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Abstract

The syntheses and characterizations of adducts of dialkylmagnesium and dialkylzinc with nucleophilic carbenes are described.
These carbene adducts are available directly from the reaction of the stable nucleophilic carbenes 1,3-dimesitylimidazol-2-ylidene
or 1,3-di(1-adamantyl)imidazol-2-ylidene and the dialkylmetal compounds. The X-ray crystal structures of the 1,3-di(1-adaman-
tylimidazol-2-ylidene - diethylzinc adduct and 1,3-dimesitylimidazol-2-ylidene - diethylmagnesium are reported. The adamantyl’
substituted carbene gave a monomeric metal adduct whereas the mesityl substituted carbene shows a structure with bridging alkyl

groups.

1. Introduction

Carbene complexes of the Main Group II (Be, Mg,
Ca, Sr, Ba) and Transition Group II (Zn, Cd, Hg)
metals are rare except for a few mercury adducts [1-4].
Simple adducts with the dialkyl derivatives of these

metals are unknown. We now report the synthesis and .

characterization of carbene complexes derived from
diethylzinc and diethylmagnesium. The isolation of sta-
ble nucleophilic carbenes in the imidazol-2-ylidene se-
ries (1) enables the easy synthesis of a variety of
carbene derivatives that previously have been inaccessi-
ble [5-9). The recent report of a stable carbene-alane
adduct 4 is an example [8].

2. Results and discussion

Imidazol-2-ylidenes 1a,b react smoothly with diethyl
zinc or diethyl magnesium to afford the corresponding
carbene-metal complexes in good yields (eqn. (1)). The
melting ranges of three of the adducts are narrow and
in a moderate temperature range (2a 145-148°C, 3a
169-170°C, 3b 150-151°C). The melting range for
adduct 2b (diethyl magnesium and the dimesityl substi-
tuted carbene, 1b) is also narrow but rather high (360-
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363°C). The reason for this dramatically higher melting
point may be the dimeric nature of this particular
adduct (vide infra). In the 3*C NMR spectra, the C,
carbons of the imidazole nuclei are shifted substan-
tially upfield by 25-30 ppm (Table 1) in the complexes.
These upfield shifts are consistent with that reported
for the alane adduct 4 [8], although the magnitude is
smaller (c¢f. A8 44.4 for 4 relative to 1a). The °C
resonances in 2a, 2b, 3a and 3b for C, 5 shift downfield
by 2-3 ppm relative to the free carbenes, similar to the
behavior of 4. The >N NMR shift for 3a was slightly
upfield of the free carbene by about 2 ppm, again
consistent with 4. The 'H NMR spectra, which usually
provide a good indication of complex formation, showed
directional shifts that are solvent dependent. The
chemical shifts of the H, 5 protons are downfield of the
corresponding carbenes when the spectra are taken in
thf-dg and upfield when the spectra are taken in ben-
zene-d,. This variation in shift direction may result
from coordination of tetrahydrofuran (thf) to the coor-
dinatively unsaturated metal centers. The downfield
shifts for H,5 in the complexes relative to the free
carbenes in thf-d; are reminisent of 4. The methylene
protons adjacent to the metal centers are sensitive to
the substituents on the nitrogens of the imidazole
nucleus. When the imidazole nucleus bears adamantyl
substituents, the methylenes in the complexes resonate
at 8 0.24 for magnesium and § 0.80 for zinc. When the
imidazole substituents are mesityl rings, the methylene
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resonances shift upfield to & —0.78 and —0.43, re-
spectively. These substantial upfield shifts are likely to
be the result of placement of the methylenes in the

TABLE 1. Selected NMR chemical shifts (ppm 8)in 1, 2,3, and 4 2

shielding cone above the plane of the mesityl rings.
Another interesting observation of the 'H resonances
for the ethyl groups is that the typical 3/ /HH values of
~ 8 Hz are absent in the benzene-d¢ spectrum of 2b
(the spectrum shows only broad resonances for the two
types of protons) but they reappear when the spectrum
is taken in thf-dg. This may be indication of the persis-
tence of a bridged structure (as in the solid state, vide
infra) in non-coordinating solvents such as benzene. A
nucleophilic solvent such as thf probably coordinates to
the magnesium center and destroys the dimeric struc-
ture.

The diethyl zinc—carbene adduct 3a was crystallized
from toluene to afford plate-like crystals suitable for
X-ray diffraction studies. Selected bond distances and
angles are given in Table 2 along with comparisons for
some reference compounds. The ring-internal angle at
the former carbene center is 104.2°. This value is
slightly larger than that in the corresponding carbene
but not as large as those in 2H-imidazolium ions which
show a more relaxed angle of ~ 108° [10*]. The alane

Nucleus la® 1b © 2ab 2b® 3a® k1 4°c

B¢, 211.4 219.7 180.1 194.8 185.0(185.0) © 192.0 175.3

BCys) 1139 121.3 116.8 123.0 116.0 (117.2) © 123.2 124.3

"Hys) 6.91(7.02) 7.04 (6.48) ® 6.66 6.07(7.16) © 6.63(7.36) © 732 7.42

BN, —160.5 —-178.9 - - -1623° - -1793

C'H,C'H, - - 024,191  —0.78,1.12, 0.80, 1.85, —0.43,0.85 -
-1.195,091°¢ 0.04¢1.12°

2 The numbering scheme for all compounds is as indicated for 1. ® In benzene~dq solution. References are tetramethylsilane or NH{NO3 .

¢ In thf-dg solution.

TABLE 2. Selected bond lengths (pm) and angles (°) in 1, 2b, 3a and 4 #

Property la 1b 2b 3a 4
r(Cz—Nl(3)) 136.7 (2), 137.3(2) 136.5 (4), 137.1 (4) 136.3 (4), 135.6 (4) 135.6 (4), 136.0 (5) 135.5 (3), 135.0 (3)
r(C,—Cs) 133.8 (3) 1331 (5) 132.4 (5) 133.2(6) 131.3(4)

r(Ny3~Csy)
r(Ny;)~Subst)
r(C,-M)
r(M-Subst)

8(N,-C,-N;)
0(Cs4~Ny3-C2)

0(N,3—Cs4~Coys))

6(C,—Ny3y-Subst)
0(M-C,-Ny3)
6(C ,-M-Subst)

138.2(2), 138.6 (2)
148.2(2), 148.5 (2)

102.2 (2)
112.1(2), 1123 (2)
107.2(2), 106.2 (2)

123.4(2),122.1 (2)

138.1(4), 137.8 (4)
144.1(4), 1442 (4)

101.4 (2)

112.8 (3), 1128 (3)
106.5 (3), 106.5 (3)
121.8 (2),122.6 (2)

138.2(5), 137.1 (4)
144.1 (4), 144.7 (4)
2279 (3)
225.8(3),233.8(4)
(Et-bridge)

213.3 (4) (Et-term)
216.4 (H-bridge)

1021 (3)

112.6 (3), 111.9(3)
105.4 (4), 108.0 (4)
127.4(3),127.2(3)
129.2 (2), 128.6 (2)
106.8 (1), 110.0 (1)
(Et-bridge)

110.3 (2) (Et-term)

94.2 (H-bridge)

137.8 (5), 138.8 (5)
149.5 (5), 148.8 (5)
209.6 (3)

199.4 (4), 200.9 (4)
(Et-term)

104.2(3)

1114 (3), 110.4 (3)
106.8 (3), 107.3 (3)
126.2 (3), 124.7 (3)
127.9(3),127.0(2)
118.1 (1), 109.8 (1)
(Et-term)

138.2(4), 138.4 (4)
143.6 (3), 144.2(3)
203.4 (3)

156.6 (H-avg.)

104.2(2)

110.5 (3), 110.8 (3)
107.5 (3), 107.0(3)
124.2(2),124.5(2)
127.9 (2), 127.9(2)
105.3 (H-avg.)

@ The numbering scheme for all compounds is as indicated for 1.
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Fig. 1. kanvas [12*] drawing of 3a.

adduct 4 and a related reverse-polarized iodine ylide, 5
derived from 1a also show a 104° ring-internal angles at
the former carbene centers. The C-N bond distances
(r,5=135.8 pm) at the former carbene center are
shorter than those in the free carbene which seems to
be typical of derivatives of these nucleophilic carbenes.
The C-Zn distance to the imidazole substituent is
209.6 pm which is slightly longer than the other two
zinc carbon distances (r,,, = 200.2 pm). The zinc atom
is in a rather unusual trigonal planar (within 0.2 pm)
arrangement [11). The plane of the zinc coordination is
twisted 81.6° with respect to the imidazole plane. This
orientation, which is depicted clearly in the shadow of
Fig. 1, creates a complication to the 3-coordination of
the zinc center. There are close approaches of two
hydrogens from the adamantyl substituents above and
below the zinc plane (228 and 231 pm). Even though
these hydrogens may not be considered to form formal
bonds to the zinc center, they certainly protect the zinc
from further coordination.

The diethyl magnesium-carbene adduct 2b was
crystallized from benzene to form irregular chunky
crystals suitable for X-ray diffraction studies. Unlike
the zinc adduct 3a, 2b is dimeric in the solid state
(possibly also in solution vide supra). The dimeric
structure is formed through bridging of one ethyl sub-
stituent from each magnesium center. The core of the
dimeric structure is depicted in Fig. 2 [12]. Each mag-
nesium bears both bridging and terminal ethyl groups.
The 4-membered ring formed by the magnesium and
bridging carbon centers resides on a crystallographic
inversion center and is planar by symmetry. The bonds

* Reference number with asterisk indicates a note in the list of
references.

between magnesium and the bridging carbon centers
are slightly asymmetrical with distances of 225.8 and
233.8 pm (Table 2). The longer bridging Mg—C bond
involves an agostic hydrogen interaction (vide infra).
These bridging distances are longer than the Mg-Et
terminal bond at 213.3 pm. The Mg—-C bond to the
imidazole substituent is the longest at 227.9 pm. The
magnesium centers seem to obtain additional coordina-
tion from an agostic hydrogen in the bridging ethyl
groups (Mg-H = 216.4 pm). There is a 276.8 pm dis-
tance between the two magnesium centers, suggestive
of a possible interaction. The structure of the com-
plexes imidazole moiety in 2b is quite similar to the
free carbene 1b with a ring-internal angle at the former
carbene center of 102.1° and C-N bond distances of
136.3 and 135.6 pm. The mesityl substituents are twisted
86.2° and 83.6° with respect to the central imidazole
ring and can thus provide steric protection above and
below the imidzole ring due to the ortho-methyls.
However, there is little steric hindrance in the imida-
zole plane at C,.

The bridging structure of 2b is clearly the result of
the mesityl substituents inability to provide sufficient
steric protection in the plane of the imidazole ring in
the vicinity of C,. The difference between 1a and 1b in
this regard is evident in the space filling models of the
two carbene structures [5,6]. Although we were not
successful in obtaining high quality crystals of 2a, a
crude structure determination indicated a monomeric
solid state structure like 3a [13*].
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Fig. 2. kaNvas [12] drawing of 2b.
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Easily handled stable nucleophilic carbenes such as
1la and 1b facilitate the synthesis of carbene adducts
such as 2, 3, 4 and 5. Nonetheless, metal adducts have
been reported from other indirect routes for some
imidazol-2-ylidenes and imidazolin-2-ylidenes (saturat-
ed analogs of the imidazole series in which the 4- and
S-position carbons bear additional hydrogen sub-
stituents). Lappert and co-workers have reported struc-
tures on several imidazolin-2-ylidene adducts of transi-
tion metals [14-23]. For comparison, a few examples of
imidazol-2-ylidene-transition metal adduct structures
are also available from indirect synthetic routes [1,24~
271. It is interesting to note that the imidazol-2-ylidene
containing structures tend to retain what can be recog-
nized as a carbene-like structure (small valence angle
at the former carbene center and long C—N bonds to
this center). The imidazolin-2-ylidene containing struc-
tures generally show valence angles and bond distances
that are farther removed from the ideal structures of
the corresponding carbenes. The persistence of a car-
bene-like structure in imidazol-2-ylidene metal adducts
as compared to imidazolin-2-ylidene metal adducts may
be indicative of superior stability for the parent imida-
zol-2-ylidenes compared to imidazolin-2-ylidenes
(which have not yet been isolated or directly observed).
The Group Il metal adducts reported herein provide
additional support for this trend.

3. Experimental details

Reactions and manipulations were carried out un-
der an atmosphere of dry nitrogen, either in a Vacuum
Atmospheres dry box or using standard Schlenk tech-
niques. Solvents were dried (using standard proce-
dures) [28], distilled, and deoxygenated prior to use,
unless otherwise indicated. Glassware was oven-dried
at 160°C overnight. The 'H (300.75 MHz), *C (75.629
MHz) and N (30.484 MHz) NMR spectra were
recorded on a GE Omega 300WB spectrometer. NMR
references are (CH 3),Si ("H, *C) and external NH , +
NO;-(**N). The >N DEPT experiments were run us-
ing the standard DEPT sequence [29] assuming a
J(HN) =7 Hz with a 0 pulse of 45° for the mesityl
substituted compounds and 20° for the adamantyl sub-
stituted compounds. Melting points were obtained on a
Thomas-Hoover capillary apparatus and were not cor-
rected. Elemental analyses were performed by Oneida
Research Services, Whitesboro, NY.

3.1. Diethylmagnesium - 1,3-di(1-adamantyl)imidazol-2-
ylidene adduct, 2a

Diethylmagnesium (0.100 g, 1.21 mmol) and 1,3-
di(1-adamantyl)imidazol-2-ylidene (1a) (0.390 g, 1.16
mmol) were mixed and toluene was added at room
temperature. This mixture was stirred for 2 h to obtain

a clear solution. The mixture was concentrated, diluted
with hexane and cooled at —25°C to yield 0.385 g
(79%) of 2a as colorless crystals with m.p. 145-148°C.
'H NMR (C D6) 5 0.24 (q, *J(HH) = 8.15 Hz, CH,,

ALTY. 1 101 (¢ 3NN _ g 1s 11
4rij, L. 47 \111, nu4610, lLH}, 1.¥Y1 \1, "J\I1ir1) = 0.1J r1Z,

CH,, 6H); 1.93 (m, Ad, s ;, 6H); 2.06 (m, Ad, 4, 12H);
6.66 (s, NCH, 2H). 13C {IH} NMR (C¢Dy): 8 0.56 (s,
CH,); - 15.13 (s, CH,); 30.31 (s, Ad357) 36.36 (s,
Ad“m) 44.45 (s, Ad,z0); 57.76 (s, Ad) 116.78 (s,
NCH); 180.1 (br s, NCN). Anal. Found: C, 77.44; H,
9.84; N, 6.56. C,,H,,N,Mg calcd.: C, 77.41; H, 10.11;
N, 6.69%.

3.2. Diethylmagnesium - 1,3-dimesitylimidazol-2-ylidene
adduct, 2b

Diethylmagnesium (0.125 g, 1.51 mmol) and 1,3-di-
mesitylimidazol-2-ylidene (1b) (0.405 g, 1.33 mmol)
were mixed and toluene was added at room tempera-
ture. The color slowly became pale yellow. This mix-
ture was stirred for 3 h, concentrated, diluted with with
some hexane and cooled at —25°C, Filtration afforded
2b as white crystals, 0.320 g (62%), m.p. 360-363°C
(dec.). X-Ray quality crystals were grown from concen-
trated benzene. 'H NMR (C4Dy): 8 —0.78 (br s, CH,,
4H); 1.12 (br s, CH,, 6H); 2.10 (s, 0-CH 5, 12H); 2.15 (s,
p-CH;, 6H); 6.07 (s, NCH, 2H); 6.78 (s, m-H, 4H). 'H
NMR (thf-dg): 8 —1.19 (g, *J(HH) = 8.14 Hz, CH,,
4H); 091 (t, *J(HH) = 8.14 Hz, CH,, 6H); 2.09 (s,
0-CH,, 12H); 2.31 (s, p-CH,, 6H); 6.99 (s, m-H, 4H);
7.16 (s, NCH, 2H). *C NMR (thf-dy): & —0.08 (s,
CH,); 14.65 (s, CH;); 17.98 (s, 0-CH3); 21.12 (s, p-
CH,); 123.00 (s, NC); 129.59 (s, Mes C-3,5); 136.26 (s,
Mes C-2,6); 137.72 (s, Mes C-1); 138.96 (s, Mes C-4);
194.84 (s, NCN). Anal. Found: C, 78.00; H, 8.93; N,
6.81. C,sH;,N, Mg calcd.: C, 77.62; H, 8.86; N, 7.24%.

3.3. Diethylzinc - 1,3-di(1-adamantyl)imidazol-2-ylidene
adduct, 3a

Carbene 1a (0.670 g, 2 mmol) was dissolved in
hexane (30 ml) and diethylzinc (2.00 ml, 1 M solution
in hexane) was added at room temperature. A white
precipitate formed slowly. This mixture was stirred for
3 h, filtered and the precipitate was collected. Yield
0.710 g (77%), m.p. 169-170°C. The complex was sta-
ble in thf and could be recrystallized from toluene. 'H
NMR (thf-dg): & 0.04 (q, *J(HH) = 8.08 Hz, CH,,, 4H);
1.12 (t 3J(HH) = 8.08 Hz CH3, 6H); 1.78 (s, Ad46,0,

,,,,,

30.95 (s, Ad357) 36.79 (s Ad4610) 4420 (s, Adm)
58.32 (s, Ad,); 117.18 (s, NCH); 185 (br s, NCN). °N
NMR: & —1623 '"H NMR (C¢Dy): 6 0.80 (q, *J(HH)
= 8.04 Hz, CH,, 4H); 1.48 (m, Ad o, 12H); 1.85 (t,
3J(HH) = 8.04 Hz, CH,, 6H); 1.93 (m, Ad357, 6H);
2.07 (m, Ad,g4,, 12H); 6.63 (s, NCH, 2H). C {'H)
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NMR (C;Dy): 8 4.76 (s, CH,); 15.57 (s, CH ,); 29.99 (s,
Ad;;;); 3597 (5, Ad,g0); 43.59 (s, Ad,y,); 57.86 (s,
Ad,); 116.01 (s, NCH); 185.00 (br s, NCN). Anal.
Found: C, 70.39; H, 9.03; N, 6.06. C,;H,,N,Zn caled.:
C, 70.50; H, 9.20; N, 6.09%.

3.4. Diethylzinc - 1,3-dimesitylimidazol-2-ylidene adduct,
3b '
Carbene 1b (0.610 g, 2.00 mmol) was dissolved in
hexane (30 ml) and diethylzinc (2.00 mi, 1 M solution
in hexane) was added at room temperature and stirred
for 3 h. A slightly cloudy solution was obtained. This
was filtered and concentrated and cooled at —25°C to
obtain 0.78 g (91%) of 3b as colorless crystals, m.p.
150-151°C. 'H NMR (thf-dg): 6 —0.43 (q, *J(HH) =
8.08 Hz, CH,, 4H); 0.85 (t, 3J(HH) = 8.08 Hz, CH,,
6H); 2.12 (s, 0-CH 5, 12H); 2.34 (s, p-CH ,, 6H); 7.01 (s,
m-H, 4H); 7.32 (s, NCH, 2H). 3C NMR (thf-d,): 8 4.62
(s, CH,); 14.01 (s, CH;); 17.84 (s, 0-CH,); 21.12 (s,
p-CH3); 123.20 (s, NCH); 129.78 (s, Mes, C-3,5); 135.88
(s, Mes C-2,6); 136.58 (s, Mes C-1); 139.55 (s, Mes C-4),
192.00 (s, NCN). Anal. Found: C, 70.14; H, 7.74; N,
6.12. C,sH3,N,Zn caled.: C, 70.17; H, 8.01; N, 6.55%.

3.5. X-Ray crystal structure of diethylzinc - 1,3-di(1-ada-
mantyl)imidazol-2-ylidene adduct, 3a

Formula: C,,H,N,Zn-C,H,, monoclinic, space
group Cc (No. 9), a =1665.7(3), b=1396.2(3), ¢ =
1300.6(2) pm, B = 103.24(1)°; T= —125°C, Z =4, FW
=552.16, D,=1233 g cm™ 3, w(Mo)=8.68 cm™ .
Crystal description: amber plate (0.35 % 0.20 %X 0.65
mm?) grown by cooling a toluene solution of 3a. A
total of 7011 reflections were collected, 4.3° <26 <
55.0°, data octants: + ++, ++—, +—+, + ——,0n
a Syntex R3 diffractometer with graphite monochroma-
tor using Mo Ka radiation (A = 71.073 pm). With 2813
unique reflections of intensity greater than 3.00, the
structure was solved by automated Patterson analysis
(pHase) and standard difference Fourier techniques.
Anomalous terms for zinc were included, biweight «
[a2(I) + 0.00091%])7'/2. There were 332 parameters
with all non-hydrogen atoms anisotropic and all hydro-
gens in fixed positions. The final R factors were R =
0.035, R,, = 0.036. The final difference Fourier showed
the largest residual density to be 0.44 ¢ A~ near a
hydrogen on one of the adamantyls. Further details of
the crystal structure are available in the supplementary
material deposited with the Cambridge Crystallo-
graphic Data Centre.

3.6. X-Ray crystal structure of diethylmagnesium - 1,3-
dimesitylimidazol-2-ylidene adduct, 2b

Formula: C,;H;,N,Mg, monoclinic, space group
P2,/n (No. 14), a=122792), b=1392.7(3), ¢ =

1399.8(2) pm, B =90.55(1)°; T= —35°C, Z =4, FW =
386.87, D, =1.073 g cm 3, uw(Mo) = 0.81 cm ™. Crystal
description: irregular sphere (0.44 X 0.38 X 0.45 mm?)
grown by cooling a benzene solution of 2b. A total of
4629 reflections were collected, 4.1° < 26 < 50.0°, data
octants: + + +, + + —, on a Syntex R3 diffractometer
with graphite monochromator using Mo K« radiation
(A = 71.073 pm). With 2214 unique reflections of inten-
sity greater than 3.00, the structure was solved by
direct methods (sueLxs) and standard difference
Fourier techniques. Anomalous terms for magnesium
were included, biweight o [o2(1) + 0.00097%]71/2.
There were 297 parameters with all non-hydrogen
atoms anisotropic. All ring hydrogens and those associ-
ated with the bridging ethyl group were refined
isotropically. The remaining hydrogens were calculated
in ideal positions using peaks in the difference map to
determine the orientations of methyl groups. The final
R factors were R = 0.051, R, = 0.049. The final differ-
ence Fogrier showed the largest residual density to be
030 e A~3 near a hydrogen on the terminal cthyl
group. Further details of the crystal structure are avail-
able in the supplementary material deposited with the
Cambridge Crystallographic Data Centre.
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