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Summary : An efficient stereocontrolled route to trans-2,Misubstituted tetrahydrofmans from 
trans-4-phenyl-3-buten-l-01 derivatives 2-6 has been developed by using phenylselenyl chloride 
with zinc bromide in Dh!lE at - 55°C. 

Structurally complex tetrahydrofuran units are oRen found in many natural products such as 
polyether antibiotics’ and polyene mycotoxins. z One of the most effective approaches to the ring 

system is electrophile-mediated cyclizations of y-hydroxyalkenes.’ A concerned issue for these 
reactions is the stereochemistry of the newly formed stereogenic centers, which is possibly con- 

trolled by a- or p-hydroxyl substituent. ’ Since they are formally a B-Exo-Trig favored process,6 a 
stereogenic center can be introduced to the exocyclic side chain. Ifthe 5-Endo disfavored process 

of P-hydroxyalkenes is achieved in a stereocontrolled manner, it can be complementary to the for- 
mer process due to feasible creation of endocyclic stereogenic centers. 

In this context we initiated our study of phenylselenoetheri6cations of trans-ll-phenyl3-bu- 

ten-l-01 derivatives 2-6. The reasons for selecting the reaction and the substrates are as follows : 
114-phenyl substituent of the homoallylic alcohols is envisaged to facilitate the 5-Endo disfavored 
cyclization’ ; 2) although phenylselenoether&&,ion is generally known to give low stereoselectiv- 

ity, 4b it is advantageous in generating two endocyclic prochiral centers ; 3) Zphenyl substituent of 

the tetrahydrofurans can be elaborated’ to serve as another exocyclic functional appendage ; and 
41 a regioselective cleavage of the tetrahydrot by benzylic hydrogenation will open a way to 

acyclic 1,2,8arrays of stereogenic centers. We herein describe successful results of our investiga- 
tion for the development of trans-2,5disubstituted tetrahydrofurans by high level of stereoinduc- 
tion. 

Substrates 2-6 were prepared from homoallylic diol 1, which had been obtained from 1,2-iso- 
propylidenebutane-1,2,4-trio1 over 6 steps in 56% overall yield.’ Diol 1 was reacted withTRDPS- 

Cl, pivaloyl chloride and trityl chloride to furnish TBDPS ether 2 (9581, trimethylacetate 3 (87%) 
and trityl ether 4 (85%), respectively (Scheme 1). Treatment of 1 with sodium periodate followed 
by methyl- magnesium bromide or isopropylmagnesium bromide gave alcohols 6 (92%) or 6 (87%). 

Cyclization reaction of silyl ether 2 with PhSeCl was carried out in several solvents in the 

presence of potassium carbonates to yield a mixture of tetrahydrofurans 7a and 7b.l’ The experi- 
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CHzOCOBut 6 : CHMe, 

1 . Cw=% . (TBDPS = SiPhzBut) 

Reagents : 3. l--t 2 : TBDPSCl / imidazole / DMF / - 66”c+ - 46°C. h. lr, 8 : t-BuCOCl / 

DMAP (cat.) / EtoN / CHzClz / - 50+-- - 30°C. 9. l- 4: PhzCCl / DMAP(cat.) / EtzN / CHzClJ 

BT. d. 1 + 6 or 6 : NaIO, / MeOH / Hz0 / RT ; MeMgBr or i-PrMgBr / THF ! 0°C. 

Ph 0 R 
?a : R = a-CH,OTBDPS 9a : R = a-CHzOCPhs lla:R=a-CHMe, 

v 
7b: 9GI$YIBDPS 9b : p-CHsOCPh, lla : lWXMe, 

PhSi 
8a: a-CHzOCOBu’ 10a: a-Me 

8b: p-Cl&OCOBd lob: &Me 

Table I. Cyclization of 2 with PhSeCl in the presence of potassium carbonate 

entry solvent reaction temp. (Oc) lal7b %yield % recovered 2 

1 CH,Cl* 0 1 : 1.2 78 

2 EtCN 0 1.6 : 1 84 

3 Et,0 0 2.4 : 1 86 5 

4 CHzCl, -78 1.5 : 1 85 

5 EtCN -78 4.1: 1 77 8 

6 Et,0 -78 9.7 : 1 63 25 

7 -78 10.2 : 1 53 39 

8 DME -55 19.5 : 1 45 50 

mental results are ~ummari zed in Table I. The data show that the product distribution is rela- 
tively stereorandom in dichloromethane and propionitrile (entry 1,2,4 and 51, but in ethereal sol- 
vents (entry 6-8) an excellent stereoselectivity in favor of the tram+isomer 7a was achieved. How- 
ever, the adverse effect of ethereal solvents was poor chemical conversion. Accordingly, more 

electrophilic PhSeOTf l1 in ethereal solvents was used to drive the reaction more completely and 

maintain the desirable stereoselectivity. The results shown in Table II reveal the effect of a 

stronger electrophile, which drove the reaction further towards completion but generated poorer 
stereoselectivity. 

These results suggest that a suitable electrophile, a compromise between reactivity and ste- 
reoselectivity, needs to be found to improve the cyclization process. Since its electrophilicity is ex- 

pected to lie between PhSeCl’s and PhSeOTf ‘s, PhSeCl in the presence of Lewis acidn can be con- 

sidered as the prospective candidate. The following Lewis acids, MgBrz, ZnBrs and SnCl,, were 

tested in ethereal solvents, and the results are summarized in Table IIIn’ Superior results were 

obtained with SnC$ in Et,0 (entry 3), ZnBrz and SnCl, in THF (entry 5-61, and ZnBrz in DME 
(entry 8). A longer reaction time with SnCl, in THF and DME (entry 6 and 9) caused unidentified 

decompositions, and the reaction with MgBrz in THF and DME (entry 4 and 71 did not proceed any 
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Table II. cyclization of 2 with PhSeOTf 

entry solvent react1011 temp. (0 7al7b %yield %recovered2 
1 EIO - 78 3.1 : 1 82 8 
2 - 78 4.6 : 1 71 15 
3 DME -55 6.1: 1 68 24 

Table III. Cyclization of 2 with PhSeCl in the presence of Lewis acid 

entry solvent Lewis acid reactiontemp. (“C) 7a / 7b 96 yield % recovered 2 

1 Eta0 MgBrz . Et,0 - 78 11.6: 1 56 45 

2 EtzO ZnBrs - 78 7.5 : 1 99 _ 

3 Et20 SnCl, - 78 10.7: 1 88 

4 MgBrs . EtzO -78 8.7: 1 48 50 

5 ZnBr, - 78 11.5:1 93 

6 SnCl, - 78 13.8 : 1 86 6 

7 DME MgBrz . EGO - 55 12.3 : 1 46 53 

8 DME ZnBrz - 55 16.1: 1 93 

9 DME SnCl, -55 19.6 : 1 76 10 

further after an hour. Apparently the best reaction conditions for the trans-isomer 7a was 
achieved by using PhSeCl with ZnBrz in DME at - 55°C (entry 8). 

These conditions were applied to substrates 3-6 and satisfactory results were obtained as 
shown in Table lV.‘O Since substrate 5 has the smallest substituent (R=Me), it would exert the 
least l&diaxial interactions in the chair-like transition state of the formation of cis-2,5disubtitu- 

ted tetrahydrofuranonium ion to yield products with the lowest stereoselectivity (entry 4). 
Although the direct experimental evidences could not be offered, our experimental observa- 

tions might be rationalized as follows : 1) PhSeCl with potassium carbonate gave the highest ate- 
reoselectivity, probably due to high degree of reversibility of the charge-transfer complex (or phe- 
nylselenonium ionYb resulting from its low electrophilicity ; 2) the least completed reaction in 

DME may be explained in terms of the formation of the highly stabilized charge-transfer complex 
in the most nucleophilic DME. This explanation is consistent with the fact that further addition 
of phenylselenyl species during cyclization had little effect on its progress ; 3) the addition of zinc 

bromide gave complete cyclization, and this can be reasoned by postulating that the charge-trans- 
fer complex also interacts with the internal oxygen atom(s) due to electrostatic stabilizati~n.~~ 

Zinc cation possibly disturbs the interaction by coordinating with the oxygen atom(s) to facilitate 

the cychzation. During such a process, reversible formation of charge-transfer complex may be 
possible to enhance stereoselectivity. 

A&Q&&W& : This work was supported by the Korea Advanced Institute of Science and 
Technology, and the Organic Chemistry Research Center sponsored by the Korea Science and 
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Table IV. Cyclization of 2-6 with PhSeCl and zinc bromide in DME at - 55°C 

entry substrate isomenc ratio % yield 
1 2 7a : 7b = 16.1:1 93 
2 3 8a: 8b = 9.8:1 93 
3 4 9a : 9b = 16.2: 1 92 

4 6 10a: lob= 7.0:1 95 
5 6 lla : lib- 17.0 : 1 93 
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