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Experimental Section' 
Ethyl 2-Phthalimido-2-[2-( 1,3-dithiolano)]acetate (6).-To 

a stirred solut,ion of ethyl a-phthalimidomalonaldehydate (5)4 
(0.02 mole) in 160 ml of dry CHCL was added ethanedithiol 
(23.5 g, 0.25 mole); the solution was saturated with dry HC1 
and stirred a t  25' for 12 hr. It. was neutralized with lOYC N&CO, 
solution, washed (HzO), dried (RgSO4), and filtered and most of 
the solvent was removed a t  100" under N,. The oily yellow 
residue was dissolved in EtOAc and treated with 570 NaOH 
solution. The aqueous portion was extracted again with EtOAc 
and the combined EtOAc solutions were washed (HzO), dried, 
and evaporated t'o give a thick red syrup. An orange solid which 
was produced by standing overnight a t  25' was recrystallized 
from EtOH to yield 40.6 g (60%) of 6. An analytical sample 
recrystallized several times from C6H6 and from EtOH melted 
a t  118'. The nmr spectra were as expected. Anal. (C,bHls- 

Ethyl 2-Amino-2- [2-( 1,3-dithiolano)]acetate (7).-Compound 
6 (2O.(J g, 0.066 mole) was dissolved in 300 ml of EtOH, 5.4 ml 
of 8.ir< (H&),.H,O (0.09 mole) was added, and t,he solution was 
heated under reflrix for 2.5 hr. The reaction mixtiire was cooled 
and the solid was removed by filtration. EtOH was removed, 
and the remaining liquid was dissolved in CHC1, and IIeOH. 
This was chromatographed on 130 g of silica gel using hexane- 
CHCL (1: 1) as the eluent followed by CHCL to give 8.0 g (59%) 
of the liquid amino ester 7. 

2-Amino-2- [2-( 1,3-dithiolano)]acetic Acid (1 ).-The ester 7 
(8..iO g, 0.041 mole) was added to a solution of 3.10 g (0.053 
mole) of KOH in 100 ml of H20. Dioxane (15 ml) was added to 
effect partial roliition and this mixture was refluxed for 2.5 hr. 
The solvent was removed Iinder reduced pressure leaving an 
orange solid which wan dissolved (HZO), filtered, and neutralized 
by passing through an ion-exchange column of 12 g of Amberlite 
IRC-50 ( H +  form). The Ha0 in the eluate was evaporated with 
a stream of air to leave 4.64 g ( 6 3 7 )  of amino acid 1, which was 
heated with activated charcoal and recrystallized from HzO and 
EtOH to yield white crystals, mp 209" dec. Anal. (C6HD- 

1,1,6,6-Tetracarbethoxy-l,6-diacetamido-3-hexene (9))- 
NaOEt [from 2.3 g (0.1 g-atom) of IL'a in dry EtOH (223 ml)] 
was mixed with 21.7 g (0.1 mole) of diethyl acetamidomalonate 
and the stirred soliition was heated to reflux for 30 min. A 
solution of 10.70 g (0.05 mole) of lj4-dibromo-2-butene in 50 ml 
of dry EtOH was added dropwise over 30 min. The solution 
was refluxed for 6 hr, the NaBr was removed by filtration, and 
the EtOH was evaporated in z'ucuo. The residue was partitioned 
between CHC1, and HzO, and the CHC1, extract was dried 
(NgSO,) and evaporated in mcuo to yield 24.7 g (0.05 mole) 
of crude 9 (quantitative yield). Ibxrystallization from CsH6- 

NO&) C, H ,  X, S. 

NOzS2.0.5H20) C, H, N. 

c~H14 produced white crystals, mp 118-119' (lit.5 mp 112-114'). 
Anal. ( C ~ ~ H M N ~ O ~ G )  C, H ,  N. 

3,3-Dicarbethoxy-3-acetamidopropionaldehyde ( lo).-Com- 
pound 9 (2.43 g, 0.005 mole) was treated with O3 for 1 hr (60 
mg/min) in 25 ml of EtOhc at  -80". The solution was warmed 
t o  2.5" and Ka was passed through for 30 min. EtOAc (75 ml) 
and 0.25 g of 5yc Pd-C were added; the mixt,ure was hydroge- 
nated at  2 atm for l..; hr. The catalyst was removed by filtration 
and the EtOAc soliition was stored at  4' for 12 hr. The solvent 
was removed giving 10 as a thick liquid which was not purified. 

24 2,2-Dicarbethoxy-2-acetamidoethyl)-l,3-dithiolane (ll).- 
The yellow oil 10 (0.01 mole) was dissolved in 25 ml of AcOH 
and 3.0 g (0.03 mole) of ethanedithiol and 5 ml of freshly distilled 
BF,.Et,O was added. This solution was stirred for 12 hr, 
netitralized with 16.6 g of aqueous NaOH, and extracted (CHC1, ). 
The extract was dried (lIgSOd), filtered, and evaporated in 
z'ucuo to prodlice a solid which was recrystallized from H2O-EtOH 
t o  yield 1.16 g of 11 (0.0037 mole, 37Cc from 9) .  An analytical 
bample, mp 112", was prepared by sublimation a t  95-100" (0.3 
mm). Anal. ( C ~ ~ H ~ I N O & )  H, N, S; C :  calcd, 46.53; found, 
46.99. 

2-Amino-3- 124 1,3-dithiolane)Jpropionic Acid (2).--A solution 
of 0.3 g (1 .5 mmoles) of 11 in 1.3 ml of Et,OH and 0.53 g of Na,COa 
in 3.75 ml of H20 was refluxed for 20 hr. The solution was 
cooled and partitioned bet,ween EtOAc and the basic aqueous 
solution. The aqueous extract was acidified with dilute HCI 
to pH 3 and extracted with three 75-ml portions of EtOAc. The 
combined extracts were dried (Na&Oc) and evaporated in zlacuo 
to yield 0.27 g (1.15 mmoles, 787,) of the intermediate amido 
acid, mp 189.5-190.5". The 2-acetamido-3-[2-( 1,3-dithiolano )I- 
propionic acid (0.27 g, 1.15 mmoles) was refluxed in 5 ml of 1 LW 
HzSO, for 4.5 hr. The reaction mixture was cooled and neu- 
tralized by stirring with 40 g of Dowex 3 (OH- form) ion-ex- 
change resin in 50 ml of HzO. The H2O solution was filtered off 
and the resin was washed with 50 ml of HzO. The obtained 
extracts were combined and the H2O was evaporated with a 
stream of air to yield 0.17 g (0.9 mmole, 787,) of relatively pure 
amino acid 2, which was recrystallized from H20-EtOH, mp 246'. 

2-( 3,3-Dicarbethoxy-3-acetamidopropyl)-l,3-dithiolane (13).- 
The crude yellow syrup (0.50 mole) of 126 was dissolved in CHC13 
(200 ml) and 47.0 g (42.7 ml, 0.50 mole) of (HSCH2), was added. 
The solut,ion was saturated with dry HCI, and the flask was 
stoppered and stirred for 12 hr. The CHC18 solution was washed 
to neutrality (HzO);, the solution was dried (NanS04), and most 
of the solvent was removed at, 100' with Nt. The slightly vis- 
cous solution yielded 121 g (767 , )  of 13. Recrystallization 
(EtzO, aqueous Et,OH) produced a white solid, mp  92-93'. 
Anal. (ClaH23NO&) C, H, N, S. 

2-Amino-4- 12-( 1,3-dithiolano j] butyric Acid (3 ).-Compound 
13 (17.1 g, 0.05 mole) was dissolved in 45 ml of EtOH. A solii- 
tion of 123 ml of 1.25 Jf x&Oa was added and refluxed for 20 
hr. The solution was cooled and extracted with two 75-ml 
portions of EtOAc. The aqueous solution was separated and 
the EtOAc extract was evaporated in oucuo. This residiie again 
was treated with 2;i ml of EtOH and .io ml of 1.25 Jf NazC03 and 
refluxed for 24 hr. The combined aqueous solutions were 
acidified to pH 3, extracted with two 75-ml portions of EtOAc, 
dried (NazS04), and evaporated in uacuo. The residue, a brown 
liquid, was chromatographed on a silicic acid column and eluted 
with 2% hIeOH in CHCL to  yield 7.25 g (0.035 mole, 70%) of 2- 
acetamido-4-[2-( lJ3-dithiolano)] butyric acid. Recrystallization 
from CHC13 produced a white solid, mp 156.5-157'. The inter- 
mediate, 2-acetamido acid (7.25 g, 0.035 mole), and 100 ml of 1 
-I[ H,SO4 were refluxed for 5 hr. The orange solution was ex- 
tracted with two portions of CHCL. The aqueous solution was 
neutralized to pH 6 with Ba(OH)2 solution, BaSO, was removed 
by filtration, and the aqueous solution was concentrated in DUCUO 

to 150 ml, which yielded 2.5 g of crude amino acid 3 upon stand- 
ing. The mother liquor was evaporated to dryness and the 
residue was dissolved in a small amount of H2O to yield an  addi- 
tional 1.52 g of 3. The total yield of 3 was 0.019 mole (56Y0) 
which was dissolved in boiling H20, heated with activated char- 
coal, and filtered to give 3, mp 262-263' dec. Anal. (C7H13- 
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(7) A11 melting points were taken on a calibrated Thomas-Hoover capil- 
lary melting point apparatus. Analyses were performed by Drs. G. Keiler 
and  F. B. Strauss, Oxford. England, lis Midwest Microlab, Ino., Indi- 
anapolis, Ind., and on a n  F & hI Model 185, University of Kansas. Spectral 
da ta  were oljtained usinr Beckman IR-8, IR-10, Varian A-60. and  A-60h 
siiectrometers. The latter used >Ie,Yi as a n  internal standard except in D2O 
rrhere 3-trimetliylpropanesiilionic acid sodium salt was employed. T h e  nmr 
spectra 11 ere as expected. \There analyses are indicated only by symbols of 
the elements analytical results obtained for  those elements are within 0.4yo 
of the  theoretical values, 

I n  continuation of our previous worki on t,he prepara- 
tion of water-soluble antimicrobial agents, we have pre- 
pared a number of 2-aminoethyl esters of K-benzyl- 
dithiocarhamic acids;, in an effort t o  combine water 
solubility with the known activity of benzyl 

(1) R .  C. Tweit, R. D. AIuir, S. Mizuba. and TV. R .  Crowley. J r . ,  J .  .%fed. 
Chem., 8, 374 (1965). 
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i,sotliiocyaii:itCh :d t1itliiocar~)ai~i~ItE c 
\vorhers h v e  reported t hc prepaixti 
ainirioethyl esters of S-plic~~iglthiol-~ :\rid -dithiol- 
c:wbamic acids, 4,j but 110 mention n 
microbial activities. l loqt  of the coriipouiids ii i  Tahlc 
1 erc prepared by the triethylaniiiic-catalyzct1~talyze~l reactioii 
of tltc appropriate benzyl imthiocyaiinte ~vitli ?-:imino- 
( 5 1  hniict hiol.. Siiicc :iliiio\t all of thc compouiidh 111 c- 
pired \\ ('1 e made from cliall~ylamiiioethaiietliiol~, t1iei.e 
I\ :i\ 110 possibility of reactioii at other thaii the sulfur 
atom. In the case of 2-aminocthanethiol, thc use of 
t ti(, Iiydrochloride d t  prevuits rcuctiori :it the arniiio 
gi'ouli, c ~ ~ i  though :is Ferris and Schutz4 I i a \ - c b  ~ J M  r i ,  

t l i c i  tliiouiw is the nioro btahle product. 

( 2 )  A .  1'. AlcKay, U. I,. Germaise, It. Gaudrp, 11. A .  Ijaker, 0. 1.. Paris, 
It. \V. Kay, G. E. Jus t ,  and R.  Schmartz, J .  Amer. Chem. SOC., 81, 4328 

. ITxlierland, 13r i t id i  Patent 920,755 i l ( l f i3): C h r m .  

I i i i t ~ ,  .i. O r ( / .  < ' h e m . ,  28, 3140 1196:;). 
b.  ,J. hlarazalrk,  and J. l < a l , i n u n i t i ,  lirl' 

(41 .\. 1'. 1;erris arid 13. .\ 
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TAULIC I1 

wQ- CHWS 

K RIP, oc Anal, srs  

(CH3hC 4 2 4 3  (not analyzed) 

2-CH3, &NO2 Used as an undistilled oil, 
2,4-(CHj)*, 3-COCHs 46-53 N 

2,6-C12 33. 3-35 s 
80% pure 

4-Ph 55-60 (only about 93YG pure) 

2 . 2 3 .  I n  the compounds examined as free bases, the 
benzyl hydrogens appeared as a singlet. 

Biology.-The compounds were tested quantitatively 
xgainst the two fungi Trichophyton mentagrophytes and 
Candida albicans, the protozoan Tritrichomonas foetus, 
and the helminth Turbatrix aceti. In the testing against 
T .  mentagrophytes, all the compounds tested except 6, 
8, and 12 had lowest levels of inhibition ranging be- 
tween l and 40 pg/ml. Compound 6 mas active at  
100 pg/ml and 8 and 12 had minimal activity a t  best. 
These results were not included in Table I since the 
range of activity was so small. 

The most satisfying structure-activity relationship 
was found in the T .  aceti assay. Here, the parent 
compound 1 was active a t  1 pg/ml, in vitro. Changing 
the amino group to dimethylamino (i.e., 2), n-decyl- 
amino (6) , or K'-methylpiperazino (31) had essentially 
no effect on the activity, but changing to diethyl- 
amino (4, 11, 15) reduced the activity by a factor of 
100-1000. The free bases mere less active than the 
hydrohalide salts by a factor of 10-100. This may be 
due to lower water solubility which may also explain the 
inactivity of the pamoate salt (12). Lengthening the 
chain between the S and S atoms from ethylene to 2- 
methylpropylene reduced the activity by a t  least a 
factor of 1000. 

At the benzyl end of the molecule, adding a methyl 
on the benzylmethylene or lengthening this chain to 
three carbons reduced the activity by factors of 1000 
and 100, respectively. Placing a strongly electro- 
negative group such as nitro, acetyl, or fluoro on the 
phenyl ring also lowered activity by factors of 100-1000. 
Even two chlorines on the ring did not adversely affect 
the activity, except in the case of the 2,G-dichloro com- 
pound. 

The activities against the last two organisms do not 
follow such a neat pattern. In  the Candida albicans 
assay, the best compounds were active in the 10-40- 
pg/ml range, had no substituent or only small meta 
or para substituents on the benzene ring, had an un- 
branched alkyl chain connecting this ring to the amide 
nitrogen, had an ethylene chain between the S and S 
atoms, and had an amino, dimethylamino, or diethyl- 
amino group at  the other end of the molecule. I n  the 
T.  foetus assay, still fewer clear-cut effects are ap- 
parent. a n  X'-methylpiperazino group lowers the 
activity by a factor of 100 and a 2-methylpropylene 
linkage between i\- and S is also detrimental. 

The Compounds were also tested qualitatively for 
antibiotic activity against the bacteria, Bacillus szlb- 
tilis, Esciwriciiin coli, arid Diplococcus p n ~ u m o n i a c ;  
the alga, Chlorella L'ulgaiw; and the protozoan, Tetra- 
llytnerm ye le i i ,  as described in our previous paper.1 

Here the cause may be steric. 

,Igainst the alga, 30 of the compounds were active, 31 
killed the protozoan, and 28 prevented growth of D. 
pneumoniae. A few of the compounds were tested 
quantitatively against the other two bacteria. Com- 
pounds 21 and 25, the most active of these, inhibited 
growth a t  G pg/ml. 

A number of the compounds were found ineffective in 
mice intraperitoneally infected with C. albicans when 
injected at the 0.5-mg dose level in aqueous SOYG propyl- 
ene glycol; at  higher doses some of the animals died. 

Experimental Section6 

The corrected melting points, taken in a bath, of the dithio- 
carbamates are listed in Table I. Alost of them were prepared 
as described for the hydrochloride of the 2-dimethylaminoethyl 
ester of 4-chlorobenzyldit~hiocarbamic acid (25). Commercial 
samples of dialkylaminoethanethiol hydrochlorides should be 
recrystallized from CHCb to remove the corresponding disulfides 
which are difficult to separate from the desired dithiocarbamates. 
Most of them were obtained in yields of 50-80% and many 
were analytically pure without recrystallization. Others were 
recrystallized from hIeOH or CHC13-EtCOAIe. 

2-Dimethylaminoethyl 4-Chlorobenzyldithiocarbamate Hydro- 
chloride (25).-Triethylamine (6 drops) was added to a mixtiire 
of 18.4 g (0.1 mole) of p-chlorobenzyl isothiocyanate, 14.2 g 
(0.1 mole) of 2-dimethylaminoethanethiol hydrochloride, and 
2.5 ml of MeOH. The temperature rose, the solid dissolved, and 
a new solid formed which was separated by filt,ration, 24.1 g, 
mp 188-190'. 

The subdtuted-benzyl isothiocyanates can be prepared from 
the corresponding halides by the easy method of Tarlton and 
IIcKay.7 The halides are commercially available or were pre- 
pared by chloromethylation.8 The new isothiocyanates are 
listed in Table 11. X-(2-Mercaptoethyl)-Tu"-methylpiperazine 
was prepared as described by Iiisse and Haberla~id.~ Compounds 
8 and 23 were prepared by the method below since the necessary 
amiriothiol was not available. 
2-Dimethylamino-2-methylpropyl Benzyldithiocarbamate Hy- 

drobromide (8).-A slurry of 56.8 g (0.2 mole) of the XEt3 salt 
of benzyldithiocarbamic acid2 in 130 ml of i-PrOH was stirred 
while a solution of 34.4 g (0.2 mole) of 3-dimethylamino-2-methyl- 
propyl chloride hydrochloride in 50 ml of NeOH and 150 ml of 
i-PrOH was added over 20 min. The mixture was stirred until all 
the solid was gone and then concentrated under vacuum. The 
residue was dissolved in CHZC12-H20. The aqneous layer was 
separated, washed once with CH2C12, and made basic. The oil 
which formed was separated and the aqueous layer was extracted 
two times with CH2C12. The combined organic layers were dried 
and evaporated. The residue was triturated wit,h ether and 0.18 
mole of i-PrOH-HBr. The solid which formed was recrystal- 
lized (hot HzO) to yield 11.9 g of 8, mp 128.5-137.3'. 

2-Diethyl- 
aminoethyl2,5-Dimethylbenzyldithiocarbamate (16).-The corre- 
sponding HCI salt (15) (20.2 g) was added to 100 ml of 3'3 
aqueous SaOH and 50 ml of CHzCl2. The mixture was agitated 
and then filtered. The CH2C12 solution was separated, washed 
(HzO), dried, and concentrat,ed. When pentane and Et90 were 
added to the residue and the solution was cooled, a solid formed, 
16.7 g. 

2-Diethylaminoethyl 2,5-Dimethylbenzyldithiocarbamate 
Methobromide (l7).-Compound 16 (9.3 g) was dissolved in 100 
nil of 2-butanone in a citrate bottle. The solution was cooled 
while 21 g of AIeBr was bubbled in. The resulting solution was 
held a t  0" for 5 days. h solid formed, was separated by filt,ratioii, 
arid recrystallized from CHC13-lIeCOEt to yield 8.2 g of 17. 

Testing.-Quantitative tests against Tm'trz'chomonas ,foetus 
were run in a modification of Diamond medium containing 
20'5 serum and inoculated with ly0 of a 48- or 72-hr culture of 
the organism. Serial dilutions of the compoiinds were prepared 

The free bases can be prepared as illustrated for 16. 

(6) \There analyses are indicated only by the  symbols of t h e  elements, 
analytical results obtained for those elements \yere nithin 10.4% of the 
thporetiral rabies. 

( 7 )  E. J. Tarlton and A .  F. XlcI iay,  C.  S. Pateiit :1,111,536 (1963); Chern. 
d l is tr . ,  60, 28258 (1Y61). 

(8) K. C. Fuaon and C.  H. I l cKeeva r ,  Ory .  I l e u c i ~ o , ~ ~ , ,  1, W (1Y12) .  



i i i  the iiiuculaled niediiinr aiid iiiciibatecl iit ; s i "  for 4s hr .  The 
resitliiiig cdtures  were examiiied microscopically for the pre>eili:e 
01' abheiice of motile orgariiam5. 

Aiithelxniiitic activity agairint ' l ' i irbuti ir u( 
11s. preparing series of dilutions of the compoiiiids i i i  washed 
~iispeiisioris of the iieniatodes in distilled H90. The-e prepara- 
i ~ i c ~ i i ~  were incubated at room temperahire for 4s hr aiid exanriiieti 
I'ot, i he prereiice or abseiice of motile ~%-orm.. 

The quarititaiive te.is with C. nibicuns aiid 7'. ,,ienfay,op/r?/(t.s 
\ v ( w  ~ i i i  i ti  Sabt~iit~:tiid desti,obe agiu. The te.1 conipoiiittls \WIT 

New Compounds 

Some 3-Alkoxyestra-1,3,5(10)-trien-l7~-oIs lib-01- lihtetl i n  'Fable I .  'l'hebe conipouiidh po 
\wak cytrogenic activitiey (at leust 0.0001 time< :IS tic- 
tivrl a- lip-estradiol) ; however, a iiumher of  them 
inhibit the uptake ( L H  ~ l f i  o) of 'H-lip-estradiol t)y 
iiiou>e uteri. Pharmacological results were supplied 1 ) ~  
AI. May and C'. Liarokos and will he published in &,- 

1 ) .  J r r ~ c I ~ & L I  , H F. ~ : I U L I  1,  1\11 1). 11 I)i.lI \ i o  

1)cpurlrrienf of Kiochemical Phalmatology, Si hool of I'hal mu( 11, 
and the Center for  Theoretical Hiologij, 

State rnzverszty of Sew I'oik at HiLffulo, 
Nic$ulo, S e w  Yojh  1421 /i tail cl~ew-hrrc~. 

IL'rLeivetl Seplemhri 16. I!&? 
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