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GRAHAMIMYCIN A

SYNTHESIS AND DETERMINATION OF CONFIGURATION AND CHIRALITY
Wolfgang Seidel and Dieter Seebach™

Laboratory of Organic Chemistry, Swiss Federal Institute of Technology, ETH-Zentrum,

Universitdtstrasse 16, CH-8092 Ziirich (Switzerland)

Summary: The two hydroxyacid derivatives 10 and 11, obtained from (S)-B-hydroxybutanoate and
(S)-lactate, respectively, are joined to give the acetylenic ester 12. Cyclization and func-
tional group manipulations lead to (S,S)-(+)-grahamimycin Al, the enantiomer of the natural

product.

The group of known antibiotic natural macrodio]ides]) can be subdivided into the Cz-sym-

metrical representatives 1, 2, and 3 with 16-membered rings and the asymmetric compounds 4
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R=CHy: (-)-Pyrenophorin [R,RI 3: ReCygH0,: (-)-Elaiophylin 65,751

™o
.

R=CHZCOCH3: (-)-Vermiculin [S,S!]

4: (+)-Colletodiol [2R,8R,10R,11R] 5: (-)-Grahamimycin A] [R,R]

and 5 with 14 ring members. It has been shownz) by degradative or synthetic chemical correla-
tion and/or by x-ray structure analysis, that the centres of chirality at the two ester moie-
ties of the compounds 1 - 4 all belong to the same configurational family, as is evident from

their formulae3). We have now proved by synthetic correlation with lactic acid and with 8-hy-
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(S.S)-{+)-grahamimycin A1

droxy-butyric acid that the newest addition4) to the series of diolides, i.e. (-)-grahamimy-

cin A, only the constitution of which was known4), has the cis-configuration and the (R,R)

sense of chirality as depicted in formula 5.

Our synthesis of (+)-5, the first one of an unsymmetrical diolide, uses the protected
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(S)-acetaldol 7 and the (S)-methyl-oxirane (8) as starting materials from the pool of chiral
building blockss) and is outlined in the accompanying flow-sheet, with details about condi-
tions, yields and some physical data given in the Table.

The most striking structural feature of the yellow grahamimycin A] is the 1.2-diketo
group, the reactivity and generation of which dictated our synthetic strategy: direct Ru04-
oxidation of an acetylenic triple bond to the diketone could not successfully be performed in
the presence of an a.B-unsaturated ester group in the same molecule; furthermore, hemiacetal
formation or dehydration to enones prevented inter- or intramolecular esterifications when we

generated intermediates containing the 4-hydroxy-1.2-diketone substructure. We therefore

postponed the diketone formation to the very last step of the synthesis.

Table. Reaction conditions, physical properties, and yields of (+)-5, 10 - 16. (B.p. during
Kugelrohr distillations. - Correct elemental analyses of 10a, 11b, 12, 14, 15).

10a: b.p. 100°C/0.005 mm, 13 g (85%) from 9.5 g of 7 (ref. 5) and 45 g of 6 (m.p. 151°C)

in DMF, 20°C, 16 h.
10b: b.p. 95-110°C/0.002 mm, [alpy= +100° (c=1.2, CHCl3), 8.4 g (89%) from 13 g of 10a in
THF/5% H,0, HC10,, 20%C.
b.p. 150°C/0.05 mm, 13 g (52%) from 9 g commercial 4-pentynoic acid, 2.1 equiv. BuLi
(—9), and 5.8 g 8 in neat HMPT, 20°C, 48 h; with subsequent silylation (17 g TBDMSC1
8 g imidazol, DMF) and hydrolysis of COOS1'R3 (THF/H20 3:1, HC1).
b.p. 230°C/0.005 mm, 2.0 g (94%) from 0.9 g 10b and 1.3 g 11b with 1 g DCC, 85 mg 4-
dimethylamino-pyridine, in CH2C12, 20°C, 10 h.
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8.6 g (100%) from 8.6 g 12 and H,/Lindlar catalyst, in pentane.

slowly cryst. oil, 4.8 g (90%) from 8.6 g 13a in 80 ml CF3COOH, 0°C, 15 min.

m.p. 54-55°C, [alD= -65°(c=1.5, CHC13); 1.0 g (50%) from 2.0 g 13b with 4 equiv. 2-
chloro-1-methyl-pyridinium tosy]ate/Et3N (ref. 6) in 1.5/0.2 1 dry CHiCN, reflux, 20 h
addition time.

2 diastereomers (fract. cryst. EtOEt/pentane), m.p. 117° (plates), 142° (needles),

0.8 g (95%) from 0.8 g 14 with MCPBA in CHC13, 40°C, 3 h.

16: mixt. of diastereomers, 0.55 g (66%) from 0.78 g 15 with 10 m1 20% HC10, in 15 ml1 THF,
40°C, 20 min.
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(S,S)-{+)-grahamimycin A1 [data of natural product from ref. 4 in brackets]7): m.p. 90°c

[91-921, [a]D= +12° (c=0.55, CHCT4) [-15%1, uv (EtOH): A=428 nm, =16 [426/161, ]3C-NMR
(CDC13): 19.7 119.91, 20.5 [20.7}, 28.3 [28.51, 31.1 [31.5], 38.0 [38.31, 39.3 [39.71, 68.6
{68.91, 70.4 {70.61, 123.8 [123.71, 144.8 [144.91, 164.2, 171.0, 196.3, 196.1 ppm.
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The chiral electrophiles 7 (a3-reagent) and 8 (az-reagent) were chain-elongated with the
Wittig—dz-reagent 6 and the acetylide-carboxylate 9 (ds-reagent), respectively. Subsequent de-
protection/protection led to the hydroxyester 10b and the TBDMS-O-substituted acid 11b, which
were joined to give 12 by esterification with DCC. cis-Hvdrogenation to 13a and deprotection
of both functional groups (— 13b) was followed by cyclizing esterification to the diolide 14
(50%), using the Mukaiyama-method6 . The isolated double bond of 14 was then converted to the
1.2-diketone moiety via hydroxylation through the epoxides 15 and PCC-oxidation of 16 (see
Table). Unfortunately, the yield of this last step could hitherto not be improved above 10%.
The product was identical with an authentic7) sample of natural grahamimycin A1 in every re-
spect except that the sense of rotation was opposite (see Table)g’g). This proves that the
natural grahamimycin A] is the (R,R)-stereoisomer 5.
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