
Assuming the activity coefficients y+ a t  25' C to be the average of results a t  20' C 
and 30' C ,  changes in partial molal entropy were calculated froin the expression 

[31 L?2-S2* = (Hz-Iz2;"/T-3.972 In (y+m/y+*,m*). 

The calorimetric results (1) were used for the enthalpy difference rather than the 
estimates of this quantity from osmotic data. The resulting curve is plotted in Fig. 3. 
The increase in entropy on micellization is about 5.5 cal mole-L deg-I and is of course 
equal to AH,/T. Goddnrd, Hoeve, and Benson (1) have drawn attention to the impor- 
tance of changes in solvent structure in the process of micelle formation. The observed 
increase in entropy is explicable on this basis. 
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THE SYNTHESIS OF A LIGNIN MODEL SUBSTANCE: 
3-HYDROXY-1- (4-HYDROXY-3,5-DIMETII0XYPHENYL)-2-PROPANONE 

A study of the ethanolysis (1) of 3-hydroxy-l-(4-hydroxy-3-i~~etl~oxypl~ei~yl)-2-pro- 
panone (I (R))  (0-oxyconiferyl alcohol) has provided considerable evidence for the 
presence in the lignin coi-nplex of the side chain -CI-12-CO-CH20H or its enolic 
fori11. Gardiler has shown (1) that the four Hibbert monomers (11-V) are produced by 
the ethanolysis of I. 

R(R1)-CH2-CO-CH20H 
I 

They have been shown previously to be released by the etha~lolysis of spruce wood and 
various isolated lignins (2). Hibbert has proposed a series of interconversions (3) relating 
the production of 11-V froill I. Such a scheme would account for the proved absence of 
primary alcoholic groups in these isolated propylphellyl lig~lin monomers as contrasted 
with the presence of such groups in lignin derivatives obtained by other degradation 
procedures such as hydrogenation (2) and as evidenced fro111 general analytical data. I t  

Can. J. Chem. Vol. 37 (1959) 
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also esplailis the fact tha t  carbon-methyl groups are present in these ethanolysis pro- 
clucts and in other isolated lignins (4, 5) but  not in protolignin itself (4). 

From maple woocl, by ethanolysis, the corresponding syringyl (R' = 4-hydroxj~-3,5- 
dimethoxyphenyl) allalogues were isolated in acldition to,  and in greatel- yield than, the 
guaiacyl members, 11-V (2). Although it is logical to assulile tha t  these lilonomers 
woulcl be producecl by the ethanolysis of tlie previously unreported 3-liydroxy-1-(4- 
hydroxy-~-3,5-di~i~et11ox~~p1~e~~yl)-2-prop~101ie (VI),  this assumpti011 has yet to be 
proved. Of greater interest woulcl be tlie comparison in yield of the rearraligeinent 
products obtained through ethanolysis of the two analogues. In  the degraclation of 
hardnroocl lignins, syringyl derivatives are obtained in greater abundance than are the 
corresponcling guaiacyl members. A comparative study of the yield of the proclucts 
obtained b57 the various established techniques of ethanolysis, oxidation, and hydro- 
genation as  applied to I (R and R') would assist in estimating the ratio of guaiacyl to  
syringyl nuclei in angiospernl protolignin. 

This note records the synthesis of 3-liydroxy-1-(4-hyclroxy-3,5-climethoxyphe~~yl)-2- 
propanone. The  nlethod is similar to tha t  used to prepare the analogous P-oxyconiferyl 
alcohol (6). I-Iomosyriiigic acid, prepared by three different routes, was acetylated, then 
convertecl via the acid chloride, through the diazomethyl lietone, to the 0-acetyl derivative 
of I (R') which on hydrolysis gave I (R'). Several of the intermediate co~npoullds are  
reported here for the first time. The  yields of the syringyl derivatives are collsistently 
lower than those of the corresponding guaiacyl compouncls. 

EXPERIMENTAL 

,411 melting points are uncorrected. Infrared spectra were nleasured with a Perlcin- 
Elmer 3Iodel 21 spectrophotometer using sodium chloride optics. 

Syntheses of Honzosyringic --I c id 
Via Mfillgerodt Reaction (Kindler ~l~od$cation) 
Hornosyringic acid was obtained starting from acetosyringone (7) by the adoption 

of the method used by Schwenlc and Papa (8) to synthesize p-liydroxyphenylacetic. T h e  
product, obtained in only 6.7yo yield, was recrystallized froin water (Norite) to give 
fluffy white crystals, m.p. 130-131'; reported 11i.p. 132.5-134.5' (9). Previously a similar 
synthesis in these laboratories of holnovanillic acid from acetovaliillo~le had been achieved 
in a 43y0 yield. Arlt et al. (9) also reported the synthesis of horilovallillic acid b y  this 
method. 

Via Syrzngal Rhodanine 
Syringa1 rhodanine.-To a lnixture of syringaldehyde (41.0 g ) ,  rhodanine (29.9 g ) ,  and 

freshly fused sodium acetate (51.3 g) was added glacial acetic acid (365 ml) and the 
mixture refluxed for 40 minutes. T h e  hot reaction mixture was decanted into vigorously 
stirrecl water (1030 ml),  and after the ~nixtui-e had been stirred for 3 hours, the product 
was collected, washed ~vell with water, and dried under vacuum. The  yield of crude 
syringa1 rhoclanine nras 59.4 g (S9%), m.p. 242-246' (decomp.). Three recrystallizatio~ls 
from n-butanol (Norite) gave orange microcrystals, m.p. 258-238.3' (decomp.). Calc. for 
ClrHllKOeS?: C, 48.5; I-I, 3.72; OCFIa, 20.9%. F O U I I ~ :  C ,  48.5; PI, 3.74; OCH,, 21.0%. 

~-Thioketo-~-(/t-hydroxy-S,5-dimethoxy~Aenyl)-pyr~~vic acid.-To syringa1 rhodanilie 
(3.0 g) was added 15yo soclium hydroxide (19 1111) and the mixture refluxed for 45 
minutes. T h e  red solution was cooled to 0' and acidified rapidly using 10yo l~ydrochloric 
acicl. T h e  1-ield of the crucle precipitated thiolieto acid was 2.4 g (92.7y0), n1.p. 123-125'. 
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NOTES 2001 

Several reprecipitations of the product from saturated sodium bicarbonate solutio~l 
yielded dense, orange-yellow crystals, m.p. 130-131'. Calc. for CllH1205S: C ,  51.5; 
OCMn, 24.2%. I'OLUI~: C ,  51.1; OCHn, 24.1%. 

a-Osinro-~-(?/-hydroxy-S,5-d~i~~zef.hoenyL)-pyr~~uic acirE.-I-Iydroxylanli~le hydrochlor- 
ide (4.1 g) nras dissolvecl in water (4.3 1111) ancl neutralizecl with a solutio~l of sodium 
(1.75 g) in ethanol (45 ml). After filtration, the base was adcled to a-thioketo-6-(4- 
hydroxy-3,5-dimet1~osy11henyl)-pyr~~vic acid (5.G7 g) and the mixture refluxed on a 
steam bath for GO minutes. Cooli~lg to 0' gave fluliy white crystals, xvhich were filtered, 
xvashed with ethanol, and driecl. From the mother liquor was obtaiued a further 0.6 g, 
the combined yield being 4.2 g (75L;j0), 111.11. 219-2310' (decomp.). Calc. for C111-11nN06: 
(XI-13. 24.3y0. Found: 0CH3,  24.2%. 

A~lcetyll~.oino.~yri~agoilitrile.-a -0xi111ino-6- (4-hyclrosy -Y,5 -dimethosyphenyl) -1)yruvic 
acid (8.7 g) was treated with acetic anhydricle (32.8 ml), the mixture warmed gently until 
solutio~l of the oximino acid ancl the evolutio~l of carbon clioxide were complete and then 
reflused for 2 hours. Removal of the escess acetic anhydride yielclecl the crude nitrile, 
n1.p. 84-89'. Several rccrystallizatiolls from petroleum ether (80-100') (Xorite) gave 
white crystals, m.p. 96-96.5'. Calc. for C12H1~I"\:04: 0CI-13, 26.4%. Found: OCI-13, 25.8y0. 

ZIoviosyringic ac-id.-Potassium hydroside (7.84 g) was clissolved in a mixture of water 
(46.8 1111) ;uld et11:unol (52.1 ml) and this solution added to acetylhomosyringo~~itrile 
(6.0 g). After it was refluxecl for 13 hours the solution was con cent^-ated, under reduced 
pressure, to I-emovc the ethanol. After it had cooled, the reaction l l l i s t~~re  was acidified 
~ r i t h  dilute hycll-ochloric acid (40 ml) anel the precipitated acid collected a t  0' and 
driecl. The yield of cl-uclc acicl \\,as 4.4 g (81.5yo), m.p. 100-104". Four recrystallizatio~ls 
fronz water (Norite) gave white necclles, m.p. 126-128'. 

1-ia -1zlactone Synthesis  
I-Iomosyringic arid was also prepared fl-om syri~lgaldehyde by means of the inter- 

mediate azlacto~lc (9). Rccr>.stallizations of this product fro111 water (Norite) gave white 
cr>.stals, m.p. 130.3-132". 

Syntlleses oj' 3-IIydroxy-l-(.~-Izydrosy-3,5-dinzetlzo.~ypI~enyl)-2-propa~zone 

A 1  cetylhornosyring~c ilcirl 
I-Iomosyringic acicl (1.1'7 g) ivas dissolved in 37yo sodiunl hydroxide (2 ml) containing 

crushed ice (ca. 3 g). After the addition of acetic anhydride (0.75 1111) the cooled solution 
xvas shaken for 2-3 ~uinutes. -1cidificatio1l with G iV llydrochloric acid (5.3 ml) produced 
an oil which crystallized slon-ly. The yield of crude acetylhomosyringic acid was 0.92 g 
(65.6%), m.p. 117-119.5'. Rccrystallization fro111 nrater (Iiorite) gave white flakes, m.p. 
120-1311". Calr. for C121-11406: C, 56.7; I-I, 3.55; OCI-13, 314.4%. Found: C,  55.9; I-I, 5.68; 
OCII3, 24.3%. 

.lcetyll~onzosyri~zgoyl Chloride 
'To a solution ol acctylhomosqringic acid (1.5 g) in dry benzene (3.0 ml) was added 

freshly purified thio~l>.I chloride (1.35 ml). The I-esulting solution was refluxed, under 
nitl-ogen, for 1.5 hours. The excess tllio~lyl chloride was I-emoved by the successive 
addition and distillation of 5X2.0 ml of benzene. Removal of the excess benzene left 
the crurle acyl chloridc as a red, viscous oil weighing 1.63 g. 
A cetylkomosyringoyl Diazometha?ze 
The above acetylhomosyringoyl chloride (1.63 g) was dissolved in dry benzene (4.3 ml) 

and the solution adcled clropivise to a vigorously stirred solution of diazomethane, a t  0°, 
preparecl by dissolving the cliazomethane fro111 5.1 g of N-nitrosomethylurea in GO 1111 of 
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diethyl ether. The solution was allowed to warm slowly to rooill temperature and react 
overnight. Removal of the solvents under reduced pressure (nitrogen) left , a  viscous, red 
oil weighing 1.7 g. 

3-Hydroxy-1 -(J-hydroxy-S,5-dimethoxyplzeny1)-2-propanone 
Acetylhomosyringoyl diazomethane (1.7 g) was dissolved in chloroform (2.15 1111) ancl 

this solution added dropwise, with vigorous mechanical stirring, to water (45 1111) i l l  a 
three-necked flaslc fitted with a stirrer and a condenser. The illixture was heated on a 
steam bath a t  93' for 4 hours. Dilute hydrochloric acid (0.76 ml) was added to bring 
the solution to PI-I 1 and the heating and stirring continued for 1 hour. Decolorizing 
carbon (0.75 g) was added and the heating continued for a further 1 hour. The hot 
solutioi~ u7as filtered, the yellow filtrate cooled to 5O, and exhaustively extracted with 
6x25-1111 portio~ls of ethyl acetate. These coillbiiled extracts were dried over anhydrous 
magnesium sulphate and the solvent removed under reduced pressure a t  room tern- 
perature to leave a viscous, pale red oil. Considerable difficulty was experienced in 
effecting crystallization, but after thorough drying by the addition and evaporation oE 
three successive portions of dry benzene followed by cooliilg in a dry ice - acetone 
bath, with scratching, the oil crystallized (0.46 g). Five recrystallizations from dry 
benzene gave cream-colored crystals, 1n.p. 106.5-107.5°. Calc. for CllHlJOj: C,  58.4; 
I-I, 6.23y0. Found: C, 58.8; I-I, G.4GyO. Infrared spectrum: 3453 cm-I (broad) and 329.5 
cm-I (broad) (hydroxyls); 1700 cm-I (carbonyl); 1611 cm-I and 1515 cm-I (aromatic 
ring). 

The authors are grateful to the Sasl;atchewan Research Couilcil for coiltiilued financial 
assistance and to the Ontario Paper Conlpany Limited for their donation of acetovanillone. 
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THE PREPARATION OF Am@-BUTENOLIDE1 

The syntheses of p-substituted derivatives of Am@-butenolide (I) have been described 
by Rubin, Paist, and Elderfield (1). These iilvestigators prepared the P-n-butyl, 

I 
'Issued as N.R.C. No. 5371. 
2National Research Coz~ncil Postdoctorate Fellow. 

Can. J. Chem. Vol. 37 (1959) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

T
uf

ts
 U

ni
ve

rs
ity

 o
n 

11
/1

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




