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lization by methyl groups, as in the final state. Super
imposed on this will be the transition-state interaction 
of hydroxide ion with methyl groups which is de
stabilizing (inductive effect). As long as this de
stabilizing interaction (positive contribution to 5RAF*) 
exceeds the difference between the inductive and hyper -
conjugative interactions of the methyl and nitro groups 
in the transition state, 6RAF* will be positive; since 
SRAF 0 is negative, a will be less than zero. Simple 
electrostatic calculations show that such a balance of 
effects is in fact reasonable for this system. 

Deviant Bronsted relations such as these should be 
observed whenever the new transition-state inter
action, which we shall call the intermolecular effect, 
exceeds the intramolecular effect of the substituent 
within the catalyst. This is especially likely to occur 
with nitroalkanes and other pseudoacids and -bases, 
which owe their acidity to the presence of groups 
capable of removing negative charge from the vicinity of 
the proton transfer site and usually also from the 
immediate neighborhood of substituents introduced for 
the purpose of varying acid strength. In more con
ventional catalysts, such as carboxylic acids, phenols, 
amine salts, etc., the charge either remains on the atom 
from which the proton is transferred or else moves 
nearer the substituent; in these cases, the intermolecular 
effect will be small compared to the intramolecular 
effect, and more normal Brpnsted exponents will be 
observed. The intermolecular effect, however, will not 
be totally absent, and its presence will give a a value 
different from that of some other measure of the position 
of the transition state along the reaction coordinate, 
say x, the fraction of electronic charge transferred. 
Calculations, which will be reported in full later, show 
that an intermolecular effect only one-tenth of the 
intramolecular effect will, at x = 0.5, produce a 10% 
difference between a and x for proton transfer to a 
neutral or a negatively charged substrate, and the 
discrepancy will be greater for substrates of different 
charge types. 
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A New Type of Radical in Irradiated Single Crystals 
of Carboxylic Acids 

Sir: 

During the past decade extensive studies have been 
made of the electron spin resonance of irradiated single 
crystals of carboxylic acids. The radicals found so far 
may be classified into the following four categories. 
Irradiation at low temperature gives anion IT radicals 
(I) produced by capture of an ejected electron1 and 
neutral IT radicals (II) produced by removal of the 

(1) (a) H. C. Box, H. G. Freund, and K. T. Lilga, / . Chem. Phys., 
42, 1471 (1965); (b) N. Tamura, M. A. Collins, and D. H. Whiffen, 
Trans. Faraday Soc, 62, 2434 (1966). 

carboxylic group ;la'2 while irradiation at room tempera
ture, or elevation of the specimen temperature after 
irradiation at low temperature, gives a it radical (III) 
produced by rupture of the hydrogen atom attached to 
the a carbon of the carboxylic group, in the case of 
saturated compounds,3 and -K radicals (IV) produced 
by addition of H or R to the double bond, in the case of 
unsaturated compounds.4 
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Recently we have found a new type of radical which 
is believed to be a precursor of the radical of type II. 
The esr spectra of a single crystal of maleic acid ir
radiated at 770K show that the anion ir radical (C^) of 
type I and the new type of radical (0,) , having a large 
g anisotropy with a small hyperfine structure, are pre
dominantly produced together with a minor product of 
the vinyl-type radical (V17) which corresponds to type II. 
Cv is very unstable and disappears by subsequent ex
posure to a tungsten light or by warming slightly from 
77 0K. Instead, the signal due to V17 was enhanced at 
the expense of the signal due to this unstable radical. 
Although both normal maleic acid and the deuterated 
one (DOOCCH=CHCOOD) were examined, the 
hyperfine and g tensors determined from the spectra 
of the latter are listed in Table I, since the hyperfine 
couplings due to the OH protons have not been analyzed 
yet. 

It was found from comparison with the crystal-
lographic data5 that the direction of the maximum 
principal value (2.0261) of the g tensor of O17 is approxi
mately along the side C-O(H) bond and that of the 
minimum value (2.0035) is nearly perpendicular to the 
C-O(H) bond in the molecular plane. From this, 
together with the large g anisotropy, Oc is assigned to 
the carboxyl radical produced by the removal of the 
OH proton which participates in intermolecular hydro
gen bonding. The hyperfine coupling is due to a closer 
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vinylene proton, since the direction of the maximum 
principal value is along the line connecting the side 
C-O(H) oxygen and the closer vinylene proton. The 
magnitude and the anisotropy of the hyperfine tensor 
are also consistent with this interpretation. Since 
the half-filled orbital lies in the molecular plane, this 
radical is a localized a radical, in contrast to the -K radi
cal produced by the removal of the OH proton in 

(2) (a) M. T. Rogers and L. D. Kispert, J. Chem. Phys., 46, 221 
(1967); (b) R. E. Klinck, ittW., 49, 4722(1968). 

(3) (a) H. M. McConnell, C. Heller, T. Cole, and R. W. Fessenden, 
/ . Amer. Chem. Soc, 82, 767 (1960); (b) C. Heller and H. M. McCon
nell, J. Chem. Phys., 32, 1535 (1960). 

(4) (a) R. J. Cook, J. R. Rowlands, and D. H. Whiffen, / . Chem. 
Soc, 3520 (1963); (b) J. B. Cook, J. R. Elliott, and S.J. Wyard, MoI. 
Phys., 12, 185 (1967); (c) B. Eda, R. J. Cook, and D. H. Whiffen, 
Trans. Faraday Soc, 60,1497 (1964). 

(5) M. Shahat, Acta Crystallogr., 5, 763 (1952). 
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Table I. The Principal Values and Their Directions of the 
Hyperfine and g Tensors in Irradiated Maleic 
Acid-da (DOOCCHCHCOOD) 

Principal 
values, G0 

0„ +6.4 
AB. +3.6 

+ 1.7 
2.0261 

g 2.0061 
2.0035 

V„ +27.0 
AHa +9.6 

+3.9 

Isotropic 
component 

+ 3.9 

2.0119 

+ 13.5 

AH$ 58 ± 2 (nearly isotropic) 
2.0032 

g 2.0026 
2.0018 

C71. -13 .0 
Am - 8 . 5 

- 3 . 2 
- 6 . 4 

Am - 5 . 2 
- 1 . 9 

2.0043 
g 2.0040 

2.0024 

2.0025 

- 8 . 2 

- 4 . 5 

2.0036 

Direction cosines 
a 

+0.733 
+0.639 
-0.234 
+0.676 
-0.123 
+0.727 
+0.573 
+0.814 
-0.095 

-0.103 
+0.915 
+0.390 
+0.984 
-0.130 
+0.126 
+0.807 
-0.050 
-0.588 
-0.475 
+0.877 
+0.075 

b 

TO. 676 
±0.723 
TO. 144 
±0.737 
±0.131 
TO. 663 
±0.819 
TO. 565 
±0.096 

±0.120 
TO. 378 
±0.918 
TO. 129 
TO.010 
±0.992 
±0.588 
TO.011 
±0.809 
±0.880 
±0.474 
±0.039 

C1 

+0.078 
+0.264 
+0.962 
-0.014 
+0.984 
+0.179 
-0.025 
+0.133 
+0.991 

+0.988 
+0.141 
-0.071 
+0.128 
+0.992 
+0.026 
+0.047 
+0.999 
-0.020 
+0.002 
-0.085 
+0.996 

° The probable signs are determined from the hyperfine aniso-
tropy. 

potassium hydrogen maleate irradiated at room temper
ature.6 

As for V„, it is evident that the anisotropic coupling 
having the isotropic component of 13.5 G and the 
nearly isotropic coupling of 58 G correspond to the 
a proton and the trans /3 proton, respectively, in the 
vinyl radical, as shown above. The g tensor also 
exhibits the characteristics of the a radical of the vinyl 
type. From the principal directions of the hyperfine 
and g tensors, it was found that the radical carbon of 
V0. is the one to which the -Q=O)—-O- group of 
Off is attached. This strongly suggests that V0. is pro
duced by a loss of CO2 from O0. 

It is also concluded from the hyperfine and g tensors 
that the anion v radical (CJ has the structure 

0—C^ J,C—OH 
OH-O 

where the unpaired electron is delocalized in the TT 
system. From the hyperfine tensors characteristic of 
the a proton in it radicals, the spin densities on Ci and 
C2 are estimated to be 0.36 and 0.20, respectively. 

From the formation of these radicals, the scheme 
shown in eq 1-4 may be proposed. In this scheme, O1, 
is assumed to be produced from a cation by the ion-
molecule reaction through the intermolecular hydrogen 
bond. Therefore, 0„ is considered to be a counterpart 
of the anion ir radical formed by a capture of an ejected 
electron. The fact that O, is very unstable and con
verts into V0, accompanied by a loss of CO2, suggests 
that the radical of type II found in saturated carboxylic 
acids might also have originated from the cation via O0-
type radicals. 

(6) (a) M. Iwasaki and K. Itoh, Bull. Chem. Soc. Jap., 37, 44 (1964); 
(b) H. C. Heller and T. Cole, / . Amer. Chem. Soc, 84,448 (1962). 
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The existence of such an intermediate radical as O 0 

has been also found in single crystals of potassium 
hydrogen maleate and fumarate irradiated at 77 0 K. 
Details will be given in subsequent papers. 
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Structural Effects in Mass Spectrometry. 
Mechanistic Implications in the Dehydration of 
26-Hydroxy-5a-furostan by Six- and Seven-Membered 
Cyclic Transition States 

Sir: 

It has been well established by deuterium-labeling 
studie sthat electron impact induced dehydration of 
acyclic alcohols ROH, where R = n-C4H9 or larger, 
proceeds preferentially (~90%) by 1,4-hydrogen ab
straction via a six-membered cyclic transition state, 
with only approximately 5% each hydrogen abstrac
tion by 1,3 and 1,5 processes.1-4 The high degree of 
site specificity observed1-4 for the hydrogen abstracted 
suggests that H-D scrambling in the alkyl chains5 is not 
contributing significantly at least in 70-eV mass spectra.L 

Recently it has been shown8,9 that loss of water can 
occur through much larger cyclic transitions states,10 

(1) W. Benz and K. Biemann, J. Amer. Chem. Soc, 86, 2375 (1964). 
(2) S. Meyerson and L. C. Leitch, ibid., 86, 2555 (1964). 
(3) W. H. McFadden, D. R. Black, and J. W. Corse, J. Phys. Chem., 

67,1517(1963). 
(4) C. G. MacDonald, J. S. Shannon, and G. Sugowdz, Tetrahedron 

Lett., 807 (1963). 
(5) H/D scrambling in the alkyl chains of aliphatic ketone molecular 

ions6 and isopropyl n-butyl ether M — CH3 ions7 has been detected, 
especially in ions of lower internal energies (e.g., metastable ions) and 
hence with longer lifetimes. 

(6) A. N. H. Yeo and D. H. Williams, / . Amer. Chem. Soc, 91,3582 
(1969). 

(7) G. A. Smith and D. H. Williams, ibid., 91, 5254 (1969). 
(8) R. Brandt and C. Djerassi, HeIv. CMm. Acta, 51,1750 (1968). 
(9) M. M. Green, private communication. 
(10) Reports of transfer of hydrogen11 and other groups12 via larger 

than six-membered transition states are accumulating. 
(11) (a) M. Katoh and C. Djerassi, Chem. Commun., 1385 (1969), 

and references cited therein: (b) A. N. H. Yeo and D. H. Williams, 
Org. Mass Spectrom., 2, 331 (1969); (c) S. Meyerson and L. C. Leitch, 
J. Amer. Chem. Soc, 88, 56 (1966); (d) S. Meyerson, I. Puskas, and E. 
K. Fields, Chem. Ind. (London), 1845 (1968), and references cited therein. 

(12) (a) R. G. Cooks, Org. Mass Spectrom., 2, 481 (1969); (b) J. 
Dieckmann, J. B. Thompson, and C. Djerassi, J. Org. Chem., 33, 2271 
(1968); (c) G. Eglinton, D. H. Hunneman, and A. McCormick, Org. 
Mass Spectrom., 1, 593 (1968); (d) W. J. Richter and A. L. Burlingame, 
Chem. Commun., 1158 (1968); (e) G. H. Draffen, R. N. Stillwell, and 
J. A. McCloskey, Org. Mass Spectrom., 1, 669 (1968). 
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