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N-Carbobenzoxy-pL-valine N-2-Chloroethylamide.—A solution
of 1.26 g (0.005 mole) of N-carbobenzoxy-pL-valine and triethyl-
amiune (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 mul (0.005 mole) of ethyl
chlorocarbonate; the inscluble triethylamine hydrochloride
separated, and the mixture was kept stirring for about 30 min
at —5°. The anhydride formation (vma.x 1818, 1768 cm™!) was
checked by running an infrared spectrum of a sample in THF,
drawn from the reaction flask, protected against atmospheric
moisture. To this cold anhydride #n situ was added 2-chloro-
ethylamine, freshly prepared by neutralizing 0.87 g (0.0075
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 temperature during a period of
another hour; stirring was continued for additional 2 hr at room
temperature. The solvents were removed under reduced pres-
sure at room temperature, and the residue was taken np in suffi-
cient chloroform and filtered. The CHClI; solution was washed
successively (1 .V HCl, H.0, 59, NaHCO; solution, H.O) and
then dried (Na,804). The evaporation of the solveut left a
residue, which was crystallized from chloroform; yield 1.22 g
(78%), mp 171-172°,

pL-Valine N-(2-Chloroethyl)amide Hydrochloride.—To a
solution of N-carbobenzoxy-pr-valine N-(2-chloroethyl)amide
(0.63 g, 0.002 mole) in 75 ml of absolute ethanol was added
0.002 mole of ethanolic HCl. The mixture was hydrogenated in
presence of 0.2 g of 109, Pd-C catalyst under stirring at 10-15°.
After complete uptake of hydrogen, the catalyst was filtered off.
The solution on evaporation in a rotary evaporator at room tem-
perature gave a gummy residie, which afforded crystalline solid
in acetone-ether; yield 0.37 g (869,), mp 83-86°.
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In 1955 Ross, et al.,? reported the condensation of benzalde-
hyde nitrogen mustard with some aniline derivatives. During
the past few years, Popp and his colleagues** 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.f 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, 1,5-dimethylhexylamine was
transformed into a mustard. This compound 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-cyclohexanebis(methylamine).

It has also recently been reported® that ¢rans-1,4-bis(2-chloro-
benzylaminomethyl)cyclohexane dihydrochloride and N,N’-
dibenzyl-1,4-cyclohexanebis(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, Ottawa, Ontario, Canada, Nov 6-8, 1964. (b) This investigation
was supported in part by Grant No. 312 from the National Research Council
of Canada and by the National Cancer Institute of Canada.

(2) Holder of a Canadian Life Insurance Fellowship for Medical Research.

(3) W.C.J. Ross, G. P, Warwick, and J. J. Roberts, J. Chem. Soc., 3110
(1955).

(4) F. D. Popp, J. Org. Chem., 26, 1566 (1961).

(56) F. D. Popp and W. Kirsh, 7bid., 26, 3855 (1961).

(6) F.D. Popp, J. Med. Chem., T, 210 (1964).

(7) See Cancer Chemotherapy Rept., 25, 1 (1962), for the meaning of the
therapeutic index.

(8) C. Chappel, J. Dubue, D. Dvornik, M. Givner, I.. Humber, M. Kraml,
K. Vuith, and R. Gaudry, Naiure, 201, 497 (1964).
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alkylating groups at both euds of the parent molecule, 1,4-cyclo-
hexanebis(methylamine).

Experimental Section

Condensation of Various Amines with p-[N,N-Bis(2-chloro-
ethyl)amino] Aromatic Aldehydes.~'—Amines and nitrogen
mustards of aromatic aldehydes were condensed according to the
method of Popp, et al.#® In most cases, a pure compound was
obtained without recrystallization (see Tables I and II).

N,N’-Dibenzylidene-1,4-cyclohexanebis(methylamine ).12—
1,4-Cyclohexanebis(methylamine)!? (28.4 g, 0.2 mole) was added
very slowly to a solution of benzaldehyde (42.4 g, 0.4 niole) in
60 ml of ethanol. The solution was stirred and kept at room
temperature during 20 min to yield 43 g of product, mp 96-97~.

Anal. Caled for C»HN2: N, 8.79. Found: 8.68,

Further evaporation of the filtrate gave an additional crop of
vellow crystals (15 g) pure enongh to be hydrogenated in the
next step. The compound can be recrystallized from Skelly-
solve; total yield 929.

N,N’-Dibenzyl-1,4-cyclohexanebis(methylamine ).—N,N'-di-
benzylidene-1,4-cyclohexanebis(methylamine) (20 g, 0.062 mole)
in 300 ml of ethanol was reduced with NaBH, (10.2 g, 0.22 mole).
The title product was recrystallized from ethanol and water
giving a yield of 829 (16.5 g), mp 76-77°. The compound had
been previously described as au oil.12  Its dihydrochloride melts
at 358°.

Anal. Caled for CoHyN2: N, 8.68. Found: N, 8.47.

1,4-Cyclohexane-N,N,N’,N’-tetrakis(2-hydroxyethyl )bis(meth-
ylamine).—1,4-Cvclohexanebis(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 bomb.1* The tem-
perature was then raised to 80° for 16 hr. The solvent was re-
moved #n vacuo to yield the title coniponnd as an oil.  After 24 hr,
the colorless product crystallized in 599, yield (37.5 g). It
conld be crystallized froni acetone, mp 81°.

Anal. Caled for CisHauN:Oy: 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.—1,4-Cyclohexane-N,N,N’,N'-tetra-
kis(2-hydroxyethyl)bis(methylamine) (15.9 g, 0.05 mole) was
dissolved in a minimum of chloroform. Then, SOCI, (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 vacuo. The prod-
uct was crystallized from hot glacial acetic acid to give a 309,
vield (12 g), mp 208-214°.

Anal. Caled for CigHxnCIN.-2HCI: C, 41.31; H, 6.93;
Cl, 45.73; N, 6.02. Found: C, 41.49; H, 6.76; Cl, 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 thus
increasing the total vield from the amine to 649,.

1,4-Cyclohexane-N,N,N’,N’-tetrakis(2-chloroethyl )bis(methyl-
amine).—TUpon treatment of the dihydrochloride (4.63 g, 0.01
mole) with Na,CO; (1.06 g in 10 ml of H,0), 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. Caled for CisHyCl:N.: C, 48.90; H, 7.70; Cl, 36.15;
N, 7.19. Found: C, 48.96; H, 7.72; Cl, 37.16; N, 7.19.

N,N-Bis(2-chloroethyl)-1,5-dimethylhexylamine Hydrochlo-
ride.—1,5-Dimethylhexylamine (12.9 g, 0.1 mole) and ethylene
oxide (10.5 ml, 0.2 mole) were combined as described previously
for the 1,4-cyvclohexanebis(methylamine). The resulting oil
was dissolved in a minimum of chloroform and treated by SOCI,
as usual. The dark solid obtained was crystallized from ethanol
and ether. The yield was 309, mp 77°.

Anal. Caled for CHyxCLN-HCl: C, 49.58; H, 9.01: Cl,
36.58: N, 4.82. Found: C, 49.58; H, «.83; Cl, 36.50; N, 5.13.

(9) All the compounds described in Tables I and II were prepared by a
similar method.

(10) Infrared spectra were obtained employing KBr disks on a Beckman
Model IRS8, calibrated by polystyrene.

(11) Frinton Laboratories, South Vineland, N. J.

(12} M. Kraml, L. G. Humber, J, Dubue, and R. Gaudry, J. Wed. Chem.,
7. 500 (1964).

(13) The 1,4-cyclohiexanebis(methviamine) vsed was a commercial sample
obtained from Eastman Chemical Produets aud countained a mizture of cis
(409;) and trans (60%,) isomers.

(14) From Parr Instruments.
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CONDENS.\TIONH OF :&MINES WITI BENZ.\LI)I«IIIYIYI" NITROGEN ‘\IUS'I"\RIY
RN:(iH@)N(CH;CHg(‘l):
Yield, e e N T E 141} R s e O foumd P e
Amine (RN Hs) Mp, °C* % Formnla ¢ t N C H N

Cyclohexanemmethylaruine 48 13 CouHuCLN G440 G0l AR (0. 5N 7.7 SNG4
3-Amino-9-ethylcarbazole 112115 0l CrHaCLN GO .52 G20 0.00 6821 5o IS
1,2-Diamiuopropane 125126 04 CanlLeCLN, 5661 G.ON 10,56 : G2 1021
1,4-Diaminobntane f1r-112 T2 sl CLON 5T G 47 10,29 AT AN 647 1021

¢ Melting pohits were detesnined sy a0 Fisher-Jolms apparnins and are mpeorrected.

Montreal, Canada.
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CONDENSATIONS OF AMINES WITH TOLUALDEHYDE NITROGEN MUsTann

CHa

RN=CH{ \>N(CHZCH201)2

Thaessle,

Yield, SRS 1) R AL -0 Y]
Amine (RNHb2) NMp, °(C i Formaly C 1i N [ H N
Cyclohexanemethylamine 4145 80 CraHwCl N 6H .05 .46 N2 64.76 70N TUON
3-Amino-9-ethylearbazole 111 NS CogH CLaNy 6o (2 G.01 02N 6816 (.20 016
Sulfanilaniide 165 400 CisHa CLN0.8 5217 o 10 10,14 B 5.61 1610
1,5-Dimethylhexylamine 34 N CuHwCLN, 64,67 NLOGS 754 6491 896 7o
2-Methoxy-5-nitroaniline 133135 47 ChuH CLN O, 35061 S04 10,24 53582 563 10,06
lithyl p-aminobenzoute 112115 (5] CyHuCLN.O, 61,497 NI 68T 6167 3.45 701
1,2-Diaminopropane 148-144 aq CeeHuCLN, 38,07 (i 4y 10,0 o801 6. A+ 0.6
1,4-Diaminobutane $2--13005 04 CaHwCLN, ON.T2 6. 60 0TS I8 00 G. 60 078
1,3-Diaminopropane S0 440 CorHuwCLNy A 07 G oA 0.0 I8N0 5. 5N 0 oTo
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The anticancer activity of G-azunracil i well known.2 The
svitheses of the following 6-azanracil analogs ure here described:
s=bromo-3-methyl 6-uzanracil {6-bromo-4-methyl-as-triuzine-
3,53(2H,4H)-dione] (1), Il-acetyl-3-bromw-3-methyl-6-azanracil
[2-acetv]-6-bromo-4-methyl-as-1riazine-3,5(2H,4H)-dioue] (I1), 5-
bronio-3-methyl-1-trifluoroacetvl-6-azauracil [6-bromo-4-methyl-
vl-2-triflnoroacetvl-as-triazine-3,5(2H,4H)-dione] (I11), 3-bromo-
1.3-dimethyl-6-azanracil ~ [6-bromo-2,4-diniethyl-as-triazine-3,5-
(2F,4H)-dione] (IV), I,3-dimethyvl-5-flnoro-6-azanracil  [2,4-
dimethyl-6-flnoro-as-trinzine-3,5(2F 411 )-dione]  (V), and 5-
bromo-1,3-bix(diphenylmethyl)-6-azauracil  [6-bromo-2,4-hix(di-
phenylmethyl)-as-triazine-3,5(2H,4H )-dione] (VI) (Table T).
Attempts to prepare S-fluoro-6-azanracil failed.

(1) Supported largely by the Research Grint (A 08095 fromp the Nulinwd
Cancer Institute, Public Health Service.

(2) J. Skoda, Progr. Nucleic Acid Res., 3, 197 (10G3); i, B, Plivw sond
3. H. Hitchings, Advan. Chemntherapy, 8. 91 (1065),

Experimental Section?

5-Bromo-3-methyl-6-azauracil (I).--On siirring a mixure of
508 mg (4 mnolex) of 3-methyl-G-azamracil,* 10 ml of water,
and 1.44 g (9 munolesy of bromine over night, T erystallized from
solution,

1-Acetyl-5-bromo-3-methyl-6-azauracil (II).—-A mixire of
412 g (2 mmoles) of T and 5 ml of acetic anhydride wux re-
fluxed for 30 1m1,® at which time it was filtered 1o remove a smull
sunonnt of insoluble material.  lSvaporation of the filtrate, /n
racio, gave 1T as an oil. The erystallization solvent is recorded
inTable 1.

5-Bromo-3-methyl-1-trifluoroacetyl-6-azauracil (II1).--A niix-
ture of 550 mg (2.66 mmnolex) of T and 5 ml of iflnoroacetic
anhydride was refluxed overnight.  On cooling v an ice batl 111
crvstallized as needles.

5-Bromo-1,3-dimethyl-6-azauracil (1V).5--A mixiure of 2.1 ¢
{15 mmoles) of 1,3-diethyl-G-azauracil,* 30 ml of water, and
2.0 ml (30 mmuoles) of bromine was stirred overnigln at room
temperatnre and cooled, and the prodnet (IV) was removed by
filtration.

1,3-Dimethyl-5-fluore-6-azauracil (V). - A mixture of 440 mg
(2 mniolex) of IV, 440 mg of anhvdrous K¥, and 1 ol of dry
diniethyl sulfoxide was <tirred v 125° for 7 davs.  On cooling
to —10°, 60 mg of V' ervstallized aind was removed by filiration.
The filtrate was diluted with 12 ml of water and extracted with
chloroformi.  After drying, the chloroform layer was evaporaved
1o dryness, yielding an udditional 50 mg of V.

5-Bromo-1,3-bis(diphenylmethyl)-6-azauracil (VI).-—A mix-
tnre of 1.8 g (9.4 minwles) of S-brono-B-nzanracil™ in 20 ml of

(3) Melting points were determined nsing a Woller ho stage.
were performed by Miero-Tech Liahoratories, Skokie, I1l.

4) X, Y. Zee-Cheng and C. C. Cheng, J. Ocy. Chem., 27, 976 (1962); )
Gut, M. Prystas, J. Jonus, and I, Sorin, Collection Czech, Chrm. Commun., 36,
974 (1961).

(3) The acylation of B-nzouracil s Jdesenbed by AL Novacek, D, Hesouo,
wond . Gote, 1bid., 80, 1890 (196351,

(6) The synthesis of this coapound by Ve oield
azauracil is given by M. Horak and J. Gat, ihid., 28, ¢

(7)Y PoK. Cliang and V. LV, TiHkriedt, J,

Aunalyses

taGoo of S-hroton-G.
02 (1963).
1o, Chem. Spe., 80, UT6 (1U58).
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