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SYNTHETIC STUDIES OF DIDEMNINS. IV. SYNTHESIS OF THE MACROCYCLE 
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Department of Chemistry, University of Pennsylvania 
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Abstract: A stereocontrolled route to the 23-membered macrocycle found in the didemnins is described. 

As a continuation of our synthetic studies of the didemnins,z we now wish to report our synthesis of the 

didemnins’ macrocycle. The didemnins (1) are a new class of depsipeptides originally isolated from a Caribbean 

(la) didemnin A, 

(lb) didemnln B, 

(lc) didemnin C, 

(ld) REH-HCI 

tunicate of the Didemnidae family (Trididemnum genus). 3a All didemnins contain the same parent macrocycle 

which is attached at the threonine nitrogen to N-methyl-D-leucine. This moiety, in turn, is found to be attached to 

lactic acid (didemnin C), lactylproline (didemnin B), or hydrogen (didemnin A). The interesting and varied bio- 

logical activity of didemnins A and B has been the subject of many investigations.3 Antiviral, antitumor and im- 

munosuppressive activities have been reported for these compounds. The crystal structure has been determined 

by X-ray analysis.4 Total syntheses5 and other synthetic studies have also been reporteda Since the differences 

in biological activity and potency of didemnins A, B and C are due to the variations in the side chains, a synthesis 

of the macrocycle would be useful for structural modifications. The didemnins pose a number of synthetic 

challenges. Maintaining the chiral integrity of the 2-methyl group found in the hydroxy isovaleryl propionyl 

(HIP) unit is among the most difficult. The 2-methyl group of the HIP unit is situated between a keto group and 

an amide group. This center is prone to racemization in synthetic linear precursors used to form the macrocycle. 

In order to avoid carrying on diastereomers at this center throughout the synthesis, and to circumvent the 

formation of the unwanted epimer after cyclization, we chose to work with the 3-keto group as a protected 

hydroxyl functionality. Oxidation of this center could then lx. carried out after macrocyclization. 

Our retrosynthetic analysis led us to make bond disconnections between L-leucine and the HIP unit, and 

between L-thrmnine and isostatine. The synthesis of the HIP-isostatine unit was accomplished using method- 

ology previously developed in our laboratories. 2C A suitably activated alloisoleucine was condensed with the 

enolate of HIP acetate (Scheme 21. Preuaration of the HIP acetate is shown in Scheme 1. 
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IL-valine (2) R = t-BuMe2Si- (4) 0 (5) 

a. ‘IN HzS04, 1N NaN02, 57%; b. MeOH, cat. H&X)4, 87%; c. benzyl Z$2,2-trichlaroacetimidate, TfOH, 80%; 
d. LAH, 89%; e. SOJ.pyridine, DMSO, Et,N, 70%; f. SnC14, CH&I,, -78 C, 74%; 9. LAH, 92%; h. TBDMSCI, 
DMAP, EtaN, 100%; i. CH30CH&I, iPrNEt, 96%; j. Na, NH3, THF. 82%; 4. (MeC0)20, DMAP, CH2CIZ, 90%. 

The protected aldehyde (2) was synthesized from L-valine by a known series of reactions.7 Benzyfation 

was accomplished by acid-catalyzed addition to benzyl2,2,2-trichloroacetimidate,* after which a reduction-oxida- 

tion sequence afforded 2. The remaining stereochemistry was set by a chelation-controlled aldol condensation.9 

Compound 2 was treated with the silylketene thioacetal3, prepared by literature procedure,g to afford a 74% yield 

of the all syn diastereomer as the only product. Reduction of the thioester gave a crystalline diol (94% ee, lgF 

NMR on Mosher’s ester), which could be recrystallized to > 99%ee. Selective protection of the primary hydrox- 

yl group with t-butyldimethylsilyl chloride was followed by protection of the secondary hydroxyl group as its 

MOM ether. The resulting compound was then debenzylated using sodium in liquid ammonia, followed by 

conversion to its corresponding acetate (5). 
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Z-D-alloisoleucine 
(6) 

(7) 
R = t-BuMe,Si- 

a. CDI; b. LDA, THF, (5), a - b = 76%; c. KBH 4, EtOH, 63%; d. iPr,SiOTf, 2,6-lutidins, 93%; e. Hlr PdIC, 100%; 
f. imidazole, MeOH, 100%. 

Z-D-Alloisoleucine (Scheme 2) was converted to imidazolide 6, which was then directly condensed with 

the lithium enolate of compound 5, to afford the corresponding b-keto ester (7) in 76% overall yield from Z-D- 

alloisoieucine. Treatment of this compound with potassium borohydride in ethanol,2 followed by treatment of 

the resulting diastereomeric mixture with triisoprdpylsilyl triflate gave a separable (column chromatography) 

mixture of two silyl ethers. The ratio of these two diastereomers was found to be 12.6: I by HPLC analysis, The 

carbobenzyloxy group of the a& diastereomer (8) was removed by catalytic hydrogenation. Confirmation of the 

assigned stereochemistry was accomplished by converting the amino derivative 9 to a protected pyrrolidinone 

(10) which was then subjected to 1H NMR decoupling experiments. The synthesis of the macrocycle is shown 

in Scheme 3. 
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