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Carbohydrates are readily available and highly functionalized compounds with several stereogenic centers. The application of carbolatireseaderiv
ligands in asymmetric catalysis in different catalytic processes is discussed. The systematic modification of the carbohydrate ligandshestisity hitd
selectivity in many metal-catalyzed processes.
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Abstract

This review describes how carbohydrates have been applied as ligands in transition metal asymmetric catalysis. In general, carbohydrates
functionalized with donor atoms such as P, N or S so that they can be coordinated to transition metals. The review deals with all the differen
types of ligands in turn. After an introduction describing their general features and advantages in asymmetric catalysis, the carbohydrats
phosphorus ligands, diphosphines, diphosphites, diphosphinites, and related phosphorus ligands are reviewed. Heterodonor carbohydrate
hemilabile ligands such as N,P-, N,S-, P,S-, S,0- as well as N,N-, S,S- and O,0-ligands are also discussed. Other related ligands are includ
because of their importance in asymmetric catalysis. In all cases the most important results of their application in asymmetric catalysis are
highlighted and the intermediates are studied.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction can be modified which means that the steric and electronic
factors can be systematically varied by introducing different
Carbohydrates are naturally enantiomeric pure com- functionalities in the synthesis of series of chiral ligands.
pounds which have an interesting stereochemical diver- These series can be screened in the search for high activities
sity. Apart from their biological role, they are important and enantioselectivities in many asymmetric processes and
chiral auxiliaries for enantioselective organic syntheses. in some cases the activities and selectivities are excellent,
The carbohydrate-metal interactions are of interest in as will be shown here. At the same time, they can provide
metal-assisted or metal-catalyzed enantioselective synthe-useful information about the origin of the stereoselectivity
ses. Because homogeneous catalysis is one of the mosbf the reaction. The review covers the catalytic systems
important approaches for preparing enantiomeric pure com-based on transition metals and carbohydrate phosphorus,
pounds carbohydrate derivatives have been increasinglynitrogen, oxygen, sulphur and heterodonor or hemilabile
used as chiral ligands in the last decade. CarbohydratesN,P-, N,S-, P,S-, S,O-ligands. In all cases the most im-
generally contain several weak donor sites. Since many portant results of their application in asymmetric catalysis
of the catalytic precursors in homogeneous catalysis areare highlighted and the intermediates are studied. Tartrate
coordination complexes of the platinum-group metals, the derivatives and related ligands are included because of
required ligands should contain such donor atoms as N, Stheir relevance to asymmetric catalysis. Although in many
and P which can form stable complexes with practically cases the catalytic precursor is not an isolated coordina-
all transition metals. Carbohydrates are particularly use- tion complex but a catalytic system based on a metallic
ful for this purpose. They are readily available and highly complex with an added ligand, it is important to note that
functionalized compounds with several stereogenic cen-the intermediate species involved in the catalytic cycle are
ters. From the point of view of coordination chemistry, coordination complexes of transition metals, which are in-
the carbohydrate complexes of platinum-group metals havecluded in this review if they have been characterized and
recently been reviewed in an extensive work that deals reported.
with the chemical aspects of isolated and well character-
ized complexes including catalytic applicatiofi§. Other
reviews describing carbohydrate complexes and their prop-2. Carbohydrate ligand types in asymmetric
erties have been publish¢2-5]. The present review deals catalysis
with the application of carbohydrate derivatives as ligands
in asymmetric catalysis and discusses the most important Because of the diversity of backbone structures and the
activity and enantioselectivity results obtained in several fact that the carbohydrates which are used as ligands in tran-
catalytic processes as well as the efficiency of the catalytic sition metal catalytic precursors can be functionalised and
systems formed with these ligands. Carbohydrate ligandsmodified, several types of ligands have been prepared in re-
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Fig. 1. Diphosphines with sugar backbones between 1979 and 1995.

cent decades. This review is organized according to the typeasymmetric catalysif5]. With the introduction of Kagan’'s
of ligands studied, and takes into account first the nature of DIOP, the first chiral diphosphane, the research on ligands
the donor atom (P, N, S, O) and second the functionalization for asymmetric catalysis focussed on bidentate ligands.

of the ligand. Knowles et al. showed that DIPAMP as chelate diphos-
phine is superior to the corresponding monodentate species
2.1. Carbohydrate bidentate phosphorus ligands in rhodium catalyzed hydrogenation reaction. The use

of bidentate ligands such as BINAP and DUPHOS have
Bidentate ligands, in particular bidentate diphosphines also led to extremely high enantiomeric excess values.
have been considered the best ligands for transition metalThese chelating compounds are supposed to be superior

Table 1
Metal-catalyzed asymmetric hydrogenation using ligahdk)
Entry Substrate Precursor e.e. %) Ref.
COOH
1 [Rh(COD)@)]CIO4 + NEt3 20 ® [11]
> NHCOCH, [Rh(COD)Q)ICIO4 + NEts 86 (9 [11]
COOH
3 ~ [Rh(COD)@)]CIO4 + Nets 18 R [11]
4 PH NHCOCHS, [Rh(COD)Q)ICIO4 + NEt 78 9 [11]
5 [Rh(NBD)Cl], + 3 58 [12]
6 [Rh(NBDd)]CIO,4 + 4 73 [13]
0 HOoOoC
7 Ph [Rh(NBD),]CIO4 + 5 25 (S [14]
8 [Rh(NBDY]CIO4 + 6 6 (9 [14]
0o 0
9 [RuzCl(p-Cl)3(COD)(CH3CN)] + 7a 54 [15]
10 an{ﬂ\/mDMe [RpCI(j-Cl)3(COD)(CH3CN)] + 7b 49 [15]
COOH
11 L~ [Rh(CODY]BF4 + 8 5¢ [16]
12 Ph NHCOPh [Rh(CODY|BF4 + 9 50° [16]
COOMe
13 Rh(l) + 10 23, g [17]
NHCOCH;

a Reaction carried out at 2%.
b Absolute configuration not determined.
¢ Reaction carried out at10°C.
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Fig. 2. Diphosphine ligands with a furanoside backbone derived from

D-(+)-xylose andp-(+)-glucose.
series of G-derivative ligands fromp-(+)-xylose and
D-(+)-glucose Fig. 2. Ligands 11 and 12 were effi-

R H, (1 bar) R ciently applied in the Rh-catalyzed hydrogenation of
J\ > j\ o,B-unsaturated carboxylic acid derivativeScheme 1

R™ "COOR"  [Rh(cod),]BF,/L R'”*“COOR' e.e.’s as high as 98%). The results indicated that introducing

R=Ph; R'=NHCOCHg; R"=H methyl substituents at C-5 in ligantil significantly in-

R=Ph; R=NHCOCHg; R"=CHs ee's up to 98% creased activity. Moreover, the configuration of C-5 strongly

SZH; ﬁ:g:ggggﬁ E..ZﬁH3 influences the enantioselectivity. Thus, results were better

with ligand 12 than with ligand13.
Scheme 1. Rh-catalyzed asymmetric hydrogenation of dehydroamino acid ~ Ligands 11-13 were also applied in the Rh-catalyzed
derivatives using diphosphinds-13. asymmetric hydroformylation of styrene derivativi20]

(Scheme 2pand in Pd-catalyzed asymmetric allylic sub-

stitution reaction$21,22] (Scheme 2p In general, activity
because of the resulting rigid catalysts which favor effec- was good and enantioselectivities moderate. As in the hy-
tive chiral induction[7]. Chiral diphosphites have been drogenation reaction, activities improved when a methyl
the subject of growing interest in asymmetric catalysis. In substituent was introduced at C-5 of the sugar residue.
addition to their well known application in hydroformy- It should be noted that in the hydroformylation reaction
lation reaction[8], they have also been applied in other there is a cooperative effect between stereocenters C-3 and
asymmetric processes, mainly in hydrogenation reactionsC-5, which results in a matched combination for ligaki
[9]. Phosphine—phosphite, diphosphonites, diphosphinites,(e.e.’s up to 58%). However, for the allylic alkylation, the
phosphoroamidites and other related ligands have been alsgonfiguration of C-5 has no relevant influence on the enan-
applied in asymmetric catalysis and their scope has beentiodiscrimination. Also, for ligandll there is an important

expanded greatly in the last yedf€]. solvent effect which results in enantioselectivities as high
as 78% when THF is usg@1].
2.1.1. Diphosphines In 2000, Liu et al. designed a new diphosphine lig-

Initially, diphosphines derived from carbohydratEy 1) and 14 related to7a with a pyranoside backbone for
were used in the metal-catalyzed asymmetric hydrogenationthe Rh-catalyzed asymmetric hydroformylation of olefins
of several prochiral olefins. In general, enantioselectivities (Fig. 3) [23]. This ligand has shown excellent enantioselec-
were low to moderateTable 9 [11-17} Enantioselectivites  tivities in the hydroformylation of vinyl acetate (e.e.’s as
were best with ligand& [11] and4 [13] in the Rh-catalyzed  high as 93%) while e.e.’s were moderate to low for styrene
asymmetric hydrogenation of acetamidoacrylic acid and (e.e.’s as high as 68%) and norbornene (e.e.’s up to 25%).
Z-a-acetamidocinnamic acid, respectively (enti2esnd6). The rather high enantioselectivity in the hydroformylation

Claver and co-workers made an important breakthrough of vinyl acetate is explained by the hydrogen bonding be-
in the use of diphosphine ligands with sugar backbones tween the OH group in the ligand and the carbonyl group
in asymmetric hydrogenatiofil8,19] They developed a  of the vinyl acetate.

— H,/CO
= | 2 - = | CHO . = | CHO
/L [Rh(acac)(CO),] / L* A /.
X X X
(@
OAc CH,(COOMe), / BSA GH(COOMe),
Ph/\)\Ph > /\;
[Pd(n-C4Hs)Cll, / L* Ph Ph

(b)

Scheme 2. (a) Rh-catalyzed asymmetric hydroformylation of styrene derivatives and (b) Pd-catalyzed asymmetric allylic alkylation.
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Fig. 4. Diphospholane ligandE—29.

Another important breakthrough came with a new class dehydroamino acids and their derivatives, itaconic acid and
of bidentate ligands, the diphospholanes, derived mainly its derivatives, enamides and enolacetahéme L Sur-
from p-mannitol, and related to DUPHOS. In recent years, prisingly, the isopropylidene-protected bisphopholagis
they have emerged as a powerful ligands for asymmetric and22 did not work in this process. However, the rhodium

catalysis Fig. 4) [24—28] In 1987, Brunner and co-workers
reported the synthesis of bisphospholdfederived from

complexes with ligand49 and 20 are highly effective hy-
drogenation catalysts (e.e.’s usually >99249]. Ligands21

tartaric acid. However, due to the remote position of the and23 have also been applied in Pd-catalyzed allylic alky-

chiral centers f§-position from the P-atom) from the metal

lation of dimethyl malonate toH)-1,3-diphenylprop-2-enyl

center, the asymmetric induction in the Rh-catalytic hydro- acetate. Enantioselectivies were high: 949((sing ligand

genation of prochiral olefins was disappointingly |¢2¢].
Recently, many modifications based oamannitol have

21) and >99% R) (using ligand23) [27]. Interestingly, the
sense of asymmetric induction appears to be dictated by the

been introduced, which result in highly efficient ligands for absolute stereochemistry of the P-carrying carbons.

asymmetric catalysis.

Another recent series of diphospholane ligab#is?9 was

In particular, Holz et al. developed novel diphospholanes efficiently used in the Rh-catalyzed asymmetric hydrogena-

16-18 derived fromp-mannitol. They have chiral informa-
tion at both thex- and B-position of the phosphorus atom

tion of a- and B-amino acid derivatives, itaconates and an
unsaturated phosphonate. The enantioselectivities, ranging

[25]. These ligands were tested in the Rh-catalyzed hydro- from 8 to 99% e.e., were strongly dependent on the type of
genation of a range of functionalized olefins. In all cases substituent on the oxymethyl group as well on the bridge
enantioselectivities were high (between 92.6 and 99.1% connecting the phospholane units. Thus, enantioselectivities
e.e.). were best with ligand. In the hydrogenation of prochiral
In this context, the groups of Zhang and co-work@g] B-oxo esters, e.e.’s as high as 98.8% were achieved with the
and Yan and RajanBalj27] independently developed new Ru-25 catalyst[28].
diphospholane&9-23. These ligands have been extensively  Brown and co-workers developed some interesting phos-
applied in the Rh-catalyzed asymmetric hydrogenation of pholane ligands in which a phospholane moie3g-31),
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Fig. 5. Diphosphine ligands developed by Brown and co-workers.

32R=R'=R"=Ph ~ 3B5R=R=R"=Fc
SO LX

5 PR 33 R=R'= R" =CH,0” "N” “OCHj 36R=Fc; R'= R"=Ph

34R=R'= Ph;R"=Cy 37R=Fc; R = R"=Cy
32-37

><O:¢PPh2 ><o,,. ~PPh,
0™"~~PPh, o PPh,

38 39

P 40R = Ph; R = OMe orp
2 0 Con R o 0
AP o\i\ 41R=Ph; R = CHg PP 0
. 42R=Ph; R = Et

43R = 3,5'(CH3)206H3; R'= CHs
40-43 44

Fig. 6. G-symmetric diphosphine ligands derived from tartaric acid.

derived fromp-mannitol, is combined with a DIPAMP type Another efficient modification by Zhang and co-workers
phosphine through an ethylene bridgéy, 5. These ligands  resulted in ligandg0-44, which contain a conformationally
were applied in the Rh-catalyzed hydrogenation of several rigid 1,4-dioxane backbone. These ligands provide excel-
itaconates with e.e.’s ranging between 80 and 98%. lent enantioselectivities(as high as 99% e.e.) in the asym-

The early successful application of the diphosphine DIOP metric hydrogenation of aryl enamides and MOM-protected
(derived from tartaric acid) in Rh-catalyzed asymmetric hy- B-hydroxyl enamide$36].
drogenation[30] has recently resulted in the synthesis of  Another type of efficient diphosphine ligand derived from
several types of modified DIOP ligandBig. 6) [31-36] tartaric acid is the DEGUPHOS4%) and its derivatives
In this context, the use of ligan83 in the Rh-catalyzed  46-48 (Fig. 7) [37,38] These ligands have also proven to
asymmetric hydrogenation of amidoacrylic acids, enols and be excellent for the Rh-catalyzed asymmetric hydrogena-
itaconic acids resulted in similar enantioselectivities but re- tion of dehydroamino acid derivativeS¢heme 1 (e.e.’s as
versed absolute configuration to that obtained with DIOP high as >99%).
ligand 32 [31]. However, the use of DIOP derivative lig-
ands34-37 led to lower enantioselectivites than those of the 2.1.2. Diphosphinites
Rh-DIOP catalytic system in the asymmetric hydrogenation  The first examples of using diphosphinite ligands with
of dehydroamino acid derivativg32,33] a carbohydrate backbone in asymmetric catalysis were re-

The DIOP ligand was efficiently modified by introduc- ported by the groups of CullgB89], Jackson and Thompson
ing a methyl substituent in the-positions of the phosphine
groups. Thus, for the asymmetric hydrogenation of aryl \PR, 45 R= Ph; R'=CH,Ph
enamides, ligan®8 resulted in better enantioselectivities R-_NG\ 46 R= Ph: R=COPh

high %) than the DIOP i 4,35] Ligan :
(3a93als?) irgzr?)?/ed) théJl ena?]tiosoelectgi’\ig/ﬁo[? tﬁzslld-gz?talc:/zed e 47 R= P R=C00C(CHa)s
X . ) 45-48 48 R= 3,5-(CH3),-4-(MeO)Ph; R'=CH,Ph

alkylation of dimethyl malonate to 1,3-diphenylprop-2-enyl
acetate from 0 to 63% e.27]. Fig. 7. Related DEGUPHOS ligands derived from tartaric acid.
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Fig. 9. Diphosphinite ligands with a furanoside backbone.

[40], Selke[41] and Sinou and Descotg®2]. They studied a

wide variety of 2,3-diphenylphosphinite pyranoside ligands

EoWst

Ph,PO  OPPh,
60

Fig. 11. Diphosphinite ligand 60 derived frommannitol.

of methyl a-acetamidoacrylate with e.e.’s as high as 83%
[53].
In the late 1980s, Sunjic and co-workers developed a se-

(Fig. 8 in the asymmetric hydrogenation of dehydroamino ries of diphosphinite ligands with a pyranoside backbone

acid derivatives $cheme 1 In particular, enantioselecitiv-

(56-59) (Fig. 10 for the Rh-catalyzed asymmetric hydro-

ities (e.e.’s as high as 96.6%) were best with a series of genation ofZ-acetylaminocinnamic acid. Enantioselectivi-

B-glucopyranoside 2,3-diphosphinite ligarf mainly de-
veloped by Selke and co-worke@9-41,43-47)]

ties (as high as 90.4% e.e.) were best with liggé¢b4,55]
In 1989, Yamashita et al. prepared a diphosphinite ligand

More recently, Borner and co-workers have used diphos- derived fromp-mannitol60 (Fig. 11). Enantioselectivites as

phinite ligands50 for the Rh-catalyzed asymmetric hydro-

genation of imines with low enantioselecitivif8].

high as 78% were obtained in the Rh-catalyzed hydrogena-
tion of itaconic acid[56]. In 1999, Chan and co-workers

In the 1980s, diphosphinite ligands with furanoside back- used the same ligand for the Rh-catalyzed hydrogenation

bone derived fromb-(+)-xylose 54 [49] andp-(+)-glucose

55 [50,51] (Fig. 9) were applied in the Rh-catalyzed asym-
metric hydrogenation o&-acetamidocinnamic acid and in

of a-acetamidoacrylic acid, which provided e.e.’s of up to
96.7%[57].
Recently, RajanBabu and co-workers have studied further

the asymmetric Grignard cross-coupling reaction, respec-modifications in the previously mentiongeglucopyranoside

tively. Enantioselectivities were low to moderate.

Ligand 54 was recently applied in the Ir-catalyzed hy-

2,3-diphosphinite type ligand0 and their use in the
Ni-catalyzed asymmetric hydrocyanation and cross-coupling

drogenation of imines and provided moderate enantioselec-reaction, Rh-catalyzed asymmetric hydroformylation and

tivity (e.e.’s as high as 57%p2]. Independently, the same

hydrogenation of olefins and in the Pd-catalyzed asymmet-

ligand has been applied in the Ir-catalyzed hydrogenation ric allylic alkylation reactiong7,58]. They systematically

OPPhj

—_ 0. PhPO Oﬂ’gz

Ph,PO

56 57

OPPh,
o

OPPh,
PhoPO |

59

Ph,PO
58

Fig. 10. Diphosphinite ligands with a pyranoside backbone.
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Fig. 12. Modifications of diphosphinite ligareD developed by RajanBabu.

HCN In general, the Pd-catalyzed alkylation of diethyl mal-
P j\ onate to 1,3-diphenylprop-2-enyl acetate with ligarus
Ar [Ni(cod),] / 50 Ar CN proceeded with low to moderate enantioselectivities (e.e.’s
as high as 59%). Interestingly, electron-withdrawing and
Ar = 2-naphthyl derivatives, 1-naphthyl electronic-rich diphosphinite ligands give products with op-
and pheny! derivatives posite stereochemistries. Sterically bulky substituents have
Scheme 3. Ni-catalyzed asymmetric hydrocyanation reaction. the same effect as electron-rich orjé6,67]

RajanBabu and co-workers have also developed new
studied the electronic and steric properties of the diphos- 3,4-diarylphosphinite ligands with a pyranoside backbone
phinite ligands by introducing different phosphinite groups 61 and65 and with a fructofuranoside backboég(Fig. 13.
(a—h) in the basic ligand framework0 (Fig. 12. These ligands have been applied in the Ni-catalyzed asym-

The results of the hydrocyanatidb9-62] and hydro- metric hydrocyanation and in the Ni-catalyzed cross cou-
formylation[63] of various vinylarenes indicate that diphos- pling reaction, and in the Rh-catalyzed asymmetric hydro-
phinite ligands with electron-withdrawing aryl substituent genation of alkene$7b,58,60,62,65] Ligands 61 and 62
groups on the phosphorus give the best enantioselectivity.were successfully applied in the hydrogenation reaction
Thus, for the first process, ligan&g and 50h provided (e.e.’s as high as 98.3%). Interestingly, the sense of enan-
e.e.’s of up to 91%Jcheme B whereas for the latter, e.e.’s  tioselecitvity is reversed to that obtained with ligag@.
were as high as 72% with ligariDh. And in this case also, the enantioselectivity was best with

Ligands50 were also used in the Ni-catalyzed cross cou- electron-donating substituents in the phosphinite moiety
pling reaction of Grignard reagents and allylic phenyl ethers [65]. Ligand 66b, with a diphenylphosphinite in C-3 and a
with moderate enantioselectivity (e.e.’s as high as 62% in bis(3,5-ditrifluromethylphenyl)phosphinite in C-4, provided
the (S isomer)[58]. excellent enantioselectivities (as high as 94%) in the asym-

For the asymmetric hydrogenation of sevexgb-dehy- metric hydrocyanation of vinylarend62]. Ligands61-65
droamino acid derivatives enantioselectivities were best with were applied in the coupling reaction of Grignard reagents
diphosphinite ligands with electron-donating aryl substituent and allylic phenyl ethers with moderate enantioselectivity,
groups on the phosphorus. Thus, e.e.’s as high as 99% werdut, interestingly, the sense of enantioselecitvity is reversed

obtained with ligand$0a and50b [64,65]. to that obtained with ligan&0 [58].
OCOR OTBDMS OTBDMS
RoPO Q RoPO Q oM RoPO R
RPO—-" R,PO © RoPO
OMe NHAc OMe
61 R=PhortBu 62 63
BnO OBn OTr TrO OoTr
RoPO 0 RoPO R “OMe
R,PO RoPO )
OMe OMe R2PO  OPR,
64 65 66a R=R'
66b R=R’

Fig. 13. 3,4-Diarylphosphinite ligands with a pyranoside backb@hé6.
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© COOEt
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o 2 (R*0)oP P(OR"), “COOEt
O><
67 68

Fig. 14. Diphosphite ligand§7 and 68.

P\ &
-P<
Sj Q @) "‘KO\P,
Q’_P}) P~ 63
69 70
/ R! O O R!
e
EtOOC™ *#—~Osp o
\ 3 R2 R2
O
71 a R'=R?=H

b R'=R?=tBu

Fig. 15. Diphosphite ligands developed by van Leeuwen and co-workers.

2.1.3. Diphosphites

The first reports on diphosphite ligands in asymmetric
hydrogenation were made by Brunner and Pieronddgk
and Wink et al[69]. They used diphosphite ligands based
on mannitol 67) and tartaric acid derivative$g) in the

In 1993, van Leeuwen and co-workers developed a se-
ries of chiral G-symmetric diphosphites derived from
1,2:5,6-diisopropyliden@-mannitol 69), o,x,a,q,-tetra-
methyl-1,3-dioxolan-4,5-dimethanof@ andi-diethyl tar-
trate (/1) for the Rh-catalyzed asymmetric hydroformyla-
tion of styrene Fig. 15 [70]. The catalytic activity strongly
depended on the bulkiness of the ligand. The enantioselec-
tivity was best (20% e.e.) with ligandib.

van Leuwen'’s group also synthesized a series of diphos-
phite ligands with a pyranoside backborn®<76) for the
asymmetric hydroformylation of styren€&i¢. 16. In gen-
eral, good regioselecitivies in favor to the branched isomer
and enantiolectivity was moderate. The enantioselectivity
was best (64% e.e.) with ligarkRb [71].

More recently, Selke and co-workers also reported the
use of diphosphite ligands with a glucopyranoside backbone
(77) (Fig. 17) in the Rh-catalyzed hydroformylation of vinyl
acetate, allyl acetate apdmethoxystyreng72]. In general,
regioselectivities in the branched product were good and
enantioselectivities were low to moderate (e.e.’s as high as
36%). These ligands were also tested in the Rh-catalyzed
hydrogenation of methylZ)-2-N-acetamidocinnamatg’ 2]

Rh-catalyzed hydrogenation of enamides and obtained lowand N-(1-phenylethylidene)benzylaming8] and showed

enantioselectivies (1-34% e.ebig. 14).

rather low enantioselectivities.

»P,O
0 O (0] o]
[e) — OMe ) OMe
-P H H -P H H
72 73 74
R! O O R’
K o H O OMe g
o o il (- O+
o) OMe O H % J 5
e P-
. a R'=R°=tBu
75 76 b R'= tBu; R? = OMe

Fig.

16. Pyranoside diphosphite ligand@3-76.
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Ph—\~0 obtained with excellent enantioselectivity by using ligands
O&&/OPh with the basic frameworl8l and 82, respectively. More-
P
2

(RO) P(OR over, there is an influence on the substituents in the biaryl
(OR)2 phosphite moieties. Thus, ligand8c, 79d and 82c, 82d,
77 with either methoxy substituents and trimethylsilyl groups,
always produced the best enantioselectivity.
Fig. 17. Glucopyranoside diphosphite ligaid For the Rh-catalyzed hydrogenation of several benchmark

dehydroamino acid derivatives enantioselectivities (e.e. as
high as >99%) and activities were excell¢rd,78,79] The
results revealed that enantiomeric excesses depend strongly
on the absolute configuration of C-3 and only slightly on
the configuration of the stereocenter carbon C-5. Therefore,
enantioselectivities were best with ligarg@Bwith R config-
uration on both C-3 and C-5 stereocenters. The presence of

The groups of van Leeuwen and Claver have recently
developed a series of diphosphite ligands with a furanoside
backbone derived fronp-(+4)-xylose andb-(+)-glucose
(Fig. 18 [71,73] The modular construction of these lig-
ands means that there is sufficient flexibility to fine-tune
(a) the various configurations of the carbohydrate back- . I . .
bone and (b) the steric and electronic properties of the bulky substituents at thertho-positions of the biaryl diphos-

) . i . . phite moieties has a positive effect on enantioselectivity.
dlphosphlte substituents. This set O.f ligands has bgen aP-The highest enantiomeric excess (e.e. >99%) was found for
plied in the Rh-catalyzed asymmetric hydroformylation of .4 ranoside ligandod, which haso-trimethylsilyl sub-
X:Z%Inzre;iiggfytgleﬁ?g%%it??cygﬂr;?ctg?k%?irgr??g:;?gngf stituents in the biphenyl moieties. It was also found that the
and in the Cu-catalyzed 1,4-addition. presence of a methyl substituent on the carbon C-5 signifi-

For the Rh-catalvzed hvdrof lation of vinvl arene cantly increased the activity and enantioselectivity.
thi or ¢ e“_ -Cd ayzte | y r: ormy '” nto Vm){. ar In tS Diphosphite ligand§8a and 78b have also been applied
ii IS € Oh. |%an Z;; c;)n%/sl ows ‘?Xcel er:_ (_J.tnan |osi.ecr:]|v— in the Ir-catalyzed asymmetric reduction &F(phenyl-
ities (as hig as 6) ut also regioselectivities (as hig asethylidene)aniline and enantioselectivities were poor to
98.8%) under mild condition§'1,74—77] The hydroformy- moderate (as high as 46982]
e opane, L8NG 7663 were a0 appled in he Pcatlyzed
center C-3, while the level of enantioselectivity is influenced alkylation of dimethyl malonate to 1,3-diphenylprop-2-eny|

by a cooperative effect between stereocenters C-3 and C- 5acetate[22 80]and in the Cu-catalyzed 1,4-addition of di-
Thus, both theS and R enantiomer of the product can be ethylzinc to 2-cyclohexenori81-83] The results indicated

that enantiomeric excesses depend strongly on the absolute
configuration of the stereocenter carbon C-3 of the carbo-
hydrate backbone. Thus, the best ligands for asymmetric

(\o O go allylic alkylation are78c and 81c, which provided e.e.'s
of up to 95%. For the Cu-catalyzed 1,4-addition, enantios-
b _Q electivites were best with ligandzsh, 81g (81% [R) and
0 0 84% (9), respectively. Note that introducing a stereogenic
o-P \{ & P” center in C-5 had a positive effect on activity, although the
78 79 80 enantioselectivity was unaffected.
5 Reetz and co-workers developed a series pti€rivative
O<h  CH, /O(D CHs /D 5 o ligands derived fronp-mannitol with different phosphite
o g g~ tSéP/ substituentsKig. 19. These ligands were efficiently applied
o—P_/] in the Rh-catalyzed hydrogenation of dimethyl itaconate
o 0 © Q o ol and methyIN-acetamidoacrylatf84]. The results indicated
\l< Cg \l( \v that the sense of enantiodiscrimination is predominantly
81 82 83 controlled by the configuration of the binaphthyl moiety.
v oo A W o0 A Moreover, they observed a cooperative effect between the

stereogenic centers of the ligand backbone and the stere-

o
(O = Q O ogenic binaphthyl phosphite moieties. This results in a

Re e matched combination for ligar@fle, which provides e.e.’s of
O Q up to 94.5%.

a R'=R2=H e (5 R'=H

b R1=F%2=f-lzu f (A™R'=H 2.1.4. Mixed P—Pligands

¢ R'=tBuR°=OMe g (5 R'=SiMe; In 1996, Borner and co-workers developed a series of
d R'=SiMeg;R2=H h (R)®;R'=SiMe,

chiral phosphine—phosphite ligands with axial and central

Fig. 18. Furanoside diphosphite liganf&-83 derived fromp-(-+)-xylose chirality (85-89), for the Rh-catalyzed asymmetric hydro-
and p-(+)-glucose. formylation of allyl acetateKig. 20) [85]. The results clearly
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P~ R!
o {H
° O O
o7 :
H

O\R’o
I} a R'=R%= d (9

84 b R'=CHjg; Rg_H e (R
¢ R'=R2=tBu

Fig. 19. p-Mannitol derived diphosphite ligands developed by Reetz et al.

: :: o
P—
/P\o PPh2 /P\o Pth @: /0  PPhy
g J04

87
PPh2 : = PPh2
/P‘ F,\O
Fig. 20. Furanoside phosphine—phosphite ligaBsts39.
(91) derived fromp-(+)-xylose Fig. 22 and applied them
)4 in the Rh-catalyzed asymmetric hydrogenatj8n,88] and
hydroformylation[89] of alkenes, in Pd-catalyzed allylic
K alkylation[80] and in the Cu-catalyzed 1,4-addition reaction
[90].
_ _ o _ _ For the asymmetric hydrogenation of severgl-unsatu-
Fig. 21. Phosphine—phosphonite ligands derived feomannitol. rated carboxylic acid derivatives, enantioselectivities were

excellent (up to >99%) under very mild reaction conditions.
indicated that both central and axial chirality are responsi- Varying the biphenyl substituents in the phosphite moiety
ble for the stereochemical outcome of this reaction. Thus, greatly affected the enantioselectivity in the hydrogenation
enantioselectivities of up to 44% e.e. were obtained using reactions. The enantioselectivity was best with lig&ad,

ligand 88. which contains bulkytert-butyl groups in theortho- and
In 1999, Reetz and co-workers reported phosphine—phos-para-positions of the biphenyl moiety. The results also indi-
phonite ligand90 derived fromp-mannitol {ig. 21) [86]. cate that the sense of enantioselectivity is mainly controlled

This ligand was tested in the Rh-catalyzed asymmetric hy- by the configuration of the phosphite moiety.

drogenation of dimethyl itaconate with moderate enantiose- In general, enantioselectivities were low to moderate with

lectivities (e.e.’s as high as 60%). these ligands in the Rh-catalyzed asymmetric hydroformyla-
Recently, Claver and co-workers developed a series oftion of styrene (e.e.’s as high as 49%), in Pd-catalyzed allylic

phosphine—phosphite ligands with a furanoside backbonealkylation (e.e.’s as high as 42%) and in the Cu-catalyzed

@]
//9 Rl
" %o Q O O O
%_ozo
91 \{ a R1 R2
b R'= Rg—tBu d (R)ax

Fig. 22. Phosphine—phosphite ligands derived froifa)-xylose.
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92 93 b R'= tBu; R>=OMe

Fig. 23. Phosphite—phosphoroamidite ligands derived foa(w-)-xylose.
PPh,

1,4-addition of diethylzinc to 2-cyclohexenone (e.e.’s as PPh
high as 19%). ¢ 2 of PhsP— OMe

Very recently, a series of phosphite—phosphoroamidite lig- % L ’0?
ands with a furanoside backbon®2( 93) (Fig. 23 were O 0o
efficiently used in the Rh-catalyzed asymmetric hydrogena- OY OY
tion of a,B-unsaturated carboxylic acid derivatij@d]. The 95 96
results clearly show that the enantiomeric excesses and ac-F_ s M hosphi din thodi e hvd i
tivities depend strongly on the absolute configuration of the '9- 24. Monophosphines used in rhodium asymmetric hydrogenation.
C-3 stereocenter of the carbohydrate backbone and the sub-
stituents in the biphenyl moieties. Therefore, enantioselec- aminophoshinite§94f] and phosphonite§95a]. The use
tivities and activities were best (e.e.’s as high as >99%) with of chiral monodentate phosphines as ligands in transition

94

ligand 92a, which hastert-butyl groups in theortho- and
para-positions of the biphenyl moieties and Rrtonfigura-
tion of C-3.

Ligands92 and93 were also applied in the Rh-catalyzed
asymmetric hydroformylation of styren@®2?] and in the
Cu-catalyzed asymmetric 1,4-addition of diethylzinc to
2-cyclohexenong93]. In both reactions, e.e.’s were moder-
ate (as high as 65%).

2.2. Carbohydrate monodentate phosphorus ligands

metal asymmetric catalyzed reactions has been reviewed
[98]. Many of these ligands are binaphthyl derivatives with
biaryl axial chirality.

2.2.1. Monodentate phosphines

Initially, cationic rhodium complexes with monophos-
phines derived from suga@2-94 (Fig. 24 were used in
rhodium-catalyzed asymmetric reduction @famino acid
precursors. They behaved like active catalytic precursors in
the hydrogenation of severalamino acid precursors, al-
though the e.e. were low to moderate. The e.e.’s were best

With rare exceptions, monodentate phosphanes performwith phosphined4 (as high as 54%) in the reduction of the

poorly in early transition-metal enantioselective catalysis.

The introduction of DIOP, BINAP and other diphosphines
meant that research focused on bidentate ligdtisThe

a-acetylaminoacrylic acifiL1].
The chiral diphenylphosphir@ was also used in the Pd-
and Ni-catalyzed asymmetric Grignard cross-coupling re-

use of monodentate ligands in asymmetric catalysis, then,action ofsecbutylmagnesium bromide with bromobenzene
was neglected until quite recently when excellent enantios- [51] (Scheme % Conversions were 99 and 77% for the Ni
electivities were reported in such transition metal-catalyzed and Pd catalytic systems, respectively. The non-isomerized

reactions as hydrogenatif®], 1,4-addition to enong85],
hydrovinylation[96], the intramolecular Heck reaction and
other C—C bond reactior{87]. A variety of monodentate

products-BuPh was obtained in 99%5) e.e. and 5% K)
e.e., respectively.
Later a phosphonium—phosphine derived froRR)-

phosphorus ligands have been used: for instance, phosphinePIOP (‘methyldiopium’) 97 (Scheme »was prepared and

[944g], phosphites[94a-c] phosphoroamidite$94d,e,97]

s-BuMgBr +  PhBr

B

used as a monophosphine ligand in the Rh-catalyzed hydro-

s-BuPh + n-BuPh

Scheme 4. Asymmetric Grignard cross-coupling reaction.

,}<O ~">PPh,
OL PPhy

32

43»

PthMe NH4X
PPhs

PPthe
~ j\/PPhg

97b X=BF,, PFg

Scheme 5R,R Methyldiopium salts from R R)-diop.
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R Me,
.nOBn ~_..wOH

O O
OBn OH

R Me

98a R= Me 98c
98b R= Bn
Me, H Me, H Me,
~S-0 o NN %
O ORI O
(0] (6]
Me H Me H Me
99 100 101
S'Bu SBu S'Bu

e oo A

102 103 104

Fig. 25. Monodentate phosphol®8a—98c and 99-104.

genation of Z)-a-acetamidocinnamic acid. The conversion in the Pd(0)-catalyzed allylation of dimethyl malonate
(63%) and enantioselectivity (5% e.e.) were low. This sys- (Scheme 2h The yields of isolated products were greater
tem was also applied in the hydrogen transfer reaction usingthan 95% in most cases. The enantioselectivity depends on
an azeotropic mixture of formic acid-triethylamine of sev- the substitution pattern of the phospholane ring and to some
eral olefins, for which the corresponding diop-Rh system extent on the reaction conditions and e.e.’s were between
was not active. However, in all cases enantioselectivities 29 and 94%. The chirality of C-3 and C-5 oxygen seems

were low[99]. to play a crucial role in the asymmetric inducti¢a7].
Enantioselectivity was best with ligar®® (94% R) and its
2.2.2. Monodentate phospholes enantiomerl00 (93% S).

Chiral phospholanes have been synthesized from readily
availablep-mannitol in high yields and some of them have 2.2.3. Monodentate phosphinites
shown to be excellent ligands in asymmetric catalytic reac- Many monodentate phosphinites prepared from carbo-
tions (Fig. 25 [26,27]. hydrate have been used in asymmetric catalytic reactions
Thus, chiral hydroxyl monophosphane ligar@a—98c (Fig. 27).
were tested in the Baylis—Hillman reaction using 4-pyridine-  Chiral diphenylphosphinite derived from-galactose,
carboaldehyde and methylacrylate as reactetbéme B L-rhamnose and-glucosel06-113 were prepared and used
The highest enantioselectivity was 19% e.e. with ligand in the metal-catalyzed asymmetric Grignard cross-coupling
98a. Although in this case phospholane is the catalyst and reaction Gcheme % secButylmagnesium bromide was
it is not a transition metal catalytic reaction we shall briefly coupled with bromobenzene in the presence of nickel or
discuss the results. With the hydroxylphosphol®3e as palladium chloride. The optical yields were low to moder-
the catalyst, the reaction accelerated significantly (83% ate. The highest yield was obtained with ligat@b, with
isolated yield inSh for 98c versus 29% isolated yield in  e.e. up to 53%51].
70h for 98a). This acceleration has been attributed to the It has been reported that monodentate or hemilabile lig-
hydrogen-bonding interaction between a hydroxyl and an ands are required for the asymmetric hydrovinylation of
enolatel05 formed during the reactior{g. 26) [26].

Functionalized @ symmetric monophospholan83-101 MeO

and monophospholanes with a pendant StBu group O---'ll‘l
102104 (Fig. 25, prepared fromp-mannitol were used 74 O

0} Cat OH O =]
RCHO  + s I me R/'w)ko,Me ©/

Scheme 6. Baylis—Hillman asymmetric reaction. Fig. 26. Enolate formed during the Baylis—Hillman reaction.

105
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OMe 0

>(° OPPh, 0—| OPPh,
-0
S
OO (0] O

gf/ )(O OY

106 107 108
Ph (@)
Ph/vOo o /VO 0
0 OMe 0
AryP AcHN
AroP NHAc 2 cl OBn Me
109a,b 110a,b a=
Me
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O H'TIOBn o) H'}IOB °
AI’QP/ Ac thp/ Z n F3C
111a,b 112 Z= CF;CO
113 Z= PhCO

Fig. 27. Monodentate phosphinité86-113.

olefins Scheme Y [96]. Thus, carbohydrate-derived di- and regioselective, they did not lead to useful enantiomer
arylphosphinite ligand409-113 were successfully applied enrichment of the products in any of the processes stud-
in the Ni-catalyzed asymmetric hydrovinylation reaction ied. In contrast, the rhodium catalyzed hydrosilylation
[100]. of ketones gave the corresponding secondary alcohols of
Diarylphosphinites prepared from readily available carbo- (R)-configuration with up to 87% e.e. when phosphonite
hydrates109-113 in conjunction with a highly dissociated 115d was used as ligand. The X-ray crystal structure of one
counterion ([3,5-(Ck)2-CgH3]4B~ or Sbk™) effect the hy- representative, phosphonité4b, was determinefiL01].
drovinylation of 4-bromostyrene or 4-isobutylstyrene under  Later, Rh(l) complexes [RhCI(NBD)6-118a—118d]
ambient pressure of ethylene. Selectivity was best with lig- (119-121)[RhCI(NBD)117] (120) and [RhCI(NBD)18]
and112 (e.e. as high as 87%). (121) were synthesized via the corresponding borane-phos-
This hydrovinylation procedure has been applied for phonite adducts. Isolating ligand463-118 was difficult
the synthesis of a 2-arylpropionic acid, a widely used an-
tiinflammatory drugs. Thus, 3-(4-bromophenyl)-1-butene
(prepared in a 98% isolated yield and 89% e.e. from
4-bromostyrene using catalyst M/la) has been trans-
formed into R)-ibuprofen by cross-coupling withBuMgBr,
ozonolysis, and subsequent oxidation of the resulting alde-
hyde[100].

2.2.4. Monodentate phosphonites

Cyclic monophosphonite ligands11l4a—114e and
115a-115d derived from TADDOL [101] (Fig. 28 were
tested in such Rh()- and Pd(0)-catalyzed reactions as hy-
drocarbonylations, hydroborations, and hydrosilylations of

olefins. While the resulting catalysts were highly active 114a R=Me 115a R=Ph
114b R=Ph 115b R=4-Me-CgH,
) /L/ 114c R=4-Me-CgH,4 115¢ R=2,4,6-Me3-CgHo
Ay LalyDNIX], 7L = 114d R=2,4,6-Mes-CcH,  115d R=2-Naphth
CH,Cl,, ethylene 114e R=2-Naphth

Scheme 7. Asymmetric hydrovinylation of olefins. Fig. 28. Monophosphonites14 and 115 used in asymmetric catalysis.
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Ph
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116a R=Me, Ar=Ph

116b R=Et, Ar=Ph

116c R=Me, Ar=2-Naphthyl
116d R=Et, Ar=2-Naphthyl

117 118

RO
Ar. Al Vv 7
/&/O A g Ph Ar, Al’ﬁb Ph Ph ﬁ
(0)s O Ph
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Ar

\Rh'\ O . N
RO \E.’/ ol L RAg O\P/Rh\CI
Ar Ph Ar Ph Z_S P~ _0" Ph
119a R=Me, Ar=Ph Ph Ph

119b R=Et, Ar=Ph
119¢ R=Me, Ar=2-Naphthyl
119d R=Et, Ar=2-Naphthyl

120 121

Fig. 29. Rhodium complexes with phosphonite ligaid§-121 (not isolated ligands).

because they are oxygen sensitive and their formation was o) . OH
. . . . 1) cat. PthIH2

accompanied by competitive formation of the corresponding R)J\ R/K

tetrahydrofuran. The rhodium complexes were synthesised 2) HO*

best in a one-pot procedure consisting of the cleavage of the
borane phosphinite adducts followed by immediate addition
of [RhCI(NBD)]2. The rhodium complexe420 and 121
were stable to oxygen and exceptionally thermally stable odentate phosphitd®3 derived fromp-glucofuranose were
(Fig. 29. They turned out to be highly active catalysts in prepared and applied as ligands in the rhodium-catalyzed
the asymmetric hydrosilylation of ketones in a broad tem- enantioselective hydrosilylation of acetophenddeheme R
perature range. The conformational properties of the ligand The e.e. values varied substantially, from racemic to 58%
backbone were revealed to be a crucial feature, which de-e.e., depending on the nature of the phosphite ligand and the
termined not only the extent but also the direction of the ligand to metal ratio. The reactivity of the selected phosphite
chirality transfer. Therefore, by choosing appropriate ligand 123 towards [Rh-CI)(COD)], and [Rh.-Cl)(C2Hg)2] 2 al-
backbones and temperatures, the enantioselectivities in thdowed the synthesis of monosubstituted [Rh(CI)(COZ3)
hydrosilylation of such different ketones as acetophenoneand [Rh{.-Cl)(C;H4)123], complexes, and disubstituted
(82% e.e.) and pivalophenone (86% e.e.) can be fairly goodcomplexes such as [Rh(CI)§84)123;]. This study indi-

Scheme 8. Enantioselective hydrosilylation of acetophenone.

[102]. cated that the disubstituted compounds give better enantios-
electivities than the monosubstituted ofi£g84].
2.2.5. Monodentate phosphites A breakthrough in the use of monophosphite ligands
In the early eighties, the phosphite ligah2? (Fig. 30, in asymmetric catalysis came with the work of Reetz and

reported by Brunner, was used in the rhodium-catalyzed Mehler[105]. They developed monophosphite ligarik!
hydrogenation of Z)-a-acetamidocinnamic acid with low derived from p-mannitol §ig. 31) for the Rh-catalyzed
enantioselectivity (e.e.’s as high as 25M)3]. Later, mon- asymmetric hydrogenation of dimethyl itaconate. These

0 O— O
1
X
X< e
EtOOC:... O, }Sj ©

o) 0 o)
X ,
P—OEt ~ Q oo X ] = ] ]
/ X-0 \ o o o)

EtOOC™ ~0 g _P—q
O
122 o e 123a 123b
o Y
Q %0
_X

Fig. 30. Phosphites used in hydrogenation and hydrosylilation.
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Fig. 31. Monophosphite ligands developed by Reetz and co-workers.

Ph:@ 1-Naphth:© 2-Naphth,;©
a b c

Fig. 32. Monophosphite$25 and 126 derived from TADDOL.

ligands provided excellent enantioselectivities of up
to 99%.
On the other hand, TADDOL-derived cyclic phosphites
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o)

O
Cat
+ ZnEty, ——
n n

Scheme 9. Addition of diethylzinc to cyclic enones.

The asymmetric copper-conjugate addition of diethylz-
inc to acyclic enones using phosphite ligari@®s and 126
(Fig. 32 provided enantiomeric excesses as high as 92%.
Interestingly, the addition of dimethylzinc to a macro-
cyclic 15-membered ring enone led to the optically active
R-(muscone) in a 53% vyield and a 79% enantiomeric ex-
cess[107]. These phosphites were also tested as ligands in
rhodium hydroformylation of but-2-ene, but enantioselec-
tivity was very low[101].

2.2.6. Monodentate phosphoroamidites

Several chiral monodentate phosphoramidites have been
efficiently applied in asymmetric catalysiBi¢. 33.

Ligands127a—127e, prepared fronp-mannitol, were ef-
ficiently applied in rhodium-catalyzed asymmetric hydro-
genation. Enantioselectivities in the asymmetric hydrogena-
tion of itaconic acid (94% e.e.) angtacetamidocinnamic
acid (89% e.e.) were high when Rh-complexes with two
monodentate phosphoramidite ligands were $68].

Phosphoroamidite ligand428a—128f, easily prepared
from TADDOL were tested in the copper(ll) catalyzed
enantioselective addition of diethylzinc to cyclic enones
(Scheme P Enantioselectivities of e.e. as high as 71% for

have been reported and used in asymmetric catalysiscyclohexanone and as high as 62% for cyclopentanone were

(Fig. 32 [101,106,107]

127a R=H 127f R=H
127b R=Me 127g R=Ph
127¢ R=Et

127d R=Bu

127e R=Ph

129

Fig. 33. Phosphoroamidite ligand®7 and 128. Rhodium and palladium complexd®9 and 130 (M = Rh, L;-L»

with ligands 127.

obtained. Enantioselectivity was considerably enhanced

Ar, Ph
Me O o Ro
~P—N, RR1\\\< >P_N‘
Me T 070 Rz
Ar ph

128a Ry=R,=Me, Ar= Ph
128b R{=Me, R,="Pr, Ar=Ph
128¢ R{=Me, Ry=Bn, Ar=Ph
128d Ry=Me, Ry=-(CH,)s-, Ar=Ph
128e R1='(CH2)4-, Ro=Me, Ar=Ph
128f R{=R,=Me, Ar= 0-MeCgH,4

130

=COD, M=Pd L1 =Ly =ClI)
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Fig. 34. Palladium metal-catalyzed allylic alkylation via allyl complexes.

131a R=Me
Ph—\C o 131b R=IPr
0 131c R=Bu

PhyP N. o 131dR=Bu
131e R=Ph

R 131f R=Bn

Fig. 35. Chiral phosphinite—oxazoline liganti3la—131f.

2181

Cat

@ + ArOTf

o O\Ar

(0]

Scheme 10. Arylation of 2,3-dihydrofuran.

They behave effectively as chiral ligands and provide high
enantiomeric excesses in Pd-catalyzed allylic alkylation,
amination and arylation reactiofis13-115]

The allylic alkylation of 1,3-diphenyl-3-acetoxyprop-1-ene
with dimethyl malonate $cheme 2p proceeds smoothly
in the presence of 0.25mol% [R¢f-C3Hs)Cl]2. The sub-
stituent group R had a dramatic effect on the enantioselec-
tivity excess. Ligandsl31f (R = Bn) or 131d (R = Bu)
gave lower enantioselectivities (80—90%) than ligah8ikh
(R = Ph) orl31c (R = i-Bu) (up to 94%). The enantiomeric

when powdered molecular sieves were added to the reactiorexcess (96%) was highest with ligari8la (R = Me)

mixture (for instance, from 24 to 48% e.¢109].

2.3. Carbohydrate P,E-bidentate ligands £EN, S)

Co-symmetrical ligands have dominated asymmetric
catalysis for a long time. However for certain reactions,
enantiocontrol could be more effective with nonsymmetrical
ligands with two different coordinating heteroatoms than
Co-symmetric ligands. Transition metal-catalyzed allylic
alkylation via allyl complexes is a good exampled. 34.

In such reactions the regioselectivity of the nucleophilic at-

tack determines the ratio of the two enantiomeric products.

If the metal center is coordinated to two electronically dif-
ferent groupsX andY, the two allylic termini become elec-

[113,114] which is also effective for the Pd-catalyzed am-
ination of 1,3-diphenylprop-2-enyl carbonate, leading to
the corresponding allylic amine in 94% el&14]. These
chiral phosphinite—oxazolinek31a—131f also proved to be
effective P,N-bidentate ligands in the palladium-catalyzed
enantioselective arylation of 2,3-dihydrofuran. They gave
2-aryl-2,5-dihydrofuran $cheme 1P selectively in high
yields and with enantioselectivities between 86 and 96%.
In this case e.e. was highest with ligah@flLf.

The complex [PdGI(131b)] was prepared and its struc-
ture was characterized by X-ray crystallography. Struc-
tures of the complex ftMeO,CCsH4)PdI(131a)] and its
cationic complex [ji-MeO,CCgH4)Pd(131a)]*OTf~ were
also elucidated on the basis &H, 13C, and 3P NMR

tronically nonequivalent and are expected to have different spectra, thg-MeO,CCsH4 moiety on the palladium being

reactivities.
However, it is important to consider that P, E-bidentate

locatedtrans to the nitrogen ofl31a. This configuration
might be responsible for an enantiofacial discrimination

ligands can coordinate either as chelates or monodentate®f 2,3-dihydrofuran that predominantly producd®) {so-

(probably through a P-atom) which would clearly affect their

mer. The stoichiometric reaction of [PhR8{f)]TOTf™

chiral induction. This is discussed in some of the works with 2,3-dihydrofuran has provided information about the
reviewed. Several groups have studied such P,N chiral lig- mechanistic aspects of the arylation when P,N-ligands are
ands as chiralphosphinooxazolifé@40] and the coordina-  used. The base-promoted deprotonation in fhposition

tion chemistry and application of P,N-ligands have been re- leading to an alkene (2-aryl-2,5-dihydrofuran)-palladium(0)
viewed[111]. Recently a review of chiral thioether ligands complex has been shown to be an important step for the
included the coordination chemistry and asymmetric catal- selective formation of the produft15].

ysis of many P,S- and N,S-liganfik12]. TADDOL-based ligands containing an oxazoline unit
have been reported to be efficient at the rhodium enantios-
elective sylilation of ketoneg116], palladium-catalyzed
allylic alkylation and iridium catalyzed hydrogenation of
olefins[117] (Fig. 36). “In situ” catalytic systems prepared

2.3.1. P,N-ligands
Chiral phosphinite—oxazoline ligandk31la—131f were
synthesized fronp-glucosamine hydrochlorideF{g. 35.

fr, Ar 0 132a Ar=Ph, R'=H, R?=Ph
. 5 0>L< :1 132b Ar=Ph, R'=Ph, R?=H
/< 132c Ar=Ph, R'=H, R?>='Pr
© H 132d Ar=Ph, R'=Pr, R?=H

Ar Ar 132e Ar=2-naphthyl, R'="Pr, R2=H

132f Ar=Ph, R'=H, R>='Bu

Fig. 36. TADDOL derivatives phosphite—oxazoline.
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'Bu 138a Ry=R,=Ph
By O o e 138b Ry=Ph, R,=Me

J O Bu PhHN ° ,/< ]»‘\/NFHRQ 138c R{=Ph, Ro=a-naphthyl

e o150 Ot
RN T 0" By o~ © OY 138f Ry=H, Ro=Ts
w9
O%/ Bu O By Fig. 39. P,N-ligand<138a—138f derived from tartaric acid.
t

122: Eﬁ:g:’ o 134 effects on the activity and enantioselectivity. The enan-
133¢ R=Ph tioselectivity was best with ligand33c which has R)

configuration at C-3 and a phenyl substituent on the amino
Fig. 37. Amino-phosphite ligandsl33a—133c, 134 derived from group. Rh0d|um(|) and pa||ad|um(0) Comp|exes Containing
D-(+)-xylose. chiral P,N-ligands derived from-glucose and-mannose
have been prepared and applied as catalyst precursors in

from [RhCI(COD)} and the ligand432b and 132d were hydroboration and allylic alkylationF{g. 38. These chiral
applied in the enantioselective hydrosilylation of acetophe- P,N-chelates35-137 were prepared and characterized for
none. The ligandl32d with an i-Pr substituent on the use in the synthesis of palladium(0) and rhodium(l) com-
dihydrooxazole ring gave a slightly better enantioselectivity plexes of formula [Pd(P,N-chelate)(fumarodinitrile)] and
(94%) than did132b which bears a Ph substituent (91%). [Rh(1,5-cyclooctadiene)(P,N-chelate)|BF Coordination
The configuration of the product is mainly determined of fumarodinitrile to the palladium complex gives rise to
by the configuration of the dihydrooxazole moiety. The two diastereomers. The diastereomeric ratio determined by
TADDOL-derived phosphite oxazolin32c was used inthe  RMN measurements shows that the ligands effectively dis-
palladium-catalyzed allylic alkylation of various substrates criminate between the enantioface of fumarodinitrile in the
and generally provided enantioselectivities that were similar Pd(0) species, leading to a diastereomeric excess of 100%
to or lower than other related P,N-ligands containing oxazo- when the 2,3,4-tr@-acetylated glucoside moiety linked to
line (46—-87%)117]. As far as the iridium-catalyzed hydro- N through C6 (ligandL.33).
genation of olefins is concerned, the [Ir(COL82c)]TFBP Given that135 is effective at selectively distinguishing on
(TFBP = tetrakis [3,5-bis(trifluoromethyl)(phenyl)] borate, the enantioface of fumarodinitrile, it was used as the chiral
was prepared and used as the catalytic precursor of sev-auxiliary in the palladium-catalyzed allylic alkylation. Al-
eral substrates. The conversions were higher than the oneshough the reaction gives a good chemical yield, the enan-
obtained for related P,N-ligands containing oxazoline and tioselectivity was only 20% e.eS(. Results were better
the enantioselectivity was best in the hydrogenation of with ligand137, which gave 45% e.e. in th&(enantiomer.
(2)-2-(4-methoxyphenyl) but-2-ene (90%d)17]. It is interesting to note that the diastereomeric ratio found

Chiral amino-phosphite ligands have been used for the in the model fumarodinitrile Pd(0) complex for this ligand
copper-catalyzed asymmetric 1,4-addition of diethylzinc to is in keeping with this value. The catalytic activity of the
cyclohexenonecheme ¥ A series of amino-phosphite lig-  rhodium complex was tested in the asymmetric hydrobora-
ands133a-133c, 134 (Fig. 37) derived fromp-(+)-xylose tion/oxidation of styrene and derivatives with low enantios-
were prepared and screened in the Cu-catalyzed asymmetelectivities (e.e.’s up to 2094118].
ric 1,4-addition of diethylzinc to cyclohexenone. Reaction A series of P,N-ligandsl38a—138f derived from tar-
rates were high (TOF > 1200f) and enantioselectivities  taric acid have been used in palladium asymmetric allylic
moderate (up to 63% e.e.). alkylation [119], rhodium-catalyzed hydrogenatidi20]

The results showed that the configuration of the stere- and hydroformylationf121] (Fig. 39. Chiral 1-(diphenyl-
ogenic carbon atom C-3 at the ligand backbone and thephosphino)-4-(dialkylamino) ligands8a, 8b (R = Ph,
different substituents at the amino group had considerable1-naphthyl), were easily prepared from tartaric acid. Palla-

AcQ_ pMe
/T PPh,
AcO (0]
/
AcO N
PhyP
135 136 137

Fig. 38. P,N-ligands derived from-glucose and-mannose.
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dium complexes of these ligands gave enantioselectivitiesogenic C-atom in the P-S backbone affords an e.e. of 88%

as high as 75% in the alkylation of 1,3-diphenylprop-2-enyl
acetate with di-Me malonafd 19].

Chiral rhodium complexes, prepared from [Rh(CQIPFg
and ligands 138a-138f have been used as catalysts
in the hydrogenation of unsaturated amino acids. The
rhodium-catalyzed hydrogenation afamino acid precur-

in the palladium allylic alkylation of the racemic test sub-
strate PhCH= CHCH(OACc)Ph using the CH-(CfMe), an-
ion (Scheme 2p[122].

Compoundl39 is an auxiliary with interesting structural
cooperativity. Pregrosin and col. suggest that the combina-
tion of the two stereogenic fragments leads to a better e.e.

sors shows that enantioselectivity is higher (enantiomeric A multinuclear NMR study has been made of the solution
excess values as high as 60%) in water with sodium dode-structure of the palladium allyl sugar-based ferrocenylphos-
cyl sulfate than in methan¢gl20]. These P,N-ligands have phine complex ofL39 in relation to enantioselective allylic
also been used in the rhodium-catalyzed hydroformylation alkylation catalysis. The ratio of the two isomers does
of vinylstyrenes j§-F, p-MeO) and 2-vinylnaphthalene. The not correlate with the experimental e.e. of 88%, which
systems were active in mild conditions and the aldehyde means that there are differences in the rates of attack of
regioselectivity was as high as 95% when C®iH a ratio the nucleophile and/or uncharacterized equilibf23].

of 1/1 was used. The highest e.e. was 23%. To elucidate theWhen the thioglucose moiety was the only stereogenic unit
coordination mode of the P,N-ligands, NMR studies were on P, S ligandsl40a, 140b containing phenyl and cyclo-
performed under catalytic conditions. Although the NMR hexyl phosphorus substituentsid. 40 enantioselectivities
technique requires higher concentrations of complexes thanwere only moderate (about 64 and 53¢4p4]. Detailed
catalytic experiments, it can provide valuable information NMR measurements for the 1,3-diphenylallylpalladium
about the species present during the catalytic cycle. In thiscationic  complexes  [Pa€-PhCHCHCHPhY(40)|PFs
case, it showed that species with monodentate ligands weraeveal that there is an electronicis-effect when the
present in the catalytic solution although there is no evi- PP moiety is changed for the P@ymoiety and there
dence to suggest that chelated P,N-species are also presenis not necessarily a correlation between the observed
The P-coordinated species may be responsible for the lowenantiomeric excess and the diastereomer population in
enantioselectivities. solution.

2.3.2. P,S-ligands 2.3.2.2. Phosphite—thioethersXylofuranoside phosphite—

Different combinations of carbohydrate P, S donor ligands thiother ligandsl4la, 141b (Fig. 40 have been used in
have been studied, for example, phosphine-thioethers andballadium-catalyzed allylic alkylationScheme 2p The
phosphite-thioethersF{g. 40. Carbohydrate phosphine- substituents in the thioether moiety have a considerable
thioether ligands have proven to be effective in enan- effect on the activity, but not on the enantiodiscrimina-
tioselective Pd-catalyzed allylic substitution. Carbohy- tion (e.e. around 55% e.€[$0]. The enantioselectivity is
drate phosphite-thioether ligands have also been testedmainly controlled by the phosphite moiety. Therefore, it
in enantioselective hydrogenation, hydroformylation and is assumed that the nucleophile attack takes place trans
1,4-addition of organometallic reagent to cyclohexenone. toward the thioether moiety. Ligani4la has also been
used in palladium-catalyzed asymmetric allylic amination
(Scheme 1)1 affording 67% e.e. The higher e.e. in the al-
lylic amination can be explained by a later transition state,
which results in larger ligand-allyl interaction.

2.3.2.1. Phosphine-thioethersThe ferrocene-based chiral
phosphine thioglucose ligartB9 (Fig. 40 with one stere-

OAc Ligands141a—141c were tested in the rhodium-catalyzed
Me, é%“ OAc asymmetric hydroformylation of styren8¢heme 2a Con-
' Ohc @Qg(mm versions were good (>99% in 5 h) and regioselectivities ex-
}e PPhy ba OAc cellent in 2-phenylpropanal (94%) but enantiomeric excesses
139 2 140a R=Ph were practically nu_II for all I_igand$12_5]. To obtain inf_or-
" 140b R=Cy mation about the intermediate species formed during the

hydroformylation process, a spectroscopic study was made
under hydroformylation conditions. HP NMR results show
that under hydroformylation conditions the thioether moi-
ety is not coordinated to rhodium in the mononuclear active
hydride-rhodium complexes.

141a R'=Ph, R?='Bu
141b R'='Pr, R2='Bu
141¢c R'=Me, R2='Bu
141d R'=Ph, R2=H
141e R'=Pr, R?=H

OAc * NHCH,Ph
(@) /\)\ Pd/L
NN _ = NN
Y Ph P oncrnt P Ph

Fig. 40. Carbohydrate phosphine-thioether and phosphite-thioether lig-

ands. Scheme 11. Palladium-catalyzed asymmetric allylic amination.
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) Q_{)]. ] e
N OR?2 N “R1

S 2 OR?g—Pd
OR ~N
R20 /J//
[¢]
R20 Ph
R20
142a R'= Ph, R?= COMe 143a R'= Ph, R?= COMe
142b R'=Pr, R2= COMe 143b R'='Pr, R?= COMe
142¢ R'= Ph, R%= CO'Bu 143c R'= Ph, R%= CO'Bu
142d R'='Pr, R2= CO'Bu 143d R'='Pr, R%= CO'Bu

Fig. 41. Carbohydrate S,N-ligands and 1,3-diphenylallyl-Pd(ll) complexes.

Cationic iridium complexes containing the phosphite— RS— OH 144a R=Me
thioether ligandd4la—141c were tested in the asymmetric L/O? 144b R=Pr
hydrogenation of itaconic acid at 1bar of, Find 40°C o 144c R=Ph OAc
(Scheme }1[125]. The catalytic system was generated in OY 144d R= \@\\@,6290
situ from [Ir(COD)]BF4 and the corresponding ligand. AcO

Conversions were good (100% in 12h). Enantioselectivi-
ties were higher when the catalyst precursors containing R

= i-Prand Ph were used (51 and 47%, respectively). in the copper-catalyzed enantioselective 1,4-addition reac-

Phosphite—thioether  ligandsl4la-141e have been  tion of ZnEg to cyclohexenoneScheme Pand AlMe; to
tested in the copper-catalyzed asymmetric 1,4-addition of g.non-3-en-2-one§cheme 1p[127)].

organometallic reagents to 2-cyclohexenoi@eheme B In the conjugate addition of cyclohexenone, the sub-
[90]. In all the cases, reaction rates were excellent (TOF gtjtyent of the thioeter moiety has an important effect on the
> 1200h™) and the chemo- and regioselectivities in the yate and stereoselectivities. Conversions are higher for the
1,4-product were high, while enantioselectivities were catalyst precursor containing the electron-rich ligdddb
moderate. Enantioselectivity was best with the catalyst pre- (98% in 1 h) while enantioselectivity (62%) was better with
cursor containing thioether-phosphite ligahdld, which the catalyst precursor containing ligarid4c. The pres-
has a phenyl substituent in the thioether moiety and a gnce of a bulky substituert44d has a detrimental effect
non-substituted biphenyl phosphite moiety (e.e. up to 41%). o1y conversion and enantioselectivity (41% conversion and
) 20% e.e.). The formation of ligand-free copper aggregates
2.4. Carbohydrate S,E-ligands (EN, O, S) may be responsible for this. When these compounds were
2.4.1. S,N-ligands applied in the 1,4—additi0ln of AlMgto E—non—3—en—2-0|_1e

Bidentate ligands containing both chiral oxazoline and (Scheme 1p the conversions (up to 73%) and enantiose-
thiosugar elementg§42a-142d and their 1,3-diphenylallyl 'eCt_'V't'eS (‘,Jp, to. 34%) were promising. In all the cases, the
Pd(ll) complexesl43a—143d (Fig. 41) have been prepared regioselectivity in the 1,4-product ranged from 70 to >90%.
by Pregosin and co-workef$26].

These N,S-oxazoline-thioglucose ligands afford excellen
e.e.’’s (90.2-96.9%) in the model enantioselective allylic
alkylation reaction $cheme 2pwhen the 1,3-diphenylallyl
Pd(ll) complexesl43a—143d are used as catalytic precur-
sors. NMR studies of the Pd compounds show that they ex-
ist in solution as a mixture ofxoandendodiastereomeric
complexes. It is suggested that the dimethyl malonate nu-
cleophile attack pseudmansto the thioether donor is pre-
ferred for electronic reasons, whereas the selective attac
on theendodiastereomer, as opposed to #isomer, is
because of steric effects in combination with allyl rotation. 2-4.3.1. Dithioethers. Sugar dithioether ~ compounds
The organic product is formed by preferential reaction of a 145a-145c coordinated to iridium provide cationic com-
minor component.

) 0
. AlMes, [Cu(MeCN),]BF.
2.4.2. S,0-ligands n-Can/\/u\ o [ AMEL T B n-Can)\)K

Thioether hydroxy compoundd44a-144d (Fig. 42 144, THF
which were easily prepared from(+)-xylose, were used  Scheme 12. Catalytic conjugate addition of Ali® E-non-3-en-2-one.

Fig. 42. Carbohydrate S,O-ligands.

t 2.4.3. S,S-ligands

Sugar dithioether ligands derived from tartaric acid
145-147 and fromp-ribofuranosel49 (Fig. 43 have been
tested in the asymmetric hydrogenation of prochiral olefins.
Tartaric acid derivatived45, 146 and 148 have also been
used in allylic alkylation.

Sugar disulfoxide ligands from-(4)-tartaric acid151
and 152 (Fig. 44 have been tested in the asymmetric hy-
idrogenation of prochiral olefins.
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H H OMe
0 5
SR —~ SR RS o)
Aoisﬁ Ph NmSR L0
H H OMe
145a R=Me 146a R=Me 147a R=Ph
145b R=Pr 146b R=Pr 147b R='Bu
145¢ R=Ph 146¢ R=Ph
RS
ol o
= :I:::S\TCHﬂ
o S " SN
H Y
148a n=2 149a R=Me
148b n=3 149b R='Pr
149¢ R=Ph

Fig. 43. Ditihioether ligand445-149.

plexes [Ir(COD}45]BF4. These complexes lead to ac-
tive systems for the asymmetric hydrogenation of several
prochiral dehydroamino acid and itaconic acid derivatives
(Scheme 1 [128]. In general, although hydrogenation

2185

\R R

-

| :
©)\NHAC Rh/L ©/\NHAC
H2, MGOH, rt

150

Scheme 13. Hydrogenation @60 by Rh/147.

metric hydrogenation of prochiral dehydroamino acid and
itaconic acid derivatives at room temperature under 1 atm
of Hy [130]. The catalytic system was generated in situ
from [Ir(COD);]BF4 and the corresponding dithioether
ligand in dichloromethane. Changing the substituent of
the dithioethers has an important effect on the rate and
optical induction. Thus, the conversions and optical in-
ductions are higher for the precursor containing the bulky
and electron-rich ligandli49b. The highest enantiomeric
excess obtained was 62% in the hydrogenation of ita-
conic acid. These results, using a @ithioether with a
six-membered chelate ring, are of the same order as the
best e.e. values reported for the same substrates when a
C, symmetrical dithioetherd46a—146c with a more rigid
five-membered chelate ring was used and they are much

takes place at room temperature and atmospheric Pr€Shetter than for @ symmetrical dithioether§45a—145c with

sure of H, the e.e. are low. The e.e. obtained with the
[Ir(COD)145b]BF,4 catalytic system is higher than those
with [Ir(COD)145a]BF4 and [Ir(COD45c]|BF4. The high-
est enantiomeric excess obtained was 47%.

Other sugar dithioether compounds prepared from
(+)-L-tartaric acid146a—146c react with [Ir(COD}»]BF4 to
give cationic complexes [Ir(CODA6]BF,4 which are active
systems for the hydrogenation of prochiral dehydroamino
acid and itaconic acid derivativeS¢heme Y at room tem-
perature under atmospheric pressure 9{129]. In general

the e.e.’s are low. The e.e. is highest when itaconic acid is

hydrogenated with a precursor containifid6c (68% R).
Those catalytic systems in which the chiral ligand forms a
five-membered ring with the metal center are more active
and [Ir(CODX46¢c]BF, is more enantioselective than the
related seven-membered ring iridium-chiral dithioethers
145a-145¢ [128].

Dithioethersl47a and 147b (Fig. 43 have recently been

synthesized from tartrates having the 1,4-dioxane backbone

[36]. The enantioselectivities of these ligands were low

(around 20% e.e.) when rhodium-based catalysts were used

in the hydrogenation of a 2:E/Z mixture of thea-aryl
enamide with g3-methyl groupl50 (Scheme 1B

Sugar derivative dithioethers49a-149c (Fig. 43 from
a-D-(+)-ribofuranose have been used in the iridium asym-

H H
%O;Csocm HO£SOCH3
o SOCHs;  HO SOCHg
i H
151 152

Fig. 44. Disulfoxide ligands derived from tartaric acid.

a seven-membered chelated ring.

Chiral dithioether ligands45b, 145c, 146b, 146¢c and
148a, 148b have been tested in the model Pd-catalyzed
allylic alkylation reaction ofrac-3-acetoxy-1,3-diphenyl-1-
propene $cheme 2 They provide low to good enantios-
electivities [131]. The best enantioselectivity (81%) was
obtained with the compounti6c.

2.4.3.2. Disulfoxides. Chiral disulfoxide ligands 151
(dios) and 152 (ddios) were prepared from tartaric in
1977 by James and McMillarFi{g. 44 [132]. Ruthenium
complexes with S-bonded sulfoxide are precursors that
are active in the asymmetric hydrogenation of prochiral
acrylic acids but the e.e. obtained are low. The best e.e. is
25% in the hydrogenation of itaconic acid with the pre-
cursor dicloro(dios)(ddios)ruthenium(ll) at 44 psi ofoH
and 55°C.

2.5. Carbohydrate N and N—N ligands

There are not many examples of carbohydrate derivative
nitrogen monodentate ligands. An easy, diastereoselective
strategy has been reported for synthesizing a new tetrahy-
drofuranic chiral aldehyde and a new tetrahydrofuranic acid
derived fromp-ribose which were then converted into a new
class of iminic- and amidic-carbohydrate-based chiral lig-
ands153a—153d and 154a—154d (Fig. 45. These ligands
are characterized by the presence of a stereogenic aenter
to the iminic or amidic bond. The results of applying these
chiral ligands in the conjugate addition of,Eh to cyclo-
hexenone led to good reaction rates, but the enantiomeric
excesses were low (10-159d)33].
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153a R=NH, 154a R=NH, 154d
153b R=SH 154b R=PPh,

153¢c R=0OH 154c R=SMe

153d R=OMe

Fig. 45. Iminic- and amidic-carbohydrate-based chiral ligabs3 and 154.

HO

HO! - 10BN

NH HN—,
p-OH-Ph Ph-p-OH

157 158 159

Fig. 46. Diimino and diamino ligands, derived fromp-glucose andx-p-mannose.

meH A
A Ph~™; O"\\‘\‘*"Q

PR~ “COEt PH COEt N N ar
Cat. /
P 1+ NCHCO,E 2 Aree o~ AN
Np /A AN Cu H
P TO.Et PR COEt 160
Scheme 14. Cyclopropanation of styrene. Fig. 47. Chiral pocket formed with coordinated €ymmetrical diamines.

As far as N—-N Carbohydrate derivatives are Concerned, Ond_al‘y_ alcohols .We.re obtained with low or moderate e.e.
chiral diimino and diamino ligands]55, 157 and 159, achieving 50% with isopropanol at 26 [135] (Scheme 1p

a-D-glucose andl56 and 158 derived froma-p-mannose Palladium ~complexes containing N-chelate$6la
(Fig. 46 were obtained by introducing the appropriate (R =H, Me) and 162 (Fig. 4§ (R =H or Me; R
nitrogen functions at C-2 and C-3 of the sugar rings. = 2,3,4,6-tetred-acetylB-p-glucopyranose residugig. 48

The ability of the new chelates to promote the asymmetric have been reported and used in mild hydrogenation of
copper(l)-catalyzed cyclopropanation of styrene has beeno©lefins in water. In these ligands, the N donor atom is di-
assessed and e.e.’s of up to 55% were obtaieHdme 1% rectly linked to a chiral C: for instance, the; Gtom of

The nature of both sugars and the chelates is crucial inthe sugar ring. The ability of the ligands to induce enan-
determining the enantioselectivity of the reaction: Diimines tioselective coordination of prochiral olefins was assessed
and diamines derived from-p-glucose were found to favour by preparing Pd(0) complexes [Pd(N, N-chelate)(olefin)].
different enantiomers. When the activities of diimines de- Hydrophilic complexes were obtained by deprotecting the
rived from different sugars were compared, an analogous hydroxy groups of the sugar residue and used for hydro-
reverse effect was observgtB4]. In the case of diamines ~ genating alkenes in #0. The course of the reaction is
based on glucose, a chiral pocket with §/mmetryl60 is
responsible for promoting the formation of the enantiomer
(S (Fig. 47). A hydrophilic chiral diamine derived from j\ Metal catalyst HOXH , Ao
p-glucosels9 has been used in the Rh(l)-catalyzed asym- R™ "R PrOH. base R™ "R R” "R
metric hydrogenation of acetophenone by using isopropanol ’
and ethanol as hydrogen sourc&clieme 1% The sec- Scheme 15. Hydrogenation of acetophenone.
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10 Ac OAC
AcO /_(t} AcO “N_ OAc
AcO OAc
OAC o OAc
161a R=H 162 AcO

161b R=Me
Fig. 48. N-chelate ligands used in hydrogenation of olefins in water.
strongly influenced by pH, and homogeneous hydrogenationa-p-xylofuranose {67, RoN = morpholino) provided high

of the double bond takes place only under basic conditions. enantioselectivity for aromatic and relatively hindered
An attempt to enantioselectively reduce the double bond of aliphatic aldehydes (benzaldehyde, 90% yield, 96% e.e.

a-ethylacrilonitrile was unsuccessfiil36]. in 1-phenylpropan-1-o0lR)), and 5-deoxy-5-hexahydroaze-
pinyl-1,2-isopropylidenex-p-xylofuranose {68, RoN
2.6. Carbohydrate O,E-ligands (E N, O) = hexahydroazepinyl) was highly effective for unhindered
aliphatic aldehydes (heptanal, 75% yield, 83% e.e. in
2.6.1. N,O-ligands 3-nonanol R)).

Copper(ll) catalysts bearing Schiff-base ligands derived A series of new chiral ligands derived fromfructose
from salicylaldehyde or pyridine-2-carboxaldehyde and nat- were synthesized and also applied in the enantioselective
urally occurring amino-sugard443-166) have been applied addition of diethylzinc to aldehydd439]. Comparison of
to the synthesis of cyclopropane carboxylates by meansthe enantioselectivities obtained with these ligands demon-
of a catalytic asymmetric cyclopropanation of haloalkenes strated that their catalytic properties are highly dependent
(Fig. 49. The reaction, which can lead to four isomeric cy- upon the length of the backbone between the coordinating
clopropane carboxylates described by the 1R and 1S formsnitrogen and oxygen atoms in the ligand&gands having
and which have two geometric isomers eagik 4ndtrans), bigger backbonesl{l, 172) induce higher enantioselec-
gives low to moderate yields and low geometric control and tivity and activity than the ligands with shorter backbones
enantioselectivity. Just in one case, the catalyst formed by (169, 170). In terms of reactivity and enantioselectivity,
pyridine-2-carboxaldehyde and aralloderivative afforded  acetone-protected ligari¥0 (Ry = -CHz and R = H) and
58% of the insecticidally most desirable cis-1R-isomer cyclohexanone-protected ligaridl (R; = —(CH)s—) are
[137]. the best catalysts (96% yield, 82% e.R) &nd 99% yield,

Monosaccharide derived catalysts have also been devel-83% e.e. R) in 1-phenyl-propanol, respectively).
oped for the catalytic enantioselective addition of diethylz-
inc to aldehydesKig. 50 [138]. p-xylose derivativesl67 2.6.2. O and O,0-ligands
and168 were tested as ligands in the addition of diethylzinc ~ Complex174 has proved to be a potent chiral template
to aldehydes. Beoxy-1,20-isopropylidene-5-morpholino-  for enantioselective reactions. Exchange of the Cl-atom for

AOCHj O/\(OJ:OCH:;
)\AQ PO

- N_\
OH R
163a R= 2-hydroxyphenyl 164a R= 2-hydroxyphenyl
163b R= 2-pyridyl 164b R= 2-pyridyl
(0] OCH (@) OCH
HO 3 o/\|/\J.n 3
HO™ N Ph)\o“' N
OH R OH R
165a R= 2-hydroxyphenyl 166a R= 2-hydroxyphenyl
165b R= 2-pyridy! 166b R= 2-pyridyl
K cu,
p— >:571 -~
COOEt COOEt
L= 163-166

Fig. 49. Ligands163-166 for copper catalyzed cyclopropanation of haloalkenes.
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RoN o) RHN o)
HO O)< HO O)T
167 168

0 167 -173 (5 mol%) HO, ,H

)J\ + EtyZn 74

R H rt, toluene R Et

Fig. 50.p-Xylose (167-168) and p-fructose ligands 169-173) for the diethylzinc addition to aldehydes.

allyl [140], ester enolatefl41] or glycine enolate$142] it can be catalytic when activated aldehydes are used

and reaction with aldehydes gives homoallyl alcohols, (Fig. 53.

B-hydroxy-esters, and thrg®-hydroxy-«w-amino acids, Complex 176 is used as a Lewis acifil45] catalyst

respectively, with high enantio- and diastereoselectivity in asymmetric processes such as cycloaddition reactions,

(Fig. 57). Diels—Alder and [2+ 2] cycloaddition reactions, Sharpless
Complex 175, which has a bidentate threitol ligand de- oxidation, sulfoxidation and Baeyer—Villiger oxidations,

rived from RR-(+)-tartaric acid (TADDOL) [143], was and cyclopropanation.

also tested in the same reactioriSg( 52. It was found Chiral(acyloxy)borane (CAB) 177, 178) is also de-

to be a good auxiliary for allyl transfer (for recent ap- rived from tartaric acid and is used above all akeawis

plications seg144]) but less stereoselective in the aldol acid in catalytic asymmetric Diels—Alder cycloaddition re-

reactions than the bis-diacetoneglucose analog. The reacactions. It gives optimal selectivities whensubstituted

tion is more successful on a stoichiometric basis, although «,3-unsaturated aldehydes are used as dienopHit].

OH
RCHO :
@ B AN
c—~cl
cl
OH O
RCHO :
EtsN — R/\)J\Ot-Bu
Et,0
o)
X OH ©
o\ OH RCHO :
0 174 R=Cl ® - N — - R Y TOR
o} Ssit sl NHR
DAGOH O3~ SStSiQ

R'= H, Boc, CHO

Fig. 51. Titanium complex containing two diacetonglucose units.
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OH
RCHO
@ ® = HETY —— R/'\/\
c—~al 95-97% ee

I O-+Bu OH O
ph. 97 4 0 /& RCHO AN
EtzN N R z Ph ® o) e R Ot-Bu
Et,0 Ph P 78% ee at best

O ) Ph
175 R=ClI )\ RCHO
[e
(0) @ = N R OR
~N, S
_Sii Si NHBoc

from R,R-(+)-tartaric acid
R=Et, 81% ee

R=t-Bu, 94% ee

Fig. 52. Titanium complex containing TADDOL as ligand.

Ph, Ph OR O COOH diphospholanes derived fromrmannitol incorporated into
, O ..»‘Lo DUPHOS are highly effective in hydrogenation reactions
o

. N O N . .
/<Oj\/o/“x2 B—H (e.e. >99%) and allows the reaction to be performed in
o orR o7 © water. DIOP related ligands having a methyl substituent

o in the a-position to the P-atoms (derived from mannitol),

176 X=O'Pr, Cl 177 R= Me or a conformationally rigid 1,4-dioxane backbone instead
178 R=i-Pr of the isopropylidene acetal, provide 99% e.e. Interest-

Fig. 53. Ti-TADDOL complexes76) and tartaric acid-borane derivatives ingly, diphosphite ligands derived from-(+)-xylose and

(177-178). D-(+)-glucose provide e.e. >99% e.e., in particular those
structures where a methyl substituent was introduced at
3. Concluding remarks C-5. This result is particularly relevant since only a few cat-

alysts achieve high enantioselectivity in hydroformylation

Carbohydrate derivatives are widely used as ligands for of styrene. Many of these diphosphorus ligands are also
asymmetric transition metal processes. Carbohydrates haveeffective in palladium allylic alkylation.
been functionalized and modified in many ways to behave Although in general less effective that the bidentate phos-
as chiral ligands. From the previous sections it can be phorus ligands, monodentate ligands have been successfully
concluded that the use of carbohydrates derivatives from applied to several reactions, for instance, cross-coupling re-
D-Xylose, b-mannosep-glucose,p-galactoser-rhamnose, action, where a monodentate phoshine provide 99% e.e., or
p-fructose, etc. has increased in the last years leading to ahydrogenation of dimethyl itaconate where monophosphites
considerable number of ligands with a variety of different derived fromp-mannitol provide excellent enantioselectivi-
backbones. Moreover, systematic variation of stereogenicties of up 99%. Monodentate phoshinites are particular use-
centers and the introduction of substituents with different ful in hydrovinylation of olefins where e.e. as high as 90%
electronic and steric properties has enlarged the structuralare obtained. Monodentate phosphoroamidites lead to high
diversity of these ligands. Although carbohydrates occur in e.e. (96%) in hydrogenation reactions. Mixed or hemilabile
only one enantiomeric form, interestingly, in some cases the N-P or N-S ligands are particularly effective for allylic
selection of appropriate combinations of stereogenic centersalkylation where interesting spectroscopic studies have been
in the carbohydrate backbone allows, in the metal catalyzeddeveloped. In other cases, as for hydroformylation reaction,
reaction, to obtain both enantiomers in enantioselective the characterization of intermediates in reaction conditions
way, thus behaving as what it is called pseudo-enantiomers.show that for both P,N- or P,S-ligands, the ligand behave
The degree of enantiocontrol has been shown to depend oras monodentate, coordinated through the P-atom. Nitrogen
the functionalization of the donor atoms and also on the and sulfur ligands, although effective in hydrogenation, al-
sugar chiral backbone. For instance, in the hydrogenationlylic alkylations, cyclopropanation, conjugate addition and
of dehydro aminoacids, itaconic acids and related sush-other reaction provide in general moderate enantioselectiv-
trates, diphosphines, diphosphites and phosphine—phosphitéty. Oxygen ligands derived fromp-fructose induce high
provide high enantioselectivity. Among the array of chiral enantioselectivity in the addition of diethylzinc to alde-
structures with these coordinating functionalities, however, hydes. TADDOL derivatives coordinated to Ti complexes
only some G diphosphines derived fronm-(+4)-xylose have proved to be interesting chiral templates for providing
and p-(+)-glucose give e.e.’s as high as 98%, while C enantio- and diastereoselectivity in several reactions.
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