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4 (a) lodine, triethylamine. (b) 1,5-Diazabicyclo[4.3.0]non-5-ene. (¢)
100 °C, 30 days. (d) Diimide. (e) rert-Butyllithium, dimethyl ether, =78
°C. (f) Ozone.

1

°C gave cyclohexane-1,4-dione and succinic acid. No dione
15 was found. Diene 4 is thermally labile and very sensitive to
oxygen and has not yet been isolated in a pure state. Attempts
to purify 4 by gas chromatography caused isomerization to 14:
'HNMR $4.78 (4 H, brs), 3.06 (2 H,brs),2.45-1.96 (8 H,
complex). Ozonolysis of 14 gave dione 15, The double bonds
of 4 are held rigidly parallel and face to face facilitating the
Cope rearrangement.

Partial purification of diene 4 after generation from 13 at
—78 °C was accomplished by distillation at —25 °C. The vinyl
protons of 4 resonate at § 5.4 in the 'H NMR spectrum. A
Raman spectrum of a mixture of 4 and 14 shows bands at 1620
and 1637 cm~!, which are assigned to the double-bond
stretching frequencies of 4 and 14, respectively. Warming the
sample caused the band at 1620 cm™! to decrease, while the
band at 1637 cm~! increased.

The rate of rearrangement of 4 into 14 has been measured
by '"H NMR spectroscopy by integrating the resonances for
the vinyl hydrogens of 4 and 14 using benzene as an internal
standard. The reaction rates are shown in Table I. The decrease
in the resonance at § 5.4 is accompanied by twofold increase
in the resonance at 6 4.78 and, within the limits of the NMR
method, the isomerization of 4 into 14 is quantitative,

In the deiodination of 13, cleavage of either of the two eth-
ano bridges of the bicyclo{2.2.2]octane ring system would lead
directly to 14. The exclusive formation of 4 by cleavage of the

Table I. Reaction Rates for Isomerization of 4 into 14

temp, °C reaction rate, min~! !1/2, min
25 22 %1073 314
40 1.1 X 1072 64

E, = 19.6 kcal/mol
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cyclobutano bridge of 13 is a remarkable example of kinetic
product control in a reaction.
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Isolation and Structure of Amoorastatin!
Sir:

An aqueous extract of Aphanamixis grandifolia Bl. seeds
was found during an initial study to contain the novel cell
growth (murine P388 lymphocytic leukemia) inhibitory
tetranortriterpene aphanastatin (1).2 Further investigation
(directed by bioasay) of the same extract, from this interesting
Eastern Himalayan (India) plant, for antineoplastic constit-
uents has now led to discovery of a new limonoid? designated
amoorastatin® (2a) with even greater cell growth (P388) 3in-
hibitory (EDsg = <0.001 ug/mL) properties. We report that
interpretation of spectral data and confirmation by single-
crystal X-ray analysis has made possible an unequivocal as-
signment of structure 2a (C-28 R and S) to amoorastatin: mp
205 °C (sintering from 170 °C, crystals from chloroform-
methanol); CD in dioxane, A —4.01 (300 nm) and —3.64 (310
nm).

High resolution mass spectrometry allowed assignment of
molecular formula CogH3609 (M¥, m/e 516.2362) and sig-
nificant fragmentation ions were observed at mz/e 498.2215
(M* —18),456.2175 (M* — 60), 438.2057 (M* — 60, — 18)
and a diagnostic fragment at 163.0754 (CoH,,03). Acety-
lation (acetic anhydride-pyridine) of amoorastatin (2a) led
to a peracetate derivative (2b) corresponding to empirical
formula C34H42012 (M+, m/e 642): mp 225-228 OC; [a]ZZD
—97.4° (¢ 0.99, chloroform). Comparison of the 250-MHz 'H
NMR spectra obtained from aphanastatin (1)2 with those of
amoorastatin (2a) and the peracetate derivative 2b (Table I)
revealed a substantial amount of structural information. By
this means it was ascertained that the aphanastatin A-ring
substitution pattern was modified and the hydroxyl group at
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Table I. Proton Magnetic Resonance Spectra® of Amoorastatin

(2a) and the Corresponding Peracetate (2b)

proton position

amoorastatin (2a)®

peracetate (2b)¢

H-1 4.19(d,J = 3.3) 5.11(d, J = 3.0)
H-2 2.96 (t,J = 3.4) 2.76 (m)
3.02(t,J = 3.3) 2.60 (m)
H-3 5.55(d, J = 3.4) 5.32(d,J = 2.5)
H-7 3.72(s) 4.82 (brs)
H-9 4.72 (s) 4.08 (s)
H-12 2.46 (s, 2 H) 2.39 (ABg,J = 18)
2.54
H-15 3.72(s) 3.58 (s)
H-17 2.74 (m) 268 (t.J=11)
H-19 441 (ABq.J =13.3)  4.40 (brs, 2 H)
4.53
H-21 7.1 (s) 7.11 (s)
H-22 6.12(s) 6.10 (s)
H-23 7.36 (s) 7.24 (s)
H-28 4.98 (s) 5.80 (s)
Me 0.90 0.83
1.10 1.12
1.35 1.16
OAc 1.95 1.96
2.02
2.12
2.16

2 At 250 MHz, at 22 °C, with chemical shifts in parts per million
and coupling constants in hertz. # In deuteriochloroform containing
20% pyridine-ds. ¢ In deuteriochloroform.

= H, amoorastatin

-C-CH
i3

o}

C-12 was missing. The monoacetylated 1,3-glycol system of
the amoorastatin A ring was deduced by double resonance
experiments. The chemical shifts for this system (y, Table I,
and d¢, 70.8 (d) and 74.5 (d)) indicate the position of the ac-
etate group to be at C-3.6 The downfield shift obtained by
acetylation of the C-28 hydroxyl group was characteristic of
the hemiacetal unit and the C-15 proton at 6 3.72 clearly in-

Figure 1. An ORTEP diagram of amoorastatin.

dicated” a 14,15 epoxide. The latter two assignments were
further substantiated by inspecting the 13C NMR (C-19 at
64.5(t),C-28 at 96.2 and 95.9 (t), C-14at 73.4 (s),and C-15
at 57.9 (d)).6 The structure assigned, amoorastatin (2a), on
the basis of these physical measurements was confirmed by a
single-crystal X-ray analysis.

Amoorastatin (2a as the 28 R epimer) crystallized with 1 mol
of water (mp 170 °C) in the monoclinic form with space group
P2;a=7780(2),5=12818(2),c=13.003(3)A;8=
91.51 (3)°. The X-ray diffraction data were collected using
a Philips PW 1100 diffractometer employing the w-26 scan
technique with graphite monochromated Cu Ko radiation. The
structural problem was solved using a Patterson search pro-
gram® with the coordinates from the aphanastatin? ring system.
A total of 1848 reflections was observed and a full-matrix
least-squares refinement, with anisotropic temperature factors
for the nonhydrogen atoms, resulted in an R factor of
0.052.

The three-dimensional view of amoorastatin (2a) shown in
Figure 1 substantiates the substituent and configurational
assignments as 1a-OH, 3a-OAc, 4a-CHj;, 5a-H, 7a-OH,
88-CH3, 9a-H, 11-0x0, 13¢-CHs, 148,158-epoxy, 1 7a-furan,
and the hemiacetal ring incorporating carbon atoms C-19 and
C-28. Both rings A and B are in the chair conformation and
ring C is in a boat conformation. Ring D has assumed an en-
velope form with C-17 out of the mean plane passing through
the other four atoms by 0.64 A. The dihedral angles between
H-7 and the two C-6 hydrogen atoms are —60 and +60°. Be-
tween H-15 and the two hydrogen atoms bonded to C-16 the
dihedral angles are 48.6 and —73.5°.

Discovery of the structurally simpler amoorastatin (2a) with
more pronounced cell growth inhibitory activity than aphan-
astatin (1) suggests that the 1a-acetoxy-, 2a- and 12a-dihy-
droxy-, and 28-a-methylbutyryl groups of aphanastatin are
unnecessary and indeed may lessen inhibition of neoplastic
(P388) cell growth.
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Remarks on Free-Energy Correlations of

Rate Constants for Electron-Transfer Quenching
of Electronically Excited States

Sir:

Following the pioneering work of Weller,! the electron-
transfer quenching of electronically excited states has been
actively investigated in the past decade.2-® In most of the
systems studied, the quenching process was not accompanied
by permanent chemical changes, indicating that the primary
electron-transfer process is rapidly reverted in the dark. The
elementary steps involved in a reversible electron-transfer
quenching mechanism are shown in Scheme I.

The kinetics associated with such a scheme has been first
worked out by Rhem and Weller*5 (RW) and their treatment
has been thereafter followed by most workers in this field.2-3.6-8
On the basis of steady-state considerations, the experimental
bimolecular quenching constant, kg, can be expressed as

- i (1)
1+ (ka1/k23) + (kaiksa/ksokas)

The rate constants of the three electron-transfer steps in

Scheme [, i.e., k23, k32, k10, Obey the general equation

kij = Zj exp[—(AG*;/RT)] (2)

where Z;; is the frequency factor and AG¥; is the activation
free energy of the process. If eq 2 is substituted into eq 1 for all
three electron-transfer steps, the following equation

kiy

kq

kq =
k2 ki

AG23)
+ ex (

7o (_AG*23) 2 e (_AG¢3()) PCRT
23 €XP RT 30 €Xp —_RT 3)

is obtained, where AGa; is the overall free-energy change as-
sociated with the forward electron-transfer process. In their
classical work,*> RW assume that k3p can be taken as a
common frequency factor, Z, for all three electron-transfer
processes because “‘since the free energy gainedin. .. ksg. ..
is exceedingly large, AG¥3¢ can be assumed to be close to zero”.
This simplifying assumption leads to the following expression
for the bimolecular quenching constant:

- ks
I + (k21/Z)[exp(AG*3/RT) + exp(AG23/RT))
(4)

1+

kq
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Figure 1, Free-energy correlation of rate constants for electron-transfer
quenching calculatedl® from eq 4 plus eq 6 (curve a) or eq 5 {curve b).

Scheme I
» k12 * k23 PO k34 + -
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This expression can be used to calculate the dependence of the
bimolecular quenching constant on the overall free-energy
change, provided that a functional relationship between AG¥23
and AG,; is assumed. Two options are presently available in
this regard. The first one is the classical relationship from the
Marcus theory?® of outer-sphere electron transfer reactions:

AGF;j = AGF;(0){1 + [AG;/4AG*;(0)]1 (5)

The second one is an empirical relationship proposed by
RW:45

AGF; = {[(AGH/2)]? + [AGF;(0)]3/2 + (AG;/2) (6)

Ineq 5and 6, AG¥;;(0) is the activation free energy the reac-
tion should have if no overall free energy change occurred, a
quantity often called the “intrinsic barrier” to the electron-
transfer process.

The dependence of the bimolecular quenching constant on
the overall free-energy change predicted by eq 4 after substi-
tution with eq 5 or eq 6 is shown in Figure 1. Curve bis calcu-
lated using the Marcus expression (eq 5), while curve a is
calculated using the RW one (eq 6).1° Both plots have an al-
most identical Arrhenius-type portion in the endoergonic re-
gion and a plateau in the slightly exoergonic region, but a sharp
difference between the two curves shows up in the highly
exoergonic region. In this region, according to RW the
quenching constants remain on the plateau, whereas according
to Marcus they should exhibit a sharp drop, usually called
“inverted” behavior. The highly exoergonic region has only
been specifically investigated in a limited number of stud-
ies.2:3.6-9 However, the available experimental results clearly
show that the RW relationship (eq 6) is obeyed, while no clear
evidence for inverted behavior has so far been reported.!!

In this communication, we would like to point out a partic-
ular feature of this kinetic system which seems to have been
largely overlooked in the past. It should be realized that the
ability of the Marcus (eq 5) or RW (eq 6) relationships to in-
terpret the experimental results cannot be tested by introducing
these equations into eq 4, since this equation originates from
an assumption (i.e., k3p = Z) which already implies an anti-
Marcus behavior for the back-electron-transfer step. Rather,
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