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Synthesis and Reactions of Highly Protected Mannosamines

Jia-Cheng Shieu® ( 5t 3 ), Y eng-Jeng Shaw? ( # 7k ) and Tien-Yau Lub®™ (k2% )
3PDepart ment of Chemistry, National Tai wanUni ver sity, Tai pel, Tai wan106,R.O.C.
PIngti tuteof Chemistry, AcademiaSnica, Nankang, Tai pei, Tai wan 115, R.O.C.

Highly protected mannosaminederiv ativesaresynthesizedfromprotectedglucosederiv ativeshav ing a
free hydroxy group at C.posi tion. Indium-mediatedallylation of protected mannosaminederiv ativesisinves

tigated.

Mannosamine 1 isanim por tant aminosugar andispres
entinanumber of naturally occurringoli gosaccharides. The
com pound can also serve as an im por tant pre cur sor for a
num ber of higher homo loguesof sugar deriv ativeshaving
dif ferentkindsof bi ologi cal activities.2 Most pub lished syn-
the sesof 1 use arabinose® or glucal*asstartingmateri als.
Separationof sterecisomersof inter medi atesisgenerally re-
quired in these pro ce dures. Equilibraton of 2-glucosamine
with 1 under basic condi tionshasbeenreported, butinlow
overall conversion.® Anideal ap proach for thesynthesisof
mannosaminederiv ative3istostart withaglucosederiv ative
2 hav ing afree hydroxy group at C..Inversionof configura
tion by dis place ment of this hydroxy group with an amino
groupwould lead to acon venient synthesisof mannosamine
derivatives3 (eq 1).
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Werecently reported aconvenient pro cedurefor the
synthesisof thehighly protectedglucosederivative 5 having
the de sired free hydroxy group at C.fromthecor responding
bisacetonide 4 (eq 2) * Accordingly, thiswill beanideal start-
ing point for the syn the sisof highly pro tected mannosamine
derivatives3. Inthispaper, wead dressthedetailsfor thesyn
thesisandreactionsof highly protected mannosaminederiv a
tives.
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RESULTS AND DISCUSSION

Inthe be gin ning of thisre search, methyl glucoside 5
wastreated withtriflic an hy drideto givethecor responding
triflate 6inexcel lentyield. Without fur ther puri fi cation,6
wasal lowedtoreactwithsodiumazidetoaf fordazide7. Cat-
alytic hydrogenolysisof 7 yielded amine 8 which wasfur ther
transformedintothecor respondingamide 9 upontreat ment
withaceticanhydride.
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Thispromisingpreliminary investi gationpromptedus
totacklesev eral relatedsystems, inparticular,thosehavinga
labile anomeric protectivegroup. Allyl glucosides 10 was
sub jected to the re ac tion with the MeMgl in refluxing ben
zenefor 1.5htogivethecor respondingring opening product
11 hav ing afree hydroxy group at the C, position. Similar
transfor mation asde scribed aboveyiel ded the mannosamide
derivative15. It isnote wor thy that triphenylphosphine was
requiredforthereductionof 13.” At temptsto useother reduc-
ing agentsresultedinlow isolationyield of theamine 13.

Sev eral proceduresintheliter atureareknowntore
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movetheallyl pro tective group at the anomeric po si tion.
How ever, treat ment of 15 with Pd(PPhs)4 in acetic acid at 80
=C did not yield 16. The acetonide pro tec tivegroup wasalso
removed under thesecondi tions. Inasimi lar manner, reac-
tion of 15 with PdCl,in MeOH at room tem per aturealso pro-
duced amix ture of prod uctswhilethe acetonide moi ety was
gone. Presumably, theproduction of theHCl fromthistrans
formation would facilitate further deprotection process.
Gigg’ sprocedurewasthen adoptedtoisomerizetheallyl pro-
tectivegrouptothecor responding 1-propenyl moi ety £ It is
inter est ing to notethat there ac tion was stereosel ective and
only cis-isomer 17wasobtained. Di rect treat ment of crude 17
withHgO/HQCl: af forded 16 in 80% over all yield.
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Incor poration of anallyl substituent at theanomeric
center fur nishesauseful entry for the ex ten sion of athree-
carbonunittoasugar mol ecule. Many pro ceduresareknown
toaccomplishthisgoal. Reactionsof car bon nucleophiles
withasugar deriv ativearewell doc u mented. Morerecently
theuseof indium pro videsapow er ful ar senal for this pur-
pose. Inparticular, thereactioncanbecar ried outinagueous
mediumand ex hibitshigh stereoselectivity.? Accordingly,
thein dium-mediated allylation of 16 in acetonitrile-water
(1:1) or THF-water (1:1) yieldedaninseparablemix tureof 18

)v NHAc
o We) /\/Br
T "
OH
16
NHAC
5-OH

NHAC
)Vo 3-OH

— —
T T
OH OH
18 19
THF-H,0(1:1) 562/0 44%
MeCN-H20 (1:1) 79% 21%

Shieu et al.

and 19 (eq 3). Itisnotewor thy that water isessential for this
reaction. Intheab senceof water, nodesired prod uct wasob
tained at all. Acetylation of 18 and 19af fordedtherespective
acetates20 and 21, themajor isomer 20 being obtained asa
crystal linesolid. Thestereochemistry assign ment wasbased
on the NMR data. The cou pling con stants Juans and Jus e in

20were10.2and 4.8 Hz, respectively. Inarelated compound

22, the acetoxy group at C* and the acetamido group at C° are
syn. Thecou pling con stants 345 and Jus,xe N 22 were 4.0

and 8.5Hz, respectively.* Consequently, theab so lutecon

figurationat C* of themajor prod uct 20 should be R and that

of themi nor prod uct21 should be S
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Insummary, wehavedemonstratedaconvenientproce
durefor the synthesisof highly pro tected mannosamine de-
riv ativeswhich can beex tended tothesynthesisof avari ety
of higher homologuesof sugar deriv atives. Fur therextension
of thisresearchisinprogressinourlaboratory.

EXPERIMENTAL SECTION

Methyl 2-O-trifluoromethanesulfonyl-4,6-O-
isopr opylidene-ii-D-glucopyranoside (6)

Toasolutionof 5(0.29 g, 1.0 mmol) in dried CH.Cl-
(4.0mL) at -75~C was added pyridine (0.24 g, 3.0 mmol) and
Tf20 (0.85 g, 3.0mmol). Themix turewas stirred from -75=C
to 0=Cfor 2.5 h, quenched withwater (10 mL), and ex tracted
with ether (10 mL < 2). Thecom bined or ganic layer wasdried
(MgSO0.), fil tered and the sol vent of thefil tratewas evap o-
rated in vacuo to give the crude 6 (0.35 g, 82%), which was
unstableandusedforthenextreactionimmedi ately."H NMR
(300 MHz, CDCl5) & 1.19 (s, 9H), 1.37 (s, 3H), 1.45 (s, 3H),
3.40 (s, 3H), 3.42-3.47 (m, 1H), 3.60-3.72 (m, 2H), 3.80-3.88
(m, 1H), 3.98 (t, J= 9.2 Hz, 1H), 4.51 (dd, J= 9.2, 3.6 Hz,
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1H), 4.91 (d, J= 3.6 Hz, 1H); ®*C NMR (75 MHz, CDCl3) &
19.0,28.9, 29.3, 55.5, 62.2, 63.9, 64.2, 68.9, 73.8, 75.8, 84.4,
97.8,99.5; F NMR (300 MHz, CDCl3) fi -75.9.

Methyl 2-azido-2-deoxy-4,6-O-isopropylidene-3-O-tert-
butyl-z-D-mannopyranoside (7)

A DMFsolution(5mL) of 6 (0.35 g, 0.83 mmol) was
treated with NaNs (0.26 g, 4.2 mmol) and the mix ture was
stirred at 80 ~C for 16 h. Water (10 mL) was added and the
mix turewasex tracted with ether (10 mL). Theor ganic phase
wasdried (MgSO.), fil tered and the sol vent of thefil tratewas
removedin vacuo to givetheresi due which was chromato-
graphedonsil icagel (Hex ane/EtOAc=19/1)toaf ford 7 asa
white solid (0.20 g, 77%): mp 54-56 °C; [c] o> = +72.4(c 0.8,
CHCl3); *H NMR (300 MHz, CDCl5) i 1.20 (s, 9H), 1.35 (s,
3H), 1.48 (s, 3H), 3.31 (s, 3H), 3.56 (br g, J = 8.5 Hz, 1H),
3.71-3.84 (m, 4H), 3.82 (dd,J = 9.5, 9.4 Hz, 1H), 3.95 (dd,J =
9.4, 3.8 Hz, 1H), 4.54 (s, 1H); *C NMR (75 MHz, CDCl,) &
19.3, 28.4, 29.2, 54.8, 62.3, 65.1, 69.3, 70.1, 75.0, 99.7,
100.3; IR (neat) 2928, 2865, 2107, 1759, 1463, 1374, 1308,
1264, 1197, 1134, 1026, 970, 893, 864, 801 cm™; Anal. calcd
fOI‘C14H2505N3: C, 53.32; H, 7.99. Found: C, 52.72; H, 7.91.

Methyl 2-amino-2-deoxy-4,6-O-isopropylidene-3-O-tert-
butyl-z-D-mannopyranoside (8)

A mix tureof 7(0.42 g, 1.3 mmol) and Pd/C (0.76 g) in
ethanol (50.0mL)wasstirredunder anat mosphereof Hz for 8
h. The mix turewasfil tered through Celite and the sol vent of
thefil tratewasevap oratedin vacuoto af ford the crude 8
(0.22 g, 58%): *H NMR (300 MHz, CDCl3) & 1.11 (s, 9H),
1.28 (s, 3H), 1.42 (s, 3H), 3.16 (m, enbodied sin glet for CH;
group at 3.24, 4H), 3.52-3.60 (m, 1H), 3.60-3.88 (m, 4H),
4.80 (s, 1H); ®C NMR (75 MHz, CDCl,) fi 19.4, 28.4, 29.0,
54.6, 55.9, 62.2, 64.8, 67.0, 69.4, 74.8,99.7, 100.5; IR (neat)
w 3375, 3306, 2975, 2938, 2912, 2878, 2835, 1594, 1471,
1381, 1367, 1329, 1199, 1172, 1089, 971, 946, 885 cm™.

Methyl 2-acetamido-2-deoxy-4,6-O-isopropylidene-3-O-
tert-butyl-rz-D-mannopyranoside (9)

A mix tureof 8(0.22 g, 0.75 mmol), acetican hy dride
(1.42 g, 13.9 mmol) and pyridine (0.93 g, 11.6 mmol) in
CHCl (20 mL) was stirred at 40=C for 13 h. The mix ture
was quenched with water (10 mL) and ex tracted with ether
(20 mL). The or ganic phasewas dried (MgSQy), fil tered and
the sol vent of thefil tratewasre movedin vacuo to give the
residue which was chromatographed on silica gel (Hex-
ane/EtOACc = 19/1) to af ford 9 as awhite solid (0.2 g, 77%):
mp 88-90°C; [1]o®’ = +72.4 (c 2.5, CHCl3); *H NMR (400
MHz, CDCl;) & 1.15 (s, 9H), 1.36 (s, 3H), 1.47 (s, 3H), 1.98
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(s, 3H), 3.31 (s, 3H), 3.52 (t, J = 10.0 Hz, 1H), 3.64 (dt, J =
10.0, 4.8 Hz, 1H), 3.73(t,J = 10.0 Hz, 1H), 3.80 (dd, J = 10.0,
4.8 Hz, 1H), 3.91 (dd, J = 10.0, 5.2 Hz, 1H), 4.20 (ddd, J =
6.8,5.2, 0.8 Hz, 1H), 4.71(d, J= 0.8 Hz, 1H), 5.78 (d, J=6.8
Hz, 1H); *CNMR (50 MHz, CDCl5) £19.2, 23.3,28.2, 29.1,
54.3, 62.3, 64.2, 66.3, 70.5, 74.8, 99.6, 100.7, 170.6; IR
(KBr) v 3262, 3201, 3080, 2981, 2951, 2908, 2876, 2834,
2250, 1654, 1632, 1562, 1472, 1443, 1380, 1269, 1202, 1129,
1074, 1040, 985, 957, 918, 887, 863, 731 cm'; HRMS calcd
for CisH200sN 331.1995. Found 331.1998; Anal. calcd for
CisH20NOs: C, 57.97; H, 8.82. Found: C, 57.67; H, 8.54.

Allyl 0?,0%0* 0°-Bis-isopropylidene-iz-D-
glucopyranoside (10)

A mix ture of allyl z-D-glucopyranoside (3.82 g, 17.3
mmol), TsOH (0.04 g, 0.21 mmol) and 2-methoxypropene
(10 mL, 69 mmol), in dry DMF (50 mL) was stirred for 2 h at
20 =C. The mix ture was poured into water (100 mL) and ex-
tracted with ether (50 mL = 2). The or ganic phase was dried
(MgS0,) and the sol vent wasre moved in vacuoto af ford 10
as an oil (4.56 g, 88%): [i]o°’ +86.6 (¢ 0.05, CHCls); *H
NMR (CDCls, 200 MHZ) & 1.38 (s, 3H), 1.39 (s, 3H), 1.42 (s,
3H), 1.49 (s, 3H), 3.45-3.59 (m, 2H), 3.71-3.88 (m, 3H),
3.97-4.23(m, 3H),5.11-5.18(m, 2H, embodied adoublet, J=
3.0 Hz), 5.27 (dg, J = 17.2, 1.4 Hz, 1H), 5.89 (ddt, J = 17.2,
10.9, 5.3 Hz, 1H); *C NMR (CDCl3, 50 MHz) & 19.0, 26.3,
26.7, 28.9, 62.2, 65.0, 68.7, 73.7, 73.9, 76.7, 96.9, 99.5,
111.3, 117.4, 133.4; Anal calcd for CsH»,Os: C, 59.98; H,
8.05. Found C, 59.94; H, 8.12.

Allyl O°-tert-Butyl-O*,0%-isopropylidene-ci-D-
glucopyranoside (11)

A benzenesolution (20 mL) of 10 (0.92 g, 3.06 mmol)
was al lowed to re act with MeMgl (2.4 mL, 2 M ether, 6.1
mmol) at 50-60=C for 1.5 h. The mix ture was quenched with
NH,CI solution. Theor ganiclayer wassep arated, and the
aqueousso lutionwasex tracted with ether. The com bined or-
ganic lay erswerewashed suc cessively withwater and brine
and dried (MgSO.) to af ford 11 (0.83 g, 86%) asacol or less
oil: [&]o?” +110.8 (c 0.05, CHCl3); *H NMR (CDCl3, 200
MHz) & 1.21 (s, 9H), 1.37 (s, 3H), 1.44 (s, 3H), 2.06 (d, J =
7.9 Hz, 1H), 3.30-3.35 (m, 2H), 3.55-3.88 (m, 4H), 4.04 (dd,
J =128, 6.4Hz, 1H), 4.22 (dd, J=12.8, 5.4 Hz, 1H), 4.92 (d,
J=3.8Hz, 1H), 5.21 (dd, J=10.2, 1.5 Hz, 1H), 5.29 (dd, J =
17.3, 1.5 Hz, 1H), 5.92 (ddt, J = 17.3, 10.2, 5.7 Hz, 1H); °C
NMR (CDCl;, 50 MHz) #19.0, 29.0, 29.3, 62.5, 64.3, 68.5,
72.2,72.4,73.3, 74.5, 98.3, 99.1, 118.0, 133.6; HRMS calcd
for Ci6H2806: 316.1886, found: 316.1889; Anal calcd: C,
60.74; H, 8.92. Found C, 60.74; H, 9.06.
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Allyl 2-Azido-2-deoxy-O>-tert-butyl-O* O°-
isopr opylidene<i-D-mannopyranoside (13)

To aCHxCl;solution (60 mL) of 11 (3.0 g, 9.5 mmol)
and pyridine (1.5 mL, 19.0 mmol) at -10 #C was added Tf,O
(2.2mL, 11.4 mmol) over aperiod of 30 min, and the mix ture
was stirred for 2 h at 0=C. Ice-cooled water (20 mL) wasthen
intro duced. Theaque ouslayer wasex tracted with ether (50
mL), and the com bined or ganic lay ersweredried (MgSO.).
Thesol vent wasremoved in vacuoto yield the crude 12 (3.6
g, 8.8 mmol, 93%) which was dis solved in DMF (60 mL).
NaNs (2.86 g, 44.0 mmol) was added, and the mix ture was
stirred at 80=C for 18 h. Then water wasin tro duced, and the
mix turewas ex tracted with ether (60 mL). The or ganic layer
was suc ces sively washed with water and brine and dried
(MgS0,). Thesol vent wasremoved in vacuoto givetheresi-
due which was chromatographed on silica gel (Hexane/
EtOAc=4/1) to af ford the13(2.17 g, 72%) asacol or lessoil:
[©]p2° +72.4 (c 0.05, CHCIs); *H NMR (CDCl;, 200 MHz) &
1.22 (s, 9H), 1.36 (s, 3H), 1.49 (s, 3H), 3.50-4.05 (m, 7H),
4.13(ddt, J=12.9,5.3, 1.2 Hz, 1H), 4.50 (d, J= 1.2 Hz, 1H),
5.20 (dq,J =11.5, 1.5 Hz, 1H), 5.27 (dq, J = 17.1, 1.5 Hz,
1H), 5.88 (dddd,J = 17.1, 11.5, 6.2, 5.2 Hz, 1H); *C NMR
(CDCl3, 50 MHz) & 19.3, 28.4, 29.2, 62.2, 65.3, 65.4, 68.1,
69.3, 70.2, 75.0, 98.4, 99.7, 117.9, 133.4; IR (neat) v 2110
cm™; Anal calcd for C16H,7NsOx: C, 56.29; H, 7.97; N, 12.31.
Found C, 56.34; H, 8.32; N, 12.14.

Allyl 2-Amino-2-deoxy-O3-tert-butyl-O*,0°-
isopr opylidene-ti-D-mannopyranoside (14)

PhsP (2.52 g, 9.60 mmol) was added to aso lu tion of 13
andthemix turewasstirred at am bi ent tem per aturefor an ad-
di tional 12h. Hex ane (50 mL) wasintro duced, andtheslurry
wasfil tered. Thefil tratewasdried (MgSO,), and the sol vent
wasremovedin vacuoto givetheresi due which was chro-
matographedonsil icagel (Hex ane/EtOAc=2/1) toaf ford14
(2.349, 78%) asacol or lessoil: [] o2 +57.4 (c 0.05, CHCl 5);
*H NMR (CDCl3, 200 MHz) & 1.17 (s, 9H), 1.35 (s, 3H), 1.46
(s, 3H), 3.11 (br, 1H), 3.60-3.85 (m, 7H), 3.39 (ddt, J = 13.0,
6.1,1.2Hz, 1H), 4.13(ddt, J=13.0,5.2, 1.2 Hz, 1H), 4.73 (br
s, 1H), 5.14-5.31(m, 2H), 5.89 (ddt, J = 17.3, 10.4, 5.5 Hz,
1H); ¥C NMR (CDClI;, 50 MHz) & 19.2, 28.6, 29.2, 56.2,
62.5, 65.1, 67.9, 68.6, 69.8, 74.3, 99.5, 100.9, 117.3, 133.9;
HRMS calcd for Ci6H29NOs: 315.2046, found: 315.2034;
Anal calcd: C, 60.93; H, 9.27; N, 4.44. Found C, 60.92; H,
8.99; N, 3.95.

Allyl 2-Acetamido-2-deoxy-4,6-O-isopr opylidene-3-O-
tert-butyl--D-mannopyranoside (15)
Toasolutionof 14 (3.01 g, 9.55 mmol) in CH,CI, (30
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mL) was added pyridine (0.9 mL, 11.5 mmol), and the mix-
ture was cooled to 0=C. Af ter abrief stir ring, acetican hy
dride (1.3 mL, 14.3 mmol) was added, and the mix ture was
stirred overnight at room temper ature. Thereactionwas
guenched with water (10 mL) and di luted with CH,CI, (100
mL). Theor ganiclayer waswashed with acqueous CuSO4 so-
lution (0.2M, 50mL), water (100mL), and brine (50 mL) and
the or ganic layer was dried (MgSO4). Sol vent wasremoved
in vacuo to yield 15 (3.23 g, 95%) as a white solid: mp
113-114 *C(hex ane); [ t]p2® +38.2 (¢ 1.00, CHCl3); 'HNMR
(CDCls, 300 MHz) & 1.16 (s, 9H), 1.36 (s, 3H), 1.48 (s, 3H),
2.03(s, 3H), 3.50 (t, J=8.7 Hz, 1H), 3.60-3.88 (m, 3H), 3.95
(dd, J = 8.7, 6.3 Hz, 1H), 3.88-4.05 (m, 1H), 4.05-4.18 (m,
1H), 4.23 (t, J= 6.3 Hz, 1H), 4.87 (s, 1H), 5.19 (dd, J = 10.3,
1.4 Hz, 1H), 5.28 (dd, J = 17.3, 1.4 Hz, 1H), 5.75 (d,J = 6.3
Hz, 1H), 5.89 (ddt, J = 17.3, 10.3, 5.5 Hz, 1H); **C NMR
(CDCl3, 70 MHz) & 19.3, 23.5, 28.3, 29.2, 54.6, 62.4, 64.5,
66.4,68.4,70.7,75.0,99.0,99.8,117.5,133.7,170.7, HRMS
caled for C1Ha1NOg: 357.2151, found: 357.2135.

2-Acetamido-2-deoxy-4,6-O-isopr opylidene-3-O-ter t-
butyl- -D-mannopyr anose (16)

Toasolutionof 15 (0.50 g, 1.59 mmol) in dry DM SO
(25 mL) was added t-BuOK (0.54 g, 4.77 mmol) and the mix-
ture was stirred at 70~C for 30 min. Af ter cool ing to rt, the
mix ture was poured into ice-water (50 mL) and ex tracted
with EtOAc (100 mL). The or ganic layer was washed with
water (2 x 100 mL), dried (MgSO,) and concentrated in
vacuo to give crude 17 which was treated with HgCl. (0.86 g,
3.18 mmol) and HgO (0.69 mg, 3.18 mmol) in ac etone-water
(4:1, 25 mL) for 30 min. The mix ture wasfil tered through
char coal and thefil trate was di luted with EtOA ¢ (200 mL)
and washed suc cessively withH,O (50 mL) and brine (22 50
mL), and dried (MgSO4). Sol vent wasre movedin vacuo to
yieldtheresi duewhich was chromatographed on sil icagel
(EtOAc/Hex ane=1/1) to af ford16 (MgSO,) asamix ture of
anomeric iso mers (0.35 g, 79%, major:mi nor = 4:1): []p?®
-25.0 (¢ 1.00, CHCI3); *H NMR (CDCl3, 300 MHZz) & 1.16 (s,
7.2H), 1.16 (s, 1.8H), 1.35 (s, 3H), 1.45 (s, 0.6H), 1.46 (s,
2.4H), 2.02 (s, 2.4H), 2.12 (s, 0.6H), 3.25 (dt, J=9.9,5.2 Hz,
0.2H), 3.42-3.57 (m, 1H,embodied atriplet, J = 9.8 Hz),
3.62-4.07 (m, 3.8H), 4.19 (t,J= 6.1 Hz, 1H), 4.47 (d,J=4.1
Hz, 0.8H), 4.82 (d, J = 7.3 Hz, 0.2H), 5.21 (d, J = 4.1 Hz,
0.8H), 5.92 (d, J=6.1 Hz, 0.8H), 6.04 (d, J = 4.4 Hz, 0.2H),
6.79 (d,J = 7.3 Hz, 0.2H); ®*C NMR (CDCls;, 70 MHz) & 19.2,
19.3,23.2,23.4,28.3,28.4,29.0, 29.1, 55.4, 57.3, 62.2, 62.4,
64.4,66.1, 68.8, 69.2, 70.4, 70.7, 75.1, 75.5, 93.9, 96.1, 99.7,
99.8, 171.3, 174.2; Anal calcd for CisH2/NOs: C, 56.77; H,
8.57; N, 4.41. Found C, 56.35; H, 8.62; N, 4.38.
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Allylation of 16

Toasolutionof 16 (0.10 g, 0.32 mmol) and allyl bro-
mide (60 pL, 0.64 mmol) in 10 mL of ague ous acetonitrile
(v/v 1:1) was added in dium power (0.06 g, 0.48 mmol) in one
por tion. The mix ture was stirred for 1 h at 0=C and an ad di-
tional 6hatambi enttemper ature. Af terfil tration, thesol vent
wasremovedin vacuo and theresi duewastriturated with
EtOAc. Theor ganic so lu tion was washed with brine, dried
(MgSO.), fil tered, and con centrated. Theresi duewaspuri-
fied by col umn chromatog raphy on SiO, (EtOAc/Hex ane=
3/1) to af ford adiasteroemeric mix ture of 18 and 19 (3.8:1,
0.06 g, 49%), ascol or lessail: [ri]o® = +16.2 (¢ 2.00, CHCl5);
'"HNMR (CDCls, 300 MHz) fi (selected signals) 1.20 (s, t-Bu,
mi nor prod uct), 1.21 (s, t-Bu, major prod uct), 1.35, 1.43 (s,
Me, mi nor prod uct), 1.41, 1.47 (s, Me, major prod uct), 1.97
(s, CHs-N-acetyl, major prod uct), 2.02 (s, CHs-N-acetyl, mi-
nor prod uct), 5.0-5.2 (m, 2H), 5.70-5.95 (m, 1H,), 6.38(d, J=
7.9 Hz, NH-acetamide, mi nor prod uct), 6.68 (d,J = 7.9 Hz,
NH-acetamide, major product);"*C NMR (CDCls, 70 MHZ)
19.1,19.5,23.2,23.4, 27.9, 28.5, 28.6, 28.8, 38.5, 38.8, 53.6,
57.7,62.2,64.9,65.0, 66.8,69.8, 71.6, 74.1, 74.7, 74.8, 75.1,
75.7,98.6, 98.9, 117.5, 117.8, 134.3, 135.0, 170.8, 171.0; IR
(neat, cm*) 526, 684, 912, 995, 1069, 1165, 1195, 1231,
1373, 1530, 1659, 2882, 2943, 2981, 3082, 3407; HRMS
calced for C1gH4sNOg: 359.2308, found: 359.2326.

Acetate 20

ToaCH,CI,(2mL) solutionof 18 and 19 (0.15 g, 0.42
mmol) and pyridine (90p.L, 0.1 mmol) was added Ac-0 (100
pL, 0.1 mmol), and the mix turewasstirred at room tem per a-
tureover night. The so lu tion wasdi luted with CH,CI, (10
mL ), then quenched with water (10 mL). The or ganic layer
was washed with brine, dried (MgSO,), fil tered, and con cen+
trated. Thecrudeproduct waspuri fied by col umnchromatog
raphy on SiO; (EtOAc/Hex ane=1/1) to af ford 20 (0.12 g,
64.3%) as awhite solid: mp 97-98°C; []52° -21.5 (c 0.50,
CHCls); *H NMR (CDCls, 300 MHz) & 1.13 (s, 9H), 1.41 (s,
3H), 1.52 (s, 3H), 1.94 (s, 3H), 1.99 (s, 3H), 2.03 (s, 3H),
2.19-2.33 (m, 1H), 2.40-2.53 (m, 1H), 3.58 (dd, J = 11.9, 6.4
Hz, 1H), 3.80 (dd, J=4.8, 2.0 Hz, 1H), 4.00 (dd, J=8.8, 2.0
Hz, 1H), 4.09 (dd, J = 11.9, 5.0 Hz, 1H), 4.49 (ddd, J =10.2,
8.8, 4.8 Hz, 1H), 4.74-4.89 (m, 2H), 5.00 (d, J = 7.9 Hz, 1H),
5.03 (d, J= 15.2 Hz, 1H), 5.62-5.80 (m, 1H), 6.72 (d,J = 8.9
Hz, 1H);*C NMR (CDCl3, 70 MHZ) & 20.9, 20.9, 23.6, 27.3,
28.4,37.2,54.6,61.7,65.3,66.8, 72.2, 73.2, 74.6,99.7, 117.9,
133.6, 169.9, 170.2, 170.7; HRMS calcd for C,H3;NOg:
443.2519, found: 443.2519. Anal calcd: C, 59.58; H, 8.41; N,
3.16. Found C, 59.51; H, 8.34; N, 3.79.

J. Chin. Chem. Soc., Val. 48, No. 6A, 2001 1039

ACKNOWLEDGMENT

This work was supported by the National Science
Council andtheMinistry of Ed u cation of theRepublic of
China.

Received June 28, 2001.

Key Words
Mannosamines; Indium; Allylation.

REFERENCES

1. (8) Perkins, H. R. Biochem. J. 1963, 86, 473. (b) Rob bins,
J. B. Immmochemistry, 1978, 5, 839. (c) Jennings, H. J.
Adv. Carbohydr. Chem. Biochem. 1983, 41, 155.

2. (a) Auge, C.; David, S.; Gautheron, C. TetrahedronLett.
1985, 26, 2439. (b) Kim, M.-J.; Hennen, W. J.; Sweers, H.
M.; Wong, C.-H. J. Am. Chem. Soc. 1988, 110, 6481. (c)
Sugai, T.; Kuboki, A.; Hiramatsu, S.; Okazaki, H.; Ohta,
H. Bull. Chem. Soc. Jpn. 1995, 68, 3581. (d) Baumberger,
F.;Vasella, A. Helv. Chim. Acta 1986, 69, 1205.

3. (@) Kuhn, R.; Kirschenlohr, W.; Bister, W. Justus Liebigs
Ann. Chem. 1956, 600, 115. (b) Kuhn, R.; Bister, W. ibid
1957, 602, 217. (c) Dondoni, A.; Junquera, F.; Merchan,
F.L.;Merino, P.; Tgjero, T. TetrahedronLett. 1992, 33,
4221.

4. (@) Paulsen, H.; Lorentzen, J. P.; Kutschker, W.
Carbohydr. Res.1985, 136, 153. (b) Lin, C.-H.; Sugai, T;
Halcomb, R. L.; Ichikawa, Y.; Wong, C.-H. J. Am. Chem.
Soc. 1992, 114, 10138. (c) Takoda, K.; Kaji, E.; Konda,
Y.; Sato, N.; Nakamura, H.; Miya, N.; Morizane, A.;
Yanagisawa, Y .; Akiyama, A.; Zen, S.; Harigaya, Y. Tet-
rahedronLett. 1992, 33, 7145.

5. Spivak, C. T.; Roseman, S. J. Am. Chem. Soc. 1959, 81,
2403.

6. (a) Cheng. W.-L.; Yeh, S--M.; Luh, T.-Y. J. Org. Chem.
1993,58,5577. (b) Yuan, T.-M.; Yeh, S-M.; Hsieh, Y .-T;
Luh, T.-Y. J. Org. Chem. 1994, 59, 8192. (c) Chen, Y .-H.;
Tseng, Y.-T.; Luh, T.-Y. J. Chem. Soc. Chem. Commun.
1996, 327. (d) Cheng, W.-L.; Shaw, Y .-J.; Yeh, S.-M.;
Kanakamma, P. P.; Chen, Y .-H.; Chen, C.; Shieu, J.-C.;
Yiin, S.-J.; Lee, G.-H.; Wang, Y.; Luh, T.-Y. J. Org.
Chem. 1999, 64, 532.

7. (a) Staudinger H.; Meyer J. Helv. Chim. Acta 1919, 2,
635. (b) Vaultier, M.; Knouzi, N.; Carrie, R. Tetrahedron



1040 J. Chin. Chem. Soc., Val. 48, No. 6A, 2001 Shieu et al.

Lett. 1983, 24, 763. 9. (@) Li, C. J.;; Chan, T. H. TetrahedronLett.1991, 32,
8. (a) Prosser, T. J. J. Am. Chem. Soc. 1961, 83, 1701. (b) 7017. (b) Paquette, L. A.; Mitzel, T.M. J. Am. Chem. Soc.

Price, C. C.; Snyder, W. H. J. Am. Chem. Soc. 1961, 83, 1996, 118, 1931.

1773. (c) Cunningham, J,; Gigg, R.; Warren,C.D. Tetra  10. (a) Paquette, L. A.; Mitzel, T. M.; Isaac, M. B.; Crasto, C.

hedronLett. 1964, 1191. (d) Gigg, J.; Gigg, R. J. Chem. F.; Schomer, W. W. J. Org. Chem. 1997, 62, 4293. (b)

Soc. C 1966, 82. Gordon, D. M.; Whitesides, G. M. J. Org. Chem. 1993,

58, 7937.



