that the difference in activation enthalpy noted in Table
IX may not be attributed to this factor. Our experi-
ments favor explanation 3 since we find that under
turnover conditions at pH 7.8, ionic strength 0.1, the
enthalpy of activation for p-nitrophenyl acetate is some
5.5 kcal lower in Tris than in phosphate and barbital
buffers. It is likely that this buffer effect, which has
been noted before,® influences values of and trends
within activation parameters of other chymotrypsin
reactions.

The first four normal fatty acid esters of the series
react with elastase according to enthalpy control.
However, the longest (C-6) has its reactivity reduced by
an unfavorable entropy increment. This may be re-
lated to the special eftect on the reactivity of substrates?*
and inhibitors?? of longer chain lengths which has been
interpreted as being related to limited conformational
change in the region on direct ligand contact.??

Substrates of different structures may have entirely
different patterns of activation parameters. For ex-
ample, the two most specific substrates of elastase ex-
amined, p-nitrophenyl N-benzyloxycarbonylglycinate
and p-nitrophenyl N-feri-butyloxycarbonyl-L-alaninate,
have nearly identical enthalpies of activation. The
entropies of activation differ slightly, distinguishing
their reactivity, and are much less negative than those of
the fatty acid esters. Thus we find entropy control,
wherein differences in reactivity, i.e., specificity, result
from differences in entropy of activation. It may be
significant that these N-acyl amino acids are capable of
three-point attachment to the enzyme surface in the
acyl enzyme whereas the normal fatty acids are capable
of only two-point attachment.

The hypothesis that thermodynamic parameters are
characteristic of a type of ligand structure is supported
by the results of Belleau and DiTullio who studied the
effect of varying chain length of n-alkyl tetramethyl-
ammonium activators on the methanesulfonylation of
the acetylcholinesterase active site.?* n-Alkyl sub-
stituents gave rise to bell-shaped curves (not unlike our
system?) when acceleration was plotted against molar

(21) (a) R, C. Thompson and E. R. Blout, Proc. Nat. Acad. Sci.
U. S., 67,1734 (1970); (b) A. Gertler and T. Hofmann, Can. J. Biochem.,
48, 384 (1970).

(22) J. C. Powers and P. M. Tuhy, J. Amer. Chem, Soc., 94, 6544
(1972).

(23) D. M. Shotton, N, J. White, and H. C. Watson, Cold Spring
Harbor Symp. Quant, Biol., 36,91 (1972).
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volume of the n-alkyl chain. Significantly, the enthalpy
of binding, but not the free energy, showed some cor-
relation with molar volume and with degree of accelera-
tion. The hypothesis was submitted that binding en-
thalpy may reflect conformational changes such as
would be initiated by ligand release of water from the
binding cleft of acetylcholinesterase.2* The observa-
tion that ligand binding to chymotrypsin displaces
water may be of interest.® Regardless of the molec-
ular mechanism, our results and those of Belleau and
DiTullio suggest that enthalpy may be the fundamental
thermodynamic parameter characterizing interaction
between n-alkyl side chains and proteins regardless of
whether the ligand is an activator or a substrate. We
wish to suggest an analogy between enthalpy of binding
and of activation.

It should be emphasized that it is difficult to interpret
activation parameters in terms of a detailed mechanism.
There has been a tendency to associate enthalpy effects
with conformational or strain processes in the enzyme-
substrate complex.®26 However, a recent discussion
of solvation in enzyme-catalyzed reactions predicts
interestingly that rate accelerations should result from
favorable enthalpy of activation. Recent studies of a
model system whose rate enhancement was explained
by “‘stereo-population control,” or loss of configura-
tional freedom in the substrate, revealed the rate ac-
celeration was due to more favorable enthalpy of activa-
tion.® However, configurational restraint of the sub-
strate was orginally offered as an explanation of entropy
control of rates of deacylation of acyl chymotryp-
sins.“® Rate enhancement and specificity is a matter of
differences in free energy of activation and it may be
premature at this time to expect a unitary theory to be
capable of accounting for all classes of substrates in
terms of pure enthalpy or pure entropy effects.
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Communications to the Editor

Stereochemistry of the Thermal Isomerization of
5-Methylenebicyclo[4.2.0]octa-2,7-dienes Leading to
Tricyclo[4.3.0.0%%]nona-2,8-dienes!
Sir:

There remain some ambiguities on the reaction mech-
anism of the thermally induced isomerization of the

(1) Organic Thermal Reaction., XIX. For paper XVIII, see H,
Tsuruta, T. Kumagai, and T. Mukai, Chem, Lett., 981 (1972).

fused cyclobutenes which concern ring opening.? For
instance, a few contradictory arguments have been
reported* against the proposal of antara-antara Cope

(2) (a) J. I. Brauman and D, M. Golden, J. Amer, Chem. Soc., 90,
1920 (1968); (b) J. E, Baldwin and G. D. Andrews, J. Amer. Chem.
Soc., 94, 1775 (1972); (c) H. M, Frey and R. Walsh, Chem. Rev., 69,
103 (1969).

(3) J. E, Baldwin and M. S. Kaplan, J. Amer. Chem. Soc., 93, 3969
(1971), and references cited therein,

(4) H. J. Hansen and H. Schmid, Chem. Brit., 5, 111 (1969), and
references cited therein,
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Table I. Chemical Shifts (7, 60 MHz in CDCl;) of Protons
Concerned in I and III

Ia Ib Ic IIla IIIb  Illc

H, 570 5.60 4.91 H, 2.82 276 1.80
Ha 6.59 6.03 6.60 H, 6.67 6.33 6.68

Table II. Spectral Properties of Ila, V, and VI

structure of Ia was obtained by catalytic hydrogenation
affording 2-dicyanomethylenebicyclo[4.2.0]Joctane (IV),
an oil, which was also obtained by the condensation of
bicyclo[4.2.0]Joct-2-one®® with malononitrile. The con-
stitution of Ib and Ic was deduced by comparison of
their spectral properties with those of Ia. As an ex-

Ir max (KBr (a)
Uv max (EtOH), or neat (b)), cm™!

Nmr coupling constant, Hze

Compd nm (log €) Cyclopropane CN a-b a— b—c b-d c-d
Ila 212 (3.67) a 3086, 1005 2246 5.5 2.2 2.0 2.0 2.0
\% 212 (3.57) a 3070, 1005 2250 5.5 2.0 2.0 2.2 2.0

2238
VI 214 (3.67) b 3070, 1020 2246 5.5 2.2 2.0 2.2 2.0

% a, b, c, and d represent protons with marks in structure A.

rearrangement for thermal isomerization of bicyclo-
[3.2.0]hepta-3,6-dien-2-ones.>® With this type of re-
arrangement, it would be of interest to examine the in-
fluence of an exocyclic double bond substituted with
electron-attracting groups in the place of the 2-keto
group of the bicyclo[3.2.0Jhepta-3,6-dien-2-one or
bicyclo[4.2.0Jocta-4,7-dien-2-one system. For this rea-
son, we investigated firstly the thermal reaction of 5-
dicyanomethylenebicyclo[4.2.0]Jocta-2,7-diene (Ia) and
the cyanomethoxycarbonyl derivatives Ib and Ic, in
which cases an intriguing rearrangement affording tri-
cyclo[4.3.0.0%%nona-2,8-dienes (Ila, IIb, and Ilc) has
been found.” In addition, we elucidated the stereo-
chemistry of this rearrangement, and an outline of the
study is reported here.

Starting materials Ia, Ib, and Ic, all oils, were syn-

=Y =CN
CN, Y = COOMe
COOMe; Y =CN

thesized in almost quantitative yields by irradiation,
using a high-pressure Hg lamp with a Pyrex filter, of an
ethereal solution of dicyano- (IlIa), mp 94°, and cyano-
methoxycarbonylmethylenecycloocta-2,4,6-trienes (I11Ib
and Illc), mp 103 and 78°% which were obtained
from cycloocta-2,4,6-trienone.® Under these irradia-
tion conditions no cis-trans isomerization of the exo-
cyclic double bond of IIIb and Illc or of the products
Ib and Ic was detected. Definitive evidence for the

(5) T. Miyashi, M, Nitta, and T. Mukai, J. Amer. Chem. Soc., 93,
3441 (1971), and references cited therein,

(6) R. B, Woodward and R. Hoffmann, Angew. Chem., Int. Ed.
Engl., 8, 781 (1969),

(7) T. Mukai and K, Tomisawa, Sci, Rep, Tohoku Univ., Ser. 1, 53
81 (1970).

(8) Elemental analyses were satisfactory for all new compounds
except for Ia, Ib, and Ic which are unstable compounds.

(9) When cycloocta-2,4,6-trienone was treated with malononitrile
or methyl cyanoacetate in the presence of ammonium acetate, IIla or
a mixture of IIIb and Illc (ratio 4:3) was obtained in 76 and 86 % yields,
respectively. Fractional recrystallization of the mixture resulted in
separation of IIIb and Illc; cf. A, C. Cope, S. F. Scharen, and E. R.
Trumbull, J. Amer, Chem. Soc., 76, 1096 (1954).

ample, spectral data of Ia are presented here: uv max
(cyclohexane) 242 nm (log € 4.08); ir max (neat) 3040,
2915, and 2227 cm~!; see footnote 11. However,
chemical shifts of protons located next to the cyano
and methoxycarbonyl groups are different as shown in
Table I. Accordingly, discrimination of Ib and Ic as
well as IIIb and Illc was easily accomplished using
these data.

Refluxing of a xylene solution of Ia for | hr afforded
ITa, mp 73°, and Illa in 73 and 14 9] yields, respec-
tively” The structural assignment of Ila was based
on its spectral evidence (Table II), which is very similar

N7

Ila, R—R? = -CH;— CH=CH-
V,Rl=R*=H
VI, R—R? = -(CH,),-

to that of 6,6-dicyanobicyclo[3.1.0]hex-2-ene (V), mp
85°,12 and 5,5-dicyanotricyclo[4.3.0.04¢]non-2-ene (VI),
an oil.1* Mass spectra of Ila, V, and VI (A) exhibit
common fragments (B and C) which originate from the
loss of HCN (27) and NC-C-CN (64), supporting the
correctness of their structures.!*

When Ib or Ic was heated under the same conditions
as Ia, tricyclo compounds IIb (mp 93°), Ilc (mp 71°),
and a mixture of IIIb and Illc were obtained in the
yields shown in Table III. The structures of IIb and
IIc were elucidated by comparison of their spectral
data with those of Ila. For example, the nmr spectra

(10) G. Biichi and E. M. Burgess, ibid., 84, 3104 (1962).

(11) Nmr (100 MHz, CDCls, 7) 3.80 (Hr and Hs), 4.09 (Ha), 4.26 (Hs),
5,75 (Hy), 6.25 (Hy), 6.59 (Hss), 6.80 (Hip); J values (Hz) Ji2 = 4.5,
Jis = 3.7, Jos = 9.5, Joota = 2.0, Je,ap = 2.5, Jaag = 5.0, Ja,p = 2.5,
Jia,ap = 19.0.

(12) Prepared by treating 3,5-dibromocyclopentene with malono-
nitrile; ¢f. F, Korte, D. Scharf, and K, H, Buchel, Justus Liebigs Ann.
Chem., 664, 97 (1963).

(13) Heating of 2-dicyanomethylenebicyclo[4.2.0]oct-7-ene afforded
VI in a good yield. This result including a Kinetic study will soon be
reported elsewhere,

(14) As an example, the mass spectrum of Ila is presented here:
mje (70 eV) 168 (M+, 71 %), 142 (M — CN, 30), 141 (M — HCN, 100),
114 (M — 2HCN, 55), 104 (M — C(CN), 5), and 103 (26).
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Table ITI. Results of the Thermal Isomerization of Ib and Ic

———Yields, 77,2 of——

IIIb +
From IIb IIc IIlc IIb:1lc
Ib 66 12 15 85 15
Ic 11 52 7 17 83

e Yields were determined by vpc (2097 DC-11 on Chromosorb W
at 140°) and uv spectroscopy.

Table IV. Chemical Shifts (r, 60 MHz in CDCl;) of Protons
in Ila, IIb, and Ilc

H. H, Hs., H, H, Hi. H;,

Ila  3.80 4.17 4.17 6.10 7.10 6.80 7.43
IIb 3.85 4.20 420 6.10 7.10 7.37 7.37
Ilc 3.80 4.27 403 573 7.13 6.80 7.40

of Ila, IIb, and Ilc are shown in Table IV.** Under
these thermal conditions, no interconversion between
the products IIb and IIc and IIIb and Illc was observed.
This fact along with the findings shown in Table III
clarify that the thermal isomerization of the 5-methyl-
enebicyclo[4.2.0]octa-2,7-diene system I leading to the
tricyclo[4.3.0.0%¢]nona-2,8-diene system II takes place
with moderate stereospecificity.

These results would be accommodated by considering
the rearrangement of I to II to be mainly a concerted
process, but not a stepwise radical process as suggested
by the .Syntex group.?* However, the reaction path
via a short-lived diradical intermediate VII which is
formed from I by a one-step process could not be
ruled out. Such an intermediate (VII) would be ex-
pected to cyclize with the observed stereochemistry be-
cause the orbital at the C, position is closer to one lobe
of the side-chain p orbital.”¥ On the other hand, in the
concerted mechanism, two orbital symmetry allowed
paths are possible. The first is a one-step concerted
reaction, i.e., a [,2, + ,2.] process as shown in VIII.
The second is a two-step reaction composed of each
concerted process, i.e., conrotatory ring opening fol-
lowed by internal Diels-Alder reaction of an interme-
diate such as cis,trans,cis-triene (IX) having an exo-
cyclic double bond.*® Although the Diels-Alder reac-
tion is noted as a [,4, + ,2.] process, the bond forma-
tion between the C, and C; positions seems quite feasible
because the distance between them is less fhan 2.3 A.
This two-step concerted mechanism is similar to an
alternative one proposed by Baldwin and Kaplan? for
the thermal antara-antara Cope rearrangement of
bicyclo[3.2.0]hepta-2,6-dienes and bicyclo[4.2.0]octa-
2,7-dienes. Thus, a real reaction mechanism for the
rearrangement of I to II is still ambiguous at present
and further discussion from the viewpoint of a kinetic
study will be reported in the near future.!?

(15) Some of the coupling constants in compounds Ila and IIb
could not be determined due to overlap of some signals (¢f. Table II).
However, those in Ilc could be measured as follows: Ji.z = 2.2, Ji3 =
2.0, is = 2.0, iza = S = 2.0, Jis = 2.0, 1o = 1.3, oy = 5.5,
J3,4 = 2.0, and Jy,e =~ 6 Hz.

(16) P. H. Nelson, . W. Murphy, J. A. Edwards, and J. H. Fried,
J. Amer. Chem. Soc., 90, 5572 (1968).

(17) This mechanism was proposed by a referee, whom the authors
would like to thank for his suggestion.

) (18) Although there are two conrotatory processes for the ring open-
ing of I, the other one leads to the formation of trans,cls,cis-triene,
in which the distance between C; and Cs positions is ca. 3.8 A.
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Structure and Absolute Configuration of
(+)-Coronaridine Hydrobromide. A Comment on
the Absolute Configuration of the Iboga Alkaloids
Sir:

The Iboga alkaloids have attracted the interest of
numerous groups over the years. The elegant investi-
gations of the Ciba group!? culminated in a structure
proposal for this family and this was subsequently con-
firmed by the X-ray analysis of ibogaine hydrobromide. *
This latter determination provided only relative con-
figuration and thereby the absolute configuration re-
mained on a tentative basis. During more recent in-
vestigations in one of our laboratories*~!3 it was pos-
sible to interrelate various nine-membered derivatives
of the cleavamine series (I) with the rigid pentacyclic
members, dihydrocatharanthine (1II) and coronaridine
(VID), according to the sequences I — II — Il and I —

(1) M. F. Bartlett, D, F. Dickel, and W, 1. Taylor, J. Amer. Chem.
Soc., 80, 126 (1958).

(2) For a summary, see W, I, Taylor, Alkaloids, 11, 79 (1968).

(3) G. Arai, J. Coppola, and G. A. Jeffery, Acta Crystallogr., 13,
553 (1960).

(4) J. P. Kutney, J. Trotter, T, Tabata, A. Kerigan, and N. Camer-
man, Chem, Ind, (London), 648 (1963).

(5) N.Camerman and J. Trotter, Acta Crystallogr., 17, 384 (1964),

(6) J. P, Kutney and E. Piers, J. Amer. Chem. Soc., 86, 953 (1964),

(7) J. P.Kutney, R. T. Brown, and E. Piers, ibid., 86, 2287 (1964),

(8) J. P. Kutney, R, T. Brown, and E. Piers, Can. J. Chem., 43, 1545
(19635).

(9) A. Camerman, N. Camerman, J. P, Kutney, E, Piers, and J.
Trotter, Tetrahedron Lett,, 637 (1965).

(10) A. Camerman, N, Camerman, and J. Trotter, Acta Crystallogr.,
19, 314 (1965),

(11) J. P. Kutney, R, T. Brown, and E. Piers, Can. J. Chem., 44,
637 (1966).

(12) J. P, Kutney, W, J. Cretney, J. R. Hadfield, E. S. Hall, and V. R.
Nelson, J. Amer. Chem. Soc., 92, 1704 (1970).

(13) J. P, Kutney, R, T. Brown, E, Piers, and J. R. Hadfield, ibid.,
92, 1708 (1970).
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