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nitrile-(|EII) or the aldehyde (IV) as the key intermediate. 

The conversion of the aldehyde (IV) into isoelemicin via a 

2. 

Wittig'reaci" !fjJ ^owed' "bwn' s procedure resulted lir 

the formation of ereAicin•" (II).' Other^approaches involved 
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J *,., (III) . , 4 • , i u (IV) 

the addition of various Grignard reagents to the nitrile (III) 

and the aldehyde (IV); but these, however, were not<successful 

pathways to elemicin (II). , , • 



INTRODUCTION 

T h e a x o n a t i c " f € r a c t i o n 4 , o f * , t h e v o l a t i l e b l - l 'S o & t a r i n f e d s i p y 

s t e a m d i s t i l l a t i o n s o f ir t h e * c r u s h e d * * s e e d * f r o m * t h e l n u t m e g t r e e , 

t f t 

M y r i s t r i c J U f r a g r a n ' s , • i s r o a r a p o s e d v p r i m a r i ' l y o f ^ t h r e e i l f t a ' j ' o r } 

c o m p o n e n t s , - , e l e m i c i n ( iOv^ » y r d s t i c i h ^ ( ~ i r ) * a n d a s a f r o l e ^ x z c 1 ) . 1 

c a t a l o i j t f o u by ^« 4*̂ > *> v$ » » . - t w i i at* * I*WJMM^ r ;.,. & i s a j t - d e r s o f 
t h e ^CHz—gH^£!iz ><W*CMrfMz'* * * t ^ ^ v G H T G H z 

>\s-k i n n . ' , .?*M* | t / £ P ! V k * i * J i . c a h a ? . d o * | £oj^*|3« F o l k 

'^• l c:**-(I )#>-.? d *H.#s. i )L "A ( P I ) a l 4 s o L n c l u u e i t i (EE. i . ) e f" *M a' 

ohr«. T h e s e c c o m p o u n d s i a r e < i s u s p e c t e c b o f r c o n t r i b u t i n g t o t h e 

p s y c h o a c t i v e e f f e c t p r o d u c e d o w h e n r l a r g e ^ d o s e s . o f n u t m e g 

( o r i m a c e ) ' a r e ^ i n g e s t e d . 2 - L a b o r a t o r y e f f o r t s d i r e c t e d ^ - t o w a r d 

t h e t o t a l s s y n t h e s i s o f t h e s e c o m p o u n d s : h a v e b e e n , n u m e r o u s * - ' % ' 5 

E v e n t h o u g h > t h e p r e s e n t r e s e a r c h p r o j e c t s i n c l u d e s " t h e t o t a l 

s y n t h e s i s o f ^ c n e ? o f ' t h e s e c o m p o u n d s , e l e m i c i n ( l ) f ; t h e t p r o 

j e c t : h a s a s i t s ^ m a i n p u r p o s e t h e i n v e s t i g a t i o n o f t h e . c o n 

v e r s i o n o f a c a r b o x y l i c a c i d g r o u p t o a p r o p e n y l g r o u p . 

U n d e r s t a n d i n g t h i s c o n v e r s i o n i s i m p o r t a n t b e c a u s e o f - t h e 

f r e q u e n t l y e n c o u n t e r e d p r o p e n y l s i d e c h a i n i n n a t u r a l l y 

o c c u r r i n g c o m p o u n d s a n d b e c a u s e ' t h i s c o n v e r s i o n i s e n v i s i o n e d 

a s a k e y o p e r a t i o n i n a n o t h e r s y n t h e t i c p r o b l e m c u r r e n t l y 

u n d e r s t u d y . . ' i n t h i s l a b o r a t o r y . 



HISTORY 

T h e spices, nutmeg and mace, obtained from t h e nutmeg 

tree, Myristica fragrans (family Myristicacease), have long 

held an important place in folk medicine. Early in the 7 

century A. D. r 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 1 attributed to Myristica has developed. Folk 

practitioners have prescribed Myristica as beneficial for 

such diverse m a l a d i e s as kidney disease, lymphatic ailments 

and cardiac diseases. Claims also include its power as an 

aphrodisiac, a carminative and s o p o r i f i c . 2 ' 6 

The end of the 19 century saw a resurgence of 

M y r i s t i c a 1 s importance as a medicine when it w a s 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. 7 

T h e 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 o f Myristica when deliberately ingested. 8 

Most of the information on nutmeg as a psychoactive drug, 

however, comes from undocumented anecdotes. 

Many naturally occurring as well as synthetic compounds 
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containing the trimethoxybenzene^ system, have been found to 

exert pharmacological actions. VA0'.-11 The difference in, the 

activity of these different trimethoxybenzene derivatives 

might be attributed to the various attachments to the 

trimethoxybenzene structure. 

An investigation offitfie^cHemicai c o m p o n e n t s ^ o f ^ h e fruit 

I v J J — ™ * - ™"fe» | ( \ \ 

from the nutmeg^tree was reported as early as j3.67.J5i1 f There 

are two^clasaical ways of extracting the potentially v 

interesting material from the whole fruit. Subjection of the 
i 

t o t a l c r u s h e d s e e d t o s t e a m d i s t i l l a t i o n r e m o v e s t h e / v o l a t i l e 
i 2t*y-

oil fraction, some 10 to 15% of the weight. Extraction with 

an organic solvent, however, removes the fixed oilsr which 

include the volatile coils; the fixed oils make up, about a ^ 

third of ,-the^otal original *weight?4 The physiological effect 

} , ' A j ^ s — ™ ~ r * / - v i 

of Myristica. istgenerally agreed>tto be attributedJto the 

volatile oil's. The ..Volatile fraction is composed primarily of terpenesM<(8;0%) and aromatics (20%). Three major 

components, elemicin (I), myristicin (II) and safrole (III), 

constitute nearly 90% of the second group, 1 

Interest in the development of a laboratory synthesis 

of elemicin began early in this century, the first being 

reported in 1918. 3 This synthesis, diagrammed in Scheme I, 

was carried out by F. Mauthner and sets the general approach 

followed by other investigators. 1 3 Later syntheses involve 

the conversions of other related volatile oils to 

http://j3.67.J5i1
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elenricin.*' 1 1" 1 5 The w m m s m ® ^ 4 esis, reported in 
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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 m l 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 HC1. 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° (lit. 1 7 167°). The carbonyl infrared absorption 

band was observed at 1680 cm 

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 



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 ammonium 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. 1 6 176-178°). 

The major infrared absorption bands were observed at 32 67 and 

1660 cm" 1. 

Preparation of 3,4,5-Trimethoxybenzonitrile (VIII). 1 9 

A solution of 8 g (0.038 mole) of the amide (VII) in 20 ml of 

hot 1,1,2,2-tetrachloroethylene was treated with 4.0 g of di-

phosphorus pentoxide (P.0lfl). The reaction mixture was 

stirred under reflux for one hour; then another 4.0 g of 

p4°i n w a s a <^ e <^" 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 portions 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 long needles, mp 92-94° (lit. 2 0 92-94°). 

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

(a) Diisobutylaluminum hydride method. 2 1 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 m l 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 of 24.8% 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 t w o hour period. After 

the addition was complete, the solution was carefully 

poured into 250 ml of 5% H 2 S p . solution, and this mixture 

was stirred for one hour. The reaction mixture was then 

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 2 77-78° ). The carbonyl 

absorption band in the infrared was observed at 1690 cm 

(b) Raney nickel method. 2 3 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 

7 0 ml of 7 5% ethanol, the reaction mixture was decanted from 

the 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 
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y i e i d t 4 , Q: 9 * L 8 . < W i o f ^ f c h e ^ a l d e h y d e ^ K ^ ^ 
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A l s p l u t i o n - c p l ^ g ; ! a f t h e f a c i ^ a ( V ) ^ m 2 - O ^ a l ^ dry^ t e t r a h y d r o -

furan.«v(^F.)-t%%s^ a d a e d ^ . d r o p w i s e ^ ^ a . s t i r r ^ ^ s p l u t ^ o f ^ 

0 . > 2 5 * g o f tflithium^alujE^^ j j f t d r y 

T H F x - i A f t e r ^ r e f l u x i n g ^ f o r ^ o n e , h o u r « u n d e r a . n i t r o g e n a a t m o s - , ^ 

p h e r e ^ t h e ^ e a c t i o n c m i x t u r e v w a s ¥ c a r e f u l l y i d i l u t e d , w i t h , w a t e r , 

a c i d i f i e d o w i t h . , c o n c e n t r a t e d , h y d r o c h l o r i c j a c i d , „ a n d f . e x t r a c t e d 

s e v e r a l e t i m e s w i t h o c l i e t h y l , , e t h e r . T h e c o m b i n e d e t h e r l a y e r s 

w e r e w a s h e d & w i t h c o l d s 1 0 % r N a O H . s o l u t i o n . a n d ^ a ^ s a t u r a t e d - . 

C--,T.̂v***-~-̂  
s a l t o s o l u t i o n r f - . ^ A f t e r d r y i n g ^ o y e r ^ a n h y d r o u s . m a g n e s i u m . s u l 

f a t e , c t h e ^ e t h e r p l a y e r t w a s ^ f i l t e r e d . ^ a n d , e v a p o r a t e d , , . y i e l d i n g 

0 , ? 7 0 4 v g r j ( 7 5 % ) ^ o f ^ a ^ c l e a r ^ o i l . N o c a r b p n y l 4 | i n f r a r e d . * a b s o r p -

t i o n b a n d e w a s i e v i d e n t j . . i 0 W , t l l / J , » , : » ( f e ^ , , t h r a t t . c , - ^ f t 4 

1 0 . j u P r e p a r a t i o n o f , 3 , 4 , 5 - T r i m e t h o x y b e n z a l d e h y d e ( I X ) f r o m 

A l c o h o l s . (X)?« 2 * t A b s o l u t i o n o f ^ S p O ^ m g ^ o f t h e , a l c o h o l . , (X) i n 
— _ ™ — — --« ^ ^ --- - ••<• .* . .. 
25 mlnof petroleum ether,was stirred with, 500 mg^of freshly 

prepared manganese dioxide for. one hour. The manganese 
•* i t>' - ~ • . 

dioxide-was,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, r , f . , 
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Preparation of Isoelemicin (XI).2 6 A solution of 

vn-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. 2 7 ' 2 8 

A 100 m l 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 B 0 H t genera-

tor. After flushing the entire system with nitrogen, 1.4 g 

(0.0067 mole) of crude isoelemicin (XI) in 10 m l of diglyme 

was added into the flask. The B 2 H g was generated from 1.0 g 

of NaBHj in 10 m l of diglyme and 5 g of BF--etherate also in 

10 m l of diglyme. The B 2 H g , 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 R- value of 

0.557. That portion of the silica gel containing the 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 R f value were 

identical with those obtained from a known sample of 

elemicin (I). *. 

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

propene (XII). 2 9 Two hundred fifty milligrams (1.28 mmole) of 

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

50 m l 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 acidification 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" and no carbonyl absorp

tion, the occurrence of several spots on TLC plates indicated 

the heterogeneous nature of the oil. • 

Preparation of l-(3,4,5-Trimethoxyphenyl)-l-propanol 

(XIV) . 2 9 Magnesium turnings (0.2 83 g; 0.01 mole) and anhy

drous diethyl ether (10 ml) were placed into a flask 

equipped with a nitrogen flushing system, a magnetic stirrer 

and a dropping funnel which contained a solution of 0.8 m l 

(1.56 g; 0.01 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 m l 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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This 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 showed 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 m l 

of ethyl iodide (6.017 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), m p 51-52° 

(lit. 3 1 52°). The carbonyl absorption band in the infrared 

spectrum was observed at 168 9 cm" . The nmr spectrum showed 

peaks at 61*2 (triplet), 62.9 (quartet), 63.8 (singlet) and 

67.1 (singlet). 

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

The procedure used was the same as that used for the prepara

tion of the propiophenone (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 m l of anhydrous diethyl ether. 

The reagent was allowed to react with 10,2 g (0.05 mole) of 

the nitrile (VIII) in 50 m l 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 (50%) of the acetophenone (XVI), m p 78° (lit. 3 1 78°). 

The carbonyl absorption band in the infrared spectrum was 

observed at 1689 cm" . The nmr spectrum showed peaks at 

62.5 (singlet), 63.85 (triplet), and 66.75 (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. This well-established procedure gave a very high 

yield (90%) of the trimethoxy acid (V).17 

C H 2 - C H = C H a i 
COzH 

The various transformations of the acid (V) to 

3, 4,5-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 
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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. 1 9 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 diisobutylaluminura 

hydride (Dibal) or Raney nickel yielded 3,4,5-trimethoxy-

benzaldehyde (IX). 

The Dibal reduction was carried out in a benzene 

solution under an atmosphere of nitrogen. 2 1 A solution of 

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). Isolation and recrystallization from petroleum ether 

provided the aldehyde (IX) (mp 74°) in 54% yield. 

The Raney nickel 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°. 2 3 Dilution with 

aqueous 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. 2* The reaction mixture was refluxed for 

one hour, acidified, and the organic layer removed. Evap

oration of the solvent yielded 3,4,5-trimethoxybenzyl alcohol 

(X) as a clear oil which showed no carbonyl absorption in the 

infrared spectrum. The benzyl alcohol (X) dissolved in 

petroleum ether was treated with manganese dioxide for one 

hour. 2 5 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 p r o c e d u r e . 2 7 ' 2 8 This procedure involves the forma

tion of an organoborane 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-allyl-2,6-dimethoxyphenol with potassium 

carbonate and methyl iodide. 3 2 

CH=CH-CH3 

> 

CHrCH-CH5 

a -

> 

CHrcHrCHz 

6 -

CHrCH=CHz 

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 

ei emic in (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). 3 3 

Reduction by lithium aluminum hydride should lead to 

isoelemicin (XI) and elemicin (I) via S N 2 ' and S.,2 mechanisms 

respectively. 3 1* Isoelemicin (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 benzylic 

alcohol (XIV). Dehydration of the alcohol (XIV) with 

p-toluenesulforiic acid (p-TsOH) 3 5 in benzene would yield 

isoelemicin (XI)" which may be converted into the desired 

product via Brown's procedure. 

The attempted treatment of the aldehyde (IX) with 

either Grignard reagent yielded clear oils which showed 

multiple spots on 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-Trimethoxybenzonitrile (VIII) 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-

magnesium iodide in anhydrous diethyl ether. 3 0 Reduction of 

the propiophenone (XV) with NaBH, should yield the 

corresponding benzylic alcohol (XIV). 3 6 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 methylmagnesium iodide. 3 0 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 
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(XVIIa), 3 7 

(b) conversion into the corresponding enol ether 

(XVIIb), 3 7 ; 

(c) reduction with sodium borohydride followed by 

treatment with acid to yield the substituted 

cinnamaldehyde (XVIII) 3 8 and finally, 

(d) reduction via hydrazine and base (Wolff-Kishner) 

to yield elemicin (I). 3 9 

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

may be formed as a side product if not the major product.* 0 

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 

( X V I K 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 occurring 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 goal 

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-trimethoxyr-

benzoic acid (V); 

2) transformation of the acid (V) into either 3,4,5-tri

methoxybenzonitrile (VIII) or 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 

(XI); 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 aldehyde (IX) or the nitrile (VTZI) 

These did n o t yield sucessful synthetic pathways to elemicin 

/ 

> h . 
*rtt 

•**• '* •. ' 
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