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Many reactions rely upon the activation of an electrophile via dissociated from the ruthenium center to yiéldisolated as the
coordination to a Lewis acidic metal catalyst, followed by attack borane complex).
of an external nucleophile. The inverse situatidhe activation of

a nucleophile via coordination to an electron-rich metal center Ve 17 PhA:,,I/Br By Br BH;

remains a largely unexplored area of catalysidie high nucleo- /\p\/Ph 4 1 ! . P—Ph @
e s . - -BU

philicity at phosphorus of late transition metal phosphideRR,) (dmpejaRu. Ph THF THF, 45 °C Me

. . . . . 5.Br 66% 2. BH3*THF 6
complexed provides an excellent opportunity to investigate this - 0%

reactivity. We therefore sought to synthesize electron-rich metal
phosphido species and investigate their substitution chemistry. After ~ Two of the transformations discussed abedeprotonation (eq
establishing its enhanced nucleophilicity, we hoped to utilize these 1) and alkylation (eq 2jprovide the basis for a proposed catalytic
compounds in the asymmetric catalytic synthesi®stereogenic  Cycle. As depicted in Scheme 1, phosphido complesndergoes
phosphinegP These enantioenriched phosphines are employed as

. . i, Rk Scheme 1
ligands in late transition-metal-catalyzed asymmetric reactibns,

have seen little use to date, due to the dearth of efficient methods Me R—X Me R—| X
for their preparatiod.Herein, we report the synthesis and reactivity ,ikph ( ,i)iph

of a highly nucleophilic Ru(ll) phosphido complex and its applica- (Rul\ Rul,

tion in a novel catalytic enantioselective alkylation reaction. A B
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On the basis of the strong basicity and nucleophilicity of

previously reported iron and ruthenium amido complexes, particu- glkylation with an electrophile. As observed in the reactiort of
larly (dmpe}M(H)NH; (dmpe= 1,2-bis(dimethylphosphino)ethane,  ith neopentyl bromide, the tertiary phosphine of cationic complex
M = Fe? RWf), an analogous phosphido complex (dmpe)H)- B can dissociate from the metal center, providing coordinatively
(PMePh)1 was synthesized (eq I)Abstraction of the chloride  ynsaturated RuH complexC. Association of a secondary phos-
ligand from (dmpeyRu(H)(CI), followed by addition of 1 equiv of  phine toC generates compleR. Deprotonation oD regenerates
methylphenylphosphing, afforded cationic phosphine complex  metal phosphido comple&, closing the catalytic cycle.

2-BPhs. Deprotonation of this complex with KHMDS afforded In developing a catalytic asymmetric alkylation reaction, the 1,2-

ruthenium phosphido complek bis((2R,5R)-2,5-dimethylphospholano)ethan&(R)-Me-BPE) ana-
Crystals ofl and2-BPh, suitable for X-ray diffraction analysis  jogue of 1 was synthesized as a single diastereomdhe

were obtained from concentrated THF solutions cooled35 °C. stoichiometric alkylation of diastereoput@ R)-Me-BPE phosphido

The Ru-P bond in the cationic complexBPh is lengthened from  complex7 with benzyl chloride afforded the corresponding tertiary
2.342 to 2.513 A upon deprotonation to fofiniThis bond lengthen-  phosphined (following borane protection) with low, but promising,
ing is consistent with a fillegfilled dz—ps repulsive interactio?t enantioselectivity (eq 3).

between the phosphido moiety and the electron-rich zafisic

ruthenium atom. The sum of the angles around the phosphido BH, 1;;‘3‘;\‘},3";10 —
phosphorus irl (327.2) provides evidence that there is minimal (P"";"“P lequvBnCl //P\Bn 1.2 equiv KOEt P'».ARA.“\P) -
back-bonding to the ruthenium center from the phosphido ligand. \-p~ ,;u‘p THF Mé THF p” HU\P

then BH;* THF 9 then BH3* THF

Having synthesized the desired phosphido complex, experiments 7
were conducted to evaluate its nucleophilicity at phosphorus. diastoreomer
Ruthenium phosphidd displaces halides and tosylates from a wide
variety of electrophile§.Two informative examples are discussed Satisfyingly, a catalytic amount of [R)-Me-BPE}Ru(H)]-

(eq 2). Addition of 1 equiv of the bromomethylcyclopropahto [BPhy] 8-BPh, also afforded phosphine bora@ewith enantiose-

a solution ofl in THF afforded complexs-Br; no cyclopropane lectivity. Thus, the proposed catalytic cycle is a potentially viable
ring scission was detected, providing strong evidence against amethod for the asymmetric alkylation of secondary phosphines.
radical pathway for the substitutiofh.also underwent substitution In optimizing the catalytic, asymmetric phosphido alkylation,
with neopentyl bromide, a traditionally poog&substrate, within sodiumtert-amyloxide was selected as the most suitable base with
36 h at 45°C; the resulting methylneopentylphenylphosphine regard to two critical criteria: (1) its ability to regenerate a Ru

8-BPh,

20% ee 5 mol%

2786 = J. AM. CHEM. SOC. 2006, 128, 2786—2787 10.1021/ja058100y CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Table 1. Catalyst Optimization Table 2. Enantioselective Alkylation with Alkyl Chlorides
Phoprte ></ 1 _10mol% [LRuHI" i Php-Me ></ cl 10mor 10 i
_— Ph | + + R— P
o Neo ' ©/\ THF P/ 4 Nao THF, 30°C,60h PN/ R
then BH,* THF Me 3 then BHa» THF Me
3 9
entry product %vyield® % ee’
entry ligand temp (°C) time % ee? ) = R=H () o1 s (920)
DomwsE 2 o a2 T oo
-| - - 7 ' =
3 (R-Ph-PHOX 23 1h 10 > RI— I(\)Af,[ 2(5) gg
4 (S-Bn-PHOX 23 1h 7 ©
5 (R)-i-Pr-PHOX (L0) 23 1h 27 (8) BH,
6 (R,R-Me-BPE -30 48h 19 5 _P 92 57
7 (R)-Me-PHOX -30 60 h 11 Ph"/
8 (R)-i-Pr-PHOX (L0) -30 60h -79 Me Me
9 (9-i-Pr-PHOX -30 60 h 75 BHs O
P
aMeasured by chiral HPLC. Negative ee denotes opposite enantiomer. 6 Ph// O 96 9
b With 2 mol % catalyst loading: Reaction with benzyl bromidé.The % Me
ee reported as an average of four trials.
. ) . i H:B BH, 87 749
phosphido complex to A in Scheme 1), and (2) its noncompeti- \ d
. . N
tive background reaction. Ph;é \P rl]vle
Having demonstrated proof of principle (eq 3), the catalytic BH, N\, BH
alkylation of3 with benzy! chloride was examined with a variety of 8 ,':Sv(j\/,':i X=CH 86 95
chiral hydrido ruthenium complexes (Table 1). The substituted phos- 9 Mer/ X Swe! X=N 89 84
phine was isolated as the air-stable benzylmethylphenylphosphine BH, ~
borane9. Ruthenium catalysts witlC,-symmetric diphosphine 10 _P SN | 94 48
ligands overall gave low enantioselectiviti€otably, reducing the P',{,.e/
catalyst loading from 10 to 2 mol % resulted in only a slight de- BHy 0\
crease in the enantiomeric excess, demonstrating the efficiency of 11 /|': ~ 80 68
the metal-catalyzed reaction (entry 1). Phosphino-oxazoline (PHOX) P’,{,,e/
ligands also resulted in low enantioselectivities (entries5R BHs
Reaction with the more reactive benzyl bromide gave a significant 12 N 70 57

decrease in the enantioselectivity (entry 5). Upon lowering the Pr':/le

reaction temperaturgs t630°C, .however, the-Pr-PHOX catalyst a|solated yields? Measured by chiral HPLC. The % ee after a single

10 afforded phosphine borargein 79% ee (entry 8). recrystallizationd A 33:67 mixture ofC,:meso diastereomers determined
The temperature-optimized conditions with cataly@tvere then by HPLC.®A 74:26 Czmeso dr.f A 58:42 Cxmeso dr8 Reaction with

applied to the asymmetric alkylation of secondary phosp&iwith ethyl bromide.

a variety of substituted benzylic chlorides (Table 2). The reaction

toleratespara-substitution, particularly electron-donating groups

(entries 3 and 4). Chloro substitution was also tolerated in the

reaction (entry 2). Substrates with substitution inadniao position

reacted efficiently, although with lower enantioselectivities (entries

5—7). Chelating bisphosphines were efficiently synthesized (entries )

7 and 8); a chiral pincer ligand (entry 8) was obtained from the @ R‘r'ﬁfsgﬂéh.Péocao%ﬁf"lezrgolns'ﬁ%_'igG'Bz'f"CkmO“d' D. G.; Jacobsen, E. N.

double substitution in 95% ee. Heteroaryl substrates were tolerated (2) (a) Buhro, W. E.; Zwick, B. D.; Georgiou, S.; Hutchinson, J. P.; Gladysz,

; Fn B : ; ; ; 0, J. A.J. Am. Chem. S0d.988 110, 2427-2439. (b) Crisp, G. T.; Salem,
(entries 9-11), giving a chiral pyridyt-pincer ligand in 84% ee G.; Wild, S. B.Organometallics1989 8, 2360-2367. (c) Bohle, D. S.;

Supporting Information Available: XRD for 1 and 2-BPh,,
experimental procedures, and characterization data are available. This
material is available free of charge via the Internet at http://pubs.acs.org.
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