1894

the product synthesized from this alkaloid and deuter-
ated dregaminol exhibited two one-proton singlets at
6.75 and 7.03 5, respectively. This partial synthesis of
dihydrovoacamine established the composition of the
original alkaloid as C4;3HsN4O; which disagrees with all
previous guesses. It does not reveal the configuration
of the ethylidene side chain and does not distinguish
between two diastereomeric formulations because the
absolute configuration of neither monomer is estab-
lished. The mass spectrum of voacamine caused
much concern. It showed a peak at mass 718 (caled.
mol. wt. 704) whereas the spectra of the hydrogenolysis
product (VIII) and of the primary acetate prepared
from decarbomethoxyvoacamine (X) by hydride re-
duction and acetylation exhibited the anticipated
molecular ion peaks (m/e = 678 and 660, respectively).
In the case of voacamine (IX) intermolecular methyl
tiansfer occurs thermally when vaporizing the sample
directly into the ion source and the molecular ion actu-
ally measured is that of the methine (VII). Acid
cleavage of voacorine!? gives voacangarine (III)!3
and the former alkaloid most probably is 20’-hydroxy-
voacamine. Voacamine (IX) is structurally related
to the oncolytic vinca alkaloids whose structures were
elucidated partially.!4
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Stereospecific Preparation of Epoxyketones

by Photochemical Oxygenation
Sir:

Photosensitized oxygenation of monodlefins gives
allylic hydroperoxides' with a rearranged double bond
and for cyclohexenoid systems requires a cis relationship
between the C-H bond cleaved and the C-O bond
formed.? When applied to olefins having nearby func-
tional groups the oxygenation reaction has consider-
able potential as a synthetic tool and can also yield
information on conformational, electronic, and other
factors that might influence sensitized photochemical
processes. We now report adaptation of the reaction
to a one-step stereospecific synthesis of «,8-epoxyke-
tones from allylic alcohols.

Phototxygenation of A*-cholesten-3-ol (partial struc-
ture I) in pyridine with hematoporphyrin produced 4«,5-
epoxy-5a-cholestan-3-one? (I1;75%) along with some A*-
cholesten-3-one (III; 169,). Similar irradiation of
At-cholesten-3a-ol (IV) gave 48,5-epoxy-53-cholestan-3-
one (V; 509%) along with some enone III (109).
In the 3a-ol case the reaction proceeded more slowly*
and was less complete; the yields of V and III were 75
and 15%, respectively, when corrected for recovered

(1) For a review, see G. O. Schenck, Angew. Chem., 89, 579 (1957).

(2) A. Nickon and J. F. Bagli, J. Am. Chem. Soc., 88, 1498 (1961).

(3) Products were identified by direct comparison (m.p., infrared, etc.)
with authentic samples prepared by reported methods.

(4) Competitive photodxygenation of a 1:1 mixture of I and IV showed
that after 40 hr. about twice as much of I had undergone conversion as had IV.
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starting material. From the known cis stereochemistry
for the oxygenation reaction? the 5a-hydroperoxide VI
is an expected intermediate in the reaction of I; and the
corresponding 58-hydroperoxide would be expected
from IV. Collapse of these intermediates to their
respective epoxyketones accounts for the observed
stereospecificity.®

The faster oxygenation of I over IV is of interest and
suggests a stereoelectronic effect as one of the relevant
factors in cleavage of the C-3 carbon-hydrogen bond,
which is quasi-axial in I and probably guasi-equatorial
in IV. Conformational inversion or distortion in IV
would be necessary to bring this C-H bond into op-
timum alignment with the adjacent = electrons. Further
illustrations of epoxyketone formation and of retardation
by unfavorable geometric factors were obtained with
allylic alcohols in ring B, which has less conforma-
tional flexibility than ring A.

Photooxygenatlon of Ab-cholesten-38-78-diol (VII;

OH) proceeded readily and gave 569, of the 5a,-

6a epoxyketone VIII (R = OH) and about 15%, of
the corresponding enone, Ad-cholesten-38-ol-7-one.
Similarly, oxygenation of a small sample of AS-choles-
ten-78-0l (VII; R = H) gave products whose infrared
and ultraviolet spectra were consistent with the pres-
ence of the a,8-epoxyketone (VIII; R = H) and a
small proportion (ca. 209,) of A®- cholesten 7-one. In
this case the products were not isolated because of
paucity of material. In contrast, each of the two 7a-
alcohols, AS-cholestene-38,7a-diol (IX; R = OH) and A’-
cholesten-7a-ol (IX; R = H) reacted with oxygen only
very slowly. Prolonged treatment still left a consider-
able amount of starting material, as well as some of the
corresponding enone (13-209%,) and a complex mixture
from which no definite compounds were isolated.

ol - L,

H \
1 0

LI
SO G, Bor
ROH—» Cﬁi Yy

OH
VIII

That an allylic hydroxyl group deactivates the olefinic
unit toward photosensitized oxygenation was shown by
comparative studies with the parent olefins A*-choles-
tene and A’-cholestene, each of which reacted much more
rapldly than did any of the allylic alcohols. This de-
activation is increased by esterification because the
acetate and benzoate esters of the alcohols were un-
changed even on prolonged oxygenation. Conse-
quently, esterification provides a simple way to protect
an allylic alcohol ‘unit should selective oxygenation at
another site in a molecule be desired.

We found that the ratio of enone to epoxyketone
could be altered markedly by varying the sensitizing
dye. Some results from oxygenation of I are sum-

(5) Recently P. S. Wharton and D. H. Bohlen [J. Org. Chem., 36, 3615
(1961)] reported a procedure for direct reduction of a,f-epoxyketones to
allylic alcohols.  We confirmed their conversion of V to 58-cholest-3-ene-5-ol
and used their method to convert IT to 5a-cholest-8-ene-5-0l (m.p 75-76°; «
—14°in CHCl). Therefore our photochemical conversion followed by Whar-
ton—Bohlen reduction of the derived «,8-epoxyketones provides a two-step
transformation of certain alcohols to their allylic isomers with net inver-
sion of C—O configuration.
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marized in Table I and show that either product can
be made to predominate.®

TaBLE 1
Total %

Fluorescence con- Ratio
Sensitizer® maximum, mp®  version II1/11
Chlorin e 670 85 1:4.5
Hematoporphyrin 630 80 1:4.5
Rose Bengal 580 88 1:1.2
Erythrosin B 578 71 1.6:1
Eosin Y 565 82 3.1:1

Riboflavin® 510 61 30:1

¢ Photodxygenations were conducted in pyridine for 80 hr.
b Measured in pyridine with an Aminco-Bowman Spectrofluo-
rometer. ° Owing to low solubility this run was in pyridine—
methanol (4:1) for 110 hr. About the same product ratio was
obﬁéwed in pyridine alone but the total conversion was only
35%.

This finding has practical value for synthetic work and
raisesquestions on the precise nature of the intermediates
in sensitized oxygenations.” Interestingly, there is a
rough parallelism between the trend in product ratio
and the trend in fluorescence emission maximum for
the different sensitizers.

(6) Control experiments showed that both products are stable to the con-
ditions of photoSxygenation.

(7) An example of sensitizer control of product composition in a photo-
chemical reaction not involving oxygen was reported recently ]|G. S. Ham-
mond, N. J. Turro and A. Fischer, J. Am. Chem. Soc., 88, 4674 (1961)].

(8) This work was supported by a U. S. Public Health Service Grant (RG-
9693), by a Grant-in-Aid from the Hynson, Westcott and Dunning Fund,
and by the Alfred P. Sloan Foundation.

(9) Fellow of the Alfred P. Sloan Foundation.
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The Synthesis of a Biologically Active Pentadecapeptide
Corresponding to an Altered Sequence in the
Adrenocorticotropin (ACTH) Structure

Sir:

Since the synthesis! of a nonadecapeptide correspond-
ing to the NH,-terminal 19-amino acids in the 39-
amino acid chain of ACTH structures, several investi-
gators?~® have reported the synthesis of various chain
lengths. We wish to describe herein the synthesis of
a pentadecapeptide with a structure consisting of the
first ten NH,-terminal residues linked with a sequence of
positions 15 to 19 in ACTH structures; namely, L-
seryl-L- tyrosyl-L-seryl-L-methionyl-L- glutamyl-L-his-
tidyl-L-phenylalanyl-L-arginyl-L- tryptophyl-glycyl-L-
lysyl-v-lysyl-L-arginyl-L-arginyl-L-proline. This syn-
thetic product, designated as o!1-10+(15-19_ACTH,
was shown to have an ACTH potency of ap-
proximately 1 U.S.P. unit per mg., as estimated by
in vitro’ and +n vivo® methods in the rat. The product
was found to exhibit the full lipolytic potency of the
natural’® as-ACTH, when assayed! in vitro with peri-

(1) C. H. Li, J. Meienhofer, E. Schnabel, D. Chung, T. B. Lo and J.
Ramachandran, J. Am, Chem. Soc., 82, 5760 (1960); 88, 4449 (1961).

(2) K. Hofmann, H. Yajima, N. Yanaihara, T. Y. Liu and 8. Lande,
ibid., 88, 488 (1961).

(3) H. Kappeler and R. Schwyzer, Helv. Chim. Acta, 44, 1136 (1961).

(4) K. Hofmann, T. Y. Liu, H. Yajima, N. Yanaihara, C. Yanaihara and
J.L. Hume, J. Am. Chem. Soc., 84, 1054 (1962).

(5) C. H. Li, D. Chung, J. Ramachandran and B. Gorup, ¢bid., 84, 2460
(1962).

(6) K. Hofmann, N. Yanaihara, S. Lande and H. Yajima, tbid., 84, 4470
(1962).

(7) M, Saffran and A. V. Schally, Endocrinol., 86, 523 (1955).

(8) H. S. Lipscomb and D. H. Nelson, sbid., 71, 13 (1962).

(9) C. H. Li, I. I. Geschwind, A. L. Levy, J. I. Harris, J. S. Dixon, N. G.
Pon and J. O. Porath, Nafure, 178, 251 (1954).

(10) A. Tanaka, B. T. Pickering and C. H. Li, Arch. Biochem. Biophys..
99, 294 (1962).

COMMUNICATIONS TO THE EDITOR

1895

renal adipose tissues of the rabbit. By the iz vivo
hypophysectomized frog assay,!! the synthetic peptide
had only one hundredth of the melanocyte-stimulating
activity of the native hormones. Recent studies!’ with
various synthetic peptides related to ACTH appeared
to show that the same amino acid sequeace may be
important for both lipolytic and melanocyte-stimulating
activities. It is further noted that the decapeptide
(a'~1-ACTH) possesses approximately one tenth of
the lipolytic® and the melanocyte-stimulating!? activi-
ties of the natural hormone whereas the pentapeptide!®
(a8-1.ACTH) has none. The synthetic pentadeca-
peptide described herein is the first instance where a
separation of these two activities has been achieved.
Moreover, as far as we are aware this report represents
the first synthesis of a biologically active peptide in
which the natural sequence of the ACTH structure has
been altered.

Ne-Carbobenzoxy-NS-tosyl-L-arginine'* (I) was con-
densed with v-proline-t-butyl ester’® by WN-ethyl-5-
phenyl isoxazolium-3’-sulfonate?® (II) to give the crys-
talline protected dipeptide (III). III was hydro-
genated and allowed to react with I, again with the
aid of II. The protected tripeptide was converted to
the pentapeptide N<-carbobenzoxy-N¢-t-butyloxycar-
bonyl-L-lysyl-N*-t-butyloxycarbonyl-L-lysyl-NC- tosyl-
L-arginyl-NG-tosyl-L-arginyl-L-proline-t-butyl ester (IV)
by stepwise reaction of the tripeptide base with N*-carbo-
benzoxy-N¢-¢-butyloxycarbonyl-L-lysine p-nitrophenyl
ester.”” IV was purified by countercurrent distribution
in the toluene system! (K = 0.25); m.p. 105-110°; [«]%*D
—36° (¢ 1, methanol). Anal. Caled.: C,56.4; H,7.22;
N, 13.2; S, 4.64. Found: C, 56.2; H, 7.33; N, 13.0;
S, 4.69.

IV was hydrogenated to yield the pentapeptide base
(V) which was purified by countercurrent distribution
in the toluene system! (K = 0.73); m.p. 112-117°;
[a]®D —33.7° (¢ 1, methanol). Anal. Caled.: C,
54.8; H, 7.51; N, 14.6. Found: C, 54.5; H, 7.72;
N, 14.4.

V was treated with crystalline carbobenzoxy-L-seryl-
L-tyrosyl-L-seryl-L-methionyl-y-benzyl-L-glutamyl-L-
histidyl-L-phenylalanyl- NG -tosyl-L-arginyl -L-trypto-
phyl-glycine® in the presence of II to give the protected
pentadecapeptide (VI). VI waspurified by countercur-
rent distribution in the carbon tetrachloride system!
followed by washing with methanol; m.p.225-230° dec.;
[a]®p —51.5° (¢ 2.4, dimethylformamide). Anal.
Caled.: C,57.0; H,648; N, 14.0. Found: C, 56.6;
H, 6.17; N, 13.8.

VI was treated with trifluoroacetic acid and then with
sodium in liquid ammonia’® to remove all the protecting
groups. The crude pentadecapeptide was desalted
and purified by chromatography in a carboxymethyl
cellulose!® column. The purified o'!—10+5-19_ACTH
was found to be homogeneous in paper and
polyacrylamide gel® electrophoresis. Amino acid
analysis of an acid hydrolysate of the synthetic penta-
decapeptide both by the chromatographic method of
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