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Summary: Coupling of p-keto amides and p-keto esters to 2-alkoxy methyl furanosides with Tic14 directly 
furnishes tri-substitutedfuran. The epoxy hemi-amido ketal ring system offusarin C is constructed in two steps 
using this methoabiogy. 

As part of a program directed toward the construction of the mutagenic mold metabolites fusarins A-D (l- 

3),1 it was envisioned that coupling of P-ketoamide 4 with furanone 5 would yield after rearrangement (6 + 7), 

the key heterocyclez 8. Oxidation of this system should provide access to the heterocyclic portions of 1 and 3 (9 

and 10 where X = OH) whereas, intramolecular conjugate addition should furnish the bicyclic heterocycle 10 

(where X = H) corresponding to 2 (Scheme 1). As a direct result of investigating this strategy, we wish to report a 

mild and simple synthesis of tri-substituted furans via the direct coupling of p-keto esters and P-keto amides with 

acetals mediated by TiC&. 
CO$Ae CO,Me 

1, FUSARIN C 2, X = H , FUSARIN A 
3, X = OH, FUSARIN D 

As shown in Scheme 2, coupling of the active methylene derivatives 11 with the cyclic methyl acetals 12 in 

CH2C12 at -7W’C in the presence of Tic@ directly affords the furans 18 (Scheme 2)P.s It is quite reasonable6 that 

substrates 11 complex with TiQ4 with loss of HCl to generate the titanium enolates 13. Concomitant Lewis acid 

activation of the acetals should generate the reactive oxonium species 14 which couple to 13 furnishing the initial 

adducts 15. Lewis acid-assisted elimination of the /3-alkoxy substituent from 15 furnishes enone 16 which 

cyclizes via the E-olefm geometry to 17. It is not known if there is any stereocontrol with respect to the olefin 

geometry of incipient 16; it is reasonable to expect however, that under the strongly Lewis-acidic coupling 

conditions, that any Z-olefin would isomerize to the E-isomer and immediately cyclizc. Subsequent loss of water 

+ This paper is dedicated to Professor Harry H. Wasserman on the occaision of his 70th birthday 
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SCHEME 1 
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a H NH2 SiMe2t-Bu Xl 
b Me NY SiMe2t-Bu 
c H OEt SiMe*t-Bu g 
d Me OMe H 76 
e H OEt H 87 

provides the observed furan products 18. The structure of these materials were unambiguously corroborated 

through single crystal x-ray analysis of 18a (where Y = NH2 and Rt = H).* 

All of our attempts presently, to effect the direct coupling of furanone7 5 with 11 have produced products of 

undetermined structure. Utilizing the lower oxidation state inherent in 12 however, has allowed for the stepwise 

entry to the epoxy hemi-amido ketal ring system of fusarin C. Thus, oxidation of 18b with m-CPBA in CH2C12 
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provides an equilibrium mixture of carbinolamines 20 and 219 (2: 1,21% overall) presumably via 1910 (Scheme 

3). Furthermore, 20 and 21 interconvert under the following conditions: pure 20 in CDC13, r.t., 2 weeks gives 20 

: 21 in a 2:l ratio; treatment of pure 21 with 10% aqueous Na2C03, r.t., 30 min gave exclusively 20 (90% 

isolated); treatment of 20 with 0.5 M HCl followed by resilylation gave exclusively 21 (85% isolated).11 The 

structures of 20 and 21 were confiied by extensive 2D NMR, IR, elemental analysis and comparison of key 

spectroscopic data for compound 20 which correlate well with that reported for fusarin C (Table l).la The relative 

stereochemical assignments for 20 and 21 were made based on significant differences in the NOE behavior for the 

C-3 methine and C-4-OH group between these isomers . tlUtilization of this heterocycle for the synthesis and bio- 

mechanistic studies on the mutagenicity of the fusarins is under study in these laboratories. 

SCHEME 3 

1. Mgt-BuSiCI / DMF I Im. 
2.2.2 equlv. m-CPSA 

Me*t-Busic4/-$N~o 
A 21 

Table 1. NMR dataa for 20 and related literature data for Fusarin C1a 

20 F-C . 

~arbnatomh p/pprn J(~~CJQIIZ SHdlppm J- r&a &/ppm J(l3CH)Hz Wppm Jww 
1 168AfSd -- --- 

: ~,‘JOSd 65.56W 199.9 ._ 4.071d _._ 1:: 

170.27s --- --- 

62,17&f 64.15Dd 197.1 ___ 4Mld ___ ::: 2.1 
4 a.76Sm _- ___ _!I5 85.92s ___ 
5 36.27Ts 127.8 2w2ddd 14.5, 5.0, 4.0 36.27T 128.5 2.113ddd 14.6,-8.3,4.1 

LW%kid 14.5, 6.0, 4.5 2.059ddd 14.6, 6.0, 3.7 
6 59.01Ts 143.5 3.9%&d 11.5, 6.0, 4.0 58.77Tt 144.0 4.05Oddd 11.1, 8.3, 3.7 

3.891ddd 11.5, 5.0, 4.5 3.935ddd 11.1, 6.0,4.1 
7 201.32Sd -- --- ___ 190.17Sm --- --- ___ 
: 6.W 32.9OTd 124.5 126.0 2.57% 1.03% 7.2 7.2 133.90s IlSSQd 128.6 --- 1.981d --- 1.3 ___ 

a Recorded on a Bruker AC3WP NMR spectrometer. b Numbering of carbon atoms for 21 and 1 are arbitrarily taken from that depicted 
for 21 in Scheme 3. c Relative to CDC13 6 77.00. d Relative ,to CDCl3 S 7.240. 
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General experimental procedure: A flame dried 50 mL round bottom flask equipped with magnetic stirring 
bar was charged with 225 mg (1.94 mmol, 1.1 equiv) propionylacetamide, 4 10 mg silyl furanol derivative 
(12, R2 = SiMezt-Bu) (1.76 mmol, 1.0 equiv) and 25 mL dry CHzC12. The reaction mixture was chilled to 
-78’C under argon followed by addition of Tic4 (410 mg, 2.28 mmol, 1.3 equiv) via syringe. The reaction 
was stirred at -78OC for 1 h, then allowed to warm to room temperature over 1 h. The reaction was then 
quenched by addition of 15 mL MeOH and allowed to stir for another hour. The reaction mixture was 
concentrated in vucuo and chromatographed 3: 1:4 EtOAc/MeOH/CH2Clz PTLC 20 cm x 20 cm x 2 mm to 
give 247 mg of 18 (RI = Me, Y = NH2) as a white solid (84%) (Recryst. EtOAc/hexanes) m.p. 118“C 
(uncorrected). 
All new compounds gave satisfactory JH NMR, IR, HRMS or combustion analytical data. 
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with m-CPBA according to: Sweet, F.; Brown, R.K. Can. J. Chem. (1966) 44, 1571 followed by PDC 
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To be published in detail elsewhere. 
See reference 2a. The equilibria favors 21 in acidic conditions and favors 20 in basic conditions, with 
slight preference for 20 in neutral conditions. 
We do not have any direct evidence for 19; however, epoxidation of a related electron-deficient double bond 
has been reported, see: Ohta, T.; Tsuchiyama, H.; Nozoe, S. Heterocycles (1986) 24, 1137. 
Compound 20 : elemental analysis calcd. for Ct5H27NOsSi: C, 54.68; H, 8.26; N, 4.25. Found: C, 
54.77; H, 8.14; N, 4.24. IR cm-l 3455, 3328, 2930, 1738, 1697, 1407, 1096. m/e (NH3CI) 330, 329, 
312, 287. NMR data for 21 13C (ml. CDC13 6 77.0) [J(l3CH)Hz] 191.08, 167.86, 85.03, 65.15 [202], 
60.35, 59.38 [145], 35.84 [126], 33.83 [122], 25.77 11261, 18*02, 6.79 [127], -5.59 [116]. 1H (rel. 
CDCl3 6 7.24) [J(HH)Hz] 4.04 ddd [ll.O, 7.0, 2.01, 4.00 d [2.5], 3.87 ddd [ll.O, 5.5, 1.51, 2.68 dq 
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hydroxyl, enhancement of C3 methine 20, 4.64%; 21, 0.01%. The antibiotic activities of 20/21 and 
derivatives will be described elsewhere. 
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