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Summary: In two similar but unrelated cases, a@lotype of
ring-opening reaction of N-heterocyclic carbenes (NHCs) was
obsewed. These compounds may represent a general class of
hitherto unknown decomposition products of NHCs.

N-Heterocyclic carbenes (NHCs) are a class of stable carbenes
that have found increasing use as ligands for transition metals
in a role analogous to that of phosphines and other neutral two-
electron donor$.The distinctive electronic properties of NHEs
namely their higho-basicity and lows-acidity—can provide
enhanced reactivity to transition-metal catalysts that feature
NHCs as ligand3.Recently, however, it has been demonstrated
that NHCs do not always act simply as spectator ligands and Figure 1. ORTEP drawing of2. Atoms are represented by
are occasionally found to participate in unanticipated side ellipsoids at the 50% probability level. Hydrogen atoms have been
reactions. These include ligand-C and G-H insertior? and omltt_ed for clarity. Sele_cted bond Iengths_ (A) and angles _(deg):
entry into abnormal binding modésBecause these reactions C_Ni 1.8506(16); N-Ni, 1.8448(13); P-Ni, 2.1836(5); G-Ni,
can be detrimental to catalyst function, understanding them is 3'18%(10,)' C-Ni—N, 93.74(6); N-Ni—O, 85.59(5); O-Ni—P,

. . - .78(4); P-Ni—C, 99.69(5).
of fundamental importance to the design of stable transition-
metal catalysts with NHC ligands. In this communication, we ) .
report a novel type of ring-expansion reaction of NHCs QomplexZ features a six-membered mckelacy_cle appare.ntly
involving heterocyclic N-C bond cleavage that has been derived from N-C cleavage of the NHC ring and ring expansion
observed in two unrelated systems. Unlike the processesofthe heterocycle. Th_|s produces atrlq|entate_l|gand on Ni with
described above, this new type of reaction is unique because itFischer carbene, amide, and phenoxide moieties. The phenyl
modifies the heterocycle itself. group originally bound to Ni has migrated to the former NHC

We recently reported a series of unsymmetrically substituted carbon atom. The attack of a metal-bound alkyl group on a
NHC ligands, e.g.], that feature a chelating phenoxide moiety monodentate NHC ligand has been observed before in com-
appended to one of the NHC N atom$reatment ofl with 2 plexes of Ni and P8.This process appears to occur via
equiv of potassium hexamethyldisilazide (KHMDS), followed intramolecular alkyl attack on the empty orbital of the NHC
by NiCIPh(PPk),, gave a dark green solid (eq 1). X-ray and results, unlike in our case, in the reductive elimination of

o a 2-alkylimidazolium salt.We reasoned that metal complexes
/_(\:' of our novel ligands would not be as prone to this type of
NN 1) 2KHMDS . a0 rearrangement, since chelation should hinder rotation of the
. 2) NICPh(PPha)y N/\ J 0 NHC into the necessary conformation for attack by the aryl
THF, 28 C @ ) \ group® However, it appears that the chelating nature of ligand

Ph PPh 1 does not prevent alkyl attack in the formationf
1 2 If the ring-opening reaction leading to the formation Df
crystallography of this compound provided a surprising structure ¢curs following phenyl group migration, replacement of the
(2, Figure 1). phenyl with a bulkier aryl group incapable of migration would

therefore prevent ring opening. Treatment of KHMDS-activated
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Figure 3. ORTEP drawing of7. Atoms represented by ellipsoids
at 50% probability. Hydrogen atoms have been omitted for clarity.
; ; Selected bond lengths (A) and angles (deg): N@{1), 1.352(2);
Figure 2. ORTEP drawing of3. Atoms are represented by i i :
ellipsoids at the 50% probability level. Hydrogen atoms have been C(1)-C(2), 1.364(3); C(2}N(2), 1.420(2); C(2) P, 1'7743(19)'
omitted for clarity. Selected bond lengths (A) and angles (deg): N(1)—C(1)—-C(2), 122.75(18); C(HC(2)-N(2), 122.73(17); N(2)

C(1)-Ni, 1.874(2); C(2-Ni, 1.905(2); P-Ni, 2.2274(7); O-Ni, C(2)-P, 116.32(14).
1.9544(15); C(1}Ni—0, 87.85(8); G-Ni—P, 89.54(5); P-Ni—
C(2), 89.17(7); C(1yNi—C(2), 93.11(10). /@
7\ Vam\
Scheme 1. Rearrangement to Phosphonium Salt 7 /\N Ad= AN N = MesN N O
) =X \—(
o N77N\' z y RN Me
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Me ) ! Me = =
4 O 5 O Figure 4. Generic representations afand?.

4 hBuli \ st the NHC heterocycle has been expanded by a single carbon

) 2. CIPPhy atom, to which the phosphine is now appended, giving a 6,7-
~ heterobicyclé?
Mes’N/>_<\N O Mes—N N Interestingly, Ni compoun@ and phosphonium salt can

ClaC” H Ve =4 Ve be represented generically, even though the identities of the
PP Me ° PhaP Me atoms participating in the rearrangements differ significantly

o (Figure 4). The central Ni(PRhunit of 2 is substituted by a

. 6 7 carbon atom ir¥, and the phenoxide moiety &fis replaced by

xpected, not observed

a phosphine ir. Although the pathways by which compounds

2 and 7 arise from their respective precursors are currently
unclear, their structural similarities, along with their mutual
origins as NHC-related compounds, suggest that their formation
may represent a general process in carbene chemistry which
has not yet been well noted, possibly due to the instability of
the byproductd3 This reaction type is an excellent example of
the unexpected reactivity possible when NHCs are used in place
of traditional ligands.

which apparently accounts for the stability ®&s a “normal”
NHC complex®

To the best of our knowledge, this NHC-ring-expansion
reaction has not been reported before. However, in the course
of independent research we have observed a similar ring
expansion. During the attempted development of a new family
of neutral bidentate phosphine/NHC ligands for Ru-catalyzed
olefin metathesis, biphenyl iodidewas prepared (Scheme 1).
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