Synthesis of Macrolide Antibiotics

Formic Acid. A solution of 4¢ (50 mg) in 5 ml of trimethylammo-
nium formate [bp 92° (18 mm)] was stirred for 2 hr at room tem-
perature and left overnight. This solution was gently refluxed in
an oil bath for 3 hr until the reaction mixture was colored dark
brown. When cooled, the separated crystals were collected and re-
crystallized from hexane-chloroform to colorless needles, mp 195-
196°. This was treated with 1 N sodium hydroxide form 1-benzyl-
benzimidazole, mp and mmp with authentic sample 115°.

B. With Phosphoryl Chloride or Thionyl Chloride in Pyri-
dine. To a solution of 4¢ (400 mg) in pyridine or pyridine-chloro-
form, phosphoryl chloride (5 ml) or thionyl chloride (4 ml) was
added at 0-5°. After the reaction mixture was stirred for 1 hr at
Toom temperature, it was poured into ice-water. Extraction of the
reaction mixture with benzene afforded 1-benzylbenzimidazole.

C. With Lithium Aluminum Hydride-Aluminum Chloride.
To an ether solution of 4¢ (450 mg), lithium aluminum hydride
(50 mg) and aluminum chloride (25 mg) were added under stir-
ring at 0-5°, After stirring overnight at room temperature, the
reaction mixture was treated with ethyl acetate and then with 0.1
N hydrochloric acid. Evaporation of the dried ether solution left a
brownish syrup, which showed four spots on tle (Ry 0.79, 0.45,
0.30, and 0.14), and the main spot (R; 0.45) was found to be 1-
benzylbenzimidazole.
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Methyllithium (LiBr-free) adds stereospecifically to methyl 2,3-di-O-methyl-8-O-triphenylmethyl-a-p-xylo-
hexopyranosid-4-ulose (1) and methyl 3-0-methyl-2-O-methylsulfonyl-6-O-triphenylmethyl-a-p-xylo-hexopyra-
nosid-4-ulose (2) in an ethereal solution at —80° to give methyl 2,3-di-O-methyl-4-C-methyl-6-O-triphenyl-
methyl-a-p-glucopyranoside (9) and methyl 3-O-methyl-4-C-methyl-2-O-methylsulfonyl-6-O-triphenylmethyl-
a-D-glucopyranoside (11), respectively. Methylmagnesium iodide adds to the oxo sugars 1 and 2 in an ethereal
solution at —80° again stereospecifically, giving methyl 2,3-di-O-methyl-4-C-methyl-6-O-triphenylmethyl-a-D-
galactopyranoside (8) and methyl 3-O-methyl-4-C-methyl-2-O-methylsulfonyl-6-O-triphenylmethyl-a-p-galacto-
pyranoside (10), which are, however, the C-4 epimers of the branched-chain sugars 9 and 11. The stereochemis-
try of the addition of Grignard reagent to the oxo sugars 1 and 2 depended upon the reaction temperature, the
solvent, and the nature of the halogen atom. Carbon-13 nmr spectroscopy was used for unequivocal configura-
tional assignments at the branching-carbon atom in branched-chain sugars 8~11. A rationalization of the ob-

served stereospecificity was proposed.

In the course of our studies directed toward the stereo-
selective synthesis of the 14-membered lactone ring of
erythromycins A and B from appropriate sugar deriva-
tives, it was necessary to introduce an axial methyl group
at the C-4 carbon atom of a methyl p-xylo-hexopyranosid-
4-ulose derivative and to develop a simple but reliable
method for configurational assignment of the thus ob-
tained branching carbon atom.2

It is well known that the addition of Grignard reagents
and organolithium compounds to carbonyl groups in car-
bohydrates is highly stereoselective* yielding in certain
cases products epimeric at the quaternary carbon atom,5.6
whereas in other instances branched-chain sugars with the
same configuration at the branching carbon atom? are ob-
tained. Since a clear rationalization of these findings®
does not exist, many stereochemical “anomalies” 4 re-
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ported in the literature have led to the conclusion that the
steric course of the addition of Grignard reagents and/or
alkyl- (or aryl-) lithium to oxo sugars cannot be reliably
predicted.?

We now wish to report the results of our studies on the
addition of methylmagnesium halides and methyllithium
to the methyl a-p-xylo-hexopyranosid-4-uloses 1 and 2,
and on the application of the carbon-13 nmr spectroscopy
for configurational assignments at the thus created
branching carbon atom.
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Methyl 2,3-di-O-methyl-6-O-triphenylmethyl-«-p-xylo-
hexopyranosid-4-ulose (1) and methyl 3-O-methyl-2-0-
methylsulfonyl-6-0-triphenylmethyl-a-p-xylo-hexopyra-
nosid-4-ulose (2) were synthesized by the oxidation of
methyl 2,3-di-O-methyl-6-O-triphenylmethyl-«-p-glucopy-
ranoside (4) and methyl 3-O-methyl-2-O-methylsulfonyl-
6-O-triphenylmethyl-a-p-glucopyranoside (5) with dimeth-
yl sulfoxide-acetic anhydride at 50-60°.

Reaction of the oxo sugars 1 and 2 with an ethereal so-
lution of methyllithium (LiBr-free) at —80° afforded, in
each case, only one product: methyl 2,3-di-O-methyl-4-C-
methyl-6-O-triphenylmethyl:«-p-glucopyranoside (9, from
1) and methyl 3-O-methyl-4-C-methyl-2-O-methylsul-
fonyl-6-O-triphenylmethyl-a-p-glucopyranoside (11, from
2).

Reaction of the oxo sugars 1 and 2 with an ethereal solu-
tion of methylmagnesium iodide at —80° again proceeded
stereospecifically, but the products obtained were the C-4
epimers of the branched-chain sugars 9 and 11. Thus, 1
gave methyl 2,3-di-O-methyl-4-C-methyl-6-O-triphenyl-
methyl-a-p-galactopyranoside (8), whereas 2 gave methyl
3-0-methyl-4-C-methyl-2-O-methylsulfonyl-6-O-triphenyl-
methyl-a-p-galactopyranoside (10).

In contrast to the above results, methylmagnesium io-
dide and methyllithium added nonstereospecifically and
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at a considerably slower rate to 4-tert-butylcyclohexanone
at —80° yielding in each case a mixture of both C-1
epimers: cls-4-tert-butyl-1-methylcyclohexan-r-1-0l  (16)
and trans-4-tert-butyl-1-methylcyclohexan-r-1-o0l (17). The
isomer with the equatorial methyl group (16) was the pre-
dominant product in both reactions.

The stereochemistry of the addition of Grignard reagent
to the oxo sugars 1 and 2 depended upon the reaction
temperature, the solvent,® and the nature of the halogen
atom. Thus, treating an ethereal solution of { and/or 2
with methylmagnesium iodide at —80° afforded 8 and/or
10 as the only isolable products. At reflux, both C-4 epim-
ers, 8 and 9 (from 1) and 6, 7, and 10 (from 2),16 were ob-
tained, but the isomers having the methyl group in the
equatorial orientation (6, 7 and 10) predominated in ca.
6:1 ratio. The dependence of the stereochemistry of the
addition reaction upon the nature of the halogen atom
and of the solvent was demonstrated in the following way:
refluxing a 10:1 ether-tetrahydrofuran solution of 2 with
methylmagnesium chloride gave a 1:1 mixture of C-4 ep-
imers 6 and 7,7 whereas methylmagnesium iodide under
the same experimental conditions gave a mixture of C-4
epimers 6 and 7, in which the axial isomer predominated
by a ratio of 2.3:1.

The stereospecificity of the addition reaction of methyl-
lithium to the C-4 carbonyl carbon atom in the oxo sugars
1 and 2 at —80° can be rationalized in the following way.
It is well known from studies of the conformational equi-
librium of «-halocyclohexanones?8-21 that conformations
in which the halogen atom is axially oriented are strongly
favored in solvents of low dielectric constant. This ten-
dency of halogen atoms to assume the axial rather than
equatorial orientation was attributed to the strong electro-
static repulsions of the nearly coplanar and equally orient-
ed C=0 and C-halogen dipoles in conformations in which
the halogen atom is equatorially oriented. A similar situa-
tion probably exists in the case of the oxo sugars | and 2.
If so, then the C1 conformation of 1 and 2 wherein the C-3
methoxy group is equatorially oriented should be destabil-
ized in solvents of low dielectric constant (e.g., ether),
owing to an electrostatic repulsion of the nearly coplanar
and equally oriented C=0 and C-O dipoles. Consequent-
ly, the oxo sugars 1 and 2, will, at —80°, most likely adopt
either a half-chair conformation 18 or a conformation
which is between the Cl and a half-chair conformation
(18). The adoption of any conformation other than C1 by
1 and/or 2 prior to the reaction with methyllithium will
then be responsible for pure axial addition of methyllith-
ium to the C-4 carbonyl carbon atom, since the severe
electrostatic and nonbonding steric interactions between
an electronegative methyl group (from CHjLi) approach-
ing the C-4 carbonyl carbon atom from the ‘“equatorial”
direction and the C-1 methoxy group will impede the
equatorial addition of methyllithium. Furthermore, in
case of an axial attack of methyllithium to the C-4 car-
bonyl carbon atom, not only will the severe “1,4-diaxial”
interactions in the transition state 19 be avoided, but also
the two relatively strong nonbonding steric interactions
between the two axial hydrogens at C-3 and C-5 with an
equatorially approaching methyl group will be replaced by
one weaker 1,3-nonbonding interaction between the axial-
ly incoming methyl group and the C-2 axial hydrogen
atom. This rationalization is strongly supported by the
fact that methyl 2,3-di-O-methyl-6-O-triphenylmethyi-3-
p-xyvlo-hexopyranosid-4-ulose (20), i.e., a p-hexopyranosid-
4-ulose of the 3 series, where such '‘1,4-diaxial” electro-
static and nonbonding steric interactions do not exist. re-
acts with an ethereal solution of methyllithium at —80°,
vielding both C-4 epimers, 23 and 24. It is interesting to
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note that a similar explanation was proposed?®? for the ob-
servation2324 that 4-chlorocyclohexanone and cyclohex-
anones with other electronegative substituents at C-4 give
unusually high proportions of axial (cis) alcohols on reduc-
tion with complex hydrides.

The reversal of stereochemistry of the addition of the
Grignard reagent to the oxo sugars 1 and 2 can be ration-
alized as a consequence of “chelation” of the magnesium
atom of the Grignard reagent with the C-4 carbonyl oxy-
gen and the C-3 oxygen atom,1%,25.26 Thus, the formation
of the cyclic five-membered ring intermediate 25 forces
the oxo sugars 1 and 2 to adopt the C1 conformation prior
to the addition of the methyl group to the C-4 carbonyl
carbon. The solvent dependence of stereochemistry of the
addition of Grignard reagent to the oxo sugars 1 and 2
strongly supports this view. .

Various methods have been used thus far in carbohy-
drate chemistry for making unequivocal configurational
assignments to a branching-carbon atom in branched-
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Table I
Branched-chain sugar Chemical shift, ppm?® Methyl group at C-4
6 21.9 e
7 15.4 a
8 21.8 e
9 15.5 a
10 21.8 e
11 15.3 a

e Downfield from TMS.

chain sugars,?? and the conclusions often had to be sup-
ported by chemical evidence.

The observations on methylcyclohexanes?8-2% that the
carbon-13 chemical shift of an axial methyl group is 6
ppm toward a higher field than that of an equatorial
methyl group prompted us to investigate the possibility of
utilizing the carbon-13 resonance of the C-4 methyl group
for determination of the configuration at the branching
carbon atom in sugars 6-11.2 ,

Table I lists carbon-13 chemical shifts of the C-4 methyl
groups in the branched-chain sugars 6-11.

The identification of the C-4 methyl group in carbon-13
nmr spectra of the branched-chain sugars 6-11 was
straightforward, since it was the only sp® carbon atom not
attached to an oxygen atom. This was in accord with a
previous finding3® that the carbon-13 resonance of the C-6
methyl group of methyl a-L-rhamnopyranocside is shifted
strongly upfield relative to the carbon-13 resonances of the
other carbon atoms.

The carbon-13 chemical shift of the equatorial and axial

‘methyl group in the branched-chain sugars 6-11 had a

fairly constant value: 21.8 ppm for the equatorial and 15.4
ppm for the axial methyl group (average values). The up-
field shift of the axial methyl group in 7, 9, and 11, rela-
tive to the carbon-13 chemical shifts of the equatorial
methyl group in 6, 8 and 10, is 6.4 ppm. This was in good
agreement with the chemical-shift difference of an axial
and equatorial methyl group found in the 4-tert-butyl-1-
methylcyclohexanols (6.0 ppm). Table II lists the carbon-
13 chemical shifts of the two isomeric 4-tert-butyl-1-meth-
yleyclohexanols (16 and 17). Our spectral assignments are
compared with reported spectral assignments made for
carbon-13 resonances of cis- and trans-4-tert-butylcyclo-
hexanols (14 and 15).3! [The conversion dc (TMS) = 192.8
— 6c(CS3) was used in order to express the carbon-13 reso-

nances for 14 and 15 in parts per million downfield from
TMS.]

Experimental Section

General. The silica gel used for all column chromatography
was E. Merck (Darmstadt, Germany) silica gel, grain size <0.08
mm. The melting points are uncorrected. Optical rotations were
determined with a Cary 60 spectropolarimeter in a 1.0-cm cell.
The ir spectra . were recorded with a Perkin-Elmer infrared spec-
trophotometer, Model 267. The proton nmr spectra were recorded

Table I
Chemical shift, ppm
Substituted cyclohexanol C-1 C-2, C-6 C-4 C-3, C-5 (e)CH3 (a)CH3
cis-4-tert-Butyl-1-methylecyclohexan- 68.9 39.4 47.7 22.7 31.4
r-1-ol (16)@
trans-4-tert-Butyl-1-methylcyclohexan- 71.0 41.0 47.9 25.0 25.4
r-1-o0l (17)¢?
cis-4-tert-Butylcyclohexanol (14)¢ 65.0 33.3 48.2 21.0
trans-4-tert-Butylcyclohexanol (15)¢ 70.4 35.7 47.3 25.7

¢ Quaternary carbon atom from tert-butyl group, 32.4 ppm; methyl groups from tert-butyl group, 27.7 ppm. ? Quaternary
carbon atom from tert-butyl group, 32.3 ppm; methyl groups from tert-butyl group, 27.7 ppm. ¢ Quaternary carbon atom from
tert-butyl group, 32.4 ppm; methyl groups from tert-butyl group. 27.4 ppm. ¢ Quaternary carbon atom from tert-butyl group,

32.1 ppm; methyl groups from tert-butyl group, 27.5 ppm.
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with Varian T-60 and HR-220 spectrometers using tetramethylsil-
ane as an internal standard. Chemical shifts (5) are expressed in
parts per million. The proton noise decoupled carbon-13 nmr
spectra were recorded with a TNM PS-100 FT spectrometer. The
spectra were obtained using 5000-Hz sweep with 8K data points.
The pulse width was 7.0 usec and pulse repetition rate was 1.5
sec.

Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-a-p-xylo-hexo-
pyranosid-4-ulose (1). Methyl 2,3-di-O-methyl-6-O-triphenyl-
methyl-a-p-glucopyranoside (4,32 1.000 g, 2.16 mmol) was dis-
solved in 10:7 dimethyl sulfoxide-acetic anhydride (17 ml) and
heated at 65° for 2 hr. The residual syrup, obtained after evapo-
ration of solvents in vacuo, was dissolved in ether (50 ml) and
washed with saturated aqueous NaCl solution. The ether extract
was dried over anhydrous NasSO, and evaporated in vacuo,
yielding a white, amorphous solid (830 mg, yield 83%). An analyt-
ical sample was obtained by chromatographing crude 1 (250 mg)
on silica gel (30 g). Elution with 120:60:1 hexane-acetone-water
gave pure 1 (212 mg) as an amorphous solid, [«]?™p +123° (¢ 0.6,
CHCl3), ir (CHCl3) 1735 em~1 (C=0 stretch). Anal. Caled for
ngHsoOs: C, 72.71; H, 6.54, Found: C, 72.45; H, 6.23.

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
a-p-xylo-hexopyranosid-4-ulose (1) with Methyllithium (LiBr-
Free) in an Ethereal Solution at —80°. To an ethereal solution
(10 ml) of 1 (76 mg, 0.16 mmol), cooled to —80°, an ethereal solu-
tion (0.5 ml, 2 M) of methyllithium (LiBr-free) was added and
the reaction mixture was stirred for 1.5 hr at —80°. Water was
then added (10 ml), the ethereal layer was separated, and the
water solution was extracted with three 30-ml portions of of ether.
The combined ethereal extracts were washed with saturated
aqueous NaCl solution and dried over anhydrous NasSQs. The
white, amorphous crude product (77 mg) was chromatographed
on silica gel (15 g). Elution with 95:5 benzene-2-propanol afforded
pure methyl 2,3-di-O-methyl-4-C-methyl-6-O-triphenylmethyl-a-
p-glucopyranoside (9, 53 mg, 70%), which after recrystallization
from isopropyl ether showed mp 119°: [«]?"p +51° (¢ 1.0, CHCl3);
ir (CHCl3) 3580 and 3520 cm~! (broad peaks, OH); nmr (CDCl3)
8 7.6-7.1 (m, 15, triphenylmethyl), 4.80 (d, J1.2 = 4.2 Hz, 1, H-1),
0.99 (s, 3, C-4-methyl group). Anal. Caled for C29H3406: C, 72.78;
H, 7.16. Found: C, 73.00; H, 7.27.

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
«w-p-xylo-hexopyranosid-4-ulose (1) with Methylmagnesium Io-
dide in an Ethereal Solution at —80°. An ethereal solution (5
ml) of methylmagnesium iodide (50 mg of Mg + 0.3 ml of Mel)
cooled to —80° was added to an ethereal solution (10 ml) of pure 1
(50 mg, 0.11 mmol) precooled to ~80°. The reaction was moni-
tored by tlc using the solvent system 95:5 benzene-2-propanol.
After the reaction mixture was stirred for 2.5 hr at —80°, a few
milliliters of methanol was added and then 1 N H2SO4 (30 ml).
After extraction with three 30-ml portions of ether, the combined
ethereal extracts were washed with saturated agueous NaCl solu-
tion until neutral and dried over anhydrous Na»>SO4. A syrup (74
mg) obtained after removal of ether in vacuo was chromato-
graphed on silica gel (20 g). Elution with 95:5 benzene-2-propanol
gave 49 mg (94%) of pure methyl 2,3-di-O-methyl-4-C-methyl-6-
O-triphenylmethyl-a-p-galactopyranoside (8), which after recrys-
tallization from isopropyl ether showed mp 149-149.5°: [«]?"D
+73° (¢ 1.0, CHCly); ir (CHCIl3) 3570 and 3510 ¢cm~?! (broad
peaks, OH); nmr (CDClg) 6 7.7-7.1 (m, 15, triphenylmethyl), 5.00
(d, J1.2 = 3.8 Hz, 1, H-1), 1.03 (s, 3, C-4 methyl group). Anal.
Caled for Co9H3406: C, 72.78; H, 7.16. Found: C, 72.58; H, 6.99,

Methy!  4,6-O-Benzylidene-3-0O-methyl-2-O-methylsulfonyl-
a-p-glucopyranoside (13). A benzene solution (50 ml) containing
methyl  4,6-O-benzylidene-2-O-methylsulfonyl-a-p-glucopyrano-
side (12,33 1.30 g, 3.61 mmol), methyl iodide (6.0 ml, 96.3 mmol),
and Ag2CQjs (1.3 g, 4.71 mmol) was refluxed for 5 hr. At the end
of every hour an additional amount of AgoCOj3 (1.3 g, 4.71 mmol)
was added. The solid was then filtered off through Celite, and the
filtrate was evaporated in vacuo. The crude product (1.55 g) was
chromatographed on silica gel (85 g). Elution with 155:45 ben-
zene-ethyl acetate afforded pure 13 (1.22 g, 90%). After recrystal-
lization from ether, compound 13 had mp 110-111°; [«]?7p +70° (¢
1.0, CHCla); ir (CHCls) 1367 and 1175 c¢m~?* (asymmetric and
symmetric SOy stretch); nmr (CDCl3) § 7.56-7.2 (m, 5, phenyl),
5.53 (s, 1, methine H from benzylidene group), 4.91 (d, Jy,z =
3.8 Hz, 1, H-1), 3,57 (s, 3, Me from C-3 methoxy group), 3.41 (s,
3, Me from C-1 methoxy group), 3.23 (s, 3, Me from methylsul-
fonyl group). Anal. Calcd for C16H200sS: C, 51.33; H, 592; §,
8.57. Found: C, 51.43; H, 6.01; S, 8.68.

Methyl 3-O-Methyl-2-O-methylsulfonyl-c-p-glucopyranoside
(3). A 50% aqueous acetic acid solution (50 ml) containing methyl
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4,6-0-benzylidene-3-0O-methyl-2-O-methylsulfonyl-a-p-glucopyra-
noside (13, 1.984 g, 5.3 mmol) was heated at 100° for 1 hr. The
solvent was evaporated in vacuo, and the crude product (1.864 g)
was chromatographed on silica gel (70 g). Elution with 1:1 ace-
tone-hexane afforded 1.410 g (91%) or pure 25 as an oil: [«]2Dp
+95° (¢ 1.5, CHCls); ir (CHCl3) 3580 (shoulder) and 3420 ¢cm~1
(broad peak, OH); nmr (CDCl3) 6 4.93 (d, J1,2 = 3.9 Hz, 1, H-1),
3.60 (s, 3, Me from C-3 methoxy group), 3.42 (s, 3, Me from C-1
methoxy group), 3.08 (s, 3, Me from methylsulfonyl group). Anal.
Caled for CoH,508S: C, 37.76; H, 6.34; S, 11.18. Found: C, 37.63;
H, 6.42; 8, 11.31.

Methyl 3-O-Methyl-2-O-methylsulfonyl-6-O-triphenyl-
methyl-a-p-glucopyranoside (5). To a pyridine solution (20 ml)
of methyl 3-O-methyl-2-O-methylsulfonyl-a-n-glucopyranoside
(13, 1.410 g, 5.18 mmol), triphenylmethy!l chloride (1.90 g, 6.83
mmol) was added. After standing at room temperature overnight,
the solvent was evaporated in vacuo. The residue was dissolved in
benzene (it does not dissolve completely), and water was added.
The benzene layer was separated, and, after drying over anhy-
drous NagSOy, the benzene was evaporated in vacuo. The crude
product was chromatographed on silica gel (160 g). Elution with
2:1 hexane-acetone afforded 2.500 g (94%) of pure 3, in amor-
phous state: [«]27p +47° {¢ 1.0, CHCl3); ir (CHCl3) 3580 and 3500
(two broad peaks, OH), 1597, 1490, and 1449 (benzene ring stretch-
ing frequencies), 1365 and 1175 cm—?! (asymmetric and symmetric
SOz stretch); nmr (CDClg) 6 7.6-7.1 (m, 15, triphenylmethyl),
491 (d, Jy,2 = 3.9 Hz, 1, H-1), 3.57.(s, 3, Me from C-3 methoxy
group), 3.40 (s, 3, Me from C-1 methoxy group), 3.04 (s, 3, methyl
from methylsulfonyl group). Anal. Caled for CagH3205S: C, 63.62;
H, 6.10; S, 6.07. Found: C, 63.86; H, 6.06; S, 6.00.

Methyl 3-0-Methyl-2-0-methylsulfonyl-6-O-triphenyl-
methyl-a-p-xylo-hexopyranosid-4-ulose (2). Methyl 3-O-methyl-
2-0-methylsulfonyl-6-O-triphenylmethyl-a-p-glucopyranoside (35,
578 mg, 1.1 mmol) was dissolved in a 2:1 mixture of dimethyl
sulfoxide-acetic anhydride (4.5 ml). After the reaction mixture
was kept at 60° for 2 hr, the solvents were removed in vacuo and
the crude product (2), because it is very unstable, was not puri-
fied, but directly used for reaction with methyllithium.

Reaction of Methyl 3-O-Methyl-2-O-methylsulfonyl-6-0-tri-
phenylmethyl-a-p-xylo-hexopyranosid-4-ulose (2) with Methyl-
lithium in an Ethereal Solution at —80°. An ethereal solution
(20 ml) containing crude 2 (580 mg) was cooled to —80°, whereby
the solution became very turbid, and ca. 2 M ethereal solution (2
ml) of methyllithium was added. After stirring for 1.5 hr at —80°,
methanol was added, whereby the solution became clear. After
removal of solvents in vacuo, the crude product (630 mg) was pu-
rified by several chromatographies, on silica gel, using 95:5 ben-
zene-2-propanol and 3:1 hexane-acetone for elution, whereby the
pure 3-O-methyl-4-C-methyl-2-O-methylsulfonyl-6-O-triphenyl-
methyl-a-p-glucopyranoside (11, 320 mg, 53%) was obtained as an
oil: [«]?"p +92° (¢ 1.0, CHClg); ir (CHCl3) 3580 (shoulder) and
3520 (broad peak) (OH), 1360 and 1175 ¢cm~! (asymmetric and
symmetric SOs stretch); nmr (CDCl3) 6 7.6-7.1 (m, 15, triphenyl-
methyl), 4.83 (d, J12 = 4.0 Hz, 1, H-1), 4.22 (q, J1,2 = 4.0 and
Jo.3 = 10.0 Hz, 1, H-2), 3.87 (broad t, J5.¢ = 6.4 Hz, 1, H-5), 3.55
(s, 3, Me from C-3 methoxy group), 3.40 (s, 3, Me from C-1 me-
thoxy group), 3.00 (s, 3, Me from methylsulfonyl group), 1.01 (s,
3, C-4 methyl group). Anal. Calcd for C2oH3403S: C, 64.19; H,
6.32; S, 5.91. Found: C, 63.99; H, 6.21; S, 5.85.

Reaction of Methyl :3-O-Methyl-2-O-methylsulfonyl-6-O-tri-
phenylmethyl-a-p-xylo-hexopyranosid-4-ulose (2) with Methyl-
magnesium lodide in an Ethereal Solution at —80°. To an eth-
ereal solution (20 ml) of methylmagnesium iodide (200 mg of Mg
+ 0.5 ml of CH3l) cooled to —80°, an ethereal solution (15 ml) of-
2 (300 mg, 0.57 mmol) was added with stirring. After the reaction
mixture had been stirred for 1 hr at —80°, aqueous methanol was
added and the reaction product was extracted with ether. The
crude product (300 mg), obtained after removal of ether in vacuo,
was chromatographed on silica gel. Elution with 95:5 benzene-2-
propanol afforded pure 10 (166 mg; 53%), which after recrystalli-
zation from ether-isopropyl ether showed mp 117.5°: [«}?'D +75°
(¢ 1.0, CHCl3); ir (CHCl3) 3570 (shoulder) and 3490 (broad peak)
(OH), 1365 and 1178 cm~! (asymmetric and symmetric SOg
stretch); nmr (CDCl3) § 7.6-7.1 (m, 15, triphenylmethyl), 5.13 (d,
Ji2 = 4.0 Hz, 1, H-1), 4.86 (q, J1.2 = 4.0 and J2.3 = 10.0 Hz, 1,
H-2), 3.57 (s, 3, Me from C-3 methoxy group), 3.48 (s, 3, Me from
C-1 methoxy group), 3.07 (s, 3, Me from methylsulfonyl group),
1.05 (s, 3, C-4 methyl group). 4Anal. Caled for C9Hs40sS: C,
64.19; H, 6.32; 8, 5.91. Found: C, 63.98; H, 6.44; S, 5.81.

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
a-D-xylo-hexopyranosid-4-ulose (1) with Methylmagnesium lo-
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dide in an Ethereal Solution at Reflux. To a refluxing ethereal
solution (10 ml) of methylmagnesium iodide (50 mg of Mg + 0.5
ml of CH;3l), an ethereal solution (10 ml) of 1 (116 mg, 0.25 mmol)
was added dropwise during 7 min. After refluxing for 20 min the
reaction mixture was diluted with ether, and the ethereal solution
was washed with saturated aqueous NaCl solution, aqueous
K3C03-NaHSO; solution, and again with saturated aqueous
NaCl solution. The ethereal phase was dried over anhydrous
NagS0,4. and ether was evaporated in vacuo. The semicrystalline
residue (117 mg) was chromatographed on silica gel (15 g). Elu-
tion with 95:5 benzene-2-propanol gave tlc-homogenous product
(83 mg) which according to the nmr spectrum was a ca. 6:1 mix-
ture of 8 and 9, 8 being the predominant product.

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
a-p-xylo-hexopyranosid-4-ulose (1) with Methylmagnesium
Chloride in a 40:1 Ether-Tetrahydrofuran Solution at Reflux.
To an ethereal solution (20 ml) of 1 (200 mg, 0.43 mmol) a 3 M
solution of methylmagnesium chloride in tetrahydrofuran (0.5 ml,
ca. 2 mmol) was added, whereby a white precipitate appeared.
After the reaction mixture was refluxed for 2 hr, it was kept at
room temperature overnight. Methanol (10 ml) was then added
(the white precipitate dissolved) and the solvents were evapo-
rated in vacuo, The residue was dissolved in ether-1 N HCI mix-
ture, and the ethereal layer was separated. The aqueous phase
was extracted three times with ether, the combined ethereal ex-
tracts were washed with saturated aqueous NaCl solution and
dried over anhydrous NazSO4, and the ether was removed in
vacuo. The crude product (203 mg) was a 1.3:1 mixture of 8 and
9, 8 being the predominant product.

Reaction of Methyl-3-O-Methyl-2-O-methylsulfonyl-6-0-tri-
phenylmethyl-«-p-xyvio-hexopyranosid-4-ulose (2) with Methyl-
magnesium Chloride in Refluxing 10:1 Ether-Tetrahydrofuran
Solution. To an ethereal solution (20 ml) of 2 (346 mg, 0.66
mmol) a 3 M solution of methylmagnesium chloride (2.00 ml, 6
mmol) in tetrahydrofuran was added and the reaction mixture
was refluxed for 4 hr. The excess of methylmagnesium chloride
was destroyed by addition of ethyl acetate and the reaction mix-
ture was poured into water (80 ml) containing 2 ml of concentrat-
ed HCIl. The aqueous layer was extracted with ether, the com-
bined ethereal extracts were washed with water and dried over
anhydrous NagSQO,, and ether was removed in vacuo. The residue
(280 mg) was chromatographed on silica gel. Elution with 95:5
benzene-2-propanol gave a product (140 mg) homogenous on tlc,
but which, according to the nmr spectrum, was a 1:1 mixture of 6
and 7.

Reaction of Methyl 3-O-Methyl-2-O-methylsulfonyl-6-O-tri-
phenylmethyl-«-pD-xv{0-hexopyranosid-4-ulose (2) with Methyl-
magnesium lodide in an Ethereal Solution at Reflux. To an
ethereal solution (20 ml) of methylmagnesium iodide (200 mg of
Mg + 0.5 ml of CH;l), an ethereal solution (20 ml) of 2 (600 mg,
1.14 mmol) was added at reflux. After refluxing for 1.5 hr, water
was added until no undissolved material remained. The ethereal
layer was separated and the aqueous phase was extracted with
ether, the combined ethereal extracts were dried over anhydrous
NazS04. and ether was evaporated in vacuo. The residue (470
mg) was chromatographed on silica gel. The elution with 95:5
benzene-2-propanol afforded two fractions. The first fraction (159
mg, 25%), after rechromatography on silica gel (25 g) and recrys-
tallization from isopropyl ether, was identified (mixture melting
point, ir and nmr spectra} as 10, whereas from the second fraction
(155 mg. 29%), which was according to the nmr spectrum a 2.8:1
mixture of C-4 epimers 6 and 7, after rechromatography on silica
gel (25 g) and recrystallization from isopropyl ether was isolated
pure methyl 3-O-methyl-4-C-methyl-6-O-triphenylmethyl-«-p-
galactopyranoside (6): mp 125-126°; [«]2"D +30° {c¢ 1.0, CHCl3); ir
(CHCl3) 3570 and 3510 ¢cm~1 (broad peak) (OH); nmr (CDCls) &
7.6-7.1 {m, 15, triphenylmethyl), 4.90 (d, J1.2 = 4.0 Hz, 1, H-1),
3.60 (s, 3, Me from C-3 methoxy group), 3.51 (s. 3, Me from C-1
methoxy group), 1.02 (s, 3, C-4 methyl group). Anal. Caled for
CasHs206: C, 72.39: H, 6.94. Found: C, 72.44: H, 7.05.

Reaction of Methyl 3-O-Methyl-2-O-methylsulfonyl-6-O-tri-
phenylmethyl-«-p-xylo-hexopyranosid-4-ulose (2) with Methyl-
magnesium lodide in 10:1 Ether-Tetrahydrofuran Solution at
Reflux. To a 5:1 ether-tetrahydrofuran solution (22 ml) of meth-
ylmagnesium iodide (200 mg of Mg + 0.5 ml of CHj3l), an ethereal
solution (10 ml) of 2 (350 mg, 0.66 mmol) was added. After the
reaction mixture was heated under reflux for 1 hr, water was
added and the water phase was extracted with ether. The com-
bined ethereal extracts were dried over anhydrous Na;SO,4 and
ether was evaporated in vacuo. The crude product (300 mg) was
chromatographed on silica gel. Elution with 95:5 benzene-2-pro-
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panol afforded a tlc-homogenous product (148 mg) which was, ac-
cording to the nmr spectrum, a mixture of § and 7 in the ratio
1:2.3.

Methyl  2,3-Di-O-methyl-6-O-triphenylmethyl-3-n-glucopy-
ranoside (22). A pyridine solution (60 ml) containing methyl 2,3-
di-O-methyl-3-p-glucopyranoside (21,36 3.778 g, 17 mmol) and tri-
phenylmethyl chloride (6.000 g, 21.5 mmol) was kept at room
temperature for 2 days. The residue obtained after removal of
pyridine in vacuo was dissolved in water, the solution was ex-
tracted three times with benzene (50 ml), the combined benzene
extracts were washed successively with water, 1 NV sulfuric acid,
and again with water and dried over anhydrous Na;SOy, and
benzene was evaporated in vacuo. The residue (9.778 g) was chro-
matographed twice on silica gel (250 g). Elution with 3:1 hexane-
acetone afforded pure 22 (6.621 g, 83%) as a white, amorphous
substance: [«]27p =39° (¢ 1.0, CHCl3); nmr (CDCl3) 6 7.6-7.1 (m,
15, triphenylmethyl), 4.23 (m, 1, H-1), 3.63, 3.56, and 3.55 (three
s, 9, Me from C-1, C-2, and C-3 methoxy groups). Anal. Calcd for
C2sH320¢: C, 72.39: H, 6.94. Found: C, 72.59; H, 7.03.

Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-8-p-xylo-hexo-
pyranosid-4-ulose (20), To a dimethyl sulfoxide solution {17 ml)
of methyl 2,3-di-O-methyl-6-O-triphenylmethyl-3-p-glucopyrano-
side (22, 1.750 g, 3.8 mmol), acetic anhydride (10 ml) was added
with stirring and the reaction mixture was kept at 55-60° for 2 hr.
The solvents were then evaporated in vacuo to a syrup (main-
taining the bath temperature below 40°). The syrup was dissolved
in ether (50 ml) and the ethereal solution was washed with satu-
rated aqueous NaCl solution. The ethereal phase was dried over
anhydrous NagSOy4 and ether was removed in vacuo. The crude
product (1.746 g) was chromatographed on silica gel (150 g). Elu-
tion with 120:60:1 hexane-acetone-water gave pure 20 (1.260 g,
70%), which was recrystallized from isopropyl ether as needles:
mp 100-102°; ir (CHCl3) 1740 cm -1 (C=O0 stretch); nmr (CDCls)
0 7.6-7.1 (m, 15, triphenylmethyl), 4.63 (d, J1.» = 6.0 Hz, 1, H-1),
3.53 and 3.51 (two s, 9, Me from C-1, C-2, and C-3 methoxy
group).

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
B-p-xvlc-hexopyranosid-4-ulose (20) with Methylmagnesium
Iodide in an Ethereal Solution at —80°. To an ethereal solution
(15 ml) of methylmagnesium iodide (100 mg of Mg + 1 ml of CH3l)
cooled to —80° an ethereal solution (5 ml) of 20 (190 mg, 0.41
mmol), precooled to —80°, was added, whereby a white precipi-
tate separated. After stirring for 3 hr at —80°, water was added,
the ethereal layer was separated, the aqueous phase was extract-
ed with ether, the combined ethereal extracts were dried over an-
hydrous NasSO4, and ether was evaporated in vacuo. The crude
product (155 mg, 76%) was according to the nmr spectrum only
one isomer. After chromatography on silica gel (50 g) and elution
with 2:1 benzene-ether, pure methyl 2,3-di-O-methyl-4-C-methyl-
6-O-triphenylmethyl-3-p-galactopyranoside (23) was obtained as
an amorphous solid: [«]?"0 —13° (¢ 1.0, CHCl3); nmr (CDCls) &
7.6-7.1 (m, 15, triphenylmethyl), 4.16 (d, J;2 = 8.0 Hz, 1, H-1),
3.60 and 3.55 (two s, 9, Me from C-1, C-2, and C-3 methoxy
group), 1.01 (s, 3, C-4 methyl group). Anal. Caled for CogHgsOsg:
C,72.78: H, 7.16. Found: C, 73.04; H, 7.40.

Reaction of Methyl 2,3-Di-O-methyl-6-O-triphenylmethyl-
B-p-xvlo-hexopyranosid-4-ulose (20) with Methyllithium (LiBr-
Free) in an Ethereal Solution at —80°. To an ethereal solution
(10 ml) of 20 (243 mg, 0.53 mmol) cooled to —80° a 2 M ethereal
solution (1 ml) of methyllithium was added. After the reaction
mixture was stirred at —80° for 4.5 hr, water was added, the eth-
ereal layer was separated, and the aqueous layer was extracted
with three 30-ml portions of ether. The combined ethereal ex-
tracts were washed with saturated agueous NaCl solution and
dried over anhydrous NaySO,. The crude product (236 mg) ob-
tained after removal of ether in vacuo was according to the nmr
spectrum at 3:1 mixture of 23 and 24, 24 being the predominant
product. Anal. Caled for CagH3z406: C, 72.78; H, 7.16. Found: C,
72.67; H, 7.18.

Reaction of 4-tert-Butylcyclohexanone with Methylmag-
nesium Jodide in an Ethereal Solution at —80°. To an ethereal
solution (15 ml) of methylmagnesium iodide (144 mg of Mg + 0.5
ml of CH3l) cooled to —80° an ethereal solution (5 ml) of 4-tert-
butylcyclohexanone (460 mg, 3 mmol) precooled to —80° was
added (during cooling of the ethereal solution of ketone to ~80°,
the ketone crystallized out so that the suspension was added).
After stirring for 6 hr at —80°, water was added. the undissolved
solid was dissolved by adding 1 N HCl, and the aqueous phase
was extracted with three 70-ml portions of ether. Combined eth-
ereal extracts were successively washed with saturated aqueous
NaCl solution, saturated aqueous NaCl solution which contained
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K2CO3 and NaHSOj3, and again with saturated aqueous NaCl so-
lution. The ethereal extract was dried over anhydrous Na;SOy,
and the ether was evaporated in vacuo. The crystalline residue
(447 mg) was chromatographed on silica gel (40 g). Elution with
7:3 benzene-ethyl acetate gave three fractions; the first fraction
(110 mg) was starting material, the second fraction (170 mg, 33%)
was pure 16, whereas the third fraction (103 mg, 20%) was pure
17. The ratio of 16:17 was hence 1.7:1.

Reaction of 4-tert-Butylcyclohexanone with Methyllithium

in an Ethereal Solution at —80°. To an ethereal solution (20 ml) .

of 4-tert-butylcyclohexanone (308 mg, 2 mmol) cooled to —80°, a 2
M ethereal solution (1.4 ml, 2,8 mmol) of methyllithium was
added. After stirring for 2 hr at ~80°, water was added. the ether-
eal layer was separated, and the aqueous phase was extracted
with ether. The combined ethereal extracts were washed with
water and dried over anhydrous NazSO4. The crude crystalline
product (274 mg) was chromatographed on silica gel (15 g). Elu-
tion with 17:3 benzene-ethyl acetate gave three fractions; the first
fraction (66 mg) was the unreacted starting material, the second
fraction (132 mg, 40%) was pure 16, whereas the third fraction (37
mg, 11%) was pure 17, The ratio 16:17 was therefore 3.6:1.
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