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ABSTRACT

Methy! 3-amino-3-deoxy-a-D-allopyranoside was synthesized from methyl 2-O-benzoyl-4,6-O-ben-
zylidene-a-D-glucopyranoside in a 5-step sequence involving trifluoromethylsulfonylation, azide displace-
ment, deprotection, and catalytic hydrogenation. On displacement with tetramethylguanidinium azide,
1,2:5,6-di-O-isopropylidene-x-D-glucofuranose 3-triflate afforded the corresponding 3-azido-3-deoxy-a-D-
allofuranose diacetal, which was converted into the 3-amino and 3-acetamido products. Acid-catalyzed
methanolysis of the azido diacetal gave methyl 3-azido-3-deoxy-f- and -z-D-allopyranosides and the
corresponding f-D-allofuranoside, with a 3:1 pyranoside to furanoside ratio; the two amino f-glycosides
were then obtained by catalytic hydrogenation. Methanolysis of the 3-acetamido-3-deoxy-a-p-allofuranose
diacetal produced a glycoside mixture composed mainly of methyl 3-amino-3-deoxy-f- and -a-D-allo-
furanosides in a 2:1 ratio, together with only small proportions of the pyranosidic isomers.

INTRODUCTION

Concurrent work' on the cycloaddition of nitromethane to the dialdehyde ob-
tainable by periodate oxidation of methyl 4,6-O-benzylidene--p-glucopyranoside has
provided six new, stereoisomeric methyl 3-deoxy-3-nitro-z-b-heptoseptanosides, which
were converted into the corresponding 3-acetamido-3-deoxy derivatives. Because of the
conformational flexibility of septanose rings it would have been precarious to base
configurational assignments for these glycosides on their n.m.r. parameters alone.
Therefore, the acetamido heptoseptanosides were isomerized to heptopyranosides and
thence converted, by chain shortening at the non-reducing terminal, into 3-amino-3-
deoxy-D-hexose derivatives whose identities could be ascertained more readily by
spectroscopy and by reference to the literature. For seven of the eight possible methyl
3-amino-3-deoxy-a-D-hexopyranosides (or for acetylated derivatives thereof) that
could arise from the degradative transformations mentioned, reference samples or
reliable literature data for comparison were at hand, but this was not the case for the
a-D-allo isomer. Although its per-N,O-acetyl derivative has been described’”, no n.m.r.
data were recorded and the reported syntheses were lengthy and inconvenient. We
therefore undertook an alternative, shorter synthesis of this glycoside; at the same time,
a new synthesis of its # anomer was developed and hitherto unknown, furanosidic
isomers were characterized.
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RESULTS AND DISCUSSION

Methyl 2-O-benzoyl-4.6-O-benzylidenc-a-p-glucopyranoside (1), conveniently
obtainable* by monobenzoylation of the (commercialy parent 2.3-diol. was first convert -
ed into the 3-triflate 2. and this underwent displacement with lithium azide in dimethyl
sulfoxide (1.5 h at 100 ) to furnish crystalline methyl 2-azido-2-0-benzoyl-4.6-0-
benzylidene-3-deoxy-x-p-allopyranoside (3) in 54% vicld. Sequential O-debenzovia-
tion (Zemplén) and O-debenzylidenation (70% acetic acid) then provided quantitative-
ly the crystalline azido compounds 4 and 5. The unprotected azide 5 wus reduced by
catalytic transfer hydrogenation to give hygroscopic methyl umino-3-deosy-x-p-
allopyranoside hydrochloride (6). which readily atforded the crystalline N-acetv 2.4.6-

triacetate 7.

OCH., Gt
S S
S s ] . e
J IR, Jrm ) - e
g N ) B - :
PhCH OR - L ’ ;
) et |
. i =l N STIRA o
\\L OMe o o
OBz
1 g [T N
=] T
[ Y
2R = . '

Another simple approach to 6 was investigated. Tt was considered that acid-
catalyzed methanolysis of 3-amino-3-deoxy-1.2:3.6-di-O-isopropylidene-x-p-allofura-
nose (11) or its N-acetyl derivative 12 might yield the desired methyl y-pyranoside.
presumably together with isomers. The amine 11 can be obtained” * by hvdrazinolysis of
1.2:5.6-d1-O-1sopropylidenc-3-O-tosyl-z-p-glucofuranose (8). followed by hvdrogeno-
Iysis of the resulting hyvdrazino sugar. It appeared desituble to replace this somew hat
inconvenient procedure by one involving azide displacement. but curiv attempts 1o
displace the tosyl group in 8 by azide ion had failed completely. even under torcing
conditions™. However, we found the displacement o oceur readily in the corresponding
triflate 9. which has since become available?, using tetramethyviguanidinium azide m

5

N N-dimethylformamide (6 b at 23 ) to give the 3-azido-3-deosy-s-n-allofuranose
diacetal 1 in 61% yield*. Reduction of 10 with fithium aluminum hvdride and
N-acetylation afforded 11, then 12

When 10 was boiled with 2% hydrogen chloride in methanol. deacetalation
occurred and a mixture of methyl glycosides was generuted. Thin-laver chromatog-
raphy showed two product-spots. with the faster-moving one predominating at carly
stages. and the slower one at the end of a 32-h period, when isomeric equilibrium
appeared established. Column chromatography of the products turnished the pure.

:

* Yields of 36 38% were achieved by use of lithium or sodium azide (24 I at 25 1. Under all reaction
conditions tried. considerable proportions of 3-deoxy-3-enofuranose diacetal arese us a byv-product. Tt s
knwon that 9 s prone to suffer hase-induced elimination even at room emperature’”
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faster-moving component (23%), which proved to be methyl 3-azido-3-deoxy-f-D-
allofuranoside (13), and crystalline mixtures {67%) of the a-pyranoside 5 and its f
anomer 18, emerging in 1 : 2.5 ratio. Part of the 18 was obtained pure after recrystalliza-
tion, and its structure was confirmed by hydrogenation to give known'' methyl 3-
amino-3-deoxy-f-D-allopyranoside (19), characterized additionally as the tetraacetyl
derivative 20. The more-soluble 5 was difficult to obtain free from anomer, and it is
obvious that for its preparation the aforedescribed route from 1 is superior. However,
the formation of 13 afforded an opportunity to prepare the hitherto unknown amino
furanoside 14, by catalytic hydrogenation, and subsequently, the derivatives 15 and 16
by conventional acetylation.

Similar, acid-catalyzed methanolyses of the acetamido diacetal 12 led to mixtures
of methyl aminoglycosides. Reactions for 7, 16, and 42 h gave similar results, with the
p-furanoside 14 being the major product in every case, and with varying proportions of
isomers being formed as minor components. This was deduced from the 'H- and
3C-n.m.r. spectra of the reaction mixtures themselves and of mixtures obtained after
N-acetylation and per-O-acetylation. Thus, for example, after a 42-h methanolysis the
characteristic H-1 singlet (3 5.0) of 14 hydrochloride was the strongest signal in the
region of anomeric proton resonances; it was accompanied by a small doubletat 4.9 (J
3.5 Hz) for the a-pyranoside hydrochloride 6 and one at ¢ 4.65 (J 7.8 Hz) for the
B-pyranoside (19 hydrochloride), and, furthermore, by a doublet of intermediate in-
tensity at § 5.1 (J 4.0 Hz), which was attributed to the xz-furanoside hydrochloride 21,
not previously encountered. The intensity ratios of the four isomers were approximately
4:1:1:2. In accord herewith, the *C-n.m.r. spectrum showed a set of seven strong signals
for 14 hydrochloride, which included the characteristic, low-field signals for C-1 and
C-4at 111.1 and 82.8 p.p.m., respectively, and a set of seven signals second in strength
that included furanosidic C-1 and C-4 signals (105.1 and 83.9 p.p.m.) and was therefore
attributable to 21. Minor signals present in addition were assignable to the pyranosides
6 and 19 hydrochloride by comparison with spectra of the pure compounds previously
obtained. The chemical-shift relations for C-1 and C-4 in 14 and 21 were typical for
methyl hexofuranosides; compare the values reported'*"” for methyl -p-allofuranoside
(109.0 and 83.4 p.p.m.) and its « anomer (103.8 and 85.9 p.p.m.).

In methanolyses of shorter duration (7-16 h) the proportions of pyranosides were
very small to negligible. Pure 14 was isolated as the crystalline hydrochloride from such
an experiment. When processing included treatment of the methanolyzate with excess
basic ion-exchange resin for removal of hydrochloric acid, the resultant free amines
reacted with methyl acetate present in the medium to form N-acetyl derivatives (16 and
isomers). In two experiments, small amounts of the N-acetylated a-furanoside 22
fortuitously crystallized from such mixtures. Although the compound was not charac-
terized by physical and analytical data, it gave excellent 'H- and "C-n.m.r. spectra that
proved its structure.

Acetalation of 14 hydrochloride with &,a-dimethoxytoluene, followed by acetyla-
tion, gave the crystalline 5,6-O-benzylidene derivative 17.

It is noteworthy that methanolysis of the azido sugar 10 during 1-2 days afforded



GAN

BAER. Y.

H.

H.

ol




METHYL 3-AMINO-3-DEOXY-D-ALLOSIDES 237

pyranosides and furanoside in a 3:1 ratio (which probably was close to thermodynamic
equilibrium), whereas the ratio observed after 42 h in the similar methanolysis of the
acetamido analog 12 was reversed. This may be explained by the occurrence of N-
deacetylation at an early stage of the process, with protonation of the resulting amines
retarding acid-catalyzed isomerization of the kinetically favored furanosides.

In summary, methyl 3-amino-3-deoxy-a-D-allopyranoside was synthesized in a
convenient 6-step sequence from commercial methyl 4,6-0-benzylidene-a-p-glucopyra-
noside, and its f anomer as well as the hitherto unknown furanoid isomers were
prepared in 4 or 5 facile steps from commercial 1,2:5,6-di-O-isopropylidene-a-D-gluco-
furanose.

EXPERIMENTAL

Methyl 2-O-benzoyl-4,6-O-benzylidene-3-O-{ trifluoromethylsulfonyl ) -a-D-gluco-
pyranoside (2). — A solution of triflic anhydride (1.5 mL) in dry CH,CL, (7.5 mL) was
added dropwise, at 0°, to a solution of compound* 1 (900 mg) in dry CH,Cl, (20 mL) and
pyridine (3 mL). After 10 min the conversion of 1 (R 0.25) into 2 (R 0.4) was complete
(t.lc., 1:4 EtOAc-hexane). The mixture was shaken with ice-water (2 x 30 mL), the
aqueous layer extracted orfce with CH,Cl,, and the combined organic phase was
sequentially washed with cold (0°), saturated aq. NaHCO, and twice with water, dried
(Na,S0,), and evaporated with additions of toluene, to give a light-brown, spontane-
ously crystallizing syrup. Processing of the material by trituration and recrystallization
with ether and hexane (including decolorization of the mother liquors with activated
charcoal) gave 2 (845 mg, 70%) in several crops, all having m.p. 119-121° (dec.),
unchanged on recrystallization from 95% EtOH-ether-hexane; [af, +116° (¢ 1,
CHCl,); viue' 1725, 1220, 1200, and 1145 cm™'; "H-n.m.r. (200 MHz, CDCL,): 6 8.12,
7.65-7.35(2m,2and 8 H, arom.), 5.62 (s, PhCH), 5.46 (t,J,, = J;, = 9.3 Hz. H-3),5.22
(dd, J,,3.7,J,;9.3Hz, H-2), 5.17(d, J,, 3.7 Hz, H-1), 4.38 (dd, J;5,, 3.5, Jeu6e, 9-3 Hz,
H-6eq), 3.99-3.79 (m, 3 H, H-4,5,6ax), 3.39 (s, 3 H, OCH,); "C-n.m.r. (75.43 MHz,
CDClL): 6 165.6 (PhCO), 136.3-125.9 (multiple peaks, CH,CH and C.H,CO), 118.3(q,
Jop 319.7 Hz, CF,), 101.5 (PhCH), 97.8 (C-1), 82.4 (C-3), 78.2 (C-4), 71.2 (C-2), 68.5
(C-6), 62.3 (C-5), and 55.6 (OCH,).

Anal. Cale. for C,,H,,F,0,S(518.5): C, 50.96; H, 4.08; F, 10.99; S, 6.18. Found: C,
51.07; H, 4.27; F, 10.81; §, 6.15.

Methyl 3-azido-2-O-benzoyl-4,6-O-benzylidene-3-deoxy-a-D-allopyranocside (3}
— A solution of LiN, (900 mg, 18.4 mmol) in warm Me,SO (10 mL) was allowed to cool
{25°), triflate 2 (729 mg, 1.39 mmol) was introduced, and the mixture was heated for 1.5
h in an oil bath (100 + 3°), cooled, diluted with CH,Cl, (50 mL), and extracted with
water (3 x 30 mL) and brine. The combined aqueous extracts were shaken once with
CH,Cl,, and the combined organic phases were washed once more with brine, dried
(MgS80,), treated with charcoal, and evaporated to a pale yellow, partly crystalline
mass. Trituration with small amounts of MeOH, ether, and hexane, and processing of
the mother liquor residue by crystallization from aquecus MeOH-EtOH, gave 3 (307
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mg, 54%). Ry 0.5 (almost indistinguishable from 2: t.Lc. with 1.2 EtOAc -hexane).
Column chromatography of the brown, noncrystallizable restdues from the mother
liguors on Si0, with 1:4 EtOAc hexane gave mainly faster- and slower-moving byprod-
ucts, and little additional 3. Purc 3 showed m. p 132133 [z, — 1087 (¢ 1. OCDCL)
”\!‘.“] 2120(N ). 1730, and 725 (doublety cm ', without strong bands i the 12260 1145
cm ' region: 'H-n.m.r (300 MHz, CDCL): 08.1.7.6- 7,4('2m,Z;mdSHAamm LS A0 (s
PhCHY. S8~ J 4 f S HzZ H-25.4 .‘)h(dﬁ.lﬁ‘:u'.i‘l Hz H-1n 446 (0~ 14,39, l
32 Hz H-3), 4364 du"./\m '-"7.§--1.m;1.<u‘,] 135 Hlz, H-6eg). 4.25 (sx, H-3), 381 (dd g
J, ;94 Hz, H—4)w3.76(1.‘/,:m ey 1025 Hz, H-6020). 3,45 (5 A HLOCH L WConmur
(50.29 MHy7z. CDCL): ¢ 16535 (CO). 1368 1263 nnuhm;u peaks, O HOH and
C.H.COL 1020 (PhCH). 97 4 (C-1), 774 (C-4), 691 600 (C-2.65. 390, 381 ({-3.5),
and 56.2 (OCH.,).

Anal. Cale for CHUNO (14 Coo1 30 HL AR N 02T Found: Coodl
H, 528 N, 10.24.

Methyv! 3-azido-4,6-O-henzvlidene-3-deoxyv-2-D-aflopvranoside (4). - To a solu-
tion of 3 (270 mg) in MeOH (8 mL) and CHCL (8 mL) was added 10 drops of v
methanolic NaOMe, at room temperature. The conversion of 3 (R, 0.6) into 4 (R, 0.3)
was complete after 30 muin {t.lc.. 112 EtOAc -hexane). Deionization with Amberlite

IR-120(H ") resin and evaporation gave 4 as a white, erystailine mass that was washed
with ether and petroleum ether, The residue from the evaporiated washings was freed
from BzOMe by repeated cocvaporaton of added water. 1o vield an additional, small
amount 0‘4 for a total m" [9K mg (98% 1 mup. 186-1K7 qdec.s. |v), —468 o 1L
CDCLy; v 3300 (br.), 2120 (strong), and 2157 (weak) em - Heononnr, (200 MHz.
CDCLY 0 7.5 7.3(m. 8 }L aromt), 555 (s, PRCHY. 466 (d, 7, 44 Hel FE-DL 433 (dd.
Joo, 2000, 00 103 Hzo HeGegy, 425 ¢~ tsplitting 3.75 Hz, H~, choibisx o, 3004,

Sbey B beg
~ Joo, ® 10 Hz, H-5). 3.7% (dt collapsing to ton D,O exchange. J, . = J. = 4.4 Hz,
Sy 12 Hz  H=2)0 370 (t for H-6ux superposed on d dfor H A = S, = W20
3.1 / 9.4 Hz). 3.45¢. 3H, OCH ) and 272 (Ao .y 12 Hz UH»J

Anal. Cale. for C L H NGO 307.3):Co54.72: HO S SN TAGT, Found: CL 84,900
H. 385 N.13.72.

Methivl 3-azido-3-deoxy-a-v-allopyranoside (5, The acctal 4 (170 my) was
heated for 30 min in 7:3 AcOH water (10 mL) on a steam bath. after which t.lc. (12
EtOAc—hexane) revealed complete conversion of 4 (R, 0.3 into immobile 5. The
solution was evaporated with several added portions of water and. eventually, some
EtOH. to give 5 as a dry crystalline solid (125 mg. theorcucal vield 121 mg) tha
apparently contained a trace of BZOH (minor Lr. band at 1730 ¢m ). removahle by
repeated trituration of the muaterial with cther. (‘ompound 8 showed mop. 160 (dec.
with gradual browning from 150 ). [],, + 1525 (¢ 1. D20y 0% 3300 (bro) and 2120
(with shoulder at 2143 and mtciiim band at 21537yem © Henomr {200 MH2 DO o
475(d, J, .42 Hz  H-1),4.19¢dd. J,, 3.0/, 42 Hz H-3), “)h(z Foo=do e d 2 He
H-2). 3.9 ? 7(m., 4 H. H-4.5.6.¢ ), and ‘M (s. 3 H.OCH », "Conomor, (53029 M.
D.Ox: o 1016 (C-1), 70.0. 689, 68.6, 67.6 (C-2.3.4.5), 63.2(C-6). and S8.5(OCH ).

Anal. Cale. for C.H NG (21920 CO3835 HU 598 N 1917 Found: {3835
H. 6.06; N.19.24,
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Methyl 3-amino-3-deoxy-a-D-allopyranoside hydrochloride (6). — A mixture of 5
(100 mg), water (1 mL), MeOH (10 mL), cyclohexene (0.8 mL), and 10% Pd—C (150 mg)
was placed under N, and sonicated for 4 h in an ultrasonic bath, the temperature of
which stowly rose from 23 1o 37°. Tne graduat repracement of 5 (&, ©.35) oy an arnine
(R}, 0.7, ninhydrin-positive) was monitored by t.l.c. (12:5:3 MeOH-CHCl;—onc. aq.
NH,). The catalyst was fiftered off and washed exhaustively with MeOH, and the filtrate
evaporaied 10 give the amino sugar as a cojoriess symp (75 mg, vacuum-dned). The
hydrochloride 6 was obtained as a dry foam (85 mg, § %) by treatment of the syrup with
a 20:5:0.1 mixture of ether, MeOH, and conc. HCL in small portions until the super-
natant remained slightly acidic (indicator paper), and evaporation to dryness. (The
material crystallized from a small volume of absol. EtOH-ether, but isolation of the
crystals was impractical because of their extreme hygroscopicity). Compound 6 showed
[2]p +103.3° (¢ 2, D,0); v 3300 (br.) and 1600 cm ~'; 'H-n.m.r. (300 MHz, D,0): 6 4.90
(d, J,,3.5Hz, H-1),4.06 (dd, J,, 3.5, J,; 4.5 Hz, H-2), 4.035 (dd, J,,4.6, J,510.4 Hz,
H-4),3.95(dd, J,, 2.1, J, 12 Hz, H-6), 3.86 (t, H-3), 3.82(dd, J, ¢ 5.0, J, 12 Hz, H-6),
3.76 (oct, J 2, 5,and 10 Hz, H-5), and 3.45 (s, 3 H, OCH,); "C-n.m.r. (50.29 MHz, D,0):
5 101.5(C-1), 69.6 (C-5), 66.9, 65.0 (C-2.4), 63.2 (C-6), 58.1 (OCH,), and 57.6 (C-3); for
the free base, 6 102.5 (C-1), 70.2, 69.7, 68.8 (C-2,4,5), 63.8 (C-6), and 58.2 (OCH,), and
56.4 (C-3).

It was noticed that part of the amine generated in the transfer hydrogenation
tends to remain stubbornly adsorbed on the catalyst. When the used catalyst was
resuspended in MeOH and treated with Ac,0, an amorphous material (15 mg, 14%)
was obtained which, according toits i.r. and n.m.r. spectra, appeared to be the N-acetyl
derivative of 6.

Methyl 3-acetamido-2,4,6-tri-O-acetyl-3-deoxy-a-D-allopyranoside (7). — A solu-
tion of 6 (80 mg) and a few crystals of 4-dimethylaminopyridine in dry pyridine (2 mL)
and Ac,0 (2 mL) was kept for 3 h at room temperature and 1 h at 50°, then diluted with
CH,Cl,, washed three times with water, dried (Na,SO,), and evaporated with additions
of toluene, to give a light-brown syrup that showed a strong spot for 7 (R 0.3)
accompanied by faster-moving trace spots (t.l.c., 3:1 EtOAc-hexane). Purified by
column chromatography (16 mL of SiO,; 3:1 EtOAc-hexane), 7 was obtained as a
homogeneous, colorless syrup that crystallized slowly; m.p. 114-116°. After recrystalli-
zation from EtOAc—hexane, 7 showed a doublem.p., 114-116° and 127-128°; [«],, +83°
(¢ 1.3, CHCL); lit.” m.p. 112-115° and 128-129°, [«],, +85.3%; vi™ 3410, 1740, 1680, and
1520cm "5 'H-n.m.r. (300 MHz, CDCL,): 6 6.70 (d, J; ; 8 Hz, NH),4.93(dd, J,, 3.6, J,
4.5Hz,H-2),4.87(d,J,,3.6 Hz, H-1),4.88-4.83 (m,2H, H-3,4),4.22(m, 2 H, B, of AB,,
H-6,6'),3.99(ddd, J,510,Js, = J; = 3.7Hz, H-5),3.46 (s, 3H, OCH,), 2.08,2.07,2.02,
and 1.98 (4 s, 12 H, 4 COCH,); “C-n.m.r. (75.43 MHz, CDC,): 6 170.5, 170.5, 169.4,
169.3 (4 CO), 97.8 (C-1), 66.5, 66.3, 63.9 (C-2.4,5), 62.3 (C-6), 56.0 (OCH,), 47.7 (C-3),
23.4 (NHCOCH,), and 20.8-20.7 (OCOCH,).

3-Azido-3-deoxy-1,2:5,6-di-O-isopropylidene-o-D-allofuranose (10) — To a solu-
tion of triflate’ 9 (8.0 g) in HCONMe, (100 mL) was added tetramethylguanidinium
azide (12 g), at 0°. The temperature was allowed to rise to 25° and the mixture was stirred
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for 6 h, after which 9 (R, 0.8) was completely converted mto a major (R, (.5) and u
minor (R, 0.7) product (t.1.¢, with 1:3 EtOAc-hexane). The solvent was removed by
coevaporation with toluene and the resulting yellow syrup was passed through a short
column of Si0O. by means of EtOAc. The recovered. pale vellow syrup was then
chromatographed on SiO. (240 ¢, 20 45 mesh) with 1:8 EtOAc hexanc as the eluent.
Eluted first WS the known Ideoxy-1.25.6-di-O-1sopropvhidene-

IRy

z-D-ervtfiro-hex-3-enofuranose. R, cmep. St mp, 3P

ether)y; m.s. (¢.i.. ether): m - 243 (M + 1) the "H-and YC-nomur. spectra agreed fully
with the recorded data"". Further elution gave syrupy 10 (3 ﬁb 2. 62% ) 0 2010 em

“

"H-n.m.r. (200 MHz. CDCT.): & 3.7(\((1 J 3 THz H-hL47Hdd /370 475 Ha

670 em (enol

H-2).42-39(m,4 H, H-4.56.6'), 3 (dd J RIS 90 H H-L A5 T 60 H A
and 1.33 (4 s A2 HL 4 C-CHmas. (e, Llhti’)‘ iz %) 2‘\6 (4 M7 1 270 (60, 258
(24 M7+ ] — N 22884, M 4 1 = Me.COY. 20019 M+ 1 = Me OO NL.
and 18 ?())

.)-»1/7’1111(}-3—(1'(’(),\"1'-1, 2:5.6-di-O-isopropyiidenc-u-p-allofiuranose (1 ]) The azide

10 (3.46 g) and LIATH, (1.1 g} were boiled for T h in anhydrous ether (120 mL) under
reflux. A mixture of ether (90 mL) and FtOAc (18 mL) was then mutmusl} added.
followed by water (I mL), and boiling was continued for 10 win. The inorganic
precipitate was filtered off and washed well with cther. and the dried (MgSO ) tiltrate
¢vaporated to dryness. The residue was recrystallized from cther to give 11 (273 g
88%% ). m.p. 91 92 (lit. mp. 92 93 ) el 3400 and 3320 (she upl f“u\() and 1306em
’H n.m.r. (300 MHz. CDCLL with D.O exchange): 0 5.74 (d. /| lx -1, 4,54 (dd,

37 g, 4.7 Hz, H-2). 4 ? 3.9 (m, 3 H, H-5.6,6"), 3.60 (dd. / 6, CO T Hz  H-

2 (dc ../3‘: 4.7 0 P Hy H-30 153 P43 35 and L3240 12 H 4(‘—(“[’],); m.s.
(Qi., ethery m:z (" ) 260 (100. M+ 1),

S-Acetamido-3-deoxy-1.2:3 6-di-O-isopropylidenc-y-D-aliofuranose (123, The
amine 11 {2.13 gy in MeOH (20 mL} was treated with Ac.O (2 mL) for 30 nun.
Evaporation of the solution with added toluenc, and crystalhization of the residue from
ether, gave 12 (2.36 g, 95% ), m.p. 132133 (Lt  mup. 127 128 and 130 00" 3330
(sharp). 1675, and 1530 (amide Tand 1Hem 2 'H-numor. {300 MHyz. (“D(‘L): 4580,
J 3 THz H-1).4.58(dd. /, .3.7..7, 49 Hz. H-2).4.20(m. 2 H. H-3.5), 4.07¢(dd. /. 6.6,
Joo 8.2 Hzo H-6). 3.93 (dd. /.. 6.2,/ 8.2 Hz, H-6'). 3.86 (dd. l4 3 md 7 Hz. Hed),
200 (s, 3H. COCH ), 1.54. 1,42, 1.30(3s, 3, 3. and 6 H. 4( SCHy U Camer. (5029 Hoy,
CDCl): 0 1700 (COY 1126, 109.6 [2(CH).CL 1041 (C-1) 789785, 754 (C-2.4.5).

5.0(C-6). 53.0 ('C 3). 264, 26.13.26.08.25.0 (4 C-CH,) md 2A0NHCOCH 3 mos
(ci.ethery: nuz (%) 302(57. M« Dand 244 (78. M = | Me LCOL

MU1/7(1110/,1%‘1.3‘ of a:u[c‘ 10 The azide 10 (5.0 g) was botled with methanolic HCL
prepared by adding AcCH 2 mL) to MeOH (50 ml CAfter 10 by tle (E1OAC) showed
residual 10 (R, 0.9) and two new spots, R, 0.5 (5tmngu)and 0.3 (weakery. The solution
was evaporated to dryness and the restdue subjected again to methanolysis, under the
same conditions. for 22 h during which time all of 10 disappeared and the intensities of
the product- \po(\ became reversed. The pattern was not significantly changed after a
further 16 h of treatment. The solvent was removed and the residue chromatographed
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on Si0, (120 g) with 4:1 EtOAc-hexane as the eluent, to give fractions (A-E) of
crystalline methyl glycosides totalling 3.57 g (93%).

Fraction A (890 mg, 23%) was methyl 3-azido-3-deoxy-f-D-allofuranoside (13),
m.p. 118.5-120°, [¢], —46° (c 1, H,0); vN¥°' 3470, 3240, and 2120 cm™'; '"H-n.m.r. (300
MHz, D,0): 64.93 (~s, H-1),4.31(dd, J,,0.9, J,,4.8 Hz, H-2), 4.19(dd, J,,4.8, J,, 7
Hz, H-3),4.00 (~t,J,, ~ J,; ~ 7 Hz, H-4), 3.84,3.68 (2 m, | and 2 H, H-5,6,6'), and
3.40(s, 3H, OCH,); "C-n.m.r. (50.29 MHz, D,0): 6 110.8 (C-1), 83.1 (C-4), 77.7 (C-2).
76.2 (C-5), 66.6 (C-3), 65.8 (C-6), and 57.8 (OCH,); m.s. (c.i., ether): m/z (%) 220 (17,
M* + 1),192(37,M* + 1 — N,), 188 (82, M* + 1 — MeOH).

Anal. Cale. for C;H ;N0 (219.2): C, 38.35; H, 5.98; N, 19.17. Found: C, 38.47;
H, 6.23; N, 19.48.

Fraction B (115 mg, 3%) was a mixture. Fraction C (1.44 g, 38%) was methyl
3-azido-3-deoxy-f-p-allopyranoside (18) containing ~ 10% of anomer 5 (n.m.r.),
which was removed by recrystallization from EtOAc. Pure 18 had m.p. 109-110°; [a],
—33.7° (¢ 0.5, H,0); v)*' 3420, 3320, and 2100 with satellite at 2150 cm~'; '"H-n.m.r.
(300 MHz, D,0): 64.58 (d, J,, 8.1 Hz, H-1),4.27 (, J,, ~ J,, ~ 3.5 Hz, H-3), 3.92 (m,
H-5), 3.85(dd, J,, 3.4, J,5,9.7 Hz, H-4), 3.73 (m, 2 H, H-6,6"), 3.64 (dd, J,, 3.6, J,, 8.1
Hz, H-2), and 3.58 (s, 3 H, OCH,); "C-n.m.r. (50.29 MHz, D,0):  103.9 (C-1), 76.9
(C-5), 72.6, 69.3, 69.2 (C-2,3,4), 63.6 (C-6), and 60.0 (OCH,); m.s. (c.i., ether): m/z (%)
220 (27, M* + 1), 192 (85, M* + 1 — N,), 188 (100, M* + | — MeOH).

Anal. Cale. for C,H ;N,O; (219.2): C. 38.35; H, 5.98; N, 19.17. Found: C, 38.55;
H, 6.08; N, 19.43.

Fraction D(821 mg, 21.4%) wasa ~ 3:2 mixture of 18 and §. Fraction E (300 mg,
7.8%) consisted mainly of 5 (i.r., '"H- and "C-n.m.r.), with a small proportion of 18
(13% as calculated from the [«], value of E, 4 1227).

Methyl 3-amino-3-deoxy-f-D-allopyranoside (19) and its tetraacetyl derivative 20.
— Compound 18 (100 mg) was hydrogenated (3 h) as described for 5, but by use of
1,4-cyclohexadiene, to give 19 (63 mg, 72%), m.p. 198-199° (from EtOH); lit." m.p.
199-200°; '"H-n.m.r. (300 MHz, D,0): 6 4.70 (d, J,, 7.6 Hz, H-1), 3.93 (dd, J;, 2.4, J,
11.8 Hz, H-6), 3.87 (m, H-5), 3.73 (dd, J, ,3.8. J,5 9.7 Hz, H-4), 3.71 (dd, J; 5.8, J 12
Hz, H-6'),3.59(s,3H,OCH,), 3.56 (t,J,, ~ J,, ~ 4Hz,H-3),3.53(dd. J,,7.8,J,,4 Hz,
H-2); acidification of the solution with CF,CO,H shifted the H-1 and OMe signals to &
4.53 and 3.49, and the H-2 and H-3 signals, to  3.70 and 3.84, respectively. “C-N.m.r.
(50.29 MHz, D,0): 6 103.5(C-1), 76.3 (C-5), 72.9, 69.6 (C-2.,4), 64.2 (C-6), 59.8 (OCH,),
and 56.0 (C-3); after acidification with CF,CO,H, & 103.5 (C-1), 77.1 (C-5), 69.3, 65.8
(C-2,4), 63.6 (C-6), 59.9 (OCH,), and 56.9 (C-3); m.s. (c.i., ether): m/z (%) 194 (100, M*
+ ) and 162 (15, M* + 1 — MeOH).

. Treatment of 19 with Ac,O in pyridine (with a trace of 4-dimethylaminopyridine)
for 2 h at 23° gave 20, m.p. 179° (from butanone); [a], —41.2° (¢ 2, CHCL); lit." m.p.
179-180°, [«],, —43°; '"H-n.m.r. (200 MHz, CDCl,): § 6.0-5.7 (variable; exchangeable d,
J 8 Hz, NH), 4.96 (dd affected by virtual coupling, 4.5 and 5.5 Hz splittings, H-4), 4.84
(narrow m, 2 H, narrowed on D,O exchange, H-2,3), 4.61 (d, J,, 4.5 Hz, H-1), 4.26
(AB-qd,2H, H-6,6),3.99(q, J, s = J54 = J5 = 5.5Hz, H-5),3.43(s,3 H, OCH,), 2.08,
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2.06.2.05. and 1.99(4s, 12 H, COCH.). "C-n.m.r. (50.29 MHz, CDCLy: 6 170.8 1698
(COY 9945 (C-1), 720 (C-5); 69.1, 67.2(C-2.4). 62.9 (C-6). 36.45 {OCH ). 44.4(C-3).
23.0(NCOCH,). and 20.7-20.5 (OCOCH,).

Acetylation of 19 with Ac,O and anhydrous NuOAc (S nmnar 10 gave 20, m.p.
178.5 179 "H-and "C-n.m.r. spectra identical with those of the previous sample.

Methyi 3-amino-3-deoxy-fl-v-adlofuranoside (14, - Azide 13 (250 mghin MeOH
(20mL) was subjected to transter hvdrogenolysis in the presence of 1029 Pd- C {2060 mg)
and 1.4-cvclohexadiene (1 mL), as described for S, After 4 b, 13(R, 0.5) was absent und
an immobile. ninhydrin-posiive spot for 14 was seen (£ Lc. with FtOAcC). The catalyst
was filtered off and washed well with MeOH. the solvent removed. und the solid residue
recrystathized from E1OH to give 14 (200 mg, Q0% ) m.p. 169170 {x), — 432 (¢ L
H.O): "H-n.m.r. (200 MHz. D.OF: 6 4.89 (s. H-1), 4.05 (d. /. 4.5 Hz, H-23 383 260 (m,
4 H.H-4.5.6.6". with H-4 located by COSY at 6 3.80% 3.50(dd. /. 45,7, 7.5 Hz H-3).
and 3.39 (s, 3H.OCH,): "Conmor (50.29 MHz, DO 8 TTHO(C-1) 864 (C-4. 779
(C-2), 76.5 {(C-5), 65.7 (C-6). 37.6 (C-3). and 37.0 (OCH). On acdification of the
solution with CF,CO,H. some chemical shifts were sigmficantlsy changed and the
spectra were identical with those of 14 hydrochloride (sce u subsequent section), Mos.
fedether): mz (% 194 (1000 M+ Dyand 162 (34 M 1 — MeOH)

Anal Cale for C-H GNOC(193.2): C 43,51 HU 783N 725 Found: CL43.68: H.
823 N, 7.05

Methvi 3-acetumido-2.5 6-tri-O-acevl-3-deoxy-fi~-v-allofuranoside {(15). A
sample of 14 was treated for 5 mun at 100 with Ac.(d and anhvdrous NaOAc
Conventional processing by extraction with CHCL, gave 15 as a colorless syrup that
crystallized on storage, m.p. 8990 [«f,, +18.4" (¢ L2 CHC v, 32000 1745, 1635
and 1545 cm 2 'H-nomur, (300 MHz, CDCL): 0 5.64 (br. d. exchangeable, J ~ Y Haz,
NH. s 120d. 4. 330, = 4., = 6 Hz, H-3),4.94 (m. 2 H. W 24 Hz and. after DO
exchange. 14.5Hz H-2.3).4.80(s. H-1).4.43(dd. /. 3.5,/ 12T Hz  H-0).4.13(dd. 1,
6.1/, 121 Hz H-63.4.00(dd /6.0, J,, 7.7 Hz, H-4), 334 (s L OC/ ). 2012, 2,05
204, and 1.99 (45, 12 H. 4 CH,CO); "C-nmur. (50.29 MHz. CDCL): 6 170.8, 170.3,
169.7. 169.5 (4 COy. 106.2 (C-1), 80.0 (C-4), 763 (C-2). 723 (C-3). 622 (C-6). 553
(OCH ), 50.2 (C-33, 22,9 (NHCOCH ;3. and 20.7- 20.6 (OCOCTL Y mus, (o, ethern) w1 -
(%) 362 (41. M Tyand 330(58. M° + | — MeOH).

Anal. Cale. for C, H, . NO,(361.3) C.49.86; H. 6 42: N, 388 Found: €. 4978 H.
6.35; N. 374

Methyi 3-accetamido-3-deoxy-f-p-allofuranoside (16). A sample of 14(50mg) in
MeOH (5 mLywas treated at 25 with Ac.0{0.2 mL). Evaporation of the solution after
1 h quantitatively gave solid 16. Alternatively. a sumple of 15 {100 mg) in McOH (10
mL)wus treated overnight at 25 with a catalytic amount of NaOMe. Deionization and
evaporation of the sofution furnished 16 (65 mg. 100%). The two preparations were
identical: m.p. 102-103 ¢ [x],, - 6.7 (¢ 2. water), 'H-n.mor, (200 MHz, D.O): 6 494 (s,
H-1).4.52(dd. /, 4.8 J, 8 Hz, H-3),4.174d. J, 4 8 Hz, H-2). 4. 00 (dd. S, 6.3.J, 8§ Hz.
H-4), 376 (m, 2 H.H-5.6), 2.59(dd, J, 7.8/, 12.5Hz, H-67), 341 (5. 2 H . OC ), 2.06
(s. 3 H, COCH.); "C-n.mor. (50.29 MHz, D.OY: 6 1773 (CO 1T {C-1), 832 (C-4),
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76.4 and 76.3 (C-2,5), 65.5 (C-6), 57.6 (OCH,), 55.85(C-3), 24.6 NHCOCH,); m s. (c.i.,
ether): m/z (%) 236 (100, M*™ + 1), 204 (98, M* + 1 — MeOH).

Methanolysis of acetamide 12. — A. Spectroscopic identification of products. A
solution of 12 (1.0 g) and AcCl (1 mL)in abs. MeOH (10 mL) was boiled under reflux for
42 h, with exclusion of atmospheric moisture. The solvent was then evaporated at 35°
with several additions of toluene, and the white solid obtained by trituration of the
residue with EtOH and Et,O was dried in vacuo over KOH. The glycoside mixture (0.75
g, 98%) showed [a], +7° (c 2, H,0); vX4' 3300 (strong), 1605, 1580, and 1530 cm ™"
(medium strong); m.s. (c.i., ether): m/z (%) 194 (100, M* — Cl). The 'H-n.m.r. spectrum
(200 MHz, D,0) contained H-1 signals in intensity ratios of ~2:4:1:1 at 4 5.11 (d, J 4
Hz), 5.02 (s), 4.92 (d, J 3.5 Hz), and 4.66 (d, J 8 Hz) for 21, 14 hydrochloride, 6, and 19
hydrochloride, respectively; two singlets with an intensity ratio 3:5 representing coinci-
dent CH, resonances of 21 and 19 hydrochloride (¢ 3.49), and of 14 hydrochloride and 6
(6 3.43); and in the 6 4.54.2 region (in which the pyranosides do not resonate)
well-separated signals for the furanosides (intensity ratios a:f = 1:2) at 4.50(dd, J,, 4,
J,17.5Hz, H-20),4.35(d, J,, 5 Hz, H-2§), 4.34 (dd, J 3 and 4 Hz, H-4a), and 4.15 (~t,
Jia = Jys = 7.5 Hz, H-4p). All the remaining signals for the four isomers were
ill-resolved in the & 4.1-3.6 region.

The "C-n.m.r. spectrum (50.29 MHz, D,0) showed the following strong and
medium strong peaks for 14-HCl and 21, respectively: § 111.1 and 105.1 (C-1), 82.8 and
83.9 (C-4), 76.1 and 75.8, and 74.0 and 71.9 (C-2,5), 65.7 and 65.0 (C-6), 57.7 (OCH,,
coincident), and 56.7 and 53.8 (C-3); 6 and 19-HCI gave weaker peaks at 6 101.4 and
103.5(C-1), 69.6 and 77.1 (C-5), 66.9 and 65.0, and 69.5 and 65.8 (C-2.,4), 63.2 and 63.5
(C-6), 58.1 and 59.8 (OCH,), and 57.5 and 56.8 (C-3).

Similar solvolyses for 7 and 16 h gave similar results, with 14 and 21 arising in
~2:1 ratio, but with negligible formation of pyranosides.

B. Methyl 3-amino-3-deoxy-f-p-allofuranoside (14) hydrochloride. A solution of
12 (2.0 g) in abs. MeOH (20 mL) containing AcCl (2 mL) was boiled under reflux for 16
h, cooled, diluted with MeOH, and neutralized to pH 5 with Amberlite IR-45 (OH™),
without prolonged exposure to the resin. The residue obtained upon evaporation of the
solvent was crystallized from EtOH to give a product (0.96 g, 63%) consisting chiefly of
14 hydrochloride. Recrystallization from EtOH have the pure compound as fine
needles, m.p. 209° (dec.); [o]y —28° (¢ 0.6, H,0); 'H-n.m.r. (200 MHz, D,0): § 4.99 (s,
H-1),4.32(d, J,, SHz, H-2),4.12 (~t, J;, = J,; s = 7.5Hz,H-4),3.92(dd, J,,5,J;,7.3
Hz, H-3), 3.85-3.63 (m, 3 H, H-5,6,6'), 3.37 (s, 3 H, OCH,; value from 3 independent
preparations). The reason for the discrepancy with the value given in section A is
unclear. The “C-n.m.r. data were identical with those recorded in A; m.s. (c.i., ether):
m/z (%) 194 (100, M* — Cl) and 162 (38, M* — Cl — MecOH).

Anal. Cale. for C,H (CINO,(229.7): C, 36.60; H, 7.02; Cl, 15.44; N, 6.10. Found:
C, 36.36; H, 7.10; Cl, 15.61; N, 5.97.

Passage of an aqueous solution of the hydrochloride through a Dowex 1 (OH ")
anion exchange column gave the free base 14, identical (n.m.r.) with 14 obtained from
10.
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C. Methyl 3-aceramido-3-deo xv-a-D-allofuranoside (22). After methanolysts of 12
performed as described in B. the acidic solution was stirred with a large amount of anion
exchange resin for -2 h. The product (60%. crystallized from EtOH )} was a 2:1 mixture
of anomeric acetamides 16 and 22 ('H- and "C-n.m.r.). Stored at 0. the ethanolic
mother hquors slowly deposited stout erystals of pure 22 in amounts suthicient only for
spectroscopy. ( This occurred on 2 occasions), 'H-N.m.r. (200 MHz. D,0): 64,99 (d. /, ,
4Hz H-1).4.45(dd. /. 4. /.. 7.7 Hz H=3), 421 (ddJ, . 4.1, 7.7 Hz, H-2), 4,04 (L /.
=J,.=4Hz H-4).396(dt.J,, = J,, =4/, THz. H-3). 357 {center of AB-gd. 2 H.
Joo 12 HZ H-6.6').3.44 (s. 3 H. OCH,), and 2.03 (. 3 H. NCOC//.): "C-n.m.r. (50,29
MHz. D.O): & 177.0 (€O} 1055 (C-1), 85.5(C-4). 74.6. 732 (C-2.5) 65.0 (C-0). 578
(OCH,). 519 (C-3), and 24.7 (NHCOCH,).

Methyl 3-acetamido-2-O-acetyl-5 .6-O-henzylidene-3-deoxv-fi-D-allofuranoside (17).

- A mixture of 14 hvdrochloride (500 mg). dry MeCN (20 mL). z.x-dimethoxytoluene
(0.3 mL). and « catalytic amount ol p-toluenesulfonic acid was stirred for 30 min at
room temperature and then concentrated at 35 (o a volume of 10 ml., neutrahized with
Et.N. and evaporated to dryness. The residue was treated overmight with A¢,O (Sml)
and pyridine (10 mL). and the mixture processed by difution with methanot followed by
cocvaporation of the solvents with added toluene. The light-brown residue was purified
by column chromatography (30 g of S10,. I:1 EtOAc- hexane). affording 17 (435 mg.
55%. after recrystallization from EtOAc -petroleum ether): m.p. 139140 . v 3260,
1750, 1635, and 1565¢m - 'H-n.mor. (300 MHz, CDCLY: ¢ 7.49, 7.36 (2m. 5H. arom.).
5.76 (s, PhC /). 5.45 (d. exchangeable. J, ., ~9 Hz. N#H) 499 (d. /., 4.8 Hz. H-2). 4.84
(s.H-11.4.740td. J5 48, = Jy gy = 8.8 Hz  H-3).4.27. 4132 m. 2and T HUH-5.60.6").
397(dd. J, 35, 88 HZ  H-4). 338 (s, 3H, OCH ). 2.1 TR7 (2, 6 HL 2 COCH. 1
m.s. (c.i.ether)y iz (%) 366 (34, M+ [yand 334 (100.M 7 —~ 1 — McOH).
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