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Analogs (V-VII) of the ghitarimide antibiotics have been synthesized by the neylation of enmnines of eyelo-

hexanone, 2- and 4-methylevelohexanone, and 4-acetoxyeyelohexanone

with  3-1(c¢hloroearbonyhmethyl}-

glutarimide (IIIa), 3-(chlorocarbonyliglutarimide (IIIb), and 2-[(chlbrocarbonybmethyl]suceinimide (IIle)
in the presence of triethylamine. The infrared spectra of V-V1I indicate that the analogs exist predominantly in

the enol form.

Three »f the analogs showed cytotoxic activity at a concentration of 100 v/mlk

against Lagle's

IXB cells, but none of the compounds displayed any significant reproducible activity in tests in the Sarcoma S0

and Adenocarcinoma 755 tumor systems.

The struetures of eyeloheximide? (I, R = H), E-735¢
(an antitumor substance from Streptomyces albulus, 1,
R = OCOCH,). streptovitacin A* (I, R = OH), strep-
timidone,? inactone,® and the other streptovitacins?
have glutarimide and g-ketol moieties, and the first
three of these glutarimide antibiotics are reported to
inhibit the growth of experiimental neoplasms.”  Of addi-
tional significance to cancer chemotherapy is the in-
hibitory action of cyclcheximide on deoxyribonucleic
acid and protein synthesis in certain tumor ecell lines.$
These biological results indicated that analogs of the
glutarimide antibioties may ecxert antitumor effects.
We have synthesized three groups of glutarimide anti-
biotic analogs i1 which the 3-ketol grouping is replaced
by the g-diketone group of dehydro derivatives such as
dehydrocyeloheximide? (IT).  The first group (V) con-
sists of derivatives in which the degree of substitution
of the eyelohexanone ring of eycloheximide and E-73
has been varied.  Among the compounds of the second
group (VI), these struetural variations are combined
with a shortening of the side chain by eliniination of the
nethylene group, and i the third group (VII), the
structural variations of the eyelohexanone group are
ccimbined with the replacement of the glutarimide ring
by the suecinimide ring.

The g-diketone analogs (V-VII) were synthesized by
the modified® enamine acylation niethod of Stork, ef
al.,™ from an appropriately substituted enamine (IV)
and a carboxylic acid chloride (II1} in the presence of
tricthylamine.’* The enamines were prepured by the
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method of Herr and Heyl.'?  3-(CarboxyinethyDglu-
tarimide!® was prepared by a modification of the method
of Lawes': the fusion of methanetriacetic acid with
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urea gave a misture of 3-(carboxymethylyglutarimide
and its amide, and treatiment of the mixture with cold
nitrous acid gave a 609 yield of 3-(carboxymethyl)-
glutarimide. 3-Carboxyglutarimide!s was prepared in
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accordance with the reported procedure from citrazinic
acid, and 2-(carboxymethyl)succinimide’® 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 g-diketones were generally below 309,
except in the case of Va which was obtained in 939,
yvield. N-Alkylation, N-arylation, and diacylation
reactions of enamines are known, %9518 4nd products
of the analogous N-acylation and of diaeylation were
isolated during the preparation of several of the -
diketones. 3-[(Piperidinocarbonyl)methyl Jglutarimide
(VIII) was isolated during certain atten:pts to prepare
Va,b,e, 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 ci.~! indicative of ester
carbonyl absorption. Stork, ef al.,'%2 noted that alkyla-
tion of 2-methyleyclohexanone enamine occurred more
sluggishly than alkylation of the unsubstituted cyeclo-
lexanone derivative under identical reaction condi-
tions, and Williamson?® has suggested that this resist-
ance to alliylation was due in part to the steric effects
of the 2-alkyl substituent. Schaeffer and Jain!!s have
suggested that low yields result from the acylation of
enamines substituted in the 6-position of the eyclo-
hexene inoiety beeause the enamine is a mixture of iso-
mers in which the double bond is at C-1-C-6 o1 C-1-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 yiclds of V-VII.

0
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The infrared spectra of samples of V-VII that were
obtained by ecrystallization 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.—!.2
This suggestion is consistent with the observations of

(18) F. B, Thole and J. F. Thorpe, J. Chem. Soc., 99, 1688 (1911).

t17) (a) 8. Hinig and I, Liicke, Chem. Ber., 93, 652 (1959); (b) 8. Hiuig
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Johi Wiley awl Sons, Ine.,, New York, N. Y., 1958, pp. 142-143; (b) R. D.
Campbell and 1. M. Gilow, J. Am. Chem. Soc., 83, 5426 (1U60); 84, 1440
(1962).
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Johnson, Gurowitz, and Starkovsky?! who isolated g-
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. ' range in the spectra of Vb,d and VI a,b,d and as
two bands in the 1560-1620 cm.—! range in the spectra
of Ve, VIe, and the three succinimide derivatives
VIIa,b,e. Theenol band of Va was present as an incom-
pletely resolved doublet at 1590-1620 em.—!. Ham-
mond, et al.,?? suggested that absorption by g-diketones
in the 1120-1230 em. ! range was perhaps attributable
to C-H bending of the hydrogen on the methine carbon
in the enol system, and V-VIT exhibited a sharp band
of medium intensity at 1140-1190 cin.~%  In addition
to the enol absorption, V displayed an incompletely
resolved triplet within the limits of 1675-1730 cn.—!,
VI absorbed at 1680-1690 cim.~! and at 1730-1740
cin.”!, and VII exhibited bands at 1700-1710 cni.—!
and at 1765-1770 cm.—!.  VIe showed a band at 1710
cni.~! which was absent in VIa,b,d, and VIIe displayed
a band at 1725 eni.~! 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 Ve because of
the triplet at 1675-1730 em. L

After crystallization of Va from water, its spectrum
showed 1o band in the 1560-1630 cm.~! range, indi-
cating its conversion to the keto form.?22¢  However,
the sharp band at 1140 em.~! remained. The predoin-
inantly enol forny, obtained by crystallization from
cyclohexane—-ethanol, gave an iimmediate ferrie chloride
test, whereas the keto forn gave a positive test only
after a dela

Proch = Qpoh

keto form enol form

Compounds Vd, VId, and VIIb displayed eytotoxic
activity at a concentration of 100 v/ml. against Eagle’s
KB cells; cell growth in these tests was less than 509 of
the growth of the controls. Except VIIa, the dehvdro-
eycloheximide analogs have been screened in the
Sarcoma 180 system and, except Ve and VIla, in the
Adenocarcinoma 755 systen. Most of the analogs
(Va,b, VIb,e,d, and VIIb,c) have also been tested in the
Leukeiia L1210 systen..  None of the compounds dis-
played any significant reproducible activity in these
tests. The results are listed in Table I?* along with re-
sults for eycloheximide (I, R = H) and dehydrocyelo-
heximide (II).

(21) F. Johusou, W. D. Garowitz, and N, A. Starkovsky, I'cfirahedron
Letters, 1167 (1962).
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Nee, for example, 0. Dimroth, dnn., 399, 41 (1913); E. M. IKosower, .J.
Am. Chem. Soc., 80, 3267 (1958).

(24} Tawor and tissue culture test data were obtaiuned by Tle Chemo-
therapy Division of Southern Researcl Institute under tlhe direction of Drs.
I". M. Schabel, Jr., W. R. Laster, and G. J. Dixon,
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TasLn 1

Traor axp Cyroroxterry Fesy Dara

Posage,

Compoaud Tamor mg.c ke olay Mortality
Vi SIS0 H00 0/6
Ad755 450 L/4
1.1210 450 0/6
b S1R0 500 070
450 1/10
450 2/10
450 1/6
Ve 500 0/0
Vi 500 276
500 146
450 0/10
Via 500 (N
Ad7HH 450 14
Ad7H5 350 2/10
Vb R180 500 0
N180 250 0/06
Ad7ras 450 0/10
L1210 150 0/6
Vie =180 500 0/6
Ad755 400 0/10
11210 400 0/5
\VId =180 H00 0/6
Ad7H5 100 1710
11210 400 0/06
Vila
\'Hb SING 500 046
Ad7a5 500 1/10
1.1210 500 0/6
Vile SN0 500 /6
Ad755 500 3710
L1210 500 0/6
H SN0 300 3/6
=180 500 146
SIS0 200 2/6
RIX0 250 046
Ad7H5 125 4410
AdTH5 125 0/10
AdrHa 62 010
PR = H; S1NO 24 1710
Adras S0 2420
Ad755 345 5730
Adrsh 17.25 0/30
112100 3y 0/36

+'T/C = (reated/controls.

— Cyand C — Cyrepresent + of protein in treated and control systems in tests at a dose level of 100 - /mk
“ Administered every other day instead of daily.

Y Average of threc tests.

Experimental

Melting points were determined with a Kotler Heizbank meli-
ing point apparatus and are corrected. Infrared spectra were
determined with sainples in pressed potassium bromide disks and
with @ Perkin-Eler Model 21 or 2210 spectrophotometer.  Ul-
traviolet spectra were determined with a Cary Model 14 recording
spectrophotometer: extinetion coefiielents at absorption maxima
are not reported for V-VII because (he niaxima decreased with
time and appeared to approach a constant vahe.

Enamines.—The enamines were prepared by the method of
Herr and Heyl'? from eyelohexanone, 2- and 4-methyleyclohex-
anones, and 4-ncetoxyeyclohexanone and n secondary amine
(pyrrolidine, piperidine, morpholine, or N-methylaniline).

3-(Carboxymethyl)glutarimide.—Methunetriacetic acid? (19
g., U.1mole) and urea (6.7 g., 0.11 mole) were heated to 200° in an
»il bath.  The melt was heated with stirring until ammenia evn-
hriion ceased, cooled to 125°, and dissolved in water (100 ml. .
Cold, conecentrinted sulfurie seid ¢ 100 mb ) was ndded with stirring

25) Lo P Wahley wnd G, 11 Redd, J. Awie Chom, Sue., 47, 2803 (1923).

i
CATaGNIey
daca
Joagle's
W ehurge, w0, K13 cet} hine
tesC coutrol T ¢ Ratia, *; T oo Co = O
—0.4/+1.5 1014/870 1y 074
~1.9/42.5 950 /808 LIS
+0.0/-01 NGy 90
—~0.6/+1.5 11247870 124 .30
4+ 105425 15,/ 808 149
+1.0/42.4 12495 /1086 1149
+0.5/=0.1 0.4/9.7 a7
—0.53/4+1.06 AN/ 644 U= .64
— L. t/=1.1 SONSTLED 3 —0.02
—1.0/40.0 (3237952 55
+ 1 9,22 6L 1192 N¢)
—0. 0403 130,/5%3 ) 0. 54
+2.7/ 42 1O 10806 100
Rl I VA o NGO/ 1400 62
+1.8/40.3 164671134 144 0.64
0.4/ -1.4 NNRANGYO 102
1 45420 12047083 (B
+0. 1/=0.1 ) ‘NN Ot
— 1.5/ —=1.0 15706/ 1474 106 0.50
+ 1 T/ +202 1501/ IR 127
—-0.4/~1.1 N 9704 S0
—1.2/-0.1 G049/ 1076 a6 0. 19
0. 35420 1093 /9533 11l
+0.4/4+0.5 N.OFSD (4
0.6l
—0.7/4+0.8 157271984 (W (.41
L1204+ 1.0 LINTH 107
—0.5/+0.2 9.0/9.0 100
—~0.5/40.8 1610/ 1380 115 0.7l
+2 174200 G767/ 11062 S8
-1.0,=0.06 Ty/NG NG
—2.0/+0.1 465/ 1168 B
~1.0i4+1.0 70541130 oY
— 1.0/ 1.0 1170,/1930 Gl
—2.3/-0.3 542/502 67
+0.6/+0.4 1075/021 116
+2.0/424 407117 DN
-1 2042 4 103 /8847 10
— 1. 0/4 1.4 161 /12679 12
B R I X TR/ 1267 AN
PLogss 47 e

T and Crepresent tumor weights inmg. for 3180 and Ad755 and survival time i days tor Li2io. * T

< Average of 1wa lests.
I Average of six tests,

vy the cold sohttion 1077 which was then (reated wirh aquenus
sodiui nitrite (8.3 g., 0. 12 male, in 100 ml. of waier} over a perind
of Fhr. "The sohrtion was stirred overnight at room 1emperature,
neutralized with sodium carbonate, and extracted continuously
with ethyl ncetate for 6 hr.  Acidification of the nqueous phase
(pH 37 and contimious extraction with ethyl acetate for 24 hr.
produced the acid: vield, 10 g. (60¢%): m.p. 171-174°.  Une
recrystatlization from absolute ethanol or dioxane-chloroforn
afforded the pure neid, nmp. 175°; Lt m.p. 172-173°.

3-Carboxyglutarimide was prepared by the procedure of
[ angis and Gaudry.’”

2-(Carboxymethy!)succinimide was prepared by a methad hf-
ferent from that reported.” 1,2, 3-Propanetricarboxylic acid (75
g., 0.43 mole) was added slowly with stirring to concentrated mn-
monium hyvdroxide £ 150 ml.) cooled inn an ice-salt bath,  Evapn-
rition of the solution produced a residue which was distilled /n
racug.  The brown distillate (53.5 g.) was dissolved in glacial
acete e (100 mb i :aid the sohition decolorized with chareant.
Crystallization was arcomplished by the eautions addition of
chloroform; vield, 251 g (4200)0 m.p. 148° (Be.% . 127
1285 A0 (O 3100, 3080 (NH o 1780 (hinide

Bolem, e


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]glutarimidet?
(I11a) and 3-(chlorocarbonyl)glutarimide (I1Ib) were prepared by
refluxing the acid with excess thiony! 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 sacuo, allowing the dark
residue to crystallize, and recrystallizing from benzene,

3-[(Chlorocarbony!)methyl]glutarimide had m.p. 140° (lit.!?
m.p. 120-130°); & (c¢m.™Y): 3270, 3155 (NH); 1830 (COCI); and
1730 sh, 1695 (imide C=0).

3-(Chlorocarbony!)glutarimide had m.p. 118-119°.

Anal. Caled. for CeHCINO;: C, 41.10; H, 3.44; Cl, 20.2;
N, 7.98. Found: C, 41.25; H, 3.46; Cl, 20.1; X\, 7.86.

2-[(Chlorocarbony!)methyl]succinimide had m.p. 75-78°.

Anal.  Caled. for CiHCINO,: C, 41.10: H, 3.44; Cl, 20.2;
N, 7.98. Found: C, 41.41; H, 3.63; Cl, 19.8; N, 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 inmoles) 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 niixture was stirred
overnight at room temperature and evaporated (in zacuo) to a
sirup. Hydrolysis of the sirup was effected by codistillation n
racuo with three 75-ml portions of water. The residue was tri-
turated in four 10-ml. portions of water, collected by filtration,
and dried n vacuo, yield, 5.2 g. (789 ); m.p. 133°. Evaporation
of the trituration filtrate produced a residue from which an addi-
tional 159 of the 3-diketone was extracted with benzene. The
two crops were combined and c¢rystallized from ethanol-benzene
(4:1); vield, 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. Caled. for C,;HyNO;: C, 62.14; H, 6.82; N, 5.57.
Found: C, 62.34; H, 6.36; N, 5.33.

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

Anal. Found: C, 61.89; H, 6.77; N, 5.57.

Another experiment, analogous to the preparation of Va except
that addition of I11a was made at 35-40° and hydrolysis was con-
ducted in 4.8 ' hydrochloric acid at 0°, gave a 519 yield of the
N-acylation product, 3-[(piperidinocarbonyl)methy!]glutarimide
(VII), and no B-diketone. It was purified by crystallization
from ethanol-hexane followed by crystallization from benzene-
hexane, m.p. 138-140°.

Anal. Caled. for CyaHysNa2Os: C, 60.48; H, 7.61; N\, 11.76.
Found: C, 60.59; H, 7.56; N, 12.07.

Compound VIII was isolated similarly during the attempted
preparation of Vb and Ve in experiments in which the addition
of IT1a was made at 35-45°.

3-[(5-Methyl-2-0x0cyclohexylecarbonyl)methyl] glutarimide
(Vb).—4-\Methyl-1-piperidinocyclohexene (10.7 g., 60 mmoles),
triethylamine (10 ml, 71.5 mmoles), and 3-{(chlorocarbonyl)-
methyl]glutarimide (10.5 g., 53 mmoles) in dioxane gave Vb by a
procedure analogous to that used in the preparation of Va. Kx-
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); vield, 4.5 g. (31%);
m.p. 160°; Amax (mpu): at pH 1, 294, at pH 7, 294; and at pH
13, 313.

Anal. Caled. for CuH,,2NOy: C, 63.38; H, 7.22; N, 5.28

Found: C, 63.18; H, 7.31; N, 5.52.
3-[(5-Acetoxy-2-oxocyclohexylcarbonyl ) methyl]glutarimide
(Ve).—Compound V¢ was obtained from 4-acetoxy-1-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 109, 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°; Apax

ANTINEOPLASTIC AGENTS,

XXXIII 649

(mp): in ethanol, 290; at pH 1, 295; atpH 7, 295; and at pH 13,
314.

Anal. Caled. for C;H,gNOs: C, 538.24; H, 6.19; N, 4.53.

Found: C, 58.08; H, 6.07; N, 4.74.

3-[(3-Methyl-2-0xocyclohexylcarbony! )methyl]glutarimide*
(Vd).—Compound Vd was obtained from 6-methyl-1-(1-pyrroli-
dinyl)cyclohexene (3.6 g., 22 mmoles), triethylamine (3.5 ml., 25
mmoles), and 3-{(chlorocarbonyl)methyljglutarimide (3.8 g., 20
mmoles) in dioxane by a procedure analogous to that used in the
preparation of Va. 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; vield, 1.1 g.; m.p. 131°; Apax (mp): pH 1,
296; pH 7, 296; pH 13, 316.5.

Anal. Caled. for C.HioNOy: C, 63.38; H, 7.22; N, 5.28.

Found: C, 63.17; H, 7.32; N\, 5.38.
3-(2-Oxocyclohexylcarbony!)glutarimide (VIa).—3-(Chloro-
carbonyl)glutarimide (2.8 g., 16 mmoles) and 1-piperidinocyclo-
hexene (2.8 g., 17 mmoles) were niixed at room temperature and
treated inimediately with dry dimethylformamide (20 ml.).
Triethylamine (5 nil.) was added dropwise with stirring in 30 niin.
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 »acio with mild heating
produced a sirup which was hydrolyzed at 0° with 6 N hydro-
chloric acid. The g-diketone was obtained by extraction of the
aqueous system with three 50-nl. portious 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. (109) of solid, ni.p. 170-173°. The
analytical sample was obtained by crystallization (charcoal
decolorization) from ethanol, m.p. 175°%, A20% 295 mu.

Anal. Caled. for CHi:NOs: C, 60.77; H, 6.38; N, 5.90.
Found: C, 60.71; H, 6.25; N\, 5.88.

Another experiment, analogous to the preparation of VIa 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 vacwo, 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 (mn.p. 220° with
deconiposition) were consistent with structure IX.

Anal. Caled. for IX (CuHaoN;0s): C, 62.30; H, 6.58; N\,
9.46. Found: C, 62.04; H, 6.67; N, 9.40.

3-(5-Methyl-2-0xocyclohexylcarbonyl)glutarimide (VIb) was
obtained from 4-methyl-1-piperidinoeyclohexene (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 VIa. The crude
product, obtained by trituration of the ether and the ethvl ace-
tate extract residues in ethanol, was crystallized from ethanol;
vield, 520 mg. (13%,); m.p. 178°; Ayax (mu): atpH 1, 298; atpH
7, 299; and at pH 13, 319.

Anal. Calcd. for CsHisNOy: C, 62.13; H, 6.82;
Found: C, 62.14; H, 6.89; N, 5.38.

In a related, large-scale experiment, treatment of the acid
chloride in dimethylformamide with the enamine in dimethyl-
formamide followed by adding triethvlamine, stirring 4 days at
room temperature, evaporating the mixture to a sirup, and
triturating in 3 .V 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. Caled. for X (CidH2N,O5): C, 38.45; H, 5.68; N, 7.18.
Found: C, 57.88; H, 5.56; N, 7.26.

The yield, based on structure X, was 24%. In addition, a
129, vield of VIb was isolated from the hydrochloric acid tritura-
tion filtrate.

3-(5-Acetoxy-2-oxocyclohexylcarbony!)glutarimide (VIe) was
obtained from 4-acetoxy-l-piperidinocyclohexene (3.8 g., 17
mmoles), 3-(chlorocarbonyl)glutarimide (2.8 g., 16 mmoles), and
triethylamine (5 ml.) in dimethylformamide by a procedure

N, 3.58.
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analogous to that used in the preparation of VIa.  Crude produet
was obtained only front the ether extract residile upon trituration
in ethanol; yield, 130 mg. (39); m.p. 134-135°. Theanalytical
sample was obtained by two crystallizations from ethanol, the
second time with charcoal decolorization: wvield, 55 mg.: m.p.
130-137°: AR 290 1y,
Anal, Caled. for CiHpENOg: O, 56.95;
Found: C, 56.81: H, 5.78: X, 4.70.
3-(3-Methyl-2-oxocyclohexylcarbonyl )glutarimide (VId) was
obtained from 6-methyl-1-(1-pyrrolidiny1)cyclohexene (2.5 g., 15.1
nmmoles), 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 VIa. Crude product
(310 mg., SY) was obtained from the ether extract residue.
‘Trituration of the ethyl ncetate extract residue failed 1o vield a
precipitate.  ‘The analytical sample was obtained by eryvstal-
hzation first from ethanol, and then from ethanol-hexane (4:13;
vield, 60 mg.; m.p. 157°; A5 207 m.
Anal. Caled. for CuH,NO,: G, 6213
Found: € 62.16; H, 6.73; N, 5.45.
2-[(2-Oxocyclohexylcarbonyl )methyl|succinimide (VIIa) was
obtained from 1-piperidinocyclohexene (2.87 g., 17.4 mmoles),
triethylamine (2.75 ml, 19.8 mmoles), and 2-](chlorocarbonyt)-
methyl]succinimide (2.77 g., 15.8 ninmoles) by a procedure analo-
gous to that used in the preparation of Vi except that chloroform
was used us solvent in place of dioxane.  "The hyvdrolysis was ef-
feered by treatiient of the reaction residue with 3 N hydrochlorie
actd.  Extraction of the aqueous sohition with chlorofornt gnve a
brown oil which was redissolved in chloroform. ‘The chloroform
solution was extracted with four 10-ml. portious of 5% aqueous
sodium hyvdroxide at 0°, and the combined extracts were acidified
at 0° and extracted with four 10-ml. portions of chloroform.
Evaporation of the chloroform left a sirup which erystallized on
long standing. Crystallization from ethanol-hexane gave 103
mg. (190 of solid, mup. 119-121°  Recrystallization from
cthanol-hexane raised the melting point to 123-125°.  An ana-
Ivtical sample was obtained by another eryvstallization from
ethanol-hexane: vield, 39 mg. (1¢/ & vrp. 120-130°.
Anal. Caled. for CuHENO,: €, 60.75: H, 6.37: N,
Found: €, 60.48; H, 6.31; N, 5.75.
2-[{5-Methyl-2-oxocycliohexylcarbony!)methy!|succinimide
(VIIb)..—2-[(Chlorocarbonylimethyl]succinimide (45.2 g., 0.258
mole) in dry tetrahydrofurnn (150 ml.) was added rapidly with
strring (o 4-methyl-1-(N-methyhmilinoievelohexene (36 g..
0.280 mole) in dry tetrahydrofuran (250 mb) cooled in an ice
bath. "P'he mixcure was refluxed for 10 min., and triethvlamine
(19,2 mb, 0.28 mole) in tetrahydrofuran (100 ml. ) was added drop-
wise at reflux in 10 min.  Refluxing was continued for 30 min.,
and the mixture was stirred overnight at room temperature in
nitrogen atmosphere.  Evaporation of the renction mixture in

H, 581 N, 475,

H, 6.52: N, 3.58.

5.90.

C. W. Moster, R. H. Iwamoro, E. M. Actox, axp L. Goobpmax

Vol. 7

rario produeed i sirup which was stirred for 2 hr. with 10’ acetie
actd (1100 mi). The solid phase was collected by filtration and
dried in vacwo: vield, 11.1 g.: m.p. 138-149°.  Refrigerating and
seraping the gum adhering to the sides of the container gave more
crude produet which was erystallized fron ethanol (5.9 g.. m.p.
140-142°3 The two crops were combined and crvstallized twice
from cthanol (charcoal decolorization): vield, 1.5 g. (187
np. 140-141°0 Ay {mp): inethanol, 288: acpH 1, 200: atpH 7.
200 and av pH 13, 315,

Anal. Caled. for CHiENO.: C, 6214 H,
Found: €, 61.492; H, 6.62: N, 4.57.

2-{(5-Acetoxy-2-oxocyclohexylcarbonyl)methyl|succinimide

(VIIe).—2-(ChlorocarbonyDmethyl]suceininide (8.75 g., 0.U5
mole) i dry dimethyviorniamide (100 mb) was treated dropwise
with stirring in a nitrogen atungsphere at room temperature wich
4-cetoxy- l-morpholinoeyelohexene ¢10.7 g.. 0.045 molei m dry
dimethyltformamide (50 ml) in 40 min., and the solution was
stirred 4 dayg at room (emperature in o nitrogen atimospheee.
Faaporation of the dimethylformnmide in racuo gave a sirup
which was treated with water (50 mlb.j and then with N sodium
hydroxide to pH 5. The solution was extracted continiously
with ether for N hr., and the extract was evaporated to dryness.
Crystallizadon ol the restdue from ethanol gave a sohid 1419
me. . vrp. ISO-IN2°0 A second erop (710 mgz.) melted at 146 -
144°, and o third crop (500 miz.) at 135-143° The second and
third erops were combined and ervstallized twice from ethanal:
vield, 420 mg. 3 (o 13H5-157°.

Al Caled. dor CuHy:-NUOe N, 45750 Found: N, 451,

Crystallization of & small amount of the low-nmelting form from
ethanol by sceding with the high-melting form gave the high-
melting form.  Reervstallization of the first crop (410 mg.) from
ethanol produced an analvtieal sample; vield, 270 mg. (247
NLp. [82-183°0 AR 28T mp.

Anel. Caled. Tor C;HNO,: (
Found: €, 56,857 H, 5.06: N, 4.7,

G.82: N, 40N

L5085 H, oSSt N, LT
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T'he N-carboxyanhydride (II1) of pL-p-phenylalanine mustard (1) was obtained, via 11T hydrochloride, from

the nmino acid I and phosgene, and was converted to two homopolymers (V) of differing molecular weights.

The

N-carboxyanhydride (IV) of y-benzyl-v-glutamate and IIT reacted to form a copolymer VI, which was debenzyl-

ated with hydrogen bromide to form: VII.

Inteuse interest in p-phenylalanine mustard? (p-
sarcolysin,? 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

(1) ‘I'his work was carried out unier the auspices of thie Cancer Chenio-
therapy National Service Center. National Cancer lnstitute, National
lustitates of Health, Publir Health Rervire, C‘outract Nu. PH43-64-500.
I'hie opinions expressed iu this paper are those nf the nathors pud not neees-
surily thase nf the Ctancer Chenmotherapy Nutioual Service Center.

«2) For hibliography ;uul serecuiug slara, see Canyer Chemntherapy I¢pt.,
6, 61 (1960).

properties.  Among these derivatives were various oli-
gopeptides,* ™ of up to five amino acid units. This
(3) J. M. Johuson aud J. A Stock, J. Chem. Sor,, 3804 (1862); I, Vierpel

and b, AL Stoek, 1hid., 3G38 (1960).

(4} 1. L. Knunyants, N. F. Colubeva, K. I. Karpavicias, and 0. V.
Kil'disheva, Zk. Vses. Khim. Obshchestea vm. D. [, Mendeleera. T. 238 (146i2):
»f. Chem. Absty., 58, 3505g (1963); 1. L. Knunyants, N. E. Galabeva, O. V.
Kil'disheva, aml K. 1. Karpavicias, /'uty Sinteza + [feyskania rotyinaqo-
kholeyykh [reparunr, Tr. Shmpoziuwma po Khim. Froteronpukholes ki Co-
shrhestr, Mosrow, 3 (196G0) s »f. Chem. Abstr,, 58, 16:417a (PIGH).
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