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Synthesis of 2,5-Dihydrofurans via Alkylidene Carbene Insertion Reactions

Louise F. Walker,2 Stephen Connolly® and Martin Wills2*

a ~F LT Ry,

£ Mmooy 1 remune 3
1

~ et v M «z . P
rtment of Chemistry, University of Warwick, Coventry, C

Dep:
i) 3 -~ 11 T™ r TY>
C

b. Astra wood, Bakewell Road, Loughborough, Leicestershire, LEi1i 5RH, U

Received 19 March 1998; accepted 11 May 1998
Abstract The insertion of vinylidene carbenes into C-H bonds is an efficient method for the
synthesis of 2, 5-d1hvd_rnfuranv The methodology provides a convenient entry to the core

structure of squalestatin/zaragozic acid natural products. © 1998 Elsevier Science Ltd. All rights reserved.

Alkylidene carbenes 1 are valuable synthetic intermediates.”"” The formation of these reactive
species may be conveniently achieved by a number of diverse methods,”"” including treatment of vinyl
halides with a strong base,”® nucleophilic addition to alkynyliodonium salts,® and by the reaction of a
carbonyl compound with diazomethylphosphonate™ or lithio(trimethylsilyl)diazomethane (LTDM).*"
Whilst it has been known for some time that carbenes 1 (R=H, R’=alkyl) undergo rapid rearrangement to
alkynes,' analogues lacking a hydrogen atom adjacent to the carbene may participate in reactions with
nearby functional groups. Intramolecular trapping of the carbene with hvdroxil or amino groups provides a
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1 2a R=H 3aR=H 70% 4aR=H 0%
2b R=Me 3b R=Me 0% 4b R=Me 59%
2¢ R=iPr 3c R=iPr 63% 4c R=iPr 4%
Scheme 1 Reagents and conditions; (i) TMSC(H)N2, n-BuLi, DME/hexanes
Our interest in the chemistry of vinylidene carbenes arose from studies on the total synthesis of
Neohalicholactone, in which a 2,5-dihydrofuran side product was obtained via the insertion of a vinylidene
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a series of systematic investigations into this valuable transformation.
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In our work we chose to use the established reagent (trimethylsilyl)diazomethane,™" lithiation of
which with nBuLi generates the active reagent LTDM. Our first class of substrate for study was based on

the methoxymethyl-protected a—hydroxy carbonyl system 2 (Scheme 1), examples of which were

conveniently prepared from mandelic acid.”® In the case of 2a (R=H) treatment with LTDM resulted in
formation of the alkyne 3a in excellent yield (70%), as expected.”® No conditions could be found to
modify the reaction in favour of the possible insertion process. In contrast the analogous reaction with 2b
(R=Me) resulted in clean formation of the dihydrofuran 4b in 59% yield, apparently as a single
diastereoisomer, clearly reflecting the lower migration potential of the alkyl group. The same reaction

nroduct 3¢ as the maior
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Since it was clear that 2,5-dihydrofuran formation was favoured by electron-deficient groups on the
atom adjacent to the carbene, we next examined the rearrangement of a series of symmetrical and
unsymmetrical dihydroxy acetone derivatives 5a-e (Scheme 2).*'®?'  Throughout this series the
dihydrofurans 6a-e were the major products and only very low quantities of the alkynes were detected in
the reaction mixtures. With the exception of the methoxy insertion product 6a, isolated yields generally
varied from moderate to good and were best for the benzyl-substituted substrates 5¢ and 5d. The
c on of Se to the hindered nmdm‘t 6e proceeded in 27% v1eld and 48% of unc a_n_ged startir
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R2 O/ER 5b H Me 55
5a-e 6a-e 5¢ H Ph 70
5d H p-(MeO)CeCq 61
Scheme 2 Reagents and conditions; (i) TMSC(H)No, 5e Me Me 27*

n-BuLi, DME/hexanes
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aptitude of the methyl group in 2b we next chose to examine ¢,0—disubstituted propanone substrate 7.

Treatment with LTDM resulted in clean conversion to the dihydrofuran to give 8 as a 4:1 mixture of
ing the related ketal 9 (scheme 3) resuited in
formation of the heterocyclic product 10 which was observed by 'H-NMR of the crude product but which

diastereoisomers in a 68% vield. The same reaction us
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dimethyldioxirane, however, resulted in formation of 12 in 28% overall yield from 9, apparently as a
single diastereoisomer. Treatment of 12 with the dianion of (1R,2S)-norephedrine resulted in ring opening
to the stable allylic alcohol 13 in 62% yield. Compound 13 represents a model of the zaragozic

acid/squalestatin core skeleton 14 and this approach is particularly attractive since it provides a direct access



to the structure without the problems of isomer formation which is known to occur through late-stage ketal
formation used in other strategies.”
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Scheme 3 Reagents and conditions; (i} HO(CHy)30H, pTSA, toluene,hexane,
(if) TMSC(H)N», n-BuLi, DME/hexanes, (iii) Dimethyldioxirane, acetone,
(iv) silica gel, (v) (1R, 2S)-norephedrine, n-BuLi, THF, PhH.

The ketalisation reactions of meso and RR/SS- 2,4-dihydroxypropanes with 2,3-butadione
furnished 15a and 15b in yields of 55 and 70% respectively. Notably in the case of 15a the isomer
bearing an axial ketone was the major isomer of a 3:1 thermodynamic mixture and the yield above is the
isolated yield of this isomer. The reactions of 15a and 15b with LTDM resulted, after treatment with mild
acid upon workup, in the formation of the insertion/rearrangement products 17a (45% from 15a) and 17b

(58% from 15b) respectively. The presumed intermediates 16a and 16b were observed by NMR in the
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confirm our expectation that the low yield of 12 is in part a result of its volatility and losses upon isolation.
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In summary we have demonsirated that the insertion reactions of vinylidene carbenes with proximal C-H

bonds represent a valuable method for the formation of heterocyclic systems. We are presently examining
the optimisation and applications of these reactions towards the synthesis of zaragozic acids/squalestatins
and our results will be presented in due course.
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