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Synthesis of the Isoindolone Nucleus
of the Cytochalasins

Summary: The isoindolone skeleton of the cytochalasins
has been constructed stereospecifically via an intramolecu-
lar Diels—-Alder reaction.

Sir: The cytochalasins are a group of microbial metabolites
producing a variety of unusual biologica!l effects upon living
cells.! The members of this group of natural products are
all characterized structurally by a saturated isoindolone
skeleton fused to an 11- to 14-membered macrocyclic ring,>
4 as shown in cytochalasins A (1), B (2), and proxiphomin

CSHS
LX=0 3
2, X=a-OH, g-H

(3).5 Although these compounds represent an exciting and
difficult challenge for the synthetic chemist, to our knowl-
edge no work has yet been reported in this area. We now
wish to describe a stereospecific approach to the isoindol-
one nucleus of the cytochalasins.

Condensation of tiglic aldehyde with trimethyl phospho-
noacetate (sodium hydride, benzene) produced methyl v-
methylsorbate (4) in 80% yield. Reduction of 4 to the alco-
hol 5¢ [bp 40-45° (0.2 mm)] was effected in 87% yield with
lithium aluminum hydride in ether. Diacid 6, prepared as
described” by condensation of malonic acid and phenyl
propargaldehyde, was cyclized to the known butenolide 78
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by refluxing in o-dichlorobenzene. Compound 7 could be
converted into the corresponding acid chloride 8 upon
treatment with thionyl chloride in chloroform. The crude

HOOC~_ _COOH o
“
ant
N |
CGH5 CGH-')
4, R=COOCH, 6 7, X = OH
5 R=CH,0H 8 X=Cl

acid chloride 8 was treated with a solution of alcohol 5 in
pyridine at room temperature to produce the stable, crys-
talline ester 9 (80%), mp 106-108°.

Heating ester 9 in refluxing o-dichlorobenzene produced
the crystalline tricyclic dilactone 10: NMR (CDCl;) 6 1.38

0 o

CHs
9 10

(83H,d,J =8 Hz), 1.80 (3 H, brs),2.5 (1 H, m), 3.2 (1 H,
m), 3.56 (1 H,d, J = 7 Hz), 4.65 (1 H, t, A of ABX), 5.25 (1
H, dd, B of ABX), 5.68 (1 H, s), 6.00 (1 H, m), 7.2-7.7 (6 H,
m). One would expect that an endo transition state is pre-
ferred for this intramolecular Diels—-Alder reaction,®19 thus
producing the stereochemistry shown in structure 10. The
C-4-C-5 hydrogen coupling constant of 7 Hz in compound
10 supports assighment of a cis relationship to these pro-
tons.!! Tricyclic lactone 10 was quite difficult to isolate be-
cause of its propensity for reaction with nucleophiles dur-
ing chromatography. It was discovered that refluxing a
methanolic solution of 10 led to formation of keto ester 11:

,r"O 0]
NR
OH
C.H;
12 R=H
13, R = CH,C;H;

NMR (CDCls) 8 3.80 (3 H, s), 3.90 (2 H, s). The high reac-
tivity of the butenolide ring of 10 toward nucleophiles was:
used in introducing nitrogen into the system.

Thus, on heating a dilute o-dichlorobenzene solution of
ester 9 for 2.5 hr, followed by cooling in ice, and saturating
with ammonia, crystalline tricyclic lactam 12 could be
readily isolated (32% yield from 9): mp 174-175°12; ir (film)
3400, 3300, 1750, 1710 em~1; NMR (CDCly) 6 3.1 (2 H, AB
q,J = 14 Hzj.

Similarly, treatment of the crude Diels-Alder product 10
with benzylamine produced lactam 131112 (36% frm 9): ir
(CDCl3) 3350, 1740, 1700 ecm~1; m/e found 417.19520. Work
is now in progress to utilize systems such as 12 and 13 in a
total synthesis of the cytochalasins.
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Transannular Cyclizations. A Stereoselective
Synthesis of the Cyclopentanoid Monoterpenes

Summary: A highly stereoselective method of cyclopenta-
noid ring formation by transannular cyclization of cyclooc-
tane systems is described. Its utility is illustrated by a total
synthesis of the monoterpene iridomyrmecin.

Sir: We wish to report an approach to the synthesis of the
cyclopentanoid class of monoterpenes which commences
with the novel head-to-tail isoprene dimer 1,5-dimethyl-
1,5-cyclooctadiene! (1) and which makes use of a transan-
nular cyclization? to construct the carbon framework of a
key intermediate in a stereoselective manner. The route, il-
lustrated by the total synthesis of the naturally occurring
insecticide iridomyrmecin, isolated from the Argentine and
Iridomyrmex humilis, could potentially be diverted at suit-
able points to synthesize many of the cyclopentanoid
monoterpenes.®

The diene 14 was converted into alcohol 2a5 (75% yield)

OR
.
1 2a,R=H
b, R = SO2CH3

by a selective monohydroboration-oxidation sequence
employing 9-borabicyclo[8.3.1]nonane,® and thence to the
sulfonate ester 2b with methanesulfonyl chloride and tri-
ethylamine in methylene chloride.” Without purification,
this ester was subjected to solvolysis for 12 hr at 60° in
aqueous dioxane in the presence of an excess of sodium car-
bonate. The alcohol 3 (60% yield overall from 2a) thereby
produced has the indicated orientation of the C-6 methyl
group (exo- to the cis-fused bicyclo[3.3.0]octane system)
that both follows from and is required for a successful syn-

Communications

thesis of iridomyrmecin. The stereochemical control ob-
served in this cyclization is the result of r-electron partici-
pation in the solvolytic removal of the sulfonyloxy group
and thus the exo orientation at C-6 can be attributed di-
rectly to the trans relationship of the methy! group and the
sulfonate moiety in 2b. Though the reaction could have al-
ternatively occurred without assistance while still generat-
ing the product of transannular cyclization, consideration
of molecular models indicates that the C-6 epimer would be
expected to be the predominent product of such a process.?
Alcohol 3 was transformed into olefin 4 (70% yield) by a p-

L , H
H' OH H
3 4

toluenesulfonic acid catalyzed dehydration in pentane at
reflux to effect azeotropic removal of water. A second hy-
droboration-oxidation sequence using diborane served to
convert olefin 4 into alcohol 5 (60% yield) containing a
small amount of a second alcohol, possibly that resulting
from attack by diborane on the endo face of olefin 4. Alco-
hol 5 was converted into the corresponding ketone (6, 90%

--OH 0

5 . 6

yield) by Jones oxidation.? The kinetic enolate of this ke-
tone was generated with lithium diisopropylamide in tetra-
hydrofuran solution and then trapped by trimethylsilyl
chloride to form the unstable enolsilyl ether 7. Without iso-
lation of intermediates, the enol ether 7 was cleaved with

H H
N N
SiM63 Q
'. N0
H H
7 iridomyrmecin

ozone in methanol-methylene chloride solution,!® the re-
sulting acid-aldehyde was reduced with sodium borohy-
dride, and the hydroxy acid was subjected to aqueous hy-
drochloric acid to effect lactonization. The crude material
thus formed (40% overall yield from ketone 6) crystallized
spontaneously and could be recrystallized from pentane to
afford needles with mp 57-58° (lit. §9° for racemic iri-
domyrmecin).1}12 Further confirmation of the structure
was provided by the conversion of iridomyrmecin into the
more stable C-4 epimer, isoiridomyrmecin, by the known
procedure.!1:12 \
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