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In the last 15 years persistent triplet diaryl carbenes have been

prepared, and two very different types of singlet carbenes have
been isolated3 The so-called pushpull carbenes such as phos-
phino silyl carbenes react readily with electron-poor alkenes to
afford cyclopropanésout are reluctant to bind metdi§In contrast,

push-push carbenes such as diamino carbenes, and especially

N-heterocyclic carbenes (NHCs), are excellent ligands for transition
metals? but no cyclopropanation reactions have yet been repdrted.
The peculiar reactivity of diamino carbenes is due to their high
nucleophilicity (they are strong-donors) and low electrophilicity
(they are weakr-acceptors).

Direct observation of singlet alkyl carbenes usually requires
matrix isolation condition® or nanosecond time-resolved laser
flash photolysis techniqué&cthe exception being thegrt-butyl)-
[bis(diisopropylamino)phosphino]carbene, which has a lifetime of
about three minutes at10 °C.3¢ Here we report the synthesis, X-ray
crystal structure, cyclopropanation reaction, and ligand properties
of the first isolable alkyl amino carbene. Calculations corroborate

the experimental observations and suggest that this carbene is both

more nucleophilic and electrophilic than diamino carbenes.

The fact that 1,2-H migration readily occurs for singlet carb&nes
implies that onlytertiary-alkyl amino carbenes could be stable.
Moreover, we have previously shown that deprotonatiorNef
methyl iminium salts does not occur at the iminium carbon to give
the desired carbenes but at the £, affording transient
azomethine ylide&? All our attempts to alkylate-PrN=C(H)(t-

Bu) with a secondary alkyl group and to transforfRrL,NCH,(t-
Bu) into the corresponding aldiminium salt failed. However, despite

potential steric constraints, we found that the desired carbene

precursor2 was accessible by methylation of the readily available
enaminel. The reaction was complete in less tha h atroom
temperature, an@lwas isolated as colorless crystals in 95% yigld.
Deprotonation of2 with the lithium salt of 2,2,6,6-tetramethypi-
peridine occurred cleanly at40 °C in ether. After workup and
recrystallization at-20 °C from hexanes, carber®&was isolated
as light yellow crystals (35% yield, mg 20 °C) (Scheme 1}!
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The main feature of the NMR spectra ®fs the very low field
values of thé-*C chemical shift of the carbene carb@n326 ppm);
for comparison the bis(diisopropylamino)carbene (BDAC) shows
a signal at 255 ppri? As expected, the single-crystal X-ray
diffraction study of3!3 (Figure 1) shows the nitrogen atom to be
in a perfectly planar environment (sum of bond angte860.0),

T University of California.
* Fakultd fir Chemie der Universita

8670 m J. AM. CHEM. SOC. 2004, 126, 8670—8671

Figure 1. Thermal ellipsoid diagram (50% probability) 8f(H atoms are
omitted). Selected bond distances (A) and angles (deg)-@11.2976-
(17), C1-C2 1.5392(18), N+ C1—C2 120.50(12), C+N1—C5 116.36-
(11), C1-N1-C7 130.13(11), C5N1-C7 113.51(10).
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avery short (1.297 A) NC bond length, and a rather acute (12).5
carbene bond angle (BDAC: 1.363 A, 129.0

At room temperature, carbergecan be stored indefinitely in
the solid state, but in solution it transforms quantitatively into the
correspondingH)-imine 4 and propene within 3 days (Scheme 2).
This intramolecular fragmentation (no trace of iminium 2altas
observed) gives the first indication of the high basicity of the
carbene center.

Carbene reacts instantaneously a0 °C with methyl acrylate
and, according to NMR spectroscopy, cyclopropames obtained
as a single diastereomer, which was isolated in 85% yield. The
total syn selectivity, with respect to the amino group, was
demonstrated by a single-crystal X-ray diffraction st&¥iyhe same
total syn selectivity, which cannot be due to steric factors, has
previously been observed for phosphino silyl carbenes and was
rationalized on the basis of favorable “secondary orbital interac-
tions” LUMO arens= HOMO,kene’® Due to donation of the nitrogen
(or phosphorus) lone pair, the LUMgEhenchas somer* character
and therefore has significant bonding overlap between the nitrogen
center and the ester group of the alkene. The formati@riraficates
that carben@ retains some electrophilic charactéinterestingly,
the only other known cyclopropanation reaction involving an amino
carbene was observed by Jones et al. for the transient 3,5,7-
trimethyl-1-azatricyclo-[3.3.1.13,7]decan-2-ylidene for which the
nitrogen lone pair cannot interact with the carbene vacant ofbital.

Rh(cod)Cl and Rh(CQEI complexes of several cyclic- and
acyclic diamino carbenes are knowP:16 Therefore, to evaluate
the ligand properties 08, we have prepared the corresponding
carbene complexe8 and 7. Complex6 was isolated as highly
thermally stable single crystals (mp 15860 °C). Thel3C NMR
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Figure 2. Thermal ellipsoid diagram (50% probability) 6f(H atoms are
omitted). Selected bond distances (A) and angles (deg)-®i11.317(3),
C1-Rh1 2.039(2), Rh#C12 2.109(2), RhtC13 2.119(2), RhtC16
2.208(2), Rh+C17 2.237(2), N+C1-C2 121.14(18), N+C1-Rhl
120.78(15), C2C1—-Rh1 118.00(14).

signal for the carbene center (279.5 ppmiXgn = 40 Hz) is the
most deshielded and the-®l bond (1.317 A) the shortest of related
known complexes; however, the.&ene-Rh bond length (2.039
A) is in the typical range (Figure 2). Complek was readily
obtained by treatment of a thf solution 6fwith CO at room

temperature. The substitution of the cod ligand by the stronger
acceptor CO ligands shows the strong donor capability of carbene

3.16b The carbonyl stretching frequencies of compieg2070 and
1989 cmt) fall between those observed for the analogous
complexes featuring the BDAC (2057 and 1984 émthe most

basic known carbene ligand, and the saturated NHCs (2081 and

1996 cnr).16 A very basic carbene ligand is predicted to result in
a relatively low wavenumber of the CO-stretching frequencies

inducted by a strong donation of the carbene to the metal and little

m-back-donation from the metal center to the ligdffd-ollowing

this hypothesis, one could conclude that the donor and acceptor

properties of carben& are comparable to those of cyclic- and

acyclic diamino carbenes; however, this is not consistent with their

differences in reactivity and especially with the observation of the
cyclopropanation reaction leading 4o

According to calculations performed at the (U)B3LYP/6-31g*
level,the singlettriplet gap (26.7 kcal/mol) and the HOMG-4.3

2003 14, 951. (c) Herrmann, W. AAngew. Chem., Int. EQR002 41,

1290. (d) Alder, R. W. IrCarbene Chemistry: From Fleeting Intermedi-

ates to Powerful Reagen®ertrand, G., Ed.; Marcel Dekker: New York,

2002; pp 153-171. (e) Jafarpour, L.; Nolan, S. Rdv. Organomet. Chem.

2001 46, 181. (f) Enders, D.; Gielen, H. Organomet. Chen2001, 617—

618 70. (g) Bourissou, D.; Guerret, O.; Gabhai P.; Bertrand, GChem.

Rev. 200Q 100, 39.

For recently reported new types of stable carbenes: (a) Cattoen, X;

Gornitzka, H.; Bourissou, D.; Bertrand, G.Am. Chem. So2004 126,

1342. (b) Bazinet, P.; Yap, G. P. A.; Richeson, DJSAm. Chem. Soc.

2003 125 13314. (c) Despagnet-Ayoub, E.; Sol8.; Gornitzka, H.;

Rozhenko, A. B.; Schoeller, W. W.; Bourissou, D.; Bertrand JGAm.

Chem. Soc2003,125 124. (d) Merceron, N.; Miqueu, K.; Baceiredo,

A.; Bertrand, G.J. Am. Chem. So002 124, 6806. (e) Despagnet, E.;

Gornitzka, H.; Rozhenko, A. B.; Schoeller, W. W.; Bourissou, D.;

Bertrand, GAngew. Chem., Int. E@002 41, 2835. (f) SoleS.; Gornitzka,

H.; Schoeller, W. W.; Bourissou, D.; Bertrand, Science2001, 292,

1901.

(4) (a) Krysiak, J.; Lyon, C.; Baceiredo, A.; Gornitzka, H.; Mikolajczyk, M.;
Bertrand, G.Chem. Eur. J2004 10, 1982. (b) Krysiak, J.; Kato, T.;
Gornitzka, H.; Baceiredo, A.; Mikolajczyk, M.; Bertrand, &.0rg. Chem.
2001, 66, 8240. (c) Goumri-Magnet, S.; Kato, T.; Gornitzka, H.; Baceiredo,
A.; Bertrand, G.J. Am. Chem. So00Q 122 4464. (d) Buron, C;
Gornitzka, H.; Romanenko, V.; Bertrand, Gcience200Q 288 834.

(5) The reluctance of pustpull carbenes to bind metals has been rationalized
theoretically: (a) Schoeller, W. W.; Eisner, D.; Grigoleit, S.; Rozhenko,
A. B.; Alijah, A. J. Am. Chem. So00Q 122, 10115. (b) Schoeller, W.
W.; Rozhenko, A. B.; Alijah, AJ. Organomet. Chen2001, 617, 435.

(6) Despagnet, E.; Miqueu, K.; Gornitzka, H.; Dyer, P. W.; Bourissou, D.;
Bertrand, GJ. Am. Chem. SoQ002 124, 11834.

(7) For reactions of stable and transient amino- and diamino-carbenes with
alkenes not affording cyclopropanes: (ajhBar, C.; Stein, N.; Donati,

N.; Gritzmacher, HNew. J. Chem2002 26, 1291. (b) De Meijere, A.;
Kozhushkov, S. I.; Yufit, D. S.; Howard, J. A. KMendelee Commun.
1999 9, 5. (c) Enders, D.; Breuer, K.; Raabe, G.; Runsink, J.; Teles, J.
H.; Melder, J. P.; Ebel, K.; Brode, &ngew. Chem., Int. Ed. Endl995

34, 4, 1021. (d) Enders, D.; Breuer, K.; Runsink, J.; Teles, Liebigs.
Ann. 1996 2019. (e) Balli, H.; Gfaer, H.; Maul, R.; Schepp, Helv.
Chim. Actal981, 64, 648.

(8) (a) Bally, T. InReactie Intermediate Chemistrioss, R. A.; Platz, M.

S.; Jones, M., Jr., Eds.; Wiley-Interscience: Hoboken, New Jersey, 2004;

pp 797-846. (b) Sheridan, R. S.; Moss, R. A.; Wilk, B. K.; Shen, S;

Wilostowski, M.; Kesselmayer, M. A.; Subramanian, R.; Kmiecik-

Lawrynowicz, G.; Krogh-Jespersen, K.Am. Chem. So2988 110, 7563.

(c) Scaiano, J. C. IReactve Intermediate Chemistrivloss, R. A., Platz,

M. S., Jones, M., Jr., Eds.; Wiley-Interscience: Hoboken, New Jersey,

2004; pp 847872.

The activation energies for 1,2-hydrogen shifts are essentially zero for

simple alkylcarbenes and were calculated to be between 11 and 25 kcal/

mol for heteroatom-substituted alkylcarbenes: Evanseck, J. D.; Houk, K.

N. J. Phys. Chem199Q 94, 5518.
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ev) for 3 are much smaller and higher in energy, respectively, than (10) Cattoa, X.; Solg S.; Pradel, C.; Gornitzka, H.; Miqueu, K.; Bourissou,

for NHCs (79.6 kcal/mol and-5.4 eV) and acyclic diamino
carbenes (58 kcal/mol and5.2 ev)l?

D.; Bertrand, GJ. Org. Chem2003 68, 911.

(11) 22 mp 284-285°C; IH NMR (CDClz, 298 K) 6 1.51 (s, 9H, C(El3)3),
1.53 and 1.58 (d, 6H, CHf;, J=6.9), 4.29 and 4.92 (sept, IHHCTHs,
J=6.9), 8.55 (s, 1H, €); 13C{1H} NMR ¢ 19.70 and 24.03 (C&Hy),

From these results as a whole, it can be concluded that alkyl
amino carbenes can be isolated, they are more nucleophilic but also
more electrophilic than diamino carbenes. We are currently
investigating the catalytic properties of various metal complexes
of 3. Moreover, the presence of a tertiary alkyl group linked directly
to the carbene carbon should allow for the synthesis of optically (% £i%r, & Y Aen. B [t Murray, My; Orpen, A Gingew. Chem., It
active carbene complexes featuring the chiral center in a position (13) Crystallographic data (excluding structure factors) have been deposited

i ; i ; ; with the Cambridge Crystallographic Data Centre as supplementary
i[fw chiir;en metal, which might result in a high degree of chiral publication no. CCDC-2369348), 236935 §), and 2369368). Copies

of the data can be obtained free of charge on application to CCDC, 12
) ) Union Road, Cambridge CB2 1 EZ, UK [Fax+44) 1223-336-033;
Acknowledgment. Financial support by the ACS/PRF (38192-
AC4) and RHODIA is gratefully acknowledged.

28.15 (CCHs3)), 37.23 C(CHa)), 56.52 and 57.60QHCHs), 122.25 (q,
Jor = 321.6,CFs3), 186.74 CH). 3: *H NMR (thf-ds, 298 K): 6 1.11 (s,
9H, C(CHa)s), 1.21 (d, 6H, CHEls, J = 6.3), 1.22 (d, 6H, CHEl3, J =
6.9), 4.01 (sept, 1H, BCHs, J = 6.3), 4.35 (sept, 1H, BCHs, J = 6.9).
13C{*H} NMR ¢ 21.33 and 26.07 (CEHs), 28.86 (CCH3)), 39.70
(C(CHz)), 51.24 and 55.80GHCH:), 326.27 Cearbeny-

e-mail: deposit@ccdc.cam.ac.uk].

(14) One of the reviewers suggested that despite the perfect syn selectivity, a
discrete dipolar ion intermediate cannot be totally ruled out.

(15) Ye,ng.ésKomarov, 1. V.; Kirby, A. J.; Jones, M., Ir. Org. Chem2002

Supporting Information Available: Full experimental details,
spectroscopic data; X-ray crystallographic data3ob, and6 in CIF
format. This material is available free of charge via the Internet at http:/
pubs.acs.org.

(16) (a) Herrmann, W. A.; Ofe, K.; Preysing, D. v.; Herdtweck, EJ.
Organomet. ChenR003 684, 235. (b) Denk, K.; Sirsch, P.; Herrmann,
W. A. J. Organomet. Chen2002 649, 219. (c) Enders, D.; Gielen, H.;
Runsink, J.; Breuer, K.; Brode, S.; Boehn, Kur. J. Inorg. Chem1998
913. (d) Herrmann, W. A.; Elison, M.; Fischer, J.; ¢ter, C.; Artus, G.
R. J.Chem. Eur. J1996 2, 772. (e) Coleman, A. W.; Hitchcock, P. B.;
Lappert, M. F.; Maskell, R. K.; Miler, J. H.J. Organomet. Cheni985
296, 173.

(17) Comparable values have been reported: (a) Dixon, D. A.; Arduengo, A.
J.J. Phys. Chem1991, 95, 4180. (b) Heinemann, C.; Thiel WChem.
Phys. Lett1994 217, 11. (c) Feller, D.; Borden, W. T.; Davidson, E. R.
Chem. Phys. Lettl98Q 71, 22.
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