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Summary 

Titanium tetrachloride or zirconium tetrachloride catalyzes the addition of 
lithium aluminum hydride or alane to olefinic double bonds to afford the corre- 
sponding organoaluminate or organoalane, respectively_ This reaction shows the 
following characteristics: 1. The success of this addition reaction is dependent 
on the solvent. 2. The main products of the reaction of LiAlH, and olefins ere 
1-alkylaluminum derivatives_ 3. Relative rates for reactions of olefin with LiAIHj 
are in the order: RCH=CH2 > R&=CHz > RCH=CHR. 4. Relative rates for 
aluminum hydride reactions with 1-hesene are in the order: LiAIHJ > AIHs > 
AlH2CI > AlHC12. 5. LiAlH, or _41Hs selectively adds to the least hindered C=C 
bond of nonconjugated diolefins. 6. LiAlH, and cr,o-dienes give dialumino or 
monoalumino derivatives, depending on the molar ratio of the reactants. This 
facile reaction offers a convenient laboratory method for (1) the hydrogenation 
of olefins or the preparation of I-haloalkanes or terminal alcohols from ole- 
fins, (2) the selective reduction of nonconjugated diolefins or the selective prepara- 
tion of haloolefins or unsaturated alcohols from diolefins, and (3) the prepara- 
tion of a,o-dihaIoalkanes from cr,o-dienes. 

Introduction 

It has long been recognized that organoaluminum compounds are useful and 
versatile reagents and intermediates in organic synthesis [l]_ However, their ap- 
plication as sources’ of organic groups in organic synthesis has largely been re- 
stricted to reactions of alkenylalanes which are readily obtainable by hydro- 
alumiriaqion of alkynes [Z]. Organoaluminums are not obtainable by the hydro- 
a&mination of alkenes under mild conditions and so they are most commonly 
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prepared from organolithium or Grignard reagents. Also, reaction using organo- 
aluminums often give less satisfactory results than the corresponding reactions 
of analogous derivatives of Li or Mg. If the reaction of aluminum hydride and 
olefins could be made to proceed under mild conditions, the corresponding 
organoaluminums would be readily available for applications in organic syn- 
thesis, on the bench scale, which would renew interest in the organoaluminums 
as intermediates. We report here that some transition metal halides, e.g. TiCI 
and ZrCl.,, catalyze the addition of lithium aluminum hydride or alane to ole- 
finic double bonds to afford the corresponding organoaluminums in excellent 
yield under mild conditions, thus making them as readily available as the organo- 
boranes- 

Results and discussion 

Reactions of LiAUA and olefins 
As mentioned in preliminary papers [3], titanium(N) and zirconium( IV) 

compounds are effective catalysts for the addition of lithium aluminum hydride 
to 1-alkenes to give lithium tetraalkylaluminum compounds_ TiCl, and ZrCL are 
particularly effective_ The mechanisms of these reactions very likely involve inter- 
mediate transition metal hydrides_ 

Further investigations have revealed that this reaction ti-not restricted to 
1-alkenes, but that internal olefins also react with LiAlH4 in an appropriate sol- 
vent. The results of the reactions of olefins with LiAlH., in various solvents are 
shown in Table 1. Tetrahydrofuran, ethylene glycol, dimethyl ether, diglyme 

TABLE 1 

YIELDS AND PRODUCTS OF ADDITION REACTIONS OF OLEFINS 

01efii Reaction conditions Hydrolysis or Roduct (Yield C6)) b 
halOfX+nOlySiS 

Solvent Time (h) 

I-HeXene Ethyl ether 20 H20 n-Hexane (trace) 
Tetrahydrofunn 0.5 H2D n-Hexane (99) 
Ethylene glycol 
dimethylether _ 3 H2D n-Hesane (100) 
Diglyme 3 Hz’3 n-Hexane (1001 
TridYIXU? 3 Hz0 n-Hexane (100) 

bHexene = Diglyme 80 Hz0 n-Hexane <98) 

Br2 I-Bromohexane (791 
Z-and 3-Bromohexane (14) 

TIiglyUIe 120 =2 l-Bromohexane (791 
2-and 3- Bromohcxane (13) 

3-Hercne Diglyme 120 H20 II-Hexane (96) 

Br2 l-Bramohexane (63) 
2-and 3-Bromohexane (12i 

TIiglyCle 190 =2 I-Bromohexane (66) 
2-and 3-Bromohexane (13) 

cis-2-octene Dk!yme 96 H20 n-Octane (98) 
-2 I-Bromooctane (84) 

2-and 3-Bromooctmr <7) 
Cydoherene Diglyme 150 Hz0 CycIobexane (46) ._ :. 

12 29 IIUIIO~ of &ha ?.9’mmol of LIAI& and 0.45 mmal of TX!&+ TimpI 20°C b W&is we& ~~~ 
by GLC and are based on olefin = tins/& f 1.6. _. _ .._; ._.- ~- . 
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and triglyme are effective solvents for this reaction, while diethyl ether was essen- 
tially ineffective_ Internal olefin,, = such as 2hexene, 3-hexene and 2-octene, have 
been found to react with LiAlH4 in the presence of TiCI., in diglyme or triglyme 
to give l-alkylaluminum derivatives as the main products. This observation is 
not entirely unprecedented: (1) zirconium(IV) and titanium(IV) salts are known 
to catalyze the isomerization of secondary alkyl Grignard [4] and aluminum [5] 
reagents to give primary all@ organometallics. Moreover, stable 1-alkylzirconium 
compounds were prepared recently by the hydrozirconation of internal olefins 
[ 61; (2) it was noted that alkyl-titanium- or zirconiumcompounds play an impoi- 
tant role in the present reaction [ 31. 

Thus, in view of the proposed mechanism for the ZrC&catalyzed l-alkene- 
LiAlH, reaction, it is probable that the reaction of LiAlH, with internal olefins 
and_TiCl, proceeds via hydrotitanation of the internal double bond followed by 
rapid rearrangement prior to the occurrence of titanium-aluminum exchange. 

With regard to the function of the solvents, it can be assumed that the solvents 
play a role as ligands and stabilize the titanium hydride which is supposed to be 
the actual catalytic species, because good donor solvents are effective for these 
reactions. 

In summary, we should point out that TiCI,- or ZrCl,catalyzed olefin-LiAlH, 
reactions proceed readily in a number of cases, with the decrease of the reaction 
rate in the order: RCH=CH2 > R,C=CH? , ’ RCH=CHR. This facile reaction 
provides a satisfactory synthetic route from olefins to alkanes or 1-haloalkanes. 

Reaction of LiAiH, with nonconjugated dienes 
The TiCl,-catalyzed olefin-LiAlH, reaction permitted the selective addition 

of LiAlI& to the less hindered C= C bond of nonconjugated dienes_ Thus, as 
summarized in a preliminary report [ 3b], 4-vinyl-l-cyclohexene, 1,4-hexadiene 
and Z-methyl-1,5-hexadiene react with LiAlH4 giving the corresponding organo- 
aluminate in which aluminum is connected to the less hindered double bond of 
diolefins. We have extended this reaction to cu,odienes. TiC14-catalyzed a,w- 
diene-LiAlH, reactions have been found to proceed readily at room tempera- 
ture to generate dialumino or monoalumino derivatives, depending on the 
molar ratio of the reactants_ Up to tbe present time, efforts to prepare mono- 
alumino derivatives by the direct reaction of aluminum hydride with a,wdienes 
have been unsuccessful_ Thus 1,5-hexadiene and triisobutylaluminum or diiso- 
butylaluminum hydride did not give the 1,6-&aluminohexane derivative nor the 
6-alumino-1-hexene derivative, but cyclopentylmetbylaluminum compounds 
were formed as shown in eq. 1 [7]. 

al-n + CH2=CHCH2CH2CH=CH2 c [a,-C”2~H,CH,CH,Cn=CHZ] 

(11 

We have succeeded in producing a,wdialuminoparaffms and o-alumino-l- 
olefins by the following procedure. LiAlH4 (16 mmol) was added to a mixture 

. . 
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of TiCl, (0.82 mmol) and 1,5-hexadiene (26 mmol) in 60 ml of tetrahydrofuran. 
A gray precipitate- apparentiy a polymeric substance, appeared gradually and the 
solution became clear while the reaction mixture was stirred at room tempera- 
ture_ After 24 h, the reaction product was hydrolyzed and gas chromatographic 
analysis indicated the quantitative formation of n-hexane. In another experiment, 
the product was treated with bromine to give 1,6-dibromohexane in 80% yield 
with no other dibromo derivatives being formed_ A similar reaction of equimolar 
amounts of the reactants (10.6 mmol of LiAiH, = 42-4 mmol of hydride and 41 
mmol.of 1,5-hexadiene) produced 53% yield of 1-hexene and 23% yield of 
n-hexane. along with 24% recovery of 1,5-hexadiene- These results cIearly indi- 
cated that the reaction proceeds as shown in eq. 2. 

al--H -I- CH2=CHCHZCH2CH=CH2 “3 al-CH2CH2CHZCH2CH=CH2 

2 al-H + CH2=CHCHICH2CH=CH2 -_, ‘nc4 al-CH2CH2CHZCH2CH2CH2_al 
(2) 

A similar reaction of LiAlH4 (16 mmol) and 1,7-octadiene (29 mmol) gave a 
gray precipitate from which 1,8_dibromooctane was obtained in 67% yield on 
treatment with bromine_ 

These results lead us to propose that the a,w-dialuminoalkane derivative is 
best formulated as Li’Al-[(CHz),]&l-Li’ (n = 6 or 8), which, of course, is a 
three dimensional, cross-linked, high molecular weight compound. Its insolubility 
in tetrahydrofuran is thus not surprising. Other possible formulas which contain 
cyclic structures, such as, seem unfavorabIe because they involve 7- or 9-mem- 

Li l 
A=“*\ - [ 

KHZ>n-2 \CH2,*l (CH&- 

bered rings_ This cyclization must be an important path when 1,4-pentadiene is 
used as the a,w-diene, because the reaction product of LiAlH, with 1,4-penta- 
diene is soluble in tetrahydrofuran and 1,4- and 1,5clibromopentanes are ob- 
tained in l/12 ratio by treating the product with bromine. The production of 
1,4_dibromopentane can be understood on the basis of the formation of a 5-mem- 
bered cyclic organoaluminum compound_ 

The resuhs of the reaction of a,w-dienes with LiAIHJ are shown in Table 2_ 
This reaction thus provides a satisfactory synthetic route to a,w-dihaloalkanes 
or to the corresponding haloolefins from a,w-dienes. 

Reaction of AlH, AlH&l or AUK& with olefins 
Organoalanes and organoaluminates differ from one another in their reactivity. 

It is therefore, desirable to find an easy method for the preparation of organo- 
alanes_ AlH3, AlH2CI and AIHClt are obtained readily by the reaction of LiAlH, 
and AK& 181. This result encourages us to investigate the reaction of olefins 
with alane_ 

AIHX, AlH&l and AlHC12, which.had been obtained from the reaction of 
_LAl& with AXI3 in the ratios 3/l, l/l and l/3, respectively, rear&d with 
1-hexene in the p resence of TiCL:with decr&jng &ctioti rat+? (see Table. +I j.. j 
Organoaknes are well-known to react withoxygen to give alcohqk.dn SI@& -,-:: 

. -:~ . .._ 
. . _ I_. -_ _ =.- _. , .- --- 

. . _-. ._ -; .‘- -.: :- 
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TABLE 2 

YIELDS AND PRODUCTS OF ADDITION REACTION OF a.u-DIENES = 

Dienea 
(mmol) 

Li_AlHJ 

(mm&) 

Hydrolysis 

or 

halogenolysis 

1.4-Pentadicne 

27 

40 

16 BrY 

10.6 Ii20 

1.5Hexadiene 

26 16 Hz0 

Br2 

-%l 10.6 H,O 

Br2 

L.7-Octadiene 

29 16 Br2 
38 10.6 Hz0 

Product 

(yield (46)) b. 

- 

l.CDibromopentane (59) 

1.4-Mbromopentane (5) 

I-Pentene (35) 

n-Pentme (27) 

1.4-Pentadiene (38) 

5-Bromo-l-pentene <471c 

I-Bromopen~e <i) = 

1.5-Dibromopentane <181= 

1.4-Dibromopentane (21c 

n-Htxane (100) 

1.6-Dibromohexane. (80) 

I-Hexme (53) 

n-Hesane (233) 

l.bHexsdIene (2-l) 

B-Bromo-l-bexene (48) c 

l-Bronohexane <6>= 

1.6-Dibromohexane (17) c 

l.&Dibromooctane (67) 

I-Octene (47) 

n-octane (30) 

1.7-Octadicne (23) 

8-Bromo-l-octene (41jc 

I-Bromooctane (16) = 

1.8~Dibromooctane (13) = 

o 0.82 mm01 of TiC4. in 60 ml of tetrahsdrofwan. reaction time 24 b at room temperature. b Yields were 

determined by GLC and are based on dIene. c Based on reacted dime. 

TABLE 3 

YIELD OF a-HEXANE AFTER HYDROLYSIS OF THE REACTION MIXTURE OF ALANE AND 

I-HEXENE 

1-Helene 

(mm011 

Reaction conditionsb 

Temperature Time 

C”C, (h) 

II-HeXaXle. 
yield (%je 

7.9 2.8 (AIH3) 26 IO-15 3 88 

7.9 8.3 <AlH$l) 26 lo-15 3 62 

6 90 

7.9 24 (AlHCX2) 26 10-15 3 43 

m_ 16 90 

o Mane wu tzrepxred by stirring tbe mixture of LiAlHq xnd AlClj at -1O’C for 1 II. b ?he reaction - 

unfed outin the.presence of 0.45 mm01 of Tit&. e Yields - det ermined by GLC aoalysis and are 
bhed oh:l-hexene; . . 

7.. .- 
..: .- .., :. 

. 
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TABLE -I 

YIELDS AEiD PRODUCTS OF OXIDATION OF ALKYLALUhIINUM 

01efin Method= Product Yield b f%) 

14Ierene A 

B 
2-Hexene A 

I-IfeptCIle A 
4VinyI-I-cydohexenc A 

B 
X.4-Hexadiene A 

B 
2-MetIwbI.~hexadiene A 

B 

Hexan-l-o1 
_ 

Hexan-B-o1 
Hexan-J-o1 
Heptan-l-o1 
2-(4Cyclohexen~lkthanol 

5-Methyl-5hexen-I-01 

82 
so 
71 
10 

5 
89 (78)= 
85 (71)‘= 
95 
80 
83 
so 
92 

a A: AIR3 was obtained by the treatment of LiAlRa with II3 AICI3. B: AIR3 was obtained by the treat- 
menL of AlH3 with oIetin_ b GLC analysis and based on olefii. C Isolated yield. 

quent hydrolysis in almost quantitative yield [ 1 ] *_ 
To show the availability of this facile reaction in organic synthesis on the 

bench scaie, the preparation of alcohols from olefins were investigated. A typi- 
cal experimental procedure is illustrated by the reaction of 1-hexene with AlH,. 
After the mixture of LiAIHj (7.9 mmol) and AlC13 (2.8 mmol) in 30 ml of tetra- 
hydrofuran had been stirred at -10°C. 1-hexene (26 mmol) and TiCI, (O-45 
mmol) were added_ The mixture was stirred for 10 h at lo-15”C, oxygen was 
passed through it, and hexan-l-01 was obtained in 85% yield after hydrolysis. 
The reaction of nonconjugated dienes with AlH3, catalyzed by TiCI.,, proceeded 
in a similar manner as in the case of LiAlH4 and gave unsaturated alcohols in ex- 
cellent yields. 

Alcohols also were obtained in excellent yields by converting LiAlR3 to AIR3 
by treatment with l/3 AlC13 [1] prior to the oxidation. Yields of alcohols ob- 
tained by the above two methods are given in Table 4. 

Two useful methods for the preparation of primary alcohols from olefins are 
known: (1) reactions of borane and olefins followed by oxidation with alkaline 
hydrogen peroxide [9] and (2) oxidation of alkylzirconiums derived from ($- 
CSH5)2Zr(C1)H and olefins [lo]. The AlH,-TiCl, system Ean attractive altema- 
tive to these methods 

Experimental 

All solvents used were distilled from lithium aluminum hydride. Lithium 
aluminum hydride and alum&m chloride were commercial available and used 
without purification. The olerrns were products available from ctimmercial sour- 
ces and were distilled-from lithium aluniinum hydride prior to their utilization. 
AI1 operations were conducted under nitrogen or arg&. The l&&duct& we& iden- 

~. . . . 
.I, :... ~_-‘-::_. _-t- _.,~_. _. .__~- 

* LiM(C6HI3)4. meuared bu.tbt TICIqutaIytidierctIon.of WAUi4 with l&cxene. m&d v&b,&;- 
gea to eive he-I-o1 OIIIY in 35 - 45% yield: -- _ .I ,;_7,.-_- ;- .-.:. 

.- _-._--- 
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tified by GLC and ‘H NMR. ‘H NMR spectra were obtained with JEOGJNM-4H 
100 NMR spectrometers with TMS as internal standard_ 

Some typical procedures are shown below, while the data are summarized in 
Tables l-4 or have been given in the preliminary papers [3]. 

Tit&catalyzed LiAlH,-I-hexene reaction 
1-Hexene (2.4 g, 29 mmol), TiCl, (86 mg, 0.45 mmol) and 30 ml of THF 

were placed in a 100 ml flask. LiAlH, (0.3 g, 7.9 mmol) was added to the l-hex- 
ene at room temperature_ The flask was permitted to remain at 20°C for 30 min. 
The organoaluminum thus formed was hydrolyzed by adding ice. GLC analysis 
indicated the formation of n-hexane in 99% yield with small amounts of trans- 
and cis-Zhexene. 

Preparation of I-bromohexane 
After reaction of 1-hexene (2.4 g, 29 mmol) and LiAlH, (0.3 g, ‘7-9 mmol) 

for 30 min as described above, bromine (5.3 g, 33 mmol) in 40 ml of benzene 
was added dropwise at 5°C. After completion of the bromine addition, the flask 
was permitted to remain 30 min at room temperature. Then the reaction mix- 
ture was washed with 10% sodium hydroxide solution, washed with saturated 
sodium chloride solution and dried over magnesium sulfate. GLC analysis indi- 
cated the formation of 1-bromohexane in 91% yield. Distillation yielded 4.0 g 
(84%) of 1-bromohexane, b-p. 55-57”C/35 mmHg. 

Preparation of I-chlorohexane 
After reaction of 1-hexene (3.2 g, 38.1 mmol) and LiAlH, (0.4 g, 11 mmol) 

for 24 h in the presence of ZrCl, (150 mg, 0.64 mmol), the solvent was removed 
under vacuum and the residue was dissolved in n-hexane (30 ml) and pyridine 
(5 ml) mixture. Chlorine was bubbled into this solution at -20°C. GLC analysis 
indicated the formation of 1-chlorohexane in 89% yield, 

TiCI,-catalyzed LiAIHa-2-hexene reaction 
2-Hexene (transkis = 1.6, 2.4 g, 29 mmol), TiCL (86 mg, 0.45 mmol) and 30 

ml of diglyme were placed in a 100 ml flask LiAlH, (0.3 g_ 7.9 mmol) was ad- 
ded at room temperature. Then the flask was kept at 20°C for 80 h. The organo- 
aluminum thus obtained was hydrolyzed by adding ice to give n-hexane in quan- 
titative yield (GLC analysis)_ 

In another experiment, the reaction mixture was treated with bromine (5.1 g, 
32 mmol) to give 1-bromohexane (79%) and 2- and 3-bromo hexane (13%) (GLC 
analysis)_ 

TiCI,-catalyzed LiAiI&-4-vinyl-l-cyclohewene reaction 
4Vinyl-l-cyclohexene (3.0 g, 28 mmol) and TiCl., (57 mg, 0.3 mmol) were 

dissolved in 30 ml of THF and to this solution LiAlH, (0.3 g, 7.9 mmol) was 
addedAft& 12 h:of stakiing~a~ room temperature, the mixture was hydrolyzed. 
by, addi& i% GLC’analysis indicated the presence of a 97% yield of 4-ethyLl- 
c@oh&emq [ 111;~ 4-I$thyI-lkyclohexetie 12.65 g (SS%)] was isolated by dis- 
tilGitiO~~~&~~ 5~O~C~8O:&mHg.~ ‘I-i _NI+R; 3 5.5 (2H;- d, olefin), 0.85 ppm 
~~q~_~qS&)_[;‘: _:_. -;!--:;_‘--!: -- _ . :. .. 
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Preparation of 2-(4-cyclohexenyl)ethyl iodide [12] 

After reaction of 4vinyl-l-cyclohexene (3.0 g, 28 mmol) and LiAIH, (0.3 g, 
7.9 mmol) as described above, iodine (8.0 g, 31 mmol) in 100 ml of benzene was 
added dropwise at 5°C After the addition was completed, the mixture was per- 
mitted to remain for 1 h at room temperature_ The reaction mixture was then 
washed with 100 ml of water containing 2 g of sodium thiosulfate, dried over 
magnesium sulfate and distilled_ 2-(4Cyclohexenyl)ethyl iodide [ 3.8 g (58%)] 
was obtained, b-p_ 55-56”C/l mmHg_ ‘H NMR; 6 5.6 (2H, d, olefin), 3.2 ppm 
(2H, t, CH,-C&I). 

Reaction of 1,5-hexadiene with LiAD& 
LiAlH, (0.6 g, 16 mmol) was added to a solution containing 1,5-hexadiene 

(2-l g, 26 mmol) and TiCl.: (O-16 g, 0.82 mmol) in 60 ml of THF. The solution 
was stirred at room temperature for 24 h. A precipitate appeared gradually, but 
the solution became clear again when stirring was continued. The organoalumi- 
num compound thus obtained was hydrolyzed by adding ice to give n-hexane 
quantitatively. 

Preparation of 1,6_dibromohexane 

After reaction of LiAlH, (0.6 g, 16 mmol) and 1,5-hexadiene (2.1 g, 26 
mmol) in 60 ml of THF for 24 h, bromine (10.2 g, 64 mmol) was added drop- 
wise at 5°C GLC analysis of the reaction mixture indicated the presence of 1,6- 
dibromohexane in 80% yield_ Distillation yielded 4.4 g (69%) of 1,6-dibromo- 
hexane, b-p_ ‘i&82%/2 mmHg. ‘H NMR; 6 3.36 ppm (4H, t, CH,--Br) 

Preparation of 6-bromo-I-hexene 
LiAlH, (0.4 g, 10.6 mmol) was added to a solution containing 1,5-hexadiene 

(3-4 g, 41 mmol) and TiCL (O-16 g, 0.82 mmol) in 50 ml of THF at room tem- 
perature- After standing of the reaction mixture for 24 h, N-bromosuccinimide 
(7-6 g, 42.7 mmol) was added at 0°C and the mixture was stirred at room tem- 
perature for 3 h. GLC analysis indicated the formation of 6-bromo-1-hesene 
(48% based on diene), 1-bromohexane (6%) and 1,6-dibromohexane (17%) 

TiCkcatalyzed AH,-1-hexene reaction 
After stirring a mixture of LiAIHa (0.3 g, 7.9 mmol) and AICIX (0.37 g, 2.8 

mmol) in 30 ml of THF at -10°C for 1 h, the mixture was warmed to 10°C and 
I-hexene (2.2 g, 26 mmol) and TiCI, (86 mg, 0.45 mmol) were added. The mix- 
tire was stirred for 10 h at lO-15°C and hydrolyzed by adding ice to give n-hex- 
ane in 88% yield_ 

Preparation of 2-(4cyclohexenyt)ethanol[13] 
Method A. After reaction of 18.9 g (0.175 mol), of 4-vinyl-l-cyclohexkne and 

1.9 g (0.05 mmol) of LiAl&-for 12 h in the presence of TiCl, (0.3 g, .1.6.mmoI) 
in 30 ml of THF at room temperature, 2.25 g (0.017 mol) of AlCl, was added- 
to the reaction mixture. The m&ture W&J refl&d,for 4.h,,cool&i and &en-ox& 
gen was passedthrough du&ig~l.5.h. Dukng th+ pperation the t&mperatu&&e 
to 50-60X, t&n-fell a&in_.Wh&r the tern&&ma levekd’off~~the oxygen stream 
was discontinued and 50 ml of-dilute (10%) hydrochloric acid,was-&id_jd;Sfii:: - r: 

-. L _-.- . 
. . . . ._- :- _-. --.:~ 

_-. -.. -. _...- _.. . . _. _- 
1.. -. _ __ ._ :_: .-.. ..-.__- 

.~ . .._.-Y 
.._ ~_ 

_ 
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dropwise and later in large portions. The product was extracted with 100 ml of 
ether and distillation of the estract gave 15.6 g (71%) of product, b.p. 92-94”C/ 
10 mmHg. Anal. Found: C, 76.0; H, 10.8. CsHiJO calcd.: C, 76.2; H, 11.1%. ‘H 
NMR; 6 5.64 (2H, d, olefin), 4.64 (1H, s, OH), 3.62 ppm f2H, t, CHz-OH) 

Method B_ 4Vinyl-1-cyclohexene (3.8 g, 35 mmol) was treated with AlH, 
prepared from LiAIHj (0.4 g, 10 mmol) and AlCl~ (a.45 g, 3.3 mmol) in 30 ml 
of THF at room temperature for 20 h. Then oxygen was passed through and the 
mixture was hydrolyzed to give the product in 95% yield (GLC analysis). 

Preparation of 4-hexene-l-01 
Method A_ After reaction of 1,4-hexadiene (1.5 g, 18-5 mmol) and LiAlH, 

(0.2 g, 5 mmol) for 40 h in the presence of TiCL (0.08 g, 0.41 mmot) in 30 ml 
of THF at room temperature, 0.3 g (2-2 mmol) of AIClx was added and the mh- 
ture was refluxed for 8 h. After oxidation with osygen and isolation as described 
above, 4-hesen-l-oI (SO% yield, analyzed by GLC) was obtained, b-p. 65-6S”C/S 
mmHg. Anal. Found: C, 72.0; H, 12.4. CdHIZO calcd.: C, 72.0; H, 12.0%. ‘H 
NMR; 6 5.40 (2H, m, olefin), 4.5 (lH, s, OH), 3.55 ppm (2H, t, CI-Iz--OH) 

Method B_ 1,4-Hexadiene (1.5 g, 18-5 mmol) was treated with AlH3, prepared 
from LiAIHa (0.2 g, 5 mmol) and AICiJ (0.3 g, 2.2 mmol), in 30 ml of THF for 
20 h at room temperature. After oxidation with oxygen, 4hesen-l-01 was ob- 
tamed 83% yield, analyzed by GLC). Distillation yielded 1.3 g of Phexen-l-01 
(72%). 

Preparation of 5methyl-5hex-en-1-olfl4] 

From 3.0 g of 2-methyl-1,5-hexadiene (31 mmol) a 92% yield of 5-methyl-5- 
hexen-l-01 (GLC analysis) was obtained by Method B. Distillation gave 2.8 g of 
the alcohol (78% yield), b-p. 83-84”C/13 mmHg. Anal. Found: C, 73.1; H, 11.9. 
&HI40 calcd.: C, 73.7; H, 12.3%. ‘H NMR: 6 4.68 (2H, s, =CH2), 4.2 (lH, s, 
OH), 3.55 (2H, t, C&-OH), 2.73 ppm (3H, s, >A-CH,). 
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