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Abstract: The total synthesis of (+)-mikrolin (la), a novel fungal metabolite derived from Gil- 
maniella humicola Barron, has been achieved. The key step entailed a stereoselective hydroT- 
directed cis-hydrogenation to set the requisite stereogenic center at C(9). - 

Culture filtrates of the fungus Gilmaniella humicola Barron have yielded a small family of 

architecturally novel compounds. Mikrolin (la) and dechloromikrolin (2) were the first to be iso- 

lated. Their structures including absolute configurations were assigned by Bollinger and Zardin- 

Tartaglia.* Both were identified as having the tetracyclic skeleton g via single crystal X-ray 

analysis of la. However, during the course of biosynthetic studies, Tamm and Chexa13 demonstrated - 
that these compounds actually exist in solution as a mixture of tautomers, with the tetracyclic 

form ii predominating. - 
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Other members of the family include the mycorrhizins (2a-b) and gilmicolin (3).4 Collectively, 

these compounds possess varying degrees of antifungal and antibiotic activity.3s4 In addition, they 

exhibit a number of interesting architectural features. Particularly attractive to us were the 

spirocyclopropane, the chlorinated diene-dione, and in the case of the mikrolins and gilmicolin, 

the bis-hemiketal unit. - 
In 1982 and 1984 respectively, we recorded the first total synthesis of the mycorrhizins (2a and - 

2c) and gilmicolin (A);5 we now wish to disclose the culmination of the first synthesis of the most - 
highly functionalized member, mikrolin (la). The synthesis was achieved by exploiting our unified - 

strategy for this class, wherein an enone of type i serves as the advanced intermediate.6 

From the synthetic perspective, the mycorrhizins (2" and 2) and gilmicolin (2) are non-stereo- 

genie at C(lO), and therefore could be prepared from enone 4a (R=H, Scheme 1). In the case of - 

mikrolin (la) however, the C(13)-hydroxyl introduces an additional stereogenic center. This struct- - 
ural feature requires the establishment of a cis relationship between the C(lO)-hydroxymethyl and - 
the C(9)-methine hydrogen. From a tactical viewpoint, we also recognized that a free hydroxymethyl 
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Scheme 1 ------. 

at C(10) in advanced intermediates possessing the C(12)-carbonyl would lead to tautomeric mixtures 

(open and hemiketal forms), and thereby greatly increase the difficulty of spectral analysis as the 

synthesis advanced. 

With this as background, the synthesis of 4b (R=OBz) began in analogy to that of 4a5a (Scheme - -_ 

2), employing 2,6-dimethoxypropiophenone as the starting material to obtain 5.',* Condensation _ 

with formaldehyde followed by protection (TBDPSCl, EtSN) of the derived hydroxymethyl then afforded 

6a. To prepare mikrolin (la) in homochiral form, ketone 6a -. -- -_ 

Scheme 2 ~ _---- 

was resolved using Johnson's sulfoximine 
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In the synthesis of the mycorrhizins and gilmicolin, we introduced the cyclopropyl unit via 

methylenation of the C(9)-carbonyl, followed by a hydroboration-oxidation, Birch reduction, and an 

extended enolate-trapping reaction sequence.5 For mikrolin (la), we envisioned that a hydroxyl- 

directed hydroboration of 7a would establish the stereochemistry at C(9) relative to C(lO), as well - 

as introduce appropriate functionality to elaborate the cyclopropyl ring. Unfortunately, all 

attempts to effect the requisite hydroxyl-directed hydroboration failed. 

Undaunted, we conjectured that a hydroxyl-directed hydrogenation of enol ether 7b would accomp- - 

lish the same overall goal. Towards this end, reaction of 6b with (methoxymethylene)triphenylphos- - 

phorane, followed by removal of the TBDPS group provided 7b in 79% overall yield. Subsequent 

hydrogenation at 1000 psi, employing Brown's rhodium catalyst 12Ti.e ., [Rh(NBD)PPh2(CH2)4PPh2]+ BF4-) 

afforded a as a single stereoisomer. Birch reduction, followed by protection of the C(13)-hydroxyl 

as its benzoate, demethylation (A1Br3, EtSH)13 and mesylation then led to 2, which in turn was 

converted to 10 via a similar extended enolate trapping and m-CPBA oxidation reaction sequence as - 

exploited for 4a.5 the requisite C(5,6)-unsaturation was introduced, - To complete the synthesis of 2, 

after hydroxyl protection (TESCl, pyr) via a Sharpless-Reichll' selenenylation oxidative-elimination 

sequence. 

With a viable route to 4b secure, addition of the side chain was achieved by reaction with the - 

cuprate derived from (E)-(l-lithio-l-propenyl)trimethylsilane.15 Selective 0-desilylation and 

Moffatt oxidation" led to diketone 2, which was then oxidized with Mn02. 17 The result was a 

2.4:1 mixture of isomers (12E and 122, respectively). While at first we were somewhat disappointed -- 

by the partial loss of configurational control, we quickly recognized that this event would permit 

access to dechloromikrolin (lb).6 - 

At this point there remained only chlorination, desilylchlorination and removal of the hydroxyl 

protecting groups in 12E to complete the synthesis. - While seemingly straightforward, the propensity 

for elimination of HCl from the side chain demanded a very specific sequence of reactions. The first 

was deprotection of the C(13)-hydroxyl, exploiting 1% NaOH in methanol (OO, 15 min.) to afford 

13 which, like the natural product, exists as a mixture of tautomers.18 Chlorination, followed by - 

desilylchlorination, then proceeded smoothly to yield 0-methylmikrolinz, again a tautomeric mixture. 

Finally, hydrolysis of the mixed-methyl ketal afforded (+)-mikrolin (la), identical in all respects, 

including optical rotation, to that of an authentic sample of (+)-mikrolin kindly provided by 

Professor Christoph Tamm (University of Basel).l9 

In summary, the first total synthesis of mikrolin (la) has been achieved. This success further - 

demonstrates the adaptability of our unified synthetic strategy for this class of fungal metabolites. 
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