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Abet-A convemcnt method IS dcscrbzd for the s1ercospcc1f~ rcducclon of acetylenes hy LAH. 

For example, 2-pcntync. 3-hexyne, I-phcnylpropyne and dlphcnylcrhyne m an etbcr solvcn~ have been 

reduced to the cormpondmg ~runs olcfm In high ylek! 2.CHcxadlenc was rcducad In a slmllar manner 10 

gwc a mixture of 2- and 3-hexcncs. Wl1h 1olucnc as 1hc solvent, the ma1n products from acc1ykncs arc 

the saturated hydrocarbons. Whereas a wans addwon of 1he hydride 10 rk trlpk bond wzurs m erhn 

solvcnw. II appears 1ha1 cis addwon occurs In rolucne 

LITHIUM aluminum hydride (LAH) has been shown’ to be an effective homogeneous 
catalyst for the selective hydrogenation of alkynes and conjugated diolefins to 
monoofelins. Deuterium tracer experiments showed that LAH functions as a catalyst 
by adding to the unsaturated system to form intermediate metal alkyls which subse- 
quently undergo hydrogenolysis e.g.. 

CH,=CHCH=CHCH, + LAH + (C,H,)LiAIH,~D~~H~(C,H,)2LiAlHr, etc. (I) 

(C5HP)LiAIH, + H, -+ n-C,H,,, + LAH (2) 

Interestingly, 2pentync in tetrahydrofuran (THF) was converted mainly to rrw-2- 
pentene when treated consecutively with LAH and water. Apparently, the LAH 
added rrults to the triple bond (Eq 3)’ which is in contrast to the cis addition which 
occurs with dialkylaluminum hydrides in neat or hydrocarbon media (Eqs 4 6)’ * 
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’ L H. Slaugh Tetrahedron 22. 174 I (1966). 

* J. J Ewch and W C. Kaaka J Am. Chm. Sot. 88.2213 (1966). 

’ G. Wllke and H MUkr. Lieblgs AM. 610.267 (1958); P. S. Skcll and P K Freeman. J Org. Chem. 29. 
2524 (19Sg). 

’ G Wllke and H Miiller. Chem Ber 89.444 (1956). 
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Et Et 

EtWEt + i-BuzAIH + x 
‘\ / 

/-\ 
(6)’ 

H H 
The above rraas addition of LAH to triple bonds followed by hydrolysis is an 

attractive method for the preparation of bans olefins. However, the experimental 
conditions (autoclave pressured with hydrogen) are rather inconvenient. Further 
investigation has shown that stereospecific reduction of isolated triple bonds to 
rrans olefins can be achieved conveniently with LAH in an ether solvent under 
nitrogen at atmospheric pressure (Table 1). For example, olefinic products that con- 
tain 2 96% [runs olefin have been prepared from 3-hexyne (Expt 2 and 3). I-phenyl- 
propyne (Expt 8 and 9) and diphenylethyne (Expt 7). The substrates were heated in 
an appropriate refluxing solvent with an excess of LAH and the reaction mixtures 
were then cooled and hydrolyzed. In a similar manner, a conjugated diolefin. 2.4 
hexadiene, was reduced to a mixture of monoolefins (Expt 12). Because of the high 
volatility of 2-pentyne, at the temperature necessary to attain a reasonable rate of 
hydride addition. the use of an autoclave (autogenic pressures nitrogen atmosphere) 
was required for the reduction of the substrate to [tans-2pentene (Expt 4 and 5). 
These reductions can be accomplished with solutions of LAH which have been 
filtered to remove the insoluble impurities or simply with crude commercial LAH 
added to the solvent (not filtered). Either technique gives essentially the same results 
(compare Expt 2 and 3.4 and 5 or 8 and 9). 

3-Hexyne reacts slowly with LAH in refluxing THF (4 66”): 53 y/; conversion 
occurred in w 100 hr. However, when a mixed solvent. THF;bis(2-methoxyethyl) 
ether (diglyme), of higher refluxing temperature (117- 150’) was used. a 96 :t; conversion 
was obtained in a relatively short time, 4.5 hr (Expt 2). Aryl substituted acetylenes are 
more easily reduced than are alkyl substituted acetylenes I-Phenylpropyne was 
98- 99 Y, reduced in 12. 13 hr in refluxing THF to mainly rrans-I-phenylpropene 
(Expt 8 and 9). Under similar conditions diphenylethyne was 100~~ converted in 
< 2 hr to frans-stilbene (Expt 7). A longer reaction period before hydrolysis 14 hr. 
gave a product containing 76”‘~ tram- and 24’1; cis-stilbene. The metal hydrides 
present apparently promoted the isomerization of the initially formed rtans-vinyl- 
aluminum adduct. This probably occurs oiu an addition-elimination reaction. e.g., 

H\ p” 
LAH + 

/-\ # 
Ph LiAlH, 

[ 

Ph(LiAlH,)CH-CPhH(LiAAIH,) s 

PhCH2- -&LiAIH,), 
I 

truns-isomer 
H\ YH3 

5 C==C + LAH (7) 

/ \ 
Ph Ph 

cis-isomer 
’ In THF the concentratloa of that dioddws must k very low bccausc 1.2dipbmykthanc was not 

derccwd In the hydrolyzed product 



Expt 
No 

_ _. - 
I (A) 
2 
3 

4 fAi 
S (Ai 
6fAi 
7 

8 
9 

IO 
Ii 
I2 

Linsaturated substrate 

- . --.. . - .-. _, -_ _ _ 
ElC.SCE1 THF, filtered 
EIr=rEI THF/digiymc’ filtered 
EICiKEI THF/digiymc,~ uniiitered 
Mecd3.3 THF. filtered 
M-Et THF, unfiltered 
McOrCEl Tolucne, unfiitcrul 
PhCzlcPh THF, filtered 
PhC-iCMC THF, fdtercd 
Phr=rMC THF, unfiltered 
PbCkKNe Toluene, unfiitered 
PhMMe Toluene. unfiltered 
McCH--CH- CH %HNe THFldigiyme.’ unfii~crcd 

Solution of LAW” 
Temp. 

“C 

II - - 

I25 
Ii? IS0 
108-138 
12%I30 
125-138 

125 
-66 
-66 
-66 

*Ill 
--Ill 
II2 I31 

Time, 
Hr 

- -. - _- - -. - 
I.7 66# -100 
4~5 965 941 

IO 91.1 984 
2.3 92 -loo 
I.3 89.4 -100 

30 loo 1.2 
<2’ 100 96~8 
I3 99 >WW 
I2 98 3 976 
6 58.2 4.7 

41 IO0 8.7 
I4 82 *. - 

Conversion Product composition’ 
of -.----. ---_ 

subatrste, nans 
“I* Olefin &.Gt 

Saturated 
hydroarbon 

.- . -..- - 
TrUX 0 

39 0 

I.6 0 
Trace 0 
TrOoC 0 

I.2 97@ 
3-2 0 

Tract 0 
24 0 

27.7 67.6 
89 824 

99’ -- 1 

- 

’ Quantities of reagents: unsaturated substrate, -. SO mmola; LAH, 74-97 mmoles; total solvent. SO 60 ml. Whcrr mdtcated by (A) the reaction was carried out 
in an autoclave Convcnttonai glassware wes used for the other cxperimmts. 

‘ As indicated certam LAH roiutiona were iiltered to remove insoluble impuntia praent in the crude hydride reagent. 
’ The double bond is in the u~me posrtion as was the triple bond in the reactant substrate. 
’ in another experiment where refluxing THF (4 66‘) at atmospheric pressure was employed. only a 5336 converston was obtained in I03 hr. 
’ Dtglyme IS btsj2-methoxyethyii ether. A THF solution of LAW was added to digiyme and most of the THF removed by distiiiation. 
I Digiyme, THF and LAli were mixed and most of the THF removad by distillation. 
’ During the cxperimcn~ the pressure Whin the autoclave increasul. This tndicxttes that rhe LAH underwent decomposition wnb the hberatron of hydrogen. 

Therefore. II IS posstble that part of the n-pcntane resulted from a catalyzed hydrogenation of the subsrratc.’ 
’ A longer reactton penod before hydrolysis, Id hr. gave a product ~ntatnln8 75.7 ‘$; rrm-stiibene and 24.3 “;, cb-sttlbene. 
’ rrons-3-Hextne, 33 “;; &3-hexcne. IS Ye ; rrans-2-hexene, 24 ‘0; cis-2-hexene, 25 9;. 
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(Eq 7). Although considered less likely. it is conceivable that the initial adduct 
dissociates to produce a vinyl carbanion that subsequently isomerizes. It is noteworthy 
that a similar isomerization occurs when certain acetylenic compounds are treated 
with diisobutylaluminum hydride.’ 

An unexpected result was obtained when I-phenylpropyne was reduced in refluxing 
toluene (compare Expt 9 with 10 and 11). Considerable n-propylbenzene (67.6% 
of the reduced material) was formed even with a limited conversion of the reactant. 
Intermediate adducts containing two carbon-metal bonds per substrate must have 
been formed since decomposition of the mixture with DzO produced the saturated 
hydrocarbon containing 94.5”,, n-propylbenzene-d, and 4.5”; n-propylben7_ned,. 
Mass spectrometric analysis indicated that - 75r; of the deuterium in the saturated 
hydrocarbon was locatd in the alpha position.6 The reduced product also contained 
27.7“~ cis-1-phenylpropene and 4.7”,; rruns-I-phenylpropene. The deuterium content 
of the olefinic material was 90.1 “,<, d, and 9.1 Y,, d, for the cis isomer and 59.7(‘, d, 
and 39.5’:” d, for the tram isomer. These results indicate that most of the olefin 
rcsultal from the addition of LAH to the triple bond to form a vinylaluminum adduct 
which subsequently was solvolyzed with D1O. The undeuterated I-phenylpropene 
(4.3”; of the total olcfin product) was formed riu an undetermined route where both 
hydrogens came from the LAH reagent. 

lVcarly g6”, of the I-phenylpropene formed in toluene consisted of the cis isomer. 
This result differs markedly from the essentially all rrans reduction which occurs in 
THF (Expt 9). Conceivably. a rtans-vinylaluminum adduct (phenyl and methyl 
groups arc tram to each other) was formed initially which then isomerizzd to the 
cis-vinylaluminum adduct ciu an addition-elimination mechanism similar to that 
shown in Eq 7.* However. this seems unlikely since a longer reaction time and a 
deeper conversion of the reactant substrate produced an olefinic product containing 
less of the cis isomer ( - SO %) and more of the rruns isomer (Expt 11). It appears, there- 
fore, that mainly the cis adduct, rather than the mans adduct, is formed initially.9 The 
former may isomerize slowly to the latter. lo The reason why LAH adds cis to l- 
phenylpropyne in toluene. rather than tram as it does in THE may be a consequence 
of the relative solubilities of the hydride in the two solvents. In toluene where LAH 
is essentially insoluble. the vinylaluminum adduct may be formd on the surface of 
the metal hydride, in which case a cis addition of the reagent likely is favored. 

Deuterolysis of the adduct formed from LAH and I-phcnylpropync in THF 
produced nuns-I-phenylpropcne-d, containing 2 90’3; of the deutcrium in the 
alpha vinyl position (Eq 8). 

LiAIH, CH, D CHJ (8) i \ / 
\ 

PhCXH, + LAH -+ C=C/ 
D20 ‘1 _ ,’ 

/ \ - ic-c\ 

Ph. .H Ph .H 
e In a supilar car II has ken shown‘ that solvolysls with DID appears IO label C Al bonds reltably 

’ J. J. FIMC~ and G. R. Husk, J. Organomcro/. Chcm 4.415 (1965). 

8 II ts as.~mcd that the geometry of the doubk bond is not allercd during rhe subsequent solvoly~s 

of the adducts. 

’ If one consldas only the monodeuteratcd okfin product as bctng tndicalrve. the rauo of cis:rruns 

addtuon of LA11 to I-phcnylpropync IS -93:7 

” The cquthbnum conuzntra~~ons of the IWO addua tsomen I( unknown 
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The orientation of the addition of LAH in THF is analogous to that found for a similar 
addition with diisobutylaluminum hydride in neat or hydrocarbon media’ which, 
however, led to cis-1-phenylpropene. 

The LAH reduction of 2,4-hexadiene produced a mixture of olelins: rrans-2-hexene, 
240:; cis-2-hexene, 25 12; trons-3-hexene, 35 “,A; cis-3-hexene, IS”/, (Expt 12). 2- 
Hexene formation probably involves a l2-addition of the hydride to one of the double 
bonds (Eq 9). 

LiAlH 

I ’ 
CH,CHCH,CH=CHCH 

CH3CH=CHCH=CHCHj + LAH -+ or d2-hexene 
LiAIH, 

I 
CH,CHICHCH=CHCH, 

(9) 

The formation of 3-hexene may be rationalized by a I.4addition of LAH to the 
diene or by a rearrangement of an allylaluminum adduct (Eq IO). 

Li AIH 3 LiAIH, 

I I 
CH,CH,CHCH=CHCH,-CHJH,CH=CHCHCH, =3-hexene (10) 

In support of the latter possibility, allylic rearrangements involving the migration 
of a R,AI group were shown to occur when diisobutylaluminum hydride was added 
to conjugated diolelins’ and when an allyldialkylalane was formed by the reaction or 
vinylaluminum compounds with diazomethane.’ ’ 

EXPERIMENTAL 

LAH. obtamal from Hydnda Inc.. Beverly. Massachusetts. was atk used as purchased or dlssolvcd 
rn THF and the residual gray solid removed by filtration under a N, rtm THF and dIglyme were dried by 
refluxmg than over GH, for several hr prior to distillation The high punty aatylcnic and olcfmic reactants 
were treated with alumma before use. The solvm~~ and unsaturated substnter were stored under N, 
D20 WM used M purchPrcd from Columbu Organic Chemical Company. 

The prderral and most convcrucn~ method to be used for ~hc rcductlon of alkyl subsdrutal acetylenes 
or conjugatal dlcna boibnp al least as high aa the hcxyoer or hcxadtcncs usa a mixed solvent wth crude 
LAH (unfiltered aoln) as dlustratcd below for 3-hcxyae Tbc reduct~oa of Iowa boihng pcctylcx~ should 
be carried out in a simple prcaaure reactor. BaxuJc of their grata racl~vity. aryl subsIitutal l atylcncs 
can be ralucal by LAH m rdluting THF. Dimen apparently m not formed in dgnihcanr amounts sina 

I1 H Hoberg Angrw. Chm 7%. 493 (I%@ 
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htgh tcmp GLC analyses of several of rbc products fa~lcd IO reveal then prcscna. The results of the GLC 

analyses were ~hercforc normalrxcd with respect to the substrate. the olefinic product% and the saturated 

products The mdtvtdual orgamc products obtained in the experiments described below were tdcntiticd by 

the coincidences of their GLC emcrgcna times, IR spectra andios EBB spcctrowric fragmentation 

patterns with those of authentic compounds All manipulations involving air scnsttivc compounds were 

carried out under a N, atm 

Reducrfon of 3-hexyne wirh an unjilrrred solution o/ LAII (Expt 3). A mtxturc d SO ml dtglymc. IO ml 

dry THF and 2.8 g (74 mmolcs) LAH was healed and low botlmg dtstillate removed ( - 3 ml) until the flask 

tcmp was - 125’ The mtxturc was cooled IO room temp under a h’, arm. 4.4 g (54 mmolcs) Mcxync added. 

and the mtxturc heated IO reflux The temp of the flask contents rose from 108“ IO I38 during a IO-hr 

pcnod The reaction mtxturc was cooled and slowly hydrolyrcd with ice-cold water The aqueous slurry 

was cxtractcd with 50 ml of n-octane, ncutraltzcd with dtl HCl and extracted ona more with n-octane. 

The combined organic matcnal was washed twta with water and dried over C&l,. GLC analysis 

(85’. 20 ft Y b in. column packed with 53; poly-mere-phcnyl ether, 6 nng on 60$0 mesh Chromosorb W; 

Model 6CQB Hy Fl. Wilkms Instrument and Research Inc.. Walnut Creek, California) of the reaction 

product showed a 9l,l”/. conversion of the hexync to hexcncs Further GLC analyses dthe hcxcnc lraction 

over a 20 ft dtmcthyl sulfolanc column and a IO A trts(cyanocthoxy)propanc column showed it to be 98.4% 

rroru-3-hcxcnc and 1.6% cis-3-hexenc No other ~somcric hexcnc was dctbctcd. 

Reducrion oj3-hexyne wirh afilrerd solur~on o/l-AH (Expc 2). A clear, filtered THF soln (SO ml) contaming 

c 85 mmola LAH and 50 ml diglymc were combmai and heated unttl - 50 ml of lower boiling liquid was 

removed The flask rcmp PI this potnt was 138 The system was coolbd and 4.1 g (5Ommolcs) 3-hcxync 

added Thr soln was refluxcd for 4 5 hr dunng whtch time the tcmp of the flask contents mcrcascd from 

I 17” IO I SO’ n-Octane was added. the soln cooled and the mtxturc hydrolyrcd with dil 6N HCI n-Octane 

extracts of the hydrolyrcd soln wcrcrombincd. washed. and dncd over CaCI,. GLCanalyscs indicated thar 

96.5”, of the 3-hcxync had been convened to n-hexcna CO~SISI~P d 96-1 OD rrcns-3-hcxm and 39”, 

cu-3-hcxcnc 

Rducrion of 2.4-hexadiene with an un/i/rered wlurion of IAH (Expt 12) The same procedure as gtvcn 

above for rhc rcductton of 3-hcxync with an untiltcrcd LAII soln was employed The rcactron mixture was 

rcfluxcd 14 hr at I I2 131 GLC analyses of the hydrolyzai product showed that the hcxadicnc had been 

82 “, converted IO a mixture contatning Irons-3-hcxene. 35 “;, crs-3-hcxcnc, 15 “A; rrons-?-hcxcnc. 249; 

c-r.+2-hcxcne. 25 OO; n-hcxane. I “0 

Reducrion oj 2-penryne wirh un unjilrcred solution u/ LAII (Expr 5) Crude LAH (3 7 g ~97 mmola). 

3-7 g (54 mmola) 2-pcntync and SO ml THF were combmcd in an 85-ml magncttcally simal autoclave and 

heated under a K, atm at 12s 138 for I.3 hr. After II was cooled. the mixture was hydrolyxcd and workal up 

as desertbed above GLC analysts (30 , 20 h x f m column packed with 20”, SF-96 on Ftrcbnck. 40.60 

mesh1 showed a convcrston of R9-4“” and that the pcntcnc producr was nearly all rruns-2-pcn~cnc with only 

a trace of ris-2-pcntcnc bcmg present 

Rcdurrum c!/ I.phenr/proprnc utJ dtphenylerh)ne (1:xpt 7 I1 1 ‘Ihcu aryl suhs~~~utai acetylenes were 

reduced hy hcatmg them I” one of the lollowmg. filtered LAH-THF soIns. unfiltered THF solns contaimng 

crude LAH or an unfiltered ~olucnc-LAH mixture The resultant mtxturcs were hydrolyrcd with either 

dil HCl or water and worked up as desertbed above for the rcductton of 3.hcxync. The reaction condittons 

and results arc listed In Table I 

In IWO mstanccs (Expt 8 and IO). the resultant mtxturc from the reaction of LAtl wtth I-phcnylpropync 

was solvolyrcd with DIO. The ncru-I-phcnylpropcnc product from Expt 8 was shown by mass spcctro 

metric analysis to be > 99 U ‘. monodcureratcd and ~02 DO didcutcratcd The analysis also indicatat thar 

none of the dcutcnum was loa~al III tbc methyl group The methyl group NMR spectrum da sample of 

rrons-l-phcnylpropcncJ, COILUSIS of a strong doublet with a splitting of 6.5 c;s surrounding some weak 

unresolved tine structure. The sphtting of 6.5 c/s ts mdicattvc of a sir@ hydrogen on rhc carbon atom 

adjacent IO the methyl group and IS taken as prod of dommant dcutcrium substitution I” ihc posrtion 

alpkr IO the nng The unresolved tine structure bc~wan the lrncs of the doublet can be accounted for by 

deutenum in the bcra pos~non. From a comparison of rclattvc mtcnatia we cwmatc the nnns-l-phcnyl- 

propcnc to be z-90”; rrans- I-phcnylpropcnc-od,. The n-propylbcnrcnc from Rxpt IO was 4.5’,; mono- 

dcuteratcd. Y4 5 3, dtdcutcratcd and I”; tndcutcratcd On rbc basts d the distribution d tk tropylium 

ions (mars spectromctnc analyses) at masses 93. 92 and 91. 4 80”; d the n-propylbcnxcncd, was z.x- 
dtdcutcro-n-propylbcnzcne. c I5 “” was a& or x.y~dtdcutcro-n-propylbcnrcnc and - 5 “6 was dtdcutcro-n- 

propylhcnzcnc wtth no dcutcnum located in the alpha positton. 
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