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in 25 mli 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 (Na;S0y), concentrated to half its volume, and
chilled to 5°. To the well-stirred chilled solution a benzene solu-
tion of coumarin-6-carbonyl chioride (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
overnight at room temperature. After collection of 0.78 g of
bis(2-chioroethyl)amine hydrochloride, the light yellow 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 petroleum ether (30—
60°). On cooling 1.25 g (839 ) 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 CLH;;CLNOs: C, 53.52; H, 4.17; Cl, 22.57;
N, 4.46. Found: C, 53.60; 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 dry COCIl, 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.17
mp 163°.

Anal.  Caled for C,H;NO;: C, 64.17; H, 2.69; N, 7.48.
Found: C, 64.25; H, 2.62; N, 7.60.

NULN1Bis(2-chloroethyl)-N-(6-coumaryl)urea (15).—To a
stirred suspension of 6-coumaryl isocyanate (1.9 g) in 100 mi 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 C1sH s CleN2Oy: C, 51.08; H, 4.29; CI, 21.54;
N, 8.51. Found: C, 50.92; H, 4.36; C], 21.60; N, 8.61.

6-Coumaryiguanidine (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 oceurred 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 hydrochioride of the
guanidine, mp 296-297° dec, separated.

Anal. Caled for CoH\oCIN;O,: C, 50.11; H, 4.21; Cl, 14.80;
N, 17.54. Found: C, 50.32; H, 4.34; CI, 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.

N1.Nitro-N3-(6-coumaryl)guanidine (18).—A suspension of 3.2 g
of 6-aminocoumarin and 3.2 g of N!-methyl-Nl-nitroso-N3-
nitroguanidine2® in 50 ml of 509, aqueous ethanol was refluxed
with stirring for 1 hr. Solution was rapid and after 15 min solid
separated from the red soluition, 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 CoHyN:Og: C, 48.39; H, 3.25; N, 22.58.
Found: C, 48.62; H, 3.42; N, 22.38.

(29) Aero Cyanamide from Cyanamid of Canada Ltd., Montreal,
Canada.
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7-Hydroxyconmarin derivatives when subjected to the Mannich reaction with iminodiethanol gave the ex-

pected eight Mannich bases which were in turn 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 Research Grant CA-02961 from the
National Cancer lnstitute, National lnstitutes of llealtl, to the University
of Michigan.

(2) Yor the preceding paper in this series, see R, C. lilderfield 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-
vl]eoumarins (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 (1946).
(4) R. B. Desai, J. Org. Chem.. 26, 5251 (1961).
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Finally, we have prepared representative nitrogen
mnstards (5a and b) from the methyl ester of 7-hyvdroxy-
conmarin-t-acetic acid (6) which has not been reported
previously (see Scheme II). Condensation of resor-
cinol with methy!l acetonedicarboxylate readily gave
the ester (6) from which the hydrazide (7) and mustards
(5a and 5b) were prepared by conventional methods.
Inclusion of b was on the basis of the observed greater
evtotoxie activity of other mustards derived from 2-

(5) (a) 1. Spith and M. Dailee, Ber,, 68, 910 (1435); (b) ¥, Raogaswaun
and T. R. Sesbavdri, Peoc, Tudiéaa Advad. Sei., 6A, 112 (1U37).

(6) W. Baker and O. M. Lothian, J. Chem. Sor., 628 (19:35).

(7) . . Limaye, Ber., 66, 375 (1932); 67, 12 (1434).

8) 1. ¢ Daff and B, J. Bills, J. Chem. Soe., 1987 (1032); 1305 (1345
J. CoDaft, ibid, 547 (1411); 276 (1945).

mg kg, 4a-c at doses up ta 17 mg/kg when exceessive
deaths ensued.

Experimental Section!*

Stock solution wus prepared according (o Ceotnwell by waldiag,
0.6 g of paraforualdehyde (o asolution of 21 g of tuivodiet havo! o

(49 I'. D, Popp, J. Geg. Chem., 26, 1566 (1061,

(10) The evalnations were done theougle the famlities of the Cancer
Chernotherapy National Secvice Cenler,

(11) “I'bese growth inbibition stadies were carciml sat by (he procedan
of Magle and Foley'® as modifiel Ly 1le Caucer Chemotherapy Nationnl
Service Center s

(12) 11 Kagle amd €I Tvley, Cuonee Zles, 18, 1017 (1058).

(13 Cancer Chemotherapy Rept., 1, 63 (1054),

i14) All meliing poines are aaecorrected aml were (aken op ¢ ‘Thomwas
1loover welting point apparaois,  Miceoanalyses are by Spang Microanaly -
cul Laboratory, Aaa Avboe, Mieh,
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absolute ethanol. The final volume was brought to 250 ml with
absolute ethanol and the solution was stored in the refrigerator
until needed.

7-Hydroxy-8-[N,N-bis(2-hydroxyethyl Jaminomethyl]coumarin
Hydrochloride (2a).—A mixture of 3.24 g of 7-hydroxycoumarin
(umbelliferone), 25 ml of stock solution, and 30 ml of absolute
ethanol was heated on the steam bath without reflux for 6 hr.
After removal of the solvent by evaporation, a solution of the
residue in 20 ml of methanol was saturated with dry HCL. On
refrigeration for 6 hr a pink crystalline solid separated on scratch-
ing. Recrystallization from methanol-ethyl acetate (charcoal)
gave pink rectangular plates, mp 191-192°. The yield was 2.69 g.

7-Hydroxy-8-[N,N-bis(2-hydroxyethyl)aminomethyl|-4-me-
thylcoumarin hydrochioride (2b) was prepared by the above
procedure from 3.52 g of 7-hydroxy-4-methylcoumarin, 23
ml of stock solution, and 20 ml of absolute ethanol. It crystal-
lized from methanol (charcoal) as white needles which meited at
210-211°, then solidified at 215° and finally melted with de-
composition at 265°. The yield was 3.42 g.
7-Hydroxy-8-[N,N-bis(2-hydroxyethyl)aminomethyl] -4-phen-
ylcoumarin Hydrochioride (2¢).—A mixture of 4.76 g of 7-hy-
droxy-4~-phenylcoumarin, 1.32 g of paraformaldehyde, 4 ml
of iminodiethanol, and 100 mli of absolute ethanol was refluxed
for 60 hr.  After concentration to 20 ml the solution was saturated
with dry HCI and 10 ml of ethyl acetate was added. Refrigera-
tion gave a crystalline precipitate which was recrystallized from
methanol-ethyl acetate (charcoal) to give 2.10 g of short white
needles, mp 192-193°.

8-Formyl-7-hydroxy-4-methylcoumarin (3).—A mixture of 3
g of the Mannich base hydrochloride (2b), 6 g of hexamethyli-
enetetramine, and 50 ml of glacial acetic acid was heated on the
steam bath for 53 hr. ~ After addition of 40 ml of 189, HCI the
hot. solution was allowed to stand for 10 min, cooled, and ex-
tracted (CHCIl;). The extract was washed (dilute NaHCO;,
H,0) and dried (Nas80;). Removal of CHCI; left a yellow solid
which was recrystallized from ethyl acetate to give 100 mg of 3;
melting point and mixture melting point with an authentic
sample of 35> was 176°. The infrared spectra of the two samples
were identical.

7-Hydroxy-8-[N,N-bis(2-chioroethyl)Jaminomethyl] coumarin
(4a).—To an ice-cold suspension of the coumarin hydrochloride
(2a) in 50 mli of acetonitrile, 1.6 ml of SOCl, was added in one
lot. After stirring for 2 hr at ice-bath temperature the mixture
was refluxed for 2 hr and then stirred for 2 hr at room tempera-
ture. Addition of anhydrous ether precipitated solid material
which on reerystallization from methanol—ethyl acetate (charcoal)
gave 2.7 g of light pink granules, mp 169-170°.

The free base was obtained from the hydrochloride by macerat-
ing the latter with aqueous NaHCO; It crystallized from
ethyl acetate—petroleam ether (bp 90-100°) as white glis(ening
prisms, mp 141-142°.

7-Hydroxy-4-methyl-8- [N,N-bis(2-chloroethyl )aminomethyl| -

(15) H. von Pechimann, Ann., 264, 284 (1841},

(16) A. Russell and J. R. Frye, "Organic Syntheses," Coll. Vol. 111,
John Wiley and Sons, Ine., New York, N. Y., 1955, p 282.

(17) H.von Pechmann and C. Duisberg, Ber., 16, 2126 (1883).
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coumarin Hydrochloride (4b).—From 1.0 g of the Mannich base
hydrochloride (2b) 0.90 g of 4b was obtained by the above pro-
cedure. The compound crystallized from methanol-ethyl
acetate was white crystals, mp 193-194°.

The free base, obtained as in the preceding case formed white
needles, mp 115-116°, from ethyl acetate-petroleum ether.

7-Hydroxy-4-phenyl-8-[N,N-bis(2-chloroethyl)aminomethyl] -
coumarin Hydrochloride (4¢).—From 1.00 g of the coumarin
hydrochloride (2¢) 0.85 of crystailized 4¢ was obtained by the
above procedure. The mustard crystallized as fine white nee-
dles, mp 201-202°, from methanol-ethyl acetate (charcoal).

The free base, obtained as above, meited at 155-156° from
ethyl acetate-petroleum ether.

Methyl 7-Hydroxycoumarin-4-acetate (6).—Resorcinol (5.5
g) was dissolved in methyl acetonedicarboxylate (7.5 ml) by
warming. The solution was then cooled in an ice-salt bath
and added in small lots with stirring to 50 ml of concentrated
H,80, at 0-H° over 30 min. After standing for 24 hr in the re-
frigerator the mixture was carefully poured over crushed ice
with stirriug, The light yellow solid which separated was c¢ol-
lected, washed thoroughly with water, dried, and recrys(allized
from methanol (charcoal) (o give 3.5 g of aggregates of small
white needles, mp 221-223°, with preliminary sintering at 210°.

Anal. Caled for CpHiO;: C, 61.53; H, 4.30. Found: C,
61.31; H, 4.25.

7-Hydroxycoumarin-4-acethydrazide (7).—A solution of 2.34
g of the methyl ester (6) and 2 ml of 99-1009; hydrazine in
80 ml of absolute ethanol was refluxed for 24 hr. The white
solild which separated was collected and washed successively
with boiling ethanol and hot acetone. The hydrazide crystallized
from dilute acetic acid as white crystals, mp above 250°. The
vield was 1.75 g.

Anal. Caled for CLHWNO4: C, 56.41; H, 4.27; N, 11.97.
Found: C, 36.13; H, 4.29; N, 11.85.

7-Hydroxyceumarin-4-{4’[N,N-bis(2-chloroethyl)Jamino]ben-
zylidene }acethydrazide (5a).—A solution of 0.234 g of the hy-
drazide (7) and 0.250 g of p-[N,N-bis(2-chloroethyl)amino]-
benzaldehyde!® in 10 ml of DMF was refluxed for 1 hr. After
cooling anhydrous ether was added and the mixture was re-
frigerated for 1 hr. The light yellow precipitate was recrystallized
twice from acetone (charcoal) giving 0.320 g of white crystals,
mp 221-223° dec.

Anal. Caled for CpHunCLN,Os: C, 537.15: H, 4.54; ClI, 15.36;
N, 0.09. Found: C, 57.29; H, 4.57; C], 15.41; N, 8.96.

7-Hydroxycoumarin-4-{2'-methyl-4’-[N,N-bis(2-chloroethyl)-
amino]benzylidene }acethydrazide (5b).—From 0234 g of 7
and 0.260 g of 2-methyl-4-[N,N-bis(2-chloroethyl)amino]benz-
aldehyde? 0.04 of 5b, mp 210-211° dec with darkening at 198°,
was obtaited by the above procedure after recrystallization from
methanol-acetone (charcoal). The compound turned vellow on
standing.

Anal. Caled for CyllgCLN;O4: C, 57.98; 11, 4.83; Cl, 14.92;
N, 882, Foand: C, 38.04; H, 4.90: C], 15.02; C], 15.02; N,
8.76.

(18) R. C. Elderfield, 1. 8. Covey, J. B. Geiduselhek, W. L. Meyer, A. I3
Ross, and J. H. Ross, J. Org. Chem., 23, 1749 (1958).



