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mmol) in H 2 0 (10 ml). Acidification gave thiol 7, which showed 
no change by ir or tic. 

Mercury (II)Bis(2-carboxy-l-cyclohexyl Mercaptide) (14).— 
Thiol 7 (20 mg, 0.12 mmol) in 2 ml of EtOH was treated with an 
excess of 1 0 ^ Hg(CX)2 solution in EtOH. The mercaptide 14 
precipitated on cooling, and recrystallizatiou from E t O H - H 2 0 
gave colorless plates (13.6 mg, 42%): mp 160-161°; ir (KBr) 
3300-2400, 1690, 1440, 1400, 1240, and 1200 cm"1 , tic on Brink-
mann MX Polygram (polyamide) developed in MeOH at ca. 25° 
showed only a single spot under uv light (Rt 0.24). Anal. 
CHH,,Hg04S,) C, H, S. 

2-(2'-Protoaminoethyldithio)-l-cycIohexanecarboxyIate (8).— 
Thiol 7 (1.02 g. 6.4 mmol) in 6 ml of EtOH was added during 10 
miu to a stirred solution of 4 (1.64 g, 6.4 mmol) in 4 ml of 1:7 
EtOH-H.,0. After 4 hr at ca. 25°, a cold solution of KOH (0.71 
g, 12.7 mmol) in 5 ml of H>0 was added, and the mixture was 
stirred at 0° for 0.3 hr. In order to initiate precipitation, Et>0 
(1 ml) was added. After 2 hr at 0° a white solid separated. 
Disulfide 8 was collected and washed with H 2 0 and with EtOH. 
A white powder resulted (0.86 g, 57%); mp 217-219° dec. Re-
crystallization from H 2 0 (100°) gave 8 as colorless plates with 
mp 230° dec. Tic of 8 on Eastman Chromagram Tvpe K301R 
(silica gel) developed with E tOH-H 2 0-XH 4 OH ' (25:3:4)» 
at ca. 25° showed only a single spot (Rt 0.55); ir (KBr) 3200-
2200, 1610, 1510, 1400, and 1275 cm"1. Anal (CHnXO^So) 
C , H . X , S . 

/rons-2-Aminoethyl 2-Chlorocyclohexyl Disulfide HC1 (10).— 
The thiol 9 (1.51 g, 10 mmol) and 4 (2.57 g, 10 mmol) were 
stirred in 20 ml of 2:1 E t O H - H 2 0 for 0.5 hr at ca. 25°. Evapora
tion below 30° gave a white residue, which was dissolved in 25 ml 
of H20 and was extracted with 50 ml of E t 2 0 to remove unchanged 
9. The aqueous layer then was shaken with 50 ml of Et 2 0 while 
10 ml of an iced aqueous solution of KOH (1.7 g, 30 mmol) was 
added. The H 2 0 layer was extracted twice more with Et 2 0. 
Each organic layer was backwashed with H 2 0 and immediately 
shaken with the same portion of 1.0 ml of 12 X HC1 in 10 ml of 
H 2 0 cooled in an ice bath. The HC1 solution then was treated 
with 5 ml more of 12 Ar HC1. Precipitation of 10 occurred im
mediately. The crude 10 was isolated by filtration, washed with 
hexane (20 ml), and carefully dried in a desiccator (CaCl2). 
Disulfide 10 was washed with Me2CO and dried under reduced 
pressure; 0.53 g (20%), mp 148-150°. 

Tic of 10 on Eastman Chromagram (Type K301R) developed 
with 95% EtOH at ca. 25° showed only a single spot (Rt 0.42); ir 
(KBr) 3200-2300, 1575, 1500, 1440, and 725 cm"1. Anal 
(CsH1TCl,XS2)C, H, C1,S. 

a-(2-Protoaminoethyldithio)cinnamate (12).—Thiol 11 (23.00 
g. 0.13 mol) in 200 ml of EtOH was added with stirring to 4 
(33.00 g, 0.13 mol) in 120 ml of 1:1 E tOH-H 2 0 . The mixture 
was stirred for 4 hr at ca. 25°. Evaporation below 30° gave a 
paste, which was dissolved in 100 ml of H 2 0 . A cold solution of 
KOH (14.1 g, 0.25 mol) in 100 ml of H 2 0 was added slowly. 
A red oil separated. The mixed oil and H 2 0 were washed with 
100 ml of Et>0. The aqueous layer was decanted from the oil, 
which then solidified. Recrystallization from H 2 0 (100°) gave 
12 as a red-orange powder having mp 135-138° dec; 9.27 g 
(28%); ir (KBr) 3100-2200, 1600, 1540, 1450, 1340, 850, 780, 
750, and 680 cm - 1 . An identical sample (by ir) was recrystal-
lized repeatedlv from H 2 0 to give 12 having constant mp 136-
138° dec. Anal (C„H13X02S2) C, H, X, S. 

(14! D. Braun and H. Geenen. J. Chromatog.. 7, 56 (1962). 
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For some time we have been interested in the effects 
of various alkylating agents on the reproductive pro
cesses of houseflies and mice. Certain JV,iV-bis(aziri-

dineacetyl)-a,aj-diamine derivatives were effective as 
chemosterilants for houseflies1 and some acted as 
sterilants for male mice.2 These amides seemed to 
be less toxic than the corresponding urea derivatives3 

and we were anxious to replace the aziridine alkylating 
function with another one, namely, the methanesul-
fonate group. A series of these derivatives was syn
thesized from the corresponding hydroxyacetyl de
rivatives and evaluated for its effects on the repro
duction of houseflies and mice. Tables I and II sum
marize the chemical data on the carbomethoxyacetyl 
and hydroxyacetyl intermediates and Table III sum
marizes the data on the final methanesulfonates. 

TABLE I 

BIS(CARBOMETHOXYACETYL)DI AMINES, 

CH3OCOCH2COXH(CH2)„XHCOCH2OCOCH3 

Yield, Recrystn 
n % Mp, °C solvent Formula" 

6 37 187.5-188.5 H;0 C H H 2 . N 2 0 « 
7 44 159-160 H;0 CISHISNIOS 
8 47 147.5-148.5 Dioxane + H2O CieHsiN'Os 
9 47 116-118 Dioxane 4- H2O CnHaoNjOs 

10 49 117.5-119 EtOH + H2O C1S&2N2O6 
11 60 95.5-97 EtOH + H2O C ^ H M I ^ O . 6 

12 37 122.5-124.5 Dioxane + H2O CsoHjsN^Oa 
P-CH2C6H4CH2 214-216.5 Dioxane + H2O CieaoN^Oe' 
m-CH2C6H4CH. 36 142.5-143.5 MeOH - Et20 CisHooNjOe 

" All compounds were analyzed for C, H, X. l C : calcd, 
59.0; found, 58.5. c C: calcd, 57.2; found, 57.7. 

TABLE II 

Bls(HYDROXYACETYL,)DI AMINES, 

HOCH2COXH(CH2)„XHCOCH2OH 
n Yield, % Mp. °Ca Formula'' 

6 25 126-129 Ci0H20X2O4 

7 78 115-116 CnH22X204 

8 75 116-117.5 Ci2H24X204 

9 82 126-127 Ci3H26X204 

10 83 122.5-123.5 Ci4H28X204 

11 93 122-123 CiiH3oX204 

12 74 129.5-131'' Ci6H32X204 

p-CH2C6H4CH2 95 225-227e C12H16X204 
a All recrystallizations were from H 2 0 except for those noted. 

b Recrystallized from E tOH-H 2 0 . f Recrystallized from di-
oxane-H20. d See Table I, footnote a. 

TABLE III 

Bls(METHANESULFONYLOXYACETYL)DI AMINES, 

H3CS02OCH2COXH(CH2)„XHCOCH2002SCH3 

Compd n Yield, % Mp, °C° Formula6 

1 7 31 103.5-106 Ci3H26X208S2 

2 8 39 127-129 C„H28X208S2 

3 9 33 109-113 CISHSONJOSSJ 
4 10 33 120-124 G6H32X208S2 

5 11 57 115-118 CnH34X208S2 

6 12 75 127-130 Ci8H36X208S2 
a Recrystallized from Me2CO-Et20. b See Table I, footnote a. 

Experimental Section 

Ar,Ar'-Bis(carbomethoxy acetyl )-a,u-alkylenediamines.—A 
solution of carbomethoxyacetyl chloride (0.04 mol) in 100 ml of 
C6H6 was added slowly to the diamine (0.02 mol) dissolved in 100 
ml of CGHS, and 5 g of anhydrous K2C03 was suspended in the 
same solvent. The reaction mixture was stirred at room tem-

(1) W. A. Skinner, H. C. Tong, T. E. Shellenberger, and G. W. Newell, 
J. Med. Chem., 8, 647 (1965). 

(2) W. A. Skinner and H. C. Tong, Experientia, 24, 924 (1968). 
(3) W. A. Skinner, M. Cory, and J. I. DeGraw, J. Med. Chem., 10, 1186 

(1967). 
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TABLK IV 

EFFFXT OF CAXDIDATK CHKMOSTEIULANTS IN THK FOOD OF ADCLI 
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D i s c u s s i o n 

T a b l e IV s u m m a r i z e s t h e r e s u l t s of t h e c h e m o s t o r -
i lant test in houseflies. X o n e of t h e s e c o m p o u n d s were 
s ignif icant ly a c l i v e in c o n t r a s t to t h e c o r r e s p o n d i n g 
az i r i d ine ana logs p r e v i o u s l y s t u d i e d . 1 

T a b l e \" s u m m a r i z e s t h e r e su l t s of t he e v a l u a t i o n 
of t h e s e c o m p o u n d s in t h e m a l e m o u s e . X o n e of t h e 
m e t h a n e s u l f o i i a t e d e r i v a t i v e s h a d a c t i v i t y c o m p a r a b l e 
to t h a t of t h e c o r r e s p o n d i n g az i r i d ine ana logs . How
ever , t h e ('ii. d e r i v a t i v e , 4, does seem to h a v e a d e l a y e d 
effect as e v i d e n c e d by r e d u c t i o n of l i t t e r sizes in 
weeks () 14. T h i s effect is s i m i l a r to tha t o b s e r v e d 
by J a c k s o n in t he case of husu l fan a n d i sopropv l 
m e t h a n e s u l f o i i a t e which affected s t e r i l i t y on ly a f te r 
seve ra l weeks, ; ' 

A c k n o w l e d g m e n t . T h i s work wa> s u p p o r t e d by 
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peraiure for 2 hr. and then al reflux for another 2 hr. The 
solvent was evaporated in vacuo and the residue was washed with 
wilier giving the crude product. Recrystallization from the 
solvents indicated (Table I) gave analytical samples. 

A ,.V'-Bis(hydroxyacetyl )-a,a)-alkylenediamine. The A .A -
I lis i Oil rbomethoxy acetyl !-a.oj-alkylenediamiiie to nimol) was 
dissolved in 60 nil of MeOH in which an analytical amount of Na 
has been dissolved. The reaction mixture was stirred at room 
temperature for 2 hr. Evaporation of the solvent in cacao left a 
while crystalline product, liecrvstallization (Table II) gave 
analytical samples. 

.Y,A"'-Bis(methanesulfonyloxyacetyl)-«,w-alkylenediamine. 
MeSO.Cl (4 nimol) in 2 ml of Et2() was added slowly with cooling 
to the .Y,.Y'-bisfhydroxyacetyl)-a,w-alkylenediamine (2 nimol I 
dissolved in a mixture of 2 ml of pyridine and 4 ml of EUO. After 
stirring for 2 hr at room temperature, Eo.O was evaporated and 
ice water was added to the residue. The white precipitate was 
filtered, dried, and recrystallized ( AcMe-EtsO) to give the com
pounds (Table III i. 

Biological Methods 

Housefly Chemosterilant Assay. -These studies were con
ducted by the U. S. Department of Agriculture at. its Insects 
Affecting Man and Animals Research Laboratory, Gainesville, 
Fla. The method used was essentially that previously re
ported.1 

Mice Chemosterilant Assay.--These studies were conducted 
by H. C. Tong, Stanford Research Institute, by the method 
previously reported.2 

4) fi . ( ' . LeBrecnue , ./. Econ. Eidomol., 54, H84 (l&til) 
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R e c e n t l y we desc r ibed a series of simplif ied ana logs 
of t h e Krythrophlcum a lka lo id cas sa ine (1) - which 
were p r e p a r e d in a n effort to find a s y n t h e t i c a l l y 
feasible a n d med ic ina l ly a c c e p t a b l e a n a l o g of cassa ine , a 
c a r d i o t o n i c a g e n t . T h e s e s implif ied s t r u c t u r e s , ex
emplif ied b y f o r m u l a 2, p r o v e d to b e on ly 0.1 (or 
less) as a c t i v e as t h e n a t u r a l p r o d u c t . It was of 
i m m e d i a t e conce rn w h e t h e r at least half of t h e loss 
of a c t i v i t y cou ld b e a t t r i b u t e d to t h e r a c e m i c n a t u r e 
of t h e s y n t h e t i c c o m p o u n d s . C a s s a i n e is a single 
( l e v o r o t a t o r y ) e n a n t i o m e r . 

.Many efforts a t r e so lv ing v a r i o u s r a c e m a t e s at 
severa l s t ages in t h e s y n t h e t i c s equences r e p o r t e d ear -

l l ) Paper V, S. .1. Flaunt anil H. I.. Clarke . ./. .!/<-,;. Vl.rm.. 11 , UNCI 
•11)68). 

.2) (a) R. L. Clarke , S, J, D a m n . P. K. Shaw. T. G. Crown. ,Ir., (A, I.. 
Grobk 'wsk i , and W. V. O T o n n e r , ihin.. 10, 582 (1967); (In ihiil.. 10, oh.'i 

1967). 
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