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Tetrahydrofuran rings are a common structural motif present
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Our general strategy involves tandem reactions: addition of
metallic or hydride reagents to carbonyl groups followed by an
intramolecular § O-cyclization to form tetrahydrofuran rings
(Table 1). Reduction ddaor 4a—b by DIBAL formed a primary
alcohol which subsequently cyclized to gi2gl-disubstitutedHF
5aor 5b (entries 1-3). It was anticipated that the desired steric
interactions in the transition state could be tuned by the use of
trans or cis olefinic geometryE-Allyl bromide 3awas converted

in a variety of natural products, pharmaceuticals, and diverse to 5awith a slightly cis-favored diastereoselectivity (entry &).

synthetic intermediatés® An effective approach to the synthesis
of these heterocyclic compounds involves the formation of
carbonr-oxygen or carborrcarbon bonds via intramoleculag§
S\2, or § reactionst® The intramolecular $ reaction of
alkoxide 1, which is a nucleophilic displacement with a simul-

The selectivity was increased f@rderivative4a (entry 2) and
was magnified by selecting a large alkyl group such as the
cyclohexyl group (entry 3).

For 2,5-disubstituted’HFs (entries 4-6), reaction of lithium
reagents with 6-bromo-4-hexensth or 4c gave alkoxide inter-

taneous allylic rearrangement (Scheme 1), offers a potential routemediates which cyclized in situ to produce a pair of ison¥ers
to the stereoselective construction of vinyl tetrahydrofurans. The e. Similarly, the olefin geometry of the starting materials appears

ring cyclization of1 might proceed selectively from one face of

to have an influence on the resulting stereochemistry of THFs.

the double bond because the transition state requires appropriaté-or example, thé&-olefin 3b reacts with 4-chlorophenyllithium

alignment of several atoms to liberate a single isome&. oThe
rigid cyclic transition state of the \S processes can impose

to generate a 1:1 ratio of products (entry 4), whereaZtbkefin
4c produces 2,5-disubstituted THFs in favor of the trans products

necessary geometric restraints for the stereoselective constructior{entries 5-6)8° The ratios of the trans/cis products increase

of a variety of bicyclic system%’ Herein we report an efficient

dramatically by using bulky organometallic reagents (entry 6).

method for the preparation of mono-heterocyclic compounds such A feature worth mentioning is that the dithiolanyl prodGetcan

as substituted tetrahydrofurans with high stereoselectivity via
intramolecular § O-cyclization of alkoxides.

TNew York University.

* Rutgers University.

(1) (a) Wierenga, M. InThe Total Synthesis of Natural Product®lume
4; Apsimon, J., Ed.; John Wiley & Sons: New York, 1981; p 263. (b) Paterson,
I.; Mansuri, M. M. Tetrahedron1985 41, 3569. (c) Boeckman, R. H.;
Goldstein, M. InThe Total Synthesis of Natural Producélume 7 Apsimon,
J., Ed.; John Wiley & Sons: New York, 1988; p 1.

(2) (a) Polyether Antibiotics Westly, J. W., Ed.; Marcel Dekker: New
York, 1982; Vols. +2. (b) Donnelly, D. M. X.; Meegan, M. J. In
Comprehensie Heterocyclic ChemistrKatritzky, A. R., Rees, C. W., Eds.;
Pergamon Press: New York, 1984; Vol. 3, p 705. (c) Danheiser, R. L.; Stoner,
E. J.; Koyama, H.; Yamashita, D. S.; Klade, C. A, Am. Chem. S0d.989
111, 4407. (d) Evans, D. A.; Ratz, A. M.; Huff, B. E.; Sheppard, GJSAm.
Chem. Soc1995 117, 3448. (e) Dutton, C. J.; Banks, B. J.; Cooper, C. B.
Nat. Prod. Rep1995 12, 165. (f) Figadere, BAcc. Chem. Resl995 28,
359.

(3) (a) Nicolaou, K. CTetrahedrorl977, 683. (b) Back, T. GTetrahedron
1977, 3041. (c) Marshall, J. A.; Yu, R. H.; Perkins, J.F.Org. Chem1995
60, 5550. (d) Molander, G. A.; Swallow, S. Org. Chem1994 59, 7148.
(e) Marshall, J. A.; Pinney, K. Gl. Org. Chem1993 58, 7180. (f) Lipshutz,
B. H. Chem. Re. 1986 86, 795.

(4) For selected examples of& and &2-related THF syntheses, see:
(a) Rychnovsky, S. D.; Bartlett, P. &. Am. Chem. S0d.981, 103 3963. (b)
Semmelhack, M. F.; Zhang, N. Org. Chem1989 54, 4483. (c) McCormick,
M.; Monahan, R., Ill; Soria, J.; Goldsmith, D.; Liotta, D. Org. Chem1989
54, 4485. (d) Trost, B. M.; King, S. AJ. Am. Chem. S0d99Q 112 408. (e)
Panek, J. S.; Beresis, R. Org. Chem 1993 58, 809. (f) Taber, D. F.;
Bhamidipati, R. S.; Thomas, M. L. Org. Chem1994 59, 3442. (g) Marshall,
J. A;; Bennett, C. EJ. Org. Chem1994 59, 6110. (h) Beauchamp, T. J.;
Powers, J. P.; Rychnovsky, S. D. Am. Chem. Sod 995 117, 12873. (i)
McDonald, F. E.; Towne, T. BJ. Org. Chem1995 60, 5750. (j) Petasis, N.
A.; Lu, S.-P.J. Am. Chem. S0d.995 117, 6394. (k) Walkup, R. D.; Guan,
L.; Kim, Y. S.; Kim, S. W.Tetrahedron Lett1995 36, 3805. (I) Miura, K;
Hondo, T.; Okajima, S.; Hosomi, Aletrahedron Lett1996 37, 487.

(5) For selected examples of & reactions, see: (a) Stork, G.; Kreft, A.
F. J. Am. Chem. Sod 977, 99, 3851. (b) Magid, R. M.; Fruchey, O. S.
Am. Chem. Sod979 101, 2107. (c) Broka, C. A.; Lee, W. J.; Shen, J.
Org. Chem1988,53, 1336. (d) Marshall, J. A.; DuBay, W. J. Org. Chem
1994 59, 1703. (e) Park, Y. S.; Kim, C. K,; Lee, B.-S.; LeeJI.Phys. Chem
1995 99, 13103.

(6) For recent reviews, see: (a) Magid, R. Metrahedronl98Q 36, 1901.
(b) Marshall, J. AChem. Re. 1989 89, 1503. (c) Paquette, L. A.; Stirling,
C. J. M. Tetrahedron1992 48, 7383. (d) Koert, USynthesisl995 115.

(7) (a) Wang, T.; Chen, J.; Zhao, K. Org. Chem 1995 60, 2668. (b)
Wang, T.; Chen, J.; Landry, D. W.; Zhao, ®ynlett1995 543. (c) Wang,
T.; Hong, F.; Zhao, KTetrahedron Lett1995 36, 6407.

S0002-7863(98)01414-0 CCC: $15.00
Published on We

serve as an advantageous substrate for diastereoselective synthesis
of other 2,5-disubstituted THFs.

On the basis of the encouraging results obtained above, we
speculated that the stereochemical preferences observed in 2,4-
and 2,5-disubstituted THF systems could be efficaciously ex-
ploited to provide superior stereocontrol in the formatio2 &5-
trisubstitutedTHFs. Indeed, treatment of 6-bromo-2-phenyl-4-
hexenal3a or 4a with metallic reagents such as allylmagnesium
bromide and methyllithium gave trisubstituted tetrahydrofurans
5f—g (entries 79) with complete control of stereochemistry.

This strategy was successfully applied to consttattasub-
stitutedTHFs (entries 1616). The results parallel those observed
for trisubstituted THFs and the addition of methyl organometallic
agents to ketone3c or 4d gave a dimethyl alkoxide intermediate
which cyclized with the formation of the 2,4-cis isomers as the
major products (entries $0l1). The reaction oBd or 4d—g
with other metallic agents rather than methyl derivatives generated
two new stereocenters, but one isomer was predominantly
produced (entries 1216). Preferable formation of the 2,4-cis
productsba,bcan be tentatively explained by considering possible
chairlike intermediateé andB (R' = H) for the Z starting olefin
(Scheme 2¥:°¢ Only intermediate#\ andB were considered so
that the bulky R groups occupy equatorial positions. The 1,3-
diaxial interaction of hydrogen and vinyl B is larger than that
of two hydrogens irA, thus engendering cis diastereoselectivity
for the 2,4-disubstituted THFs. The impressive stereocontrol,
observed for the formation of the trisubstituted THFs, is attributed
to the rigid chairlike transition states of the alkoxyl anidrn(R,
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Table 1. Diastereoselective Synthesis of Substituted Scheme 3
Tetrahydrofurans X
o] o
o Yo o X P ”;u N\
§ )1\(\/\/)( __R....X_7/= v P nBu MeCeCl, ‘; Sl Ar=Ph
f . r
R AM g RM R Ar X
_ __.”Bu\m 5k Ar=Ph
- M BuCeC| =
entry olefn X Y R RM  product yield® (ratio)® © I mBuCeCl T | Sm Ar=p-MeO-Ph
1 3% Br H Ph HAI(FBu), 5a  75% (3:2) ”
2 4 B H Ph  HAI(MBup 5a  52% (41) g"e\“jif\/‘-"oo”
n-pu
3 4b Br H Cyh HAI(FBu),  5b 74% (9:1) Ar 6m Ar = p-MeO-Ph
4 3 B H H pCHPALI  Be  72% (1:1) ) ) . . -
4 ) of which was obtained frorBm by successive ozonolysis, Wittig
5 Br H o-MeQ-PhLi &d  92% (9:1) reaction, hydrogenation, and hydrolysis.
6 4 Br H ST % (20: The method reported here is useful for the preparation of a
Socr, Be 60% (2011) ] f > ) :
7 da 2 variety of multi-substituted tetrahydrofurans in terms of its
Br H  Ph AlyMgBr &t 71% (>20:1) simplicity and its attainment of uniformly high yield. The
8 4 pr H Ph MeLi 59  54% (>20:1) resulting_ terminal vinyl group provides f_unc_:tionali_ty for further
elaboration to complex substrates. The insight gained from these
9 4a B H Ph AllyiMgBr  5f  60% (>20:1)

studies will allow for an extension of this methodology to the

10 3¢ Br Me Cyh MeLi sh  80% (12:1) stereospecific construction of more elaborate tetrahydropyran and

1 4 B Me Ph MeCCh S 73% (10:1) pyrrolidine systems, thus paving the way to the .syntheS|s of
o \T%: naturally occurring products. We have applied this method to

12 3d Br Me Ph AllyMgBr  §j 66% (>20:1) the synthesis of the bistetrahydrofuran core of acetogenins, and

these results will be reported shortly.
13 4d Br Me Ph nBuCeCl, 5k  57% (>20:1)
) Acknowledgment. We thank Phil Baran for his assistance in the
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“Isolated yield.” Determined by'H NMR on the crude reaction Supporting Information Available: Synthetic procedures and char-

mixture. acterization data for all new products, NOESY spectra for compounds
Scheme 2 5a, 5k, and5l, and tables listing crystallographic data im (45 pages,
print/PDF). See any current masthead page for ordering information and
Br q Web access instructions.
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H H A (11) Crystal data for compour@in (CioH2504): orthorhombic space group

Pca2; (No. 29),a = 9.109(3) A,b = 17.163(3) A,c = 22.733(5) A,V =

. . : . 3554.0(15) &,'Z = 8, Deaca = 1.198 glcrf, 1 (Mo Ka) = 0.82 cmr™, The
R' = alkyl groups), in which a maximum number of the 2821 data were collected a1.20°C on an Enraf-Nonius CAD4 diffractometer
substituents are equatorially situated, thereby locking the con- equipped with graphite-monochromatizedMa. (2 = 0.710 73 A) radiation

; i ; ; and using thev:0 scan mode to the limit of 2= 46°. The structure was
form.atlon to gl\{e a single 'Som?r- . solved by direct methods (SHELXS-97, G. M. Sheldrick, University of
It is worthwhile to note that diastereoisoméiisand 5k have Gottingen, 1997) and refined using a full-matrix least-squares procedure that

the reversed orientations of methyl andbutyl groups, and are minimized the functiory [W(F.?> — F¢?)?], wherew = 1/[0%(F,?) + 0.0357],

also prepared from sequential reactions of organometallic coupling 32% Zsza[r?d?’iggi,)\gé;rgoe,t:eo?s JESOH?E‘SLS)?EE]?’G‘%‘{ lﬁ?gﬁgl §r5,02|? TJonr}\Z/(eEEty of

and i_ntré_‘mo_lecmar ) CyC|izati0n_ (Scheme 3). The_ tandem  Gtingen, 1997). The final cycle of refinement converged VR(R) = ¥ ||Fo|
reaction is triggered by the metallic reagentNIR attacking the — [F|I3|Fol = 0.061, WRE?) = { Y[W(F2 — FAY/Y[W(F,23}°°> = 0.094,

carbonyl from the less-hindered side according to Cram’s or GOF = {3 [W(Fe® — Fc?)l/(Nobs — Na)}°° = 1.006 for the 1377 data with
Felkin-Anh’s model® The resulting alkoxvl anion attacks the > 20(1). An extinction correction was made, such tratwas multiplied by
. g y the overall scale factor and [ 0.00xF2A%/sin(20)] ~°25 wherex is the refined

distant allyl bromide via @ pathway to produce the corresponding extinction coefficient. The large, indeterminate value for the absolute structure

compounds with three chiral centers in the ring. The relative ('t:'actk) parifl‘l“ete"v—lé“)vtagfees with th? prgsef?fhe Of"?‘“’icematg.i“ tlhe nySt"’t"

. - - structure. non-H atoms were refined with anisotropic displacemen
stereoc_:hem_lstry of compoungm Was_ 'nveSt'gat_ed bY X-ray parameters; all H atoms bonded to C atoms were fixed at their calculated
analysis of itgp-methoxyphenyl derivativém,!! a single isomer positions; the carboxylic H atoms were restrained to positions one-half the
distance to either carboxylic group involved in the “head-to-head” hydrogen
(20) Anh, N. T.Top. Curr. Chem198Q 88, 145. bonding.




