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Oxygenation reactions of dialkylzinc solutions have been investigated. Me,Zn reacts with oxygen in the
absence of water to give the bis(heterocubane) [(MeZn)sZn(OMe)g], whereas Et,Zn and ‘Pr,Zn afford the mono-
(heterocubanes) [(RZn)4(OR)4]. In the presence of small amounts of water (added during or after the oxygenation)
the product types are reversed for Me,Zn and Et,Zn giving [(MeZn),(OMe),] and [(EtZn)sZn(OEt)g], while being
retained for Pr,Zn (giving [(PrZn)s(O'Pr)]). Full characterization of all products by NMR spectroscopy, mass
spectrometry, and elemental analyses is provided, and crystal structures of [(EtZn)sZn(OEt)s] and [(PrZn),(OPr)4]

are reported. A rationalization of the different reactivities is
some key reactants.

attempted on the basis of DFT-calculated energies of

Introduction

Although the discovery of zinc alkyls reaches back to
1849, when Frankland prepared zinc diethyl from metallic
zinc and ethyl iodide in the search for the ethyl radical,
oxygenation of these simple representatives of organometallic
compounds is still not well understood. In his pioneering
studies, Frankland contended in 1849 that the controlled
oxygenation of EZn affords Zn(OE§*® and in 1864
Butlerov’ and Lissenkdindependently argued for the forma-
tion of a partly oxygenated species Zn(Et)OEt. In 1890,
Demuth and Meyer postulated the insertion of ap O
molecule into the ZrC bond of EtZn to result in the
formation of the alkylperoxide Zn(Et)OOEtyhich was later
classified as an oxenofdSince this time, it is widely believed
that oxygenation reactions of homoleptic zinc alkyls are
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almost uncontrollably fast. The kinetics of the oxygenation
of Me,Zn and E$Zn have been investigated in the gas phase,
and the formation of alkylzinc alkoxides was found to take
place under these conditiohgdowever, most of the later
studies considered the oxygenation reaction to proceed via
oxygen insertion into both ZaC bonds and the formation

of compounds formulated as Zn(OQRYn(OR)OOR, and
Zn(OR).”

Only very recently, Lewiski et al. have demonstrated
convincingly that a controlled oxygenation of M and
‘BuxZn in solution affords partially oxygenated species in
high yields. In this way first examples of zinc alkylperoxides
derived from the reaction of Qwith monoalkylzinc chelate
complexes or with dialkylzinc, e.g., [EtOOZn(BDJ)|BDI
= p-diketiminate ligand¥, [{ZnBu(u-OOBu)(py-Me})} ;]
could be structurally characterizéd.

Apart from a fundamental interest in the interaction of zinc
alkyls with dioxygen, many practical applications of such
oxygenation processes have been found in both organic and
materials chemistr{®'! Furthermore, zinc alkoxides have
attracted much attention due to their rich structural diversity
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and bonding features. Consequently, a large number of zincsimple follow-up process of an oxygenation of an intermedi-
alkoxides have been obtained from reactions between alco-ate like the tetrameric [(MeZa)OMe),], but 2 itself seems
hols and zinc alkyls and have been structurally character-to be a thermodynamically favored product.
ized!? The most common structural motif for such zinc The next question to be addressed was that of the role
alkoxides is the heterocubane type. of water. By contrast to the above results, the reaction of
Lewinski and co-workers recently reported the reaction Me,Zn and Q, followed by addition of a small amount of
of dimethylzinc with molecular oxygen to result in the direct water, afforded solely the mono(heterocubane) [(MgZn)
formation of [(MeZn}Zn(OMe}] (2),% a bis(heterocubane).  (OMe)] (1) (Scheme 1). This compound and its structure
This seemed to be in contrast to our serendipitous observationwere already described, prepared by methanolysis of Me
that EbZn was oxygenated to give the mono(heterocubane) Zn 13 Compoundl was identified by NMR spectroscopy,
[(EtZn)4(OEt)] (3). To address the fundamental question mass spectrometry, and a redetermination of its crystal
whether a further so far neglected factor (most likely structure (see the Supporting Information).
moisture) led to these different types of products, we To investigate whether there is a difference if the water is
decided to carry out oxygenation reactions of the three simple present during the oxygenation or whether prod2dis
zinc alkyls MeZn, EbtZn, and 'PrZn under rigorous  transformed intdl after completed oxygenation, both types
anhydrous conditions and in the presence of defined amountsf reactions were carried out. We found that it makes no
of water. difference if the addition of water is during the application
of the G, flow or added after the ©flow was stopped: in
both casesl was the obtained product. To check the
Oxidation of MeyZn. First we repeated Lewski's possibility of a transformation of into 1 by water, we
experimentsand carried out the oxygenation of dimethylzinc treated isolated and redissolv@dwith H,O, which again
with molecular oxygen with various periods of time of led to the formation ofl. Depending upon the amount of
oxygen application. In all experiments solely the formation water added, sometimes both compourtiand 1 are
of [(MeZn)sZn(OMe)] (2) was observed and, thus, con- observed in the reaction mixtures (i.e., incomplete reaction).
firmed the observations of Lewski's group. During the reactions in the presence of water, some turbidity
However, 2 consists formally of 6 equiv of MeZnOMe is observed, which is typical for the formation of zinc oxide
and 1 equiv of the doubly oxidized Zn(OMeyvhich points or hydroxide.
to the question whether this double oxygenation can be Oxygenation of EtZn and ‘Pr,Zn. We experienced a
avoided if the reaction is carried out with substoichiometric solid surprise when carrying out the above experiments
amounts of @ Notwithstanding, these experiments also analogously with diethylzinc and diisopropylzinc instead of
resulted in the formation of the bis(cuban2)but with dimethylzinc. For this a solution of Zn (R = Et, 'Pr) in
reduced yields. This shows that the formatior2d$ not a n-hexane (the reaction was also conducted in toluene and
. Et,O leading to the same results) af0 was treated with
(10) %%%gfigﬂ'éf%?rkn“ﬁébf gﬁgﬂ?”ﬁtﬂ é—&%gg”fzryeggfew- Chem  an excess of molecular-@iiluted with N, (OzN; = 1:10)
(11) Kahn, A. M.; Monge, M.; Colliere, V.; Senocg, F.; Maisonnat, A.; for approximately 5 min and then stirred for another

Chaudret, BAdv. Funct. Mater.2005 15, 458. 1 h at ambient temperature. In clear contrast to the
(12) For selected examples, see: (a) Ziegler, M. L.; Weigshdew. Chem., . ith It in the bis(h b
Int. E. Engl.197Q 9, 905. (b) Ishimori, M.; Hagiwara, T.. Tsuruta, ~ f€actions with MeZn resulting in the bis(heterocubari)

T,; Kai,(\)(.; T}asuoka, N.; Kasai,h NBull. Chem. Soc. Jprls9|76 49, these reactions led solely to the mono(heterocubanes)
1165. (c) Charette, A.; Beauchemin, A.; Francoeur, Slalger- i i ;

Gariepy, F.: Enright, G. DChem. Commur2002 466. (d) Cheng,  L(EZMa(OED] (3) and [(PrZny(OPr)] (5), which were

M.; Lobkovsky, E. B.; Coates, G. Wi. Am. Chem. Sod.998 120, isolated in high yields (Scheme 1). Compoui$ a sticky
11018. (e) Chamberlain, B. M.; Cheng, M.; Moore, D. R.; Ovitt, T. i i i

M.. Lobkovsky, E. B.. Coates, G. WL Am. Chem. S0@001, 123 grayish solid and was characterized by NMR spectroscopy
3229. (f) Driess, M.; Merz, K.; Rell, SEur. J. Inorg. Chem200Q
2517. (g) Boyle, T. J.; Bunge, S. D.; Andrews, N. L.; Matzen, L. E.; (13) Shearer, H. M. M.; Spencer, C. Bcta Crystallogr.198Q B36,
Sieg, K.; Rodriguez, M. A.; Headley, T. €hem. Mater2004 16, 2046. (b) Shearer, H. M. M. Spencer, C. Bhem. Communl966
3279. 194.
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Figure 1. Molecular structure of [PrZny(O'Pr)] (5) (50% probability
ellipsoids). Carbon atoms are drawn without ellipsoids and hydrogen atoms Figure 2. Molecular structure of [(EtZrgn(OEt}] (4) (30% probability
are omitted for clarity. Selected bond lengths (A) and angles (deg): Zn- ellipsoids). Carbon atoms are drawn without ellipsoids and hydrogen atoms

(1)—C(1) 1.982(5), Zn(1yO(1) 2.037(3), Zn(1)yO(4) 2.081(8), Zn(Ly are omitted for clarity. Selected bond lengths (A) and angles (deg): Zn-
O(3) 2.081(8), O(1}C(13) 1.447(5); O(XyZn(1)—0O(3) 82.4(3), O(1y (1)—0(1) 2.127(3), Zn(1yO(3) 2.118(3), Zn(1yO(4) 2.105(3), Zn(2y
Zn(1)-0(3) 83.5(1), Zn(1)}O(1)-Zn(3) 95.6(3), Zn(4)yO(2)—Zn(3) O(4) 2.056(4), Zn(2Y0(3) 2.061(3), Zn(2yO(2) 2.066(4), Zn(3)yO(2)
96.2(3). 2.067(4), Zn(4)-0(2) 2.053(4), O(1)C(101) 1.430(7); O(4yZn(1)-0(3)

81.0(1), O(4y-Zn(1)-0O(1) 82.1(1), O(3)yZn(1)—O(1) 81.0(1), O(4y Zn-
. . (1)-O(1A) 97.9(2), O(3)Zn(1)-O(1A) 99.0(2), O(1}Zn(1)-O(1A)
and mass spectrometry. Compolingas isolated as platelike 180.0(1), C(213 Zn(2)-0(2) 127.2(2), O(4) Zn(2)-O(3) 83.6(2), Zn(4}y

crystalline solid and was characterized by NMR spectros- 0(2)-zn(2) 96.3(2). Symmetry transformation to generate equivalent atoms
copy, mass spectrometry, elemental analysis, and X-raymarked with "A™ —x + 1, -y, =z
structure determination.

Compounds3 and 5 are soluble in hydrocarbons and Compound4 melts at 217218°C. Two types of ethoxy-
ethereal solvents. Both compounds decompose before reachproton peaks in a ratio of 3:1 are found in & NMR and
ing their melting points lying beyond 30C. TheH NMR 13C NMR spectra oft. These NMR data are consistent with
spectra of these compounds show only one set of peaks fortime averageds; symmetry and confirm the formation of
each of the distinguishable protons of the alkyl groups at bis(heterocubane) structures with the cubes sharing one Zn
zinc and the alkoxide units. The stoichiometric ratio of vertex. The compound is less soluble in hydrocarbons
alkylzinc units to alkoxide groups is 1:1 according to the although single crystals were obtained frorhexane solu-
integrals. The highest peaks in the mass spectra &rd5 tions upon keeping them a few days-&t0 °C. The heaviest

correspond to the masses of the cations [(R@R)] " (R ion in the mass spectra fdrcorresponds to the molecular
= Et, 'Pr) diminished by the mass of one of the respective jon minus one complete heterocubane framework (i.e:, Et
alkyl groups at the Zn atoms. Zn;OEY).

Single crystals of5 (monoclinic system,P2;) were Compound4 crystallizes in monoclinic system, space

obtained by keeping-hexane solutions for a few days at groupP2;/n. There are two heterocubane units sharing one
—26 °C. In the heterocubane structure ®{Figure 1) the  vertex (Zn(1)). In this molecule, two types of Z® bond
shortest Zr-O bond Zn(1)-O(1) is found at 2.037(3) Aand  |engths are observed (Figure 2). The-ZD bonds to the
the longest Zn(3yO(1) at 2.119(9) A. The narrowest Zn  central Zn(1) atom are approximately 0.06 A longer than
O—Zn bond angle Zn(1}O(1)-Zn(3) measures 95.6(3)  those to the other Zn atoms. The Z8—Zn angles are
and the widest O(2)Zn(3)—-0(1) is 81.3(4). The structure  generally larger (95.5(1)97.6(1)) than the @-Zn—0 angles
is similar to that ofl (Supporting Information and litera-  within one cube.
ture®). Possible Reaction Pathways and Energetical Aspects.
To study the effect of water on the formation of aggregates, The following equilibrium reactions can be assumed to play
we conducted the oxygenations under the same conditionsa role during the oxygenation of zinc alkyls, whereby the
but a small amount of water was added to the reaction p|eth0ra of possib|e aggrega’[ion types are neg]ected apart
mixture during the application of DAgain unexpectedly,  from the tetramerization and bis(heterocubane) formation.
in the case of BZn the isolatable product was no longer |n particular there is no information about the aggregation
[(EtZn),(OEt)] (3) but the bis(heterocubane) [(EtZ&h- or adduct formation of the £n and Zn(OR) units. This
(OEt)] (4), whereas, for the oxygenation &Pr.Zn, the  might play an important role in the energetics involved in
product was the same with and without the presence of the key steps. On the basis of the present information only

water: [(PrZn)(OPr)] (5). Bis(heterocubane) type structures some statements of speculative nature on the ongoing
of heteroleptic zinc alkoxides have earlier been prepared by processes can be made:

the reaction of zinc dialkyls with alcohold?
It should be mentioned that in none of the observed zinc R,Zn+ 1/20,— RZnOR (@)

dialkyl oxygenation products any traces of peroxides could .

be detected in standard peroxide tests. RZNOR+ 1/20, = Zn(OR), (b)

Inorganic Chemistry, Vol. 46, No. 10, 2007 4295
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2RZnNOR=: R,Zn + Zn(OR), ©  {Zn[(RZn),(OR)],} + ZnR, = 2[(RZn),(OR),]

6RZNOR+ Zn(OR), = [(RZN)Zn(OR)  (d) R = Me, Et,'Pr; AE (k)

The resulting energy differencéd of —42,—52, and—242

Zn(OR), + H,0—ZnO + 2ROH :
N(OR), 2 : © kJ mol? for R = Me, Et, and’Pr, respectively, show that
R,Zn 4+ H,0 — ZnO + 2RH () the mono(heterocubane) forms are favored in all three cases
(for R = Me, the energy release of this reaction was also
4RZnOR= [(RZn),(OR),] (9) calculated by Steudel and Steudel with DFT methods
(B3LYP/6-31+G*//B3LYP/6-31G*) resulting in —39 kJ
R,Zn+ ROH— RZnOR+ RH (h) mol-1).15
) The reaction energy for methyl- and ethyl-substituted
RZnOR+ ROH— Zn(OR), + RH ()

species is only moderate and of comparable magnitude for
) both cases. This shows that this and comparable equilibria

For MeZn the fast oxygenation leads to the preferred 5y he easily influenced by other parameters and thus the
product [(MeZn}Zn(OMe}] (2), which subsequently reacts  conversion between mono- and bis(heterocubanes) as de-
under the presence of water to giteregardless at which  scribed above for R= Me and Et is not unexpected in terms
time the water is applied. The following hypothetical and of energetics. In contrast, the formation of the bis(heterocu-
Slmpllfled tree of reactions and equilibria (ignoring most of bane) in the isopropy| case is Consuming a Comparati\/e|y
the unknown intermediate aggregation chemistry and per-|arge amount of energy and its products are therefore
oxide formation) may illustrate the likely processes in expected to be inaccessible. This is in agreement with
solution. Step ¢ seems to lie on the right-hand side in the Steudel’'s consideration of shortest interligand distances,
case of MeZn in the absence of water. Otherwise the which led to the same conclusion that the bis(heterocubane)
equivalent of Zn(OMe)required for the formation df (step with R = Pr will not be stablé? Drastically elongated 0
d) would not be formed. For EZn and'PrzZn equilibrium distances in the bis(heterocubane) with-FPr (average Zn
c seems to lie preferably on the left-hand side, and therefore,0: 2.273 A) as compared to the methyl (average-Zn
no dealkylated zinc species is formed. Since formation and 2.148 A) and ethyl (average Z0: 2.162 A) analogues are
decomposition of peroxides are expected to happen very fastunderlining the inherent instability of this species.

(at least at room temperature), these reactions were ignored. Conclusion. The different behaviors of the three zinc
Consequently, these reactions should not influence thealkyls MeZn, EbZn, and'Pr.Zn under oxygenation condi-
product concentrations. tions with or without the presence of water are summarized
in Table 1. In the case oPr,Zn as well in the presence as

in the absence of water, the oxygenated product is the mono-
(cubane) type compound. In the case ofZatand MeZn
nonuniformly either mono- or bis(cubanes) depending on the
presence of water are formed.

In summary, the described observations are an instructive
textbook-suitable example of the sensitivity of product
distributions in simple organometallic reactions. Reproduc-
ibility of results is strongly dependent on reaction conditions
such as the rigorous exclusion of moist and air.

The mechanisms involving the action of water remain
unclear, as none of the isolated products contains OH er Zn
O—Zn functions, which is to be expected to result from the
hydrolysis of zinc alkyls or alkoxides (liberation of alkanes
or alcohols). However, if water has an influence on equi-
librium ¢, by removing Zn(OR)or RxZn by a reaction of
type e or f, this could explain the formation dffrom 2 in
the presence of water, if reaction e is quicker than reaction
f. The reverse would follow for R= Et, with (f) being faster
than (e), thus explaining the formation of the bis(heterocu-
bane) from the mono(heterocubane) upon addition of water. Experimental Section

The observation that in case ®t,Zn the formation of General Methods.All manipulations of air-sensitive compounds
the bis(heterocubane)'ZnyZn(OPr)] is not occurring were carried out under a purified nitrogen atmosphere with standard
under any of the tested conditions points to steric reasons,Schlenk and high-vacuum techniques using double manifolds or

as thePr groups in the bis(heterocubane) could come closein a glovebox under argon. Solvents were purified and dried by
and therefore disfavor this product. standard methods immediately prior to use. Diethylzinc was

. . . P purchased from Crompton Inc. Dimethylzinc and diisopropylzinc
This argument could be confirmed by investigating the were prepared by slightly modified procedures according to the

energetic d_lfferences _between the mono- and bIS(hemmcu'Iiterature%ﬁ H and®C assignments spectra were recorded on Bruker
bane) species and their dependence on the nature of the alkyAc 200 and Varian Inova-300 spectrometers in dried solvents. All
substituents. For this purpose the energy release of reactiorspectra were referenced internally to residual protiosolVétytgr

k, already investigated in 1968 by van Wazer and Eiséfihut solvent {3C) resonances. Chemical shifts are quoted in ppm and
with 'H NMR, was calculated with DFT methods (see coupling constants in Hz.

computational details):

(15) Steudel, R.; Steudel, Y. Phys. Chem. 2006 110, 8912.
(16) (a) Gridneyv, I. D.; Serafimov, J. M.; Quiney, H.; Brown, J. ®g.

(14) (a) Eisenhuth, W. H.; van Wazer, J. R.Am. Chem. S0d.968 90, Biomol. Chem2003 1, 3811. (b) Boudier, A.; Darcel, C.; Flachsmann,
5397. (b) Allen, G.; Bruce, J. M.; Farren, D. W.; Hutchinson, FJG. F.; Micouin; L; Oestreich, M.; Knochel, RChem—Eur. J.200Q 6,
Chem. Soc. B966 799. 2748.
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Table 1. Summary of the Products Isolated from Oxygenation
Reactions of Dialkylzinc Solutions with n Presence or Absence of
H>0

dialkylzinc O reacn Q + H20 reacn
MezZn bis(cubane), mono(cubane),
[(MeZn)sZn(OMe)k] [(MeZn)4s(OMe)]
Et,Zn mono(cubane), bis(cubane),
[(EtZn)4(OEt)] [(EtZn)sZn(OEty]
iPrZn mono(cubane), mono(cubane),
[(PrZzny(O'Pr)) [(PrZny(O'Pr)]

General Procedure for Preparation of 2, 3, and 5.All

ppm (s, 6 H; OCGl3); ¥C{*H} NMR (50.3 MHz, CDC}) 6 =
—21.21 (ZrCHa), 54.34 ppm (@Hjg); IR (Nujol, v, cm1) 2953
(vs), 2722 (s), 1458 (s), 1306 (w), 1259 (w), 1020 (br). Anal. Calcd
for CgH»404Zn4. C, 21.55; H, 5.42. Found: C, 21.43; H, 5.41. El-
MS [mVz (%)]: 445 (3) [M'], 431(8) [M" — CHj].

Data for 4: yield 49% (0.950 g, 0.98 mmol); mp 2+218°C;
H NMR (300.1 MHz, CDC}) 6 = 0.26 (q,J = 8.2 Hz, 12 H;
ZnCHy), 1.18 (t,J = 8.2 Hz, 18 H; ZnCHCHg), 1.27 (t,J = 6.9
Hz, 6 H; OCHCH3), 1.31 (t,J = 6.9 Hz, 18 H; OCHCHj3), 3.81
(q,J =6.9 Hz, 12 H; O®,CHj3), 3.82 ppm (qJ = 6.9 Hz, 4 H;
OCH,CHg); *3C{'H} NMR (75.5 MHz, CDC}) 6 = —0.45

procedures with air- and moisture-sensitive compounds were carried(anHZ)' 12.56 (ZnCHCHs), 20.69, 21.12 (OCbCHs), 62.16,

our by using a Schlenk line operated under nitrogesZrRR =
Me, Et,'Pr) (4.00 mL of a 2.0 M solution im-hexane; 8.0 mmol)
was added via syringe to 20 mL ofhexane in a three-necked

round-bottom flask (RB). The reaction was also carried out in

62.90 ppm (@H,CHz); EI-MS [m/z (%)] 529 (100) [M" — Zn3O,-
(CHs)7]; IR (KBr film, v, cm™1) 2964 (s), 2861 (s), 1583 (br),
1445 (w), 1384 (s), 1095 (s), 1048 (vs), 883 (vs), 614 (s). Anal.
Calcd for GgH7¢0gZn;: C, 33.88; H, 7.11. Found: C, 33.29; H,

toluene and diethyl ether leading to the same results. Oxygen mixed®-60-

with nitrogen (N:O, = 10:1, measured by counting bubbles) was
passed through the RB with a mild speed for 5 min &C0while
stirring the reaction mixture. After stoppage of the fw, the
mixture was stirred for anothé h and allowed to warm to ambient

temperature. The solvents were removed under reduced pressure/;\;

the resulting residue was dissolvedrishexane and filtered. The
clear, colorless filtrate was stored a26 °C to afford colorless
crystals of5. Compound3 was obtained as a sticky solid.

Data for 2: yield 65% (1.03 g, 1.29 mmol); mp 300°C (dec);
IH NMR (200.1 MHz, GDg) 6 = —0.41 (s, 18 H; Zn€Ely), 3.37
(s, 18 H; OCH), 3.40 ppm (s, 6H; OCh); B*C{H} NMR (50.3
MHz, CsDg) 6 = —20.47 (ZrCHg3), 54.29, 55.02 ppm (OH3); IR
(Nujol, v, cm™1) 2953 (vs), 1375 (s), 1093 (br), 1022 (vs), 802 (s),
546 (w). Anal. Calcd for @H40sZn7: C, 21.12; H, 5.32. Found:
C, 20.92; H, 5.15. EI-MS vz (%)]: 685 (100) [M" — CHs-
ZnOCH;].

Data for 3: yield 74% (660 mg, 1.48 mmol); mp300°C (dec);
IH NMR (200.1 MHz, GDg) 6 = 0.56 (q,J = 8.2 Hz, 8 H; ZnC,),
1.16 (t,J = 7.0 Hz, 12 H; OCHCHg), 1.50 (t,J = 8.1 Hz, 12 H;
ZnCH,CHj3), 3.69 ppm (gJ = 6.9 Hz, 8 H; OCH,CHg); 3C{*H}
NMR (50.3 MHz, GDg) 6 = —1.70 (ZrCH,), 12.75 (ZnCHCH3),
20.79 (OCHCHy), 63.15 ppm (@H,CHg); IR (Nujol, v, cm1)
2952 (s), 1132 (w), 1036 (br), 962 (w), 490 (br); EI-M®/f (%)]
529 (55) [M" — C,Hs).

Data for 5: yield 70% (940 mg, 1.40 mmol); mp300°C (dec);
IH NMR (200.1 MHz, GDg) 6 = 0.97 (sep,J = 7.6 Hz, 4 H;
ZnCH), 1.16 (d,J = 5.9 Hz, 24 H; OCH(®l3)), 1.54 (d,J=7.6
Hz, 24 H; ZnCH(QH3),), 4.07 (sepJ = 5.9 Hz, 4 H; OGH(CHs)y);
13C{1H} NMR (50.3 MHz, GDs) 6 = 13.62 (ZrCH), 24.02 (ZnCH-
(CHy),), 27.52 (OCHCH3),), 68.69 ppm (@H(CHz),); IR (Nujol,
v, cmr 1) 2922 (vs), 2723 (s), 1340 (w), 1302 (w), 1151 (w), 1024
(w), 800 (w), 721 (s); EI-MS1jvz (%)] 685 (51) [M" — CzH].

General Procedures for the Preparation of 1 and 4R,Zn (R
= Me, Et) (4.00 mL of a 2.0 M solution im-hexane; 8.0 mmol)
was added to 20 mL offi-hexane in a RB. Oxygen mixed with
nitrogen (N:O, = 10:1) was passed through the RB with a mild
speed for 1 min at OC followed by the addition of water (0.33 g,
1.82 mmol) and continuing the flow of oxygen for another 4 min.
The mixture was stirred for anothé& h and allowed to warm to

ambient temperature. The solvents were removed under reduce

pressure; the resulting residue was dissolvechinexane and
filtered. The clear, colorless filtrate was stored -at0 °C to
afford colorless crystals df and4 (crystallization also take place
at —26 °C with same cell data but with worse crystal quality).
Data for 1: yield 35% (496 mg, 0.70 mmol); mp300°C (dec);
IH NMR (200.1 MHz, CDC}) 6 = —0.74 (s, 6 H; ZnEi3), 3.63

X-ray Structural Analyses. Single crystals o#4 and 5 were
grown from the appropriate solution.

Crystal data for 4: CygH700sZn7, M = 992.43; monoclinic,
space grouf2,/n; a = 11.362(1),b = 15.621(1),c = 11.831(1)
S =95.35(1}; V= 2090.7(3) &, D, (Z=2) = 1.576 g cm?,
12 702 reflections collected on a Nonius Kappa CCD four circle
diffractometer {p-scan, Bma= 53°, Mo Ka radiation A = 0.710 73
A, T =198(2) K] merged to 4244 unique {R= 0.060) refining
to Ry = 0.048 for 4244 dataH, > 40(F.)] and wR, = 0.115 for
all 4244 data. All thermal displacement parameters were refined
anisotropically for non-H atoms and isotropically for H atoms.

Crystal data for 5: Cy4Hs604Zn,, M = 670.17; monoclinic,
space groupP2;; a = 9.526(2),b = 14.747(3),c = 11.963(2) A;
B = 107.7(3}; V = 1601.0(6) &, D. = 1.390 g cm? (Z = 2);
18 588 reflections collected on a Bruker AXS CCD diffractometer
[w-scan, Pmax = 60°, Mo Ka radiation,A = 0.71073 A, T =
153(2) K] merged to 9273 unique r= 0.055) refining to R =
0.055 for 5552 dataH, > 40(Fo)] and wR, = 0.115 for all 9273
data. The thermal displacement parameters for non-H atoms were
refined anisotropically except those of C17, C18, C21, and C23,
which were refined isotropically due to instabilities otherwise
occurring in the refinement (this is due to the limited crystal quality).

The refinements were carried out using SHELXTL 67#@nd
SHELXL-93170

The crystal data and refined parameters have been deposited at
the Cambridge Crystallographic Data Centre and allocated the
deposition numbers CCDC-621758@) (and CCDC-6217485).
These data can be obtained free of charge via www.ccdc.cam.ac.uk/
conts/retrieving.html (or from the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, U.K (fak4d)-
1223-336-033 or deposit@ccdc.cam.ac.uk).
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