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Abstract

A synthetic strategy based on a combination of sugar electrophiles and transition metal nucleophiles allows the metal carbene
functionalization of acyclic carbohydrates. Following this methodology the per-O-icetylated methoxycarbene complexes 8-14 are
prepared in moderate to good yields. Upon reaction with ammonia they undergo aminolysis to give the aminocarbene complexes 16-18.

'H-NMR studies indicate that in solution the D-galacto and L.-arabino complexes adopt extended planar zigzag conformations. A similar
conformational preference is observed for the solid state as established by X-ray studies on the p-galacto derivatives 8 and 15. © 1997

Elsevier Science S.A.
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1. Introduction

Fischer-type carbene complexes are of manifold use
in stereoselective organic synthesis [2]. Their synthetic
potential covers metal- and ligand-centered cycloaddi-
tion reactions, reactions based on photochemically gen-
erated ketene equivalents as well as their role as
organometallic enolate analogs in aldol- and Michael-
addition reactions. Transferring the synthetic potential
of organometallic reagents onto carbohydrate chemistry
still remains a challenge and essentially has been lim-
ited to stannylated and lithiated compounds. Transition
metals have had only a minor impact on the modifica-
tion of carbohydrates so far, and examples of transition
metal functionalized sugars are very rare [3-5]. Glyco-
syl complexes of manganese [4] and iron [5] have been
prepared and have been used as carbohydrate nucle-
ophiles in synthesis; for instance, the manganese com-
pounds have been applied to the synthesis of C-glyco-
sides under high pressure conditions. We intend to
incorporate the sugar skeleton into an electrophilic metal
carbene functionality and thus to transfer the synthetic

potential of Fischer-type complexes to the synthesis of

carbohydrates [6].

" Corresponding author.
' For part 3, see Ref. [1].
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Recently, we reported the synthesis of group VIb and
VIIIb metal carbene C-1 functionalized D-galacto sugars
combining a galactonic acid chloride electrophile and
carbonyl metalate nucleophiles [7]. During this work we
became interested in whether the incorporation of the
bulky organometallic fragment at the C-1 terminus might
have an impact on the conformation along the carbo-
hydrate skeleton. Generally, acyclic sugars prefer an
extended planar zigzag conformation P unless severe
syn-1,3-interactions enforce rotation around one or more
C-C bonds to generate bent ‘‘sickle’” conformations G
[8-15] (for the G,P-terminology, see Ref. [16]). We
now report on the synthesis of metal carbene functional-
ized acyclic carbohydrates and further present a com-
parative conformational study focusing on the D-galac-
tose carbene complex 8 and the isolobal-analogous
methyl galactonate 15 based on '"H-NMR studies in
solution and X-ray analysis in the solid state.

2. Synthesis of mono- and biscarbene complexes

The incorporation of the C-1 carbon atom of an
acyclic carbohydrate into a metal carbene functionality
is achieved by a combination of a sugar electrophile and
a metalate nucleophile. The carbonyl chromate, molyb-
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Scheme 1. Synthesis of D-galacto carbene complexes 8-11.

date, tungstate and ferrate 4-7 obtained by reduction of
the binary metal carbonyl with graphite potassium or
sodium [17] undergo addition to carbohydrate elec-
trophiles such as 2,3,4.5,6-penta-O-acetyl-D-galactonyl
chloride 1 at low temperature. The resulting acyl meta-
late intermediates are alkylated by trimethyloxonium
tetrafluoroborate or ethyl trifluoromethanesulfonate 1o
give the carbene complexes 8-11 in moderate to good
yields (Scheme 1). In the iron series, alkylation is
known to occur at the metal center to give Collman-type
products and/or at the acyl oxygen to generate alkoxy-
carbene complexes [18]. However, O-alkylation is
favoured if ethyl trifluorosulfonate is used as alkylating
agent in the presence of HMPA. The metal carbenes are
fairly stable compounds; they can be handled in air for a
limited period of time without any notable decomposi-
tion; nevertheless, if handled in solution application of
inert gas and low temperature is required.

The synthetic approach can be extended to the prepa-
ration of pentose-derived metal carbenes as well as to
carbohydrate-bridged biscarbene complexes. The reac-

v 0 MeO Cr(CO)5
OAc 1)4 OAc
—_—
Ac 2) Me;0%8FS AcO
Ac AcO
OAc OAc
2 12

Scheme 2. Synthesis of L-arabino chromium: carbene complex 12.
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Scheme 3. Synthesis of the biscarbene complexes 13 and 14.

tion of pentacarbonylchromate 4 with 2,3,4,5-tetra-O-
acetyl-L-arabinonyl chloride 2 followed by aikylation
yields the L-arabino—chromium carbene complex 12
(Scheme 2).

Similarly, the sugar electrophile/metalate nucle-
ophile approach can be applied to bifunctional aldaric
acid derivatives such as 2,3,4,5-tetra-O-acetyl-D-galac-
taroyl chloride 3. After alkylation the chromium and
tungsten biscarbenes 13 and 14 are obtained even though
the yields are much lower (Scheme 3).

In a first attempt to functionalize the sugar-modified
carbene complexes, the metal alkoxycarbenes 9-11 were
subjected to aminolysis. Upon reaction with ammonia
under mild low temperature conditions the alkoxy sub-
stituent is replaced by NH, without affecting the acetyl
protecting groups (Scheme 4). Simple evaporation of
the solvent affords analytically and spectroscopically
pure compounds 16-18; no chromatographic workup
procedure is required.

3. Spectroscopic characterization

All compounds described above exhibit the spectro-
scopic properties characteristic for carbene complexes
[19]. As a consequence of the coordination to the metal
center their C-1 carbon atoms (and C-6, respectively, in
metal biscarbenes 13 and 14) reveal a significant down-
field shift in the "C-NMR spectra. The deshielding
influence of the metal carbene moiety further effects the
adjacent carbon atom. The better donor capacity of the
amino substituent in 16-18 is reflected by a significant

RO __M(CO)n
T~0Ac
AcO-—] _NHy
AcO:l 50 °C
}‘—'OAC
- OAc M Mo W. Fe
9-11 16 - 18

Scheme 4. Aminolysis of D-galacto carbene complexes 9-11.
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Table 1

Selected "*C-NMR data of sugar metal carbenes 8-14 and 16-18
Complex  C_,pene  1rans-CO cis-CO  C-2
8 355.0 223.0 2155 845
9 346.2 2125 204.8 844
10 3282 202.5 196.G 86.0
1 327.6 2125 85.0
12 3554 223.0 2154 84.6
13 354.7 2230 2155 84.3
14 3284 203.1 196.6 86.2
16 2122 2121 205.7 81.8
17 261.0 201.8 197.2 84.0
& i, 2149 81.3

upfield shift of the C_,.,. resonances compared with
their alkoxycarbene precursors 9-11. (See Table 1.)

4. Conformational studies in solution

The conformation along the carbohydrdte skeleton in
solution has been studied by '"H-NMR spectroswpy
Based on previous work vicinal coupling constants - JHH
of ~3 Hz indicate a gauche (synclinal) orientation
whereas trans-periplana. hydrogen atoms give rise to
coupling constants of ~ 9 Hz [20]. For the D-galactose
derivatives an alternating small-large-small sequence
is observed for the coupling constants J,;, J;, and J, 5
which indicates a cis—trans—cis relationship of hydro-
gen atoms H-2, H-3 and H-4 (Table 2). This suggests a
planar extended zigzag conformation as depicted in Fig.
1 for the p-galacto chromium complex 8. A similar
conformational preference has been established previ-
ously for other O-peracetylated p-galactose compounds
[12].

A similar consideration can be applied to the te-
traacetylated pentose complex 12. The L-arabino deriva-
tive exhibits a distinct small-large sequence of vicinal
coupling constants (J, , = 1.8 Hz; J,, = 9.2 Hz) which
is consistent with a gauche and rrans-periplanar orienta-
tion of H-2-H-3 and H-3-H-4 (Fig. 2).

5. Conformational studies in the solid state

To compare the conformations in solution and in the
solid state, the molecular structures of the chromium

Table 2
Spin coupling constants (in Hz) of p-galacto complexes 8. 11, 15 and
17

Ja Jay Jis Is Js o
8 nd. 10.2 n.d. 4.5 8.3
9 1.6 10.1 n.d. 4.5 7.8
11 1.5 9.9 1.9 5.2 74
15 1.6 10.1 1.9 5.2 74
17 1.2 10.0 1.8 5.1 7.6

n.d. = not detected.

AcQ H*

H? oAc

OMe
AcO

AcO H® RS OAc Cr(CO)s

Fig. i. Preferred P-conformation of p-galacto complex 8.
AcQ H'  H?OAc

OMe

CHCO)s

Acé Hs '_-ia OAc

Fig. 2. Preferred conformation of L-arabino complex 12.

carbene complex 8 and its isolobal analogue methyl
galactonate 15 have been established by X-ray analysis.
As depicted in Figs. 3 and 4 both compounds adopt an
extended zigzag conformation as also indicated for
chromium carbene 8 in solution. A comparison between
8 and 15 results in similar bond lengths and torsional
angles suggesting a similar structure and conformation

Fig. 3. Molecular structure of chromium complex 8 in the solid state
(selected bond angles (°), bond lengths (A) and torsional angles (°).

Fig. 4. Molecular structure of methyl- -pD-galactonate 15 in the solid
state (selected bond lengths (A) and torsional angles (°)).
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along the sugar backbone. No significant structural
changes are evident from the presence of the metal
carbonyl fragment which only suffers a minor deviation
from the octahedral environment of the metal center.

In summary, strongly electrophilic metal carbene
analogues of acyclic carbohydrates are accessible in a
straightforward synthetic approach based on a sugar
electrophile /metalate nucleophile combination. Struc-
tural and conformational studies on D-galactose deriva-
tives indicate that the preferred planar extended zigzag
conformation along the sugar backbone —which is
imposed by a minimization of syn-1,3-interactions ar.s-
ing from the protecting groups— is not affected by the
incorporation of a bulky organometallic fragment at the
C-1 terminus. This result may encourage the application
of transition metal organometallics in stereoselective

synthesis involving the pronounced reactivity of the C-1
atom in carbohydrates.

6. Experimental

All organometallic transformations were performed
under argon; solvents were dried by standard proce-
dures. Chromatographic workup was carried out at 0°C
o silica gel 60 (0.063--0.200, E. Merck) using dried
suivents. 'H- and “C-NMR spectra were recorded on a
Briker AM-250, AM-400 or DRX-500 spectrometer.
Chemical shifts refer o those of the residual solvent
signal based on &gy =0.00 ppm. FT-IR: Nicolet
Magna 550. FABMS: Kratos Concept |H (matrix: m-
nitrobenzyl alcohol). Elemental analysis: Elementar

Table 3
Crystallographic data and summary of data collection and refinement
8 15
Crystal data
Formula C,,H,,CrO C,;H,,0,,
M 596.4 4204
Colour orange colourless
Dimension (mm) 0.10 X .20 X 0.35 0.25 X 0.30 X 0.40
Crystal system orthorhombic triclinic
Space group P2,2,2, (No. 19} P2,2,2, (No. 19}
a(A) 8.017() 8.330(1)
b (A) 15.918(6) 13.221(2)
c(A) 21639011 19.371(1)
a (%) 90 90
B ) 90 90
y (©) 90 90
V(AY 2761(2) 2133.3(4)
Z 4 4
Pt (@em ™) 1.44 1.31
p(mm~") 0.49 0.97
F (000) 1232 888
Structure solution and refinement
Full-matrix least-squares refinement on F* F-
Parameter /restraints 352/0 269/0
Measured reflections 3545 2351
Unique reflections used in refinernent 3906 2064
wR, 0.104 0.185
R, (for I > 20(1)) 0.044 0.060
Fluck™s v-parameter largest diff. -0.03(3) 0.3(6)

Peak and hole (e A~ )
Data collection parameter

Diffractometer

Radiation

(A)

T (K)

2 0m'.|v, ©

0.30/-0.19

Nicolet R3m
MoKa
0.71073

293

50
-2<h<9
-2<k<18
-2<l<?25

0.24/-022

Enraf-Nonius CAD4
CuKa

1.54178

293

120

-9<hx<l
~l4<k<0
-2l<l<0
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Analysensysteme GmbH Vario EL. X-ray analysis: see
Tables 3-5. The sugar acid chlorides 1, 2 [21] and 3
[22] were prepared according to literature procedures.

6.1. Pentacarbonyl[2,3,4.5,6-penta-O-acetyl-p-galacto-
hex-1-yl(methoxv)carbene|chromium 8

At —60°C a solution of 2.16 g (5.1 mmol) p-
galactonyl chloride 1 in 20 ml THF is added to dipotas-
sium pentacarbonylchromate(-II) (4) prepared from 0.45
g (11.51 mmol) potassium, 1.10 g (92 mmol) graphite

Table 5

Data for Fig. 4 (compound 15)

95

Table 4

Data for Fig. 3 (compound 8)

CIA-CRICIE 177.72)
CIC-CRI-CID 173.9(2)
CIA-CRI-CID 88.9(2)
CIA-CRI-CIC 93.7(2)
CIA-CRI-CIB 86.7(2)
CID-CRI-C1B 86.5(2)
CID-CRI-CIE 90.7(2)
CIB-CRI-CIC 88.1(2)
CIC-CRI-CIE 86.5(2)
CI-CRI-CIB 174.802)
CI-CRI-CIA 88.3(2)
CI-CRI-CID 95.1(2)
CI-CRI-CIE 94.002)
CI-CRI-CIC 90.5(2)
CRI-CI 2.013(5)
CRI-CIA 1.885(6)
CRI-CIB 1.878(6)
CRI-CIC 1.915(6)
CRI-CID 1.893(6)
CRI-CIE 1.911(6)
CIA-O1A L131(5)
CIB-O1B 1.152(6)
cic-01C 1.138(5)
CID-01D 1.146(6)
CIE-OIE 1.134(6)
cl-oll 1.310(5)
C1-C2 1.541(6)
C2-C3 1.534(6)
C3-C4 1.523(6)
C4-C5 1.522(6)
C5-C6 1.512(6)
C2-021 1.434(5)
C3-031 1.447(5)
C4-041 1.439(5)
C5-051 1.437(5)
C6-061 1.442(5)
C1-C2-C3-C4 175.31
C2-C3-C4-C5 177.89
C3-C4-C5-Co 179.8)
C4-C5-C6-061 170.77
Cr-C1-C2-021 0.88
021-C2-C3-031 66.14
031-C3-C4-041 176.75
041-C4-C5-051 60.7
051-C5-C6-061 67.46

CIl-C2-C3-C4 169.95
C2-C3-C4-C5 179.41
C3-C4-C5-Co6 177.35
C4-C5-C6-06 176.13
07-C1-C2-02 13.97
02-C2-C3-03 49.69
03-C3-C4-04 177.49
04-C4-C5-05 59.18
05-C5-C6-06 57.00
Cl1-07 1.199(7)
C1-01 1.321(7)
Cl-C2 1.532(8)
C2-C3 1.515(8)
C3-C4 1.536(7)
C4-C5 1.500(8)
C5-Co 1.506(7)
Cc2-02 1.421(7)
C3-03 1.436(6)
C4-04 1.450(7)
C5-05 1.451(6)
C6-06 1.441(7)

and 1.18 g (5.4 mmol) CH{CO),. After 30 min the
solvent is evaporated, and the residue is dissolved in
120 ml dichloromethane. The resulting suspension is
cooled to —30°C, 0.73 g (5.0 mmol) trimethyloxonium
tetrafluoroborate are added, and the mixture is stirred
for 5 h at 0-5°C. Another portion of trimethyloxonium
tetrafluoroborate (0.44 g (3.0 mmol)) is added, and after
an additional 5 h the mixture is recooled to —60°C and
adsorbed on silica gel. The solvent is evaporated, and
the residue is chromatographed at — 15°C on silica gel
using ether /petroleum ether/dichloromethane 1:1:1.
The first fraction yields 1.93 g (64%) 8 as a yellow
solid. (The second band contains 0.21 g (10%) of 15.)

8. R; (SiO,, ether/petroleum ether/dichloro-
methane 1:1:1): 0.70. M.p.: 113-115°C. IR (KBr):
2071s, 1994s, 1959vs, 1943vs, 17555 cm™'. 'H-NMR
(400 MHz, CDCl,): 8=5.46 (d, 'J,,=10.2 Hz, 1H,
H-3), 5.41 (s, 1H, H-2), 5.34-5.26 (m, 2H, H-4(H-5).
4.82 (s, 3H, OCH,), 4.30 (dd, *J,, = 11.6 Hz, "J; =
45 Hz, IH, H-6), 3.72 (dd, *J, , = 11.6 Hz, "J;, = 8.3
Hz, IH, H-6"), 2.31, 2.11, 2.04, 2.01, 1.99 (OCOCH,).
BC.NMR (100 MHz, CDCl,): &=355.00 (C=Cr),
22295 (trans-CO), 215.46 (cis-CO). 170.47, 170.26,
170.13, 169.84, 169.28 (OCOCH ;), 84.54 (C-2). 68.92
(C-3), 67.97 (C-4), 67.72 (OCH,), 67.53 (C-5), 62.41
(C-6), 20.87, 20.64, 20.64, 20.58, 20.50 (OCOCH,).
MS (FAB, m-NBA): m/z (%) =596 (12) [M*], 456
(4) [M*=5 CO], 405 (12) [M* + H-Cr(CO);], 230 (100)
[M* + H-CHCO);-Ac,0-CH,0Ac].

Anal. Found: C, 4401; H, 4.23. C;H,CrO,
(596.43) caicd.: C, 44.30; H, 4.06%.
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6.2. Pentacarbonyl[2,3,4,5,6-penta-O-acetvl-n-galacto-
hex-1-vl(methoxy)carbenemolybdenum 9

2.06 g (4.9 mmol) 1 are allowed to react with S as
described for 8. Yield 1.40 g (44%) 9, yellow solid. R;
(8i0,, ether /petroleum ether /dichloromethane 1:1: 1):
0.71. M.p.: 115-117°C. IR (KBr): 2078% 1992s, 1968vs,
1944vs, 1933vs, 1749s cm”™'. H~NMR (400 MHz,
CDCl,): 6=548 (dd J,,=10.1 Hz, *J,,= 1.6 Hz,
1H, H3) 540 (d, *J,, = 1.6 Hz, 1H, H-2), 5.34-5.29
(m, 2H, H-4/H- 5) 4.69 (s, 3H, OCH,), 4.29 (dd,
'J « = 11.8 Hz, 156—45 Hz, 1H, H6) 3.87 (dd,
J .= 11.8 Hz, “J,, = 7.8 Hz. IH, H-6'}, 2.26, 2.10,
203, 201, 1.99 (OCOCH,). "C-NMR (100 MHz,
CDCl,): 6=346.24 (C= Mo) 212.48 (trans-CO),
204.78 (cis-CO), 170.30, 170.08, 170.01, 169.61, 169.00
(OCOCH,), 84.43 (C-2), 69.12 (OCH,), 68.75 (C-3),
67.78 (C- 4) 67.25 (C-5), 62.19 (C-6) 20.72, 20.49,
20.46, 20.46, 20.37 (OCOCH;). MS (FAB, m-NBA,
®Mo): m/z (%) =642 (13) [M*], 558 (50) [M*-3
CO]), 405 (38) IM* + H-Mo(CO),], 243 (100) [M* +
H-Mo(CO);—Ac,0-0Ac].

Anal. Found: C, 40.99; H, 3.79. C,,H,,MoO,,
(640.36) calcd.: C, 41.26; H, 3.78%.

6.3. Pentacarbonyl(2,3,4,5,6-penta-O-acetyl-p-galacto-
hex-1-yl(methoxy)carbeneltungsten 10

1.68 g (4.0 mmol) 1 are allowed to react with 6 as
described for 8. Yield 1.19 g (42%) 10, red solid. R,
(SiO,, eiher /petroleum ether /dichloromethane 1:1: 1):
0.72. M.p.: 130-132°C. IR (KBr): 7074\». 1986s, 1963vs,
1937vs, 1927vs, l756s em ™', "H-NMR (400 MHz,
CDCl,): 8=5.47 (d, *J,, = 10.2 Hz, IH, H-3), 5.33-
527(m.2H H-4/H-5), 5.25 (s, !H H-2), 4.57 (s, 3H,
OCH,), 4.26 (dd Vo= 116 Hz, .I“,—44 Hz, 1H,
H-6), 3.78 (dd, 'JM-—lI6 Hz, .Ii =177 Hz, IH,
H-6), 2.23, 2.10, 2.02, 1.99, 1.98 (OCOCH ). "C-NMR
(100 MHz, CDCI,): 6 =1328.18 (C=W), 202 52 (trans-
CO0), 196.04 (cis-CO), 170.30, 170 08, 169.92, 169.62,
169.13 (OCOCH;,), 86.01 (C-2), 69.89 {OCH,), 68.41
(C-3), 671.77 (C- 4) 67.37 (C-5), 62.17 (C-6), 20.75,
20.40, 20.40, 20.49, 20.49 (OCOCH,). MS (FAB, m-
NBA. W) m/z (%)=1728 (T0) [M*], 644 (54)
[M*-3 COJ, 405 (77) [M* + H-W(CO),], 318 (100),
243 (97).

Anal. Found: C, 36.10; H, 345. C,H,0,W
(728.27) calcd.: C, 36.28; H, 3.32%.

6.4. Methyl 2,3,4,5,6-penta-0-acetyl-p-galactonate 15

M.p.: 127-128°C. R; (SiO,, ether/petroleum
ether /dichloromethane 1:1: 1) 0.54. H-NMR (400
MHz, CDCl,): 6 = 545(dd Jn-—l6Hz .134 10.1
Hz, H-3), 536 (dd, *Jy, =101 Hz, *J,;=19 Hz,
H-4), 5.25 (pseudo-sept, *J5 ¢ = 7.2 Hz, *J, = 5.4 Hz,

“Jy5= 1.9 Hz, H-5), 5.00 (d, *J,, = 1.6 Hz, H-D), 4.18
(dd, Yy, =52 Hz, Joy =115 Hz, H-6), 370 (dd,
Yoo =14 Hz, 2J, g =115 Hz, H-6), 3.62 (s, 3H
OCH,), 2.10, 2.03, 2.00, 1.93, 1.89 (OCOCH,). '
NMR (100 MHz, CDCl,): &= 170.25, 170.04, 17004
169.27. 169.13 (OCOCH), 167.32 (C-1), 69.02 (C-2),
67.57 (C-3), 67.39 (C-4), 67.30 (C-5), 61.76 (C-6),
5261 (OCH,), 20.54, 2049, 2034, 20.26, 20.26
(GCOCH,).

6.5. Tetracarbonyl[2,3,4,5,6-penta-O-acetyl-p-galacto-
hex-1-vl(ethoxy)carbeneliron 11

0.72 ml (5.4 mmol) pentacarbonyliron are reduced
according to the literature procedure to give white solid
ferrate 7 which is mixed with 75 ml THF. The mixture
is cooled to —60°C, and 2.29 g (5.4 mmol) 1 in 15 ml
THF are added. After 3 h the resulting red solution is
evaporated to dryness, and the residue is dissolved in a
mixture of 15 ml ether und 2.5 ml HMPA. 1.05 ml (8.1
mmol) ethyl trifluoromethanesulfonate are added at
—70°C, and the reaction mixture is stirred for 16 h.
Column chromatography (ether/petroleum ether /di-
chloromethane 1:1:1) yields 0.9 g (1.5 mmol, 28.5%)
9 as a red solid. R, (SiO,, ether/petroleum ether/di-
chloromethane 1:1:1): 0.71. M.p.: 91-93°C. IR (KBr):
2060m, 1996m, 1989m, 1960vs, 1942vs, l751s cm™',
'H- NMR (400 MHz, CDCl,): 6=5.56 (dd JN =99
Hz, J,;— 1.5 Hz, 1H, H- 3) 5.48 (dd J,4—99 Hz,
1“—19 Hz, lH H-4), 5.40 (d Ju— 1.5 Hz. 1H,
H-2), 5.30 (ddd, -’q(, 74 Hz, Jq(, 5.2 Hz, .I“
1.9 Hz, IH H-5). 5.03 (g, J = 7.1 Hz, IH, OCH,CH; )
5.02 (q, .I 7.1 Hz, 1H, CH,CH,), 4.25 (dd oo =
1. SHz, J“,—Ssz, 1H. H-6), 384(dd JM, 11.5
Hz, J“, =74 Hz, IH, H6') 2.18, 2.09, 2.05, 2.00,
1.99 (OCOCH,3, i.58 (t, *J=1.1 Hz, 3H, OCH,CH,).
“C-NMR (100 MHz, CDCL,): §=327.62 (C= Fo),
212.50 (CO), 170.32, 170.17, 169.75, 169.50, 168.88
(OCOCH ), 84.95 (C-2), 78.21 (OCH,CH;), 68.03 (C-
4),67.72 (C 3), 67.27 (C-5), 61.78 (C-6), 20 59, 20.52,
20.32, 20.29 (OCOCH,), 14.19 (OCH,CH,). MS (FAB,
m-NBA): m/z (%) =587 (4) [M* + HJ, 558 (9) [M*-
COJ, 502 (72) [M*-3 COQ), 474 (55) [M*-4 CQ], 431
(553 [M*-Ac-4 COJ, 313 (100) [M*-OAc-Ac,0-4
CoOlJ.

Anal. Found: C, 44.72; H, 4.57. C,,H,FeO;
(586.29) caled.: C, 45.07; H, 4.47%.

6.6. Pentacarbonyl(2,3,4,5-tetra-0-acetyl-L-arabino-
pent-1-yl(methoxy)carbene]chromium 12

1.26 g (3.6 mmol) 2 are allowed to react with 4 as
described for the preparation of 8. Yield 0.86 g (46%)
12, red solid. R, (SiO,, ether/petroleum ether /dichlo-
romethane 1:2:1): 0.63. M.p.: 91-93°C. IR (KBr):
2071s, 1993s, 1962vs, 1938vs, 1755s cm™'. "H-NMR
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(250 MHz, CDCI,): 6=15.60 (d, *J,, = 9.2 Hz, Jn
1.8 Hz, IH, H-3),'5.56 (bs, 1H, H-2). 5.08 (bm. U=
9.2 Hz, 'J, 5= 2.6 Hz, IH, H-4), 4.83 (s, 3H, OCH,),
422(dd,*J; 5 = 12.7 H, *J,s = 2.6 Hz, 1H, H-5), 417
(dd, *Js5 =127 Hz, 'J,4 = 3.7 Hz, IH, H-5), 2.23,
2.06, 2.04, 2.01 (OCOCH,). “C-NMR (100 MHz,
CDCl,): 6 = 355.36 (C=Cr), 222.95 (trans-CO), 215.36
(cis-CO), 17041, 169.72, 169.68, 168.87 (OCOCH,),
84.57 (C-2), 69.61 (C-3), 67.92 (C-4), 67.53 (OCH,),
61.19 (C-5), 20.70, 20.67. 20.51, 20.31 (OCOCH ). Ms
(FAB, m-NBA): m/z (%) =524 (1) [M* ]—496 (1
[M*-CO], 440 (3) [M*-3 CO], 412 (5) [M*-4 CO],
384 (3) [M*=5 COJ, 282 (52) [M*-Ac,0-5 CO], 251
(10), 230 (100) [M*-Cr(CO);-Ac,O0l.

Anal. Found: C, 43.17; H, 4.07. CH,,CrO,,
(524.36) caled.: C, 43.52; H, 3.84%.

6.7. 1,6-Bis-pentacarbonyl(2,3,4,5-tetra-O-acetyl-p-
galactaroyl-bis(methoxycarbene)lchromium 13

0.73 g (1.8 mmol) 3 are allowed to react with two
equivalents of 4 as described for the preparation of 8.
Yield 0.15 g (il1%) 13, yellow solid. R, (SiO,,
petroleum ether /ether /dichloromethane 5:1:5): 0.62.
M.p.: 128°C (decomposition). IR (KBr): 2064 (m),
1979sh, 1963s, 1949sh, 1925vs, 176lm cm™'. MS
(FAB, m-NBA): m/z (%) = 758.1 (57) [M*], 730.1 (3)
[M*-CO], 674.1 (10) [M*-3 CO]J, 613.3 (10), 582.1
(20), 567.0 (20), 460.2 (10), 340.0 (20). 'H-NMR (250
MHz, CDCl,): § =547 (s, 2 H, H-2/H-5), 545 (s. 2
H, H?/H4) 4.84 (s, 6 H, OCH;), 2.25 (s, 6 H,
OCOCH,), 2.03 (s, 6 H, OCOCH,). “C-NMR (62.5
MHz, CDCI 1) 8= 135474 (C=Cr), 222 99 (1rans-CO),
21549 (cn CO), 170.08 (OCOCH,), 169.31
(OCOCH,), 84.30 (C-2/C-5), 69.43 (C- %/C 4), 67.78
(OCH,), 20 87 (OCOCH,), 20.56 (OCOCH,).

An.ll Found: C, 41.08; H, 3.16. C, H,,0,,Cr,
(758.44) calcd.: C, 41.17, H: 2.92%.

6.8. 1,6-Bis-pentacarbonyl(2,3,4,5-tetra-O-acetyl-p-
galactaroyl-bis(methoxycarbene)Jtungsten 14

1.26 g (3.6 mmol) 2 are allowed to react with 6 as
described for the preparation of 8. Yield 0.13 g (7%)
14, yellow-orange solid. R; (SiO,, petroleum
ether /ether /dichloromethane 5:1:5): 0.62. M.p.:
142°C (decomposition). IR (KBr): 2072m, 1977sh,
1947sh, 1919vs, 1755, 175Im cm™'. "H-NMR (500
MHz, CDCl,): §=5.47 (s, 2 H, H-2/H-5), 5.26 (s, 2
H, H3/H4) 4.63 (s, 6 H, OCH,), 2.26 (s, 6 H,
OCOCH,), 2.04 (s, 6 H, OCOCH, ). "C-NMR (125
MHz, CDCl ): §=32839 (C=W), 203 08 (trans-CO),
196.56 (us C0O), 17041 (OCOCH,), 169.61
(OCOCH,), 86.16 (C-2/C-5), 70.44 (C- 3/C -4), 69.43
(OCH,), 21.26 (OCOCH,), 2091 (OCOCH,). MS
(FAB, m-NBA, "W). "m/z (%) = 1022.1 ©5) IM*],

994.1 (40) [M*-CO], 938.1 (65) [M*-3 CO}, 910 (5)
[M*- 4 CO].

Anal. Found: C, 30.04; H, 2.21. C,H,,0,,W,
(1022.15) caled.: C, 30.55; H, 2.17%.

6.9. General procedure for the aminolysis of 9, 10 and
11

A 0.013M solution of the methoxycarbene complex
in dichloromethane is treated with gaseous ammonia at
—50°C. After several minutes the reaction mixture turns
pale yellow, and evaporation of the solvent affords pure
aminocarbene complexes 16—18.

6.10. Pentacarbonyl(2,3,4,5,6-penta-O-acetyl-p-
galacto-hex-1-yllamino)carbenelmolybdenum 16

0.20 g (0.31 mmol) 9 are allowed to react with
ammonia as described above. Column chromatography
(Si0,, 0°C, dichloromethane/petroleum
ether /methanol 5:2: 1) yields 0.16 g (0.26 mmol, 85%)
19 as a yellow oil. R; (dichloromethane/petroleum
ether/methanol 2:5: l) 0.73. IR (CH,Cl,): 2070w,
1981w, 1935vs, 1751s cm™'. 'H-NMR (250 MHz,
CDCl,): 8=9.02 (br s, 1H, NH,), 892 (br s, 1H,
NH) 6.01 (s, 1H, H-2), 5.89 (dd, Ju 10.0 Hz,
Jn—ll Hz, 1H, H-3), 5.31 (dd, J14 100 Hz,
’“—18 Hz, IH, H-4), 520 (ddd, *Js, =74 Hz,
156—52 Hz .145——18 Hz, 1H, H-5), 4.26 (dd .16
=115 Hz Js( 5.2 Hz, 1H, H-6), 3.86 (dd, .I(,(,
11.5 Hz, J,(, = 7.4 Hz, 1H, H-6'), 2.18, 2.14, 2.05 (3
s, 9 H, OCOCH,), 2.00 (s, 6H, OCOCH,). "C-NMR
(100 MHz, CDCl_) 8§=273.16 (C= Mo) 212.06
(trans-CO), 205.73 (cis-CO), 170.73, 170.03, 169.29,
168.37 (OCOCH,). 81.83 (C-2), 68.01 (C-3), 67.31
(C-4), 66.09 (C- 5) 62.11 (C-6), 20.69, 20.64, 2050
20.46, 20.38 (OCOCH,). MS (FAB, m-NBA, * Mo):
m/z =627 (1) [M*T, 599 (6) [M*-CO]), 568 (4), 543
(24) [M*-3 COJ, 390 (55).

Anal. Found. C, 3991; H, 3.85; N, 2.24.
C,,H,;MoNO,; (625.35) caled.: C, 40.19; H, 3.70; N,
2.23%.

6.11. Pentacarbonyl[2,3,4,5,6-penta-0-acetyl-D-
galacto-hex-1-yl(amino)carbeneltungsten 17

0.18 g (0.25 mmol) 10 are allowed to react as
descnbed above. Evaporation of dichloromethane yiclds
17 as a yellow solid. IR (CH,Cl,): 2070w, 1976sh, w,
1927vs, 1754m cm'. 'H-NMR (250 MHz, CDCI,):
8§=9.02 (s, 1H, NH) 8.63 (s, lH NH), 6.06 (s, IH
H-2), 585 (dd, 1J;, =100 Hz, "Jpy=12 Hz, IH,
H-3), 534 (dd, *J;, =100 Hz, "J,5=18 Hz, IH,
H-4), 5.22 (sept*, *J5; = 7.6 Hz, "Js o = 5.1 Hz,” s =
1.8 Hz. 1H, H-5), 428 (dd, *Je = 11.6 Hz, V5 =51
Hz, H-6), 3.85 (dd ‘J, ;= 11.6 Hz, *J, = 7.6 Hz, 1H,
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H-6'), 2.18, 2.14, 2.07, 2.06, 2.02 (OCOCH,). 'C-NMR
(100 MHz, CDCl,): 6 = 260.95 (C=W), 201.80 (trans-
CO), 197.20 (s, d, *J.y = 126.38 Hz, cis-CO), 170.49,
170.42, 169.87, 168.93, 168.17 (OCOCH ), 83.95 (C-2).
67.80 (C-3), 67.12 (C-4), 65.91 (C-5), 61.95 (C-6),
20.54, 20.48, 20.34, 20.28 (OCOCH ). MS (FAB, m-
NBA, **W): m/z =713 (26) [M*T, 685 (78) [M*-CO],
654 (38) [M*-0Ac], 629 (35) [M*-3 CO]}, 601 (10)
[M*-4 CO), 573 (3) [M*-5 CO], 513 (16), 390.1 (47).

Anal. Found: C, 34.20; H, 3.36; N, 1.74,
C, H,;NO, W (713.26) caled.: C, 35.36; H, 3.25; N,
1.96%.

6.12. Tetracarbonyl(2,3,4,5,6-penta-O-acetyl-p-galacto-
hex-1-yl(amino)carbeneliron 18

0.03 g (0.06 mmol) 11 are treated as described
above. After evaporation of the solvent 18 is obtained
as a yellow solid. IR (CH,Cl,): 2052m, 1977m, 1940s,
1753vs cm~'. 'H-NMR (400 MHz, CDCl,): 6= 8.86
(s, 1H, NH), 8.58 (s, 1H, NH), 6.20 (s, 1H, H-2), 6.04
(d, *J,4 = 10.0 Hz, IH, H-3), 532 (d, 'J;, = 10.0 Hz,
IH, H-4), 5.13 (m, 1H, H-5), 4.26 (dd, *J,, = 1 1.3 Hz,
*Jo=5.5 Hz, IH, H-6), 3.86 (dd, *J,, =113 Hz,
‘s =172 Hz, 1H, H-6'), 2.19, 2.15, 2.12, 2.02, 2.01
(OCOCH,). *C-NMR (100 MHz, CDCI,): & = 270.06
(br, C=Fe), 214.%0 (CO), 170.64, 170.53, 170.06,
163.88, 168.14 (OCOCH,), 81.27 (C-2), 68.06 (C-3),
67.44 (C-4), 671.30 (C-5), 61.92 (C-6), 20.79, 20.66,
20.48 (OCOCH,).

6.13. X-ray crystallographic studies of 8 and 15 *

The structures were solved by direct methods. Non-
hydrogen atoms were refined anisotropically. Hydrogen
atoms were localized by difference electron density
determination and refined using a riding model. In 15
an extinction correction was applied. The absolute struc-
ture was determined by Flack’s x-refinement (in 15 the
absolute structure could not be determined reliably)
[23]. Details of data collection and refinement are given
in Table 3. Programs used: SHELXTL-Plus [24] and
SHELXL-93 [25].
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