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TasLe II
NN-Bis (AZIRIDINEACETYL )-otw-DIAMINEN
—~Caled, Y=—— ——=VYound, G=——
Compd R Crystn solvent Mp, °C Yield, % C H N C H N

}) —Q— Benzene 188-190 19~ 61.3 6.61 20.4 61.2 6.60 20.4

10 d Benzene 124-125 I8 61.5 6.61 20.4 61.1 6.82 20.6
Cl

i1 c j::( Benzene-cyclohexane 128-129 2() 49.0 4.70 16.3 48.8 4.41 16.4
1

12 —CH2©_CH2_ Beuzene-cyclohexane 148-149.5 30 65.6 7.30 18.5 63.5 7.30 18.3

[ —@—CHz—Q— Benzene-cyclohexane 115.5-118 15 6.2 6.64 15.4 69.5 6.78 15.6

Cl Cl
14 Beuzeue 224226 25t 57.3 4.81 13.6 57.3 4.75 13.5
15 _CH2_®_CH2_ Benzene-cyclohexane 146-148 56 62.5 9.15 18.2 62.2 9.03 18.2

(trans)

« Tetrahvdrofnran was used a : the solvent for the reaction.

TapLE 111
LErrecrs or CoOMPOUNDS ON THE IRREPRODTUCTION
oF HoUsEFLIES

————7 egg lLatelhbe————

W 9 in No. of ———=1)ays of oviposition———

Compd feed flies 1 2 3 + 5 6 7
Cortrol 400 94 94 92 96 94 83 —
.. 250 D297 90 98 88 91 &7

9 1 300 313 4 81 26 67 23
1 200 2 2 6 5 6 5 19

10 1 300 1 35 44 32 35 34 39
11 1 300 532 67 57 67 — — —
0.1 300 88 66 35 83 — — —

0.01 300 92 8 85 95 — — —

12 1 300 0o 5 0 3 / 15 /
I 200 A A

0.1 200 B Y A A A A

0.01 200 21 15 17 20 75 17 28

1 i 300 56 33 48 32 70 83 3N
14 i 300 091 98 8 — — 58 88§
15 1 300 1 5 /7 /S /)
0.1 300 0 — / 35 30 36 40

0.01 300 75 0R2 88 8T 89 71079

« Blant lines indicate no eggs laid. ? Horizontal lines indicate

1 eggs set.

had previously been found to possess only minimal ac-
tivity as a housefly chemosterilant.! A comparisou be-
tween the activities of 9, 13, and 14 would indicate that
the diztance between the alkylating groups of 13 and
14 iz too large for maximal activity.

In Japanese quail (Coturnix coturniz japonica), 15 at
dietary levels not adversely affecting egg production has
been found to have a marked effect on reproduction as
evidenced by low egg fertility and hatchability. De-
tails of these studies are being reported elsewhere.

Acknowledgment.—Thix work was supported by
U. 8. Public Health Service Grant GM-11491. We
wish to thauk V. Tovar for assistance with the bio-
logieal studiex.

Structure and Anticoagulant Activity of

Bridge-Substituted Dicoumarols!

1IR. B. Arora,? N. R. Krisuxaswamy, T. R. SEsHADRI,
S. D. 8. SETH,? AND B. R. SHARMA

Department of Chemistry, University of Delh!, Delhi 7, and
Department of Pharmacology, All India Institute of Medical
Sciences, New Delhi-16, India

Recelved June 7, 1966

Studies by Overman, et al.,* and Mentzer, ef al.,* ou
the anticoagulant activity of coumarin derivatives
showed that the minimum structural requirement was a
4-hydroxycoumarin unit with a substituent in position
3 bearing a suitably placed carbonyl group. I"or maxi-
nial activity a bis arrangement as in dicounrarol (I)

was considered to be necessary.
0.0 00 O O
L L p
OH OH 0]
I OH
1
0.0
/
0]
HO
NI

(1) Some of the results presented in tliis paper are taken from the theses
of 8. D. 8, 8. (All India lnstitute of Medical Sciences) and B. R. 8. (Delhi
University).

(2) All lndia lnstitute of Medical SRciences.

(3) R. 8. Overman, M. A. Stahman, C. F. lHuebner, W. R. Sullivan, L.
Spero, D. G. Doherty, M. lkawa, L. Graf, 8. Roseman, and K. P. Link, J.
Biol. Chem., 183, 5 (1944).

(4) C. Mentzer, P. Meunier, J. Lacoeq, O. Billet, and D. Xuong, Bull.
Soc. Chim. France, 12, 430 (1945).
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i3/~ BENZYLIDENEB1S-4-11Y DRUN Y COUMARINS
O _0 00
A CH
OH R OH
Uhihe N ouwl, 7,
N R Solvernt Myp. ¢ Townnla t 11 o 11
| Gell, Dioxane 228221 Cualli0),
2 o0-CICsL, OH-110AC 186G~ 18N der Caal1,CH0), (2 5o 632 Gon
5 p-ClCql 1y EtOH-EtOAr 250252 Cop 10, iy 2 34 66D -
4 0-NO.Cel 1y EIOH-T1OAc 183184 der Cal1 i NO, 656 I 65.0 5.6
5 p-NOCglHy FtOH-EtOAn 25352134 Ca i NOK 6.6 53 Gy N G
6 m=OHCql4 Dinxane 258-261 der Cal sl ) 701 B 0 BN
7 p-OHCel4 EtOH-EtOAc 2{2-215 Culli0) T 5N PRI 1.5
N 0-OMeCsll, Divxane 208-210 ( W) TG 41 h o4 41
] m-OMeCgll,; Dioxane 240 25D Cuel 1,0): 706 1.1 ha 4 2
10 p-ONMeCelly liihyl ether 242 ey (Cul 130,
1 p-((:l'{g)gx(;ﬁlh 4 210 e '.'JZII'JI')I;X .
12 Cill,CHi=C11 Cyelohiexanune- RRREREE Cus ;00 T4 R EHER 3o
FtOH
1 3-O11-4-ONMeCel 1y Dinxane~15tO1 251254 dee [EMEFNGR BN 1.0 6.0 4.0
14 4-OH-5-0MeCGel1y Cyeclohexanone 2053215 Coul 1,0,
15 2,4-(0ONMe)CeHy LtOH-1210Ar 171 Cusl ), 6N .6 4.3 6N 01 47
16 5.4-(CH.O.)CyHy 250 e Cagl 15:0),

@ Solible in aeid and alkali but eould not be crystallized from nuy of the nentral solvents tried.

Later, Chmnelewska and Cieslak® expressed the view
that the activity could be correlated with antivitaniin
IX property and the active form of a coumarin antico-
agulant must be a evelie ketal of the type II or 11T
These can arize only from 3-substituted 4-hydroxycou-
marins in which the side chain has a carbonyl or 2
potential carbonyl group in position 2’ or 3’.  The ac-
tivity of dicoumarol was explained on the basis of i
modified structure (IV) arrived at from methylation ex-
periments; this would lead to the derived ketal V. An
alternative possibility 18 the lactol structure VI arising
from I. The recent suggestion of Lederer® that the
form of vitamin I active in prothrombin synthesis is
probably related to the structure VII lends support to
Chnielewska’s hypothesis,

OH 0
Y
0
( QO 1 CH.
p 0
O_A-OH o
HO 1) CH;, R
VII
Vi

Barlier, Link and co-workers? had exaniined some di-
countarols with n phenyl or a substituted phenyl group
at the methylene bridge.  We have now made more

1al 1. ChindelewskstU sl J. Clieslak, Telrhedryn, 4, 135 110A8).
1) 19, Lwlervr, Bivvloon. J., 93, 439 ( (064,

conrpounds o1 this type and have also inceluded those de-
scribed carlier for purposes of comparison. By von-
densing” 4-hydroxveoumarin with substituted benzal-
dehydes the following new dicoumarols have been pre-
pared: o- aud p-chloro-, o- and p-nitro-, m- and p-
hydroxy-, o-. -, and p-methoxy-, p-dimethylunino-, 3-
hydroxy-+-methoxy-, and  2.4-dunethoxybenzyiidene-
bix-4-hydroxyeoumarins and 3,3'-cinnamylidenebis-4-
hydroxycoumarin,  Compounds having slightly modi-
fied stmrctures have also been made.  These are the
products of condensation of 4-hydroxycountarin and o-
vanillin and the anhydrides obtained by dehydration or

the corresponding  3.3'-benzylidencebis-4-hydroxy cou-
marms.  The former has been given the strueture [X

on the basi= of clentental analysis and v analogy with
the earlier known produet from salicylaldehyde (VI1).
Attemipts to condense 4-hydroxycoumarin with phioro-
gluctnaldehyde tailed. A new tricouniarol deriv -tive
X has been obtaned during an attempted formylation
of  d-lydroxycowmarin - uzing  dimethyiformamide
(DMIY)  and  phosphorus  oxvehloride.  The mter-
nediate m this reaction should be 3-formyl-4-bydroxy-
commarin which, however, could be isolated only as its
2. 4-dinttrophenylhyvdrnzone and as a minor produet.
The fornation of X indicates ready condensation of the
aldehyde with 4-hydroxycoumarin followed by dehy-
dratiorn.  The structure X i supported by elemental
analysis of the compound and of its acetate as well ns

0 0 Oy O
=1

0 0

R

VI, R H
IX. R - OCH.

2Ty WU R Sullivan, o) VL Hoeboer, MLA L Stabioan, and Ko P Link,
L Cloon Sov., 88, 2288 1 (431,
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ANHYDRIDES OF 3,3'-BENZYLIDENEBIS-4-HYDROXYCOUMARINS

No. R Mp, °C*

1 0-CICH, >310

2 p-CICeH, >310

3 O-NO?C6H4 >310

4 p-NOQCeH4 >310

5 m-OAcCeHy 305-306

6 O-OCH3C6H4 >310

7 7IZ-OCI{3CGH4 308—310

S p-(CHa )2NC6H4 305—3()7

) 3-0Ac-4-OCH;3C¢H; 274-276 dec
10 2,4-(0CH;3).CeH; 248-250)
11 3,4-(CH202)C6H3 14

2 Recrystallized from cyclohexanone, ° Sintered at 238°,
by the similarity of its ultraviolet spectrum to that of
dicoumarol.

The ultraviolet spectra of the compounds are re-
markably similar to that of simple dicoumarol; they
give two characteristic absorption maxima, near 280
and 305 mu and two minima, 250-255 and 290-295 my.

Experimental Section

The various 3,3’-benzylidenebis-4-hydroxycoumarius listed
in Table I were prepared by adopting the procedure described
by Sullivan, et al.” All of the melting points were determined
it open capillary tubes and are uncorrected.

Interaction of 4-hydroxyeonmarin (0.5 g) with o-vanillin
(0.25 g) in ethanol gave (IX) which crystallized from dioxane

as colorless needles (0.45 g): mp 276-278° dee: AEDH (qualitative)
263, 305 mu.
Anal. Caled for CysH160::0.5H.0: C, 69.5; H, 3.8. Found:

C.69.7; H, 3.9.

The acetate crystallized from cyclohexanone as colorless plates,
mp 264-267°.

Anal. Caled for CagHigOs:
60.7; H,4.2.

Formylation of 4-Hydroxycoumarin. A.—Phosphorus oxy-
chloride (3 ml) was added dropwise to DMF (30 ml) cooled to
10°.  The mixture was kept for 15 min at room temperature to
complete complex formation. 4-Hydroxycoumarin (3 g) was
added to the pale pink solution; immediately after sobition a
solid (A) separated. It was insoluble in hot ethanol or DMF and
could be obtained only as amorphous material (1.5 g): mp >300°;
AZH 270 myu (log € 3.82), 300 mu (log € 3.71); Amia 255 mu (log
€3.71), 285 mu (log € 3.70).

Anal. Caled for C;sHuOs: C, 70.3; H, 2.9. Found: C, 70.0;
H, 3.2.

The acetate did not melt below 300°.
ethanol-ethyl acetate as needles.

Anal. Caled for CioHieOs:
68.7, H,3.4.

B.—A mixture of 4-hydroxycoumarin (1 g), DMF (10 ml),
and POCI; (1 ml) was heated o1 a boiling-water bath for 10 min,
kept overnight, and slowly added to 109, aqueous Na.CO;
(40 ml). The mixture was heated to boiling and cooled, and
the brown solid that had separated was filtered. It did not melt
up to 300° aud was the same as the compound described under A.
The alkaline solution was acidified, and the precipitate was col-
lected, washed, and dried. It melted at 125-126° and de-
composed at 244-245°. It gave tests for aldehydes, but attempts
to recrystallize it from hot ethanol resulted in the high-melting
prodnet deseribed above. It readily gave a 2,4-dinitrophenyl-
hydrazoue, mp 272-274°,

C, 69.7; H, 3.8. Found: C,

It crystallized from

C, 69.2; H, 3.1. Fouund: C,

@)
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R
F
0]
~—Caled, Y%—— ~—=Yound, Y%—
Formula C H C H
Cos Hi5ClLO; 70.1 3.0 69.4 3.8
Co: H15CLO; 70.1 3.0 69.5 2.7
CyHisNO- 68.5 3.0 67.9 3.3
C.:HizNO; 68.3 5.0 69 .0 3.5
C.H,60, 1.7 3.3 71.6 5.9
CisH1605 73.6 3.8 3.7 3.6
CisH 1605 73.6 3.8 4.0 4.2
CyuHiyNO, 73.9 4.3 74.0 4.4
CosH1505 69.7 3.8 69.4 4.2
Co7H 1504 71.4 3.9 1.2 4.6
CusH1404 71.3 3.2 71.8 3.6

¢ Shrank at 295°, no melting up to 310°,

Anal. Calcd for C16H100;T\'4:
51.4; H,3.1.

The anhydrides (Table I1) were prepared by the procedire of
Huebner, et al 8

Experimental Pharmacology.—The anticoagulaut activity was
studied by determining the prothrombin time in the rabbit by
@uick’s one-stage method as modified by Montigel and Pulver.?
The doses were caleulated on an equimolar basis vsing a 5(-mg/kg
dose of dicoumarol as the reference standard. The results are
tabulated in Table I11.

C, 51.9, H, 2.7. Fomd: C,

Results and Discussion

In agreement with Link and co-workers,? it 1z now
found that 3,3’-benzylidenebis-4-hydroxycoumarin is
much less active than dicoumarol. The introduction
of substituents in the phenyl on the bridge has varying
effects depending on their nature and on their position,
The methoxyl is the most favorable and the dimethyl-
amino the least. para substituents evoke the maxi-
mum response and the effect falls as the substituent is
moved on to the meta and ortho positions.

The formation of a ketal or a lactol would depend
upon a proper steric disposition of the molecule, The
unfavorable effect of the phenyl at the bridge may be
due to distortion which 1s considerably enhanced in the
case of the ortho-substituted phenyl derivatives. On
the other hand, the product of condensation of 4-
hydroxycoumarin with cinnamaldehyde, in which the
phenyl is separated fron: the bridge by two carbons, has
a much higher activity. Disubstitution as in the case
of the products obtained with vanillin, isovanillin, 2,4-
dimethoxybenzaldehyde, and piperonal lowers activity.

Compound VIII™® is considerably more active than
3.3’-benzylidenebis-4-hydroxycoumarin.  This result
cannot be accommodated by the ketal hypothesis since
VIII can yield only a lactol. It can, however, be ex-
plained if the structure is considered to be XI changing
into a ketal form. It is not possible to decide between
these two alternatives on the basis of available spectral
and structure—activity relationships evidence.

(8) C. F. Huebner, W. R. Sullivan, M. A. *taliman, anil K. P. Link, J.
Am. Chem. Sov., 68, 2292 (1943).

(9) C. Montigel and R. Pulver, Svhuweiz. Med. Wochschr., 82, 132 (1952).
(10) F. Litvan and W. G. Stoll, Helr. Chim, Actu, 42, 878 (1959).
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ANTICDAGTLANT AcTIVITY 0F DIroCyannis

Uonenlotin

\retion valeoey
N Detivative of Elivloxysounmann Lynset, by sk, br Diarition, b vy
i Diroomarol (ref eonpd) 24 21 216 Q
2 33 -Benzylidenebis- 24 AN 2 20
B 3,3 =Co-Chlornbenzylidene jhix- 24 AN D 0
B "~(p-Chlbrobenzylidence jhix- 2 18 120 i
) {o-Nitrobenzyiidene )bix- 2 AN 144 2n
6 (p-Nitroebenzylideue )hix- 2 24 2 20
N 303 - On-Hydroaybenzylidene jbix- Tietive D0
N S0 =-Cp-Hvdroxyvbenzy bdene Yhis- 2 AN T2 25
1 3,3 -(0-NMethoxyvhenzyhdene ihis- e 4N T2 2n
ja 303 -On-Methuxyhenzylidene is- 24 4N 120 0
(] -(p-Methuxybenzylidene his- 24 4N 906 )
12 ~(p-Dimethivlaminobenzylidene )his- 24 EEN T2 o
[ S/ -Cinnamylidenehix- 24 4N 144 m
14 3,05 03-Hydenxy-4-miethuwy henzylidene Jhis- 24 18 144 (68
15 (4-1ydroxy-3-methoxybhenzylidene )his- 2 AN 72 20
16 3.5 -2, 4- Dintethexyhenzylidene )hix- 2 V2 S6 20
1 3.3 7-05,4-Methylenedinxybenzylidene ) bis- 24 AN Y 15
i~ 3-[6-Oxo-1 1 -benzopyvrann {4,5-0]- (1 -benzopyran-7-v1 |- 24 AN 144 35
N 3-16-Oxo-0 1 -benzopyrane|4,5-h|-(1)-1 1-methoxybenzo- 24 4R 6 30
pyrste-y-yil-
20 Anhydride of 3.5 (p-methoxybenzylidene yhis- Inactive jn
29 $-Hydroxyeommarinyl-2, 347530, 4 dieonmiar- Inavive ot

mopyran-2.5-diened

O~_0 (© ]
N
Z > b
OH J—
0 0
XI il

The product of formyiation of 4-hyvdroxycowumarin
mentioned carlier i= an anhydride and ix analogous to
the compounds (e.g.., XII) prepared by subjecting the
various  =ubstituted  dicommarols 1o dehydration.
These are mactive,

A significant feature of X and XI1 ix their simtlarity
i1 shape to the hypothetical ketal from diconmarol VI
Howaever, there ix a difference. naniely, the absence of
the ketal group i the former, and this seemx to lead to
mactivity.  If, however, the nctive form of dicou-
marol 1s the Iactol VIIL the inactivity of the anhydrides
can be explained merely by gross struetural differences.
Further studies are necessary to define the exact struc-
ture of the active form.

Acknowledgment.-—The authors thank the Council
of Scientific and Industrial Rescarch of India for a
research grant,

Leguminosae Alkaloids. 1l
Alkaloids of Lupinus westianus Small!
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Ieveired August 3, 1966

Ax purt of our continuing program of examination
of alkaloids claborated by previously uninvestigated or

partially imvestigated plant species of genera belonging
to the fanily Leguniinosae. we now report the results
of our study of the plant, Lupinus westianus Small.?
The only mention of this plant in the chemieal literature
ix that duce to Wall and co-workers.* who had included
it o large plant survey.  Apart from noting the pres-
ence of alkdoids i L. westianus. however, Wall,
el al..* did not earry ont any chemieal investigations,

The plant matertal used i the present study was
collected during the =pring of 1962 near Panama City,
Fla.® The extraction procedure and the methods
used for separation and identification of the alkaloids
are detailed in the FExperimental Section.  As it turned
out, the three alkaloids elaborated by L. westianus.
(—)-sparteine,  (--)-lupnnne,  and  (=)-multiflorine,
constituting 0.16, 0.09, and 0.529 of the weight of the
moisture-free plant, respectively, nre all known sub-
stances.  However, nonnixture eontaining the three com-
ponents, sparteine. lupinine, snd mudtiflorine in 21,
16, and 63 mole ¢, respeetively. was examined for
phystological activity in two specific tests.

I the spontaneous activity test, the mixture wis
mjected (intraperitoncal) into Swiss-Webster mice at
dosage levels of 1. 5, and 50 mp kg Each dosage
level was administered to four groups of 5 mice. The
mice were placed o photocell activity eage 1l after
drug admimstration, and a 15-min test mterval was
measured.  An identical procedure was followed with
nocontrol saline solution) group of mice.  The ratio

Pl Fore Puarr T oser, S0 L Goblbery winl R Muoites, P'hylochewsistoy, in
press.,

(2) Taken in part fromn the slissertation subuiclel by M. 3. S, in parual
fulfillrnent of tlie Gradunate Selowml reqirements for (e Pho DL in ehemistry,
University of Soutlt Clarolin.

(3) Some taxonnmists, as Jdoes Go 11 AL Lawrence (" Taxonomy of Vaseu-
lur Plants.,” The Muemillunt Co., New York, N, Y., 1D51, p 645 fl1, elassify
thie genus Lupiavs under (lie subfinily Dotuidene v Papilinmioens.

th AL ML Wall, LW, Guarvin, 1oL Willaman, Q. Jones, B, (. ~vbulerr,
arel R AL Duavilsou, J, Phovon, Seil, 50, 1001 (13961,

»A Wi oare indebrel 1n Professor Rubert Giplfrey of re Florbla St
Cuiversity Tor Lis experr idenrifivavion of [, wesiropus amd Tor lis abf o
rranging for volleetion el shipaea s of (e pleoes,




