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A method has been found for oxidizing aromatic carboxylic acids to phenols anti rarhon dioxidp with cupric compounds. 
The hydroxyl group enters the ring a t  R position adjacrnt to thv departing c.arhoxj-1 group. It has l;wn proposed that the 
reaction proweds hy t h e  thermal drconiposition of the cupric. salt of the :woinat,ic carlmsylic acid. 

The stcpwicr oxidatioii of the methyl group iii 

toluene to produce benzyl alcohol, then benzalde- 
hyde, and finally benzoic acid is well-known.' 
h large number of oxidiziiig agents have been 
used under a variety of conditions. Reactioii 
conditions have been found for the next step in 
the sequence-the complete oxidation of the 
methyl group to give phenol and carbon dioxide. 
Cupric halts appear to be specific oxidizing agents 
for this reacstion. I';ttliiig2 and S t e n h ~ u s c , ~  indc- 
pendently, heated cupric. bclizoate in a retort and 
isolated a neutral material which they cdlcd 
"benzil." This material was primarily phenyl 
benzoate contaminated with diphenyl ether. h 
fen years later List and Limpricht4 studied thiu 
product and obtained phenol by treatment with 
alcoholic potassium hydroxide. Similar experi- 
ments were performed more recently where, in 
addition to phenyl benzoate (8% yield), copper 
salicylate (14%) and phenol itself ( l - lO%)  were 
iwlated.5 

Many of these early experiments have been 
repeatpd. Phenol and phenyl benzoate were identi- 
fied as products; however, the high temperatures 
required for react ioii resulted in very extensive 
decomposition to tars arid charbon dioxide. 

When henzoic acid w'i5 heated with a cupric 
salt in a homogeneous aqueous solution, phenol 
was produced and tar formation was virtually 
eliminated. The reiults are summarized in Table I. 

Equation 1 appears to  deqcribe the course of 
the reaction. The relative molar amounts of 
reactants used up and products formed are given 
along with the ecluation. These values were ob- 
tained from an average of five runs shown in Table 
I .  A s  phenol is a w r y  reactive compound, i t  ic 

(1) (a) RI. Weiler, Rer., 33, 464 (1900). ( b )  L). M. NeLr-itt 
and J. 1%. Burgoyne, Proc. Roy. SOC. (London), A153, 448 
(1936); Chern. i lbstr. ,  30,  2555g. (c) S. Tonomura, Bull. Znst. 
Phys. C'heni. Re,seaich ( T o k y o ) ,  21, T i 4  (194'2); Ch,em. .lbstr., 
41, 5465g. ( d )  It. D. hbell, J .  C'heni,. Soc., 1379 (1951). 

( 2 )  Ettling, Ann., 53, 77 (1845). 
( S )  J. Stenhoiise, -inn., 53, 01 (1815). 
( 4 )  I<. List and H. Linipricht, . Inn. ,  90, 100 (1854). 
(5) (a)  C. I t ,  Icinncy and n. 1'. L:inglois, J .  Am. Cheni. 

Sac., 53, 2191 (I9:31 ). ( I ) )  11.. Maser, Helv. Cheni. iicta, 14, 
Oil (1Wl).  ( c )  E. 11. Ralndas : w i  11. 31. Shemyakin, 
Zhr.  Obshchei Kh,i?n. ( J .  Gen. Cheni.), 18, 324 (1948); 
f'hettz. Abstr., 43, 125.4 (1949). (cl)  S. J. Kanewskaya and 
RI. AI. Schemjakin. Rer., 69B, 2152 (1936). (e) R. D. Bar- 
nard and R. H. h'fej-er, U. S. Pat. 2,852,567. 

roasoiiable to  :~ssunie t,hat, so~nv of i t  w t s  oxidized 
in the sealed bomb at, the relati~~ely high t'emper:t- 
tures used. This (wild readily account for t,he 
low phenol and high copper met:il values ohserved 
experimentally. 

lloles 100 118 
BzOH + CUSO~ + HzO + 

CRHSOH + CO? + CU + H?SO( (1) 
85 90 112 

When cupric chloride W H S  used as t,he oxidizing 
agent' in a similar manner, cuprous (ahloride was 
the exclusive reduct'ion product. Ah increase in 
temperature was required to obtain an apparent, 
degree of reaction comparable ni t  h cupric sulfate. 
The results appear in Table I. 

By analogy wit,h the cupric sulfate runs, the 
net' reaction is shown by Equation 2. The numerical 
values w r e  obtained from an average of the runs 
listed i n  Table I in a manner similar to that  de- 
scribed previously. The amount of phenol obtained 
in this series, however, Tvas very low. This could 
not be explained by decomposition t'o tar. The 
weight of carbon dioxide indicated that a much 
larger amount of phenol should have been present. 
*in analysis of the phenolic fraction revealed the 
presence of chlorine. An independent experiment 
was performed where phenol and cupric chloride 
were heated in aqueous solution. The reaction, 
shown in Equation 3,  occurred with virtually 
quantitative yields.6 

lIolrs 100 310 
BzOH + 2 CuClz + HzO + 

CsHeOH + 2CuC1 + COn + 2HC1 ( 2 )  
18 306 97 214 

X similar result has been observed wheii acetone 
]vas heated wit'h cupric chloride.' 

180' 
CeHsOH + 2 CUCl? + HzO ----f 

o,p-ClGH4OH + 2 CuCl + HC1 (3) 

It, semis probable that phenol was formed by 
thc same mechanism in both cases. With cupric 
chloride, subsequent reactions occurred to givt 
chlorophenols. As the scheme of analysis was based 
on the titration with bromine to form tribromo- 

(6) K. W. Kaeding, It. 0. Lindhlom, U. S. Pat. 2,805,263. 
( 7 )  S. C. Dickerman, K. Wise, and A. I<. Ingberman, 

J .  Org. Chem., 21, 380 (1956). 



TABLE I 
REAWIOY OF CUPRIC SALTS WITH BENZOIC  ACID^ 

Time 
_. Cupric Heated, Cu Recovered 

BzOHb Saltb I - IzSO~~ Temp. Hr. COZ C&OH Metal Anion BzOH Cu+* 

10.66' 5,20 
*0.:37 i 0.03 
4.10 12.1d 
:3 , 99 I1.V 
4.22 12.0a  
407 12.0" 
: l ,  95 12.0d 
8 ,  L'(i 9 . d.5 J 

8.2t i  13 .  :w 
8.03 ! I ,  93f 
8.60 9.55s 
7.95 9,55r 

- 

1.83 
e 5  .49 
9.15 
34.8 

1 74 
.- 

- 
- 
8 05a 
24. 15i 

240 1.5 1.31 
f .30 

260 2.0 3.77 
260 2.0 3.00 
260 2.0 2.26 
300 2 , 0 4 94 
300 2.0 4.39 
280 2.0 2.09 
280 2.0 :3.45 
280 2.0 3.00 
280 2.0 2.48 
280 2.0 2.34 

1.24 
f .09 
1.64 
1.42 
1.17 
1.12 
0.43 
0.517 
0.514 
0.660 
0.09 
0.02 

1.69 
i .I1 
4.86 
4.12 
3.02 
4.78 
1.10 
8. 428 
11.68 
8.798 
7.828 
4.988 

5.13 e 
& .05 
- 
- 
- 
- 
- 

6. 42h 
7. 5Zh 
6.1gh 
- 
- 

9.20 
i .05 
1.19 
1.71 
2.60 
1.34 
1.54 
5.29 
4.85 
5.02 
4.83 
4.86 

3.48 
rt .14 
7.12 
7.94 
9.10 
7.02 

1 .OO 
1.68 
1.04 
2.16 
4.01 

10.8 

a 25 ml. of water solvent used for each run. A11 amounts expressed in mmoles. Starting materials. CAverage of five runs 
Copper sulfate. e SO,=. /Cupric chloride. Cuprous chloride. Hydrochloric acid. Potassium chloride. 

phenol, posit'ions occupied by chlorine would 
result in a low calculated yield. 

An examination of the results of a large number 
of runs made utilizing cupric sulfate as the oxidiz- 
ing agent rcwaled that less than 5Oy0 of thc 
cupric ion was reduced to t'he met'al in ezuery case. 
On one occasion, the characterist'ic precipitate 
of metallic copper was absent immediately after 
reaction. During manipulation prior t'o workup, 
copper metal suddenly began to  plate out on the 
benzoic acid vrystals. This indicated the presence 
of a metastable cuprous form which dispropor- 
t,ioiiated to tmhc metal and cupric ion. 

The pre,wiccT of appreciable anioim t s  of cuprous 
sulfate in aqueous ' solution contradicts obser- 
vations madr which demonstrated that it rapidly 
decomposed in  t,he presence of moisture.* Hom- 
ever, the f'ornxition of cuprous sulfat'e is favored 
by an increase in temperature.9 Perhaps a t  
250" a considerable amount of cuprous sulfate 
may have been stable in aqueous solut,ion. The 
presence of certain organic reaction products may 
have stahilizcd th(L c~uprous form as the t'empera- 
turc was lon-crcd. 

When caupric sulfate and benzoic acid were 
heat'ed in \-arious organic solvents such as ben- 
zene, toluene, nitrobenzene, or benzoic acid, the 
salt did not) dissolve and a reaction did not occur. 
Soluble cupric lwnzoate on the other hand, was 
completely reduced to cuprous benzoate. h care- 
ful analysis of the products indicated the net 
reaction shown by Equation 4. Benzoic acid mas 
especially desirable as  a solvent because its 
high boiling point permitted the react'ion to  proceed 
a t  room pressure. When air was bubbled through 
the solution, the cupric salt was rapidly regenerated 
as shown in Equat'ion 5, permitting one to  convert 
large amounts of benzoic acid to  products. The 

(8) E. Heinerth, A .  Elektrochem., 37, 61 (1931). 
( 0 )  F. Vo,xrst,>r arid T.'. R l n n k ~ n h r r y ,  Ber., 39, 4428 

i I!ro6). 

2 CU(OBZ)Z + CGH~COOCGH~ + 2 CUOBZ + COz (4) 

2 CnOBz + 2 BzOH + ' / 2 0 2  + 
2 Cu(OBZ)* + H?O (5) 

(6) CsHjCOOCcHj + H20 ---f CsHsOH + BzOH 

BzOH + ' />OL + CsHsOH + CO? (7) 

simultaneous introduction of steam resulted in the 
direct production of phenol either by the hydrolysis 
of phenyl benzoate or by the prevention of its 
formation during the primary decomposition of 
cupric benzoate. h convenient method has thuq 
become available to convert carboxylic acids to 
phenols and carbon dioxide in good yields as 
summarized by Equation 7. The results utilizing 
a variety of acids are shown in Table 11. 

The steric course of the reaction strongly suggests 
a stable and well oriented configuration between 
the acid and the cupric atom. A cyclic intermediate 
involving a nucleophilic attack by an oxygen atom 
a t  the position adjacent to the carboxyl group is 
proposed (Equation 8). 

Here cupric benzoate is represented as a dimer. 
The broken line indicates that  the two copper 
atoms are relatively close to each other. Recent 
work on the structure of cupric acetate has indi- 
cated that molecules are arranged in pairs with 
the two copper atoms only slightly farther apart 
than the arrangement found in metallic copper. 10 

Furthermore, there is evidence that the dimeric 
structure is preserved in solution.loc 

If this condition applies to cupric benzoate in 
benzoic acid solution, the concerted reduction of 
a pair of cupric ions to the cuprous form would 
provide the two electrons required for the oxida- 
tion of benzoic acid. Kinetic studies now in progress 
have indicated that  this reaction is second order 
with respect to the concentration of cupric benzoate. 

(10) (a) B. N. Figgis and R. L. Martin, J. Chenz. Soc., 3837 
(1956). ib )  R. C. Herron and R .  C. Piiils, J .  Chem. Soc., 
3948 (1956). ( e )  I). P. Graddon, .Tuture, 186, 715 (1960). 
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TABLE I1 
O X I ~ A T I O N  OF VARIOUS SUBSTITUTED BESZOIC .4crus 

Temp. 
Acid Solvent Heated Products Isolated 

o-Toluic o-Toluic acid 200 na-Cresol, phthalide 
o-Toluic Watera 250 nz-Cresol, phthalide 
m-Toluic m-Toluic acid 250 o-Cresol, p-cresol 
m-Toluic Watera 275 o-Cresol, p-cresol 
p-Toluic p-Toluic acid 250 nz-CrPsol 
p-Toluic Water" 370 m-Crcsol 
p-t-Butylheneoic p-&Butylbenzoic acid 250 na-t-Bu tylphenol 
p-Nitrobenzoic p-nitrobenzoic acid 250 m-Nitrophenol 
Salicylic Salicylic acid 200 Phenol 
p-Hydroxylhenzoic Water 240 Phenol, resorcinol 
p-.knisic p-Anisic acid 270 1Iethyl anisate, anisolr, 

o-Chlorobenzoic o-Chlorobenzoic acid 250 Phenol, vi-chlorophenol, 

p-Chbrobenxoic Water 165 Chlorobenzene, dichloro- 

m-mrthoxyphenol, phenol 

chlorobrnzcrie 

benzenes, In-chloro- 
plirnol, phenol 

1-N:iphthoic Watcrh 225 2-iVnphth01 
5-Naph thoic Waterb 240 2-Naph tho1 
3-Pvritlinrrnrboxvlic TVaterb 240 2-hydroxy pyridine 

a 11. H. Prarlman-private communications. * hl. B. Pearlman, u. s. Pat. 2,764,587. 

The location of the R-group in the para position 
illustrates how a mefa substituted phenol could 
1)e obtained by subsequent hydrolysis and de- 
carboxylation. The products obtained from ortho 
and meta substituted starting benzoic acids are 
also consistent with this mechanism. 

' 0 

c 0 \ 

1 

ortho and p-chlorobenzoic acids gave a variety of 
products in addition to the m-chlorophenol pre- 
dicted by the proposed mechanism. Important 
side reactions occurred involving a n  interaction 
between the copper and chlorine atoms to ulti- 
mately produce cuprous chloride. The number and 
variety of products indicate a complex reaction. 

Migration of the methyl group in anisic acid to 
produce methyl anisate appeared to be an  im- 
portant side reaction. The resulting p-hydroxy- 
benzoic acid as well as the starting acid itself 
probably underwent a simple decarboxylation 
reaction to give phenol and anisole. 

It Ras of special interest to observe that only 
2-naphthol was identified as a reaction product 
starting with 2-naphthoic acid. The S-poition 
appears to  be a much more reacti1.c site than the 
other adjacent 1-position. 

I n  aqueous solution, a small conccntration of cup- 
ric benzoate is proposed by the equilibrium sholvn 
in Equation 9. The addition of hydrogen ion initially 

I \  Cu+2 + 2 HOBz _I Cu(OBz)? + 2H+ (9) l.'==O 

12 

'c-o 
~ 

k 

strongly inhibited thc productioii of phenol, 
Table I. The presence of chloridc ion (Table I) 
had a similar effect, possibly by competing with 
benzoic acid for the cupric atom. 

EXPERIMENT.\L 

Benzoic acid, a cupric salt, and water wpre sealed in 
heavy walled glass bombs (2.5 x 20 cm.) with a capacity 
of about 75 ml. Three glass bombs, separated by a metal 
partition, were placed in the 1-1. metal bomb of a Parr High 
Pressure Hydrogenation Apparatus, Series 4000, equipped 
with an automatic timer and temperature control. Water 
was also placed in the metal bomb to equalize the pressure 
exerted by the solvent on the glass bomb wall at the cle- 
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Fig. 1. A = tube for nitrogen; B = glass boinb; C = 
rubber t,ubing; D = gas bulb; E = gas absorption bottle 

vated temperatures used. Approximately 0.75 to 2 hr. 
time was required to bring the temperature to the desired 
level (2OO-3OO0). 

As carbon dioxide was a product of the reaction, only a 
relatively small amount of starting material, (8-10 mmoles) 
was used, to avoid the danger of excessive gas pressures in 
the glass bombs a t  the end of the run. Before the bomb was 
opened, it was cooled to 0'. It was then wrapped with a 
cloth and heavy lead foil, with the stern protruding. The 
bomb was then opened behind a shield, or in t.he apparatus 
for absorbing carbon dioxide. Many runs were made for the 
purpose of identifying reaction products. In general, the 
organic products were extracted with ether or methylene 
chloride and separated from the precipitated copper and the 
aqueous phase. Benzoic acid was removed by extracting 
the organic phase with saturated aqueous bicarbonate 
solution. This was followed by extraction of the phenol with 
57, aqueous sodium hydroxide solution. Evaporation of the 
remaining ether solution gave neutral products of reaction. 

Method of analysis for  bomb runs. Since only 4-10 nimolw 
of benzoic acid were used in each individual glass bomb, 
with the production of 1 mmole or less of phenol, it was 
impractical t o  separate and weigh a11 of the reaction prod- 
ucts. A scheme of analysis was developed which made it 
possible to determine the major reaction products with 
accuracy. This procedure refers primarily to runs made in 
aqueous solution with cupric sulfate as the oxidizing agent, 
however, with certain modifications other copper salts may 
be treated in a similar manner. 

( a )  Carbon dioxide. After the bomb was cooled to ice 
temperature and the neck scratched, it mas placed in the 
apparatus illustrated in Fig. 1. A sloiv stream of nitrogen was 
allowed to flow through the system. The bomb was broken 
by manipulating the flexible rubber tube (C) which connected 
the bomb to the closed system. The movable glass tube was 
lowered into the bomb to sweep the carbon dioxide into the 
gas absorption bottle. The gas was absorbed by excess 
standard barium hydroxide solution, back titrat.ed to a 
phenolphthalein end point with standard acid. To remove 
the carbon dioxide remaining in the supersaturated aqueous 
solution, the nitrogen stream was turned off and the gas 
bulb ( D )  was evacuated. The stopcock leading to the sec- 
tion where the bomb was attached was carefully opened. 
A considerable amount of carbon dioxide (up to 20-25% 
of the total) would bubble out of the solution as the pres- 
siirc ~ v x s  wducrd. Tlic: stream of nitrogcn was turrictl on 

again and the liberated gas was carried to the absorption 
bottle. In  some of the later runs, the carbon dioxide was 
absorbed with ascarite. 

(b) Unchanged cupric ion and sulfuric acid. The low pH 
of the system after reaction ( < 2 )  indicated that a strong 
acid (sulfuric acid, or hydrochloric acid if cupric chloride 
was used as the oxidizing agent) was a product of the 
reaction. Thc bomb contents were then filtered with a 
sintered glass funnel tJo remove the solids. The bomb was 
rinsed with two 5-11-11. portions of ice water which were 
poured over the solids on the filter and immediately drawn 
through the filter. The conibined filtrates were then treated 
with excess standard sodium hydroxide solution. The cupric 
ion was precipitated and removed by filtration. The excess 
base in the clear filtrate was then back titrated with standard 
acid to the Thymol Blue end point. The washed cupric 
hydroxide was dissolved in dilute acetic acid and titrated 
for copper iodometrically to give a value for the unchanged 
cupric ion. The net amount of sodium hydroxide used after 
subtracting for that used to precipitate the cupric ion was 
assunied to be equivalent to the sulfuric acid formed plus a 
small amount of the water soluble, unchanged benzoic acid. 
The amount of sulfuric acid was calculated from the un- 
changed cupric ion as described below. With this value, 
the amount of soluhle benzoic acid was determined. 

A second method was slso used t o  determine the sulfuric 
acid produced. All of the orgsnic material was removed from 
the aqueous phase by repeated extractions with methylene 
chloride. The remaining solution was titrated as described 
above. The net amount of base used, after subtracting for 
tlint used to precipitate the copper, was equivalent to the 
sulfuric acid formed. As analytical results indicated that 
srilfate ion was unchanged in the reaction, an alternate cal- 
culation that was made as a check was: sulfuric acid = initial 
cupric sulfate - final Cu+. This assumed that a mole of 
sulfuric acid was formed for every mole of cupric ion rc- 
duccd to the inrtal. A fair check was usudly obtained, 
*5%. 

( c )  { J ~ h a n g e d  benzoic acid. Most of t,he unchanged benzoic 
acid remained on the filter as a solid in step (b)  above. 
I t  was dissolved with two 5-ml. portions of freshly dist,illed, 
peroxide-frec neutral dioxane, previously used to rinse the 
Immh and stem. After a subsequent water rinse, the filtrate 
was titrated to the thymol blue end point n9ith standard 
sodium hydroxide solution to give a value for the insoluble 
bcnzoic acid. The value obtained in step (b) for the soluhle 
acid was added to this to give the total acid. 

( d )  Phenol. The remaining filtrates from steps ( b )  and 
( c )  were titrated for phenol by means of the well known 
method utilizing brominc.11 It w s  nssumed that all 
Ixomine used up could be found as tribromophenol. In 
certain runs, the precipitated material was filtered off and 
neighed. The amount obtained plus an infrared analysis 
of the brominated product indicated that the above assump- 
tion was correct. 

(e) Copper metal. The final solid residue on the filter was 
identified as metallic copper by analvsis. It, was diwolvcxd 
with riitric acid arid determinctl quantitatively k1y staiitlilrd 
methods. 

( f )  Sulfde ion. Sulfate ion n-as determined gravimetrically 
by precipitation as barium sulfat,e. 

In order to check the accuracy of the method out~lin~d 
ahove, R number of sgnt,hetic mixtures were made with 
amounts of material similar to that actually foiind in a 
bomb run. With ten mixtiircs, the errors were as follows: 

Phenol =k270, benzoic acid 14%, Cu++ 1.170, 
H2SO. & 1 %. 

(1 1) S. Siggia, Quantitative Organic Analysis  via Functional 
Group,  2nd cd., W h y ,  New York, 1054, p. 1G2. 



The procedure and apparatus for utiliziiig the cttrboxylic 
acid as a solvent in the presence of air and steam have been 
described.12 

rlcl~,~ulcledyn,e,Lt.  I 3111 iiidebted t u  Alr. li. D. 
Barnard, 31~. 11, H. ;\lcyer, 11~. It, ireiklc, 
and 3Ir.  A. Ti. ,Jolin\oii for inany helpful suggestioii\ 
when this i\-ork \vas iiiitiiited 

(12) \Fr. \V. Kaeding, R. 0. Lindblom, rind It. U. Temple, 
U. S. Pat.  2,727,926. P I T T ~ B L  RC,, C I L I ~  

Resonance Interactions in  Naphthalene Derivatives : Dissociation of 
Substituted Naphthols and Naphthoic Acids 

Received .Jamary  do, IAb'l 

In order to compare resonance interactions in 4-X-1-naphthyl derivatives with those in cwrespondirig benzene coinpounds, 
the thermodynamic pK values, in water a t  25", of a series of substituted I-naphthols have been nienswcd, together with 
the value for p-hydroxybenzophenone. An explanation has been offered for diffwoiicm in rcw~nttnce interaction noted for 
some electron-withdrawing substituents. The p K  values, in n-akr  :it 25", of n iiiiniber of sulistitrited 1-nnphtlioic ncitls 
hrive also heen dptwminpd and have been comparrtl n-ith t,hosr of t l i c b  rori~esponrliiig lwrixoir~ xrids. 

In receiit publications Wepster aiid w-\vorkers* 
aiid Taft aiid his  colleague^^^^ have slio~vii, using 
different approaches, that  the concept of discrete 
sigma values (u+, u-, and U )  is fn1lac:ious. Taft, ut 
nl. h a w  deriioiistrated t'hat, reactivity data for :1 
select groiip of mcta-suhstituted pheiiyl groups :ire 
corrrlal ed by the Haiiiiiiett8 equat'ion with Inuch 
greater generality uiid precision thaii data for other 
subst'ituted pheiiyl groups. They designated tho 
niean sigma values, for this select group of sub- 
stituent,.;, as uo values. As t>here is no direct' con- 
jugative intcmctioii between meta substituent' aiid 
side-chxiii rmctioii center (and caiisequeritly 110 

coiit,ributioii, by :i ~'eso~i;uice efTwt, t o  the reltt8ive 
rnte) such u" r-dues are a iiiwsure of the iiiduchvr 
cffcct of iiii X~--C6H,--- group, rclative to the pheiiyl 
group. Ii'or para-substituted l)eiizeiic> derivatives, 
conjugat'ioii between thc substitueiit) a,id side- 
chain reaction center will o(*cur to  an extent which 
will vary from one reaction series to  another and 
consequently for thrse substituents, a range of 
sigma values is required. Taft et al. obtained u" 
values for para-subst it>uted phriipl groups from the 
reactivities of heiizyl derivat ivcs. 111 t hrhe coni- 
pounds r c , w ~ i ~ i n ~ ~ e  between t hc riiig :uid rmctioii 
cmeiitcr is pwvciitctl hy the ilitcqmsed incthylciie 
group. 

\Ye 1iaJ.e previously s:hon-u4-6 that t hc Hanimett 
reaction coiist'aiit ( p )  for alkaliiie hydrolysis of 
substituted ethyl 1-naphthoates in 85% ethanol at, 


