
Reduction of Carbonyl Compounds 
with Complex Hydrides 

D R . H E L M U T H O R M A N N 

Max-Planck Institut fur Eiweiss- und Lederjorschung, Regensburg 

Since the discovery of lithium aluminum hydride by Finholt and 
associates (1), the importance of metal hydrides as reducing agents in 
organic chemistry has increased significantly. The exceptional develop
ments which these substances initiated lay in the possibility in making 
available a group of clean-cut reductions, which previously could be 
brought about only through the use of more strenuous conditions. The 
carboxyl group and its derivatives, such as esters, halides, anhydrides, 
amides, and even the carboxylate ion are to be considered primarily in 
this chapter. 

Up to now metal hydrides with the highest reductive power were 
desired. Only seldom was a weaker reducing agent desired, to react 
specifically with a definite class of substances. However, the need to 
differentiate among the individual carbonyl compounds mentioned above, 
to reduce selectively definite groups, and to allow others to remain 
completely intact, has become ever more evident in recent investigations. 

L i A l H 4 , L i B H 4 (2), N a B H 4 , and K B H 4 (3) are already well estab
lished and are commercially available. In addition, M g ( A l H 4 ) 2 (4), 
N a A l H 4 (5), A1H 3 (β), A 1 ( B H 4 ) 3 (7), C a ( B H 4 ) 2 (8,9), and 
N a H B ( O C H 3 ) 3 (10) have been investigated recently for their reducing 
activity on organic carbonyl compounds (11). 

Theoret ica l Interpretat ion 

The reducing power of the compounds listed at the top of Table 1 
decreases from left to right. A rule for expressing reducing power may 
be stated in the following axiom: the more salt-like the structure of the 
hydride, the less is its reducing power. 

The symmetry of the complex hydride anions, which chiefly determine 
reduction, increases with increasing salt character, which causes reac
tivity to decrease. In contrast as the anion becomes more reactive, the 
more strongly is it polarized to the cationic partner through covalent 
binding, or the more assymetric it becomes. So, for example, the com
pounds of the more readily polarizable AlH 4 -an ion are stronger reducing 
agents than the significantly more heteropolar boron hydrides. The 
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TABLE 1 
SUMMARY OF THE REDUCTION OF DIFFERENT CARBONYL COMPOUNDS 

WITH COMPLEX HYDRIDES 

LiAlH< 
Mg(AlH,) 2 (14) 

NaAlH, 
A1H3 A1(BH 4) 2 

Ca(BH 4 ) 2 

Sr(BH 4) 2 

Ba(BH 4 ) 2 

LiBH 4 NaHB(OCH 3 ) 3 K B H 4 
NaBH 

y ° 

- C\, 
+ US) + (6) + + + tfO) + (21) 

Ο 

-< 
CH, 

+ (13) + (6) + (7 ) + (8) + yo) + (21) 

OCH, 
+ (6) + (6) + (7) + (5 ) + (18) ± (W) - (21) 

0 

- < o „ 
. - C ~ N + (IS) + (β) + (7 ) ± (7 , 5 ) — _b 

0 

X N R 2 

+ (16) ± (17) ? - - US) - -

y ° + (15) — - - - - (21) 

0 As in text, italic numbers in parentheses are reference numbers. 
b Carboxylic acids are attacked to a small extent, nitrile groups remain intact [LiBH4 (18, 19, 20) 

NaBH 4 (21)]. 

sodium salt of the unsymmetrical trimethoxy boron hydride reduces 
more powerfully than the symmetrical BH 4 - i ons . 

The different reducing power of the hydrides may be compared with 
the reducibility of the carbonyl compounds. This may be clarified by a 
consideration of the reaction scheme of reduction with lithium aluminum 
hydride, as an example. 

The complex hydride anion furnishes to the polarized form of the 
carbonyl group a hydrogen anion, which attaches itself to the positive 
carbon atom, while the central atom, in the present example aluminum, 
migrates to the negative oxygen (6,12). This reaction is possible four 
times on the A1H 4 anion. The complex, I , is then decomposed with 
water, and the alcohol, I I , and aluminum hydroxide are formed. 
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Ri 
\ 
,c=o; 

Ri 
χ0-Ο\θ + [H-AIH3I-

H 
I H aO 

R x - C - O H < — — 
I 
R2 

( Π ) 

Η Η 
I I 

F ^ - C - O - A l - H 
I I 

Rs Η 
(I) 

This reaction path is analogous to the reaction of organometallic 
compounds (e.g., Grignard reagents) with carbonyl groups, in which 
case a carbanion is transferred instead of the hydrogen anion. 

The attachment of the hydrogen anion can be hindered, if the positive 
excess charge of the carbonyl carbon is weakened. This can be achieved 
through basic substituents, which are in the position to furnish electrons 
to the carbonyl group and in this manner form a mesomeric form V. 
This is the case, with increasing effectiveness, for esters, free carboxylic 
acids, amides, and the carboxylate ion. This results in a series of car
bonyl compounds having decreasing reductibility, as presented in the 
first column of Table 1. Nitriles can be placed in about the same position 
as the free carboxylic acids. 

The fraction of the mesomeric form, V , present has been investigated 
accurately in the case of the carboxylate ion (22) and with acid amides 
(23) and amounts to about 5 0 % in both cases. With carboxylic acids 
and their esters this effect decreases. A t the same time, owing to the 
greater negativity of the substituents, an inductive effect becomes 

' ο χ 

II _ 

R - C - X 

(III) 
\ i f 

R - C = X ® 
(V) 

Ι 0 | θ 

-c-x 
φ 
(IV) 

evident, which counteracts the mesomeric effect. The resonance energy 
of the carboxyl group nevertheless always amounts to 28 kcal (24) and 
that of the ester group to 24 kcal (24), attributable in large part to 
structure V. 

It is more difficult to classify the acid chlorides in this scheme. A c 
cording to molecular refraction measurements (25) and infrared absorp
tion (26), the inductive effect, that is the acquisition of positive charge 
of the carbonyl-carbon, outweighs the mesomeric effect. I t was indeed 
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questionable whether this effect, which is opposed by a definite resonance 
energy, is adequate to make the carbonyl group more active than that 
in aldehydes or ketones. The discovery of Brown and Mead (10) that 
sodium trimethoxyborohydride at —80° still reacts completely with 
benzoyl chloride with considerable formation of benzyl alcohol, whereas 
aldehydes are barely attacked, seems to answer this question in the 
affirmative. In Table 1, therefore, the acid halides are listed before the 
aldehydes. 

Furthermore, the fact that in the reduction of carboxylic acids their 
proton reacts primarily with a portion of the hydride with the evolution 
of hydrogen must be taken into account. If the resulting compound 

4 R - C O O H + LiAlH 4 — > Li+ + Al 3+ + 4 R - C O O - + 2 H f 

4 R-COOH + LiBH 4 — > Li+ + [B(CH 3 C00) " + 2 H t 

formed is of a heteropolar nature, which is largely the case with the 
aluminum salts, then the excess negative charge of the carboxylate ion 
is made available for the formation of the mesomeric structure V. The 
reducing ability then corresponds to that of other carboxyl anions. If, 
on the other hand, boric acid-acyl compounds are formed, with practi
cally a covalent bond between both moieties, there is made available for 
the formation of the mesomeric form V only a slightly larger percentage 
charge than for esters. Therefore the grouping between esters and 
amides seem to be justifiable. Because of the greater selectivity of the 
borohydrides the last case is more important. 

As follows from Table 1, lithium aluminum hydride as an especially 
strong reducing agent is able to reduce all listed carbonyl compounds. 
Thus, aldehydes, ketones, acid halides, anhydrides esters, and carboxylic 
acids are reduced to alcohols, nitriles and acid amides to amines (the 
latter also to alcohols in special cases). Carbon double and triple bond 
compounds react only above 100° (27), provided they are polarized, as 
for example, the α,β-unsaturated carbonyl compounds (28). 

L i A l H 4 

R - C H = C H - C H = 0 > R - C H 2 - C H , - C H 2 0 H 

Sodium aluminum hydride (5) and magnesium aluminum hydride 
(4) possess a similar strong reducing capacity, and they have also been 
recommended as cheaper substitutes for lithium aluminum hydride. The 
reductive capacity of aluminum hydride itself is somewhat less, for it 
does not reduce acid amides completely (17). 

The analogous lithium borohydride is a weaker reducing agent than 
lithium aluminum hydride. I t is no longer able to reduce amide bonds 
(19). Also carbon-nitrogen double and triple bonds are not touched, at 
least at room temperature (20,29). Only the oximes, which are converted 
to amines, are an exception. 
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E x a m p l e s 

Protection of C a r b o n y l G r o u p s 

The fact that carbon-nitrogen double bonds are reduced by lithium 
borohydride only with difficulty may be used to advantage in the 
protection of certain keto groups adjacent to others which are to be 
reduced. Thus Wendler and co-workers (20) have reduced with lithium 
borohydride specifically the 11-keto group in 20-cyano-17-pregnene-21-
o l -3 , l l -d ione , after they had formed the semicarbazone with the 3-keto 
group, whose carbon-nitrogen double bond resisted reduction. The 
nitrile group in position 20 also remained untouched. 

CH 2OH CH,OH 
I I " 

C-CN C-CN 
o il 

V / \ / \ LiBH 4 , H + 

J\/\J 
R , N - C O - N H - N 

(VI) 

T o protect carbonyl groups against attack from hydrides, they may 
also be acetalated. Acetals are also not reduced by lithium aluminum 
hydride (29a). On the other hand ortho esters are converted to acetals 
(29b). 

Protection of A m i n o G r o u p s 

In the reduction of various carbonyl compounds with free amino 
groups it is often necessary to protect the amino groups in order to 
eliminate troublesome side reactions. This can be done with acetylation 
only if lithium borohydride or another mild reducing agent is used, 
which does not attack amide bonds. The reduction of diethyl glutamate 
to glutaminediol [2-amino-l ,5 -pentanediol ] may be given as an example; 
without protection of the amino group, a definite side reaction consisting 
of cyclization to prolinol [2-hydroxymethylpyrrolidine] (30) occurs. 
On the other hand if the amino group is acetylated and the ester group 
is selectively reduced with lithium borohydride, glutaminediol is o b 
tained in very good yield on saponification of the acetyl group (19). In 
the reduction of serine and threonine esters the protection of the amino 
group has also proved its value (19). 

Reduction of Peptides 

The carboxyl group of peptides can be determined since it may be 
reductively changed to a primary hydroxyl group and identified as an 
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aminoalcohol after hydrolysis of the end group. In order that the reduced 
peptide can still be hydrolyzed, the peptide linkages must remain intact 
during the reduction, and this occurs only with lithium borohydride and 
not with lithium aluminum hydride (31). With the latter the peptides 
are partially reduced to secondary amines which can no longer be 
hydrolyzed (17,32). 

Numerous authors have described the reduction of esters (18, 83) or 
anhydrides (34) containing nitro groups with lithium borohydride. 
However, nitro groups are not resistant to lithium borohydride in all 
cases (18), therefore caution is necessary in these reductions. 

The alkaline earth borohydrides investigated by Kollonitsch and 
co-workers (8,9) possess a somewhat stronger reducing power than 
lithium borohydride. More powerful still is aluminum borohydride, by 
means of which nitriles can be completely reduced to amines. The same 
reduction occurs only incompletely with calcium borohydride (7). 

In contrast potassium and sodium borohydrides react significantly 
less. With these only aldehydes and ketones can be reduced to alcohols 
(21). The hydrogenation of pyruvic acid to lactic acid (35) and of 
5-ketogluconic to gluconic acid and its diastereoisomer, idonic acid (36) 
are examples of selective reduction. Significantly more important may 
be the reduction of keto groups in the presence of aliphatic halogens 
and of nitro groups, carried out with good yields in the case of ω-bromo-
acetophenone and m-nitrobenzaldehyde (21,37). Potassium and sodium 
borohydride gain further consideration in that they readily form lithium 
borohydride in the reaction medium in the presence of lithium halides 
and are thus available for the reduction of esters (33,38). 

In the borohydride series the increase of reducing power of the alkali 
compounds over that of lithium, which is related to the alkaline earth 
metals, and the increase from the alkaline earth metals up to aluminum 
go hand in hand with the increase of the covalent character of the 
compounds. The initial members are sluggish and decidedly salt-like 
compounds. Sodium borohydride remains stable up to 400°, where it 
decomposes gradually (3). The reactive lithium borohydride melts at 
279° (2). B y contrast the decidedly covalent aluminum borohydride, 
which shows the most powerful reducing power, boils at 44° at atmos
pheric pressure (7). 

Reaction Cond i t ions 

After a critical inspection of Table 1, consideration is to be given 
to the fact that variations in reaction conditions, such as increase in 
temperature or cooling, can alter the reducing power. Thus many reac
tions succeed even at higher temperature, while in the cold a greater 
selectivity is attained. In some cases the influence of solvents has been 
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observed (38). Furthermore the reducibility of some carbonyl groups can 
be increased by the addition of aluminum or magnesium chloride to the 
reaction medium. With this aid it was possible, for example, to reduce 
esters with sodium borohydride to alcohols in good yields (38,39). The 
action of the catalyst is probably due to an attachment to the carbonyl 
oxygen, where the carbon-oxygen double bond is extended and the posi
tive excess charge on the carbonyl carbon is increased. 

Along with these external influences, however, structural peculiarities 
can alter the reducibility of some carbonyl groups considerably. Groups 
which increase the positive charge on the carbonyl carbon facilitate 
reduction, while, conversely, electron leakage to the carbonyl group 
impedes the reaction. 

W e have already become familiar with the substitution of the 
carbonyl group by basic groups as an example of the latter type of 
hindrance of reducibility, and in this manner have explained the various 
degrees of ease of reduction of the individual acid derivatives. Further, 
benzophenone (6), benzoyl chloride (21), and esters of benzoic acid (8) 
exhibit less reducibility than the corresponding aliphatic compounds; this 
is also explained by an electron-leakage effect of the benzene ring to 
the carbonyl group with resultant development of mesomeric structures. 

Conversely, however, the sluggishness of reaction of the various acid 
derivatives can be strongly repressed, if the free electron pair on the 
hetero element, which leads to the formation of the reaction-inhibiting 
structure ( V ) , is claimed by other substituents. As such, the acyl or 
sulfonyl groups, among others, come into consideration. Thus, for ex
ample, acid anhydrides are reduced with sodium trimethoxyborohydride 
substantially more smoothly than the esters (10). N-Tosylated acid 
amides are reduced with lithium borohydride, which otherwise does not 
attack the amide linkage. As example of this one may refer to the 
specific reduction of the lactam group of pyrrolidonecarboxamide with 
lithium borohydride after tosylation of the lactam nitrogen. The second 
amide group remained untouched. This reaction is a critical step in the 
synthesis of proline from glutamic acid (40). 

χ 

R - C - O ^ A l C I 3 

Θ ~ θ 

Influence of Structure 

H 2 c CH a 
H 2 C C H 2 

o=c C H - C O N H 2 

LiBH 4 

H O - H 2 C C H - C O N H 2 

/ 
NH 

SO a C 7 H 7 S0 2 C 7 H 7 
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A similar case of a reactive amide group exists, when the amide 
nitrogen is built into a resonance system and its electron pair is available 
for mesomerism. This is true, for example, for the N-acyl derivatives of 
indole and carbazole, which are reduced with lithium borohydride (41). 

R - C O - N ^ ^ 

Increased reactivity of ester groups is also found sometimes in c o m 
pounds rich in hydroxyl groups, for example, aldonic acid lactones, which 
can be reduced with sodium borohydride (42). A correct explanation 
of these exceptions, which is related possibly to the complex formation 
tendency of carbohydrates with boric acid, is still lacking. 

Furthermore reference must be made especially to the behavior of 
acid amides on reduction with lithium aluminum hydride. Unsubstituted 
and N-monoalkylated amides are reduced almost exclusively to amines, 
in the course of which the carbon-nitrogen bond is split only to a very 
small degree (16). I t is different with N-disubstituted amides. In this 
instance alcohols are frequently formed, exclusively in the case of the 
reduction of N,N-dimethylbenzamide (16). The difference in behavior 
can probably be explained by the fact that amides which still carry a 
hydrogen on the nitrogen, after reduction to the ketone-step (complex 
l a ) can split off to an aldimine, which then is reduced further to the 
amine. With Ν,Ν-dialkylated amides a somewhat different reaction 
mechanism is involved (43). 

R - C 
Α1Η 4Θ 

> 
N H R ' 

R - C H = N R ' 

Η 
I 

R - C - O -
I 

N H R ' 
Α1Η 4 Θ 

-AIH 3 

( la) " 
R - C H 2 

- [ Η θ - Α 1 Η 3 ] θ 

- N H R ' 

Reduction to A l d e h y d e 

In some cases the reduction of carboxylic acid derivatives is success
fully interrupted at the aldehyde stage. For example, the nitrogen of 
acid amides may be substituted with groups capable of resonance, which 
stabilize the complex I ( R 2 = N R ' 2 ) at the aldehyde step. Moreover, 
Ν,Ν-disubstituted compounds must be involved, so that at the aldehyde 
step no aldimine can be formed (see above ) . The following have been 
reduced to the aldehyde stage: the N-methylanilides of carboxylic acids, 
by Weygand and co-workers (43); N-cinnamoylcarbazole, by Wittig 
and Hornberger (41); and N-benzoylbenztriazole, by Gaylord (44)- I t is 
possible to hinder the further reduction of the amide linkage of dialkyl-
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ated amides by incorporating the linkage in a 5- or 6-membered ring 
system. Monoalkylated amides can give rise to aldimine formation and 
therefore are unsuited. Examples of such a reduction are the formation 
of ω-methylaminobutyraldehyde and -valeraldehyde from N-methyl-
pyrrolidone and -piperidone {45). Furthermore, it appears that the alde
hyde step may also be stabilized when the aluminum atom in complex 
I is bound in chelate fashion to several groups in the same molecule. The 
reduction of dimethyl oxalate to glyoxal (43) and of dimethyl asparagi-
nate to aminosuccinaldehyde (19) are noted as examples. In both cases 
the chelate complexes are the intermediates of the expected aluminum 
compounds. Thus the aldehyde step seems to be the more stabilized, the 
more groups of the same molecule surround the central atom. Finally, 
steric hindrances are yet to be mentioned; they may probably be decisive 
in the reduction of the bisdimethylamide or piperidide of phthalic acid 
to phthalaldehyde (46). 

O R 
ι 
c = o 
I 

c=o 
I 

O R 

A 1 H 4 -

OR 
I 

H C - O v 

H C - 0 / 

I 
OR 

H.O H C = 0 
I 

H C = 0 

OR 
I 
c=o 
I 

H C - N H j 
I 

HCH ο 
\ // 

A1H 4 -

OR 
I 

HC O x 

I \ 
H C - N H A l - H 

HCH r/ 
\ / 

CH 
\ 

OR 

H 2 0 
H C = 0 

I 
H C - N H , 

i 
HCH 

I 
H C = 0 

S u p p l e m e n t 

The data cited concerning the mode of reaction of complex hydrides 
with carbonyl compounds show qualitatively a gradation of the reducing 
power of the hydrides. In order to obtain a quantitative measurement, 
Schmidt and Nordwig (47) allowed an equimolecular mixture of two 
double hydrides [double hydride: L i X H 4 type ] to react in excess with a 
carbonyl compound (cyclopentanone) , separated the precipitated com
plex and determined the composition of the unused hydrides in the 
supernatant liquid. They determined thus the ratio in which the two 
hydrides had taken part in the reaction and thereby arrived at a relative 
measurement of the reducing power. In the series L i A l H 4 , L i B H 4 , and 
L i G a H 4 the activity decreased 100 :34 :17 , respectively. A t the same 
time they ascertained that L i A l H 4 alone reacts quantitatively with 
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cyclopentanone in the ratio of 1:4, whereas after reduction with L i B H 4 

unreacted hydride always was detected. 
The investigation was extended further to the development of new 

hydrides with improvement of the reduction of carboxylic acid deriva
tives to aldehydes as the special goal. The nitriles, with which the forma
tion of aldehydes along with amines has been frequently observed during 
lithium aluminum hydride reduction (5,48), seemed to be the most 
suitable as acid derivatives. Further, in their reduction, dimerization 
was demonstrated repeatedly, which is explained by the condensation of 
intermediary aldimine structures (48). With N a H A l ( O C 2 H 5 ) 3 and aro
matic aldehydes Hesse and Schrodel (49) obtained an exceptionally 
resonance-stabilized complex at the aldehyde step, which was not further 
reduced even at 65°. Aliphatic nitriles give only poor yields of aldehydes. 

Earlier, aldehydes were obtained in poor yields from acid chlorides 
with sodium trimethoxyborohydride at low temperature (10). The 
reduction succeeds much more smoothly with lithium tri - ieri -butoxy-
aluminum hydride, L i H A l ( 0 — C 4 H 9 - £ e r £ ) 3 in dimethyldiethyleneglycol 
or tetrahydrofuran at —75° (50). This reagent also has the advantage of 
being prepared more readily, since up to three hydrogen atoms in the 
A1H 4 - anion can be substituted by the ieri-butoxy group (51). Esters and 
nitriles are not reduced, but aldehydes and ketones reduce well (51). 
Brown and Tsukamoto (52) reduced aliphatic N-dimethylamides to 
aldehydes with L iH 2 Al (OC 2 H5)2 at 0° in ether. 

The complex hydrides of aluminum partly lose their reducing action 
with the substitution of a hydrogen by an alkoxy group, while in contrast 
the reducing power of the borohydrides increases. 

In the case of the aluminum hydrides the strong electronegativity of 
the alkoxy groups undoubtedly hinders the release of the hydride ion. 
This effect is also present in the borohydrides; it is, however, over
shadowed by the possibility of the formation of mesomeric structures, in 
which the lone electron pair of the oxygen atoms fills out the electron 
deficiency which resulted from the expulsion of a hydride ion from the 
complex. This possibility for resonance stabilization of the intermediate 
is possessed only by boron, for aluminum, as an element of the second 
row, is inclined less readily to the formation of double bonds (51). 

LiAIH 4 > LiH 2 AI(OC 8 H e ) 2 > LiHAI(OC ? H 6 ) 3 > LiHAl(0 - tert . -C 4 H e ) 3 

LiBH 4 < L iHB(OCH 3 ) 3 

Η O R H - ^ H - + R O - B , 

I 

, O R 

O R 

, O R 

RS=§: 
O R 
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The eyano group works quite differently from the alkoxy groups. 
Through its strong electronegativity it impedes the release of the hydride 
ion. Lithium monocyanoborohydride (53) has the power to reduce only 
aldehydes and α -hydroxyketones. Even ketones and carboxylic acid 
derivatives remain untouched. Thus an important reagent is furnished 
to reduce specific aldehyde groups in the presence of ketones. 

Other hydrides which are experimentally suited for the exclusive 
reduction of the aldehydes and ketones, are C a [ H B ( O C H 3 ) 3 ] 2 (54) and 
(C 6 H 5 ) 2 SnH2 (55). In the reduction of α ,β-unsaturated carbonyl c o m 
pounds with these compounds, as well as with N a H A l ( O C 2 H 5 ) 3 (49), 
predominantly α ,β-unsaturated alcohols are formed.. Under the same 
conditions with L i A l H 4 the double bond is also reduced (28). L i I n H 4 

reduces only quinone (56). 
A further aim of research has been the reduction of carbonyl com

pounds to hydrocarbons. The reduction succeeds with L i A l H 4 only when 
the compound to be reduced can dissociate at the alcohol stage to a 
resonance-stabilized carbonium ion, which then can react once again 
with L i A l H 4 (57). This is the case, for example, with aromatic carbonyl 
compounds containing o- or p-methoxy, or dimethylamino groups (57,58) 
with α ,β-unsaturated carbonyl compounds (59), or diaryl ketones (60). 
The requisite dissociation proceeds especially favorably with the aid of a 
catalyst, e.g., A1C1 3 ; the assistance, however, does not appear to be 
necessary in all cases (58). A t least two moles of catalyst are required, 
for one mole reacts beforehand with L i A l H 4 with the formation of LiCl 
and A1H 2C1 or A1HC1 2 , which then release the necessary reducing agent 
(61). Examples of this type of reduction are: p-methoxybenzalde-
hyde —» p-methoxytoluene (57), cholest-4-en-3-one cholest-4-ene (59), 
and benzophenone - » diphenylmethane (60). 

In the reduction of 1,3-dicarbonyl compounds a hydrogenolysis of 
carbonyl groups to the hydrocarbon is also observed frequently (62). 
However, the reactions in general do not proceed uniformly (63). The 
mixture L i A l H 4 - A l C l 3 appears in other respects to be advantageous: 
nitriles are reduced to amines in good yields without side reactions (see 
above) (64). Even the often observed evolution of hydrogen, which is 
traced back to activated α -hydrogen atoms, is absent. Of significance 
appears to be the selective reduction of acid chlorides or esters in the 
presence of aliphatic halogen (65), reductions which do not proceed with 
L i A l H 4 alone. 
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While C = N compounds with tertiary nitrogen (semicarbazones, 
phenylhydrazones) are not reduced with L i B H 4 (66), C = N compounds 
with quaternary nitrogen are hydrogenated with the substantially 
weaker reducing agent N a B H 4 (67). This reaction has attained a definite 
importance in alkaloid research (68). Of interest also is the reduction of 
urethanes (69), isocyanates, and isothiocyanates (70) with lithium 
aluminum hydride, as it leads, in a very smooth reaction, to N-methyl -
amines which often are obtained only in a laborious manner. 

Comprehensive summaries of all compounds reduced with complex 
metal hydrides have been published by Micov ic and Mihailovic (71), 
and by Gaylord (72), as well as by Rudinger and Ferles (73). 
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