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compared to that for the dimethyl ether of hydro-
quinone and also the size of the moments for ^-bromo-
phenyl and p-nitrophenyl trifluoromethyl ethers (com­
pared to the values for vector sum and to those of the 
corresponding anisoles) can be explained in one of two 
ways: (1) The angle for the OCF3 group with the axis 
in the plane of the ring is closer to 180° than to 90°; 
or (2) the angle is still near 90° but the OCF3 group 
rotates almost freely so that it is restricted to only a 
small extent to a coplanar position with the aromatic 
ring. This latter explanation is considered most reason­
able since the resonance contribution by the quinoidal 
forms is grossly reduced by the electron-withdrawing 

effect of the CF3 group (note that for OCF3 <TR ranges 
from -0 .13 to -0 .23 while for OCH3, <rR is -0.47). 
With the precision of the data in mind, a tenuous con­
clusion can be drawn that the £-nitro group behaves 
as expected and helps to stabilize the quinoidal form 
compared to the p-brom.o group. A more quantita­
tive analysis of the dipole moment results is not 
appropriate in view of the problems discussed in ref. 24b. 

Acknowledgments.—We wish to acknowledge with 
thanks the assistance of Miss Ellen Wallace and Mrs. 
Flora Youngken in carrying out the ionization con­
stant measurements and of Mr. Charles Wortz for the 
dipole moment measurements. 
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^-Benzoquinone diazide and 2,6-dimethyl-p-benzoquinone diazide decompose in various solvents in the 
presence of heat or light with the loss of nitrogen to give different products. Whereas the light-catalyzed de­
composition in many solvents affords substituted phenols, in tetrahydrofuran nearly a 1:1 copolymer with 
solvent is obtained. The polymer, which contains the polyether structure, is probably an alternating copolymer 
and is formed through a cationic ring opening of tetrahydrofuran. 

Introduction 
The potential thermal stability of polymers contain­

ing the poly-(phenylene oxide) chain have made them 
the object of recent investigation with respect to the 
methods of formation of such a polymer.3-10 Com­
pounds containing the ^-benzoquinone diazide struc­
ture decompose readily in the presence of light or heat 
and should lend themselves readily to the preparation 
of poly-(phenylene oxides). However, decomposition 
in the solvents benzene, anisole, and N,N-dimethyl-
aniline provides the substituted hydroxybiphenyl de­
rivatives,3 1I12 while the photodecomposition of solid 
/j-benzoquinone gives insoluble polymer.11 The 
thermal decomposition of 2,6-dibromo-/>-benzoquinone 
diazide in chlorobenzene affords a polymer containing 
the expected recurring unit as well as incorporated 
solvent.3 In this decomposition, a mildly electrophilic 
diradical has been proposed as the reactive inter­
mediate.313 

Results 
The monomers ^-benzoquinone diazide (I) and 2,6-

dimethyl-^-benzoquinone diazide (II) were prepared 
in anhydrous (red) and tetrahydrated (yellow) forms 
which could not be distinguished spectrally except for 
the fact that the anhydrous forms have lower molar 
extinction coefficients (Table I). The anhydrous form 
of />-benzoquinone diazide and the tetrahydrate form of 

U) T h i s ar t ic le was t o have been publ i shed prior t o t h a t of K u n i t a k e and 
Pr ice fref. 19), bu t pub l i ca t ion was de layed due t o unforseen c i r cums tances . 
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the Univers i ty of Arizona, D e c e m b e r 27 -28 , 1961; (b) Th is research was sup­
por ted in pa r t by a g r a n t from the P e t r o l e u m Resea rch F u n d , admin i s t e r ed 
by t he Amer ican Chemica l Socie ty . Grateful a c k n o w l e d g m e n t is he reby 
m a d e to the donors of th i s fund. 

C)) M. J. S. D e w a r and A. X. J a m e s , J. Chem. Soc, 917 (1958). 
( 1) G. I ) . Staffin and C. C. Pr ice , / . Am. Chem. Soc, 82, 3(132 (19IiO). 
15) C. J. K u r i a n and C. C. P r i ce , J. Polymer Set., 49, 207 (1901). 
(0) H. S. B lancha rd , H. I.. F i n k b e i n e r and G. A. Russe l l , ibid., 58, 409 

(1902). 
(7) A. S. H a y , ibid., 58, 581 (1902). 
(8) B. O. L indgren , Acta Chem. Stand., 14, 1203 (1900). 
(9) C. G. H a y n e s , A. H . T u r n e r a n d W . A. W a t e r s , J. Chem. Soc, 2823 

(1950). 
(10) E. Adler and R. M a g n u s s o n , Acta Chem. Scand., 13, r>0."> (1959). 
(11) O. Sus, K. Mol l e r and H. Heiss , Ann., 598, 123 (1950). 
(12) C h i - H u a W a n g , Proc. Chem. Soc, 309 (1901). 
113) M. J. S. Dewar and A. N. J a m e s , J. Chem. Soc, 4205 (1958) 

2,6-dimethyl-£>-benzoquinone diazide have not been 
previously described. The preparation and poly­
merization of 2,6-dibromo-^-benzoquinone diazide (III) 
was undertaken for comparison purposes. All the 
monomers are very difficultly soluble in non-polar sol­
vents, but are very soluble in such solvents as ethanol 
or water. Decomposition of the monomers by either 
heat or light in benzene produced the expected hydroxy­
biphenyl. The photodecomposition of p-benzoquinone 
diazide in nitrobenzene afforded nitrosobenzene and 
/?-benzoquinone. Photolysis of 2,6-dimethyl- and 2,6-
dibromo-£>-benzoquinone diazides in nitrobenzene gave 
nitrosobenzene and presumably the corresponding 
quinones. 

C6H5NO + O= --(}=0 fiH°N0' 
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•x-C^-o' 
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CBHC 
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W //"OH 
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I, R = H; II, R = CH3; I I I , R Br 

Decomposition of the ^-benzoquinone diazides in 
tetrahydrofuran gave good yields of polymer. How­
ever, decomposition in 2,2,5,5-tetramethyltetrahydro-
furan afforded little or no polymeric product. As 
shown in Table II the greatest percentage conversion 
and highest viscosities were obtained using light catal­
ysis and the anhydrous forms of the monomers. 

Polymerizations were also attempted using catalysts 
such as boron trifluoride etherate,1415 copper salts, 16>17 

auric chloride18 and trimethyl borate15 which have been 
(14) C. E. H. Bawn, S. L e d w i t h and P. M a t t h i e s , J. Polymer Sci., 33 , 21 

(1958). 
(15) J. Fe l tz in , A. J. R e s t a i n o and R. B. Mes rob ian , J. Am. Chem. 

Soc, 77 , 200 (1955). 
(10) G. D. Buck ley , L. H. Cross a n d N . H . R a y , J. Chem. Soc, 2714 

(1950). 
(17) C. K. H. B a w n a n d A. Ledwi th , Chem. Ind. (London) , 1180 (1957). 
(18) A. C. Xasin i , L. Trossarel l i a n d G. Saini, Makromol. Chem., 4 4 - 4 6 , 

550 (1901). 
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known to effect the polymerization of diazoalkanes; 
however, no polymeric products were obtained. 

The analytical data for the polymeric products 
(Table III) show that the polymer is nearly a 1:1 
copolymer with tetrahydrofuran rather than a homo-
polymer. The difference in the calculated and found 
values for the 1:1 copolymer may be due to solvent 
occluded on the polymer lattice, a small amount of 
nitrogen (1.0%), or a larger incorporation of tetra­
hydrofuran. Further proof of the structure of this 
copolymer is presented by Price by nuclear magnetic 
resonance investigation of a product obtained by de­
composition of 2,6-dimethyl-£-benzoquinone diazide 
in tetrahydrofuran.19 

The infrared spectra of the polymers show the ether 
C-O-C stretching maxima as well as characteristic bands 
for the phenyl group. In certain polymer samples, 
particularly those prepared from tetrahydrate mono­
mers, weak conjugated carbonyl maxima are observed, 
but in most samples, no carbonyl maximum was present. 
A comparison of the ultraviolet spectra of the polymers 
with the spectra of selected model compounds demon­
strates the presence of the phenylene oxide moiety in 
the polymers (Table IV). 

Determinations of thermal stabilities made on co­
polymers formed from ^-benzoquinone diazide-THF 
and of 2,6-dimethyl-^-benzoquinone diazide-THF in 
atmospheres of air and nitrogen showed that the poly­
mers are stable to about 350°. It should be noted that 
introduction of aliphatic portions into an otherwise 
aromatic polymer decreases considerably the thermal 
stability.20 

The photopolymerization of 2,6-dimethyl-^-benzo-
quinone diazide in tetrahydrofuran at 0° was found to 
display zero-order kinetics between diazide concentra­
tions of 3 X 10~8 and 7 X 10"4 M (Fig. 1); while at 
concentrations between 7 X 10~4 and 1 X 1O-4 M 
the decomposition showed reasonable first-order ki­
netics (K = 1.06 X 10-3) within the limits of experi­
mental error (Table V). A low quantum yield, 4.4 
X 1O-2, was obtained for the photolysis. These results 
may be explained by the fact that the number of excited 
diazide molecules which succeed in decomposing by loss 
of nitrogen rather than losing energy by some other 
process is at any instant extremely low compared to 
the total diazide concentration. This condition would 
necessitate 100% absorption, but a very low quantum 
yield. 

Discussion 
The following mechanism is proposed for the forma­

tion of the 1:1 copolymer. 
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In this mechanism, loss of nitrogen followed by the 
cationic ring opening of tetrahydrofuran affords Ib, 
which may then react with more monomer in a typical 

(19) T. K u n i t a k e and C, C. Price, J. Am. Chan. Soc, 85, 764 (1963). 
(20) H. Vogel and C. S. M a r v e l , J. Polymer Set., 60, 511 (1961). 

TIME (mirO. 

Fig. 1.—Rate of photodecomposition of 2,6-dimethylbenzo-
quinone 4-diazide, 

propagation or with growing polymer (path a). Al­
ternately, attack by phenoxide on the oxonium ion 
avoids the primary carbonium ion and requires the 
formation of a 1:1 copolymer. A successive ring 
opening reaction with tetrahydrofuran could also occur 
(path b) and an occasional reaction by this path could 
account for a slightly higher incorporation of tetra­
hydrofuran in the copolymer. Although tetrahydrofuran 
is present in large excess, path a would be expected to be 
followed instead of path b since the phenoxide ion is a 
better nucleophile. 

Dewar313 has suggested that although the carbene 
IV, the diradical V and the zwitterion VI may be form­
ulated as the reactive intermediate species in the de­
composition of benzoquinone diazides, the zwitterion 
VI is an unlikely candidate both on the basis of electron 
binding energies and on the basis of experimental evi­
dence for a diradical (V). Certainly the substitution 
reactions observed in non-polar solvents seem to proceed 
by a radical mechanism.31319 A polar Lewis base such 
as tetrahydrofuran, however, would stabilize the zwit­
terion species (VI, Ia) formed from the decomposition. 

IV V VI 

This mechanism is consistent with the structure of the 
product in that it allows only ether linkages, and the 
composition of the copolymer since it necessarily must 
produce a 1:1 alternating copolymer. In addition, 
cyclic ethers,21 including tetrahydrofuran,22 have been 
found to suffer ring opening only by use of cationic 
catalysts to yield polyethers. This mechanism also 
accounts for the lower conversion to polymer when the 
monomers are employed since monomer would be 
surrounded by water rather than tetrahydrofuran. 
Finally, this mechanism explains the fact that little or 
no polymer is obtained in the solvent 2,2,5,5-tetra-
methyltetrahydrofuran as this Lewis base presents 
steric inhibition to attack by the diazide or to the 
formation of ion Ia. 

(21) E. L. Wittbecker, H. R. Hall and T. W. Campbell , J. Am. Chem. 
Soc, 82, 1218 (1960). 

(22) E. L. Muettert ies , U. S. Patent 2,856,370, Oct. 14, 1958. 
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The trace of conjugated carbonyl detected in the in-
fared spectra of certain polymer samples may be due to 
some radical polymerization since tetrahydrofuran is 
known to undergo homolytic ring opening in the pres­
ence of free radicals to give aliphatic ketones.2324 

O O 

THF 

+ O - o ^ 

o 
-0(CH2)3C- —>• 

-OCH(CH2)2CHO 

0 

-0(CH2)3C-

This study indicates that p-benzoquinone diazides 
would copolymerize with monomers (Lewis bases) which 
will undergo a ring-opening polymerization reaction by 
cationic catalysts. The copolymerization of ^>-benzo-
quinone diazides with other cyclic ethers is currently 
being investigated. 

Experimental 
Preparation of Monomers.—^-Benzoquinone diazide25'26 and 

2,6-dimethyl-£-benzoquinone diazide27 were prepared by dehydro-
halogenation of the corresponding diazotized phenols with 
freshly prepared moist silver oxide; and 2,6-dibromo-^-benzo-
quinone diazide28 by the addition of bromine to the diazotized 
p-aminophenol. 

The monomers are very unstable and sensitive to heat, light 
and shock. Therefore, nearly all work with the monomers was 
done at 0°, and the pure compounds were stored in a vacuum 
desiccator at 0° over phosphorus pentoxide and protected from 
light. The properties of the monomers are given in Table I . 

TABLE I 

^-BENZOQUINOXE DIAZIDE MONOMERS 

Monomer Color M.p., 0C. Xmax0 

Explodes 92 348 
38.5-39.5C 348 

1 0 9 - l l l d 357 
64-66 357 

Explodes 148 363 
ol. b In chloroform. 

log e Infrared6 

4.48 2080 
4.56 2080 
4.27 2070 
4.75 2070 
3.55 

c Reported26 38 

I Orange 
I 4H2O Yellow 

II Red 
II 4H2O Yellow 

III Yellow 
" In anhydrous ethanol 

39°. i Reported" 121 

A. ^-Benzoquinone diazide (I) was prepared as the tetra-
hydrate as described26 except that the final reaction mixture was 
diluted to 2 1. with anhydrous ether and stored at —80° for 2 
days to crystallize the product in a 63% yield. 

The tetrahydrate was recrystallized three times by dissolving 
it in 50 ml. of absolute ethanol, pouring into 2 1. of anhydrous 
ether and storing at —80° to obtain the anhydrous compound in a 
57% yield. Anal. Calcd. for C6H4N2O: C, 59.99. Found: 
C, 60.08. 

B. 2,6-Dimethyl-^-benzoquinone Diazide27 (II).—A solution 
of 20 g. (0.12 mole) of 2,6-dimethyl-£-aminophenol hydrochlo­
ride, 20 ml. of concentrated hydrochloric acid and 350 ml. of 
absolute ethanol was cooled to —5° and 18 ml. (15.6 g.( 0.13 mole) 
of freshly distilled isoamyl nitrite was added dropwise over a 20-
minute interval. After stirring for 2 hours, the mixture was 
poured into 2 1. of anhydrous ether at 0°. The diazonium salt 
was collected by filtration, partially dried on the funnel, sus­
pended in 110 ml. of absolute ethanol and cooled to —5°. To 

(23) T. J. Wallace and R. J. Gritter, J. Org. Chem., 26, 5256 (1961). 
(24) T. J. Wallace and R. J. Gritter, ibid., 27, 3067 (1962). 
(25) H. Wolff, Ann., 312, 126 (1900). 
(26) G. T. Morgan and H. P. Tomlins, J. Chem. Soc, 111, 497 (1917). 
(27) W. Ried and R. Dietrich, Ber., 94, 387 (1961). 
(28) C. Bohmer, J. prakt. Chem., 24, 453 (1881). 

this suspension was added 55 g. of freshly prepared moist silver 
oxide and the mixture was stirred for 3 hours at —5°. The 
suspension was then filtered, poured into 1 1. of anhydrous ether 
and stored at —80° for 1 day to precipitate out the diazide tetra­
hydrate in a 35% yield. Anal. Calcd. for CgH16X2O5: C, 
43.60; H, 7.27. Found: C, 43.48; H, 7.53. 

Two further recrystallizations were carried out by dissolving 
the solid in 50 ml. of cold absolute ethanol and pouring it into 1 1. 
of anhydrous ether and storing at —80° for 1 day to obtain the 
anhydrous compound in a 30% yield. Anal. Calcd. for C8H8-
N2O: C, 64.84. Found: C, 65.29. 

C. 2,6-Dibromo-£-benzoquinone diazide (III) was prepared 
as previously described28 in a 74% yield. 

Decomposition of Quinone Diazides.—Solutions of diazides 
were prepared at 0° and deoxygenated with nitrogen. Light-
catalyzed reactions were carried out at 0° in Yycor flasks using 
a G.E. AH-4 mercury vapor lamp; thermal decompositions were 
run by placing the cold solution in a preheated oil-bath. At the 
end of the reaction when a tetrahydrofuran solvent had been 
employed the mixtures were concentrated under reduced pressure 
to about 10 ml. and poured into 150 ml. of methanol to pre­
cipitate the polymer. Polymeric products were purified by 
dissolving them in a minimum amount of benzene and reprecip-
itating in 150 ml. of methanol and by lyophilizing from benzene 
solution. 

A. In Nitrobenzene.—A solution of 1.6 g. of 2,6-dimethyl-
p-benzoquinone diazide in 100 ml. of nitrobenzene was irradiated 
for 24 hours at 0°. The solution was concentrated under reduced 
pressure to 10 ml. and poured into 150 ml. of methanol to precip­
itate a small amount of polymeric material (0.1 g.). The green 
distillate, b .p . 110° (10 mm.), from this concentration showed a 
maximum in the ultraviolet spectrum at 743 vn.fi which was identi­
cal to the maximum for a solution of nitrosobenzene in nitro­
benzene.13 

Similarly, the decomposition of both ^-benzoquinone diazide 
and 2,6-dimethyl-^-benzoquinone diazide by irradiation in nitro­
benzene at 0° afforded nitrosobenzene as shown by the ultra­
violet spectra. These solutions also showed maxima in the 440-
480 m^ region, characteristic of ^-benzoquinone and 2,6-dimethyl-
^-benzoquinone. In the case of the p-benzoquinone diazide, 3.3 
g. (0.05 mole) of freshly cracked cyclopentadiene was added to 
the distillate obtained from the decomposition of 1.2 g. (0.01 mole) 
of diazide in 50 ml. of nitrobenzene. The solution was stirred 
for 4 hours and the solvent was removed under reduced pressure. 
The residue, 0.62 g. (26%), was recrystallized from ethanol to 
yield l,4,4a,5,8,8a,9a,10a-octahydro-f,4,5,8-dimethano-9,10-an-
thraquinone, m.p. 156-157°, reported29-30 157-158°. The melt­
ing point of a mixture of this sample and an authentic sample was 
undepressed. 

B. In Benzene.—Photodecomposition of 2.0 g. of 2,6-di-
bromo-£-benzoquinone diazide in 200 ml. of benzene gave 1.4 g. 
(63%) of 2,6-dibromo-4-hydroxybiphenyl, m.p. 93.0-93.5°, 
reported" 96°. Anal. Calcd. for Ci2H8Br2O: C, 43.93; H, 
2.44. Found: C, 43.65; H, 2.65. 

The photodecomposition of 1.0 g. of anhydrous ^-benzoqui-
none diazide in benzene afforded 0.90 g. (64%) of crude p-
phenylphenol. Four recrystallizations of the crude material 
from a benzene-hexane mixture gave pure product, m.p. 165°, 
reported11 164°. 

C. In 2,2,5,5-Tetramethyltetrahydrofuran.—Irradiation of a 
solution of 0.82 g. of j!>-benzoquinone diazide in 400 ml. of 2,2,5,5-

Monomer Concn.<* T, 0C. 

1-4H2O 75 0 
75 66 
75 66 
60 0 

I 25 0 
II 75 0 

55 66 
20 0 

I I I 225 0 
225 66 

" Numbers refer to ml. solvent/g. monomer. h Calculated on 
the basis of a 1:1 copolymer with solvent. c Inherent viscosities: 
0.25 g. of polymer/100 ml. of benzene, 25°. d A number aver­
age molecular weight, 3118, of this sample was obtained in chloro­
form on a Mechrolab 301A vapor pressure osmomoter. e In 
chloroform. / Mn of the fo] = 0.10 sample was 2245 as meas­
ured in d. 

T A B L 

)IAZID 

Time, 
hr. 

16 
14 
24 
36 
36 
12 
36 
36 
24 
24 

E I I 

ES I N T E T R A H Y D R O F U R A N 

Light 

Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 

COnV.,6 

% W 
38 0.18 
65 .12 
53 .08^ 
68 .11 
76 .12" 
45 .10'-0.3O 

8 .12 
45 .13" 
35 .05 
43 .03 

(29) W. Albrecht, Ann., 348, 31 (1900). 
(30) K. Alder and G. Stein, ibid., 501, 247 (1933). 

vn.fi
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TABLE II I 

ANALYSIS OF COPOLYMERS 

Calcd. for 
homopolymer, % 

momer C H 

I 78.26 4.38 
II 79.97 6.67 

I I I 28.84 0.80 

Calcd. for 
copolymer, % 

C H 

73.15 7.37 
74.97 8.39 
37.30 3.13 

, F o u n d , %• 
C H 

72.44 6.64 
73.95 7.99 
35.98 2.16 

log 

1.00 

TABLE IV 

ULTRAVIOLET SPECTRA OF POLYMERS AND MODEL COMPOUNDS" 

"max. 
C o m p o u n d m/x 

PoIy-(1,4-phenylene oxide) 
Anisole 
Diphenyl ether 
4-Hydroxydiphenyl ether 
4-Methoxydiphenyl ether 
Poly-(2,6-dimethyl-l,4-phenylene oxide) 
2,6-Dimethylanisole 
" In chloroform. b Extinction coefficient calculated on the 

basis of a 1:1 copolymer. 

295 
277 
278 
281 
280 
287 
265 

2.93 s 

3.15 
3.26 
3.48 
3.43 
2.84' 
2.78 

tetramethyltetrahydrofuran31 at 0° afforded 0.16 g. (25%) of 
yellow polymer, 74% of which was soluble in benzene and had an 
intrisic viscosity of 0.059. Subjecting 2,6-dimethyl-£-benzo-
quinone diazide to similar treatment afforded only a trace of 

(31) L. H e n r y , Comfit, rend., 143, 496 (1900). 

TABLE V 

RATE OF PHOTODECOMPOSITION OF A 3.108 X 10~* M SOLUTION 

OF 2,6-DIMETHYLBENZOQUINONE-4-DIAZIDE 

T i m e X 1 0 " 

2.1 
3.9 
5.7 
7.2 

In (Co/C) 

0.193 
.367 
.510 
.677 

Time X 10" 

9.0 
11.4 
13.8 

In (Co/C) 

0.982 
1.344 
2.064 

polymer. Thermal decomposition of 0.5% solutions of the two 
monomers at reflux temperature (111.0°) produced only traces of 
polymer. 

D. In Tetrahydrofuran.—Summarized in Table II are the 
results of decompositions in tetrahydrofuran. Tables III and 
IV give analytical and ultraviolet spectral data, respectively. 
The products from />-benzoquinone diazide are slightly yellow 
and those from 2,6-dimethyl-/>-benzoquinone diazide are white. 
Polymer samples prepared from the hydrated monomers only 
showed weak bands at 1695 c m . - 1 ( C = O str., conj.) in the infra­
red region while all polvmers showed maxima at 1195-1200 
cm.- 1 (C-O-C str.). 

Kinetics.—Tetrahvdrofuran solutions 2.325 X 1 0 " 3 I f (Fig. 1) 
and 3.108 X 10 - 4 M (Table V) in 2,6-dimethyl-p-benzoquinone 
diazide were placed in a flask equipped with a mechanical 
stirrer, and blanketed by an atmosphere of nitrogen. This 
apparatus was partially immersed in a bath maintained at 0°. 
During irradiation with a G.E. AH-4 mercury vapor lamp, 1-ml. 
aliquots were withdrawn, diluted to 10 ml. in the dark and placed 
in a Beckman DU spectrophotometer at 0° to determine optical 
density at 357 m û. The quantum yield was obtained by using 
both uranyl nitrate and oxalic acid as standards. 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, COLUMBIA UNIVERSITY, N E W YORK 27, N. Y.] 

The Acid Dissociation Constants of Some 1,2-Cyclopropanedicarboxylic Acids. Some 
Comments Concerning Acid Dissociation Constants of Dicarboxylic Acids1 

BY LAYTON L. MCCOY2 AND GUENTER W. NACHTIGALL 

RECEIVED OCTOBER 15, 1962 

The acid dissociation constants of twenty-three substituted 1,2-cyclopropanedicarboxylic acids are reported. 
Some of the trends in the relationships between structure and dissociation constants are pointed out and dis­
cussed. A general discussion of some problems connected with acid dissociation constants, especially for di­
carboxylic acids, is given. 

As a result of previous studies on the preparation of 
polysubstituted cyclopropanes,3"6 we have accumulated 
a number of sets of substituted isomeric 1,2-cyclo­
propanedicarboxylic acids. Many of the compounds 
were new, and others were not readily accessible pre­
viously. Earlier studies of the physical and chemical 
properties of substituted cyclopropanes often have been 
limited to readily available alkyl-substituted com­
pounds. As the result of our work making cyclopro­
panes with carboxyl, ester, nitrile groups and halogen 
available, we have considered it desirable to investigate 
the physical properties of these cyclopropanes sub­
stituted with electron-withdrawing groups. The pres­
ent report gives an initial survey of the acid dissociation 
constants of most of the 1,2-diacids available to us. 
Because our compounds comprise a rather hetero­
geneous group, we have not aimed for extremely refined 
results, but rather we have tried to obtain adequate 
data for the following purposes: (1) To observe any 
trends in the relationships between structure and acid 
dissociation constants, and if such trends were dis­
cernible to see if they matched similar trends in related 
succinic acids or maleic-fumaric acids. (2) To use 

' l ) P a r t of th i s r e p o r t is t a k e n from a senior h o n o r s p ro jec t by G. W . 
Nach t iga l l . 

(2) T o w h o m inqui r ies should be sen t . P r e s e n t a d d r e s s : D e p a r t m e n t 
of C h e m i s t r y , U n i v e r s i t y of K a n s a s C i ty , K a n s a s C i ty 10, M o . 

(3) L. L. M c C o y , J. Am. Chem. Soc, 80, 6508 (1958). 
(I) L. L. M c C o y , J. Org. Chem., 2 5 , 2078 (1900). 
(5) ].. L. M c C o y , J. Am. Chem. Soc, 84, 224G (1962). 
(Ii) T-. L. M c C o y and G. W . Nach t iga l l , J. Org. Chem., 27 , 4312 (1962). 

any empirical relationships observed in (1) to help 
assign configurations to some of the new diacids. 

Experimental 
Materials.—The diacids used are listed in Table I with 

references to their source. In all cases, the samples titrated 
were those for which analyses are reported in the references, or 
they are samples prepared in an identical manner. All of the 
acids titrated to better than 99% of theoretical equivalence. 

Titrations.—These were carried out with type SBR 2/SBU/ 
T T T 1 automatic titration equipment of the Radiometer Corpo­
ration, with Radiometer type G 202 B glass electrode and type 
K 4312 calomel electrode. A jacketed container of about 100-
ml. capacity, the jacket connected to a temperature-controlled 
water-bath, which permitted temperature control at 20.0 
± 0.1°, was used as the titration vessel. During each titration, 
the access of air (carbon dioxide) was prevented by maintaining a 
nitrogen blanket over the solution. Titrant, 0.100 N sodium 
hydroxide, was added by means of a2.5-ml. syringe buret to 100.0 
ml. of a 0.00100 M solution of the acid in carbon dioxide-free 
distilled water. Before each titration, the pK meter was stand­
ardized against buffer solutions (Fisher Scientific) over the 
range pH 3.00 to pH 6.50. At least two titrations were run on 
each acid, the first of which was automatically recorded, while 
during the second titration direct readings were taken from the 
micrometer arrangement of the syringe buret and from the pH 
meter. Automatically recorded data were found to be unsuitable 
for the desired evaluation because the chart could not be read 
with sufficient accuracy. Agreement between titrations of the 
acid was generally within 0.03 pH unit. 

Determination of Acid Dissociation Constants.—The data 
were treated by the method of Speakrnan' and by Eberson's 
modification thereof.8 All trans-acids, where K1/K2 was about 
50 or less, were treated according to Speakman's graphical 

(7) J. C. S p e a k r n a n , J. Chem. Soc, 855 (1940). 
(8) L. E b e r s o n , Ada Chem. Scand.. 13, 211 (1959). 


