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duct 4b or 5b is obtained with HI; this on treatment with 
AgNOB in THF-water affords unstable 4c or 5c. Treatment 
with triethylamine causes 4/5a to revert to 3 whereas 4/5b 
and 4/5c revert to 3 on chromatography. Hydrogenation of 
3 (Pd/C) gives a complex mixture of reduced products; re- 
duction (Zn/HOAc) of 4/5b gives 4/5d. Ozonolysis of 3 pro- 
duces a stable ozone addition product, mp 83.3-83.8' dec, 
the structure of which is under investigation.1° 

The structure of 3 makes probable that it is preceded by 
6, which we have been unable to observe, suggesting its 
great proclivity toward cycloaddition, even through the un- 
common allene-acetylene mode.ll It is likely that the latter 
reaction passes through diradical7 (eq 5).11a A superficially 
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L 7  J - 
related reaction has been observed by Braverman and Se- 
gev.2a The structure 2 originally considered as an alterna- 
tive would become accessible were 6 to undergo a subse- 
quent [3,3] signiatropic rearrangement (eq 3), followed by 
the well-known allene dimerization through a 2,2'-bisallyl 
diradical.6J1g 

Further investigations are underway. 
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The Stereochemistry of Ester Dienolate Anions. 
A Stereoselective Route to Botryodiplodin 

Summary: A three-step total synthesis of the antibiotic 
and antileukemic agent botryodiplodin by means of the 
stereoselective Claisen rearrangement of cis-crotyl senec- 
ioate is described. 

Sir: A short, stereoselective total synthesis of the antibiotic 
and antileukemic agent botryodiplodin1v2 (1) has been 
achieved by a route which also provides evidence for the 
configuration of ester dienolate anions. Several recent re- 
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Scheme I 
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ports have appeared concerning the alkylation3 or aldol 
condensation4 of dienolate anions of cqb-unsaturated car- 
boxylic acids or esters. These anions may adopt either E 
configuration 2 (s-cis) and 3 (s-trans) or Z configuration 4 
(s-cis) and 5 (s-trans). It has been suggested3c that the di- 
enolate 2 (R = Na) should be the most stable. 

The recent extensions of the Claisen rearrangement to 
ester enolates? and the high degree of stereoselectivity6 
well known in the vinyl ether Claisen rearrangement 
suggests that the rearrangement of cis- and trans-crotyl 
ester dienolate anions might be used as a probe to examine 
the initial stereochemistry of ester dienolates. Rearrange- 
ment of trans ester 6 (Scheme I) should give (2S),(3S)-acid 
127 via the E (s-cis or s-trans) dienolate anion or 
(2S),(3R)-acid 13 via the 2 (s-cis or s-trans) dienolate. The 
opposite should hold true for the cis ester 7. 

RIYRz 
I 

O n C H 3  
0 kH3 0% 

6, R i = H  R2=CH3 
7, R1 = CHj R, = B 

8, Ri = H R, = CH3; R3 = TMS 
9, R i=CHj  R , = H  R:,=TMS 

12, R 1 = H  b= CH,; R8=COzH 

14, Rl = H; R, = CH,; R3 = CO,CH, 
13, R1= CH3; R2 = H; R3 = COZH 

IS, Rj = CH3; & 
16, RI = H, R, = CHB; R3 = CH,OH 
17, R1= CH3; R, = H R3 = CHZOH 

H; R3 = COZCH3 

trans-Crotyl senecioate (6) and cis-crotyl senecioate (7) 
were prepared by standard methods. Treatment of 6 with 
lithium 2,2,6,6-tetramethylpiperididea (THF, -78', 15 
min), followed by trimethylchlorosilane, gave silyl ketene 
acetal (8) which on heating to reflux rearranged to silyl 
ester 10. This material hydrolyzed on work-up to the 
(2S),(3S)-acid 12, in 95% overall yield (bp -75' at  2.5 mm, 
mp 34-36') (see Table I).9J0 Similar treatment of the cis 
ester 7 gave (2S),(3R)-acid 13 in 88% yield (mp 29.5-31'). 

The stereoselectivityl' is 68% for the trans ester 6 and 
82% for the cis ester. This is lower than the -95% usually 

Z (s-trans) 13 

Table I 
Stereoselective Crotyl Senecioate Rearrangements 

Ratio' of 
Mer Conditions 12:13 % yieldb 

79:21 53 6 LDA, 25" 

7 LiTMP,-78", TMSCI, A 9:91 88 
a Ratios of isomers were determined by NMR integration of the 

methyl doublet (proton C, Table 11) and by GLPC analysis of the 
methyl ester (CH2N2) on a 200-ft DB-TCP capillary column oper- 
ating at  60°C. Isolated yield of distilled or crystallized product. 

Lithium diisopropyl amide. Lithium 2,2,6,6-tetramethyl- 
piperidide. 

6 LiTMP,@-78", TMSC1, A 84:16 95 

observed in the Claisen rearrangement and implies a 10- 
20% concentration of Z dienolate anion 4,5 with the E di- 
enolate 2,3 predominating.12 

The reaction can be utilized for the construction of ste- 
reochemistry in acyclic systems such as botryodiplodin (1). 
Acid 13 was reduced with excess lithium aluminum hydride 
in ether to the alcohol 17 in 83% yield (bp 75O at 50 mm). 
Ozonolysis (03, CH2C12, -78O, Zn, AcOH) gave ketoal- 
dehyde 18 which spontaneous cyclized to the lactol dl-bo- 
tryodiplodin (1, 63%, bp -130' at  5 mm). Spectral proper- 
ties of dl-botryodiplodin and its acetate were identical with 
those reported by McCurry.2apb 
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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 biological effects upon living 
ce1ls.l 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,z- 

as shown in cytochalasins A (l) ,  B (2), and proxiphomin 

n _ _  

1, x = o  
2, X == (Y-OY P-H 

3 

(3).5 Although these compounds represent an exciting and 
difficult challenge for the synthetic chemist, to our knowl- 
edge no work hag 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 y- 
methylsorbate (4) in 80% yield. Reduction of 4 to the alco- 
hol 56 [bp 40-45' (0.2 mm)] was effected in 87% yield with 
lithium aluminum hydride in ether. Diacid 6, prepared as 
described7 by condensation of malonic acid and phenyl 
propargaldehyde, was cyclized to the known butenolide 78 

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 

R O n  

4, R = COCCH, 6 7, X = O H  
5, R = CH,OH & X = C l  

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

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

9 10 

(3 H, d, J = 8 Hz), 1.80 (3 H, br s),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 (5 H, 
m). One would expect that an endo transition state is pre- 
ferred for this intramolecular Diels-Alder reaction:JO thus 
producing the stereochemistry shown in structure 10. The 
C-4-C-5 hydrogen coupling constant of 7 Hz in compound 
10 supports assignment of a cis relationship to these pro- 
t0ns.l' 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: 

11 12, R = H 
13, R = CHiC,;H, 

NMR (CDC13) 6 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 cm-l; NMR (CDCl,) 6 3.1 (2 H, AB 
q, J = 14 Hz). 

Similarly, treatment of the crude Diels-Alder product 10 
with benzylamine produced lactam 1311J2 (36% frm 9): ir 
(CDC13) 3350,1740,1700 cm-'; mle  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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