Stereocontrolled synthesis and reactivity of sugar acetylenes
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C-Glycosidation isof great significancein the organic synthesis
of optically active materials, since it allows the introduction of
carbon chainsto sugar chironsand the use of sugar nuclei asa
chiral pool as well as a carbon source. Silylacetylenes are
sufficiently reactiveto form ‘sugar acetylenes for the selective
introduction of various acetylenic groups in an alpha-axial
manner at the anomeric position of p-hexopyranose rings.
1,4-Anti induction, on the other hand, gives a different
stereochemical outcome in the case of C-glycosidation of
pentopyranose glycals. The mechanism of these reactions
includes oxonium cation intermediates in which stereoelec-
tronic and/or steric factorsdrive the direction of the incoming
silylacetylene. Bis-C-glycosidation allows the introduction of
sugars at both ends of some bis(trimethylsilyl)acetylenes. A
2,3-dideoxyglucose derivative provides the corresponding C-1
a-acetylenic compounds, which would increase the scope of C-
glycosidation with silylacetylenes. In sugar acetylenes, the
alkynyl group at the anomeric position of a pyranose ring is
epimerized via a hexacarbonyldicobalt complex by treatment
with trifluoromethanesulfonic acid. The three steps—cobalt
complexation, acidic transformation and decomplexation—
afford overall epimerization and thus one can obtain either the
a- or B-alkynyl C-glycoside as desired. Ring opening of a
dihydropyran derivative using Nicholas-type cation inter-
mediatesis also part of this study. Several sets of decomplexa-
tion conditions for endo-type acetylene—cobalt complexes pro-

vide various olefins possessing potential utility for synthesis.
These methodologies have been utilized for the synthesis of
polyoxygenated natural products and derivatives.

I ntroduction

In target-orientated synthesis, continuous efforts have provided
organic chemistry with a considerable number of new synthetic
methodologies. These include new concepts for multistep
syntheses that achieve the desired target in a more straightfor-
ward manner. Syntheses of optically active natural products
have posed many problems despite there being numerous
methodol ogies available to the organic chemist. Sugars have
been used as chirons as well as carbon sources in many organic
syntheses.® The induction of one or more stereogenic centers
onto a side chain extending from a sugar ring is another
application which has attracted much attention.2 We have
designed and devel oped C-glycosidation (alkynylation) asakey
reaction for the introduction of a carbon chain onto sugars.
Those alkynylated compounds are called ‘ sugar acetylenes' for
short,3 and they have been applied to syntheses of natural
products such as tautomycin# and ciguatoxin.>
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C-Glycosidation with silylacetylene

During the course of our synthetic studies on okadaic acid,® an
oxygenated marine natural product, we used the Hosomi—
Sakurai reaction for the coupling of allyltrimethylsilane and tri-
O-acetyl-p-glucal to prepare one of the starting materials.” We
came across with a similar C-glycosidation under acidic
conditions with silylacetylenes instead of alylsilane (R =
SiMes).8 The stereoselectivity of this reaction is excellent,
giving only the «-acetylene, and is better than that in the
alylsilane case («:p = 96:4). C-Glycosidation with silylacety-
lenes allows a wide variety of substituents on the other end of
the acetylene, and the resulting alkynylated sugar derivatives
are of great potentia utility as starting materials for natura
product synthesis in optically active form.® Examples with
different substituents are listed in Table 1.8-10 |n the reaction, R

Table 1 Alkynylation of tri-O-acetyl-p-glucal with silylacetylenes

(0] R
AcO | Lewis acid, CH,Cl, o //
x —— AcO N
AcO MesSi———R /I;l
OAc 2 AcO
1 3
Entry R Lewisacid T/°C Yield (%)
1 H TiCl, 0 0
2 Me SnCl, -15 99
3 SiMe; TiCl, —-20 75
4 SiMe; SnCl, —-20 99
5 Bun TiCl, —-20 68
6 CH,SPh TiCl, —20 15
7 CH,0Ac TiCl, —-20 0
8 (CH2)2.0AC TiCl, —-20 22
9 (CH»)3s0AC TiCl, —-20 36
10 (CH2)40AC TiCl, —-20 59

has to be larger than Me to afford alkynylation in reasonably
good yield. TheyieldwithR = H (entry 1) isalmost 0%.1%2 On
the other hand, the stronger Lewis acid SnCl, seems to work
better than TiCl, in the case of R = SiMe; (entries 3 and 4).
When R is a methylene group with an OAc moiety at the
terminal position, e.g. the reaction with prop-2-ynyl acetate
(entry 7), no akynylated product is given. The yields of
products increase with the higher homologous acetates (entry
8-10). This is due to the moderating effect of the methylene
group(s) on the OAc moiety, which destabilizes the cationic
transition state. These results suggest that the mechanism of this
alkynylation reaction involves cationic charge development at
the 2’-carbon in the transition state. In case of the phenylthio
group (R = SPh, discussed later), the product is unstable with
the stronger acids, and high yield is observed only with milder
Lewis acid such as BF3-OFEt,; the nucleophilicity of (phenyl-
thio)silylacetylene is high enough to yield the phenylthioethy-
nylation product in good yield.1t

AcO

AcO

Possible mechanism of C-glycosidation and proof
of stereochemistry

This C-glycosidation includes eliminative formation of the
enonium ion (as shown in Scheme 1) to which silylacetylene
can coordinate from the o side. The stereochemistry should
largely be determined by the coordination between two -
electron orbitals of the onium and acetylene groups, while the
stereoelectronic control allows the «-pseudo-axia orbital to
make the bond, as shown in Fig. 1.

In 2,3,4,6-tetra-O-acetyl-p-glucal the C-glycosidation took
place in a similar fashion to that in the tri-O-acetyl-p-glucal
cases above with silylacetylenes (Scheme 2).9 In this particular
reaction, as shown in 8 and 9 (Scheme 3), the primary products
are al unstable under the work-up conditions and/or silica gel
chromatography. Thereaction mixtureisimmediately subjected
to hydride reduction (NaBH,4 and CeCl3 in MeOH; or LiAlHy,
< —40 °C), in which the reagent accelerates elimination of the
4-OAc group (8) and then attacks the resultant ketone from
opposite side of the axially oriented «-akynyl group, thus
giving a 2«-hydroxy group.

Incidentally, reduction with LiAlH4 at higher temperature
(ca. 0to —10 °C) is usudly followed by hydroalumination of
the acetylene 8, resulting in the formation of transolefin 10. The
acetylene group in 3 can be partially reduced into cis olefin 11
with diimide (Fig. 2). These partial reduction products give
NOEs in their NMR spectra between H-5 and H-1’ to prove the

AcO
AcO O+) SiMe;
(o] SnCly \ ‘ ‘
OAc — AN,
// R—==SiMes AcO
AcO R
la 4 2a
AcO
(o] AcO
o
AcO — ‘ ’
AcO . _R
R ME3Si v
3a 5
Scheme 1
o) R
AcO (1) MegSi—==—R, SNCl, o //
L o
AcO" OAc (@) NaBls CeCly7H,0 .
OAc OH
6 7
Scheme 2

Fig. 1
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7 H
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il
R
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Scheme 3

« stereochemistry of the original acetylene (Fig. 2).° Hydro-
silylation of the benzylidene acetylene 21 (in Scheme 4) also
gives two products (12a and 13a), providing further evidence
for the stereochemistry; thus, similar NOEs are observed. These
benzylidene compounds have the bulky olefinic group in the «
axial position in 12 or the « equatorial position in 13, the latter
showing an NOE between H-1 and H-4 due to the boat
conformation of the tetrahydropyran ring.

NOE
m/o /—\
Ph Oﬁo y Ho Hi  SiMes
EQH SiM "o OF 7
NS IMe3
NOEN- H H SiEts
SiEts
12 13 lez =11.9Hz
Fig. 2
AcO
D AcO
(@] SnCl, O+ ) SiMe3
_ \
MezSi———=—SiMe;
AcO OAc ‘ ’
Q AcO \/
SiMes
14 17 18

Expansion of C-glycosidation to similar systems

In Table 2 other examples of C-glycosidation of 2,3-dideoxy-
glucose derivative 14 with silylacetylene are shown. The
acetylation of the glycosideiscritical to providethe C-1 leaving
group which generates the oxonium ion, with which silyl
acetylenes can react to form the « sugar acetylene. Scheme 4
illustrates the preparation of these compounds in order to prove
the stereochemistry, and includes C-glycosidation of the
saturated pyran ring. In this case the C-1 OAc group in 14 is
necessary to provide a good leaving group, to generate the
oxonium cation 17 to which the silylacetylene coordinates.
After conversion to the corresponding 4,6-benzylidene deriva-
tive 21, its acetylene group was subjected to hydrosilylation to
provide a mixture of regioisomers 12a and 13a.12

Table 2 C-glycosidation of 2,3-dideoxyglucose derivative 14 with silyl-
acetylene 15

AcO
AcO o
o SNnCly, CH,Cl
R—=———S5iMe; AcO ’ ‘
AcO OAc 15
14 16a—d R
Yield

Entry Alkyne R T/°C Product (%)
1 15a SiMes 0 16a 73
2 15b C=CSiMes 0 16b 71
3 15¢ (2)-CH=CHCI 0 16c 83
4 15d (2-CH=CHC=CSIMe; —78 16d 35

Sugars at both ends of an acetylene

In the C-glycosidation of silylacetylenes with glucal type
compounds, both of the examples in Schemes 1 and 2 afford
different sugar products (R = SiMej) bearing trimethylsilylace-
tylene moieties, respectively. But these silylacetylenes do not
react further with another equivalent of glycal. This lack of
reactivity isobserved for prop-2-ynyl acetate (entry 7, Table 1);
thus no double C-glycosidation product was obtained in this
particular case, presumably due to the presence of an electron-

AcO X _SiMes q
MesSi\_,

SiMe3

(1) LiAlHg, THF, CSA
OMe

2) Ph—<

OMe
NazPICI6
44 Et3S|H

X _SiMeg X _SiMe3
Et3S|
SiEt3 SiMe3
13a (59%) 12a (34%) 21 (71%)
Scheme 4
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withdrawing oxygen atom at the proparglic position, that lenes. Similar C-glycosidations are possible from O-glycosides
destabilizes the cationic intermediates. However, further exam- [Scheme 6(c)—€)].#>:1516 Most of these examples give high
ination of some other reactions provided several good examples  yields with 1-trimethylsilyl-2-phenylthioacetylene in the pres-
of double C-glycosidation between two glycalsand bis(silylace- ence of BF3-OEt,. Mechanisticaly, the phenylthio group can
tylene)s connected by longer carbon chains. Scheme 5(a) and provide electrons which help develope cationic charge at the
(b) show thefirst examples of disilylacetyleneswith sugar rings  adjacent carbon in the transition state of the C-glycosidation.
to both ends. The reaction process is stepwise, providing first ~ The product, a phenylthioacetylenic sugar, does not react
mono- and then di-glycosidation products. This fact suggests  further with BF3-OEt,, but does with SnCl,. The yields
that the second C-glycosidation is slower than the first,13 and dramatically drop with stronger Lewis acid catalyst (such as
that it is possible to attach two different kinds of sugar ring, as SnCl,4 or TiCly) and/or by prolonging the reaction period.

in Scheme 5(b) and (d). The silylacetylene moieties can also
form the ends of endiyne compounds [Scheme 5(c) and (d)].

Other interesting examples

Nicolaou et al. reported a similar example of silylacetylene
addition to methylated glucal acetate [34 in Scheme 7(a)].1”
Higher reactivity is observed for silylacetylenes carrying a  Williams demonstrated that bromide (in 36 and 38) is a better
phenylthio group at the other end. The reagent 1-trimethylsilyl- leaving group, using an alkynyltin species and zinc chloride as
2-phenylthioacetylene is prepared from the lithium salt of the Lewis acid catalyst [ Scheme 7(b) and (c)].18 They reported
ethynyltrimethylsilane and S-phenyl benzenethiosulfonate.14 In high « selectivity with hexose (37), but variable selectivity with
this case high yields are obtained with a weaker Lewis acid pentofuranose (39). Recently Veyrieres described the reaction
catalyst such as BF3-OEt, by stirring for 20 min in MeCN. In of 2-deoxy-2-azido-1-bromo compound 40 with an alkynyltin
Scheme 6(a) and (b)1215 are demonstrated the first two species in the presence of silver tetrafluoroborate catalyst
examples, with quantitative formation of the phenylthioacety- [Scheme 7(d)].1® Martin found that the selectivity of the

Phenylthioacetylenes

(@ AcO
O
AcO MeySi—=—=—=———5iMe; ° . o
. [ X2 AcOmmd ——
AcO" sncCl, — @)

1 22 (54%)

AcO v
¢ | Me;Si—==—==—siMe; SnCly
AcO™ OAc 1) Sncl o
Ezg Nngu ‘ ’ AcO l ‘ ’
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1 . :
I
éiMeg 6 l
(39%)
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N 7\ /:\
© 7 N\
AcO
¢ l Me;3Si SiMes // \\2
X S .,
\\\\ - . 0
?AC AcO R
AcO
24 (68%) OAC
AcO
AcO
(d) - (o}
o 0 7/ \ o s
¢ | MegSi SiMes N\, sncl, \\
AcO™ OA X - OH
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AcO

(48%)

25 (78%)

Scheme 5
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MesSi—=—=—SPh
—

BF3+OEt,/CH,Cl,

MesSi—==—sPh OAc SPh

(1) TMSOTI/CH,Cl,

(2) NaBH,
OAc N

OAc SPh

R2  MesSi—==—s5Ph

BF3*OEt,/CH3CN

29

Rl =Me, R?=OEt 62%
R!=R?=0Ac 2%

R o OEt Me3Si—=——=—SPh R o0 ///

\\\\\ .
U BF3°OEt,/CH3CN
Me

R=CH,0Ac  64%
R = C(CH3),0Ac 59%

(®) otBDPS OTBDPS SPh
Me3Si—=——=—SPh //
o._ .OPr SIT— O 7
BF3*OEt,/CH,CN
""Me I,"Me
32 33 (61%)
Scheme 6

reaction of (z)-1-formyl-2-alkoxypentopyranose with various
silylacetylenes varied with the substituent on the other end of
the acetylene moiety; thus, 1,2-syn and 1,2-anti selectivities
were observed as shown in Scheme 7(g).20

1,4-anti Selectivity of silylacetylene to
pentopyranoside

We expanded the C-glycosidation reaction to pentopyranose
derivatives such as di-O-acetyl-p-xyla 45 and di-O-acetyl-L-
arabina 47 during the course of synthetic studies on the ABC
segment of ciguatoxin (CTX, see compounds 109-111), a
polyether marine natural product.2! This glycosidation provides
a single stereoisomer.22 During the CTX synthesis, this
stereogenic center is destroyed and is thus not significant in the
above mentioned synthesis (we did not even determine whether
the stereochemistry was o« or  at first). Recently, the
stereochemical induction turned out to be in striking contrast to
the previous cases. Namely, tri-O-acetyl-p-glucal 1 and bis-
trimethylsilylacetylene react in the presence of a Lewis acid in
a highly stereospecific manner to give exclusively the x-axia
orientation in the product 3.9 The examples of silylacetylene
addition to hexopyranoglycals occur under various acidic
conditions but they all produce only the «x-acetylene products
with 1,4-syn selectivities higher than 95%. On the other hand,
similar addition of silylacetylene to pentopyranoglycal diace-
tates (such as 45 and 47) and dipivalates (51 and 56) affordsthe
opposite results; thus, 1,4-anti stereochemistry is observed with
the exclusive products 46, 48, 49, 50, 53, 55, 57 and 58 in the
pentopyranose cases as shown in Table 3. Various nucleophiles
add to the same pentopyranose glycals to afford similar
results.z3

MezSi———Me

TiCl4/CH,Cly
BugSn————Ph
ZNnCl,/CH,Cl,
OBn OBn
36 37 (61%)
© R
c
) Br _ 0 //
Esno/m'I BUsSH—=—R  BnO
ZnCl,/CCly
BnO OBn BnO OBn
38 ) 39
yield a:p
R = n-Hex 45% 1:0
R =Ph 55% 1:2.8
R =MOM 66% 1:1
(d) OBn OBn R
=
O _Br Busn——r SN
. AgBF,, MS-3 ’
BnO “Ng (CHLD: BnO “Na
OBn OBn
40 yield ap
R = Oct 62% 5:1
R =Ph 65% 3:2
R = (CH,),0Bn  46% 1:0
(e) R R
O. _OCHO Messi—== 0 . // o, F
LA, CH,Cly +
—78°C~-20°C
OTBDMS OTBDMS OTBDMS
42 43 44
LA yield (%) 43 : 44
R=H TiCly 60 0:100
R=H SnCly 73 0:100
R =SiMe; TiCly 74 66 : 34
R =SiMe3 SnCly 68 80:20
R =Me TiCly 81 70 : 30
R = Me SnCly 67 100: 0
R=Pr TiCly 66 80:20
R=Pr SnCly 72 90 : 10
R =Ph TiCly 64 80 : 20
R =Ph SnCly 71 95:5
Scheme 7

Application of the Hosomi—Sakurai reaction to this system
provides the 1,4-anti products [Scheme 8(a) and (b)]. The
reaction of a vinylsilyl ether with 45 aso affords a 1,4-anti
product 61 [ Scheme 8(c)]. An oxygen nucleophile (propan-2-ol)
mainly yields a 1,4-anti product, although the syn:anti selectiv-
ity was 25:75 [Scheme 8(d)].23

Stereochemical control

Miljkovic et al. reported a 1,4-position stabilization effect for
the oxocarbenium intermediate in a hydrolysis of pentopyrano-
side24 [Scheme 9(a)]; thus, the benzyloxy group of 63 (R = Bn)
sits in an axia orientation [64(4ax) in Fig. 3] to stabilize the
oxocarbenium ion through space rather than in an equatorial
position 64(4eq). On the other hand, an acyloxy group such as
an acetyl group provided no stabilizing or even destabilizing

Chem. Commun., 1998, 26652676 2669



Table 3 1,4-anti Selecvtivity in the reaction of silylacetylene with pentopyranoside

Entry Glyca Nucleophile Lewis acid (conditions) Major product Yield (%)
[e] P TMS
| TiCly 3 o 7
1 ACO‘\\Q TMS—=——TMS —40 ~-15°C 73
2h _
45 OAc AcO
46
o ™S
[ Ticl, o &
2 A0 TMS———TMS -40 ~2—hls c Lj 97
47 OAc AcO =z
48
O . y Me
[ TiCly . o z
3 ACO‘\\Q TMS—==—Me -40 ~2—hl5 c 99
45 OAc Aco™ =
49
o y SPh
BFg'OEtz 74
4 ACO‘\\@ TMS—==—5Ph 0°C o 88
15 min P
45 OAc AcO
o 50
(o] (o]
| /\L/\l TiCly o, F
5 pivo™ ™S Ao NF —Zg hC Aco™ 7 87
51 OPiv 52 v N7 53
HoH
o S H H
| Tvs Z SnCly Y
6 R AcO o -20°C o s~ 96
PivO FACO H 40 min AcO o
51 OPv 54 o™ N 55 Ao

ﬂ
g
z \\
(o)
\ (o)

PivO

56 OPiv 52
HoH
o EoNE
=
8 [l T™s
. AcO (e}
PivO HLH
OPiv ACO
56

SnCly

-20°C 83
o e
PivO AcO

Ticl,
-20°C 54
2h ,O

PivO

T

H

(€] o)
| BF3+OEt © %
. n SiMeg — -2
AcO™ i —40to-15°c,.2h [
AcO"
OAc
45 59 (99%)
(b) o
‘ + SiM BF3+OEt, O \/
iMeg ——M
ACO N peaasec2n J/\)
AcO
OAc
47 60 (95%)
© o o
| _ BF3+OEt,
\\\\\ + —20100°C,1h o o
AcO Me3SiO o]
N
OAc AcO'
45 61 (65%)
@ 0 BF3+OEt, :
+ PrOH (e} OPr'
20°C,1.5h
AcO RG>
OAC AcO
45 62 (90%, syn: anti= 25:75)
Scheme 8

effect during the hydrolysis. A similar explanation might be
possible in the enoxocarbenium ion 66 formed during pentose
C-glycosidation [Scheme 9(b)]. The suggestion that the reaction
proceeds via 66(4ax) and not 66(4eq) would explain the 1,4-anti
orientation, because the nucleophile silylacetylene would
approach from the « side (anti to the acetoxy group). An
alternative explanation may be due to orbital interaction; thus,
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A
OAc + AcO O+ QAc 6
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Fig. 3

the axialy orientated 4f-acetoxy group reduces the electron
density in the st-electron lobe at C-2 in the $-face, making the
anti-lobe at C-1 morereactive [66(or b)]. We must await further
experimental results before deciding which mechanism is
operative.

These results prompted us to do mixing experiments with
glucal and galactal derivatives (Scheme 10) in our |aboratory to
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1 67 68 1.1-44:1 69
(b)
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MeO' MeO SnCly, CH,Cl, /r) * /I)
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Scheme 10
AcO AcO Epimerization of the C-1 alkynyl group on the
N coxco) Q pyranose ring using an
_ I _ acetylenehexacar bonyldicobalt complex
AcO AcO /CO(CO) L . . . .
¢ ] \ (l:o(c 0)3 The stereoselectivity of these C-glycosidations with silylacety-
¢ lenes exclusively leads to products with the «-axial orientation.
R R If an epimerization were possible which gave products with
3a 74 orientation, this methodology would be more useful, giving
access to both «« and 3 configurations. Nicholas reported that
Tiou complexation of an alkynyl group with octacarbonyldicobalt
@iBLIST | 10 min, 40 °C provides a hexacarbonyldicobalt complex which stabilizes the
carbocation at the proparglic position.2s Application of the
Nicholas reaction to «-sugar acetylenes under acidic conditions
R R would give the thermodynamically more stable -equatorial
ACO AcO /Co(CO)s isomer at equilibrium under the reaction conditions.?6 In fact the
o‘ ‘ oxidation o K=Co(CO); overall process including cobalt complexation, acid epimeriza-
D — tion and oxidative decomplexation can take place asillustrated
__ AcON= in Scheme 11. Reagents often used for the decomplexation
AcO 76 75 include N-methylmorpholine N-oxide, cerium(iv) ammonium
Sheme 11 nitrate, ferric nitrate, iodine etc. Among these oxidants, iodine
eme

determinetherel ativerates of C-glycosidation in pentopyranose
systems, to thus avoid conformational problems. Glucas
always give higher yields than galactals in C-glycosidations,
even with the reaction being interrupted after only a short
reaction time [Scheme 10(a) and (b)]. When mixtures of the
4-acetoxy and 4-methoxy substituted glucals or galactals were
subjected to the C-glycosidation conditions [ Scheme 10(c) and
(d)], theratio of the productswas 1:1. Theseresultsfor the bond
formation process are striking different to those of the
hydrolysis case, athough similar oxocarbenium ions are
involved. The mechanism and kinetics of these C-glycosida-
tions need to be studied further.

reacts very fast even at 0 °C to finish the reaction in 36 min,
providing the acetylene in quantitative yield even with large
excess of iodine. Often the last two steps can be carried out in
one pot.

Examples of epimerization of the « sugar acetylenes into 3
ones are shown in Scheme 12(a) and (b), in which the
2,3-dehydro ring systems are involved with different acetylene
cobalt complexes. The ratios of equilibration in these cases are
1:4-6, rather low values which may be dueto the single pairs of
1,3-diaxia interactions since they have an energy difference of
only ca. 1 kcal mol—1. The saturated ring system in Scheme
12(c) gives ahigher ratio (1:19) dueto three pairs of 1,3-diaxial
interactions (Fig. 4). The ratios vary in Scheme 12(d) which
includes 3,4-en-2-ol system; the ratios increase in accordance
with the size of the alkoxy substituents. The mgjor causein this
case may be due to 1,2-strain, as shown in Fig. 5.26
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Conformational preferences are not the only necessary
factors for a high equilibrium ratio for the acetylene cobalt
complex. The bicyclic example shown in Scheme 12(e) may
have a rigid ring system, but the important thermodynamic
factor isonce again asingle 1,3-diaxia interaction, resulting in
a 1.7 ratio. Evidences of this 1,2-strain is clearly demonstrated
in Scheme 12(f), where the ring system does not have the carbon
corresponding to C-6. A Nicholas reaction makes the epimer-
ization possible.26

Opening of the pyranose ring and re-cyclization

The above epimerization via the cation intermediate is an
important characteristic of the cobalt complex in sugar
acetylenes. The same cation intermediate is potentially applica-
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ble to medium ether ring formation and other useful protocols.
Oxepane ring formation from six-membered ether precursorsis
usually impractical due to thermodynamic constraints. In
Scheme 13, oxepene 89 is planned to cyclize from 92 via the
cation 90 derived from the sugar acetylene hexacarbonyldico-
balt complex 91. The overal reaction is shown in Scheme 14;
opening of the ring of the 3,4-unsaturated glucose derivative 83
takes place under acetolysis conditions (TfOH in Ac,O at —40
°C) for afew hoursto provide 93 as a diastereomeric mixture at
the C-3 position. The cis olefinic compound 93 is decomplexed
(94) and further manipulated via the protecting groups of the
hydroxy moieties (95), cyclizing into the corresponding ox-
epene compound 96. Decomplexation gives 97, which has syn-
trans stereochemistry.2?

Ring opening aso takes place with the 2,3-unsaturated
system, as shown in Scheme 15. In this case, acid treatment of
98 generates the enoxocarbenium ion at the anomeric position
(original sugar numbering C-1) and epimerization is followed
by ring opening (99). The process is different from the above
cases with 3,4-double bonds because the cis-2,3-unsaturated
system has the cation at the allylic position, which can
equilibrate into the more stable trans alylic cation, resulting in
the acetylation of the 7-hydroxy group. If this occurs, one can
make produce a spontaneous ring-recyclization by positioning a
nucleophilic hydroxy group at the other side of the acetylene
hexacarbonyldicobalt group.

Scheme 16 illustrates this plan; the substrate, unsaturated six-
membered 101, should transform into 104 via the cation
intermediates 102, in which the cis alylic cation at the C-1
position can equilibrate to the more stable trans alylic cation
103. The latter cannot re-cyclize back to 101 and waits for the
addition of the hydroxy group on the other side to afford 104
with various ring sizes, such as seven-, eight-, nine- and ten-
membered rings, depending upon the number of methylenes.
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The multistep sequence of reactions (1—101) includes C-
glycosidation with silylacetylene, and Pd-catalyzed ene-yne
coupling with the cis vinyl iodide to provide the precursor
1015

The resulting ring compounds (104) are a new type of
acetylene cobalt complex with the complex inside the ring
system; thus, the endo-complex cannot be decomplexed under
oxidative conditions as for the exo-complex. Finaly, Rh-C was
found to be effective for the synthesis of the decomplexed
dienes 105-108 under high pressure H,.5 The carbons corre-
sponding to the origina acetylene complex end up as the
olefinic carbons (except for the double bond transposition in the
seven-membered system). Incidentally, the rhodium catalyst
thus formed during the decomplexation of hexacarbonyldi-
cobalt fulfils the reductive function of the cobalt complex into

steps

&g ) @H\ ﬁ
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OAc
108 (57%)

OAc
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olefins, but did not reduce the double bonds under the reaction
conditions.

Application to ciguatoxin synthesis

Above methodologies have been developed for application to
the synthesis of ciguatoxin and gambiertoxins, potent toxins
causing marine ciguatera poisoning. When this synthesis was
started, the absolute configuration and part of the relative

Chem. Commun., 1998, 2665-2676 2673



configuration had not been determined. Recently, Yasumoto
reported that the absolute configuration of ciguatoxin is that of
the opposite enantiomer.2! Various side chains are attached to
the 5 position of the A-ring, such asa1,3-dieneor 1-en-3,4-diol.
We have demonstrated the synthesis of the AB(C) ring system
with three possible side chains (109-111).23 The synthesis of
one of these compounds is shown in Scheme 17. The
silylacetylene moiety was attached to the bicyclic compound
54, which added to p-xylal 51 to afford the coupling product
anti-acetylene as a single stereoisomer 55. The cobalt complex
of 55 was treated with pivalic anhydride in the presence of
TfOH to afford the trans olefin (112). This was followed by
hydrolysis of the acetate protecting group to give the hydroxy

group (113) and then by a second treatment with acid to provide
the tricyclic compound (115) together with some isomeric
compound (114). Decomplexation of the endo-cobalt complex
was achieved to give 111 using Wilkinson’'s catalyst under the
high pressure hydrogen atmosphere.523

Novel reductive decomplexation of acetylene
hexacar bonyldicobalt complex

Acetylene hexacarbonyldicobalt complexes?8 have mostly been
used for the protection of triple bonds as well as for C—C bond

Ciguatoxin enantiomer

HO

R= Hoﬂ/\/i“ Ciguatoxin

R= o™ Gambiertoxin 4B

109 (59)

¢}

pivo™"

PivO
L-arabinal
or D-xylal 51

SnCly
CH,Cl,

—20°C pivo

55 (96%)

Co2(CO)e

i T

PivO
— PivO

MeO

114 (23%)

+

COz(CO)G /7

/\/\ﬁvA
. o)
PivO N ’

Pivé

115 (71%) Total 80%

110 (2R, 59) 111 (2S,5S)
Co,(CO
(1) Coy(CO)g _ 02(CO)s H H
CH,Cl, PivO H B
(76% ) ¢ ¢
PivO.
(2) Piv,0
TfOH
CH,Cly, —20 °C
then MeOH
(97%)
112
K,CO3
MeOH
Co2(CO)e
oo PiVO
0 °C, 20 min PivO Z -
MeO

HO

(1) H, (100kg cm2)
cat. RhCI(PPhg)3
PhH, 65 °C
(72%)

(2) NaOMe, MeOH
(85%)

Scheme 17
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and C-O bond formation reactions,23.2° and thus they have been
applied to natural product syntheses.3© The most common
decomplexation isan oxidative procedureleading to the original
triple bond, but thisislimited to the exocyclic cases as discussed
previoudly. In endocyclic complexes only decomplexation
under high pressure hydrogen using a Rh catalyst provides
olefinic cyclic ethers.>23 Recently Kuwajima reported a Birch
reduction for such decomplexation.3 Here we describe two
additional decomplexation protocols applicableto either exo- or
endo-cyclic acetylene cobalt complexes, as shown in Scheme
18.32

C0,(CO)g Hp, Rh or H
R b— R —— R—=3=——R I —— —
Ip BuzSnH R R
116 117 118
l R"3SiH
H >:<SiR”3
R R’
119
Scheme 18

The new method is applicable to either endo- or exo-
complexes to provide simple cis-olefins (with tri-n-butyltin
hydride) or cisvinyl silanes (with triakylsilanes or tri-
arylsilanes) at the original position of the acetylene (Scheme
18). Various examples using SnH are shown in Table 4. A

Table 4 Decomplexation of acetylene hexacarbonyldicobalt with
BUngan

Entry Substrate Product Yield
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Table 5 Decomplexation of acetylene hexacarbonyldicobalt with RzSiH

Entry Substrate

Silane/solvent

Product (% yield, ratio)
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simple terminal acetylene—dicobalt complex is converted to a
terminal olefin (entry 1). Two examples of exo-complexes gave
cis-olefins (entries 2 and 3). endo-Complexes of seven- and
nine-membered rings are al so shown (entries4—7). Of particular
interest is the bis(hexacarbonyldicobalt) complex of the nine-
membered ring, which is only able to decomplex under these
conditions, since using rhodium under high pressure conditions
failed to give the diene.32 This method was applied to the
synthesis of ABC fragment 109 of gambiertoxin.33

Similarly the acetylene hexacarbonyldicobalt endo or exo
complexes can be converted into the corresponding cis-
vinylsilanes. In entries 1 and 2 in Table 5, acohol (122) is
converted using triethyl- or triphenyl-silanes into cis-vinyl-
silanes as the silyl ethers. When this reaction is carried out in
EtOH—benzene, the corresponding acohols (137, 138) are
obtained in free form. A symmetric precursor (139) affords a
single product (140). A sterically unequal acetylene 141 is
converted into a single hydrosilation product (142). The endo
complex 143 also gives asingle product (144) in which the silyl
group is situated away from the neighboring substituent. Thus,
the hydrosilylation of cobalt complexes becomes synthetically
very useful.

Summary

This review describes new aspects of sugar acetylenes,
including their preparation (C-glycosidation with silylacety-
lene), epimerization and medium ring re-cyclization via acet-
ylene hexacarbonyldicobalt complexes. Expansion of these
synthetic concepts demonstrates some applicability to the
synthesis of ciguatoxin. New reactions have been developed for
decomplexation of the cobalt acetylene complexes, particularly
for both the endo- and exo-complexes. This chemistry will
further develop towards better synthetic methods for natural
product synthesis.
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