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The formal insertions of carbon dioxide into a series of methylzinc dialkylamide complexes (MeZnNRy) initially form
solvent-free, tetrameric zinc carbamato complexes [Me;Zny(O,CNR;)4] (NR2 = N(i-Pr), (1), N(~Bu), (2), and piperidinyl
(3)). These compounds have been characterized by traditional techniques as well as by single-crystal X-ray diffraction
analyses. The tetrameric backbones seen in the solid state for 1-3 were structurally similar to each other. Addition
of excess pyridine (py) to 1-3 breaks apart the tetramers and converts them into solvated dimeric species [Me;-
Zny(0,CNR2)2(py)2] (NR2 = N(i-Pr), (4), N(i-Bu), (5), and piperidinyl (6)). X-ray crystallographic analyses of 4 and
5 confirmed the dimeric structure in the solid state. This study significantly increases the number of well-characterized
zinc carhbamates prepared via CO; insertion into zinc amides.

Introduction and nucleophilic centers at oxygen, allows a diverse number
of reactions to occur, thus leading to a wide variety of
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. of early transition metal compounds® main group metal
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. . . —and post transition metals species also play important roles
to use these materials as catalysts or useful intermediates in . : 5
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In recent related work, the reactions of ©@ith Mg amides

by Chand® and Zn amides by Caudleto form metal
carbamates were studied and reported in several papers fro
each group. We are interested in the reactions of ®ith
main group amides to form organic carbamates or diimines
that might eventually prove useful in organic synthesis.
O’Brien has previously studied the insertion chemistry of
CQO; into mixed alkylzinc diethylamides [‘RZn—NEt,"]
prepared in situ to generate tetranuclear Zn complexes of
formula [RZni(O.CNEL)e] (R = Me, Et)18 He further
treated this methylated complex formed with an excess of
MeyZn to yield [MexZnsy(O,CNEL),] after methyl/carbamate
exchange had occurred (mechanism unknoti.is not
immediately apparent to us why the initial products obtaine
by O’Brien are of stoichiometry [RZn,(O.,CNEL)¢]; it seems
that the CQinsertion into an “R-Zn—NEt,” species should
generate a compound with overall stoichiometry—Bn—
O,CNEL" as was seen by O'Brien in the related insertion
chemistry of CSinto “R—Zn—NEt," complexes? In this
paper we now report quite different initial reaction products
from the reaction of C@with a series of related methylzinc
diamides, MeZnNR (NR, = N(i-Pr), N(i-Bu),, and pip-
eridinyl). While we obtain tetrameric carbamates as did
O'Brien, the ratio of alkyl to carbamate formed in our
compounds iglifferentfrom the ratio observed by O'Brien
using the diethylamide’s.As such, we have directly isolated
solvent-free [MgZny(O,CNRy)4] (NR2 = N(i-Pr) (1), N(i-
Bu), (2), and piperidinyl 8)) derived from the formal
insertion of CQ into each Za-N bond (Scheme 1). The
highly symmetrical cage structures in the solid state exhibited

d
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(18) Hursthouse, M. B.; Malik, M. A.; Motevalli, M.; O'Brien,.B. Chem.
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by these tetramers were shown by single-crystal X-ray
diffraction analyses. Further, we show that upon addition of
an excess of a coordinating solvent such as pyridine (py)
the tetrameric carbamates can be converted into solvated
dimers of the general formula [M&n,(O.CNR,)»(py)z] (NR2

= N(i-Pr), (4), N(i-Bu), (5), and piperidinyl 6)). Single-
crystal X-ray structures ¢f and5 confirm the dimeric nature

of the structure in the solid state.

Experimental Section

General Considerations All manipulations were carried out in
an Ar-filled glovebox or by using standard Schlenk technidies.
Anhydrous solvents were purchased from Aldrich or Fisher
Scientific Co. and stored in the glovebox oveA molecular sieves.
Dimethylzinc & a 2 M solution in toluene, diisopropylamine,
diisobutylamine, piperidine, and carbon dioxide were purchased
from Aldrich and used without further purificatiorCaution!
Dimethylzinc is pyrophoric and should be handled with care under

nipert atmosphereThe amines were stored over 4 A molecular sieves

in a drybox. Benzenes was obtained from Aldrich and dried and
stored ove4 A molecular sievesH and3C spectra were obtained

on a Bruker AMX 250 spectrometer using[ as a solvent.
Elemental analyses for carbon, hydrogen, and nitrogen were
measured in sealed volatile sample pans using a Perkin-Elmer series
Il CHNS/O 2400 analyzer.

[MeZn(O,CN(i-Pr)2)]4 (1). Dimethylzinc (30 mL, 60 mmol) was
reacted with 1 equiv of diisopropylamine (6.07 g, 60 mmol) in 100
mL toluene for 10 h at 70C under argon. The resulting solution
was cooled to room temperature and dry &f@s bubbled through
for 30 min. The solution was then evaporated to dryness and the
solid product recrystallized from toluene/hexane (6:1)-20 °C
to give colorless cubic crystals df (9.43 g, 70%).'"H NMR
(CsDe): 0 —0.23 (s, 3H,Mezn), 1.11 (d, 12HMe;,CH, 3Jy-y =
6.4 Hz), 3.86 (M, 4H~CHMe). 13C NMR (CDg): 0 —17.24
(MeZn), 20.64 Me,CH), 46.06 (-CHMe,), 163.50 CO,). Anal.
Calcd for GoHgeN4OgZny: C, 42.78; H, 7.63; N, 6.24. Found: C,
42.48; H, 7.17; N, 6.81.

[MeZn(O ,CN(i-Bu),)]4 (2). The procedure to prepar2 was
analogous to the procedure used in the preparatichwith the
following quantities used: dimethylzinc (30 mL, 60 mmol);
diisobutylamine (7.83 g, 60 mmol). The solid product was
recrystallized from hexane at20 °C to give colorless cubic crystals
of 2 (10.91 g, 72%)*H NMR (CgDg): 0 —0.41 (s, 3H,MezZn),
0.79 (d, 12HMe,CH, 3Jy_ = 6.4 Hz), 1.83 (m, 2H—CHMey).
3.08 (d, 4H,—CH;N, 33—y = 7.0 Hz).13C NMR (CiDg): & —14.94
(Mezn), 20.38 Me,CH), 27.23 (CHMe,—), 55.81 (-CH;N),
164.68 COZ) Anal. Calcd for GoHasN4OgZny: C, 47.54; H, 8.38;

N, 5.54. Found: C, 47.94; H, 8.15; N, 5.53.

[MeZn(O ,C-pip)]4 (3). The procedure to prepaBwas analog-
ous to the procedure used in the preparatiohwith the following
guantities used: dimethylzinc (30 mL, 60 mmol); piperidine (5.11
g, 60 mmol). The solid product was recrystallized from toluene/
hexane (5:1) at-20 °C to give colorless cubic crystals 8f(9.38
g, 75%)."H NMR (C¢Dg): 0 —0.23 (s, 3HMezZn), 1.13 (m, 2H,
—CH,— (4 position)), 1.23 (m, 4H;-CH,— (3,5 positions)), 3.34
(m, 4H, —CHN). 13C NMR (CsDg): 0 —16.44 (MeZn), 24.35
(—CH,— (4 position)), 25.97 +CH,— (3,5 positions)), 45.88
(—CH3N), 162.81 CO,). Anal. Calcd for GgHs:N4OgZns: C, 40.31;

H, 6.28; N, 6.72. Found: C, 40.51; H, 6.21; N, 6.53.

(21) Shriver, D. FThe Manipulation of Air-Sensite CompoundsMcGraw-
Hill: New York, 1986.
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Table 1. Crystallographic Data and Parameters for CompleixeS

1 2 3 4 5
empirical formula (52H68N4Oan4 C40H84N4Oan4 C28H52N4Oan4 C26H44N4O4Zn2 C30H52N4O4Zn2
fw 898.38 1010.59 834.22 607.4 663.50
cryst size (mm) 0.5k 0.50x 0.40 0.35x 0.30x 0.25 0.35x 0.20x 0.10 0.35x 0.25x 0.20 0.35x 0.25x 0.20
cryst syst tetragonal _tetragonal tetragonal monoclinic _ triclinic
space group P4, 14 P4,/n P2i/c P1
a, 13.0143(4) 13.3038(11) 14.3865(4) 8.9062(5) 9.2058(10)
b, A 13.0143(4) 13.3038(11) 14.3865(4) 9.3491(5) 9.4827(10)
c, A 26.6298(16) 15.006(2) 8.8462(5) 18.4682(10) 10.5975(11)
o, deg 93.746(2)

A, deg 91.3370(10) 114.231(2)

y, deg 95.017(2)

Vv, A3 4510.3(3) 2655.9(5) 1830.91(13) 1537.34(15) 835.15(15)
z,7 , 2,0.25 2,0.25 2,05 1,05

calcd density, g/cih 1.323 1.264 1.513 1.312 1.319

w(Mo Ka), mm2 2.145 1.829 2.636 1.594 1.473
measd reflcns 32881 9522 12 928 10883 5270
indep reflcns 10 465 3102 2201 3615 3684

Rint 0.0284 0.0296 0.0285 0.0290 0.0120
obsd reflcns 9735 2777 1934 3210 3550
data/restraints/params 10 465/1/433 3102/0/124 2201/0/152 3615/0/251 3684/0/181
T,K 213(2) 100(2) 213(2) 213(2) 100(2)

R12wR2 (all data)
R12WR2[I > 20(1)]
GOF onF?

0.0292, 0.0617
0.0262, 0.0607
0.997

0.0411, 0.1121
0.0394, 0.1102
1.004

0.0303, 0.0685
0.0256, 0.0660
1.007

0.0407, 0.0866
0.0349, 0.0836
1.041

0.0280, 0.0770
0.0273, 0.0766
1.050

AR = Z|Fo| — |Fdl/¥|Fol. " RPF?) = {Z[w(F? — FAA/Z[w(FAAI Y% o = U[oA(F) + (aP)? + bP], P = [2F2 + FA/3 (a, b: 0.0336, 0.00 1);
0.0885, 0.53463); 0.0366, 0.75973); 0.0454, 0.48234), 0.0508, 0.32955), respectively).

[MeZn(OCN(i-Pr)2)(py)]2 (4). 1 (4.24 g, 4.71 mmol) was X-ray Crystallography. X-ray-quality crystals ofl—5 were
dissolved in 50 mL of toluene and treated with excess pyridine grown from either hexane or a mixture of toluene and hexane. Data
(10 mL) and stirred for 2 h. The solution was then evaporated to for 1, 3, and4 were collected on a Bruker P4/CCD diffractometer
dryness and the solid product recrystallized from toluene/hexane at 223 K while data fo2 and5 were collected on a Smart Apex
(5:1) at—20°C to give colorless cubic crystals 4f(4.64 g, 81%). CCD diffractometer at 100 K, both usirigMo Ka) = 0.710 73 A
IH NMR (CgDg): 0 —0.17 (s, 3HMeZn), 1.12 (d, 12HMe,CH, radiation. Crystallographic data and details of the X-ray studies
3)_y = 6.8 Hz), 3.87 (m, 2H~CHMe,), 6.69 (m, 1H, py), 6.96 are given in Table 1. As all of the compounds are extremely air-
(m, 2H, py), 8.62 (M, 2H, py}:C NMR (CDe): & —16.36 MeZn), sensitive, the crystals were always hant:,iled under inert atmosphere.
21.22 Me,CH), 46.01 (-CHMe,), 124.06 (py), 137.15 (py), 149.53 They were covered with oil and immediately transferred to the N

(py), 163.21 CO,). Anal. Caled for GgHaNsOuZny: C, 51.41; H stream of the diffractometer prior to data collection. SADABS
7 36. N 522 Foimd' C 5148 H 749 N. 9 0'2 T absorption corrections were applied in all caskg(Tmax= 0.776

_ (1), 0.711 @), 0.716 @), 0.772 @), and 0.837%)). Non-hydrogen
. [MeZn(QZCN(l-Bu)z)(py)]z (5). 2 (2.12 g, .2.10 mmol) Was  atoms were refined with anisotropic displacement coefficients. The
dissolved in 50 mL of toluene, and the solution was treated with H atoms in3 and 4 were found from the differencE-maps and

an excess of pyridine (10 mL) and stirred for 2 h. The solution (fined with isotropic thermal parameters. Hydrogen atoms in other
was then evaporated to dryness and the solid product recrystallizedstyctures were treated as idealized contributions. FBéd,CH-

from toluene/hexane (5:1) at20 °C to give colorless cubic crystals  (CH), groups in2 are disordered over two positions in the ratio
of 5(2.37 g, 85%)H NMR (CgD¢): 0 —0.15 (s, 3HMeZn), 0.84 1/1. The Flack parameters thand 2 are 0.009(6) and 0.01(2),
(d, 12H,Me&,CH, 3J4-1 = 6.6 Hz), 1.89 (m, 2H;-CHMey), 3.12 respectively. All software and sources of scattering factors are
(d, 4H,—CHN, 33,y = 7.4 Hz), 6.67 (m, 1H, py), 6.92 (m, 2H,  contained in the SHELXTL (5.10) program package (G. Sheldrick,
py), 8.64 (m, 2H, py)13C NMR (CsD¢): 6 —15.87 (MeZn), 20.50 Bruker XRD, Madison, WI¥2

(Me;CH), 27.74 (-CHMe,), 55.90 (~CH,N), 124.07 (py), 137.31
(py), 149.38 (py), 164.7830,). Anal. Calcd for GoHs,N4O4ZnN,:
C, 54.31; H, 7.90; N, 8.44. Found: C, 54.49; H, 7.77; N, 8.48.

[MeZn(O,C-pip)(py)]2 (6). 3(2.56 g, 3.07 mmol) was dissolved
in 50 mL of toluene and treated with excess pyridine (10 mL).
The resulting solution was stirredrf@ h and then evaporated to
dryness and the solid product recrystallized from toluene/hexane
(6:1) at—20°C to give colorless cubic crystals 6f(2.65 g, 75%).
IH NMR (CgDg): 6 —0.12 (s, 3H,MeZn), 1.20 (m, 4H,—CH,—
(3,5 position)), 2.10 (m, 2H;-CH,— (4 position)), 3.40 (m, 4H,
—CH>N), 6.73 (m, 1H, py), 7.00 (m, 2H, py), 8.66 (m, 2H, py).
13C NMR (CsDg): 6 —16.16 (MezZn), 24.79 (CH,— (3,5 posi-
tion)), 26.12 -CH,— (4 position)), 45.45CH.N), 124.26 (py),
137.60 (py), 149.32 (py), 163.1T0Q,). Anal. Calcd for GsHzeN4Os-
Zny C, 50.10; H, 6.31; N, 9.74. Found: C, 49.47; H, 6.36; N,
9.08.

Results and Discussion

Each of the starting MeZnNRomplexes was generated
in situ by the stoichiometric (1:1) reaction of the respective
dialkylamine with MeZn in toluene for 10 h at 76C under
inert atmospher&:°In each case after cooling of the solution
to room temperature, dry G@as was bubbled through the
solution for 30 min. The solid products remaining after
solvent removal were recrystallized from hexane or a toluene/
hexane mixture at-20 °C to produce high yields>70%)
of 1-3 as analytically pure, colorless cubic crystals. The

(22) (a) Sheldrick G. MSADABS (2.01), Bruker/Siemens Area Detector
Absorption Correction PrograpBruker AXS: Madison, WI, 1998.
(b) Sheldrick, G. M.SHELXTL: Program package for Structure
Solution and RefinemernBruker AXS: Madison, WI, 1997.
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)
Zn(1 v :;?
(>

Figure 2. Molecular structure oR (30% ellipsoids). The H atoms are
) e omitted, and only one position of the disordere@H,CH(CHg), groups is
Flg_ure 1. Molgcular structure ofl (30% ellipsoids). The H atoms are  shown for clarity. Selected bond lengths (A) and angles (deg): 2n(1)
omitted for clarity. Important bond lengths (A) and angles (deg) are as C(10) 1.960(3), Zn(HO(1) 1.974(2), Zn(1rO(2A) 2.078(2), Zn(1}O(2B)

follows: Zn(2)-C(2) 1.950(3), Zn(2)O(2) 2.088(2), Zn(2)O(3) 1.992- 2.085(2), C(1}0O(1) 1.273(4), C(1YX0(2) 1.296(4), C(1yN(1) 1.336(4);
(2), Zn(2)-0O(8) 2.055(2), O(3yC(12) 1.259(3), C(12)0O(4) 1.308(3), O(1)-Zn(1)-0(2B) 99.69(9), O(1)}Zn(1)~O(2A) 100.1(1), O(2A)Zn-
C(12)-N(2) 1.339(3); O(3)-Zn(2)-0O(8) 101.98(7), O(2)yZn(2)-O(3) (1)—0(2B) 93.5(1), C(10¥Zn(1)—0(1) 124.1(2), C(10yZn(1)—O(2A)
100.54(7), O(2)Zn(2)-0(8) 93.45(6), O(3)C(12)-0O(4) 121.0(2). 115.7(2), C(10¥Zn(1)-0(2B) 118.1(2), O(1}C(1)-0(2) 122.4(3).

crystals are soluble in toluene and dissolved only slightly in
hexane. The crystals proved suitable for X-ray diffraction
and were subjected to crystallographic analysis (Table 1).

The X-ray single-crystal analyses df—3 indicated
relatively similar solid-state structures with tetrameric mo-
lecular units. As was seen with [MEn,(O.CNEL),] previ-
ously prepared by O'Brieff, their solid-state structures were
based on four zinc atoms in an approximately tetrahedral
arrangement. The four zinc atoms in each tetramer are
connected with bridging carbamates to form two puckered,
six-membered ZyOsC rings, which are linked together by
bridging oxygen atoms to afford a cage structure. The planes
of the two ZnOsC rings in1 (Figure 1) and2 (Figure 2)
were essentially centrosymmetrically parallel to each other;
however, the case is different in compl@xFigure 3). In3,
alth_OUQh the general connectivity of the baCI_(bone is the SameFigure 3. Molecular structure oB (30% ellipsoids). The H atoms are
as in1 and2, the two planes of the 2@sC rings are now omitted for clarity. Selected bond lengths (A) and angles (deg): 2Zn(1)

twisted and significantly more distorted relative to each other. f(glg 91(-%510(%5261((11;;?(21392(-2%690((12);\3(21)7‘?%3)(22)-nggkl(zlr;(?ag(f(ggl
In all cases, the_z oxygens pf the garbamato Iigands WET€ 51)" 7n(1)-0(2B) 101.30(5), O(B)Zn(1)-O(1A) 92.15(6). O(1A} Zn-
coordinated to zinc atoms via two different bonding modes. (1)-0(2B) 101.64(5), C(£}Zn(1)-0O(1) 114.89(8), C(1)}Zn(1)-0O(2B)

One of the oxygen atoms in the carbamate was bound only122.61(9), O(1)C(2)-0(2) 122.19(16).
to one zinc atom and one carbon atom (O dicoordinate mode,

u2), while the other oxygen atom bridged two different zinc ; _ _ s i
atoms in addition to the bond to carbon (O tricoordinate ©f the carbamato ligands ih—3 were almost identical with

mode us). In 1-3, each zinc atom is essentially in a roughly Pond angles of 121.0(2)122.19(19), 122.4(3), and 122.2(2)
tetrahedral coordination environment, binding to three oxy- "eSPectively.

gen atoms (twqus O’s and oneu, O) in addition to the As expected!H and**C NMR spectra ofLl—3 could not
carbon atom of the attached methyl group.linthe Zn- reveal the exact oligomeric structures in solution as was
O(us) bond distances of Zn(HO(6) (2.073(2) A) and possible using X-ray diffraction in the solid state. However,
Zn(1)-0(4) (2.069(2) A) are comparable. However, these NMR did indicate the presence of the basic structural
were found to be slightly longer than the Z®(u;) distance backbones of the carbamate®©,CN(i-Pr), for 1, —O,CN-

of Zn(1)—0(1) (1.970(2) A), presumably due to the different (i-Bu), for 2, and—0O.C(piperidinyl) for3 (see Experimental
Zn—0 bonding modes. The same situation with-AD bond Section for detailed assignments). The high-field resonances
lengths was seen with bothand3. These bond lengths are  of the methylzinc moiety are particularly noteworthiy the

consistent with those seen by O'Bri&ilhe O-C—0 angles
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Figure 4. Molecular structure oft (30% ellipsoids). The H atoms are
omitted for clarity. Important bond lengths (&) and angles (deg) are as
follows: Zn(1)-C(1) 1.973(2), Zn(L)O(1) 2.042(2), Zn(1yO(2A) 1.984(2),
Zn(1)-N(1) 2.118(2), C(730O(1) 1.272(2), C(73O(2) 1.269(2), C(7r

N(2) 1.335(2); O(1)-Zn(1)-0O(2A) 103.38(6), N(1)Zn(1)—O(2A) 92.85(6),
N(1)—Zn(1)-0(1) 95.16(6), C(1yZn(1)—N(1) 113.07(3), C(1yZn(1)—

0O(1) 114.65(9), C(1yZn(1)—0O(2A) 130.50(9), O(1)yC(7)—0(2) 122.3(2).

1H NMR the proton resonances are near 0 ppm while in the
13C NMR the carbon peak falls far upfield neal6 ppm.
For 1—3, the signals in the 163165 ppm range were

Figure 5. Molecular structure ob (30% ellipsoids). The H atoms are
omitted for clarity. Selected bond lengths (A) and angles (deg): 2n(1)
C(1) 1.982(2), Zn(1yO(1) 1.974(1), Zn(1)O(2) 2.040(1), Zn(L}N(1)
2.123(1), C(2y0(2) 1.276(2), C(2yO(1A) 1.276(2), C(2)N(2) 1.365(2);
O(1)-Zn(1)-0(2) 104.15(5), N(1rZn(1)—0O(1) 92.23(5), N(1)yZn(1)—
0(2) 95.02(5), C(1rZn(1)—0(1) 130.92(6), C(tyZn(1)—0O(2) 113.74(6),
C(1)-Zn(1)-N(1) 113.39(6), O(1A}C(2)—0(2) 122.9(2).

assigned to the quaternary carbon of the carbamato groupsg|ightly greater than those observed in JgN)Zn,CHs-

which fall into the range of previously known compounds
of [Me4Zn4(02CNEt2)4] and [Megzn4(02CNEt2)6].18‘19

The tetramerd—3 were each treated with excess pyridine
at room temperature ove 2 hperiod to afford the solvated
complexes4—6. The pyridine adducts were then dissolved
in a toluene/hexane mixture and upon recrystallization2Q

(O:.CNEb)s] (2.057(6) Ay® and [(GHsN)Zn[S,CNMey]]
(2.079 A4 but considerably shorter than those in the
chelating complexes [M&n(Me:N(CH,).NMey),] (2.260-
(8) A),2[MeN(CHy)3]2Zn (2.307(4) A or [(MesCCHy),Zn-
(MeaN(CH,):NMe,)] (2.411(4) A)26 The Zn—C bond dis-
tances in compound$ and5 are both approximately 1.98

°C gave transparent cubic crystals. The presence of pyridineA  typical for the Zn-C bonds seen in methylated Zn

in the complexes was established initially Byt and *°C
NMR in addition to elemental analysis. While NMR and
elemental analysis indicated to us the overall molecular
formulas of the new compounds, to determine exact con-
nectivities we needed to turn to X-ray analysis. Fortunately,
crystals of4 and5 proved suitable for diffraction analyses.

X-ray diffraction analyses of and5 demonstrated that
the preferred structure in the solid state for each was a
centrosymmetric dimer. The core of the each dimeric unit
was an eight-membered puckered ring {@5C;] in which
each of the two zinc atoms was found to be bound to a
methyl group, a pyridine solvent molecule, and two oxygens
from the carbamato ligand. Each zinc atom can be considere
to be in a distorted tetrahedral coordination environment
(Figures 4 and 5). The pyridines in each were located on
opposing faces of the eight-membered ring, each pointed
away from the ring.

The C-0 bond distances 1.272(2) and 1.269(2) A in the
carbamato groups ihare consistent with those in compound
5, 1.276(2) A. The two ZrO bonds in eithe# or 5 were
not equivalent. In compound] the Zn-0O(1) bond distance
of 2.042(2) A was slightly longer than that of Z®(2),
1.984(2) A. This is similar to the corresponding Z®
distances in compoun8, 2.040(1) and 1.974(1) A. The
Zn—N bond distances of the pyridine adducts are 2.118(2)
and 2.123(1) A in4 and 5, respectively, and these were

compounds. The ©6C—0 angles of the carbamato groups
found in4 and5 are 122.3(2) and 122.9(2)respectively,
consistent with those found above in compouds.
Compoundsl—6 have also been further characterized by
IH and'3C NMR spectroscopies. In tHél NMR spectrum
of 4 the —N(i-Pr), group appeared as expected, and the Zn
CHs protons again could be characterized by appearance at
high field, —0.17 ppm. The pyridine groups appeared as three
multiplets at lower field. Thé3C NMR spectrum consisted
of a high-field resonance for the ZCH; moiety at—16.36
ppm, two signals for—=N(i-Pr), carbons, three peaks for

dpyridine, and the carbamate-O,CNR;) resonance at 163.20

ppm. Similarly, thelH and3C NMR spectra for5 and 6

also reveal the basic backbone structure of the carbamato
groups (see Experimental Section for detailed assignments).
Interestingly, the"*C chemical shifts for the C£carbon in

the carbamato ligands df6 vary by at most by~2 ppm,

all lying in the range of 163165 ppm. It appears that this
peak can be a useful diagnostic for identification of Zn
carbamates.

(23) Malik, M. A.; Motevalli, M.; O'Brien, P.Inorg. Chem1995 34, 6223.
(24) Fraser, K. A.; Harding, M. MActa Crystallogr 1967, 22, 75.

(25) Dekker: J.; Boersma, J.; Fernholt, L.; Haaland, A.; Spek, A. L.
Organometallics1987, 6, 1202.

Hursthouse, M. B.; Motevalli, M.; O'Brien, P.; Walsh, J. R.; Jones,
A. C. J. Organomet. Chenmi993 449, 1.

(26)
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We failed to obtain X-ray-quality crystals fo6, a tetramers into solvated dimers. With the compounds reported
compound which is highly moisture and air sensitive. herein we expand significantly upon the number of known
However, we feel it is reasonable to assume the solid-stateand structurally well-characterized Zn carbamato complexes.

structure of6 is dimeric and similar to4 and 5. While Acknowledgment. We thank the National Science Foun-
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In summary, we have synthesized and structurally char-

acterized several new tetrameric, solvent-free zinc carbamates Supporting Information Available:  Crystallographic data in
by the direct insertion of Cointo alkylzinc dialkylamides. CIF format for1—5. This material is available free of charge via
We have additionally shown that reaction of a strongly M€ Internet at http://pubs.acs.org.

coordinating solvent with the tetramers can convert the 1C048830R

364 Inorganic Chemistry, Vol. 44, No. 2, 2005





