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Starting from easily accessible 3-0-acetyl-5,6-dideoxy-l,2-0-isopropylidene-6-nitro-o:-D-a;y/o-hex-
5-enofuranose, a five-step synthesis of nojirimycin (5-amino-5-deoxy-D-glucopyranose) and idono
jirimycin (5-amino-5-deoxy-L-idopyranose) is described. For characterization and structure assign
ment, *H and 1 3 C NMR, EI and CI mass spectra of the prepared precursors were also studied. 
Nojirimycin and idonojirimycin were isolated and characterized via corresponding bisulfite addition 
products. 

Nojirimycin (5-amino-5-deoxy-D-glucopyranose, /) 
[1, 2], an antibiotic produced by several strains of 
Streptomyces and Bacillus [3, 4] has attracted atten
tion of chemists and biologists for many years. The 
potential chemotherapeutic importance has prompted 
considerable synthetic interest in this naturally occur
ring specific glycohydrolase inhibitor [5—9]. Most of 
classical chemical total syntheses utilize suitable O-
protected D-glucose derivatives as a starting material 
[2, 10—22]. 

We now report on a synthetic route using the 
known 3-0-acetyl-5,6-dideoxy-l,2-0-isopropylidene-6-
nitro-a-D-rz:?//ohex-5-enofuranose (III) [23—26] as a 
starting compound, applying the reaction sequence 
as follows. In the first step, an addition of ammo
nia to III (according to an analogy from the lit
erature [27]) affords 5-acetamido-5,6-dideoxy-1,2-0-
isopropylidene-6-nitro-a-D-glucofuranose (IV) and 5-
acetamido-5,6-dideoxy-1,2- 0-isopropylidene-6-nitro-/3-
L-idofuranose (V). Subsequent separation of these C-
5 epimers is facile because compound IV is oily while 
V is solid and can be easily crystallized from the re
action mixture (xr = ca. 1 1.5). The second step 
represents a protection of hydroxyl group at C-3 of 
Ľ-gluco epimer IV as an 0-tetrahydropyranyl ether to 
produce VI In this stage, protection of C-3-OH as an 
acetyl would be also suitable but the use of acetic an
hydride and pyridine resulted in the formation of a 
mixture of two compounds (wr = 1.5 1). Although, 
based on NMR and mass (EI and CI (pyridine)) spec
tral data, the required 3-0-acetylated product repre
sents just more abundant component, this reaction 
step would be ineffective regarding the overall yield 
of the final product. The second component was not 
characterized. In the third step, the nitromethylene 
group is oxidized to an aldehyde under mild neutral re
action conditions using potassium permanganate giv

ing 5-acetamido-5-deoxy-l,2- O-isopropylidene-3- 0-(2-
tetrahydropyranyl)-a-D-p/ucohexodialdo-l,4-furano-
se (VII). In the fourth step, reduction of- C-6-
aldehyde group in compound VII with sodium borohy-
dride gave 5-acetamido-5-deoxy-l,2-0-isopropylidene-
3- 0-(2-tetrahydropyranyl)-a-D-glucofuranose ( VIII). 
Owing to the formation of a new asymmetric centre at 
C-2 atom of tetrahydropyranyl ring, compounds VI— 
VIII represented a mixture of two isomers (clearly de
tectable by XH and 1 3 C NMR spectra) but regarding 
the total deprotection in the final reaction step, their 
separation was unnecessary. Because of instability of 
nojirimycin under acidic and neutral conditions [2], 
deprotection of VIII to free base should prove difficul
ties. Therefore, in the last step, triethyloxonium fluo-
roborate and sulfur dioxide were used for cleavage of 
protective groups in VIII and simultaneous formation 
of 5-ammonio-5-deoxy-D-glucitol-l-sulfonate, a more 
stable and readily isolable and characterizable crys
talline bisulfite adduct of nojirimycin (XVI) [2, 28]. 
Analogously, C-5 epimeric idonojirimycin (5-amino-5-
deoxy-L-idopyranose, 77) was obtained in the form of 
5-ammonio-5-deoxy-L-iditol-l-sulfonate (XVII) from 
5-acetamido-L-zdo isomer V applying the same reac
tion sequence and reaction conditions. 

To facilitate гЯ and 1 3 C NMR spectral data in
terpretation for unambiguous structure assignment 
of key compounds VIII and XIII, these were ad
ditionally converted by mild deprotection of 3-0-
tetrahydropyranyl ether and subsequent acetylation 
to corresponding 3,6-0-diacetates X and XV, respec
tively. 

Based on the fact that the first, second, and fourth 
steps are high yielding (91 %, 97 %, and 92 %, respec
tively), the third and fifth steps afford about 78 % and 
68 % of products and considering a mixture (x? = ca. 
1 1.5) of C-5 epimers in the first step, the overall ca. 
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VI R - THP, R1 = CH 2 N0 2 

VII R = THP, R1 - CHO 

VIII R «= THP, R1 = CH2OH 

IX R = H, R1 = CH2OH 

X R=Ac, R1 =CH2OAc 

Scheme 1 

V R - H, R1 - CH 2N0 2 XVI R - H, R1 - NH3 

XI R - THP, R1 - CH 2N0 2 XVII R - NH3, R1 - H 

XII R = THP, R1 - CHO 

XIII R - THP, R1 = CH2OH 

XIV R = H, R1 = CH2OH 

XV R - Ac, R1 = CH2OAc 

Table 1. Characterization of the Prepared Compounds 

Compound 

IV 

V 

VIb 

VIIb 

VIIIb 

IX 

X 

XIb 

XIIb 

XIIIb 

XIV 

XV 

XVI 

XVII 

Formula 

C i i H i 8 N 2 0 7 

C11H18N2O7 

C i 6 H 2 6 N 2 0 8 

C16H25NO7 

C16H27NO7 

C11H19NO6 

C15H23NO8 

Ci6H26N 2 0 8 

C16H25NO7 

C16H27NO7 

CuHigNOe 

C15H23NO8 

C 6 H i 5 N 0 8 S 

C 6 H i 5 N 0 8 S 

M r 

290.28 

290.28 

374.39 

343.38 

345.40 

261.28 

345.35 

374.39 

343.38 

345.40 

261.28 

345.35 

261.25 

261.25 

С 

45.52 
45.24 
45.52 
45.31 
51.33 
51.50 
55.97 
56.73 
55.64 
55.51 
50.57 
50.72 
52.17 
52.22 
51.33 
51.45 
55.97 
56.06 
55.64 
55.70 
50.57 
50.65 
52.17 
52.21 
27.59 
27.70 
27.59 
27.49 

iüi(calc.)/% 
tüi(found)/% 

H 

6.25 
6.29 
6.25 
6.30 
7.00 
7.17 
7.34 
7.42 
7.88 
7.94 
7.33 
7.41 
6.71 
6.74 
7.00 
7.07 
7.34 
7.31 
7.88 
7.91 
7.33 
7.30 
6.71 
6.70 
5.79 
5.86 
5.79 
5.83 

N 

9.65 
9.72 
9.65 
9.53 
7.48 
7.40 
4.08 
4.03 
4.10 
4.09 
5.36 
5.32 
4.06 
4.02 
7.48 
7.51 
4.08 
4.11 
4.06 
4.02 
5.36 
5.40 
4.06 
4.09 
5.36 
5.40 
5.36 
5.32 

S 

-

12.27 
12.19 
12.27 
12.21 

Yield 

% 

37 

54 

97 

78 

92 

99 

88 

98 

77 

93 

98 

91 

68 

67 

M.p. 

°C 

a 

177—178 

a 
179—180c 

a 

139—140 

a 
141—142c 

a 

89—90 

138—140d 

140—143 

a) Oily product; b) a mixture of 3-0-(2-tetrahydropyranyl) isomers; c) for crystalline isomer; d) Ref. [2] and Ref. [28] give for XVI 
m.p. = 145—147°C and m.p. = 135—137°C, respectively. 

43 % yield represents 17 % of nojirimycin (/) and 26 
% of epimeric idonojirimycin (//) starting from III. 
Calculated on starting D-glucose, it represents overall 
8 % of / and 12 % of / / (because compound / / /can be 

obtained from D-glucose in ca. 47 % overall yield). 
Some characteristics of the prepared compounds 

are summarized in Table 1. The NMR spectral data 
are shown in Tables 2 and 3. Mass spectral data of 
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SYNTHESIS OF NOJIRIMYCIN AND IDONOJIRIMYCIN 

Table 2. XH NMR Data of the Prepared Compounds 

Compound 

IVa 

Va 

VI 
yjb 

VIII 
VIIIb 

X 
XI 
XIb 

XIII 
XIIIb 

XV 

IVa 

Va 

VI 
VIb 

VIII 
VIIIb 

X 
XI 
XIb 

XIII 
XIIIb 

XV 

H-l 

5.92 d 
5.95 d 
5.92 d 
5.92 d 
5.93 d 
5.92 d 
5.91 d 
5.93 d 
5.93 d 
5.94 d 
5.94 d 
5.92 d 

J l , 2 

3.6 
3.7 
3.7 
3.7 
3.8 
3.7 
3.7 
3.7 
3.7 
3.8 
3.8 
3.8 

H-2 

4.55 d 
4.57 d 
4.50 d 
4.78 d 
4.50 d 
4.79 d 
4.47 d 
4.49 d 
4.80 d 
4.51 d 
4.82 d 
4.51 d 

J2,3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

H-3 

4.12 d 
4.20 d 
4.33 d 
4.20 d 
4.36 d 
4.13 d 
5.32 d 
4.35 d 
4.21 d 
4.33 d 
4.15 d 
5.21 d 

J3,4 

2.6 
2.9 
3.2 
3.1 
3.2 
2.9 
3.0 
3.3 
3.3 
3.0 
3.1 
3.1 

H-4 

4.20 dd 
4.34 dd 
4.48 dd 
4.40 dd 
4.47 dd 
4.25 dd 
4.23 dd 
4.50 dd 
4.41 dd 
4.38 dd 
4.35 dd 
4.35 dd 

Coupling 

J4,5 

8.8 
8.4 
5.9 
5.8 
6.8 
6.8 
8.9 
6.0 
5.9 
7.3 
7.2 
6.3 

Chemical shifts, 6 

H-5 

4.76 ddd 
4.79 ddd 

4.58 m 

4.52 dt 

constants/Hz 

J 5,6a 

5.7 
4.3 

-
-

5.0 

-

5.8 

H-6a 

4.87 dd 
4.77 dd 

4.31 dd 

4.10 d 

J5,6b 

6.2 
7.3 

4.1 
-

5.8 

H-6b 

4.72 dd 
4.71 dd 

-5.08 m 
-4.07 m 
-4.07 m 

4.27 dd 
-5.22 m 
-5.22 m 
-3.96 m 
-3.96 m 

4.10 d 

J6ca,6b 

14.7 
14.3 

-

11.6 
-

0 

C(CH3)2 

1.49 s 
1.50 s 
1.51 s 
1.50 s 
1.50 s 
1.52 s 
1.51 s 
1.48 s 
1.48 s 
1.49 s 
1.50 s 
1.51 s 

Jö,NH 

6.9 
8.1 
6.3 
8.4 
9.8 
9.3 
8.6 
8.2 
7.3 
8.4 

1.35 s 
1.35 s 
1.32 s 
1.31 s 
1.33 s 
1.33 s 
1.32 s 
1.31 s 
1.31 s 
1.31 s 
1.32 s 
1.32 s 

NCOCH3 

2.00 s 
2.00 s 
1.99 s 
2.00 s 
1.98 s 
2.00 s 
1.93 s 
1.98 s 
2.00 s 
2.01 s 
2.02 s 
2.01 s 

NH 

6.80 d 
6.46 d 
6.87 d 
6.60 d 
5.59 d 
6.88 d 
6.40 d 
6.72 d 
6.63 d 
6.49 d 

a) Measured in CD3OD; b) corresponding 3-0-(2-tetrahydropyranyl) isomer. 

Table 3 . 1 3C NMR Data of the Prepared Compounds 

Compound 

III 
iyb 

yb 
VI 
yjd 

VIII 
Vllfi 

X 
XI 
XId 

XIII 
XIIId 

XV 

C-l 

104.6 
107.5 
107.2 
105.3 
104.9 
104.8 
104.6 
105.0 
105.0 
104.6 
104.6 
102.3 
103.9 

C-2 

83.1 
87.4 
88.1 
82.8 
83.1 
82.5 
83.7 
83.2 
82.9 
83.7 
82.8 
84.1 
83.2 

C-3 

76.0 
78.0 
77.7 
77.5 
77.3 
78.3 
79.1 
77.8 
77.4 
77.3 
78.1 
78.6 
76.7 

C-4 

76.6 
81.9 
81.3 
79.9 
81.9 
79.1 
82.5 
74.6 
79.7 
81.8 
78.6 
77.9 
76.0 

C-5 

134.2 
49.5 
50.5 
46.8 
47.2 
52.1 
49.3 
45.9 
46.3 
47.0 
51.2 
52.1 
46.4 

C-6 

141.2 
76.1 
76.2 
75.7 
75.9 
64.8 
64.0 
64.5 
75.3 
75.5 
64.4 
64.2 
63.5 

Chemical shifts, 

170.7, 

170.2, 

tt=0 

169.3 
175.0 
174.6 
170.3 
170.5 
170.8 
170.2 

, 169.9, 
169.9 
170.1 
170.9 
171.2 

, 169.5, 

169.3 

169.4 

6 

CMe2 

112.7 
114.1 
114.1 
112.1 
118.8 
111.8 
111.6 
112.2 
112.1 
111.9 
111.8 
111.7 
111.7 

C(CH3)-2 

26.7, 
28.2, 
28.2, 
26.9, 
26.7, 
27.1, 
26.6, 
26.7, 
26.6, 
26.5, 
26.6, 
26.6, 
26.2, 

26.1 
27.5 
27.6 
26.2 
26.1 
26.7 
26.1 
26.2 
26.0 
26.0 
26.1 
26.1 
25.7 

NCOCH3 

23.7 
23.7 
23.0 
23.1 
23.5 
23.3 
23.3 
22.9 
22.9 
23.4 
23.4 
22.8 

Others 

20.9° 

20.4° 

20.5a 

-
100.5C 

101.8C 

98.6C 

102.4C 

, 20.8a 

100.5C 

101.8C 

97.7C 

102.3C 

, 20.3a 

a) CH3 in acetyl; 6) measured in CD3OD; c) C-2 in tetrahydropyranyl; d) corresponding З-О-(2-tetrahydropyranyl) isomer. 

selected compounds are given in Experimental. 

E X P E R I M E N T A L 

Starting 3- 0-acetyl-5,6-dideoxy-l,2- O-isopropyl-
idene-6-nitro-a-D-x?//o-hex-5-enofuranose (III) was 

prepared from D-glucose (4 steps) according to the 
known procedure [23, 26]. The other used chemicals 
were commercially available products (Merck, Aldrich, 
Fluka). 

Melting points were determined with a Boetius 
PHMK 05 microscope. ХН and 1 3 C NMR spectra 
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(in CDCI3, internal standard Me4Si) were measured 
with Bruker AM-300 spectrometer operating at 300.13 
MHz and 75.46 MHz working frequencies, respec
tively. The EI and CI (pyridine) mass spectra (70 eV) 
were recorded on a Finnigan MAT SSQ 710 instru
ment, applying the direct sample-introduction tech
nique. Specific optical rotations were obtained with a 
Perkin—Elmer 241 Polarimeter (10 cm cell). Micro
analyses were performed on a Fisons EA 1108 ana
lyzer. All reactions were monitored by TLC on sil
ica gel plates (Merck) using following eluents: ethyl 
acetate—hexane (</?r = 10 1 (A) or <pr = 2 1 
(B)), chloroform—methanol (чрт = 4 1(C)), and ethyl 
acetate (D). Visualization was effected with iodine 
vapour or sulfuric acid. Column chromatography was 
performed as flash chromatography on silica gel 60 
(Merck, "230—400 mesh") with the same eluents. 

5-Acetamido-5,6-dideoxy-l,2-0-isopropylidene-
6-nitro-a-D-glucofuranose (IV) 
and 5-Acetamido-5,6-dideoxy-l,2-0-isopropyl-
idene-6-nitro-/3-L-idofuranose ( V) 

Starting compound III (9.7 g; 35.5 mmol) was dis
solved in methanol (200 cm3) saturated with ammonia 
at 0°C and the solution was left to stand at 5°C for 24 
h. The solvent was evaporated under diminished pres
sure giving a crude mixture of IV and V (yellowish 
foam). Using ethyl acetate—hexane (чрт — 5 1) as a 
solvent, compound V crystallizes in the form of white 
needles (3.4 g). The residual mixture was separated 
on a column of silica gel using eluent A to give faster 
moving oily IV (3.8 g, 37 %) and a further portion of 
crystalline V (2.2 g, totally 54 %). Total yield of IV 
and V: 91 %. 

For IV: Rf = 0.48 (A). [a](D, 20°C, p = 10 g d m " 3 , 
CH3OH) = + 11° 

For V R{ = 0.32 (A). [a](D, 20°C, p = 10 g d m " 3 , 
CH3OH) = -29° 

5-Acetamido-5,6-dideoxy-l,2-0-isopropylid-
ene-6-nitro-3-0-(2-tetrahydropyranyl)-a-D-
glucofuranose (VI) and 5-Acetamido-5,6-
dideoxy-1,2- 0-isopropylidene-6-nitro-3- O-
(2-tetrahydropyranyl)-/3-L-idofuranose (XI) 

A mixture of IV (3.2 g; 11.0 mmol), 3,4-dihydro-
2Я-ругап (1.86 g; 22.0 mmol), and pyridinium p-
toluenesulfonate (0.55 g; 2.2 mmol) in dry dichloro-
methane (50 cm3) was stirred at 25°C for 48 h. Then 
ether (50 cm3) was added and the mixture was washed 
with brine (50 cm3). Organic layer was dried over 
Na^SO^ filtered and solvents were evaporated under 
diminished pressure. The crude product was purified 
with charcoal in ether to give VI (yellowish oil) in al
most quantitative yield. Compound XI (yellowish oil) 
was prepared by the same method starting from V 

For VI: Rf = 0.50 (B). [a](D, 20°C, p = 10 g d m " 3 , 

CH3OH) = + 14° EI mass spectrum, m/z (Ir/%): 359 
(3), 291 (6), 243 (7), 196 (9), 168 (7), 100 (36), 85 
(100), 67 (12), 57 (13), 43 (33). 

For XI: Rf = 0.49 (A). [a](D, 20°C, p = 10 g dm" 3 , 
CH3OH) = -23° 

5-Acetamido-5-deoxy-l,2-0-isopropylidene-3-
0-(2-tetrahydropyranyl)-a-D-0/uco-hexo-
dialdo-l,4-furanose (V//) and 5-Acetamido-5-
deoxy-1,2- O-isopropylidene-3- 0-(2-tetrahydro-
pyranyl)-a-D-glucofuranose (VIII) 

To a solution of VI (3.5 g; 9.3 mmol) in 0.1 M-KOH 
(225 cm3) aqueous magnesium sulfate (60 cm3, 2 M 
solution) and sufficient amount of water (350 cm3) 
were added. A solution of potassium permanganate 
(0.98 g; 6.2 mmol) in water (100 cm3) was then added 
dropwise to the stirred mixture at 0—5°C. The colour 
of permanganate disappeared rapidly upon the addi
tion and manganese dioxide was produced. When the 
addition was completed, the reaction product was ex
tracted thoroughly with ethyl acetate. Organic layer 
was dried over Na^SO/i, filtered and solvent was evap
orated under reduced pressure affording aldehyde VII 
(colourless oil, 2.5 g, 78 %). R{ = 0.30 (D). EI mass 
spectrum, m/z (7r/%): 344 (7, [M + 1] + ), 314 (12), 
260 (20), 242 (11), 212 (13), 154 (10), 114 (15), 100 
(40), 85 (100), 57 (15), 43 (52). CI (pyridine) mass 
spectrum, m/z: 423 [M + 80]+ 

Aldehyde VII (2.5 g; 7.3 mmol) was dissolved in 
ethanol (100 cm3) and sodium borohydride (530 mg; 
14.0 mmol) was added under stirring at 25 °C. After 4 
h, acetic acid was added with care to neutrality and 
solvents were evaporated under reduced pressure. The 
residue was extracted with ether, extract decolourized 
with charcoal, and solvent evaporated to give VIII (2.1 
g, 92 %) as a mixture of two isomers having Rf = 0.69 
(C) and Rf = 0.53 (C). Crystallization of this mixture 
using ethyl acetate and hexane as a solvent afforded 
pure crystalline faster moving isomer (1.1 g) and oily 
slower moving isomer which was not further purified. 

For VIII (crystalline isomer): [a](D, 20°C, p = 10 
g d m - 3 , CH3OH) = -25° EI mass spectrum, m/z 
(7r/%): 346 (3, [M + 1]+), 314 (12), 262 (23), 156 (10), 
100 (36), 85 (100), 60 (21), 43 (32). CI (pyridine) mass 
spectrum, m/z: 425 [M + 80]+ 

Identical mass spectral data were registered for oily 
isomer. 

5-Acetamido-5-deoxy-l,2-0-isopropylidene-3-
0-(2-tetrahy dropy ranyl)-/3-L-ido-hexodialdo-
1,4-furanose (XII) and 5-Acetamido-5-deoxy-
1,2- O-isopropylidene-3- 0-(2-tetrahydropyra-
nyl)-/3-L-idofuranose (XIII) 

Starting from XI, these compounds were prepared 
using essentially the same method as described for 
compounds VIIand VIII Compound XIII represented 
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a mixture of two isomers: crystals, Rf = 0.53 (C) and 
oil, Rf = 0.36 (C). 

For XIII (crystalline isomer): [a](D, 20°C, p = 10 
g dm" 3 , CH3OH) = -44° EI and CI (pyridine) mass 
spectral data were identical with those given for VIII. 
Oily isomer exhibited the same mass spectral data. 

5-Acetamido-5-deoxy-l,2-0-isopropylidene-a-
D-glucofuranose (IX), 5-Acetamido-5-deoxy-
3,6-di-0-acetyl-l,2-0-isopropylidene-a-D-
glucofuranose ( X ) , 5-Acetamido-5-deoxy-l,2-
0-isopropylidene-/3-L-idofuranose (XIV), and 
5-Acetamido-5-deoxy-3,6-di-0-acetyl-l,2-O-
isopropylidene-/3-L-idofuranose (XV) 

A mixture of VIII (0.8 g; 2.3 mmol) and pyridinium 
p-toluenesulfonate (58.3 mg; 0.23 mmol) in ethanol (95 
%, 25 cm3) was stirred at 55°C for 4 h. After stand
ing overnight at 25 °C, the solvents were removed un
der diminished pressure to give crude IX (Rf — 0.49 
(C)) in almost quantitative yield. This was without 
isolation and purification acetylated with acetic anhy
dride (2 cm3) in pyridine (5 cm3) at 25°C for 24 h. 
The solvents were evaporated under reduced pressure 
and the residue was crystallized from ethyl acetate to 
give white crystals of X (0.7 g, 88 %). Starting from 
XIII compounds XIV (Rf = 0.39 (C)) and Л"К were 
prepared analogously as IX and X with an exception 
that X7was crystallized from ether. 

For X: Rf = 0.79 (C). [a ](D, 20°C p = 10 g d m " 3 , 
CH3OH) = + 20° EI mass spectrum, m/z (Ir/%): 
346 (18, [M + 1]+), 330 (21), 272 (30), 201 (39), 154 
(31), 143 (46), 112 (28), 84 (44), 60 (18), 43 (100). CI 
(pyridine) mass spectrum, m/z: 425 [M + 80]+ 

For XV: Rf = 0.68 (C). [a](D, 20°C, p = 10 g 
dm"3, CH3OH) = -14° EI and CI (pyridine) mass 
spectral data were identical with those registered for 
X. 

5-Ammonio-5-deoxy-D-glucitol-l-sulfonate 
(XVI) and 5-Ammonio-5-deoxy-L-iditol-l-
sulfonate (XVII) 

To a solution of VIII (0.69 g; 2.0 mmol) in dry 
dichloromethane (10 cm3) triethyloxonium fluorobo-
rate (2 cm3 of 1 M solution in CH2C12; 2.0 mmol) was 
added dropwise over a period of 5 min at 5 °C and the 
resulting mixture was stirred at 25 °C for 8 h under an
hydrous conditions. The solution was concentrated un
der diminished pressure and the residue was dissolved 
in water (5 cm 3). The resulting solution was saturated 
with sulfur dioxide under ice-cooling and left at room 
temperature in well closed flask for 5 days with oc
casional heating at 35—40 °C. After cooling and addi
tion of methanol (5 cm3) saturated at 0°C with sulfur 
dioxide, the separated crystals were filtered off and re-
crystallized from a mixture of water and methanol to 
give pure XVI (355 mg, 68 %) exhibiting the same an-
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alytical data as described [2, 28]. Starting from XIII, 
compound X VII was obtained by essentially the same 
procedure as described above. 
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