Tatrahedroa Vol. 35, pp. 1531 10 1536
© Pergamos Press Lok, 1979, Printed 2 Greut Britain

0004000 79/0615-1531/302. 00

OPTICALLY ACTIVE TRIVALENT
PHOSPHORUS COMPOUNDS—I

DIASTEREOISOMERIC O-MENTHYL ETHYLPHENYLPHOSPHINITES:
SYNTHESIS, CHIRALITY AT PHOSPHORUS AND
STEREOCHEMISTRY OF NUCLEOPHILIC
DISPLACEMENT REACTION

MARIAN MIKOKAICZYK®, JAN OMELANCZUK and WIESYAWA PERLIKOWSKA

. Ceutre of Molecuiar and Macromolocular Studies, Polish Acadesry of Scieaces, Departmeat of Organic Sulphur
Compounds, 90-362 Y.6dt, Boczas 5, Poiand

(Received in UK 5 December 1978)
Abstract—The reaction between racemic ethylpheayichlorophosphine and meathol has been found to give a

mixture of diastesrcoisomeric

onwmmm

O-menthyl ethyiphenylphosphinites
content depends mainly on the tertiary amine used for the condessation. The chirality at phosphorus in the
diasterecisomeric esters (da and 4b) has been assigned by means of chemical correlation (conversion into optically

active meth

oxide) and proton NMR spectra. It has been demonstrated that nucicopbilic

ylethylphesylphosphine
substitution at phosphorus in 4 occurs with inversion of configuration.

Trigonal pyramidal, three-coordinate phosphorus com-
pounds with three different ligands are chiral at phos-
phorus and can in principle be resolved into enantiomers
or prepared in optically active forms. For a long time the
;ﬁymmmmumm
compounds were active tertiary phosphines
(l).ﬂntpnpuredbyllm‘ml%l In 1971 Benschop
et al.? have synthesized optically active O-trimethylsilyl
OC-isopropyl mthy!pbocphoma),dnﬁntexmpleof
an optically active trivalent phosphorus compound
tamaaphosphorus—oxypnbond.ﬂmver.ttwesterz
was unsuitable for studies on organophosphorus reaction
mechanisms since nucleophilic reagents prefer to react at

silicon rather than phosphorus.
! R
\ / PrO osnm, a\ }t
&/ \ m/ \_. & \,.
1 2 3
R = alkyl, aryl R = alkyi, aryl

'Vuyxec.euﬂyve'repamd"‘amﬂappmachm

based on asymmetric reaction between chiral
mmmm«m&numd
optically active tertiary amines, optically active
esters (3) were mbneqneuly used* to establish the
stereochemistry of nucleophilic substitution at the
optically active trivalent P atom.

As part of our program om the optically active trivalent
P compounds we now repart the results of the study on
diastereomeric O-menthyl ethyipbenyiphosphinites (4)
which contain chirality centres at phosphorus and in the

menthyl moiety. The latter was chosen in our in-
vestigations in view of the fact that diastereomeric mep-
thyl p-toluenesulphinate (5)° and menthyl methyl-
phmylphosphm(ﬁfmthemmmtomy
optically active compounds with the sulphur and phos-
phorus atom as a sole chirality centres.
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RESULTS AND DESCUSKION
Synthesis of diastereoisomeric O-menthyl ethyl-
Phenylphosphinites (4). Wefoundtlntuutmntol
racemic ethylphen with menthol in
ether solution at —40 to —30° in the presence of NN-
dicthylaniline resulted in the formation of a mixture of
the diastereoisomeric esters (4a and 4b) in a ratio 68:32
as determined by *'P NMR spectroscopy.

Et
\P/

Ph

EtNPh
e ————e
+ Menthol| ry

E'\P /O“On
Ph/ \-'

4a: 3, 118.8 ppm (68%)
4b: 3, 115.0 ppm (32%)
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As expected, this type of asymmetric condensation
afforded a mixture of the diastereoisomeric esters (€) the
ratio of which is most likely controlled by kinetic factors
since distillation of the reaction product at 130-140°
resulted in the formation of an equimolar mixture of 4a
and 4b. It was also observed that epimerisation at P in 4
is caused by amine hydrochloride which is sparingly
soluble in the reaction product. Therefore, in order to
obtain the ester (4) of high dissterecisomeric purity it is
peceasary to remove as good as possible the traces of
amine hydrochloride.

In this context, it is interesting to note that a tertiary
amine used for the condensation shown above has an
important influence on the stereochemistry of this simple
reaction. As it is seen from the results summarised in
Table 1 it affects not only the diasterecisomeric purity of
4bmalsothechnhtynl’ofthemmdmtammer
formed. The highest diasterecisomeric purity was
observed when tricthylamine was used as a tertiary

11t was found that oxidation of 7a with H;O; in ethanol
slforded a mixture of the dissterecisomeric isates (Sa and
) in a ratio 86:14. Thus, the conversion +PaS—s +P=0
occurred with predominant retestion st phosphorus. When m-
chioroperbenzoic acid was used for the same purpose a mixture
of Sa and b was formed in a ratio 54:46.

M. Mixoraxczvx o ol

amioe. In this case, however, the ester (4b) was formed

as a predominant isomer. These results tend to support

the view that a tertiary amine acts not only as a simple

hydmncmmmnmwpwmﬂn
reaction mechanism.

Qaukdautgnma!o!chwlityatphoxphomin
diasterecisomeric esters (§). The chirality at P in the
diastereoisomeric esters (4a and 4b) follows from chem-
ical correlation with optically active methylethylphenyl-
phosphine oxide shown in Scheme 1 and 2. In the first
step, a mixture of 4e and 4b [60:40] was treated with

sulphur to give a mixture of the corresponding O-men-
ylethylpbenylphocphmothomtu(‘l)mtheumenm

C'P NMR assay).

By fractional crystallisation from ethyl acetate we
were able to isolate in a good yield one pure isomer 7a,
{alwe—49.5°, which on treatment with dimethylsul-
phoxideinthepremofiodinewuconveﬂedinto

(~)-O-menthyl ethylphenylphosphinate (8b), [alses—
54.3°.1 The Iatter was in turn reacted with methyl mag-
nesium iodide to afford ( — }-methylethylphenylphosphine
oxide (9), [a]se— 18.1°.

If one takes into account that the absolute configurs-
tion of (-9 is S* and the conversion (9)-(8b)-+
(- ){9) is accompanied by inversion at P* it follows that
the S configuration should be assigned to (—)-phos-
phinate (8b).

Table 1. The influence of tertinry amine and solvent on the
disstereomeric content of O-menthy! ethyipbenyiphosphinites ()

Anine a2 (%) & M Solvent
Et,NPR & | m Et,0
Bt N 2 n Bt,0
(+) Mo NCH(Me)Ph 40 60 Bt,0
() Mo NCH(Me)Ph 41 59 Et,0
Bt NPh 57.5 42.5 Petr.ether
Be,NPR 60 40 CHyCl,
Et,NPh 43 7 THY
Er___OMen % Et>P;OMcn
Ph” N PR” 'S
4a: {60%) 7a: 8, 90.5 ppm (60%)
4b: (40%) o: 8, 92.0 ppm (40%)
MCPBA OMBO/
Bt OMen Et___OMen
N
™ o )
. Sa: 3, 43.3ppm (41%)
::; :&; 'Sb: 8, 44.2 ppm (80%)

Schome 1.
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OMen (l) (!)
| DMSO/\ __MeMgl
P —OMSOA | P e .
Bty g B/ omen me 4 et
Ph Ph Ph
S-7a, [a]ue — 49.5° S-8b, [aless — 54.3° (96% d.p.) S0, [ajsse— 18.1° (79% 0.p.)
OMen
HeOw/EXOH ‘_,l,
Et-"7/ No
Ph

R-8a, [a)ase —24.5° (86% d.p.)
Scheme 2.

da, which on treatment with sulphur afforded 7a with
retention at P, should have the R configuration whereas
the S configuration should be ascribed to its isomer 4b.

?Mon TQ‘cn

P
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€ on Ph g
R-4a S-4b

TET Vol 35, No. 12—E

It is interesting to point out that the same conclusion
ooncemingthechinlityat?intbediastereoimeric
esters (7a and 7b) can be drawn from the of
the 'H NMR spectra (Fig. 1) of 7a and 7b as well as of Sa
and 8b with those of the diasterecisomeric O-menthyl
methylphenylghuphmnu (6) discussed in detail by
Mislow et al.” Particularly useful in this regard was a
reponfortheuopmpyluepm which is diagnostic

of configuration at P. As in the case of the Sy-dias-
tereoisomer of 6, in the spectrum of 7b there was
nicely separated doublet at 8 0.34 ppm due to one of
diastereotopic Me groups. This upfield doublet was not
observed in the spectrum of 7a. Similarly, the doublet at
8034ppm unencumbered by other signals was also

g

$a) are homochiral with the R -diasteroisomer of 6 and
should have the S and R configuration at P, respectively.

Nucleophilic substitution at phosphorus in O-menthyl
ethyiphenylphosphinites (€). After assigning the absolute

marise configurational correlations and the results
obtained.

Treatment of a mixture of 4a and b [60:40) with an
excess of methyllithium in ether for 8 br under reflux
followed by an aqueous quench and distillation gave
(')'MMVWMM e,

which was contaminated with a small
M'l‘herdon,ﬂleplmphme(l.)obhhedmoon—
vatedhtotheeonupondxuphuplmoxide(’),pbm—
phinesuiphide (11) and beazylphosphonium bromide
(12). Since the optical purity and absolute configuration
of 9, 11" and 12" as well as the stereochemistry of
oxidation; sulphurisation and quateraisation
phinu(meuionatl’)mhwn’nmpoubleto
establish that the replacement of the OMe group by Me
occurs with inversion of configuration at trivalent P atom
and with almost complete stereospecificity.
The reaction of a mixture of the diastereoisomeric
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Fig. 1. Pmr spectra (methyl protons region) of disstercolsomeric
O-methy! ethylphonylphosphinothionstes (7) 2ad O-momthyl

esters (4) [569% of 4a and 44% of 4b] with dimethyl-
aminolithinm was found C'P NMR assay) to be complete

|
ik
i
i

with inversion of configuration at phosphorus it follows
that the chirality at P in (+)-13 is S. Hence, the
replacement of the OMe group by dimethylamino group
hkeaphegwjthinvmiondoonﬂamﬁonqudhiah

ing two direct C-P bonds and a leaving group like
alkoxy, thbdkoxyandaryl.occmsu&thmpletein-

: \:ermoteum_unﬁonatchmlP.Howe\:et.meqw

L R
e I,
- asp
l{ \R' L\k!
D €
It the latter pouibility is true, the intermediste E

spectrometer at 243 H, with 85% H,PO, as extorsal standard, In
this paper the new conveation of positive *'P NMR signals to low

in othet (SOml) a soln of moathol (3.18 ¢, 0.0204 mol) aad N.N-

- disthy] sniline (3.04g, 0.0204 mol) in ether (15 mi) was added a1

=30 wader N;. The mixture was stirred at this temp. for 0.5
and thon at room temp. for | br. The N N-dicthylaniline hydro-
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MCPBA h
Er'/\
A
B9, [ales +3.3° (14.5% 0.p)
OMen .
l i
Et __|L Mell P — 1 S P
- l \o Inversion Et” I \M. Et"/ \m
Ph Ph Ph
R-4a, (60%) s-(—);u R-11, [aless + 4.36° (17.6% 0.9.)
CHPh
— Br-
Bt/ N\
Ph
$-12, [alese + 2.5° (14.5% 0.p.)
Scheme 3.
' 1
MagNLI &
.P ) s . i
et / N\ inversion . ; \NMQ. £t~ A\NM.,
Ph Ph
Fr{4a) (56%) 8-(13), [alees + 15.1° R(14), [a]es—1.3°
irversion 1.HOH, H*
2.DCHA
8
!
Et/ Nen
O-DCHAN'

8-(18), [a]ess — 1.35 (9%o0.p.)

Scheme 4.

Diastervoisomeric O-menthyl

athylphanylphosphinothionetes
(7a and M). To & mixture of 4u and & [68:32) (5.54 g, 0.02 mol) in

other (30 mi) clemental S (0.0704 g, 0.022 mol) was added wnder N,
at room temp. The mixture was stirvod 1 he and the cxcses of 8
was filtered off. Aﬂuw.aﬁiuddchu&u“
na The crystaliise product was filtered off (643,
m;mnﬁodmmumuww

P NMR in benasas as 60: 49 (4, 50.5 ppm and 92.0 ppm) (Round:
C, 6487; H, 8.95; P, 9.64. Cakc. for CygHOPS (324.46): C, 66.6S;
H,901; u’%&yﬂndh“hd‘h(ﬁ:m
fram other or RIOAC (1S mi) gave the puro dinsterecisomer 7a
(G.25), & (bonsems) +90.5ppm; m.p. 108-110", el - 459" (c,
2.83; beazeas). The mother liquor contalned the sixture of 7a and
™ in aratio 17:83.
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l.N;lWWk O-menthyl cthyiphenylphosphinates (Sn and

(A) Oxidation of diastereoisomeric O-menthyl ethylphenyl-
phosphinites (4) by MCPBA. To a soln of (42) and (&) 38.5:61.5
(322, 0.011 mol) in ether (70 mi) & soin of m-chioroperbenzoic
acid (4.32 g, 0.025 mol) was added at — 25° under N;. The mixture
was stirred at this temp for 0.5 br and thea at room temp for 1 br.
After evaporation of cther the residue was treated with CHCly
(30 ml). The organic soln was washed with 5% HCl, NaHCO; aq,
water, dried over MgSO, and evaporated to give the crude mixture
of Sa and 8& which was purified by columa chromatography
(cluent-benzene : acetone 6:1). The ratio of Sa and 86 (3 g, $9%)
mtotmdtobc!l.s 61.5 & (benzene) 41.1 ppm and 42.1 ppm),

¥ 1.5127, [alae — 39.6 (c, 2.51, benzene) (Found: C, 70.14; 9.52;
P 9.88 Cak. for Cy3Hy/O4P (308.40) C, 70.10; H, 9.43; P, 10.04%).

(B) Oxidation of O-menthyl ethylphenyiphosphinothionate (Ta)
by DMSOIL,. A soln of 7a (3.0, 0.0092mol) and L, (1.16g,
0.0046 mol) in DMSO (23 g) was beated at 80" for 15 br and after
cooling it was poured into water (100 mi). The water phase was
extracted with CHCL; (5 X 20 mi) and organic layer was washed
with Na;S;0;08q, water and dried over MgSO,. Solvent was
WM&:MMWWMW
in beazese (30 ml) of benzeae and column chroma-
wymlm.n%)mu [b(CHQ:)“JE].II
{3y (CHCIy) 433 wml. 1 51.5900, [alse — 543 (c, 2.34, benzene).

Starting from the nixnnolhnd‘lb[(oﬂl(l.h.
0.004 mol), I (0.5 g, 0.002 mol) and DMSO (10 g) the mixture of
lund.[ﬂ”](ll*%)mobhmdhthemm
as described above; 85 1.5130, [alse ~ 47.1 (c, 4.22, benzene).

(ommdmymwwmm (70
bszOz,Oxidauonof‘hbmeEtOHmpufaud
mmmmwwm Starting from

the diastereoisomeric ester 7a (0.5 g, 0.00154 mof), H0, (1.2 mol,
30%) and EtOH (10 ml) the mixture of 8a and 8b [86.2:13.8] was
obtained; 0.4g, 919%; [alwe — 24.5 (¢, 2.27, benzoae) [8p 44.2 ppm
and 433 ppm (CDCly)).

(D) Oxidstion of 7a by MCPBA.™ Oxidation of 7a (1.
0.0031 mol) by 60% MCPBA (1g, 0.0048 mol) in CH,Ch: (60 ml)
was carried out at (° for 2.5hr. The soln was washed with 5%
HQ, NaHCOsaq, H:0, dried over MgSO, and evaporated to
give the mixture of 8a and 8b [54:44] (0.9 g); [a)ees — 42.5 (¢, 4.06,
benzenc), af 1.5109.

() Methylethylphenylphosphine oxide (9). The phosphine oxide
9 was obtained from 8 (98% d.p. 2g, 0.0065 mol) and MeMgl
[prepared from Mg (0.8 g, 0.0325 mol) and Mel (5.2 3, 0.036 mol)|
in ether (40ml) according to procedure described;® 0.1 [alww
~18.1 (¢, 2.53, MeOH), & (CDyOD) 37.5 ppm.

Optically active methylethyiphanyiphosphine (10) from dias-
tereoisomeric esters (4a and 4). To a soln of 4a and & [60:40)
(7.1, 00244 mol) in other (60ml) MeLi (prepared from 14§,
0.2mol Li and 14.1g, 0.1 mol Mel) in ether (40 ml) was added at
room temp under N2. The mixture was refluxed for 8 hr and thea
EtOAc (10 ml) and water (20 ml) was added at 0°. The water layer
was extracted with ether (3x 1Sml) and the combined organic
solns were dried and evaporated to give after distillation 10
(32 5; 8p — 32.9 ppm) contaminated with menthol. For that reason
10 was as corresponding (+) phosphine oxide 9,
(+)MM1]M(+)MWI&

{+) Methylethylphenyiphosphine oxide (9). It was obtained
from 10 (1.04g, 0.0069 mol) and m-chlorobenzoic acid (2.58g,
0.015 mol) in ether (15ml) at —25° under Na. The product was

purified by column chromatography 4:1) and
distillation to give (+)9 (15, 96%) [alue +33 (c, 5.10, MecOH);
&y (CDyOD) 37.5 ppm).

(+) Methylathylphenylphosphine suiphide (11). It was obtained
from 10 (0.53 g, 0.0055 mol) and elemental S (0.18 g, 0.0056 mol) in
cther (1S mi). The excess of S was filtered off from MeOH soln
(Smi) and the crude 11 was chromatographed (benzone) giving
(+)-11 09 g, 89%); [a]lse + 4.4 (c, 2.76, MeOH); m.p. 38-40°; 8y
CDyOD) 42.4 pom.

¢
(+) bromide (12). 1t was
syathesized by quaternisstion of 10 @0.61 g, ¢ 004 mol) with bea-

M. MxorACZYK of ol

zyl bromide (0.68g, 0.004 mol) in MeCN (10ml) according to
procedure described!" to afford (+)-12 (1.2 g, 90%); [alwe +2.5
(€. 235, MoOH) m.p. 142-143°, 8y (MeOH) 28.8 ppen.
(+)-N.N-Dimethyl cthylphenylphosphinoamidite (13) and (- )-
N,N-dimethyl ethyiphenylphosphinoamidothionate (14). To a soln
of Me;)NLi (prepared from 0.13 mol BuLi and 7.2g Me;NH) in
ether (130 ml) was added a soln of a mixture of 4a and 4 [56:44)
(7.5 5, 0.026 mol) in ether (20 ml) at —20” under N». The mixture
was stirred at room temp for 1 br and thea was refluxed for 4 br.

%

(+>13 21p), [a
GIJm.mpmdnameom-wwﬂmdnixmd
menthol and therefore it was converted into 14.

To a soln of (+)13 (091g, 0.005mol) in benzeae (15ml)
clemental S was added (0.25 g, 0.008 mol) at room tesyp under Na.
After evaporation of benzene, MeOH (Sml) was added, the
excess of S fitered off and the residue purified by colume

y (benzene). Final distillation gave (-)-14 (0.7g,
70%), [ale ~ 1.3 (¢, 3.72, benzese), 8y (boazene) 79.6 ppm. The
product 14 was also pure by gic (Found: C, 56.49; H, 7.81; P,
13.53; 8, 1440. Cak. for CioHNPS (213.28), C, 56.32; H, 7.56;

P, 14.52; S, 15.03%).

sit  of  (-)ehyiphenyl-
phosphinothioic acid (18). A soln of (—)-14 (0.6 g, 0.0028 mol) and
129% HQ1 (15 ml) was heated for 5 hr at 60-65°. After cooling the
soln to room temp the product was extracted with CHCh (5 x
1Smi), dried over MgSO, and evaporated to give the crude
(—)18. It was characterised as ylammonium salt;
(0423, 90%), [alue—135 (c, 1.63, MoOH) mp. 144-14T", &
(MeOH) 66.0 ppm.
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