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Perhydroxylated 1,7-dioxaspiro[5.5]undecanes (D;
Scheme 1) — a class of compounds which hitherto has not been
identified in nature and whose synthesis is reported herein for
the first time — can be formally considered as two hexopyra-
noses joined together by a spiroacetal center (“spiro sugar”).!!
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Scheme 1.

In contrast to perhydroxylated derivatives, spiroacetals are
widespread in nature and exhibit a broad range of biological
activities, and are found, for example, as insect pheromones,
antibiotics, and toxins.?

In their synthesis from open-chain precursors — the most
common route — structural features such as substituents and
their relative arrangement in the acyclic compound need to be
taken into consideration. This is particularly evident if the
relatively well known properties of monosaccharide hexo-
pyranoses are compared to those of the perhydroxylated 1,7-
dioxaspiro[5.5Jundecanes (spiro sugars).
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Perhydroxylated 1,7-dioxaspiro[5.5]undecanes can be syn-
thesized efficiently by the “dithiane route” according to the
Corey —Seebach procedure. In this reaction an open-chain
hexose trimethylene dithioacetal A as dianion is coupled with
an open-chain aldopentose B (Scheme 1). Both precursors are
protected as base-stable isopropylidene derivatives,”! which
are available in two or three synthetic steps from the
respective sugars.7 Thus, the chain C, which is functional-
ized at each carbon atom and which according to carbohy-
drate nomenclature is designated as a substituted undec-6-
ulose, is completed in the fourth synthetic step. In this study
components A and B were chosen to cover all relevant
combinations of configurations. With respect to the central
carbonyl functions (see Table 1, footnote [b]) in the undec-6-
uloses these are D-glucob-gluco’, “D”-gluco/“L”-gluco’, D-
glucob-manno’', D-mannob-manno’, D-manno-altro’ config-
urated. The data listed in Table 1 reveal that a double
stereodifferentiation is applicable to the coupling of compo-
nents A and B; the carbonyl components exhibit a marked
influence on the Li* cation which participates in the coupling
step as predicted by the “three-point chelation” modell®
(Table 1, entry 4).

A subtly differentiated pattern of protective
groups was a prerequisite for obtaining dipyra-
noid spiroacetals from the open-chain dithanes
C." This was achieved for all the configurations
of the chain C studied here!l'” (Scheme 2); the
simplified protective group strategy was based on
fact that the kinetically controlled isopropylide-

4x OR

r—— rel.erythro —l

R*0 R4o<s\§ OR’ OR’

R'O s OR™
RO RO OR' OR®
R'R% R°RY, R’R®, R°R® = CMe,: R°, R° = H C
ab
R'R% R'RY = CMe,; R, R*. R®, R®. RLRP=H E
c d, e
R,R"=Bz R R°=H,R R R’ R’ R, R*=Bn F
n-gluco p-gluco' 1
'p"-gluco meso "L"-gluco' 2
D-gluco D-manno’ 3
D-manno D-manno' 4
D-manno D-altro' 5

Scheme 2. a) 2N HC/MeOH (1/20), 40°C, 1d,>95%; b) acetone, con-
centrated HCI, 25°C, 5 min, 80 %; ¢) NaH (80 % in oil, 6.6 equiv), Bu,NI
(0.6 equiv), BnBr (6.6 equiv), DMF, 55°C, 8 h, 54-75%; d) as a), >95%;
e) BzCl (10 equiv), pyridine, 25°C, 30 s, 60 — 80 % ; Bn = benzyl, benzoyl, R’,
R¥=Me for 1 and 3.

R/S

4x OR
OH

nation® of the completely deblocked dithianes C

leads to the respective terminal 1,2:10,11-diiso- D" -gluco
propylidene derivatives E. The remaining inner
free hydroxyl groups were subsequently protect-

Scheme 3.

ed (acid-stable) in the form of benzyl ethers.['!
The cleavage of the isopropylidene groups and
subsequent selective benzoylation of the two primary hydrox-
yl groups!? furnished the HO-2 and HO-10 unblocked chains
F. Cleavage of the dithioacetals in compounds 1-5 gave solely
pyranoid structures.

In the intramolecular formation of the spiroacetal a new
stereocenter is formed at the spiro carbon atom; thus, the
meso-compound 2 yielded the racemate 6 (Scheme 3). In
contrast, diastereomeric products can be formed for the chiral
compounds 1 and 3-5. This study, however, only focuses on
those cases in which the unblocked hydroxy groups exhibit a
relative threo configuration with respect to the central
carbonyl group. If the spiroacetal center is considered as an

Table 1. Couplings of the monosaccharides to carbohydrate chains.?

" gluco'

"D"-gluco

meso "L"-gluco'

racemate

2 6

anomeric center, according to carbohydrate nomenclature
only the a,a’ or 5,4 pairs of configurations occur. The above-
mentioned meso-compound 2 is the prototype for an erythro
configuration.

Based on the open-chain trimethylene dithioacetals, the
two most important mechanisms of spiroacetal formation can
now be verified. First the replacement of sulfur atoms in the
dithioacetal by hydroxy groups at positions 2 and 10 can
proceed with inversion of configuration at the spiro carbon
atom in a manner similar to that in a Sy2 substitution. This
evidently is the case if the conditions mentioned in Scheme 4
are applied for the dithioacetal cleavage (anhydrous acetoni-

Entry Dithiane A Aldehyde B Chain C1M Chain C2! ds Yield [%]
1 D-gluco D-arabino D-glucob-gluco’ D-glucob-manno’ 4:1 61
2 D-gluco L-arabino D-glucol-gluco’ D-glucok.-manno’ 1.5:1 60
3 D-manno D-arabino D-mannob-gluco’ D-mannob-manno’ 1:3 62
4 D-manno D-ribo D-mannob-altro’ 1:0 65

[a] The 3,4:5,6-di-O-isopropylidene-hexosepropane-1,3-diyldithioacetals were treated with 4,5-O-isopropylidene-2,3-di-O-methyl-pentose in entry 1, in
entries 2—4 with the respective 2,3:4,5-di-O-isopropylidene-pentose. Dithiane A was first metalated with nBuLi (2.2 equiv; THF, —30°C, 5 h), then B
(0.7 equiv; — 78 —0°C) was added.l*?l Diastereomers were separated by chromatography on silica gel (cyclohexane/ethyl acetate, 8/1). The yields are based
on the amount of B employed. [b] The nomenclature used is based on the configuration at position 6 starting from the respective termini. The initial hexose is
named first.l'! If the ITUPAC rules for carbohydrates were taken into account, the here named p-glucob-gluco' case would translate to p-gluco-L-gulo.
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Sy2-like:

4xOR G

S(CH,);SHg"

rel. threo

4xOR 4 xOR
b c
o 4 x OR
4xOR
11-14 ©H CH 4xOR

Scheme 4. a) HgCl, (3.0 equiv), HgO (4.5 equiv), acetonitrile, reflux, 2h, 73-95%; b) HgCl,
(3.0 equiv), HgO (4.5 equiv), acetonitrile/H,O (4/1), reflux, 5h, 66%, (30-35% of them hemi-
acetals, 50— 60 % £, compounds, and 0-5 % a,a’ compounds; separation on silica gel, cyclohexane/
ethyl acetate, 3/1); c¢) BF;- Et,0, dichloromethane, 25 °C, 5 min, 90 %, ratio of products 3,5 a,a’ =

1:1 (separation on silica gel, cyclohexane/ethyl acetate, 3/1).

trile, mercury(ir) chloride/mercury(ii) oxide).['3] Regardless of
the symmetry of the chain (C; for 3 and 5, C, for 1 and 4), the
relative configuration (gluco, manno, altro) and thus the
conformation of the segments (manno: stretched, gluco, altro:
both differently banana-shaped),'¥l only the B-configurated
product (according to carbohydrate nomenclature) is formed.
The prerequisite for this strict preference in the reaction
sequence S,5-acetal — O,S-acetal —O,0-acetal is that the a-
configurated “alkylthioketoside” G is always formed first,
which in the second step reacts under repeated inversion to
give the f,4'-configurated spiroacetals 7-10.

Second the formation of the O,0-acetal can proceed via a
cyclic oxocarbenium ion intermediate. Experimentally this
case may be understood by adding water (20 %) during the
cleavage of the dithioacetal (Scheme 4). Although the 3,5~
spiroacetal still prevails as the major poduct in all the
reactions (50-60% yield, based on 60-70% total yield),
30-35% of a-configurated hemiacetals (11-14) and up to
5% of a,a’-configurated spiroacetals are isolated. The hemi-
acetals 11-14, regardless of the different chain structures,
react spontaneously in organic solvents such as dichloro-
methane or acetonitrile in the presence of catalytic amounts
of mineral acids and Lewis acids (HCI, BF; - Et,0, F;CCO,H)
to give 1:1 mixtures of the 3,4" derivatives 7—10 and the a,o'-
configurated compounds 15-17.

This result can be explained under the assumption that the
tertiary hydroxy group in hemiacetals 11-14 is activated, for
example, by protonation, and a cyclic oxocarbenium ion of
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type H is formed as a result. This

oxocarbenium ion undergoes extremely
o rapid intramolecular attack without any
facial preference (i.e. as in an Syl
substitution) by the available hydroxyl
groups to furnish the mixture of diaster-
eomeric O,0-acetals.

of the spiroacetal formation can be fully
understood—presumably because of the
quasi-irreversibility present here, since
hitherto, it has not been possible to
convert the f,4'-configurated spiroace-
tals to the respective a,a’ isomers, for
example, by proton catalysis. Sy2-like
processes govern the formation of the
first intermediate, the O,S-acetal with a
configuration, the “alkylthioketoside”
G. In a second nucleophilic substitution
1) this yields the f,5'-configurated prod-
ucts. In contrast, Syl-type processes
always yield mixtures of products with
BB or a,a’ configurations at the spiroa-
cetal center, since the unusually high
reactivity of the intermediate oxocarbe-
nium ion in the intramolecular process
will not allow for any facial discrimina-
tion with regard to the attack of the
second hydroxy group for chains with
different configurations. Since two limit-
ing cases are apparent, the results ob-
tained in this study may serve to generalize similar experi-
ments in natural product syntheses—especially if the “di-
thiane”-route or any comparable synthetic strategies are
adopted.

The assignment of the configurations at the spiroacetal
centers was initially problematic, because neither the NMR-
spectroscopic data nor the determinations of the amount of
rotation and their correlation with well-known systems
seemed to be acceptable. We assumed (wrongly) that 3,5'-
configurated spiroacetals would not be formed because,
despite the large number of similar systems occurring in
nature or prepared synthethically, to our knowledge an
arrangement of this kind had not been described;? there
are only rare reports on a,'- or 8,a’-configurations, ') which
refer to the relative erythro-arrangement in the above-
mentioned sense and cannot be configurated in another
way. In addition, the NMR data in some cases gave indications
for the presence of boat conformations, which are extremely
unlikely for unfixed hexopyranoses. However, as can be seen
in Table 2 the NMR data are clear: for all a-configurations of
a hexopyranose segment normal chair conformations are
present in solution,'’l in contrast boat conformations occur
for all B-gluco-configurations. The reason for this is the
evidently very high steric demand of an equatorially orien-
tated substituent (the OAc group) at the C2 position of one
pyran ring contrasted to that at the other pyran ring, which is
eased by a change in conformation (Figure 1). This change of
conformation is supported by stereoelectronic -effects—

15-17
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Table 2. Assignment of the conformations by '"H NMR spectroscopy.?!

represented by the a,a'-D-glucob-

Spiro sugar Ring AM Ring B gluco’-configurated spiroacetal
J [Hz] conformation  J [Hz] conformation 15,2%1 in which both rings adopt the
6 J3=102 Iy =88 chair conformation and the C,;,,—O
J34=92 C Jy4=52 B distances are almost identical (1.407
Jy5=10.2 Jys=88 and 1.414 A), which is expected for
p-p-glucola’1.-gluco }racemate symmetry reasons (Figure2). The
pB'-L-glucola-p-gluco . . .
diasteromeric compound 7 with a
. =20 Ja=16 BB conflgl{ratlon crystallizes from
Ty, =80 14 Jyy—=68 1B methanol with a molecule methanol
J,5=106 Jp5=10.8 in the crystal (Figure 3).2°®! The pyr-
B-p-glucolff'-p-gluco an ring which carries the methoxy
groups adopts a chair conformation,
3 Jys=34 Jyy=34 the peracetylatefi pyranose adopt§ a
J.=76 4B Jyy=82 o boat conformation. This surprising
Jis=10.4 Jy5=88 result may be explained by the
B-D-glucolff'-p-manno slightly different patterns of the pro-
tecting groups at the two pyran rings
of this otherwise C, symmetric com-
pound, but in any case shows that the
9 J,3=2.8 Jyy=28 existence of a boat conformation is
Aco” R J34=98 ‘G Jy4=98  *C probable. Additionally, the C,,,,—O
AcO o Jis=98 / Jys=98 distances are clearly different:
CH,0A -D- 'D- . .
20k B-b-mannolfi-b-manno 1396 A in the boat, 1434 A in the
-OAc chair.
Ohc The crystal structure of 9 is partic-
Ao ularly interesting (Figure 4).2°< This
10 CH,OAC Jr3=306 Jry <10 compound can almost not be distin-
o J34=9.6 iC Jy =28 iC . . ,
AcO” S 34 ! 4 ! guished from the corresponding a,a’-
Ji5=9.6 Jy5=88 . S 1) ,
oAl CH,0Ac B-D-mannol-p-altro conﬁ.gurat(.ad derivative 1.7. The S,
AcO on configuration for a chair conforma-
C . .
b Man tion for both pyran rings can be seen
aco OAC clearly in the crystal structure. The

[a] The compounds were acetylated with acetanhydride in pyridine after cleavage of the benzoates
according to Zemplén and of the benzyl ethers with H,, Pd/C in methanol (70-75% yield), and
then measured in CDCl; at 300 MHz.[b] Ring A describes the first named, ring B the second named

half of the respective dipyranoid system.

Figure 1. Steric interaction of a substituent at C-2 orientated equatorially
relative to the spiroacetal center in -D-gluco/f'-p-gluco-configurated spiro

sugar. View along: C,,;,,—C-2.

spiro

anomeric and the A2 effect.''] For the “D”-gluco/“L”-
gluco’-configurated racemate 6 these conditions lead to the

Cyio—O distances differ slightly
(1.389 and 1.412 A) and indicate a
distortion of the crystal. In this mole-
cule C6', 05, Cr, OS5, and C6 are

Gy
surprising result that in the case of an identical relative N )
arrangement of the substituents, one ring adopts the chair and C/-’%y\

the other the boat conformation. On the other hand the strong
1,3-diaxial interaction between O3 of the altro-hexose and C2
of the manno-pyranose in 10 does not produce a change of the

conformation.

.
U

Figure 2. Crystal structure of the a-p-glucola’-p-gluco system 15.

present in the all-trans conformation, an arrangement which
shows that this molecule is a pure oxa analogue of the
associated carbocyclic compound. This arrangement (C,,

In order to verify these interpretations three crystal
structure analyses were carried out. The normal case is
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Figure 4. Crystal structure of the f-p-mannolf’-D-manno system 9.

symmetry) is the most unfavorable for an acetal segment: alone
for formaldehyde hydrate the destabilization compared to an
acetal segment with C, symmetry is about 9 kcalmol .21
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