é?‘?”

STUDIES ON ELEMICIN SYNTHESES

BY

Dorothy Huang Hains

A Thesis
Submitted to - the Graduate Faculty of
McNeese State University
In Partial Fulfillment of the
Requirements for the Degree

MASTER OF SCIENCE IN- CHEMISTRY

December, 1976

Lake Charles, Louisiana




TABLE OF CONTENTS

LIST OF SCHEMES..:teeeesssssssssssarsossosnancscsasaans
ACKNOWLEDGEMENTS . s c v o esenococssosensssssaassasanneinns
ABSTRACT . 4 v eaeecoctsoccsascaannnoasssassascannsansesns
INTRODUCTION . « s e e e e s ssecrenesnsssnnnsssesanaensssess
HI S TORY e e s sevocconsssoenaansossosasasesssacesannessass
EXPERIMENTAL . + o s e v v uvvnnonneencesssssessnsnnnasnnnnnns
DISCUSSION. cvvtnvonassessosoaasoasasnsscsasossocnnaansns
SUMMARY s o ¢ e o eosevonssanssenssssnssnsacanasansnssassseennas
APPROVAL SHEET: c covvevrsssossnoncnosasercsncsssasassens
BIBLIOGRAPHY . e e s eueeucnonncnonnsnssosansasssosensannas

AUTOBloGRAPHY.'I.l...I.Il.lllll'......l-.-.......-.-..

Page
iii

iv

i5
25
27
28

31




SCHEME
SCHEME
SCHEME
SCHEME

SCHEME

B W N e

5

LIST OF SCHEMES

# 8 9 9% o 80 ¢a sad s as e h s s bs S aseadddasheTe gt

L I I B I B B I B B B BRI A N R R R R B A O B B B B R I A N A )

® & 3 8 & " 5SS T S E B0 S S ST SRR AS® S PR EES S Sae s e

iii

Page

le
19
21

23




e grsan b e Femong Sawe o Sbaey enkovidly. <, Ao & .4 ar
Tﬁg*éﬁEﬁgﬁié’Skﬁﬁﬁfsﬁréﬁéé%ﬁh?ﬁﬁﬁﬁﬁﬁ&ﬂfﬁﬁébeﬁégﬁfﬁﬁ‘éf
i @R ook 3 ";r by ey o Py et ikt Brogy 3 % g . ".;!_" koot 3 3 ’
5%§@§aféggghw§§sE?bfﬁiﬁéwh ﬁv%%gfgﬁw%f*géfiﬁé@ﬁ%f&ﬁffy tres,
Wre o3 mdl ov Eow sy , BE rteaaigd mpdimaany boe e 0 pdhareo 13 s
IR B S {E T By . Y oatiwsye%oifdldesdd Rda TR ENa
URpenent s, COzH 4w in I!--é;ji b mmyrvisrican @31} and saf GH&-'% CH=CHp}

“LM'“*‘
oL
G B;:§§i£

nitrile 4III) or the aldehyde (IV) as the key intermediate.

The coﬂJgrsion of the aldeH§ééI(IV) into isoelemicin via a

, Pier BB U ORI g w @ owagd  n L sn ok e o e o o p N
Wittig FedcitSif8iTowed By Browns ‘procedure” resulted 'ily
R e N T T T T TR S Uy T L U PrL T T
the “formation “of "aTemicin™ (11) . "ot Hé ¥ approadches “involved
for macel are itgwwbtads o Late o v §tforia vited tumas d

3 ¥ . I . T T . . i B o . " - 7y ¥ R . . d »
Phm oAl SN d T3 LhE B deite GiRGh die v Tl Deaasi TS,
: CHO

A o A

©osl0 . (III). v @V

the addition of various Grignard reagents to the -nitrile (III)
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© INTROBDETION:

The aromaticEractioniofsthe volatilé dils obtained:by
steam distillation:ofsthef crushedsseed: fromsthel nutmey tree,
Myristici:fragrans, :isycomposed: primarily offithreeimaijor ren
components,-elemicin: (I)%: myrdsticin(IT): andrsafrole {III).?
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- vhr. Thesec compounds . are«suspéctedioffcontributing to the
psychoactive efféct pro&uce&xwhep&iarge&dosesﬁof nutmeg
(orimace)'are.ingested. ?s Labo;atory efforts directed:toward
the' totalvosynthesis of these:compounds: have been: numerous,?’'"’’
Even thoughlithe present research projectrincludesg' thé total
synthesis ofsone’ of ‘these compounds, elemicin(Io,!thetprof
ject: has as its:main purpose the investigation of the con-
version of a carboxylic-acid group ‘to a propenyl group.
Understanding this conversion is important because of the
frequently encountered propenyl side chain in naturally
occurring compounds and because' this conversion is envisioned
ags a key operation in another synthetic problem currently

under study.-in this laboratory.




HISTORY

The spices, nutmeg and mace, obtained from the nutmeg

tree, Myristica fragrans (family Myristicacease), have long
held an important place in folk medicine, Early in the 7th
century A. D., use of Myristica (nutmeg and mace) was first
catalogued by Arab physicians as a remedy for disorders of
the digestive system. Through the years an impressive list
of 'benefits' attributed to Myristica has developed., Folk
practitioners have prescribed Myristica as beneficial for
such diverse maladies as kidney disease, lymphatic ailments
and cardiac diseases. Claims also include its power as an
aphrodisiac, a carminative and soporific,2?’68

'The end of the 19thcentury saw a resurgence of
Myristica's importance as a medicine when- it was suggested
that it could bring on overdue menstruation and even induce
abortion. During this resurgence the toxic effect of
Myristica was well documented; however, only one fatality
has ever been ascribed to nutmeg ingestion.’

The observation that large doses of Myristica exert an
intoxicating effect dates back to the Middle ages. In 1963
a published report appeared for the first time detailing the
narcotic effects of Myristica when deliberately ingested.®
Most of the information on nutmeqg as a psychoactive drug,

\
however, comes from undocumented anecdotes.

Many naturally occurring as well as synthetic compounds




L 3,j
containing the trimethoxybggzengasygtem.have been found to
exert pharmacological actions,2’4°/!! The difference in. the
activity of these different trimetﬂoxybenzene derivatives
might be attributed to the various attachments to the:
trimethoxybenzene structure.

P P Tt (Y ot L L
An lnstt}gatlon of “the chemical components,_. of\fhe fruit
from the)nutmeg Esee was reported as early as 1676:'? There
#
¢lasgical ways of extracting the potentl 1ly s

are two&
interesting material from the whole fruit. Subjecglon of the

e a

total crushed seed to steam distillation removes t%eggglatile
oil fraction, some 10 to 15% of the weight. Extraétion with
an organic solvent, however, removes the fixed oil%rwhich
include the volatlle;ozls, the fixed oils make up,about a

¢.‘*‘°x.h'

k
third of the toFal original weight 4+ The physiploglcal effect
i 3 T —

of Myrlstléa isfgenerally agreednto be attrlbuteg)to the
vola&%}é 012%: f;he Jvolatile fraction 1s£$?£;“:fd priegfily
of terpenesﬁ(@p%) and aromatics (20%). Thré% m&ﬁgr 3
components, elemicin (I), myristicin (II) and safrole (III),
constitute nearly 90% of the second group.!

Interest in the development of a laboratory synthesis
of elemicin began early in this century,-the first being
reported in 1918.° This synthesis, diagrammed in Scheme I,
wasg carried out by F. Mauthner and sets the general approach
followed by other investigators.!?® Later syntheses involve

the conversions of other related volatile oils to
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EXPERIMENTAL

Preparation of 3,4,5-Trimethoxybenzoic Acid (v).'7?

Fifty grams (0.29 mole) of gallic acid (IV), 3,4,5-trihydroxy-
benzoic acid, in a one liter round-bottom flask was treated
with a cold sodium hydroxide solution prepared from 80 g of
NaOH in 500 ml of water. The flask was immediately stoppered
and shaken until the acid was dissolved. Dimethyl sulfate

(67 ml, 0.8 mole) was added and shaken for twenty minutes
with periodic cooling. Another portion of 67 ml of dimethyl
sulfate was added. After being shaken for ten minutes, the

reaction was refluxed for two hours. Twenty grams of sodium

hydroxide in 30 ml of water was added to the mixture which
was refluxed for an additional two hours. The reaction mix-
ture was cooled and acidified with dilute HCl. The product
was filtered, washed with water, and allowed to dry. The
yield-of crude 3,4,5-trimethoxybenzoic acid (V) was 55.8 g
(90%) which, after recrystallization from methyl alcohol,
gave 39.6 g (64%) of the acid (V) as colorless needles with

mp 166-167° (1it.'? 167°). The carbonyl infrared absorption

band was observed at 1680 cm”l.

Preparation of 3,4,5-Trimethoxybenzamide (VII). Ten

grams (0.047 mole) of the acid (V) was treated with 10 ml of
freshly distilled thionyl chloride and heated under reflux
for two hours. At the end of this time the excess thionyl

chloride was removed under reduced pressure and the residual
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crude 3,4,5-trimethoxybenzoyl chloride (VI) was dissolved in
sodium dried benzene. Ammonia gas was allowed to bubble
through the reaction mixture for about six hours. Concen-
trated ammoniur hydroxide was then added to ensure that the
reaction mixture remained basic. The white residue was col-
lected by filtration and was recrystallized from ethyl alco-
hol. The 3,4,5-trimethoxybenzamide (VII) crystallized in long
needles yielding 8.1 g (81%), mp 177-178° (lit.'® 176-178°%).
The major infrared absorption bands were observed at 3267 and
1660 cm T,

Preparation of 3,4,5-Trimethoxybenzonitrile (VITI).!'®

A solution of 8 g (0.038 mole) of the amide (VII} in 20 mi of
hot l,1,2,é—tetrachloroethylene was treated with 4.0 g of di-
phosphorus pentoxide (P4010). The reaction mixture was
stirred under refiux for one hour; then another 4.0 g of
P4010 was added. After allowing the reaction mixture to
reflux for an additional thirty minutes, the hot solvent was
decanted from the residue. The residue was extracted five
times with 10 ml portipns of tetrachloroethylene., Each 10 ml
addition was followed by a thirty minute reflux period. The
solvent was removed from the combined extracts by distilla~
tion under reduced pressure. The crystalline material re-
maining upon recrystallization from ethyl alcohol yielded

4.4 g (60%) of léng needles, mp 92-947 (1it.2°% 92-949),

Preparation of 3,4,5-Trimethoxybenzaldehyde (IX).

(a) Diisobutylaluminum hydride method.?! A solution of




4.0 g (0.02 mole) of the nitrile (VIII) in 20 ml of sodium

~dried benzene was placed into a 50 ml three-necked flask

equipped with a magnetic stirrer and a dropping funnel. A
nitrogen atmosphere was established within the apparatus.
Twenty-three milliliters of a solution 9f_24f8% diisobutyl-
aluminum hydride was introduced into :the dropping funnel,
This solution was then added dropwise to the stirred solu-
tion of the nitrile (VIII) over a two hour period. After

the addition was complete, the solution was carefully

2
was stirred for one hour. The reaction mixture was then

poured into 250 ml of 5% H 504 solution, and this mixture

extracted several times with ether. The combined organic

layers were dried over magnesium sulfate, and the solvent

was removed under reduced pressure. The-residue was re-

crystallized from petroleum ether yielding 2 g of the

aldehyde (IX) (50%), mp 74° (lit.2?? 77-78° ). The carbonyl
1

absorption band in the infrared was observed at 1690 cm .

(b) Raney nickel method.?® Five grams (0.025 mole) of

the nitrile (VIII) was treated with 81 ml of 90% formic acid
and 0.3 g of activated Raney nickel, The mixture was stirred
at 40~50° for two hours or longer. After dilution with

70 ml of 75% ethanol, the reaction mixture was decanted from
thé nickel. The nickel was washed with warmed alcohol and
then extracted several times with ether. The combined ether
and alcohol layers were washed with a dilute sodium bicar-

bonate solution and water. After drying over anhydrous




magn esiumssulfate,: ,;Lthe;;*solvent@was,

«».removed und der, . r edtgﬁ‘ed

pressure.isiThe; residueswas, recx;ystalllzeq,_gfro;n!:%ﬁgigggil&ﬁ
yieldi4. Q. g%(80%): ofzthe aldehyd Jri( IX)., 2408, ;74 ._@h“, &Ug;nfra-
redwgpectium was jidenticaluto, qmaterial prepared by method (a).

st iryPreparation ;of +3,4,5-Trimethoxybenzyl .,Alcohol. (X),. ,5 g

Agfsolutioncofxtly giiof the :ggkg__ﬁw) gin 20,ml,of dry, tetrahydro-

& F & X AL

furan w(THE)- {was: adde@,,dropw;segto i@ st:l.rred é&.'?.olut.x.on of ..

St dath

0.425;9 of glithium;aluminum hydride, dlssolve 3,in 10 m 385 dry

THE .- Aftergrefluxinggfor,one,hour under a nitrogen ﬁ?.%%?.s-;i -

phere, ;the reactiondnixture.wascazrefully,diluted with water,

acidified~with.concentrated, hydrochlor:.c ;&cid, ,and extracted

Brenrmog. & BEnS

severaletimes w:.tht-,dlethyl ether. The combined ether layers

S L -

were washed&wn.th cold JD% NaOH‘solut;Lon and a,asaturated

saltnsolution..pAfter @FYiRgwQY314§Q9¥§E°9§;@agnEElquSPI-
fate, thesetherglayer was)filtered. and evaporated, yielding
0.704.9g,(75%) ,ofsazclear.oil. | No ggﬁbpny;&_,irhxf'rgrgd_éab;so;rp—

tion bandewas:evidenti:.: st:.cn S 8lsa w1 ER w2hiG,en, b &

in.ouvPreparation of.3,4,5-Trimethoxybenzaldehyde (IX) from

Alcohola.(X).?% {A,solution oﬁ,::SQQ,ggng#Qﬁ the alcohol. (X) in

25 mlp,o? petrél__eum ether was stirred with, 4509 mg.of freshly
prepared manganese d_io:\::i.‘c{ie_h for, one hour, The manganese
dioxiderwas;removed by filtration and the filtrate provided
222 mg (45%), of, the aldehyde (IX) after recrystallization
from ligroin. . The product was identical to the aldehyde (IX)
prepared. by previous methods. - Ceag v
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‘Preparation of Iscelemicin (XI).?6 A solution of

. n-butyllithium in n-hexane (3.3 ml, 27.5%) was added drop-
wise to a.stirred mixture of ethyltriphenylphosphonium

bromide (1.2 g) in dry diethyl ether. After the mixture was

stirred under a nitrogen atmosphere for three hours, 0.75 g
of the aldehyde (IX) was added. The reaciton.was refluxed
for twenty~four hours. The organic layer was washed with
water, a sodium bicarbonate solution and a saturated salt
solution and dried over anhydrous sodium sulfate. After the
removal of the solvent by evaporation, 0.3 g of crude pro-
duct was obtained. The infrared absorption bands showed no
evidence of a carbonyl group.

Preparation of Elemicin (I) via Brown's Procedure,27728

A 100 ml three-necked flask was equipped with a magnetic
stirrer, a dropping funnel, a reflux condenser topped with

a mercury trap, and an inlet tube connected to a B2H6 genera-
tor. After flushing the entire system with nitrogen, 1.4 g
(0.0067 mole) of crude isoelemicin (XI) in 10 ml of diglyme

was added into the flask. The B2H6 was generated from 1.0 g

of NaBH4 in 10 ml of diglyme and 5 g of BFa-etherate also in
10 ml of diglyme. The BZHG' as generated, was bubbled into
the olefin solution over a two hour period; then the reaction
mixture was refluxed for six hours.

A solution of 0.77 g of cyclooctene in 10 ml of diglyme

was added to the reaction mixture, and the resulting solu-

tion was refluxed for an additional sixteen hours. The
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reaction mixture was allowed to cool to room temperature, and
the solvent was removed under reduced pressure. The residue
weighed 0.650 g.

Preparative thin-layer chromatography (TLC) on silica
gel plates was performed on 200 mg of the residue. - Develop-
ment with the solvent system, benzene, ethyl acetate, and
methanol (85:10:5) provided material that had an Re value of
0.557. That portion of the silica gel containing ﬁhe puri-
fied sample was removed and extracted with diethyl ether,
Subsequent evaporation of the ether yielded 88 mg of purified
elemicin (I). The ir and nmr spectra and the Re value were
identical with those obtained from a known sample of
elemicin (I}. ; #

Preparation of 3-(3,4,5-Trimethoxyphenyl)-3~-hydroxy-

propene (XII).?® Two hundred fifty milligrams (1.28 mmole) of

the aldehyde (IX) was dissolved in 15 ml of dry THF in a

‘50 ml three-necked flask equipped with a nitrogen flushing
system, a rubber septum, and a magnetic stirrer. One and
one-half milliliters of a 1.4M solution of vinylmagnesium .
bromide in THF was added slowly via a syringe through the
rubber septum. The mixture was allowed to stir for two
hours. Following careful ac¢idification with dilute sulfuric
acid, the mixture was extracted several times with diethyl
ether. The combined ether layers were washed with water and
a saturated sodium chloride solution and dried over anhydrous

magnesium sulfate. The solvent was removed yielding 252 mg
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of clear oil. Although the infrared spectrum showed a broad
hydroxyl band centered at 3470 cm.-1 and no carbonyl absoxrp-
tion, the occurrence of several spots on TLC plates indicated
the heterogeneous nature of the oil.

Preparation of 1-(3,4,5-Trimethoxyphenyl)-1~propanol

15521.29 Magnesium turnings (0.283 b; 0.01 mole) and anhy-
drous éiethyl ether (10 ml) were placed into a flask
equipped with a nitrogen flushing system, a pagnetic stirrer
and a dropping funnel which conbained-a solution of 0.8 ml
{(1.56 g; 0.0l mole) of ethyl iodide in 5 ml of anhydrous
diethyl ether. A few drops of this solution were added to
the magnesium turnings which were being gently stirred.
After the reaction started, the ethyl iodide solution was
added dropwise in order to maintain a mild reflux, When the
addition was complete, the reaction mixture was refluxed for
an additional thirty minutes. After a solution of 1.96 g
(0.01 mole) of the aldehyde (IX) in 50 ml of anhydrous
diethyl ether was added slowly via the dropping funnel, the
reaction mixture was allowed to stir at room temperature for
two hours. Acidification of the reaction mixture with a
cold solution of dilute hydrochloric acid was followed by
separation of the organic layer and extraction of the
aqueous layer with 50 ml of diethyl ether. The combined
ether layers were washed with a saturated salt solution and
dried over anhydrous magnesium sulfate. The solvent was re-

moved under reduced pressure to yield 1.87 g of a clear oil.
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A
Thié crude material was chromatographed on a column of silica
gel. Development with benzene-petroleum ether provided two
major fractions (270 mg and 250 mg); however, TLC shéwed both
to be heterogeneous.

Preparation of 3,4, 5-Trimethoxypropiophenone (xv).3?°

Magnesium turnings (0.346 g; 0.014 mole) and anhydrous di-
ethyl ether (35 ml) were placed into a flask equipped with a
dropping funnel, reflux condenser and magnetic stirrer. The
flask was then flushed with nitrogen. A solution of 1.38 ml
of ethyl iodide (0.017 mole) in 35 ml of anhydrous diethyl
ether was added into the dropping funnel. A few drops of the
solution were added to the magnesium turnings which were
being stirred gently. After the reaction started, the ethyl
iodide solution was added dropwise to maintain a mild reflux.
When the addition was complete, the reaction mixture was re-
fluxed for an additional thirty minutes. A solution of 2.0 g
(0.01 mole) of the nitrile (VIII) in 50 ml of anhydrous di-
ethyl ether was added slowly via the dropping funnel. After
the reaction mixture was allowed to stand overnight at room
temperature, it was acidified with an ice and concentrated
hydrochloric acid mixture (5:3 v/v, 80 ml). The organic
layer was separated, and the aqueous layer was refluxed for
one hour and then extracted several times with diethyl ether.
The combined organic layers were dried over anhydrous mag-
nesium sulfate. After the solvent was removed under reduced

pressure, the crude material was recrystallized from ligroin
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yielding 1.94 g (84%) of the propiophenone (XV), mp 51-52°
{1it. %! 52%), The carbonyl absorption band in the infrared
spectrum was observed at 1689 cmfl. The nmr spectrum showed
peaks at §1.2 (triplet), 62.9 (quartet), 63.8 (singlet) and
§7.1 (singlet).

Preparation of 3,4,5-Trimethoxyacetophenone (XvI).?3°

The procedure used was the same as that used for the prepara-
tion of the propiophengne {(XV). Preparation of the Grignard
reagent was accomplished using 3.456 g (0.14 mole) of mag-
nesium in 20 ml of anhydrous diethyl ether and 9 ml {(0.144
mole) of methyl iodide in 20 ml of anhydrous diethyl ether,
The reagent was allowed to react with 10.2 g (0.05 mole) of
the nitrile (VIII) in 50 ml of anhydrous diethyl ether.
After the reaction was complete, it was acidified with a
cold dilute hydrochloric acid solution and extracted with
diethyl ether. Evaporation of the solvent yieded crystal-
line material which was recrystallized from ligroin to give
5.5 g (508) of the acetophenone (XVI), mp 78° (1it.3' 78°%).
The carbonyl absorption band in the infrared spectrum was

1

observed at 1689 ¢m . The nmr spectrum showed peaks at

§2.5 (singlet), 63.85 (triplet), and 86.75 (singlet).




DISCUSSION

The initial step in the synthesis of elemicin (I) was
the conversion of gallic acid (IV) into 3,4,5-trimethoxy-
benzoic acid (V), the starting material in Scheme 2. This
O-alkylation which rendered the hydroxyl groups relatively
inactive was achieved with dimethyl sulfate in the presence
of base, Thié well-established procedure gave a very high

vield (90%) of the trimethoxy acid (V).!7

CH,—CH=CH,. COH
OH
yel (2CH3 HO
CHz  O-CHz H
(1) (IV)

The various transformations of the acid (V) to
3,4j5-trimethoxybenzonitrile (VIII) and 3,4,5-trimethoxy-
benzaldehyde (IX), key compounds in Schemes 3, 4 and 5, are
diagrammed in Scheme 2.

Refluxing of the acid ,(V) with freshly distilled
thionyl chloride for two hours resulted in the formation of
the acid chloride (VI). After excess thionyl chloride was
removed under reduced pressure, the residual crude acid

chloride was dissolved in benzene, and treatment with ammonia

gas for approximately six hours effected the precipitation of




SCHEME 2

CO,H

? @ O-CHzx

(VIII) (VII)

e
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3,4,5-trimethoxybenzamide (VII). The melting point of the
long, needle-like crystals obtained by recrystallization
from ethyl alcohol was 177-178°, and the yeild was 81%.

The dehydration of the amide (VII) to form 3,4,5-trimethoxy-
benzonitrile (VIII) was accomplished by refluxing
diphosphorous pentoxide with the amide (VII) dissolved in
tetrachloroethylene.!?® The needle-like crystals of the
nitrile (VIII) remaining after recrystallization from ethyl
alcohol had a melting point of 92-94“,. and the yield was 60%.
The reduction of the nitrile (VIII) with diiscobutylaluminum
hydride (Dibal) or Raney nickel yielded 3,4,5-trimethoxy-
benzaldehyda (IX).

The Dibal reduction was carried out in a benzene

! A solution of

solution under an atmosphere of nitrogen,?
Dibal was added dropwise to the stirred solution of the
nitrile (VIII) over a two~hour period. Careful acidification
of the reaction mixture and subsequent stirring for an
additional hour resulted in the formation of the aldehyde
(IX). 1Isolation and recrystallization from petroleum ether
provided the aldehyde (IX) (mp 74°) in 54% yiéld.

The Raney nickei reduction proved to be a better method
than the Dibal reduction for the preparation of the aldehyde
(IX). After treatment of the nitrile (VIII) with formic acid
and activated Raney nickel, the reaction mixture was stirred
for approximately two hours at 40-50°. ?? Dilution with

agueous ethyl alcohol was followed by several extractions
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with diethyl ether; subsequent evaporation of the ethereal
layer yielded crystalline material. Recrystallization from
ligroin provided the aldehyde (IX) {(mp 74°) in 80% yield.

An alternate preparation of the aldehyde (IX) was by the
reduction of the acid (V). A solution of the acid (V) in THF
was added dropwise to an excess of lithium aluminum hydride
dissolved in THF.?" The reaction mixture was refluxed for
one hour, acidified, and thé organic layer removed. Evap-
oration of the solvent yielde@ 3,4,5~trimethoxybenzyl alcohol
(X) as a clear o0il which showed no carbonyl absorption in the
infrared spectrum. The benzyl alcohol (X) dissolved in

S
petroleum ether was treated with manganese dioxide for one

‘hour.?® The aldehyde (IX) was isolated in 45% yield.

A synthesis of elemicin (I) was accomplished in a two-
step pathway from the starting aldehyde (IX) (Scheme 3). The
treatment of ethyltriphenylphosphonium bromide in benzene
with n-butyllithium followed by addition of the aldehyde (IX)
provided isoelemicin (XI) in 38% yield., Conversion of
isoelemicin (XI) into elemicin (I) was accomplished by
Brown's procedure.?7’2% Tﬁis procedure involves the forma-
tion of an organcborane which first undergoes an intra-
molecular migration to the terminal position then an
intermolecular migration to another olefin resulting in
double bond formation at the terminal position. (See page 20.)
This sequence provided elemicin '(I) in 20% yield., All data

corresponds favorably with elemicin (I) obtained from
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treatment of 4-alliyl- 2 6 ~dimethoxyphenol with pota551um

carbonate and methyl 1od1de..

Pareres — Syorgn

.:) Cfﬁk-C?érﬁN¥a —_—> ;§2>r13h§'67#=chh
B—
'
)
Two other pathways may be envisioned for the conversion
of the aldehyde (IX) into elemicin (I) (Scheme 4), each
having as its first step the treatment of the aldehyde (IX}
with Grignard reagents. Both Grignard approaches proceed to
elemicin (I) in four steps.
One pathway suggests the treatment of the aldehyde (IX)
with vinylmagnesium bromide to yield the allyl alcohol (XII)
which may be converted to the corresponding tosylate (XIII).
Rediuction by lithium aluminum hydride should lead to
iscelemicin (XI) and elemicin (I) via SN2' and S2 mechanisms
respectively.?" 1Isocelemicin (XI) may be isomerized to

elemicin (I) using Brown's procedure.
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The second method involves the treatment of the aldehyde
(IX) with ethylmagnesium iodide to provide the benéy;ic
alcohol (XIV). Dehydration of the alcohol (XIV) ‘with
p~toluenesulfonic acid (p~TsOH)?® in benzene would yield
isoelemicin (XI)" which may be converted into the desired

g

product zié‘Bfoyn's procedure,

The %Etempted treatment of the aldehyde (IX) with
either Grignard reagent yielded clear oils which showed
multiple spogg'bﬂ'thin—layer chromatograms. Although ir and
nmr spectra of compounds partially purified by column
chromatography were taken, identification was not possible
due to the complexity of the products.

3,4,5-frimethoxybenzonitrile (VITII) could be converted
to a ketone by treatment with various Grignard reagents
{Scheme 5). The nitrile (VIII) should be transformed into
the propiophenone (XV) when allowed to react with ethyl-
magﬁesium iodide in anhydrous diethyl ether.®? Reduction of
the propiophencne (XV) with NaBH; should yield the
corresponding benzylic alcohol (X1iV).®® This alcohol,
previously encountered in Scheme 4, would be converted into
.elemicin (I) by the same pathway. Alternatively, the
nitrile (VIII) should yield the acetophenone (XVI) upon
treatment with methylimagnesium iodide.®° The proposed’ path-
way (Scheme 5) for the conversion of the acetophenone (XVI)

into elemicin (I) is as follows:

(a} preparation of the hydroxy-methylene derivative

—----------lI-llllllllllllllllllllllllllllllllllllllli
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(Xviia),®’ “

(b) conversion into the corresponding enol ether
(Xviib),*7 .

(c) reduction with sodium borochydride followed by
treatment with acid to yield the substituted
cinnamaldehyde (XviII)®® and finally,

(d) reduction via hydrazine and base (Wolff-Kishner)
to yield elemicin (I).?*?

‘It is significant to note that the cyclopropyl compound (XIX)

may be formed as a side product if not the major product."®
The reaction of the nitrile (VIII) with ethylmagnesium

iodide gave the propiophenone (XV) in an 84% yield. Accord-
ingly, methylmagnesium iodide when allowed to react with
the nitrile (VIII) provided a 50% yield of the acetophenone

(XVI)-. The remaining steps of the pathways proposed in

Scheme 5 are currently under investigation in this laboratory.




SUMMARY

This research was undertaken because of the frequently
encountered propenyl side chain in naturally occurfing com-
pounds and because this conversion is envisioned as a key
operation in another synthetic problem currently under study
in this laboratory. Since gallic acid (IV) is readily avail-
able and its conversion would lead to a natural product that
has recently generated particular interest, the major geal
was to seek synthetic pathways to this compound, elemicin (I).

Several methods of approach were investigated having as
the key intermediate 3,4,5-trimethoxybenzaldehyde (IX) or
3,4,5-trimethoxybenzonitrile (VIII}). A successful pathway
involved:

1) conversion of gallic acid (IV) into 3,4,5-trimethoxy-
beénzoic acid XV):

2) transformation of the acid (V) into either 3,4,S5-tri-
methoxybenzonitrile (VIII) ot 3,4,5-trimethoxybenzyl
alcohol (X);

3) conversion of either the nitrile (VIII) or the alcohol
{(X) into 3,4,5-trimethoxybenzaldehyde {(IX):

4) transformation of the aldehyde (IX) into isoelemicin
(X1); and

5) conversion of "isoelemicin (XI) into elemicin (I).

Other methods attempted involved the addition of various
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Grignard reagents to the nldnhyﬂo**IX) or the nitrile (VIII).

These did not yield sucelsful 5ynthetic pathways to elemicin
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