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ABSTRACT 

1,3-Bisphosphines and I ,3-phosphine sulfides have been prepared from 1,6-anhydro-@-glucopyra- 
nose in view of their application as bidentate ligands in transition-metal-catalyzed asymmetric hydrog- 

enation. Reaction of 1,6:3,4-dianhydro-2-O-(p-toluenesulfonyl)-~-~-ga~actopyranose (1) with PhzPH in the 

presence of AIMe, gave 1 .6:2,3-dianhydro-4-deoxy-4-(diphenylphosphino)-~-~-mannopyranose (6) which, 
upon treatment with LiPPh:, led to 1,6-anhydro-2,4-dideoxy-2,4-his(diphenylphosphino)-~-D-glucopyra- 

nose (9). Esterification of9 with 1 -naphthoyl chloride yielded the naphthoate Il. Upon exposure to air, 9 and 
11 were oxidized to the corresponding bisphosphine dioxides 10 and 12. Treatment of6 with PhSH and DBU 

led to I ,6-anhydro-2,4-dideoxy-4-(diphenylphosphin~~)-2-phenylthio-~-~-glucopyranose (13) and, after ox- 
idation with air, to the corresponding phosphine oxide 14. Similarly. 1 was transformed into I ,6-anhydro-2, 
4-dideoxy-2-(diphcnyIphosphino)-4-phenylthio-~-~~-giucopyranos~ (16) and its oxide 17. Attempted ring 

opening of I by PhzPH/KOH or by Ph2PH/AIMe, and oxidative work-up gave 
I .6-anhydro-3,4-didcoxy-4-(diphenylphosphoryl)-~-~-~h~~~-hex-3-cnopyranose (3). In the presence ofHC1. 
both 3 and 7 (obtained by air oxidation of 6) were transformed into I ,6-anhydro-2-chloro-2,4-dideoxy-4-(di- 

phenylphosphoryl)-p-D-glucopyranose (8). The structure of 8 was established by an X-ray analysis. ‘H-, 

“C-, and “P-n.m.r. spectroscopy showed that the phosphines (9, 11, 13, and 16) prefer a ‘C., and the 
phosphine oxides (8, 10, 12, 14, and 17) a B,,, conformation. The results of the rhodium- or ruthenium- 
catalyzed asymmetric hydrogenation with the phosphines 9, 11,13, and 16 as ligands are presented. In the 

hydrogenation of olefins (geraniol or the a-acetamidoacrylic acid 19). low enantioselectivety is observed. 

Better enantiomeric excesses were obtained in the hydrogenation of r- and /I-ketoesters (ketopantolactone, 

e.e. < 48%; methyl %oxotetradecanoate, e.e. < 55%). 

INTRODUCTION 

Homogeneous asymmetric catalysis by transition metal complexes with chelating 
bisphosphines has provided practical syntheses of many enantiomerically pure sub- 
stances. The commonly used ligands are 1,2- 1,3-, and 1,4-bisphosphines, giving rise to 
chelates possessing five-, six-, and seven-membered rings’.“. Most of the research has 
focused on 1,2- and 1,4-bisphosphines, and this has led to the industrial application of 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
’ Author for correspondence. 
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Fig, I. A view of the molecule of 1,6-anhydro-2-chloro-2,4-dldeoxy-4-(diphenylphosphoryl)-~-~-glucopy- 
ranose (8). 

TABLE V 

Crystal data and experimental conditions for the X-ray analysis of 8 

Molecular formula C,,H,,ClO,P 
Formula weight 364.76 
Crystal system Monoclinic. non-centrosymmetric 
Space group P2, 
‘I X.831 (1) A 
h 5.879 (1) A 

; 

16.603 (2) 8, 
93.903 (9)’ 

Z 2 
Volume 860.0 (2) A’ 
Calculated density I .409 g.cm -’ 
Radiation MO-K, 
1. (graphite-monochromated) 0.70926 8, 

/J (Mo-Kz) 3.291 cm-’ 
F(OO0) 380 
Collection mode Wyckoff (u-scans 
Scan speed Variable, 2.5 19.3‘ ‘min 
Diffractometer Nicolet-R3 
Temperature of data collection -60’ 
No. of measured reflections 3042 
Unique total 2595 (R,,, = 0.01 I) 
Observed reflections [I > 3a(1)] 2244 

2@0rl*,1 55 
Least-squares parameters 288 
R 0.0297 
wR (WI = [cr’jfl] ‘) 0.0307 
Goodness-of-fit 1.597 
Maximal and minimal residual electron density 0.31. -0.16 c.A-’ 
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Selected torsion angles for 8 with e.s.d.s in parentheses 

Torsion ungk Value (A) Torsion angle Value (2) 

o-4P-C-l-C-2 
0-4-P-C- I ~C6 
o-4-P-c-7-C-8 
0-4&P-~c-7-mc- 12 
0-4-P C- 13vz- 14 
0-4&PKc- 13vz- I8 
C- 1 -Pm C-7-C-8 
C-l-P---C-7-C-12 
C-7-P- C-l-C-2 
C-I-P- C-I-C-6 
c-l~~P-~c-13~~C-14 
C-l-P-C-13-C-18 
C-13-P c- lmmC-2 
C-13&P-C- IkC-6 
c-7 P~~c-13~~c-14 
C-7~P-~C-13~~C-l8 
c-13-P-C-7 mc-8 
C-13pP~mC-7-C-12 
c-4 o-I-C-&C-l 
c-4-0-1~c-~c-5 
C-6-O-l-C-CO-2 
C-h-O-l~C-&C-3 

-61.3 (2) 
61.7 (2) 

172.1 (2) 
-9.7 (2) 
- 8.4 (2) 
173.4 (2) 
47.3 (3) 

- 134.5 (2) 
63.2 (2) 

- 173.8 (2) 
112.3 (2) 

-65.9 (2) 
178.5 (2) 

- 58.4 (2) 
- 130.5 (2) 

51.3 (2) 
~ 66.0 (2) 

112.3 (2) 
- 75.4 (2) 

43.5 (2) 
-41.1 (3) 

77.1 (3) 

C-4-0-2-C-5-C-6 
C-5-0-2-C-4-O-I 
C-5-0-2-C-4-C-3 
P-C-1-C.2-O-3 
P-C-1-G2-C-3 
P-C- I -c-co- I 
P-C-I-C-GC-5 
c-2-c- l-C-6--0- I 
c-2~c-1-c-f&c-5 
C-&C-l-C-2-0-3 
C-&C-lC-2~mC-3 
0-3-C-2XI-3--C1 
0-3-C-2- C-3WZ-4 
C-l-C-2pC-3--Cl 
C-l-C-2-C-3-C-4 
cl~c-3~c-&o- 1 
Cl-C-3X-C-O-2 
C-2--C-3-C-4 O-l 
C-2-C-3~ C-40-2 
0-2~C-5~~C&O- I 
0-2~c-5x-&c- 1 

6.6 (3) 
21.1 (3) 

- 97.3 (3) 
- 75.4 (2) 

158.0 (2) 
- 105.3 (2) 

143.1 (2) 
17.9 (2) 

- 93.7 (2) 
162.5 (2) 
36.0 (3) 
77.3 (2) 

- 162.0 (2) 
- 156.3 (1) 

- 35.6 (3) 
100.0 (2) 

~ 143.7 (2) 
-20.1 (3) 

96.3 (3) 
-31.0 (2) 

85.4 (2) 

1 

15 

SPh PPh, 

16 

Scheme2. (a) PhSH,NaOMe,67%.(b)PhzPH, BuLi.THF, 83%.(c)Air, 1:l:l EtzOmacetonemCHCI,, 91%. 

configuration of 15. The i.r. spectra of 13,14,16, and 17 are characterised by OH bands 
between 3400 and 3570 cm-‘. The ‘H-n.m.r. spectra of the monophosphines 13 and 16 
and of the monophosphine oxides 14 and 17 exhibit similar coupling constants as the 
spectra of the corresponding bisphosphines and bisphosphine oxides, respectively, 
indicating their gluco configuration, a ‘C, conformation for the phosphines, and a B,,o 
conformation for the phosphine oxides. 

Additional information about the conformation of the mono- and bis-phos- 
phines and phosphine oxides was obtained from the homo- and hetero-nuclear cou- 
plings of phosphorusi4,‘” (Tables II and IV). The values for 3Jp.c and 3Jp,n of phosphine 
oxides depend strongly on the dihedral angle. Values of 1613 Hz for the vicinal 
couplings of 3’P with C-2, C-4, and C-6 of the phosphine oxides 5,8,10,12,14, and 17 
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Me Me 

26 

Ligand 
MeJkJ&OH 

18 22 

MeOeCOOH 

) 

Ligand 

AcO 

Me 
0 

Me,,*... t5- 0 
0 

20 

H& ,=OMe 

21 

Precursor complexes: 26 
27 
28 

27 

Ligand 

23 

Me 
OH 

Me,,*..- . 

b- 
0 

0 

24 

28 

Ligand 

25 

Ligand: 9 or 11 or 13 or 16 

tQCl(p-CI),(COD),(CH3CN) 

(COD: cis,cis-1.5.cyclooctadiene) 

Scheme 3. 

the enantioselectivity in the hydrogenation of 19, in contrast to the results obtained 
from an analogous hydrogenation using the BPPM-rhodium complex4’. Somewhat 
higher e.e. values were observed in the rhodium-catalyzed hydrogenation of ketopanto- 
lactone (20) but only the less active complexes gave higher selectivities. The best results 
were obtained in the reduction of the /I-ketoester 21, with e.e. values of 54 (9) and 49% 
(16) but only the complex of the bisphosphine 9 converted 21 in good yield (80%) into 
the B-hydroxyester 25. To the best of our knowledge. this is the first example where 
non-atropisomeric bisphosphine complexes of ruthenium give an appreciable e.e. in the 
hydrogenation of a fi-ketoester. The atropisomeric BINAP complexes give the j?- 
hydroxyesters with e.e. > 97% (ref. 47). 

EXPERIMENTAL, 

General rnetlzods. - See ref. 48. All reactions involving phosphines and orga- 
nometallic compounds were performed under an Ar atmosphere, using standard vacu- 
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urn-line techniques and round-bottom flasks having a sidearm with a stopcock49. All 
transfers of liquids and solutions of air- or moisture-sensitive materials were carried out 
with Ar-purged syringes fitted with stainless steel needles or with steel tubing. Ar was 
purified by successive passage through self-indicating silica gel and BTS catalyst. 
Tetrahydrofuran was distilled from Na and benzophenone, MeOH from Mg, and 
CH$l, from PzO, under a stream of deoxygenated (BTS) and dried (silica gel) N?. 
Isolation of air-sensitive products was carried out by adding degassed silica gel in an 
Ar-purged round-bottom flask to the reaction mixture, removing the solvents at 0.08 
mbar to give the silica-gel-absorbed products, and column chromatography. Before 
transferring degassed eluents to the reservoir, the silica gel in the column was washed 
with acetone and the eluent in turn, and purged with N, for 3 cycles. All the solvents for 
flash chromatography (f.c.) were degassed using the freeze-pumpthaw method with N? 
(3 cycles). F.c. was carried out on silica gel (Merck 60, 0.015-0.040 mm) under N2 
pressure, and fractions were collected in Ar-purged round-bottom flasks having a 
sidearm with a stopcock connected to a Nz balloon as a pressure equalizer. Solvents 
were distilled on a vacuum line using an oil pump. 

1,6-Anhydro-3,4 -dideoxy-4- (diphenylphosphoryl)~P-D-threo -hex-3- enopyrunose 
(3). ~-(a) PhzPH (0.807 mL, 4.66 mmol) and 50% aqueous KOH (567 mg, 5.06 mmol) 
were added in turn to a solution of I (630 mg, 2.11 mmol) in MeSO (2 1 mL, dried over 
CaH,) at room temperature. The mixture was stirred thereat for 38 min until the 
disappearance of 1. After addition of 0.5 mL of AcOH, normal work-up, and f.c. 
(AcOEt), crystallization from CHCl,-Et02 gave 3 (152 mg, 22%, not optimized) as 
white needles. 

(b) AlMe, (4.32 mL, 36 mmol) and PhzPH (4.17 mL, 24 mmol) were addedjn turn 
to cooled (- 38”) CH,Cl, (30 mL). This mixture was stirred for 40 min and added in one 
portion to a cooled (- 38”) solution of 1 (1.78 g, 6 mmol) in CH,Cl, (100 mL). The 
mixture was stirred at - 38” for 10 h, treated with a solution of NaOMe (210 mmol) in 
MeOH (65 mL). warmed up to -2O”, and kept at -20” for 3 h. After addition of the 
mixture to silica gel, the solvent was removed at room temperature using an oil pump. 
T.1.c. showed that the product (R, 0.92, 5:l CHCl,--AcOEt) was transformed into a 
slower moving one (R, 0.87) during evaporation of the solvent. Further work-up was 
done without an Ar atmosphere. Elution of the silica gel with CHCl,, drying (MgSO,) 
and concentration of the eluent, and crystallization (3 times) from CHCl,-Et02 gave 3 
as white needles (310 mg, 16%, not optimized), R, 0.33 (2:1 CHCl,-acetone), m.p. 
1977198”, [RI; - 124” (c 0.5, chloroform); $$‘I 240 (E 3065) 266 (E 1797), 273 (E 1457) 
nm; v,,, 3560 m, 3330 m (br), 3064 m, 3083 w, 2998 s, 2902 m, 1625 m, 1593 m, 1487 m, 
1440s 1392s, 1350s 1262s 1175s 1138s 1123s, 1105s 1075s 1050s 1030s lOOOs, 
980 s, 945 m, 930 m, 890 s, 870 s, 695 s cm-‘. C.i.-mass spectrum: m/z 329 (100, [M + 
l]‘), 311 (3), 269 (lo), 241 (4), 81 (3). 

Anal. Calc. for C,,H,,O,P (328.27): C, 65.85; H, 5.22; P, 9.43. Found: C, 65.56; H, 
5.22; P, 9.59. 

I ,6-Anhydro -4-deoxy -4- (diphenylphosphoryl) -2-O- (p- toluenesulfonyl) -,8-D-gh- 

copyranose (5). - (a) AlEt, (1.2 mL, 5.7 mmol in toluene) was added to a solution of 
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Data for 8: R,OSO (AcOEt), m.p. 153”, [r]$ - 32” (~0.6, chloroform); ,IEXc’j 239 (E 
1974), 266 (E 2419)” 273 (c 2002) nm; v,,, 34S3180 br m, 2995 s, 2905 m, 1590 w, 1485 
w, 1440m, 133Ow, 1312w, 126Ow, 1165s, 1148s, 112Os, llOOs, 1072m(sh), lOlOs, 
1000 s, 982 m, 945 w, 900 m, 915 m, 872 m, 690 m, 645 w cn-‘. C.i.-mass spectrum: m/z 
367 (37, [M + 3]+). 365 (100, [M + I]+), 330 (14), 329 (78, [M - Cl]+), 243 (22), 241 (9), 
203 (42). 

Anal. Calc. for C,,H ,,O,CIP (364.75): C, 59.27; H, 4.97; Cl, 9.7 1. Found: C, 59.19; 
H, 4.74; Cl, 9.57. 

Transformation of’3 into 8: A mixture of 3 (7 mg), molecular sieves (3 A), and cont. 
HCl(10 PL) in CHCI, (2 mL) was stirred at room temperature for 48 h. Normal work-up 
followed by t.1.c. (2: 1 CHCl,-acetone) gave 8 (2 mg). The R, and the ‘H-n.m.r. spectrum 
were identical to those of 8 obtained from 7. 

1,6-Anhydro-2,4-dideo.~y-2,4-his(diphenylphosphino)-~-~-glucopyranose (9). - 
BuLi (2.1 mL, 3.4 mmol) was added to a solution of Ph?PH (0.70 mL, 4 mmol) in 
tetrahydrofuran (5 mL). The mixture was stirred for 40 min at room temperature and 
added to a solution of 6 (530 mg, 1.69 mmol) in tetrahydrofuran (26 mL). T.1.c. showed 
completion of the reaction within 15 min. The solution was filtered through a mixture of 
NH&l (0.3 g) and silica gel (20 g), and the adsorbent washed with tetrahydrofuran. F.c. 
(I :2 AcOEt-hexane) of the crude product gave 9 (480 mg, 57%) as a white amorphous 
solid, R,0.41 (2:3 AcOEtGhexane); $$“cl, 255 (12 287) nm; v,,~~ 3552 m, 3060 m, 3000 m, 
2960 s, 2928 m, 2900 m, 2858 m, 1588 w, 1480 s, 1432 s, 1291 m. 1259 s, II 18 s, 1093 s, 
1070 w, 1055 m, 1048 m, 1028 m, 1000 s, 975 m, 940 m. 888 m, 692 s cm ‘. 

1,6-Anh~~dro-2,4-dideoxy-2,4-bi.s(diphenylpho.splzoryl~-~-~-ylucop~ranos~ (10). 
- AcOH (2 mL) and H,O, (38%, 1 mL) were added to an ice-cooled solution of 9 (120 
mg) in 2:l CHCl,-acetone (30 mL). The solution was stirred until completion of the 
oxidation (3 h). Usual work-up gave 112 mg of crude product, which, upon crystalliza- 
tion from MeOH, gave 10 (90 mg, 7 1%) as white needles, R, 0.38 (1: 1 CHCl,-acetone), 
m.p. 236” (dec.), [MI: + 27” (c 1, chloroform); Iz(mfy3 273 (c 3284), 266 (c 39 18), 239 (E 
2479) nm; v,,, 3400 s (br), 3064 w, 2998 s, 2930 m, 2905 m, 1595 m, 1485 w, 1440 s, 13 15 
m, 1210 s, 1160 s, 1120 s, 1098 s, 1055 s. 1030 s, 1010 s, 1000 s, 985 m, 895m cm-‘. 
C.i.-mass spectrum: m/z 532 (35, [M + 21’ ), 53 1 (100. [M + l]+), 335 (lo), 334 (45), 287 
(17), 276 (12), 259 (1 I), 245 (30), 243 (ll), 219 (21), 203 (20). 

Anal. Calc. for C,,H,,O,P, (530.50): C, 67.92; H. 5.32; P, 11.67. Found: C, 67.72; 
H, 5.32; P, 11.42. 

1,6-Anhydro-2,4-dideo~~y-2,4-bi.~(diphenylphosphino)-3-0-(I-naphthoyl)-P-~- 
glucopyranose (11). - A solution of 9 (642 mg, 1.29 mmol), pyridine (0.17 mL, 2.32 
mmol, dried over KOH), 4-dimethylaminopyridine (15 mg), and 1-naphthoyl chloride 
(0.27 mL, 1.80 mmol) in CHzClz (30 mL) was stirred for 2.5 h (t.1.c.: completion of the 
reaction) at room temperature. Work-up according to the usual procedure for air- 
sensitive compounds and f.c. (lo:2 toluene-CHCl,) gave 11 (705 mg, 84%) as a white 
foam, R, 0.37 (8:2 toluene-CHCl,); ~.Z:‘I 246 (E 19 768) nm; v,,), 3060 s. 3010 s, 2968 s, 
2930s,2900m,2860m,1715s,1595m,1580s,1510m,1480m,1435s,1378w,1278w, 
1136s, 113Os, 1095m, 1075m, 1064m. 1025s, 1010s,950s,920m,898m,865w,693s 
cm ~I. 
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and f.c. (1:2 AcOEt-hexane) gave 16 (832 mg, 99O/,). Crystallization from CH,Cl,- 
MeOH at - 10” to - 15” gave fine white needles (700 mg, 83%), R, 0.43 (4:6 AcOEt- 
hexane), m.p. 1499151” (in a sealed tube under NJ; EExc’3 258 (E 17958) nm; v,,, 3560 m, 
3060 m, 3010 m, 2962 s, 2930 s, 2908 s, 2878 m, 1585 m, 1482 s, 1435 s, 1403 w, 1293 w, 
1263 s, 1188m, 112Os, 1096s 1062m, 1028m, 1010 s,978m,940m, 888m, 694scml’. 

I,6-Anhydro-2,4-dideoxy-2-(dphenylphosphoryl)-4-phenylthio-P-~-glucopyrano- 
se (17). - Compound 16 (55 mg) was oxidized to 17, as described for the oxidation of 6 
to 7. Preparative t.1.c. (lo:3 CHCl,-acetone) gave 17 (52 mg, 9 1%). Long, fine needles 
were obtained by crystallization from acetone; R, 0.73 (lo:7 CHCl,-AcOEt), m-p. 
194-196”, [u]: - 25” (c 1, chloroform); ICHC’ Umaa 3 238 (E 4648), 259 (E 8361) nm; v,,, 3400 s 
(br), 3070 m, 3010 s, 2938 m, 2908 m, 2860 m, 1595 w, 1585 w, 1480 m, 1440 s, 1315 w, 
1265 w, 1150 s, 1110 s, 1073 w, 1028 w, 982 w, 949 w, 890 m cm-‘. C.i.-mass spectrum: 
m/z 440 (27, [M + 2]+), 439 (100, [M + l] ‘), 329 (5) 273 (9). 

Anal. Calc. for C,,H,IO,PS (438.49): C, 65.74; H, 5.29; P, 7.06; S, 7.31. Found: C, 
65.52; H, 5.45; P, 7.19; S, 7.51. 

X-Ray analysis of8. -Structure solution was performed using the direct methods 
routine of SHELXS86 (ref. 50). Data reduction and structure refinement were perform- 
ed with the TEXSAN program package5’. All non-hydrogen atoms were located by 
direct methods. No absorption corrections were applied. All of the hydrogen atoms 
could be located in a difference Fourier map and their positions were allowed to refine. 
The positions of the non-hydrogen atoms were refined with anisotropic thermal param- 
eters; for the hydrogen atoms, individual isotropic temperature factors were refined. 
One reflection was omitted from the final cycles of refinement because of suspected 
extinction. The final difference Fourier maps were featuresless.* 

General procedure for the in situ prepuration of the catalysts andfor the hydroge- 
nations (data in Table IX): - In a glove box (Ar, < 1 p.p.m. OJ, a solution of the chiral 
ligand (9,11,13, or 17; 0.02-o. 1 mmol) in 20 mL of the mentioned solvent (except for 
reactions with 26 where 6 mL of CH,Cl, were used) was added to a solution of the 
calculated amount of the metal complex (26 or 27 or 28) in the same solvent (20 mL). 
The resulting solution was stirred at room temperature for 30 min (27) or 90 min (26 and 
28). The solution of the complex of 27 in EtOH was treated with 6 mol. equiv. of NEt,. 

In the glove box, a 500-mL stainless-stell autoclave equipped with a magnetically 
driven stirrer and a glass vessel was charged successively with the substrate, the solvent, 
the catalyst solution, and 10 bar of Ar. Before connecting the autoclave to the H, source 
(99.9999%) the lines were carefully flushed with H,. The Ar was replaced by three cycles 
of pressurizing with 20 bar of Hz and venting. 

Determination of the enantiomeric excesses of the hydrogenation products: The e.e. 
of 23 was deduced from the optical rotation45, whereas that of 24 was determined by 
g.1.c. on a column of permethylatedp-cyclodextrin (home made, commercially available 

* Lists ofatomic co-ordinates and temperature factors have been deposited with, and may be obtained from, 
Elsevier Science Publishers B.V., BBA Data Deposition, P.O. Box 1527, Amsterdam, The Netherlands. 
Reference should be made to No. BBA/DD/466/Curhohydr. Res.. 216 (1991) 149- 169. 
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