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cannot be involved in the dark reactions and is probably
not involved in the photo reactions either. It is especially
curious that the seemingly logical reaction product (3)
of 10, with 1 is at best only a very minor product, if it
occuts at all, in the Rose Bengal-sensitized photooxy-
genation of 17. There are very few instances reported
where ground state oxygen (30,) is directly implicated in
what appear to be (or are) 'O, reaction products. One
such example is the formation of ergosterol acetate endo-
peroxide with 30, and (p-BrC,H,) ,N+18. The reaction
of 1 — 3 on silica gel may be another.

The mechanism of formation of 3 is unclear, but a
radical pathway appears to be implicated. Silica gel is
known to catalyze oxidations of catechol and pyro-
gallol’® and induce esr signals in adsorbed aromatic
hydrocarbons 20, It is also thought to give O,~ in adsorbed
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0,222, The mechanism of formation of 2 is also unclear.
Tetrapyrrole 2 is not obtained during the self or dyesensi-
tized photooxygenation of 1. Further work is in progress
to elucidate the role of silica gel in these reactions and to
investigate the chemistry and photochemistry of ad-
sorbed and aggregated bilirubin.

18 D, H. R. Barton, R. K. Havnes, G. LEcLERc, P. D. Macnus and
L. D. MENziEs, J. chem. Soc. Perkin I, 7975, 2055.

1% S. M. SiecEL, Experientia 76, 358 (1960).

20 G. M. Musa, J. phys. Chem. 74, 2939 (1970).

21 Y. Doi, Kogyo Kagaku Zasshi, 74, 803 (1971). Chem. Abstr. 75,
564846 (1971).

22 D. E. O'RemLLey, F. D. Santiaco and R. G. Squirgs, J. phys.
Chem. 73, 3172 (1969).
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Summary. The chemical structure of capreomycin, antituberculous peptide antibiotic, was revised from the results of
NMR-analysis in comparison with tuberactinomycins. Capreomycin IA and IB were concluded to possess the similar
amino acid sequences in their cyclic peptide moieties to those of tuberactinomycins.

The antituberculous peptide, capreomycin, was first
isolated from Streptomyces capreolus in 1960 by HERRL
This antibiotic has a similar structural, as well as bio-
chemical character, to that of viomycin, which was found
in 1951%3 and is in practical use as chemotherapic agent.
Subsequently, capreomycin was shown to be a mixture of
4 related compounds which are named capreomycin 1A,
IB, ITA, and IIB“ The only difference in composition
between I and II is attributed to the absence of §-lysine
in the latter; B differs from A in exchange of 1 amino
acid component, serine with alanine, having otherwise
the same composition in the rest of amino acid residues.

Inspite of somewhat earlier isolation of this antibiotic,
its structural elucidation for the whole molecule had not
proceeded until a proposal by BycrorT et al.5. They
deduced the structure of g-Lys >Dpr -Cpd —Ala —»Dpr—

1\

Uda——l6 for capreomycin IB from some chemical evidence

and an analogy to the tentative structure of viomycin,
p-Lys —Dpr —Thd —Ser —Ser -~Uda— ¢, which was pro-
1

posed by the same authors in 19717,
However, shortly after this proposal, the structure of
viomycin was revised as -Lys—Dpr—Ser —Ser ~Uda —

Tbd—® by our studies on tuberactinomycin® 12, which is

a similar antibiotic group including viomycin as one
congener. This conclusion was subsequently supported
by X-ray analysis by BvcrorT!. If the similarities
between capreomycin and tuberactinomycin including
viomycin are accounted for in chemical, physical, and
biological features, the structure of capreomycin pro-
posed formerly might involve the wrong amino acid
sequence.

In our recent studies on tuberactinomycins, the NMR-
spectra of natural compounds, as well as the cyclic pep-
tide moiety of tuberactinomycin N and O, i.¢., tuberactin-
amine N, were successfully analyzed 4. In all the spectra,

two Ser residues in the positions 3 and 4 showed signifi-
cant differences in the chemical shifts and coupling
patterns at a-methine, f-methylene, and a-amide protons.
The results could be summarized as follows: a) the
chemical shift of a-methine proton of position 3 is re-
markably lower than that of position 4; b) g-methylene
protons of position 3 appear as a magnetically equivalent
doublet, while those of position 4 are manifested as
magnetically non-equivalent two quartets; c¢) «-amide
proton of position 4 is observed in a lower field than that
of position 3. Similar phenomena were also recognized in
spectra of synthetic tuberactinamine analogs, i.e.,

1 E. B. Herg, M. E. HaNEY, G. E. PirTENGER and C. E. HIcGENS,
Proc. Indiana Acad. Sci. 69, 134 (1960).

% A. C. FiNvLAY, G. L. HoBey, F. A. Hocustein, T, M. Lees, T. F.
LENERT, J. A. MEANS, S. Y. P’AN, P. P. REGNA, J. B. RoUTEIN,
B. A, Sosrn, K. B. Tate and J. H. KaNE, Rev. Tuberc. 63, 1 (1951).

3 Q. R. Bartz, J. Exruicy, J. D. Morp, M. A. Pexxer and R. M.
SmrtH, A. Rev. Tuberc. 63, 4 (1951).

* E. B. Herr and M. O. RepstoNE, N.Y. Acad. Sci. 735, 940 (1966).

5 B. W. Bycrort, D. CaAMERON, L. R. Cro¥T, A. HASSANALI-WALJI,
A. W. Jounson and T. WesB, Nature, Lond. 237, 301 (1971).

¢ B-Lys, f-Lysine; Dpr, o, f-diaminopropionic acid; Cpd, Capreomy-
cidine®; Ala, alanine; Uda, f-ureidodehydroalanine®19; Ser, serine;
Thd, tuberactidinel!.
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8 E. B. HERR, jr., Antimicrob. Agents Chemother. 7962, 201 (1963).
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and T. KaNEko, Tetrahedron Lett. 7977, 2043.
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and J. ABE, Tetrahedron Lett. 7970, 3497.
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ExPERIENTIA 32/9

Chermical shifts from DSS for the amino acids in the positions 3 and 4 of natural and synthetic compounds

Position of Tuberactinomycins Tuberactinamine N Capreomycins
amino acid
residues A B N O Natural Synthetic IA iB
[Ala%] [AlaY] [Ala®, Ala¥]
. o-CH= 4.86 (t) 4.85(t) 4.84(t) 4.85(t) 4.84 (t) 4.68 (q) 4.79 (t) 4.55 (q) 4.79 (t) 4.58 (q)
3 p-CH,» 3.95(d) 3.92(d) 3.89(d) 3.90(d) 3.95 (d) — 390 (d) — 3.84(d) —
a-NH? 8.67 (d) 8.75(d) 8.55(d) 8.57(d) 8.70 (d) 8.78 (d) 8.72(d) 8.67 (d) 8.66 (d)  8.71 (d)
a-CHe= 432 (q) 4.31(q) 4.31(q) 4.30(q) 4.32 (q) 433 (m) 4.28 (q) 4.22(q) 4.30 (m) 4.33 (m)
4 B-CH,» 395(q) 39 (q) 3.9 (@ 39 (q 3.90 (q) 3.88 (q)  — — 3.57 ~ 3.55~
4.17 (@) 4.15(q) 4.16 (@) 4.18 (q) 4.20 (q) 420 (@) — - 3.89 (m) 3.89 (m)
o-NH?» 9.30 (d) 9.40(d) 9.26(d) 9.28 (d) 9.37 (d) 9.31 (d) 9.27(d) 9.17(d) 9.32 (d) 9.27 (d)

Abbreviations: d, doublet; t, triplet; g, quartet; m, multiplet. *Chemical shifts in D,0. »Chemical shifts in H,O at pH 2.5.

(3)

CH,R3

1 @

)
CH,R*

|
X —~NHCHCO—NHCHCO—-NHCHCO

| |
CH,NH—COCHNH-—CO-C-NH

A

C
NH 57 “NHCONH,
N
R \TI;II/ SNH )
(©)
X RI Rz R? R4
Capreomycin TA . — H OH NH, or §-Lys-NH
1B pLys or H ~ H H NH, or f#Lys-NH
Tuberactinomycin A CH,CH,CH—CH—-CH,CO OH OH OH OH
B (Viomycin) | H OH OH OH
N NH, R! NH, OH H OH OH
O H H OH OH
Tuberactinamine N — H OH OH
[Alad]- . H H OH
[Alad]- H —~ ®H OH H
[Ala3, Ala%]- — H H H

Chemical structures of capreomycins, tuberactinomycins, and tuberactinamines.

[Ala®%]-, [Ala4]-, and [Ala® Ala%]-tuberactinamine N
which were prepared in our laboratory recently!5. The
chemical shifts of the corresponding protons are listed in
the Table.

Based on these findings in tuberactinomycins and
tuberactinamines, we attempted to investigate the
structure of capreomycin by use of NMR-analysis. Com-
mercially available capreomycin used in our experiments
was a mixture of IA and IB (ratio = 3:2)6, without
contamination with the compounds II. The components
IA and IB were conveniently separated either by pre-
parative thin-layer chromatography with a developing
solvent of phenol-water-concentrated aqueous ammonia
(30:10:1) or Amberlite CG-50 (Type I, 100~200 mesh)
column chromatography with gradient buffer of 0.4 M
to 0.8 M ammonium acetate (pH 9.0). The amino acid
composition of both IA and IB in amino acid analysis
proved to be the same as reported by earlier workers?®.

The NMR-spectra of both purified materials were
measured in aqueous media with a Varian Associates

XL-100-15 spectrometer. For the structure of capreo-
mycin I, we supposed from the similarities to tuber-
actinomycins that the sequence of Ser3-Ser® in tuber-
actinomycins may correspond to either Ser? (or Ala?)-
Dpr# or Dpr3-Ser? (or Ala%) with the same amino acid
sequences in the rest of the molecules. As expected, 2
amino acid residues in the positions 3 and 4 could be
markedly distinguished (Table), i.e. a) the chemical shifts
of a-methine protons of Ser in IA and of Ala in IB showed
good agreement with those of Ser3 residue in tuber-
actinomycins and Ala® residue in synthetic tuberactin-
amine analogs respectively; b) a doublet at ¢ 3.84 can be
assigned to B-methylene protons of Ser residue in IA,
while a multiplet indicating magnetic nonequivalency at
around ¢ 3.73 was assigned to those of Dpr residue in
each molecule of TA and IB; c¢) the lowest doublet in the
spectra of each molecule in aqueous solution of pH 2.5
was assigned to «-amide proton of Dpr residue, while that
of Ser in IA or Ala in IB appeared in practically the same
region to Ser3 of tuberactinomycins or Ala® of synthetic



15. 9. 1976

tuberactinamine analogs. In addition, all the chemical
shifts and coupling patterns of protons in other amino
acid residues showed satisfactory similarities to those of
tuberactinomycins, especially tuberactinomycin O.

From all the results shown above, it could be now
concluded that the structures of capreomycins IA and IB
must be revised at least in the amino acid sequences in
the cyclic peptide moiety, only remaining a mode of link-
age of f-lysine of the branched part undetermined whether
to a-amino group of Dpr? or to f-amino group of Dpr4.
In order to establish the decisive whole structure, a total

Specialia

1111

synthesis of capreomycins is now in progress in our labor-
atory. The results on the synthetic work will be reported
elsewhere.

15 A part was presented at the 13th Symposium on Peptide Chem-
istry, Tokyo, 1975. Details will be reported soon elsewhere.

16 The ratio was calculated from the integration of CH, protons of
alanine on the basis of those of other protons on NMR-spectrum.
The value was concomitant to the result of amino acid analysis
of the sample.

Phosphorus-Containing Heterocycles as Fungicides: Synthesis of 2,2’-Diphenylene Chlorophospho-

nate and 2,2"-Diphenylene Chlorothiophosphonate
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Summary. Synthesis of 2,2’-diphenylene chlorophosphonate and 2,2’-diphenylene chlorothiophosphonate is described
through the interaction of 2,2’-dihydroxybiphenyl with phosphoryl chloride and thiophosphoryl chloride respectively.
These compounds were screened for their fungicidal activity.

Biphenyl! is commonly used as fungicide for citrus
fruits. Its 2-hydroxy derivative (Dowicide I)2 is an im-
portant fungicide for the post harvest treatment of citrus
fruits to reduce the incidence of rot in stored fruit.
Phosphoryl and thiophosphoryl-ester linkages are fre-
quently encountered in organic chemicals used as pes-
ticides3®. So it would be interesting to synthesize ring
systems having phosphoryl/thiophosphoryl-ester moieties
fused to biphenyl systems which are expected to increase
the biological activity of organic compounds. In the
present communication, we wish to report the synthesis
of 2,2’-diphenylene chlorophosphonate (I) and 2,2'-
diphenylene chlorothiophosphonate (II) and the com-
parison of their fungicidal activity with that of DowicideI.

Reaction of phosphoryl chloride on 2,2’-dihydroxybi-
phenyl in refluxing benzene and in the presence of a
base produced (I) in 609, vyield, recrystallized from
acetone, m.p. 112°. UV-spectrum exhibited A%E?H
246 nm (¢ 10500). Far IR-spectrum showed strong
absorption at 475 and 525cm~!attributed to P—Cl linkage.
IR-spectrum showed usual absorption at 750, 810
(aromatic), 1310 (P = O) and 950, 1235 (P-O-aryl)*%.
Mass spectrum showed molecular ion peak at m/e 266.
Other fragments were observed at 231 (M+-Cl), 215
(M+-C1-O) and at 199 (M+-20-CI).

Reaction of thiophosphoryl chloride on 2,2’-dihydroxy-
biphenyl in benzene and in the presence of pyridine gave
(I1) in 659, yield, recrystallized from acetone, m.p. 105°.
UV-spectrum exhibited AMOH 243 nm (¢ 16800). IR-
spectrum showed absorption at 750, 815 (aromatic), 960,
1240 (P-O-aryl) and 1230 cm~! (P = 5). Mass spectrum
exhibited prominention peaks at m /e 282 (M), 266 (M+-0),
247 (M+-Cl), 231 (M+-0O-Cl) and 215 (M+-20-Cl).

The fungicidal activity of the title compounds was
examined against some of the important plant pathogenic
fungi. The pure cultures of the organisms were obtained
from the department of Plant Pathology, Punjab Agri-
cultural University, Ludhiana and grown on Czapek’s
(Dox) agar medium at 25° in the presence/absence of the
test chemicals5. The relative growth of the organisms
was then compared (Table)S.

Fungi Inhibition (%) #

Dowicide I Com- Com-

(standard; pound I pound IT

1000 ppm) (1000 ppm) (1000 ppm)
Rhzzoctonia solani 100 21 19
Fusartum oxysporum 100 17.2 22
Alternaria sp. 100 15 17
Colletotrichum sp. 100 10 7.5
Phytophthora infestans 100 5.8 4.8

2 As compared to the controls lacking fungicides.

Biphenyl and its 2-hydroxy derivative (Dowicide I) are potent
fungicides. When phosphoryl/thiophosphoryl-ester linkage is fused
to biphenyl ring system in a cyclic fashion, the fungicidal activity
is significantly reduced, which is contrary to the general fact that
these moieties, when present in open chains, enhance their fungicidal
properties?.

1 H. MARTIN, Pesticides Mannual (British Crop Protection Council,
1968).
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3 M. Kapo and E. YosHINAGA, Residue Rev. 25, 133 (1969).

2 C. N. R. Rao, Chemical Application of Infrared Spectroscopy (Aca-
demic Press, New York 1963).

5 R. K. GrRover and J. B. Moorg, Phytopathology 52, 876 (1962).

6 Thanks are due to Dr. I. S. BHATIA, Professor and Head, Depart-
ment of Chemistry and Biochemistry, for providing the necessary
facilities, Mr, S. K. Ganpur for testing the compounds and the
University Grants Commission, New Delhi for financial assistance.



