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In connection with the known diyne-ene [2 + 2 + 2] cycloaddition reactions mediated by titanium aryloxides, the ability of titanium alkoxides
to promote coupling of a titanacyclopentadiene with an alkene has been assessed for the isomerization-free preparation of 1,3-cyclohexadienes.
The successful cycloaddition by titanium alkoxides is predicated on the use of homoallylic alcohols as the olefin component. With secondary
homoallylic alcohols, high 1,3-diastereoselectivity is observed, which lends itself to enantioselective preparation of functionalized
1,3-cyclohexadienes.

Transition metal-mediated [2- 2 + 2] cycloadditions of aryloxides were shown to be effective under mild conditions
three unsaturated components have been extensively invesby Rothwell and co-workers, but the initially formed 1,3-
tigated for direct formation of benzenes, six-membered cyclohexadiene products were found to undergo extensive
heterocycles, and related compouhdste transition metals  isomerization by metal-mediated 1,5-hydrogen shifts {dee
such as cobalt, rhodium, nickel, and ruthenium complexes — 7B in Scheme 1¥%:3 We herein report isomerization-free
have been shown to be effective for the conceptually coupling of diynes with homoallylic alcohols in the presence
appealing cyclotrimerization reactions, and a majority of of a titanium alkoxide and a Grignard reagent.

known examples have been directed at rapid assembly of As an extension of the Kulinkovich cyclopropanationg
polycyclic aromatic compounds. One useful variant involves investigated the utility of a presumed dialkoxytitanacyclo-
coupling of two alkyne molecules with an alkene for the propane intermediate in the [2 2 + 2] cycloaddition
synthesis of 1,3-cyclohexadienes, where intramolecular reaction for the synthesis of functionalized bicyclic cyclo-
processes have frequently been adopted in order to avoidhexadienes. Of particular interest was the comparison of the
regiochemical complications in intermolecular diyne-ene [2 reactivity profiles of titanium aryloxides and alkoxides in
+ 2 + 2] cycloaddition reactions. Particular emphasis was the context of this metal-mediated cycloadditfin:contrast
placed on improving the efficiency and also controlling the to Rothwell’'s pioneering work on sterically demanding
regio- and stereochemistry of these cycloadditions. Titanium titanium aryloxides,the use of titanium alkoxides had been
limited to either intramolecular coupling of two components
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sequent, rate-determining attack of an olefinZoappeared

Scheme 1 to be unfavorable. In marked contrast, the corresponding
aryloxy derivatives6 were shown by Rothwell to readily
— oye S0P, TMS undergo the metal-mediated Diels—Alder reaction with
— ¢-CsHoMgCl ¥ > . . . .
O:;Ti(o-i—Pr)z several olefins to afford.?2 This noticeable difference in
=TMS Lus reactivity between ligands containing aryloxides and alkox-
1 ides could be attributed to electronic effetts.
SR 2 To overcome the apparently unfavorable reactiof with
3a:R = OTIPS an alkene, we decided to rely on intramolecularity by em-
3b: CH,CH, o ploying an alcohol-tethered olefin: the titanium metal could
= Ti(0-i-Pr), ’ serve as a suitable matrix as a result of in situ exchange
™S between2 and the alcohol functionality, as we previously
™S demonstrated in the diastereoselective hydroxycyclopropa-
R Z nation reactions of homoallylic alcohdldndeed, the use of
™S x 3-buten-1-ol 9) afforded the desired cycloadduc? in 85%
22:' g: (o)IlIPS ™S yield, when CITi(O-i-Prj and cyclopentylmagnesium chlo-
I 5 ride were used and the reaction mixture was heated at 50
°C for several hours prior to aqueous workup (Schem@ 2).
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involving olefins and acetylenes or the availability of ™S »
aromaticity to drive the equilibriurh? When a mixture of 12
1,8-bis(trimethylsily)-1,7-octadiynel] and 1-triisopropyl- titanium reagent Grignard reagent yield (%)
siloxy-3-butene 3a) [or 1-hexene 3b)] was subjected to
Ti(O-iPr), ¢-CsHy,MgCl 4

typical modified Kulinkovich conditions involving 1.0 equiv
of CITi(O-i-Pr); and 4.0 equiv of cyclopentylmagnesium CITi(O-i-Pr), ¢-C:HMgCl 85
chloride® no [2 + 2 + 2] cycloadduct4a,b was found in

the crude reaction mixtures (Scheme 1). Instead, the cycliza-
tion product5 was isolated in 82% yield after aqueous CITi(O-i-Pr), FPrMgCI 44
workup. Formation of dieng indicates facile generation of
2, which is well precedented for early transition metals
(containing cyclopentadiene or alkoxide ligands). The sub-

Cl,Ti{O--Pr), ¢-CsHgMgCl 53

CITI(O-Pr)g c-CgHyMgCl 73

aReaction condition¥ 1 equiv of1; 3 equiv of9; 1 equiv of
a titanium reagent; 4 equiv of a Grignard reagent.
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the Grignard reagent at T or room temperature resulted
in lower yields (50 and 55%, respectively) than-&i8 °C.

to yield the corresponding allylic titanium reagefhtsonger

tethers resulted in not only lower yields but also competing

This unexpected temperature dependence is in conspicuoussomerization. It is clear that the homoallylic tether is useful
contrast to that of the olefin exchange-mediated cyclopro- in promoting the desired Diels—Alder reactithas well as

panation reactions of carboxylic esters and derivativés.

preventing subsequent metal-mediated 1,5-hydrogen shift

Under optimized reaction conditions, several alcohols (€.9.,17aand17b) due to geometrical constraints imposed
containing longer tethers and also different diynes were nextby the six-membered titanate irl. As was the case in the
examined (Scheme 3); the homoallylic alcohol group proved titanium-mediated cyclopropanations, disubstituted olefins

(e.g.,18) did not undergo the [2 2 + 2] cycloaddition. To
facilitate the removal of the vinylsilyl groups, useX@was
next examined to afford the cycloadd in 66% yield.

Scheme 3 Treatment 020 with TBAF in 2:1 THF-DMSO at 80°C
e cleanly gave21 in 80% yield134In the above-mentioned
1 + 9 12 preliminary study, no attempt was made to develop a catalytic
(85%) procedure with respect to a titanium reagent since it is
CTHO-£Pr ™S inexpensive and readily available. However, successful
— 1us c-CsHeMgCl development of such a catalytic process would seem feasible,
%;ws 9 as7 was shown to enter a catalytic cycle presumably because
1?“1:1 m T OH of instability of a Ti(ll) specieg® N _ _
13 m=3 T3 1 (83%) _F_maIIy, the 1,3-d|astereo§elect|V|ty, \_/vhlch was prewously
14b: m = 3 (50%) utilized for the stereoselective synthesigrahs-1,2-dialkyl-
cyclopropanol$, was examined by employing secondary
™S homoallylic alcohol®22a,b. In both cases, the cycloadducts
24a,bwere obtained as single diastereomers in 47 and 48%
OH (unoptimized) yields, respectively The stereochemistry of
™s 24a,b was tentatively assigned as shown in Scheme 4 on
1 CITi{O-i-Pr), 16a:n=1(21%)
. ¢-CsHMgClI 16b: n=2 (11%)
+
/\(\/)/,,\/OH ™S ) Scheme 4
15a:n=1 OH .+ /\)\OH CITi{O--Pr),
15b:n=2 n ¢-C5HMgCl
17a-TnM=S1 (11%) 22a:R=Ph \
17b': n=2(19%) 22b: R = i-pentyl
#pro._.o R
CITI(O--Pr), T
; . NN ¢-CgHgMgCl v
18 (70%) ™S T™S
23ab
CITH(O-HPr), X C©/\/OH /
=——SiPh({Me), 6-C5HMgCl R
e
= SiPh(Me), 66% OH ™S
19 X 24a: R = Ph (47%)
20: X = SiPh(Me), 24b: R = i-pentyl (48%)
TBAF ( 21: X = H (80%)

the basis of the expected bias for the transition state having

to be optimal. Allylic alcohols were not examined because an alkyl substituent in the equatorial position leading to
they were already known to react under identical conditions

(11) Origin of the observed temperature dependence is unclear. In the
present case, the requisite low valent titanium was readily generated at low
temperatures, as the presence of coordinating alkynes would facilitate
reductive elimination.

(12) Rothwell and co-workers presented strong evidence in favor of the
Diels—Alder-like cyclization of a titanacyclopentadiene rather than an

(10) Typical Experimental Procedure. To a mixture ofl (72.8 mg,
0.29 mmol) and CITi(O-Pr); (0.29 mL d a 1 M solution in THF) was
added9 (75 uL, 0.87 mmol). After the mixture had been stirred at room
temperature for 1 h and then cooled @8 °C, cyclopentylmagnesium
chloride (1.45 mL 6a 1 M solution in THF) was added over a period of  alternate, stepwise insertion of an olefin into the-Ti bonds2
10 min. The reaction mixture was stirred-s20 °C for 1 h and then allowed (13) (a) Oda, H.; Sato, M.; Morizawa, Y.; Oshima, K.; Nozaki, H.
to warm to room temperature. Benzene (0.3 mL) was added, and the Tetrahedron1985, 41, 3257. (b) Other procedures for desilylation by
resulting mixture was heated at 3G for 8—10 h (monitored by TLC). employing HI or b were unsuccessful.

The reaction was quenched by addition of water, and the mixture was  (14) Diels-Alder reaction of the acetate of dieB&and maleic anhydride
extracted with EtOAc. The extract was washed with brine and dried over gave the corresponding adduct as a single diastereomer in excellent yield.
MgSQ,. Purification by column chromatography (1:5 EtOAlexane) (15) Compound<4a and 24b were found to undergo a 1,5-hydrogen
afforded12 (80 mg, 85%) as a colorless oil. shift in a CDC} solution.
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23ab. The exceptional level of the diastereoselectivity lends high 1,3-diastereoselectivity offered by secondary homoal-

itself to a convenient, enantioselective synthesis of 1,3- lylic alcohols, which should be of general utility in titanium-

cyclohexadienes by starting with enantiomerically pure mediated C—C bond-forming reactions. Further refinement

homoallylic alcohols. of this strategy, along with mechanistic studies and synthetic
In summary, the ability of titanium alkoxides to promote applications, will be reported in due course.

the diyne-ene [2+ 2 + 2] cycloaddition reaction has been
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hols as the olefin component. Of particular importance is 0L034592C

2140 Org. Lett., Vol. 5, No. 12, 2003



