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= 7.65 Hz; 6H-8’ = 7.788, 6H-7' = 6.675, $H-6' =
7.182, and 6H-5’ = 6.955.2 The J values are in
agreement with previously analyzed xanthone systems. 2!

In deuteriochloroform the two methoxyl peaks at
8 3.930 and 3.820 show anomalous, temperature-de-
pendent, line-width behavior relative to the other
methoxyl absorptions. These and the methylene group
provide a subtle probe for assessing the locations of
the anthracene ring protons.22—2¢ Double irradiation
of MeO C-3 and MeO C-7 causes a small line-width
reduction and/or enhanced resolution of the splitting
patterns for H-4 and H-8, respectively.®-2¢ Similarly,
irradiation of the methylene absorption causes H-1 to
collapse to a broad doublet and H-4 to show enhanced
resolution. Nuclear Overhauser effects (NOE)2-27
were observed for H-8 and H-1 upon decoupling MeO
C-7 and CH, C-2, respectively. In addition, satura-
tion of MeO C-5 caused an integral enhancement for
H-10.

The details of the spin-spin couplings between the
anthracene protons were exposed by double and triple
resonance experiments. For example, irradiation of
H-10 brought about the collapse of H-1 to a broad
triplet revealing Jcu,—n.. Adding a second oscillator
tuned to CH,-C-2 further collapsed H-1 to a singlet
havinga width at half-height (A) of 0.57 Hz. 2

The results for Il are summarized in Table I; they
are consistent only with structure II. These assign-
ments assume that Jo,; > Juer; 2 and that only the meth-
oxyl ortho proton coupling is detectable. 2¢

Thermorubin A (I) itself is thermally labile,® thus
precluding an exhaustive nmr study; however, its
nmr behavior is very similar to trimethylthermorubin
A (I1) with one notable exception: the anthracene
proton in II at highest field, H-8, is shifted downfield
in 1 by 85.2 Hz (DMSO-d;, C¢D¢). This effect may be
attributed in part to the relief of steric crowding be-
tween the C-5, -6, and -7 methoxyl groups,® and in
part to the effect of complexed dimethyl sulfoxide. 3!

Complete assignment of the structure of thermorubin
A (I) was made possible by nmr examination of the
deuterated analog of trimethylthermorubin A (VII)
obtained by treatment of I with deuteriodiazomethane. 32
Three partially deuterated methoxyl groups (6 3.48,

(20) A Digital Equipment Corporation PDP-12 computer was used
for (i) the theoretical line-shape analysis, (ii) substantiation of the NOE
values, and (iii) resolution enhancement to aid in the direct determina-
tion of some of the coupling constants of the anthracene moiety (see
Table I).

(21) D, Barraclough, H. D. Locksley, F. Scheinmann, M. T. Magal-
hies, and O. R. Gottlieb, J. Chem. Soc. B, 603 (1970).

(22) S. Forsen, J. Phys, Chem., 67, 1740 (1963).

(23) S. Forsen and R. A. Hoffman, J. Mol. Spectrosc., 20, 168 (1966).

(24) R. J. J. Ch, Lousberg, L. Paolillo, H. Kon, U. Weiss, and C. A.
Salemink, J. Chem. Soc. C, 2154 (1970).

(25) K. D, Bartle, D. W. Jones, and R. S. Matthews, Tetrakedron,
25, 2701 (1969).

(26) R. Freeman, Mol. Phys., 6, 535 (1963); K. D. Bartle and D. W,
Jones, J. Chem. Soc. A, 437 (1969).

(27) F. A. L. Anet and A. J. R. Bourn, J. Amer. Chem. Soc., 87, 5250
(1965).

(28) Where coupling constants could not be obtained directly via
such multiple irradiation experiments? the upper limit of their magni-
tudes could be calculated from A in the fashion employed by K. D.
Bartle, et al.?s

(29) K. D. Bartle, D. W, Jones, and R. S. Matthews, Ret. Pure
Appl. Chem., 19, 191 (1969),

(30) W. McFarlane and S. O. Grim, J, Organometal. Chem., 5, 147
(1966).

(31) A. D. Buckingham, Can, J. Chem., 38, 300 (1960).

(32) K. J. van der Merwe, P, S, Steyn, and S. H. Eggers, Tetrahedron
Lett., 52, 3923 (1964).
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3.61, and 4.05, =509 D) were evident in the nmr
(CeDs, 88°) of VII. By direct comparison of deuterio-
trimethylthermorubin A (VII) with II the OCH,D,_,
resonances at § 3.48 and 3.61 can be assigned to the
methoxyl groups at C-5 and C-7. The proton, H~C-8,
undergoes complete deuterium exchange as would be
anticipated for a m-dihydroxybenzene derivative. The
remaining OCH,D;_, resonance can be assigned to
the methoxyl group at C-3’. These facts together with
the data presented earlier dictate that structure I be
assigned to thermorubin A.
(33) Lepetit visiting scientist at the Eastern Research Laboratory,
1970-1971.
Charles E. Moppett,* Don T. Dix, Francis Johnson
Eastern Research Laboratory, Dow Chemical USA
Wayland, Massachusetts 01778
Carolina Coronelli®?

Unified Research Organization, Gruppo Lepetit, S.p.A.
Milan, Italy 20124

Received December 2, 1971

Total Synthesis of Gougerotin'
Sir:

Gougerotin,? a nucleoside antibiotic isolated by
Kanzaki, et al.,® from Streptomyces gougerotii, inhibits
protein synthesis by preventing the transfer of amino
acids from aminoacyl tRNA to polypeptide.* Gouger-
otin is also an inhibitor of the multiplication of certain
viruses.* The structure of this antibiotic was estab-
lished (see Scheme I) in our laboratory as 1-[4-deoxy-4-
(sarcosyl-D-seryl)amino-3-D-glucopyranosyluronamide]-
cytosine.® Recently the syntheses of methyl 4-amino-4-
deoxy-a-D-glucopyranosiduronic acid’ (a derivative of
the carbohydrate moiety of Gougerotin) and of 1-(4-
amino-4-deoxy-3-D-glucopyranosyluronic acid)cyto-
sine® (C substance, the nucleoside moiety of Gougerotin)
were reported. We now describe the first chemical
synthesis of 1-[4-deoxy-4-(sarcosyl-D-seryl)amino-3-D-
glucopyranosyluronamide]cytosine (7) and its identity
with Gougerotin. We also report the synthesis and
characterization of Seryl-C (4), a hydrolysis product of
the antibiotic.

The C substance® was converted with methanolic
hydrogen chloride to the ester 1 which was isolated from
the reaction mixture as the crystalline dihydrochloride
monohydrate,® mp 217-223° dec, [«]*D —14° (c 1.0,

(1) (a) Nucleosides. LXXV. Synthetic Studies on Nucleoside
Antibiotics. 9. (b) For a previous pertinent paper see K. A, Watanabe,
E. A, Falco, and J. J. Fox, J. Org, Chem., 37, 1198 (1972).

(2) For comprehensive reviews, see J. J. Fox, A, Bloch, and K. A.
Watanabe, Progr. Nucl. Acid Res. Mol. Biol., 5, 251 (1966); R. J.
Suhadolnik, “Nucleoside Antibiotics,” Wiley-Interscience, New York,
N. Y., 1970.

(3) T. Kanzaki, E. Higashide, H. Yamamoto, M. Shibata, K. Naka-
zawa, H. Iwasaki, T. Takewaka, and A, Miyake, J. Antibiot., Ser. A, 15,
93 (1962).

(4) J. M. Clark and J. K. Gunther, Biochim. Biophys. Acta, 76, 636
(1963); J. M. Clark and A. Y. Chang, J. Biol. Chem., 240, 4734 (1965);
H. Sinohara and H. H. Sky-Peck, Biochem, Biophys. Res. Commun., 18,
98 (1965).

(5) L. Thiry, J. Gen. Virol., 2, 143 (1968).

(6) 1. 1. Fox, Y. Kuwada, and K. A, Watanabe, Tetrahedron Lett.,
6029 (1968); K. A, Watanabe, M. P. Kotick, and I. J. Fox, Chem.
Pharm. Bull.,, 17, 416 (1969).

(7) M, P, Kotick, R. S. Klein, K. A, Watanabe, and J. J. Fox, Carbo-
hyd. Res., 11, 369 (1969).

(8) K. A. Watanabe, M. P, Kotick, and J. J. Fox, J. Org. Chem., 35,

231 (1970); K. A. Watanabe, I. M. Wempen, and J. J. Fox, Carbohyd.
Res., 21, 148 (1972).
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H,0). Treatment of 1 with 2 equiv each of triethyl- presence of Seryl-C (mobility +0.3 cm) was observed

amine, N-benzyloxycarbonyl-D-serine, and dicyclo-
hexylcarbodiimide (DCC) in a 1:1 mixture of aceto-
nitrile-methanol afforded 2 contaminated with the
N,,N,’-diacylated derivative.’® The crude product was
treated briefly with an approximately 1:1 mixture of
methanol-washed Dowex 50 (H+) and Dowex 1 (OH™)
in absolute methanol at 0° and gave, after filtration and
evaporation of solvent, a very high yield of compound
2: mp 270-274° dec; [a]*D +19° (¢ 0.7, MeOH);
uv (in 0.1 ¥ HCl in methanol) Amex 277 nm (e 10,500),
Amin 242 (2700); (in methanol) plateau at 257-265
(6700), Amax 235 (8000), Amin 228 (7800); (in 0.1 N
NaOH in methanol) Amax 267 (7100), Amin 254 (6800);
ir showed a band at 1730 cm~! for ester.

Catalytic hydrogenolysis of the carbobenzoxy (Cbz)
group of 2 over 109 Pd/C in 50 %] aqueous ethanol gave
3 which, after hydrolysis with dilute sodium hydroxide,
yielded a crystalline product 4: mp 230-235° dec;
[a]?D +57.3° (¢ 0.12, H,O0);'* uv (in 0.1 N HCI) Aua
274 nm (e 11,400), Amin 239 (2400); (in water) Amax 266
and 232 (8000 and 7600), Amin 252 and 225 (6900 and
7500); (in 0.1 N NaOH) Amax 267 (8200), Amin 251
(7200). The ir spectra (KBr disk) of compound 4 and
of Seryl-C (obtained by Iwasaki by hydrolysis of
Gougerotin in concentrated hydrochloric acid)!? were
identical. It should be noted that though hydrogenoly-
sis of 2 afforded 3 as the sole product as evidenced by
paper electrophoresis'? (mobility of 3 = —2.4 cm), the

(9) Satisfactory elemental analyses were obtained for all new com-
pounds with melting points reported herein.

(10) This phenomenon of di-N,N’’-acylation has been observed
previously?? in the synthesis of 1-[4-deoxy-4-(sarcosyl-p-seryl)amino-3-
p-glucopyranosyljcytosine.

(11) Compound 4 (Seryl-C) is only sparingly soluble in water, hence
the concentration of compound was low. We are indebted to Dr. David
Fukushima of the Institute for Steroid Research, Bronx, N. Y., for the
measurement of this rotation on a Rudolf polarimeter with a photo-
multiplier attachment,

(12) H. Iwasaki, Yukugaku Zasshi, 82, 1361 (1962), We are grateful
to Dr. H. Iwasaki of Takeda Chemical Industries, Ltd., Osaka, for a
sample of Seryl-C.

after the evaporation of the solvent from the reaction
mixture,

Hydrolysis of 3 to Seryl-C was avoided, however, by
the addition of ~2 equiv of N-carbobenzoxysarcosine
to the filtrate obtained after removal of catalyst from
the hydrogenolysis reaction mixture before evaporation
of solvent. The dried residue of 3 and N-carbobenz-
oxysarcosine was treated with DCC in an acetonitrile~
methanol mixture. Inthis case again a small amount of
NN, ’-diacyl derivative was produced. After treat-
ment of the crude product in a manner similar to that
described for the preparation of 2, colorless micro-
crystals of 5 were obtained in 807 yield: mp 189-
194° efferv; [«]PD +16° (¢ 1.2, MeOH); uv (in 0.1 N
HCl in methanol) An.x 277 nm (e 13,600), Amin 242
(3700); (in methanol) plateau at 257-265 (7200), Amax
237 (8200), Amin 228 (8000); (in 0.1 ¥ NaOH in
methanol) Am.x 267 (8400), Amin 253 (7900); ir band at
1730 cm~* for ester. The electrophoretic mobility was
—1.5 cm.

After hydrogenolysis of compound 5 with Pd/C in
aqueous ethanol, the filtered solution was diluted with 20
vol of ethanol and concentrated to dryness in vacuo
below 30°. Compound 6 was obtained in quantitative
yield as a white powder: mp 235-245°dec; [«]*'D +41°
(c 0.6, H,O); uv (in 0.1 N HCI) Mnax 274 nm (e 11,200),
Amin 240 (2600); (in water) Ama.x 266 and 237 (7700,
7900), Amin 253 and 227 (7200 and 7500); (in 0.1 N
NaOH) Amax 268 (8500), Amin 252 (7300); ir band at
1730 em~! for ester. The electrophoretic mobility was
—3.4 ¢cm. Compound 6 was treated with methanolic
ammonia at room temperature overnight. After re-
moval of solvent, the solid residue was dissolved in a
minimal amount of water and diluted with a large
volume of methanol. Compound 7 separated as fine
needles (809 yield): mp 211-217° dec, efferv; [a]*D

(13) Paper electrophoretic data were obtained in pH 7 phosphate
buffer at 900 V for 2 hr.

Communications to the Editor



3274

+53° (¢ 0.8, H,O) [lit.3 mp 210-215° dec; [«]*'D +45°].
A sample of Gougerotin kindly provided by Iwaski
showed [«]*D 4-53°. The uv data found for synthetic
and natural Gougerotin were identical [uv in 0.1 N
HCI) Amax 275 nm (é 13,600), Amin 239 (3000); (ln
water) Amax 267 and 235 (9400, 9300), Amin 252, 227
(8500, 9200); in 0.1 N NaOH) Anex 267 (9800), Amin
252 (8900)]. The ir spectra of natural and synthetic
Gougerotin were identical as were also their paper
electrophoretic mobilities {—3.3 cm).

For biochemical and biological comparison, the
natural and synthetic samples were chromatographed!+
(Whatman No. ] paper, descending, n-BuOH-HOAc~
H,0, 4:1:2). The band was excised, extracted with
water, and concentrated to a powder. The samples
were then compared for their capacity to interfere with
the formation of N-acetylphenylalanyl puromycin from
N-acetylphenylalanyl RNA and puromycin in a ribo-
somal system derived from E. coli.'®* Both samples
inhibited this reaction by 58 = 397 at 4 X 10—% M.
The growth inhibitory potency of synthetic Gougerotin
against E. coli B was found to be the same as that ex-
hibited by the natural antibiotic (50 % inhibition at 4 X
10~5 M), 15

On the basis of the physicochemical and biological
comparisons, it is concluded that the synthetic com-
pound 7 is identical with Gougerotin. Since we have
previously reported® the preparation of a C substance
from D-galactose, the synthesis of Gougerotin presently
described constitutes a total synthesis of this nucleoside
antibiotic. The syntheses of analogs of Gougerotin
and the determination of their biological activities are in
progress and will be reported elsewhere,

Acknowledgment. This investigation was supported
in part by funds from the National Cancer Institute,
National Institutes of Health, U. S. Public Health
Service (Grant No. 08748).

(14) The natural Gougerotin sample was found to contain a faster
migrating, fluorescent impurity which was removed by this process.

(15) (a) See C. Coutsogeorgopoulos, Fed. Proc., Fed, Amer, Soc. Exp.
Biol.,, 31,3603 (1972), for details of this system, (b)Personal communica-
tion from Dr. C, Coutsogeorgopoulos, Roswell Park Memorial In-
stitute. (c¢) Personal communication from Dr. Alex Bloch, Roswell
Park Memorial Institute, Buffalo, N. Y.
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Associated Triplet States of Pyridinyl Radicals
Sir:

Pyridinyl radicals 1 associate intermolecularily to
form diamagnetic dimer 2, in which the self-association
of the radicals has been interpreted in terms of charge-
transfer complex formation.! Kosower and Waits?
have found that a small amount of triplet dimer 3 is
in equilibrium with the singlet dimer 2. A triplet state
has also been recognized for a two-spin system of 1,1’-

(1) M. Itoh and S, Nagakura, J. Amer. Chem. Soc., 89, 3959 (1967).
(2) E. M. Kosower, “Introduction to Physical Organic Chemistry,”
Wiley, New York, N. Y., 1968, p 438.
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la, R=CH,
b, R =CH,CH;
2, PyPy singletdimer
3, Py-Py triplet dimer
(Py-=1)

ethylenebis(4-carbomethoxypyridinyl) diradical in 2-
methyltetrahydrofuran (MTHF) glass.?

We now report the observation of two triplet states
in the self-association of pyridinyl radicals in MTHF
glass. The results relate to the formation of associated
triplet state from the singlet dimer by light irradiation
and the complex formation of the radical with sodium
iodide.

The epr spectrum of pure 4-carbomethoxy-1-methyl-
(or ethyDpyridinyl (1a or 1b) in MTHF glass (« solu-
tion) measured in a dark room showed three pairs of
shoulders on both sides of a strong g = 2 signal (at
3295 G) due to monoradicals. The spectrum is shown
in Figure 1a. This is the indication of the existence of
a triplet state which was previously suggested by
Kosower and Waits.? Appearance of the AM = 2
transition in the epr spectrum at 1645 G clearly proves
the triplet. The intensities of the three pairs of lines
decrease proportionally with decreasing concentration
and disappear at around 3 X 10~% mol/l. The zero-
field parameters* estimated roughly are D = 0.0098
cm~! and E = 0.0011 cm™~?, with D + 3E = 141 G
and 2D = 202 G. The values are similar for both
radicals 1a and 1b. The D value is consistent with a
spin—spin dipolar interaction for an average separation
of 6.5 A, using the relation D = —(3/,)g28%—3.5

Irradiation of the a solution at 77°K with visible
light added a new triplet signal (B signal) to the epr
spectrum, as seen in Figure lb. The intensity of the
signal at 1645 G increased, while the signal intensity
in the g = 2 region did not vary after the irradiation.
The By signal lived for over 10 hr at 77°K after the
light was shut off. Moreover, the phenomenon is
completely reproducible for a cycle of warming, cool-
ing, and irradiation.

The By signal is observed with rather better resolution
and substantially higher intensity when the radical
solution is saturated with sodium iodide. The epr
spectrum of this solution (8 solution = « solution +
Nal) at 77°K does not have any shoulders due to the
A form at around the g = 2 signal. Irradiation of the
solution with light added a triplet spectrum consisting
of two pairs of lines at the same position as those which
appeared in Figure 1b. The spectra are shown in
Figure 2. The zero-field parameters for the Br signal
are D = 0.0175 £ 0.0005 cm™! and E ~ 0, with 2D
= 373 = 5 G, an average of the similar values for both
radicals 1a and 1b. It is suggested from the O E value
that the association of radicals (By form) has more

(3) E. M, Kosower and Y. Ikegami, J. dmer, Chem. Soc., 89, 461
(19(2;,)1.3. Wasserman, L. C. Snyder, and W. A, Yager, J. Chem. Phys.,

41, 1763 (1964).
(5) N.Hirota, J. Amer. Chem. Soc., 89, 32(1967).



