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ABSTRACT 

Methods are described for the stereosefective conversion of v~ienamine (2) 
and validamine (3) into valiolamine (la), a new pseudo-amino sugar isolated from 
the fermentation broth of Streptomyces hygroscopicus subsp. Zimoneus and which is 
a stronger a-D-glucosidase inhibitor than 2 and 3. Treatment of the acyclic carba- 
mates (4) of 2 with halogenation reagents led to ring closure to afford the halo cyclic 
carbamates (6), which were reductively deh~ogenated and then hydrolyzed to give 
la. Similar treatment of the exomethylene acyclic carbamate (l2), derived from 3 
via 8-11, resulted in the formation of halo cyclic carbamates (14a,b), which were 
converted into la. The synthesis of epivaliolamine (lb), the C-l epimer of la, start- 
ing from 2 and 3, is also described. 

Valiolamine (la) is a pseudo-amino sugar first isolated from the fermentation 
broth of Streptomyces hygroxopicus subsp. limoneus. The structure of la was 
proposed to be (l(OH),2,4,5/1,3)-S-amino-l-C-(hydroxymethyl)-l,2,3,4-cyclo- 
hexanetetrol, mainly by spectrometric studies’. 

The purpose of this study was to obtain rigorous evidence of the S configura- 
tion at C-l of la and to provide a convenient route to la in amounts large enough 
for preparation of semi-synthetic cu-D-glucosidase inhibitors having la as a key con- 
stituent. The inhibitory activity of la against porcine intestinal disaccharidase 

[K&**: 4.9 x lo-* (Sue) and 2.2 x 1W6 (MaI)]’ is significantly higher than that of 
such related pseudo-amino sugars as valienamine2z3 (2) [I&,**: 5.3 X low5 (Sue) 

*Part of this work and related experimental results are disclosed in the following patent applications: 
Takeda Chemical Industries, Ltd., Jpn. Kokai Tokyo Koho JP 57-179,174 (1982) and 58-46,004 (1983) 
[Eur. Pat. Appl. EP 63,950 (1982); U.S. Pat. 4,446,319 (1984); Chem. Abstr. 98 (1983) 161113c]. 
**I&: Molar concentmtion required to give 50% inhibition against porcine sucrase (SW) and porcine 
maltase (Ma]). 
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and 3.4 x 1O--J (Mal)], the core building-block of naturally occurring pseudo-oligo- 

saccharide cu-D-glucosidase inhibitors4, and validamine (3) [I(&**: 7.5 x 10 h 

(Sue) and 1.1 x 1O-4 (Mal)]‘. For this purpose, compounds 2 and 3, which may be 

prepared on a large scale by microbiological degradation of validamycin A (ref. 6), 

were chosen as the starting materials. 

iO&iH2 Ho@N** 
HO 

la lb 

9’ R2 R3 -- - 
8 PhCH2 OH H 

9 PhCH2 O’S H 

10 PhCH2 OTs AC 

11 PhCHZ I AC 

RESULTS AND DISCUSSION 

First, we describe a stereoselective conversion of 2 into la (Scheme 1)) which 

was also used to assign the absolute configuration at C-l of la as S. Acyclic carba- 

mate derivatives of 2. such as N-(benzyloxycarbonyl)valienamine (4a) and N-(tert- 

butoxycarbonyl)valienamine (4b), were treated with such halogenation reagents as 

bromine and iodine monochloride to afford the corresponding halo cyclic carba- 

mates (6). This cyclization reaction is thought to proceed by a mechanism similar 

to halolactonization7, namely, by nucleophilic attack of a carboxylate anion 

(formed by release of the benzyl or tert-butyl moiety of the carbamates 4) to a 

halonium ion (formed by addition of halogen to the carbon-carbon double bond), 

as shown in formula 5. The halo cyclic carbamates 6 were dehalogenated reduc- 
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tively with sodium borohydride, and the resulting dehalogenated cyclic carbamates 
(7) were hydrolyzed to give la. 

Valiolamine was also obtained from 3 as shown in Scheme 2. Tri-O-acetyl-lL- 
(1,3,4/2,6)-4-[(benzyloxycarbonyl)amino]-6-C-(iodomethyl)-1,2,3-cyclohexanetrioI 
(11) (prepared from 3 by a four-step sequence via 8, 9, and 10) was treated with 
silver fluoride in pyridine to give tri-O-acetyl-lL-(1,3,4/2)-4-[(benzyloxycar- 
bonyl)amino]-6-methylene-1,2,3-cyclohexanetriol (l2a). Hydrolysis of l2a with 5~ 

ammonium hydroxide gave the 0-deacetylated derivative (l2b). The exomethylene 
derivatives l2b and l2a were treated with bromine to give l-(bromoethyl)-6,7,8- 
t~hydro~-3-oxo-2-oxa-4-~abicyclo~3.3.l]nonane (14a) and its tri-0-acetyl deriv- 
ative (14b) respectively, presumably via a transient intermediate 13. The 
bromomethyl derivative 14b was treated with silver acetate in iV,N-dimethyl- 
formamide to give the acetoxymethyl derivative (MC). Hydrolysis of 14a and 14~ 
gave la. 

The cyclic carbamate structure of 6,7, and 14 was supported by the following 
evidence: (i) the absence of vinyl proton and benzyl (or tert-butyl) proton signals in 
the n.m.r. spectra of 6, 7, and 14; (ii) the absence of methylene proton signals in 
the n.m.r. spectra of 6 and the presence of methylene proton signals in the n.m.r. 
spectra of 7 (a proof of position of the halogenated carbon atom); (iii) the proton 
at C-8 [6e; 5.73 (d, 1 H, J 10 Hz): 7b; 5.18 (d, 1 H, .I 10 Hz)] couples only with the 
proton at C-7, and the proton at C-9 [6c; 4.65 (d, 1 H, J 4 Hz)] with the proton at 
C-5, and the methylene protons of the -C&O- group [6c; 4.17 and 4.33 (ABq, each 
1 H, J 13 Hz): 7b; 3.92 and 4.30 (ABq, each 1 H, J 12 Hz)] at C-l couple only with 
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Scheme 2. 

each other (ge~“protons) (no proton at C-l); (iv) the presence of a six-membered 
cyclic amide band (1696 cm-l in 6a, 1669 cm-i in 7a, and 1691 cm-i in 14a) and the 

lack of an acyclic amide II band (1500-1560 cm-i) in the i.r. spectra of 6,7, and 14; 
and (v) acetylation (acetic anhydride-pyridine) of 7a gave the tetra-0-acetyl 
derivative 7b, which was identical with 14c derived from 3. Thus, 7a and la were 
assigned as [lS-(endo,exo,endo)]-6,7,8-trihydroxy-l-~hydroxymethyl)-3-oxo-2-oxa- 
4-azabicyclo[3.3.l]nonane and (lo)-(~(OH),2,4,5/1,3)-5-amino-l-C-(hydroxy” 
methyl)-1,2,3,4-cyclohexanetetrol, respectively. 

In addition, the configuration at C-9 of the 9-bromo derivative 6c was eluci- 
dated, from the n.m.r. spectrum of 6c, as compared with that of the dehalogenated 
derivative 7b, as S on the basis of the downfield shifts of the H-6 and H-8 signals 
(0.67 and 0.55 p.p.m.), which indicates that H-6 and H-8 are in syn-axial relation 
with the C-9 bromine atoms. 

Dihydroxylation of the exomethylene moiety of l.2a with osmium tetroxideg 
in ethyl ether, followed by removal of the protecting groups, gave a 5-amino-l-C- 
(hydroxymethyl)-I,Z,3,4-cyclohexanetetrol (lb) whose R, value (0.42) wasdi~erent 
from that of la (0.30) in t.1.c. (silica gel; 4: 1: 1 I-propanol-acetic acid-water) and 
had less cY-D-glucosidase inhibitory activity [IC,: 4.7 x 10s4 (Sue) and 1.0 x lo-” 
(Ma])] than la. Judging from the foregoing synthetic route to lb from 12a, it 
seemed most probable that lb is the C-l epimer of la, and the formation of lb may 
be explained by attack of osmium tetroxide from the less-hindered side of l2a. In 

order to confirm the stereochemistry of lb, the following synthesis of lb from 2 was 
undertaken. The 2-U-(benzyloxycarbonyl) derivative (17) (prepared from 4a by a 
three-step sequence via 15 and 16 was treated with bromine in acetonitrile to 



CONVERSIONS INTO VALIOLAMINE 189 

produce the bromo cyclic carbonate intermediate (Isa), followed by reductive 
debromination and hydrolysis to give lb as shown in Scheme 3. Therefore, lb 
was assigned as (1R)-(1(CH,OH),2,4,5/1,3)-5-amino-l-C-(hydroxymethyl)-l,2,3,4- 
cyclohexanetetrol and tentatively named epivaliolamine. 

17 - 

R’ 

PHCH2 

Scheme 3. 

_j lb Ct t2a 

18 
X 

a Br 

b H 

A series of N-substituted valiolamine derivatives has been synthesized using 
the la thus obtained as starting material and these were screened by measuring 
their porcine sucrase-maltase inhibitory activity. Most of the N-substituted valiol- 
amine derivatives tested were found to be more potent than the corresponding 
N-substituted valienamine and validamine derivatives?,“. These findings will be 
reported elsewhere in detail. 

EXPERIMENTAL 

General methoak - Melting points were determined with a Yamato MP-21 
apparatus and are uncorrected. Optical rotations were measured with a Perkin- 
Elmer model 141 polarimeter or a Jasco DIP-181 polarimeter. ‘H-N.m.r. spectra 
were recorded, with tetramethylsilane (Me,Si) as the external standard in D,O and 
as the internal standard in CDCl, and Me,SO-d,, with a Varian EM-390 spectro- 
meter (90 MHz), unless noted that they were recorded with a Jeol JNM-GX400 
spectrometer at 400 MHz, or with a Varian XL-1OOA spectrometer at 100 MHz (for 
decoupling experiments). 13C-N.m.r. spectra were recorded with a Varian XL- 
1OOA spectrometer at 25.2 MHz. 1-r. spectra were recorded with a Hitachi 270-30 
infrared spectrophotometer or a Jasco IRA-l spectrometer. Mass spectra [SIMS 
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(Sputtered Ion Mass Spectra)] were recorded with a Hitachi M-80A mass spectro- 
meter. Thin-layer chromatography (t.1.c.) was performed on pre-coated Kieselgel 
F254 plates (Merck). Chromatography columns of silica gel were prepared with 
Kieselgel (70-230 mesh; Merck). Column chromatography was monitored by re- 
fractive index (with a Waters Differential Refractometer R-403) and/or U.V. (254 
nm) detection (with a Uvicord II instrument). Ratios for mixtures of solvents are 
expressed by volume (v/v). Organic solvents were dried over anhydrous sodium 
sulfate before evaporation. Solutions were evaporated under diminished pressure 
by using a rotary evaporator. 

IL-(1,3,4/2) - 4- [(Benzyloxycarbonyl)amino] -6- C- (hydroxymethyl) -5-cyclo- 
hexene-1,2,3-trio1 [N-(benzyloxycarbonyl)valienamine] (4a). -A solution of benzyl 
chloroformate (170 mL) in toluene (500 mL) was added dropwise to a solu- 

tion of valienamine (2, 100 g) and sodium hydrogencarbonate (100 g) in water (1 
L) at 5-10” with stirring, followed by stirring at the same temperature for 1 h and 
at room temperature for 3 h. The mixture was kept for 2 h with the temperature 
<lo”. The white, crystalline precipitate of 4a was filtered off, washed with water 
and toluene, and dried under diminished pressure. The mother liquor and washings 
were combined. The aqueous layer was separated and washed with toluene, ad- 
justed to pH 5-5.5 with 2~ hydrochloric acid, and concentrated to -400 mL. The 
concentrate was refrigerated overnight. A second crop of crystalline 4a was filtered 
off, washed with cold water, and dried under diminished pressure; total yield, 146 

g, [(~]6~ +125.4” (c 1, water); vmax IEQ 1682 (C=O), 1548 cm-i (-NHCO-); ‘H-n.m.r. 
(Me,SO-d, + D,O): 6 3.35-3.85 (m, 3 H), 3.96 (broad s, 2 H), 4.15-4.38 (m, 1 H), 

5.02 (s, 2 H, PhCH,-) 5.47 (d, 1 H, J 4.5 Hz, 5-0, and 7.33 (s, 5 H, Cgs-). 

Anal. Calc. for C,,H,,NO,: C, 58.24; H, 6.19; N, 4.53. Found: C, 58.38; H, 
6.24; N, 4.54. 

N-(tert-Bufoxycarbonyl)valienamine (4b). - To a solution of 2 (10 g) in 
water (50 mL) was added 1,4-dioxane (50 mL) and tert-butyl S-(4,6-dimethyl- 
pyrimidin-2-yl)thiocarbonate (18.6 g). The mixture was stirred for 18 h at room 
temperature and then evaporated. The residue was dissolved in water (200 mL), 
and the solution was washed with ethyl acetate, concentrated to -50 mL, and 
refrigerated overnight. The resulting crystals were filtered off and washed with cold 
water. The filtrate and washings were combined and applied to a column of MCI 
Gel CHP20P resin (150-300 pm; a synthetic porous polymeric adsorbent, Mit- 
subishi Chem. Ind. Ltd., 400 mL). The column was washed with water and then 
eluted with a gradient of water-80% aqueous methanol. The eluate was concentrated 
and applied to a column of Amberlite CG-50 resin (H+, 550 mL). The column was 
eluted with water. The eluate was concentrated and then lyophilized to give the 
carbamate 4b (12.5 g) as a white solid: [(Y],$~ +128.2” (c 1, water); v,Y; 1693 (C=O), 
1515 cm-’ (-NHCO-); ‘H-n.m.r. (D,O): 6 1.58 (s, 9 H. tert-butyl), 3.6-4.05 (m, 2 
H). 4.1-4.4 (m, 3 H), 4.45-4.65 (m, 1 H), and 5.87 (d, 1 H, J4.5 Hz, 5-CH). 

Anal. Calc. for C,,H,,NO,: C, 52.35; H, 7.69; N, 5.09. Found: C, 52.09; H, 
7.93; N, 5.02. 
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9- Bromo - 6,7,8 - trihydroxy - 1 - (hydroxymethyl) - 3 - 0x0 - 2 - oxa - 4 - azabicyclo- 
[3.3.l]nonane (6a). - (a) From 4a. A solution of bromine (75 g) in methanol (450 
mL) was added d’ropwise to a solution of 4a (146 g) in methanol (1.2 L) at O-5” with 
stirring, followed by stirring for 1 h at the same temperature. The mixture was 
evaporated, 1: 10 ethanol-thy1 acetate (2.2 L) was added to the residue, and the 
mixture was refrigerated. The precipitated crystals were filtered off, washed succes- 
sively with ethyl acetate and petroleum ether, and recrystallized from water to give 
the bromo cyclic carbamate 6a (136 g); [a];” +41.5” (c 1, water); vF~ 1696 cm-1 
(C=O); ‘H-n.m.r. (DzO): S 3.66 (t, 1 H, J 9.3 Hz, 7-0, 3.93 (t, 1 H, J 3.2 Hz, 
5-0, 3.95 and 4.14 (ABq, each 1 H, J 13 Hz, -CH,O-), 4.18 (d, 1 H, J 9.3 Hz, 
8-(X),4.34 (dd, 1 H, J 3,9.3 Hz, 6-CH), and -4.75 (1 H, 9-CH, overlapped with 
HOD); 13C-n.m.r. (Me,SO-d,): 6 (from Me,Si): 42.3(d), 54.7(d), 62.6(t), 71.5(d), 
72.7(d), 73.7(d), 85.0(s), and 152.3(s). 

Anal. Calc. for C,H,,BrNO, * H,O: C, 30.39; H, 4.46; Br, 25.28; N, 4.43. 
Found: C, 30.30; H, 4.54; Br, 25.41; N, 4.40. 

(b) From 4b. A solution of bromine (1.8 g) in methanol (200 mL) was added 
dropwise to a solution of 4b (2.8 g) in methanol (30 mL) with cooling in an ice- 
water bath, and the mixture was stirred for 1 h. The mixture was evaporated and 
the residue applied to a column of MCI Gel CHP20P resin (250 mL). The column 
was eluted with water and the eluate was concentrated and lyophilized to give a 
white solid (2.5 g). To obtain the anhydrous bromo cyclic carbamate 6a (2.1 g), 
acetic acid (40 mL) was added to the white solid and the mixture was heated for 30 
min at 80-90” and then kept overnight at room temperature; [cx]~$~ +41.5” (c 1, 
water); v~?; 1695 cm-’ (C=O). The ‘H-n.m.r. spectrum of the halo cyclic carba- 
mate obtained by method b was identical with that of the product obtained by 
method a. 

Anal. Calc. for CsH,,BrNO,: C, 32.23; H, 4.06; Br, 26.81; N, 4.70. Found: 
C, 32.11; H, 4.19; Br, 26.67; N, 4.87. 

6,7,8-Trihydroxy-l-(hydroxymethyl)-9-iodo-3-oxo-2-oxa-4-azabicyclo[3.3.1]- 
nonane (6b). - A solution of iodine monochloride (1.7 g) in acetonitrile (20 mL) 
was added dropwise to a solution of 4a (3.1 g) in methanol (50 mL) at O-5” with 
stirring, followed by stirring for 5 h at the same temperature and then for 15 h at 
room temperature. The mixture was evaporated and the residue partitioned 
between ethyl acetate and water. The aqueous layer was separated, washed with 
ethyl acetate, adjusted to pH 5 with saturated aqueous sodium hydrogencarbonate, 
and evaporated. The residue was applied to a column of MCI Gel CHP20P resin 
(250 mL). The column was eluted with water, and the eluate was evaporated. The 
residue was dissolved in hot water and refrigerated overnight to give the iodo cyclic 
carbamate6b (3.1 g) as crystals; [(Y]~~ +37.5” (c 1, water); vF~ 1690 cm-l (C=O); 
‘H-n.m.r. (D,O): 6 3.70 (t, 1 H, J 9.5 Hz, 7-CH), 3.92 (t, 1 H, J 3.5 Hz, 5-CH), 
4.02 and 4.28 (ABq, each 1 H, J 15 Hz, -C&O-), 4.33 (d, 1 H, J 9.5 Hz, 8-0, 
4.53 (dd, 1 H, J 3.5, 9 Hz, 6-(X), and 4.79 (d, 1 H, J 3.5 Hz, 9-CH); 13C-n.m.r. 
(Me,SO-d,): 6 (f rom Me,Si): 17.9(d), 55.8(d), 64.1(t), 72.6(d), 73.7(d), 74.1(d), 
84.7(s), and 152.6(s). 
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Anal. Calc. for C,H,,INO, . H,O: C, 26.46; H, 3.89; N, 3.86. Found: C, 
26.57; H, 3.97; N, 3.96. 

6,7,8-Triacetoxy-l-(acetoxymethyl)-9-bromo-3-oxo-2-oxa-4-azabicyclo[3.3.1]- 

nonane (6~). - A suspension of 6a (1 .O g) in pyridine (10 mL) and acetic anhydride 
(5.0 mL) was stirred for 20 h at room temperature. The resulting, clear solution 
was evaporated and the residue was dissolved in ethyl acetate. The solution was 
washed with M hydrochloric acid and saturated aqueous sodium hydrogencarbo- 
nate, and then evaporated. Ethyl ether was added to the residue, and the mixture 
was refrigerated to give 6c (740 mg) as crystals, m.p. 226228” (decomp.); v,“:; 1755, 
1730 cm-‘; [a]&” +57.7” (c 1, methanol); ‘H-n.m.r. (CDCl,): 6 1.98, 2.03, 2.11, 
2.24 (s, each 3 H, acetyl x 4), 3.W.15 (m, 1 H, 5-(X),4.17 and 4.33 (ABq, each 
1 H, J 13 Hz, -C&OAc), 4.65 (d, 1 H, J 4 Hz, 9-W), 5.36 (t, 1 H, J 10 Hz, 
7-CH), 5.66 (dd, 1 H, J 2.5, 10 Hz, 6-CH), 5.73 (d, 1 H, J 10 Hz, 8-CH), and 7.92 
(d, 1 H, J 6 Hz, -CON&). 

Anal. Calc. for C,,H,,BrNO,,: C, 41.22; H, 4.32; Br, 17.14; N, 3.00. Found: 
C, 41.07; H, 4.21; Br, 17.05; N, 3.12. 

6, 7,8-Trihydroxy-l-(hydroxymethyl)-3-oxo-2-oxa-4-azabicyclo-[3.3.l]nonane 
(7a). - (a) From 6a. Sodium borohydride (55 g) was added to a solution of the 
bromo cyclic carbamate 6a (100 g) in water (1.3 L) at room temperature with 
stirring. After stirring for 2 h at the same temperature, the mixture was adjusted to 
pH 6-7 with acetic acid and concentrated to -800 mL. The concentrate was applied 
to a column of activated carbon (4.8 L), and the column was washed with water (5 
L) and eluted with 50% aqueous methanol. The eluate was evaporated, methanol 
(350 mL) was added to the residue, and the solution was boiled under reflux for 
10-20 min to remove a methanol-soluble byproduct. The mixture was refrigerated 
overnight. The resulting crystals were filtered off, washed with cold methanol, and 
dried under diminished pressure to give the cyclic carbamate 7a (64 g); m.p. 254- 
255” (decomp.), [cx]~” +36.4” (c 1, water); v,“,’ 1669 cm-i (C=O); ‘H-n.m.r. 
(D,O): 6 2.07 (dd, 1 H, J 2, 15 Hz, 9-CH), 2.34 (dd, 1 H, J 5, 15 Hz, 9-CH), and 
3.45-4.1 (6 H); 13C-n.m.r. (D,O): 6 (from Me,Si, reference 1,Cdioxane at 67.4): 
25.6(t), 50.8(d), 64.0(t), 74.7(d), 75.2(d), 75.5(d), 85.0(s), and 156.8(s). 

Anal. Calc. for C,H,,NO,: C, 43.83; H, 5.98; N, 6.39. Found: C, 43.81; H, 
5.95; N, 6.55. 

(b) From 6b. An aqueous solution (20 mL) of sodium borohydride (0.5 g) 
was added to an aqueous solution (50 mL) of the iodo cyclic carbamate 6b (1.0 g) 
and the mixture was stirred for 2 h. The mixture was adjusted to pH 5 with acetic 
acid, and then evaporated. The residue was applied to a column of activated carbon 
(180 mL). The column was washed with water and then eluted with 50% aqueous 
methanol. The eluate was evaporated and 1: 10 methanokthanol was added to the 
residue. The mixture was refrigerated to give 7a (565 mg) as crystals. The m.p., 

[4D. and i.r. and ‘H-n.m.r. spectra of the crystals obtained by method b were 
identical with those obtained by method a. 

Anal. Calc. for C,H,,NO,: C, 43.83; H, 5.98; N, 6.39. Found: C, 43.80; H, 
5.94; N, 6.56. 
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6,7,8- Triacetoxy -1 - (~cetoxymethy~) -3-oxo-2-oxa-4-azabicycio[3.3.l]nonane 

Fw. - A suspension of 7a (700 mg) in pyridine (5 mL) and acetic anhydride (2.5 
mL) was stirred overnight at room temperature. The resulting solution was 
evaporated and the residue was extracted with ethyl acetate. The extract was 
washed with M hydrochlori!: acid and saturated aqueous sodium hydrogencarbo- 
nate, and then evaporated. Ethyl ether was added to the residue, and the mixture 
was refrigerated overnight to give 7b (816 mg) as crystals; m-p. 173-174”, f~y]&~ 
+60.4* (c 1, methanol); vF~ 1753, 1708 cm-‘; IH-n.m.r. (CDCI,): 6 l.%, 2.00, 
2.07,2.25 (s, each 3 H, acetyl X 4), 2.2 (2 H, 9-U&), 3.8-4.0 (m, 1 H, XX), 3.92 
and 4.30 (ABq, each 1 H, J 12 Hz, -CH,O-), 4.99 (dd, 1 H, J 3,lO Hz, 6-(X),5.18 
(d, 1 H, J 10 Hz, 8-Cw), 5.38 (t, 1 H, J 10 Hz, 7-0, and 7.95 (d, 1 H, J 5 Hz, 
-CONH-) . 

Anal. Calc. for C,&I,,NO,,: C, 49.61; H, 5.46; N, 3.6’2. Found: C, 49.57; H, 
5.35; N, 3.50. 

IL- (1,3,4/2,6) -4- [(Benzyloxycarbonyl)amino] -6-C - (hydroxymethyl) -1,2,3- 
cyclohexunetriol [N-(benzyloxycarbonyZ)vaZidamine] (8). - To a solution of valid- 
amine (3,21 g) in water (250 mL) was added 1,4-dioxane (125 mL) and then benzyl 
chloroformate (22.5 mL) under ice-cooling. The solution was stirred for 1 h at O-5” 
and then for 1 h at room temperature, adjusting to pH 7-7.5 with saturated aqueous 
sodium hydrogencarbonate. The mixture was adjusted to pH 5.5 with 2~ hydro- 
chloric acid and then concentrated to remove the organic solvent. Water (250 mL) 
was added to the concentrate, and the mixture was washed with ethyl acetate. The 
aqueous layer was con~ntrated and chromatographed on a colmnn of Amber&e 
CG-50 (H+, 800 mL). The column was eluted with water, and the eluate was con- 
centrated and then lyophilized to give 8 (31.8 g) as a white solid, [cY]~” +55.5” (c 1, 
water); $$?d 1695 (C=O), 1536 cm-l (-NHCO-); ‘H-n.m.r. (DzO): S 1.4-2.15 (m, 
3 H), 3.25-3.85 (m, 5 H), 4.22 (1 H), 5.25 (s, 2 H, Ph-Cti,-), and 7.48 (s, 5 H, 

C&-> * 
Anal. Calc. for C&H,,NO,: C, 57.86; H, 6.80; N, 4.50. Found: C, 57.50; H, 

6.81; N, 4.45. 
IL - (1,3,4/2,6) - 4 - [(Benzyloxycarbonyl)amino] - 6 - C - (p - tolylsulfonyloxy- 

methyl)-1,2,3-cyclohexanetrioE (9). ---Toluenesulfonyl chloride (3.8 g) was added 
to a solution of 8 (6.0 g) in pyridine (60 mL) under cooling in an ice-water bath, 
and then the solution was stirred for 15 h at room temperature. The mixture was 
evaporated and the residue was partitioned between ethyl acetate and water. The 
organic layer was separated, and the water layer was extracted with ethyl acetate. 
The combined organic layers were washed with M hydrochloric acid and then satu- 
rated aqueous sodium hydrogencarbonate, and evaporated. The residue was 
chromato~aphed on a column of silica gel (400 mL) that was eluted with ethyl 
acetate, and the eluate was evaporated. A 1: 3 mixture (500 mL) of ethyl ether and 
petroleum ether was added to the residue, and the mixture was refrigerated over- 
night to give N-(benzyloxycarbonyl)-7-O-(p-tolylsulfonyl)validamine (9,5.1 g); ‘H- 
n.m.r. (Me,SO-d,): S 2.41 (s, 3 H), 5.00 (s, 2 H), 7.37 (s, 5 H), 7.45 (d, 2 H, J 8 
Hz), and 7.76 (d, 2 H, J 8 Hz). 
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Anal. Calc. for C,,H,,NO,S: C, 56.76; H, 5.85; N, 3.01; S, 6.89. Found: C, 
57.08; H, 5.89; N, 3.38; S, 6.98. 

l~-(1,3,4/2,6)-I,2,3-Tri-O-acetyl-4-[(benzyloxycarbonyl)amino]-6-C-(p-tolyl- 

sulfonyloxymethyl)-1,2,3-cyclohexanetriol(10). - A solution of the p-tolylsulfonyl 
derivative 9 (21 g) in pyridine (200 mL) and acetic anhydride (100 mL) was stirred 
for 16 h at room temperature. The mixture was evaporated, and a solution of the 
residue in ethyl acetate was washed with 2M hydrochloric acid and saturated aque- 
ous sodium hydrogencarbonate, and then evaporated. A 1:4 mixture (1 L) of ethyl 
ether and petroleum ether was added to the residue, and the mixture was refriger- 
ated overnight to give the tri-O-ace@ derivative 10 (26.2 g) as crystals, m.p. 80- 
81”, [a]&” +55.5” (c 1, methanol); ‘H-n.m.r. (CDCI,): 6 1.92 (s, 6 H), 1.95 (s, 3 H), 
2.44 (s, 3 H), 3.93 (d, 2 H, J6 Hz), 4.1-4.4 (m, 1 H), 4.7-5.5 (m, 3 H), 5.09 (s, 2 
H), 7.35 (d, 2 H, J 8 Hz), 7.36 (s, 5 H), and 7.76 (d, 2 H, J 8 Hz). 

Anal. Calc. for C2,H,,N0,,S: C, 56.84; H, 5.62; N, 2.37; S, 5.42. Found: C, 
56.69; H, 5.72; N, 2.39; S. 5.13. 

l~-(1,3,4l2,6)-1,2,3-Tri-O-acetyl-4-[(benzyloxycarbonyl)amino]-6-C-(iodo- 
methyl)-1,2,3-cyclohexanetriol (11). - A solution of the 1,2,3-tri-O-acetyl-7-0- 

tosyl derivative 10 (20 g) and sodium iodide (6 g) in acetic anhydride (60 mL) was 
stirred for 30 min at 120-130”. After the mixture had cooled to room temperature, 
acetone was added. The resulting crystals were filtered off and washed with 
acetone. The filtrate and washings were combined and evaporated, and the residue 
was partitioned between ethyl ether and water. The organic layer was separated, 
washed with a mixture of saturated aqueous sodium hydrogencarbonate and 5% 
aqueous sodium thiosulfate (5: l), and evaporated. The residue was applied to a 
column of silica gel (400 mL) that was eluted with 4: 1 toluene-ethyl acetate, and 
the eluate was evaporated. The residue was dissolved with heating in a small 
amount of ethyl ether. Petroleum ether was added and the solution was ice-cooled 
to give the iodomethyl derivative U (16.9 g) as crystals, m.p. 85-86”. [a]64 +49.5” 

(c 1, methanol); ‘H-n.m.r. (CDCI,): 6 1.92 (s, 3 H), 1.97 (s, 3 H), 2.00 (s, 3 H), 
3.01 (dd, 1 H, J 6, 10 Hz), 3.21 (dd, 1 H, J 3, 10 Hz), 4.15-4.4 (m, 1 H), 4.7-5.4 
(m, 3 H), 5.09 (s, 2 H), and 7.37 (s, 5 H). 

Anal. Calc. for C,,H,,INO,: C, 46.08; H, 4.79; N, 2.56. Found: C, 46.57; H, 
4.77; N, 2.51. 

I~(lR)-(1,3,4l2)-Tri-O-acetyl-4-[(benzyloxycarbonyl)amino]-6-methylene- 
1,2,3-cyclohexanetriol (l2a). - A solution of the iodomethyl derivative 11 (15 g) 
and silver fluoride (15 g) in pyridine (90 mL) was stirred for 3.5 h at 20-25”. The 
mixture was added to ethyl ether (1.5 L) , and the mixture was stirred. The resulting 
precipitate was filtered off and washed with ethyl ether. The combined filtrate and 
washings were washed with a mixture of saturated aqueous sodium hydrogencarbo- 
nate and 5% aqueous sodium thiosulfate (5 : l), and evaporated. The residue was 
applied to a column of silica gel (550 mL) that was eluted with 3: 1 toluene-ethyl 
acetate. The eluate was evaporated to give a colorless syrup, which was dried under 
diminished pressure to give the 6-exomethylene derivative l2a (11.6 g), [a]64 
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+23.0” (c 1, methanol); ~2: 1744, 1717, 1538 cm- ‘; iH-n.m.r. (CDCI,): 8 1.91 (s, 
3 H), 2.00 (s, 3 H), 2.09 (s, 3 H), 2.47 (d, 2 H, 54 Hz), 4.25-4.55 (m, 1 H), 4.7-5.5 
(m, 6 H), 5.08 (s, 2 H), and 7.37 (s, 5 H). 

Anal. Calc. for C&H,NO,: C, 60.13; H, 6.01; N, 3.34. Found: C, 60.31; H, 
6.13; N, 3.09. 

l~(lR)-(1,3,4l2)-[(Benzyloxycarbonyl)amino]-6-methylene-l,2,3-cyclohexa- 
netriol (l2b). - To a solution of the tri-O-acetyl derivative l2a (6.0 g) in ethanol 
(50 mL) was added 5M ammonium hydroxide (50 mL). The mixture was stirred for 
4 h and kept for 4 days at room temperature. The mixture was evaporated, and 
50% aqueous methanol (50 mL) was added to the residue. The mixture was re- 
frigerated overnight to give the deacetylated exomethylene derivative l2b (3.5 g) 
as crystals, m.p. 119-120”, [o],$3 +36.5” (c 1, methanol); r$g 1693 (C=O), 1515 
cm-’ (-NHCO-); iH-n.m.r. (Me,SO-d, + D,O): 6 2.23 (dd, 1 H, J 4.5, 14 Hz), 
2.54 (dd, 1 H, J 6, 14 Hz), 3.1-4.05 (m, 4 H), 4.91 (broad s, 1 H, vinyl-w, 5.13 (s, 
3 H, vinyl-H and PhCH,-), and 7.48 (s, 5 H, C&&-). 

Anal. Calc. for C,,H,,NO+ C, 61.42; H, 6.53; N, 4.78. Found: C, 61.14; H, 
6.34; N, 4.47. 

l-(Bromomethyl)-6,7,8-trihydroxy-3-oxo-2-oxa-4-azabicyclo[3.3.l]nonane 
(14a). - A solution of bromine (1.8 g) in methanol (20 mL) was added to a solution 
of the exomethylene derivative 12b (2.9 g) in methanol (40 mL) dropwise at O-5”, 
and the solution was stirred for 1 h at the same temperature. The mixture was 
evaporated, and the residue was partitioned between ethyl acetate and water. The 
water layer was separated, washed with ethyl acetate, and evaporated. The residue 
was chromatographed on a column of MCI Gel CHP20P resin (250 mL). The 
column was washed with water and eluted with a gradient of water-50% aqueous 
methanol. The eluate was concentrated to -20 mL, and the concentrate was re- 
frigerated overnight to give the bromomethyl cyclic carbamate 14a (2.4 g) as crys- 
tals, m.p. 251-252” (dec.); [a];” +6.4” (c 1, dimethyl s&oxide); V% 1691 cm-’ 
(C=O); ‘H-n.m.r. (Me,SO-d,): 6 1.78 (dd, 1 H, J 2.5, 15 Hz, 9-CH), 1.97 (dd, 1 
H, J 4, 15 Hz, 9-(X), 3-l-3.55 (m, 4 H), 3.67 (s, 2 H, -CH,Br), 4.83-5.03 (m, 2 H, 
-OH X 2), 5.17 (d, 1 H, J 6 Hz, -OH), and 7.41 (d, 1 H, J 4.5 Hz, -CONH-); 
i3C-n.m.r. (Me,SO-d,): 6 (from Me,Si): 27.6(t), 38.1(t), 50.0(d), 74.1(d), 74.6(d), 
75.1(d), 80.9(s), and 152.3(s). 

Anal. Calc. for C,H,,BrNO,: C, 34.06; H, 4.29; Br, 28.33; N, 4.97. Found: 
C, 34.04; H, 4.15; Br, 28.32; N, 5.00. 

6,7,8- Triacetoxy-l- (bromomethyl)-3-0~0-2-oxa-4-azabicyclo[3.3.l]nonane 
(14b). - A solution of bromine (1.7 g) in methanol (20 mL) was added to a solution 
of the exomethylene derivative l2a (4.2 g) in methHno1 (30 mL) at 5-lo”, and the 
solution was stirred for 1.5 h at the same temperature. The mixture was evaporated, 
and the residue was dissolved in ethyl acetate. The ethyl acetate solution was 
washed with 5% aqueous sodium thiosulfate and evaporated. A 1:l mixture of 
ethyl ether-petroleum ether was added to the residue, and the mixture was refriger- 
ated overnight to give the cyclic carbamate 14b (3.3 g) as crystals, m.p. 122-123 
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(decomp.), [a];” +45.2” (c 1, methanol); v,,, KBr 1759, 1747, 1712 cm-‘; ‘H-n.m.r. 
(Me,SO-d,, at 400 MHz, with Me,% as internal standard): 6 1.97, 2.02, 2.06 (s, 
each 3 H, acetyl x 3), 2.16 (dd, 1 H, J 4.4, 14.4 Hz, 9-0, 2.37 (broad d, .I 14.4 
Hz, 9-0, 3.49 and 3.70 (ABq, each 1 H, .I 11.0 Hz, -CH,Br), 3.73 (m, 1 H, 
5-W), 4.95 (dd, 1 H,J3.1, 9.7 Hz,6-CH),5.15 (t, 1 H,J9.7Hz, 7-CH). 5.36(d, 
1 H, J9.7 Hz, 8-0, and 8.03 (d, 1 H, 54.9 Hz, -CONH-); 13C-n.m.r. (Me,SO-d,): 
G(from Me,Si): 20.4(q), 20.4(q), 20.8(q), 26.8(t), 35.7(t), 46.7(d), 70.4(d), 73.2(d), 
74.1(d), 79.7(s), 151.0(s), 169.4(s), 169.5(s), and 169.7(s). 

Anal. Calc. for C,,H,,BrNO,: C, 41.19; H, 4.44; Br, 19.58; N, 3.43. Found: 
C, 41.17; H, 4.35; Br, 19.56; N, 3.33. 

6,7,8-Triacetoxy-1 -(acetoxymethyl)-3-oxo-2-oxa-4-azabicyclo[3.3.l]nonane 
(14c). - Silver acetate (500 mg) was added to a solution of the I-(bromomethyl) 
derivative 14b (500 mg) in N,N-dimethylformamide (10 mL), and the mixture was 
stirred for 10 h at 120-130”. The mixture was evaporated, and the residue par- 
titioned between ethyl acetate and water. The ethyl acetate layer was separated, 
washed with 2M hydrochloric acid and saturated aqueous sodium hydrogencarbo- 
nate, and evaporated. Addition of ethyl ether to the residue gave the l- 
(acetoxymethyl) derivative 14c (340 mg) as crystals. The m.p., [&In, and i.r. and 
‘H-n.m.r. spectra of 14c were identical with those of 7b. 

Anal. Calc. for C,,H,INOlO: C, 49.61; H, 5.46; N, 3.62. Found: C, 49.68; H, 
5.39; N, 3.63. 

l~(lS)-(l(lOH),2,4,5/I,3)-5-Amino-l-C-(hydroxymethyl)-1,2,3,4-cyclohex- 

anetetrol (valiolamine; la). - (a) From 7a. Barium hydroxide (200 g) was added to 
a solution of the cyclic carbamate 7a (50 g) in water (1.5 L). The mixture was 
heated for 3 h at 7&80” with stirring. The mixture was cooled to room temperature, 
and carbon dioxide gas was bubbled through the mixture. The resultant precipitate 
was filtered off and washed with water. The filtrate and washings were combined 
and applied to a column of Amberlite CG-50 resin (NH;, 1.6 L). The column was 
washed with wker (1 L) and eluted with 0.2M ammonium hydroxide. The eluate 
was concentrated to -200 mL and chromatographed on a column of Dowex 1 x 2 
resin (OH-, 1.6 L) with water as the developing solvent. The eluate was concen- 
trated and lyophilized to give la (42.7 g) as a white solid, [a];’ +19.6” (c 1, water); 
m/z 194 (M + 1) +; ‘H-n.m.r. (D,O): S 1.80 (dd, 1 H, .I 3.8, 15.5 Hz), 2.07 (dd, 1 
H, J 3, 15.5 Hz), 3.4-3.6 (1 H), 3.55 (d, 1 H, J 10 Hz), 3.63 (2 H), 3.72 (dd, 1 H, 
J 4.2, 10 Hz), and 3.99 (t, 1 H, J 10 Hz); ‘H-n.m.r. (D,O, at 400 MHz, with sodium 
4,4-dimethyl-4-silapentane-1-sulfonate (DSS) as internal standard): 6 1.70 (dd, 1 
H, J 3.9, 15.1 Hz, 6-CHax), 1.89 (dd, 1 H, J 2.9, 15.1 Hz, 6-CHeq), 3.34 [q (appa- 
rent splitting pattern), 1 H, J 2.9,3.9,4.2 Hz, 5-CH], 3.43 (d, 1 H, J 9.5 HZ, 2-CH), 
3.46 and 3.53 (ABq, each 1 H, J 11.2 Hz, -CH,O-), 3.58 (dd, 1 H, J 4.2, 9.8 Hz, 
4-CH), and 3.85 [t (apparent splitting pattern), J 9.5, 9.8 Hz, 3-CH]; 13C-n.m.r. 
(D,O): 6 (from Me,Si, reference 1,4-dioxane at 67.4): 33.5(t), 51.0(d), 66.3(t), 
71.9(d), 74.5(d), 74.5(d), and 76.8(s). 

Anal. Calc. for C,HISNO, . H,O: C, 39.80; H, 8.11: N, 6.63. Found: C, 
39.94; H, 8.03; N, 6.67. 
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(b) From 14a. Barium hydroxide (1.0 g) was added to a suspension of the 
bromomethyl cyclic carbamate 14a (ZOO mg). The suspension was stirred for 5 h at 
60-70”. After cooling to room temperature, carbon dioxide gas was bubbled into 
the mixture. The resulting precipitate was filtered off, and washed with water. The 
combined filtrate and washings were applied to a column of Amberlite CC-50 resin 
(NH:, 150 mL) that was washed with water and then eluted with 0.1~ ammonium 
hydroxide. The eluate was evaporated, and the residue was applied to a column of 
Dowex 1 X 2 resin (OH-, 200 mL) that was eluted with water, and the eluate was 
concentrated and then lyophilized to give !a (104 mg) as a white solid. 

(c) From 14b. Barium hydroxide (2.5 g) was added to a suspension of the 
O-ace@ cyclic carbamate 14b (500 mg) in water (50 mL), and the mixture was 
stirred for 3 h at 90-100”. The mixture was treated as described in method b to give 
la (240 mg) as a white solid. 

p~Toluenes~~o~~~ acid salt of vaiiola~~ne. - A solution of la (200 mg) and 
~-toluenesu~onic acid (210 mg) in water (5 mL) was evaporated. Ethanol (30 mL) 
was added to the residue and the solution refrigerated overnight to give the p- 
toluenesu~onic acid salt of la (284 mg) as colorless needles, m.p. 193-195” (dec.), 
[rxJs4 +8.2” (c 1, water); ‘H-n.m.r. (D,O): 6 2.06 (dd, 1 H, J 4, 16 Hz), 2.33 (dd, 
1 H, J 2.5, 16 Hz), 2.60 (s, 3 H), 3.6-i-3.73 (m, 1 H), 3.67 (s, 2 H), 3.75-4.1 (m, 3 
H), 7.58 (d, 2 H, J 8.5 Hz), and 7.94 (d, 2 H, J 8.5 Hz). 

Anal. Calc. for C,,H23NOsS: C, 46.02; H, 6.34; N, 3.83; S, 8.77. Found: C, 
46.09; H,6.24; N, 3.80; S, 8.52. 

I~-(l,3,#/2)-4-Amino-6-C-(hydroxymethyl)-5-cyclohexene-1,2,3-triol 3,4-car- 
bamate fl5). - ~-(Be~yloxycarbonyl)valien~ine (4a, 20 g) was dissolved in M 
sodium hydroxide (200 mL) and stirred for 2 h at room temperature. The mixture 
was adjusted to pH 5.5 with 2~ hydrochlo~c acid, washed with ethyl ether, and 
evaporated. The residue was applied to a column (400 mL) of activated carbon that 
was washed with water and eluted with 50% aqueous methanol. The eluate was 
concentrated, lyophilized, and the residue crystallized from ethanol to give the 3,4- 
carbamate 15 (12 g); v,,, xar I740 cm-1 (C=O); IH-n.m.r. (D,O): S 4.07 (t, 1 H, f 7.5 
Hz), 4.25-4.6 (m, 3 H), 4.65-5.1 (m, 2 H), and 5.90-6.05 (m, 1 H). 

Anal. Calc. for C,H,,NO,: C, 47.76; H, 5.51; N, 6.96. Found: C, 47.71; H, 
5.48; N, 7.05. 

2,7-O-lsopropylidene-I~-(1,3,4/2)-4-amino-4-C-(hydroxymethyL~-5-cyclo- 
~exene-l,2,3-~~o~ 3,4-carb~ute (16). - A solution of the carbamate 15 (10 g), 
2,2-~methox~ropane (20 mL), and ~-toluenes~fo~c acid (250 mg) in NJ%di- 
methy~orma~~ (150 mL) was stirred for 2 h at loo”. After cooling to room temp- 
erature, Dowex 1 x 2 resin (OH-, -50 mL) was added to the mixture. The mixture 
was stirred for 30 min. The resin was filtered off and washed with ethanol, and the 
combined filtrate and washings were evaporated. After azeotropic removal of the 
remaining ~,~-dimethy~o~~ide with toluene, the residue was dissolved in 
water and applied to a column of MCI CHP2OP resin (400 mL). The column was 
washed with water and eluted with a gradient of water-methanol. The eluate was 
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concentrated and then lyophilized to give 16 (11.3 g), as a white solid; ~2:; 1735 cm-l 
(C=O); ‘H-n.m.r. (D,O): 6 1.54 (s, 3 H), 1.77 (s, 3 H), 4.07 (t, 1 H, J 9 Hz), 
4.35-5.1 (m, 5 H), and 5.77-5.90 (m, 1 H). 

Anat. CaIc. for C,,H,sNO, . 0.5 H,O: C, 52.80; H, 6.44; N, 5.60. Found: C, 
52.85; H, 5.99; N, 5.55. 

2-0-(BenzyloxycarbonyZ)-l,7-O-isopropylidene-I~-(1,3,4/2)-4-amino-6-C- 
(hydroxymethyl)-5-cyclohexene-1,2,3-trio1 3,4-carbamate (17). - Benzyl chloro- 
formate (5.1 mL) and then triethylamine (3.1 mL) were added to a solution of 16 
(4.8 g) in ~,~-dimethylformamide (50 mL) previously cooled to -40 to -45”. The 
mixture was stirred for 2 h at -20” to - 10”. The mixture was partitioned between 
cold, 2~ hydrochloric acid (500 mL) and ethyl acetate (500 mL). The organic layer 
was separated, washed with water, and evaporated. The residue was applied to a 
column of silica gel (250 mL). The column was eluted with 1: 1 toluene-ethyl 
acetate, and the eluate was concentrated. A I:10 mixture (300 mL) of ether and 
petroleum ether was added to the concentrate and the solution was refrigerated to 
give the 2-O-benzyloxycarbonate 17 (4.3 g) as crystals; I$$; 1810,174O cm-’ (C=O); 
rH-n.m.r. (CDCl,): 6 1.38 (s, 3 H), 1.47 (s, 3 H), 3.80 (t, 1 H,J9 Hz), 4.0-4.5 (m, 
3 H), 4.53 (d, 1 H, J 9 Hz), 4.6-4.9 (m, 1 H), 5.30 (s, 2 H), 5.73-5.87 (m, 1 H), 
and 7.25-7.55 (m, 5 H). 

Alar. Calc. for C&HzlNO,: C, 60.79; H, 5.64; N, 3.37. Found: C, 60.68; H, 
5.48; N, 3.51. 

(IlR)-(~-(CH,OH),2,4,5/1,3)-5-Amino-l-C-(hydroxymethyi)-1,2,3,4-cycio- 
hexanetetrol (epivaliolamine, lb). - (a) From lZa. A solution of osmium tetroxide 

(2.4 g) in ethyl ether (20 mL) was added to a solution of l2a (3.8 g) and pyridine 
(3 mL) in ethyl ether (50 mL) with cooling in an ice-water bath. The solution was 
stirred for 4 h and kept overnight at room temperature. The mixture was cooled for 
2 h in an ice-water bath. The resulting precipitate was collected by filtration, 
washed with cold ethyl ether, and dried under diminished pressure. The precipitate 
(2.8 g) was dissolved in ethanol (50 mL) and water (100 mL), and then sodium 
sulfite (14 g) were added to the solution, which was then stirred for 20 h at room 
temperature. The resulting black precipitate was filtered off and washed with 
ethanol. The filtrate and washings were combined and evaporated, and the residue 
was partitioned between ethyl acetate and water. The organic layer was separated, 
and the aqueous layer was extracted with ethyl acetate. The combined extracts 
were washed with water and evaporated to give (lR)-(l(CH,OH),2,4,5/1,3)-2,3,4- 
tri - 0 - acetyl-5- ~(benzylo~carbonyl}amino~ - 1 - C- (hydroxymethyl) - 1,2,3,4-cyclo- 
hexanetetrol (2.0 g) as an oil. Palladium black (500 mg) was added to a solution of 
the oil in 1: I :0.2 methanol-water-acetic acid (70 mL), and mixture was stirred in 
a stream of hydrogen for 2.5 h at room temperature. The catalyst was filtered off 
and washed with 50% aqueous methanol. The filtrate and washings were combined 
and evaporated. A solution of the residue in M sodium hydroxide (100 mL) was 
stirred for 3 h at room temperature, adjusted to pH 5 with 2~ hydrochloric acid, 
and passed through a column of Amberlite CG-50 resin (NH;, 250 mL). The 
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column was washed with water and then eluted with 0.2~ ammonium hydroxide. 
The eluate was concentrated and then lyophilized to give lb as a white solid (400 
mg); [a];” +17.5” (c 1, water); m/z 194 (M + l)+; ‘H-n.m.r. (D,O, at 400 MHz, 
with DSS as the internal standard): 6 1.73 (dd, 1 H, J 4.1, 14.5 Hz, 6-CHax), 1.93 
(dd, 1 H, .I 6.6, 14.5 Hz, 6-CHeq), 3.40 (dt, 1 H, J 4.1, 4.1, 6.6 Hz, 5-CH), 3.56 
and 3.66 (ABq, each 1 H, J 11.6 Hz, -C&O-), 3.58 (d, 1 H, J 7.2 Hz, 2-0, 3.76 
(dd, 1 H, J 4.1, 7.2 Hz, 4-W), and 3.99 (t, 1 H, .7 7.2 Hz, 3-CH); 13C-n.m.r. 
(D,O): 6 (from Me,Si, reference 1,bdioxane at 67.4): 36.3(t), 47.2(d), 65.9(t), 
72.4(d), 73.9(d), 75.7(d), and 76.2(s). 

Anal. Calc. for C,HISNO, . H,O: C, 39.80; H, 8.11; N, 6.63. Found: C, 
40.25; H, 7.97; N, 6.40. 

(b) From 17. A solution of bromine (1.8 g) in acetonitrile (20 mL) was added 
dropwise to a solution of 17 (3.7 g) in acetonitrile (60 mL) with cooling in an ice- 
water bath, and then the mixture was stirred for 5.5 h at the same temperature. The 
resulting precipitate was collected by filtration, and washed with a small amount of 
acetonitrile and ethyl acetate. Sodium borohydride (500 mg) was added to a solu- 
tion of the precipitate (1.2 g) in 50% aqueous ethanol (20 mL) with cooling in an 
ice-bath. The mixture was stirred for 4 h at room temperature and concentrated. 
The concentrate was passed through a column of activated carbon (180 mL). The 
column was washed with water and eluted with 50% aqueous methanol. The eluate 
was concentrated, and barium hydroxide (2.0 g) was added to the concentrate (-20 
mL). The mixture was boiled under reflux for 2 h, cooled to room temperature, 
whereupon carbon dioxide gas was bubbled through the mixture. The precipitate 
was filtered off and washed with water, and the filtrate and washings were combined 
and adsorbed onto a column of Amberlite CG-50 resin (NH:, 200 mL). The 
column was washed with water and eluted with 0.2~ ammonium hydroxide. The 
eluate was concentrated and then lyophilized to give lb (120 mg) as a white solid. 

ACKNOWLEDGMENTS 

The authors are grateful to Drs. E. Ohmura, K. Morita, M. Yoneda, and Y. 
Sanno for their encouragement throughout this work. Thanks are also expressed to 
the members of the analytical group for elemental analyses and spectral measure- 
ments, and Mr. T. Matsuyama for technical assistance. 

REFERENCES 

1 Y. WEDA, N. ASANO, M. YOSHMAWA, M. TAKEIJCHI, T. YAMAGUCHI, K. MATSUI, S. HORII,AND 

H. FUKASE, J. Antibiot., 37 (1984) 1301-1307; Y. KAMEDA AND S. HORII, Eur. Pat. Appl. EP 63,456 

(1982) Takeda Chemical Industries, Ltd., Chem. Abstr., 98 (1983) 177495q. 
2 Y. KAMEDA AND S. HORII, J. Chem. Sot., Chem. Commun., (1972) 746-747. 
3 Y. KAMEDA, N. ASANO, M. YOSHUWA, AND K. MATSUI, J. Antibiot., 33 (1980) 1575-1576. 
4 E. TRUSCHEIT, W. FROMMER, B. JUNGLE, L. MULLER, D. D. SCHMIDT, AND W. WINGENDER, Angew. 

Chem., 93 (1981) 738-755. 
5 S. HORII, T. IWASA, E. MIZUTA, AND Y. KAMEDA, J. Antibior., 24 (1971) 59-63. 
6 Y. KAMEDA, N. ASANO, M. TERANI~HI, AND K. MATSUI, J. Antibiot., 33 (1980) 1573-1574. 



200 S. HORII, H. FUKASE, Y. KAMEDA 

7 H. 0. HOUSE, Modern Synthetic Reactions, 2nd edn., W. A. Benjamin, Inc., 1972, pp. 441-442. 
8 L. SOMSAK, G. BATTA, AND I. FARKAS, Carbohydr. Rex, 124 (1983) 43-51. 
9 S. S. YANG AND T. R. BEAM, J. Org. Chem., 46 (1981) 171&1720. 

10 S. HORII, Y. KAMEDA, AND H. FUKASE, Eur. Pat. Appl. EP 56,194 (1982) and EP 89,812 (1983) 
Takeda Chemical Industries, Ltd., Chem. Abstr., 97 (1982) 198515r and ibid., 101 (1984) 38779~. 

11 Y. KAMEDA, N. ASANO, M. YOSHIKAWA, K. MATSUI, S. HORII, AND H FUKASE, J. Antibiot., 35 
(1982) 1624-1626. 


