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[8,8-h2-{h2-(BH3)Ph2PCH2PPh2}-
nido-8,7-RhSB9H10]: A Rhodathiaborane
with a Novel Bidentate Chelating Ligand**
RamoÂ n Macías, Nigam P. Rath, and Lawrence Barton*

Although the B-H-M bridging bond is a common structural
motif in the coordination and organometallic chemistry of
boranes,[1] interactions of this nature are commonly found
when the borane ligands are anionic species, for example,
Cu(PPh2Me)3BH4 and [BH4Cr(CO)4]ÿ , in which a BH3 ´ Hÿ

adduct coordinates to the metal moiety through a single B-H-
Cu bond[2] or two B-H-Cr bonds,[3] respectively. Compounds
in which a neutral borane adduct coordinates to a metal
center are less common. Examples exist in which the neutral
1,2-(PMe3)2 ´ B2H4 acts as a bidentate chelating ligand towards
ZnCl2,[4] Ni(CO)2,[5] or M(CO)4

[6] (I ; M�Cr, Mo, W). In
related Cr and W complexes, 1,2-(PMe3)2 ´ B2H4

[6] or BH3 ´
PMe3

[7] coordinates through a single B-H-M bond (II and
III). Herein we describe some novel chemistry involving the

[8,8-(PPh2)2-nido-8,7-RhSB9H10] 1

[8,8-(h2-dppm)(h1-dppm)-nido-8,7-RhSB9H10] 2

unsaturated eleven-vertex cluster 1.[8] When treated with
bis(diphenylphosphanyl)methane (dppm) 1 affords the satu-
rated rhodathiaborane 2, which contains a bidentate and a
monodentate dppm ligand. Cluster 2 was obtained as a yellow
crystalline solid in 48 % yield and identified by high-resolu-
tion mass spectrometry, multinuclear NMR spectroscopy, and
a single-crystal structure determination (Figure 1).

The existence of the dangling phosphane ligand in 2
suggested that it might be amenable to further reactions
analogous to [(PPh3)2(CO)OsB4H8(BH2 ´ dppp)] (dppp�
bis(diphenylphosphanyl)propane), for which reactions of the

Figure 1. Projection of the molecular structure of 2. Ellipsoids are drawn at
the 50 % probability level. Selected interatomic distances [�] and an-
gles [8]: Rh8ÿS7 2.370(2), Rh8ÿP1 2.393(2), Rh8ÿP2 2.295(2), Rh8ÿP3
2.411(2), Rh8ÿB9 2.280(9), Rh8ÿB3 2.251(10), Rh8ÿB4 2.235(10); P1-Rh8-
P2 71.3(7), P1-Rh8-S7 96.34(8), P1-Rh8-B9 174.4(2), P3-Rh8-S7 97.24(7),
P2-Rh8-P3 103.44(7), Rh8-P2-C13 96.1(3), P1-C13-P2 96.0(4).

free phosphane were observed.[9] Accordingly, reaction of a
20-fold excess of BH3 ´ THF with 2 in CH2Cl2 at room
temperature afforded the new rhodathiaborane 3 as an air-

[8,8-(Ph2PCH2PPh2BH3)-nido-8,7-RhSB9H10] 3

[8,8-(dppe)-nido-8,7-RhSB9H10] 4

stable orange crystalline solid in 71 % yield. It was charac-
terized by multinuclear NMR spectroscopy, elemental anal-
ysis, mass spectrometry, and a crystal structure determination
(Figure 2).

Figure 2. Projection of the molecular structure of 3. Ellipsoids are drawn at
the 50 % probability level. Selected interatomic distances [�] and an-
gles [8]: Rh8ÿS7 2.3658(5), Rh8ÿP2 2.2803(5), Rh8ÿB' 2.323(2), Rh8ÿB3
2.195(2), Rh8ÿB4 2.193(2), Rh8ÿB9 2.174(2), B9ÿB10 1.848(4), B10ÿB11,
1.855(4), B2ÿB3 1.891(4); the other boron ± boron distances are in the
range of 1.725(4) ± 1.804(4); P2-Rh8-S7 172.92(2), P2-Rh8-B9 92.40(7), B'-
Rh8-S7 93.46(6), P2-Rh8-B' 88.36(6), Rh8- B'-P1 112.40(11), Rh8-P2-C1
108.74(7), P1-C1-P2 111.75(11), B9-Rh8-S7 90.42(7).
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The molecular structure of 3 can be described as an eleven-
vertex nido-rhodathiaborane with a unique exopolyhedral
ligand that chelates the rhodium atom through a phosphane
group and a borane unit. The BH3 end of this ligand can be
regarded by itself as a neutral adduct of BH3 that coordinates
to the rhodium atom in a bidentate fashion through two three-
center, two-electron Rh-H-B bonds. The bond lengths in the
rhodathiaborane cage are within the ranges found for 2 and
for other related metallathiaboranes;[8, 10] the Rh8ÿS7 dis-
tance of 2.3658(5) � is close to those of 2 and the dppe
derivative 4[10] (dppe�Ph2P(CH2)2PPh2), but shorter than
that of 1.[8] The P2-Rh8-B' chelate angle of 3 is 88.36(6)8, close
to the value of 84.22(6)8 found in 4, but significantly larger
than the corresponding chelate angle P1-Rh8-P2 of 71.45(98)8
in the precursor 2. The P1ÿB' bond length of 3 is 1.921(2) �,
essentially the same value as is found in the dangling
PPh2MeBH2 group of 5[11] and for the Co-BH2-PPh2 inter-
action of the bridged cobaltaborane 6,[12] which also contains a

[(PPh3)2(CO)OsB4H7](BH2PPh2Me)] 5

[(CO)(h1-dppm)Co(m-dppm)BH2] 6

dangling phosphane. The Rh8ÿB' bond length of 2.323(2) � in
3 lies above the average value of 2.238 � for rhodaboranes,
but within the range of 1.951 ± 2.477 � so far reported.[13] The
hydrogen atoms were refined successfully; the geometry
around the BH3 group is approximately tetrahedral.

The course of the reaction in which 3 is formed is not clear
at this time. However, it is likely that the large excess of BH3 ´
THF displaces the dangling dppm ligand in 2 as
Ph2PCH2PPh2(BH3)2 (also isolated from the reaction mix-
ture)[14] and inserts into the RhÿP bond of the Rh(dppm)
chelate to give the title compound. Conversely, BH3 may
remove the chelating ligand as dppm(BH3)2 and add to the
dangling end of the monodentate dppm. The NMR data for 3
are consistent with the molecular structure described above.
The 11B NMR spectrum consists of ten broad signals in the
range from d��17.2 to ÿ31.2. The peak at d�ÿ24.1 shows
coupling to a phosphorous atom and is assigned to the BH3

group (B' in Figure 2). All terminal hydrogen atoms were
related to their corresponding boron atoms by selective
1H{11B} decoupling experiments. The signal of the bridging
hydrogen atom on the B9ÿB10 edge appears at d�ÿ1.37. The
31P{1H} spectrum shows a sharp doublet of doublets, which is
assigned to the PPh2 group trans to the sulfur atom, and a very
broad signal for the phosphorous atom directly bound to the
BH3 unit. At room temperature, the three hydrogen atoms of
the BH3 group are equivalent on the NMR time scale and give
rise to a broad single peak at d��0.85. As the temperature is
lowered this peak broadens and finally splits into three signals.
This indicates that the BH3 group is fluxional in solution, most
likely undergoing rotation about the BÿP bond (DG=�
37 kJ molÿ1).

The resemblence of the NMR data of the BH3 group to
those of a pure borane adduct suggests that the BH3ÿP
interaction in 3 is best described as an adduct that coordinates
to a rhodium center through two three-center, two-electron
bonds. In terms of a metal complex, 3 could be formally

regarded as an 18-electron species with bonding vectors
towards the sulfur atom, the B4ÿB3 and B9ÿB4 edges of the
cluster, the phosphane group, and the BH3 unit; the novel
exopolyhedral ligand PPh2CH2PPh2BH3 acts as a six-electron
donor. Alternatively, 3 can be regarded as a saturated
rhodathiaborane that conforms to the polyhedral skeletal
electron pair theory description for an eleven-vertex nido
cluster.[15]

In conclusion, 3 is the first polyhedral borane derivative in
which a BH3 adduct coordinates to a metal center in a
bidentate fashion through the hydrogen atoms. We are
currently investigating the reactivity of 3 and of related
species.

Experimental Section

2 : PPh2CH2PPh2 (51 mg, 0.133 mmol) was added to a solution of 1 (32 mg,
0.042 mmol) in CH2Cl2. The bright red solution turned immediately bright
yellow. The reaction mixture was stirred at room temperature under
nitrogen. After 40 min the solvent was evaporated under vacuum. The
yellow residue was subjected to thin layer chromatography (TLC) with
CH2Cl2/pentane (3/2) as mobile phase, which gave rise to separation of 2 as
a yellow component with Rf� 0.4 (20 mg, 0.02 mmol, 48 %). 1H{11B} NMR
(500 MHz, CD2Cl2, 25 8C): d� 7.80 ± 6.52, (m, 40H, C6H5), 3.85 (s, 1 H, BH),
3.74 (s, 1H, BH), 3.27 (d, J� 23 Hz, 1H, BH), 2.83 (d, J� 12 Hz, 1H, BH),
2.11 (s, 1H, BH), 1.71 (s, 1H, BH), 1.68 (s, 2H, BH), 1.10 (s, 1H, BH),ÿ4.38
(s, 1H, m-H); 1H{31P} NMR (500 MHz, CD2Cl2, 25 8C): d� 4.29, 4.18 (both
pairs of AB d, 2J(H,H)� 14 Hz, 2H, CH2), 3.58, 2.83 (each d, 2J(H,H)�
16 Hz, 2H, CH2); 11B NMR (160.5 MHz, CD2Cl2, 25 8C): d� 14.7 (vbr, 1 B,
BH), 8.1 (vbr, 3 B, BH), 1.2 (vbr, 1B, BH), ÿ13.5 (vbr, 1 B, BH), ÿ14.9 (d,
1J(H,B)� 126 Hz, 1 B, BH), ÿ19.0 (d, 1J(H,B)� 126 Hz, 1 B, BH), ÿ29.2
(vbr, 1 B, BH); 31P NMR (202.5 MHz, CD2Cl2, 25 8C): d� 15.2 (dt,
1J(P,Rh)� 126 Hz, 2J(P,P)� 26 Hz), ÿ7.7 (ddd, 1J(P,Rh)� 122, 2J(P,P)�
13 and 63 Hz), ÿ26.9 (d, 2J(P,P)� 31 Hz), ÿ42.9 (br td,
1J(P,Rh)�2J(P,P)� 68, 2J(P,P)� 26 Hz); HR-MS (FAB Kratos MS-50,
3-NBA/Ar gas): m/z calcd for C50H52B9P4RhS: 1010.2633 [M�ÿH2]; found:
1010.2632.

3 : A 20-fold excess of BH3 ´ THF (0.34 mmol) was added to a solution of 2
(17 mg, 0.017 mmol) in CH2Cl2. The resulting orange solution was stirred at
room temperature under nitrogen for 20 h. The solvent was removed in
vacuum, and the resulting yellow residue was subjected to TLC with
CH2Cl2/pentane (3/2) as eluent. Two components were isolated: yellow and
UV-active bands with Rf� 0.4 and 0.5, respectively. Slow diffusion of
pentane into a solution of the yellow component in CH2Cl2 yielded air-
stable orange crystals of 3 (7.4 mg, 0.012 mmol, 71%). 1H{11B} NMR
(500 MHz, CD2Cl2, ÿ80 8C): d� 7.80 ± 6.52 (m, 20H, C6H5), 4.19 (s, 1H,
BH), 3.58 (s, 1H, BH), 3.12 (s, 1H, BH), 2.91 (br s, 1 H, BH3), 2.73 (br d, J�
17 Hz, 1H, BH), 2.47 (s, 1H, BH), 1.53 (s, 1H, BH), 1.18 (s, 2 H, BH), 1.09
(s, 1H, BH), ÿ0.24 (br s, 1 H, BH3), ÿ0.52 (br s, 1H, BH3), ÿ1.39 (s, 1H,
m-H); 1H{31P} NMR (500 MHz, CD2Cl2, 25 8C): d� 3.06, 3.36 (each d,
2J(H,H)� 15 Hz, 2 H, CH2); 11B{1H} NMR (160.5 MHz, CD2Cl2, 25 8C):
d� 17.2 (vbr s, 1 B, BH), 13.1 (br s, 1 H, BH), 10.8 (s, 1B, BH), 5.1 (s, 1 B,
BH), 1.9 (s, 1B, BH), ÿ14.3 (s, 1 B, BH), ÿ19.1 (s, 1B, BH), ÿ19.6 (s, 1 B,
BH), ÿ24.1 (br d, 1J(B,P)� 17 Hz, 1B, BH3), ÿ31.2 (br s, 1B, BH); 31P
NMR (202.5 MHz, CD2Cl2, ÿ50 8C): d� 49.3 (dd, 1J(P,Rh)� 151, 2J(P,P)�
6 Hz), 14.43 (vbr, 1P, PBH3); elemental analysis: calcd: C 46.88, H 5.51;
found: C 46.65, H 5.41; LR-MS (Finnegan TSQ-700, ESI, CHCl3/TFA): m/z
644 [M�]; parent envelope pattern conforms to values calculated from
isotopic abundances.

Crystal data were collected for both compounds on a Siemens CCD area
detector single-crystal X-ray diffractometer with w scans. Data reduction
and structure solutions were carried out with the SAINT and SHELXTL
software packages, respectively. Least square refinements were performed
with SHELXTL-97. Absorption correction was applied to the data by
equivalent reflections (SADABS).

2 : C102H114B18Cl4OP8S2Rh2, Mr� 2210.01, triclinic, space group P1Å, a�
13.6177(1), b� 18.8835(2), c� 22.6213(2) �, a� 102.61, b� 92.675(1),
g� 103.587(1)8, V� 5488.30(9) �3, 1calcd� 1.337 Mgmÿ3, Z� 2,
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Insect Desaturases as Unique Analytical Tools
To Unravel the Stereochemical Course of the
Reduction of Vicinal Ditosylates with Lithium
Aluminum Deuteride**
Isabel Navarro, Gemma Fabrias,* and Francisco Camps

The biosynthetic pathways of lepidopteran sex pheromones
involve the action of rather unusual desaturases, among which
the D11-acyl-CoA desaturases are the most common ones.[1]

As part of our ongoing studies on the determination of the
stereospecificity of fatty acyl desaturases from insects, we
have recently demonstrated that in the moth, Spodoptera
littoralis, formation of (E)-11-tetradecenoic acid takes place
by stereospecific removal of the pro-(R) C11-H and the pro-
(S) C12-H from myristic acid.[2] In contrast, desaturation of
myristic acid to (Z)-11-tetradecenoic acid occurs by stereo-
specific cleavage of pro-(R) C11-H and pro-(R) C12-H, in
agreement with the previously reported stereospecificities of
the related (Z)-11-palmitoyl CoA[3] and (Z)-9-stearoyl-CoA
desaturases.[4±6]

To continue our investigations, we required an expeditious
procedure for the synthesis of vic-dideuterated, enantiomeri-
cally pure fatty acids.[7] In this context, we thought that
asymmetric olefin dihydroxylation followed by tosylation and
reduction of the resulting ditosylate with lithium aluminum
deuteride might be an appropriate method. However, a recent
report on the occurrence of anchimeric effects in the
nucleophilic substitution of a vic-dimesylate[8] suggested that
the stereochemical outcome of the above procedure might be
not so straightforward as anticipated. Thus, the evaluation of
the stereochemical course of the proposed sythetic pathway
was a complex issue, since the determination of the relative
stereochemistry of deuterium atoms in the resulting vic-
dideuterated fatty acids is very cumbersome by current
analytical methods.

To solve this problem, we applied the above synthetic
procedure to the preparation of a vic-dideuterated fatty acid
suitable as substrate for a desaturase of known stereospeci-
ficity so that the result of the enzymatic reaction would reveal
the relative configuration of the vicinal deuterium atoms in
the probe. Since the stereochemical courses of both (Z)- and
(E)-11 desaturations of myristic acid in S. littoralis is known,[2]

the mass of the most abundant isotopomer of both (Z)- and
(E)-11-tetradecenoic acids formed in pheromone glands
of insects incubated with both the racemic mixtures of
the diastereomers of [11,12,13,13,14,14,14-2H7]myristic acid

m(MoKa)� 0.599 mmÿ1, T� 223(2) K. A total of 19166 (Rint� 0.100)
independent reflections were collected up to 2 qmax� 55.008. The final
wR(F2) for all unique reflections was 0.2162 with a conventional R(F) of
0.08123 for 19 166 reflections with I> 2 s(I) and 1259 parameters. The
molecule crystallizes with two molecules of CH2Cl2 and a molecule of H2O
in the lattice. The unit cell contains two unique molecules of the
metallaborane, only one of which is shown in Figure 1 without solvent
molecules.

3 : C25H35B10P2RhS, Mr� 640.54, monoclinic, space group P21/n, a�
13.2721(1), b� 11.5727(1), c� 19.9181(2) �, b� 94.898 (1)8, V�
3048.13(5) �3, 1calcd� 1.396 Mgmÿ3, Z� 4, m(MoKa)� 0.750 mmÿ1, T�
223(2) K. A total of 6964 (Rint� 0.07) independent reflections were
collected up to 2qmax� 55.008. The final wR(F2) for all unique reflections
was 0.0597 with a conventional R(F) of 0.0303 for 6943 reflections with
I> 2s(I) and 492 parameters.

Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC-103258 and
103259 for 2 and 3, respectively. Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: (�44) 1223-336-033; e-mail : deposit@ccdc.cam.ac.uk).
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