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SUMMARY

The synthesis of  avicennin, a natural product isolated
from a local plant, was attempted. A modified synthetic scheme
A. Robertson was employed in the synthesis of the basic skeleton.
Phloroglucinol was reacted with 3,3-dimethylacrylic acid in the
presence of zinc chloride and phosphorus oxychloride to produce
5,7-dihydroxy-2,2-dimethylchroman-4-one (XIV). Benzylation and
methylation of (XIV) gave 7-benzyloxy-5-methoxy-2,2-dimethylchroman-
4-one (XCI) which in turn was debenzylated by means of hydrogenolysis
to produce the 7-hydroxy-5-methoxy derivative (. Clemmensen
reduction of (WD) gave no crystallizable product. Lithium
aluminium hydride reduction gave 7-hydroxy-5-methoxy-2,2-dimethyl-
chroman-4-ol (XCVI). Dehydration of (XCVI) did not produce the
required chromene. Another blocking group, the p-tolylsulfonyloxy
group was  employed instead, and after methylation, reduction,
dehydration, and then removal of the blocking group, 7-hydroxy-
5-methoxy-2,2-dimethylchromene (XCvil) was obtained. Condensation
of  chromene with malic acid did not produce the expected product:
alloxanthoxyletin. Condensation of 5,7-dihydroxy-2,2-dimethyl-
chroman-4-one (XIV) with malic acid yielded the correct angular
isomer (LXXXV) leading to alloxanthoxyletin. After methylation,
the reduction with sodium borohydride has not yet been successfully
carried out.

The introduction of the side chain has not been attempted
and the complete synthesis of  avicennin was  still an unfinished

task.
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l. INTRODUCTION

Avicennin, a chromeno- a -pyrone derivative, was  first
isolated by H. R. Arthurl from the root-bark and the bark of
Zanthoxylum avicennae in 1957. It was later also found in Erios-
temon coccineus.2 Basing on the elemental analysis, this yellow
compound, in the form of  elongated prisms, m. p. 141-142°, was
believed to have the molecular formula of C20H220k. From the
results of oxidation of avicennin, its hydrolytic fission, its
ozonolysis, and catalytic hydrogenation reactions, three possible
structures (1 a-c) each with an isopentenyl group as side chain
were first proposed by  Arthur in 1957,1 and again in 1960.3 Later
in 1963, through the examination of  the nuclear magnetic resonance
spectrum of avicennin, the molecular formula was revised to be
C20H2004. Consequently the structures were revised n a-c) by
Arthur and Ollis4 that the side chain should be a 3-methyl-trans-
butadienyl group instead of the previous proposed one. However,
the definite structure for avicennin could not be established yet.
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2

Until 1969, T. F. Lai5 succeeded by  using X-ray crystallo-
graphy to establish the final structure of avicennin (b)), which
is identical with one of the three possible structures originally
proposed by  Arthur and Ollis.4

0]
o) (o)
OCH
3
(Ilb)

Chromeno- a -pyrones of  this type have been isolated pre-
viously: xanthyletin (my, xanthoxyletin (Iv), and alloxanthoxyle-
tin V) from the bark of Xanthoxylum americanum; luvangetin (V1)
from Luvunga scandens, and seselin v from Seseli indicum.1,6
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Although all of  these have the tricyclic
coumarin structures, none of  these possesses a 3-methyl-trans-
butadienyl side chain. In fact, many natural phenolic
contain C 5-residues which are isoprenoid in type,7 but
methyl-trans-butadienyl group represents a hitherto
substituent.4

Syntheses of  the above compounds have been carried
with some success.6'8 The syntheses of alloxanthoxyletin
dihydroalloxanthoxyletin 9 were of particular-interest,
alloxanthoxyletin V) has a similar structure as avicennin
except that the 3-methyl-trans-butadienyl side chain was

The synthesis of avicennin has not been attempted
except for the partial attempt to introduce the isopentenyl
chain into the naturally occurring xanthoxyletin nucleus
form the structure (la).10 The synthesis of avicennin
carried out with the hope that it may  supply a further
the structure of this natural product, and also that a
synthetic scheme for the chromeno- a -pyrone system may

obtained.
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I. HISTORICAL REVIEW
Avicennin (lib) is a tricyclic compound whose basic
structure is made up of a chromene ring and a coumarin ring. When
trying to tackle the synthetic problem of avicennin, there are
four main topics that have to be discussed, namely, the chromene
ring synthesis, the selective methylation, the coumarin ring
formation and the side chain introduction. Followings are dis.
cussions of each of these topics in some detail, and a brief
account of the synthesis of  the chromeno- a -pyrone systems.
A. Chromene Ring Synthesis
There are various methods to synthesize chromene (Vllla)
which is monosubstituted at the 2-position,11 but since only
the 2,2-dimethylchromene system (VIllb) is present in avicen-
nin (I1b), only the synthetic methods leading to the production
of this structure (VIllb) will be reviewed.
o R 10 CH
3
H CH
3
(Vllla) (Vlib)
The most commonly employed method for the synthesis of
2,2-dimethylchromene is via the reduction of  the carbonyl group



of 2,2-dimethylchroman-4-one (IX) to form 2,2-dimethylchroman-
4-ol (X), which upon dehydration gives the corresponding
chromene (VHlIb-). The chroman-4-one (IX) may also be reduced
to form chromane (X1) which undergoes dehydrogenation to pro-
duce the chromene (VIlb).
e} o o)
0 OH
(IX) X) (X1
The 2,2-dimethylchromene system (VIlIb) may also be
formed directly from phenol or its derivatives by  employing
3-methylbut-2-enal and its derivatives. Through the Grignard
addition, by  using methyl magnesium iodide, to coumarins, again
chromene (Vllb) may be obtained.
Each of the above methods will be dealt with in some

detail.



(@)

From Chroman-4-ones

Synthesis of  Chrornan-4-ones:

or

2,2-Dimethylchroman-4-one (1X) may be obtained through
the Friedel-Crafts acylation reaction with phenols. By conden-
sing 3,3-dimethylacrylic chloride, its acid, or its p'halo
derivative with phenol or its derivatives, the corresponding
2,2-dimethylchroman-4-one (IX) may be formed. 12 It was
believed that the chalcone (X1 was  the intermediate, which
underwent cyclization to produce the final product.13 The
common Lewis acids employed in this condensation are aluminium
chloride, zinc chloride, antimony trichloride, boron trifluo-
ride, or polyphosphoric acid. It was also reported that the
chalcone (X1 may be cyclized in the presence of dilute bases
or  acids. 12  Bases which induce cyclization are dilute sodium
hydroxide or sodium acetate. Acids that have been used are
dilute hydrochloric acids, aqueous alcoholic sulfuric acid,
phosphoric acids.
OH % OH
CH C c1
C (ix)
O

(XI1)

5,7-Dihydroxy-2,2-dimethylchroman-Lf-one (XIV) is

of



particular interest since provides a suitable entry for the
synthesis of avicennin. Phloroglucinol (Xnry was used as
starting material, and by  employing aluminium chloride as

Lewis acid, 3,3-dimethylacrylic chloride as acylating agent,

and nitrobenzene as solvent, A. Robertson and his co-workers 14
succeeded in preparing the required chroman-k-one (XIV) with a
50016 crude yield. The same method was  employed by J. Polonskyl5
and later by A K. Ganguly and his co-workers8 in the synthesis
of some chromeno- a -pyrone derivatives.

HO OH HO o)

OH OH (0]
(X (XIV)

M. Miyano and M.  Matsuil6 introduced some new condensing
agents for the preparation of chroman-1-ones. By using antimony
trichioride and 3,3-dimethylacrylic acid with phloroglucinol
(X, a maximum yield of 30% was obtained. Zinc chloride or
stannous chloride proved to be less reactive. Later M. Nakayima
and his co-workers17 employed boron trifluoride as catalyst
successfully. H. B. Bhat and Y. Venkataraman18 also reported
a general method for the synthesis of 2,2-dimethylchroman-L-ones
by  using boron trifluoride in ether as condensing agent, and 3,3-
dimethyl-3-hydroxyacrylic acid as  acylating agent. A 67% yield of



5,7-dihydroxychroman-4-one (XIV) was obtained. Polyphosphoric

acid was employed as a condensing agent by P. S. Bramwell and
his co-workers19 in reacting 3,3-dimethylacrylic acid with
phloroglucinol (xim). Quite recently P. R. lyer and G. D.
Shah20 reported the usage of zinc chloride-phosphorus oxychlo-
ride reagent as the condensing agent, and a 67% yield of (XIV)
was  obtained.

Reduction of  the Carbonyl Group:

Reduction of the carbonyl groups to form alcohols and
to form methylene derivatives has been well studied. These
reductions may be accomplished by  employing metals, metallic
hydrides and alkoxides, diborane and its derivatives, through
catalytic hydrogenation, and also the Wolff-Kishner reaction.

Under different conditions, either the alcohol or the methylene
derivatives are obtained.

Ketones may be successfully reduced with lithium or
sodium, either as the free metal or as solutions in liquid
ammonia or in alcohols.21 Recently it was reported that in
the reduction of aromatic ketones by lithium in liquid ammonia
with tetrahydrofuran (THF) as  solvent, in the presence of
sodium benzoate, the corresponding alcohol (XV) was obtained.
However, for the same reduction but in the presence of ammon-
ium chloride, the methylene derivative (XVI) was formed. This
result was believed to be due to  the fact that ammonium chlo-
ride was able to protonate the intermediate which underwent



further reduction to produce the hydrocarbon (XVI).22

OH
C6H5CO2 Na
© ° xv)
Li-NH 3
NH4CI
THE
(XVI1)

Clemmensen reduction 23 of ketones with zinc amalgam
in strong aqueous acids can reduce chroman-f-ones into chrom-
anes,24 and this method was used by G. H. Stout and H. L.
Stevens25 in reducing 7-methoxy-5-hydroxychroman-k-one (XVlla)
and by H. B. Bhat1Pj in reducing 6,7-dimethoxychroman-1+-one
(XVIIb) to form the corresponding chromanes Xviin a,b).

R1 © R1 0

R2 R2
R3 o R3
(Xvi) (XVII1)

a.  RL: -OCH3 b. RL:  -OCH3
R2z  -H R2:  -OCH3

R3: -OH R3: -H
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The most common metallic hydride employed in reduction
is lithium aluminium hydride.26,27 Sodium borohydride is also
often used, 28  but its reactivity is lower than that of lithium
aluminium hydride. This property rendered sodium borohydride
to have better selectivity in reducing functional groups. 29
Lithium aluminium hydride reduces lactones into diols, while
sodium borohydride has no reaction. This property was util-
ized by A K. Ganguly and co-workers8 in the reduction of  the
methyl ether of clausenin (XIX) to produce the corresponding
alcohol (XX), leaving the lactone ring intact.
© o o o 0 0
OCH3 OCH3 OH
C XIX ) XX )

Sodium borohydride has also been employed in the reduction of
7-methoxy-5-hydroxychroman-4-one (XVlla) to form chroman-4-ol
(XX1).25 Lithium aluminium hydride was used by J. R. Beck and
co-workers 28 to reduce 7-methoxychroman-4-one (XXI) to the
corresponding chroman-4-ol (XXIIr) with 80%  vyield.

CH30 0 CH30 © CH30 o

OH OH o OH
C XX ) Coxxn ) XX )



11

In the presence of aluminium chloride, both lithium aluminium
hydride and sodium borohydride may  produce the methylene deri-
vative instead of alcohol.30 It was reported that 7-methoxy-
5-hydroxychromane (XVllla) was obtained by  using sodium boro-
hydride in aqueous methanol with dilute hydrochloric acid.25

Metallic alkoxides commonly employed in reduction are
aluminium ethoxide and aluminium isopropoxide. This is the
well-known Meerwein-Ponndorf-Verley reaction. 31  Although
there are many examples of reduction of ketones to alcohols in
very good yield (70-90%), but none was found for the reduction
of chroman-4-one to chroman-4-ol by  using aluminium alkoxides.

Diborane has been employed in the reduction of many
functional groups,32 and ketones were often reduced to alcohols.
Usually the derivatives of diborane were used to ensure greater

33
selectivity.. Diborane may also reduce the ketone to form
methylene derivative, as reported by H. B. Bhat18 in the reduc-
tion of 6,7-dimethoxychroman-4-one (XVlIb) to form the corres-
ponding chromane (XVllIb).

Catalytic hydrogenation of carbonyl groups to form
alcohols is usually effected under mild conditions over plati-
num, the more active forms of Raney nickel, ruthenium and rho-
dium catalysts on alumina, and palladium. 34 It was reported by
A. Robertson 35 that reduction of 7-hydroxychroman-4-one (XXIV)
using palladium-charcoal catalyst under hydrogen, produced a
mixture of  chromane (XXV) and unchanged chroman-4-one.
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HO o HO o CH30 o
o
(XXIV) (XXV) (XXVI)
7-Methoxychroman-k-one (XXII) was reported to undergo reduc-
tion in the presence of copper chromite at 2000 and under a
hydrogen pressure of 300 psi., or  with Raney nickel at 50
psi. at room temperature to form the corresponding chromane
(XXVI).28 When platinum oxide was used as catalyst, reduction
of  the chroman-k-one (XXVII) to the chroman-4-ol (XXVII1)
resulted.36
CH2-N CH2-N
(@] HO
e} e}
(XXVI) (XXVIIn)

The Wolff-Kishner reaction reduces ketones to methy-
lene derivatives under alkaline conditions.37 This reaction
was found to be  successful especially for compounds that are
sensitive to acids. It was reported by  Belinger,37 however,
that reduction of chroman-4-one (XXIX) gave 20%  o-cresol, and
40%  o-cyclopropylphenol (XXX), instead of the expected chro-

mane.
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© OH OH
N2H4
OH CH3
e}
€ xxXX) ( XXX )
Carbonyl groups may  also be converted to their ethy-
lene derivatives directly. In an anomalous Clemrnensen reduc-
tion, employing zinc powder, mercuric chloride, and 20%  acetic
acid, refluxing for 15 hours, with stirring under nitrogen,
the ethylene derivative was produced.38
S s
CH2CH3
c N CH=CH-CH
R O 3
Aluminium isopropoxide also reduced ketones to ethylene deri-
vatives in xylene.39 Recently it was reported that by  using
lithium in liquid ammonia in t-butyl alcohol,40 or lithium
borohydride in dioxane, in the presence of  acetic acid, the
same  reaction occurred, 41
Dehydration Methods:
Dehydration of alcohols may be carried out in the pre-
sence of various reagents, and is well documented. 42  For easi-
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ly dehydrated alcohols such as the benzyl alcohol, refluxing
the starting material with a trace amount of R-toluenesulfonic
acid in toluene or benzene, is sufficient to produce the corr-
esponding ethylene derivative. This method was employed in the
dehydration of 5-methoxy-7-(p-tolylsulfonyloxy)chroman-4-ol
(XXXI) to the corresponding chromene (XXXI1).27

TsO o TsO o}

OCH OH OCH
3 3

( XXXI ) (XXX )
The secondary alcohol (XX) of the methyl ether of clausenin
(XIX), when mixed intimately with fused KHSO4 and heated at
90-100=°/0.1 mm. in a sublimation tube, underwent dehydration
to produce xanthoxyletin (Iv).8

CH -N
2
e} CH O (e}
3

(XXX ) ( XXIv )
The chroman-4-ol (XXVII) was dehydrated when 0.01 mole of
ethanolic hydrochloric acid was added gradually to a solution
of  0.01 mole of  chroman-4-ol (XXVI) in butyl ether to give
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the corresponding chromene (XXXI11).36 7-Methoxychromene
(XXXIV) was produced when treating the chroman-k-ol (XX
in benzene with phosphorus oxychloride at 85_90 o0 28
Dehrdroenation Methods:

Dehydrogenation can be effected by  heating the alkane
in the presence of hydrogenation catalysts, such as  platinum
or palladium, or  easily reducible substances, such as
selenium or chloranil.l+3a Recently it has been reported that
pyrolysed polyacrylonitrile can be used as a chemical dehydro-
genation agent, which converts cyclohexene to benzene with 50'%
yield. 43b

2,3-Dichloro-5,6-dicyanobenzoquinone (DDQ) has been
widely used in dehydrogenation processes. A. R. Burnett and
R. H.  Thomson 44a employed DDQ in the preparation of dehydro-
a -lapachone (XXXV) from its dihydro-derivative (XXXVI).



(Xxxv)
It was also reported that
DDQ  refluxing in toluene
(xxxvii)
DDQ has-.also been used in
dimethylallylphenol (XXXIX)
ly.44b
( xxxix)

1

nordihydroacronycine

produced

the

(xxxvi)

(XXXVII) with
noracronycine (XXXVIII).28
(xxxviii)
cyclodehydrogenation of Y, Y-
produce chromene (XL) direct.

XL
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Direct Synthesis of Chromenes
Several dimethylchromenylation reagents were disco-
vered recently. 3-Hydroxy-3-methylbut-1-yne has been used to
react with 2,6-dihydroxy-4-methoxyacetophenone (XLI) to pro-
45
duce alloevodionol (XL).
COCH COCH
3 3
HO OH o o HO o o
OCH OCH
3 3
(XLI) (XLIT) (XL
By refluxing a solution of phenol derivative and 3-
chloro-3-methylbut-I-yne in acetone, in the presence of potas-
sium iodide and potassium carbonate, the product thus formed
was then rearranged to produce the corresponding chromene in
boiling diethylaniline. When umbelliferone (XLl was used
as the phenol derivative, seselin (WD) was formed. 46
3-Nethylbut-2-enal and its derivatives have been wide-
ly used in the preparation of chromenes.47 With 3-methylbut-
2-enal, W. N. Bandaranayake and co-workers 47C  succeeded to
prepare the corresponding chromene (XLIV) from 2,4-dihydroxy-
acetophenone (XLV) in 59% vyield. When the methyl acetal of
this reagent was employed instead, the same product was formed
with 60% yield.
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o OH
CH C CH C
* o o ° o oH

(XLIV) (XLV)
Condensing.5,7-dihydroxy coumarin (XLVI1) with 3-hydroxy-3-
methyl-1,1-dimethoxybutane, the corresponding chromene (XL VI
was formed with 45%  vyield.

HO 0 o o] o] o]
OH OH

(XLVI) (XLviry
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From Coumarin

Grignard addition to coumarin
several cases to produces chromenes.
magnesium iodide with coumarin (XLVII)
the 2,2-dimethylchromene (VIlIb).48,49

Todd5G treated 6--acetoxy-4--methylcoumarin
reagent, to give the chromene (L).
(. XLviny ( XLIX)

has been employed in
The reaction of methyl
was reported to give
F. Bergel and A. R.
(XLIX) with the same
(L)
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B. Selective Methylation

Various reagents may be used for methylating phenols,
such as diazomethane, dimethyl sulfate, and methyl iodide. 12,51
It was reported that diazomethane methylates all phenoxy groups
except the 5-OH group in the chroman-4-one. At room tempera-
ture, similar results are obtained with methyl sulfate, but at
higher temperatures (40-500), all phenoxy groups are methylated.
Methyl iodide and potassium carbonate in acetone may  give rise
to the methylated chroman-4-one, as reported in the methylation
of  5,7-dihydroxychroman-4-one (XIV) to produce 7-methoxy-5-
hydroxychroman-4-one (XVlla).24,25 By employing methyl iodide
with silver oxide in chloroform, J. F. Garden and R. H.  Thom-
son52 succeeded to methylate the chelated peri-hydroxyl group
in juglone (L.

O
OH o
C L)

A. Robertson53 reported another method of methylation.
By saturating a solution of phloroglucinol (X1 in methyl
alcohol with dry hydrogen chloride, the monomethyl ether and
the dimethyl ether were obtained.



21

From the structure of avicennin (lib), it can be seen
that the methoxy group is at the 5-position. If 5,7-dihydroxy-
chroman-4-one (XIV) is used as the starting material, the 7-
position must be protected so as to obtain 7-hydroxy-5-methoxy-
chroman-4-one (L, since it is much more reactive than the
5-hydroxyl group, the latter being chelated to the carbonyl
group (L. Thus blocking groups has to be employed. 54

HO © HO 0
OCH 3 o} 0] H (¢}
(L LI

A. Robertson 24 used the benzyl group as  blocking group
in the preparation of 5-methoxy derivative (L. pebenzyla-
tion was  effected by hydrogeno lys is with 10%  palladium on char-
coal catalyst. Apart from palladium, nickel or platinum cata-
lysts may also be used, but palladium is preferred if hydrogen-
ation of  the nucleus is to be avoided.55 There are other chem-
ical methods for debenzylation. Trifluoroacetic acid cleaves
aromatic benzyl ethers at room temperature.56 T. Kametani and
K.  Ogasawara57 used concentrated hydrochloric acid to cleave the

benzyl ether (LIV) to form the debenzylated derivative (LV).
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(LIV) (Lv)
By using a-mixture of 85.6% phosphoric acid
acid at 1000, norargemonine (LvIy was formed
derivative vy after cyclization.58

(LI (Lvm

7-Benzyloxychromane(LVIII)

hydroxychromane(LIX)

trated hydrochloric

LV

was also'debenzylated

by  refluxing with acetic

acid.35

(LIX)

and

from

acid

90.8%

to

its

form

and

formic

benzyl

7-

concen-



Acetylation59 and tolylsulfonation27 are also good
blocking reactions, and these protecting groups can be removed
easily by alkaline hydrolysis. 60
Coumarin Ring Synthesis

Preparation of coumarins has been widely studied and
well documented.61,62 Only the unsubstituted pyrone ring is
present in avicennin (IIb), so that synthetic methods leading
to coumarin (LX) will be reviewed.

o 0 OH OH
R
CO2H
CHO cC = C
H
H

(LX) (LX1) (LX)

Coumarins may be prepared from salicylaldehydes (LX1).
The Perkin reaction 63 has proved successful with a number of
salicylaldehydes which gives varying yield of coumarin (XL V1.
This condensation was carried out with acetic anhydride in the
presence of sodium acetate at temperature around 140°. It was
believed that the 2-hydroxycinnamic acid (™) first formed,
underwent cyclization to produce the product. 64  When iodine
was added as a catalyst for cyclization, a higher yield of cou-
marin (70%) was obtained.61 When phloroglucinaldehYde was
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heated with sodium acetate and acetic anhydride, excellent
yield of  5,7-diacetoxycoumarin (LX) was  obtained. 60
AcO 0 o o o} o (¢}
CO2C2H5 CO2H
OAc
(LX) (LXIV) (LXV)
3-Carboxycoumarins (LXIV) can be obtained in good
yields by the application of Knoevenagel reaction. 65,66 By
reacting salicylaldehyde with malonic acid or its derivatives
in the presence of an organic base, such as  pyridine, the cou-
marin-3-carboxylic acid (LXV) may be obtained after hydrolysis.
Decarboxylation of the 3-carboxycoumarin (LXV) may  give the
unsubstituted pyrone derivative (XLVII). R. C. Shah66 report-
ed that by  applying the Knoevenagel reaction to methyl 3-formyl-
p -resorcylate (LXVI) with ethyl malonate, in the presence of
piperidine, the corresponding 3-carboxycoumarin (LXVIIN) was
formed.
CO2CH5
CHO o
HO OH
o OH
CO2CH3
CO2CH3
(LXVI) (LXVII)



Coumarins may also be  prepared from phenols. The V.

Pechmann condensation is the most important method for prepar-
ing coumarins since it proceeds from very simple starting mat-
erials, and gives good yields of coumarins.61 By employing
malic acid in the presence of a condensing agent, the coumarin
(LX) may be obtained from phenol and its derivatives. The com-
monly used condensing agents are concentrated sulfuric acid,
73%  sulfuric acid, hydrogen chloride in acetic acid or in alco-
hol, zinc chloride, phosphoric acid, sodium.ethoxide, boric
anhydride, sodium acetate, phosphorus ox-ychloride, phosphorus
pentoxide and aluminium chloride. Besides malic acid, fumaric
acid and maleic acid may be employed. Resorcinol reacted with
malic acid in concentrated sulfuric acid at 1200 to produce
umbelliferone (XL in 43%  yield. 67

The acid catalysed condensation of ethyl propiolate
with reactive phenols appears to be an effective method for the
preparation of 3,4-unsubstituted coumarins (LX). K. D. Kaufman
and R. C. Kelly68 reported that 5,7-dihydroxycoumarin (XLVI)
was formed with 89%  yield from the condensation of phlorogluc-
inol with ethyl propiolate in the presence of zinc chloride.
This reaction was also employed by A. K. Ganguly8 in the pre-
paration of  clausenin (LXVIIN) from 5, 7-dihydroxychroman-4-one

(XIV).
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OH
(LXVI 1))
Introduction of Side Chain
The side chain present in avicennin (Ilb) is the 3-
methyl-trans-butadienyl group, which has a double bond directly
conjugated to the aromatic ring. The best method for the
introduction of such a double bond is by the Wittig reaction. 69
Wittig reaction is a very useful synthetic method for the
preparation of olefins. The reaction of a tertiary phosphine
(usually triphenylphosphine) with an  alkyl halide, alkenyl
or other derivatives, yields a phosphonium salt (LXIX)
which the alpha C-H bond is sufficiently acidic to be
removed by a strong base, such as  organolithium compound,
hydride, sodium amide, lithium or  potassium alkoxides.
ylid that results would subsequently reacts with aldehydes

ketones to form the olefin (LXX).70



(C6H5)3P + RCH2Br (C6H5)3P-CH2R
(LXIX)
o
CHR (C6H5)3P=CHR
(' LXX)

For the appropriate side chain
the aromatic nucleus as in avicennin (llb), formylation
aromatic ring must be carried out, and then reacting
uct (LXXT) with the appropriate alkenyl halide
required side chain will be  obtained (LXXiiry.

CHO
CH3
= CH2X
CH2
(LX) CoLxx )

There are many methods for the formylation
aromatic nucleus. The Gattermann-Koch reaction71
aldehyde group into aromatic nucleus by means
xide, hydrogen chloride, and an  appropriate

27

to be introduced

catalyst.

Br

the

the

introduces

an



catalyst commonly employed is aluminium chloride with cuprous
chloride as carrier, which is not necessary when high pressures
are used. Benzene furnishes benzaldehyde in yields up to 90%.
Another method, also proposed by  Gattermann,72 employs a mix-
ture of hydrogen cyanide and hydrogen chloride with or  without
a catalyst, and permits the introduction of an aldehyde group
into phenols and their ethers. A modification of this method
employs zinc cyanide as  both a convenient source of anhydrous
hydrogen cyanide, and also as a catalyst. Phloroglucinol was
reacted in this way to produce phloroglucinaldehyde.73 Alumin-
ium chloride may  also be added as  catalyst when zinc chloride
failed to catalyse the reaction, as reported by R. C. Shah 66
his preparation of  methyl 3-formyl- a -resorcylate (LXVI) from
methyl P-resorcylate. Phloroglucinaldehyde may  also be obtain-
ed by treating phloroglucinol with chlorinated dimethyl sulfide
(CH 3 SCHCI 2) in the presence of  zinc chloride.74

The Vilsmeier-Haeck aldehyde synthesis75 is also another
useful method. N-Methylformanilide reacts with aromatic, heter-
ocyclic and activated ethylenic compounds in the presence of
phosphorus oxychloride to produce the intermediate (LXXIV),
which upon hydrolysis in acid solution yields the aldehyde

(LXXI).



CH3

R
H _
CH3 N-C6H5
R CH
C6H5-N-CHO cl (LXXI)
POCI3
OPOCI2
N-Methylformanilide
(LXXIV)
Phloroglucinol monomethyl ether reacted under this condition to
produce 2,k-dihydroxy-6-methoxybenzaldehyde (LXXV).76 The same
reaction applied on benzene also produced benzaldehyde.77 The
same reaction was  employed by C. N. Lam 10 in the formylation
of naturally occurring xanthoxyletin (Iv) to produce the
formylated product (LXXVI).
CHO CHO
CH30 OH o) O o
OH OCH3
(LXXV) (LXXVI)

There are also some other formylating reactions which
require the presence of a phenoxy group to ensure a smooth
reaction, such as the Reimer-Tiemann reaction78,79 and the
Duff-Bills phenolic aldehyde synthesis, 80,81 The reagent used
in the latter reaction is hexamethylenetetramine. When salicy-
lic acid was refluxed with this hexamine, 3-aldehydosalicylic
acid (LXXVII) was obtained. B -Naphthol in boiling acetic acid



reacted

with this reagent to produce the aldehyde.(LXXVITI).82
OH CHO
OHC
CO2H oH
(LXXVIT) (LXXVII)
Formylation of hydroxycoumarins has also been reported.83 Using
the same reagent, 6,7-dihydroxycoumarin (LXXIX) was formylated
to give its 8-formyl derivative (LXXX).
CHO
HO © © HO ) o
HO HO
(LXXIX) (LXXX)

Besides employing the Wittig reaction to introduce the
appropriate side chain into the aromatic nucleus, other methods
may be used, such as the Friedel-Crafts acylation84 with the
suitable acyl chloride (LXXXI), the corresponding ketone
(LXXXII) formed may  then be reduced to the secondary alcohol
(LXXXI), which upon dehydration produces the required double
bond  OHC(LXXIII).



CH3

© o OH
C-CH2C
CH2 cl
R R
(LXXX1) (LXXXIT) (LXXXII)

Grignard reactions 85 may also be employed. The Grig-
nard reagent (LXXXiv) with the forrnyl derivative (LXXI) may
give the secondary alcohol (LXXXI1), through, which the requi-
red product (LXXI1I) may be formed.

CH3

C-CH2 MgX
CH2

(LXXXIV)



32

Synthesis of  the Chromeno- a -Pyrone Systems

Xanthyletin (D) has been synthesized in low yield by
the condensation of 3-hydroxy-3-methylbut-1-yne with umbelli-
ferone (XL, The simultaneous production of the angular
isomer, seselin v, showed this type of synthesis to be

. 6

ambiguous.

Xanthoxyletin (V) and alloxanthoxyletin V) have both
been synthesized by A. K. Ganguly and co-workers8 from 5,7-
dihydroxychroman-4-one (XIV). By reacting with ethyl propiol-
ate, both the clausenin (LXIX) and its angular isomer (LXXXV)
were produced. Methylation with diazomethane produced the me-
thyl ethers (XIX, LXXXVI). Reduction with sodium borohydride
and then dehydration produced the two required products (v and
V).

0 0
(@] le) (6] (e}
OH (0] OCH (6]
3
(LXXXV) (LXXXVI)

Dihydroalloxanthoxyletin (LXXXVIN) was synthesized by
A. Robertson and co-workers. 9,14,24 This synthetic scheme was
adopted in the synthesis of  the structural skeleton of  avicen-
nin (I1b), and will be discussed in a later section.



O
0 O
OCH
3
(- LXXXVII )
Luvangetin V1)

(LXXXVIlla) which was
(LXXXVIIIb), which was
mann reaction to the
Perkin reaction produced
on condensation with
to luvangetin (D] in

(
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1. RESULTS and DISCUSSION
In order to build up the three angular ring skeleton of
the avicennin structure, two distinct routes could be employed
depending on the prior construction of  the chromene portion of-the
structure or the coumarin portion. Followings are the discussions
of  attempts via. both routes.
(1) The Chromene Route

As  discussed in the previous section, alloxanthoxyle-
tin V) has a similar structure as avicennin (llb) except for
the absence of the 3-methyl-trans..butadienyl side chain. Thus
the synthesis of alloxanthoxyletin is the first objective, and
then through the introduction of the side chain, the complete
synthesis of  avicennin may be attained.

A. Robertson 9,14,24 had synthesized dihydroalloxantho-
xyletin (LXXXVIN) in an  unambiguous way, thus his synthetic
route was at first adopted for the synthesis of the structural
skeleton of  avicennin as shown in Scheme la.

Phloroglucinol was used as the starting material. By
the Friedel-Crafts acylation reaction and cyclization with
3,3-dimethylacrylic chloride in the presence of aluminium
chloride, 5,7-dihydroxy-2,2-dimethylchroman-4-one (XIV) was
obtained. Benzylation with benzyl bromide was employed to
protect the more reactive 7-OH group. Then methylation with



methyl iodide produced 7-benzyloxy-5-methoxy-2,2-dimethyl-

chroman-4-one (XCl. Debenzylation was then effected by
hydrogenolysis with 10% palladium-charcoal catalyst. The
7-hydroxy-5-methoxy-2,2-dimethylchroman-4-one (L thus

formed was reduced by Clemmensen reduction to produce the
chromane (XCll). Through the Gattermann formylation, only the
8-formyl derivative (Xl was obtained. Using cyanoacetic

acid as the condensing agent in the Knoevenagel reaction,
dihydroalloxanthoxylic-3-carboxylic acid (XCIV) was produced,

which was decarboxylated by  refluxing with metallic copper in

quinoline to form the dihydroalloxanthoxyletin (LXXXVI).
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OCH
3
(XCln)
HCN,
HCI,
ether
CHO
HO (0]
OCH
3
(Xl

(CH
3

AICI

NC-CH
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The remaining steps to complete the synthesis of
avicennin were first proposed as shown in Scheme 1b. Dehydro-
genation of dihydroalloxanthoxyletin (LXXXVIN) by  2,3-dichloro-
5,6-dicyanobenzoquinone (DDQ) would give alloxanthoxyletin
M. Formylation using Vilsmeier-Haeck method, would produce
the formyl derivative (XCV), and then through the Wittig
reaction with methallyl phosphonium salt, avicennin (lib) would
be obtained.

o (¢}
o] o] o o
DDQ
OCH
3 OCH 3
(LXXXVIN) V)
C H
6 5 O
CH -N-C
3
H,
POCI
o o
CH
) O
CCH PC H ) © ©
CH 2 6 5 3
Br
OHC
OCH OCH
3 3
(llb) (Xcv)

Scheme 1b



Following A. Robertson's method, 3,3-dimethylacrylic

chloride was prepared from 3,3-dimethylacrylic acid, which was
synthesized with a low yield of 25%. Later the acid was com-
mercially available, and this step was  abandoned.

Friedel-Crafts acylation between phloroglucinol and
3,3-dimethylacrylic chloride followed by cyclization gave
5,7-dihydroxy-2,2-dimethylchroman-4-one (XIV). The reaction,
originally carried out by A. Robertson 14  used aluminium chlor-
ide as the Lewis acid, 3,3-dimethylacrylic chloride as  acylat-
ing agent, and nitrobenzene as  solvent. This reaction was
rather time-consuming, since it required a 4-day reaction
period, and the extraction of product also required tedious
work. Furthermore the yield of this reaction was low, only
15%  yield was obtained. Thus another method 20 was adopted,
which required only 1 day for the reaction, and also the acy-
lating agent was 3,3-dimethylacrylic acid instead of its chlo-
ride, thus the acid chloride needed not be  prepared. A Dbetter
yield of 78%  was attained. Zinc chloride which was used as
the Lewis acid must be freshly fused in the oven. The water
of crystallization of phloroglucinol dihydrate was removed by
using the drying pistol with refluxing chloroform and potassium
hydroxide as the drying agent under reduced pressure (20 mm.).
The reaction was  very violent when phosphorus oxychloride was

added, and must be controlled by  cooling in an ice-bath.
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In obtaining the product, reaction must be controlled by slow
decomposition of phosphorus oxychloride and be kept at ice
temperature or else the reaction may become too violent.

The product was recrystallized from dilute alcohol to give
colorless prisms, m. P. 197-80. Its infrared spectrum showed

a broad band at 3200 cm-1 which was due to the phenoxy absorp-
tion, and a sharp peak at 161+0 cm 1 for the carbonyl absorption
which was chelated86 to the peri-hydroxyl group ). The
nmr spectrum (Fig. 1) showed the 6 gem-dimethyl protons at

8 1.40 as a singlet; the 2 methylene protons as a singlet at

8 2.61; the 2 aryl protons as a quartet at 8 5.78-5,81. The
two phenoxy protons could not be located definitely, but from
the integration, one proton was  found around the region 8 1.50-
2.50, and the other at 6 3.60-5.00, as  broad signals. From its
mass spec. the molecular ion appeared at m/e 208, corresponding

to  the molecular formula of 5,7-dihydroxy-2,2-dimethylchroman-

4-one (XIV), C11H120, molecular weight 208. Major fragment--
ations87 were shown in Scheme 2. Intensities were given in

parenthesis.
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Fig. 1: 5,7-Dihydrexy-2,2-dimethylchroman-4-one



Selective benzylation of  the 7-position served as.a

blocking reaction. This is to prevent the more reactive 7-
position being methylated in the next step, thus produc d.ng
the unwanted isomer. The reaction 24  proceeded with great ease
in very high yield (95%). The 7-benzyloxy derivative (XC) was.
obtained as colorless needles, M. P. 1330. Its infrared

spectrum showed only a very small band at 3500 cm 1 which was
the chelated phenol group absorption. Again the carbonyl ab-
sorption appeared at 1640 cm-1. The nmr spectrum (Fig. 2)
showed the same characteristic peaks as the 5,7-dihydroxy

compound (XIV), except that only one broad signal was observed
at 6 6.00-7.00. In addition there was a singlet signal for
the 5 aromatic protons of  the benzyl group at 6 7.18, as  well
as  another singlet for the 2 benzyl protons at 6 4.92. The
mass spec. showed the molecular ion at m/e 298, which agreed
with the molecular* formula of  7-benzyloxy-5-hydroxy-2, 2-
dimethylchroman-4-one (XC), C18H18049 molecular weight 298.

The fragmentations were shown in Scheme 3.
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Fig. 2: 7-Benzyloxy-5-hydroxy-2,2-dimethylehroman-4-one
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The synthesis of 7-benzyloxy-5-methoxy-2,2-dimethyl-
chroman-4-one (XClI) eras a little more difficult than previous
steps, since the 5-OH group was chelated. Great excess of
methyl iodide was required to ensure a reasonable yield,24
and often the product was very hard to be  purified. The exper-
iment was repeated using diazomethane88 which gave only a poor
yield. Dimethyl sulfate was found to be a better methylating
reagent and the product recrystallized from absolute alcohol
to give colorless prisms, m. p. 110-111°, in' about 90% yield.
Its infrared spectrum showed the carbonyl absorption at 1690
cm-1 as compared with 1640 cm~1 for the parent compound, which
indicated that the carbonyl group was free from chelation.
The nmr spectrum (Fig. 3) showed an  additional singlet for the
3 methoxy protons at 8 3.68, in addition to the peaks observed
in compound (XC). From the mass spec., the molecular ion
appeared at m/e 312, which agreed with its molecular formula
C19H20 04' molecular weight 312. The fragmentations were

shown in Scheme 4.
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Fig. 3: 7-Benzyloxy-5-methoxy-2,2-dimethylchreman-4-one
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Then came the step for the removal of  the blocking
group which encountered much difficulties. Debenzylation was
repeated many many times, but the result was often not repro-
ducible. In many cases the starting material was recovered.
The catalyst: 10°% palladium on charcoal was freshly prepared
and stored in a vacuum desiccator. 89 The solvent: glacial
acetic acid was redistilled. The starting material was thor-
oughly dried. Still the reaction did not proceed satisfact-
orily. The reaction was repeated under various temperatures
and pressures, and it was found (from the successful experim-
ents) that the optimum conditions were at around 40° and
hydrogen pressure at about 21 Ib./sq. in. (1.2 atm.). The
catalyst was found to be  pyrolytic, and often for each gramme
of palladium chloride used for the preparation of  the catalyst
(about 6 g. obtained), only one or two successful experiments
were able to be carried out. Concentrated hydrochloric acid,
and perchloric acid were added to the reaction mixture with
the hope that better hydrogenolysis would occur, but without
any apparent success. i-hen platinum oxide (Adam's catalyst)
was employed in the hydrogenolysis, only phloroglucinol was
obtained. Debenzylation without using catalyst had also been
attempted: under various conditions and refluxing for various
length of time in solvent systems such as conc. HC1 in ben-
zene, in absolute alcohol, in glacial acetic acid, and in mix-

tures of these reagents, no consistent results could be



obtained. In some cases, the starting material was recovered;

in other cases not only the benzyl group was removed, but also
the chroman-1+-one ring, the methoxy group, were cleaved, thus
producing phloroglucinol again. Recently by  using absolute

alcohol as  solvent instead of glacial acetic acid, debenzyla-

tion seemed to proceed better with palladium-charcoal catalyst.

7-Hydroxy-5-methoxy-2,2-dimethylchroman-k-one (L
recrystallized from absolute alcohol as  colorless rectangular
prisms, m. p. 206-80. Its infrared spectrum 'showed the bands
due to -OH absorption at 3250 cm 1 which indicated that the
band found in the 5,7-dihydroxy derivative (XIV) was mainly
due to the 7-OH group, and that of  the carbonyl absorption
appeared at 1680 cm. The 5,aromatic protons and the two
benzyl protons were absent from its nmr  spectrum (Fig. 4).

The next step was the Clemmensen reduction. No cry-
stallizable product was obtained, only dark oil was formed.

In view of the shortage of the starting material and the
difficulties in the debenzylation step, no further attempt
had been repeated.

Another method of reduction was employed. It was
hoped that by  using lithium aluminium hydride as the reducing
agent, 7-hydroxy-5-methoxy-2,2-dimethylchroman-k-one (L may
be reduced to form the corresponding chroman-k-ol (XCVI).

Then through dehydration, the chromene (Xevi may be obtained.
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Also in this way, the originally proposed step for the dehy-
drogenation of  dihydroalloxanthoxyletin (LXXXVIN) with DDQ may
be  omitted. The proposed route is summarised in Scheme 5.
HO o HO 0
LAH, -H20 HO o
ether
OCH3 o OCH3 OH OCH3
(L1 (xcviy (XCVii)
HGN,
HCI
COOH
o
CHO
o] o o]
© CH2COOH HO ©
Cu
CN
OCH3 OCH3 OCH3
N
v) (XCIX) (xcviy

Scheme 5
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The reduction was carried out without much success.
The presence of the free phenoxy group which formed complexes
with lithium aluminium hydride, 26  caused the reactant to pre-
cipitate out from the ether layer, and as a result, no further
reduction could occur, thus the starting material was reco-
vered. When tetrahydrofuran was used as solvent instead, the
starting material was dissolved and reaction seemed to occur.
No  starting material was recovered, but the product obtained
was  very difficult to purify, and the yellow pigment could not-,
be removed. The product recrystallized from chloroform as
yellow crystals, m. p. 2650. Its infrared spectrum showed a
broad absorption band for the hydroxyl and the phenoxy group.
The carbonyl absorption was no longer found. Because of the
presence of  the impurities, the nmr spectrum (Fig. 5) did not
show well-defined signals. But still it could be observed
that the 6 gem-dimethyl protons appeared as a singlet at
6:1.40; the 2 methylene protons as a doublet at 6 3.50; the
methoxy protons as a singlet at 6 3.85; the a -proton of the
hydroxyl group as a multiplet at 6 4.60; the hydroxyl group
a broad signal at 6 5.38; and the 2 aryl protons as a singlet
at 6 6.10.

Dehydration with p-toluenesulfonic acid in refluxing
benzene produced no crystallizable product, thus this route

was abandoned.

as
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In view of  the difficulties encountered in the deben-
zylation, it was thought worthwhile to employ other protecting
groups instead of  the benzyl group. The acetyl derivative was.
thought to be a good protecting group because it can serve two
functions. While the more reactive 7-position is protected
from methylation in the following step, the presence of the
acetoxy group would avoid the complex formation with lithium
aluminium hydride in the reduction. Furthermore, the acetyl
group may also be removed at the same time'when the carbonyl
group of the chroman-k-one is reduced to the chroman-k-ol,
thus forming the desired 7-hydroxy-5-methoxy-2,2-dimethyl-
chroman-4-ol (XCVI).

HO o AcO 0 AcO o
(CH30)20 CHa3l
NaOAc
OH ¢} OH ) OCH e}
3
(xIv) © (cl)

Acetylation of the 5,7-dihydroxy-2,2-dimethylchroman-
k-one (XIV) produced the 7-acetoxy derivative © as  colorless
crystals, in. p.164°. Its infrared spectrum showed the band
due to the ester carbonyl absorption at 1760 cm-1, and that of
the carbonyl absorption of*the chroman-k-one appeared at 1630
cm-1. The nmr spectrum (Fig. 6) showed an  additional singlet
for the 3  methyl protons of the acetyl group at & 235 in add-
ition to those obtained for the 5,7-dihydroxy-2,2-dimethyl-
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Fig. 6:  7-Acetoxy-5-hydroxy-2,2-dimethylchroman-4-one



chroman-4-one (cf. Fig. 1).

It was hoped that by  methylation of the 5-OH group,
the 7-acetoxy-5-methoxy-2,2-dimethylchroman-4-one cn may be
obtained, and then through reduction with lithium aluminium
hydride, the acetyl group would be removed, and also the
corresponding chroman-4-ol (XCcvI1) would be formed. Then
through dehydration, 7-hydroxy-5-methoxy-2,2-dimethylchroman-
4-one (Xcvi) may then be obtained.

However, methylation of this compound produced no
crystallizable product, thus no further reaction could be
carried out.

Basing on the same hypothesis, another new  protecting
group, the P.-toluenesulfonyl derivative was used.27 5:7-Dihy-
droxy-2,2-dimethylchroman-4-one (XIV) was first reacted with
2-toluenesulfonyl.chloride in acetone in the presence of
K2CO3, and then methylated with methyl iodide to yield the

5-methoxy-7-(p-tolylsulfonyloxy)-2,2-dimethylchroman-4-one

(ClN. Reduction with lithium aluminium hydride in ether

would produce the corresponding chroman-4-ol (XXXI). Dehydra-
tion employing R-toluenesulfonic acid in refluxing toluene,

would produce 5-methoxy-7-(p-tolylsulfonyloxy)-2,2-dimethyl-

chromene (XXXII). Under alkaline hydrolysis, the blocking

group would be removed to produce the desired chromene (Xevi.

Scheme 6 summarises the reaction steps.
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During the preparation of 5-methoxy-7-(E-tolylsulfony-
loxy)-2,2-dimethylchroman-4-one (Ciy, compound (XIV) was
refluxed with 2-toluenesulfonyl chloride for 5 hours; only an
oil was formed. When this oil was allowed to react with excess
methyl iodide, the desired product (cn was obtained. This
compound (Gil) recrystallized from aqueous methanol in form of
colorless prisms, m. P. 1520 in 30%  overall yield. Its infra-
red spectrum showed a very sharp carbonyl and sulfonyl absorp-
tion at 1680 cm-1. Apart from the signals,obtained for the
7-hydroxy-5-methoxy-2,2-dimethylchroman-4-one (i, its nmr
spectrum (Fig. 7) showed the 2-methyl protons of the tosylate
group at 2.42 as a singlet, and the 4 aromatic protons of
the tosylate group at b 7.28-7.72 as a quartet.

Reduction of the chroman-k-one (1)) with lithium
aluminium hydride in ether produced the corresponding chroman-
4-ol (XXXI). The product recrystallized from aqueous methanol
to form yellow crystals, m. p. 148, in 70'% yield. The
chroman-4-one (CIy was not very soluble in ether, so  after
reduction, when the complex was_decomposed by dilute sulfuric
acid, some crystals remained undissolved. This was the
unreacted starting material. But still the reaction proceeded
more smoothly than that of the reduction of 7-hydroxy-5-metho-
xy-2,2-dimethylchroman-4-one (. The product would recry-
stallize out only when very dilute methanol solution was used,
otherwise yellow oil was obtained. The infrared spectrum
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Fig. 7 5-Methoxy-7-(p-tolylsulfonylexy)-2,2-dimethylchroman-4-one



showed a sharp absorption of  the hydroxyl group at 3560 cm-1,

and a much weakened sulfonyl absorption at 1680 cm-1. Its nmr
spectrum (Fig. 8) showed a doublet signal for the 6 gem-dimeth-
yl protons. This may be due to the fact that both isomers
(cu a,b)may be formed during reduction, and due to the diff-
erence of influence exerted by a cis-OH group and a trans-OH
group, the methyl signal would be split.
CH3 CH3
TsO o) TsO O
CH3 CH3
OH H
OCH3 H OCH3 OH
(cu a) (cm b)
The singlet signal for the.:2 methylene protons was also chan-
ged into a doublet at 6 1.95-2.05, due to the presence of an
a -proton. The signal for the a -proton of the alcohol
appeared at 6 4.90-5.10 as a triplet, and the hydroxyl proton
appeared as a singlet at 6 3.25.

Dehydration of the chroman-4-ol (XXXI) was carried out
with p-toluenesulfonic acid in refluxing toluene. The product,
5-methoxy-7-(p-tolylsulfonyloxy)-2,2-dimethylchromene (XXXI1)
was recrystallized from methanol in form of yellow plates,

m. p. 980, in 60+% yield. Its infrared spectrum no longer
showed the hydroxyl absorption, and again the weakened sulfonyl
absorption was observed at 1680 cm-1. Its nmr spectrum (Fig.

9) showed a singlet signal for the 6 gem-dimethyl protons at
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S 1.35 a singlet for the i-methyl protons of the tosylate
group at S 245 a singlet for the 3 methoxy protons at
5 3.72; a pair of doublets replacing the methylene protons at
6 5.50-5.68 and 6 6.58--6.75 for the vinyl protons (2); and the
two groups of aryl protons at 6 6.10-6.35 and 6  7.k0-7.95.
Detosylation was carried out by alkaline hydrolysis
with potassium hydroxide. Detosylation occurred readily, but
unfortunately the separation of the p-toluenesulfonic acid
from the required chromene (XCVII) could only be achieved by
means of column chromatography (silica gel). The acid obtained
was in form of rectangular prisms, in. p. 1040, with a sharp
absorption at 1670 cm 1 in its infrared spectrum, thus con-
firming the fact that the absorption observed in the fore com-
pounds was not only due to the carbonyl absorption. The
chromene (Xcvin was recrystallized from aqueous alcohol, in
form of yellow plates, m, p. 1880. Its infrared spectrum
showed no carbonyl absorption nor sulfonyl absorption at 1680
cm-1, only the aromatic absorption at 1600 cm 1 was observed,
and also there was  the phenoxy group absorption found at 3500
-1
cm
From literature61 it was  found that by  employing 2
Pechmann reaction, cyclization of  the coumarin ring would
occur with phenoxy compounds when using malic acid in the pre-
sence of sulfuric acid. The chromene obtained (Xcvi was

allowed to react with malic acid in the presence of 73%  sul-
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furic acid, but without success. When using concentrated

sulfuric acid instead of 73%  sulfuric acid, dark oil was pro-
duced. When reacting 7-hydroxy-5-methoxychromene (XCvil) in
73%  sulfuric acid with malic acid at 44°, dark brown precipi-
tate was obtained, which could not be purified to produce
crystallizable product. This reaction was still being carried

out, with the hope that alloxanthoxyletin V) may be obtained.
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In order to avoid the addition
tecting group at the more reactive
droxy-2,2-dimethylchroman-k-one (XIV),
be followed (Scheme 7). Cyclization
duce the coumarin (LXXXV) which upon
and dehydration, again alloxanthoxyletin

CH2COOH
HO O HO-CHCOOH
H2S04
OH O
(XIV)
o}
e} O
NaBH4
OCH3 OH
(CIv)
H20
O
(e} O
OCH Scheme 7

and removal of a pro-
7-position of  the 5,7-dihy-
still another route may
with malic acid may pro-
methylation, reduction
V) may be obtained.
@)
o o]
OH e}
(LXXXV)
CHa3I
@)
o O
OCH3 O
(LXXXVI)
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A. K. Ganguly and co-workers 8 had succeeded by using
compound (XIV) and ethyl propiolate in the presence of zinc
chloride to cyclise the coumarin ring but producing two iso-
mers (LXIX, LXXXV). The same reaction was hoped to occur when
reacting compound (XIV) with malic acid in the presence of,
sulfuric acid. Since the isomers could be separated by  chrom-
atography on silica gel, the required angular isomer (LXXXV)

may be obtained.

5,7-Bihydroxy-2,2-dimethylchroman-4-one (XIV) was
reacted with malic acid in the presence of 73%  sulfuric acid.
Although two isomers were expected to be formed, but only one
product was obtained, having m. p. 220°, which was the requi-
ed  structure, i e. the angular isomer. This reaction could
only be explained by the fact that the reaction was allowed to
react at a lower temperature than that reported by A. K.  Gan-
guly (200°), who  also used ethyl propiolate instead of malic
acid. Furthermore the 8-position of the chroman-4-one (XIV)
may be more reactive than the 6-position; this would be
expected by the fact that only the 8-formyl derivative (Xl
of 7-hydroxy-5-methoxy-2,2-dimethylchromane (Xl was pro-
duced as the sole product when carrying out the Gattermann
formylation.9 But in the latter case, the steric hindrance
due to the 5-methoxy group may  play an important part also, so
the exact reason for the formation of only one isomer could

not be predicted. When the experiment was allowed to react at
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at a higher temperature: 800, a mixture of  the 2 isomers was
obtained. Thus the 6-position must be less reactive, since
it required a more drastic reacting condition to react.

The angular isomer (LXXXV) recrystallized from aqueous
alcohol in form of yellow crystals, m. p. 2200. Its infrared
spectrum showed the bands due to the coumarin absorption at
1720 cm-1, and the carbonyl absorption of  the chroman-4-one
ring at 1640 cm-1, which indicated that the 5-OH group was
still chelated to the carbonyl group. The nmr spectrum (Fig.
10) showed a singlet for the 6 gem-dimethyl protons at 81.66;
a singlet for the 2 methylene protons at b 3.00; a pair of
doublets for the vinyl protons of the coumarin ring at b 6.40-
6.60 and 6 8.25-8.40 = 10  cps), and a singlet for the 1
aryl proton at b 6.72.

The methylation of the angular isomer (LXXXV) was
carried out using methyl iodide in excess. The reaction mix-
ture was refluxed for 8 hours, and the product was recrystall-
ized from acetone in form of  colorless crystals, in. p. 193.40.
Its infrared spectrum showed the bands due to the coumarin
absorption at 1720 cm-1, and the carbonyl absorption at 1680
cm-1, which indicated that the 5-OH group was free from chela-
tion. The nmr spectrum (Fg. 11) showed a singlet for the 6
gem-dimethyl protons at 8 1.47; a singlet for the 2 methylene
protons at 6 2.70; a singlet for the 3 methoxy protons at

6 3.88; a pair of doublets for the vinyl protons of  the
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5.59-6.14 and 6 7.74-7.90 = 10  cps), and

coumarin ring at 6
a singlet for the I aryl proton at b 6.27.

Reduction of  the methoxy derivative of  the angular
isomer (LXXXVI) was attempted, but only the starting material
was recovered. This reaction will still be attempted, and-
should this reaction be  successful, through dehydration,

alloxanthoxyletin V) may  then be obtained.
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Fig. 11: 6,7-Dihydro-6,6-dimethyl-9methexy-8-exo-pyrano[2.3-flconmarin
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The Coumarin Route
Due to the difficulties encountered in the debenzyla-
tion of 7-benzyloxy-5-methoxy-2,2-dimethylchroman-k-one (XC 1),
other routes were investigated. One obvious route was to
synthesize the 5,7-dihydroxycoumarin (CVI) and follow the
route according to Scheme 8. Methylation of the more reactive
7-OH group would produce the 5-hydroxy-7-methoxycoumarin (CVI)
since it was  reported 48a that the 7-position was  more reactive,
then cyclization of the chroman-k-one ring would produce the
correct angular skeleton (LXXXVI). Reduction of the carbonyl
group followed by  dehydration would produce alloxanthoxyletin
M.  Then the remaining steps for the introduction of the
side chain may be carried out.
CHO CH2COOH
HO OH CN HO 0 0 CHal CH30
COo2
OH OH OH
Phloroglucinaldehyde
(cvi (v
CH3
C=CHCOC1
CH3
@)
[e) O
v NaBH4
-H20
OCH3 O

Scheme 8 (LXXXVI)
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The reaction between phloroglucinaldehyde and cyano-
acetic acid was not successful. Only brown oil was obtained.

This may be due to the fact that phloroglucinaldehyde was too
reactive, and may  polymerize.

As  discussed before, coumarin may be obtained through
the reaction of phenolic compound and malic acid in the pre-
sence of sulfuric acid (the 2 Pechmann reaction). Phloroglu-
cinol was used as the starting material. The reaction was
carried out under various conditions. At first 73/ sulfuric
acid was used and the reaction mixture was stirred at room
temperature for several hours. The starting material was
recovered. Concentrated sulfuric acid was then used instead,
but the product obtained was  very difficult to be recrystalli-
zed, and also it has a very high melting point: 345°. It was
believed that the product was the sulfonated derivative of
5,7-dihydroxycoumarin. Later 73%  sulfuric acid was again
employed (to prevent sulfonation to take place) at a higher
reaction temperature: 40°. When the reaction mixture was
stirred for 6 hours, yellow precipitate was obtained. The
precipitate recrystallized from agueous alcohol in form of
yellow needles, m. p. 290°. Its infrared spectrum showed the
bands due to the coumarin absorption at 1760 cm-1 and 1720
cm 1, and the phenoxy absorption appeared at  31+1+0 cm-1.

Methylation of  5,7-dihydroxycoumarin (CvI) was  carried
out using methyl iodide. The 7-methoxy derivative (&YD)] re-



crystallized from agueous alcohol as yellow crystals, which
decomposed at around 2200. Its infrared spectrum showed the
bands due to the phenoxy absorption at 3500 cm-1, and that of
the coumarin at 1760 cm 1 and 1730 cm-1

From literature 47 it was  found that dimethylchromeny-
lation would occur by  reacting the phenoxy group with 3-methyl-
but-2-enal.. Thus one reaction would be able to introduce the
chromene ring into the basic structure, instead of having to
cyclise the chroman-4-one ring followed by  reduction and dehy-
dration in order to produce the required chromene. Should this
reaction be successful, alloxanthoxyletin would be produced
directly.

@)
CH30 o 0 e C=CH-CHO 0 0
CH
3
OH OCH3

(cviy V)

Before this reaction could be carried out, 3-methylbut-
2-enal has to be prepared. 47C 3,3-Dimethylacrylic acid was
used as the starting material. It was first reduced by  lith-
ium aluminium hydride in ether to form the colorless liquid,
3,3-dimethylallyl alcohol (cvi, bo p. 138°/760 mm., in 43%

yield.
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recovered.

hope that

o CH CH o
LAH MnO 3
C C=CH-CH OH 2 C=CH-C
2
OH CH CH H
ether 3 3
(cviny (CIX)
Then 3-methylbut-2-enal (CIX) was prepared by  oxidat-
the alcohol (Cvill) with active manganese dioxide. This
was a yellow liquid, with boiling range of 120-130°.
Dimethylchromenylation of 3-hydroxy-7-methoxycoumarin
was carried out, but only the starting material was
This reaction will still be attempted with the
alloxanthoxyletin may be obtained.
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of

Conclusion

The synthesis of avicennin has not been completed,
although various routes may lead the formation of allo-
xanthoxyletin V). Due to the late arrival of the reagents
for the introduction of the side chain into the aromatic
nucleus, the test reactions for the Vilsmeier-Haeck formylation,
and the Wittig reaction has not yet been attempted.

Up to the present moment, pure 7-hydroxy-5-methoxy-2,2-
dimethylchromene (XCvil) has been obtained. By reacting with
malic acid, alloxanthoxyletin V) may be formed. Reduction
the methoxy derivative of  the angular isomer (LXXXVI) would
still be tried, and then through dehydration, again alloxantho-
xyletin V) may be obtained. From the coumarin route, the
dimethylchromenylation will again be carried out. It is hoped
that this reaction may be successful, which again may  produce
alloxanthoxyletin M.

Various routes were still under investigation, but the
complete synthesis of the expected product, avicennin, has yet
to be investigated.
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Vv, EXPERIMENTAL

Melting points were determined on a Kofler hot-stage
microscope and are reported uncorrected. Infrared spectra
were taken with a Perkin-Elmer Model 337 Grating Infrared,
Spectrophotometer. Ultraviolet spectra were taken with a
Perkin-Elmer Model 137 UV  Spectrophotometer. Nmr  spectra were
measured by JEOL, with JMN-MH-100 Nmr  Spectrometer. Molecular
weights were confirmed by JEOL, with JMS-01SG Mass Spectro-
meter.
3,3-Dimethylacrylic Acid90

Mesityl oxide (40 g. 0.4 mole) and potassium hypo-
chlorite91 (200 g, 1.84 moles) in water (1.2 litres), were
reacted in dioxane (80 ml.) at room temperature for 12 hours.
Sodium bisulfite (about 2 g) was added to react with the
excess hypochlorite solution (tested by  Kl-starch paper). The
solution was. acidified with 50'% H2S04 (80 ml.) to  Congo Red
paper and was extracted with ether (8 x 250 ml.). Evaporation
of the solvent gave a residue (brown liquid) which was distill-
ed under reduced pressure (30 mm.) and the portion with b. p.
100-115° was collected. After cooling, yellow crystals were
obtained. Recrystallization from petroleum ether (60-80°)
gave colorless needles (a0 g.) of 3,3-dimethylacrylic acid

(25%  yield), m. p. 69.5-70° (Lit.,90 70°).
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This acid could also be prepared but in a very poor
yield from a mixture of malonic acid (40 g. 0.4 mole), acetone
(220 ml.) and acetic anhydride (40 ml.), which was refluxed
over a steam-bath for 3 days. Distillation of the acetone and
acetic acid gave a brown oil from which only very little of
the crystalline acid was obtained.92
3,3-Dimethylacrylic Chloride93

Thionyl chloride (11 ml., 0.15 mole) was added slowly
to anhydrous 3,3-dirnethylacrylic acid (10 g., 0.1 mole). After
gas evolution, the mixture was kept at 95° in an  oil-bath for
15  min. The excess SOC12 was removed by  water pump, and the
residue was fractionally distilled. The portion with b. p.
59-61°/30 mm. gave a colorless liquid (9.5 g.) of  3,3-dimethyl-
acrylic chloride (78% yield),
5,7-Dih drox -2,2-Dimeth Ichroman-4-one (XIV) 14

0] Anhydrous phloroglucinol (16.2 g., 0.13 mole) was
added with agitation at 0° to a solution of aluminium chloride:
(15.2 g., 0.11 mole) in nitrobenzene (200 ml.). 3,3-Dimethyl-
acrylic chloride (11.5 g. 0.1 mole) was added slowly. The
reaction mixture was  then stirred for 4 days at room tempera-
ture. After addition of ice (150 g.) and dil. HCI (100 ml.),
the product together with nitrobenzene was  extracted with
ether. Nitrobenzene was removed by  steam distillation. The



precipitate deposited from the aqueous solution was recrystal-

lized from CHC13. Colorless prisms (8 g.) of 5,7-dihydroxy-
2,2-dimethylchroman-4-one (15% yield), m. p. 198-9° (Lit., 14
198-9°) was  obtained.
(i) Anhydrous phloroglucinol (10 g., 0.08 mole), freshly

fused ZnC12 (40 g.), and 3,3-dimethylacrylic acid (8 g. 0.8
mole) were dissolved in POC13 (120 ml.). The reaction mixture
was kept at room temperature (25-30°) for 24 hours. It was
then poured onto crushed ice. The solid separated out was
filtered, dried and recrystallized from ag. alcohol. Colorless
prisms (13.5 g.) of 5 7-dihydroxy-2, 2-dimethylchroman-4-one
(78% yield), m. P. 197-8°, was obtained.20

The it spectrum (KBr disc) showed the bands due to -OH
at 3200 cm-1 (broad), and the carbonyl absorption at 1640 cm-1
(sharp).

The uv  spectrum (CHC13) showed the max, at 243 and 297
m u; E, 5,410 and 20,800.

Nmr (100 MHz, CDC13): & 140 (s, 6, gem-dimethyl), 1.5-
25 (m, 1, phenoxy), 2.61 (s, 2, methylene), 3.60-5.60 (m, 1,
phenoxy), and 5.78-5.81 (q, 2, aryl), [Fig. 1]

Mass Spec.: molecular ion at m/e 208.



7-Benzyloxy-5-Hydroxy-2,2-Dimethylchroman-4-one

(XC)24

5,7-Dihydroxychroman-4-one (XIV, 2 g, 0.01 mole) was
dissolved in boiling acetone (100 ml.) with K2CO3 1 g.).
Benzyl bromide (1.4 ml., 0.01 mole) was added in two portions.
The reaction mixture was refluxed for 3  hours. After filtering
off K2CO03, acetone was evaporated, Recrystallization of the
residue from absolute alcohol gave colorless needles (2.8 g.)
of 7-benzyloxy-5-hydroxy-2,2-dimethylchroman-4-one (95% yield),
m. p 133° (Lit.,24 133-4°).

The it spectrum (KBr disc) showed the bands due to -OH
at 3500 cm-1 (broad), and the carbonyl absorption at 1640 cm -1
(sharp).

The uv  spectrum (CHC13) showed the max. at 243 and 295
m u; E, 10,800 and 36,000.

Nmr (100 MHz, CC14): & 142 (s, 6, gem-dimethyl), 2.54
(s, 2, methylene), 4.92 (s, 2, benzyl), 5.78-5.88 (q, 2, aryl),
6-7 (m, 1, phenoxy), and 7.18 (s, 5, benzyl aryl). [Fig. 2]

Mass Spec.: molecular ion at m/e 298.



7-Benzyloxy-5-Methox-2,2-Dimethylchroman-4-one (XCl)24

@) To a solution of 7-benzyloxy-5-hydroxychroman-4-one

(XC, 2 9., 0.007 mole) in boiling acetone (100 ml.) with K2C03
(1 g.), excess methyl iodide (6 ml.) was added. The reaction
mixture was refluxed for 6 hours. After filtering off K2CO03,
acetone was evaporated. The residue was recrystallized from
95%  alcohol which gave colorless rods (1.8 g.) of 7-benzyloxy-
5-methoxy-2,2-dimethylchroman-4-once (84% yield), m. p. 109-110
(Lit.,24 111°).

(i) Diazomethane88 (0.35 g.) in ether was added slowly at
00 to a solution of the chroman-4-one (XC, 2 g, 0.007 mole)
in absolute alcohol (200 ml.). After stirring for 3  hours, the_
excess diazomethane was  decomposed by glacial acetic acid.
Most of the solvent was evaporated off. The residue was
extracted with ether. Evaporation of the solvent gave only
trace amount of the required product (XCl). Starting material

was recovered.

(iii) Dimethyl sulfate 3 ml., 0.01 mole) was added to a
solution of  the chroman-4-one (XC, 2 g, 0.007 mole) in boiling
acetone (200 ml.) with K2C03 2 g.). The reaction mixture was
refluxed for 6 hours. After filtering off K2C03, acetone was
evaporated. The residue was recrystallized from 95%  alcohol
which gave colorless rods (2 g.) of the required product (XCI)

(95% yield).
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The it spectrum (KBr disc) showed the band due to the
carbonyl absorption at 1690 cm 1 (sharp).

The uv  spectrum (CHC13) showed the max. at 2+3 and 286
my; c, 10, 600 and 43,900.

Nmr (200 MHz, CC14): b 1.36 (s, 6, gem-dimethyl), 2.21
(s, 2, methylene), 3.68 (s, 3, methoxy), 4.90 (s, 2, benzyl),
5.84 (s, 2, aryl), and 7.19 (s, 5, benzyl aryl). [Fig. 3]

Mass Spec.: molecular ion at m/e 312.
10%  Palladium-Charcoal Catalyst89

Norit (5.7 g.) was heated on a steam-bath with 10%
nitric acid for hours. It was  then washed free from acid
with water, and dried at 100-110° in oven. Palladium chloride
1 g.) was dissolved in conc. HC1 (0.8 ml.) and water 5 ml.),
and was heated on steam-bath until solution was complete. This
solution was added to another solution of  sodium acetate (22 g.)
in water (225 ml.) in a 500 ml. reduction bottle. Charcoal
was added, and the mixture was hydrogenated at 19 Ib./sq. in.
(1.1 atm.) pressure until no more absorption was observed.
The catalyst was  collected, washed with water 5 x 100 ml.)
and sucked as dry as possible. After drying the catalyst at
room temperature, it was  dried over anhydrous CaCl2 in a
vacuum desiccator. Then the catalyst was stored in a tightly
stoppered bottle and placed in a desiccator. About 6 g. of
catalyst was  obtained.



7-Hydroxy-5-Methox-2,2-Dimethylchroman-4-one (LI24

(i) 7-Benzyloxy-5-methoxychroman-4-one (XCl, 5g., 0.016
mole) dissolved in glacial acetic acid (200 ml.) with 10% Pd-C
catalyst (0.5 g.) was  effected with hydrogen at 40°, under 21
Ib./sq. in. (1.2 atm.) pressure with a Parr Hydrogenation
apparatus, until no more absorption was  observed (about 300 ml.
absorbed). After filtering off the catalyst, acetic acid was
evaporated off by the rotavapor apparatus with steam-bath. The
residue was recrystallized from absolute alcohol which gave
colorless rectangular prisms 3 g.) of 7-hydroxy-5-methoxy-
2,2-dimethylchroman-4-one (84%% yield), m. p. 206-8° (Lit., 24
208-9°).

(i) The chroman-4-one (XCl, 5 g, 0.016 mole) dissolved in
absolute alcohol (150 ml.) with 10%  Pd-C catalyst (2 g.) was
effected with hydrogen (about 350 ml. absorbed) at 40°, under
21  Ib./sq. in. (1.2 atm.) pressure. After filtering off the
catalyst, the solvent was evaporated off. The residue was
recrystallized from absolute alcohol which gave colorless
rectangular prisms (2.5 g.) of the required product (L (70%
yield).

The it spectrum (KBr disc) showed the bands due to -OH
at 3250 cm-1 (broad), and the carbonyl absorption at 1680 cm-1

(sharp).
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The uv  spectrum (CHC13) showed the max. at 243 and 284
my; E, 27,300 and 94,000.
Nmr (60 MHz, CDC13): 6 1.40 (s, 6, gem-dimethyl), 2.60
(s, 2, methylene), 3.80 (s, 3, methoxy), and 5.98 (s, 2, aryl).
[Fig. 4]
As  mentioned earlier, these experiments were not always
reproducible; other unsuccessful attempts included the follow-

ing experiments:

(i) A mixture of  the chroman-4-one (XClI, 1 g, 0.003 mole)
in 84.5% phosphoric acid (15 ml.) and 90%  formic acid (15 mi.)
was refluxed at 110° for 2  hours.58 The resulting orange
solution was diluted with water. Orange precipitate formed
was recrystallized from 95%  alcohol. A mixture of the required
product (L and phloroglucinol was obtained.

(i) The chroman-4-one (XCl, 2 g, 0.006 mole) dissolved in
conc. HC1 (10 ml.) and alcohol (40 ml.) was refluxed for 2
hours.57 The solvent was evaporated off. The residue was
diluted with water (60 ml.) and neutralized with sodium bicar-
bonate. Extracted with ether, dried, and then evaporated off
ether; the precipitate was recrystallized from 95% alcohol.

Only phloroglucinol (0.5 g.), m. P. 218° was obtained.
When refluxing the chroman-4-one (XCI) in benzene with

conc. HC1, the starting material was recovered.
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When refluxing with a mixture of acetic acid and conc. HC1,
a mixture of starting material and phloroglucinol was obtained.
The same result was attained when refluxing the chroman-4-one
(XCI) in solvent systems of benzene, alcohol with conc. HC1,
or  benzene, acetic acid with conc. HC1.
(iii) A few drops of conc. HC1 was added to a solution of the
chroman-k-one (XCl, 5 9., 0.016 mole) in glacial acetic acid
(200 ml.) and was hydrogenated in the presence of 10% Pd-C
catalyst (0.5 g.). No absorption was observed. A few drops
of perchloric acid was added instead of HC1, but still no
reaction was  found.
(iv) A solution of the chroman-4-one (XCl, 5 g., 0.016 mole)
in absolute alcohol (150 ml.) was hydrogenated in the presence
of Adam's catalyst (0.2 g.) at room temperature at 21 Ib./sq. in.
(1.2 atm.) pressure (about 450 ml. absorbed). After filtering off
the catalyst, alcohol was evaporated off. The residue was
recrystallized from absolute alcohol. Only phloroglucinol

was obtained.

Attempted Preparation of  7-Hydroxy-5-Methoxy-2,2-Dimethylchromane
(XClN24
A mixture of 7-hydroxy-5-methoxychroman-i-one (L,
2 g, 0.009 mole), ethyl alcohol (20 ml.), 15%  HCI (100 ml.)

and amalgamated zinc dust 94 (80 g.) was kept for 2 days. Then
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12%  HCI (20 ml.) was added, and the reaction mixture was heated
on steam-bath for 1 hour. After a further addition of 12%  HCI
(20 ml.), the reaction mixture was boiled for 6 hours. The
product was isolated with ether. Dark oil was obtained instead
of crystallized product.
7-Hydroxy-5-Methoxy-2,2-Dimethylchroman-4-01 (XCVI)

7-Hydroxy-5-methoxychroman-4-one (L, 2 g, 0.009 mole)
in anhydrous tetrahydrofuran (150 ml.) was heated with excess of
lithium aluminium hydride a g.) under reflux for 6 hours.
After treatment with dil. H2S04, the reaction mixture was
evaporated at 70° to remove tetrahydrofuran. The residue was
then extracted with ether, dried and evaporated. The precipitate
was recrystallized from CHC13 which gave yellow crystals 1 g.)
of 7-hydroxy-5-methoxy-2, 2-dimethylchroman-4-ol (45% yield),
m. p 265°.

The it spectrum (KBr disc) showed the band due to -OH
absorption at 3500 cm-1 (broad).

The uv  spectrum (CHC13) showed the max., at 246 and 283
mu E, 72,800 and 58,800.

Nmr (60 MHz, CDC13): 1.40 (s, 6, gem-dimethyl), 3.50
(d, 2, methylene), 3.85 (s, 3, methoxy), 4.60 (m, 1, a-H),
5.38 (m, 1, hydroxyl), and 6.10 (s, 2, aryl). [Fig. 5]



Before the successful preparation, an  attempt with

7-hydroxy-5-methoxychroman-4-one (L, 2 g, 0.009 mole)
suspending in anhydrous ether (150 ml.), was heated with

excess of lithium aluminium hydride 1 g.). The mixture was
refluxed for 3  hours. After treatment with dil. H2S04, the
ether layer was washed with water and aqg. sodium bicarbonate
solution, dried, and evaporated. The residue was recrystall-

ized from CHCI31 but only the starting material was recovered.
Attempted Dehydration of 7-Hydroxy-Methoxy-2,2-Dimethyl-

chroman-4-ol

7-Hydroxy-5-methoxy-2,2-dimethylchroman-4-ol (XCVI, 1
0.004 mole) was dissolved in benzene (50 ml.). R-Toluenesul-
fonic acid 0.1 g.) was added. The mixture was heated for
30 min. After cooling, the mixture was washed with water,
extracted with ether, dried and evaporated. The residue was
in form of brown oil, and no crystallizable product was

obtained.



7-Acetoxy-5-Hydroxy-2,2-Dimeth

Ichroman-4-one ©

5,7-Dihydroxychroman-4-one X1V, 2 9., 0.01 mole) was
dissolved in acetic anhydride 5 ml.) with sodium acetate 2
The reaction mixture was stirred at 40° for 3  hours. The
excess acetic anhydride was decomposed with crushed ice.
Acetic acid was neutralized with sodium bicarbonate solution.
After extraction with ether, dried, and evaporated, the residue
was recrystallized from very dilute aqueous alcohol which gave
colorless crystals (1.8 g.) of 7-acetoxy-5-hydroxy-2,2-dimethyl-
chroman-4-one (72% yield), in. p. 164°.

The ir spectrum (KBr disc) showed the bands due to the
ester carbonyl absorption at 1760 cm-1 (sharp), and the
carbonyl absorption of  the chroman-4-one at 1630 cm-1 (sharp).

The uv  spectrum (CHC13) showed the max. at 243 and 277
mu; E, 8,750 and 26,000.

Nmr (60 MHz, CDCI3): 8 142 (s, 6, gem-dimethyl), 2.35
(s, 3, acetyl methyl), 2.58 (s, 2, methylene), and 6.05-6.15
(g, 2, aryl). [Fig. 6]
Attempted Methylation of 7-Acetoxy-5-Hydroxy-2,2 Dimethyl-
chroman-4-one

7-Acetoxy-5-hydroxychroman-4-one (C, 25 g. 0.01
mole) was dissolved in boiling acetone (100 ml.) with K2C03
2 g.). Excess of methyl iodide 5 ml.) was added. The reac-
tion mixture was refluxed for 6 hours. After filtering and
evaporation, only oil remained.



5-Methox-7-(p-tolylsulfonloxy)-2,2-Dimethylchroman-4-one

(cm27

A mixture of 5,7-dihydroxychroman-4-one X1V, 4 g,
0.02 mole), K2C03 (20 g.), p-tolylsulfonyl chloride (3.8 g.
0.02 mole; added in two lots at 30-min. intervals), and acetone
(150 ml.) was refluxed for 5 hours. After cooling, more K2C03
(20 g.) was added. Excess of methyl iodide (10 ml.) was added,
and refluxing was continued for 16  hours. The mixture was
filtered and evaporated to a crystalline residue, which was
recrystallized from dilute methanol to give colorless crystals
(2.4 g.) of 5-methoxy-7-(p-tolylsulfonyloxy)-2,2-dimethyl-
chroman-4-one (30% yield), m. P. 152° (Lit.,27 152°).

The it spectrum (KBr disc) showed the band due to the
carbonyl and sulfonyl absorption at 1680 cm-1 (sharp).

The uv  spectrum (CHCI3) showed the max, at 240 and 274
mu; E, 22,500 and 56,000.

Nmr (100 MHz, CDC13): & 1.38 (s, 6, gem-dimethyl),
2.42 (s, 3, methyl), 2.60 (s, 2, methylene), 3.72 (s, 3,
methoxy), 6.08-6.22 (q, 2, aryl), and 7.28-7.72 (q, 4, tolyl

aryl). [Fig. 7]




5-Methoxy-7-(p-tolylsulfonyloxy)-2,2-Dimethylchroman-4-ol

(XXX1)27

5-Methoxy-7-(p-tolylsulfonyloxy)chroman-4-one (ci,
2.4 g. 0.007 mole) was suspended in anhydrous ether (150 ml.)
and heated with lithium aluminium hydride 1 g.). The mixture
was refluxed for 4 hours. After treatment with dil. H2S04, the
ether layer was  washed with water and aq. sodium bicarbonate
solution, dried, and concentrated to a crystalline product,
which was recrystallized from ag. methanol to give light
yellow crystal a.7 g.) of 5-methoxy-7-(p-tolylsulfonyloxy)-
2,2-dimethylchroman-4-one (70% yield), m, p. 148° (Lit.,27
148°).

The it spectrum (KBr disc) showed the bands due to -OH
absorption at 3560 cm-1 (sharp), and the sulfonyl absorption
at 1680 cm-1 (sharp).

The uv  spectrum (CHCI3) showed the max. at 246 and 283
my; E, 72,800 and 58,800.

Nmr (60 MHz, CDCI3): & 1.36 (d, 6, gem-dimethyl),
1.95-2.05 (d, 2, methylene), 2.45 (s, 3, methyl), 3.25 (s, 1,
hydroxyl), 3.80 (s, 3, methoxy), 4.90-5.10 (t, 1, a -H), 6.15-
6.40 (m, 2, aryl), and 7.40-7.90 (q, 4, tolyl aryl). [Fig. 8]



5-Methoxy-7-(p-tolylsulfontloxy)-2,2-Dimethylchromene

(XXXI1) 27

A mixture of the chroman-4-ol (XXXI, 1.7 g. 0.005
mole), toluene (80 ml.), and p-toluenesulfonic acid (0.1 g.)
was refluxed slowly for 15  min. The orange solution was
cooled, washed with water, dried, and evaporated to dryness
under reduced pressure. The residue was recrystallized from
methanol to give yellow plates (0.9 g.) of 5-methoxy-7-(p-
tolylsulfonyloxy)-2,2-dimethylchromene (60% yield), m. p. 98 °
(Lit.,27 98°).

The it spectrum (KBr disc) showed the band due to
sulfonyl absorption at 1680 cm-1 (sharp).

The uv  spectrum (CHCI3) showed the max. at 243 and 279
my; E, 21,400 and 30,300.

Nmr (60 MHz, CDC13): & 1.35 (s, 6, gem-dimethyl), 2.45
(s, 3, methyl), 3.72 (s, 3, methoxy), 5.50-5.68 and 6.58-6.75
(2d, 2, vinyl, J= 10 cps), 6.10-6.35 (m, 2, aryl), and 7.40-
7.95 (g, 4, tolyl aryl). [Fig. 9]




7-Hydro

xy-5-Methoxy-2,2-Dimethylchromene

(XCVIN)27

A solution of potassium hydroxide 3 g.) in water (50
ml.) and alcohol (50 ml.) was prepared. The alkaline solution
was added to the chromene (XXX, 0.9 g. 0.003 mole) in three
30-ml. portions at 15-min. intervals. After refluxing for 1
hour, the solution was  cooled, neutralized with acetic acid,
and concentrated at 50° under diminished pressure. The mixture
was extracted with ether and the extract was washed successively
with ag. sodium bicarbonate and 3% aq. sodium hydroxide
solutions. The sodium hydroxide portion was saturated with
carbon dioxide (dry ice) and the precipitate was recrystallized
from ag. methanol. A mixture of the chromene (XCvil) and
p-toluenesulfonic acid was obtained. After purification
through column chromatography (silica gel), yellow plates
(0.2 g.) of 7-hydroxy-5-methoxy-2,2-dimethylchromene (45%
yield), m. p. 188° was obtained. The p-toluenesulfonic acid
was recrystallized from acetone in rectangular prisms, m. p.
104°.

The it spectrum (KBr disc) of  the chromene (Xcviy
showed the band due to the phenoxy absorption at 3500 cm-1
(broad).

The it spectrum (KBr disc) of  p-toluenesulfonic acid
showed the band due to the sulfonyl absorption at 1670 cm-1

(sharp).
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The uv  spectrum (CHCI3) showed the max. at 245 m u;
E , 46,400.
Attempted Preparation of Alloxanthoxyletin V)

7-Hydroxy-5-methoxychromene (Xewvil, 2 9., 0.012 mole)
was added to a mixture of malic acid (2.2 g., 0.02 mole) in
73%  H2S04 (200 ml.). The reaction mixture was stirred at 40°
for 6 hours, and then was poured onto crushed ice. Dark brown
precipitate formed which was recrystallized from agueous
methanol. Only the starting material was recovered.

The above experiment was repeated by  using conc. H2S04
instead. Dark oil was produced. No crystallizable product

was obtained.

The fore experiment was repeated with 73%  H2S04,

refluxing at 80°. Brown precipitate formed, was recrystallized

from ag. alcohol. Still no required product V) was obtained.



6,7-Dihydro-6,6-Dimethl-9-Hydroxy-8-

Oxo-Pyrano

2.3-f

Coumarin (LXXXV)

5,7-Dihydroxychroman-4-one (XIV, 4 g, 0.02 mole) was
added to a mixture of malic acid (2.2 g. 0.02 mole) and 73%
H2S04 (150 ml.). The reaction mixture was stirred at 40° for
3  hours, and then poured onto crushed ice. The yellow preci-
pitate which recrystallized from aqueous alcohol gave yellow
crystals (2 g.) of 6,7-dihydro-6,6-dimethyl-9-hydroxy-8-oxo-
pyrano [2.3-] coumarin (39% yield), m. p. 220° (Lit.,8 220°).

The it spectrum (KBr disc) showed the bands due to the
lactone absorption at 1720 cm-1 (sharp), and the carbonyl
absorption at 1640 cm-1 (sharp).

The uv  spectrum (CHC13) showed the max. at 240, 285 &
my; E, 5,240, 18,300 and 7,980 respectively.

Nmrr (60 MHz, CDC13): 8 1.66 (s, 6, gem-dimethyl), 3.00
(s, 2, methylene), 6.40-6.60 and 8.25-8.40 (2d, 2, vinyl, J
10  cps), and 6.72 (s, 1, aryl). [Fig. 10]
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6,7-Dihydro-6,6-Dimetyl-9-Methoxy-8-0xo-Pyrano[2.3-f]-

Coumarin (LXXXVI)

9-Hydroxy-coumarin (LXXXV, 1 g, 0.004 mole) was

dissolved in boiling acetone (100 ml.) with K2C03 1 g.).

Excess of methyl iodide 2 ml.) was added. The reaction

mixture was refluxed for 8 hours. After filtering and evapor-
ation of acetone, the residue was recrystallized from acetone
to give colorless crystals (0.5 g.) of 6,7-dihydro-6,6-
dimethyl-9-methoxy-8-oxo-pyrano [2.3-] coumarin (35% yield),

m. p. 193-4° (Lit.,8 193°).

The it spectrum (KBr disc) showed the bands due to the
lactone absorption at 1720 cm-1 (sharp), and the carbonyl ab.
sorption at 1680 cm-1 (sharp).

The uv  spectrum (CHC13) showed the max, at 239, 277
and 328 m u; E, 5,780, 17,500 and 8,960.

Nmr (60 MHz, CDC13): 6 1.47 (s, 6, gem-dimethyl), 2.70
(s, 2, methylene), 3.88 (s, 3, methoxy), 5.59-6.14 and 7.74-

7.90 (2d, 2, vinyl), and 6.27 (s, 1, aryl). [Fig. 11]



Attempted Reduction of Compound (LXXXVI) 8

9-Methoxy-coumarin (LXXXVI, 1 g, 0.004 mole) dissolved
in pyridine (15 ml.) and water 5 ml.) was  treated dropwise
with a solution of NaBH4 (0.5 g.) in water 5 ml.). The
reaction mixture was heated at 700 for 1 hour, cooled and
acidified with 2N HCI. It was thoroughly extracted with
CH2Cl2. The CH2CI2 extract was successively washed with dil.
HCI, 5% NaHCO3, and water, and then dried over Na2S04. Removal
of  the solvent gave a mixture, with most of  the starting

material recovered.



Phlorolucinaldehde73

Into a solution of anhydrous phloroglucinol (4 g.
0.032 mole) in dry ether (25 ml.) containing Zn(CN)2 (2 g.)
in an ice-bath, a good stream of dry HC195 was passed until
the oil formed solidified. After standing for 2  hours, the
yellow solid was collected and washed with ether. The imide
salt was  then dissolved in water (60 ml.), and hydrolysed
15  min. at room temperature. The solid obtained on cooling
was collected. Yellow needles (2 g.) of phloroglucinaldehyde
(58% yield) which decomposed around 200° was  obtained.

Aqueous solution of the product gave red coloration
with ferric chloride (test for phloroglucinaldehyde). Its
2,4-dinitrophenylhydrazone (orange precipitate) decomposed

around 300°.

for



5,7-Dihydroxycoumarin

(cvi

Phloroglucinol 5 g., 0.04 mole) was added to a
solution of malic acid (4.5 g. 0.04 mole) in 73%  H2S04 (100
ml.). The reaction mixture was stirred at 40° for 6 hours,
then was poured onto crushed ice. Yellow precipitate was
tained which was recrystallized from aqg. alcohol to give
needles 3 g.) of 5,7-dihydroxycoumarin (43% yield), m. p.

The it spectrum (KBr disc) showed the bands due to
lactone absorption at 1760 cm 1 and 1720 cm 1 (sharp), and
phenoxy absorption at 3440 cm-1 (broad).

The uv  spectrum (CHC13) showed the max. at 327 my;

,  26,700.

Before the successful preparation, an  attempt with
phloroglucinaldehyde 2 g. 0.018 mole) was tried. The
phloroglucinaldehyde was dissolved in 10%  NaOH solution (25
ml.). A solution of cyanoacetic acid 96 (1.75 g. 0.02 mole)
in alcohol 6 ml.) was added. The reaction mixture was agit-
ated for 24 hours. The solution was acidified with HC1, but
precipitate deposited. The solution was then extracted with
ether. After evaporation of ether, only brown oil remained.

ob-

yellow

and

290°.

no



7-Methoxy-5-Hydroxycoumarin

5,7-Dihydroxycoumarin

dissolved in boiling
Methyl iodide 1 ml.,
mixture was refluxed

and evaporated. The
alcohol gave yellow
coumarin (40% yield),

The it spectrum

lactone absorption at

phenoxy absorption at

The uv  spectrum

, 30,720.

(cvin

(CvI, 3 g, 0.02 mole) was
acetone (150 ml.) with K2CO3 (2 g.).
0.02 mole) was added. The reaction
for 3  hours. The mixture was filtered
residue that recrystallized from aqueous
crystals (1.5 g.) of 7-methoxy-5-hydroxy-
which decomposed at 220°.
(KBr disc) showed the bands due to
1760 cm-1 and 1730 cm-1 (sharp), and

3500 cm-1 (broad).

(CHC13) showed the max. at 327 my;

the

the



3,3-Dimethylallyl Alcohol (Cvil 47c

3,3-Dimethylacrylic acid (25 g. 0.25 mole) in dry
ether (200 ml.) was added dropwise during 2  hours to a stirred
slurry of lithium aluminium hydride (10 g.) in ether (250 ml.)
at 00. After 24 hours at room temperature, water (30 ml.) was
added, followed by  dil. H2S04. The ether layer was separated,
washed with ag. sodium bicarbonate solution, and dried.
Evaporation of ether gave a residue which upon distillation
gave a colorless liquid (10 g.) of  3,3-dimethylallyl alcohol
(43%  yield), b. p. 138° (Lit., 47c  140°/764 mm.).
3-Methylbut-2-enal (CIX)47c

3,3-Dimethylallyl alcohol (Cvi, 10 g, 0.12 mole)
in methylene dichloride (400 mi.) was shaken with active man-
ganese dioxide (70 g.) for 24 hours. The solid was removed,
and washed with methylene chloride. The filtrate and washings
were combined, dried and evaporated. The residue was distilled
to yield a yellow liquid (6 g.) of 3-methylbut-2-enal (60%.

yield), b. p. 120-130° (Lit. 7C  123-8°/764 mm.).



Attempted Dimethylchromenylation of 5-Hydroxy-7-Methoxy-

Coumarin (cvi

To a stirred mixture of 5-hydroxy-7-methoxycoumarin
(Cvil, 15 g. 0.008 mole) and dry pyridine 3 g.), 3-methyl-
but-2-enal (2.5 g. 0.01 mole) was added at 140°. The heating
was continued for 8 hours. The mixture was evaporated to
dryness, and the residue was chromatographed on silica gel.

Only the starting material was recovered.



10.

11.

12.

13.

90

V. REFERENCES
H. R.  Arthur, Proceedings of Phytochemical Symposium, Kuala
Lumpur, 1957, p. 123.
P. W. Chow, A. M. Duffield, and P. R.  Jafferies, Austral iAn
J. Chem., 19, 483 (1966).
H. R.  Arthur, and C. M.  Lee, J. Chem. Soc., 4654 (1960).
H.  R. Arthur, and W.. D. Ollis, ibid., 3910 (1963).
L F. Lai, and R. E. Marsh, Abstract to X-ray Conference,
StoneyBrook, New  York, 1969.
W. B Whalley, in R. C. Elderfield (Ed) Heterocyclic Compounds,
Wiley, New  York, 1961, Vol. 7, p. 88.
W. D Ollis, and . 0. Sutherland, Isoprenoid Units in Natural
Phenolic Compounds in u. D. Ollis (Ed) Chemistry of-Natural
Phenolic Compounds, Pergamon Press, New  York, 1961, p. 74.
A. K. Ganguly,.B. S. Joshi, V. N. Kamat, and A. H. Manmade,
Tetrahedron, 23, 4777 (1967).
J. C. Bell, and A. Robertson, J. Chem. Soc., 1545 (2937).
C. N Lam, H. K. U. Special Thesis, Hong Kong, 1962.
S. Wawzonek, Chromenes'T in P. C. Elderfield (Ed) Heterocyclic
Compounds, Wiley, New  York, 1951, Vol. 2, p. 278.
S. Wawzonek, Chromanones ibid., p. 346.
N. Campbell, Chromanones in E. H. Rodd (Ed) Chemistry of
Carbon Compounds, Elsevier, London and New  York, 1959, Vol.

IVB, p.  942.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

91

W.  Bridge, R. G. Heyes, and A. Robertson, J. Chem. Soc., 279
(1937).

J. Polonsky, Bull. Soc. Chim. France, 1079 (2957)[ C. A. 52:
4619a].

M.  Miyano, and M.  Matsui, Bull. Chem. Soc., Japan, 31, 397
(1958)[ C. A. 53: 8128i].

M. Nakajima, H. Fukami, K. Konishi, and J. Oda, Agr. Biol.
Chem.,.27, 700  (1963) [C. A. 60 40520]

H. B Bhat, and K.  Venkataraman, Tetrahedron, 19, 77 (1963).

P S. Bramwell, A. 0. Fitton, and G. R. Ramage, Brit. pat.
1077066 (Cl. CO07d) (1967)[ C. A 68 P78137y].

P. Y. lyer, and G. D. Shah,Indian J. Chem., 227 (1968).

H. 0 House, Modern Synthetic Reactions, Benjamin, California,

1965, p. 54

S. S. Hall, S. D. Lipsky, and G. H. Small, Tetrahedron Letters,
1853 (1971); J. Org. Chem., 36, 2588 (1971).

E. L. Martin, in R. Adams (Ed) Organic Reactions, Wiley, New
York, 1951, Vol. l, p. 155.

S W. George, and A. Robertson, J. Chem. Soc., 1535 (1937).

G. H Stout, and K. L. Stevens, J. Org. Chem., 29, 3601E (1964).
W. G Brown, in R. Adams (Ed) Organic Reactions, Wiley, New
York, 1951, Vol. VI, p. 469.

N. L. Wolfrom, E. W. Koos, and H. B. Bhat, J. Org. Chem., 32,
1058  (1967).

J. R. Beck, R. Kwok, R. N. Booher, A. C. Brown, L. E. Patterson,
P. France, B. Rockey, and A. Pohland, J. Am. Chem. Soc., 90,
4706 (1968),



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

92

H. 0 House, Modern Synthetic Reactions, Benjamin, California,

1965, p 32.

R. 0. C. Norman, Principles of Organic Synthesis, Methuen,

London, 1968, p. 564.

A, L. Wilds, in R.  Adams (Ed) Organic Reactions, Wiley, New

York, 1944, Vol. I, p. 178.

W.  Carruthers, Some Modern Methods of Organic Synthesis, Cam-

Bridge u. Press, London, 1971, p. 208.

H. C. Brown, and w. C. Dickason, J. Am.Chem.Soc., 92, 709

(1970).

W.  Carruthers, Some Modern Methods of  Organic Synthesis, Cam-

bridge U. Press, London, 1971, p. 311.

W. Bridge, A J. Crocker, T. Cubin, and A. Robertson, J. Chem.

Soc., 1530 (1937).

B. Bachman, and H A Levine, J. Am.  Chem. Soc., 69, 2341 (1947).

N. Belinger, D. Cagniant, and P. Cagniant, Tetrahedron Letters,

49 (1971).

W.  Theilheimer, Synthetic Methods of  Organic Chemistry, Karger,

New  York, 1963, Vol. 17, p. 378.

W.  Theilheimer, ibid., 1967, Vol. 21, p. 428.

W.  Theilheimer, ibid., 1970, Vol. 24, p. 36.

u. Theilheimer, ibid., 1970, Vol. 24, p. 402.

W.  Theilheimer, ibid., 1971, Vol. 25, pp. 481-4.

(a) J. B. Hendrickson, D. J Cram, and G. S. Hammond, Organic
Chemistry, McGraw-Hill, New  York, 1970, p. 763.

(b) S. R.  Sandler, and j- Karo, Organic Functional Group Pre-
parations, Academic Press, New  York, 1968, p. 26.



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

93

(a) A. R. Burnett, and R. L Thomson, J. Chem. Soc. (©), 1261
(1967).

(b) G. Cardillo, R. Cricchio, and L. Merlini, Tetrahedron, 24,
4825 (1968).

D.  Walker, and J. D. Hiebert, Chem. Reviews, 67, 153 (1967).

T. L. J. Hlubucek, E. Ritchie, and J. C. Taylor, Tetrahedron

Letters, 1369 (1969).

(a) J. R. Lewis, and J. B. Reary, J. Chem. Soc. (C), 1662 (1970).

(b) G.  Cardillo, L. Merlini, and S. Servi, Ann. Chim. (Rome),
60, 564  (1970) [C. A T4 42251+u].

(c) W. M. Bandaranayake, L. Cromb ie, and D. A. Whiting, J. Chem.
Soc. (©), 811 (2971).

(a) L. H. Foley, Reactions of Coumarins M. l. T. Seminar in
Organic Chemistry, 1966, p. 90.

(b) R. L. Shriner, and A. G. Sharp, J. Org. Chem., 4, 575 (1939).

G. Ghosh, A-R. Todd, and S.  Wilkinson, J. Chem. Soc., 1121

(1940).

F. Bergel, A. Jacob, A. R. Todd, and Y. S. Work, ibid., 1375

(1938).

F. R.  Johnson, and A. Robertson, J. Chem. Soc., 21 (1930).

J. F. Garden, and R.  H. Thomson, ibid., 2483 (1957).

A. Robertson, and T. S. Subramaniam, ibid., 286 (1937).

C A. Payne, and L. B. Payne, How to do an Organic Synthesis,

Allyn and Bacon, Boston, 1969, p. 46.

W. H Hartung, in R.  Adams (Ed) Organic Reactions, Wiley, New

York, 1953, Vol. VII, p. 263.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

94

M.  Fieser, and L. F. Fieser, Reagents for Organic Synthesis,
Wiley, New  York, 1967, Vol. 1, p. 1220.

T. Kametani, and Ogasawara, J. Chem. Soc. (©), 2208 (1967).
K. H. Lee, and T. 0. Soine, J. Pharmaceutical Sciences, 57,
1922 (1968).

W. Baker, J. Chem. Soc., 1381 (1933).

R. G. Heyes, and Robertson, ibid., 1831 (1936).

S. Wawzonek, Coumarins in R. C. Elderfield (Ed) Heterocyclic
Compounds, Wiley, New  York, 1951, Vol. 1, p. 173.

S. M.  Sethna, and N. M.  Shah, Chem. Reviews, 36, 1  (1945).

J. R. Johnson, in R. Adams (Ed) Organic Reactions, Wiley, New
York, 1942, Vol. I, p. 217.

A. Albert, Heterocyclic Chemistry, Athlone Press, u. of London,
1959, p. 278.

N. Campbell, Coumarin and its Derivatives in E, H. Rodd (Ed)
Chemistry of Carbon Compounds, Elsevier, London and New  York,
1959, Vol. VB, p. 869.

R. C. Shah, and M. C. Laiwalla, J. Chem. Soc., 1828 (1938).

S. Sethna, and R. Phadke, in R. Adams (Ed) Organic Reactions,
Wiley, New  York, 1953, Vol. VI, p. 1.

K. D. Kaufman, and R. C. Kelly, J. of Heterocyclic Chem., 2,
91  (1965).

H. 0. House, Modern Synthetic Reactions, Benjamin, California,
1965, p. 245,

R. F. Hudson, Chem. in Britain, 1, 287 (2971).



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

95

N. N.  Crounse, in R.  Adams (Ed) Organic Reactions, Wiley, New
York, 1949, Vol. Vv, p. 290.

W. E. Truce,.ibid.,, 1957, Vol. IX, p 37.

R.  Adams, and J. Levine, J. Am Chem. Soc., 45, 2373 (1923).

H. Gross, and G. Matthey, Ber., 97, 2606 (1964)[ C. A. 61:
11928 el.

A.  W. Weston, and R. J. Michaels, Jr., J. Am. Chem. Soc., 72,
1432 (1950).

R. G. Heyes, and A. Robertson, J. Chem. Soc., 1132 (1925).

L. F. Fieser, et al., in C. F. H.  Allen (Ed) Organic Synthesis,
Wiley, New  York, 1940, Vol. 20, p. 11.

H.  Wynberg, Chem. Reviews, 60, 169 (1960).

R. 0. C. Norman, Principles of  Organic Synthesis, Methuen,

London, 1968, P. 377.

J. C. Duff, and E. J Bill, J. Chem. Soc., 1987 (1932).

14. Baker, J. F. W. Mclnuem abd D. Miles, ibid., 820 (1953).

J C. Duff, and E. J. Bills, ibid., 1305 (1934).

R M.  Naik, and V. M.  Thakor, J. Org. Chem., 22, 1626 (1957).

P. F. G. Praill, Acylation Reactions, Pergamon Press, Oxford,
1963, p. 73

J. B. Hendrickson, D. J. Cram, and G. S. Hammond, Organic

Chemistry, McGraw-Hill, New  York, 1970, p. 464.

N. B.  Colthup, L. H. Daly, and S. E.  Wiberley, Introduction to
Infrared and Raman Spectrosco, Academic Press, New  York, 1964,
pp. 332, and 375.



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

(1908).

96

H.  Budzikiewicz, C. Djerassi, and D. H. ‘'Williams, Structure
Elucidation of Natural Products by Mass Spectrometry, Holden-
Day, San Francisco, 1964, pp. 261, and 269.

A. I Vogel, A Textbook of Practical Organic Chemistry,

1968, p. 970.

A. | Vogel,_ibid., p. 950.

E C. Horning (Ed) Organic Synthesis Collective Volume 11,
Wiley, New  York, 1955, p. 302.

M.  Fieser, and L. F. Fieser, Reagents for Organic Synthesis,
11iley, New  York, 1967, Vol. 1, p. 488.

Massot, Ber., 27, 1225 (1894)[ Beilstein, 1, 428 (192).].

G. B Payne, J. Org. Chem., 51, 718 (1966).

A. | Vogel, A Textbook of Practical Organic Chemistry,

1968, p. 198.

A. | Vogel, ibid., p. 179.

| K. Phelps, and E. W. Tillotson, Jr., Am Sci., 26, 267









