
THE STRUCTURES OF MACBECIN I AND II 

NEWANTITUMOR ANTIBIOTICS 

MASAYUKI MUROI,* KONOMI HAIBARA, MITSUKO ASAI, KAZUHIDE KAMIYA and TOYOKAZU KISHI 
Central Research Division, Takeda Chemical Industries, Ltd., Yodogawa-ku. Osaka 532, Japan 

(Recciued in Jupan 8 September 1980) 

A&et-Macbecin I (I), C&Id2N201, and macbecin II (2), C,,&N201, were shown to be Z,&iisubstituted 
benzoquinone and hydroquinone derivatives by an oxidation-reduction relationship, UV. ‘H and “C NMR spectra. 
Alkaline methanolysis of 1 gave a 2-aminobenzoquinone derivative (S), suggesting an ansa-structure for f, and acid 
hydrolysis of 1 gave decarbamoyl products 9, 10 and II. indicative of the location of carbamoyloxy group in allylic 
position. Spin decoupling studies on 1, 3 and 5 clarified the partial structures (A], [B]. [Cl and [Dl. From their 
mutual disposition two structures la and lb, were proposed out of which la has been selected for the structure of 1 
on the basis of the structure of oxidative degradation product 12. X-Ray analysis of the bromoacetyl derivative of 1 
confirmed the above proposed structure and determined the absolute stereochemistry of 1 and 2. 

Macbecin I (1) and II (2) are new antitumor antibiotics 
produced by Nocardiu sp. No. C-14919, with antibac- 
terial. antifungal and antiprotozoal activities.‘” Details of 
the isolation, characterization and antitumor activity 
have been reported.’ In a preliminary communication, 
the structures of 1 and 2 were presented. In this paper, 
we report the structural determination of 1 and 2 on the 
basis of chemical studies and X-ray analysis. 

Macbecin I (I), m.p. 187-188” (dec), [a],,+ 351” 
(CHCI& gave a molecutar ion peak at m/e 558.2951 
(Calc. for C&L2N,0a; 558.2941) in high-resolution mass 
spectrum, and the molecular formula, CWH42N208r was 
given to 1 in conjunction with its elemental analysis. 1 
showed absorption maxima at 274nm (E 25,510) and 
397nm (E 2400) in the UV and visible spectra and had 

characteristic bands at 1740 (ester C=O), 1692, 1660 and 
1605 (quinonoid C=O and C=C) and 1645cm-’ (amide 
C=O) in the IR spectrum. 

Its ‘H NMR spectrum (Table 1) indicated the presence 
of the following groups; three doublet Me, two vinyl Me, 
three OMe, two methine protons attached to 0 functions, 
four olefinic protons, two quinone ring protons (each IH, 
J = 2.5 Hz), one NH2 and one amide NH proton. The 13C 
NMR spectrum of I (Table 2) revealed the following 30 
C atoms; four GO, four singlet olefinic carbons, six 
doublet olefinic carbons, four doublet carbons attached 
to 0 functions, three OMe carbons, three methine car- 
bons, one methylene carbon and five Me carbons. 

Macbecin II (2), CWH,,NZOs, m.p. 148” (dec), [alo+ 
62” (MeOH) had A ia?” 255 nm and a shoulder at 308 nm. 
2 was obtained by reduction of 1 with Na2S20,, whereas 
2 was readily oxidized to 1 with Fe& This reversibility 
suggested that 1 is a quinone and 2 is its hydroquinone 
form. UV absorption at 308 nm in 2 suggested that 2 is a 
substituted hydroquinone derivative.’ 

Like that of 1, ‘H NMR of 2 (Table I) showed the 

Table 1. ‘H NMR chemical shifts of 1 and 2 

XHC& -CM3 -WI, 
(3Ii,d) OHd*W (30) 
080 1.53 3.30 

1 1.0s 2.01 333 

(Cocg) 1.10 3.56 
bPpn 

063 116 3.13 
2 0.82 1.83 3.24 

(dr’l b?Z 0.89 3.39 

1 

Table 2. “C NMR chemical shifts of I and 2 (in &DMSO) 
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signals of three doublet Me, two vinyl Me, three OMe, two 
methine protons attached to 0 functions at S 4.54 and 
4.64, four olefinic protons, and two aromatic protons at S 
6.35 and 6.45 (each lH, J = 2.5 Hz, m-coupling) instead 
of quinonoid protons of 1. Although the ‘%Z NMR spec- 
trum of 2 revealed similar signals to 1, four C=O carbons 
in I decreased to two GO carbons and two aromatic or 
olefinic carbons increased in 2. The spectral data des- 
cribed above indicated that 1 is a 2.6disubstituted ben- 
zoquinone and 2 is its hydroquinone form. 

Macbecin I (I) did not give any acetates with Ac?O- 
pyridine under usual conditions, showing that 1 does not 
contain any primary or secondary OH and ordinary basic 
amino group in spite of the NH2 signal observed in ‘H 
NMR. 

trum of 5 revealed four OMe signals at 6 3.25, 3.35, 3.50 
and 3.78, indicating that one OMe group (S 3.78) in- 
creased. The signal of another NH2 group was newly 
observed at 6 5.14 instead of disappearance of the amide 
NH signal in 1 and one of the two benzoquinone ring 
protons at F 7.33 (IH, d) in 1 shifted upheld to S 5.73 
(lH, d). These spectral changes between 1 and 5 clearly 
demonstrated that the amide linkage attached to ben- 
zoquinone nucleus in 1 was cleaved to give a free 2- 
aminobenzoquinone derivative and the end COOH group 
of the other substituent of 1 was methylated. This in- 
dicated that two substituents of 1 constituted an ansa- 
bridge. 

On the other hand, macbecin II (2) afforded two kinds 
of acetates, i.e. diacetate 3, CYH*BNZOIO, m.p. 194-195” 
(dec), [a],,+WY (CHCI,) and triacetate 4, 
CXHWN201,, (MS, M’ m/e 686) m.p. 143-144“ (dec), 
[aID +88.5” (CHCI,). Diacetate 3 showed two OAc sig- 
nals at S 2.20, while triacetate 4 exhibited an additional 
OAc signal at S 2.45 besides S 2.20 and 2.26. Further- 
more, the amide NH proton at 6 7.62 in 3 disappeared in 
4, suggesting that the amide NH was also acetylated and 
the amide group is directly bound to the aromatic ring. 

1 2 
Scheme 2. 

The presence of three double bonds in the side chains 
of 1 and 2 was assigned from their ‘H and ‘?Z NMR 
spectra and in addition the UV absorption maximum at 
2S5 nm (E 16,800) in 2 and the ‘H NMR spectra of t and 
2 suggested the presence of dienamide group.’ 

Mild alkaline methanolysis of 1 with NaHCOJ-MeOH 
afforded two products, i.e. reddish brown compound 5, 
C3,HtiNZ09 (MS, M’ m/e 590; M’ +2 m/e 592), m.p. 
79-W’ (dec), [aID +179” (CHCI,) and reddish orange 
compound 6, CWH42N209r m.p. 218-219” (dec), [a]D 
t32W (HCCI,). 

Another product 6, which had A,$?” 257 nm (e 
21,900) and 457 nm (E 1190) and displayed a bathoch- 
romic shift to 537 nm in alkaline conditions, showed a 
similar ‘H NMR spectrum to that of 1, but remarkable 
differences were observed in that the quinonoid ring 
proton at S 7.33 in 1 had disappeared, the multiplicity of 
the other ring proton at 6 6.62 in 1 changed from dou- 
blets of doublet to doublet (6 6.53) and a new signal of 
chelated OH was formed at 6 12.70. Therefore, the 
compound 6 is concluded to be an addition product of 
OH to the C3 position of p-benzoquinone.’ 

Compound S had h%.‘P” 270 nm (E 29,800) and 485 nm The IR absorption band of 1 at 1740 cm-’ (ester C=O), 
(E 1950) in the UV and visible spectra, showing a typical 
spectrum of aminobenzoquinone.6 The ‘H NMR spec- 

a significant peak of m/e 515.2905 (Calc. for Ct9H4,N0,: 
515.2883) due to [M’-NHCO] fragment in the high- 

Scheme I. 
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together with unit [C”] was confirmed by spin decoupling 
of macbecin II diacetate (3) (Scheme 6). 

The total arrangement of these structural units [A]. [B], 
[C] and [D] was deduced from the following facts. 

The methine proton of - H-0CONH2 was only cou- C 
pled to one methine proton as shown above and acid 
hydrolysis of 1 and methanolysis of I and 3 readily 
yielded decarbamoyl products which consisted of three 
isomers through allylic rearrangement. Therefore, it is 
evident that the carbamate group is located at the allylic 
position of the isolated oletine in the unit [B], indicating 
the connection of Cl3 with C,,, carbon. 

Conversion of 1 to the aminobenzoquinone 5 by al- 
kaline methanolysis demonstrated that the amino group 
of the 2-amino-p-benzoquinone is linked to the a, fi, y, 
S-conjugated carboxyl group to form macrolactam. 
Because the junction of the unit [D] is not decisive, two 
tentative structures la and lb were given to macbecin I 
(1) (Fig. I). 

In order to decide the position of the remaining OMe. 
the normal decarbamoyl product 9 was epoxidized with 
m-chloroperbenzoic acid’ and then oxidized with HIO, 
afford a product 12, CzrHs,NOe, [a],, +129.1” (CHCI,), 
(MS, M’ m/e 461), which was a cleavage compound 
between Cl0 and C,,. and between Cl3 and Cr4. The 
structure of 12 was clarified by the spin decoupling as 
shown in the Scheme 7. As for C,, to Cl.+, the methine 
proton of C,* appeared at S 4.00 and was coupled to the 
Cl7 methine proton (S 3.20, t) linked to the OMe oxygen 
and the Cl9 methylene protons at S 1.65 and 1.85. The 
OMe group at Cl8 was cyclized with Cl5 to form a 
tetrahydrofuran ring. Similar cyclizations were found to 
occur also in rifamycin’ and tolypomycin” under acidic 
conditions. 

This result led to the conclusion that macbecin I (1) is 
a benzoquinonoid ansamycin represented by la and 
macbecin II (2) is its hydroquinone form (Fig. 2). 

In confirmation of these proposed structures for 1 and 
2 and in determination of the stereochemistry of these 
antibiotics, several halogen containing derivatives of 1 
and 2 were synthesized. Among these derivatives, N- 
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bromoacetylmacbecin I (13), which was bromoacetylated 
at the amino group of the carbamate with bromoacetyl- 
bromide in the presence of pyridine, gave suitable crys- 
tals for X-ray analysis. In ‘H NMR spectrum of 13, the 
signal of NH2 of the carbamate disappeared and instead 
another amide NH proton was observed. The other sig- 
nals were very similar to those of 1. 

The crystal of bromoacetylmacbecin I (13) crystallized 
from MeOH-H20 is triclinic with PI, having cell dimen- 
sions of a = 12.99 (2), b= 16.83 (2), c = 9.648 (7) A, 
a = 95.21 (8), @ = t 10.91 (9), y = 107.77 (9) and U = 1828 
(3) A’. Assuming two independent molecules in a unit- 
cell, the calculated density becomes a resonable value of 
1.23 g cmm3. Crystal data of 13 are listed in Table 3. 

Based on relative positions of Br atoms obtained by 
Patterson synthesis, coordinates of 88 non-H atoms con- 
tained in a unit cell were determined by the heavy atom 
method. Atomic coordinates and isotropic temperature 
factors were refined by the block-diagonal least-squares 
method to an R-value of 0.143.” 

Table 3. Crystal data of bromoacetyl macbecin I (13) 

Formula 

Formula wenght 

Crystal sy*tem 

space group 

Ulllt-tell 

. . 
. . . . 

. 

C 61 “,,N,O,csB~z 
1359.2 

Trl<llnlc 

PI 

Q: 12.99(2Ji 

b= 16 a3clJi 

c = 9_648(7Ji 

. = 95 21°C81 

) = I 10.91°(9J 

I = 107. 77?9J 

U=l a 28(3Ji’ . 
Number of molecules _ 

I” a unrt-cell 
I=2 

DenS,ty --.--D,,:1.23 gc,,,” 

Wove length ._ x (MelG J=O.7107 ; 

Observed rcflcxnons 4 7 a 2 t2’2#:4S*l 

2797 fF:3UlFIJ 
Scheme 7. 



The structures of macbecin I and II 1127 

Perspective views of two independent molecules (ten- 
tatively named as A and B) projected on each least- 
squares plane of 19-membered ring calculated for 19 
atoms constituting each ring are shown in Figs. 3a and 
3b. 

Two separate structure factors with coordinates cor- 
responding to the two possible enantiomers were cal- 
culated for the establishment of the absolute configura- 
tion. Two residual factors were 0.145 and 0.148, respec- 
tively, suggesting that the structures of Fig. 3 represent 
the absolute configuration of the molecule correctly. In 
confirmation of this result, observed and calculated 
structure factors of 11 Bijvoet pairs were compared 
(Table 4). In all cases the observed differences cor- 
responded to expected ones, and the absolute configura- 
tion was established (Fig. 4). 

The structure of macbecin I (1) was confirmed to be la 
and the absolute configuration was established to be that 
of Fig. 4 from the present study. The configurations at 
seven asymmetric carbons were 12-(S), 13-(R), 16-(S), 
17-(R), 18-(S), 20-(S) and 21-(R), respectively. The 
geometries of the olefinic bonds were 8E, 102 and l4E. 

The structure of macbecin I (I) is closely related to 
those of antibiotics geldanamycin6 and herbimycin,12 of 
which absolute configurations have not been reported up 
to the present. Therefore, the absolute stereochemistry 

Fig. 3a. Perspective view of molecule A. 

Fig. 3(b). Perspective view of molecule B. 

Table 4. Comparison of observed and calculated structure factors 

Fig. 4. 

h k I Foth k I) Foi\ZT, Fcchkl) Fc(iTtTI 

06 2 25.4 < 30.6 23.0 C 27.7 

T 4 5 42.0 -z 46.5 42.0 < 46.2 

IO5 47.5 > 42.1 43.8 > 40.6 

Ii0 313 > 26.2 29.3 > 25.2 

134 10.1 < 15.9 91-z 13.1 

I 1-b 1 25.4 > 20.3 23.9 > 21.1 

2 i 4 28.1 < 33.8 21.8 < 24.4 

390 24.2 > 19.1 22.3 > 18.3 

570 37 3 > 32.0 37.3 > 33.0 

532 259 > 19.7 24.0 > 20.9 

4 3 3 16.5 < 23.1 16.7 < 21.2 

of this group of antibiotics has been established for the 
first time in this study. 

Bond lengths and angles obtained by the present 
analysis are given in Figs. 5 and 6, respectively. 

Standard deviations range from 0.03 to 0.07 8, for 
distances and from 2 to 5 degrees for angles. Though 
these large deviations make it impossible to discuss 
details about bond distances and angles, the close prox- 
imity of corresponding values between two independent 
molecules A and B affords an irrefragable proof of 
molecular geometry obtained. 

The low level of accuracy achieved in this analysis is 
mainly due to large scattering effects of bromine atoms 
and a glass capillary, but the former is profitable for the 
determination of the absolute configuration. 

Now that the crystal structure of N-bromoacetyl 
macbecin i (13) has been thus elucidated, it should be 
mentioned whether natural macbecin 1 (1) also has the 
same stereochemistry as N-bromoacetyl derivative (13) 
‘H NMR spectrum of 13 in CDCI, showed almost the 
identical chemical shifts and coupling constants with 
those of 1. This fact suggests that natural macbecin I (I) 
also adopts a similar conformation to 13. 

It is interesting that among known ansamycins mac- 
becin I and II have the similarities to maytansinoids such 
as maytansine13 and ansamitocins” in that they exhibited 
significant antitumor activities against P-388 leukemia 
and B-16 melanoma in Diuo,’ consisted of 19-membered 
macrolactams and have the same stereochemistry at the 
C12, C,, and Cl6 positions. 

However, macbecins differ from maytansinoids in that 
the former did not show antitublinic activity unlike the 
latter’ and further studies on the structure-activity rela- 
tionship and on the mechanism of action are expected. 
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Fig. 5. Bond lengths (X I@ A) of molecules A (upper) and B (lower). 
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bromide (3g) was again added. The mixture was further stirred 
for 4 hr under cooling, then poured onto ice-water and extracted 
with EtOAc. The extract was washed with I% NaHCO, aq and 
water and the dried extract was concentrated to give a yellow 
residue which was chromatographed on a silica gel column 
(Merck, 26 x 450 mm); Elution was begun with hexane (200 ml) 
and then successively with hexane-EtOAc (3: I, 320ml), hexane- 
EtOAc (2 : 1,450 ml) and hexane-EtOAc (1: I, 400 ml). Fractions 
(I5 ml) were collected and monitored by tic; Fractions No. 37 to 
No. 41 were evaporated to yield a yellow powder (420mg) by 
addition of petroleum ether. The yellow powder (IOmg) was 
dissolved in 4 ml of MeOH and water (5 ml) was added to give 
yellow crystals of 13: m.p. 184-186“. (Found: C, 56.20; H, 6.42: 
N. 4.21; Br, 12.37. Calc. for Cj2H11NZOPBr: C, 56.55; H, 6.38; N, 
4.12; Br. 11.75%) ‘H NMR (CDCI,) 6 0.81 (3H, d), 1.06 (3H, d), 
1.07 (3H, d), 1.2-2.0 (4H, m), 1.54 (3H, brs, 14-CH1), 2.01 (3H. 
brs, 8-CH3,2.53 (IH, m). 3.2-3.5 (2H. m). 3.33 (6H, s. OCH, x 2), 
3.52 (3H, s. 0CH3), 4.19 (IH, d, J=l3Hz), 4.35 (IH, d, J= 
13 Hz), 4.56 (IH, brs, H-21), 5.26 (lH, brd, J = IOHz, H-IS), 5.67 
(IH, dd, J =7, IOHz), 5.85 (IH, bts, H-13). 6.37 (lH, dd, J= 10. 
IlHz),6.63(lH,dd,J-l,2.5Hz),7.09(1H,brd,J=IIHz),7.33 
(IH, d, J = 2.5 Hz). The ‘H NMR spectrum of 13 was superim- 
posable with 1 except for the signals of BrCl&CO (S 4.19 and 
4.35) and acylated carbamoyl NH. MS m/e 681 (M’ t2). 680 (M+ 
tl), 679 (M’). 595,593.515,500.483,465,451.433,412. 

X-Roy analysis of 13. Recrystallization of 13 from aqueous 
MeOH gave yellow columnor crystals. Because the crystal was 
easily cracked under the atmospheric condition, the crystal used 
for diffraction studies was sealed in a capillary tube containing a 
small amount of mother liquor of crystallization. Crystal data and 
intensities of 4782 diffractions up to 28 of 45” were measured 
using Rigaku AFC-5 Ccircle diffractometer with monochromated 
(graphite monochrometer) MoK, radiation. Owing to large scat- 
tering effects of Br atoms and a glass capillary, background 
intensities were so high that only 2797 reflexions, which were 
about 60% of total reflexions measured, satisfied the criterion of 
F 2 30 (F). Calculations of the structure analysis were performed 
on IBM 370/148 computer using the program system X-RAY 76 
edited by J. M. Stewart.” 
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