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Effect of Ti(Oi-Pr)4 on Stercoselectivity of Halocyclization of 2-Substituted
4-Pentenoic Acid and 4-Penten-1-ol
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Iodolactonization of 2-substituted (N-sulfonylamino, hydroxyl and hydroxymethyl
groups)-4-pentenoic acid with NIS or I3 in the presence of Ti(Oi-Pr)4 gave the y-lactone
with increased 1,3-cis-selectivity. Stereoselectivity in the haloetherification of 2-
hydroxymethyl-4-penten-1-ol was reversed by the addition of Ti(Oi-Pr)4.

Halocyclization plays an important role in the synthesis of heterocyclic intermediates and functionalization
of a double bond, and the exploration of a diastereoselective halolcyclization has been one of the current
subjects.]) A high degree of diastereoselectivity is possible depending on reaction conditions and structure of the
substrate. For example, in the cases of &-lactone formation, 1,2- or 1,3-high asymmetric induction
(diastereoselection) usually occurs under thermodynamic control, due to the well-defined chair-like conformation
of the six-membered ring.!) In y-lactone formation, a 1,2-high asymmetric induction is also observed,!-2) while
1,3-high asymmetric induction takes place only in cases of 2-alkyl-4-pentenoyl amides3) or 2-alkyl or aryl-4-
pentenoyl thioimidates4) to give y-lactones or y-lactams with the 1,3-trans relationship. 1,3-Cis-favored
halolactonizations of 2-amino-4-pentenoic acid derivatives were reported by two groups.?) It was claimed that
halolactonization of 2-hydroxy- and 2-benzyloxy-4-pentenoic acid resulted in the isomeric mixture of y-lactones
in poor yields.5) In this paper, we report the additive effect of Ti(Oi-Pr)4 on the stereoselectivity of the
halocyclization of 4-pentenoic acid and 4-penten-1-ol having polar substituent at C-2 as well as a mechanistic
consideration on the selectivity.
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Iodolactonization of 2-hydroxy-2-methyl-4-pentenoic acid 1a under standard conditions brought about the
formation of y-lactone 2a in low stereoselectivity (I/CH3CN, cis/trans = 1.3; I;/NaHCOs3/THF, cis/trans = 1;
NIS/CH3Cly, cis/trans = 1.8). However, when Ti(Oi-Pr)4 (lequiv.) was added to a solution of 1a prior to the
addition of NIS or I, stereoselectivity remarkably increased to give cis iodolactone 2a [I3 cis/trans = 23 (Table
1, entry 2); NIS cis/trans = 11(Table 1, entry 1)].67) Similar to 1a, 2-hydroxy-4-pentenoic acid 1b showed



178 Chemistry Letters, 1991

increased 1,3-cis selectivity by addition of Ti(Oi-Pr)4. In this case, isopropyl 2,4-dihydroxy-5-iodopentanoate
3b was isolated through ester exchange of the lactone (entry 4). Increase in selectivity was observed not only for
a-hydroxy but also both the a-hydroxymethyl carboxylic acid derivative 1c¢ (entry 6) and o-N-sulfonyl amino
acid 1d (entry 8).8) When the hydroxy group of 1a,1b,and 1c was protected by methoxymethyl group, NIS-
induced cyclization in the presence of Ti(Oi-Pr)4 caused no appreciable 1,3-cis selectivity. These findings along
with 13C-NMR spectrum data of 1 : 1 mixture of Ti(Oi-Pr)4 and 1a%) may indicate that the bidentate bonding of
Ti(IV) with 1 plays an important role to achieve an increased cis-selectivity in the halolactonization.

Table 1. Halolactonization of 2-Substituted-4-pentenoic Acid®

Entry Substrate  Additive Temp/°C Time/h Products cis : trans®  Yield/%"
; oH TOiPY, -15 1 OH 11:1 87
o A~PCooH TGN, o0 2 ((;o 23:19 709
3 1a none 15 1 | 2a 1.8:1 89
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1 45
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6 /\XOH Ti(Oi-Pr)4 0 2 OH 6:1 52
; 7 COOH  one 0 2 ((x 1.8:1 43

1c | e

NHTs

8 /\/I\ﬂ-igs Ti(O-Pr,  -15 1 (@O 121 86
Z OOH ) 521 88

9 1d none 15 1.5 | 2d

a) Halolactonization: 1 (1 mmol), NIS (1.3 mmol), CHCl, (6-7 ml)  b) Determined by 400 MHz 'H-NMR. c) Isolated yield.

d) Inthis case, > was used as the electrophile. A small amount of isopropyl ester also formed (<10%), wihich was nearly
quantitatively converted to 2a by treating with p-TsOH in benzene. e) The ratio and yield were determined after
conversion to 2b by treating 3b with p-TsOH in benzene.

Ti(Oi-Pr)4 was noted to have remarkable effect on the 1,3-stereoselectivity in the haloetherification of 2-
hydroxy-4-penten-1-ol 4. NIS-induced cyclization of 4 gave the tetrahydrofuran derivative 5, favouring the 1,3-
cis isomer (cis/trans = 2.6), while in the presence of Ti(Oi-Pr)4, similar reaction provided § with 1,3-trans
selectivity (cis/trans = 1/4.3). It should be pointed out that the latter trans selectivity in etherification of 5 was in
a sharp constrast to cis selectivity in the lactonization of 1c¢. Further efforts to improve the 1,3-trans selectivity
and the yield of 5§ revealed that NBS-induced cyclization of 4 in the presence of Ti(Qi-Pr)4 and diisopropyl
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tartarate (DIPT) produces 5 in good yield (88%) and increase trans selectivity (trans/cis =7). It is worth
mentioning asymmetric induction for the major trans isomer was 25% ee on using (+)-DIPT.
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Table 2. Haloetherification of 4
entry reagent Additive TempPC Time/h 5 Yield/%® cis : trans®
1 NIS none 0 2 84 26:1
2 NIS Ti(Oi-Pr), 0 2 65 1:4.3
3 NIS Ti(Oi-Pr)4 -DIPT 0 1 78 1:4.8
4 NBS Ti(Oi-Pr), -DIPT -15 2 88 1:7

a) Isolated yield.  b) Determined by 400 MHz 'H-NMR.

In regard to homoallylic chiral induction in the halocyclization of the substrate having a polar substituent
such as hydroxyl or amino group at homoallylic position, possible mechanisms have been reported by two
groups.3-10) The transition-structure model for kinetic haloetherification of ethyl 5,6-dihydroxy-2-hexenoate
proposed by Labelle et al. may possibly suffice as explanation for the present results.10) They explained the trans
selectivity on the basis of four chair type models (A1-Dj), which separately consider the two ends of the molecule
(C»-C3 olefin part and Cs-Cg stereogenic part). By AM-1 calculation, preferred orientation of olefinic moiety is
postulated to be B corresponding to model A and Bj. It would thus follow that homoallylic chiral induction is
controlled through the conformational preferrence of the substituent X. That is, the axial conformer (Aj) causes
the formation of the 1,3-trans isomer.11) Applying this model to the present study, 1,3-trans selectivity in the
haloetherification of 4 in the presence of Ti(Oi-Pr)4 may be explained by transition-structure model Az, in which
Ti(IV) is bound to two oxygen atoms and the hydroxymethyl group at C-2 is in the axial position.12) In the case
of lactonizations , the observed 1,3-cis selectivity may be explained by model B, and B3 in which the preferred
orientation of the substituent at C-2 is equatrial by the bidentate coordination of Ti(IV).
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The present reaction is the first example of halocyclization in which a Lewis acid is used, causing
remarkable effect on the stereoselectivity. Further application to other systems is currently carried out.
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