nnalogons to that used in the preparation of VIa.  Crude produet
was obtained only from the ether extract residue upon trituration
in ethanol; yield, 130 mg. (3% ); w.p. 134-135°. The analytical
sumple was obtained by two crystallizatious from ethanol, the
second time with churcoal decolorization; vield, 53 mg.; wp.
136G-1837°: APOH 290 1y

Anal. Caled. for CisH;NOg: €, 56.05; H, .81
Found: C, 56.81; H, 5.7%: N, 4.70.

3-(3-Methyl-2-oxocyclohexylcarbonyl)glutarimide (VId) was
obtained from 6-methyl-1-( 1-pyrrolidinyd ey clohexene (2.5 g., 15.1
punoles), 3-(ehloroearbonylglutarimide (2.5 g., 14.2 mmoles),
and triethylamine (5 ml.) in dimethylfformmmide by a procedure
analogons ta that used in the preparation of VIa.  Crnde produect
(310 mg., SC) was obtained from the ether extract residue.
Tritnration of the ethyl acetate extraet residue failed o vield
precipitate.  The analytical sample was obtalued by ervstal-
lizantion first from ethanol, and then from ethanol-lhiexane (4:1 4
vield, 60 mg.: m.p. 157°; xﬁ,‘f” )‘)< iy

Anal. Caled. for CpHy Ny G, 02013 H, 6.82:
Found: C, 62.16; H, 6.73; N, 4.45.

2-[(2-Oxocyclohexylcarbonyl )methyl|succinimide (VIIa) wus
obtained from 1-piperidinocyclohexene (2.87 g., 17.4 mmnioles),
triethylamine (2.75 ml., 19.8 nnnoles), aud 2-[(chlorocarbonyl -
methyl]sneeinimide (2.77 g., 15.8 nunoles) by a procednre analo-
gons to that used in the preparation of Vi except that chloroforim
wis used us solvent in place of dioxane.  The hvdrolysis was el-
Tected by trentment of the reaction residue with 3 .\ hivdrochlorie
acid. lixtraetion of the aqueons solution with cliloroform gnve a
brown oil which was redissolved in chloroform.  The chloroform
solution was extracted with four 10-ml. portions of 54 aqueons
sodimm hivdroxide at 0°, and the combined extracts were acidified
at 0° and extracted with Tour 10-ml. portious of chloroform.
livniporation of the chloroform left a sirup which crystallized on
long stmding. Crystallization from ethanol-hexane gave 103
mg. (240 of solid, nLp. 119-121°  Recrystallization from
othanol-hexane raised the melting point to 123-125°.  An ana-
Ivtieal sample was obtained by another eryvstallization from
elhanol-hexane: yvield, 39 mg. (1€ 5 unp. 129-130°.

Anal. Caled. for CuHNUO:: C, 60,750 H, 637 N, 500,
IFonnd: (%, 60.48; H, 6.41; N, 5.75.

2-[(5-Methyl-2-oxocyclohexylcarbonyl ) methyl|succinimide

(VIIb),—2-[(Chlorocarbonyl)ymethyl]sueccinimide (45.2 g., 0.258
nole) in dry tetrahydrofuran (150 ml.) was added rapidly with
stirring  to 4-methyl-1-(N-pethylanilinodevelohexene (56 g..
0.250 vole) in dry tetrahydrofnran (250 ml.) cooled in an ice
hath.  The mixture wis refluxed Tor 10 min., and triethylamine
(19,2 ml,, 0.28 mole) in tetrahydrofuran (100 ml.) was added drop-
wise at reflnx in 10 min.  Refluxing was continued for 30 niin.,
and the mixtire was stirred overnight at room temperature in »n
nitrogen atmosplere.  Evaporation of the reaction mixture in

N, 4.7
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vaeo produced i sirnp which was stirred for 2 hr. with 107 acetic
acid (1100 il The solid phase was collected by filtration and
dried in racwo: vield, 11.1 g.v m.p. 138-140°.  Refrigerating and
scraping the g adhiering to the sides of the container gave more
eride product which was eryvstallized from ethanol (5.9 g., m.p.
140-142°3 The two crops were combined and crystallized twice
Trom ethanol tcharcoal decolorization): vield, 11.7 g. (18C0n
nLp. 140-141°: A, () inethanol, 2887 at pH 1, 200; at pH 7,
200; snd at pH 13, 313,

Anal. (“11< d. for (',;HMA\(M
I‘nlllld , 61,02, H, 6.62; N,

[(5 Acetoxy 2- oxoc)clohexylcarbon)l)methyllsucclmmldo

(VIIe).—2-'(ChlorocarbonyDmethyllsuecinimide (875 g, 0.05
prole) in dry dimethylforniamide (100 ml) was treated dropwise
with stirring in a nitrogen atinospliere at room temperatre with
4-acetoxy-1-iorpholinocyclobexene 110.7 g., 0.045 moled i dry
dimethylTormamide (50 vill) i1 30 win., and the solntion was
stirred 4 dayvs at room temperiature v i1 bitrogen atnosphere.
lvaporation ol the dimethyllormamide in wwoe gave o simp
wliell was treated with water (50 mlo and then with V' sadinm
hydroxide to pH 5. The solntion wus extracted continaonsly
with ether {or 8 Iir,, and the extract was evaporated to drypess.
Crystallizorion ol the residne from ethanol gave a solid (410
Mg . 180-182°0 A second erop (710 mg.) melted ot 146 -
149°, ond o thivd crop (500 muz.) at 1838 -145°0 The secaad and
third erops were combined aud ervstallized twice from el
vield, 420 g 03 (1 . 155-157°

Anal, Caled. (or CuHypNO N, 4730 Found: N, 471,

Crystallization ol a small amonnt of the low-melting Torm Trom
ethavol by seeding with the high-melting form gave the high-
velting Torm. Reervstullization of the first crop (410 my.) from
ctltmol produced an analyvtieal saiple; vield, 270 mg. (2¢7 1
.. IN2-183°0 AFPE 28T .

Anal. Caled. Tor CoHyNOG €, 56.95: H, 5810 N, +74
Found: €, 50.85: H,H.606: N, 4.75.

(', U214 H, 6820 N, 5.9
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The N-carboxyanhydride (I1I) of pi-p-phenylalanine mustard (1) was obtained, via IIT hydrochloride, from
the mnino aeid I and phosgene, and was couverted to two homopolymers (V) of differing molecular weights.  The
N-carboxyanhydride (IV) of y-benzyl-t-glutamate and IIT reacted to form u copolymer VI, which was debenzyl-

ated with hydrogen bromide to form VII.

Intense interest in p-phenylalanine mustard? (p-
sarcolysin,? I) in recent years as an anticancer drug has
led to the preparation and study of varions analogs
and derivatives, in a search for cnhanced anticancer

(1) This work was carried out nunder the auspices of the Cancer Chemo-
therapy National Service Center, National Cancer lnstitute, National
lustitutes »f Healtl, Public MHealth Service, Contract Nun. PH43-64-7500.
Thr opininns expressed i1 this paper are those of the ailthors and nel wes-
surily those of the Ctancer Clienmolberupy Nuationsl Service (enter.

(2} Yor Liblingrapby mel serecuiye data, see Cayeer Chemntherapn Iiopt.,
6, il (1960).

properties. Among these derivatives were various oli-
gopeptides,®= of up to five amino acid units. This

(3} J. M. Jounson mud b AL Stoek, J. Chem. Soc., 3806 (1962); 19, Uergel
and J. AL Swock, thid., 3638 (1960).

(4) 1. .. Knunyants, N. E. Golubeva, K. 1. Karpavicins, and O, V.
Kil'disheva, Zh. Vses. Khim. Obshchestva vm. D. I. Mendeleeva. T. 238 (1062):
of. Chem. Abstr., 68, 3505g (1963); 1. L. Knnnyants, N. E. Golubeva, O. V.
Kil'disheva, and K. 1. Karpavicins, Puti Sinteza + lzyskania Protirongu-
kholevykh I'reparatne, Tro Simpoziuma po Khim, Protivoopukholer ki 17
sheheste, Moseow, 5 1IGOY; v¥. Chem, Abstr,, 68, 16:17a (1126G35).

() () F. Roergel, b AL Soek, uul R. Waode in 'Biologicul Apprarehes 1
Cancer Chemotberapy,” 1{. J . Nurris, 19d., Acwlemic Press, New York,
N.Y. 1051, po 1250 (G) L. lalmnm.uud 1. 130,
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paper concerns the preparation of a homopolymer of
pL-p-phenylalanine mustard and of a copolymer with
L-glutamic acid. Alodification of a polyserine® and,
briefly, of albumin®™ with substituents containing latent
nitrogen mustard groups have been reported; beyoud
this, V, VI, and VII are apparently the first polymers
which contaii nitrogen mustard moieties.

Amino acid N —calboxyanhydndes are commonly pre-
pared and used as intermediates in the polymerization
of amino acids.® The N-carboxyanhydride (I1I) of
p-phenylalanine mustard was obtained by the familiar
method of treating the amino acid in dioxane suspension
with phosgene.”=® The anhydride was precipitated
as hydrochloride salt II of the weakly basic mustard
nitrogen, and was converted to free base 111 with silver
carbonate iu a dichloromethane suspension. Either of
two isomorphous forms of III could be obtained, de-
pending on the method of isolation. The anhydride
II1 was surprisingly stable, considering the lability of
many N-carboxyanhydrides. The substance could be
stored without special precautions, and upon fusion it
did not evolve earbon dioxide with the formation of a
polymer.

The polymerization of I1I eould be followed qualita-
tively by the loss of characteristic anhydride bands and
the appearance of peptide (i.e., alide) bands in the in-

0 /O\co
CH—-N

K

o¢c” \CO

CH(—-NH )COOH H—-Il\IH

N(CH.CH.CD: HCIN(CHCH,Cl:  N(CH,CH.Cl)
I 11 111
—CO—CH—NH—1—
0 |
0c-co CH,
CH—NH
éH:C}LCOOCHgCGHﬁ
v
N(CHCH,CI) |
- X
—‘—CO—CH NH CO—CH——NH
Loor
NCH.CHCD, |

V1, R=CH,CH,
VI, R=H

frared spectrum. A polymer V (x = ca. 10) of low
niolecular weight (2000-3000) was obtained trom III in

(6) M. Szekerke, Nature, 199, 280 (1963).

(7) C. H. Bamford, A. Elliott, and W. E. Hanby. “Synthetic Polypep-
tides,’' Academic Press, New York, N. Y., 1956, Chapters 2 and 3.

(8) E. Katchalskl and M. Sela, Adran. P'rotein Chem., 18, 243 (1458).

(1) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acils,"
Vol. 2, Jolin Wiley and Sons, lne.. New York, N, Y., 1961, pp. 867—86G8.

(10) 1. lleyns, W. Walter, and M. 1", Gritzinaclier, Ann., 609, 209
(1957),
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109, dioxane solution with sodium methoxide as initia-
tor (anhydride:initiator, A:I = 200:1); presence of
enough methano! to solubilize the methoxide was
essential.  Polymers V (@ = 50-100) of estimated
niolecular weights in the range 10,000-30 000 were ob-
tained from III in dichloromethane solution with tri-
ethylamine as iitiator (A:I = 200:1), and also in
chloroform solution without added initiator. The
polymers were isolated by precipitation froni solution
with petrolewin ether and were obtained as amorphous
solids.

A copolymer VI was prepared by treating equimolar
quantities of IIT and y-benzyl-r-glutamate N-carboxy-
anhydride (IV) in dioxaue solution with methanolic
sodiu methoxide (total A:1 = 200:1). There was in-
frared spectral evidence for the absence of the anhy-
drides IIT and IV aud for the presence of boththe phenyl-
alanine mustard and benzyl glutammate components in
VI; elemental analysis indicated about twice as much
of the mustard coniponent was present, i.e., y:z2 = 2:1.
Tle molecular weight of VI was not determined be-
cause of chloroform insolubility.'

The copolymer VI was debenzylated to form the
copolymer VII contaiiing free carboxyl groups, by
treatient in dichloroacetic acid solution with anhydrous
hydrogen bromide'? at rcomm temperature for 1 hr.
Conversion of ester fuietions to free acid funetions could
be observed qualitatively in the infrared spectrum.
The copolymer VII was insoluble when treated with 0.1
M sodium hydroxide, but partial eonversion to sodiun
carboxylate functional groups was observed in the in-
frared. Elemental analysis suggested the ratio y:z in
VII was about 6:5. The copolymers VI and VII are
no doubt raudom block copolymers. Variations in the
y:z ratio from VI to VII and in different experiments
were attributed to loss of atypical, lower molecular
weight species upon preeipitation of VI and VII at the
various steps volved.

Preparation of the N-carboxyanhydride of m-phenyl-
alanine mustard? was investigated with the same pro-
cedures as with the para isomer. Although infrared
spectra showed that both the meta hydrochloride cor-
responding to II and the free base corresponding to 111
were formed, these meta isoniers were more sensitive to
atmospheric moisture aud could not be obtaiued in a
state of analytical purity. Further reactions were not
attempted with these isomenrs.

Biological Data.'>—The two polymers V (z = 10 aud

= 50-100) and the copolymer VII were tested in rats
bearing Walker Ca 256 (subcutaneous) implanted
tumors. Toxicities (LD, in mg./kg./day) were ca.
47, ca. 41, and >50, respectively. The polymer V
{r =10) had a therapeutic index (LD;jp: EDg) of <1; V
(v = 50-100) and VII were inactive.

The carboxy aunlivdride III was inactive when tested
against Sarcoma 180 and Lymphoid Leukemia 1.-1210

(11) A soluble copolymer could be obtained by reaction of IlI and 1V
in reagent chloroform solution witlout added initiator: the molecular
weight tlien was in excess of 10,000. As measured by changes in viscosity,
the fairly rapid polymerization in chloroform solution was preceded by a
long induetion period.

(12) C.J. Fox, U. S. Patent 3.004,004 (March 26,1958): Chem. Ahstr., 56,
3639y (1962); ¢f. M. Rela aud R. Arnou, J. Am. Chem. Soc., 82, 2625 (1960):
1&. R. Blout and M. ldelsou, ihid.. T8, 407 (1056); . 13en-lshai and A. Ber-
ger, J, Org., Chem., 17, 1504 (1952).

(13) The compounds were screened under the anspices of the Cancer
Chemnotlerapy National Service Center according to its protocols, outlined
in Cancer Chemotherapy Rept., 26, 1 (1962).
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i mice, and was toxie (0,6 survivors) at a dose of 12.5
mg./kg./day. Preliminary results with III on iice
mplanted with Lewis Lung Carcinoma indicate some
activity against this tumor at a dose of 1.25 mg. kg./
day.

Experimental'*

hL-4-{ p-|Bis(2-chloroethyl jamino|benzyl }{<2,5-0xazolidine-
dione Hydrochloride (II),—With the procedure and precantions
described in ref. 9, a suspension of 6.12 g. (20 nunnoles) of p-
sarcolysin!s in 120 ml. of dioxane was treated with a strean of
phosgene.  After a few minntes, a clear solution formed but then
precipitation commernced alimost innmediately.  After 1 hr., when
phosgene was no longer absorbed, thie reaction mixture was
cooled, and precipituted I1 was collected on u filter and washed
with ether.  The produet weighed 6.21 g, (84¢¢), ni.p. 109-114°,
New bands at 4.3 u (R{NH *) and 5.358, 5,43, and 5.62 g (C==())
appeared in the infrared spectrnm.

Anal. Caled. for CpHpCLIN.GL: €0 45,70 H, 4.66: Cl
28.0; N, 7.62. Found: C, 46.0; H, 4.40; Cl, 28.7; N, 7.46.

pL-4-{ p-[Bis(2-chloroethyl )Jamino|benzyl }-2,5-oxazolidine-
dione (III).—A suspension of 5.98 g. (16.2 nnnoles) of the hydro-
chiloride I and 6.35 g. (23.0 mmuoles) of silver carbonate in 8OO ml.
of dieliloromethane was stirred and heared under refiux Tor 1 hr.
The silver salts were collected and wuashed on a filter, and the
filtrate was concentrated in vecoo.  The residual sirnp (5.13 g,
950¢) erystallized upon tritnration with a Tew drops of dichloro-
nmethane, and was recrystallized from ethyl acetate (60 ml.) npon
addition of petrolenm ether (b.p. 30-60°). When ca. 60 ml. had
been added, u yellow oil separated and was discarded: the super-
natani solution was decanted and dilnted fnrther with 340 ml. of
petrolemmn ether. The first crop weighed 3.49 g. (6347), ..
11%-127°; additional crops obtained from the mother lignors
raised the yield to R3¢, 'The infrared spectrum was free of the
band in IT ut 4.3 p and exhibited bands at 3.09 « (NH), 5.40 and
503 w (C=1), aphydride), und at 6.19, 6.53, 10.68, and 11.22 u.
This material was used in subseqnent experiments.

Anal. Caled. for C HigCLN.Oy: C, 50.8: H, 4.87; C1, 21.4;
N, 846, Found: C, 50.8; H, 4.95: (1, 21.3: N, 8.48.

-When in one experiinent. the initial sirnp was reprecipitated di-
rectly, without the diehiloromethane treatment, IT was obtained
i an isomorphons form, also analyvtically pure, m.p. 97-103°.
The infrured spectrim exhibited the same bands at 5.40, 5.03,
6.190, and 6.53 w, but the NH band was at 2.91 and the band at
10.68 u was replaced by one at 10.75 u with characteristic side
penks at 10.97 and 11.13 p.

Poly-pr.p-sarcolysin (V, v = cu. 10).—A solution of 406 mg.
(1.5 mmoles) of anhydride 1IT in 4.9 inl. of dry dioxane treated
with 0.0075 nimole of methanolic sodinm methoxide (0.405 wg.
in 0.41 ml.) was protected from moistnre and allowed to stand
for 117 hr.  The bright vellow solution was ponred into 50 wml. of
petrolemn ether (b.p. 30-60°). A vellow oil separated, which
partly solidified, and, after decantation of the supernatant liquid,
wius dissolved in 8 ml. of ethyl acetate. This solution was
poured into 30 nil. of petrolenm ether and the resnltunt light
vellow precipitate wag collected, 300 mg., m.p. 87-93°, mol. wt.

(14) Melting poiuts were observesl ou a isher-tobns Lot stage aml »or-
rected. lnfrared spectra were determined] in Nujnl ulls, except as 1notel
for V1; the significant bands recorded were medinn to strong in intensity,
unless labeled as weak. Molecular weights were deterimined with a Mechro-
lab vapor pressurc osmoineter: valies above 10,000 could only be estimates],
and no great accuracy is attribnted to thein. Inberent viscosity equals
My (Aow time solution/How time solvent)| concentration in g« /100 »ul:
values were determminel at 30° in cbloreforin at & concentration »f 0.1
The dioxane ased was distilled from caleinin bydride: 1 was dried at 60°
(2 mn.).

{15} V. N. Wonyukbov and Z. V. Vashkareva. Puti Sinteza © Tzyskania
Protivoepukbolesykh  Prepacator, Tr. Stmpoziwme po Khim. Prolivoopr-
kholerykh Veshehestr, Moscow, 40 (19601; ¢y, Chem. dbste., 68, 2501g (1963).

M. Acron, axo L. Gooomax Vel 7
3000, The iherent viscosity of a 0.1% eliloroform solntion wus
0o low to be measured: infrared data: 3.03 (NH), 6.0 {amide
(===0)), 5,55 (amide II), K49 (Ar--N munstard: intensity relative
to wenk bands at 8.28, 8.61, and 8.72 g was same as i p-soreoly-
s, and 12,35 wi p-CiHy)s noweak hand at 5.80 g was tentatively
assigned to ~COOCH;, possibly arising from chain termination
with the meibanolic methoxide initintor.  Anhivdride bands at
H.40 and 5.63 w were absent.

Anad. Caled. Tor HUCHCLNLO KBWOCH s ) 5420 H, 5.640:
1244 N, 0640 Pound: C, o410 H, Ao CL245: N O

Poly-vL-p-sarcolysin { V, o+ = 50-100)1.—The s:ime procednre
and antonnts as above were used, but with dichloromethane as
solvent and triethylamine (1.75 g, i1 .15 wl ol dioxane: as
ivitotor,  After 140l the prodnet was vbtaived as a five white
precipitate mmd was reprecipitated from ethyl acetate with petr-
letn ether o yield 350 mg., which softened and hecame trans-
parent at 120-150° Int did not melt: mol, we. . 12,500 and
>20,000 for twn preparations,  Inlierent viscosities were (LOS
012 90 0.1, ehlorolorm selution. The inlrared spectrmmn was
the same as ubove, except Tar absence »f the weak hand at 5.80 .

Anal. Caled. Tor F-CpHWCLNGOD-30 C0 5440 H, H.620 L
2470 N, 075 Found: G843 Hoao8: CL 2450 NO9a0.

Copoly-y-benzyl-1.-glutamate-n1.-p-Sarcolysin (VI, y:z ru.
2:1).—A dioxane solution (119 ml) of 20.0 1wmoles cach ol p-
sarcolysin - carboxyanbydride (111, 6.62 g and y-benzyl 1-
glintamate N-carboxyanlvdrides® (IV, 5.26 gy was treated with
0.2 mmole o methanolic sndinm metboxide (1.5 mg. i 1.50
wl b Alter 3 weeks. re produer was precipitated with 1100 ml
of petrolemn ether as a sticky vellow solid, und then repreeipi-
tuted (Tram 100 ml. ol ethyl veetate with 1200 1l of petrolemn
ether) as o light amorphons solid weighing 7.35 2., which did non
pielt bui hecame 1ranspurent at 85-125°; inlrared data tsanple
cast from chlorolvrniy: 301 (NHy, 573 (Ca=0), OBz 6,00 C = O,
amider, 6,55 famide 110, 845 (Ar-N mnstard b X460 shonlder
OBz, 12,35 1 p-CeHy o 134 (CoHy plus C-Cly, and 143 4 weak
{CaHyor: aubydride bands at 5232563 w in L and IV were rom-
pletely abseor.

Anal. Caled. {or
AT HL, A CLave
CL 1790 N, S,

Copoly-L-glutamic Acid-nr-p-Sarcolysin (VII, y:z ct. 6:5).—-A
stirred solution of 735 g. of the copnlymer V1 in 100 ml, of di-
chloroneetic acid was treated with a gentle stremm ol anhydrons
livdrogen browide for 1 hir., while an orange oil separated.  The
piixtire was stirred 1 he. longer, aud poured with stirring o 1L
of auhydrous ethyl ether.  The pale orange precipitate (6.00 g.)
was collected ¢infrared absorption al 3.8-4.2 u indicated 1t was
partly the hydrobromide) and washed with water nutil the
washings were Iree ol bromide i,  Reprecipitation fronr di-
methvlformamide soludon (401l ) with 300 vl. of water removed
traces of hydrogen bromide and aforded 4.8 g. of fluffy, light
brown solid. which did not melt below 280° und was insoluble in
ebloroforn, benzene, ethanol, and acetone.  The infrared spee-
trian, compared to thae of VI was Tree of benzoate absorprion
(5.0 K6, and 14.3 wh and exhibited new COOH bunds at 8.66
and 3.0 fweaky, apd ot 580 g tmedinm b

dnal, Caled, Tor (-CrH ) CLNGO- i -CoHN O 1], 0 O
SU7 o aon: CLoIsd: N, 1ol Pomd: Coatie: H, 5080
CLOIsS: NLDoon

IO ClaN o) - ~CraH N O, (N
N. &84, Faund: ), 56.8: H, 3.86:

Acknowledgment.—The anthors are grateful to Dr.
Boris Weinstein, now at Stanford University, for some
of the explovatory experinients in this field. The
authors are indebted to Dr. ). J. Lyman and staff for
studying the inherent viscosities of V, to Dr. Peter Lim
for infrared interpretations, and to Mr. O. P. Crews and
staff for preparing certain intermediates,

(1% Cyelo Chemienl Corpmration. Los Augeles. Cali,



