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Figure 2. Reaction scheme for the interaction of H»Os3(CO);¢ (I) with
alkenes (I[, HOs3(CO)io(alkene); III, HOs3(CO)jo(alkyl); IV,
0s3(CO)0; V, HOs3(CO)1g(alkenyl)).

0s3(CO) oL, where L is an adventitious donor, such as an
ester or an additional alkene. This question is being exam-
ined in ongoing work, but we note at this point the recent
reports on the characterization and reactivity of
[(CsHs)Mo(CO)3]2,'* a molecule with the same level of
unsaturation as the proposed intermediate IV.
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General Base Catalysis in Nucleophilic Attack at sp?
Carbon of Methylase Model Compounds
Sir:

Despite the apparent simplicity of the overall reaction,
there are little data available in the literature on the mecha-
nism of enzyme-catalyzed transmethylation reactions in
which the sulfonium compound, S-adenosyl-L-methionine
(SAM) serves as the alkyl donor.!»2 In this communication,
we report a facile intramolecular transalkylation involving
general-base-catalyzed attack of an alcohol on carbon
bonded to trivalent sulfur.

Over the past several years, we have studied intermolecu-
lar and intramolecular transalkylation reactions as nonen-
zymic models for SAM-requiring methylases.2* General
base catalysis of nucleophilic attack at sp> carbon is a rare
phenomenon, the only example being the cyclization of 4-
chlorobutanol.>® We have synthesized 17 with the expecta-
tion that proximity effects would result in a facile intramo-
lecular transalkylation reaction, in spite of the fact that 4-
chlorobutanol is ca. 10% more reactive than the correspond-
ing sulfonium compound.? These expectations were real-
ized, and the decomposition of 1 (eq 1) could be followed

S et
1 NO
+ CH38—<: :>—No2 + H* O

spectrophotometrically over a wide range of pH in water at
25°. The pH-rate profile shown in Figure 1 fits the general
rate law, ko = ky,0 + kou[OH™], where k, is the kopsq €X-
trapolated to zero buffer concentration. However, the fol-
lowing facts suggest the apparent koy term is really a term
associated with the ionization of the secondary hydroxyl
group. We have previously studied the reactions of several
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log k,sec”!

Figure 1. pH-rate profile for the intramolecular alkylation reaction of
1at 25°. At pH greater than 11, pH = pK\, + antilog [OH"].

dimethylphenylsulfonium compounds with hydroxide ion,?
and the apparent kon term of 1,92 X 10=2 M~! s—1 at 25°,
obtained from Figure 1, is much larger than kon values ob-
tained previously with other sulfonium compounds at more
elevated temperatures.? Also, this value of koy is higher by
ca. 102 than that predicted from a Bronsted plot if hydrox-
ide ion were acting as a general base catalyst such as de-
scribed below for several basic buffer species. In addition,
we have synthesized the trans isomer, 2, in which no partici-

HO

pation by the ring hydroxyl group is possible but which
could undergo the usual intermolecular hydroxide-cata-
lyzed reaction normally associated with the kon term.
Compound 2 is completely inert under conditions where 1 is
rapidly decomposed according to eq 1. These data are con-
sistent with a rate law of the general type shown in eq 2.

ko = ku,0 + kro-[Ka/(an + KJ)] (2)

Assuming a pK, of 16 for the hydroxyl group of 1 (pK. of
isopropyl alcohol = 16.28), the experimental data in Figure
1 lead to a value of kn,0 = 5 X 1076 s~ ! and kro- = 1.92
s~!. The latter value may be compared to a kpno- value of
2.37 X 10~! s~! obtained by Borchardt and Cohen® in
studying the intramolecular displacement by the phenolate
ion of 3a. Of course, the “trimethyl lock™? derivative, 3b,
had a much larger kpno- = 5 X 10%s~! due to its increased
rigidity.

OH
0SO0,CH,
R
R R
3a,R=H
b, R =CH;

If the pH-independent rate, ky,0, could be compared to
similar data for intermolecular reactions, a rate-enhance-

: T | I,

o2} 0.8 Lo 003 Q.8 Q.30 0.03 ls .30

[B,],M

Figure 2. The effect of total buffer concentration on the observed rate
of cyclization of 1: (panel A, acetate buffer) O, [B]:[BH] = 1:1, pH
4.67; A, [B]:[BH] = 3:1, pH 5.15; @, [B]:[BH] = 9:1, pH 5.75; (panel
B, phosphate buffer) A, [B]:[BH] = 3:1, pH 7.15; @, [B]:[BH] = 9:1,
pH 7.66; (panel C, carbonate buffer) A, [B]:[BH] = 1:1, pH 10.00, ®,
[B]:[BH] = 3:1, pH 10.45. T = 25°; u = 1.0 M with KCI.

ment value for this intramolecular reaction could be calcu-
lated. However, the intermolecular reaction of water with
sulfonium compounds is exceedingly slow.> We have calcu-
lated an approximate kpy,o value for p-nitrophenyldimeth-
ylsulfonium perchlorate as follows. Hydroxide ion reacts
with a series of substituted phenyldimethylsulfonium per-
chlorates to give methanol and the corresponding thioani-
sole with p = 1.60.> In contrast, the p-nitro compound
undergoes ring attack to give p-nitrophenol and dimethyl
sulfide.? By extrapolation of the o-p plot, however, one can
calculate a theoretical value of kou for the demethylation
of p-nitrophenyldimethylsulfonium perchlorate. This rate
constant, derived from data obtained at 78°, can be con-
verted to koy- at 25° using activation energies obtained ex-
perimentally for similar sulfonium compounds.? Finally, as-
suming a Bronsted 8 value of 0.3,> ky,0 at 25° can be cal-
culated as ca. 1071 M~!s~1 When compared with ky,0 =
5 X 1076 s~! obtained for the decomposition of 1 (Figure
1), an effective molarity (EM) of ca. 5 X 105 M is obtained.

Of primary interest, however, is the fact that the reaction
is catalyzed by buffer species. Effects of added buffer
species were investigated using acetate (pH 4.67-5.78),
phosphate (pH 6.51-7.67), and carbonate (pH 10.00-
10.48) buffers at concentrations from 0.03 to 1.0 M (Figure
2). In all cases studied, the basic form of the buffer was
found to catalyze the reaction with second-order rate con-
stants (kg) of 4.1 X 10~¢, 1.56 X 10~5 and 2.87 X 10~%
M-! s—! for acetate, phosphate, and carbonate, respective-
ly. A Bronsted plot of these data, together with ky,o (Fig-
ure 1) converted to a second-order rate constant by dividing
the concentration of water (55.5 M), yields a 3 value of
0.21. The fact that 2 is inert in these buffered media strong-
ly suggests that the buffer effects observed with 1 are asso-
ciated with the cyclization reaction of eq 1, and are not sim-
ply the result of intermolecular nucleophilic attack of the
buffer on carbon. A solvent isotope effect was determined
for the reaction of 1 and found to be close to unity, ku,o0/
kp,o = 1.37, as expected for a nucleophilic reaction cata-
lyzed by general bases with a transition state early on the
reaction coordinate.’

The data presented in this communication provide evi-
dence for catalysis of nucleophilic attack at sp* carbon by
general bases over a wide range of pH in aqueous media.
These findings suggest a role for basic residues of proteins
in promoting enzyme-catalyzed alkylation reactions, such
as in the methylation of catecholamines by SAM.210
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Dinosterol, the Major Sterol with a Unique Side Chain
in the Toxic Dinoflagellate, Gonyaulax tamarensis®
Sir:

Phytoplankton constitute the basis of the food chain in
the marine life, and their chemical constituents are of par-
ticular interest in regard to peculiar compounds often found
in marine organisms.?

In search for possible sources of unusual marine sterols,
the toxic dinoflagellate, Gonyaulax tamarensis, which is
causing serious problems on the North Atlantic coasts, was
investigated.

The chloroform extract of unialgal cultured G. tamar-
ensis cells? afforded a sterol fraction which essentially con-
sisted of cholesterol and a new Csp sterol (named dino-
sterol) in a ratio of 2:3 (GLC analysis).# Dinosterol (I) was
purified by high speed liquid chromatography and recrys-
tallized from CHCIl3-MeOH to needles (yield ca. 6 mg
from 370 X 106 cells), mp 220-222°, [a]D £5° (¢ 0.6,
CHCIl3), C3pHs;O (caled m/e 428.4041; found mfe
428.4054).

The mass spectrum pattern of I, m/e 316 (88%), 287
(100%), 271 (64%) was reminiscent of that of gorgo-
sterol,>6 but the absence of a cyclopropane structure was
obvious from the 100-MHz 'H NMR spectrum which
showed seven alkyl linked methyl signals (6 0.70 (3 H, s),
080 (3H,d,J =7Hz),0.84 (3H,s),085(3H,d,J =7
Hz), 0.94 (6 H, d, J = 6.5 Hz, isopropyl), 0.95 3 H,d, J =
6 Hz)), an olefinic proton signal (6 4.87 (1 H,q,J = 1.2, 10
Hz)), and a proton signal due to a secondary alcohol (6 3.10
(1 H, m)). Decoupling study showed the presence of a par-
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tial structure -CHCH=C(CH;)—which seemed to be lo-
cated in the side chain leaving a few possibilities.

Jones oxidation of I afforded a ketone (V), mp 193-195°,
whose positive CD curve, nm (Ae) in dioxane, 309 (+0.52),
298 (+0.97), 290 (+1.07), implicated the structure of 4a-
methyl-5a-3-one.” Indeed 4a-methyl-Sa-stigmast-22-en-3-
one (II1), mp 164-166°, which was synthesized for compar-
ison by methylation and Birch reduction of stigmast-4,22-
dien-3-one, showed a superimposable CD curve, nm (Ae) in
dioxane: 310 (0.47), 297 (0.97), 291 (1.05). Moreover, the
mass spectra of both II and III were found to show almost
an identical fragmentation pattern, m/e 426 (M7, 100%),
383, 328, 314, 287, and 285, strongly suggesting that the
double bond in the side chain is located at the 22 position
(consequently two methyl groups at the 23 and 24 position).
The final proof of the structure was accomplished by the
ozonolysis of I followed by NaBH, reduction of the ozonide
to the diol (IV), mp 203-205°, m/e 348 (M*, 100%), 333,
330, 262, 248, 247, and 229, which was unequivocally pre-
pared by the ozonolysis and NaBH, reduction of I1I.

Since NaBH, reduction of 4a-methyl-Sa-3-one is known
to give the corresponding 33-ol preferentially,® the structure
of dinosterol is established as 4, 23,24£-trimethyl-Sa-cho-
lest-22-en-385-ol.

The existence of an unusual methyl group at the C-23 in
I seems to be very significant, since the analogy can be only
found in gorgosterol, acanthasterol,’ and demethylgorgost-
erol!® whose origins have been the subject of discussion.!!

H
: X

II, X = O; R = -CH=C(CH;)CH(CH,)CH(CH),
I, X =0; R = -CH==CHCH(C,H,)CH(CHy),
_OH
V.X= < iR=-CHOH

Although the configuration at C-24 and the geometry with
the 22-double bond in I are still unknown, I seems to be
closely related to the above mentioned sterols. 4a-Methyl-
sterols are intermedicates in sterol biosynthesis and known
to be accumulated under anaerobic conditions.”®!2 It might
be significant to note that the mass spectroscopic analysis of
sterols from anaerobically kept gorgonian associated zoxan-
thella was reported to give a molecular ion m/e 428 as-
signed to ““dihydrogorgosterol.”!!

Investigation of the sterols in other dinoflagellates is now
under way.
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