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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

bro th& burenti and Maurice Santelli* 

ESA au CNRS no 6009, Centre de St-Jkrdme, 13397Marseille Cedex 20, FRANCE 

INTRODUCTION 
The synthesis and use of functional phosphine ligands is a continuing central theme in mole- 

cular chemistry with important implications in homogeneous catalysis, in particular for the discovery 
of highly selective catalytic reactions. For example, asymmetric catalysis by transition metal 
complexes with chelating bisphosphines has provided practical syntheses of many enantiomerically 
pure substances. The commonly used ligands are 1,2-, 1.3- and 1,4-bisphosphines which lead to 
chelates of five- six- and seven-membered rings. 

The principal method for introducing the diphenylphosphino group is based on the reaction 
of an alkyl sulfonate with an alkali diphenylphosphide. This substitution occurs with complete inver- 
sion of stereochertiscry.' Lithium diphenylphosphide is often obtained by reductive cleavage of triph- 
enylphosphine with lithium. Bosnich has proposed to decompose the phenyllithium by the addition of 
rert-butyl chloride? 

(1) 

Other methods involve the action of n-butyllithium on diphenylphosphine,3 or the lithium 
metal on P-chlorodiphenylphosphine! Some authors, following Kagan and Dang? used sodium 
diphenylphosphide. 

25 + 55" t-BUCI 
PhjP + 2Li - Ph2PLi + PhLi - Ph2PLi 

THF 25 + 65" 

(2) 
-90" 

Ph2PH + n-BuLi - PhzPLi 
THF 

Ph2PCl + 2Li - PhzPLi + LlCl 
THF (3) 

PhlPNa + NaCi (4) 

The use of the phosphine-borane complexes has been widely developed recently: An effi- 
cient procedure entails sequential reaction of a tosylate with the diarylphosphine-borane anion 
followed by BH, decomplexation mediated by HBF,-OMe, or E$NH.'v8 It is a little-known fact that 
the BH, group in phosphine-boranes has, for much discussed but still unclear reasons, lost its hydride 
activity to such an extent that it is even stable towards acids, bases9 and even oxidizing reagents.'O 

100" 
Dioxane 

Ph2PCl + 2Na 
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LAURENTI AND SANTELLI 

Optically active phosphines'l have been used as ligands in transition metal complexes having 
good catalytic properties such as for the asymmetric hydrogenation with Ru or Rh complexes, for 
example. The preparation of such chelating phosphanesI* can result from the surprisingly facile resolu- 
tion of the corresponding phosphine oxides with an ethanolic solution of L-(-)- or D-(+)-0,O-diben- 
zoyl-tartaric acid (DBT). The less soluble diastereoisomer is then treated with KOH to remove DBT.I3 

I. SYNTHESIS OF bk(DIPHENYLPH0SPHINE) LIGANDS 

1. Synthesis of 1,2-bis(Diphenylphosphino)ethanes 
a. 1,2-bis(Diphenylphosphino)ethanes 
Bubbling acetylene into a solution of lithium diphenylphosphide leads to 1 ,Zbis(diphenyl- 

phosphino)ethane (diphos).I4 

2 Ph2PLi + H-C=C-H - P h 2 p ~ p p h 2  Ph2PuPPh2 ( 5 )  
THF Li Li diphos 

Cyclopropanation of trans- 1,2-bis(diphenylphosphinoyI)ethylene gives rise to trans- 1 ,2-bis- 
(dipheny1phosphino)cyclopropane after reduction with trichlorosilane. l5 

Me&) I(-), 0 QSiH, 
NaH, DMSO PhzP" Et3N, toluene PhzP 

0 

L (6) 

(64%) 
ph2p% p 2  b P P h ,  b P P h 2  

Some diphenylphosphino derivatives of dicarboxylic acids can be obtained by the aid of 
0 d' (*), (87%) 

diphenyl(trimethylsily1)phosphine. 16*17 

Meo2cHco2Me (7) 
1. Na, BuzO Meo2cHco2Me CI CI 

PhzPCl L PhzPSlMe3 
2. Me3SiCI Ph2P PPh2 

(20-50%) 

0 x=o, 80-90% 
P h 2 P , , f o  X = S. 70-80%. Et20 

x=CH2, 85%, ' (8) 
X = NMe. 80%. J4( + 2Me3SiC1 1 

"Q + 2MejSiPPhz - 
CI Ph2P 

0 0 < = NPh,' 85% 

b. P-Chiral1,2-bis(Diarylphosphino)ethanes 
The (R,R)-l,2-ethanediylbis[(o-methoxyphenyl)phenylphosphine [(R,R)-DIPAMP] was 

prepared from the (I?,)-menthyl methylphenylphosphinate.18 The phosphine oxide was reduced with 
inversion at the phosphorus center. 
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SYNTHESIS OF POLYPODAL DIF'HENYLPHOSPHINE LIGANDS. A REVIEW 

1. SOCl2 0 0 - Ph--P-OMent + Ph-P-OMent 
0 

Ph-P-OH 
l e  2. (-)-menthol, he Me 

(i) Et3N (SP) 

Me0 

he  

(SP) (R) Me0 

(65%) (R,R), (91%) 

Jug6 and Genet have proposed a general method for the asymmetric synthesis of phosphines 
involving the formation of oxazaphospholidine complexes from (-)-ephedrine.I9 

Ph, ,Me Me MeLi. THF 
HO ,Ph 

1. A, toluene 
PhP(NEtd2 + ].Me H3B' .p\N&Ph 

M i  OH (80%) 
HC 

Me 

(10) 
H3B, P h  Ph, R - H(+), MeOH Me RLi* Me\ S-BuLi, THF 

~ ~ o - p ? P h  ?!% PhLp-R 
H3B' -) cuc1* 

BH3 
>98% ee ph' BH3 

R = o-Anisyl: Dipamp; R = PNaphthyl 

The JugC-Genet route has been used for the preparation of (Rp)-(2-methoxypheny1)-P- 
phenyl-P-(2'-diphenyIphosphino)ethylphosphine?o 

1" Ph2PLi, LiCl p h 2 7 z T . N h P h  Ha 
2" H3B-SMe2 

H3? h P h  
MeOH Phl OH 

,Ph 7 
Li b b N  

Phl OH BH3 

(11) 
(96%) (89%) 

I 

H3B OMe ph OMe 
HNEt2 H3? 

PhZY-FPh THF Li P h 2 7 - P b  - P h z P - P b  
BH3 Ph ' / OMe 

BH3 
(80%) (44%) (68%) 

A special case was the following macrocyclic 1,2-diphosphine ligand incorporating a 
binaphthyl unit. The relative configuration of the two Ph groups attached to the P-atoms was postu- 
lated to be c k 2 '  
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LAURENTl AND SANTELLI 

I. t-BuOK - CICH2C02Et, 
OH THF 

2. LiAIH4, Et20 
3. TsCI - pyridine 

- 

(71%) 
Ph 

Ch "n -nBuLi, 

HP / THF 
I 
Ph 

c 

(12) 

c. Optically Active 1,2-bis(Diphenylphosphino)ethanes 
The chiral ligand (R)- 1,2-bis(diphenylphosphino)propane, (R)-prophos, has been prepared 

by Fryzuk and Bosnich from (3-lactic acid.22 

(13) 
H Ph2PLi - TsCI H 

MeH. 
HO HO hOH pyridine TsO OTs Ph2P PPh2 

(S)-(+)-lactic acid (R)-(+)-prophos 

Similarly, the (R)- 1,2-bis(diphenylphosphino)phenyIethane has been synthesized from (S)- 

mandelic acid.23 

Ph{.OH 1. LiAIH4, THF * Ph.f.1: Ph3P - Li, THF - Phf PPh2 

2. MsCI, pyridine 
CO2H PPh2 

(S)-(+)-mandelic acid (61 %) (R), (87%) 

Concerning the preparation of (2S,3S)-bis(diphenylphosphino)butane, (S,S)-chiraphos, 
Bosnich and co-workers observed that tosylation of (2R,3R)-butanediol proceeds quantitatively but 
that substitution by lithium diphenylphosphide occurred in low yield.2 

lPPh2 (15) 
1. TsCI, pyridine 

H PPh2 (S,S)-chiraphos (20 - 30%) 
1; 2. Ph3P - Li. TH? 

H 

(S,S)-Chiraphos was obtained by Feringa and his group from y-mentho~ybutenolide.~ 

1. LiAIH4 

TsCI, pyridine - !f~~~ (16) 
3. LIAIH4 

H 
2. PhZPCI 

(92%) (35%) 

Sulfonation of chiraphos affords a mixture of sulfonated chiraphos which are water-soluble 
chiral diphosphine and have been widely used for numerous transition metal mediated process carried 
out in water.24 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

The chiral bisphosphine, (2R,3S)-1,2-bis(diphenylphosphino)-3-r-Boc-aminobut~e, was 
prepared from L-thre0nine.2~ 

1. MsCl - EtN-CPr2. Kzco3, 
A C O z H  ~ &cozt'Jle CHzCh? 

L-threonine (65%) 

&OH - acetonitrile 

(18) 
BocN. 2. NaBH4. EtOH BOCN. 

NHZ H H 

1. MsCl - Et3N, H. 
Boc CHzCIz NBOC 

2. Ph2PNa, THF * /\/\PPh, 
&OH (S,S) (61%) PhzP (R,S) (43%) 

A straightforward procedure for the synthesis of (S)-bis(diphenylphosphino)butan-4-01 from 
L-ascorbic acid has been described! 

HO 

H O L ;  'AcCI '"" 
HO 

Aho 2. Etl, CH3CN ' pyridine 
O i O H  2. LiCI. DMF 

H -  
HO OH (85%) CozEt (85%) +-I 1. H2 - P: k3 - 1. NaH - BnBr, 1. TsCI, 

2. PhzPLi, 

Et3N THF B n O v O H  pyridine. 

THF MeOH - H20 THF 

- 
cI 2. LiAIH4. 2. AcOH, OH 

EtOzC (76%) Ho (61%) (78%) 

1. HzOz, 0 HSiCI3, 
B n O w  pphz MeOH - acetone H O w b p h z  E L  H o w p p h z  

(76%) (80%) 

I - 
8 I 

PPhz 2. HZ - Pd, EtOH O+PPhz PPhz 

d. Optically Active 1,2-bis(Diphenylphosphino)cycloalkanes 
(-)-trans-2,3-bis(Diphenylphosphino)- 1 -methyl- 1 -cyclopropanecarboxylic acid was 

obtained by cyclopropanation of trans-l,2-bi~(diphenylphosphinyl)ethene.~ 

0 T -  LDA, P h z P p  

Phzp+ + Cl-( 

(4 A, PPh2 C0,-t-Bu 
COrt-BU 0 

(81%) 

I? ?\ TsOH. 
PhH PhH 

phzpkpphz  COyt-BIJ 

- 
(D-(+)-DBT), 
EtOH 

(-)-A*(+)-DBT 
precipitate 

(+)-A or (-)-A (+) or (-), (97%) (+)or (-), (71%) 

25 1 
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LAURENTI AND SANTELLI 

The ethanol complex of the coordinatoclathrate A undergoes an absolute asymmetric di-rc- 
methane photorearrangement giving rise to the dibenzosemibullvalene B.27 

1. Ethanol 
+ chiral crystal 

3. HSiC13, 

0 
Ph 

O*p'-ph 

Ph PhH 
Ph 

(*)-A, (80-90%) 8, (84%), 89% ee 

The trans- 1,2-bis(diphenyIphosphino)cyclobutane was prepared via an intramolecular 
oxidative cyclization mediated by copper salts.28 

0 0 
n-BuLi, THF 0 

- dPh2 .+ P h 2 P v b p h 2  CI 

i G{Phz 0 C13SiH8 PhH 

0 0 + CUCl - CuCI* 
P h z P w b p h 2  

PPhz 

(*)A, (37%) (28%) (22) 

- dPPh2 - (-)-A.(-)-DBT j 
(L-(-)-DBT), precipitate ; PPh2 
EtOH PPhz 

::;:I::: 
(*) A 

(-)-A (+), (100%) 

Heating of white phosphorus, PCI,, and cyclopentene gives cyclopentane derivative A. 
trans- 1,2-bis(Diphenylphosphino)cyclopentane forms an adduct with NiBr, which crystallizes as a 
conglomerate, and the pure enantiomers may be separated by ha11d.2~ a;;;; NiBr2, EtOH 

~ - (j ci3p-p_ PhMgBr,THF 

(23) 
(*)-A, (1 5%) (*), (77%) 

.PPhz ,PPhz 
PhZ 

spontaneous 
a p \ N i B r 2  resolution upon + (-)-(R, R) or (+)-(s. s) - 

p' crystallisation NaCN Or 
Phz 

(+)-(R, R) (-)-(Sv S )  

Norphos is a chelating chiral diphosphine prepared by Brunner and co-workers which gave 
excellent results in asymmetric hydrogenation." 

0 
PhzP Q +  \=\ - 

PPh2 
0 

+lPhz CI3SiH - Et3N 

O+PPh2 

(-)-NorphosO 

* (-)-NorphosO(-)-DBT 

bPPh2 
PPh2 

(-)-Norphos, (75%) 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVLEW 

(+)-MeNorphosO has been resolved into its optically pure components by (-)-DBT.30 

* (-).(-)-DBT 

0 

L-(-)-DBT, EtOH precipitate 
OPPh2 

(25) 
0 

(*), (85%) 

CkSiH, PhH *PPh2 - 
I 

o~PPh2 
(-)-isomer 

From (-)-norphos dioxide, Kagan and his group, obtained 6-endo-hydroxy norpho~.~' 

+jph2 Hg(OAc)z,THF - H20 &!? pph2 CI3SiH - EtBN 

* * hPph2 (26) + NaBH4, OH(-) 

O+PPh2 Ho O+PPh2 Ho PPh2 

(95%) (50%) 

Two chiral 1,2-diphosphines were prepared by Diels-Alder reaction between 1,2-bis- 
(dipheny1phosphino)ethylene disulfide and chiral dienes (-)-a-~hellandrene~~ or n~padiene.~~ 

(-)-a-phellandrene (25%) Phellanphos, (80%) 

nopadiene (40%) Nopaphos, (70%) 

e. Optically Active 1,2-bis(Diphenylphosphino)heterocycloalkanes 
The (R,R)-3,4-bis(diphenylphosphino)pyrrolidine was prepared from tartaric acid." 
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LAURENTI AND SANTELLI 

NaBH4 - BFyOEt2, - N-CH2Ph diglyrne - " X N - C H l p h  
CO2H :!::?' H O q 0  

HO' HO' 
(73%) (86%) 

11'C02H 

Ph2PH - Na, php, 

CH2C12 D X N - C H z P h  dioxane - D - C H Z P h  
MsO MsCI - Et3N. 

MsO' PhZP 
, (87%) (76%) 

H2 - Pd, 
AcOH - MeOH 1 

- 
(93%) (80%) 

2. Synthesis of lJ-bh(Diphenylphosphino)propanes 
a. 1,3-bis(Diphenylphosphino)propanes 
The 1,8-his(diphenylphosphino)naphthalene, a rigid chelating diphosphine analogue of 

proton sponge, has been prepared from 1.8-dibromo- or 1 -br~monaphthalene.~~*~~ 

Li, Et20 

(30) 
+ Ph2PCI 

(82%) 

n-BuLi. Et20 
-tn-BuLi-TMEDA, THF 

D 

+ PhZPCI, THF 
(65%) 

Some amino-containing 1,3-diphosphines were ~ r e p a r e d . ~ ~ - ~ *  

PPh3. THF 
+PhzPLi H20 $:phz 

H2N (51%) 

OMS - PPhz - (32) 
Ph,P=N 

H 2 0  - THF 

3. MsCI - Et3N, 
TsO 

1. LiAIH4. dioxane - 2. SOC12, C13CH Ph2phN/ (33) 
EtOzC 

\ 

\ 
EtOzC &d 3. PhzPLi - t-BuOK, TH; PhZP 

(33%) 
\ EtOzC 

(70%) 

b. Optically Active I ,  3-bis(Diphenylphosphino)propanes 
The (R)- 1,3-bis(diphenylphosphino)butane, (R)-chairphos, was frrst prepared by Kagan and 

his group from (S)-3-hydro~ybutyrate.~~ 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

\OH 2. Ph2PCI - Li. THF L p p h z  \ 
COzEt 

(34) 

(60%) (R)chairphos, (61%) 

The opposite enantiomer was obtained by Bosnich and co-workers from L-(-)-malic acid.'"' 

I l.Hz-Pd,C. 
EtjN. Et20 

1. CH2=O, PhH 
2. MsCl - Et3N. CH2CI2 

OH 3. KI, DMF - 2. H(*)- H20 k) 3. MsCl - E t i .  
CYCh (35) 

* fOH (51%) (65%) 

Hozc)-o~ 1. MeOH - H(+) 

2. LiAIH4, Et20 

L-(-)-rnalic acid 
COzH 

OMS Ph3P - Li, THF -PPhZ 

LOMs 
(68%) 

LPPh2 
(S)-chairphos. (70%) 

The 2,4-bis(diphenylphosphino)pentane or BDPP (or "Skewphos") is able to form a six- 
membered chelate ring with a metal. Two synthetic procedures have been described by Bosnich and 
co-workers'"' and Bakos and his group.'" 

)- -OSOzR* 
) -OH 1. d-camphorsulfonyl 

chloride, pyridine 

-PPhz 

- CPPhZ OSOzR' Ph3P - Li. THF 

-OSOzR* 

(RR) ( S S ) ,  (40%) 

1. TsCI, pyridine 
2. PhzPK(Na). 

toluene 

H2 - Raney Ni - 
(S, S)-tartaric acid 
-NaBr I THF 

r 
- p z  (37) 

-PPhz 

(40%) 

- t:: 
F o  (S,S), 97% ee, (44%) 

Optically active 1,3-diphosphines have been obtained via Sharpless epoxidation!2 

f-BuOOH - Ti(O-i-Pr)4 1. TsCI, 
- diethyl tartrate, CH2C12 pyridine 

* 
2. PhzPLi, THF 

R&OH - R ~ O H  

(38) R = Ph, 93% e.e. (55%); R = CPr, 95% e.e. (75%) 

OH 
P h A P P h Z  or S P P h Z  + G P P h Z  

PPhz PPhz OH 
(65%) 2.5: 1 

The ( 1 R,2R)- 1 -diphenylphosphino-2-(diphenylphosphinomethyl)cyclopentane [(R,R)- 
PPCP], which was designed to form favorable skew conformation of the six-membered chelate with 
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LAURENTI AND SANTELLI 

rhodium, has been prepared from Dieckmann e~ter .4~  
Hz, Ru- (S)-BINAP, LiAIH4, TsCI. 

pyridine - 
C02Et T5 & OH -& (99%) 

CHzCIz 
COzEt 

(80%) 

- G P P h 2  

(65%) (R,R)-PPCP (43%) 

(39) 

The (S,R)-PPCP can be prepared from (R,R)-2-hydroxymethylcyclopentanol (yields not 
given).44 

Ph3P - (EtOzCN=)z - OCOPH 5% NaOH - H20. 

- &OH 

MeOH 

OCOPh 

PhC02H 

* G P P h 2  (S, R)-PPCP 

TsCI, pyridine 

01s 

(2R,3S)-2-diphenylphosphinomethyl-3-diphenylphosphinotetrahydropyran has been 
prepared from D-gala~tose.~~ 

Ph3P - Li, 

Ms&o go - (41) 
(64%) 

PhzPJ” 

MSO OMS THF 
OMS 

D-galactose 

The l,6-anhydro-2,4-dideoxy-2,4-bis(diphenylphosphino)-~-D-glucopyr~ose was obtained 
from I ,6-anhydro-P-D-glucopyranose ( levoglucosan).46 

PbPH. AIMe3, 
@ ,;FPH.Bu, 0 6” TsCl 0 @ (42) 

OH 01s PhzP PhzP PPhz 
4 - 4 ::::Me * 

(70%) (57%) 

3. Synthesis of 1,4-biS(diphenylphosphino)butanes 
a. 1,4-bi.~(Diphenylphosphino)butanes 
The reaction of zirconocene with bisallylsilane followed by electrophilic substitution led to 

racemic 1,4-diphosphine!’ 

b. Optically Active 1,4-bis(Diphenylphosphino)butanes 
From the corresponding substituted succinic acids, Krause and co-workers prepared chiral 

1,4-bis(diphenylphosphino)butane derivatives!* 
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SYNTHESIS OF POLYPODAL DIPHENnPHOSPHINE LIGANDS. A REVIEW 

H2 - PtOz - Rh203, 
PhYC02H - LiAIH4 PhyCH20H AcOH - EtOH - C6H11YCH20H - TsCl 

‘C02H ‘CH20H 

(50%) 

- C6H11YCH2PPh2 
Ph2PNa - PhZPK, 
toluene - dioxane 

CeH1l Y CHzoTs 
\CH20Ts 

(65%) 
\CH2PPh2 

Php ‘CH20H 

(50%) 

PhZPNa - PhZPK. 
toluene - dioxane 

(45) 

I * I 

CsH11 ‘CH20Ts C6H1i2‘CH2PPh2 (1 5%) 

From (S)-(t)-5-oxotetrahydrofuran-2-carboxylic acid, Brunner and co-workers have 
prepared some chiral bi~phosphines.4~ 

* ?H 
H3B.SMe2 1. TsCl - pyridine 

O e - C O z H  ___ Oef)J--\oH 
2. LiAIH4, THF Ho- 

(61%) (46) (78%) 

1. TsCl - pyridine - P h 2 P , x  - -  
2. PhZPLi, THF (53%) 

1. NaH, DMF 

+Me1 OH 1. TsCl - pyridine P h d ’ q  (47) 
2. PhlPLi, THF OMe oe - \OH 2. LiAIH4, THF) OMe 

(62%) (47%) 

Similarly, (R)-3,3-dimethyl-l,4-bis(diphenylphosphio)butan-2-ol has been prepared from 
(R)-(-)-pentola~tone.4~ 

(48) ?H 
D W P P h z  

0% LiAIH4, THF ?H 1. TsCl - pyridine 

cc Diomlune Derivatives 
In 197 1, Kagan and his group have prepared the (-)-2,3-O-isopropylidene-2,3-dihydroxy- 

1,4-bis(diphenylphosphino)butane, (-)-diop, which combined with rhodium(1) was able to induce 
several asymmetric reductions giving the highest optical yields so far obtained.50 

2. Ph2PLi. THF- Ph2P HO HO 
(76%) (46%) 
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LAURENTI AND SANTELLI 

(48%) 

Diop-borane complex can also be obtained from the corresponding dimesylate.5' 
H Ph3P-BH3 - Li, H $H3 

* x:x;;:: x:c::: THF 
H BH3 H 

The preparation of Diop derivatives bearing a tethered hydroxy group able to bond to the 
surface of one support has been reported.55 

0 'OzEt 1. LiAIH4, THF 

(65%) (54) >Icz: I. (Et0)sSiH c 

2. PhzPLi, Et20 - 
(Et0)sSi 

Some diphosphines related to the diop bearing a hydroxyl group in a rigid backbone have 
been described.56 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

(82%) (60 - 89%) R y t  PPhz 

RZ 0 PPhZ R' = Ph, R2 = Me, (79%); R' = H, R2 = G-HOC6H4, (76%) 
R' = H, R2 = pHOCeH4, (82%) H R1 = Me, R2 = CHzOH, (52%); 

Polyoxadiphosphines, water soluble diphosphines, were proposed by Sinou and co-workers?' 
1. NaH 

H 
(72 - 85%) 2. " O F  , PhH 

H HO .doTs 
H 

H 

n=2 ,n=7 ,  
n = 3, n = 11 

(30-47%) n = 5, H 

A chiral phosphine, (-)-diocol, was prepared using cholesterol as starting product.58 

Jones - H - 
HO O H  

1. LAIH4, Et20 
2. TsCl - pyridine 
3. Ph2PNa. 

THF - dioxane 

HO 

(R,R)-diethyl 
tartrate - TsOH, 
benzene 

(-)diocol(42%) 
EtOzC 

PhzP (75%) 

(57) 

Analogues of diop bearing a dioxaphospholane cycle were prepared by Borner and his 
group.59 

___) 

(58) 
(15%) 

Et3N, THF !? 
MezN-PCl2 

H o r p p h z  + d" \ \  ____t Et3N,THF 

HO .,PPhz 

(45.5%) 
/ /  

Analogues of diop with chiral center close to the phosphorus atoms have been prepared by 
Kagan and co-~orkers .~~ 
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LAURENTI AND SANTELLI 

yH2OH OH OTs 
HO-7-H 

H-?-OH 

H-?-OH (59) 
CHzOH OH OTs 

(50%) 

1. TsCI, pyridine * x$$PPh2 ‘PPh2 

2. PhzPCI - Li, THF 

(47%) 

In the course of the preparation of the following diop derivatives, the diphenylphosphino 
group was introduced by conjugate addition to activated double bond.60,6’ 

/,OMe 

EtOzC 

EtOzC 

?H3 
Ph2P-H 

KOH, MeOH 

BH3 P ~ Z P ’ ~ ~ ’  

- 
0 Me02C 0 LiAIH4 Ho*-ox HO 

M e O 2 c 3 o x  

Ph2P\ PhP, 
BH3 (79%) BHs (67%) 

y 4 3  

Ph2P-H 
BH3 

DABCO, 
toluene 

M e O 2 C 3 z X  - 
MeO2C 

p. Pyrrolidine Derivatives 
The (2S,4S)-4-(diphenylphosphino)-2-[(diphenylphosphino)methyl]pyrrolidine was synthe- 

sized from 4-hydro~y-L-proline.6~.~~ 

HO, HO, 
1. EtOH - HCI c 

b C O Z E t  @OZ” 0 

H *. t -Bu0qN3 f-BuO’C+o 
I N 

, Et3N 
(81%) 

p h z p ~ p p , z  F&COzH_ 
Ph2PH - NH2Na, 
THF - 

N 
I 

& B U O ~ ~ * O  
(63%) 

TsO 1. LiBH4. 

2. TsCI, 

THF c &/on3 

N 
pyridine 

f-Buo’c*o 

(62) (72%) 

P h z p h P P h z  

Y 
H 

(97%) 

The (2R,4R)-4-(diphenylphosphino)-2-[(diphenylphosphino)methyl]pyrrolidine was also 
prepared from 4-hydroxy-L-proline. The first step was an epimerization to the cis isomer:* 
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SYNTHESIS OF POLYPODAL DIPHEXWLPHOSPHINE LIGANDS. A REVIEW 

HO, 1. Ac20, Ho HO, 

* 0 'C02Et 
t L 2 H  2.Cl X 0 2 H  0 

1. EtOH - HCI 

Y 
AcOH 

,', HCI 2 . t - B ~ O q  N 

(63) H , Et3N N~ t-BuO'c'\O 
(87%) (67%) 

1. LiBH4, THF PhzP,\ 

2. TsCI, pyridine 

3. Ph2PH - NH2Na. THF 
- t-J-,PPh2 

Y 'COzEt N 
t-BuO'c'O 

* 73 1. TsCI, pyridine 
2. AcO(-) EbN(+) 

3. OH(-) 

t-BuOxC'\O 
(46%) (11%) 

Dioxane Derivatives 
The following dioxane derivative lacking any axial group was prepared by reduction of a 

cyclic bisacetal.@ 

s o 0 z P P h 2  
PPh2 

(50%) 

Reaction of diethyl tartrate with 3,3-dimethoxybutan-2-one gave a dioxane which was trans- 
formed into dipho~phine.6~ 

A series of 2,3-bis(siloxy)- 1,4-bis(diphenylphosphino)butanes have been prepared.66 

TsOH. R3SiOTf - Et3N, 
pphz EtOH-HZO Hofpph2 CH2C12 ~ R3siofPPh2 (66) 

HO . d P P h 2  R3Si0 -./PPh2 
H 

x I x P P h 2  - 
H 
(71%) (R, R)-Silop 

R3Si = Me@, t-BuMezSi, i-Pr3.3, Ph3Si (58-90%) 

6. Cyclic Derivatives 
A chiral diphosphine ligand bearing a cyclobutane framework was prepared by using 

diastereoselective [2+2] cycloaddition.6' 
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LAURENTI AND SANTELLI 

L-Menthyl-OZC, 

1. LiAIH4, THF Me0 
2. MsCI, pyridine MeO&*2PPh2 

90% de (77%) 
recryst. : 100% de 

* 

(58%) 
3. PhzPNa, DMF X P P H z  

Tetrasulfonated diarylphosphines cyclobutanediop can be easily obtained.24 

The asymmetric intramolecular [2+2] photocycloaddition of a$-enoates gave rise to C,- 
symmetric bisphospholanes possessing a cyclobutane backbone.68 

LiAIH4, THF ;z/J:~ OMe 

OMe OMe 

Me0.f - TsOH Meo2c~:f ___) 

0 MeOzC 

(73%) A, (73%) 
0 

(69) 
toluene Ph 

OMe 
0 OMe 

(67%) 

DMAP, pyridine 

O (91%) 
1. TsCI, DMAP - 

P h ‘ f l O H  pyridine - CHzCIz Ph- flPPhz 
* A. ,OH 2. Ph2PH.BH3 - n-BuLi. Ph&.JPPhz 

THF 
’ Ph 
A 

(98%) (72%) 

The 1,4:3,6-dianhydro-2,5-dideoxy-2,5-bis(diphenylphosphino)-L-iditol has been prepared 
from D-mannitol.@ 

CHzOH 
HO-$-H 
HO-y-H - HCI conc. H- BHoH 1. TsCl - pyridine + (70) 

H-?-OH 2. PhzPLi, THF 
H-C-OH HO 

I 

D-mannitol (27%) (22%) 

The hydrocarbonated analogues of diop were obtained by Kagan and co-worker~.~~ 
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SYNTHESIS OF POLYPODAL. DJPHENYLPHOSPHINE LIGANDS. A REVIEW 

C02H LPPh2 

Other chiral diphosphines analogues of diop were also prepared from optically active diacids 
(yields not indicated).’O 

The ( 1 S,2S)-trans- 1,2-bis(diphenylphosphinornethyl)cyclohexane can be prepared from 
(lS,2S)-trans- 1,2-cyclohexanedicarboxylic acid?’ 

1. CH2N2 

(74) 
Ph2PLi - wC02H 2. LiAIH4 

PPh2 (lS,lS)-frafls 3. TsCI, pyridine OTs C02H 
(lS,2S) 

The 301- and 3~-diphenylphosphino-2~-(2’-diphenylphosp~n~thyl)-5~-choles~es have 
been prepared from cholestanone.’* 

Ph2P’ H (58%) 

1. K(+) HB(-)(~-Bu)B, THF 
2. MsCI, pyridine 

A b 

3. Ph?PNa, 
THF - dioxane 

1. LiAIH4. THF 
2. MsCI, pyridine 

3. Ph2PNa. 
THF - dioxane 

- 
(75) 

Chiral bisphosphine ligands bearing hetero-functional groups were prepared by the use of 
asymmetric Diels-Alder rea~tion.7~3’~ 
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LAURENTI A N D  SANTELLI 

Et2AIC1, Me3Si 

A C O z R  

0-Menthyl 

COzR 100 ee, (100%) 

1. CICH20Me 0-OMe 
0 

- i-Pr2NEt, CH2C12 
B h  

COzMe 2. LiAIH.,, THF 
COzR - 

(76) C02R 3. H2 - Pd, EtOH 
0 

(97%) (88%) (80%) 

1. NaH, BrCH2C02-t-Bu, THF 
2. C13SiH, Et3N, toluene 

1. MsCI, 

2. NaPPh2, * 

pyridine 

DMF PPh2 3. TsOH, benzene 

1. H202, CHzClz 

+COzH (70%) (70%) 

&h PPhz 
LPPhz (-), (37%) 

(77) 
BrCH2COn-t-Bu, THF 

(38%) 

The enantiomers of truns-2,3-(diphenylphosphinomethyl)norbomene have been obtained 
from norbornene dicarboxylic a~id.7~ 

1. LiAIH4, THF 
2.TsC1,pyridine 

3. Ph2PCI - Na. 
C02H COzH dioxane - THF 

F:;' &OZH (78) - 
(*I 

Similarly, enantiomers of trans-1 1,12-bis(diphenylphosphinomethyl)-9,lO-dihydro-9,10- 
ethanoanthracene and its perhydrogenated derivatives have been prepared.76 & it:/"' & 2. 1. LiAIH4, TsCI, pyridine THF p& (79) - 

3. Ph2PCI - Na, 
- dioxane - THF - - 

(*I (-), (60%) 

E Biphenyl Derivatives 
The l,l'-biphenyl-2,2'-diylbis(diphenylphosphine) can be prepared by Ullmann coupling of 

2-iodopheny ldiphenylphosphine 0xide.7~ 
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SYNTHESIS OF POLYPODAL. DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

A chiral atropisomeric diphosphine, the 2,2'-bis(diphenylphosphino)-l, 1'-binaphthalene has 
been obtained in optically pure form by Noyori and Takaya.'* 

FeC13,6H20 ~ 3:; ' / - Ph3PBr2 3 B r  " % ' - t d U e " ~  

Br Ph, ,? 240-320°C , / /  

\ \  \ \  p\ 
Ph/ CI 

2. OH 
/ /  

(95%) (45%) 3 hz ~ I ~ ~ ' ~ ~ ~  
PPhz L-(-)-DBT, EtOH 

\ \  
(86%) precipitate (S)-(-), (79%) 

(S)-(-)-BINAP, (95%) 

This route has several drawbacks, including a low-yielding bromination reaction. Cai and 
co-workers have shown that using a nickel catalyzed coupling reaction between ditriflate of 1,l'- 
binaphtol and diphenylphosphine provided the desired chiral BINAP in 75% ~ i e l d . 7 ~  There was no 
racemization during the coupling reaction. Resolution of binaphthol was carried out by complex 
formation with chiral host compound derived from tartaric acids0 or N-benzylcinchonidinium 
chloride.81 The preparation of the ditriflate was described by Mattay and his gr0up.8~ 

A BINAP containing an alkyl carbocyclic acid functionality able to incorporate onto an 
insoluble polymer and provide a reusable catalyst has been ~repared.8~ 
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LAURENTI AND SANTELLI 

1.HZ-Pd 
MsOH-AcOH, 
AcOEt-EtOH - (83) OMe 

COCl 2. BBr3. CH2C12 

COZEt 
(54%) 

- PPhz 
2. HPPh2 - NiCIdppe. \ \ -PPhz 

DMF 
3. LiOH, H20 / /  

(60%) (54%) 
H Polystyrene-NH;, 

hydroxybenzotriazole- 
diisopropylcarbodiimide. 
CH2C12 

The (-)-(It)- and (+)-(s)-(6,61-dimethylbiphenyl-2,2'-diyl)b~~(diphenylphosp~ne) (biphemp) 
have been synthesized by Schmid and co-workers.84 

1. c u  
2. HZ - Pd/C, 

AcOH - 8.~~ (R.R)-tartaricacf (84) !:yo;; - 
NO2 NOz NHZ 

NHz I 
(96%) (56%) 

(R). (21 - 23%) (32%) Biphemp, (52%) 

The same group obtained the 6,6'-bridged analogue, namely the (R)-5,7-dihydrodibenz- 
[c,e]oxepin- 1,l l-bis(diphenylphosphne).&la This was easily resolved via the formation of a cationic 
palladium complex formed from an amino palladacycle. 
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SYNTHESIS OF POLYPODAL DIPHENnpHOSPHINE LIGANDS. A REVIEW 

CC13CHO 
NHzOH, HCI 
+ H2S04 1. MeONa - MeOH 

2. NaNO2. H2S04* M.ozc Br 

(65 - 72%) (50%) 

+ KI I 
0 NHz 

(81%) (71%) (35%) 
\ /  

, MeOH 

PPhz 

(-H% (86%) 

Some "MeO-biphed were obtained by Schmid and his group according to the ollho-litha- 
tionhodination Ullmann-reaction approach?s 

1. n-BuLi. R2 1. LDA, THF R2 

HSiC13 - n-BusN. 
xylene PPhz 

Me0 PPh2 
or 

R' = R2 = OMe 
(f?) MeO-Blphed, (97%) (S) k 

The same procedure has been used by Jendralla for the preparation of (6.6-difluorobiphenyl- 
2,2'-diyl)bi~(diphenylphosphine).~ 
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LAURENTI AND SANTELLI 

1. n-BuLi, i-Pr20 1. LDA. THF 
+ Ph2PCI + 12 

pph2 2. CU, DMF 

(88%) 
F 0~~ 2.H202. MeO; F 

\ /  

CI. ;N/ 

C12MeSiH - n-Bu3N, Fg Fb + , MeOH KPFs 
2 

xylene PPh2 
F PPh2 

4 1 

(60%) 

(92%) 
w 

(80%) 

O. Biheteroaryl Derivatives 
Some (diphenylphosphin0)-biheteroaryls were obtained by Sannicolb and Cesarotti as the 

2,2'-bis(diphenylphosphino)-4,4,6,6-te~amethyl-3,3'-biben~o[b]t~ophene.~~ 

I 'er 
(65%) 

L 
1. n-BuLi - TMEDA, 

PPh2 - THF 

/ (44%) 

HSiC13 - Et3N, 
xylene 

\ / 

p-+ PPhz 

(-), precipitate 

Similarly, the 2,2'-bis(diphenylphosphino)- 1,1 '-bibenzimidazole has been described.88 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

1. Se02, QJ 1. n-BuLi - TMDEA, - b (89) dioxane N THF 
I 

2. KMn04, H20-PhH @ 2. Ph2PCI ( - p P P h Z  

- - 
(60%) Birnip, (78%) 

4. Synthesis of 1,5bis(Diphenylphosphino)pentanes 
a. 1,5-bis(Diphenylphosphino)pentanes 
The 1,3-bis[ 1 -(diphenylphosphino)ethyl]benzenes were obtained from a,a'-dibromo-m- 

~ylene.*~ 

qrhZ 
PPhz 

Lawesson's 
reagent 
P 

n-BuLi, THF 
+ Me1 - 4; 

PPhz 

+ 

The synthesis of 4,6-bis(diphenylphosphino)dibenzofuran was the result of the twofold lithi- 
ation of dibenzofuran and reaction with PhJ'CI." 

n-BuLi - TMEDA. 
n-heptane - WPhz (91) + Ph2PCI 

PhzP 

Q-p 
In contrast, the lithiation of dibenzothiophene occurs at 4,6- or 1,9-po~ition.~ 

n-BuLi - TMEDA, 
n-heptane 

+ (92) 
+ PhiPCI PhzP PPhz \ I  

b. Optically Active 1,5-bis(Diphenylphosphino)penfanes and Related Compounds 
The chiral (IR,3S)- 1,2,2-trimethyl- 1,3-bis(diphenylphosphinomethyl)methylcyclo-pentane 

(camphos) has been obtained from (+)-camphoric acid?l q--; q-0; 
(93) - 

- q:; Carnphos 

TsCl Ph2PLi, THF 

The asymmetric intramolecular [2+2] photocycloaddition of diindenecarboxylates led to the 
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LAURENTI AND SANTELLI 

syn-head-to-tail dimer.@ 

8 
hv 

toluene 
- 

(48%) (82%) 

Chiral reduction of 1,3-diacetylbenzene by (+)-B-chlorodiisopinocampheylborane gave rise 
to (lS,lS’)-1,3-bis( 1-hydroxyethy1)benzene. After in situ tosylation, the substitution was realized with 
Li(BH,)PPh, to prevent the possible racemization during the nucleophilic attack?* 

1. n-BuLi, TslO, 

1. (+)-DiPCI t 6.. * K9, 
2. HN(CH2CH20H)2 2. n-BuLi. HP(BH3)Ph2 

0 0 OH OH 

(58%) (95%) 

The selective opening of a bis epoxide resulting from the Sharpless oxidation gave rise to 
1,3-bis[ ( 1 ‘S,2’S)- 1’-diphenylphosphino)-2’,3’-O-isopropylidene-2’,3’-dihydroxypropyl]-benzene~3 

Mez-tBuSIO 4’ ’’ ;:ig:?”,eridineD <OH 1. (L)-(+)diisopropyl Sharpless epoxidation tartrate with < 
2. 1-BuMe2SiCI 2. H2S04, MeOH - 

0 3. DIBAH, THF - - imidazole, THF 
H OH 

Mez-t-BuSiO 
(96) 

1. LiPPhp, THF 
2. sa 
3. HCI, MeOH 

* 

(84%) 

A diphosphine derived from an anhydro sugar (dioxop) has been prepared by Descotes and 
his 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

(97) 
PPh2 2. Ph2PLi 

OH PhzP 2. NaBH4 
HO OH OH 

Dioxop, (23%) 

5. Synthesis of 1 , 6 a i s @ i p h e n y I p h o s p h h e ~ ~  
a. 1,6-bis(Diphenylphosphino)hexanes 
The bicyclo[2.2.l]heptane-2,5-dione was the starting material for a four step synthesis of 

endo,endo-2,5-bis((diphenylphosphino)methyl)bicyclo[2.2. llheptane based on the diastereo-selective 
dihydroboration of an exocyclic diene.gs 

1" 2" BH3 H202. - THF NaOH - AOH - AOTs 
HO TSO 

(67%) (85%) (40%) 

LiPPh2 

THF - PhzP A P P h Z  (80%) 

1,2-bis(2-Diphenylphosphinoethyl)benzene was prepared starting from 1,2-bis(cyano- 
methyl)benzene.% 

(99) 
CN H(+)-EtOH LAIH4 HBr Ph2PLi 

PPhz 

b. Optically Active 1,6-bis(Diphenylph~sphim)he~nes 
From D-mannitol 1,6-dibenzoate, two cyclic acetals can be prepared." 

(52%) (46%) 

The dioxolanyl and tetraoxadecalin derivatives were transformed into diphosphines?' 

(101) 

1. MeONa, MeOH 
2. MsCI, pyridine q$& 02CPh 3. Ph2PH - n-BuLi. TH; PPh2 
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LAURENTI AND SANTELLI 

PhCO2 PhzP 
1. MeONa, MeOH 

xo$K 0 2. 3. MsCI, PhzPH pyridine - n-BuLi, THF x o p  0 
b (102) 

The same procedure has been used for the preparation of two diphosphines from L-iditol 
O2CPh PPh2 

1,6-dibenzoate?' 

p h c o z I O H  and "'!," 
xo- -0 (103) 

0- 

HO- - 
HO- 

-OH - 
PPh2 

02CPh PPh2 

A diphosphine acetal has been prepared from a protected sugar.94 

Ph Ph 

1. TsCI 
OMe - Ph 

2.NaBH4 HO 2. PhzPLi PhzP 

HO PhzP' 
(27%) 

(1S,2S,4S,5S)-2,5-bis(diphenylphosphinomethyl)bicyclo[2.2. llheptane has been prepared by 
the use of an asymmetric Diels-Alder reaction?8 

1. MCBA 

2. 3. (C0Cl)p Et3N - DMSO - '& 5 o q o H ( 1 0 5 )  

+OH 
100% ee, (49%) (91 %) (89%) 

2. PPh:, - K-Na ph2p 

1. DHP, H(+) 

4. MeOH, H(+) * 'OH (61 %) 

2. Ph3P=CH2 

3. BHs, THF 

1. TsCI, pyridine 

HO 
PPh2 

(61%) 

+ Hz02 - OH(--) 

A ligand homologous of the diop was prepared by Brunner and co-workers. Both enan- 
tiomers of the diol were obtained via asymmetric dihydroxylation of dibromostilbene by using the 
esters of 4-chlorobenzoic acid with quinine or quinidine.99 
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SYNTHESIS OF POLYPODAL DIPHJWYLPHO!SPHINE LIGANDS. A REVlEW 

1. NBS - hv, 
acetone 

EtONa, EtOH 

2. PPh3, DMF &(+) PPhj 
Br 

* 
B+-) 

(88%) (68%) 

Y K3[Fe(CN)6], K2CO3, K20s04Q H20, 
quinine 4-chlorobenzoate, 
CH3S02NH2, t-BuOH - * Br Br 

Mg, THF tQpphz (S, S), '90% ee, (6045%) 100% ee, (76-80%) 

+ Ph2PCI 
PhzP P 

O x o  (40%) 

The dimethoxy derivative has been obtained from the dial.* 

1. (Me0)2S04, KOH, DMSO 
L ( 107) 

2. Mg, THF + Ph2PCI 

100% ee, (46%) 

An optically active binaphthyl derivative has been obtained by Kumada and co-workers 
from an Arbusov reaction between 2,2'-bis(bromomethyl)- 1,l-binaphthyl and methyl diphenylphos- 
phinite followed by reduction (no yields given).'" 

g B r  + PhzPOMe - (& 
\ \  \ \  \ \  

g P P h z  (108) 
Br / /  PPhz / /  PPh2 

(S)-(-)-Naphos, 97% ee 

The (1R,2R)-truns-bis(2-diphenylphosphinophenyl)cyclopentane (0-bitap) has been 
prepared in optically pure form based on asymmetric hydrogenation of 4,5-diaryl-2-oxocyclopen- 
tanecarboxylates by the BINAP-Ru(LI) complex.lO' 
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LAURENTI AND SANTELLI 

G o  electrochemical cyclodimerization &ie 

OMe 

(*)* (34%) 

-OH 

I 
(-)A, 1 : 1.6 (+) B 

H2 (60 "C. 90 kglcd), 
CH2C12 - MeOH 

Li (Na), THF 
cro3 v. 1. HBr v. 

2.Zn-HCI,Etz; f l  +Ph2PCI * 

PPh2 

(8%) (11%) 0-Bitap, (33%) 

As for the 1,3-diacetylbenzene, chiral reduction of 1 ,Cdiacetylbenzene by (+)-B-chloro 
diisopino-campheylborane gave rise to (1 S, 1s')- 1 ,Chis( 1 -hydroxyethyl)benzene precursor of a 
diphosphine?2 

1. (+)-DiPCI miH 1. n-BuLi, Ts20, THF 
* - 

0 Wo 2. HN(CHzCHzOH)2 HO 2. n-BuLi, HP(BH3)Ph2 

(1 10) 
* 

Phd', 'mPPh2 BHs H3B 2. NaHC03 PhzP 'mPPh2 

1. HBF4.0Me2, CH2CIz 

(40%) (97%) 

6. Synthesis of Optically Active 1,7-bis@iphenylphosphino)heptanes 
Pye, Rossen and co-workers use a paracyclophane backbone to give a planar chiral C, 

symmetric bisphosphine, the 4,12-bis(diphenylphosphino)[2.2]paracyclophane [(R)-[2.2]phanephos]. lo* 
n n 

Y U U ti triglyme(230'C) t 
- BzO. ,C02H 

I. 4.2 eq. 1-BuLi 
2. 2.3 eq. MgBrpOEtZ BzO'CO:! 

D-(+)-DBT, 
EtOH 

3. Ph2P(O)CI 
(R).(+)-DBT 
precipitate 

(*), (76%) 

pxylene 
___) 

PPh2 

(R)-[2.2]Phanephos 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

7. Synthesis of l,n4k(Diphenylphosphino)alkanes and Related Compounds 
The (1R,2R)-rrans-bis(3-diphenylphosphinophenyl)cyclopentane (m-bitap) has been 

obtained according to the same procedure as for the preparation of the (lR,2R)-rrans-bis(2-diphenyl- 
phosphinopheny1)cyclopentane (Scheme 109).'01 

OMe 

(2S,7S)-2,7-Dimethyl-3,6-diaza- 1,8-octanediol was prepared from Q-prolinol and trans- 
formed into (2S,75')-2,7-dimethyl-36-diaza- 1,8-(diphenylphosphino)o~tane.~~~ 

1. HCI, CHC13 
Y O z H  Y O H  - 

LiA'H4 CH 2. S0Cl2 
yoZH + Brr\Br 4 CH 

- T  
(NHZ(+) cI(-) NH 

(1 13) 
!JH NH 

NHz 

bCOzH &OH 

Y P P h Z  
NH2Na - Ph2PH, NH3 

Y C I  
NH~(+) 

&CI A P P h 2  

A modular approach for ligand design has been proposed by Trost and co-workers based on 
the obtaining of 2-(diphenylphosphino)benzoic esters or amide~.~'~ 

0 
DMAP - DCC, THF or CHzClz - Ligand (1 14) 

Chiral arnine 
or chiral alcohol 

PPhz 

Some ligands from C, symmetrical diols may be easily obtained.*04 
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LAURENTI AND SANTELLI 

Similarly, C, symmetric I ,Zdiamines give rise to bidentate l i g a n d ~ . ' ~ ~  

A chiral ligand bearing hard and soft coordination sites, like salanophos, was obtained from 
1,2-diphenylethane- 1 ,Zdiamine and o-bromophenol.lm 

1. CF3COzH - Hz0, THF 
n-BuLi - TMEDA, n 

0 EtzO 

&OMOM +CIPPh2 & PPh2 2. H2N Phfiph,EtOH NH2 P P  
Ph2Ph2 

Salenophos, (68%) 

Matt 
Cavity-shaped phosphane ligands based on a calixi4larene matrix have been prepared by 

and his group.Io7 

5' 
1. K2C03, acetone 

1. t-BuOK, THF - DMF 

2. Ph2P(O)CH20Ts 
3. PhSiH3 

The synthesis of a series of phosphine-functionalized dipodal macrocycles has been 
described by Lehn, Parker and co-workers.lo8 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

cx7 
HN 

C X J  

* 
2. B2Hr3, THF 3. K-Na-PPh3, 

dioxane 

C X 3  
x = 0, (91%) 
x = s. (90%) 

c x 3  
x = 0, (45%) 
x = s, (75%) 

HO 
1. HCI, MeOH 
2. SOCl2 

3. K-Na-PPh3, 

c o*o 3 '. &OMe'MeoH 

HN - * (121) 

L o  o j .  L o  03 dioxane 
2. LiAIH4, THF 

W U 
PhzP 

Lcono-?4Ph '  (54%) 

- 
(45%) 

C o  0 3  
W 

8. Synthesis of Optically Active Ferrocenes or RuthenOcenes1Og 
Solutions of n-butyllithium and N,N,N,N-tetramethylethylenediamine (TMEDA) readily 

dilithiate ferrocene which can be used to prepare ferrocene- 1,l'-bis(dipheny1phosphine). ll 0  (Tri-n- 
butylstanny1)ferrocene was also used as precursor of monolithioferrocene."' 

e P P h 2  
I 

( 122) 
1 . 2  n-BuLi - TMDEA, hexane & 2. Ph2PCI Fe 

a P P h z  Fdpp, (46%) 

The resolution of (9- et (R)-a-ferrocenylethyldimethylamine with (R)-(+)-tartaric acid is 
one of the cases were both antipodes are obtained in high yield."* 

1. o=cc12, 

(S), (66%) (R), (69%) 
i-PrOH 

(95%) 
(from mother liquor) 

a-Ferrocenyl tertiary amines are lithiated at the 2-position of the ferrocene because the 
nitrogen atom of the amino group interacted with the attacking metal. The lithiation of (9-enantiomer 
led to (S)-a-[(R)-2-diphenylphosphinoferrocenyl]ethyldimethylamine (PPFA).'13 

(S)-(R)-PPFA. (50%) 
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LAURENTI AND SANTELLI 

Synthesis of (R)-l-[(S)-2diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphine was 
achieved as illustrated (josipho~).~'~ 

(RHS) (R)-(S), (88.5%) 

Synthesis of (5')-a-[(R)- 1',2-bis(diphenylphosphino)ferrocenyl]ethyl~methyl~ne is shown 
below (BPPFA).I13 

1. n-BuLi, eNMe2 2. n-BuLi - TMEDA, 
Et20 

& NMe2 - & 

Synthesis of ( S ) - a - [ ( R ) -  1',2-bis(diphenylphosphino)ferrocenyl]ethanol is outlined 
(BPPFOH).'15 

@ AqO n-BuLi, Et2O & 
&% &E2 * &PFh2 

(127) - 
(80%) (S)-(R)-BPPFOH, (100%) 

Synthesis of some (9-a-[(R)-1 ',2-bis(diphenylphosphino)ferrocenyl]ethylamines or ethers 
were obtained after substitution of the ferrocenylethyl acetate. ' I 6  

/ NMewoH 

NH-oH (128) 

NMe &OH , 
Ph ,OH 

HO 
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SYNTHESIS OF POLYPODAL DIPHETWL€"YLPOSPHINE LIGANDS. A REVIEW 

Chiral ferrocenylphosphine ligands modified by monoaza or dim crown ethers of various 
ring sizes and linker chain lengths have been ~ynthesized."~ 

I OAc 

n = 2, m = 1, X = 0; 
n = 2, m = 3, X = 0; 
n = 3, m = 2, X = 0 

n = 2, rn = 2, X = 0 
n = 2, m = 2, X = NMe (2749%) 

t 

I I 

f0 

a P P h 2  (73%) 

Chiral C,-symmetrical femenyl ligands have been prepared by Knochel and cew0rkers.l" 

NMez NMB2 OAc 

& Ar 

ZnMe2 - BFyOEt2, 
W A r  Aczo W A r  THF 

1. 1-BuLi, 

V A r  . EtzO - 
&&Ar 2. (CC12Br)2 S A r  

* 

NMez NMe2 OAc 
a : Ar = Ph 

c : Ar = 2-Naphthyl 

a : 80% 

c : 43% 
(132) b : Ar = o-Tolyl b : 52% (I 00%) 

1. n-BuLi, THF - 
2. Ph2PCI 

a :  
b :  

94% 
100% 

c : 92% 

a : 68% 
b:64% 
c : 46% 

A series of diphenylphosphino(oxazoliny1)femene ligands has been obtained from ethyl 
ferrocenecarboxylate and amino acid-derived amino  alcohol^."^ 
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LAURENTI AND SANTELLI 

TsCl - Et3N, -,.I 
I 'R 

CH2C12 - 
R 

R = i-Pr (92-95;~) (88-89%) 

PPhz 0 (133) 
R = t-BU 

1. n-BuLi, EtzO - hexane %d:1 F~ PPhz 'R + +\NIR 
dB 2. Ph2PCI a A R = CPr; A :  B = 68 : 32, (45-49%); 

R = &BU; A 6 = 97 : 3, ( 46%) 

Optically active ruthenocenylbis(phosphines) were prepared by way of stereoselective lithia- 
tion of (R)-NJ-dimethyl- l-ruthenocenylalkyl~nes.'20 

ZnRz - 5 mol % 

-CHO I 1-BU EN& Wl" l,%$N:;::y) D eR I NMez 

2. Me2NH, MeOH 
, PhH or PhMe 

R = Me, >99% ee. (96%) 
R = Et, >96% ee. (99%) 

R = Me, (94%) (134) 
R = Et, (94%) 

R 
1. n-BuLi, Et2O 
2. n-BuLi - TMEDA 

3. Ph2PCI R = Me, (51%) 
&rihz (R)-(s) R = Et, (29%) 

Ligands which are "N,iV',P ,PI-type" have been prepared from chiral amino-alcohol 

Cl 

1. t-BuLi. Et2O - 
2. PhZPCI 

.O 0. 

A 
HNJ, 

R 

R = CPr, (60%) 
'R R = f-BU, (43%) 

R = i-Pr, (72%) R 
R = ~-Bu, (80%) 

(135) 

The synthesis of C,-symmetrical c h i d  ferrocenyl (or ruthenocenyl) diphosphines has been 
described by Knochel and his group.'22 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

q2 
Fe 

H 
A+= 

E AczO - pyridine * A, 

n 
% 

>99% ee; dlmeso = 15.7 : 1; (89%) (1 36) 
H BH3 

WPT 
AczO - pyridine W H - O A C  Ph 1. PhzPH, AcOH * 

2. AcOH was evaporated * 
3. BH3*SMe2, THF Ph2P, 

dlmeso = 9 : 1 ; (88%) (70%) 

A chiral diphosphine ligand, (R,R)-(S,S)-2,2"-bis[ 1 -(diphenylphosphino)ethyl]- 1,l "-bifer- 
rocene, which possesses both central and planar elements of chirality was ~ynthesized.'~~ 

1. Mel, acetone e P P h 2  
2. Ph2P(O)H - n-BuLi. -) 12 * &I ' 

hexane-DME 

Zn, NiBrz(PPh3)2, 
EbNI, DMF - 

F a  
(50%) 

HSiC13 - Et3N, 
benzene 

" 

(R,R)-( S, S), (83%) 

The trans-chelating phosphine ligand (S,S)-(R,R)-2,2"-bis[ 1-(diarylphosphino)ethyl]- 1,l"- 
biferrocene was synthesized from (S)-l-(N,N-dimethyla~nino)ethylfemene.~~~ 

1. n-BuLi, 

* 

hexane - Et20 & 
1. Mel, acetone & NMez 2. Ar2P(0)H - n-BuLi, 

hexane - DME & f P A r z  

(138) 
CU - 

Ar = A t  = Ph. pMeOPh, pCI-Ph. 2-Furyl; 
Ar = Ph, A t  = p-Tol. 
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LAURENTI AND SANTELLI 

II. SYNTHESIS OF fris@IPHENYLPHOSPMNE) LIGANDS 
1. Synthesis of Triphosphine Ligands 
a. Triphosphine Ligands with a Neopentyl Backbone 
Tripod ligands have been prepared from the corresponding triol~.~~~ 

CHz0, CaO, 1. SOC12, pyridine 
( 139) RYo H HzO-EtOH '<;; 2.3 PhzPH, 3 BuLi, TH; 

(35%) R = n-pentyl 
R = 8-nonenyl 

(54 - 64%) 
Starting from pentaerythritol, the synthesis of a hydroxy functionalized tripod ligand was 

achieved in a few steps.lZ6 

CI CICl 

l+ 
HO' 

3 KOt-BU 
2 HPPh2 

THF 

Ph, Ph 
Ph-P P I P h  y 

(90%) 

2 HPPh2, n-BuLi, 

THF 
- 

Tripod ligands containing three different donor groups at their neopentyl backbone have 
been described by several  author^:'^^^'^^ 

BHpTHF. 
(Ra)zPK, THF (Rb)zPLi, THF 

OMS * OZP(Ra)z 

h R b ) Z  Re, Rb, RC = Ph, ptolyl, mxylyl, DBP 

Ar = Ph, (86%), 
"Cl 3 eq Ar2PH - KOH, Ar = rn-tolyl. (36%), 

Ar = 4-f-butylC6H4, (72%). 
Ar = ptolyl. (56%). (142) DMSO - 
Ar = DBP, (59%) 

A hybrid tripodal ligand containing phosphorus and sulfur atoms, 2,2-bis(diphenylphosphi- 
nomethyl)- 1 -phenylthiopropane was ~ynthesized.'~~ 

1. MsCI, 

2. PhZPLi, 

Ho "O SPh Et3N PhzP PhzP Sph 
(143) 

(92%) (82%) (50%) 

6. Triphosphine Ligands with a 1,3,5-Cyclohexane Backbone 
The tridentate ligand cis& 1,3,5-rris[ (dipheny lphosphino)methyl]cyclohexane has been 

synthesized from the methyl ester of trimesic acid.130 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

The cis,cis- l,3,5-rris[(diphenylphosphino)methyl]-1,3,5-~methylcyclohexane has been 
prepared from cis,cis-trimethyl ester.13' 

Me Me 
TfzO - pyridlne, CHzCiz - H O H z C ~ C H z o H  

LiAIH4, THF - 
"'OH (60%) 

MeOzC * COZMe 

(145) 
OTf Ph2PH - KH, THF P h z P w P P h z  

TfO PhzP 
TfO+ (82%) (69%) 

The cis,&- 1,3,5-tris(diphenylphosphino)cyclohexane was easily obtained by a two-step 
procedure from cis& 1,3,5-~yclohexanetriol.~~~ 

(146) 

The tripodal cis,cis- 1,3,5-tris(diphenylphosphino)- 1,3,5-m*s(methoxycarbonyl)cyclo-hexane 

H O W O H  TSCI, T s O V O T s  PbPH - mBuLi, PhzP 

(20%) 
HO pyridine TsO THF - hexane - P h z P b P P h z  

has been synthesized by phosphinylation of the trienolate of the following t r ie~ter . '~~ 

PhzP 

Ph&. - - p h z P ~ p p h z  (147) 
I. LDA, 

M e O z C ~ C O z M e  EtzO - MeOzC co2 
MeOzC COZMe MeOzC 2. PhzPCl 

(75%) MeOzC 

c. Triphosphine Ligands with a Cyclopropane Backbone 
Cyclopropanation of 1,1,2-tris(diphenylphosphino)ethene with dimethy lsulfonium 

methylide affords 1,1,2-rris(diphenylphosphino)cyclopr0pane.~" 

2. Synthesis of Optically Active Triphosphine Ligands 
Brunner and co-workers have prepared some optically active bis and tris(phosphines). 

Reduction of L-malic acid afforded a trio1 precursor of the 1,2,4-tris(diphenylphosphino)b~tane."~ 

P h Z P q  (149) 
H3B*SMez OH 1. TsCl - pyridine 

2. PhzPLi, T H F  
?H - 

PPhz H 0 3 C ~ ~ 0 z ~  OH 
(1 00%) (58%) 
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LAURENTI AND SANTELLI 

The corresponding homologue was synthesized from a lactone prepared from L-glutamic 
acid.49 

- P h P G  (150) 
LiAIH4, ?H 1. TsCl - pyridine 

O e - C O Z H  THF- HO- 
2. PhzPLi, THF 

OH PPhz 
(54%) (23%) 

Some diop derivative triphosphines have been prepared starting from (R,R)-tartaric acid.135 

Li, CIPPh2, 
THF 

n = 2 to 6 

PhzP (55 - 65%) 

Chiral tripodal ligand has been obtained from the alcohol resulting of the reaction of 
epichlorhydrin with lithium diphenylphosphide. 136 

OH 

Successive addition of lithium phosphide to optically active epichlorhydrin led to chiral 1,3- 
(diarylphosphino)-2-propanols which react with phosphorochloridites to yield mixed donor group 
tripodal 1igands.l3' 

PhzPH - n-BuLi, 
THF - P; 

Ph2P PAr2 
Po ArzPLi9 TH', 

O? CI PhzP 

111. SYNTHESIS OF tetrakis(DIPHENYLPHOsPH1NE) LIGANDS 

1. Synthesis of Tetraphosphine Ligands 
A tetrafunctional ligand was prepared from tetrukis(bromomethy1)methane and four equiva- 

lents of NaPPh, in liquid ammonia.138 
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SYNTHESIS OF POLYPODAL DIPHENYLPHOSPHINE LIGANDS. A REVIEW 

(40%) 

Oxidation of a THF solution of LiCH(PPh,), with iodine afforded 1,1,2,2-terrakis-(diphenyl- 
phosphino)ethane with low ~ i e 1 d s . I ~ ~  

r P P h z  

PhzP 

PhzP 

THF PhzpHpPhz PhzP PPHz + Phzp&'-Ph PhzP Ph ( 155) t L l  + 12 - 
(1 5%) 

The 2,3-bis[(diphenylphosphino)methyl]-1,4-b~s(diphenylphosphino)butane has been 
obtained from tetrachloro analogue.I4 

THF PhzP~-~~~ 
(156) 

The 1,3,4,6-tetrakiu(diphenylmethyl)benzene has been prepared from the Arbuzov reaction 

+ Ph2PH-Na - 
(83%) c'x:: CI PhzP 

of 1,3,4,6-retrakis(bromomethyl)benzene and ethyl diphenylphosphinite. 14' 

phzpGo '3  Ph2P 

(157) ___) - 
PPhz 

(96%) 

H hz 

H S i C I 3, Br RBr ~ $ ~ ~ '  Hpphz CsH4C12 

Br Br PhzPo O~PPhz PhzP 

(86%) 

Treatment of bis(dipheny1phosphino)ethyne with potassium diphenylphosphide led to potas- 
sium derivative which reacted with chlorodiphenylphosphine to give 1,1,4,4-fetrakis(diphenylphos- 
phino)butatriene via a suspected intermediate 

1. KPPhz 
THF [ phZp) p"] 2.PhzPCI Phzp) (PPhz 

PhzP PhzP PPhz 
(158) PhZP-PPhz - - 

A (33%) 

A very simple procedure gave rise to 1,3-bis( bis[2-(diphenylphosphino)ethyl]amino- 
methyl ]benzene from 1,3-dibromornethylben~ene.~~~ 

+ HN 

OH Br Br 

1. SOC12, CHC13 
EtOH 2. Na2C03, H20 

(159) 

(45%) 

285 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
4
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



LAURENTI AND SANTELLI 

2. Synthesis of Optically Active Tetraphosphine Ligands 
The (R,R)-3,4-bis(diphenylphosphino)pyrrolidine, prepared from tartaric acid, reacts with 

oxalyl chloride or terephthaloyl chloride to give tetraphosphine ligands.” 

(161) 

(88%) 

P h 2 p . D H  + I ? ’  Ph2P 

PhzP cI pyridine - HCI 

IV. CONCLUSION 

It should be clear from this review that a p a t  diversity of polyphosphine ligands have been 
synthesized. Many transition metal complexes display good catalytic properties when they are coordi- 
nated to some phosphine ligands. Certainly, the best example of a chiral economic method is enantios- 
elective catalysis by using catalyst derived from transition metal complexes bearing the required chiral 
information in asymmetric ligands.’” 
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