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and ealenlutions based on the integral showed that Xla composed
approximately one-third of the mixinre. Most of ihe ninr signals
for XIb could be assigned from the spectriin and are in Table 1.
Becanse the desulfurization produet wonld be identical from
both isomers XIa and XIb, no attempt was made to purify the
produet, further.

Desulfurization of 7-Phenoxyacetamido-3-methylcepham-4-
carboxylic Acid to Methyl Phenoxymethyldesthiopenicillinate
(VID).-The same procedure nsed to desulfurize the penicillin wis
insed for the dihydrodesacetoxycephalosporin,  Crude 7-phenoxy-
acetamido-s-methyvl-3-cepham-4-carboxyliec  aetd 11 g 2.86
mmoles) was dissolved in 80 ml of HaO by adjnsting the soluwion
to plT T with 1.V NaOH. Then 6 g of Raney Ni was added:
the mixtinre was heated for L3 min i an oil bath at 165° and rhen
guickly chilled.  After the catalvst was filtered and washed
(11, vhe cooled filtrates were acidified ) pH 2.5 below a tayer
of EtOAce. The HtOAe sohniom was washed (11.0), dried (Mg-
=043, and vvaporaied 10 give an oll which i tle (silica: Lt
AcOH-1L0, 15:3:1) showed three spois.

The catalyst above was extracted with eold 0.05 N NaOIl
{500 ml) from which an additional small amount of oily producet
could be recovered by acidification and exiraction as above.
In tle this fraction showed the same spots as the first fraction.

The two fractions were combined in 15 wd of EtOAce and cooled
in ab tee bath while excess CHLN, in CH.CL was added.  After
3 min the vellow color of CH,N» was discharged with a few drops
of AcOH and the solvent was removed by evaporstion (n recio.
The residue wag redigsolved in 1tOAc¢, washed (57] NallCt),,
11.O), and dried QMgS0y).  After the solvent was evaporated,
the oily restdue ervstallized after standing overnight in the cold.
A tle (810, EtOAc) of this produet compared with the methyl
ester of the penicillin desulfurization showed o major spot moving
a8 did that product, and in addition two quite minor, less mobile
spots.  The product (400 mg) was chromatographed over a
coliin of St0, (16 g), cluting with Cslls containing inereasing
amonnts of KEtOAce. The recovered produret 180 mg) corvespond-
tng 1o the major tle spot was recrystallized from CiHg-petrolenm
cther and showed only one spot in tle: mp 112°0 Anal. Caled
for CrHgN.Op: C, 61.06; T, 6.65: N, 8.35. Fouud: €, 6116,
I, 6.36: N, 8.28,

Thr ahove product melted at 1127, that from the penietllin ai
T9-110° and the mixture of the two at 109-112°) all obscerved
at the sante time o Mel-Temp melting point apparatus.

Val, 11

The 1wo  ti-phenoxymethyldesthioponteithn wethyb - esters
possesged identieal roand wmr spectrn, and N-ray ditteetion
powder dingrams.  The Neray pattern of the ester frone the
cephalosporin appented 1o be sharper, indicaing a1 more highly
eryvstalline material. This is also sapported by the ghghtly highe
wtelting powt: ot the cephalosporin-derived ester.

Valine from (‘ephalosporin-Derived Methyl Phenoxymethyl-
desthiopenicillinate (VII). ~An initial experiment® designed 1o
producee valine methyl eseer from the desthiopenieillin ester VI
(0 mg) gave iustead aw o, g-dlaminopropionic acid derividive
205 mg) due o stmple g-lactam opening as s water-<aluble
hydroehlovide; an ninr speciviie possessed the requisite signals.
A portion £ 150 mg of this acid was hyvdrotvzed i 25wl of 20
HCT an veftux for 12t Afrer being cooted and exiracted wike
cthier 1o remave voaamphoteries acidie materials, the reaction
mixture was eviported 1o devness o Segeao. The residue i
2amlof TV HCLwas placed ona Dowex 30W-N4 (acid fornn
cobunm 0,9 % 30 et and the amine acids chied with 10V
HCL Fractions -2 mb) enriched in valine were combined
and evaporated 1o give ™8 mg of product,  The prodner was
purificd by chromatography ™ over Sephadex G=25 125 ¢ inoa
2.0 X 2H em oeohimnd nsing 7-BnOH-AcOL-1H,0 (62 15:25 0
Vidine wag cleanly separated. No atiempt was made 1o crysiol-
Hize the prodoet. s specific rotation in .01 N HCL was com-
pared witlt that of pnre v-valine a1 250 mp. v-Valive stoudird
whereas the tsolated prod-
Therefore, less tha 507,
of the material raecmized i the process if no acconnt is taken of
degree of solvation and experimental crvors. The produet =
predomimantdy of the v confignratiac
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measurentients, ad to H. A Rose for the X-ray powder
diagrams,
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Acetyl Migration in Rifampicin'

N, Macarn A Vigevant, G. Go Ganno, axn CL R Pasguanveat

Rescaceh Laboedlories, Lepelil Syt M dlaa, Hidy

leevived May 27 1968

Mild alkaline treatment of rifmpicin affords 25-desacer yhtfanmpicin and two other vifantycins, identified s

2i-deswcetyl-23-acetyl aud 25-desacetyl-21-acetyl derivatives.

Fromn the antibacrerial activity data of the 1wo

compounds, the presence of the C-21 aud C-23 hydroxylx in rifamycins seems 1o he an essential prerequisite for

their antibacterial activity.

Rifampicin (1) ix a new semisvuthetic rfamyein®*
selected from many derivatives of 3-formylhrifamyein
SV for its high antibacterial activity /o witeq and (o
pivo S8 Clinical experiments on this antibilotie ave
presently underway and the data available indicate its
effcetiveness in the systemie diseases induced by gram-
positive bacteria and in tubercular infections. Like

(1) Rifamyeins L1X |part LV11I: €. R. Pasqualucei, A. Vigevani, P.
Radaelli, and N. Maggi, #armaco, Ed. Prat., submitted for publication }.

) N. Maggi, R, Pallanza. aud P. Sensi, Antimicrobial Agents Chemo-
Horapy, THI (196D).

3) N, Magg, O R, asqgoalyeed, R, Balloba, and P. Renst, Chemnthern pia,
11, 285 (1666).

1) N. Mazpi, G. G. Gatlew and 1 Sensi, Furwneo, kd. Sei., 32, 316 (1967).

()N Foresz, Voo Arwli, awd R Pallanza, Aatimdeeobial Agents Chema-
therapy. TFILiTLO0).

Gy Vo Newob, R 1mdlioea. S0 ez oul Gl Carmn, rvacoitiel-47acson
L7, 320 00G7).

other rifamycinz. rifampicin undergoes desacetylation
by alkaline treatment. affording the corresponding des-
acetvl derivative (I11) without substantial loss of anti-
bacterial activity.”  Under milder alkaline conditions
1 vields two additional produets whose identification
and antibacterial activity evaluation was considered of
interest for the knowledge of activity-structure rela-
tionships in rifamycins. To these two rifamycins
structures IIT and IV were assigned on the basis of
physical and chemical data.

By treating I in a pH 8.2 buffered aqueous solution at
90--95° for 5 hr, IT- IV were detected by tle as reaction
products besides minor by-products and a fair amount
of starting 1. The reaction mixture was separated by

TN Muwny Vo Vaizesigye ropd R Vallayeza, Korpeedestoo, 24, 208 010G
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Figure 1.—Nmr spectrum of 25-desacetyl-21-acetylrifampicin (II11).

combined extraction, crystallization, and column chro-
matography. Oue of the products (R; 0.23) was
identified as IT by comparison with an authentic sam-
ple” The other two produets, III (R; 0.35) and IV

I,R,=COCH;; R.=R;=H
ILR=R,=R,;=H
III Ry =COCH;; R,=R,=H
IV.R,=COCH;.R,=R;=H

(B; 0.62), showed most physical properties identical
with those of I, e.y., color, water solubility, ionization
behavior, electronic spectrum, and polarographic oxi-
dation wave. Elemental analyses (C, H, N) gave for
both the same CuHsNOp formula, like I No useful
information could be derived from the ir spectra which,
however, showed some differences from that of I. Nmr
spectra (CDCl; solution) of IIT and IV (Figures 1 and
2) revealed the presence of all the proton signals pre-
viously reported for rifampicin® with changes in chemi-
cal shifts for some of them.

The chemical behavior of TII and IV was therefore
investigated by subjecting them to a mild acidic and
basic treatment under coutrolled conditions. (a) Af-
ter heating separately III and IV at 90° for 2 hr in a
buffered aqueous solution (pH 6.0), two distinct prod-
ucts were found which on nmr analysis were found to be
3-formyl derivatives, different from the hydrolysis
product of I, 7.e., 3-formylrifamyein SV,* thus indicat-
ing the persistence of the structural differences after
the removal of the basic side chain at C-3. (b) When
heating pH 8.5 buffered solutions of III and IV for a
few hours at 90-95°, a mixture of I, III, and IV aloug
with small amounts of II was detected by tle in both
cases. Examination of the reaction solutions at vari-
ous time intervals indicated that when III was the
starting substance, the transformation into IV was
initially detected, whereas I was formed subsequently.
Starting from IV, the formation of I and IIT was prac-
tically simultaneous. Since, starting from I, with the
same treatment, an early formation of IV followed by
III was observed, the equilibria I = IV and IV 2
ITI can be considered as effective. (c¢) Stronger basic
conditions, e.g., treatment in a water—ethanol (1:1)-1
N XNaOH solution, induced a rapid transformation of
both IIT and IV into desacetylrifampicin (1), formerly
obtained from rifampicin? (I).

The chemical data referred to above are thus con-
sistent with a reversible isomerism of III, IV, and ri-
fampicin (I). Since the physicochemical data do not
provide evidence for differences in the chromophoric
moiety of III, IV, and I, the only possible interpreta-
tion is the migration of the acetyl group during the
mild alkaline treatment. It is noteworthy that the
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Figure 2.—Nmr spectrum of 25-desacetyl-23-acetvirifampicin (IV).

only frans acetyvlation reported for an inactive series of
rifamyeins is deseribed to occur under acidic conditions.?

To ascertain whether the position of the acetyl group
in ITT and IV was at the 21- and 23-OH, respectively, or
vice versa, nmr spin decoupling experiments were per-
formed. based on the fact that the hydrogen at the car-
bon atom bearing the acetoxy group is at lower field
than the hydrogen at the earbon atom bearing the hy-
droxvl” In Iigures 1 and 2 the umr spectra of III and
IV are shown together with the principal spin decou-
plings, which allowed us to assign the reported struc-
tures. The signals of the C-26, C-24, and C-22 pro-
tons of III are almost at the same field, as shown by the
excitation of the C-24 proton which causes, besides the
complete decoupling of 33-CHs, also the partial de-
coupling of 34- and 32-CH; (Iigure 1).  For this reason
a partial decoupling of the signal of the C-21 proton is
observed by exciting the C-24 proton.  The excitation
of the C-20 proton confirms the above attributions and
permits the location of the acetoxy group at C-21.
Councerning IV, the assignment of the signal of the pro-
ton at C-24 and its excitation permits the location of the
acetoxy group at C-23 (Figure 2).

The in vitro antibacterial test, carried out by Dr.
R. Pallanza of our laboratories, gave MIC values for
IIT and IV, against Staphylococcus auceus, of 10 and
0.5 wug/ml, respectively, asz compared to 0.002 pg/ml
for I with the same test.? A similar decrease of activity
was  also observed on other gram-positive strains,
whereas a complete loss of activity was found on gram-
negative ones.

Discussion

Intramolecular trans acetylation from 23-OH to 23-
OH and 21-OH of rifampicin (I) occurs in a stepwise
way in aqueous solution under very mild basic condi-
tions. the process being determined by the temperature.
The isomeric 25-desacetyl-21-acetvirifampicin (ITI)
and 25-desaeetyl-23-acetyvIrifampicin (IV). despite their

(8¢ . Lejtich, V. Prelog, ayal I'. Renst, Frperyentia, 28, 505 (14675,

physical aud chemical similarity with I, do not display
useful autimierobial behavior.

Sinee, as already mentioned, the replacement of the
C-25 hydroxyl with the acetoxy group in rifamyeins
does not affect seriously the antibacterial activity.”
the loss of the uetivity is of relevant significance when
one of the residual hydroxyvis at C-21 and C-23 ix
acetylated. The low but appreciable activity of IV
might be explained as due to a slight isomerization to I
during the incubation time of the test microorganism,
while the slower isomerization of IIT into I might
account for its virtual inactivity.

Due to the very close physical properties of 111, 1V,
and 1. it seems unlikely that the difference of the activ-
itv of the three isomers can be attributed to different
ability to penetrate the bacterial cell wall. Hence, the
muost probable explanation is that both the C-21 and
C-23 OH’s are essential for allowing the rifamyein to
act on the RNA-polymerase svstem of the bacterial
cell. 9w

Experimental Section

Thin layer chromatography {tle) was performed o silica gel
HF (E. Merck, A.Gc. Darmstadt) plates, using CHCl-MeOH
(9:1) as solvent; the mmning distance was 10 ¢, Melting
points (vpen capillary method) are uncorrected.  Cohimn chro-
matographies were carried ot on siliva gel 0.01-0.2 mm (k.
Merck, A.G. Dannstadt) prewashed with CHClL.  Acidic pK.
vahies were determined spectrophotometrically in agueons sohi-
tion. Basic pK, values (pKyes) were obtained by potentiometric
titration in MCS-H,0 (4: 1) solution. Nmr spectra were recorded
on a Varian HA-100 instrument in CDCL solntion (TMS as
internal reference), by conrtesy of Dr. A. Segre of the Politecnico,
Milan.

Isolation of III and IV.--"T'0 a warm (60-70°) sohttion of 30 g
of I in 3.0 1. of Stirenscn phosphate buffer, pH 8.2, un excess
(30 g) of l-umino-4-methylpiperazine was added in order to
prevent the hydrolysis to the aldehyde and the oxidation hy
atmospheric oxygen to I yuinone. After adjusting the pH to
the appropriate valne (8.2) with 2 & NaOH, the rohution was

(9) G. Hartmam k. O. Honikel, F. Kyasel, and J. Nilescl, Biackim,
Biophys. Actu, 146, 843 (1967},

(10) H. Huinezawa, . Mizww, H. Yamazaki, and K. Nita, J. Antybyot.
(Takyo), 21, 234 119881,
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stirred on a steam bath for 5 hr. Tlc analysis of the solution
showed the presence of four major orange-yellow spots: R
0.23 (II), R 0.35 (III), R; 0.52 (1), and R; 0.62 (IV) in the ap-
proximate ratio 2:1:3.3:1.5, besides other colored by-prodncts
at B¢ <0.1. After cooling, the solution was worked np by ex-
tracting the rifamycins twice with CHCl;. The organic layer
was evaporated to dryness under vacuum. The crinde residue
taken up in CCly gave, after evaporation to a small volume, a
crystalline crop (19.6 g) consisting mainly of I-III. The mother
liquor showed the presence of I and IV, besides other degradation
products (Ry <0.1).

IIT was recovered by column chromatography 1sing a
CHCl; solution of the crystalline crop on a pH 6.0 buffered
(Mecllvaine) silica gel column, by stepwise elution with CHCl;
containing 2 and 49 MeOH. The selected fractions were col-

SANGIVAMYCIN 939

lected and evaporated to dryness. The residue, crystallized from
CHCl; and recrystallized from acetone, gave 0.7 g of pure (tle)
III: mp 158-160° dec; pK. = 2.3, pKucs = 6.7.

The CCly mother liquor was evaporated to dryness. The resi-
due (12 g) was taken up in CHCl; and passed throngh a silica
gel column using mixtures of CHCl; with 1, 2, and 39 MeOH as
elnent. The first colored elnate, containing IV, was collected
and evaporated to dryness. After crystallization of the residue
from EtOH-H,0, 1.7 g of pure (tle) IV was obtained: mp 166-
170° dec; pK, = 2.5, pKucs = 6.8.

Acknowledgments.—The authors are indebted to
Professor P. Sensi for the helpful contribution to the
discussion.
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Sangivamycin is an antitumor substance and a metabolite of a streptomycete culture.
formula Ci,Hi:N;:O; and shows spectral properties similar to those of nucleosides.
residue was established indirectly by periodate oxidation and hydrolysis.

It has the molecular
The presence of a pentose
The compound also has an aromatic

amino group and a carboxamide gronp. Some of the similarities in properties to toyocamycin led to the hy-
pothesis that sangivamycin may be closely related to this compound. This hypothesis is shown to be correct
in that sangivamyecin has a carboxamide group and toyocamycin has a nitrile group on the same carbon skeleton.

This relationship is established by three different methods.

the derivatives of sangivamycin is described.

Sangivamyein is an antitumor substance produced by
an unidentified species of Streptomyces.? It shows sig-
nificant activity against leukemia 1.1210 in mice and is
strongly cytotoxic toward Hela cells grown in cell
culture, It has very slight antibacterial or antifungal
activity. The compound is currently under clinical
trials. Ouly the method of isolation from the broth and
some preliminary characterizations have appeared so
far.? Degradation reactions which led to the elucida-
tion of its structure are presented here.

Sangivamyein is a colorless crystalline solid of low
solubility in water and common organic solvents. It is
weakly basic and forms salts such as hydrochloride,
sulfate, and picrate. Titration of the hydrochloride
shows that it is a monoacidic base with a pk, of 3.4 and
an equivalent weight of 310 (Figure 1A). The molecular
formula, CpH;N;O06, proposed earlier appears to be
that of the monohydrate of the compound. The for-
mula C,H;;N;0; is now considered correct for sangiva-
myein as is shown by the analysis of several derivatives,

The spectral properties of the compound have been
briefly described earlier. The uv spectrum has maxima
at 228 myu (e 9250) and at 278 mu (e 14,500). In acid
solution the major maximum is shifted to 272 mu. The
ir spectrum has prominent peaks to suggest the presence
of amino and/or hydroxyl groups (2.90 and 3.05 u) and
either a conjugated carbonyl, an amide, or a C=N sys-
tem (6.10 u).

(1) Research supported by Contract No. PH43-64-50, with the National
Institutes of Health, Public Health Service, Department of Health, Educa-
tion and Welfare. This paper was presented at the 150th National Meeting
of the American Chemical Society, Atlantic City, N. J., Sept 1965. Sangi-
vamycin is also known as BA-90912.

(2) K. V. Rao and D. W. Renn, Antimicrobial Agents Chemotherapy, 77
(1963).

A brief study of the biological activity of some of

The nmr spectrum of sangivamyein run in trifluoro-
acetic acid shows the following characteristics: two
broad based singlets at 7 1.42 and 1.53 equal to two to
four protons, a doublet at 7 3.59 and 3.68 equal to one
proton, and the rest, several broad peaks in the region 7
4.87-5.75. The spectrum shows some resemblance to
the spectra of purine nucleosides,

In harmony with this observed similarity, sangivamy-
cin forms a tetraacetyl derivative. Its nmr spectrum
indicates clearly that one of the acetyl groups (r 7.57, 3
protons) is different from the other three (r 7.93, 3 pro-
tons) which appear to be due to three O-acetyl groups.

Further support for the possible presence of a sugar is
provided by the fact that sangivamyecin reacts with 1
mole of periodate. No formaldehyde or formic acid is
formed and the main product retains the original carbon
skeleton. In spite of the foregoing suggestive evidence
for the nucleosidic nature of the compound, direct acid
hydrolysis of sangivamyecin failed to yield a sugar com-
ponent even under relatively drastic conditions. How-
ever, the periodate-reaction product underwent smooth
hyvdrolysis to yield a crystalline aglycone of composition
C;HgN,O; together with NH,Cl. The loss of a C;H;O,
residue thus established the existence of a pentose resi-
due in sangivamyecin.

Sangivamyecin is readily deaminated when treated
with sodium nitrite in acetic acid. The oxydesamino
compound thus formed is a much weaker base than
sangivamycin. Its uv maximum at 268 mg is un-
changed when acidified. These properties indicate that
the amino group is of aromatic type and that it is part of
the chromophore. The broad signal in the umr spec-
trum at 7 1.42 (or 1.53) is in agreement with this. Also,
the acetyl signal (r 7.57, 3 protons) in tetraacetyl-



