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Synthesis of Potential Anticancer Agents.
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A variety of alkylating agents has been prepared with 6-aminacanmarin ar connnarin-t-carboxylic acid residies

as the “carrier’” molety.
statie activity and 6-{ p-IN,N-his(

(2

Of these, 6-[3-bis(2-chloraethylamina)propionamida]eammarin showed some careino-

(

methanesulfonoxyethylhaminolhenzyvlidenewumino feoumarin showed pro-
nonheed activity against the Walker 256 carcinosarcoma.

The lalter also shawed cansiderahle activity against

KB cells in cell calture eytatoxicity and some activity against lenkemia L1210,

Sinee the concept of a pharmacologically active sub-
stance being composed of an active motety and a carvier
molety was first put forward by Ing® a host of com-
pounds carrving eyvtostatically active alkylating fune-
tions such as nitrogen mustards, methanesulfonates,
aziridines, and epoxides, in combination with a carrier,
have been synthesized. A number of reviews af this
area have appeared.* However, coumarin does not
appear to have been employed as the carrier moiety.

Coumarin and some of its hydroxvlated derivatives,
like other unsaturated lactones, ey., parasorbic acid
and g-angelica lactone, have been shown? to be capable
of suppressing germination of seeds at rather low con-
centrations. It ix a differential phytocidal agent.t
Derivatives of  coumarin-3-carboxylic  acid are ve-
ported to be sedative in small doses and hypnotice in
large  doses”  Among  derivatives of this acid the
diethyl amide has been effective tn general nervous
diseases and i various neurasthenic and hysterieal
atlments.  Several hyvdroxvlated arvleoumarins have
shown estrogenic propertiex.®  Buu-Hol and co-workers
prepared a series of hydroxylated 3-arvicoumarins as
potential carcinostatic and virustatic agents,  Pre-
limuiary experiments on mice infected with influenza
virus indicated  that  3-(p-chlovopheny)-S-hydroxy-
coumarin has some protective activity,

It therefore seenmied to be of iuterest to couple an
alkyvlating function with the coumarint nucleus,  In
this and the subsequent communication' we present
the results of an exploration of the use of coumarin
dertvatives as carcinostatic agents.

[t was originally planned to incorporate an alkylating
function into both the aromatic and lactone rings of the
countarint mwolecule.  The only two positions available
mt the lactone ring for this purpose are the 3 and 4 posi-
tions.  Suitable 3-substituted precursors, e.g., 3-amino-
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oof Aichigin,

21 Por (e preceding eener e a1 lds seres, see RC
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coumarin!' and coumarin-3-carboxylie acid,'* are kuown
to be somewhat abunormal in their chemical beliavior
and preliminary investigations with these compaounds
did not appear to be promising. 4-Aminocoumarin
and coumarin-4-carboxylic acid were not known at the
time this investigation was initinted.”  Therefore,
sviitheses  were lmited to coumaring bearing  sub-
stituents on the aromatie ring.  As there was no «
priori reason to prefer one position for the substituent
over anather, G-substituted coumaring were chosen
because of the ready accessibility of the starting ma-
terials. I the sueceeding comnumication? synthesis
of representative S-substituted coumarins carryving an
alkvlating funetion s desertbed.

6-{ p- [ N.N-Bis(2-chlorocthyhamino Jbenzylidene-
aminotcoumarin (1) was readily prepared by conden-
sation of G-aminocounarin (2) (sce Scheme I) with p-
[N, N-his(2-chloroethyl)amina [benzaldehyde (3) in ab-
solute ethanol i the presence of a small amount of
piperidine.  In view of the much greater activity
against the Dunning rat leukemia shown by p-[N.N-
bis(2-methanesulfonioxyvethyvhannna benzaldehyde  (4)
compared to compournd 3% a similar condensation was
attempted with 2 and 4. The yvellow granular produet
obtained, however, showed a lower sulfur and nitrogen
content than that required by the expected product (5).
Appareutly. whereas the bischloraethyl group in 3
i= stable to boiling ethanol, the bismethanesulfonoxy-
ethyvl group i 4 is partially hvdrolyzed. However.
when 2 and 4 were allowed ta react in N, N-dimethyl-
formamide at  roont  temperature,  6-§p-[ N, N-bis(2-
methanesulfonoxyvethylamino] benzyhideneamina{cou-
nrarhit (5) was obtained i 5997 vield.

Condensation of G-coumarylhyvdrazine (6) with 3
gave the p-|N,N-bis(2-chloroethyhamino [benzalde-
hyde hvdrazone (7). An analogous condensation of
6 with 4 in dimethyHormamide at room temperature
or boiling ethanol or chloroforny gave auly i viscous
niass whiceh could not be ervstallized.

{i-{3- | N.N-Bix(2-chloroct iyDanino fpropionamido -
coumarin (10) as the hydrochloride was prepared ex-
senttiallv according to the procedure of Elderfield and
LeVon. 1
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The preparation of coumarin-6-carbonyl chloride
(11) from the acid (12) by refluxing with PCl; in
POCIL; has been reported by Dey and Dalal.'* They
describe it as a substance which began to shrink at
175° and melted completely at 182°, In our hands
this procedure resulted only in recovery of 12. How-
ever, when 12 was refluxed with SOCl, it was smoothly
converted to the acid chloride (11) which melted at
131.5-132.5°. On reaction with N,N-bis(2-chloro-
ethyl)amine 11 gave N,N-bis(2-chloroethyl)coumarin-
6-carboxamide (13). No rearrangement of 13 was
observed during recrystallization and the amide struc-
ture is supported by the infrared spectrum,

Coumaryl 6-isocyanate (14) has been prepared in
about 229, vield by the action of phosgene on 2 as the
free base.’ By substituting the hyvdrochloride of 2
for the free amine we have increased the vield of 14
to 909%. Condensation of 14 with N,N-bis(2-chloro-
ethyl)amine readily gave N,N-bis(2-chloroethyl)-N’-
(6-coumaryl)urea (15).

In view of the known trypanocidal action of a number
of gaidine derivatives’ it was of interest to investi-

(16) B.B.Deyand H. Dalal, /. Chem. Sac., 128, 3384 (1923),

(17) B. B Dey ad I R, Seshadvi, J. Tndiun Chem. Sve., 8, 293 (1031),

(18) E. M. Lourie and W. Yorke, Ann. Trop. Med., Puarasitol., 81, 435
(1937): H. King, E. M. Loarie, and W. Yorke, Lancef, 288, 136 (1937):
2. R. Safir, 3. Kuslimer, L. M. Brancone, and Y. Subbarow, J. Oryg. Chem.,
13, 024 (1948), 7nter uliu.

I
14 NH
18

NH,NH;

H;-Ptor
Zn-AcOH
>

X = (CICH:CH,);NCONH- X-= HzNHN(I_ITNH—

NH
17

gate the effect of incorporation of a guanidine function
into the coumarin molecule. 6-Coumarylguanidine
(16) was prepared by reaction of 2 with 509, aqueous
cyanamide in ethanol.

Inasmuch as aminoguanidine appears to be less toxic
than guanidine,'® the preparation of N1-(6-coumaryl)-
N3-aminoguanidine (17) was attempted. Although
N1-(6-coumaryl)-N3nitroguanidine (18) was obtained
from 2 and Nl-methyl-N!-nitroso-N3-nitroguanidine
by the general method of McKay and Wright,®
reduction of 18 to 17 either by zinc dust and acetic
acid or catalytically over PtO; failed. Iinally reaction
of 16 with hydrazine?! failed to yield 17.

Biological Evaluation.—The coumarin derivatives
have been evaluated for cell culture cytotoxicity.**?*
The results are shown in Table I.  Iurther evaluations
against experimental animal tumors?? are summarized
in Table II.

(19) V. A.Conard and R. L. Shriner, J. Am. Chem. Soc., 58, 2867 (1933).

(20) (a) A. F. McKay and G. F. Wright, 7., 69, 3028 (1947}; (b) A. F.
MeNay, iviuv., T1, 1968 (1949),

2 R. Plullipsand J. F, Williams, iud., §0, 2465 (1928).

{22) The evalnations were done thrungli the farilities of the Cancer
Chemotherapy National Service Center.

(23) Tlese prawtl inlibition sialdies were carried oot by the procednre
of Eagle and I'oley?t as modified by tlie Cancer Cliemotherapny National
Service Center.2

(24) 1. Eagle anil G. K. VFoley, Cunver Rex., 18, 1017 (1058).

(25) Cunver Chemotherupy Rept., 1, 63 (1959).
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Compound 16 showed T/C of 76 in one test againsg
Sarcoma 180, of 82 against Carcinoma 753, and 949,
(increase in survival time) against leukemia 1.1210.

Compound 5 showed T/C (increase m survival time)
against leukemia 11210 of 1489 at 24.0 mg/ kg, 1369,
at 12,0 mekg, 1409% at 6.00 mg/ke, 1309, at 3.00
mgkgoand 1299 at 48.0 mg/kg.

Experimental Section

6-{ p-|N,N-Bis( 2-chloroethyl Jamino] benzylideneamino {coum-
arin (1).—A soltion of 1.6 g of G-aminocoumarin® and 2.7 g of
p-[N,N-his(2-chloroethyDaminalbenzaldehyde (3) in 40 ml of
absolitte ethanol containing a drops of piperidine was refluxed far
G hr, After treatment with decolorizing carbon, the solhition was

24) Melting puots are anrcarrecied amt were 1akeir on g Thoinies-
Hoaver Unimelt melting naint apmaraOes. Alieragnalyses were dane Ly
Spang Micruanalytical Laboratory, Ann Arhor, Mich.

(27) G. T. Morgan and ¥. M. G. Mirkledowait, J. Chem. Soc., 85, 1230
(1904).

cancentrated nader reduced pressure. On conling, 2.4 g of high
vellow plates separated which an veerystallization fram absahite
othanol melted al 142-145°,

REOUA Caled ]‘(ll'(le.ll(\(‘l:.\-:“_ﬁ ', G170 ]1. $: Ol 1802
N2 Fod: O, 0077 L 60 CLIs 1o N 700

6-{ p-!N,N-Bis({ 2-methanesulfonoxyethyl)amino{benzylidene-
amino|coumarin (51.--A solulion of 1.0 g of G-annnoeqgumarin
and 365 g of p-f NUN-Dis2-methaesndfonexyedivhamine-
henzaldehyde nedd mlod DN comtaining 5 dmps ol pioevidine
wis stirred e raam temperatigre for 6 e On o addition of 166
mlaf abschinre eithanol and refrigerntion avernight, 3 g o greenish
vellow material separated and was eddlected, washed switli alsn-
lnce ethanal, and dissalved e CHCL. After treatment with de-
colovizing carban and concentration, hot absabite ethanal was
added to the =alutiore Trom which vellow needles <epavated o
canling,  [Carcher recrystallization from chloralovin -ethanal gave
analyvtieally e material, mp 130,75 135°,

Jwrdd, Calded Tor Chal L NLO NS ALt 1L 870 N, LAl
S, 126100 Fonnd: O, 40097 1, dos0 N, 3010 S0 12,74,

»-IN,N-Bisi 2-chloroethyl)jaminc|benzaldehyde 6-Coumarinyl-
hydrazone (7). A snlutioncod 1.7¢ ¢ of G-commavinylhyvdraziie?
and 2.7 g aof 3 in Sl af absalnte ethaaal eemtandng 3 draps of
piperidine was heated inder veflax. After ¢ hr solid material
separaled Team the light Treawy <alnthm, On enoling 3.6 g of
watevial was eodieered. Reerystallization fram absalate evhanol
gave the hyvdrazowe as dnll ved graniles, mp 137 178°.

Aol Caled e Cud TeCLNGD:: o041 L 474 CL 7o
N, 130, Feand: ¢, 00420 11, 4.8a: CL 179N N, To2a.

6-(3-Chloropropionamide )coumarin i8).— 1'a a =tirre ] =nlu-
tion of 3.2 g of 21in 25 ml of CHCL, canlaining 2 ml of pyridine,
20 ml of S-eblavopropionyl ehloride was acdded during 15 min
while the temperative was held at 3% The salutinn was allowed
(o come ta aant cemperacnre and then was refliced ;{(-1111_\' for
stmin. The cooled mixinre was nede basic with ice-cald NaaC ),
salution and stirved in oo ee haoh for 30 min, - The divey white
salid was ealleeted, washed thavanghly with water, scond recerystal-
lized from absabite ethanal {ehavenals ta give 4 g o sinall white
needles, mp 112,537,

el Caled for CellgCINO,: ¢ 07270 1, 4ol CLo14.00:
N AT Foamd: Coav 42 T 40010 CL 14200 N, Al

6-]3-Bis(2-hydroxyethyl)aminopropionamido]coumarin (9.

A solrion of 5 g of 8 and 424 g of iminodiethanal in 100 ml of
ahcolnte ethanal wie vethixed for 48 hr, most of the ethana was
retnoved uider veduced pressure, and the vesidue was taken np
in ethyl acetate. Alrer washing the salution widh =aturated
Na(‘l sobittan and dyving, removal of the solvenl left 6 g of 2
thick vikecaas material which salidified oo white nuass o re-
frigeration ot canld nat he reervstallized.

For charecerization 1.6 g of the ernde pradinet was eonverted
ta the pierate in 9347 ethanal. On the basix of e pierace isalated
the vield of 9 was abane 8020 The pierate was reervstallized
fram 9577 ethared and formed canary vellow needles, mp 160--
165007,

Jduads Caled T Col 1 NGO O d80ar 11, 4220 N
Fod: €, 48500 H, 4.26: N, 12.70,

6-]3-Bis( 2-chloroethyl)aminopropionamido)coumarin (10,
Criude 9 (525 g7 was eoaled in an iee bath and 10 ml of ice-cald
SOCL was added e one portion. After <tanding 1 I in 1he
ice bath, the mixtre was left at raom temperatiae avernight.
Yemoval aof the exeess ROCL under rediieed pressiee lefo a light
Irown powder which an recrvstallization fram absolite edhinial
gave 0 g of the hydrochloride of 10 as clusters of <mall while
needles, mp 184.5°,

Anat, Caled for CulhaCLNGOy: O 480 T 4G ¢, 2702
N, DL Faund: O, 48030 H 507 CL 272G N T2,

It was anc possible to obtain the gununy, hyvgroseapic Tree
base 110) in ervstalline furm.

Coumarin-6-carbonyl Chloride 111).~-Coumarin-G-carvhexylic
aeid® (270 mgd was refluxed with 3 ml of SOCL for3 hr. Remaval
of excess SOCL under rediteed pressure left a guandtative vield of
theacid chloride. "T'wa veerysrallizalions fram benzene-petralenm
ether (30-60°% gave analyiically pure material, mp 151.3-142.5°,

Anal. Caled for CoILCLOG: C057.a7: 1, 2420 Cl, 1700,
Found: C, a7.64; 11, 2500 1) 16.89,

(‘oumarin-6-{N,N-bis(2-chloroethyl]carboxamide (13). - A
si=pensinn nf 2 g of NON-his(2-chlaraethyDamine hvdrachlaride

12T

i28) R. O, LitderheGl RN Prasael, weel TN L, S0 fregs Chlaan,, 27,
573 (1),
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in 25 ml of benzene was shaken with a solution of 0.5 g of NaOH
in 10 ml of water. The benzene layer was washed once with
water and dried (NasS0.), concentrated to half its volume, and
chilled to 3°. To the well-stirred chilled solution a benzene solu-
tion of coumarin-6-carbonyl chloride (from 0.9 g of the acid) was
added dropwise. A white solid began to separate within a few
minutes and, after addition of the acid chloride was complete,
the mixture was stirred in the cold bath for 30 min and at room
temperature for 30 min, refluxed for 1.5 hr, and allowed to stand
avernight at room temperature. After collection of 0.78 g of
bis(2-chloroethyl)amine hydrochloride, the light vellow filtrate
was treated with decolorizing carbon, concentrated, and left
at room temperature for 2-3 hr. The filtered solution was heated
just to boiling and carefully diluted with petrolenm ether (30-
60°). On cooling 1.25 g (83%) of the chloroamide separated as
clusters of shiny white plates. Similar recrystallization raised
the melting point to 111-112°, The infrared spectrum (KBr
disk) showed amide absorption at 1647 em ™! indicating that no
rearrangement had occurred.

Anal. Caled for CiHi;CLNOs: C, 533.52; H, 4.17; Cl, 22.57;
N, 4.46. Found: C, 33.60; H, 4.16; Cl, 22.50; N, 4.57.

6-Coumaryl Isocyanate (14).—Dry HCI was passed through a
solution of 6 g of 6-aminocoumarin in 150 ml of dry toluene until
precipitation of the hydrochloride was complete. After re-
fluxing for 30 min dryv COCl, was passed through the gently
boiling suspension (hood and NaOH trap). Solution of the hydro-
chloride was essentially complete after 3 hr. On concentration
to about 75 ml and filtering from a trace of solid, 6.3 g (909%) of
the isocyanate separated as shiny white plates. Recrystalliza-
tion from benzene raised the melting point to 166-167°, lit.'7
mp 163°.

Anal.  Caled for CioH;NO;: C, 64.17; H, 2.60; N, 748,
Faumd: C, 64.25; H, 2.62; N, 7.60.

N1,N1-Bis(2-chloroethyl)-N¢-(6-coumaryl)urea (15).—To a
stirred suspension of 6-coumaryl isoeyanate (1.9 g) in 100 ml of
dry benzene a benzene solution of bis(2-chloroethyl)amine
(from 2.0 g of the hydrochloride) was added. After refluxing for
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6 hr the mixture was stirred for an additional 12 hr at room
temperature. A granular brown solid (3.0 g) separated and was
recrystallized from ethyl acetate to give the urea as clusters of
fine white needles, mp 136-137°.

Anal. Caled for C\Hi CN:O;: C, 51.08; H, 4.29; Cl, 21.54;
N, 8.51. Found: C, 50.92; H, 4.36; C], 21.60; XN, 8.61.

6-Coumaryliguanidine (16).—6-Aminocoumarin hydrochloride
(12.9 g) was added to a solution of 16.5 g of 509 aqueous hydrogen
cyanamide® in 150 ml of ethanol and the suspension was heated
to boiling with stirring. Solution of the solid occurred within
10 min and immediately thereafter solid material separated.
After refluxing with stirring for 4.5 hr and standing overnight at
room temperature, 10.0 g of yellowish white granular material
was collected and washed with ethanol. Water was added
dropwise to a boiling suspension of the material in ethanol until
it was all in solution. On treatment with decolorizing carbon
and concentration of the solution, the hvdrochloride of the
guanidine, mp 296-297° dec, separated.

Anal. Caled for CoH,wCIN;Oy: C, 50.11; H, 4.21; C], 14.80;
N, 17.54. Found: C, 50.32; H, 4.34; Cl, 14.74; N, 17.61.

The free guanidine liberated from the hydrochloride melted
at 208-209°, It was insoluble in common solvents and could not
be recrystallized.

N:i-Nitro-N2-(6-coumaryl)guanidine (18).—A suspensionof 3.2 g
of 6-aminocoumarin and 3.2 g of Nlmethyl-Nl-nitroso-N3-
nitroguanidine2® in 50 ml of 309, aqueous ethanol was refluxed
with stirring for 1 hr. Solution was rapid and after 11 min solid
separated from the red solution. After cooling 4.0 g of light brown
material was collected with absolute ethanol and recrystallized
from glacial acetic acid by chilling to give white granular crystals,
mp 234°.

Anal. Caled for CiHN.Oy: C, 48.39; H, 3.25; N, 22.58.
Fouund: C, 48.62; H, 3.42; N, 22.38.

(29) Aero Cyanamide from Cyanamid of Canada Lld., Montreal,
Canada.

Synthesis of Potential Anticancer Agents.

XIX. Nitrogen Mustards from

7-Hydroxycoumarin Derivatives'?

RoBERT C. ELDERFIELD AND A. C. MEH 1A

Departinent of Chemastry, The University of Michigan, Ann Arbor, Michigan 4810/

Recetved April 7, 1967

7-Hydroxycaumarin derivatives when subjected to the Mannich reaction with iminodiethanol gave the ex-

pected eight Mannich bases which were in tirn converted to nitrogen mustards,

7-Hydroxycoumarin-4-acet-

hydrazide on reaction with representative 4-[N,N-bis(2-chloroethyl)amino]benzaldehydes gave the benzylidene

mustards.

In view of the suggestive experimental antitumor
activity shown by certain coumarin nitrogen mustard
derivatives,? it seemed advisable to explore possible
cytotoxie properties of such coumarin derivatives some-
what further. Since there appeared to be no a prior:
reason to select one type of structure over others,
accessibility of starting materials was the controlling
factor in selection of compounds for synthesis. In this
paper we present the synthesis of nitrogen mustards
derived from 7-hydroxycoumarins and from 7-hydroxy-
coumarin-4-acetic acid together with the results of
pharmacological evaluation of the cytotoxicity of the
candidate compounds.

(1) This work was supported by Researech Grant CA-02961 from the
National Cancer lnstititte, National Institutes of Health, to the University
of Micligan.

(2) Vor the preceling paper in this series, see R, C. Llderfield and J.
Roy. J. Med. Chem., 10, 918 (1967).

The compounds prepared have been evaluated against cell cultures and experimental animal tumors,

7-Hydroxycoumarin (la) and its 4-methyl (1b) and
4-phenyl (1¢) derivatives were subjected to the Mannich
reaction with formaldehyde and iminodiethanol giving
the 7-hydroxy-8-[N,N-bis(2-hydroxyethyl)aminometh-
vllcoumarins (2a-¢) (see Table I). Optimum yields
of 2a and 2b were obtained by the procedure of Crom-
well® in which the hydroxycoumarin is heated with
an activated stock solution of the reagent for 6 hr.
Conventional Mannich reaction conditions gave better
results in the preparation of 2¢ but a 60-hr period of
refluxing was required.

The Mannich reaction with 1b and a variety of amines
has been reported by Desai? who obtained either the
expected product or a 7,8-(m-oxazino)coumarin de-
pending on the nature of the secondary amine. It was
assumed that the aminomethyl group entered the 8

(3) N.H. Cromwell, J. Am. Chem. Soc., 68, 2634 (19486).
(4) R. B. Desai, J. Grg. Chem.. 26, 5251 (1961).



