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Abstract-A new nitro-containing metabolite, spectinabilin, was isolated from the crude streptovaricin complex 
produced by Sfreptomyces spectabilis. The structure was determined by degradation studies and spectral properties. A 
possible biosynthetic pathway of the metabolite is discussed in relation to the biosynthesis of the streptovaricins. 

The streptovaricins produced by Streptomyces specrabilis 
constitute a group of the most important ansamycin 
antibiotics,’ showing strong antibacterial activity, espe- 
cially against Mycobacteria, as well as inhibition of 
bacterial DNA directed RNA polymerase and RNA 
dependent DNA polymerase (reverse transcriptase, RT) 
of tumor viruses. However, it has become apparent 
recently that crude streptovaricin complex contains other 
compounds of interest either for their biological activity 
or their structural or biosynthetic relationships to the 
streptovaricins. We report here on one of these novel 
compounds, spectinabilin, to which we assign the 
structure l.$ 

Structural assignment. Spectinabilin was isolated from 

*Presented in part at the 13th Interscience Conference on 
Antimicrobial Agents and Chemotherapy, Washington, DC., 
19-21 Sept. 1973, Abstract No. 86. 

Sin the structures assigned to 1 and 4 the all-frans 
stereochemistry shown for the tetraene system is speculative. 

PRauscher leukemia virus. 

streptovaricin line product by silica gel column 
chromatography as a non-polar component whose 
chromatographic properties resemble most closely those 
of streptovaricin E,’ the least polar streptovaricin. 
However, its pale yellow color is slightly different from 
the orange-yellow color of the streptovaricins. Spec- 
tinabilin is a weak inhibitor of RT, giving 52% inhibition of 
RLV§ reverse transcriptase at 200 pg/ml. The compound 
showed no anti-microbial activity. Spectinabilin is not 
very stable, about 50% being converted to other 
substances during 1 month at room temperature. 

Yellow crystalline spectinabilin has the molecular 
formula &,H,,N06, established by elemental analysis and 
high resolution mass spectrometry. Its electronic spec- 
trum [AEzH 218 nm (e 19,100), 252nm (e 17,600), 268 nm 
(E 18,200), 367nm (e IS,SOO)] is not altered in alkaline 
solution and is quite different from that of the streptovari- 
tins. Lack of hydroxyl and amine protons is indicated by 
the PMR spectrum (Table I), since deuterium oxide 
addition does not affect any signal even in the presence of 
trifluoroacetic acid. 

Table I. PMRassignments6”~‘,m”(J,Hz)of1,2,3and4 

Protons 
Location,” type 1’ 2’J 3’.’ 4 

la, -OCH, 
Za, -CH, 
4a, -CH, 

I 
6, -CH-O- 
7, -CH, 
8, 
8a, -CH& 

9, =CH- 

10, 
IOa, -CH, 
II, =CH- 
12 
12a, -CH, 
13, =CH- 
14 
14a, -CH, 
IS, =CH- 
17, =CH- 
18, =CH- 

399,s 
1.86,s 
2.04.*s 

5.20.1 (7) 
3.04,qd (7.15) 

4.86,qb (13) 

6.54,ts 

2+6,*s 
6.13,:~ 

2Xt9,*s 
6G3.t~ 

2.13,*s 
592,:s 
7.51,d (9) 
8.02.d (9) 

3.98,s 
I .74,s 
190.s 

4.84,m 
_. 
___(I 

3.34,m 
3.84.m 
_._a 
_._” 

0.86,*d (7) 
--R 
-_* 

0.89,*d (7) 
___y 

&*d (7) 
__” 

7.30,d (9) 
8.07.d (9) 

3.93,s 
1.77,s 
1.91s 

SGLl,dd (7.9) 
__I) 
__.” 

3.50,m 
4+M,m 
___^ 
___p 
Og4,*d (7) 
__.- 
.__” 

0.85,“d (7) 
_-I 
___* 

0.91,td (7) 
__* 

6.75, d (8.5) 
6.45,d (85) 

4.55.1 (7) 
29O.m 

4.75.m (14) 

6.45,*s 

1.96,ts 
6XtO,*s 

2.02,ts 
6Xt0.S~ 

2.08,ts 
583,Ss 
74O.d (9) 
8.17.d (9) 

“See Fig. 1 for numbering. ‘ppm from TMS. ‘CDCI, solution. “Multiplicity: s, 
singlet; d, doublet; 1, triplet, q, quartet; b, broad; m, multiplet. ‘Assignments marked 
*, t, and $ in any column are interchangeable. ‘Mixture of stereoisomers. “Could not 
be assigned because of complex signals. 
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A para-disubstituted benzene was first suggested by an 
AB pair of doublets (J = 9 Hz) at 7.51 ppm (2H) and 
8.02 ppm (2H) in the PMR spectrum of 1 (Table 1). One of 
the two para substituents was identified as a nitro group 
by IR absorption at 1520 and 1340 cm-‘, and ozonolysis of 
spectinabilin yielded p-nitrobenzaldehyde; thus, partial 
structure a was established. 

OZN 
G- 

CH=C- 

a 

The UV maximum of spectinabilin at 367 nm requires 
that the compound be at least a pnitrophenyltriene (since 
p-nitrophenylstyrene has A, 309nm)’ and would also 
agree with its formulation as a 1 - (p - nitrophenyl) - 
tetraene if the tetraene system were not completely 
coplanar. In agreement with the tetraene hypothesis, 
spectinabilin was converted on hydrogenation over Pd-C 
(Fig. 1) to a mixture of octahydrospectinabilin (2, 
CZH,~NO~) and octahydrospectinabilamine (3, 

(5.92, 6.08, 6.13, 6.54ppm) and three olefinic methyl 
singlets (of the five at 1.86,2+l4,2@j, 2.09 and 2.13 ppm) 
found in the PMR spectrum of 1. In view of the singlet 
character of the olefinic proton signals, only two patterns 
are allowed, b and b’, viz. b: Ar-CH=C-CH=C-CH=C- 

I I I 
CH=y- or b’: Ar-CH=y-y=CH-y=CH-y=CH-. A 

decision between these options is reached in favor of b 
and the three olefinic Me groups are placed by the mass 
spectrum of 1, which contains peaks at m/e 202,235,242 
and 275, corresponding to the fragmentations shown for c: 

These cleavages are corroborated by ions in the mass 
spectrum of 3 at m/e 106,134,148,176 and 218, as shown: 

GH,,NO& whose molecular formulas were assigned by 
mass spectrometry. These two products differ in that 3 is 
the paminophenyl analog of the p - nitrophenyl - 
containing 2. Thus, 1 and 2 are negative to Dragendorff’s 
reagent, 3 is positive; the nitro group absorptions 
remained for 2, at 1530 and 1360 cm-‘, but were replaced 
by a characteristic amino group absorption at 3400 cm-’ in 
the IR spectrum of 3. The AB signals appeared at 7.30 and 
8.07 ppm (J = 9 Hz) in the PMR spectrum of 2 but were 
shifted to 6.45 and 6.75 ppm (J = 8.5 Hz) in the spectrum 
of 3. 

More importantly, the UV spectrum of 2 [A,?? 247 nm 
(sh, e 24,300), 268 nm (E 31,400)] no longer contained the 
max at 367 nm and had lost four olefinic proton singlets 

Oxidation of spectinabilin with hydrogen peroxide in 
alkaline solution (Fig. 1) afforded the yellow spectinabilic 
acid (4, G1H2,N05) whose IR spectrum contained 
carboxyl absorption at 1725 cm-’ and nitro absorption at 
1540 and 1340 cm-‘. The UV spectrum of 4 [AZ” 248 nm 
(c 14,000), 283 nm (e 15,100), 358nm (E 12,100)] 
resembled that of 1 but lacked the maximum at 218nm. 
The pnitrophenyl group in 4 appeared in its PMR 
spectrum as a pair of doublets at 7.40 and 8.17 ppm; the 
four olefinic protons were observed as broad singlets at 
5.83, 603 (2H) and 6.45ppm. The mass spectrum of 4 
contained a molecular ion at m/e 369 and fragment ions at 
m/e 324 (M - COOH) and m/e 242, 202, 167 and 127, as 
shown. 

1 2 8 X’NO, 
3:X-N& 

COOH 

0.N 

4 

Fig. 1. Spectinabilin (1). its numbering scheme, reactions, and degradation products: octahydrospectinabilin (2); 
octahydrospectinabilamine (3); spectinabilic acid (4). 
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The remaining five protons of 4 were observed as an AR 
quartet (2 H, J = 14 Hz) centered at 4.75 ppm (= y--CHr 

0-), a multiplet (2 H) centered at 290 ppm and a methine 
triplet (J =7Hz) at 4.55 ppm (=C-CHz-CH-C=). The 

I 
d ’ 

multiplicity of the methylene protons indicates their 
presence in a ring,=C--CH~-CH-; thus, the structure of 4 
is as shown in Fig. I. 1 I 

CH:----0 
Oxidation of 1 to 4 converted a CsH90s group to a 

carboxyl group. Additions confirmation of the CsH90, 
group (153 amu) as well as of the positions of the Me 
groups is provided in the mass spectrum of 2, which 
shows the ions indicated. 

a-pyrone structure.’ The mass spectrum of spectinabilin 
also is in agreement with that expected for a ypyrone, 
with loss of two moles of carbon monoxide.6 The 
rpyrone of 1-3 has two Me and one OMe substituents. 
Location of the OMe adjacent to the ether linkage, the 
usual position in ypyrones, is required by the upfield 
position of the pyrone C-2 carbon (99.1 ppm, uide infra) 
and is in agreement with the IR data of Table 2. The two 
Me groups are most appropriately placed at C-3 and C-5 
of the pyrone and the alkyl chain at C-fj, the only 
arrangement appropriate for the obvious propionate- 
acetate biosynthetic origin of spectinabiiin. The complete 
structure of spectinabilin is then assigned as 1. 

Carbon magnetic resottance assignments. The struc- 
ture of spectinabilin (1) assigned above was supported by 
its carbon magnetic resonance spectrum (Table 3). Signals 

The CaH903 group contains the repining two olefinic 
Me groups (vide supra), a CO group (IR, 1670 cm-‘) and a 
OMe group which appears in the PMR spectrum of 1 at 
3%~ ppm. Lack of ester CO absorption indicated the latter 
to be an enolic OMe. The third oxygen must be present in 
an ether linkage, since no OH groups are found in 
spectinabilin (uide srtpru). The formula of the CaHqO, 
group indicates four unsaturation elements; thus, in 
addition to the CO it must contain (a) a ring plus CHr 
7=7-C” and CH,O-y=y-; (b) a ring plus CHr(iZ=y- 

OCH, and CH,-y=y-; (c) the groups (CH&-C=y- 

OCH, plus XX-; or (d) the groups CHIO-C=C-CHs 

plus -C=C-. An acetylene can be eliminated by the c’,bon 
magnetic resonance spectrum (uide infra). Incorporating 
the groups from possibilities (a) or (b) into a ring with an 
ether oxygen and a CO group requires either a pyrone or 
an acyl furan. The CO absorption at 1670 cm-’ and the UV 
absorption near 250nm are inappropriate for an acyl 
furan. However, the UV spectra of 1, 2 and 3 contain 
absorption appropriate for a ypyrone,’ at 240-260 nm, as 
shown in Table 2. Moreover, the IR absorption of 1 in the 
CO region, at f670cm-‘, suggests a rpyrone system.” 
Neither the UV nor the IR data agree well with an 

Table 2. IR and UV absorptions of pyrones 

Compound 

1 
2 
3 
2-methoxy-3,~dimethyl- 

Cpyrone 
2-methoxy-6-methylA-pyrone 
~methox~3,~~me~yl- 

2-pyrone 
~methoxy-~rne~yl-2-pyrone 

‘Present data. 

IR 
(cm-‘) UV (nm) Ref. 

1670 252,268 a 
1675 247(sh), 268 a 
1675 24% a 

1670 260 4 
1672 240 4 

1690 300 5 
1720 280 5 

were first grouped according to the multiplicities in the 
off-resonance proton-decoupled spectrum (i.e. assigned as 
methyl, methylene, methine or quaternary carbons) then 
further arranged according to standard chemical shift 
data.‘.* lndividu~ C atoms were assigned by comparison 
of the chemical shifts in 1 with absorptions of individual C 
atoms in the streptovaricins.9 

A characteristic CO signal at 1806ppm can be easily 
assigned to C-3 in the ypyrone.” a-Pyrone CO carbons 
are usually observed at 159-162 ppm.” This observation, 
therefore, further supports a ypyrone structure for 1. 
C-la, C-7, C-8a and C-6 are also determined clearly from 

0 H,C CH, 
HIC KC 

_co 

OCH, 
HE 

mle I53 mle 125 m/e97 

TETRA ‘401 32 No. 2-D 
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Table 3. Carbon magnetic resonance absorptions 
of spectinabilin 

Chemical 
Group type shift” Assignment”.’ 

CH, 6.9 ?a 
9,4 4a 

17.9 14a 
19.5 1oa* 
19.6 12a* 

-CH,- 38.3 7 
CH,-@- 55.3 la 
-CH.& 70.1 8a 
-CH-0- 73.3 6 

-CH= 126.8 1st 
128.1 9t 
123.5 18 
129,s 17 
134.4 13$ 
135.3 II$ 

-C= 99.1 2 

119.9 4 
134.0 IO”* 
135.6 12** 
137.8 14** 
139.4 8t+ 
144.7 16 
145.9 19 

-C= 155.2 5 

CL 
162.1 I 

-yo 180.6 3 

“Ppm downfield from internal TMS. *The 
numbering system is shown in Fig. 1. ‘. Assign- 
ments indicated *, **, +, $, and t* are interchange- 
able. 

their unique combinations of off-resonance multipIi~ities 
and chemical shifts as the signals at 55.3, 38.3, 70.1 and 
73.3 ppm, respectively. 

The two Me carbons on the y-pyrone are in a different 
region from the other Me carbons, shifted upfield by the 
ether oxygen of the ring to a location like that of 
toluquinone.” They are differentiated from one another 
by the effect of the second (OMe) oxygen. The signal at 
6.9 ppm is thus assigned to C-2a and that at 9.4 ppm to 
C-4a. Assignments of the remaining three olefinic Me 
groups are tentative and interchangeable. However, the 
more separated Me carbon, at 17.9ppm, is assigned to 
C-I4a since C-IOa and C-12a are in nearly identical 
environments. 

The carbons of the p-nitrophenyl moiety are assigned 
by peak intensities and by calculations employing the 
known effects of aromatic substituents. Thus, C-17 and 
C-18 are assigned to 129.5 and 123~5ppm since those 
peaks are of double intensity. They and the remaining 
benzene carbons (C-16 and C-19) are then assigned by ._ 

144.2 ppm), C-19 at 145.9 (talc. 147.8 ppm), C-17 at 129.5 
(talc. 127.5ppm), and C-18 at 123.5ppm (talc. 
123.6ppm). The olefinic quaternary carbons of the 
y-pyrone ring are easily differentiated from other quater- 
nary sp’ carbons since they appear at both higher (C-2 and 
C-4) and lower (C-l and C-5) fields than the others, due to 
the effects of the ring oxygen substituent. The extra 
oxygen substituent (OMe) shifts C-2 to higher field than 
C-4 and C-l to lower fieid than C-5. 

The remaining olefinic carbons are rather hard to 
assign. Among the hydrogen-Bering carbons, C-9 and 
C-15 should appear at similar chemical shifts as should 
C-11 and C-13, but the members of the pairs cannot be 
distinguished. Similarly, one cannot distinguish between 
the pairs of quaternary carbons (C-8 and C-14, C-10 and 
C-12). In general, the CMR signals of 1 are quite 
consistent with the structure assigned and further confirm 
it. 

Related compounds and biosynthetic con - 
siderations. Compounds containing nitro groups are 
rather rare among natural products,” with only a few 
compounds having been reported, such as chioram- 
pheni~l,“ ~stolochic acid,” ~serotoxin,‘~ nit- 
raminoa~etic acid,” py~olnitrin,” azomycin” and the 
ilamycinsm Spectinabilin is structurally related to au- 
reothin (5),” which is a toxic metabolite of Sfreptomyces 
thioluteus” and S. iuteorericuli Arui,” and to luteoreticu- 
lin (6), isolated from S. luteoreticuli Arai.‘.‘” 

KC. .o 

5 
OCH, 

Spectinabilin contains two more propionate units than 
aureothin (5) and is presumably biosynthesized in the 
same manner as aureothin.“.“S The p-nitrobenzal group 
in spectinabilin should arise from paminobenzoate as an 
intermediate and, ultimately, from glucose through the 
shikimate pathway, like chior~phenicol.*6 

The structure of spe~tinab~in is also of considerable 
interest from the standpoint of s~eptova~cin biosyn- 
thesis.27.Zs Production of spectinabilin and streptovaricin 
by the same organism suggests possibly similar pathways 
for the two compounds. The streptovaricins, e.g. strep- 
tovaricin D (7), are biosynthesized by a propionate- 

H 

ob . . qH, 
comparison of the chemical shifts calculated for p H 
nitrostyrene from standard chemical shift data.’ Thus, 
C-16 is found at 144.7 (talc. for C-l of p-nitrostyrene, 

+Yamazaki, et af. studied the biosynthesis of aureothin (5). 
employing “C NMR.*’ However, they did not report the chemical 
shifts of all carbons, so the present assi~ments cannot be 
compared with those for ~ureo~in in spite of the two compounds’ 
similarity. 
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Fig. 2. Proposed biosynthetic origin of the carbon skeleton of spectinabilin (1). 

acetate sequence in the same manner as aureothin (and 
presumably spectinabilin), with the synthesis proceeding 
away from the aromatic nucleus (amide-had direction) 
for streptovaricin,” as shown in Fig. 2. The remaining unit 
in the streptovaricins is a m-aminobenzoyl unit (with the 
aromatic Me group derived from methionine)‘~* and its 
origin appears to be glucose,‘R* perhaps through shiki- 
mate. m-Aminobenzoate is then a likely candidate starter 
for chain elongation in streptovaricin,” geldanamycin,- 
and rifamycit?‘biosynthesis. Recent work has shown that 
the C,N (m-aminobenzoyl) unit of rifamycin B is derived 
from glucose.” 

EXPERIMENTAL,+ 

Isolation oj spectinabilin (1). Streptovaricin complex (50 g. 
Upjohn, Lot 115604) was chromatographed on 1.1 kg of silica gel 
(Brinkmann) in a column 60 x 700 mm employing ethyl acetate- 
benzene (1: 3) as eluant to give 3.7 g of a purple pigment followed 
by 4.4g of crude spectinabilin. The column was further eluted 
with benzene-acetone solns to give mixtures of streptovaricins. 
The crude spectinabilin (2.8 g) fraction was purified on 3oOg of 
silica gel (Brinkmann) in a column 45 x 6OOmm employing 
CHCI,-MeOH (99: 1) as eluant. All of the eluted fractions were 
examined by TLC on silica gel GF-254 (0.25 mm thickness) 
employing CHCl,-MeOH (98:2) as developing solvent. Approp- 
riate fractions were combined and evaporated under reduced 
pressure to yield 2*3g of spectinabilin, which was crystallized 
from acetone-hexane. The yellow crystals (840 mg) were soluble 
in acetone, chloroform, ether and methanol, insoluble in hexane, 
petroleum ether and water. Additional pu~fication over a :” x 2 
100 A rr Styragel high pressure liquid chromatography column 
gave the analytical sample, m.p. 91-92’; [a]$ +6&O” (c 5.0, 
CHCI,), which showed a broad IR band (water of hyd~tion) at 
3410 cm“. Attempts to remove the water of hydration resulted in 
decomposition. (Found: C, 69.04; H, 6.74; N, 2.76; mol wt, 
477.2115 (HRMS). Calcd for C,H,,NO+,: C, 70.42; H, 6.54; N, 
2.93; mol. wt., 477.2151. Calcd for CZ,H,,N0,,1/2HzO: C, 69.11; 
H, 6.62; N, 2.87%). 

Ozonolysis uj specfinabilin (1). Ozone was introduced into a 
soln of 1 (1.03 g) in 50 ml CHCI, at 0” until the yellow color 
disappeared; then the mixture was evaporated to dryness at room 
temp. under reduced pressure. The syrupy ozonide was decom- 
posed by heating at 75” for 1 hr with 15 ml water. The 
water-insoluble material was collected by filtration and dissolved 
in a small amount of benzene. Solvent was evaporated to dryness 
in wcuo to give 310 mg brown solid, which was then sublimed at 
75” (I.Otorr) to give 89 mg pnitrobenzaldehyde, m.p. 105-IOP 
(lit.‘* 106-lO7”), whose IR” and NMR” spectra were identical 
with those of an authentic specimen, obtained from Eastman 
Organic Chemicals, Rochester, New York. 

+M.p.s were determined on a Kofler hot stage and are 
uncorrected. Microanalyses were performed by Mr. J. Nemeth et 
cl., the Microanalytical Laboratory, University of Illinois, 
Urbana. PMR spectra were determined by Mr. R. L. Thrift and S. 
Silber on Varian A-@, HA-100 and HR-220 spectrometers; carbon 
magnetic resonance spectra were recorded (by R. L. Thrift and S. 
Silber) on a Varian XL 100 spectrometer eauiDDed with Diailab 
computer for Fourier transform; all chemical shifts are rep&ted 
as ppm relative to TMS as internal standard in deute~~~oroform 
solution. Low resolution mass spectra were determined by Mr. J. 
Wrona on a Varian MAT CH5 mass spectrometers high revolution 
mass measurement was made by Mr. J. C. Cook on a Varian MAT 
731 spectrometer. 

~yd~~e~ofion uj spectino&~li~ (I). A mixture of I.71 g of I, 
5 10 mg of 5% Pd-&, 30 ml EtOAc and 200 ml EtOH was stirred 
under HZ at atmospheric pressure and room temp until Hz 
absorption ceased. The mixture was filtered through celite on a 
glass funnel and reaction vessel, funnel and catalyst were washed 
thoroughly with EtOH. The filtrate was evaporated in O(ICI(O to 
give an oily product, which was dried in a desiccator under 
vacuum to provide cu. 1.4 g of hydrogenated materiaf containing 
two components (TLC), one of which gave a positive DragendortI 
test and the other a negative. The product was chromatographed 
on 30g of silica gel (Brinkmann) in a column 25 x 300mm 
employing chloroform as solvent to give 283 mg of colorless oily 
ocrahydrospectinabilin (2), SF,: 1675, 1625, 1600, 1530, 1470, 
1430, 1380 cm ‘. (Found: C, 68.89; H, 7.82; N, 3.04; mol. wt. 485 
(mass spec). Calcd. for Cz.H,uN06: C, 69.25; H, 8.10; N, 288%; 
mol wt 485). 

Continued elution with chloroform gave 274mg of slightly 
brownish ocfahydrospectinabilamine (3) after 460 mg of a mixture 
of 2 and 3. The sample of 3 was further purified on 20 g of alumina 
(Merck) in a column 20 x 400 mm using chloroform as eluant to 
give 224 mg of chromatographicalty pure oily 3, SF:: 3500, 3400, 
1675, 1620, 1600, 1525, 1470, 1420, 1380, 1225cm-‘. (Found: C, 
73.13; H, 8g4; N, 2.86; mol. wt 4.55 (mass spec). Calcd. for 
C,H,,NO.,: C, 73.81; H, 9.07; N, 3.07%; mol wt 455). 

Spectinobilic acid (4). During 1.5 hr, I ml of 20% KOH in 
EtOH and 2.5 ml of 30% H,O, soln were added simuhaneously, 
dropwise with stirring at room temp. to 57Omg spectinabilin in 
30ml EtOH. The reaction was quenched by addition of iOOml 
water and the aqueous soln was acidified to pH 3.0 with cont. 
HCI, then extracted twice with IOO-ml portions ether. The 
combined ether extract was reextracted 3 times with sat 
NaHCOl aq. The resulting aqueous extract was again acidified 
with cone HCI, then extracted twice with 200-m] portions ether. 
The combined ethereal extract was washed with NaCl-saturated 
water and dried over Na$O.. After filtration the ethereal soln was 
evaporated to dryness under reduced pressure to give 268 mg of 
yellow spectinabilic acid (4), m.p. 97-100”. (Found: mol. wt 
369.1571 (HRMS). Calcd. for C,,H,,NO,: Mol. wt 369.1576). 
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