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Abstract: The ligands 2.3,H-tri-O-methyl-ﬁ-(diphenylphosphino)-ng-glucopyranosyl-
2',3',8'-tr1-0-methyl-6'-(diphenyl phosphino)-a-D~glucopyranoside Tac~TREDIP) and the
anomer BR-TREDIP have been prepared from dimesylate precursors. They form a range of
rhodium complexes in which the phosphines can be mutually cis or trans, depending on the
other ligands present. The ca-anomer shows more propensity for trans-complexation then
the Bg-anomer, and this may be explained on conformational grounds.

Hydroformylation of olefins by neutral rhodium complexes occurs under mild conditions and with high
regioselectivity. Since it is a reaction of considerable commercial importance, a great deal of
effort has been directed towards optimising the selectivity, including the variation of phosphine
ligands® and involvement of cis-chelating biphosphines.? Attendent mechanistic studies demonstrate
that two phosphines (normally PPh,) are coordinated in the catalytic pathway providing highest
proportions of linear aldehyde, and they may be cis or trans-related at different stages in the
catalytic oycle.? Addition of excess phosphine suppresses its displacement by CO and improves the
selectivity.* On this basis, it seemed to us that a flexible chelating ligand with the capacity
for both cisoid and transoid configurations might confer considerable advantages for hydroformy-

lation, since the problems attending dissociation are minimised and the P-Rh-P entity can maintain
its integrity thoughout the catalytic cycle. In accompanying papers, the synthesis and structural
analysis of ligand precursors, and the successful demonstration of regioselective hydroformylation
are described.

Synthesis of aa- and 88~ TREDIP

The protected dimethanesulphonate 1 prepared from ggftrehalose’ was reacted with lithium
diphenylphosphide® in thf to give the desired biphosphine 2 in 85% yield as a white solid. Its 'H
N.m.r. spectrum confirmed that anomeric integrity was maintained (8K, = 5.21 p.p.m., J,, , = 3.6Hz),

and the compound was fully characterised. It was stored at -30° under argon.

In similar fashion the dimethanesulphonate 3 from Bg-trehalose® was reacted with lithium
diphenylphosphide in thf to give biphosphine 3 as a microcrystalline solid in 88% yield. The
N.m.r. spectrum again indicated anomeric purity (8H, = 4.05 p.p.m., J,,, = 8Hz). The 1.16 p.p.m.
chemical shift difference between the anomeric protons in biphosphines 2 and ﬂ is substantially
greater than other trehalose derivatives, where values of p.u - 0.6 p.p.m are more usual. The
anomaly 1s in an upfield shift for 5, suggests that a conformation 5 in which the anomeric proton
experiences arene ring-current shielding is important.
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Complexation studies
Precursors for homogeneous catalysis of hydrogenation’ or hydroformylation® may be prepared from

biphosphines and bis bicyclo [2,2,1] heptadienerhodium. Reaction with aa-TREDIP gave a sparingly
soluble orange gel which could not be crystallised. This was assumed to be complex §.(or an
oligomeric isomer) on the basis of its *!P N.m.r. which showed a rhodium coupled doublet, § = 20.0
ppm, JRn-p = 156Hz, values typical? of dienerhodiumbiphosphine complexes. When this complex was
suspended in methanol and agitated under H,, it dissolved with formation of a straw-coloured
solution. The *!P N.m.r. spectrum showed a single species. & = 39.7 p.p.m., J = 116Hz, and a
single Rh~H resonance at -17.6 p.p.m. The same species was obtained when reaction was conducted in
dichloromethane. These N.m.r. parameters are very typical of solvate rhodium dihydrides in which
the phosphines are mutually E:ggg,’ and the similarity between reactions in CH,OH and CH,Cl,
suggests that oxygen coordination arises from the ligand, presumably 01 and 01'; this presumption
is supported by studies described below. Structure 7 is indicated. When the solution of this
dihydride was reacted with non~-1-ene, hydrogenation occured and the *!'P N.m.r. was consistent with
solvate 8.

In contrast, the soluble crystalline complex 9 prepared from BB-TREDIP and bis-bicyclo
{2,2,1]heptadienerhodium, 6p = 11.5 p.p.m, Jpp-p = 159Hz, reacted with H, to form solvate 10
directly, without the intervention of an observable dihydride. This complex was also formed in
dichloromethane, Gp = 60.0 p.p.m., Jpn-p = 203Hz, and suggests that the vacant coordination sites
in the square plane are occupied by ring oxygens.

CH30 OCH, 10

Further support for the postulated structures stems from a series of related experiments with
simpler phosphinoethers in which the number of ether sites available for chelation, and the size of
the chelate ring are varied (TABLE 1).

Taking first the simplest phosphinoether 11, hydrogenation of thie norbornadiene complex in
methanol gives rise to a dihydride with two inequivalent sites in dynamic interchange at room
temperature but whose 'H N.m.r. is well resolved at 253 K. the same pattern of behaviour is
observed with the bis (diphenylphosphinomethyl) furan 12, and it is consistent with structure A for
the dihydride in both cases. Methanol dissociation gives a five-coordinate intermediate with H,
and Hyp equivalent so that recombination may interchange the two sites in A. The two Rh-H chemical
shifts are around -19 and -22 p.p.m.,; since the latter is close to the value observed in
methanol-solvated dihydrides, the signal at -19 p.p.m. is deemed to be trans to the ligand oxygen.
The homologous complex derived from phosphinoether 13 shows more complicated behaviour. Immediately
after adding hydrogen to a solution of the rhodium norbornadiene complex in methanol a single Rh-H
signal is observed, but a second complex gradually becomes predominant on standing which possesses
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inequivalent Rh-H resonances, at 248 K which coalesce at 270 K and are sharp at room temperature.
This is ascribed to a B + A type transformation, being consistent with changes observed
elsewhere in the 'H N.m.r., and in the *!P N.m.r. spectrum.®

The bis-ether li fails to give a dihydride under these conditions, and the spectroscopic
properties of the complex formed on hydrogenation are consistent with chelate structure C. In
accord with this, the same species is formed in dichloromethane. This behaviour closely resembles
that observed with gngREDIP, whilst the aa - forms a dihydride in which the ring oxygens are both
coordinated. It is clear that changes in the structure of the ligand backbone can have a marked
effect on complexation chemistry.

Table 1. Hydrogenation behaviour of rhodium oxyphosphine complexes.

Biphosphine (as Methanol Dihydride
Rh NBD* complex) solvate
$pi JpRh 8ps JpRni SH» JHP » JRNH* JHH
PhoPAOAPPhy 1L a 45.1, 1205 -19.2, 14, 27,
-21.6
\[3\, 12 a 48.1, 119; -18.7, 13, 26, 13
Ph,P 0 PPhy 12 _ ora
O 13 47.9; 204 34.3b, 118; -22.8, 18, 25, =
Ph,P 0 PPh, 31.7 , 118; -21.9, 14, 28, 14
-22.3
thPs/‘O\/*O\/*Pthﬂ 57.8; 205 a
aa - TREDIP 2 56.3; 206 39.7, 116; -17.6, 15, 33 =
88 - TREDIP 4 60.0; 203 a

a4 Not formed under the reaction conditions.
b First-formed species. © Predominant species at equilibrium.
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The ligand aa-TREDIP reacts with [Rh(CO),Cl], to give a monomeric complex 15 with several
unusual features. Firstly, the *!P N.m.r. spectrum is broad at room temperature sharpening at 233
K to a rhodium coupled AB quartet with P~P coupling of 356Hz, typical of inequivalent trans-related
phosphorus nuclei{.!® The 'H N.m.r. spectrum 1s broad at room temperature and sharpens to reveal
two inequivalent glucose moieties at 229 K, for which the most striking feature is the anomeric
proton separation of 1.85 p.p.m. (6 4.4 versus 6.25). One set of ring and OCH, chemical shifts is
similar to the free ligand whilst the other is strongly shifted implying that one 0! atom is
involved in coordination to rhodium. This is probably weak, since the molar conductivity Ay is
6.93 07'M"'em® in CH,Cl, at 25°; the corresponding value for cationic complex 16 is 54.5.
Phosphorus inequivalence arisesbecause planar chirality’! at rhodium makes the two nuclei
diastereotopic, and the pathway of Figure 1 explains the dynamic N.m.r. behaviour.
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Figure 1 N.m.r. equivalencing of Px and Py.

Addition of AgBF, to a solution of complex 15 in dichloromethane caused AgCl precipitation
and a new complex was observed with one *'P N.m.r. resonance (8p = 33.2, Jppn = 99Hz). Addition of
methanol modifies the signal the limiting spectrum has & 30.8, JPRh = 118Hz. These changes
are in accord with the formation of complex 17, followed by its conversion into the cation ﬁ.

When the stereoisomeric 88-TREDIP was reacted with [Rh(C0),C1] the yellow complex 19 may be
1solated. This exhibits a *'P N.m.r. spectrum similar to that of 15 but it is sharp at room
temperature, Jpp = 359Hz. Correspondingly, the complex is non-conducting in solution and the
differentiation between diastereotopic protons in the 'H N.m.r. spectrum is small. Rather unstable
complexes related to cations 17 and _1_§ were produced by successive treatment with AgBF, and

methanol.
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Structure and conformation of the complexes

These observations reveal that both the aa and B8 anomers of TREDIP may form cis - chelate
complexes; when ring ether coordination is involved the B8 anomer does so more readily. The
reverse situation applies to trans-complexation. Thus the aa-anomer gives rise to a stable hydride
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7 involving coordination of both 01 and 01', and a carbonyl chloride 15 involving weak and
reversible coordination of one ring oxygen. For the B-anomer no hydride was observed and the
carbonyl chloride complex 19 shows no indication of internal O-coordination. These results
indicate that the ga-anomer is generally happier than the g8-anomer in trans-coordination.

Examination of molecular models suggests that the cis-form of the complexed aa-anomer (Figure
2 !9 is quite flexible, with anomeric torsion angles® typically -120 and + 120°. Coordination of
one or both ring oxygens causes considerable angle strain sufficient to make the structure appear
an unstable one. In contrast to this the Bg-anomer finds both ring oxygens placed in proximity to
the metal on cis-coordination and an essentially strain free form with C,-symmetry can be obtained
where the anomeric torsion angles are about -45, -45° (Figure 2, B). There are in addition
strain-~free conformations with torsion-angles around -30, -30° in which the ring oxygens remain
uncoordinated.

With trans-ligation of the phosphines, a different situation ensues. A strain-free complex
may be formed from the aa-anomer with anomeric torsion angles both 180°. Bringing the ring oxygens
into coordination (Figure 2, C) gives a further strain-free species with torsion angles of -30° and
-30°, with a C, symmetry axis maintained. The BB-anomer 13 very severely angle-strained when the
phosphines are trans-disposed and the oxygens coordinated, but a more favourable structure is
obtained when the ring oxygens remain unbound. The modes fllustrated in Figure 2, D has torsion
angles of +90 and -90°, and no apparent angle strain.

To summarise, it is apparent that both aa and B8 TREDIP are capable of forming chelate
rhodium complexes in which the phosphines are c¢is or trans-disposed, with the possibility of ring
oxygen coordination. For the aga-isomer, the trans-isomer is very favourable for ring oxygen
chelation but the cis-isomer is rather strained. The opposite situation ensues for the 88-1somer,
where the cis-chelate disposes ring oxygens for coordination without distortion of the backbone,
but the trans-chelate only forms readily when ring oxygens are unbound. These conclusions permit
the coordination chemistry of the two ligands, described in the previous section, to be
rationalised. The stereochemical control of coordination geometry observed here is reminiscent of
that described for stereoisomers of linear tetraphosphines.!?

Figure 2. Conformations of as- and BB-TREDIP in cis and trana coordination.
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EXPERIMENTAL

All reactions involving phosphines, organometallic complexes and other air-sensitive
compounds were conducted under an argon atmosphere using standard vacuum-line techniques and
Schlenk glassware. All transfers of liquids and solutions of air- or moisture-sensitive materials
were carried out with dried inert gas purged syringes fitted with stainless steel needles or with
thin steel tubing. Argon was purified by successive passage through concentrated sulphuric acid
and potassium hydroxide pellets.

Commercial solvent were freshly distilled prior to use from an appropriate drying agent
according to standard procedures.'’

2,3,4-Tri~0-methyl-6-(diphenylphosphino)-a-D-glucopyranosyl-2',3',4'-tri-0-methyl-6'~(diphenyl-~
phosphino)-a-D-glucopyranoside (ax-TREDIP)

n-Butyllithium (1.5M, 4.3 ml, 6.45 mmol) was added to a degassed solution of diphenyl-
phosphine (0.709 g, 4.24 mmol) in dry ether (20 ml) contained in a Schlenk tube at ~78°. On
warming to room temperature a yellow solution was formed, which was then concentrated in vacuo. The
residue was washed with petroleum ether (3 x 10 ml) at ~-78° and dried in vacuo to give lithium
diphenylphosphide as a yellow solid. Degassed tetrahydrofuran (10 ml) was added and 2,3,4-tri-0-
methyl-6-0O-methanesulphonyl~a-D-glucopyranosyl-2',3',4'-tri-0O-methyl-6'-0-methanesul phonyl-a-D-
glucopyranoside (73) (0.711 g, 1.22 mmol) was added in portions at -78° to the red solution. The
reaction mixture was then warmed and the colour was almost dissipated after stirring for 15m at
room temperature. The solution was stirred for 2h, the solvent was removed in vacuo, the degassed
methanol (6 ml) was added, and the solid was filtered off at -78°, The washing process was
repeated twice and the white solid was dried in vacuo to give pure 2,3,4-tri-O-methyl-6-
(diphenylphosphino)-a-D-glucopyranosyl-2',3', 4 '-tri-0-methyl-6'-(diphenylphosphino)-a-D-

lucopyranoside (0.787 g, 1.032 mmol, B84.5%); m.p. 51-2°; Lo 3 , CH,OH); found:

c, 35.%5; H, 6.72; C.,Hs,0,P, requires: C, 66.14; H, 6.82%; 'H-NMR & (300 MHz, CDCl,) 2.1 (2H, dd,
Jeas 9.5 Hz, Jeaep 15 Hz, Heg), 2.65 (2H, ddd, Jeps 2.6 Hz, Jepea 15 Hz, Jepp 4 Hz, Hep), 2.95 (2H,
ty Juy = Jus 9.5 Hz, H,), 3.1 (2H, dd Jp, 9.5 Hz, Ja, 3.6 Hz, Hy), 3.1 (6H, s, OMe), 3.45 (6H, s,
OMe), 3.5 (6H, s, OMe), 3.55 (2H, m, H,), 4.0 (2H, dq, Jyep 2.6 Hz, Jyu = Jseg = Jsp 9.5 Hz, Hy),
5.2 (2H, 4, J 3.6 Hz, H,). 7.2-7.4 (20H, m, Ph); *'P-NMR & (36.43 MHz, CH,CI;) -20.8 ppm; m/z
(field desorption) 762 (M*).

2,3,4-Tri-0-methyl-6-(diphenylphosphino)-g-D-glucopyranosyl-2',3',4'-tri-O-methyl-6'-(diphenyl~
phosphino)-g-D-glucopyranoside (88-TREDIP)

n-Butyllithium (1.5 M, 3.7 ml, 5.55 mmol) was added to a degassed solution of diphenyl-
phosphine (0.74 g, 3.98 mmol) in dry ether (20 ml) at -78° contained in a Schlenk tube. On warming
to room temperature a yellow solution was formed, which was then concentrated in vacuo. The
residue was washed with petroleum ether (2 x 10 ml) at -78° and dried in vacuo to give lithium
diphenylphosphide as a yellow solid. Degassed tetrahydrofuran (10 ml) was added and 2,3,4-tri-0-
methyl-6-0-methanesulphonyl-g-D-glucopyranosyl-2'-3'-4'-tr{-0-methyl-6'-0-methanesul phonyl-g-D-
glucopyranoside (0.74 g, 1.27 mmol) was added in portions at -78° to the red solution. On warming
to room temperature the colour was almost dissipated after stirring for 15m. The solution was
stirred for 3h, the solvent was removed in vacuo, then degassed methanol 910 ml) was added, and the
solid was filtered off at -78°. The washing process was repeated and the white solid was dried in
vacuo to give 2,3,4-tri-O-methyl-6-(diphenylphosphino)-g-D-glucopyranosyl-2',3',4'-tri-0O-methyl-6'-
(diphenylphosphino)--D-glucopyranoside (0.852 g, 1.12 mmol, 87.9%); m.p. 114-6°; [alf® - 12.3 (cl.
4.8, CH,OH); found: C, 66.03; H, 6.93; C,,Hs,0,P, requires: C, 66.14; H, 6.82%; 'H-NMR § (300 MHz,
CD,C1,) 2.25 (2H, dd, Jezs 9 Hz, Jeaeb 15 Hz, Hea)s 2.5 (2H, dt, Jeps = Jebp 2.5 Hz, Jepea 15 Hz,
Hﬁb)' 2.92 (2H, m, H,), 3.0 (4H, m, H,, H,), 3.2 (2H, m, Hg), 3.45 (6H, s, 8Me). 3.5 (6H, s, OMe),
3.55 (6H, s, OMe), 4.05 (2H, d, J 8 Hz, H,), 7.25-7.8 (20H, m, Ph); *'P-NMR 6 (36.43 MHz, CH,Cl,)
- 20.2 ppm (8); m/z (field desorption) 762 (M*).

Bicyelo-(2,2,1)-hepta-2,5-diene[2,3,4-tri-0-methyl-6-(diphenylphosphino)-a-D-glucopyranosyl~
2',37,4"-tri-0-methyl-6'-(diphenylphosphino) -a-D~glucopyranoside] rhodium (I) tetrafluoroborate

Bislbicyclo-(2,2,1)-hepta-2,5-diene] rhodium (1) tetrafluoroborate (97) (51.5 mg, 0.138 mmol)
and the biphosphine (105 mg, 0.138 mmol) were mixed in dichloromethane (2 ml) to give an orange
gel. The solvent was removed in vacuo, the sclid was washed with ether and dried in a stream of
argon to give the title compound as an orange solid (101 mg, 0.097 mmol, 70.1%); m.p. 182-5°;
S1p-NMR & (36.43 MHz, CH,C1,) 20.0 ppm (d, J 156 Hz); m/z (fast atom bombardment (957 (M* - BF,),
865 [M* - (BF, + nbd)].

Addition of hydrogen to a sample of the title compound in an NMR tube gave a mobile straw
coloured solution; ®'P-NMR & (36.43 MHz, CH,OH or CH,Cl,) 39.7 ppm (d, J 116 Hz); ‘'H-NMR § (300
MHz, CD,0D or CD,Cl,, hydride region) - 17.61 ppm (dt, Jygn 33.9 Hz, Jyp = Jypt 15.3 Hz, RhH). The
'H-NMR spectrum was unchanged at - 50°,

Replacement of the hydrogen atmosphere by argon and the addition of excess non-1-ene gave a
yellow solution; *'P-NMR & (36.43 MHz, CH,OH) 56.3 ppm (d, J 206 Hz).

Bicyclo-(2,2,1)-hepta-2,5-diene(2,3,4-tri-0-methyl-6-(diphenylphosphino)-g-D-glucopyranosyl-2',3',4
'-tr1-0-methyl-6'-(diphenylphosphino-g-D-glucopyranoside] rhodium (I) tetrafluoroborate
Bis[bicyclo-(2,2.1)-hepta-Z,S-dienei rhodium (1) tetrafluoroborate (97) (20.6 mg, 0.055 mmol)
and the biphosphine (74) (42 mg, 0.055 mmol) were mixed in dichloromethane (1.5 ml) to give an
orange solution which was filtered into petroleum ether. The orange solid was 1solated and dried
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in vacuo to give bicyclo-(2,2,1)-heptadiene[2,3,4-tri-0-methyl-6-(diphenylphosphino)-8-D-
glucopyranosyl-2*,3',4'~tri-0O-methyl-6'-(diphenylphosphino)-g-D-glucopyranoside] rhodium (I)
tetrafluoroborate (96b) (B4 mg, 0.0%2 mmol, 76.4%); m.p. 161-4°; TTP-NMR & (36.43 MHz, CH,Cl,) 11.5
ppm (d, J 158.8 Hz); ‘H-NMR § (300 MHz, CD,Cl,) 1.6 (2H, m, nbd, CH,), 2.65-3.8 (32H, m, H,, H,,
H,» Hg, Hy, OMe, nbd CH), 4.0 (2H, m, =CHjHp), 4.3 (2H, m, =CHHy), 5.05 (2H, d, J 7.5 Hz, H,),
7.15-7.8 (20H, m, Ph); found: C, 56.46; H, 5.59; C,4H¢,BF,0,P,Rh requires: C, 56.34; H, 5.75%; m/z
(fast atom bombardment), 957 (M* - BF,), 865 (M* - BF, - nbd).

Addition of hydrogen to a sample of the title compound dissovled either in CH,O0H or CH,Cl, in
an NMR tube gave a yellow-brown coloured solution; *!P-NMR & (36.43 MHz, CH,0H) 60.0 ppm (d, J 203
Hz); 'H-NMR § (300 MHz, CD,0D) 2.35, 2.8-3.6 (12H, m, H,, H,, H., Hy, H¢), 3.1 (6H, s, OMe), 3.55
(6H, s, OMe), 3.6 (6H, s, OMe), 5.15 (2H, d, J 8 Hz, H,), 7.05-7.55 (20H, a. Ph).

Carbonylchlorof2,3,4-tri-O-methyl-6-(diphenylphosphino)-a-D-glucopyranosyl-2',3',47-tri-0-methyl-
3'-2diphenylphosphinos-u-g-glucopyranosidel rhdoium (I) (116)

Tetracarbonyl-u,y~-dichlorodirhodium (I) (115) (34.7 mg, 0.089 mmol) was added to a solution
of the biphosphine (69) (136 mg, 0.178 mmol) in dichloromethane (5 ml). The solution was stirred
(45 m), concentrated in vacuo, methanol was added and the resulting yellow solid was isolated and
dried in vacuo to give carbonylchloro[2,3,4-tri-O-methyl-6-(diphenylphosphino)-a-D-
lucopyranosyl-2',37,4'-tri-O-methyl-6"'-(diphenylphosphino)-a-D-glucopyranoside rhodium (I} (116)
145 mg, 0.156 mmol, ; m.p. 187.5-9°; found: C, 55.38; H, 5.49; P, 6.70; C.,H,;,C10,, P,Rh
requires C, 55.58; H, 5.60; P, 6.68%; I.R. (KBr disc) 1965 (vs); 'H-NMR & (300 MHz, CD,Cl,, - 44°)
2.2 (14, t, J,, = Jy, 9 Hz, H,), 2.5 (1H, dd, J,, 3.5 Hz, Joy 9 Hz, H,), 2.75 (1H, t, Jyrer = Jyrge
9 Hz, Hyr), 2.85 (3H, s, OMe), 3.1 (1H, dd, Jye,+ 3.5 Hz, Jy141 9 Hz, Hyt), 3.25 (6H, 23, OMe),
3.45 (3H, s, OMe), 3.55 (6H, 2s, OMe), 3.45-3.7 (6H, m, H,, H,), 4.1-4.25 (2H, m, Hy), 4.4 (1H, d,
J 3.5 Hz, H,), 6.25 (1H, d, J 3.5 Hz, H,+), 7.35-8.2 (20H, m, Ph); *'P-NMR & (101.2 MHz, CH,Cl,, -
40°) 18.6 (dd, Jdpp 356 Hz, Jprn 122 Hz), 28.4 ppm (dd, Jprp 356 Hz, Jpipp 122 Hz); Am (CH,C1,)
6.93 07! M™! cm?; m/z (fast atom bombardment) 900 (M* - CO), 865 [M* - (CO + Cc1)].

Carbonyl[2,3,4-tri-0-methyl-6-(diphenylphosphino-a-D-glucopyranosyl-2'3'4 '~tri-0-methyl-6"'-
(diphenylphosphino)-n-g—glucopyranosidei rhodium (I) tetrafluoroborate (123)

Excess silver tetrafluoroborate was added to a solution of the above complex (116) (60 mg,
0.064 mmol) in dichloromethane (2 ml). Silver chloride was precipitated and the solution was
filtered into hexane (60 ml). The resulting suspension was centrifuged, the solvent decanted off,
the solid washed with hexane (30 ml) and dried in a stream of argon to give carbonyl[2,3,4-tri-0-
methly-6-(diphenylphosphino)-a-D-glucopyranosyl-2'3'4'~tri~O-methyl-6'-(diphen ylphosphino-a-D~
glucopyranoside] rhodium (I) tetrafluoroborate (123) as a pale yellow solid (61 mg, 0.062 mmol,
96%); m.p. 208-10° (dec.); I.R. (KBr disc) 1990 (vs); 'H-NMR § (300 MHz, CD,Cl1,) 2.9 (6H, s, OMe),
3.05-3.65 (124, m, H,, H,, H,, Hg, Hg), 3.7 (6H, s, OMe), 3.8 (6H, s, OMe), 4.45 (2H, d, J 3.5 Hz,
H,), 7.35-8.15 (20H, m, Ph); *'P-NMR & (36.43 MHz, CH,Cl,) 33.2 ppm (d, J 98.5 Hz); *'P-NMR &
(36.43 MHz, CH,0H) 30.8 ppm (d, J 117.7 Hz).

Carbonylchloro(2,3,4-tri-0-methyl-6-(diphenylphosphino)-g-D-glucopyranosyl=-2',3',4 '~tri-O-methyl
-6'-(diphenylphosphino-g-D-glucopyranosidelrhodium (I) (117)

Reaction of tetracarbonyl-u,u-dichlorodirhodium (I) (115) (5.1 mg, 0.013 mmol) and
biphosphine (74) (20 mg, 0.026 mmol) by the method of P. 169 gave carbonylchlorol[2,3,4-tri-0-
methyl-6-(diphenylphosphino-g-D-glucopyranosyl-2',3',4'-tri-0-methyl-6 '-(diphenylphos hino)-g-D-

lucopyranoside Jrhodium (I) (117) as a yellow powder (22 mg, 0.024 mmol, 91;%; m.p. 12%-7°; found:
C, 55.51; H, 5.82%; C,,H;,Cl0,,P,Rh requires C, 55.58; H, 5.60%; I.R. (KBr disc) 1955 (vs); ‘H-NMR
6 (300 MHz, CD,C1,) 2.6-3.2 (12H, m, H,, H,, H., Hg, H¢), 3.34 (3H, s, OMe), 3.44 (3H, s, OMe),
3.52 (3H, s, OMe), 3.54 (3H, s, OMe), 3.60 (3H, s, OMe), 3.62 (3H, s, OMe), 4.85 (2H, d, J 7 Hz,
H;), 7.3-7.55 (16H, m, Ph), 8.0 (4H, m, Ph); P'P-NMR 6 (101.2 MHz, CH,Cl,) 20,7 (dd, Jppr 359 Hz,
JPRNh 126.5 Hz), 27.6 ppm (dd, Jprp 359 Hz, JprRh 126.5 Hz); Am (CH,Cl1,) 0.26 Q™! cm?; m/z (fast
atom bombardment) 900 (M* - CO), 865 [M* - (CO + c1)].

Carbonyl[2,3,4~tri-0O-methyl-6-(diphenylphos hino)-g-D-glucopyranosyl-2',3',4 '-tri-O-methyl=6'~
Zdlphenylphosph1no5-a-2731ucopyranoside rhodium (1) tetrafluoroborate {127)

Excess silver tetrafluoroborate was added to a solution of the above complex (117) (28 mg,
0.030 mmol) in either dichloromethane or methanol (2 ml). The solution was degassed, warmed to
room temperature, centrifuged to remove precipitated silver chloride and the title complex (127)
was examined by phosphorus NMR; *'P-NMR & (101.2 MHz, CH,Cl,) 18.8 ppm (d, Jpgp 106.0 Hz); *'P-NMR
6 (101.2 MHz, CH,0H) 20.8 ppm (d, JPRR 124.0 Hz).

Bicyclo(2.2.1]hepta-2,5-diene~1, 7-bis(diphenylphosphino)~4-oxaheptane rhodium(I) tetrafluoroborate
(91)

A solution of bis-bicyclo [2.2.1]hepta-2,5-dienerhodium(I) tetrafluoroborate (84) (0.09 g,
0.24 mmol) and 1,7-bis(diphenylphosphino)-4-oxaheptane (64) (0.113 g, 0.24 mmol) in dichloromethane
(2 ml) was stirred under argon for 10 min. Addition to ether (25 ml), separation of the
precipitate by Craig-tube filtration and washing with ether (3 x 10 ml) ylelded 0.17 g (95%) of the
complex. Recrystallization from methanol/water gave bicyclo [2.2.1lhepta-2,5-diene-1,7-
bis(diphenylphosphino)-4-oxaheptanerhodium(I) tetrafluoroborate dihydrate {91) as red-orange
crystals, m.p. (dec.) 144° (Found C, 56.1; H, 5.4; P, 8.1%. C,,H,,OP,RhBF,. 2H,0 requires: C,
56.4; H, 5.6; P, 7.85%); 'H-NMR §(CD,C1,) 1.5 (2H, s, CH;), 1.6 to 2.3 (8H, mult., CH,CH,P),
3.1(4H, mult., CH,0), 4.0(2H, s, CH) and Y4.5(4H, s, CH=CH); *!P-NMR §(CH,C1,) 22.3, Jp.Rh 154; m/e
(f1eld desorption) 666 (M*, 100%). ’

The corresponding rhodium norbornadiene complexes of 1,5-bis (diphenylphosphino)-3-
oxapentane, 1,8-bis (diphenylphosphino) 3,6-dioxaoctane and cis-2,5-bis (diphenylphosphinomethyl)
tetrahydrofuran were prepared in similar manner.
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