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Fig. 1.— Leurosine; —/vincaleukoblastine; ——equimolar solution of catharanthine and vindoline.

Recently we have reported the characterization?
and partial structures of catharanthine and vindo-
line, two new alkaloids from Vinca rosea Linn.
Catharanthine was shown to be a CyHaO,Ny,
pentacyclic ester indole alkaloid (I) and vindoline
a CypH3OeN, pentacyclic dikydroindole compound

(11). Similarities in the infrared spectra of these
E { COOCH;
I CiHuN, {COOCH; T Culu: { GSOTH
OH

two compeounds and leurosine and vincaleuko-
blastine prompted us to use the infrared summa-
tion technique which proved successful in the de-
duction of structural features of reserpine® and
other Rawwolfia alkaloids.*

Comparison of the infrared spectra of an equi-
molar solution of vindoline and catharanthine with
that of leurosine (or vincaleukoblastine) showed
an excellent agreement of wave lengths and inten-
sities of bands in the portion of the spectra be-
tween 2.90-8.1 p in chloroform solution.? This
region defines the identity of the aromatic portions
of the molecules (including the substitution on
aromatic rings) as well as alicyclic ring systems.
The oxygen functions of the monomeric alkaloids
catharanthine and vindoline 2(COOCHj;), 1(OC-
OCH;), 1(OCH;), OH and the indole NH are
present in the dimeric compounds (Fig.1).

These assigninents were corroborated by func-

tional group analyses and n.m.r. spectra.b Leuro-
sine, Caled. for CueHssOsN,: COCH3(1), 5.31;
OCH;(4), 15.31; (N)-CHs(1), 1.85. Found: CO-

CH;, 4.91; OCH;, 15.31; (N)-CH,, 1.43.
Vincaleukoblastine etherate, Caled. for CyeHss-
OyN4 (CeH;)20: COCH3(1), 4.86; OCH3(3), OC:-

(2) M. Gorman, N. Neuss, G. H. Svoboda, A. J. Barnes, Jr., and
N.J.Cone.J Am. Pharm. Assoc. Sci. Ed., 48, 256 (1959).

(3) N. Neuss, H. E. Boaz and J. W. Forbes, THIS JoUrNaL, 75,
2463 (1951)

(4) N Neussand H. E. Boaz, J. Org. Chem., 2%, 1001 (1957},

(3) The additional bands at 2.80 (OH) and 9.91u (-C-OH) in the
spectrum of vincaleukoblastine were absent from the summation
spectrym,

(6) We are grateful to Mr. J. A. Deyrup (University of 1llinois) for
the n.m.r. spectra.

Hs(2), 20.70; (N)-CHa(1), 1.60. Found: COCH;,
4.62; OCH;, OCoH;, 21.99; (N)-CH;, 1.28.

Karrer, Schmid and co-workers have postulated
the formation of dimeric curare alkaloids from either
two strychnine type or two g-carboline type alka-
loids bonded through C;; and indole nitrogen in
the case of §-carboline compounds.?

Our results clearly indicate that another varia-
tion, namely, an indole and dihydroindole com-
bined in a manner which leaves the indole NH free
(vide supra) is also possible. While essential
structural features of vindoline and catharauthine
are clearly present inn the molecules of leurosine and
vincaleukoblastine, the mode of attachinient remains
to be elucidated. The question whether vindoline
and catharanthine are precursors of these new di-
meric compounds or artifacts formed during the
processing of the plant material is also under
study.

The authors are grateful to Miss Aun Van Camnp
and Dr. R. Pfeiffer for the molecular weight de-
termination fromm the X-ray data, Dr. H. E. Boaz
for infrared data, Mr. L. G. Howard for ultraviolet
data, Nessrs. W. L. Brown, R. Hughes, H. L.
Hunter, and G. M. Maciak for microanalyses, and
Mr. H. Wesselman for tlhe vapor phase chromato-
grams.

(7) P. Karrer, '’ Alkaloids of Calabash Curare and Strychnos Barks
in Proceedings of the International Symposium on Curare and Curare-
like Agents,” Rio de Janeiro, 5-12 August 1957 (Currare and Curare-
like Agents,”’ edited by D, Bovet, ¥, Bovet-Nitti and G. B. Marini-
Bettolo, Elsevier Pub. Co., Amsterdam, 1953, p. 125).
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DIRECT SPECTROPHOTOMETRIC EVIDENCE FOR
AN ACYL-ENZYME INTERMEDIATE IN THE
CHYMOTRYPSIN-CATALYZED HYDROLYSIS OF O-
NITROPHENYL CINNAMATE!

Sir;

We wish to report the direct spectrophotometric
detection of an acyl-enzyme intermediate in a

(1) This research was supported by Grant H-2416 of the National
Institutes of Health.
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hydrolysis catalyzed by the proteolytic enzyme,
a-chymotrypsin. Spectrophotometric techniques
have been utilized in studies involving oxidation-
reduction enzymes, the course of reaction being
followed by changes in absorption of the enzyme
resulting from an enzyme-substrate interaction.?
The present work exploits changes in the absorption
of the substrate,

On the basis of kinetic studies, two catalytic
steps and an acyl-enzyme intermediate have been
postulated for the chymotrypsin-catalyzed hydrol-
ysis of p-nitrophenyl acetate,®* Degradation and
inhibition studies indicate that acetylation of a-
chymotrypsin by p-nitrophenyl acetate, phos-
phorylation by diisopropyl phosphofluoridate® and
hydrolysis of acetyl-L-tyrosine ethyl ester® occur at
the same position in the enzyme. Acetylchymo-
trypsin has been isolated” and its deacylation shown
to be inhibited by 8 3 urea.?

In contrast to previous studies, we have utilized
an ester whose acid and alcohol components could
be detected spectrophotometrically. At pH 7,
o-nitrophenyl cinnamate Amax,» 287 Mmu;  €max
2.38 X 10% gives on hydrolysis cinnamate ion
Mmaxs 268 My} emax, 1.93 X 104 and o-nitrophenol
(Amax 360 myu; emax, 2.53 X 10%) (Apax, 279 muy;
€max, 0,61 X 10%), Approximately equimolar
amounts (0.42 X 10—*M) of ester and a-chymo-
trypsin reacted in phosphate buffers containing
109 acetonitrile at 25° at pH’s 5.48 to 8,24. Thus,
at pH 6.2, these spectrophotometric observations
were made: (1) at 350 my, the liberation of o-
nitrophenol is practically complete in one minute;
and (2) at 250 my, the absorption decreases reaching
a minimum in about one minute; the absorption
then rises to a maximum value in about 40 minutes.
The absorption at infinity is the sum of o-nitro-
phenol and cinnamic acid absorptions (Fig. 1).
Since cinnamic acid is not appreciably formed by
the time o-nitrophenol formation is complete, the
decrease in absorption at 250 mu must correspond
to the formation of a cinnamoyl-chymotrypsin
intermediate.

The spectrum of cinnamoyl-chymotrypsin was ob-
tained at lower pH'’s (5.48 and 4.5) to avoid compli-
cations arising from the formation of cinnamic acid,
Cinnamoylchymotrypsin has a single peak at 293
mu (emax, 1.6 X 10%) which corresponds more closely
to that of cinnamoyl esters (Apax, ~285 myu) than
to cinnamoylimidazole (Amax, 307 mu). Cinnamoyl-
chymotrypsin was isolated by Balls'?” method and
gave a spectrum similar to the above; its rate of

{2) B. Chance, ““Reaction Kinetics of Enzyme-Substrate Com-
pounds” in Technique of Organic Chemistry,” Vol. 8, A. Weissberger,
ed., Interscience publisher, New York, N. Y., 1933, p. 627.

(3) B. S. Hartley and B. A. Kilby, Biochem. J., 80, 672 (1952);
56, 288 (1954).

(4) H. Gutfreund, Disc. Faradaey Soc., 20, 167 (1955); H. Gutfreund
and J. M. Sturtevant, Biochem. J., 68, 656 (1956); Proc. Natl. Acad.
Sci., 42, 719 (1956); G. H. Dixon, W. J. Dreyer and H. Neurath,
Th18 JoURNAL, 78, 4810 (1956); G. H. Dixon and H. Neurath, J. Biol.
Chem., 225, 1049 (1957).

(3) R. A. Oosterbaan and M. E. van Adrichem, Biockim et Biophys.
Acte, 27, 423 (1958).

(6) T. Spencer and J. M. Sturtevant, THIS JoURNAL, 61, 1874
(1959).

(7) A. K. Balls and F. L. Aldrich, Proc. Nat. Acad. Sci., 41, 180
(18535); A. K. Ballsand H. N. Wood, J. Biol. Chem., 219, 245 (1956).

(8) G.H. Dixon and H. Neurath, THis JOURNAL, 79, 4558 (1957).
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Fig. 1.—The a-chymotrypsin-catalyzed hydrolysis of
o-nitrophenyl cinnamate at pH 6.2 at 25° in phosphate buf-
fers containing 109, acetonitrile, Measurements were taken
on a Beckman DK-2 recording spectrophotometer: E =
522042 X 1074 M.

deacylation at pH's 7.0 and 8.2 corresponded to re-
actions run directly at those pH’s. The rates of
acylation and deacylation of cinnamoyl-chymotryp-
sin depend on groups whose pK,’s are about 6.6
and 7.4, respectively, results similar to those ob-
tained previously.*

The technique of labeling the active sites of
enzymes by highly absorbing groups should help
elucidate the mechanisms of enzymatic catalysis.
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THE SYNTHESIS OF BIS-TRIPHENYLCYCLOPRO-
PENYL, AN UNDISSOCIATED DIMER OF THE
TRIPHENYLCYCLOPROPENYL RADICAL, AND ITS
ISOMERIZATION TO HEXAPHENYLBENZENE

Sir:

In view of the striking contrast in the cyclo-
propenyl series between derivatives of the stable
cation! and those of the unstable anion? it seemed
desirable to obtain evidence on the stability of a
cyclopropenyl radical, Accordingly we have re-
acted sym-triphenylcyclopropenyl bromide! (I)
with zine dust® in benzene and obtained (669)
the dimer (II), m.p. 225-226° (with rapid resolidi-
fication to an isomer, m.p, 430°), Found: C,
94.40; H, 5.57. The ultraviolet spectrum, Amax
306 mu (log e 4.5) with shoulders at 290 and 320
my, is similar to that of other diphenylcyclopro-

{1) R, Breslow and C. Yuan, THis JoURNAL, 80, 5991 (1958).

(2) R. Breslow and M. Battiste, Chem. & Ind., 1143 (1958),

(3) The tropylium ion has been dimerized with zinc by W. Doering
and L. H. Knox, THIs JoURNAL, 79, 352 (1957).



