
N-Carbobenzoxy-oL-valine N-2-Chloroethylamide.-A solut'ion 
of 1.26 g (0.005 mole) of N-carbobenzoxy-DL-valine and triethyl- 
:mine (0.75 ml, 0.005 mole) in 12 ml of absolute tetrahydro- 
furan (THF) was cooled in an ice-salt bath (0 to  -5). To this 
cold well-stirred solution was added 0.5 nil (0.005 mole) of ethyl 
chlorocarbonate; the insciuble triethylamine hydrochloride 
separated, and the mixture was kept stirring for about 30 min 
at -5".  The anhydride formation (vrnax 1818, 1768 cm-l) was 
checked by running an infrared spectrum of a sample in THF,  
drawn from the reaction flask, protected against atmospheric 
moisture. To t'his cold anhydride in situ was added 2-chloro- 
ethylamine, freshly prepared by neutralizing 0.87 g (0.007<5 
mole) of 2-chloroethylamine hydrochloride in ice-cold chloroform 
(15 ml) with 1.1 ml (0.0075 mole) of triethylamine. The mixture 
was stirred initially at ice-bath temperature for about 1 hr 
and then allowed to attain room temperatiire during a period of 
another hour; stirring was continued for additional 2 hr at room 
t ernperatiire. The solvents were removed nnder reduced pres- 
s i re  at  room temperatiire, and the residue was taken lip in suff?- 
cieiit chloroform and filtered. The CHCL solution was washed 
sriccessively (1 LY HCI, HSO, 57, NaHC03 solution, H,O) and 
theii dried (Xa2S04). The evaporation of the solvent left a 
residue, which was crystallized from chloroform; yield 1.22 g 
(78';b), mp 171-172°. 

m-Valine N-(2-Chloroethyl)amide Hydrochloride.-To a 
solution of ~-carbobenzoxp-oL-valine S-(2-~hloroethyl)amide 
(0.63 g, 0.002 mole) in 75 ml of absolute ethanol was added 
0.002 mole of ethanolic HC1. The mixture was hydrogenated in 
presence of 0.2 g of l0Yc Pd-C catalyst under stirring a t  10-15'. 
After complete uptake of hydrogen, the cat,alyst was filtered off. 
The solution on evaporation in a rotary evaporator at room tem- 
perature gave a gummy residue, which afforded crystalline solid 
in aretoire-et,her; yield 0.37 g (867&), mp 83-86". 
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I n  1955 Ross, et ~ 1 . ~ 3  reported the condensation of benzalde- 
hyde nitrogen mustard with some aniline derivatives. During 
the past few years, Popp and his c o l l e a g ~ i e s ~ ~ ~  have continued to  
enlarge the series by using a wide variety of amines and also 
several benzaldehyde mustards having various substituents on 
the benzene ring.6 Since some of these compounds have anti- 
tumor activity as reported by the latter authors, we decided to  
make similar derivatives starting from other amines. 

Among the primary amines, l,5-dimethylhexylamine was 
transformed into a mustard. This compolind has a therapeutic 
index' of 2 which is somewhat higher than the low therapeutic 
index of 1 which was found for the parent compound obtained 
from 1,4-~yclohexanebis(methylamine). 

It has also recently been reported* that trans-1,4-bis(2-chloro- 
benzy1aminomethyl)cyclohexane dihydrorhloride and N,N'- 
dibenzyl-1,4-cyclohexan~bis(methylamine) are very potent cho- 
lesterol-lowering agents. We therefore decided to attach two 

(1) (a) Presented in part  before the  Division of Organic Chemistry, 
ACFAS, Ot,tava.  Ontario, Canada, Nov 6-8, 1964. (b) This investigation 
was supported in part  by Grant  No. 312 from t h e  National Research Council 
of Canada and by t h e  National Cancer Insti tute of Canada. 

(2) Holder of a Canadian Life Insurance Fellowship for Medical Research. 
(3) JV. C. J. Ross, G.  P. Warwick, and J. J. Roberts, J .  Chem. Soc., 3110 

(1955). 
(4) F. D. Popp, J .  Oro. Ckem., 26, 1,566 (1961). 
(5) F .  D. Popp and IY. Kirsh, i b i d . ,  26, 3855 (1961). 
(6) F. D. Popp, J. Med. Chem., 7 ,  210 (1964). 
(7) See Cancer Chemotherapy R e p l . ,  26, 1 (1962), for the  meaning of t h e  

(8) C .  Chappel, J. Duhuc, n. nvornik,  M .  Givner, 1,. Humber, M. Kraml, 
therapeutic index. 

I< .  Voitii,  and R .  Garrdry, N a l i m ,  201, 497 (1964). 

alkylating groiips at  both ends of the parent molecrile, 1,4-cyclo- 
hexariebis (methylamine). 

Experimental Section 

Condensation of Various Amines with p -  [N,N-Bis( 2-chloro- 
ethyl)amino] Aromatic A ldehyde~ .~ -~LAmines  and nitrogen 
mustards of aromatic aldehydes were condensed according to the 
method of Popp, et ~ 1 . ~ 3 ~  In  most cases, a pure compound was 
obtained without recrystallization (see Tables I and 11). 

N,N'-Dibenzylidene-l,4-~ycIohexanebis( methylamine). 12- 

1,4-Cyclohexaiiebi~(methylamine)~~ (28.4 g, 0.2 mole) was added 
very slowly to a solation of benzaldehyde (42.4 g, 0.4 mole) in 
60 ml of ethanol. The solution was stirred and kept a t  r o a I  
temperature during 20 min to yield 43 g of product, mp 96-97'. 

Anal. Calcd for CSSH?&~: N, 8.79. Found: 8.68. 
Further evaporation of the filtrate gave an additional crop of 

yellow crystals (15 g) pure enough to be hydrogenated in the 
next step. The compound can be recrystallized from Skelly- 
solve; total yield 927,. 

N,N'-Dibenzyl-l,4-~yclohexanebis( methylamine).-N, N'-di- 
benzylidene-l,4-~yclohexanebis(rnethylamine) (20 g, 0.062 mole) 
in 300 ml of ethanol was reduced with NaBH4 (10.2 g, 0.22 mole). 
The title product was recrystallized from ethanol and water 
giving a yield of 82Yc (16.5 g), mp 76-77". The compound had 
been previously described as an I ts  dihydrochloride melts 
a t  358". 

Anal. Calcd for C2?Ha0N2: XI 8.68. Found: N, 8.47. 
1,4-Cyclohexane-N,N,N',N'-tetrakis( 2-hydroxyethyl)bis( meth- 

y1amine).-lJ4-Cyclohexanebis( methylamine) (28.44 g, 0.2 mole) 
and ethylene oxide (42 ml, 0.8 mole) were mixed in cold benzene 
and placed in an hermetically closed tubular bornb.l4 The tem- 
perature was then raised to 80' for 16 hr. The solvent was re- 
moved in vacuo to yield the title conipoiind as an oil. After 24 hr, 
the colorless prodiict crystallized in 59% yield (37.5 g) .  It 
coiild be crystallized from amtone, mp 81". 

Anal. Calcd for C16H34X204: C, 60.34; H, 10.76; N, 8.79. 
Found: C, 60.28; H, 10.76; N, 8.61. 

1,4-Cyclohexane-N,N,N ',N '-tetrakis( 2-chloroethyl)bis( meth- 
ylamine) Dihydrochloride.-l,4-~yclohexane-N,NJN',N'-tetra- 
kis(2-hydroxyethyl)bis(methylamine) (15.9 g, 0.05 mole) was 
dissolved in a minimum of chloroform. Then, SOCl? (75 ml) 
was very slowly added to the cooled solution. A white gum was 
formed. The solution was evaporated to dryness and ethanol 
was added to the residue and then removed in DUCUO. The prod- 
uct was crystallized from hot glacial acetic acid to give a joyo 
yield (12 g), mp 208-214". 

Anal. Calcd for C16H&14X2.2HC1: C, 41.31; H, 6.93; 
C1, 45.73; K, 6.02. Found: C, 41.49; H, 6.76; C1, 46.29; N, 
6.16. 

The reduction with NaBH4 can be done directly on the oil, 
instead of on the crystals, saving the purification step and thiis 
increasing the total yield from the amine to 647,. 
1,4-Cyclohexane-N,N,Nr,N '-tetrakis( 2-chloroethyl)bis( methyl- 

amine).--Upon treatment of the dihydrochloride (4.63 g, 0.01 
mole) with Na?C03 (1.06 g in 10 ml of HzO), the free base pre- 
cipitated and was extracted with chloroform. It was crystal- 
lized from 2-propanol; yield 77.6% (3.05 g),  mp 65'. 

Anal. Calcd for C16HaoCl;NQ: C, 48.90; H, 7.70; C1, 36.15; 
N, 7.19. 

N,N-Bis(2-chloroethyI)-1,5-dimethylhexylamine Hydrochlo- 
ride.--l,.5-Dimetli,vlhexylamiiie (12.9 g, 0.1 mole) and ethylene 
oxide (10.5 ml, 0.2 mole) were combined as described previously 
for the 1,4-~yclohexanebis(methylamine). The resulting oil 
was dissolved in a minimum of chloroform and treated by SOCly 
as risual. The dark solid obtained was crystallized from ethanol 
and ether. 

Anal. Calcd for C12H25C1.,N.HC1: C, 49.58; H, 9.01: C1, 
36.58; X, 4.112. Found: C, 49.58; H, P.8;; C1, 36.50; X, 5.13. 

(9) All the  compounds described in Tables I and I1 were prepared by a 

(IO) Infrared spectra mere obtained employing I iBr  disks on a Reckman 

(11) Frinton Laboratories, South Vineland, X. J. 
(12) M. Kraml, L. G .  Humber, .I. Diibiic. and R .  Gaudry. J .  .Wed. Chem., 

7 ,  500 (1964). 
(13) T h e  1 , 4 - c y c l o h ~ x a n e h i s ~ m e t l i ~ l ~ ~ m i n e ~  i i w l  was a commercial sample 

obtained from Eastman Chemical Prodiict-; itrid contained a mixture of cis 
(40%) and trans (60'3'0) isomers. 

(14)  From Parr Instruments. 

Found: C, 48.96; H, 7 . 7 2 ;  C1, 37.16; N, 7.19. 

The yield was 30%, mp 77' .  

similar method. 

Model IR8, calibrated by polystyrene. 
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