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Detailed studies on the 13C and 1H NMRspectra of chromomycins A2 and A3, olivo-
mycins A and B, and their derivatives clarified the assignment of manysignals which had been
unassigned or erroneously reported in the literatures. The revised assignments for chromo-
mycin A3 and olivomycin A include the assignment of a key 13C signal used to discuss the
saccharide linkage in question. Structure analyses based on the revised assignments support
the a,l-»3-bond between componentsof the disaccharide moiety in the molecules. Some
general information useful for structure analysis of saccharides is also reported.

Chromomycins and olivomycins are structurally related antibiotics displaying antitumor properties
and are classified as aureolic acid analogues.10 Most of them consist of an aglycon and five sugars
(i.e., disaccharide and trisaccharide moieties). In an early stage of structural studies on these anti-
biotics,2>3) an inter-glycoside linkage of the disaccharide moiety consisting of a D-chromose A unit and
a D-chromose D unit was considered to be the a,l -*4-bond because 2,6-dideoxy-3-0-acetyl-D-/)a;0-
hexopyranose (i.e., 3-0-acetyl-D-oliose) was obtained after acid hydrolysis. The D-chromose D unit
of the chromomycinsand the acetyloliose unit of the olivomycins were considered to be the 2,6-dideoxy-
3-O-acetyl-D-/yxo-hexopyranose connected to the anomeric carbon of the D-chromose A unit (i.e.,
D-olivomose unit) at the C-4 oxygen and aglycon at C-l. The a-glycoside bond of the terminal d-
chromose A was assigned using the data on rotatory contribution, [M]^.2) Reinvestigation4»5) of
the structure of chromomycin A3 (1) and olivomycin A (2) by NMR, however, revised the structure
from the a,l -»4-bond to an a,l -» 3-bond with respect to the inter-glycoside linkage of the disaccharide
moiety. The revised structure was confirmed by extensive circular dichroic (CD) studies6) of the
derivatives prepared by permethylation, hydrolysis and per-j?-bromobenzoylation. Formation of the
2,6-dideoxy-3-0-acetyl-D-/yx0-hexopyranose in earlier studies wasattributed to migration of the acetyl
group under the reaction conditions.6) The structure of the aglycon of chromomycins,chromomy-
cinone, and that of olivomycins, olivin, were also determinedj1.7*85 chromomycinone was 7-methyl-
olivin. Accordingly, the structures 1 and 2 shown in Fig. 1 seem to be appropriate for chromomycin
A3 and olivomycin A, respectively, at present.1T

To investigate the structure or biosynthesis of a series of analogues, correct NMRsignal assign-
ment is essential. In the course of our studies on the structures of new aureolic acid analogues,9>10)
which are produced by Streptomyces aburaviensis PA-39856 together with the known analogues, 1,
2, chromomycin A2 (3) and olivomycin B (4), we encountered difficulties in identifying the structure

r Deceased.

n Note that some of chiral centers of the aglycon reported in refs 4 and 5 were erroneously represented
(seeref6).
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when we assumed that the reported assignments4>5) of the 13C signals of 1 and 2 were correct. Doubt
occurred as to assignment of a key signal used4) to revise the inter-glycoside linkage. For these reasons,
we carried out detailed NMRstudies to permit unequivocal assignments.

The molecular sizes of the analogues are large. Generally, as the molecular size increases, the
assignment becomes more difficult. Fortunately, however, partial hydrolysis2»3) is known to give a
variety of degradation products; some sugars are released with conservation of the original order of
the saccharide sequence in the remaining portion. Using the partial hydrolysis method, we obtained
six derivatives from 1 : A-D-CHR-C-C (la), A-D-CHR-C (1b), D-CHR-C-C-B (1c), D-CHR-C-C
(Id), D-CHR-C (le) and D-CHR (If). A, B, C, D and CHR refer to the units, D-chromose A, l-
chromose B, D-chromose C, D-chromose D, and chromomycinone, respectively; C also refers to the
D-chromose C unit but the one farthest from the aglycon. Hydrolysis with 50%AcOHaqueous at
50°C for 1.5 hours gave the derivatives la, 1b and 1c, the yields in % of those were 5.0, 5.7 and 13.3,
respectively. The reaction at 65°C for 2 hours gave Id, le and If in 2.4, ll.6 and 9.6% yield, respec-
tively. These derivatives were used to establish definite assignments of the 13C signals, as described
below.

When the 13C data of D-CHR-C-C -B are compared with those of A-D-CHR-C-C'-B (1), the
A unit signals should disappear and significant shifts of carbons a and /3 to the original point of at-
tachment should be observed. The shifts observed are the deglycosylation shifts and the shifts with
the reverse sign correspond to the so-called glycosylation shifts or glycosidation shifts.11'12) The
signals corresponding to y- and ^-carbons in the D unit and those belonging to the other units should
remain unchanged, as long as the skeletal conformation does not change. In the NMRspectrum of
D-CHR-C-C'the 13C signals for the B unit are not observed and significant shifts are seen on the C
unit carbons. The y- and ^-carbon signals of C as well as the shifted a- and /3-carbon signals can be
assigned by their disappearance from the 13C spectrum of D-CHR-C. The signals belonging to C
are also assignable by their disappearance from the spectrum of D-CHR.

Most of the signals could be assigned from successive comparisons using all the hydrolysates.
Helpful information from the other derivatives are described later. In using the successive com-
parison method, we needed to know whether the 4-acetoxy group of the D unit was conserved in the
derivatives, since acetyl migration during hydrolysis to the monosaccharide has been reported.2>3'6)
Our XHdata indicated its conservation for derivatives, la~lf. Our *H analyses of 1, 2 and the hy-
drolysates confirmed the assignments given for 1 and 2 in the literature4>5) with a little revision for
the signals of the anomeric and C-2-protons of the A and B units. As seen from the :H data listed
in Table 1, the anomeric proton signal of the A or B unit was obvious from its disappearance from
1c or la. Spin-decoupling experiments on 1 at 400 MHzconfirmed the listed assignment. Ac-
cordingly, the assignments of 13Csignals related to the revised XHsignals also necessitate a revision.

A down field chemical shift (d 5.09) and coupling constants (3.0 and ca. 0.8 Hz) of the C-4 proton
of the D unit in If, which were confirmed by spin-decoupling experiments, clearly indicated the con-
servation of 4-acetoxy group having an axial orientation. Similar :H behavior found for the D unit
signals of le, Id or 1c, indicated that the partial degradation without acetyl group migration were
obtained under the reaction conditions applied.

Based on these methods of assigning the 13C signals, we found the results given in Tables 2 and 3.
In our 13C spectroscopic study, a mixed solvent system (CDC13 - CD3OH,2 : 1) was mainly used because
of good solubility for all analogues including the derivatives. The signals belonging to each sugar
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Fig. 1. Structure of chromomycins, olivomycins and derivatives.

unit were clear, and the deglycosylation a-shifts on the C-3 carbons and /3-shifts on the C-2 and C-4
carbons were determined (see Table 3). The anomeric carbons also exhibited the typical 13C behavior
depending on the configuration; the anomeric carbon having the a-bond gave a relatively up field 8
value and a relatively large 1JG,n value (see Table 2). Although spin-lattice relaxation time, Tl9 of
some carbons reported in the literature0 exhibited inconsistent values for the proposed structure of
1, the Ti evaluation based on our assignment supported the proposed saccharide sequence (see NTX
values shown in Fig. 2). Comparison of the 13C data of 4 with that of 1 showed that, including the
sequence, the saccharide moieties of 1 and those of 4 were identical. Similarly, the saccharide se-
quence of 2 and of 3 were proved to be identical. The differences found for the B unit signals between
1 and 3 or that between 2 and 4 were ascribable to the difference in the 4-O-acyl group2>3) (i.e. acetyl
or isobutyryl group) of the B unit. Whenthis difference was excluded, the 13C data for the saccharide
sequence was the samefor 1, 2, 3 and 4. This conclusion necessitates revision of the earlier proposed
structures1'^ for 3 and 4, and confirms the revised structures4»5) for 1 and 2, as shown in Fig. 1.

The C-3 carbon of the D unit* of 1 in the literature^ is assigned to the signal appearing at d 82.3
1 Note that the names of the sugar units used in the present report differ from those in refs 4 and 5; the d-

chromose D unit (i.e., the D unit in the simplified form) corresponds to the saccharide A in ref 4 or 5, and
the units, A, C, C and B, correspond to the saccharides, B, C, D and E, respectively. Accordingly, C-3 D
means the C-3 carbon of the D unit (i.e., the C-3 carbon of the saccharide A in ref 4 or 5).



Table 1. 1H NMRdataa of chromomycin A3 and its hydrolysates.

/(H, H)

Aglyco n
2-H

3-H

4-Hax

4-Heq

5-H

10-H

7-CHs

ll.6(2, 3)

ca. 12 (3, 4ax), ll.6 (3, 2),

3.8 (3, 4eq), 2.0 (3, 1')

16.6 (4ax, 4eq), ca. 12 (4ax, 3)
1.4 (4ax, 10)
16.6 (4eq, 4ax), 3.8 (4eq, 3)

s
1.4 (10, 4ax)

s
8-OH 9.81 0.7 (8-OH, 9-OH)

9-OH 15.71

l'-H 4.72

3'-H 4.23

4'-H 4. 37

5'-H

l '-OCH3
3'-OH

4'-OH

-D-Chromose D
1-H

2-Hax

2-Heq

3-H

4-H

5-H

6-H

4-OAc

0.7 (9-OH, 8-OH)
2.0(I', 3)

5.5 (3', 3'-OH), 2.0 (3', 40
9.8 (4/, 4/-OH), 6.4 (4', 50,

2.0 (4', 3')
6.4 (5', 40

s
5.5 (3'-OH, 30

9.8 (4/-OH, 40

10.0 (l, 2ax), 2.3 (l, 2eq)

12.5 (2ax, 2eq), 12.5 (2ax, 3),

10.0 (2ax, 1)

12.5 (2eq, 2ax), 2.3 (2eq, 1),

2.0 (2eq, 3)

3.98

5.18

3.82
1.29

2.18

m

3.5(4, 3),0.8 (4, 5)

6.8 (5, 6),0.8 (5,4)

6.8 (6, 5)

s

/(H, H)

4.70 ll.6 (2, 3)

2.60-2.65

3.08

2.65

6.65

6.76

2.19

9.82

15.70

4.72

4.25

4.38

1.38

3.52

4.70 ll.6 (2, 3)

2.60-2.65

ca. 15 (4ax, 4eA ca. 13 (4«, 3)3.08 ca. 15 (4«, 4e«), ca. 13 (4«, 3)

ca. 15 (4ea, 4ax), ca. 3 (4eq, 3)

0.4 (8-OH, 9-OH)

0.4 (9-OH, 8-OH)
1.8(1',3)

5.0 (3/, 3'-OH), 1.8 (3', 40

6.2 (5', 40

5.23 9.8 (l, 2ax), 2.6 (l, 2eq)

2.0-2.4

2.0-2.4

3.9-4.2

5.18 2.8 (4, 3)

3.83 6.5 (5, 6)

1.29 6.5 (6, 5)

2.18

2.66

6.64
6.75
2.20

9.81
15.67

4.71

4.23
4.37

1.38

3.52

ca. 15 (4eq, 4ax), ca. 3 (4eq, 3)

1.5(1',3)

5.0 (3', 3'-OH), 2.0 (y, 4')

6.2 (5', 4')

5.21 9.6 (l, 2ax), 2.4 (l, 2eq)
2.1-2.3

2.1-2.3

4.10
5.06 3.4 (4, 3)
3.86 6.4 (5, 6)
1.32 6.4 (6, 5)

2.22

s

>

I



a-D-Chromose A
1-H

2-Hax

2-He q
3-H

4-H
5-H
6-H
4-OCH3

3-OH

5.13* 2.2(l,2ax),2.2(l,2eq)

1.75~1.77b m

1.75~1.77b m
3.98 m
3.24 3.5 (4, 3),0.8 (4, 5)
3.89 6.8 (5, 6),0.8(5,4)
1.30 6.8 (6,5)

3.61 s
1.95 10.8 (3-OH, 3)

/8-D-Chromose C
1-H

2-Hax

2-He <1

3-H
4-H

5-H
6-H

10.0 (l, 2ax), 2.0 (1, 2^)
12.5 (2ax, 2eq), 10.0 (2ax, 1),
9.5 (2ax, 3)

12.5 (2eq, 2ax), 5.0 (2eq, 3),
2.0 (2eq, 1)
m9.3 (4, 5),9.0(4, 3)

9.3 (5,4), 6.0(5, 6)
6.0(6, 5)

4-OH 4.53C brs

i-D-Chromose C
1-H

2-Hax

2-Heq

3-H
4-H

5-H
6-H

4-OH

a-L-Chromose B
1-H

2-Ha2

2-He q
4-H

5-H
6-H
3-CH3
4-OAc

3-OH

3.52

9.9 (l, 2ax), 2.0 (l, 2eq)
12.5 (2ax, 2e(1), 9.9 (2ax, 1),

9.5 (2ax, 3)

12.5 (2eq, 2ax), 5.0 (2eq, 3),
2.0 (2eq, 1)

m
3.13 9.3 (4, 5),9.0(4, 3),

2.0 (4, 4-OH)
3.39 9.3 (5,4), 6.0(5, 6)

1.39 6.0(6, 5)

4.02 2.0 (4-OH, 4)

5.03* 4.5(l,2ax),2.2(l,2eq)
2.0P 12.0(2ax,2eq),4.5(2ax, 1)

2.06 12.0 (2eq, 2ax), 2.2 (2eq, 1)
4.63 9.3 (4, 5)
3.99 9.3 (5,4), 6.3 (5, 6)

1.25 6.3 (6, 5)

1.37 s
2.15 s

2.34C br s

5.13
1.75-1.83

1.75-1.83
3.9-4.2

ca. 2 (1, 2ax), ca. 2 (1, 2eq)

3.25 3.5 (4, 3)

3.90 6.5 (5, 6)
1.30 6.5 (6, 5)
3.61

5.12 ca. 10 (1, 2ax), ca. 2 (1, 2eq)
1.6-1.8

2.4-2.6

3.6-3.7
3.16 9.0(4, 5), 9.0(4, 3)

3.39-3.40
1.36 6.2(6, 5)

4.66 9.8 (l, 2ax), ca. 2 (l, 2e<1)
1.6-1.8

2.0-2.5

3.6-3.7

3.16 9.0(4, 5), 9.0 (4, 3)

3.40-3.41

1.38 6.2 (6,5)

5.08 10.0 (l, 2ax), 2.0 (l, 2eq)
1.6-1.8

2.51

3.68

3.15 ca. 9 (4, 5), ca. 9 (4, 3)

3.32 6.3 (5,6), 9(5,4)

1.36 6.3 (6, 5)

4.60 10.0 (l, 2ax), 1.8 (1, 2eq)
1.6-1.8

2.31

3.5-3.6
3.15 ca. 9 (4, 5), ca. 9 (4, 3)

3.39 ca. 9 (5, 4), 6.3 (5, 6)
1.39 6.3 (6, 5)

5.01

2.04

2.08

4.62

3.99

1.25

1.37

2.15

4.0 (1, 2al), 2.4 (1, 2n)

9.4(4, 5)
9.4(5,4), 6.3 (5, 6)
6.3 (6, 5)

s



Table 1. (Continued)

/(H, H)
Aglyc on

2-H
3-H

4-Hax

4-Heq
5-H
10-H
7-CH3
8-OH
9-OH
l'-H
3'-H
4'-H
5'-H

r-OCH3
3'-OH
4/-OH

/3-D-Chromose D
1-H
2-Hax
2-Heq
3-H
4-H
5-H
6-H
4-OAc

/3-D-Chromose C
1-H

2-Ha x
2-Heq
3-H
4-H
5-H
6-H

/3-D-Chromose C
1-H
2-Hax
2-Heq
3-H
4-H
5-H
6-H

4.68
2.58

3.08

2.64
6.66
6.76
2.20
9.83

15.70
4.73
4.23
4.36
1.38
3.52

5.222.1'
2.1'

4
5
3.

1.
2.

5.
1.6'

'2.3
'2.3

.08
,08
.86
,33
.22

10 -1.8

/(H, H) /(H, H)

ll.6(2, 3)

ca. 16 (4ax, 4eq), ca. 12 (4ax, 3)c«. 16 (4eq, 4ax), c«. 3 (4eq, 3)

0.7 (8-OH, 9-OH)
0.7 (9-OH, 8-OH)
1.8(1',3)

4.8 (3', 3'-OH), 1.8 (3', 4')

6.2 (5', 40

9.5 (l, 2ax), 2.5 (l, 2eq)

3.4(4, 3),0.8 (4, 5)

6.7(6, 5)

10.0 (l, 2ax), 1.8 (1, 2eq)

2.50
3.6-3.7

3.15d
3.31
1.36ca. 9(4, 5), ca. 9 (4, 3)

ca. 9 (5,4), ca. 6.5 (5, 6)6.5(6, 5)

4.65
1.6-1.8
2.2-2.3
3.6-3.7

9.8 (l, 2ax), 2.0(l, 2eQ)

3.13d ca.9(4,5),ca.9(4,3)
3.40 ca. 9 (5,4), 6.5 (5, 6)
1.38 5.8 (6,5)

4.71 12.0 (2, 3)
2.55-2.65

3.10
2.66
6.65
6.75

2.19
9.82

15.63
4.73

4.22

4.35
1.38
3.52

3.67
3.67

5.22
2.1-2.2
2.1-2.2

4.08
5.08
3.86
1.32
2.22

5.17
1.70

2.57
.67-3.

3.15
3.35
1.35

ca. 17 (4ax, 4eq), ca. 13 (4ax, 3)
ca. 17 (4eq, 4ax), cfl. 3 (4eq, 3)

0.9 (8-OH, 9-OH)

1.8(1',3)

6.6 (5', 40

9.6 (l, 2ax), 2.3 (l, 2eq)

3.0(4, 3), 0.8 (4, 5)
6.4(5, 6)
6.4(6, 5)

ca. 10 (1, 2ftX), ca. 2 (1, 2eq)

9.0(4, 5), 9.0(4, 3)
9.0(5,4), 5.8(5, 6)
5.8(6,5)

a In CDCI3at 24°C. /(H, H) values are apparent coupling constant; in Hz.
b Assignments given in ref 4 were revised as shown.
c »d Assignments may be interchanged in each vertical column.

4

2

3

2

6

6

2

9

14
4
4
4
1
3
3
3

5
2
2
4
5
3
1
2

47
65

06
73
67
82
20
63
74
66
29
40
39
59
60c
81C

23
15
19
08
09
86
33
22

12.0 (2, 3)
ca. 13 (3,4«), c
ca. 3 (3, 4eq), 2.
ca. 17 (4ax, 4eq),
ca. 17 (4eq, 4ax),

ca. 12 (3, 2),
à"5(3, 10

., ca. 13 (4ftX, 3)
ca. 3 (4eq, 3)

1.0 (8-OH, 9-OH)
1.0 (9-OH, 8-OH)

2.5(1', 3)

6.4(5' 40

9.8 (l, 2ax),2.8 (l,2eq)

3.0(4,3),0.8(4, 5)
6.4(5, 6),0.8(5,4)
6.4(6, 5)

g

o

o

I
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Table 2. 13C NMRdata of chromomycins and olivomycins.

59

dcG

3

9c°)
4

0o°) dGh dcQ

Aglycon
C-l 202. 1

C-2 75.9

C-3 43.8

C-4 27. 0d
C-5 100. 8

C-6 159.6

C-7 111.6

C-8 165.3

C-9 156. 1

C-10 117.1

C-4a 134.6

C-8a 108.0

C-9a 108.0

C-lOa 138.4

7-CH3 8.2

C-r 82.0d

C-2' 211.2

C-3' 78.4

C-4' 67. 9
C-5' 20. 5

r-ocH3 59. 7
D-Chromose D

C-l , 97.4

C-2 33.0

C-3 69.9d

C-4 67. 3
C-5 69.7

C-6 16.8

CH3CO 20. 8
CH3CO 170. 9

D-Chromose A
C-l 95.2d

C-2 33.5

C-3 65.9

C-4 81.5

C-5 67.0d

C-6 17.3

OCH3 62. 3

D-Chromose C
C-l 100. 3

C-2 37.5

C-3 82.3d

C-4 75.1

C-5 72. 3

C-6 18.0

D-Chromose C
99.7

37.1

80.5

75.3

72.2

17.8

202.7 202.7

76.6 77.0

43.1 43.4

27.1 27.3

101.1 101.6

159.6 160.0

111.6 111.9

165.4 165.8

156.2 156.6

117.5 117.4

135.0 135.4

108.le 108.6

108.2e 108.6

138.6 138.9

8.3 8.3

82.2 82.4

212.1 211.9

79.0 79.0

68.3 68.4

19.8 19.9

59.4 59.5

97.4 97.9

33.2 33.3

70.1 70.6

67.9 68.3

69.9 70.2

16.9 16.9

20.8 20.7

171.6 171.7

95.3

33.0

66.3

81.4

67.4

17.2

62.1

s 202.9 202.9

144* 77.0 76.9

130f 43.4 43.1

131f 27.3 27.4

162 101.8 103.4

s 160.1 161.1

s 112.1 102.4

s 165.8 166.0

s 156.6 159.9

162 117.5 117.4

s 135.5 136.9

s 108.6 108.6e

s 108.6 108.8e

s 139.0 141.3

129 8.3 -

148f 82.1 82.1

s 211.9 211.8

142f 79.1 79.1

144 68.5 68.5

128 19.8 19.8

143 59.5 59.4

162f 98.0 97.6

133f 33.5 33.4

137f 70.8 70.9

150 68.4 68.4

137f 70.3 70.2

128 16.9 16.8

130 20.7 20.7

s 171.7 171.7

96.1

33.3

66.6

82.1

67.6

17.2

95.8

62.1
168
133
146
140
140
128
142

100.8 101.0

37.6 37.8

81.4 81.9

75.5 75.8

72.5 72.7

18.1 18.1

99.7

36.8

77.6

75.2

72.7

17.9

96

33
66

82
67

17
62

27
102
160

102
165

159

117
135

108
108

140

81
211

202. 8

76.8

42.8

27.2

102.8

160.8

102.2

6 165.6 166.0

6 159.6 159.9

1 117.3 117.3

9 136.6 136.9

108.4e 108.6e

108.5e 108.8e

141.1 141.3

81.9 82.1

212.0 211.8

79.0 79.1

68.5 68.5

19.7 19.8

59.3 59.4

97.2 97.6

33.2 33.3

70.4 70.9

68.0 68.4

70.0 70.2

16.8 16.8

20.8 20.7

171.6 171.6

95.5

33.0

66.4

81.9

67.4

17.1

62.1

96.1

33.3

66.6
82.1

67.5

17.2

62.1

81.6d

211.0

78.2

68.0

20.5

59.6

97.1

32.9

70.ld

67.3

69.8

16.8

20.8

170.9

95.4d

33.5

65.9

81.5

67.0d

17.3

62.162.4

162f 101.0 101.0 100.3

131 37.8 37.7 37.5

140f 81.8 81.7 82.3d

142f 75.8 75.8 75.1

140f 72.7 72.7 72.3

127 18.2 18.2 18.0

99.8 160 99.8 99.7

37.2 131 37.2 37.2

78.4 142 78.3 78.1

75.5 142f 75.5 75.5

72.9 140f 73.0 72.9

18.0 127 18.0 17.9

99.7

37.1

80.7

75.3

72.2
17.8

100.8 101.0

37.6 37.7

81.7 81.7

75.5 75.8

72.4 72.7

18.2 18.2

99.6

36.9

78.0

75.1
72.8

17.9

99.7

37.2

78.3

75.5

72.9
17.9



60 THE JOURNAL OF ANTIBIOTICS

Table 2. (Continued)

JAN. 1988

dnG
/cHb

3

(5c0)
4

(So") 5cb

L-Chromose B
C-l 97.0d

C-2 43.8

C-3 70.6

C-4 79. 6d
C-5 66.7

C-6 17.8

3-CH3 23.0

CH3C 20. 9
CH3C -
CH3 CHCO -
CO 171.4

95.5

43.7

70.5

79.5

66.8

17.7

22.7

21.0

96.1

44.0

70.6

79.8

67.1

17.9

23.0

20.9

96.0 95.7
97.2d

95.7
96.0

44.2 44.0
43.9

44.0
44.1

70.8 70.6 70.6 70.6 70.7

79.5 79.8 79.4d 79.1 79.4

67.2 67.1 66.7 66.7 67.1

17.9 17.8 17.9 17.8 17.8

23.1 23.0 23.0 22.7 23.0

19.1 20.9 18.9 19.0 19.0

s

5f

6

8

6

0

å - - - 19.1 - 19.0 19.1 19.0

- - - 34.8 - 34.3 34.6 34.7

171.6 171.6 s 177.7 171.6 177.5 177.5 177.6

a In CDC13 at 24°C, b In CDC13-CD3OH (2:1) at 24°C, c In CDC13-CD3OH (2:1) at 60°C.

d Assignments given in refs 4 and 5 were revised. e Assignments maybe interchanged in each column.
f Approximatevalue; a part of the 13Csignals in 1H-undecoupledspectrum overlapped.

in CDC13at room temperature, and the low field 8 value has been cited to support assignment of a
saccharide linkage at the C-3. Surprisingly, however, our data showed that the 8 value of the carbon
is 69.9. The 8 value of the corresponding signal in the mixed solvent system (CDC13 - CD3OH,2 : 1)
at room temperature and that at 60°C were 70.1 and 70.9, respectively. In addition to the assign-
ment of the signal, C-3 D, several signal assignments reported for 1 or 2 apparently differ from our
assignments (see Table 2).1" The assignment of the anomeric carbons, C-l A and C-l B, has been ex-
plained above. To confirm the validity of our assignment, other derivatives were prepared. First,
deacylation was attempted to inspect the 13C behavior of the D unit and B unit signals, because this
method13) has previously been used for assigning 13C signals. Two acetyl groups are involved in 1,
while 3 has an acetyl group and an isobutyryl group. Compound 3 was chosen because it is easy to
determine its deacylated site. The usual alkaline hydrolysis gave a deisobutyryl derivative, and not
a simple deacetyl derivative. More vigorous hydrolysis of 3 gave various compounds, which were
attributable to the reactivity of the carbonyl groups in the aglycon moiety. Next, the side-chain
carbonyl of 3 was reduced using sodium borohydride14), and dihydrochromomycin A2 (3a) was ob-
tained. Alkaline hydrolysis of 3a gave a deisobutyryl derivative, K-l (3b), and subsequently a deacetyl-
deisobutyryl derivative, K-2 (3c). The derivative, 3a, was useful for discriminating the aglycon carbons
from the sugar carbons, and the derivatives, 3b and 3c, were useful for confirming the carbons belonging
to the B and D units. As can be seen in the 13C data listed in Table 3, reduction of the side-chain
carbonyl caused a significant shift on manycarbons of the aglycon with little change on the sugar
carbons, while the deisobutyrylation or the deacetylation selectively caused a shift on the B unit or
D unit carbons, which strongly supported the validity of the assignment shown in the present study.
Clearly, the reported assignments of the C-4 signal of the aglycon, <5 43.7, and that of the B unit, 8 67.0,
were mistaken, since the result of successive comparisons using all the derivatives indicated clearly
different signals: The corresponding 8 values of the signals of 1 were 27.3 (C-4 CHR) and 79.8 (C-4 B),
respectively, in the mixed solvent system. The difference in the solvent system or temperature had
a little effect on the shift, and in the case of some contiguous signals, a change in the order of 8 values

* See footnote ofp. 55.



Table 3. 13C Chemical shifts3- of chromomycin A3 (1), A2 (3) and their derivatives.
lalb 1c

Id le
If

3a

A glyc on
C-l

C-2

C-3

C-4

C-5

O6
C-7

C-8

C-9

C-10

C-4a

C-8a

C-9a

C-lOa

7-CH3

c-r

202.7

77.0

43.3

27.4

101.6

159.9

111.9

165.

156.

117.

135.

108.

108.

138.9

C-2'

C-3'

C-4'

C-5'

i '-och3
D-Chromose D

8.3 8.3

82.3 82.3

211.9 211.9

79.1 79.1

68.5 68.5

19.8 19.8

59.4 59.4

97.9
33.4

70.8

68.4

70.2

16.9
20.7

171.7

202.6

77.3

43.3

27.4

101.7

160.0

112.0

166.0

156.7

117.2

135.8

108.8b

108.9*>

139.0

8.3

82.4

212.2

79.1

68.6

19.8

59.4

97.9 98.1

34.8 34.9

67.6 67.7

72.0 72.2

70.3 70.5

16.9 17.0

20.8 20.8

172.2 172.4

203.6
72.9

44.5
27.6

202.9
77.0
43.5
27.3

20
4

7

2

7

7

4

2

101.6 101.8 101

159.9 160.1 159

111.9 112.1 111

159
111
165
156
117
136
108
108
139

5

9

7

6

4

5

6

4b

8*

0

8.3

78.5°

72.3°

74.Oe

70.2C

19.8
60.5

164.6 165.8

156.3 156.6

117.6 117.5

135.7 135.5

108.4b 108.6

107.9b 108.6

138.9 139.0

8.3 8.3

83.3 82.1

212.0 211.9

79.3 79.1

68.4 68.5

19.7 19.8

59.7 59.5

98.0

34.9

67.7

72.2

70.4

16.9

20.8

172.4

203.8
77.8

42.4

27.7

101.5

159.8

111.6

165.6

156.5

117.3

136.6

108.5b

108.8b

138.9

8.2

78.6C

72.2C

73.9C

70.2°

19.7

60.5

98.0

33.3

70.6

68.3

70.2

16.9

20.7

171.7

203.8

77.8

42.4

27.7

101.7

160.0

111.6

165.5

156,

117
136.

108

108.8

139.0

8.2
78.61

72.2

74.0'

70.2'

19.7

60.6
5b

98.1

32.7

73.4

67.3

71.6

16.9

I

Q

ONI-*



Table 3. (Continued)
Idle

D-Chromose A
C-l

C-2

C-3

C-4

C-5

C-6

OCH3

D-Chromose C

95.8

33.3

66.6

82.1

67.6

17.2

62.1

96.0

33.3

66.6

82.1

67.6

17.2

62.1

96.0

33.3

66.6

82.1

67.6

17.2

62.1

C-l 101.0 101.1 101.1 101.0 101.2 101.1

C-2 37.8 37.7 39.6 37.7 37.9 39.5

C-3 81.9 81.9 71.9 81.7 81.8 71.9

C-4 75.8 75.8 78.0 75.7 75.9 77.9

C-5 72.7 72.7b 72.7 72.6 72.7e 72.6

C-6 18.1 18.2 18.0 18.2 18.2 18.0

D-Chromose C
C-l 99.8 99.9
C-2 37.2 39.6

C-3 78.4 71.6
C-4 75.5 77.4

C-5 72.9 72. 8b

C-6 18.0 17.8

L-Chromose B
C-l

C-2

C-3

C-4

C-5

C-6

3-CHs

CH3C

96.1

44.0

70.6

79.8

67.1

17.9

23.0

20.9

CH3 CHCO -
CH3CO 171. 6

99.6

37.1

78.3

75.4

72.8

17.9

95.9

43.9

70.6

79.7

67.0

17.8

23.0

20.9

171.7

99.9

39.8

71.6

77.5

72.9°

17.8

96.0

33.3

66.7

82.1

67.7

17.2

62.1

95.7

33.3

66.7

82.1

62.1

101.0 100.8

37.8 37.8

81.8 82.0

75.8 75.8

72.7 72.7

18.2 18.0

37.2

78.3
75.5

73.0

18.0

99.8

37.2

78.3

75.6

72.9

18.0

96.0 96.0

44.2 44.2

70.8 70.8

79.5 79.5

67.2 67.2

17.9 17.9

23.1 23.1

19.1 19.1

34.8 34.8

177.7 177.7

95.7

33.3

66.6

82.0

67.6

17.2

62.1

96.1

33.5

66.7

82.1

67.5

17.1

62.1

100.7
37.8
82.0

75.7
72.6
18.1

100.8
37.7

81.9
75.8
72.6
18.2

99.8

37.2

78.6

75.6

72.8

18.0

96.5

43.6

71.5

79.6

68.4

18.0
22.1

99.8

37.2

78.6

75.6

72.8

18.0

96.5

43.6

71.5

79.6

68.4

18.0

22.1

a InCDC13-CD3OH (2: 1) at 60°C.

b'c Assignments may be interchanged in each vertical column.
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§
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Fig. 2. 13C NTx values (in s) ofchromomycin A3.

a) Values obtained from 50 MHzspectra in CDC13-CD3OH(2 : 1), at 24°C. b) Values reported in ref
4; in CDC13, 68 MHz, e) Values in CDC13rearranged on the basis of our assignment.

* Averagedvalue of the two componentsshowingthe identical chemical shift.

may have occurred depending upon the measurement conditions. To make the assignment in CDC13
more concrete, we measured the 1H-13C correlated two-dimensional NMR(HC COSY) spectra, one
of which is shown in Fig. 3. Using the spectra, we confirmed the assignment listed in Table 2
and revised the reported assignment of the eight carbons {i.e. C-3 D, C-l A, C-5 A, C-3 C, C-l B, C-4 B,
C-4 CHRand C-1' CHR) and assigned the 16 carbon signals unassigned in the literature.4) The
same revision of the reported assignment^ for 2 was also made based on data comparison. Note
that the d values of XH signals recorded at high concentration for the 13C measurement slightly differ
from the data listed in Table 1 ; the up field shifts (Jd -0.13~ -0.22) at the high concentration were
observed. We also confirmed the *H assignment under the high concentration by the spin-decoupling
experiments and analyzed the HCCOSYspectra.

One of the merits of the successive comparison method using the derivatives is that the shift be-
havior dependent on the environment can be examined. This can be used to obtain information useful

to assignment work and to conformational or configurational analysis. The acylation shifts and
the glycosylation shifts found in the sugars are summarized in Table 4. Reflecting the differences in

environment, significant differences were found for the acylation and the glycosylation shifts. Al-
though the acylation shifts on the D unit carbons exhibit the expected behavior, the acylation a-shift
on the C-4 of the B unit almost equals zero. The extremely small shift, which we sometimes encounter,
is a weak point of the acylation method. To circumvent this weak point, a method using the methoxy-
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Fig. 3. HC COSYspectrum of chromomycin A8.

carbonylation shifts or the mesylation shifts has been proposed.15) The extremely small a-shift is
related to the conformational status. A crowd of bulky groups on C-3, C-4 and C-5 of the B unit
prevent free rotation of the acyl group and bring about a preferred conformation in which a ^-effect16»17)
to the C-4 from the carbonyl or alkyl group of the acyl group is enhanced. The effect toward an
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Table 4. Acylation shifts and glycosylation shifts found in sugar carbons8'.

65

Sugar unit D B C C
Acetylation a-shift
Acetylation /3-shift

Isobutyrylation a-shift
Isobutyrylation /3-shift

Glycosylation a-shift
Glycosylation /3-shift

+0.9 (C-4)

-2.8 (C-3)

-1.4 (C-5)

+3.0 (C-3)
-1.5 (C-2)

-3.7 (C-4)

+0.2 (C-4)*
-0.9 (C-3)b

-1.3 (C-5)b
-0.1 (C-4)

-0.7 (C-3)
-1.2 (C-5)

+10.0 (C-3)
-1.9 (C-2)
-2.3 (C-4)

+6.8 (C-3)

-2.6 (C-2)

-1.9 (C-4)

a Inppm, inCDC13-CD3OH (2: 1) at 60°C.
b Caluculated value using the data of3b and 1.

up field shift cancels out the down field shift caused by an inductive effect of the acyl group. This is
the reason for the extremely small a-shift. Asimilar conformation effect on the a-shift also exists in
the case of the glycosylation shift. The glucosidation a-shift12) is known to vary from a small one
comparable with an absolute value of the /3-shift to a large one over 10 ppm, in correlation with the
conformational status. The a-shifts listed in Table 4 also offer good examples. It should be noted
that a large glycosylation a-shift4) of about 10 ppm does not always occur. Whena large a-shift is
observed, the conformation preferred would one in which a proton on the a-carbon (i.e., a-proton)
and a proton on the glycosyl C-1' (i.e., anomeric proton) have a nearly parallel relationship.17»18)

The preference of a nearly parallel relation between the a-proton and a glycosyl C-2' carbon or that
between the a-proton and a glycosyl ring-oxygen can be assumed when the a-shift is very small.16»17)
The a-shift observed for the C-3 C corresponds to the former case and that for the C-3 D to the latter
case. Usually, however, the parallel conformation is an unstable form19) and is not observed. On
such an occasion, the intermediate value of the a-shift, similar to the value for the C-3 C, is observed.
This intermediate a-shift is also observable whenall of the possible conformers have a similar stability.
The shift behavior on glucosides or mannosides of alcohols were examined, and the characteristic a-
and ^-shifts were used to investigate the stereochemistry of the original alcohol.11>12) The reported
shift rule to deduce the absolute configuration of an alcohol is not applicable in the present case because
the sugars have a polar group (i.e., hydroxy or acetoxy group) on a position corresponding to the

/3-carbon, which influences the conformation about the glycoside bond and therefore affects the shift
behavior through hydrogen bonding, electrostatic interaction, and steric interaction. The reported
shift rule is for alcohols having nonpolar groups or no substituent on the ^-carbon.

The conspicuous shift of some carbons caused by solvent effects also is related to the conforma-
tional considerations described above. Apart from the shift behavior, the positive a-shift and the
negative /3-shift caused by the glycosylation (i.e., the shifts with reverse sign caused by the deglycosyla-
tion) could be used to assign the sugar carbons.

Among the XHNMRdata listed in Table 1 the spin-spin interaction between the hydroxyl protons,
8-OH and 9-OH, attracted our attention, though absolute values of the coupling constants observed
were small (0.4~ 1.0 Hz). The hydrogen bonds shown in Fig. 1 undoubtedly contribute to the oc-
currence of the spin coupling. The spin coupling behavior is probably useful for detection of specific
hydrogen bonding system.
In conclusion, this study clarified the assignment of many signals which had been unassigned or
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erroneously reported for chromomycins and olivomycins. Our findings should be useful for analyzing
the structures of newanalogues.

Exp erimental

Measurementsof NMRSpectra
2H NMRspectra were recorded with Varian XL-200and XL-400spectrometers, operating at

200.057 MHzand 399.948 MHz. The concentrations were ca. 10 mg/ml (CDC13 solution) and tem-
peratures were 24°C. An internal standard, TMS, was used in the *H measurements and also in the
13C measurements described below.

13C NMRspectra in the mixed solvent system (CDC13 - CD3OH,2 : 1) at 60°C were recorded
with a Varian XL-100-12 spectrometer operating at 25.160 MHz.The concentrations were ca. 140
mg/ml. 13C Spectra and Tx values in the mixed solvent at 24°C were measured with a Varian XL-200
spectrometer operating at 50.309 MHz. The Tx values were determined by inversion recovery method
using an exponential least-squares fit. Concentrations were ca. 140 mg/ml. HC COSYspectra were
recorded with a Varian XL-400 spectrometer operating at 100.579 MHzfor 13C and at 399.948 MHz
for 1H. The solvent was CDC13,and the concentration and temperature were ca. 95 mg/ml and
24°C, respectively.

The observational error for the 13C spectra was ca. ±0.1 ppm and that for the spectra to de-
termine 1Jc,b. values was ca. ±1 Hz. The digital resolution for the *H spectra was ca. 0.3 Hz.

Materials
Isolation procedure of the aureolic acid analogues produced by S. aburaviensis PA-39856 is de-

scribed elsewhere.9) The procedures for preparing the derivatives are described here.
Dihydrochromomycin A2 (3a), K-l (3b), and K-2 (3c): To an ice-cooled solution of 3.2 g of chro-

momycin A2 in 100 ml of dry MeOH, sodium borohydride (850 mg) was gradually added. After
45 minutes, dilute HC1was added and the mixture was poured into water. A crude extract with
EtOAc was loaded on a preparative HPLCcolumn, Lichroprep RP-18, and eluted with MeOH-
30 him tartrate buffer (80 :20, pH 3.5) to give 965 mg of3a; mp 173.5- 174.5°C, Anal C 58.ll, H 7.42
(calcd for C59H88O26, C 58.40, H 7.31), M2D5 (c 1.00, EtOH) -39.3±0.8°.

The 3a (780 mg) was dissolved in 160 ml of MeOHand treated with 5% KOHin MeOH(40 ml)
at room temperature under N2. After 50 minutes, the solution was neutralized with 44 ml of 5% aq
oxalic acid at 4°C, and then concentrated and extracted with BuOH.The extract was washed twice with
1 % aq NaCl and then with water. After purification with the preparative HPLCcolumn, Lichroprep
RP-18, using the eluting solvent, MeOH- H2O - AcOH (80:20:0.1), gave 300mg of 3b and 360mg
of3c. The physico-chemical constants of3b and 3c are: 3b; mp 184.0- 185.7°C, Anal C 54.47, H 7.27
(calcd for C55H82O25, C 57.78, H 7.23), H2D5 (c 1.00, EtOH) -5.2±0.4°: 3c; mp 181.7-182.5°C,
Anal C 57.49, 7.32 (calcd for C53H80O24, C 57.81, H 7.32), Mi? (c 1.00, EtOH) +77.9±1.2°.

A-D-CHR-C-C (la), A-D-CHR-C (1b), and D-CHR-C-C'-B (1c): A solution of chromomycin
A3 (1.2 g) in 50% AcOHaq (25 ml) was warmed, and the temperature was maintained at 50°C for
1.5 hours. After addition of water, the reaction mixture was extracted with EtOAc. The extract
was washed well with water, 1 % NaCl aq, and then water. After evaporation of the solvent, the re-
sidual materials were separated by chromatography using silica gel containing 10% water. Elution
with CHC13 - MeOH - H2O - EtOAc, changing the ratio from 2,000:50:3 :2 to 2,000: 100:6:2, gave
140 mg of 1c, 100 mg of the nearly equimolar mixture of la and 1b, and 650 mg of starting material.
The physico-chemical constants of lc are: MP 169.0-170.5°C, Anal C 57.94, H 6.88 (calcd for
C50H70O23, C 57.79, H 6.79), M2D5 (c 1.00, EtOH) -77.4±1.2°.

D-CHR-C-C (Id), D-CHR-C (le), and D-CHR (If): A solution of chromomycin A3 (4 g) in
50% AcOHaq (80 ml) was warmed, and the temperature was maintained at 65°C for 2 hours. After
addition of water, the reaction mixture was extracted with EtOAcand the extract was washed with
water, 1 %NaCl aq, and then water. Evaporation in vacuo gave 2.4 g of residue. Two-step silica
gel chromatography of the residue was conducted using AcOHcontaining 1 % oxalic acid and using
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CHC13-MeOH-H2O-AcOH, with the ratio changing from 2,000:50:3:2 to 2,000:150:10:2,

as eluting solvents, subsequent purification with HPLCusing Lichroprep RP-18 and eluting solvent,
MeOH-H2O-AcOH (700:200:1), gave 70mg of Id, 280mg of le, and 190mg of 1. Physico-

chemical constants of the derivatives are as follows: le; mp 170.5- 172.0°C (dec), Anal C 57.81, H
6.42 (calcd for C35H46O16, C 58.16, H 6.42), H2D5 (c 1.00, EtOH) -104.1±1.5°: If; mp 149.5-150.8°C
(dec), Anal C 58.38, H 6.10 (calcd for C29H36O13, C 58.78, H 6.12), M2D5 (c 1.00, EtOH) -30.4±l.l°.
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