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HISTORY. Aluminum trihydride \<las not mentioned in literature 

until the 1940's, at which time the compound was identified 

and theoretical structures were proposed. In 1946 H. C. 

Longuet-Higgins proposed a polymeric structure of (AIH3)x 

held togethE~r by hydrogen-bridge bonds. 1 

Much of the preliminary information of the structure 

of AlH3 in l3o1utions and the reactions of aluminum tri

hydride was published by Von Egen Wiberg in a series of 

articles written in the early 1950's.2 

The major work using AlH3 as a reducing agent in 

organic reductions was published in 1966 by H. C. Brown 

3 and N. M. Yc)on. This is the only significant article 

that has be.~n published to date on aluminum trihydride 

reductions. 

~1ETAL HYDRIDES. Aluminum trihydride has been included as 

a member of a group of com~lex hydrides that are reducing 

agents of various strengths. The more important complex 

hydrides art;, in order of reducing ability in reductions of 

carbonyl compounds: LiAIH4' Mg(AlH4 )2' NaAIH4 

Al(BH4 )2 Ga(BH4 )2' Sr(BH4 )2' Ba(BH4 )2 LiBH4 

AIH3 

NaHB(OCH3)3' 

lH. C. Long~et-Higgins, J. Chem. Soc., 141 (1946). 

2v. E. Wiberg, G. Graf, M. Schmidt, R. Uson, z. Naturforsch, 
~, 578 (1952). 

3H• C. BroWJ~, N. M. Yoon, J. Amer. Chem. Soc., 88, 1464 (1966~ 



KBH
4

, NaBH~_. 4 These hydrides are nucleophilic reagents 

that normally attack polarized multiple bonds such as 

C 0, C N, G N, and N ° at the more positive atom but usually 

do not attack isolated C C bonds. 

This group of reducing agents is extremely important 

in the area of orgailic reductions, each undergoing a similar 

reaction ill. the reduction of organic compounds. The 

range of r4~ducing power of these compounds allows the 

utilization of a hydride which should selectively react 

with a certain compound or certain functional group in 

the compound. 

LiAIH4 is probably the most important of the complex 

hydrides used in organic reductions and is certainly the 

most common of the hydrides. As such it will serve ade

quately as an example of the type and mechanism of complex 

hydride reductions. 

The following reaction mechanism for the reduction 

of a ketone group by LiAIH4 has been proposed: 

4 H. Hormann, "Reduction of Carbonyl Compounds with Complex 
H;yi.rides ll in "Newer Methods of Preparative Organic Chemistry, 
·Vol. II, n W. Foerst, F. K. Kirchner, ed., Academic Press, 
New York, N. Y., 1963, p. 214. 
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This reaction path is analogous to the reaction of 

organometa.11ic compounds Ce. g., Grignard reagents) with 

+ 

carbonyl g:roups, in which case a carbanion is transferred 

instead of' the hydrogen anion. 5 

+ 

5H• Hormann, "Reduction of Carbonyl Compounds with Complex 
Rydrides ll in "Newer Methods of Prepa.rative Organic Chemistry, 
Vol. II," W. Foerst, F. K. Kirchner, ed., Academic Press, 
New York, N. Y., 1963, p. 215. 
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The r'eduction of other functional groups by lithium 

aluminum h;ydride undergoes the same type of mechanism; 

the AIH4- anion attacks the multiple bond at the more positive 

atom. The complex of the type R4Al+Li- is broken apart 

by addition of H20 to form the reduced compound, LiOH, 

and Al(OH)3. The reduction of functional groups by other 

metal hydrides is an analogous reaction. 

Lithium aluminum bydride has the ability to reduce 

acids, aldehydes, detones, esters, acid halides, anhydrides, 

acid amides, and nitriles under rather mild conditions 

(i. e., tetrahydrofuran used as solvent; temperature below 

100°C). :Polar carbon-carbon double and triple bonds can 

be reduced at temperatures above 1000C. 6 

ALUMINUM ~~HYDRIDE STRUCTURE. Aluminum trihydride has not 

been used nearly as extensively as LiAIH4 or NaBH4 because 

of the difficulty in preparing and isolating the compound 

in pure fo,rm and because of the unstabili ty of the aluminum 

trihydride. "Aluminum forms a polymeric solid hydride 

(AlH3 )x' unstable above 100°C., extremely reactive, e. g., 

giving H2 explosively with H20 and igniting explosively in 
:"'4 .,: ,,7 c:u.r. As a result, the physical and chemical properties 

of aluminum trihydride have not been studied as extensively 

6 
H. C. Brown, N. M. Yoon, J. Amer. Chem. Soc., §§, 1465 (19aj. 

7Van Nostrand's Scientific Encyclopedia, 4th ed., D. Van 
Nostrand Co., Inc., Princeton, N. J., 1968, p. 69. 
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as the othe,r metal hydrides and the amount of material 

written of AIH3 is relatively small. 

As late as 1965 the following was written concerning 

the structure of AIH3: 

"Although the structures of these hydrides have 
never been established, it is generally believed 
that they exist as polymers (MH) , (ME ) , or 
(MH~) held together by multicenfer bo~dl usually 
refer~ee to as hydrogen-bridge bonds similar to 
the structure of diborane."8 

In 1947 H. c. Longuet-Higgins proposed a hydrogen

bridged polymer type of complex for the structure of 

(AlH3)X: 

~As regards (AIH~)n' we suppose that the unit 
J.,>AI-H can polymerise like I!?B-H, but that 
whereas the polymerisation of the latter stops 
when the boron atom has its four valency shell 
orbitals occupied, the polymerisation of the 
former will continue until six of its valency 
orbi tals are occupied. "9 

The following is Longuet-Higgins' proposed structure of 
10 ~ J:f 

(AIH3)n: 1-1 ... ~ /tf ,.., '1/+4 ',A',,/ t-l-
7t" t1 '14/ h "'-", 

~ ~ H ) H It ..... t /H 
~,/ ,~, ( t-f/AI, 4t 

tf",'t*/' # f I 
H .... J,/ H Ii /1,,\, /ft'A'< J4 
,../ t't4 W, 'H'/ I H 

H N H 
More recent publications suggest that the structure of 

aluminum trihydride in solution is somewhat more complex 

than the above structure. 

8G• G. Libowitz, "Binary Metal Hydrides," 1st ed., W. A. 
Benjamin, Inc., New York, N. Y. 1965, p. 10. 

9H• C. Longuet-Higgins, J. Chern. Soc., 141 (1946). 

lOR. C. Longuet-Higgins, ibid., p. 141. 
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In an article published in 1952, Von Egen Wiberg 

proposed the following complex structure for aluminum 

trihydride complexed with tertiary amines in a di-aluminum 

trihydride structure. ll 

H, /H" /H 
R N - -/-'141, /111,- -N R3 
~ H 'H/ H 

According to Siegel and Libowitz, the extent of 

polymerization of the aluminum trihydride is dependent 

upon the type of solvent: 

"In solution the AIR is complexed with the 
solvent but is initi~lly monomeric in that 
complex. Ebullioscopic determinations have 
shown the AIR is indeed monomeric in ether 
solution priof to polymerization and precip
atation from the solvent. Polymerization 
proceeds spontaneously in diethyl ether sol
ution at ordinary temperatures but stronger 
bases, such as THF or trialkyl amines, form 
more stable complexes with AIR~; polymerization 
is thus retarded in such solvents. In fact 
polymeric A1H~ dissolzes in THFoto form 
AIH • 2THF between -45 C. and - 5 C. and with 
mOBdetherate A1R3·THF at temperatures above 
-5 C. "12 

According to these same authors, the (AIH3)x structure 

has each aluminum atom participating in six hydrogen

bridge bonds, similar to the aluminum-hydrogen bonding in 

aluminum borobydride. 13 However, fl ••• solvents such 

as diethyl ether destroy the dimerization since Al~O 

bonds are formed; these bonds are clearly energetically 

llV. E. Wiberg, H. Graf, M. Schmidt, R. Uson, Z. Natur
forsch, ~, 578 (1952). 

12B• Siegel:' G. G. Libowitz, tiThe Covalent Hydrides and 
Hydrides of the Groups V to VIII" in "Metal Hydrides," 
w. M. Mueller, J. P. Blackledge, G. G. Libowitz, ed., 
1st ed., Acact~iuic Press, New York, N. Y., 1968, p. 575. 

l3B• Siegel, G. G. Libowitz, ~., p. 578. 
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favored over the weaker hydrogen-bridge bonds.
n14 

Perhaps the most important article written on 

aluminum trihydrides was published in 1968 by N. M. Alpatova, 

T. N. Dymo11a, Yu. M. Kessler, and 0. P. Osipov.l5 This 

article primarily treated aluminum trihydride in solution 

rather thru~ the pure solid-state A1H3• 

The e·omplex A1H
3

·2N(CH3)3' which is the most studied 

aluminum trihydride complex is reported to have a trigonal 

bipyramid structure with the three hydrogen atoms in the 

base, an Al-N distance of 2.18 l.. and an N-Al ..... N angle 

of 1800 • This structure corresponds to sp2_pd hybridization. 

From spectra similarities, such a structure is suggested 

for complexes of AlH3 with 2 C4H80 and 2 OC4H80. 16 

The formation of hydrogen-bridges in solvated alu

minum tribydride is subject to much discussion. Infrared 

and nuclear magnetic resonance spectra indicate no hydrogen

bridges between AIH3 molecules in inert solvents. 17 In 

solvents which form complexes with the AlH3, hydrogen

bridges aI~e also absent: 

14B• SiegEd, G. G. Libowitz, flThe Covalent Hydrides and 
Hydride~3 of the Groups V to VIII" in "Metal Hydrides, II 
W. N. Hueller, J. P. Blackledge, G. G. Libowitz, ed., 
1st ed.~, Academic Press, New York, N. Y., 1968, p. 578. 

15N• M. Alpatova, T. N. Dymova, Yu. M. Kessler, 0. P. 
Osipov, Russ. Chim. Rev. English Transl., ~, 99-114 
(1968). --

l6N• M. Alpatova, T. N. Dymova, Yu. M. Kessler, O. P. 
Osipov, ibid, , p. 104-105. 

17N• M. Alpatova, T. N. Dymova, Yu. M. Kessler, O. P. 
Osipov, ~., p. 105. 
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"H bridges are absent from a solution of AIH~ in 
diet~rl ether, in wh~ch Al~~ ~s monomeric al~hough 
the bonding of AIH,3 ~n ether ~s weak. Probably 
the (0 H ) )-- Al1'i donor-acceptor bond in 
decrea~i~g2the form~l positive charge on alum
inum leads to loss by the A1H~ molecule of the 
ability to give hydrogen bridges. It there-
fore :seems improbable that bridges can be 
formeci by Al~~ mo;ecules bound with such strong 
donors as amu1e s. 18 

A hyp,othesis has been suggested that association 

between complexes might be due to dipole-dipole interactions 

rather than to hydrogen-bridge bonds. However, little 

evidence is given for this type of association, other than 

the negative evidence against the hydrogen-bridge bond: 

" ••• if the possibility of association due to 
dipole-dipole interaction is considered then 
it must be acknowledged that in dilute solutions 
there are no objective reasons for assuming the 
existence of hydrogen bridges, provided only 
that the latter do not exhibit any new properties 
distinguishable from those of bridges in (R?A1H) • 
Doubt about the formation of hydrogen bridg~s x 
has repeatedly been expressed. In particular, 
it is thought that: (a) it is difficult to 
assum.e that tetrahedra13l: 1 complexes lose 
symmetry and acquire sp -spd-hydridisation 
with five-coordinated aluminum owing to the 
formation of hydrogen bridges, and (b) the 
assuIT..ption of dimerisation should imply the 
presence in the solution of an equ~librium 
between the monomers and dimers which shoulg 
enric,h the spectra with new lines, which is 
not a,bserved. The solid component A1H -NR 
sublimes comparatively readily, which ~ould be 
imprc,bable in the presence of hydrogen bonds. "19 

Other structures have been proposed for specific 

A1H3 complexes: 

18 N. M. Alpatova, T. N. Dymova, Yu. M. Kessler, O. P. 
Osipov, Russ. Chim. Rev. English Transl., ~, 105 (1968). 

19 N. M. Alpatova, T. N. Dymova, Yu. M. Kessler, O. P. 
Osipov, ~., p. 108. 
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"For AlH -OC H 0 a chain structure is proposed 
wi th Al-8cJ,j.H:o§Al-:-OC4HRO- b(:>nd~ on the f?ll?wing 
grounds: \1) the comp<5und ~s l.nsoluble ~n l.nert 
solvents; (2) it does not melt; (3) the 
frequE~ncies of the vibrations are cloes to those 
of the 1:2 complexet; and (4) in the spectrum 
there is no 455 cm- band, corresponding to the 
deformation vibrations of the dioxan ring and 
inactive in the infrared spectrum under symmetrical 
loadi::lg of the dioxan molecule. It 20 

and " ••• when the ligand entering the complex is 
bidentate polymerixation is possible for complexes 
of AlH~. Polymeric structures which are \t/ell-founded 
are proposed for complexes of AlH3 with diamines. 
Thus, a structure with a unit cel~ containing 
eight dimeric units: H e~ eH3 

C H s rtf, I I ~ ) ~ ~ 
~_~ _(CH~)~-N~A' ~~-(cH:A~- I 

I 1H H/ 'H c "3 eM.) 
CH,J c 3 

has been given fo~ the complex of AlH with 
tetramethyldiethylenediamine. Polyme~isation due 
to ligand has also been proposed for the complexes 
AlH3-·OC4HSO, AIH3-NC5H5, AlH3-NaR-C4HSO and 
AIR -·LiH-3H(CH ). It is thought that in these 
com~ounds the ~l~inum has coordination number 
five and that in the first three complexes the 
ligand is coordinated by aluminum whereas the 
last has the structure."21 

R3N\ II H 
L:/ 'A,LNR-Rr " ... /.' 'H ~ 

The (~onclusion that the Russia.n authors draw from the 

evidence presented in their article is that It ••• it is 

possible to agree with certain authors concerning the 

20N• !1. Alpatova, T. N. Dymova, Yu. M. Kessler, O. P. 
Osipov, Russ. Chim. Rev. English Transl., 2£, 109 (1968). 

2lN• M. Alpatova, T. N. Dymova, Yu. !vI. Kessler, O. P. 
Osipov, i£i~., p. 109. 
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polymerisa-tion of AIH3 due to the formation of hydrogen 

bridges an1i to consider their existence at least non

proven in all the remaining complexes of AIH3 .n
22 

and 

that "Further investigations are needed to establish the 

complete structure of these compounds.,,23 

PREPARATION OF ALUMINUM TRIHYDRI~E. Aluminum trihydride 

has been prepared by only a few different types of reaction~ 

Some of these reactions are as follows: 24 

ZnI2 + 2 LiAIH4 ether 
~ ZnH2 + 2 AIH3 + LiT 

3 CaE2 + 2 AIC13 
THF 

-JI- 2 AIH3 + 3 CaC12 

3 LiH + AIC13 
ether 

~ AIH3 + 3 LiC12 
The most common method of producing aluminum tri-

hydride and the meailanism of the reaction was given by 

Jean Bousquet. 25 

3 Li.AlH4 • AlC13 ether» 4 AIHsolvated + 3 LiCl 

22N• H. Alpatova, T. N. Dymova, Yu. M. Kessler, o. P. 
Osipov, Russ. Chim Rev. English Transl., ~, 109 ~1968). 

23N• r-~. Alpatova, T. N. Dymova, Yu. rll. Kessler, O. P. 
Osipov, ~., p. 109. 

24G• G. Libowitz, "Binary Hetal Hydrides," 1st ed., W. A. 
Benjamin, Inc., New York, N. Y., 1965, p. 18. 

25J • Bousquet, J. Choury, P. Claudy, Bull. Soc. Chim. Fr., 
3856 (1967). 
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ether 
) 

ether 

. ether 

C~MS" ~ 
+ t~' - AI-H 

r I 
C..aHS H 

c~H.s- ~ ~ ) .b,_AI···H ... A'-U , , ' 
C).H~- H H 

+LiCI 

lethe .. 



For the reductions that H. C. Brown and N. M. Yoon 

performed, the aluminum trihydride was produced according 

to the following reaction: 26 

LiAlHlj. + H2S0lj. THE') LiS04 + 2 AlH3 + 2 H2 

REDUCTIONS OF ORGANIC CO~~OUNDS BY AlH3. Aluminum trihydride 

is a strong reducing agent but is more selective than 

LiAlH4 • H. C. Brown and Y. M. Yoon attempted reductions 

of the following compounds at OoC. in THF as solvent with 

the following results: 27 

compound 

ald.ehydes 
ketones 

acids 
acid anhydrides 
esters 
acid chlorides 
lactones 

epoxides 

tertiary amines 

primary amines 

nitriles 
oximes 
phenylisoc:ynate 
pyridine n-oxide 

results 

no complications caused 
by presence of conjugation 

reduced to alcohol stage 

rapidly 

more slowly than tertiary 
amines 

rapidly 

26H• C B N • rown, • M. Yoon, J. Amer. Chern. Soc., 88, 
1464 (1966). 

27H• C. Brown, N. M. Yoon, ibid., p. 1464. 
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aliphatic nitro compounds 
azobenzene 
aromatic nitro compounds 
azoxybenzene 

pyridine 

di-a-butyl disulfide 

diphenyl disulfide 
dimethyl sulfoxide 

sulfones 
sulfonic B.cids 
cyclohexyl tosylate 

relatively stable to AIH3 

moderate rate 

reduced slowly 

rapid 

stable to AlH3 

No mechanism was proposed for the reduction of these 

compounds by aluminum trihydride. 

11+ 



EXPERIMENTAL 

PREPARATION OF A1H
3

• To 200 mI. of anhydrous diethyl ether 

in a I-liter 3-necked flask was added 5 g. (.125 mo&e) 

LiA1H4 • To 50-60 mI. anhydrous diethyl ether was added 

6.1 g. (.062 mole) H2S04 (conc.). This mixture was added 

to the flask dropwise from an addition funnel. The addition 

was carried out over 15 to 30 minutes with vigorous stirring. 

The material to be reduced was then added to the 

mixture for reduction. Using these proportions, 0.05 

moles of the organic compound was reduced. 

The use of larger amounts of A1H3 was avoided because 

of the danger of the mixture of H2 , ether fumes, and LiAIH4 • 

REDUCTION OF BENZALDEHYDE PHENYLHYDRAZONE. This reduction 

followed the reaction scheme: 

The starting material, benzaldehyde phenylhydrazone, 

was prepared by adding 10 g. (9.6 mI.) benzaldehyde to 

10 g. (9.1 mI.) phenylhydrazine. The product was filtered 

hot in 95% ethanol and recrystallized. The crystals were 

dried in a. vacuum oven for 10 minutes. The product had a 

melting point range of 156-90 C. (lit. value 158°0.) 

~IR spectra peaks and integration values were as follows: 

15 



( = 8.4 (lH); $= 7.8-7.1 (lOR); J= 6.1 (lH). IR spectra 

gave characteristic peaks at 3300, 1585, 1245, 1120, 

1480, 730, and 670 cm-l • UV spectra gave absorption peaks 

at A = 304 and}... = 250. max 
A solution of 10 g. of benzaldehydephenylhydrazone, 

in 300 ml. tetrahydrofuran was added to the A1H3 in diethyl 

ether. The A1H3 was prepared as described in the first 

paragraph of the experimental section of this papen. 

The mixture was stirred overnight, 13 mI. H20 was added, 

and the liquid, THF and diethyl ether, was filtered from 

the solid LiS04 • The ether and THF were roto-evaporated 

off and IR, UV, and NMR spectra were taken of the product. 

The reduced material was wet with THF. NMR spectra peaks 

and integration values were as follows: J = 7.1-6.4 

(12H); ~ = 3.8 (lH). IR spectra gave characteristic peaks 

at 1600, 3300, 1050, 735, and 680 cm-l • UV spectra gave 

absorption peaks at A = 256 with a shoulder at A= 280. 

A phenylthiourea of the reduced compound was made as 

an additional method of identification of the reduced 

compound and a method of determining yield. The phenyl

thiourea was made by adding an equimo1ar amount of phenyl
isothiocynate to the reduced compound. The phenylthiourea 

was recrystallized from 95% ethanol, yield 5.5 g.; m.p. 

189-l900C ruld 22% yield from the reduction, assuming 

complete reaction with the phenylisothiocynate. IR spectra 

gave characteristic pew{s at 3280, 1605, and 1595 cm-l • 

16 



17 

ATTEMPTED REDUCTION OF 3,5-DIOXYPYRAZOLINE. The reduction 

could be expected to have followed the reaction scheme: " 

ff -t>-c"'.z -c H 3 0 . f4 0 /", H3>I+OfJ 
H C/ + rJ~"'at' H.).O ) ~ tf 

l 'C-O-CH£CIl3 N- \ 
II }+' H o 

The starting material, 3,5-Qioxypyrazoline, was 

prepared by adding 24 g. ethylmalonate to 7.5 g. hydrazine 

hydrate (NH2-NH2 ·H20) dissolved in 350 mI. methanol. The 

temperature was held at 10-15°C. during the addition. 

The mixture was stirred overnight. White crystals, m. p. 

154-1550 C. (lit. value 145°C) were filtered from the 

reaction mixture and dried in a vacuum oven at 100°C. 

NMR spectra of the product in trifluoroacetic acid gave 

one singlet at = 3.5. IR spectra gave characteristic 

peaks at 3300, 1670, 1530, 1600, 1240 em-I. 

The 3,5-dioxypyrazoline was only slightly soluble in 

ci.iethyl ether. It ,.,ras added to the AIH3 in the diethyl 

ether along with 200ml. of diethyl ether. The AIH3 was 

prepared as described in the first paragraph of the ex

perimental section of this paper. The mixture was stirred 

for 24 hours, heated to reflux temperature, and stirred for 

another 16 hours. To the mixture 13 mI. of H20 was added 

and the diethyl ether filtered from the solid LiS04 • The 

ether was roto-evaporated off and a white crystalline solid 

obtained and identified as starting material. 

A second trial was conducted usmng THF and diethyl 

ether together as solvents. After stirring the 3,5-dioxy-



pyrazoline with AlH3 in THF and diethyl ether and after adding 

13 mI. H20, a white solid was recovered by roto-evaporation 

of the solvent. The product did not melt below 320°C. N~m 

spectra of product gave peaks at b = 2.0, f = 1.4, 

b = 0.3, ! = 0.05. The high melting point and NMR peaks 

near zero indicate the product was an aluminum complex 

rather than the reduced compound. 

PREPARATION, REDUCTION, AND OXIDATION OF 3,5-DIPHENYL-

2-PYRAZOL~. The entire synthesis and decomposition 

series of reactions is as follows: 

18 



Benzalacetophenone (chalcone) was prepared using the 

procedure in Organic Synthesis by E. P. Kohler and H. M. 

Chadwell. A solution of 120 g. NaOH in 1176 g. H20 and 

600 mI. 95% ethanol was made. To this solution was added 

312 mI. acetophenone and 276 mI. benzaldehyde. The mixture 

was stirred and placed in an ice U<:ttj.l.J, LoO keep the temper

ature below 300 C. The product, a light-yellow solid was 

filtered from the liquid, washed with H20 until the water 

was neutral to litmus, washed with 175 mI. cold 95% ethanol, 

and allowed to dry in air. 

The 3,5-diphenyl-2-pyrazoline was synthesized using 

equimolar portions of chalcone and hydrazine hydrate. The 

hydrazine hydrate was added to approximately five times 

as much 2-propanol (by vJeight) heated on a hot plate. The 

benzalacetophenone was added and the mixture was heated 

until the solid was dissolved. The liquid was cooled slowly 

and the product crystallized at approximately 15°C. The 

product was filtered from the solvent, washed slowly with 

2-propanol, and washed Quickly with diethyl ether. The 

ring-closed structure was oxidized rapidly at atmospheric 

conditions and therefore was ex-posed to such conditions as 

little as possible. NMR spectra (in diethyl ether) peaks 

and integration v8lues were as follows: {' = 7.6 (2H); 

E == 7.2 (12H); f = 5.'+ (IH); f = '+.8 (.8H); r = 3.2 

(lH); ether peaks at tf = 3.'+ and / = 1.2 may have covered 

or distorted certain peaks. 

Approximately 0.05 moles (11 g.) of 3,5-diphenyl-2-

19 



pyrazoline was dissolved in approximately 100 mI. diethyl 

ether and added to a solution of AlH3 in diethyl ether. The 

AlH3 was prepared as described in the first section of the 

experimental section of this paper. The mixture was stirred 

overnight, 13 mI. H20 was added, and the ether containing 

the reduced product was filtered from the solid LiS04 • 

The reduced product was left in the diethyl ether for 

further use. 

The .3,5-diphenyl-2-pyrazoline was oxidized by adding 

approximately 100 g. HgO to the solution of diethyl ether 

and reduced compound. The mixture was stirred overnight and 

kept cool in a refrigerator. The HgO was filtered off 

at room temperature. The solution was cooled in a dry ice

acetone bath and filtered at that temperature. A brownish 

solid was obtained as product. N~ffi spectra peaks in deuters

chloroform were as follows: t' = 7.5; b = 5.5; J= 3.4; 

~ = 1.6. IR spectra gave characteristic peaks at 3500, 

1670, 1590, and 1387 cm-l • 

ATTEMPTED REDUCTION OF 2-METHYL-2-PYRAZOLINE-5=0NE. The 

reduction of 3-methyl-2-pyrazoline-5-one could be expected 

to follow the reaction scheme: 

o 
AI #.3 >' 

20 
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3-methyl-2-pyrazoline-5-one was prepared by adding 

19.5 €~. ethylacetoacetate to 22.5 g. hydrazine hydrate in 

95% ethanol. The crystals were filtered hot, recrystallized 

from ethanol, and dried in a vacuum oven. The melting 
o point ran:se of the product was 223-230 C. 

A solution of 9.8 g. (0.1 mole) of the 3-methyl-2-

pyrazoline-5-one in THF was added to a solution of AIH3 

in diethyl ether. The mixture was stirred overnight, 

13 mI. H20 was added, and the liquid was filtered from the 

solid LiS04 • The ether and THF were roto-evaporated off and 

a small amount of crystalline solid remained. The solid 

was identified as starting compound by comparison of 

NMR spectras of the two samples. 

ATTEMPTED REDUCTION OF CINNAMALDEHYDE PHENYLHYDRAZONE. 

The preparation and reduction of cinnamaldehyde 

phenylhydrazone could be expected to follow the reaction 

scheme: 

fHH..J 
) 

The cinnamaldehyde phenylhydrazone was prepared by 

21 

adding 26 g. cinnamaldehyde to 11 g. phenylhydrazine dissolved 

in 200 mI. diethyl ether. The cinnamaldehyde was added 

dropwise while the mixture was stirred with a magnetic 

stirrer and cooled in an ice bath to keep the temperature 



below 10°0. The mild conditions were used to keep the 

cinnamaldehyde phenylhydrazone from forming a ring-closed 

compound. The product was filtered from the diethyl ether 

and recrystallized from 95% ethanol. The melting point 

range of the product was 172-176°0. (literature value 168°0). 

NMR spectra peaks of the cinnamaldehyde phenylhydrazone 

were as follows: f= 8.7; t= 6.1-7.1; [' = 0.6. IR 

spectra gave characteristic peaks at 3320, 1600, and 

1560 cm-l • UV spectra gave absorption peaks at /\= 212, 

/\ = 256, ~= 280. max 

A solution of 10.6 g. of cinnamaldehyde phenylhydra-

zone dissolved in approximately 800 ml. diethyl ether was 

added to the AIH
3

• The AIH3 was prepared as described in 

the first paragraph 01' I"he experimental section of this 

paper. The mixture was stirred overnight, 13 ml. H20 

added to the mixture and the diethyl ether filtered from 

the LiS04 • The ether was roto-evaporated off and a yellow 

com1)ound, melting point range 166-1720 C remained. This 

compound :;ave IR and UV spectra identical to the starting 

material, cinnamaldehyde pheny1hydrazone. 

A'l'TEMPTED REDUCTION OF BENZALACETOPHEN01TE PHENYLHYDRAZONE. 

The reduction of benzalacetophenone phenylhydrazone 

coule be expected to follow the reaction scheme: 

,~ \~ 
C tl/ 
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,- A1H3 ) + 

The benzalacetophenone phenylhydrazone was prepared 

be direct addition of equimolar portions of benzalaceto

phenone and phenylhydrazine and recrystallizatione from 

ethanol. The phenylhydrazone had a melting point range 

of 135-137°0. (literature value 120°0.) NMR spectra 

peaks and integration values were as follows: tr = 7.4-

7.6 (2H); $ = 7.2 (8H); t)= 6.9 (4H); tr= 4.9-5.3 (lH); 

b = 2.8-4.0~H). IR spectra gave characteristic peaks 

at 3000, 1310, 1250, 1585 cm-l • UV spectra gave absorption 

peaks at ~ax = 256, A = 340 with shoulder at 304. A 

solution of 15 g. of benzalacetophenone phenylhydrazone 

dissolved in diethyl ether was added to a solution of 

AIH3 dissolved in diethyl ether. The AIH3 solution was 

prepared as described in the first paragraph of the ex

perimental section of this paper. The mixture was stirred 

overnight, 13 ml. H20 added, and the diethyl ether filtered 

from the LiS04 • The ether was roto-evaporated off and a 

yellowish crystalline solid remained. NMR spectra gave 

identical peaks except for a multiplet at f = 2.8-4.0 

and a triplet at h = 1-2. The triplet at 1-2 and some 

of the new peaks in the range 2.8-4.0 can be attributed to 

diethyl ether. The IR spectra was very similar to the 

"-,, spectra of the benaalacetophenone phenylhydrazone. UV 

spectra gave absorp;jdon peaks at,Am2.X = 256, 1\= 306 with 
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shoulder at 340. 

The data seems to indicate that no reduction took 

place but that the ration of ring-closed benzalacetophenone 

phenylhydrazone to the nonring-closed structure was changed 

by the reaction conditions. 

ATTEMPTED REDUOTION OF DIHYDROPYRIDAZINE. The preparation 

of this compound was carried out according to the exper

imental procedure of O. G. Overberger and coworkers. 28 

To 38 g. (0.33 mole) of acetonylacetone was added 

17 g. (0.33 mole) of hydrazine hydrate. The rate of addition 

was such that the temperature remained lower than 350 0. 

The reactants were allowed to set 1 1/2 hours and then 

heated to reflux temperature for 20 minutes. The product 

was extracted with ether, from which a white solid, the 

product separated. The product had a melting point range 

of 112-124°0. (literature value 114-115°0.) NMR spectra 

peak values were as follows: f = 3.6; tI= 2.1; tr = 
1.2-1.0. IR spectra gave characteristic peaks at 3230, 

2960, 2880, 1640, 1350, 1230, and 1140 em-I. 

A solution of 5.5 g. (0.05 mole) of dihydropyridazene 

dissolved in ~-2-ethoxyethyl ether was added to a solutio~ 

of A1H3 dissolved in diethyl ether. The A1H3 solution was 

prepared as described in the first paragraph of the 

28 e. G. Overberger, and coworkers, J. Amer. Ohern. Soc., 
1£, 1963 (1956). 
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experimental section of this paper. The mixture was stirred 

overnight, 13 mI. H20 added, and the liquid filtered from 

the LiS04 • Most of the diglyme was vacuum-filtered off. 

A small amount of solid was observed in the dihlyme and 

identified as LiS04 . An attempt to make the phenylisothio

cynate derivative of the reduced product was unsuccessful. 

No product could be separated from the diglyme. 

REDUCTION OF OROTONALDEHYDE PHENYLHYDRAZONE. The reduction 

of crotonaldehyde phenylhydrazone could by expected to 

follow the reaction scheme: 

The crotonaldehyde phenylhydrazone was prepared by 

adding 11 g. phenylhydrazine dropwise to a solution of 

14 g. crotonaldehyde dissolved in benzene. The temperature 

of the mixture was kept below 15°0. to 9revent cyclization. 

The benzene was flash-evaporated and the product dissolved 

in diethyl ether and the solution dried with sodium wire. 

N~m spectra peaks and integration values were as follows: 

r = 7.8-6.8 (5H); r = 6.3-5.6 (2H); f = 2.0 (5H). IR 

spectra gave characteristic peaks at 3300, 1600, 1485, 

and 1245 cm-I • 

A solution of 8.0 g. of crotonaldehyde phenylhydrazone 

in diethyl ether was added to the AIH3 dissolved in diethyl 

ether. The AIH3 solution was prepared as described in the 

first paragraph of the experimental section of this paper. 
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The mixture was stirred overnight and 13 mI. H20 added. 

The ether was filtered from the LiS04 and roto-evaporated 

off. A yellowish-brown liquid remained as product. N~m 

spectra gave peaks at the following values-, r: = 6.3-7.4; 

~ = 3.4; ~= 4.0; ~= 1.6. IR spectra gave character

istic peaks at 3360, 3040, 2960, 2920, 1605, 1500, and 

1260 cm-I • UV spectra gave )\. =258. 
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CONCLUSION 

A1H3 is a strong enough reducing agent to reduce 

imine bonds. The principal condition which determined the 

reducibility of the imine link seemed to be the solubility 

of the imine in the ether solution. In nearly all cases 

in which the imine was insoluble or only slightly soluble 

it was not reduced. This was the case for 3,5-dioxypyra-

zoline, 3-methyl-2-pyrazoline-5-one, and possibly cin

nama1dehyde phenylhydrazone. 

Four criteria had to be met for a liquid to be a 

suitable solvent: (1) the solvent should not be capable 

of being reduced by A1H3 • (2) The solvent should not 

react with LiA1H4-. (3) The solvent should re adi 1Y:-;7 

dissolve the imine. (4) The solvent should be readily 

separated trom the product after reduction. 

Anhydrous diethy1 ether met these criteria for some 

of the reductions. However, several of the imines were 

insoluble or only s~igLiGly soluble in the diethyl ether. 

As a result, tetrahydrofuran was used as the second choice 

of solvent. THF could not be as readily separated from 

the reduction product as could the diethyl ether. 

The 3,5-dioxypyrazoline was ~ot reduced under the 

conditions used in this project. This may have been due 

to its lack of solubility in the reaction mixture. It 

also may have been due to the presence of too much com

pound since .1 mole was added rather than .05 mole in the 
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other experiments. 

One of the more interesting problems posed by this 

research is the ability of AlH3 to reduce crotonaldehyde 

phenylhydrazone but not cinnamaldehyde phenylhydrazone 

and benzalacetophenone phenylhydrazone. At this point in 

the investigation, the reason for this phenomena cannot 

be explained. However, two observations should be noted. 

(1) Cinnamaldehyde phenylhydrazone was less soluble in 

diethyl ether than the crotonaldehyde phenylhyarazone. 

A quantity of accroximately 800 mI. of diethyl ether had to 

be heated before all the cinnamaldehyde phenylhydrazone 

was dissolved. The same molar auantity of crotonaldehyde 

phenylhydrazone dissolved readily in approximately 200 mI. 

diethyl ether. (2) The C=N bond in cinnamaldehyde 

phenylhydrazone is conjugated with the phenyl ring and a 

double bond. The C==N bond in crotonaldehyde phenylhydrazone 

is conjugated only with a carbon-carbon double bond. 

The inability of AlH3 to reduce 3-methyl-2-pyrazoline-

5-one can be explained as a failure to dissolve the hydra

zide in the reaction media. Since H. C. Brown has reported 

the reduction of C==O bonds~9it must be assimed that under 

suitable conditions the 3-methyl-2-pyrazo1ine-5-one should 

be reduced. 
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Below is a proposed reaction mechanism for the 

reduction of an imine bond with aluminum trihydride. 

]I 

]I + 2I - . > 
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11l + ----~~ 3 
~ /~ 

R-c- N, H +AI (OH)3 
j N/ 
R' \ II 
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