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and propane-hydrogen mixtures, respectively, is 
that of the very rapid further decomposition of a 
highly energetic product ion formed in a very exo
thermic reaction. An extreme example of this al
ternative is the complete failure so far to detect the 
dimer ion of the reactants.1-3 '5-8 

From all the reactions we have observed1 that 
produce CH5

+ (or its deuterated analog) we calcu
late AiTf(CH6

+) < 234 kcal./mole. Reactions 3 
and 6 cannot, of course, be endothermic for this 
would mean that AiTf(CH5

+) > 286 kcal. 'mole 
which is an obvious inconsistency. Though we do 
not observe (4) and (7), we do not think it is because 
of energetic limitations, and furthermore Tal'roze 
and Frankevich3 report evidence that (3), (4), (6), 
(7) do occur. However, neither we8 nor others3 

have been able to detect the reaction 
CH 4

+ + H2O — > CH 5
+ + OH (13) 

which, if due to energetic limitations, permits the 
assignment of AiTf(CH6

+) > 218 kcal./mole. Ex
pressing these energetic limits as proton affinities, 
P, we thus have 

113 kcal./mole < P(CH4) < 129 kcal./mole 

in agreement with Tal'roze and Frankevich.2-3 

For the reasons discussed above we do not believe 
that the failure to detect C2H7

+ ion in ethane-hy
drogen mixtures permits the assignment of P(C2-
He) < 61 kcal./mole.2'3 Furthermore it seems un
reasonably low when compared with the range 
found for methane. A more reasonable estimate 
can be made from the energetics of a well-estab
lished reaction occurring in methane,6'9 namely 

(8) F. W. Lampe, F. H. Field and J. L. Franklin, T H I S JOURNAL, 
79, 6132 (1957). 

(9) D. O. Schissler and D. P. Stevenson, J. Client. Phys., 24, 92(5 
(1956). 

The availability of pure homologous diacyl per-
(1) Eastern Utilization Research and Development Division, Agri

cultural Research Service, U. S. Department of Agriculture. 
(2) Paper VII, Anal. Chem., 30, 385 (1958). Paper VI, T H I S 

JOURNAL, 81, 2364 (1959). 
(3) Presented at the Fall Meeting of the American Chemical So 

ciety, Chicago, Illinois, September 7-12, 1958. 
(4) Deceased. 

CH 3
+ + CH4 >• [C2H7

 + ] > C2H5
+ + H2 (14) 

The reaction must proceed through the C2H7
+ ion 

and so it must have at least a transitory existence. 
Moreover, for the reaction to be observable AiTf 
(C2H7

+) must be less than SAiTf(reactants) but 
greater than SAiTf(products). Hence,10 224 kcal. ' 
mole < AiTf(C2H7

+) < 244 kcal./mole which ex
pressed as limits for the proton affinity of ethane is 

101 kcal./mole < P(C2H6) < 121 kcal./mole 

It is of interest that a value of ATTf(C2H7) > 224 
enables one to answer the question as to why a re
action analogous to (8) and (10) does not occur in 
ethane. For the reaction 

C2H6
+ + C2H6 > C2H7

+ + C2H5 (15) 

ATT> 20 kcal./mole, and thus has an activation en
ergy that surely precludes its observation. More
over, the reaction 

H 2
+ + C2H6 > C2H5

+ + H2 + H (16) 

for which AiT < 60 kcal./mole may be the reason 
for the failure to detect the C2H7

+ ion.23 The heat 
of reaction of 

H 2
+ + CH4 > CH 3

+ + H2 + H (17) 

is ATT < 24 so that (17) may be responsible for our 
inability to detect (3), (4), (6) and (7). Although 
we did not observe an increase in CHs+ with hydro
gen pressure, this might well be due to our sensitiv
ity limitations in detecting small differences be
tween relatively large numbers. 

Acknowledgment.—We wish to thank Mr. B. L. 
Clark for his assistance with the experimental work 
reported in this paper. 

(10) F. H. Field and J. L. Franklin, "Electron Impact Phenomena," 
Academic Press, Inc., New York. N. Y., 1957. 
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oxides and £-butyl peresters of long chain aliphatic 
monobasic acids, the preparation of which is de
scribed in a previous paper,2 permitted a determina
tion and study of their X-ray diffraction spectra 
(Tables I, II and III) and polarographic character
istics (Table IV). The results of these investiga
tions are reported in this paper. Several acid an-
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Alternating series are obtained from long spacing and melting point data for the even and odd acyl chain members of 
diacyl peroxides and i-butyl peresters. The even membered diacyl peroxides have lower long spacing and higher melting 
point curves than the odd members. The even acyl chain membered (-butyl peresters have higher long spacing and melting 
point curves than the odd members. Long spacings have been redetermined for several acid anhydrides and reported for the 
first time for several i-butyl esters. Peroxide bond skew is revealed as a foreshortening of chain length. An exact computa
tion of the O-O bond length in diacyl peroxides by a series comparison of the crystal data cannot be made because of un
certainties involving end packing and the degree to which the peroxide oxygen atoms are shielded as a result of skew by the 
attached carbonyl carbon atoms although a projected O-O group distance of 1.44 A. has been derived. Half-wave potentials 
of - 0 . 8 2 to —0.96 volt vs. S.C.E. for <-butyl peresters and - 0 . 0 8 to - 0 . 1 2 volt vs. S .CE. for diacyl peroxides also have been 
obtained. Half-wave potentials for i-butyl peresters and diffusion current constants for diacyl peroxides decrease with chain 
ascension. The relations idM'/i = const, and tjA/Vs = const, are proposed to account equally well for the change of dif
fusion current constant with chain size in the diacyl peroxides. An order of decreasing bond strengths in peroxides based on 
half-wave potentials is di-f-butyl peroxide > /-butyl perester > hydroperoxide > diacyl peroxide > peracid. 
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TABLE I 

I.oxG SPACIXGS OF LOXO-CHAIN DIACYL PEROXIDES 

Diacyl peroxides Spacing, A. 

Dipelargonyl 23.30 
Didecanoyl 24.60 
Dilauroyl 29.05 
Ditridecanoyl 32.15 
Dimyristoyl 33.40 
Dipalmitoyl 37.75 
Distearoyl 42.20 

TABLE II 

LOXG SPACIXGS OF LOXO-CHAIN ?-BUTYI. PERESTERS 
tf-Butyl peresters Spacing, A. 

Perpelargonate 
Percaprate 
Perlaurate 
Pertridecanoate 
Permyristate 
Perpalmitate 
Perstearate 

12.45 
13.40 
15.25 
15.73 
17.00 
18.80 
20.55 

TABLE II I 

CRYSTAL DATA FOR PEROXIDE AND NOX-PEROXIDE ANALOGS 

Compound 

Diacyl peroxides 

Even 
Odd 

Anhydrides 
Even 
Oddd 

i-Butyl peresters, even 
/-Butyl esters, even 

Slope" 

1.098 
1.106 

1.054 
0.9525 

.8925 

.9375 

Tilt, /3 

57° 13' 
57° 53 ' 

53° 49'° 
46° 50" 
43° 7 ' 
45° 53 ' 

Corrected 
intercept, A.& 

3.18 
4.00 

2.78 
1.52 
6.59 
7.31 

" Equal to change in long spacing per carbon atom, 
6 Intercept/sin 3 corrects the intercept for the slope and 
gives the end packing plus all linear chain atoms exclusive 
of the fatty acid carbons. c Malkin (ref. 7, p . 14) reports 
49° 54' . d Malk in ' s data (ref. 7, p . 14). " Recomputed 
from Malkin's data by least squares treatment. Malkin 
reports 46° 3'(ref. 7, p . 14). 

TABLE IV 

POLAROGRAPHIC CHARACTERISTICS OF /-BUTYL PERESTERS, 

DIACYL PEROXIDES, AXD ALKYL HYDROPEROXIDES 

Eu i. 

Compound 

Perpelargo
nate 

Percaprate 
Perlaurate 
Permyristate 

Dipelargonyl 
Didecanoyl 
Dilauroyl 
Dimyristoyl 
Dipalmitoyl 
Distearovl 

Pentyl 
Hexyl 
Octyl 
Xonyl 

S.CE. ii/C C 
/-Butyl peresters6 

10.7 
10.9 
10,0 
10.5 

Diacyl peroxides1. 

C M'/' 

- 0 . 1 0 
- .10 
- .09 
- .12 
- , 10 

9.1 
10.0 
9.6 
8.2 
7.7 
6.2 

Cio—Cie av. 
C9—Cjs av . 

421 
479 
519 
484 
494 
425 
494 ± 3 . 6 % 
470 ± 8 .3% 

n 
- 0 . 2 0 
- .12 
- .02 
- .01 

-Alkyl hydroperoxides" 
7.3 
6.9 
C O 

Av. 

162 
166 
167 
171 
166.5 ± 2 . 2 % 

161 
185 
192 
175 
175 
148 
182 ± 4 . 6 % 
172 ± 9 . 3 % 

74.5 
75.2 
72.3 
73.7 
73.9 ± 1.6% 

0 Diffusion current constant exclusive of capillary con
stant. b Benzene-methanol (1:1) solution. e Water^eth-
anol (4:1) solution,18 

hydrides and 2-butyl esters (Table V), which are the 
non-peroxide analogs of diacyl peroxides and t-
butyl esters, respectively, also were prepared. 
Their long spacings were obtained for comparison 
in an attempt to determine the 0 - 0 bond length 
and O-O group distance along the zig-zag axis. 
Polarographic half-wave potentials and diffusion 
current constants obtained for the two peroxide 
series yielded some useful and interesting rela
tionships which also are described. 

Comparative X-Ray Diffraction Method.—X-
Ray powder data were obtained on the peroxides 
and the analogous non-peroxide compounds. Crys
tallization in identical packing habits by analogous 
pairs of peroxide and non-peroxide compounds 
should permit a determination of some of the struc
tural features associated with the peroxide linkage. 
The comparative method depends upon the exist
ence of both a linear and a parallel relationship for 
plots of long-spacings against carbon atoms (or 
methylene groups including carbonyl carbon) for 
the analogs. The slopes, representing the increase 
in long spacing per carbon for compounds which 
crystallize at angles /3 inclined to the basal plane, 
will be less than the projected distance6 of 1.306 A. 
observed for long chains which crystallize in a ver
tical (90°) arrangement. The observed long 
spacings which include the end packing contribu
tion, if divided by sin /3, will yield the chain length 
along the C-axis. Extrapolation of the long spac
ing plots to zero carbon content for the anhydrides 
and diacyl peroxides leaves an intercept value,6 

which represents all linear or chain linked non-
carbon atoms plus the long spacing contribution of 
each terminal hydrogen on the hydrocarbon tails. 
The intercept value must be divided by sin /3 to ob
tain a corrected intercept value (Table III), in 
order to obtain its contribution to the chain length. 

The end packing, which represents the projected 
distance of two terminal hydrogen atoms, is re
ported to be 2.2 A.7 for hydrocarbons and ketones 
that crystallize in vertical forms. However, the 
end packing for inclined forms, after correcting for 
tilt, may differ from the value for the vertical forms 
because strong polar side chain forces, the degree of 
chain linearity and steric hindrance effects, which 
are present in the compounds under study, should 
influence the terminal arrangements. 

The corrected intercept value for the anhydrides 
is the sum of the projected distance of the end pack
ing of the hydrocarbon tails and the ether-like 
oxygen atoms within the chain. The end packing 
may then be determined by subtracting the calcu
lated projected diameter of the anhydride oxygen 
from the corrected intercept value. Similarly, the 
corrected intercept value for the diacyl peroxides is 
the sum of the projected end packing distance and 
the projected 0 - 0 group distance. If it is assumed 
that the anhydrides and diacyl peroxides have the 
same end packing, the projected 0 - 0 group dis
tance is then obtained by difference. 

(5) Defined as the vertical distance measured between the centers of 
atoms. A C-C projected distance is less than the normal C-C bond 
distance of 1.54 A. due to the zig-zag arrangement of linear atoms. 

(Q) Computed by least squares. 
(7) T. Malkin, "Progress in the Chemistry of Fats and Other 

Lipids," Vol. I, Academic Press, Ine., New York, N. Y., 1962, pp. 1-17. 
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TABLE V 

CHARACTERISTICS OF /-BUTYL ESTERS AND ACID ANHYDRIDES 

Compound 

i-Butyl esters 

Myristate 
Pulmitate 
Stearate 

Anhydrides 

Laurie 
Palmitic 
Stearic 

,, 
Found0 

12.6-13.0 
23.5-24.0 
31.8-32.0 

41.0-41.5 
62.0-62.8 
69.8-70.0 

Reported' 

41.2-41.5 
63.8-64.0 
70.0-70.4 

Long 
Found 

18.40 
20.20 
22.15 

27.55 
36.00 
40.20 

° Fisher-Johns melting point apparatus. b Reference 22. ' 

spacings, A. 
Reported* 

27.9 
35.8 
39.8 

Reference 7, p. 

r 

Calcd. 

75.99 
76.86 
77.58 

Carbo 

Purity, 

99.8 
98.0 
99.7 

Found 

75.87 
76.65 
77.57 

%d 

13. d Reference 23, 10" 

. Hyd 
Calcd. 

12.76 
12.90 
13.02 

• 

Found 

12.91 
12.31 
12.89 

"3 mole of sample was 
dissolved in 10 ml. of chloroform prior to analysis. 

Even Anhydrides and Even Diacyl Peroxides.— 
The long spacings of the even diacyl peroxides 
are slightly larger than those of the even anhydrides 
(Fig. 1). Slopes, tilts and corrected intercept 
values (Table III) indicate the even peroxides to be 
less tilted and longer by 0.4 A. along the C-axis than 
the even anhydrides. An end packing of 1.74 A. 
results from the calculated projected chain-linked 
oxygen diameter (1.04 A.)8 and the corrected inter
cept value (2.78 A.). 

No. of carbon atoms (diacyl series). 

16 20 24 28 32 36 

40 

T 

DIACYL PEROXIDES 
EVEN-
ODD 

T 

BUTYL 

Fig. 

8 10 12 14 16 18 

No. of carbon atoms in acyl chain 
((-butyl series). 

1.—Plots of long spacings against number of carbon 
atoms for peroxide and non-peroxide analogs. 

Dipole moment measurements9 obtained for ace
tic anhydride give a resultant moment which 
shows restriction of rotation about the two C-O 
axes. Although the dipole moment is the resultant 

(S) Calculated from the trigonometric relationship involving a C-O 
distance of 1.43 A., a projected carbon radius of 0.65 A. (calculated as 
one-half the C-C projected distance) and a C-O-C bond angle of 110°. 

(9) P. F. Oesper and C. P. Smyth, THtS JOURNAL, 64, 7G8 (1942). 

of all possible rotations in the liquid state, crystal
line anhydrides would be expected to maintain a 
similar dihedral configuration of maximum stability. 
Stuart-Briegleb models reveal that a slight fore
shortening of the chain occurs when one acyl group 
is rotated into an oblique configuration (approxi
mately 100°) while maintaining the alkyl group 
in its extended linear form (Fig. 2A). 

If even diacyl peroxides have the same end pack
ing as even anhydrides, a projected 0 - 0 group dis
tance of 1.44 A. is derived. If a normal chain-
extended zig-zag configuration were applicable to 
the peroxide linkage, the projected distance for the 
peroxide oxygens would be 2.1 A.10 or 0.66 A. larger 
than the derived value. Regardless of any as
sumptions one must make about end packing and 
anhydride oxygen contributions, this observed per
oxide foreshortening is real and constitutes fur
ther evidence of the skewed 0 - 0 bond linkage, 
computed by Penney and Sutherland for hydrogen 
peroxide.11 

This skewing effect recently has been demon
strated from dipole moment measurements on sev
eral aliphatic and aromatic peroxide derivatives.12 

The dipole moments, observed to be lower than the 
anhydride values,9 have been used to construct a 
Penney-Sutherland structure with a dihedral angle 
of 100° between the C-O-O planes, coplanar con
figurations in each C-C-O grouping and with both 

O 
carbonyl groups oriented inward (toward 0 - 0 
group) (Figs. 2B and 3). This vertically inclined 
angle has the over-all effect of foreshortening the 
chain length as revealed in Stuart-Briegleb models. 
When viewed in a projected distance, the 0 - 0 
bond skew has the effect of telescoping two atoms 
to give the peroxide a superficial physical resem
blance to the corresponding anhydride. 

The projected 0 - 0 group distance of 1.44 A. 
must not be confused with the 0 - 0 bond distance 
of 1.4U-1.45 A.,13 for the group distance is the lin-

(10) Based on a projected oxygen radius of 0.52 A. (calculated from 
the C-O bond distance), a covalent oxygen radius of 0.65 A. and 
tetrahedral valency. 

(11) W. G. Penney and G. B. B. M. Sutherland, Trans. Faraday 
Soc, 30, 898 (1934); J. Chem. Phys., 2, 492 (1934). 

(12) W. Lobunez, J. R. Rittenhouse and J. Miller, T H I S JOURNAL, 
80, 3505 (1958); J. R. Rittenhouse, W. Lobunez, D. Swern and J. G. 
Miller, ibid., 80, 4850 (1958). 

(13) V. Kassatochkin, S. Perlina and K. Ablesova, Compt. rend. 
(Doklady), 47, 36 (1945). 
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(A) SIDE VIEW 

Fig. 2.—Models (shortened chains) of (A) acid anhydride 
and (B) diacyl peroxide combining the ball and rod repre
sentation with van der Waals radii (hydrogens omitted) 
for increased clarity of the foreshortened effect: closed 
circles, carbon; open circles, oxygen. 

ear dimension of the peroxide less the length 
shielded by the attached carbons. An accurate 
0 - 0 bond distance could not be derived directly 
from the projected 0 - 0 group distance because of 
end packing uncertainties and the degree to which 
the peroxide oxygens are shielded. The observed 
foreshortening of 0.66 A. corresponds to a dihedral 
angle of 123° which is in fair agreement, in view of 
the assumptions involved, with the dihedral angles 
of 100° derived from the dipole moment study.13 

It has been assumed in the discussion that the 
end packing is the same for both even carbon series. 
In order to determine the validity of this assump
tion, some schematic arrangements of peroxides and 
non-peroxide analogs similar to the terminal methyl 
group arrangements depicted for hydrocarbons7 

were studied. The skewed nature of the peroxide 
group and the oblique configuration of the anhy
dride group do not permit a simple comparison of 
terminal methyl planes between odd and even car

bon homologs, thereby complicating any schematic 
comparison. However, the models of Fig. 2A and 
2B attempt to show one probable chain alignment 
relative to their central oxygen groups in order to 
demonstrate the similarities of these two series. 

Fig. 3.—Structure of diacvl peroxide group: C — C - O 
!I 
o 

coplanar; <j, (dihedral) between C—O—O planes 100°. 

Even and Odd Diacyl Peroxides.—Alternation of 
long spacings is observed between these two series 
with the odd carbon members having slightly larger 
long spacings. Tilts for both series are nearly 
identical, although examination of only two odd 
carbon peroxides restricts the certainty of this de
termination. If the configuration about the 0 - 0 
linkage is the same for both even and odd members, 
the only difference in structures will be the degree of 
end packing. The corrected intercept values 
for the even and odd members are 3.18 and 4.00 A., 
respectively. The end packing for odd-membered 
series is, therefore, 0.8 A. longer than for the even-
membered series. This alternation should be re
flected and, therefore, validated in a lower melt
ing point curve for the odd-membered peroxides. 
This property has been experimentally observed 
(Fig. 4). 

Even and Odd Anhydrides.—Long spacing values 
of the even and odd members are plotted in Fig. 1. 
The values for the odd members were taken from 
the literature.7 The two series differ sharply in 
their long spacings, angles of tilt and corrected in
tercept values (Table III) with the odd-membered 
series having the smaller values. The end packing 
value for the odd members, calculated in the man
ner described for even anhydrides, is approximately 
0.5 A. This value is unexpectedly small and would 
indicate that the ends of odd members pack more 
closely than those of the even members. Melting 
point data14 (Fig. 4) support this view, since the 
melting point curve for the odd-membered series is 
slightly higher than that for the even-membered 
series, leading to a reversed alternation. The data 
lead to the conclusion that the anhydride structures 
are not isomorphous, so that a comparison between 

(14) J. M. Wallace, Jr., and J. E. Copenhaver, T H I S JOURNAL, 63, 
699 (1941). 
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No. of carbon atoms (diacyl scries). 

16 20 24 28 ,32 36 

sop i i i i r 

8 10 12 14 16 18 

Xo. of carbon atoms in acyl chain 

(/-butyl series). 

Hg. 4.—Plots of melting points against number of carbon 
atoms for peroxide and non-peroxide analogs. 

odd anhydrides and odd diacyl peroxides cannot be 
made. 

/-Butyl Esters and Peresters.—/-Butyl esters 
and peresters crystallize in highly tilted layers as 
evidenced by the small change in long spacing per 
carbon atom (Fig. 1 and Table I I I ) , which is less 
than 1 A. per methylene. Long spacings of the 
even /-butyl esters, which are larger than those of 
/-butyl peresters, is a reverse of the relationship 
found for the even diacyl peroxides and anhy
drides. In addition, long spacings of the odd /-bu-
tyl peresters are slightly less than those of the even 
members, which is also the reverse of tha t observed 
for the even and odd diacyl peroxides. The melt
ing point of /-butyl pertridecanoate falls below the 
even series curve to confirm tha t the even series is 
the thermodynamically more stable one. Angles of 
tilt for the even /-butyl esters and peresters are 
similar bu t are not reported for the odd /-butyl 
peresters because of some uncertainty about the 
crystalline form of /-butyl perpelargonate. The 
crystal structures of /-butyl esters and peresters 
are apparently different. 

Because /-butyl esters contain only one car-
bonyl group, 7r-electron repulsion is absent, in con
t ras t to anhydrides. The foreshortening observed 
in anhydrides would then be absent in the esters 
bu t would still be present in the peresters as a re
sult of peroxide group skew. Comparison of /-
butyl groups in the ester and perester Stuar t-Rrieg-
leb models also reveals a difference in the position 
of the /-butyl group relative to the chain. The /-

butyl group in the ester models is linearly disposed 
and restricted in rotation by steric hindrance. In 
the perester models, the /-butyl group is angularly 
disposed because of the 0 - 0 skew and, therefore, is 
free to rotate . The /-butyl group disposition would 
then be expected to effect an end packing difference 
for these two series. A complete elucidation of the 
different series structures will require single crystal 
studies. 

Polarographic Behavior. Peresters.—The polar-
ographic characteristics of four /-butyl peresters 
are listed in Table IV. These peresters, which have 
half-wave potentials of - 0 . 8 2 to - 0 . 9 6 volt vs. 
S.C.E., reduce with nearly the same ease as hydro
peroxides (E1/. - 0 . 6 1 to - 0 . 9 6 volt vs. S.C.E.)15 

but are more difficult to reduce than peracids (Ey/, 
0.00 to - 0 . 0 6 volt vs. S.C.E.).16 /-Butyl peresters 
are then more resistant to polarographic reduction 
than the corresponding peracids. This can be at tr ib
uted to the electron-releasing effect of the /-butyl 
group which increases the electron-density of the 
0 - 0 link, thereby making reduction (electron gain) 
more difficult. The half-wave potential relation
ship also supports the view tha t peresters behave as 
derivatives of hydroperoxides rather than of per
acids, which is chemically substantiated by forma
tion of /-butyl hydroperoxide as product rather than 
perbenzoic acid from the basic methanolysis of 
/-butyl perbenzoate.17 

I t is apparent from Table IV tha t the half-wave 
potentials of /-butyl peresters decrease with molec
ular weight increase. In fact, a 16% decrease is 
observed between the pelargonate and myristate 
peresters. This dependency of half-wave poten
tial on molecular weight also was detected by Skoog 
and Lauwzecha18 on several homologous alkyl hy
droperoxides. No ready explanation is available 
from the data for this dependency, since the addi
tion of methylene groups to an alkyl chain of five or 
more carbon atoms would be expected to have little 
effect on the electron density and, therefore, on the 
strength of the 0 - 0 bond. Additional work in or
ganic polarography is necessary before this phe
nomenon can be satisfactorily explained. 

An indication of a decrease in the diffusion cur
rent constant with increase in chain length is noted 
for this series. A real diffusion current cons tant -
chain length relationship has been reported for 
homologous hydroperoxide series in which the dif
fusion current constant decreased 20% from 1-pen-
tyl to 1-uonyl hydroperoxide.18 The dependency 
of diffusion current constant on chain length is more 
striking in the diacyl peroxide series (see below). 
The diffusion current constants obtained for peres
ters show tha t a two-electron reduction occurs, as in 
the case of hydroperoxides. 

Diacyl Peroxides.—Half-wave potentials for the 
six homologous diacyl peroxides (Table IV) remain 
constant with increasing molecular weight ( — 0.08 
to - 0 . 1 2 volt vs. S.C.E.), in contrast to the peres
ters. The possibility of the existence of a pro-

(15) C. O. Will i ts , C. Ricc iu t i , H . B. K n i g h t and D. Swern , Anal. 
Chem., 24 , 785 (1952). 

(16) W. B . P a r k e r , C. Ricc iu t i , C. L. OgS and D. Swern, T i n s 
J O U R N A L , 7 7 , 4037 (1955). 

0 7) N . A. Mi las a n d D. M . Surgenor , r'fciW., 68 , GK (ldli 'O. 
(18) T). A. Skoog and A. R. H. r .auwzccha , Anal. Chrni., 28 , S-':, 

UfISI''). 
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gression for shorter chain aliphatic diacyl peroxides 
cannot be overlooked, since the observed constant 
value might represent a limit for the longer chain 
peroxides. The diacyl peroxides are reduced at 
less negative half-wave potentials than peresters. 
This can be explained by the fact that the 0 - 0 link 
in these peroxides is flanked by two electron-with
drawing carbonyl groups which lower the electron 
density, thus permitting facile reduction. 

Diffusion current constants for the diacyl per
oxides show a marked decline with molecular weight 
increase, the value for distearoyl peroxide being 
38% less than that for didecanoyl peroxide. This 
relationship is in general accord with the funda
mental concepts of diffusion constants. The 
Stokes-Einstein equation relates the diffusion co
efficient (D) of uncharged compounds in an inverse 
proportionality to the cube root of the apparent 
molar volume (V) (molecular weight/density) in 
the pure solid state and the viscosity (77) of the sol
vent19 

n 2.96 X 10- ' . _. . „.„ 
D = ^7n cm.2 sec. ' at 2o 

T) VVt 

Although the equation is valid primarily for spheri
cal colloid particles and certain types of large mole
cules, the proportionality will be qualitatively valid 
for non-spherical particles. The Stokes-Einstein 
equation predicts that the diffusion coefficient D 
should be inversely proportional to the viscosity 
coefficient of the medium and to changes in the size 
of the solvated species. Because the diffusion cur
rent is directly proportional to Dl/>, the relation 
idv'^M^'/C = const., where Id is the diffusion cur
rent and C is the millimolar concentration, should be 
a good approximation since the one-sixth power of 
the densities for a homologous series will be essen
tially constant. 

The viscosity of long chain compounds is known 
to be related to carbon chain length (molecular 
weight) as illustrated by one of several such empiri
cal equations 

ri = KM + a 

where A' and a are constants for a homologous ser
ies.20 

Because viscosity and molar volume are both 
proportional to molecular weight, the diffusion co
efficient should be related to M by the relation D ~ 
(l/M)l/\ for small a and for carbon chains of less 
than polymeric size. The relation idM^'/C = 
const, should then hold where changes in D are 
influenced by changes in viscosity of solution and 
size of the solvated species. Table IV illustrates 
the constancy of this relation with the respective 
per cent, standard deviations for the current per
oxide series and for hydroperoxides taken from 
the literature.18 The relation idM'^/C = const, is 
of equivalent constancy illustrating the viscosity 
effect to be more important than the apparent 
molar volume on diffusion currents, while other 

(19) I. M. Kolthoff and J. J. Lingane, "Polarography," Vol. I, 
Interscience Publishers, Inc., New York, N. Y., 1952, p. 57. 

(20) H. Mark and A. V. Tobolsky, "Physical Chemistry of High 
Polymeric Systems," Vol. II, 2nd Ed., Interscience Publishers, Inc., 
New York, N. Y., 1950, p, 289. 

powers of M, such as first, one-third and one-sixth, 
were tried and found to be less satisfactory in this 
relation. Although the present data may not be 
sufficiently accurate to validate completely either 
or both of the two relations idM'/3/C and idMl/l/ 
C, they account nearly quantitatively for a de
crease in diffusion current constant as the diacyl 
peroxide series is ascended. 

The diffusion current constants reveal that two 
electrons are involved in the reduction of the di
acyl peroxides. The half-wave potentials thus far 
determined for aliphatic peroxide derivatives indi
cate that an order of decreasing bond strengths can 
be formulated to be di-/-butyl peroxide > /-butyl 
perester > hydroperoxide > diacyl peroxide > per-
acid. Although no polarographic data are available 
on w-alkyl hydroperoxides in benzene-methanol 
mixtures, considerations of the structural effects on 
Et/, for hydroperoxides which have been studied16 

indicate that these compounds should be reduced 
at less negative half-wave potentials than /-butyl 
peresters. 

Experimental 

Diacyl Peroxides and (-Butyl Peresters.—These were pre
pared as previously described.8 Those compounds having 
melting points below room temperature were freed of sol
vent by vacuum-drying in flasks maintained below the 
fusion temperatures. 

(-Butyl Esters.—These were prepared by a modification 
of the method described for the preparation of /-butyl ben-
zoate.21 Pyridine (12 g., 0.15 mole) and /-butyl alcohol 
(11 g., 0.15 mole) were dissolved in ethyl ether (100 ml.), 
cooled to 5° in an ice-bath and stearoyl chloride was added 
dropwise, maintaining the temperature of reaction below 
10° during the addition. The mixture was allowed to stand 
at room temperature overnight. The mixture was diluted 
with ether (200 ml.), washed with dilute hydrochloric acid, 
with 10% potassium bicarbonate solution until free of 
fatty acid and then dried over anhydrous sodium sulfate. 
The volume of the ether solution was reduced to 50 ml. and 
the compound was crystallized at —15°. The /-butyl 
stearate was recrystallized from methanol at 3° . /-Butyl 
palmitate and myristate were prepared similarly and re-
crystallized from methanol at 3°. The constants of the 
(-butyl esters, also new compounds, are listed in Table V. 

Acid Anhydrides.—Those of stearic, palmitic and lauric 
acids were prepared from the redistribution reaction of acyl 
chlorides and acetic anhydride22 and recrystallized from 
chloroform-petroleum ether solutions. Purity of the an
hydrides was determined by reaction with morpholine23; 
samples were dissolved in chloroform prior to analysis. Con
stants for the anhydrides are listed in Table V. 

Melting points were determined on a Fisher-Johns24 

melting point apparatus. Crystals with melting points 
between 0" and room temperatures were determined on the 
Fisher-Johns block in a cold room thermostatically con
trolled at 2° as previously described.2 

X-Ray Diffraction.—Long spacings were obtained with a 
General Electric XRD-3 direct recording unit using filtered 
Cu Ka radiation (X 1.5405 A.), 1° beam slit, 0.1° detector 
slit, high resolution soller slit, scanning speed 2°/min. , 
chart speed 60 in . /hr . linear scale, 4 sec. time constant. 
To prepare the compounds for X-ray examination, the sol
vent-crystallized compounds were finely ground and pressed 
onto a glass slide exposing an area approximately 1 A " X 
1 A " to the X-ray beam. Diffraction patterns of compounds 
having melting points below room temperature were ob-

(21) J. F. Korris and G. W. Rigby, T H I S JOURNAL, 54, 2098 (1932). 
(22) N. O. V. Sonntag, J. R. Trowbridge and I. J. Krems, / . Am. Oil 

Chemists' Soc, 31, 151 (1954). 
(23) J. B. Johnson and G. L. Funk, Anal. Chem.. 27, 1464 (1955). 
(24) Reference to commercial products is not intended to be a rec

ommendation of these products by the U. S. Department of Agricul
ture over others not mentioned. 
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tained by maintaining the compounds on a cold stage at 
- 7 0 ° . 

Polarographic Procedure.—A Sargent Model X X I polaro-
graph was used to obtain the current-voltage curves. The 
polarographic H-cell used has been previously described.16 

The capillary had m and t values of 3.09 mg. per second and 
1.54 seconds, respectively, yielding a capillary constant of 
2.28 mg.Vi sec."Vs. These values were obtained using an 
open circuit with the capillary immersed in the non-aqueous 
electrolyte solution maintained at 25 ± 0.1°. The electro
lytic solution was 0.3 M lithium chloride in equal volumes of 
absolute methanol and benzene. Solutions of known con
centrations (0.6 to 3.0 X 1 0 _ ! M) of the peresters and 
peroxides were prepared, aliquots transferred to the H-cell 
and polarograms obtained. Three to six solutions of dif
ferent concentrations were prepared for each compound and 

Introduction 
It was pointed out in the previous communica

tion,1 that although metrazole is known to be a 
strong convulsive agent and has had a long clinical 
history, its chemical and especially its physico-

8 

' C I V X C H 2 ' 
' ! 

«CH2 CH2IO 

\ / 
SC Xi 

Ii I 
*X X2 

X N - / 
3 

chemical properties have not been investigated to 
any significant extent. While substituted metra
zole derivatives are less well known, Gross and 
Featherstone2 reported in a number of papers 
their studies on the pharmacological properties of a 
number of such compounds. These authors have 
found that an addition of a methyl group to the 
pentamethylene chain of metrazole increases the 
stimulating action of the parent compound. As 
the methyl group is moved progressively toward 
the symmetrical 8-position, the stimulation be
comes more pronounced. An increase in the size of 
the substituent group in the 8-position shows a 
variable effect; thus while 8-isopropylmetrazole 
has a minimum convulsant dose of 3 mg./kg. (as 
compared with 25 mg./kg. for metrazole), 8-sec-

(1) A. I. Popov, C. Castellani-Bisi and M. Craft, THIS JOURNAL, 
80, 6513 (19S8). 

(2) E. G. Gross and R. M. Featherstone, / . Pharmacol. Expt. 
Tkcrap., 87, 291, 299 (1946); 88, 353 (1946); 92, 323, 330 (1948). 

the average values for the half-wave potentials and diffusion 
current constants were then obtained. To minimize the 
interference of extremely high maxima exhibited by concen
trated solutions of peroxides, dilute solutions were used. 
At these low concentrations the maxima were sufficiently 
suppressed so that reliable wave height measurements could 
be obtained provided the wave heights were measured in the 
flat portion of the curves. 
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butylmetrazole and 8-/-amylmetrazole show a de
pressant rather than a stimulating activity. Sub
stitution of larger groups in other positions of the 
pentamethylene chain likewise decreases the con
vulsant activity of metrazole; for example, 7-
methyl-10-isopropylmetrazole has a minimum con
vulsant dose of 750 mg./kg. Obviously, the phys
ico-chemical properties of substituted metrazoles 
are not known any better than those of the parent 
compound. 

It was of interest to continue the study of nu-
cleophilic properties of metrazole and of its deriva
tives, especially with compounds of varying con
vulsant activity, in order to see whether there is 
any correlation between these properties and phar
macological action. Silver ion usually forms 
quite stable complexes with heterocyclic amines, 
but while some solid silver-metrazole complexes 
have been reported3 in the literature, formation of 
such complexes in solution as well as their dissocia
tion constants have not been determined. This was 
the main object in the present study. 

Experimental Part 
Reagents.—Metrazole (Knoll's "Metrazol") was ob

tained from the Knoll Pharmaceutical Company, Orange, 
N. J. , and was purified as described in the previous publica
tion.1 Metrazole derivatives were obtained from the same 
source and were as follows: 8-sec-butylmetrazole, m.p . 68-
69°, lit. val.4 70°; 8-i-butylmetrazole, m.p. 130-132°, 

(3) (a) A. Dister. J. pharm. Brig., 3, 190 (1948); (b) J. J. L. Zvnk-
ker, Pharm. Weekblad.. 71, 1170 (1934); (c) H. Rheinboldt and 
H. Stettiner, BoI. fac. filosof. cien., Univ. Sao Paulo. Quimica, 1, 27 
(1942); C. A., 40, 1502 (1946). 

(4) E. K. Harvill, C. W. Roberts and R. M. Herbst, / . Org. Chem., 
15, 58 (1950). 
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Stability of silver complexes formed by metrazole, 8-i-butylmetrazole, 8-sec-butylmetrazole, 7-methyl-9-isopropylmetra-
zole, 7-methyl-10-isopropylmetrazole and l-cyclohexyl-5-methyltetrazole were determined potentiometrically in acetonitrile 
solutions. These complexes, of the general formula (Met)2Ag+ , were all more or less equally unstable with the pKi values 
being 2.14, 2.14, 2.18, 2.22, 2.19 and 2.26, respectively. No correlation was observed between the convulsive properties 
of the metrazoles and their complexing ability with silver ion. Solid metrazole-silver nitrate complex was prepared and its 
infrared spectrum was determined in the 5000-450 cm. _ 1 region and was compared with the spectrum of metrazole. Polaro
graphic study on cadmium-, thallium- and cobalt-metrazole complexes in aqueous solutions showed tha t complexes were 
essentially completely dissociated. Metrazole was found to have a weak proton affinity and can be titrated potentio
metrically in glacial acetic acid with perchloric acid solutions. 


