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Abstract

A series of new chiral dendritic BIPHEP ligands have been prepared and their applications in the Ru-catalyzed asymmetric hydrogenation o
B-ketoesters were investigated. Ruthenium catalysts containing these dendrimer ligands were effective in the hydrogehatimestérs. It was
found that the size of the dendritic wedges influenced the enantioselectivity significantly.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction biaryl core: B-BINAP [5b] by Umera et al., G-TunaPho$5c¢]
by Zhang et al., segph{sd] by Saito et al., synphdée,5g]by

Homogeneous asymmetric catalysis is one of the mostimpoichan's and de Gét's groups, and recently difluorphfsi] by
tant developments in modern chemistry over the past severgbylin et al. and a bridged biphenyl phosphine ligand possess-
decadeqd1]. Binaphthyl or biphenyl and other biaryl groups ing additional chiral centers on the linking unit of the biphenyl
have often been used as chiral scaffolds to produce an eXCeroups[Sj] by Qiu et al. Scheme )L have been specially tar-
lent asymmetric environme(]. Many effectiveC; symmetric  geted because they display a tunable or unusual dihedral angles.
chiral diphosphines such as BINAFa,2d,3Jand more recently  \jost of them have been proven excellent ligands in asymmetric
MeO-BIPHEP[4] have been developed and shown excellenyyqgrogenation reactions. Herein, we report another new strat-
results, especially in the field of ruthenium-mediated asyMagy for designing tunable BIPHEP-type ligands via replacing
metric hydrogenatiofila]. Subtle changes in geometric, steric, the methoxyl substituents at the Bositions of the biphenyl
and/or electronic properties of chiral ligands can lead to drapsckbhone by different generation dendrime3si{eme 2
matic variations of reactivity and enantioselectivity. The dihedral The yse of organometallic dendrimers in homogeneous catal-
angles of the biaryl phosphine ligands have also proven to exeykis is an important frontier of research in recent ydais
very important influence on the catalytic activity and/or enan-gecause of the well-defined molecular architecture of den-
tioselectivity[5]. There are two general strategies for the desigryrimers, it is possible to fine-tune their catalytic properties
and synthesis of new efficient biary phosphine ligands withyrough the systematic adjustment of their structure, size, shape,
unusual stereoelectronic profiles, i.e. different dihedral anglegyq solubility[8]. Recently, we have developed two types of
Thefirststrategy is to replace the phenyl phosphorus substituengira| dendritic ligands for asymmetric catalysis through the
by bulkier aromatics, such asTol-BINAP [6], DTBM-segphos  jncorporation of BINAP[9] and BINOL [10] into the core of
[5d]. The second strategy focuses on the steric design of th@ye Fechet-type dendrimers, respectively. In both cases, it was

found that the size of the dendritic wedges influenced the reac-

mponding authors. Tel.: +86 10 62554472: fax: +86 10 62554449, tivity and/qr the enantiosglectivity of the depdritic catglysts. As

E-mail addresses: fangh@iccas.ac.cn (Q.-H. Fan), zgshuai@iccas.ac.cn an extension of our previous study on chiral dendrimer cata-
(Z.-G. Shuai). lysts [9-11], we herein report the synthesis of chiral dendritic
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Scheme 1. Some atropoisomeric diphosphine ligands.

BIPHEP ligands and their application in the Ru-catalyzed asymExcept as specified, commercial reagents were used as received
metric hydrogenation gi-ketoesters. It was found that the size without further purification. §)-(6,6-dihydroxybiphenyl-2,2
of the dendritic wedges influenced the enantioselectivity signifdiyl)-bis(diphenylphosphin€®was synthesized according to the

icantly. published methogbc].
NMR spectra were recorded on a BRUKER Model
2. Experimental AVDANCE DPX 300 spectrometer (300 MHH and 122 MHz
31p) using tetramethylsilane f8H as an internal standard, 85%
2.1. General remarks of H3POy in D,O for 31P as an external standard. All signals

are reported in ppm unit. MALDI-TOF-MS were recorded on a

Allexperiments were carried out under a nitrogen atmOSpherEruker Biflex spectrometer with-cyano-4-hydroxycinnamic

g?g\tlj:;)nogxstandard Schlenk-type techniques, or performing in &cid (CCA) as a matrix. Elemental analysis was performed

with a Carlo Erba 1106 Elemental Analyzer. Optical rotations
were measured with AA-10R automatic polarimeter. For high-
pressure hydrogenation, 50 ml stainless autoclave equipped with

All solvents were dried using standard, published metha glass liner was used. The ee values were determined by GC
ods and were distilled under nitrogen atmosphere before usésing a WARIAN CP 7502 chiral column (30 ;0.25 mm).

2.2. Materials and equipment

2.3. Synthesis of (R)-(6,6'-dihydroxybiphenyl-2,2'-diyl)-
bis(diphenylphosphine oxide) (R)-3

To a cool solution of §)-2 (1.0g, 1.7 mmol) in methanol
(20 ml) was added 0.2 ml of hydrogen peroxide (35% aqueous
solution). The reaction mixture was stirred for 2 h at room tem-
perature. After completion of the reaction indicated by TLC,

\ O the reaction mixture was poured into 50 ml water to precipi-
0 PPh; tate the productR)-3 as a white solid (0.95g, yield 95%)H
NMR (300 MHz, CDC}): 8 7.59-7.53 (m, 4H), 7.47-6.80 (m,
@] PPh, 22H), 6.75-6.60 (m, 2H), 3.38 (s, br, 2H); HRMS calculated for
Y D/ CaeH2804P> 586.1463, found 587.1528 [M +1]
2.4. General procedure for the synthesis of the dendritic

BIPHEP oxides (R)-6 and (R)-5a—5¢

1(n=1-3) A mixture of (R)-3 (0.34 mmol, 1.0 equiv), benzyl bromide
(0.85 mmol, 2.5 equiv), KCO3 (14.3 mmol, 42 equiv) in acetone

(20 ml) was stirred at refluxing temperature for 48 h. After most
Scheme 2. Structure of dendritie)¢BIPHEP. of the acetone was removed under reduced pressure, the residue

Dendritic (R)-BIPHEP
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was partitioned between water and £%p, and the aqueous

layer was extracted twice with Gi&1,. The combined organic
layer was washed by brine and dried over anhydrousSKg.
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Compound R)-1b: prepared according to the above proce-
dure except thatR)-5b:NBu3:NEt3:HSiClz = 1:5:60:50 (M/M)
and the reaction time was 48 h to give){lb as a white solid

The solvent was removed and the crude product was furthg®0% yield). mp = 83-84C; [«]p?°= —13.0 ¢ 2.0, CHC}). H

purified by flash chromatography on silica gel to gi®-6¢ as
a white solid (yield 50%). mp=123-12€; [«]p??=+44.8 ¢
4.6, CHCly); *H NMR (300 MHz, CDCb): & 7.61-7.48 (m,
8H), 7.36—7.06 (m, 20H), 6.96-6.82 (m, 6H), 6.68/d,7.2 Hz,
2H), 4.74-4.37 (m, 4H); HRMS calculated forsE4004P2
766.2402, found 767.2472 [M +1]

Compound R)-5a: a white solid, 55% yield. mp = 94-9%;
[a]p??=+24.9 ¢ 1.8, CH:Cl,); TH NMR (300 MHz, CDC}):

NMR (300 MHz, CDC§): & 7.37-6.87 (m, 64H), 6.66—6.11
(m, 20H), 4.89 (s, 16H), 4.53-4.21 (m, 12H'P NMR
(162 MHz, CDC}): 8 —13.22; MALDI-TOF Ms calculated for
C134H112014P> 2006.7, found 2008.5 [M + 1] Elemental anal-
ysis calculated (%) for €34H112014P>: C 80.14, H 5.62, found:
C 80.59, H 5.64.

Compound g)-1c: prepared according to the above general
procedure except thak)-5¢:NBus:NEt3:HSICl3 = 1:60:60:100

8 7.49-6.70 (m, 46H), 6.41-5.87 (m, 6H), 4.64-4.37 (m,(M/M) and the reaction time was 96 h to givR){1c as a white

12H); MALDI-TOF Ms calculated for @gHgsOsP> 1190.4,

solid (90% yield). mp =81-83C; [a]p?° = +5.6 (£ 2.0, CHC}).

found 1191.8 [M +1]. Elemental analysis calculated (%) for H NMR (300 MHz, CDC}): 8 7.36—6.89 (m, 104H), 6.68—6.11

C78Hp40gP2: C 78.64, H 5.42, found: C 79.12, H 5.41.
CompoundRg)-5b: a white foam, 60% yield. mp =91-9Z;
[a]p?2=+14.4 ¢ 1.4, CHCly); 'H NMR (300 MHz, CDCb): &

(m, 44H), 4.90-4.70 (m, 48H), 4.48-4.16 (m, 12EdP NMR
(162 MHz, CDC}): 8 —13.40; MALDI-TOF Ms calculated for
Co46H208030P2 3703.4, found 3706.5 [M + 1] Elemental anal-

7.63—-7.40 (m, 8H), 7.38-7.10 (m, 54H), 6.95-6.80 (m, 4H),ysis calculated (%) for &sH208030P2: C 79.72, H 5.66, found:
6.54-6.13 (m, 18H), 4.97-4.47 (m, 28H); MALDI-TOF Ms C 79.56, H 5.55.

calculated for GagH112016P2 2038.7, found 2039.9 [M + 1]
Elemental analysis calculated (%) for4zH112016P2: C 78.88,
H 5.53, found: C 78.74, H 5.70.

Compound R)-5¢: a white foam, 60% yield. mp = 84—-8&;
[a]p?2=+7.2 € 5.0, CHClp); 'H NMR (300 MHz, CDC}):

2.6. General procedure for the asymmetric hydrogenation
of B-ketoesters

Preparation of Ru(BIPHEP)-type catalyjd®#]: To a 5-ml

d 7.60-7.00 (m, 106H), 6.80-6.19 (m, 42H), 4.91-4.40 (mSchlenk tube were added [Ru(benzeng)£(5 mg, 0.01 mmol)

60H); MALDI-TOF Ms calculated for G4gH208032P> 3735.4,

and the dendritic BIPHEP (0.022 mmol). The tube was purged

found 3736.7 [M +1]. Elemental analysis calculated (%) for with Ny three times before addition of freshly distilled and

C246H208032P>: C 79.04, H 5.61, found: C 78.91, H 5.40.

2.5. General procedure for the synthesis of the dendritic
BIPHEP ligand (R)-7 and (R)-1a—Ic

A mixture of (R)-6 (0.65 mmol, 1 equiv)z-BuzN (2 mmol, 3
equiv), NEg (23 mmol, 35 equiv), HSiGI(20 mmol, 30 equiv)

degassed DMF (1 ml). The resulting mixture was heated at
100°C for 10 min. After the mixture was cooled to 3G, the
solvent was removed under vaccum to give the catalysts.
Asymmetric hydrogenation: A 10-ml glass-lined stainless
autoclave with a magnetic stirring bar was charged with
2.4 mmol of substrate, 0.012 mmol the dendritic Ru(BIPHEP)
catalyst and 2 ml of CpCly/ethanol (1:1, v/v) solvent. The auto-

and freshly distilled toluene (80 ml) was stirred at refluxing clave was closed and pressurized with hydrogen to 40 atm. The
temperature for 24 h under nitrogen atmosphere. After coolingnixture was stirred for 24 h at 6@. The autoclave was then
to room temperature, 30% aqueous NaOH (100 ml) was addezboled to room temperature and the Was carefully released.
carefully to the mixture and the suspension was further stirred &he solvent was removed and most of the dendritic catalyst was
60—70°C for 30 min. The organic layer was separated, washegrecipitated by addition of methanol. The residue was passed
with water, dried over Ng5Oy, and concentrated under reduced through a short silica gel column and concentrated to dryness to
pressure. The residue was further purified by flash column chragive the products.
matography on silica gel to giveR}-7 as a white solid (76%
yield). mp=177-178C; [«]p?°=—-23.0 ¢ 2.0, CHCB); H
NMR (300 MHz, CDC}): 8 7.28-6.55 (m, 36H), 4.42—4.65 (m,
4H); 3P NMR (162 MHz, CDC}): 3 —13.19; HRMS calculated We chose MeO-BIPHEP as the starting compound to make
for CsgH002P> 734.2504, found 735.2564 [M +1] the dendritic BIPHEP ligandg (1a—1c¢) (Scheme R Enan-
Compound R)-1a: prepared according to the above proce-tiomerically pure MeO-BIPHEP was prepared according to the
dure except thatR)-5a:NBu3:NEt3:HSIiCl3 =1:5:50:45 (M/M)  published procedurepl] and demethylated to provide HO-

3. Results and discussions

and the reaction time was 48 h to givg){la as a white solid
(84% vyield). mp=83-85C; [a]p2°=—37.4 ¢ 2.0, CHC}).
IH NMR (300 MHz, CDC}): & 7.31-7.07 (m, 38H), 6.96 (t,

BIPHEP 2 in high yield [5c]. Frechet's polyether dendrork
were chosen as the building blocks due to their inertness to cat-
alytic reaction[12]. However, the direct coupling reaction f

J=7.37Hz, 4H), 6.78-6.75 (m, 4H), 6.40 (s, 2H), 6.26 (s,with dendronst in the presence of excess anhydroy€Ks in

4H), 4.66-4.29 (m, 12H)3P NMR (162 MHz, CDC}): &
—13.19. MALDI-TOF Ms calculated for ¢gHg4OsP> 1158.4,

acetone failed due to the competitive alkylation of diphenylphos-
phine groups2 was then oxidized by reacting with hydrogen

found 1159.7 [M +1]. Elemental analysis calculated (%) for peroxide to give phosphine oxiden high yield. The coupling

C78He406P2: C 80.81, H 5.56, found: C 80.52, H 5.58.

of 3 with 4 was successfully carried out using acetone as the
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Scheme 3. Synthesis of dendritic BIPHERagents and conditions: () HpO, (35%), CHOH, 2h at r.t.; (b4, K,CO;s, acetone, reflux; (c) NBtNBus, HSiCls,
toluene, reflux; (d) Benzyl bromide,ACOs, acetone, reflux.

solvent and anhydrousJCQOs as the base, giving the dendritic respectively. These results clearly demonstrated the formation
BIPHEP dioxideSa (n=1),5b (n=2) and5c (n=3) in moder-  of monodispersed dendritic BIPHEP.
ate yields. Reduction of the phosphine oxides were performed In order to evaluate the catalytic efficiency of these new
with a mixture of toluene/NEB{HSICl; to affordla—1¢in 84,90  dendritic ligands and the influence of the dendritic wedges
and 90% yields, respectively. In the case of higher generationn the enantioselectivity of a given reaction, the well-studied
dendrimerse, large excess of amines and HSCand longer asymmetric hydrogenation @-ketoesters was selected as the
reaction time were required in order to achieve complete constandard reactions. This choice is due to the following fac-
version. For comparison, a model compound of small moletule tors: (1) Ru—-MeO-BIPHEP type complexes are excellent cata-
was also synthesized using the same method as described abdysts for this asymmetric transformati¢h3]; (2) The dihedral
It was noted that the high generation dendritic ligankdsgnd  angles of several kinds of biaryl diphosphine ligands have been
1c) gave higher yields as compared with the model ligdnd proven to influence the catalytic activity and/or enantioselec-
This could be ascribed to the dendritic wedges, which facil4ivity of this type reactiong5]. The Ru-catalyst was prepared
itate the separation of the reduced product from the reactiohy mixing [Ru(benzene)@], and the proper dendrimer lig-
mixtures. and in situ in hot DMF[14]. All complexes were tested for
These dendritic BIPHEP ligands were characterizedHty the catalytic asymmetric hydrogenation of various ketoesters.
31p NMR and mass spectra as well as elemental analyses. fk CH,Clo—ethanol mixture was chosen as the solvent because
the 3P NMR spectra, all dendrimer ligands gave very simi-the dendritic catalysts are insoluble in neat ethanol. The reac-
lar chemical shifts, which were in close agreement to that ofion was carried out under 40 atm of kressure at 60C for
MeO-BIPHEP. The structures dfwere further confirmed by 24 h. For comparison, the model ligafidvas performed under
MS spectra analyses. The MALDI TOF MS spectralaf 1b  the same reaction conditions. The experimental results were
andlc showed the [M + 1] ions as 1159.7, 2008.5 and 3706.5, summarized inTable 1 While all dendritic catalysts showed
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Table 1 Table 2

Asymmetric hydrogenation @-ketoester catalyzed by dendritic Ru(BIPHEP) Calculated dihedral angles of chiral diphosphine ligands

catalyst8 -

0o 10) - OH O Ligand ®)-7 (R)-1a (R)-1b (R)-1c
M Dendritic RuBIPHEP). H, Dihedral angle ) 88.6 94.2 95.4 116.2

R OR? CHClL/CH50H(1:1) R« OR?

Entry Substrate Ligand ee (%)  previously demonstrated that the atropoisomeric biaryl phos-
1 Rl =Ph, B=CHs (R)-7 93.1 phine ligands with narrow dihedral angles usually gave high
2 R'=Ph, R=CH (R)-1a 92.0 enantioselectivity in the Ru-catalyzed asymmetric hydrogena-
3 R=Ph, R =CHy (R)-1b 86.6 tion of B-ketoestef5]. Therefore, the decrease in enantioselec-
4 R!=Ph, R=CHs (R)-1c 91.3 tivity with i d f fthe dendri talvst Id
5 Rl = p-CHsO-Ph, R = CHs (R)-7 84.9 ivity with increased generation of the dendrimer catalyst cou
6 RL=p-CH30-Ph, R =CHs (R)-1a 81.1 be ascribed to the large dihedral angles.

7 R!=p-CH30-Ph, R=CH; (R)-1b 77.9
8 R!=p-CH30-Ph, R =CHjs (R)-1c 79.6 4. Conclusions
9 R!=p-Cl-Ph, R=CH; (R)-7 88.0

10 R =p-CI-Ph, R=CH R)-1 85.0 . . . . . . .

1 RIZZ_CHDh’ R?:CHz ER;_IE 80.1 In conclusion, a series of dendritic chiral diphosphines with

12 Rl =p-Cl-Ph, B =CHs (R)-1c 80.9 tunable dihedral angles have been synthesized for the first time

13 Rb=CH;, R*=C(CH)3 (R)-7 98.2 and used for Ru-catalyzed asymmetric hydrogenatio-of

14 R'=CHg, R?=C(CH)s (R)-1a 94.1 ketoesters. These dendritic catalysts exhibit very good catalytic

15 R =CHs, R?=C(CH)s (R)-1b 89.1 tivities while th tioselectivities changed dramaticall

16 RL= CHy, R2= C(CHo)s (R)-1c 884 activities while the enantioselectivities changed dramatically.

17 Rl =R2=CHs (R)-7 94.1 This result demonstrates that the dihedral angles of BIPHEP-

18 Rl=R2=CH; (R)-1a 94.1 type diphosphine ligands can be fine-tuned through the sys-

19 RI=R?=CH; (R)-1b 88.0 tematic adjustment of the size of the dendritic wedges, which

20 R=R?=CHs (R)-1c 88.5 consequently influence the stereoselectivity of the catalytic reac-

a Reactions were carried out at 60 using 2.4 mmol of substrate in 2ml
CyHsOH/CH,CI, (1/1, viv); substrate:catalyst=200:1 (M/M); 2 40 atm;
100% conversion were obtained in 24 h.

b ee Values were determined by GC with a chiral column.

similar reactivity, the enantioselectivity varied dramatically with

tion. Future work on applications of these dendritic ligands
will focus on achieving other transition metal-catalyzed enan-
tioselective reactions where large dihedral angles are needed
[17].
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