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INTRODUCTION
imong the peoples of the Wear Last a decoctlion of the

dried fruit of the umbelliferous plant ammi visnags (sarable,

khellsa) has long been used ss a diuretic, for dislodging
impacted ureteral stones and for & number of common allments.
The drug has been prescribed for centuries end even f{oday 1s

officlel in the Hgyptian rharmacopoeia. immi visnage is a

weed that grows widely throughout tihe Kear sast, being es-
pecially sbundant in the fertile regions of ths Valley of
the Nile.

The first attempt to i1solate active principles from the

fruit of Amml visnaga was made by Lustephe (1) in 1873. He

obteined white silky needles, bitter In taste and sparingly
soluble in water, by extractlion of the dried fruit with alco~
hol and etier. 7o this principle, rustaphs gove tie nawe
khelliin, In 1881, balosse (&) described three crystalline
principles whiech he named %viaaagixxe, Q[ ~visnagine and J«-
viznsgine., Jalosse stated that Hustapha's khellln was not
identical with oK~visnagine, but appeared to be formed during
the process of extraction., Ho furither reports on isolation

and identification of principles of jlmmi visnags appear in

the litersturc until 1930* when fantl and Szlem (3) reporited

the isolation from the frults of auuamil visnega of & compound

Coan kgypltlen dilssertation by est, ¥alek and ma&san deal-
ing with the isolation of a bitter principle, MeDe 153°, from
khella seeds appeared some yeers aro. Spéth snd Gruber (m)
waere unable to locate this dissertatiom, however, and inquiries
addressed to tie authors remained unanswvered.
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Khellin, Uy4iyo05 , mepe 1857, from waleh was obtalned
CielypVg , wWepe 10@0, by cleavage with barium hydroxide.
They Found vwo wmethoxyl groups in both compounds and as-

slgned o coumarin struclture to tue parent compound. Samsan

o~

5) later reported the 1solstion of snother subsitsnce which
he called visammin, CyyHyg04, m.p. 153°, from the same drug.
Singe he did not publish his anslytical dats and the values
caleulated for CyyHyjn04 sgree guite closely with those for
khellin, it is probeble that the two substances are identi-
eal. Pahmy and El Kely (6) end Samsan (7) have carried out
further chemical studies on the same drug. Since the c¢rys-
talline substances obtalned by these workers were, in some
Instances, not subjected to & satisfactory chemical anslysls,
the proof of thelr purity rested mainly on s rough exsmina~
tion of thelr physical properties., ‘The fallure of most of
these authors te give sufficient consideration to the results
obtained by earlier workers led to s considerable confusion
of nomenclature, and qulte often different names were as-
signed to what appesared to bBe the same substance. & gsimilsar
confusion exists alsa in the pharunacological literature con-

cerning Ammi visnaga, different properties belng sometimes

attributed to the ssme crystalline subsitence {4).

The work of Sp#th and Gruber (4) finslly placed the prob-
lem on & sound chemiecal basis, These suthors obtained from
the frult of the plant, three well-deflined crystalline sub-

stances which they designated £hellin (I), Xhelleol glycoside(Il),



and Visnagin(III). In addition, Professor Gruber, in a
personal communication to G. V. Anrep (8), sald that he
had detected the presence of a small quantity of another
substance, a coumarin, the analysis of which hed not at
that time been completed. According to Sp8th and Gruber,
the following structures represent the three principles
mentioned above as well as their chemlcal inter-relation-

ships:
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It can be seen from these structures that the simplest
compound 1s visnagin, that khellin is a methoxy-visnagin,
and that khellol, which occurs as a glycoside, is the

carbinol corresponding to visnagin.



According to conventional nomenclasture, these compounds
are designated as follows:
Zhellin: ﬁ,ﬂ-éim@thmxy~6,?,4',5'-furanuchromonel
Visnagin: S-methoxy-Z-methyl-6,7,4',5'-furanochronone
Khellol glycoside: S-methoxy-Z-(lt-glucosidomsthyl)-6,7,
4t ,5'-{uranochromone
¥hellol: 5—methaxy«2~(hxdraxymet%yl)~ 27,41, BY-Tarano~
ghromone
fhellinone: &~hydroxy-4,7-dimethoxy=-S~acetylcounarons
Vianaginone: G~-hydroxy-4-methoxy-5S-acetylcoumarone
¥hellln (1) and visnaglin (III) readily undergo hydrolysis
in the presence of dilute alkslil (17) to give the correspond-
ing coumarone derivatives (IV and VI), whereas the glycoside
(1I) undergoes alkaline hydrolysis to yleld visnsginone
(Vi) and Flecher's d-glucosidoglycollic acid (C CgHyq05=0-
CHoCO0H).  Acid hydrolysis of the glycoside gives glucose
and khellol (V). ¥Xhellol (V) also yilelds visnaginone{VI)

on alkaline hydrolysis.
}”{Ai i ';:‘Ji O’SY g z:"w w..!,‘ Ii Ilfx‘a,.wr n".;.i}i.hhf E.v

Interest in the crystalline components isoclated from Ammi
vignaga was stimulated when 1%t was dewonstrated by Anrep and
coworkers (9,10} that khellin end visnegin possess coronary
vasodilating properties, increasing the blood flow through
the heaét without raising the blood pressure or increasing

the pulse rate. On the basls of these physiological proper-

ties of ¥khellin, Anrep and collaborators (11,12) conducted

. ?¥ranochromones (A) and coumarones (B) are numbered as
ollows:

¥4
‘5
1‘ -,°



an extensive clinical study of ¥hellin in the trestment
of sngina pectoris, end the drug was found to be extremely
helpful to the majority of patientas suffering frosm thie
ailment, OFf the three crystalline prianclples isolated from
¥hells, khellin was found to be the moat active physiologi-
celly, visnsgin possessed slight activity, and khellol gly-
coside was found to be inactive (8). Oreiner, Gold, and
gollaborators, in a recent ¢linical study baszed on zn method
developed for testing “vardisc pain of angina of effort”,
sould not sudbstantists snrep's findings and were unable to
detect any difference In the effect of khelllin and a lectose
placebo on the severity of the enginal syndrome {13). At &
recent meeting of the imericen College of FPhysiclena, oa the
other hand, Osher and ¥Xatz {(14) reported using Xhellin in the
treatment of £8 "bad eaees” of sngina pectoris, end all but
three wers much relleved, with the frequency of attacks re-
dused and s noted ilmprovemsnt in musculsr setivity. The
amount of glyceryl trinitraste needed by soxme patients was
also redused by khellin, #hellin haes also boen reported to
neve value in the trestment of bronchial ssthme (15,8) and
whooping cough (16) and its powerful bronchodilating activity
woe found to be of longer duration than that of epinepherine
or ephedrine (8).

The extensive pharmacological study of khellin snd related
compounds which has been conducted by Semasn and coworkers
and by inrep znd coworkers hes recently been reviewsd (8,17).

The sontroversial pharmscologlceal findings previously reported



prompted Pellowe and coworkers (18,19) to reinvestigate
the effect of khellin snd related compounds on coronary
flow, as well as thelr smooth muscle spasmolytic activity
and histaminolytiec activity.

an interesting relationship is found in the structures
of khellin (I} and other compounds known to have an effect
on the circulatory system; e.g., hesperidin (VviI), hespsri-

din chelcone {(VIII), and rubin (IX).

OMe

Sager -

Baeh of these molecules iz & Y -pyrone (I,VIi,IX) or & corre-
sponding chaleone (VIII1), whieh results from mild alksline
hydrolysis (ring opening) of the Y -pyrone. 1In & serles of
compounds studied by Gisrmen (%¥0), those possessing theCY -
pyrone structure, e.g., meconic acld (X) asnd elaviein (XI),

displayed a surprisingly high order of cardiotonic setivity



in comparison with that of other members of the series,
when tested on the i1solated frog heart rendered hypo-

dynamic with Ringer's solution low in calcium ion.

100G 00H

X X1

Iughes and Parkes (£1)}, prepared a number of hydroxy
and methoxy substituted chalcones end found several of
these compounds to be guite active in reducing capilliary
fragility. The sodiun salie of phosphorylated chalcones
having phenolic or alkoxyl groups have also been found to
increese caplllary resistence (Z2). The physioclogical
sctivity of compounds of the types mentioned above, hsas

recently been reviewed by Steinegger (£3).
DETEREINATION OF STRUCTURE OF XHULLIE

The structure of khellin was established largely through
the work of SpHth and Gruber (4) by reactions that are

summarized in Charts 1 snd 1I.
SYHNTHESIS OF KUELIIN

Although Spdth and Gruber {4) have resynthesized khellin
from 1ts hydrolysis produect, khsllinon, their sgynthesis wes

not entirely umamblguous, sinee they employed the classical



GHART I
DETFRMINATION OF THE STRUCTURE OF XHELLIN (4)

a TOH -
o 14}:{1205 1 fx(} o iH ~ GOC }{3
e + CHgCOOH
Containg two ¥eOD- (Zeisel) 47g¥3" OH

Thellinone

0
-0H to -8~ :0reen color with Fﬁﬂlé in EtOH

rhenolic -0 :80luble in NaOH, ppt! by CO,
carbonyl :Porms semlcarbazone
CHzCO- :Posltive lodoform

Xase of ring opening probably indicates chromone
£He O~
Partial formula based upon adove evidence.
Culls0 .
=22 0 lig

HﬁOS in ether

{%?inone 1 Two ke~ para to each other.

| Partial formuls based upon above evidence.
43

l-HZOE in alkaline zclution

COGH
| apoprarane-g,5~dicarboxylic acid : Purane der.

On the basls of the above analytical data, two possible

structures were postulatsd:



CHART II

MeD

n order to decide which of the above two structures

represents khellin, the following reactions were carried out.

OCHg 1) Ozone gy 1)Ethylation
2) Hydrol es. COCH, 2)KMnO4 in Acetone
1 (4 -
Le H 0EL
i Of‘ 17 ~ Me
Gy =G0 . ocH,
N a8
OEt oo o
¥el
XIII1 XIT

The 3,8-dimethoxy-2,4-diethoxyacetophenone (XIII) prod-
uced by the above reactiohs, was identical with a sample
prepared by ethylation of Wesseley and Moserts 2,4-di-
hydroxy=-3,5-dimethoxyacetophenone (XII) (23). Xhellin,
therefore, is represented by structure A.

The chromone-nature of khellin was further confirmed by

partial synthesis from khellinone (4, 24).



Kostaneclki resction to complete the chromone ring. IC is
¥novmn, however, that the Xostanecki reasction (to be dls-
cussad later) doos not Invariably lead to curomone forma-
tion, for meny woriers nave observed that guite often
coumsrina or mixtures of coumarins and chromones, which
gre difficult to dlstingulsh, are obtained. The dexmonstira-
tion that Spdth and druber's product was actually the
echromone was scconplished by Geissnan (£4) who repeated the
work of these investigators and was able to synthesize
¥hellin from khellinon by methods which are known to lead
unambiguously to the formation of chromones.

The first total synthesis of khellin was described by
Clarke and Hobertson (25), Other syntheses have since
been reported by Baxter, Hamage, and Timson (28), and by
Furti and Seshadri (27).

As starting materizl Clarke and Robertson (£25) employed
Z,5=dimethoxyresorcinol (XIV) which was obtained from pyro-
gallol tribvenzyl ether by oxldetion with nltric acid, re~
duction of' the quinone, zethylation of the hydroguinone,
and cetalytic debenzylstlon (£8). This was then converted
into I,4-dihydroxy-3,6=-direthoxybenzeldehyde (XV) in an
almost quantitative yield by uspplication of the Gatterman

1 . ‘
rexction The orlentation of this aldehyde wes proved by

ln the Gatterman reaction, the formyl group ususlly goes
ortho Lo the phenolle hydroxyl (or zlkoxyl); or, - 1f the
ortho pomition is blocked, pare substitutien securs, In
alkylation or benzylation the hydroxyl group adiscent to
e carbogyl resists alkylation or banz?lation, even with
diazo alkanes; or, if reaction roes veke plaee, 1t proceeds
only with aiffinulty and in the presence of & large excess
of 2lkylating or benzylsting reasgent.

10
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formation of 2 color with alecoholie ferric chloride and
ultimate conversion to s coumarone {(£9) ., The asldehyde was
mono~bengylated and the resulting compound (XVI) treated
with ethyl bromosacetate In the preseénce of anhydrous
potassium carbonate in dry scetone to form the substituted
phenoxyecetlc ester (XVI1). Cyclization of the product
with aleoholic sodium ethoxlide produced the coumarone--
carbexylate (XVIII) which was debenzylated by means of
hydrogen and s palladium-charcoal catalyst, ylelding ethyl

G=hydroxy-4,7-dimethoxycounarone~&-carboxylate (XIX).

e Me
PhCH, OCﬁ?COOEt PhCHE 81938
—p= F ‘ 5.
HO -
, i
le MeO
XVII AVIiY
He Me
HO- 00EL H COOEL
— —> >
C HSC
NeO YeO

XIX XX
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The presence of the earbethoxy group in the £ position
of (XIX) served to inhibit the saturation of the reactive
émuble bond of the furane ring during hydrogenolysis,
while in (XX) this group served to protect the same posi-
tion Aduring the sudbsequent Friedel-lrafts reaction.

The condensation of (XIX} with acetyl chloride in the
présence of sluminum chloride in nitrobenzene and subse-
quent isolation of the product with the ald of agueous
sodium hydroxide furnished mainly the ketonic acid (XX},
although this was invarisbly asccompanied by =2 small zmount
of the expected acetate. Decarboxylation of the ketonic
a¢id by heating with copper-bronze powder in quinoline
gave rise to ¥Xhellinon (IV), identical with a specimen ob-
tailned from khellin. The Claisen condensation of khelli-
non with ethyl scetate and sodium resulted in the forma-
tion of the diketone (xXXI) whieh, on cyclization in aleco-
hol with hydrochloric acid, yielded khellin (1), identicsal

with the nstural materisl.

Oﬂﬂﬁ

Y

H00C~ OH
XX
le
COCH,COCH,
O ——>
Hed

I I



The synthesls developed by Baxter, Famape and Timson (26)
follows esgentially the route used by Clarke and Hobertson
up to the formation of the coumarone carboxylate (XVII).
They found that better ylelds were obtained 1if methyl
bromoacetsate were substituted for the ethyl ester in preparsa-
tion of (XVII), and that the use of magnesium methoxide for
the cyclization to the coumerone-Lf-carboxyluate (XVIII)
doubled the yield. "They were unable to prepare the acetyl
derivative (XX), obtained by Clarke and Tobertson, however,
since 211 attempts to carry out the scylation under Foesch
or Frledel-Crafts condlitions falled sand attempts to hring
about the rearrangement of the O-acetate to (IX) under
conditions of the Fries reaction were also unsuccessful,

fttention was then directed to the coumaran series for
the introduction of the scetyl group. Cyelizstion and
simultaneous decarboxylation of LH-benzyloxy~?,8~dimethoxy-&-
formyl-phenoxyacetic acid obtzined from (AVII) by hydrolysis
with scetie anhydride and sodium acetate gave 6~benzyloxy-
4,7-dimethoxycounarone (XXI11I), shich on cabalytic reduction
st 3 astmospheres pressure absorbed £ moles of hydrogen to
give B8~-hydroxy-4,7-dimethoxycounaran (XXIV). This cousmaran
receted smoothly with scetonitrile asnd zinc ¢yanlide under
Foeseh conditions, but the intermediaste imine hydrochloride
required refluxing with 2 % sulfuric acid to Orm é-hydroxy-
4,7-dimethoxy=-5-acetylecoumsran (XxAV). Dehydrogenation of

this coumaran to khellinon (IV)was affacted by subliming
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it under reduced pressure through a heated tube contalning
307 palladium-norite, prepared as described by TLinstead
and Thomas (30). The VY -pyrone ring was then completed

in the same way as in Clarke and Robertson's synthesis (25).

¥ed
STD
—_— | _—
PhiH,, OCTI,CO0R 8 HO
“ T PnClg” Ye e
¥e H
HNII AXRITT EXIV

Dihydrokhellin, or 5,8-dimethoxy-2-methyl-2!',3'-dihydro-
(6,7,4',5!')~furanochromone (XXVI), was obtained when 6-
hydroxy-4,7-dimethyl-5-acetylcoumaran {(XXV) was condensed

with ethyl acetate and the resulting diketone cyclized.

e G

CH

(e

teO
REVI

In a third method for synthesis of khellin devised by



#¥urti and Seshadril (£7), & novel and spparently very prac-
tiecsl procedure was employed. It wes based on thelr prev-
fous studiecs on the oxldation of flavones and related com-
pounds (31), and proceeded as follows: 5,7-dihydroxy-
S-methylchromone (AXiVII), readily prepared from phloro-
glucinol, was condensed with one mole equivalent of ethyl
bromoacetate in the presence of potassium carbonate in
agcetone, to form compound (XXVIII)., 4&s has been found in
reactions of flavones (31), hydrcxylatinn in the S8-position
of (LXVIII) took place on treatment with alkaline potessium
persulfate, producing (XXI1X). Partial methylation converted
(xXIX) to (XXX}, whieh was then converted to the aldehyds
(XXXI) by use of hexamethylene tetramine in glacial acetic
aeid. The asldehydo seild (XXXII) wes subsequently formed by
methylation and hydrolysis,., Treatment of the aldehydo acld
with sodlum ascetate in acetic anhydride resulted in ring

closure snd decarboxylation with formation of khellin (I).

HOOGC Ho 0
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TOCCCH

OBJECT OF INVSSTIGATION

The controversial clinical and pharmacological findings
reported in the investigstion of khellin and related com-
pounds, and the known e¢ffecta of Y-pyrones and chalcones
on the circulatory system, Jjustified further study of Yy -
pyrones end chalecones whnich ¢an be prepared from khellin or
cloasely related compounds and which might serve as inter-
mediates in the preperstion of other compounds related to
¥hellin. The synthesis of s compound or compounds of
greater potency than khellin, but devoid of the element of
uncertainty of physiological response, was greetly desired,

Sterting with khellinl (1) or khellinone (IV), three
series of oompounds were prepared:
1~ A serles of chalcones (XXxIII) derived from khellinone
by condensation with various aromatic and heterocyclice
aldehydes. Hesperidin chalcone 1s the prototype of this
series.

The chalcones prepared from Khellinone resdily undergo
ring closure as demonstrated by Clarke and Robertson (£5),
to form &-substituted 5,8-dimethoxy-6,7,4',5'-furano-

chromones closely related to ¥hellin., As was previously

1
Fhellin is readily available commercilally. See EXPERIVENT:T

Y
-
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pointed out, khellin is Z-methyl-5,8-dimethoxy-8,7,4',5'-
furanochromone.
£- 4 series of styryl derivatives (XXXIV) formed by conden-
sation of variocus aromatic and heterocyclic sldehydes with
the reactive 2-methyl group of khellin. In this series, the
Y -pyrone ring remains intact and the compounds may be re-
garded as vinylogs of khellin.
3- The synthesis of & homologous series (XXXV) in which the
group in the Z-position of khellin varies from hydrogen to
propyl. Attempts to prepaere homologs higher than propyl
were unsuccessful,

The relationship between the various typeza of compounds
prepared and khellin and the route of their formation is
outlined in the following series of equations:

¥e

MeO
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In the above egquations:
R = aryl, arsllyl or substituted derivatives thereof.
mt= hydrogen or alkyl.

The cyelization of the chalcones, indiceted by the dashed
srrow In the above equation, nas not heen accomplished in
the present investipation, but should proceed smoothly under
condltions ususlly employed to form flavones (25).

In addition to the above seriles, & number of compounds
having some structural feature In common with the ubellin

molecule were prepared for pharmacologlcal teating. These

corzpounds will be discussed individually.
SYHTHERTIZ OF HOROLOGS OF KIOLLTH

L meview of the literature reveals theit chromones having
P=allryl substituents higher than propyl have apparently never
been reported. Phenyl (flavone) (32), benzyl (53), furyl
(34), and styryl (35) derivatives have 211 been syntheslized,
but a careful search of Chemical Abstracts snd Beilstein
failed to reveal the resson for the limitstion of the length
of the &=alkyl side chain. In chromones substituted in the
s=poslition, a great varlety of alkyl side c¢helins have beoen
present, since these compounds are readily prepared from
substituted acetoacetic esters and phenols (36). For example,
homologs a8 high as palmityl and stearyl have ween prepared
by Dasai and ¥aravdekar (37).

In the work herein reported, 1t was originally plenned to

build up the homologous seriles of glkyl groups in the -
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position of khelllin, beginning with norkhellin and proceed-
ing higher homologs of khellin. 1In thia series, the compounds
up to propyl have been prepared, but attempts to prepare
longer chein members resulted only in the formation of tars
from which nothing could be isolated.

Synithesis of Norkhellin.- Several methods are available

for the synthesis of chrﬁménes unsubstituted in the Z-position
(38), but with khellinone only two procedures secem practical;
the ethyl oxalate method of Auwers (39), and the ethyl formate
condensation employed by lentzer and Weunier (40}, Auwers
condensed dlethyl oxalste with ortho-hydroxyacetophenone
derivatives in the presence of sodium to obtain the o ~keto
ester {XXXV)}, whieh readily underwent ring closure and
hydrolysis on bolling with concentrated hydrochloric aclid.
The resulting chromone-Z-carboxylete (XXXVII) underwent de~
carboxylation when hsated to yleld the parent chromone
(XXX IX). Schonberg and Sina (41) have applied these re-
actiona to khellinone in the synthesis of ethyl norkhellin-
f-carboxylate (XXXVIII), but they wmodified the Auwers pro-
cedure by carrying out the inltisl condensation in dry ether.
¥o ylelds were reported, but sufficient quantities were ob-
talned to characterize the intermediate O(-keto estsr.

hen dilute sleoholic hydrochloric acid (1.5 ec. HC1, 10
cec. REOY) was used to effect cyclization of the ( ~keto ester
(XX%VI), hydrolysis of the ester linkage did not tske place

and the ethyl ester was obtained,.
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Med XXX IX

A one phase of the present investigation of khellin mnd

hellin by application of Auwers' procedure. The original
dircctions ware followed, using an ezcaess of diethyl oxalate
as solvent. Condensation with khellinone apparently tool
place, but no effort was made to isclate the intermediste
K-<eto ester. 4As a&n alternative to the lsolation of the
gater, the exceszsg dilethyl oxalate was removed and the resldue
refluxed with 20 percent hydrochlorie acid in aleohol.
lsrge amount of tarry material was formed, but a emall amount
of colorless tiny-crystalline materlsl was obtained after
repeated treatment of the alccholic solution with dscolor-
izing carbon, {earbon dloxide was evolved when the crysbtal-
line materisl was hested (ldentified by pssasre throuzh lime

water), and the residue rexaining, after recrystallization
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from a smell amount of alecchol, melted st 179-180°.
Schénberg and Sina report the melting point of norkhellin
as 182°, Unfortunately, the yleld of final product wsas

so low that no materiszl was available for snslysis. It
may be safely assumed, however, that the product obtained
by the above method was ldentical with norkhellin described
by Schénberg and Sine.

For the synthesis of norkhellin (XXXIX), the rmethod of
Yentzer and Yeunier (40) proved to be most satisfactory.
In this procedure khellinone {(IV) was dissolved in excess
ethyl formate and powdered sodium sdded. “{The nixture was
allowsd to stend for three dsys at room temperature, with
occasional shaking. The foruyl derivative (XLI), was
1solated and converted by bolling with alcoholic hydro-
ehloric acld into norkhellin (XXXIX). Sculnberg and Sina
carried out the same rcaction under modified conditions
gnd obtained norkhellin, Ths product thus prepsred melbed
£t 182° and exhibited the same properties as those of a

specimen prepared during this investigation.
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Frensration and Properties of Z-slkylehromones.~ Of the

o

various methods that are avallable for the synthesis of
Pesl¥yl chromones (38), only two appear to be applicable to
khellinone: the Xostsneekl resetion (32) and the condsenaza~
tion of ortho-hydroxyacetophenonses with ethyl esters in the
presence of sodlum, followed by ring closure of the result-
ing divetone (24,75,41-48),

In the Xostaneckl reseciion, ortho~hydroxyacetophenones,
or their substituted derivatives, are heated with the
arhydride and the sodlur salt of an aliphatle or aromatic
carboxylic agcid to produce chromones gsubstituted in the 2-
position (32}, Unfortunately, however, the ¥ostaneckl re-
getion doecr not invariably lead to the formation of 5 2-
allyl chrorone, The action of an acld anhydrlde an? the
godiuwn salt of an secld on = phenolie ketone =mey protuce
the aecyl derivetive of the kebtorne (XLII), s chromone (XLIII)
& Fe-scoyvlated chromone {XLIV), or a coumarin (XLV).
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che maghanism of the Yostoneckl reactlon has been exten~

sively studlied (I35,435,45,47,48,65-68), bat the production

-

ehromone or & cowsarin or 4 mixbture of both Jdepends on

o9
]
£

the erructure of the a¢id and ketone used a8 well es the

gaction conditions {49). The Y=acyl chrouones (aLlV),

*“5

fory very readily by heating chromones with acid anhydrides
{(30); and it was shown by 3aker (51) that the production
of tnese compounds is 2 general fegature of the Jostanscki
reoetion. However, owlng bto the fact that the whole re-
action product was usually sabjected to vigorous alkaline
hydrolysis, the 3-acyl group was lost and & chromone un-
substltuted in the S-position (XLIII) was isolated.

tince the Aostapnecikl reactlon may glve rise to a number
of products, it becoxes necessary to devise methods for the
detectlon and separsbtlion of chromones and counarins. The
methods used Tor differentiating these compounds nave been
roviewed by Kelkar (5£), but sinee these tests were of such
inportence in the present work, they may be enumerated
briefly and supploumented by tests which have been found
ugeful during this Investigstion.

The principle methods employed to differentiate between
chromones and couzsring can be divided into two groups;
those based upon the nydrolysis of the compound by mesans of
alzaline resgents, and those consgisting of the formation
of aome charscteristic derivative.

iydrolysis of Coumurins.- 5Since coumarins (XLVI) are

lactones, the initlal action of alkalil is to open the ring



with the formation of a salt of a coumarinie acid (XLVII).
Generally, on ascidifying, the original coumarin is rerener-
ated. Under certain conditions, however, end especially

by the prolonged action of strong alkell, racemization

tak%es place and salts of coumaeric acid (XIVIII) are formed
(53). The originsl coumarin cannot be reformed by acidifi-
tation of these salts. In some cases a stable form of cis-
coumarinic acid 1s formed (54). In the above cases the X~»
pyrone ring is simply opened, but in others, complete elimi-
nation of the pyrone rins takes place with the formation

of a phenol (55,56).
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lydrolysis of Chromones.- According to Simonis (57), the

hydrolysis of & chromone (L) occurs through the following
stages. One mole of water is taken up and the ring ruptures
at the ether linkage, forming a diketone (LI}, which is
generally further attacked by the alkall to form either a

xgeone (LII) or an acid (LIII).
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The hydrolysis of a chromone thus gives rise to an ortho-
hydroxyphenyl ketone and an acid, or an ortho-hydroxybenzoilc
acld and a ketone., The ortho-hydroxybenzoic acid thus formed
may lose carbon dlioxide to form a phenol (58)., Vhether the
chromone in question undergoes "mcid splitting’” or "ketone
splitting” depends on the nature of the chromone and reaction
conditions. There is no way of predicting which reaction
will take place.

If a coumarin and a chromone are both produced as products
of the Kostanecki reaction, their detection on the basis of
the identifilcation of products of alkaline hydrolysis would
be extremely dlfficult because of the variety of products
formed, as mentioned above. The interpretation of the re-
sults of hydrolysis of benzopyrones by alkalies is by no
means simple and requires careful consideration of the
various factors involved, especially the nature of the
various substituents. 7The literature contains many examples
of coumarins which were thought to be chromones, and vice
versa (52).

The Sodium Ethoxide Method for Separating Chromones from

Coumarins.~ A method based upon the gction of sodium cthoxide




on & mixture of & chromone and & coumarin has been devised
vy ittig (42). The mixture of chromone and coumarin is
treated with cold sodium ethoxide solution, &s 8 result of
which both pyrone rings are opened and the substances dis-
solve. On acldifying, the coumsarin ring 1ls regenerated, but
the dlketone formed from the chromone wust be extracted from
the solutlion with agueocus alikall and reformed by trectmsnt
with cold concentrated sulfuric ascid or hot dllute acid.
Canter snd Tobertson (58) modified this process by carrying
out the alksline hydrolysis in the presence of dimethyl
sulfebe., ‘The ortho-methoxy clnnamie seid formed thereby
could not reform the ecoumerin when acldified, asnd thus was
easily separated frox the chromone.

Pormation of 3tyryl Derivatives from (hromones,- Chromones

contalning an alkyl group in the Z-position reedily condense
with srometic aldehydes to form styryl derivatives (60).
This resction, which will be discussed in detall in another
section of this dissertetion, ia charscteristic of Z-alkyl

chromones. The corresponding alkyl coumarins do not resct.

seylation in the Z-Position as en Indication of Chromone

Formetion.~ 4s has been previously mentioned, chromones can

be aecylated readily in the 3-position when heated with acid
anhydrides, Coumarins dumet share this property, and this
faet 1s frequently utilized in deciding between chromone
and coumarin structures (ﬁi).

Pormation of Pyroxonlum 3glts from Chromones.- {lhiromones

form highly colored salts with acids. FPlerates, pesrchlorates,
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and hydroechlorides are readily prepared. In the uauasl pro-
cedure, the concentrated or anhydrous acid is sllowed to
resct with the chromone in dry chloroform, frow which sol-
vent the acid salts crystalllize rapidly. The various
structures which have heen sugpested for these compounds
have been discussed in detail (62). Xhellin sulfate has
been prepared by dissolving khellin in concentrated
sulfuric acld and allo¥wins the mixture to stand in s cold
nlace until cerystals separated (63). Pyroxonlum salts are
rapldly hydrolyzed, with regeneration of the starting
meterials; they cannot he used, therefore, for solubfliza-
tion of ehromone derivatives,

Bromination of (hromones and Coumsrins.- Desarl (64)

has devized & qualitative test for coumarins and chromones
based on their reaction with bromine in glacisl acetic mcld.
“ith chromonee, bromine rives an insoluble perdibromide,
from which the original chromone is regenerated by trest-
ment with sulfurous acid, while the coumsrin invariahly
cives the soluble 3~bromo derivative., Chromone perbromides
resemble pyroxonium salts 1In thelr properties.

Synthesis of ¥hellln Yiomologs: P-~Nthyl and Z-FPropyl-5, fe-

dimethoxy-6,7,4',58'~-furanochronone.~ Of the varjous methods

generally used for the synthesis of chromones, only the
cyelization of ortho~hyﬁrcxyphenyl~/9~diketanes ¢zn be de-
pended upon to lesad exclusively to these compounds (<4,42,45).
These diketones are obtained from ortho~hydroxyacetophenons

derivatives by & Clsisen-~type condensation with sthyl esters
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of carvoxyllic acids in the presence of sedium or sodium
hydride {43). In practice, the ortho-hydroxyacetophenone
derivative 1s dissolved in an excess of dry ester and

sodium added slowly (sodium powdered under xylene is pre-
ferred, but finely sliced sodium can also be used). 7The
reasction is rather vigorous with some compounds and external
cooling is often necessary. The reection mizture ls refluxed
gently until no further reaction appears to take place. In
some cases where Lhe reaction with sodium is slugglsn or
fails to take place, sodlium hydride may be used as a con-
densing agent (&£4,43,45). The sodium sslt of the enol

form of the diketanel

which separstes usually &s a yellow
mass, is quickly llltered and washed wilth ether (to renove
ezxcess ester) and converted into the free diketone by treat-
ment with dilute acid. 4n slisrnstive procedure involves
pouring the reaction mixture Iinito ice water, acidifying,
extracting wilth ether and recovering the diketone from the
ether extract by treatment with aqueous aliksll, ‘[he dike-
tone, uncontaminated with ester, 1is recovered by acidifying
the alkaline extract. Schonberg and Sina (41) modified the
above process by carrying out the condensation in dry ether,
thereby avolding a large excess of ester.
Orthﬂ—hydroxyphenyl-/g -diketones can be cyclized to

chromones under a varlety of conditionsz, but no general

1 These sodium salts can be readily slkylated, and lieilbron,
Hay and Lowe have used this method for the synthesis of £,5-
dialxylchromones.,



method appears to be useful for all types of chromones,
Sore compounds cyclize very readily, e.r., @ -acetylkhelli-
none cyelizes to khellin when heated for a few minutes in
alcohol containing only & trace of hydrochloric acid (£5).
Other compounds require more drastic trestizent, sueh asg
refluxing «1th concentrated hydriodic =2¢id for long rperiods
of time. In the khellin series, however, thls reagent
cannot be used, slnce it causes cleavege of methoxyl groups
and opening of the furans ring follorved by recyclization to
form 1soknellin (£3). Sulfuric acid, sulfuric acid in elco-
ol (10-3075 HpS04) (26,33,41), glzcial acetic acid contain-
ing a small awount of hydrochloric zcld (48), snd glscial
acetic zcld sasurated with hydrogen bromlde (45) heve also
been used to effect cycllzation,

The equations for reactlons described sbove nave pre-
viously been given (IV—~» I XI —»I}, p. 1Z.

Gyelization of the dixetones prepared according to the
preceding umethiods proved Lo be the wmost 4ifficult phase In
the preparation of homologs of khellin. ‘“hereasW -acetyl-
khellinone cycllizad very roeadilly under the influence of =
trace of hydrochloric acld In aleohol to form khellin (28),
the cyclization cf‘“J-propionylkhallinane to homokhellin
("2-othylvhellin”) required 10 percent hydrochloric acid
in alcohol, snd W -butyrylkhellinone could only be cycliged
to Bis-homokhellin ("Z2-propylkhellin”) with 30 percent
sulfuric zcild in alcohol (41). The attempted ceyclization
of W -propionylichellinone using concentrated suifurlic acid

led to the formation of & erystalline substance of uninown

29



composition.

sttempts were made to prepare 2=bublyl snd 2-amyl khellln
homoalogse from khellinone cnd ethyl valerate and othyl eapro-
ate, respectively, via the dikeione. The condensation ap-
paared to proceed oulte rormally when either sodium of
sodium hydride was used as condensing agent, yellow crystal-
1ine messes belng obtained in b»oth ceses; bul asttempts te

eyelize these higher u)~acy1khﬁllinon@a under various con-

ditione led only to the formation of intractahle tara.

could he isolasted fror these tarry products, Indicating

thzt the condensetion spparently took place as oxpected,

vut that polymerization occurred under the Influence of

acid, The fact that diketones of this type polymerisze

so resdily =ay aceount for the observation thot hirher f-alkyl-
chromonea have not previously been reporied.

Attempts o purifyw -propionylizhellinonc by vacuum Jdis~
tillatlion led %o the Tormotion of a yellow crystslline pro-
duet which foiled te ¢rcelize to hormokhellin., Although
there were no visible alpns of decomposition during thre
Aistilliation, decomposition snprerently took place, since the
annlysis of the yellow materiesl «d1d not correspond to that

of =ny expected product,
PERPAHATION OF CWaLOONHAS FROY XHELILINOHL

Hogtaneckl (69,70) first upplied the term “chelkone” (4k.,
bronze or Yronze-like) to compounds obbslned by coacensation

of acetorhenone or scetophenons derivatives with arcnatic
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aldehydes. Some of these compaunds exhibit besutiful
metallic lusters and vary in color from pale yellow to deep
red, depending on the substifuents present on either ring.
The simplest member of the series, benzylldene acetaphanone;

vl and other members are nsmed as deriva-

is known as "chalcone
tives thereof. Nany chalcones are found in nature as constit-
uents of plant plgments, where they occur free or as glyco-
sldes.

Chalcones may be prepared in a number of ways (71,72),
using either secid or base catalyzed reactions, but condensa-~
tion in the presence of alkalies is the most generally used
procedure. Kostanecki's original procedure (69) reguired
the use of a large excess of concentrated potassium hydroxide
in alcohol to bring about the condensetion between the alde~
wyde and acetophenone, but later investigators found that
the concentration of alkslil needed to effect condensation
depended upon the nature and positions of the substituent
groups on the aldehyde and ketone. Schraufstdtter end Deutsch
{(73) recently published the findings of an extensive investi-
gotlion on the synthesis of chalcones. Hxtensive work in this
field has slso been reported by theeler and coworkers (74),
vontl (75), Honlg (7€), Geisamen and coworkers (77) and many
othera. ¥any nitrochaslcones have been studled by Tanasescu
end Baciu (79). PFPurfuryllidene scetophenones nave also heen

prepared (70,73,80,81).

.

Chalcecones are nunbered as follows:

\Tﬂtz 3
«‘/\ %
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Shaleones of pharssceutical intersst have previously
been disecussed,p. O.

™e condenzation of acetophenone derivetives with alde-
hydes proceeds by way of the intermediate aldol (LIV) which
readily loses water to form the chalcone (1LV)., Aldols have
not been isolated in the course of this investligation, but

previous workers (78) were successful in isolating these

intermediates,
COCH5 8‘\GH N
oH RCHO ‘2 C{\i
il ~QH jH..R H CH~-R
H
| —
LIV LV

Paranochaleones have been prepared from khellinone by
Clarke and Fobertson (25) znd Schonberg and Sina (41). These
workers used an excess of 50 percent aqueous sodium hydroxids
(2 gm. for each gram of khellinone) to effect condensation,
snd 1t has been found during the course of this invegtigetion
that thils quantity {(or & slight excess) wes gqulte sufficlent
for 8ll condensations attempted. Clarke and Hobertson used
piperonal snd enisaldehyde zs rldehyde components, and, in
addition %o these, Schinberg and tLins employed venillin and
para~dimethylaminobenzaldehyde., These four aldehydes were
also used in this investigation, in sddition te a number of

other aromatle and heterocyclic sldehydes.



Clarke and Robertson (25) have synthesized the corre-
sponding flavones from the chzlcones mentioned above, using
phosphoric acld in slcohol as catalyst. It might also be
mentioned that cyclization of ehalecones to flavones can
also be accomplished under alkaline condltions, and flavones
are sometimes producéd as by-produets in the preparation
of chalcones (73). The prepsration of chalcones from
khellinone snd flavones from chalecones 1s illustrated by
equetions {IV—XXXIII-—>XiXIIIA}, p. 17. <Comments on
individual compounds prepared during this study will be

found in the experimental section of thils dissertation.
PHREPARATION OF STYRYL DERIVATIVES OF (HIELLIH

In 1925 Robinson and Shinoda (82}, in & paper on the
gynthesie of Z-styrylchromonol derivatives, csalled atten~
tion to the interesting fact that while the difference in
composition of successive members of naturelly occurring
fatty acids 1is Ggﬁ4, the increment most common among aro-
matic plant products is Colize As examples, these authors
cite the following facts: benzgolec acid and cinnamie =scid
are frequently found together in many plants, and even
piperic acld, the next member of the seriesz, 1s of qulte
common ogcurrence. loreover, methyl-, propenyl-end allyl-
benzene derivatives are widely distributed emong plant
products, but 1t 1s unusual to encounter derivatives of
ethyl- or propylbenzene smong the constituents of plents.
These authors recognized, of course, that execeptions to

this generalization are kXnown, but most of the ethylbenzene



derivatives of natural oripgin are belleved to be derived
from nore complex substunces; ¢€+.8., hordenine, epincph~
rine and mescaline are known to be formed from phenyl-
elanine derivetives by decarboxyletion., Un the basis of
these assumptions, Robinson ond Shinods considered it
probable thaet represcntstives of the styrylchromones occur
in nsture, und mentioned several compounds which they
thousht might eventually be siiown to be of this ¢lass,
Loter workers, however, have either shown thet the compounds
beliceved by Koblinson and Shinods to be Z-siyrylchromones
are differently constituted or have expressed skepticism
of the evidence presented (83,84). B5So far as the present
investigators are aware, no definlite proof has been offered
for the existence of styrylehromonss in nature.

In 1853 Teilbron, SBarnes and Yortom (80) made the inter-
¢sting observation that the Z-methyl group in 2,3-dimethyl~
chromone (IVI) 1as conjugated with a carbonyl group through
an olefinic double dond.

LVI LVII

Aceordingly, this methyl group should possess activity
sinilar to the methyl group in crotonaldehyde, ethyl cro-
tonate or quinaldine and should be capable of undergoing

condensation with aromatic aldehydes, Indeed, these workers



were able to demomstrate the extrasordinary sctivity of

this zethyl group by carryling oul & number of condensa-
tions with various aromatie aldehydes in methanol, using
sodlium methyiate as catalyst, to form styryl derivatives,
of type (LVILI} shown sbove. Various aromatic sldehydes
were used by these workers, and the condensation was found
to take place with & wide variety of substances such as
piperonal, benzaldehyde, para-~dimethylaminobeénzaldehyce,
cinnamaldelyde, methoxy-benzaldehydes, and othiers. rFurfur-
sldehyde was &lso found to condense resdily.

That the condensation actusally inveolved the <-methyl
group was proved by the hydrolysis of Z-styryl-3~methyl-
chromones accordlng to the method of Petschek and Simonis
(36), when cinnemic scid was obtalned ss ons of the products

LYIT—>»LIX),.

g\CHMe 80}1?353
PV . Somscmpn .
on b of  PRCH=CHCOOH
IVITI _—

Heilbron, Barnes and Zortomn also postulated, on the basis
of the formerly widely-acecepted theory of 'neutralization
of partial valency forces’ ', that Z,3-dimethylchromones sub-
stituted in the 7-peoslition should not form Z2-styryl derive-
tives with sromatic sldelydes. They prepared a compound
whichh they regarded as T-methoxXy~&,5-dimethylchromone and

found that this compound would not condense with sromatic



aldehydea 1In the presence of sodium ethylate, even th&ﬁgh
vigorous roaction conditions were employed. It was later
ghown, however, $that the compound these workers had pre-
pared was in reality 7-methoxy-3i,4-dimethylcoumarin and
that an suthentic specimen of 7-methoxy-R,3-dimethyl-

omone, doeg, in feet, condense readily with aromatie

8
R

nldehydes to form Z=-styryl dorivatives (81). The compound

™
Ia

prevared by Lellbron, Barnes and ¥Worton was another exsmple
of the mistaking of 2 coumarin, prepared by the Fostenecki
resctlon, for & chroxone. Later workers have shown that
the formation of styryl derivetives is ¢ cherescteristic
resetion of Z-uethyl end P-ethyl chromones, regardless of
the substituents present ir eny position, end that sub-
ctituents In the S~-position are not necessary for condenss-
tions invelving the f-methyl group (47,83,88). One excep-
tion zppsars to be the 7-benzyloxychromones, however, since
Venketraman and coworkers (8¢) were unable to prepare
styryl derivatives of these compounds.

Clerke esnd Fobertsorn (£3) and Sehlnberp and Sine (41)
dermonstroted thet the Fermethrl groun of Zhellin alse con-
dergen with eromatic esldehyrdes to form styryl derivetives.
These workeres uscd niveronsl and sniseldehyde, recpectively.
Durdng this Investipetion s series of compounds bss been
prepered In whieh the nunber of aldehydes used hee beean
greetly ezpanded to Include methoxy-, hydroxy-, broro~, and

nitrohenzaliehydes, Tarfuraldehyde, X ~thiorhenenlidenyds,

end O(-pyrroleslilehyde bave ales heer sueccessfully employed:
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ginnamic aldehyde and phenylacetsldehyde gave only poor
~jelds and para-dimethylaminobenzaldehyde and S-nitro-
furfurslidehyde produced only tars, It is Interesting bto
nots thet styryl derivatives of khellin, preparel? asg Jo-
scrived above, are vinylogs of the parent compound.

The genersl procedure followed in the prepsration of
styryikhellin derivatives was as follows: khellin (1 mole)
wes a2dded to a warm solution of seodium methylate (£ moles)
in dry methanol., “hen the kXhellin had completely dissolved,
the aldehyde (1 mole) waz added and the solutlion warmed on
the steam beth for a few minutes. Some sensitive zldehydes
required no heating, while others required more vigorous

onditions to bring about reszetlon. The rixture was sllowed
to stand at room temperature for st least twenty-four hours,
at the ond »f rhich time the styryl derivatlive was seporated
by filtration before or after dilubtion of the reaction
mixture with water. iThe derivative was then recrystallized

from an avnrropriste sgsolvent,

211 of the styryl derivatives propared Jduring ills iuves-
tipotion exibltsd markod halochromic properties, highly

additlon of dry hydrogen ehloride Lo solubtions of the

ES

arent compound In dry ohloroform. The colors of the

i

A gt

4

inus helochronle salis prepared from styrylihellin
derdvetives axhlbitesd no srpecielly narked differences in

3

shado, varying only between reddilsh-orange and crimson,
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In gddltion to the compounds previously dlscussed, a
numher of miszecellaneocus compounds were prepered which pos-
gega some femture in common with the xhellin molecule.

These compounds were synthesized to determine, if possible,
whether or not simpler compounds having some structural
feature in common with khellin alao possess some of the
physiological properties of khellin., It was slso of intsrest
to prepere & Kkhellin analog in which the Y ~pyrone ring is
replaced by an K -pyrone ring (2 coumsrin derivative). The
following compounds have been prepared:

2«Yethylehromone: This compound was prepared froa ortho-

hydroxyascetophenone snd ethyl scetste sccordlng to the di-
rections of “ittig (43).

f-Benzylehromone: The proecadure of Chedha, ishal and

Venkataraman {(33) for the preperation of this compound from
ortho-hydroxyscetophenoneg and ethyl phenylacetate was found
gatisfactory.

&-%gﬂraxyvﬂ*aaetgl~&,6,4',ﬁ'ﬂfuranebanaﬁquinaﬁﬁ; This

compound was prepered by the oxidation of khellinone with
fuming nitrie seid in dry ether, according to the procedure
of &p#th and Oruber (4).

4-Hydroxy-5,8~dimethoxy-8,7,4" 6~ furanaocounarin (iXx):

This compound wasg prepared by the condensation of diethyl
carhonate with ¥hellinone in the presence of sodiam, follow-
ing tke procedure described by Jones, tasckenzie and Fobertson

{87) for ths synthesis of 4~hydroxy-3,7-dimethoxyecounarin,



X
An interesting observation was made by arndt (88,89) who

observed that two products were obtained when 4~-hydroxy-
coumarin wes methylated with diazomethane,- s mixture of the
expected 4~methoxycoumarin and the isomerie Z-methoxychromone,
indicating that 4-hydroxycoumerin iz capable of existing in

a tsutomeric form which gives rise to a chromone when stabil-
ized by methylation.

An attempt was made to prepare 4-hydroxy-2,5,8-trimethoxy-
6,7,4' ,5'~furanccounarin under conditions similar to those
employed by Arndt, but only the 4-methoxycoumarin derivative
was obtalned, indieating that a tautomerie form of this
compound probably does not exist under the conditions used

during this experiment,
FAFARIMNNTAL

211 melting points are uncorrected. Aldehydes used,
unless otherwise stated, were lastman Practical Grades,
freshly distilled just before use. #Hhellin was purchased
from S. B, Penlck and Compsny, Hew York.

Preparation of Xhellinone.- xhellinone wee preparecd

according to the procedure of Spath and Gruber (4), modified
83 follows: Twenty-five grams of ikhellin was added to



2 liters of boliling 2 percent potassium hydroxide solution
contained in a 3-l. three-necked flask equipped with a
reflux condenser and a gsas inlet tube reaching nearly to
the bottomr of the flask. Hitrogen was sloxly bubbled
through the solutlion during the entire operation. The
solution was refluxed until all the khellin had dissolved,
about one hour Lelng reduirsd. The clear lemon~yellow
solution was cooled under the c¢old water tap anpd 1 liter
of 4 percent sulfuric scid was sdded. The yellow crystal-
line precipitate which settled was filtered and recrystal-
lized from dilute methenol. Yellow needles, m.p. 100°.
Yield 23 g. (97%).

Preraration of Yorkhellin, ¥ethod i- Vsing Dlethyl

Oxalate .~ Three grams of dry khellinone was dissolved in
40 wl. of bolling dlethyl oxalate, whiech had previously
heen dried with "Drierite” and freshly distilled. Three
grams of sodium In thin slices was added, one pilece at a
time through the condenser, while the solutlion was gently
refluxed, The solution turned deep-red and then brown.
Refluxing was continued for sbout one hour at the end of
which time all sodium appsared to have rescted. The nmixture
was ¢ooled, & small emount of methanol added to decompose
any unreacted sodium, and poured onto 200 g. of ice. The
reddigh-brown solution was carefully scidified with 10
percent ascetic acid and an oil separated. 7The mixture wss
extracted with three 100 ml. portions of ether and the ether
and excess dlethyl oxalste evaporated off on the steam bath,

finally under reduced pressure. The dark-brown oil which
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rezained was dissolved in e mixture of 25 ml. of ethsnol
and 5 ml. of concentrated hydrochloric ecid and refluxed
gently for one hour.

The terry materiel which remained after removal of
solvent was dissolved in 150 ml., of alcohol and decolor-
ized by heating with norite, several 3-g. portions belng
required. “hen the solutlon was nesrly colorless, the
pleochoel was evaporated until only a2 very small volume re-
mained, but no crystalline materisl separated, After
evaporating to dryness a small residue remalned (ca. 50 ng.).
This reslidue was dried and placed in a2 small test tube,
the neck of which was drawn out to s flne capillsry and
hent in the shape of & small retort. Onmn hesting ths test
tube pgently with a soft flame, gas wes evolved and the
materisl melted. The gas wes identified as carbon dioxide
by passapge through lime weter. 4 white preclpitate of
czlcium carbonate formed whieh evolved carbon dioxide when
& drop of dilute acid was added. “hen gas was no longer
evolved, the test tube was cooled and carefully cut opsn.
Additlon of s few drops of ethanol followed by gentle
werming csused the residue to digsolve. Treatment of the
2leoholic solution with a smell amount of norite, flltering
and evaporating, followed by the zddition of a few drops of
wabter caused colorless c¢rystals to separate on cooling in ice.
¥ield about 10 mg., m.p. 179-80°%. This compound asppears to
be identical with norkhellin prepared by Schinberg snd Sina
(41), m.p. 182°,
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Preparation of Norikhellin. Hethod B~ Using Zthyl

Formate .~ Two grams of dry khellinone was dissolved in 30
nl. of ethyl formete, which hed previously been drisd with
"Nrierite’ and freshly distilled., Two grams of thinly
sliesd sodium was added in small portions and the flask
stoppered with a %Sube containing caleium chloride and goda
1ima, Tho sodium resacted slowly and the next day a
vellowish-broan solid had separated. One gram more of
sodium was added and the flask was allowed to stand at
room temperature for an addltional forty-eignht hours, with
occasional shaking. At the end of this time, a few ml. of
mathanol was added to dsstroy unrescted sodium and the
mixture was evaporated to dryness on the steam bath in a
current of illuminsting ges. The residue was dissolved in
100 =1, of water and cerefully scidified with 10 percent
acetle scid, The olly solution was extracted with three
100 ml. portions of ether, the ether evaporated off on the
steam bath and the reslidue dissolved In 50 ml. of ethanol.
Treatment with norite followed by evaporation to a small
volume resulted In the formation of azlmost colorless
needleg, m.D. 165.5%, Yield, about 50 mg.

he formyl derivaetive was dissolved in 25 ml. of ethanol,
& ml. of hyirochloric scid was added and the solution
refluxed for three hours. Colorless crystals, =m.p. 1@1”,
separeated on evaporating snd cooling. Yield, about 20 mg.

This compound gave no color with alcoholic ferric
chloride, & yellow color with concentrsted hydrochlorice

scid, and an orange red color with concentrated sulfuric scid.



Preparation of Homokhellin ("2-Ethylkhellin®).- The

success of this preparation depends partly on the use of
dry rearents. Hhellinons was dried over phosphorous
pentoxide snd the ethyl proplonate was also dried with this
raarent hefore distilling.

oo prang 2f khellinone was dissolved in 25 ml. of bolling
ethyl proplionste and 2 g. of powdered sodium was added in
several portions through the condenser. The initliasl reaction
was vigoronus and cooling was necessary to control the
reaction. After the reaction nad subsided 20 ml. more of
gthvl proplonaste was added and the yellow szolutbtion was
rently refluxed for two hours, during which time a yellow
gnlid separated. Ten ml. of methanol was added to destroy
gxcess sodium. The mixture was cooled and poured into
200 ml. of ice-cold water snd the yellow solid materiasl
dissolved slowly on standing. After carefully acidifying
with 10 percent acetle acid, the solution was extracted with
three £50 ml. portlions of petroleun ether. Attempts to
separate the diketone by crystallization from petroleum
ether falled, but an orange-yellow so0lld mass remsined when
the solvent was removed under reduced pressure. The solid
materirl was dissolved in 40 ml. of ethanol, 10 mi, of
hydrochloric acid added and the solution refluxed on the
stean hatin for one hour. After decolorising with norite

and ramoval of wost of the alcohol, colorlsas crystals

{3

separated from the residusl liquor efter standing in the
refrigerator over night. The material wes recrystallized

from a small amount of dilute nleohol producing tiny



colorless erystals, m.p. 125°. Yield 0.2 g. (8.6%).
Anel. cale. for CjgH, ,05: C, 65.68; H, 5.14. Found: C,
84,81, H, 5.11

Concentrated hydrochloric acid produced 2 lemon-yellow
color, concentrated sulfuric acid a deep yellow, and lodine-
potessium iodlde solution a deep blue, Ferric chloride in
aleohol gave no color.

Attempts to separate the intermediate W -propionyl-
khellinone from the residue left after removal of petroleum
ether by distillation under reduced pressgure resulted in the
formation of & yellow crystelline substance, b.p. 190-210°/1
fM., M.P. 153° {from ethanol), which could not be cyclized
to "ethyl khellin" by refluxing with 10 percent hydrochloric
acid in methanol, 50 percent hydrogen bromide in glacisl
scetiec acid, 10 percent sulfuric scid in ethenol for six
hours, or 50 percent sulfuric acid in cthanol on the steam
bath for thirty minutes. The msterlial dissolved readily
in concentrated sulfuriec asecld; and, after standing for
twenty-four hours in contact with thils reagent, followed
by dilution with water, filtration, and c¢rystallization
from ether, a colorless c¢rystalline substance, m.p. 230~
£21° was produced. The yellow ¢rystalline materiel, m.p.
1539, gave an intense grean color with alcohonlic ferric
chlorlde, pale yellow with concentrated hydrochlorie acid,
and orange-yellow with concentrated sulfuric acid. fnaly-

eis showed €4.76 percent carhon and 4.88 percent hydrogen.



Thege values do not correaspond with those caleulated for
the diketone, khellin or homokhellin.

The above procedure was used successfully on three
occasions for the synthesis of homokhellin; however, in
three other trials, no homokhellin was obtained. The
pgreatest difficulty was always encountered in the final
separation of homokhellin from the oily products remaining
after cyclization. Yields varied from C.2 g. to 0.5 gZ.
Pfrom 2 g. of khellinone. Loss of product wse attridbuted
to adsorption by the decolorizing carbon,

The sodlum hydride condensation described by Wittig (43),
when applied to the above reepgents, resulted only in the
formation of tsrs from which nothing could be isolated.

Schénberg and Sina (41) prepared homokhellin and fPound
the melting point to be 126°.

Preparation of bis-Homokhellin ("2-Propylkhellin”). Two

grems of dry khellinone was dlgsolved in 25 ml. of dry
freshly distilled ethyl butyrate. Two grams of sodium in
the form of thin slices was gradually added to the gently
refluxing solution., The sodium reacted slowly and, after
fifteen minutes, a yellow solid began to sepsrate. After
refluxing for one hour, an additional gram of sodium and

5 wl, of ethyl butyrate were added snd the mixture asllowed
to reflux for an additional five hours. The nmixture was
cooled, 5 ml, of methanol added to destroy excess sodium,
and the brownigh-yellow mass was poured into 150 ml. of

cold water. ‘hen the solld had completely dissolved, the



excess ethyl butyrate (top layer) was separated snd the
aqueous layer scldified with 10 percent acetlic secld. &
browvnish-yellow oil formed. The mixsure was extracted
with ether and the ether and unchanged ethyl butyrate
were removed by distillastion under reduced pressure on
the steam bath. Twenty-five ml. of methanol and 10 ml.
of eoncentrated hydrochloric azc¢id were added to the
residue and the solution refluxed for thirty minutes.
after treating with norite, evaporating the solution to
& small volume and coollng in ice, colorless crystals
separated. Yield DO mg., m.p. 175°,

Upon treating the olly residue obtained from the hydro-
chloric acid cyclizetion reaction, as described above, with
30 percent sulfuriec acid in alconhol (41), decolorlzing and
crystallizing from dilute alecohol, a few milligrams of
material, m.p. 175° was obtained, presumably identical with
that recently reported bﬁ Schénberg and Sina (41).

This substance gave a yellow color with concentrated
hydrochloric acid, orange with concentrated sulfuric acid,
and no color with aleoholie ferric chloride.

Genersl Procedure for the Condenseation of Khellin with

aromatie aildehydes.- Sodium methylate solution was prepsred

by dissolving 0.6 g. (.025 equivelent) of sodlum in 40 ml.
of methanol, To this solution was added & g. of khellin
{.008 equivalent); and, when the khellin had completely

dissclved, an equlvalent amount of the aldehyde was
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introduced in once portion. The nixture was refluxed on

s steam bath for ten minutes and the flssk was then tightly
stoppered and allowed to stand at room temperature for
twenty-four hours, In most cases the condensatlion product
separated duriang this period; 1if noi, thc contents of the
flask was poured into 200 ml, of ¢old water and the preel-
pltate allowed to settle. The mixture was flltered snd the
precipitate washed well with cold water and pressed dry.
‘the styryl derlvatlive was recrystalllized from acetle sceid
opr ethanol, with the use of norite, il nscesssary, for de-
eolorizing, and drled in air. Several compounds appesred
to undergo change when dried under & heest lanp., It is
recomuended, therefore, that thisc trestment be avolded,

By use of the above general procedure, the following
compounds have been prepsred. Any modifications of the
general procedure are given in the description of cach
compound.,

rreparation of Z-Ctyrylikhellin.- 7rom khellin snd benz-

aldehyde. Lemon yellow needles from dilute acetlc acid,
Ve e 106-196.5". Yield, 48,. CGlives yellow-orange color
with concentrated sulfuric acid, reddish-orange »with dry
hyerogen chloride in chloroform, and no color with alecohollce
ferrice chloride,

iﬁ}f}};y Calc. for ‘321}3‘11605: W, Thed; Iiy 4.6, 'ound:
Sy TELLG, TELL4E; H, 4,77, 4.75

Freparation of £-(4-browostyryl)-khellin.- ron khellin

and p-bromobenzaldehyde. Lemon yellow needles from dilute



acetic acid, m.p. 191-192°%, Yield: 95%. Gives orange«
red color turning to bleck with concentrated sulfuric acid,
crinson with dry hydrogen chloride in dry chloroform, and
no color with alecoholic ferric chloride.

Freparation of 2-{4~hydroxystyryl)-khellin.~ From

¥hellin and p~hydroxybenzaldehyde. ILemon yellow tiny
clusters from petroleum either, m.p. 116-117°%, vield: 157%.
Gives yellowlshw-oranpge color with concentrated suifuric
scld and deep-green with alechollic ferric chloride.

Preparation of 2«(Z-hydroxystyryl)-khellin.- From

¥hellin snd salicylaldehyde., This synthesls must be carried
out under nitrogen to prevent oxidation of the phenolic
gldehyde. A yellow precipltate formed instantly when the
rezsctants were mixed, The solid was removed by rapild £il-
tration, suspended in alcohol and cautiously neutralized
with concentrated hydrochloric acid. The sodium chloride
#hich formed was removed by filtrstion, the solution was
diluted with water, and the styryl derivative asllowed to
erystallize. Hecrystallization from dilute alcochol gave
yellow needles, mip. 158-153°. <Yield: 15%. Gives no
color with aqueocus or alcoholic ferric chloride, and an
intense orenge-yellow with concentrated sulfuric acid.

Freperation of Z~(4~methoxystyryl)-khellin,.- From

¥hellin and anlssldehyde., Yellow needles from dilute scetic
scid, m.p. 170-171°. 7Yield: 657. aGives orange-brown color
with concentrated sulfurie acid, intense red with dry hydro-

gen chloride in chloroform, and no color with aslcoholic



ferric chloride.
Anel. cale. for Cpolliplg: €, 69.84; H, 4.76. Found: C,
69.71, ¥, 5.10, |

This compound has recently been synthesized by Schinberg
and Sina (41), who reported & melting point of 171°.

Preparation of 2-(Z-methoxystyryl)-khellin.- From

khellin and o-methoxybenzaldehyde. Yellow flakes from
d1lute acetic acid, m.p. 164-165%. Yield: B50%. Gives a
bright orange color with concentrated sulfuriec acld, faint
brown with aleoholle ferrlic chloride, and a deep orange-red
with dry hydrogen chloride in chloroform.

inal. eale. for 522}.{1836: G, 69-?; EZ, 4,80, Pound: C,

68.343 H, 4.80, (¥Note: Analyst reported “sparks” during
combustion).

Preparation of 2—($~methoxy~4—hyﬁrﬂ@ymtxggl)mkhﬁllinbw

From ¥hellin and vanillin., Yellow needles from ethanol,
m.p. 101-102°%, VYield: 537%7. Gives an orenge-red color
with concentrated sulfurle acid, reddish-orange with dry
hydrogen chloride in chloroform, and no color with alcoholice
ferric chloride.

Preparation of 2-(3,4-dimethoxystyryl)-khellin,~ From

khellin and veratraldehyde. Lemon yellow needles from
dilute acetic acid, m.p. 1857, Yield: B857%. dives orange-
red color with concentrated sulfuriec scid, reddish-orange
with dry hydrogen chloride in chloroform, and no color with
alcoholice ferric chloride.

tnpl., cale. for CoglisgOp: C, 67.7; H, 4.23. Found: C,

67.31, 67.73; H, 4.95, 5.21.
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freperation of 2-(2,3=dimethoxyatyryl)-khellin.~ From
khellin and £,3-dimethoxybenzaldehyde. Lemon yellow needles
from dilute acetic acid, m.p. 183-184°, Vield: 627. Gives
bricht orange color with concentrated sulfuric scid, orange-
red with Ary hydrogen ehlorilde in chloroform, and no color
with slcololie ferric chloride.
Anzl. eale. for CgoallonOn: €, 67.7; H, 4.93. Found: ¢,
65.663 M, 5.12.

Preparation of 2-(3,4-methylensdioxystyryl)-khellin.-

Prom khellln and piperonal. Very fine yellow needles from
dilute scetlc acid, m.p. 238°, vYield: 40%. 0Gives orange-
red color with concentrated sulfurie acid and no color with
aleoholie ferric ehloride.

T™his compound has previously been reported by Clarke and
Robertson (25) who reported 2 melting point of 239°,

reparation of Z-{3-nitrostyryl)=khellin.- ®rom ¥hellln

and menitrobenzaldehyde. 3Brownish~-yellow needles fron
dllute scetic acid, m.p. £253-254°%, gGives orange-red color
with concentrated sulfuric acild and no color with alcoholic
ferric chloride,

snal. calce. £or CpqllygOnf: ¢, 64.1; W, 3.84. Found: C,
63.20; H, 4.19.

freparation of Z-(f-nitrostyryl)-khelllin.- From thellin

and o~nlircbenzaldehyde. LBmon yellow needles frow dilute
acetle acid, m.p. 236°. vield: 257. Gives an orange-red
color with concentrated sulfuric aecid and no color with

alenaholie ferric chloride.

30
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Anal. cale. for CgylyglyN: €, 64.15; H, 3.84. PFound: C,
34.28, 54o58; }3‘, 4.0":‘}, 4.96, 40@90

rrenaration of £-X -thienylkhellin.- Sodium methylate

solution was prepered by dissolving 9.8 . of sodium 1in

50 ml. of dry methanol. Two grams of khellin was added and
disgolved by warming the mixture. After sllowing the solu~-
tlon to cool sliphtly, 2 7. of fresshly distilled O(~thiophene

o ldghyde was added dropwlse with constant stirring. The

solution turnad dark green 2nd then brown after standing for
& few winubtes szt room terrersture. %Since no further reaction
wag anparent after starnding for several hours, the solution
was sently refluxed for thirty minutes. 0On cooling slipghtly,
the contonts of the flask solidified. After stonding for

twoe deys, trhe mixture was flltered and the vellow crystal-
line =olld reocrystallized from dllute acetle scld., Yellow
flakes, m.T. 186°, vield: 457, Gives an orance-red color
with concentrated sulfuric scid and no ecolor with zlenholie
forric chloride,

tnal. eale. for CygHy,055. 0, 64.4; I, 3.98. Found: G,

Trevaration of £~ ~furylkhellin.~ Sodiuwa nethylate

o

solution wan prepared by dlissolving 0.6 g. of sodium in 50
ml. of methanol, Two gramg of ¥hellin was added ond 21a-
solved by warming. To thils solution was added £ 7, of
freshly distilled Purfursldehyde Aropwise and with consbtant

shokine., The solutlon was pently warmed on the stearn bath

geveral times during the addition of the aldehyde. ~fter



the solution had stood for & few minutes, 1t solidifled

to @ cream colored masgs. The mixture was flltered, the
rrecipltete washed with cold water snd recrystsllizsed

fror dilute aceltie acid, Uresn colored flakes, m.p. 204.5°.
Yield: 817, Gives deep Drown color with concentrated
sulfuriec acid snd no colepr with slcoholic ferric echloride.

fnal. cele. for CygHy 050 C, 57.45; H, 4.17. Found: G,

Preparation of 2- X -pyrrylkhellin.- Godium methylate

gsolutlion was prepared by dissolving v.5 g. of =zodium in 40
mle. of dry methanol. vo grams of khellin was cdded end
dilzszolved by warming the mixture. To this solution was

dded ¢ go of X-pyrrole sldehyde, freshly crystailized

(4

£
from petroleun ether. The mixzbure was varmed gently for
fifteen minutes and allowed to stand tightly-storpered
over nizht. The seclutiorn went through & seriez of color
changes from lemon yellow, to ruby red, to desp brown.
The next morning the solution wss poured into £30 =l. of
tolé rater. Pive percent zestlic aeid was added with
constent stirring until the scolution was Just seld Lo congo
red. & brown-gummy precipitate formed end was flltered,
dissnlved In 2lcohol, decolorized with norite, and re-
eryztnllized from dilute 2leohol. Colden yellow ncedles,
m.p. 1439, vield: 507,

sn excess of norite wust bhe avolded when decolorlzing
this eolution, since the coxpound appears to be strongly

sidsorved by carbon., One bateh of material was completsly
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lost by sdsorption on norite., It 1le best to use the carbon
in guantities of sbout 1 g. suspended in 2 large volume of
alenhol,

Genersl Procedure for the Condensstion of ¥hellinone with

fromstie fldehydes.~ Two grams of khellinone was dissolved

in 580 ml. of warm 2lcohol ond an edquivalent amount of the
sldehyde added. ‘hen the aldehyde had completely dissolved,
E r. of 507 potassium hydroxide solution was added and the
mixture refluxed on & steam bath for fifteen minutes to one
hour. During this time the mixture underwent a serles of
color chunges and solids usually separated on the side of
the flsak., The reaction flask was stoppered and let stend
over night at room temperature. The wixture was then
poured into 100 ml. of cold water and carefully ascidified
to litmus or congo red with £ ¥ hydrochloric acid solution.
1f the precipitated meterial did not settls immediately,
the mixture was allowed to stard in the refrizerstor until
it congesled. Some compounds separated es olls tat crystel-
ized on standling In the cold. The c¢rystalline material
was removed by Tiltration, washed with several asnsll
portions of cold water and recrystallized fron methanol,
ethanol, or scetic acld.

Fy use of the ahove general procedure, the following
compounds have beaen prepared. iny modifications of the
zeneral procedure are glven in the description of each

compound,
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reperation of €-hydroxny-4,7-udlncliloxy=i-cinnavoyl-

courmerone.- Prem xheilinone and benzaldehyde. Orange-
vellos plates from dilubte methanol, w.p. 125-126°,

vield: 507, Glves browmish-red color wikh concentrated
aulfurie seld and deep gresn wilith aleoholic ferric chloride,
inal. cale. for OqgHye0g: C, 70.4; 1, 4.97. Jiound: O,

7(3.‘?%; Ig, 5124‘

Preparaticn of G-hydroxy~4,7-dimethoxy=4!-bromo~-5-cinnam-

oylcoumarone.- From khellinone and p-hromnobenzaldehyde.

seep orsnge crysisls from dillute methanol, m.p. 147-148°,
Yield: 953. Oilves deep~-brown color with concentrated
sulfuric acid and yellowlsh-green with slcoholle ferric

chiloride.

el

cle 081G, FOr Gqgl,y c0gBr: U, 56.59; H, 3.75. Found: ,

56,

w0

63 H, 44,11,

Prepepation of G-hydroxy-4,7-dimebthoxy-4'~(dimethylemino)-

S-cinnapoyleouwnsarone.~ ¥From kKhellinone and p-dimethylemino-

benzaldehyde. Heaction mixture was kept in cold-room for
twenty-four hours before pouring into water and making Jjust
acid with <4llute hydrochlorie aseid., luby red crystals Ffrom
Ailute methanol, m.p. 147-146°, vield: 75%.

snai. cale. for Cpqlgy0gl: C©, 68,65; H, 5.76. TFound: G,
68,593 I, H.87.

Lchonberg and Sina (41) report a melting point of 145°,

freperation of 6~hydroxy-4,7,2'-trimethoxy=-5-cinnamoyl-

cownarone.~ FProm khellinone and o-methoxybenzaldehyde.

fuby red crystals from ethanol, w.pe. 124°, Yield: 673.



fivesr opanre-rod color =ith concentrated sulfuric zcid
end brovnish-yvellow with sleoholic ferric ehloride.

nal, cale, for CQQH1806; c, 87.7; ¥, 5,12, Found: T,

€8.,19; T, 5.37.

rreparation of €,41-dihydroxy-4,7 3t-trinethoxy-S-cinpam-

oyleourarone.=- From khellinone and venlllin., Orenge crystals

fpew dllube mebhanol, m.v. 1%6%. Yield: 867, 0ives orange
color with concentrated sulfurie reid and deep preen with
#lcoholic ferric chloride.

sehfnberg snd Sine {(41) report a melting point of 138°.

Freparation of G-hydroxy-4,7,3',4'-tetramethoxy-H-cinnam-

ovleourmerone.~ Trom khellinone and veratraldehyde. (olden~

bronze colored flakes from methanol, nm.p. 155-156°.
rield: 68%. fOives deep orange color with concentrated
sulfuric acid and pele yellow with sleohollic ferric chloride.

Preparetion of 41, 6-dibydroxy-4,7-Cimetboxy-B-cinnanoyle

counarond,.~ Prom kWhellinone snd p~hyvdroxybenzaldelyde.

rrenpe-vellow tiny needles from dilute methanol, m.p. 1019,
Yield: 45%. Gilves a erilmsorn color vwith concentrated
sulfuric scld and intenge preen with alcoholile ferric
chloride,

Treparation of £!',6-dihydroxy-4,7-dimethoxy~-5-cinnemoyli-

councrone .~ From khellinone and o-hydroxybenzsldehyde.

Srovnish-orange needles from dilute acetic meld, w.p. 147.5°.
Tpld: 807, 3ives brownish-red color with concentrated
sulfurle aeid snd brownlsh-green with aslcoholic ferric

ehloride.



snal. cale. Ior Uyghyadg: U, €7.05;5 1, 4,74, round: C,

Irersration of S-hyiroky-4,7,4'-trirathoxy-5-cinnamoyi-

2 e L e R T R

courmarone.- ron xnellinone and snissldeliyie. Yellosilsh-
uffy erystelline caterlsl from dilute methanol,
“ePe 133-138%, vyield: B54. Gives dright orange color
with concentrated sulfuric acid and brown with alcoholic
ferric chloride,

“ehbnberg and Sina (41) snd Clarke and kobertson (£85)
report & melting point of 137°,

freparation of C-hydroxy=-4,7,2',S'-tetranchioiy=-S5S~¢innam-

oylesunarongs~ ¥rom xhellinone and Z,35~dimethoxybengalde-
hydle. Lesep red tiny c¢rystals from dilute methanol, m.p.
115%,  Yield: 60s. Gives deer brown color with concentra-
ted sulfuric acid and brown with ealcoholic ferric chloride.

Ireparation of O-hydroxy-£,7-dizetlioxy=3T,4%-methylone-

tioxy-S~cinnemoylecourarone.- ¥rom khellinone and piperonal.

Deep red erystals from dilute methancl, m.p. 185%,  Yield:

75%. @Gives brownish~purple color with concentrated sulfurie
acid and deep bhrown with a&lecschollc ferrie c¢hloride.
fendnberg and Sins (41) sand Ularke and Robertson (25) report
2 melting poimt of 154°,

v

condensation of fhellinone with Furfuraldehyde,X-Pyrrole-

alaghyse snd X -7Tniophene aldehyde .- The ssme guantities of

natericls 88 given in the previous procedure were emploved

in tiese preperatlons, but tne aldehyde wasz sdded siowly

dropwise, to the well-stirred warm alkaline solution of



k¥hellinone., This was done to prevent side reactions of

the aldehydes {sspeclislly furfuraldehvde) and the excessive
formatlion »2 highly colored by-producta., The mizture was
then ollowed to stand in the tightly-atoonpered flask for
farty-=ight hours at room terverature, sfier which time it
wes poured into 100 ml, of cold water and carefully =c¢idi-
fied with 10 percent scetic ascid, using eonzo red. The
ecrvetslline produet was recrystallized from ethanol after
careful decolorization with small guantities of norite,

?r@g&ratiaqmgfr6fhquaxy-%,?~dimethmxy—5efurfurylidan -

counarone.~ From KXhellinone and furfuraldehyde. Hust

colnsred very fine crystels from dlluts ethanol, m.p. 132°,
vield: 15%. Gives brownish-red color with concentrsted

sulfurie acid aend brownish-green with aleoholic ferric

chlnride.

B
Jod

8

. cole. Tor CynHy40g: €, 64.97; H, 4.48. Found: ¢,

|

64.40: H, 4.68.

Preparation of €-hydroxy-4,7-dimethoxy-5-pyrrylidene-

courmerons.- From khellinome and (X -pyrrole aldehyde, Tiny
vellowlish-brown erystals from dilute ethanol, wm.n. 100-100.5°.
Yield: 257. Gives yellowlsh~brown celor »ith concentbreted
sulfuric acid and deep green wlth zlcoholie ferric chloride.

Freporation of 6-hydroxy«4,7-dimethoxy-5-thienvlidenec~

gnumarone .= PFrom khellinone and K=thinrhens sldehrde.

e 3 AR 27 s

Reflux one hour. Cornrer-bronze needles from dilute ethenol,
“.r. 1£5-128%, Yield: 58%, Gives hrownigh-orenre color
with concentrated sulfuriec escid snd preenish-dbrown with

aleolalic ferrice chloride,

57
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Anal. cale. for Cqinply4053: C, 61.80; ¥, 4.27. Found: C,

€2,70; M, 4.45.

Preparation of Intermedistes.

X-thiophene oldehyde.~ This compound wWas prepared by

the method of .iberg ($0) given 1n 'Orgsanilc Synthesis' .

K -Fyrrole aldehyde.- The imcthod of Fischer and Orth
{91), employing the Relmer-Tlemenn synthesls, was found
most convenient for the preparation of this compound,
Attexpts to prepare this aldehyce by the Gattzrman reaction

lied only to the formation of tars.

Prevarstion of ¥iscelleneous Jompounds helated to “hellin,

-

Preparation of 4-hvdroxy-5,8-1inatbhoxy-6,7-Pursnocounarin. -

£

o

(me gram of dry khellinone was dissolved in 20 ml,
freehly distilled ethyl carhonate snd the mixture warmesd on
the stesm beth., Pour-tenths of 2 cram of sodium In the
form of thin slices was added znd the mixture wormed for an
g2dditionsl thirty minutes. The lizht brown aolid rhiech
senarnted was added to 200 ml. of ether, and 2z tan floccu~
lent precipitste formed. The mixture was filtered sad the
rrecipltate dissolved In 202 ml. of hot water. me rran

of rorite was added and the mixture heated on the stesn
hath for fifteen minutes. The mixture wes filtered and
cerafully peidified with dilute hydrochlnric aecid, The
cresm colored 8olid which sepsrated wes weghed with ¢nld
water and dried in a deslccebor, rm.n. 2019, Vield: .85 g,

(687



Angl. cale. for CyaHyn0g: G, 59.2; H, 3.89. Found: U,
59,77, 52.57, 58.892; H, 4.12, 3.96, 4.10.

This compound gave & pale yellow color with concentrated
gsulfuric acid, pele yellow with concentrated hydrochloric
acid, no color with 50 percent potassium hydroxide seclution,
no color with slecohollc or agqueous ferric chloride solutions,
entd no c¢olor with a8 pelliet of sodium hydroxide and a drop
of water. 1t was instantly soluble in 10 percent scdium
hydroxide solution and was reprecipitated when the alkaline
solution was acidified. The precipitate redissolved in
10 percent slkall. On the hasis of these tests, the com-
pound was assumed to be & coumarin,

nen the compound was methylated with an execess of diazo-
=zgthane in ether, niltrogen was evolved and & whlte crystal-
line substance separated upon standing in the refrigerator
over night. Hecrystallized from ethanol, colorless plates,
m.p. 209°, Insoluble in sodium hydroxide (10%).

Preparation of de=methylchromone.~ This compound was

prepared according to the directlons of ittig (43), fronm
o~hydroxyacetophenone asnd ethyl scetate. C{olorless needles
from benzene, m.p. 91°., vield: 657.

Freparation of Z-benzylchromone.~ This compound was

prevared according to the procedure of Chedha, :ahal snd
Venkatarmen (33%) from o-hydroxyscetophenone and ethyl
phenylecetate, TFale yellow needles from petroleum ether,

m.p. 869, viela: 10%.




Preparation of Z-hydroxy-Z-acetyl-5,6,3',4'-furano-

benzogquinone .~ This compound wag prepared by oxidation

of khellinone in dry ether with fuming nitrie aclid, ac-
cording to the procedure of Spdth and Gruber (4). Yellow
tiny needles from slcohol, m.p. 172°., Yield: 15%.
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