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Brefeldin A (cyanein, decumbin) ($_)I is a fungal metabolite which exhibits a wide range of biological 

activity including antibiotic, cytostatic, antimitotic and antiviral effects. 
2 

The structure of this interesting 
3 

substance was derived by chemical and X-ray crystallographic4 studies. An effective partial synthesis of 

brcfeldin A. which involves the lactonization of the protected 2-pyridinethiol ester 2 (double activation 

process5) has recently been reported. 
6 

The establishment of this interconversion has removed one of the 

major obstacles to synthesis. This note deals with a further simplification of the synthetic problem with re- 

gard lo stereochemical aspects, specifically the generation of the required orientation of substituents about 

C(4) and C(15). A number of selective reactions of brefeldin A are described. The following note outlines a 

total synthesis of e)-brefeldin A which takes advantage of this new information. 

Reaction of brefeldin A7 (1) with 1.5 equiv of methoxyethoxymethyl chloride (MEM chloride) and 1.9 
w 

equiv of diisopropylethylamine in methylene chloride (18Opl/mg of 1) at 25” for 24 hr led to highly selective 

formation of the ‘I-mono MEM ether (>) in 90% isolated yield. 
9,lO d 

Oxidation of 3 with 10 equiv of Collins re- 
z 

agent (Cr03r 2 pyridine) in methylene chloride at 0” for 10 min produced the 4-ketone kin 99% yield. Alterna- 

tively, the conversionz+Acould also be accomplished using 3 equiv of pyridinium chlorochromate 
11 in 

methylene chloride at 25” for 2.5 hr (95% yield). Reduction of $with excess sodium borohydride in methanol 

at -78” for 3 hr afforded stercospecifically and in > 95% yield the 4cu-alcohol 3. 
N 

Even at higher temperatures 

the reduction of Aby sodium borohydride exhibited considerable selectivity ((Y/P ratio 2O:l at -45” and 3:l at 

CH3OH, -78” 

4701 
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+25”). The 4a- and @-epimers could be separated by thin layer chromatography on silica gel (97:3 methylene 

chloride-methanol) with the former being slightly more polar. Since the deprotection of 3 to form ~occurs 

quantitatively (TiC14 - CH2C12 at 0”), these interconversions demonstrate a stereospecific method for the gen- 

eration of the required configuration at C(4) via the 4-ketone 4. 
12 

c 
Interestingly the reduction of unprotected 4-ketc derivative of brefeldin A (5) l3 with sodium borohy- 

dride in methanol at -78” or with potassium tri-E-butylborohydride in THF at -7; produced mainly 4-e 

brefeldin A. (ratio 4-epi-brefeldin A (2brefeldin A., 5:l). (Tic _Rf values found for 1 andAusing silica gel 

plates with ether acetone (3:l) were ti.38 and 0.53, respectively. ) Thus, it is clear that the MEM protecting 

-78” 
5 6 

group at the ~‘(7) oxygen exerts a powerful (and remarkable) directing effect on the stereochemistry of car- 

bony1 reduction at C(4). 

Still another fascinating example of selectivity was discovered during an investigation of the action of 

activated Mn02 on brcfeldin A (1) and the 4-epimer 6. 
N N Under conditions which oxidize 2 completely to 5, 

N 
brefeldin A (1) is unchanged. Thus, oxidation of a 1:l mixture of A and: with c_a. 25-fold excess of MnO2 in 

methylene chloride at 0” for 1 hr affords quantitatively a 1:l mixture of %and brefeldin A. 

Another interesting oxidation is the reaction of brefeldin A with pyridinium chlorochromate l1 (3.3 

equiv) in CH2C12 at 0” for 12 hr which yields selectively the 7-keto derivative2 (62% isolated yield). 

7 

Finally, we describe an important observation on the effect of stereochemistry at C(15) on the rate of 

lactonization of 2-pyridlnethiol esters of brefeldin A 4,7-bis ethers. 596 
- Treatment of the 4, ‘7-b&-MEM ether 

of brefeldin A with 0.13 3 lithium hydroxide in methanol-water (3 :l) at 50” for 8 hr effected lactone hydrolysis 

to give the hydroxy acid i_ Oxidation of 3 with pyridinium cblorochromate l1 in methylene chloride at 25” 

afforded the corresponding 15-ketone which underwent reduction (NaBH4, CH30H, -25”) to give a mixture 

(approx. 1:l) of 2 and the corresponding C(15)-epimer 9. l4 +u The hydroxy acid: was transformed readily and 
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efficiently into the 4, ‘I-bis-MEM ether of brefeldin A by heating the Z-pyridinethiol ester. 536 The lactoniza- - 

tion process occurs rapidly in dry xylene at reflux (under argon) and appeared to be complete in only 1 hr. In 

contrast the mixture of the 2-pyridinethiol esters of i and &upon heating in xylene at reflux afforded only the 

4,7-bis-MEM ether of brefeldin A and unreacted 2-pyridinethiol ester of 3 (even after 8.5 hr reaction time). - 

This experiment demonstrates conclusively still another interesting aspect of stereochemistry in the brefeldin 

A series and at the same time provides a simplification of the problem of synthesis with respect to configura- 

tion at C (15). The relatively slow cyclization of the 2-pyridinethiol ester of 3 (as compared to the ester of ;) 

can be rationalized in terms of steric repulsion between the 15-methyl group and one of the substituents at 

C(1) in the tetrahedral intermediate for lactone formation. Inspection of space-filling (CPK) models of the 

tetrahedral intermediate derived from 2, assuming the ring conformation shown by X-ray analysis of 

brefeldin itself, 
4. . nnhcates a sizable repulsion between methyl at C(15) and either 0 or S at C(1). 15’ ‘6 
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Obviously, mixtures of 2 and the 4P-epimer are convertible to 4. N 
Obtained in quantitative yield by deprotection of 2using TiC14 - CH2C12 at 0”. 

This mixture was not readily separable by chromatography, 

Partial spectral data for jare: nmr (6, CDa3), 7.71 (d, J = 16, H3, lH), 6.38 ,d, 3 = 16, H2, lH), 

5.74 (m, lH), 5.43 (dd, J = 9 and 16 Hz, lH), and 4.08 (p, J = 5 Hz, C_H-OMEM); ir (CC14) 2935, 1730, 
-1 

1700, 1631, 1250, and 972 cm . Partial spectral data for 2 are: nmr (,$ , CDC13), 6.20 (d, J = 13 Hz, 

lH), 5.97 (d, J = 13 Hz), and 5.2 (m, ZH). Partial spectral data for $are: nmr (A, CDCl,), 6.04 (dd, 

J = 9 and 13 Hz, lH), 5.55 (d, J = 13 Hz, lH), and 5.3 (m, 2 H); ir (Ccl,) 3400, 2930, 1712, and 
-1 

1630 cm ~ 
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