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Abstract

Carbohydrate-derived 4-pentyn-1-ols have been synthesized from spirocyclic oxirane precursors upon reaction with allenylmag-
nesium bromide. They undergo cycloisomerization at low-valent chromium or tungsten templates to give spirocyclic 2-oxacyclo-
hexylidene metal complexes. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Spirocyclic ring systems represent an important struc-
tural feature in a series of natural products and biolog-
ically active compounds. They are encountered in many
different classes of compounds ranging from simple
bicyclic systems in the dactyloxenes [2] to very compli-
cated molecules as in polyether antibiotics [3]. Recently,
we have started a program aiming at the combination
of carbohydrates and Fischer-type ylidene complexes
[4] in order to investigate the influence of the chiral
information provided by the carbohydrate moiety on
the stereoselectivity of cycloaddition reactions [1,5] and
to evaluate the potential of these organometallic sugars
in the synthesis of natural products. Up to now there
are only a few examples reported for the chiral modifi-
cation of the ylidene ligand using carbohydrates [6].
Herein we now report on the synthesis of carbohydrate-
derived spirocyclic 2-oxacyclohexylidene chromium and
tungsten complexes based on the cycloisomerization of

carbohydrate-modified 4-pentyn-1-ols at a coordina-
tively unsaturated metal template [7].

2. Results and discussion

Recently, we successfully applied the cycloisomeriza-
tion of carbohydrate-derived butynols at low valent
metal templates to the synthesis of metal 2-oxacy-
clopentylidene-functionalized spirocyclic carbohydrates
[8]. In order to extend this methodology to the synthesis
of metal 2-oxacyclohexylidene-homologs we aimed at
the preparation of suitable carbohydrate-modified 4-
pentyn-1-ols which are most conveniently synthesized
by reaction of allenylmagnesium bromide [9] with car-
bohydrate-derived spirocyclic oxiranes 1–3 (Scheme 1).

Nucleophilic ring-opening of oxiranes 1–3 by g-addi-
tion of allenylmagnesium bromide to the methylene
carbon atom (C-1%) afforded the 4-pentyn-1-ols 4–6 in
moderate to excellent yields. The reaction of allenyl-
magnesium bromide with 1 and 2 afforded pentynols 4
and 5 as the only isolable reaction products after
chromatographic workup as a viscous colorless oil and
a white solid, respectively. In contrast, reaction of
allenylmagnesium bromide with the spirocyclic oxirane
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3 gave a 1.1:1 mixture of pentynol 6 and the 3-C-bro-
momethyl-b-D-psicopyranose derivative 7 which was
separated using chromatographic techniques to give 6 as
a white solid and 7 as a highly viscous colorless oil. The
formation of 7 can be rationalized in terms of a nucle-
ophilic ring-opening of the oxirane by a bromide anion.

The pentynols 4–6 were treated with pentacar-
bonyl(tetrahydrofuran)chromium and -tungsten gener-
ated by UV-irradiation of the corresponding metal
hexacarbonyl in tetrahydrofuran at −10°C. The glu-
cose-based pentynol 4 was cyclized at the chromium
template in tetrahydrofuran at room temperature (r.t.).
After 24 h chromatographic workup of the reaction
mixture on silica gel using a 1:1 mixture of petroleum
ether–diethyl ether as eluent gave a mixture of complex
8 and pentynol 4 which was separated by a second
column chromatography on silica gel using a 1:2 mix-

ture of petroleum ether–methylene chloride as eluent to
afford the spirocyclic 2-oxacyclohexylidene complex 8
as a viscous yellow oil in 1% yield (Scheme 2). Follow-
ing the same procedure the cyclization of the fructose-
based pentynol 5 using chromium and tungsten
templates gave complexes 9 in 2% and 10 in 5% yield,
respectively, as viscous yellow oils.

Although in general the cycloisomerization of 4-pen-
tyn-1-ols gives lower yields than the cyclization of
3-butyn-1-ols, the yields obtained for complexes 8–11
were very disappointing. Attempts to further optimize
the reaction conditions by gentle warming resulted in
increased decomposition suggesting an only limited
thermostability of the intermediates proposed. This out-
come might be rationalized in terms of a slower in-
tramolecular nucleophilic attack of the hydroxy
function at the a-carbon atom of the vinylidene complex
intermediate A (Scheme 3) as a result of a higher
flexibility of the hydroxyalkyl substituent combined
with a lower thermal stability of the vinylidene complex
intermediate. The idea that the length and thereby the
flexibility of the alkyl chain of the vinylidene complex
intermediate plays an important role in the subsequent
cyclization has been supported by the isolation and
characterization of a few rare examples of hydroxy-
alkylvinylidene complexes [10].

It is noteworthy that in contrast to the reaction of the
psicose-based 3-butyn-1-ol with pentacarbonyl(tetrahy-
drofuran)chromium(0) [5], the reaction with the psicose-
based 4-pentyn-1-ol neither yielded the desired
2-oxacyclohexylidene complex nor its formation during
the reaction could be detected by IR-spectroscopy. On
the other hand, using the more reactive tungsten tem-
plate the formation of the psicose-derived spirocyclic
2-oxacycloalkylidene complex 11 could be monitored by
a decrease of the A1

1-band of pentacarbonyl(tetrahydro-
furan)tungsten at 2074 cm−1 along with an increasing
intensity of the A1

1-band of 2-oxacyclohexylidene com-
plex 11 at 2068 cm−1; after 24 h a small amount of 11
was isolated by column chromatography, but could not
be purified sufficiently. Attempts to warm the reaction
mixture to 40°C did not result in any improvement, but
only led to decomposition of the solvent-stabilized tung-
sten template without formation of 11. It is remarkable
that only a few examples of 2-oxacyclohexylidene group
6 metal complexes have been prepared via cycloisomer-
ization of the corresponding pentynols so far
[10a,11,12]. No additional information on the low cy-
cloisomerization reactivity of pentynol 6 could be de-
duced from its molecular structure which was
established by single-crystal X-ray analysis.

In order to synthesize carbohydrate-derived 2-oxacy-
clohexylidene metal complexes containing a spiroketal
structure we chose 6-deoxy-6-iodo-1,2:3,4-di-O-iso-
propylidene-a-D-galacto-1,5-pyranose (12) [13] which
can be readily dehydrohalogenated to its exo-methylene

Scheme 1.

Scheme 2.

Scheme 3.
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Scheme 4.

3. Conclusions

The cycloisomerization of pentynols 4–6 provides an
approach to carbohydrate-derived spirocyclic 2-oxa-
cyclohexylidene group 6 metal complexes containing
the novel a,b-spirocyclic connectivity2. To the best of
our knowledge this type of structure is unprecedented
whereas a,a-connection is a structural feature of many
natural products [17]. Moreover, some examples of
b,b-connected spirocycles have also been reported in
the literature [18].

4. Experimental

4.1. General information

All reactions, manipulations, and purifications in-
volving organometallics were performed under a dry
argon atmosphere using Schlenk techniques. Solvents
were dried by distillation from sodium hydride (diethyl
ether), calcium hydride (petroleum ether, b.p. 40–60°C)
or potassium–sodium alloy (tetrahydrofuran) and satu-
rated with argon. Silica gel (Merck, type 60, 0.063–
0.200 mm) was degassed at high vacuum and stored
under argon. 1H-NMR: Bruker AM-250 (250 MHz)
and Bruker DRX-500 (500 MHz). 13C-NMR: AM-250
(62.8 MHz), Bruker AM-400 (100.6 MHz) and Bruker
DRX-500 (125.7 MHz). NMR spectra were recorded in
C6D6 with C6H6 at dH=7.16 or CDCl3 with CHCl3 at
dH=7.26 as internal standard. FT-IR: Nicolet Magna
550. Elemental analysis: Heraeus CHN-Rapid. MS:
Kratos MS 50 (EI, 70 eV). M.p.: Büchi SMP 20, the
reported melting points are uncorrected. TLC: 0.25 mm
Merck silica gel plates 60 F254. [a ]20

D : Perkin–Elmer 341
polarimeter. 3,1%-Anhydro-3-C-(1%-hydroxymethyl)-
1,2:5,6-di-O-isopropylidene-a-D-allofuranose (1) [19],
3,1% - anhydro - 3 - C - (1% - hydroxymethyl) - 1,2:4,5 - di - O-
isopropylidene-b-D-fructopyranose (2) [20], 3,1%-
anhydro-3-C-(1%-hydroxymethyl)-1,2:4,5-di-O-isopro-
pylidene-b-D-psicopyranose (3) [20] and allenylmagne-
sium bromide [9] were prepared according to methods
reported previously.

4.2. General procedure for the preparation of
4-pentyn-1-ols 4–6

A total of 2 ml of a 2.5 M solution of allenylmagne-
sium bromide in diethyl ether was added at −78°C
dropwise to a solution of 4 mmol of 3,1%-anhydro-3-C-

Scheme 5.

derivative 13 [14] upon treatment with potassium tert-
butoxide in N,N-dimethylformamide at r.t. [15]. Oxida-
tion of 13 with MCPBA was expected to yield the
spirocyclic oxirane 14 (Scheme 4). However, epoxida-
tion of 13 could not be achieved under our standard
conditions. On the other hand, we found that a larger
excess of potassium tert-butoxide (five versus two
equivalents) combined with a longer reaction time (20
versus 1 h) for the dehydrohalogenation of 12 gave rise
to the formation of the galacto-1,5-pyranose derivative
15 in moderate yield (Scheme 4).

We suggest that under these conditions the exo-
methylene derivative 13 is formed first and subse-
quently undergoes a base-induced isomerization to give
the thermodynamically more stable enol ether 15 bear-
ing an endocyclic (C�C)-double bond. After extractive
workup and chromatographic purification, 15 was ob-
tained as a pale yellow solid in 41% yield. Following
the procedure for the preparation of 1,2-anhydro-pyra-
noses from the corresponding glycals [16], treatment of
15 with 1.5 equivalents of DMDO in methylene chlo-
ride at 0°C afforded compound 16 as a colorless solid
in 87% yield after column chromatography.

The formation of 16 is supposed to involve an initial
epoxidation of the endocyclic (C�C)-double bond. The
resulting intermediate B (Scheme 5)1 in which C-4 is a
constituent part of three adjacent rings may reduce its
ring strain by opening of the oxirane generating a
carbonyl group at C-4 and by a concomitant 1,2-shift
of the oxygen atom O-4 from C-4 to C-5. The structure
of 16 has been confirmed by single-crystal X-ray
analysis.

2 The term ‘a,b’ refers to the distance of the ring-oxygen atoms
from the spirocyclic center of the dioxaspiroalkanes. For the b-posi-
tion there is a methylene group between the ring oxygen atom and the
spirocyclic center whereas for the a-position the ring oxygen atom is
directly connected to the spirocyclic carbon atom.1 The 1,2-acetonide unit is not shown in the intermediate B.



B. Weyershausen et al. / Journal of Organometallic Chemistry 602 (2000) 37–4440

(1%-hydroxymethyl)-sugars 1–3 in 50 ml of diethyl
ether. After stirring for 1 h at −78°C the cooling bath
was removed and stirring was continued for another
hour. Then, a saturated aqueous solution of ammo-
nium chloride was added to neutralize the reaction
mixture. The organic layer was separated, and the
aqueous layer was extracted three times with 50 ml
portions of diethyl ether. The combined organic ex-
tracts were washed twice with 50 ml portions of water,
dried over magnesium sulfate, and the solvent was
removed. Column chromatography on silica gel gave
the pure 4-pentyn-1-ols 4–6.

4.2.1. 1,2:5,6-Di-O-isopropylidene-3-C-
(4 %-but-1 %-ynyl)-a-D-allofuranose (4)

Column chromatography on silica gel using
petroleum ether–ethyl acetate–diethyl ether (2:1:1) as
eluent gave 687 mg (2.2 mmol, 55%) of 4 as white
crystalline solid, m.p. 90°C. Rf=0.61 (petroleum
ether–ethyl acetate–diethyl ether, 2:1:1); [a ]20

D =45°
(c=0.0884, CHCl3); 1H-NMR (250 MHz, C6D6): d=
1.07 (s, 3 H, CH3), 1.23 (s, 3 H, CH3), 1.33 (s, 6 H, 2
CH3), 1.57 (t, 4J=1.95 Hz, 1 H, H-1%), 1.81 (s, br, 1 H,
OH), 2.06–2.25 (m, 2 H, H-3%a/b), 2.29–2.42 (m, 1 H,
H-4%a), 2.45–2.60 (m, 1 H, H-4%b), 3.93 (d, 3J=4.87
Hz, 1 H, H-4), 4.02–4.06 (m, 2 H, H-6a/b), 4.11
(d, 3J=3.54 Hz, 1 H, H-2), 4.33 (dpt, 3J=7.81 Hz,
3J=5.92 Hz, 1 H, H-5), 5.81 (d, 3J=3.54 Hz, 1 H,
H-1); 13C-NMR (62.8 MHz, C6D6): d=14.52 (C-4%),
26.10, 27.16, 27.51, 27.87 (4 CH3), 32.95 (C-3%), 68.66
(C-6), 70.32 (C-1%), 74.09 (C-5), 83.02 (C-2%), 84.91
(C-4), 85.26 (C-3), 86.29 (C-2), 105.77 (C-1), 110.32,
113.05 (2 Cq); FT-IR (KBr): n=3490 cm−1 (s, nO–H),
3280 (6s, nC�CH), 2990 (s, nC–H), 2974 (s, nC–H), 2941
(s, nC–H), 2918 (m, nC–H), 2893 (w, nC–H), 2859 (w,
nC–H), 2116 (w, nC�C); MS (EI, 70 eV); m/z (%): 312 (1)
[M+], 297 (45) [M+–CH3], 101 (100) [2,2-dimethyl-1,3-
dioxacyclopentyl+]; HRMS Calc. for M+: 312.1573.
Found: 312.1578. Anal. Calc. for C16H24O6: C, 61.52;
H, 7.74. Found: C, 61.24; H, 7.71%.

4.2.2. 1,2:4,5-Di-O-isopropylidene-3-C-
(4 %-but-1 %-ynyl)-b-D-fructopyranose (5)

Column chromatography on silica gel using
petroleum ether–ethyl acetate (4:1) as eluent gave 1.22
g (3.9 mmol, 98%) of 5 as colorless oil. Rf=0.41
(petroleum ether–ethyl acetate, 4:1). [a ]20

D = −66° (c=
0.044, CHCl3); 1H-NMR (500 MHz, C6D6): d=1.10 (s,
3 H, CH3), 1.27 (s, 3 H, CH3), 1.34 (s, 3 H, CH3), 1.45
(s, 3 H, CH3), 1.80 (t, 4J=2.60 Hz, 1 H, H-1%), 1.92
(ddd, 2J=13.89 Hz, 3J=10.07 Hz, 3J=5.33 Hz,
1 H, H-4%a), 2.24 (ddd, 2J=13.89 Hz, 3J=10.07 Hz,
3J=6.10 Hz, 1 H, H-4%b), 2.37 (dddd, 2J=16.48 Hz,
3J=10.07 Hz, 3J=6.11 Hz, 4J=2.59 Hz, 1 H, H-3%a),
2.45 (dddd, 2J=16.48 Hz, 3J=10.08 Hz, 3J=5.49 Hz,

4J=2.75 Hz, 1 H, H-3%b), 2.56 (s, 1 H, OH), 3.67 (dd,
2J=11.91 Hz, 3J=0.92 Hz, 1 H, H-6a), 3.96 (d, 2J=
9.76 Hz, 1 H, H-1a), 3.97 (dd, 3J=7.43 Hz, 3J=1.37
Hz, 1 H, H-5), 4.19 (dd, 2J=12.20 Hz, 3J=2.44 Hz, 1
H, H-6b), 4.20 (d, 3J=7.63 Hz, 1 H, H-4), 4.25 (d,
2J=10.07 Hz, 1 H, H-1b); 13C-NMR (100.6 MHz,
C6D6): d=13.17 (C-4%), 25.31, 25.94, 27.03, 27.35 (4
CH3), 34.15 (C-3%), 64.73 (C-6), 69.84 (C-1%), 73.07
(C-3), 73.68 (C-5), 73.93 (C-1), 74.37 (C-4), 85.44 (C-2%),
106.36 (C-2), 109.96, 110.34 (2 Cq); FT-IR (film): n=
3534 cm−1 (s, nO–H), 3289 (s, nC�C–H), 2982 (6s, nC–H),
2938 (6s, nC–H), 2899 (s, nC–H), 2878 (m, nC–H), 2120 (w,
nC�C); MS (FAB, m-NBA); m/z (%): 313 (32) [M++
H], 297 (80) [M+–CH3], 255 (100) [(M++H)–
(CH3)2C�O], 194 (93).

4.2.3. 1,2:4,5-Di-O-isopropylidene-3-C-
(4 %-but-1 %-ynyl)-b-D-psicopyranose (6)

Column chromatography on silica gel using
petroleum ether–diethyl ether (1:1) as eluent gave 575
mg (1.8 mmol, 46%) of 6 as white solid, m.p. 96–97°C,
and 607 mg (1.7 mmol, 43%) of 7 as viscous colorless
oil. 6: Rf=0.87 (petroleum ether–diethyl ether, 1:1);
[a ]20

D = −78° (c=0.66, CHCl3); 1H-NMR (250 MHz,
CDCl3): d=1.34 (s, 3 H, CH3), 1.42 (s, 3 H, CH3), 1.46
(s, 3 H, CH3), 1.55 (s, 3 H, CH3), 1.83 (pt, J=8.24 Hz,
2 H, H-4%a/b), 1.91 (t, 4J=2.62 Hz, 1 H, H-1%), 2.39–
2.49 (m, 2 H, H-3%a/b), 2.64 (s, br, 1 H, OH), 3.93 (d,
2J=9.52 Hz, 1 H, H-1a), 4.03–4.24 (m, 4 H, H-4, H-5
and H-6a/b), 4.33 (d, 2J=9.52 Hz, 1 H, H-1b); 13C-
NMR (62.8 MHz, CDCl3): d=13.16 (C-4%), 25.38 (2 C,
2 CH3), 25.85, 26.31 (2 CH3), 34.99 (C-3%), 59.63 (C-6),
67.80 (C-1%), 71.04 (C-3), 71.55 (C-5), 72.23 (C-1), 75.15
(C-4), 85.14 (C-2%), 106.88 (C-2), 108.79, 112.37 (2 Cq);
FT-IR (KBr): n=3491 cm−1 (6s, nO–H), 3315 (s, nC�C–H),
3297 (s, nC�C–H), 2995 (6s, nC–H), 2943 (s, nC–H), 2898
(m, nC–H), 2127 (w, nC�C); MS (EI, 70 eV); m/z (%): 312
(1) [M+], 297 (29) [M+–CH3], 81 (100); HRMS Calc.
for M+–CH3: 297.1338. Found: 297.1345. Anal. Calc.
for C16H24O6: C, 61.52; H, 7.74. Found: C, 61.25; H,
7.66%.

4.2.4. 1,2:4,5-Di-O-isopropylidene-3-C-
bromomethyl-b-D-psicopyranose (7)

Rf=0.56 (petroleum ether–diethyl ether, 1:1);
[a ]20

D = −111° (c=0.27, CHCl3); 1H-NMR (250 MHz,
C6D6): d=1.14 (s, 3 H, CH3), 1.31 (s, 3 H, CH3), 1.45
(s, 3 H, CH3), 1.50 (s, 3 H, CH3), 2.13 (d, 2J=5.96 Hz,
1 H, H-1%a), 3.02 (d, 2J=5.09 Hz, 1 H, H-1%b), 3.49
(dd, 2J=13.01 Hz, 3J=1.79 Hz, 1 H, H-6a), 3.64 (d,
2J=13.11 Hz, 1 H, H-6b), 3.65 (d, 3J=7.45 Hz, 1 H,
H-4), 3.78 (dd, 3J=7.50 Hz, 3J=1.04 Hz, 1 H, H-5),
4.27 (d, 2J=9.14 Hz, 1 H, H-1a), 4.51 (d, 2J=9.14 Hz,
1 H, H-1b); 13C-NMR (62.8 MHz, C6D6): d=25.32,



B. Weyershausen et al. / Journal of Organometallic Chemistry 602 (2000) 37–44 41

26.28, 26.30, 26.49 (4 CH3), 48.06 (C-1%), 56.70 (C-3),
64.14 (C-6), 74.27, 75.53, 76.30 (C-1, C-4 and C-5),
103.90 (C-2), 110.36, 110.73 (2 Cq); MS (EI, 70 eV);
m/z (%): 337 (3) [M+–CH3], 81 (100); HRMS Calc. for
M+–CH3: 337.0287. Found: 337.0292.

4.3. General procedure for the synthesis of
carbohydrate-deri6ed spirocyclic 2-oxacyclohexylidene
metal complexes 8–11

A solution of 1.5 mmol of metal carbonyl [Cr(CO)6

or W(CO)6] in 50 ml of tetrahydrofuran was irradiated
for 5 h at −10°C using a mercury vapor lamp (Philips
125 HPK) and quartz glassware while a color change to
orange occurred. Then the solution of the pentacar-
bonyl(tetrahydrofuran)metal complex was cooled to
−25°C. After addition of 1.5 mmol of 4-pentyn-1-ol
the cooling bath was removed and the solution was
concentrated to one third before the reaction mixture
was stirred at r.t. for 24 h. The solvent was stripped off
and the dark brown residue was chromatographed on
silica gel using mixtures of petroleum ether–diethyl
ether as eluent affording mixtures of complexes 8–11
and pentynols 4–6. A second column chromatography
was performed to separate the ylidene complexes from
the starting pentynols.

4.3.1. Pentacarbonyl{1 %,2 %:5 %,6 %-di-O-isopropylidene-
spiro[a-D-allopyranos-3,3 %-oxacyclohex]-1-ylidene}-
chromium (8)

Column chromatography on silica gel using
petroleum ether–methylene chloride (1:2) as eluent
gave 11 mg (0.02 mmol, 1%) of 8 as a viscous yellow
oil. Rf=0.74 (petroleum ether–diethyl ether, 1:1); Rf=
0.26 (petroleum ether–methylene chloride, 1:2); 1H-
NMR (500 MHz, C6D6): d=0.72–0.80 (m, 1 H, H-5a),
0.82–0.89 (m, 1 H, H-5b), 0.99 (s, 3 H, CH3), 1.20 (s,
3 H, CH3), 1.26 (s, 3 H, CH3), 1.29 (s, 3 H, CH3),
1.93–2.00 (m, 2 H, H-4a/b), 2.78 (ddd, 2J=20.74 Hz,
3J=10.60 Hz, 3J=6.83 Hz, 1 H, H-6a), 3.47 (d, br,
2J=20.36 Hz, 1 H, H-6b), 3.96 (d, 3J=8.84 Hz, 1 H,
H-4%), 3.98 (d, 3J=3.68 Hz, 1 H, H-2%), 4.00 (dd,
2J=8.98 Hz, 3J=5.17 Hz, 1 H, H-6%a), 4.04 (dd,
2J=8.79 Hz, 3J=6.21 Hz, 1 H, H-6%b), 4.60 (dpt,
3J=8.91 Hz, 3J=5.49 Hz, 1 H, H-5%), 5.95 (d,
3J=3.68 Hz, 1 H, H-1%); 13C-NMR (125.7 MHz, C6D6):
d=15.69 (C-5), 23.34 (C-4), 25.49, 27.26, 27.52, 27.76
(4 CH3), 55.61 (C-6), 69.18 (C-6%), 73.73 (C-5%), 84.34,
85.10 (C-2%, C-4%), 85.23 (C-3), 105.98 (C-1%), 110.76,
113.93 (2 Cq), 217.75 (cis-CO), 224.58 (trans-CO),
356.89 (ylidene-C); FT-IR (petroleum ether): nCO=
2064 cm−1 (w, A1

1), 1983 (m, B), 1962 (m, A1
2), 1949 (s,

E); MS (EI, 70 eV): m/z (%): 504 (1) [M+], 489 (1)
[M+–CH3], 476 (1) [M+–CO], 461 (1) [M+–CO, –
CH3], 448 (1) [M+–2CO], 420 (1) [M+–3CO], 392 (1)

[M+–4CO], 364 (1) [M+–5CO], 101 (100) [2,2-
dimethyldioxacyclopentyl+]; HRMS Calc. for M+:
504.0724. Found: 504.0722.

4.3.2. Pentacarbonyl{1 %,2 %:4 %,5 %-di-O-isopropylidene-
spiro[b-D-fructopyranos-3,3 %-oxacyclohex]-1-ylidene}-
chromium (9)

Column chromatography on silica gel using
petroleum ether–methylene chloride (2:1) as eluent
gave 15 mg (0.03 mmol, 2%) of 9 as a viscous yellow
oil. Rf=0.74 (petroleum ether–diethyl ether 3:1); Rf=
0.23 (petroleum ether–methylene chloride, 2:1);
1H-NMR (500 MHz, C6D6): d=0.71–0.78 (m, 1 H),
0.80–0.88 (m, 2 H), 1.06 (s, 3 H, CH3), 1.29 (s, 3 H,
CH3), 1.35 (s, 3 H, CH3), 1.43 (s, 3 H, CH3), 1.69–1.75
(m, 1 H), 2.56 (ddd, 2J=19.97 Hz, 3J=9.84 Hz, 3J=
5.86 Hz, 1 H, H-6a), 3.53 (d, br, 2J=19.77 Hz, 1 H,
H-6b), 3.82 (d, 2J=12.81 Hz, 1 H, H-6%a), 3.90
(d, 3J=9.83 Hz, 1 H, H-1%a), 3.94 (d, 3J=9.83 Hz, 1
H, H-1%b), 4.09 (d, 3J=7.25 Hz, 1 H, H-4%), 4.18
(dd, 3J=7.25 Hz, 3J=2.38 Hz, 1 H, H-5%), 4.47 (dd,
2J=12.67 Hz, 3J=2.33 Hz, 1 H, H-6%b); 13C-NMR
(125.7 MHz, C6D6): d=14.20 (C-5), 26.00 (C-4), 25.67,
26.85, 26.89, 27.20 (4 CH3), 55.01 (C-6), 64.46 (C-6%),
73.98 (C-1%), 74.22, 76.11 (C-4%, C-5%), 90.73 (C-3),
105.66 (C-2%), 110.56, 111.84 (2 Cq), 217.85 (cis-CO),
224.75 (trans-CO), 357.81 (ylidene-C); FT-IR
(petroleum ether): nCO=2067 cm−1 (w, A1

1), 1989 (6w,
B), 1964 (m, A1

2), 1953 (6s, E), 1942 (s); MS (EI, 70 eV);
m/z (%): 504 (15) [M+], 420 (19) [M+–3CO], 392 (49)
[M+–4CO], 364 (3) [M+–5CO], 218 (100); HRMS
Calc. for M+: 504.0724. Found: 504.0722.

4.3.3. Pentacarbonyl{1 %,2 %:4 %,5 %-di-O-isopropylidene-
spiro[b-D-fructopyranos-3,3 %-oxacyclohex]-1-ylidene}-
tungsten (10)

Column chromatography on silica gel using
petroleum ether–ethylene chloride (1:2) as eluent gave
51 mg (0.08 mmol, 5%) of 10 as a viscous yellow oil.
Rf=0.46 (petroleum ether–diethyl ether, 3:1); Rf=0.43
(petroleum ether–methylene chloride, 2:1); 1H-NMR
(250 MHz, C6D6): d=0.75–0.89 (m, 2 H, H-5a/b), 1.07
(s, 3 H, CH3), 1.29 (s, 3 H, CH3), 1.35 (s, 3 H, CH3),
1.42 (s, 3 H, CH3), 1.46–1.56 (m, 1 H, H-4a), 1.78
(ddpt, 2J=14.24 Hz, 3J=5.10 Hz, 4J=1.67 Hz, 1 H,
H-4b), 2.24 (ddd, 2J=20.32 Hz, 3J=9.22 Hz, 3J=6.29
Hz, 1 H, H-6a), 3.28 (ddpt, 2J=20.37 Hz, 3J=4.23 Hz,
2J=1.91 Hz, 1 H, H-6b), 3.80 (d, 2J=12.94 Hz, H-
6%a), 3.81–3.91 (m, 2 H, H-1%a/b), 4.06 (d, 3J=7.32 Hz,
1 H, H-4%), 4.13 (dd, 3J=7.32 Hz, 3J=2.56 Hz, 1 H,
H-5%), 4.38 (dd, 2J=12.88 Hz, 3J=2.56 Hz, 1 H,
H-6%b); 13C-NMR (62.8 MHz, C6D6): d=14.09 (C-5),
26.70 (C-4), 25.68, 25.99, 26.85, 27.22 (4 CH3), 56.86
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Fig. 1.

organic extracts were washed twice with 50 ml por-
tions of water, dried over magnesium sulfate, and the
solvent was removed. Column chromatography of the
crude product, an orange oil, on silica gel using a
mixture of petroleum ether–diethyl ether (3:1) gave
300 mg (1.24 mmol, 41%) of 15 as a pale yellow solid,
m.p. 33°C. Rf=0.52 (petroleum ether–diethyl ether,
3:1); [a ]20

D = −96° (c=0.3504, CHCl3); 1H-NMR (500
MHz, CDCl3): d=1.39 (s, 3 H, CH3), 1.44 (s, 3 H,
CH3), 1.49 (s, 3 H, CH3), 1.54 (s, 3 H, CH3), 1.80 (d,
4J=2.28 Hz, 3 H, CH3-6), 4.41 (dd, 3J=4.27 Hz,
4J=2.78 Hz, 1 H, H-2), 4.58 (pqui, J=2.41 Hz, 1 H,
H-3), 5.19 (d, 3J=4.27 Hz, 1 H, H-1); 13C-NMR
(125.7 MHz, CDCl3): d=13.78 (C-6), 25.02, 26.35,
26.43, 27.76 (4 CH3), 76.38 (C-3), 85.09 (C-2), 99.33
(C-1), 112.83, 112.98 (2 Cq), 123.66 (C-5), 137.96 (C-
4); FT-IR (KBr): n=2996 cm−1 (s, nC–H), 2936 (s,
nC–H), 1386 (6s, dC–H), 1382 (6s, dC–H), 1127 (6s), 1025
(6s, nC–O); MS (EI, 70 eV): m/z (%): 242 (18) [M+],
227 (8) [M+–CH3], 184 (18) [M+–(CH3)2C�O], 169
(29) [M+–CH3, –(CH3)2C�O], 84 (100), 59 (98);
HRMS Calc. for M+: 242.1154. Found: 242.1144;
Anal. Calc. for C12H18O5: C, 59.49; H, 7.49. Found:
C, 59.48; H, 7.46%.

4.5. 6-Desoxy-1,2:3,5-di-O-isopropylidene-a-D-threo-
4,5-hexodiulo-1,5-pyranose (16)

A total of 25 ml of a 0.06 M solution of DMDO in
acetone was added at 0°C to a solution of 242 mg (1
mmol) of 15 in 10 ml of methylene chloride. After 2 h,
all of the starting material had reacted. Starting mate-
rial 15 and product 16 have the same Rf-value, but the
product does not decolorize a solution of potassium
permanganate. The solvent was evaporated, and the
residue was chromatographed on silica gel using a
mixture of petroleum ether–diethyl ether (3:1) as elu-
ent to afford 225 mg (0.87 mmol, 87%) of 16 as a
colorless solid, m.p. 94°C. Rf=0.52 (petroleum ether–
diethyl ether, 3:1); [a ]20

D = −18° (c=0.07, CHCl3); 1H-
NMR (250 MHz, CDCl3): d=1.31 (s, 3 H, CH3), 1.34
(s, 3 H, CH3), 1.37 (s, 6 H, 2 CH3), 1.45 (s, 3 H, C-6,
CH3), 4.32 (d, 3J=4.15 Hz, 1 H, H-3), 4.61 (dd,
3J=3.85 Hz, 3J=2.75 Hz, 1 H, H-2), 5.79 (d, 3J=
2.56 Hz, 1 H, H-1); 13C-NMR (62.8 MHz, CDCl3):
d=21.28 (CH3), 26.16 (2 CH3), 27.38 (CH3), 28.98
(C-6), 72.77 (C-3), 85.98 (C-2), 95.55 (C-1), 96.52 (C-
5), 99.35, 113.31 (2 Cq), 201.59 (C-4); FT-IR (KBr):
n=3002 cm−1 (s, nC–H), 2943 (m, nC–H), 2885 (w,
nC–H), 1767 (6s, nC�O); MS (EI, 70 eV): m/z (%): 243
(15) [M+–CH3], 215 (2) [M+–C2H3O], 200 (3) [M+–
(CH3)2C�O], 185 (42) [M+–C3H5O2], 171 (34), 101
(61), 59 (100) [HO=C(CH3)2

+]; HRMS Calc. for
M+ –CH3: 243.0869. Found: 243.0857; Anal. Calc. for
C12H18O5: C, 55.81; H, 7.02. Found: C, 56.14; H,
7.14%.

(C-6), 64.44 (C-6%), 73.95 (C-1%), 74.15 (C-5%), 76.09
(C-4%), 90.34 (C-3), 105.62 (C-2%), 110.59, 111.87 (2
Cq), 199.06 (t, JCW=61.03 Hz, cis-CO), 206.15 (trans-
CO), 329.91 (ylidene-C); FT-IR (petroleum ether):
nCO=2071 cm−1 (w, A1

1), 1981 (w, B), 1952 (6s, E),
1937 (s, A1

2); MS (EI, 70 eV): m/z (%): 634 (20) [M+],
621 (11) [M+–CH3], 496 (6) [M+–5CO], 268 (17)
[W(CO)3

+], 43 (100) [C2H3O+]; C21H24O11
182W;

HRMS Calc. for M+; C21H24O11
182W: 634.081.

Found: 634.0795.

4.3.4. Pentacarbonyl{1 %,2 %:4 %,5 %-di-O-isopropylidene-
spiro[b-D-psicopyranos-3,3 %-oxacyclohex]-1-ylidene}-
tungsten (11)

After the first column chromatography using
petroleum ether–diethyl ether (3:1) as eluent a few
milligrams (yieldB1%) of 11 were obtained. Further
purification was not attempted. Rf=0.34 (petroleum
ether–diethyl ether, 3:1); 13C-NMR (125.6 MHz,
C6D6): d=196.98 (t, JCW=61.03 Hz, cis-CO), 204.54
(trans-CO), 328.21 (ylidene-C); FT-IR (petroleum
ether): nCO=2070 cm−1 (w, A1

1), 1983 (w, B), 1965
(w), 1950 (s, A1

2), 1942 (6s, E), 1934 (s).

4.4. 6-Desoxy-1,2:3,4-di-O-isopropylidene-a-D-
galacto-4-ene-1,5-pyranose (15)

A total of 1.7 g (15 mmol) of potassium tert-butox-
ide was added at r.t. to a solution of 1.1 g (3 mmol)
of 6-desoxy-6-iodo-1,2:3,4-di-O- isopropylidene-a-D-
galacto-1,5-pyranose (12) in 55 ml of N,N-dimethylform-
amide. After 20 h the reaction mixture was treated
with 100 ml of water. The organic layer was sepa-
rated, and the aqueous layer was extracted three times
with 50 ml portions of diethyl ether. The combined
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4.6. X-Ray crystallographic studies of 6 and 16 (Fig.
1)

Colorless needles of 6 grown from a solution of 6 in
petroleum ether–diethyl ether (1:1) upon cooling from
50°C to r.t. were subjected to single crystal X-ray
analysis. Crystallization of 16 from petroleum ether by
slow evaporation of the solvent at r.t. provided color-
less crystals which were subjected to single-crystal X-
ray analysis. The structures were solved by direct
methods (SHELXS-97) [21]. The non-hydrogen atoms
were refined anisotropically on F2 (SHELXL-97) [22].
Hydrogen atoms were refined using a riding model. The
absolute structures were determined by refinement of
Flack’s parameter x [23]. An empirical absorption cor-
rection on the basis of c-scans was applied for 6 and an
extinction correction for 16. Further details are given in
Table 1.

5. Supplementary material

Crystallographic data (excluding structure factors)
have been deposited with the Cambridge Crystallo-

graphic Data Centre, CCDC no. 138141 for 6 and
CCDC no. 138140 for 16. Copies of the data can be
obtained free of charge from The Director, CCDC, 12
Union Rd., Cambridge CB2 1EX, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.com.ac.uk or www: http:/
/www.ccdc.cam.ac.uk).
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Weyershausen, K.H. Dötz, Eur. J. Inorg. Chem. (1999) 1057.

[8] For the synthesis of spirocyclic carbohydrate-derived 2-oxacy-
clopentylidene chromium and tungsten complexes, see: K.H.
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