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SYNTHESIS OF OPTICALLY ACTIVE VERRUCARINIC ACID DERIVATIVES 

Barry M. Trost and Patrick G. McDougal 
McElvain Laboratories of Organic Chemistry, Department of Chemistry 
University of Wisconsin, 1101 University Avenue, Madison, WI 53706 

SUMMARY: Two syntheses of verrucarinic acid highlighting an oxidative cleavage of 
hydroxysulfides and use of mandelate esters for chromatographic resolution 
are reported. 

Verrucarin A (1) is a member of the biologically active macrocyclic tricothecanes.1 This 

class of mycotoxins exhibits outstanding in vitro cytotoxicity2a and has been shown to be 

potent inhibitors of protein synthesis.2b Because of our interest in the total synthesis of 1 

from verrucarol (313, verrucarinic acid (21, and an &,&muconic acid, recent reports on the 

synthesis of verrucarinic acid (2) and its derivatives4,5 prompt us to report our work in this 

area at this time. 
l-l& 

The first approach highlights the utility of the lead tetraacetate (LTA) cleavage of 

cyclic hydroxysulfides which generate a chemodifferentiated dialdehyde.6 Applying such a 

reaction for the cleavage of 8 generates a flexible intermediate for the elaboration of a 

number of verrucarinic acid derivatives. Scheme I outlines this approach starting from the 

well-described &-diol 4.7 The corresponding monobenzoate 5, mp 54.5-60, [PhCOCl (1.0~1, 

pyridine (1.1x), DME, 00, 64%1 was reacted with lithium dimethylcuprate (4x, ether, -200). 

After standard workup the crude residue was first treated with MCPBA (CH2C12, 00) and then with 

benzoyl chloride (NaH, ether) to yield after chromatography the epoxide 6 (53%) along with its 

isomer 7 (26%, both yields from 51.8 Opening of the epoxide occurred completely 

regioselectively with lithium thiophenoxideg to give, after a protection-deprotection sequence 

[(1)1x t-CAH9(CH3)2SiCl(TBDMS-Cl), imidazole, DMF (2) Dibal.H, ether, -780, 4h], the desired 

hydroxysulfide 8 (68% from 6). Cleavage of 8 under our improved conditionsdb [LTA (2x), HOAc 

(3x1, pyr (4x), benzene, 8OoC, 10 min] proceeded smoothly to yield the aldehyde 9 in 83%. 

In order to confirm our regio- and stereochemical assignments, the cleavage product was 

converted to t-butyldimethylsilyl verrucarinolactone 11. This was achieved by first treating 9 

with Diba1.H (2.2x, toluene, -700, 14h) which both reduced the aldehyde and unmasked the 

acetoxysulfidel0 to yield the lactol 10 (73%) as a mixture of anomers. Simple oxidation 

(CrOg.Zpyr, CH2C12) gave the desired lactone (91%) whose 1H NMR was almost identical to that 
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SCHEME I. Hydroxysulfide Approach toVerrucarinolactone 
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SCHEME II. Asymmetric Synthesis of Verrucorinic Acid 
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reported for verrucarinolactone,5 except for the presence of the silyl group. Most importantly 

a coupling of 9.5 Hz between Ha and Hb was recorded indicative of a diaxial orientation for the 

two protons. Although the resolution of various derivatives of the diol 4 was knownll, another 

route was developed for the synthesis of optically active 2. 

The asymmetric synthesis, shown in Scheme II, is based on the resolution of the 

propargylic alcohol 13 & its (S)-0-methylmandelate ester 14.12,13 The requisite alcohol was 

prepared (63%) from the crotyl epoxide 12 by treatment with diethylaluminum 

trimethylsilylacetylidel4 (1.5x, toluene rt, 2h) followed by removal of the TMS group with 

sodium methoxide (1.2x, MeOH, rt, 1.5h). When the alcohol was acylated with 

(S)-0-methylmandelic acid <[o]$3 = 1480 (c=l.17, EtOH)) in THF containing DCC (1.5x) along with 

one equivalent of N-hydroxybenzotriazole (HBT) and pyridine the esters 14a and 14b were formed 

in 93% without any detectable epimerization of the mandelate piece.15 Separation of the esters 

was easily achieved by HPLC17 and the absolute configuration assigned by both 1H NMR13a,18 and 

chemical correlation.19 Using the model we presented earlier,l3a inspection of the extended 

Newman projections A and B allows assignment of the less polar isomer to the absolute 

configuration in A and the more polar one to that depicted in B. 

The least polar ester ([a]22 = +5.83 (c=1.47, acetone)) was partially hydrogenated to an 

olefin [HZ (l.OW), Lindlar cat., 96%1, hydroborated with disiamylborane in THF (7h, RT, 

oxidatively worked up with MCPBA20 at Oo to rt, Ih) and silylated (TBDMS-Cl, CHzc12, DMAP) to 

yield 15 in 89%. The mandelate was then exchanged for a silyl protecting group by hydrolysis 

with sodium methoxide (1.0x, MeOH, rt, 3h) and silylation [TBDMS-Cl, DMF, imidazole (2x), 3701 

to give 16 (85%, [“I22 = -13.090 (c=l.lO, acetone)). The final step needed was to convert 16 

to an active acylating agent necessary for its inclusion into verrucarin A. Demethylation of 

the ester with excess LiSCH321 (HMPA, rt, 48h) also effected desilylation at the secondary 

position, so that the crude mixture was resilylated [TBDMS-Cl (7x), DMF, imidazole (14x)] to 

yield the trisilyl derivative 17 (88%). Attempts to convert 17 to an acid chloride22 failed; 

however, an equally attractive acylating agent 18 could be synthesized by treating 17 with DCC 

(1.5~1, HBT (2.0~1, and pyridine (1.0~). Standard aqueous workup (hexane as co-solvent) 

followed by chromatography (silica gel) gave the acyl hydroxybenzotriazole 18 (54%) as a 

colorless oil. Similar species23 have been utilized as acylating agents and in our hands 18 

has esterified various alcohols, with the aid of DMAP. 

In conclusion, two routes24 have been developed for the synthesis of the verrucarinate 

moiety of verrucarin A in racemic and optically active form. We are presently utilizing 



5500 

compounds synthesized by this latter route for the reconstruction of verrucarin A from 

verrucarol. 
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