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Assmuff.-Herbimycin A (11 and herbimycin C 131 and their dihydro-derivatives 5 
and 6,  respectively, have been obtained from the cell broth of Streptomyces hygroSCOpiCUJ, and the 
assignment of their 'H-nrnr has been completed. Strong cytotoxic activity of antibiotics 1,3,5, 
and 6 against the P-388 and KB lymphocytic leukemia test systems has been demonstrated. 

Herbimycin A 111 (1,2), herbimycin B 127 ( 3 ) ,  and herbimycin C 131 (4) are ben- 
zoquinoid ansamycin antibiotics isolated from the culture broth of Streptmycer hygro- 
scopzcus AM-367 5 .  They exert herbicidal, anti-tobacco-mosaic virus, and cytotoxic ac- 
tivity. The structure elucidation of herbimycins 1-3 has been completed by ir, uv, 
'H-, and 13C-nmr spectroscopy and confirmed through single crystal X-ray crystallo- 
graphic analysis (5). In 1984 a patent (6)  claimed that fermentation of S .  hygroscopicus 
produced the antibiotics TAN-420 A-F. According to the data reported, antibiotics 
TAN-420-F and TAN-420-D are identical with herbimycin A 111 and herbimycin C 
131, respectively, and TAN-420-B is a new ansamycin and antibiotic characterized by 
structure 4 .  The patent also claimed the production of the hydroquinoid ansamycins, 
TAN-420-A, -C, and -E (antibiotics 7,6 ,  and 5, respectively). However, the new di- 
hydro-herbimycin type antibiotics 15-n were characterized only by their elemental 
analysis, mp, {CX~D, uv, ir, and mass spectra. No nmr data were reported for antibiotics 
5-7. Moreover, the patent (6)  did not mention any biological data for dihydro-herbi- 
mycins A 1 51 and B 161. 

We report here on the isolation of herbimycins A 111 and C 137 and their dihydro- 
derivatives 5 and 6, respectively, from the cultured cell broth ofS. hygroscopicus, the as- 
signment of their 'H-nmr spectra, and some preliminary structure-activity relation- 
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ships regarding their activity against the P-388 and KB lymphocytic leukemia systems 
in virro. 

Fermentation was carried out under the conditions reported in the literature (1). 
The cultured broth of S. hygroscopicus was centrifuged, and the supernatant was ex- 
tracted with EtOAc. After evaporation of the combined organic phase, the residue was 
chromatographed on a Si gel column using CHCI3-MeOH (95:5) as the eluent. Her- 
bimycins A E l }  and C [3} were obtained as dark yellow, amorphous materials, while di- 
hydro-herbimycins A 157 and C E61 were light yellow powders. The isolates were char- 
acterized by their uv, ir, H-nmr, and mass spectral data. 

Analysis of the 'H-nmr and homonuclear COSY spectra of herbimycin A 111 indi- 
cated meta coupling between H- 19 (6 7.34, d) and H- 17 (6 6.63, t), thereby establish- 
ing the assignment of the hydrogens attached to the quinone moiety. A long-range cou- 
pling ofH-17 (6 6.63, t) with H-15 (6 4.5 1, bd) was also observed. Vinylic protons at 
6 6.98 (bd), 6.5 1 (t), and 5.86 (dd) exhibited an ABC coupling pattern as expected for 
H-3, H-4, and H-5, respectively. The long range coupling of H-3 (6 6.98, bd) with 
methyl resonance at 6 2.02 (bs) permitted the assignment of 2-Me, and similar cou- 
pling was observed between H-9 (6 5.50, m) and 8-Me (6 1.66, bs). Methine protons 
attached to oxygenated carbon atoms; H-6 (6 4.50, bd), H-7 (6 5.65, bs), H-11 (6 
3.51, m), H-12 (6 3.45, m), and H-15 (6 4.51, bd) were assigned according to their 
observed vicinal couplings in the COSY spectrum. The coupling constants of H- 11 and 
H-12 could not be determined because of their overlap with other signals. Finally, the 
chemical shift values of H- 10 (6 2.66 m) and H- 14 (6 1.6 1) were determined according 
to their coupling with the protons of the attached methyl group. 

The signals in the 'H-nmr spectrum of herbimycin C 13) were even better resolved 
than those of 1. The 'H- 'H COSY spectrum of 3 showed groups of coupled subunits 
similar to those in the COSY spectrum of 1. Thus, the protons of the disubstitutedp- 
quinone nucleus appeared at 6 7.47 (d) and 6 6.63 (t) and were assigned to H- 19 and H- 
17, respectively, and the vinylic hydrogens H-3, H-4, and H-5, appeared at 6 6.95 
(dd), 6.58 (t), and 5.87 (t), respectively. Methine protons attached to oxygenated car- 
bon atoms were well separated and their chemical shift values and assignments were es- 
tablished to be as follows: H-6 (6 4.37, bd), H-7 (6 5.26, bs), H - l l ( 6  3.57, dd), H-12 
(6 3.43, dd), andH-15 (64.35, m). Thefourmethylgroupswereassignedonthebasis 
of their geminal or long-range couplings: 2-Me (6 2.03, bs), 8-Me (6 1.78, s), 10-Me 
(6 1.02, d), and 14-Me (6 0.87, d). From these data the coupling pattern for all of the 
hydrogens in herbimycin C 131 could be established (Figure 1). Assignments of the 'H- 
nmr spectra of herbimycins A 111 and C 133 are shown in Table 1. Our data confirmed 
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the majority of the previous 'H-nmr assignments for 1 (2) and 3 (4), although revisions 
were necessary for the assignments of H- 1 1 and H- 12. 

The 'H-nmr spectrum of dihydro-herbimycins A 151 and C 16) showed significant 
shifts for H- 17 and H- 19 as expected for the change of the p-quinone moiety to an 
aromatic system (Table 1). But resonances of the macrocyclic nucleus were essentially 
unaffected on replacement of thep-quinone by ap-hydroquinone moiety. Besides spec- 
troscopic investigation, the structures of dihydro-herbimycins A E51 and C f61 were 
supported by chemical evidence. Herbimycins A El) and C E37 were reduced to 5 and 6 ,  
respectively, with Na,S,04, and, on the other hand, dihydro-herbimycins A f5) and C 
[6) were oxidized to 1 and 3, respectively, using FeC1, in aqueous media. Products of 
these transformations were identified by co-tlc, 'H-nmr, and by uv measurements. 

It is known that herbimycins A 11) and C E31 exert strong herbicidal and cytotoxic 
activity (1,2,4). No biological data were previously reported (6) for dihydro-herbimy- 
cins A f51 and C 16). In our laboratory all four isolated antibiotics El, 3, 5, and 6)  were 
evaluated in the P-388 and KB lymphocytic leukemia test systems in vitro according to 
established protocols (7,8), and the data obtained are shown in Table 2. The replace- 
ment of a methoxy group at C-1 1 for a hydroxy group resulted in a decrease in activity 
in both the P-388 and KB test systems for the herbimycin and the dihydro-herbimycin 
series. Furthermore, thep-quinone type antibiotics exerted higher activiry than that of 
their corresponding dihydro-derivatives in both the P-388 and KB test systems. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL METHODs.-Melting points were determined using a Kofler hot-stage 

apparatus and are uncorrected. Uv spectra were recorded on a Beckman DU-7 spectrophotometer and ir 
spectra on a Nicolet MX- 1 FT-IR interferometer. Mass spectra were recorded on a Varian MAT 112s in- 
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strument operating at 70 eV. Nmr spectra were collected on a Varian XL-300 instrument. Chemical shifts 
are reported in 6 values. TMS was used as an internal standard. Homonuclear COSY spectra were recorded 
on the same instrument using standard Varian pulse programs. 

FERMENTATION AND ISOIATION.-~. h.ygmccopiicur AM 3672 was transferred into a 500-ml flask 
containing the following seed medium (100 ml): glucose 2.0%, starch 1.0%. soybean meal 2.0%, dry 
yeast 1.0%, fishflour0.2%, CaCO,O.6%, NaCl0.2%, MgS04.7H2O0.05%, K,HP040.02%, pHad- 
justed to 7.2 before sterilization) and cultivated at 28' for 48 h. Seed culture (1 liter) was transferred into a 
stainless steel fermentor (100 liter) containing the following production medium (50 liters): glucose 1.0%, 
starch 4.0%, fish meal 0.4%, soybean oil 0.3%, dry yeast 0.2%, CaCO, 0.6%, NaCl 0.2%, 
MgS04-7H,0 0.05%, ",NO, 0.2%, pHadjusted to7.8 with 1 NNaOHbeforesterilization), andthe 
fermentation was carried out at 28' for 4 days with agitation of 200 rpm and with forced aeration. The cul- 
tured cell broth was centrifuged and the supernatant was concentrated under reduced pressure to 20 liters. 
The antibiotics were extracted with EtOAc (30 liters), and the organic phase was washed with 5% 
NaHC0, solution and H,O, dried, and evaporated. The residue was chromatographed on Si gel with 
CHCl,-MeOH (95:5) to yield, in the order ofelution, l ( 2 . 0  g), 3 (370 mg), 5 (190 mg), and 6 (40 mg). 
Mp, uv, and ir ofthe compounds isolated were in good agreement with the data reported for 1 (1,2), 2 (3), 
5, and 6 (6). 

Compound 5.-Mp 163-165"; uv A max (MeOH) (log C) 254 (4.25). 3 10 (3.92) nm; ir (KBr) v max 
1720, 1640, 1605 cm-l; 'H nmr see Table 1. 

Cmprtnd6.-Mp 155-157'; uv A max(MeOH)(log e) 254(4.23), 310(3.89) nm; ir (KBr)v max 
1720, 1650, 1610 cm-'; 'H nmr see Table 1. 

REDUCTION OF HERBIMYC1NS.-Antibiotic 1 (or 3) (10 mg) in EtOAc (10 ml) was added to a 
stirred 10% Na,S,04 solution (10 ml) for 5 min. Extraction with CHCI, and purification by preparative 
tlc resulted in 5 (or 6) (6-7 mg), respectively. The isolated products were identified by co-tlc and 'H-nmr 
spectral data. 

OXIDATION OF DIHYDROHERBIMuCINs.-Antibiotic 5 (or 6) (10 mg) in MeOH (10 ml) was added 
to 1% FeC1, solution (5 ml) and kept at mom temperature for 1 h. The reaction mixture was extracted with 
CHCI, and purified by preparative tlc to give 1 (or 3) (7-8 mg), identified by co-tlc and 'H-nmr measure- 
ments. 
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