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Analogs (Y-YII) of the glutarimide antibiotics have been synthesized by the acylafion of diamines of cyclo-
hexanone, 2- and 4-methyleyclohexanone, and 4-aceto\ycyclohexanone with 3-j( chloroearbonyDmethylj-
glutarimide ( I l ia ) , 3-(clilorocarbonyl)glutarimide ( I l lb ) , and 2-[(chlorocarbonyl )methyl]succinimide (IIIc) 
in the presence of triethvlaniine. The infrared spectra of Y-YII indicate that the analogs exist predominantly in 
the enol form. Three of the analogs showed cytotoxic activity at a concentration of 100 7/ml. against Eagle's 
KB cells, but none of the compounds displayed any significant reproducible activity in tests in the Sarcoma ISO 
and Adenocarcinoma Too tumor systems. 

The structures of cyclohexhnide2 (I, R = H), E-733 

(an antitumor substance from Streptomyces albulus, I, 
R = OCOCH3), streptovitacin A4 (I, R = OH), strep-
timidone,5 inactoue,6 and the other streptovitacins4 

have glutarimide and 0-ketol moieties, and the first 
three of these glutarimide antibiotics are reported to 
inhibit the growth of experimental neoplasms." Of addi
tional significance to cancer chemotherapy is the in
hibitory action of cyclohexiniide on deoxyribonucleic 
acid and protein synthesis in certain tumor cell lines.8 

These biological results indicated that analogs of the 
glutarimide antibiotics may exert antitumor effects. 
We have synthesized three groups of glutarimide anti
biotic analogs in which the /3-ketol grouping is replaced 
by the /3-diketone group of dehydro derivatives such as 
dehydrocycloheximide2 (II). The first group (V) con
sists of derivatives in which the degree of substitution 
of the cyclohexanone ring of cyclohexiniide and E-73 
has been varied. Among the compounds of the second 
group (VI), these structural variations are combined 
with a shortening of the side chain by elimination of the 
methylene group, and in the third group (VII), the 
structural variations of the cyclohexanone group art; 
combined with the replacement of the glutarimide ring-
by the succinimide ring. 

The /i-diketone analogs (V-VII) were synthesized by 
the modified9 enamine acylation method of Stork, el 
al.,1Q from an appropriately substituted enamine (IV) 
and a carboxylic acid chloride (III) in the presence of 
triethylamine.n The enamines were prepared by the 

(1) Thi* inves t iga t ion was s u p p o r t e d by the Cance r C h e m o t h e r a p y Na
t ional Service Center , N a t i o n a l Cance r I n s t i t u t e , N a t i o n a l I n s t i t u t e s of 
Hea l th , C o n t r a c t No. PH-43-64-51 , and by the C. F . Ke t t e r i ng F o u n d a t i o n . 

(2) E. C. Kornfeld, R. G. Jones , T . V. P a r k e . J. Am. Chem. Soe., 7 1 , 150 
(194(1). 

(3) K. V. R a o , ibid., 82, 1129 ( I960) . 
(4) R. R. Her r , ibid., 8 1 , 25115 (1959). 
(5) R. P. F r o h a r d t , II . W. Dion, Z. L. Zakubowski , A. R y d e r , J. C. 

French, and Q. R. Bar tz , ibid., 8 1 , 5500 (1959); R. E. Van Tame len a n d V. 
H a a r a t a d , ibid., 82, 2974 (1980). 

(6) R. Paul and S. Tchelitcheff, Bull. sue. chim. Franrr. 1316 (1955). 
<7) F, R. Whi te , Cancer Chemotherapy Kept., 5, 48 (1959): K. V. R a o a n d 

W. V. Cul ien, ./. Am.. Chem. So,-.. 82, 1127 (I960) ' , L. L. r iensenbrenner , 
Caneer Chemotherapy Hept., 5, 65 (1959). 

(8) I.. L. Denne t t , J r . , 1). Smi the r s , a n d C. T. Ward , Bweldm. Biophys. 
• \eta, in press. 

(9) S. l luniji , K. Renzing, a n d F . Liicke, Chem. Her., 90 , 283:3 (1957). 
(10) (a) G. Stork , R. Terrel l , and J. Szmuszkovicz , ,/. Am. Chem. Soe.. 

76 , 2029 (1954); (b) O. S tork , A. Rrizzolara . H. L a n d e s m a n . J. Szmusz
kovicz, and R. Terrel l , ibid., 8 5 , 207 (11103). 

(1 1) In recent c o m m u n i c a t i o n s t he syn thes i s of II by the enamine acyla
tion reac t ion has been r epo r t ed : (a) 11. J. Schaeffer anil V. K. Ja in , ,/. 
1'hurm. Sri., 52, 509 (1903); (b) F. Johnson , N, A. S tu rkovsky , A, L. Pa ton , 
and A. A. Car lson, ./. ,1m. Chem. Soe., 86 , 118 (1964). 

method of Herr and Heyl.'2 o-iCarboxymethyl)glu-
tarimide13 was prepared by a modification of the method 
of Lawes14; the fusion of methanetriacetic acid with 

CH3 

IVa, R3RiN = 1-pyrrolidinyl 
b, R3R-1N = piperidino 
c, R3R4N - morpholino 

d, R3 = CH3;R., = C6H5 

Va. R , = R 2 = H 
b, Ri = CH;!; R2 = H 
c, Ri = OCOCH ; i;R2 - II 
d ,Ri = H ; R 2 = CH3 

a, R, = Ko = H 
b, II, = CH3; Rs - H 
c, II! = OCOOH;,: R., : 

a, Ri = R-. = H 
b, R, = CH3; II, = H 
c, R, = OCOCH,; R., = H 
d, R, = H; R2 = Cl i , 

urea gave a mixture of 3-(carboxymethyl)glutannude 
and its amide, and treatment of the mixture with cold 
nitrous acid gave a 60% yield of 3-(carboxymethyl.)-
glutarimide. 3-Carboxyglutarimide15 was prepared in 

(12) M . E. Herr a n d F. W. Heyl , ibid., 74 , 3627 (1952); 7 5 , 1!)I8 (1953). 
(13) I). 1). I'liillips. M. A. Acitelli, and J . Me inwa ld , ibid., 79, 3517 

( III.".?). 
(Mi IS. C. Lawes, Aid,. 82, 6413 ( I960) . 
(15) A. I.. Lansiis and R. G a u d r y U. S. P a t e n t 2 87 1,158 (1 >!i. 17, Iti.V.o; 

Chem. A'istr., 53 , I2311u (1959). 
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accordance with the reported procedure from citrazinic 
acid, and 2-(carboxymethyl)succinimide16 was pro
duced by the pyrolysis of the crude ammonium salt of 
1,2,3-propanetricarboxylic acid. Treatment of the 
acids with thionyl chloride produced the acid chlorides. 

Yields of the /3-diketones were generally below 30% 
except in the case of Va which was obtained in 93% 
yield. X-Alkylation, X-arylation, and diacylation 
reactions of enamines are known.9'10b'17'18 and products 
of the analogous X"-acylation and of diacylation were 
isolated during the preparation of several of the /3-
diketones. 3- [(Piperidinocarbonyl)methyl Jglutarimide 
(VIII) was isolated during certain attempts to prepare 
Ara,b,c, and products having elemental analyses in 
agreement with the diacylated structures IX and X 
were obtained during the preparation of Via and VIb, 
respectively. The infrared spectra of IX and X showed 
a strong, sharp band at 1750 cm. - 1 indicative of ester 
carbonyl absorption. Stork, et aZ.,10a noted that alkyla-
tion of 2-methylcyclohexanone enamine occurred more 
sluggishly than alkylation of the unsubstituted cyclo-
hexanone derivative under identical reaction condi
tions, and Williamson19 has suggested that this resist
ance to alkylation was due in part to the steric effects 
of the 2-alkyl substituent. Schaeffer and Jain l l a have 
suggested that low yields result from the acylation of 
enamines substituted in the 6-position of the cyclo-
hexene moiety because the enamine is a mixture of iso
mers in which the double bond is at C-l-C-6 or C-l-C-2. 
The opening of the glutarimide ring during the acylation 
reaction or during the hydrolysis of the acylated ena
mine is another possible side reaction which would lower 
the yields of V-VII. 

0=7— NH =?—INtt 

/ NCOCH2-/ NH 

VIII 
W 0 

N OCO—( NH 
\—^=0 o 

IX 

CO—/ ¥ H 

-CE 
The infrared spectra of samples of V-VII that were 

obtained by crystallization from ethanol-water or less 
polar solvents suggest that the compounds exist largely 
in the enol form since all exhibited one or two bands of 
medium intensity in the range 1560-1630 cm.-1.20 

This suggestion is consistent with the observations of 

(16) F. 15. Thole and J. F. Thorpe, / . Chem. Soc., 99, 1688 (1911). 
(17) (a) S. HuniK and E. Liicke, Chem. Bar., 92, 652 (1959); (b) S. Hunig 

and W. Lendle, ibid., 93, 909 (1960). 
(18) M. K. Kuehne, ./. Am. Chem. Soc., 84, 840 (1962). 
(19) W. R. N. Williamson, Tetrahedron, 3, 314 (1958). 
(20) (a) L. J. Bellamy, "The Infrared Spectra of Complex Molecules," 

Join. Wiley and Sons, Inc., New York, N. Y., 1958, pp. 142-143; (b) R. D. 
Campbell and II. M. Gilow, J. Am. Chem. Soc., 82, 5426 (I960); 84, 1440 
(1962). 

Johnson, Gurowitz, and Starkovsky21 who isolated /3-
diketones of cycloheximide (I, R = H), isocyclohexi-
mide, and neocycloheximide which were readily con
verted to more stable enolic forms by heating, recrys-
tallization, or solution in a nonpolar solvent. The enol 
absorption appeared as one broad band in the 1580-1620 
cm. - 1 range in the spectra of Vb,d and VI a,b,d and as 
two bands in the 1560-1620 cm. - 1 range in the spectra 
of Vc, Vic, and the three succinimide derivatives 
VIIa,b,c. The enol band of Va was present as an incom
pletely resolved doublet at 1590-1620 cm. -1. Ham
mond, et al.22 suggested that absorption by 0-diketones 
in the 1120-1230 cm. -1 range was perhaps attributable 
to C-H bending of the hydrogen on the methine carbon 
in the enol system, and V-VII exhibited a sharp band 
of medium intensity at 1140-1190 cm. -1. In addition 
to the enol absorption, V displayed an incompletely 
resolved triplet within the limits of 1675-1730 cm. -1, 
VI absorbed at 1680-1690 cm. - 1 and at 1730-1740 
cm. -1, and VII exhibited bands at 1700-1710 cm. - 1 

and at 1765-1770 cm. -1. Vic showed a band at 1710 
cm. - 1 which was absent in VIa,b,d, and VIIc displayed 
a band at 1725 cm. - 1 which was not present in VIIa,b; 
these bands probably result from the ester carbonyl 
absorption of the acetoxy grouping. Such a band could 
not be distinguished in the spectrum of Vc because of 
the triplet at 1675-1730 cm. -1. 

After crystallization of Va from water, its spectrum 
showed no band in the 1560-1630 cm. - 1 range, indi
cating its conversion to the keto form.22'23 However, 
the sharp band at 1140 cm. - 1 remained. The predom
inantly enol form, obtained by crystallization from 
cyclohexane-ethanol, gave an immediate ferric chloride 
test, whereas the keto form gave a positive test only 
aftei a delay. 

keto form enol form 

Compounds Vd, VId, and Vllb displayed cytotoxic 
activity at a concentration of 100 7/111I. against Eagle's 
KB cells; cell growth in these tests was less than 50%. of 
the growth of the controls. Except Vila, the dehydro-
cycloheximide analogs have been screened in the 
Sarcoma 180 system and, except Vc and Vila, in the 
Adenocarcinoma 755 system. Most of the analogs 
(Va,b, VIb,c,d, and VIIb,c) have also been tested in the 
Leukemia L1210 system. Xone of the compounds dis
played any significant reproducible activity in these 
tests. The results are listed in Table I24 along with re
sults for cycloheximide (I, R = H) and dehydrocyclo-
heximide (II). 

(21) y. Johnson, W. D. Gurowitz, and N. A. Starkovsky, Tetrahedron 
Letters, 1167 (1962). 

(22) G. S. Hammond, W. G. Borduin, and G. A. Guter, J. Am. Chem. Soc, 
81, 4682 (1959). 

(23) The effect of solvent polarity on keto-enol equilibria is well known. 
See, for example, O. Dimroth, Ann., 399, 91 (1913); E. M. Kosower, ./. 
Am. Chem. Soc, 80, 3267 (1958). 

(24) Tumor and tissue culture test data were obtained by The Chemo
therapy Division of Southern Research Institute under the direction of Drs. 
F. AL Schabel, Jr., W. R. Laster, and G. J. Dixon. 
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TABLV, 1 

"MOH AND Cynniixu 'r i 'v T E S T DATA 

C o m p o u n d 

Ya 

Vb 

Yd 

Via 

Ylb 

Vie 

VId 

Ylla 
Yllb 

YIlc 

1 (11 H i 

Tumor 

S1!S0 

Ad755 

L1210 

SI SO 

Ad755 

Ad755 

L1210 

SI SO 

SI SO 

SI SO 

Ad755 

SI SO 

Ad755 

Ad755 

SI SO 

S1S0 

Ad755 

L1210 

SI SO 

Ad755 

L1210 

SLSO 

Ad755 

1.1210 

S1 SO 

A(1755 

1.1210 

SI SO 

Ad755 

1.1210 

si so 

si so 

s i so 

SI SO 

Ad755 

Ad755 

Ad755 

SI SO 

Ad755 

Ad755 

Ad755 

1.1210' 

1>osaar'. 
IDS. kt!..'ilay 

500 
450 
4.50 

500 
450 
450 
450 
500 
500 
500 
450 
500 
450 
:s.-)0 

500 
250 
450 
450 
500 
400 
400 
500 
400 
400 

500 
500 
500 
500 
500 
500 
500 
500 
500 
2.50 

12.5 

125 

02 
24 
50 
34.5 

17.25 

57 

Alortality 

0/(1 

1/(1 

0/0 
0/0 
1/10 

2/10 

1 A) 

0/0 
2/0 
1./() 

0/10 

1/0 
1 /!) 

2/10 

0/0 
0/0 
0/10 

o/o 
0/0 
0/10 

0/5 
0/0 
1/10 

0/0 

0/0 
1/10 

0/0 

1 /(> 

:;/10 

0/0 
5/0 
1 /o 

2/0 
0/6 
4/10 

0/10 

0/10 

1/10 

2/20 

5/30 

0/30 

0/30 

\\ t. rliannc a.. 

Test rontro] 

-0.4/+1 ,5 
-1.D/ + 2.5 

+ 0.0/-0. 1 
-0.0/+1 .5 
+ 1 .0/ + 2.5 

+ 1.0/+2.4 

+ 0.57-0. 1 
-0.3/ + 1 .0 
- 1 . 1 • - 1 .1 
-1 .() /+().() 

+ 1 ,0/^2.2 
-0.0/+0.3 
+ 2,7 / + 2.4 
+ 1.S/ + 3.5 
+ 1.S/+0.3 

-0.4/-1..'! 
+ 1 4/+ 2.0 
+ 0. 1/-0. 1 
-1 .5/-I .0 
+ 1 7/ + 2.2 

-0.4/-1 . 1 
-1 .2/-0. 1 
+ 0.3/ + 2.0 
+ 0.4/ + 0.7 

-0.7/+0.S 

+ 1 .2/+1.0 
-0.7/ + 0.2 
-O.5/ + 0.X 

+ 2. 1/+2.0 

-0.(1,''-0.0 

-2.0/4-0.1 

-1 .0/+1 .0 
-1 .0/+1 .0 

-2.3/-0.3 
+ 0.0/+-0.0 
+ 2.0/ + 2.0 
-1 2/+2,4r-
-1 .0/+1 .11" 

-!.>' + !. 4" 

T C" 

1014/870 

950/SOS 

S.7/0.7 

1124/S70 

:!!)5/S0S 

1297/T0S0 

0.4/0.7 

63S/(i4D 

50S/11 15 

ti25/!)52 

1001/1102 

439/5S3 

I003/10S0 

S0(l/1400 

1040/ 1130 

SSS/S09 

1294/9*3 

V5/S.X 

1.570/1474 

1.50.1/1 IS 1 

,s iI/O 4 

00(1/1070 

i()93/os3 

N.0/S.5 

I572/13S9 

944/S75 

0.0/(1.0 

IOIO/13SO 

070/1102 

7 7/x.O 

40.5/ 11 OS 

705/1030 

1170/1930 

542/S02 

1075/021 

449/1170 

103/SS4'' 

101/1207'' 

72S/1207" 

1 1 3./S.4'" 

initio, ',; 

117 
US 

00 
120 
40 
110 
07 
OS 
53 
0.5 
S9 

75 
100 
02 
144 
102 
131 
90 
100 
127 
SO 

50 
111 
04 

113 
107 
100 
1 1.5 

5S 

so 

30 
3 t 

(il 

07 
no 
3S 

10' 
12"' 
5S" 
31'' 

l \ '101OMCII ,\ 
data 
Kile's 

K B i-ell line 

T - C, (' - ( 

0.79 

0.50 

0.0! I 

- 0 . 0 2 

0. 54 

0.00 

0. 70 

0. l!) 

0.01 

0.41 

0.7 I 

" T /O = treated/controls. T and C represent tumor weights in mg. for S1S0 and Ad755 and survival time in days for UI2I0. '• T 
— On and C — Cn represent -, of protein in treated and control systems in tests at a dose level of 100 -,/ml. ' Average of I wo tests. 
'' Average of three tests. ' Administered every other day instead of daily. •' Average of six tests. 

Experimental 
Melting points were determined with a Kofier Heizbank melt

ing point apparatus and are corrected. Infrared spectra were 
determined with samples in pressed potassium bromide disks and 
with a Perkin-Elmer Model 21 or221(! spectrophotometer. Ul
traviolet, spectra were determined with a Gary Model 14 recording 
spectrophotometer: extinction coefficients at absorption maxima 
are not reported for Y-YII because the maxima decreased with 
time and appeared to approach a constant value. 

Enamines.—The enamines were prepared by the method of 
Herr and Heyl12 from cyclohexanone, 2- and 4-methylcyclohex-
anones, and 4-acetoxycyclohexanone and a secondary amine 
(pyrrolidine, piperidine, morpholine, or N-methylaniline). 

3-(CarboxymethyI)glutarimide.—Methanetriaeetie acid2 ' ( 10 
g., 0.1 mole) and urea (6.7 g., 0.11 mole) were heated to 200° in an 
oil bath. The melt was heated with stirring until ammonia evo
lution ceased, cooled to 125°, and dissolved in water (100 mi.:. 
Cold, concentrated sulfuric acid ( 100 ml.) was added with stirring 

;2,j) V.. 1\ KoUer a n d (J. H. Keid, J. Am. Clam. Hoc, 47, 28(.« U'.)2.o. 

to the cold solution ( 0 7 which was then treated will) aqueous 
sodium nitrite (S.3 g., 0.12 mole, in 100 ml. of water) over a period 
of 1 hr. The solution was stirred overnight at room temperature, 
neutralized with sodium carbonate, and extracted continuously 
with ethyl acetate for 0 hr. Acidification of the aqueous phase 
(pH 3} and continuous extraction with ethyl acetate for 24 hr. 
produced the acid: yield, 10 g. (60%); in.p. 171-174°. One 
recrystallization from absolute ethanol or dioxane-chloroform 
afforded the pure acid, m.p. 175°; lit.13 m.p. 172-173°. 

3-Carboxyglutarimide was prepared by the procedure of 
Langis and Gaudry.15 

2-(Carboxymethyl)succinimide was prepared by a method dif
ferent from that reported.1,; 1,2,3-Propanetricarboxylic acid (75 
g., 0.43 mole) was added slowly with stirring to concentrated am
monium hydroxide (150 nil.) cooled in an ice-salt. bath. Evapo
ration of the solution produced a residue which was distilled in 
ru.ci.io. The brown distillate (53.5 g.) was dissolved in glacial 
acetic acid (TOO ml.) and the solution decolorized with charcoal. 
Crystallization was accomplished by the cautious addition of 
chloroform; vield. 2S.1 g. (42%); m.p. 148° (lit.'« m.p. 127 
12S7; v (fin. "M: 3430 (OHl: 3100, 30S0 ( XH j ; 17N0(iinide 

ru.ci.io
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C = 0 ) ; and 1715 sh, 1700, 1680 sh (COOH and imide C = 0 ) . 
Acid Chlorides. — 3 - [ (Chlorocarbonyl )methyl] glutarimide13 

( I l i a ) and 3-(chlorocarbonyl)glutarimide ( I l lb ) were prepared by 
refluxing the acid with excess thionyl chloride, adding benzene, 
cooling, collecting the crystalline product, and recrystallizing 
from benzene. 2-['Chlorocarbonyl)methyl]succinimide (IIIc) 
was prepared by refluxing the acid with excess thionyl chloride, 
evaporating the mixture to dryness in vacuo, allowing the dark 
residue to crystallize, and recrystallizing from benzene. 

3-[(Chlorocarbonyl )methyl] glutarimide had m.p. 140° (lit.13 

m.p. 129-130°): i (cm.^ l) : 3270, 3155 (NH); 1830(COC1); and 
1730 sh, 1695 (imide C = 0 ) . 

3-(Chlorocarbonyl)glutarimide had m.p. 118-119°. 
Anal. Calcd. for C6H6C1X03: C, 41.10; H, 3.44; CI, 20.2; 

X, 7.98. Found: C, 41.25; H, 3.46; CI, 20.1; X, 7.86. 
2-[(Chlorocarbonyl)methyl]succinimide had m.p. 75-78°. 
Anal. Calcd. for C6H6C1X03: C, 41.10: H, 3.44; CI, 20.2; 

N, 7.98. Found: C, 41.41; H, 3.63; CI, 19.8; X, 8.12. 
3- [(2-Oxocyclohexylcarbonyl)methyl]glutarimide (Va).—To a 

cold (12°) solution of 1-piperidinocyclohexene (4.8 g., 29 mmoles) 
and dry triethylamine (5 ml., 36 mmoles) in dry dioxane (50 ml.) 
was added dropwise with stirring a solution of 3-[(chlorocarbonyl)-
methyl] glutarimide (5 g., 26.5 mmoles) in dry dioxane (75 ml.). 
After the addition, the bath temperature was raised to 40° and 
kept at that temperature for 1 hr. The mixture was stirred 
overnight at room temperature and evaporated (in vacuo) to a 
sirup. Hydrolysis of the sirup was effected by codistillation in 
vacuo with three 75-ml. portions of water. The residue was tri
turated in four 10-ml. portions of water, collected by nitration, 
and dried in vacuo; yield, 5.2 g. (78%); m.p. 133°. Evaporation 
of the trituration filtrate produced a residue from which an addi
tional 15% of the pj-diketone was extracted with benzene. The 
two crops were combined and crystallized from ethanol-benzene 
(4:1); yield, 4.34 g. (66%); m.p. 147°. Recrystallization from 
water gave a product with a melting point of 152° that appears to 
be the keto form according to its infrared spectrum. 

Anal. Calcd. for C13F£nX03: C, 62.14; H, 6.82; X, 5.57. 
Found: C, 62.34; H, 6.56; X, 5.33. 

Recrystallization from eyelohexane-ethanol produced a solid 
melting at 139° that appears to be predominantly the enol form 
according to its infrared spectrum; Xmax (mji): in ethanol, 291; 
at pH 1,295; at pH 7, 295; and at pH 13, 316.5. 

Anal. Found: C, 61.89; H, 6.77; X, 5.57. 
Another experiment, analogous to the preparation of Va except 

that addition of I l i a was made at 35-40° and hydrolysis was con
ducted in 4.8 N hydrochloric acid at 0°, gave a 51%. yield of the 
XT-acylation product, 3- [(piperidinocarbonyl )methyl ] glutarimide 
(VIII), and no /3-diketone. It was purified by crystallization 
from ethanol-hexane followed by crystallization from benzene-
hexane, m.p. 138-140°. 

Anal. Calcd. for C12H18X,03: C, 60.48; H, 7.61; X, 11.76. 
Found: C, 60.59; H, 7.56; X, 12.07. 

Compound VIII was isolated similarly during the attempted 
preparation of Yb and Ye in experiments in which the addition 
of I l i a was made at 35-45°. 

3- [(5-Methyl-2-oxocyclohexylcarbonyl)methyl] glutarimide 
(Vb).—4-Methyl-l-piperidinocyclohexene (10.7 g., 60 mmoles), 
triethylamine (10 ml., 71.5 mmoles), and 3-[(chlorocarbonyl)-
methyl] glutarimide (10.5 g., 55 mmoles) in dioxane gave Yb by a 
procedure analogous to that used in the preparation of Va. Ex
traction of the residue from the hydrolysis step with ether and 
evaporation of the ether gave 9.5 g. of crude product which was 
crystallized from ethanol-benzene (4:1); yield, 4.5 g. (31%); 
m.p. 160°; Xmox (mM): at pH 1, 294; at pH 7, 294; and at pH 
13, 313. 

Anal. Calcd. for C„H19X()4: C, 63.38; H, 7.22; X, 5.28. 
Found: C, 63.18; H, 7.31; X, 5.52. 

3- [(5-Acetoxy-2-oxocyclohexylcarbonyl)methyl] glutarimide 
(Vc).—Compound Vc was obtained from 4-acetoxy-l-piperidino-
cyclohexene (2.68 g., 12 mmoles), triethylamine (1.8 ml., 13 
mmoles), and 3-[(chlorocarbonyl)methyl]glutarimide (1.89 g., 
10 mmoles) in dioxane by a procedure analogous to that used in 
the preparation of Va except that hydrolysis was accomplished 
by stirring the sirupy reaction residue with 10%, hydrochloric acid 
(28 ml.) at 0° for 30 min. and at room temperature for 3 hr. The 
crystalline product was collected by filtration and recrystallized 
from benzene-hexane and again from benzene; yield, 0.65 g. 
(22%); m.p. 147-150°. An analytical sample was obtained by 
another recrystallization from benzene; m.p. 147-148°; Xmax 

(mM): methanol, 290; at pH 1, 295; at pH 7, 295; and at pH 13, 
314. 

Anal. Calcd. for C15H19N06: C, 58.24; H, 6.19; X, 4.53. 
Found: C, 58.08; H, 6.07; X, 4.74. 

3- [(3-Methyl-2-oxocyclohexylcarbonyl )methyl] glutarimide11" 
(Vd).—Compound Vd was obtained from 6-methyl-l-(l-pyrroli-
dinyl)cyclohexene (3.6 g., 22 mmoles), triethylamine (3.5 ml., 25 
mmoles), and 3-[(chlorocarbonyl)methyl]glutarimide (3.8 g., 20 
mmoles) in dioxane by a procedure analogous to that used in the 
preparation of Ya. The product crystallized from aqueous solu
tion during the hydrolysis step; yield, 1.3 g. (25%). Extraction 
of the aqueous filtrate with ether afforded an additional 0.4 g. of 
crude product. The two portions were combined and crystallized 
from ethanol-water; yield, 1.1 g.; m.p. 131°; Xmax(m/j): p H l , 
296; p H 7 , 296; pH 13,316.5. 

Anal. Calcd. for C14H19X04: C, 63.38; H, 7.22; X, 5.28. 
Found: C, 63.17; H, 7.32; X, 5.38. 

3-(2-Oxocyclohexylcarbonyl)glutarimide (Via).—3-(Chloro-
carbonyl)glutarimide (2.8 g., 16 mmoles) and 1-piperidinocyclo
hexene (2.8 g., 17 mmoles) were mixed at room temperature and 
treated immediately with dry dimethylformamide (20 ml.). 
Triethylamine (5 ml.) was added dropwise with stirring in 30 min. 
at room temperature in a nitrogen atmosphere. Stirring was 
continued for 1 hr. after the amine addition, and the mixture was 
stoppered and allowed to stand overnight at room temperature. 
Evaporation of the reaction mixture in vacuo with mild heating 
produced a sirup which was hydrolyzed at 0° with 6 N hydro
chloric acid. The (3-diketone was obtained by extraction of the 
aqueous system with three 50-ml. portions of ether, neutralization 
of the aqueous layer, extraction with three 50-ml. portions 
of ether, then with ethyl acetate (50 ml.), evaporation of the ethyl 
acetate and the combined ether extracts separately, and 
trituration of the two residues in ethanol. From the ether 
extract was obtained 375 mg. of crude product, from the ethyl 
acetate extract, 210 mg. Crystallization of the crude product 
from ethanol gave 400 mg. (10%) of solid, m.p. 170-173°. The 
analytical sample was obtained by crystallization (charcoal 
decolorization) from ethanol, m.p. 175°, XJ;',°H 295 mu. 

Anal. Calcd. for C12H15XG4: C, 60.77; H, 6.38; X, 5.90. 
Found: C, 60.71; H, 6.25; X, 5.88. 

Another experiment, analogous to the preparation of Yla ex
cept that the reaction mixture was stirred for 3.5 hr. at room 
temperature after the triethylamine addition and allowed to 
stand 5 hr. instead of overnight, gave a different product. After 
removal of the volatile components in vacuo, the mixture was 
poured into water and stirred for 5 min. A solid (3.1 g.) was 
collected by filtration and was purified by washing with hot 
ethanol and crystallizing from ethanol-dimethylformamide, and 
then from ethanol. Analyses of the product (m.p. 220° with 
decomposition) were consistent with structure IX. 

Anal. Calcd. for IX (C23H29X306): C, 62.30; H, 6.58; X, 
9.46. Found: C, 62.04; H, 6.67; X, 9.40. 

3-(5-Methyl-2-oxocyclohexylcarbonyl)glutarimide (VIb) was 
obtained from 4-methyl-l-piperidinocyclohexene (3.1 g., 17 
mmoles), 3-(chlorocarbonyl)glutarimide (2.8 g., 16 mmoles), 
and triethylamine (5 ml.) in dimethylformamide by a procedure 
analogous to that used in the preparation of Yla. The crude 
product, obtained by trituration of the ether and the ethyl ace
tate extract residues in ethanol, was crystallized from ethanol; 
yield, 520 mg. (13%); m.p. 178°: Xmax(mM): a t p H l , 2 9 8 ; a t p H 
7, 299; a n d a t p H 13, 319. 

Anal. Calcd. for dsHnXCX: C, 62.13; H, 6.82; X, 5.58. 
Found: C, 62.14; H, 6.89; X, 5.58. 

In a related, large-scale experiment, treatment of the acid 
chloride in dimethylformamide with the enamine in dimethyl
formamide followed by adding triethylamine, stirring 4 days at 
room temperature, evaporating the mixture to a sirup, and 
triturating in 3 .Y hydrochloric acid, gave a solid which was 
washed with hot ethanol and purified by crystallization from di-
methylformamide-ether. Analyses of the product (m.p. 229-
232° dec.) were consistent with structure X. 

Anal. Calcd. for X (C19H22N207): C, 58.45; H, 5.68; X, 7.18. 
Found: C, 57.88; H, 5.56; X, 7.26. 

The yield, based on structure X, was 24%. In addition, a 
12% yield of Ylb was isolated from the hydrochloric acid tri tura
tion filtrate. 

3-(5-Acetoxy-2-oxocyclohexylcarbonyl)glutarimide (Vic) was 
obtained from 4-aeetoxy-l-piperidinocyclohexene (3.8 g., 17 
mmoles), 3-(chlorocarbonyl)glutarimide (2.8 g., 16 mmoles), and 
triethylamine (5 ml.) in dimethylformamide by a procedure 
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analogous to that, used in the preparation of A'la. Crude product 
was obtained only from the ether extract residue upon trituration 
methanol : yield, 130 mg. ('.i% ); in.p. 134-135°. The analytical 
sample was obtained by two crystallizations from ethanol, the 
second time with charcoal decolorization: vield, .55 mg.: m.p. 
136-137°: X™H 292 nu<. 

Anal. Calcd. for C R H , - X O « : (', 56.95; H, 5.SI: X, 4.73. 
Found: 0 ,56.SI; H, 5.7S; X, 4.70. 

3-(3-Methyl-2-oxocyclohexylcarbonyl)glutarimide (VId) was 
obtained from 6-meth\d-l-(l-pyrrolidinyl)cyclohe.\ene (2.5 g., 15.1 
mmoles), 3-(chlorocarbonyl)glutarimide (2.5 g., 14.2 mmoles), 
and triethylamine (5 ml.) in dimethylformamide by a procedure 
analogous to that used in the preparation of A'la. Crude product 
(310 mg., S<; ) was obtained from the ether extract residue. 
Trituration of the ethyl acetate extract residue failed to yield a 
precipitate. The analytical sample was obtained by crystal
lization first from ethanol, and then from elhanol-hexane (4:1 i: 
yield, (10 mg.; m.p. 157°; Xf;,!™ 297 mM. 

Anal. Calcd. for C13H17X"04: C, (52.13: H, 0.82: X, 5.5V 
Found: 0 , 62.1(5: H, 6.73; X, 5.45. 

2-[(2-Oxocyclohexylcarbonyl)methyl]succinimide (Vila) was 
obtained from 1-piperidinocyclohexene (2.S7 g., 17.4 mmoles), 
triethylamine (2.75 ml., 19.8 mmoles), and 2-[(chlorocarbonyl)-
methyl]succinimide (2.77 g., 15.S mmoles) by a procedure analo
gous to that used in the preparation of A'a except that chloroform 
was used as solvent in place of dioxane. The hydrolysis was ef
fected by treatment of the reaction residue with 3 .V hydrochloric 
acid. Kxtraction of the aqueous solution with chloroform gave a 
brown oil which was redissolved in chloroform. The chloroform 
solution was extracted with four 10-ml. portions of 5 r

( aqueous 
sodium hydroxide at 0°, and the combined extracts were acidified 
at 0° and extracted with four 10-ml. portions of chloroform. 
Kvaporation of the chloroform left a sirup which crystallized on 
long standing. Crystallization from ethanol-hexane gave 103 
mg. (3','i ) of solid, m.p. 110-121°. Kecrystallization from 
ethanol-hexane raised the melting point to 123-125°. An ana
lytical sample was obtained by another crystallization from 
elhanol-hexane; yield, 39 mg. ( 1 ' ; .): m.p. 129-130°. 

Anal. Calcd. for C,>Hi.,X().,: 0 , 60.75: H, 6.37: X, 5.90. 
Found: C, 60.48; H, 6.31; X, 5.75. 

2-[(5-Methyl-2-oxocyclohexylcarbonyl)methyl!succinimide 
(Vllb).—2-[(Chlorocarbonyl)methyl]succinimide (45.2 g., 0.25S 
mole) in dry tetrahydrofuran (150 ml.) was added rapidly with 
stirring to 4-methyl-l-(X-methylanilino)cyclohexene (56 g., 
0.280 mole) in dry tetrahydrofuran (250 ml.) cooled in an ice 
bath. The mixture was refiuxed for 10 ruin., and triethylamine 
( 19.2 ml., 0.28 mole) in tetrahydrofuran (100 ml.) was added drop-
wise at reflux in 10 min. Hefluxing was continued for 30 min., 
and the mixture was stirred overnight at room temperature in a 
nitrogen atmosphere. Evaporation of the reaction mixture in 

Intense interest in p-phenylalanine mustard2 {p-
sarcolysin,2 I) in recent years as an anticancer drug has 
led to the preparation and study of various analogs 
and derivatives, in a search for enhanced anticancer 

11) Th i s work was carr ied out u n d e r ttie auspices of t he Cance r C h e m o 
t h e r a p y N a t i o n a l Service Cen te r , N a t i o n a l Cance r In s t i t u t e , Na t iona l 
I n s t i t u t e s of H e a l t h , Public Hea l th Service. C o n t r a c t No. PH43-B4-500 . 
T h e opin ions expressed in tiiis pape r are those of the a u t h o r s and not neces
sari ly those of the Cance r C h e m o t h e r a p y Na t iona l Service O u t e r . 

(2) For b ib l iography and screening da t a , see Cancer Chemolli<:r<ip!/ h'l pi., 
6, (il (l!)(i0). 

rariio produced a sirup which was stirred for 2 hr. with 10' <. acetic 
acid (1100 ml.). The solid phase was collected by filtration and 
dried in vacuo: yield, 11.1 g.: m.p. 138-140°. llefrigerating and 
scraping the gum adhering to the sides of the container gave more 
crude product which was crystallized from ethanol (5.9 g., m.p. 
140-142°!. The two crops were combined and crystallized twice 
from ethanol (charcoal decolorization): yield, 11.7 g. ( lH r<j; 
m.p. 140-141°: \,miK (m,u): in ethanol, 288; at pH 1,290: at pH 7, 
290; and at pH 13, 313. 

Anal. Calcd. for C U H I T X O . , : ("', 62.14: H, 6.S2; X, 5.5s. 
Found: C, 61.92; H, 6.62: X, 5.57. 

2- [(5- Acetoxy-2-oxocyclohexylcarbonyl jmethyl | succini m id e 
(VIIc).—2-)(Ohlorocarbonyl)methyl|succinimide (8.75 g., 0.05 
mole) in dry dimethylformamide (100 ml.) was treated dropwisc 
with stirring in a nitrogen atmosphere at room temperature with 
4-acetoxy-l-niorpholmocyclohexene (10.7 g., 0.045 molei in dry 
dimethylformamide (50 ml.) in 30 min., and the solution was 
stirred 4 days at room temperature in a nitrogen atmosphere. 
Kvaporation of the dimethylformamide in vacuo gave a sirup 
which was treated with water (50 ml.) and then with ,V sodium 
hydroxide to pH 5. The solution was extracted continuously 
with ether for 8 hr., and the extract was evaporated to dryness. 
Crystallization of the residue from ethanol gave a solid (410 
mg.), m.p. ISO 182°. A second crop (710 mg.) melted at 146 -
149°, and a third crop (500 mg.) at 138 443°. The second and 
third crops were combined and crystallized twice from ethanol: 
yield, 420 mg. i.'!' , ); m.p. 155-157°. 

Anal. Calcd. for C,4H|TXOB: X, 4.73. Found: X, 4.71. 
Crystallization of a small amount of the low-melting form from 

ethanol by seeding with the high-melting form gave the high-
melting form. Recrystallization of the first crop (410 mg.) from 
ethanol produced an analytical sample; vield, 270 mg. (2 r , ' i ; 
m.p. 182-183°: X̂ '!™ 287 m,u. 

Anal. Calcd. for C:,H„XO,-,: C, 56.95: H, 5.81: X, 4.73. 
Found: C, 56.85: H, 5.66: X, 4.73. 
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properties. Among these derivatives were various oli
gopeptides,3 ~b of up to five amino acid units. This 
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The X-carboxyanhydride ( I I I ) of DL-p-phenylalanine mustard ( l j was obtained, via I II hydrochloride, from 
the amino acid I and phosgene, and was converted to two honiopolymers (V) of differing molecular weights. The 
X-carboxyanhydride (IV) of 7-benzyl-L-glutamate and III reacted to form a copolymer VI, which was debenzyl-
ated with hydrogen bromide to form VII. 


