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allene absorption a t  1920 cm.-l and the terminal 
methylene group absorption bands near 1635 and 
900 crn.-l, were absent. Two new, strong and 
sharp absorption bands at 1620 and 1670 cm.-l 
were found which we attribute to the presence of 
conjugated double bonds of a cyclopentadienyl 
ring in IV. 
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The presence of the cyclopentadienyl ring is also 
favored by the fact that IV reacted with maleic 
anhydride and that a highly red-colored product 
(substituted fulvene) was obtained when IV was 
condensed with benzaldehyde. 

The half esterification of I IA yielded an acid 
which contained all the characteristic bands of IIA. 
The carbonyl group absorption region showed two 
absorption bands at  1725 and 1680 crn.-', due to 
the ester and acid linkages. 

The esterification of I11 also yielded two moles 
of nitrogen and the product contained a terminal 
methylene group as evidenced by the bands at  1625 
and 910 cm.-l The half esterification of I11 pro- 
duced a monobasic acid with two different car- 
bonyl groups (bands a t  1725 and 1690 cm. -') and a 
terminal methylene group (1630 and 912 cm.-l). 

Hydrogenation studies have shown the presence 
of three double bonds, esterification with diazo- 
methane the presence of two carboxy groups, and 
the titration studies are in accord with the behavior 
of other highly branched malonic acids.s On that 
basis we are assigning the dimeric acid to have the 
structure HA, a structure previously considered* 
but not adopted. 

EXPERIMENTAL 

IIA. The preparation was previously described,' m.p. 
99-100': The esterification was carried out by treating 
0.7043 g. (0.00251 mole) of IIA with 0.00595 mole of diazo- 
methane in ether. The volume of evolved nitrogen was 119 
ml. (S.T.P.), 105% of theory based on two acid groups. 
The product distilled at 178" at 17 mm. 

And. Calcd. for CI&&: C, 70.1; H, 9.1. Found: C, 
70.1; H, 9.1. 

The disttillste gave a deep red colored solution when 
treated with bensaldehyde in the presence of aodium ethox- 
ide. When refluxed with a saturated solution of maleic anhy- 
dride in toluene, a white crystalline solid separated. 

The half estaification was carried out by treating 0.3769 
g. (0.001345 mole) of IIA with 0.00159 mole of diazomethane 
dissolved in ether. The evolved nitrogen, 31.5 ml. (S.T.P.), 
waa 52% of theory based on two acid groups. The ether waa 
evaporated and the crude residue had a neutralhation 
equivalent of 304. 

And.  Calcd. for G,Hrol: neut. eauiv. 294. 

nitrogen waa 102 ml. (S.T.P.) which is 97% of theory based 
on two acid groupe. Upon the evaporation of the ether, the 
product boiled at  132-134" at 4 mm. 

Anal. Calcd. for CIBHnOl: C, 69.2; H, 10.2. Found: C, 
70.6; H, 9.7. 

The monomethyl ester was prepared as pretiously de- 
scribed. ' 

Anal. Calcd. for C11&04: neut. equiv. 298. Found: neut. 
equiv. 296. 

In the complete hydrogenation of IIA, 0.0812 g. (O.OOO29 
mole) of IIA absorbed 19.7 ml. (S.T.P.) of hydrogen in 100 
min. when an "active" lot of platinum oxide catalyst 
(0.0077 g.) was used. After the removal of the acetic acid 
solvent, the residue was crvstallired from petroleum ether, 
m.p. 1Ok-105". 

Anal. Calcd. for Cl&I,O4: C, 67.1; H, 10.5; mol. wt. 286. 
Found: C, 66.0; H, 10.1; mol. wt. 304 (titration), 277 (cryo- 
scopic). 
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The fruits of the umbelliferous plant Ammi majus 
(L.) which grows freely in the Nile Delta have been 
used for centuries as a remedy for leukoderma 
(vitiligo). The active constituents responsible for 
the photodynamic properties of this Egyptian 
plant have been identified with the furocoumarins 
xanthotoxin, bergapten and imperatorin. Re- 
cently, there was an increase of interest in the 
physiologically active furocoumarins because of the 
development of the psoralen (furocoumarin) treat- 
ment of pigmentation diseases2a and alopecia 
areata,2b and the discovery of the effect of these 
photosensitizing agents on skin carcinogenesis." 

As many plants containing free furocoumarins 
have, among their other constituents, glycosidic 
compounds whose aglucones are related coumarins, 
it was worth studying the glycoside fraction of the 
fruits of Ammi mujus (L.) and isolating such com- 
pounds. It has been reported in the literature that 
the fruits of this plant contain about 1% of an 
amorphous glucosidal principle13 but until now no 

(1) I. R. Fahmy, H. Abu-Shady, A. Schcnberg, and A. 
Sins, Nature, 160, 468 (1947); I. R. Fahmy and H. Abu- 
Shady, Quart. J. Pham. and Phannacol. 20, 281 (1947); 
Quart. J .  Phunn. and Phurnwl. 21, 499 (1948). 

(2) (a) Comp. E. Sidi, J. Bougeois43pinasseI and P. 
Pianst, DysdMwnies et Vdiliqo, Expansion acientifique 
franrpk, Paria, France, 1957; (b) E. Sidi and J. Bourgeois- 
Spinaese, Prcssa mal., 63,458 (1955); (c) M. A. O'Neal and 
A. C.  Griflin, C a w  Research 17,911 (1957). 

(3) I. R. Fahmv and M. A. El Keiv, Rep. Phmm. Soc. 
111. The preparation-w& previody described.' The di- 

mole) of I11 with an excess of h o m e t h e .  The volume of 
methyl eeter waa prepared by treating 0.6872 g. (0.00236 -. , 

E&& 3,72 (1931j. 
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crystslline substance has been isolated from this 
material. The study of the aqueous fraction ob- 
tained by concentrating the aqueous alcoholic 
extract of the seeds of Ammi mujw (L.) has re- 
vealed the presence of a crystdine glycoside C, 
"00, melting at 260°, having an optical rotation 
(a13 -60" and showing the characteristic proper- 
ties of coumarins. By acid hydrolysis, this com- 
pound gave D-glucose and an optically active aglu- 
cone Cla1404 (I), identical with the coumarin 
marmesin occurring in the bark of the tree Aegle 
marmebs C~rreA.~ Marmesin is the optical anti- 
pode of nodakenetin, wbich occurs in nature as a 
glucoside, nodakenins ([a]g +56.606;[a]g +5706). 
However, the isolation of a glycoside of marmesin 
has not been reported up to the present time. 

The proposed structure for the new glucoside, 
which we have named ammajin (11), is supported 
by the partial synthesis of this product from its 
aglucone marmesin and D-glucose, by the method 
based on the reaction of hydroxy compounds with 
pentaacetylglucose under the catalytic action of 
toluenesulfonic acid? 

(CHdzY Amo (CHahf: 
OH O C P l l O ~  

IMarmeain 11 hllmajin 

EXPERI116ENTdL~ 

Ezhc&m of ammajin ( I C )  from the seeds of Amnri Ma+ 
(L.). Two hundred grams of the finely powdered seeds were 
exhausted by percolation with 70% ethanol and the extract 
distiUed in vacuum to remove the alcohol. After extraction 
of the remaining midue with chloroform in order to remove 
the last tracea of the substances soluble in thb solvent, the 
sirupy liquid thus obtained (50 mL) was treated with a mix- 
ture of lead acetate and lead hydroxide (prepared by mixing 
5 g. of lead acetate with 2 ml. of 2% sodium hydroxide solu- 
tion). The mixture was stirred well, diluted to 5 times its 
volume with water and left to stand in the cold for 24 hr. 
After filtration, the solution was treated with 5 ml. of 20% 
sodium sulfide solution and filtered again. It was then con- 
centrated to 40 ml. by vacuum distillation and extracted 
with 5 successive portions of a chloroform-alcohol mixture 
(1:1, v./v.). The combined organic layers were dried over 
sodium sulfate and evaporated to dryness. The brown solid 
reeidue (about 1 g.) was crystallized from boiling water to 
give 450 mg. of a crude crgatalline glucoeide melting at 220- 
230". Further recrgetallixation From water gave colorless 
shining platelets of ammajin (II), m.p. 259-260" (dec.), 
[a]Y -60" (in 50% ethanol). Yield of the pure glucoside 
with rqxxt to the seeds: 0.145%. 11 is sparingly soluble in 
cold water and alcohol and moderately soluble (about 1 g. 
in 300 ml.) in them solventa on boiling. It diseolves in glacial 
Seetic acid on heating and is practically insoluble in metha- 
nol, acetone, and ethyl acetate. Dilute aqueous solutions of 

(4) A. Chatterjee and 6.8. Mitra, J .  Am. Ckm. &e., 71, 
606 (1949). 
(5) J. Arims, J .  Chem. Soc. Japan, 48,88 (1927). 
(6) Comp. E. Spgth and E. Tyray, Ber., 72,2089 (1939). 
(7) All melting points am uncorrected. Elementary micro- 

mination ob ultraviolet spectnr and optical rotatiom by 
courteBg d Dz. M. F. M d d ,  Csiro. 

snalyeee by Dr. A. Bernhardt, Miilh- -y. Deter- 

I1 fluoresce blue in ordinary light; under Ultraviolet light, 
the fluorescence is intense violetblue. I1 diseolvea in con- 
centrated sulfuric acid and alcoholic potash with a yellow 
color. 

A d .  Calcd. for CpHWO,: C, 58.81; H, 5.92. Found: C, 
58.47; H, 6.01. 

Acdyldion of ammafin. One half gram of 11 was refluxed 
for 2 hr. with 15 ml. of acetic anhydride and 1 g. of anhy- 
drous sodium acetate. The cooled mixture was decompoeed 
with ice and water, and the colorless precipitate wbich 
eeparated out was c- from dilute ethanol to give 
450 mg. of ammajin tetnacetate, rap. m0. 

And.  Calcd. for mi: C, 58.31; H, 5.60. Found: C, 
58.31; H, 5.71. 

EydTolysiS of a m e n .  One-half gram of II was refluxed 
for 2 hr. with 25 ml. of 5% hydrochloric acid. The precipi- 
tated aglucone (I) was collected and cryetallsed * fromben- 
sene as colorleas rods, (250 mg.) rap. 188-190"; [a]? 
+25" (in chloroform) [reported for manne8in: rap. 189.5"; 
ra]y +26.8" (in chl~roform)~]. Addition of I to an authen- 
tic sample of marmesin from Aspk nuKmeIos Come& did not 
depress ita melting point. I was soluble in chloroform, 
moderately soluble in alcohol and acetone, Bpglingly soluble 
in bemene, and practically insoluble in petroleum ether 
and water. Very dilute aqueous or alcoholic solutions of I 
had a strong blue-violet fluorescence in ultraviolet light. 

The ultraviolet spectmm of I (0.008 mg./mL in ethanol, 
25") showed a c w  ' 'c peak at 337 mp and a much 
less sharp maximum at  280 mp, with minimn at 295 and 266 
mp. The value of I (ascending paper chromatography; 
water as a solvent, temp. 30") was 0.65 (reported for marme- 
sin: 0.668). The untreated spot appeared violet-blue under 
ultraviolet light (and S ~ ~ V ~ X Y  blue after spraying with dilute 
sodium hydroxide solution). 

Anal. Calcd. for GJLO4: C, 68.30; H, 5.74; rawt., 246. 
Found: C, 68.15; H, 5.83; equivalent weight (by titration): 
249. 

Acetylation of I with acetic anhydrihodium acetate 
gave a monoacetyl derivative, m.p. 132" (from alcohol) 
(reported for marmesin acetate: 130°4). 

Anal. Calcd. for ~ S H l &  C, 66.66; E, 5.55; m.wt., 288. 
Found: C, 66.52: H, 5.61; equiv. wt. (by titration): 142. 

When a mixture of I and phosphorus pentoxide was either 
heated as such in a sublimation apparatus: or refluxed in 
benzene, a dehydrated compound, m.p. 138-138.5O was ob- 
tained (reported for desoxyoreoselone obtained by the de- 
hydration of nodakenetin: 138-139"' and of marmesin: 
138-140° 4). 

Anal. Calcd. for G&Ol: C, 73.69; H, 5.26. Found: C, 
73.8; H, 5.12. 
By refluxing with dilute sodium hydroxide in the presence 

of mercuric oxide, I was converted to the corresponding 
transcoumaric acid, m.p. 20k205" (dec.) (reported for 
trans-marmesic acid: 204" dec.4). 

Oxidation of I with chromic acid gave pale yellow needles, 
mp. 258-262' (dec.) having a violet ferric chloride reaction 
in alcohol (reported melting point for umbelliferone-6- 
carboxylic acid from marmesin: 260" 4). 

Bromination of I1 with one equivalent of bromine in alco- 
holic or acetic acid medium, at room temperature, gave 
colorless shining plates of a monobromide, m.p. 23&!231". 

A d .  Calcd. for CvHl*OcBr: C, 51.71; H, 4.03; Br, 24.58. 
Found: C, 51.58; H, 3.93; Br, 25.32. 

I & d i , h  of the sugar part of ammajin. The aqueous 
Ntrate from I (see under "Hydrolysis of Ammajin") was ex- 
traded with chloroform, neutralid with sodium bicarbon- 
ate, treated with sodium acetate (2 g.) and phenylhydrssme 
hydrochloride (0.5 g.), and the mixture was heated on a 
water bath for 1 hr. The yellow precipitate which crystal- 
l i d  out on cooling had m.p. 204-205", after recryatallice- 

(8) D. P. Chakrabortv and P. K. Boae. J.  I n d i a  chmr 
&.,'33, 905 (1956). - 

(9) E. Spilth and P. Kainmth., Be., 69.2062 (1936). 
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tion from alcohol (undepressed by an authentic sample of 
wglucose osazone). 

Partid Synuresis of ammajin. Marmesin (I) (obtained by 
the hydrolysis of 11) (0.30 g.), 8-pentaacetyl-D-glucose 
(0.5 g.) and 10 mg. of ptolueneaulfonic acid were mixed and 
heated in a test tube a t  130-135' for 1 Lu. The dark melt 
was warmed with 5 ml. of bemene and filtered. The filtrate 
was then treated, while warm, with isoheptene, until a pre- 
cipitate appeared. The mixture was cooled in ice and the 
clear supernatant liquid was decanted from the yellow resin- 
ous product sticking to the bottom of the flask. The solution 
was warmed and t ra ted again with isoheptane to incipient 
turbidity, and left in the cold overnight. The almost colorless 

product which separated out was crystallized from dilute 
ethanol twice to give 100 mg. of colorless needles, m.p. 225. 
2n0, giving no depression with a sample of the tetraacetate 
prepared from natural ammajin. 

The synthetic acetate (250 mg.) was hydrolyned with dry 
ammonia in methanole to give 120 mg. of ammajin, identified 
by ita melting point ( 2 5 8 - 2 6 0 O )  and ita mixed melting point 
(no depression) with the natural glucoside obtained from the 
plant. 
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