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Total Synthesis of (+)-Vermiculine
Sir:

The structure of the antibiotic vermiculine has recently
been established as I on the basis of X-ray crystallographic
analysis.!? The total synthesis of this substance in racemic
form, undertaken as part of a program on the synthesis of
biologically active macrocycles, is reported heréin. The
pathway of the synthesis, which involves only ten steps, fea-
tures several noteworthy functionally selective reactions and
the application of the previously described “double activa-
tion” method®# to generate both ester linkages of the ma-
crocycle in a single operation.

The readily available dimethyl 2,2-dimethoxyglutarate,’
upon treatment with 1.4 equiv of diisobutylaluminum hy-
dride in methylene chloride at —78° for 1 hr, afforded after
workup® the pure aldehyde ester I17 in 50% yield. Reaction
of II with 1.5 equiv of dimethallylcadmium?® in ether at
—78° for 1 hr gave the alcohol IIT which without purifica-
tion was treated with tribenzylchlorosilane (1.3 equiv) and
imidazole (1.3 equiv) in dimethylformamide at 25° for 15
hr to form the corresponding silyl ether IV (70% from II).
Reduction of IV with 1.2 equiv of diisobutylaluminum hy-
dride in methylene chloride at —78° for 30 min produced
the aldehyde V which was directly condensed with the sodi-
um salt (from NaH) of diethyl ethoxycarbonylmethane-
phosphonate (1.8 equiv) in tetrahydrofuran at 25° for 1 hr
to give the trans a,8-unsaturated ester VI (94% overall
from IV). The key intermediate for the synthesis of vermi-
culine, the hydroxy acid VII, was prepared from VI in 100%
yield by hydrolysis with 0.17 N lithium hydroxide in metha-
nol-water (2:1) at 25° for 24 hr. The 2-pyridinethiol ester
VIII, prepared by reaction of the hydroxy acid VII with 1.5
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III, R = H; X = COOCH,
IV, R = (CH;CH,)Si; X = COOCH,
V, R = (C;H,CH,),Si; X =CHO
VI, R = (CH:;CH,);Si; X = trans-CH=CHCOOC,H

VII, R = H; X = trans-CH=CHCOOH

VIII,R=H; X= trans-CH=CHCOS‘@

equiv of 2,2’-dipyridyl disulfide and 1.5 equiv of triphenyl-
phosphine in concentrated solution in xylene at 0° for 20 hr,
was obtained in pure form in 77% yield after chromatogra-
phy on silica gel. Heating of VIII in 0.1 M solution in xy-
lene at reflux with 3 equiv of 2,6-lutidine® for 24 hr pro-
duced in 30% yield a mixture (1:1) of the desired vermicu-
line derivative IX (methallyl groups cis) and the diast-
ereomer of IX having a trans arrangement of the two meth-
allyl groups.3#10 The mixture was converted without sepa-
ration to the keto ketal lactone X by reaction with osmium
tetroxide (0.1 equiv) and sodium periodate (6 equiv) in 50%
aqueous tert-butyl alcohol at 25° for 1 hr (70% yield) and
thence quantitatively to a mixture of (%)-vermiculine (I)
and the trans (meso) diastereomer by exposure to acetic
acid-water-tetrahydrofuran (3:1:1) at 45° for 1 hr. Chro-
matography of the mixture on silica gel using benzene-
ethyl acetate (1:1) afforded racemic vermiculine (I), mp
143-144°, and the trans (meso) diastereomer, mp 131-
132° (relative Ry values 0.24 and 0.15, respectively). The
infrared (CHCl;), 'H NMR (CDCls), ultraviolet (EtOH),
and mass spectra of synthetic (+)-I were identical with
those of an authentic specimen of vermiculine.!1-14
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Solvent Effects on the Electron-Transfer
Disproportionation Rate Constant of
Semithionine Radical Cation

Sir:
The radical cation semithionine, THj.*, undergoes rapid

disproportionation to thionine, TH*, and leucothionine,
TH;™, in acidic aqueous solution (eq 1).1-8 In 0.05 M aque-

H,N IS KIHS
—
N
TH,*
+
H.N S NH,
oL
N
TH*
+
H.N S NH,
oLy
N

}
TH,"
ous sulfuric acid* or 0.01-0.1 M aqueous trifluoromethyl-
sulfonic acid (HTFMS) at 25°, kg = 2.4 X 109 M~1 sec™!.

We have found that k4 is dramatically lower, in some
cases by as much as a factor of 103, in several aqueous or-
ganic solvent mixtures. Furthermore, in a wide variety of
solvent mixtures, there is a fairly good linear relationship
between log k¢ and an empirical measure of solvent polari-
ty, Kosower’s Z parameter!0-1! (Figure 1). Such a quantita-
tive correlation of the specific rate of disproportionation of
a charged radical with the Z parameter has not been pre-
viously reported.}?

The linear variation of log kg4 with solvent Z value can
reasonably be expected if the rate-determining step in the
disproportionation of THj.* is electron transfer followed by
a proton transfer (Scheme I) rather than H atom trans-
fer.!3-!5 The partial electron-transfer characteristic of the
difference between the reactants and the transition state in

Scheme |

kg
2TH,"* == TH,* + TH, (2)
k-d
-H#
TH,* <= TH* (3)
H
H#
TH, == TH;" (4)

-H

log ky (M'sech
[04]
T

75 80 85 S0 95
Solvent Z -value

Figure 1, Effect of solvent on the rate constant for disproportionation
of semithionine, k4. (®) Aqueous N,N-dimethylacetamide (DMA); %
v/v DMA in order of decreasing Z value: 10, 18, 25, 50, 75, 84%. (O)
Aqueous 1,2-dimethoxyethane (DME); % v/v DME in order of de-
creasing Z value: 25, 50, 75, 95%. (A) Aqueous acetonitrile (AN); %
v/v AN in order of decreasing Z value: 25, 50, 75, 92%. (O) Aqueous
ethanol; % v/v ethanol in order of decreasing Z value: 75, 95%. (m)
Water.

reaction 2 is analogous to the partial electron transfer
which characterizes the difference between the ground and
excited states of 4-carbomethoxy-1-ethylpyridinium iodide
(CEPI), the transition which defines the solvent Z
value.!%!6 The linear correlation of log k4 with Z value also
suggests that there is negligible change in the orientation of
the solvent around the reactant molecules in going from the
separated ions to the transition state of step 2, a condition
which must be true in the transition from the ground to ex-
cited state of CEPI.

It should be noted that the variation in kq is not related
to such bulk solvent parameters as dielectric constant or vis-
cosity. For example, in both 98% v/v N-methylpropionam-
ide (MPA) (empa (30°) = 164, umpa (25°) = 4.568 cP)!?
and in 92% v/v acetonitrile (AN) (ean (25°) = 37.5, pan
(25°) = 0.304 cP),'4 kg4 is much lower than in water (ewater
(25°) = 78.54, pwater (25°) = 0.89 cP).}* The measured Z
value for 98% v/v MPA is ~78 and kg < 2 X 108 M~}
sec™!. Obviously k4 is influenced by specific solvent-solute
interactions rather than by bulk solvent characteristics.

In the present experiments, TH-* was generated accord-
ing to reaction 5 by flash excitation of solutions containing

hv
TH* ——> TH,* + Fe® (5)
Fe ,H

2 X 107® M TH*, 0.03 M Fe(TFMS),, and 0.01 M
HTFMS. The temperature was maintained at 25 + 1°. The
disappearance of THz-* or the reappearance of TH™ fol-
lowing flash excitation was followed by monitoring the ab-
sorbance at 730 and 580 nm, respectively. Where possible,
Z values for the solvent mixtures in Figure 1 were deter-
mined by measuring the absorption spectrum of CEPI in
those solvents. Using CEPI recrystallized twice from cold
acetone, we obtained excellent agreement with the pub-
lished Z values for ethanol-water mixtures.!® Since it has
been shown that the presence of ions can markedly increase
the Z value of some solvents, '8 0.1 M NaTFMS was added

Journal of the American Chemical Society / 97:8 / April 16, 1975



