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Kijanimicin, a novel antibiotic from Actinomadura kvaniata nov. sp. SCCl256 (ATCC 31 588), has been 
shown by chemical degradation, spectroscopic studies, and X-ray crystallographic studies to  have a 
unique tetronic acid structure. The molecule contains a branched chain tetrasaccharide moiety consisting 
of three units of 2,6-dideoxy- a-L-ribo-hexopyranose and one unit of 2,6-dideoxy-4-0-methyl- P-L-ribo- 
hexopyranose. The molecule also contains a novel nitrosugar, namely 2,3,4,6-tetradeoxy-4-methoxy- 
carbonylamino-3-C-methyl-3-nitro-~-o-xylo-hexopyranose (o-kijanose), which is the third nitrosugar 
to  be isolated from an antibiotic. The structure of L-rubranitrose is revised to o-rubranitrose. Evidence for 
the total structure, the absolute stereochemistry, and the solution conformation of kijanimicin is presented. 

Kijanimicin,? the major component of a complex of anti- 
biotics produced by Actinomadura kijuniatu nov. sp. SCC1256 
(ATCC 31588),2*3 has been shown by chemical degradation, 
spectroscopic studies, and X-ray crystallographic studies to 
have a novel tetronic acid structure ( I ) . l g 4  Kijanimicin (1) was 
separated from the crude antibiotic complex by preparative 
h.p.1.c. on silica gel using dichloromethane-methanol-tri- 
ethylamine (98 : 1 : 1) as the eluant. The resulting material 
was rechromatographed using preparative h.p.1.c. on C,, 
reversed phase silica gel using acetonitrile-aqueous am- 
monium acetate (3 : 5) (pH 6.8) as the eluant to give (1) as a 
colourless amorphous solid.$ Kijanimicin was strongly 
laevorotatory and was weakly acidic (pK, 5.0). The U.V. 
spectrum of (1) was highly complex and sensitive to acid and 
base suggesting the presence of an acidic enol group. The i.r. 
spectrum of (1) indicated the presence of hydroxy, carbonyl, 
lactone, carbamate, nitro, and ether functions in the molecule. 
The 'H n.m.r. spectrum of (1) at 220 MHz revealed the 
presence of one 0-methyl group (6" 3.45) and one methyl 
carbamate group (tiH 3.76) as well as numerous methyl, 
anomeric, and olefinic protons. The I3C n.m.r. spectrum of (1) 
revealed a wealth of structural information and the data are 
given in Table 1. The data indicate that (1)  contains 67 
carbon atoms. An SFOR experiment revealed the multiplici- 
ties of the various signals and in order to further clarify the 
methyl/methylene region of the spectrum, an inversion- 
recovery experiment was performed. This revealed 13 of the 
14 methyl groups present in the molecule. The relaxation 
properties of the C-28 methyl group (& 22.2) were such that 
it was not detected in this experiment. Of the methyl groups, 
two were clearly OCH3 groups, namely & 57.3 (4D-OCH3) and 
tic 52.7 (4E-NHCOOCH3). One of the methyl groups (& 25.3) 

t lsolated from a culture of a soil sample collected at Hippo Point 
on the Galana River, Tsavo West, Kenya, and named after the 
Swahili word ' kijani' for green, which is the colour of the 
fermentation broth. Kijanimicin is also referred to as SCH 25663. 
$ Kijanimicin showed a marked tendency to form chelates/salts 
with inorganic metal cations and with organic bases due to the 
presence of the tetronic acid moiety. All samples containing the 
underivatized tetronic acid moiety were therefore treated with 
hydrogen sulphide prior to the final chromatography to remove 
metal cations. 

1 

OH 0 1  I n 

CH,OP 
32 

( 1 )  R' = R 2 =  H 

(2)  R' = C H ~ , R ~ = H  

(3) R' = H, R2= 4-1C6H,CO 

was also located on a carbon bearing a hetero-substituent. 
These experiments also revealed the presence of 11 quaternary 
carbons in kijanimicin (I). Of these, the four signals at 6c 
101.9, 167.1, 201.5, and 206.2 were assigned to a 1,3,3'- 
diketolactone fragment. One of the signals at 157.4 was 
consistent with that expected for a carbamate (4E-NHCOO- 
CH3) carbonyl. Three quaternary olefinic carbons were also 
apparent at & 141.5, 137.1, and 135.7. A quaternary carbon 
at 6c 91.0 was consistent with a carbon bearing a nitro- 
group. A quaternary carbon bearing an oxygen atom was 
also present at 6c 83.3. The signal at 6c 51 .O was assigned to a 
quaternary carbon bearing only carbon substituents and from 
its chemical shift it was in a deshielded environment. The I 3 C :  
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Table 1. N.m.r. data for kijanimicin and derivatives [&cDcl,. SFOR)] i 

Carbon 
c- 1 
c - 2  
c -3  
c - 4  
c -5  
C-6 
c -7  
C- 8 
c-9  
c-10 
C-11 
c-12 
C-13 
c-14 
c-15 
C-16 
C-17 
c-18 
c-19 
c-20 
C 2 1  
c-22 
C-23 
C- 24 
C-25 
C-26 
C-27 
c-28 
C- 29 
C-30 
c-31 
C-32 
c-33 
9-COO- 
9-Ar-C- 1 
9-Ar-C-2 
9-Ar-C-3 
9-Ar-C-4 
9-Ar-C-5 

[ 9-Ar-C-6 

32-Ar-C- I 

32-Ar-C-3 
32-Ar-C-4 
32-Ar-C-5 
32-Ar-C-6 

32-COO- 

32-Ac-C-2 

9-0COCH. 
9-OCOCH. 

I 7-OCOCH. 
17-OCOCH. 

32-OCOCH. 
9-OCHI 

1 7 - 0 C H ~  

3 2 - 0 C H ~  

32-0COCH8 

26-OCH. 

C- la  
C-2.4 
C-3A 
C-4A 
C-5A 
C-6A 
C-1B 
c-2B 
C-3B 
C-4B 
C-5B 
C-6B 
c-10 
c- 2c 
c-3c 
c-4c 
c -5c  
C-6C 
c-1D 
C-2D 
c-3D 
C-4D 
c-5 D 
C-6u 
4U-OCHa 
c - I E  
c-2E 
c-3E 
c-4E 
C-5E 
C-6E 
3E-CH3 
4E-NHCOOCHa 

(1) 
167. I(s) 
1 0 I .9( s) 
206.2(s) 

5 1 .O(s) 
3 1.3(d) a 
27.9(d) a 
41.6(t) 
38.5(d) 
84.5(d) 
34.8(d) 

125.8(d) 
126.7(d) 
53.2(d) 

135.7(s) 
123.6(d) 
31 .I(t) 
78.4(d) 

137.1 (s) 
121.5(d) 
43.l(d) 

119.3(d) 
141.5(s) 
40.2(d) 
35.5(t) 
83.3(s) 

201 3 s )  
20.2(s) 
22.2(q) 
14.0(q) 
15.1(q) 
13.7(s) 
64.4(t) 
15.1(s) 

98.2(d) 
29.9(t) b 
66.8(d) e 
7 I .8(d) 
65.1 (d) c 

17.9(q) 
90.8(d) 
29.7(t) b 
62.6(d) 
79.6(d) 
67.l(d) c 
17.9(q) 
92.2(d) 
34.4(t) 
67.5(d) 
72.4(d) 
64.9(d) 

99.8(d) 
36.8(t) 
63.8(d) 
82.6(d) 
68.l(d) 

57.3(s) 
97. I(d) 
35.7(t) 
9 1 .O(s) 
53.8( d) 
69. I(d) 

17.9W 

1 8 . 4 ~  

I7.0(q) 
25.3W 

157.4w 

(2) 
169.0 
106.9 
199.0 
53.9 
31.6 a 
28.0 a 
41.6 
38.9 
84.8 
34.9 

125.3 
127.5 

51.0 
137.9 
122.1 
31.3 
78.7 

137.3 
121.8 
44.8 

119.8 
141.1 
40.1 
36.2 
83.2 

190.2 
20.0 
24.5 
14.1 
14.1 
14.4 
64.5 
14.9 

63.7 

98.3 
30.0 b 
67.0 e 
71.9 
65.1 c 
18.0 
90.9 
29.8 b 
62.7 
79.7 
67.2 c 
18.0 
92.2 
34.4 
67.6 
72.6 
65.0 
18.0 
99.8 
36.9 
63.9 
82.7 
68.1 
18.4 
57.3 
97.3 
35.9 
91.1 
53.9 
69. I 
17.0 
25.4 

157.4 
52.7 

A h -  
(1) + 

(2) 
+ 1.9 + 5.0 
- 7.2 
+2.9 
+0.3 

+ 0.4 
+0.3 

-0.5 
+0.8 
-2.2 
+2.2 
-1.5 

$0.3 

+0.3 
+ 1.7 
+0.5 
- 0.4 

+ 0.7 

-11.3 

+ 2.3 

- 1.0 
+0.7 

A%- 
(1) - 

(3) (3) (14) 
167.0 167.1(s) 
101.9 102.0(s) 
206.2 206.5(s) 

51.0 51 .I(s) 
31.3 a 3 I .2(d) a 
28.5a 10 .6  28.0(d)a 
41.6 
38.5 
84.6 
34.9 

125.8 
126.7 
53.3 

135.7 
123.6 
31.3 
78.7 

137.8 
124.8 
43.2 

118.8 
136.8 
40.2 
35.5 
83.0 

201.4 
20.2 
22.2 
14.0 
15.1 
13.7 
66.8 
15.1 

165.8 
129.7 
131.2 
137.8 
100.8 
137.8 
131.2 

98.3 
30.0 b 
66.8 c 
71.8 
65.2 c 
17.9 
90.9 
29.5 b 
62.7 
79.6 
67.1 e 
17.9 
92.2 
34.4 
67.5 
72.5 
64.5 
17.9 
99.8 
36.8 
63.9 
82.7 
68. I 
18.4 
57.3 
97.4 
35.8 
90.9 
53.9 
69.0 
17.0 
25.2 

157.3 
52.7 

4 I .9(t) 
39.3(d) 
76. I (d) 
34.8(d) 

125.8(d) 
126.5(d) 
53.3(d) 

135.9(s) 
123.4(d) 
31.2(t) 

$0.3 78.6(d) 
+0.7 137.W~) 
+3.3 121.5(d) 

42.9(d) 
-0.5 119.4(d) 
-4.7 141.5(~) 

40.3(d) 
35.4(t) 

-0.3 83.3(~) 
20 1 .5(s) 
20.2w 
22.3(q) 
I 3.0(q) 
15.2(q) 
1 3 . W  

$2.4 64.9(t) 
15.0(9) 

- 0.4 

$0.3 97.l(d) 
35.8Ct) 
9 I .2(s) 
53.8(d) 
69.2(d) 
17.0(q) 
25.3W 

I57.4(s) 
52*6(q) 

(15) 
169.0 
106.8 
199.3 
53.9 
31.4 a 
27.9 a 
41.8 
39.6 
76.3 
34.6 

124.9 
127.3 
50.8 

138.0 
121.9 
31.4 
78.7 

137.1 
121.6 
44.4 

119.8 
141.0 
40.0 
36.1 
83. I 

190. I 
20.0 
24.6 
13.1 
14.0 
14.4 
65.0 
14.8 

63.7 

97.2 
35.7 
91.2 
53.7 
69.2 
17.0 
25.4 

157.5 
52.6 

(15) 
+ 1.9 
+4.8 
- 7.2 
$2.8 

+0.3 

- 0.9 
+0.8 
-2.5 
t 2 . 1  
-1.5 

+ 1.5 
+ 0.4 
-0.5 
-0.3 
t 0.7 

-11.4 

-t 2.3 

- 1.2 
-I- 0.7 

-0.3 

-0.3 
-0.8 + 8.4 

$0.1 

+ 1.0 

-0.5 

-0.3 

-0.7 
+ 8.5 
+0.3 
+0.4 

-t 0.4 

.t 0.1 

i 1.0 

- 0.5 

(16) 
167.0 
102.0 
206.1 

51.1 
31.3 a 
28.2 a 
41.4 
36.9 
78.2 
31.6 

124.7 
127.1 
53.1 

135.7 
123.6 
31.3 
78.7 

137.8 
124.3 
43.0 

118.8 
136.7 
40.2 
35.4 
83.0 

201.3 
20.1 
22.2 
13.8 
15.1 
13.8 
66.0 
15.0 

170.4 
21.1 

170.8 
20.9 

A h -  
(14) + 

(16) 

- 0.4 

-0.5 
- 2.4 
+2.1 
- 3.2 
- 1 . 1  
i 0.6 

-t 0.8 
i 2.8 

-0.6 
- 4.8 

-0.3 

i 0.8 

i 1.1 

97.4 t 
35.8 
90.9 
53.8 
69 .O 
17.0 
25.3 

157.3 
52.7 

(17) 
168.9(s) 
106.9(s) 
198.7(s) 
53.9(s) 
31.4(d) a 
28.I(d) a 
41.3(t) 
37.3(d) 
78.4(d) 
31 S(d) 

I24.9(d) 
127.8(d) 
50.7(d) 

138.0(s) 
12 1.9(d) 
31.5(t) 
79.1 (d) 

138.0(s) 
124. I (d) 
44.5(d) 

119.2(d) 
136.2(s) 
40.0(d) 
36.1(t) 
83.0(s) 

190.0(s) 
19.8(q) 
24.3W 
13.9(s) 

14.3~1) 

14.7W 

1 4 . 1 ~  

66.l(t) 

170.5(s) 
21.I(q) 
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Table 1 (continued) 

A ~ c -  
(15) + 

Carbon (17) 
c- I 
c -2  
c - 3  - 0.6 
c-4 
c -5  
C-6 
c -7  -0.5 
C-8 - 2.3 
c -9  f2.1 
c - I 0  -3.1 
c-l I 
c - I 2  t 0.5 
C-13 
C-14 
c-15 
C-16 
C-17 i 0.4 
c-in i- 0.9 
C-19 i 2.5 
c-20 
c-2  I - 0.6 
c-22 -4.11 
C-23 
C-24 
C-25 
C-26 
C-27 
C-28 -0.3 
C-29 + 0.8 
C-30 
C-3 I 
C-32 + 1.1 
c-33 
9-COO- 
9-Ar-C- 1 
9-Ar-C-2 
9-Ar-C-3 
9-Ar-C-4 
9-Ar-C-5 
9-Ar-C-6 

32-Ar-C- 1 
32-Ar-C-2 
32-Ar-C-3 
32-Ar-C-4 

3 2 4 0 0 -  

32-AT-C-5 
32-Ar-C-6 
9-OCOCHS 

17-OCOCH. 
9-OCOCHI 

1 7-OCOCHa 
32-OCOCHa 
32-OCOCHa 
9-OCHa 

17-OCHS 
26-OCHS 
C-la 
C-2.4 
C-3A 
C-4A 
C-5A 
C-6A 
C-la 
C-2B 
C-3B 
C-4B 
c-58  
C-6B 
c- I 0  
c-2u 
c-30 
c-4a 
c-50 
C-60 
C-ID 
c-2u 
c-3u 
c-4u  
C-5D 
C-6D 
4L’-OCH, 

C-2E 
c-31.: -0.3 
c-4E 
C-5E -0.3 
C-6E 
3E-CHS 
4e-NHCOOCHa 
4E-NHCOOCHi 

c - I N  + 0.4 

A ~ c -  
(16) 

(17) 
+ 1.9 
+ 4.9 
- 7.4 + 2.8 

+ 0.4 

f0.7 
- 2.4 
$2.3 
- 1.7 

I 0.4 

I 1.5 
t- 0.4 
-0.5 

+ 0.7 

- 11.3 
-0.3 
-t- 2. I 

-1.0 
+ 0.7 

-0.3 

A&- 
(14) + 

(18) (18) 
167.0 
102.0 
206.5 

51.1 
31.2 a 
28.4 a +0.4 
41.8 
39.3 
76. I 
34.8 

125.6 
126.5 
53.3 

135.9 
123.4 
31.2 
78.7 

137.8 -1- 0.8 
124.8 +3.3 

118.7 -0.7 
136.8 -4.7 

42.9 

40.2 
35.4 
83.0 -0.3 

201.4 
20.2 
22.3 
13.0 
15.2 
13.8 
66.8 +1.9 
15.2 

165.9 
129.7 
131.2 
137.8 
100.8 
137.8 
131.2 

97.4 +0.3 
35.8 

53.8 
69.0 
17.0 
25.2 
157.4 
52.7 

90.9 -0.3 

(19) 
168.8 
107.0 
199.2 
53.9 
31.4a 
28.4 a 
41.7 
39.7 
76.3 
34.6 

125.6 
127.3 
50.8 

138.0 
121.9 
31.4 
79.1 

138. I 
125.0 
44.4 

119.2 
136.3 
40.1 
36.1 
82.0 

189.8 
19.9 
24.6 
13.1 
14.4 
14.1 
67.0 
14.8 

165.8 
129.8 
131.2 
137.8 
100.8 
137.8 
131.2 

63.7 

A&- 
(15) -w 

(19) 

+0.5 

$0.7 

+0.4 
+1.0 
+ 3.4 

- 0.6 
-4.7 

- 1 . 1  

+ 0.4 
-0.3 + 2.0 

97.6 +0.4 
35.8 
91.0 
53.9 
69. I 
17.0 
25.3 
157.5 
52.6 

A h -  
(18) * 

+ 1.8 + 5.0 
- 7.3 
+2.8 

(19) 

+ 0.4 

+ 0.8 
- 2.5 
+2.1 
-1.5 

+ 0.4 + 0.3 

+ 1.5 
-I-0.5 
-0.5 

+0.7 
- 1.0 

-11.6 
-0.3 
t 2 . 3  

-0.8 
+0.3 

-0.4 

(20) 
167.0 
102.0 
206.0 

51.1 
31.2 a 
28.5 a 
41.4 
37.2 
79. I 
31.9 

124.5 
127.4 
53.2 

135.6 
123.7 
31.3 
78.7 

137.9 
124.8 
43. I 

118.7 
136.8 
40.2 
35.5 
83.0 

201.2 
20.2 
22.2 
14.0 
15.1 
13.8 
66.8 
15.1 

165.3 
130.0 
131.0 
137.9 
100.7 
137.9 
131.0 
165.8 
129.7 
131.2 
137.9 
100.8 
137.9 
131.2 

A&- 
(14) * 

(20) 

-0.5 

+0.5 
-0.5 
-2.1 + 3.0 
-2.9 
- 1.3 
+O.Y 

-0.3 
t 0 . 3  

+ 0.9 + 3.3 

-0.7 
- 4.7 

-0.3 
-0.3 

+ 1.0 

+ 1.9 

97.4 +0.3 
35.8 
90.9 -0.3 
53.8 
69.0 
17.0 
25.2 
157.3 
52.7 

(21) 
168.9 
106.8 
198.7 
53.8 
31.5 a 
28.3 a 
41.3 
37.5 
79. I 
31.7 

125.5 
128. I 
50.7 

137.8 
122.0 
31.4 
79.3 

138.2 
123.9 
44.5 

119.0 
136.2 
40.0 
36. I 
82.9 

190.0 
19.9 
24.3 
14.0 
14.5 
14.1 
66.9 
14.7 

165.3 
130.0 
131.0 
137.8 
100.7 
137.8 
131.0 
165.9 
129.7 
131.2 
137.8 
100.8 
137.8 
131.2 

63.8 

A h -  
(15) + 

(21) 

-0.6 

+ 0.4 
-0.5 
-2.1 
+ 2.8 
- 2.9 
-+ 0.6 
i 0.n 

+ 0.6 
+ 1.1 
+ 2.3 

- 0.8 
- 4.8 

-0.3 
+ 0.9 
+ 0.5 - 0.3 
+ 1.9 

97.6 $0.4 
35.8 
90.9 -0.3 
53.8 

17.0 
25.3 
157.3 
52.7 

68.9 - 0.3 

1499 

A ~ c -  
(20) + 

(21) 
+ 1.9 
+4.8 
- 7.3 
i- 2.7 
+0.3 

+ 0.3 

t 0.7 
- 2.5 
+ 2.2 
- 1.7 

t 0.6 
+ 0.3 

+ 1.4 
$0.3 

- 0.9 

-0.6 

t 0.6 

- 11.2 
-0.3 
t 2.1 

-0.6 
+0.3 

- 0.4 



J.  CHEM. SOC. PERKIN TRANS. I 1983 
Table 1 (continued) 

Carbon 
c- I 
c - 2  
c - 3  
c - 4  
c-5 
C-6 
c - 7  
C-8 
c - 9  
c-10 
c-l I 
c - I 2  
C-13 
C-14 
C-15 
C-I6 
C-17 
C-18 
C-19 
c-20 
c-21 
c-22 
C-23 
C-24 
C-25 
C-26 
C-27 
c-28 
C-29 
C-30 
C-31 
C-32 
c-33 
%COO- 
9-Ar-C- I 
9-Ar-C-2 
9-Ar-C-3 
9-Ar-C-4 
9-Ar-C-5 
9-Ar-C-6 

32-Ar-C- I 
32-Ar-C-2 
32-Ar-C-3 
32-Ar-C-4 
32-Ar-C-5 
32-Ar-C-6 

32-COO- 

9-OCOCHj 
9-OCOCH, 

17-OCOCHa 
17-OCOCH, 
32-OCOCH3 
32-OCOCHa 
9-OCHa 

17-OCHa 
26-OCHS 
32-OCHj 
C - l %  
c-2  4 
c - 3  4 
c-4-4 
C-5A 
C-6 4 
C-lB 
c-28  
c-30 
C-4 1s 
c-5H 
C-6fl 
c - l C  
c-2c 
c-3c 
c -4c  
c-5c 
C-6c 
c-11' 
c-21' 
c-3"  
c -4u  
c-5" 
C-61' 
41'-OCH, 
C-IL 
c-21: 
C-3E 
C-4E 
c- 5 L.: 
C-6E 
3b:-CH3 
4E-NHCOOCH t 

4E-NHCOOCtId 

(22) = 
167.2 
102.0 
206.5 

51.1 
31.3 a 

27.7127.9 a 
41.8 
39.3 
76.2 
34.8 

125.41 125.6 
126.61 126.8 

53.4 
l35.4/135.5 

123.8 
31.3 
78.6 

137.4/137.6 
124.01 124.4 

42.9 
1 l8.5/1 19.0 
136.8/139.8 

40.2 
35.4 

82.1 /83.3 
201.5 
20.0 
24.9 
13.0 
15 .1  

13.7/13.9 
74.9 
15.1 

(48) 
167.3(s) 
102.2(s) 
206.5(s) 

51 .l(s) 
3 I .2(d) a 
27.7(d) a 
41.8(t) 
39.2( d) 
76. I (d) 
34.8(d) 

125.6(d) 
126.6(d) 

5 3.3(d) 
135.8(s) 
1 23.1 (d) 
32.I(t) 
72.9(d) 

141.3(s) 
123.9(d) 
42.9(d) 

117.6(d) 
138.6(s) 
40. I (d) 
3 5.3( I) 
8 3.3(s) 

20 1 .O(s) 
20.0(q) 

13. I(q) 
14.W~) 
13.7(q) 
74.7(1) 
I5.2W 

2 2 . 3 ~  

58.0(q) 

97.4 
35.5135.6 

91.7 
53.2 
69.9 

17.21 18.0 
20.0/25.4/25.9 

157.91 159.8 
55.3/55.6/56.8 

-0.3 
-0.3 

-0.7 
+ 8.4 

t 0.5 
- 1.0 
+ 5 . 5  
-4.2 
-2.4 

+ 1.7 
+ 2.9 

+0.2 

+ 0.5 

- t  0.9 
$0.3 

- 10.3 

$0.3 

+ 0.3 
-0.9 
+ 5.7 
-4.3 
- 2.4 

+ 1.8 
4 2.9 

$0.5 

+ 0.4 

-9.8 

(49) 
169.2 
107.0 
199.3 
53.9 
31.5 a 
27.7 a 
41.7 
39.7 
76.3 
34.7 

125.0 
127.4 

51.1 
138.2 
121.4 
32.4 
73.1 
141.4 
124.4 
44.5 

118.2 
138.3 
39.9 
36.2 
83.3 

189.9 
19.7 
24.6 
13.1 
14.4 
13.8 
74.8 
14.9 

63.6 
57.9 

A60- 
(48) * 

(49) 
+1.9 
+ 4.8 

+ 2.8 
+0.3 

- 7.2 

+0.5 

-0.6 
+ 0.8 
-2.2 
+ 2.4 
-1.7 
+0.3 

+0.5 
+ 1.6 
+0.6 
-0.3 

t 0.9 

-11.1 
-0.3 
+2.3 

- 0.4 

-0.3 

(50) 
166.9 
101.9 
206.6 

51.2 
31.4 a 
27.9 a 
41.5 
38.3 
85.0 
30.2 

126.0 
126.1 
53.1 

135.6 
123.6 
29.7 
82.1 

137.3 
124.0 
43.0 
118.5 
138.7 
40.2 
35.5 
83.2 

201.7 
20.0 
22.3 
13.0 
15.1 
13.9 
74.8 
15.1 

56.8 b 
56.4 b 

58.1 

A h -  
(48) + 

(50) 
-0.4 
-0.3 

-0.3 
-0.9 + 8.9 
-4.6 + 0.4 
-0.5 

+0.5 

+ 9.2 
-2.4 

-4.0 

t 0 . 9  

+0.7 

-t 0.3 

(51) 
167.1 
102.2 
206. I 
51.1 
31.2 a 
27.7 a 
41.4 
36.8 
78.3 
31.5 

124.8 
127.0 
53.1 

136.4 
123.3 
29.9 
74.1 
136.9 
123.6 
43.0 

118.3 
138.8 
40.1 
35.3 
83.2 

200.9 
20.0 
22.2 
13.9 
14.9 
13.9 
74.7 
15.2 

170.5 
21.1 

170.0 
21.4 

58.0 

A ~ c -  
(48) --+ 

(51) 

-0.4 

-0.4 
- 2.4 
$2.2 
-3.3 
- 0.8 + 0.4 

$0.6 

-2.2 + 1.2 
-4.4 
-0.3 

+- 0.7 

+0.8 

(52) 
169.1 
106.5 
198.8 
53.8 
31.4 a 
27.6 a 
41.3 
37.2 
78.4 
31.4 

124.3 
127.7 
50.9 

138.2 
121.7 
30.0 
74.3 

137.0 
124.2 
44.5 
118.7 
138.6 
39.9 
36.2 
83.3 

190.0 
19.7 
24.4 
13.9 
14.4 
13.9 
74.8 
14.7 

170.5 
21.1 

170.2 
21.4 

63.7 
57.9 
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Carbon 
G I  
c -2  
c-3 
C-4 
c - 5  
C-6 
c - 7  
C-8 
c -9  
c - I 0  
c-11 
c-12 
(2-13 
C-14 
C-15 
C-16 
c-17 
(2-18 
c-19 
c-20 
c-2  I 
c-22 
C-23 
C-24 
C-25 
C-26 
C-27 
C-28 
C-29 
C-30 
c-31 
C-32 
c-33 
9-COO- 
9-Ar-C-I 
9 -A r - C - 2 
9-Ar-C-3 
9 -A r - C 4 
9-Ar-C-5 
9-Ar-C-6 

32-Ar-C- 1 
32-Ar-C-2 
32-Ar-C-3 
32-Ar-C-4 
32-Ar-C-5 
32-Ar-C-6 

32-COO- 

9-OCOCHa 
9-OCOCHa 

I7-OCOCHa 
17-OCOCHa 
32-OCOCHa 
32-OCOCHa 
9-OCHa 

17-OCHa 
26-OCHa 
32-OCHa 

c - I A  
C-2A 
C-3A 
C-4A 
C-5A 
C-6.4 
c - I B  
c-28 
c-38 
C-433 
c-5B 
C-68 
c - l o  
c-2c 
c-3c 
C-4C 
C-50 
C-6C 
c- lU 
c-2D 
c-3u  
C-41) 
c-51, 
C-6U 
41)-OCH, 
C-IE 
C-2E 
c-3E 
c-4E 
C-W 
C-6E 
3E-CHs 
4E-NHCOOCHa 
4E-NHCOOCHa 

A h -  
(49) + 

(52) 

-0.5 
-0.5 

-0.4 
-2.5 
+2.1 
-3.3 
-0.7 
+0.3 

t 0 . 3  
- 2.4 + 1.2 
-4.4 

t 0.5 
t 0 . 3  

t 0.8 

(53) 
167.2 
101.8 
206.3 
51.0 
31.3 a 
27.9 a 
41.8 
38.5 
83.9 
34.3 

126.1 
126.3 
53.3 

135.8 
123.5 
31.1 
78.1 

137.1 
121.6 
43.2 

119.3 
141.5 
40.3 
35.6 
83.4 

201.7 
20.2 
22.2 
14.2 
15.1 
13.8 
64.0 
15.1 

98. I 
30.2 
66.0 b 
71.5 
65.0 b 
17.9 c 
91.1 
34.4 
62. I 
77.3 
65.5 b 
17.8 e 

98.4 
36.9 
64.0 
82.3 
68.4 
18.3 
57.3 
96.9 
35.6 
91.1 
53.8 
69. I 
17.0 
25.3 

157.7 
52.7 

A h -  
(53) + 

(1) 

+0.6 
+0.5 

+0.4 
-0.3 

t 0 . 3  

-- 0.1 

1 0.4 

-0.3 
+0.8 
+0.3 

-0.3 
-4.7 
-t 0.5 
i 2.3 
t 1.6 

t 1.4 

+0.3 
-0.3 

-0.3 

(54) 
169.1 
106.8 
199.1 
53.7 
31.5 a 
28.0 a 
41.7 
38.9 
84. I 
34.4 

125.5 
127.1 
50.8 

138.2 
121.9 
31.0 
78.3 

137.2 
121.9 
44.7 

119.7 
141.0 
40.1 
36. I 
83.1 

190.2 
20.0 
24.5 
14.1 
14.3 
14.4 
64.0 
I4 8 

64.0 

98.1 
30. I 
66.5 b 
71.5 
65.0 b 
17.9 e 
91.0 
34.4 
62. I 
77.2 
65.5 b 
17.8 r 

98.4 
36.8 
63.7 
82.3 
68.4 
18.3 
57.3 
97.0 
35.8 
91.2 
53.9 
69. I 
17.0 
25.4 

157.7 
52.7 

A&!- 
(54) - 

(2) 

+0.7 
+0.5 

t 0.4 

- 0.3 

t 0.3 
t 0.4 

' 0.1 

10.5 

-0.3 

t 0.5 + 0.4 

- 4.9 + 0.6 + 2.5 
i 1.7 

+ 1.4 

+ 0.4 
-0.3 

t0.3 

-0.3 

A&- 
(53) - 

(54) 
+ 1.9 + 5.0 

+ 2.7 
-7.2 

+0.4 

- 0.6 
t 0.8 
- 2.5 
t 2.4 
- 1.6 

f 0.3 
t 1.5 
t 0.4 
- 0.5 

t 0.5 
-0.3 
11.5 

t 2.3 

- 0.8 
t 0.6 

0.1 

+ 0.5 

t 0.5 

-0.3 

( 5 5 )  f 

182.3(s) 
5 0 . q ~ )  
33.7 0 

26.6 a 
41.2 
44.6(d) 
74.8(d) 
25.9 
66.0 b 
66.2 b 
47.6(d) 
66.6(d) h 

21.3 
25.3 
I 6.5h 1 
18.l(q) 

92.9(d) 
30.2(t) e 

66.8(d) b 
71.7(d) 
62.2(d) b 
17.8(q) 6 
9 1 .qd) 
29.5(t) e 
62.7(d) 
79.5( d) 
67.2(d) b 
17.9(q) d 
92.2(d) 
34.8(1) 
67.5(d) 
72.4(d) 
64.4(d) 
17.9(q) 
99.7(d) 
36.8(t) 
63.8(d) 
82.qd) 
68.qd) 
18.4(q) 
57.3m 

(14) v 
170.2(s) 
103.1 (s) 
206.0(s) 

52.3(s) 
32.l(d) a 
28.5(d) a 
43.0(1) 
40.2(d) 
76.7(d) 
36.4(d) 

I27.qd) 
127.4(d) 
54.l(d) 

138.6(s) 
I24.4(d) 
32.3(t) 
80.0(d) 

I37.2(s) 
I23.4(d) 
44.3(d) 

I20.3(d) 
142.5(s) 
4 I .4(d) 
36. I(() 
84.7(s) 

201 .2(s) 

23.0(d 
13.6(q) 
IS.Wq) 

65.l(t) 
IS,3(q) 

2 0 . ~ ~ 1  

1 4 . 1 ~  

98.8(d) 
36.4(t) 
92.2(s) 
55.1 (d) 
70.1 (d) 

25.7(q) 
159.9(s) 
53.0(q) 

I 7 . 2 ~  

(46) 
177.3 
100.1 
203.6 
52.6 
32.6 0 

28.9 a 
43.4 
40.6 
77.4 
36.3 

126.6 
128.9 
53.0 

138.3 
124.9 
33.3 
74.3 

140.5 
122.7 
45.2 

120.4 
141.7 
41.4 
36.9 
85.4 

201.9 
20.6 
23.3 
13.8 
16.0 
14.6 
65.4 
15.5 

(47) y 

I70.3(s) 
103.3(s) 
206.1 (s) 
52.4(s) 
32.4(d) a 
28.7(d) 
43.I(t) 
40.2(d) 
76.8(d) 
36.2(d) 

I27.3(d) 
I27.9(d) 
54.3(dI 

I36.9(s) 
124.5(d) 

33.0(t) 
73.5(d) 

139.3(s) 
127.3(d) 
44.4(d) 

118.4(d) 
142.5(s) 
41.7(d) 
36.20) 
84.4(s) 

200.8(s) 
20. I(q) 
23.0(q) 
I3.7(q) 
15.7(q) 
14.2(q) 

ll 
15.3(q) 

02 May be interchanged in any Vertical Column. e Mixture of rotamers at ambient temperature. f Not all multiplicities could be determined from the SFOR spec[rum. 
1 Run in CD,OD. A Obscured by CDSOD signal. i Due to the structural complexitY of these molecules, all of the above assignments must of necessity be regarded ten -  
tative assignments pending confirmation by G H / ~ u  correlation techniques. 
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n.m.r. spectrum also revealed five olefinic carbon atoms each 
bearing a hydrogen atom. It was therefore concluded that the 
molecule contained four double bonds, three of which were 
trisubstituted and one of which was disubstituted, in addition 
to the enolic double bond. The molecule also contained five 
anomeric carbon atoms at 6, 99.8, 98.2, 97.1, 92.2, and 90.8 
of which two were strongly shielded, indicating that ( I )  
contains five glycosidic moieties. It was also clear from the 
chemical shifts of these anomeric carbons, that none of the 
sugars were present as furanosides. The J13C-IH values for the 
five anomeric carbons were determined and found to be 

Hz), 90.8 ( J 1 3 C - l ~  166 Hz) and 92.2 ( J l 3 C - l H  164 Hz). The 13C 
n.m.r. data also revealed the presence of an additional 23 
methine groups in (1). Of these four where strongly de- 
shielded (6, 84.5, 82.6, 79.6, and 78.4) suggesting that they 
belonged to ether carbons. From the chemical shifts, 11 of the 
remaining methine carbons bore oxygen substituents, one 
bore a nitrogen substituent (& 53.8), and the remainder bore 
only carbon substituents. Two of these carbon-bearing 
methine groups experienced strong deshielding (6= 53.2 and 
43.1). Of the remaining signals, eight were attributed to the 
carbons of methylene groups, while one obviously belonged 
to a primary allylic alcohol group ( t jC 64.4). 

Althougha satisfactoryanalysis(C,H,N) for( 1) C67H100N2024 
was obtained, it could not be used to establish unambigu- 
ously the molecular composition. Anelectron impact mass spec- 
trum (e.i.m.s.) of (1) failed to give a molecular ion, the highest 
mass fragment ion being observed at m/z 552 due to ion D1 
(Figure 1) which suffered two successive losses of water. The 
only other prominent ion arising from the aglycone was at 
nz/t 374 and this was thought to arise from the ion D9, which 
also then lost one molecule of water. Several ions arising from 
the sugar fragments are listed in the Experimental section. 
The use of f.d., or c.i. mass spectrometry also failed to give a 
molecular ion for (1). The presence of an acidic enol grouping 
in (1) made it possible to convert (1) into the 26-0-methyl 
ether (2) using diazomethane under mild conditions. The 
methyl ether (2) showed only two bands in the U.V. region at 
200 and 254 nm. The i.r. spectrum of (2) also revealed addi- 
tional absorption at 1 662 and 1 570 cm-' due to the vinylic 
ether group. The 'H n.m.r. spectrum of (2) at 600 MHz * 
(CDC13) revealed the presence of 12 C-methyl groups, of which 
four were substituted on quaternary carbons. The newly 
introduced 26-0-methyl group gave rise to a singlet at 6,, 4.12. 
The downfield signals were ultimately assigned as indicated 
in Table 19 using 2D J spectroscopy and n.0.e. difference 
spectroscopy and arose from five olefinic protons, one carb- 
amate NH-proton, and five anomeric proton signals. Of 
these latter signals, the doublet of doublets at 6H 4.45 
(JI~x,t:x 10.0 Hz, J 1 ~ x , 2 ~  2.2 Hz) was assigned to the kijanose 
moiety (see later) indicating that the latter was an equatorially 
linked, 2-deoxysugar. Some overlap of signals was observed 
with the remaining anomeric protons and the lowfield region 
of the spectrum was therefore re-run in CD,CN, which 
resulted in clear resolution of the remaining four anomeric 
proton signals. Three doublet of doublet signals at ijH 4.72 

97.1 ( J 1 3 c - 1 ~  160 HZ), 99.8 ( J i S C - I H  160 HZ), 98.2 ( J " c - 1 ~  160 

(Jleq.Zax 4.5 Hz, Jleq.2eq < 0-5 Hz), 5-06 (Jleq.2ax 4.0 Hz, 
J l e q , Z e q  < 0.5 Hz) and 5.13 (J leq.2ax 3.3 Hz, Jleq,Zeq < 0.5 Hz) 
indicated the presence of three axially linked 2-deoxysugars. 
A doublet of doublets at 6 H  4.88 (Jl;x,2~x 10.0 Hz, JIyx,2f: 1.9 
Hz) revealed the presence of one equatorially linked 2- 
deoxysugar. The 13C n.m.r. data for (2) are given in Table 1 
and i t  is evident from the observed & values in going from 

*The 600 MHz 'H n.m.r. spectra were recorded at Carnegie- 
Mellon University, Pittsburgh, Pennsylvania, and NIH GRANT 
RR00292 is gratefully acknowledged. 

1' 

CHZR4 CH2R3 

1 2 3  L 1 2  3 Dg; R Z R  = H, R =OH 

D,o; R' =H,  R2=CH,, 

D,; R = R  = R  =H,  R = O H  

D,; R1=R2=H,  R 3 = C H 3 1 R L = O H  

D, ; R1 = AC , RZ= R3= H, RL= OAc 

D,; R1 =k,  R2= H ,  R3= CH,,R'=OAc 

D,; R' = R2=R3= HI RL=OCOC6HLI 

06 ;  R' = R 2 = H ,  R3=CH3,RL=OCOQ-ILI 

R3  = OH 

D,,; R' = R2,H, R3=OAc 

Dlz; R1 = H ,  R2= CH,, 

R3= OAc 

D,; R' = COC6HLI, R2= R3= H, D~,; R' = RLH, 
RL= OCOC,HLI R3= OCOC,HLI 

DIL; R1 = H, R2= CH, , ; R' = COC6HLI, R2= H, R3= CH,, 

c H 3 0 a 0 f l  - 

D18 

D20 

Dz2 

R3= OCOGH,,I 

Dls; R'= R2=H, R3=OCH, 

D ~ ~ ;  R' = H, R ~ =  ai,, 
R3= OCH, 

D17; R' = CH3 R2= H, 

R3= OCH, 

c H 3 0 ~ 0 .  OH '+ 
Dl 9 

I ~ c o o k 7 +  

D21 

&CH3 HOCHZ I' 
CH3 

OH COOH CH, 

'2 3 

Figure 1. Mass spectral fragment ions for kijaniniicin and kijanolide 
derivatives 

(1)  to (2), that the introduction of the 26-0-methyl group 
affects most of the proximal carbons around the macrocyclic 
portion of the aglycone. The 'H and I3C n.m.r. data gave no 
evidence for mixtures of tautomers and we tentatively con- 
clude that in solution the tautomer is as shown in (2) which 
is in good agreement with what has been observed in similarly 
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substituted simple acyl tetronic acids.5 A radiochemical 
molecular weight determination using [l4CJdiazomethane to 
prepare (2), indicated a molecular weight for (2) of 1 301.4 
and 1 291.7 from duplicate determinations. The e.i.m.s. of (2) 
again showed ion D1 as the highest mass ion (Figure 1). The 
f.d. and c.i. mass spectra also failed to give a molecular ion 
and we therefore turned to 252Cf-plasma desorption mass 
spectrometry (252Cf-p.d.m.s.) in order to establish the mole- 
cular composition of kijanimicin (1). 

The 252Cf-p.d.m.s. positive ion spectrum of 26-0-methyl- 
kijanimicin (2) exhibited a strong peak at m/z 1 354 which we 
assigned to an ion of the type (M + Na)+. No other ions were 
observed above this mass. The negative ion spectrum in the 
same mass region showed an intense ion at m/z 1 317 and an 
additional ion with cu. 0.4 the intensity at m/z I 330. The 
latter ion can be correlated with the positive ion results if it is 
assigned to (M - H)- ,  implying that the m/z 1 315 species is 
a fragment ion. I t  may arise from loss of CH, from the 26-0- 
methyl group. From these results we deduce that the molecular 
weight of (2) is 1 33 1.07 f 0.4 which is in excellent agreement 
with a molecular composition of C6BH102N2024 (A4 I 330.68). 
The molecular formula of kijanimicin (1) was therefore 
established as C67H100N2024 (M 1 317.5). The major fragment 
ions in the positive ion spectrum occur at m/z 258, 532, 549, 
and 566. The m/z 258 peak corresponds in mass to a fragment 
ion containing sugars B and D resulting from cleavage of the 
C(lB)-0 and C(3B)-0 bonds. The fragment ion at m/z 532 
results from cleavage of the C(9)-0 and C(17)-0 bonds and 
arises from the aglycone. A fragment ion at m/z 549 was also 
observed and this may arise from the aglycone either by 
cleavage of the 0-C(lA) bond with a hydrogen transfer and 
the C(17)-0 bond, or by cleavage of the 0-C(lE) bond with 
a hydrogen transfer and the C(9)-0 bond. The fragment at 
m / z  566 is due to the aglycone in which both the 0-C(lA) 
and O-C(lE) bonds have cleaved with hydrogen transfers in 
each case. 

With the molecular composition established it was possible 
to calculate the number of elements of unsaturation in 
kijanimicin (1) as 19. Of these, four may be attributed to the 
tetrasaccharide unit, three may be attributed to the 1,3,3'- 
diketolactone group, four may be attributed to olefinic double 
bonds, one may be attributed to a nitro-group, one may be 
attributed to a methyl carbamoyl group, and one may be 
assigned to the kijanose ring. The remaining five elements of 
unsaturation indicate that the aglycone is comprised of five 
rings. 

The acidic properties of the enolic group in ( I )  were used to 
prepare a number of water soluble salts (sodium, potassium, 
rubidium and N-methylglucamine) of (1). Unfortunately all 
of the salts showed a marked tendency to form gels in aqueous 
organic solvents and consequently none were obtained crystal- 
line. Due to the enolic group present in ( I ) ,  the molecule could 
also be converted into a metal chelate. Thus the copper and 
zinc chelates were prepared, both of which were soluble in 
organic solvents. Although the copper complex was obtained 
as fine crystalline needles from ethyl acetate-hexane, the 
crystals were not acceptable for X-ray analysis. We therefore 
turned to a second approach for obtaining a heavy atom 
derivative and this involved the selective preparation of a 
monoiodobenzoyl derivative of ( I ) .  The recognition that the 
molecule contained a primary allylic alcohol group led us to 
believe that it might be possible selectively to prepare a 4- 
iodobenzoyl derivative of (1). Thus kijanimicin ( I ) ,  under 
controlled conditions using 4-iodobenzoyl chloride in pyridine, 
was converted into the 32-0-(4-iodobenzoyl) derivative (3). 
Although the ''C n.m.r. data for (3) (Table 1) confirmed the 
presence of one iodobenzoyl group on the primary allylic 
alcohol at C-32, all attempts to crystallize (3) failed. Further 

R20@ 

RZO b OR' --I+ 

cb+ 
A7 

Ho $3 
CH3 

+ 

A13 

R20 

'L&==6CH3 

A2 

FH3 

+ 

At3 

HO @ 

A3 

R2 b+ 0 

i 

@-OW, 

A 12 
+ 

CH3--=@ 

Figure 2. Mass spectral fragment ions for L-digitoxose derivatives 
(Table 2) 

chemical studies were therefore undertaken in order to eluci- 
date the structure of (1). 

Methanolysis of kijanimicin (1) using 0.5hi-methanolic 
hydrogen chloride at 25 "C for 16.5 h afforded, after extensive 
chromatography, methyl 2,6-dideoxy-4-O-methyl-a-~-ribo- 
hexopyranoside (4), the 8-anomer (9, methyl 2,6-dideoxy-a- 
L-ribo-hexopyranoside (methyl a-L-digitoxoside) (6), the p- 
anomer (7), methyl 2,6-dideoxy-a-~-ribo-hexofuranoside (1 1 ), 
the P-anomer ( 1  2), and O-P-~-kijanosyl-( 1-+17)-kijanolide 
(14). At the time the structures were elucidated both of the 2- 
deoxysugars were novel compounds not previously described 
in the literature. Subsequently, L-digitoxose was found to occur 
in three polyene antibiotics: as well as in the tetrocarcins 9-12 

and antlermicins 13*14 which are closely related to kijanimicin 
(1). The e.i. mass spectra of methyl 2,6-dideoxy-4-O-methyl-a- 
L-ribo-hexopyranoside (4) and the p-anomer ( 5 )  (Table 2) 
both showed molecular ions at m/r 176 and gave rise to the 
fragment ions AI-A7 (Figure 2) which were consistent with 
the proposed structure. The occurrence of ion A6 at m/z 101 
indicated that the 0-methyl group was located at C-4. The 
'H n.m.r. data for (4) and ( 5 )  (Table 3) confirmed the fact that 
these sugars were 2,6-dideoxyhexopyranosides having the 
ribo-configuration. The 0-methyl group was clearly located 
at C-4 from the observed shielding of 4,,-H in (4) and ( 5 )  
relative to the corresponding digitoxosides (6) and (7). The 
13C n.m.r. data for (4) and ( 5 )  were consistent with the assigned 
structures (Table 4). The observed deshielding of C-4 in (4) 
and (3, relative to (6) and (7) respectively, was consistent 
with the presence of a 4-0-methyl group in (4) and (5 ) .  The 
observed shieldings of C-3 and C-5 in (4) and ( 5 )  relative to (6) 
and (7), due to interactions between the 4-0-methyl group and 
the protons at C-3 and C-5 that are vicinal cis to it, were 
also consistent with a ribo-configuration for these sugars. 
The molecular rotations of (4) and ( 5 )  are given in Table 5 and 
the application of Hudson's Rules of Isorotation gave a 2A 
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Table 2. Mass spectra of the L-digitoxose derivatives [m/z (%)I 

Compd. 
Pyranosides : 

(6) 

(7) 

Furanosides : 
(11) 

A1 
131 
(I  5.0) a*b 

131 

145 
(30.0) '*' 

145 
(5.5) a-c  

249 
(0.3) 

159 
(2.3) 

159 
(1.9) 

As 
131 
(86.7) 'J 
131 
(3 1.6) 'J 
145 

(11.0) a.b 

(9.0) 

A2 
118 
(16.5) a.b 

118 
(37.1) a*b 

132 
(30.2) 
132 
(35.0) ' 1 '  

236 
(12.9) 
146 

(0.8) 
146 

(0.6) ' 

A9 
117 
(91.1) 'J 
117 
(92.4) 'J 
131 
(32.8) 

A3 
113 
(14.3) '*' 

113 
(9.1) 

127 
(94.8) 
127 
(26.8) 
127 
(45.8) 
1 27 
(18.5) 
127 
(15.1)' 

AJO 
113 
(38.0) 
113 
(1 5.0) ' 
113 

(3.8) 

A4 
104 
(72.7) 
104 
(99.5) 
118 
(99.6) 
118 
(92.9) 'J 
222 

132 

132 

(0.8) 

(3.7) 

(3.1) 

All 
104 
(35.1) 
104 
(26.3) 'sf 

118 
(2.4) 

A5 
95 
(4.8) a 
95 
(2.7) a 
95 

(15.3) a 

95 
(4.9) 
95 

(10.4) 
95 
(4.1) 
95 
(3.5) 

A12 
99 

(92.7) ' 
99 

(96.4) a 

99 
(67.8) 

A6 
87 
(9.1) '*' 

87 
(16.3) ' w b  

101 
(11.5)' 
101 

(9.9) ' 
101 

(2.5) ' 
101 

(7.6) 
101 

(6.6) 

A13 

95 
(15.4) ' 
95 
(6.5) ' 
95 
(4.4) 

A7 

69 
(30.5) 
69 

(27.6) 
69 

(25.9) 
69 

(20.8) 
69 

(1 6.2) 
69 
(3.1) 
69 
(2.6) 

Air AN 
85 113 
(67.9) 'J (38.0) 
85 113 

(42.3) 'J (1 5.0) 'J 
99 127 

(67.8) a (2.1) a 

a Composition confirmed by high resolution mass spectrometry. R' = 
R2 = CH3. Ri = H. R1 = CH,. Also showed fragment ions at: m/z 216 (16) (M - CH30H-CH30H) and m/z 105 (98.7) (C,H5CO+). 
' Also showed a fragment ion at : m/z 88 (100) CH30CHXHOCH3". 

R' = RZ = H. R' = H, RZ = CH3. R' = Bz, R' = CH,. 

R'O c&R2 

1 2 3  
(4) R =OCH3,R = R  =HI 

(5) R1= R3= H, RZ=OCH3, 

(6) R' = OCH,, R2= R3= RL= H 

(7) R'= R3= RL= H, R2=OCH3 

(8) R'= H, RZ=OCH3,R3 = Bz, 

(9) R'= OCH3, R2=H,R3=RL=CH3 

(10) R' = HI R2= OCH,, R3= RL = Cl-$ 

RL= CH3 

G 
R = CH, 

RL= CH3 

HO 

(11) R 1 = OCH,,R2=R3= H 

(12) R'= R3=H, RZ=OCH3 

(13) R'= H, R ~ =  OCH, , 
3 

R =CH3 

value of -346", which was in excellent agreement with an L- 
configuration for (4) and ( 5 ) .  

The e.i. mass spectra of methyl 2,6-dideoxy-a-~-riho- 
hexopyranoside (6) and the j3-anomer (7) showed molecular 
ions at ni/z 162 (Table 2) and fragment ions Al-A7 (Figure 2) 
consistent with a hexopyranoside structure in each instance. 
The 'H n.m.r. data for (6) and (7) (Table 3) were in excellent 
agreement with data published earlier for the D-enantiomers l7  

and were consistent with the proposed structures. The "C 
n.m.r. data for (6) and (7) are given in Table 4 and the data are 
in agreement with what would be expected for a ribo-hexo- 
pyranosyl structure. The molecular rotations of (6) and (7) are 
given in Table 5 and the application of Hudson's Rules of 
lsorotation l6 gave a 2A value of -331" which clearly in- 
indicated an L-configuration for (6) and (7). The corresponding 

value for the D-enantiomers l7 is +340". The e.i. mass spectra 
of the furanosides (1 1) and (12) also showed molecular ions 
at m/z 162 (Table 2) and gave fragment ions corresponding to 
A8-Al5 (Figure 2), the ion AY being diagnostic for a furano- 
side structure. The 'H n.m.r. data (Table 3) also revealed 
characteristic lowfield signals for the anomeric protons and 
were consistent with furanoside structures. The data were 
also in good agreement with those published earlier for the D- 
furano~ides.~~ The "C n.m.r. data were also characteristic of a 
uibo-hexofuranoside structure (Table 4). The molecular 
rotations of (1 1) and (12) are given in Table 5 and the applic- 
ation of Hudson's Rules of Isorotation J6 gave a 2A value of 
- 379" consistent with an L-configuration. In contrast, the 
D-furanosides gave a value of +399".'7 No other sugars were 
isolated indicating that kijanimicin (1) contained a tetrasac- 
charide unit comprised of one 2,6-dideoxy-4-O-methyl-~- 
ribo-hexopyranosyl unit and three 2,6-dideoxy-~-ribo-hexo- 
pyranosyl units. The only other product isolated from the 
methanolysis of (1) was O-P-D-kijanosyl-( 1-+17)-kijanolide 
(14). The latter was laevorotatory and gave rise to a U.V. 
spectrum similar to that of (1). The i.r. spectrum of (14) 
showed that the molecule had retained the nitro, methyl- 
carbamate, ketone, and lactone groups. The 'H n.m.r. spectrum 
of (14) at 220 MHz confirmed the presence of the methyl- 
carbamate group at 8" 3.69 and exhibited a doublet of doub- 
lets at 8" 4.43 (J1zx,2:x 10 Hz, JI~x,z~a 2.5 Hz) due to lZ-H, 
clearly indicating that the sugar was an equatorially linked 2- 
deoxysugar. The J3C n.m.r. data for (14) (Table 1) revealed 
that no rearrangements had occurred in the aglycone during 
the methanolysis. The A& values in going from (14) to (1)  
revealed deshielding at C-9 (+ 8.4) and shielding at C-8 (-0.8) 
due to the introduction of a tetrasaccharide unit at C-9. Some 
deshielding was also observed at C-29, and C-24 was shielded 
in going from (14) to ( I ) .  The e.i. mass spectrum of (14) again 
showed no molecular ion, the highest fragment ion being 
observed at m / z  552 due to ion D, (Figure 1). 

Methyl 2,6-dideoxy-4-0-methyl-~-~-riho-hexopyranoside 
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$ X H ,  CH20R3 

(5) on treatment with benzoyl chloride in pyridine afforded the 
3-0-benzoate (8). The data for (8) (Tables 2-4, Figure 2) 
clearly supported the presence of a benzoyl group at C-3, thus 
giving additional support to the assigned structures (4) and 
(5). Methyl 2,6-dideoxy-a-~-ribo-hexopyranoside (6) and the 
P-anomer (7) on methylation with sodium hydride and methyl 
iodide gave the corresponding 3,4-di-O-methyl derivatives 
(9) and (10). Data for the latter are given in Tables 2 - 4  and 
Figure 2. 

O-P-D-Kijanosyl-( 1+17)-kijanolide (14) on treatment with 
diazomethane gave the 26-0-methyl ether (15). The e.i. mass 
spectrum of (15) showed a molecular ion at m/z 796 and 
several fragment ions (see Experimental section and Figure 1). 
The 252Cf-p.d.m.s. of (I  5) revealed positive molecular ions at 
rn/z 798 and 820 which were attributed to the (M + H)+ and 
(A4 + Na)+ ions respectively. The negative ion spectrum 
showed peaks at m/z 782 and 797. The latter ion was assigned 
to (M - H)- and the former to loss of CH, from the 26-0- 
methyl group as was observed earlier for (2). From these 
results it was deduced that the molecular weight of (15) was 
796.8 rk 0.2, which was consistent with a molecular formula 
C43H60N2012 (M 797.0). The difference between the mole- 
cular formulae of (2) and (15) was in excellent agreement 
with the proposed tetrasaccharide composition mentioned 
earlier. Positive fragment ions were observed for (15) at m/z 
532, 549, and 566 corresponding to similar cleavages to those 
discussed above for (2). The nt/z 258 peak was not observed 
for (15) since the molecule does not contain the tetrasac- 
charide unit. 

The 'H n.m.r. spectrum of (15) was recorded at 600 MHz 
(see Experimental section) and a doublet of doublets at tiH 4.46 
( J l f i , 2 ~ x  10.0 Hz, J , , E ~ , ~ , E ,  2.0 Hz) due to the 1 :x-H indicated that 
the kijanose was equatorially linked to the aglycone. These data 
allowed us to assign umambiguously 1 Ex-H in (2). The 13C n.m.r. 
data for (1 5 )  are given in Table 1 and the A& values in going 
from (14) to (15) were consistent with those observed in going 
from (1) to (2). The A& values observed in going from (15) to 
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Table 5. Molecular rotation data 

Methyl a-L-digitoxoside (6) 
Methyl P-L-digitoxoside (7) 
Methyl a-D-digitoxoside 
Methyl P-D-digitoxoside 
Methyl a-L-digitoxoside (furanoside) (1 1) 
Methyl P-L-digitoxoside (furanoside) (1 2) 
Methyl a-D-digitoxoside (furanoside) l7 
Methyl P-D-digitoxoside (furanoside) l7 
Methyl 4-0-methyl-a-L-digi toxoside (4) 
Methyl 4-0-met hyl-&~-digi toxoside (5) 
Methyl 3,4-di-O-met hyl-a-L-digitoxoside (9) 
Meth3 1 3,4-di-O-methyl-~-~-digitoxoside (10) 
Methyl 3-0-methyI-a-~-digitoxoside 
Methyl a-D-kijanoside (23) 
Methyl P-D-kijanoside (24) 
Methyl 3-amino-2,3,4,6-tetradeoxy-4- 
[(methoxycarbonyl)amino]-3-C-met hyl-a- 
D-xylo-hexopyranoside (25) 

Methyl 3-amino-2,3,4,6-tetradeoxy-4- 
[(met hoxycarbonyl)amino]-3-C-methyl-P- 
D-xylo-hexopyranoside (27) 

Methyl a-L-mycaroside (30) " 
Methyl P-L-mycaroside (31) " 
Kijanimicin (1) 
3B-0-Dedigitoxosylkijanimicin (53) 
O-P-~-Kijanosyl-(l+17)-kijanolide (14) 
32-0-Methylkijanolide (48) 

- 170.7 
+ 33.2 + 174.0 
- 36.0 
- 135.8 
+98.4 + 140.0 
- 106.0 
-209.2 
- 12.4 

-211.0 
-26.6 

f212.0 + 130.0 
+34.1 + 121.4 

-4.9 = 

- 138.1 ' 
- 124.2 ' 
- 129.5 
- 37.6 ' 
-11.6 

+20.8 ' 

- 277 + 54 + 282 
- 58 
- 220 + 159 + 227 
- 172 
- 368 
- 22 
- 401 
- 51 

+ 373 
+ 341 + 89 + 282 

- 11 

- 243 + 37 
-1 636 
-1 537 
- 294 
- 66 

[MID, - [MIDB = 
2A Absolute 
("1 stereochemistry 

- 331 L 

+ 340 D 

- 379 L 

+ 399 D 

- 346 L 

- 350 L 

+ 252 D 

+ 293 

- 280 

D 

L 

a Unless otherwise stated all sugars are hexopyranosides. Run at c 0.3 in CHC13. ' Run at c 0.3 in CH30H. Run at c 1.0 in CHCI,. 
Run at c 1.2 in CH30H. Run at c 0.3 in EtOH. H. R. Bolliger and P. Ulrich, Helv. Chjm. Acfa, 1952, 35, 93. 

(2) were also consistent with the presence of a tetrasaccharide 
unit at C-9. 

Treatment of O-~-D-kijanosyl-(1-+17)-kijanolide (14) with 
acetic anhydride in pyridine at 25 "C afforded the 9,32-di-0- 
acetyl derivative (16). The e.i. mass spectrum of the latter 
showed a molecular ion at m/z 867 (see Experimental section) 
(Figure 1) supporting the presence of two acetyl groups. A 
six proton singlet at tiH 2.15 in the 'H n.m.r. spectrum was 
also observed due to the acetyl groups. The 13C n.m.r. 
spectrum of (16) (Table 1) confirmed the presence of two 
acetyl groups in the molecule and from the A& values observed 
in going from (14) to  (16) it was apparent that these were 
located on the hydroxy groups at C-9 and C-32. Some long- 
range effects were also observed in neighbouring double bonds 
(C-ll,C-12 and C-18,C-19) upon acetylation of (14). The 
methyl ether (15) on treatment with acetic anhydride in 
pyridine gave the 9,32-di-O-acetyl-26-0-methyl ether (1 7). 
The latter gave rise to a molecular ion at ni/z 880 in the e.i. 
mass spectrum (see Experimental section and Figure 1) and 
exhibited a singlet at SH 4.17 in the 'H n.m.r. spectrum (see 
Experimental section) due to the 26-0-methyl group and a 
six proton singlet a t  6 ,  2.15 due to the two acetyl groups. 
The I3C n.m.r. for (17) was consistent with the structure 
(Table 1) and the ASc values observed in going from (16) to 
(17) paralleled those observed in going from ( I )  to (2) and 
from (14) to (15). The A& values in going from (15) to (17) 
were also in good agreement with those observed in going 
from (14) to (1 6). 

Although crystals of the methyl ether ( I  5 )  were obtained 
from methanol-chloroform they were not acceptable for X-ray 
analysis. We therefore prepared a series of four heavy-atom 
derivatives as follows. O-P-~-Kijanosyl-( 1 +I 7)-kijanolide 
(14) on treatment with 4-iodobenzoyl chloride in pyridine 

under controlled conditions gave either the 32-0-(4-iodo- 
benzoyl) derivatives (1 8), or the 9,32-di-0-(4-iodobenzoyl) 
derivative (20). Each on treatment with diazomethane gave 
the corresponding 26-0-methyl ether derivative (1 9) and (21) 
respectively. The chemical data for the derivatives (1 8)-(21) 
were consistent with the proposed structures. The 13C n.m.r. 
data (Table 1) and the A& values confirmed the presence and 
location of the 4-iodobenzoyl groups in (18)-(21). The 
iodobenzoate (1  8) crystallized as fine needles from aqueous 
acetone, or  from methanol, but the crystals were not accept- 
able for X-ray analysis. The di-iodobenzoate (20) crystallized 
from tetrahydrofuran-hexane as fine needles, which were 
also unsatisfactory for X-ray studies. The methyl ethers (19) 
and (21) could be obtained only as amorphous solids. Further 
degradations were therefore required to elucidate the structure 
of kijanimicin (I) .  

Vigorous methanolysis of O-p-D-kijanosyl-( 1-+17)- 
kijanolide (14) with S~-methanolic hydrogen chloride at 65 "C 
for 3 h afforded methyl a-D-kijanoside (23) and the J3-anomer 
(24), but caused extensive decomposition of the aglycone. The 
a-anomer (23) failed to give a molecular ion in the e.i. mass 
spectrum, while the p-anomer showed only a very weak 
M - H +  ion at m/z 261 (Table 6). The e.i. mass spectra did 
however reveal a number of fragment ions (Table 6) which 
were diagnostic for the assigned structures (23) and (24) 
(Figure 3). The c.i. mass spectra of (23) and (24) each gave an 
MH + ion at ni/z 263 (Table 6, footnotes i and j )  thus confirm- 
ing the composition of methyl D-kijanoside as C10H18NZ06. A 
satisfactory microanalysis (C, H, N, 0) was obtained for the 
crystalline 0-anomer (24), but not for the gummy a-anomer 
(23). The U.V. spectra of (23) and (24) exhibited a single maxi- 
mum at h,,:,,. 199 nm consistent with the presence of a methyl- 
carbamoyl group in the molecule. The i.r. spectra of (23) and 
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Table 6. Mass spectra of the D-kijanose derivatives [m/z (%)I 

M+' 

232 (0.7) 
232 (2.5) a 

274 (0.1) 
274 (0.1) 
276 (0.6) 
276 (1.2) 

Ba 
184 (23.7) 
184 (2.2) a*b 

184 (5.6) 
184 (2.3) 
184 (10.8) 
184 (9.0) 
198 (8.9) 
198 (25.1) 
184 (98.7) 
184 (7.6) 
184 (41.5) ' 

I313 

124 (8.5) a 

124 (4.5) 

124 (12.3) 
124 (4.3) 
124 (4.0) 

B20 

(23) 
(24) 
(25) 86 (30.3) 
(27) 86 (35.8) 
(26) 128 (11.3) 
(28) 128 (13.5)d 
(29) 
(29) ' 
(56) 
(57) 
(58) 

( M +  H)+ 

233 (0.5) 
233 (1.2) 
275 (0.1) 
275 (0.3) 

277 (0.2) 
351 (0.01) 

I37 

184 (23.7) 
184 (2.2) 
184 (5.6) 
184 (2.3) 
184 (10.8) 
184 (9.0) 

184 (98.7) 
184 (7.6) 
184 (41.5) ' 

B l 4  

96 (37.6) 
96 (20.6) a 

96 (26.0) 
96 (16.0) 
96 (8.1) 

B21 

I18 (77.9) 
118 (100) 
160 (34.9) 
I60 (20.0) 

(M - H)+ 

261 (0.1) 

273 (0.1) 
275 (0.6) 

349 (0.01) 

B* 
172 (34.8) 
172 ( l l . l )a*b 

186 (100) 
I86 (100) 

B I S  

184 (23.7) 
184 (2.2) 
184 (5.6) 
184 (2.3) 
184 (10.8) 
184 (9.0) 
198 (8.9) 
198 (25.1) 
184 (98.7) 
184 (7.6) 
I84 (41.5) ' 

Bzz 

loo (loo) 
100 (99.7) 
142 (38.3) 
142 (23.9) 

B1 
231 (1.6) 

201 (1.5) 
201 ( l . l )c  
243 (1.6) 
243 (0.6) 
245 (22.8) 
245 (4.13) 
231 (14.9)' 
231 ( 0 . 7 ) O  
231 (5.9)" 

B4l 
156 (27.9) a*b 

156 (1 5.2) ' 9 '  

B2 B 3  B. Bs 
218 (0.7) 218 (0.7) 216 (0.5) 204 (0.5) 
218 (0.1) * 218 (0.1) 216 (0.1) 

230 (3.2) 
230 (3.4) 

216 (3.7) 

BlO Biz Bl2 

152 (5.1) a m b  140 (71.0) 128 (86.8) a*h 

152 (2.2) a*b 140 (36.7) a*b 128 (100) 

170 (25.4) 142 (98.4) 
170 (22.2) 142 (99.6) 

156 (10.6) 152 (4.2) 128 (100) 
156 (7.1) 152 (5.4) 128 (33.5) 

156 (32.5) 152 (16.7) 128 (l00)f 

B 1 6  B17 Bia B19 

169 (2.1)' 157 (9.4) 140 (1.8) 130 (2.8) 
169 (4.5) 157 (5.8) 140 (2.0) 130 (7.1) 
21 1 (0.9) 199 (4.9) 140 (9.3) 172 (4.4) 
211 (0.5) 199 (15.4) 140 (30.8) 172 (23.6) 

154 (90.3) 
154 (81.5) 
140 (79.0) 
140 (47.7) 
140 (16.5) ' 

BZJ 8 2 4  B25 BZ6 

131 (2.2) 130 (2.8) 86 (30.3) 
131 (3.3) 130 (7.1) 86 (35.8) 

130 (8.5) 86 (20.2) 1 I5 (100) 
130 (41.6) 86 (21.9) 115 (100) 

a Composition confirmed by high resolution mass spectrometry. R' = CH3, R' = NOz, R3 = H. R' = CH3, Rz = NH2, R3 = H .  

H. R1 = -CHICHICHIOH, R2 = NO2, R3 = H. ' R' = -CH=CHz, RZ = NOz, R3 = H. The c.i.m.s. showed the following 
fragment ions: 263 (2.4), 231 (21.1), 216 (8.4), 184 (loo), 172 (5.9), 156 (9.3), 140 ( l l . l ) ,  128 (3.0). ' The c.i.rn.s. showed the following frag- 
ment ions: 263 (0.5), 231 (23.8), 216 (1.9), 184 (loo), 172 (12.0), 156 (5.2), 140 (10.6), 128 (1.2). Less polar product. ' More polar product. 

' R' = CH3, RZ = NHCOCH3, R3 = H. R' = CH3, Rz = NOz, R3 = CH3. ' R' = CHjCHOH-CH-CH2CH,OH, RL = N02, R3 = 

(24) revealed the presence of NH, nitro, and carbamoyl 
groups in kijanose. The 'H n.m.r. data for (23) and (24) are 
given in Table 7. The a-anomer (23) revealed the anomeric 
proton as a doublet of doublets at 6 ,  4.59 (Jleq,Zeq 1 Hz, 
Jleq,fax 4 Hz) and a methyl group at C-6 as a doublet at 6 ,  1.19 
(J5ax,L 6 Hz) indicating that kijanose was a 2,6-dideoxy 
sugar. The absence of any additional coupling between Hzax 
or Hzcq, other than geminal coupling, or coupling with Hleq, 
as well as the presence of a tertiary methyl group at 6H 1.52, 
suggested that kijanose had a quaternary carbon at C-3 
bearing a methyl group. The occurrence of 5,,-H as a doublet 
of quartets at & 4.22 (Jsax,a 6 Hz, JSrx.4eq 1 Hz) indicated that 

the substituent at C-4 was axially oriented. A doublet of 
doublets for 4eq-H at 6~ 4.40 (J4cq.5ax 1 Hz, J d e q , ~ ~  10 Hz), and 
the presence of a doublet at 8, 5.00 (J4eq,NH 10 Hz) and 
a singlet at 6" 3.70 indicated that kijanose contained an axial 
methylcarbamoyl group at  C-4. The nitro-group therefore 
was located on the quaternary carbon at C-3. The P-anomer 
(24) in addition to showing the expected larger couplings 
between lax-H and 2eq-H and 2ax-H, also showed long range 
W-coupling (JZeq,4eq I Hz) between 2eq-H and 4eq-H lending 
additional support to the presence of an axial substituent at 
C-4. The 'H n.m.r. data did not reveal the relative stereo- 
chemistry at C-3 and has indeed in the past led to misassign- 
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B6 67 

C"3 

'8 

CH3 

'9 

CH3 

' 10 

'1 1 %2 '1 3 '1 L '15 

'16 '17 Bl 0 6l 9 Bzo B21 

CH30CONH 4"' '+ 
B22 '23 B2L  ' 2 5  '26 

Figure 3. Mass spectral fragment ions for D-kijanose derivatives (Table 6) 

CH-OCONR~ 

* CH3 WR2 
1 2 L  (23) R = OCH, ,R = R = H, R3= NO, 

( 2 4 )  R' =RL=H, R2=OCH3, R3= NO2 

(25) R' =OCH3,R2= RL=H, R3= NH, 

(26) R1=OCH3,R2=RL=H,R3= NHAc 

(27) R'= RL= H, R2= OCH,, R3= NH2 

(291 R =OCH3,R2=H,R3=N%,RL=CH3 

(28) R = R = H , R  1 4  2 =OCH3,R3=NHAc 

1 

ment of the stereochemistry of the tertiary carbon in L- 
e ~ e r n i t r o s e . ~ ~ * ~ ~  The I3C n.m.r. data for (23) and (24) are given 
in Table 8. The chemical shifts were consistent with the 

location of the various substituents as described above. From 
the shielding at C-4 it was apparent that the carbon was 
directly bound to the NH of the methylcarbamoyl group. The 
strong deshielding of C-3 was also indicative of the presence 
of a nitro-group on a quaternary carbon at C-3. From the 
chemical shifts of the 3-methyl group at 6c 26.4 in (23) and at 
Sc 25.4 in (24) it is now possible to conclude that the 3-methyl 
group is equatorially oriented 2o and that the nitro-group is 
therefore axial. However, at the time the structures of (23) and 
(24) were elucidated, the results of this I3C n.m.r. study *O were 
not available to us and we therefore used an alternative, un- 
ainbigous proof, to deduce the relative stereochemistry at C-3, 
which was not dependent on having both epimers at C-3. 
This was done as follows. 

A mixture of methyl a-L-mycaroside (30) and the P-anomer 
(31) zL o n  treatment with toluene-p-sulphonyl chloride in 
pyridine at ambient temperature, afforded methyl 4-0-(p- 
to1ylsulphonyl)-a-L-mycaroside (32) and the P-anomer (33) 
which were separated by chromatography. The a-anomer (32) 
and P-anomer (33) were each treated with sodium azide in 
hexamethylphosphoric triamide at 115 "C for 66 h to give 
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Table 9, Mass spectra of the L-mycarose derivatives [m/z (%)I 

Compd. M+' ( M +  H)+ ( M  - H)+ c1 Ct c3 
(32) 331 (0.1) 329 (0.1) 299 (2.1) ' 298 (5.8) ' 
(33) 329 (0.5) 299 (0.8) 298 (0.3) ' 
(34) 170 (0.8) ' i d  169 (0.2) 
(36) 201 (0.1) 200 (0.3) 170 (0.1) 
(35) 175 (0.5) 176 (0.1) 174 (0.1) 144 (1.8) 143 (1.6) 157 (0.9) 
(37) 176 (0.2) 174 (0.3j 144 (1.8) 143 (1.2) 157 (0.4) 
(38) 233 (0.2) 232 (0.2) 202 (0.2) 201 (0.4)1 

Compd. C4 CS c6 c7 CS C9 
(32) 281 (5.3) ' 140 (6.3) 109 (16.6) 
(33) 281 (2.3) ' 140 (21.8) 109 (9.6) 
(34) 158 (0.1) 140 (0.2) 109 (0.3) "sd 

(36) 140 (0.1) 109 (0.5) * 
158 (0.5) 126 (3.5) ' v e  109 (4.5) a*e  (35) 

(37) 158 (0.2) 126 (2.7) 
(38) 158 (0.2) 184 (2.2) 'J 

109 (0.4) 
109 (1 .O) 'J 170 (0.7) 157 (1.1) 

ClO c11 C12 
102 (3.2) 
102 (3.5) 
102 (5.2) ' 
102 (303) 

117 (1.2) 102 (1.6) 
117 (1.8) 102 (1.1) 
175 (0.4) 'J 99 (12.2) 102 (3.2) 

c13 

101 (37.8) 
101 (30.1) 
101 (22.5)" 
101 (15.4) 
101 (4.4) ' 
101 (3.5) 
101 (3.5) ' 

c14 

85 (15.8) 
85 (14.0) 
85 (4.3) 
85 (5.8) 
85 (10.7) 
85 (16.5) 
85 (3.8) ' 

CIS 
228 (8.0)' 
228 (94.5) 
99 (2.5) a*d 

99 (5.5) 
73 (30.9) 
73 (loo) 

131 (loo)"*' 
' Composition confirmed by high resolution mass spectrometry. R = 4-CH3C6HrS0~0. Also contained fragment ions at: m/z  155 (100) 
CH3CaH4S02+ and rn/z 91 (86.2) CH3C6H4+ for (32) and rn/z 91 (91.0) CH3C6H4+ for (33). R = N3. R = NH,. R = NHCOOCH,. 

the corresponding azido-derivatives (34) and (36) respectively. 
The latter were each subjected to catalytic hydrogenation 
over 10% palladium on carbon to give the 4-amino 
sugars (35) and (37) respectively. The p-anomer (37) on 
treatment with methyl chloroformate in the presence of 
sodium carbonate afforded methyl 2,4,6-trideoxy-4-(methoxy- 
carbonylamino)-3-C-methyl-Q-~-xylo-hexopyranoside (38). 
The e.i. mass spectral data for (32)-(38) are given in 
Table 9 and the fragment ions are given in Figure 4. The 
IH n.m.r. data for (32)-(38) are given in Table 10 and the 

n.m.r. data are given in Table 11. Comparison of the 
'H n.m.r. data for the model compound (38) with that of 
methyl Q-D-kijanoside (24) (Table 12) revealed marked de- 
shielding of the vicinal cis protons 2eq-H and 4eq-H in going 
from the 3-axial hydroxy compound (38) to the 3-axial nitro 
compound (24), while little effect was observed on the vicinal 
trans proton 2ax-H. This was in excellent agreement with the 
results obtained in going from methyl 4-O-propionyl-P-~- 
mycaroside (39) 21 to methyl 3-O-acetyl-4-O-propionyl-Q-~- 
mycaroside (40) 21 (Table 12) and are what one would have 
predicted a priori. Comparison of the 13C n.m.r. data for (38) 
with that of methyl P-D-kijanoside (24) (Table 13) revealed 
pronounced shielding of C-2 and C-4, both of which bear 
vicinal cis protons to the axial nitro g r o ~ p . ' ~  These data were 
in excellent agreement with the observed shielding at C-2, 
which bears a vicinal cis proton, and the complete absence of 
any shielding at C-4, which does not bear a vicinal cis proton 
to the 3-0-acetyl group, in going from methyl 4-0-acetyl-Q-~- 
mycaroside (4 1 ) to methyl 3-O-acetyl-4-O-propionyl-~-~- 
mycaroside (40) (Table 13). The above results unambigu- 
ously establish the fact that kijanose has the xylo-configur- 
ation. 

I t  remained therefore to establish the absolute stereo- 
chemistry of kijanose and this was done as follows: The 
molecular rotations of methyl U-D-kijanoside (23) and the 
p-anomer (24) are given in Table 5 and the application of 
Hudson's Rules of Isorotation l6 to these gave a 2A value of 

y 3  yo2 

( 4 3 )  R'= H 

(44) R'  = A c  

(42 1 

CH-0 

NO2 

( 4 5 )  

+252" which was in excellent agreement with what would be 
expected for a D-sugar. By way of comparison methyl a-L- 
mycaroside (30) 21 and the Q-anomer (31) (Table 5 )  give a 
2A value of -280". It therefore follows that the structure of 
D- k ij anose is 2,3,4,6- tetradeoxy-4-methoxycarbonylamino-3- 
C-methyl-3-nitro-~-xy~o-hexopyranose. D-Kijanose therefore 
represents the third nitro sugar to have been isolated from an 
antibiotic, the others being L-evernitrose [methyl Q-L- 
evernitroside (42)J and L-rubranitrose (43) 22 the latter being 
isolated from the antibiotic r ~ b r a d i r i n . ~ ~  Rubranitrose which 
has the same relative stereochemistry as D-kijanose was claimed 
to have the L-configuration by comparison of the c.d. spectra 
of the p-1-acetate (44) with that of methyl P-L-evernitroside 
(42).22 The 1-0-acetyl-P-rubranitrose (44) was found to have 
a positive extremum at + 2 500, whereas methyl Q-L- 
evernitroside (42) exhibited a negative extremum at [8Jras - 
1 200. It  was therefore concluded 22 that the absolute stereo- 
chemistry at C-3 was opposite in these two sugars. Since the 
relative stereochemistry of rubranitrose was known from a 
single crystal X-ray analysis 2z it was concluded that the 
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Table 11. "C N.m.r. data for L-mycarose derivatives [Sc(CDC13)] 

Carbon 
c-1 
c-2  
c -3  
c -4  
c-5 
C-6 
1 -OCH3 
3-CH3 
CNHCOOCH3 
CNHCOOCH, 

(34) 
99.0 
35.9 
70.8 
69.4 
62.5 
17.7 
55.2 
27.0 

(36) A&(36) + (34) (35) 
99.9 - 0.9 99.2 
39.5 - 3.6 35.4 
72.9 -2.1 74.1 
68.7 + 0.7 58.3 
68.8 - 6.3 62.5 
17.7 17.3 
56.3 - 1.1 55.0 
28.6 - 1.6 26.8 

(37) A&(37) + (35) 
100.5 - 1.3 
39.0 - 3.6 
73.3 +0.8 
58.4 -0.1 
68.8 - 6.3 
17.2 +0.1 
56.4 - 1.4 
28.5 - 1.7 

(38) 
100.5 
39.7 
72.6 
57.6 
68.1 
17.0 
55.5 
27.5 

157.7 
52.4 

Table 12. A 6 H  Values for Hcls and H,,,,, at C-2 and C-4 in 3-axially substituted sugars 

3-OH + 
f 7 

Stereo- Ah6"(38) --t 
H 6~(38)  21 ijH(24) chemistry a (24) 

2eq-H 
2ax-H 
4eq-H 

1.76 2.69 cis + 0.93 
1.38 1.54 trans +0.16 
3.45 4.44 cis + 0.99 

3-OH + 3-OAc 
t A 

7 

Stereo- A6,(39) + 
H 6H(39) " SH(40) chemistry a (40) 

2eq-H 
2ax-H 
kx-H 

2.05 3.02 cis + 0.97 
1.59 1.56 trans - 0.03 
4.64 4.60 trans - 0.04 

a Stereochemistry of the protons at C-2 and C-4 relative to the hetero substituent at C-3. 
~ ~~~ ~ 

Table 13. Values for C-2 and C-4 in 3-axially substituted sugars 

3-OH + 3-NO2 3-OH 3-OAc 
r ~~~~ 

Stereochem. A6,(38) --). Stereochem. ASc(41) + 
Carbon &(38) &(24) of proton (24) Carbon &(41) Is Is of proton (40) 

c - 2  39.7 35.8 2eq-H cis - 3.9 c-2 43.3 39.4 2eq-H cis - 3.9 
c - 4  57.6 53.9 4eq-H cis - 3.7 C-4 77.8 77.4 4ax-H trans - 0.4 

absolute stereochemistry of rubranitrose was therefore L. 
However, the published rotations of rubranitrose (43) ([a]D26 
127" + f86" (c  1, ethanol)} 22 and the P-1-acetate (44) 
{[a]D26 f36" (c 0.4, ethanol)} 22 did not agree with an L- 
configuration but were clearly in agreement with a D-con- 
figuration. Comparison of the c.d. data for methyl fl-D- 
kijanoside (24), which shows a positive extremum at [ e l 2 8 2  

+2 308, with that of (44), clearly indicates that both com- 
pounds have the same absolute stereochemistry. We therefore 
propose that rubranitrose is in fact a D-sugar and that the 
correct structure is (45). This is the second example where a 
c.d. proof of the absolute stereochemistry of a sugar has failed 
to give the correct result 15*21 and great care should be exer- 
cised unless adequate model studies are carried out to first 
validate the method. The c.d. spectrum of methyl P-D-kijano- 
side (24) also showed a negative extremum at [€I],,, - 962. The 
a-anomer (23) exhibited a negative extremum at [B]234 -326 
and a positive extremum at [ e l 2 8 0  +340. 

Methyl a-D-kijanoside (23) and the P-anomer (24) on 
hydrogenation in the presence of Raney nickel afforded the 
corresponding 3-amino sugars (25) and (27) respectively. 
Acetylation of each using acetic anhydride in methanol, 
afforded the corresponding 3-N-acetyl derivatives (26) and 
(28). The physical data for (25)-(28) are given in Tables 
6-8 and the mass spectral fragment ions are described in 
Figure 3. The application of Hudson's Rules of Isorotation 
to the molecular rotations (Table 5) gave a 2A value of 
+293". This was in agreement with a D-configuration and 
serves to rule out  the possibility of any anomalous rotational 
effects arising from the 3-nitro substituents when Hudson's 
Rule is used. 

Methylation of methyl a-D-kijanoside (23) with sodium 
hydride and methyl iodide afforded two products. Both gave 

molecular ions at rnlz 276 (Table 6) (Figure 3) in the e.i. mass 
spectra, consistent with a monomethylated derivative. Both 
were a-glycosides from the specific rotations and 'H n.m.r. 
data (Table 7). Both also existed as complex mixtures of 
rotamers at  ambient temperature. The 13C n.m.r. data are 
given in Table 8. It is uncertain which product corresponds to 
the expected structure (29). 

In view of the extensive degradation of the aglycone that 
occurred during the methanolysis to give the methyl kijano- 
sides, milder hydrolytic conditions were therefore tried. Thus 
O-P-~-kijanosyl-( 1+17)-kijanolide (14) on treatment with 
5~-hydrogen chloride in methanol at 25 "C for 16 h afforded 
traces of kijanolide (46) (see Table 1 for the I3C n.m.r. data) 
which was only partially characterized due to the low yield. 
The major aglycone derivative isolated from the above 
reaction was shown to be 32-chloro-32-deoxykijanolide (47). 
The 'H n.m.r. spectrum of (47) (see Experimental section) 
showed two doublets at 4.13 and 4.27 with J32.32'  1 1.7 Hz, 
due to the allylic chloromethylene group. The 13C n.m.r. data 
were also consistent with the eventual structure (Table l), 
although, due to the limited solubility in deuteriochloroform, 
deuteriomethanol had to be used, which obscured the signal 
due to C-32. Numerous minor degradation products were 
also formed during the methanolysis and were not isolated. 
Methyl a-D-kijanoside (23) and the p-anomer (24) were again 
isolated from this reaction. I t  was obvious that an alternative 
method was needed to generate reasonable quantities of the 
aglycone for further structural studies. 

Hence, kijanimicin (1) was exhaustively permethylated 
using sodium hydride and methyl iodide in dry dimethyl- 
formamide to give a per-N,O-methylated derivative. The 
latter was subjected to methanolysis using O.S~-hydrogen 
chloride in methanol at 25 "C for 20 h to give methyl 2,6-di- 
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deoxy-3,4-di-0-methyl-a-~-ribo-hexopyranoside (9), the P- 
anomer (lo), methyl 2,6-dideoxy-4-0-methyl-a-~-ribo-hexo- 
pyranoside (4), the P-anomer (9, methyl 2,6-dideoxy-a-~- 
riha-hexopyranoside (6), the 6-anomer (7), methyl 2,6- 
dideoxy-a-L-riho-hexofuranoside (1 1) and the P-anomer (1 2). 
The chemical data for the above sugars were in agreement with 
the data presented earlier in the text. Two fragments con- 
taining the aglycone were also isolated from this hydrolysis. 
These were O-(4E-N-met hyl-P-~-kijanosyl)-( 1 --+ 17)-32-0- 
methylkijanolide (22), which existed as a mixture of rotamers 
at ambient temperature, and 32-0-methylkijanolide (48), the 
latter being the minor product. In order to improve the yield 
of (48) the reaction was repeated using 8.5hl-hydrogen 
chloride in methanol at 25 "C for 43 h and this afforded size- 
able quantities of pure (48) which was obtained as an amor- 
phous solid. The e.i. mass spectrum of (48) showed a molecular 
ion at riilz 566 and a high resolution mass measurement was 
in agreement with a composition of CJ4Hd607. The mass 
spectral fragment ions (see Experimental section) are given in 
Figure 1. The i.r. spectrum of (48) revealed the presence of 
hydroxy, lactone, carbonyl and ether functions in the 
aglycone. The U.V. spectrum of (48) showed maxima at 245 
and 262 n m  due to the 1,3,3'-diketolactone system. Prior to 
carrying out extensive 'H n.m.r. and ''C n.m.r. studies on 
(48), four derivatives were first prepared. 

32-0-Met hylkijanolide (48) on treatment with diazomethane 
afforded 26,32-di-O-methylkijanolide (49). Methylation of 
(48) using sodium hydride and methyl iodide on the other 
hand gave 9,17,32-tri-O-methylkijanolide (50). Acetylation of 
(48) with acetic anhydride in pyridine at 25 "C gave 9,17-di-0- 
acetyl-32-0-methylkijanolide (5 1 ). Acetylation of 26,32-di-0- 
methylkijanolide (49) with acetic anhydride in pyridine gave 
9,17-di-O-acety1-26,32-di-O-methylkijanolide (52). The e.i. 
mass spectral fragment ions (see Experimental section) for 
(48)-(52) are given in Figure 1. The 13C n.m.r. data for (48)- 
(52) are given in Table 1 and it  is evident from the data for 
(48), that no rearrangements had occurred within the aglycone 
during the course of the methanolysis. The deshielding 
( - t -  10.3) observed at C-32 in (48) relative to kijanimicin (1)  
clearly showed that the hydroxy group that was free in the 

H $i 

H' 

HO 

H + CH20H 

Figure 5. Partial structure of kijanolide 

kijanimicin aglycone and which had undergone methylation, 
was the primary allylic hydroxy group at C-32. The A& values 
observed in going from (48) to kijanimicin ( I )  show deshield- 
ing at C-9 (+8.4) and shielding at C-8 (-0.7) due to the 
presence of the tetrasaccharide unit in (1). Deshielding was 
also observed at C-17 (+5.5), while C-16 (- l.O), C-18 (-4.2) 
and C-19 (-2.4) were all shielded in (1) due to the attachment 
of the D-kijanose unit at C-17. The A& values in going from 
(48) to (14) showed similar values for C(16)--C(19) to those 
just discussed, indicating that the kijanose unit was glycosidic- 
ally linked at C-17. The A& values observed in going from 
(48) to the 26-0-methyl ether (49) were consistent with what 
had previously been found with (2) and (15). The values 
observed in going from (48) to (50) indicated that the three 
methyl ether groups were at C-9, C-17, and C-32, and that no 
methylation of the acidic enol group at C-26 had occurred. 
In (50), C-9 was deshielded (+ 8.9), while C-8 (-0.9) and C-I0 
(-4.6) both experienced shielding due to the 9-0-methyl 
group. Deshielding was also observed at C-17 (+9.2), while 
both C-16 (-2.4) and C-18 (-4.0) were shielded in (50) 
relative to (48). The 13C n.m.r. data for the diacetates (51) and 
(52) were consistent with the presence of two acetyl groups in 
each molecule and from the A& values observed in going 
from (48) to (51), and from (49) to (52), they were located at 
C-9 and C-17. 

The 'H n.m.r. spectra of the kijanolide derivatives (48)-(52) 
were recorded at 600 MHz and the data are given in Table 17. 
Extensive off-resonance decoupling experiments were per- 
formed on (50) and (52) (see Table 17) and this led to the 
unambigous assignment of all but two protons in kijanolide. 
The signals due to 7ax-H and 6ax-H in (50) could not be 
located and hence the coupling constants for these protons 
could not be determined. I t  was therefore not possible to con- 
firm the existence of the C(5)%(6) bond in kijanolide. It was 
evident from the data in Table 17 that the 0-methyl groups in 
(50) were located at C-9 and C-17 in addition to the group at 
C-32, from the observed deshielding of 9-H and 17-H. 
Acetylation of the hydroxy groups at C-9 and C-17 in (51) 
and (52) resulted in the expected deshielding of 9-H and 17-H. 
The data in Table 17 together with the "C n.m.r. data in 
Table 1 enabled us to derive the various component structural 
units of kijanolide shown in Figure 5. The data, however, 
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r, 

Figure 6. Structure and solid state conformation of (51), with 
atom numbering scheme. The broken line denotes an intra- 
molecular 0 - H  * 0 hydrogen bond 

did not enable us to assign an unequivocal structure to 
kijanolide. Fortunately at this point both of the acetyl 
derivatives ( 5  I )  and (52) crystallized from methanol-chloro- 
form and of these only the crystals of (51) were suitable for an 
X-ray determination. 

A single-crystal X-ray analysis defined the complete struc- 
ture and relative stereochemistry of (51). A view of the solid- 
state conformation is shown in Figure 6, which also provides 
the atom numbering scheme used in the X-ray analysis. Final 
atomic co-ordinates are given in Tables 14 and 15. Inter- 
atomic distances and angles involving the non-hydrogen 
atoms are given in Table 16. Crystals of (51) contain discrete 
molecules separated by normal van der Waals' distances. 
Torsion angles defining the molecular conformation are given 
in the Supplementary publication.* 

The cyclohexane ring, trans-fused to one of the cyclohexene 
rings, adopts a chair form with equatorial 16-methyl and 9- 
acetoxy substituents and an axial methyl group at C-8. 
Although the substitution pattern forces this ring (mean di- 
hedral angle 59.0") to be overall more puckered than cyclo- 
hexane (mean dihedral angle 56" 24), it is flattened around 
C(8) in order to minimize non-bonded repulsive interactions 
involving the axial methyl substituent. Both cyclohexene rings 
approximate more closely to half-chair (C,) than to envelope 
(C,)  forms.? The macrocyclic ring may be viewed either as a 
13-membered carbocyclic ring, or as a 14-membered lactone 
ring. I n  addition to providing an appropriate geometry for the 
intramolecular0(26)-H(26) * * O(35) hydrogen bond (0 0 

* For details of the Supplementary Publications scheme see 
Instructions for Authors (1983), J. Cfietn. SOC., Perkitr Trans. I, 
1983, Issue 1. 

Table 14. Non-hydrogen atom fractional co-ordinates ( x  10') 
with estimated standard deviations in parentheses 

X 

- 898(7) 
105(6) 
3 16(6) 

- 571 (6) 
- 34(7) 
525(7) 

I 108(8) 
309(8) 

- 323(7) 
- 938(6) 

- I 674(8) 
- 1  817(8) 
- 1 215(7) 
- 475(8) 
- 637(8) 
- 49( 10) 
261(8) 
888(7) 
402(7) 
932(7) 
623(7) 
468( 8) 
585(7) 

1 072(7) 
638(6) 
991 (6) 

- 1 433(6) 
1 388(8) 
-461(9) 

377(9) 
2 082(9) 

201 (1 0) 
- 514(8) 

- 1  882(4) 
1 292(5) 

- 1 183(5) 
- 861(8) 

-1 835(9) 
5x6) 

- 752(5) 
- 626( 10) 

- 1 703(11) 

- 892(8) 
- 1 733(13) 
- 572(4) 

251(7) 

2 066(4) 

Y 
1 576(3) 
1 289(3) 

789(2) 
437(3) 
- 7(2) 
68(3) 

- 388(3) 
- 813(3) 
- 855(3) 
- 396(3) 
- 459(3) 
- 137(3) 

335(3) 
334(3) 
675(3) 
71 5(3) 

1 207(3) 
1 505(3) 
1 867(3) 
2 1W3) 
2 7W3) 
3 017(3) 
2 925(3) 
2 428(3) 
2 059(2) 
1 579(3) 

662(3) 
473(3) 

- 778(3) 
- 63(3) 

1 343(4) 
3 526(3) 
2 997(3) 
1 479(2) 

651(2) 
- 1 216(2) 
-1 665(3) 
-1 994(3) 
- 1 773(2) 

1436(2) 
1 714(4) 
1948(6) 
I 764(3) 
3 674(3) 
3 434(6) 
2 023(2) 
1 467(2) 

z 

676(7) 
484(7) 
2 14(7) 

- 181(8) 
-811(8) 

-2 165(7) 
-2 571(9) 
- 2 648(9) 
- 1  371(9) 
- 986(8) 

151(9) 
1065(10) 
1 129(9) 
2 377(9) 
3 246(8) 
4 538(9) 
5 019(8) 
4 034(9) 
3 423(8) 
2 446(9) 
2 690(9) 
1 774(11) 

349(9) 
82(10) 

1 052(8) 
71 8(8) 

- 1  161(9) 
- 2 298(9) 
- 3 851(9) 

2 569(10) 
3 839(13) 
2 174(12) 
- 390(10) 

665(7) 
401 (6) 

- 1505(6) 
- 1 277(9) 
- 1 576(11) 
- 954(8) 
5 471(5) 
6 512(10) 
6 891(13) 
7 063(7) 
1 861(9) 
2 622( 17) 

956(5) 
720(6) 

2.52 A), the approximate coplanarity of the carbonyl group 
[C(26)-C(2)-C(3)-0(35) 1 O.OO] and the spiro a$-unsaturated 
y-lactone ring atoms (mean endocyclic dihedral angle 2.3") 
maximizes Ir-interactions between these systems. The presence 
of two additional planar fragments, in the form of trisub- 
stituted double bonds, imposes considerable conformational 
constraints on the macrocyclic ring system, which conse- 
quently approximates to a triangular shape, in which the C(14) 
and C(18) methyl substituents are syn-oriented with respect to 
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Table 15. Calculated fractional co-ordinates ( x  lo’) for hydrogen 
atoms a 

Table 16. Interatomic distances (A) and angles (O), with estimated 
standard deviations in parentheses 

X 

59 
- 13 
150 
172 
80 
26 

- 144 
- 214 
- 240 
- 180 
- 121 
- 57 

71 
79 

- 45 
181 
504 
115 
1 94 
83 

- 103 
- 209 
- 175 

98 
206 
164 

- 101 
- 89 

8 
- 84 
- 32 
- 104 

34 
82 

229 

Y 
- 12 

14 
- 34 
- 47 

-112 
- 94 
- 30 
- 78 
- 20 
60 
95 
56 
52 

117 
195 
216 
279 
318 
244 
232 
74 
42 
97 
79 
38 
46 

- 107 
- 46 
- 75 
333 
293 
272 
355 
375 
117 

Z 

- 15 
- 282 
- 344 
- 183 
- 276 
- 62 
- 175 

17 
183 
I26 
303 
525 
448 
583 
363 
255 
368 

0 
14 

- 87 
- 197 
- 126 
- 66 
- 206 
- 171 
- 329 
- 391 
- 373 
- 464 
- 22 
- 137 

-6 
320 
173 
53 

Hydrogen atoms bear the same labels as the atonis to which 
they are bonded; all were assigned an isotropic temperature 
factor, U = 0.051 A’. 

the mean ring plane. The conformation found in the present 
study is very similar to that encountered in tetronolide,” 
where the basic ring system differs only in the location of the 
double bond in the cyclohexene ring bearing the spiro 
y-lactone ring. 

It remained at this point to complete the structure of the 
tetrasaccharide moiety and to determine the absolute stereo- 
chemistry of kijanolide. The isolation of the four digitoxose 
derivatives (6), (7), (l l) ,  and (12) from the methanolysis of 
per-N,O-methylkijanimicin described earlier, clearly indicated 
that the tetrasaccharide moiety had a branched chain. From 
the ‘’C n.m.r. data (Table 1)  it was evident that one of the 
terminal sugar units of the tetrasaccharide was a 2,6-dideoxy- 
4-O-methyl-P-~-ribo-hexopyranosyl unit. It followed therefore 
that the other terminal sugar was a 2,6-dideoxy-a-~-ribo- 
hexopyranosyl unit. At this point four possible structures 
could be written for the tetrasaccharide moiety, that would 
satisfy the hydrolytic data and in order to reduce this number, 
the following reactions were carried out. Kijanimicin ( I )  on 
treatment with sodium metaperiodate followed by a sul- 
phonic acid resin, afforded 3B-O-dedigitoxosylkijanimicin 
(53). The ‘H n.m.r. spectrum of (53) at 220 M H z  contained a 
doublet of doublets at SH 4.46 10 Hz, J , A , ~ , E ,  2 Hz) due 
to 1:-H of the kijanosyl unit. The terminal 2,6-dideoxy-4-0- 
methyl-P-L-ribo-hexopyranosyl unit gave rise to a doublet of 
doublets at 8H 4.92 (Jl,q,z,q 9.5 Hz, J,F~,ZF, 1.5 Hz) due to 

(a) Bond lengths 
C(1 )-C(2) 
C(1)-0(34) 
C( 1)-O(46) 
C(2)-C(3) 
C(2)-C(26) 
C(31-34) 
C(3)-0(3 5 )  
C(4)-C(5) 
C(4)-C( 1 3) 
C(4)-C(27) 
C(5)-C(6) 
C(5)-C( 10) 
C(6)-C(7) 
C(6)-C(28) 
C(7)-C(8) 
C(8)-C(9) 
C(8)-C(29) 
C(9)-C( 1 0) 
C(9)-0( 36) 
C(10)-C(11) 
C( 1 1 )-C( 12) 
C( 12)-C( 1 3) 
C( 1 3)-C( 14) 
C( 14)-C( 15) 
C( 1 4)-C( 30) 
C( 15)-C( 1 6) 

1.460(10) 
1.202( 10) 
1.359(9) 
1.469( 10) 
1.360(10) 
1.510(10) 
1.241(9) 
1.556(10) 
1.576( 12) 
1.575(12) 
1.558( 11) 
1.552(10) 
1.529( 1 1) 
1.548(12) 
1.538( 12) 
1.518(12) 
1.543(13) 
1.546( 1 1) 
1.456(10) 
1.472( 12) 
I .324(13) 
1.521(12) 
1.556(13) 
1.332( 12) 
1.530( 13) 
1.505( 13) 

(b) Bond angles 
C(2)-C( I )-O(34) 
C(2)-C( 1 )-O(46) 
O(34)-C( 1)-O(46) 
C( 1)-c(2)-c(3) 
C( l)-C(2)-C(26) 
C(3)-C(2)-C(26) 
C( 2)-C( 3)-C(4) 
C(2)-C(3 )-0(3 5 )  
C(4)-C(3)-0(35) 
C(3)-C(4)-C(5 ) 
C(3)-C(4)-C( 13) 
C( 3)-C(4)-C( 27) 
C(5)-C(4)-C( 13) 
C( 5)-C(4)-C( 27) 
C( 13)-C(4)-C(27) 
C(4)-C( 5)-C( 6) 
C(4)-C(S)-C( 10) 
C(6)-C(S)-C( 10) 
C(5)-C(6)-C(7) 
C( 5)-C(6 1-C( 28) 
C( 7)-C(6)-C(28) 
C(6)-C(7)-C( 8) 
C( 7)-C(8)-C(9) 
C(7)-C@)-C(29) 
C(9)-C(8)-C(29) 
C(S)-C(9)-C( 10) 
C(8)-C(9)-0( 36) 
C(lO)-C(9)-0(36) 
C( 5)-C( 1 0)-C( 9) 
C(5)-C( 10)-C( 1 1 ) 
C(9)-C( 10)-C( 1 1 ) 
C(lO)-C(1l)-C(12) 
C( 1 1 )-C( 12)-C(13) 
C(4)-C( 13)-C( 12) 
C(4)-C(13)-C(14) 
C( 1 2)-C( 13)-C( 14) 
C( 1 3)-C( 14)-C( 15) 
C( 13)-C( 14)-C(30) 
C( 1 5)-C( 14)-C(30) 
C( 14)-C( 15)-C( 16) 

13 1.7(7) 
108.6(6) 
119.6(7) 
135.0(6) 
105.7(6) 
119.2(6) 
124.9(6) 
11 5.9(6) 
1 19.0(6) 
11 1.3(6) 
103.4(6) 
110.9(6) 
114.0(6) 
1 09.3( 6) 
107.8(6) 
1 15.9(6) 
110.0(6) 
106.8(6) 
108.8(6) 
11 7.6(6) 
1 07.8( 7) 
113.5(7) 
108.8(7) 
110.9(7) 
113.9(7) 
1 13.0(7) 
108.7( 7) 
106.6(6) 
107.6(6) 
114.0(7) 
1 12.5(7) 
123.8(8) 
12539)  
110.7(7) 
11 5.5(7) 
107.5(7) 
118.1(8) 
11 8.8(7) 
123.1(8) 
12538)  

C( 16)-C( 1 7) 
C( 1 7)-C( 1 8) 
C( 17)-O(40) 
C( 1 8)-C( 1 9) 
C( 18)-C(31) 
C( 19)-C(20) 
C(20)-c(21) 
C(20)-C(25) 
C(21)-C(22) 
C( 22)-C(23) 
C( 22)-C( 32) 
c(23)-C( 24) 
C(23)-C( 33) 
C(24)-C( 25) 
C(25)-C(26) 
C(25)-O(46) 
C(26)-O(47) 
C(32)-O(44) 
O( 3 6)-C( 3 7) 
C( 37)-C(38) 
C(37)-O(39) 
0(40)-C(41) 
C(4 1 )-C(42) 
C(41 )-O(43) 
0(44)-C(45) 

1.529(12) 
1.51 5(  12) 
1 .M6(11) 
1.338(11) 
1.506( 13) 
1.500(11) 
1.51 7(11) 
1.520(12) 
1.3 15( 13) 
1.494( 1 4) 
1.537( 13) 
1.553(11) 
1.526(13) 
1.536( 12) 
I .470( 10) 
1.447(9) 
1 .3 1 7(9) 
1.404(15) 
1.352(10) 
1.520( 13) 
1.180(11) 
1.338(11) 
1.495( 18) 
1.196( 14) 
1.443( 19) 

C(15)-C( 16)-C( 1 7) 
C( I6)-C( 1 7)-C( 1 8) 
C( I6)-C( 17)-O(40) 
C( 18)-C( 17)-O(40) 
C(1 7)-C( 18)-C( 19) 
C(17)-C(18)-C(31) 
C( 1 9)-C( 1 8)-C( 3 1 ) 
C(18)-C( 19)-C(20) 
C( 19)-C(20)-C(21) 
C(19)-C(2O)-C(25) 
C(21 )-C(20)-C(25) 
C(2O)-C(2 1 )-C(22) 
C(2 1 )-C(22)-C(23) 
C(21 )-C(22)-C(32) 
c(23 )-C(22)-C( 32) 
C(22)-C(23)-C(24) 
C(22)-C(23)-C( 33) 
C(24)-C(23)-C(3 3) 
c(23 )-c(24)-c( 2 5 )  
C(2O)-C( 25)-c( 24) 
C( 20)-C(25)-C( 26) 
C(20)-C(25)-0(46) 
C(24)-C(25)-C(26) 
C(24)-C(25)-0(46) 
C(26)-C(25)-0(46) 
C(2)-C(26)-C(25) 
C(2)-C(26)-0(47) 
C(25)-C(26)-0(47) 
C(22)-C(32)-0(44) 
C(9)-0(36)-C(3 7) 
O(3 6)-C(3 7)-C( 3 8) 
O( 36)-C( 37)-O(39) 
C(38)-C(37)-0(39) 
C( 17)-0(4O)-C(4 1 ) 
0(40)-C(41 )-C(42) 
0(40)-C(41)-0(43) 
C(42)-C(41 )-O(43) 
C(32)-0(44)-C(45) 
C( 1 )-0(46)-C(25) 

117.9(7) 
114.4(7) 
108.3(8) 
1 12.0(7) 
122.0(7) 
1 12.5(8) 
125.4(8) 
127.2(7) 
11 1.9(7) 
112.7(6) 
1 09.5( 7 ) 
124.7(9) 
124.8(8) 
1 18.7(9) 
1 16.4(8) 
11 1 3 7 )  
11 2.7(8) 
110.7(7) 
1 12.4(7) 
11 1.6(6) 
1 12.4(6) 
108.1 (6) 
112.7(7) 
1 09.8( 6) 
101.7(5) 
1 1236)  
127.3(7) 
120.1(6) 
114.4(8) 
1 16.8(6) 
109.3( 7) 
1 23.7(8) 
127.0(8) 
115.4(7) 
112.1(9) 
1 23.1 ( 1 0) 
124.8(10) 
1 12.0(9) 
1 I I .4(5) 
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1Yx-H. The remaining 2,6-dideoxy-a-~-ribo-hexopyransoyl 
units each gave rise to doublet of doublet signals at 8" 4.78 

Jleq.zeq < I Hz) due to the equatorial anomeric protons in 
these sugars. The 13C n.m.r. data for (53) are given in Table 1. 
Methylation of (53) with diazomethane afforded the 26-0- 
methyl ether (54). The 'H n.m.r. spectrum of (54) run at 600 
MHz showed a doublet of doublets at 8" 4.45 ( J ' E , ~ : ~  10 Hz, 
JI&,z,E~ 1.9 Hz) due to 1:-H of the kijanosyl unit. The terminal 
2,6-dideoxy-4-O-methyl-~-~-ribo-hexopyranosyl unit gave rise 
to a doublet of doublets at ijH 4.92 ( J l ~ x , z y x  9.5 Hz, J l y x , z ~ q  1.4 
Hz) due to 1:-H. The remaining 2,3-dideoxy-a-~-ribo- 

(Jlcq,~ar 5 Hz, Jleq.2eq < 1 Hz), and i j H  5.13 (Jleq,~ax 4 Hz, 

NO, 

CH,OH 

(53) R'= H 

(54)  R'=CH3 

HO 

HO 

Aglycone 

hexopyranosyl units gave rise to a pair of doublet of doublet 
signals at 8 H  4.77 (Jleq,Zar 4.8 Hz, Jlcq,Zeq < 1 Hz) and 6 ,  5.14 
(Jleq.2ax 3.8 Hz, Jleq,*eq < 1 Hz) due to l e q - H  in these sugar 
units. The 1 3 C  n.m.r. data for (54) are given in Table 1 and 
the A& values in going from (53) to (54) were in agreement 
with those observed previously for the other 26-0-methyl 
derivatives . 

The 3B-0-dedigitoxosylkijanimicin (53) was per-N,O- 
methylated using sodium hydride and methyl iodide, and the 
product was subjected to methanolysis using O.S~-hydrogen 
chloride in methanol at 25 "C. Isolation of all the mono- 
saccharide components of the hydrolysis afforded methyl 2,6- 
dideoxy-3,4-di-O-met hyl- a-~-ribo- hexopyranoside (9), the P- 
anomer (1 0), methyl 2,6-dideoxy-4-O-methyl-a-~-ribo-hexo- 
pyranoside (4), the S-anomer ( 5 )  and methyl 2,6-dideoxy-3-0- 
methyl-P-L-ribo-hexofuranoside (1 3). The physical data for 
(9), (lo), (4), and ( 5 )  were identical with those described earlier, 
thus confirming their identities. The furanoside (13) did not 
give a molecular ion in the e.i. mass spectrum, but did show an 
(A4 - H)+ peak at m/z 175 (Table 2). The typical fragment ions 
As-AI5 for a furanoside were observed (Figure 2) and the 
ions A9, A,4, and A 1 5  supported the location of the methyl 
ether at C-3 in the molecule. The rotation was consistent with 
that of a P-furanoside. The 'H n.m.r. spectrum of (1 3) (Table 3) 
revealed few coupling constants, but did reveal the 3-0-methyl 
group as a singlet at 6,, 3.33 and showed shielding of 3-H 
relative to what was observed in (12). The ''C n.m.r. spectrum 
of the furanoside (13) (Table 4) was consistent with the pro- 
posed structure. The isolation of the above monosaccharides 
could only be accommodated by two possible trisaccharide 
structures namely structures I11 and IV, which, in turn, were 
derived from the tetrasaccharide structures I and I1 respect- 
ively (Figure 7). The other two tetrasaccharide structures that 
were possible structures were ruled out at this point, as they 
would have given the same trisaccharide which on permethyl- 
ation and acidic hydrolysis would have produced only sugars 
(9), (lo), (4), and ( 5 )  and no 3-0-methylfuranoside (13). 

In  order to determine which of the two possible structures I, 
or I I correctly represents the tetrasaccharide portion of 
kijanimicin ( I ) ,  it was necessary to consider the preferred 

Hok) 
Aglycone 

C%O 

HO HO 

Aglycone 

( r n  (Iu) 
Figure 7. Possible tetrasaccharide andtrisaccharide structures that accommodate the methylation/hydrolytic data 
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rotamers about the glycosidic bonds. The solution conform- 
ations about the glycosidic bonds have been shown to be 
extremely sensitive to the stereochemical environment of the 
glycosidic  bond^,^^-^^ as well as the absolute stereochemistry 
about that bond.28*29 Knowing the absolute stereochemistry 
of each of the component sugars of the tetrasaccharide, as well 
as the conformation (lC4) and the anomeric configuration, it 
was now possible to evaluate the 13C n.m.r. data for the 
tetrasaccharide unit (Table 1)  taking into account the stereo- 
chemical environment of each glycosidic bond. If we first 
consider structure I it is possible to readily assign the carbons 
of the terminal sugar D. The other terminal sugar C showed 
the expected chemical shifts for C(2)-C(6). The anomeric 
carbon, however, was strongly shielded (6, 92.2). I t  was also 
apparent when considering the A& values in going from 3'- 
0-dedigitoxosylkijanimicin (53) to kijanimicin ( I )  that almost 
no change was observed at C-3 of sugar B (+0.5) in spite of 
the fact that sugar C had been glycosidically attached at C-3. 
I t  was also evident from the A6, values in going from (53) to 
( I ) ,  that introduction of sugar C produced marked shielding 
at C-2' (-4.7). These results are in excellent agreement with 
what one would expect considering the stereochemical environ- 
ment at C-3', from previous I3C n.m.r. studies carried out on 
1 -, 3-, and 5-epi-aminoglycoside a n t i b i o t i ~ s . ~ ~ * ~ ~  1 t is evident 
in ( I ) ,  that the deshielding at C-3' of sugar B resulting from the 
glycosidic linkage of sugar C is being cancelled out by the 
shielding by sugar C due to its configuration about the glyco- 
sidic linkage. Assuming that the exo-anomeric effect is 
operational L8 it may be reasoned that sugar C adopts rotamer 
u about the glycosidic bond." The interactions between 1'-H 
and 2:-H would be expected to shield C-1' and C-2', 25.30 

while the interaction between the C(3')-H(3") and C(1')- 
O( Rc) bonds would be expected to produce marked shielding 
at C-3c.25*26 It is also evident that similar shieldings are present 
at C-IB in sugar B (6, 90.8) as well as at C-3A (6,  66.8) and 
C-2A (6 ,  29.9) in sugar A in (1). Similar effects are observed 
in (53). I t  is apparent from these data that sugar B also adopts 
rotamer u about the glycosidic bond with sugar A. The 
glycosidic attachment of sugar D to C-4' of sugar B would be 
expected to deshield C-4' (6,  79.6) which was the case. 
Sugar D would be expected to adopt rotamer b about the 
glycosidic bond 25~26 and this would result in moderate shield- 
ing at C-3B (6, 62.6) of sugar B in (I) relative to C-3A (6,  
66.8) of sugar A, as was indeed Similar effects 
were apparent in (53). Consideration of the 13C n.m.r. data 
for the methyl ethers (2) and (54) (Table 1) led to similar 
conclusions. Thus the 13C n.m.r. data are readily accommo- 
dated by structures I and 111. When similar conformational 
arguments are applied to the 13C n.m.r. data in an attempt to 
f i t  the data to structures I 1  and 1V (Figure 7), no correlation 
between the data and the structures is possible. We therefore 
conclude that structures I and 111 correctly represent the 
tetrasaccharide portion of (1) and the trisaccharide portion of 
(53) respectively. The 13C n.m.r. data also correlate well with 
the assigned anomeric linkages as determined from the 'H 
n.m.r. data. The reason for the anomalously low JIJ,-I~ 
value for 1"-H (160 Hz) is not apparent. The n.m.r. data 
also suggest that some rotation occurs about the 0-C-4" bond 
when the sugar C is removed in going from ( I )  to (53), resulting 
in increased shielding at C-1" and C-4" in (53) relative to (I). 
The application of Klyne's rule to the molecular rotations of 
( I ) ,  (53), (l4), and (45) (Table 5) also lends further support to 
the assigned glycosidic linkages. 

I t  remained to determine the absolute stereochemistry of 
kijanolide and this was done as follows. As a consequence of 
knowing the absolute stereochemistry of sugar A (L, 'C4 
conformation) and the nature of the glycosidic linkage to the 
aglycone (a), as well as the point of attachment to kijanolide 

( d  

(C-9) and the relative stereochemical environment at C-8, 
C-9, and C-10, in a rigid cyclohexane ring whose precise 
geometry is known, it was possible to deduce the absolute 
stereochemistry at C-9 from the observed glycosylation shifts 
in the "C n.m.r. spectra in going from (14) to (l).25J7-28 Thus 
the observed deshielding at C-9 (f8.4) coupled with the 
shielding at C-8 (-0.7) and absence of any shielding at C-10, 
were in excellent agreement with the predicted glycosylation 
shifts for an a-~-2-deoxyhexopyranoside glycosidically at- 
tached to an aglycone having the stereochemical features 
present at C-8, C-9, and C-10 in (l).25*27 It therefore follows 
that C-9 has the S-configuration as shown in (1) and that the 
rotamer about the O-C-9 bond is cZ5 Had the configuration 
at C-9 been R, then marked shielding would have been pre- 
dicted to occur at C-8, C-9 and C-lA 25*36 due to adoption of 
rotamer J, which was not the case. The chemical shift of 
C-lA (& 98.2) is normal for that of an a-L-digitoxoside and 
from its relaxation properties it was clearly the anomeric 
carbon of sugar A. 

The I3C n.m.r. data also afforded useful information about 
the conformation of the D-kijanosyl unit about the 0-C-17 
glycosidic bond. It  is obvious that in kijanimicin (1) and its 
various kijanosyl containing derivatives, that C-lE is shielded 
(6,97.1) relative to C- I in methyl P-D-kijanoside (24) 99.9). 
I t  is also apparent that C- 17 is experiencing some shielding as 
the net deshielding observed at C-17 upon glycosylation is 
only +5.5." Both C-16 (-1.0) and C-13 (-4.2) are shielded 
in going from (48) to ( I ) .  It is evident that reduced steric 
interaction with the C-18 substituent due to theconformational 
properties of the macrocyclic ring, enables the kijanosyl unit 
to undergo partial counter-clockwise rotation about the 
0-C-17 bmd relative to rotamer e, which would satisfactorily 
explain the observed ASc  value^.^^^^^ 

Finally, chemical proof for the linkage of the tetrasaccharide 
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Tet rasacc har ide-S) 

( 5 5 )  

1' 

I 

I 

CH-OH 

Noz 
(57) 

(58) 

moiety at C-9 and of the kijanose unit at C-17 was obtained by 
subjecting kijanimicin ( I )  to ozonolysis followed by sodium 
borohydride reduction. The reaction gave an extremely com- 
plex mixture of products. The tetrasaccharide acid ( 5 3 ,  which 
retained sixteen carbon atoms of the aglycone, was obtained 
in low yield. The 13C n.m.r. data (Table 1) showed that epi- 
merization had occurred at c-10 during the course of the 
reaction as evidenced by the pronounced shielding observed 
at C-lA (6 ,  92.9), C-9 (6, 74.8), and C-10 (6, 25.9) relative to 
(1). These data are consistent with the existence of rotamer f 
about the 0-C-9 glycosidic bond as expected 25*26 for a cyclo- 
hexane derivative having an axial C-10 substituent. The iso- 
lation of ( 5 5 )  clearly indicated that the tetrasaccharide unit 
was glycosidically linked at C-9. The principal product of the 
ozonolysis of ( I  ) was O-fb~-kijanosyl-( I +3)-3,4-dihydroxy- 
pentanol (56). The mass spectral data (Table 6, Figure 3), 'H 
n.m.r. data (Table 7) and 13C n.m.r. data (Table 8) were con- 
sistent with the assigned structure. The isolation of (56) was 
consistent with the glycosidic linkage of the kijanose at C-17 
in (1). Two other minor kijanose containing artefacts (57) 
and ( 5 8 )  were also isolated in low yield. 

The 'H n.m.r. spectrum of 26-0-methylkijanimicin (2) at 
600 MHz contained too many complex overlapping multiplets 
to be decoupled successfully by conventional techniques. We 
therefore resorted to proton 2D J spectroscopy and n.0.e. 
difference spectroscopy 31 in order unambiguously to assign 
as many of the protons as possible in (2). The results of this 

study are summarized in Table 18. The chemical shifts of all 
of the protons in (2), with the exception of the 32-hydroxy- 
methylene protons, were unambiguously assigned from the 
SECSY and difference spectra. All of the coupling constants 
for the protons of the five sugar moieties in (2) were also 
obtained, as well as many of the coupling constants of the 
various protons in the kijanolide unit. Due to the complexity 
of the spectrum the remaining coupling constants for the 
kijanolide unit could not be ascertained in this experiment. 
Most of these latter coupling constants had already been 
determined for the kijanolide derivatives (48)-(52) (Table 17). 

The chemical shifts and coupling constants for the protons 
of the tetrasaccharide unit were of particular interest. The 
chemical shifts of the protons of the tetrasaccharide unit in 
(2) were in good agreement with the structure already deduced 
for (2). Pronounced deshielding was observed for I-H in 
sugars B and C consistent with the rotamers adopted by these 
units. Shielding was also evident for 2,,-H in sugars A and B 
which was consistent with 3-substituents in these units. The 
small couplings observed for I-H of sugars A, B, and C were 
consistent with a-glycosidic linkages for these units, while the 
large axial-axial couplings observed for I-H of sugars D and 
E clearly indicated that these were p-glycosides. The coupling 
constants also clearly support 'C4 conformations for sugars 
A, B, C, and D in spite of the bulky 1,3-diaxial substituents 
present in sugars A and B. The n.0.e. difference spectrum 
obtained when 4:-H was irradiated revealed an n.0.e. effect 
at IE-H, confirming the spacial proximity of these two protons 
due to the rotamer adopted by sugar D. 

I t  is therefore concluded that the total structure and 
absolute stereochemistry of kijanimicin may be represented by 
( I ) .  I t  is evident from the 'H n.m.r. data (Table 17) of the 
kijanolide derivatives, that the aglycone adopts a similar 
solution conformation about the macrocyclic ring, to that 
observed in the solid state by X-ray studies. 

Kijanimicin (1) exhibits antitumour activity, antimalarial 
activity, and is active against anaerobic bacteria, in particular 
Propionibacteriuni  acne^.^ It is a member of a new class of 
tetronic acid containing antibiotics of which the tetrocar- 
cins 9-12 and antlermicins I3.l4 are the only other known 
members. The latter differ in the structure of the aglycone as 
well as in the structures of some of the glycosidic components 
and full structures for these antibiotics have not yet been 
published. I t  is also interesting to note the similarity to chloro- 
thricin, which has an extra oxygen atom in the macrocyclic 
ring.32 

Experimental 
Unless otherwise stated optical rotations were recorded at c 
0.3%. 1.r. spectra were recorded on a Perkin-Elmer lnfracord 
137, or 221 spectrometer. U.V. spectra were run on a Cary I 18 
spectrometer and c.d. spectra were run on a Cary 61 spectro- 
meter. Low-resolution e.i. mass spectra were recorded on a 
Varian MAT CH5 spectrometer. C.i. mass spectra were 
recorded on a Varian MAT 312 spectrometer. 'H N.m.r. 
spectra were recorded at 79.5 MHz on a Varian CFT-20 
instrument and at 100 MHz on a Varian XL-100-15 spectro- 
meter. The 600 MHz ' H  n.m.r. spectra were run on a non- 
commercially available spectrometer at Carnegie-Mellon 
University, Pittsburgh, Pennsylvania. N.m.r. spectra were 
obtained on a Varian XL-100-15 spectrometer in the Fourier- 
transform mode using a Varian 62OL-100 16K computer 
equipped with a 2.5 Megabyte disc system, or on a Varian 
CFT-20 spectrometer. The J I J ~ -  l H  values were measured on 
a Varian XL-100-I5 spectrometer. All chemical shift values 
were reported in p.p.m. downfield from tetramethylsilane. 
Kijanimicin ( I )  and its derivatives showed a marked tendency 
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Table 17. 'H N.m.r. data for kijanolide derivatives in CDC13 at 600 MHz ( J  in Hz) o-c 

Compound 
.A r 1 

Assignment Data key 
Sax-H &H (dd) 

6ax-H 

7eq-H 

7a-ii 

8eq-H 

9ax-H 

IOax-H 

1 I-H 

12-H 

13-H 

15-H 

16-H 

16'-H 

17-H 

19-H 

20- H 

21-H 
23-H 

(48 1 
2.01 
9.1 
9.5 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.55 
NA 
NA 
NA 
2.26 
NA 
NA 
7.0 
5.4 
3.66 
5.4 

10.4 
2.07 

10.4 
9.5 
NA 
2.1 
NA 
6.04 
NA 

10.4 
NA 
5.44 
2.1 

10.4 
5 .o 
3.53 
NA 
NA 
5 .O 
5.27 

< 1.0 
10.4 
NA 
2.40 
10.4 
16.6 
2.3 
2.23 
NA 

16.6 
2.0 
4.20 
2.3 
2.0 
NA 
5.28 
NA 

< 1.0 
10.6 
3.65 

10.6 
I .5 
5.46 
2.65 
0 
7.5 
7.5 

(49) 
2.06 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.49 
NA 
NA 
NA 
2.24 
NA 
NA 
7.0 
5.4 
3.67 
5.4 
9.5 
2.06 
9.5 
NA 
NA 
NA 
NA 
6.01 
NA 
9.9 
NA 
5.47 
NA 
9.9 
5 .O 
4.03 
NA 
NA 
5.0 
5.12 

< 1.0 
9.5 
NA 
2.42 
9.5 

16.6 
2.9 
2.23 
NA 

NA 
4.17 
2.9 
NA 
NA 
5.17 
NA 

< 1.0 
9.7 
3.42 
9.7 
NA 
5.47 
2.61 
0 
7.0 
7.5 

16.6 

(50) 
2.00 
9.5 

10.2 
NA 
N A  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
I .56 
NA 
NA 
3.7 
2.42 
NA 
3.7 
7.0 
4.9 
3.11 
4.9 

10.5 
2.10 

10.5 
10.2 
2.0 
2.5 

<1.0' 
6.02 
2.0 

10.4 
2.0 
5.39 
2.5 

10.4 
5.0 
3.47 

< 1.0 
2.0 
5.0 
5.18 

< l . o c  
9.1 
2.0 
2.22 
9.1 ' 

16.6 
2.3 
2.3 1 
2.0 l- 

16.6 
2.1 
3.61 
2.3 
2.1 
2.1 
5.28 
2.1 

< 1.0 l- 
10.8 
3.65 

10.8 
1.2 
5.50 
2.66 
0 
7.5 
7.5 

(51) 
2.1 1 

10.8 
10.8 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
I .53 
NA 
NA 
NA 
2.43 
NA 
NA 
7.0 
5.4 
4.8 1 
5.4 

11.2 
2.29 

11.2 
10.8 
NA 
2.5 
NA 
5.70 
NA 
10.4 
NA 
5.40 
2.5 

10.4 
5 .o 
3.53 
NA 
NA 
5 .O 
5.18 

< 1.0 
10.2 
NA 
2.41 

10.2 
17.0 
2.3 
2.21 
NA 

17.0 
2.0 
5.21 
2.3 
2.0 
NA 
5.11 
NA 

< l . O  
10.4 
3.62 

10.4 
I .5 
5.41 
2.66 
0 
7.5 
7.5 

(52) 
2.16 
9.9 

10.2 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
1.49 
NA 
NA 
N A  
2.45 
NA 
NA 
7.0 
5.8 
4.81 
5.8 

11.1 
2.27 

11.1 
10.2 = 
2.0 
2.5 
NA 
5.68 
2.0 
9.9 
NA 
5.44 
2.5 
9.9 
5.0 
4.02 
NA 
NA 
5.0 
5.13 

< 1.0 
9.3 
NA 
2.4 1 
9.3 = 

17.0 
3.3 
2.19 
NA 

3.3 ' 
5.23 
3.3 
3.3 
NA 
4.99 
NA 

9.9 = 
3.40 
9.9 
1.7 
5.41 
2.61 
0 
7.0 
7.0 

17.0 

t1.0 



1522 J.  CHEM. SOC. PERKIN TRANS. I 1983 

Table 17 (continued) 

Compound 
7 h r 

Assignment Data key (48) (49) (50) (51) (52) 
24-H 6 H  (d) 1.84 1.76 1.83 1.84 1.76 

J23.24 0 0 0 0 0 
J24.24' 14.3 14.1 14.1 14.1 14.1 

J23,24. 7.5 7.0 7.5 7.5 7.0 
J24,24' 14.3 14.1 14.1 14.1 14.1 

32-H 6 H  (d) 4.1 1 4.10 4.12 4.12 4.1 I 
J31.32' 12.0 12.0 11.8 12.0 11.6 

J32.32' 12.0 12.0 11.8 12.0 11.6 

24'- H 6" (dd) 2.37 2.33 2.37 2.38 2.34 

32'-H &H (d) 3.79 3.77 3.79 3.78 3.77 

4-CH3 6H ( s )  1.62 1.54 1.62 I .64 I .56 
6-CH3 6~ (d) 0.66 0.64 0.65 0.67 0.65 

8-CH3 6~ (d) 1.05 1.04 0.97 I .01 0.99 

14-CH3 &I (d) 1.39 1.41 1.38 I .38 I .40 

18-CH3 6 H  (d) 1.40 1.31 1.41 1.44 1.35 

23-CH3 6 H  (d) 1.30 1.28 1.30 1.30 1.29 
J23.23-CHg 7.5 7.5 7.5 7.5 7.0 ' 

J6%6-CH3 5.8 5.8 6.6 6.2 5.8 

Jscq ,  R-CH, 7.0 7.0 7.0 7.0 7.0 

JI 5.14-CH3 <1.0 (1.0 <1.oc <1.0 < 1.0 

J I ~ .  IR-CHJ < I . O  < 1.0 < l . o c  <1.0 < 1.0 

9-OCHj 6H ( s )  3.29 ' 
17-OCH3 6H ( s )  3.36 
26-OCH3 6 t l  ( s )  4.13 4.13 
32-OCH3 61, ( s )  3.33 3.32 3.34 ' 3.33 3.32 
9-OCOCH3 6H ( s )  2.12 2.12 

17-OCOCHJ 6 t l  (s) 2.12 2.12 
NA = Could not be ascertained. * Run at Carnegie-Mellon University; NIH grant RR00292. ' Confirmed by off-resonance 

decoupling. d * e  May be interchanged. Probably coupled to 21-H. 

to form solvates particularly with chloroform and this prop- 
erty, coupled with the tendency of the free enols to  form 
chelates with metal ions, made it extremely difficult to get 
accurate microanalyses on these compounds. 

Isolation of Kijanimicin (I).-(i) Crude kijanimicin complex 
(30.1 g) was chromatographed on a silica gel column (4 kg) 
using 2.5% methanol in chloroform as the eluant to give 
kijanimicin (1) (14.8 g) as an off-white amorphous solid.* 

(ii) Crude kijanimicin complex (40 g) was introduced onto 
a Waters Prep 500 h.p.1.c. instrument equipped with four silica 
gel cartridges (325 g each) and the column was eluted at 
250 ml/min using the step-gradient technique and collecting 
500 ml fractions. The elution was started with chloroform- 
ethyl acetate-methanol (20 : 79 : 2) (8 I ) .  The methanol con- 
centration was increased in stages (20 : 79 : 3) (4 I), (20 : 79 : 4) 
(4 I), (20 : 79 : 5) (4 I), and (20 : 79 : 6) (4 I). The combined 
eluates were evaporated to dryness to afford kijanimicin ( I )  
( 1  3.2 g). as an off-white amorphous solid.* Additional kijani- 
micin ( I )  (7.4 g) was obtained (70% pure) by stripping the 
columns with acetone (4 I). 

( i i i )  Crude kijanimicin complex (3.5 g) was chromato- 
graphed on a Waters Prep 500 h.p.1.c. instrument equipped with 
two silica gel cartridges (325 g each) and the column was 
eluted at 250 ml/min using dichloromethane-methanol-tri- 
ethylamine (98 : I : I) as the eluant, 500-ml fractions being 

* Kijanimicin ( I )  showed a marked tendency to form chelates with 
heavy-metal ions and consequently batches often varied in colour 
from off-white, through pale blue-green, to pink. In  most instances 
where some chelates were present they could be removed by 
dissolving the kijanimicin (1) in chloroform and bubbling hydrogen 
sulphide through the solution. The solution was filtered and passed 
over a short silica gel column using 2.5% methanol in chloroform 
as the eluant to give dechelated kijanimicin (1). 

collected. The appropriate fractions were combined and 
evaporated to dryness. The residue was taken up in chloroform 
and the pH was adjusted to I with dilute hydrochloric acid. 
The chloroform layer was separated and washed thoroughly 
with distilled water to remove all traces of acid. The chloro- 
form solution was evaporated to dryness to give kijanimicin 
( I )  (2.3 g) as an off-white amorphous solid.* 

(iv) Purified kijanimicin (1) (1.78 g) [from ( i i i )  above] was 
rechromatographed on a Waters Prep 500 h.p.1.c. instrument 
equipped with two C18-silica gel (reversed phase) cartridges 
(370 g each) and the column was eluted at 300 ml/min with 
acetonitrile-aqueous ammonium acetate (3 : 5) (pH 6.8). The 
appropriate fractions were combined and most of the aceto- 
nitrile was distilled off under reduced pressure. The pH was 
adjusted to 4.5-5.0 with dilute hydrochloric acid and the 
aqueous suspension was extracted with chloroform. The 
chloroform layer was washed thoroughly with distilled water 
and evaporated to dryness to give kijanimicin (1) (846 mg) as a 
colourless amorphous solid which was judged to be analytic- 
ally pure by the following criteria: (a) t.1.c. on silica gel plates 
using 10% methanol in chloroform as the eluant; (b) t.1.c. on 
silica gel plates using 40% chloroform in acetone as the 
eluant; (c) analytical reversed phase h.p.1.c. (C,,-silica gel) 
using acetonitrile-aqueous ammonium acetate (3 : 5) (pH 
6.8) as the eluant; (d) bioautography against Snrcina lirtea; 
(e) bioassay against Bacillus sitbtilis. 

The following data were recorded for kijanimicin ( I ) ,  m.p. 
174.5 "C (decomp.) (Found: C, 60.9; H, 8.0; N, 1.9. C67H100- 

N I O , ,  requires C, 61.08; H, 7.65; N, 2.13%), [.IDz6 

42 832), 241 (E 8 946), 264sh (E 9 697), and 274nm (E 9 446); 
A,,,. (CHJOH + 0 . 1 ~  HCI), 205 (E 38 313) and 258 nm 
(E 9 881); (CH30H + 0 . 1 ~  NaOH) 236 (E 14 677), 
266sh (E 12002), and 276 nm (E 12002); -1774 152, 

-124.2" (CH,OH), PK, 5.0, (CFjCH2OH) 200 (E 

[el2,, +22 716, -- 174 152, [ e ~ ~ , ~ , ,  -25 744, and 



J .  CHEM. SOC. PERKIN TRANS. I 1983 1523 

Table 18. 'H N.m.r. data for 26-0-methylkijanimicin (2) in CDCI, at 600 MHz (2D J and difference spectra) 

Assignment 
Sax-H 
6ax-H 
7eq-H 
7ax-H 
8eq-H 
9ax-H 

10ax-H 
11-H 
12-H 
13-H 
15-H 
16-H 
16'-H 
17-H 
19-H 
20-H 
21 -H 
23-H 
24-H 
24'-H 
32-H 
32'-H * 
4-CH3 
6-CH3 
8-CH3 

14-CH3 
1 8-CH3 
23-CHj 
26-OCH3 

1 ,A,-H 
24-H 
2;-H 
34-H 
4k-H 
5k-H 
6A-CH3 
1 G-H 
2;-H 
2;-H 
3:-H 
4,8,-H 
5:-H 
6B-CH3 
1 &-H 
2s-H 
2,C,-H 
3:-H 
4:-H 
5;-H 
6'-CH3 
12-H 
24-H 
22-H 
3:-H 
42- H 
52-H 
6D-CH3 
4D-OCH3 
I,E,-H 
2:-H 
2:-H 

Mu1 tiplicity 
m 
m 
m 
m 
m 
dd 
m 

ddd 
ddd 
m 
m 

ddd 
m 
m 
m 
m 

ddq 
dd 
dd 

S 

S 

d 
d 
d 
d 
d 

dd 
ddd 
ddd 
ddd 
m 
dq 
d 

dd 
ddd 
ddd 
ddd 
dd 
ds  
d 
dd 

ddd 
ddd 
m 
dd 
dq 
d 
dd 

ddd 
ddd 
ddd 
dd 
dq 
d 

dd 
dd 
dd 

S 

s 

6H 
2.03 
1.54 
1.55 
1.43 
2.21 
3.44 
2.03 
5.69 
5.42 
4.00 
5.08 
2.35 
2.19 
4.18 
5.02 
3.41 
5.51 
2.63 
1.14 
2.34 

1.52 
0.62 
1.04 
1.32 
1.31 
1.29 
4.12 
4.78 
2.32 
1.71 
4.06 
3.30 
3.89 
1.28 
5.10 
2.21 
1.79 
4.28 
3.36 
3.96 
1.25 
5.17 
2.18 
1.89 
3.95 
3.14 
4.06 
1.28 
4.91 
2.20 
1.58 
4.24 
2.78 
3.72 
1.27 
3.41 
4.45 
2.78 
1.62 

C 
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Table 18. (continued) 

Assignment Multiplicity 6H J ( H a  
4:-H ddd 4.38 J2G.4: 1-99 J4G,5fx 1.9, J Q ~ . ~ ~ - N H C O O C H ,  9.9 
5,e-H dq 3.30 J4G.5: 1.9, J5,E,,sE-cn, 6.2 

3'-CH3 S 1.58 

4'-NHCOOCHj S 3.71 

6'-CH3 d 1.16 J5&.6E-CH3 6-2 

4e-NHCOOCHj d 5.34 J4,Eq , ~ e - ~ ~ c o o c n ,  9.9 

a Run  at Carnegie-Mellon University; NIH Grant RR 00292. Chemical shift 
could not be accurately ascertained. dThe long range W-coupling between 4:-H and 2:-H was not observed in the J-resolve cross 
section of tiH 2.78, but was evident in that of tiH 4.38. 

Not located under conditions that the n.m.r. was run. 

+ 1 I 358 (CF3CHzOH); v,,,. (CHC13) 3 625, 3 550, 3 480, 
3440, 2980, 2940, 2910, 1755, 1730, 1605w, 1545, 1510, 
1 230,l 130, and 1 058 cm-I ; 6" (CDCI,) (220 M Hz) 0.65 (3 H, 
d ,  J ca. 5 Hz, 6-CH3), 1.07 (3 H, d, J 7 Hz, 8-CH3), 1 . I  8 (3 H, 
d, J 6 Hz, 6E-CH3), 1.20-1.40 (envelope of CH3 signals), 

OCH3), and 3.76 (3 H, s, 4E-NHCOOCH3); ni/z 552 (2.1) (D]), 
1.60 (3 H, S,  3E-CH3), 1.64 (3 H, S ,  4-CH3), 3.45 (3 H, S, 4D- 

534 (8.4) (D1 - H2O), 516 (3.3) (D1 - HzO - HZO), 498 
(1.2), 374 (0.7) (D9), 356 (1.5) (D9 - HZO), 231 (8.4) (Bib), 184 

(11.4) (Dzo), 145 (17.6) (Al'), 140 (20.3) (Blsb), 131 (13.1) 
(100) (B6b and BIsb) 161 (41.0) (DI9), 152 (8.4) (Blob), 147 

(Alb), 128 (38.1) (Blzb), 127 (27.7) (A3'), 96 (22.1) (B14b), and 
95 (50.2) (As). 

Kijanitdcin Copper Complex.-Kijanimicin (1) (I 50 mg) and 
copper(1r) acetate monohydrate (62 mg, 2 equiv.) were dis- 
solved in methanol (25 ml) and the mixture was stirred at 
25 "C for 4 h. The solution was evaporated to dryness and the 
residue was chromatographed on a Waters Prep 500 h.p.1.c. 
instrument equipped with one reversed phase Cls-silica gel 
cartridge (370 g) using 10% water in methanol as the eluant to 
give kijanimicin copper complex * (101 mg) as a pale blue- 
green amorphous solid which crystallized as fine clusters of 
needles from ethyl acetate-hexane, m.p. 207 "C, [aIDz6 -208.5" 

and 263 nm (E: 59.3); v,,,,,, (CHCIJ 3 570, 3 480, 3 440, 
2 940, 1 745, 1 735, 1 587, 1 548, 1 515, 1 438, 1 150, and 
1058 cm-'. 

(CHC13), A,,,, (CF3CHzOH) 200 (Ei 301.4), 226 (Ei 82.5), 

Kijaniniicin Zinc Complex.-Kijanimicin ( I )  (1 50 mg) and 
zinc(r1) acetate dihydrate (50 mg, 2 equiv.) were dissolved in 
methanol (25 ml) and the mixture was stirred at 25 "C for 4 h ;  
the solution was then evaporated to  dryness and the residue 
chromatographed on a Waters Prep 500 h.p.1.c. instrument 
equipped with one reversed phase Cls-silica gel cartridge (370 
g) using 10% water in methanol as  the eluant to give kijani- 
micin zinc complex * (91 mg) as a colourless amorphous 

276.8), 240 (E: 54.0), and 264 nm (E: 59.5); v,,,,,~. (CHC13) 
3 620, 3 550, 3 490, 3 450, 2 940, 1 747, 1 735, I 585, 1 545, 
1 515, 1 460, 1 132, and 1 060 cm-'. 

solid, [a](iDz6 - 115.3" (CHC13). A,,,,. (CF3CHzOH) 199 (E: 

Kijanimicin Sodiirni Salt.-Kijanimicin (1 )  (7.6 g) was 
added to a mixture of 0 . 1 ~  sodium hydroxide (58.12 ml, 
1.01 equiv.) and distilled water (800 ml) and the mixture was 
stirred at 25 "C for 5 h. The mixture was filtered through a 
fine glass sintered funnel and the aqueous filtrate was 
lyophilized to give kijanimicin sodium salt * (6.3 g, 82%) as 
a colourless amorphous solid (Found: C, 58.65; H, 7.5; N ,  

* The complexes and salts of kijanimicin gave unsatisfactory 
analyses and precise compositions of these derivatives could not 
be determined from the analytical data. 

1.95; Na, 2.25. C67H99NzNa0zJ requires C, 60.08; H, 7.45; 
N, 2.09; Na, 1.72%), [.IDz6 - 165.5" (HzO), A,,;,,. (CFzCHzOH) 
197 (E 40 788), 236 (E 8 734), 266sh (E 8 412), and 272 nm (E 
8 412); v,,,,, (KBr) 3 450, 2 970, 2 925, 1 720, I 625, I 542, 
I 510, 1 405, and 1 050 cm-'. 

Kijaniniicin Potassiim Salt.-Kijanimicin (1)  (250 mg) was 
added to a mixture of 0.1 M-potassium hydroxide (0. I86 ml, 
1.01 equiv.) and distilled water (50 ml) and the mixture was 
stirred at 25 "C for 2.5 h. The product was worked up as above 
to give kijanimicin potassium salt * (182 mg, 71%) as a colour- 
less amorphous solid (Found: C, 50.55; H, 6.5; N, 1.65; K, 
2.75. C67H99KN2024 requires C, 59.36; H, 7.36; N, 2.07; K, 
2.88%), [aIDz6 -- 147.7" (CH,OH), A,,,,, (CFJCHZOH) 201 (E 
31 938), 239 (E 8 052), 264sh (E 8 052), and 273 nm (E 

7 862); vm,. (KBr) 3440, 2955, 2920, 1710, 1620, 1540, 
1 402, and 1 050 cm-'. 

Kijanimicin Ruhidiuni Salt.-Kijaniminin (1  ) (250 mg) 
and rubidium hydroxide hydrate (23 mg, 1.01 equiv.) were 
dissolved in distilled water (20 ml) and the mixture allowed to 
remain at 7 "C for 16 h. The product was worked up as above 
to give kijanimicin rubidium salt * (1 87 mg, 70%) as a colour- 
less amorphous solid, [a]D26 - 168.0" (CH30H), Lm,. (CF3CHz- 
OH) 201 (E 41 401), 240 (E 10 207), 266sh ( E  10 OlO), and 276 
nm (E 10 319); vmax. (KBr) 3 430, 2 955, 2 920, I 715, 1 622, 
1 540, 1 400, and 1 050 cm-'. 

Deterrnination of the Molecular Composition of Kijanimicin 
(l).-(i) Radiochemical molecular weight determination.b (a) 
Kijanimicin ( I )  (1 13 mg) and desoxycholic acid (1 10 mg) were 
dissolved in dry tetrahydrofuran (450 ml) and the solution was 
cooled to 0 "C. Diazomethane prepared in the usual way from 
["TI-Diazald (1.1 mg, 0.0051 mmol, 0.05 mCu) and cold 
Diazald (500 mg, 2.383 mmol) was bubbled through the 
solution. The mixture was allowed to remain a t  24 "C for 17 h. 
Excess diazomethane was flushed out with a stream of dry 
nitrogen and the solution was evaporated to  dryness. Pre- 
parative t.1.c. on silica gel plates using 75% diethyl ether in 
acetone as the eluant afforded 26-0-['4C]methylkijanimicin 
(2) (74.5 mg) and [I4C]methyl desoxycholate (49.1 mg). The 
26-0-['4C]methylkijanimicin (2) was further purified by 
preparative t.1.c. on silica gel plates using 50% diethyl ether 
in acetone as the eluant to  give 26-0-['4C]methylkijanimicin 
(2) (50.3 mg) (97.2% radiochemical purity; specfic activity 
0.01 3 378). The [I4C]methyl desoxycholate was further puri- 
fied by preparative t.1.c. on silica gel plates using 30% acetone 
in hexane as the eluant to give [I4C]methyl desoxycholate 
(47.2 mg) (95.4% radiochemical purity; specific activity 
0.042 822). Molecular weight of (2) = 0.042 822/0.013 378 x 
406.56 = I 301.4 g/mol. 

(b) Kijanimicin ( 1 )  (75.7 mg) and desoxycholic acid (76.0 
mg) were dissolved in dry tetrahydrofuran (450 ml) and the 
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solution was cooled to 0 "C. Diazomethane prepared in the 
usual way from [14C]-Diazald (3.3 mg, 0.0153 mmol, 0.15 
mCu) and cold Diazald (321.3 mg, 1.531 mmol) was bubbled 
through the solution. The products were worked up as in (a) 
above to give 26-0-[14C]methylkijanimicin (2) (60.1 mg) 
(95.7% radiochemical purity; specific activity 0.078 352) and 
['*C]methyl desoxycholate (49.6 mg) (98.8% radiochemical 
purity; specific activity 0.248 930). Molecular weight of 
(2) = 0.248 930/0.078 352 x 406.56 = 1 291.7 g/mol. 

(ii) "'Cf- Plasma desorption mass ~pectrometry.~ The 252Ci- 
p.d.m.s. measurements were made in the following manner. 
Separate solutions of 26-0-methylkijanimicin (2) and O-P-D- 
kijanosyl-( 1 -+ 17)-26-0-methylkijanolide ( I  5 )  were prepared 
by dissolving ca. 300 pg of the material in 500 p1 of acetone 
(Burdich and Jackson, ' Distilled in Glass '). These solutions 
(100 pl) were electrosprayed onto a 1.5 pm thick aluminized 
Mylar film (Steiner Film Corporation) stretched over the 
1.9 cm diameter aperture of a stainless-steel target holder.33 
The sample film was irradiated by a 252Cf source giving a 
nuclear fission fragment flux of 2 OOO s-I through the samples. 
Positive and negative ion spectra were recorded for 1 h and 
the results analyzed using a procedure described e1sewhe1-e.~~ 

26-0-Methylkiianiriiicin (Z).-Kijanimicin ( I )  ( I  .2 g) was 
dissolved in methanol and an excess of diazornethane in 
diethyl ether (125 ml) was added. The mixture was allowed to 
remain at 25 "C for 16 h. The excess diazomethane was blown 
off with a stream of nitrogen and the solution was evaporated 
to dryness. The residue was chromatographed on a silica gel 
column (60 x 3 cm) using 1% methanol in chloroform as the 
eluant to give 26-0-methylkijanimicin (2) (885 mg, 73%) as a 
colourless amorphous solid (Found: C, 60.15; H, 7.55; N,  
1.85. C68H102N2024 requires C, 61.34; H, 7.72; N, 2.10%), 

and 254 nm ( E  9 880); [e],,, -275 124, [€I],,, - 154 069, [e]21, 
-199 190, [el,,, + I  I 005, [O],,, - 1 1  0 0 5 ,  [e],,o + 4  402, and 
[O], , ,  -3 301 (CF,CH,OH); vnlax (CHCI,) 3 675, 3 600, 
3 530, 3 475, 3 425, 3 010, 2 950, 2 925, 1 745, 1 730, 1 662, 
1 570. I 540, 1 510, I 350, 1 228, I 130, 1 100, and 1 053 cm-'; 
8" (CDCI,) (600 MHz) see Table 18, 6,, (CD,CN) (600 MHz) 

:c~]D~~ - 130.1" (CH,OH), h,,,, (CF3CHzOH) 200 (E 42 625) 

4.72 (1  <0.5 Hz, 14-H), 
4.88 (1 H, dd,Jl:x,zFx 10.0 Hz, J ~ F ~ , ~ , D ,  1.9 Hz, 4.95 (1 H, 
ddq, J15.16 10.0 HZ, J15.16' = J 1 4 , 1 5 - ~ ~ ,  = < 1 HZ, 15-H), 5.02 
( I  H, ddq, Ji9.20 9.0 €42, J17.19 Ji9.i8-cHJ = ~ 0 .  0.5 Hz, 
19-H), 5.06 ( 1  H, dd, JI,B~,~,R~ 4.0 Hz, J1~ ,2 ,~4  c0.5 Hz, 1:-H) 

H, dd, Jl:,2tx 4.5 Hz, J 1 ~ , 2 4  

and 5.13 ( 1  H, dd, J,;,2:x 3.3 Hz, J,; ,2& <0.5 Hz, l&-H); 
rn/z 566 (0.3) (Dl), 548 (0.7) (Dl - HZO), 530 (0.4) D l  - 
HzO - H,O), 184 (6.5) (Bbb and B15b), 161 (16.5) (D19), 152 
(1.4) (Blob), 147 (2.2) (Dzo), 145 (39.2) (Al'), 140 (5.1) (BIBb), 
131 (27.6) (AIb), 128 (23.4) (BIZb), 127 (100)  (A.3'), 96 (22.4) 
( B i d b ) ,  and 95 (41.2) (A5). 

32-0- (4- lod~~hcn~o~~l)k i jnrr i~ ir ic~in  (3).-KiJanimicin ( I  ) ( I  .5 
g) was dissolved in dry pyridine (300 ml) and 4-iodobenzoyl 
chloride (1.5 g) (4.7 eq) was added. The mixture was stirred 
under argon at 80 "C for 4 h. The solution was evaporated to 
dryness and the residue was azeotroped with toluene and then 
chromatographed on a silica gel column (30 x 5 cm) using 3% 
methanol in chloroform as the eluant to give the product. 
The latter was rechromatographed on a silica gel column 
(60 x 5 crn) using 40% chloroform in acetone as the eluant 
to give a product which was chelated. The product was dis- 
solved in chloroform and hydrogen sulphide was bubbled 
through the solution. The solution was filtered and evapor- 
ated to dryness. The residue was rechromatographed on a 
silica gel column (60 x 2 cm) using 0.5% methanol in chloro- 
form as the eluant to give 32-0-(4-iodobenzoyl)kijanimicin 

(3) (481 rng, 32%) as a colourless amorphous solid (Found: C, 
57.27; H, 6.77; I, 11.97; N, 1.56. C74H1031NZ025 requires C, 

A,,,,, (CH,OH) 196 ( E  63 300) and 256 nm ( E  26 247); v,,,,.,~. 
(CHCI,), 3 580, 3 500, 3 460,2 950, 1 760, 1 730, 1 597, 1 555,  
1 520, 1 275, 1 240, 1 130, and 1 062 cm-'; SH (CDCI,), (220 
MHz) 0.63 (3 H, d, J ca. 5 Hz, 6-CH3), 1.07 (3 H, d, J 7 Hz, 
8-CH3), 1.15-1.40 (envelope of CH3 signals), 1.58 (3 H, s, 

(3 H,  s , ~ ~ - N H C O O C H ~ ) ,  and 7.78 (4 H, bs, 32-OCOC6H41); 

57.40; H, 6.71 ; I ,  8.21; N, I.81%), [a]DZ6 - 112.6" (CHSOH), 

GE-CH3), 1.61 (3 H,  S, 4-CH3), 3.39 (3 H, S, 4D-OCH3), 3.69 

l71/2 782 (0.2) (DS), 764 (0.8) (D5 - HZO), 746 (0.2), 615 (O.l), 
562 (0.3), 544 (0.3), 534 (0.4) (D5 - IC,jH,COOH), 520 (0.6), 
516 (0.7) (D5 - ICrjH4COOH - HZO), 498 (0.4), 248 
(7.0) (DZ1), 231 (5 .5 )  (Bib and DZ2), I84 (8.7) (B6b and B1sb), 152 
(3.9) (Blob), 145 (12.2) (AI'), 140 (3.9) (BIBb), 131 (14.9) (Alb), 

128 (10.9) (BlZb), 127 (91.2) (A3'), 96 (53.4) (B14b), and 95 
(88.1) (As). 

Methanolysis of Kijaninzicin (I).-Kijanimicin (1) ( I  .68 g) 
was dissolved in 0 .5~-me thanok  hydrogen chloride ( 1  600 
rnl) and the solution was stirred at 25 "C under argon for 16.5 
h. Concentrated ammonium hydroxide (90 ml) was added and 
the mixture was evaporated to dryness under reduced pressure. 
The residue was extracted with chloroform and the extract 
was filtered. The filtrate was evaporated to dryness and the 
residue was chromatographed on a silica gel column (150 x 
2.5 cm) using 5% acetone in hexane as the eluant to give in 
the order of elution the following compounds. Methyl 2,6- 
dideoxy-4-O-methyl-~-~-ribo-hexopyranoside ( 5 )  (49 mg) 
which was further purified by preparative t.1.c. on silica gel 
plates using 80% ethyl acetate in dichloromethane as the eluant. 
The resulting gum was subjected to short-path distillation 
affording pure methyl 2,6-dideoxy-4-0-methyl-P-~-ri6o-hexo- 
pyranoside ( 5 )  as a colourless solid, m.p. 76.0 "C [Found: m/z 
176.1060 (M").  C8H1604 requires m/z 176.10461, 

I 135, and 1 050 cm-'. 
Overlapping fractions containing ( 5 )  and methyl 2,6-dide- 

oxy-4-0-met hyl- rx-L-ribo-hexopyranoside (4) (94 mg) were 
eluted next. Preparative t.1.c. on silica gel plates using 80% 
ethyl acetate in dichloromethane as the eluant afforded 
additional ( 5 )  (23 mg) and methyl 2,6-dideoxy-4-0-methyl-a- 
L-riho-hexopyranoside (4) (20.6 mg) which was subjected to 
short-path distillation to give a colourless oil [Found: ni/z 
176.1051 ( M + ' ) .  C,Hl,04 requires: ni/z 176.10461, 
-209.2" (CH,OH), vIrln\. (CHC13) 3 580, 2 930, 1 200, and 
I 030 cm-'. 

Further elution of the column afforded methyl 2,6-dide- 
oxy-a-L-riho-hexopyranoside (6) ( 1  20 mg) which was subjected 
to short-path distillation to give a colourless oil [Found: ni/z 
13 1.0721 ( M  - OCH,) + . CbH1103 requires ni/z 13 I .0707], 

- 170.7" (CHCI,) [lit.,17 [a]u20 + I 74.O0 (CHCI,) for 
r-D], v,,,,,, (CHCI,) 3 500, 2930, 1400, 1 185, I 123, and 
1 050 crn-'. 

Further elution of the column afforded methyl 2,6-dideoxy- 
P-L-riho-hexopyranoside (7) ( 1  88 rng) which was subjected to 
short-path distillation to give a colourless oil [Found: m/t  
I3 I .0709 (M - OCH3)+. C6H 1 0 3  requires m / z  13 I .0707], 
xlDZ6 C 33.2" (CHCI,) [lit.," [a]D20 -36.0" (CHCI,) for p-D], 
v ,,,,,\ (CHCI,) 3 450, 2 930, 1 385, 1 150, and I 060 cm '. 

Further elution of the column gave overlapping fractions 
containing as the major product methyl 2,6-dideoxy-a-~- 
riho-hexofuranoside ( I  I )  contaminated with (7) and methyl 
2,6-dideoxy-~-~-ri/~o-hexofuranoside ( I  2) ( 1  84 mg). This 
material was rechromatographed on a silica gel column 
( I 0 0  x 2 cm) using 10% acetone in hexane as the eluant to 
give material that was then rechromatographed again on a 
silica gel column (100 x 2 cm) using 5% acetone in hexane as 

- 12.4" (CH,OH), v,,,. (CHCI,) 3 560 ,  2 930, 2 890, 2 840, 
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the eluant to give methyl 2,6-dideoxy-a-~-ribo-hexofuranoside 
( I  1) (55 mg) which was subjected to short-path distillation to 
give a colourless oil (Found: m/z 131.0714 (M - OCH,)+, 
C6H1103 requires m/z 131.0707), [aIDz6 - 135.8" (CHCI,) 
[lit.," [alDZo + 140.0" (CHCI,) for a-D], v ~ ~ : ~ ~ .  (CHC13) 3 600, 
2 930, 1 265, I 215, 1 070, and 1 035 cm-'. 

Further elution of the original column afforded methyl 
2,6-dideoxy-~-~-ribo-hexofuranoside (1 2) (54 mg) which was 
subjected to short-path distillation to give a colourless oil 
[Found: m/z 131.0704 (A4 - OCH3)+. C6H1103 requires ni/z 
131.07071, [aJD26 f98.4" (CHC13) [lit.,I7 [aJDZ0 - 106.0" (CHCI3) 
for B-D]; vmax, (CHC13) 3 600, 3 450, 2 930, I 205, 1 095, 1 073, 
and 1 030 cm-'. 

The column was then stripped with 80% acetone in hexane 
and the eluate was evaporated to dryness. The residue was 
subjected to preparative t.1.c. on silica gel plates using 30% 
acetone in hexane as the eluant and the U.V. absorbing band at 
the origin was collected. The material was then chromato- 
graphed on a silica gel column (120 x 1.5 cm) using 1% 
methanol in chloroform as the eluant to give O-fh-kijanosyl- 
(1+17)-kijanolide (14) (45 mg) as an off-white amorphous 
solid (Found: C, 60.65; H, 7.1 ; N, 3.3. C42H58N2012 requires 
C, 64.43; H, 7.47; N, 3.58%), [a]DZ6 -37.6" (CHSOH), pKa 
4.8; Amx. (CH3OH) 204 (E 27 738), 240 (E 10 366), 266 (E 
8 244), and 276 nm (E 7 625); [e],,, -574 816, [e],,, + 120 71 1, 
[€I],,, -528 831, [~],,,,, -86 222, and +77 600 (CF3- 

1 730, 1 605, 1 545, 1 510, I 235, and i 060 cm-'; 8H (CDCIJ 
CHZOH); v,,,. (CHCl3) 3 680, 3 615, 3 440, 2 940, 1 755, 

(220 MHz) 0.66 (3 H, bd, J 4  Hz, 6-CH3), 1.03 (3 H, d, J 7 Hz, 
8-CH3), 1.15 (3 H, d, J 6.2 Hz, 6E-CH3), 1.31 (3 H, d, J 6 Hz, 
23-CHj), 1.34 (3 H, S,  14-CH3), 1.38 (3 H, S, IS-CHj), 1.57 
(3 H, S,  3E-CH3), 1.62 (3 H, S,  4-CH3), 3.69 (3 H, S, 4E-NHCOO- 
CH3), 4.36 ( I  H, dd, J4;,,-,, 10 Hz, J 4 ~ q , s ~ x  ca. 1 Hz,4,&-H), 

s,  21-H) and 5.98 (1 H, ddd, J1l,lz 10 Hz, JI1 .13  -- Jlo,ll = ca. 
4.43 (1 H, dd, J I , E ~ , ~ , E ~  10 Hz, J1~,2& 2.5 Hz, lZ-H), 5.47 ( I  H, 

2 Hz, 11-H), ~ I / Z  552 (1.8) (DI), 534 (9.9) (DI - HZO), 516 
(2.4) (D1 - Hz0-HZO), 498 (0.8), 374 (0.8) (D9), 356 (1.6) 
(D9 - HzO), 231 (10.2) (Bib), 184 (100) ( B b b  and BlSb), 152 
(9.7) (Blob), 140 (26.8) (BIBb), 128 (68.2) (BIZb), and 96 (20.5) 
(B14b)* 

Methyl 3-0- Bcnzoyl-2,6-didcoxy-4-O-tiicthyl-~-~-ri bo-hcxo- 
pyranoside (@.-Methyl 2,6-dideoxy-4-O-methyl-P-~-ribo- 
hexopyranoside (5) (I40 mg) was dissolved in dry pyridine 
(84 ml) and benzoyl chloride (0.56 ml) was added. The mixture 
was heated under dry nitrogen at 35 "C for 4 h and then at 
42 "C for 4 h;  it was then evaporated to dryness. The residue 
was azeotroped with toluene, extracted with chloroform and 
the chloroform extract washed with saturated aqueous sodium 
hydrogen carbonate. After being washed with water the 
chloroform solution was dried and evaporated to dryness. 
The residue was purified by preparative t.1.c. on  silica gel 
plates using 85% carbon tetrachloride in diethyl ether as the 
eluant. The methyl 3-0-benzoyI-2,6-dideoxy-4-O-methyl-j3-~- 
riho-hexopyranoside (8) (75 mg, 34%) was subjected to short- 
path distillation to give a colourless solid, m.p. 58-60.5 "C 
(Found: C,  64.95; H, 6.55. Cl5HZ0OS requires C, 64.27; H, 
7.19%), [alOz6 -31.4" (CHC13), vrn:,\-. (CHC13) 2 930, 1 720, 
1 280, I 115, and 1 020 cm..'. 

Methyl 2,6- Dideuxy-3,4-di-O-methyl- a -~ - r i  bo-hcxopyrano- 
side (9).-Methyl 2,6-dideoxy-a-~-ribo-hexopyranoside (6) 
(161 mg) was dissolved in dry dimethylformamide (10 mi). 
Sodium hydride (477 mg) was added to the stirred solution and 
the mixture was stirred under dry nitrogen at 25 *C for 1 h. 
Methyl iodide (1.79 ml) was added and the mixture was 
stirred at 25 "C for 16 h. The mixture was filtered through 
Celite and the filtrate was evaporated to dryness. The residue 

was chromatographed on a silica gel column (15 x 1 cm) 
using 2% acetone in hexane as the eluant to give methyl 
2,6-dideoxy-3,4-di-0-methyl-a-~-r~bu-hexopyranoside (9) (1 25 
mg, 66%) which was subjected to short-path distillation to 
give a colourless oil (Found: m/z 190.1206. C9H1804 requires 
m/z 190.1205), -21 I .O" (CH30H), vnmS. (CHC13) 
2 950, 1 100, and 1 020 cm-'. 

Methyl 2,6- Dideoxy-3,4-di-O-t~iethyl-~-~-ribo-hcxopyrano- 
side (lo).-Methyl 2,6-dideoxy-B-~-ribo-hexopyranoside (7) 
(200 mg) was dissolved in dry dimethylformamide (10 ml). 
Sodium hydride (592 mg) was added to the stirred solution and 
the mixture was stirred under dry nitrogen at 25 "C for I h. 
Methyl iodide (1.8 ml) was added and the mixture was 
stirred at 25 "C for 16 h. The mixture was filtered through 
Celite and the filtrate was evaporated to dryness. The residue 
was chromatographed on a silica gel column (15 x 1 cm) 
using 2% acetone in hexane as the eluant to give methyl 2,6- 
dideoxy-3,4-di-O-met hyl-P-L-riho-hexopyranoside (10) (37 mg, 
16%) which was subjected to short-path distillation to give a 
colourless oil (Found : m/z 190.1208. C9H1804 requires m/z 

and 1 020 cm-'. 
190.1205), [.ID2, -26.6" (CH,OH), vm,,. (CHCIj) 2 960, 1 100, 

O-p-D-K@znosyl-( 1 + 1 7)-26-0-r,iet~zylkijanolide (1 5).-0-p- 
D-Kijanosyl-( I+l7)-kiJanolide (14) (953 mg) was dissolved in 
dry tetrahydrofuran (350 ml) and an excess of diazomethane 
in diethyl ether was added. The mixture was left at 25 "C for 
18 h. The excess diazomethane was removed with a stream of 
nitrogen and the solution was evaporated to dryness. The 
residue was chromatographed on a silica gel column (120 x 2 
em) using chloroform as the eluant to give 0-P-D-kijanosyl- 
(1+I7)-26-O-methylkijanolide (15) (334 mg, 34%) as a 
colourless solid that crystallized as fine needles from chloro- 
form-methanol (Found: * C, 63.5; H, 7.25; N, 4.1. C43H60- 
N2OI2 requires C, 64.81; H, 7.59; N, 3.52%), -83.6" 
(CH30H); A,,,,. (CF3CH20H) 199 ( E  40416) and 254 nm ( E  

9 405), [el,,, -338 013, [elzo4 - 177 902, [el,,, -234 830, 
[el233 + 14 232, [el256 - 10 674, [el285 + I 16, vn~ax. (CHCI3) 
3 675, 3 600, 3 430, 2 950, 1 740, I 730, I 660, 1 562, 1 540, 
1 350, 1232, and 1055 cm tiH (CDCI3) (600 MHz) 0.64 
(3 H, d, J 5.7 Hz, 6-CH3), 1.05 (3 H, d, J 6.7 Hz, 8-CH3), 1.17 
(3 H, d, J6.2 Hz, 6"-CH3), 1.31 (3 H, S, 18-CH3), 1.32 (3 H, d, 
J 7.2 Hz, 23-CH3), 1.37 (3 H, S, 14-CH3), 1.55 (3 H, S ,  4-CH3), 
1.59 (3 H, S, 3E-CH3), 1.77 ( I  H, d, J 2 4 . 2 4 '  14.3 Hz, 24-H), 2.36 
(1  H, dd, J24.24 '  14.3 Hz, J23.24'  7.2 Hz, 24'-H), 2.62 (1  H, dq, 
J23.23-CH, -= J23.24. 7.2 Hz, 23-H), 2.82 ( I  H, dd, J~,E,,~,E, 
14.8 Hz, J ~ A , + ~  1.9 Hz, 2,E,-H), 3.40 (1 H, dd, J19.20 10.0 Hz, 
Jzo.? ca. I HZ, 20-H), 3.51 ( I  H, dq, J 5 z x , 6 C - ~ ~ ,  6.2 Hz, J4,eq,5,", 

9,,-H), 3.71 (3 H, S ,  4E-NHCOOCH3), 4.02 ( 1  H, ddd, 
J12.13 5.2 Hz, J11.13 = J10 .13  = < 1 Hz, 13-H), 4.13 (3 H, S, 

J32 .32 ,  13.4 Hz, 32-H), 4.40 ( I  H, dd, J4$,4-~, 10.0 Hz, J4&,5fX 
< I  Hz, 4,Eq-H), 4.46 ( 1  H, dd, J~ ,FI ,ZF~ 9.5 Hz, Jl&,zz 1.9 Hz, 

< 1  Hz, 19-H), 5.12 (1 H, ddq, Ji,,i, 9.1 Hz,Ji4-~~,.15 = J15,1v 

- < I  Hz, 15-H), 5.37(1 H, d, J 4 e E q , 4 - ~ ~  10.5 Hz, 4E-NHCOO- 
CHj), 5.48 ( I  H, ddd, J 1 i . i ~  10.0 Hz, J12.13 5.2 Hz, Jio,lz 1.9 

ca. 1 Hz, SL-H), 3.67 ( I  H, dd, J~,,.IO~, 9.5 Hz, J8eq,9dx 5.2 Hz, 

26-OCH3), 4.20 (1 H, d, J32.32 '  13.4 Hz, 32'-H), 4.25 ( I  H, d, 

IZ-H), 5-02 ( 1  H, ddq, 519.20 10.0 Hz, J I E - C H , . ~ ~  = J17.19 = 

Hz, 12-H), 5.51 (1 H, s, 21-H), and 5.99 (1 H, ddd, J1l,lz 
10.0 Hz, J11.13 = Jlo,ll = < 1 Hz, 1 I-H); ni/z 796 (2.0) ( M + ' ) ,  
566 ( 1  1.2) (Dz), 548 (12.2) (Dz - HZO), 534 (7.0) (D, - CH3- 
OH), 516 (2.7) (D2 - HZO - CHSOH), 498 (1.3), 388 (6.3) 
(Dlo), 231 (1 1 .O) (Bib), 184 (100) (B,b and BISb), 152 (14.1) 

* Chloroform solvate. 
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(Blob), 140 (33.0) (Blab), 128 (69.8) (BlZb), and 96 (18.6) 
(BIJb). 

9.32- Di-O-acefyl-O-~-D-kijanosyf-(l+17)-kijanolide (1 6).- 
O-p-D-Kijanosyl-( 1+17)-kijanolide (14) (98 mg) was dissolved 
in dry pyridine (3.3 ml) and acetic anhydride (0.75 ml) was 
added. The mixture was stirred at 25 "C for 16 h, and then 
evaporated to dryness and azeotroped with toluene. The resi- 
due was chromatographed on a silica gel column (60 x 2 cm) 
using chloroform as the eluant to give 9,32-di-O-acetyl-O-P-~- 
kijanosyl-( 1+ 17)-kijanolide (1 6) (77 mg, 72%) as an off- 
white amorphous solid (Found: C, 63.2; H, 7.25; N, 3.35. 
C46H6zN2014 requires C, 63.73; H, 7.21; N, 3.23%), [aIDz6 

(E 6 997), 262 (E 8 020), and 276sh nm ( E  7 161); v,,;,,. (CHC13) 
3 670, 3 420, 2 930, 1 730, 1 540, 1 510, 1 250, 1 230, and 
1 055 cm-'; 8" (CDC13) (220 MHz) 0.68 (3 H, bd, J ca. 5 Hz, 

-39.6" (CH,OH), Lux. (CFjCH20H) 199 (E 40 966), 242sh 

6-CH3), 1.02 (3 H, d, J 7 Hz, 8-CH3), 1.1 7 (3 H, d, J 6 Hz, 6E- 
CH3), 1.35 (3 H, d, J 7  Hz, 23-CH3), 1.39 (3 H, S,  I4-CHj), 1.43 
(3 H, s, 18-CH3), 1.61 (3 H, s, 4-CH3), 1.67 (3 H, s, 6E-CH3), 
2.1 5 (6 H, s, 9- and 32-OAc), 3.77, (3 H, s, 4E-NHCOOCH3), 
4.43 (1 H, dd, J 4 5 . 4 4 ~  10 Hz, J~,E,,~,E, 1 Hz, 4,E-H), 4.50 (1 H, 
dd, J15x,z:x 10 Hz, J l : x , 2 ~  1.5 Hz, lk-H), 5.66 (1 H, S,  21-H), 

t?l/z 867 (0.2) ( M + ' ) ,  806 (0.8) (M - CH,COOH), 636 (1.1) 
(D3), 61 8 (4.9) (D3 - HZO), 576 (29.1) (D3 - CH,COOH), 558 
(24.1) (D3 - CH3COOH - HZO), 516 (4.2) (D3 - CH3- 
COOH - CH,COOH), 498 (15.9), 416 (3.4) (Dll), 356 (6.5) 

and 5.75 (1 H, ddd, J11.12 10 Hz, Jl0,,, and J11.13 N/A, 11-H); 

(DI1 - CH,COOH), 231 (23.4) (Blb), 184 (100) (B6b and BISb), 
152 (12.7) (Blob), 140 (32.4) (Blab), 128 (60.2) (BIZb), and 96 
(9.5) (B14b)- 

9,32- Di-O-aceryf-O-P-D-kijano~yf-( 1 -+ 1 7)-26-0-niefhyl- 
kijanolide (1 7).-O-P-~-KiJanosyl-( 1 -+ 17)-26-0-rnethylkijano- 
lide (15) (159 mg) was dissolved in dry pyridine (7 ml) and 
acetic anhydride (1.54 ml) was added. The mixture was 
stirred at 25 "C for 18 h, and then evaporated to dryness and 
azeotroped with toluene. The residue was chromatographed 
on a silica gel column (40 x I cm) and eluted with chloro- 
form to give 9.32-di-O-acetyl-0-~-~-kiJanosyl-( 1 +I 7)-26-0- 
methylkijanimicin (17) (64 mg, 36%) as a colourless amor- 
phous solid (Found: C, 62.65; H, 7.1; N, 3.0; 0, 25.65. 
C4,H64N2Ol4 requires C, 64.07; H, 7.32; N, 3.18; 0, 

(E 41 187) and 254 nm (E 9 673); vnlaY, (CHC13) 3 430, 2 950, 
1735, 1 665, 1 572, 1545, 1260, 1235, and 1060 cm-'; tiH 

25.42%), [c;iD26 -65. I "  (CHjOH), A,,,,. (CF3CHzOH) 200 

(CDCIj) (220 MHz) 0.65 (3 H, d, J CCL. 5 Hz, 6-CH3), 1.01 (3 H, 
d, J 7 Hz, 8-CH3), 1.17 (3 H, d, J 6 Hz, 6E-CH3), 1.32 (3 H, 
d, J 7 Hz, 23-CH3), I .33 (3 H, S,  18-CH3), 1.49 (3 H, S, 4-CH3), 
1.57 (3 H, s, 3E-CH3), 1.60 (3 H, s, 4-CHJ, 2.13 (3 H, s, 9 or 
32-OAc), 2.15 (3 H, s, 9 or 32-OAc), 3.75 (3 H, s, 4E-NHCOO- 
CH3) ,  4.17 (3 H, S,  26-OCH3), 4.41 (1 H, dd, J45,,, 10 Hz, 
J ~ , E , , ~ , E ,  1 Hz, 4,E,-H), 4.49 (1 H, dd, J I , E ~ , ~ : ~  10 Hz, J 1 , ~ , 2 r ~ q  1.5 
Hz, lk-H), 4.60 (1 H, d, J j 2 . 3 2 ,  14 Hz, 32'-H), 4.80 ( 1  H, d, 
J 3 2 . 3 2 '  14 Hz, 32-H), 5.66 (1 H, s, 21-H), and 5.72 (1 H, ddd, 
J11 .12  10 Hz, Jlo,ll and J11 .13  N/A, 11-H); nr/z 880 (2.0) ( M + ' ) ,  
848 (0.2) (M - CHSOH), 838 (0.1) (M - CH,=C=O), 834 
(0.3), 820 (2.2) (M  - CH,COOH), 802 (2.6), 788 (<0.1) 
(M - CH3COOH - CH,OH), 650 (20.2) (D4), 632 (6.1), 
628 (<0.1) (D4 - CH30H), 590 (30.1) (DJ - CH,COOH), 
572 (17.6), 558 (2.8)(D4 - CH3COOH - CH,OH), 530 (3.6) 
(Dj  - CHJCOOH - CH,COOH), 430 (14.8) (Dlz), 370 
(3.4) (D12 - CHJCOOH), 231 (13.8) (Bib), 184 (85.6) (B6b 
and BISb), 152 (13.2) (Blob), 140 (24.6) (Blab), 128 (53.0) (Bizb), 
and 96 (12.6) (Bldb). 

3 2-0-( 4- / o h  henzoyl)-O-P- D- kijatiosyl- ( 1 -+ 1 7)-k ijanolide 
( 18).-O-~-~-Kijanosyl-( 1+17)-kiJanolide (14) (550 mg) was 

dissolved in dry pyridine (50 ml) and 4-iodobenzoyl chloride 
(3.52 g) was added. The mixture was heated at 80 "C for 6 
days. The solution was evaporated to dryness and the residue 
was azeotroped with toluene. The residue was taken up in 
dichloromethane and washed with water. The dichloro- 
methane solution was evaporated to dryness and the residue 
was chromatographed on a silica gel column (160 x 2 cm) 
using 1.5% methanol in chloroform as the eluant to give 32-0- 
(4-iodobenzoyI)-O-~-~-kijanosyl-( I +17)-kijanolide (1 8) (245 
mg, 34%) as a colourless amorphous solid which crystallized 
as clusters of colourless needles from aqueous acetone, or 
methanol, m.p. ca. 183 "C (Found: C, 56.9; H, 5.95; I, 16.45; 
N, 2.85. C49H611NZ013 requires C, 58.09; H, 6.07; I, 12.53; N, 
2.76%), [a]'," -16.3" (CH30H), A,,,,, (CF3CHzOH) 257 nm 
(E 25 370); v,,,. (KBr) 3 520, 3 430, 3 340, 2 940, 1 765, 1 730, 
1 595, 1 550, 1 512, 1 275, and 1 060 cm-'; tiH (CDCI,) (220 
MHz) 0.67 (3 H, d, J ca. 4 Hz, 6-CH3), 1.06 (3 H, d, J 7 Hz, 

1.38 (3 H, d, J c a .  7 Hz, 23-CH3), 1.41 (3 H, s, 18-CH3), 1.59 

COOCH,), 4.77 (1 H, d, J32 .32 '  13 Hz, 32'-H), 5.09 (1 H, d, 

Jll,lz 10 Hz, Jlo,ll and J11.13 N/A, Jl-H) and 7.81 (4 H, s, 

8-CH3), 1.17 (3 H, d, J 7 Hz, 6E-CH3), 1.36 (3 H, S ,  I4-CHj), 

(3 H, S, 3E-CH3), 1.64 (3 H, S,  4-CH3), 3.71 (3 H, S ,  4E-NH- 

J32.32, 13 Hz, 32-H), 5.68 (1 H, S,  21-H), 6.03 (1 H, ddd, 

32-OCOC6H4I); U I / Z  782 (3.2) (DS), 764 (10.8) (D-j - HZO), 746 
(4.5), 604 (0.7) (Dls), 534 (2.7) (DS - IC,HdCOOH), 516 (12.6) 
(D5 - ICgH4COOH - HzO), 498 (7.4), 356 (4.9) (D13 - IC6- 
H4COOH), 248 (34.1) (DZ1), 231 (47.9) (Blb and DZ2), 184 (100) 
(Bbb and BISb), 152 (10.7) (Blob), 140 (25.2) (Blab), 128 (83.7) 
(BIZb), and 96 (38.9) (B14b). 

32-0-(4-lodobenzoyf)-O-P-~-kijanosyl-( I+ 1 7)-26-0-rnethyl- 
kijannlide ( 19).-32-0-(4-Iodobenzoyl)-O-~-~-kijanosyl-( 1 3  
17)-kijanolide (18) (500 mg) was dissolved in a solution of 
diazomethane in diethyl ether (125 ml) and the mixture was 
allowed to remain at 25 "C for 4 h. Excess of diazomethane 
was removed with a stream of nitrogen and the solvent was 
evaporated to dryness. The residue was chromatographed on 
a silica gel column (1 10 x 2 cm) using 15% ethyl acetate in 
dichloromethane as the eluant to give 32-0-(4-iodobenzoyl)- 
O-P-D-kijanosyI-( 1 +17)-26-0-methylkijanoiide (1 9) (1 73 mg). 
Overlapping fractions were further purified by preparative 
t.1.c. on silica gel plates using 50% ethyl acetate in dichloro- 
methane as the eluant to give an additional 108 mg of (19) 
(281 mg, 55%) as a colourless amorphous solid (Found: C, 
56.75; H, 6.0; I, 11.95; N, 2.45. C50H631N2013 requires C, 

A,,,,,. (CF3CH20H) 256 nm ( E  27 173); vmaY. (KBr) 3 510, 
3 440, 2960, 1760, 1 730, 1670, 1 580, 1 550, 1 355, 1275, 
1 062, and 1 018 cm-'; BH (CDCI3) (220 MHz) 0.63 (3 H, d, 
J ca. 4 Hz, 6-CH3), 1.04 (3 H, d, J 7 Hz, 8-CH3), 1.16 (3 H, d, 

58.49; H, 6.19, I ,  12.36; N, 2.73%), [a]Dz" -47.9" (CHSOH), 

6 Hz, 6E-CH3), 1.30 (3 H, S,  18-CH3), 1.37 (3 H, d, J 7 Hz, 
23-CHj), 1.37 (3 H, S, 14-CH3), 1.54 (3 H, S, 4-CH3), 1.57 
(3 H, S, 3E-CH3), 3.72 (3 H, S,  4E-NHCOOCH3), 4.13 (3 H, S, 

26-OCH,), 4.75 (1 H, d, J j Z . 3 2 ,  13 Hz, 32'-H), 5.48 (1 H, ddd, 
J11.12 10 Hz, J12.13 5 Hz, J10.12 ca. 1.5 Hz, 12-H), 5.67 (1 H, s, 
21-H), 5.98 (1 H, ddd, Jl,.12 10 Hz,  Jl, ,t3 = Jlo,lt = ca. 2 Hz, 
11-H), and 7.79 (4 H ,  S,  32-ocOC6H~I); t?Z/Z 796 (3.7) (Ds), 
778 (4.3) (D6 - HZO), 760 (2.4), 746 (1.1) (D6 - H20 - CH3- 
OH), 618 (1.3) (D14), 548 (1.5) (D6 - IC6H4COOH), 530 (2.7) 
(D6 - ICbHjCOOH - HzO), 516 (3.9) (D6 - IC6H4COOH - 
CH,OH), 498 (3.0), 370 (2.1) (D14 - IC,H,COOH), 248 
(49.7) (Dzl), 231 (100) (Blb and Dzz), 184 (72.9) (B6b and BISb), 
152 (14.0) (Blob), 140 (28.3) (Blab), 128 (99.1) (BlZb), and 96 
(77.1) (B14b). 

9,32- Di-O-(4-iodobenzoyl)-O-P-~-kQanosyl-( 1 + 1 7)-koanol- 
ide (20).-O-~-~-Kijanosy~-(~+~7)-kijanolide (14) ( I  .15 g) 
was dissolved in dry pyridine (350 ml). 4-lodobenzoyl 



1528 J .  CHEM. SOC. PERKIN TRANS. I 1983 

chloride (7.39 g) was added and the mixture was heated at 
1 10 ''C for 3 days. The solution was evaporated to dryness and 
the residue was azeotroped with toluene. The residue was dis- 
solved in dichloromethane. The latter was washed with water 
and evaporated to dryness. The residue was chromatographed 
on a silica gel column (100 x 2 cm) using chloroform as the 
eluant. The product was then rechromatographed o n  a silica 
gel column (100 x 2 cm) using 0.75% ethanol in dichloro- 
methane as the eluant to give 9,32-di-O-(4-iodobenzoyl)-O-P- 
~-kijanosyl-(l+17)-kijanolide (20) (424 mg, 23%) as a 
colourless amorphous solid which crystallized as fine needles 
from tetrahydrofuran-hexane (Found: C, 54.2; H, 5.3; 
I, 20.7; N, 2.25. C56H6412N2014 requires C, 54.15; H, 5.19; 
I ,  20.43; N, 2.26%), [a]DZ6 + 38.8" (CHCIj), h,,,,, (CF3CHZOH) 
257 nm (E 43 764); v,,,,. (KBr) 3 425, 2 935, 1 760, 1 725, 
I 590, 1 545, 1 270, 1 100, I 060, and 1 013 cm-I; SH (CDC13) 
(220 MHz) 0.70 (3 H, d, J ca. 4 Hz, 6-CH3), 1.08 (3 H, d, J 7 
Hz, 8-CH3), 1.15 (3 H, d, J 6 Hz, 6E-CH3), 1.38 (3 H, d, 
J 7 Hz, 23-CH3), 1.38 (3 H, S,  14-CHj), 1.40 (3 H, S ,  18-CH3), 
1.57 (3 H, S, 3E-CH3), 1.67 (3 H, S, 4-CH3), 3.70 (3 H, S, 
4E-NHCOOCHj), 4.42 ( I  H, dd, J~ ,E , ,~F~ 10 Hz, J1fx,25q 2 Hz, 
1:-H), 4.71 (1 H, d, Jjz .32 '  13 132, 32'-H), 5.34 (1  H, ddd, 

J11.12 10 Hz, J12.13  5 Hz, J10.12  CCI. 1.5 Hz, 12-H), 5.67 (1  H, S, 
21-H), 5.69 ( 1  H, ddd, Jll.lz 10 Hz, J11.13 = Jlo,ll = ca. 2 Hz 
I 1-H), and 7.82 (8 H, s, 9- and 32-OCOC6H41); m/z 764 (0.2) 
(D, - IC,H,COOH), 746 (1.5), 516 (0.8) (D, - IC6HJ- 

231 (65.8) (Blb and Dt2), 184 (16.6) (Bbb and BIsb), 152 (3.5) 
(B,ob), 140 (6.2) (Blab), 128 (23.0) (BlZb), and 96 (12.0) (BIdb). 

COOH - IC~HJCOOH), 498 (3.4), 480 (I.O), 248 (100) (Dzl), 

9 3 -  Di-O-(4-iodobenzoyl)-O-B-~-kijanosy~-( 1 -+ 1 7)-26-0- 
nicthylkijanolide (21).-9,32-Di-0-(4-iodobenzoyl)-O-P-~-ki- 
janosyl-( 1+17)-kijanolide (20) (908 mg) was dissolved in a 
solution of diazomethane in diethyl ether (180 ml) and the 
mixture was allowed to remain at 25 "C for 46 h. Excess di- 
azomethane was removed with a stream of nitrogen and the 
solution was evaporated to dryness. The residue was chrom- 
atographed on a silica gel column (60 x 5 cm) using 0.5% 
methanol in chloroform as the eluant. The product was then 
rechromatographed on a silica gel column (60 x 5 cm) using 
chloroform as the eluant to give 9,32-di-O-(4-iodobenzoyl)-O- 
B-D-kijanosy\-( 1 -+ I7)-26-0-methylkijanolide (21) (427 mg). 
Additional product was obtained from the overlap fractions 
by preparative t.1.c. on silica gel plates using 0.8% methanol in 
chloroform as the eluant to give (21) (137 mg) (564 mg, 61%) 
as a colourless amorphous solid (Found: C, 54.15; H, 5.4; 
I, 18.6; N, 2.1. C57H661zNZ014 requires C, 54.50; H, 5.30; I, 

nm ( E  49 841); v,,:,~, (KBr) 3425, 2960, 2940, I 755, I 725, 
I 667, 1 592, 1 578, 1 548, 1 352,l 270, 1 108, I 060, and I 018 
cm '; F,, (CDC13) (220 MHz) 0.67 (3 H, d, J ca. 4 Hz, 

6E-CH3), 1.31 (3 H, S, 18-CH3), 1.37 (3 H, d, 5 7  Hz, 23-CH3), 

20.20; N,  2.23%), [a'DZ6 0" (CHClj), h,,,,, (CFjCH2OH) 257 

6-CH3), 1.07 (3 H, d, J 7 Hz, S-CHJ), 1.14 (3 H, d, J 6 Hz, 

1.40 (3 H, S,  I4-CH3), 1.58 (3 H, S ,  4-CH3), 1.60 (3 H, S,  3€- 

4.36 ( I  H, dd, J ~ , E ~ , ~ - N H  10 Hz, J~,E,,~,E, 1 Hz, 4,Eg-H), 4.42 (1 H, 
dd, Ji,t.l,z,~q 9 Hz, JI,E,Z,EI ca- 2 Hz, IE-H), 4.75 (1 H, d, J32.3~'. 

CH3), 3.70 (3 H, s, 4€-NHCOOCH3), 4.13 (3 H, S ,  26-OCH3), 

13 Hz, H32'), 5.43 (1  H, ddd, J11.12 10 Hz, J1z,13 ca. 5 Hz, 
J10,12 ca. 1.5 Hz, 12-H), 5.67 ( 1  H, s, 21-H), and 7.80 (8 H, s, 
9- and 32-OCOC6H,I); i ? l / Z  778 (1.0) (Ds - IC,H,COOH), 
760 (2.O), 746 (0.5) (D8 - IC6HdCOOH - CHjOH), 728 
(O.I), 530 (0.4) (Ds - IC6HjCOOH - IC,H.+COOH), 512 
(1.5), 498 (l . l) ,  480 (0.5), 248 (98.2) (DL1), 231 (100) (Bib and 
Dl2), 184 (26.7) (Bbb and BlSb), 152 (4.3) (Blob), 140 (6.3) (Blab), 
I28 (BIZb), and 96 ( 1  3.6) (B14b). 

Mcrlianolysis of O-P-D-Kijanosy[-( 1 -+I 7)-kijanolide ( I4).- 
( i )  fsolntiort of the sirgars. O-P-D-Kijanosyl-( I+ 17)-kijanolide 

(14) (433 mg) was dissolved in 5~-hydrogen chloride in meth- 
anol (250 ml) and the mixture was heated under reflux at 
65 "C for 3 h. The solution was cooled, concentrated am- 
monium hydroxide (190 ml) was added, and it was then 
evaporated to dryness. The residue was taken up in chloroform 
and washed with water. The chloroform layer was evaporated 
to dryness and the residue was chromatographed on a silica 
gel column (160 x 2.5 cm) using 5% acetone in hexane as the 
eluant to give methyl P-D-kijanoside (24) (80 mg). The latter 
(24) was subjected to preparative t.1.c. on silica gel plates 
using 5% methanol in chloroform as the eluant to give 
methyl P-D-kijanoside (24) (17 mg) which was subjected to 
short-path distillation and then crystallized from hexane to 
give colourless crystals, m.p. 180.5-1 81.5 "C (Found: C, 
46.0; H, 6.9; N, 10.65; 0, 36.5. CloHlaNzO6 requires C, 

(CF3CH20H) 199 nm (E 4 909); [el,,, -962 and [el,,, 

2 900,2 860, 1 730, 1 550, 1 515, I 315, 1 235, and 1065 cm-'. 
Further elution of the column afforded the a-anomer (25) 
(60 mg) which was subjected to preparative t.1.c. on silica gel 
plates using 5% methanol in chloroform as the eluant to give 
methyl a-D-kijanoside (23) (31 mg) as a colourless oil which 
was subjected to short-path distillation to give a viscous gum 
which solidified with time (Found: C, 47.8; H, 7.3; N, 10.15; 
0, 34.75. CloHIsN2O6 requires C, 45.80; H, 6.92; N, 10.68; 

nm ( E  4 968); -326 and [el,,, +340 (CF3CH20H); 

1 550, 1 508, 1 230, 1 123, and 1 055 cm-'. The column was 
then eluted with 2% methanol in chloroform to give a com- 
plex mixture (254 mg) of partially separated aglycone frag- 
ments. 

( i i )  Isolation of the kijanolide .fragments. 0-b-D-Kijanosyl- 
(1 +17)-kijanolide (1 4) (1.5 g) was dissolved in SM-hydrogen 
chloride in methanol (850 ml) and the mixture was allowed to 
remain at 25 "C for 16 h. Concentrated ammonium hydroxide 
(575 ml) was added and the solution was evaporated to 
dryness. The residue was taken up in chloroform and filtered. 
The chloroform filtrate was evaporated to dryness. The solid 
was taken up in acetone (90 ml) and the solution was added 
dropwise to hexane (910 ml) with stirring and cooling to 
-33 'C. The hexane layer was decanted from an orange 
coloured oil which separated out. The orange oil (421 mg) 
was purified by preparative t.1.c. (twice) on silica gel plates 
using 40% methanol in chloroform as the eluant to give 
kijanolide (46) (23 mg) as an off-white amorphous solid (see 
Table I for I3C n.m.r. data). The hexane-acetone layer from 
the precipitation was evaporated to dryness. The residue (962 
mg) was chromatographed on a Waters Prep 500 h.p.1.c. 
instrument using one silica gel (325 g) cartridge and 9% 
acetone in hexane as the eluant to give methyl P-D-kijanoside 
(24) and methyl a-D-kijanoside (23) which had to be further 
purified. Chromatography on a silica-gel column (160 x 3 
cm) using 5% acetone in hexane as the eluant, followed by pre- 
parative t.1.c. on silica gel plates using 80% ethyl acetate in 
dichloromethane as the eluant afforded the pure 0-anomer 
(24) (20 mg) and also the a-anomer (23) (55 mg). The h.p.1.c. 
column was then stripped with acetone to give the kijanolide 
fractions (467 mg). The latter were chromatographed on a 
silica gel column (120 x 6 cm) using 20% ethyl acetate in 
dichloromethane as the eluant to give 32-chloro-32-deoxy- 
kijanolide (47) (107 mg) as an off-white amorphous solid 
(Found: C, 68.15; €3, 7.5. C33H43C106 requires C, 69.40; H, 
7.59%), v~,,~,. (KBr) 3 450, 2 970, 2 930, 2 880, 1 760, 1 620, 
1060, and 985 cm-'; 6" (CD30D) (200 MHz) 0.66 (3 H, d, 
J ca. 4 Hz, 6-CHj), 1.03 (3 H, d, J 7 Hz, 8-CH3), 1.30 (3 H, d, 
J 7 Hz, 23-CH3), 1.42 (3 H, s, 14-CH3), 1.42 (3 H, s, 18-CH3), 

45.80; H, 6.92; N, 10.68; 0, 36.60%), [a]DZ6 +34.1" (CHjOH), 

f 2  308 (CFjCHzOH); v,,,,. (CHCI,) 3 440, 3 OOO, 2 955, 

0, 36.60%), [a]DZ6 + 130.0' (CHjOH), A,,,,,. (CFjCH2OH) 199 

vmaX. (CHCI3) 3 430, 2980, 2950, 2940, 2900, 2840, 1735, 
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1.59 (3 H, s, 4-CH3), 1.87 (1 H, d, J24.24' ca. 14.5 Hz, 24-H), 
2.42 (1 H, dd, J24.24'  14.5 Hz, J23.24'  ca. 7 Hz, 24'-H), 2.84 
(1 H, dq, JZ3,23-CH3 = J23 .24 '  = 7 Hz, 23-H), 3.56 ( I  H, ddd, 

11.7 Hz, 32'-H), 4.27 (1 H, d, J32.32' 11.7 Hz, 32-H), 5.39 (1  H, 
Jiz .13  4.7 Hz, J11.13 and Jio.13 N/A, 13-H), 4-13 (1 H, d, J ~ z . 3 2 '  

ddd, Jll,lz 10.5 Hz, J l 2 , 1 3  4.7 Hz, J10,12 ca. 2 Hz, 12-H), 5.63 
(1 H, s, 21-H), and 6.10 (1 H, ddd, J11,12 10.5 Hz, J l I . 1 3  and 

534 (6.0) (M - H 2 0  - H20), 516 ( 5 3 ,  498 (2.9), and 461 
(5.8). 

J l o , l l  N/A, 1 I-H); t?i/'Z 570 (5.7) ( M + ' ) ,  552 (14.0) ( M  - HZO), 

Methyl 4-0-p- Tolylsulphonyl-a-L-niycaroside (32) and 
Methyl 4-0-p-Tolylsulphonyl-(3-~-mycaroside (33).-A mixture 
of methyl a-L-mycaroside (30) and methyl (3-L-mycaroside (3 1) 
(3.5 g) (ca. I : 1) was dissolved in dry pyridine (100 ml) con- 
taining toluene-p-sulphonyl chloride (4.55 g) and the mixture 
was stirred at 25 "C for 16 h. The solution was evaporated to 
dryness and then azeotroped with toluene. The residue was 
taken up in chloroform and washed with water. The chloro- 
form solution was evaporated to dryness and the residue was 
chromatographed on a silica gel column (160 x 3 cm) using 
chloroform as the eluant to give methyl 4-0-p-tolylsulphonyl- 
z-L-mycaroside (32) and methyl 4-O-p-tolylsulphonyl-(3-~- 
mycaroside (33). Each anomer was then subjected separately 
to preparative t.1.c. on silica gel plates using 25% acetone 
in hexane as the eluant to give pure samples of each 
anonier. The a-anomer (32) ( I  .28 g, 39%) was obtained as a 
colourless oil (Found: C, 52.15; H, 6.65. CI5Hz20,S requires 

OH) 225 nm ( E  1 I 460); v,,,~,,. (film) 3 510, 2 975, 2 930, I 365, 
1 170, 1 120, and 980 cm '. The (3-anomer (33) (1.6 g, 49%) 
was obtained as a colourless oil (Found: C, 53.05; H, 6.6. 
CISH2206S requires C, 54.54; H, 6.71%), +7.8" (CHCI3), 

(CF3CH,0H) 225 nm (E I 1  757); vnmh. (film) 3 500,2 975, 
2 940, 1 460, 1 170, 1 085, and 970 cm-'. 

C, 54.54; H, 6.71%), [a]D26 - 107.0" (CHCI,), A,,,,, (CF3CH2- 

Methyl 4-Azido-2,4,6-trideoxy-3-C-tiiet~iyl-a-~-xylo-hexo- 
pyranoside (34).-Methyl 4-O-p-tolyl-a-~-mycaroside (32) 
(1.02 g) and sodium azide (2.8 g) were dissolved in hexamethyl- 
phosphoramide (10 ml) and the mixture was heated at 115 "C 
under reflux for 66 h. The solution was diluted with water and 
extracted with diethyl ether. The ethereal layer was evaporated 
to dryness and the residue was chromatographed on a silica 
gel column (140 x I cm) using 2% acetone in hexane as the 
eluant to give methyl 4-azido-2,4,6-trideoxy-3-C-methyl-a-~- 
xylo-hexopyranoside (34) (154 mg, 25%) as a colourless oil, 

2 940,2 120, and 1 025 cm -'. 
[a]DZ6 - 175.0" (CH3OH), v , , ~ ~ ~ ~ ,  (CHCIJ) 3 640, 3 510, 2 980, 

Methyl 4-Atiiino-2,4,6-tr~deoxy-3-C-ti1ethyl-or-~-xylo-hexo- 
pyranosidc (35) .-Met h y 1 4-azido-2,4,6- trideoxy-3- C-met hyl- 
or-L-xylo-hexopyranoside (34) ( I  10 mg) was dissolved in 
methanol (70 ml). 10% Palladium on carbon (200 mg) was 
added and the mixture was hydrogenated at 4 atm at 25 "C for 
22 h. The catalyst was filtered off and washed. The filtrate 
was evaporated to dryness and the residue was chromato- 
graphed on a silica gel column (100 x 1 cm) using chloroform 
as the eluant to give methyl 4-amino-2,4,6-trideoxy-3-C- 
methyl-or-L-xylo-hexopyranoside (35) (30 mg, 3 1%) as a 
colourless oil [Found: nil= 157.1 121 (M+ - H20). CsHISN02 
requires rii/z 157. I 1031, ,cdDZ6 - 140.9" (CH30H), vrll<,, 
(CHC13) 3 690, 3 510, 2 980, 2 940, 1 120, and I 050 cm '. 

Methyl 4-Aziciu-2,4,6-tr'i~l~'oxy-3-C-t~ictliyl-(3-~-xylo-hexo- 
pyrunoside (36).-Methyl 4-O-p-toIylsulphonyl-f3-~-rnycaro- 
side (33) (950 mg) and sodium azide (2.66 g) were dissolved in 
hexamethylphosphoraniide (10 ml) and the mixture was 
heated at 1 I5 "C under reflux for 66 h. The solution was 

diluted with water and extracted with diethyl ether. The 
ethereal layer was evaporated to dryness and the residue was 
chromatographed on a silica gel column (120 x 1 cm) using 
chloroform as the eluant to give methyl 4-azido-2,4,6-trideoxy- 
3-C-methyl-(3-~-xylo-hexopyranoside (36) (203 mg, 35%) as a 
colourless oil (Found: C, 47.5; H, 7.3; N, 20.55. CsH,sN303 
requires C, 47.76; H, 7.51 ; N, 20.88%), [aID2, -23.9' (CH30H), 
v, , ,~~ .  (CHCI,) 3 610, 2 990, 2 940, 2 120, and 1 070 cm-'. 

Methyl 4-Amino-2,4,6-trideoxy-3-C-methyZ-~-~-xylo-hexo- 
pyrunoside (37).-Methyl 4-azido-2,4,6-trideoxy-3-C-methyl- 
(3-L-xylo-hexopyranoside (36) (203 mg) was dissolved in 
methanol (50 ml). 10% Palladium-carbon was added and the 
mixture was hydrogenated at 4 atm at 25 'C for 16 h. The 
catalyst was filtered off and washed. The filtrate was evapor- 
ated to dryness and the residue was chromatographed on a 
silica gel column (120 x I cm) using 0.5% methanol in 
chloroform as the eluant to give methyl 4-amino-2,4,6-tride- 
oxy-3-C-methyl-f3-~-xylo-hexopyranoside (37) (142 mg, 80%) 
as a colourless amorphous solid, m.p. 103-109 "C (Found: C, 
53.65; H, 9.5; N, 7.85. CsHI7NO3 requires C ,  54.84; H, 9.78; 
N, 7.99%) [Found: ni/z 174.1132 ( M +  - H). CBHI~NO, 
requires ni/z 174.1 1301, [.IDz6 + 38.6" (CH,OH), v,,,~,,~ (CHC13) 
3 610, 2 990, 2 940, and 1 072 cm-'. 

Methyl 2,4,6-Trideoxy-4-(methoxycarhonylai~iino)-3-C- 
nierhyl-f3-L-xylo-hexapyranoside (38).-Methyl 4-amino-2,4,6- 
trideoxy-3-C-methyl-~-~-xylo-hexopyranoside (37) (104 mg) 
was dissolved in a mixture of tetrahydrofuran (15 ml) and 
water (7.5 ml). Methyl chloroformate (114 mg) and sodium 
carbonate (127 mg) were added and the mixture was stirred at 
25 "C for 2 h. The mixture was evaporated to dryness and the 
residue was chromatographed on a silica gel column ( 1  10 x I 
cm) using chloroform as the eluant to give methyl 2,4,6- 
trideoxy-44met hoxycarbonylamino)-3-C-methyl-(3-~-xylo- 
hexopyranoside (38) (93 mg, 67%) as a colourless amor- 
phous solid, m.p. 132-133 "C [Found: rn/z 233.1286 ( M + ' ) .  
CloH 19N05 requires rit/z 233.12631, [.IDz6 + 2.4" (CH30H), 

and I 060 cm-'. 
vnUx. (CHCIJ) 3 610, 3 440, 2 980, I 725, 1 513, I 315, 1 228, 

Methyl 3-Aniino-2,3,4,6-tctradeoxy-4-(t~iethoxycarbo~iyl- 
amino)-3-C-rttethyl- a-D-xy lo-hexopyranoside (25) .-Met h y I r -  
D-kijanoside (23) (32 mg) was dissolved in ethanol (500 ml) 
and Raney nickel (No. 28) was added. The mixture was 
hydrogenated at 4 atm at 25 "C for 20 h. The catalyst was 
filtered off and washed and the filtrate was evaporated to 
dryness. The residue was chromatographed on a silica gel 
column (20 x 2 cm) using 1.5% methanol in chloroform as the 
eluant to give methyl 3-amino-2,3,4,6-tetradeoxy-4-(methoxy- 
carbon ylami no)-3-C-met hyl- a-D-xylo-hexopyranoside (25) (28 
mg, 99%) as a colourless oil [Found: rn/z 232.1395 ( M + ' ) .  
CloH20N204 requires m/z 232.14261, [aIDz6 + 121.4" (CH30H), 
v,,,,,~ (CHCIJ 3 440, 2 930, 1 715, 1 500, 1 225, and I 048 cm-'. 

Methyl 3- Acetar~1ido-2,3,4,6-tetradeoxy-4-(t~iethoxycarbonyl- 
ariiino)-3-C-methyl-.x-~-xylo-hexopyranoside (26).-Methyl 3- 
amino-2,3,4,6-tetradeoxy-4-(methoxycarbonylamino)-3-C- 
methyl-or-D-xylo-hexopyranoside (25) (30 mg) was dissolved 
in methanol (8 ml) and acetic anhydride ( 1  ml) was added. The 
mixture was stirred at 25 "C for 15 min and was then evapor- 
ated to dryness and the residue azeotroped with toluene. The 
residue was chromatographed on a silica gel column (20 x 2 
cm) using 1.5% methanol in chloroform as the eluant to give 
methyl 3-acetamido-2,3,4,6-tetradeoxy-4-(methoxycarbony~- 
amino)-3-C-methyl-~-~-xylo-hexopyranoside (26) (23 mg, 
65%) as colourless needles from chloroform, m.p. 163.5- 
164.5 "C [Found: m/z 274.1519 (M"). ClzHzzNzOS requires 
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m/z  274.15311, [a]D26 + 160.0" (CH30H), vms. (CHCI,) 3 470, 
2 970, 1 740, 1 683, 1 520, 1 238, 1 135, and 1 060 cm-'. 

Methyl 3-Amino-2,3,4,6-tetradeoxy-4-(t~1ethoxycarbonyl- 
arnino)-3-C-rnethyl-~-~-xylo-hexopyranoside (27).-Methyl p- 
D-kijanoside (24) (41 mg) was dissolved in ethanol (50 ml) and 
Raney nickel (No. 28) was added. The mixture was hydro- 
genated at 4 atm at 25 "C for 16 h. The catalyst was filtered off 
and washed and the filtrate was evaporated to dryness. The 
residue was chromatographed on a silica gel column (20 x 2 
cm) using 1.5% methanol in chloroform as the eluant to give 
methyl 3-amino-2,3,4,6-tetradeoxy-4-(n1ethoxycarbonyl- 
amino)-3-C-methyl-~-~-xylo-hexopyranoside (27) (25.2 mg, 
69%) as a colourless oil [Found: m/z 232.1388 (Ad+') .  C10H20- 
N204 requires ni/z 232.14261, -4.9" (CH,OH), v ~ , ; ~ ~ ,  
(CHCI3) 3 440, 2 960, 2 930, 1 722, 1 508, 1 317, 1 230, and 
1 062 cm-'. 

Methyl 3-Acetaniido-2,3,4,6-tetradeoxy-4-(tnethoxycarbonyl- 
arnino)-3-C-nzethy~-~-~-xy~o-hexopyranos~de (28).-Methyl 3- 
amino-2,3,4,6- tetradeoxy4-(met hoxycarbonylamino)-3-C- 
methyl-P-D-xylo-hexopyranoside (27) (24 mg) was dissolved 
in methanol (8 ml) and acetic anhydride (1 ml) was added. The 
mixture was stirred at 25 "C for 15 min and was then evap- 
orated to dryness and azeotroped with toluene. The residue 
was chromatographed on a silica gel column (20 x 2 cm) 
using 1.5% methanol in chloroform as the eluant to give 
methyl 3-acetamido-2,3,4,6-tetradeoxy-4-(methoxycarbonyl- 
amino)-3-C-methyl-~-~-xylo-hexopyranoside (28) (3.2 mg, 
11%) as a colourless oil [Found: ni/z 215.1167 (M+ - 59). 
CloH17N04 requires nt/z 215.1 1581, v , , , ~ ~ ~ ~  (CHCI3) 3 440, 
2 930, 1 725, 1 680, 1 508, 1 312, 1 230, and 1 068 cm-'. 

Methylarion of Mcjthyl a-D-Kijanoside (23).-Methyl a-D- 
kijanoside (23) (100 mg) was dissolved in dry dimethylform- 
amide (6 ml) and hexane-washed sodium hydride (1.33 g) was 
added. The mixture was stirred under dry nitrogen at 25 "C 
for 2 h. Methyl iodide (2.87 g) was added and the mixture was 
stirred at 25 "C for 18 h. The reaction was quenched with 
methanol-water (9 : 1 )  and evaporated to dryness. The residue 
was chromatographed on a silica gel column (100 x 2 cm) 
using 5% acetone in hexane as the eluant to give the least 
polar product as a pale yellow oil (22 mg), [a]D26 +92.9" 

1210, 1 133, and 1 155 cm-'. Further elution of the column 
afforded a more polar product as a pale yellow oil (57 mg) 
(Found: C, 48.4; H, 7.3; N, 9.95. Cl lH20N206 requires C, 
47.82; H, 7.30; N, 10.14%), [aIDz6 t168.7" (CH30H), v,,,,,. 

1 160, I 132, and 1 055 cm-'. 

(CH3OH), vnLlS. (CHCI,) 2 990, 2 950, 1 705, 1 550, 1 350, 

(CHC13) 3 OOO, 2 960, 2 920, 1 695, 1 550, 1 330, 1 218, 1 200, 

Pw-N,O-Methylation of Kijanirnicin (I).-Kijanimicin ( I )  
(10 g) was dissolved in dry dimethylformanide (500 ml). 
Hexane-washed sodium hydride (56.6 g) was added and the 
mixture was stirred under dry nitrogen at 25 "C for 3 h. 
Methyl iodide (66.5 ml) was added dropwise to the stirred 
solution at 0 "C during a period of 5 h. The reaction was then 
stirred at 25 "C for 21 h. The reaction mixture was neutralized 
to pH 7.0 with dilute hydrochloric acid and then evaporated 
to dryness under reduced pressure. The residue was par- 
titioned between chloroform and water. The chloroform layer 
was washed with water and evaporated to dryness to give the 
per-N,O-methylated kijanimicin ( I  5.6 g) which by t.1.c. was 
shown to be free of kijanimicin. The crude per-N,O-methyl- 
ated kijanimicin was used without further purification. 

experiment was dissolved in 0.5~ul-hydrogen chloride in 
methanol (700 ml) and the solution was allowed to remain at 
25 "C for 20 h. The reaction mixture was neutralized to pH 
7.5 with concentrated ammonium hydroxide and then evap- 
orated to  dryness. The residue was extracted with acetone and 
filtered. The acetone filtrate was evaporated to dryness and the 
residue was chromatographed on a silica gel column (120 x 5 
cm) by gradient elution using 2.5% to 15% acetone in hexane 
as the eluant to give methyl 2,6-dideoxy-3,4-di-O-methyl-a-~- 
ribo-hexopyranoside (9) * (2.07 g) as a pale yellow oil. 
Further elution of the column afforded an oil which was 
purified by preparative t.1.c. on silica gel plates using 5% 
methanol in chloroform as the eluant to give methyl 2,6- 
dideoxy-3,4-di-O-methyl-~-~-ribo-hexopyranoside (10) * (0.49 
g). Further elution of the column gave methyl 2,6-dideoxy-4- 
0-methyl-P-L-riho-hexopyranoside (5) * (0.84 g) as a pale 
yellow oil. Further elution of the column gave methyl 2,6- 
dideoxy-4-O-methyl-a-~-ribo-hexopyranoside (4) * (0.26 g) as 
a pale yellow oil. Further elution of the column gave an oil 
that was further purified by preparative t.1.c. on silica gel 
plates using 40% chloroform in acetone as the eluant to give 
methyl 2,6-dideoxy-a-~-ribo-hexopyranoside (6) * (240 mg) 
as a pale yellow oil. Further elution of the column gave an 
oil which was subjected to preparative t.1.c. on silica gel 
plates using 5% methanol in chloroform as the eluant to give 
methyl 2,6-dideoxy-p-~-ribo-hexopyranoside (7) * (350 mg) as 
a pale yellow oil. Further elution of the column gave an oil 
which was further purified on a Waters Prep 500 h.p.1.c. 
instrument using one silica gel cartridge and 15% acetone in 
hexane as the eluant. The product thus obtained was further 
purified by preparative t.1.c. on silica gel plates using 5% 
methanol in chloroform as the eluant to  give methyl 2,6- 
dideoxy-a-L-ribo-hexofuranoside (1 1) (1  37 mg) * as a pale 
yellow oil and the partially purified p-anomer (12). The latter 
was further purified by chromatography on a Waters analytical 
h.p.1.c. instrument using a silica gel column and 15% acetone 
in hexane as the eluant to give methyl 2,6-dideoxy-P-~-ribo- 
hexofuranoside (12) * (56 mg) as a pale yellow oil. The 
original preparative h.p.1.c. column was then stripped with 
methanol to  give additional material (6.2 g). The latter was 
chromatographed on a silica gel column (120 x 6 cm) using 
2% methanol in chloroform as the eluant to  give impure 0- 
(4E-N-met hyl-p-r)-kijanosyl)-( 1 -+ 17)-32-0-met hyl kijanolide 
(mixture of rotamers) (22) ( 1  .I4 g)  as an off-white amorphous 
solid (Found: C, 63.3; H, 7.5; N, 1.95. C44H62Nz012 requires 

(CF3CH20H) 245sh ( E  10 320) and 262 nm (E 1 1  004); v,,,,,. 
(KBr) 3 500,2 930,2 880, I 760,1700,l 545,1455, I 100,1060, 
and 885 cm-' ; 6" (CDC13) ( 1  00 M Hz) 0.66 (3 H, d, J ca. 4 Hz, 

C, 65.17; H, 7.71; N, 3.45%), [ E ] D ~ ~  -42.2" (CH,OH), A,,, 

6-CH3), 1.05 (3 H, d, J 7 Hz, 8-CH3), 1.20 (3 H, d, J 6.5 Hz, 
6E-CH3), 1.31 (3 H, d, J6 .5  Hz, D-CHj), 1.38 (3 H, S, 14-CH3), 
1.42 (3 H, S, 18-CH3), 1.54 (3 H, S, 3E-CH3), 1.64 (3 H, S, 
4-CH3), 3.1 I, 3.13 (3 H, S, 4E-NCH3COOCH3), 3.30, 3.35 
(3 H, s, 32-OCH3) and 3.78, 3.80 (3 H, s, 4E-NCH3COOCH3) 
which was not further purified. Further elution of the 
column afforded 32-0-methylkijanolide (48) (987 mg) as an 
off-white amorphous solid [Found: C, 70.25; H, 8.3%; ttl/z 
566.3286 (Ad+') .  C34H4607 requires C, 72.05; H, 8.18%; tn/z 

( E  7 090) and 262 nm ( E  7 976); [01205 +73 145, [0]2,, 
-108 846, [6],,,,, -35 702, + 3  269, and [0],,, 

2 880, 1 748, and 1058 cm-'; ni/z 566 (1 1.3) ( M + ' ) " ,  548 

566.32421, [ a ] ~ ' ~  - 1 I .6" (CH,OH), A,,,, (CF3CH2OH) 245 

+21 769 (CF3CHzOH); v , , , ~ ~ .  (CHCI,), 3 610, 2 960, 2 920, 

(27.9) (M  - H20)a, 534 (1.7) (M - CH3OH), 530 (3.8) 
(M - HtO - HzO)", 516 (2.9) (M - CH3OH - HzO)", 498 

Methanolysis of Per-N,O-niethylatcd Kganitnicin.-(i) The 
per-N,O-methylated kijanimicin ( I  5.6 g) from the previous 

* Mixed t.l.c., 'H n.m.r., and mass spectra were identical with 
characterized samples described earlier. 
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(2.1), 457 (3.0), 388 (5.1) (Dls), 356 (10.8) (Dl5 - CHjOH)a, 
and 338 (4.3) (DI5 - CH3OH - HzO)". 

(ii) Per-N,O-methylated kijanimicin (prepared as described 
above from 7.5 g of kijanimicin ( I ) )  was dissolved in anhydrous 
methanol (2 1) and hydrogen chloride was passed through the 
solution for 4 h at 25 "C until the solution reached 8 . 5 ~ .  The 
mixture was allowed to stand at 25 "C for 43 h. The solution 
was neutralized with concentrated ammonium hydroxide and 
evaporated to dryness. The residue was extracted with acetone 
and the latter was filtered. The acetone filtrate was evaporated 
to dryness and the residue was chromatographed on a silica 
gel column (120 x 5 cm) using chloroform as the eluant. 
Only the 32-O-methylkijanolide (48) was collected and this was 
rechromatographed on a silica gel column (120 x 3 cm) using 
chloroform as the eluant to give pure 32-0-met hylkijanolide 
(48) (3.09 g) as an off-white amorphous solid. 

26,32- Di-O-nicthylk ijanolide (49).-3 2- 0- Met h y I k ijanol ide 
(48) (303 mg) was dissolved in methanol (5 ml) and a solution 
of diazomethane in diethyl ether (100 nil) was added. The 
mixture was allowed to remain at 25 "C for 4 h. The excess of 
diazoniethane was removed with a stream of nitrogen and the 
solution was evaporated to dryness. The residue was chrom- 
atographed on a silica gel column (120 x 2 cm) using 10% 
acetone in hexane as the eluant to give the product. Further 
purification by preparative t.1.c. o n  silica gel plates using 10% 
methanol in  chloroform as the eluant afforded 26,32-di-O- 
methylkijanolide (49) ( 121 mg, 39%) as a colourless amorphous 
solid [Found: ni/z 580.3415 (M+') .  C ~ S H J @ ~  requires: rn/z 
580-3399], IaIDz6 -69.0" (CH3OH), h,,,;,,. (CFJCH30H) 254 
nm ( E  9494), v , , , ~ ~ .  (CHCI,) 3 600, 2 950, 2 930, 2 870, 1 740, 
I 660, I 565, 1435, I 348, and I055 cm I ;  ni/z 580 (43.8) 
(M+')", 562 (17.2) ( M  -- HZO)", 548 (6.7) (M - CH,OH)", 
544 (5.2) ( M  - HzO - HZO), 530 (4.1) (M - CH30H - 
H20) ,  516 (1.5) ( M  CH30H CH30H), 471 ( lO.O),  and 
402 (20.6) (D16)". 

9, I 7,3 2- Tr i- O-me th ylk Qanolide (50).-32-0-Methyl- 
kijanolide (48) (34 mg) was dissolved in dry dimethylform- 
amide ( I  0 ml) and hexane-washed sodium hydride (22 mg) was 
added and the mixture was stirred under dry nitrogen at 25 "C 
for 2 h. Methyl iodide (142 mg) was added and the mixture 
was stirred at 25 "C for 20 h. The mixture was neutralized to 
pH 7.0 with dilute hydrochloric acid and evaporated to 
dryness. The residue was taken up in chloroform (200 ml) and 
washed with water (500 ml) and the chloroform layer was 
evaporated to dryness. The residue was chromatographed on 
a silica gel column (20 x 1 cm) using chloroform as the eluant 
to give 9,17,32-tri-O-methylkijanolide (50) (23 mg, 64%) as a 
colourless amorphous solid [Found: ni/z 576.3460 (M+ - 
HzO). C36H4806 requires ni/z 576-3448], 1a'jDZ6 - 138.2" 
(CHCI,), vnns, (CF,CHzOH) 200 ( E  20760) and 253 nm ( E  
4 650); v,,,;,,, (CHCI3) 2 980,2 940,2 900, 1 755, 1 100, and 885 
cm l; ni/z 594 (15.8) (M"), 576 (3.5) ( M  - HZO)", 562 
(65.8) (M - CH30H)a, 544 (3.8) (M - CHJOH - HZO)", 
530 (13.4) (M - CH3OH - CH,OH)", 512 (3.0) (M - CH3- 
OH - CH30H - HzO)a, 498 (4.2), 480 (2.4), 402 (15.8), 
(D17)a, 384 (2.8) (Dl7 - HzO), 370 (14.4) (D1, - CH,OH)", 
352 (5.6) (D17 - CH3OH - HZO), 338 (5.1) (Dj7 - CH3- 
OH - CH,OH), and 320 (9.2) (Dj7 - CH30H - CH30H - 
HzO). 

9,17- Di-O-acetyl-32-O-ni~~thylkijanoliJe ( 5  1 ).-32-0- 
Methylkijanolide (48) (124 mg) was dissolved in dry pyridine 
(40 ml) and acetic anhydride (10 nil) was added and the mix- 
ture was allowed to remain at 25 "C for 17 h. The solution was 
evaporated to dryness and the residue was azeotroped with 
toluene and chromatographed on a silica gel column (60 x 3 

cm) using 0.5% methanol in chloroform as the eluant (51) 
(88 mg, 62%) which crystallized as colourless orthorhombic 
crystals from chloroform-methanol, m.p. 236 "C [Found : ni/t  

590.3272 (M+') .  C36H4607 requires m/z  590.32431, 

(6 58% and 263 nm (7 316); v , , ~ ~ .  (CHCI,) 2 965, 2 930, 
2 880, I 730, 1 435, 1 365, I 250, I 040, and 980 cm-'; ni/z 590 

-13.2" (CHCIj), I.,,,. (CFjCHZOH) 199 ( E  34 095), 243 

(0.1) (M - CHJCOOH), 558 (0.1) (M - CHJCOOH - 
CH,OH), 530 (1.0) (M  - CHjCOOH - CH,COOH), 512 
( O . ] ) ,  498 (0.3), 454 (0.4), and 436 (0.2). 

Crystal Data .for Conipoirnd (51).-C38H5009, M -- 650.8, 
Orthorhombic, a -= 11.897(5), h = 28.423(1 I) ,  c L- 10.282(4) 
A, U = 3477A3,Z = 4, D, = 1.243 g ~ r n - ~ ,  F(OO0) = 1400. 
Cu-K, radiation, == I S418 A; ~(CU-K,) = 7.2 cm-'. Space 
group P2,2,2,(D:) from the systematic absences: hOO when 
11 # 2n, OkO when k # 2n, 001 when I # 2n. 

Crystallographic Measure wen ts .-A cry s t a I of maxi mum 
dimensions cu. 0.30 x 0.05 x 0.70 mm was mounted on the 
end of a glass fibre. Preliminary unit-cell dimensions and 
space group information were obtained from oscillation and 
Weissenberg photographs (Cu-K, radiation) and precession 
photographs (Mo-K, radiation, == 0.7107 A). The crystal was 
then oriented on an Enraf-Nonius CAD-3 automated dif- 
fractometer (Ni-filtered Cu-K, radiation) when one octant of 
reciprocal space to 8 67" (3 53 I independent intensity measure- 
ments) was surveyed by means of the 8-28 scanning tech- 
nique. Background measurements were recorded at each end 
of the scan range for times equal to half the scan duration. 
Instrument and crystal stability were monitored throughout by 
remeasuring the intensity of a strong reference reflection after 
each batch of 99 measurements; no significant variation was 
noted. Refined unit-cell parameters were derived by least- 
squares treatment of the diffractometer setting angles for 40 
high-order reflections widely separated in reciprocal space. A 
total of 1 871 reflections for which I > 2.0 (I) [aZ(I) = scan 
count + total background count] were considered observed 
and were corrected for the usual Lorentz and polarization 
effects prior to their use in the structure analysis and refine- 
men t . 

Structrrrc Analysis.-The structure was solved by use of the 
400 largest /El values and the MULTAN7635 suite of pro- 
grams incorporating the magic integer An E map, 
evaluated by use of a set of phase angles which gave one of 
the highest combined figures-of-merit, yielded approximate 
positions for 34 non-hydrogen atoms. The remaining 13 non- 
hydrogen atoms were then located in an Fo Fourier synthesis 
phased by the 34 atom fragment ( R  = 0.34). Full-matrix 
least-squares adjustment of carbon and oxygen positional and 
thermal, at first isotropic and subsequently anisotropic, 
parameters proceeded smoothly. During the later least- 
squares iterations, hydrogen atoms, save those on C(30), 
C(31), C(38), C(42), and C(45) which could not be placed with 
confidence, were included at their calculated positions. The 
refinement converged at R 0.067. 

Final atomic positional parameters are in Tables 14 and 15. 
Anisotropic thermal parameters for the non-hydrogen atoms 
have been deposited along with observed and calculated 
structure amplitudes as Supplementary Publication No. 
SUP. No. 23569 (20 pages).? 

Atomic scattering factors used in all structure-factor 
calculations were those for oxygen and carbon from ref. 37 
and for hydrogen from ref. 38. I n  the least-squares iterations, 

t For details of the Supplementary publications scheme see 
lnstructions for Authors (1983), J .  Chem. SOC., Perkiri Trrms. 1 ,  
1983, Issue 1. 
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CwAz was minimized, with weights, w, assigned according to 
the  scheme: 2 . 1 ~  = 1 for IFo/ < 20.0, and \ / w  = 20.0/IF01 for 
(Fol > 20.0. 

9,17- Di-O-aretyl-26,32-di-O-methylkijanolide (52) .-26,3 2- 
Di-0-methylkijanolide (49) (100 mg) was dissolved in dry 
pyridine (40 ml) and acetic anhydride (10 ml) was added and 
the mixture was allowed to remain at 25 "C for 16 h. The 
solution was evaporated to dryness and the residue was azeo- 
troped with toluene and chromatographed on a silica gel 
column (60 x 3 cm) using chloroform as the eluant to give 
9, I 7-di-0-acetyl-26,32-di-O-methylkijanolide (52) ( 5  I mg, 
457;) which crystallized as clusters of fine colourless needles 
from chloroform-methanol, m.p. 234 "C [Found : rujz 
664.3621 ( M + ' ) .  Cj&f520~ requires m / z  664.361 I], [&'6 

-66.9" (CH,OH), h,,,:,,, (CF3CH20H) 253 nm ( E  10 143); 

I 344, I 249, and 1 035 cm ; tu/z 664 (10.2) ( M + ' ) ,  604 (45.1) 
v,,,, (CHCI3) 2 950, 2 925, 2 880, 1 735, I 660, I 585, 1 438, 

(M - CH,COOH), 586 (6.7) (M  - CHjCOOH - HZO), 572 
(2.7) ( M  - CH3COOH - CHjOH), 544 (49.5) (M  - CH3- 
COOH - CHjCOOH), and 512 (9.9) ( M  - CH,COOH - 
CH3COOH - CHjOH). 

Rcactioti of Kijaniniicin ( 1 ) with Sodiimr Metapcriodute.- 
Kijanimicin ( I )  (8 g) was dissolved in tetrahydrofuran (1.6 1) 
and a solution of sodium metaperiodate (13 g, 10 equiv.) in 
distilled water (320 ml) was added dropwise to the stirred 
solution at 25 *C. The mixture was stirred in the dark at 25 "C 
for 18 h. Ethylene glycol (4 g) was added and the stirring was 
continued for 1 h. The solution was diluted with distilled 
water (500 ml) and the tetrahydrofuran was distilled off 
under reduced pressure. The residual aqueous suspension was 
extracted with chloroform and the latter was washed with 
water and evaporated to dryness. The residue was dried at 
78 C for 16 h and then dissolved in dry tetrahydrofuran 
(600 nil). Dry Dowex 50W x 8 resin ( H + )  (200-400 mesh) 
(32 g) was added and the mixture was stirred and heated 
under reflux for 2 h. The mixture was filtered and the resin 
was washed with dry tetrahydrofuran. The combined filtrates 
were evaporated to dryness and the residue was chrom- 
atographed on a silica gel column (140 x 5 cm) using 3% 
methanol in  chloroform as the eluant to give 3B-O-dedigitoxo- 
sylkijanimicin (53) (1 g, 14%) as a colourless amorphous 
solid (Found: C, 61.15; H, 7.6; N, 2.0. C61H90Nz021 requires 

(CHC13) 3 610, 3 570, 3 500, 3 400, 2 930, I 747, I 725, 1 540, 
I 505, I 225, and 1055 cm '; A,,,,,. (CF3CHz0H) 200 ( E  

40 175). 236 (12 754), 265sh (10 203), and 275 nm (1 1 160); 
&,, (CF3CHz0H -t- O.IM-HCI) 200 (E 42 726) and 260 nm 
( E  8 928); I,,,,,, (CFjCHzOH + 0.IM-NaOH) 200 ( E  42414) 
and 265 nm ( E  8 483); 6 H  (CDCIj) (220 MHz) 0.64 (3 H, d, J 

C, 61.70; H, 7.64; N, 2.36%), [x]Dz6 -129.5" (CH3OH), \'Inas. 

5 Hz, 6-CH3), 1.09 (3 H,  d ,  J 7 Hz, 8-CH3), 1.16 (3 H, d, J 
6 Hz, 6L-CH3), 1.21 (3 H,  d, J 6 . 5  Hz, 6B-CH3), 1.25 (3 H, d ,  
J 6.5 Hz, 6"-CH3), 1.27 (3 H, d ,  J 6.5 Hz, 6*-CHj), 1.33 (3 H,  
d,  J 6.5 Hz. 23-CH3), 1.34 (3 H, s, 18-CH3), 1.41 (3 H, s, 
l-l-CH3), 1.59 (3 H, s, 4-CH3), 1.62 (3 H, s, 3E-CH3), 3.42 (3 H, 
S ,  4D-OCH3), 3.72 (3 H, S, 4E-NHCOOCHj), 4.33 (1  H, dd, 
J . ~ J ~ , + w  10 Hz, J4,r4,5,'x ca. 1 Hz, 4,E-H), 4.46 ( I  H, dd, J , A , ~ : ~  
10 Hz, J ~ : , , ~ e t y  2 Hz, IL-H), 4-78 (1 H, dd, J i e ~ , ; , z d ~  5 Hz, Jl2,24 
< 1 Hz, 1:-H), 4.92 (1 H, dd, Ji:,2~ 9.5 Hz, J~; ,ZZ  1.5 Hz, 
lFl-H), 5.13 ( 1  H, dd, J1&,2: 4 Hz, Jl&,z,~, < 1 Hz, 1:-H), 5.38 
( 1  H, ddd, Jii.1, 10 Hz, Jiz.13 5 Hz, J i 0 a X . l :  2 Hz, 12-H), 5.51 
( 1  H, s, 21-H) and 5.73 ( 1  H, ddd, J1 l . l z  10 Hz, J l l , 1 3  J lodx, l l  
- ('a. 2 Hz, 11-H); ni/z 257 (0.71, (Die), 231 (0.1) (Bib), 184 

( 1 . 1 )  ( B b b  and Blsb), 152 (0.8) (Blob), 145 (8.5) (A,'), 140 (3.4) 
(BIHb,, 128 ( 1  1.6) (Bizb>, 127 (37.3) (A3'), 96 (17.7) (BIJb) ,  and 
95 (22.9) (A5). 

3B-0- Dedigitoxosyl-26-0-methylk~animicin (54).-3B-0- 
Dedigitoxosylkijanimicin (53) (1 50 mg) was dissolved in 
chloroform (10 ml) and an excess of diazomethane in diethyl 
ether (30 ml) was added. The mixture was allowed to remain 
at 25 "C for 18 h. A stream of nitrogen was bubbled through 
the solution to remove the excess diazomethane and the solu- 
tion was then evaporated to dryness and the residue was 
chromatographed on a silica gel column (120 x 1 cm) using 
first chloroform and then 1% methanol in chloroform as the 
eluant to give 3B-dedigitoxosyl-26-O-methylkijanimicin (54) 
(85 mg, 56%) as a colourless amorphous solid (Found: C, 
60.1 ; H, 7.25; N, 2.1. C62H9LNz021 requires C, 61.98; H, 7.72; 

3 610, 3 560, 3 440, 2 940, I 750, I 730, 1 665, 1 575, 1 541, 
1 516, 1 230, and I 060 cm-'; A,,,,,. (CF3CH20H) 200 (E 
42569) and 253 nm ( E  9755); tjH (CDCI,) (600 MHz) 0.61 

N, 2.33%), [a]D26 -129.5" (CH3OH); v,,,,, (CHC13) 3 680, 

(3 H, d, J 5.2 Hz, 6-CH3), 1.09 (3 H, d, J 6.7 Hz, 8-CH3), 1.16 
(3 H, d ,  J 6.2 Hz, 6€-CHj), 1.21 (3 H,  d, J 6 Hz, 6B-CH3), 1.25 
(3 H, d,  J 6 Hz, sD-CH3), 1.26 (3 H, d, J 6 Hz, 6*-CH3), 
1.31 (3 H, S, 18-CH3), 1.32 (3 H, d, J 6.7 Hz, D-CHj), 
1.35 (3 H, S, 14-CH,), 1.53 (3 H, S, 4-CH3), 1.58 (3 H, 
S, 3E-CH3), 3.42 (3 H, S, 4D-OCH3), 3.72 (3 H, S, 4€ - 
NHCOOCH,), 4.12 (3 H, S, 26-OCHj), 4.38 ( 1  H, dd, 

J~,E,Z,E~ 10.0 Hz, JI:1 ,2~  1.9 Hz, 1:-H), 4.77 ( I  H, dd, J I , A , ~ ~  

4.8 Hz, J ~ , A , Z ~  <0.5 Hz, l$-H), 4.92 (1 H, dd, J1~,22 9.5 Hz, 
1.4 Hz, I i -H) ,  5.02 (1 H, ddq, J15.16 10.0 Hz, J15.16 CQ. 

2 Hz, J ~ ~ . ~ J - c H ~  Hz, 15-H), 5.10 (1 H, ddq, J19.20 9.1 Hz, 
J17.19 ca. 2 Hz, J ~ ~ , I E - C H ~  <1 Hz, 19-H), 5.14 (1 H, dd, Ji$,zfi 
3.8 Hz, J~,R,~,B,  <0.5, IG-H), 5.36 (1 H, d, J 4 5 , 4 ~ - N "  10.5 Hz, 
4E-NHCOOCH3), 5.41 (1 H, ddd, Jl1,12 10.5 Hz, J12.13 

(1 H, ddd, J11.12 10.5 Hz, Ji i .13  = J i ~ a x , l l  = CU. 2 Hz, 11-H); 
~ I / Z  566 (0.2) (Dz), 548 (0.5) (Dz - H20), 534 (0.3) (D2 - 
CHjOH), 530, (0.3) (D2 - H20 - H2O), 257 (4.5) (Dla), 

(20.0) (Ai'), 140(3.0) (Blab), 128 (21.4) (Bizb), 127 (91.7) (A3'), 

J4,Cq,4-NH 10.0 Hz, J 4 ~ q , s ~ 1  ca. 1 Hz, 4E-H), 4.45 (1 H,  dd, 

5.2 Hz, JIOax,lZ 1.4 Hz, 12-H), 5.51 ( I  H,  s, 21-H), and 5.71 

231 (1.0) (Bib), 184 (9.7) (Bbb and BISb), 152 (1.3) (Blob), 145 

96 ( I  1.4) (Bldb), and 95 (24.3) (As). 

Per-N,O-niethylation of 3'-0- Dedigitoxosylkijanimicin (53) 
and Methanolysis of the Produ~t.-3~-0-Dedigitoxosylkij- 
animicin (53) (500  mg) was dissolved in dry dimethylform- 
amide (30 ml) and hexane-washed sodium hydride (2.83 g) was 
added. The mixture was stirred under dry nitrogen at 25 "C 
for 1.5 h. Methyl iodide (3.35 ml) was added dropwise during 
0.5 h and the mixture was stirred at 25 "C for 21 h. The reac- 
tion was quenched with methanol-water and the pH was 
adjusted to 7.0 with dilute hydrochloric acid. The solution was 
evaporated to dryness, extracted with chloroform, and 
filtered. The chloroform filtrate was evaporated to dryness. 
The residue was chromatographed on a silica gel column 
(60 x 5 cm) using 5% methanol in chloroform as the eluant to 
give per-N,O-methylated 3B-O-dedigitoxosylkijanimicin. The 
latter was dissolved in O.S~-hydrogen chloride in methanol 
(100 ml) and the solution was allowed to remain at 25 "C for 
16 h.  The solution was neutralized to pH 7.2 with concentrated 
ammonium hydroxide and then evaporated to dryness. The 
residue was extracted with acetone, filtered, and the acetone 
filtrate was evaporated to dryness. The residue was chrom- 
atographed on a silica gel column (120 x 2 cm) using 6.5% 
acetone in hexane as the eluant to give methyl 2,6-dideoxy- 
3,4-di-O-methyl-fL~-ribo-hexopyranoside ( 1  0) * which was 
further purified by preparative t.1.c. on silica gel plates using 
80% ethyl acetate in dichloromethane as the eluant to give 

* Mixed t.l.c., 'H n.m.r., and mass spec. identical with characterized 
samples described earlier. 
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pure (10) (14 mg) as a pale yellow oil. Further elution of the 
column gave methyl 2,6-dideoxy-3,4-di-O-methyl-a-~-ribo- 
hexopyranoside (9) * (13 mg) as a pale yellow oil. Further 
elution gave methyl 2,6-dideoxy-4-O-methyl-P-~-ribo-hexo- 
pyranoside (5) (27 mg) as a pale yellow oil. Further elution 
gave methyl 2,6-dideoxy-4-0-methyl-a-~-ribo-hexopyranoside 
(4) * ( 5  mg) as a pale yellow oil. Further elution of the column 
gave methyl 2,6-dideoxy-3-0-methyl-~-~-ribo-hexofuranoside 
(13) which was further purified by preparative t.1.c. on silica 
gel plates using 40% chloroform in acetone as the eluant to 
give pure (13) (20 mg) as a pale yellow oil [Found: m/z 
145.0857 ( M +  - 31). C7H130~ requires nz/z 145.08641, 

2 850, and 1045 cm-'. The column was then stripped with 
methanol to give the crude kijanolide containing fragments 
(255 mg) which contained no additional L-digitoxose deriv- 
at ives. 

[a]DZ6 -40.2" (CHSOH), vnnX- (CHCI3) 3 680, 3 600, 2 915, 

Ozonolysis of Kijunimicin (I).-Kijanimicin (1) (3.48 g) was 
dissolved in a mixture of ethanol (250 ml) and chloroform 
(40 ml) and the solution was cooled to -78 "C. Ozone was 
bubbled through the solution at -78 "C for 2.5 h. Nitrogen 
was then bubbled through the solution for 0.5 h. Sodium 
borohydride (1.88 g) was added and the mixture was stirred 
at 25 "C for 20 h. The solution was evaporated to dryness and 
the residue was partitioned between chloroform and 5% acetic 
acid. The chloroform layer was washed with water. The 
chloroform layer was evaporated to dryness and the residue 
was chromatographed on a silica gel column (160 x 2 cm) 
using 2% methanol in chloroform as the eluant to give three 
principal cuts. 

The first (fractions 30-50) was rechromatographed on a 
silica gel column (100 x 1 cm) using chloroform as the eluant 
to give O-P-~-kijanosyl-( 1+3)-3-hydroxypropanol (57) (39 
mg) as a pale yellow oil (Found: C, 48.15; H, 7.25; N, 8.55. 
C12H22NZ07 requires C, 47.05; H, 7.24; N, 9.15%), [aIDz6 
+27.9" (CH30H), h,,,,. (CF3CH20H) 197 nm (E 4 003); v,,,. 

1 510, 1 310, 1 230, 1 130, and 1 060 cm-'. Further elution of 
the column gave material that was twice subjected to pre- 
parative t.1.c. on silica gel plates using 0.75% methanol in 
chloroform as the eluant to give O-P-D-kijanosyl-(l+l)- 
ethylene (58) (16 mg) as a pale yellow oil, v,,,. (CHC13) 
3440, 3000, 2945, 2900, 1735, 1645, 1548, 1512, 1315, 
1233, 1 177, and I070 cm-'. 

The second cut (fractions 55-100) from the original column 
afforded O-P-D-kijanosyl-( I +3)-3,4-dihydroxypentanol (56) 
(400 mg) as a pale yellow gum (Found: C, 48.35; H, 7.5; N, 
7.65. C14H26N208 requires C, 47.99; H, 7.48; N, 8.00%), 
[ajDZ6 +4.0" (CH,OH), Am,. (CF3CH20H) 199 nm (E 4 146); 
vms. (film) 3430, 3 300, 2970, 2 925, 2 875, 1700, 1 540, 
1 510sh, 1 450, 1 440, 1 405, 1 240, 1 172, I 045, and 900 cm-I. 

The third cut (fractions 310-380) from the original column 
afforded material that was rechromatographed on a silica gel 
column (100 x 1 cm) using chloroform as the eluant to give 
the tetrasaccharide fragment (55) (60 mg) as a colourless 
amorphous solid (Found: C, 57.65; H, 8.2; 0,34.0. CJ1H72018 
requires C, 55.73; H, 8.51; 0, 33.76%), [a>D26 -140.5" (CH3- 

1 125, and 1 060 cm-'; 8" (CDCl,) (100 MHz) 0.95-1.05 and 
1.10-1.35 (envelope of CH3 groups), and 3.42 (3 H, s, 

(CHClj) 3 620, 3 550, 3 440, 2940, 2890, 1725, 1 545, 

OH), vmS. (CHCI3) 3 620, 3 480, 2 970, 2 940, 1 765, 1 715, 

4D-OCH3); t n / Z  301 (1.2) (Dz~) ,  283 (3.7) ( D 2 j  - HZO), 265 
(7.3) (D23 - H20 - HZO), 257 (7.0) (Dzj - COZ), 247 (2.3) 
(D23 - HzO - H2O - HZO), 161 (7.8) (Dlq), 145 (18.8) 
(AJ, and 131 (22) (Al). 

Note added in proof: 
Recently the syntheses of methyl 2,6-dideoxy-4-O-methyl-a-~- 

ribo-hexopyranoside (4) 39 and of methyl a-D-kijanoside 
(methyl a-D-tetronitroside) (23) 40 have been reported, thus 
confirming the structures proposed for these novel sugars. 
The synthesis of L-rubranitrose (43) 41 has also been reported 
and the synthetic material has been shown to be enantiomeric 
with the natural  ample,^^.^^ thus confirming our conclusions 
that rubranitrose has indeed the D-configuration. 

Acknowledgements 
The authors wish to express their thanks to the staff of Mr. J. 
McGlotten for providing spectral and analytical data. We are 
also grateful to Prof. A. A. Bothner-By, Carnegie-Mellon 
University, Pittsburgh, Pennsylvania for allowing us to use the 
600 MHz 'H n.m.r. facility and we particularly wish to thank 
Mr. Kuoshin Lee for running some of the spectra for us. We 
also thank the Morgan-Schaffer Corporation, Montreal, 
Canada for running the 220 MHz 'H n.m.r. spectra and Varian 
Associates, Palo Alto, California for running the 200 MHz 
'H n.m.r. spectra. Thanks are also due to Shrader Analytical 
Laboratories, Detroit, Michigan and to Florida State Univer- 
sity for providing us with high-resolution mass spectral data. 
We are also indebted to Dr. M. G. Patel and Mr. R. S. Jaret 
and their colleagues for providing us with adequate supplies 
of kijanirnicin. 

References 
1 Part 2, A. K. Mallams, M. S. Puar, R. R. Rossman, A. T. 

McPhail, and R. D. Macfarlane, J. Am. Chem. SOC., 1981, 
103, 3940. 

2 A. C. Horan and B. C. Brodsky. Int. J. Syst .  Bacteriol.. 1982. 

3 

4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

- .  
32, 195 
J. A. Waitz, A. C. Horan, M. Kalyanpur, B. K. Lee, D. Loeben- 
berg, J. A. Marquez, G. Miller, and M. G .  Patel, J. Antibiot., 
1981,34, 1101. 
A. K. Mallams, M. S. Puar, and R. R. Rossman, J. Am. Chem. 
SOC., 1981, 103, 3938. 
S. Gelin and P. Pollet, Tetrahedrorz Lett., 1980, 4491. 
H. P. Faro, A. K. Ganguly, and D. H. R. Barton, Chew. 
Commun., 1971, 823. 
R. D. Macfarlane and D. F. Torgerson, Science, 1976, 191. 
920. 
J. Zielinski, E. Jereczek, P. Sowinski, L. Falkowski, A. Rudow- 
ski, and E. Borowski, J. Antibiot., 1979, 32, 565. 
F. Tomita and T. Tamaoki, J. Antibiot., 1980, 33, 940. 
T. Tamaoki, M. Kasai, K. Shirahata, S. Okhubo, M. Morimoto, 
K. Mineura, S. Ishii, and F. Tomita, J. Antibiot., 1980, 33, 
946. 
F. Tomita, T. Tamaoki, K. Shirahata, M. Kasai, M. Morimoto, 
S. Okhubo, K. Mineura, and S. Ishii, J. Antibiot., 1980, 33, 
668. 
N. Hirayama, M. Kasai, K. Shirahata, Y. Ohashi, and Y. 
Sasada, Tetrahedron Lett., 1980, 2559. 
K. Kobinata, M. Uramoto, T. Mizuno, and K. Isono, J .  
Antibiot., 1980, 33, 244. 
K. Kobinata, M. Uramoto, T. Mizuno, and K. Isono, J. 
Antibiot., 1980, 33, 772. 
P. Bartner, D. L. Boxler, R. Brambilla, A. K. Mallams, J. B. 
Morton, P. Reichert, F. D. Sancilio, H. Surprenant, G.  Toma- 
lesky, G. Lukacs, A. Olesker, T. T. Thang, L. Valente. and S. 
Omura, J. Chem. SOC., Perkin Trans. I ,  1979, 1600. 

16 ' Carbohydrate Chemistry ' by E. A. Davidson, Holt, Rinehart, 
and Winston Inc., New York, 1967, p. 36. 

17 A. Zeeck, Liebigs Ann. Chem., 1975, 2079. 
18 A. K. Ganguly, 0. Z. Sarre, and H. Reimann, J. Am. Cheni. 

19 A. K. Ganguly, 0. Z. Sarre, A. T. McPhail, and K. D. Onan, 

20 K. Sato, M. Matsuzawa, K. Ajisaka, and Y. Yoshimura, Bull. 

21 R. S .  Jaret, A. K. Mallams, and H. Reimann, J. Clzem. SOC.., 

. 

SOC., 1968, 90, 7129. 

J. Chem. SOC., Chem. Commun., 1977, 313. 

Chem. SOC. Jpn., 1980, 53, 189. 

Perkin Trans, I, 1973, 1374. 



1534 J.  CHEM. SOC. PERKIN TRANS. I 1983 

22 S. A. Mizsak, H. Hoeksema, and L. M. Pschigoda, J. Antibiot., 

23 H. Hoeksema, S. A. Mizsak, and L. Baczynskj, J.  Antibiot., 

24 H. R. Buys and H. J. Geise, Tetrahedron Lett., 1970, 2991. 
25 P. J .  L. Daniels, A. K. Mallams, S. W. McCombie, J. B. Morton, 

T. L. Nagabhushan, D. F. Rane, P. Reichert, and J. J. Wright, 
J. Chem. SOC., Perkin Trans. 1 ,  1981, 2209. 

26 D. L. Boxler, R. Brambilla, D. H. Davies, A. K. Mallams, S. W. 
McCombie, J. B. Morton, P. Reichert, and H. F. Vernay, J. 
Chem. SOC., Perkin Trans. I ,  1981, 2168. 

27 S. Seo, Y. Tomita, K. Tori, and Y. Yoshimura, J. Am. Chem. 
Soc., 1978, 100, 3331. 

28 R. U. Lemieux and S. Koto, Tetrahedron, 1974, 30, 1933. 
29 R. U. Lernieux, K .  Bock, L. J. T. Delbaere, S. Koto, and V. S. 

30 H. Beierbeck and J. K. Saunders, Cun. J. Chem., 1975, 53, 

31 L. D. Hall and J. K. M. Sanders, J. Am. Chem. Soc., 1980, 

32 R. Muntwyler and W. Keller-Schierlein, Helv. Chim. Acta, 

33 C. J .  Mc Neal, R. D. Macfarlane, and E. L. Thurston, Anal. 

1979, 32, 771. 

1979, 32, 773. 

Rao, Can. J. Chem., 1980, 58, 631. 

1307. 

102, 5703. 

1972, 55, 2071. 

Chem., 1979, 51, 2036. 

34 R. D. Macfarlane and D. F. Torgerson, Int. J. Mass. Spectrom. 
Ion Phys., 1976, 21, 81. 

35 P. Main, L. Lessinger, M. M. Woolfson, G. Germain, and J.-P. 
Declerq, ' Multan76, A System of Computer Programmes for the 
Automatic Solution of Crystal Structures,' Universities of 
York and Louvain, 1976. 

36 L. Lessinger and T. N. Margulis, Acta Crystallogr., Sect. R, 
1978,34, 578. 

37 D. T. Comer and J. T. Waber, Acta Crystallogr., 1965, 18, 
104. 

38 R.  F. Stewart, E. R. Davidson, and W. T. Simpson, J .  Chem. 
Phys., 1965, 42, 3175. 

39 H.  I .  Ahmad, J. S. Brimacombe, and M. S. Saeed, Carbohydr. 
Res., 1982, 105, 165. 

40 K. Funaki, K. Takeda, and E. Yoshi, Tetrahedron Lett., 1982, 
23, 3069, 

41 J.  Yoshimura, T. Yasumori, T. Kondo, and K.-I. Sato, 
Carbohydr. Res., 1982, 106, C1. 

42 H. Hoekserna, S. A. Mizsak, L. Baczynskyj, and L. M. 
Pschigoda, J. Am. Chem. SOC., 1982, 104, 5173. 

Received 23rd September 1982; Paper 2/ 1 632 




