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N-Carbobenzoxy-pL-valine N-2-Chloroethylamide.—A solution
of 1.26 g (0.005 mole) of N-carbobenzoxy-prL-valine and triethyl-
amine (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 m! (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 (ymax 1818, 1768 cm™1) 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 in sitw 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 up in suffi-
cient chloroform and filtered. The CHCI; solution was washed
successively (1 N HCI, H:0, 59 NaHCOj; solution, H,O) and
then dried (Nas8Q.). The evaporation of the solvent left a
residue, which was crystallized from chloroform; yield 1.22 g
(786;), 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 residue, 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.! 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)eyclohexane 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).

(5) ¥. D. Popp and W, Kirsh, 7bid., 26, 3855 (1961).

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

(7) See Cancer Chemotherapy Rept., 28, 1 (1962), for the meaning of the
therapeutic index.

(8) C. Chappel, J. Dubue, D. Dvornik, M. Givner, .. Humber, M. Kraml,
K. Voith, and R. Gaudry, Nafure, 201, 497 (1964},
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alkylating groups at both ends 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).!2—
1,4-Cyclohexanebis(methylamine)'? (28.4 g, 0.2 mole) was added
very slowly to a solution of benzaldehyde (42.4 g, 0.4 mole) 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 CooHoNa: N, 8.79. Found: 8.68.

Further evaporation of the filtrate gave an additional crop of
yvellow crystals (15 g) pure enough 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 8297 (16.5 g), mp 76-77°. The compound had
been previously described as an oil.1?  Its dihydrochloride melts
at 358°.

Anal. Caled for CxHyN2: N, 8.68. Found: N, 8.47.

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

Anal. Caled for CigHauN:O4: 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, 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 vacuo. The prod-
uct was crystallized from hot glacial acetic acid to give a 509,
yield (12 g), mp 208-214°.

Anal. Caled for CisHnClLN,-2HCl: 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 NaBH, can be done directly on the oil,
instead of on the crystals, saving the purification step and thus
increasing the total yield from the amine to 64%.

1,4-Cyclohexane-N,N,N’,N'.tetrakis(2-chloroethyl)bis(methyl-
amine).—Upon 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 77.69; (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 desecribed previously
for the 1,4-cyclohexanebis(methylamine). The resulting oil
was dissolved in a minimum of chloroform and treated by SOCl:

as usual. The dark solid obtained was crystallized from ethanol
and ether. The yield was 309, mp 77°.
Anal. Caled for CoHyxCLN-HCL: C, 49.58; H, 9.01: ClI,

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 IR8, calibrated by polystyrene.

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

(12) M. Kraml], L. G. Humber, .J, Dubuc, and R. Gaudry, J. Med. Chem.,
7, 500 (1964).

(13) The 1,4-cyclohexanebis{methylamine) nsed was a commereial sample
obtained from Eastman Chemical Products and contained a mixzture of cis
(409;) and trans (60%) isomers,

(14) From Parr Instruments.
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CONDENSATIONS OF AMINES WITH BENZALDEHYDE NITROGEN MUSTARD

RN:(JH@)N(CHQCHZ( N,

Yield,

Amine (RNIHy) Mp, °C* % Formula
Cyclohexanemethylamine 48 03 CisHusCLN,
3-Amino-9-ethylearbazole 112-113 4yl CrHayCLN,
[,2-Diaminopropane 125126 93 CoHawCLN,
1, 4-Diaminobutane Tl 112 T2 CoyHuCLNG

¢ Melting points were determined on a Fisher-Johns apparitus and e nnearreeted.

Montreal, Canada.

Vol 10
e elede e s e € found e e
« H N [ 1 N
64,40 6 (0 N.3D 63,9 774 N 69
6952 26 9.00 621 548 0,20
A6 61 60N 10,56 H. 52 622 21
N30 647 1029 AT AR 647 1621

" Organie microanalyvses by Deo O Duaessle,

Tapre II

CONDENSATIONS OF AMINES WITH TOLUALDERYDE NITROGEN MUsrann

CHa

RN=CH{ \>N(CH2CHQCI)2

Yield, TR AN T:| (4 R v €7 F QU o oo

Amine (RNHz) Mp, “C < Formula & 1 N (8 H N
Cyclohexanemethylamine 4143 89 CioHpChN, 6535 646 8,02 64,76 798 708
3-Amino-9-ethylearbazole 111 85 CosHrCLN; 69 .02 (.01 028 68,16 .20 9. 16
Sulfanilamide 165 +40 CHa CLNOWR 3217 510 1014 oy AT 5,01 10
1,5-Dimethylhexylamine 34 77 CoHypCLN, 64.67 NL6S 754 6491 K06 7.9%
2-Methoxy-3-nitroaniline 183135 47 CroHa CLNO; 55.61 510 10,24 35082 h.63 11,06
Ithyl p-aminobenzoate 112-113 63 CoHoy CLNLO, 61,97 BN 6 87 61,67 5.9 7.01
1,2-Diaminopropane 148- 149 00 CurHyCLNG aR07 6 .40 1003 3x.01 6,04 N
1,4-Diaminobutane 132--133 04 CoHyCLN, 0872 £ 64 07N 5800 .63 078
1,3-Diaminopropane =0 00 CorHyCLN, W07 49 .03 ANL06 65N 070

Acknowledgment.—The authors wish to thank Ms B.
Girard, J. Beauls, and C. Lemay for their technical assistance.

We wish to acknowledge Dr. Hany B. Wood, Jr., of the Cancer
Chemotherapy National Service Center for his cooperation in
obtaining the screening data.

1,3-Dimethyl-5-fluoro-6-azauracil and Some

5-Bromo-6-azauracil Derivatives'

(. J. Duun

Department of Chemistry, Le Moyne College,
Syracuse, New York 1321}

Received September 3, 1966

The anticancer activity of 6-azauracil is well known.2 The
syntheses of the following 6-azauracil analogs are here described:
H~bromo-3-methyl 6-azauracil {6-bromo-4-methyl-as-triazine-
3,5(2H,4H)-dione] (1), l-acetyl-d-bromo-3-methyl-6-azauracil
[2-acetyv]-6-bromo-4-methyl-as-triazine-3,5(2H,4H)-dione] (II), 5-
bromo-3-methvi-1-trifluoroacetvl-6-azauracil {6-bromo-4-methyl-
vi-2-triftuoroacet vl-as-triazine-3,5(2H,4H )~dione] (II1), 5-bromo-
1,3-dimethyl-6-azauracil  [6-bromo-2,4-dimethyl-as-triazine-3,5~
(2H,4H)-dione] (IV), 1,3-dimethyl-5-fluoro-6-azauracil [2,4-
dimethyl-6-fluoro-as-triazine-3,5(2H, 411)-dione]  (V), and 5-
bromo-1,3-bis(diphenylmethyl)-6-azauracil  {6-bromo-2,4-bi=(di-
phenyvlmethyl)-as-triazine-3,5(2H,4H )-dione] (V1) (Table 1I).
Attempts to prepare 5-fluoro-6-azauracil failed.

(1) Supported largely by the Research Grant ("A 08095 from the National
Cancer Institute, Public Health Service.

(2) J. Skoda, Progr. Nucleic Acid Res., 3, 1897 (1963);
(3. H. Hitchings, Advan. Chemotherapy, 2, 91 (1965),
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Experimental Section®

5-Bromo-3-methyl-6-azauracil (I).--On stirring o mixture of
508 mg (4 mmolex) of 3-methyl-6-azauracil,* 10 ml of water,
and 1.44 g (9 mmoles) of hromine over night, T erystallized from
solution,

1-Acetyl-5-bromo-3-methyl-6-azauracil (II).—-A mixture of
412 mg (2 mmoles) of T and 5 ml of acetic anhvdride was re-
fluxed for 30 min,? at which time it was filtered to remove a small
amount of insoluble material. ISvaporation of the filtrate, /n
racuo, gave 1T as an oil. The ervstallization <olvent is recorded
in Table I.

5-Bromo-3-methyl-1-trifluoroacetyl-6-azauracil (I111).--A mix-
fure of 550 mg (2.66 mmoles) of T and 5 ml of triflnoroacetic
anhydride wax refluxed overnight.  On cooling in an ice hath 171
crvstallized as needles.

5-Bromo-1,3-dimethyl-6-azauracil (1V).6~-A mixture of 2.1 ¢
{15 mmoles) of 1,3-dimethyl-6-azauracil;* 30 ml of water, and
2.0 ml (30 mmoles} of bromine was stirred overnight at room
temperature and cooled, and the product (IV) was removed by
filtration.

1,3-Dimethyl-5-fluoro-6-azauracil (V). - A mixture of 440 mg
2 mmolex) of IV, 440 mg of anhyvdrous K¥F, and [ ml of dry
dimethyl sulfoxide was stirred at 125° for 7 day=<.  On cooling
to —10° 60 mg of V' arvstallized and was removed by filtration.
The filtrate was dilited with 12 ml of water and extracted with
chloroform.  After drving, the chloroform layer was evaporated
10 dryuess, vielding an additional 50 mg of V.

5-Bromo-1,3-bis(diphenylmethyl)-6-azauracil
ture of 1.8 g (9.4 mmoles) of 3-bromo-6-azauracil? in

(VDA mix-
20 ml of

(3) Melting points were determined using a Kofler hot stave.
were performed by Micro-Tech Laboratories, Skokie, TiI.

(4) K.Y. Zee-Cheng and C. C. Cheng, J. Org. Chem., 27, 976 (1862); J
Gut, M. Prystas, J. Jonas, and ¥, Sorm, Collection Czech. Chem. Commun., 26,
974 (1961),

(3) The acylation of 6-uzauracil ix deseribed by A, Novacek, D. [Hesoun,
and J. Gut, thid., 80, 1890 (1965).

(6) The synthesis of this compound by the methylation of 5-bromo-6-
azauracil is given by M. Horak and J. Gut, ihid., 28, 3392 (19633,

(7Y P. K. Chang and ‘U L.V, Ulhrieht, .7, Ane Chem. Soe., 80, 9768 (1958).
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