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hydronaphthalene (Ib) followed by dehydrobro- 
mination. 

CH3 

0 rn 
R 

0 @ 
R 

I a . R = H  I Ia .R=H 
b. R=CH3 b. R =  CHB 

We now record the preparation of the dienones 
IIa and IIb by one-step chloranil dehydrogenation 
of the unsaturated ketones Ia and Ib, respec- 
t'i~ely.'-~ 

 EXPERIMENTAL^^ 

3-Keto-9-meth$-A4~~-hezahydronaphthaZene (Ira). A soh- 
tion of 5 g. of Ia, 0.025 g. of ptoluenesulfonic acid, and 15 g. 
of chloranil in 360 ml. of t-butyl alcohol waa heated at reflux 
for 3 hr. with stirring. The mixture waa cooled and filtered, 
and the solvent was removed from the filtrate under dimin- 
ished pressure. A chloroform solution of the residue waa 
washed successively with water, 5% aqueous sodium hy- 
droxide, and water. Removal of the chloroform and fraction- 
ation of the residue afforded 2.7 g. (55%) of the dienone (IIa) 
b.p. 110' (1 mm.), ny 1.5625, A5-l 280 mp log c 4.29 
[reportedlb b.p. 80-86" (0.25 mm.), ng 1.5630, A:? 
281 mp log c 4.22. It gave a 2,44nitrophenylhydrazone, 
m.p. 198' (reportedlb m.p. 187-190"; 194-195'*), in almost 
quantitative yield. 

~-Keto-4,9-dimethyGA4~hhezahydr0naphthaZene (IIb). Us- 
ing a solution of 6 g. of Ib, 0.025 g. of ptoluenesulfonic acid 
and 16.5 g. of chloranil in 360 ml. of t-butyl alcohol and 
following the same procedure aa for IIa, except that the 
solution waa refluxed for 10 hr., gave 2.69 g. (45%) of the 
dienone (IIb), b.p. 105' (1 mm.), ny 1.5580, A::' 288 mp 
log e 4.22 [reported b.p. 106-108" (1 mm.), ny 1.5590"; 
b.p. 110-11lo (3 mm.), X z p l  288 mp log c 4.29". Ita 2 , 4  
dinitrophenylhydrazone melted at 214' (reported" m.p. 
216"; m.p. 212-214") after crystallization from acetic 
acid. 

Use of xylene' or t-butyl alcohol without p-toluenesul- 
fonic acid4s6-g aa solvents in the dehydrogenation experi- 
ments impaired the yield of the products. Oxidation of Ia 
with manganese dioxide" in benzene resulted in poorer 
yield (200J0) of the dienone (Ira). 
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During the course of our studies on the esters, 
amides, hydrazides, ethers, and other derivatives of 
vanillic acid,: we had the occasion to prepare a 
number of derivatives of vanillic acid and interme- 
diates which were never reported. The preparation, 
properties, and ultraviolet absorption spectra of 
these compounds are reported in the present paper. 

EXPERIMENTAL' 

Catbobazylozyvanillie d. A solution of 90 g. (0.53 mole) 
of vanillic acid in lo00 ml. of 4.5% sodium hydroxide solu- 
tion was treated slowly with vigorous stirring a t  room tem- 
perature with 100 g. (0.59 mole) of carbobenzyloxy chloride. 
After addition was complete, the clear solution was stirred 
for 1 hr., filtered, and acidified with dilute hydrochloric acid. 
The white granular precipitate was filtered, washed with 
water, and sir dried to yield 145 g. (91%) of crude carbo- 
benzyloxyvanillic acid. Recrystallization from dilute acetone 
yielded colorless crystals melting at 130-131". 
A d .  Calcd. for C1dHlrOs: C, 63.57; H, 4.67. Found: C, 

63.78; H, 4.77. 
~,,4,6-Trichlozophenyl m r b o b a z y t o z y v a n i .  A mixture of 

120 g. of carbobenzyloxyvanillic acid and 300 cc. of thionyl 
chloride was boiled under reflux for 1 hr. The exceas thionyl 
chloride was removed under reduced pressure, and the resi- 
due was boiled with petroleum ether (b.p. 65-110') and 
cooled. The supernatent liquid was decanted, and the re- 
sidual oil was warmed under reduced pressure to yield 113 g. 
(89%) of carbobenzyloxyvanilloyl chloride as an almost 
colorless viscous oil. 

A mixture of 96 g. (0.3 mole) of carbobenzyloxyvanilloyl 
chloride, 60 g. (0.3 mole) of 2,4,5trichlorophenol, 110 ml. of 
pyridine, and 800 ml. of dry ether was boiled under reflux 4 
hr. The ether and pyridine were distilled under reduced pres- 
sure, and the solid residue waa stirred into water. The pre- 
cipitate was filtered, washed with water and warm ethanol, 
and air dried to give 115 g. (80%) of crude 2,4,5trichlom- 
phenyl carbobenzyloxyvanillate. Recrystallization from 
ethanol and then from petroleum ether (b.p. 65-110') 
yielded white powdery crystals me1t)ing at 138-139'. 

Anal. Calcd. for CaHllOdX: C, 54.85; H, 3.14. Found: C, 
55.15; H, 3.27. 

9-Mt%hoxp,4-meihylphenyl mrbobenzylmyuaniW. Thie 

(1) For paper XXX of thia series, see J.  Org. Ch., 26, 
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compound was prepared in an analogous manner from carbo- 
benzyloxyvanilloyl chloride and creosole in 91% yield. Re- 
crystallization from ethanol yielded white powdery crystals 
melting a t  135'. 

Anal. Calcd. for C24Hz0~: C, 68.24; H, 5.25. Found: C, 
68.32; H, 5.34. 

2,4,5-Trichlorophenyl carbethoxyvanillate. This compound 
was prepared by the general method outlined for phenyl 
vanillate in the pasts and was obtained as white crystals 
from ethanol melting a t  133'. 

Anal. Calcd. for C17HI3ObCl3: C, 48.64; H, 3.12. Found: C, 
48.66; H, 3.22. 

2,4,6-Trichlorophenyl vanillate. A mixture of 2,4,5tri- 
chlorophenyl carbethoxyvanillate and excess acetone and 
ammonium hydroxide was stirred a t  room temperature for 5 
hr., diluted with water, and acidified with dilute sulfuric 
acid. The oil which separated solidified when the acetone was 
removed under reduced pressure. The solid was recrystal- 
lized from petroleum ether (b.p. 65-110') to give white 
crystals, m.p. 104-105', Amex 222 mp, e 25660; X, 246 mp, 
E 8610; A,,, 272 mp, E 10250; A,= 294 mp, e 9200. 

Anal. Calcd. for Cl4H~O4Clr: C, 48.38: H, 2.61. Found: C, . .  
48.56; H, 2.47. 

Ethyl carboxymethy~vani~hte. Ethyl vanillates (294 g., 1.5 
moles) was melted and treated with 145 E. (1.53 moles) of 
chloroacetic acid and 600 ml. of anhydrous'acetone. With 
vigorous stirring 420 g. (3.04 moles) of anhydrous potassium 
carbonate was added, and a vigorous reaction took place with 
the separation of potassium chloroacetate. The mixture was 
boiled under reflux with mercury-sealed stirring for 1.5 hr. 
and allowed to stand a t  20' for 16 hr. The solidified mass was 
diluted with 3 1. of water, stirred vigorously, cautiously acidi- 
fied with excess dilute sulfuric acid, and extracted with ether. 
The ether was dried and distilled, and the residue was re- 
crystallized from methyl ethyl ketone to give colorless crys- 
tals, m.p. 135-136'. 

Anal. Calcd. for C12HldOs: C, 56.69; H, 5.55. Found: C, 
57.06; H, 5.67. 

Ethyl carboxymethylvanillate waa also prepared by boil- 
ing under reflux a mixture of 1 mole potassium ethyl vanil- 
late, 1 mole sodium chloroacetate, and toluene. The mixture 
was mixed with water, and the water layer was removed and 
acidified to yield the desired product. 

Carboxymethylvanillic acid. Ethyl carboxymethylvanillate 
was hydrolyzed by warming with dilute sodium hydroxide 
solution, and the alkaline solution was acidified strongly with 
dilute sulfuric acid. The precipitate was recrystallized from 
methyl ethyl ketone to yield colorless crystals, m.p. 256- 
257", A,, 218 mp, E 17280; A, 256 mp, E 11020; X, 290 
mr, E 5050. 

Anal. Calcd. for CloHloOa: C, 53.10; H, 4.46. Found: C, 
53.07; H, 4.55. 

Methyl carboxymethylvanihte. This compound was pre- 
pared from methyl vhnillate6 by reaction with chloroacetic 
acid and potassium carbonate in anhydrous acetone as de- 
scribed for the ethyl ester and was obtained as colorless 
crystals from ethyl acetate, m.p. 143-144", Xmr 220 mp, E 

18350; 258 mp, E 11720; A,, 292 mp, E 5910. 
Anal. Calcd. for C11H120a: C, 55.00; H, 5.04. Found: C, 

54.93; H, 5.04. 
Carbomethoxymethylvanillic acid. Short boiling of the crude 

carboxymethylvanillic acid above with anhydrous methanol 
in the presence of a little hydrochloric acid followed by dilu- 
tion with water and recrystallization of the precipitate from 
methanol yielded colorless crystals, m.p. 175-176", X, 
218 mp, E 16500; A,,= 256 mp, E 10570; A, 290 mp, 6 4640. 

Anal. Calcd. for C11H1206: C, 55.00; H, 5.04. Found: C, 
54.97; H, 5.12. 

Ethyl methoxymethylvanille. A solution of 400 g. (2.04 
moles) of ethyl vanillate in 1500 ml. of anhydrous ether was 
treated with a solution of 75 g. (1.92 moles) of potassium d i e  

(5) I. A. Pearl and J. F. McCoy, J .  Am. Chem. Soc., 69, 
3071 (1947). 

solved in lo00 ml. of absolute ethanol. The white precipitate 
of potassium ethyl vanillate was filtered, washed thoroughly 
with ether, and air dried. 

A mixture of 117 g. (0.5 mole) of potassium ethyl vanil- 
late, 53 g. (0.73 mole) of chloromethyl ether, and lo00 ml. of 
anhydrous ether was boiled under reflux with mercury- 
sealed stirring for 6 hr. and allowed to cool. The mixture was 
extracted with dilute sodium hydroxide and then with water, 
and the ether was dried with sodium sulfate and distilled. 
The residue (44 g.) was distilled under reduced pressure to 
give ethyl methoxymethylvanillate aa a colorless oil boiling 
at 202' at 1 111111. which solidified upon cooling to cry8tals, 
m.p. 65-67'. The melting point remained unchanged upon 
recrystallization from petroleum ether @.p. 3040'). The 
ultraviolet absorption spectrum had the following maxima: 
A, 217 mp, E 16480; A, 255 mp, E 11290; X, 292 mp, e 
5280. 

Anal. Calcd. for CI2Hl6O6: C, 59.99; H, 6.71. Found: C, 
60.02; H, 6.71. 

Methozymethybanillic acid. The above ethyl methoxy- 
methylvanillate was boiled with ethanolic sodium hydroxide, 
and the alkaline solution was diluted with water and exactly 
neutralized with dilute hydrochloric acid. The precipitate 
was filtered, washed with water, and recrystallized from 
ethanol to yield methoxymethylvanillic acid as fine white 
crystals, m.p. 157-158", X,= 216 mp, E 16120; h ,  252 mp, 
E 10540; X, 290 mp, e 4810. 

Anal. Calcd. for ClaBl2Os: C, 56.60; H, 5.70. Found: C, 
56.60; E, 5.74. 

N-Ethyl methoxymethyltmnillumide. A mixture of 5 g. of 
ethyl methoxymethylvanillate and 150 ml. of 33% aqueous 
ethylamine solution was warmed to effect solution and al- 
lowed to stand 72 hr. at 20". The mixture was concentrated 
under reduced pressure on the water bath to yield a yellow 
oil which solidified upon cooling. The solid was stirred with 
benzene and filtered. The filtrate was stirred into petroleum 
ether @.p. 3040"), and the resulting precipitate was re- 
crystallized from petroleum ether to yield N-ethyl meth- 
oxymethylvdamide aa colorless crystals, m.p. 80", X, 
216 mp, E 20950; A, 252 mp, e 10770; X, 288 mp, c 4690. 

A d .  Calcd. for C12H,-,0SJ: C, 60.24; H, 7.16. Found: C, 
60.03; H, 7.11. 

The benzene-insoluble material in this DreDaration proved 
to be the monohydrate of N-ethyl m&h&meth&+nil- 
lamide. It was recrystallized from benzene to yield colorless 
crystals, m.p. 123", A, 213 mp, e 18770; XmX 245 mp, e 
9500; A, 285 mp, e 3770. 

Anal. Calcd. for Cl2Hl906N: C, 56.02; H, 7.44. Found: C, 
56.09; H, 7.44. 
Isobutul 6-chlotouaniUate. This comDound was prepared 

from Scuhlorovanillic acid6 and isobutil alcohol in the-pres- 
ence of sulfuric acid as described esrlield and was obtained as 
colorless needle<from petroleum ether (b.p. 65-110') m. p. 
93-94". 

Anal. Calcd. for C12Hls04C1: C, 55.71; H, 5.84. Found: C, 
55.75; H, 5.93. 

see-Butyl 6-chlorovaniUate. This compound was prepared in 
a similar manner from sec-butyl alcohol and was obtained as 
white eranular crvstals from Detroleum ether @.p. 65-110'1, . -  

m.p. 95-930. " 
Anal. Calcd. for C12H160&1: C, 55.71; H, 5.84. Found: C, 

55.67; H, 5.86. 
n-Odyl b-chlorovanillate. A mixture cf 55 g. of 5-chloro- 

vanillic acid, 150 g. of n-octyl alcohol, 1.5 g. of sulfuric acid, 
and 250 ml. of benzene was boiled under reflux and a wster- 
separatory head until no more water wa8 collected. The clear 
solution was distilled under reduced pressure to remove ben- 
zene and excess octanol. The residue was stirred into water, 
and the resulting mixture neutralized with a slurry of so- 
dium bicarbonate. The solid was filtered and recrystallized 
from petroleum ether @.p. 65-110") to yield 85 g. of n- 
octyl hhlorovanillate aa tiny white platelets, m.p. Wl0. 

(0) I. A. PedJ J .  Org. Chem., 12, 85 (1947); 
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Anal. Calcd. for ClJ32304C1: C, 61.04; H, 7.36. Found: C, 

THE INSTITUTE OF PAPEB CHEMISTBY 
61.03; H, 7.36. 

APPLETON, WIS. 
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In an earlier investigation of the transmission of 
electronic effects by the cyclopropane ring2 several 
m- and psubstituted trans-ethyl Zphenylcyclo- 
propanecarboxylates were prepared, and their 
rates of alkaline hydrolysis were measured. Several 
cis esters were subsequently obtained, and their 
hydrolysis rates were measured. 

The cis esters hydrolyze about one-tenth as 
rapidly as the trans esters, as would be expected on 
steric grounds. However, the Hammett rho value 
for these esters is 1.014,3 whereas, for the trans 
esters rho is 0.812.293 This unexpected result, which 
may be the result of a field effect between the 
phenyl group and the carbethoxy group in the 
cis esters, prompted an investigation of whether 
similar behavior would occur in the cinnamate 
series. Several cis- and trans-ethyl cinnamates 
have now been prepared, and the rates of alkaline 
hydrolysis have been measured. In this series 
cis esters hydrolyze slightly slower than the trans 
esters and rho is also smaller. Thus, for the trans 
cinnamates rho is 1.3144 and for the cis cinnamates, 
1.122. The rates of reaction of the esters are sum- 
marized in Table I. 

From the various data available (Table 11) there 
appears to be an increasing influence of m- and 
psubstituents on the reactivity of the carbethoxy 
group in the order --CH2CH-, -CH--CH-, 

\ /  
CH2 

--CH=CH-, -C=C-, as measured by the 
rho value for ester hydrolysis. Data for the ioniza- 
tion constants fall in a considerably different order, 
only a portion of which can be attributed to 
solvent and temperature differences in the various 
studies.6 

Recent information6 suggests that the Hammett 
(1) Present address: Department of Chemistry, Uni- 

(2) R. Fuchs and J. J. Bloomfield, J .  Am. Chem. Soc., 

(3) Complete information to be published later. 
(4) Rho of 1.329 calculated by H. H. J&B, C h a .  Reus., 

53, 191 (1953), from data of K. Kindler, Ann., 452, 90 
( 1927), 

(5) The ionization constants in 50yo ethanol of the six 
series of acids in question are now being reinvestigated. 

(6) H. Van Bekkum, P. E. Verkade, and B. M. Wepster, 
Rec. trav. d i m . ,  78, 815 (1959). R. W. Taft, Jr., and I. C. 
Lewis, J. Am. Chem. Soc., 81, 5343 (1969), 

versity of Arizona, Tucson, Ark. 

81, 3158 (1959). 

TABLE I 
RATES OF ALKALINE HYDROLYSIS OF cis- AND trans-ETHYL 

CINNAMATES IN 87.8% ETHANOL AT 30" 

Cis- 
series, trans-Series, 

k X 10@Q + Substituent k x 10" 

4OCHz 0.55 0.79 (0.74) 
3,4-CH@z 0.78 1.09 (1.02) 
Unsubstituted 1.07 1.90 (1.77) 
4c1 2.10 3 . 9 8  (3.58) 
3-C1 2.69 G .03 (Fj, 69 j 

3-NO2 - 14.97 (13.30) 
4 N 0 1  - 10.08 (17.25) 

-. - - 

3,4C12 4.53 8 . 9 7  - 

a Liter mole-' sec.-l Each value is the average of two 
or more determinations. Values in parenthesrs are those of 
Kindler, ref. 4. 

TABLE I1 
COMPARISON OF RH0 V.4LUES 

Ester 
Hydrolysis 

Series (300) k't (25') 

&Phenylpropionic 
trans-2-Phen ylc yclo- 

propane 
cis-2Phenylcyclc- 

propane 
cis-Cinnamic 

trans-Cinnamic 

Phenylpropiolic 

0 . 4 W  0.212 
n ,812b 0,182' 

1,014* - 

1.122 i 0.040 0.643d 

1 . 3 1 4 i 0 . 0 2 3  0.466a 

1.918 0.41,f0.81,P 

(0.9998)b 

(0.9991)b 

0. 6gh  

(I Ref. 4. This work, ref. 2, 3. Figures in parentheses are 
correlation coefficients. E. N. Trachtenberg and G. Odian, 
J. Am. Chem. SOC., 80, 4018 (1958). * Calculated from data 
of W. A. Roth and R. Stoermer, Bet., 46, 260 (1913). A t  
20' J. D. Roberts and R. A. Carboni, J. Am. Chem. Soc., 
77, 5554 (1955). 'Ref. e; measured in 507, ethanol rather 
than in pure water as were the others. M. S. Newman 
and S. H. Merrill, J. Am. C h a .  SOC., 77, 5552 (1955); 
measured in 35% dioxane. I. Benghiat and E. I. Becker, 
J. Org. Chem., 23, 885 (1958); measured in 50% ethanol a t  
24". 

rho value of the original equation may not be an 
accurate measure of the transmitting ability of 
various groups, because of variability in the value 
of sigma for substituents capable of resonance in- 
teraction with the reaction site. A definite separa- 
tion of the possible influencing factors is not 
possible at this time. 

The ultraviolet absorption maxima of the truns- 
cinnamates are consistently at  longer wave lengths 
and of higher e-. than those of the corresponding 
cis esters (Table 111), as has been found previously 
for the chloro- and dichlorocinnamic acids.' This 
is consistent with the notion of a superior conjugat- 
ing system in the trans compounds, 

(7) S. Lindenfors, Arkiv. Kemi, 14, 227 (1959). 


