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Summaor: The biocatalytic stmtegy used in the synthesis of the G-Cs, fragment, 2, and the 

~foritrattachmrnt)01)o~~C10~~dA<S06irdi~~. 

*-pkar dwwdwmiil fmotura of the 23vnmbord macdi, FK506, provides an attmctive struc- 

tuml target for testing the power of current biocatalytic nA&ology and for developing new enantioselective 

prowsses in organic synthes& Wo envisioned that FK506 may best be constructed in a modular fashion by 

dividing the molecule into several smaller fragments that can be synthesized sepamtely and then joined together. 

In the previous communication’, wo dii the chemoenzymatic synthesis of the C,,,,-C,, fragment, 1, of 

FK506. Herein, we deecribe our biocatalytic strategy used for the synthesis of 2 and its attachment to 1 to 

generate the advanced intermedii, 3, which constitutes the C,& carbon skeleton of FK506 (Scheme 1). 
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Thesyntheeisof4beginrwiththebctoneate?,WJ&heme2). ktheoommeroiallipases3wereunableto 
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catalyxo the hydrolysk of (+6 with high dog r008 of onant’klutiv’By, m canv0rtOd k)-6 into W-7 using a 

thm toadion vu- QI shown (93% overall). lt b to by nohd that if tk hydragonatian step preceded 

the methanolyak of the la&no, opimorixation of the C-4 antor was obsorvod. Whik sovoral commercial lipaser 

catalyxed the hydrolysis of (&7 with modo&o onantkktivity, only the lipaso of Pseudomonas sp. (AK) was 

found to bo uniquely chomo- and onant*kslutiva (E - >loO)’ in doaving only the R-awtoxy ester of 7 to yield 

Ba (a%), [a]:’ I -7O.lO (c, 20)‘. lt was than convortad into 9 via the rwction soquena shown (80% overall). 

a-c _ 

#$../4 -- VOMe - - + 8id 9. 
OAC $02W 

id-1 -- 

n 

(a) K&O, MeOH, io°C, 10 min; (b) 5% M-C&, AcOEt, 10 hrs; (c) CH&, HBF,, CH&&, 25OC; (d) Lipase 

AK (Amano), pH 7.6, 2E°C, 3 daw, (0) TBSOTf, Et,N, CH&, OOC, 30 min; (f) l.AH, THF, O°C to 23OC, 30 min; 

(g) P&dinano, %a*, 25OC, 30 min. 

Two sucassiva Roformatsky reactions worm used to transform 9 into 4. Thus, rat&on of 9 with (a)- 

methyl-2bromopropionah afforded a mixtun of akohols, which was nusylatod and dehydrated to yield only 

the E-olofin, 10 (75% overall). In turn, it was can& to tha aldohydo, 11 (74%) [a]r - -25O (c, 1.4); lit.@ 

[ali - -23.5O (CHClJ. A second raaction of 11 with (&nothyl-2bromapropionah yielded a mixture of prvthra 

and b isomon (3~7) (92% y-4). The w bomors(l3) (1:l) wora rwdily rparated from each other and 

the npdhtn isomora by 3g chromatography (EtOAc-hoxano (1:lO)I. Tha ksa polar 2$3&)Byg komer was 

canv&ed to the w isomr without l pimodbation of the C-2 ontor via oxidation followed by reduction 

with Zn(BH&.’ 

9 
a--B <%R a ZWCOCH 

23 2, p=CO?CH3 XL- (2R.3R; 
2S,as) 

oh 

s. R-CR0 
Xl.= (2R.33; 2S3R) 3 e.f 

(a) (:)-cH$~CHC&CH~ in, benxano, r&x, 30 min; (b) AM, Et& CH& OOC, 10 min; (c) mu, b-en@. 

2B°C, 1 hr; (d) LAH, THF, O°C to 2B°C, 30 min; (0) Poriodinarm, CH&12, 2B°C, 30 min; (f) Zn(BH,h, Et20, 

OOC, 1 hr. 
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However, the + isomers, 12,dShdoOn~~dwmiOrrl~f0ti0n. -they wereconverted 

intothedii, 14,andarpoPdtothe~ sp. (K-10) Pi. This enzyme catalyzed o highly 

chemo-anddiihydrolysisofthe2&Sg-bomwofl4toyietdthe e, 16, which was 

radii separated from 15 (& - 0.93, Ial? - -17.5’, c - 0.2). The desired 2&3$ibomer, 15, was transformed 

into 4, [alis = +lS.Oe (G 20), via a five-step procedu 

12 -~QJ+_ 

OL 

WM) 1p 

Wt.=) 
M:&Co,, 

l2 OL 

(a) 5% HF, Or&N, 25OC, 30 min; (b) 40, Py, DMAP, WC, 30 min; (c) lipase K-10 (Amano), pH 7.6, 8 hr, 

25OC; (d) M-t, THF, O°C to 25OC, 30 min; (e) pCHsOCeH,Cli(OaQ, p-T&H, DMF, 5S°C, 30 min; 

(f) TRSOTf, EtsN, CH&, 25OC; (g) DIBAL, CH&, TO min, 25oC; (h) Periodinano, CH&, 25OC. 

The known ester obtained as a dii rn*bture w 7:3), 17, was prepared via Bakers’ yeost 

reduction.’ It was reduced with LAH and then treated with 2,2-dimethoxypropane. The resulting diastereomeric 

mixture was conveniently separated by 3g chromatography ~C&exane (1:16:83)] to yield 18 (70% 

overall); it was Wn&rmed into 5, (aIF - -19.5O (c, 1.8), via the squena shown (64% from 18). 

lz I.0 d 
(a) WI, THF, O°C to WC, 30 min; (b) 2,2dimpane, p-T&H, aoetone, OOC, 30 min; (c) pTsOH, 

MeOH, 24 hrs; (d) TEU, Py, 1.5 hrs; (e) Phdmano, CH&, 25OC 

Having the required chiraJ synthons in hand, we then foarsed our atter&n on the problem of assembly 

using standard w (Scheme 3). Co&m&n of 4 with 5 furnished 190 and 19b in a ratio of 4:6 

(81% yiid). The desired isomer, 19a (talks - +7.Oe (c, U)), was e into 2 using a four-step procedure 

(64% overall). The synthesb of the targe+ moleade, 2, was oomplehd by the coupling of the phosphonote, 1, to 

2 ot -78OC to furnish a pair of readily seporak &Wuwmuic odduch (1:l). The less polar pair were treoted 

with potassium hexamethyldbii to yield the highly fundionolii intern&i 3, [al:’ I -220 (c, 0.5), which 

could be tramformed into MO@. 
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(a) LDA, E$O, -10%. 8, 20 min, 2% -1oOC; 4, 10 min; (b) Mo,NHB(OAc)s, AcGHQCN (l:l), -40°C, 

16 hn; (c) TBxITf, EtsN, CH&l, 25OC; (d) TFA, THF-$0 (10~1); (0) Poriodinane, (&a, 25OC; (f) p_BuLi, 

THF, -78OC to OOC; (g) KHMD8, THF, 0%. 

In car&&on, tha simplitity and effi&nq of the biocatalytii methodology mrvo to undorscoro the viabil- 

‘9 of this strategy for FK506 synthosb Wo an now devoting our attention to modiiition of the rout. to allow 

far the synthesis of structural anaiogs. The results of this endeavor will bm roportmd in duo course.‘o 
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