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The concise approach to enantiomerically pure, highly oxygenated carbobicyclic deriva-
tives from sugar allyltins as well as the preparation of these sugar organometallics is re-
viewed.
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1. Introduction

Monocyclic analogues of simple sugars such as: cyclitols [1], and carbasugars [2]
play an important role in biological processes. Much less is known about bicyclic ana-
logues, their synthesis and biological activity. Recently it was reported, that highly
oxygenated, although racemic, derivatives of bicyclo[4.4.0]decane 1 and bicyclo

[4.3.0]nonane 2 possess interesting biologi-

OH OH OH cal properties. For example one of the race-

HO oH HO OH mic stereoisomers of 1 showed potent and
selective a-glucosidase inhibition at the uM

HO oy HO X concentration against the a- and B-glucosida-
X 4 OH ses [3]. The problem lays, however, in the

P OH . C e . .
racemic HO 2 preparation of individual diastereoisomers as

single enantiomers. One of the most conve-
nient methods for the synthesis of enantiomerically pure compounds is undoubtedly
the ‘chiron approach’ [4], the use of readily available optically pure natural products
such as sugars, aminoacids, terpenes efc. as starting materials. Retrosynthetic analy-
sis shown in Fig. 1 revealed that the direct precursors of (optically pure) compounds 1
and 2 can be the bicyclic derivatives 3 and 4 respectively.
Such precursors might be obtained from the trienes 5 and 6, and these trienes
should result from the dienoaldehyde 7. The preparation of such dienoaldehyde from
sugars was, therefore, the first synthetic target faced by us.
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Figure 1. Retrosynthetic analysis for the preparation of optically pure carbobicycles.

In the end of 80’s Herczegh [5] reported on the synthesis of carbobicyclic compo-
unds from sugar chirons using the standard methodology (Fig. 2). Serious problem
consisted, however, in the preparation of geometrically pure diene 8, direct precursor
of'9 and then 10.
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Figure 2. Synthesis of carbocycles from simple sugars by Herczegh.

In our concept, the synthesis of the triene of type S and 6 with the precisely defin-
ed geometry across the double bonds was crucial. Such derivatives should undergo
highly stereoselective and predictable cyclization [6] providing the bicyclic deriva-
tives of desired structure.

During the study on higher sugar synthesis we have found, that sugar allyltin de-
rivatives undergo a fragmentation in the presence of Lewis acids. When organometal-
lic 11 reacted with aldehyde 12 in the presence of titanium tetrachloride, besides the
expected homoallylic alcohol 13, the dienoaldehyde 14 with the E-geometry across
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the internal double bond was formed [7]. This product surely resulted from a control-
led fragmentation of sugar allyltin 11.

exclusively E

This rather unexpected observation led us to a conclusion that sugar allyltins are
excellent precursors of dienoaldehydes having the precisely defined geometry across
the internal double bond. We elaborated the convenient route to such dienes from su-
gar allyltins [8].

In this article preparation of sugar allyltin derivatives and their application in ste-
reocontrolled synthesis of highly oxygenated, enantiomerically pure carbobicyclic
compounds will be reviewed.

2. Synthesis of sugar allyltin derivatives
2.1. Generalremarks on the preparation and reactivity of organotin derivatives

Organotin chemistry has a long history. First organotin compound was synthesized
more than 150 years ago by Farkland [9], who obtained diethyl diiodotin (Et,Snl,) in
reaction of ethyl iodide with metallic tin. A number of simple and mixed tetraalkyltin
derivatives was obtained by reaction of Grignard reagents with SnCl, by Pope and Pe-
achey [10] a century ago; this reaction became soon a standard method for the prepa-
ration of alkyl- and aryltin derivatives. The real interest, however, in organotin
chemistry started in mid 1960°s when Kuivila [11] discovered, that trialkyltin hydri-
des reacted with alkyl halides according to a radical-chain mechanism involving
short-lived triallyltin radicals. Further work of Barton [12] led to discovery of a very
synthetically important method of deoxygenation of secondary alcohols via their
conversion into xanthates followed by reaction with tributyltin hydride. Nowadays
organotin derivatives are important synthetic intermediates; their utility and synthe-
sis are described in numerous monographs [13,14,15,16].

The C—Sn bond is covalent, what makes organotin compounds stable enough to
be isolated in a pure form. Their stability is so high that for introduction of some func-
tional groups the activation of the Sn—C bond is required [14]. Tin atom is more elec-
tropositive than the carbon, so organostannanes exhibit the reactivity as carbanion or
radical. The strength of the C—Sn bond is dependent on the nature of organic substitu-
ent and can be arranged in the following order [17]: allyl ~ benzyl <indenyl < ethynyl
<phenyl ~vinyl < alkyl. Since the Sn—allyl bond is weaker than C—alkyl bond, allylic
stannanes of the general formula (Alkyl);SnCR,CR=CR, might be regarded as
convenient sources of a Cs(allyl) fragment. The dissociation energy of C—Sn linkage
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in allyltins [18] is similar to the strength of the Sn—H bond, so this linkage is easily
split into alkyltin and allyl radicals. The allylation of organic compounds under radi-
cal conditions has found, therefore, a wide application in organic synthesis since the
beginning of seventies [19]. Important feature of this method is the compatibility of
radical allylation with the presence of various functional groups present in alcohols,
acetals, esters, oxiranes, ketones and even aldehydes [20]. Preparation of allyl C-gly-
cosides may serve as an example [21] of this method. No wonder, therefore, that allyl-
tin derivatives are one of the most useful classes of synthetic intermediates among
organic stannanes.
Generally, two main classes of
R, -SnBY, R \(\ these derivatives should be con-
e sidered: i. allyltins, in which the
only heteroatom placed directly
R SnBu, R N at the allylic system is the tin
VV/\r BF, OEt, \(E atom (compounds 15 and 15")
OR — Bu,Sn OR and ii. al'koxy-allyltlr'ls (16 .and
16 16' 16). Primary allyltin deriva-
tives 15 are more thermodynam-
ically stable than secondary ones; the latter isomerize easily to 15 in the presence of
even mild Lewis acid [22]. a-Alkoxyallyltins 16 on treatment with non-chelating
strong Lewis acids (preferably boron trifluoride etherate) isomerize to y-alkoxy-de-
rivatives 16’ [23]; this is one of the most useful methods of the preparation of such
compounds. This paper will deal only with compounds of type 15and 15’. Moreover,
itwill be limited to derivatives in which the substitutent R is a sugar unit. Such organi-
zation of the presentation results from the high synthetic potential of sugar allyltins in
the preparation of optically pure complex carbocyclic products. The methodology
presented here can be complementary to other ‘standard’ methods of the synthesis of

15 Bu,Sn 15

enantiomerically pure carbocycles.

2.2. Preparation of allyltin derivatives of simple monosaccharides by a ‘xanthate’
reaction

Although a number of methods can be used for the preparation of allyltin deriva-
tives [13,15,24,25], they are hardly applicable to sugars. Most of the methods do not
afford any sugar allyltins and quite often lead to decomposition of sugar substrates
[15]. The most reliable and reproducible processes are radical reactions e.g. reactions
of the allylic derivatives with stannyl radicals. Usually sulfur derivatives, such as
thiocarbonates [25], sulfones [26], aryl sulfides [27] etc. are used as allyl compo-
nents. One of the most convenient methods consists of the conversion of allylic alco-
hols into xanthates followed by a thermal [3,3] rearrangement into thiocarbonates
and subsequent reaction with Bu;SnH, what leads finally to allyltins usually as a
mixture of geometrical isomers. This method proposed by Ueno and coworkers [25]
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was applied by Mortlock and Thomas [28] in the first synthesis of sugar allyltin de-
rivative 18 from 2,3-O-isopropylidene-D-glyceraldehyde (17; Scheme 1).

Me M
S © Bu,Sn

OHC \(\o i i _

17
main isomer E

Scheme 1. i. 1. Ph;P=CHCO,Me; 2. DIBAL-H; 3. NaH/CS,/Mel; ii. 80°C; iii. Bu;SnH

We applied the same methodology for the preparation of more complex allyltins
as shown in Scheme 2 [8]. The important feature of this methodology was formation
of a mixture of sugar allyltins 24 with the E-isomer highly predominating regardless
of the geometry across the double bond in starting allyl alcohol. As we proved, a

mixture of the same composition of the £/Z isomers was obtained either from the pure
E or pure Zor a 1:1 mixture of both isomers [29].

g =
y 2 MeS\n/(Z?
: S
;_l Glu C_/

: Gle
—— 20.R = CO,Me

L >21.R = CH,0H T o
M. »22 R = CH,0CSSMe

Gal-CH.,OH Man-CH OH

Bné
24a (=11)
E:Z~51

‘
1

Scheme 2. i. 1. (COCl),, DMSO, Et3N, 2. Ph;P=CHCO,Me, 80%; ii. DIBAL-H, —23°C, 80%;iii. 1. THF,
NaH, 30 min. 2. CS,, 2 h, 3. Mel, 2 h; iv. toluene, 110°C, 2 h; v. toluene, 110°C, 0.5 h.

Derivatives of furanoses can be prepared in the same way. Several examples of
furanos-allyltins prepared by us [30] are presented in Fig. 3.
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Figure 3. Examples of furanos-derived primary sugar allyltins prepared by a ‘xanthate’ methodology.

Although this method is reproducible and provides sugar allyltins in good yields, it
has one main limitation. The allyltins obtained by the ‘xanthate’ methodology are al-
ways mixtures of geometrical isomers with the E-one strongly predominated regard-
less of the configuration across the double bond in starting allylic alcohol. For many
synthetic purposes (e.g. for reaction with aldehydes under high pressure or high tem-
perature leading to homoallylic alcohols [24]) the pure geometrical isomers are re-
quired. The accessibility to the Z-sugar allyltin is very limited by the ‘xanthate’
method.

2.3. Preparation of sugar allyltins by reaction reaction with tributyltin cuprate
(Bu;SnCu)

Pure geometrical isomers of sugar allyltins may be prepared by reaction of the
corresponding allylic derivatives with tin nucleophiles, represented by tributyltin cu-
prate (‘Bu;SnCu’) [31], tributyltin lithium (Bu;SnLi) [14,32] or tributyltin sodium
(Bu;SnNa) [33]. These nucleophiles can react either in an S\2 or Sy2' mode (Fig.
4-T). All these reagents were tested in reaction with sugar allylic bromides (X = Br),
and mesylates (X = OMs). Only tributyltin cuprate reacted satisfactorily with sugar
allylic derivatives; the other two compounds either did not react at all or caused de-
composition of the starting material [34].

S\2 44 Bu,;Sn-Cu OMs
Buﬁnﬂ;\ softreagent [ < 41
X ~a more hard end
w _ H.) OQ more soft end
RO OR (preferred attack)

leaving grou
O( g group)

RARS RO OR

Figure 4. Regioselectivity of formation of sugar allyltins.

Tributyltin cuprate is a very soft nucleophile. One can expect, therefore, that the
regioselectivity of the reaction with sugar electrophiles should depend on the nature
of'the leaving group (substituent X). If this leaving group has a soft character (e.g. io-
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dine) the S\2 process should dominate; if X is hard (e.g. X=OMs; Fig. 4-11) the secon-
dary allyltin (from the Sy2' reaction) should be formed as the main product. Indeed,
reaction of Bu;SnCu with derivatives of methyl 2,3,4-tri-O-benzyl-a-D-man-
no-6,7-dideoxy-oct-7(E)-eno-pyranoside (30a—d) fully confirmed our assumption
(Fig. 5). The highest yield of the secondary derivative 31 was obtained in reaction of
30d with the ‘hard end’. Moreover, only one stereoisomer of secondary allyltin was
formed, to which the (§)-configuration at the newly created stereogenic center was
assigned [34].

30a. X =ClI
30b. X= Br
30c. X =1
30d. X= OMs

Figure 5. Reaction of sugar allylic derivatives with metallated tributyltin reagents.

The galactose derivatives represent a special case. Because of the strong shield-
ing of the C-6 center in 33 (Fig. 6) the SN2’ process is rather unlikely [29].

(o)
0 Bu;SnCu SnBu,
— =
O)< DAGA

paGga ©
36
35 |
Bu,Sn | Bu,Sn-.
3765) paca 37(R) paca

35(E)—> 36(E)
35(Z)—> 36(Z) + 37(S)+ 37(R) in theratio: 50:8:5

Figure 6. Reaction of allylic derivatives of galactose with Bu;SnCu.

Situation is slightly different for diacetonogalactose derivatives. Mesylate
(E)-35 reacted with BusSnCu to afford only the primary organometallic derivative
(E)-36, while the Z-isomer upon treatment with the same reagent furnished — besides
the primary product (£)-36 —also the secondary isomers 37 in small yields. It is worth
to mention, that these secondary sugar allyltins were formed in comparable amounts
[35]. This method can be applied also for other sugar electrophiles. The furanose de-
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rivatives of sugars provided secondary allyltins on reaction with (Bu;SnCu). [tis very
interesting that the configuration of the regioisomer formed in this process was not
dependent on the geometry of starting allylic mesylate. From both geometrical iso-
mers (E)-38 and (Z£)-38 the same derivative 40 with the (S)-configuration at the C5

was obtained [35]!

OMs SnBu,
Vi
o OMe
Bu SnCu’
(0]

BnO Bn
38(E)
SnBu
7 OMe OMe
'Bu,SnQu’
BnO
38(2)

BugSn
5] O OMe
nO OBn
40(S)
Bu,Sn Bu;Sn .
5T o OMe . s o OMe
BnO OBn BnO OBn
"Ca0(s) 40(R)

the major product small amounts

Figure 7. Reaction of allylic derivatives of furanoses with Bu3;SnCu.

Another class of sugar allyltins (represented by 42 and 43 in Fig. 8) was prepared
by Marshall and Elliott [36], by the Sx2 ' addition of BusSnCu to the ¢, f-unsaturated
sugar aldehyde 41, followed by trapping the intermediate with silyl chloride. These
organometallic derivatives were further used in the synthesis of higher carbon sugars.

CHO

1. 'Bu,SnCu'

"'OMe 2. TBSCI

80%

BnO a OBn

ratio =7:3

Figure 8. Synthesis of sugars alkoxyallyltins by Marshall and Elliott.

3. Controlled fragmentation of sugar allyltins

3.1. Fragmentation induced with a Lewis acid

Sugar allyltins are convenient precursors of highly oxygenated dienoaldehydes,
which are formed by a controlled fragmentation. We observed this unusual rearrange-

exclusively E

C SnBu,
C/
ZnCl,
—_—
BnO

Figure 9. Preparation of dienoaldehydes by a
controlled decomposition of sugar allyltins.

BnCI) an

ment, while working on the synthesis of
higher carbon sugars by a coupling of the
primary sugar allyltins with sugar aldehy-
des catalyzed with titanium tetrachloride
[7]. Optimization of this method was
done by replacement of TiCls with zinc
chloride, and this method became now a
standard preparation in our laboratory le-
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ading to highly oxygenated enantiomerically pure dienoaldehydes with the £-confi-
guration across the internal double bond (Fig. 9) [8,30].

SnBu, SnBu,

BnO

BnO 44a BnOo 44b BnO

Scheme 3. i. ZnCl,, CH,Cl,, room temperature, 1 h, 80%.

Several dienoaldehydes 44a—c [8],and 45 [37] derived from homologated D-glu-
cose (24a), D-mannose (24b) and D-galactose (24¢ and 36) were obtained in good
yields (Scheme 3) by this method. This method can be also applied for the conversion
of furanose allyltins into the dienes [30] (Scheme 4).

SnBu SnBu Me
3 3 SnBu3 SnBu, Oé)
/o P P — n
o o QMe BnO— OBn
Bn
g< o) Bn OBn
BnO 0 o)< 3< -
25 26 Bn;)7 OBn 28 O 29
l L ' L i SnBu,
i i L i

i
H Y
\ o | OH Ho pZ
: 46 #0 °
Bn
BnO Bno 47 g<
52 0

B0 OBn o OMe

i i J/i. i 48 l i Bn
‘ 7

‘ \ OBn
| | ] gen Z 53
OH
BnO . OH :
nY a9 BhO 50 BnO 51

Scheme 4. i. ZnCl; ii. NaBHy; iii. NalO4 then NaBH,.
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Anumber of different highly oxygenated sugar-derived dienes 46—53 were prepar-
ed in high yields and with very high stereoselectivity by this simple method [30].

3.2. Thermal stability of sugar allyltins

The behavior of sugar allyltins at high temperature is interesting. While the pri-
mary isomers were stable up to 214°C (boiling trichlorobenzene), the secondary de-
rivatives underwent fragmentation in boiling xylene (140°C) with elimination of the
stannyl moiety providing the product identified as dienoaldehyde, but with the Z-geo-
metry across the internal double bond [34]. This observation opened a new, very intere-
sting possibility in stereocontrolled organic synthesis of highly oxygenated carbobi-
cyclic derivatives in enantiomerically pure form (described in chapter 5). While
fragmentation of the primary isomers with Lewis acid provided the E£-dienes as the
only products [34,38] (Scheme 4), thermal decomposition of the secondary ones gave
the Z-dienes. Both geometrical isomers (£ or Z) of dienoaldehydes, therefore, are
easily available in pure form, either by treatment of the primary sugar allyltin with
zinc chloride (= E regardless of the geometry of starting allyltin), or by a controlled
thermal fragmentation of a secondary organometallics (only one stereoisomer form-
ed in reaction of sugar allylic mesylates with BusSnCu). Interestingly, this secondary
isomer decomposed to the E-diene upon treatment with ZnCl,[34]. The basic idea of
this methodology is presented in Fig. 10.

BusSn
Bu,SnCu H.J

BnO

BnO OBn (o) nIy one steremsom er) OBn
~ | ZnCl, Zn CI
O 140 °C
BnO ! primary allyitin available
BnO OBn

BnO also by a 'xanthate method*
(cfScheme 2)in high yield
asaca 51 mixtureE: Z

Figure 10. Behavior of sugar allyltins at high temperature and in the presence of ZnCl,.

Several Z-dienoaldehydes were prepared form secondary sugar allyltins — the
exclusive (or major) products of the reaction of sugar allylic mesylates with BuSnCu
[34] (Fig. 11).

This very interesting and useful behavior of sugar allyltins needs explanation. We
do notknow yet the mechanism of fragmentation induced with a Lewis acid leading to
the E-dienes regardless of the configuration of starting allyltin. But a highly stereose-
lective thermal fragmentation of the secondary isomers can be explained assuming
the concerted process of the elimination of the stannyl moiety.
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~SnBu, «SnBug

BnO. BnO. B“BS”S o OMe

BnO OMe BnO OMe
54O:Bn 31 OBn BnO 3g OBn
140°C 140 °C 120°C

BnO

55 OBn 56 OBn
Figure 11. Thermal fragmentation of secondary sugar allyltins.

3.2.1. Mechanism of thermal fragmentation of secondary sugar allyltins and
determination of their absolute configuration

One may postulate either anti (E2) or syn elimination (both are concerted) or,
eventually, the radical mechanism of this fragmentation reaction. The latter (Fig. 12)
will require cleavage of the carbon—oxygen bond under radical conditions; such pro-
cess, although not common, is known [39]. To check if radicals are involved in frag-
mentation of secondary sugar allyltin derivatives, compound 31was heated at 140°C
in the presence of Bu;SnH and in a separate experiment with (Bu;Sn),. No formation
of'either areduced product 57 or a primary (Z or E) allylstannane 24b (which is stable
up to at least 214°C) was noted, what rather excluded the radical mechanism of frag-
mentation.

BusSnH or
(Bu3Sn),

the primary isomers
~ are stable upto 214 °C

57  not formed 24b

Figure 12. The (excluded) radical mechanism of decomposition of31.
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At least, two other possible mechanisms of such elimination are possible (concert-
ed: anti or syn). If the process of a controlled fragmentation of secondary sugar allyl-
tins proceeds according to one of them, both stereoisomeric organometallics (e.g. 31)
differing in the configuration at the stereogenic center bearing the stannyl group,
should decompose to dienoaldehydes with the opposite configurations across the in-
ternal double bond. Although in reaction of sugar allyl mesylates with BusSnCu only
one stereoisomer is formed we were able to isolate traces of the opposite isomer from
reaction of 30d (cf Fig. 5). Heating of both isomers in boiling xylene (140°C) indeed
resulted in formation of the Z-diene 56 from the main isomer 31(S) and the £-dienoal-
dehyde 44b from the minor one (obtained in < 1% yield in reaction of the correspond-
ing mesylate with Bu;SnCu) stereoisomer [34] (Fig. 13).

Bu,Snad g AN
140 °C |
H. | 0 O 140 °C
BnO' “"OMe BnO"- BnO' !
BnO OBn BnO OBn BnO OBn
31(9) 56 44pb

Figure 13. Thermal decomposition of isomeric secondary sugar allyltins.

This result pointed unequivocally on the concerted mechanism of this thermal
fragmentation, but the question was, which one: syn or anti. We suggest, that more li-
kely was the anti-(E2) elimination as shown in Fig. 14, which is consistent with the li-
terature data [40] proposed for thermal fragmentation of S-stannylalcohols and
[-stannylesters.

BnO OBn

BnO  OBn 44b

31(S) major isomer 31(R) minor isomer (<1%)

:

BnO (“ . = "
MeO 58

H 59 N\

Figure 14. Stereochemical models for the controlled decomposition of secondary sugar allyltins.

The knowledge of the mechanism of this process would enable also to determine
the configuration at the secondary stereogenic center bearing the stannyl group. De-
termination of the configuration of tin derivatives is not trivial, however, their struc-
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ture may be often deduced from the products of their controlled fragmentation [41] if
the mechanism of such process is known. If we assume the anti-elimination mode, as
shown in Fig. 14, the C6(S)-configuration can be safely assigned to the main isomer
31 and the C6(R) to the product which is formed in less than 1% yield in reaction of
30b with Buz;SnCu.

4. Synthesis of monocarbocyclic derivatives from sugar-derived dienoaldehydes

The dienoaldehydes obtained can serve as precursors of monocyclic as well as bi-
cyclic, highly oxygenated derivatives. Since the chemistry of monocyclic analogues
are very well explored [1,2,42] we tested only one type of reaction for the preparation
of cyclopenanes as shown in Scheme 5 [43].

= i.
-
BnO ... BnO -
BnO OBn BnO
60 61 R=CSSMe

Scheme 5. i. Bu;SnH/AIBN.

Aldehyde 44a (obtained by a controlled fragmentation of a D-gluco configurated
allyltin 24a (c.f. Scheme 3) was treated with tributyltin hydride under radical condi-
tions to afford cyclopentane 62 as a single stereoisomer, although in moderate yield
[43]. Alternatively, conversion of the aldehyde 44a into the xanthate 61 followed by
radical cyclization gave compound 60 [43].

5. Synthesis of carbobicyclic derivatives from sugar allyltins

In this chapter the approach to highly oxygenated bicyclo[4.3.0]nonene and bi-
cyclo[4.4.0]decene derivatives from sugar allyltins will be presented. The general
idea is shown in Fig. 15.

exclusively E

& S
%
/
BnO a4

exchange of
hydrogen for olefin

OBn
f OBn
Diels-Alder BnO R
R OBn ©
R 0 BnO OBn
65

66

l Diels-Alder

Figure 15. Synthesis of highly oxygenated perhydroindanes and decalines from of sugar allyltins.
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The primary sugar allyltin (24) is converted into the dienoaldehyde 44 with the
E-geometry across the internal double bond (c.f. Scheme 3). The Wittig homologa-
tion should afford the triene 63, cyclization of which should lead to bicyclo[4.3.0]no-
nene 66. Alternatively, the hydrogen atom in this aldehyde 44 could be replaced by a
(substituted) vinyl function providing (regioisomeric to 63) triene 64, which would
cyclize to bicyclo[4.4.0]decene 65. The synthetic plan was designed for E-aldehyde
44, however, the Z-aldehydes are also readily available (c.f. Fig. 11) what will allow
to synthesize different stereoisomers of 65 and 66 by this methodology.

5.1. Synthesis of bicyclo[4.3.0]nonenes

The first synthesis of these bicyclic derivatives was performed by us in 1997 [44].
The corresponding dienoaldehydes 44a—c (c.f- Scheme 3) were reacted with the sim-
plest stabilized Wittig reagent (Ph; P=CHCO,Me) to afford the trienes 67a—c (Scheme 6).
Cyclization to the bicyclic derivatives was induced either by aluminum trichloride or
high pressure. Reaction under high pressure was highly stereoselective and provided
single stereoisomers, while in a catalyzed process a mixture of isomers were obtained
from the D-xylo- (67a) and D-lyxo- (67b) trienes. The junction between both ring was
trans- what resulted form the endo-transition state of this intramolecular Diels-Alder
reaction (Scheme 6).

BnO ..

BnO ’OBn
ratio: 2.5:1 68’

BnO . 7 "CO_Me
H 2

BnO OBn
ratio: 2.0:1 89"

under 15 kbar only
compounds 68, 69, and 70
were formed

BnO

BnO g7¢ OBzl

Scheme 6. i. AICl; (78-85%); ii. 15 kbar (ca 80% yield in each case).

Can the absolute configuration at the ring junction (i.e. at C1 and C6) be chan-
ged? To test this possibility we reacted the trienes not with achiral Wittig reagent
(PhyPCHCO,Me), but with chiral one, PhyP=CHCOR". Synthesis of such sugar de-

rived Wittig type reagents is presented in Scheme 7.
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11_OM BulLi
=+ A e
Sug-COOMe P

P —_—
CH;” “oMe

Scheme 7. i. BuLi, THF, —78°C, 80-90%.

The corresponding methyl uronate (derived from D-mannose or D-glyceraldehy-
de) upon reaction with dimethyl methylphoshonate anion afforded in high yield the
phosphonates 71 [45] (with the S-configuration at the neighboring center and 72 [46]
(the R-configuration).

Reaction of D-xylo-dienoaldehyde 44a with the phosphonate 71 gave compound
73 with the 1(R),6(S) configuration, while the phosphonate 72 upon the same process
gave the bicycle 74 with the opposite configurations at these two stereogenic centers.
The same tendency was observed for dienoaldehydes 44b and 44¢. The configuration
of'these two centers can be changed, although still the relative geometry is trans [46]
(Scheme 8).

73 (+Hracesof
other isomers)

Scheme 8. i. toluene, K,COs3, 18-crown-6, room temp.; ii. 1. PhsP=CHCO,Me; 2. cyclization.

Thus, the desired bicylo[4.3.0]nonene system is available by a proper choice of
the reactants. The E-dienoaldehydes 44 reacted with the Wittig type reagents to afford
trienes, which undergo the intramolecular Diels-Alder reaction (IMDA) providing
the trans perhydroindenes [46]. This is the result of the preferred endo-transition state
ofthe IMDA process. Having in hand also the Z-dienoaldehydes, we applied them for
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the preparation of the bicycles with the cis-relative configuration between the 6- and
5-membered rings [47] (Scheme 9).

«SnBuj,

BnO.. i
o .
BnO Y OMe . B
OBn éBn BnO OBn
54 - 55

78 (75% from 54)
Scheme 9. i. boiling xylene (140°C), Ph;P=CHCO,Me, 2 h.

When secondary sugar allyltin 54 was thermally decomposed in the presence of
the simplest stabilized phosphorane (PhsP=CHCO,Me), the Z-dienoaldehyde formed
(55) was converted into the triene 77, which underwent spontaneous IMDA reaction
to the cis-bicycle 78 [47].

5.2. Synthesis of bicyclo[4.4.0]decenes

During the synthesis of higher carbon sugars we developed the methodology of a
coupling of two sugar sub-units via a Wittig type methodology. Sugar phosphoranes
[48,49] 79 or phosphonates [45,49] 80 can be used as olefinating reagents to provide
the o, B-unsaturated enones in good yields (Fig. 16).

o o o o o)
- _OMe Sug-CHO
Sug OH sug/lvpphs or /lK/P\OMe —_— MS s
79

Sug Sug
80

Figure 16. Preparation of higher carbon sugars by a Wittig type methodology.

This methodology was applied for conversion of the dienoaldehydes into the cor-
responding trienes and is presented in Scheme 10 (exemplified by the synthesis of the
Wittig-type reagents with the D-xylo-configuration from the aldehyde 44a).

Aldehyde 44a was oxidized to an acid 82a, which can be further transformed into
the methyl ester 83a. The synthesis of the Wittig reagent 85a was realized by conver-
sion of the acid into the imidazolide 81a and reaction with the 3 equiv. of Ph;P=CH,
[50]. The phosphonate reagent 84a was prepared in much higher yield (86% vs. 55%
of the phosphorane) by reaction of the methyl ester 83a with dimethyl methylphos-
phonate anion [51]. Both reactive intermediates were precursors of the olefins; the
goal faced by us —replacement of the hydrogen atom in aldehyde 44 with an olefinic
function — was therefore achieved. Both Wittig-type reagents were used for the syn-
thesis of the sugar-derived trienes. The model reaction with 1,2-O-isopropylide-
ne-D-glyceraldehyde (17) is shown in Scheme 11. Phosphorane 85a was extremely
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from 83a Q OMe
from 82a P p!
- BnO  OBn v OMe
ii. .
. 44a.R =H BnO OBn
- [ ~g2a R =0OH
v.[C, 83a.R = OCH, 84a (D-xylo)
Similarly prepared
| |
f b ?/OMe Q/OMe
BnO " ~PPh; BnO "~ P\oMe P\oMe
BnO OBn BnO OBn BnO OBn
85a (D-xylo
o 85b (D-yxo) 84b (D-yxo) 84c (L-arabino)

Scheme 10. 7. Jones’ oxidation; ii. N,N-carbonyl diimidazole, benzene, r.t. 15 min.; iii. Ph,P=CH,, (3
equiv.), benzener.t. 2 h. 55% from44a; iv. CH,N,;v. MeP(O)(OMe) 5 BuLi, THF, 15 min., 86%.

HO
HO o OH
0, TI_OMe 84a 0 “CMe
R o P> ome o 7 o_
(6] 85a 88 O >CM62
0

17 BIO  OBn :
84a i for 85a
ii. for 84a

Bn

OBn

—CMe

A .
not isolated 86a —0 87a

Scheme 11. i. xylene, reflux; ii. toluene, 10 kbar; iii. K,CO;, 18-crown-6, toluene, r.t.

unreactive, and the procees can be conducted only at high temperature (boiling xyle-
ne) or under high pressure (10 kbar). The triene 86a formed under these conditions
cyclized in situ providing the bicyclic derivative 87a as single stereoisomer [50]. The
yield of this tandem reaction was not, however, very impressive and varied from 35%
(at 140°C) to 50% (10 kbar). Calculating also the rather low yield in the synthesis of
phosphorane 85a (55% yield from 44a), the overall yield of 87a is very low
(19-27%). Much more efficient is the reaction of the phosphonate 84a with the alde-
hyde performed under mild phase transfer conditions (K,COs/toluene/18-crown-6,
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room temp.), which afforded the same bicycle 87a in 75% yield (overall calculated on
44ais 65%) [51].

This reaction was also applied for the preparation of derivative 90, obtained in a
moderate yield from phosphorane 85a and aldehyde 88 and in good yield from phos-
phonate 84a and 88 [50,51]. Further studies were performed using the phosphonates
84 instead of classical Wittig reagents 85. First, we reacted the corresponding phos-
phonates 84 with the simplest achiral sugar like aldehyde 91 (Scheme 12).

OBn H OBn Y OBn
84a-c ~OBn ~OBn :
+
OR or -, or
07> OBn ! OBn
91 H
o

RO
92a (from 84a) 92b (from 84b) 92c (from 84c)
(mixture of isomers) (single isomer) (single isomer)

Scheme 12. i. K,COs, 18-crown-6, toluene, r.t.

Reaction of the phosphonates 84a—c with 91 under the mild phase transfer condi-
tions provided the corresponding trienes, which underwent spontaneous cyclization
to 92. When the same reaction was conducted with chiral aldehydes (derivatives of
the D-mannose and D-glyceraldehyde; see Scheme 13) the corresponding bicycles 93
were formed in high yields. As may be seen from Schemes 12 and 13, the configura-
tion at the ring junction does not depend on the configuration of the aldehyde used
[achiral 91, or chiral: mannose (-S) and D-glyceraldehyde («-R) derivatives].

84b 84c
R=
l + R-CHO l + R-CHO
B
q o
~_OBn
H OBn
R O
93b- 1, 93b- 11 93c-1,93c- 1l
BnO OBn single stereoisomers in any case

93a-1  or 87a (from )]
mixture

Scheme 13. i. K,CO;, 18-crown-6, toluene, r.t.

This results can be explained by the endo transition state of the IMDA process
which is exemplified by the cyclization of the triene 94 (obtained from phosphonate
84b) [51]. Asmay be seen in Fig. 17 the stereogenic centers of the aldehyde are too
distant to influence the steric course of this IMDA process.
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'Sug’” N\

A" OBn

Figure 17. Stereochemical models of cyclization of triene 95.

6. Perspectives

Enantiomerically pure carbobicyclic derivatives are available from sugar allyl-
tins. These organometallics can be easily prepared either by a xanthate methodology
or by reaction of properly activated sugar allylic derivatives (e.g. mesylates) with
tri-(butyl)tin cuprate. The allyltins undergo a controlled fragmentation either to the
E- or Z-dienoaldehyes, which can be further converted into the bicyclic, highly oxy-
genated derivatives. The highly stereoselective preparation of such bicycles involves
simple and well defined transformations (Wittig-type and Diels-Alder reactions).

i— - SrBu, Bu,Sn y/

oxidation (0]

B

OBn cleavage
& OBn | and/or ! oxtdat/on
| OR
OR reduct/on
dleavage R 4© ‘\
reduction
highly oxygenated
bicycles

(of type 1 0r 2)

cleavage cleavage Qx,dat,on

\ Bn V oxid.
OBn / ox
O Bn BnO
oxi dat:on /
reduction

reduct/on
B-V oxid.

v\éﬂ@ «fwﬁn

highly oxygenated cyclopentane and cyclohexane derivatives
A, B, X = OR, NRp, SR etc. also CR3

Figure 18. A concise approach to highly oxygenated carbocyclic and carbobicyclic derivatives from
sugar allyltins.
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The ready access to such derivatives opens a convenient an useful route to both:
mono- and bicyclic highly oxygenated derivatives in enantiomerically pure form
(Fig. 18). We already proved that osmylation of compounds of type 3 [44] and 4 [52]
is highly stereoselective, but epoxidation process provides usually a mixture of ste-
reoisomers in comparable amounts [52]. Further study on the conversion of 3 and 4
into highly oxygenated bicyclic and monocyclic derivatives are in progress.
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