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CARBON-CARBON BOND FORMATION BY THE REACTION OF ORGANOLITHIUMS WITH a-LITHIATED
CYCLIC ENOL ETHERS STEREOSELECTIVE SYNTHESIS OF - AND - HYDROXY
DI- AND TRI-SUBSTITUTED ALKENES

Thinh Nguyen and Er-ich: Negnsh;
Department of Chemistry, Purdue Umiversity, West Lafayette, Indiana 47907, USA

Summary  o-Lithiation of dihydrofuran, benzofuran, and dihydropyran followed by treatment with vanous
organohthiums stereoselectively produces in good yelds the corresponding ring-opened (E)-alkenyltithums, 1e,
(E)-B(or y)-hydroxy-w-alkenyl-w-lithioalkenes, the hithium atom of which can be readily replaced with H, D, or C groups,
such as CO, and Me

In search for novel 1,2-migration reactions of organotransition metal compounds,' we prepared Cp,ZrPh,? ("H NMR
Cp singlet at 6 41 ppm) by treatment of Cp,ZrCl, with 2 equiv of PhL1 at -78°C and reacted st with 2-lithiobenzofuran
(1) generated 1n situ by treatment of benzofuran with 1 equiv of #-BuLi in E,0 at 0°C for 1 h  After hydrolysis the
desired product 2a was obtained 1n 99% yicld To ascertain the need for Zr species, we then ran the reaction of 1 with
PhL1 and found that 1t gave the same product 2a 1n almost 100% yield Furthermore, quenching the reaction mixture with
D,0 produced 2b in 86% yteld with >95% D mcorporation  Similarly, the reaction of 1 with s-BuLi and r-BuL1 gave,
after protonolysis, 3 and 4, respectively, in high yields Generation of 1 1n a discrete step may be unnecessary Thus,
for example, direct treatment of benzofuran with 2 equiv of a-BuLi led to the formation of 5 (80-90%), 6 (82%), and 7

(50%) 1 the yields indicated 1n parentheses, after quenching with appropnate reagents (Scheme 1)
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A similar organocopper reaction developed recently’ has been reported to be a process requinng Cu species,
although clanficaton of this pomnt seems to require further investigation mn view of the results presented herein  Also
known 1s the reaction of dihydropyran with 2 equiv of n-BuL1 producing, after hydrolysis, (E)-4-nonen-1-ol (8) in 73%
yield* Ths reaction was thought to involve addition of n-BuLt to the double bond of dihydropyran followed by B-
eliminatton, providing only disubstituted alkenes rather than trisubstituted alkenes (eq 1)* We have indeed confirmed
the reported expenmental facts and established that, unlike the reactions shown in Scheme 1, no incorporatton of D, I,
or CO, occurs at the C-5 center This reactton 1s therefore different from that reported here It should also be pointed
out that the Ni-catalyzed reaction of enol ethers with Gngnard reagents® 15 a syn process, the stereochemistry of which

1s completely opposite to that observed n this study
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A further investigation of the reaction of dihydropyran with organohthiums has revealed that the difference
between the reaction reported here and that reported by Pattuson and Dear’ stems from the relauve rates of o-alkenyl
proton abstraction and the presumed organohithium addstion to enol ethers as meq 1 Thus, deprotonation of dihydropyran
with 1 equiv of -BuLa to produce discretely o-lithiodihydropyran (9)° followed by 1ts treatment with 2 equiv of n-Bula
mn E,O at 0°C for 8 h did produce a product readily convertible to 10 (60% yield, 70% D incorporation) and 11 (40%

yield) (eq 2)
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Dihydrofuran reacts in a manner similar to that of benzofuran Its reaction with 2 equiv of n-BuLi has led to the
formation of 12 (70-80%), 13 (65%), and 14 (55%) n the ytelds indicated in parentheses
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12a (80 %) 12b (70 % ) 13 (65 %) 14(55%) 15
(86 % D)
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In each case, the trans 1somer was formed as a 298% sterecisomenically pure species  The trans geometry of the
products has been established mainly on the basis of the coupling constants (J = ca 16 Hz) and the IR bands at 965-
975 cm' for disubstituted alkenes as well as the 'H NMR chemical shift values for the methyl groups bonded to the
alkenyl carbon atoms, e g, & 1 63 ppm’ for 14 Facile formation of 6, 11, and 13 via carbonation further supports the
stercochemnical assignment

In contrast with cyclic vinyl ethers, acyclic vinyl ethers,® such as ethyl vinyl ether, do not appear to readily
undergo the same carbon-carbon bond forming reaction, Thus, o-lithiovinyl ethyl ether generated in situ by treatment of
vinyl ethyt ether with -BuL1 in THF (-78 to 0°C) did not react with n-decyllithium generated by treatment of 1-10dodecane
with two equiv of ¢-BuLi 1n ether > Removal of THF prior to the addition of n-decyllithium did not induce any favorable
change The current practical scope of the reaction 15 therefore hmited to the cases where cyclic ethers are used

Although we have not yet made senous efforts to clanfy the mechamsm of these reactions, 1t appears certain that
o-hthated cychc enol ethers, 1e, 1, 9, and 15, are formed as mtermediates  Thetr reactton with organolithums may
mnvolve an addiion-elimination process sumular to that suggested by Pattison and Dear* Alternatively, 1t may mvolve a
Li-assisted substitution via imnversion at the oxygen-beaning alkenyl carbon center similar to that observed with
organoboranes ' In view of the previously reported results shown m eq 1, however, the addition-ehmination mechanism
(eq 3) offers an attractive feature of providing a unified mechanism for all cases observed to date On the other hand,
a reasonable assumption that such an addition-elimination process might involve a syn addition and an anti-elmination

would lead to the opposite stereochemustry  Further investigation is required for clanfication of such mechamstic details
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The following procedure 1s representaive  To a solution of 2,3-benzofuran (10 mmol, 0118 g, 011 mL) m
diethyl ether (4 mL) at 0°C was added dropwise n-butyllithium (1 0 mmol, 1 0mL) Lithiation to generate 1 was complete
mn 1 has judged by '"H NMR spectroscopy One additional equivalent of n-butylhthium (1 0 mmol) was added to 1 After
6 h at room temperature, the reaction mixture was treated with CO, at -78°C, quenched with 3N HCI, extracted with
diethyl ether, dned over MgSO,, and chromatographed (silica gel, 5 1 pentane-ether) to give 0 165 g (82% yeld) of 3-(n-
butyl)-2H-benzopyran-2-one ' 'H NMR (CDCl,, Me,S1) § 096 (1, J = 7 Hz, 3H), 1 3-1 5 (m, 2H), 1 6-1 7 (m, 2H), 2 57
(t,J =7 Hz, 3H), 7 2-7 5 (m, 5H), ®C NMR (CDCl,, Me,S1) 3 14 09, 22 62, 30 27, 30 76, 116 56, 119 78, 124 40, 127 29,
13021, 130 63, 138 53, 153 27, 162 05, IR (Nujol) 1726 (s), 1614 (s), 1458 (s) cm !, MS (CD) m/z 203 (MH)
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