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Summary

Tltamum tetrachloride is-a very effectlve catalyst for the addition of hthmm
aluminum hydride to olefins. This facile reaction provides a convenient
laboratory method for the selective reduction of noncon]ugated d.loleﬁns or for
the .:eIectwe preparataon of halooleﬁns ﬁ-om d.loleﬁns : .

Recently it was shown that zn'comum tetrachlonde catalyzes the addmon of
lithium aluminum hydride to olefinic double bonds to afford lithium’ tetraalky‘
aluminpum compounds and that the success of this addition reaction is. depen :

~‘dent on the structure of the olefin. Thus mono-substituted terminal olefins;
such as 1-hexene reacted much more rapldly than olefins of type RR' 'C=CH,,
such as- 2—methyi-1—pentene. Unstrained internal:olefins, such as cis- and trans-2-
hexene and cyclohexene, were essentlally unreactive [1]. These characteristics
should permit the selective addxtmn of htlnum alummum hydnde to the last
hindered C=C bornd of polyoleﬁns

'Wa have found ﬂ:w.t other h:anszhon metal hahdes also wtalyze the L1A1H4 /
olefin reaction. As shown in Table 1;in addztlon to ZrCL [1], T1CL.* VCL, - :
(2°-CsH; ), TiCL, ** and (n°-CsHs )2 z::cx2 are effectwe. ’I'lmum tetrachlonde is
clearly the most effective mtalyst. ' o

-To explore the posmb:hty of select:ve ‘hthmm alummum hydnde addxtlon to a
parhcular double bond of a nonconjugated diolefin, we selected 4-vmyl—1-cyclo—

- hexene, 1, 4—hexadlene and Z-methyl-l 5—hexad1ene as representatxve substtates.
In such an expenment 300 mg (7 9 mmol) of LlAlP 'was:added to a mxxture'of

s nso:mt.eoauo:dl.mx, .n,,(:n
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©  HYDROLYSIS PRODUCTS AFTER REACTION OF mAm “WITH l-HEXENE

© Reaction condition® . Convemdonb - Product distribuation
: “Time (b)- ,Temperatue ¢ C) ) n-Hexane - 2-Heéxene®
j"z:m. Lt e~ 28 T 100 " g9 1
mey, .. . T es T 2ss .1 100 - .99 1
VGl . Soo.2000 0 o257, o 46 - 61 39
S -c,H,),'ricl-', ‘20 - 25 - .- 99 75 26
L @PCyH,ZC, - 20 - 26 81 97 -3

‘838 mmol of 1-hexene, 10.6 mmol of LiAIH, and 0.7 mmol of catalyst in THF, bBased on 1-hexene.
. "'Isomenzatlon product. -

57 mg (0.3 mmol) of TiCl, and 3.0 g {28 mmol) of 4-vinyl-1-cyclohexene in
- 30 ml of tetrahydrofuran. The reaction mixture was kept under nitrogen for

-12 hours at room temperature and then was hydrolyzed. Gas chromatographic
analysis of the product mdxcated the formation of the 4-ethyl-1-cyclohexene¥* in
97% yield. . -
, ‘The reaction of LlAlHq with 1,4-hexadiene gave 2a94% yleld of 2-hexene,
: together with. n-hexane (4%) and 1-hexene (1%). Similarly, 2-methyl-1,5-
" hexadiene was converted to a mixture of 2-methyl-1-hexene (90%), 2-methyl—
) hexane (7%).and 5-methyl—1—hexene (3%) by such a procedure.

~In another experiment, the reaction product of LiAlH, and 4-vinyl-1-cyclo-

: hexene was treated with N-chlorosuccinimide, N-bromosuccinimide or iodine to
- afford the respective 2-(4-cyclohexenyl)ethyl halides in excellent yield. Similarly,
" 6-bromo-2-hexene and 6-bromo-2-methyl-1-hexene were obtained in high yield

TABLE 2 .
_AHYDROLYSIS AND HALOGENOLYSIS REACTIONS OF DIOLEFINS
' Dioleﬁn : S Hydro!ys!s or Ha.logenolys:s Produ.ct . : Yield®
:4—V'xﬁ§l-1—cyciohuené S H 0 ‘ ' 4-Ethyl-lcyclohexene -~ o7
4-Vinyl-1-cyclohexene N-Cnloromccinimxde ‘ . 2«(4-Cyclchexenyl)ethyl chloride . -mb :
4-Vinyl-1-cyclohexene. - N-Bromosuccinimide " 2-(4-Cyclohexenyl)ethyl bromide 790
A—Vlnyl-l-cyclohexene; B '2—(4-Cyclohexenyl)ethyl iodide ésb
14-Hexad1ene s N H,d_ S - - . 2Hexene:. . _ - . 94
R U ) : . 1-Hexene . 1
. L#4Hexadiene ' . .~  N-Bromosuccinimide . 6-Bromo-2-hexene . . 70b
o z;&éihyléi;shgiaaieng - H,0 . ' : 2-Methyl-1-hexene - 90
o ’ - 2-Methylhexane - .. - 7
o ) i ) . 5-Methyl-I-hexene .- 3
_Z-Methylol 5hexathene . ‘N Bromosuccinilnxde o GvB:omcrz-meﬂ:yl-l-hexene - 7%

- °Ylelds weze deteunined by GLC analysls and a:e ba.sed on the oleﬁn. ®No other mono-haloolefins were
R detected. by GLc a.nuyais. ctra:ns/cl: 97/3. , B

. *This product and all hiale-oléfins obtained were identifiéd by GLC and 'H NMR.
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from 1,4-hexadiene and 2-methyl-1,5-hexadiene; respectively. The results, sum-
marized in Table 2, clearly demoanstrate the: selective addition: of: lithium
alummum hydnde to the lws hindered double bon ‘of diolefins as shown in

eq.1. "

1)

LiAH-j!f + //\/\\/ _________ LiAl

Dlethylalummum hydnde [41, disiamylborane [5] and (ns-Cs Hs: )zZr(CI)H (61
- have been used as reagents for selective reduction of diolefins or for the selective
- preparation of haloolefins from- diolefins. The LiAlH /TxCL, system is an attrac-
tive alfernative to these reagents. Moreover, the latter system has some advantages
over the other reagents: (1) LiAlfi; and TiCl, are commercmlly available and in-
expensive. (Z2) One mole of aluminum is effective in bringing 4 moles of the
" dioiefin intc reaction, so the. yield of product per. mole of aluminum is high.
(3) As LiAld, contains no other organic ligands; it is easy to-isolate the products
after vrork-up. Thxs is not always the case. with the organometallic hydrides men-
tioned above.. _ . .
As we noted in the case of the ZrCl. -camlyzed L1AJI{4—oleﬁn reactions [1],
the mechanisms of these reactions very likely invoives intermidiate transition’
meta.l hydrides as the actual hydrometalatlon reagents.
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