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ABSTRACT

The present work was directed toward the synthesis of a
new chiral catalyst for asymmetric homogeneous hydrogenation.
Efficlient ways to syntheslze the ferrocenylphosphlne 1lgaﬁds
(R,S)- and_(S,R)-d-[2—diphenylphosphlnoferrocenyl]ethyldime-
thylamine ((R,S)- and (S.R)—FGNP) and thelr catlonic rhodium
complexes [(dlene)Rh(t)FcNP]+A- were developed. Structural.
data for the ligand and models of its metal-complex have been
used to ratlonélize.the stereochemical approach of the subs-
trate to the»metal complex, and hence predldt the absolute
configuration of the product, B

» ~ The rate of catalytic hydrogenation is dependent on the
substrate as 1s the optical yleld of the product alﬁane.
| High optlcal ylelds are obtalned when. do-acetamidoclinnamic
acid 1s hydfogenatediatul atm-H2 and 32’. :
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INTRODUCTION

General Revliew

vThe search for and creation of o system which can pro-
duce optlcal actlivity in chemical compounds has long been a
goal of the preparative chemlst, since the dellberate pro--
duction of asymmetry s an important problem from both fhe
theoretical and practical polht of view. .In the case of many
compounds 1t 1s only one enantlomer which is usefﬁl in blo--
lloglcal systems, and examples are found, for example, in
pharmaceuticals (1), food addltives (2), and perfumes (3).
In 1848, Pasteur (4) first succeeded in sepafatlng the two
enantiomeric forms of‘sodium ammonium tartarate with the ald
of forceps and a magnifing lens which 1nltiéted much effort -
in developing methods of chiral synthesls. Most early reéults
showed elther 1§w optical yield or the need for large quan-
tities of optlcally actlve reagents (5,6), consequently many
chemists transfered theilr attention to blological systems
involving enzymes (7); for only enzymes could convert optl-
cally lnactive substances into opticaliy active compounds in
practically 100% optical purity without the help of large
quantitles of optically actlive reagents (7). |

‘In 1956, Akaborl, Sakural, Izuml and Fujii, succeeded In
the asymmetric hydrogenation of varlous oxime and oxazolone‘
deriatives; optical y;elds of up to 35% were obtained. They

used a heterogeneous_catalyst consisting of metallic palladium



drawn out on silk (8). The optical purity of the product was
found to be dependent on_the origin of the silk fibroin and
its chemical pfetreatment, and even worse thelr results were
not reproducible. 1In another'heterogeneous system, Raney
nickel was modified with amino aclds and other chliral rea-
gehts to give catalysts that were used to effect asymmetric
hydrogenation (9). EKowever, it was found that the optical
purities bf the products were very dependent on pH and the
method of catalyst preparatlon. |

Over the past two decades, many ploneering studles dI;
rected.towards catalytic asymmetric synthesis, mostly in
homogeneous systems, have been undertaken. qut of the work
Is summarized !n some review articles and books (10).

‘Since the first report by Wilkinson aﬁd co-workers in
1965 (11,12) concerning the catalytic activity of soluﬁlons
of [(CéHS)BPJBRhCI with respect to hydrogenation, extensive
mechanistic studles have been carried out on this system (13).
However, the detailed picture 1s still somewhat controversial
(14,15). Wilkinson and co-workers postulated a mechanism
'baséd on kinetic data for the hydrogenation of dieflns. This
| 1s outlined in Flgure 1 (16). This mechanism involves the
dissoclated, solvent saturated specles (PhBP)ZRhCI(S) as a
key intermedliate, |

It was envislioned thatAthe rate-determining step could
be elther one or both of the two paths shown in Figure 1: (i)

attack of olefln on the dihydro complex, the k' path, or "hy.



———————————

(PPhj);RNCL  +  Solvent (s) (PPhg)RACL(S) + PPbB

' X
' 1
(P?hB)ZRhCI(S) + H, T/ H2(PPh3)ZRhC1(S)

/

Ky olefin K" oleflin
y | N
. ) ku' )
(PPhB)ZRhC1(olefln) 5 > (PPhB)ZRhC1(S) + nparaffin

Flgure 1. A oproposed mechanism for hydrogenation by Wilkinson'’s catalyst.
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dride route" (14); (11) attack of hydrogen on the oleflin
complex, the k" path, or "unsaturate route" (1), It was
found that both pathways are posslible and the actual mechanlsm
s dependent on the cholce of the substrate (1,16,17).

Contrary to_the postulates of YWilkinson, Tolman et gl,
fbund that the HhCl(PPh3)3 complex does not dlssoclate Into
RhCl(PPh3)2 to a spectroscoplcally detectable extent, but is
in equilibriuvm with the chlorine brldged dimer [RhCl(PPh3)2J2
(1)). This dimer, whlch reacts with H, to forn bZ[RhCI(P‘h )2]2

1, was proved to be a good homogeneous hydrogenatlion catalyst

PPh 01\\ l 3k
\*Bh// Rh// |
/// \\ // l\\\
PPh o1
3 PPh-

for the reductlon of cyclohexene and ethylene. The major
paths for the hydrogenatlon of cyclohexene are outllined in

the followlng scheme:

[RnCl(PPh ) ]2 412RhC1(PPh3)2
-G, H ~CzH
612 6412 y
Hz[RhC1(PPh )ZJ 2H28h01(PPh3)2

and the actual catalysts are dihydrides of bls(triphenyl-

phosphine)rhodium specles,



In splte éf the differences in oﬁinion aBogt the preclse
mechanism, three points on which there lis a general agreement
" can be emphasized.

1. At some point in the catalytic cycle one phosphlne
ligand \is dissociaﬁed, and Hp is actlivated by the formatlion
of metal-H bonds. Dimerization to [RhCl(PPhB)ZJZ also occurs
after the phosphine dlssoclatlon.

2. An intermedlate (or at least an actlivated complex)
exists in which phosphine, hydrogen, and olefin are all
coordinated to the metal.

| 3. The ﬁ&drogens are transfered successlively from the
éentral metal to the_coordinated substrate which forms metal-
alkyl bond first and then the leaving product.

Hydrogen activation is largely dependent on the coordi-
nation number and eléctronic configufatlon of the metal,
Practically all metal complexes which are hydrogenaﬁion ca-
talysts have a d6.to d8 configuration. boordlnatively satu-
rated complexes are unreactlive unless the ligands present are
labile in solution., Thus it ls obvious that hydiogenation
catalysts are qulte sensitivé to solvents, substrate and
ligand propertles,

Halpern (18) has noted three méchan;sms_of activation
in homogeneous hydrogenation: (1) heterolytlc spliting; (11)
homolytic spliting; (i1ii) dihydride formation by oxidatlive
addition. Of these, the dlhydrlde formation appears to be
the most commonly encountered. Both (1) and (iii) involve

oxidative-addition of hydrogen to the metal complex. The



‘dihydride formatldn involves the addltion of two hydrogen
atoms, which increases the oxidation state ofbmetal by two;
whereas one hydrogen atom is added to the metal after homoly;
~tic splitting of hydrogen, which causes the oxldatlon number
of the metal to lncrease by éne; The - general order of re-
activlity of metals increases from NI to Fe, and from Fe to Os
(18)° Ligands such as phosphines and carbon monoxide which
have both donor and acceptor properties stablllzé the metal-
hydrogen bond. Formation of a hydride lnvolves elther inte-
raction of the 1s§ bonding Hy orbltal with a vacant metal a
orbital, or attack of an empty 1sé antl-bonding Hy orbital
upon a filled metal d or d-hybrid orblital. 1In the case of
rhodiur complexes the second alternative seems favored since
'[Rh(PthCHgCHZPPh2)QJCI'fails to add Hp while the more basic
complexes, €.Z., [Ir(PhZPCEZCHgPPh2)2]Cl and-[Rh(MezPCHgCHz-'
Plez)»]C1l do (19). (The greater the basicity of the metal
center the larger and more avallable are the d orbitals.)

For a glven metal lon, reactlivity ls enhanced by llgands
which are more effective in stabllizing high.oxidatlon states
of the central metal, e.g., PPh3, rather than CO. Thus, for
example, the react;vlty order toward HZ is Rh(PPhB)BCl >
RhCl(CO)(PPhB)Z. ‘

It has been generally accepted that coordination of the

unsaturated substrate at a vacant site on the metal 1s nece-
ssary for homogeneous hydrogenation to proceed. Thls substrate
activation through T-oleflin coordination results in a le-

ssenlng of the double bond character of the substrate and



also maintalins the olefin in a favorable positlon for hydrogen
transfer. In asymmetric hydrogenation of a prochiral substrate,
the activation of the subsﬁraté”sééﬁé £o be a key step in pro-
ducing the chiral product. (Indeed models show that the abso-
lute configuratlon of the product can be predicted if the geo-
metry of the bound olefin 1s taken into cqnsideration.)

The lést process In the hydrogenation reactlon ls the
transfer of’hydrogeh from: the metal to the w-coordinated subs-
trate. This is generally fegarded as a two step hydride trans-
fer,

At about the séme time w11kinson reported his versatile
éatalyst, other groups had been working on the preparation
and configurational correlation of chiral phosphines'(20-2b).
Reallizling the possibility of combining'both strezams of research,
Horner et al. (25) hypothesized that a Wilkenson type catalyst
with chiral phosphines as ligands should show asymmétric ca-
talytic behavior.

Horner's suggestion was put into practice by Knowlés and
Sabacky in 1968 (26). Knowles used P#*Phle prl aéia chiral 1i-
gand to make complexes of the type RhL*3C13 (where L* is the
chiral ligand) which were used in the hydrogenation of atroplc
acid and itaconlic acid. The reduction.conditions and results -
are indlicated in Filgure 2, Although the structure of the
active catalyst is not known, XKnowles and Sabacky (26).suf
ggested that the octahedrél d6 Rh(III) complexes might yleld
a. square-planar 48 Rh(I) complexes on reduction with Hp,

which would be coordinatively unsaturated and would behave



. 3%
'Ph\\C L BRhClj .
==CH, 20 atm H,, 60° Ph—GH—CH,
// benzene-EtOH-EU3N [
HOOC ’ | COOH
atroplc acid _ 15% e.e. (S)
kg T 3*
//CEZCOOn L 3HhC13
BE,C=C 20 atm lLip, 60 4 CE;=—CE~CH,COOH
AN benzene-EtOE-EtgN 3 2
coon . COOL
‘1taconlic acid 4 _ | 3% e.e,

L* = P*PhkePr2

Figure 2. "Farly examples of homogeheous asymmetric hydrogenatlion (26).



in a manner similar to Wilkinson's catalyst.

Horner et al. (27) used a catalyét prepared in situ from
(8)=(+)-methylphenyl-n-propylphosphine and [Rh(1,5-hexadiene)
Cl]2 in benzene, a procedure desligned to glve neutral, square
planar Rh(I) complexes of the type RhL*3C1. "They envisaged
the structure of the intermediaste state as in Figure 3 to
explain the (S)=-(+)-2-phenylbutane (7-8% e.e.) obtalned from
d-ethylstyrene and the (R)-(+)-1-methoxy-l-phenylethane (3~4%
e.e.) obtalned from l-methoxystyrene.,

During studles of the hydrogenatlion of atroplc aclid with.
the P*MePhPrQFRh(I)'system, Knoﬁles' group (28) found that
when thé L/Bh ratlo was increased from 2 to 8, the hydroge-
natlon reaction rate and optlcal purity‘lncreased to a maxlimum.,
This was quite pecullar since 1t had been establlished that |
excess ligand lowers the activity of a Wilkinson-type catalyst
by competing with substrate for vacant coordinatlon slites on
the metal. It was eventually found that it was the formation
of a phosphobetalne by the reactlon of atroplc acld with any
ligand In excess of 2 equivalents per equlvalenﬁiof rhodium;
whlch influenced the rate and optical yleld. Assocliated with
this was the conversion of the substrate to the carboxylate
anion (Flgure U), It was also found (28) that in the preéence-_
of trieﬁhylamine and ﬁsing IL/Rh = 2 a ihlrty-fold rate increase
was observed,-compared wlth the rate wlthout triethylamine.

An increased optical purlty-(28%‘e.e.) was also obtalned,
In 1971, both Morrison's aﬁd Kagan's groups showed that

In order to obtain asymmetric reductlion using rhodium phosphine
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R = methyl or methoxy group.

Flgure 3. A model for the correlation of the stereochemis-
try of reduction products with that of the
chiral 1ligand (27). .

Ph
L 4+ H,0=C_ — > F—CH,CHCOO™
27 coo 2
Ph
phosphobetaline
_Ph
CH,==C
2 Scoom
. _Ph
Lt CH?CHCOOH'HZCm0< _ -
' ~C00
Ph

rhospvhobetalne salt

Figure 4, Reaction of a tertlary phosphlne with atroplc
acld to produce a phospnobetalne salt,
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complexes the chiral center does not have to be on phosphorus.
Thus Morrison et a2l. (29) prepared their.catalyét in situ by
the reaction of (+)-neomenthyidlphénylphosphlne (NMDPP) with-
rhodium (I) complexes of ethylene or .dlene in ethanol-
benzene. This catalyst, thought to be Rh(NMDPP)BCl; was used
to reduce (E)-g-methylcinnamic aclild in the presence of trle-
"thylamine, The resulting 3-phenyl-butanolc acld contalned a
61% e.e, of the S isomer (Flgure 5). Reductlion of o-ethylsty-
rene mave only 77 e.e. and 1t was suggested that this was due
to the lack of bifunctional interactlons through both the -.
carborylate anlon and olefinic bord (29,30). |
Kagan and Dang used the diphosphine, (—)-2,3—0-1sdpro-
pylidene52,3¥d1hydroxy-1,4—bis(diphenylphosphino)butane ((=)=~

DIOP), 2, derived from (+)-ethyl tartarate, to prepare, in

H
Ph,PE,C” I 0
2» 2¢
2

situ, a complex represented by [Rh(=-)-DIOPC1S], where S is
the solvent (31,32). This solutlon catalyzed the reduction
of alkehes at room temperature and atmospheric pressure.
Thus o~acetamidocinnamic acid was reduced to (R)-N-acetyl-
phenylalanine with an optical yield of 72%, the chemlcal

‘yield being 95%. They attributed the high stereoselectivity



rxj

H.C H
3 \\\ /

C

[Rh(CH2==CH2)2ClJ2, NMDPP

Ph

/ \ 20 atm Hp, 60
PH COOH

3
(E)—B-methylcinnamic'

acld ,
NMDPP = HBC”HH<i:::>—aaPr£

PT
‘Pnz

benzene-EtOR-Et,N

L
> HBC——(ll—-CHZCOOH

€1% e.e. (3)

PPh

Asymmetric homogeneous hydrogenatlion wlth a neomenthyldlphenyl-
vhosphine (MMDPP) catalyst (29).
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of thls reductlion to the conformatlonal rigidlty of the trans-.
fused dloxolane ring and also to the preseﬁce of the rhodium-
contalning chelate ring. Stereochemical control through par-
ticipation of the carboxyllic acid functlon of the substrate
also seemed to be ;ndlcated since hydrogenastion of methyl o=
phenylacrylate géve methyl-2-phenylpropancate of the R confi-
guration in only 7% e.e. (31). Later, 1t was found that a
substrate contalning the enamlde group could be hydrgginaPQd
with high optlical yield (32). For exanmple, CHBCH=C:;iVOCh3
was hydrogenated to afford a 78% optical yleld., Table 1 shows
the results obtalned by Kagan et al. wlth DIOP as the ligand
in the hydrogenation of d-acylamldoacrylic acids. They found
that the Rh-(-)-DIOP catalyst gave the unnatural R or D-amino
acld dérivatives, whereas L-amino acid derlilvatives could be
obtalned with the (+)-DIOP catalyst.

In 1972, Knowles and co-workers (30,33-36) syntheslzed

cbiral o-anisylcyclohexylmethylphosphlne-(ACMP) 3. This
OCHB
y o, © o
 2 (+)-(R)=-ACHMP
ligand gave complexes with rhodium, which were very effective

catalysts for the reduction of A~acylamidoacrylic aclds. Op-

tical yleld as high as 90% were obtalned. Catalysts prepared
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Table 1. Asymmetric Eydrogenatlons of d-Acylamidoacrylic
Acids with the 3o0luble DIOP Catalyst (32).

NHCOR

R'CE,CHNHCOR
R'HC===C —_—
N COOE COOH
R' R Conversion (%) Optical vield (%)
H CE - 96 73
3
Ph CH 95 72
3
p-0LE-phenyl CH3 ' 92 ' 80
0
< :@ CE 97 | 79
0 3
p-OE-phenyl Ph 95 62
-C.H ; - 22
1 CBI7 Ph 98

8[BRh] = 3 mM; P = 1.1 atm; room temperature, b(-)-DIOP—Bh
complex gives D amino aclid derivatives; (+4)-DIOP-Rh comvlex
glves L. '
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from (+)-ACHMP give L-amino acld derivatlives and (-)-ACHP glve
D-amino acid derivatives. 1In 1975, they obtalned an enantlo-
meric excess of 96% in the reductlon of «-acylamidoacrylic

aclds usling a new chiral di(tertiary phosphine) 4 as the 1i--

s
(: PUN:-CHZ )2

A ,
OCI’lB

d

gand (37). The catalytic specles was belleved to be in the
catlonic_form. They found that the high optical yilelds ob-
tained with this chelating ligand were not sensitive to tem-
perature and pressuré change. |

While different kinds of "Wilkinson type" catalysts were
belng developed, Oéborn and hls co-workeés were working on
cationic rhodium systems. These proved to be useful as hy- .
drogenation and hydroslilylation catalysts (37,39:uu). They
have the formula [(diene)Rh Ln]+ and are efficiéﬁt at 25° and
1 atm of Hp. They are easy to makelin large numbers sincé,L
can vary wldely and can be isblated for physlical studlies,
These catlionlic. catalytic systems are very versatllé, for
- example, some will reduce alkynes specifically to cls oleflins

(43), chelating dienes to monoenes (43), and ketones to alco-

hols (39,41,44), Knowles used his asymmetric llgands, ACMP
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3 and di(tertiary phosphine) L, to make catlionic rhodium com-
plexes which catalyzed the reductlon of d-acylamldoacrylic
aclds giving optlcal ylelds as high as 96% (33,37). 1In later
studies, however, Knowles found that the 1ln situ preparatlon
of rhodium (I) catalysts gave the same feéults as using the
crystallline, alr stable, catlionlc complexes [Rh(1,5-cyclo-
octadlene) (ACHP)J¥BFy~ or BPh,~ (33). 1In these latter experi-
ments the catalyst was prepared by adding the phosphine ligands
to alcohollic solutions of [Rh(diene)Cl],. Two llgands per -
rhodium were shown to glve optimum results, just as expected
for the formation of catlonic complex'Speciés.

In 1976, Kagan prepared a catlonic rhodium complex with
(+)—DIOP as the 11gand. An optlcal yleld of 92% was attalned
in the asymmetric reduction of N-acetyl-l-phenyl-l-éminopropene
(46)., A tentative hydrogenatlion intermediate 5 was‘proposed
és follows but with little substantiation:

-+

Complexes of Co and Ru have also been used for the asym-
metric hydrogenation of prochiral olefins (47,48); but most

results are not very satisfactory. However, reCenﬁly an op-
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tical yleld of 60% for the hydrogenation of X-acetamidoacryllic

acld has been obtained uslng [BuZCIn(DIOP)BJ as the catalyst
(49).

Present Studles

‘Since the discovery of ferrocene in 1951 (50,51), there
have been many investligatlions of the chemistry of this sand-
wich compound, especially relating to it stereochemistry (52- ;
56)., This interest was due in part to the recognition that4
ferrocene derivatlives are chiral iIf one ring carries two

different substituents X and Y. 6 and 7 are two cases In

X B

Fe Y Fe
> Lo>
6 2

which thié may. happen and should Be noticed that these com-
pounds are optlically active even though there is no center of
~asymmetry but only a planar element of chirallty. A study by
Ugl and co-workers (57) found that ferrocene derivatives with
2 plane of chirallty exhliblit a strong asymmetric inducing
power, without havling large sterlic bulk close to the reactlve
site. Thls is in contrast'with the asymmetrically inducing
:sterlc templates that contaln only central elements of chi-
rality, where one extremely bulky group, a medium sized groun,

a small group and the reactlve site usually constitute the



four 1lgands of the inducing central chirold (58-62).

At the beglnihg of the present study, 1t was declded to
attempt the synthesis of (+)- and (—)?(2-d1pheny1phosphino-
ferrocenyl)ethyldimethylamines ((+)-'and (~)-FcNP) and use
them as asymmetric llgands In- rhodlum complexes° It was
expected. that (f)— and (~)-FcNP would be easy to prepare be-
cause 1t had been shown that lithlation of (R)-N,K-dimethyl-
1—ferroceny1ethylamlne‘((B)-FCN) with butyllithium in ether-
hexane affords only the ortho lithlation products (55,63),
which consists of a 96:4 mixture of (R,R)- and (R,3)-IcNLi
as measured by gas chrométography following treatment with
trimethylchlorosilane (55). Thus treatment of the lithiated
products with chlorodiphenylphosphine would be expected to
yield (R,S)-FckP (96%) and (R,R)-FcNP (4%). The overall

reaction is shown in the followlng schemne:

(CEy <CHy
c |
<::7BVC\‘N(Ch 32 s <3§§>ﬁ?3;“N(CH3)2
4 Fe 1

//;///74:::> Li/ <:§§>>?(C6H5)2
CH ' h

¢ 3 (R,R)-FcNLL (R,SJ-FcNP
<N (CE,), | .
Fe H 3 . . . :
o _ Lj. . P(C E )
=
FeN __~N(CHj) TeN N(CHR)
R)-FcN e 372 — N 3’2
( ) c . @ CI H C\/Ir./H
CHy CH,

(R,S)-FcNLL (R,R)-FCcNP
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The same scheme applied to the (5)-lsomer of W,l-dlme-
thyl-1-ferrocenylethylamine should afford 96% of (3,R)-FcNP
and 4% (S.S)—FéNP. It 1s very interesting to note from Fl-
gure 6 that (R,8)-FcNP and (5,R)~TFcKkP, instead of belng
diastereomers of each other, are enantlomers, |

A preliminary communication has described ligand (3,R)-
FcNP and its use in a rhodlum complex ﬁo catalyze the hydro-
silylation of ketones (64). It is of Iinterest to study the
"hydrogenation of prochiral substrate with both (3,R)- and
(R,S)—FGNP as the catalyst ligand and one alm of the present
work was to prepare and isolate the catalyst or catalysﬁ
precursor, in order to determine its solid state structure,
This would be of value in visualizing the reactlion Interme-
diate which In turn would help in rationallizing the conflgu-

ratlion of the reductlon products.

™~
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The enantlomeric relationship of (R,3)- and
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EXPERIMENTAL

~General

Unless otherwise speclified all chemlcals were purchasedv
from commerclal sources and were used as recelved,

In particular, dry diethyl ether was obtalnad from
Malllnckrodt and was used without further drying. Tetrahydro-
furan (TEF) was distilled from L1AlF, and was stored under
nitrogen over molecular sieves., Benzene was refluxed over
potassium wire and stored under nitroéen over molecular
sleves., Ethanol was dlistilled from L1AlEy and was stored
under nltrogen over molecular sieves. Spectro grade methanol
»from MCB and reagant.gfade Isobutanol fram AMACHEM were used
“without nurlflcatlon but were vacuum degassed before use,

| Pydrogen was obtained from Canadian quuid Alr and was
vassed through a "Deoxo" catalytic purifer before use.

Conductivity measurements were made in nltromethane at
25° with Wayne Kerr Unlversal Bridge BZZIA.F

Infrared spectra were measured on a Perkin-Elmer 457
spectrometer, Carbonyl frequencles were measured on a Unlcon
SP1100 Infrared Spectrophotometer. Svectra were callbrated
using a polystyrene film, |

MM} measurements were made on elther Varian Model HA~100
or T-60 Instruments operating at room temperature, Chemical
shifts are given in ppm downfleld from internal TMS.

Optical rotatlions were measured on a Pérkln-Elmerilhl

polarimeter. The sodium-D line of wave length 589 nm was used
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as the monochromatic light source, An optlical cell of 1 cm
path length was used, |

Melting points were determined uéing a Gallenkamp Melting
Point apparatus_aﬁd are reported without correct;on°

All mlcroanalyses were done by Mr., Peter Borda of this

department.,

Eyvdrogenatlon Avparatus

The apvaratus used for hydrogenation is shown schema-
tically in Figuré-?.. The reaction flask A consists of two -
compartments Al and A2, which are used to accommodate substrate
and catalyst respectively. The U-shaped oll manometer was
filled with butyl phthalate whlch‘has negligible vapor
pressure, A measuring burette I of volume.S50 ml and length
about 90 cm was mounted on the llne at one end and at the
other end was cohnected to the mercury reservidr C.,  The
reaction flask was thermostated in a paraffin oil bath in-.
. sulated with polystyrene foam. Constant temperature was
maintained by JUMO-MSD,.B.P. thermoregulator and JUMOGKT10-0
relay control unlt.: Heating Was supplled by a 25 watt élon~
gated light bulb, A 3' magnetic stirrer was used in the
" thermostat bath and a 0.5' magnetic stirrer was used In the

reaction flask A.

Experimental procedure for a typlcal gas uptake experiment

The catalyst precursor and the substrate were measured

out to 0.1 mg and placed in A2 and Al respectively. The
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Figure 7. A schematlic drawing of the catalytic hydrogenation apparatus.
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flask A was evacuated and filled with Np. Cap 1 was opened
and 10 ml of solvent was added while flushing with nitrogen.
Cap 1 was closed énd the solution (substrate and solvent)‘was
degassed by pumplng for a few seconds. E was closed and the
reaction line was evacuated through H whlle F was open and G
_'closed. A wés frozen with liquld nltrpgen and'E opened to
remove all alr from the reaction flask. E was closed, the
nitrogen coolant was removed and nltrogen gas was admitted to
the rest of the line up to tap E. The gas inlet G was closed
ahd E was open to let nitrogen into A. E was closed and the '
frozen solvent was fhawed. Flask A was tllted to wash the
catalyst pfecursor Into A and the mixture was stirred to
obtaln complete solution. The solution (substrate, solvent
and Catéiyst) was frozen again. A was evacuated and then
thawed agaln after closing E., The flask was-thermostrated
to the requlired temperature and hydrogen was admitted Into
the line up to.E. The gas 1n1e£ G was closed and E was opened
to admit Hy, to the whole system at a pressure less than 1 atm.
After thermal equilibrium had been reached (this was checked
by closing F and observing any changevin the o0ll levels of
the manometer.) G was opened to admit more hydrogén until
the mercury levels of I énd.C were the same and F was closed,
Any gas untake was accompanled by a rise in the level of
the o1l manometer, The pressure loss was compensated by
ralsing_the mercury reservolr until the two o0ll column were
leveled agaln. The mercuryvlevel.of the measuring burette

was monltored as a functlon of time. WNo attempt was made to
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correct the data for any contributlion from the solvent vapor

to the pressure,

Isolatlion of hydrogenatlon products

N-Acetylohenylalanine The product, after pﬁmping off
the soivent, was washed with 4 ml of dlichloromethane three
times, N—acetylphenylalanlné‘ls insoluble in CHpClp and in
this way the product was separated from catalyst without al-
tering 1ts form. (Recrystallizatlion from water could result
In enrichment of one enantiomer and an artificlally high
optlical yleld.) |

N-Acetylalanine The mlxture was dissolved in 10 ml of

water after the solvent had been removed by"pumping.~ It was
then flltered through cellte twlce. The product was obtalned

after freeze drying the aqueous solution,

Preparatlon of Acetylferrocene (65)

Ferrocene (93 g, 0.5 mole) was dissolved in 400 ml of
'dry dichloromethane in a 1 1 flask equlpped with a.2 in, mag-
netic stirring bar and fitted with a drying tube (CaCl,).
Acetyl chloride (43 g, 0.55 mole) was added. The flask was
then immersed in én.ice wéter bath of 0-5°, Anhydrous alu-
minum chloride (67 &, 0.5 mole) was added in about 10 portions
with 2-5 min. between each port1on to allow heat exchange,
The reactlon was vigorous and the color of the solution.

B

changed from red-brown to deep wine-red, The reaction mixture



was stirred for 2 houré as the lce water bath gradually
warmed tb room'temperature. The reaction mixture was
hydrolyzed by the slow additlion of 100 ml cold water in
5 ml portions while the whole flask was lmmersed in cold '
water bath. An addlitional 120 ml of water was theh added
more rapldly. The cold water bath was removed énd about
50 ml of freshly prepared 10% agqueous N323204'solutlon was
added dropwise with stirring until the upper layer changed
color from brown to cream-yellow. The solutlon was stirred
for about one hour until the odor of S50, was undetectable.
The reaction mixture was separated and the aqueous layer
extracted three times with 100 ml portion of,dlbhloromethane.
The organic extracts were comblned and wsasshed with 100 ml of
5% aqueous NaOE solution and 100 ml of satursted aqueous NaCl
solution. The solutlon was.drled- over-anhydrous K2CO3 over-
night, fiitered, and the solvent was evaported to give 110'g
(95%) of the orange solid product, mp 87°. (lit. mp 85-86°
(65)) |

Preparation of &-Ferrocenylethanol (65)

Acetylferrocene (25 g, 0.11 mole) was dissolved in
anhydrous ether (500 ml) in a b-necked 1 1 flask equipped with
a reflux condenser, nitrogen inlet, magnetic stirrer and
dropninz funnel. The csolution was stirred and slouwly treated
dropwlse with a sﬁspension,of 2,2 g of L1AlH, in ether and
then heated under reflux for two hours. The excess of L1AlH)

was destroyed by the slow addition (4°) of ethyl acétate and -
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the rééultlng reacti&n ﬁixture was treated with a saturated
solution containing 30 g of NHyCl In water. After belng
stirred 0.5 hour at 0°, the reaction mixture was flltered
and the organic layer separated. The ether solut{on was
washed twice with water and then concentrated to'drynéss

to yleld 22.5 g of a yellow solid, mp 74°. This product was
pure enough to use diréctly but a portlon of 1t was recry—-
stallized from n-heptane to glve yellow needles, mp 79° (1lit.
mp 78-79° (65))..

Preparation of o~Ferrocenylethvl Acetate (65)

o-Ferrocenylethanol (69 g, 0.3 mole) and acetlc acid
(20 m1, 0.33 mole) Wefe dissolved in 500 ml of reagent grade
benzene and placed ln a 1 1 round bottom flask fltted wlth a
water sepafator (Dean and Stark trap), and a reflux condenser
with a drylng tube on top. Some bolling chlps were added ”
énd the soluﬁiqn was refluxed overnlight,

The reactlion mixture was cooled, decanted from the
bolling chips, and evaporated to afford about 80 g of a dark
red-brown oll, The product was not purlfied and was used

directly.

Preparation of N,N-Dimethvl-x~-Ferrocenvlethylamine (65)

a-Ferrocenylethyl acetate (68 g, 0,25 mole) was dlssolved
in about 1400 ml of methanol in a 21 conlcal flask to which
was added 240 ml of 25% aqueous dlmethylamine, The mixture

was stirred for three days at room temperature,
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The solvent was evaporated leaving a dark olly reslidue
which still contalned some water; This was stirred with a
mixture of 300 ml 8.5% aqueous phosphoric acld and 100 ml of
ether, The layérs were separated and the acld aqueous solu=
tion was washed with 100 ml of ether to remove neutral by-
products. TheAdark green acldlic solutlion of the amine was
neutralized by cautlous addlition of NagCOB, allowing the
effervescence to subslde before each subsequent additlion.
The process was contlnued untll no more effervescence was
observed arid by that time the dark green solutlion had turnéd
yellow-brown, The amine was extracted with three 100 ml
portlons of dichloromethane and washed with 100 ml of water,
dried over K2003 (M5804 cannot be used) and evaporated to
give about 50 g of a dark red-brown oll whiCh was rapldly
vacuum distllled to avold decomposition. bp. 118°/0.5 mmHEg
(1it., 120°/2 mmEg (65)). The yield was about 45 g,

Resolution of N,N-Dimethyl-X-Ferrocenylamine (65)

The facemlc amine (25.7 g, 0.1 mole) and 15 g.of R~ (+)~-
tartaric acid were each dissolved in 50 ml of methanol in |
250 ml1 flasks., Both flasks were immersed in a hot'water
bath at about 55° for about 10 min. to reach thermal equili-
brium. The tartaric aclild solution waé then poured into the
amine solution while stirrlng. The temperature of the bath
was allowed to fall at a rate of 2-5°/hour, Occasional
scratching the flask with a glass rod was required to aid

solid formation. Stirring wés continued overnight and
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about 15 g of the . (-)-amine tartérate was'coilected. The
mother liquor was set aslde for later use. The tartarate
salt was added to about 50 ml of 20% agueous NaOH solutlon
in a separatory funnel and the amine extracted with three
25 ml portlions of dichloromethane. The amine solutlon was
dried over K2003 and evaporated to glve the optically actlve
amine as dark oil.

The amine thusAobtained and 5.55 g of tartaric aCld,
each in 25 ml of methanol were mlixed and. seeded.as above’ to
afford the amine tartarate salt. This affords 9 g of onti-

2 -120(c 1, 95% ethanol), (1it.

célly actlive (-)-amine, [a]i
Dx]%S -14% (¢ 1, 95% ethanol) (65)) when treated with base as
above,

The mother liquor from the flrst crystallizatlon was
concentrated‘to about one-fourth of its-original volume.
Diethyl ether was added slowly to the solution untli precl-
pitation was compiete. The mixture was left at 0° overnight
and 24,3 g of (+)-amine tartarate was collected, The (+)-
amline tartarate crystals were recrystallized bytdissolving
them in abvout 30 ml of hot water followed by thé addition of
about 300 ml acetone. Fine needle crystals of the (+)-am;ne
tartarate were obtalned in this modified way. Optically
pure (+)—amin¢, [d]%S 1&.50(0 1, 95% ethanol) (1it. [QJES
14° (65)) was obtained from the tartarate as described above

for the (-)-isomer.
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Prenaration of (3,3)- and (HJS)~FCEP (66,67)

At 23°, 10 g of (R)-(+)-Fcli was dissolved in 60 ml anhy-
drous dlethyl ether in a two-necked 250 ml round bottom flask
equipped with a magnetic stlrrer and a reflux condenser., To
this solutlon was added dropwlse 21 ml of 2,2 M n-butyllli-
thium In n-hexane, The reaction was sllightly eiothermlc and
the color of the mixture changed from red-brown to orange
red, After stirring 1.5 hours, the mixture was slowly treated
with 17.5 & of chlorodiphenylphosphine. Thls reactlion was}
very exothermic and the color turned to yellow with the pre-
cipitation of LiCl. The mixture was refluxed for 2 hours and
then cooled to room temperature. An aqueous slurry of NaHCO3
( 80 ml) was added to the reactlion mixture very slowly while
stirrineg., The mixture was stirred for about 20 min. to hy-
drolyze the product. The solid was flltered off and washed
with dilethyl ether untll all the orange yellow compound had
been dlssolved. Thé ether layer was separated, added to the
washings and dried over MgSOy. After evaporatlng to dryness,
the dérk brqwn 0ll was cooled to 4° overnight to afford a
brouwn yellow solid whlch was redrystallized from ethanol to
yleld 6 g of brown yellow crystals of (R,3)-(-)-FcNP, mp 136°,
[djis -364° (c 0,42, ethanol). (3)-(-)-FcN was treated in ﬁhe
same manner ﬁo yield (3,R)~(+)=FckpP, mn 135°, LGJES +361.,4°(
¢ 0.3%1, ethanol), (1it., mp 139 [djg5 +361° (c 0.6, EtOE),
(64)). Anal. Calc. For Cygl,gFeliPy C, 70.7; H, 6.35; N, 3.17.

Found: C, 70.4; B, 6.33; N, 3.147, 1y wnm (CDC14) 1.17 (4,
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J=7 ¥z, C=Cii3), 1.80 (s, 1(CH3),), 3.9 (s, FeC.E.), 3.5-k.5
(m, FeCcH, mixed with C-¥), 6.9-7.85(m, C6H5)' The NMR and

analytlic data were obtalned from the racemic mixture,

Preparation of [(NBD)RhCl]2 (68)

Rhodium trichloride trihydrate (0.7 g) wasjdissolved in
95% ethanol (10 ml) in a 100 ml Schlenk tube and 2 ml of nor-
bornadliene (C7H8) was added to the solutldn. The tube was
flushed with nitrogen and sealed with a serum cap., A yel-
low precipltate apveared about 15 minutes after the reactanﬁs
Fad heen mixed. The reactlon mlxture was stirred for two
- days. The yellow deposlt was 1solated and recrystallized

“from chloroform-petroleum ether to give flne yellow crystals.

Prenarétion of [(COD)RhC1], (69)

In a 100 ml three—neéked round bottom flask was dlssolved
rhodium trichloride trihydrate (1 g).and 1,5-cyclooctéd1ene
(2 m1) in 30 ml of 95% ethanol. vThe solution.was heated and
fefluxed for 3 hours. The orange yellow crystalline product
was flltered and washed with ethanol and then récrystallized

from acetlec acld to afford orange yellow crystals,

Preparatlon of [(CgH,,)RhC1], (70)

Rhodlium trichloride trihydrate (1 g) was dissolved in
9905% ethanol (20 ml) in s 100 ml Schlenk tube. Cyclooctene

(3 ) was added to the solutlon and the mixture was sealed



under nitrogen, and was kept at room temperature for. three
days. A red btrown solid was formed (0.85 g). The product
was 1solated and washed wlth a‘small quantity of absolute

‘ethanol, then dried and stored under nltrogeﬁ in the refri-~

gerator (T5°).

Preparation of [Rh(CO)zCl'IZ (71)

! An apparatus, shown as Filgure 8, with a

E porous disk (medium porosity) was set up

Iin the fume hood., Rhodium trichloride tri-

CO—= :
hydrate (1 g) was pulverlized and placed on

_J

the top of the disk. The apparatus was

flushed slowly with CO and immersed in an

011 bath maintained at 96-100°. The water
vapor which condensed at the top of the -
Filgure 8. tube was removed occasionally with absor-
bent cotton. Orange red crystals of pro-
duct sublimed to about half way up the tube., When the re-
actlon was completed, (about 4 hours) fhe apparatus was removed
from the oll bath and cooled. The crystals were scraped from
the reactlon vessel to glvevabout 0.75 g of pure product, mp
124-126° (11t, 124-125° (71)). The crystals were stored in

a refrigerator (T<-5°).

~Prevaration of (Acac )Rh(COD) (72)

A mixture of [(COD)RhCl]2 (0.761 g), dlethyl ether (17 ml)
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and acetylacetone (0.61 ml) in a 200 ml Schlenk tube with a
megnetlic stirring bar was chilled to -78° and a solution of

1 g of KOF in 3.3 ml of water added dropwisely. The mixture
was warmed to 0° with stirring, and later, a further 17 ml of
diethyl ether was added. Thls mixture was stirred at 0° for
0.5 hour. The ether was separated, filltered and chllled to
-78° agaln, The yellow crystals whlch preclpiﬁated were
sevarated and dried., The flltrate was concentrated and

chllled agaln and more crystals were deposlted, mp 125° Anal,

I...l

~
wa

c. for CygHjgNpBh: C, 50.3; E, 6.13; Found: C, 50.4; %,

Prevaration of [ (FeHP)3h(C0)C1] (91)

[Rh(C0O)»C1], (0;13'g) was dlissolved in.2;5 ml of benzene
in 3 100 ml Schlenk tube., On additlon of 25 ml of benzené
containing 0.3 g of FcNP, CO was evolved and the colour
"changed from orange yellow to red. The solutlon was evaporated
under vacuumn ﬁo dryness and a yellow brown solid remalined,

The solld was dissolved in a minimum quantity of degassed
CH2012 and diethyl ether was slowly added until slight turbu-
lence was seen. The mixture ﬁas cooled to 5° and solid formed
in shout one hour. The solvent was removed and the solld
proddct was washed with ether, and recrystallized from ben-
zene, mp 124-125°, V(CO), 1990 cm™ 1 (cyclohexane). Anal.

< Cale. for c33ﬁ3u01penopﬁh; C, 58.2; H, 4.99; N, 2,05; C1, 5,21,

~ Found: C, 58.1; H, 5.10; W, 1.80; C1, 5.08%, 1H NMR (CDC13)
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1.25 (a, J=7 Ez, C~CH,), 2,47 (s, N-CE), 3.1k (s, N—CEB),
3.79 (s, FeCBHS)' 3.9-4.7 (m, FeC5H3 mixed with C-E), 6.,9-7.9

(m, C6H5) .

Preparation of (FelP)Ni(CO); (73)

FeNP (3.4 g, 7.7 mmole) was dissolved_in 33 ml of diethyl
ether in a 3~necked, 100 ml flask equipped with a reflux con-
denser, nitrogen iniet, and magnetlc stirrer. The solutlion
was heated in an efflclent fume hood to the reflux temperature

and N1(CoO), (1.31 g, 7.7 mmole) was added to the solution,

L
The reaction mixture was refluxed for 30 minutes, then 1t was
dooled to room temperature, An orange yellow solld mwas formed
which was wasned wlth dlethyl ether to afford 3.1 & of crange
yellow crystals, mp 135°. Anal., Calc, For C29528FeNMiOBP: C,
59.6; H, 4.79; W, 2,40, TFound: C, 59.4; E, 4.83; N, 2.44%,
Y(CO), 1980, 2000, 2060 cn™t (cyclohexane).

Lt -
Preparation of [(NRD)Rh(FcliP)] PF6 (74)

[(NBD)BhClj2 (250 mg, 0.56 mmole) dissolved in & nl C6E6
and FcNP (0.685 g, 1.55 mmole) dlssolved in 2 ml THF were com-
bined together in a 100 ml Schlenk tubé, and to this mlxtﬁre
was added NHuPF6 (0.171 g) in acetone. The fine precipltate,
which formed meediately, was filtered and washed with dichlo-
romethane.» After concentrating the filtrate and washings un-
der reduced pressure, two phases formed. The turbid bottom

phase was isolated and further concentrated to about half its
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volume., Réd sollds separated at this time .and more came out
after standing 12 hours at room temperature. If no solld pre-
cipltated, ethanol was added very siowiy untll a2 slight tur-
bulence was seen then a drop of diethyl ether was added., The
mixture was cooled to b° overnight to afford a red solid which
was washed with dlethyl ether and dried. The solld was re-
crystéllized from a minimum quantity of dlchloromethane by the
addition of ethanol and dlethyl ether and red fine crystals
resulted, mp 192° (decomp.). Anal. Cale. for Cgyig FeX NP, Rh:
C, 50.7; H, 4.61; W, 1.79. TFound: C, 47.7; H, 4.78; N, 1.48%.

1 .

A=72.3 ohm~ cm’lm‘l; ly umMR (CDClB) 1.78 (4, J=6.4 Ez, C-CEB),

E.), 1.46 (s,

2.42 (s, N~CHg), 3.19 (s, N-CH3), 3.61 (s, FeCgts
), 7-8.5 (m, CgHs)

’methylene),‘b;léz(s}'methine), b 4l (m, FeCgly

Preparation of [(COD)Rh(Fexp)1¥C10,~ (74)

- Rh(COD) (acac) (250 mg, 0,81 mmole) was placed ln 2 Schlenk
tube into which 3 ml of THF and 115 mg (spproximately 1 drop) of
70% HClOunin 1 ﬁl of THF was added under an Ar atrmosphere, Ad-
dition of FcNP (800 mg, 1.81 mmole) changed the color of the
solution from yellow to orange-red. The solvént vas rembved
and the.resultaht solid dissolved in a minimum quantlity of
bolling 95% ethanol, cooled to room temperature, znd stored
at 4° for four hours. A dark solid forme‘ci° The solid was
1soiated and waéhed with ether. The solld was recrystallized
from ethanol to yleld orange-red crystals, mp 185° (decomp.).

Anal, Caléd. for CjuHuOClFeNOMPRh: C, 55.2; H, 5.41; N, 1.890»
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Found: C, 54.6; H, 5.09; N, 1.90%. A=73.6 ohm™ten 1y L,

(7“’1 ?5)

Preparation of [(COD)Rh(FcNP)]+BFu

To a Schlenk tube purged with N, was added L(COD)RhClj2
(0.246 g, 5 mmole)'followed by 3 ml of methanol with stirring;
FeNP (0.53 g, 1.2 mmole) dlssolved in about.lo ml of methanol
was added to the mixture. After stirring for 20 min. the
.slurry had become an corange-red solutlion, NE&BFM (0.1l &) in
1.6 ml1 of Ho0O was added while stirring, and an orange-red
sollid preclpitated,> This was separéted, washed with 1 ml of
Héo and 1 ml of metheanol, ahd recrystalllized ffom ethanol.

These fline orange-red crystsls were washéd with dlethyl ether
and drlied under reduced pressure, mp 190° (decomp.). Recrys-
talllzation could also be zachleved by dlissolving the solid in

a minimum quantity of CH2012 and adding ethanol, Anal., Cslecd,
for CspHyoBFyFeNPRh: C, 55.2; E, 5.41; N, 1.89, Found: C, 55,25
H, 5.31; N, 1.89%. A=73.9 orn”lem™tw™l, 1k mmm (cDC1,) 1.01-
1,61 (m, methylene), 1.87 (d, J=6.2 Hz, C—CHB), 2,71 (s, N_CHB)’
3.30 (s, N-CE3), 3.56 (s, FeC5H5), ho16-4,46 (m,iFeC5H3 mixed
with C-H), 5.06 (s, olefin), 5.61 (s, olefin), %;06—?.76 (m,

C6H5)'

Prevaration of [ (NED)Rh(FeNP)]Tclo,~ (74)

[(NBD)RhCl]2 (130 mg, 0.28 mmole) was dissolved in 4 ml
of benzene In a Schlenk tube to which was added FeNP (0.3564

g, 0.81 mmole), and a solutlon of NaCl0), (86.9 mg) in 1.3 ml
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of TEF. The suspenslon was furthef stirred for 5 min. bhefore
2 ml of diethyl ether was added to complete the preciplitation.
The solld was separated, washed with 2,5 ml of benzene and
2,5 ml of diethyl ether, and dried. The yellow solld was
dissolved in 1 ml 6f dichloromathane and filtered to remove
sollid lmpuritles. After sddlng ethanol and dlethyl ether to
the filtrate a yellow solid formed which tﬁrned Iinto orange
brown c¢rystals after storing at 0° for 12 hours, mp 190° (de-
bcomp.) Anal, Caled, for C33§36C1FeN04PRh: C, 53.,8; H, 4 .89;
N, 1,90, Found: C, 53.5; H, 4.84; N, 1.83%.

Preparstion of [(COD)Rh((-)—FCNP)J+B(C6ESlu:;iZﬁl

[(COD)RhC1], (0.1255 g, 0.25 mmole) was dissolved In
methanol In a Schlenk tube under argon. To thls was added
FCNP (00,4484 g, 1.06 mmole) and the mixture was stirred.

More methanol was added to‘dissolve any remaining solid.
Sblld sodium tetraphenylborate (0.1095 g) was added and
stirring was continued for 10 min. The orange yellow solid
which precipltated was filtered and washed with benzene and
diethyl ether and dried under reduced pressure, mp 150-152°
(decomp.). Anal, Caled. for Cgghy BFeNPRh: C, 71.7; H, 6.22;
N, 1.44, Found: C, 71.4; H, 6.10; N, 1.h4Z. A=50,13

1,.-1

ohm-lcm— M. -
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RESULTS AND DISCUSSION

Synthesls of The Chiral Phosohine Ligands (+)-, (-)-FcNP

As mentlioned in the Introduction, 1t was declided to
attempt the synthesls of chiral ferrocenylphosphine lligands
((R,5)- and (S,R)-ca-[2-diphenylphosphinoferrocenyl]ethyldi-
methylamine or (R,S3)- and (S,R)-FcNP) which not only have an
asymmetric center at carbon but also have planar chirality,
In addition, this ligand would contaliln a heavy ferrocene
‘group which might show some steric and électronlc effects In
asynmetric hydrogenation reactlions, _ |

The precursors of the ligands ((R)- and (S)-FcN) and
related compounds have been studled extensively by Ugl and
his co-workers (54,55,57,76). Ferrocene derivatlveé with more
‘than two different substituents in one ring have planar chi-
rality which cannot be described by the usual R and S nomen-
clature (58,59,77). The following modification of the nomen-
clature has been suggested by Ugl (55(b))for this type of

compound and will be used in thls thesls. 1In Flgure 9, the

Viewed from above

Figure 9, Ferrocene derlvatlives with planar chirality
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observer looks along th C5 axls of the pareﬁt ferrocene rings
with the disubstlituted ring directed towards him. The confl-
guration of thevsubstltuted ferrocene is termed "R" 1f the
lizands X and Y descend in priority in the shortest clockwise
arc, ("Priority"»hefe has the same meaning as used for the
usual R,S nomenclature). Likewlse, 1f the priority ascends
in 2 clockwise directlion, the planar chlrallty is "s". 1If
different types of chirallty appear 1n one compound, e€.8., X
and‘Y contain central chiral elements, R and 3 symbols will

refer to these varlious types of chirality In the order cen-~

CE
7
tral>axial>planar. For example, in Filgure 9 if X='Q‘NN22 and
OH HTY
7

p]

X e ¢
1
-

e

. then 1t will be refered to as (S,R,3) (45). The
EW::LC¥ |

first 3 re%grs to the,chirality of Y which has higher priority
than X which has chirality R. The third S'ls the planar chi-
rality of wholé molecule, If Y=P(06H5), as in the desired
‘ligand, FcNP, then it is (R,S). |

| The preparative sequence for the chiral ferrocenylphos-
phine (FcNP) is sketched in Figure 10,

Both ferrocene and d-acetylferrocene are commerclally
available. o-Ferrocenylethanol 1s obtalned by the reduction
of ol-acetylferrocene., Although Ugl (65) reported the reduc-
tion with both lithium aluminum hydride (LiAlHy) and sodium
bls(2-methoxyethoxy )aluminum hydride (commercially known as
"Vitride"), it has been found 1in the present studies that Vit-
ride is not as actlve sas LiAlHu and chromatographic separation
Is requlired after reductlon. Thus about'éSZ of the ol~acetyl-

ferrocene is reduced by Vitride, but more than 95% reductlion
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Fi-ure 10. Total syntheslis of the chiral ferrocenylpkosphine

(+)- and (-)=FclP.
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is attained if LiAlHu 1svused. 'd—Ferrocenyidlmethylamlne is
obtalned by nucieophlllc displacement of the acetate group
by dimethylamine in agueous methanol followlng treatment of
a-ferrocenylethanol wlth acetlic acid (65). Instead.of
getting amlde and alcohol in the reactlion of the carboxyate
ester with'the amine (78), the aminolysis proceeds with the
alkylation of the amine and cleavage of the cafboxyllc acid.
This 1s because the d-ferrodenylethyl carbonium lon 1ls so
stable that carboxylate anion 1ls a sufficlently good leaving
grouv to provide for its formation (65).

The resolution of Y,l-dimethyl-&-ferrocenylethylamine with
(R)-(+)-tartaric acld gives high ylelds of both antipodes after
three recrystalllzations from thelr respective amline tarta-
rates. v

Lithiatlion of (+)-N,N-dimethyl-o-ferrocenylethylamine
((+)=FcN) with n-butyllithium in dlethyl ether-hexane as
shown.ln a scheme on page 18 affords.only. the two ortho sub-
stituted products, FcNLi, in a ratic of 96144 as measufed by
chromatography followlng treatment with trimethylchlorosilane
(55,63). | | |

It was also found (76) that the major lsomer reacts wlth

anisaldehyde to give 8. The absolute conflguration of this

CH,
Ty
ITBC “‘;'ll H }I\
S C i3
<3;l/// ~w/—_“\0 E
re

<>

8



- U2 -

complex was determined by crystallographic.techniques énd the
resulté show that the confliguration about the amine~substituted
carbon 1s R and that (+4)-Fcli has the R absolute configuration.
Thus the marked difference between the two ortho positlons
wlth respect té lithiation apvarently results from steric
repulsion between the methyl group-on the asymmetrlc carbton and
the cyclopentadliene ring and also the stablilization of the
lithlated derivative by coordination with the amino group.
" Thus lithliation of (R)-(+4+)~FcN affords practically pure (R,R)-
FeNLY, and (5)-(-)=-Fcll ylelds practically pure (5,3)-FcNLi,
the antipode of (R,R)-FcNLi, Using a more actlive reageﬂt,
further lilthlatlon will occur Iin the unsubstituted ring
(64)., Thils second lithiation is siﬁilar to that of ferrocene
ltself which undergoes lithiatlon less readily than the amine
(63,79-81), ThusAKumada et al, (81) lithlated ferrocene with
n-butyllithlum—N,N,N',N'-tetramethylethjlenediamine (THMEDA)
to glve 1,1'-dilithioferrocene which was condensed with
chlorodimethylphosphine to glve 1,1'-bis(dimethylphosphiﬁo)-
ferfOcene and hés beén used to prepare metal complexes (81),
In the present investligation the dlphenylpbbsphino
derivative of ferrocenylethylamine was formed by the resctlion
of FcNLY with chlorodiphenyiphosphlne ih ether, The resulting_
mixture was hydrolyzed by adding an agueous slurry of sodium |
bicarbonate and the product was exﬁraoted Into the ether
~ phase. The ferrocenylphosphine-ether phase was carefully
dried with lNig30y and, after evaporating the solvent, the pro-

duct was obtalned as brown yellow solld which was recrystal-
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lized from ethanol three times to afford crystelline phos-
phine in s yleld about 357, At about the same time this work
was Initlated an independent identlcal synthesis of thé same
ligénd by Japanese workers was described (64). They isolated
the phosphline by alumina-column chromatography and puriflied
it by recrystalllization from ethanol (50%). |

Flgure 11'shows the absolute crystallographlic structure
of (3,R)-FcNP (95). 3lgnificant features about the structure
are as follows: (i) the methyl group on the asymmetric barbqn
1s directed zway from the cyclopentadliene ring; this confirﬁs
the absolute conflguration of the starting amine discﬁssed :
hefore (p. 41); (11) the cyclopentadlene rings are eclipsed

whereas 1In parent ferrocene they are staggered,

Synthesis of Metsl Complexes of the FcNP Ligand

Some initlsl attempts to preparé complexes of FcNP with
compounds of Ni, Pt and Pd were largely unsuccessful. - The only
well charscterized products, apart from the cationlc rhodium
complexgs to bte described next, were (FcNP)Nl(CO)3 and (FcNP)-
Bh(C0O)Cl. The former was obtained by dlrectfreactlon of the
ligand with M1(C0O), In diethyl ether solutlon. |

FcNP + Ni (Co)u —————> (FcNP)Ni (c_Q)3 + CO

This complex which was characterized by mlcroanslysis,
shows IR absorption of carbonyl groups at 1980, 2000 and 2060
cm-l. Most Nl(CO)3 complexes show only two such bands so ap=-

parently the bulky FeNP coordinated to the nickel destroys
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ﬁlgure 11, Absolute crystallographlc structure of
(S,R)-FcNP‘(95).
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the local C3V symmetry,
The complex R2h(TFciP)(CO)C1 was obtalned by reacting

ha(co)u012 with FclP in benzene. The IR spectrum shows one

ha(CO)4C12 4+ 2FcNP ~———> 2Rh(FcNP)}(CO)C1 + 2C0O
carbonyl absorption band at 1990 cm'l. This compound crys-
tallizes with one benzene molecule of solvation as indlcated
bty microanalyslis and the IR spectrum. In the free ligend,
tre chemlical shift of the '-methyl hydrosens is 1.80 pom (
sin~let); but the complex shows two sbsorptlons (2,47 and 3.14
ppm) of the equal area, Thus 1ln thls complex FCcNP acts as a
bidentate lizand with both N and P coordinated to the rhodlum.
The chloride and carbonyl group are cis to each other. Al-
thourh Rh(PPhB)Z(CO)Cl kas the trans configuration, 1t is not
unusual to find the cis Rh(CO)C1l molety in chelate derivatlives

1

(P-P)Rh(CO)C1 ((P-P) = thP(CHZ)ZPPh2 (82), PhZPC=CPPh2(CFZ)4
(83)).

The general methods of synthesls of the lonic rhodlum com~
plexés are based on the published methods (74) with minor mo-
difications. These preparatlve sequences are summarized 1in
Fipure 12. The preparation of the optlically actlve complexes
simply involved the same procedures but optlcally actlve FcNP
was used Iinstead of racemlc FcNP,

The equlivalent conductivitlies of four of the compounds,
[(COD)Bh(FcNP)]+?Fu-, [(NPD)Rh(FCNP)]+PF -, [(COD)Rh(FcNP)]+Clou-

s -
and [ (COD)Rh((-)-FclP] BPh, ~ have been measured., All these



[Rh (NED)C1],

[Bh(COD)C1],
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FeNP, NH,PF,

- [(NBD)Bh(FCNP)j+PF6’
Cglg/ TEF |

FoNP, NaCloy, | e
> [ (RBD)Rh (FciP) ] C10y,

CéHé/THF
acetylacetone
' > (acac )Rh(COD)
(Cx¥(),0
ECIOIJ, o
. [{COD)Rh(FchiP)] ClOu*
FC P/ TEF

> [ (COD)ih (FerP) )taR, -
C_F_OE -

2”5

FCifP, NaPTg

> '[(COD)Bh(FcNP>j+PF65

CH C12

2

FeNP, NaBPh

CH

> [(COD)Rh(FCNP)]+B(CéH5)4-
OH o , o .

3

Figure 12, Preparation of ionlc rhodiu complexes with the
FeNP llgand.
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1

ere In the range of 7L ohm™ em~ 1yl except one ([ (COD)Rh((-)-

FcNP)]+BPhu-), which 1s 50.13 ohm™lem™tm~1, |

The NMR spectrum of [(NBD)Rh(FcNP)]+PF6" shows that the
amino group‘of FcNP 1s coordinated to the metal with two ab-
sorptions due to the N-methyl hydrogens at 2.42 and 3.19 ppm,
compared with the singlet of the free ligand at 1.80 ppm. In
the case of [(COD)Rh(FcNP)]+BFu“, the two bands due to the
methyl groups are found at 2,71 and 3.30 ppm. The NiMR data
as well as the elemental analycsls suggested that only one
FeNP ligand per rhodium is found in all the lonic complexes

even though attempts to prepare complexes with two IcHWP ligands

per rhodium were made by usging excess ligand.

Asyvmmetric Homogeneous Eydrozenatlons

(I). Catalytic Precursors end Catslytic Princinles

In the previous section, the preparation end some pro-
pertleé of the catalyst precursors, [(diene)Rh(f)—FcNP]+A-
(A™ PF6“, BFU—’ Clou' and B(C6H5)4-)' have beenidescribed.
Here the word "precursor" 1s used because 1t has been well-
documented (86) that catlon complexes L(diene)Rth]+A' (diene:
norbornadiene or 1,5-cyclooctadiene§ AT PF6', BFu_ or Cldu‘;
L: a tertiary phosphine, arsine (n=2 of 3) or.a chelating dl-
(tertiary phosphine) (n=1)), react readily with molecule hy-
drogen (1 atm, 250) in solﬁtion (acetone or alcohol); diene

Is quantitatlively reduced to alkane and qatalytlcally active
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complexes of formula [RthH2]+ are therebyAgenerated ih gltu.
This kind of catalyst precursor offers several notable advan-
tages over the in sltu prepared w11kihson type catalysts.
Some are as follows: (1) the complexes can be prepared and
isolated easily; (11) the diene is completely reduced znd e-
liminated from the coordination sphere of rhodium; thus a va-
‘cancy Is left for the binding of hydrogen and the substrate
to be reduced; (1ii) the reactlon pathway does not lnvolve
"dlissoclation of a ligand énd thus the reactlons are much less
solyent dependent.

In the present work 1t has been observed that in alco-
holic solutions, [(diene)Rh((i')—FcNP)]+ reacts with hydrogen
(1 atm, 320) In the absence of sukstrate. The bright yellow
color fades to pzle yellow'ln a few minutes; thils.is presu-
mably due to the formatlilon of [Rh((i)—FGNP)EZSX]+, where S

is the solvent.

(II). Catalytlc Fydrogenation of Olefins

Kﬁowles and co-workers (33) reported that active catalytlc
solutions can be prepared in situ by mixing [(I,S-hexadiene)-
RhC1]2 or even BhClB‘BHZO with chirél ligands, L*, in altholic
solutlon and the results aré identical ﬁith these obtained
using the crystalline complexes [(COD)RhL*2]+B(C6H5)4_ or
BFy . However, In the present study, 1t was declded to use
' the well-characterized complexes [(diene)Rh(f)—FcNP]+A' to
catalyze the hydrogenation of olefins.

The prochliral substrates which werelinvestlgated are
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listed in Flgure 13, The extent of reaction was monitored
using a simple gas uptake avparatus and was checked by de-
termining the NMR spectrum of the final reaction products,
Table 2 and 3 show the results obtalned for the homogeneous
‘hydrogenation of d-acetamidocinnamic acid andv«—acetamido—
acrylic acld respectlvely, using cationic chiral Rh-FcNP
complexes as catalyst precursors. Elgh optlcal ylelds are
obtalined In the csse 6f d-acetamidocinnamic acid and the
~resu1ts seem to bhe lndependent of the diene as expected.

The anion exceot for B(CéHS)b- plays little role on the optlical
vield although it seems that'catalyst precursors with Clou’

or PF6' as anlon glive faster rates. The_usé of B(06H5)4 = as
counterion in rhodlum complexes has been dlscussed by Osborn
(84) and Bennett(85), They found that_one-of the arene rings
of the tetraphenylborate coordinates to the metal via a h6 in-

teractlion to form a complex shown as 9, where L ls triphenyl-

phosphine, followlng hydrogen treatment of the cationlc cog-' -

plex in solution. A simllar h6 interactlion of one arene ring
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o~Acetamidocinnamic Acid*® o~Acetamidoacrylic Acid*
C,H C_ H H C_ H
65 65 / 675
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H COOH CH3 COOQH
AN / N /
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* These two substrates have been most Iintensively studled
because they belong to a class of compounds which are
amlno acld precursors,

Figure 13, Prochiral a,ﬁ-unsaturated carboxyllc acld substrates
used in this study.
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Table 2., Asymmetric Hydrogenation of d-Acetamidocinnamlc Acid with the FCNP-Rh

Catalystao
' . Conver-  Optlical _ Configu
Catalyst precursor Solvent Time (hr) sion (%) yleld (%)b ration
[(COD)Rh((—)-FCNP)]ClOu methanol 25 91 80 S
.[(COD)Rﬁ((+)-FcNP)]C1OQ : methanol 25 | 33 73 b
[(COD)Rh((—)—FCNP)]BFu ethanol Lo . 83 75 S
[(NBD)Hh((-)—FcNP)]ClOu : methanol 25 93 78 3
[(COD)RBh((+)-FcNP)]BF, ethanol Lg 91 83 R
[(NED)Rh((+)—WcNP)]PF6 isopropanol L8 96 . 80 R
[ (MED)Rh ((+)-FeliP) JPF, ethanol 22 . 83 84 R
c c c c

[ (COD)RA((~)-FeNP)]B(Cyi)), methanol ) ) ) )

aBeactlons were carried out 2t 1 atm HZ and 32°._ The concentration of the catalyst -

vias l.OxlO°3bM and the substrate 1,0x10-1 M, bOptical ylelds are calculated on the

basgls of reported valués for the optically pure compounds: li-acetyl-(R)-prenyl-ala-
2R . .26
nine, Ldj%” ~-51.8 (¢ 1, FtoL) (92); iw-acetyl-(S)-phenylalanine, Lde‘ +6.,0 (¢ 1,

EtOE) (93). CThe,reaction rate was too low tc he measured.

—IS-



Table 3, Asymmetric Hydrogenatlon of dA-Acetamidoacrylic Acld with the FcNP-Rh

Catalyst?®.
Conver- Optical Confligu-
Catalyst precursor Solvent Time (hr) slon (%) yield (%)® ration
[(COD)Rn((-)-FeNP)]BF),  methanol 7 100 58 5
[(COD)Rh((+)-FcNP)]ClOu methénol 7 '106 . 55 . R
[ (COD)Bh ((~)=~FeNP)]C10y, methanol 6 100 43 5
[(COD)Rh((-)~FCNP)]B(C6H5)u methanol 92 , 90 26 3

8BReactions were carried out at 1 atm Hz'and 32°C, The concentration of the catalyst
was 1.05{10"3 M and the substrate'1,O)clb_1 M. bbptical yilelds were calculated on the
tasis of reported value for the optically pure compound: HN-acetyl-(R)-slanine, [&]D
+66.5 (c 2, H,0) (94); the pure (3)-isomer was assumed to have the same degree of

optical rotation with opposite direction.

..Zg-
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wlth the metai may happen in the present lnstance aftef
[(COD)Rh((-)—FONP)'_]“"BPhu,~ reacts with hydrogen. The rate

of hydrogenation of dwacetamldoacrylib acld using [ (COD)Rh~-
((-)-FéNP)]+BPhu‘ as the catzalyst is about one-thirteenth the
rate of that when the anion is BF,~; and the optical yleld of
N-acetylalanine 1s half the value when [(COD)Rh((-)—FcNP)j*BFu'
Is used as the catalyst (see Tsble 3)., Also, when [(COD)Rh-~
((-)—FONP)]+BPh4‘ was used to catalyze the hydrogenstion of

- o=acetamidocinnamic acid, the resctlion rate was so low that
no hydrogen uptake was detected. 1In contrast, Xnowles and
cg—workers found that [(COD)Rh((f)-ACMP)2j+B(06E5)@‘ ls'as
good a catalyst as the same catlon used with BFu' or PF6' as
the anion at 3.7 atm (75) and 0.7 2tm (33). It 1s difficult
to account for the differences,

In the case of the catlionlc rhodlum complexes it seems
that the composition of the solvent 1s not an important va-
riable 1In determining the hydrogenatlion reaction rate and |
preduct optical purity (75), and in the present study, metha-
nol, ethanol and. lsopropanol were used. In contrast, in a '
study of Wilkinson type catalysts, ilasler (38),850W8d.that
solvent composition of benzene—ethaﬁoll(lzl, v/v) glves the
best results (high chemical and optlcal ylelds) when [ (+)-
NMDPP]3RhC1l 1s used to catalyze the hydrogenation of (E)-o-
methylcinnamid acld, When the ratlo was changed to 3:1 (ben-
zene-ethanol), only 837 is reduced, and the optlcal yleld is
2% lower (compared with 100% reductlon in 24 hours If 1:1

benzene-ethanol solvent 1ls used). If pure benzene is used,
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only 137 reductlion after 24 hours 1is achleved; and in 2-buta=
none, reductlon takes place to the extent of 40% and the op-
tical purity of the product drops to 26.5% e.e. from 60% e.e.

obtalned in 1:1 benzene-ethanol. The results are summarized

in Table 4,

Table 3 shows that the reaction rates for the hydrbge—
nation of a-acetamidoacrylic acld are about four times faster
than the rates for the hydrogenation of d-aketamldocinnamlc
acild (see Table 4), but the optical ylelds of N-acetylalanine
‘produced are much lower. Again, [(COD)Rh(-)-FeNP]"B(CgH),™
Is pecullar with regard to both reactlon rate and optical
vleld; thus 1t takes 92 hours to achleve 95% hydrogenation
(estimated fron the NMR spectrum) and the optical yleld is
only 26%.

In the hydrogenatlion of both «-acetamidocinnamic acid
and o-~acetamidoacryllc acid, catalysts with (+)-FcNP as the
ligand always glve broducts with the R conflguratlion whereas-
catalysts with (-)-FcNP give the § configuration. Earlier,
Kagan and Sinou (46) postulated the reactlon intermédiate
shoun as 5 (p.16) to account for the results of many homo-
geneous catalytic hydrogenations of -acylamlidoacrylic acids
using DIOP as the asymmetric ligand. The major feature is
that the acetyl oxgen atom as well as the double bond is co-
ordinated to the rhodium. This ensures that the olefin ls
held 1n a rigld orlentation so that when the hydrogen on the
"rhodlium 1s transfered to the préchiral carbon atom in the

next steb of the reaction, it ls transferred stereospecifically.



Table 4, The Influence of Solvents on the Reductlion of (E)-O-lethylcinnamlic Acld

by the Rhodium-(+)-NMDPP Catalyst System (38).

Solvent Reduction (%) vield (%) .Conflguration Optlcal yield (%)

1:1 benzene-ethanol 100 | 90.3 R 60,0

3:1 benzene-ethanol g3 67.0 R | 58.0
benzene 13 - - -

2-butanone : Lo - R . 26,5

1:1 benzene—ethaﬁol8 100 71,0 R 56.3

:

2 .
In thls exveriment 25 mmole of substrate and 25 mmole of triethylamine were used.
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In one experiment (88) an in sltu catalyst prepared from

[(CZHM)Z RhCl], and (+)-DIOP was used to catalyze the hydro-
genation of N-acetyl-oc-phenyl ethylamine in both ethanol and
benzene as solvents, Both the reactlons gave about the same
opﬁical yilelds (42,5 and W4Z% respectively) but different con-
figurations were obtained. This phenomenon was ascribed to a
change of mechanism (87); the argument belng that In pure ben-
zene the enamlde would be coordlnated"to rhodium only by l1ts
double Eond. In the presence of alcohol, dlissoclation of Rh=-
Cl bond coﬁld occur to glve a catlonic specles whicn would
then interact with bdth the double bond and the amlide zrouv
of the enamlde.

Intermediates of the type shown as 5 can also be used to
explain the results obtalned durlng the present Investigation.
On this basls two intermedlates can be drawn as in Figure 14
aﬁd Flgure 15 when (R,$)-(-)-FcHP is the ligand. The dliene
(WBD or COD), which was coordinated to the metsl, has reacted
with hydrogen to form the alkane and has left the coordlination
sﬁhere. The vacant sites are occupled by the substrate which
forms both a metal---olefin »ond and a metal—-ma@ide hond.,

The two faces of the substrate double bond are specifled

as follows: when the substrate molecule ls drawn a2s 10, then

E _Cu.
i-gCl3
H—
SC\Cl(si)

C2
H,/ (re)
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Figure 14, A proposed intermediate in which the si-re face
of the substrate is directed towards the metal
complex wlth (R,5)-FcNP as the 1ligand,
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Flgure 15. A proposed Intermedlate in which the re-si face
of the substrate 1s directed towards the metal
complex with (R,3)-FcHP as the ligand.
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"s1" is assigned (89) to the face around Cl according ﬁo the
usual ﬁrlorlty rule, and "re" is asslgned to the face around
C2 (when viewed from above the page).. The face faclng the
Vlewerrls called the si-re face,

In Figure 14 the sl-re face of the substrate is directed
towards the metal and three steric repulsions are apparent:
one is the repulsion between the phenyl grbups of the sub-
strate and the ligand; the second ls between the phenyl group
of the substrate and the cyclopentaediene ring; the third is
between the carboxylic group and the methyl groups on the 1i-
gand nitrogen. | |

In the case shown In Flgure 15 in which the re-si face
of the substrate approaches the catalyst, these steric re-
pulsions are minimized,

From thls analyslis 1t can be seen that hydrogen transfer
to the coordinated olefin in the more favored case (Figure>15)
willbgive a product with the S conflguratlion. »

When (S,R)-(+)-F¢NP Is considered, the more stable inter-
mediate which can be constructed is the mirror image of the )
Intermedlate shown in Flgure 15. This will affofd products
of confliguration R, o |

When the substrate is w-acetamidoacrylic acid, similar
Intermediates can be constructed. However, since the phenyl
group ls repldced by a hydrogen atom, the only stereochemical
control is the repulslon between the carboxyllc group on the
substrate and the methyl groups on the ligand nitrogen. This

sccounts for the results that Rh~(+)~FcNP complexes stlll glve
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products predominantly with configuration R and_Rh-(-);FcNP

complexes glve predomlnantly S; but with lower optical yleld.
Table 5 llsts the results Knowles et al., obtailned (30,34)

wvhen different &-acylamidoacrylic aclds were hydrogenated |

"using catlonic rhodium complexes with 3 as the llgand. Iﬁ is

OCHs
. P"u,l
. A /
y/ °H3
(+)-(R)-ACHP 3

seen that-hlgher optical ylelds are obtalined if Ry is a bulky
substituent. In thls case the methoxy group on the ligand
Is belleved to form a hydrogen bond with the amide group of
' the coordlinated substrate, which would account for the ste-
~reochemical control (34), 1t seems unllikely that an inter-
mediate of the type shown 1in Figure 15 would account fof thne
results since two separate phosphlnes would not glve the ste-
“ric bulk assoclated with the size and rigldity of the chelated
FecKNP ligand.

In the present investigation, attempts to hydrogenate
four other substrates: étroplc acld, o«-phenylcinnamic aclid,

and «-, g-methylcinnamic aclds were made-using [ (COD)Rh(+)-



Table 5., Asymmetric Hydrogenation of d-Acylamldoacrylic Aclds by Rh-complex with
o-Anisylcyclohexylmethylphosphine as the Ligand (30).

Pl 0% ———————> R,CH —g?f;
"B~ NHCOR, 1772 Lcon,
- 2
R1 ' R2 Optical Resulting
vield (%) amino acid
3-KeO-U-0H-CgHs Ph 90 L-DOPA
3-rvzeo-u-'0H-06H3 Me 88 L-DOPA
06H5 ' Me 85 L—phenylalénine
C6H5 | Ph 85 . | L-phenylalsnine
p-C1-C¢H;, = | Me 77 p-chloro-L-phenylalanine
3-(1=-Ac=-indolyl) Me 80 L-tryptophan

E Me " 60 ' L-alanine

.‘.19_
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FcNPj+?Fu' as the catalyst precursor. No hydrogen unptake was
observed after two days. A possible explanatlion 1s that these
prochiral olefins lack the amide group which, in the presence

of the bulky FcNP ligand, is indispensable to bind the sub-
strate before hydrogen transfer., Thils pattern is also found

in the catlonlc rhodium catalyst using ACMP 3 as the ligand (75),
where simple olefins are reduced at a rate about one-tenth the
rate of «-acetamidocinnamic acid (Table §).

A simllar 1ligand, (3,R)-BPPFA, 11 (64) has been used to

<<:::> é-N’CP3

4l:,b\‘PPh

PPh,

11

oroduce a catalyst in situ for the hydrogenatlon of o-acyla-

midoacrylic aclids at 50 atm hydrogen presure and room tempera-
ture (90). The results are shown in Table 7. In thls case

it was postulated that attractive interaction between an un-
coordinated amino group on the ligand and the carboxylic group

on the suhstrate contributes to the asymmetric induction.

Towever, In view of the vresent results, the amino group could
be exnected to coordinate to rhodium and thus the reactlon
tntermedlate could he similar in structure to that surrested

ahove for the TcillP complexes,
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Table 6. Hydrogenatlon Rates of Varlous 0Olefins Catalyzed by
Rh-DIOP and Rh-ACMP complexes

(31,32,75)

Catalyst ligand Substrate Approx,. rel.urate
ACHP | d—acetamldoclnnamip acld ‘i
DIOP - a-acetamldoclnnemlc acid 2
ACHP _ cyclooctadlene- £.1
ACiTP ‘ norbornadiene .5
_ACHP | l1-octene . 5
i ACHP ~ d-phenylacryllic acld {.1
Tabvle 7. "ﬂmetric rydrog enqtlon Catalyzed by (S,R)-2PPFA-Rh
uomolex (90).
Olefin Solvent Optical yleld (%)
(Configuratlon)
PhCH=C(NHCOMe)éOOH e OH 93 (s,
F O/ELOE (1/1) 92 (38)
H,0/leOH (1/1) 89 (3)
ACO<§§>~CS=C(HHCOM8)COOH MeOH 8 (8)
Bton 38 (38)
lieQ Hy0/MeOH (1/3) 87. (5)
ACO CH=C (NHCOMe )COOH EtOH' 36 (S)'
- . HZO/MGOH (1/2) 86 (3)
;%:>»CP NECOMe )CONE  E,0/Me0H (3/4) 52 (S)

"P(F,) = 50 atm; (S5,R)-BPPFA/Rh = 1.2/1;

Rh/Substrate = 0,5 mol%,
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GREUERAL CONCLUSINNS AND RECOMMENDATIOMNS FOR FUTURE WORK

The most lmportant finding of thls work is that the chi-~
ral Rh-FcNP complexes catalyze the hydrogenatldn of a class
of compounds which are amino acld precursors in h;gh optical
vield and under mild conditions (32° and 1 atm Hz). The
highest optical yleld is 84% which is comparablé to the best
results (85%) obtained with a Rh-ACM? complexes and is better
than the results (72%) obtalned with a Rh-DIOP complexes as
catalyst.

The ligand 1s falry easily to prepare (about ten steps
from the stérting material to both (+)- and (-)-FcNP) and to
isolate in optlcally pure form and the complexes [(dlenezﬁh-
(3)-FcNP]+A‘ which can be isolated in crystalline form are
relleved to be the catalyst precursors,

When the Rh-FcNP complexes are used to catalyze the hy-
drogenation of o,B8-unsaturated aclids, the rate is found to be
very low. It seems that the present.catalytlic system 1s good
for the hydrogenatlion of &-acylamldoacrylic aclds and, if the
proposed 1ntermediate is correct, other enamides;

There are many dlrections for further work in the area
of asymmetric reactlons 1ln which the catalyst contalns asym-
metric ligands which are ferrocene derivatives. One would be
to modify both rings of ferrocene to obtain ligands with more
than two donor sites, An example was prepared. recently (64)

as follows:



g

: - | %55 (CH, )N (C
<<é52zfc*£(cnj)ﬁ(cﬁ3)2 <<:::3‘“¥*(CH3)1( il
e pphz' . ig Z;_‘BUL.’. e PPh

. 2
PhaCl O >-pphg

Thls could coordinate to metals using the two phosphorus
atoms leaving the amino group free to interact with the bound
substrate, |

A simllar procedure could yleld a vinyl group on the
- second ring to glve a'derlvative which coﬁld be polymerlZed
to yleld an optically actlve'polymeric ligand which could be
used In supvorted catalyst systems. | |

Other reactlions such as hydrosilylation are catalyzed by
BRh complexes and complexes of.ligand such as'FcNP should be
Investigated with respect to the addition of Si-E to C=C, C=0,
and C=N bonds.‘ In addltion, the asymmetric hydrogenation. of

C=0 and C=N bonds should be studlied.
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