Downloaded by RADFORD UNIV on June 29, 2009
Published on November 22, 2000 on http://pubs.acs.org | doi: 10.1021/om000322b

Organometallics 2000, 19, 5623—-5627 5623

Carboxylation of a y3-Diazo Methylidyne Triosmium
Cluster

S. M. Tareque Abedin,' Kenneth I. Hardcastle,* Shariff E. Kabir,!
K. M. Abdul Malik,® M. Abdul Mottalib," Edward Rosenberg,*" and
M. Joynal Abedin”

Department of Chemistry, Jahangirnagar University, Savar, Dhaka-1342, Bangladesh,
Department of Chemistry, Emory University, Atlanta, Georgia, Department of Chemistry,
University of Wales Cardiff, P.O. Box 912, Park Place,

Cardiff CF1 3TB, U.K., and Department of Chemistry, The University of Montana,
Missoula, Montana 59812

Received April 18, 2000

The unsaturated cluster Os3(CO)s(Ph,PCH,P(Ph)CsH,)(u-H) (1) reacts with CH,N, at —10
to 25 °C to give two novel compounds Os3(CO)7(us-CNy)(u-dppm)(u-H). (2) and Os3(CO)7(us-
CCO,H)(u-dppm)(u-H)s (3) characterized by single-crystal X-ray crystallography. Compound
2 is converted to 3 in almost quantitative yield by reaction with CO (atmospheric pressure)
and trace H;O. The reaction of 2 with molecular hydrogen at atmospheric pressure at 80 °C
yields Os3(CO)g(u-dppm)(u-H)2 (4) and Os3(CO)10(u-dppm) (5).

Introduction

The carboxylation of uz-methylidyne and u4-carbido
ligands by reaction with nucleophiles is well-known.1~5
In the case of the cobalt methylidyne carboxy complexes,
these species have proven to be useful for building up
mixed metal cluster frameworks.® In the course of our
studies of the reactivity of electron-deficient triosmium
clusters, we have studied their reactivity with diaz-
omethane. In the case of the electron-deficient quinoline
systems Os3(CO)g(us-7>-CsHoN)(u-H) insertion by the
methylene group into the C(8)—0Os bond with accompa-
nying C—H oxidative addition is observed (eq 1).”

In the case of the electron-deficient triosmium cluster
0Os3(CO)s(uz-173-Ph,PCH,P(CeH4)Ph)(u-H), the reaction
with diazomethane takes a completely different course.®
Initially, a us-diazomethylidyne complex, Osz(CO)7(us-
CNg)(u-dppm)(u-H)2 (2), forms which subsequently con
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verts to a us-carboxy methylidyne complex, Os3(CO);-
(u-dppm)(us-CCO,H)(u-H)3 (3) in solution (eq 2).
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We report here the syntheses and structures of 2 and
3 along with preliminary studies of the mechanism of
this interesting interconversion.

Organic diazo compounds are highly reactive sub-
strates having several reaction centers in one molecule
and can adopt different coordination modes acting as
- and/or o-bound terminal, bridging or chelating ligands
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to form mono- or multimetallic complexes.® Photochemi-
cal or thermal decomposition of diazoalkane provides
one of the most general ways for generating carbene
intermediates which have drawn much attention be-
cause of their important role in Fischer—Tropsch syn-
thesis.’® Furthermore, with retention of the C—N bond,
diazoalkanes can exhibit C- or N-terminal coordination,
C=N or N=N side on coordination mode, or can even
undergo cycloaddition reactions that constitute useful
methods for the synthesis of heterocyclic compounds.*!
With trimetallic complexes of osmium, ruthenium, and
iron, diazoalkanes have been shown to give both addi-
tion and insertion products.’? The reactions of the
unsaturated triosmium cluster Osz(CO)g{Ph,PCH,P-
(Ph)CsHa} (u-H) (1) with CO, Hy, phosphines, phosphites,
[Au(PPh3)]PFs, HBF,4, and Sn[CH(SiMes),], that give
many interesting and potentially useful compounds
have also been extensively investigated.® The coordina-
tion mode reported here for the diazomethane moiety
observed in 2 has not been previously reported.

Results and Discussion

Addition of excess ethereal diazomethane to a dichlo-
romethane solution of the unsaturated compound
OSa(CO)g(thPCHQP(Ph)C6H4)(ﬂ-H) (1)at —10to 25 °C
affords two new compounds Os3(CO)7(us-CNy)(u-dppm)-
(u-H)2 (2) and Os3(CO)7(uz-CCO2H) (u-dppm)(u-H)s (3) in
40 and 25% vyield, respectively (eq 2). The molecular
structure of 2 is shown in Figure 1, crystal data are in
Table 1, and selected distances and bond angles are
given in Table 2. The structure consists of an Os;
triangle with two elongated but almost equal metal—
metal bonds (Os(1)—0s(3) = 2.891(1) and Os(2)—0s(3)
= 2.884(1) A) and one significantly shorter metal—metal
bond (Os(1)—0s(2) = 2.751(1) A). The hydride ligands
were crystallographically located but not refined and
found to bridge the Os(1)—0s(3) and Os(2)—0s(3) edges
and this is consistent with elongated Os—Os distances
along these edges. The Os(2)—0s(3) edge is also bridged
by the dppm ligand. An intriguing structural feature of
2 is the presence of a capping CNN ligand which has
been formed by the oxidative addition of C—H bonds of
CH2N3. The u3-CNN moiety symmetrically bridges the
three osmium atoms with three equal osmium—carbon
bonds (2.15(1) A). The u3-CNN ligand is linear within
experimental error (C(8)—N(1)-N(2) = 177(2) A) and lies
over the triosmium plane. This is analogous to the
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Figure 1. Solid-state structure of Os3(CO)7(us-CNN)(u-
dppm)(u-H)2 (2).

situation observed for Os3(CO)1o(us-CH)(u-H),*3 Oss-
(CO)10(us-CPh)(u-H)],** and Os3(CO)10(us-CCHMe)(u-
H).15 This is the first structurally characterized example
of a u3-CNN ligand C-bonded to a metal. The N(1)—N(2)
bond distance at 1.14(2) A indicates multiple bonding
interaction between two nitrogen atoms while the C(8)—
N(1) distance at 1.31(2) A is intermediate between C—N
single and double bonds. Another interesting feature of
the structure is that the C(8)—N(1) bond vector is nearly
perpendicular to the Os; plane but is tilted slightly
toward Os(1) (Os(1)—C(8)—N(1) = 126.(1) A, 0s(2)—
C(8)—N(1) = 125.(1) A, 0s(3)—C(8)—N(1) = 137.(1) A).
These bond angles are very similar to the corresponding
bond angles in Os3(CO)g(u3-CCO)(u-H),.16 The Os—P
bond distances (0s(2)—P(1) = 2.324(4) A and Os(3)—
P(2) = 2.337(4) A) in 2 are comparable with the values
2.320(3) and 2.332(3) A in Os3(CO)1(u-dppm).t” The low-
temperature (=50 °C) 'H and 3!P{1H} NMR spectro-
scopic data for 2 are consistent with the solid-state
structure. At ambient temperature, however, one ob-
serves the onset of an exchange process which averages
the two phosphorus environments and can be explained
by edge hopping of one of the hydride that bridges the
Os(1)—0s(3) edge in the solid-state structure (Figure 2,
Scheme 1).

The solid-state structure of 3 is shown in Figure 3,
crystal data are given in Table 1, and selected distances
and bond angles are in Table 3. The structure is based
on a triangular osmium core with two almost equal and
one slightly shorter metal—metal bond (Os(1)—0s(3) =
1.884(2), Os(2)—0s(3) = 2.881(2) and Os(1)—0s(2) =
2.869(1) A). An especially interesting structural feature
of 3 is the disposition of the capping CCO;H ligand. In
contrast to Os3(CO)g(usz-CCO2H)(u-H)32 in which the us-
CCO3H ligand is asymmetrically bonded, the u3-CCO2H
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Table 1. Crystal Data for Compounds 2 and 3

compound 2 3
empirical form C33H24N2070s3P,, CH,Cl, C34H260905s3P>, 1/3 CgH14
form wt 1278.01 1238.13
T (K) 150(2) 293(2)

A (A) 0.71073 0.71073
cryst syst triclinic monoclinic
space group P1 P21/n

unit cell dimens

v,z 1848.8(9) A3, 2
deatca (Mg/m3) 2.296

abs coeff (mm~1) 10.565

F (000) 1184

0.05 x 0.05 x 0.05
2.18 to 25.07

cryst size (mm)

6 range for data collection (deg)
index ranges

refins coll 7375

ind reflns 4847 {R(iny) = 0.0456}
abs corr

max and min transmission
refinement method
data/restraints/params
GOF on F?

final R indices [I > 20(1)]
R indices (all data)

largest diff. peak and hole

0.998 and 0.865

4847/0/403
0.934

Table 2. Selected Distances (A) and Angles(deg)

for 2
Distances
Os(1)—0s(2)2 2.742(1) C(8)—N(1) 1.31(2)
Os(1)—0s(3) 2.893(1) N(1)—N(2) 1.14(2)
0s(2)—0s(3) 2.883(1) P(1)—C(9) 1.85(1)
Os(1)—C(8) 2.15(1) P(2)—C(9) 1.82(1)
0Os(2)—C(8) 2.15(1) P(1)—C(11) 1.821(8)
Os(3)—C(8) 2.15(1) P(1)—C(21) 1.840(7)
0Os(2)—P(1) 2.324(4) P(2)—C(31) 1.813(7)
0s(3)—P(2) 2.337(4) P(2)—C(41) 1.814(6)
Angles
Os(1)—0s(2)—0s(3) 61.85(3) C(8)—N(1)—N(2) 177(2)
Os(1)—0s(3)—0s(2) 56.67(3) P(1)—C(9)—P(2) 115.9(6)
0s(2)—0s(1)—0s(3) 61.47(3) Os(1)—C(8)—N(1) 126.(1)
0Os(2)—0s(1)—C(8) 50.5(4) 0Os(2)—C(8)—N(1) 125.(2)
Os(3)—0s(1)—C(8) 47.7(4)  Os(3)—C(8)—N(1) 137.(2)
0s(3)—0s(2)—P(1) 93.84(9) P(1)—0s(2)—C(8) 98.7(3)
Os(2)— Os(3) P(2) 91.82(9) P(2)—0s(3)—C(8) 95.4(4)
Os—C—0P 176.(2)

a Numbers in parentheses are average standard deviations.
b Average values.

ligand in 3 is symmetrically capped with Os(1)—C(1) =
2.07(2), Os(2)—C(1) = 2.06(2) and Os(3)—C(1) = 2.06(2)
A. The Os—C bond distances are on the average 0.04 A
shorter than the corresponding bonds in Os3(CO)o(us-
CCO2H)(u-H)3.® The C(1)—C(2) bond vector is nearly
perpendicular to the Osz plane but is tilted slightly
toward Os(1)(0s(1)—C(1)—C(2) = 125.(1) A, 0s(2)—
C(1)—C(2) = 125.(1) A, 0s(3)—C(1)—C(2) = 127.(1) A).
These bond angles are similar to the corresponding bond
angles in (u-H)30s3(CO)g(u3-CCOOH).3 The dppm ligand
bridges the Os(3)—0Os(1) edge, and the P—Os bond
distances are Os(3)—P(2) = 2.308(5) and Os(1)—P(1) =
2.342(5) A. Within the CCOH unit the C(1)—C(2), C(2)—
0O(1), and C(2)—0(2) bond distances of 1.49(2), 1.24(2),
and 1.31(2) A and the C(1)—C(2)—0(1), C(1)—C(2)—0(2),
and O(1)—C(2)—0(2) angles of 125(2), 116(1), and 118-
(2) A are comparable with those of the corresponding
distances and angles in Os3(CO)g(u3-CCOH)(u-H)3.34
The C(1)—C(2) bond distance of the CCO2H unitin 3 is
1.50(3) A and is similar to the distances in benzoic and

a=12.006(4) A; o = 94.19(2)°
b =12.198(3) A; g = 92.470(13)°
¢ =19.460(8) A; y = 100.85(2)°

1l4<h=<11,-11<k=<14,-13<1<15

DIFABS (Walker and Stuart, 1983)
full-matrix least-squares on F2
R; = 0.0365, wR, = 0.0889

R; = 0.0484, wR, = 0.0905
1.170 and —1.573 e A3

a=15.383(7) A; o =90°
b =12.633(5) A; B = 90.71(4)°
c=19.460(8) A; y = 90°
3781.4(28) A3, 4
2.175
10.191
2300
0.20 x 0.15 x 0.14
1.68 to 21.00
—15=<h=<150=<k=12,-0=<1=<19
7845
4047 {R(ny = 0.0711}
Psi scans
0.3504 and 0.1986
full-matrix least-squares on F2
4047/0/454
1.002
R1 0.0917, wR2 = 0.0779

= 0.0917, wR, = 0.0896
1.214 and —0.631e A3

+22°C

-50°C

! kb s AV m Aoy //hva—
Wy L L y

-15.66 2I60Ppm -18.6 ppm.

Figure 2. Variable-temperature 31P (a) and H (b) NMR
of Os3(CO)7(us-CNN)(u-dppm)(u-H), (2) at 162 and 400
MHz, respectively (peak marked with an asterisk is due
to the presence of a small amount of 3.

Scheme 1
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acetic acids which are 1.48(2) and 1.54(2) A, respec-
tively. A key feature of the structure of 3 is that the
Os—C—0s bond angles Os(1)—C(1)—0s(2) = 88.9(7), Os-
(2)—C(1)—0s(3) = 89.7(7), and Os(3)—C(1)—0s(1) =
89.6(6) A are close to right angles. To our knowledge,
compound 3 represents the second reported structure
of a triosmium compound containing u3-CCO2H ligand
and is the dppm substituted analogue of the first
reported compound Os3(CO)g(uz-CCO2H)(u-H)3, which
was synthesized from the reaction of Osz(CO)g(u3-CCO)-
(u-H)2 with an H,O—HCI mixture.®> The analogous
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Figure 3. The solid-state structure of Os3(CO);(us-CCO,H)-
(u-dppm)(u-H)s (3) showing the calculated positions of the
hydride ligand.

Table 3. Selected Distances (A) and Bond Angles

(deg) for 3
Distances
Os(1)—0s(2)2 2.869(1) C(1)—-C(2) 1.49(2)
0s(1)—0s(3) 2.884(1) C(2)—0(2) 1.31(2)
0s(2)—0s(3) 2.881(1) C(2)-0(1) 1.24(2)
0s(1)—C(1) 2.07(1) P(1)—-C(3) 1.87(1)
0s(2)—-C(1) 2.06(1) P(2)—-C(3) 1.81(1)
Os(3)—C(1) 2.06(1) P(1)—-C(41) 1.81(1)
Os(1)—P(1) 2.342(5) P(1)—C(51) 1.82(1)
0Os(3)—P(2) 2.308(5) P(2)—C(61) 1.82(1)
Os—COP 1.84(2) P(2)—C(71) 1.82(1)
Angles

0Os(1)—0s(2)—0s(3) 60.22(4) C(1)—C(2)-0(1) 125.(1)
0s(1)—0(3)—0s(2) 59.68(4) C(1)—C(2)—0(2) 116.(1)
0Os(2)—0s(1)—0s(3) 60.10(4) O(1)—C(2)—0(2) 118.(2)
0Os(3)—0s(1)—C(1) 45.5(5) 0Os(1)—C(1)—-C(2) 125.(1)
0s(2)—0s(3)—C(1) 455(5) 0Os(2)-C(1)-C(2) 125.(1)
Os(1)—0s(3)—C(1) 45.7(4) 0s(3)—C(1)—C(2) 127.(2)
0Os(1)—0s(2)—C(1) 46.04(4) Os(1)—C(1)—0s(2) 88.2(6)
0Os(3)—0s(2)—C(1) 45.7(4) 0Os(1)—C(1)—0s(3) 88.7(6)
0s(3)—0s(1)—P(1) 93.3(1) Os(2)-C(1)-0s(8)  88.8(7)
Os(1)—0s(3)—P(2) 91.1(1) P(1)—C(3)—P(2) 114.9(8)
Os—COP 176.(2)

a Numbers in parentheses are average standard deviations.
b Average values.

complexes Rus(CO)g(uz-CCO,H)(u-H)z* and CpzCoz(us-
CH)(u3-CCO,H)> have also been reported based on
spectroscopic data. The spectroscopic data of 3 are in
accord with the solid-state structure. The compound Osz-
(CO)7(u3-CNN)(u-dppm)(u-H)2 (2) is a logical precursor
to 3 by the reaction of 2 with CO and H,O. Solutions of
2 slowly and partially convert to 3 and are accompanied
decomposition of 2. The reaction of 2 with 1 atm of CO
and H,0O in an NMR tube results in the quantitative
and instantaneous conversion of 2 to 3. The formation
of 3 from the reaction 2 with CO and H,O most probably
proceeds via the intermediacy of the ketenylidene
compound Os3(CO)7(u3-CCO)(u-dppm)(u-H)2 (Scheme 2).
When 13CO is used to promote the transformation of 2
to 3, we do not observe selective incorporation of the
label into the carboxylic acid. Instead, we observe equal
distribution into all seven carbonyl resonances of 3. This
result suggests that CO migrates from the metal core
to form the proposed us-ketenylidene intermediate
which reacts rapidly with H,O to form 3. This type of
reaction pathway has also been demonstrated for the
formation of us- and us-methylidyne carboxylates in the
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case of Fe4 and Cog cluster systems.>2 The source of CO
in the absence of added CO is probably from minor
nonspecific decomposition of 2. That 2 converts to 3
rapidly with CO and water while Os3(CO)g(u3-CCO)(u-
H), requires strong acid suggests that the electron-
donating dppm further polarizes the proposed kete-
nylidene intermediate (by increasing back-donation
from the metal to the ketenylidene ligand) making it
more subject to nucleophilic attack (more C=C=0"
character) by trace moisture. This also explains why we
were unable to observe the ketenylidene.

To examine the reactivity of the coordinated u3-CNN
group, we investigated the reaction of 2 with molecular
hydrogen. The objective was to see if N, loss from the
u3-CNN ligand followed by H; oxidative addition would
result in the formation of the methylidyne compound
0s3(CO)7(u-CH)7(u-dppm)(u-H),. However, treatment of
2 with molecular hydrogen at atmospheric pressure at
80 °C gives the previously reported clusters Os3(CO)gu-
dppm)(u-H), (5)8 and Os3(CO)1o(u-dppm) (4)82 in 65 and
20% vyields, respectively?° instead of the desired meth-
ylidyne compound. Here again, the presence of the dppm
ligand apparently polarizes the osmium carbon bonds
so that reductive elimination of methane is favored over
oxidative addition of hydrogen to the cluster. Addition-
ally, it seems likely that 2 converts to 3 during hydro-
genolysis and that the organic coproduct is acetic acid
(Scheme 2). Further studies on the reactivity of 2 are
in progress.

Experimental Section

Reactions were performed in an atmosphere of nitrogen and
worked up in the air. Solvents were distilled from the ap-
propriate drying agents directly before use. 'H, 3P, and 3C
NMR were obtained on a Varian 400 MHz Unity Plus
spectrometer and IR data was obtained on a Shimatzu FT-
IR. Elemental analyses were performed by Schwarzkopf Mi-
croanalytical Labs, Woodside, New York.

Reaction of 1 with Diazomethane. To a CH,CI, solution
(5 mL) of 1 (0.080 g, 0.068 mmol) was added a freshly prepared
ethereal solution of diazomethane (~0.700 g, ~16.6 mmol) at
—10 °C, and the reaction mixture was stirred for 1 h. The
solvent was removed under reduced pressure, and the residue
was chromatographed by TLC on silica gel. Elution with
hexane/CH,Cl, (9:1, v/v) gave Os3(CO)7(us-CNz)(u-dppm)(u-H):
(2 (0.032 g, 40%) and Os3(CO)7(us-CCO2H))(u-dppm)(u-H)s (3
(0.020 g, 25%) as yellow crystals from hexane/CH.Cl, at —20
°C.

Analytical and Spectroscopic Data for 2. Anal. Calcd
for Cs3H24N20;0s3P,: C, 33.22; H, 2.03; N, 2.35. Found: C,
33.35; H, 2.12; N, 2.49. IR (vCO, CHCl,): 2070s, 2033vs,
1993m, 1975m, 1929w cm™t. *H NMR (400 MHz, CDCl3, —50
°C): 6 7.21 (m, 20H), 4.60 (AB, 1H, J(composite) = 10.8 Hz),
3.38 (AB, 1H, J(composite) = 12.0 Hz), —18.06 (t, 1H, J = 8.4
Hz), —18.64 (d, 1H, J = 34.8 Hz). 31P{*H}NMR (CDCls): ¢
—15.7 (d), —21.7 (d, 3 = 54.0 Hz).

Analytical and Spectroscopic Data for 3. Anal. Calcd
for C34H26000s3P2: C, 33.71; H, 2.17. Found: C, 33.92; H, 2.28.
IR (vCO, CH,Cl,): 2087s, 2024vs, 1998m, 1958s cm~1. *H NMR
(400 MHz, CDCl3): 6 10.0 (br. 1H), 7.34 (m, 20H), 4.86 (AB,
1H, J(composite) = 13.8 Hz), 4.35 (AB, 1H, J(composite) = 11.2
Hz), —18.18 (virtual triplet, 2H, J(composite) = 16.2 Hz),
—19.23(t, 1H, J = 9.8 Hz). 3'P{*H}NMR (CDCls): & —13.4(s).

(18) Darr, J. A.; Drake, S. R.; Hursthouse, M. D.; Malik, K. M. A.
Inorg. Chem. 1993, 32, 5704.

(19) Walker, N. P. C.; Stuart, D. Acta Crystallogr. 1983, A39, 158.

(20) Sheldrick, G. M. SHELXS-86 Acta Crystallogr. 1990, A46, 467.
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Reaction of 2 with CO and H;O. CO gas was bubbled
through a CDCl3 (0.5 mL) solution of 2 (0.035 g, 0.029 mmol)
containing 4 uL of H,0 in an NMR tube. The *H and 3'P{*H}
NMR spectra indicated complete conversion to Os3(CO)7(us-
CCO;H)(u-dppm)(u-H)s. Work up and chromatographic separa-
tion as mentioned before gave 3 (0.033 g, 92%).

Reaction of 2 with H,. Hydrogen gas was bubbled through
a refluxing cyclohexane solution (30 mL) of 2 (0.075 g, 0.062
mmol) for 4 h. The solvent was removed under reduced
pressure and the residue was chromatographed by TLC on
silica gel. Elution with hexane/CH,Cl; (4:1, v/v) developed two
bands which afforded Os3(CO)10(u-dppm)(5 (0.015 g, 20%) and
0Os3(CO)g(u-dppm)(u-H), (4, 0.047 g, 65%).

X-ray Structure Determination of 2. Crystallographic
measurements for compound 2 were made at 150 K using
graphite monochromatic Mo Ko radiation (1 = 0.71073 A) on
an Enraf Nonius FAST area detector diffractometer by fol-
lowing procedures described earlier.!® The data were corrected
for absorption effects by using the DIFABS method.*® The
structure was solved by direct methods® and refined?! on F2
using all unique data with intensities >0. The two bridging
hydrides were located from the difference map, but not refined.
All other hydrogen atoms were included in calculated positions
(riding model). All non-hydrogen atoms were refined aniso-
tropically. The phenyl rings were treated as idealized hexagons
with C—C = 1.390 A and C—C—C (internal) angles = 120.0°.
The structure refined to a final R; [on F, 3865 data with F2 >
20F?] = 0.0365 and wR; [on F?, all 4847 data] = 0.0905. The
crystal data and refinement details are given in Table 1.

X-ray Structure Determination of 3. Crystals of 3 for
X-ray examination were obtained from a saturated solution
of hexane/dichloromethane solvents at —20 °C. A suitable
crystal was mounted on a glass fiber, placed in a goniometer
head on an Enraf Nonius CAD4 diffractometer, and centered
optically. Unit cell parameters and an orientation matrix for
data collection were obtained by using the centering program
in the CAD4 system. Details of the crystallographic data are
given in Table 1. The actual scan range was calculated by scan
width = scan range + 0.35 tan 6, and backgrounds were
measured by using the moving-crystal-moving-counter tech-
nique at the beginning and end of each scan. Two representa-
tive reflections were monitored every 2 h as a check on
instrument and crystal stability. Lorentz, polarization, and
decay corrections were applied to the raw crystal data, as was

(21) SHELXTL/PC, Siemens Analytical X-ray Instruments, Inc.,
Madison, WI.

an empirical absorption correction based on a series of W scans.
The weighting scheme used during refinement was 1/¢?, based
on counting statistics.

The structure was solved by Direct methods using SHELXTL/
PC? which revealed the positions of most of the atoms.
Remaining non-hydrogen atoms were found by successive
refinement and AF syntheses. Hydrogen atoms were placed
in their expected chemical positions by using the HFIX
command and were included as riding atoms. The positions
of the bridging hydride atoms were calculated by using
HYDEX.?? All non-hydrogen atoms were refined anisotropi-
cally. All data processing, structure solution, refinement and
preparation of figures and tables for publication were carried
out on PC’s using SHELXTL/PC. Neutral atom scatting factors
and values of Af’' and Af" were from Volume C of the
International Tables for Crystallography.?®

The final difference Fourier indicated the presence of some
solvent in the lattice, which was modeled, although not well,
as a disordered hexane molecule with an occupancy factor of
about 0.3. There is a strong intermolecular hydrogen bond
between the carboxyl groups on neighboring molecules. The
O(H)—O0 distance is 2.67 A which is about the same as that
observed in benzoic acid dimers.?*
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