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ABSTRACT

R O@ PhSOZ,‘ *
%] _Rero Yo M\
PhSO; t-BuOK, N
tBuoLi, |PhSOz 10h (6]
THF, -75°C OH
R = aryl, alkyl main isomer
yield up to 90%

Hydroxymethyl-substituted tetrahydrofurans were prepared with high diastereoselectivity by reaction of the carbanion derived from 3,4-epoxybu
phenyl sulfone with aldehydes in the presence of a mixture of lithium and potassium

diastereoselectivity
upto87:13:0:0

tyl
tert-hutoxides. Initial formation of aldol-type adducts is

a nondiastereoselective but reversible process; thus, subsequent formation of one main diastereoisomer is controlled by the relative rates of

cyclization. The configuration of the carbon stereocenter at the oxirane ring is inverted in the course of the S

are created diastereoselectively.

n2 process, and two new centers

Many natural and synthetic biologically active compounds

Recently, we reported reaction of simpiéralocarbanion

contain tetrahydrofuran rings; thus, methods of synthesis of precursors with aldehydes leading to formation of 2,3-

substituted tetrahydrofurans are of great intet&me of the

valuable synthetic methods for the constructing tetrahydro-

furans is cyclization of epoxyalcohddBoth y,0-2 andd,e-

disubstituted tetrahydrofurans in a one-pot addition
alkylation proces$. Despite the fast cyclization of/-
halocarbanions, deprotonation pfchlorobutyronitrile,y-

epoxyalcohols can be exploited in this reaction depending chloropropyl phenyl sulfone in the presence of the aldehydes

on the preferred mode of the cyclization. For example;
epoxyalcohols cyclize predominantly in ae%eo mode,
leading to tetrahydrofurarfsbut intensive effort has suc-
cessfully forced an @ndoprocess, yielding tetrahydropyrane
derivatives>’

T Part of this work is the subject of the M.S. Thesis of D. Krajewski at
Faculty of Chemistry, Warsaw University of Technology.
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allows trapping of these carbanions to produce aldol-type
anions. Subsequent intramolecular 1,5-substitution of the
halogen in these 4@nions results in the formation of
substituted tetrahydrofurans. The major obstacle for wide use
of this valuable reaction is a high rate of the intramolecular
reaction ofy-halocarbanions, which limits the intermolecular
process to active electrophiles such as aromatic aldehydes.
An attractive extension of this concept therefore would
be use of carbanions containing less active leaving groups
in the y-position such ag,0-epoxycarbanions, where the
intramolecular oxirane ring opening is anticipated be a rather

(8) () Mgosza, M.; Judka, MChem. Eur. J.2002 8, 4234. (b)
Makosza, M.; Przyborowski, J.; Klain, R.; Kwast, Synlett200Q 1773.
(c) Fleming, F. F.; Gudipati, V.; Steward, O. W. Org. Chem2003 68,
3943. For an analogous process with Michael acceptors, se&ndva,
M.; Judka, M.Synlett2004 717.



slow procesé. Trapping they,é-epoxycarbanion with an || N3N

aldehydé® should produce an intermediate epoxyalkoxide Table 1. Synthesis of Tetrahydrofurans under Optimized
that will subsequently cyclize to tetrahydrofuran in a conditions

preferred S5exomode.

PhSO, PhSO,
Probing this potential strategy, we employed 3,4-epoxy- \ RCHO /
g P egy employ POXy Phsoz/\/<‘ 1) +-BUOK RrO\‘ * R\\--Z—)j
butyl phenyl sulfonél. In our first experiments, we observed £BuOLi o ",
that cyclization ofL™ via intramolecular oxirane ring opening rac-1 2)T_:'§° -C751;Ch
does not proceed without Lewis acids and that addition of '
this carbanion to benzaldehyde is a fast but nonstereoselective p —
. . X iastereoselectivity
process. Thusl in the presence dfBuOK in THF at—75 entry R= yield ('H NMR)
°C gave a mixture of four diastereoisomers of the epoxy-
alcohols in high yield upon protonation at low temperafire. ! -0 % 82:18:0:0
When the mixture was kept at room temperature for 18 h ) @_ 87% 7723:0:0
the expected hydroxymethyl tetrahydrofuran was formed in
a moderate yield (34%) as a mixture of two diastereoisomers 3 cm@ 87% 82:18:0:0
Scheme 1).
( ) 4 oo Y= 90% 87:13:0:0
| 5 O~ 61% 81:19:0:0
Scheme 1. Reactions of Epoxycarbanions with Aldehydes 5 @\ 1% 63:37:0:0
o Ph,, _OH Ph,, _OH
PhSO, £BUOK o t+-Bu 74% 53:47:0:0
i PhSO3 PhSO3
rac-1 -75°C, 5 min erythro 2 threo 8 i-Pr 36% 55:45:0:0
(35 :35) (15: 15)
4 diastereoisomers 9 Me 0% -
86%
rac-1 Buco PhSOz, 2 diasterscisomers of the complexing oxygen atom affecting the transition state
THF pthw 57 :43 ("HNMR) geometry (entry 6). Reactions of aliphatic aldehydes (entries
m, 18 h OH  34%*by-products 7, 8) were unselective, and low yields were obtained with
3 isobutyraldehyde (entry 8) and acetaldehyde (entry 9) prob-

ably because of aldol condensation.

Reactions ofl with other electrophilic partners such as

Since efficient cyclization of epoxyalkoxides requires ketones, imines, and Michael acceptors carried out under the
activation of the oxirane ring by Lewis acids, we tested of optimized conditions failed to give the expected products,
a number of additives (LiBr, LiCl, LiCIQ CeCk, BF;-OE, whereasl was partially recovered.
Ti(i-OPr), ZnCh, CuOTf, Cu(OTf), Sc(OTf}) and observed We assume that under these conditions, aldol-type addition
lithium cations to be the most effective. Lithium bromide, of carbanion ofl to aldehydes is aeversible processince
used in excess, promoted the cyclization but with poor the diastereoselectivity of tetrahydrofurans does not cor-
diastereoselectivity. After some variations, we found that a respond to the ratio of initially formed aldol adducts obtained
mixture of lithium and potassiurtert-butoxides provided  after protonation of the mixture at low temperature (Scheme
good yield and diastereoselectivity of the products. 2). 'H NMR analysis of2 showed that addition is not

Under the optimized conditiort8,a series of reactions of  selective, as pairs @rythroandthreodiasterecisomers were
aldehydes withl were performed, giving substituted hy- equimolarmixtures of products differing by the configuration
droxymethyl tetrahydrofurans (Table 1). Aromatic aldehydes at the oxirane ring. Since the configuration of the stereogenic
reacted withl in good yields and diastereoselectivity (Table center at the benzylic position in intermediate adducts can
1, entries £5). Only in the case of furfural were the yield change only by the dissociatietaddition mechanism, cy-
and diastereoselectivity reduced, probably due to the presencelization of this mixture should lead to an equimolar mixture
of 3, as opening of the oxirane ring proceeds stereospecifi-
cally with inversion of configuratiof?

(9) Conversion ofl into 1-phenylsulfonyl-2-hydroxymethyl-cyclopropane
requires activation with Lewis acids such ag'LiCorbel, B.; Decesare, J.
M.; Durst, T.Can. J. Chem1978 56, 505.

(10) For other reactions of epoxycarbanions, see: (a) Reference 9.

(12) General Procedure(Table 1). To a solution df (212 mg, 1 mmol)

(b) Najera, C.; Yus, MJ. Org. Chem1989 54, 1491. (c) Cere, V.; et al.
J. Org. Chem1991, 56, 4513.

and aldehyde (1.25 mmol) in THF (4 mL) at75 °C under argon were
added consecutively solutionsteBuOK (1 mL, 1 M in THF) andt-BuOLi

(11) Mixture of four diastereoisomers was separated chromatographically (1 mL, 1 M in THF, Aldrich) . The flask was left at between20 and—15

into two pairs, namelyerythro andthreo, having different configurations

of stereogenic centers of the oxirane ring within the pair. Providing that
this center is inverted in a\8-type cyclization process, they should cyclize
to mixtures of 2,3-trans3@, 3b) and 2,3-cis 8c, 3d) tetrahydrofurans,
respectively (Scheme 2).
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°C for 10 h; then, aqueous NBI was added, and the mixture was extracted
with ethyl acetate, washed with brine, and dried with MgSChromato-
graphic separation with hexane/ethyl acetate (3:1) mixture gave 2-substituted
3-phenylsulfonyl-5-hydroxymethyltetrahydrofuran as a mixture of diastereo-
isomers. See Supporting Information for details.
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s However, there is also the possibility of cyclization of the

R . . ; 14
Scheme 2. Cyclization of Diastereoisomers of Adducts threo adducts to 2,3-cis product8d, 3d)** and subsequent
According to a §2 Pathway epimerization at the carbon bearing a PhS@up to the
ratio of isomers of 2 after protonation  ratio of isomers of 3 obtained under 2,3-trans configuration, but this pathway is probably not
of mixture at low temperature optimized conditions realized. '"H NMR studies based orfJ(H,H) coupling
1 1 .
(based on "H NMR) oSO (based on H NMR) constants revealed that the preferred conformations of the
Ph., OH 2. intermediate epoxyalkoxides favor the anti orientation of
3 M% -7 ically demanding phenyl and phenylsulfonyl
PhSO Ph"g sterically demanding phenyl and phenylsulfony g_ro&Fps.
OH While in erythro adducts reacting centers are synclinal, the
erythro * +  3a antiperiplanar orientation ithreoadducts precludes cycliza-
Pha_OH s PhSO, tion to a five-membered ring (Scheme 4, see Supporting
% I/QO —NE Phw'bj “he 23 Information for details}®
PhSO3" o 5
oH ||3
: e | .
Ph, _OH PhSO;, 2 Scheme 4. Preferred Conformations of Intermediate
15 '£/<CJ) Sn2 - —2 0 Epoxyalkoxides2 and Their Reactivity
PhSO; oy 3 e Ph, _OH PhSO,,
threo + = W = M -
+ 3c H OH o PhSO pth"'wl
Ph.__OH PhSO,, PhSO, 2 OH
15 o Sn2_ - _ 0 3J(H,H) < 1 Hz 2-erythro 3a, 3b
PhSO; PR ™o 1, f
2 3d H Ph, _OH very | PhSO2
Phsozw _ (/Q? slow_ b%
HO"Sxen O PhSO;" Ph™>g éH
To prove that under the reaction conditions there iS 3yH,H)~8.5Hz 2- threo 3c, 3d

equilibration between diastereoisomeric adducts via a dis-
sociatior-addition process, an exchange experiment was
carried out. The mixture of diastereoisomers of the aldol  The stereoselectivity is effectively controlled by the
products from the reaction of with benzaldehyde and  epoxide stereochemistry. Formation of one predominant
p-methoxybenzaldehyde was subjected to the standard condidiastereoisomer in high yield without racemization of the
tions. Isolated tetrahydrofurans contained phenyl @d  stereogenic center at the oxirane ring could result in the
methoxyphenyl substituents, confirming our hypothesis formation of valuable 2,3,5-trisubstituted tetrahydrofurans in
(Scheme 3). optically pure form in a one-pot procedure. Hydrolysis of
racemicl with Jacobsen catalyst under Kkinetic resolution

_ conditions providedR)-1 with an enantiomeric excess as

Scheme 3. Reaction of Aldol Adducts of Benzaldehyde with ~ high as 91% (HPLC}’ Under the standard conditions,
1 and p-Methoxybenzaldehyde under Optimized Reaction  reaction of this oxirane with benzaldehyde gave two dia-
Conditions stereomeric tetrahydrofurans with enantiomeric purities equal

CHO to purity of the starting oxirane (Scheme 5).

1eq.
PhSO, PrSO, |

Ph.,_OH
o CHs »'Z_)m * WOW Scheme 5. Synthesis of Optically Enrichedl and Its Reaction
1) t-BuOK PR™07 ™ - P-CHIOPR™ g™ with Benzaldehyde under Optimized Conditions
PhSO; t-BuOLi OH OH y P
THF, -75 °C o
2 2)-15°C, 10 h 2 : 1 orso <9 (RR)salen(Co)lll(OAC) PhSOz/\/<| + diol
0
ratio ('H NMR) ’ THF Lﬁom?: 36h
rac-1 - H0, 1, 47%, 91% ee (HPLC)
Thus, the preferred formation of one tetrahydrofuran PhSO, PhSO,
diastereoisomer indicated that the final composition of the O 1)PhCHO _ +
) na’ composit "€ phsoy N “iBiok ™ e o Ph" Ng
product is controlled by rates of cyclization of the isomeric +-BuOLi OH OH
adducts being in equilibrium, according to the Cuttin (R)1 2)T1*(')FH'_7155"% 679% diastereosslectivity (77:23)
Hammett postulatel(= 2 — 3). ee 91% (for both, HPLC)

Additionally, we can assume that ongrythro adducts
cyclize directly to 2,3ranstetrahydrofurans3a and 3b.

The absolute configuration of the products was established
(13) Ratio of diastereoisomers 8fobtained after cyclization mixture by X-ray analyses of the—()-w-camphanic acitd ester

of 2 according to §2 mechanism should be 35:35:15:15. Subsequent s . . : . .

isomerization of tetrahydrofurans could lead to a (835):(35+ 15) = Qerlvat|ves and ConflrmS theNS'lnversmn of anflguratlon

50:50 mixture. in the course of the ring-opening process (Figure 1).
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In conclusion, we have developed a novel, high-yield,
chemo-, regio-, and diastereoselective method of synthesizing
2-substituted 3-phenylsulfonyl-5-hydroxymethyltetrahydro-
furans. The potential of these products and the simplicity of
the procedure will make this tandem additiecyclization
strategy useful in natural product synthesis.
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Figure 1. X-ray structure of the main diastereoisomer of tetrahy-

drofuran obtained from chiral epoxide precurs@nd benzaldehyde

as an ester with-{)-w-camphanic acid.

Supporting Information Available: Experimental pro-
The cyclization stereochemistry and the crossover experi-cedures, characterization data for all new compounds with

ment leads to the following mechanistic conclusions. The reprints of some NMR spectra, and additional X-ray infor-

first step of the reaction, aldol-type addition of the sulfonyl mation (CIF). This material is available free of charge via

carbanion to the carbonyl group, is a relatively fast and the Internet at http://pubs.acs.org.

nonQ|a§tergoselectlve but re\'/er5|ble'process. SUbsequ‘?%Losogoso

cyclization is faster for one diastereoisomer, and an equi-

librium process operates until conversion of all the substrates

in a favored manner is complete.
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