Coordination Chemistry Reviews me
16641997329 31

Resolutions of tertiary phosphines and arsines with
orthometallated palladium (Il )-amine complexes

8. Bruce Wild *

Roscarch School of Chentistrv, nstitute of Advanced Stadies, Ausiralian National Universiey,
Canberra, ACT U203 Austrafiv

Received 13 Jannary 1997 accepied 12 May 1997
Contents
Absirgcr . ... e 2
oo letreducton 0 247
2 Cyelometailated palladiomi Ly amine resalving agents o000 Lo 293
3 Resoluions of phosphines and afsines .. 000 00 00 0 245
T Resoluvions of Cp-unidenties . 000 L L RS
32, Resoluvwns of o-bndentates 0 0 0 0 0 0 00 o 207
30 Resedutiors of € -tudentates .00 0L e 39
34 Rosolutions of C-quadridentates . . . oL M
3400 tram-AsSs and teoma-As,NL macracCles L L CMn
142 CooAsgand Ca-P Binear guadndentanes 0 000000000000 305
4. Concludg remarks .0 00000000 o S 0y
Acknowledyments . L0000 e Ry
References . . . s R
Abstract

The wie of the homochiral forms ol chloro-bridged palladiumi I1) complexes contamug
orthometallaied N, A-dimethyl (x-methylbenzyl yamines and related naphthvlamines for the
resolution of trivalent phosphines and arsines chiral at phesphorus and arsenic is reviewed,
Work with u wide varicty of ligands is discussed and references to applications of the ligands
us probes of inorganic stereochemistry and as auxiliries for asymmetric synthests are given.
Most examples have been taken from work carried out in the guthor’s laboratories, © 1997
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1. Introduction

Simple non-cyclic tertiary phosphines and arsines ol the type (+ FER'RRY in
homochiral form are valuable auxiharies for asymmetre synthesis and as probes of
stereochentistry and rearrangement in coordination compounds [ 1.2]. Early attempis
al obtaining such compounds were thwarted by manipulative difficufties, especially
trose associaled with the fractional erystallization of diastercomeric gquaternary
arsonium salts [3]. and the recovery of the optically active tertiary phosphines and
arsines [roem the vonfigurationally homogencous salts. In a series of papers beginning
in 1939, however, the resolutions were reported of some simple salts of the type
{—PR'R*RR¥X containing onc aryl and three alkyl groups with the use of the
resobving agent sodium D-f -)-dibenzoyvlhvdrogentartrate [4]. as well as various
transformations that enabled & connection 1o be made between the absolute configu-
rations of the rexelved phosphontum ions. phosphine oxides and tertiary phasphines
[3) In 1962, ihe enantiomers of {+)-ethylmethylphenylarsine were obtained by the
clectrochemical reduction of the corvesponding opticully active benzvlarsomum per-
chlorates, which in turn had been recovered {rom the corresponding - )-diben-
zovlhydrogentartrate solts [6]. Interconversions between various optically active
arsonium salts and terbary arsines revealed that both cathodic cleavage of a benzyl
group from an arsenizm on and guaternizalion of a tertary arsine with a beazyl
halide proceeded with retention of confiruration at arsenic [7]. 10 was subsequently
shown that the berzylidene group could he quantitatively transferred from an
arsonium ion 1o benzaldehyde with retention of configuration at arsenic |8}

Following the reselution of certain fras-( = y-ovcfo-alkenes [9] and ¢ = j-ethyl-
plolyl  sulfoxide  [1O]  vin twe  separation  of  neutral diastercomeric
dichloroplatinum(1l) complexes containing (R)-{ +)- or (S3{ - }-v-methyibenzyiam-
ing, the resolution of ¢ - )-r-butylmethyiphenviphosphine was achicved in o simfar
manner with use of { - kdeoxyephedrine s the resolving higand. although the
free opucuily  active  phosphine was not  isolated  [H] In 1970,
{( + yethylmethyIphenylarsine was resolved inoa chlovoplatimum ([} salt containing
{R.R)-(~ 1stilbene diwmine and the individual enantiomers of the arsine charae-
terized {12].

Asignificant development in the field occurred m 1978 when. following the earlier
preparation of the achiral complex 1 from hihium tetrachloropaliadate(I11y and 2
eguiv, of ¥ A-dimethylbenzylaimine [13]. the optically active compound (5.853-2 wis
molated from a similar reaction involving (50 -3~ N-dimethyl-2-methytbenzyiam-
ine and emiployed for the partial kinetic resolution of u variety of tertiary phosphines
of the type (=)}-PR'R R by bridge-splitting reactions [14]. In a subsequent puaper.
the 2-paphthalenyl complex (R AR)-3 was employed successtully for the Kincue reso-
hudiom of  certain chiral  duadkylarviphosphines  and (£ )-1-phenyi-3-methyl-
2-phospholene. slthough it was pot elfective for the resolution of triarylphosphines
[15].  For the wiarylphosphines,  dis-dichlorobis|(S )sec-butyl  isocyanidel-
palladiumi1}) was emploved. which gave winh 2 equiv. of the particular phosphine
in benzene. a precipitate of the diastercomencally enriched trans phosphine isocya-
nide complex and optically active phosphine in the mother liquor. Tt was noted
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however, that the efficiency of the isocyanide complex for the resolution of the
triarylphosphines investigated varied drastically with the type of phosphine.
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We have Tound that {R R3-2 and (R R34 und their enantiomers are especiadly
sutied to the resolution of chiral tertiary phosphimes and arsines and the development
of this field is the subject of this review. The reader should consult Refl [1] for a
comprehensive account of methods of resolution of tertiary arsines.

(RR1 -3 RRY -4

2. Cyclometallated palladium( Il }-amine reselving agents

The crystal and molecular structures of (5.53-4- CH,LCT, have been determined.
The complex undergoes o facile rearrangement into an unequat mixture of ¢fs and
trams diastercomers in chlorotorm or dichloromethane, although concentration of
the selution in cach cuse affords in high vield the pure ofy dstercomer ol the
complex as the corresponding mono-soivate m a typreal second-order asymmetric
trunsformation [16]. The rearrangement is believed 1o occur via a highly reactive
mononuctear palladium intermediate (vundetected } that rapidly  dimenzes with

CHLL
55U HCT + f— (5.5 trans-4 (i}

cisctrans ca. 4.3 diastereoselectivity (Eg. (1) . When cquimolar solutions of
(R Ry-cis-4 - CHLCl, and (5,.5)-cis-4- CHLCL i chloroform-¢, were mixed together
at 25 C. the 'H NMR spectirum of the solution exhibited four pairs of NWe
resonances corresponding to an uncqual mixture of the ¢iv and rrans 1somers of
(RY R*)¥-{=)- and (R*.5*)-4 in equilibrium {Scheme 1) [17). A sunilar solution in
dichloromethane sfforded sparingly soluble crystals of (R*.S*-1rams-4 - CHLCL upon
concentration by sccond-order asvmmetric tanstormation.
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The chloro-bridged dimer (5.5)-2 undergoes a similar ¢is - trany rearrangement in
chloroform or dichioromethane inte an almost equal mixture of ¢is and trans
diastereomers that can be detected by 'H NMR spectroscopy at 300 MHz [18].
Crystul - structure  determinations  on the formally  achiral 1-. 2-. and
3-methoxybenzyldimethylamine analogues of 2 revealed trans geometries for the
complexes [19].

The facile ois prans rcarrungements between the chlore-bridged dipalladium
resolving complexes provide an explanation for the case with which the dimers
undergo bridge-splitting reactions with phosphines and arsines (and other ligands)
to mve mononuclear palladium phosphine and  arsing complexes. There are, how-
ever, three fuctors that are crucial to the successful use of the cyclometailated
complexes for the resolution of ligands capable of carrymg out the bridge-splitting
reaction  these are the following: {w) the dipalladium complex must be enantiomer-
ically purc: {b) the coordination of the mcoming bridge-splitting ligand to the
palladium must be completely regioselective 1 order that a single pmr of mono-
nuclear palladium phasphine or  arsine disstercomers 18 generated; and {¢) the
diastereomers of the mononruclear pailadium phosphine or - arsine complexes must
be capable of separation in stereochemically homogeneous form. These {actors are
addressed n detadl in Ref [16] in connection with an investigation of interconver-
s10ns between the digstereomers of {R, R4 and its enantiomer and mixtures thereof,
The five-membered organometallic ring in (5,534 - CH,CL, has the locked asymmet-
ric envelope conformation due to an untavourable interaction between the carbon
methyl group of the organometallie ring and H(8} of the nuphthaienyl ring. This
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(Ry-8 (-A

Fig, I, Enantionmerphic (R)-3 and (5)-5 emvelope comformations of five-membered ovganometallic rings
of (R* RB*)-( 2 -4

steric miteraction causes the carbon methyl group to adept an axial dispostiton in
a ving of 8 conformation when the chiratopic atom to which il 1s attached has the
R configuration (Fig. 1), The locked-organometallic ring conformation persists in
solution in certamn mononuclear palladium derivatives of {5.5)-4- CH,CL,. according
to detailed 'H NMR investigations [20). Because of this structural feature and
beaiause (8.5 4 - CHLOL admirably Tuoifils eriteria () (¢} the naphthalenyl complex
s {requently superior o (5512 {tor its enantiomer) as a resolving agent. although
the latter is less expensive and 1s used whenever possible.

Terttary phosphines and arstnes chiral ai phosphorus and arsenic are attractive
targets for resolution because of their high barrices to ummolecular inversion,
viz, Ege—cit, 30 kealmol ' for (~)}-PR'R*R* and £, »40kcalmol ' for
{(=)FASRIRIRY 21 Applications  of  the resolving  agents  {$.5)-2  und
{5.54 - CH.,CL to the resolutions of a variety of chirul phosphines and arsines are
presented in the sections that follow, Very little work on the resolution of chiral
arsines has been carried out i other Inboratories: the reason for this is difticult to
futhom  apart from the lack of an NMR detectable spin-halt’ nucleus fwhich can
be compensiated lor to a large extent by the attachment ol 4 methyl group to the
arsenic). tertiary arsines have reduced air-sensitivity compured 1o analogous phos-
phines, as well as inereased configurational stability and are easier to recover from
arsomum salts and metal compleses.

3. Resolutions of phosphines and arsines

2. Resohitions of Cy-widemuates
The resotution of (+ }-cthylmethyl-s-propylarsine with (5.5)34- CH,Cl, atforded,
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after nine recrystallizations of the initial mixture of diastereomers 32 and 5b from
benzenc -u-pentanc. pale yellow crystals of b oas determined by an X-ray crystal
structure determination [22]. It had been fong known that ethyl-a-propylarsinie acid

§. brevicaulis
AsONOHIEIR™ ————— = [1)-AsEtMePr” {2

was converted  into (= lethyvlmethyl-n-propylarsine {Bg. {23 by the mould
Scopulariopsts brevicandis when growing on bread [23]. although it was not known
at that time that simple non-cvelic tertiany arsines chirat at arsenic were configura-
tionally stable and amenable 10 resolution [6,7]. We showed that the microorganism
produced the R-arsine with an cnantiomeric excess {e.e.} of 60% by trapping the
volatile arsine produced with (5,514 - CH,CL, in toluene and recording the "1 NMR
spectrum of the diastereomers Saf5b. It is important in this type of work. and for
determinations of optical puritics of wriary phosphines and arsines in general, that
{5.5)-4-CH,Cl; of high cnantiomeric purity be employed. An NMR method for
determining the enantiomeric punty of (5,514 - CH,CL and related compounds with
use of {1R.283R)-menthyvldiphenyiphosphine or (15253 )-nreomenthyldiphenyl-
phosphine is given in Refl [16].

The encrgy barrier for the pyramidal inversion of phosphioes of the type
{ - -PXR'R? increases with increasing clectronegativity of substituents §24). Thus.
the barrier 1o wuntmolecolar inversion {or (~»PHPR/Pr was estimated te be
>97.5405kImol ' [25] Nevertheless, because of the sensttivity of sceondary
phosphines to termolecular proton exchange in the preseice of traces of acids or
cattonic sccondary phosphine platinum{ 11} complexes, it was not possible 1o dis-
pliace opuically active (+ Fmethylphenviphosphine from a configurationatly homo-
geneous diastercomer of o secondary phosphine plutinum( iy complex [25]. It
was  subsequently  shown  that  the sceondary phosphine-#  stereocentre  in
{ +}menthylmesityiphosphine of high configurational purity could be obtained by
performing fractional crystallizations on thic mixture of epimers in aeetonitrile con-
taining sodium acetylucetate as proton scavenger, or by deboranation of the second-
ary phosphine borane adduct of 97% dastercomerte purity [26]. [t had carlicr been
shown that { 4 )-PHMePh [27] and ¢ +H)-AsHMePh [ 28] could be resolved and sterco-
selectively alkylated at low temperatures in eyclopentadienyliren( 11} complexes con-
taining 4 homochiral form ol (R*.R*)-(—1-8 (E - P).

N
Ph Ae POME PR
R k- BOE = Por A

Compounds of the type {+3»PFR'RZ have high configurational stabilitics. but
low thermodynamic stabilities because of their propensity for redox-disproportiona-
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tion [29]. We showed that ( £)-Aluorophenyhsopropylphosphine of 86% purity could
be isolated at low tcmperaturcs, but that it decomposed over 16h a1 25 € by

IPFPhPY T PE,PhPr  + PhPrPPPhPY 3
(R* R - (2 (RS

equilibrium redox disproportion ( Eq. {3)) [30] . In benzene, however. solutions of
the Auorophosphine displayed considerable stability and could be used for the
preparation of the diastereomers 6a and 6b by reaction with (R .R)-4 CH,Ci,. The
diastereomers of 6 were produced m almoest equal amounts in the reaction. but
cquilibrated over 18 h in dichloromethane into a 62:6b — 3:1 mixture from which a
64% yicld of 6a wus obtained by sccond-order asymmetric transtormation and
characterized by X-ray crystallography. Enantiomeric pure (8 3-(---luorephenyli-
sopropylphosphine was liberated from 6a by displacement with (R*¥.5*)-8 (E P}
The iree phosphine racemized over € h in benzene without discernible redox dispro-
portionation. The phosphinous ester {4 )-methoxyphenylisopropyiphosphine was
also resolved with use of (R R4 CHLCL via the diastereomers 7a and 7h and the
individual enantiomers liberated with high c.e’s. The barner (o umimolecular inver-
sion in the phosphinous ester was determined to be = 8294 4.5 kImol ! by variable
temperature 'H O NMR spectroscopy. Substitution of fluenide in 6a was shown 1o
pracecd with predominant mversion of configuration at phosphorus,

Mo M,
Mog # o™ \Pd/( 1 ) — Meg N .\‘\ pd/( | N J
“ paNZa. N
i SO
ba 6h
Mes _ Me,
Meg K N\Pd/CI(]\.Ie AMog ¥ N\Pd/l"l N
O Nlape ‘ N [
‘ Il’h O 'I’“
Ta 7h

3.2 Resofutions of Cy-hidentates

Complexes {+)-2 and { 13-4 C1L.CL, i homochiral Torm are particularly effective
resolving agenis for chiral bidentates. For €, bidentates. the regioscleciivity of
coordination of the bidentate to thwe palladium is immaterial because @ singie pair
ol diastercomeric complexes is Formed in the bridge-splitting reaction. For €] hiden-
tates {chiral AB bidentates). however, two pairs of diastercomence complexes will
result from a non-regioselective bridge-splitmg reaction. For «il €, bidentates imves-
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tigated in our luboratories. complex {R R)-4- CH.Cl, has yiclded a single pair of
disstercomers in the bridge-splitting step. For the C; bidentates (R* . R*)-{ £ )-8 (11—
Asy and the phosphorus congener. (R¥.R*)-(=)-8 {E=P). the cheaper resolving
complex 2 i homochiral form was employed. but 4 in similar form was used for
most ), bidemtates. Thus, Tor (R* R¥1-(1 8 {E=As} the rcucton with {5.5)-2
atforded in high yield the diastercomers 92 and 9b afier exchange of chlonde for
hexatftuerophosphiate ( Scheme 23 {31 The configurational homogeneities of 9a and
9b were conlirmed by '"H NMR spectroscopy. Decomposition of less-soluble 9a with
hydrochloric acid gave 1 with recovery of the hydrochlonde of the optically amine
and cyanide treatment of 10a liberated the (R,R} cnantiomer of the arsine in high
vield [32]. It was Tound subsequently that 1.2-ethancdiamine displaced the arsine
from 9a with formavion of the corresponding pulladium diamine complex from
which (5.5 -2 was regenerated by treatment with hydrochioric acid [33]. The config-
wrational purity of the hberated arsine wus readily conhrmed by reprepuration ol
9a from (5.53-2 and recording its 'H NMR spectrum. The diastercomers and
epantiomers of both iigands are atr-stable crystalline solids that were emploved as
probes of stercochemistry and  rearrangement 1w bisi bidentate) complexes of
nickele 113 [34]. palladium (I and platinum{ 1) [35]. ruthenivm(I1} [36]. gold{ ]}
[37]). und copperely and silver{ 1) [38]. The optically active C; tertiary arsines and
phosphines (RF.R*)-( 1 )-8 ¢ E =P or As) have been employed also as chiral avxatianes
for a number of stereosclective organic reactions, Thus. guaternization of (S S8
{E - Asy with benzyl bromide allforded the optically active benzylarsontum sajt 11
(retention ol configuration at arsenicy, which wpon deprotonation with lithium
cthoxide gave the semi-stabibized ylide 110 the yhde reacted with benzaldehvde to
give (ROR - rans-2 3-diphenyloxirane in 96% chemical vield and 23% e and regen-

B }1(’
AST Ph H Ph
7 B - Phet it + (55 B (E= AW (4
:’\/' [¢]
Mc‘( P
11

erittion of the pure (5.5 diarsine (Eqg. {41 [39] . Indeed, benzylidene transter {rom
a resobved benrylarsonium sult s perhaps the simplest and cleanest method of
recorernng aptically active arsines from arsomum sults [8] Both (5,5-8 (E=As)
and the phosphorus sostere are etfective auxthares ay their rhodium( 1y chelates for
the asymmetric hyvdrogenation of prochiral enamdes [40]. The enantioselectivity of
the reduction. however, is remarkably dependent upon the nature of the -substituent
on the enamide olelin bond. The catalyst contaming the bis{fertiary arsine) out-
performied the phosphorus sostere in several cases. For exampie. the hydrogenation
ot 2-benzanido-fL f-dimethylacrylic acid gave A-benzovl(S)-valine of 89% c.c. with
the (5.5 arsine. but a product of 37% e.c. with the sosteric phosphine, Indeed, the
e of the valine with the arsine rhodium catalyst was signiticantly higher than that
abtained with most phosphine rhodium catalysts, The homochiral forms of certain
rhodium( 1) complexes of the ¢, bistiertiary phosphines and arsines) are also highly
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efticient catalysts for the asymmetric hvdrosilylation of prochiral ketones [41]. The
rates of the reaction ohserved for both ligands were amongst the tastest reported.
For C ,H.COCH, and CH,COC{CH;); c.¢’s varied between 18 414, depending
upon catalyst and substrate,

$5-2 + 2(R*R*1-173- 8 (E= As)

Me Fh Fh Mz
Me; " Me, o 4
Me. 5 N As Me. 5 N As,
- S . S\D PE," ) \P&/ R:@ PF.”
5 w F & (3
\A; \4_-\5\
Py Me M Bh
Da 9b
Me, Ph Ph  Me
i ‘}\( Cl P
i \Pd/ S-D \Pd Fid D
§ fid
N o R
N KRN
P Me M¢  Ph
10a 10b
(RE)-B (E=As) {5 -8 (E=Ag)

Sobhwme 2.

3.3 Reselutions of C)-hidentates

The resolution of the {R*. R*)-{ —}-12 was achieved by the fractional crystallization
of the pair of diastercomers (P rrans 10 N} generated by the bridge-splitting of
(R R¥2 with the ligand and exchange of chlonde for hexatfluorephosphate in the
resulting satts [42]. The resolution of the {R*.5*)-(4) (orm of the ligand required
the use of (R R)}4-CH,Cloo All four cnantiomers of the air-stable higand were
obtained in enantiomerically pure Form. 11 was possible (o thermally epimerize the
phosphorus stereccenters in the various forms ol 12 without affecting the integrity
of the arsenic centres and conliguratively pure protonated phosphonium salts were
isolated that were stable to heating m the presence of hydrogen bromide. Fhe
stereochemistry and dynamic properties ol square-planar and square-pyranidal
camplexes containing the various forms of the ligand in conjunction with nickel( 11},
palladivm{ 1) und platinumi{ 11} were investigated [43].

The 3-quinolyvl-substituted phosphine and arsine {(+3-13 {E=1" or As) were
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resolved with use of (R R3-4-CHLCL, [44). The absolute configuration of the R
cnantiomer of the phosphine was established by determining the crystal and molecu-
far structures of the palladivmit 11} complex containipg the phosphine and the ortho-
metalluted R-naphihylamine, The ligands coordinate to the palladium i a regiospec-
ific manner with the arsente or phosphorus wras o0 nitrogen. The resolved arsines
were displaced from the conligurationally homogencous diastercomers of the com-
plex with 1.2-cthancdiamine and the by-product palladium1l} diamine complex
wits converted info (R, R)-4 by treatment with hvdrochloric acid. Liberation of the
phosphine required conditions similar 1o those employed Tor the recovery of the
cnantiomers of {R¥ R*)-( £3-8 (E = P} trom the corresponding palladiam complexes
(Scheme 11 The ervsial struciure determination on the less soluble diastereomer in
the resolution ol ( £1-13 (E=PY was the first to be reported on a homochiral
[ 1-f F-tdimethvlamino)ethyl |-2-naphthaleny - C MV palladiom¢ [y complex and
revealed the conformational locking mechansm ol the five-membered orgunometatiic
mg that is. the wnfavouwrable interaction between the carbon methyl of the
organometatlic ning and H{8)y of the naphthalenyl ring. which stabilizes the &
canformation of the ning when the chirtopic carbon atom has the R configuration,
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Square-planar and square-pyramidal complexes of both ligands with palladium(1])
and platinum{ 1) were prepared and therr behaviour in solution was investigated
by variable temperature 'H NMR spectroscopy [45].
K4 X : ! A
AgONR Ar

Af- }.,\_ : H-N ./I:;"
M ) ’ Me

+r- 14 EsPor A Al=Pin
v I8 GE = A A= 2O HCH A

The ¢ bidentates ()14 (E—1 or As: Ar=Ph} and (315 (E—As
R = 2-C H,CH,OH) were resolved with use of (R Ri-4- CH,CI, as resebving agent
[46]. The absolute configurnuions of the mdividual enantiomers of the two ligands
were deduced From the "TH NMR spectra of the diastereomeric palladiumi{ 1) sesolsv-
mg complexes, where o pronounced upficld stuft of the v-naphthalene proton was
evident in the complexes containing phosphorus and arseniv stercocenires of” 8
configuration. The enantiomers of the wruary arsine were displaced trom the indivi-
dual patladmuam (1D diastereomers with 1.2-cthanediomine: the phosphine complexes
required use of (R¥.R* {418 (E =P} to effect the displacements. The complex
(o 3eir-[ PR II4LNPE )L, when sturred for 16 h o acetone wt 25 C m the presence

hs Mo

M : Mo ;
icﬁ/\f-.\iu B V\r‘M\'
| | Al i .H

N N S X
E \Pt/ ) P, : \":"/ Rj P,
* o AR Pl » LLR N
Ah/ "\::\:i (\t./ \A.\'
4 7 : Y
PR Mo Ph M P e P Mo
I6a 16h

ol i traee of {(+1-14. produced a mixture of the epimers 16a and 16b 1n high vietd .
The highly Tunctionalized arsine (£3-15 was resolved similarly: oxidadon of the
(R.54.) diastercomer with BaMnQy afforded the corresponding aldehyvde complex
that wus  stereosclectively converted into a complex of an optieally  active
ld-membered rras-As. N, macrocyele (see below),

Me  Ph Pt e
‘P’J \.E)
QR \.. : ‘./ QD
NH: 1 HaK
=y- 17

The 2-aailino-substituted  phosphine {3-17  was  resolved  with use  of
{5,534 CH,Cl; and the coordination chemistry of the various forms of the ligand
with nickel{11}. palladium (11} and platinum{I1) was investigated |47]. The reaction
ol {+)-17 with s-butyllithium and AN N N etramethyl-1.2-ethanediamine totlawed
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by 1.3-bis{ p-tolylsulphonyloxy)propane gave (R¥.R¥)-{(+)- and (R*.5*}-18. which
were separated on nickel¢I1).

Sleolloslios

o Age P m P g Pn

wERH - 1B

@im HND
B o s s
P p

| 3
Phl M My Ph
iR 5 18

The 2-mercapteethylursine € + 1-19 {E = Ax; Ar=Ph) formed the unusual puarr of
p-thiclato  diastereomers 21a ¢E - As) and 21b (E=As) when reuacted with

W Ny o

q-l . SH : HS ./E;--.-\r
M : M

(- 19 (E=Por As. Ar= Pl
{(Eh- 20 1E = Por As, Ar= 2.CH,CHOMe)

(R, Ri-4-CH,CL, (Scheme 3) {48] . The crystal and molecular structures of the less-
soluble dipalladium¢1l) complex 21a { E = As) were determined. Treatment of 21a
(E—As) with 1. 2-cthancdiamine removed the tlerminal resolving unit, giving 22a
(E=As) from which optically pure (R}-19 {E=As; Ar=Ph} wus liberated with
cvanide. A similar reaction between ( 4 )-19(E = P: Ar = Ph} gave the pair of isostruct-
ural dipaliudiumi [1) diastereomers 21a ( E=P) and 21b { E = P) from which removal
of the terminal resolving units afforded 22a (E-= Py and 22b { E=P). respectively
[491. The phosphine was removed from 22a (E =P} by reaction with benzyl bromide
and displacing the benzyl thiocther (8324 from 23 with (R* R*}-{+ )8 (E=T)
{Schenie 4). The thioether 24 was cleaved by sodium in ammonta into a separable
mixture of enantiomerically pure (R3-19 (E =P Ar="Ph) and {R)-ethylmethylphenyl-
phosphine. The phosphine (R)-19 rearranges in light by an intermolecular radical
chatn mechanism into cnantiomerically pure {S}-ethyimethyvlphenyiphosphine sul-
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phide [49.530). Dustercomerism  m squarc-planar  complexes of nickel(H )
palladium{ i1} and platinum{ I} containing the enantiomers of 1t +1-I9 (E=P or Ax)
wias investigated | 51]. The resolution of ( +3-20 (E = Ast Ar=2-C H,CH.OMe) was
subsequently achieved with use of {8 Ry-4- CHLCI, via a simifar pair of u-thiolate
dipalladhium{ [1 } diastereomers and the pure enantiomers of the arsine were employed
for palladium (I} template svnitheses of opuically active 14-membered frams-As.S,
macrocyeles {see below).

RRY GCHL), « i 1906 = Asy

l

"
NMe-
k! ' {Pd\ M \
<2 T SN cl
Me g g .. N S Meg kN 5
\pd/sj \pd/
-~ ‘ AN
O‘ ned e ‘O .\-{e/ "
2la (E=Pur Ax) 21b (E=ParAm
Me; Me,
Meg s N s Meg g N 5
\Pd/ j S j
5 ;e
SOl v
P he ML'[ “ph
22a (E = PorAst 22h (E=Por An
(R1- 19 (L= Ay) (5)- 19 (H = Ag)

Schemye 3

34 Resolurions of Ca-guadyidentares

344 Truns-As, 8, and trans-As;N . macrocieles

The first optically active macrocycles containing arsenic were synthesized by
template  dimerizations of the cnantiomers of deprotonaied (+3-20 {E =As:
Ar=2-C,H,CH,OMej on palladium{11) with boron tribromide [52]. The enantio-
mcerically pure enantiomers of the precursor bidentate were obtained by fractional
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Scheme 4,

crystaliation of p-thiolato-bridged dipalladium(11) diastercomers analogous to
those indicated in Scheme 3. The enantiomeric purity of each cnantiomer ol the
bidentate was confirmed by recording the 'H NMR specirum of the kinetically Jabile
bis{ bidentawinickel{11) complex of the deprotonated ligand in chloroform, where
there was no evidence of the thermodynamically stable {R* 5% diastereomer of the
compiex in erther case. The eyclization of (8,525 with boron tribromide gave. alter
displacement {rom the mictal with cyanide, a 66% vield of air-stable (R R)-26 along

A s R
K R\\.'
Pd —— - (5
Ny 5 A
S “Me
MO

5.3y 28 (RR}- 26

with a 13% vield of the seven-membered heterocyele {R3-27 {Eqg. {31 . Usc of (4 -
25 in the cyehzation gave a 50% vield of {R*.R*)-{1)-26 and 38% yield of (~)-27.
Treatment of (R*, R*)-{ 1 )-26 in chloreform with a trace of hydrochloric acid atforded
a quantitative yield of sparingly soluble (R*.5%)-26 in a typical seccond-order asym-
metric transformation. When coordinated to palladium(I1). however, {B*5%3-26
was translormed quantitatively wito the complex of {R* R*)-(—}-26 by heating bricfly
in dimethyl sulphoxide ot 130 €.

The dimerization of deprotonated (=320 (E—P: Ar=2-C H,CH,OMe) on
platinum{ 1) with boren tnbromide atlorded low vields of the (R* R¥3-( -} and
(R* 5% Tormis of 28 after liberation from the metal [53]. The crystal and molecular
structures of the mickel{ 1) perchlorate derivitive of {R*. R¥)-{ 1 )-28 were determined.

The pinnacie ol our work on syntheses ol optically active arsenic macrocycles was
the asymmetric synthesis of an enantioner of {(R* R*)(+3-29 [54]. Interestingly. the
racenuate of (R*.R*1-(1)-29 could not be 1solated because of spontaneous rearrange-
ment and erystallizution of sparingly soluble (#£* $%1-29 via (+)-38 (Scheme 5). It
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Me
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AL 5
Mo Y f “?-.Mc
(R~ 27 28

wus also sipnificant that {R*.5%)-29 alonc was formed quantitatively when the
protected benzaldehyde (4£)-31 was heated at 80 € in vacuo {with elimination of
A N'-dimethyl-1,2-¢thanediamine). In solution in the presence of a trace of acid
{R* .5%)-29 rearranges quantitatively into {x£)-30  removal of solvent, however,
results i the recovery of (R*,8*)-29. Under acid-free conditions, (R* 5% 129 wus
reduced by hithium aluminium hydride inte (R¥.5%)-32. The asymmetric synthests
of {R.R}-29 was achieved by the reaction of { +)-30 {generated from (R*.5*3-29 by
treatment with a trace of trifluroacetic acid in methanol} with (R, R)-4- CH,Cl, in
moethanol {Scheme 6}, When the chiral auxiliary (R, R)-4 - CH,Cl; had dissoived. the
reaction mixture was treated with agquecus ammonium hexaftuorophosphate. which
gave an almost quantitative yicld of the diastercomers 33a and 33b. Recrystalbization
of the product from methanol dichicromethane gave pure yvellow 33a. which con-
tained tetrahedral paitadium{ {1}, whereas recrystailization from hot acetone afforded
deep orunge crystais of 33b-0.5Me,CO. a five-coordinate linkage somer of 33a.
Both isomers of the complex displayed the same 'H NMR  spectrum in
dichloromethane-d,. The liberation of {R R)-29 from 33a or 33b was cllected with
use of (R*.R¥)-{+)-8 (E=P}. The cnuntiomer (R, R)-2% was 1solated as o crystalline
solid and trom which {R, R}-32 was obtained by reduction with hthium aluminium
hvdnde. The coordinution chenustry ot the various forms ol 32 with pailadium( 11}
was investigated,

3420 Co-Asyand Cy-Py linear quadridentares

The lincar teira{lertiary uarsine} 34 was separated into the component {(R* B*)}{+)
and (R*.8*} dwstercomers by the fractional crystallization of the corresponding
dichlorceobalt{ 111} complexes: the (R*.R*)-(+} form of the ligand formed a deep
bluc eis-x complex and the (R*,.S*) form a green frans complex [55]. Decomposition
of the individual diastereomers of the complex with cyamde afforded pure
{(R*.R*}{ £} and {R*.5*)-34. The enantiomers of (R*,R*)-{ r 1-34 were abtained by
similar decompoesitions of the enantiomers of the (R*. R¥)-(+)-cis-o cobalt{ 111 } com-
plex. Detatled mvestigations of the stereochemistry and interconversions of the five
possible diastereomers of the octahedral cobalt (11T} complexes of the various forms
of 34 were undertaken [56].

The lincar tetra(tertiary phosphine} 35 was scparated 1mto diastereomers and the
{R* R*}-(%) form was resolved with use of (R* R*}-2 as the resolving agemnt
{Scheme 7} [57]. This is the first tetraf{tertiary phosphine) to be resolved.
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Enantiomerically pure (8.5)35 spontaneously self-assembled into left-handed
double-stranded £.-double helix (36a) and C,-side-by-side helix (36b) conformers
ol the disiiver{]} cation when reacted with silver{l) perchlorate: the crystal and
molecuiar structures of the corresponding hexafluorophosphate sult were determined
[38]. The analogous gold( D) complex has the side-by-side structure in the sohid state,
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and copper{ ) forms a mononuclear metal complex §39]. The structure determin-
ations on the silver and gold complexes were the first 1o be reported on enantiomer-
wally pure dimetal helicates. The essential difference between the two conformers of
the disilver complex lies in the relationship between the helicitios of the central ten-
membered rings, which have the twist-boat chair boat ( TBCB) conformation rather
than the BCB contormution of ¢yvclodecane and its derivatives, and the configurations
of the inner phosphorus stereocentres: when the ten-membered ring has the &
conformation. the phenyl groups attached to the wner phosphorus stereocentres of
(R} configuration adopt equatorial dispositions and the axial terminal diphenyiphos-
phinoethyl groups are in position to gencrate the D,-double helix conformation of
the complex: when the central ring has the é conformation, the terminal diphenytpho-
sphinoethy] groups have equatornial dispositions, which results in the tighter turns
of the side-by-side helix conformution of the complex. In the double helix conformer
36a. cuch molecule of the homochiral tetraitertinry phosphine} completes one half-
turn of a left-handed or 2 helix (as does the overall helix): in the side-by-side
conformer 36b. cach of the ligands completes one and one-half turns of a 2 helix.
Molecular mechanics caleulauons with use of the program SPARTAN 3.0 indicated
that the homechiral hexa{tertiary phosphine) 37a would stercoselectively penerate
double-stranded trinuclear metal helicates wath vnivalent Group 11 tons and 37h
would generate stercoselectively side-by-side trinuclear metal helicates with these
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ions. Work on the synthesis and xolatton of configurationally homogencous forms
of optically active hexu- and octa-terbary phosphines derived from (5.5)-35 is
progress [ 6.
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4. Concluding remarks

Homochiral chloro-bridged palladium compicxes containing the enantiomers of
N, N-dimethyl(z-methylbenzyl Janune and related naphthylamines are extremely
eftective resolving agents for chiral phosphines and avsines. The diastercomers gener-
ated by bridge-splitting of the ebloro-bridged dipalladium dimers con usuatly be
separated in high vield by fractional crystallization. The procedures are suited 1o
Large-scale resolutions because of the ready availability and stabiity of the resuftung
diastercomers and the cuse with which configurational purities can be determined
by NMR speciroscopy. Marcover, the availability of the variety of enantimmcericatly
pure phosphines and arsines afforded by thix method permits detailed investigutions
ol stereochemistries and rearrangements i coordination complexes, as welt s the
use of certatn of the homochiral ligands for the construction ol more complicated
molecules in stereechemically homagencous form. The enantiomerically pure ligands
hurve also muportant applications as chiral suxiliaries for asymimetric syvnthesis,
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