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TABLE I 
ANALOGUES OB p [BIs( ~-CHLOROETHYL)AMINO] BENZYLZDENEMALONONITRILE 
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CN 
CN 
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COaCzHs 
CN 
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CONHa 
CONHI 
CONHCiEIS 
CONHC& 
CONHCB, 
CN 
CN 
COIC*& 
COCeH6 
COeH 

Yield, Calcd. Foundb 
M.P.' '% Carbon Hydrogen Carbon Hydrogen 

20.1-204.5c 
178-178. 5' 
215-216' 
182-182.5' 

165-16Gd 
180-18lC 

128-131d 
92-93d 
88-8gd 

1Y3-194c~e 

59 55.22 5.25 55.00 5.29 
49 60.54 5.81 60.85' 5.82 
97 61.86 4.93 61.77 4.71 
51 62.69 5.26 62.46 5.45 
66 67.88 5.70 68.02 5.92 
65 58.45 4.91 58.63 4.98 
90 56.44 3.79 56.38 3.78 
93 56.72 6.26 56.45 6.16 
77 64.35 4.86 64.46 4.92 
72 54.18 5.25 54.37 5.40 

All melting points are uncorrected. Analyses by Spang Microanalytical Laboratory, Ann Arbor, Mich., and Drs. Weiler 
and Strauss, Oxford, England. Recrystallized from anhydrous chloroform. Recrystallized from absolute ethanol. From 
malonic acid. 

EXPERIMENTAL 

Reagents. Benzaldehyde nitrogen mustard,' 4-[bis(2- 
chloroethyl)amino]-~-tolualdehyde,~ and p[N-ethyl-N-(2- 
chloroethyl) amino] benzaldehyde' were prepared by litera- 
ture methods. The authors thank Kay-Fries Chemicals, 
Inc., for several of the chemicals used in this work. 

Typica2 condensation. A mixture of 0.01 mole of aldehyde 
and 0.01 mole of the active hydrogen compound in 15 to 
25 ml. of dry dioxane at 0' was treated with about 0.2 ml. 
of piperidine. After standing from 2-12 hr. at room tem- 
perature, the crystals were filtered or the solution waa slowly 
concentrated until crystals were obtained. The producte 
were recrystallized from an appropriate solvent as shown in 
Table I. 

Condensation with cyanoacethydrazide. Equimolar quanti- 
ties of cyanoacethydrazide and benzaldehyde nitrogen mus- 
tard were heated in abaolute ethanol for 10 min. After cool- 
ing, a quantitative yield of solid, m.p. 212-214', was ob- 
tained. Washing with hot ethanol and hot chloroform did 
not change the melting point. 

Anal. Calcd. for CI,&&T,OCI~: C, 51.39; H, 4.93; N, 
17.12. Found: C, 51.13; H, 4.95; N, 16.80. 

The same p,roduct was obtained when 0.01 mole of cyano- 
acethydrazide and 0.02 mole of benzaldehyde nitrogen mus- 
tard in dioxane was treated with piperidine. 

TO 
7.4 g.  (0.034 mole) of N,N-bis(Zchloroethyl)aniline in 18 
ml. of dimethylformamide at 25-30° was added slowly 3.84 
g. (0.03 mole) of tetracyanoethylene. After stirring for 10 
min. at 50-55', the mixture was cooled and diluted with 
water to give 8.61 g. of red solid. The properties of this solid 
are included in Table I. 

p-  [ Bis( kchloroethyl) amino] phenylethaetriearbonitrile. 
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Baker and co-workersg have recently reported a 
synthesis of p [b is (Z-chloroe thyl )~~]  phenyl- 
pyruvic acid (phenylpyruvate mustard) from p-  
nitrobenzaldehyde via the key intermediate, methyl 
a-benzamido - p - [bis(2 - chloroethyl)amino]cinna- 
mate (I). We have also been working on a synthesis 
of phenylpyruvate mustard and had prepared I, 
before the appearance of Baker's report,' by a some- 
what more convenient route. 

NHCOCsHs 
I 

CH=C-CO~CH~ I CHO 
I 

1 I 
CH=C -C=O 6 
N(CH,CH?CI)? 

I11 

(1) Part 111, F. D. Popp, J .  01.8. C h . ,  26,3021 (1961). 
(2) This investigation was supported in part by a Re- 

search Grant T 177 from the American Cancer Society. 
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Condensation of the easily prepared' p[IV,N- 
bis(2chloroethyl)amino ]benzaldehyde (11) (Benz- 
aldehyde Mustard) with hippuric acid afforded the 
azlactone III.s Treatment of I11 with methanol 
containing a catalytic amount of sodium methoxide 
afforded I. The use of methanol-sulfuric acid to 
convert I11 to I was not satisfactory. I can best 
be converted to phenylpyruvate mustard by the 
methanolysis-hydrolysis method of Baker. J 

 EXPERIMENTAL^ 
4- [p- [ Bi~(9-chlorathyl)aminoJ bet~glidmc]-Sphm&?- 

ouuoZin-6-0ne 011). A mixture of 59 g. (0.24 mole) of Bene 
aldehyde Mustard, 48 g. (0.27 mole) of hippuric acid, 20 g. 
(0.25 mole) of fused eodium acetate, snd 70 mI. of acetic 
anhydride ww heated with constant Asking until the mix- 
ture had liquefied. It waa then heated a t  100" for 2 hr., 100 
ml. of ethanol added, and the mixture cooled overnight. 
Filtration, followed by washing with 30 ml. of cold ethanol 
and 30 ml. of hot water, gave 48.1 g. (51.5%) of orange solid, 
m.p. 131-134'. This material wm of d c i e n t  punty to be 
used in the next step. One recrystallization from ethyl ace- 
tate gave material, m.p. 138-139' (reported,'m.p. 139-141'). 

Anal. Calcd. for C&fIuCltNZO,: C, 61.71; H, 4.66. Found: 
C, 61.77; H, 4.76. 

Methyl a-benzumidep [his( 9-~hluroeU~yl)arnino] cinnamats 
(I). A suspension of 5. g. (0.013 mole) of crude II'I in 35 ml. 
of methanol waa refluxed with 0.06 g. of eodium methylate 
until all of the solid had dieaolved (about 20 min.). The hot 
solution waa filtered and cooled overnight to give 3.5 g. 
(64%) of light yellow solid, m.p. 136-137' (reported,' m.p. 
138-139"), mixed m.p. with 111, 115-1%'. 

A d .  Calcd. for CnH&I&O,: C, 59.86; H, 5.26. Found: 
C, 59.97; H, 5.35. 

Acknowledgment. The author thanks The Dow 
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dehyde Mustard. 
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5- [Bis(2-chloroethyl)amino]uracil, "uracil mus- 
tard," has a broad spectrum of anticancer activity.l.8 
Other nitrogen mustards derived from 5-amino- 
uracil have also been synthesized for evaluation as 
anticancer agents.' As all of these mustards are of 
the aromatic type and as aliphatic type mustards 
have considerably greater chemical reactivity, 

the synthesis of 5- @is (2-chloroe thyl) aminome thyl 1- 
uracil (111) was undertaken in order that it could 
be evaluated as an anticancer agent, 

Althaugh the conversion of 5-(chloromethy1)- 
uracil (I)6 to I1 with diethanolamine would appear 
to be a straightforward reaction,O considerable 
difliculty was encountered in finding a suitable 
process for this conversion, as I is extremely 

0 0 

I I1 7 

I11 

reactive even with alcohols6 and diethanolamine is 
a sluggishly reacting amine. However, when I was 
treated with diethanolamine in N,Ndimethylform- 
amide at room temperature in the presence of 
potassium carbonate, crystalline I1 was isolated in 
97% yield.? 

The usual difficulties in fiidhg proper conditions 
for the conversion of I1 b - t h e  mustard I11 were 
encountered. In contrast to the aryl type mustards 
of the uracil s e r i e ~ , ~ ~ ~  the use of solvents to avoid 
extensive decomposition from thionyl chloride led 
to incomplete reaction and variable results. Sur- 
prisingly, it was finally found that 111 was stable to 
boiling thionyl chloride. Thus, I11 was readily 
isolated as its crystalline hydrochloride in 76% 
yield when I1 WM refluxed for several hours in 
thionyl chloride. 

Of considerable interest is the fact that the hydro- 
chloride of I11 could be converted to the stable, 
crystalline free base with aqueous sodium bicarbo- 
nate; bis(2chloroethyl)methylamine ("9) free 
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