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Note 

Crystal and molecular structure of 5-azido-3-O-benzoyl-6- 
0-tert-butyldiphenylsilyl-5-deoxy-1,2-O-isopropylidene-P-L- 
talofuranose* 

C.-Kuan Lee+, Huixin Jiang, and Lip Lin Koh 
Department of Chemistry, National University of Singapore, Kent Ridge 0511 (Singapore) 

(Received March 12th, 1991: accepted for publication June 1 lth, 1991) 

Several mono- and bi-cyclic polyhydroxylated alkaloids, isolated from plants’, 
are specific and potent glycosidase inhibitors3, including those involved in the proc- 

essing of glycoproteins4. Convenient intermediates for the synthesis of these compounds 
are 5-azido-5-deoxy sugar derivatives. 

Attempts to synthesise 5-azido-5-deoxy derivatives of D sugars by treatment of 
6-O-acetyl-3-O-benzoyl-5-chloro-5-deoxy-1,2-O-isopropylidene-~-~-ido-5 or -talo-fu- 

ranose’ with potassium azide in N,N-dimethylformamide at - 95” resulted in consid- 

erable decomposition. As bromide is a better leaving group, an attempt was made to use 
the corresponding 5-bromide. However, treatment of 3-0-benzoyl-6-O-tert-butyldi- 
phenylsilyl-l,2-O-isopropylidene-5-O-mesyl-a-D-allofuranose (2), obtained by mesyla- 

tion of 1, with potassium bromide in N,N-dimethylformamide at - 90” for 7 days gave 

two C-5-epimeric bromides (3 and 4) in the ratio 1.6: 1. 

The 13C-n.m.r. spectra of 3 and 4, which were nearly identical, clearly showed a 
downfield shift of the C-5 resonance by - 18 p.p.m. compared to that of the 5-hydroxy 

derivative’ (S 53.7 for3 and 53.2 for 4). The ‘H-n.m.r. spectra of3 and 4 agreed well with 

the proposed structure. The J4,5 values of 4.2 and - 0 Hz for 4 and 3, respectively, are 
consistent with the ~-ah and L-t& configuration@, respectively. 

It is likely that the formation of the epimers 3 and 4 is due to the combined effects 

of the drastic reaction conditions and steric hindrance by the tert-butyldiphenylsilyl 

group. Bromides epimeric at C-5 were also obtained in the ratio - 1.4:1 when the 

corresponding 6-benzoate was treated as above for 2; the bromides could not be 
separated, but their r3C-n.m.r. spectra contained signals for C-5 at 6 49.9 and 49.6. The 

bromide 4 was synthesised conveniently by the reaction of 3,5-0-benzylidene-6-O-tert- 
butyldiphenylsilyl- 1,2-0-isopropylidene-a-D-glucofuranose with N-bromosuccinimi- 

de, followed by Zemplen debenzoylation, an oxidation-reduction sequence, and ben- 

zoylation’. 

*5-Azido-5-deoxy+talofuranose Derivatives, Part. 3. For Part 2, see ref. 1. 
+To whom correspondence should be addressed. 
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1 R’ = OH, R2 = tB~Ph2S~ 

2 R’ = OMs,R* = tBuf’h2Si 

4 R’ = Br, R2 = t BuPh2S! 

5 R’ 1 N3, R” = tBuPh,Si 

3 R’ = Br,R’ = tBuPh2Si 

6 R’ = Ng, R2 = tBuPh2S, 

The bromides 3 and 4 each reacted with potassium azide in NJ-dimethylforma- 
mide to give the 5-azido-5-deoxy derivatives 5 and 6, respectively. The ‘H-n.m.r. 

spectrum of5 was poorly resolved, but that for 6 showed a J4.5 value of 2.6 Hz, consistent 
with the L-ralo configurationh. The structure of 6 was confirmed by X-ray crystallog 

raphy. 

The structure of 6 and the numbering system are shown in Fig. 1, and the bond 
lengths and bond angles are given in Tables I and II, respectively. The unit cell contains 
discrete molecules of 6 (Fig. 2), a single molecule comprising the asymmetric unit. 

Torsion angles for the two rings in the molecule are shown in Table III. Unlike 

1,2-O-isopropylidene-sr-D-glucofuranose* or Sazido-5-deoxy-N,iV-diethyl- 1,2-O-iso- 

propylidene-3-O-mesyl-P-L-idofuranuronamide’, the crystal structure of 6 revealed 

only one asymmetric molecule. The furanose ring is close to the ‘T4 conformation (IJP = 
116”, Q = 34 pm). However, the J,,,, Jr,i, and J3,3 values of 3.7, 4.9, and 8.4 Hz, 
respectively, in its ‘H-n.m.r. spectrum are consistent with the ‘Tz conformation, which is 
that normally found in many 1,2-O-isopropylidene and 1,2-O-ethylidene furanoid 

derivatives in solution”‘. The dioxolane (isopropylidene) ring also has a twist (‘T,) 

Fig. 1. Numbering system used for 5-azido-3-O-benzoyl-6-O-tert-butyldipheny~si~yl-5-deoxy-l,2-~-iso- 
propylidene-/I-L-talofuranose (6) 
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Fig. 2. Molecular packing in 5-azido-3-O-benzoyl-6-O-terf-butyldiphenylsilyl-5-deoxy-l,2-U-isopropyli- 
dene-P-t-talofuranose (6) 

TABLE I 

Bond lengths (A) for 6 

Si-O-6 
SI-c-41 
0-1-C-l 
o-2-c-2 
o-3-c-3 
0-4-c- 1 
O-6-C-6 
N-1-N-2 
N-2-N-3 
C-2-c-3 
c-4-c-5 
C-7-C-8 
C-l&C-l 1 
c-lOwZ-13 
C-31-C-32 
C-32-C-33 
c-34-c-35 
C-41-C-42 
C-42-C-43 
c-44c-45 
c-51lC52 
C-52-C-53 
c-54-c-55 

1.669 fl) 
1.857 (12) 
1.363 (13) 
1.386 (13) 
1.413 (12) 
1.411 (13) 
1.420 (13) 
1.238 (16) 
1.148 (17) 
1.510 (15) 
1.509 (14) 
1.489 (16) 
1.451 (19) 
1.548 (18) 
1.454 (18) 
1.370 (17) 
1.328 (28) 
1.417 (19) 
1.354 (24) 
1.349 (25) 
1.403 (17) 
1.380 (20) 
1.337 (25) 

Si-C-10 
Si-C-51 
O-l-C-7 
O-2-C-7 
o-3-c-30 
o-4-c-4 
0-30-c-30 
N-l-C-5 
C-l-C-2 
C-3X-4 
C-5-C-6 
c-7-c-9 
c-lt%C-12 
c-30-c-31 
C-31-C-36 
c-33-c-34 
C-35-C-36 
C-41-C-46 
c-43w.Z-44 
C-45-C-46 
C-51-C-56 
c-53-c-54 
C-55-C-56 

1.869(13) 
1.864 (12) 
1.439 (15) 
1.425 (14) 
1.312 (13) 
1.437 (12) 
1.267 (15) 
1.435 (15) 
1.534 (14) 
1.495 (14) 
1.502 (14) 
1.509 (18) 
1.558 (19) 
1.427 (16) 
1.368 (17) 
1.403 (21) 
1.382 (20) 
1.390 (18) 
1.326 (25) 
1.346 (22) 
1.372 (18) 
1.374 (26) 
1.402 (21) 
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TABLE II 

Bond angles (“) for 6 

0-6-Si-C-IO 
0-IOWGC-41 
c-l&six-51 
c-l-O-l-C-7 
c-3-0-3-c-30 
Si-O-6-C-6 
N-l -N-2-N-3 
o-IHZ-1-c-2 
o-2-G2-C-l 
C-1-C-2-C-3 
0-3--c-3-c-4 
o-4-ccc-3 
c-3 c-4-c-5 
N-I-C-5-C-6 
0-6&C-6--C-5 
O-l-C-7--C-8 
o-l-c-7-c-9 
c-8KJ-7--c-9 
Si-C-l&C-12 
Si-C-10-C-13 
C-12HhlO--C-l3 
o-3wz-30- c-3 I 
C-30-C-3 I X-32 
C-32-C-31-C-36 
C-32-C-33-C-34 
C-34C-35MZ-36 
SibC-41--C-42 
C-42--C-41-C-46 
C-42&C-43-C-44 
C-44-C-45-C-46 
SiK-51 -C-52 
C-52. C-51 X-56 
C-52-C-53--C-54 
C-54-C-55--C-56 

104.9(5) 
113.7(6) 
108.9(S) 
110.9(8) 
ll9.4(8) 
121.2(6) 
170.8( 13) 
103.9(8) 
103.4(8) 
103.0(8) 
112.0(8) 
103.4(8) 
117.4(9) 
I10.8(9) 
109.1(9) 
108.8(10) 
111.5(10) 
II 1.7(11) 
109:8(9) 
109.2(9) 
104.7(1 I) 
118.8(10) 
119.1(10) 
118.3(11) 
117.2(13) 
121.7(14) 
120.4(10) 
112.9(12) 
122.8( 16) 
122.5(16) 
125.1(10) 
115.6(12) 
119.7(14) 
119.9( 15) 

0-bSikC-4 I 
0-6-%---C-5 I 
0-41-SiX-51 
C-2-0-2-C-7 
c- I -0-4-c-4 
N-2-N-i-C-5 
O-l-C-1-0-4 
o-4-C-l-C-2 
0-2-C-2-C-3 
0-3%c-3-~ c-2 
C-2--C-3-C-4 
0-4-c-4-c-5 
N-IMZ-5-C-4 
C-4 C-5-C-6 
0-lM?-7--O-2 
0-2MZ-7.-C-8 
0-2-C-7-C-9 
Si---C- 1 &C-l 1 
C-l l~-c-1o~c-l2 
C-l I-C-lo-C-13 
0-3-c-30-0-30 
0-30-C-3&C-31 
C-3&C-3 l--C-36 
C-31-C-32 C-33 
c-33%c-3&C-35 
C-3 l-C-36-C-35 
Si-C-41-C-46 
C-41 -C-42-C-43 
c-43%c-4&C-45 
c-41.-C-4&C-45 
Si-C-51-C-56 
C-5 1 -C-52--C-53 
c-53--c-54c-55 
C-51-C-5&C-55 

107.9(5) 
107.3(5) 
113.6(5) 
1 l1.2(8) 
11 l.2(7) 
117.5(10) 
116.3(9) 
106.2(8) 
109.3(8) 
114.6(8) 
103.9(8) 
108.4(8) 
109.2(9) 
1 I 1.5(9) 
104.2(9) 
109.5(9) 
110.8(10) 
113.5(9) 
109.5(12) 
109.7(11) 
119.2(10) 
121.7(10) 
122.5(11) 
120.8(11) 
122.4(14) 
119.6(13) 
126.7(10) 
121.7(14) 
117.0(16) 
122.8(13) 
119.2(9) 
122.0(13) 
120.2(17) 
122.4(13) 

conformation (Q = 23 pm, 9 = 132”). The angle between the two fused rings, defined by 
the torsion angle O-2-C-2-C-l -0-4, is + 98”. 

The C-O bond lengths in the acetal sequence C-4-O-4-C-l-O-l-C-7 show the 
characteristic variations observed in the methyl pyranosides and predicted from theo- 

retical calculations”, although the C-40-4--C- 1-0-l and 0-4-C- l-O- 1 C-7 torsion 
angles of + 108” and -93” are different from those close to 60 or 180” observed in the 
acetal moiety of the pyranosides. The azido group is nearly linear. The bond angle 

N-l-N-2-N-3 of 170.8” agrees well with values reported for 5-azido-5-deoxy-N,N-di- 
ethyl-1,2-0-isopropylidene-3-O-methanesulphonyl-~-~-idofuranuronamideY and alkyl 
azides’*, but the C-4-C-N-l-N-2 torsion angle is - 161.6”. 
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TABLE III 

Torsion angle (“) for 6 
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c-1-c-2.. .c-3-c-4 30.9 
C-2-C-3.. .C-4-O-4 - 35.0 
c-3-c-4.. .0-&C-l 26.1 
C&Od4.. .c-1-c-2 - 6.4 
0-4-C-l.. .C-2-C-3 - 15.7 

O-l-C-1.. .c-2-o-2 
o-2-c-2.. .c-3-o-3 
o-3-c-3.. .c-kc-5 
O-l-C-1.. .C-2-c-3 
o-2-c-2.. .c-3-c-4 
o-3-c-3.. .c-2-c-l 
C-5-C-4.. .C-3-C-2 

C-l-0-l...C-7-o-2 
c-l-o-l...C-7-C-8 
c-1-0-1.. .c-7-c-9 
C-2-C-3.. .0-3-C-30 
c-2-o-2.. .c-7-0-l 
C-3-C-4.. .C-5-C-6 

-25.1 
44.0 
81.5 

- 138.9 
- 78.5 
153.4 

- 154.3 

- 11.9 
- 128.6 

107.7 
73.8 

- 5.8 
174.2 

C-3-C-4.. C-5-N-l 
c-3-o-3.. .c-3&C-31 
c-3-o-3.. .c-3@0-30 
C-Q-C-5.. .C-6-O-6 
C-4-c-5.. .N-1-N-2 
C-5-C-6.. .O&Si 
C-6-C-5.. .N-1-N-2 
C-6-O-6.. .Si-C-10 
C-6-O-6.. .Si-C-41 
C-60-6.. .Si-C-51 
C-7-O-2.. C-2-C-l 
0-3-C-3O...C-31C-36 
0-4C-4.. .C-5-N-1 
O-Hi.. .C-10-C-11 
0-6Si...C-10-C-12 
0-6-Si...C-l&C-13 
O-&C-6.. .C-5-N-1 
0-3&C-30.. .C-31-C-32 
0-30-C-31.. C-32-C-33 

51.5 
- 176.6 

9.4 
176.2 

- 161.6 
- 178.6 

75.2 
177.0 
55.5 

- 67.2 
18.8 

- 159.8 
- 65.2 

64.6 
- 58.5 

- 172.7 
- 62.0 

- 163.6 
177.8 

EXPERIMENTAL 

For general experimental details, see ref. 13. 

3-O- Benzoyl- 6-O- tert- butyldiphenylsilyl- 1.2- 0-isopropylidene-a-D-allofuranose 

(1). - A solution of 3-O-benzoyl-1,2-U-isopropylidene-a-D-allofuranose’4 (3.0 g) in 

pyridine (60 mL) was stirred with 4-dimethylaminopyridine (0.1 mg) and tert-bu- 

tyldiphenylsilyl chloride (4.73 mL, 2 equiv.) at room temperature for -3.5 h. T.1.c. 

(toluene-ethyl acetate, 1: 1) then showed only one fast-moving compound. The mixture 
was poured into ice-water and extracted with ethyl acetate, the extract was dried 

(Na,SO,), and the solvent was evaporated. Short-column chromatography (hexane- 
ethyl acetate, 2:l) of the residue gave syrupy 1 (4.88 g, 93.8%), [01], +74” (c 1, 

chloroform) (Found: C, 68.3; H, 6.8. C,,H,,O,Si talc.: C, 68.3; H, 6.8% ). N.m.r. data 
(CDCI,): ‘H, 6 7.1-8.1 (m, 15 H, 3 Ph), 5.86 (d, 1 H, J,, 2 3.9 Hz, H-l), 5.14 (dd, 1 H, J2,3 

5.1, J3,4 8.3 Hz, H-3), 4.96 (dd, 1 H, H-2), 4.45 (dd, 1 H, J4,5 3.9 Hz, H-4), 4.W.l (m, 1 H, 

H-5),3.7-3.8(m,2H,H-6a,6b)2.58(d,1H,HO-5),1.31and1.52(2s,6H,CMe,),1.06 
(s, 9 H, CMe,); 13C, 6 113.0 (s, CMe,), 104.4 (s, C-l), 78.0 (s, C-2 or C-4), 77.7 (s, C-4 or 

C-2), 72.65 (s, C-3) 71.5 (s, C-5), 64.4 (s, C-6), 26.9 [s, C(CH,),], 26.65 [s, C(CH,)J, 19.2 

(s, WW,I. 
3-O-Benzoyl-6-O-tert-butyldiphenylsilyl-l,2-O-isopropylidene-5-O-methanesul- 

phonyl-a-D-allofuranose (2). - A cooled (0’) solution of 1 (19.9 g) in pyridine (67 mL) 
was treated with methanesulphonyl chloride (3.38 mL, 2 equiv.) for - 2 h. The mixture 
was worked-up in the usual manner. Short-column chromatography (ethyl acetate- 

hexane, 5: 1) of the product gave 2 (16.2 g, 92.9%) [a], + 82” (c 1, chloroform) (Found: 
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C,61.9;H,6.4;S,5.0.C,,H,,O,SSicalc.:C,61.85;H,6.3;S,5.00/0).N.m.r.data(CDCl,): 
‘H,6 7.6-8.1 (m, 15 H, 3 Ph), 5.85 (d, 1 H, J,,, 3.7 Hz, H-l), 4.9-5.1 (m, 3 H, H-2,3,5), 

4.68 (dd, 1 H, J3,4 8.0, J4,s 3.0 Hz, H-4), 3.91 (d, 2 H, JS,ha 6.4 Hz, H-6a,6b), 2.97 (s, 3 H, 
MS), 1.31, 1.53 (2, s, CMe,), 1.08 (s, 9 H, CMe,); 13C, 6 113.4 (s, CMe,), 104.3 (s, C-l), 
80.4 (s, C-2), 77.7 (s, C-3 or C-4), 76.1 (s, C-4 or C-3), 72.7 (s, C-5). 62.5 (s, C-6), 38.5 (s. 

CH,SO,), 26.8 Is, C(cH,), and C(cH,),I, 19.2 [s, C(CH,),I. 
3- 0- Benzoyl-5-bromo-6-O-tert-butyldiphenylsilyl-5-deo.~~~-l,2-O-i~opropylidene- 

P-L-talofuranose (3) and -a-rwllofuranose (4). - N,N-Dimethylformamide (50 mL) 

containing activated alumina (1.3 g) was stirred with potassium bromide (8.0 g) for 15 
min. 18-Crown-6 (0.5 g) was added, followed by 2 (5.2 g). The mixture was stirred for 7 

days at 90-100” under nitrogen, when t.1.c. (hexane-ethyl acetate, 9:l) showed that the 

reaction was complete; a major and a minor faster moving product, with similar R, 

values, were formed. The mixture was poured into cold water, then extracted with 

dichloromethane, and the extract was washed with water, dried (MgSO,), and concen- 

trated. Flash-column chromatography (twice with hexane-ethyl acetate, 11: 1) gave, 
first, 3 (2.1 g, 40.5%) [a],, +76” (c 1, chloroform) (Found: C, 61.3; H, 5.9; Br, 12.35. 
C,,H,,BrO,Sicalc.: 61.4; H, 6.0; Br, 12.8%). N.m.r. data (CDCl,): ‘H,6 7.2-8.1 (m, 15 

H,3Ph),5.93(d,lH,J,,*3.4Hz,H-l),5.12(dd,lH,J,,,4.9,J,,~8.3Hz,H-3),4.97(dd,l 
H,H-2),4.75(d,1H,J,,,<0.5Hz,H-4),3.9-4.2(m,3H,H-5,6a,6b),1.34and1.53(2s, 

6H,CMe,), 1.10(s,9H,CMe3);“C,6 113.3(s, CMe,), 104.8(s,C-1),77.7(s,C-2),75.7 
(s, C-3 or C-4), 75.1 (s, C-4 or C-3), 65.0 (s, C-6), 53.2 (s, C-5), 26.8 [s, C(CH,), and 

C(~,),I, 19.3 [s, CKW,I. 
Eluted second was 4 (1.3 g, 24.9%), [a], + 84” (c 1, chloroform) (Found: C, 61.2; 

H, 5.9; Br, 12.1. C,,H,,BrO,Si talc.: C, 61.4; H, 6.0; Br, 12.8%). N.m.r. data (CDCI,): 

‘H,67.2-8.1(m,15H,3Ph),5.88(d,lH,J,,,3.7Hz,H-l),5.15(dd,1H,J,,,4.9,J3,~8.1 

Hz, H-3),4.98 (dd, 1 H, H-2), 4.82 (dd, 1 H, J4,5 4.2 Hz, H-4), 4.27(qd, 1 H,J5,6a 5.9, J5,6b 
6.6 Hz, H-5), 3.94.0 (m, 2 H, H-6a,6b), 1.32 and 1.54 (2 s, 6 H, CMe,), 1.09 (s, 9 H, 
CMe,); 13C, 6 113.3 (s, CMe,), 104.55 (s, C-l), 78.3 (s, C-2 or C-4), 77.7 (s, C-4 or C-2), 

75.1 (s, C-3), 65.1 (s, C-6), 53.7 (s, C-5) 26.9 [s, C(CH,), and C(CH3)2], 19.4 [s, C(CH,),]. 
5- Azido- 3- 0- benzoyl- 6-O- tert-butyldiphenylsilyl-5-deoxy-I ,2-O-isopropylidene- 

a-D-allofiranose (5). - A mixture of N,N-dimethylformamide (40 mL), potassium 

azide (2.4 g), 18-Crown-6 (- 0.1 g), and alumina (- 2.0 g) was stirred with 3 (1.64 g) for 
19 h at - 90”, when t.1.c. (hexane-ethyl acetate, 9: 1) revealed one slightly slower moving 

component. Work-up in the usual way, followed by flash-column chromatography 

(hexane-ethyl acetate, 12: l), gave 5 (1.2 g, 77.9% ), [a], + 80” (c 1, chloroform); v,,, 2110 

(N,), 1720 cm-’ (ester C = 0) (Found: C, 64.95; H, 6.6; N, 6.4. C,,H,,N,O,Si talc.: C, 
65.4; H, 6.35; N, 7.15%). N.m.r. data (CDCI,): ‘H,6 7.2-8.2 (m, 15 H, 3 Ph), 5.85 (d, 1 

H, J,,, 3.7 Hz, H-l), 4.9-5.1 (m, 2 H, H-2,3), 4.34.5 (m, 1 H, H-4), 3.7-3.9 (m, 3 H, H- 

5,6a,6b), 1.30 and 1.51 (2 s, 6 H, CMe,), 1.08 (s, 9 H, CMe,); 13C, 6 113.3 (s, CMe,), 
104.45 (s, C-l), 78.0 (s, C-2), 76.55 (s, C-4), 73.6(s, C-3), 64.3 (s, C-6), 63.8 (s, C-5), 26.9 

[s, C(f=,)A 26.7 [s, C(cH&!l, 19.2 [s, WH,),]. 

5- Azido- 3- 0- benzoyl-6-O-tert- butyldiphenylsilyl-5-deo~~y-!,2-0-isopropylidene- 

/I?-L-talofuranose (6). -The above reaction was repeated using 4 (0.84 g). After 5 h, t.1.c. 
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