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Summary: Differences in the reactivity of saturated and 
unsaturated chelating bis(ph0sphine)rhodium complexes 
with thexylborane are described. Reaction of 
[(Pr',PCH,),]Rh(q-2-Me-allyl) with thexylborane leads to 
B-C bond formation at both allyl termini. 

We recently reported1 the preparation and molecular 
structures of Ir-BR2, -BRH, and -CH2BR2 complexes via 
oxidative addition of B-H bonds and are currently in- 
vestigating their reactivity with unsaturated organic sub- 
strates. Identification of various modes of reactivity of 
transition-metal hydrides and alkyls with organoborane 
reagents is particularly important, as these species are all 
present in solution during rhodium-catalyzed alkene hy- 
droborations.2 We now describe the reactions of thex- 
ylborane ([BH(CMe2CHMe2)(p-H)I2) with chelating bis- 
(ph0sphine)rhodium hydride, alkyl, and allyl complexes. 

The saturated rhodium hydride (DMPE)2RhH3 (DMPE 
= (Me2PCH2)2) reacts with 0.5 equiv of thexylborane4 via 
hydride transfer to give yellow [ (DMPE)2Rh]+[BH3- 
(thexyl)]- (11, characterized by comparison of multinuclear 
NMR spectra with those of [(DMPE),Rh]C15 and Li- 
[BH,( the~yl) l .~  

In contrast, the unsaturated rhodium hydride dimer' 
[ (DiPPE)Rh(p-H)], (DiPPE = [Pri2PCH2I2) reacts with 
0.5 equiv of thexylborane to give red crystals of the di- 
nuclear complex [ (DiPPE)Rh] 2( p-H) [ p-v2-H2BH( thexyl)] 
(2). Further addition of thexylborane affords orange 
crystals of mononuclear (DiPPE)Rh[v2-H2BH(thexyl)] (3). 
Complexes 2 and 3 were characterized by high-resolution 
MS, IR, and multinuclear NMR spectroscopy8 and, for 2, 
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by a single-crystal X-ray diffraction study. The molecular 
structureg of 2 (Figure 1A,B) consists of two distorted 16e 
square-planar Rh(1) centers bridged by hydride and 
thexylborohydride ligands. The two square planes are 
twisted with respect to one another (dihedral angle 54.8') 
to accommodate the disparate bridges. Similar effects have 
been observed in two related structures with bridging 
(BH4)- ligands.1° As expected, 2 is fluxional in solution. 
The inequivalent P's of the DiPPE ligands, which a t  -60 
"C constitute the A2A'2 portion of a complicated 10-spin 
system, are averaged at  25 OC, giving rise to one doublet 
31P NMR resonance (JPRh = 170 Hz). In the 'H NMR 
spectrum of 2, the inequivalent Rh-H-B bridges and the 
terminal B-H of the thexylborohydride ligand undergo 
rapid exchange; a single broad resonance at  6 -4.0 is ob- 

(8) Selected NMR spectral data in toluene-d, at 25 'C are as follows. 
2: slPllHl 100.8 ppm (br d, JpRh = 170 Hz), a t  -40 'C, 104.2 (d d, Jpw 
= 178, 2Jpp = 26 Hz), 97.0 ppm (d d, JpRh = 169 Hz); IlB 'H 35.9 ppm 
(br): 'H 6 -3.70 (br, 2 H, RhHB), -9.63 (tr quint, JHfi = iJ I = 20 Hz, 
1 H, RhHRh). 3: 31P(1HJ 112.9ppm (d, Jpm = 163 Hz); llB(rHI 1.7 ypm 
(br): IH 6 -1.53 (br, 2 H, RhHB); 'HII'B] 6 -1.53 (d tr, JHRh = 23, JHP 
= 15 Hz). 4 "B -15.5 ppm (tr, J B H  = 66 Hz). 5: 31PllHJ 102.2 ppm (d, 

180 Hz); "B('HJ 5.4 ppm (br); 'H 6 2.67 (mult, 1 H, <me-), 1.33 

RhHB); 'H{"BJ 6 -5.98 (d tr, JHRh E 20, 'JHP 
(9) Crystal data for 2 (from THF-hexane): C HalBP,Rh2, fw 830.55, 

monoclinic, space group a = 19.237 (6) 6 b = 12.067 (2) A, c = 
19.496 (4) A, p = 109.67 (I)', V = 4261.6 A3, Z = 4, p(ca1cd) = 1.294 g 
cm-3; T = 203 K. Anisotropic refinement of all non-hydrogen atoms (Hl,  
HI', HI", H2 isotropic, remaining H s  fixed; 386 variables) by use of 7604 
reflections with I > 3u(1), from 10504 unique data collected, gave R = 
0.027, R, = 0.028. Full details are provided in the supplementary ma- 
terial. 

(10) [(rl-CSMeS)IrHJ2(~-H)(~-H2BH2): Gilbert, T. M.; Hollander, F. J.; 
Bergman, R. G. J. Am. Chem. SOC. 1985, 107, 3508. [Mn(CO)&(r- 
Ph2PCH*PPh2)(r-H)(p-H2BH2): Carreno, R.; Ruiz, M. A.; Jeannin, Y.; 
Philoche-Levisalles, M. J. Chem. SOC., Chem. Commun. 1990, 15. 

J p f Y =  (d, . JHH = 6 Hz, 3 H, -CHMe-), -1.34 (br, 1 H, BHB), -5.98 (br, 2 H, 
13 HZ). 
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Figure 1. (A) Molecular structure of [(DiPPE)Rh],(p-H)(p-BH,(thexyl)) (2). (B) Detail of the bridges in 2. (C, D) Molecular structure 
of (DiPPE)Rh(DIBOR) (5; two views). In views C and D, hydrogen atoms (except those on B or Rh) are omitted for clarity. 

served, even a t  -100 "C. A slower exchange of the thex- 
ylborohydride H's with the Rh-H-Rh bridge was demon- 
strated by magnetization transfer experiments. At  25 "C, 
the Rh-H-Rh bridge is observed as a triplet of quintets 

The 'H NMR spectrum of 3 contains a broad resonance 
a t  6 -1.53, which gives rise to a doublet of triplets upon 
"B decoupling ( J H R h  = 23 Hz, ' JHp = 15 Hz) and is also 
assigned to rapidly exchanging terminal and bridging H's 
of the v2-thexylborohydride ligand. Assignment of the 
bidentate coordination mode (vs tridentate) of the thex- 
ylborohydride ligand is based on the observation of a weak 
terminal B-H stretch a t  2270 cm-I in the IR spectrum of 
3 (vs 1825 cm-I for Rh-H-B stretch). 

The methylrhodium complex (DMPE),RhMe3 reacts 
with thexylborane t o  form initially yellow 
[ (DMPE),Rh] [BHzMe(thexyl)] (4), which slowly converts 
to (DMPE),RhH, and presumably [BMe(thexyl)(p-H)],.ll 

The unsaturated allylrhodium complex (DiPPE)Rh( 7- 
2-Me-allyl)" reacts with 1 equiv of thexylborane dimer to 
form two B-C bonds, yielding (DiPPE)Rh(DIBOR) (5, 

at 6 -9.63 ( J H R h  = 'JHP = 20 Hz). 

DIBOR = 1,5-(p-hydrido)-1,5-dithexyl-3-methyl-l,5-dibo- 
rapentane). The molecular structure13 of 5 (Figure lC,D) 
consists of a 16e square-planar Rh(1) center coordinated 
to the [BH(thexyl)CHzCHMeCHzBH(thexyl)] (p-H) moiety 
through two Rh-H-B bridges. The latter give rise to a 
broad 'H NMR resonance at  6 -5.98 (doublet of triplets 
with I'B decoupling, J H m  = 20 Hz, 'JHp = 13 Hz). A broad 
B-H-B resonance is observed a t  6 -1.34. The formation 
of 5 involves two processes, namely hydroboration of the 
allyl ligand and insertion of thexylborane into a Rh-C 
bond. As a result, both ends of the allyl group are deriv- 
atized in a single reaction. The details of this process are 
being investigated with use of the hindered dialkylborane 
9-borabicyclo[ 3.3.11 nonane (9-BBN). 

The reactions described above demonstrate insertion of 
B-H bonds into Rh-H and Rh-C bonds and abstraction 
of hydride and methyl ligands from Rh by thexylborane. 
In addition, reaction of thexylborane with a (a-allyllrho- 
dium complex leads to B-C bond formation at  both allyl 
termini. The reactivity of complexes 2, 3, and 5 with 

( 1 1 )  The "B NMR chemical shift of the purported [BMe(thexyl)(p- 
H)], (27.3 ppm) is typical of H-bridged dimeric organoboranes. See: 
Niith, H.; Wrackmeyer, B. Nuclear Magnetic Resonance Spectroscopy 
of Boron Compounds; Springer-Verlag: New York, 1978. 

(12) Fryzuk, M. D. fnorg. Chem. 1982,21, 2184. 

(13) Crystal data for 5 (from hexane): CmH BZPzRh, fw 616.27, or- 
thorhombic, space group P2 2,2,, a = 10.695 (3)% b = 17.994 (4) A, c = 
18.736 (5) A, V = 3606 (2) Ad, 2 = 4, p(ca1cd) = 1.135 g cmd, T = 295 K. 
The bridging hydrogen atoms (Hl ,  H2, H3) were located but not refined. 
Anisotropic refinement of all non-hydrogen atoms by use of 2768 re- 
flections with f > 3 4 0 ,  from 3555 unique data collected, gave R = 0.051, 
R, = 0.054. Full details are provided in the supplementary material. 
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unsaturated organic substrates is under investigation. neering Research Council of Canada. 

S u p p l e m e n t a r y  Material Available: Tables  of atomic co- 
and L* Lardear for expert assistance* ordinates,  anisotropic thermal parameters,  and bond distances 

and angles for 2 and 5 (11 pages); tables of observed and calculated 
s t ructure  factors (32 pages). Ordering information is given on 
any  current  masthead page. 
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Summary: Treatment of methyl alkynyl sulfides with low- 
valent tantalum (TaCI, and Zn) in 1,2-dimethoxyethane 
(DME) and benzene produces unisolable tantalum-alkyne 
complexes, which react with carbonyl compounds at the 
2-position of the alkenyl sulfides to give (E)-3-hydroxy-1- 
propenyl methyl sulfide derivatives in a regio- and ste- 
reoselective manner. 

Easy access to metal complexes of functionalized alkynes 
would widely extend the applicability of the metal-alkyne 
complexes in organic synthesis.' Little is known about 
the metal complexes of hetero-substituted alkynes in 
contrast to dialkyl- or silyl-substituted alkynes. In 1989, 
however, Livinghouse and co-workers have demonstratedlc 
that zirconium complexes of alkynyl sulfides exhibit sig- 
nificant stabilization and that the thioalkyl group can be 
used to control the regiochemistry in subsequent coupling 
with other alkynes. We disclose herein the preparation 
of' tantalum complexes of alkynyl sulfides and sulfones (not 
isolated) and cross-coupling of the tantalum complexes 
with carbonyl compounds under high stereocontrol. 

Formation of tantalum-alkyne complexes from alkynyl 
sulfides2 proceeds faster than that of tantalum-dialkyl- 
acetylene complexes.'g Alkenyl sulfides were produced 
after alkaline workupe3 Pretreatment of low-valent tan- 
talum with pyridine before the addition of alkynes pre- 
vented the formation of 1-chloro-1-alkenyl sulfides as 
byproducts. Although 2 isomers were obtained predom- 
inantly, the Z / E  selectivities of the sulfides varied with 
the hydrolytic conditions. Addition of 20 equiv of pyridine 
before alkaline workup was found to suppress the isom- 
erization, and (2)-alkenyl sulfides were obtained under 
high stereocontrol (Table I). Complexation of alkynyl 
sulfones4 with the low-valent tantalum proceeded slowly 
(runs 5-7). (ZhAlkenyl sulfones were produced exclusively 
from the corresponding alkynyl sulfones after the com- 
plexes were quenched with water. In contrast to the alk- 
ynyl sulfides and sulfones, treatment of alkynyl sulfoxides 
1 with the TaCls-Zn system did not give the corresponding 
alkenyl sulfoxides but afforded a mixture of 1-chloro-1- 
alkenyl sulfides 2 and (2)-alkenyl sulfides 3 (eq l).5 

7 TaC'5J '" RY.4e RwSMe 
R - E - S - M e  - - + (1) 

DME, PhH Hz0 
1 25'C, 0 5  h 25'C, 1 h 2 3 

a: R:n-C&i21 6 4 %  9 % 

'Dedicated to the memory of Professor John K. Stille. 

T a b l e  I. Preparation of (2 ) -Alkeny l  Su l f ides  and Su l fones  
by  Hydrolysis  of the Cor respond ing  Tantalum-Alkyne 

Complexes 

Ri-E-ZR2 , : , RI,/zR~ 

run R' ZR2 method" t / h  yields/%* Z / E c  
1 n-CloH21 SMe A 0.75 97 9812 
2 S P h  A 1 96 9317 
3 c-C,Hll SMe A 0.5 75 9812 
4 P h  SMe A 0.5 91 9812 
5 n-CloH21 S02Me B 2.5 72d lOOj0 
6 S02Ph B 22 6gd lOOj0 
i c-C8Hll SO,Me B 2.5 68d 100/0 

a Reactions were performed on a 1.0 mmol scale a t  25 "C. Me- 
thod A: Two millimoles of TaCI,, 3.0 mmol of zinc, and 1.0 mmol 
of' pyridine were employed. Additional pyridine (20 mmol) was 
introduced to  the reaction mixture before hydrolysis with a NaOH 
solution ( I s%,  2 mL). Method B: Three millimoles of TaC1, and 
4.6 mmol of' zinc were employed. The  reaction was quenched with 
water (3 mL). Isolated yields. Geometric purity was ascertained 
hy 'H or 13C NMR and/or  capillary GLPC analysis. dReference 6. 

A. A, A NaOH/HzO 
Tack,, Zn, (pyridine) (pyridine) 6 H20 

' DME, PhH, 25T, t h 25T, 1 h 

In the case of unsymmetrical alkynes, the reaction of 
metal-alkyne complexes with carbonyl compounds could 

(1) Some representative examples of reactions of metal-alkyne com- 
plexes with carbonyl compounds. For Zr, see: (a) Buchwald, s. L.; Lum, 
R. T.; Dewan, J. C. J. Am. Chem. SOC. 1986,108,7441. Buchwald, S. L.; 
Watson, B. T.; Huffman, J. C. Ibid. 1987, 109, 2544. Buchwald, S. L.; 
Nielsen, R. B. Chem. Reo. 1988,88, 1047. (b) Takahashi, T.; Swanson, 
D. R.; Negishi, E. Chem. Let t .  1987,623. (c) Van Wagenen, B. C.; Liv- 
inghouse, T. Tetrahedron Lett. 1989,30,3495. For Nb, see: (d) Hartung, 
,J. B., J r . ;  Pedersen, S. F. J. A m .  Chem. SOC. 1989, 222,5468. Pedersen, 
S. F. In Abstracts o/ Papers, 194th National Meeting of the American 
Chemical Society, at  New Orleans, Fall 1987; American Chemical Society: 
Washington, DC, 1987; ORC 218. (e) Kataoka, Y.; Miyai, J.; Tezuka, M.; 
Takai, K.; Oshima, K.; Utimoto, K. Tetrahedron Let t ,  1990,31,369. (fl 
Williams, A. C.; Sheffels, P.; Sheehan, D.; Livinghouse, T. Organo- 
metallics 1989,8, 1566. For Ta, see: (9) Takai, K.; Kataoka, Y.; Utimoto, 
K. J .  Org. Chem. 1990,55, 1707. (h) Strickler, J. R.; Bruck, M. A,; Wexler, 
P. A.; Wigley, D. E. Organometallics 1990, 9, 266. 

(2) Brandsma, L. Preparative Acetylenic Chemistry, 2nd ed.; Elsevier: 
Amsterdam, 1988; p 132. 

(3) Kataoka, Y.; Takai, K.; Oshima, K.; Utimoto, K. Tetrahedron Lett. 
1990, 31, 365. 

(4) Trost, B. M.; Curran, D. P. Tetrahedron Let t .  1981, 22, 1287. 
( 5 )  Deoxygenation of 1-dodecynyl methyl sulfoxide ( l a )  to the corre- 

sponding sulfide with low-valent tantalum could occur prior to the for- 
mation of a tantalum complex of the sulfoxide la .  Both 1-chloro-1-alk- 
enyl sulfide 2a and alkenyl sulfide 3a could stem from 1-dodecynyl 
methyl sulfide, because (i) treatment of 1-dodecynyl methyl sulfide with 
TaCI, in the absence of pyridine at  25 O C  for 2 h afforded 1-chloro- 
dodecenyl methyl sulfide (2a) in 50% yield and (ii) the yield of 2a de- 
creased and that of 3a increased with increasing the amounts of low-va- 
lent tantalum. 

(6) Reduction of a sulfonyl group to a sulfide took place as a side 
reaction. 

0276-7333/90/2309-3030$02.50/0 0 1990 American Chemical Society 


