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Awmctz The aovel aatifunga aatihktlc realrlc6cii was ayn~ tiun L-manMk?c 

Rcsaicticin 1. isohd by Muck * and Roche 2 from fungi of the genus PeniciUium ntprescnts a novel 

type of polyene antibiotics. Independently, 1 (scopularin) and its =lative lanomycin (2) wue discovued by 
Bristol-Myers Squibb 34 in fermentations of Swpuhriopsis sp. and Pycnidiophora sp.. mpectively. Structum 
closely related to 1 and 2 with diffuent substituatts at the glycyl nitmgen sod the tcaahydmpyran ring have also 

been isolated from the above sources. t-4 Rest&&in and lanomycin possess potent antifungal activity due to 
their action as P~H) lanostcrol C- 14 dcmethylase inhibitotx4~ The biosynthetic origins have been shown for 2 

to be a polyketide precursor, mcthionine and glycinc.6 

1 R=na+f Motrktkh (Scopukrk) 

2 R=W lrnomyeh 

OH 

3 L4fmmon 

Scheme 1. 

Herein we report the fht total synthesis ’ of n&i&in (scopularin) which contlrms the stmctiue and in 

addition is flexible enough to allow access i&pc&nt of fcrmcntative pmcedutes to some of the other ma&us 
of this antibiotic family. Retrosynthetic analysis suggested L-mannose (3) as a starting material 8 which 

provides the absolute configuration of the chiral ccntrcs at C-2, C-3 and C-4 of restricticin (scopulsrin). De- 

oxygenation of Lmannose at C- 1 and the transformation of the 2-OH to a methyl gmup should set up the com- 
plete substitution pattern oftbe nstricticinc (scopulafin) tetrahydropyran tig with (S)-amfigumtion at C-5. 

As a suitable praxrxn for key intctmcdiate 7b (Scheme 2) we chose ketone 4, readily available 9 from 

L -mannose in analogy to the synthesis of its enantiomcr. Wittig traction lo of 4 (Ph3PCH$!l, n-B&i, -2&T, 
75%) gave the mcthylene derivative 5 which was reduced (NaCNBH3,ll THF, ether-HClm, 60-7096) in a one- 
pot reaction under carefully controlled conditions l2 to 69. Catalytic hydrogenation of 6a @d/C, &OH, 80 %) 
or its TBDMS ether 6b (PcVC!, EtOAc, 90-100 96) yields a mixture of cpimcrs 7a and 7b 13, respectively. 
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The desii (SS)-isomer mtly present in these mixtures 14 could in the case of 7b be separated on a 

preparative scale. The proton at C-5 of the compounds 7 exhibits in the tH-NMR spectrum (CDC13) a 

characteristic mulriplet with a shift around 6= 2.1 for the (XT)- and M.8 for the (SR)-configuration. Another 

access to 7a was found in the smooth hydmgenation @d/C, I&OH, 93%) of farmylglycal8 15. The dialcohols 

7~ can be converted by persilylation (TBDMS-Cl, imidazolc, DMF, 75 %) and subsequent selective silyl ether 

cleavage (THF/TFA 2: 1.25 cq. HzO, - 15“C, 91%) to 7b which is suitably protected for the steps to follow. 

Scheme 2. (a) Ph3FCH3Cl. n-B&i, THF, -2tPC -_) r.t. @) NaCNBH3, THF, slow aidn. of MW/HC~~ (c) Hz. PdK. EiOAc 
aTHF,sepmlimafiarmas 7bbyMPlCondicawithptntsne(EnDAc (d)H2.Pd/C,MeOH. 

The cxmstruction of the tricne side chain in a Wittig-approach (Scheme 3) requires the methylke.tone 9 

which is obtained from (SS)-7b in a three step transformation (72% overall). Compound 9 16 does not 

undergo oletin formation with Wittig reagents (niphenylalkylidenephosphoranes) but suffers elimination to the 

2.3~unsammted ketone instead. The application of the Homer-Emmons variant with the weakly basic cyano- 

methylene reagent ovenzame this problem and gave the niuiles 10 (E : 2 = 8.3 : 1.7) which as a mixture wen 

converted to the corresponding aldehydes 11. Wittig reaction of this material (2~(E)-hexenyltriphenyl- 

phosphonium bromide, n-BuLi, toluene, 5°C. 74%) furnished a mixture of three of the four possible isomers 

12. After the removal of the TBDMS-protecting group (MeOH, 1% HCIIFss, 75%) the cormsponding alcohols 

could be separated by chromatography and the last compound eluted (32%) was identified as the (E,EB)- 

alcohol rest&in01 (13).*7 Finally, the attachment of the glycyl residue was performed with TEOC-glycine 

(WSC, DMAP, CH$l2,85%) which allows a mild removal of the protecting group (1.6 eq. TBAF, THF, 

4O“C!, 3 hrs, 61%) to give 1 identical with the natural product. 
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In summary, a practical total synthesis was accomplished which not only a&es available substantial 

amounts of restricticin (scopularin) but also includes synthetic intemediates of interest for the structural 
. . 

- of this novel antifungal agent. 
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Swem oxidation (I+lSO, C2ozQz, Et3N, -60°C. 88%) of methyl-4,~~~~~~ne-e?zylidene-3-O-methyl- 

~~~~ptparode~~~~~~lfamC-~ngDcompoundby 

The m adduct of methyltriphenylphosphoxane to ketone 4 conv~ts slowly to 5. The intermediate 
could be trapped as the chla&xm-sohble phosphonium txomide 16 by adding methanol to the maction 
mixture. -Ihe phcqhomus resonance is obsaved at 22 ppm (CHC13, internal sta&rd phosphoric acid). 
16 decomposes in solution at r.t. with a half-life of 4 hrs to 5 and tiphenylphosphine oxide. 
lH-NMR (CDC13) of 5: b3.37 (s,3H, 3-GCH3)..3.54 (t, lH, J=9.4,4-H); 3.60 (s, 3H, l-GCH3), 
3.73 (t, lH, J=lO.O, CH2), 3.99 (dt, lH, J=4.7,9.6, 5-H), 4.19 (dt, lH, J=9.6, 2.2, 3-H). 4.27 (dd, 
lH, J=lO.O, 4.7, CH2), 5.00 (s, lH, 1-H). 5.18 (m, lH, =CH2), 5.35 (m, lH, =CH2), 5.53 (s, IH, 
ace&H), 7.25-7.55 (m, 5I-I. -Ph), ring numbering as in 3. 

O 0 -v” . 
% 

H 
w “0 

0% Ph 

Chapleur, Y.; Boquel. P.; Chretien, F., J. Chem. Sot. Perkin Trans. I 1989,703-705. 
21ofa0.5MsolutionofHClgasinetherareaddeddropwiseover1.5hrstoO.O4molof5and0.4mol 
dNaCNBH3in300mlTHFat00.~theevaporationofthesolventsthecrudeproductisdisJahted 
in 200 ml methanol, neutralized with 2 N NaOH and stied ovemight. The methanol is evapomted and 
the. ~bained residue is worked up witi ethyl acetate/water. chranatography on silica with ethyl ace 

tatc$=tane (1:2) yields 6a, tH-NMR @MSG&, TFAd) b3.09 (t, H-I, J=9.1,3-H), 3.37, @id, 
1H, J=, 9.2, 6.0. 1.6, 2-H), 3.44 (s, 3H, GCH3), 3.48 (dd, 1H. J=10.5, 6.0, C&OBn), 3.58 (dt, 
lH, J98.8, 2.0,4-H), 3.68 (dd, H-I, J=10.3, 1.4. C&OBn), 3.81 (d, lH, Js12.0. 6-CHd, 4.10 (d, 
lH, J=12.0, 6-(.X2), 4.46 (s, 2H, C&Ph), 4.93 (s br, lH, =CH2), 4.95 (t, lH, J=2.0, =CH2), 7.20- 
7.40 (m. 5H, -Ph). 

(gj0-7b: II-I-NMR (CDC13) kO.05 (s, 3H, SiCH3), 0.10 (s, 3H, SiCHs), 0.85 (s, 9H, t.-Bu), 0.93 
(d, 3H, J=7.5. 5-CH3), 1.77 (m, lH, 5-H). 2.73 (dd, lH, J-10.3, 8.5,4-H), 3.09 (t, J=11.4, 
6-CHz), 3.17 (m, lH, 2-H). 3.34 (dd, lH, J=9.2, 8.4,3-H), 3.47 (s, 3H, GCHs), 3.57 (dd, lH, 
J=ll.4,6.0. C&OH), 3.78 (dd, lH, J=ll.4, 7.3, C&OH), 3.79 (d, J-11.4, 6-CH2); 

(!@)_7b: U-I-NMR (CDCl3) 630.01 and 0.03 (2x& 6H, Si(CI-&). 0.77 (s. 9H, t.-Bu), 0.92 (d, 3H, 
Js7.3, 5-CH3), 2.15 (m, lH, 5-H), 3.10 (dd, lH, J&7, 5.3,4-H), 3.13 (m, lH, 2-H), 3.26 (s, 3H. 
GCH ), 3.53 (t, lH, J=9.0, 3H), 3.55 (dd, lH, J=11.5, 2.3, 6-CHz), 3.62 (dd, lH, J=11.3, 5.7, 
C&H), 3.74 (t, lH, J=11.2, aOH), 3.80 (t, lH, J311.4, 6-CH2). 

Prep& from 4 as described for the enantiomer by Bunto& C.; Lopez, J. C.; de 10s A. Laborde, M.; 
Olesker, A.; Lukacs, G.. Tetrdhedron. Lat. 1!#8.29,5533-5534. 
tH-NMR (CDC13) 64.04 (s, 3H, SiCH3). 0.07 (s, 3H, SiCH3), 0.85 (s, 9H, t.-Bu), 0.91 (d, 3H, 
J=7.1, 5-(X3), 2.22 (s, 3H, CGCH3), 2.30 (m, lH, 5-H). 3.07 (dd, lH, J=6.4, 3.8, 4-H), 3.25 (s, 
3H, 0cH3), 3.53 (dd, lH, J511.3, 5.6, 6-H& 3.69 (d, lH, J=5.6, 2-H), 3.72 (dd, lH, J111.4, 6.5, 
6-I&), 4.09 (t, lH, J=6.0, 3-H). 

A minor product (7%). assigned the (Z,Z,E)-configuration and the (E,Z,E)-isomer (36%) wee eluted 
first. The tricnes were always hatxlled with added stdlim 2,Gdi &rf.-butyl4~thylphenol. Fa the 
spectmscopic data of 13 see lit. lb and 2. 
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