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Often when an antibiotic of a new structural type
appears on the chemotherapeutic scene it is soon
joined by additional representatives of the same type,
so that one can begin to speak of a class of antibiotics.
This is the case with a new class of antibiotics con-
taining an aliphatic ansa bridge,! a bridge connecting
two nonadjacent positions of an aromatic nucleus, for
which the term ‘‘ansamycins” has been suggested by
Prelog.

Thus far four representatives of this class of anti-
biotics have been identified—the rifamyecins, produced
by Streptomyces mediterranet,? the streptovaricins,
from Streptomyces spectabilis,® the tolypomyecins, from
Streptomyces tolypophorus,* and geldanamyein, from
Streptomyces hygroscopicus var. geldanus var. nova.’
The first three exist as complexes of closely related
components; more than a dozen individual compounds
have been assigned to the class. Moreover, some of the
antibiotics have been isolated by more than one group;
the nancimycins® have been reported ® to be the same
as the rifamyecins, and the streptovaricins are apparently
identical with antimicrobial substance B44P7 as well
as the austmyecins.®

Structures assigned to components of the rifamyein
complex, rifamycins B, L,1t and Y,!2.1% agre shown in
Figure 1, those assigned to the streptovaricins, strep-
tovaricins A, B, C, D, E, G, and F,!4% in Figure 2,
that of tolypomyein Y in Figure 3, and that of gelda-
namycin in Figure 4.7 Rifamycins O and SV,22
originally obtained as degradation produects of rifamy-
cin B (Figure 5), have been isolated from Streptomyces
4107A2 and a mutant of Streptomyces mediterranet,
respectively.

Biological Activity

The ansamycins are notably active??® against gram-
positive bacteria. Some broad spectrum activity has
been noted for certain rifamyein derivatives® and some
activity against gram-negative bacteria for the strep-
tovaricins.®*  The streptovaricing repress M ycobac-
tertum tuberculosis®® and murine leprosy,?* and rifamy-
cin derivatives® 2 are reported to be clinically
useful, especially in the treatment of tuberculosis.
Geldanamyein differs from the other ansamyecins in
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that its principal activity is against protozoa rather
than against bacteria.

Curiously, the antibacterial activity of the ansamy-
cin antibiotics withstands considerable variation in
structure. Several of the streptovaricins have anti-
bacterial activity,®? and all the rifamycins (A, B, C,
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D, E,) are biologically active.222® Moreover, & number
of the derivatives of rifamycin B are more active than
the antibiotic itself. The biological activity of rifa-
mycin B is retained through the sequence (Figure 5)
of oxidation to rifamyein O (which forms the lactone),
hydrolysis to rifamycin S (which removes the glycolic
acid), and reduction to rifamyein SV (which reforms
the hydroquinone).

Acyl derivatives of rifamycins B, O, 8, and SV with
the phenolic hydroxyl substituted show activity.2®
Amides of the glycolic acid acid group of rifamycin B,
such as rifamide,® are also active. Condensation of
rifamyein O (at the less hindered quinone carbonyl of
rifamycin S) with various amines gave active deriva-
tives, of which the aminoguanidine derivative was
reported to be the most active.??#! Condensations
with o-diamino aromatic compounds gave active deriv-
atives such as rifazine.®® An even more remarkable
transformation with retention of biological activity
involves a Mannich reaction at the unsubstituted hy-
droquinone position and oxidation to the formyl deriv-
ative, followed by condensation of the formyl group
with amines (Figure 6). In these derivatives, such as
rifampicin, the antibacterial activity of the antibiotic is
considerably enhanced.?3

(27) J. P, Folkertsma, W. T. Sokolski, and J, W. 8nyder, Antibiot.
Annu., 1957—-1958, 114 (1958).
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by what is mostly a single entity, rifamycin B, differing from the
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STREPTOVARICIN F

Figure 2, Structures assigned to streptovaricins.

TOLYPOMYCIN Y

Figure 3. Structure assigned to tolypomycin Y,

The modes of action of rifamyein®$% and strepto-
varicin® ¥ as antibacterial agents are very similar.
Both antibiotics inhibit DNA-directed RNA poly-
merase in bacterial cells more strongly than any other
known agent.® It seems likely that both antibiotics
act at a similar site, since E. colz resistant to one of the
antibiotics is also resistant to the other.?® Specific

(34) G. Hartmann, K. O. Honikel, F. Kntisel, and J. Nuesch,
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structural requirements needed to ensure activity have
not been ascertained. 1In view of the wide variety of
rifamyein derivatives which retain antibacterial activ-
ity, the principal requisite feature may be the ansa
bridge. Unfortunately, reports of the mode of action
of tolypomycin and geldanamyecin are not available.
The effect of rifamyein and streptovaricin in inhibit-
ing RNA polymerase recalls the similar activity of
actinomycin; however, the mode of action appears to
differ. Whereas actinomyecin interacts with the DNA,
rifamyein appears to interact directly with the polym-
erase itself.* 1In the case of rifamyecin, the antibiotic
and enzyme form a very stable complex.4! As expected,
RNA polymerase from rifamycin-resistant mutants
does not form a similar complex.® The action of
chromomyecin is the same as that of actinomyecin.4?
In keeping with this difference in mode of action be-
tween streptovaricin-rifamyecin and actinomyein—chro-
momyein: (1) the former antibiotics do not interfere
with DNA-dependent DNA synthesis,®* (2) their
effect on RNA synthesis is independent of the base
composition of the DNA template,®* (3) they must be
added prior® 42 to the initiation of the polymerization
reaction since their specific action lies in blocking
initiation of the RNA synthesis,**'4¢ and (4) the activity
is much greater aginst bacterial RNA polymerase
than against mammalian# or tumor® RNA polymerase.
In bacterial polymerase studies rifampicin (Figure 6)
usually is used, although rifamyecins B and SV (Figures
(40) W. Wehrli, J. Nuesch, F. Kntsel, and M. Stasehelin, Biochim.
Biophys. Acta, 157, 215 (1968).
(41) W. Wehrli, F. Knusel, K. Schmid, and M. Staehelin, Proc.
Nat. Acad. Sci. U. 8., 61, 667 (1968).
(15)%28)) A. Sippel and G. Hartmann, Biochim. Biophys. Acta, 157, 218
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Biochem. Biophys. Res. Commun., 30, 379 (1968).
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RIFAMYCIN SV

1 and 5) also appear to be effective. Other organisms
are inhibited by rifamycin derivatives as well. Growth
of Anacystis montana (a blue-green algae representative)
was completely blocked by rifamycins B and S and
rifampicin, while growth of Chlorella pyrenoidosa (green
algae) was unaffected.* On the other hand, devel-
opment of trachoma agent was markedly inhibited by
rifampicin and rifamyecin SV but not by rifamycin B.#

The ansamycins are also antiviral agents; the activ-
ity of rifampicin has been tested with human volun-
teers.® Rifampicin (Figure 4) inhibits replication of
vaccinia poxvirus,¥—4 and the same effect is mani-
fested by at least one (but not by all) of the strepto-
varicin components.® More recently N-demethylrif-
ampicin and AF/ABDMP (2,6-dimethyl-N-demethyl-
N-benzylrifampicin), other derivatives of formylrifamy-
cin SV (Figure 6), have been shown to be much more
potent than rifampicin in inhibiting vaeccinia virus,
Herpes simplex, and pseudorabies.®® The mode of
action of rifampicin in this inhibition of viral replica-
tion appears to be different4?5? from that described
in the preceding paragraphs for bacteria. The gross
effect is inhibition of virus particle formation, and this
appears to proceed by prevention of the conversion
of one polypeptide to another.5?

Most dramatic (and most recent) of the activities of
the ansamycins is that as potential antitumor agents.
A number of derivatives of formylrifamycin SV (Figure
6) have been shown®® to inhibit the RNA-dependent
DNA polymerase activity®® of several RNA tumor
viruses. In this system rifampicin was without effect,
but N-demethylrifampicin, AF/ABP (N-demethyl-

(44) M. Rodriguez-Lépez, M. L. Mufioz, and D. Vazquez, FEBS
(Fed. Eur. Btochem. Soc.) Lett., 9, 171 (1970).
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(1971).

(47) E. Heller, M. Argaman, H. Levy, and N. Goldblum, ibid.,
222, 273 (1969).

(48) J. H, Subak-Sharpe, M. C. Timbury, and J. F. Williams, ibid.,
222, 341 (1969).

(49) B. R. McAuslan, Biochem. Biophys. Res. Commun., 37, 289
(1969).

(50) (a) N. A. Quintrell and B. R. McAuslan, J. Virol., 6, 485
(1970); (b) K. B. Tan and B. R. McAuslan, Biochem. Biophys. Res.
Commun., 42, 230 (1971).

(51) G. L. Lancini, R. Cricchio, and L. Thiry, J. Antibiot., 24, 64
(1971).

(52) (a) B. Moss, E. N. Rosenblum, E. Katz, and P. M. Grimley,
Nature (London), 224, 1280 (1969); (b) E. Katz and B. Moss, Proc.
Nat. Acad. Sci. U. 8., 66, 677 (1970).

(53) C. Gurgo, R. K. Ray, L. Thiry, and M. Green, Nature (New
Biol.), 229, 111 (1971).

(64) H. M. Temin and 8. Mizutani, Nature (London), 226, 1211

(1970).
(55) D. Baltimore, tbid., 226, 1209 (1970).
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N-benzylrifampicin), and AF/ABDMP (2,6-dimethyl-
N-demethyl-N-benzylrifampicin) were highly active.5s
For inhibition of RNA-dependent DNA polymerase
activity in murine leukemia virus, the streptovaricin
complex is reported to be highly active, considerably
more so than purified streptovaricins A or C, or rifamy-
ein SV, which in turn are reportedly more active than
rifampicin.®® The clinical utility of these ansamyeins
as antitumor agents remains unknown,

Structural Studies on Streptovaricins

Studies leading to the assignment of structure to
rifamyein B have been reviewed elsewhere.? 1057 Sim-
ilarly, evidence for the structures of rifamyecin Y1213
and tolypomyein Y4167 can be found in other sources.
The structure assigned to geldanamycin is based
nearly entirely on interpretation of the nmr spectra of
geldanamycin and simple derivatives or degradation
products.’® Consequently, we shall here exercise an
author’s prerogative and concentrate our attention
on our own studies of the streptovarieins,

The streptovaricin complex was initially character-
ized in work at the Upjohn Company, where the anti-
biotic was demonstrated to consist of a mixture of
related components® separable by countercurrent
distribution, partition' chromatography, and paper
chromatography. In our work, we have made exten-
sive use of thin (and thick) layer chromatography
in separating these orange antibiotics.®* In the normal
fermentation products streptovaricings A and C are
the principal components, while a number of other
components can be identified in concentrates from
which most of the A or C components have been
removed.

Difficulty was initially encountered in establishing
molecular formulas for the streptovaricins due to their
formation of stable complexes with solvents. However,
mass spectrometry, combined with elemental analyses
of samples from which solvent had been serupulously
removed under high vacuum, allowed assignment of
molecular formulas. The molecular formulas indi-
cated immediately that the streptovaricins are closely
related, being either Cy or Cy; compounds with varying
numbers of oxygen atoms. Significantly, the Cg
compounds contain ten C-methyl groups (including
two acetate groups), while the C, compounds contain
nine C-methyl groups (including one acetate group).
Accordingly, it was felt that the streptovaricins all
contain an identical carbon skeleton and that they
differ from one another in the degree of oxygenation
and degree of acetylation.’® This supposition was
supported by the fact that the ultraviolet spectra of
the streptovarieins® are nearly identical.

Because the compounds share a common chromo-

(56) W. W. Brockman, W. A. Carter, L.-H. Li, ¥. Reusser, and
F. R. Nichol, Nature (London), 230, 249 (1971).

(67) V. Prelog, Pure Appl. Chem., 7, 551 (1963).

(58) G. B. Whitfield, Jr., E. C. Olson, R. R. Herr, J. A. Fox, M. E.
Bergy, and G. A. Boyack, Amer. Rev. Tuberc. Pulm. Dis., 75, 584
(1957).

(69 K. L. Rinehart, Jr., P. K. Martin, and C. E. Coverdale, J.
Amer. Chem. Soc., 88, 3149 (1966).
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Figure 7. Degradation products derived from the streptovari-
cins.

phoric system, initial attempts centered on degrading
the streptovaricins to a structural entity in which the
chromophore was retained. However, attempts to
degrade the compound by standard hydrolytic tech-
niques were singularly unsuccessful. The failure to
hydrolyze contrasts with the successful hydrolyses of
rifamyein B? and tolypomyecin Y* and can be attributed
to the replacement of the enol ether function of the
rifamyeins and tolypomyecins by a carbon-carbon bond
in the streptovaricins.

Initial attempts at oxidative degradation of strepto-
varieins also yielded little information, but ultimately
streptovaricin A was shown (Figure 7) to react with
2 moles of sodium periodate to give a colorless water-
soluble produet, varicinal A% and a water-insoluble
orange product, prestreptovarone.’®* Of the other
streptovarieins, only streptovaricin G gave prestrepto-
varone on treatment with periodate. However, all the
streptovarieins except streptovaricin D, on treatment
with a mixture of sodium periodate and osmium tetrox-
ide, gave streptovarone, a somewhat smaller orange
compound, which was shown to be related to prestrep-
tovarone by conversion of the latter compound to the
former on oxidation with pericdate-osmium tetroxide,
Since both compounds contain the chromophore of the
streptovaricins,®® attention was directed initially to the
smaller compound, streptovarone.t2.64

On mild acidie hydrolysis, streptovarone was con-
verted to a deep red compound lacking nitrogen, and
other hydrolyses of streptovarone yielded formaldehyde
and pyruvic acid, isolated as suitable derivatives
(Figure 8).2 A third group of streptovarone absent
in the deep red compound was an enol acetate function,
identified by infrared and nmr speectra. Accordingly,
the new aromatic compound was referred to as dapma-
varone (deacetyldepyruvyldemethylenedioxystrepto-
varone).

Dapmavarone in turn was further degraded, by a
serendipitous Dakin reaction, to 3,7-dimethyl-2,5,6,8-
tetrahydroxynaphthoquinone and 2-methyl-4-oxo-

(60) K. L, Rinehart, Jr., and H, H. Mathur, thid., 90, 6240 (1368).

(61) K. Sasaki, K. L. Rinehart, Jr., and F. J. Antosz, J. Antibiot.,
in press.

(62) K. L. Rinehart, Jr., C. E. Coverdale, and P. K. Martin, J.
Amer. Chem. Soc., 88, 3150 (1966).

(63) P. K. Martin, Ph.D. Thesis, University of Illinois, Urbana,
1965.

(64) K. L. Rinehart, Jr., and F. J. Antosz, J. Anttbiot., in press.
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2-pentenoic acid. The hydroxyl and methyl groups
in the quinone were located by consideration of its
nmr and mass spectra’? and by comparison of these
spectral properties with those of similar compounds
prepared in the extensive studies of Scheuer and Moore
on spinochromes.®® The keto unsaturated acid was
initially identified from its nmr spectrum®? and sub-
sequently compared to a synthetic sample, prepared
by a known route.®

With all the carbon atoms in streptovarone identified,
there remained only the problem of putting the pieces
together again. Since the quinone and the keto un-
saturated acid had been isolated from a Dakin reaction,
they could be assumed to be formed by the introduction
of 1 mole of hydrogen peroxide between an aromatic
ring and a carbonyl group of dapmavarone. Because
the quinone has a center of symmetry, only three
positions needed to be considered for attaching the
carbonyl group. Ultimately, the decision rested on
the nmr spectrum of dapmavarone. Indeed, many of
the structural assignments from this point on rest on the
shifting positions and splitting patterns of certain
protons observed initially in the nmr spectrum of the
keto unsaturated acid (a, Figure 9).

The olefinic proton of the unsaturated acid is lacking
in the nmr spectrum of dapmavarone (b, Figure 9),
being replaced by absorption of a new methylene
group. Moreover, the olefinic methyl group has been
shifted to a position more appropriate to a methyl
group on a quaternary aliphatic carbon. These
changes imply addition of an oxygen function across
the carbon-carbon double bond to give an additional
ring, an implication supported by the appearance of a
saturated ketone’s infrared absorption at 1725 em—!.
The very low frequency of the aromatic ketone band
(below 1635 em~!) indicates hydrogen bonding and
requires the aromatic carbonyl (removed in the Dakin
reaction) to be located in the central position (for
hydrogen bonding) among the three hydroxyl groups of
the quinone (Figure 8). Comparison of the properties
of dapmavarone to those of synthetic model compounds
confirms the structure shown for dapmavarone in
Figure 8.9

(65) (a) C. W. J. Chang, R. E. Moore, and P. J. Scheuer, J.
Amer. Chem. Soc., 86, 2959 (1964); (b) R. E. Moore and P. J.
Scheuer, J. Org. Chem., 31, 3272 (1966); (c) I. Singh, R. T. Ogata, R.
E. Moore, C. W. J. Chang, and P. J. Scheuer, Tefrahedron, 24, 6053
(1968).

(66) C. Armengaud, G. Wermuth, and J. Schreiber, C. R. Acad.
Set., 254, 2181 (1962).

(67) D. C. Schiegel, Ph.D. Thesis, University of Illinois, 1969.

ANTIBIOTICS WITH ANSA RINGS 61

|

7.95s N r
HOOC. H ? CHs
Se==c “2.83sb cmcocmz—-z—c\b 9
HyC COCH, 667!, ;3 H
. s
7.80sb 7.67s 8.49s
(a) (b)
T 1.0 Tl
a X Hy
OAc
a2 43&1:(:\?”‘%\2/0 (442355)"}?0 He2 2¢
e CH. H 8.06. .25s CH )
(4.2-4.9mb) 3 3[5 3"(7'98:) 37 X (2.258)
7.85sb -45sb .53
(7.89sp)  (3-489) (7.536)
(c) (d)
A o
CHz G VAc
4.26d, 48047 J \?"‘C“\?/‘
(4.22d, 4.86d) S | W
7.75sb 4.415b (8.87s)
(7.8155) (4137

(e)

Figure 9. Chemical shifts of characteristic protons of strepto-
varicins and their degradation products: (a) 3-oxo-trans-2-
pentenoic acid, (b) dapmavarone, (c) streptovarone (prestrep-
tovarone), (d) photostreptovarone (deptovarone), (e) strepto-
varicin A (C).

In streptovarone (¢, Figure 9), the olefinic hydrogen
and an olefinic methyl group are found again. The
ketone group in the side chain was confirmed by the
formation of a dioxime of streptovarone, the other
ketone being in the pyruvamide group.®# The func-
tional group in streptovarone which is hydrolyzed to
formaldehyde was identified as a methylenedioxy
group by its appearance at low field in the nmr spectrum,
with the methylene protons being deshielded by two
oxygen atoms. The amide function was identified
by the nitrogen atom’s neutrality and hydrogen ex-
change and located by comparison of its properties to
those of 2-aminonaphthoquinone and 8-hydroxynaph-
thoquinone.52

Although the partial structure in the enolic portion
of the molecule obviously involved a methylenedioxy
group and enol acetate, as shown here, it was not clear

e nmmmn

1
v
—

C O
C
HSC/ ~CcH
COCH,

which two of the three oxygens the methylene group
was spanning or, by difference, which oxygen was
involved in the enol acetate group. This was ulti-
mately assigned by consideration of the structure of
photostreptovarone, discussed below, which was first
observed as a yellow spot appearing on thin layer
plates during chromatography of the orange strepto-
varone,
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Figure 10. Structures of photostreptovarone and related prod-
uets.

More careful radiation studies in solution allowed
the isolation of photostreptovarone.®® The molecular
formula of photostreptovarone indicated loss of C,HgOs
(the elements of acetic anhydride) from streptovarone
and, indeed, acetic anhydride could be identified as a
product of the photolysis. The yellow compound
itself was shown, by comparison of its ultraviolet spec-
trum to those of related compounds, to be an 8-hydroxy-
phenalenenone (Figure 10), which would be formed via
the intermediate dihydrophenalenone shown. A hy-

drolysis product, deptovarone (depyruvylphotostrep-
tovarone), was also prepared. The methyl and hydro-
gen groups empolyed in assigning the structures of
dapmavarone and streptovarone appear at the appro-
priate aromatic positions in photostreptovarone (d,
Figure 9). The isolation of photostreptovarone and
its assigned structure define the locations of the meth-
ylenedioxy and enol acetate groups in streptovarone.
Taken together, these lines of argument allowed assign-
ment of the structure of streptovarone.?2:64

The structure of the immediate precursor of strep-
tovarone; prestreptovarone, was apparent once the
structure of streptovarone was established, since the
nmr spectrum of prestreptovarone indicated an addi-
tional unsaturated methyl group and three olefinic
hydrogens. The chemical shifts and coupling con-
stants of these hydrogens indicated the stereochem-
istry shown here, 18697 Photoprestreptovarone, with
structure analogous to photostreptovarone, was ob-

(68) R.J.Schacht and K. L. Rinehart, Jr., J. Amer. Chem. Soc., 89,
2239 (1967).

(69) K. L. Rinehart, Jr., H. H. Mathur, K. Sasaki, P. K, Martin,
and C. E. Coverdale, 7bid., 90, 6241 (1968).
© (70) The stereochemistry of an early sample of prestreptovarone
was assigneds? as trans,trans instead of the trans,cis stereochemistry

shown which is also that of the streptovaricins.t® Apparently the
dienamide system isomerizes readily.
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tained from photolysis of prestreptovarone (Figure 10).

With the structure of prestreptovarone in hand,
attention was directed toward the colorless water-
soluble produet from periodate oxidation of strepto-
varicin A, varicinal A.%8! Although the electron-
impact-produced mass spectrum of varicinal A did not
give a molecular ion, its molecular formula: could be
assigned from the ocecurrence of peaks at M — 31 and
M — 18 whose juxtaposition indicated them to be frag-
ment ions rather than molecular ions. A field-emission
mass spectrum of varicinal A gave a strong molecular
ion and confirmed the molecular formula.™

The structure of varicinal A (Figure 7) rests on its
nmr spectrum and those of related compounds derived
from streptovaricin C.%! Individual peaks in the
spectra occur at appropriate positions, and spin de-
coupling (Figure 11) indicates which of the protons are
on adjacent carbon atoms. From the nmr spectrum
of varicinal A relative stereochemistry at the atoms
in the six-membered ring can be assigned (Figure 7);
it is the same as that found in the rifamycins (Figure 1).

From the structures of prestreptovarone and vari-
cinal A one can develop the structure of streptovaricins
A and C,15:84.89 remembering that 2 moles of periodate
is required to cleave streptovaricin A to prestrepto-
varone and varicinal A. The nmr spectra of the strep-
tovaricins indicate that all the oxygens of the strepto-
varicins which are found in varicinal A are present in the
streptovaricins as hydroxyl, acetate, or ecarbomethoxyl
groups, leaving as the only positions available for
attachment to the prestreptovarone part of the molecule
the terminal carbons, as shown in Figure 11. One
point of attachment must be the ¢ carbon of the oxo-
dienamide unit in prestreptovarone. The carbonyl
group at that position must have existed as a tertiary
alcohol in streptovaricin A. In prineciple, that carbon
could have been attached to either aldehyde carbon of
varicinal A. However, spin-decoupling experiments
carried out on streptovaricins A and C and related
compounds (Figure 11)5 completed the linking of the
carbon atoms of varicinal A with those of the prestrep-
tovarone dienamide unit.

The second point of attachment (and the second
point of periodate cleavage) was more difficult to locate.
1t is particularly significant that one of the olefinic
methyl groups of streptovarone appears in strepto-
varicin A (e, Figure 9) as a deshielded aliphatic methy!

(71) E. M. Chait, T. W, Shannon, J. W. Amy, and F. W. Me-
Lafferty, Anal. Chem., 40, 835 (1968).
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Figure 11. Chemical shifts and coupling of varicinal A protons
and related protons in streptovaricins.

group, indicating the tetragonal nature of the carbon
to which it is attached and suggesting an oxygen sub-
stituent. The latter point was confirmed by the ap-
pearance of the quaternary carbon at 82.9 ppm from
tetramethylsilane in the *C nmr spectrum of strep-
tovaricin C, a region appropriate for a hydroxyl-
substituted carbon atom.!* The only carbon in the
diene side chain of streptovarone which is appropriate
for a >C(CH;)O- group is C-4, as shown in the partial
structure here. The methylenedioxy group appears

as an AB quartet. In the spectrum of streptovarone
that group appeared as a very broad absorption which
could be sharpened to a singlet on heating or split into
an AB quartet on cooling. In photostreptovarone,
the peak occurs as a singlet (d, Figure 9). Thus the
structures of streptovaricins A and C are assigned as
shown in Figure 2.

With the structures of streptovaricins A and C in
hand, we turn to the structures of the other strepto-
varicins. As mentioned, these compounds must all
be closely related in light of their similar molecular
formulas—most likely by a common carbon skeleton
differing in degree of oxygenation and acetylation.

A useful tool in assigning structures to the strepto-
varicins was mass spectrometry. Mass spectra of
nearly all the streptovaricins contain strong peaks in
the lower mass region at m/e 390, 324, 297, and 269.
These peaks were initially a source of perplexity, even
after determination of high-resolution spectra and
assignment of structures to streptovaricins A and C,
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in that there is no contiguous set of atoms in strepto-
varicins A and C which could lead to fragment ions
having this composition. However, the perplexity
was resolved with the observations that prestrepto-
varone and photoprestreptovarone give intense ions
at m/e 390, 297, and 269, that streptovarone and
photostreptovarone give peaks at m/e 324, 297, and
269, and that deptovarone gives peaks at m/e 297 and
269.1572 These results indicate a process occurring
in the mass spectrometer akin to the photolytic process
observed in solution (Figure 10) and the streptovaricin
fragmentation joins the growing list of mass spectral-
photochemical analogies.”® Indeed, a metastable ion
has been found indicating the one-step loss of C,HyO;
(acetic anhydride) from the M — 43 ion (m/e 426) of
streptovarone.’”? Since not only streptovaricins A and
C but streptovaricins B, E, F, and G all give the m/e
390, 324, 297, and 269 peaks, the other streptovaricins
must also contain the structural unit of streptovaricins
A and C giving rise to the peaks.

A second useful tool was periodate oxidation, both
in assigning the amount of periodate consumed and in
establishing the formation of prestreptovarone or the
lack thereof. Thus, only streptovaricin G besides
streptovaricin A gives prestreptovarone on treatment
with sodium periodate, consuming 2 moles of oxidant.
This cleavage indicates a hydroxyl in the e position of
the dienamide for streptovaricin G. Lacking an ace-
tate of streptovaricin A, it is assigned the structure in
Figure 2. Streptovaricins B, C, E, and F do not give
prestreptovarone on cleavage with periodate but react
with 1 mole of periodate to give compounds which
retain both the chromophoric unit and the complete
side chain. Streptovaricins B, C, and E do not have
a hydroxyl at C-6 of the macrolide ring; F has a pro-
tected hydroxyl at C-7 of the ring.

In assigning structures to the other streptovaricins,
100- and 220-MHz nmr spectroscopy were employed
throughout, and essentially every proton could be
located and assigned. The spectrum of streptovaricin
C (Figure 11), as the most abundant streptovaricin, has
been studied most extensively and has been compared
carefully to those of the other streptovaricins. Strue-
tural parameters deduced by these nmr spectral com-
parisons have been confirmed by chemical evidence.
Streptovaricin B has one acetate unit lacking in strep-
tovaricin C; it is located at the same position as in
streptovaricin A. Acetylation of streptovaricins B
and C gives a common product, as does acetylation of
streptovaricins A and G.!® Streptovaricin E has a
molecular formula two hydrogen atoms less than that of
streptovaricin C and its infrared spectrum contains an
extra carbonyl group, which its nmr spectrum locates

(72) R. J. Schacht, Ph.D. Thesis, University of Illinois, 1969.

(78) Inter alia: A. L. Burlingame, C. Fenselau, W. J. Richter,
W. G. Dauben, G. W. S8haffer, and N. D. Vietmeyer, J. Amer. Chem.
Soc., 89, 3346 (1967); N.J. Turro, D. W, Weiss, W. F. Haddon, and
F. W. McLafferty, tbid., 89, 3370 (1967); R. C. Dougherty, ibid., 90,
5780 (1968); M. K. Hoffmann, M. M. Bursey, and R. E. K. Winter,
ibid., 92, 727 (1970); C. Fenselau, G. W, Shaffer, and W. G. Dauben,
Org. Mass Spectrom., 3, 1 (1970).
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at C-7 of the side chain. On reduction with sodium
borohydride streptovaricin E gives streptovaricin C.?8

The most distinetly different streptovaricins are
streptovaricing D and F. Streptovaricin D has one
oxygen atom less than streptovaricin C and one of the
aliphatic singlet methyl groups in the nmr spectra of the
other streptovaricins is replaced by a methyl doublet
at higher field. Streptovaricin D is not cleaved by
sodium periodate at all, in accord with its lack of hy-
droxyl groups at C-6 and C-4’. The mass spectrum of
streptovaricin D lacks the characteristic peaks at
m/e 390, 324, 207, and 269 found in the spectra of the
other streptovaricins and its structure is assigned as
shown in Figure 2.1

The molecular formula of streptovaricin F suggests
it to be related to streptovaricin G but lacking the
elements of methanol. This is confirmed by their
respective nmr spectra in that the methoxyl group
absorption of the other streptovaricins is absent in the
spectrum of streptovaricin F and the C-7 proton is
shifted downfield (due to acylation of the C-7 hydroxyl)
relative to the spectra of other streptovaricins. !

Biosynthesis

Little work has been reported dealing with the bio-
synthesis and bioconversion of the ansamycins. In-
spection of their formulas suggests the highly branched
side chains are likely formed from acetate and propio-
nate (malonate and methylmalonate) units,” or, possi-
bly, from acetate with subsequent methylation of the
polyacetate chain by methionine or another one-carbon
unit. Preliminary results concerning the primary
source of the carbon atoms of rifamyecin B indicate that
propionate is a good precursor but that methionine is
incorporated only in the methoxyl group.’*~7 The
naphthoquinone rings may also be derived from
acetate-propionate or from acetate with subsequent
methylation.”™ However, an alternative pathway to

(74) J. W. Corcoran and M. Chick in “Biosynthesis of Anti-
biotics,” Vol. I, J. F. Snell, Ed., Academic Press, New York, N. Y.,
1966, p 159.

(75) P. Sensi, unpublished results.

(76) V. Prelog, personal communication.
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naphthoquinone rings could be involved, such as that
involving shikimie and glutamic acids.? "

Bioconversions of some of the rifamyecins have been
reported. Labeled rifamycin B added to the fermenta-
tion medium has been shown to be converted to rifamy-
cin Y, by hydroxylation and oxidation.” Rifamycin B
itself is derived from rifamyein S, as is rifamycin L, the
isomer of rifamyein B.!! The latter two components
appear to interconvert, but not directly, since aromatic
ring-labeled rifamyein L gives labeled rifamycin B but
label in the glycolate unit of rifamyecin L is not retained
in rifamycin B. Rifamyecin O has been proposed to be
an intermediate for both.!

Future Directions

The ansamyecins represent some of the most complex
antibiotics thus far isolated, and further members of
this family will presumably be reported. The very
high activity of the compounds promises continuing
interest in them, both as tools of molecular biology
through study of their mode of action and as potentially
useful chemotherapeutic agents. In the latter capac-
ity, it seems likely that the remarkable latitude allowed
in structural modification with retention of biological
activity will prompt further investigation along these
lines. Moreover, the demonstrated ability to direct
Streptomyces mediterraner toward production of one
selected component of the rifamycins suggests the
promising nature of continuing efforts toward biological
modification of all these antibiotics.
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