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The increasing importance of phosphorus compounds in synthesistherefore consistent with the sequence of reactions shown in eq 2.
and biology has stimulated extensive studies on new phosphorus-Similar results were observed for the reactiorilafith MesPH,
element bond-forming reactions via transition metal catalysis. which gave3b as a red solid in 71% yield. The dimeric nature of
Given the success of dehydrocouplings of silanes and relatedthis product was confirmed by X-ray crystallograghy.
compounds,similar metal-catalyzed reactions of phosphines should ' .
provide useful routes to phosphoruslement (P-E) bonded bra P2 pHAr Pre H\P/A’ 'gfz
compounds, especially since such reactions produce hydrogen as[ >Rh_b ArPH, \Hh/ y -PhMe ( i R ) )

P

_—2 - h
the only byproduct (eq 1). However, to date, this strategy has met ™ p” \ H.Ph b’ \/P\/ .

with limited success, perhaps because phosphine and phosphido ®r Pra 2 Pr Ar H Prp _

ligands inherently form strong, relatively nonlabile interactions with ! 2 331 ﬁ',Z ;’gs‘?%{";g,d
unsaturated metal speci€d.Group 4 metallocene catalysts dehy-

drocouple primary phosphines to cyclic oligomé&rs,and Cp*Rh- Interestingly, the reaction of PRH with 1 takes a somewhat

(CH,~=CHSIiMe;), is a catalyst for the coupling of secondary different course, to initially form#, which contains a diphenylphos-
phosphines to the corresponding diphosph&hd®ecently, our phine ligand. Wherl and PRPH were combined in a 1:1 ratio,
half of 1 was left unreacted (by NMR spectroscopy) after 50 min.
t. ; i
RRP-H + HEX, cat. RRP-EX, + My ) Thereafter,4 reacted slowly with the remaining amount bfto
give 3cafter 2 days. Botl3cand4 are red solids that were isolated

attention was attracted to the highly reactive (dippe)Rh (dippe in 91% and 87% yields, respectively, from reactions using 1 and 2

iPRLPCHCH,PPH) fragmen€ since we previously observed thata  €duiv of PRPH0L:
catalyst derived therefrom is active in promoting an intramolecular

. . ip lp i
C—H/P—H dehydrocoupling. This result suggested that related, 2 PhoPH PE /PHth 1 \rf EEZ /Prz
intermolecular dehydrocouplings might be possible via the general 1 T:m; [ /Rh\ [ /Rh/\ /Rh\ j (3)
mechanism of Scheme 1. Herein we communicate our preliminary P PPh,  slow P B P
fast Pry iPr, 2 ipy,
4 3c
Scheme 1
Hp Rh—PRR' H—EX, The phosphido complex&a—c and4 exhibit catalytic activity
}/' ' \( : (5 mol % in benzene) in the selective dehydrocoupling of
H_Rh/PRR H_Rh/PHR phosphines to the corresponding diphosphanes. \B#&has a
M Nex, catalyst, 13% of PhPHwvas converted to PhHFPHPh after 20 h
)\ ‘/< at 20°C, and3b provided a 51% conversion of MesPlb the
H—PRR' Rh—H RR'P—EX, corresponding diphosphane af h at 110°C. Whereas3c did

not produce diphosphane from reaction withbfH over 10 h at
results on efficient dehydrodimerizations of primary and secondary 70°C, 4 gave a 92% yield of BIP—PPh under the same conditions.
phosphines and the first heterodehydrocoupling of a phosphine with The latter results, and the influence of ancillary ligands and

a thiol. substrates suggest that the active catalyst is mononuclear (vide
When PhPH(0.29 mmol) was added to a solution of the benzyl infra).
rhodium complex (dippe)RpE-CH,Ph}2 (1, 0.29 mol) in benzene- Higher catalytic activities are exhibited by compléxused as

ds (2 mL) at room temperature, the color of the solution immediately an isolated compound or generated in situ from the reaction of (1,4-
turned from orange to red. A4 NMR spectrum after 0.5 hrevealed  cod)Rhg3-CH,Ph¥2 with dippe (Table 1}?2 When 5 mol % ofl

the formation of toluene and a rhodium hydride spe@idébr s, o was added to PhPHh benzene at room temperature, gas evolution
—8.27) bearing a benzyl group (br&3.35,CH,Ph). This complex, was immediately observed. After 3 h, PhHPHPh had selectively
presumed to be the oxidative addition product (dippe)Rh(H)(PHPh)- formed in 20% vyield as a 52/48 meso/rac mixture (by NMR
(CH,Ph)7 was observed to be part of a product mixture that also spectroscopy)® The yield of PhHP-PHPh slightly increased to
included diastereomers of the phosphido deriva@zé3a and3a’), 36% after 1 day; however, no further conversion was observed
observed as broad signals shifted to high field in $He NMR indicating deactivation of the catalyst. A similar result was obtained
spectrum, at-119.5 @a) and—125.2 3d') (eq 2;34/3d'/2 ratio with 1, generated in situ (run 2). It should be noted that the chelating
= 3/3/1). As indicated byH and 3P NMR spectroscopies, the  diphosphine ligand is crucial for the success of this coupling
hydride 2 gradually transformed tda at room temperature.  reaction. Thus, (1,4-cod)Ri-CH,Ph) alone did not catalyze the
Concentration and cooling of the reaction mixture gave a brown dehydrocoupling, even at €. Although the corresponding (&y
solid of the binuclear phosphido-bridged rhodi8a as a 1/1 PCH,CH,PCy,)Rh(73-CH,Ph) complex behaves similarly, giving
mixture of diastereoisomers 88 and3a’.2 The above results are  a 32% yield of PhHP-PHPh under the reaction conditions of run
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Table 1. Dehydrocouplings of Phosphines Catalyzed by 1 in Scheme 1. Ongoing studies focus on the optimization and scope
run phosphine conditions % yield® of these reactions and on further characterization of the mechanism.
1 PhPH 20°C,20h (3h) 36 (20) Acknowledgment. The authors thank the National Science
2 20°C, 20 It sl Foundation for support of this work. L.-B.H. was on leave from
3 5 mol % dippe, 20C, 20 h 51 h . | . f ial Sci hnol
4 2-EtGHPH, 20°C, 20 h (3 h) 74 (61) the National Institute of Advanced Industrial Science and Technol-
5  24-PrGHsPH; 20°C,20h (3 h) 80 (64) ogy, and thanks a JSPS Overseas Research Fellowship for the
6 MesPH 70°C,18h (3 h); 110C3h 68 (59); 81 support of his visit.

7 2,4,6i-PrCeHPH,  70°C, 18 h (3h); 110C3h 71 (66); 93
8 PhPH 70°C, 8(3) h 91 (76) Supporting Information Available: Full characterization data for
__ ' - 3a—¢, 4,5, 6, 7b, and NMR spectra of related Rh intermediates; detailed
2 Catalyst generated in situ from a Rh(cod)Bz/dipp&/1 ratio mixture. reaction conditions and identification of the coupling products. This

b Estimated fron?!P NMR. All (ArHP), are ca. 1/1 meso/rac mixtures (see

Supporting Information for details). material is available free of charge via the Internet at http://pubs.acs.org.

2, other phosphines, both monodentas® RR= Et, t-Bu, Ph) and References
bidentate RPCH,CH,PR, (R = Me, Ph), did not produce the (1) (a) Hirao, T.; Masaunaga, T.; Yamada, N.; Oshiro, Y.; AgawaBll.

coupling product at all (20C, overnight). The nature of the rhodium (T:QS,Te'r S,SIC: %‘fggﬁz &5’ gggérfg)m';ter%hgﬁgggsge{'z Agé H(ig)gsHtég"';
precursor complex also seems critical, as the [Rh(codibpe L.-B.; Tanaka, M.Chem. Commur.999 395. (d) Hirai, T.; Han, L.-B.
combination exhibited no catalytic activity. This presumably results 3. Am. Chem. Gsﬂzagofiolrég‘nﬁfgfaﬁﬁgé%'%1%“2”7%%8%5'33% R A
from the inability of this system to form a phosphido complex upon Montchamp, J.-LJ. Am. Chem. So@002 124, 9386. (g) Moncarz, J.
it i i i R.; Laritcheva, N. F.; Glueck, D. 9. Am. Chem. So2002 124, 13356.
addition OT .the phqsphlr?e substrate. Interes.tmgly’ in the presence (h) Shulyupin, M. O.; Kazakova, M. A.; Beletskaya, |.®xg. Lett.2002
of an additional dippe ligand (run 3), the yield of PhHPHPh 4,761.
was improved from 36% to 51%8.The dehydrocoupling reaction @ g&uvm, F.; Harrod, J. F.; Woo, H. @dv. Organomet. Chen.99§ 42,
is highly sensitive to the nature of ortho substituents on the aryl  (3) oligomerizations of RPHwith Ti and Zr: (a) Fermin, M. C.; Stephan,
ring of the phosphine substrate. Thus, the introduction of 2-Et (run ghg\r/ﬁ J-I/:tméggggnd 380.3192 %&)leiﬁ%ﬁ. \(Iezjgtzphgn_, Bér\?gggJeW# )
4) and 2'Pr (run 5) groups to the aryl ring of a primary phosphine Samuel, E.; Lebuis A.-MJ. Am. Chem. Sod997, 119 5307. For Cp*Rh-
greatly increased the reactivity, resulting in high yields of the (oleﬁg)zgaﬁaly%edpdmxdEOCOEﬁlmtg?\:f phos%hr:nes alt ft"gEh éggp%atures,
coupling products even at room temperature. With more hindered ~ §5¢ { ()foropg;;H"m% gl aftee 57 P ok vEC i B, for
aryl substituents (runs 6 and 7), however, the dehydrocoupling did PhPH, 3% yield at 145°C after 18 h).
not proceed at room temperature and heating was required. The Eeé?r%)gghﬁ_’fgcf’g’;wg; (Sz ﬁ{%ﬂg&%@“dgé nga' i_z'bgg.”(%()j’
dehydrocoupling of the secondary phosphineF*h proceeds Copolymlerization of PhEHand BH: D?lm, H.; Singh, R. A; Maﬁsey,

H : J. A.; Nelson, J. M.; Jaska, C. A.; Lough, A. J.; Manners, IAm. Chem.
5'“99'5h_'y at room temperature. qun heating afCQhowever, Soc.200Q 122 6669. (c) Dehydrocouplings of phosphine-borane ad-
a high yield of the product was obtained (run 8). ducts: McWilliams, A. R.; Dorn, H.; Manners, Top. Curr. Chem2002

Significantly, the application of this new rhodium catalyst system g)QF%;zlek, M. D.; McConville, D. H.; Rettig, S. J. Organomet, Chem.
is not restricted to homodehydrocouplings. Investigations on the 1993 "445 245. (b) Rosenberg, L.; Fryzuk, M. D.; Rettig, S. J.
possibility of phosphorussulfur coupling began with examination gf%?S?gﬂi?ﬂZ%ﬁi%é%egig %%)ff_y(zd‘ﬁk’px'sz; IF\QA??D?O%%%ESL%%&%?’
of reactions of phosphido rhodium complexes with PhSH, which K. B.; Rettig, S. J.. Haegele, GOrganometallics1996 15, 2083. (e)
proceed readily with elimination of the phosphine (eq 4). Thus, gzg%;‘ﬂygjk Rhﬁsgﬁbsg%éhae'?gnll_g; Sélt?ggs'gg?ﬁ Oﬁﬁéﬁﬁ%&%ﬁ%
when an excess of PhSH (3 equiv) was added to a suspension of 10, 2537. (g) Fryzuk, M. D.: Piers, W. E.; Einstein, F. W. B.: Jones, T.
3b in benzene at 28C, the formation of MesPH(—156.8 ppm) Can. J. Chem1989 67, 883. (h) Fryzuk, M. D.; Jang, M. L.; Jones, T,;

d6 (88.3 16 d h P NMR t Elnsteln, F. W. B._Can. J. Chem'l986 64, 174. )
and6 (88.3 ppm)'® occurred as shown b¥ Spec roscqpy. (6) Stradiotto, M.; Fujdala, K. L.; Tilley, T. DHelv. Chim. Acta2001, 84,
After 2 h at 70°C, 3b was completely consumed to give a 2958.

transparent orange solution containifg7a, (—86.4 ppm, Rh- ) Qgcgggg‘sﬁttﬁ)% {g);at'on 02 was not successful owing to its ready

PHMes) and MesPHin a ratio of 3/60/37. Reactions of PhSH with (8) Related phosphido-bridged complexes have been prepared by other

[ methods. (a) Kreter, P.; Meek, D. lhorg. Chem 1983 22, 319. (b)
3cand4 occurred similarly, to produce the complex analogous to Fultz, W.: Rheingold, A. L.. Kreter, P. E. Meek, D. Wihorg. Chem

7a(7b). However in this case, unlike fata, the equilibrium greatly 1?]83 22, 860. (c) Burkh(adr;jt, E. W.; Mercer, W. C.; Geoffroy, Gghorg.

. : : o Chem 1984 23, 1779. Jones, R. A,; Norman, N. C.; Seeberger, M.
fav_ors fqrmatlon of the monorhodlum_ complex, and tr_us facilitated H. Organometaliics983 2, 1629 (e) Arif, A. M.. Jones, R. A.. Heaton,
its isolation. Furthermore, the catalytic dehydrocoupling off*h D. E.; Nunn, C. M.; Schwab, S. Tnorg. Chem 1988 27, 254.

(9) We thank B. V. Mork for performing this X-ray analysis (unpublished).
(10) Complex4 was not regenerated from a mixture3afand additional PR

Pro pph Pr Pra PH at room temperature
2PhSH F’\ N /P 2 RgPH N /PHH2 (11) Complexe8a—c F:;re stable to 116C for 10 h. However, when heated to
3b [ N j = ( Rh () 70 °C for 3 h,4 decomposed to free BPH, PhHPPHPh and a hydrido
(3c,4) -2RPH N/ g7 N, p” sph rhodium complex, presumably [(dippe)Rfl-H)(u-PPh) (5). Complex
iPr, FPh iPr, Pry 3c was not detected as a product. Note tbatloes not catalyze the
6 7a, R,PH = MesPH, dehydrocoupling of PIPH. : o
7b, RoPH = PhoPH (12) The generated catalyst in situ showed higher catalytic activity 3aan

¢, but activity similar to that of4.
(13) The product PhAHPPHPh was identified by comparison oHtand 3P
with PhSH was observed to readily form JPISPh (eq 5),5 NMR data with those reported (ref 3c). When the reaction was carried
out at higher temperatures, further reaction of PhHPPHPh took place to
give a complicated mixture (see Supporting Information for details).

Ph.PH + PhSH Smol% 1 Ph.P-SPh + H ) (14) We have confirmed that PhRE&an replace dippe from compl&a Once
2 CeDe. 110 °C. 20 h 2 2 dippe is replaced the catalyst loses its activity. The addition of excess
6-6 ’ 7% dippe presumably delays this deactivation process.
(15) For a related rhodium-catalyzed dehydrocoupling of silanes with thiols,
In summary, a simple and versatile catalyst system has been 50 ggr“ah' J. B.; Osakada, K.; YamamotoOFganometallics1996
found for dehydrocoupling reactions of hydrophosphines. These (16) cémple_xe was separately generated via reactiorilafith PhSH (see
catalytic reactions appear to involve intermediate, mononuclear Rh Supporting Information).

phosphido species which operate by the general mechanism depicted JA065346+
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