INTRODUCTION

Score AND LIMITATIONS . |

Organic Reactions
Volume 4

CHAPTER 8
THE WOLFF-KISHNER REDUCTION

Davip Tobpp

Ambherst College

CONTENTS

Side Reactions and Abnormal Reductions .

Variations in the Wolff-IKKishner Method . . . . . . . . . . . . . .

Temperature . . . . . . . . . .00 L0000

Catalyst . . . . . . s

Reduction at Atmospherie Pressure . . . . . . . . . . .

Comparison with Other Methods . . . . . . . . . . . .
Table I. Comparison of Wolff-Kishner and Clemmensen Reduactions .

EXPERIMENTAL PrROCEDURES . . . . . . . . . . . . . . e e .
Wolff Reduction of a Hydrazone . . . . . . . . . . . . .. . ..
Reduction of Camphor . . . . . . . . . . oo oL L.
Reduetion of 1-IKKeto-8-methyloctahydropyridocoline . . . . . . .
The Direct Wolff Reduetion . . . . . . . . . . . . . . . . . ..

Reduetion of 2,4-Dimethyl-3-acetyl-b-carbethoxypyrrole
Kishner Reduction of a Hydrazone . . . . . . . . . . . . ..

Reduction of Iithyl Cyclobutyl Ketone . . . . . . . . . . . . .
Reduction of 4-Methylacetophenone . . . . . . . . . . . . ..

Kishner Reduction of a Semicarbazone . . . . . . . . . . . .

Reduction of eis-g-Bicycloéetanone . . . . . . . . . . . . . ..
Wolff-Kishner Reduetion without an Alkaline Catalyst . . . . . . .

Reduction of 2,3-Benzo-1-azafluorenone . . . . . . . . . . .

Reduction of Pyrene-3-aldehyde . . . . . . . . . . . . . . ..
Direct Wolfi-Ilishner Reduction at Atmospherie Pressure . . . . . .

Reduction of 5-Keto-8-methylnonanoic Aeid . . . . . . . . . . .

Reduction of g-(p-Phenoxybenzoyl)-propionic Acid . . . . . . . .

TapLe II. Compounps REpucep BY THE WoLFF-IK1sSHNER METHOD

378

--------------------------

THE WOLFF-KISHNER REDUCTION 379

INTRODUCTION

The oxygen atom of the carbonyl group in aldehydes and ketones can
be replaced by hydrogen by heating the semicarbazone, the hydrazone,
or the azine in the presence of an alkaline catalyst—a reaction known
as the Wolff-IGshner reduction. Two slightly different variations of the
method were discovered independently by ISishner! in 1911 and by
Wolff # in 1912. Kishner found that by dropping a hydrazone slowly
upon hot, potassium hydroxide, with which some platinized porous plate
had been mixed, the corresponding hydrocarbon was formed. Wolff
accomplished the same result by heating a semicarbazone or hydrazone
in a sealed tube to about 180° in the presence of sodium ethoxide. The
reduction is illustrated by the following equations. Though the Kishner

RF\C___{} HNNH, R’

y  NC=NNIH, + ILO

R R 2
R’ :

SC=NNH, 0%, TN 4N,
I{/ or KOH R

method has the obvious advantage of avoiding the necessity of a sealed
tube, the Wolff method has been modified to obviate both this necessity
and that of isolating the intermediate carbonyl derivative.

The first step in the Wolff reduction of a semicarbazone has been
shown to be the conversion of the semicarbazone to the hydrazone.?
Wollf pictured this reaction as a hydrolysis.* That hydrazone formation

E\C . Ry
=NNHCONH, 4 11,0 — C=NNIH, + I; 4+
!/ 2 2 I{!/ w1 9 NIIg C{Jg

is the first step in the reduction of a semicarbazone is proved by the
isolation of the hydrazone from the semicarbazone if the temperature
employed is not sufficiently high to produce reduction. There seems to

be no appreciable difference in the yield of hydrocarbon from the tivo
derivatives.

* Because of this conception of the mechanism of semicarbazone decomposition, Wollf

-suggested the use of 96-98%, ethanol in the preparation of sodium ethoxide for the reduc-

tion of semicarbazones. For the reduction of hydrazones he used 1009, ethanol. How-
ever, Eisenlohr and Polenske ? have found that the reduction of trans-g-decalone semi-
carbazone proceeds smoothly in the presence of rigorously dry ethanol. An investigation
into the mechanism of this step is certainly in order.

! Kishner, J. Russ. Phys. Chem. Soc., 43, 582 (1911) [C. A., 6, 347 (1912)].

2 Wolff, Ann., 394, 86 (1912).

* Eisenlohr and Polenske, Ber., 57, 1639 (1924),
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The mechanism of the Wolff-Kishner reduction nas been studied by
Balandin and Vaskevich.** A detailed investigation of the kinetics of
the decomposition of cyclohexanone hydrazone indicated that two steps
are involved, and the isomeric azo compound is suggested as the short-
lived intermediate.

CH,CH, CH,CH, CH,CH,
/TN VAN VAN
CH, C=NNH, — CH, C—N=NH — CH, CH, + N,
N N N
CH,CH, CHL,CIl; H CH,CH,

Although one ean employ the azine for the Wolff-Kishner reduction
it is only rarely desirable to do so. Generally the azine is so insoluble
that it i1s brought to react only with great difficulty. When the azine is
used it must be treated with alkali in the presence of excess hydrazine
hydrate, since it must be first converted to the hydrazone before reduc-
tion occurs.

R! / ! R.F'
C=N N—C\ + HyNNH, — 2 >C=N NH,
R R R

SCOPE AND LIMITATIONS

Although the Clemmensen reduction is the most common method for
reducing aldehydes and ketones to the corresponding hydrocarbons,?
the Wollf-Kishner method is a valuable complementary tool. For in-
stance, the Clemmensen method cannot be used to reduce pyrrole
derivatives since pyrroles are sensitive to acids. The same applies to
the furan field. The Wolll-Kishner method generally succeeds with
compounds of high molecular weight where the Clemmensen technique
fails, presumably because of the insolubility of the carbonyl compound.

Side Reactions and Abnormal Reductions

There are two principal side reactions that may take place when a
compound is submitted to the Wolff-Kishner reduction; both are largely
preventable by proper precautions. Iirst there is the possibility of
azine formation by the reaction of one molecule of hydrazone with one

R’ R’ R R
DC=0+ SC=NNH; = C—N N=C_ + Hi0
R R R R

3 Balandin and Vaskevich, J. Gen. Chem. U.S.8.R., 6, 1878 (1930) [(.A., 31, 4575(1937)].
i Martin, Organic Reactions, 1, 155, John Wiley & Sons, 1942,
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molecule of the carbonyl compound. Since the ketone can be formed
only by hydrolysis of the hydrazone, its formation can be suppressed
by the rigid exclusion of water. It was to avoid azine formation that
Wolff used sodium ethoxide prepared from absolute ethanol.

The other side reaction is the formation of the secondary alcohol from
the ketone, or of the primary alcohol from the aldehyde. This seems to
be brought about entirely by hydrolysis of the carbonyl derivative to
the free carbonyl compound followed by sodium alkoxide reduction to
the carbinol. Alcohol formation may be repressed either by the exclusion
of water or by the addition of hydrazine, since water is necessary for
hydrolysis and the presence of hydrazine shifts the equilibrium in favor
of the hydrazone. Apparently the complete absence of water is more
important in some cases than in others. Eisenlohr and Polenske ? ob-
tained a large amount of decalol and only a small amount of decalin
when they reduced the semicarbazone of trans-8-decalone with sodium
and 99.99, ethanol; when 1009, ethanol was used the fraction of decalol
formed fell to one-fourth of the total product. Dutcher and Winter-
steiner ® have shown that in the steroid field the often-observed forma-
tion of aleohols in Wolff-Kishner reductions can be suppressed by em-
ploying excess hydrazine hydrate. Cholestanone semicarbazone with
sodium ethoxide at 180° gave only 3(«)- and 3(8)-cholestanol; when
hydrazine hydrate was added to the reaction mixture cholestane was
formed in 759, yield. The same authors also showed that the semi-
carbazone, the hydrazone, and the azine of cholestanone were all con-
verted principally to the carbinol in the absence of hydrazine hydrate.

Aside from the reactions normally expected to take place in the pres-
ence of alkali, such as hydrolysis of esters, cleavage of ethers, and de-

hydration, several abnormal reactions may occur. Complete removal of

an acyl group has been observed; for example, the reduction of 2,4-
diethyl-3,5-dipropionylpyrrole gives 2,4-diethyl-3-propylpyrrole.f A
rather remarkable deacylation was found by Hess and Fink.” Both
forms of the hydrazone of cuskhygrin were isolated, and both were
submitted to Wolff-Kishner reduction under the same conditions. The
a-hydrazone gave the normal product; the g-hydrazone was converted
to desacetylecuskhygrin. Removal of an acyl group followed by alkyla-
tion by the sodium alkoxide may occur, as in the formation of 2-methyl-
pyrrole from 2-acetylpyrrole when sodium methoxide is used as the
reduction catalyst.® Direct reduction of I-acetylanthracene with

* Dutcher and Wintersteiner, J. Am. Chem. Soc., 61, 1992 (1939).
f Fischer, Siedel, and d'Ennequin, Ann., 500, 137 (1933).

T Hess and Fink, Ber., 63, 781 (1920).

8 Knorr and Hess, Ber,, 45, 2631 (1912),
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B-Cuskhygrin hydrazone

hydrazine hydrate and sodium ethoxide at 180° for eight hours gives
2-ethylanthracene, whereas reduction of the semicarbazone under the
same conditions for only four hours gives the expected 1-ethylanthra-
cene.®

Thielepape ™ has found that the Wolff-Iishner reduction of 2-
pyridone hydrazone and 2-lepidone hydrazone yields pyridine and lep-
idine respectively. Presumably the normal products, dihydropyridine
and dihydrolepidine, undergo air oxidation to the aromatic products.

Ocecasionally the intermediate carbonyl derivative will undergo some
internal condensation before it has an opportunity to undergo normal
reduction. When 5-methyl-3-carbethoxy-2-acetylpyrrole is submitted
to direct reduction there is obtained a pyridazine formed by loss of
ethyl alcohol from the intermediate hydrazone ester.? There is the

OIL
C
[—JCOECEHE H,NNH,- ng:}
[,C JCH NaOC2Hy 1[ G[ J
I:;( N CU 3 3 '\ /N
H
CHE

P Waldmann and Marmorstein, Ber., 70, 106 (1937).
" Thiclepape, Ber., 55, 136 (1922),

1 Thielepape and Spreckelsen, Ber,, 655, 2029 (1022).
12 Fischer, Bever, and Zaucker, Ann., 486, 55 (1931).
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danger of triazine formation from the monosemicarbazones of a-di-
ketones,'* but this can be avoided by employing instead the mono-
hydrazones.™

a,B-Unsaturated carbonyl compounds require special consideration.
These compounds usually react with hydrazine hydrate to form the
pyrazoline instead of the normal hydrazone. The pyrazoline on treat-
ment with hot alkali is converted to a cyclopropane derivative.'® Py-

/ HaMNNHg-HoO K
CoHCH=CH—C—CIl; — "2 (gl ;—CH—CHy—C—CHy ——>
| |
NI N
CIT,
CeH SJHCH3 4+ No

razoline formation seems to be a necessary step in this synthesis of

- eyclopropanes. Citral hydrazone when reduced by Kishner’s method

gives the normal hydrocarbon, 1,7-dimethyl-2,6-octadiene. When the
hydrazone is distilled it is converted to the pyrazoline, which under
the conditions of the Kishner reduction yields 1-methyl-1-isohexenyl-
cyclopropane.’ Merejkowsky ' has found that carvenone, carvone,
and cyclopentenone-3 react normally instead of forming eyeclopropanes,
from which it is concluded that cyclopropane formation does not take
place if the process requires the formation of one ring within another.

Variations in the Wolff-Kishner Method

In considering variations of the Wollf-KKishner method it should be
borne in mind that the minimal conditions for reduction vary greatly
with the type of compound to be reduced.

Temperature. In general, heating at 180° for six to eight hours is
adequate to achieve complete reduction. The hydrazones of furan
derivatives,'®® of substituted benzaldehydes,® and of substituted
acctophenones # undergo rapid reduction at 90-100°, but camphor

13 Bergstrom and Haslewood, J. Chem. Soc., 1939, 5410,

1 Ishidate, Kawahata, and Nakazawa, Ber., T4, 1707 (1941).

15 Kishner, J. Russ. Phys. Chem. Soc., 44, 849 (1912) [C. A., 6, 2015 (1912)].

18 Kishner, J. Russ. Phys. Chem, Soc., 50, 1 (1918) [, A., 18, 1485 (1924))].

1T Merejkowsky, Bull, soe, chim, France, (4) 37, 1174 (1925).

18 Reichstein and Zschokke, Helv, Chim. Acta, 15, 249 (1932).

19 Zelinsky and Shuikin, Compt. rend. acad. sci. U.R.S.S., 1933, 60 [, A., 28, 2002
(1934)].

* Lock and Stach, Ber., 76, 1252 (1943).

A Lock and Stach, Ber., 77, 293 (1944).
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hydrazone 2 must be heated to 190-200° before reduction will occur.
When the semicarbazone of 3-hydroxy-6-ketocholanic acid was heated
for five hours at 185° satisfactory reduction took place, whereas no
crystalline compound could be isolated after only two hours of heating.
On the other hand heating the semicarbazone of 7-keto-12-hydroxy-
cholanic acid for more than two hours lowers the yield of product.”
Ruzicka found that the semicarbazone of cyclopentadecanone was in
part still undecomposed after being heated for eight hours at 190°.*

Catalyst. It seems to be taken for granted that an alkaline catalyst
is necessary to promote the Wolff-Kishner reduction, but it is not at
all clear in just which reactions a catalyst is essential. Curtius and Thun
early found that distillation of benzil monohydrazone gave an almost
quantitative yield of desoxybenzoin.?® Staudinger and Kupfer found
that heating fluorenone at 200° with hydrazine hydrate gives fluorene,
and that similar treatment of Michler’s ketone, benzophenone, and
benzaldehyde gives good yields of the corresponding hydrocarbons.?
Pyrene-3-aldehyde can be reduced by the Staudinger-Kupfer method
in 909, yield.® The fluorenones as a group do not seem to require a
catalyst,?® and Borsche has been able to reduce a- and g-benzoylnaph-
thalene by heating the ketones for twenty-four hours at 230° with
hydrazine hydrate.?®

The commonly used catalysts are sodium methoxide and ethoxide in
the Wolff variation, and sodium and potassium hydroxides in the Iish-
ner method. Xishner did not begin to use platinized porous plate
habitually with his alkaline catalyst until he had found that the reduc-
tion of menthone hydrazone would not proceed when either potassium
hydroxide or platinized plate was present alone but only when they
were present together.® ITowever, Wolff was able to obtain smooth
reduction of menthone hydrazone with sodium ethoxide at 170°.* The
Kishner method has frequently been used with good results without
any platinum to supplement the alkali.?-% 3 Palladium-barium sulfate
has been used with the alkali in the Kishner method.?

2 Wieland and Dane, Z. physiol. Chem., 212, 41 (1932),

2 Wieland and Dane, Z. physiol. Chem., 210, 268 (1932),

2 Ruzicka, Brugzer, Pleiffer, Schinz, and Stoll, Helv. Chim. Acta, 9, 499 (1926).

% Curtiug and Thun, J. prakt. Chem., [2], 44, 161 (1891).

% Staudinger and Kupfer, Ber., 44, 2197 (1911).

2 Vollinann, Becker, Corell, Streeck, and Langbein, Ann., 631, 1 (1937),

28 Borsche and Sinn, Ann., 532, 146 (1937).

¥ Borsche, Hofmann, and Kiihn, Ann., 554, 23 (1943).

® Kishner, J. Russ. Phys. Chem. Soc., 44, 1754 (1912) [C. A., 7, 1171 (1913)].

3 Cook and Linstead, J. Chem. Soc., 1934, 940,

* Barrett and Linstead, J. Chem. Sec., 1935, 436.

B Asnhina and Nogami, Ber., 68, 1500 (1935).
# Linstead and Meade, J, Chem. Soc., 1934, 935,
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Sodium dissolved in amyl alcohol has been used as a reduction catalyst
to help prevent excessive pressure from developing in the bomb tube
during the reduction.®

Reduction at Atmospheric Pressure. Although the Kishner reduction
has always been carried out at atmospheric pressure, it was not until
1935 that a Wollf reduction was carried out in an open flask with the
aid of a high-boiling solvent. Ruzicka and Goldberg * found that re-
duction proceeded when the semicarbazone was heated in benzyl alcohol
to which some sodium had been added. This method has been extended
by Soffer and co-workers,* * who bring about direct reduction of the
ketone or aldehyde by refluxing the carbonyl compound, hydrazine
hydrate, and sodium in any of several high-boiling solvents such as
octyl aleohol, triethanolamine, and the ethylene glycols. Whitmore and
co-workers * worked out essentially the same procedure but felt it
desirable to prepare the crude hydrazone before adding the alkaline
catalyst. Soffer employed excess metallic sodium (12 moles), excess
high-boiling solvent, and 1009, hydrazine hydrate to offset the tem-
perature-lowering effect of the water formed in the first step. Huang-
Minlon ¥ introduced the following simple expedient: after hydrazone
formation is complete (one hour), water and excess hydrazine are re-
moved by distillation until a temperature favorable for the decompo-
sition reaction is attained (190-200°). When this is done, no excess of
solvent is required, sodium hydroxide or potassium hydroxide (2-3
moles) can be used in place of metallic sodium, cheap aqueous hydra-
zine is adequate, and the reaction time is reduced from fifty to one hun-
dred hours to three to five hours. The simple procedure is applicable
to large-scale reductions, and the yields are excellent.

Comparison with Other Methods

As has been pointed out the Clemmensen method has certain in-
escapable drawbacks that render it of little practical value for certain
types of compounds. In general, compounds of high molecular weight
show great resistance to Clemmensen reduction. Neither 8-keto-17-
octadecenoic nor 8-keto-16-octadecenoic acid ean be reduced by Clem-
mensen’s method whereas reduction proceeds satisfactorily by the Wolff-

% Ruzicka and Meldahl, Helv. Chim. Acta, 23, 364 (1940).

% Ruzicka and Goldberg, Helv. Chim. Acta, 18, 668 (1935),

7 Soffer, Soffer, and Sherk, J. Am. Chem. Soc., 67, 1435 (1945).

¥ Sherk, Augur, and Soffer, J. Am. Chem. Soc., 67, 2239 (1945).

3 Herr, Whitmore, and Schiessler, J. Am. Chem. Soc., 67, 2061 (1945).
9 Huang-Minlon, J. Am. Chem. Soc., 68, 2487 (1946).
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Kishner method.# Similarly Marker found that the former method
failed to reduce all five of a series of steroid ketones while the latter
method succeeded.® It is well known that the Clemmensen method
often unavoidably gives carbinols and unsaturated compounds. Though
such by-products are occasionally found in Wolff-I{ishner reductions,
the reasons for their formation are known and precautions may be
taken to prevent such side reactions. In the reduction of a series of
alkyl phenyl ketones the Clemmensen method was found to be useless
because of the unsaturated compounds and polymers formed;* here
the Wolff-Kishner method made possible the preparation of pure hydro-
carbons.

Table I illustrates the different results obtained when both Clemmen-
sen and Wolff-IKishner reductions were applied to the same compounds.
‘The list is not all-inclusive, and, because of improvements in the tech-
niques of both reduction methods, many of the reported yields are
doubftless subject to improvement.

A third method, catalytic hydrogenation, is available for the reduction
of the carbonyl group to a methylene group. This method is quite
limited in its application and suffers from the defect that points of un-
saturation elsewhere in the molecule may be reduced simultaneously.# 45
The carbonyl group must be conjugated with an aromatic system to be
reduced catalytically.®® This method has been used in the pyrrole field
in place of the Wolff-Kishner reduction. By the use of copper-chromium
oxide and nickel catalysts, carbethoxyacylpyrroles can be reduced to
carbethoxyalkylpyrroles whereas the carbethoxyl group is invariably
lost during Wolff-Kishner reduction.#4% By controlling the conditions
2,4-dimethyl-3,5-diacetylpyrrole can be catalytically reduced to either
2 4-dimethyl-3-ethyl-5-acetylpyrrole or to 2,4-dimethyl-3,5-diethyl-
pyrrole.®

Hydrogenation with palladium-charcoal catalyst at normal tempera-
ture and pressure has been found to be an effective means for the com-
plete reduction of the conjugated carbonyl group.i 46 4s-52

1 Kapp and Knoll, J. Am. Chem. Soc., 65, 2062 (1943),

2 Marker et al., J. Am. Chem. Soc., 65, 1199 (1943).

¥ Schmidt, Hopp, and Schoeller, Ber., 72, 1893 (1939).

“ Foster and Robertson, J. Chem. Soc., 1939, 921,

% Spiith and Schliger, Ber., T3, 1 (1940).

6 Zelinsky, Packendorff, and Leder-Packendorff, Ber., 66, 872 (1933).

¥ Signaigo and Adkins, J. Am. Chem. Soc., 58, 709 (1936).

8 Tischer and Héfelinann, Ann., 533, 216 (1938).

9 Zelinsky, Packendorff, and Leder-Packendorff, Ber., 67, 300 (1934).

% Hartung and Crossley, J. Am. Chem. Soc., 56, 158 (1934).

51 Miller, Hartung, Rock, and Crossley, J. Am. Chem. Soc., 60, 7 (1938).
5 Ju, Shen, and Wood, J, Inst. Petroleum, 26, 514 (1940) [C. A., 35, 1386 (1941)].
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TABLE 1
Comranrison oF WoLrr-Iisuner ANp CLEMMENSEN REDUCTIONS
Compound W ﬂll :FI' -Kishner Yield Clemmensen Product Yield Refer-
roduct enees®

8-(3-Methoxybenzoy])-propionie acid Normal 6457, | Normal 4277, 52a
2-Acetylanthracene Normal - Normal — 9
A-(3-Acenaphthoyl)-propionie acid Normal 819, | Normal 5077, 52a
A-(p-Ihenoxybenzoyl)-propionie aeid Normal 059, | Normal 547, 52a
2-Acetyldihydroretens Normal IPoor | Normal 9%, 53
ee-Benzoyleoumarin Normal - Polymer e 54
A-(2-Chrysenoyl)-propionic acid Normal — Normal — a9
2.3-Diethyl-1,4-dianisyl-1-butanone Normal 447, | Normal 729, 56
a-(3,4-Dimethoxybenzoyl)-8-(3"4'-di- | None 0% | None 0% 57

methoxybenzyl)-butyvrophenone
3. 5-Dimethoxyvalerophenone MNormal 859, | Normal Poor 33
6, 7-Dimethoxy-1-veratrylnaphthalene- | Normal Small | None 0% a8

3-aldehyde
ce-Diphenyltruxone Normal -— a-Diphenyltruxadiol — 59
Fstrone Normal 35%, | Normal e 60
Isobilianic acid Normal -— Normal Varies 61
ce=lzostrophanthic acid Normal Paor | Carbinel e A2
24-Ketocholesterol Normal — Tar — 63
4-Ketodeeahydrogquineline Normal 337, | Normal —_ 64
4-Ieto-5,5"-dimethyldi-(1,2)-pyrrolidine | Normal 659, | Carbinol -— 65
6-Ketoisolithobilianie acid Normal -— None 0% fifs
1-Keto-8-methyloctahydropyridocoline | Normal (A epd) 747, | Normal (B epd)} - (4
8-Keto-17-octadecenoic acid Normal 65% | None 0%, 41
2-Ketooctahydropyrrocoline Normal 209, | Normal and earbinol - 07
Ketopinie acid Normal 6297 | Normal 507, 08
2-Ketoquinuelidine Normal 25% | Normal — 69
23-Ketosarsasapogenin Normal 39% | Tetrahydrosarsasapogenin | — 70
3-Ketotetrahydro-1,2-eyclopentenophe- | Normal _— Hexahydroeyelopenteno- - 71

nanthrene phenanthrene
Lupenone a-Lupeng 287, | B-Lupene Small 72
Manogenin Normal - None 0% 42
B-Methoxy-A1%-2-pctalone Normal 549 | Normal — 73
2-Methyl-3-acetylpyridine Normal 639, | Normal 1897, T4
2-Methyl-5-acetylthiophene Normal 4077 | Normal 105, 75
2-Methyleyclohexanone Normal — Normal and unsat'd epds. | — T
2-Methyl-1-isovaleroylfuran Normal - None 0%, 7
Perisuecinoylacenaphthene Normal — None 0% 78
Pregnanol-20{a)-one-3 acetate Pregnanediol-3{e), 85% | Pregnanol-20{a) - 7

2(ex)

d-Yerbanone Normal — p-Menthane — B0

* References 52a-80 are listed on p, 3R3.
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A recently developed process for accomplishing the desired reduction is
the reductive removal of the two —SR groups in thioacetals by means
of Raney nickel.® This method is practicable for small-scale work only.
It has been shown to be very useful in the steroid field.®83

EXPERIMENTAL PROCEDURES

Wolff Reduction of a Hydrazone

Reduction of Camphor.? Ten grams of well-dried camphor hydrazone
is heated in a sealed tube with 0.8 g. of sodium in 10 ml. of absolute
ethanol for eighteen hours at 190°. Crude crystalline camphane sepa-
rates on the addition of 750 ml. of water to the reaction mixture. The
camphane is separated from the small amount of azine present by steam
distillation. The steam-distilled ecamphane melts at 156-157° and boils
at 161°/757 mm. The yield 1s 7 g. (849).
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Reduction of 1-Keto-8-methyloctahydropyridocoline.* One-half gram
of 1-keto-8-methyloctahydropyridocoline is refluxed eighteen hours with
3 ml. of hydrazine hydrate. The hvdrazone is isolated by ether extrac-
tion and heated for eighteen hours at 170° in a sealed tube with a sodium
ethoxide solution prepared by the addition of 0.4 g. of sodium to 2 ml
of ethanol. Water is added to the reaction mixture; the solution is
acidified with concentrated hydrochloric acid, taken to dryness, and the
residue made basic with saturated potassium carbonate solution. After
extraction with ether the product is distilled. There is thus obtained
0.34 g. (749) of 8-methyloctahydropyridocoline-A as a colorless oil, b.p.
47-48°/1 mm.

The Direct Wolff Reduction

Reduction of 2,4-Dimethyl-3-acetyl-5-carbethoxypyrrole. Detailed
directions for the reduction of 2,/4-dimethyl-3-acetyl-5-carbethoxypyrrole
to 2,4-dimethyl-3-ethylpyrrole (kryptopyrrole) in 50-589, yield are
given in Organic Syntheses.?

Kishner Reduction of a Hydrazone

Reduction of Ethyl Cyclobutyl Ketone.®® "T'he hydrazone is prepared
by heating 18 g. of the ketone and 18 g. of 909, hydrazine hydrate in
50 ml. of absolute ethanol for three hours at 110-130° in an oil bath.
By the end of this time the ethanol has distilled, and the residue is dried
over solid potassium hydroxide. The hydrazone is poured off the potas-

- sium hydroxide and dropped slowly from a separatory funnel onto a

mixture of 2 g. of potassium hydroxide and two small picees of platinized
porous plate heated to 120-140° in a Claisen flask. The platinized plate
1s prepared by igniting picces of plate that have been immersed in
chloroplatinic acid solution. The product that distils from the Claisen
flask is treated with dilute acetic acid, and the hydrocarbon laver that
separates is washed with water. After having been dried over potassium
hydroxide, the product is twice distilled from sodium. There is obtained
7 g. (449) of n-propyleyelobutane boiling at 99-100°/736 min.
Reduction of 4-Methylacetophenone.” The hydrazone is prepared
by vigorously refluxing for one hour a mixture of 4-methylacetophenone
and twice its weight of 859, hydrazine hydrate. The cooled solution is
extracted with ether; the ether solution is dried over potassium hydroxide
and distilled in vacuum. There is obtained an 889 yield of the hydra-

8 Fischer, Org. Syntheses, 21, 67 (1941).
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zone of boiling point 166-168°/16 mm. It solidifies in the receiver and
melts at 34° after erystallization from petroleum ether.

Five grams of the hydrazone is mixed with 2 g. of powdered potassium
hydroxide in a flask equipped with a reflux condenser, the top of which
is connected with a gas buret. The flask is gently heated to 90-100°,
and this temperature maintained until most of the calculated amount
of nitrogen has been evolved. The flask is then heated to 150°, cooled,
the contents treated with water and extracted with ether. The ether
extract is distilled to give 3.25 g. (809%,) of 4-cthyltoluene, b.p. 157-160°.

Kishner Reduction of a Semicarbazone

Reduction of cis-B-Bicyclodctanone.” I'ive grams of pure cis-8-bi-
clodctanone is converted into the semicarbazone, which is thoroughly
washed, roughly dried, and heated with a free flame in a distilling flask
with 7.5 g. of potassium hydroxide. The mass fuses, and ammonia is
given off. At 200-210° a second reaction sets in, nitrogen being evolved,
and oily droplets of hydroecarbon begin to distil. There is no charring,
the residue being colorless. The distillate is shaken with sodium bisulfite
solution, taken up in ether, dried with caleium chloride, and evaporated.
The yield of erude cis-bicyclotetane is 4.0 g. (909;), 2.8 g. of which boils
sharply at 137-138°.

Wolff-Kishner Reduction without an Alkaline Catalyst

Reduction of 2,3-Benzo-l1-azafluorenone.’® Secven-tenths of a gram
of 2,3-benzo-1-azafluorenone and 1 ml. of hydrazine hydrate are heated
in a sealed tube for sixteen hours at 180°. The erude erystalline product
is almost colorless. On distillation in vacuum the product goes over as a
violet fluorescent oil (b.p. 240°/25 mm.) which quickly solidifies. Crys-
tallization from methanol gives colorless prisms, m.p. 140°. The yield
is 0.53 g. (809).

Reduction of Pyrene-3-aldehyde.?” Twenty grams of pyrene-3-alde-
hyde and 100 g. of hydrazine hydrate are heated at 200° in a 1-l. iron
autoclave for eight hours. About 100 atmospheres pressure is developed.
The clear solid produet is washed, dried, and distilled in vacuum. There
is obtained 17 g. (919,) of almost pure 3-methylpyrene melting at 70-71°.

% Borsche and Noll, Ann., 532, 127 (1937).
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Direct Wolff-Kishner Reduction at Atmospheric Pressure

Reduction of 5-Keto-8-methylnonanoic Acid.* A mixture prepared
from a solution of 113 g. of sodium in 1750 ml. of diethylene glycol, 168 g.
of 5-keto-8-methylnonanoic acid, and 125 ml. of 859, hydrazine hydrate
is reflluxed for forty-eight hours. An additional 75 ml. of the hydrazine
solution is then added and heating is continued for forty-eight hours.
The product is isolated by acidification and extraction with benzene and
ether. Distillation at reduced pressure gives 143 g. (929;) of 1sodecanoie
acid, b.p. 93-95/0.3 mm., n?y 1.4318.

An average yield of 859, was obtained in several repetitions of the
reduction carried out in monoethylene glycol without the second addi-
tion of hydrazine hydrate.

Reduction of B-(p-Phenoxybenzoyl)-propionic Acid.®® A mixture of

- 500 g. (1.85 moles) of the keto acid, 350 g. of potassium hydroxide, and

250 ml. of 859, hydrazine hydrate in 2500 ml. of triethylene (or di-
ethylene) glycol is refluxed for one and one-half hours, the water formed
is removed by a take-off condenser, and the temperature of the solution
is allowed to rise to 195°, when relluxing is continued for four hours more.
The cooled solution is diluted with 2.5 1. of water and poured slowly into
1.5 1. of 6 N hydrochlorie acid, and the light cream-colored solid is
dried. The average yield of material of m.p. 64-66° is 451 g. (959%,).
The pure product melts at 71-72°,



