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ABSTRACT 

A n  efficient procedure is described that leads to pure 
(SJ-0-1-menthylphenylthiophosphinate. The abso- 
lute configuration of this diastereomer was as- 
signed by chemical correlation and confirmed by 
X-ray crystallography. The reaction of the isomer 
with phenyl azide, leading to amidate, is a new 
variant of the stereoselective Staudinger reaction. 
Addition of elemental selenium to the ( Sp)-thio- 
phosphinate led to diastereomeric O-l-menthyl- 
phenylselenophosphonothioic acid, which was fi- 
nally oxidized to the diastereomeric (Rpl ,Rp2)-bis- 
[0-1-menthylphenylphosphonothionyl] diselenide. 
The diselenide structure was unambiguously con- 
firmed by 31P NMR spectroscopy. 

INTRODUCTION 
The importance of phosphorus, sulfur, and sele- 
nium in chemistry and biochemistry is growing, 
and the special role of structural combinations of 
these elements has gradually emerged. Such com- 
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pounds have found an important place in organic 
and inorganic synthesis, the preparation of new 
materials, and the modification of biologically im- 
portant molecules. In contrast to compounds that 
contain combinations of phosphorus and sulfur or 
phosphorus and selenium, those in which the three 
elements together form the backbone of the mo- 
lecular structure have attracted less attention. 
Thioselenophosphorus acids are an example. This 
paper is a part of our extended work on organo- 
phosphorus compounds exhibiting properties sim- 
ilar to pseudohalogen species. We now report the 
first stereospecific synthesis of a P-epimeric (Rpl,  
Rp2)-bis-(phosphonothionyl) diselenide (13) and 
describe some related new stereochemical corre- 
lations. 

Thioselenophosphorus acids RR'P(S)SeH, which 
form stable salts 3, have been prepared by the ad- 
dition of elemental selenium to thiophosphonate- 
type structures 1. An alternative synthesis of salts 
3 involves the addition of elemental sulfur to sel- 
enocompounds 2 [ l]. 

1 3 2 

The iodine-water oxidation of thioselenoacids, 
protonated 3, leads to the formation of 
bis(thiophosphory1) diselenides 4. 
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The structure 4 seems to be thermodynamically 
more stable than the isomeric disulfide structure 
5 [2,3]. .  We have not been able to repeat experi- 
ments leading to the structure 5 .  Unambiguous as- 
signment of the diselenide structure 4 has been 
based on 31P NMR spectroscopy. 

Synthesis of the P-chiral thioselenoacids pro- 
tonated 3 seems likely to be achieved either by res- 
olution of racemic mixtures via the diastereomeric 
salt with chiral amines or by stereoselective ad- 
dition of corresponding elements to P-chiral hy- 
drogen thiophosphonates 1 or hydrogen-seleno- 
phosphonates 2 [4]. In this paper, we describe the 
use of P-chiral hydrogen thiophosphinate 1. Two 
optically active compounds of the structure 1 have 
already been reported. The O-isopropylmethyl- 
thiophosphinate Me2CHO(CH3)P(S)H has been pre- 
pared from the corresponding O-isopropylmethyl- 
phosphinate Me2CH(CH3)P(0)H by reaction with 
P4Sl0. This conversion proceeded with predomi- 
nant retention of configuration at the phosphorus 
atom and gave a product estimated to be 68% op- 
tically pure [5]. The highly stereoselective synthe- 
sis of the optically active sulfide BufPhP(S)H has 
been effected by sodium tetrahydroborate reduc- 
tion of the anhydride Bu'PhP(S)-O-S02CF3. Syn- 
thesis of both of these compounds involves tedious 
procedures [4]. 

RESULTS AND DISCUSSION 
Recently, we found out that diastereomeric com- 
pounds of type 1 are convenient starting materials 
in the synthesis of compounds 3. O-l-menthylphen- 
ylthiophosphinates Rp-7 and Sp-7 can readily be 
prepared on a reasonably large scale. 

The crude O-l-menthylphenylphosphonochlor- 
idite 6 was obtained in 80% yield from dichloro- 
phenylphosphine and 1-menthol in pyridine-ben- 
zene solution, and it was transformed at once in a 
one-flask procedure by the action of hydrogen sul- 
fide into a 1 : 1 mixture of diastereoisomers Rp-7 and 
Sp-7. This route is more convenient than the alter- 
native one [6], which involves conversion of 0-1- 
menthylphenylphosphinate by the action of P4SIo 
into a 1 : 1 mixture of diastereoisomeric thiophos- 
phinates Rp-7 and Sp-7. 

NS 
Men0 

6 - 

SP - ? 
(1) 

crystallization ph\pgS 
mp. 58OC 

31P 63.3 
[a] *O -44.6 

D 

Rp + Sp - 2 
RP - z 

t 0il,63~P 58.0 
I A ,  H' 

The mixture Rp-7 and Sp-7 was separated by crys- 
tallization from n-hexane into the crystalline Sp-7 
(mp 58-60°C) and an oily residue in which Rp-7 was 
the main component. The Rp-7 diastereomer seems 
to be thermodynamically less stable and readily 
rearranges thermally, or under the influence of 
protic acids, into a 1 : 1 mixture of both isomers. 
The absolute configuration of diastereomers 7 at 
the phosphorus center was deduced by ste- 
reochemical correlations. 

(Rp)-0 -1 -Menthylphenylphosphonophenylamid- 
othioate (8) was formed in almost quantitative yield 
when the isomer Rp-7 was allowed to react with 
phenyl azide in triethylamine solution. The amine 
acts both as a solvent and as an indispensable ac- 
tivator. 

(2 )  R P - 8  

83'P 65.0 
-66.2 

D 
Reaction (2) can be considered as a new vari- 

ant of the Staudinger reaction between azides and 
tricoordinate phosphorus compounds [7]. To our 
knowledge, nothing has been published about a 
similar reaction with oxygen analogues of com- 
pounds 1. The mechanism of Reaction (2) may in- 
volve specific solvation by the tertiary amine, which 
would allow the phosphonate-phosphinate equilib- 
rium to be shifted toward the more reactive tau- 
tomer. The anilidate Rp-8 was produced in high 
purity, but our attempts to obtain it in a crystal- 
line form failed. It is highly prQbable that the re- 
action leading to anilidate Rp-8 proceeds with re- 
tention of configuration at the phosphorus center. 
Fortunately, the crystalline anilidate &-a of op- 
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posite configuration at the phosphorus center can 
be prepared by two routes. 

verted by the Todd-Atherton reaction [8] with car- 
bon tetrahalides into the corresponding O-l-men- 
thyl-phenylphosphonochloridothioate Rp-9 and 
bromidothioate R,-lo. The Todd-Atherton reac- 

dicative of the proposed structure and excluded the 
alternative disulfide structure. 

The hvdrogenthiophosphinate Sp-7 was con- Oxidation of Rp-12 proceeds without bond 
breaking at the P-chiral center and therefore gave 
the diselenide 13 with the configuration Rpl,  Rp2. 

CONCLUSION 
tion is known to proceed with retention of config- 
uration at the chiral phosphorus center [9]. We an- 
ticipated that the reaction of halidates Rp-9 and Rp- 
10 with aniline should proceed with inversion of 
configuration. Our assumptions concerning the 
stereochemistry of reactions (2) and (3) were con- 
firmed by X-ray crystallography of the crystalline 
anilidate Sp-8 [lo]. 

The configuration of both anilidates Rp-8 and 
Sp-8 was additionally confirmed by the Wads- 
worth-Emmons-Stec reaction [ l  13. They were 
converted into potassium salts, which in turn were 
allowed to react with carbon dioxide, followed by 
methyl iodide, to give Rp- and Sp-O-l-menthyl S -  
methylphenyl phosphonothiolates (1 1) [ 121. 

The reaction of the thiophosphinate Sp-7 with 
elemental selenium in the presence of triethyl- 
amine led to the salt Rp-12 in almost quantitative 
yield. It is well established that addition of ele- 
mental sulfur to oxygen analogues RR'P(0)H of 7 
takes place with retention of configuration. There- 
fore, one can safely assume that the addition of el- 
emental selenium to the compound Sp-7 proceeds 
in the same manner. The triethylammonium salt 
Rp-12 was readily oxidized by elemental iodine in 
chloroform-water solution to bis-(O-l-menthyl- 
phenylphosphonothionyl) diselenide Rpl , Rp2-13. 
The diselenide structure Rp l ,  Rp2-13 was con- 
firmed by 31P NMR spectroscopy [3,13]. The cou- 
pling constant ' J  (31P-77Se) 445 Hz was clearly in- 

In conclusion, P-chiral hydrogen phosphinothio- 
nate Sp-7 has been shown to be well suited for the 
stereospecific synthesis of the P-epimeric Rpl , Rp2 
diselenide 13. This is a unique structure belonging 
to the class of organophosphorus compounds with 
properties of pseudohalogens, and this compound 
is presently being used for further studies. 

EXPERIMENTAL 
All solvents were reagent grade and were distilled 
and dried by conventional methods before use. 'H 
NMR spectra were recorded at 300 MHz with Bru- 
ker AC-200 (200 MHz) and Bruker MSL-300 (300 
MHz) spectrometers for ca. 10% (w/v) solutions at 
room temperature. The chemical shifts were mea- 
sured with respect to internal tetramethylsilane 
(TMS). Positive values are reported for compounds 
absorbing at lower field than that of TMS. 31P NMR 
spectra were obtained on the same instrument op- 
erating at 81.1 MHz and 121.4 MHz, respectively, 
frequency being observed for saturated solutions 
with external 85% H,PO,. Melting points were de- 
termined on a Boetius PHMK apparatus and are 
uncorrected. Phenyl azide [ 141 and dichlorophen- 
ylphosphine [ 151 were synthesized according to 
described methods. 

Sp(-)-O-1-Menthylphenylthiophosphinate (7) 
To a stirred solution of 89.5 g (0.5 mole) of di- 
chlorophenylphosphine in 750 mL of dry benzene 

Ph,,, / S  

(RP1-9 
/ H  3IP 84 8 Meno,.,, ,N HPh Phm.,, 

Ph MenO 



368 Lopusinski, Luczak, and Michalski 

Rp - 12 
m.p. 92OC 

31P 88.9 
[a] 2o -69.3 

D 

was added dropwise at a temperature of 0-5°C 78.0 
g (0.5 mol) of I-menthol and 79.0 g (1 mol) of dry 
pyridine dissolved in 100 mL of benzene. After the 
addition was complete, the reaction mixture was 
stirred for a further 60 minutes at a temperature 
of 0-5°C. The cooling bath was removed and the 
temperature of the reaction solution was raised 
slowly to 20-22°C. Stirring was continued for the 
next 40-60 minutes, and dry hydrogen sulfide was 
passed through the reaction solution at a temper- 
ature of 0-5°C. Pyridine hydrochloride was filtered 
off, the solvent removed in vacuo, and the residual 
yellow oily liquid distilled. From the fraction col- 
lected at 152-170"C/0.05 mm Hg that contained 
two isomeric thiophosphinates 7 ,  after refrigera- 
tion, the compound Sp-7 separated as colorless 
prisms. By recrystallization of the crude product 
from n-hexane, an analytical sample of Sp-7 was 
obtained, mp 5O-6O0C, [a];' = -44.68 (c 1.0, ben- 
zene), 31P NMR; (CDC13): 63.3, '1p-H 533 Hz, 'H 

(m, Ph, SH), 4.49-4.38 (m, POCH, lH), 2.19-2.11 
(m, CH3(CH3)CEJ, lH), 2.03-1.04 (m, 8H), 0.95 (d, 

(C&)(CH&H, 3H), 0.84 (d, 3 J ~ ~  7 Hz, (CH3), 
(CB3)CH, 3H). Yield 44.4 g (30%); anal calcd for 
C18H250PS (296.36), C, 64.83; H, 8.49; P, 10.44; S, 
10.81. Found: C, 63.70; H, 8.51; P, 10.46; S, 10.86. 

The mother liquor remaining after isolation of 
the crystalline isomer Sp-7 was composed of a mix- 
ture of thiophosphinate Rp-7 631P 58.5 as the major 
product, and a minor amount of Sp-7, a3'P 63.3. This 
mixture was allowed to stand overnight in ben- 
zene solution containing traces of dry pyridine hy- 
drochloride. The solvent was distilled off. Distil- 
lation of the residual oily liquid at a pressure of 
0.01 mm Hg and a temperature of 160-170°C gave 
a 1 : l  mixture of Sp-7, Rp-7, from which a second 
crop of the Sp-7 isomer (a3'P 63.3, mp 58-60°C) was 
separated by crystallization. 

NMR; (CDC13): 6 8.8 (d, Jp -H 533 Hz, lH), 7.9-7.4 

3 J H H ,  7 HZ, CH3, 3H), 0.86 (d, 3 J ~ ~  7 HZ, 

Reaction of S p  Thiophosphinate 7 with 
Phenylazide 
To a solution of 2.96 g (0.01 mol) of the thiophos- 
phinate Sp-7 [a];' 44.8 in 10 mL of dry triethyl- 

Rp',  Rp? - 13 
m.p. 104OC 

31P 76.0 
[a]20 -694.4 

D 

(4) 

amine was added dropwise at a temperature of 15- 
20"C, with stirring, 1.42 g (0.012 mol) of freshly 
distilled phenyl azide. The stirring was continued 
for 48 hours at room temperature. The triethyl- 
amine was distilled off in vacuo (2O0C/O.01 mm Hg), 
and the crude RP( -)-0-I-menthylphenylphosphon- 
ophenylamidothioate (8) was obtained as an oily 
liquid, [a];' -66.20 (c 2.2, benzene) 31P NMR, 
(CDCI3) 6 = 65.0. Anal calcd for C22H30NOPS 
(387.52), C, 68.19; H, 7.80; P, 7.99; S ,  8.27; N, 3.61. 
Found: C, 69.80; H, 7.52; P, 6.80; S, 8.22; N, 2.89. 
Yield 3.87 g (100%). 

Reaction of Sp-7 with Carbon Tetrachloride 
To a stirred solution of 2.96 g (0.01 mol) of Sp-7, 
[a];' -44.6, in 10 mL of dry hexane, was added at 
15-20°C 5 g of dry carbon tetrachloride and 1.01 
g of triethylamine (0.01 mole). Stirring was con- 
tinued at room temperature for 8 hours. The sol- 
vent and excess of CCI, was distilled off at a tem- 
perature of 35°C under a pressure of 0.01 mm Hg, 
and the residual oily liquid was identified as Rp(-)- 
0-1-menthylphenylphosphonochloridothioate (91, 
[a];' -134.24 (c 2.0, benzene), 31P NMR, (CDCI3) 6 
= 84.8. Anal calcd for CI,H2,CIOPS (330.851, C, 
58.09; H, 7.31; P, 9.36; S ,  9.69; C1, 10.72. Found: C, 
57.9; H, 7.68; P, 9.26; S, 9.51; C1, 10.62. Yield 3.3 
g (100%). 

Reaction of Sp-7 with Carbon Tetrabromide 
Under identical reaction conditions as described 
for the synthesis of Rp-9, the reaction of 2.96 g (0.01 
mol) of Sp-7 and 3.31 g carbon tetrabromide (0.01 
mole) in the presence of 1.01 g (0.01 mol) of dry 
triethylamine gave RP( -)-0-I-menthylphenylphos- 
phono-bromidothioate (10) as an oily liquid. The 
crude product was purified by column chromatog- 
raphy (silica gel 70-230 mesh), eluent heptane- 
benzene (5: l), [a],, -92.38 (c 1.3, benzene) 31P NMR, 
(CDC13) 6 = 67.7, 'H NMR, (CDCl,), 6 = 8.03-7.45 
(m, Ph, SH), 4.87-4.66 (m, P -OW,  lH), 2.37-2.25 
(m, (CH,)(CH,)CB lH), 1.77-1.08 (m, 8H), 0.98 (d, 
3 5 ~ ~  7 HZ, CH3, 3H), 0.92 (d, 3JHH 7 HZ, 
(C&)(CHJCH-, 3H), 0.88 (d, 3JHH 7 Hz, 
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(CH,)(CH,)CH-, 3H). Anal calcd for C16H24BrOPS 
(375.31), C, 51.21; H, 6.44; P, 8.25; S, 8.52. Found: 
C, 51.72; H, 6.53; P, 8.28; S ,  8.03. Yield 2.7 g (72%). 

Reaction of Rp-9 with Aniline 
To a solution of 3.3 g (0.01 mol) of the chlorido- 
thioate Rp-9 [a]'," -134.24 in 25 mL of benzene 
mixed with 5 mL of chloroform was added 1.86 g 
(0.02 mol) of freshly distilled aniline. The reaction 
solution was heated on the oil bath at a temper- 
ature of 80°C for 6 hours. Aniline hydrochloride was 
filtered off. The solvents were evaporated in vacuo, 
and the solid material that had formed was re- 
crystallized from n-hexane to give the product that 
was identified as Sp( +)-0-1-menthylphenylphos- 
phonophenylamidothioate (8); mp 123°C [a]'," 
+24.37 (c 2.5, chloroform), 31P NMR, (CDC1,) 6 = 
65.7, 'H NMR, (CDCIJ, 6 = 7.85-7.35 (m, P-C6H5, 
5H), 7.13-6.76 (m, NH-C6Hj, 5H), 5.58 (d, 'JpH 9 Hz, 
NHPh, lH), 4.82-4.70 (m, POCI-I, lH), 2.31-2.19 (m 
(CH,)(CH,)CH, 1H), 1.74-1 .oo (m, 8H), 0.97 (d, ,JHH 

7Hz, CH,, 3H), 0.88 (d, ,JHH 6.5 Hz, (CH,)(CH,)CH, 
3H), 0.78 (d, 3JHH 6.5 Hz, (CH3)(CF13)CH, 3H). Anal 
calcd for C22H30NOPS (387.51), C, 68.19; H, 7.80; P, 
7.99; S- 8.27; N, 3.61. Found: C, 67.60; H, 7.80; P, 
8.15; S, 8.37; N, 3.85. Yield 3.5 g (90%). 

Reaction of Rp-10 with Aniline 
A solution of 3.75 g (0.01 mol) of the bromido- 
thioate Rp-10 and a solution of 1.86 g (0.02 mol) of 
aniline in 50 mL of dry benzene was stirred at room 
temperature for 72 hours. Aniline hydrobromide 
was filtered off. The filtrate was concentrated in 
vacuo, and a crude solid residue was recrystallized 
from hexane. The product obtained was identified 
as a Sp( -)-0-I-menthylphenylphosphonophenyl 
amidothioate (8) [a];' +24.30 (c 2.1, chloroform) 
('H, 31P NMR, mp, elemental analysis). 

Conversion of RP and S p  Anilidates 8 into RP 
and S p  Phosphonothioloesters 11 
To finely divided potassium 3.8 g (0.01 mol) in dry 
THF 20 mL, was added dropwise at 20°C a solution 
of the respective anilidate (0.01 mol) in 10 mL of 
THF. The reaction solution was heated at 50°C with 
stirring for 2 hours. The stirring was continued at 
70°C for 30 minutes dry C 0 2  was bubbled through 
the reaction mixture for 8 hours. The solution was 
cooled to 30"C, and 0.02 mole of methyl iodide was 
added. The reaction mixture was heated under re- 
flux for 3 hours and filtered. The filtrate was evap- 
orated and esters 11 were isolated by column chro- 
matography on silica-gel 70-230 mesh. Elution was 
performed by a 2: 1 v/v mixture of heptane and 
benzene. Yield 1520%.  

Sp( -)-0-1-Menthyl S-  
Methylphenylphosphonothiolate ( 1  1) 
The reaction of 3.87 g (0.01 mol) of Sp-8 [a];' +24.3 
with K, C02,  and methyl iodide was performed as 
described above. The pure ester Sp-11 was isolated 
by column chromatography, mp 76"C, [a]? -132 
(c 1.8, benzene), 31P (NMR, CDC1,) 44.55; 'H NMR, 
(CDC1,) 6 = 7.88-7.25 (m, Ph, 5H), 4.50-4.72 (m, 
OOCH, lH), 2.34-2.19 [m, (CH,)(CH,)CH, lH], 2.15 
(d, ,JEScm 13.6 Hz, SCH,, 3H), 1.7-1.01 (m, 8H), 0.94 
(d, 3JHH ~ H z ,  CH3, 3H), 0.88 [d, 3JHH 5.1 Hz, 
(CE,)(CHJCH, 3H], 0.86 [d, 3JHH 4.6 Hz 
(CH3)(CH3)CH, 3H] (Lit.'' 'H(NMR) 6 PSCH, 2.16). 
Anal calcd for C17H2702PS (326.4), C, 62.56; H, 8.33; 
P, 9.48; S ,  9.82. Found: C, 62.92; H, 8.42; P, 9.36; 
S ,  9.68. Yield 0.65 g (20%). 

RP( + )-0-1-Menthyl S- 
Methylphenylphosphonothiolate ( 1  la) 
The reaction of Rp-8, 3.87 (0.01 rnol), [a];' -66.2, 
with the K/C02/Mel system gave the pure ester R,- 
11, mp 47"C, [a];' +25 (c 1.8, benzene), 31P NMR, 
(CDC1,) 6 = 44.1, 'H (NMR, CDC13) 7.65-7.26 (m, 
Ph, SH), 4.72-4.50 (m, POCH, lH), 2.37-2.30 [m 
(CH$)(CH?)CH, 1H1, 2.20 (d, 3Jp3cH3 13.8 Hz, SCH,, 
3H), 1.73-1.01 (m, 8H), 0.96 (d, J H H  7Hz, CH,, 3H), 

7 Hz, (CH3)(CH3)CH, 3H] (lit.'' 'H (NMR) 6 PSCH, 
2.14). Anal calcd for C17H2,02PS (326.4), C, 62.56; 
H, 8.33; P, 9.48; S, 9.82. Found: C, 62.92; H, 8.42; 
P, 9.36; S ,  9.68. Yield 0.58 (17.8%). 

0.90 [d, ,JHH 7 HZ, (CH,)(CH,)CH, 3H], 0.87 [d, 3JHH 

Reaction of Sp-7 with Selenium 
To a solution of 2.96 g (0.01 mole) of Sp-7, [a];' 
-44.56, and 1.01 g (0.01 mol) of triethylamine in 
20 mL of dry toluene was added 0.79 g (0.01 g atom) 
of gray selenium. The reaction mixture was stirred 
and heated under reflux for 4 hours. The solvent 
was evaporated in vacuo, and the residual solid was 
recrystallized from benzene-hexane giving, the tri- 
ethylammonium salt of RP( -)-0-1-menthylphenyl- 
thiophosphonoselenoate (12); mp 92-93"C, [a];' 
-69.3, ,'P NMR (CHClJ S = 88.90 J(31P-77Se) = 656.9 
Hz. Anal calcd for C22H39NOPSSe (475.55). C, 55.6; 
H, 8.3; P, 6.5; S ,  6.7; N,  2.9. Found: C, 55.4; H, 8.4; 
P, 6.5; S, 8.2; N, 2.9. Yield 4.2 g (88%). 

Reaction of Rp-12 with Iodine 
To a stirred mixture of 4.75 g (0.01 mol) of Rp-9 
[a];' -69.3, water (20 mL) and chloroform (50 mL) 
was added portionwise at  5-10°C a solution of 1.38 
g (0.0055 mol) of iodine in 10 mL of CHCI,. As the 
I2 was added, the mixture was stirred for 20 min- 
utes. The mixture was filtered and the filtrate 
washed with an aqueous solution of sodium thio- 
sulfate (2 x 10 mL, conc. 0.5%), then it was dried 
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over magnesium sulfate and evaporated. The re- 
sidual solid was crystallized from n-pentane. The 
Rpl , Rp2 bis[O-1-menthylphenylphosphonothio- 
ylldiselenide (13) was obtained as yellow needles 
mp 104"C, [a];' -694.4 (benzene). 3'P NMR (CDC13) 
76.13, J(31p.77se) 445 Hz. Anal calc for C32H4802PzSzSe2 
(748.72): C, 51.33; H, 6.46; P, 8.27; S, 8.56. Found: 
C, 51.08; H, 6.31; P, 8,44; S ,  9.13. Yield 3.04 g (80%). 
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