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loss of CHyO (m/e 438) and C;H;O (437) and base
peaks corresponding to C;HyO (111) and C/H;O
(105), respectively. Except for the above-mentioned
base peaks in the mass spectra of 1 and 2, peaks in the
region from m/e 438 to 69 were almost identical with
those present in the mass spectrum of bruceine B
(3). Inspection of the nmr spectra of bruceantin
(1), bruceantarin (2), and bruceine B (3) revealed
that all three displayed peaks corresponding to an
angular methyl group in the region of r 8.3-8.6, a
vinyl methy!l at 8.0-8.2, a methoxyl at 6.2-6.5, and a
sharp one-proton doublet (/ = 13 Hz) between 3.2
and 3.6 [assigned to H-15 in bruceine B (3)%]. The
major differences between the nmr spectra of bru-
ceantin (1) and bruceine B (3) were the additional
signals for 1 of a six-proton doublet (J = 6.5 Hz) at
7.8.88, a vinyl methyl signal at 7.82, and a vinyl proton
ginglet at 4.39. These data and the presence of the
base peak at m/e 111 in the mass spectrum supported
formulation of bruceantin (1) as the 3,4-dimethylpent-
2-enoic acid ester of bruceolide? (4). Hydrogenation
of bruceantin (1) gave dihydrobruceantin (3): Cos-
HisOun; mp 137-140°; [«]®p —64.5° (¢ 2.9, pyridine);
mass spectrum m/e 550 (M), 438, 297, 151, and 113.
That only the side-chain ester of 1 had been reduced
was indicated by the uv spectrum, which still showed
the diosphenol absorption and alkaline shift, and by
the nmr spectrum, which showed no olefinic proton
but a new three-proton doublet (J = 6.5 Hz) at
9.06. Mild alkaline hydrolysis of 5 gave bruceolide
(4). In addition, alkaline hydrolysis of bruceantin
(1) and esterification of the steam-distillable acid
with diazoethane gave ethyl trans-3,4-dimethyl-2-
pentenoate.® In the nmr spectrum of ethyl c7s-3,4-
dimethyl-2-pentenoate the vinyl methyl signal appeared
at 7 8.25, whereas the corresponding peak for the trans
isomer occurred at 7.90. The peak attributed to the
ester vinyl methyl in 1 appeared at 7 7.82, indicative
of trans stereochemistry in bruceantin (1),

The sharp one-proton doublet at r 3.79 (J = 13
Hz) in the nmr spectrum of 1 indicated C-15 as the
point of attachment of the ester side chain. The
corresponding peak in the spectrum of dihydrobru-
ceantin (5) appeared at 7 3.14 (/ = 13 Hz) and in that
of bruceine B (3) at ~ 3.28 (J = 13 Hz).

In the nmr spectrum of bruceantarin (2), a complex
AyBoX system centered at = 2.3 was indicative of the
presence of a benzoate group. In addition, the sharp
one-proton doublet (J' = 13 Hz) at r 3.58 and the
base peak at m/e 105 in the mass spectrum supported
for bruceantarin (2) the C-15 benzoate ester structure.
The postulated structure was confirmed by mild
alkaline hydrolysis of bruceantarin (2) to benzoic
acid and bruceolide (4). '

The observed potent antileukemic aetivity of
bruceantin confirms and extends an earlier report of
antitumor activity of a simaroubolide.’® The markedly
higher potency of bruceantin (1), compared with
that of bruceantarin (2) and bruceine B (3), may be
attributable to the role of the a,8-unsaturated ester.l!
Investigations are in progress to determine the signifi-
cance of the unsaturated ester, the diosphenol, and
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of other structural features in relation to the tumor-
inhibitory activity of bruceantin.
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Intramolecular Electrostatic Stabilization
of an SN1 Transition State

Summary: o-Carboxybenzal chloride hydrolyzes at
about the same rate as the para isomer in water but
110 times as fast-as in 609 aqueous dioxane.

Sir: The mechanism proposed for the hydrolytic
action of lysozyme! involves at least two essential
features. The first of these is the suggestion that Glu-~
35 acts as a general acid? effecting intracomplex pro-
tonation of the acetal linkage. It seems to be well
established that a carboxyl group can function as an
intermolecular general acid in acetal hydrolysis.?
Intramolecular general acid catalysis has also recently
been observed in the hydrolysis of 2-(o-carboxyphe-
noxy)tetrahydropyran in aqueous dioxane,* Thesecond
feature of the proposed enzymatic mechanism is that
the ionized form of Asp-52 functions either as a nucleo-
phile forming a glycosyl enzyme intermediate or
electrostatically stabilizes the transition state leading
to the oxocarbonium ion intermediate. In a very
careful study Dunn and Bruice® have provided evidence
that an ortho carboxylate ion can electrostatically
stabilize the transition state in the A-1 cleavage of
acetals and that this type of stabilization can provide
substantial rate enhancements. To obtain additional
information concerning the role of an ionized carboxyl
group in stabilizing an ionic transition state uncom-
plicated by a proton-transfer step we have studied
the hydrolysis of 0~ and p-carboxybenzal chlorides.

The mechanism of hydrolysis of benzal chlorides
has been the subject of numerous reports.t It is
clear that the mechanism involves rate-determining
formation of a chlorocarbonium ion followed by a
series of rapid steps leading to the product aldehyde
(Scheme I). For example, p* calculated from pub-
lished®2datais —5.2 & 0.3. Also the rate is completely
unaffected by external nucleophilest>*¢ and the value
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of m measured in aqueous ethanol solutions for benzal
chloride is large (1.31 £ 0.02)7 indicative of an Syl
transition state.?

We have measured the hydrolysis rate% of o-car-
boxybenzal chloride (1) and p-carboxybenzal chloride
(2) in water and mixtures of water and dioxane in the

CHC,
CHCL,
00~
00"
1 2

presence of excess base and these results are collected
in Table I. These results show that in water an ortho

TaBLe I

Rarrs oF HyDprRoOLYSIS OF CARBOXY
SuBsTiTUTED BENZAL CHLORIDES AT 25.2 &= 0.2° ¢

1076358, see=t 105, seet Tortno/ Fpara Solvent?
2210 2640 0.83 A
563 11.2 50.3 B
276 2.52 110 C

= Rate constants were determined by following the increase of
absorbance at 257 nm due to the aldehyde product. The slower
reactions were studied using an initial rate method and the rate
constants thus obtained are considered accurate to =109,. The
results are the average of at least three separate determinations.
2 A, 0.2 N NaOH in water; B, 509 dioxane-509% 0.2 N NaOH
(v/v); C, 609 dioxane-409, 0.2 N NaOH (v/v).

carboxylate ion does not facilitate the reaction and, in
fact, has a slight rate-retarding effect. Presumably
in water (a highly polar solvent) the ortho carboxylate
ion does not compete effectively with the solvent in
stabilizing the ionic transition state. However, in-
creaging the amount of dioxane present in the solvent
results in a dramatic increase in Kortno/Kpara (Table I).
Thus, as the solvent becomes less able to stabilize the
transition state electrostatic stabilization by the
ortho carboxylate ion becomes more pronounced. In
fact, extrapolation of the data in Table I give Kortho/
Fpara = 7600 in 909, aqueous dioxane.

An alternative mechanism involving intramolecular
nucleophilic displacement by the ortho carboxylate
function (Scheme II) cannot rigorously be excluded at
the present time.?

However, if intramolecular displacement was re-
sponsible for the high kortmo/kpara values in aqueous
dioxane solutions, one would expect an even large
value of Kortho/kpare in agqueous DMSO (¢f. the large

(7) N. Grossman, unpublished work.

(8) A. Streitweiser, Jr., “Solvolytic Displacement Reactions,” Vol. X,
MeGraw-Hill, New York, N. Y., 1962, pp 45~47.

(9) An additional mechanism suggested by a reviewer involving the
intramolecular deprotonation of the dichloromethyl group followed by «
elimination to generate a carbene seems unlikely in view of the fact that the
rate is independent of the concentration of HO ~ (a much stronger base) for
both 1 and 2 if pH > pKa.
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rate accelerations observed® for Sn2 reactions in DMSO
and the increased rate of anhydride formation from
phenyl hydrogen phthalate in aqueous DMSO0).1* On
the other hand, electrostatic catalysis ought to be
favored in media of low dielectric constant and, since
DMSO has a higher dielectric constant (~50) than
dioxane (~2), a lower value of Kortno/kpers 18 expected
in aqueous DMSO. Since Kopho/kpars = 12 in 509
aqueous DMSO it would seem that the ortho carbox-
ylate ion enhances the solvolysis rate of benzal chloride
by electrostatically stabilizing the ionic transition state
rather than effecting an intramolecular nucleophilic
displacement.

In conclusion, we feel that the results described in
the communication support the suggestion that, under
certain conditions, a properly oriented carboxylate
ion can stabilize a transition state leading to a reso-
nance stabilized carboniumion.
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A Reinvestigation of
3,5'-Anhydro-2',3'-0-isopropylideneinosine

Summary: Nmrstudies have shown that 3,5-anhydro-
2/,3’-0-isopropylideneinosine (II), previously described,
is actually the ring-opened compound 5’,N®-anhydro-
1-(2,3-0 -isopropylidene - 8 - 0 - ribofuranosyl) - 5 - form-
amidoimidazole-4-carboxamide (I); the preparation and
characterization of authentic II is described.

Sir: The formation of cyclonucleosides from purine
nucleoside derivatives is well established.! The first
reported synthesis? of 38,5’-anhydro-2’,3’-O-isopropyl-
ideneinosine used thermal cyclization of the appropriate
5’-0-p-toluenesulfonyl derivative in an inert solvent,
a procedure first used in the synthesis of 3,5’-anhydro-
2’ 3'-O-isopropylideneadenosine.* The inosine cyeclo-
nucleos1de was isolated as the p-toluenesulfonate salt?
which was converted to a product described as the
monohydrate of 3,5-anhydro-2/,3’ -O-isopropylidene-
inosine. Three subsequent reports have described the
formation of the same final product by the following
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