
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 
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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, 
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the relative reactivity. We have also determined 
the dissociation constant of p-hydroxybenzo- 
pherione and, in addition, the pK values of several 
substituted 1-naphthoic acids. I t  was hoped that  
the latter would provide a second reaction series 
which could be used to test the conclusion that the 
inductive effects of correspondingly substituted 
1-naphthyl and phenyl groups are equal. 

EXPERIMENTAL 

Physical constants of compounds examined were: .Yaph- 
thols. 4-methyl-l-naphthol,8 1n.p. 8.7"; I-naphthol, n1.p. 
!)6.5'; l- t~r~ino-l-naphthol,~ m.p. 130"; 4-rhloro-I-naph- 
thol.1" iii.1). 119"; 4-hydrosy-l-naphthaldehyde,11 ni.p. 
I 83"; 4-hcnzo~l-l-na~~lithol,'2 n1.p. 165'; 4-cyano-1-naph- 
thol, I 3  1n.p. 1i7"; 4-nitro-l-naI)hthol,'" ni.1). 188"; 4-nitroso- 
I-naphthol, 111.p. 200"; 3-nitr0-l-naphtho1,~5 m.p. 169"; p -  
hydroxyl)enzophenoiie,'6 m.p. 135". 

.Yaphthoic acids. 1-nnphthoic acid, 1n.p. 180"; 4-bromo-1- 
naphthoic acid.5 ni.1,. 22 1 ; 4-rhloro-I-naphthoic 
1n.p. 225" ; 4-fluoro-1-n:tphthoic wid. m.p. 224.5-225' ; 
:&methyl-l-naphthoic acid,6 111.p. 173.5; 3-riitro-1-naphthoic 
acid," m.p. 269"; 4-nitro-l-11:tphthoic ncid.17 m.p. 225.5'. 
Chromatography on ahunina \vas found to he satisfactory for 
purifying the sinall amounts of n:lphthols required for 
spectrophotometric iiie:ts~ir(~iiic~iits. The eliitiun of the color- 
less naphthols couhl usliall>. t )(, i'ollo\\ccl by the fliiorescwicc 
excited by a mercury lamp. 

Thermodynultlic dissociafioth cotbsilui/!s \yere Ineasuretl 1)v 
the spectrophotoinetric method :IS dtwribcd previously.'x 
For these rather insoluble naphthalene tlt:riviltivcs, 4 (mi. 
path-length cells were usually requircxl i n  order to obtain 
optical densities in the suital)lcs range (0.2-0.8). The teni- 
perature of the cells was maintained a t  25.0 0.2". Buffers 
used were boraxlg; potassium dihydrogen phosphate-di- 
sodium hydrogen phosphate, ~ K H X  = 7.198*O; 5,5'-diethyl- 
barbituric acid (barbitone), ~ K H X  = 7.97g2'; sodium hydro- 
gen succinate-disodium succinate22; formic acid-sodium 
formate (standard ,411alaR formic acid solution partially 
neutralized with standard sodium hydroxide solution), p B ~ x  

(8) L. F. Fieser and 1). 31. Bo\ven, J .  -1n~. Chetu. Soc., 
62, 2103 (1940); R. E. Steiger, Helv. C h i m .  Acta, 13, l i 3  

_._-___ 

(1930). 
(9) W. Militzer, J .  A t / & .  Chem. Soc., 60, 256 (1938). 
(10) H. Kast, Ber., 44, 1337 (1911). 
(11) R. Adams and I. Levine, J .  Am. Chem. SOC., 45, 

(12) R. Scholl and C. Seer, Ann., 394, 111 (1912). 
(13)  R. T. Arnold and J. Sprung, J .  ~ 1 m .  Chem. SOC., 61, 

(14) G. K. Burkh:Lrdt and 1%. Wood, J .  Chent. Soc., 141 

( 15) Sample kindly supplied by I l r .  Alwander Bryson 

(16) IC. TV. Ilosoiiinl1iid : i , r l d  \P. Schnurr, Ann., 650, 8!1 

(17 )  G .  J. Ideuck, R. 1'. Pcrkins, and F. C. Whit,inore, 
J .  .Im. Chem. Soc., 51, 1831 (1929). 

(18) M. 31. Fickling, A. Fischer, B. It. Mann, J. Packer, 
and J. Vaughan, J. Am. Chem. SOC., 81,4226 (1959). 

(10) G. G. Manov, S. J. de Lollis, P. IT. Lindvall, and 
S. F. Acree, J .  Research h h t l .  Bur. Standards, 36, 543 
(1946). 

iitl S. F. .2crec, ?J .  Nescnrch Natl. Bur. 
S t a n d a d s ,  30, 129 (1943). 

(21) G. C. Rlanov, K. E. Schuette, and F. S. Kirk, J. 
liesearch S a l l .  BUT. Standards, 48, 81 (1952). 

(22) G .  I ) .  Pinching and I t .  ( k ,  ThtcSs, J .  Rc,scnrch .YatI. 

2373 (1923). 

2475 (1939). 

(1029). 

:tiid purified (nliiiiiina coluinn) Ijefore usc. 

(19%). 

l l r t r .  Stnntlorrls, 45, 32'2 (1WN. 

= 3.75223; potassium hydrogen tartrate, pwH(0.03 rn) = 
3.64524; chloroacetic acid-sodium chloroacetate (standard 
AnalaR chloroacetic acid solution partially neutralized with 
standard sodium hydroxide solution), p K ~ x  = 2.860.25 For 
an acid HB in 3 buffer mixture of HX and X, ~ K H B  was ob- 
tained using one of the equations.'* 

~ K H B  = PbVH - log mB/mHB - log.fB/.fClfHB (1) 

~ K H B  = ~ K H X  + log mx/max - log mB/mm - 
log fBfHX/fHBfX (2) 

In the case of the naphthols, with one exception, the spectro- 
photometric determination of mB/mHe was made a t  Amax 
far the appropriate naphthoxide anion, a t  which wave 
length €HB xas  less bhan 2% of E B .  For 3-nitro-1-naphthol the 
;tcid peak at 380 nip was used. The optical density of some of 
the naphthol solutions varied slightly, depending upon the 
age of the solution. Moreover, certain of the solid naphthols 
discolored quite rapidly on standing. The naphthols were 
therefore always purified immediately before use and optical 
density measurements xere made on freshly prepared solu- 
tions. The dissociation constants now reported are less pre- 
cise ( f 0.03) than those reported earlier for substituted 
phenols (=IC 0.01), which did not show the instability noted 
in the naphthol series. The naphthoxide solutions were fluo- 
rescent but the pK determinations were not affected by this; 
in each c:~sc, the solution of naphthoxide in alkali was shown 
t o  obey Beer's Law. 

The  napht,hoic acids were found to be a much less suitable 
aysteni for spectrophotometric investigation because of the 
sinall spec-tral change which occurs on converting the acid to 
:inion. Thus, in thc least favorable case (4-nitro-1-naphthoic 
acid) at the \wve length used, eHn/en = 0.82. For the most 
favorable case (1-naphthoic acid) CHB/CB = 4.1. These 
values ma!. be contrasted with c E B / e B  <0.02, for the naph- 
thols. Moreover, in the case of the naphthoic acids, the 
maximuin difference lietween €HB and CB does not occur a t  
hmsx. Consequently it was found necessary to make the 
spectro~,hotoinetric measurements a t  a steep portion of the 
ahsorption curves. For these reasons the  errors in the p K  
valiies of the riaphthoic acids are relatively large, being as 
high as f O . l  unit for 4-nitro-1 naphthoic acid, and 4~0.05 
in the other cases. 

-1s with the other substituted phenols,Is the pK value for 
p-hydrosyherizopheijoiie \vas deteriiiined with good precision 
i fO.01) niid the iilenn p K  MYIS 7.945. 

In T~1:le I arc listed the mean p K  valiics of naphthols, 
together with the ~ i i ( ~ ~ i  pIis of correspondingly substituted 
phenols. In a similar iiianncr, Talde 11 contains values for 
the naphthoic acids, together with the relevant benzoic 
acids. 

DISCUSSION 

;Vaphthols and phenols. There is good agreement 
hetween our value for the pK of p-hydroxybenzo- 
phenorie (7.943 i 0.01) a i d  that  of Grunwald 

( 2 3 )  H. S. Harnetl and S. I ) .  I<inbrt>c?, J .  . l t i t .  C'hetn. Soc., 

(24) R. G .  Bates, Chein. Rev. ,  42, I (1018). 
(25) D. D. Wright, J .  Sm. Chem. Soc., 56, 314 (1934). 
(26) V. V. Perekalin, Zhur. Obshchei Khim. ,  21, 1057 

( 2 7 )  K. Lauer, Ber., 70, 1127 (1937). 
(28) P. A. Trubsbach, 2. I'hysik. Chem., 16, 708, 727 

(2!J) A. I. Biggs, Trans.  F a ~ a d a y  SOC., 52, 35 (1936). 
(30) A. 1. Biggs and R. A. Robinson, private com- 

(31) J .  11. V:tndvnbelt, C. Henrich, and S. G. van den 

56, 1042 (1934). 

(1951). 

(1805). 

munication. 

Bcarg, .4nn/. Chon. ,  26, 726 (I!),%). 



3150 CREAMER, FISCHXR, MANX, PACKER, RICHAHDS, AND VAUGHAN VOL. 26 

TABLE I 
pK VALUES OF X - ~ - ~ A P H T H O L S  AND X-PHENOLS 

X 4 C H s  H 4C1  4-Br ?,-NO2 4-CeH6C0 4-CK 4-CHO 4-1\'02 4-KO 

PIC 9.64 9.3Yd 8.8G 8.72 7.86 7.33 7.08 (3.53 5.73 8.18O 
(Naphthol) 
Buffer" I I I I 111 I1 I1 I1 IV I1 
nb 7 3 5 3 4 4 4 4 3 3 
QK 10.2629 9.9918 0.4230 9.3630 8.4OZ9 7 .95  7.97'* 7.413' T.1518 6.3ti18 
(Phenol) 
AC 0.62 O.GO 0.5G 0.64 0.54  0.62 0.89 0 88 1 . 4 2  -1.82 

Buffers: I = boras; I1 = phosphate; I11 = barbitone; IV = succinate. n = the number of PI<' values determined. 
A = pK (X-phenol) - pIi (X-naphthol). Lit. values 9.6OZ6; 0.85zi (20"). e Lit value 6.59.28 

TABLE I1 
PI< VALVES OF X-~-NAPHTHOIC AND X-BJENZOIC .4c1~s 

3-50.! 4-NOg X H 4-Br 4-c1 4-Olle 4-F 3-CH3 

PK 3 64d 3.3T 3.3G 4.31 3 . X  3.72 2.83 2.8 
(naplithoic 

acids) 
Buffera I I1 I1 I I I I11 I11 
nb 2 1 1 3 3 3 2 3 
PK 4.2033 4.9ya4 4.9734 4.4735 4.1434 4.2736 3.4936 3 .  4236 
(benzoic 

acids) 
AC 0 56 O.GO 0.61 0.16 0.44 0 55 O.GG 0 G2 

a I = formic acid; I1 = tartrate; I11 = chloroacetic acid. n = the number of pK' values determined. A = PK (X- 
benzoic acid)-pIZ (X-1-naphthoic wid). Lit. value 3.G0.32 

(7.95 O.O4j3' obtained by a potentiometric 
method. On the other hand, there is surprisingly 
poor agreement between our value for the PI< of 
I-naphthol and those of Perekalin26 (by potentio- 
metric titration) and of Lauer27 (by an indicator 
method). Their values ~ w r c  obtnincd by l e s  ac- 
curate methods. Moreover, there is a good linear 
relationship between our PI< values of naphthols 
not containing -A4 substituents in the 4-position 
and the accurate PI< values of the corresponding 
phenols dctcrmined by Biggs and Robinson (see 
below). We therefore belicve that our vnluc is the 
more reliable. There is a very much larger discrep- 
ancy between the PI< value nov reported for 4- 
nitroso-1-naphthol, and that determined by Trubs- 
bath.** There is, however, some doubt as to the 
exact identity of the nitrosonaphthols used by 
Trubsbach.38 Within the limits of experimental 
error our value for the PI< of 1-iiaphthoic acid agrees 
with the presumably more accurate value of Dippy 
et 
_____ 

( 3 2 )  J. F. J. Dippy, P. R. C IIrighes, and J. W. Laxton, 

(J3) J. Packer, J. Vaughan, and E. Wong, J .  Org. Chenz., 
J .  ( :hem.  SOC., 1470 (1954). 

- 
23, 7373 (1958) 

(31) J. F. J. I h D v .  F. R. Williams, and R. H. Lewis, 
~ . ' ~ h k m .  ~ o c . ,  343 l i i i~) .  
1888 (1034). 

(193G). 

( 3 5 )  J. F. J. Dippy and F. R. Williarns, J. Chem. Soc., 

(30) J. F. J. Dippy and R. H. Lewis, J .  Chem. SOC., 644 

(37) E. Grunwald, J .  Am. Chem. SOC., 73, 4034 (1951). 
(35) Elsevier's Encyclopaedia of Organic Chemistry, 

Elsevier Publishing Co., Amsterdam, 1952, Vol. 12B, p. 
2T31, footnote. 

When the PI< values of substituted 1-naphthols 
are plotted against pK ' s  of the corresponding phen- 
ols, it is found that substituents incapable of 
resonance interaction with the side-chain correlate 
w l l  with a line drawn 011 the assumption that  re- 
action constants, for the dissociation of phenols and 
1-naphthols, are the same, On the other hand, when 
resonance interaction exists, the relevant points 
(with the exception of that  for the 4-benzoyl sub- 
stituent) are well off the line. The points for the 4- 
C S ,  4-CHO, and 4-K02 substituents indicate 
greater acidity, of the respective naphthols, than 
would be implied by the linear relationship, and the 
point for the 4 - 1 0  group indicates that  the acidity 
of the corresponding naphthol is lower than would 
be cxpected. 

Consider first the data for the compounds in 
which the 4-substituent is CN, CHO, or NOz. The 
fact that these substituted 1-naphthols are stronger 
acids than the linear correlation indicates that  there 
is (relative to the unsubstituted compound) a 
greater gain in resonance energy in ionization of 
such a substituted naphthol than there is in the 
case of the corresponding phenol. This appears to 
be reasonable; two singly-charged canonical 
structures can be written for the quinoid form of, 

0 0 0 

@ \ 

- NO, - NO, - KO- 
T I 1  I 1 1  
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e.g., 4-nitro-l-naphthoxide ion (T & I I ) ,  but only 
one for the 4-nitro-phenoxide ion (111). Expressed 
another way, the greater resonance interaction be- 
tween 4-substituent and l-side-chain in the naph- 
thalene case is a result of the “naphthoquinone 
type” structure containing a benzene ring. As the 
resonance energy difference between naphthalene 
and benzene is less than the resonance energy 
of benzene, the “naphthoquinone type” struc- 
ture contributes more to the resonance hybrid 
of naphthoxide and “quinone type” forms than the 
“benzoquinone type” does to  the resonance hybrid 
in the corresponding benzene case. 

For 4-benzoyl-l-naphthol, models show that the 
carbonyl group cannot achieve coplanarity with the 
naphthalene ring because of the steric effect of the 
adjacent peri hydrogen atom. In  this instance it 
appears that the effect of steric hindrance to meso- 
merism just balances the additional resonance effect 
expected for a naphthalene derivative. Some steric 
hindrance is similarly expected in 4-nitro-] -naph- 
thol, but in this case it is insufficient to outweigh 
the additional naphthalene resonance effect. The 
apparent paradox, that  4-nitroso-l-naphthol is a 
much weaker acid than p-nitrosophenol, may also 
be explained in terms of the “naphthoquinone 
type” structure being relatively more stable than 
the “benzoquinone type” s t r~c ture .~g  4-Nitroso-l- 
naphthol and p-nitrosophenol are both tautomeric 
and in solution we have the equilibria (charges not 
shown) 

KI 
HB e H + B  e HB’ 

nitroso anion quinone monoxime 

I t  may be shown that the measured equilibrium 
constant is 

Kexpt l  = (aFlaB)/(:iHR + aHB’) = CY(aBaB /aHB) CVKl 

\there a is the fraction of the compound in the 
nitt os0 form. Denote naphthol caw by superscript 
S and pheriol by 1’. Then 

~ K ‘ e x p t ~  = --log CY‘ + ~K’I  
~ K ’ e r p t ~  = -log a’ + ~K’I 

If, as for other l-naphthols and phenols with -M 
4-substituents 

pK’i > pKpi 

then 
log CYN + pKNexptl > log (Ip + pKP,,,t1 

hence 
log ax - log CY’ > -1.82 

and 
aN/aP  > 0.015 

(39) A helpful note by a referee has referred us to other 
Cviclence, indicating the greater stabilization of naphtho- 
quinone than benzoquinone, obtained from studies on 
hydroxy azo compounds, e.g., P. RamarbLucas, M. Grumez, 
and b‘l. llartynoff, 13~11. soc. chim., 10,233 (1943). 

Thus, in aqueous solution, even if all the nitro- 
sopheiiol is present as the nitroso tautomer, effec- 
tively all of the nitroso-naphthol exists in the 
quinonemonoxime form-i.e. the “naphthoquinone 
type” tautomer is relatively more stable than the 
“benzoquiiione type” tautomer. 

The mesomeric interaction energy differences 
(“AE+)3 for the 4-CN-, 4-CHO-, and 
4-N02- substituted 1-naphthols and phenols 
have been calculated from the expression 

These are listed in Table 111. As no uo value is 
available for the p-cyanophenyl or p-formylphenyl 
groups, the sigma value from benzoic acid dissocia- 
tion is used for the former and that of pacetyl- 
phenyl, again from benzoic acid dissociation, for 
the latter.40 

AAF+* = 2.3RT(pK - pKo + p d )  

TABLE I11 
AAF+ VALUES (Kcal. Mole-’) FOR DISSOCIATION OF 

X-~-NAPHTHOLS AND X-PHENOLS 
~~~ 

X 4-CN 4 k H O  4-NO2 

- AAF$ (Xaphthols) 1 . 1  2 . 3  2 . 5  
- AAF+ (Phenols) 0 . 7  1 . 9  1 . 4  

Consider now the data for those compounds 
which do not involve resonance interaction between 
substituent and side-chain. From Table I11 it is 
seen that these substituted l-naphthols are, on the 
average, more acid than the correspondingly sub- 
stituted phenols by 0.59 ph’ units. It has previously 
been shown that the polar effect of a l-naphthyl 
substituent (relative to phenyl) is very small 
(u* = -0.026).33 Consequently nonpolar factors 
must be responsible for the greater acidity of these 
naphthols. The nonpolar contribution to the rela- 
tive p K  values is 

Es = pKP - pKN - pu* = 0.65 

Furthermore, the steric effect (presumably steric 
inhibition of solvation of the naphthoxide ion) 
should be negative-ie., should result in the 
1-naphthols being weaker acids than the phenols. 
Hence, the greater acidity of the naphthols must be 
attributed to a resonance effect of the l-naphthyl 
group, and this must be given by 

A A F 4  > -2.3RTEs 

> -0.89k.cal.mole-1 

Thus the l-naphthyl group has an “extra reso- 
nance” (-M) effect greater than that of the p-cy- 
anophenyl group (Table 111). 

Carboxylic acids. Neglecting the values for the 
4-methoxy and 4-fluor0 substituents, the mean A 
value is 0.60 and the individual values do not 
deviate from this mean by more than the experi- 
mental error-Le., the reaction constants for 

(40) D. H. &Daniel and H. C. Brown, J .  Org. Chem., 
23, 420 (1958). 



dissociatioii oi 1)enzoic aud of I-iiaplithoic acid are 
the same. The fact that the 4-fluoro and, particu- 
larly, the ~-iiietho?cy-l-iiaphthoic arids are rela- 
tively wealiri- than the linear relatioil \I ould predict, 
as shouii by the l m  A values. I:, iiidiwtive of a 
greater r w ~ i i a i i ( ~ ~  iiiteraction in the;.(> 1 -1iaphthoic 
acids, containing ,-ub\tituents jvith large fJ1 
effects, than in t h e  cmwbponding benzoic acid:,-- 
z.c., as ill  t h r  c a w  of the 4(  -11)-substituted l-naph- 
thoxidc ions, the "iiaphthoquiiroiie typr" struc- 
tures (I\-) aiid (Y) cwtrihiite more to thr resonance 

0 - -0  
I 

$-OH $-OH $-OH 

Ol le  + OMe 9 dhle  
I V  Y \'I 

hybrid of the acid than the "beiizoquinoiie type" 
does in the benzoic acid case (VI). 

However, because of t,he rather large experi- 
nieiital uncertainty of the dissociation constaiits of 
substituted I-iiaphthoic acids, t'hese conclusions 
are d r a w  with some diffidence. As in the case of the 
napht'hols and phenols, nonpolar effects must he 
responsible for the greater acidity of thc substituted 
1-naphthoic acids compared with t>he correspond- 
ingly subst,ituted bciizoic acids. In  this case, how- 
ever, t'he dominant effect must be steric inhibition 
of mesomerism because ill the absence of this factor 
the 1-naphthyl group, ivith a presumed grcatcr +&I 
cffrct, thaii phenyl, should stabilize. thc acid rela- 
tivc t,o the anion aiid coiiseqiieiitly inhihit. dissocia- 
t ion. 
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