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monomers about a 2\ axis would result in intolerably close 
methyl group hydrogen atom contacts for the first and third 
molecules, the second and fourth and so on. Since there are no 
steric barriers to the formation of a second paired intermo-
lecular hydrogen bond, the dimer configuration is strongly 
favored. Dimer formation should then be expected in other 
examples of highly hindered organophosphinic acids and or-
ganophosphoric acids. We are currently investigating the 
structures of several other organophosphorus compounds which 
are efficient extractants for heavy elements. 

Supplementary Material Available: Listings of structure-factor 
amplitudes (2 pages). Ordering information is given on any current 
masthead page. 
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longer lifetime upon species analogous to 2, potentially al
lowing \f/ to become observable. It was thus of interest to in
vestigate whether or not a stereochemical result other than 
complete inversion of configuration at phosphorus for an S N P 

reaction was possible under more biased conditions than with 
substrate 1. Before describing the specific substrate chosen, 
it is important to consider the potential pseudorotations in 
species analogous to 2. 

A hypervalent, tetracoordinated phosphorus anion (e.g., 2) 
may be considered to be analogous to the neutral pentacoor-
dinated phosphoranes, with the lone pair of electons (Ip) re
placing one of the ligands. Consequently, the analysis of 
pseudorotational interconversions of phosphoranes, as eleg
antly described in detail by Mislow,4b-5 will be applied to the 
potential interconversions of the hypothetical tetracoordinated 
phosphorus anion intermediates. If one uses the descriptors 1, 
2, 3, 4 to represent a substituted phosphine 123P4 (3) where 
4 represents the Ip, and 3 _ the only leaving group, and, fur
ther, 5~ represents the nucleophile of an alkyllithium, then 
Scheme I represents the types of transformations to be con-
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Scheme I. Generation of Hypothetical Tetracoordinate Phosphorus 
Anion Intermediates by Attack of Alkyl Anion (5~) on Phosphine 3a 
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sidered in the following discussion. The chiral hypervalent 
anions may be described by the two apical descriptors, where 
the unbarred number represents a clockwise progression of the 
equatorial descriptors from lowest to highest, and the barred 
number, a counterclockwise progression.4*3 Scheme II uses a 

Scheme II. Desargues—Levi Projection12 

P 

a Desargues-Levi projection illustrating the interconversions of 
hypothetical tetracoordinate phosphorus anion intermediates, some 
of which are shown in Scheme I. The vertices represent each isomer 
and also exit points to either P or P via 3" leaving apically. Entry 
points from 3 by apical attack of 5" are shown by the double digit 
descriptor being either circled or boxed. 

Desargues-Levi projection413 to illustrate the complete family 
of hypervalent anions which might be accessible with no re
strictions to their interconversions via Berry pseudorotation. 
In addition, the entry points via apical attack of 5~ are shown 
either circled (attack backside of the leaving group 3) or boxed 
(attack other than backside of 3). Assuming apical leaving 
also,6 the exit points must be from vertices with 3 as one of the 
double digit descriptors. The eight exit points are shown by 
arrows and give either P (inversion) or P (retention). It is 
immediately obvious from Scheme II that if no restrictions are 
placed on (a) the direction of nucleophilic attack and (b) the 
various pseudorotamers accessible, a very complex situation 
might result. 

If one combines the various possibilities derived from (a) and 
(b) above, with the results from our previous work (eq 1),' then 
the following conclusions are possible: (case 1) if there are no 
restrictions either on the direction of nucleophilic attack, or 
on the accessible pseudorotamers, no \p is possible;7 (case 2) 
if there is no restriction on the direction of nucleophilic attack 
but if the Ip is not allowed to occupy an apical position8 (4 
cannot be one of the descriptors in Scheme II), no \f/ is possible; 

(case 3) if only attack backside of the leaving group (3) is al
lowed, but there are no restrictions on the accessible pseudo
rotamers, no \p is possible; (case 4) if only attack backside of 
the leaving group is possible and if the Ip is not allowed to 
occupy an apical position, then one \p is possible, viz., 35 ^ 12 
(Scheme II). 

Thus, our previous work1 had eliminated any \p if cases 1-3 
applied, but left one \p possible with case 4. This \p would be 
invisible since only 35 could lead to product. It is important to 
note that the previous work did not eliminate the possibility 
that only one tetrahedral face was being attacked, since only 
the benzyl group was observed to be displaced from 1. We had 
noted previously that phenyl anion displacement from a di-
alkylphenylphosphine did not occur.9 We felt that in order to 
have the potential to observe this remaining possible \p, a chiral 
phosphine with two similar leaving groups, e.g., 2~ and 3 _ in 
3 would have to be studied. 

Scheme III illustrates what might be expected under the 

Scheme III. Potential Stereochemical Results of SNP via Hyper
valent Anions on a Chiral Phosphine 3 Which has Two Leaving 
Groups, 2~ and 3", under Case 4 (see text) Restrictions" 
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conditions of case 4 if \p were to occur in the hypervalent anions 
prior to expulsion of the leaving groups. Here, there is a single 
\p that does not place the Ip apically, but that allows access to 
either enantiomeric precursor of either S N P product, depending 
on which face is attacked. Thus, examination of the enan
tiomeric purity of the two products P and P ' should give de
finitive information concerning the only remaining possibility 
for \p in the hypothetical tetracoordinated phosphorus anion 
intermediates. A chiral phosphine bearing two similar leaving 
groups was synthesized and subjected to S N P conditions. 

Results and Discussion 

The substrate chosen to investigate the above described 
problem, (+)-(5)p-(4-;erf-butylphenyl)methylphenylphos-
phine (6), was obtained from the known10 (5")p-menthyl 
methylphenylphosphinate (4), by methods similar to those 
described earlier1'10 (Scheme IV). It was felt that substrate 
6 had the following attractive features: (a) the phenyl and 4-
fert-butylphenyl groups are of comparable leaving ability; (b) 
there are essentially two identical tetrahedral faces to be at
tacked by the nucleophile; (c) the leaving group abilities of the 
aryl groups are considerably poorer than that of benzyl, po
tentially allowing a longer lifetime for hypervalent anions to 
equilibrate (e.g., 35 ^ 12 Scheme III). 

Authentic samples of the oxides of the anticipated S N P 

products derived from 6 and /-BuLi were prepared as outlined 
in Scheme IV. Phosphine (S)p-l, obtained essentially optically 
pure from (R)p-l,1-10 gave the optically pure phosphine oxide 
(i?)p-8.'' The absolute configurations at phosphorus in 14 and 
15 were established from the configuration of the chiral pre-
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Scheme IV. Synthetic Routes to Phosphines 6, 7, and 14 and Their 
Corresponding Oxides (Ar = 4-f-Bu C6H4) 
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cursor, (/?)p-lla. The absolute configurations at phosphorus 
in 11a and l i b were readily assigned by comparison of their 
1H NMR spectra with those of (5)p-4 and its (i?)p isomer, 
whose absolute configurations had been firmly estab
lished. I0a '12 Particularly useful in this regard was a doublet at 
5 0.35, present in the (5)p isomers but not in the (R)? isomers 
of 4 and 11. This doublet was due to one of the diastereotopic 
methyl groups of the isopropyl moiety on the menthyl 
group. I0a '12 Optical purity in 11 was determined readily by 
integration of the P-CH 3 doublets, which differed in chemical 
shift by ca. 3 Hz in 11a and l i b . The stereochemistry of the 
conversions 11a -» (.S)p-12 and (5)p-12 -»• (S)p-13 is well 
established,10 and that of (S)P-13 -» (R)p-14 is established 
by analogy with the conversion (i?)p-l - * (S)p-7, studied 
previously.1 

Treatment of (5)P-6 ([a]D25 +4.2°) in hexane-TMEDA 
with ?-BuLi (fivefold excess) in pentane at room temperature 
for 10 min, followed by an aqueous ammonium chloride 
quench, gave 7 (13%) and 14 (19%).13 The reaction mixture 
was treated immediately with excess H2O2 to give the three 
oxides in essentially the same yields as obtained from the 
phosphines. The phosphine oxides 8 and 15 were then separated 
by thermal gradient sublimation and gave the rotations shown 
in Table I, along with rotations for the optically pure material. 
Comparison of the signs of the rotations of the isolated oxides 
with those of the authentic materials establishes the chiralities 

Table I. Optical Rotations of Phosphine (S)p-6 and the Oxides of 
the Phosphines Obtained by S N P on (S)P-6a 

(5)P-6 (R)P-» (S)rlS 

Authentic (optically pure) 
S N P on (S)P-6 

+5.6°* +21.7° -42.3°^ 
+4.2°c +16.1° -32.1° 

0 [a]D25(c 1-4, C6H^). * See text for discussion of optical purity. 
c Rotation of phosphine used for the S N P reaction. d Calculated, see 
experimental section. 

of 8 and 15 as (R)p and (5*)P, respectively. In addition, the 
percent ee (enantiomeric excess) in the isolated (R)p-S and 
(S)p-15 are calculated to be 74 and 76%, respectively (identical 
within experimental error). Although it was not possible to 
establish the optical purity of (S)p-4 independently, it should 
be noted that the sample used had [a]D +4.2° which is 75% 
of the maximum observed ([a]D +5.6°) in this work. Since the 
products of S N P had % ee =* 75% and since no optical resolu
tion is possible in the S N P process, the implication is that the 
sample with [a]D +5.6° is optically pure, and that the sample 
used in the S N P experiments had % ee = 75%. These data 
correspond to displacement of both leaving groups with com
plete inversion of configuration at phosphorus. 

It thus appears that S N P occurs via a process which does not 
allow even one pseudorotation (which would interconvert 
isomers of very similar potential energy) as outlined in Scheme 
III. If 35 or 25 are in fact intermediates, they must reside in 
potential wells with barriers to ejection of the leaving groups 
lower than the barrier to pseudorotation. Thus for all intents 
and purposes nucleophilic substitution at phosphorus in tertiary 
phosphines is a classical S N 2 process with no formation of an 
intermediate.14 

Experimental Section 

Melting points and boiling points are uncorrected. Proton magnetic 
spectra were obtained on Perkin-Elmer R-12, Varian A-60, or Varian 
HA-100 instruments. Mass spectra were determined on a CEC-21 -100 
high resolution instrument or a DuPont 21-491 instrument. A Per
kin-Elmer 141 polarimeter was used to obtain optical rotations. Gas 
chromatographic analyses were performed on a Varian-Aerograph 
Model 2700 instrument (thermal conductivity detector) using 5% SE 
30 on Gas Chrom Q packed in stainless steel columns (6 ft by 0.188 
in.). Peak area measurements were obtained with the aid of a Vidar 
6300 digital integrator. Elemental analyses were performed by 
Chemalytics, Inc., Tempe, Ariz. All phosphine manipulations were 
carried out in nitrogen atmospheres. 

(—)-(S)p-(4-terf-Butylphenyl)methylphenylphosphine Oxide (3). 
Optically pure (S)p-menthyl methylphenylphosphinateIOa (4.0 g, 13.6 
mmol) in dry (molecular sieves 4A) benzene (100 ml) was added to 
a 1.0 M ethereal solution of 4-?e/7-butylphenylmagnesium bromide 
(95 ml, 95 mmol). The ether was then distilled until the head tem
perature reached 71 ° and the resulting mixture was boiled under re
flux for 17 h. The cooled mixture was quenched with saturated am
monium chloride (100 ml), the layers were separated, and the aqueous 
layer was extracted with chloroform (4 X 100 ml). The combined 
organic extracts were dried (MgSO4), concentrated on a rotary 
evaporator, followed by heating up to 160° at 10 n. The residue was 
crystallized and recrystallized from cyclohexane, followed by subli
mation (110°, 10 n) to give 5 as white buttons (1.4 g, 38%), mp 
126-127°, [a]D25 -17.4° (c 2.98, C6H6). The 1H NMR spectrum 
gave absorptions at <5CDCI3 (Me4Si) 8.0-7.3 (m, 9-H), 2.0 (d, J = 12.6 
Hz, 3-H), and 1.31 (s, 9-H). The mass spectrum exhibited a molecular 
ion at m/e 272. 

Anal. Calcd for C17H2iOP: C, 74.97; H, 7.77. Found: C, 74.94; H, 
7.93. 

(+HS)p-(4-tert-Butylphenyl)methylphenylphosphine (6). A solution 
of the above oxide 5 (1.3 g, 4.8 mmol) and hexachlorodisilane (1.9 g, 
7.0 mmol) in degassed benzene was immersed in an oil bath at 100° 
for 7 min, cooled in an ice bath, and quenched with 20% aqueous so
dium hydroxide (25 ml). The layers were separated, and the benzene 
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solution was diluted to 50 ml and washed with degassed water (2 X 
50 ml) and brine (10 ml). The dried (MgSO4) solution was concen
trated and the residue was distilled (short path) to give 6 as a colorless 
oil (0.60 g, 49%); bp 120° (20 n); [a]D2S +5.6° (c 2.29, C6Hs); MS, 
m/e 256 (M+). The 1H NMR spectrum exhibited absorptions at 
<5CDCI3 (Me4Si) 7.35 (m, 9-K), 1.59 (d, J = 3.5 Hz, 3-H), and 1.28 
(s,9-H). 

Anal. Calcd for Ci7H21P: C, 79.66; H, 8.26. Found: C, 79.87; H, 
8.41. 

A similar run on a larger scale gave an 83% yield of 6, but of lower 
optical purity: [a]D25 +3.9° (c 2.37, C6H6). 

(-)-(5)p-/ert-Butylmethylphenylphosphine (7). Optically pure 
(+)-(/?)p-benzylmethylphenylphosphine (1.0 g, 3.7 mmol) in hexane 
(60 ml) and TMEDA (1 ml) was treated at room temperature with 
a 1.2 M pentane solution of/-BuLi (9.3 ml, 11.7 mmol) for 0.25 h. 
Degassed, saturated ammonium chloride (50 ml) was added, the layers 
were separated, and the organic layer was dried (MgSO4) and con
centrated. The residue was distilled under vacuum to give 7 as a col
orless liquid (0.30 g, 45%), bp 55° (10 n), [a]D25 -43.1° (c 4.56, 
C6H6), lit." [a]D+29.5° (C6H6, estimated 62% ee for (R)P-7). 

(+)-(/?)p-terf-Butylmethylphenylphosphine Oxide (8). The above 
phosphine 7 (200 mg, 1.22 mmol) in benzene (2 ml) was stirred with 
30% hydrogen peroxide (1 ml) for 10 min. The layers were separated, 
the aqueous layer was extracted with benzene ( 2 X 3 ml), and the 
combined organic extracts were dried (MgSO4) and concentrated. 
The residue was purified by thermal gradient sublimation (50°, 10 
/it) to give the phosphine as a very hydroscopic white solid (100 mg, 
42%), mp 98-99°, [a]D25 +21.5° (c 2.22, MeOH), +21.7° (c 1.83, 
C6H6), lit.2 [a]D +14,9° (MeOH, estimated 71% ee). 

4-ferr-Butylphenyldichlorophosphine (9). Bis(diethylamino)chlo-
rophosphine15 (125 g, 0.59 mol) in dry ether (300 ml) was added with 
vigorous stirring to a 0.9 M ethereal solution of 4-/er/-butylphenyl-
magnesium bromide (800 ml, 0.72 mol) at -78°. The resulting mix
ture was warmed to room temperature, filtered, and concentrated, 
and the residue was distilled to give the crude 4-terr-butylphenyl-
bis(diethylamino)phosphine as a colorless oil (100 g, 55%), bp 
145-150° (5 ii). The 1H NMR spectrum exhibited absorptions at 
ScDCi3 (Me4Si) 7.4 (narrow m, 2-H), 3.4-2.8 (pair overlapping q, J 
= 7 Hz, centered at S 3.23 and 3.07,4-H), 1.35 (s, 9-H), and 1.16 (t, 
J = 7 Hz, 6-H); the presence of an impurity, however, was indicated 
by an absorption at <5 1.40 (ca. 10% of the f-Bu peak of the bis(di-
ethylamino)phosphine). 

A solution of the above crude aminophosphine (100 g, 0.32 mol) 
in dry ether (100 ml) was added with vigorous stirring to dry hydro
chloric acid (47.8 g, 1.3 mol) in dry ether (300 ml) at -78°. The 
mixture was warmed to room temperature and stirred overnight. The 
resulting mixture was filtered, concentrated, and distilled to give 9 
as a colorless oil (70 g, 90%), bp 93-95° (100/x). The molecular ion 
mass cluster gave a typical dichloro pattern, with a molecular ion at 
m/e 234 (35Cl). The 1H NMR spectrum exhibited absorptions at 
<5CDCI3 (Me4Si) 7.9-7.4 (m, 4-H) and 1.32 (s, 9-H). 

Anal. Calcd for Ci0Hi3Cl2P: C, 51.09; H, 5.57. Found: C, 51.34; 
H, 5.82. 

Methyl 4-tert-Butylphenylmethylphosphinate (10). A solution of 
methanol (20.4 g, 0.64 mol) in pentane (70 ml) was added dropwise 
to a vigorously stirred solution of the above chloride 9 (68.2 g, 0.29 
mol) in dry pentane (300 ml) and pyridine (51 g, 0.64 mol) at 0°. The 
mixture was stirred for 0.5 h after warming to room temperature, then 
filtered, and concentrated to give the crude dimethyl 4-tert-buiyl-
phenylphosphonite (66 g, 100%). The 1H NMR spectrum of the crude 
material gave absorptions at 5CDCI3 (Me4Si) 7.5 (m, 4-H), 3.55 (d, 
J = 10.3 Hz, 6-H), and 1.32 (s, 9-H). 

The crude phosphonite (66 g, 0.29 mmol) was added portionwise 
to methyl iodide (2 g, 0.014 mol) while maintaining the temperature 
between 105 and 115° using both the exothermicity of the reaction 
and a heat gun. Additional portions of methyl iodide (ca. 1 g) were 
added occasionally. The dark residue was distilled to give the phos-
phinate 10 as a colorless oil (49.6 g, 73%), bp 135-138° (0.5 mm), 
which solidified on standing, mp 99-104° (103-105° after thermal 
gradient sublimation), MS, m/e 226 (M+). The 1H NMR spectrum 
showed absorptions at <5CDCI3 (Me4Si) 8.7 (m, 4-H), 3.13 (d, J = 11 
Hz, 3-H), 1.67 (d, J = 14.5 Hz, 3-H), and 1.36 (s, 9-H). 

Anal. Calcd for C12Hi9O2P: C, 63.70; H, 8.46. Found: C, 63.70; 
H, 8.57. 

(-)-(/?)p-Menthyl 4-terf-Butylphenylmethylphosphinate (Ha). The 
above phosphinate 10 (47.7 g, 0.211 mol) in carbon tetrachloride (200 

ml) was treated portionwise with phosphorus pentachloride (47.9 g, 
0.23 mol) at 60°. The mixture was stirred at 60° for 2 h, filtered, 
concentrated, and distilled to give the crude 4-ter?-butylphenyl-
methylphosphinyl chloride (41 g, 84%), bp 127-129° (40 M), which 
solidified to a hygroscopic solid, mp 60-65°. The 1H NMR spectrum 
of the crude material was consistent with the chloride: <5CDCI3 (Me4Si) 
7.75 (m, 4-H), 2.21 (d, J = 14.5 Hz, 3-H), and 1.35 (s, 9-H). 

The above crude phosphinyl chloride (23 g, 0.10 mol) in dry ether 
(100 ml) was added in one portion to a solution of /-menthol (15.8 g, 
0.10 mol) in ether (50 ml) and pyridine (8.0 g, 0.10 mol) at 15°. The 
mixture was allowed to stand overnight, then extracted with water (3 
X 100 ml) and brine (100 ml) and dried (MgSO4). Concentration of 
the resulting solution gave the diastereomeric mixture of menthyl 
phosphinates as a very viscous oil (33 g, 92%). The 1H NMR spectrum 
in the aliphatic region was indicative of the diastereomeric mixture: 
5CDCi3(Me4Si) 1.69(d,7= 14.5Hz), 1.64 (d, J = 14.5 Hz), 1.33 (s), 
0.90 (complex m) and 0.30 (d, J = 6.5 Hz). Since all attempts to 
crystallize this material failed, it was chromatographed on silica gel 
(1.4 kg) using pentane-ether (3:1, v/v) as eluent, and 1-1. fractions 
were monitored for weight of residue and optical rotation. Although 
early fractions gave [a]D25 -4.4° (c 3.2, C6H6), further fractions were 
combined with these to give a very viscous oil, which was distilled 
(Kugelrohr, 135° (20 ^)) to give the menthyl phosphinate 11a as a 
clear, very viscous oil (4.0 g, 11% based on starting chloride), which 
solidified on standing for 2 weeks: mp 61-63°; [«]D2 5 -7.3° (c 2.58, 
C6H6); MS, m/e 350 (M+). The 1H NMR spectrum showed ab
sorptions at 5CDCI3 (Me4Si) 7.6 (m, 4-H), 4.3 (m, 1 -H), 1.64 (d, J = 
14.5 Hz, 3-H), 1.33 (s, 9-H), three overlapping doublets at 0.96 (J 
= 7.0 Hz, 3-H), 0.89 (J = 7.0 Hz, 3-H), and 0.79 (J = 5.0 Hz). The 
above sharp absorptions at 6 1.7-0.8 were superimposed upon a diffuse 
multiplet due to the substituted cyclohexyl ring and the isopropyl 
methine protons (9-H). The percent ee [(i?)p-(5')p] was estimated 
to be >92 by NMR (comparison of the doublets at 8 1.69 and 1.64) 
and ca. 94 by assuming that [«]D2 5 -4.4° (vide supra) was of optically 
pure material. 

Anal. Calcd for C21H35O2P: C, 71.97; H, 10.07. Found: C, 71.68; 
H, 10.26. 

Further elution led ultimately to the collection of tail fractions 
which were distilled (Kugelrohr, 135° (20 n)) to give a viscous oil (3.0 
g, 8%) which solidified on standing: mp 66-69°; [a]D25 -83.0° (c 
5.26, C6H6); MS, m/e 350 (M+). The 1H NMR spectrum exhibited 
absorptions at 5CDCI3 (Me4Si) 7.6 (m, 4-H), 4.0 (m, 1-H), 1.69 (d, J 
= 14.5 Hz, ca. 2.7-H, vide infra), 1.64 (d, J = 14.5 Hz, ca. 0.3-H, vide 
infra), 1.33 (s, 9-H), 0.92 (d, J = 5.0 Hz, 3-H), 0.83 (d, J = 7.0 Hz, 
3-H), and 0.30 (d, J = 7.0 Hz, 3-H). The above sharp absorptions at 
5 1.7-0.8 were superimposed upon a diffuse multiplet due to the 
substituted cyclohexyl ring and isopropyl methine protons. The percent 
ee [(^)p-(/?)p] was estimated to be 84 (by comparison of thedoublets 
at S 1.69 and 1.64), which leads to a calculated [a] D -90° for the 
(S)p-menthyl phosphinate lib. 

(-)-(S)p-Benzyl(4-tert-butylpHenyl)methylphosphine Oxide (12). 
The above (i?)p-menthyl phosphinate (Ha) (3.9g, 10.8 mmol) in dry 
benzene (70 ml) was added to a 1.1 M ether solution of benzylmag-
nesium chloride (150 ml, 165 mmol), and the ether was distilled until 
the head temperature reached 71°. The resulting mixture was refluxed 
overnight, and the cooled mixture quenched with saturated ammo
nium chloride (70 ml). The layers were separated, the aqueous layer 
was extracted with chloroform (4 X 50 ml), and the combined extracts 
were dried (MgSO4) and concentrated. The residue was pumped on 
at 100° (10 M) and then crystallized and recrystallized from cyclo-
hexane to give the phosphine oxide 12 (1.5 g, 49%) as a white solid: 
mp 158-161°; [a]D2S -37.3° (c 2.52, C6H6); MS, m/e 286 (M+). 
The 1H NMR spectrum exhibited absorptions at <5CDCI3 (Me4Si) 7.4 
(m, 9-H), 3.28 (d,7 = 15 Hz, 2-H), 1.63 (d,J = 12.5 Hz, 3-H), and 
1.33 (s, 9-H). 

Anal. Calcd for Ci8H23OP: C, 75.50; H, 8.10. Found: C, 75.41; H, 
7.96. 

(-)-(S)p-tert-Butyi(4-fert-butylphenyl)methylphosphine Oxide (15). 
A benzene solution (30 ml) of phosphine oxide 12(1.4Og, 4.90 mmol) 
was treated at room temperature with hexachlorodisilane (2.2 g, 8.2 
mmol), and the resulting mixture was immersed in an oil bath at 90° 
for 8 min, then cooled in an ice bath. The reaction mixture was treated 
with 20% sodium hydroxide (30 ml), the layers were separated, and 
the aqueous layer was extracted with benzene (2 X 30 ml). The 
combined organic extracts were washed with degassed water, dried 
(MgSO4), and concentrated. The residue was distilled (Kugelrohr, 
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120° (5 ii)) to give (S)P-benzyl(4-/er/-butylphenyl)methylphosphine 
(13) (0.80 g, 60%), [a]D25 -69.7° (c 3.10, C6H6), MS, m/e 270 (M + ) . 
The 1H N M R spectrum featured absorptions at 6CDCI3 (Me4Si) 7.2 
(m, 9-H), 3.00 (m, 2-H), 1.30 (s, 9-H), and 1.25 (d, J = 3.5 Hz, 3-H). 
This phosphine showed a great tendency to air oxidize and was not 
characterized by elementary analysis. 

The phosphine (13) (515 mg, 1.91 mmol) in ether (20 ml) and 
TMEDA (2.4 g, 21 mmol) was treated with 1.6 M /er/-butyllithium 
in pentane (10 ml, 16 mmol) at 25° for 1 h. The reaction mixture was 
quenched with saturated ammonium chloride (10 ml), and the layers 
were separated. The organic layer was dried (MgSO4), concentrated, 
and distilled (Kugelrohr, 100° (10 n)) to give (.K)p-/<?r/-butyl(4-
/e«-butylphenyl)methylphosphine (14) as a colorless liquid (131 mg, 
29%), [a]D25 +30.6° (c 3.76, C6H6). Exact mass calcd for C, 5H| 5P, 
236.1694; found, 236.1690. The 1H N M R spectrum exhibited ab
sorptions at 5cDCi3 (Me4Si) 7.4 (m, 4-H), 1.32 (s) and ca. 1.31 (d, J 
^ 3.5 Hz) (1.32 + 1.31 absorptions: 12-H), and 0.97 (d, J = 12.0 Hz, 
9-H). A small amount of phosphine oxide impurity (ca. 5%) was evi
dent from a doublet at 5 1.72 (vide infra). This phosphine showed a 
great tendency to oxidize and was not characterized by elemental 
analysis. 

The above phosphine (14) (100 mg, 0.42 mmol) was dissolved in 
benzene (2 ml) and stirred for several minutes with 30% hydrogen 
peroxide (1 ml). The layers were separated, the aqueous layer was 
extracted with benzene ( 2 X 2 ml), and the combined organic extracts 
were washed with brine (1 ml), dried (MgSO4), and concentrated. 
The residue was purified by thermal gradient sublimation to give the 
phosphine oxide (15) as a white crystalline solid (91 mg, 86%): mp 
168-173°; [a]D25 -38 .0° (c 2.80, C6H6); MS, m/e 252 (M + ) . The 
1H N M R spectrum exhibited absorptions at 5CDCI3 (Me4Si) 7.6 (m, 
4-H), 1.72 (d, J = 12 Hz, 3-H), 1.33 (s, 9-H), and 1.15 (d, J = 15 Hz, 
9-H). To determine the enantiomeric purity, an 1H NMR spectrum 
was run on the sample in (+)-(S)-2,2,2-trifluorophenylethanol16 and 
perdeuteriobenzene (1:1, v/v) which resolved the diastereotopic 
phosphorus methyl protons; 8 (Me4Si) 1.20 (d, J = 12 Hz, major) and 
1.13 (d, J = 12 Hz?, one absorption superimposed on C-Bu-; ab
sorption, minor), along with absorptions at 5 1.33 (s) and 0.79 (d, J 
= 15 Hz) due to the /e/7-butyl groups. Integration of multiple scans > 
gave the % ee = 90. This leads to a calculated [a]D —42.3°. 

Anal. Calcd for C, 5H25OP: C, 71.40; H, 9.99. Found: C, 71.11; H, 
9.61. 

The Reaction of ferf-Butyllithium with (+)-(S)P-(4-ferf-Butyl-
phenyllmethylphenylphosphine (6). A 1.22 M pentane solution of 
/m-butyllithium (20 ml, 24 mmol) wa added at room temperature 
to a solution of the phosphine (1.06 g, 4.13 mmol) in dry hexane (75 
ml) and TMEDA (2.8 g, 24 mmol) and the reaction mixture was 
stirred at room temperature for 0.5 h. A saturated solution of am
monium chloride (100 ml) was added, the layers were separated, and 
the organic layer was dried (MgSO4). Analysis by GLC revealed only 
three peaks corresponding in retention times to PhP(Me)Bu-/, 4-/-
BuC6H4P(Me)Bu-?, and 4-/-BuC6H4P(Me)Ph in mole ratios of 
13:19:68 (corrected for thermal response factors). Dichloromethane 
(25 ml) and 30% hydrogen peroxide (10 ml) were added and the re
sulting mixture was stirred at room temperature for 1 h. Analysis by 
GLC indicated that the phosphines had reacted completely and three 
new peaks were present corresponding in retention times to PhP(O)-
(Me)Bu-/, 4-/-BuC6H4P(O)(Me)Bu-/, and 4-(-BuC6H4P(O)(Me)Ph 
in mole ratios of 11:17:72. The two layers were separated, and the 

organic layer was dried (MgSO4) and concentrated to give a viscous 
residue (1.01 g), which solidified on standing. This was separated into 
its components using a number of thermal gradient sublimations 
coupled with GLC monitoring of the various zones obtained. Care was 
taken to isolate as much as possible the entire amount of each com
ponent, since some optical fractionation did occur in the various zones 
of the sublimate. The rotations of the product phosphine oxides thus 
obtained were: PhP(O)(Me)Bu-?, [Q:]D25 +16.1° (c 1.63, C6H6); 
4-/-BuC6H6P(O)(Me)Bu-?, [a]D25 -32 .1° (c 3.14, C6H6). These 
rotations correspond to % ee's: PhP(O)(Me)Bu-/, 74; 4-/-
BuC6H4P(O)(Me)Bu-/, 76. 

A similar, duplicate run gave essentially the same results. 
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