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Hydrogenation of simple aromatic ketones to the carbinols using copper
chromite catalysts is well known. Nightingale and Radford (1) reported that
ortho- and para-hydroxyl-substituted alkylaryl ketones yield not the expected
carbinols but the corresponding alkyl derivatives when hydrogenation is carried
out at 130-150° and 220~240 atmospheres in the presence of copper chromite.
With meta- substitution, the carbinols are obtained. Similar results were found
by Reynolds, Catheart and Williams for acetylhydroquinone (2).

During the stepwise hydrogenation of ketones, the following sequence must
oceur:
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In order that isolation of the carbinol be possible, the reaction rate of Step B
must be small compared with that of Step A under the particular operating condi-
tions of temperature and pressure. The use of Raney nickel catalysts at high
pressures for such systems has been limited since there exists a greater tendency
for Reaction B to predominate, leading to hydrogenolysis and also ring hydro-
genation (3). ¥ i

There is, however, a certain amount of overlap between the use of copper
chromite and Raney nickel catalysts since simple ketones such as acetophenone
can be hydrogenated at high pressures to the carbinols using Raney nickel at
relatively low temperatures (60-80°). Triacetylbenzene similarly can be hydro-
genated to the triol (4). The use of W-7 and W-6 Raney nickel catalysts (5),
which show special activity, also afford the carbinols from several ketones at
25-50 p.s.d.

Recently, Adkins, Burgoyne, and Schneider (6) demonstrated that 2-aceto-
naphthone could be hydrogenated to 2-naphthylmethylcarbinol at 25° and 4000
p.s.i. during 8 minutes in 94 % yield, by using a specially prepared, activated,
and pre-reduced copper chromite catalyst designated HJS-2.

The foregoing facts suggested that hydrogenolysis of the carbinol during
hydrogenation of hydroxyl-substituted alkylaryl ketones might be prevented
if the hydrogenations were carried out at the lowest possible operating temper-
ature, in order that Step A might be favored over Step B. It was, therefore, de-
cided to determine the minimum operating ranges for a number of ketones sensi-
tive to hydrogenolysis. Accordingly, acetylhydroquinone was hydrogenated in
the presence of pre-reduced HJS-2 at 70-80° and 3800 to 4000 p.s.i. and found
to give 2,5-dihydroxyphenylmethylicarbinol. Pre-reduced Harshaw copper
chromite required a temperature of 90° for initiation of the hydrogenation, When

1205



WILLIAMS

L. R.

J.

1206

8 LG9y fousydiAyy-d 16 192 _ 001% _ 0021 | € pGET-0€1
(paqrosqe-sjour o 1) 62 011-601 Z-8rH i1
~Oﬂmm~.~.mo
281-¢° 231 -[Aypouiduoydixoipdg-d | 0726 ee | 009 009 | OL 08-GZ # MBYSIEL] o1
[ouiqieo
161627 -[&qyeurAusqdAxoipAH-d G°88 0°0¢ 059 009 | €€ 901-G01 MBYSIBEY 6
[oulqres
621721 -IAqpewrbusydLxoipli-d | 076 %28 | 009 009 | 1% 90T-001 falyit 8
[ouiqres
L 96T-G€T -IApowfuoyqdixoiph-d | 86 Gee | 089 009 | eg G209 #T SrH L
(o[ow Gz'(0) "3 F¢ I ANONTHIOLAIVAXOHAXH-d
[BLIR)eW HUTIR)S PRIOAOIAL {UOIBURS0IPAY ON GOt CeT-0% +¥3SIH 9
9183998 JOUIqIBI[AYjout
-[Auoqd £x079981(]-G‘Z o8 a9 019 059 27 09-0% qo¥C SIH g
9183998 [OUI(IBOJAYIOWE
-1£uoyd£x0900%1(]-G‘G 98 99 0GL 099 | €2 011-501 MBYSITH ¥
0181998 [OUI|IBO[AYjout
4 -[£uayd£Axo0y0081(]-G‘G 78 %9 089 099 | 8% 901001 Z-SrH 4
9389098 [OUTQIBOJAYjour
-1Auayd £x03008I(J-G g 18 19 009 099 | 8% 801-06 ¥ MBYSITH 4
1 AR ‘3128 0gTE 001 | 09 POGT-0ET
1 suoumboIpAqiAqId | 08L (,011) 088 | 02 OTT-%0T ZSrH i
(o10wt 2Z°() "3 1§ :ANONINDOHAAHTALIEDV
. % | om punog | pord . o
ol . vam sonaona oy | aonvetman | (o wmvm© |
prefalited &4 ('I's'd) d0ra QIO

SIINSHY ANV SNOILIANO{) NOILVNHADOUAX]

I H1dV.L



1207

HYDROGENATION OF SUBSTITUTED KETONES

11601

10q00[e [AzUdqAx0IpAY-d 66 %08 | 009 009 | gr 09-¢g ¥Z8rH 61
016 | ¥IT-3IT [0qo9[® [AzudqLxoIpAYy-d 9 JA 099 009 | og 80101 MEYSIEL] 8T
(310w gg'0) "8 G'0¢ :MAAHEATVINTIIAXOUALH-d
PIB[OST j0u jonporg _ 00zT _ 009 _ 98 _ G804 _ #2-S(H 1
(10w Z°() "3 g :ENONEHJIOLEOVSTY
[oulqedAqjom
-[AusydAxoyjowi-¢‘g €6 v | 009 009 | ¢z 80T-001 eSra | ot
(arow ¢z'¢) 3 of (INONHHIOLAOVAXOHITWIA-G'y
?)B}o0R
[outqres fyremrLuoyd
YA-1L -Axoqjenr-g-£x0390y-g [i72 €€ 009 009 L1 GL-99 ¥g-SrH g1
(e10w ¢z°0) 'S 1§ “ﬁzozﬁmmoaao‘«wxomams-m-inmﬁaﬁm-m
o 9181908 [OUIqIED
-AyrowdueydAxo3soy-o 06 ig 02g 009 93 04-0¢ ¥g-Sru 4!
9)B1o9® [Luaydifyys-o 18
9981908 [OUIqLED
-Aqyewfusyd£xbeoy-o 6% 059 009 | o1 STI-STT ¢ SrH €1
[oweyd[Ayyz-0 €6 63 0931 002T | 08T GrI-ge1 MBYSIBY 4}

(e10ur 6Z°0) "3 $¢ : ANONTHIOLAIVAXOUAXH-0




J. L. R. WILLIAMS

1208

-ys£1eye0 poonpai-oxd sajeudsd( K
"Wz §0/026-29 A -

~oanyesodurs) I0UyS1Y 18 UNI JO UOI)BNUIIUO]) p

*JUOA[OS QUBXOL(] »
*JUOAJOS JOUBYIOA ¢
-ornjersdure) WIooI }8 uaAd A[mofs 9oed Yooy u018uaS0IpAY »

ourqreofAyrour([AjLuoyd
i} -1qAx0IpAqIp-,6°,8) ¥ €6 €5 089 009 (4 08-04 ¥oSra 1€
(etow gz'Q) ‘8 LG ITANSHIIGAXOUAAHIA-,G* Z-1AIAOV-F a
oﬁﬂﬁawaaﬁa
Gl 0L-69 -£x01pAq-1-1A93¥T-5 76 8V 0831 0L 09 09-0¢ ¥ SrH 0¢
ouaeylydsu
gl G 0L-69 -Ax01p£Y-1-1443T-3 86 8709 00%T 0z U4 06-0L ¥g-SrH 65
(opowt €0) "8 § GG AINOHIHIVNOLHIV-Z-AXOUALH T v
SIMXTIN |3 {4 0GET 096 09 #006-G91
(efow 0T P3qI0sqV) SIT-¥01 ¢ SIII 8C
[outqaes[Ayjow
16-68 -[&yyqdeu-g-AXOON-1 6 89 | 019 08y | G ov1-11 MBUSICH | L2
[outqed{Aylowa .
£6-06 -[Ag3ydru-g-AXOqIO -1 6 §'68 | 02 08y | 0% 18-0L # MEUSIBE | 93
[ourqIed[Ayjour
2606 -Aqyydeu-g-AxoqRW-T | §7L6 6¢ | 00F 08y | 0% 9908 »¥ G SIH i
- (opow z°0) "8 (F 1 INOHLHIVNOLIOV-g-AXONLAN-T o
auaeyydsu
11 c9-19 -£xoyjeur-9-1AQ1H -3 19 G'8¢ 0G8T 00T § 09 081-0v1L ¢ SrH 11
[OUIqIBOIAY UL
ET1-G11 -Ayyqdsu-g-Lxoq1o]N-9 66 ¥ 6v 069 009 ¢ 601-€01 GSIH €%
[oulqIBd[AYour
ST1-vit -[Ayyqdeu-z- AX0YI0N-9 66 G 67 059 009 e 8T1-40T MEYSIEH (44
[ouIqIBsAyjoun
g err-gelt [Ayjyden-g-£xXoqI0N-9 66 L 6v 099 009 Lt 001-68 # MBYSIBTL 1%
[outqaed [Ayjour -
-1l [Ayjydeu-g-AX0qIoN-9 66 8 6% 009 009 01 99-0¢ #oSTH 0z
‘\‘?‘?& 6z'0) "8 09 “azmmazmmz‘oeﬂwo?m-wMo:eas-w - - o
- % , _ M punog P20 i . o o
bt D, “EW Ionaoud ooy aone Dy | o) asxIvVEVE | NaY
Rrdali(er.2 ('1's’d) doad aIo?

papnouo)—y @idv],




HYDROGENATION OF SUBSTITUTED KETONES 1209

both HJS-2 and Harshaw catalysts were not pre-reduced, hydrogenation did not
occur until a temperature of approximately 105° was reached. In all four cases,
only one mole of hydrogen was absorbed per mole of carbonyl. For isolation
purposes, the hydrogenation products were acetylated and distilled since 2,5-
dihydroxyphenylmethylearbinol has not been crystallized and cannot be readily
distilled (2). Table I summarizes the conditions and results. Figure 1 shows
pressure-versus-temperature curves for four typical runs and indicates the tem-
perature at which hydrogenation was initiated under the various conditions.

Hydrogenolysis of the carbinol was carried out in one experiment. A standard
run was carried out, with the first mole of hydrogen being absorbed at 105-110°
as shown in Figure 2. At 110-130°, the second mole of hydrogen was absorbed to
give ethylhydroquinone.

Hydrogenation of p-hydroxyacetophenone to p-hydroxyphenylmethylearbinol
was carried out under conditions similar to those for acetylhydroquinone, as
indicated in Table I. In all runs, relatively pure p-hydroxyphenylmethylcarbinol
was produced when the temperature of hydrogenation was below 110°. Above
130°, a 92% yield of p-ethylphenol was obtained, in agreement with the work
of Nightingale and Radford (1).

Hydrogenations of 6-methoxy-2-acetonaphthone using HJS-2 and Harshaw
copper chromites were carried out as for acetylhydroquinone. The results are
summarized in Table I and are shown in Figure 3. At temperatures below 118°,
the product was 6-methoxy-2-naphthylmethylearbinol, whereas, 2-ethyl-6-
methoxynaphthalene was the product at 140-150°.

A series of hydrogenations of 1-methoxy-2-acetonaphthone gave results similar
to those above for 6-methoxy-2-acetonaphthone. The product, 1-methoxy-2-
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F1a. 1. ACETYLHYDROQUINONE (41 g., 0.27 mole; ethanol to make 150 ml.; catalyst, 4 g.;
O, Harshaw, pre-reduced; @, Harshaw; O HJS-2, pre-reduced; A, HIS-2.

p.s.i.

1 I
100 120




1210 J. L. R. WILLIAMS

4000

3500

3000

p.s.i.

2500

L ) 1 i L ! | 1
40 60 80 100 120
Temperature °C

]
140
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F1c. 3. 6-METHOXY-2-ACETONAPHTHONE (50 g., 0.25 mole); ethanol to make 150 ml.;
catalyst, 4 g.; O, HJS-2, pre-reduced; X, Harshaw, pre-reduced; @, Harshaw; A, HJS-2.
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naphthylmethylearbinol, was obtained in pure form by recrystallization and
chromatographic adsorption on alumina. By these separation techniques, it was
shown that pre-reduction definitely leads to smaller amounts of side products
during the reduction of the ketone to the carbinol. These side products are be-
lieved to be both the ethyl and ring-hydrogenated derivatives, since the ease of
ring hydrogenation is evident from the results of experimental run No. 28. Re-
sults are shown in Table 1.

Hydrogenation of 1-hydroxy-2-acetonaphthone at 70-80° and 3200 p.s.i. with
pre-reduced HJS-2 catalyst failed to prevent hydrogenolysis of the carbinol, as
evidenced by the absorption of two molecular equivalents of hydrogen and the
formation of 2-ethyl-1-naphthol in 98 % yield. No improvement was indicated
by operating at 50-60° and 3900 p.s.i.

Hydrogenation of o-hydroxyacetophenone at 135-145° and 4000 p.s.i. gave a
96 % yield of o-ethylphenol when ordinary copper chromite (Harshaw) was used.
When pre-reduced HJS-2 catalyst was used at 55-65° and 3400 p.s.i., approx-
imately one mole of hydrogen was absorbed per mole of ketone with the formation
of o-hydroxyphenylmethylcarbinol which was converted to o-acetoxyphenyl-
methylearbinol acetate, isolated in 90 % yield. Hydrogenation of o¢-hydroxy-
acetophenone at 118-126° and 3800 p.s.i. followed by acetylation, gave 49%
o-acetoxyphenylmethylcarbinol acetate, the remainder being o-ethylpheny!
acetate.

2-Hydroxy-5-methoxyacetophenone was hydrogenated smoothly to 2-hydroxy-
5-methoxyphenylmethylcarbinol in 79 % yield when pre-reduced HIS-2 catalyst
was used at 65-72° and 3100 p.s.i. 2,5-Dimethoxyacetophenone was hydro-
genated to 2,5-dimethoxyphenylmethylcarbinol in 92% yield when HJIS-2
catalyst was used without pre-reduction at 103-108° and 38530 p.s.i. Similar re-
sults have been reported for p-methoxyacetophenone with ordinary copper
chromite (1).

On using the optimum conditions described for acetylhydroquinone, 4-acetyl-
2/,5'-dihydroxybiphenyl was hydrogenated to 4-(2',5-dihydroxybiphenylyl)-
methylearbinol at 70-80° and 3400 p.s.i. in the presence of pre-reduced HJS-2.

Hydrogenation of p-hydroxybenzaldehyde to p-hydroxybenzyl alcohol in 60 %
yield was accomplished using Harshaw copper chromite at 105-108° without
pre-reduction. The remainder of the material was p-cresol. Pre-reduced HJIS-2
catalyst at 55-65° gave a nearly quantitative yield of p-hydroxybenzyl alcohol.

Hydrogenation of resacetophenone at 55-60° and 3200 p.s.i. with pre-reduced
HJS-2 as catalyst resulted in hydrogen absorption corresponding to two molecu-
lar equivalents; however, the product was not isolated.

EXPERIMENTAL

Hydrogenations. The hydrogenations were carried out in rocking-type, 300-ml. void,
stainless-steel reactors with HJS-2 copper chromite (6) or Harshaw copper chromite, Cu-X-
649-57-P, and with sufficient ethanol to give a volume of 150 ml. Reaction conditions and
other data are given in Table I.

The igolation of products was carried out by standard means and is not deseribed except
in the case of new compounds or where special handling was necessary.
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TABLE II
CARBINOLS AND ACETATES
ANALYSES
COMPOUND BR,°C. | | BE0 m n2
C/H|C H

4-(2',5'-Dihydroxybiphenylyl)methyi- |

carbinol........ ... ... oL 146 173.0,6.1/72.6/6.1
4-(2',5'-Diacetoxybiphenylyl)methyl-

carbinol acetate......................... 68 |67.3/5.6/67.1/5.2
o-Acetoxyphenylmethylcarbinol acetate....! 98.5 0.75 1.4950
2,5-Dimethoxyphenylmethylcarbinol. .. . ... 92.5 0.3 66.4/7.7.65.8/7.8/1.5350
2,5-Dimethoxyphenylmethylearbinol

acetate. . ... ... ... 105 0.4 64.4/6.6:64.6(7.1;1.5100
2-Hydroxy-5-methoxyphenylmethyl- :

carbinol....... ... ... oo 73-74/64.3|7.2/64.47 .4
2-Acetoxy-5-methoxyphenylmethylearbinol 1

acetate. ....... ... 112-113 0.3 62.0/6.4,62.4/5.9/1.5015
6-Methoxy-2-naphthylmethylearbinol. ... .. .|113.5-114.5! 77.26.9(77.57.1
6-Methoxy-2-naphthylmethylearbinol ‘ Lo |

BCBEATC. . e eee e | | [53-5473.816.873.86.7,
1-Methoxy-2-naphthylmethylecarbinol ... . .. ! f 92-93/77.27.0:77.4/7.3
1-Methoxy-2-naphthylmethylcarbinol j ‘ ‘ 1‘ ‘

acetate. ... i 111-112 ‘0.35‘ ‘73.8%6.8‘74.1‘6.7

Preparation of acetates. The acetates were prepared by heating the carbinols with 509,
excess acetic anhydride on a steam-bath for 16-18 hours in the presence of a trace of pyri-
dine. The acetates were then isolated by distillation. Their properties and analytical data
are shown in Table II.

o-Hydroxyacetophenone. Halogen-free o-hydroxyacetophenone was prepared by refluxing
with Raney nickel followed by distillation.

o-Acetoxyphenylmethylcarbinol acetate. Run 13. The reaction mixture from this run was
filtered, and the alechol was evaporated at the water-pump with a 35°-water bath. The last
traces of alecohol were removed with a high-vacuum pump. To the residue there was added
100 ml. of acetic anhydride and 1 ml. of pyridine. The reaction mixture was allowed to stand
at room temperature overnight and was evaporated to about 75 ml. at the water-pump. The
residue was heated at 60° with 50 ml. of acetic anhydride for 5 hours and distilled through
a 12-in. Vigreux-type column. Fractions: (a) 4 g., b.p. 56-59° (0.5 mm.), n2 1.4962; (b) 10 g.,
b.p. 59-88° (0.5 mm.), n¥ 1.4916; (¢) 24 g., b.p. 91.5° (0.4 mm.), n® 1.4950. Fraction ¢ repre-
sents a 499, yield of o-acetoxyphenylmethylearbinol acetate.

Run 14. Acetylation and distillation as for Run 13 gave 45 g. (909 yield) of o-acetoxy-
phenylmethylearbinol acetate, b.p. 98.5° (0.75 mm.), n> 1.4950.

p-Hydrozybenzyl alcohol. Run 18. The catalyst was filtered, and the ethanol was evapo-
rated at the water-pump with a 25-35° water-bath. The residual alcohol was removed with
a high-vacuum pump (0.3 mm.). The oil crystallized on standing several days to yield 29 g.
of white solid, m.p. 107-114°. Recrystallization from a mixture of 250 ml. of benzene and 50
ml. of acetone gave 17 g. (569, yield) of p-hydroxybenzyl aleohol, m.p. 112-114°.

Run 19. The yield of crude material, m.p. 109-113°, was 30.2 g. A small sample was re-
erystallized from water, m.p. 115-116°. Auwers and Daecke (9) reported m.p. 124°; Sugimoto
(10), however, reported m.p. 112°,
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6-Methozy-2-naphthylmethylearbinol. A 20-inch, 19-mm. I.D. column was prepared from
activated alumina (Alcoa Company, Grade F-20). Pre-treatment was carried out by using
250 ml. of acetone, followed by 250 ml. of hexane-benzene 1:1. A solution of 1.0 g. of 6-
methoxy-2-naphthylmethylearbinol, m.p. 95-103°, dissolved in 125 ml. of benzene and 125
ml. of hexane was passed through the adsorption column. The column was then washed with
200 ml. of benzene. Elution with 250 ml. of methanol yielded 1.0 g. of the carbinol, m.p.
113-114°,

1-Methoxy-2-naphthylmethylearbinol. Runs 26-28. One gram of the solid from Run 25 was
recrystallized from 25 ml. of hexane to yield material melting at 92-93°. The crude products
from Runs 25, 26, and 27 weighing 38.0, 39.5, and 36.5 g. were each recrystallized from 1000
ml. of hexane to yield (a) 35.5 g., m.p. 90-92°; (b) 31.0 g., m.p. 87.5-89°; (c) 31.5 g., m.p.
85-89°, respectively. The corresponding mother liquors were evaporated to 100 ml. to yield,
on cooling, (d) 2.2 g., m.p. 93-94°; (e) 1.8 g., m.p. 86-92°; (f) 2.1 g., m.p. 86-90°, The mother
liquors, on evaporation to dryness, gave the following materials: (g) 0.3 g., solid; (h) 0.55
g., oil-solid; (i) 1.45 g., oil, :

Chromatography of fraction ¢. A chromatography tube was prepared as follows: In a 12-
inch, 18-mm. I.D. Pyrex tube there was placed 150 g. of activated alumina (Alcoa Company,
Grade F-20). The alumina was pre-treated with 250 ml. of acetone followed by 250 ml. of
hexane. A solution of 0.5 g. of Fraction C in 25 ml. of benzene and 500 ml. of hexane was
then passed through the column. The tube was washed with 200 ml. of benzene which con-
tained no solids. Elution with 250 ml. of methanol and evaporation under reduced pressure
yielded 0.41 g. of material, m.p. 92-93°, Recrystallization from hexane failed to raise the
melting point.

SUMMARY

Hydrogenation of hydroxyl-substituted acetophenones to the corresponding
carbinols has been found possible when one hydroxyl group occupies a position
ortho or para to the carbonyl group. When hydroxyl groups occupy both an ortho-
and the para-position, hydrogenolysis of the carbinol occurs. If, however, the
two hydroxyls occupy an ortho- and a meta-position, the carbinols can be isolated.

The following compounds have been hydrogenated to the corresponding car-
binols: acetylhydroquinone, p-hydroxyacetophenone, o-hydroxyacetophenone,
2-hydroxy-5-methoxyacetophenone, 2,5-dimethoxyacetophenone, p-hydroxy-
benzaldehyde, 4-acetyl-2’,5'-dihydroxybiphenyl, 6-methoxy-2-acetonaphthone,
and l-methoxy-2-acetonaphthone. Hydrogenolysis of the carbinols oceurred in
the case of 1-hydroxy-2-acetonaphthone and resacetophenone.

A comparison of HJS-2 copper chromite catalyst and a commercial copper
chromite catalyst has been made by both the standard hydrogenation technique
and by that employing pre-reduction of the catalyst. Following are the initiation
temperatures found for standard use of the catalysts and for pre-reduced catalysts
when acetylhydroquinone is hydrogenated at 30004000 p.s.i.: Harshaw copper
chromite, 105°; Harshaw copper chromite pre-reduced, 90°; HJS-2 copper
chromite, 105°; and HJS-2 copper chromite pre-reduced, 25°. Hydrogenolysis
of 2,5-dihydroxyphenylmethylcarbinol did not occur until a temperature range
of 115-130° was reached. Similar results were obtained with 6-methoxy-2-aceto-
naphthone, 1-methoxy-2-acetonaphthone, and p-hydroxyacetophenone.

RocuesTER 4, NEW YORE
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