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259 250' 
212.5-243.5 22Of 
237-237.5 . . .  
239 . . .  
241-242 2 2 5 k  
251 234l  
236 220-221m 
233.5-234 . . .  
2413-240.5 . . .  
250 250" 
238 230-231O 

2 . 3  . . .  
242-212 2 . . .  
288-2:39 22:3-22 1'1 
25:1 237-23Sr 
240.3-211 % P S s  
238-23'3 , . .  

243-243.5 . . .  
244 2221 
269.5-270 . . .  
242-242.5 . . .  
246-246.5 . . .  
235.5-236 . . .  
234 223-224'L 

239 22871 

Re- 
% c r y s h e  
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4.0 
15.4 
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I:<, 0 
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7% calcd-- 
C H K  

64.04 6.85 13.59 
66.62 7.75 11.96 
68.65 8.46 10.69 
68.64 4.86 16 87 
76.33 5.50 8.48 
67.20 6.95 12.07 
69.18 7.75 10.77 
70.78 8.39 9.72 
70.36 5 . 0 7  15.64 
ii.49 5.66 7.87 
60.98 6.83 11.86 
63.59 7.63 10.61 
66.71 8.28 9.59 
06.27 5.01 15.47 
i3.30 5 ,60  7.78 
57.57 5.64 11.20 
60.40 6.52 10.07 
62 .71  7 . 2 4  9.15 
63.80 4.29 14.90 
70.56 4.83 T.49 
62.61 7.69 16.86 
64.93 8.36 15.16 
66.83 8.92 13.ii 
67.16 5.64 18.67 
73.95 6.21 11.26 

7% fou11dJ-- 
C H ? i  

64.40 6 . 8 6  14.38 
66.78 7.76 11.71 
68.81 8.51 10.62 
69.03 5.02 17.19 
76.00 5.50 8.77 
67.11  7.12 11.46 
68.84 T.53 10.81 
70.81 8.23 9.60 
70.53 5.20 15.97 
77.37 5.35 8.00 
61.37 6.88 1 1  90 
63.50 7.72 10 58 
65.84 8 52 10.21 
66.11 5.01 15.45 
78. 15 5 .  60 i . ! J ! l  
57.85 5.81 1 1 . 1 1  
60.16 6.56 9 . 9 2  
62.89 i,l5 '3.10 
6:1.80 4.63 15.11 
70.30 4.97 7.51 
63.28 7.16 16.86 
65.17 8.16 l5,2Y 
67.21 8.68 13.80 
67.16 5.40 18.32 
73.62 5.99 11.45 

0 See text. * Triplicate melting points (uncorrected) taken cn a Fisher-Johns calibrated apparatus (calibration +0.5' a t  all points). 
Yields are reported for the final analyzed product. 

e A = 30% ethanol, B = 95 J Analyses performed by Drs. G. 
Weiler and J. B. Straws, 3 Mean values recorded from duplicate samples except, for 
compounds 7, 10, 18, 24, a 25 (single sample analyzed). CsH4Y = pyridyl. 3,4-CH202C6Ha = 3,4-methylenedioxyphenyl. 
1 D. Shemin and I?. 11. Herbst, J .  Am. Chem. SOC., 60, 1954 (1938), reported mp 230": G. S. Bhatnagar and K. C. Pandya, Proc. Indian 
dcad. Sci., 24, 487 (1946), reported mp 245'; 31. C. Paulson and J .  11. llerserau, Trans. Illinois State Acacl. Sci., 47, 94 (1955), re- 
ported mp 239.3': W. A. Noyes and D. B. Forman, J .  Am. Chem. Soc., 55, 3493 (1933), reported mp 238"; A. Spasov and I .  K. 
Ivanov, Godishnik Sofilskiya Cniv., F ia-Mat .  Fak., Kniga 2, 38, 85 (1941/42); Chern. Abstr., 42,2585, (1948), reported mp 236-237'. 
j Bhatnagar and Pandya% reported mp 220". E. Hoffman and T-. Xleyer, Ber., 25,209 (1892), reported mp 225": Spasov and Ivanovl 
reported mp  224'; Bhatnagar and Pandya' reported mp 217.3": E. Roth, Ann.  Cheni., 154, 72 (l870), reported mp 197'. 1 Paulsoii 
and Rlerseraut reported mp 234"; It. K. 1Iehra and K. C. Pandya, Proc. Indian Acacl. Sci., 7,376 (1938), reported mp 234". m Nehra 
and Pandyal reported mp  220-221". 0 11. K. Nehra arid K. C. Pandya, Proc. Indian Acad. 
Sci., 10A, 285 (l939), reported mp 230-231"; Paulson aiid >Ierserau% reported mp 224". p 1Iehra and Pandyao reported mp 228". 
'I AIehra and PandyaO reported mp 223-224". K. C. Paiidya and P. G. \-arghese, Proc. Indian dcad.  Sci., 14A, 18 (1941), reported 
i n p  2:::7-238' : Paulson arid 1Iersera11~ reporied mp 227-22X dec. Pandya arid \~argheser 

C'heiti. ilbstr.,  52, lSS~5O.f (1938), reported nip 223-224'. 

The literature reference in this column is the highest recorded for that compound. 
ethanol, C = distilled w-ater, 1) = 75% ethanol, E = 50% ethanol. 
roanalytical Laboratory, Oxford, England. 

3Iehra and Pandya'reported mp 250". 

Yatitiya aiid \'argheser reported m p  223'. 
'. J. Bojaiiovic, \.. \.aiidjel, 11 .  1Iihailovic, :~iid Ci, Stcfaiiuvic, Glasnik Kheni .  Drushlvu I3eogratl, 20, 267 (1 

t o  the iiivestigatioii of S,S'-arJ.lideiiebis(~(,id amides), 
ItlCH(SHCOR&, as potentially useful sedative or 
hypnotic drugs. A series of 23 s w h  c~)mpourid5 wah 

synthesized arid examined for toxicity arid sedative 
action. Syntheses of 13 of the compourids have been 
reported in  the literature; however, uncertainties as to 
purity of reported product arid complete absence of 
pharmacological data justified their reexamj~iatiori. 
Twelve members of the sene5 are new compounds. 

Experimental Sectioii 

The  S,S '-Rr\-litleiict~i~i:ic,itl :Imitleh) werc bylithesized h\- heat- 
iiig ail :iturti:itic. :ildehytlc with i i t i  acid :imide. The aiiiidc ( 0 . 2  
niolc) aiid the aldehyde (0.1 mole) wei'e mixed :tiid theti placcd 
iii a bath previoiisly heated to  120-130O. After 2 hr the flahk 
was removed and allowed to stand at  room temperature. The 
drying procedure for all the compounds was uniform, but the 
methods for isolation arid crystallization of the product varied 
for the different compounds. 

Procedure A.-After cooliiiy the contetits of the flask, the prod- 
uct, which was a solid iii all cases, was crystallized from an 
appropriate solvent. The crystalline product filtered from the 
snlvent was allowed t o  air dry :tnd then was dried further under 
: i t1  iiifrared lamp, 

Procedure B.-Water w a s  added to  the original solvent to 
"shock-out" the pt,oduc*t. The p ~ v d u c t  was then suctioti filtered 
atid washed with ethaiid. 

Procedure C.-LVhile tiear boilitig, the solulion coiitaiiiiiiy 
product was xuctioti filtered, aiid the solutioii was placed i n  the 

s procedure A, except Norit was< 
added during the recrystallization process to aid in the removal 
of color. 

Procedure E.-The cooled solid product was broken into small 
pieces, and the pieces were removed from the reaction flask, 
mixed with 200 ml of ethanol, and stirred under reflux for 1 hr. 
The contenth of the flask, while still hot, were suction filtered, and 
the solution was immediately placed in a freezer overnight. The 
fiahk was then removed and allowed to stand at room temperature 
for heveral hours. The product was suction filtered, washed with 
ethanol, aiid dried ah previously described. After isolatioii, [lie 

,t:dlized :itid dried to coiisi:tiit rneltiiig poiiil. 
The conipoiiiids, yields, mcltiiig poiiits, recryslallisat ioii solveiit ., 
formulab, aiid elemeiital atialysex are preseiited i i i  Table I. 

Pharmacology.-The initial biological evaluatioii iiivolvccl :t 
compreheiisive study of gross behavior of mice under the i l l -  

Ruence of N,S'-benzylidenebisnicotinamide (4).  The t~esiilt-; of' 
this study determined the nature of biological testitiy th:i1 M.OIII(I 
be most appropriate for other members of the serieb. 

Behavior Pattern Screen.-Groups of three female albino mice 
(I.C.R. straiii) weighing 18-23 g were used a t  each dose level of 
the compound. Mice in this and subsequent experiments were 
allowed free access to food and water prior to  drug administration. 
The compouiid was injected intraperitoneally as a 4% suspeiisioti 
in  ail aqueous vehicle containing 2% acacia. The animals were 
itijected at dohe levels of 100, 200, 400, and YO0 mg/kg and ob- 
served for S hr. The 400- and 800-nig/kg animals were checked 
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The effect of interim hetween drug and hexobarbital 
administration was seen with 1. At 1000 mg/kg (method 
1) 110 significant activity was seen, but sigriificarit 
activitl, was seeii at  400 mg;kg (method 2) .  Similarly, 
12 did not possess significant activity with method 1, 
hut did display an enhanciement effect with method 3. 
111 tlic C i t w  o l  12 ; t  1 w t  oi’ tlic effect \vab due to iiicrcasccl 
increment of hexobarbital administered, but the in- 
crease cannot be entirely attributed to this (see 19, 
methods 1 and 3). The apparent difference in activity 
is almost rertainly due to slow absorption of the com- 
pound, slow attainment of the requisite concentration 
at the site of actiori, or biotransformation of the com- 
pound to  the active form. 

When administered simultaneously with the hexo- 
barbital, the preliminary evaluations indicate that the 
S,n-’-piperon?-lidenehis(acid amides) and the K,S’- 
arylidenebisnicotinamides are the most active in regard 
to their CKS depressant action. 
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Head, Department of Toxicity, and -1Ir. Peter D. 
Cullen, Toxicologist, Eli Lilly and Co., Greenfield, Ind., 
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A program of synthesis of various alkylating agents 
has enabled us to define some of the chemical parameters 
required for chemosterilant activity in the housefly 
( I lusca  doiizestica L.) Previous work has demon- 
strated activity in the series of K,K’-bis(aziridiny1- 
nc~etyl)-cy,w-poly~~ethylenediamines (1) .  Optimum ac- 

I \  NCI-TLCONH(CH,),SHCOCH,n’ ’1 I /  \ I  
1, n = 8, 9 

tivity in this series was found in compounds 1. The 
series of esters (2 and 3) corresponding to the bisamides 
(1) did not possess chemosterilant activity.* 

NCF€,Co!iCH,),O,CCH,N 

2 

I \  
1 /  

3 

n = 6, 8, 10 

(1) 11.. A. Skinner, H. C. Tong, T. E. Shellenberger, and  G. \I-. Newell, 

(2)  \V. A. Skinner, J .  Hayford, T. E. Shellenberger, and  W. T. Colwell. 

(8) W. A. Skinner, hf.  Cory, T. E. Shellenberger, and  J. I, DeGraw, i b t d . ,  

J. .\fed. Chem.,  8, 647 (1965). . 

?hid., 9 ,  605 (1966). 

10, 102 (1967). 

T.\BLE I 
E H R I J C H  ASCITES S C K E E N I S C  1) 

Ascites 
DOSP. Mor- vol, Bone 

Compd mg kg tality ml T ‘ C b  TPCV T I C b  marroy.C 
8 200 0 0 3 . 6  1 7 1  

i o n  n 0 2 4 1 . 1 4  
,711 0 0 1 . 7  0.81 
50.0 0 3 . 8  1 .90  
25.0 0 2 . 6  1.30 

1 5 . 0  0 2 . 9  0 .64  
9 30.0  0 3 . 0  0 .70  K 

10 10.0 0 1 12 2 33 s 
11 20.0 0 0 02 0 04 s 

10.0 o 0 , l i  0 . 3  S 
0.52 1.08 5.0 0 

2.5 0 0 .39  0.81 
12 40 .0  0 0.02 0 04 

20.0 0 0 0 
10.0 0 0 0 
5 .0  0 0 0 

160.0d 10 . . .  . . .  
80.0 10 . . .  . . .  
40.0 3 0.04 0.03 4 4 4 
20.0 1 0.04 0.03 4 + 
10.0 0 0.05 0.04 4 
5.0 0 0.05 0.04 pi 

0.04 0.03 2.5 0 
1 . 3  0 0.57 0 48 

1.50 1.28 0 . 6  0 
0 .3  0 1.32 1.12 

0.76 1.58 N 13 20.0 0 

See text for a description of total packed-cell volrime 
(TPCY) and therapeutic index (TI ) .  * T/C = treated/control 
animals. Degree of depression: 5 4 4 , strong; 4 4 , moderate; 
4, slight; K, negative. The therapeutic index was 21. Cancer 

Chemotherapy Rept., 17, 56 (1962), gives LDIO = 1.5 mg/kg, EDqO 
= 0.096 mg/kg, and TI = 16 for CHIN(CH&H2Cl)?. HCl (HN?). 

We have now prepared a series of X,S’-bis(aziridiny1- 
propiony1)-a,w-polymethylenediamines (4), in which the 
two nitrogen functions of compounds 1 have been sepa- 
rated by an additional methylene group. Compounds 
4 mere prepared by the addition of aziridine to  the 
rorresporidirig bisacrylamides 5 .  The bisaziridinyl- 

NCHICTT?CONTT(CHI!,THCOCHICH,x’! I/ \ I  
i \  

4, n = 6, 8, 10, 12 

CHL=CHCOKHJCH,)~XHCOCH=CH, 
5 

propionamides (4) and bisacrylamides (5 )  were inactive 
as inhibitors of reproduction in the housefly. This 
result appears to further define the requirement that 
the alkylating group must be cy to the carbonyl in this 
series. However, several very active napthalene bis- 
carbamoylaziridines and one aliphatic carboxamide 
(6) prepared by Borkovec4 were active chemosterilants. 

~>CO\.HiCHn~6xHCO”l \I 

6 

The rationale for testing the aziridine compounds 
and other alkylating agents as insect cheniosterilants 
has been reported by Borkovec, who suggested a simi- 
larity of rapid cellular division in reproductive and 
cancerous  system^.^ An impetus was thus given to the 
investigation of a number of “carcinostatic” alkylating 
agents as potential insect chemosterilants. I t  seemed 
reasonable to reverse this rationale and screen the ?om- 
pounds prepared on this program against a tumor 
system. The use of the lower homologs of the bis- 

(4) A. R.  Borkotec and  C. W. Wood, t b i d ,  8, 545 (1965), 
(5) .4, B, Borko\ec. Sczencr ,  157, 1034 (19621, 


