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ABSTRACT

Many of the more efficient transition-metal catalysis for enantioselective synthesis of organic com-
pounds contain chiral organophosphorus ligands. Phosphorus-31 nuclear magnetic resonance spectro-
scopic data are giver in this review for several representative types of diastereomers that have been of aid
in the determination of optical purity and in the stady of reaction mechanisms.

1 INTRODUCTION

With the current heightened interesi in asymmetric synthesis, especially of
drugs [ 1], there is a demand for non-chiroptical methods for determining the optical
purity of dissymmetric compounds. This may often be done by NMR spectroscopy,
and the observation of 'H and *C nuclei for such purposes has been reviewed
[2-5]. Since the *'P chemical shift dispersion range is larger than those of 'H and
BC, the *'P chemical shifi(s} of diastereomeric substances containing one or more
phosphorus nuclei are of considerable potential utility in this regard and have been
used for a variety of purposes.

Diastereomers arise whenever a molecule possesses two or more stereocenters
[6]1. The number of possible diastereomers is equal to 2" where n is the number of
stereocenters. As illustrated by the data in this review, *'P NMR spectroscopy is
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capable of detection and quantitation of diastereomeric ratios even when the observed
phosphorus nucleus is not a stereocenter. The P NMR data are useful for determin-
ing the optical purities of a variety of substances, as well as in the study of reaction
mechanisms. Data are given for several types of diastereomers, many of which have
been completely characierized by additional techniques such as X-ray ¢rystallography
and circular dichroism. The topic coverage is not exhaustive but rather {hopefuliy)
representative. Care has been taken to ensure that all chemical shifts are given
positive values when downfield of the reference {external 85% H.PQ,).

2. PHOSPHINES AND SIMPLE DERIVATIVES

The R; phosphorus epimers of menthylmethylphenyiphosphine oxide (1) and
neomenthylmethylphenylphosphine oxide (2) have been characterized by X-ray crys-
tallography [7]. This altows determination of the absolute configuration of the phos-
phorus stereocenter in all four diastereomers by >!P NMR, since the absolute
configurations of the menthyl and neomenthyl groups are known. *'P NMR (CHC;,
40.5 MHz): & 15, 40.6; 15, 42.3; 2;, 43.2; 2;, 40.7. The absolute configurations of the
two diastereomers of ethylmenthylphenylphosphine oxide {3} and menthylphenyliso-
propylphosphine oxide (4) were assigned on the basis of their 3'P chemical shifts: 3;,
44.3; 34, 46.7; 45, 46.1; 45, 49.2. Phosphine oxides are reduced by PhSiH, with retention
of configuration at phosphorus [8(a)] and by 8i,Cl; with inversion of configuration
at phosphorus [8(b)], and oxidation of phosphines by H,O, occurs with retention
{ 8{a},8{b}]. Thus, the absolute configurations and optical purities of diastereomeric
phosphines and their oxides may be assessed by 3P NMR spectroscopy.

The diasiereomers of 2-{[(R_)-1-{a-naphthyl)ethyl Jamino}-2-thiono-1,3,2-
oxathiaphospholane {5) and O,S-dimethyl N-[(Rc)-1{a-naphthyl)ethyl ] phosphora-
midothiolate {6} have been characterized by *'P NMR spectroscopy [9]. P NMR
{CDCl,, 121 MHz): § 5RpR(, 94.26; 535.R, 95.06; 8RR, 35.14; 65:R ., 34.65. X-ray
crystallography confirmed the absolute configurations of 5 and 6 R;R. Two diaste-
reomers of 7 and 8 have been prepared [10].
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Two diastereomers of PhOP(OEY) [ N{CH,);CHCO,Et] (*'P NMR: § 141.2,
139.9) and their BH, adducts (3P NMR: § 73.3, 70.2) have been reported [11]. The
meso and 4] diastereomers of the diphosphincamine i-C;H,N[CHPNH{(i-C,H,}],
{9) show phosphorus chemical shifts that differ by 1 ppm [12]:

5*'P floluone) 60.5 595

In further studies of similar diphosphinoamines related in pari to the diastereo-
selectivity of their formation, as indicated by the general reaction (1), the data
collected in Table 1 have been reported [ 13-16].
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The absolute configurations of i-prN(PPhCI}PPh i-prNH} [14] and
i-prN{PPh iprNH}, [15] were determined from X-ray crystal siructures of their
molybdenum tetracarbonyl complexes. The diastereomeric assignments for the other
compounds were inferred from the *!P NMR data. Generally, the *!P chemical shift
of the meso diastereomer occurs downfield of that for the 4] diastereomer. Where
observable, the value of 2Jpp is greater for the meso than for the 4,/ diastereomer.

Surprisingly [16], two diastereomers were not cobserved for MeN{PMeCl},,
MeN{PBrCl), and MeN[PCl{NMe,},]. Some of the compounds iisted in Table 1
exhibited temperature-dependent %J,, which decreased with increasing temperature.
This was attributed [16] to a temperature dependence of the relative populations
of conformers I, 11 and II1 for the meso diastereomers and similarly related con-
formers for the d] diastereomers.
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The bis-{1,3,2-oxazaphospholidenes) 10-12 have been synthesized, and two
analogs have been characterized by X-ray crystallography [17]. Some of these
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TABLE i
3p NMR data for diastereomeric diphosphincamines

Compound 5P {ppm) 2Jop (Hz} Diastereomer Ref,
MeN{PPhCI), 134.8 34143 df 162
137.1 42143 meso 16
MeN[P{pMeC H, (1], 137.7 meso 13®
139.7 dl 13
1-ptN(PPh(l}), 128.5 meso [E
123.7 di i4
i-prN{PPhCl){ PPh i-prNH) 126.1, 63.1 8.0 erythro 14
12538, 65.5 146 threo 14
i-piN(PPhEtNH)(PPh i-prNH)  64.6, 60.5 14.6 threo i4
59.6, 60.9 6.9 eryihro 14
i-prN{PPh i-prNH}, 60.2 meso i5¢
591 di 15
PhN{PPhPhNH}, 62.2 mesc 15
&61.0 dl 15
MeN{PMePh}, S&.1 27845 meso 16
55.1 22545 di 16
MeN{PPhBr}, 138.2 310+ 10 dJ 16
14i.2 380+ 106 Meso 16
MeN{PMePh){ P(S)MePh] 41.3, 704 T8+5 d 16
438,714 82.5 mesoe 16
MeN[P(5)MePh], 69.3 0+5 meso 16
67.9 0+5 d,l 16

2[3ata obtained by 'H{*'P} double-resonance measurements.
v24.3 MHz, CH,Cl,.
€36.3 MHz, C;D;.

molecules exhibit large through-space P-P coupling of about 30 Hz. The absolute
configurations of these diastercomers are not known,

@/\j 7@/\] ox"{:j
><©C<”3 fen SNepe

10 11 12
5 'P(CDs 160 MHZ)

136.6, 137.1 1358.7, 136.2 130.5, 1309
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The *!P chemical shifts of the meso and 4, diastereomers of the diphosphoie disulfide
13 differ by 0.6 ppm [ 18].
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SPICDC!, 32 MHzZ) 47.75 4715

In a study of gold{I)-catalyzed asymmetric Aldol reactions, Togni and Pastor [19]
have synthesized and characterized the diastereomeric diphosphino-ferrocenes 14.

14
Diastereomer R! R? R? 3p{121.5 MHz, CDCI;)
{(R)-{(8) CH; H CH,CH,NMe, —235, —130
{S)-{S) H CH, CHCH,NMe, =215, —170
(S1-(8}) H CH, CH, —-208, —169
(R)}-(8} CH, H CH, —23.0, —169

The 3!'P chemical-shift differences for the diastereomers of P(III, 1V and V) deriva-
tives, though not large (0.4 to 3.1 ppm), are sufficient for detection and quantitation
of diastereomeric ratios,

3. TRANSITION-METAL COMPLEXES
3.1. Square-planar complexes of monophosphorus donors

Verkade and co-workers [11,20,21] have prepared and chromatographically
separated diastereomeric LL'PiX, complexes as a2 means of resolving phosphorus
ligands. The *P NMR data are collected in Table 2.

There is no regularity in the relative chemical shifts nor in the magnitude of the
chemical-shift differences for the LL'PtX, complexes. Thus, while optical purity may
be assessed by *'P NMR for complexes of this type, absolute configuration cannot.
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TABLE 2

36 MHz *'P{'H} NMR data for diastereomeric cis-LL'PtX; complexes in CH,CL-C D,

[11,26,21]

L v X 3P (ppm) 1Jpp (H2) Diastereomer

i5 15 I 709 5071 dl

15 i5 [1 736 4986 meso

16 16 i 75.1 5473 d,

16 16 I 75.2 5473 meso

i 17 i 70.5 4881 &1

[ el 17 I 68.2 4931 meso

18° 18 Ci 58.8 5787 ?

18° i8 Ci 68.7 5791 ?

15 i6 i 72.6(15), 74.4(16) 4677(15), 5846(16)  +16, —15
71.5(15), 73.6(16) 3690(15), 5849(16)  +16, +15

15° 16 Ci 75.9(15), 67.5(16) 4785(15), 6037(16)  +16, —15
75.2(15), 67.1(16F 4798(15), 6052(16)  +16, +15

14 17 i 76.6(14), 66.7(17) 5865(14), 4469(17)  +14, +17
74.5(14), 66.1(17) 5849(14), 4530(17)  +14, +17

15 18 Ci 74.6(15), 65.9(18)° 4797(15), 6053{18) di
73.3(15), 66.2(18)° 4870(15), 6062{18) meso

15 18 ] 74.8(15), 72.1(18) 4635(15}), 5795(18) ?

73.6{15), 73.2{18) 4696(15), 5814{18} ?
15 19 Cl 71.8{15), 68.3{19) 5116{(15), 5307(19) ?
71.5(15}, 68.7(1% S114{15), 5304{19) ?
16 20 I 64.3(16), 63.6(20) 5869(16), 5481{20)  +16, +20
66.6(16), 64.5(2®) 5852{1a), 5487(2h +16, —20
*in Cgl,.
®in CDCl,.
*2J{PP}=15Hz.
42j(PP)=16.6 Hz.
°27{(PP)=15.5 Hz.
AN N/ o "\
( /F'NRz /POCH /PHR
N [s) \ N
CQOoMe
g ‘ R
R=CHRCHLE Re=CHCHRC
15 16 17

>\, |
POMe (+)Ph*(|:NHP(0Me}z (PROYP{OCH4-pCI{OCsH4-pMe)

Me

18 19 20
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3.2. Tetrahedral complexes

The tetrahedral complexes (R*R*)<{(1)- and (R*S*)-anti[ NiX(NO)
{1,2-C,H,(PMePh}2}] (21} rearrange in nitrobenzene-ds at 25°C with inversion at
the metal siereocenter {t;,; =5 s (X=Cl), 9 s {X=NC8) and 3.5h {X=CN)). The
salts (R* R*)-{+} and {R*S*}antif NIL{NO}{1,2-C,H { PMePh),}1PF, (22) re-
arrange with ¢,, (inversion) of approximaiely 6 min and ¢, (redistribution} of
approximately 12h (L=PMe,Ph). The crystal structures of {R*, S*}-anii-
[ NINCS{NO}1,2-C,H { PMePh, 1} ] and (R*S*}-anri-] NiINO{P{OMe), }-
§1,2-C¢H,(PMePh},}] PFs provide bases for the assignments of the *'P NMR
chemical shifts (Table 3) [22].

A % N
\ .- L\\x o~ PL\,‘ P L

b/ > N
ol
(R*,R*} 21 (R*,5* 21

NO Ho i
! I

‘ N PF, 3 .

M- P \L ¢
Korae petMe putiie
;;h Pn L]

{R*R*) 22 (R*,8%) 22

3.3. Octahedral complexes of monophospherus donors

Considering the fact that an #°-cyclopentadienyl ligand occupies three coordi-
nation sites on a transition-metal center, the geometry of complexes of the type
CpMLL'L” 1s based upon that of an octahedron. The symmetry of these compounds
is, however, equivalent to thai of a tetrahedral center with four different substitvenis
23,24]. From either perspective, the metal in such species is a stereocenter {67
3P NMR data for these complexes are collected in Table 4. The first four compounds
in Table 4 are configurationally stable (26], but the last is not [27].

* Absolute configurations are assigned according to the Baird Sloan modification of the Cahn-ingold--
Prelog priority rules. See ref. 25.
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80.98 MHz *'P{'H} NMR data for 21 and 22 in CD,C},

Compound 5P (ppm) 2 Jop {Hz)
(R*,R*-21{X--Cl) 32.9, 40.7 (ABq) 394
(R*.R*}-21{X=Br} 30.2, 36.6 (ABq} 36.6

(R* R*}- 21 X=1} 27.0, 31.7 {ABq) 3.7

{R* R*}-21{X=CN) 37.0, 41.8 (ABq) 12.2
{R*,R*}-21{X=NCS) 358, 41.7 (ABq} 31.8

{R* §*)-anti-21{X=Cl) 426

(R*.5%)-anti-21(X=I) 331

(R* 8*}-anti-21(X=CN} 434

(R* §%)-anti-21(X=NCS} 441

{R* R*}-22{L=PMe,) —8.5, 37.7, 389(ABX} 79, 3.7, 49
(R* R%}-22(L=PMePh,) 19.8, 376, 38.3(ABX) 69,40,13
{R*,R*)-22{ L=PMe,Ph) 3.6, 37.8, 3B.71{ABX) 73,40, 1.8
{R* R*)-22{L=PPh,} 34.6, 35.4, 38.3(ABX) 80,37, 85
(R* S*-anti-22(L=PMe;) — 740, 34.3d 6.3

(R* S¥-syn-22(L=PMe,) —9.3¢, 40.3d 39
(R*,5*)-anti-22{L=PMePh,) 20.2t, 34.14 59
(R*5*%)-syn-22{L=PMePh,) 19.1t, 39.54 24
(R*5*)-anti-22(L=PMe,Ph) 4.8t, 34.34 63

{R* S§*)-syn-22{ L—PMe,Ph) 3.2t, 40.0d 34
{R*.5*)-anti-22(L=PPh,) 35.0d, 40.5t 6.3

(R* S*)-anti-22[ L=P(OMe), ] 39.0d, 161.2t 262
(R*$*)-syn-22[ L=P{OMe); ] 39.5d. 159.5t 25.8
TABLE 4

3'p{IH} NMR data for CpMLL'L’ type species

Compound &P (ppm) Diastereomer
[Ru(s*-mcpCONPPh,Me}C1§* 356, 358 {+310), (—310)
[Rufr®-nmep)(CO} PPh, ) T* 498, 494 (R), (5)
[Ru{x-nmep)(COH PP, ¥CI T? 50.8, 50.0 (R}, (5)
[Ruix’-nmcp)(CO¥H PPh,)Br® 45.8, 45.7 {R), (%)

[y CyMe, )JRuN( PR}CHMeC H (PMe; 1]° 46.8, 4.16 {RS,SR), (RR,55)

®Ref. 26, 40.48 MHz, toluene-d;, mcp= R-{—}-menihylcyclopentadiene, nmcep = 8-{+}-neo-

menthylcyclopentadiense,

PRef. 27, 121 MHz, CDCl,, ¢, = 18 b, 25°C for isomerization.

Dienetricarbonyl iron{0} complexes 23 and a derivative 24 have been reporied

and resolved [28]. These compounds are configurationally stable.

The compound Mo{CO);[ PMe{QEf}{OH)] (25) has been resolved [29] by
forming diastereomeric salts with (—)-ephedrine (**P NMR (CDCl,/CH,OH}: é
{(—)eph({—) 25, 155.5; {(—jeph(+) 25, 156.2). The OH group of this compound may
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d3'P {40.26 MHz, COChy)
PRz

Y=H
FelCOls PRy = {S}{(+}-PMePrPh 312,317
(S){+}-PPha(CyoH g} 32.4,34.2
23 (S){+)-PPha{TrHy4) 312,317
¥=0OMe, PRy=(8){+}-PPha(CgHa) 317,337
70.5, 70.1
cN

Fe{CO({SH+}-PPha{CioH g}
24

be esterified with retention of configuration at phosphorus. Prochiral i-menthyl
phospha-alkene complexes were prepared from the “phospha—Witiig” reagenis
[ MenP{H)-P{O)(OR), IM{CO); (M =Mo,W)}, and several aldehydes [3G]. Their
catalytic hydrogenation using Rhi,™ catalysis and their [ 2+4] cycloaddition with
cyclopentadiene proceeded with full diastereoselectivity. A molecular model of such
a phospha-alkene complex showed that a preferred confermation exists that mimi-
mizes the combined interactions of the isopropyl substituent of the L-menthyl group
with the complexing group and the phosphavinylic C-H bond. In this conformation,
only the si face of the phospha-alkene 15 accessible to the incoming reagents. Both
hydrogenation and [ 2+ 4] cycloaddition with cyclopentadiene selectively take place
on this face, as demonstrated by the X-ray crystal structure analysis of two of the
resulting complexes. A two-step procedure was devised for the conversion of
[MenPH, ]Mo{CQ), into optically pure phosphines. In the first step, the primary
phosphine complex was phosphorylated, the resulting phospha-Wittig reagent was
aliowed to react with an aldehyde, and the phospha-alkene complex thus formed
was trapped by cyclopentadiene. The decomplexation of the resulting molybdenum
complex was carried out by heating it with Ph,PCH,CH,PPh,. An optically pure
2-1-menthyl-2-phospha-5-norbornene was thus prepared.

The absolute configuration of 27b was confirmed by X-ray crystallography.

The phosphido compiex {(#°-Cp)Re( NG} PPh;){PhPH) undergoes inversion of
the coordinated phosphido-phosphorus [31] with AG,=11.5+0.1 kcal mol *.
Approximate P chemical shifis are (THF, —64°C} (RS,SR} 25, —91; {RR.SS}
17, —111).

The amincophospirane complex 28 reacts with 1-hexene 0 generate two diaste-
reomers of the new aminophosphirane complex 29 according to reaciion (23 [32],
by way of the aminophosphinidene intermediate, [ Et,N-P=W({CO}; ].

The two diastereomers of 29 slowly equilibrate upon standing at room temper-
ature by reversible formation of the aminophosphinidene intermediate. The absolute
configurations of these two diasiereomers are not known.
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“Phospha-Witiig” reactions of pentacarbonyl [(diethoxyphosphoryl}menthyi-
phosphine] tungstien{0) with optically pure styrene oxide proceeds by inversion of
the carbon configuration to produce diastereomeric products {reaction (3)) [33].
The absolute configuration of the P(R)C(S) diastereomer was determined by X-ray
crystallography. Similar reactions were observed for analogous complexes with
other racemic oxiranes but in these cases only the cis and trans isomers could be
distinguished by *'P NMR spectroscopy. The data are given in Table 5.

Reactions (3} have also been reported for the analogous molybdenum com-
plexes with optically pure styrene oxide [34]. The four diasterecmeric complexes
were separated by column chromatography and the free 1-menthyl-s-
phenyilphosphiranes were hiberated from the molybdenum complexes by reaction
with Ph,PCH,CH,PPh,. The absolute configuration of the P{R)C(S) diastereomer
was confirmed by an X-ray crsytal siructure of the [L,(CODJRh}PF, complex. The
31P NMR data are given in Table 6.

The coordination chemical shifts {(AS('P) = 3(**P} complex — 6(*'P) ligand for
the molybdenum and tungsten complexes of these diastereomeric phosphiranes may
bz predicted from the eguations [35] A#*'P= —0.1425%'P{ligand)+40.19 and
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trans/01s{55:45) | 42°C, 5h

{OCisW

\

P

P{S}C{S)
8=-~141.7, Uyp = 259 Hz

+
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\
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&

b
W{CO)s

oh

P(RC(S)
5=-141.9, | Jyp= 244 HZ

THF
45°C, 7h

S57%
trans/cisi 24.76)
WI(CO)s

4

\'P
Men'\\ \_(
Ph

P{RIC(R)
§=-1454, Jyp = 256 Hz

{3)

+

Men®

a'P
WCO) Y Q
Ph

P{SIC(R)
$=-155.8, Ty = 249 Hz

Hi
/
{OC)sWP: -
TABLE 5 }:
32.43 MHz *'P NMR data for the Re R3

compeounds in €Dy

R! R? R? 3P (trans, cis) {ppm) trans/cis Tatic
Ph Ph H — 1525, —i576 68:32
t-Bu Ph H —127.5, — 1368 75:25
PaCH=CH Ph H — 1568, —169% 70:30
PRCH=CH OMe Me — 1550, — 1475 62:38
. _Ph

TABLE 6 “é"”“
81.01 MHz *'P NMR data for the {OC);Mo— g complexes and the iree ligands
in toluene
Phosphirane diastereomer 3P {ppm)

Mo complex Free ligand
P(S) C(S) —1260 ~176.2
P(R) C(S) —122.7 —1829
P(R} C{R) —1327 — 1950
P(S} C(R) — 1253 — 1818
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AGP=0.1285°"P(ligand) + 21.42 for the Mo and W complexes respectively. The
experimental values are compared with the predicted valoes in Table 7.

As can be seen from the data in Table 7, the observed coordination chemical
shifts are all smaller than the predicted values, suggesting that the phosphiranes are
poorer donors than typical phosphines.

Rhodium complexes of these phosphiranes were evaluated as catalysts for the
asymmetric hydrogenation of RCH=C(Z)CO,H where Z=NHCOMe, R=H.Ph
and Z=CH,CO,H, R = H. Effeciive catalytic activity was observed with only moder-
ate optical yields. But, since only ring-opened oxidized phosphorus derivatives were
found at the termination of the catalytic reactions, it is not clear that the phosphiranes
themselves take part in the catalyiic cycle. This is consistent with the low denor
ability of the phosphiranes as suggested by the coordination chemical shift data.
Only the P(R)C(S) diastereomer shows normal coordination chemical-shift values,
and it gave the best optical yields in the catalytic hydrogenation reactions.

Phenyiphosphinidene tungsten peniacarbonyl reacts with norbornadiene and
norborngne to produce the diastereomers shown in reactions (4)-{7) [36].

The structure of 30 was confirmed by X-ray crystallography. The *'P chemical

WI(COlg Ph\
P + P
PhPW(CO)
éé) __PhPW(CO)s N ~on / \
W(CO)s (4)
{30 (31}
100.7; "hyp = 248 Hz -81.0; \lwe = 220.9 H2
P P
~
/ Pn / W(CO)s
{COVsW Ph
(32} (33)
1168 -B7.6
diastereomeric ratio. 2(:10:2:1
W{CO)s P
PhPWICO)s \ p
_— P. + 'Y
{34) 3%)
-176.7; \yp = 2515 Hz -155.7; Ydyp = 253.7 Hz

majar minor
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Ph {CONIW
Ph Ph \ Ph \ Ph
. W(COss ~
]
y PhPWCO)s ¥ J (6)
(36} (37}
-66.2; \Jyp = 248.3 Hz -98.7; \hwe = 250.9 Hz

diaslereameric ratio: 1.2

Ph Ph
P 2
Y e S

WHCO
o’ PH ol

(39
-125.1 -110.3

shifts of the phosphinidene [1,2]-cycloaddition products of unsubstituted and
7-phenyl-substituied norbornadiene (ie. Z-exo, d=~100.7 (38) and —96.7 {37);
E-exo, —61.0 (31} and —36.2 (36); Z-endo, —116.8 {32); E-endo, —67.6 (33} arc
strikingly different (a) from the generally much more shielded resonances (6= — 130
to —175 ppm} found for W{CO)s-complexed phosphiranes [37-43] and (b}, in
particular, from those of the related exo-phosphiranes 34 (= —176.7 ppm, major Z
isomer) and 35 {¢= —155.7 ppm) that result from the reaction of PhPW{COj; with
norbornene. This strong deshielding effect (Ad=77 and 96 ppm for exo 39 and 31,
respectively, relative to the corresponding phosphiranes 34 and 35) is atiributed to

TABLE 7

Coordination chemical shifts for the LMo(CO), and LW{CO}; complexes of the diasiereomeric
phosphiranes

Diastereomer A&*'P (ppm}
LMo(CO)s LW(CO)s
Observed Calculated Observed Calculated
P8} C(8) 50.2 64.4 28.5 43.2
BP(R) C(5) 60.2 66.2 41.0 44.8
P{R} C(R) 523 66.5 386 45.1

P(S) C(R) 56.5 66.0 26 447
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negative hyperconjungation [44]* between the phosphorus and the remote double
bond, which causes P-electron withdrawal and deshielding. The exo- phosphiranes
benefit most from this extended §,n conjugation, and particuiarly the Z isomer (30}
owing to its W configuration (C=C,C,;Ph), which thereby indirecily supports the
phosphirane product assignments.

4. COMPLEXES OF DIPHOSPHINES

The orthometallated palladium(il} complex (—)-bis(u-chloro)bis[(R}-di-
methyl{x-methylbenzyl Jaminato-C?,N] dipalladium(11} can be used for the reso-
lution of phosphines [45,46). The 3'P NMR spectra of the diastereomeric salts (40}
formed by reaction of this compound with chiral diphosphines provide a measure
of the optical purity of the diphosphines [47] (Table 8}. There is no patters in these
data that would lead to ready assignment of absolute configurations.

M92
Me’; N P
)
|
\ c
P
O

Phospholes undergo intramolecular [4+2] Diels—Alder cycloadditions with
vinyl phosphines when both are coordinaied mutually cis to Pd(1I) or Pi{I1} halides
[49]. With divinylphenylphosphine, two diastereomers 41 and 42 are formed. The
31p NMR data are given in Table 9.

TABLE 8
IpARL {CDCI,) NMR data for diasterecmeric salts 48 [47]

Diphosphine &P {ppm) I (Hz}

Diop 33.6(R,R}* 33.7(SS)

1,2-C4H {PMePh), 447, 29.3(R RY; 47.6, 31.05,5) 25(R,R); 26(S.5)
Dipamp 48.4, 32 1{R.R); 45.3, 32.8(5.5) 37(R,R); 25(5.5)
Notphos 48.4(R R); 46.7, 44.6(5.5) 5(5.8)

Renorphos 426, 82.0(R,RY; 45.5, 44.2(5,5) 7{R R); 8(5,5)
Binaph® 3778, 11.62(R,R}; 38.53, 11.004885) 43.4{R,R}; 44.3(8.5)

® Configurations of the siereocenters in the free phosphine.
®Data from Ref 48

* The negative hyperconjugation discussed in ref 44{a) relates 1o the P NMR chemical shifts of
7-phosphanorbornanes and 7-phosphanorbornenes. The system discussed here represents an extension
to these earlier studies,
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TABLE 9
40.26 MHz (CDCl;) ¥P{'H} NMR data for 41 and 42
M R X Diastereomer &P (ppM) Y (Hz) 2lop (Hz)
P |
Pd Ph Cl 41 123.82 3542 4.9
Pd Ph l 42 125.76 3403 4.9
Pd Ph Br 41 125.60 3548 [ 3]
Pd Ph Br 42 126.06 3342 G
Pt Ph Cl 41 96.09 21.22 3254, 3420 17
Pt 'h Cl 42 97.3 211 17
Pt Ph Br 41 971.75 2292 3159, 3357 15
Py Ph Br 42 99.45 21.83 12
Pt Ph i 41 98.51 2312 2857, 3188 10
Pt Ph ] 42 101.40 21.13 2959, 3223 10
Pt Bzl ] 41 102.27 2395 2959, 3201 10
Pt Bzl I 42 103.90 2292 2944, 3271 10
/M)(g /MX2
P\ P
VN4 o’ \7
0 L)

The structures were confismed by X-ray crysiallography. The chemical-shift differ-
ences of the two phosphorus resonances for 42 are always larger than those for 41,
allowing for facile structure assignment.

Similar [4 + 2] Diels—-Alder cycloadditions occur [ 50] when (DMPP)Mo(CQ)s
is reacted with phenyldivinylphosphine or when phenyldivinylphosphinemolybde-
numpentacarbonyl is reacted with DMPP. The *P{!H} NMR data for the two
diastereomers of the resulting tetracarbonyl complexes are: & 490 (d), 143.4 {d);
2Jpp=17.1 Hz and & 47.2 (d), 142.5 (d); Z/pp= 17.1 Hz respectively.

Rearrangements in square-planar and square-pyramidal palladium{Il} com-
plexes of (1)-methylphenyl (8-quinolyl jphosphine (43) have been studied [51]. This
chiral ligand, which could potentially form ail the diastereomers shown in Fig. 1, in
fact forms only the cis isomers. The data are given in Table 10.
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Fig. 1. Diastereomeric Pd(Il) and Pt(II) complexes of 43,

The diphospholene (44) [52] forms the meso and 4,! diastereomers of
[Ni(44), (BF ), [53] (3P NMR (40.28 MHz, CDCl;} § meso 80.17, rac (dd+1)
82.94), both of which have been characterized by X-ray crysiallography.

A

o / H“':S "th

in a series of papers [ 54-56] concerning the stereochemisiry of reactions at
the ruthenium stereocenter in complexes of the type [(n®-C;H;)Ru
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TABLE 10

2428 MHz {CD,CL) *P{‘H} NMR data for the diastereomeric palladium(Il} and
platinum{ I} complexes of 43

Compound 3P (ppm) Ve (Hz)
(8.5)-cis-[ PACH{P*N), 1 Cl 229

(R* R*}cis-[ PACI{P*N},]Cl 223

(R*5*)-cis-[ PACI(P*N),]Cl 237

(3,8)-cis-[ FICK P*N), JC1 1.2 3560
(R¥,R*}-cis-[ PACH{P*N}, ]CI 1.2 3560
(R*.5*)-cis-[ PACI{P*N),1Cl 19 3560
(S,8)-cis-[ PL{P*N ), }(PF,),* 12.1 3310

(R* R*)-cis-[Pt(P*N), J{ PF,},* 12.1 3310
(R*,S*}-cis-[ PtUP*N}, 1(PF, )2 12.3 3320

*In DMSO-4, at 304 K.

{P*P}L]X, Consiglio and co-workers have obtained the *'P NMR data collected in
Table 11. They found that hgand substitution generally occurred with retention of

TABLE 11

3P NMR data for {4°-CsHs)Ru(ProphosiX (45) and [(7°-CsH;)Ru{ Prophos)L (PF,) (46) in
toluene =d,

Compound SeorRe Rgu. R,

8P (ppmy)  A(PP)Hz 5P (ppm) 2J(PP)Hz

45, X=H?* 98.1, 772 300 104.3,857 229
45, X=CH, 1000, 741 352 936,850 322
45, X=C,H, 991,723 364 883,816 371
45, X=C,H,CH, 975,729 342 930,819 327
45, X=C,H,CH,CH, 1004, 743 357 896,824 363
45, X=C,H,C=C 917,688 311 890,794 247
45, X=Ci 86.4, 613 303 809, 74.1 367
45, X=8aCl,>* 817,595 306 818,647 290
46, L=CH,CN* 87.3,631 329 881,757 256
46, L=CH=CH,* 88.2,61.9 311 824,589 385
46, L=C(OCH,)CH,C H* 922,676 328 840,766 331
46, L=C=CHCH° 80.0, 61.0 279 837,635 293
46, L=C=CHCH;° 831,679 258 907,741 238
21n CyO.

® Because of the convention applied in this case the descriptors must be interchanged even
though the geometry of the complexes in the two series is the same [25].
¢In CD.Cl,.
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stereochemistry at the ruthenivm center [ 34]. These authors noted empirically that
the diastereomers having the Sz R. configuration exhibit differences in the *'P
chemical shifts for the two phosphorus atoms which are always larger than those
for the Ry R, diastereomers. This rule seems to apply equally as well ¢o the absolute
configurations of the diastereomers formed by intramolecular [4+ 2] Diels-Alder
cycloadditions within the coordination spheres of [(7*-CsHs)Ru(DMPP},,
{dienophile), |PF, [57] and iron analogs [58]. The data are given in Tables 12
and 13,

Ph, ,R“- _ PR, PR Pb Y
w th '@\PhQ @i’;Q "@;}1 Q

46a 46b 47a 47b

A /‘?" d R“n.

47¢ 48a 48b 40a
Vi :> » * +
b i [A] Y ; P #
u., p Run P Ru'.."- P'h F/l}m-"' P'Ph
§ ! NF '\Ph \Wl \ Q )
Y R P - .
-\ % AN 7Y
49b 50a 50b 50¢
2 Fh Pn
\p/nu""-l.‘n Phg“"nu""? ‘p - Rut, ‘p— Rus
\mﬂ/ s _phpph3 PPh,
pm ‘§i+;§ b Y m <
Ph o
s0d 5la,b 52a 52b
are sulfur epimess Facemic racemic

The ligand structures A or B were assigned by comparison with X-ray
crystal struciures and Consiglio’s empirical rule [54] based upon the magnitude
of Ad.
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TABLE 12
121.65 MHz (CDCl;) *'P{'H} NMR data for the complexes 46-52°
Compound  Ratio®  §*!'P(m)S {ppm) 2Jp {Hz)

P, P, Py PP, PP, PP
462 5 151.18{dd) 54.16(dd) 48.84{dd) 41.24 3455 3030
46b 1 152.47{dd) 69.57{dd) 40.21¢ddy 4883 3906 2690
47a 3 151.58(dd} 56.01(dd} 40.56(dd) 5371 46.10 37.83
47h 1 154.71(dd) 60.19(dd} 4784(dd) 48.83 4639 3906
4% 4 159.20(d) 78.60(t) 43.94
48a G 151.08{dd) 52.18(dd) 42.18(dd) 3942 37.29 3151
48b 1 152.35(dd} 68.96idd) 61.83iddy 4623 4063 2348
49a 6 151.99(dd} 48.44{dd} 35.24(ddy 4395 3418 34.18
4%h 1 154.65(dd) 45,78(dd} 19.48(ddy 4395 3418 3418
56a 3 129.46(dd) 44.51(dd} 17.26(dd}y 34.18 2930 4395
S0k [} 123.72idd) 47.95(dd}) 1333(ddy 2830 3907 4883
Siic i 127.57¢ABj 125.19(AB) 6.13(X) 3123 4315 4420
564 124.11(d) 6.5141) 45.56
51a 34 164 81(d) 44.69{d}) 3541
Sth _1" 159.41{d} 46.50(d) 3541
52a 3 154.65{dd} 50.0{dd} 41.36(dd} 34.18 29.3) 43.54
52b 2 156.83{dd) 45.53{dd) 4245(dd) 34.18 34.18 4354

* 46a,b, 47a—¢, 48a,b, and 49a—d in CD,NO,, the other complexes in CDCI,.

® The ratic is among stercoisomers of the same composition.

¢ Abbreviations: m, multiciplicity; d, doublet; dd, doublet of doublets; t, triplet; AB, AB quariet,
X, X part of ABX,

4 At —20°C in CDCly, stopped exchange limit.
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Reactions {7)}-{11) have been studied [ 59] for complexes containing symmetric
{reaction (7))} and asymmetric {reactions (8)}-{11)} diphosphines. The *'P NMR data
for the diastereomers thus obtained are given in Table 14.

TAERLE 13

121.65 MHz (CDCILy) *'P{'H} NMR data for the complexes 13-17 and ligand structure
assignmenis®

Compound P, &P, Ad=6P, - 4P, Ligand struciure
53a 173.10 7047 102.63 A

53b 171.27  88.09 83.18 B

542 171.19 64.42 106.77 A

54b 174.43 66.66 107.77 A

54¢ 168.35 83.39 85.16 B

55a 144.57 38.31 106.26 B

55h 14427 34.43 109.84 A

55¢ 143.30 338.79 105.51 B

554 141.57 3034 11823 A

Séa 174.2 Ph M Ph A

56b 169.8 P~ p--"f A

Sée 165.8 PPh, PPh, B

57a 1701 A

57b 16569 Afy B fi B

*In ppm; P, is the 7-phosphaphospheorus atom and P, is the exocyclic 2-phosphinophos-

phorus atom.
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p X p X
P\P A NpCHCOPR \pg - ’ \p, -~ “
t _— AN + A {11)
C os
A7 [ X | >coen

COPh X

69a P~P=R,R—diop, X=Cl 67a 68a

39 P~ P=858-skewphos, X=Cl 67b 68b

62c P~P=R,R—diop, X=1 69a Toa

62b P~ P=858—skewphes, X=1 69h 70b

TABLE 14
36.2 MHz ¥P{'H} NMR data for complexes 58-78 in CDCl,*

Compound  &(P,)  (PtP.)  &Pg)  'J(PtPg)  J(P,Pg) Ratio®

58a,b 214 3972 399 2102 5 1.6
409 3984 %4 2097 5
66a° 1.5 4099 —0.5 1946 20 30
61a° 15 4099 —13 1932 20
61b 115 3921 7.3 1902 27 20
60b 10.9 3960 87 1980 27
6le,61c 413 3872 40.0 2063 15 30
413 3972 40.0 1597 15
63a,64a —53 3894 —88 2033 17 e
—4.6 3869 —~11.3 2026 i7
63b,64b 4.8 3716 38 2053 24 1.0
6.0 3762 0.7 1997 27
63c,64c 185 3762 374 2051 15 1.5
40.1 3608 318 2241 5
653,662 12 4076 -39 1928 20 2.3
—-08 4082 -20 1522 20
65h,66h 11.4 3943 7.1 1924 27 1.0
110 3913 7.1 1924 27
672,682 0.7 4072 —06 1995 20 5.0
—0.2 4072 —19 2000 20
67b,68b 10.4 3885 80 201 27 10
LAY 3909 2.1 1994 27
69a,70a —69 3884 —86 2103 i7 5.0
—6.2 3860 —123 2063 19
65b,70b 3.3 377 26 2092 27 10
1.8 3715 6.1 2048 27

* Py is trans to the halide and Py is trass to the carbon.

®Numbers in this column refer to the ratios of the P NMR signals representing the two
diastereomers (data for the major diasiereomer are given first).

*Some of the signals were coincident in CDCl,, but in (CD4),80 they are clearly resolved:
608, 5(P,)} 2.4, \J{PtP,}=4057, 5(Py)= —0.5, }J(PtP,)= 1970, 2J(P, P} =20; 61a 6(P,) 2.9,
LJ(PtP,)=4050, 5{Pg) = — 1.4, LJ{PtPy)= 1965, 2J(P,P,)=20.
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The absolute configuration of 60a was determined by X-ray crystallography. The

absolute configuration

at the z-carbon for the major diastereomer 60b was

determined by conversion of 60a to 60b by reaction of 68a with skewphos.

The stereochemically matched (and mismatched) bisphosphine DIOP-
DIPAMP hybrid ligands 71-73 have been prepared, the diastereomers separated
and their molybdenum tetracarbonyl complexes have been characterized [60]. The
3P NMR data for these compounds are given in Table 15.

Ph
g ' .|\\Ar
Me. Oz &
Me 0 - P'm’
H A 7pn
Ar
Rp. Rp

Ph Ar
l%' ’ \\\\Ar ig ' o Ph
Me><0-._? P Me O-F P
Me O/ i’"#f Me 0 ] i'"tff
Ar Ar
H Ph H Ph
Rp. Sp Sp. Sp

s

OMe

71 T2 73

The absolute configurations of Rp,Rp(71), Rp,Rp(72), Rp,Rp(73) and Sp,Sp(73)
were determined from X-ray crystal structures of their Mo{COQ); complexes.

TABLE 15

MpiiH} NMR data for the diastereomeric bisphosphines 71 and 72 and the Mo(CO},
complexes of 71-73 in CDCl,

Compound Diastereomer &P (ppmy)

71 Rp, Rp —30.87
Rp, Sp —29.87, —30.69
Sp, Sp —-29.82

72 Rp, Rp —29.70
Rp, Sp —29.96{d}, —30.3{d}, SJpp=1.7 Hz
Sp, Sp —30.1

Moi{CO}, (71} Rp, Rp 18.8
Rp, S5p 13.67(d), 22.47(d), 24pp=209 Hz
Sp, Sp 13.99

Mo(CO}, (72) Rp, Rp 247
Rp, Sp 11.4(d), 26.0{d}, 2pp=19.3 Hz
Sp, Sp il.5

Moi{CO), (73) Rp, Rp 7.9

Sp, Sp 194
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The free bisphosphines (71} and (72) were liberated from their respective
Mo({CO}), complexes without epimerization of the phosphine stereccenters by reduc-
tion of the complexes with sodium naphthalenide at — 78 °C in THF. This procedure
was not successful for Rp,Sp or Rp,Rp73 but succeeded for Sp,Sp73.

In situ formed rhodium complexes of the diastereomers of 71 were evaluated
as asymmetric catalysis for hydrogenation of a dehydroamineacid, for hydrosilylation
of phenylethanone and for hydroboration of norbornene, indene and styrene. In
each case the enantiomeric excesses were low {0 moderate (O to 84%) and the Sp,Sp
diastereomer consistently provided the highest enantiomeric excesses.

The diastereomeric bisphosphine (74} and its PdI, compiexes have been sepa-
rated and characterized [61]. Cyanide displacemeni of the bisphosphine from the
paliadivm complexes occurs without epimenization of the phosphorus stereocenters.

Ph
Hac%,,’. (EZI!
N-COC(Me)s
HaCP
Ph
74
SMP{CD,0D)
ligand PdI, complex
PR, 3R, 4R, PR —28.65 23.58
P§, 3R, 4R, PS8 —2903 27.98
PR, 3R, 4R, P'S —28.5to —29.5m 29.39(d), 24.81(d);2Jpp=27.4 Hz
29.59(d), 24.96(d);2 pp=27.4 Hz
82!P for [(COD)Rh{74}] BF, in CD,Cl,
PS, 3R, 4R, PS5 21.114d); Jgap=151.6 Hz
PR, 3R, 4R, PR 18.00{d); Jpap=147.8 Hz
PR, 3R, 4R, P'S 23,75 (143.4), 20.48 (153.9) ABX; 2Jp—124 Hz
24.07 (143.9), 20.17 (153.4) ABX; 2Jpp=124 Hz

Two AB spectra are observed for the palladium complex of the PR, 3R, 4R, P'S
diastereomer because of hindered amide rotation. The absolute configuration of Pdl,
(PS,3R 4R, P'S-74) was determined by X-ray crystallography. A similar bisphosphine
75 and its palladium iodide complexes have also been reported [62].

NC—\- Ph
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ff;,ﬁ . I]

N-COC{Me}s
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NG
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8P{CH,Ci/CeDg) 75)
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ligand Pdl, complex
PS, 3R, 4R, P'S —18.01, - 1805 {AB} 36.8 {AB})
PR, 3R, 4R, PR — 1798, —18.26 (AB) 336 {AB)

PR, 3R, 4R, P'S  —17.92(d). — 18.64(d); *Jpp=21 Hz 37.77(d), 31.49(d};2 e =19 Hz
37.52(d), 31.74(d) 2 pp =19 Hz

The absolute configuration of the PS, 3R, 4R, P'S diastereomer was determined
from the X-ray crystal structure of its Pdl, complex. These same authors have
prepared and characterized the diasiereomeric [(COD)Rh(74}]1BF, complexes [ 63].
From an investigation of catalytic hydrogenation of a-{acetylamino} cinnamic acid
and iis methyl ester, they concluded that the high enatioselectivities obtained with
the rhodium compiexes of conformationaily rigid bis(diphenylphosphino) ligands are
mainly due to the influence of the axially situated phenyl groups at the phosphorus
atoms. The equatorially situaied phenyl groups play a minor role.

Brown and co-workers, in a series of papers [ 64-67] relating to the mechanism
of thodium-catalyzed asymmetric hydrogenation, have determined the diastereomeric
ratios for [{P*PjRh{alkenej]* complexes exemplified by 76 and 77 (Table 16}.

Me,;,, (0\| FPh Ma,, (
>Rh Rh (
L Lp HOC A
e COZH
76 77

These authors found that the prochiral enamides coordinate to the {{P*PJRh} ™
moiety as bidentate ligands binding through the alkene C=C group and the amide
oxygen as ilustrated in 76 and 77. The diastercomeric ratios are temperature-
dependent and do not correlate with the optical yields observed in catalytic hydrogen-
ation. Landis and Halpern have shown [68], by detailed kinetic studies, that the
predominant product of catalytic hydrogenation derives from the minor (less stable)
diastereomer by virtue of its much higher reactivity toward H,.

The resolved enamide complex (+)-78 or (—)-78 may be used for the resoiution
of chiral diphosphines. The crystal structure of {+)-78 has been determined [69].
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TABLE 17

273

Reaction products from chiral diphosphines and {+)-(78) or its enantiomer {—}-{78)

Initial Biphosphine J {ppm), J {Hz}; Isomer
iridium & ("C}; solvent
complex
{+1-{78) (8,8)-Chiraphos 457, 26.6; 26 — 70, Stable, C7°
CH,Cl,
(=783 (S.8)-Chiraphos 54.7: 30.0; Br: O, Metastable, C&f
CH,CI,
{—}{78) (3,5)-Chiraphos 46.4; 27.1; 26:25; Stable, C¥¢
CH,C1,
(+)-(78) (R,R)-Dipamp 37.1; 23.6; small; Metastable, CIf
CH,Cl,
(+)-(78) (R,R)-Dipamp 45.6; 24.8; small; §; Stable, C¥
CH,CI,
{(+)-(78) (R,R}-Diop —2.5 —17.0; 20; 15, Stable, C7*
MeOH
{(—)-{78) (R,R}-Diop —14; —22.3; 22.5; Metastable, C
MeOH
{(—1-78) {R,R}-Diop —2.6; —16.5; 5:20; 1G; Siable, C¥
MeOH
(+)-78)
Phy
Me, _P
. ML % I \},/ p
Fast Me ;‘/ \ 1 Ph
T RO,
Stoble
e
Pph:
i d o
e ¢
Me
Siow He. ;;hz i 0%
Tty -0 °C j: /"\ P
M P !
Fd
OR
Meiostable

{(+)-(78)
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Complex 78 forms the diastereomers (Table 17) upon reaction with chiral
diphosphines. One diastereomer is metastable and slowly converts to the stable
diastereomer as illustrated above for (8,8)-chiraphos.

The chiral palladium{0} and platinum(d) complexes [{R,R)-Diop] M(CH,CH,)
(79} act as derivatizing agents for the *'P NMR assay of the enantiomeric purity of
certain chirai alkenes and allenes as they readily displace the ethene ligand from 79
[70]. *P NMR data are given in Table 18. There is no enantioselectivity in binding
of the Si or Re faces of the C=C double bond to the metal.

Diasiercomers of [Pd(P*P}{chiral n-allyl)]* complexes have been charac-
terized by *'P NMR in the course of studies relating to catalytic allyllation [71-73].
Diastereomers of the types 88 and 81 result. >'P NMR data are collected in Tabk 19.

N .-l-..‘}

N\ N\,
S \.___/
major minor

80 81

The crystal structure of the major diastereomer of {Pd(n’-
C(Xyl),CHCHPhXS,S-chiraphos)] BPh, has been reported [74]. It has been found
in a study of the mechanism of asymmeiric catalytic allylation [75] that the n-allyl
intermediates epimerize 10 to 100 times faster than nucleophilic attack occurs. The
nucieophilic attack is the turnover-limiting step as well as being the enantioselective
step. In contrast o asymmetric catalytic hydrogenation [ 68,76—79], the major diaste-
reomeric intermediate produces the major product enantiomer.

5, CONCLUSIONS

The synthetic applications of enantioselective organctransition-metal-mediated
reactions have recenily been reviewed [80,81]. A large majority of the catalysts
employed thus far contain asymmeiric phosphines. Chirality transfer is generally
believed to occur by way of diastereomeric transition states. Many of the early
studies did not take advantage of the broad utility of *'P NMR spectroscopy.
Hopefuily, the data provided in this review will promote a more general application
of this spectroscopic technique.
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TABLE 18

HPIHY (CD, 298 K} NMR data for the diastereomers formed upon reaction of 79, M =Pt,
with chiral alkenes and allenes

Ligand isomer 5P (ppm) J {Hz)

Pit}) P{2] Pt{P1) Pt{ P2} P(1}P(2)

0 Ph (iy 128 99 380i 3759 57
) g (i) 127 113 3512 3477 61
rae ('\"/L B G 136 96 3828 3752 57
(iv) 33 108 3470 3500 64
0
s
- 125° 108 3409 3881 65

A

o)
R -
138 9.9 3537 3938 63

rac - i 176 110 3246 3057 7
\)) (iti) 173 163 3250 3060 71

®(i} and {ii} [and {iii) and (iv)] are unassigned constitutional isomers related by Si- or Re-
binding of the alkene, while i) and (iii) [and (ii} and {iv}] are diastereomess related by binding
of the § and R enantiomers of the alkene by the same face.

b A figure shows the *'P NMR spectra ebserved for (SH+}- and {R){—}-carvone and various
mixtues of the two.

¢ Binding occurs only o the less hindered face.
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TABLE 19

MpLH} NMR data for [ Pd(P*P)(chiral z-allyl)]* complexes

JH. NelsonfCoord. Chem, Rev. 139 (1995} 245-280

Diphosphine  Allyl Major 3P NMR* Diastereomer ratios®
Minor J
diastereomer CDCl, DMF
Py 8Py
S-S chiraphos | 50.58 4938 51.17 1:1 1:1(—20°Cjf*
5102 4902 50.84
5329 4849 5379
A 49.44 4838 52.15 1L7:1  19:1{-20°C)f*
5175 4689 52.15
e 4745 4709 —° 1.6: 1{60°C)
5342 4752 5576
4878 4712 5445 i2:1  f°
O\ 5064 4926 5018
5038 4892  49.20 18:1 ¢
5226 5020 59.04
Pl 5234 4850 58.38 i:1 1:1{—20°C)i®
Ph\ﬁ
Ph 5575 4447 6462
5128 5056 —° 6:1 9.7: 1{~-20°C){*
Ph PR
b 5774 4584 7380
Ph §233 4981 7347 55:1  6:1{3.7:1in THF)
Ph
i 5560 4222 61.57
Fh 5086 503 —°© 4:1 6:1
Ph\ﬁo 5378 4260 61.01
P 4952 4862 —° 5:1 74:1
Ph\%\ 5474 4486 58.3%
Ph 5032 4872 —° 31:1 f*
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TABLE 19 {continued)

Diphosphine  Allyl Major Minor *'P NMR* Diastercomer ratios®
diastereomer  J

CDCl; DMF
Py (P

5776 4418 7347
52.15 4889 —° 1.5:1 28:1
{1.6:1 in Me,SC}

5706 4598 7675 <210 <2:1
51.89 5189 —° 11.7:1
5522 4744 7675 12.5:1 (Me,80)
5254 4808 7544 il:1 {THF}
R Me Ph_ . PD
Vo 2200 258t 588

= oM g

{ Y—— szMa_COH 2374 2845 632 20:1

=7 ™ PPhy

Ph P 2303 2837 599
X=N Mey 2425 31.24 603 2:18

S-Binap 275 229 50

R-Binap L 228 15.6 52

2 Chemical shifts in ppm relative to 85% HyPO,; 8(P,) are the chemical shifts of the phos-
phorus atoms of the major {top row} and minor (lower row} diastereomers; j is the coupling
constant in Hz; specira were run in CDCl, ai 32.3 MHz and are proton-decoupled.

b Ratios were determined at 35°C unless otherwise noted.

*Only two peaks are observed and are assumed to be the inner peaks of an AB guartet. The
quoted chernical shifis are based on this assumption and on the assumption that the coupling
constant is the same as that of the major diastereomer,

¢ Large errof.

*f=fluxional at 35°C.

f40°C [72].

E_ip°C [72].

h[73)




278 J.H_ Nelson/Coord. Chem. Rev. 139 {1995) 245-280

REFERENCES

1 S.C. Stinson, Chemn. Eng. News (1992} 46; (1994) 38.
2 8. Yamaguchi, in J.D. Morrison (ed.}, Asymmetric Synthesis, Vol 1, Academic Press, San
Diego, CA, 1983, pp. 125-152.
3 G.R. Weisman, in 1.D. Morrison {ed.), Asymmetric Synthesis, Vol. 1, Academic Press, San
Dnego, CA, 1983, pp. 153-171.
4 R.R. Fraser, in J.D. Morrison {ed)}), Asymmetric Synthesis, Vol. 1, Academic Press, San
Diego, CA, 1983, pp. 173-196.
5 D. Parker, Chem. Rev,, 91 (1991} 1441.
6 K. Mislow and J. Siegel, 1. Am. Chem. Soc., 106 {1984) 3319.
7 D Valenting, Jr., J.F. Blount and K. Toth, J. Osg. Chem., 45 (1980} 3691.
8 {a) K.L. Marsi, J. Org. Chem., 39 {1974) 265;
{b} K. Naumann, G. Zon and K. Mislow, J. Am. Chem. Soc., 91 {1969) 2788.
% B. Uznanski, A. Grajkowski, B. Krzyzanowska, A. Kazmierkowska, W.). Siec, MW.
Wieczorek and J. Blaszczyk, J. Am. Chem. Soc., 114 (1992) 10197,
10 F. Acher, S. Juge and M, Wakselman, Tefrahedron, 43 {1987} 3721.
11 H.-P. Abicht, 1.J. Spencer and J.G. Verkade, Inorg. Chem,, 24 {1985) 2132,
12 T.G. Hill, R.C. Haltiwanger and A.D. Norman, Inorg. Chem., 24 (1985) 3499
13 R. Jefferson, J.F. Nixon, T.M. Painter, R. Keai and L. Stobbs, J. Chem. Soc,, Dalion Trans.
(1973} 1414.
14 TR. Prouot, T.W. Imiolczyk, R.C. Haltiwanger, T.G. Hill and A.I. Normaa, Inorg. Chem,,
31 (1992) 215
15 T.G. Hill, R.C. Haltiwanger, T.R. Prout and A.D. Norman, Incrg. Chem., 28 {1989} 346).
16 L. Colqubkoun and W. McFarlane, J. Chem. Soc.,, Daltoa Trans. (1977} 1674,
i7 S.D. Pastor, J.L. Hyun, P.A. Odorisio and P.K. Rodebaugh, J. Am. Chem. Soc,, 140
(1988} 6347.
18 F. Mercier, S. Holland and F. Mathey, J. Organomet. Chem., 316 {1986) 271.
19 A. Togni and S.D. Pasior, J. Org. Chem,, 55 (1990) 1645.
20 AE Wroblewski and J.GG. Verkade, J. Am. Chem. Soc., 101 {1979} 7719
21 AE. Wroblewski, S.M. Socol, A. Okruszek and 1.G. Verkade, Inorg. Chem., 19 (1980} 3713,
22 AF.M. Mohlesur-Rahman, G. Salem, F.S. Stephens and S.B. Wild, Inorg. Chem,, 29
{1990¢) 25,
23 H. Brunner, Angew. Chem., Int. Ed. Engl., 10 (1971) 249
24 V.1 Sokolov, Chirality and Optical Activity in Organometallic Compounds, Gordon and
Breach, New York, 1990.
25 K. Stanley and M.C. Baird, J. Am. Chem. Soc,, 97 (1975) 6598;
T.E. Sloan, Top. Stereochem., 12 (1981) 1.
26 E. Cesaroiti, A. Chiesa, G.F. Ciani, A. Sironi, R, Vefghi and C. White, J. Chem. Soc,, Dalion
Teans, {1984) 653.
27 G.C. Martin and LM. Boncella, Organometallics, 8 {1989} 2968;
G.C. Martin, .M. Boncella and E.J. Wucherer, Organometallics, 10 {1991} 2804,
28 J.A8. Howell and M.J. Thomas, J. Chem. Soc,, Dalton Trans. (1983) 1401.
29 L.P. Reiff, D.I. Rossman, L.J. Szafraniec and H.8. Aaron, Inorg. Chem., 25 {1986) 1451.
30 R.de Vaumas, A. Marinetti, L. Ricard and F. Mathey, J. Am. Chem. Soc,, 114 (1992} 261.
31 W.E. Buhro and J.A. Gladysz, Inorg. Chem., 24 (1985} 3505.
32 F. Mercier, B. Deschamps and F. Mathey, J. Am. Chem. Soc,, 111 {1989) 5098,
33 A. Marinetti, L. Ricard and F. Mathey, Synthesis (1992) 157.
34 A. Marinetti, F. Mathey and L. Ricard, Organometallics, 12 {1993) 1207,



JH. Nelson/Coord. Chem. Rev. 139 (1995} 245-280 279

35 8. Affandi, JH. Nelson, NW. Alcock, D.W. Howarth, E.C. Alvea and G.M. Sheldrick,
Organometallics, 7 {1988} 1724

36 1-T. Hung, P. Chaad, F.R. Fronczek, S.F. Waikins and K. Lammertsma, Organometallics,
12 (1993) 1401.

37 F. Mathey, Chem. Rev,, 90 (1990} 997,

38 F. Mathey, Angew. Chem., Ini. Ed. Engl, 26 (1987) 275,

39 F. Mathey and A. Marinetti, Bull. Soc. Chim. Belg., 93 {1984) 553.

40 F. Mathey, Pure Appl. Chem., 59 {1987) 993,

41 K. Lammertsma, P. Chand, S.-W. Yang and J.-T. Hung, Organometallics, 7 {1988) 1875.

42 J.-T. Hung and K. Lammertsma, Organometallics, 11 {1992} 4365.

43 K. Lammertsma, J.-T. Hung, P. Chand and G.M. Gray, J. Org. Chem,, 57 {1692) 6557,

44 (a) L.D. Quin, K.C. Caster, J.C. Kisalus and K A. Mesch, I. Am. Chem. Soc.. 106 (1984}
7621,
(b} A.H. Cowley and N.C. Norman, in 1.G. Verkade and L. I, Quin, {eds.}, Phosphorus-31
NMR Spectroscopy in Stercochemical Analysis, VCH Publishers, Deerfield Beach, FL,
1987, chap. 7, p. 621.

45 K. Tani, L.D. Brown, J. Ahmed, J A. Tbers, M. Yokota, A. Makamura and 8. Otsuka,
J. Am. Chem. Soc., 99 {1977) 7876.

46 ILW.L. Martin, JA.L. Palmer and S.B. Wild, Inorg. Chem., 23 (1984) 2664.

47 E.P. Kyba and S.P. Rines, J. Org. Chem., 47 {1982) 4800.

48 K.J. Brown, M.S. Berry, K.C. Walerman, D. Ligenfelter and J.R. Murdock, J. Am. Chem.
Soc., 106 (1984} 4717.

49 JA. Rahn, M.S, Holt, G.A. Gray, N.W. Alcock and J.H. Nelson, Inorg. Chem,, 28 {1989)
217

50 8. Affandi, J.H. Nelson and I. Fischer, Inorg. Chem,, 28 {1989} 4536,

51 G. Salem and S.B. Wild, Tnorg. Chem., 31 {1992} 381.

52 F. Mercier, F. Maihey, J. Fischer and L.H. Nelson, J. Am. Chem, Soc., 106 (1984) 425;
F. Mercier, F, Mathey, J. Fischer and I.H. Nelson, Inorg. Chem., 24 {1985) 4141.

53 Lj. Solwié, J.H. Nelson and J. Fischer, Inorg. Chem., 34 (1995} in press.

54 G, Consighic and F. Morandini, Chem. Rev., 87 {1987) 761.

35 F. Morandini, G. Consiglio and V. Lucchini, Organometallics, 4 {1985) 1202,

56 . Consiglio, F. Morandini, G.F. Ciani and A. Sirom, Organometallies, 5 (1986) 1976.

57 H-L. i, J.H. Neison, A. DeCian, J. Fischer, Lj. Soluji¢ and E.B. Milosavljevié,
Organometallics, 11 {1592) 1840.

58 D. Bhaduri, JH, Neilson, CL. Day, R.A. Jacobson, Lj. Soluji¢ and E.B. Milosavijevic,
Organomeiallics, 11 {1992) 4069.

59 P. Bergamini, E. Costa, S. Sostero, A.G. Orpen and P.G. Pringle, Organomeiallics, 11
{1992) 3879.

60 K. Burgess, M.J. Ohlmeyer and K.H. Whitmire, Organometallics, 11 {1992) 3588,

61 U. Nagel and B. Rieger, Chem. Ber., 121 (1988} 1123,

62 L. Nagel, B. Rieger and A. Bublevitz, ]. Organomet. Chem., 370 (1989) 223.

63 U. Nagel and B. Rieger, Organometallics, 8 {1989) 1534,

64 I.M. Brown and P.A. Chaloner, J. Am. Chem. Soc., 102 (1980} 3040.

65 IM. Brown, P.A. Chaloner, R. Glaser and G. Shimona, Tetrahedron, 36 {1980) 815.

66 1.M. Brown and D. Parker, J. Org. Chem., 47 {1982) 2722,

67 JL.M. Brown and P.A. Chaloner, J. Chem. Soc., Perkins Trams. Il {1982) 711.

68 C.R. Landis and J. Halpern, J. Am. Chem. Soc,, 109 (1987} 1746, and references therein.

69 N.W. Alcock, 1L.M. Brown and P.J. Maddox, J. Chem. Soc.,, Chem. Commun. {1986) 1532.

70 D. Parker and R.J. Taylor, J. Chem. Soc.. Chem. Commun. (1987} 1781.



280 JH. Nefson/Coord. Chem. Rev. 139 {1995) 245-280

71 P.R. Aubum, P.B. MacKenzie and B. Bosnich, J. Am. Chem. Soc. 187 {1985} 2033.

72 T. Hayashi, A. Yamamoio, Y. Ito, E. Nishioka, H. Mirura and K. Yamaguchi, J. Am.
Chem. Soc., 111 (1989} 6301.

73 CJ. Amman, P.S. Pregosin, H. Ruegper, A. Albinati, F. Lianza and R'W. Kunz,
J. Organomet, Chem., 423 (1992} 415.

74 D.H. Farrar and N.C. Payne, J. Am. Chem. Soc, 107 (1985} 2054.

75 P.B. MacKenzie, J. Whelan and B. Bosnich, J. Am. Chem. Soc., 167 {1985) 2046.

76 1. Halpern, Inorg. Chim. Acta, 50 {1981) 11.

77 A8.C. Chan and J. Halpesn, J. Am. Chem. Soc,, 102 (1980} 838.

78 ). Halpern, Science, 217 {1982) 401

79 J. Halpern, in J.D. Morrison (ed.), Asymmetric Synthesis, Vol. 3, Academic Press, New
York, NY, 1985, p.4l.

80 S.L. Blystone, Chem. Rev., 89 {1989) 663.

81 W.R. Moser and D.'W. Slocum, Homogeneous Transition Metal Catalyzed Reactions,
Advances in Chemistry, 230, American Chemical Society, Washington, DC, 1992

APPENDIX: ABBREVIATIONS

>< PPhg
QO O
rarenphos
Hiase H

diop PPh,
Phap Pphz
dipamp
(&MaO—Ph)\ mf’h PPh,
b
p 4 naph PPh,
$ %
Ph {o-MeO-Ph)
PPhy
norphos ‘\\\\M"
PPhy chiraphes \
Mo Phop Peh,
prophos PPy PPh, Me, Me
Mey, Me
. DMPP / \
skewphos

PhP PPh,



