
pale orange-yellow solution with a green fluorescence having 
a bluish tinge. 

Anal. Calcd. for CISII~OO~: C, 66.7; H, 3.7. Found: C, 
67.0; H, 4.1. 
I-Meth~l-S’-cyano-a-pyrono(7,8,6’,5‘)chromone. Condenw 

tion of I11 (0.5 g.) with ethyl cyanoacetate (0.28 g.) in prcs- 
ence of piperidine gave the compound which appeared as pale 
yellow plates, m.p. 196-197’ (dec.). In alcohol and concen- 
trated sulfuric acid solutions, it  exhibits a weak blue fluor- 
escence. 

Anal. Calcd. for CIJT~NOI: C, 66.4; H, 2.8. Found: C, 
66.7; H, 3.1. 

.2-Methyl-S’-carbethoxy-a-pyrono(7,8,6’,6’)ch~omne. I11 
(0.5 g.) was condensed with diethyl malonate (0.4 9.) in 
presence of piperidine and the resulting product crystal- 
lized ffom methanol when it appeared as  colorless prisms, 
1n.p. 205-206’. In  alcohol, it  gave a pale yellow solution 
with a pale greenish blue fluorescence and with alcoholic 
alkali dccper greenish blue was observed. In concentrated 
sulfuric acid it exhibits a weak violet fluorescence. 

Anal. Calcd. for CI~HIZOS: C, 64.0; H, 4.0. Found: C, 
64.1; H, 4.2. 

I--MethyLa-pyrono(7,8,6’,5‘)chro~none-5’-carboxylic acid. 
Saponification of the above ester using methanolic alkali in 
the cold during 24 hr., followcd by acidification gave the 
carboxylic acid, which on crystallization from mcthanol 
appeared as colorless rectangular prisms, m.p. 257-258’ 
(dec.). It dissolved easily in sodium bicarbonate solution. 
In alcoholic solution, it exhibits a weak bluc fluorcsccnce. 

Anal. Calcd. for CIIHLIOB: C, 61.8; IS, 2.9. Found: C, 
62.0; IT, 3.1. 

I,I’-Dimethyl-S’-acetyl-y-pyrono( 7,8,6’,6’)ch~onwne (xv). 
A mixture of XIV (1 g.), anhydrous sodium acetate (2 g.), aid 
acetic anhydride (5 ml.) was boiled under reflux a t  180- 
185’ for about 6 hr. The product obtained after working 
up was crystallized from methanol when it appeared as 
colorless plates and prisms, m.p. 184-185” (dec.). A sublimcd 
sample, however, melted a t  185186” (dec.). It gave no 
ferric coloration in alcoholic solution. 

Anal. Calcd. for C16H1205: C, 67.6; H, 4.2. Found: C, 
67.8; H, 4.3. This compound readily gave its 2,4-dinitro- 
phenylhydrazone which on crystallization from ethyl ace- 
tate-petroleum ether (b.p. 40-60”) appeared as deep yellow 
plates and prisms, m.p. 243-244’ (dec.). 

Anal. Calcd. for C22H16N40S: C, 56.9: 11, 3.5. Found: C, . .  .~~ . , 

56.8; H, 3.7. 
B,b’-Dimethyby-pyrono(7,8,6’,5‘)chromone (XVI). 0.5 g. 

of XV was dissolvcd in aqueous sodium carbonate solut,ioii 
(2N, 50 ml.) and gently bbiled under reflux for about 3 tir. 
The product when worked out was found to be a mixture 
of (XVI) and its corresponding diketone and hence tho 
product was directly cmployed for complete cyclization. 
A solution of the mixture (0.25 g.) in absolute alcohol ( 5  ml.) 
containing concentrated hydrochloric acid (2 drops) was rc- 
fiuxed for 5 min. and the solvent removed by evaporatiori. 
The residue was then crystallized from mcthanol when it 
appeared as yellow prisms, m.p. 260-261’, having no posi- 
tive reaction with 2,4dinitrophenylhydrazine. 

Anal. Calcd. for CIIIIIOO~: C, 69.4; H, 4.1. Found: C, 
69.6; H, 4.3. 
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Acgc~inc, 2% neutral product of Aeyle aiarmelos Correa, is shown to have thc formula Cl8HIQO3N. It is proved to be N-D-hy- 
droxy-8-p-methovyphcnylcthylcinnamamide from the studies of its acid hydrolysis, hydramine fission, periodic acid oxidit- 
tion, and other dcgradative cxperimcnts, and also k)y its synthesis. The stercochcmiRtry and st,eric stability of the compound 
are discussed. Thc characteristic features observed in its ultraviolet and infrared spectra, particularly in the --C=C- 
stretching region and the “trans band region” a t  990-965 cm. --I establish the trans configuration of aegcline. 

The leaves of Aegle marmclos Correa were re- 
ported as a source of aegeline, m.p. 176” (yield, 
0.09’%) by Chatterjee and Bosc2 The substance 
showed absorption in the ultraviolet region (A,,, 
a t  217 nip, log e 4.5328, 223 mp, log e 4.5177, and 
275 mp, log e 4.6053) and contained an alcoholic 
function. It was earlier bclieved to be a neutral 
non-nitrogenous compound from its elementary 
analysis but later a careful examination of it,s in- 
frared spectrum (Table I) revealed that aegeline 
was a conjugated amide. This observation accorded 
with the ultraviolet spectra measurenients which 
were closely similar to  those of trans-W-methyl- 
cinnainamide (A,,, at 216, 222, arid ‘273 mp, log 

(1) Following the convention for terniinology, the suffix 

( 2 )  A.  Chatterjee and S. Bosc, J .  Indiun Chem. Soc., 29, 
e has been atidcd to aegclin. 

425 (1952). 

E 4.2863, 4.2077, and 4.4038, respectively) thus 
indicating that the substaiice did contain n i t r ~ g e n . ~  
In further consonance with this fact, aegeline 
evolved a strong base having methylamine-like 
odor when fused with alkali. Thereby, serious doubt 
was raised as to the correctness of the formuln 
Cl8ElUO4 originally proposed. Several elementary 
analyses now carefully performed clearly demon- 
strated that aegelirie must possess the formula 
Cl8I3,,O3N. The present communication cori(~crns 
the studies on its constitutioii, synthesis, stcreo- 
chemistry, and steric stability. 

For the isolation of aegeline. the previous ether 
extraction method2 was followed with some modi- 
fication. The ethereal mother liquor left after thc 

(3) A. Chatterjee and S. K. Srimany, Congress f~U7ldbf?Oh. 
XVIth International Congress of Pure and Applzed Chern- 
istry, Part 11, p. 199 (195i). 



removal of aegeliiic was freed from the solvent, 
taken up i n  benzene, and on subsequent chroma- 
tographic resolution on alumiiia using ethylacetate 
tts the eluent yielded more aegeline, the over-all 
yield being 0.12%. The compound was freely soluble 
in chloroform, moderately in acetone, alcohol, 
and ethyl acetate. aiid sparingly in benzene. and 
contained a methoxyl group. It did not form salts 
with mineral or organic acids because of its in- 
solubility in these reagents, thereby rendering 
alkaloid tests impossible with aegeline. Acetylation 
of the compound with acetic anhydride-pyridine 
yielded a monoacetate, 1n.p. 124", with strong 
infrared alcoholic acetate absorption (Xzp' 1724 
and 1235 cm. - I ) .  Microhydrogenation with Adam's 
catalyst in ethanol yielded a dihydro derivative, 
C~dlz~O~nT, m.p. 140". Upon alkali fusion aegeline 
decomposed to give several products from which 
anisic acid and benzoic acid were isolated and iden- 
tified. Prolonged alkali fusion demethylated anisic 
acid. With periodic acid aegeline formed benzalde- 
hydc and anisaldehyde in a fairly good yield. 

Upon hydrolysis with concentrated hydrochloric 
acid according to the method of Crombie4 aegelirie 
furnished anisaldehyde, cinnamic acid, and a mix- 
ture of two volatile bases. One of them formed a 
picrate, n1.p. 208-209" which appeared to be the 
picrate of methylamine. Further characterization 
of the basic components is in progress. Simultaneous 
formation of anisaldehyde and the elimination of 
the nitrogen atom froin aegeline during hydrolysis 
with hydrochloric acid emphasized that the com- 
pound had suffered hydramine fission and its basic 
fragment was 0-hydroxy-P-p-methoxy-phenyl- 
ethylamine derivative. Liberation of cinnamic acid 
coupled with the facts stated above made formula 
I6 very probable. This unsaturated acylamido 
alcohol structure I for aegeliiie was finally substan- 
tiated by a simple and straightforward synthesis. 
w-trans-ciiinarnoylaniino-p-methoxy acetophenone 
(11) was synthesized according to the method of 
1,ister aiid Robinson6 with some modification. 
The latter upon reduction with sodium borohy- 
dride furnished aegeline (I). 

C--CH2-NII-CO.C:H=CH.CsH6 

CH:,O 0 8  (11) 
: I l l  
NaUH, I 

CII--CH2-~H-CO-CH=CH-CtiH; 

C€1:,0 DAH (I) 

.. .. . . -. 

(4) T,. Cromhie, J .  C h m .  Soc., 995 (1955). 
( 5 )  W i c n  the structure determinat>ion of segc:line wts 

complrtr, :I prelirniriury nott: concerning its c:oiist,itut ion 
\vas published (11. K. (2i;i.kruv:trty nind 13. Ilus Grrpt:l, 
Chem. tY: Iml. (London), 1632 (3955) confirniing some of t,kir! 
resrilts of the prcscwt authors. 

(6 )  J. 1,istctr arid 11. Robinson, ./. Chem. SOC. 12!$i (1912). 

It appeared of interest to study the geonietric:rl 
configuration of aegeline because of its being :L 
conjugated amidc. Zechmeister7v8 in his excellent 
work on the stereochemistry of carotenoids and 
diphenylpolyenes had shown that a definite cor- 
relation does exist between spatial configuration of 
organic molecules and their spectra (both ultra- 
violet and infrared). Similar observations were also 
made by Crombieg-ll during the investigation of 
geometrical stereochemistry of unsaturated vege- 
table amides. Thereby, spectroscopic methods were 
applied by the present authors for the diagnosis 
of the configuration concerned. The spectrd data 
were interpreted according to Zechineister and 
Crombie. 

The ultraviolet spectrum of aegeline, exhibitcd 
A,,, a t  217, 223, and 275 mp, log E 4.5328, 4.5157, 
and 4.6053, respectively, which were indicative of 
transdouble bond to the carboxyamide grouping 
in I. This assignnient was in agreement with the 
infrared spectrhm of the compound. The latter 
showed a strong absorption a t  "trans-band rcgion" 
(an intense band at  982 em.-' with a shoulder at 
990 cm.-', which was due to out-of-plane deforma- 
tion vibration of the olefinic bond -CH=CI-T). 
Such stereochemically significant bands were found 
to be missing in dihydroaegeline. The facts stated 
above together with the absence of an absorption 
maximum of medium intensity a t  818 cm.-I (for 
cis) in the infrared spectrum of the compound and 
the --C=C- stretching vibration discernible 
a t  1665 cm.-' characteristic of trans a,p-uiisatu- 
rated aniides'o clearly indicated the presencbe of 
qp-trans linkage in aegeline. All the spectro- 
scopical data cited here compared well with those 
of herclavin12 (trans-N-2-p-methoxyphenylcthyl- 
N-methylcinnamamide) and traris-l\r-methylciii- 
namamide (Table I) showing thereby that aegclinc 
is indeed trans-N-~-hydroxy-p-p-niethoxy-phenyl 
ethylciniiamamide. The amide (I) was fourid to 
exhibit considerable resistance to stereomutation. 
Thermal treatment and iodine-catalyzed irradiatioii 
with ultraviolet light for sixty-four hours failed to 
induce any stereochemical alteration in the mole- 
cule. This was in conformity with conclusions 
based upon molecular models. On a static model no 
inhibition of coplanarity was discernible with the 
trans configuration about the double bond, but with 
cis there was severe steric hindrance which forced 
the phenyl nucleus out of plane as observed with 
cis-ciniiamic mid. This spatial conflict and the 
large amount of energy necessary for trans-cis 
rotation of the double boiid appeared to  1)c re- 
spoiisible for the steric stability of the compound. 

( 7 )  I,. Zechmeister, Chem. Revs., 34, 267 (1944). 
(8) K. 1,unde and L. Zechmeister, Acta Chem. Scad . ,  8 ,  

(9) 1,. Crornbic, J .  Chem. Soc., 1007 (1955). 
(10 )  I,. Cromhic., J .  C h ~ m .  Soc., 4338 (1952). 
( I  I )  1,. Crombie, J .  Cliena. Soc., 2760, 2767 (1957). 
(12) I.. Cronil)ic, J .  Chem. Soc., 905 (1955). 

1421 (19.54). 
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oration. The aldehyde was dissolved in 3 ml. of alcohol and 
gave 60 mg. of a derivative with 2,4dinitrophenylhydra- 
zine. An ethyl acetate solution (10 ml.) of the derivative 
was chromatographed on alumina and eluted with 45 ml. 
of benzene and with 30 ml. of ethyl acetate. The ethyl ace- 
tate eluents afforded deep-red crystals of pure anisaldchyde 
2,44initrophenylhydrazone, m.p. 250' which was crys- 
tallized from ethanol. 

Anal. Calcd. for C!4HIS06Nr: N, 17.72. Found: N, 17.90. 
Alkal i  fusion of the amide. Aegeline (1.0 g.) was fused 

with potassium hydroxide (6.0 e.)  in a nickel crucible a t  
250' for 30 min. on a metal bath, when a base having a 
strong odor like methyhmine was evolved. The mass was 
cooled and digested with 200 ml. of water in which 10.0 g. of 
solid ammonium chloride was added. The reddish brown 
solution was filtcred and the aqueous alkaline filtrate was 
shaken up with ether (200 ml. X 5). The organic layer 
left no residue upon evaporation. The aqueous alkaline 
solution was cooled and acidified with hydrochloric acid. The 
turbid solution was subsequently extracted with ether (100 
ml. X 3) which was washed with water and dried over an- 
hydrous sodium sulphate. The ether solution upon evapor- 
ation yielded a mixture of anisic and benzoic acids (0.20 g.) 
which were separated by fractional sublimation and subsr- 
quent crystallizations from dilute ethanol. Anisic acid (30 
mg.), m.p. 184' showed no depression in the mixture mrlt- 
ing point with its authentic sample. 

Anal. Calcd. for CsHsOs: C, 63.15; 13, 5.26; methoxyl, 
20.39. Found: C, 63.29; 11, 5.32; methoxyl, 20.45. 

Benzoic acid melted a t  121". No change in m.p. was ob- 
served when mixed with an authentic sample of benzoic 
acid. 

final. Calcd. for C7HB02: C, 68.85; €1, 4.91. Found: C, 
69.06; H, 4.86. 

Synthesis of aegeline. The starting material for the syn- 
1 hesis was w-amino-p-mcthoxyacetophenone hydrochloride, 
the latter being obtained by the prolonged hydrolysis (16 hr.) 
of w-phthalimido-p-methoxyacrt~phenone~~ (crystallized 
from hot benzcnc) with concentrated hydrochloric acid at 

(14) F. Tutin, J .  C h m .  SOC. 2508 (1910). 

the reflux temperature. Hydrolysis in a sealed tube gave 
wamino-p-hydroxyacetophenone hydrochloride. 

w-amino-p-methoxyacetophenone hydrochloride (1 .O g. ) 
obtained from acid hydrolysate was dissolved in minimum 
quantity of water (3 ml.) in which 3 ml. of an aqueous solu- 
tion of hydrated stannic chloride (1.24 g.) containing 1 ml. 
of hydrochloric acid was added. The mixture wm stirred 
when crystalline precipitate (2.0 g.) appeared. It was col- 
lected, dissolved in 20 ml. of hot water, cooled to about 37", 
and stirred with 2.0 g. of molten cinnamoyl chloride. A cold 
aqueous solution of potassium hydroxide (25 ml., 10%) wm 
added dropwise to the mixture. When the solution turned 
red, addition of alkali was stopped and stirring wa.s con- 
tinued until the solution became colorless. Further alkali 
was similarly added. Thc red coloration persisted when the 
addition of alkali was just complete. This procedure pre- 
vented the formation of pyrazine derivative. 

w-Cinnamoylamino-p-methoxyacetophenone separated, 
were collected after 2 hr., washcd with water, and crystal- 
lized from ethylacetate in colorless shining flakcs, m.p. 

Anal. Calcd. for C18111103N: C, 73.22; €1, 5.76; N, 4.74. 
Found: C, 73.01; H, 5.58; N, 4.60. 

Sodium borohydride (5.0 9 . )  was added to a methanolic 
solution (50 ml.) of w-cinnamoylamino-p-methoxyacetophc- 
none (0.5 g.). After 24 hr. the alcoholic solution was con- 
centrated, treatcd with 100 ml. of watcr and shaken with 
ether (200 ml. X 3). The organic layer was washed with 
water, dried over anhydrous sodium sulfate, and distilled. 
The residue crystallized from ethylacetate in shining flakcs, 
m.p. 176' (yield 60'%), which were identical with natural 
argeline in every respect. 

final. Calcd. for ClsHlo03N: C, 72.72; H, 6.39; N, 4.71; 
mcthoxyl, 10.44. Found: C, 72.38; H, 6.22; N, 4.80; meth- 
oxyl, 10.49. 

Acknowledgment. Our gratcful thanks are due to  
Dr. L. Marion, National Research Council, 
Ottawa, Canada, for the infrared spectra and Dr. 
A. Hofmann, Sandoz. AG., Switzerland, for 
valuable comments. 

CALCUTTA 9, INDIA 

153-54'. 


