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TABLE II 

X,X'-Bls(AZIl!IDINEACETYL)-a,w-DI AMINES 

Compd 

9 

10 

11 

12 

Crystn solvent-
Calcd, % 

C H X 

Benzene 

Benzene 

Mp, °C Yield, % 

188-190 19" 61.3 6.61 20.4 

. Found, c/c 

C H X 

61.2 6.60 20.4 

124-125 18 

13 

J L J Benzene-cyelohexane 

Benzene-cyelohexane 

~ ~ \ J ) ~ C H ' ~ { 3 ~ Benzene-cyclohexane 

-CH2<\ y-CH r 

128-129 20 

148-149.5 30 

115.5-118 15" 

61.3 6.61 20.4 61.1 6,82 20.6 

49.0 4.70 16.3 48.8 4.41 16.4 

63.6 7.30 18.5 

69.2 6.64 15.4 

63.3 7.30 18.3 

69.5 6.78 15.6 

14 

15 

CI \ 

^ > 

- C H 2 - < 

CI 
/ 

• o -
S)—CHj — 

Benzene 

Benzene-cvclohexane 

224-226 

146-148 

25' 

56' 

57.3 4.81 13.6 57.3 4.75 13.5 

62.3 9.15 18.2 62.2 9.03 18.2 

(trans) 

Tetrahydrafui'an was used a ; the solvent for the reaction. 

TABLE II I 

EFFECTS OF COMPOUNDS ON THE REPRODUCTION 

OF HoUSEFLIES 

* % egg hatch'1,*1 

Compd 

C o n t r o l 

9 

10 
11 

12 

13 
14 
15 

" Slant li 
no eggs set. 

Wt ',>; in 
feed 

1 
1 
1 
1 
0.1 
0.01 
1 
1 
0.1 
0.01 
1 
1 
1 
0.1 
0.01 

lies indicate 

Xo. of 
flies 

400 
250 
300 
200 
300 
300 
300 
300 
300 
200 
200 
200 
300 
300 
300 
300 
300 

no eggs 

l 

94 
92 

o 

2 
1 

52 
88 
92 

0 

/ 
O 

21 
56 
91 

1 
0 

73 
laid. 

—Days of 
2 

94 
97 
13 
2 

35 
67 
66 
89 

5 

/ 
1 

15 
33 
98 

5 

— 
82 

3 

92 
90 

4 
6 

44 
57 
35 
85 

0 

/ 
/ 

17 
48 
8,5 

/ 
/ 

88 
6 Horizoi 

oviposition 
4 

96 
98 
31 

5 
32 
67 
83 
95 

3 
/ 
/ 

20 
52 
— 
/ 

35 
87 

5 

94 
88 
26 

6 
35 
— 
— 
— 
/ 
/ 
/ 

75 
70 
— 
/ 

30 
89 

ital lines 

6 

83 
91 
67 

3 
54 
— 
— 
— 
15 
/ 
/ 

17 
83 
58 
/ 

36 
71 

. 
7 

— 
87 
23 
19 
39 
— 
— 
— 
/ 
/ 
/ 

2 8 

38 
88 

/ 
40 
79 

indicate 

had previously been found to possess only minimal ac
tivity as a housefly chemosterilant.1 A comparison be
tween the activities of 9, 13, and 14 would indicate that 
the distance between the alkylating groups of 13 and 
14 is too large for maximal activity. 

In Japanese quail (Coturnix cotumix 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. 
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Studies by Overman, et al.,3 and IMentzer, el a/.,4 on 
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. For maxi
mal activity a bis arrangement as in dicoumarol (I) 
was considered to be necessary. 

ao v o o^a 

OH 

CX^O 

OH 

Os^O 

(1) Some of the results presented in this paper are taken from the theses 
of S. D. S. S, (All India Institute of Medical Sciences) and R. R. S. (Delhi 
University). 

(2) All India Institute of Medical Sciences. 
(3) R. S. Overman, M. A. Stahman, C. F. Huebner, W. R. Sullivan, L. 

Spero, D. G. Doherty, M. Ikawa, L. Graf, S. Roseman, and K. P. Link, J. 
Biol. Chem., 153, 5 (1944). 

(4) C. Mentzer, P. Meunier, J. Lacocq, O. Billet, and D. Xuong, Bull. 
Soc. Chim. France, 12, 430 (1945). 
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TABLE 1 

; ! , ; ; ' - B E N Z V L I l ) K N E B l S - 4 - H V l ) l i l l \ V ( ' l ) r M A i ; i N S 

Nu. 

1 

•) 
• ) 
4 

5 

(i 

7 

s 
0 

III 

11 

12 

i:s 
14 

1") 

Hi 

" Soluble in 

H 

Call., 

o-ClC„II, 

p-ClCelb, 

0-N()2CeII.i 

p-ynhCtUi 

»(- ( )HC e H 4 

p-( )HC«H 4 

o-0"MeC»H., 

m - O M e C J I t 

p - O . M e C J E 

/ M C H ^ N C J I . , 

C 6 H 4 C I I = C H 

3-OII-4-0 . \ IeC 6 I I ; , 

4 - ( ) H - 3 - ( ) M e C 6 H 3 

2,4-(()Me) 2C 6H;, 

:S ,4- (CII ,0 2 )C 6 H 3 

acid and alkal i but could 

Suh f-'nl 

D i o x a n e 
E t O H - E t O A c 

E t O H - E t O A c 

E t O H - E t O A c 

E t O H - E t O A c 

Dioxane 

E t O H - E t O A c 

Dioxane 

Dioxane 

E t h y l e the r 

a 

C y c l o h e x a n o n e -

' E t O H 

D i o x a n e - E t O I I 

Oyclol iexanoite 

E t O H - E t O A c 

not be crysta l l ized f 

OH R OH 

Ml ' . < 

22.S- 220 

ISIMNN dec 

250-2.52 

1N3-1N4 dec 

233-234 

25<S-2(H dec 

212 215 

'208-210 

240 250 

242 dec 

210 dec 

232- 234 

251 253 dec 

213-215 

107 100 

250 dec 

m m a n y of the n e u t r a 

( ' • 

( ' • 

(': 
C 

('; 
( ' • 

(': 
C. 

C 

C 

( ' 
(' 

(' 
C 

C 

(' 
1 sol 

] ormula 

all,«(),, 

. .J loOlO,. 

; : ,HK, ( ' IO„ 

;,,IIi:,NOs 
2,11,sNO. 

2:,H,f,(>7 

..*H,r.07 

* H , „ 0 ; 

;«1U> 7 

=«H i,(>-. 

2 - I E , 0 6 N 

J T H I T D S 

••JI .JK 

j J M h 

2TH..„()-
-JI17O. 

v e n t s tr ied. 

< 'a id 
( ' 

07 2 

07 2 

0 5 , (S 

(55. 0 

7 0 . 1 

7(1. 1 

7 0 . 0 

7 0 . 0 

74 1 

ON 1 

( is . (> 

1. ' , 
11 

3 4 

3 . 4 

3 . 3 

• > . •> 
3 . S 

3 . S 

4 1 

4 . 1 

3 . 0 

4 0 

4 3 

l 'omid 
C 

0 7 . 2 

00 5 

0 5 . 0 

05 S 

70 1 

7 0 , 3 

70 4 

70 0 

73 s 

0 7 . 0 

ON.O 

11 

3 3 

3 7 

3 d 

3 0 

3 s 

4 .5 

4 1 

4 2 

3 0 

•I 3 

•I 7 

Later, Chmielewska and Cieslak5 expressed the view 
(hat the activity could be correlated with antivitamin 
I\ property and the active form of a coumarin antico
agulant must be a cyclic ketal of the type II or I I I . 
These can arise only from .'-{-substituted 4-hydroxycou-
marins in which the side chain has a carbonvl or a 
potential carbonyl group in position 2 ' or 3 ' . The ac
tivity of dicoumarol was explained on the basis of its 
modified structure (IV) arrived at from methylation ex
periments; this would lead to the derived ketal V. An 
alternative possibility is the lactol structure VI arising 
from I. The recent suggestion of LedererB that the 
form of vitamin K active in prothrombin synthesis is 
probably related to the structure VII lends support lo 
Chmielewska's hypothesis. 

0x^=0 

Earlier, Link and co-workers3 had examined some di-
coumarols with a phenyl or a substi tuted phenyl group 
at the methylene bridge. We have now made more 

I.-,) 1. Climielewskn and .). Cieslak, Tetrahedron, i , 1M M958). 
Mi) 1-;. U'deror , Biorlirm. ./.. 93 , 4.W (1064). 

compounds of t his type and have also included those de
scribed earlier for purposes of comparison. By con
densing" 4-hydroxyeoumarin with substituted bonzal-
dehydes the following new dicoumarols have been pre
pared: a- and p-ehloro-. <>- and p-nitro-, nt- and p-
hydroxy-, <>-. m-, and p-methoxy-, /xl imethylamino- . 'A-
hydroxy-4-methoxv-, and 2.4-dimethoxybenzylidene-
bis-4-hydroxycoumarins and 3,3'-('innamylidonebis-4-
hydroxycoumarin. Compounds having slightly modi
fied structures have also been made. Those are iho 
products of condensation of 4-hydroxyeoumarin and <>-
vanillin and the anhydrides obtained by dehydration of 
the corresponding 3,.V-benzylidenebis-4-hydroxyeou-
marins. The former has boon given the structure IX 
on the basis of elemental analysis and in analogy with 
the earlier known product from salieylaldehyde (VIII) . 
At tempts lo condense 4-hydroxycoumarin with phloro-
glucinaldehydo failed. A now tricoumarol deriv-tivc 
X has been obtained during an at tempted fonnylation 
of 4-hydroxyeouniarin using dimethylfonnamido 
(DAIF) and phosphorus oxychloride. The inter
mediate in this reaction should be 3-formyl-4-bydi'0xy-
coumarin which, however, could be isolated only as its 
2.4-dinitrophenylhydrazone and as a minor product. 
The formation of X indicates ready condensation of the 
aldehyde with 4-hydroxyeoumarin followed by dehy
dration. The structure X is supported by elemental 
analysis of the compound and of its acetate as well as 

a0 - ^ 0 Uz^A'y •Ov^O C W O - . 

VIII. K H 
IX. R ()('H 

ul l lvau. ( ' . 1'. Illielmi" 
., 68, 228S i \\\ l» i . 

id K. 1'. Link 
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TABLE II 

ANHYDRIDES or 3,3'-BENZYLIDENEBIS-4-HYDKOXYCOUMAMNS 

No. 

1 
9 

s 
9 

10 
11 

' Hecrvt 

K 

O-C1C 6 H 4 

p-ClC6H4 

o-N02C6H4 

p-N02C6H4 

m-OAcC6H4 

o-OCH3C6H4 

m-OCH3C6H4 

HCH 3 ) 2 NC 6 H 4 

3-OAc-4-OCH3C6H3 

2,4-(OCH3),C,H3 

3,4-(CH202)C6H3 

from cvclohexanone. 

l i p , °C" 

>310 
>310 
>310 
>310 
305-306 
>310 
308-310 
305-307 
274-276 de-
248-2506 

c 
6 Sintered at 238°, 

Formula 

C26H13C105 

C2SH13C105 

C25H13NO-
C25H13NO, 

C26Hi6U6 
C2sHi606 

C2,H19X05 

CagHisOg 

C27H18O7 

C26H14O7 
; Shrank at 295°, no melting 

^ Calcd, 
C 

70.1 
70.1 
68.3 
68.3 
71.7 
73.6 
73.6 
73.9 
69.7 
71.4 
71.3 

up to 310°. 

% • 

H 

3.0 
3.0 
3.0 
3.0 
3.5 
3.8 
3.8 
4 .3 
3.8 
3.9 
3.2 

. 1'ound, 
C 

69.4 
69.5 
67.9 
69.0 
71.6 
73.7 
74.0 
74.0 
69.4 
71.2 
71.8 

%— 
H 

3.8 
2.7 
3.3 
3.3 
3.9 
3.6 
4.2 
4.4 
4.2 
4.6 
3.6 

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 m/u and two minima, 250-255 and 290-295 nut. 

Experimental Section 

The various 3,3'-benzyiidenebis-4-hydroxycoumarins listed 
in Table I were prepared by adopting the procedure described 
by Sullivan, et al.~ All of the melting points were determined 
in open capillary tubes and are uncorrected. 

Interaction of 4-hydroxycoumarin (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° dec; X '̂,°H (qualitative) 
265, 305 mM. 

Anal. Calcd for C26H16Cv().5H20: 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. Calcd for C28Hi808: C, 69.7; H, 3.8. Found: C, 
69.7; H, 4.2. 

Formylation of 4-Hydroxycoumarin. A.—Phosphorus oxy-
chloride (3 ml) was added dropwise to D M F (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 solution a 
solid (A) separated. I t was insoluble in hot ethanol or D M F and 
could be obtained only as amorphous material (1.5 g): mp >300°; 

270 mM (log e 3.82), 300 mM (log e 3.71); Xmin 255 mM (log 

C, 70.3; H, 2.9. Found: C, 70.0; 

crystallized from 

H, 3.1. Found: C, 

e 3.71), 285 m^ (log e 3.70). 
Anal. Calcd for C28Hi408 

H, 3.2. 
The acetate did not melt below 300°. I t 

ethanol-ethvl acetate as needles. 
Anal. Calcd for C3oH1609: C, 69.2; 

68.7; H, 3.4. 
B.—A mixture of 4-hydroxycoumarin (1 g), DMF (10 ml), 

and POCl3 (1 ml) was heated on a boiling-water bath for 10 min, 
kept overnight, and slowly added to 10% aqueous Na2COa 
(40 ml). The mixture was heated to boiling and cooled, and 
the brown solid that had separated was filtered. I t did not melt 
up to 300° and was the same as the compound described under A. 
The alkaline solution was acidified, and the precipitate was col
lected, washed, and dried. I t melted at 125-126° and de
composed at 244-245°. I t gave tests for aldehydes, but attempts 
to recrystallize it from hot ethanol resulted in the high-melting 
product described above. I t readily gave a 2,4-dinitrophenyl-
hydra/one, mp 272-274°. 

Anal. Calcd for Ci6H10OTN4: C, 51.9, H, 2.7. Found: C, 
51.4; H, 3.1. 

The anhydrides (Table II) were prepared by the procedure of 
Huebner, et al.s 

Experimental Pharmacology.—The anticoagulant activity was 
studied by determining the prothrombin time in the rabbit by 
Quick's one-stage method as modified by Montigel and Pulver.9 

The doses were calculated on an equimolar basis using a 50-mg/kg 
dose of dicoumarol as the reference standard. The results are 
tabulated in Table I I I . 

Results and Discussion 

In agreement with Link and co-workers,3 it is now 
found that 3,3'-benzylidenebis-4-hydroxycoumarin is 
much less active than dicoumarol. The introduction 
of stibstituents 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 is considerably enhanced in the 
case of the orMo-substituted phenyl derivatives. On 
the other hand, the product of condensation of 4-
hydroxycoumarin with cinnamaldehyde, in which the 
phenyl is separated from 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 VHP'10 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, \V. R. Sullivan, I I . A. Stahman, and K. P. Link, ./. 
Am. Chem. Soc, 65, 2292 (1943). 

(9) C. Montiuel and R. Pulver, Schweii. Med. Wochsdir., 82, 132 (1952). 
(10) F. Litvan and \\". G. Stoll, Helv. Chim. Acta, 42, 878 (1959). 
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T A B I . F ; 

ANTi( ,(iA(ii ,],A\T A r n v r v UK I l i n i i M A U o i , ; 

N 

II 

1(1 

I I 
12 
i:s 
14 

I.") 

1() 

17 

i s 

1!) 

21 

U r i n a t i v e (if t - h y d r o \ \ con m a r m 

I ) icoiimarol (ref c o m p d ) 

iv> ' -Benzyl idenebis -

•),.')'-( o-Cli lorobenzy li dene jl )is-

:>, 8 ' - (p-Ohloroben zylidei ic )bis-

i >7!'-(o-Nit roben zylidei telbis-

;!,:>'-1 / j -Ni tn ibenzy lideiie )bis-

:•!,.'!'- i m - H y d r o x y b e i i zylidei ic )bis-

: ! , o ' - (p -Hydroxy ben zylidei ie )bi*-

i io ' l ' - to-Methoxybet izyl idene ibis-

i>7>'-im.-Melh<>xybenz\iidene )bU-

:>,.'!'- (p-M edit )xybenzyl idene )1 >is-

•5. •!'-( p- l)i met hy laminoben zylidei le Jbis-

: >,:>'-Ci l u m m y li denebis-

'•>,'•)'- (• !-Hydn>xy-4- met IK ixybenzylidei le Jbis-

o. i> '-(4-IIydn)xy-i!-niet l ioxybeiizylidei ie)bis-

:>,:>'-(2,4-I)imet IK>xybenzylidene Ibis-

'•>.'•')'-( '•'>, 4 - M e t h y l e n e d i o x y ben zylidei le )bis-

.')-|6-(.)xo-( 1 )-l)enz(i])yranoj4,.')-/)]-! 1 Vbenzi ipyran-"- , 

:i-|(i-( )xii-( 1 >-benzo])yi'ani>|4,:>-')]-! 1 )-l 1-melhoxybci 

pyra t i -7 -y i j -

Anl iydr ide of i>..'i'-(/j-met In >xy ben zyl idene ibis-

4-1 Iyd roxyco t imar iny 1-2,3,5, ()-(.;•>', 4 ',.'•! " , 4 " - d i c n u ma 

iiK)])yi'an-2.")-diene i 

M M . h r 

24 

24 

24 

24 

21 

24 

24 

24 

24 

24 

24 

24 

24 

21 

24 

24 

24 

p e a k , in-

12(1 

IS 
4-S 

4S 

4S 

24 

I n a c t i v e 

4S 
4S 

4S 

4S 
4S 

4s 
4S 

is 
- • > 

4S 

4S 

D u r a t i o n , l,i 

2Hi 
y-> 
IK'i 

120 

144 
- • > 

~2 

j2 

120 

!K> 

72 

144 

144 

72 

SO 
~2 

144 

0 

211 

:!."> 
10 

20 

20 
HID 

2.") 

2(1 

III 
7) 

:;7, 

HI 

17i 

20 

20 
17) 

7) 

24 4X 

I n a c t i v e 

I n a c t i v e 

l i l t ! 

H i l l 

The product of formylation of 4-hydroxycouniarin 
mentioned earlier is an anhydride and is analogous to 
the compounds (e.g., X I I ) prepared by subjecting the 
various substi tuted dicoumarols to dehydration. 
These are inactive. 

A significant feature of X and X I I is their similarity 
in shape to the hypothetical ketal from dicoumarol VI. 
However, there is a difference, namely, the absence of 
the ketal group in the former, and this seems to lead to 
inactivity. If. however, the active form of dicou
marol is the lactol VII, the inactivity of the anhydrides 
can be explained merely by gross structural 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 Research of India, i'or a 
research gram. 

Leguminosae Alkaloids . II. 

Alkaloids of Lupinus weslianus Small 1 

S T A N L E Y I. ( I O L D B E K G AND M I H A M M A D S. S A H L I -

Department of Chemistry, C nirersity of South Carolina, 
Columbia, South Carolina 2U208 

Itt-ri-irctl .1 iif/iisl .',. Vififi 

As part of our continuing program of examination 
of alkaloids elaborated by previously uninvestigated or 

partially investigated plant species of genera belonging 
to the family Leguminosae. we now report the results 
of our study of the plant. Lupinus trestianus Small.:! 

The only mention of this plant in the chemical literature 
is that due to Wall and co-workers.4 who had included 
it in a large plant survey. Apart from noting the pres
ence of alkaloids in L. irestianm. however, Wall, 
el a/.,4 did not carry out any chemical investigations. 

The planl material used in the present study was 
collected during the spring of 19(i2 near Panama City. 
Fla,5 The extraction procedure and the methods 
used for separation and identification of the alkaloids 
are detailed in the Experimental Section. As it turned 
out. the three alkaloids elaborated by L. trestianun. 
( — )-sparteine. ( — )-lupinine. and (—)-multiflorine. 
constituting O.Hi. 0.09. and 0.52% of the weight of the 
moisture-free plant, respectively, are all known sub
stance's. However, a mixture containing the three com
ponents, sparteine, lupinine, and multiflorine in 21. 
Hi, and {')'•] mole c.'l, respectively, was examined for 
physiological activity in two specific tests. 

In the spontaneous activity test, the mixture was 
injected (intraperitoneal) into Swiss-Webster mice tit 
dosage levels of 1. .">, and .10 mg kg. Each dosage 
level was administered 1o four groups of ."> mice. The 
mice were placed in a photocell activity cage 1 hr after 
drug administration, and a lo-min test interval was 
measured. An identical procedure was followed with 
a control (saline solution) group of mice. The ratio 

i l l K«i Part 1 sec, S. I. Go ldbe re and It. 17 M on tea, l'hutuvhi-mislnj. in 
press. 

(2) T a k e n in p a n from the d i sse r ta t ion s u b m i t t e d by M . S. S. in par t ia l 
fulfillment of ! he G r a d u a t e School r equ i r emen t s for the P h . D . in chemis t ry , 
Cn ivers i ty of Sou th Caro l ina . 

(it! Some taxonomis t s , as does ( I . H. M. Lawrence ( ' ' T a x o n o m y of Vascu
lar P l a n t s . " T h e M a e m i l l a n Co., New York. N . V., IHB1, p 545 it), classify 
t he Kenus l.upinus u n d e r t he subfami ly l.otoidea? or I'npiiiartHrt.if. 

(41 M. I;. Wall . .1. W. Garv in , .1, .1. Willam.'ui, Q. Jones , 1). ft. Schuber t , 
and H, A. Davidson . ,/, I'h.irm. >',•/.. 50, 10(11 (10(111. 

(fi; We are indebted to Professor Robert Godfrey of t he Florida S t a l e 
Cuivei 'sity for his expert idenlif icat ion of /.. "•rstiunu* and for his idd in 
arranai tur for collection and s h i p m e n t s of the p l an t s . 


