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A new bisphospholane, BDPB, derived from
1,2-bisphosphanobenzene and tartaric acid as well 
as the complex [Rh(COD)(BDPB)]PF6 were syn­
thesized. The strong binding of BDPB to metals 
and the presence of four functional groups in the 
periphery of the molecule make this bisphospho­
lane a good starting point for new expanded bis­
phosphanes.

Introduction

C hira l che la ting  b isphosphanes w ith tw o aryl 
groups on each p h o sphorus a to m  are  excellen t li­
gands for asym m etric  catalysis [2, 3]. T hough  the  
chirality  is usually located  close to  the  phosp h o ru s 
atom s, the  g roup  of H ayashi ach ieved  high op tical 
inductions in asym m etric  a lly la tions w ith p h o s­
phane ligands having the chiral g roups a t rela tively  
large d istances from  the  p h o sp h o ru s  atom s [4, 5]. 
O u r group  deve loped  the concep t o f the  ex p an d ed  
phosphanes, ligands designed  to  induce long range 
effects in enan tio selective  catalysis [6 - 8 ]. They 
consist o f two p h osphorus atom s b ridged  by a rigid 
backbone and  su rro u n d ed  by an  assem bly  of chiral 
and  nonchira l layers.

P hospho lane deriva tives o f 1 ,2-b isphosphano- 
benzene p roved  to  be very good  ligands fo r en a n ti­
oselective catalysis [9], O u r ob jective was to  syn­
thesize a chiral b isph o sp h o lan e  ligand w ith the  
possibility  o f fu tu re  expansion . In  the  p resen t 
w ork, we rep o rt on  the synthesis o f a new  b isphos­
p ho lane derived  from  1,2 -b isp h o sp h an o b en zen e  
and  ta rta ric  acid, (3 'S ,4 'S )-(+ )-l,2 -b is(3 ',4 '-d i-  
m e th o x y p h o sp h o lan o )b en zen e  (B D P B ), as well as
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a rh o d iu m (I) com plex of this ligand. The re la ted  
com p o u n d  derived  from  1,2-b isp h o sp h an o eth an e  
is a lready  rep o r te d  in the lite ra tu re  but a d iffe ren t 
syn the tic  p ro ced u re  was used for its p rep a ra tio n
[10], We ca rried  ou t the synthesis of B D P B  b e ­
cause of the g rea te r  rigidity o f the 1,2-pheny lene  
b ack b o n e  as com pared  to  the e th an o  bridge.

Results and Discussion

T he first a ttem p t to  synthesize (3 'S ,4 'S )-(+ )-l,2 - 
b is (3 ',4 '-d im eth o x y p h o sp h o lan o )b en zen e  
(B D P B ) was in analogy to  the  synthesis o f D IO P
[11], H ow ever, the dilith ium  salt of 1,2-bisphos- 
p h an o b e n ze n e  did not react w ith (2S,3S)-(+)-2,3- 
d im ethoxy te tram ethy len -l,4 -b is-/?-to luenesu lfona- 
te in the desired  m anner.

T he new  b isphospho lane B D P B  could be finally 
o b ta in ed  using the  cyclic su lfate  (5S,6S)-(+)-5,6-di- 
m ethoxy-l,3 ,2 -d ioxath iepane-2 ,2 -d iox ide . Cyclic 
su lfates have b een  show n to  be conven ien t r e a ­
gen ts for the  synthesis o f sim ilar phosphanes [9], 
In co n tra st to  the  b istosylates, the  second nucleo- 
philic a ttack  in cyclic su lfates is m uch slow er than  
the  first one. This favors the desired  in tram o lecu ­
lar reaction  w ith respect to  an in te rm o lecu la r a t­
tack  lead ing  to  o ligom erization .

T he cyclic su lfate  was o b ta in ed  from  the  c o rre ­
spond ing  dia lcohol according to  the reac tions in 
the  Schem e. It is a crystalline, ra th e r unstab le , 
w hite  com pound , tu rn ing  red  w ithin several hou rs 
on  stand ing  at room  tem p era tu re . Its MS spec trum  
could  no t be o b ta in ed  because of this th e rm al in ­
stability.

S tarting  from  this cyclic su lfate, the desired  b is­
ph o sp h o lan e  could  be o b ta in ed  in a tw o step  one 
p o t reac tion  (see Schem e). T he nucleophilic a ttack  
o f the phosp h id e  at the second a-ca rb o n  a tom  of 
th e  su lfate tak es several hours, a slow er p rocess
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than  sim ilar reactions described  in the lite ra tu re
[9]. T he new  p hosphane  B D P B  is a white, c rysta l­
line, strong ly  sm elling, air sensitive com pound.

Since o u r aim  was to  design ligands for enan- 
tio selective  catalysis, and  hyd rogenation  is the 
m ost ex tensively  stud ied  reaction  in this field, 
we syn thesized  the rhod ium  com plex 
[R h (C O D )(B D P B )]P F 6. The cation  was easily 
fo rm ed  an d  iso lated  as its hexaflu o ro p h o sp h ate  
salt by reac tio n  of an equ im o la r m ix ture of 
[R h (/* -C l)(C O D )]2 and  A gP F 6 w ith B D P B  at 
- 7 8  °C. W hen  the reaction  was perfo rm ed  at 
h igher te m p era tu re , m ixtures of com plexes w ere 
o b ta in ed . A tte m p ts  to  synthesize this com plex 
using o th e r  sta rting  m ateria ls  and  coun terions a l­
ways led  to  m ix tures con tain ing  the ca tion  
[R h (C O D )(B D P B )]+ besides o th e r  com ponents. 
S im ilar p rob lem s to  ob ta in  this type of com plex  
w ere also  e n c o u n te re d  for o th e r  dialkylphos- 
p h an es  derived  from  1 ,2 -b isphosphanobenzene 
[8],

Experimental Section
A ll reac tio n s and  m an ipu la tions w ere p e r ­

fo rm ed  u n d e r n itrogen  by using stan d ard  Schlenk 
techn iques. Solvents w ere purified  and d ried  by 
s ta n d a rd  p rocedures. 1 ,2 -B isphosphanobenzene
[ 12], (2S ,3S)-(+ )-2 ,3-d im ethoxy-1,4-butanedio l
[13] and  [R h (p -C l)(C O D )]2 [14] w ere p rep a re d  as 
describ ed  in the literatu re .

’H , 'H {31P], 13C ['H } and  3IP{'H} N M R  spectra  
w ere rec o rd e d  in d e u te ra te d  ch lo ro fo rm  on a 
B ru k e r A R X  400 o r on a B ru k er AC 250 in s tru ­
m en t (21 HC ) using TM S as in te rnal stan d ard  ( 'H  
and  l3C ) o r H 3P 0 4 as ex ternal stan d ard  (3IP). 
M ass sp ec tra  (E I, L R ) w ere ob ta in ed  on a F inni- 
gan M at 112 S spec trom eter. O ptical ro ta tio n s  
w ere m e asu red  at 24 °C on a P erk in -E lm er 241 
p o la rim ete r.

Synthesis o f  (5S,6S)-(+)-dim ethoxy-1,3,2-dioxathie- 
pane-2 ,2-dioxide

The p re p a ra tio n  o f the cyclic sulfate is based  
upon  the  m e th o d  used by B urk et al. to  p rep a re  
sim ilar com p o u n d s [9], The m ix ture which resu lted  
by ad d itio n  o f 6.06 ml (9.90 g, 83.2 m m ol) of th io- 
nyl ch lo ride  to  a so lu tion  of 10.0 g (66.6  m m ol) of 
(2S ,3S )-(+ )-2 ,3 -d im ethoxy-l,4 -bu taned io l in 60 ml 
o f CC14 was s tirred  u n d er reflux for 1.5 h. A fte r  
cooling, th e  so lvent was ev ap o ra ted  to  dryness in 
a ro ta ry  ev ap o ra to r. The cyclic sulfite, o b ta in ed  as 
a b row n oil, was d issolved in 60 ml of CC14, 60 ml 
o f C H 3C N  and  90 ml of H 20 .  A fte r cooling  to
0 °C , 100 m g (0.38 m m ol) of R uC l3-trihyd ra te  and

28.3 g (132.5 m m ol) o f N a I 0 4 w ere added  with 
stirring. Two yellow  layers fo rm ed  which gradually  
becam e black. L ater, a yellow  p rec ip ita te  ap ­
p ea red  and  the so lu tion  b ecam e yellow  again. A f­
te r  s tirring  for 1 h, 400 ml o f w a te r and  200 ml of 
e th e r  w ere added . T he tw o layers w ere sep ara ted  
and the aqu eo u s phase was ex trac ted  w ith 3 x 200 
ml o f e th er. The com bined  o rgan ic ex tracts w ere 
w ashed  w ith 2 x 100 ml o f a sa tu ra te d  aqueous 
so lu tion  of N aC l and  d ried  o ver N a2S 0 4. TTie re ­
sulting  o rgan ic so lu tion  was filte red  th rough  silica 
gel and  red u ced  in vo lum e to  20 ml. C olorless n e e ­
dles fo rm ed  (11.6 g). A fte r  recrystalliza tion  from  
e th er, 10.0 g of the  p u re  cyclic su lfate w ere o b ­
ta in ed  (70.8%  yield) w hich w ere s to red  below  
0 °C .

M elting  point: 100-101  °C. [a ]D2'’ = + 85.1° (c =
1.0, C H 2C12).

Elemental analysis for Cf,H,20 6S 
C alcd C 33.96 H  5 J 0 % ,
F ound  C 33.98 H 5 .7 9 % .

'H  N M R  (250 M H z, CDC13, ppm ): 4.59 (2H , d, 
J = 13.0 Hz, C H 7); 4.38 (2H , dm , J = 13.0 Hz, 
C H 2); 3.49 (2H , m, C H O M e ); 3.47 (6 H, s, O M e). 
13C{'H} N M R  (63 M H z, CDC13, ppm ): 77.1 (C H ­
O M e); 66.8  (C H 2); 57.3 (O C H 3).

Synth es is o f  (3' S,4' S)-(+)-1,2-bis (3',4'-d imethoxy- 
phospholano)benzene (B D P B )

13 ml (20.0 m m ol) o f 1.6 N n-BuLi in hexane 
was a d d e d  dropw ise to  a so lu tion  of 1.48 g (10.0 
m m ol) of 1,2 -b isp h o sp h an o b en zen e  in 100 ml of 
TH F. T he pale yellow  m ix tu re  was s tirred  for 1 h 
at 20 °C. A fte r  cooling  to  0 °C, the cyclic sulfate 
(4.24 g, 20.0 m m ol) was ad d ed  and  the  colorless 
suspension  was s tirred  fo r 2 h. T hen , 2.2 eq u iv a­
len ts o f « -B uL i (14.3 m l) w ere added  dropw ise at
0 °C, and  the  o range  suspension  was s tirred  o v e r­
night. A fte r  18 h, 60 ml of w a te r was added  to  the 
pale yellow  suspension , and  the T H F  was ev ap o ­
ra ted . T he m ix tu re  w as ex tra c te d  w ith 5 x 50 ml of 
e ther. T he e th e r  so lu tion  was d ried  over N a2S 0 4 
and  the  so lven t was ev a p o ra te d . The p ro d u ct was 
o b ta in ed  as an oil w hich crystallized  overnight. 
Yield: 2.61 g (6 8 % ). [ a ]D25 = + 51.9° (c = 0.7, 
C H 2C12). MS (E I, L R ): m /z  = 370.0 (M + ).

Elemental analysis for C,^H^s0 4P->
C alcd C 58.37 H 7 .6 2 % ,
F ound  C 58.88 H 7.88% .

31 P{1H} N M R  (162 M H z, CDC13, ppm ): -33.8 
(s). 'H {31P} N M R  (400 M H z, CDC13, ppm ): 7.59 
(2H , m. H arom); 7.29 (2H , m, H arom); 3.92 (2H , m, 
C H O M e); 3.86 (2H , m, C H O M e); 3.35 (6H , s.
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O M e); 3.33 (6 H, s, O M e); 2.43 (2H . dd. 7, = 14.5 
Hz, J2 = 6.5 Hz. C H ,); 2.25 (2H . dd, 7, = 14.1 H z, 
7, = 5.3 H z. C H ,); 2.06 (2H . dd. 7, = 14.1 H z, J2 =
6.3 Hz, C H ,); 1.90 (2H , dd , 7, = 14.5 Hz. 7, = 5.2 
Hz. C H ,). 13C{1H} N M R  (100 M H z, C D C l,. ppm )
[15]: 146.7 (m l, N  = 5.8 H z, C arom-P ); 131.3 (m 2, 
N' = 5.6 Hz, C H arom); 129.4 (s, C H arom); 86.9 (C H - 
O M e); 86.7 (C H -O M e); 57.4 (O M e); 57.3 ( O M e);
28.8 (m , C H 2).

Synthesis o f  [R h (B D P B )(C O D )J P F 6

372.4 mg (1.48 m m ol) o f A gP F 6 was added  
to  a so lu tion  of 363.2 m g (0.74 m m ol) o f 
[R h (/i-C l)(C O D )]2 in 10 ml o f TH F. A  so lu tion  o f 
545.6 mg (1.48 m m ol) o f B D P B  was ad d ed  drop- 
wise at -78 °C. A fte r  1 h, th e  reac tio n  m ix ture was

allow ed to  w arm  to room  tem p era tu re . The d eep  
red  so lu tion  was sep ara ted  from  the A gC l by 
filtra tion  and  the filtrate  was ev ap o ra ted . C ry sta l­
lization o f the  residue from  C H 2C12 / p en tan e  gave 
838 mg o f the  red  p roduct (78%  yield).

Elem ental analysis fo r  C?6H 4()F60 4P  ̂ Rh 
C alcd  C  42.99 H  5.55% ,
F ound C 43.15 H 5.59% .

31P ( 'H )N M R  (162 M H z, CDC13, ppm ): 55.1 (d. 
7 = 151.3 H z); -143.7 (sept. 7 = 713.3 Hz).
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