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Synopsis. Sequential treatment of S-methyl (¢ bu-
tyl)phenyl- or (1-naphthyl)phenylphosphinothioates with
lithium dialkylamides at —78 °C and then with alkyl halides
at 0 °C—r.t. gave the corresponding (alkylthiomethyl)phos-
phine oxides, the Wittig rearrangement products, in moder-
ate to good yields along with small amount of their overre-
acted a-alkylated products. The corresponding alkylphos-
phine oxide was obtained only in the reaction of naphthyl
derivative. Optically active Wittig rearrangement products
were given in 82 and 78% optical yields, respectively.

Generation of a carbanion at the neighboring po-
sition of sulfur atom can be achieved by use of n-
BulLi in the presence of 1,4-diazabicyclo[2.2.2]octane or
N,N,N’,N'-tetramethylethylenediamine.’ However, in
the case of the present substrate containing electrophilic
moiety in the molecule selective deprotonation is diffi-
cult, because of the occurrence of competitive nucle-
ophilic substitution reaction, as described previously.?
We have reported use of the tin—lithium transmetalla-
tion in order to avoid such a situation.”) We have also
reported a novel synthetic method for optically active
phosphorus compounds via chiral metal phosphinites®
derived by chemoselective attack of nucleophiles on
chalcogen atoms of phosphinodithioates and phosphino-
selenoates.”) Taking an electronic effect of the phospho-
ryl group into consideration, it is expected that metal
dialkylamides can selectively abstract a proton of S-
methyl group of the phosphinothioates. In this paper
we describe the more convenient method for the genera-
tion of the carbanion followed by the Wittig rearrange-
ment.

Results and Discussion

Sequential treatment of racemic S-methyl phosphino-
thioates 1 and 2 with 1.2 molar amount of lithium diiso-
propylamide (LDA) in tetrahydrofuran (THF) at —78
°C and then with alkyl halides at 0 °C—r.t. gave the
corresponding (alkylthiomethyl)phosphine oxides 3 and
4, the Wittig rearrangement products, along with their
overreacted products 5 and 6, a-alkylated products of
3 and 4, and alkylphosphine oxide 7. The results are
shown in Table 1. This is the first example for the Wit-
tig rearrangement promoted by direct deprotonation of
S-methyl phosphinothioate with a metal amide.

In the reaction of 1 the Wittig rearranged species
3a and 3b were obtained in 81 and 61% yields along
with the overreacted species 5a (5%) and 5b (11%) and
unreacted 1, respectively. But in the reaction of 2 the
yields of the rearrangement products 4a and 4b were

low, even those of the overreacted species 6a and 6b
being added. Compounds 7a and 7b, which seem to
be formed by alkylation of the phosphinite anion with
alkyl halides, were also obtained besides 4 and 6. As
shown in run 5, by use of 0.8 molar amount of LDA, the
formation of overreacted compound could be inhibited,
although the recovery of 1 increased.

In order to investigate steric effect of amides on the
ratio of the rearrangement products 4 to alkylphosphine
oxide 7, the reactions with several amides were carried
out and the products ratios were estimated by >!P NMR
spectroscopy.®’ The bases used were lithium dicyclohex-
ylamide (LCHA), lithium 2,2,6,6-tetramethylpiperazide
(LTMP), and lithium diethylamide (LEA). As shown
in Table 2, the ratios of 4a+6a to 7a were 7:1, 7:2,
8:2, and 5:2 for LCHA, LTMP, LDA, and LEA, re-
spectively, providing a very good similarity except for
LEA. These results indicate that the ratio of the prod-
ucts is not influenced by the steric size of the lithium
amide. Therefore, it can be concluded that an attack
of the nucleophile on the sulfur atom, which selectively
occurred in the reactions of phosphinodithioates and
phosphinoselenoates with lithium reagents,*>*® plays a
very small role if any in the reaction. Generally speak-
ing, nucleophilic substitution is affected by steric bulki-
ness of the reagent more than deprotonation. Thus, the
phosphinite anion can be rationalized to be formed from
the carbanion in accompany with elimination of thio-
formaldehyde. The reason why the phosphinite anion
is formed from 2 and not from 1 can be explained from
the difference in electronic effects of the substituents
on two anions. In other words, the 1-naphthyl and ¢
butyl groups would stabilize and destabilize an anion,
respectively, by inductive effect.

The stereochemistry of the present reaction was in-
vestigated by using optically active compounds. Opti-
cally active S-methyl phosphinothioates 1 and 2 were
prepared by S-methylation of the corresponding opti-
cally active phosphinothioic acids with iodomethane,
as described previously.®® In Table 3 are summa-
rized optical rotation and optical purity of 1, 2, 3a,
and 4a obtained in the present reaction along with
those yielded in the reactions induced by tin—lithium
transmetallation.® The optical rotation of Ta was zero,
indicating that (1-naphthyl)phenylphosphinite race-
mized completely before the reaction with Mel. The
stereochemistry of the products of the LDA route was
same as that of the tin containing ester route, show-
ing that the present reaction proceeds with retention of
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Table 1. Reactions of S-Methyl Phosphinothioates 1 and 2 with LDA®
Ph.S LDA R% ph % , Phi R TN
1 P—SCH, ——>—>R1,P-CH,SR + lRijp—cu-sn? + R,,P—n’
1: R'= t-Bu 3ora 50r6 7
2:R'= 1-Naph (a: R%=Me; b: R%=Et)
Yield® /%
Run R! R? 3or4 5o0r6 7 lor2
1 t-Bu Me 81 5 — 5
2 t-Bu Et 61 11 — 7
3 1-Naph Me 39 7 12 12
4 1-Naph Et 40 5 9 10
5¢) t-Bu Me 58 — — 39
a) 1.2 molar amount of LDA was used. b) Isolated yields basedon 1 or 2. c¢) 0.8
molar amount of LDA was used.

Table 2. The Relative 3'P NMR Intensities of Re- drogen bonding with the amine to elongate its life time,
action Products of S-Methyl Phosphinothioates 1 leading partial racemization by pseudorotation.” Thus,
and 2 with Lithium Dialkylamides®® it can be said that the presence or absence of the hydro-
o gen bonding with the amine determines whether race-

Pl base  Mel mization occurs or not.
R1/P_SCH" > T 3daorda + Saoréa + 7a Therefore, plausible mechanism of the present reac-
1or2 tion is as follows: First of all proton abstraction oc-
- curs to give A, which provides C with elimination of
Rimn R Base B3aorda 5aor6a 7a 1or2 thioformaldehyde or rearranges to D via a three-mem-
1 t-Bu LCHA 15 2 - 1 bered oxidophosphorane B (see Scheme 1). The an-
§ izgﬁ E’]l;IXIP ig % B i ion D could also be formed from C by the rapid re-
49 tBu LEA 1 _ L combination of the once eliminated thioformaldehyde.
59 1-Naph LCHA 6 1 9 1 Then D could lose another proton to give E or retain
6 1-Naph LTMP 5 9 2 1 its monoanion form. Thus formed anions C, D, and E
7 1-Naph LDA 7 1 2 1 could react with various electrophiles to give the cor-
8  1-Naph LEA 5 - 2 4 responding products. Although attempts to trap thio-

a) 1.2 molar amount of bases was used. b) The relative
intensity based on the smallest peak. c¢) Isolated yield
of 3a was 83% d) Isolated yields of 4a, 6a, and 7a
were 37, 5, and 10%, respectively. e) Isolated yields of
4a and 7a were 26 and 10%, respectively. .

configuration. The optical yields of 3a and 4a were cal-
culated to be 82 and 78%, respectively, from the optical
purity, indicating that a partial racemization occurred
in this case. Although there has been no report on
configurational stability of lithium (1-naphthyl)phenyl-
phosphinite, lithium (#&butyl)phenylphosphinite gener-
ated by the reaction of the corresponding phosphino-
selenoate with phenyllithium is known not to race-
mize under the same reaction conditions.®® If the re-
action proceeds via an elimination—addition pathway
giving a phosphinite anion as an intermediate the bulk-
iness around a central phosphorus atom would increase
through the hydrogen bonding of the phosphinite an-
ion with the amine, so that the ground state maybe
become more flat to make inversion barrier lower. An
alternative explanation is also possible, namely, if the
Wittig rearrangement takes place via three-membered
oxide anion the intermediate would be stabilized by hy-

formaldehyde using 1,3-dienes and to detect trithiane,
a cyclic trimer of thioformaldehyde, were unsuccessful,
presumably because of base-catalyzed polymerization
of diene and thioformaldehyde, this mechanism is most
likely for the formation of 7.

Experimental

All melting points and boiling points are not corrected.
'HNMR spectra were measured with a JEOL EX-270
or Bruker AM-500 spectrometer using tetramethylsilane
(TMS) as internal standard. *CNMR spectra were taken
with a JEOL EX-270 or Bruker AM-500 spectrometer using
TMS as internal standard. 3'P NMR spectra were measured
with a JEOL FX-90Q spectrometer using 85% H3zPO4 as ex-
ternal standard. Mass spectra were recorded with a JEOL
JMX-SX 102 mass spectrometer operating in the electron
impact (EI) mode. Optical rotation was measured with a
JASCO DIP-181 polarimeter. Dry column chromatography
and preparative TLC were carried out with ICN silica DCC
60A and Merck Kieselgel 60 PF3s4, respectively.

S-Methyl (#butyl)phenylphosphinothioate (1) and (1-
naphthyl)phenylphosphinothioate (2) were prepared from
the corresponding phosphinothioic acids.®)

1: Bp 110 °C/0.15—0.2 Torr (1 Torr=133.322 Pa).
'"HNMR (270 MHz, CDCl3) §=1.19 (9H, d, J=16.8 Hz,
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Table 3. Optical Rotations and Optical Purity of 1, 2, 3a, and 4a®

[a]b [a]
a/® T/°C c/gdl™t o0.p./% a/° T/°C c¢/gdl™*  o.p./%
1 +124 17 1.74 93 290 433 24 0.878 93
3ad 4620 16 0.793 76 4a¥ +6.45 17 0.366 73
3a® —-81.0 17 0.639 99 429 4822 20 0.810 93

a) Optical rotations were measured in CHCl3.

b) Prepared from 93% optically pure ((+)-(R)-

t-BuPhP(S)OH ([a]}#+26.1 (c 1.29, MeOH)). «c¢) Prepared from 93% optically pure EtoNH
salts of (—)-1-NaphPhP(S)OH ([e]%’—60.4° (¢ 0.770, CHCl3)). d) This work. e) Ref. 3,
(=)-(S)-t-BuPhP(S)OH ([)32—27.8° (c 2.35, MeOH)) (o.p. 99%) was used. f) Ref. 3.

0 ) 9
ph_ll base pn | . Pattack pp  [4%
1" SCHs . _P-SCH, ——— o /P\I
1or2 A B
&
o
S
& /
9 2,
Ph._| addition  Ph._|l - R ph i
R'/P + CHp=§ —> R1/P-CHQS E R,>P-CH,SR’
Cc D 3or4
l R?l 1 base
o] [o] 2
Phl 2 phll - - A1, QR
r-t” pot oS /= R‘)P-cw-sn2
7 E 5or6

Scheme 1.

C(CHs)s), 2.14 (3H, d, J=10.5 Hz, SCH3), 7.36—7.64 (3H,
m, meta- and para-H of Ph), and 7.73—8.06 (2H, m, ortho-
H of Ph). *C{'H} NMR (68 MHz, CDCl3) §=9.26 (d, *J =
3.0 Hz, SCH3), 24.46 (s, C(CHs)s3), 36.8 (d, 'J=70.6 Hz,
C(CHs)s), 128.15 (d, 3J=11.7 Hz, meta-C), 129.83 (d, ' J=
91.6 Hz, ipso-C), 131.80 (d, *J=2.8 Hz, para-C), and 132.85
(d, 2Jcp=9.0 Hz, ortho-C). 3P NMR (36 MHz, CDCls)
§=67.78. HRMS (70 eV) Found: m/z 228.0741. Calcd for
C11H17OPS: M, 228.0738.

2: Mp 183.5—184.5 °C. 'HNMR (270 MHz, CDCl3)
§=2.32 (3H, d, J=12.2 Hz, SCHs), 7.40—7.58 (6H, m),
8.82—7.93 (3H, m), 7.97—8.08 (2H, m), and 8.73—8.82
(1H, m). BC{'H}NMR (125 MHz, CDCl;) §=10.87 (d,
2Jop=2.5 Hz, SCH3), 124.23 (d, 3J=14.7 Hz), 126.41 (s),
126.80 (d, 3J=4.9 Hz), 127.18 (s), 128.25 (d, ' J=103.7 Hz),
128.61 (d, 3J=13.4 Hz), 128.71 (s), 131.46 (d, 2J=11.0 Hz),
132.20 (d, *J=2.4 Hz), 132.94 (d, *J=9.7 Hz), 133.09 (d,
2J7=11.0 Hz), 133.10 (d, 'J=107.4 Hz), 133.62 (d, *J=
3.7 Hz), and 133.82 (d, 2J=9.7 Hz). *PNMR (36 MHz,
CDCl3) §=46.44. HRMS (70 eV) Found: m/z 298.0591.
Caled for C17H150PS: M, 298.0581. Found: C, 68.23; H,
4.87%. Calcd for C17H150PS: C, 68.44; H, 5.07%.

Reactions of S-Methyl Phosphinothioates with
Lithium Amides. The Reaction of 1 with LDA. To
a solution of 1 (196 mg, 0.858 mmol) in THF (20 ml) was
added freshly prepared LDA (1.2 molar amount) at —78 °C,
and the mixture was stirred at 0 °C for 15 min. Then iodo-
methane (0.25 ml, ca. 4 molar amounts) was added to the
solution by a syringe, then the mixture was stirred at room
temperature overnight. The reaction mixture was treated
with aq NH4Cl, extracted with CH2Cl,, the extracts were
dried over anhydrous MgSQOy4. After removal of the solvent

the residue was subjected to dry column chromatography on
SiO2 (ether—ethyl acetate) to give t-butyl(methylthiometh-
yl)phenylphosphine oxide (3a) tbutyl(1-methylthioethyl)-
phenylphosphine oxide (5a), in yields of 81 and 5%, respec-
tively, with recovery of 1 (9.8 mg, 5%).

3a:  Mp 153—154 °C (hexane-CH,Cly). "HNMR (270
MHz, CDClz) 6=1.17 (9H, d, J=14.5 Hz, C(CHs)3), 2.28
(8H, s, SCH3), 3.07 (2H, d, J=6.9 Hz, PCH,), 7.44—7.60
(3H, m, meta- and para-H of PPh), and 7.69—7.80 (2H,
m, ortho-H of PPh). *C{*H} NMR (68 MHz, CDCl3) 6=
17.98 (d, ®*Jop=2.4 Hz, SCH3), 24.61 (s, C(CHs)3), 26.38 (d,
! Jop=59.8 Hz, PCHy), 33.49 (d, ' Jop=67.1 Hz, C(CH3)3),
128.14 (d, ®Jop=11.0 Hz, meta-C), 129.50 (d, 'Jop=90.4
Hz, ipso-C), 131.61 (d, *Jocp=2.4 Hz, pare-C), and 131.88
(d, 2Jop=7.3 Hz, ortho-C). 3P NMR (36 MHz, CDCl;)
6=47.72. HRMS (70 eV) Found: m/z 242.0900. Calcd for
C12H190OPS: M, 242.0894. Found: C, 59.20; H, 7.82; S,
13.68%. Calcd for C12H190PS: C, 59.48; H, 7.90; S; 13.23%.

5a: Diastereomeric mixture. 3'PNMR (36 MHz,
CDCls) 6=49.4 and 50.41 (45:55). HRMS (70 eV) Found:
m/z 256.1053. Calcd for C13H21OPS: M, 256.1051.

Major diastereomer: *HNMR (270 MHz, CDCl3) §=1.23
(9H, d, ®Jup=14.2 Hz, C(CHs)s), 1.68 (3H, dd, J=7.3 Hz,
3 Jup=13.4 Hz, CHCH3), 2.16 (3H, s, SCH3), 3.19 (1H, dq,
J=17.3 Hz, ®Jup=9.2 Hz, CHCH3), 7.42—7.59 (3H, m, meta-
and parae-H of Ph), and 7.80—7.91 (2H, m, ortho-H of PPh).

Minor diastereomer: 'HNMR, (270 MHz, CDCl3) §=1.29
(9H, d, 3Jup=14.5 Hz, C(CHs)3), 1.40 (3H, dd, J=7.3 Hz,
3 Jup=13.5 Hz, CHCHs), 2.36 (3H, s, SCH3), 3.12 (1H, dq,
J=17.3 Hz, ®Jap=>5.0 Hz, CHCH3), 7.42—7.59 (3H, m, meta-
and para-H of Ph), and 7.69—7.78 (2H, m, ortho-H of PPh).

Similar reactions using 1 with EtI instead of Mel as well
as those using 2 with Mel or EtI were carried out, the results
are summarized in Table 1.

3b: Mp 70—71 °C (hexane—ether). 'HNMR (270 MHz,
CDCl;) 6=1.16 (9H, d, ® Jgp=14.8 Hz, C(CHs)3), 1.22 (3H,
t, 3J=17.4 Hz, SCH,CH3), 2.59—2.86 (2H, m, SCH,), 3.09
(2H, 2 Jup=6.6 Hz, PCH,S), 7.42—7.59 (3H, m, meta- and
para-H of PPh), and 7.67—7.77 (2H, m, ortho-H of PPh).
13C{'H} NMR. (68 MHz, CDCl3) §=14.11 (s, SCH,CH3),
24.10 (d, ' Jop=63.5 Hz, PCHy), 24.57 (s, C(CHz)3), 28.13
(d, 3Jop=2.4 Hz, SCH,CH3), 33.40 (d, Jop=67.1 Hz,
C(CHa)s), 128.05 (d, *Jop=11.0 Hz, meta-C), 129.45 (d,
1Jep=90.3 Hz, ipso-C), 131.52 (d, *Jop=2.4 Hz, para-C),
and 131.79 (d, 2Jop=7.31 Hz, ortho-C). 3P NMR (36 MHz,
CDCls) 6=47.45. HRMS (70 eV) Found: m/z 256.1044.
Caled for Ci13H2:OPS: M, 256.1051. Found: C, 60.91; H,
8.26; S, 12.51%. Calcd for C13H21OPS: C, 60.84; H, 7.96;
S, 12.62%.
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4a: Mp 147—148 °C (decomp) (hexane—ether).
'HNMR (270 MHz, CDCls) §=2.21 (3H, s), 3.34—3.50 (2H,
m, PCH,), and 7.42—7.58 (6H, m), 7.78—7.94 (4H, m),
8.04 (1H, d, J=7.9 Hz), and 8.50—8.58 (1H, m). 3P NMR
(36 MHz, CDCl3) 6§=32.03. HRMS (70 eV) Found: m/z
312.0734. Caled for C13H17OPS: M, 312.0738. Found: C,
68.95; H, 5.56; S, 10.51%. Calcd for C1sH;7OPS: C, 69.21,
H, 5.49; S, 10.26%.

4b:  Colorless solid: '"HNMR (270 MHz, CDCl3) 6=
1.19 (3H, t, J=7.4 Hz, SCHCHs), 2.64 (2H, q, J=7.4 Hz,
SCH.CH3), 3.34—3.54 (2H, m, PCH>), 7.36—7.58 (6H, m),
7.70—7.92 (4H, m), 7.95—8.08 (1H, m), and 8.46—8.60 (1H,
m). 3P NMR (36 MHz, CDCl3), §=32.11. HRMS (70 eV)
Found: m/z 326.0887. Caled for C19H19OPS: M, 326.0894.

5b: Diastereomeric mixture (ca. 1:1), which were sep-
arated by preparative TLC (SiO2, ether). Less polar dia-
stereomer: 'HNMR (270 MHz, CDCl3) 6§=1.04 (3H, t,
J=7.3 Hz, CHCH,CH3), 1.24 (3H, t, J=7.5 Hz, SCH2CH3),
1.28 (9H, d, 3Jup=14.4 Hz, (CHs)s), 1.50—1.79 (2H, m,
CHCH,CHs), 2.74—2.84 (2H, m, SCH»CHs), 3.01—3.09
(1H, m, CHCH,CHs), and 7.40—7.52 (3H, m, meta- and
para-H of PPh), and 7.68—7.77 (2H, m, ortho-H of PPh).
SIPNMR (36 MHz, CDCls), §=49.47. HRMS (70 eV)
Found: m/z 284.1354. Calcd for C15H250PS: M, 284.1364.

Polar diastereomer: 'HNMR (270 MHz, CDCls) §=
1.10 (3H, t, J=7.3 Hz, CHCH,CHs), 1.14 (3H, t, J=
7.5 Hz, SCH2CH3), 1.24 (9H, d, ®*Jup=14.3 Hz, (CHs)s),
1.66—1.76 (1H, m, CHCHH'CHs), 2.13—2.23 (1H, m,
CHCHH'CH3), 2.52—2.66 (2H, m, SCH2CHgs), 2.94—3.00
(1H, m, CHCH2CH3), and 7.40—7.47 (3H, m, meta- para-H
of PPh), and 7.84—7.90 (2H, m, ortho-H of PPh). 3P NMR
(36 MHz, CDCl3) §=48.26. HRMS (70 eV) Found: m/z
284.1381. Calcd for CisHo50PS, M, 284.1364.

6a: Diastereomeric mixture. HRMS (70 eV) Found: m/z
326.0905. Calcd for C19H19OPS: M, 326.0894. 3'P NMR. (36
MHz, CDCl3) §=37.36 and 37.89 (43:57).

Major diastereomer: 'H NMR (270 MHz, CDCl3) §=1.61
(3H, dd, J=7.3 Hz, *Jup=15.2 Hz, CHCHs), 1.95 (3H,
s, SCHs), 3.99 (1H, dq, J=7.3 Hz, ?Jyp=10.2 Hz, PCHS),
7.40—7.60 (6H, m), 7.75—8.10 (5H, m), and 8.66—8.76 (1H,
m).

Minor diastereomer: 'H NMR (270 MHz, CDCl3) §=1.63
(3H, dd, J=7.3 Hz, 3Jgp=15.2 Hz, CHCH3;), 1.84 (3H,
s, SCHa), 4.07 (1H, dq, J=7.3 Hz, 2Jup=10.1 Hz, PCHS),
7.40—7.60 (6H, m), 7.75—8.10 (5H, m), and 8.80—8.90 (1H,
m).

6b:  Diastereomeric mixture: HRMS (70 eV) Found:
m/z 354.1197. Calcd for C21H230PS: M, 354.1207.
3P NMR (36 MHz, CDCl3) 6=36.82 and 37.63 (49:51).

Major isomer: 'HNMR (500 MHz, CDCl;) §=0.93 (3H,
t, J=7.4 Hz, CH2CHs), 1.19 (3H, t, J=7.1 Hz, SCH>CHas),
1.62—1.78 (2H, m), 2.15—2.28 (1H, m), 2.49—2.59 (1H, m),
3.22—3.28 (1H, m, PCHS), 7.40—7.58 (6H, m), 7.65—7.75
(2H, m), 7.98—8.09 (3H, m), and 8.87 (1H, d, J=8.0 Hz).

Minor isomer: 'HNMR (500 MHz, CDCl3) §=1.03 (3H,
t, J=7.4 Hz, CH,CHs), 1.20 (3H, t, J=7.1 Hz, SCH,CHs),
2.02—2.12 (1H, m), 2.15—2.28 (2H, m), 2.36—2.43 (1H, m),
3.10—3.17 (1H, m, PCHS), 7.40—7.58 (6H, m), 7.65—7.75
(2H, m), 7.98—8.09 (3H, m), and 8.73 (1H, d, J=8.3 Hz).
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7a: Mp 152—153 °C (lit,” mp 150—153 °C).

7b:  Mp 143—144 °C (decomp) (ether). 'HNMR (270
MHz, CDCl3) §=1.24 (3H, dt, J=7.6 Hz, 3Jup=17.4 Hz,
PCH2CH3), 2.35—2.46 (1H, m, PCHH'), 2.48—2.60 (1H, m,
PCHH'), 7.40—7.55 (6H, m), 7.68—7.75 (2H, m), 7.85—7.93
(2H, m), 8.02 (1H, d, J=8.2 Hz), and 8.63 (1H, d, J=8.3
Hz). 3P NMR (36 MHz, CDCl3) §=36.14. HRMS (70 eV)
Found: m/z 280.1024. Calcd for C1gH;7OP: M, 280.1017.
Found: 76.90; H, 5.99%. Calcd for C1sH,7OP: C, 77.13; H,
6.11%.

The Reactions of Optically Active 1 and 2. Op-
tically active 1 ([o]y +124° (¢ 1.74, CHCl3)) and 2 ([a]}}
—43.3° (¢ 0.878, CHCl3)) were prepared from (+)-(R)-(t-bu-
tyl)phenylphosphinothioic acid ([o]& +26.1° (¢ 1.29, MeOH)
(optical purity (0.p.) 93%))%*) and diethylammonium (—)-
(1-naphthyl)phenylphosphinothioate ([a]& —60.4° (¢ 0.77,
CHCl3) (0.p. 93%)),5® respectively.

A similar reaction using optically active 1 and 2 gave (+)-
3a ([a]F+62.0° (¢ 0.793, CHCl3)) and (+)-4a ([o]f +6.45°
(¢ 0.366, CHCl3)) in 82 and 78% optical yields, respectively.
Spectral data were agreement with those of racemic ones.
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