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Communications to the Editor

Thermodynamics of a have been prepared recently and shown to dimerize irrevers-

Diaminocarbene—Tetraaminoethylene Equilibrium ibly,** as would be expected from the 1960's crossover
experiments$? The relative energy of tetraaminoethylenes and

Yufa Liu.* Patrick E. Lindner. and David M. Lemal* their diaminocarbene “halves” is a matter of much current interest,

all the more so because of the striking variability of this
Department of Chemistry, Dartmouth College relationship*®
Hanaver, New Hampshire 03755 Clearly, quantitative information about the strength of the
Receied Julv 1. 1999 carbon-carbon double bonds in tetraaminoethylenes is badly
eceved July L, needed. Taton and Chen approached this problem cleverly by

The first tetraaminoethylene was prepared by Pruett in 1950, Synthesizing the douEIy bridged molecule¢n = 3, 4)* They
but the systematic study of molecules of this type began a decaddfound that while4 (n = 3) fails to dissociate even at 10C, 4
later when Wanzlick reported the synthesislofR = Ph)?3
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R R R
N N N (n = 4) exists predominantly as written at33 °C but as a pair
[+\> - [ >t [ﬁ/> - of carbenes at room temperature. From these results Chen arrived
N g ! at a “reasonable estimate” of the bond dissociation energy for
unbridged tetraaminoethylenes of the ty®eviz. AH = 4 + 3
2 kcal/mol. The failure to detect them is thus a consequence of the
strongly positive entropy of dissociation.
We wished to find an unbridged tetraaminoethyledeami-
ocarbene system in which both components are present in
measurable amounts at equilibridtnThe contrast in stability
Soward dimerization betweed and 3, with its 67 electrons in
the five-membered ring, has been attributed to aromaticity in the

R R

Primarily on the basis of its chemical reactions, he postulated in
a series of papers that the “Wanzlick dimer” dissociates readily n
into diaminocarbene “halves2(R = Ph)# Crossover experiments
performed in the mid-1960s demonstrated that tetraaminoethylene
of the typel (R = aryl or alkyl) do not dissociate into
diaminocarbenes even at quite high temperatureBeginning

in 1991, however, Arduengo synthesized a remarkable series of
diaminocarbenes of the tyf®(and ring-substituted derivatives

R R R
N N N

[?' — [N>= — [&/>-
R R

R

(8) (a) Arduengo, A. J., lll; Harlow, R. L.; Kline, MJ. Am. Chem. Soc.
3 (R =alkyl, aryl) 1991 113 361. (b) Arduengo, A. J., lll; Dias, H. V. R.; Harlow, R. L.; Kline,
M. J. Am. Chem. S0d.992 114, 5530. (c) Arduengo, A. J., lll.; Davidson,

h f b bl h h h d F.; Dias, H. V. R.; Goerlich, J. R.; Khasnis, D.; Marshall, W. J.; Prakasha, T.
thereof), carbenes so stable that they show no tendency toy”; am. Chem. S0d997 119 12742. (d) Arduengo, A. 3., ill: Goerlich, J.

dimerize38° Carbenes of the typ2and acyclic analogues thereof  R.; Krafczyk, R.; Marshall, W. JAngew. Chem., Int. Ed. Engl998 37,

1963.
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Lafferty, R. H., Jr.J. Am. Chem. Sod.95Q 72, 3646. J.Chem. Eur. J1996 2, 1627. Kuhn, N.; Kratz, TSynthesisl993 561.

(2) Wanzlick, H.-W.; Schikora, EAngew. Chem196Q 72, 494. (10) Alder, R. W.; Blake, M. EJ. Chem. Soc., Chem. Commu®97,

(3) Arduengo, A. J., lll; Krafczyk, RChem. Ztg1998 32, 6. 1513. Alder, R. W.; Allen, P. R.; Murray, M.; Orpen, A. @ngew. Chem.,

(4) For reviews of this early work, see: Hoffmann,Agew. Chem., Int. Int. Ed. Engl.1996 35, 1121.
Ed. Engl.1968 7, 754. Wiberg, N.Angew. Chem., Int. Ed. Engl968§ 7, (11) Denk, M.; Thadani, A.; Hatano, K.; Lough, A.Angew. Chem., Int.
766. Lemal, D. M. InThe Chemistry of the Amino Groupatai, S., Ed.; Ed. Engl.1997, 36, 2607.
Interscience: New York, 1968; p 701. (12) Because of its very bulky substituen%s,(R = mesityl) does not

(5) Lemal, D. M.; Lovald, R. A.; Kawano, K. J. Am. Chem. S0d.964 dimerize. Arduengo, A. J., Ill; Goerlich, J. R.; Marshall, WJJAm. Chem.
86, 2518. Soc.1995 117, 11027.

(6) Winberg, H. E.; Carnahan, J. E.; Coffman, D. D.Am. Chem. Soc. (13) For recent reviews on tetraaminoethylenes and diaminocarbenes, see:
1965 87, 2055. Warkentin, J. InAdvances in Carbene Chemistrrinker, U. H., Ed.; Jai

(7) In a very recent paper Denk has challenged the early findings, Press: London, 1998; Vol. 2, p 245. Herrmann, W. A’,cKer, C.Angew.
demonstrating that crossover can indeed occur between the same pairs ofChem., Int. Ed. EnglL997, 36, 2162. Regitz, MAngew. Chem., Int. Ed. Engl.
tetraaminoethylenes studied independently by the groups of Lemal and 1996 35, 725.

Winberg (Denk, M. K.; Hatano, K.; Ma, Ml'etrahedron Lett1999 40, 2057). (14) Taton, T. A.; Chen, PAngew. Chem., Int. Ed. Endl996 35, 1011.

His conclusion that the new work “supports the existence of the Wanzlick Chen, P. InAdvances in Carbene Chemisfrgrinker, U. H., Ed.; Jai Press:
equilibrium” is flawed, however. Finding the absence of crossover is London, 1998; Vol. 2, p 45. Compound (n = 3) was independently
compelling evidence against unimolecular dissociation of a tetraaminoethylene, synthesized in Thummel’s laboratory. Shi, Z.; Goulle, V.; Thummel, R. P.
as small amounts of impurities could not inhibit such a process. On the other Tetrahedron Lett1996 37, 2357.

hand, the observation of crossover is subject to a variety of interpretations  (15) Recently, both a thiazol-2-ylidene and its dimer have been isolated
including catalyzed dissociation, e.g. via the mechanism presented in ref 5. and characterized. Arduengo, A. J., Ill; Goerlich, J. R.; Marshall, \Mebig's
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latter’® We surmised that bis(benzimidazol-2-yliden&a)t”
would dissociate much more readily thanR = Me) because
the fused benzene ring would confer a measure of aromaticity
on the resulting carben@a, albeit significantly less than that

enjoyed by3 (R = Me).181°
R
N
. L
N
R

R R
=0
N
R R
5a R =Me 6a R=Me
6b R =Et

5b R =Et

When tetraaminoethylertea was heated in diglymez, under
argon, a new set ofH NMR signals slowly grew out of the
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Figure 1. van't Hoff plot for the dissociation equilibrium of bis-

baseline but disappeared after the sample was cooled to room(Penzimidazol-2-ylidene) R = Et).

temperature. At 110C the resonances f&a appeared at 6.64
and 6.49 (AABB', 8H, aryl) and 2.91 ppm (s, 12H, GH the
new signals, mirroring those of the dimer but shifted downfield,
were found at 7.27, 7.12, and 3.82 ppm. To confirm that the
new signals represented diaminocarbégegit was important to
detect the highly characteristic, very low fieléC resonance of
the carbene carbdhA sample of the dimer was equilibrated
briefly at 140°C, then immediately quenched in liquid nitrogen
to freeze the monomerimer equilibrium. Its proton-decoupled
13C NMR spectrum measured at50 °C and 125 MHz revealed
a signal atd 225.3 ppm that left no doubt about the identity of

quenched in liquid nitrogen. Its proton-decoupl&€C NMR
spectrum, measured &60 °C, showed signals @t142.3, 121.2,
117.2, 110.0 (spC); 40.1 (CH); and 10.6 ppm (Ch) for the
dimer, and at) 224.9 (C:); 135.4, 122.0, 110.9 (aryl C); 43.4
(CHy); and 16.6 ppm (Ck) for the diaminocarbenéb.

Since dissociation dib is significantly greater than that of its
methyl analogue at a given temperature, the ethyl compound was
chosen for a determination of the dissociation equilibrium constant
as a function of temperature. Samples of this dimer in NMR tubes
containing diglymed,4 (~0.1 M) with a known concentration of
cyclodecane as an integration standard were prepared in a

the new species. The location of this carbene carbon resonanceglovebox and sealed with a flame under dry nitrogen. Each was

between those of typical imidazol-2-ylidenes and those of
imidazolin-2-ylidene® is to be expected for a benzimidazol-2-
ylidene.

Tetraaminoethylengb was prepared analogously to the methyl
compoundy’ viz. by deprotonation oN,N'-diethylbenzimidazo-
lium iodide?* with sodium hydride in THF, and purified by
multiple recrystallizations from hexanes/toluene under argon. The
IH NMR spectrum of5b in diglyme-dy4 at 110°C comprised
signals atd 6.63, 6.53 (AABB’, 8H, aryl); 3.44 (q,J = 7 Hz,
8H, CH,); and 0.99 ppm (tJ = 7 Hz, 12H, CH). At room

equilibrated at various temperatures andt&MR spectra were
measured. Integration of the cyclodecane singlet and the methyl
triplets of 5b and6b determined the concentration of dimer and
carbene at each temperatéfedfter several runs were made to
establish optimal measurement conditions, equilibrium constants
were determined at-10 °C intervals from 40 to 110C. The
temperature range was limited at the low end by the small degree
of dissociation and at the upper end by sample decomposition.
van't Hoff plots (see Figure 1 for one) constructed from the set
of equilibrium constants obtained in each of two closely agreeing

temperature these were the only significant resonances, but aguns yielded these average values for the thermodynamic param-
the temperature was raised a new set became prominent. At 11(ters for dissociationAH® = 13.7 4 0.6 kcal/mol andAS® =

°C they appeared at 7.29, 7.10 (AABB', 4H, aryl); 4.25 (qJ
= 7 Hz, 4H, CH); and 1.46 ppm (tJ = 7 Hz, 6H, CH). A
sample in diglymed; 4, was equilibrated for 20 min at 1P&, then

(16) The degree of aromaticity and of ylidic character in carbenes of type
3 remains a matter of controversy. Boehme, C.; Frenking].@&m. Chem.
Soc.1996 118 2039. Heinemann, C.; Mier, T.; Apeloig, Y.; Schwarz, H.
J. Am. Chem. Sod996 118 2023. Sauers, R. Rietrahedron Lett1996
37, 149. Olsson, M. H. M.; Boroski, PTheor. Chim. Actal996 93, 17.
Arduengo, A. J., lll; Dias, H. V. R.; Dixon, D. A.; Harlow, R.; Klooster, W.
T.; Koetzle, T. F.J. Am. Chem. S0d.994 116 6812.

(17) Cetinkaya, E.; Hitchcock, P. B.; Kikbay, H.; Lappert, M. F.; Al-
Juaid, SJ. Organomet. Chen1994 481, 89

30.4+ 1.7 cal moft!t K1,

At 25 °C the free energy difference betwegimand its “halves”
is only about 5 kcal/mol. The enthalpy of dissociation of this
tetraaminoethylene, i.e., the bond dissociation energy of an
N-tetraalkylated bis(benzimidazol-2-ylidene), is ca. 10 kcal/mol
above that estimated by Chen for the bond dissociation energy
of the unobserved dimers of ty@ecarbenes (R= alkyl). This
energy difference is understandable as a consequence of benzan-
nellation.
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