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Abstract: Tris(dimethylaminolphosphine was found to be a suitable thiophilic
reagent which converts optically active alkylthio(alkylseleno)phosphonium
salts into chiral tertiary phosphines and phosphinites with a high stereosele-
etivity. The first synthesis of optically active thiophosphinites from bis(al-
kylthio)phosphonium salts and tris(dimethylamino)phosphine is also reported.

There has been a continuing interest in optically active tertiary phosphines and triva-
lent phosphorus acids derivatives as model compounds in the study of the mechanism and stereo-
. . . i . . . .
chemistry of reactions taking place at phosphorus and also as potential ligands in asymmetric
.2 , . . . .
catalysis™. Recently, new methods have been developed for the stereoselective synthesis of opti
cally active trivalent phosphorus compounds in which optically active heterophosphonium salts

(L) are used as convenient starting materials.

1 3 1.2
R R R*,R™= Alk,Ar
~N + 3 . '
P - R°= Al1,Bz,H
27\ A
R X X = OR,SR,SeR,NR2
1
These methods include electroreduction of l3a,b,c’ cyanolysis of the P-C or P-S bond in L3c,e,

reaction of alkanethiolate anions with alkylthio(alkylseleno®phosphonium saltsh and deprotona-
tion of alkoxyphosphonium salts containing the P-H bonds. Although these methods allowed to
prepare for the first time optically active phosphinous acid esters and amides, all of them,
however, are not general and have some serious limitations. For instance, in spite of many
attempts3d’f, Horner and Jordan were not able to synthesize optically active thiophosphinites.
The disadvantage of the method developed in our Laboratory is that it requires the use of
sterically hindered substituents at phosphorus in alkylthio(alkylseleno)phosphonium salts or
bulky mercapto-anions (like E-BuS-) in order to get optically active P”I compounds. This is
connected with the fact that alkanethiolate anions tend to react primarily at phosphorus and
then at sulfur in alkylthiophosphonium salts which causes racemization due to the fast alkyl-
thio-alkylthio exchanges at phosphorus. The two possible reaction pathways and their relation-

ship with the stereochemistry at phosphorus are shown below.
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In the hope of overcoming the difficulties discussed above we investigated the behaviour
of alkylthio(alkylseleno)phosphonium salts towards other thiophilic reagents. Among the thio-
philes tested [NCS-,NCSe-,CN-,P(NMez)j] tris(dimethylaminc)phosphine (3) - known as excellent
desulfurizing agent - was found to be the reagent of choice. The results obtained with 3 are
reported here.

in the first part of this study we have demonstrated that achiral phosphonium trifluoro-
methanesul fonates (;g-g)ha react with 3 very cleanly affording alkylthio- or alkylseleno tris-
(dimethylamino)phosphonium salt (4) and the corresponding phosphines 5a and 5b in a high

yield. Moreover, this reaction was found by means of 3]P NMR spectra to be irreversible.

+ _ (Me,N)oP, 3 + _

R'R%R3PxMe  CF,S0 273’ o RR%R3p: +  MeXP(NMe,), CF,SO
3773 CHACI 273 3773
2 272 2 4
yield (%)

a, R'=R%=R3=ph, Xx=s a, 79
2R a
b, R =R"=R"=Ph, X=Se a, 76
<, R'=RZ=R3=Bu, X=s b, 80

To check the stereochemistry of the above reaction the experiments with optically active
ba,7

methy1thio-methyl-n-propy Iphenylphosphonium trifluoromethanesulfonate (7) and its selenium
analogue é were carried out. Thus, treatment of 7 with 3 at low temperature gave optically
active methyl-n-propylphenylphosphine (3) in 30% yieldg. Similarly, optically active 3 was

obtained from 8 and 3 in 56% yield.

X XMe .
I CF5S0;Me _ 3 |
P S S P CF,SO _ P
L e 3773 _ac©, YN
Me /\Ph Me” /\Ph CH)C1,,=657C & f S
Prn Prn Pr
(+)-(R)-10,X=S (+)-(R)-Z (+)-(8)-9
[o] j+21.7°(Me0H) (97.5% op) [o] p*1 5.5°(PhH) (79% op)
(+)-(R)-11,x=Se +)-(R)-8 ($)-(5)-2
[o] p+20.40(MeOH) (100% op) [o] pt16.1 O(PhH) (82% op)

A comparison of the optical purity values of and chirality at phosphorus in the phosphine
9 obtained with those of the phosphine sulfide 10 and selenide 11 wused for the preparation
of the salts ] and 8 indicates that both conversions 7+3 and 8+9 occured with a high stereo-
selectivity and retention of configuration at phosphorus. It is worthy of note that, in con-
trast to thiolate anions, the use of 3 as a thiophilic reagent in these reactions permits

the synthesis of chiral,sterically unhindered tertiary phosphines.
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Tris(dimethylamino)phosphine (3) was also found to be a suitable reagent for the synthesis
of simple, optically active phosphinous acid esters. The almost fully stereoselective conver-
sion of (-)-(R)-0O-isopropyl ethylphenylphosphinothionate (12) into (-)-(s)-0-isopropyl ethyl-
phenylphosphinite (13) vZa the corresponding phosphonium salt Li is the best exemplification.

S SMe 3 ‘e

| CF3S0;Me l, _ £

P —2 2 P CF,S0 _— P

- . ] - CF330; N

e ] Dopr i/ oy CHyClpr gt Dopr!

Ph Ph -650¢ Ph
()-R)-12 (- R)-Lk (5)-(5)-13
[0]p-23.4% (neat) [o] j-287°(neat)

| s
(-i-(rR)-12
[a]D—23.0°(neat)

The reaction of 3 with the salt Li prepared as described earlier gave, after the usual work-
-up and distillation, the ester (-)-Lé in 78% yield. Its reaction with elemental sulfur ta-
king place with retention of configuration at phosphorus9 afforded the starting phosphinothio-
nate 12 with almost full optical activity (98.3%) and the same (-)-(R) configuration at phos-
phorus.

Finally, it should be emphasized that we succeeded in accomplishing the first stereosele-
ctive synthesis of optically active thiophosphinites. In this case, chiral bis(alkylthio)phos-
phonium salts 15 were used as substrates. Generally, the reaction of 3 with the salts Lé
bearing two different alkylthio groups at phosphorus may result in the formation of two di-
fferent thiophosphinites 167 and 16B. This was found, indeed, for the salts 15a-¢ (31P NMR
assay). However, in the case of the salts 15d and 15e containing methylthio and isopropyl-
thio groups we observed exclusive formation of the one product ng derived from a regiosele-
ctive attack of 3 at the sterically better accessible sulfur atom of the methylthio group.

The results obtained are sumwmarized below.

R'\+/5R3 ) 3 R]\ ./SRB R]\ -
z/P\ 4 *F3%%3 . 2/P ' z/P 4
R SR R . R SR

15 168 168

N 53 O ) 53'p
3, R'=ph,R%=Et,R3=Me,R'=Et  85.2 21 31.3 79 28.0
b, R'=ph,R%=But ,R3=Me,R"=Et  99.7 5 59.6 95 50.7
c, R'=ph,R%£e,R3Me R p " - 16.5  31.3 83.5 29.2
d, R'=ph,R2=Et,R3Me, R =pr!  83.6 0 100 22.3
e, R'=ph,R2=Bu%, R3Me,R*pr!  97.6 0 100 4.9

Starting from optically active phosphonium salts 15d and 15e obtained from (-)-(S)-
-phosphinodithioates ng and ng we were able to obtain optically active (-)-(S)-thiophos-
phinites'ng—g and ng-g. Their sulfurization gave back (')'(S)'ng’ [a}D-45-3 and (-)-(S)~
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-17e, L1]0-30.8, with 43.5 and 65% of the initial optical activity, respectively. The experi-

ments carried out are summarized below.

S SMe ‘s
,! et | p1CFS05 EN ‘ﬁ
R \\SPri R Ngpyl R Ngprd
Ph Ph Ph
(-)-(s8)-117d, [a]D-104.1°(neat),R=Et (-)-(8)-15d (-)—(S)-ng;g,[a]D-156.60(neat)
(-)-(8)-1Ze, [oc]D-h7.3°(PhH),R=But (=)-(8)-15¢ (m)—(S)-lGB-Q,[u]D-153.80(neat)

| %
(-)-(s)-12d, |o
(-)-(8)-17e, |

|D-h5.3(neat)
|D-30.8(PhH)

The successful synthesis of optically active thiophosphinites indicates that the energy
for pyramidal inversion at phosphorus in this class of chiral compounds is comparable with
that of other phosphinous acid derivatives. The slow decrease of optical rotation of 16B-d
and ng-g observed on standing at room temperature may be due to chemically induced racemiza-
tion and not to pyramidal inversion. This point as well as the application of 3 to the syn-

thesis of other chiral trivalent phosphorus compounds are under current study.
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