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Substituted ethyl benzovlacetates have been employed for the preparation of lignin model compounds in the phenyl- 
Direct reduction of these esters with lithium aluminum hydride 

Bromination followed by condensation with a phenol and reduction 
Bromination followed by  

Modele in the veratryl, 3.3,B-trimethoxyphenyl, 4-hydroxy- 

propane-1,3-diol and phenylproprtne-1,2,3-triol series. 
yields the corresponding phenylpropane-1,3-diol. 
with lithium aluminum hydride of the resulting ether yields the phenylglycerol-0-aryl ether. 
acetylation and reduction yields the phenylpropane-1,2,3-triol. 
3.5-diniethoxyphenyl. 4-bemyloxy-3,5-dimethoxyphenyl, and 4-acetoxy-9,5-dim~thoxyphenr1 series were prepared. 

In connection with continued studies on the 
oxidation3 of and on the hydrolysis4 of lignin model 
compounds i t  was necessary to prepare a number of 
such model compounds which comprised p-aryl 
ethers of phenylglycerols of the guaiacyl and syrin- 
gyl series and their derived ethers and esters. 
Earlier  procedure^,^, which included as one of the 
steps the hydroxymethylation with formaldehyde 
of a previously formed w-phenoxyacetophenone 
were tried, but the hydroxymethylation step proved 
difficult in some instances and impossible in others. 
Accordingly, procedures which obviated the hy- 
droxymethylation step were investigated. The 
present paper reports our experience with ethyl 
esters of substituted benzoylacetic acids as inter- 
mediates for the synthesis of these lignin model 
compounds. 

Ethyl veratroylacetate (I) mas brominated to  
give ethyl a-bromo-a-veratroylacetate (11), which 
in turn was condensed with guaiacol t o  yield ethyl 
a- (2-methoxyp henoxy ) - a-veratroylace t ate (111). 
Reduction of I11 with lithium aluminum hydride in 
tetrahydrofuran resulted in reduction of both the 
ester and the carbonyl groups to yield the desired 
veratrylglycerol p-guaiacyl ether (IV). Similarly, 
I1 was condensed with dihydroeugenol to yield 
ethyl a-(2-methoxy-4-propylphenoxy)-a-veratroyl- 
acetate (V), which in turn was reduced with lithium 
aluminum hydride to  veratrylglycerol p-(Zmeth- 
oxy4-propylphenyl) ether (VI). 

Having demonstrated the feasibility of ethyl 
benzoylacetates as intermediates for the prepara- 
tion of p-aryl ethers of substituted phenylglycerols, 
we were encouraged to investigate their use for the 
preparation of other possible types of lignin model 
compounds as suggested by Fig. 1. Several of these 
routes have been investigated with a few guaiacyl 
and syringyl derivatives. 

(1) For paper XV of this series, see Forest Prods. J . ,  11, 442 (1961). 
(2) Present address: Organic Chemistry Institute, University of 

(3) I. A. Pearl, J .  Am.  Chem. Soc.. 78,  5672 (1956). 
(4) K. Kratzl and J. Gratrl, Mitt. oatem. Gea. Holrforsch.. 12,  8 

(1960). 
(5) E. Adler, B. C. Lindgren, and U. Saeden. Suenak Popperat idn. ,  

55, 245 (1952). 
(6) K. Freudenberg and E. Eisenhut, Chem. Ber., 88, 626 (1955). 

Vienna, Vienna. Austria. 
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I was reduced directly with lithium aluminum 
hydride to  yield 1-(3.4-dirnethoxyphenyl)-l,3-pro- 
panediol (VII) . Ethyl 3,4,5-trimethoxybenzoyl- 
acetate (VIII) yielded 1-(3,4,5-trimethoxyphenyl)- 
1,3-propanediol (IX), and ethyl 4-benzyloxy-3,5- 
dimethoxybenzoylacetate (X) yielded l-(4-benzyl- 
oxy-3,5-dimethoxy)-l,3-propanediol (XI) by the 
same procedure. By similar reduction with lith- 
ium aluminum hydride of the acetyl syringyl 
compound, ethyl 4-acetoxy-3,5-dimethoxybenzoyl- 
acetate (XII), the parent 1-(4-hydroxy-3,5-di- 
methoxyphenyl)-1,3-propanediol (XIII) was ob- 
tained. 
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Bromination of XI1 yielded ethyl a-bromo-a- 
(4 - acetoxy - :%,.-I - tlimethoxy~~erizoy1)acctate 
(XIV), and treatment of XIV with potassium ace- 
tate in a mixture of acetic acid and acetic anhydride 
yielded ethyl a-acetoxy-a-(4-acetoxy-3,5-dimeth- 
ouy~)rtisoyl)ac.ftatr (XT'). llccluction of X\' with 
lithiiim aluminum hydride yielded a-(3,5-dimeth- 
oxy-4-hydroxyphenyljglycerol (XT'I j . 

dome other intermediates of the types described 
were synthesized during the coiirse of this investi- 
gation by essentially the same procedures. These 
includcd ethyl oc-vanilloylac~tate (XT'II) and 
ethyl CY - (4 - acetoxy - :Z - methoxybcnzoy1)acctate 
(XVIII). Studies on the conversion of these and 
other similar intermediates to lignin models of 
Fig. 1 will be reported in the future. 

During the evaluation of the earlier procedure for 
preparation of substituted phenylglycerol 6-aryl 
 ether^,^ w-(2-methoxy-4-propenylphenoxy)aceto- 
veratrone (XIX) was prepared easily by condensa- 
tion of w-bromoacetoxratrone (XX) with iso- 
eugenol in acetone and in the presence of anhydrous 
potassium carbonate. However, subsequent hy- 
droxymethylation with formaldehyde to yield 
2 - (3,4 - dimethoxybenzoyl) - 2 - ( 2  - methoxy - 4- 
propeny1phenoxy)ethanol (XXI) could not be 
accomplished. 

Experimental' 
Ethyl a-Bromo-a-veratroylacetate (II).-A solution of 45 

g. (0.186 mole) I8 in 180 ml. of chloroform was treated drop- 
wise with stirring with 30 g. (0.37 mole) of bromine in 85 ml. 
of chloroform vihile maintaining the temperature at 20-25". 
After the addition was complete, the mixture was washed 
with saturated sodium bicarbonate solution and then or ith 
water. The chloroform solution was dried with anhydrous 
sodium sulfate and evaporated under reduced pressure to  
leave 57 g. of brown oil which solidified on standing. Re- 
crystallization from 1 : 3 benzene-petroleum ether (b.p. 30- 
60') and decolorizing carbon gave colorless crystals of I1 
melting a t  65-67'. 

And. Calcd. for Cl3HI5OjBr: C, 47.15; H, 4.58. Found: 
C, 46.84, 46.95; H, 4.66, 4.78. 

Ethyl a-(2-Methoxyphenoxy)-a-veratroylacetate (III).- 
A solution of 16 g. (0.048 mole) of I1 in 200 ml. of dimethyl- 
formamide mas treated a t  room temperature with 10.4 g. 
(0.072 mole) of sodium guaiac01.~ After stirring a t  room 
temperature for 30 min., the mixture was poured into 200 
ml. of water and extracted with chloroform. The chloroform 
was washed with S sodium hydroxide solution and then with 
Rater, and then dried with anhydrous sodium sulfate. The 
chloroform was evaporated under reduced pressure, and the 
residual oil was diluted with a little petroleum ether (b.p 
30-60') and cooled below 0". Scratching caused crystal- 
lization. The crystals were filtered and washed with 3:  1 
hexane-benzene to  yield 10.8 g. (60%) of I11 as colorless 
crystals melting a t  103" before and after recrystallization 
from 3: 1 hexane-benzene. The infrared absorption curve 
contained bands a t  3.41, 5.66, 5.96, 6.29, 6.64, 6.87, 7.02, 

(7) All melting points are uncorrected. ilnalyses were performed 
by  Huffman Microanalytical Laboratories, Wheatridge, Colo., and by  
Geller Microanalytical Laboratories, Bardonia, 3. Y. Infrared 
spectra were determined by Mr. Lowell Sell. 

(81 R. Robinson and J. P. Rose, J .  Chem. Soc., 19SS, 1469. 
(9) .4. W. Aleldrum and A I .  >I. Patel, J .  Indian Chem, Soc., 6, 

91 (1928). 

7.28, 7.42, 7.58, 7.88, 8.00, 8.35, 8.47, 8.62, 8.89, 9.10, 9.25, 
9.46, 9.87, 10.70, 11.00, 11.31, 11.84, 1?.31) 13.01, 13.50, 
1i1.85, alld 14.05 p. 

Anal. Calcd. for C?OHZ207: C, 64.16; H, 5.92. Found: 
C, 64.21, 64.43; H, 5.95, 5.93. 

I11 was also prepared by boiling under reflux for 1 hr. a 
mixture of 16.6 g. (0 .05 niole) of 11, 12.4 g. (0.1 mole) of 
yuairtrol, 13.8 g. (0.1 niole) of anhydrous potassium carbon- 
ate, and 70 nil. of anhydrous acetone. The mixture was 
diluted with water and extracted with chloroform. Further 
processing as noted for the other preparaticn yielded I11 as 
crude crystals in only 447, yield which gave pure I11 on re- 
crystallization from 3 : 1 hexane-benzene in the presence 
of decolorizing carbon. The recrystallized material melted 
at 101-lo?' and did not depress the mclting point of :t mis- 
hire with authentic I11 atiovc. 

Veratrylglycerol p-Guaiacyl Ether (IV).--A solution of 5.2 
g. (0.014 mole) of I11 in 10 ml. of purified tetrahydrofuran 
was added dropwise with stirring to a suspension of 0.8 g. 
(0.021 jnole) of lithium aluminum hydride in 20 ml. of puri- 
fied tetrahydrofuran a t  a rate to maintain gentle reflux. 
Stirring was cont.iiiued a t  room temperature for 20 min. 
The mixture was cooled in ire water and treated cautiously 
with 5 ml. of wat,er. The hydroxide mud which formed was 
filtered and w-ashed with tetrahydrofuran. The combined 
filtrate and washings were dried with anhydrous sodium sul- 
fate and distilled under diminished presvure to  yield 4 g. 
(877,) IV as a colorless, viscous sirup. Its infrared absorp- 
tion spectrum was identical to  that of IV prepared by the 
procedure of hdler, Lindgren, and Saeden6 (A::: 2.90, 
3.44, 6.27, 6.65, 6.86, 7.05, 7.99, 8.50, 8.66, 8.80, 8.91, 9.76, 
10.85, 11.70, 12.35, and 13.35). 

For maximum yield of pure product t,he tetrahydrofuran 
was purified by treating 17-ith 30C0 hy weight solid potassium 
hydroxide for 1 week, distilling, treating wit,h 0.05!i8 lithium 
aluminum hydride for 12 hr., and distilling again. 

Ethyl a-(2-Methoxy-4-propylphenoxy)-~-veratroylacetate 
(V).-A mixture of 10 g. of 11, 10 g. of dihydroeugenol,10 8.2 
g. of anhydrous potassium carbonate, and 50 ml. of anhy- 
drous acetone was boiled under reflux and then processed as 
described for the preparation of 111. The residual brovn 
oil solidified to  a crystalline mass which was recrystallized 
from 3 : 1 hexane-benzene in the presence of decolorizing 
carbcn to  give 9 g. (70%) of V as colorless crystals melting 
a t  73" and having bands in its infrared absorption spectrum 
a t  the following wive lengths: 3.41, 5.70, 5.91, 6.25, 6.60 
6.81, 6.88, 7.03, 7.27, 7.45, 7.93, 8.23, 8.61, 8.75, 9.21, 
11.38, 11.86, 12.32, 12.45, 13.45, and 13.64 

Anal. Calcd. for C23H2R07: C, 66.33; H, 6.78. Found 
C, 66.10, 66.35; H, 6.83, 6.80. 

A similar experiment employing freshly distilled dimethyl.. 
formamide as the solvent at 55-60" resulted in only 20% 
yield of V. 

p - (2 - Methoxy - 4 - propylphenyl) 
Ether (VI).-Under nitrogen atmosphere and with vigorous 
stirring, a solution of 6.2 g. (0.015 mole) of V in 50 ml. of 
purified tetrahydrofuran was added dropwise to  a suspension 
of 1.1 g. (0.030 mole) of lithium aluminum hydride in 80 ml. 
of tetrahydrofuran maintained a t  40-45'. Stirring was con- 
tinued for 3 hr. a t  room t,emperature, and the mixture was 
allowed to stand for 16 hr. a t  room temperature. The 
mixture was cooled in a freezing mixture and treated care- 
fully under carbon dioxide atmosphere with 5 ml. of .\- 
hydrochloric acid. The precipitate was filtered and washed 
with chloroform. The combined filtrate and washings were 
dried with anhydrous sodium sulfate and evaporated under 
reduced pressure. The residual oil was dissolved in chloro- 
form, dried again, and evaporat'ed to  yield 5.0 g. (897,) of 
VI as an almost colorless tiirup. The infrared absorption 
spectrum (A:::(p) 2.90, 3.42, 6.28: 6.61, 6.83, 7.05, 7.92, 
8.14, 8.67, 8.80, 9.74, 11.75, 12.39, 13.09, and 14.35) con- 

Veratrylglycerol 

(10) I. .4, Pearl, J. Org. Chem., 24. 736 (1959). 
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firmed the complete reduction of 1 7  with the absence of 
hnndx for hoth rster and carbonyl groups. 

\-I W : ~ S  acylated with :1,5-tliiiitrol)cinso~l chloride in pyri- 
dine, and the reaction niisture was poured into water. The 
semisolid precipitate was recrystallized from ethanol in the 
presence of decolorizing carbon to give yellow crystals of 
the bis-3,5-dinitrobenzoate of V I  melt~ing at 90-92". 

,-Inu/. Cal(~1. for C':gSH,v:OI,;X4: t;H;!O$ 12.18. Foiind: 
C X n 0 ,  12.13, 12.25. 

l-(3,4-Dimethoxyphenyl)-1,3-propanediol (VII).-I was 
reduced directly with lithium aluminum hydride in a manner 
identical with that descrihed for the preparation of VI. 
The, reartion misttire, after acidification, was filtered, and 
the precipitatr was washed thoroughly with tetrahydrofuran 
and t.heti Lvith ethanol. The coiiit)inetl filtrat,e and washings 
werr ev:iporatrd under reduced pressure in a nit,rogen at- 
mosphere, and the residual oil was dissolved in chloroform 
and dried. The chloroform was evaporated to leave 6 g. 
(94%) of VI1 as a slightly mange-colored oil soluble in 
water, ethanol, and methanol and insoluble in ether and 
petroleum ether. Complete reduction of the ester and car- 
bonyl groups was confirmed by thc infrared absorption 
spectrum (A,"f:(&, 2.97, 3.43, 6.00, 6.28, 6.60, 6.84, 7.05, 
7.95, 8.13, 8.80, 9.76: 11.66, 12.35, arid 13.10). 

Ethyl 3,4,5-Trimethoxybenzoylacetate (VIII).-VI11 was 
prepared by the procedure of Bradley and Robinson11 and 
\vas obtained in 91Yc yield. I ts  infrared absorption spec- 
trum (A::;(&) 3.43, 5.75, 5.99, 6.32, 6.65, 6.85, 7.08, 7.44, 
7.85, 8.14, 8.40, 8.72, 8.91, 9.73, 10.00, 11.15, 11.65, 11.91, 
and 12.95) contained strong bands for both carbonyl and 
est,cr functions. 

l-(3,4,5-Trimethoxyphenyl)-l,3-propanediol (IX).-VI11 
~vvxs rcdriccd with lithiliin aliiininiini hydride in the nianner 
t lcxd)cd for the 1)rcp:mtion of 1-11 t o  yicld 87';; I S  as an 
almost colorless oil having an infrared ahsorption spectrum 

9.95, 11.96, and 12.91), indicating complete absence of ester 
and carbonyl fnnctions. 

Ethyl 4-Benzyloxy-3,5-dimethoxybenzoylacetate (X).-X 
was prepared by the met.hod of Bradley and Robinson11 
and was obtained as colorless crystals from methanol 
melting a t  50-51°, whereas the earlier authors reported a 
melting point of 64-66". The infrared ahsorption spectrum 
indicated carbonyl and ester functions and contained bands at. 
3.39, 3.42, 5.80, 5.98, 6.31, 6.65, 6.85, 7.09, 7.48, 7.69, 
7.76, 8.03, 8.13, 8.43, 8.58, 8.61, 8.86, 9.65, 10.30, 10.96, 
11.21, 11.75, 12.19, 13.20, 13.67, and 14.41 p. 

The 2,4-dinitrophenylhydrazone was prepared and re- 
crystallized from :3: 1 ethyl acetate-ethanol to give red- 
orange needles melting a t  138-140". 

Anal. Calcd. for C~H2609Nd: N, 1041. Found: N, 10.25, 
10.24. 

l-(4-Benzyloxy-3,5-dimethoxy)-1,3-propanediol (XI).- 
X I  was prepared from X as described for the preparation 
of VI1 and was obtained in 91% yield as a slightly yellow 
viscous oil which solidified to a semisolid mass upon stand- 
ing. The infrared ahsorption spectrum indicated no car- 
bonyl or ester groups. 

Ethyl 4-Acetoxy-3,5-dimethoxybenzoylacetate (XU).- 
Ethyl syringoylacetatell was acetylated with acetic an- 
hydride in pyridine, and the product was recrystallized 
from dilute ethanol to yield XI1 as colorless crystals melting 
a t  86-88" with infrared absorption bands a t  the following 
wave lengths: 3.40, 5.64, 5.83, 6.07, 6.24, 6.63, 6.83, 7.06, 
7.30, 7.44, 7.65, 8.04, 8.28, 8.65, 8.84, 9.29, 9.69, 9.88, 10.59, 
10.99, and 11.99 p. 

Anal. Calcd. for Cl,H&: C, 58.06; H, 5.85. Found: 
C, 57.93, 57.73; H, 5.86, 5.97. 

1 - (4 - Hydroxy-3,5-dimethoxyphenyl) - 1,3- propanediol 
(XIII).-A suspension of 5.3 g. (0.140 mole) of lithium 
aluminum hydride in 100 ml. of purified tetrahydrofuran was 
treated dropwise with a solution of 1 1  g. (0.035 mole) of 

(11) W. R. Bradley and R. Robinson. J. Chem. Soc., 1928 1541. 

(A,,,,(,, K H t  2.95, 3.41, 6.27, 6.64, 6.84, 7.04, 7.52, 8.10, 8.89, 9.51, 

____ 

XI1 a t  a rate to maintain gentle refliis, and the renction 
mixture processed as descrihed for the preparation of VI. 
The final product was dried by covering with benzene and 
distilling under rediiced pressure to yield a white crystalline 
product. The product (5.2 g., 65y0) was recrystallized 
from methanol in the presence of decolorizing carbon to yield 
pure SI11 as colorless crystals melting at  109-110" and 
Iiaviiig the follubvirig Iiunda i i i  it,s iiifrared absorption spw- 
truin at  the following wave leiigths: 2.99, 3.40, 0.00, (i.20, 
6.30, 6.57, 0.84, 7.00, 7.38, 7.59, 7.83, 7.92, 8.25, 8.37, 8.50, 
8.99, 9.22, 9.55, 10.09, 10.98, 11.52, and 12.Y2 p, thus eon- 
firming the absence of ester and rarbonyl groups. 

Anal. Calcd. for CI1HI&: C, 57.88; H, 7.07. Found: 
C, 57.51> 57.69; H, 6.91, 7.13. 

Ethyl a-Bromo-a-(4-acetoxy-3,5-dimethoxybenzoyl)ace- 
tate (XIV).--A solution of 21.0 g. (0.068 mole) of S I 1  in 
140 ml. of chloroforin was t,reated during the coiirse of 2 hr. 
with a solution of 10.8 g. (0.138 mole) of bromine in 60 ml. of 
chloroform while maintaining the temperature a t  2-10'. 
The mixture was extracted with chloroform, and the chloro- 
form was washed with saturated aqueous sodium bicarbo- 
nate and then with water. The chloroforni extract was 
dried with anhydrous sodium sulfate and evaporated under 
reduced pressure to yield 23 g. of product melting at  98-100". 
Recrystallization from 3 : 1 hexane-benzene in the presence 
of decolorizing carbon yielded colorless crystals of XIT' melt- 
ing at  100-102". 

.-1naZ. Calcd. for ClhH170J3r: C, 46.24; H, 4.40. Found: 

Ethyl ~t-Acetoxy-a-(4-acetoxy-3,5-dimethoxybenzoyl)- 
acetate (XV).--A solution of 4.4 g. (0.045 mole) of anhydrous 
potassium acotntc in  a mixture of 90 1111. of glacial acetic 
acid and 30 nil. of art\tic anhydride \vas treated with 11.7 g. 
(0.03 mol(,) of S JV, xiid thc clear solution was boiled undcr 
reflris for !I hr .  The niistiirc \vas coolctl and filtered to 
rerovw 3.5 g. (9574) of potassium 1)roinidc. The precipi- 
t:ite x:is washed with ether, and the comhined filtrate and 
\vashings were distilled under reduced pressure. The residual 
oil was stirred with 20 ml. of water and extracted with chloro- 
form. The chloroform extract, was washed with saturated 
aqueous sodium hicarbonate and then with water. The 
extract was dried with sodium sulfate and evaporated under 
reduced pressure to yield 11 g. (99%) crude product melting 
a t  70-80'. The product was recrystallized tthree times froni 
methanol in the presence of decolorizing carbon t,o yield 7.5 
g. (687,) of pure XT' melting at  90-92" and having the fol- 
lowing bands in its infrared absorption spectrum: 3.30, 
5.70, 5.90, 6.24, 6.64, 6.84, 7.05, 7.30, 7.50, 8.00, 8.19, 8.32, 
8.70, 8.84, 9.13, 9.54, 9.86, 11.06, 11.74, 12.05, 12.32, and 

Anal. Calcd. for C17H2009: C, 55.43; H, 5.47. Found: 
C, 55.28, 55.35; H, 5.53, 5.81. 

4 n  attempt to prepare XT- from XIV by the exchange 
reaction of Adler and Yllner12 xi th  silver acetate resulted in 
complet,e recovery of starting material. 

The 2,4-dinitrophenylhydrazone of XIr was prepared and 
recrystallized from ethanol t,o yield orange-yellow- crystals 
melting at  80-85". 

Anal. Calcd. for C?3HzaO12Kd: S, 10.24. Found: S ,  
9.78, 9.85. 

CP( 3,5-Dimethoxy-4-hydroxyphenyl)glycerol (XV1).--.4 
solution of 10.0 g. (0.027 mole) of XV in 100 ml. of purified 
tetrahydrofuran \Tas added with vigorous stirring and under 
nitrogen atmosphere to a suspension of 3.8 g. (0.10 mole) 
of lithium aluminum hydride in 100 ml. of tetrahydrofuran 
at a rate to maintain gentle reflux. After addition was 
complete (45 niin.), boiling under reflux was continued 45 
min. The mixtnre was coolrd to -5" and treated cau- 
tiously under carbon dioxide atmosphere with 70 ml. of ice 
cold S hydrochloric acid. The mixture was filtered, and the 
hydroxide mud was washed with 70 ml. of water and then 
Kith 240 ml. of ethanol. The combined filtrate and washings 

C, 45.27, 45.17: H, 4.43, 4.33. 

13.10 p. 

(12) E. .4dler and 5. Yllner. Acta Chem. Scand., 7, 570 (1953). 
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were centrifuged, and the centrifugate was evaporated under 
reduced pressure in an atmosphere of carbon dioxide below 
25'. Water was removed from the residue by repezted 
addition of ethanol and benzene and continued evaporation 
under reduced pressure. During this treatment, a white 
waxy material separated. It was filtered, washed with a 
few milliliters of ice-cold ethanol, and boiled under reflux 
uith anhydrou8 ether for 10 min. to  yield 2 g. of XVI as an 
ether-insoluble white amorphous solid melting at  95-102". 
Complete absence of ester and carbonyl functions was dem- 
onstrated by its infrared absorption spectrum (A:::(,) 2.94, 
6.19, 6.56, 6.83, 7.00, 7.24, 7.55, 8.11, 8.98, 9.57, 9.80, 10.45, 
12.00, and 14.24). 

Ethyl a-Vanilloylacetate (XVII).-Acetylvanilloyl chlo- 
ride13 was converted to ethyl 4-acetoxy-3-methoxybenzoyl- 
acetoacetate by the procedure employed by Bradley and 
Robinson for the preparation of the analogous ethyl 4- 
acetox~-3,5-dirnethoxyben~oylacetoacetate,~~ and was ob- 
tained as a viscous oil. This oil (65 g.) was added to a 
mixture of 1300 ml. of water, 80 ml. of concd. aqueous 
ammonia, and 110 g. of ammonium chloride with vigorous 
stirring. Within a few minutes, the ester dissolved, and a 
new substance was formed. After stirring for 30 min., 
the colorless solution was acidified with dilute hydrochloric 
acid and extracted with ether. The ether was washed with 
aqueous sodium bicarbonate, then with water, and dried 
with anhydrous sodium sulfate. The ether was evaporated 
under reduced pressure to leave 55 g. of XVII as an almost 
colorless semisolid having the following bands in its infrared 
absorption spectrum: 2.96, 3.40, 5.75, 5.96, 6.28, 6.60, 6.82, 
7.00, 7.30, 7.76, 8.40, 9.73, 11.91, 13.04, and 14.60 p. 

Ethyl ~~-(4-Acetoxy-3-methoxybenzoyl)acetate (XVIII).- 
XT'II was acetylated with acetic anhydride and pyridine 
a t  room temperature, and the product was recrystallized 
from dilute ethanol in the presence of decolorizing carbon to 
give colorless crystals of XVIII melting a t  117-122' and 
having the following bands in its infrared absorption spec- 
trum: 3.41, 5.67, 6.08, 6.21, 6.60, 6.80, 7.05, 7.29, 7.45, 
7.75, 8.05, 8.20, 8.36, 8.60, 8.79, 9.39, 9.70, 9.90, 11.06, 11.83, 
and 13.28 p. 

Anal. Calcd. for ClaHleOe: C, 59.99; H, 5.75. Found: 
C, 60.26, 60.46; H, 4.97, 4.89. 

w-( 2-Methoxy-4-propenylphenoxy)acetoveratrone (XX). 
--iz mixture of 10 g. (0.04 mole) of w-bromoa~etoveratrone,~~ 

(13) K. W. Rosenmund and F. Zetrache, Ber., 66, 1481 (1923). 
(14) H. Erdtman and B. Leopold, Acto Chm.  Scond., 8, 1358 

(1949). 

13 g. (0.08 mole) of freshly distilled isoeugenol, 10 g. (0.08 
mole) of anhydrous potassium carbonate, and 70 ml. of 
anhydrous acetone was boiled under reflux with vigorous 
stirring for 1 hr. The mixture was cooled, diluted with 70 
ml. of water, and filtered. The crystalline precipitate was 
washed with water and dried to yield 6.5 g. crude XIX 
melting at  144-145'. An additional 1.4 g. was obtained by 
extracting the filtrate and washings with chloroform followed 
by washing the chloroform with N sodium hydroxide solu- 
tion and with water, drying, and evaporating. Recrystalliza- 
tion of the crude product from acetone yielded colorless crys- 
tals of pure XIX melting at 146-147'. The yield wm 
55%. 
b Anal. Calcd. for C20H22O5: C, 70.16; H, 6.48. Found: 
C, 70.20, 70.13; H, 6.51, 6.63. 

Infrared Spectra.-Infrared absorption spectra were ob- 
tained with a Perkin-Elmer Model 21 recording spectro- 
photometer using a sodium chloride prism and potassium 
bromide pellets prepared by hand grinding with sample 
before pressing. 
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Fig. l . -Some possible lignin models from substituted ethyl 
benzoylacetates. R = free or protected 3,4-dihydroxy- 

phenyl or 3,4,5-trihydroxyphenyl. 


