194fjj; Chem. Abstr.,  39, 5411 

(19) H. P. Kocli, J .  Chen.  Soc., 401 (1Y49). 

N. 6.82. Found: C, 45.34;  H, 3.97;  N, 6.5T. 

(1945). 
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The fii.ht 11 roni~)ouiida are aiueraziiit:~. h Footriotea to yields iriclicirLe solvents uaed i ~ r  recrvstallization. _ .  
nleltinp point were dried on a block ftrr 1-3 niin. at 135-140" before ailel d lT7ater-:1c;eto11e. Ethyl acetate~-petroleuni ether 
(33-60"). f Ethyl acetate. R Etliniiol-petroleuni et,lier (B0--71° I .  11 THF- benzene. J-.Idarriant,ylpipera~iiie~ supplied hy K. 
G c w i x i  aiid I<. T<runikaliiG. j ~[etl~anol--r~ther.  I: 3Icth:inol. (~h11-1rof1~~ni. 

higher than their :rriiiiio group p L i a  v:tlu(+. Thus, ~odiuni  S- 
r~iettiyl-S-dimetl~ylaminoetliyldit~iiocar~~a~~i:tte 1%-hen titrated in 

xlueous diriiethglforrrianiide h:id :til initial p H  of 10.5, :t 
of 8.8, deconiposed at pH 5 ,  and showed an apparent rnoleru- 

lar weight of 215 !c:rl(d. 218). The yields and phyiic:d (,oilstants 
o f  the hasic ditliiiirarbairiatej are listed in 't'able 11. 

Nucleophilic Displacement of the Acetoxyl Group of Sodium 
7-(2-Thiopheneacetamido)cephalosporanate. A. Neutral Di- 
thiocarbamates and Xanthates.-The general procedure described 
was employed with only slight variations for all the compounds 
listed in Tat)le 111. -4 500-mg. (0.0012-niolci sample of sodium 
i-(2--tIiiophe1ieacetairiido~ceplialo~~oraiiat1~ :ind a i  equirno1:ii~ 
;triiouiit of either tlie potassium s:irittiat3e cur sodium dit1iii)i~:trba- 
mate was disstrlved in 10 rnl. of n:itei' :tiid heated : i t  40--13" 
i i i  ii therniostated oil bath for  24 111.. Chually. the mlution :it ttie 
fwd of this time was clear; tiir~vevei~, tlie product cl-iuld tx, pre- 
vipitated :I-: a yelloiv glass 11). addition of :ui cyu:rl v ~ ~ l u n i e  of 
xiturated S:ICI solution and chilling for  several hours. The 
supernat:tiii~ solution decanted from the yelloxr, iiisoliibk~ 
sodiurn wl t  t i i i d  this y salt was disiolved in 25-..iiI nil. of  
i~hloroforrn. This rhloroform solution \vas  washed a1lout teir 
times with sucxrhive 12-~.15 i d .  portion. of 50' 
holution. :It tirnre, especially towards the mi( 
1rouLlewnit: cinulsioris iwrc fo r rn td .  ' I ' i i r w  ni iu ld seI)ar:ita 
ivith Iiriig ztaiidiiig, bu t  i t  wvas fomitl to tw more ixoiiveiiieiit t o  
~ierforrn t tic extractions i n  125-ml paratory funiiel-: that w(:ri' 
~*piui Iiriefly at, low speed iii :I IF Cugr, . '1'1 ie e iriui + i o n we w 
initlily I,lokeii l ~ y  t,liis tec~liniqrie. 'The wadiiiig could IF f<.J1lllw<d 
1)g qualitative ultmviolet spectra of the Tvash solutioii~: disap- 
pc~traiicr~ of the spectrum for starting material aiid ap1)earanc.e I I ~  

i h v  spectrum of product indic:ttetl wlieii ivasliing waq complete. 
Tlir c,hloruforin solutioii ~ v i t s  ev;Lpor:itetl t o  half voluriie or leas 

:mil t>lieri diluted with ether and chilled. The sodium salt sepa- 
t fiiic pow-der m-liich was centrifuged and dried in i w i ~ o .  

:inthatr~ slid simple t1ithiorarbam:Ite tleriv:ttivey are listed jii 

' hb le  111. The melting points of the c~oriipirunds in 'Ihbles 111. 
\'I :ire iirisharp, arcornpanied with decunipi~rition, vary deljenri- 
ing OII ~hr: teniperature of the block  hen first applied, and so :ire 
r - i i l l i c~ i i l t  1 1 )  driplic:ite. l'he ii1tr:tvivlt~t >pwtr:t,  iitr:ttions, :tiid 

\ v (w  ooii~idered as sufiicielit, to cahuarterize the tlwiva- 
I i v  1 itrations iiiid &pert ra det,erniiiiations I'or d l  the 

i1t~i~iv:itivc~s i i i  thi. paper were peifornied on iii:iteri:d\ dried in :i 

v:~('iiiiiii (1cisic.ixicri. uver K ) € l  pellet-, xi-liile elenieiit :%I a i ial~ 

\vere periornied oil ;..anipl(~ dried fur several minutes o i i  a Ii1uc.k 
at 100--135°. Some of tlie materials, particulxll- the h 4 i .  
dwivntives (see below ), tenaciously bund water ~vliich c~rultl 1101 

Iw  rc~riicrved without derompo~ing the products. The aniount, ot  
 ai i'r i n  the s:trnplea used for physical rharacteriaatiun may t i t ,  

Illi~l'e i h m  that indicated by analysis, although, as :i rule, the 
1itraticJii values corroborate the arialgtical results. All i i f  t l i t .  
products in  this report had infrared spectra coiisisteiit wit>h es- 
pei:tatir~ns :tiid gave ont~ spot against Bacilhis srihfili,s in :I bin- 
autograph of paper chrorriatograms, which x t w  clewloped wit11 
tathj-1 methyl ketone saturated with water. 

of the compounds of Table 111 could iiot ire puriticd a> 
iiirlic.:rteti :tl)ove. 

Recause of i th  iiisolubility in chlorofomi, tlie tlerivative 16 
l ru i i i  s ~ ~ d i u r n  N-irieth~l-S-~orl~it~ldithiocartiain:tte vias p 'vipi-  
t ~ t c d  from its w:Lter solution a t  p H  2 ,  filtered, redibiulvrd in 
wui t:r :it pH 7, and tigain reprecipitdted :it pH 2 .  The acid after 
thorough washing anti digestioii in 1%-ater wac aiialgticall>- piiris. 

l'he derivat#ive 8 from sodium ~-meth?rldithiuoarbltniate w ~ i >  

likewise c.hlorofurm in.soluble. Recr llizatioii froin rnetli:tiiul-. 
2-prop:inul failed to g i w  a pure product, si) :I concentrated wuier 
siilutioii of the sodium salt was treat,ed with concentrated cohalt- 
I ) U S  i*lil~~ride sijluii(~ii. 'The pink precipitate was centrifuged, 
iv:islicd n-iih water, rweiiirifuged, :iiid then widifirtl t o  pII 2 iii  

w a i  tsr, The wid W:IY ttstr:ic>t ed int,o ethyl ncetate aiid h c k  es-, 

Their purificatioas are detailed below. 

pII ,5.5. 'rhr water was 
id t>he dried residiie wzts re 

'l'he derivative 14 iiorn sodium S,S-bis( J-1iydriisy~~tli~l)clitliirl- 
late was cwiivcwed to the acid at, pH 2,  extracted into ctliyl 

e,  and obtained a s  :L solid by evaporation. After trituxi- 
oii with cliloroforin t,he solid was dissolved in AIethyl Cellosolve 

and niet~liniiol (3:  1) m d  adjusted to  p H  6.5 m-it11 1 A' SaOII .  
'rlie rclsidue froin ersporation of t.he solvent was recrystallized 
lrorri iiieth:tnci1-2-propanol. 

The reaction rnisture from sodium S-n-l)r[ipyldithiocarljaiii:iit~ 
yielded :i litrye :zniount of insoluble solid that did not contain 0- 
1nct:irri absorption. 'rlie filtrate contained the product and it 
\!-:is iso1:ited by ricitiification tcr tlie acid that was then converted 
i i i l r ~  t l ic sodiuni xili 9. 

Basic Dithiocarbamates.--The proredure outlined alxivc, 
x i s  \-:tried slightly for many of the niiiinodittiiocar1,amatfs. 
Tht* \\-:iter soluti~riis (If  the: :tllcylpi~~er:tzirieciith.ioc.ari,c, 

B. 
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TABLE I11 

L &CH, C O N H ~ < ~  s 
N /  II 

0 CHSC-R 

4 O-n-CdHg 

5 O-n-Ce,HiB 

O 3 I  

0 - 0  

8 NHCHC 

12 c H 3 0  

13 S( CH8)CHr- 
CHtOH 

OH )z 
14 S(CHzCHz- 

15 N( CH3)CcHs 

16 N( CH3)CHz- 
(CHOH)4- 
CHzOH 

Yield, 
70 

48. jh 

4 5 . P  

44.56 

36. Od 

40.5d 

37. Od 

40. Od 

65.0 

d . . .  

31.0 

45, Od 

28. Od 

11.5b 

6 . 8 h  

15.qd 

52.5/ 

Ultraviolet 
Amax, m/r ( 4  

223 ( 19,200), 
284 (20,200) 

226 (17, 560), 
284 (17,820) 

227 ( 17, X O ) ,  
285 (17,550) 

226 (17,180), 
285 (17,280) 

229 (17, SOO), 
284 (14,400) 

228 (18,180), 
285 (17,100) 

230 (18, 500), 
286 (17,900) 

237 ( 1 I ,  800), 
270 (16,900) 

235 (14,20Oj, 
273(15,310) 

235 (18,350), 
271 (19,200) 

230 ( 18, OOO), 
273 (23,600) 

234 (17,360)) 
272 (17,900) 

233 (17,800), 
271 (20,200) 

235 (15,000), 
270(11,750) 

239 (19, 900), 
270 (20,700) 

236 (25, 700 j, 
270 (6,900) 

-Ti 

PKS' 
5 . 0  

5 . 1  

5.05 

5 07 

5.05 

5 .05  

5.02 

4 . 8  

4 .60  

5 .15  

5 .12  

5.15 

5 . 0  

5 . 0  

5.05 

5.05 

trationa- 
AMW, 
F M W  

457,498 

485,494 

485,494 

502,508 

565,536 

515,520 

537,534 

475,465 

530,512 

578,507 

525,519 

545,533 

503,509 

542,540 

538,542 

670,598 

I 

COONa 

Formula 

C17H17N2Na05S4. HzO 

C18H18N2Na05S4 

C18HlSNzNa05S4 

C19H21S2SaOjS4 

CZ1H2&lSaObS4 

C ~ O H ~ ~ N Z N ~ O ~ S ~  

C ~ ~ H ~ B N Z N ~ O S S ~  

CltiHleS&a04S4 

C18H20N3Ka04S4. H2O 

C I S H Z Z X ~ X ~ O ~ S ~  

C Z U H Z Z N B N ~ O ~ S ~  

CziHZ4N3NaO4S4 

C18H2uN3KaOSS4 

C19H12S3NaOSS4 

Cz2HZ0N3NaO4S4 

C2L"uNaO& 

Y C a l c d . ,  %-- 
C H N  

40.95 3.87 25.7' 

43.71 3.87 5.66 

43.71 3.87 5.66 

44.86 4 .16  5 .51  

46.99 4.69 5.22 

46.13 4.06 5.38 

47.17 4.33 5.24 

41.27 3 .46  9.03 

42.25 4.33 8 .21  

44.95 4 .36  8 .28  

46.22 4 .26  8 .09  

47.26 4.53 7 .87  

42.42 3 .95  8 .25  

42.28 4.10 7.79 

48.78 3 .72  7.76 

43.47 4.80 6 .91  

7--Found, %- 
C H N  

40.52 3.87 26.17' 

43.82 3 .80  5.49 

43.08 4 .51  6 .16  

44.60 4.28 5.66 

47.08 4.72 5 .39  

46.39 4.07 5.39 

46.95 4.35 5 .28  

41.21 3.64 8 .88  

42.07 4.02 7.64 

45.17 4 47 8 .08  

45.98 4.44 8 .28  

47.46 4.78 7.63 

42.62 3.98 8 .13  

42.54 3 .90  7.53 

50.03 4.42 8 .05  

43.39 4.97 7.06 

a The titrations are in 667& DMF-water; the apparent molecular weight (AMW) is listed before the formula molecular weight 
(FMW). * Recrystallized from methanol-2-propanol. c Sulfur analysis. Recrystallized from chloroform-ether. e Compounds 
8 and 9 have equivocal structure, see Discussion. f See Experimental; this compound is the acid. 

salts are not strongly basic and were used as such in the condensa- 
tion reaction. pH values of water solutions of the other basic 
dithiocarbamates, however, exceeded 8.5 (some had an initial pH 
near 11-12) and the solutions were adjusted with 1 A' HCl to 
pH 7.5-8.0. As recorded above, the usual reaction temperature 
and duration was 40" for 24 hr. In  some cases equal success was 
obtained by heating a t  70" for 2-3 hr.; this was true of 24, 28, 
and 33. 

The piperazine derivatives were isolated as sodium salts but 
all the others were obtained as zwitterions. The zwitterions were 
also precipitated from the reaction mixture with an equal volume 
of saturated NaCl solution just as the sodium salts. RIost were 
soluble in chloroform and were purified and isolated as described 
above. Derivatives from piperazine dithiocarboxylates are 
listed in Table IV, those from open-chain diamines in Table V. 

Several products required special preparation and isolation 
procedures. The product 29 from sodium S-dimethylamino- 
ethyl-N-methyldithiocarbamate required several pH adjustments 
to pH 8 in the initial few hours of reaction a t  room temperature. 
After 48 hr. a t  room temperature, the product started to precipi- 
tate. After another 24 hr., it  was filtered and purified by solu- 
tion in the minimum amount of hot water and subsequent 
evaporation to small volume in a rotating evaporator. 

The derivative 30 from sodium N-diethylaminoethyl-N-methyl- 
dithiocarbamate was obtained by heating the pH adjusted solu- 
tion for several days a t  40". A white precipitate of the zwitterion 
separated. It was purified by solution in water a t  the boiling 
point, chilling, adding an equal volume of methanol, and then 

collecting and drying the gelatinous precipitate in vacuo over 
KOH pellets. 

In  most of the reactions employing piperasinedithiocarboxyl- 
ates a solid formed which did not possess the cephalosporin 
nucleus (infrared). I t  was removed before adding the SaCl  
solution to precipitate the product. 

Sodium 4-adamantylpiperazinedithiocarboxylate is insoluble in 
water, and the reaction was therefore run in 4: 1 dimethylform- 
amide-water a t  70" for 2 hr. An equal volume of saturated 
NaCl solution precipitated the product which was dissolved in 
methanol to free it from salt. The residue from evaporation was 
recrystallized from DMF-ether to give 24. 

The disodium salt of 4-methyl-2-carboxypiperazinedithio- 
carboxylic acid was used in the crude state. The aqueous re- 
action mixture was acidified to pH 8 and heated a t  70" for 2 hr. 
When nothing precipitated on addition of saturated NaCl 
solution, the diacid was precipitated a t  pH 2. This acid was re- 
dissolved in dilute NaOH (pH 6.5). The solid obtained by evapo- 
ration was crystallized from chloroform-ether to yield 28. 

Purification of the chloroform-insoluble product (26j from 
sodium 4(p-hydroxyethyl)piperazinedithiocarboxylate was ef- 
fected by precipitating the zwitterion a t  pH 5.5, washing with 
water, and resolution with 1 LV NaOH and water to pH 7.2. 
The solid from evaporation was recrystallized from methanol-2- 
propanol. 

Preparation of theBetaines, 7-(2-Thiopheneacetamido)-3- 
(4-alkyl-4-methylpiperazinium-1 -thiocarbonylthiomethyl)-3-ceph- 
em-4-carboxylate.-All four quaternary piperazinium com- 
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TABLE VI 

QCH: CONHFC- S I1 n ICHJ 

0 CH,SCN N +  
coo- 'R 

---Titrationa-- 
Found, %-? Yield. Ultraviolet A M  m-, ----Calcd., %--- --- 

NO. R 70 Amax, mp (e )  pK,' F J I W  C H  N C H N  Formula 
38 CH3 48.0 269 (20,400) 4 , 5 8  515,526 C21H2,X4OaS4 47.88 4, 97 10.64 47. 79 5 . 4 2  10.43 

40 CHzCH=CHz 66 3b 271 (21,650)' 4 . 6  559,552 C23Ha8X404S4 49 .9 i  5 .10  10.14 49.72 5.21 9 .96  
41 n-CaHg 25.0b 271(22,900) 4 . 6  578,568 C24H32S,04S4 50.67 5.67 9.85 50.56 5 .64  9.89 

a The t,itrations are in 667, DMF-water; the actual molecular weight ( A N W )  is listed before the formula molecular weight (FMW). 

39 n-C3H7 26.4* 273(23,000) 4 . 6  555,554 C23H30x404S4 49.79 5 , 4 5  10.10 49.67 5 .55  9 .82  

b Recrystallized from dimethylformarnide-tetrahydrofuran-water. Water solution, 

pounds in Table V I  were prepared in the same way. The N- 
alkylpiperazinodithiocarboxylate derivative of the cephalosporin 
was prepared as described above except that the chloroform solu- 
tion was washed only twice with the salt solution and then evap- 
orated and the residue was dried. The crude sodium salts so ob- 
tained were weighed and used without further purification. 

The crude sodium salt (about 0.01 mole) was dissolved in 100 
ml. of dry chloroform. and a solution of 0.0105 mole of methyl 
iodide or allyl bromide in 10 ml. of chloroform was added. The 
mixture was allowed to stand a t  room temperature in a stoppered 
flask for 4-7 days with occasional shaking. There was a gradual 
precipitation of solid, starting within a few days of initial mixing. 
The cream-colored precipitate uas filtered and air dried. It u-as 
then triturated in water to remove coprecipitated sodium iodide. 
The product was quite water insoluble and separated as a yellow 
taffy. 

The product was recrystallized from a small amount (25-35 
rnl./g.) of dimethylformamide by warming gently and adding 
sufficient water until the cloudiness cleared. Then tetrahydro- 
furan (5-10 vol.) was added and the turbid mixture was cooled. 
The precipitated product Ras centrifuged, washed with ether, 
and vacuum dried. 

The dimethyl betaine was more insoluble than the other three 
and could not be dissolved in DMF. It was therefore triturated 
in warm DMF, filtered, washed with water, then ether, and dried. 

All the betaines gave a single spot in paper chromatography 
(ethyl methyl ketone as developing solvent, R. subtilis as the 
organism for the bioautograph). 

Sodium 7-Chloroacetamido-3-ethoxythiocarbonylthiomethy~- 
3-cephem-4-carboxylate. A. Potassium 7-Amino-3-ethoxy- 
thiocarbonylthiomethyl-3-cephem-4-carboxy~a t e  .-7-Amino- 
cephalosporanic acidz0 (5.2 g., 0.0175 mole) was dissolved in 125 
ml. of water by adjusting the solution to p H  8 with 1 S KOH. 
Then 3.1 g. (0.019 mole) of potassium ethyl xanthate was added 
and the mixture was heated a t  40" for 60 hr. After being chilled 
for several hours, the mixture was filtered and the product was 
dried in vacuo (1.23 g.). The material was not purified further; 
the infrared spectrum was consistent with the required structure 
and the ultraviolet spectrum showed maxima a t  284 and 246 
mfi [A,,, 284 mfi ( E  16,820)]. 

B. Acetylation with Chloroacetyl Chloride.-The above 
crude xanthate (1.0 g., ca. 0.0028 mole) was dissolved in 50 ml. of 
water and 50 ml. of acetone, 0.925 g. (0.011 mole) of sodium bi- 
carbonate was added, and the mixture was cooled in an ice bath 
Then a solution of 630 mg. (0.0056 mole) of chloroacetyl chloride 
in 10 ml. of acetone was dropped in during 0.5 hr. After a further 
0.5 hr., the mixture was concentrated in a rotating evaporator to 
remove the acetone. The water solution (pH 5)  was layered 
with ethyl acetate and quickly adjusted to pH 2 with 1 A' HC1. 
The ethyl acetate layer was washed twice with cold water and 
then extracted with water adjusted to pH 6.5 with 1 N NaOH. 
The water solution was evaporated to dryness in a rotating evapo- 
rator. The residue, after thorough drying in ZIUCUO, was dissolved 
in warm methanol, a small insoluble fraction was removed, and 

(20) R. B. Illorin, B. G. Jackson, E. H. Flynn. and R. 11.. Roeske, J .  
Am.  Chem. Soc., 84,3400 (1962). 

the solution was diluted with 2-propanol and chilled. The crys- 
talline product was isolated and dried. I ts  ultraviolet spectrum 
showed a maximum a t  284 mp ( e  15,360). The infrared spectrum 
was consistent with the required structure. In  the usual bio- 
autograph of a paperchromatogram, there was one spot. Titra- 
tion gave a pK, of 5.1 (mol. wt,., 440; calcd. 385). 

Anal. Calcd. for C13H1PClNZ05: C, 36.06; H, 3.25; N, 
6.47. Found: C, 35.95; H, 3.27; 3, 6.21. 

Attempted Preparation of Methyl 7-Benzamido-3-methyl- 
aminothiocarbonylthiomethyl-3-cephem-4-carboxylate. A. Acyl- 
ation of 7-Aminocephalosporanic Acid (7-ACA).-The acyl- 
ation was performed a8 indicated for the  chloroacetylation above. 
From 7.78 g. of 7-ACA and 3.83 g. of benzoyl chloride there was 
obtained 6.68 g. (58.77,) of pure sodium i-benzamidocephalo- 
sporanate. It was recrystallized from methanol by dilution with 
2-propanol, m.p. 240" dec., after turning violet a t  145'. 

..lnal. Calcd. for C17HlsN2Na05S: C, 51.25; H, 3.79; N, 
7.03. Found: C, 51.19; H, 3.87; N, 7.15. 

B. Nucleophilic Displacement with Sodium N-Methyldithio- 
carbamate.-The usual method was employed starting with 6.0 
g. of sodium 7-benzamidocephalosporanate. There was ob- 
tained 5.36 g. of crude product. It was insoluble in chloroform 
and was recrystallized from hot methanol by the addition of 2- 
propanol to give 2.55 g.; in the ultraviolet, Amax 270 mp ( e  
18,000), 226 (14,690). Titration gave a pK, of 4.6 (mol. wt., 
470; calcd. 477). 

Anal. Calcd. for CliHI6N3NaO5S3: C, 45.83; H, 3.61; N, 
9.43. Found: C, 45.54; H, 3.74; S, 9.41. 

C. Methylation with Diazomethane.-One gram of the pre- 
vious product was dissolved in water, acidified to pH 2, and 
extracted with ethyl acetate. The ethyl acetate solution, after 
drying (Na2S04), was treated in the cold Tvith excess diazomethane 
in ether. A precipitate formed. After 0.5 hr., the solution 
was evaporated to remove the diazomethane and then diluted 
with ethyl acetate and extracted with water adjusted to pH 
6.3 v5th 1 A\T NaOH. The organic layer was washed with water 
and evaporated. The residue was recrystallized from ethyl 
acetate-petroleum ether (b.p. 60-i1°), m.p. 132-135". The 
yield was 300 mg. The ultraviolet spectrum showed maxima 
at 235 mp ( E  12,450) and 270 116,200). 

dnal. Calcd. for C I ~ H I ~ X ; ~ O & :  C, 49.41; H, 4.37; N, 9.60. 
Found: C, 49.23; H, 4.49; S, 9.52. 

An r1.m.r. spectrum of this product was very indistinct, the 
absorption peaks barely rising above the base-line "noise." The 
positions of the 0-methyl and benzene ring protons could he 
distinguished, but not those of the single protons. 
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