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mixture w i s  stirred a t  room temperature overnight and then 
poured into ice-IIC1. The acidic solution was extracted with 
ether. After removal of solvent and excess pheiiol under re- 
dured pressiire a light tail glass was obtained: iiltraviolet, 
A,,,,,, 201 niM ( E  79,370), 220 sh (28,040), 276 (4530), 284sh (3900). 

cis-3-p-Chlorophenyl-4- [p-( 2-diethylaminoethoxy)phenyl] - 
chromane (IX).-To a cooled solution of cis-3-p-c~hloropheii?.I-4- 
p-hydroxypheiiylchrc,maiie (0.50 g, 0.00140 mole) in 1 nil of 
diineth~lformarllide and 3 nil of tolueiie there was added 50(,’t 
NnH ill 1niiier:il oil (0.1 g, 0.02 mole). After etirriiig for a fe\v 
niinutes S-(P-chloroethy1)diethylaniine (0 .2 g, 0.00149 mole) 
w:is sitlded, and the mixture was stirred overnight,. After the 
solid was fikered off and washed with benzene, the filtrate was 
cmc~eiitrated under reduced pressure. Water wts added and 
the aqueou- mixture m i s  cxtractcti with ether. The ether 

extract, was dried (NgSOa) arid filtered, and the scilvciit was 
removed to yield it clear oil which was distilled. In this way 
300 mg (46‘;) of the cis basic ether, hp 140-149” (1 mm), vi!ia 
obtained; \iltruviolet. A,,,,,, 222 m p  ( e  28.680), 276 (47SO), 2S1 
14060). 
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Effect of Organic Compounds on Reproductive Processes. 111. 
Alkylating ,4gents Derived from Various Diamines 

W. A. SKINSEIZ, AI. COIZY, T. E. SHELLESBERGEH,  si) J. 1. DEGRAJV 

Stanford liesearch Insti t t i te,  .lienlo Park,  Culi forntu 

Alkylatiiig agents derived from ol,w-:ilkylenediamiries were syiithesized aiid evaliiated as chemosteri1:iiits in 
the hoiiseflg (MIILS~U donzrstica Id.). Chemosterilant, activity varied with the distance between the two alkylating 
groiipr;. Optimum activity was found in S,N’-hiu(nziridiiieacetyl)-l,H-oc:tameth~le~~ediami~le and K,N’-his- 
( :~z i r id i~ ieace t~ l ) - l ,~ - i i~~ ia r~~e thy le r i ed i~~rn i~ ie .  

:L c.ontinu:ition of our studies 011 the effect ot 
org:iiiic. compoundi on reproductive prot~ebses, we have 
pursued the original lead1 from coinpountl 1, X,K’- 
his(:iziritlineac.etyl)-1,8-oc.ta1nethyleriedi~~1i~i~ie, to in- 
rlutle thc synthesis :uid ev:tluation in houseflies :IS 

cahmiost ori larits of a group of N, K ’-bis (aziridineacetyl) - 
( l in i i i i t i t~h .  In the r:ise of the xylylenedianiine deriva- 
tives previously prepared1 it w:ts fourid that the S,S’- 
diethyl derivative (2) was inactive as i ~ i i  inhibitor of 
i~c~production in the housefly (Jlusca tloiiiestica I,. j 
while 3 \vas active. This firidiiig led us to  suspect that 
the ainidc KH was essential for activity. We have now 
investigated this more thoroughly by the synthesis of 
S, S ’-tinnet h yl-S, S ’-his (aziridineacet yl j -1,8-0ct:~neth- 
y1cncdi:tininc~ (21) arid K,S’-diniethgrl-S,~’-bis(asiri- 
di iicac~etyl)-l ,G-hexaniet hylenediaininc (20). Both of 
t h ( w  c~)nipouiids were completely inavtive t oward 

11 of reproduction in houseflies mheii f t d  at  thc  
These results are ill cwiitrast 

:hcativity of the corresponding coiiipouiicls iii 

\I tiic~h t 1 1 ~  aiuitlc S H  was present (1 aiid 13). 
111 ortlcr to explore thc relatioilship bet\veen the 

di-t a n c ~  sq):mtirig the two aziridiiiyl group.; ttnd sctiv- 
steri1:tiits for houseflies the series of S,S’- 
Lcctyl)-a,w-dianiines (13-18) was syn- 

t hosizrcl. These coiiipourids were prepared from the 
c,oi,rt.si)oridiriff S,S’-his(bronioac’ctyl)-a,w-diaiiiines (4- 
9) 115‘ reaction v ith aziridine in tlie presence of anhy- 
drou5 potassium carboriiite prwiously reported.’ 
The  properties of these alkylating agents are shown in 
‘l’:ihlc~ I :mi I1 dong XI ith the S,N’-dimethyl deriva- 
tivv\ (11, 12. 20, and 21) mid the S-cy~lohcxyl deriw- 
tivc\ (10 mc1 19). 

1evc.l i n  food. 

(1) \V. .i. Skinner, 11. C .  Tong,  T. E.  Sliellenberger. arid G. \Y. Se \re l l ,  
J .  .lfcd. Ch im. ,  8, 6-47 (1963). 

CH ,(CHL ) -  NHCOCHLX 

2 3 .  X = B r  
CH,OlCN h(CH2)aNHCOLCHj 

24.  x=--sq 25 

H CNH(CH.)hNHCH, 

26 

Two of the uziridineamides (14 and 19) were obtained 
a.; syrups which m r e  converted to  the crystallirie 
chloroethylamirie hydrochlorides by treatment with dry 
HC1 in ether and vharacterized as such. 

The activity as liouscfly vhemosterilants of 1iex:t- 
methylphosphoraniidc mt l  hexaniethylniel:tmirie, coni- 
parable t o  that of tlie corresponding aziridine deriva- 
tivw Tepa and Tret:tniiiie. led us t o  synthesize S,S’- 

i ? )  - ( ( liuii(r. I’ }I I ‘ t .r i \  :ind 1. 11 I)orko%ec, Sczence ,  144, 37 (1904) 
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TABLE I 
N,N '-BE( BROMOACETYL)-~,W-ALKYLENEDIAMINES 

Ri Rz 
I I 

Compd n 

4 6 
5 7 
6 9 
7 10 
8 11 
9 12 

10 3 

11 6 
12 8 

R1 
H 
H 
H 
H 
H 
H 
H 

CHI 
CH3 

Bromine analysis. 

Compd n R1 
13 6 H 
14 7 H 
15 9 H 
16 10 H 
17 11 H 
18 12 H 
19 3 H 
20 6 CH3 
21 8 CH3 

Rz 
H 
H 
H 
H 
H 
H 
C6Hll 

CH3 
CHI 

R2 
H 
H 
H 
H 
H 
H 

CH3 
CH3 

C6HlI 

Crystn 
solvent 

CsHs 
2-Propanol 
2-Propanol 
CsHs 
EtOH 
CsH6 
CeH6 

BrCHZCON( CH2),PU?COCHzBr 
Yield, --- 

MP, OC % C 
135-138 31 33.5 
110-112 20 35.5 
104-106 52 39.0 
119-122 36 40.6 
109-110 48 42.1 
124-126 41 43.4 
66-69 52 39.2 

-Calcd, %- 
H 

5.06 
5.42 
6.04 
6.32 
6.59 
6.84 
5.57 

-- 
N 

44.6" 
7.53 
7.00 

38.5. 
6.54 
6.34 
7.03 

. . .  Oil 56 37.3 5.74 7.25 
C&~-CyClO- 52-53 26 40.6 6.32 6.76 

hexane 

TABLE I1 
N,N'-BIs( AZIRIDINEACETYL)-~,U-ALKYLE~XEDILVINES 

Ri R2 
I 

bNCH,CO N(cH2) A c o c H I N q  

Yield, -Calcd, %- 
Crystn solvent MP, 'C % C H N 

C&,-cyclohexane 81-83 27 59.5 9.28 19.8 
U Oil 69 40.7" 7.29 12.7 

C~,H6-cyclohexane 51-53 50 62.9 9.94 17.3 
C6H~-cyclohexane 84-86 52 63.9 10 .1  16.6 
CsH6-cyclohexane 48-49 36 64.7 10.3 15.9 
C~&-cyclohexane 80-82 46 65.5 10 .4  15.3 

b Oil 78 43.6* 7.32 12.0 
C Oil 55 61.9 9.74 18.1 
d Oil 70 63.9 10 .1  16.6 

-----Found, %- 
C H 

33.5 5.06 
35.9 5.45 
39.1 6.08 
40.6 6.39 
42.2 6.62 
43.3 6.83 
39.4 5.63 

36.8 5.89 
40.8 6.18 

7 

N 

44.7a 
7.76 
7.26 

38. 3a 
6.62 
6.34 
7.29 

7.01 
6.50 

r-- Found, 70-- 
C H 

59.3 9.23 
40.9 7.41 
62.7 10.1 
63.7 9.98 
64.2 10.3 
65.5 10.4 
43.6 7.48 
61.6 9.86 
63.6 9 . 8  

--7 

N 
19.8 
12.6 
17.3 
16.6 
15.8 
15.1 
11.7 
18.0 
16.2 

a Characterized as the mustard hydrochloride, C ~ S H ~ O C ~ Z N ~ O Z . ~ H C ~ ,  mp 197-200", from 2-propanol. * Characterized as the mustard 
The oil was evaporatively distilled a t  180" (0.5 mm) for analy- hydrochloride, C17H3zC12N402~2HC1, mp 137-140°, from 2-propanol. 

sis. Clear oil, single spot a t  Rr 0.95 as detected by iodine vapor on thin layer chromatogram (MN cellulose 300, ethanol). 

bis( dimethylaminoacety1)-1,B-octameth y 1 en e d i a m i n e  
(22) for comparison of its activity on the reproduction 
of houseflies. 

The inactivity as a chemosterilant of the N-aziridine- 
acetylbenzylamine previously reported1 indicated the 
necessity of two aziridine groups per mole for activity. 
In  order to confirm this, N-aziridineacetyloctylamine 
(24) mas synthesized. 

Experimental Section 
N,N'-Bis( bromoacetyl)-a,w-alkylenediamines and N,N'-bis- 

(aziridineacety1)-a,w-alkylenediamines were synthesized as pre- 
viously reported.' 

N,N'-Bis( dimethylaminoacetyl)-1,8-octamethylenediamine 
(22).-To a suspension of 0.60 g (1.5 mmoles) of N,N'-bis- 
(bromoacetyl)-1,8-octamethylenediamine in 10 ml of ethanol a t  
0" was added 2.6 ml (39 mmoles) of anhydrous dimethylamine. 
The mixture was heated a t  reflux for 3 hr and evaporated to 
dryness in vacuo. The solid residue was partitioned between 
40 ml of 1 N HCl and 40 ml of chloroform. The acid layer was 
alkalized with 107, NaOH to pH 8-9. The basic mixture was 
extracted (CHCb), dried (3fgS04), and evaporated to dryness 
in uucuo to yield 0.34 g of white crystals. Recrystallization 
from benzene-hexane mixture yielded 0.29 g (597,) of white 
crystals, mp 89-91 '. 

Anal.  Calcd for C16H34N402: C, 61.1; H, 10.9; N, 17.8. 
Found: C, 60.9; H, 10.9; N, 17.9. 

N-Bromoacetyloctylamine (23).-In a manner similar to that 
used for the diamines, N-bromoacetyloctylamine was prepared 
in 757, yield. The crystalline solid was sublimed in vacuo 
to yield white crystals, mp 25-26'. 

Anal. Calcd for CloHzoBrNO: C, 48.0; H, 8.06; N, 5.60. 
Found: C,47.8; H, 7.95; N.5.38. 

N-Aziridineacetyloctylamine (24).-By a procedure similar to 
that used for the bisaziridineacetamides, N-aziridineacetyloctyl- 
amine was prepared in 667, yield. The clear gum was distilled 
in vacuo, bp 110" (0.5 mm). 

Anal. Calcd for C1ZHZ4Nz0: C, 67.9; H, 11.4; N, 13.2. 
Found: C, 68.0; H, 11.5; N, 12.9. 
Dimethyl-N,N'-octamethylene Biscarbamate (25).-To a 

solution of 15.0 g (0.104 mole) of 1,8-octanediamine in 250 ml 
of chloroform, a t  0" was added 400 ml of 10% NaOH (1.12 moles). 
To the mixture was added 28.9 ml (0.377 mole) of methyl chloro- 
formate. The mixture was stirred for 1 hr a t  0" and acidified 
to pH 1-2 with 6 iV HC1, followed by stirring for 1 hr a t  room 
temperature. The chloroform solution was washed with three 
50-ml portions of water, dried (RlgS04), and evaporated to 
dryness in vacuo. The crystalline residue was recrystallized 
from 150 ml of ethyl acetate to yield 24.1 g (897,) of white 
crystals, mp 116-117.5'. 

Anal. Calcd for C I ~ H ~ ~ N Z O ~ :  C, 55.4; €1, 9.29; N, 10.8. 
Found: C, 55.6; H, 9.34; N, 10.9. 

N,N -Dimethyl-1,s-octamethylenediamine (26).-To an ice- 
cold suspension of 10.5 g (0.277 mole) of LiAlH4 in 400 ml of 
tetrahydrofuran (THF)  was added a solution of 12.1 g (46.5 
mmoles) of the biscarbamate in 100 ml of T H F  dropwise with 
stirring, keeping the temperature a t  0-5". The mixture was 
heated at  reflux for 16 hr, cooled to 0-5", and 100 ml of ethanol 
was added dropwise to decompose the remaining hydride. 
Water (15 ml) was added, and the mixture was evaporated to 
dryness in uacuo. The residue was extracted with three 100- 
ml portions of ether and the combined ether extracts were 
dried (RIgSOd) and chilled to 0". Dry HC1 gas was bubbled 
through the chilled solution. The white crystalline product was 



collec tetl by filtration aid recrj stalli~ed from ethanol t(J yieli 
10.1 g (897,) of white crystals, mp 250-251". 

Ainal. Calcd for Cj0H24S2.2HCl: C, 49.0: 13, 10.7. S, 11.1. 
Forul~i:  ( 3 ,  49.0; Fr, 10.3; s, 11 -2. 

Biological Section 

Methods and Results.-All of the alkylating agelib 
listed in Table I and I1 and caornpounds 22-24 werc 
cvaluat ed a$ inhibitors of reproduction in our oolony 
of houseflies (Jlusca doinesticn I,.). The method used 
was previously reported. .It 1 wt yo csoncwitratioii 
i i i  the feed, only those compounds li.ted in Table 111 
were active. All compounds werc iiiixed dry in lhc, 
fccd. 

Discussion.---The lack of effert oii reproduction of 
1 lie h o u d l y  of all of th r  hroiiioacetyl derivative,. iy11- 

t hesized agree.. with the previously reported r e d t h '  
arid indicates tlie rieceshity of a more act iw alkylating 
function before interference with reproduction 1- 

achieved. With the aziridinyl derivat ivw, the ~ieces- 
iity of having an S H  function on the amide i:, empha- 
Gzed by the lack of activity of 19-21. The neressity of 
having a bisaziridinyl functiori iq  borne out by the 
1:tc~k of activity of 24. Distanre between the aziridine 
groups is extremely important with regard to activity 
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Insect Chemosterilants. 111. 1-Aziridinylphosphine Oxides' 

Entornology Reseurch Division, I'. S.  Departvierit vj' ~ l q r i c i i l i ~ i r c ,  Ucltscillc, .11 ary lant l  

Insert sterilizing activity of 40 varioue1)- substitriteti tri-] tli-, a n t i  mow( l-aziriditi)-l)pho.phiiie oxides \\-:I> 

correlated with the degree of substitution on the nziridiiiyl ring atid with tjhe type of iioiiaziridinyl moieties 
att,ached to the phosphinylidyne group. All substitutions oii the aziridinyl carbon decreased the sterilizing 
activity of the parent compound. Among the di- and moiioaziridinyl c m q " i i d s ,  the most effective nonaziri- 
dinyl substituents were alkylamino groups, less effective were alkoxy groups, and least effective were aryl groiips. 
111 preparing strained aziridinylphosphine oxides, 3-om-6-azahit 

Tris(l-:~ziridiiiyl)phospliine oxide (tepa) was one of 
the first chemicals found to effectively sterilize the 
males of many different insect species.2 During the 
years immediately following the discovery, variously 
substituted aziridinylphosphine oxides were synthe- 
sized or obtained from outside sources arid then 
screened for their insect sterilizing activity. In  at- 
tempts to correlabe the structure of substituted phos- 
phine oxides with their chemosterilant activity, two 
approaches were investigated. One was the intro- 
duction of substituents onto one or both carbon atonis 
of the aziridinyl ring, and the other was the replace- 
ment of all aziridinyl moieties with various other 
groups. All substituted phosphine oxides described 
in this paper contained a t  least one aziridinyl group 
linked to the phosphinylidyne group through its ring 
nitrogen. 

Triaziridinylphosphine Oxides.-The effects of pro- 
gressive substitution of the hydrogens in tepa by methyl 

(1) Presented before the Symposium on Chemosterilants of the Division 
of Agricultural and Food Chemistry, 150th National Meeting of tlie American 
Chemical Society, Atlantic City, N. J., Sept 12-17, 1965. Previous paper:  
1. B. Boikovec and C .  IT. tVoods, J .  Med.  Chem.. 8, 645 (1H63). 

(2)  A. €3. Roiko!-ec, Residue H e r . ,  6, 87 (1964). 

g r o u p  have heen 11rcviou4y rel)orted. In a recwit 
quantitative study,4 tepa TWS found to be 13 times as 
active i n  sterilizing niale houre flies (JIusca dowesticn 
I,.) :iq its V-nwthyl homolog, metepa. Table I suni- 
ni:~rizes the sterilizirig properties of other te1t:i an:ilogs 
used to treat the house fly. Tepa and nietep:t arc 
iiicluded for comparison. Ilerivation of the valiic3 
used 111 grading the sterilizing activity of the coni- 
pounds tested is discussed in the Experimental Sect ion. 
Conipouncls designated by literature references only 
\\-ere synthesized in our laboratory according to [nil)- 
lirhed procedures. 

Introducing one higher alkyl groul) or plieriyl groul) 
into each aziridine ring drastically reduced the stcriliz- 
ing activity (Tablc I). In this respect, the effects 
were comparable to those obtained by introducing two 
or more methyl groups into the ring8 The reduced 
1)liysiologicnl activity of the substituted compounds 
:ilq )cared to he related to their decreased susceptibility 
to nucleopliilic reagents. Simple measurements of 

~ , 3 )  .I. B. Buikovec and C'. \ \ ,  \\'oods, .\dvances in Chemistry Series, KO. 

l i  i C. Ciiang and \. T3. Roikovec,  J .  Eco7r. Entomol., 67, 488 (111641. 
4 1 ,  . \mrrican Cliemiral Society, \Vashington, I). C., 1963, 11 47. 


