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I NTFIODUCT I ON 

The antibacterial properties of streptazoline (1),2 isolated as a 
1 ipophi 1 ic neutral component from Streptoomycies viri'ao&omogeneq 
were recognized to be attributed to the formation of chartreusine. 
The pure compound 1 is rather labile due to the presence of the dime 
part, which enhances its polymerization. However, it may be kept, for 
some time, in diluted solutions at low temperatures. Recently, the 
total synthesis of streptazoline (1) was reported,5 based on an im- 
analogue Ferrier rearrangement.6 The catalytic hydrogenation of the 
compound 1 afforded the stable dihydrostreptazoline (4) which 
possessed lower antibacterial and antifungal activities than strepta- 

4 

zoline (1) itself.' X-ray studies of 5-acetoxydihydrostreptazoline 
(5) showed that it contained an internal urethane structure. 

705 
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7 06 WIESNER AND THIEM 

RESULTS AND DISCUSSION 

There was interest to enhance the stability and solubility of 
these compounds by glycosylation of the 5-hydroxy group, and study the 
biological properties of such glycosides. 

By treatment of 2,3,4,6-tetra- i;Lacetyl-8-D-glucopyranosyl fluoride 
(318 and t.he dihydro component 4 in anhydrous acetonitrile at 0 "C with 
titanium tetrafluoride, the solid glucopyranoside 7 WAS obtained in 75 
'c yield. It was be completely characterized by 'H NMH spectroscopy 
and proved to be the B-glycoside ( J ~ v , ~ ~  = 8.0 Hz)  exclusively. Zem- 
plh deacetylation quantitatively led to the unblocked derivative 8 

obtained as a syrup, 

FHJ 

1 R - H  

2 R - Si(CH3)J 

A c O a F  AcO 

OAc 

4 R - H  
J R - A c  

,OAc 

6 

7 R - A c  
8 R - H  

0 

Q R - A c  

1 0 R - H  

This type of glycosylation caused problems with streptazoline 
owing to its limited stability and extended polymerization reactions 
in the presence of Lewis acid. However, the 5-0-trimethylsilyl 
derivative 2, obtained in the conventional way (72 %), was more stable 
and could be glucosylated with 3 under similar conditions (CH3CN, 0 OC, 
TiF4). In this case a mixture of the anomers 6 and 9 resulted (71 t, 
6 : 9 = 15 : $5). 
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SYNTHESIS OF STREPTAZOLINE GLUCOPYRANOSIDES 707 

Whereas the B-glucoside 9 was the main product as expected for a 
neighbowing group assisted glycosylation, a considerable amount of 
the a-anomer 6 resulted. Its formation may be understood by a double 
inversion reaction caused by the particular stereoelectronic prerequi- 
sites of the aglycone. As discussed previously in other transforma- 
tions' and for this case, the formation of an intermediate octahedral 
titanium complex may be assumed. The amorphous a-anomer 6 and the 
crystalline B-anomer 9 could be completely separated by column chroma- 
tography. By 'H NMR assignment the a-anomer 6 showed the typical small 
COUPling (51~,21 = 3.9 Hz), and for the B-anomer 9 J1' 2'  = 7.9 Hz was 
observed. In contrast to streptazoline (1) both the purified gluuo- 
sides 6 and 9 proved completely stable, and could be kept at low 
temperature without decomposition or polymerization. Finally, the 8- 
derivative 9 was deesterified mildly (ZempEn procedure) to give the 
amorphous unblocked B-glucoside 10 as a monohydrate. 

catalyzed glycosylations with glycosyl f l~orides~-'~ may be success- 
fully applied t o  rather complex and labile polycyclic aglycones. 
Further studies of the properties of these conjugates were reported 
elsewhere. 

, 

These results gave evidence that an approach using Lewis acid- 

15 

General Pradedurea. Compare references. 8,16 

8 , l  Z-Dihydrostreptazoline 2.3,4,6-Tetra-O-acetyl-B-D-glucopyrano- 
side (7). A solution of 8,12-dihydrostreptazoline ( 4 ,  45 mg, 0.22 

mmoll and 2,3,4,6-tetra-Uacetyl-B-D-glucopyranosyl fluoride (3, 8 3  
mg, 0.24 mmol) in anhydrous acetonitrile (5 mL) was treated with 
titanium tetrafluoride (30 mg, 0.14 mmol) for 2 h at room temperature. 
The reaction mixture was filtered over silica gel (approximately 3 g) ,  

poured into iced water, neutralized with sodium hydrogen carbonate, 
and extracted with ethyl acetate. After concentration the crude 
material was purified by chromatography on silica gel (toluene/ethyl 
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7 08 WIESNER AND THIEM 

acetate, 1:l) to give 88 mg (74 %) of compound 7 as an amorphous 
solid, [a ]  

4.65 (dd w d, H-41, 4.77 (bs, H-51, 2.70 (m,  H-8a1, 1.81 ( m ,  H-9&), 

1.40 (m, H-9b1, 3.87 (dd, H-lCla), 3.06 (ddd, H-lOb), 4.32 Cbd, H-111, 
2.06 (mc, 3H. H-8b, H-12a. H-12b), 1.01 (t,3H, CH3-13), 4.59 (d, H- 

(ddd, H-5'1, 4.18 (d, 2H. H-ba', H-6b'). 2.00, 2.04, 2 - 0 5 ,  2.10 (4s, 
each 2H, OAc); J4,5 < 0.5, J4,ll = 6.8, Jqa,l0b = 12.7, J9b,1oa = 4.5, 

20 +58.0" (c 1.61, acetone): 'H NMR (300 MHz, CDC13): 6 

l'), 4.98 (dd, H-2'1, 5.14 (dd % t, H-3'), 5.04 (dd M t, H-4'), 4.05 

Jqb,lob = 3.2, J1oa,lOb = 14.0, J1*,2* = 8.0, J 2 ~ , 3 '  = 9.7, J3*,4* - - 
9.6, J4*,5~ = 9.9, J s * , ~ ~ *  = 3.4, J5*,6b* = 4.8 HZ. 

Anal. Calcd for C25H33N012 (539.5) : C, 55.65: H, 6.17: N, 2.60. 

8.12-Dihydrostreptazoline B-D-Glwopyranoside (8). A solution of 7 
Found: C, 55.87: H, 6.28; N, 2.12. 

(88 mg, 0.16 mmol) in anhydrous methanol (5 mL) was treated with 2 
drops of a solution of sodium methoxide in methanol (1 %I for 2 h at 
room temperature. Following neutralization with ion exchange resin 
(Amberlite IR 120, H') the solution was concentrated to give 60 mg 
(98 4) of compound 8 as a syrup [a];'+ 68.4" (c 2.11, methanol); 
'H NMR (300 HHz, acetone-dg): 6 4.36 (d, H-l*); J1*,2* = 7.7 Hz. 

5-O-Trimethylsilylstreptazoline (2). A solution of streptazoline 
(1, 145 mg, 0.70 mmol) in anhydrous pyridine (5 mL1 was treated at - 
30 "C with 1,1.1,3,3,3-hexamethyldisilazane (0.4 mL, 0.31 g, 1.90 mmol) 
and chlorotrimethylsilane (0.2 mL, 0.17 g, 1.58 mmol). Under continous 
stirring the reaction mixture was allowed to reach room temperature 
within 3 h, and then concentrated in high vacuo at 10°C. The residue was 
dissolved in dichloromethane, filtered over silica gel (3 g) and 
purified by silica gel chromatography (n-hexane/ethyl acetate, 2:l) to 
give 141 mg (72 '*I of compound 2 as a colourless syrup. 'H NHR (300 
MHz, CDC13) : 6 4.56 (d, H-41, 4.78 (bs, H-51, 5.95 (m, H-81, 2.44 (m, 

H-9a1, 2.14 (m, H-Yb), 3.35 (m, 2H, H-lOa, H-lob), 4.23 (W, H-111, 
6.06 (q, H-121, 1.78 (d, 3H, CH3-131, 0.19 (s, 9H, Si(CH3)3): J4,5 < 
0.5, 'J4,11 = 7.1, J12,13 = 7.4 Hz. 

Anal. Calcd for C14H21N03Si (279.4) : C, 60.18; H. 7.58; N, 5.01, 
Found: C, 60.44; H, 7.29: N, 4.71. 
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SYNTHESIS OF STREPTAZOLINE GLUCOPYRANOSIDES 709 

Streptazoline 2,3,4.6-TetraUacetyld- ( 6 )  and -B-D-glucopyrano- 
side (91. A solution of 2 (128 mg, 0.46 mmol) and 3 (320 mg, 0.91 
mmol) in anhydrous acetonitrile (10 mL) was treated with titanium 
tetrafluoride (115 mg, 0.91 mmol) for  4 h at 0 "C. After 2 h more 
titanium tetrafluoride (approx. 50 mg) was added. Following the workup 
described for compound 7, the excess of 3 was separated by silica gel 
chromatography (dichloromethane/ethyl acetate, 6:l) to give 176 mg (71 
%) of the a/b-anomeric mixture, a-6 : fi-9 = 15 : 85 !by 'H NMR). The 
a-glycoside 6 was obtained as the slightly faster running spot. 

Compound 6 : 16 mg (6.5 b1, amorphous material, softening inter- 
val 120-125 "C, 73.4" (r0.9, chloroform): 'H NMR (300 MHz, 

H-9a, H-9b). 3.40 (m,H-lOa), 2.91 (m,H-lOb>, 3.57 (bd, H-111, 5.82 
C6D6) : 8 4.67 (bd, H-41, 4.56 (bs, H-51, 5.50 ( m ,  H-81, 1.82 (mC, 2H, 

(bq, H-121, 1.54 (d, 3H, CH3-131, 5.05 (d, H-1'1, 5.01 (dd, H-2'1, 
5.74 (dd % t, H-3'1, 5.20 (dd, H-4'1, 4.06 (ddd, H-5'1, 4.22 (dd, H- 
6a'1, 4.14 (dd, H-6b*1, 1.59, 1.66, 1.69, 1.76 (4s, each 3H, OAc): 
J4,5 < 0.5, 
J3*,4' = 9.4, J4*,5* = 10.4, J5',6a* = 6.2, J5*,6b* = 2.5, Jba*,6b* = 

J4,11 = 6.5, J12,13 = 7.4, J1*,2* = 3.9, J2*,3' = 9.9, 

12.1 Hz. 
Compound 9: 106 mg (43 %I, mp 72 "C, [al~o-l.50 (c 1.11, chloro- 

form); 'H NMR (300 MHz, C6Dg) : 6 4.64 (d, H-41, 4.88 (bs, H-51, 5.48 
( m ,  H-81, 1.85 ( m ,  H-9a1, 1.68 (m, H-9b1, 3.46 (ddd, H-lOa1, 2.88 
(ddd, H-lob), 3.90 (d, H-111, 5.91 (4, H-121, 1.67 (d, 3H, CH3-13). 
4.31 (d, H-1'1, 5.20 (dd, H-2'1, 5.29 (dd % t, H-3'1, 5.12 (dd % t, H- 
4.1, 2.97 (ddd, H-5'1, 4.03 (dd, H-6a*1, 4.02 (dd, H-6b'), 1.65, 1.69 
(21, 1.70 (4s, each 3H, OAc); J4,5 < 0.5, J4,11 = 6.8, Jqa,1oa = 7.9, 
J9a,10b = 3*6, Jqb,lOa = 8.0~ JYb,lOb = 9.0, J1Oa,lOb = 12.4, J12,13 = 
7.2, J1',2' = 7.9, J2*,3* = 9.5, J3*,4* = 9.5, J4*,5* = 9.9, J5*,6&* = 
2.9, J5* ,6b* = 4.6 HZ. 

Anal. Calcd for  C25H31N012 (537.51: c, 55.86: H, 5.81: N, 2.61. 
Found for 6: C, 55.42; H, 5.43: N, 2.19. Found for 9: C, 55.24: H, 
5.40; N, 2.08. 

Streptazoline B-D-Glucopyranoside Hornhydrate (101. A solution of 
9 (78 mg, 0.15 mmol) in anhydrous methanol ( 5  mL) was treated for 2 h 
at room temperature with 3 drops of a solution of sodium methoxide in 
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7 10 WIESNER AND THIEM 

anhydrous methanol (1 %I. Following neutralization with ion exchange 
resin (Amherlite IR 120, H'), concentration and freeze-drying 50 mg (93 
%I of compound 10 was obtained as an amorphous, hygroscopic syrup; mp 
195-199 " C ,  [a]$o-3.70 (c 1.55, methanol); 'H NMR (300 MHz, CD3CN1 : 6 
4.87 (d, H-41, 4.99 (bs, H-51, 6.11 (m, H-81, 6.31 (9, H-121, 1.85 (d, 
3H, CH3-131, 4.42 (d, H-1'); J4,5 < 0.5, J4,11 = 6.9, J12,13 = 7.5, 
J1- , 2 *  = 7.9 Hz. 

Anal. Calcd fo r  C17H23NOg'H20 (387.4) : C, 52.71: H, 6.50: N, 
3.b2. Found: C, 52.97; H, 6.46; N, 3.39. 

Support of this work by the Fond! der Oemsdeen /&i&rieand the 
Hoedst AG, Pradfwt. is gratefully acknowledged. 
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