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A variety ot alkylating agents has been prepared with b'-.iminocoumarin or coumarin-ti-carboxylic acid residues 
as the "carrier" moiety. Of these, 6-[3-bis(2-chloi'oethylamino)propioiiamido]eoiimarin showed some carcino-
static activity and 6-j p-[N,N-bisf2-methanestilfonoxyethyl)amino]benzylideneamino!coumarin showed pro­
nounced activity against the Walker 256 carcinosarcoma. The latter also showed considerable activity against 
KB cells in cell culture cytotoxicity and some activity against leukemia LI 210. 

Since flu: concept of a pharmacologically active sub­
stance being composed of an active moiety and a carrier 
moiety was first put forward by lug 3 a host of com­
pounds carrying eytostatically active alkylating func­
tions such as nitrogen mustards, methanesulfonates, 
aziridines, and epoxides, in combination with a carrier, 
have been synthesized. A number of reviews of this 
area have appeared.4 However, coumarin does not 
appear to have been employed as the carrier moiety. 

Coumarin and some of its hydroxylated derivatives, 
like other unsaturated lactones, e.g.. purasorbic acid 
and /3-angelica lactone, have been showir' to be capable 
of suppressing germination of seeds at rather low con­
centrations. It is a differential phytocidai agent.'5 

Derivatives of coumarin-3-carboxyIic acid tire re­
ported to be sedative in small doses and hypnotic in 
large doses.7 Among derivatives of this acid the 
diethyl amide has been effective in general nervous 
diseases and in various neurasthenic and hysterical 
ailments. Several hydroxylated arylcoumarins have 
shown estrogenic properties.8 Buu-Hoi and co-workers" 
prepared a series of hydroxylated 3-arylcoumarins as 
potential carcinostatic and virustatic agents. Pre­
liminary experiments on mice infected with influenza 
virus indicated that 3-(p-chIorophenyl)-S-hydroxy-
eoumarin has some protective activity. 

II therefore seemed to be of interest to couple an 
alkylating function with the coumarin nucleus. In 
this and the subsequent communication1" we present 
the results of an exploration of the use of coumarin 
derivatives as carcinostatic agents. 

It was originally planned to incorporate an alkylating 
function into both the aromatic and lactone rings of the 
coumarin molecule. The only two positions available 
in the lactone ring for this purpose are the 3 and 4 posi­
tions. Suitable 3-substituted precursors, e.g.. 3-amino-

( l i Th i s work was suppor ted by Research Gran t CA-02901 from the 
Na t iona l Cance r In s t i t u t e . Na t iona l In s t i t u t e s of Heal th , to the t ' n ive r s i t y 
of Michigan . 

:2) For the preceding paper in litis series, see H. ( ' . Flderfield and I). 
KolFah, Croat. Chrrn. Arta. 36, li.'i (1961). 

CD IF ]{. Iiij!. Trim*. F„ro,l„„ So,-.. 39, H72 (1!>4;|). 
(41 \V. C. .1. Hoss, "I t iolosical Alkyla t ing Agen t s . " ISuUerworth and Co. 

(Publishers) Ltd. . London . 1962; J . P. Wheeler, Canrer Res.. 22, 631 (1962): 
Conrrr Chrmolher,:p„ Kept.. Suppl . 2 (Pa r t s 1-;)), 1 (1965). 

!o) (a) ]{. Kulin, 1). Jerchel F. Moewus , IF V. Moller, anil II. I . e t t r e . 
X.,lurii;.**r,i.-rli„Sir>t. 31 , 468 (FMiil ; tin II. Yeldstra and K. Havinga . Iter. 
True. Chun.. 62, 841 (1948); irl L. .1. [ t aynes and IF K. H. Jones . ./. Chein. 
S,,c. 9o4 i I 9 Itii, 

Hi) I.. .1. \ w i n is and J. IF Quasi el, .V- i lu . , 169, :I2D ( l947 i . 
(71 F. W. Welder , /.'. .1/rfr/Fs J„hre.-I,er.. 50, 88 (19:{ti). 
(X) F. CI Icy and C. Mentze r . Compl. Hrn.i. Nor. Biol.. 139, lOuo ( F l l o ; 
(1)1 \ g . Ph. Buu- l lo i , IF Kkeri . anil H. Rover, ./. Or,/. Chen,.. 19, l o l S 

f 19ol>. 
(1(1) I). ('. F lde r l i c l da nd A. ('. .Mclita. ./. Mr,l. Ch, , „ . . 10, 921 ( 1967' . 

coumarin11 and coumarin-3-carboxylie acid,12 are known 
to be somewhat abnormal in their chemical behavior 
and preliminary investigations with these compounds 
did not appear to he promising, 4-Aminocoumarin 
and eoumarin-4-carboxylie acid were not known at the 
time this investigation was initiated.13 Therefore, 
syntheses were limited to coumarins bearing sub-
stituents on the aromatic ring. As there was no a 
'priori reason to prefer one position for the substituent 
over another, (i-stibstituted coumarins were chosen 
because of the ready accessibility of the starting ma­
terials. In the succeeding communication10 synthesis 
of representative S-substituted coumarins carrying an 
alkylating function is described. 

(>-[p-[X,X-Bis(2-chloroethyl)amin<)]benzylidene-
amino! coumarin (1) was readily prepared by conden­
sation of (i-amiiiocouniariii (2) (see Scheme I) with p-
[X",X-bis(2-chloroethyl)amino |benzaldehyde (3) in ab­
solute ethanol in the presence, of a small amount of 
piperidine. In view of the much greater activity 
against the Dunning rat leukemia shown by p-[X,X-
bis(2-methanesulfonoxy ethyl) amino ]benzaldehyde (4) 
compared to compound 3 H a similar condensation was 
at tempted with 2 and 4. The yellow granular product 
obtained, however, showed a lower sulfur and nitrogen 
content than that required by the expected product (5). 
Apparently, whereas the bischloroethyl group in 3 
is stable to boiling ethanol, the bismethanesulfonoxy-
ethyl group in 4 is partially hydrolyzed. However, 
when 2 and 4 were allowed to react in X.X-dimethyl-
formamide at room temperature, ()-!p-[X,X-bis(2-
methanesuh'onoxyethylkunino] benzylideneamino J cou­
marin (5) was obtained in 59% yield. 

Condensation of (i-coumarylhydrazine (6) with 3 
gave the p-[X,X-bis(2-chloroethyl) amino ]benzalde-
hyde hydrazone (7). An analogous condensation of 
6 with 4 in dimethylformamide at room, temperature 
or boiling ethanol or chloroform gave only a viscous 
mass which could not be crystallized. 

()-j3-[X,X-Bis('2-ohIorootliyl)an)inoJpropionaniidoj-
coumarin (10) as the hydrochloride was prepared es-
sentiallv according to the procedure of Klderfield and 
LeVon> 

i l l ! F. W. Finch. ./. CI,,-,,,. Si,,-.. 101, I 7 U S : 1 9 1 2 J . 
(12) S. Uaiw.oiiek in " I lelet ocyclic C o m p o u n d s . " Vol. 2. H. C- Fldcr-

lield. F<F. J o h n Wile\ and Sons. I n c . New York, N. V., 1951, p 1 9 c 
FF Professor J \ A. Ce i s sman of the Fn ive r s i l y of California at Fo.-

\iiH'eles, has recently informed one of ti- i P.. C. IF) that he has succeeded in 
prepar ing a 1-ariiiiincoumui in de r iva l ive . 

F l Pr iva te coinmimica I ion from ])r . Hali.h F. Jones . Jr . . Jackson 
Memorial Hospi ta l . Fn ive r s i l y of Miami . M i a m i . Fla . . and from the Cance r 
C h e m o t h e r a p y Nat iona l Service Center , Hethesda. Mil . 

•l.-ii IF C. F lde r l i c l dand IF F. FeVon, ,/. Or,,. Chen,.. 28. In76 ( I 960 i. 
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SCHEME I 

0 

X = ( C 1 C H 2 C H 2 ) 2 N ^ ^ C H = N -

1 

X = H 2 N _ ClCOCHaCHiC^ X = C1CH2CH2C0NH-

X = (CH3S020CH 2 CH 2 )2N- \ > - C H = N 
X = H N N H -

6 

H N ( C H 2 C H 2 O H ) 2 

X = (HOCH2CH2)2NCH i iCH2CONH-

9 

SOClaj 

X = (C1CH 2 CH 2 ) 2 N—<;w>-CH=NNH- X = (C1CH2CH2)2NCH2CH2C0NH-

7 10 

H 2 N C N 
X = HOOC- « X = H 2 N- » X = H 2 NCNH-

12 

SOCU 

X = -COCl X = ONC- X = 0 2 NNHCNH-

11 14 
NH 

18 

H 2 - P t or 
Zn-AcOH 

NH 
16 
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X 

X = (C1CH2CH2)2 NCO- X = (C1CH2CH2)2NC0NH- X = H 2 NHNCNH-

13 15 NH 

17 

The preparation of coumarin-6-carbonyl chloride 
(11) from the acid (12) by refluxing with PC15 in 
POCl3 has been reported by Dey and Dalai.16 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 SOCl2 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 X,X-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 22% yield by the action of phosgene on 2 as the 
free base.17 By substituting the hydrochloride of 2 
for the free amine we have increased the yield of 14 
to 90%. Condensation of 14 with N,N-bis(2-chloro-
ethyl)amine readily gave X,N-bis(2-chloroethyl)-N'-
(6-eoumaryl)urea (15). 

In view of the known trypanocidal action of a number 
of guanidine derivatives18 it was of interest to investi-

(16) B . B . D e y a n d H. Dala i , J . Cham.. ttoc, 1 2 3 , 3 3 8 4 (1923). 
(IT) B. B. D e y a n d T. K. Seshadr i , ./. Indian Chum. Hoc, 8, 293 (1931). 
(18) E . M . Lour ie and \Y. Vorke, Ann. Trop. Med. I'arasitol., 8 1 , 435 

(1937); H . K i n s . E . M . Lour ie , a n d W. Yorke , Lancet, 233 , 136 (1937); 
S. R. Safir, S. Kushner , L. M . Brancone , a n d V. S u b b a r o w , J. Org. Chem., 
13, 924 (1948), inter alia. 

gate the effect of incorporation of a guanidine function 
into the coumarin molecule. 6-Coumarylguanidine 
(16) was prepared by reaction of 2 with 50% aqueous 
cyanamide in ethanol. 

Inasmuch as aminoguanidine appears to be less toxic 
than guanidine,19 the preparation of X"1-(6-coumaryl)-
X*3-aminoguanidine (17) was attempted. Although 
N'1-(6-coumaryl)-X'3-nitroguanidine (18) was obtained 
from 2 and X^methyl-X^nitroso-X'-nitroguanidine 
by the general method of McKay and Wright,20 

reduction of 18 to 17 either by zinc dust and acetic 
acid or catalytically over Pt02 failed. Finally reaction 
of 16 with hydrazine21 failed to yield 17. 

Biological Evaluation.—The coumarin derivatives 
have been evaluated for cell culture cytotoxicity.'-2'23 

The results are shown in Table I. Further evaluations 
against experimental animal tumors22 are summarized 
in Table II. 

(19) V. A. Cona rd a n d R. L. Shriner , ./. Am. Chem. Soc, 58, 2867 (1933). 
(20) (a) A. F . M c K a y and G. F . Wrijrhl, ihirl., 69, 3028 (1947); (b) A. F . 

M c K a y , ihiil., 7 1 , 1968 (1949). 
(21) R. Phil l ips a n d J . F . Will iams, ihiil.. 50, 2465 (1928). 
(22) T h e eya lua t ions were done t h r o u g h the facilities of the C a n c e 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 . 
(23) These g rowth inhibi l ion s tudies ;vere carr ied out by the p rocedure 

of Eagle a n d Foley2 4 as modified by the Cancer C h e m o t h e r a p y N a t i o n a l 
Service Center . 2 5 

(24) H. Eag le a n d G. E . Foley, Cancer lie-.. 18, 1017 (1958). 
(25) Cancer Chemotherapy Kept., 1, 63 (1959). 
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T A H I . K I 

C E U . C n / r i R E C Y T O T O X I C I T Y 

( ' o m p . l 101 )r,.:." fi'i 

I O I I I C I I •_>., 

7 1 ! 

1 

Mi 1000 X II)2 

VI 
" The concentration required In inhibit the growth of KB eel 

in culture to ")()'", of controls.-4 

TABLE II 

WALKER 276 CARCINOSARCOMA 

Dose, T u m o r weight , si 
Comiid niK 'kK sf Test C o n l n r T ( ' W I less" 

10-IICl 3 so o n ,).;! o - 3 4 
l D O n o :> ;i n - io 
o.o:» o.:; 7.3 ;> -."> 
0.47 4.:! .">.:! SI 0 

7 170 0.7, 0 4 101 - 7 
loo 3.0 0 4 40 o 

.")().0 4.2 (i.4 07 ~-3 
27). 0 4 .0 (i.4 02 4 

i:; loo o.o 6.4 i) - o 
:>().() 4..") 0 4 711 -7) 

27). o 2 . 3 0 .4 :;5 - 1 

I 200 7 .S 7 , 3 10!) 7, 

100 7). 7) 7 . 3 101! 0 

7)0.0 4 0 7 . 3 02 2 

27).0 7 S 7) :; 147 I 

7 4 70 0 . 0 7) :; 0 - 1 0 

2 , 3 7 0 . 0 ." ..", 0 0 

1.17 l . o 7).:>, i s .-) 

0.7)8 7).() 7,.:; 04 2 

.1 06 .0 ' ' 0.:-! 7 2 4 - 9 

24 ,0 ' ' 0 . 0 S.S 10 4 

12 ()'• O.s s . s (i o 

6,00' ' 1 3 S . s 14 7) 

3 00 4 . 0 s . s 45 7 

4S.00 ' ' 0 , 0 7 , 0 (I - 1 2 

17, 21)0 1.7) 7 , : ; 2S - 1 0 

ion ."> ,". 7,3 io:s - 4 

7)0.0 4,1 .").:; 77 - 2 
27). 0 4 7) 7,3 S4 .7 

" Average weigh! increment of the lest aninmls minus the 
average increment of control animals. ' 'Administered intra­
muscularly. 

Compound 16 showed T./'C of 76 in one test against 
Sarcoma 180, of S2 against Carcinoma 755, and 9 4 % 
(increase in survival time) against leukemia L1210. 

Compound 5 showed T / C (increase in survival time) 
against leukemia L1210 of 14S% at 24.0 mg/kg, 130% 
a( 12.0 mg/kg, 140% at (i.00 mg/kg. 17!0%; at 8.00 
nig 'kg, and 129% at 48.0 mg/kg . 

Experimental Section26 

6-1 p- j N ,N-Bis( 2-chloroethyl )amino] benzylideneamino I coum-
arin (1).—A solution of 1.6 g of 6-aminocoumarin27 and 2.7 g of 
p-[N,N-bis(2-ehloroethyl)arnino]benzaldehyde (3) in 40 ml of 
absolute ethanol containing '•> drops of piperidine was refluxed for 
(i hr. After treatment with decolorizing carbon, the solution was 

211) Aleltiiijj puints a re uncor rec ted a n d were taken on a T h o m a s -
Hoover Unimel t mel t ing point a p p a r a l u s . Microana lyses were done. I>\ 
Spang Mic roana ly t i ca l L a b o r a t o r y , Ann Arbor, Mich . 

(27) G. T . M o r g a n a n d F . M . G. Mick le thwa i t , J. Client. AW., 85 , 1->:SI> 
(11104). 

concentrated under reduced pressure. On cooling, 2.4 g of light 
yellow plates separated which on recrvstallization from absolute 
ethanol melted at 142 143°. 

Anal. Calcd for C,(IH,X'1-.X=()2: ('. 01.70: 11,4.00: CI. I.s.22: 
X, 7.20. Found: ( ' ,61.77: II, 4.OH: CI, Is. 10: X. 7.21. 

(i-i fi-l !S\N-Bis( 2-methanesulfonoxyethyl (amino| benzylidene­
amino Icoumarin (51.---A solution of 1.0 g of 6-:tmiuoeoumariii 
and 3.67, g of j>-\ X,X-bis;2-melhauesulfonoxyethyl laniinoi-
benzaldehvde2" in 27> ml of 1 ).\11" containing 7) drops of piperidine 
was stirred at room temperature for 0 hr. On additi if Kill 
nil of absolute ethanol and refrigerai ion overnight, 3 g of greenish 
yellow material separated and was collected, washed with .abso­
lute ethanol. and dissolved in ('Il('l ; :. After treatment with de­
colorizing carbon and concentration, hot absolute ethanol was 
added to the solution from which yellow needles separated on 
cooling. Further recrvstallization from chloroform ethanol gave 
analvticallv pure material, nip 136.7 i;)sc. 

Anal, ('alcd for (*,,Ik:X,0,S, : ('.;,].(i.-,; 11,4.77: X, 7.71: 
S, 12.61. Found: (',7)1.07: II, 7,.OS; X, 7>.7)1: S, 12.74. 

/j-1N,N-Bis( 2-chloroethyl)amino[benzaldehyde 6-Coumarinyl-
hydrazone (7). A solution of 1.70 g of O-coumarinylhydrazine27 

and 2.7 g of 3 in 7)0 ml of absolute ethanol containing 7> drops of 
piperidine was heated under reflux. After 6 hr solid material 
separated from the light brown solution. On cooling 3.6 g of 
material was collected, liecrystallizat ion from absolute ethanol 
gave the hydrazone as dull red granules, nip 177 )7SC. 

Anal, ('tiled for (\ ,H1 ,C1.X,0,: O, 7,(1.41: 11,4.74: CI, 17.71: 
X, 10.150. Found: (', .V.1.42: II, 4.SO: CI, 17.7s: X, 10.27. 

6-(3-ChIoropropionamido)couiTiarin i 8 >.- To a stirrel solu­
tion of 3.2 g of 2 in 27) ml of CHCb, containing 2 ml of pyridine, 
2..o ml of 3-chloropropionyl chloride was added during 17) min 
while the temperature was held at 7°. The solution was allowed 
to come to room temperature and then was refluxed gently for 
MO min. The cooled mixture was made basic with ice-cold Xa..('();i 

solution and stirred in an ice bath for 30 min. The dirty white 
solid was collected, washed thoroughly with water, and rcrys la l -
lized from absolute ethanol (charcoal; to give 4 g of small while 
needles, mp I!I2.7C, 

Anal. Calcd for (YdWlNO; , : ( ' ,77.27: 11,4.01: CI, 14.01): 
X, 7.7.7. Found: ('. 77.42: 11,4.11: ('1,14.20: X, 7.01. 

6- [3-Bis(2-hydroxyethyl)aminopropionamido]coumarin (9 ). 
A solution of 7 g of 8 and 4.27) g of iminodiethanol in 100 ml of 
absolute ethanol was refluxed for 4S hr, most of the ethanol was 
removed under reduced pressure, and the residue was taken up 
in ethyl acetate. After washing the solution with saturated 
XitCl solution and drying, removal of the solvent left (i g of a 
thick viscous material which solidified to a white mass on re­
frigeration bill could not be recrystallized. 

For characterization 1.0 g of the crude product was converted 
lot he pic rale in U.V',' ethanol. On the basis of the picrate isolated 
the yield of 9 was about 00 ' ' , . The picrate was recrystallized 
from 07/ ; elhaiiol and formed canary yellow needles, mp 160-
160.7°. 

Anal. Calcd foi C-l F;,X,,0|.,: C, 4S.II'.); II, 4.22: X, 12.77. 
Found: C, 4S.30; II, 4.26: X. 12.71). 

6-[3-Bis(2-chloroethyI)aminopropionamido]coumarin (10). 
Crude 9 (7.27, gi was cooled in an ice bath and 10 ml of ice-cold 
SOCb was added in one portion. After standing 1 hr in the 
ice bath, the mixture was left at room temperature overnight. 
Removal of the excess SOCF tinder reduced pressure left a light 
brown powder which on recrvstallization from absolute ethanol 
gave 7> g of the hydrochloride of 10 as clusters of small white 
needles, mp 1S3.7C. 

Anal. Calcd for CdlnX'IsX.O;,: C. 4S..S] ; II, 4.SO; CI, 27.02; 
X, 7.11. Found: 0, 4s.o3: H.7.07: ('1,27.20; X, 7.2d. 

It was not possible to obtain the gummy, hygroscopic free 
base (10) in crystalline form. 

Coumarin-6-carbonyl Chloride (11,).-- -Coumarin-0-carboxylic 
acid26 (270 nig i was refluxed with 3 ml of SOCl2 for 3 hr. Removal 
of excess SOCF under reduced pressure left a quant itative yield of 
the acid chloride. Two recrysfallizations from benzene pel roleum 
ether (30-60°) gave analvticallv pure material, mp 131.7-132.7°. 

Ana!. Calcd for C.jf.-.CK)',: C, 7,7.77: If, 2.42: CI, 17.00. 
Found: C. 77.64; 11,2.7)0: CI, 16.Si). 

Coumarin-6-[N,N-bis(2-chloroethyl)Jcarboxamide (13). A 
suspension of 2 g of N,X-bis(2-cliIoroethyl)aminc hydrochloride 

.2S.) I t , ( ' . K P I c r l i e M , I t . N . l ' ru> 
•:) n » i S 2 ) . 

./. Hi,,. ci„ m. 27, 
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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 (Xa2S04), concentrated to half its volume, and 
chilled to 5°. 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 
overnight at room temperature. After collection of 0.78 g of 
bis(2-chloroethyl)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 (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 cm - 1 indicating that no 
rearrangement had occurred. 

Anal. Calcdfor Ci4Hi3Cl2X03: C, 53.52; H, 4.17; CI, 22.57; 
X, 4.46. Found: C, 53.60; H, 4.16; CI, 22.50; X, 4.57. 

6-Coumaryl Isocyanate (14).—Dry HC1 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 COCk was passed through the gently 
boiling suspension (hood and XaOH 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 (90%) of 
the isocyanate separated as shiny white plates. Recrystalliza­
tion from benzene raised the melting point to 166-167°, lit.17 

mp 163°. 
Anal. Calcd for CH>H3X03: C, 64.17; H, 2.69; X, 7.48. 

Found: C, 64.25; H, 2.62; X, 7.60. 
N1,NI-Bis(2-chIoroethyl)-N3-(6-coumaryl)urea (15).—To a 

stirred suspension of 6-coumaryl isocyanate (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 

In view of the suggestive experimental ant i tumor 
activity shown by certain coumarin nitrogen mustard 
derivatives,2 it seemed advisable to explore possible 
cytotoxic properties of such coumarin derivatives some­
what further. Since there appeared to be no a priori 
reason to select one type of structure over others, 
accessibility of start ing 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 Institute, National Institutes of Health, to the University 
of Michigan. 

(2) For the preceding paper in this series, see 11. C. Elderfield and J. 
Roy, J. Med. Chem., 10, 918 (1967). 

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. Calcdfor CHH„C12X203 : C, 51.08; H, 4.29; CI, 21.54; 
X, 8.51. Found: C, 50.92; H, 4.36; CI, 21.60; X, 8.61. 

6-Coumarylguanidine (16).—6-Aminocoumarin hydrochloride 
(12.9 g) was added to a solution of 16.5 g of 50% aqueous hydrogen 
cyanamide29 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 hydrochloride of the 
guanidine, mp 296-297° dec, separated. 

Anal. Calcd for CIOHMCINSO,: C, 50.11; H, 4.21; CI, 14.80; 
X, 17.54. Found: C, 50.32; H, 4.34; CI, 14.74; X, 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 X'-methyl-X'-nitroso-X3-
nitroguanidine20b in 50 ml of 50% aqueous ethanol was refluxed 
with stirring for 1 hr. Solution was rapid and after 15 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 bv chilling to give white granular crystals, 
mp 234°. 

Anal. Calcd for C10H8X4O4: C, 48.39; H, 3.25; X, 22.58. 
Found: C, 48.62; H, 3.42; X, 22.38. 

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

7-Hydroxycoumarin ( la) and its 4-methyl ( lb) and 
4-phenyl (lc) derivatives were subjected to the Mannich 
reaction with formaldehyde and iminodiethanol giving 
the 7-hydroxy-8- [X,X-bis(2-hydroxyethyl) aminometh-
yl]coumarins (2a-c) (see Table I ) . Optimum yields 
of 2a and 2b were obtained by the procedure of Crom­
well3 in which the hydroxycoumarin is heated with 
an activated stock solution of the reagent for 6 hr. 
Conventional Alannich reaction conditions gave bet ter 
results in the preparation of 2c but a 60-hr period of 
refluxing was required. 

The Mannich reaction with l b and a variety of amines 
has been reported by Desai4 who obtained either the 
expected product or a 7,8-(??i-oxazino) coumarin de­
pending on the nature of the secondary amine. I t was 
assumed that the aminomethyl group entered the S 

(3) N. H. Cromwell, ./. Am. Chem. Soc, 68, 2634 (1946). 
(4) R. B. Desai, J. Org. Chem., 26, 5251 (1961). 
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7-Hydroxycoumarin derivatives when subjected to the Maunich 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,X-bis(2-chloroethyl)amino]benzaldehydes gave the benzylideue 
mustards. The compounds prepared have been evaluated against cell cultures and experimental animal tumors. 


