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Figure 1. Plot of log k0b,a against log [H3O+] for the reaction 

PhCH(NHMe2)SEt - * PhCH=NMe 2 + EtSH 

by eq. 3, where AT1 = asauso+/asH+amo- The term 
aH.ofsn+lfH,o+ftt2 should change little in the predom­
inantly aqueous solutions used, and hence A;obsd should 
be inversely proportional to [H3O+], as observed. 
The assigned mechanism also accounts for the lack of 
catalysis by formate ion or molecular formic acid. 

In complete agreement with the mechanism is the 
finding of a solvent isotope effect (fcHcW^DcioJ of 
5.9 ± 0.1 in several acidities for the ethyl sulfide 
(Figure 1). Since equilibrium 1 lies far to the left, 
the concentration of S should be significantly greater in 
protio than in deuterio acid of the same molarity.4 

It can reasonably be assumed that the solvent isotope 
effect on [S] is comparable to that on the acid dis­
sociation constant of trimethylammonium ion. This is 
reported to be 4.0 but is more likely 5.O.6 The second 
step probably has a small positive isotope effect.7'10 

The closest model is the reaction 

PhCH(SEt)NMe3 • PhCH=SEt + Me3N 

for which /CH2OAD2O is I.2.11 Thus the estimated total 
solvent isotope effect agrees well with that observed. 

The transition state of the rate-controlling step of the 
assigned mechanism has sulfide ion character. In 
agreement with this, the relative rates for various 
a-dimethylaminobenzyl thio ethers are: Ph (398), 
PhCH2 (4.6), Et (1.0), /-Bu (0.8). A plot of log k 
vs. log ^ R S H , where A"RSH is the acidity constant of the 
thiol in water, is linear with slope —0.57. 

(4) K. B. Wiberg, Chem. Rev., 55, 713 (1955). 
(5) In 1936, Schwarzenbach and Epprecht reported the following 

KSAIKB^ values: H2O (5.4), NH4
+ (3.1), (CHa)8NH+ (4.0), CH8CO2H 

(2.9), and H2POr (2.9).« No later values for (CHs)3NH+ were found, 
but the generally accepted values for all the other acids are consistently 
larger than the earlier values, by a factor of 1.25 ± 0.05: H2O (6.5),M 

NH4
+ (4.06),» CH3CO2H (3.33),™ and H2PO4- (3.62).« Applying this 

factor to the early value for (CHOaNH+ gives X W - K H A = 5.0. 
(6) G. Schwarzenbach, A. Epprecht, and H. Erlenmeyer, HeIv. Chim. 

Acta, 19, 1292(1936). 
(7) C. A. Bunton and V. J. Shiner, Jr., / . Am. Chem. Soc, 83, 42 

(1961). 
(8) R. P. Bell, "The Proton in Chemistry," Cornell University Press, 

Ithaca, N. Y., 1959, p. 188. 
(9) F. A. Long, P. Salomaa, and L. L. Schlaeger, / . Phys. Chem., 68, 

410 (1964). 
(10) C. A. Bunton and V. J. Shiner, / . Am. Chem. Soc, 83, 3207, 

3214(1961). 
(11) Y. Motoyama, unpublished results. 

Mechanisms in which the transition state contains the 
hydroxide ion and the elements of SH+ (such as in an 
SN2 attack of O H - on the sulfur-conjugate acid) 
are not ruled out by the acidity dependence of kahsi. 
However, they are inconsistent with the other results ob­
tained. 

A literature search failed to reveal any unambiguous 
example of the SNI solvolysis of a neutral sulfide. 
Carbon-sulfur bond cleavage in general is much more dif­
ficult to achieve than carbon-oxygen bond cleavage.12-14 

However, in this instance the "carbonium" ion formed, 
I+, has a relatively high stability. The iminium 
ion character of the transition state no doubt is of 
great assistance in promoting the SNI heterolysis of the 
carbon-sulfur bond. 

(12) D. S. Tarbell and D. P. Harnish, Chem. Rev., 49, 1 (1951). 
(13) N. Kharasch, Ed., "Organic Sulfur Compounds," Vol. I, 

Pergamon Press, New York, N. Y., 1961. 
(14) W. A. Prvor, "Mechanisms of Sulfur Reactions," McGraw-Hill 

Book Co., Inc., New York, N. Y., 1962. 
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Comments on the Proposed 
Dibenzocyclobutadiene Dianion 

Sir: 

We wish to report results of our spectroscopic meas­
urements of equilibrium constants for disproportiona­
tion of anthracene (a0) and biphenylene (b0) radical 
anions in tetrahydrofuran (THF) solution (sodium 
gegenion) 

K 
2H- ^ZtH 0 + H2- (1) 

Equilibrium data have been reported for dispropor­
tionation of the radical anions of stilbene,x tetraphen-
ylethylene,2 1,2,3,4-tetraphenylbutadiene,3 and cyclo-
octatetraene,4 but no direct measurements of equilib­
rium constants for disproportionation of aromatic 
radical anions have been reported. Polarographic6'6 

and potentiometric titrations7,8 indicate dispropor­
tionation of aromatic radical anions is small. 

It was recently reported,9 based on visible spectral 
measurements, that in THF solutions biphenylene 
radical anion (b~) (sodium gegenion) undergoes ex­
tensive disproportionation, but the equilibrium con­
stant was not measured. The authors interpreted their 
observed disproportionation of b ^ as evidence that 
biphenylene dianion (b2_) derives a special stability 
from being the closed shell An + 2 7r-electron molecule 
dibenzocyclobutadiene dianion. 

(1) E. R. Zabolotny and J. F. Garst, / . Am. Chem. Soc, 86, 1645 
(1964). 

(2) J. F. Garst, E. R. Zabolotny, and R. S. Cole, ibid., 86, 2257 
(1964). 

(3) M. A. Doran and R. Waack, / . Organometal. Chem., 3, 94 (1965). 
(4) H. L. Strauss, T. J. Katz, and G. K. Fraenkel,/. Am. Chem. Soc, 

85, 2360 (1963). 
(5) G. J. Hoijtink, J. van Schooten, E. deBoer, and W. Y. Aalbers-

berg, Rec. Trav. Chim., 73, 355 (1954). 
(6) S. Wanzonek, E. W. Blaha, R. Berkey, and M. E. Runney, 

/ . Electrochem. Soc, 102, 234 (1955). 
(7) G. J. Hoijtink, E. deBoer, P. H. van der Meij, and W. P. Weijland, 

Rec. Trav. Chim., 75, 487 (1956). 
(8) J. Jaguar-Grodzinski, M. FeId, S. L. Yang, and M. Szwarc, 

J. Phys. Chem., 69, 628 (1965). 
(9) N. L. Bauld and D. Banks, / . Am. Chem. Soc, 87, 128 (1965). 
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The equilibrium constant measurements given here 
are based on electronic absorption spectra in the 
ultraviolet and visible using methods described pre­
viously.10 THF solutions of b0 and a0 were exposed 
to a Na mirror, then poured off the metal surface 
prior to making spectral readings. Biphenylene radi­
cal anion has strong absorption maxima at 382 
(log e 4.72) and 270 m/x (log e 4.69).n Biphenylene 
dianion12 has an absorption maximum of 345 m/i 
(log e 4.64). The strong absorptions of biphenylene 
at 249 (log e 4.99) and 241 mn (log « 4.74) were used to 
obtain the concentration of b0 in equilibrium with b"7" 
and b2 _ . Similarly the absorptions of anthracene 
radical anion (a^) at 258 (log e 4.90), 325 (log e 4.54), 
and 364 m/i (log « 4.38), of anthracene dianion (a2-) 
at 325 (log e 4.77) and 605 m/x (log e 4.28), and of 
the absorption maxima of anthracene at 245 (log € 
4.97) and 253 m/x (log e 5.29) were used to evaluate 
equilibrium data for the anthracene system.18 Be­
cause we find that the two low extinction absorption 
maxima in the visible (i.e., 595 and 565 m/u) are char­
acteristic only of b T , which is contrary to the recent 
assignment9 that the shorter wave length 565 mn 
absorption arises from b 2 - , we have illustrated our 
spectra for b""", b 2 - , and b0 in Figure 1. 

Successive spectral measurements following the 
progress of these reactions have established that in 
experiments having initial b0 or a0 concentrations of 
4 X 10"3 to 2 X 10~2 M disproportionation of both 
b "•• and a "*" is so small it is not possible to simultaneously 
measure spectroscopically all three species i.e., H0, 
H "*", and H2_. These experiments establish the effective 
K (disproportionation) of b"1" must be less than 1.5 X 
10-2, which is in agreement with previous conclu­
sions.11 A similar small value of K {i.e., <5 X 10-3) 
is found for anthracene radical anion, which is in 
agreement with K ~ 1O-6 calculated from the first and 
second reduction potentials of anthracene for both so­
dium cation in THF7,8 and tetrabutylammonium cation 
in 96 % dioxane-water5 or acetonitrile.6 

The tendency of a radical anion to disproportionate 
is believed to be determined by a balance between 
relative solvation energies of the radical anion and 
dianion and electron repulsion energy in the dinega-
tive ion.7,14 Competition between electron repulsion 
energy and solvation energy should be both counterion 
and solvent dependent. Shatenshtein, et a/.,15 demon­
strated that counterion and solvent are major factors 
controlling the disproportionation equilibrium of naph­
thalene radical anion. The importance of solvent and 
gegenion is also illustrated by the finding that the 
equilibrium constant for disproportionation of stil-
bene radical anion varys from 10~8 to 108 with changes 
of solvent and gegenion.1 Similarly the equilibrium 

(10) R. Waack and M. A. Doran, / . Am. Chem. Soc, 85, 1651 
(1963). 

(11) These absorption maxima for b "*" and b 2 _ are in agreement with 
those reported by N. S. Hush and J. R. Rowlands, / . MoI. Phys., 6, 317 
(1963). 

(12) Titration of the dianion solution showed [Na]/[b°] = 2.0. 
There was no further change in the spectrum on standing over a Na 
mirror. 

(13) Absorption maxima are in agreement with those reported by 
S. N. Khanna, M. Levy, and M. Szwarc, Trans. Faraday Soc, 58, 
747 (1962), and G. J. Hoijtink, N. H. Velthorst, and P. J. Zandstra, MoI. 
Phys., 3, 533 (1960). 

(14) B. J. McClelland, Chem. Rev., 64, 301 (1964). 
(15) A. I. Shatenshtein, E. S. Petrov, M. I. Belousiva, and L. Y. Kar-

pov, Organic Reactivity, 1, 191 (1964). 
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Figure 1. Absorption spectra in tetrahydrofuran. 

constant for disproportionation of tetraphenylethylene 
radical anion was shown to depend on cation16 and sol­
vent2 and to increase with increasing concentra­
tion.2 

Based on our measurements of the equilibrium 
constants for disproportionation of biphenylene and 
anthracene, in addition to cation, solvent, and con­
centration sensitivity of such disproportionations, it is 
our conclusion that disproportionation of b^ should 
not be cited as evidence that biphenylene dianion de­
rives enhanced stability as a result of being a closed 
shell An + 2 7r-electron cyclobutadiene dianion. 

On the other hand K is reported to be 5 X 108 for 
planar cyclooctatetraene radical anion.4-17 Planar 
cyclooctatetraene is a monocyclic conjugated olefin in 
which the two extra electrons in the dianion are pre­
sumed to fill completely the degenerate nonbonding 
orbitals and produce a closed shell ground state.18 

Analogous behavior would be anticipated for a mono­
cyclic cyclobutadiene and some substituted cyclobuta-
dienes.18-19 In contrast, the calculated energy levels 
of biphenylene20 are like those of typical alternant 
aromatics; the highest occupied level is bonding and 
not degenerate. Similarly, the 7r-electron levels of 
biphenylene dianion, calculated using the w technique21 

(16) A. G. Evans and B. J. Tabner, / . Chem. Soc, 4613 (1963). 
(17) After this manuscript was submitted a report of the electrolytic 

reduction of cyclooctatetraene established that its disproportion­
ation is also strongly cation and solvent dependent. In the absence 
of alkali metal cation, K for C O T T is ~ 1 0 - * : R. D. Allendorf and 
P. H. Rieger, / . Am. Chem. Soc, 87, 2336 (1965). Thus, even in this 
most ideal molecule disproportionation of the radical anion cannot 
be attributed entirely to the enhanced stability of the dianion resulting 
from formation of a 4n + 2 ir-electron system, but is obviously depend­
ent on the interplay between cation, solvent, and anion. Whether 
strong solvation (or increasing cation size) favors6 or hinders4 dispropor­
tionation depends on the nature of the radical anion and dianion. 

(18) R. Waack, J. Chem. Educ, 39, 469 (1962). 
(19) J. D. Roberts, A. Streitwieser, Jr., and C. M. Regan, / . Am. Chem. 

Soc, 74, 4579 (1952). 
(20) Using standard LCAO-MO methods. 
(21) A. Streitwieser and P. M. Nair, Tetrahedron, 5, 149 (1959). 
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to compensate for the decreased effective electronega­
tivity of the carbon cores in b 2 - , do not show degeneracy 
of the highest occupied ir orbital. Also, bond length 
measurements indicate biphenylene is essentially de­
void of cyclobutadiene character.22 

Further evidence inferring b2~ does not derive special 
stability from being a closed shell 4« + 2 7r-electron 
molecule is obtained from the proton magnetic reso­
nance spectrum of b2~. The chemical shift dif­
ference between the centers of b0 and b2~" patterns indi­
cates that partitioning of electron density in the di-
anion23 between C-l-C-8 and C-9-C-12 is essentially 
identical with that determined for b"" by electron 
spin resonance.24'26 The electron distribution in this 
latter species was best explained by assuming unequal 
bond lengths in the 4-C ring, i.e., C-C of 9-10 and 11-12 
are long,25 thus indicating a lack of aromaticity for these 
species. 

The effects of factors influencing disproportionation of 
polyacene radical anions are under investigation, as is 
the analysis of b 2 - and other dianion p.m.r. spectra. 

(22) T. C. W. Mak and J. Trotter, Proc. Chem. Soc, 161 (1961). 
(23) Using the equation AS = 10.7p [T. Schaefer and W. G. Schnei­

der, Can. J. Chem., 41, 96 (1963)]. 
(24) C. A. McDowell and K. F. Paulus, ibid., 40, 828 (1962). 
(25) A. Carrington and J. Dos Santos-Veiga, MoI. Phys., S, 285 

(1962). 
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Doubly Charged Ions in the Mass Spectra of 
Some Organoboron Derivatives1 

Sir: 

We wish to report the appearance of very intense 
peaks, due to doubly charged ions, in the mass spectra 
of tris(dimethylamino)borane (I), bis(dimethylamino)-
phenylborane (II), and l,3-dimethyl-2-phenyl-l,3,2-
diazaborolidine (III). 

N M e - C H 2 

B ( N M e J 3 PhB(NMe^)3 PhB 

N M e - C H 2 

I I I I I I 

The intensities of peaks due to doubly charged ions 
in the mass spectra of organic compounds rarely exceed 
1-2% of the base peak intensity.2 If the molecule, 
or part of it, is aromatic or heteroaromatic, the ability 
of the molecule, or some of its fragments, to sustain 
two positive charges can be considerably increased.3 

Mass spectra of substituted indoles2 and of some 
alkaloids3 show abundant peaks due to doubly charged 
ions, some of which correspond to 10% or more of the 
base peak intensity. The presence of abundant double 
charged ions in the mass spectrum of a compound is 
invariably connected with the presence of aromatic 
rings or high unsaturation in the molecule.3 

(1) This work was supported by the Atomic Energy Commission 
through Contract Number AT-(40-l)-3207. 

(2) J. H. Beynon, "Mass Spectrometry and Its Applications to Or­
ganic Chemistry," Elsevier Publishing Co., New York, N. Y., 1960, p. 
344, 401. 

(3) K. Biemann, "Mass Spectrometry," McGraw-Hill Book Co., 
Inc., New York, N. Y., 1962, p. 158. 
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The boron amides were prepared by standard methods: 
I, b.p. 33° (5.5 mm.), lit.4 43° (12 mm.), « 2 2 D 1.4450; 
II, b.p. 56° (0.5 mm.), lit.5 59° (3 mm.), «2 5D 1.5155; 
III, b.p. 66.5° (0.5 mm.), lit.3 73° (3 mm.), « 2 2 D 1.5350. 
The mass spectra were measured by Mr. F. C. Maseles 
in the Mass Spectrometry Laboratory of The Uni­
versity of Texas, using a Consolidated Electrodynamics 
Corp. Type 21-103C mass spectrometer with an ioni­
zation potential of 70 v. and 50-jua. current. The doubly 
charged ions could be identified by the presence of 
peaks corresponding to half-integral mass number, 
either for the 10B or 11B isotopic species. The total 
contributions of doubly charged species to the mass 
spectra of I, II, and III were 6.6, 6.15, and 11.1% 
S50, respectively. The largest peaks for doubly charged 
ions corresponded in each case to ions derived from the 
parent molecules by loss of two electrons. The appear­
ance potentials for the relevant peaks in the spectra of 
I and III were found to be 21 ± 1 and 23.5 ± 1 e.v., 
respectively, using xenon calibration. Although 
the facilities available to us did not permit these to be 
measured with any great accuracy, the results are 
sufficient to indicate that the species involved have 
high energies and must almost certainly be doubly 
charged. At the same time these values are consider­
ably less than those commonly observed3 for multiple 
ion formation, a further indication of the unusual 
stability of the dipositive ions in our case. 

Previous compounds yielding abundant dipositive 
ions have invariably been aromatic3; in this case aro­
maticity is clearly not a factor, given that I and II form 
a comparable percentage of such ions. The ready 
formation of dipositive ions at relatively low ionizing 
potentials indicates clearly that the ions are unusually 
stable. This is not surprising in the case of II and III, 
which are isoconjugate with the stable (3-phenylallyl-
carbonium ion IV. The case of V is interesting; this 
is isoconjugate with the "nonclassical" system VI, 
which was postulated6 some time ago by Burr and 
Dewar on the basis of MO calculations to be an inter­
mediate in the Favorskii reaction, a conclusion later 
confirmed experimentally by Fort.7 

CH2 NMe2 O 
^ + S • / 

PhC M e 2 N - B R 2 C - C 
\ + • \ + \ -

CH2 NMe2 CR2 

IV V VI 

The ease with which V was formed in the mass 
spectrometer suggests that it might conceivably be 
isolable in the form of stable salts; however, treatment 
of I with antimony pentachloride led to decomposi­
tion. 

(4) H. A. Skinner and N. B. Smith, J. Chem. Soc, 4025 (1953). 
(5) K. Niedenzu, H. Beyer, and J. W. Dawson, Inorg. Chem., 1, 738 

(1962). 
(6) J. G. Burr and M. J. S. Dewar, / . Chem. Soc, 1201 (1954). 
(7) A. W. Fort, J. Am. Chem. Soc, 84, 4979 (1962). Fort represented 

the intermediate in terms of resonance theory, a formulation which is 
equivalent to, but much less satisfactory than, the earlier MO represen­
tation used by Burr and Dewar.6 
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