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Abstract: Diastereomerically pure menthyl phosphinates are stereospecifically reduced by lithium 4,4’-di- fert- 

butylbiphenylide. Subsequent treatment with alkyl halides affords phosphine oxides with high optical purity. 

Diastereomerically pure or enriched menthyl phosphinates are well known to react with Grignard reagents or 

organolithium reagents with inversion of configuration at phosphorus to afford optically active phosphine 

oxides.1 On the other hand, conversion of these compounds to phosphine oxides with retention of configuration 

has not yet been reported, despite its anticipated synthetic utility. We envisioned that stereospecific reductive 

removal of the menthyl group, followed by treatment with alkyl halides, might enable this new tmnsformation. 

Our idea behind these experiments is based on the fact that menthyloxyphosphibe-boranes are 

stereospecifically reduced by one-electron reductants .* First, the conversion of (Rp)-menthyl 

methylphenylphosphinate (1) to (R)-benzylmethylphenylphosphine oxide was examined under various 

conditions. The results are summarized in Table 1. 

Table 1. Conversion of (R p)-Menthyl Methylphenylphosphinate (1) to (R)-Benzylmethylphenyl- 

ohosohine Oxide 

Entry Reducing agent 

1 Li 

2 Li+[CloHl& 

3 ,. 

4 LBd 

5 >, 

6 LDBBe 

Molar mtio Reduction condition+ Yieldb Optical yieldc 

Reagent:Subst&te % % 

3 rt, 1 day 48 12 

4 -18 “C, 2h tmce 

4 0 “C, 5 min 36 15 

4 -18 “C, 40 min trace 

4 0 “C, 5 min 55 15 

4 -18”C, 20 min 61 95 

I Li-NH3 10 -18 “C, 5 h tmce ~ 
a After completion of the reduction, a large excess of benzyl bromide was added. b Isolated yield. C Optical 

yields were determined from the following literature value: (R)-PhMeP(O)CHzPh, [c(]*‘D +51” (c 1.0, 
MeOH) (0. Korpiun, R. A. Lewis, J. Chickos, and K. Mislow, J. Am. Chem. Sot., 90, 4842 (1968)). 
d LB = lithium biphenylide. e LDBB = lithium 4,4’-di- tert-butylbiphenylide. 
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Lithium 4,4-di-tert-butylbiphenylide (LDBB), 3 which exhibits the highest reducing power among the 

reductants examined, gave the desired product in good yield with excellent optical purity (Entry 6).415 In the 

other cases, the reductions were very sluggish at -78 “C, and at elevated temperatures they resulted in significantly 

lower optical purity. 

On the basis of these results, we next tried to synthesize optically active (S,$- and (R,R)-l,2- 

ethanediylbis(methylphenylphosphine oxide).. Compound 1 and its diastereomer 2 were deprotonated with set- 

butyllithium and were oxidatively dimerized by CuCl2 to afford the corresponding C2-symmetric bis- 

phosphinates (36 and 47). These compounds were allowed to react with LDBB at 0 “C for 40 min and then 

treated with a large excess of iodomethane to give 5 and 6 in 54% and 29% yield with 98% and 95% optical 

purity, respectively.8 

R 0 0 

,,w* 

4 P\ -43 

1. secBuLi, -78 “C 

R , R2 2. cuq, -78-O-T 

1 : R’ = OMen, w? = Ph 3: R’=OMen, $=Ph 5 : R3 = Me, R4 = ph 

2: R’=Ph,F?=OMen 4: R’ = Ph, R2=OMen 6: R3=Ph,R4=Me 
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The following optically active phosphine oxides were also synthesized in 60-70% yield by treatment of the 
reduction mixture with hexyl bromide, p-methoxybenzyl bromide, and benzyl chloromethyl ether, 

respectively: (R)-Hexylmethylphenylphosphine oxide, mp 53-55 “C, ]a]270 +16.3” (c 1.0, MeOH); (R&(4- 

methoxybenzyl)methylphenylphosphine oxide, mp 152-153 “C, ]a128u +38.4” (c I .O, MeOH); (S’j- 

(benzyloxymethyl)methylphenylphosphine oxide, mp 56-58 “C, Ia12Yb; -9.4” (c 1.0, MeOH). 
In a similar manner, another diastereomer, (Sp)-menthyl methylphenylphosphinate (2) was converted to (.5)- 
benzylmethylphenylphosphine oxide with 85% optical purity in 73% yield. 

Compound 3: Mp 192-193 “C; [a& -26.7 ’ (~1.0, MeOH); IR (KBr) 2900, 1440, 1230, 980, 740 cm-l; 

tH NMR (CDCI3)G 0.7-1.0 (m, 6 H), 0.71 (d, J= 6.6Hz, 6 H), 0.84 (d, /= 6.9 Hz, 6 H), 0.94 (d, /= 
7.2 Hz, 6 H), 1.3 (m, 2 H), 1.39 (t, J= 3.0 Hz, 2 H), 1.6-1.9 (m, 6 H), 1.58 (d, J= 2.2 Hz, 2 H), 1.8 (m, 
2 H), 2.2 (m, 4 H), 4.2 (m, 2 H), 7.40 (t, /= 7.4 Hz, 4 H), 7.49 (t, J= 7.4 Hz, 2 H), 7.7 (m, 4 H). Anal. 
Calcd for C34H5204P2: C, 69.60; H, 8.93. Found: C, 69.49; H, 8.69. 

Compound 4: Mp 132-133 “C; [a]- l”u -88.4 (c 1.0, MeOH); IR (KBr) 2930, 1430, 1220, 980 cm-t; *H 

NMR (CDC13) 6 0.27 (d, J= 6.9 Hz, 6 H), 0.8-0.9 (m, 4 H), 0.80 (d, /= 7.2 Hz, 6 H), 0.90 (d, /= 6.3 
Hz, 6 H), 1.20 (q, /= 6.1 Hz, 2 I-I), 1.3 (m, 2 H), 1.4 (bs, 2 H), 2.34 (d, J= 7.2 Hz, 2 H), 3.9 (m, 2 H), 
7.41 (t, J= 7.3 Hz, 4 H), 7.49 (t, J= 7.7 Hz, 2 H), 7.7 (m, 4 H). Anal. Calcd for C34H52G4P2: C, 69.60; 
H, 8.93. Found: C, 69.65; H, 8.65. 
Optical yields were determined from the following literature value: (S,S)- I ,2-ethanediylbis- 

(methylphenylphosphine oxide), [a] 25u -59.6 ’ (CHCl3) (K. M. Pietrusiewicz, and M. Zablocka, Tetrahedron 
Lett., 29, 1987 (1988). 
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