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Polynuclear chromium carbonyl complexes of the general formula [Cr,(CO),,(13-OR)4]* (R = H, C¢Hjs) have been prepared
as their Et,N* salts. Reaction of Cr(CO); with excess hydroxide ion in aqueous THF solution yields [Cry(CO),,(1;-OH), 1%
The X-ray structure of [Et,N],[Crs(CO),,(1;-OH),) has been determined. The structural features of the tetraanion consist of
a cubane-like A;B, (A = chromium, B = 0xygen) arrangement with triply bridging u;-hydroxide groups and Cr(CO), units. The
Cr—Cr distance within the Cr,0, core is nonbonding (3.33 (5) A (average)), consistent with a closed-shell metal configuration.
The crystals are monoclinic (space group J2/a) witlhi cell constants a = 21.827 (7) A, b = 12.236 (2) A, ¢ = 22.899 (4) A, 8 =
116.49 (2)°, ¥ = 5474 (5) A’, and Z = 8. The u;-phenoxide derivative, [Et;N]4[Cr(CO);2(13-OC¢Hs) 4], has been prepared by
treatment of Cr(CO),(CH,CN), with [Et,N][OC¢H;] in equimolar concentrations and characterized by spectroscopic methods.

Introduction

Nucleophilic additions of hydroxide ions to group 6'° metal
hexacarbonyls have been used in the synthesis of a variety of metal
carbonyl anions. For example, K[(u-HYM,(CO),o} (M = Cr, W)
has been prepared in good yields by reaction of M(CO), and KOH
in a methanol-tetrahydrofuran mixture containing water.2 On
the other hand, in aprotic solvent, cryptand- (Kryptofix-222-)
solubilized KOH reacts with the group 6 hexacarbonyls to provide
the mononuclear HM(CO);™ species.>* These hydride derivatives
have been synthesized by protonation of the corresponding di-
anions, M(CO)s%, and have been fully characterized by X-ray
crystallography.>® Much of the interest in these mononuclear
anionic hydrides is centered around their intermediacy in water
gas shift chemistry,*’ carbon dioxide reductions,*%® and the
reduction of a large variety of organics (e.g. alkyl halides, ketones,
and aldehydes).!%1?

Several polynuclear metal carbonyl derivatives have also been
synthesized via the reaction of hydroxide ions with group 6 metal
hexacarbonyls. The tris(u-hydroxo) trianion [W,(u-OH),(CO)¢]*"
can be prepared by alkaline hydrolysis of W(CO) and consists
of two W(CO); fragments bridged by three hydroxo groups.'?
Protonation of this dimer results in the formation of Hieber’s acid
[W(CO),,(us-OH),H,], a complex containing triply briding
u3-OH groups and a tetrahedral array of W(CO), units.!* Tt has
been previously reported that these base reactions with Cr(CO),
in addition to producing the above-mentioned hydridocarbonyl
metalates, yield polynuclear carbonyl anions of uncertain for-
mulation.!> However, one of us has recently been successful in
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characterizing a polynuclear chromium tetraanion, [Cr,(CO),,-
{(u3-OCH3),]*, by reaction of Cr(CO)¢ with excess hydroxide ion
in methanol.!* This anion has a cubane-like structure consisting
of four [Cr(CO);(OCH,;)]}- monomers. The Cr,O, core is a
distorted cube in which the chromium and methoxide oxygen
atoms occupy alternate corners.

Because of the present interest in synthetic methods aimed at
the preparation of such polynuclear group 6 species,!” principally
in regard to their potential value as precursors to metal carbonyl
clusters that may play a role in catalysis,'® we herein report the
preparation and characterization of two related tetranuclear de-
riVatiVeS, [Cr4(CO)12(p.3-OR)4]4_ (R = H, C6H5). An X-ray
structural analysis of [Et,;N]4[Cry(CO),;(u;-OH),] has been
performed, and a general route to these cubic tetraanions is
presented whereby the CO-labilizing*!® ability of the oxygen donor
ligands is utilized to account for the formation of these high-
nuclearity complexes. In addition, these efforts serve as model
studies for analogous mechanisms operative on alumina surfaces
where coordination of the metal center to one of the basic sites
present on the surface, €ither an oxide or hydroxyl oxygen, results
in labilization of CO ligands,” e.g. Mo(CO)¢ + alumina —
Mo(CO);(ads) + 3CO.

Experimental Section

General Methods. All manipulations involving air-sensitive compounds
were performed with Schlenk techniques under an argon atmosphere or
in a Vacuum Atmospheres inert-atmosphere chamber under prepurified
argon. All solvents were distilled under prepurified nitrogen prior to use.
Acetonitrile and methanol were distilled from calcium hydride, and
tetrahydrofuran was distilled from lithium aluminum hydride. IR spectra
were obtained on a Perkin-Elmer 283 spectrometer. 'H NMR spectra
were recorded on a Varian EM-360 spectrometer or Varian HFT-80
spectrometer. All NMR data are listed in ppm relative to internal Me,Si.
Chromium hexacarbonyl was purchased from Pressure Chemical Co.;
tetracthylammonium hydroxide (40% (w/w) in H,0), tetraethyl-
ammonium hydroxide (25% (w/w) in CH,OH), and phenol were pur-
chased from Alfa Products. Phenol was purified by vacuum sublimation
prior to use. Cr(CO);(CH,CN); was synthesized by a published me-
thod.?! Elemental analyses were performed by Schwarzkopf Microan-
alytical Laboratories.
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[Et;N1{Cr(CO),2(r;-OH),] (1). To Cr(CO); (10.0 g, 0.046 mol) in
a 250-mL Schlenk tube with stirbar was added 40% (w/w) Et,NOH
(50.2 g, 0.139 mol OH") in H,O. Approximately 100 mL of THF was
added to the reaction flask via cannula. The Schlenk tube was then fitted
with a reflux condenser and stopcock, and the contents of the flask were
refluxed for 3 days. A gelatinous orange precipitate was produced during
the course of reaction. After cooling, solidification of the gel was
achieved by vigorous shaking of the flask and its reaction mixture. The
orange solid so obtained was collected on a medium-porosity frit, washed
with 30 mL of MeOH, and dried in vacuo. Crystallization from boiling
CH;CN gave bright red crystals of 1. Yield: 4.0 g, 61.5% based on
Cr(CO). IR: (»(CO), CH,CN) 1861 (s), 1723 (vs) cm™'; (»(OH),
Nujol mull) 3710 (m) cm™. Anal. Caled for C; H; CrNO,: C, 46.63;
H, 7.49. Found: C, 46.89; H, 7.78. (Et,;N){OC;Hs). The following
method represents a modification of that recently published.2 A solution
of phenol (6.4 g, 0.068 mol) in 50 mL of methanol was added via cannula
to 25% (w/w) Et,NOH (41.1 g, 0.068 mol) in methanol contained in a
250-mL Schlenk tube with stirbar. The reaction flask was then fitted
with a reflux condenser and stopcock. With stirring, the reaction mixture
was heated at 50 °C for 2 h. Following removal of the solvent by
vacuum, the resulting white solid was crystallized from 35 mL of THF
containing 5 mL of CH;CN at ~10 °C. The white needles were filtered
and dried under vacuum, yielding 6.9 g (47%) of product; 'H NMR
(CDsCN): anion é 6.84 (2 H, t,J =8 Hz), 6.30 (2 H, d, / = 8 Hz),
6.05 (1 H,t,J =7 Hz); cation 6§ 3.15 (8 H,q, J = 6 Hz), 1.12 (12 H,
toft,J =6 Hz).

[Et,NL[Cr,(CO);,(u;-OCsHs) ] (2). Solid Et,;NOC¢H; (3.5 g, 0.016
mol) was added via a funnel to a 250-mL Airless-ware flask containing
a 100-mL THEF solution of Cr(CO);(CH;CN); (4.1 g, 0.016 mol). The
reaction mixture was stirred at room temperature for a 12-h period.
During this time a red solid formed, which was subsequently collected
by filtration on a medium-porosity frit and dried under vacuum. The
solid was crystallized from THF-CH,CN (85%/15%) at room temper-
ature affording 3.0 g (52%) of amber crystals of 2. IR (»(CO), CH;CN):
1870 (s), 1730 (vs) cm™. 'H NMR (CD;CN): anion é 7.68 (2 H, d,
J=9Hz),7.00 (2H,t J=10Hz),6.29 (1 H,t,J =9 Hz); cation 6
3.02 (8 H, m), 1.07 (12 H, m). Anal. Caled for C;H;CtNO,: C,
56.80; H, 7.06. Found: C, 56.61; H, 7.38.

X-ray Experimental Data for [Et,N]L[Cr,(CO),,(4;-OH),} (1). A
red-orange crystal measuring 0.25 mm X 0.20 mm X 0.15 mm was sealed
in epoxy and mounted inside a glass capillary tube for atmospheric
protection. Intensity data were measured on an Enraf-Nonius CAD-4
computer-automated diffractometer by using graphite-monochromated
Mo Ka radiation (A = 0.71073 A) by the 6-26 scan technique. Precise
lattice parameters were determined from 25 well-centered reflections in
the range 20° < 6 < 24° to give the following parameters: a = 21.827
MA b=12236(2) A, c=22899 (4) A, a =90.0°, 5 =116.49 (2)°,
v =90.0°; V= 5474 (5) A%, The space group was determined to be [2/a
with Z = 8. Intensity measurements for 4501 reflections in the range
0° < # < 24° were recorded (A, k = 0, £/) to give 2112 reflections with
E > 3¢(I). Data were corrected for Lorentz and polarization effects, but
not for absorption (¢ = 8.7 cm™).

Structure Solution and Refinement. The structure was solved by ap-
plication of direct methods to yield the Cr atom positions. All other
non-hydrogen atoms were located by subsequent least-squares and dif-
ference Fourier techniques. Hydrogen atoms were included in calculated
positions with fixed temperature factors and were not refined. The
structure was refined by weighted, full-matrix least squares (w = 1/02-
(F,)) treating all non-hydrogen atoms anisotropically, except those C
atoms of the N(2) cation that were found to be disordered. Refinement
converged for 2238 reflections ({/ > 2.5¢([)) and 391 parameters at R
= 0.055 (R, = 0.062). The largest shift/esd for the final cycle of least
squares was less than 0.07. A final difference Fourier map contained no
residual peaks larger than 0.53 e/A?. Details of the structure analysis
are presented in Table I. Anisotropic temperature factors for the anion
Cr, C, and O atoms, anisotropic temperature factors for the cation N and
C atoms, including isotropic temperature factors for the disordered C
atoms in the cation, a labeling scheme with selected bond distances and
angles for the Et,N* cations, and compiete structure factor tables are
provided as supplementary material.

Results

Reaction of Cr(CO)¢ with Et,NOH in a 1:3 mole ratio in
refluxing aqueous THF gave a red solid, which, on the basis of
spectroscopic data, was formulated as [Et;N],[Crs(CO) ,(us-
OH),). The infrared carbonyl region exhibited a two-band pattern

(22) Mascharak, P. K.; Armstrong, W. H.; Mizobe, Y.; Holm, R. H. J. Am.
Chem. Soc. 1983, 105, 475.
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Table I. Summary of the X-ray Diffraction Study of
[EtyN]4[Cry(CO)y5(15-OH),)*

formula C4HgyCryN,Oy4
formula wt 1133.3

a, 21.827 (7)

b A 12.236 (2)

¢, A 22.899 (4)

8, deg 116.49 (2)

cryst syst monoclinic

space group 12/a

z 8

v, A3 5474 (5)

dcalcd* g/ch 1.37

cryst dimens, mm 0.25 X 0.20 X 0.15
radiation Mo Ka (A = 0.71073 A)
abs. coeff, cm™! 8.7

reflens measd
scan speed, deg/min
no. of reflens measd

h, k =0, £/ (to 28 = 24°)
4 (6-28 scan)
4501, 2238 with [ > 2.5¢(])

no. of variables 391
R 0.055
R, 0.062

9Estimated standard deviations in the least significant digits are
given in parentheses.

Figure 1. Structure of [Cr,(CO),,(u3-OH),]* as its Et,N* salt. Thermal
ellipsoids show 50% probability levels.

(»(CO) 1861 (s), 1723 (vs) ecm™) characteristic of a Cr(CO);
moiety and essentially identical with that found for [Et,N],-
[Cry(CO) 2 (u-OCHj;),].16 The 'H NMR (acetonitrile-d;) spec-
trum of the u;-hydroxide complex revealed peaks assignable to
the tetraethylammonium cation; however, due to low solubility,
the position of the u,-OH resonance could not be readily identified.
Recrystallization of [Et,N]4[Cry(CO);,(us-OH),] from hot
CH,CN gave crystals suitable for an X-ray structural determi-
nation. The structure of the tetraanion is shown in Figure 1.
Selected bond distances and angles are presented in Table II, and
atomic coordinates are listed in Table III.

[Cry(CO) 2(13-OH),}* is composed of four [Cr(CO);(OH)]”
units in a cubane-like arrangement with chromium and hydroxide
oxygen atoms occupying alternate corners of a distorted Cr,O,
cube. The Cr,O, core, shown in Figure 2, consists of a set of four
chromium atoms and a set of four oxygen atoms positioned at the
vertices of two concentric tetrahedra. These two nonbonding
tetrahedra are different in size; the average Cr—Cr distance is 3.33
(5) A while the average OO distance is 2.57 (4) A. Each Cr(O)
atom, in addition to being bonded to three cis CO ligands, is
coordinated to three O atoms of the hydroxide groups. Each
approximately tetrahedral u; oxygen atom is bonded to three
chromium atoms and a hydrogen atom.

Relevant bond distances and angles are as follows. The Cr-Cr
mean distance within the Cr,O, core is 3.33 (5) A, and the average
Cr-0,,~Cr and O, ~Cr-O,, bond angles are 103.4 (2) and 74.61
(1)°, respectively. Within the chromium coordination sphere, the
Cr-0,, distance is 2.121 (4) A while the Cr—COcq distance is
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Table II. Selected Bond Distances (A) and Angles (deg) for
[Cry(CO) 5 (n3-OH), ] @

Cr-0,
Cr(1)-0(7) 2.126 (4) 3Cr(2)-—0(7) 2.145 (3)
Cr(1)-0(8) 2,122 (4) Cr(2)-0(7) 2.107 (3)
Cr(1)-0(8) 2.111 (3) Cr(2)-0(8) 2.112 (4)
Cr-C
Cr(1)-C(1) 1.787 (6) Cr(2)~C(4) 1.770 (6)
Cr(1)-C(2) 1.787 (7) Cr(2)-C(5) 1.791 (6)
Cr(1)-C(3) 1.803 (8) Cr(2)~C(6) 1.798 (7)
Cc-0
C(1)-0(1) 1.189 (7) C(4)-0(4) 1.201 (6)
C(2)~0(2) 1.174 (7) C(5)~0(5) 1.178 (7)
C(3)-0(3) 1.168 (8) C(6)-0(6) 1.174 (7)
Cr-0,,~Cr
Cr(1)-O(7)-Cr(2) 100.5 (2) Cr(1)-O(8)-Cr(1) 106.1 (2)
Cr(1)-0(7)-Cr(2) 1027 (2) Cr(1)-O(8)-Cr(2) 102.7 (2)
Cr(2)-0(7)-Cr(2) 106.5 (1) Cr(1)-O(8)-Cr(2) 102.1 (2)
0,,~Cr-0,,
O(7)-Cr(1)-0(8) 748 (1) O(7)-Cr(2)-0O(7) 72.7 (1)
O(7)-Cr(1)~0(8) 76.1 (1) O(7)-Cr(2)-0(8) 75.7 (1)
0(8)-Cr(1)-0(8) 729 (2) O(N)-Cr(2)-0(8) 75.4 (1)
Cr-C-0
Cr(1)-C(1)-0(1) 174.0(5) Cr(2)-C(4)-0(4) 174.6 (6)
Cr(1)-C(2)-0(2) 1743 (6) Cr(2)-C(5)~0(5) 173.5(6)
Cr(1)-C(3)-0(3) 173.7(6) Cr(2)-C(6)-0(6) 169.4 (6)

“Estimated standard deviations in the least significant digits are
given in parentheses.

1.789 (7) A. The terminal carbonyl ligands have an average
Cr—C--O bond angle of 173.3 (6)° with a carbonyl C~O distance
of 1.181 (7) A.

The [Cry(CO),5(u3-OCsHs),]4 derivative was isolated as its
Et,N* salt from the room-temperature reaction of Cr(CO),(C-

Inorganic Chemistry, Vol. 24, No. 21, 1985 3467

CRL

Figure 2. Structure of the Cr,O, core.

H,;CN), and Et,NOC4H;. This tetraanion can also be prepared
from Cr(CO)4 and Et;NOC¢H; in refluxing THF, however the
yield is considerably lower (35%g vs. 52% for 2 prepared from
Cr(CO);(CH;CN);3). The complex shows the expected IR band
pattern in the carbonyl region (1870 (s), 1730 (vs) cm™); its 'H
NMR (acetonitrile~ds;) spectrum, in addition to the Et,N* protons,
consists of three well-resolved resonances in the phenyl region
integrating in the ratio of 2:2:1.

Both the u;-OH and u;-OC¢Hjs derivatives have a reactivity
pattern similar to that of [Cry(CO),,(u;-OCH;),]*.!¢ For ex-
ample, acetonitrile solutions of these tetraanions react instantly
at ambient temperature with hydrochloric acid to yield Cr(C-
0);(CH4CN),;. Carbon monoxide-saturated solutions of the
u3-OH complex yield allyl alcohol and Cr(CO)Br~ upon treatment
with allyl bromide, while the phenoxide tetramer produces allyl
phenyl ether and Cr(CO);Br~.?

Table III. Atomic Coordinates for [EtyN]4[Cry(CO);3(u;-OH),4)?

atom x y z atom x y z
Anion
Cr(1) -0.16423 (5) 0.2296 (1) 0.02645 (5) o(7) -0.1864 (2) 0.3998 (3) 0.0179 (2)
Cr(2) —-0.23707 (5) 0.4141 (1) 0.07906 (5) O(8) -0.2591 (2) 0.2454 (3) -0.0582 (2)
o(1) -0.0607 (2) 0.2264 (5) -0.0246 (2) C(1) -0.1047 (3) 0.2296 (6) -0.0075 (3)
0(2) -0.0342 (2) 0.2327 (6) 0.1478 (2) C(2) -0.0875 (3) 0.2323 (7) 0.1016 (3)
0(3) -0.1376 (3) —-0.0085 (5) 0.0462 (3) C(3) -0.1519 (3) 0.0839 (6) 0.0362 (3)
0o4) -0.1188 (2) 0.4162 (5) 0.2107 (2) C(4) -0.1651 (3) 0.4112 (6) 0.1566 (3)
O(5) -0.3202 (2) 0.4264 (5) 0.1518 (2) C(5) -0.2892 (3) 0.4159 (7) 0.1212 (3)
0(6) -0.2354 (2) 0.6469 (4) 0.1148 (3) C(6) -0.2369 (3) 0.5581 (6) 0.0949 (3)
Cation®

N(1) 0.4773 (2) 0.1650 (5) 0.6460 (2) C(@27 0.3011 (4) 0.6346 (7) 0.3186 (5)
N(2) 0.3425 (3) 0.4360 (5) 0.3536 (3) C(28) 0.3023 (7) 0.5119 (14) 0.2931 (6)
(M 0.4444 (4) 0.1921 (8) 0.6915 (4) H(1) 0.397 (3) 0.162 (5) 0.671 (3)
C(8) 0.4462 (4) 0.3129 (9) 0.7068 (5) H(2) 0.508 (3) 0.126 (6) 0.728 (3)
C(9) 0.5509 (4) 0.1968 (9) 0.6760 (4) H(3) 0.537 (3) 0.138 (5) 0.620 (3)
C(10) 0.5925 (4) 0.1369 (10) 0.7412 (5) H(4) 0.516 (3) 0.289 (6) 0.666 (3)
C(11) 0.4644 (4) 0.0430 (8) 0.6313 (4) H(5) 0.503 (3) 0.022 (5) 0.697 (3)
Cc(12) 0.4951 (5) 0.0020 (9) 0.5860 (5) H(6) 0.411 (3) 0.128 (5) 0.616 (3)
C(13) 0.4409 (4) 0.2321 (8) 0.5820 (4) H(7) 0.461 (3) 0.329 (5) 0.613 (3)
C(14) 0.3672 (4) 0.2082 (9) 0.5439 (4) H(8) 0.479 (3) 0.188 (5) 0.564 (3)
C(15) 0.3018 (7) 0.4461 (16) 0.3984 (6) H(9) 0.420 (3) 0.342 (5) 0.716 (3)
C(16) 0.2242 (7) 0.4128 (16) 0.3545 (12) H(10) 0.489 (3) 0.354 (6) 0.703 (3)
C(17) 0.296 (1) 0.396 (3) 0.283 (1) H(11) 0.431 (3) 0.371 (5) 0.668 (3)
C(18) 0.224 (2) 0.387 (3) 0.276 (2) H(12) 0.626 (3) 0.132 (6) 0.742 (3)
C(19) 0.415 (1) 0.456 (3) 0.342 (1) H(13) 0.579 (3) 0.140 (6) 0.775 (3)
C(20) 0.476 (2) 0.511 (3) 0.421 (2) H(14) 0.600 (3) 0.063 (5) 0.736 (3)
C(@21) 0.4149 (7) 0.4685 (13) 0.3964 (9) H(15) 0.516 (3) -0.051 (5) 0.618 (3)
C(22) 0.4680 (6) 0.4728 (14) 0.3915 (12) H(16) 0.467 (3) 0.024 (5) 0.554 (3)
C(23) 0.3407 (9) 0.3167 (13) 0.3206 (10) H(17) 0.548 (3) 0.030 (5) 0.612 (3)
C(24) 0.3815 (5) 0.2349 (9) 0.3818 (6) H(18) 0.355 (3) 0.245 (5) 0.508 (3)
C(25) 0.359 (1) 0.345 (2) 0.403 (1) H(19) 0.355 (3) 0.123 (6) 0.525 (3)
C(26) 0.326 (1) 0.541 (2) 0.379 (1) H(20) 0.347 (3) 0.228 (5) 0.569 (3)

9Estimated standard deviations in the least significant digits are given in parentheses. ®Labeling schemes for Et,N* atoms are available as

supplementary material.
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Table IV. Core Bond Angles (deg) and Nonbonding M—-M Distances
(A)“ for A,B, Tetramers

M-M

compd M-O,-M  0,-M-O, dist
[Cra(CO) 2(py-OH), )+ 103.4 (2) 746 (1)  333(5)
[Cra(CO) y(us-OCH,), ]+ ¢ 102.86 (16)  75.30 (14)  3.31 (6)
[W4(CO),5(u3-OH),H,]* 104 (1) 74 (1) 3.48 (6)
[Moy(CO)s(NO),4(u3-OH),J¢ 103 (1) 76 (1) 3.43 (6)
[Reo(CO) 15(u;-OH) 104.0 (5) 74.3 (1) 3.48 (4)

9Estimated standard deviations in the least significant digits are
given in parentheses. ?This study. ‘Reference 16. ¢Reference 14.
¢Reference 24. /Reference 25.

Discussion

The structure observed for [Cr,(CO),,(k3-OH), 1% is very
similar to that of the recently characterized methoxide complex
[Cr4(CO),5(13-OCH;),4]* !¢ and related polynuclear species of
the alternating A,B, type. The metal atoms within these tetramers
consist of a closed-shell configuration with large metal-metal
distances indicative of nonbonding interactions. Table IV contains
a series of these A;B, complexes for comparison and illustrates
the obtuse Cr—O-Cr and acute O-Cr-O bond angles within the
Cr,0, core of [Cr,(CO),,(u3-OH),]*". By contrast, short Cr-Cr
distances ranging from 2.702 (6) to 2.900 (6) A within the cu-
bane-like Cr(III) cluster [Cry(n°-CsHs)4(15-0),]% result in acute
Cr—-O-Cr angles of 83.2 (2)-90.1 (1)° and imply the presence
of Cr-Cr single bonds.

The metal atoms of the tetramers listed in Table IV are six-
coordinate with the exception of [W,(CO);,(u;-OH),H,]. In this
complex, each tungsten atom is seven-coordinate; the presence
of a metal hydride was detected by 'H NMR?” and confirmed
structurally?* by observing the opening of one of the Cco-W—Ceg
bond angles to 103° in order to accommodate the hydrogen atom
within the coordination sphere. Our attempts to prepare the
chromium analogue of this compound by protonation of [Cr,-
(CO),,(u;-OH),]* were unsuccessful and resulted in decompo-
sition of the Cr,O, core into mononuclear species. For example,
reaction of [Et4N]4[Cr4(CO)12(#3'OH)4] with HCl in CH3CN
gave only Cr(CO);(CH,;CN),, while the use of a weaker coor-
dinating solvent, such as THF, yielded uncharacterizable solids
that lacked discernable bands in the infrared metal carbonyl region.

Although the hydrogen atoms of the triply bridging hydroxide
groups within the Cr,O, core of [Cry(CO);,(u;-OH)4]* were not
located in the crystallographic study, their presence is implied by
the following results. As mentioned earlier, the u,-OH derivative
has a reactivity pattern identical with that of [Cry(CO) ,(u;-
OCH;),]*. That is, reaction of CO-saturated solutions of the
u3-OH tetraanion with allyl bromide yields allyl alcohol and
Cr(CO)<Br~.2 Furthermore, a v(OH) band of medium intensity
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at 3695 cm™! (Nujol mull) was observed, indicative of the presence
of a bridging hydroxide ligand. Because of the unusually high
frequency for such a mode (for comparison, »(OH) appears as
a sharp double band at 3550 cm™ in [Re,(CO),2(1;:0H),]%),
the u;-OD derivative of 1 was prepared by reaction of Cr(CO),
with base in D,O/THF. This complex exhibits a spectrum fea-
turing a »(OD) band at 2720 cm™ while lacking the high frequency
band at 3695 cm™. We do nat, however, have an explanation for
the presence of the »(OH) stretch at such a high frequency, nor
is there sufficient data available to draw a conclusion from other
related u;-OH tetramers. )

It appears that a general route to these tetranuclear species from
Cr(CO)g is available as a result of the CO-labilizing ability of
oxygen donor ligands.!® That is, the reaction solution reveals the
presence of [(u-H)Cr,(CO),0]” which, under basic conditions,
probably serves as a precursor to mononuclear {Cr(CO)s(OR)]"
(R = H, CH,) or their solvated analogues [Cr(CO);_,(sol-
vent),(OR)]™. Loss of carbon monoxide or solvent ligand can then
lead to clusterification (eq 1). Indeed, [Cr,(CO);,(13-OR), ]+

[Cr(CO)s(OR)]™ — 5= !/4[Cra(CO)12(k5-OR),]* (1)

(R = H, CHj, '%) can be directly prepared from aqueous (R = H)
or methanolic (R = CH,) alkaline solutions contdining only the
bridging hydride.

In independent experiments, we observed that a methanolic
solution of [HCr(CO);]~ % readily reacts to produce only {(u-
H)Cr,(CO),0]"* and H, and that deprotonation of the bridging
hydride to yield [Cry(CO),0]* *° does not occur. Although we
have thus far been unable to demonstrate the presence of [Cr-
(CO)s(OR)]" species during the course of reaction, it has been
shown that fragmentation of [(u-H)Cr,(CO),,]” into monomers
does occur,”?! albeit slowly, which is entirely consistent with the
reaction times required for the production of [Cry(CO)5(u;s-
OR),]*". The synthesis of [Cr,(CO),5(15-OCeH,),4]* from Cr-
(CO),3(CH,4CN); apparently involves aggregation of the preformed
Cr(CO)3(CH;CN),(OCeH,)™ unit by successive displacement of
acetonitrile ligands within the coordination sphere by phenoxide
ion. Continued efforts to characterize reaction intermediates
afforded during the synthesis of these tetranuclear derivatives are
ongoing in our laboratories.
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