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N-Boc-protected serine and threonine esters could be readily 
added to 2-nitroglycals, affording exclusively (J.- and r3-ano­
mers with galacto- and gluco-configuration, respectively. Ni­
tro group reduction to the amino group and also ester c1eav-

Introduction 

Glycans are polyalcohol compounds that exhibit broad 
diversity with respect to the presence of regioisomers and 
stereoisomers at the anomeric position. In the field of gly­
coscience, many glycochemists have made great efforts to 
efficiently construct the O-glycosidic linkage in highly regio/ 
stereoselective ways.[I-4] 1,4(1 ,5)-Oxa(thia)zepine derivatives 
exhibit strong biological activity and have been extensively 
studied .ISJ In particular, Sintamil is known as an efficient 
antidepressant.l61 Substituted 5, II-dihydrobenzo[b,e][ I ,4]ox­
azepines, which exhibit lower anticholinergic activity,!7- 9] 
were also tested as a new generation of calcium antagonists. 
Piperazinyldibenzo[b,J)[I,4]oxa(thia)zepine derivatives be­
long to a class of novel so-called atypical antipsychotic 
drugs that are effective in the treatment of psychoneurologi­
cal disorders such as psychosis, depression, and schizophre­
nia.! 10] 2,3,4,5-Tetrahydrobenzo[J)[ I ,4]oxazepine-5-carbox­
amide showed high inhibitory activity toward 'Y-secretase in 
the treatment of Alzheimer disease.! I I J O-Glycosylation of 
~-hydroxycarboxylates and, particularly, of serine and thre­
onine, having a-amino groups, with glycosyl donors derived 
from 2-amino-2-deoxy sugars leads to versatile building 
blocks for glycopeptide synthesis and for the generation of 
glycopeptide mimetics, and for various functional group 
manipulations.! 12] The versatile direct base-catalyzed ad­
dition of 0 -, N- , C-, and S-nucleophiles to 2-nitroglycals 
(Scheme I), as recently investigated by US,II 3--22J have made 
these building blocks readily available. 
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age led to compounds 2, 6, and 11, which can be regarded 
as dipeptide mimetics. From these compounds, bicyclic pyr­
ano[2.3-b][1,5Joxazepines 7- 14 were prepared by ring clo­
sure. 
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R40~ NuH R40~ R30 -= _ R30 and lor 

base NO 
N02 2Nu 

NuH: 0-. N-. C-. S-nucleophiles 

Scheme I. Base-catalyzed addition of nucleophiles to 2-nitroglycals. 

In this paper, we demonstrate that bicyclic Iactams are 
readily accessible through this route. Compounds of this 
type have been previously obtained essentially as by-prod­
ucts of O-glycosyl-serine or threonine liberation from pro­
tected precursors.f23-26] 

Results and Discussion 

Addition of N-protected serine ester to 2-nitro-galactal 
leads, depending on the type of O-protection and reaction 
conditions, to either mainly a-galactoside or to an a/B­
anomeric mixture.t 13- IS] In this way, galactoside tau and 
t ba can be readily obtained from 3,4,6-tri-O-benzyl-2-nitro­
galactal[l J] and N-Boc-protected serine tert-butyl and 
methyl ester, respectively! 16J (Scheme 2). 

Reduction of the nitro group in the presence of platinized 
Raney-nickel!"27 J as catalyst afforded the amino derivative 
2au,f1 6] which, on treatment with nuorenylmethyloxycarb­
onyl chloride (FmocCI) in the presence of triethylamine, af­
forded N,O-protected intermediate 3all. Acid-catalyzed 
cleavage of the Boc gro up and of the tert-butyl ester led to 
formation of the versatile intermediate 4a; attachment of a 
Boc group to the amino group furnished the orthogonally 
protected O-glycosyl serine derivative Su. No undesired ring 
closure to the lactam was observed in any of the reactions. 
To this end, Sa was treated with morpholine to give, after 
Fmoc cleavage, N-deprotected 6a, which, on reaction with 
diphenylphophoryl azide (DPPA)128J in the presence of tri-
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Scheme 2. Reagents and conditions: (a) Ra-Ni (T4)' H 2, EtOH, r.t.; 
(b) FmocCI , NEt3, CH2C1~ ; (e) TFA, CH2CI2; (d) BocON, NEtl> 
dioxane; (e) morpholine, CH2CI2; (f) NEt}, DPPA, DMF; 
(g) LiOR, H 20; NEt3, DPPA, DMF; (h) Pd/C, R 2> HOAc, MeOH; 
(i) AC20, Pyr. 

ethylamine as base, furnished bicyclic lactam 7u in high 
yield. Clearly, this compound can be more readily obtained 
with the more reactive methyl ester Ibu, which, as well as its 
p-anomer Ibli, is also obtained by N-Boc-protected serine 
methyl ester addition to 2-nitrogalactal C H NMR : Iba: 
3J 1,2 = 4.0 Hz, IbP: 3J 1.2 = 8,0 Hz), Reduction of the nitro 
group in Ibu as described above (~ 2bu), followed by hy­
drolysis of the methyl ester with lithium hydroxide, and en­
suing lactam formation with DPPA/triethylamine, afforded 
7u directly in very good overall yield. Similarly, the dia­
stereoisomer 7p was obtained from IbP via 2bp. Hydro­
genolytic O-debenzylation of 7(1 in the presence of palla­
dium on carbon as catalyst afforded O-unprotected 8u, 
which, for further characterization was transformed with 
acetic anhydride in pyridine into the per-O-acetylated deriv­
ative 9u. The structural assignment of bicyclic lactams 7a 
and 7p were confirmed by 1 H NMR spectroscopic analysis. 
Addition of N-Boc-protected L-threonine methyl ester to 
3,4,6-tri-0-benzyl-2-nitroglucal[l 8,29- 321 afforded a 2: 1 mix­
ture of (l- and p-anomers lOa ('H NMR : 3J 1.2 = 3,5 Hz) 
and lOP CH NMR: 3J 1.2 = 8.1 Hz), which could be readily 
separated (Scheme 3). 
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Reduction of the nitro group in IOu and lOp as described 
above led to the amino derivatives 11 u and 11 P as interme­
diates, which, on treatment with diphenylphosphoryl azide 
(DPPA) and triethylamine, again afforded the bicyclic lac­
tams 12a and 12li, respectively, in high overall yields. Hy­
drogenolytic O-debenzylation (~ l3u and I3P) and then 0-
acetylation furnished O-acetyl protected bicyclic lactams 
14u and 14P, again in a very straightforward manner. The 

. structural assignment of these compounds was fully sup­
ported by the physical data. 

Conclusions 

In conclusion, base-catalyzed N-Boc-protected serine 
and threonine ester addition to 2-nitroglycals readily pro­
vides the corresponding a- and p-glycosides together with 
the generation of two new stereogenic centers, of which one 
is formed highly stereoselectively, Transformation of these 
compounds allows access to dipeptide mimetics and to 
novel bicyclic pyrano[2,3-bJ[ 1 ,5]oxazepines. 

Experimental Section 

General Remarks: Solvents were removed under reduced pressure 
with the water bath temperature maintained below 40°C. 
Chromatography was performed on si li ca gel for flash chromatog­
raphy (40 ).lm; 1. T. Baker) at 3 bar pressure. For thin layer 
chromatography, TLC plastic sheets (60 F 254 si lica gel) were used 
and the compounds were viewed by illumination under UV light 
at 253 nm and by treatment with 5% [(NH4)2Mo04], 0.1 'Yo 
Ce(S04h in 10% H 2SO .. and heating to 160 °C. Optical rotation 
va lues were measured at 25°C with a Perkin- Elmer 241/MS polari­
meter at the sodium D line. NMR spectra were recorded with a 
Bruker AC-250 Cryospec or Bruker DR-600; TMS or the so lvent 
residual peak were used as interna l standard. 3J e,IT couplings were 



observed in gradient-selected heteronuclear multi -bond correlations 
(HMBC). MALDI-MS were measured with a Kratos Kompact 
Maldi I; 2,5-d ihydroxybenzoic acid was used as matrix. FAB-MS 
were measured with a Finnigan MAT 312/AMD-5000, 790eV, 
70°C. Calculated yields are based on consumed starting material 
where its recovery is stated. 

0-(3,4,6-Tri-0-benzyl-2-deoxy-2-nitro-ll-n-galactopyranosyl)-N­
(tert-butyloxycarbonyl)-L-scrinc Methyl Ester (I blx) and 0-(3,4,6-
Tri-0-benzyl-2-dcoxy-2-nitro-/I-D-galactopyranosyl)-N-(tert-butyl­
oxycarbonyl)-L-serine Methyl Ester (Ib/l): N-(tert-Butyloxycarb­
onyl)-L-serine methyl ester (1.10 g, 5 mmol) and 3,4,6-tri-O-benzyl-
2-nitrogalacta l (2.10 g, 5 mmol) were dried under high vacuum and 
dissolved in dry toluene (60 mL) under argon. Freshly activated 
molecular sieves (3 A, 3 g) were introduced and the mixture was 
stirred for I h at room temperature. Potassium tert-butoxide (I M 

in THF, 0.50 mL, 0.25 mmol) was added and stirring was continued 
for 120 min. Acetic acid (0.50 mL) was added to acidify the reac­
tion mixture, the molecular sieves were filtered off and all the sol­
vents were removed. The residue was purified by column 
chromatography (petroleum ether/ethyl acetate, 90: 10) to furnish 
Ibn (2.04 g, 60%) as a white foam and the corresponding p-glyco­
side Ib/l (1.02 g, 30%) as a white foam . Data for Ibu: TLC (petro­
leum ether/ethyl acetate, 80:20): R,. = 0.66. [(110 = = +75.50 (c = 
1.5; CHCI1)' IH NMR (600 MHz, CDCI1): () = 1.49 [s, 9 H, CCCH1) 
31,3.60 (m, 2 H, 6-H, 6'-H), 3.80 (s, 3 H , OCHJ), 3.90 (dd, .1J II ,,, = 
2,8 Hz, 2J 0,0' = 9.0 Hz, I H, P-CH), 3.97 (d, ~JW ,0 = 9. 1 Hz, I H , 
W-CH), 4.03 (dd, JJ 5.(, = 6.6 Hz, 3J5.(" = 6.7 Hz, I H, 5-H), 4.08 
(m, I H, 4-H), 4.43 (dd, 3J J,4 = 2.8 Hz, l J 3,} = 10.7 Hz, I H, 3-H), 
4.44-4.55 (m, 4 H, OCH2Ph , u.-CH), 4.76 (d, zJ = 3.5 Hz, 2 H, 
OCH1Ph), 4.86 (d, 2J = 11.1 Hz, I H, OCH1Ph), 5.00 (dd, 3J 2.I = 
4.1 Hz, .1J~,J = 10.6 Hz, I H , 2-H), 5.30 (d, ' JI. 1 = 4.0 Hz, I H, 1-
H), 5.48 (d, ' JNH .o = 8.0 Hz, I H, NH), 7.25- 7.39 (m, 15 H, Ar­
H) ppm. DC NMR (150 .8 MHz, CDCIJ): c5 = 28.27 [CCCHJhl, 
52.71 (OCH]), 53.72 (a-C), 68.00 (C-6), 69,90 (C-5, [3-C), 72.84 
(OCH 2Ph), 72.98 (C-4), 73.55 (OCH2 Ph), 74.93 (C-3), 75. 10 
(OCHzPh), 80.19 [CCCH, h)' 84.06 (C-2), 97.01 (C-I), 127.84, 
127.89, 128.05,128. 11 , 128.13, 128.33, 128.47, 137.2 1, 137 .56, 
137.82 (C-Ar) , 155.30 (COOCH}), 170.07 (NHBoc) ppm. MS 
(MALDI): I11/Z = 703 [M + Nat. ClliH44NzOII (680.74): calcd. C 
63.52, H 6.51, N 4.12; found C 63.52, H 6.55, N 3.78 . Data for 
Ib/l: TLC (petroleum ether/ethyl acetate, 80:20): R,. = 0.42. [(110 = 
+26.13 (c = 1.5; CHCIJ)' IH NMR (600 MHz, CDCI3): (j = 1.47 [s, 
9 H, CCCH]).11, 3.60- 3.66 (m, 3 H, 6-H, 6'-H, 5-H), 3.74 (s, 3 H , 
OCH,), 3.82 (dd, ' J11,(I = 3.4 Hz, 2J II .1l' = 10.1 Hz, I H, /l-CI-I), 4.04 
(m, I H, 4-H), 4.07 (dd, 3J 3.4 = 2.6 Hz, ' J3.7, = 10.6 Hz, I H,3-H), 
4.24 (br. d, 2J p'.IJ = 10.0 Hz, I H, W-CH), 4.42 (dd, 3J" .1I = 3.6 Hz, 
3J" .N Ii = 7,8 Hz, I H , u.-CH), 4.47-4.51 (m, 3 H, OCH1Ph), 4.58 
(d, 2J = 11 .3 Hz, I H, OCHzPh) , 4.64 (d, 1J = 11 .5 Hz, I H, 
OCH1Ph), 4.77 (d, .1J I.1 = 8,0 Hz, I H, I-H), 4.85-4.90 (m, 2 H, 
OCH1Ph, 2-H), 5.27 (d, 3J NH .u = 7.8 Hz, I H, NH), 7.28- 7.40 (m, 
15 H, Ar-H) ppm. I.IC NMR ( 150.8 MHz, CDCI J): (j = 28.23 
[CCCHJhl, 52.56 (OCH3), 53.64 (rI-C), 67.64 (C-6), 69.47 en-C), 
71.38 (C-4), 72.32 (OCHzPh), 73 .57 (OCH1Ph), 73.92 (C-5), 74.85 
(OCHzPh), 79.26 (C-3), 80.05 [CCCH,hl, 86.8 1 (C-2), 100.29 (C- I), 
127.78,127.89,127.97,128.16,128.20,128.33, 128.32, 128.49, 
128.53,136.45, 137.70 (C-A r) , 155.26 (COOCH », 170. 15 
(NHBoc) ppm. MS (MALDI): m/z = 703 [M + Nat. C.16H44NzOII 
(680.74): calcd . C 63.52, H 6.5 1, N 4.12; found C 63.29, H 6.60, N 
3.88. 

0-1(2-Fluorenyl-9-methyloxycarbonylamino)-3,4,6-tri-0-benzyl-2-dc­
oXY-II-o-galactopyranosyIJ-N-(tert-butyloxycarbonyl)-L-serine ferf­

Butyl Ester (3au): Compound 2au1l61 ( 1. 38 g, 2 mmol) was sus­
pended in dry CHzClz (100 mL) and cooled to 0 dc. Triethylamine 

(0.84 mL) and FmocCi (0.49 mL, 2 mmol) were dropped into the 
reaction mixture simultaneously. Stirri ng was continued for 24 h at 
room temperature, then the reilction mixture was diluted with 
CH 1Cl z (50 mL) washed with 0.5 M HCI (3 x 10 mL) and H10, 
dried (MgS04), and filtered. The residue was purified by column 
chromatography (petroleum ether/ethyl acetate, 90: 10) to furnish 
3aa (1.24 g, 68%) as a colorless oil. TLC (petroleum ether/ethyl 
acetate, 80:20): R,. = 0.35. [alD = +33.18 (c = 0.22; CHCI 3). I H 
NMR (250 MHz, CDCI3): (j = 1.41, 1.43 [2 s, 18 H, 2 CCCH3hl, 
3.54-3.58 (m, 3 H, 6-H, 6' -H, 5-H), 3.8 1-4. 15 (m, 4 H , n-CH z, 4-
H, Fmoc-CH), 4 .29- 4.72 (m, II H, Fmoc-CH 2 , 3-H, a-CH, 
OCH1Ph, 2-H), 4.82 (d, 3JI.1 = 3.6 Hz, I H, I-H), 4.95 (d, )J N H .u 

= 11.6 Hz, I H, NHBoc), 5.40 (br. d, I H, NHFmoc), 7. 18- 7.76 
(m, 23 H, Ar-H) ppm. MS (MALDI): I11/Z = 938 [M + Nat, 954 
[M + Kt. C.;4H62NzOII·lHzO (933.09): cellcd. C 69 .51, H 6.70, N 
3.00; found C 69.28, H 6.99, N 2.85. 

O-I(2-Fluorenyl-9-methyloxycarbonylamino)-3,4,6-tri-0-benzyl-2-de­
oxy -Il-Il-ga lactopyranosy I J-N -( ferf -butyloxyca rbony 1)-T .-serine (4/l): 
Compound 3aa (0.90 g, 0.98 mmol) was dissolved in a mixture of 
trifluoroacetic acid and CH1Clz (50 mL, 1:1) and the solution was 
stirred at room temperature for 12 h. All the solvents were evapo­
rated under reduced pressure and the residue was dissolved in 
CH1CI1 followed by addition of saturated aqueous NaHCO) with 
vigorous stirring. The layers were separated and the aqueous ph'ase 
was extracted with CHzClz. The combined organic phases were 
dried (MgSO,l), filtered , concentrated under reduced pressure, and 
purified by column chromatography (petroleum ether/ethyl acetate, 
80:20) to furnish 4/l (0.72 g, 97%) as a white foam , which was im­
mediately used in the next step. TLC (CH2C11/MeOH, 95:5): Rr = 
0.30. [alD = = +3 1. 2 (c = 0.17 ; CHCI.1 )' IH NMR (250 MHz, 
CDCI3): c5 = 3.48 (m, 3 H, 6-H, 6'-H), 3.67 (m, I H, 5-H), 3.70-
4.80 (m, 4 H, 13-CH2, 4-H, Fmoc-CH), 3.91-4.53 (m, II H , Fmoc­
CH1, 3-H, rl-CH, OCH1Ph, 2-H), 4.90 (m, 3 H, I-H, NH1), 5.40 
(br. d, I H, NHFmoc), 7. 10- 7.64 (m, 23 H, Ar-H), 8.42 (br. S, 
COOH) ppm. MS (MALDI): I11/ Z = 760 [M + Hl +, 782 [M + 
Nat. C45H46N z09 (758.85): calcd. C 71.22, H 6.11, N 3.69; found 
C 71.32, H 5.86, N 3.29. 

O-I(2-Fluorenyl-9-methyloxycarbonylamino)-3,4,6-tri-0-benzyl-2-de­
oXY-/l-o-galactopyranosyIJ-N-(fert-butyloxycarbonyl)-L-Serine (Sa): 
To a solution of 411 (0.70 g, 0.09 mmol) in dioxane (10 mL) were 
successively added Et.1N (0.28 mL, 2 mmol) and 2-(terl-butoxyim­
ino)-2-phenylacetonitrile (0.50 g, 2 mmol). The reaction mixture 
was stirred at room temperature for 24 h, then quenched with satu­
rated aqueous NaCI and extracted with AcOEt. The extract was 
dried with MgS04 and concentrated under reduced pressure. The 
residue was purified by column chromatography (CH2Clz/MeOH, 
98:2) to furnish 5(1 (0.56 g, 72%) as a white foam. TLC (CHzCI2/ 

MeOH, 95:5): Rr= 0.40. [al D = +44.70 (c = 0.34, CHCI3). 'H NMR 
(250 MHz, CDCI» : () = 1.44 [s, 9 H, CCCH1h l, 3.53- 3.75 (m, 3 H, 
6-H, 6'-H, 5-H), 3.94-4. 12 (m, 5 H, p-CHz, 4-H, Fmoc-CH, 3-H), 
4.35- 4.60 (m, 10 H, Fmoc-CH2, a-CH, OCH?Ph, 2-H), 4.95 (m, 2 
H, I-H, NHBoc), 6.05 (br. d, I H, NHFmoc), 7.03- 7.73 (m, 23 H, 
Ar-H), 8.06 (br. s, I H, COOH) ppm. MS (MALDI): m/z = 882 
[M + Nat, 898 [M + Kl · . C\OH54N2011 (858.97): cellcd. C 69.91, 
H 6.34, N 3.26; found C 69 .68, H 5.96, N 3. 15. 

(3S,5aR,6R,7 R,8R,9aS)-3-1 N-(fe/'t-Butyloxycarbonyl)aminoJ-6, 7-
bisbenzy loxy -8-benzyloxymethyloctahydropyranoI2,3-b I-I ,5-oxaz­
epin-4-one (711) 

Method A: To a solution of Sa (215 mg, 0.25 mmol) in CH~Cl 2 

(10 mL) was added morpholine (I mL). The reaction mixture was 
stirred at room temperature for 24 h , then the mixture was 
quenched with 0.5 M HCI and extracted with CH1CI2 . The ex-
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tracted was dried with MgS04 and concentrated under reduced 
pressme to give O-(2-amino-3,4,6-tri-O-benzyl-2-deoxy-a-D-galac­
topyranosyl)-N-(tert-butyloxycarbonyl)-L-serine (6a; 150 mg, 94 0ft,) 
as a white foam, which was immediately used in the next step. To 
a solution of 6(1 ( 140 mg, 0.22 mmol) in dimethylformamide (5 mL) 
was added triethylamine (0.09 mL, 0.66 mmol). After stirring for 
10 min , diphenylphosphoryl azide (DPPA; 0.14 mL, 0.66 mmol) 
was added and the resulting react ion mixture was fmther stirred at 
room temperature for 1.5 h. The reaction mixture was quenched 
with saturated aqueous NaCI and extracted with Et20 . The extract 
was dried with MgSO" and concentrated under reduced pressure. 
The residue was purified by column chromatography (CH 2C1 21 
MeOH, 99 :1) to furnish 7(1 (0.12g, 78%) as a white foam. TLC 
(CH 2CI2/M eOH, 95:5): R, = 0.60 . [(I)D = + 123.33 (c = 0.03 ; 
CHClj ). IH NMR (600 MHz, CDCl j ) : (j = 1.43 [s, 9 H, C(CH,hJ, 
3.58 (d, ~JIUH .IUb = 6.6 Hz, 2 H, lOa-H, lOb-H), 3.64 (dd, 3J 2a ,3 = 
6.6 Hz, 2h a.2b = 10.8 Hz, I H, 2a-H), 3.72 (d, 3J 6 .Sa = 10.3 Hz, I 
H, 6-H), 3.90 (m, I H, 5a-H), 4.02 (br. s, I H, 7-H), 4.11 (dd, 3J g,IOH 
= 6.9 Hz, 3J 8•IOb = 6,6 Hz, I H, 8-H), 4.22 (dd, 2J 2b.2a = 10.8 Hz, 
3hh.:I = 6.6 Hz, I H, 2b-H), 4.42-4.57 (m, 4 H, OCJ-l2Ph), 4.70 (m, 
I H, 3-H), 4.72 (d, 2J = 9.1 Hz, I H, OCJ-l2Ph), 4.80 (d, 2J = 
11.4 Hz, I H , OCJ-l2Ph), 5.42 (br. d, ' JN H •3 = 5.5 Hz, I H, NHBoc), 
5.54 (bl'. s, I H, 9a-H), 6. 12 (bl'. s, I H, NH), 7.26- 7.36 (m, 15 H, 
Ar-H) ppm. IlC NMR (150.8 MHz, CDCI;): (j = 28.27 [C(CH.,h ), 
52.60 (C-3), 53.77 (C-5a), 67.88 (C-2), 68. 10 (C- IO), 71.1 7 (C-7), 
71.41 (C-8), 71.78 (OCH2Ph), 73 .55 (OCH~Ph), 74.52 (OCH~Ph), 

77.00 [C-9, C(CH,)3), 94.18 (C-9a), 127.8 1, 127.90, 127.98, 128.03, 
128.38, 128.46, 128.76, 136.90, 137.97 (C-Ar), 156.20 (C-4), 170. 24 
(Boc-CO) ppm. MS (MALDT): mlz = 642 [M + Na)"', 658 [M + 
K)"' . C,sH42N 20 x·0.5H20 (627 .73): calcd. C 66.97, H 6.74, N 4.46; 
found C 66.78, H 6.84, N 4.27. 

Method B: (I-Nitroglycoside Ibn (1.02 g, 1.50 mmol) was dissolved 
in ethanol (15 mL) and . transferred to a hydrogen vessel. Platinized 
Raney nickel T4 catalyst was freshly prepared as describedll' J and 
the material obtained from 2 g of Raney nickel/aluminum alloy was 
suspended in ethanol (15 mL). From a homogeneous suspension of 
this cata lyst, 15 inL was added to the react ion vessel and the sus­
pension was shaken under Hz for 48 h at ambient temperature and 
pressure. The catalyst was filtered off and the solvent was evapo­
rated . The resid ue was purified by colum n chrom atograp hy 
(CH 2C lzIMeOH, 95:5) to furn ish O-(2-amino-3,4,6-tri-O-benzyl-2-
deox y -(1-1)-ga I actopyra n os y I) -N -( leI' / - bu tox yca rbony 1)-L-seri ne 
methyl ester (2bu; 0.82 g, 84 %) as a colorless oi l, which was imme­
diately used in the next step. TLC (CH2C12/MeOH, 90: 10): Rr = 
0 .32. [a)[) = +70.67 (c = 0.30; CHCI, ). IH NMR (250 MHz, 
CDCI,): ,) = 1.44 [s, 9 H , C(CH 1) , ) , 3.30 (dd, l J 65 = 3.5 Hz, )J 6 ro ' 
= 10.5 Hz, I H, 6-H), 3.44 (dd , 3j G'.5 = 2.4 Hz, 3JG·.G· = 10.5 HZ: I 
H, 6'-H), 3.57- 3.67 (m, 3 H, 5-H, 4-H, f3-CH), 3.72 (s, 3 H , OCH1), 
3.74 (m, I H, W-CH), 3.90 (m, 3 H , 3-H , NH2)' 4.01 (m, I H , a­
CH), 4.41-4.57 (m, 5 H, OCJ-l2Ph), 4.75 (d, 2J = 11.5 Hz, I H, 
OCJ-l~Ph), 4.84 (m, 2 H, 2-H, I-H), 5.54 (d, ' JN H .u = 9.0 Hz, I H , 
NHBoc), 7.25- 7.37 (m, 15 H , Ar-H) ppm. DC NMR (62.8 MHz, 
CDCI3): (j = 28.29 [C(CH3h ), 51.08 (OCH3)' 52.46 (a-C), 54.05 (C-
2), 68.8 1 (C-6), 70.24 (C-5, [I-C), 71.80 (C-4), 72.4 1 (C-3), 73.54 
(OCH ~Ph), 74.53 (OCH2Ph), 80.00 [C(CH,h)' 80.9 1 (OCH 2Ph), 
101.24 (C- I), 127.57, 127.7 1, 127.74, 127.85, 128.01 , 128.23, 128.40, 
128.50, 137.9 1, 137.96, 138.5 1 (C-Ar), 156.25 (COOCH, ), 170.96 
(Boc-CO) ppm. MS (MALDT): mlz = 65 1 [M + H)' , 673 [M + 
Na)"'. C.16H46N20 9 (650.76): ca lcd. C 66.44, H 7.12, N 4.30; found 
C 66.28, H 7.42, N 4. 13. To a solu tion of 2-aminoglycoside 2bu 
(0.30 g, 0.46 mmol) in water (3 mL) was added lithium hydroxide 
(17 mg, 0.70 mmol). The reaction mixture was stirred at room tem­
perature for 24 h, and then concentrated under reduced pressure to 
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give the crude amino acid 6u. To a solu tion of the crude material 
in DMF (10 mL) was added triethylamine (0. 19 mL, 1.39 mmol). 
After st irrin g for 10 min , diphenylphosphoryl azi de (DPPA ; 
0.3,0 mL, 1.39 mmol) was added and the resulting reaction mixture 
was further stirred at room temperature for 1.5 h. The react ion 
mixture was quenched with saturated aqueous NaCI and extracted 
with Et20. The extract was dried with MgS04 and concentrated 
unde r reduced pressure. The res idue was purified by co lumn 
chromatography (CH2C12/MeOH, 99:1) to furnish 7u in 86 % over­
a ll yield as a white foam. 

(3S,5aR ,6R, 7 R ,SR,9aR)-3-(N-(tel·t-Butyloxycarbonyl)amino)-6, 7-
bisbcnzy loxy-S-benzyloxymethyloctahydropyrano(2,3-h)-1 ,5-oxaz­
epin-4-onc (7(\): B-Nitroglycoside Ib(1 (0.51 g, 0.75 mlTI ol) was dis­
solved in ethanol (7.5 mL) and transferred to a hydrogen vessel. 
Platinized Raney nickel T4 catalyst was fres hly prepa red as de­
scribedfll J and the material obta ined from I g of Raney nickel/alu­
minum alloy was suspended in ethanol (7.5 mL). From a homogen­
eous suspension of this cata lyst, 7.5 mL was added to the reaction 
vessel a nd the suspension was shaken under H2 for 48 h at ambient 
temperature and pressure. The catalyst was filtered off a nd the sol­
vent evaporated . The residue was purified by column chromatog­
raphy (CH2CI2/MeOH, 95 :5) to furnish O-(2-amino-3,4,6-tri -O­
benzyl-2-deoxY-fJ.-D-galactopyranosyl)-N-(tel't-butoxyca rbonyl)-L-ser­
ine methyl ester (2bP; 0.40 g, 82%) as a colorless oil , which was 
immediately used in the next step {TLC (CH2CI2/MeOH, 90: 10): 
Rr = 0.30}. To a so luti on of 2-a min og lyc osid e 2b(1 (0.30 g, 
0.46 mmol) in water (3 mL) was added lithium hydrox ide (1 7 mg, 
0.70 mmol). The reaction mixture was stirred at room temperatme 
for 24 h, and then concentrated under reduced pressure to give the 
crude amino acid . To a solution of the crude material in dimethyl­
formamide (10 mL) was added triethylamine (0.19 mL, 1.39 mmol). 
After sti rring for 10 min, diphenylphosphoryl azide (DPPA ; 
0.30 mL, 1.39 mmol) was added and the resulting reaction mixture 
was further stirred at room temperature fo r 1.5 h . The reaction 
mixture was quenched with saturated aqueous NaCI and extracted 
with Et20 . The extract was dried with MgS04 and concentrated 
under reduced pressure. The res idue wa s purified by co lumn 
chromatography (CH2CUMeOH, 99: I) to furnish 7p in 83 % over­
a ll yield as a white foam. TLC (CH2CI2/MeOH, 95:5) : Rr = 0.48. 
[a)o = +57.33 (c = 0.15; CHCIJ ) . 'H NMR (600 MHz, CD CI ,): 6 
= 1.43 [s, 9 H , C(CH .1 h )' 3.32 (dd , 2J~".2b = 11.4 Hz, 3lz, •. J = 
11 .0 Hz, I H, 2a-H), 3.52- 3.85 (m, 3 H, lOa-H, 10b-H , 3-H), 3.73 
(ddd, .1JSa .r, = 2.4 Hz, .1J Sa.N II = 8.2 Hz, :'J 5a.9a = 10.6 Hz, 1 H, 5a­
H), 4.03-4.08 (m, 3 H, 2b-H, 7-H, 6-H), 4.26 (dd, IJ S,llla = 6.7 Hz, 
3J S 1Ub = 6.8 Hz, I H , 8-H), 4.43 (d, 2J = 12. 1 Hz, 1 H , OCJ-l2Ph), 
4.44 (d , 2J = 12.0 Hz, I H, OCJ-l2Ph), 4.52 (d, 2J = 12.1 Hz, I H, 
OCJ-l2Ph), 4.60 (d, 2J = 11.2 Hz, I H, OCJ-l2Ph), 4.75 (d, 2J = 
12. 1 Hz, I H, OCJ-l2Ph), 4.87 (s, I H , OCJ-l2Ph), 4.88 (d, 3J 'la.5a = 
9.2 Hz, I H, 9a-H), 5.54 (d, 3J N 1·1•J = 2.6 Hz, I H , NHBoc), 6.07 
(d, 3J NH ,Sa = 8.0 Hz, I H, NH), 7.25- 7.38 (m, 15 H , Ar-H) ppm . 
I)C NMR (150.8 MHz, CDCI» : () = 28.32 [C(CH3h )' 53.96 (C-5a), 
55.37 (C-3), 67 .01 (C-2), 68.23 (C- IO), 71.03 (OCH2Ph), 71.5 1 (C-
8), 73.04 (C-7), 73 .42 (C-6), 74.99 (2 OCH2Ph), 79.82 [C(CH3h), 
98.95 (C-9a), 127.82, 127.89, 127.98, 128.03, 128.11 , 128 .22, 128.36, 
128.43, 128.53, 128.76, 136.97, 137.79, 138. 11 (C-Ar), 154.85 (C-
4), 173.84 (Boc-CO) ppm. MS (MALDT): mlz = 642 [M + Na)' , 
658 [M + K)'. C3sH42N 20 R'2H20 (654.76): calcd. C 64.20, H 6.46, 
N 4.28 ; found C 63.93, H 6.46, N 4.14. 

(3S,5aR ,6R, 7 R ,SR ,9aS)-3-(N-( te/'t-ButyJoxycarbonyl)amino(-6, 7 -di­
hydroxy-S-hydroxymcthyloctahydropyrano(2,3-b)-1 ,5-oxazcpin-4-ollc 
(Sf'l): Compound 711. (0.10 g, 0.16 mmol) was dissolved in methanol/ 
acetic acid (9: I, 10 mL) and Pd/C (0.05 g, 10% Pd) was suspended 
in the solution . This mixture was stirred for 24 h under Hz at room 



temperatu re. After complete disappearance of the starting material 
(TLC: CH1Cl:~/MeOH, 90: 10), the catalyst was filtered ofT and all 
the solvents were removed under reduced pressure. The residue was 
purified by flash column chromatography (CH2Cl2/MeOH, 95 :5) 
to furnish S(1. (0.05 g, 90%) as a white solid . M .p. 136- 138 dc. TLC 
(CH 2Cl 2/MeOH, 90: 10): Ri =: 0 .20 . [a l f) =: +105.00 (c =: 0.06; 
M eOH) . IH NMR (250 MH z, CD ~ OD) : 0 =: 1.51 [s,9 H , 
CCCH~hl , 3.62-4.60 (m, 9 H , lOa-H, IOb-H, 5a-H, 6-H, 7-H, 8-H, 
2a-H, 2b-H, 3-H), 5 .54 (bl'. s, I H, 9a-H) ppm . IJC NMR 
(68.8 MHz, CD30D): cl =: 28.64 [CCCH),], 56.13 (C-3), 56.80 (C-
5a), 62.44 (C-2), 67.62 (C- IO), 69.87 (C-7), 71.16 (C-8), 74.80 (C-
6) , 8 l.1 3 [C(CH 3h ]' 98.04 (C-9a), 157 .55 (C-4), 174.20 (Boc­
CO) ppm. MS (MALDT): m/z =: 37 1 [M + NaI ', 387 [M + Kl '. 
C I 4H23N20x' 1H~O (366.37): calcd. C 45.89, H 6.60, N 7.64; found 
C 45.46, H 6.95, N 7.84. 

(3S,5a R ,6R, 7 R ,SR ,9aS)-3-1 N-( tert-Butyloxycarbonyl)amino 1-6, 7-
bisacctox y -S-acetoxymcthylocta hydropyranoI2,3-b I-I ,5-oxazcpi n-4-
one (9a): Compound Sa was treated with pyridine/acetic anhydride 
(3:2, 6 mL) and sti rred at room temperature for 12 h. All volatiles 
we re evaporated a nd the residue was purified by flash colum n 
chromatography (CH}CIiMeOH, 99: I) to furnish 9a (57 mg, 86 %) 
as a white foa m. TLC (CH}Cl2/MeOH, 95:5): Rr =: 0.50. [aID =: 

+59.74 (c =: 0.39; CHCI3). IH NMR (600 MHz, CDCI3): () =: 1.44 
[s, 9 H , CCCH.1)3], 2.05, 2. 14 (2 s, 9 H , 3 Ac), 3.70 (dd, 3J5".9" =: 

3. 1 Hz, 3JSa.~ =: 7.2 Hz, I H , 5a-H), 3.94 (m, I H , 2a-H), 4.04 (m, 
I H, 2b-H), 4.07 (dd, 3JIO".~ =: 7.0 Hz, 2JlOa.IOb =: 11.4 Hz, I H, 10a­
H), 4.12 (dd, 3J IOb ,? =: 6.2 Hz, 2J IOb.IOH =: II.4Hz, I H , lOb-H), 
4.48 (dd, 3J 8. IO" =: 6.3 Hz, 3J 8. IOb =: 6.4 Hz, I H , 8-H), 4.58 (br. s, I 
H , 3-H), 5.33 (d, 3J 6.7 =: 9.5 Hz, I H, 6-H), 5.42 (m, 2 H , 9a-H, 7-
H), 5.84 (br. s, I H, NHBoc), 6.56 (br. s, I H, NH) ppm. IlC NMR 
(150.8 MHz, C D C I, ) : 6 == 20.63, 20.66, 20.68 (3 Ac), 28.25 
[CCCH3h l, 52.71 (C-5a), 55 .39 (C-3), 6 l. 58 (C-IO), 67 .05 (C-7) , 
67 .31 (C-2), 68 .70 (C-8), 70.01 (C-6), 80.34 [C(CH3h l, 96.45 (C-
9a), 155.32 (C-4), 169 .9 1, 170.45, 170 .50, 17 1.58 (3 Ac, Boc­
CO) ppm. MS (MALOY): m/z =: 497 [M + Nat. C 211H30N 20 " 
(474.46): calcd. C 50.63, H 6.37, N 5.90; found C 50.33, H 6.58, N 
5.5 1. 

0-(3,4,6-Tri-0-benzyl-2-deoxy-2-nitro-a-o-glucopyranosyl)-N-(tert­
butyloxycarbonyl)-I-threonine Methyl Ester (lOa) and 0-(3,4,6-Tri-
0-benzyl-2-deoxy-2-nitro-ll-n-glucopyranosyl)-N-(tert-butyloxycarb­
onyl)-L-threonine Methyl Ester (lOP): N-(/erl-Butyloxycarbonyl)-L­
threonine methyl ester ( 1.1 7 g, 5 mmol) and 3,4,6-tri-0-benzyl-2-
nitroglucal (2.10 g, 5 mmol) were dried under high vacuum and 
dissolved in dry toluene (60 mL) under argon. F reshly activated 
molecular sieve (3 A, 3 g) was introduced and the mixture stirred 
for I h at room temperature. Potassium terl-butoxide (l M in THF, 
0.50 mL, 0.25 mmol) was add ed and stirring was continued for 
120 min. Acetic acid (0.50 mL) was added to acidify the reaction 
mixture, the molecula r sieve was filtered ofT and a ll the solvents 
were removed. The residue was purified by column chro matog­
raphy (petroleum ether/ethyl acetate, 90: 10) to furnish 1011 (1.8 g, 
52 %) as a co lorless o il a nd the co rrespond in g p-glycoside 1011 
(0.83 g, 24%) as a colorless oil. 

Compound IOu: TLC (petroleum ether/ethyl acetate, 80:20): Rr =: 

0.30 . [all> =: +52.82 (c =: 0.39 ; CHCI 3). 'H NMR (250 MHz, 
CDCl, ): cl =: 1.31 (d, JJ y .P =: 6.3 Hz, 3 H, y-CH3), 1.47 [s, 9 H , 
CCCH.1H 3.65 (dd, 3J 6.5 =: 1.6 H z, ZJ 6•6 · =: 10.7 Hz, 1 H , 6-H), 3.70-
3.80 (m , 6 H , 6'-H, OCH3, 5-H, 4-H), 3.90 (dd, 3J".~ =: 6.5 Hz, 
3J".N I-I =: 9.8 Hz, 1 H , u-CH) , 4.27- 4.35 (m , 2 H , 3-H, P-CH), 4.46-
4.55 (m, 3 H , OC/'h Ph, 2-H), 4.63 (d, 2J =: 12.0 Hz, I H , OCH 1Ph), 
4.80 (d, 2J =: 10.6 Hz, I H, OCH2Ph) , 4.87 (s, 2 H, OCH 2Ph), 5.04 
(d, .lJ N IT .o =: 9.8 Hz, 1 H, NHBoc), 5.36 (d, 3J I,2 =: 3.5 Hz, 1 H , 1-

H), 7. 14- 7.34 (m , 15 H , Ar-H) ppm. 13C NMR (62.S MH z, 
CDCl,,): 6 =: IS.70 (y-CH 3) , 28.20 [CCCH, ),], 52.68 (OCH, ), 57.92 
(a.-C), 67.67 (C-6), 71.11 (C-5), 73 .56 (f3-C), 75.27 (C-4), 75 .77 (C-
3),77.07 (OCH 2Ph) , 78.05 (OCH2Ph) , 78. 12 (OCH 2Ph), 80. 13 
[C(CH3)31, 86.66 (C-2), 97.48 (C-I), 127.77, 127.99, 128.36, 128.48, 
137 .36, 137.48, 137.64 (C-Ar) , 155.96 (COOCH) , 170.29 
(NT·moc) ppm. MS (MALDT): m/z =: 717 [M + Naj+, 733 [M + 
K]'. C~7H460 1 1'1 HP (7 12.79): calcd. C 62.34, H 6.50, N 3.93; 
found C 62.02, H 6.5 1, N 3.74. 

Compound 1011: TLC (petroleum ether/ethyl acetate, 80:20): Rr =: 

0.24. [aID =: +4.00 (c =: 0.25; CHC1.l)' IH NMR (250 MHz, CDCI3): 
o =: 1.1 3 (d, 'J_I. ~ =: 6.4 Hz, 3 H, y-CH 3), 1.43 [s, 9 H , CCCH3h l, 
3.46 (d, 2J (,.(, . =: 9.7 Hz, I H, 6- H), 3.62 (s, 3 H , OCH3), 3.64- 3.75 
(m, 3 H, 6'-H, 5-H, 4-H), 4.17 (dd, 3J 3.4 =: 9.9 Hz, 3J ).2 =: 10.3 H z, 
I H, 3-H), 4.30 (dd, JJ ".iJ =: 2.2 Hz, 2J ft •NIT =: 9.5 Hz, I H , u-CH) , 
4.36- 4.58 (m, 7 H, IJ-CH, OCH2Ph), 4.69 (m, 3 H, 2-H, OCH2Ph) , 
4.76 (d, ' J I,2 =: 8. 12 Hz, I H, I-H), 5.20 (d, 3J N I-I ,ft =: 9.5 Hz, I H , 
NHBoc), 7. 14-7.34 (m, 15 H , Ar-H) ppm. DC NMR (62.8 MHz, 
CDCI): ,j =: 18.62 (y-CH, ), 28.26 [CCCHJhJ, 52.26 (OCH, ), 57.91 
(a-C) , 68.0 1 (C-6), 73.62 (C-5, OCH2Ph), 75. 14 (]3-C), 75.23 (C-4), 
75.26 (C-3), 77.22 (OCH2Ph), 80.07 [C(CH3h l, 8 1.1 8 (OCHzPh), 
89.53 (C-2), 97 .98 (C-I) , 127.75, 127.83, 128.03, 128. 12, 128.44, 
128.48, 136.88, 137.46, 137.65 (C-Ar), 156.07 (COOCH3), 170.72 
(NHBoc) ppm. MS (MALDI) : m/z =: 717 [M + Naj+, 733 [M + 
K]' . C n H46011·0.25H20 (699.27): calcd . C 63.55, H 6.63, N 4.01 ; 
found C 63.16, H 6.58, N 4.04. 

(3R,2S, 5a R ,6R, 7 S,SR ,9aS)-3-IN-(tert-Butyloxycarbonyl)amino 1-
6, 7 -bisbenzyloxy-S-benzyloxymethyl-4-methyloctahydropyran012,3-
bl-I,5-oxazepin-4-one (12a): Compound lOa (0.69 g, 1.00 mmo l) 
was dissolved in ethanol (10 mL) and t ransferred to a hydrogen 
vessel. Platinized Raney nickel T4 ca talyst was freshly prepared as 
describedl.l 'l and the material obtained from 2 g of Raney nickel/ 
a luminum a lloy was suspended in ethanol ( 10 mL). From a homo­
geneous suspension of this cata lyst, 10 mL was added to the reac­
tion vessel and the suspension was shaken under H 2 for 48 h at 
ambient temperature and pressure. The cata lyst was filtered ofT and 
the so lvent evaporated . T he residue was purified by co lumn 
chromatography (CH 2Cl 2/MeOH, 95 :5) to furnish O-(2-amino-
3,4,6-tri-0-benzyl-2-deoxy-a-D-glucopyranosyl)-N-(terl-blltoxycarb­
onyl)-L-th reonine methyl ester (1Ia; 0.60 g, 90%) as a colorless oil, 
which was immediately used in the next step. TLC (CH2CI2/MeOH, 
90: 10): Rr =: 0.30. [alf) =: +34.33 (c =: 0.30; CHCI3). MS (MALDI): 
m/z =: 665 [M + I-W , 687 [M + Na]', 703 [M + K]"'. To a solution 
of 2-aminoglycoside II(/. (0.50 g, 0.75 mmol) in water (3 mL) was 
added lithium hydroxide (28 mg, 1.1 6 mmol). The reaction mixture 
was stirred at room temperature for 24 h, and then concentrated 
under reduced pressure to give the crude amino acid. To a solu tion 
of the crude materia l in dimethylformamide (15 mL) was added 
triethylamine (0.32 mL, 2.31 mmol) . After st irring for 10 min, di­
phenyl phosphoryl azide (DPPA; 0.50 mL, 2.31 mmol) was added 
and the resulting reaction mixture was fu rther stirred at room tem­
perature for 1.5 h. The reaction mixture was quenched with satu­
rated aqueous NaCI and extracted with Et~O. T he extract was dried 
with MgS0 4 and concentrated under reduced pressure. The res idue 
was purified by column chromatography (CH~C12/MeOH, 99: I) to 
furnish 12ct in 82% overall yie ld as a white foam. TLC (CH 2C I2/ 

MeOH, 95:5): R .. =: 0.62. [olD =: +45.26 (c =: 0.38; CHCI~). 'H NMR 
(600 MHz, CDCI]): cl =: 1.1 6 (d , ' JM o.1 =: 5.6 H z, 3 H , CH, ), 1.44 
[s, 9 H , CCCH1),], 3.60 (m, I H , 5a-H), 3.66 (m, 2 H , lOa-H, 10b­
H), 3.70 (m, I H , 7-H), 3.76 (m , I H , 6-H), 3.99 (m, I H , 8-H), 
4.34 (dd, -'h .NH =: 5.7 Hz, ' J ),2 =: 5.6 Hz, I H, 3-H), 4.48 (d, 2J =: 

11.1 Hz, I H , OCH2Ph) , 4.52 (d, ~J =: 12.1 Hz, I H , OCH2Ph), 4.60 
(d , 2J =: 12. 1 Hz, I H , OCH2Ph) , 4 .64 (d , 2J =: 11 .6 H z, 2 H , 
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OCH2Ph), 4.74 (dd, )h.~k = 5.6 Hz, )J2", = 5.6 Hz, I H, 2-H), 4.83 
(d, 2J = 11.5 Hz, I H, OCH,Ph), 5.5 1 (d, )J"".;" = 3.3 Hz, I H,9a­
H), 5.55 (d, JJ NH .J = 5.7 Hz, I H, NHBoc), 6.02 (d, )J N H•5a = 
2.9 H z, I H, NH), 7. 13- 7.38 (m, 15 H , Ar-H) ppm. I1C NMR 
(150.8 MHz, CDCI) : " = 16. 17 (CH J ) , 28.28 [C(CH3)31, 55. 17 (C-
2), 56 .02 (C-5a), 68.45 (C- I 0) , 72.03 (C-3), 72.32 (C-8), 73.49 
(OCH2Ph), 73.9 1 (OCH2Ph), 74.33 (OCH2Ph), 76.26 (C-7), 79.40 
(C-6), 80.13 [C(CH:,hJ, 93.38 (C-9a), 127 .75, 127.93, 127 .98, 
128.04, 128. 17, 128.23, 128.40, 128.52, 128.88, 137.29, 137.77 (C­
Ar), 155. 18 (C-4), 169.4 1 (Boc-CO) ppm. MS (MALDT): m/z = 655 
[M + Nat. CV.R14N,Ox (632.74): caled . C 68 .34, H 7.0 1, N 4.43; 
found C 67.98, H 7.27, N 4.27. 

(3R ,2S,5aR ,6R, 7 S,8R ,9aR)-3-( N-( tert-Butyloxycarbonyl)amino(-
6,7-bisbcnzyloxy-8-benzyloxymethyl-2-methyloctahydropynlno(2,3-
h( - 1,5-oxazepin-4-one (12P): rJ -Ni t l'og lycoside lOP (0.69 g, 
1.00 mmol) was dissolved in ethanol (10 mL) and transferred to a 
hydrogen vessel. Platinized Raney nickel T4 catalyst was freshly 
prepared as described l11J and the material obtained from 2 g of 
Raney nickel/aluminum alloy was suspended in ethanol (10 mL). 
From a homogeneous suspension of this catalyst, 10 mL was added 
to the reaction vessel and the suspension was shaken under H2 for· 
48 h at ambient temperature and pressure. The catalyst was filtered 
off and the solvent evaporated. The residue was purified by column 
chromatography (CH 2Cl z/MeOI-l , 95:5) to furnish O-(2-amino-
3,4,6-tri-O-benzyl -2-deoxy-u-I)-glucopyranosyl)-N-(/ert-butoxycarb­
onyl)-I .-threonine methyl ester (1111; 0.58 g, 87 %) as a colorless oi l, 
which was immediately used in the next step {TLC (CH 2CI2/ 

MeOH, 90: 10): R,. = 0.36}. To a solution of liP (0.50 g, 0.75 mmol) 
in water (3 mL) was added lithium hydroxide (28 mg, 1.16 mmol). 
The reaction mixture was stirred at room temperature for 24 h, and 
then concentrated under red uced pressure to give the crude amino 
acid. To a solution of the crude material in dimethylformamide 
(15 mL) was added triethylamine (0.32 mL, 2.3 1 mmol). After stir­
ring for 10 min, diphenylphosphoryl azide (DPPA; 0.50 m L, 
2.3 1 mmol) was added and the resul ting reaction mixture was fur­
ther stirred at room temperature for 1.5 h. The reaction mixture 
was quenched with saturated aq ueo us NaCI and extracted with 
Et20. The extract was dried with MgS04 and concentrated under 
reduced pressure. The residue was purified by column chromatog­
raphy (CI-I,CI2/MeOH, 99: I) to furnish 12/1 in 78°;(, overall yie ld as 
a white foam . TLC (CH2CI2/MeOH, 95:5): Rr = 0.65 . [alD = +30.91 
(c = 0.44; CHCI3) . IH NMR (600 MHz, CDCI3) : r5 = 1.15 (d, 3J M ",2 

= 5.8 Hz, 3 H, CH1) , 1.45 [s, 9 H, C(CH.1)J], 3.63- 3.83 (m, 5 H, 
10a-H, 10b-H, 7-H, 6-H, 5a-H), 4. 12 (m, I H, 8-H), 4.32 (m, I H , 
3-H), 4.47-4.60 (m, 6 H, OCH2Ph), 4.73 (dd, ' JU,lc = 5.6 Hz, ' Jz.) 
= 5.6 Hz, I H , 2-1-1),4.78 (d, )J 9a ,5a = 7.0 I-Iz, I H , 9a-H), 5.30 (d, 
' J NH"J = 5.9 Hz, I H, NHBoc), 5.89 (br. s, I H, NH), 7.22- 7.34 
(m, 15 H, Ar-H) ppm. I.lC NMR (150.8 Ml-lz, CDCI,): r5 = 19.40 
(CI-I,) , 28.47 [C( CH)hJ, 56.02 (C-2), 61.98 (C-5a), 68.69 (C-IO), 
71.25 (C-3), 71.70 (C-8) , 71.82 (OCH2Ph), 72.0 1 (OCH2Ph), 73.54 
(OCH2Ph), 74. 13 (C-7), 76.35 (C-6), 80.64 [C(CHJH 99.51 (C-9a), 
127.80, 128.00, 128.36, 128.44, 128.57, 128.80, 128 .94, 137.Q7, 
137.24, 138.07 (C-Ar), 155.32 (C-4), 173.46 (Boc-CO) ppm. MS 
(MALDI): m/z = 655 [M + Nat. C36H44N20 8 (632.74): cedcd. C 
68.34, H 7.01, N 4.43; found C 68.18, H 7.24, N 4.13. 

(3R ,2S,5aR ,6R, 7 S,8R ,9aS)-3-( N-( tert-Buty loxycarbonyl)amino)-
6,7-bishydroxy-8-hydroxymcthyl-2-mcthyloctahydropyrano(2,3-h)-
1,5-oxazepin-4-one (I3Il): Compound 12a (0.10 g, 0.16 mmol) was 
dissolved in methanol/acetic acid (9: I, 10 mL) and Pd/C (0.05 g, 
10% Pd) was suspended in the solution . T his mixture was stirred 
for 24 h under H2 at room temperature. After complete disappear­
ance of the starting materia l (TLC: CH 2CI2/MeOH, 90: 10), the cat­
alyst was filtered off and all the solvents were removed under re-
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duced press ure. T he re sidu e was purified by fl ash co lumn 
ch romatography (CH 2CI7,/MeOH, 95 :5) to furni sh 13u (50 mg, 
87%) as a white foam . TLC (CH2CI1/MeOI-l, 90: 10): Rr = 0.15. 
[rib = +67.27 (c = 0.11; MeOH) . IH NMR (600 MHz, [D r. l­
DMSO): (~ = 1.05 (d,'J Mc.2 = 6.0 Hz, 3 H, CH3), 1.40 [s, 9 H, 
C(CH3)3l, 3.01 (dd, 3JJ.2 = 3.9 Hz, .1J ).NlT = 5.7 Hz, 1 H, 3-H), 3. 11 
(m, I H, 7-H), 3.45 (m, I H, lOa-H), 3.54 (m, I H , 5a-H), 3.58 (m, 
I H, lOb-H), 3.72 (m I H, 6-H), 3.94 (m, I H , 2-H), 4. 11 (dd, 
)JS. IOa = 4.0 Hz, 3JS.IOb = 6.0 Hz, I H, 8-H), 4.53 (m, 2 H, 10-OH, 
7-0H), 5.05 (br. s, I H , 6-01-1), 5.32 (bl'. s, 1 H, 9a-H), 5.36 (bl'. s, 
I H, NHBoc), 7.14 (s, I H , NH) ppm. I.1C NMR (150.8 MHz, [D(;]­
DMSO): r5 = 17.34 (Me), 28.08 [C(CH3hl, 57.9 1 (C-3) , 60.74 (C-
5a), 61.48 (C-2), 69.42 (C- IO), 71.75 (C-7), 73.0 1 (C-8), 74.88 (C-
6),78 .76 [C(C H 3hL 95 .34 (C-9a), 155.36 (C-4) , 169.92 (Boc­
CO) ppm. MS (MALDT): m/z = 385 [M + Nat , 401 [M + Kt. 
CI sH 26N 20 S (362.38): caled . C 49.72, H 7.23, N 7.73; found C 
49.40, H 7.6 1, N 7.52. 

(3R,2S,5aR ,6R, 7 S,8R ,9aR)-3-( N-( tert-Buty loxycarbonyl)amino)-
6,7-bishydroxy-8-hydroxymethyl-2-mcthyloctahydropyrano(2,3-h)-
1,5-oxazcpin-4-one (I3P): Compound l2P (0.10 g, 0.16 mmol) was 
dissolved in methanol/acetic acid (9: 1, 10 mL) and Pd/C (0.05 g, 
10% Pd) was suspended in the solution. This mixture was stirred 
for 24 h under H 2 at room temperature. After complete disappear­
ance of the starting material (TLC: CH2CI2/MeOH, 90: 10), the cat­
alyst was filtered off and all the solvents were removed under re­
duced press u re. The residue wa s purified by fl as h co lumn 
chromatography (CI-I 2CI2/MeOI-l, 95 :5) to furnish 13p (53 mg, 
92%) as a white foam. TLC (CH2CI2/MeOH, 90: 10): Rr = 0.20. 
[al l) = +47.50 (c = 0.08; MeOH). IH NMR (250 MHz, [D6]­
DMSO): r5 = 1.06 (d, )J M c.! = 6.1 Hz, 3 H, CH,), 1.41 [s, 9 H, 
C(CH3hl, 2.99- 3. 11 (m, 2 H, 10a-H, lOb-H), 3.33- 3.69 (m, 4 H, 
5a-H, 3-H, 7-H, 6-H), 3.94-4. 14 (m, 2 H, 2-H, 8-1-1),4.53 (m, 2 H, 
10-OH), 5.04 (br. s, I H, 7-0H), 5.32- 5.37 (m, 2 H, 6-0H, 9a-I-I), 
6.22 (d, )J N 1U = 8.7 Hz, I H, NHBoc), 7. 16 (d, ' J NtI •Sa = 4.2 Hz, 
I H, NH) ppm. MS (MALDT): m/z = 385 [M + Nat, 401 [M + 
Kt. CIsH26N20 S (362.38): caled. C 49.72, H 7.23, N 7.73; found 
C 49.40, 1-1 7.08, N 7.55. 

(3R ,2S,5aR ,6R, 7 S,8R ,9aS)-3-( N-( tert-Buty loxycarbonyl )amino)-
6,7 -bisacctoxy -8-a cctox y mcthy 1-2-m cthy locta hyd ro py rano (2,3-h)-
1,5-oxazepin-4-one (14u): Compound 13u (40 mg, 0.11 mmol) was 
trea ted with pyridine/acetic anhydride (3:2, 6 mL) and stirred at 
room temperature for 12 h. All volatiles were evaporated and the 
resid ue was purified by fla sh column chromatography (CH2Clz/ 
MeOH, 99: 1) to furnish 14u (44 mg, 82%) as a white foam. TLC 
(CH 2C12/MeOI-l, 95 :5): R, = 0.45. [a]n = +72.77 (c = 0.22; CHCI3). 

IH NMR (600 MHz, CDCI.1): r5 = 1.25 (d, JJ M c.2 = 5.5 Hz, CHJ), 
1.46 [s, 9 H, C(CH3)3], 2.05, 2.08, 2. 11 (3 s, 9 H, 3 Ac), 3.54 (m, I 
H, 5a-H), 4.12 (m, 1 H, lOa-H), 4.27 (m, 3 H, 10b-H, 8-H, 2-H), 
4.64 (m, I H , 3-1-1), 5.03 (dd, )h.x = 8.9 Hz, )J7,6 = 8.9 Hz, I H , 7-
H), 5.34 (dd, 3J (' ,5a = 9.5 Hz, ) J 9 .X = 9.2 Hz, I H, 6-H), 5.43 (bl'. s, 
I H, 9a-H), 5.75 (d, JJ NH.J = 7.2 Hz, I H, NHBoc), 7.05 (br. s, I 
H, NH) ppm. IlC NMR (150.8 MHz, CDCI3): () = 17.10 (CH,), 
20.60, 20.64,20.69 (3 Ac), 28.24 [C(CH .1hl. 56.22 (C-5a), 58.35 (C-
3),61.77 (C-IO), 67 .72 (C-7), 69.48 (C-8), 72.42 (C-6), 73.40 (C-3), 
80. 19 [C(CH3»l, 95.35 (C-9a), 155.58 (C-4), 169.45, 170.63, 170.76 
(3Ac), 171.29 (Boc-CO) ppm. MS (MAL DT ): m/z = 511 [M + 
Nat. C21H.12N2011 (488 .49): caled . C 51.63, H 6.60, N 5.73; fou nd 
C 51.34, H 6.70, N 5.68. 

(3 R ,4R ,5a R, 7 R ,8S,9 R ,9a R)-3-( N-( tel't-Buty loxycarbonyl)amino (-
6,7-bis a cetox y -8-ace tox ymethy 1-2-met hy I oc ta hyd ro pyrano (2,3-h (-
1,5-oxazepin-4-one (14/1): Compound 13P (40 mg, 0.11 mmol) was 
treated with pyridine/acetic anhydride (3:2, 6 mL) and stirred at 



room temperature for 12 h. All vo latiles were evaporated and the 
residue was purified by fl ash column chromatography (CH 2Cl"/ 
MeOH, 99: 1) to furnish 14~ (50 mg, 93%) as a white foam. TLC 
(CH2Cli MeOH, 95:5): Rr = 0.50. [fl)D = +36.07 (c = 0.2~; CHCI3). 
IH NMR (600 MHz, CDCl]): (j = 1.24 (d, .IJ~k2 = 6.2 Hz, CH3), 

1.44 [s, 9 H , C(CH' )3), 2.10, 2.14, 2. 17 (3 s, 9 H , 3 Ac), 3.90-4.33 
(m, 6 H, 5a-H, 10a-H, 10b-H, 3-H, 2-H , 8-H), 4.90 (m, 2 H, 7-H, 
9a-H), 5. 15 (m, I H , 6-H), 5.68 (d, JJ NH .3 = 7.5 Hz, I H, NHBoc), 
6.35 (br. s, 1 H, NH) ppm. IJC NMR (150.8 MHz, CDCI3): (5 = 
19.08 (CH3), 20.74, 20.8 1,20.85 (3 Ac), 28.24 [C(CH3h), 52.02 (C-
5a), 56. 19 (C-3), 61.80 (C-IO), 67.77 (C-7), 69 .21 (C-8), 72.52 (C-
6),73.33 (C-2), 80.20 [CCCH))), 98.24 (C-9a), 155.Q2 (C-4), 169.14, 
169.5, 170.606 (3 Ac), 172.60 (Boc-CO) ppm. MS (MALDI): m/z 
= 511 [M + Nat, 527 [M + Kr. C21 H32N 2011 (488.49): cedcd. C 
5 1.63, H 6.60, N 5.73; found C 51.50, H 6.11 , N 5.82. 
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