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The total [PyH+] is equal to the sum of the [PyH+] added and 
the [PyH+] produced from the excess HCl in the amine hydro­
chloride (eq 7). Therefore, according to eq 6 and 7, a plot of 

[PyH+] = [PyH+]added + [HCl]0 (7) 
1MeKhvs- [PyH+]added should be linear and intersect the horizontal 
axis at -[HCl]0. Figure 1 contains two such plots, and they are 
indeed linear (r > 0.994). From those intersections, we determine 
that our [HCl]0 was 0.59 X 10"3 and 0.31 X 10"3 M for 
[RNHMe2

+] of 0.32 and 0.16 M, respectively. Thus, the ratio 
[HCl]0/[RNHMe2

+] is constant, corresponding to a contami­
nation by 0.19 mole % HCl. This value varied from batch to batch, 
so it is understandable that our kach at zero [PyH+] added differs 
from that of Menger et al. With another batch of RNHMe2

+Cl", 
we find contamination by 0.22 mole % HCl, and this value, 
determined by kinetic analysis, could be verified independently 
as 0.21 mole % by titration with NaOH in methanol. Neutral­
ization of this HCl with RNMe2 produces a solution that shows 
extremely fast (fc0osd

 c a ' 1^3 s~') pyridine-catalyzed proton ex­
change, as expected from our mechanism. The fact that Menger 
et al. observed conveniently measurable rates is evidence that their 
amine hydrochloride too contained excess HCl. 

It also follows from eq 6 and 7 that the slope of \/knA vs. 
[PyH+]added is 1/W^[RNHMe2

+] [Py]. We may correct the [Py] 
for the amount that is converted to PyH+ by the HCl contami­
nation. Then from the slopes in Figure 1 we may determine that 
kKt = 13.8 and 14.9 M"1 s'1 for [RNHMe2

+] of 0.32 and 0.16 
M, respectively. The constancy of this rate constant, over a 2-fold 
variation in [RNHMe2

+], is strong evidence for eq 6 and the 
mechanism of eq 3. 

This mechanism represents a chain reaction, for which RNMe2 
is the chain carrier, eq 3 is the propagation step, and the forward 
and reverse reactions of eq 2 are initiation and termination steps, 
respectively. As stated above, protonation of RNMe2 by 
RNHMe2

+ (the propagation step) may be much more frequent 
than protonation by PyH+ (termination). This is the condition 
of long chains, and steady-state analysis of eq 2 and 3 then leads 
to eq 6. Without the assumption of long chains, steady-state 
analysis leads to eq 8. The influence of the second term in eq 

v = WRNHMe 2
+ ] = 

fc/i:e[RNHMe2
+]2[Py]/[PyH+] + Jt2[RNHMe2

+][Py] (8) 
8 can be seen as a slight curvature in Figure 1, and kinetic data 
at higher concentrations of Py and PyH+ (off scale in Figure 1) 
indicate that k2 = 1.4 X 102 M"1 s"1. This value corresponds to 
a chain length of 50 under the conditions of Figure 1 with no added 
PyH+. Also, from kKt and k2, we obtain k/k_2 = 0.1, which 
corroborates the statement above comparing rate constants for 
thermoneutral and exergonic proton transfers. 

We are especially interested in the propagation step (eq 3). 
Unfortunately we cannot determine k for this step alone, but only 
kKt. However, if Kt (eq 2) is the same in chloroform as it is in 
aqueous solution,7 then k = 5 X 106 M"1 s"1. This value is con­
sistent with the upper limit of 3 X 107 M"1 s"1 for triethylamine 
(eq 3, R = Me) in aqueous solution,8 which is the only other rate 
constant reported for symmetrical proton transfer between tertiary 
amines. 

This mechanism accounts for Menger's observed results. 
Comparison of eq 4, 6, and 7 shows that the Zc2 of Menger et al.1 

is our /fcA:e[RNHMe2
+]/[HCl]0. Therefore their observed AH* 

of 4 kcal/mol must equal AH0 + AH*, where AH0 and AH* apply 
to eq 2 and 3, respectively. If AH" is the same in chloroform as 
it is in aqueous solution7 (or even in the gas phase, for model 
amines9), then AH* = 0. It then follows that AS* for eq 3 is ca. 
-28 eu, quite close to the value that Menger et al. originally 
reported. However, this value now applies to a symmetrical 
transition state rather than one resembling products. A similar 

(7) Christensen, J. J.; Izatt, R. M.; Wrathall, D. P.; Hansen, L. D. J. 
Chem. Soc. A. 1969, 1212. 

(8) Grunwald, E.; Ralph, E. K. In "Dynamic NMR Spectroscopy"; Jack-
man, L. M., Cotton, F. A., Eds.; Academic Press: New York, 1975; p 621. 

(9) Aue, D. H.; Webb, H. M.; Bowers, M. T. J. Am. Chem. Soc. 1976, 
98, 318. 

value, -29 eu, was previously observed4 for symmetrical proton 
transfer from trimethylamine hydrochloride to trimethylamine, 
but via a fert-butyl alcohol bridge. Such values are quite rea­
sonable for such highly organized transition states, involving proton 
(and chloride) transfer from tertiary amine hydrochloride to 
tertiary amine. Also, the Hammett p of -6.4, the Bronsted fi of 
1.1, and the normal reactivity of 2,6-di-rer/-butylpyridine all follow 
from the simple proportionality between keKh and Kt (eq 6). These 
results are to be expected because a proton has already been 
transferred completely to the catalyzing base before the transition 
state (strictly, the propagation step) has been reached. 
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Interest continues in this and other laboratories1 in the synthesis 
of twisted alkenes. This has prompted investigations into the 
potential coupling of "di-tert-butylcarbene fragments" to form 
the elusive2 and highly sterically congested3 tetra-rerf-butyl-
ethylene. Our approach to this problem has utilized low-tem­
perature methods in an effort to produce high concentrations of 
di-rerf-butylcarbene so as to promote direct coupling. Although 
carbene coupling reactions are not common, there is precedent 
for this reaction at low temperatures.42 Coupling of two methylene 
triplets is expected to occur with little or not activation energy.46 

Although tetra-rert-butylethylene was not detected, the carbene 
was found to be sufficiently stable to provide the first direct 
observation of a hydrocarbon dialkylcarbene.*cS 

Di-tert-butyldiazomethane was deposited on a cesium iodide 
window and cooled to 14 K by pyrolyzing its triphenylphosphine 

(1) (a) Gano, J. E.; Eizenberg, L. J. Am. Chem. Soc. 1973, 95, 972. (b) 
Back, T. G.; Barton, D. H. R.; Britten-Kelly, M. R.; Guziec, F. S., Jr. J. 
Chem. Soc, Perkin Trans. 1 1976, 2079. (c) Barton, D. H. R.; Guziec, F. 
S., Jr.; Shahak, I. / . Chem. Soc, Perkin Trans. 1, 1974, 1794. (d) Krebs, 
R.; Ruger, W. Tetrahedron Lett. 1979, 1305. (e) Gerson, F.; Lopez, J.; Krebs, 
A.; Ruger, W. Angew. Chem., Int. Ed. Engl. 1981, 95, 20. (f) Sakuari, H.; 
Nakadaira, Y.; Kira, M.; Tobita, H. Tetrahedron Lett. 1980, 3077. (g) 
Sakuari, H.; Tobita, H.; Kira, M.; Nakadaira, Y. Angew. Chem., Int. Ed. 
Engl. 1980, 19, 610. 

(2) (a) Barton, D. H. R.; Buziec, F. S. Jr.; Shahak, I. / . Chem. Soc, 
Perkin Trans. 1,1974, 1797. (b) Back, T. G.; Barton, D. H. R.; Britten-Kelly, 
M. R.; Guziec, F. S., Jr. J. Chem. Soc, Chem. Commun. 1975, 539. (c) Back, 
T. G.; Barton, D. H. R.; Britten-Kelly, M. R.; Guziec, F. S., Jr. J. Chem. Soc, 
Perkin Trans. 1 1976, 2079. (d) Olah, G. A. Parkash, G. H. Surya J. Org. 
Chem. 1977, 42, 580. 

(3) (a) Ermer, O.; Lifson, S. J. Am. Chem. Soc. 1973, 95, 4121. (b) 
Ermer, O.; Lifson, S. Tetrahedron 1974, 30, 2425. (c) Lenoir, D.; Danner, 
H.; Frank, R. M. Chem. Ber. 1980,113, 2636. (d) Burkert, V. Tetrahedron 
1981, 37, 33. 

(4) (a) Baird, M. S.; Dunkin, I. R.; Hacker, N.; Poliakoff, M.; Turner, J. 
J. / . Am. Chem. Soc. 1981, 103, 5190. (b) Cheung, L. M.; Sundberg, K. R.; 
Ruedenberg, K. J. Am. Chem. Soc. 1978, 100, 8024. (c) As suggested by a 
referee, it is possible that tetra-rer/-butylethylene is formed by carbene cou­
pling and is photochemically destroyed under the reaction conditions. We saw 
no evidence of other intermediates. 

(5) (a) Moss, R. W.; Jones, M., Jr. "Reactive Intermediates"; Wiley-In-
terscience: New York, 1978; pp 69-116. (b) Gaspar, P. P.; Hammond, G. 
S. Carbenes 1975, 2, 207-362. 
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adduct, 1 (Scheme I), under reduced pressure. Irradiation at long 
wavelengths (X > 300 nm) produced no change, but irradiation 
at 254 nm, followed by collection and separation (GLPC), allowed 
the isolation of three major products in a 5:3:2 ratio. These were 
identified as l,l-dimethyl-2-fe/-r-butylcyclopropane (3), 2,3,4,4-
tetramethyl-2-pentene (4), and 2,3,4,4-tetramethyl-l-pentene (5), 
respectively. Monitoring of the progress of the photolysis by 
infrared spectroscopy showed that the composition of the product 
mixture was fairly constant. The three major products (3-5) 
accounted for all of the major bands observed at low temperatures. 
The azine was not formed under these conditions.43 Products 3 
and 4 represent classic reactivity of a carbene such as 6. The origin 
of 5 is not obvious. Hydrogen atom transfers (via a tunneling 
mechanism) have precedent under these conditions.6 Conceivably, 
7, thus formed, could rearrange to 5 and possible also represent 
a source of 3. 

The gradual warming after the photolysis was uneventful with 
the exception of the disappearance, at temperatures >100 K, of 
a moderately intense band observed at 1290 cm"1. The band was 
determined to be associated with a primary photoproduct by 
monitoring its intensity during the early stages of photolysis. This 
band was also present when 2 was irradiated while matrix isolated 
in argon.7 Subsequent irradiation of 2 in an outgassed 2-
methyltetrahydrofuran glass at 20 K revealed the characteristic 
ESR spectrum of a triplet. The observation of a stable ESR signal 
at 20 K indicates that the triplet is the molecule's ground state 
or is within a few cal/mol of the ground state. Although stable 
at low temperatures, the ESR spectrum disappeared irreversibly 
at temperatures in excess of 70 K. The zero-field parameters 
(\D/hc\ = 0.689 ± 0.005 cm"1 and \E/hc\ = 0.039 ± 0.002 cm"1) 
fully support the assignment of the triplet spectrum as di-tert-
butylcarbene (6). The \D/hc\ parameter is at least a factor of 
5 larger than expected for a triplet biradical such as twisted 
tetra-tert-butylethylene.8 We did not detect any triplet biradical 
spectra upon scanning the appropriate spectral region between 
2500 and 41000 G, specifically the product of 1,3 hydrogen 

(6) Senthilnathan, V. P.; Platz, M. S. / . Am. Chem. Soc. 1981,103, 5503. 
(7) Since nitrous oxide shows a strong band at 1290 cm-1 and it could have 

been formed by irradiation with our lamp if air (nitrogen and oxygen) had 
leaked into the system, it is significant to note that the characteristic nitrous 
oxide band near 2240 cm"1 was absent. 

(8) The possibility of this being tetra-ferr-butylethylene is also ruled out 
by the 1290-cm"1 band, which appears even when 2 is irradiated while matrix 
isolated in argon. 

migration, 7.9 The \D/hc\ parameter of di-rerr-butylcarbene is 
comparable to that observed by Wasserman for CF3-C-CF3 

(0.7444_cm-1).10 The parameter is, as expected, much larger than 
the \D/hc\ values of aryl- and diarylcarbenes. Recent calculations 
suggest that di-terr-butylcarbene should have a singlet ground 
state." We suspect that the ten-butyl groups force the bond angle 
(vida infra) open sufficiently to raise the singlet above the triplet. 

The zero-field parameters indicate that this carbene is not linear. 
The \E/D\ ratio predicts a bond angle about the central carbon 
of ~143°. This value is surprisingly similar to the value of 138° 
found in triplet methylene and of 140° found for CF3-C-CF3.10 

Clearly, even with the bulky rerf-butyl groups present, the his­
torical proposal12,13 that triplet carbenes are linear has not proven 
correct. Further structure-stability correlations and kinetic 
measurements are in progress to clarify why this highly congested 
carbene should show this surprising resistance to rearrangement. 
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(9) Buchwalter and Closs have observed a localized triplet biradical 
spectrum 1,3-cyclopentanediyl with \D/hc\ = 0.084: Buchwalter, S. L.; Closs, 
G. L. J. Am. Chem. Soc. 1975, 97, 3857. 

(10) (a) Wasserman, E.; Yager, W.; Kuck, W. Chem. Phys. Lett. 1970, 
7, 409. (b) Wasserman, E.; Barash, L.; Yager, W. A. J. Am. Chem. Soc. 
1965, 87, 4974. 

(11) Mueller, P. H.; Rondan, N. G.; Houk, K. N.; Harrison, J. F.; Hooper, 
D.; Willen, B. H.; Liebman, J. F. J. Am. Chem. Soc. 1981, 103, 5049. 
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Studies on the electrochemical oxidation of organic compounds 
containing an allenic-type bond are rare. Recently we reported 
on the oxidation of allenic hydrocarbons in methanol1 and in 
acetonitrile.2 The present communication reports, for the first 
time, on the anodic oxidation of cumulenes possessing an N = C = y 
bond in which y = N, O, or S. All compounds studied undergo 
a cleavage predominantly, similar to what was previously reported 
for the anodic oxidation of ketones3 and alkyl halides.4 

Dicyclohexylcarbodiimide (1), di-terf-butylcarbodiimide (2), 
cyclohexyl isocyanate (3), and cyclohexyl isothiocyanate (4) were 
potentiostatically oxidized at the Pt anode in acetonitrile-LiC104 

solutions, by employing a three-compartment cell with Ag/0.1 
N AgNO3 as the reference electrode. The oxidation of 1, 2, and 
4 was terminated when the current dropped to its background 
value, generally after passing ~ 1 F/mol. The reaction of 3 was 
arbitrarily terminated after passing 1 F/mol, because of a high 
background current. In all the former cases pulses to 0 V (for 
0.5 s every 35 s) were required to maintain a decent current since 

(1) Zinger, B.; Becker, J. Y. Electrochim. Acta 1980, 25, 791; Tetrahe­
dron, in press. 

(2) Becker, J. Y.; Zinger, B. J. Chem. Soc, Perkin Trans. 2, in press. 
(3) Becker, J. Y.; Miller, L. L.; Siegel, T. M. / . Am. Chem. Soc. 1975, 

97, 849. 
(4) Becker, J. Y. In "The Chemistry of the Functional Groups"; Patai, S., 

Ed., Supplement D; "The Chemistry of Halides, Pseudohalides and Azides"; 
Patai, S., Rappoport, Z., Eds.; Wiley: New York; in press, and references 
therein. 
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