
AN IMPROVED SYNTHESIS OF ACETOSYRINGONE1 

ABSTRACT 

Acetosyringone has been synthesized from acetovanillone, in better than a 
50% yield, through conversion to  5-iodoacetovanillone followed by its inter- 
act1011 with sodium methoxide in the presence of copper catalyst. The previously 
unreported intermediate, 5-iodoacetovanillone, was characterized by methyl- 
ation to 5-iodoacetoveratro~~e and subsequent oxidation to the known 5-iodo- 
veratric acid. 

One of the more fruitful fields of research oil the chemical structure of lignin 
has been that of oxidation (3). By means of the alkaline nitrobenzene oxidation 
of wood meal itself, or of isolated lignins, good yields of the phenolic aldehydes 
vanillin and syringaldehyde have been obtained, along with lesser amounts 
of acetovanillone* (4-hydroxy-3-methoxyphenyl methyl ketone) (I) and 
acetosyringone* (4-hydroxy-3,5-dimethoxypl1ei1yl methyl ketone) (111). With 
respect to the structure of lignin the latter two derivatives, being CG-C-C 
fragments, are of more structural significance than the former more highly 
degraded CG-C derivatives. In order to study the problems associated with 
the separation of these four lignin derivatives from admixture, it was necessary 
to have available pure samples of each compound. Vanillin and acetovanilloile 
are available commercially and syringaldehyde may be synthesized by any of 
several methods (1, 11, 10, 13), but the reported syntheses of acetosyringone 
have been difficult and have resulted in poor over-all yields. The present work 
describes an improved two-stage synthesis of acetosyringone from aceto- 
vanillone. 

Synthetic acetosyringone was reported first by Bradley and Robinson (2), 
who used a multistep synthesis starting from 0-benzylsyringoyl chloride and 
ethyl acetoacetate, alid who reported that their product melted a t  117OC. 
Later, Mauthner (8) described the more direct synthesis involving the 
aluminum chloride catalyzed rearrangement of 2,G-dimethoxyphenyl acetate. 
Leger and Hibbert (7) and later Pepper and Hibbert (12) used this method 
of Mauthner and prepared acetosyringone melting a t  120.5-121.5°C. and 
121-122OC. and in yields of 11 and l2.GY0 respectively. A new synthesis has 
been effected starting from acetovanillone (I) according to the following 
equations: 

lMa?zuscript received J z ~ n e  25, 1956. 
Contribution froin the Departlnent of Cke~nistry,  University of Saskatchewan, Saskatoon, 

Sask. 
*The  narrtes acetouanillo?ze and acetosyringo?ze and those of their corresponding derivatives 

are z~sed extensively i n  the literature and hence are used tlzrouglzoz~t this paper. 
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'The procedure of Carles (4) for the iodination of vanillin, involving the 
addition of a methanolic solution of iodine to a warmed aqueous solution of 
vanillin, was applied to the iodination of acetovanillone, and a product 
obtained in 5.6y0 yield, after recrystallization from acetic acicl, 1n.p. 175-177OC. 
A modification of the procedure used by Erdtman (5) for the synthesis of 
5-iodovanillin, whereby the sodium hydroxide was replaced by sodium car- 
bonate, gave rise to an iodinated derivative, in 82.5% yield, m.p. 172-174OC. 
No depression of melting points was found in admixture of samples of the 
iodinated products made by the two methods. 

Since 5-iodoacetovanillone was previously unreported, it was first necessary 
to prove the structure of the iodinated product. The position of the ring- 
substituted iodine could be proved if the unknown were oxidized to a product 
identical with an authentic sample of 5-iodovanillic acid. All attempts to 
isolate 5-iodova~iillic acid from the alkaline liquors of either sodium hypoiodite 
or sodium hypobromite oxidations were unsuccessful. Fuson and Bull (6) have 
reported that haloform reactions on either hydroxy- or nitro-acetophenones do 
not result in formation of the expected acids even though the haloform itself 
may be formed. Attempts to oxidize 5-iodovanillin by the method of Pearl 
(9), using silver oxide, mere also unsuccessful. 

The folloliling series of reactions served to characterize the unknown as 
5-iodoacetovanillone. 

The unlaiown was converted by methylation to 5-iodoveratryl methyl ketone 
(IV) and hence to 5-iodoveratric acid (V) by oxiclation with potassium per- 
manganate. This last compound was identical with a sample of the acid 
prepared by the methylation of 5-iodovanillin (VI) to 5-iodoveratraldehyde 
(VII) followed by oxidation. 

The 5-iodoacetovanillo~~e was then co~lverted to acetosyringone (111) by a 
procedure similar to that whereby 5-iodovanillil~ had been converted to 
syringalclehycle (13), i.e. by the interaction with methanolic sodium methoxide 
a t  elevated temperatures in the presence of copper catalyst. The crude 
acetosyringone was purified by recrystallization from water. The results of 
six such experiments are given in Table I. 
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TABLE I 
REACTION OF 5-IODOACETOV.~NILLONE WITH SODIUM &lETHOXIDE USING COPPER CATALYST 

dcetosyringone 
Run Temp., Time, MeOH-sol.,* 

"C. hr. gm. From water From mother liquor 

Wt., p . ,  I t .  M.p., 
gm. C. gm. "C. 

I 149-151 I 8.0 4.1 116-123 1.5 ~in-gn 

*Tlzeoretical yield of acetosyringone, 9.4 gpn. 
tReaction mixture lzeated to 135OC., tlzen cooled inznzediately. 

All melting points were determined using a Fisher-Johns melting point 
apparatus and are uncorrected. 

Syntlzesis of 5-Iodoacetova~zillone 
(a) Acctovallillolle (5.1 gm.) was dissolved in water (100 ml.) and a solutioil 

of iodine (3.0 gm.) in methanol (100 gm.) mas added. The misture was well 
stirred and inaintailled a t  a temperature of 50°C. for 24 hr. After the mixture 
was cooled, the resultant precipitate was removed by filtration and was 
recrystallized from acetic acid, to yield a product (0.5 gm., 5.6%), n1.p. 
175177°C. 

(b) Acetovallillone (50 gm.) and sodium bicarbollate (16.0 gm.) were 
dissolved, with warming, in water (300 ml.). T o  this a solution of iodine 
(75.6 gm.) dissolved in a solution of potassium iodide (83.0 gm.) in water 
(400 ml.) was added slowly with stirring whilst the temperature was maintained 
a t  80°C. After the addition of approximately 25% of the iodine solution a 
yellow precipitate appeared. After complete addition, the resultant solutioll 
was decolorizcd with a minimuin quantity of sodium thiosulphate and filtered 
while hot. After the precipitate collected, it was \vashed with water (500 ml.) 
and dried; yield 72.5 gm., 82.5%, m.p. 172-174OC. After recrystallization of 
the precipitate from ethanol-water, then ethanol, the melting point was 
178-179°C. Calc. for C~H9031: C, 37.00; H,  3.11%. Found: C, 37.02; H ,  3.11%. 
The ;6-1~itropl1enyll1ydrazo1~e melted a t  212-213OC. A mised melting point 
with the sainple prepared by Carles' method gave no depression. 

Clzaracterization of 5-Iodoacetovanillone. 5-Iodoveratraldekyde 

5-Iodovanillin (3 gm.) and sodium bicarbonate (20 gm.) were heated in 
water (100 ml.) to 55OC. Dimethyl sulphate (6.7 gm.) was added dropwise 
during one half hour, the temperature being maintained a t  55OC. On cooli~lg, 
the mixture was extracted with ether (100 ml.), and the ether extract washed 
with N sodium hydroxide, dried, and collcentrated to yield white crystals; 
yeild 1.24 gm., m.p. 70-72OC.; reported m.p. 72-73OC. (14). 
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5-Iodoveratric acid f rom 5-iodoveratralde1zyde.-5-I~doveratraldeh~de (1.24 
gm.) was added to pyridille (6 ml.) and the mixture inaiiltaiiled a t  55°C. 
during the slow addition of potassium permangallate (3%, 8 ml.). After 
removal of the precipitated manganese dioxide, the filtrate was discolored ~ v i t h  
a little sodium bisulphite, poured into water, and acidified with coilceiltrated 
hydrochloric acid. The crude product that precipitated (0.67 gm., 51y0), n1.p. 
179-180°C., was purified by reprecipitation, by acidification, from an ether- 
extracted allraliile solution; 1n.p. 183-183.5"C.; reported m.p. 184-183°C. (13). 

5-Iodoacetoveratro7ze.-.A solution of 5-iodoacetovanillo~~e (1.2 gm.), dimethyl 
sulphate (2.7 gm.), and ethanol (7 ml.) mas heated to reflux. Sodium hydroxide 
(10 N ,  3 inl.) was added dropwise over a period of 13 min. After the further 
addition of dimethyl sulphate (2.7 gm.), sodiuin hydroxide (10 N ,  3 ml.), the 
mixture was refluxed for one-half hour and poured into maler (200 ml.). The 
alkaline solution was extracted wit11 ether (2 X 50 ml.); the extract, after 
drying and concentratioll, J ielded crude 5-iodoacetoverati-one, 1.0 gm. (79%), 
1n.p. 73-77°C. Recrystallizatioil from ethanol-water, then ethanol, gave white 
crystals, 1n.p. 78-70°C. Calc. for CIOHIIOJI: C, 39.23; H ,  3.62y0. Found: C, 
39.17; I-I, 3.64y0. No previous report on this compou~ld could be found. 

5-Iodoveratric acid jrom 5-iodoacefoueratrone.-5-Iodoacetoveratroile (1.0 
gm.) mas dissolved in pyridine (10 ml.) and the mixture heated to 60°C. 
during the addition of potassiuin permailgallate (5%, 30 ml.) in 5 ml. 
portions. After removal of the lnailgallese dioxide, the filtrate was discolored 
with sodiu~n bisulphite, made alkali~ie with sodium hydroxide, and extracted 
with ether. The aqueous layer, alter acidification, was extracted I\-it11 ether 
(100 1111.). Froin this extract, after drying and co~lcentratioi~, 3-iodoveratric 
acid mas obtained (0.33 gm., 33%), 1n.p. 183-154°C. A  nixed melting point 
deterilliilatio~l on samples of the acid made by both methods showed no 
depression. 

Acetosyringo7te 
A typical synthesis is as follo\r-s: Sodiunl (12 gm.) was dissolved in 

anhj-drous methanol (300 1111.) and this solutioil together with copper powder 
(B.D.H. precipitated, 7.7 gm.) and 5-iodoacetova~~illoile (14 gm.) was heated, 
~v i th  shaking, in a bomb, capacity 1410 ml., of an Xini~lco high pressure 
hydrogenator, iVIodel KO. 406-OlDX. Temperature control mas &4"C. At the 
end of the specified reaction time the bomb was cooled and the co~ltents rinsed 
into a beaker with water (600 inl.) The copper catalyst n-as removed by 
filtration and the filtrate acidified with concenti-ated hydrochloric acid. This 
precipitated any unchanged 5-iodoacetovanilloi~e, xvl~ich mas much less 
soluble, ca. 1/200, than the required acetosyringone. The filtrate was extracted 
with chlorolorm (6 X 200 inl.) and the extracl mas then washed with 3y0 
sodiunl thiosulphate (100 ml.), then wit11 water (2 X 100 inl.), and fillally 
evaporated under reduced pressure to dryness. The residue 11-as extracted 
with methanol (100 ml.) ulhereby some red colored impurities were separated 
as  a methanol-insoluble portion. Evaporatioil of the methanol gave the crude 
acetosyringone, which was crystallized from water. A sample recrystallized 
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from water, then Skellysolve "C", melted a t  123-124°C.; reported m.p. 
121-122OC. (12). Calc. for C10H1204: C, 61.21; H ,  6.17%. Found: C,  61.40; 
H ,  6.14%. The p-nitrophenylhydrazone melted a t  193.5-194.5OC.; reported 
m.p. 194.5-195.5OC. (7). 
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