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ABSTRACT

The hey step of the synthests involves the reacton of glycals [3,4.6-tri-O-acetyl-
o glucal (1), the new glycal dervative 4-O-acetyl-1,5 anhydro-2,6-dideosy-3-C-
methyl-3-O-methyl-L-ribo-hex-1-enitol (2), and 3-acetamido-4,6-di- O-acetyl-
1,5-anhydro-2,3-dideoxy-D-arabino-hex-1-enitol (3)] with | 5 molar cqumnvalents of
several alcohols in the presence of N-bromosuccimimide tn acetonitrile to give
mainly the corresponding 2-bromo-2-deo\v-a-glycopyranosides (4-21) The glyco-
pyianosides (4 8 and 16-21) from 1 and 3 have the a-D-manno configuration and those
(10-15) from 2 have the x-L-alrro configuration The yields are high from 1, virtually
quantitative from 2, and moderate from 3 Debromunation of the 2-bromo-2-deoxy
compounds with tributylstannane and a radical mitsator gives the corresponding
2-deoxy-x-glycopyranosides (22-38) in quantitative yields In particular, the branched-
chain glycal 2 reacts with 2lcohols to give exclusively the correspouding x-glyco-
pyranostdes (27-32) of cladinose 1n strikingly high overall yields The stereoselectivity
and regiospeciticity of the bromunatton reacuon are described 1,3-Dibromo-3,5-
dimethylhydantoin and AN-bromoacetamide are also found to be useful for the
reaction

INTRODUCTION

2-Decxy-a-glycosides are well known to be biologically important as structural
units 1n the field of natural products, particularly in sugar-containing antibiotics'
including the macrolide and anthracychne groups Although various methods tor
synthesis of 2-deoxy-x-glycosides have been investigated® *, most of them do not
lead exclusivety to a-glycosides In recent years, 2-deoxy-disacchandes® * having the
x-limhage have been prepared in moderate yields bv the method of Lemieux ef al *
With simple alcohols, this method also leads to 2-deoxy-f-glycosides An efficient
synthesis of a 3-amuno-2,3-dideovy-a-glycopyranostde has been achieved by using the
acid-catalyzed addition of an alcohol to an acetylated glycal® However, this reaction
cannot be applied to acid-labile glycals such as branched-chaia glycals and O-acetyl-
glyeals, because of their tandency to decompose or undergo allylic rearrangement
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On the other hand, it has been reported that halogenation of an alkene with
N-bromosuccinimide in aqueous dimethyl sulfoxade results 1n the formation of a
irans-halohydrin” Interest in this reaction led us to consider that glycals might react
with an alcohol and N-bromosuccinimide to give alkyl 2-bromo-2-deoxy-a-glycosides
which could then be converted 1nto the corresponding 2-deoxy-«-glycosides

The present paper delineates a method for the synthesis of 2-bromo-2-deoxy-
a-glycosides and for their conversion into 2-deoxy-a-glycosides The stereoselechvity
and regiospecificity may be rationalized 1n terms of a reaction mechanism 1nvolving
the diaxial opening of a cyclic bromonium 10n 1n the transition stawe, and 15 influenced
particularly by the anomernic effect AH 2-bromo-2-deoxy-z-glycosides thus obtained
were debrominated by using tributylstannane and o x’-azobis(isobutyromtnle) to give
the corresponding 2-deoxy-x-glycosides in virtually quanttative yields

RESULTS AND DISCUSSION

The starting glycals used were 3,4,6-tri-O-acetyl-pD-glucal® (3,4,6-tri-O-acetyl-
1,5-anhydro-2-deoxy-D-arabino-hex-1-emtol, 1), the new glycal derivative 4-0-acetyl-
1,5-anhydro-2,6-dideoxy-3-C-methyl-3- O-methyl-L-ribo-hex-1-emtol (2), and
3-acetamido-4,6-di- O-acetyl-1,5-anhydro-2,3-dideory-n-arabina-hex-1-enitol® (3), and
the alcohols employed were methanol, ethanol, 1sopropyl alcohol, cyclohexanol,
tert-butyl alcohol, 1,2,3,4-tetra-O-acetyl-f-p-glucopyranose'®, and methyl 2,3,4-tn-
O-benzyl-a-D-glucopyranoside (47)

HzOéc o cleoAOC
) Ke)
OAc Me NHAC
AcO AcO
CH,
1 2 3

The glycal 1 reacted with I 5 molar equivalents of 1sopropyl alcohol ana
I 2 molar equivalents of N-bromosuccimmude (NBS) 1o dry acetonmitnile at room
temperature to gmve mainly 1sopropyl 3,4,6-tn-0O-acetyl-2-bromo-2-deoxy-o-D-
mannopyranoside (5), obtained 10 86% yield (Table I) The alternative frans-addition
product, 1sopropyl 3.,4,6-tri-O-acetyl-2-bromo-2-deovy-B-D-glucopyranoside, was
1solated .n only 4% yield The structure of 5 was determined as follows Its pmr
spectrum showed a sharp, narrow doublet at 6 515 (J;, 1 5 Hz) and a quartet
displaying small coupling constants (J, ; | 5 and J, 5 3 5 Hz) at 6 4 38, which could
be assigned to H-1 and H-2, respectively, indicating that 5 had either the a-manno or
the f-manno configuration. Quantitative debromination of 5 by using tnibutylstannane
with a radical initiator [«,0"-azobis(1sobutyromtnle)] yielded the corresponding deoxy
denvative 23, the new methylene group (H-2a and 2e) of which gave two doubled
quartets at 6 1 80 and 222, having J; 2, 4, J; 5. 15, J3. 2. 13, Jan 5 11, and J;. ;
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55 Hzn1ts pm r spectrum These coupling constants showed that 23 was 1sopropyl

3,4,6-tri-O-acetyl-2-deoxy-a-D-arabmno-hexopyranoside ' !

Therefore, 5 must have

been the 2-bromo-2-deoxy-a-D-mignno product

TABLE |
YIELDS OF BROMO ADDUCTS

CH,0ac CHyQOac
AcCO HyC 70 AcO
AcO AcQ ACHN
R RO Gh g O]
4 10 16
Et—
763 9313 78%
5 1 17
MeCH ~—
303 56% 32t
O_ 6 2 18
6.% 30% 19%
Meyc— ? 13 19
701 50% 23t
Hy— a 7] 20
R0 ) 2 1 > 1 H
R’ 8-0Ar R"=Ac R'=3 04, R =} R'=a oM~ R -CHZF‘h
RO
o2 a8 9732 152
Me — ° 15 21
Mixture 212 932
TABLE H
YIELDS OF 2-DEOXY GLYCOSIDES
ChyCac R CH0AL
AcO H3C 7ons AcO
R AcO AcO < AcHN
RO OR
22 27 33
Er—- 922 g8t 90%
23 28 34
MeaCH = 50% $E% 8.3
O_ 24 29 35
9tz 592 832
25 30 35
Meae = 931z 9% a0z
205 26 Y 37
° \ R'=3-0Ac, R%-Ac R'=3-0Ac, R =Ac Rl a-ome, &7 CiPn
R0 o 'R 913 993 973
32 38
Mo 971 9%
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Similarly, the glycal 1 reacted with NBS and 1 5 molar equivalents of ethanol
cyclohevanol, rert-butyl alcohol, or 1,2,3,4-tetra-O-acetyl-f-pD-glucopyranose to
aive 1n high yields (Table 1), the corresponding 3,4.6-tr-O-acetvl-2-bromo-2-deoxy-
«-D-mannopyranosides (4, 6, 7, and 8, respectively), these were also debrominated to
the corresponding deoxv compounds (22, 24, 25, and 26) 1n virtuallv quantitative
yields, as shown 1n Table Il Their structures were confirmed by p m r spectroscopy
Moreover, the physical properues of the deacetylated deoay products (40, 41, and 42)
were found to be 1dentical with those of the known compounds® ° The corresponding
2-bromo-2-deoxy-B-D-glucopyranosides, which could be detected by t 1 ¢, were not
1solated but were estimated to be present to the extent of less than 5%

In conuast, the reaction of 1 and methanol 1n the presence of NBS at 5° gave a
mixture (9) of methyl z-pD-manno- and f-D-gluco-pyranosides, 1n the ratio of 4 1, as
determined by p mr studies'? Reacuon at room temperature gave the mixture of
a-manno- and f-glucopyranosides 1n 2 1 ratio

In the formation of the aforementioned 2-bromo-2-deoxv-x-D-manno-
pyranosides, it seems reasonable to suppose that the glycal 1 reacts with NBS to give
an ntermediate, cychc bromonmium ion (A) that 1s resonance-stabtlized as the oxo-
carbomum ron'? C through ring-oxygen participation The bromonium ion A may
undergo nucleophibic attack by an alcohol from the axial side at the anomeric center,
the orien ation of attack may be governed by the anomeric effect, promoting diaxial
openuing of the imual bromonium 1on A and, consequently, gtving mainly the 2-bromo-
2-deoxy-a-D-mannopyranoside In the reaction of 1 with methanol, however, another
cyclic bromomium 10on (B) and osxocarbomium ton (D) appear to take part in the

”  CH,0Ac CHOAc ) ¢ CHOAc CH,0Ac )
2 2 : 9
2l el | T T LAY A
AcO Br AcO % AcO AcO
B
\ D / \ A C )
( 0, h (o] h
Ac Ac 5 Ac AcO A
CH, ¢ CH -— — ( CH CHy +
ez Br -— ot %eBr - 2 —— "I‘e R -— h-%e
~Br Br
CH, CH; CHy CH,
\ H F / § E (€] )

react.on as intermediates, giving methyl 2-bromo-B-p-glycopyranoside by equatomnal
attack of methanol Perhaps the higher rate of reaction with methanol does not allow
complete equilibration of the bromomium 10a to the more-stable, manno bromonrum
1on (A) The gluco bromonium 1on (B} would be destabilized by the reverse anomeric
effect’* Equatornal approach to the anomenic center of alcohols larger than methanol
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may also be subject to steric hindrance This mechanism 1s compatible with that for
methosyhalogenation of glvcals proposed by Lemieux ef al 3 17

Attention was next focused on the synthesis of branched-chain 2-deovy-x-
glycosides, which are impertant constituents especially in macrolide antibiotics The
starting glycal chosen was the acid-labile 4-O-acetyl-1,5-anhydro-2 6-dideoxy-3-C-
methyl-3-O-methyl-L-r.bo-hex-1-enitol (2), which was prepared mutially by treatment
of 4-O-acetylcladinose (46) with mesyl chloride or tosyl chlonde in pyndine

Treatment of 2 with I 5 molar equivalents ot the aforementioned alcohols 1n
the presence of NBS gave the corresponding 2-bromo-z-L-altropvranosides 10-13
exclusively and even gave a disaccharide (14) 1n more than 90% wield, as shown in
Table I Furthermore, it was noteworthy that even the reaction with methano! gave
methyl  4-0-acetyl-2-bromo-2,6-dideoxy-3-C-methy1-3-O-methyl-4-L-altropyranoside
(15) exclusively, isolated n 91% vield without formation of the f anomer The
structures of the products wer2 confirmed by p m r spectroscopv [J, » (or Jy. 1/} =
1-1 5Hz and for the conrrespond'ng debrominated compounds 27-32 (Table I1)
Jya(or J, »)=45Hzand J, 5. (or J, ,..)= ~1 Hz|

The highly stereoselecuve and regiospecific reaction of the branched-chain
glycal 2 appears mechamstically similar to that of 1, however, the ovocarbonium ton
G 15 presumably more favored than the 1on H as the latter would be very unstable
because of the sterically unfavorable, gauche-effect of the hindered bromine atom at
C-2 between the geminal methyl and methoxvl groups at C-3 Consequently. the shift
of the equilibriumm strongly favors the one intermediaie (E) over the other (F),
making diaxial opening of the cyclic bromonium 1on (E) exclusive, giving oaly
2-bromo-a-L-altropyranosides Thus, the gauche effect, together with the anomeric
effect 10 the transiuon state evidently overcome the 1,3-diawial 1nteraction that would
be created between the alcohol approaching the ancmenic center from the axial side
and the C-3 axial methoxyl group, and thereby govern the specific reacuvity Acidic
methanolysis of erythromycin gave a | 4 misture of methyl «- and f-cladinosides,
and thus ratio may reflect the operation of the aforementioned I,3-diaxial interaction
(see Experimental) Acidic ethanolysis hkewise gave ethyl f-cladicoside, predo-
munantly as the major product Acetaies of methyl and ethyl S-cladinosides (44 and
45) were prepared by the foregoing alcoholysis reacuon to provide references for the
corresponding synthetic a-cladinosides (32 and 27)

Finally, the applicauon of this synthetic method to the synthesis of 3-amino-
2-deosyglycosides was invesugated Treatment of 3-acetamido-4,6-di-O-acetvi-1,5-
anhydro-2,3-didecxy-D-arabmo-hax-1-enstol® (3) with alcohols 1n the presence of
NBS gave the expected 3-acetamido-2-bromo-2-deoxy-x-D-mannopyranoside acelates
(16-20) However, 1n comparison with the aforementioned glycals ¥ and 2, the yields
(Table 1) were not so high for some compounds Certain by-products have been
1solated, and their structural elucidation may help m efforts to improve the yields
However, 1n contrast to the reacuon of 1, the glycal 3 reacted with methanol to give
exclusively methyl 3-acetamido-4 6-di1-QO-acetyl-2-bromo-2,3-dideoxy-¢-D-manno-
pyvranoside (21), i1solated in 93% yield The stercoselective reactton of 3 may be
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ascribed to participation by the 3-acetamido group Although no evidence was
obtained and no by-product was i1dentified, 1t seems probable that the nucleophilic
acetamido group may attack the g/uco bromomum 10n (analog of B) from the top
side of the sugar ring to form an oxazinium intermediate, gaiving an a-mannopyrano-
siae in low yield, except with methanol and ethanol For methanol or ethanol, reaction
of alcohol with the manno bromomum .on (analog of A) may be far faster than that
of the aforementioned attack of the acetamido group, giving high yields of methyl or
ethyl 2-bromo-2-deoxy-z-mannopyranoside (21 or 16) Withop and coworhkers!’
have described a related, intramolecular participation of an acetamido group

Debromination of the aforementioned 2-bromo denivatives gave the cor-
responding 3-acetamido-2-deoxy-a-p-arabino-hexopyranosides (33-38) in approxi-
mately 90% yields, as shown 1n Table IT

In the p m r spectra of the ethyl 2-bromo-2-deoxy-z-glycosides (4, 10, and 16)
and ethyl 2-deoxy-a-glycosides (22, 27, and 33), it was of interest that two protons
{H and H’) of the methylene portion of the ethyl groups were not equivalent, thus
leading to two doubled quartets (Jey,,cn, 7, and Jy u 9 5-10 Hz) having different
chenucal shifts Also, the p m r spectrum of the f-anomer 44 showed two doubled
quartets

In the reacuon of the glycals with NBS and alcohols, change of the organic
solvent (acetonitrile to ether) used did oot greatly affect the yields of the resulting
2-bromo-2-deoxy-a-glycosides, use of a lower temperature gave more of the a-
glycosides than B-glycosides, especially 1n the reaction with methanol, as described
for 9

As regards the molar ratio of alcohol to glycal, 1 2 molar equivalents of the
former gave essentially the same yields as those obtained with 1 5 molar equivalents
but the reactions with rserz-butyl alcohol gave lower yields A reaction time of one
hour was satisfactory for completion of the reaction with most of the alcohols, but
reaction overmught or for 3 days was required for terz-butyl alcohol

1,3-Dibromo-5,5-dimethylhydantoin and N-bromoacetamide were also used,
iostead of NBS, without greatly affecting the yields Moreover, because they reacted to
give more-polar products (dimethylhydantoin and acetamide) than succimimude, they
were useful for synthesis of 2-bromo-2-deoxy-x-glycosides that were separated from
succtmmude only with difficulty by column chromatography

In summary, the glycals 1 and 2 reacted with alcohols in the presence of
brominating reagents to give high yield of 2-bromo-2-deoxy-a-glycopyranosides
which could be converted 1nto the corresponding 2-deoxy-x-glycopyranosides in
essentially quantitative yields The glycal 3 gave the corresponding 2-bromo-2-deoxy-
a-glycopyranosides in variable yields, decreasing as the molecular size of the alcohols
increased

In parucular, the highly stereoselective and regiospecific reaction of the
branched glycal 2, followed by quanutative debromination, provides an efficient
approach for the synthesis of branched-chain 2-deoxy-a-glycosides
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EXPERIMENTAL

General — Melung points were determuned on a Yanacc MP-S3 apparatus and
are uncorrected Specific rotations were measured (0 2-dm tube) with a Carl Zeiss
Photoelectric Precision polarimeter The pmr spectra were determuned, unless
otherwise state, for solutions in chloroform-d with Varnian A60 and XL100 spec-
trometers Chemical shifts are given 1n 8 units relattve to internal tetramethylsiiane
(for CDCIl;) and sodium 4,4’-dimethyl-4-silapentane-1-sulfonate (for D,0) Coupling
constants were obtained by measunng spacings of spectra judged to be first-order
Column chromatography was performed on silica gel (Wakogel C-300) developed
with the following solvent systems A, 201 chloroform-ethyl acetate, B, 101
chloroform-ethyl acetate, C, 31 hevane-ethyl acetate, D, 41 chloroform-ethyl
acetate, E, 5 | hexane-ethyl acetate, F, 3 1 chloroform-ethyl acetate, G, 2 1 hexane—
acetone, H, 2 | chloroform-acetone, and others Thin layer chromatography (tlc)
was performed on Wakogel B-5 with the same solvent system as descr-bed for column
chromatography, and the chromatograms wers developed by spraying with sulfuric
acid

Tri- O-acetyl-p-glucal® (1), 3-acetamudo-4,6-di1- O-acetvl-1,5-anhydro-2,3-
dideory-D-grabino-hex-1-emtol® [3, m p 157-158°, [a]}® +65° (¢ I O, chloroform)},
1,2,3,4-tetra- O-acetyl-B-p-glucopyranose'® [mp 127-129°, [a]l¥ +978° (¢ 6,
chloroform)], and tnbutylstannane'® were prepared according to published procedures

General method for the preparation of acetates of 2-bromo-2-deox)-u-gly cosides
(4#-21) — Merhod A (used unless otheruise stated) To an 1ce-cold, stirred solution of
the glycal (I, 2, or 3, 0 5 mmol) i dry acetomtnle (approximately 1 ml) was added
the alcohol (0 75 mmol) followed by NBS (107 mg, 0 6 mmol) The resulting solution
was stirred at the same temperature (~5°) for 0 5 h and at room emperature for | h,
and then concentrated in tacuo to afford a restdue, which was chromatographed on
a column of silica gel (10 g) with an appropnate solvent system The eluates containing
the mayor product were combined and evaporated iz vacuo to give the acetylated of
2-bromo-2-deoxy-a-glycoside as 2 solid or syrup Solids w..e recrystallized from an
appropnate solvent

Method B As method A, except that 0 3 mmol of 1,3-dibromo-5,5-dimethyl-
hydantoin (86 mg) was used in the place of NBS

Method C As method A, except that 0 6 mmol of N-bromoacetamide (83 mg)
was used instead of NBS

Ethyl 3.4.6-tr1-O-acetyl-2-bromo-2-deo xy-a-D-mannopyranoside (4) — Com-
pound 1 (173 mg, 063 mmol) was treated with cthanol by the general method
described Punfication by column chromatography (solvent A) gave syrupy 4, [x}}°
+21 3% (¢ 10, chloroform), pmr 46127 (t, 3H, Jcu, cn, 7Hz, CH; of Et), 207,
210,and 2 12 (s, 3 H each, OAc), 3 59 and 3 83 (dq, | H each, Jy 4 10 Hz, H and H’
of CH, of Et), 3943 (m, 3 H, H-5,6,and 6'), 449 (q, 1 H, J, ;1 5, /5,3 ~35 Hz,
H-2),513 (.1 H,H-1),529(q, 1 H, J; 4 ~95Hz, H-3),and 55 (t, | H, J; 59 5 Hz,
H-4)
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Anal Calc for C, H,,BrOg C, 4233, H, 533, Br, 2012 Found C, 4219,
H, 518, Br, 2009

Isopropvl 3,4.6-tr1-O-acetyl-2-bromo-2-deo vy -u-nD-mannopy ranoside (5) — Com-
pound 1 (111 mg 041 mmol) was treated with 1sopropyl alcohol by the general
method described Purificauon bv column chromatography (solvent C) gave the
a-D-manno product 5 (145 mg, 86%) as a faster-moving component (Rg 0 35) on
t ¢ The product was a syrup, [2]3° +27 5 (¢ 10, chloroform), pmr o1 20 and
126 (d 3 H each, Jcy, cy 6 Hz, Me,C), 206,209, and 2 10 (s, 3 H each, OAc),
37435 (m 4H, H-5,6,6’, and CH of isopropyl group), 438 (q, 1 H, J,. 15,
Jsy 35Hz H-2), 515, 1 H, H-1), 522 (q, 1 H, J; 4 ~95 Hz, H-3), and 538
(t, | H, J,, ~9 Hz, H-4)

4nal Calc for C,sH,;BrO3 C, 4381, H, 564, Br, 1943 Found C, 4401,
H 561, Br 1964

Isopropyl 3.,4.6-tri-O-acety I-2-bromo-2-deo ) -B-D-glucop) ranoside (7 mg, 4%)
was 1solated as the slower-moving product (R 030 on t 1 ¢ ) and gave needles (ether—
hesane), mp 112-112 5%, [z]}® +425° (¢ 10, chloroform), pmr & 124 and |28
(d, 3 H each, Jey cu, 6 Hz, (Me,C), 202, 208, and 209 (s, 3 H each, OAc), 36-38
(m, 1 H,H-5),375(q. 1 H,J, ,85,J,; ~10Hz H-2),39-44(m, 3 H, H-6,6", and
CH of 1sopropyl group), 460 (d, 1 H, H-1), 495 (t, | H, J; 4 = J; 5 =9 Hz, H-4),
and 529 (q. I H H-3)

Anal Calc for C, ,H.;BrOg C, 4381, H, 564, Br, 1943 Found C, 4104,
H, 56!, Br, 1963

Preparation by methods B and C also gave 5, 1n 83 and 75% yields, respectively

Circlohexyl  3,4,6-tr1-O-acet) I-2-bronio-2-deox) -2-D-mannopyranoside (6) —
Compound 1 (142 mg, 0 52 mmol) was treated with cyclohesanol by the general
method described Purnficabon by column chromatography (solvent B) gave syrupy 6,
[2]52 +40" (¢ 1 O, chloroform), pmr o 1-2(m, 10 H, 5x CH, of cyclohexy! group),
36 (m, 1 H, CH of cyclohexyl group), 439 (q, I H, J, . 15, J, 3 35 Hz, H-2), and
518, I H, H-1)

Anal Calce for C,gH,;BrO; C, 4790, H, 603, Br, 1770 Found C, 47 66
H 592 Br, 1796

tert-Butyl 3,4,6-tri-O-acotr1-2-bromo-2-deo cv-a-p-mannopyranoside (7) — Com-
pound 1 (196 mg, (72 mmol) was treated with reri-butyl alcohol by the general
method described except that reaction was extended to 3 days Punification by column
chromatography (solvent C) gave 7 as a syrup, [«]}® +225* (¢ 10, chloroform),
pmr o130(s,9H, Me,C),207 (5,3 H,0Ac),210(s,6 H,2x0Ac).436(q, 1 H
Jiy.15 Jy;35Hz H-2),and 536(d, I H, H-1)

Anal Calc for C,(H,sBrO; C 4519, H 593, Br, 1879 Found C, 45 36,
H. 588 Br, 1883

6-0-(3,4.6-Tri-O-acety [-2-bromo-2-deox v-a-D-mannopy ranosil)-1,2,3,4-tetra-
O-acety-B-p-glucoprranose (8) — Compound 1 (119 mg, 044 mmol) was treated
with 1,2 3,4-tetra-Q-acetyl-f-D-glucopyranose in a misture (I ml) of acetonmtnle and
ether (1 1) by the general method described Purificaucn by column chromatography
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(>olvent D) and recrystallization from ether gave rosettes of 8, m p 154-156", [x]}?
+325% (¢ 10, chloroform), pmr 5203, 204, 206, 207, 209, 211, and 213
(s, 3 H each, OAc), 3543 (m, 6 H, CH,-6, CH,-6', H-5, and H-5'), 450(q 1 H
Jy 2 15 J, 3 4Hz, H-2), 49-55 (m, 5 H, H-2,3,3",4, and 4’), 506 (d, which
collapsed to a singlet on rrradiation at 64 50, 1 H, H-1'),and 569 (4, | H J, , 7 Hz,
H-1)

Anal Calc for C,,H;,BrO,; C, 4465, H, 504, Br, 11 42 Found C, 448l
H,502,Br, 11 64

Mivture (9) of metlyl 3,4,6-tri-O-acetrvI-2-bronio-2-deoy -2-pD-mauno- and -f-D-
gluco-py ranosides — Compound 1 (99 mg, 0 33 mmol) was treated with methanol at
room temperature by the general method described Punfication by column chromato-
graphy (I | hexane-ethyl acetate) gave svrupy mixture 9, pmr 0345 acd 360
(s, 3H 1n total relative intensity ~2 1, MeO of a-manno and B-gluco 1somers'!
respecuvely), 4 55 (d, J, , 8 Hz, H-1 of B-bD-gluco 1somer), and 50 (d, J, , | §Hz,
H-1 of a-D-manno 1somer)

Reacuon at 5 gave the mizture of a-D-manno and f-D-g/uco 1somers with
relauve ntensities of ~4 1 of therr O-methyl signals

Ethvl 4-O-acetrl-2-bromo-2.6-dideovy-3-C-methy1-3-O-methyl-2-L-altro-
pyranoside (10) — Compound 2 (108 mg, 0 5 mmol) was treated with ethanol by the
general method descnibed Punficauon by column chromatography (10 1 hesane-
ethyl acetate) gave 10 as a svrup, [«]}° —65° (¢ 19, chloroform) pmr o118
(d.3H, Js ¢y, 6 5Hz, CH;-5), 1 23(t,3 H, Jcy, cu 7 Hz, CH; of Et), 140 (s, 3 H,
CH,-3) 215 (s, 3H, OAc), 332 (s, 3H CH;0-3), 350 and 380 (dg 1 H each,
Juwy 10Hz, Hand H' of CH, of Et), 432(d, 1 H, J, , 1 5 Hz, H-2), 4 35 (dq, | H,
Jy s ~95Hz, H-5), 506 (d, I H, H-1), and 523 (d, | H, H-4)

Anal Calc for C,,H,,BrO, C, 4432 H, 651, Br, 2457 Found C, 408,
H, 6 31, Br, 2433

Isopropil 4-O-acetyl-2-brono-2.6-dideoxy -3-C-methyl-3-O-methy I-a-L-altro-
pyranoside (11) — Compound 2 (64 mg, 0 32 mmol) was treated with 1soprooyl
alcohol by the general method descnibed Punficauon by column chromatography
(solvent A) gave 11 as a syrup that gradually crystallized m p 64-67° [«]f° —72 5
(¢ 10, chioroform), pmr o115 (d, 6H, Jcy, cy 6 Hez, Me,C), 122 (d, 3 H,
J, cu, 6 Hz, CH;-5), 1 38 (s, 3 H, CH;-3),2 10(s 3 H, OAc), 326 (s, 3 H, CH;0-3),
3 88 (septet, 1 H, CH of 1sopropyl group), 423 (d, | H, J, ; | 5 Hz, H-2), 4 34 (dq,
I H, J_ .95 Hz, H-5), 509 (d, | H, H-1), and 5 20 (d, | H, H-4)

Anal Calc for C,;H,;BrO, C, 4603, H, 6 83, Br, 23 55 Found C, 46 14,
H, 6 73, Br, 23 31

Cyclohexyl 4-O-acety -2-bromo-2,6-dideo) -3-C-methyt-3-O-methy (-a-L-altro-
prranoside (12) — Compound 2 (36 mg, 0 28 mmol) was treated with cyclobexanol
by the general method described Purification by column chromatography (81
hevane-ethyl acetate) gave crystals of 12, m p 63-66°, [x]5” —70 (c 1 0, chloroform),
pmr o0365.mn, 1 H, CH of cyclohexyl group), 431 (d, | H, J, , 1 Hz, H-2), 440
(dq, 1 H, Jy , 95, Js cu, 6 5Hz, H-5), 515(d, 1 H, H-1), and 525 (d, | H, H-4)
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Anal Calc for C, H,,BrO, C, 50587, H, 718 Br, 2107 Found C, 5085,
H 708, Br, 21 15

tert-Buiyl 4-O-acetyl-2-bromo-2,6-dideo xy-3-C-methyl-3-O-methyl-a-vL-altro-
pyranoside (13) — Compound 2 (84 mg, 042 mmol) was treated with fers-butyl
alcohol by the general method described except for reaction overmight Punfication
by column chromatogranhy (solvent E) gave syrupy 13, [a]}* —66 3° (¢ 1 0, chloro-
form),pmr 6113(d, 3 H, Js ¢y, 6 5 Hz, CH,-5), 1 26 (s, 9 H, Me;C), 1 37(s, 3 H,
CH,;-3),423(d, 1 H, J, ;1 5Hz, H-2),445(dq, | H, J4,59 5 Hz, H-5}, 522 (d, 1 H,
H-1), and 527 (d, 1 H, H-1)

Anal Calc for C,;H.sBrO5 C, 4760, H, 7 13, Br, 2262 Found C, 47 36
H, 701, Br, 2249

6-0-(4-0-Acetyl-2-bromo-2,6-dideoxy-3-C-methyl-3-O-methyi-a-L-altro-
pyranos)1)-1,2,3 4-tetra-O-acet) l-B-p-glucopyranose (14) — Compound 2 (76 mg
038 mmol) was treated with 1,2,3,4-tetra-O-acetyl-f-D-glucopyranose in a 11
mixture (1 ml) of acetonitrile and ether by the general method described Punfication
by co*umn chromatography (4 | chioroform-ethyl acetate) and recrystallizauon from
ether gave needles of 14, m p 173-174°, [2]3® —26 3° (¢ 1 0, chloroform), pmr
6112(d, 3H,J, cu, 6 5 Hz, CH,-5), 1 37 (s, 3 H, CH,-3'), 201, 203, 204, 212,
and 214 (s, 3 H each, OAc), 332 (5, 3 H, CH,;0-3'), 33-39 (m, 3 H, H-5 and
CH,-5), 430 (dq, 1 H, J; 5 10Hz, H-5"), 433 (d, 1 H, J, , 1 Hz, H-2"), 490
(sharp d, 1 H H-17), 495-535 (m, 4 H, H-2,3,4, and 4°), and 565 (d, 1 H, J, :
7 5 Hz, H-1)

Anal Calc for C, H;sBrO,, C, 4594, H, 562, Br, 1274 Found C, 46 13,
H, 559, Br, 1276

Methyl! 4-O-acety[-2-bromo-2 6-dideoxy-3-C-methy1-3-O-methyl-a-L-altro-
pyranoside (15) — Compound 2 (50 mg, 0 25 mmol) was treated with methanol by
the general method described Punfication by column chromatography (4 | hexane-
ethyl acetate) gave syrupy 15, [x]5° —61 3°(c | 0, chloroform), pmr 6102(d, 3 H,
J, cu, 6 5 Hz, CH;-5), 1 33 (s, 3 H, CH;-3), 2 07 (s, 3 H, OAc), 3 21 (s, 3 H, CH;0-1)
331, 3H,CH;0-3),419(d, 1 H, J, , | Hz, H-2),4 2 (m, 1 H, H-5),482(d, 1 H,
H-1), and 509 (d, 1 H, J, , 95Hz, H4)

Anal Calc for C;,H,¢BrO, C, 4246, H, 6 15, Br, 2568 Found C, 42 28,
H, 593, Br, 2548

Ethyl 3-acetamido-4,6-di-O-acetyl-2-bromo-2,3-dideox,-a-D-mannopy ranoside
(16) — Compound 3 (100 mg, 0 37 mmol) was treated with ethanol by the general
method described Punfication by column chromatography (solvent F) and recrystal-
lization from chloroform—ether-hexane gave needles of 16, m p 118-120°, [«}3° + 50~
(¢ 10, chloroform), pmr 8127 {t, 3H, Jey, cu. 7 Hz, CH; of Et), 199 (s, 3 H,
NAc), 208 and 211 (s, 3 H each, OAc), 3 60 and 3 83 (da, | H each, J,, 4 10 Hz,
H and H' of CH, of Et), 3944 (m, 3H, H-5,6, and 6'), 440 (4, 1 H, J,, 15,
J1335Hz, H-2),471 (dq, 1 H, J;3 4 10 J; nyy 8 5 Hz, H-3),512(d, 1 H, H-1),520
(.1 H, J, 595 Hz, H-4), and 5 9 (broad d, I H, NH)
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Angl Calc for C 4H,,BrNO, C, 4244, H, 560, Br, 2017, N, 3 54 Found
C,c_61,H,552,Br,2040, N, 356

Isopropyl  3-acetamido-4,6-di-O-acetyl-2-bromo-2,3-dideox} -%-D-manno-
pyranoside (17) — Compound 3 (100 mg, 0 37 mmol) was treated witia 1sopropyl
alcohol by the general method aescmbed Punfication by column chromatography
(>olvent F) and recrystallization from chloroform-ether-hexane gavz needles of 17,
mp 152-153° [2})® +525°(c 10, chloroform), pmr o121 and 1 28(d, 3 H each,
Jeu, cn 6 Hz, Me,C),438(q, ' H, J, . 1 5, J. 3 3 5Hz, H-2), and 5 21 (d, | H. H-1)

Anal Calc for C,sH.,BrNO, C, 4391, H, 590 Br, 1948, N, 341 Found
C, 4400, H, 594, Br, 19 26, N, 3 26

Preparation by methods B and C also gave 17,10 55 and 62% yields, respectively

Cyclohexy! 3-acetamido-4,6-di-O-acetyl-2-bromo-2,3-dideoxy - x-D-manno-
pyranoside (18) — Compound 3 (118 mg, 0 44 mmol) was treated with cyclchexanol
by the general method descnibed Purification by column chromatography (solvent F)
and recrystallization from chloroform-cther—hexane gave needles of 18, mp 133-
134°, [2]5® +50° (¢ 1 O, chloroform) pmr &3 7 (m, 1 H, CH of cyclohexyl group),
436(q,1 H,J, 2 15,J,335Hz, H-2),and 523(d, ! H, H-1)

Anal Calc for C gH.gBrNO, C, 4801, H, 627, Br, 1774 N, 311 Found
C,4778, H. 615 Br, 1760, N, 322

tert- Buty! 3-acetamido-4.6-di-O-acetyl-2-bromo-2,3-dideoxy-u-D-manno-
pyranoside (19) — Compound 3 (113 mg, 042 mmol) was treated with rerr-butyl
alcohol by the general method described, except for reaction overnight Punficaticn
by column chromatography (solvent F) and recrystallizatuion from chioroform-ether-
hexane gave needles of 19, m p 149-150°, [x]}® +47 5° (¢ 10, chlorcform) pmr
0133(s,9H, Me;(),428(q, 1 H,J,,15,J;,;3Hz H-2),and 527 (d, 1 H, H-1)

Anal Cale for C,(H,,BrNO, C, 4529, H, 618, Br, 18 83, N, 3 30 Found
C, 4507, H, 596, Br, 1898, N, 317

Methyl 6-O-(3-acetanuido-4,6-di-O-acetyl-2-bromo-2,3-dideo x\ ~ot-D-manno-
pyranosyl)-2,3,4-tri-O-bency l-a-D-glucopyranoside (20) -—— Compound 3 (144 mg,
0 53 mmol) was treated with methyl 2 3,4-tr1-O-benzyl-a-p-glucopyranoside (47) by
method B except for a 2-h reacuon time 1n I | acetonntnle—cther Punification by
column chromatography with solvent G followed by rechromatography with 7 1
chloroform-acetone gave 20 as a solid, m p 44-48°, [2]{* +67 5°(c 1 0, chloroform),
pmr 6197 (s, 3H, NAc), 204 (s, 6 H, 2<0Ac), 339 (s, 3 H, CH,0-1), 4 37
(@ I H, J; 2 15, J, 3 35Hz H-2), 509 (d, 1 H, H-1"), 580 (d, 1 H, J5 nu
8 5 Hz, NH), and ~7 3 (sharp signais, 15 H, phenyl of benzyl groups) Irradiation at
6 4 37 caused a doublet at 6 509 to collapse to a sharp singlet

Anal Calc for C,oH, gBfNO,, C, 5897, H, 594, Br, 981, N, 1 72 Found
C,5876,H,598, Br, 1004, N, 1 60

Methyl 3-acetanido-4,6-di-Q-acet) l-2-bromo-2,3-dideox) -2-D-mannopyranoside
(21) — Compound 3 (153 mg, 0 56 mmol) was treated with methanol by the general
method described Punfication by column chromatography (solvent F) and recrystal-
hzation from ether gave rods of 21, m p 99-100°, [x]L” +47 5* (¢ 1 O, chloroform),
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pmr 8199(s,3H,NAc),207and 211 (s, 3 H each, OAc), 344 (s 3 H, CH,0-1),
3943(m,3H,H-56,and6°),436(q, 1 H J, ,135,J,;35Hz H-2),462(dq, | H,
Jy 4 10, J5 ny 8 S Hz, H-3),495 (sharp d, 1 H, H-1), 511 (1, | H, J 5 10 Hz, H-9),
and 6 02 (d, | H, NH) Onrradiation at ¢ 6 02, a doubled quartet at o 4 62 changed
to a quartet Irradiation at § 4 95 caused a quartet at J 4 36 to change to a doublet

Anal Calc for C;H.yBrNO-; C, 4085, H, 527, Br, 2091, N, 366 Found
C,4063 H, 518, Br 2073 N, 3 51

General method for the preparation of acztates of 2-deoxy -a-glycosides (22-38) —
To a solution of the aforementioned acetate of 2-bromo-2-deony-x-glycoside (4-21,
0 2 mmol)n dry benzene (approaimately | ml) under an argon atmosphere was added
tributylstannane (70 mg 0 24 mmol) and ««'-azobisiscbutyromtrile (2 mg) The
solution was stirred for 1 h at 60° and then concentrated 1 tacuo to afford a residue,
which was chromatographed with an approprate solvent system on a column of about
a 100-fold weight of silica gel 1n relation to the amount of starting glycoside The
eluate containing the product was evaporated i racuo to yield the solid or syrupy
2-deoxy-u-glvcoside Solids were recrystallized or sublimed

'Eth_ll 3,4,6-rr1-O-acet} I-2-deo vy -x-D-arabino-hexopy ranoside (22) —Compound
4 (150 mg, 0 37 mmol) was debrominated by the general method described Purifi-
cauon by column chromatography (solvent B) gave 22 as a svrup, [«])° +112-
(c 10, chloroform), pmr o122 (t, 3H, Jey,,cn. 7Hz CH, of Et), 18 (dg, | H,
Jy 224, a2 115 Jyy . 13Hz H-23),222(dq, 1 H, J, 5. 1 5, Ja. 3 55 Hz, H-2e),
3 45 and 3 68 (dg, which collapsed to an AB quartet on irradiation at 6124 1 H
each, Jy 4y 10 Hz, H and H’ of CH, of Et), 395 (m, | H, H-5),405and 430(q, | H
each, J, ¢, 2, J, 6 435, Jo 6 12353 Hz, H-6 and 6'), 494 (q, | H, H-1), 497 (1, 1 H,
Jyy=Jy5=95Hz, H-4) and 533 (dq, | H, H-3)

4nal Cale fer C,4H,,05 C, 5282, H, 697 Found C, 5274 H, 686

Isoprop)! 3,4,6-tri-O-acetr[-2-deory-a-D-arabino-he xopy ranoside (23) — Com-
pound 5§ (120 mg, 0 29 mmol) was debrominated by the general method described
Punfication by column chromatography (solvent B) gave 23 as an analytically pure
syrup [x]5° + 117° (¢ 1 0, chloroform) that crystallized on standing Recrystallization
from pentane gave needles of 23 mp 727, [x)3° +119° (¢ 1 0, chloroform) [hit !
mp 73-74°, [o]3® +127" (¢ 10, chloroform)], pmr &1 17 and I 23 (d, 3 H each,
Jeuy,cn 6 Hz, Me,C), 180 (dq. ' H, J, 2, 4, Ja, 5 11, J,y, 2. 13 Hz, H-2a), 202,
205, and 209 (s, 3 H each, OAc), 222 (dq, 1 H, J; 2 15, .. 5 55 Hz, H-2),
37-46(m 3H H-56,and 6’) 502(1, 1 H,J; ,=J, s =95Hz, H4),512(q, | H
YH-1), and 542 (dg. 1 H, H-3)

Anal Calc for C, H,,0, C,5421,H,728 Found C, 5427, H, 7 30

Cvclohexyl 3,4,6-tri-O-acety I-2-deo x1- 2-D-arabino-he\op) ranoside (24) — Com-
pound 6 (250 mg, 0 55 mmol) was debrominated by the general method described
Punfication by column chromatography (solvent C) gave syrupv 24, [«])?® +107
(¢ 10 chloroform), pmr ¢ 1-2 (m, 10 H, 5% CH, of cyclohexyl group), | 8 (dgq
1 H, J, 2.4, Joa,3 11, Jay 2. 13Hz, H-2a), 223 (dq, I H, J; 5. 15, J,.; 55Hz
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H-2e),36 (m, I H, CH of cyclohexyl group), 502 (t, | H Jy ,=J, , =95 Hz, H4)
518(gq, 1 H H-1), and 543 (dq, 1 H, H-3)

Aunal Cale for C;gH.3O0g C, 5805, H, 758 Found C, 5785, H,737

tert-Buty i 3 4,6-tri-O-ace 1vl-2-deo vy -u-p-arabino-he vopy ranoside (25) — Com-
pound 7 (158 mg, 0 37 mmol) was debrominated by the general method aescribed
Purification by column chromatographv (solvent C) gave syrupy 25, [«]5° +110°
(¢ 1 0, chloroform),pmr 0126(s,9H Me;C),180(dg, 1 H, J, ., 35 J,, 3105,
Jii,2¢ 123 Hz, H-2a), ~213 (dq 1 H, J, 2, 1 5, J5. 3 55 Hz, H-2e), 50 (¢t 1 H,
Jys=Jys=95Hz, H4), 532(q, ' H H-1), and 545 (dq, | H, H-3)

4nal Calc for C| ,H, 0O, C, 5548 H, 757 Found C, 5562, H, 74]

6-0-(3.46-Tri-O-acetrI-2-deov -«u-D-arabino-hevop) ranosrvi)-1 2,3 ,4-tetra-O-
acctyl-p-D-glucopiyranose (26) — Compound 8 (100 mg, O {4 mmol) was debro-
munated by the general methcd described Punficauon by column chromatography
(10 1 chloroform-acetone) and recrystalhization from ether gave roseties of 26,
mp 127-129°, [4]L° +638° (¢ { 0 chloroform), pmr 0178 (dq, [ H, J; 1,4
Jaasz LIS Jy,a. 135H2, H-2'a), 229 (dq I H, J, - 135 J..3 ~57Hz,
H 2'e), and 569 (d, 1 H, J, , 7Hz H-I)

Anal Calc for C. H,,0,~ C 3032 H 585 Found C,5022,H 375

Etinl 4-O-acenl-2,6-dideo 1 -3-C-methy [-3-O-rnetin I-x-L-ribo-he xop) ranoside
(27) — Compound 10 (98 mg 0 30 mmol) was debromunated by the general method
described Punfication by column chromatography (solvent A) and sublimation
(~15mm 60°) gave crystals of 27 m p 37 5-38 5°, [45” — 164° (¢ 1 0, chloroform)
pmr 6t12(d, 3H J, ey, 65Hz CH;-5) 112(s 3H CH;-3) 121 (1, 3H,
Jew,en 7THz, CHyof Et) 159(q tH J, 2,45 J>y 2 15Hz H-23) 216 (s, 3 H,
OAc), 229(q, 1 H, J, .. ~1 Hz),330 (> 3H CH,0-3) 337 and 271 (dq, which
collapsed to an AB gquartet on irradiattonat o 1 26 1 H each, J, 4y 95 Hz H and H’
of CH, of Et) 428 (dq, I H J,,95Hz H-3),470(d, 1 H, H-4),and 475 (q 1 H,
H-1)

Anal Calc tor C,;H,,0; C, 5852, H,900 Found C 5844 H 880

Isopropyl 4-O-acetvl-2 6-dideoxy-3-C-metini-3-0O-meiinf-x-L-nbo-hexo-
mranoside (28) — Compound 11 (104 mg 030 mmol) was debrominated by the
general method descnibed Purnification by column chromatography {(olvent A) and
sublimation (~15 mm, 60 ) gave crystals of 28, mp 24-25°, [x})° —185° (¢ 10,
chloroform) pmr o1 12and | 13(d, 3 H each, Jcy cu, 6 Hz, Me,C), 1 62(q, | H,
Jy20 43, Jog2e 155He, H-2a) 233 (q, I H, J, 2. | Hz H-2e), 397 (septet, 1 H,
CH of 1sopropyl group), 4 44 (dq | H, J, , 10, J, ¢y, 6 Hz, H-5),4 83 (d 1 H, H-4),
and 499 (q, | H H-1)

4nal Calc for C,;H,,0, C,5993, H,929 Found C,6006 H, 907

Chrelohexyl 4-O-acetvi-2,6-dideoy-3-C-metin(-3-O-methyl-«-L -nibo-hexo-
pvranoside (29) — Compound 12 (56 ing, 0 14 mmol) was debrominated bv the
general medchod described Purificatuon by column chromatography (solvent A) gave
syrupy 29, [x]116 —159° (¢ 10, chloroform) pmr 6163(q, | H, J; 2, 43, /1, 2.
155Hz H-2a),235(q 1 H J, ,, ! Hz, H-2e),3 7(m, | H CH of cvclohevyl group),

tn
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450 (dq, | H, Jy 5 10 Hz, Js cyy, 6 Hz, H-5), 485 (d, | H, H-4), and 504 (q, i H,
H-1)

Anal Cale for C; )H,s0, C, 6397, H, 940 Found C, 6374, H, 915

tert-Buiy! 4-O-acetyl-2,6-dideoxy-3-C-methyl-3-O-methyl-o-1L-r1bo-hexo-
pyranoside (30) — Compound 13 (93 mg, 026 mmol) was debrominated by the
general method described Punfication by coluran chromatography (solvent A) gave
30 as a solid, m p 73-74°, [2]5°> —155° (¢ 1 0, chloroform), pmr 6109 (d, 3 H,
Js cu, 6 Hz, CH;3-5), 1 11 (s, 3 H, CH;-3),1 26 (5,9 H, Me;C), 1 62(q, I H, J, 1,45,
J3a2e 155Hz, H-2a), 223 (q, 1 H, J, . | Hz, H-2e), 452 (dq, 1 H, J, s 10 Hz,
H-5),480(d, 1 H, H-4), and 5 19 (q, 1 H, H-1)

Anal Calc for C,,H,,0; C, 6129, H, 956 Found C, 61 14, H, 9 40

6-0-(4-O- Hdcetyl-2,6-dideoxy-3-C-methyl-3-O-meth) t-a-L-n1bo-hexop yranosyl)-
1,2,3,4-tetra-O-acetyl-B-p-glucopyranose (31y — Compound 14 (123 mg, 0 19 mmol)
was debrominated by the general method described Punfication by column chromato-
gradhy (solvent G) and recrystallization from ether gave needles of 31, m p 129-130°,
[e]p° —625° (¢ 10, chioroform), pmr 107 (d, 3H, Js cu, 65 Hz, CH,-5),
110(s, 3H, CH3-3"), 154 (q, I H J{+ 2.4 45, Ja 527 155 Hz, H-2'3a), 201, 2 10,
and 215 (s, 3 H each, OAc), 203 (s, 6 H, 2x0Ac), 235(q, 1 H, J; 2. ~1 Hz,
H-2'¢), 3 32 (s, 3 H, CH;0-3"), 33-39 (m, 3 H, H-5 and CH,-5), 425 (dq, | H,
Jios 95 Hz, H-5'), 463 (q, 1 H, H-1"), 467 (d, 1 H, H-4"), 4 9-5 35 (m, 3 H, H-2,3,
and 4),and 566 (d, 1 H, J, » 75 Hz, H-1)

Anal Calc for C,,H;c0,, C, 5255, H, 662 Found C, 5237, H, 640

Methyl 4-O-acet) !-2,6-dideoxy-3-C-methyl-3-O-methy l-a-L-nnbo-he xop) ranoside
‘32) — Compound 15 (61 g, 0 19 mmol) was debronunated by the general method
scnibed Punficatton by column chromatography (solvent B) and sublimation
(~15 mm, G3°) gave crystals of 32, m p 51-52°, [«]},° —179° (c 1 38, chloroform),
pmr 6111 (d, 3H, J5cu, 65Hz, CH;-5), 111 (s, 3H, CH;-3), 160 (q, 1 H,
Ji 2245, Jag,2e 155 He, H-2a), 214 (s, 3 H, OAc), 232 (q, 1 H, J, ;. 1 Hz, H-2¢),
330 (s, 3H, CH;0-3), 334 (s, 3 H, CH;0-1), 428 (dq, 1 H, J; 5 10 Hz, H-5), 4 67
(g, 1 H, H-1), and 474 (d, | H, H-4)
Anal Cale for C,(H,,0, C, 5688, H, 868 Found C, 5676, H, 8 56

Ethyil 3-ac2tamido—4,6-di-O-acet) I-2,3-dideo x) -x-D-arabino-he cop) ranoside (33)
— Compound 16 (80 mg, 020 mmol) was debrominated by the general method
described Punficatton by column chromatography (solvent H) and recrystalhzation
from ether gave plates of 33, m p 137-138°, [«]}’> +125° (¢ 1 O, chloroform), pm r
0123, 3H, Jeu, cu, 7Hz, CH; of Et), 1 63 (dq, 1 H, J, 2. 35, J3,3 12, J;, 2.
13 5 Hz, H-2a), 1 93 (s, 3 H, NAc), 208, and 2 10 (s, 3 H each, OAc), 2 21 (dq, I H,
Jy 2¢ 1, Jac,3 45 Hz, H-2¢€), 346 and 3 70 (dg, 1 H each, J,; 4 10 Hz, H and H’ of
CH,; of Et), 3954 15(m, 2 H, H-5,and 6),436(q, | H, J5 ¢ 5, Js,6 125 Hz, H-6"),
455(m, 1 H, H-3), 474 (q, 1 H, J3 4 95, J;,5 10 Hz, H-4), 490 (q, 1 H, H-1), and
568 (broad d, | H, NH) Irradiation at 6 1 29 caused doubled quartets at & 3 46 and
370 to collapse to an AB quartet
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Anal Calc for C, H,3NO, C, §299, H, 731, N, 441 Found C, 5319,
H, 729, N, 423

Isopropy! 3-acetanudo-4,6-di-O-acet) [-2,3-dideox) -a-D-arabino-he xopyranoside
(34) — Compound 17 (25 mg, 0 06 mmol) was debromunated by the general method
descnbed Punification by column chromatography (solvent H) and recrystallization
from ether gave needles of 34, m p 132-133° [«]}°+ 135" (¢ 1 O, chloroform). pm r
o1 18and 1 25(d, 3 Heach, Jeu, cn 6 5 Hz, Me;C), 1 65(dq, } H, J, 3,35, J5,,5 12,
J2a,2¢ 13 5Hz, H-23), 225 (dq, 1 H, J, 2. I, J2, 2 45 Hz, H-2¢),and 515 (q, | H
H-1)

Anal Calc for C,sH,;NO- C, 3437, H, 760, N, 423 Found C, 54235,
H,747, N, 418

Cyclohexyl 3-acetamido-4.,0-di-O-acetrI-2,3-dideo <) -a-D-arabino-hexop) ranoside
(35) — Compouand 18 (14 mg, 0 05 mmol) was debrominated by tne general metaod
described Punificatton by column chromatography (solvent H) and recrystallization
from ether gave needles of 35 that melted at 113-114°, resolidified, and then remelted
at 124-128°, [«])> + 128" (¢ 10, chloroform), pmr &10-20 (m, IOH, 5xCH,
of cyclohexyl group), 1 66 (dq, | H, J, 5, 35, J2, 3 115, Ja, 2. 13 Hz, H-2a), 227
(dq, 1 H, J; 2. 1, Ja. 3 4 Hz, H-2¢), 365 (m, | H, CH of cyciohexy! group), and
519 (g, | H, H-1)

Anal Calc for C,gH,sNO; C, 5821, H, 787, N, 377 Found C, 5843,
H, 785, N, 355

tert-But)y! 3-acetanudo-4,6-di-O-acet} I-2,3-dide 0 <3 -a-o-arabino-hevopyranoside
(36) — Compound 19 (22 mg, 0 05 mmol) was debrominated by the general method
described Purification by column chromatography (solvent H) and recrystathzation
from ether gave needles of 36, m p 116-117°,[x]5> +120 (c I 0, chloroform),pmr
0128 (s, 9H, Me;C), 166 (dq, | H, J;.2, 35, J5, 5 12, J3,,2c 13 Hz, H-2a), 222
(dq, 1 H, J; 2. 15, Jo. 3 45 Hz, H-2¢), and 536 (q, | H, H-1)

Anal Calc for C,oH,,NO,; C, 5564, H, 788, N, 406 Found C, 5547,
H,767,N,382

Methyl 6-0-(3-acetanudo-4,6-di-O-acety (- 2,3 - dideox) -o-D-arabino - iervo-
pyranosyl)-2,3,4-tri-O-benzyl-o-pD-glucopy ranoside (37) — Compound 20 (42 mg,
005 mmol) was debrominated by the general method described Punfication by
column chromatography with 51 cnloroform-acetone and recrysialhzation from
chloroform—ether gave needles of 37, m p 197-198%, [a]3¢ +90° (¢ I O, chloroform),
pmr 5158(dq, 1 H, J;-2435 J2a3 12, J3,2. 13 Hz, H-2a), 191 (5, 3 H,
NAc), 202 and 204 (s, 3 H each, OAc), 226 (dgq, I H, J, 5 o ~1, Js .3 ~435Hz,
H-2'e), 339 (s, 3 H, CH,0-1), 555(d, | H, J; nu 8 Hz, NH), and 7 3 (sharp signals,
15 H, phenyls of benzyl groups)

Anal Calc for C;oH oNO,, C, 6529, H, 671, N, 190 Found C, 6516,
H,669,N,184

Methyl 3-acetamido-4,6-di-O-acetyl-2,3-dideoxy-x-D-arabino-kexoovranoside
(38) — Compound 21 {137 mg, 0 36 mmol) was debrominated by the general method
descnibed Purification by column chromatography (solvent H) and recryswaallization
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from chloroform-ether gave needles of 38, mp 18i-182° [x]A* +135° (¢ 10,
chloroform) pmr o0163(dq ! H, J, ., 35, J,,3 12, J5, 5. 13 Hz, H-2a), 1 93
(s,3H,NAc),208,and 2 10 (s, 3 Heach, OAc), 224(dg, | H, J, ,. ~1 J,. 345 Hz
H-2¢), 337 (5, 3 H, CH;0-1), 3942 (m, 2H, H-5, and 6), 437 (q, | H, J5 ¢ 45
Jso 12Hz, H-6'), 45 (m I H, H-3),475(, lH, J; ,=J,,=10Hz, H4), 479
(g, | H, H-1), and 6 55 (broad d 1 H, J; yy 85 Hz, NH) Irradiation at 6 | 68
changed the quartet at 6 4 79 to a very sharp doublet

Anal Calc for C,;H,, NO; C, 5148, H, 698, N, 462 Found C, 3172,
H, 688, N, 450

Etinl 2-deox-x-D-arabino-fievopiranoside (39) — A soluuon of 22 (96 mg,
0 30 mmel) 1n dry methano! (J 3 ml) containing M mcthanolic sodium methoude
(0 15 ml) was kept overnight at room temperature The solution was neutralized by
Amberlite CG-50 (H* type) resin and evaporated, and the residue was chromato-
graphed on a column of silica gel (10 g) with 4 I chloroform—ethanol The eluate
containing the product was evaporated to a sobid that was recrystalhized from
methanol-benzene te give needles (56 mg, 97%) of 39, mp 126-127° [x]}° +150°
(¢ 10, metharol), pmr (D.0) o121 (t, 3H, Jcu, cn. 7 Hz, CH; of Et), 168
(dq, 1 H, Jy 2.4, Ja,3 115, J5, 5. 135Hz, H-2a), 214 (dq, 1 H Jy 3, 1 3, Jae 3
55 Hz, H-2e), and 504 (q, | H, H-1}

4nal Calc for CgH, . Os C 4999, H, 839 Found C, 5002, H, 8 22

Cyclohexi! 2-deo\y-2-D-arabino-hevop ranoside (40) — Compound 24 (170 mg,
0 46 mmol) was treated as descrbed for 39 to give needles (104 mg, 93%) of 40,
mp 123-124°, [x]L* +130° (¢ 10, methanol) [t ® mp 123-124°, [«]p +1293
(c 11, methanol)] pmr (D,0) 6170(dq I H Jy 1,4, Ja, 3 113, Jay 2. 135 He,
H-2a), 215(dq, 1 H, J; 3. 1 5, J;. 3 55 Hz, H-2¢), and 523 (g, | H, H-1)

Anal Calc for C,;H,,0, C 5852, H,900 Found C, 5868 H, 879

tert-But)! 2-deox)-x-D-arabino-hevopyranoside (41) — Compound 25 (115 mg,
0 33 mmol) was treated as described for 39 to give plates (67 mg, 92°) of 41, m p 144~
145°, [x]p* +125° (¢ 1 0, methanol) [t > m p 136-138° and 144-145°, [a]p + 123~
(c 07, methanol)], pmr (D,0) 6127 (s 9H, Me,;C), 170 (dq, 1 H, J, ., 4
J2a3 115, Jya2 135Hz, H-2a), 205 (dq, 1 H, J, 5. 2, J.. 3 55 Hz, H-2e), and
538(q, 1 H, H-1)

Anal Calc for C,,H,,0, C,5453,H,915 Found C, 5444, H,9 03

6-0-(2-Deon ) -a-D-arabino-hevop) ranosy [)-pD-glucose (42) — A solution of 26
(25 mg, 004 mmol) in 90% aqueous methanol (1 ml) containing trrethylamine
(01 ml) was kept overrught at 37° and then neutralized by Amberlite CG-50 (HY)
resin The solvent was evaporated off and the residue chromatographed on a column
of sibca gel (4 g) with 2 1 | ethyl acetate—ethanol-water to give a solid Reprecipitation
from water-acetone gave 42 as an amorphous solid (12 6 mg, 96°%), m p 98-104°
(with foaming), [«]5” +825° (¢ 10, water, 24 h) [lit 3 syrup, [«]3° +852° (¢ | 4,
water, 24 h) and [x]3° +906° (c 06, water, 24h)], pmr (D,O) 8167 (dg, | H,
Jv 2235 Jra3 115, J;,2. 135Hz, H-2'a), and 219 (dq, I H, J; ;. 15,
Js .3 50Hz, H-2%)
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Anal Calc for C,,H,,0,0 C,44 17, H, 680 Found C, 4395 H, 686

Methyl 3-acctanudo-2? 3-dideovy -z-D-arabino-hexopirranoside (43) — Com-
pound 38 (47 mg, 0 1555 mmol) was treated as described for 39 Recrystallization
from methanol-hexane gave rods (32 mg, 94%) of 43 m p 141 5-142 5°, [x]L¢ +159°
(¢ 1 0, methanol) [t ® m p 135-137", [z]p +145° (¢ | 2, metkanol)], pmr (D,0)
0168 (dq, 1 H, J| 35 35, Jag3 12, Ja, 3¢ 14 Hz, H-2a), 201 (5, 3 H, NAc), 210
(dg, L H, Jy .. 1 5, J5.3 ~55Hz, H-2¢), 341 (s, 3 H, CH;0-1}, 3540 (m, 4 H,
H-4,5,6, and 6') ~42 (m, 1 H, H-3), and 491 (q, | H, H-I)

Anal Calc for Co,H,;NOs; C, 4931, H, 782, N, 635 Found C, 4949,
H,765 N,623

Ethyl 4-O-acetyl-2,6-dideoxy -3-C-metin1-3-O-methyl-B-L-nbo-hexopy ranostd:
(44) — A solution of erythromycin A (20 g, 2 72 mmol) 1n 0 5%0 ethanolic hydrogen
chloride solution (20 ml) was kept overnight at rcom temperature and then vvaporated
1n vacuo to give a residue whuck was co-evaporated with toluene The residue was treated
w.th aceuc anhydnde (15 ml) and pyndine (30 ml) overmight at room temperature
After addition of ethanol (15 ml), the resulting solution was conceatrated to a restdue
that was chromatographed on a column of silica gel (30 g) with 5 1 hexane-butanone
The eluate (containing the major product, which had R 035 by t1c with the same
solvent system) was evaporated to a syrup that was rechromatographed on a column
of silica gel to give 44 as a pure hiquid (280 mg, 42%), [x]5> —3 46° (¢ 2 17, chloro-
form),pmr o} 14(s,3H,CH,;-3),115(d, 3H, J., cu, © Hz, CH;3-5) 1 23(t, 3 H,
Jen,, cn, THz, CH; of Et), 1 49 (q, | H, J, 2, ~10, J,, _. 14 Hz, H-2a) 2 14 (s 3 H,
OAc), 221 (q, 1 H, J; 2 2 Hz, H-2e), 3 30 (s, 3 H, CH,0-3), 3 51, and 392(dq, | H
each, Jyy 935 Hz, H and H’ of CH, of Et), ~395 (m, I H, H->) 465 (d | H,
Js 5 10 Hz, H-1),and 4 69 (q, | H, H-1) Irradiation at é 1 26 caused doubled quartets
at o 3 51 and 3 92 to change to an AB quartet

Ana! Calc for C,,H,,0, C, 5852, H, 900 Found C, 5861, , 8 88

Methyl 4-O-acetyi-2,6-dideox)-3-C-methy i-3-O-methyl-f-L-ribo-he xop) ranoside
(45) — A soluuon of erythromy,cin A (530 mg, 0 722 mmol) in 0 5% methanolic
hydrogen chlonde (53 ml) was kept overmight at room temperature and then
neutralized by addition of soiid sodium hydrogencarbonate The mixture was
evaporated and the residue chromatographed on a column of silica gel (50 g) with
5 I chloroform—-ethyl acetate The eluate containing the product (R ~035 by tic
with the same solvent system) was evaporated to give a syrupy mixture of methyl
x- and B-cladinosides (110 mg) The ratio of the «- and f-anomers was determined to
be 1 4 by the relative intensities of the methyl signals of the anomeric O-methy1 groups
(at 6 3 32 and 3 46, respecuvely) in the p m r spectrum (CDCl;) The corresponding
acetylated mixture also showed two singlets attributable to the anomeric O-methyl
groups of the « anomer (32) and the 8 anomer (45), at § 3 34 and 3 49, respectnely,
with the same ratio of intensiues as just described

The foregoing syrup (110 mg) which showed two spots having R 0 42 (munor,
2-anomer) and 0 40 (major, f-anomer) on tlc with the other solvent s>ystem (3 1
hexane-butanone), was chromatograpbed on a column of silica gel (50 g) with the
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same solvent system as that used for t 1 ¢ The eluate contaiming the product having
R0 40 was evaporated to a syrup (90 mg) that was rechromatographed on a column
of sthica gel to give the chromatographically homogeneous, syrupy f anomer (75 mg)
The syrup (75 mg) was treated with acetic anhydnde (I ml) and pyndine (2 ml)
overmight at room temperarure After additton of methanol (1 mi), the resulting
solution was evaporated and the residue chromatographed on a column of silica gel
(10 g) with 8 I hexane-butanone to give pure, syrupy 45 (82 mg, 49%), [ —1 87"
(c 201, chioroform), pmr 6114 (s, 3H, CH;3-3), 116 (d, 3H, Js cu, 6 Hz,
CH;-5), 146 (q, | H, J; 20 9 5, J2q 2¢ 14 Hz, H-2a), 2 13 (5, 3 H, OAc), 223 (q, | H,
Jy 2 2 Hz, H-2e), 330 (s, 3 H, CH,0-3), 349 (s, 3H, CH;0-1), 399 (dq, | H,
Jy 59 5 Hz, H-5),462(q. 1 H, H-1),and 4 68 (d, 1 H, H-4)

Anal Calc for C,{H.,0s; C, 5688, H,868 Found C, 5702, H, 8 58

4-0O-Acety I-2,6-dideox) -3-C-methyl-3-O-methy l-L-nibo-hexop) ranose (4-0O-
acet} Iclaainose) (46) — The starting cladmose was prepared as a syrup from erythro-
mycin according to the procedure reported'” A solution of cladinose (237 mg) 1o a
mixture of acetic anhydride (1 ml) and pyridine (2 ml) was kept overmight at room
temperature and, after addition of ethanol (1 mi), was concentrated i vacuo to a
residue that was chromatographed on a column of silica gel (15 g) with solvent B to
give syrupy di-O-acetylcladinose (304 mg) The syrup, which crystallized on standing,
was used without further punification for the next reaction Recrystallization from
hexane gave analytically pure cubes of di-O-acetylcladinose, mp 67-68° [«)3°
—475° (c 1 0, chloroform), pmr 6117 (s,3H, CH;-3),117(d, 3H, J5 cy, 6 Hz,
CH;-5), 1 58 (q, 1 H, J; 1, 10, J, 2. 14 Hz, H-2a), 2 10 and 2 15 (s, 3 H each, OAc),
232{q, | H, J; 3. 25 Hz, H-2¢), 333 (5, 3 H, CH;0-3), 417 (dq, 1 H, J4 5 10 Hz,
H-5), 472 (d, 1 H, H-4), and 596 (q, 1 H, H-1) The n mr spectrum showed that
tne f-anomeric acetate was markedly preponderant

Anal Calc for C,H,00¢ C, 5537, H,775 Found C, 5551, H, 766

A suspension of di-O-acety!cladinose (179 mg), obtained as just descnbed, in
0 Im hydrochloric acid (20 ml) was strred for 3 h at room temperature until 1t had
completely dissolved The resulung solution was neutral'zed with solid sodium
hydrogencarbonate, evaporated, and the residue extracted with chloroform (20 ml x 5)
The extracts were combined and evaporated 7 tacuo to a syrup that gradually
crystallized The crystals were chromatographed on a short column of silica gel with
101 chioroform—isopropyl alcoho! to give crystals that were further purnfied by
sublimation at 80° under dimimshed pressure (~ 15 mm) to give needles of 46 (136 mg,
91%), m p 97-98° [z]3° —40° (¢ 1 O, chloroform),pmr &1 19 (d, 3 H, Js cu, 6 Hz,
CH,-5), 1 18 and 1 23 (s, 3 H total, CH,-3), 1 3-19 and 2 I-2 6 (m, | H each, H-2a
and 2e), 2 13 and 2 15 (s, 3 H total, OAc), 3 30 and 3 45 (s, 3 H total, CH,0-3 of a-
and B-anomers respectively, tne relative intensities were 2 3), ~4 25 (m, 1 H, H-5),
469 and 4 73 (d, 1 H total, J, 5 10 Hz, H-4 of « and £ anomers), 4 9-5 25 (m, which
changed to a mixture of quartets on addition of D,0, 1 H total, H-1), and 543 (d,
which disappeared on addition of D,0, 1 H, J 11 Hz, FO-1) The n m r data showed
46 to be a muxture (~2 3) of « and B anomers T 1c showed two spots for the a- and
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p-anomers near R:065 with the same solvent system as that used for column
chromatography

Anal Calc for C,oH,5s0s C, 5503 H, 821 Found C, 5491, H, 816

4-O-Acety -1 5-anhvdro-2,6-dicdeoxy-3-C-metin I-3-O-methy I-L-nbo-hex- 1-enitol
(4-O-acetylcladinal, 2) — A solution of 46 (400 mg, 1 83 mmol) 1in dry pyndmne
(10 mi) contaiming methanesuifonyl chlonde (231 mg, 1 | molar equivalents) was
stirred for 1 5h at 80° After coolingz, the resulting brown solution was poured nto
agitated ice—water (25 ml) and the mixture was extracted with ethyl acetate (50 mi x 3)
The combined extracts were successively washed with water (25rl), aqueous
potassium hydrogensulfate (25 mlx2), agueous sodium hydrogencarbonate
(25 ml x 2), and water (25 ml), dried (sodium sulfate), and evaporated The residue
was chromatographed on a column of silica gel (20 g) with 5 I hexane-ethyl acetate
to give 2 as a hiquid (154 mg, 42%) that showed a single spot (Rg04) on tlc This
liqud was used for the next reaction

Distillauion of the hquid at room temperature under dimimished pressure
(0 1 mm) gave analytically pure crystals of 2, which were trapped by cooling with
hiquid nitrogen The crystals were Turther sublimed at 50° with an aspirator to give
needles of 2, mp 29-30° [«]!® —265° (¢ 10, chloroform), pmr 0120(s 3H,
CH,-3), 122 (d, 3H, Js cu, ~65Hz, CH3-5), 219 (s, 3 H, OAc), 331 (s, 3H,
CH;0-3),430(dq, | H, Jy s ~105 Hz, H-5),475and 6 41 (d 1| H each, J, » 6 Hz,
H-2 and H-1 respectively), and 491 (d, 1 H, H-4)

Anal Calc for C,oH,,0; C, 5993, H, 805 Found C, 6005, H, 793

This glycal 2 was also obtained by similar treatment of 46 with p-toluene-
sulfonyl chlonde (1 7 molar equivalents) 1n pyridine for 3 h at 80°

Methy! 2.3.4-tri-O-bency l-x-D-glucop, ranoside (47) — The starting material
was methyl 6-0-intyl-z-p-glucopyranoside, which was prepared from methyl z-D-
glucopyranoside according to a reported procedure’® To a sturred solution of methyl
6-0-tnityl-o-p-glucopyranoaide (14 6 g, 33 4 mmol) in dry N,N-dimethyiformamide
(220 ml) was added ground potassium hydroxide (28 3 g, 0 504 mol) followed by
a-chlorotoluene (31 9 g, 0252 mol) The nuxture was vigorously stirred for 4 h at
room temperature and then filtered Afier additton of ethanol, the filtrate was
evaporated 17 tacuo and the residue extracted with chloroform (400 ml) The extract
was washed with water (100 ml x 4), dried (sodium sulfate), and evaporated in 1acuo
to yield a syrup containing methyl 2,3,4-tn-0-benzyl-6-O-trityl-a-D-glucopyranoside

A solution of the syrup in 80% acetic acid (300 mi) was stirred overmight at
room temperature and for i h at 60°, and then evaporated 1 tacuo The residue was
chromatographed on a column of stlica gel (450 g) with 3 |1 hexane-acetone to give a
solid that was recrys:allized from cyclohexane to give needles (12 2 g, 78 7%) of 47,
mp 54-55° [2})° +238° (¢ 10, chloroform), pmr 6188 (broad s, | H, HO-6),
335, 3H, CH;0-1), 3142 (m, 6 H, H-2,3,4,5,6, and 6'), 4 5-5 15 (m, 7 H, H-1
and 3 x CH, of benzyl groups), and 7 3 (m, 15 H, 3 x phenyls of benzyl groups)

Anal Cale for C,gH;3.0, C, 7239, H, 694 Found C, 7223, H, 701
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