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Synopsis. The reactions of (Rp)-menthyloxymethyl-
phenylphosphine-borane with several organolithium re-
agents are described. Less sterically hindered reagents such
as me-anisyllithium and p-anisyllithium react with the
phosphine-borane to afford the corresponding substitution
products with high stereochemical integrity with inversion
of configuration. On the other hand, o-substituted phenyl-
lithiums lead to products possessing very low optical
purities.

Optically active organophosphorus compounds
with a chiral center at phosphorus occupy a central
position in the study of dynamic stereochemistry of
phosphorus.?  The utility of these compounds has
also been proven in the area of catalytic asymmetric
synthesis.2~4 In previous publications,58 we de-
scribed that optically active tertiary phosphines,
including chiral phosphine ligands, can be synthe-
sized via phosphine-boranes. Based on these results,
we intended to study the nucleophilic substitution
reaction of optically active menthyloxymethyl-
phenylphosphine-borane (1) with organolithium re-
agents, since the reaction was anticipated to provide
optically active phosphine-boranes (2) which are key

intermediates to homochiral bis-phosphinoethanes.
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Compound 1, whose chirality at phosphorus is (R),
was prepared from dichlorophenylphosphine accord-
ing to the procedure described in the previous paper.®
This compound was allowed to react with several
organolithium reagents under various conditions.
Our initial trial was conducted with the reaction of 1
with o-anisyllithium. No trace of the expected sub-
stitution product was produced at room temperature
even after 24 h (Entries 1 and 2 in Table 1). When the
reagent was added to a solution of 1 in benzene,
tetrahydrofuran (THF), or 1,2-dimethoxyethane
(DME) at reflux, the substitution reaction occurred
with inversion of configuration, although the enanti-
omeric excess of the product was significantly low
(Entries 4, 5, and 6).7 Under similar conditions, m-

Table 1. Reaction of Menthyloxymethylphenylphosphine-Borane
with Organolithium Reagents
L Reac. cond. Prod.
Entry Lithium reagent Solvent -
Temp/°C Time/h  Yield/% ee/%
1 0-MeOCsH4Li1 Benzene 25 24 0 —
2 0-MeOCgH4Li DME 25 24 0 —
3 0-MeOCsH4Li Benzene 25—80 3 0 —
4 0-MeOCeH4Li Benzene 80 0.5 65 2
5 0-MeOGsH4Li THF 66 0.5 34 13
6 0-MeOGsH4L i1 DME 83 0.5 47 12
7 0-MeOCsH4Li1 DME-HMPA 83 3 0 —
8 m-MeOCgH4Li1 Benzene 80 0.5 48 82
9 m-MeOCgH4Li DME 83 0.5 57 95
10 p-MeOCsH4Li1 Benzene 80 0.5 54 88
11 p-MeOGCsH4Li DME 83 0.5 54 99
Me
12 MeO _d_ Li Benzene 80 0.5 31 2
Me
13 MeO _@. L DME 83 0.5 0 —
14 0-MeOCsH4Li DME 25 24 0 —
15 0-MeOCgsH4L1 Benzene 25 24 0 —
16 0-MeOCsH4Li THF 25 24 0 —
17 0-MeOGsH4L1 DME 83 2 0 —_
18 1-Naphthyllithium DME 25—83 3 0 —
19 1-Naphthyllithium DME 83 3 0 —
20 t-CsHoLi1 DME 25 3 0 —
21 t-C4HoL 1 DME 83 1 0 —
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Table 2. Reaction of Menthylphenylphosphinate with Organolithium Reagents

o Reac. cond. Prod.
Entry Lithium reagent Solvent -
Temp/°C  Time/h  Yield/% ee/%

1 0-MeOCgH4Li Benzene 25—80 3 0 —
2 0-MeOCsH4Li Benzene 80 0.5 76 95
3 0-MeOCsH,Li DME 83 0.5 70 94
4 m-MeOCgH4Li Benzene 80 0.5 95 100
5 m-MeOGCgH4Li DME 83 0.5 88 100
6 p-MeOCeH4Li Benzene 80 0.5 82 91
7 p-MeOCeH4L1 DME 83 0.5 78 93

Me
8 MeO @1‘ Benzene 80 0.5 8 23

Me
9 Meo—d-li DME 83 0.5 0 —

and p-anisyllithiums reacted with 1 to afford the cor-
responding substitution products in moderate yields
(entries 8—11). It is noted that the reactions pro-
ceeded with high stereospecificity, particularly in a
polar solvent such as DME.

The reactions of 1 with some other sterically hin-
dered lithium reagents were attempted. Unfortu-
nately, however, they were severely subjected to steric
hindrance and the expected products were not
obtained except in the case of 4-methoxy-2-methyl-
phenyllithium (Entry 12).

It is interesting to compare the reactivities of 1 with
those of menthyl methylphenylphosphinate (3) whose
structure resembles 1.  We have examined the reac-
tions of 3 with anisyllithiums in benzene or DME at
reflux.® The results are summarized in Table 2.
The reactions gave rise to the corresponding substitu-
tion products (4) in both higher chemical and optical
yields than in the case of the reactions of 1. It is
noted that the reaction of 3 with o-anisyllithium
afforded a product possessing excellent enantiomeric
excess (Entries 2 and 3).
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We have been interested in the reaction of 1 with o-
anisyllithium, which provided a product having a
significantly low enantiomeric excess. There exist
the following three conceivable factors to account for
the loss of stereospecificity: 1) epimerization of the
starting material 1 in the presence of o-anisyllithium,
2) racemization of the product under the reaction
conditions, and 3) stereomutation of an intermediate
pentacoordinate phosphorus compound or a radical
species which may be generated by the one electron
transfer from the organolithium reagent to compound
1. Following additional experiments were carried
out in order to obtain some mechanistic insight.

Compound 1 was treated with o-anisyllithium in
benzene at room temperature and quenched with
water. The recovered compound was found to be

diastereomerically pure by tH NMR (500 MHz) analy-
sis. Quenching with chlorotrimethylsilane provided
compound 6 which was also diastereomerically pure.
These results clearly indicate that an intermediate 5
was generated by proton abstraction with o-
anisyllithium and that it was not epimerized under
these conditions.1?)
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Optically active (R)-o-anisylmethylphenylphos-
phine-borane with 94%ee!? was treated with 3 equiv of
o-anisyllithium in benzene at 80°C for 30 min.
Enantiomeric excess of the recovered phosphine-
borane was 94%ee; no racemization occurred under
these conditions.

These results demonstrate that loss of stereospecific-
ity is not ascribed to either epimerization of the start-
ing material or racemization of the substitution prod-
uct under the reaction conditions. We do not have
any other evidence, but suspect that the loss of stereo-
specificity is ascribed to the stereomutation of the
phosphoranyl radical intermediate.1314)

Experimental

1-Bromo-4-methoxy-2-methylbenzene. N-Bromosucci-
nimide (5.3 g, 29.5 mmol) was added to m-methylanisole (3.6
g, 29.5 mmol) in dichloromethane (40 mL) at —78°C. The
cooling bath was removed and the mixture was stirred for 1
h at room temperature. The mixture was washed with
water and dried over CaCle. The solvent was removed, and
the residual oil was distilled under reduced pressure. Yield
4.7 g (79%); bp 70—73 °C/133 Pa (lit,!® 108.5 °C/156.0 Pa).

Reactions of 1 with Aryllithium Reagents (General Proce-
dure). Aryl bromide (3 mmol) was added to ¢-butyllithium
(3.7 mL of 1.7 mol dm3 pentane solution) at —78 °C, and the
temperature was elevated to room temperature during 30
min. The solution was added in one portion to a refluxing
solution of 1 (1 mmol). The reaction mixture was refluxed
for 30 min. The mixture was cooled to 0 °C and hydrolyzed
with hydrochloric acid (1 moldm=-3). The organic layer
was separated, and the aqueous layer was extracted with
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ether. The purification was performed by preparative TLC
(benzene/hexane 2:1), and its enantiomeric excess was
determined by HPLC analysis (column, Daicel Chemical
Industries, Ltd. CHIRALCEL OJ; eluent, hexane/2-
propanol 9:1; flow rate, 1.0 mL min-1; detection, 254 nm
light).

(S)-m-Anisylmethylphenylphosphine-Borane. Oil; [a]
—5.56° (¢ 0.98, CHsOH) (95%ee);, IR (Neat) 2350, 1590, 1480,
1250, and 1060 cm~1; tH NMR (CDCls) 6=1.86 (d, J=10 Hz,
3H), 3.84 (5, 3H), and 7.01—8.01 (m, 9H); MS m/z 230

(M*—BHs). Anal. Found: C, 69.08; H, 7.40%. Calcd for
C14H1s0BP: C, 68.89; H, 7.43%.
(S)-p-Anisylmethylphenylphosphine-Borane. Oil; [a]g

—2.91° (¢ 0.88, CH3sOH) (99%ee); IR (Neat) 2320, 1590, 1500,
1260, and 900 cm~1; *H NMR (CDCls) 6=1.80 (d, J=9.9 Hz,
3H), 3.77 (s, 3H), and 6.75—7.70 (m, 9H); MS m/z. 230
(M*—BHs). Anal. Found: C, 68.84; H, 7.34%. Calcd for
C14H1s0BP: C, 68.89; H, 7.43%.

(4-Methoxy-2-methylphenyl)methylphenylphosphine-
Borane. Oil; IR (Neat) 2920, 2320, 1590, 1300, 1240, 1070,
and 900 cm-1; 'H NMR (CDCls) 6=1.82 (d, J=9.0 Hz, 3H),
2.15 (s, 3H), 3.79 (5, 3H), and 6.60—7.75 (m, 8H); MS m/z
254 (M*—BHs) Anal. Found: C, 69.72; H, 7.71%. Calcd
for C1sH200BP: C, 69.80; H, 7.81%.

Reactions of 3 with Aryllithium Reagents (General Proce-
dure). A solution of aryllithium reagent (3 mmol) in pen-
tane was prepared by the same procedure as described above.
The solution was added in one portion to a refluxing
solution of 3 (1 mmol). After refluxing for 30 min, the
mixture was treated with hydrochloric acid (1 mol dm~3) and
extracted with chloroform. The product was separated by
preparative TLC (ethyl acetate/methanol 10:1), and its
enantiomeric excess was determined by HPLC analysis
(column, Daicel Chemical Industries, Ltd. CHIRALCEL
O] or CHIRALCEL OD ((4-methoxy-2-methylphenyl)-
methylphenylphosphine oxide); eluent, hexane/ethanol
9:1; flow rate, 0.2 mL min-1; detection, 254 nm light).

(R)-m-Anisylmethylphenylphosphine Oxide. Oil; [o]f
—7.86° (¢ 1.03, CHsOH) (100%ee); IR, (Neat) 3370, 1590,
1420, 1250, 1180, and 900 cm~1; TH NMR (CDCls) 6=2.02 (d,
J=9.5 Hz, 3H), 3.87 (s, 3H), and 7.03—7.99 (m, 9H).

(R)-p-Anisylmethylphenylphosphine Oxide. Oil (lit,9
mp 120—121 °C); [a]g+7.07° (c 0.99, CH3OH), [a]#+4.63°
(c 1.00, CeHs), [a]@+2.19° (¢ 1.00, CHCls) (93%ee); IR (Neat)
3350, 1590, 1440, 1300, and 1170 cm-%; 'HNMR (CDCls)
8=2.00 (d, J=13 Hz, 3H), 3.88 (s, 3H), and 6.94—7.98 (m,
9H).

(R)-(4-Methoxy-2-methylphenyl)methylphenylphosphine
Oxide. Mp 140.0—140.5°C; [«]#+1.75° (¢ 0.92, CH30H)
(23%ee); IR (KBr) 2950, 1600, 1300, 1240, and 1180 cm™};
IHNMR (CDCls) 6=2.01 (d, J=10.0 Hz, 3H), 2.37 (s, 3H),
3.86 (s, 3H), 6.71—8.18 (m, 8H). Anal. Found: C, 68.83; H,
6.38%. Calcd for C1sH17O2P: C, 69.22; H, 6.58%.

Compound 6. A solution of o-anisyllithium (3 mmol) in
pentane was added to a solution of 1 (278 mg, 1 mmol) in
benzene (5 mL) at room temperature. After stirring for 30
min, the mixture was treated with chlorotrimethylsilane
(0.25 mL). The usual work up, followed by preparative
TLC (benzene/hexane 1:5) afforded 5 (245 mg, 67%) as a
colorless oil. [a]g@—17.1° (¢ 1.00, CéHs); IR (Neat) 2910,
2350, 1440, 1370, 1250, 1000, and 850 cm~1; TH NMR (500
MHz) (CDCl3) 6=—0.11—0.05 (m, 9H), 0.70—1.64 (m, 10H),
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0.71 (d, J=6.6 Hz, 3H), 0.85 (d, J=6.87 Hz, 3H), 0.94 (d,
J=7.15 Hz, 3H), 2.13—2.17 (m, 1H), 4.09—4.13 (m, 1H),
7.35—7.51 (m, 3 H), and 7.79—7.84 (m, 2H); MS m/z 350
(M*t—BHs). Anal. Found: C, 66.15; H, 10.36%. Calcd for
C20H3sOBPSi: C, 65.92; H, 10.51%.
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