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Application of the Oxo reaction to conjugated dienes has been previously re-
ported by Natta and Beatti (1) who found that conjugated diolefins yielded not
pure aldehydes but complicated side products. Recent investigators (2, 2a) re-
ported that conjugated diolefins reacted with carbon monoxide and hydrogen
over a hydrogenation catalyst to give products among which were aldehydes.

In this investigation 2,3-dimethyl-1,3-butadiene, 1,3-butadiene, isoprene,
3-methyl-1,3-pentadiene, cyclopentadiene, and 1-phenyl-1,3-butadiene reacted
readily with carbon monoxide and hydrogen in the presence of dicobalt octacar-
bonyl under hydroformylation conditions described by Adkins and Krsek (3).

2,3-Dimethyl-1,3-butadiene (I) reacted with carbon monoxide and hydrogen
in the presence of dicobalt octacarbonyl at 145-175° and 5000 p.s.i. to produce
a single aldehyde, 3,4-dimethylvaleraldehyde (II), in 439, yield. In some cases
the isomeric 2,3-dimethylbutenes (I1I and IV) were also isolated from the reac-
tion mixture:

CH; CHs 145-175° CH; CH,
é | 5000 p.si. L
CHy=C—C==CH, » CH;CH—CHCH,CHO
Dicobalt octacarbonyl I
I H2) CO
([:‘;Hg (|3Hg
CH,;CH—C=CH,
1
|
CH;C CCH;
IV

The production of olefin appeared only in reactions where a lower catalyst
concentration was used. This appeared to be associated with longer reaction
times and resulting corresponding decomposition of the catalyst. With compara-
tively high catalyst concentration no olefins were isolated from the reaction
mixtures. The isomeric 2,3-dimethylbutenes were previously reported (4) to
undergo the Oxo reaction utilizing a cobalt on kieselguhr catalyst to produce
by subsequent reduction a single alcohol, 3,4-dimethylpentancl-1. The addition
of carbon monoxide and hydrogen to 2,3-dimethyl-1-butene apparently took
place in a direct manner, while with 2,3-dimethyl-2-butene it could only take
place after a shift of the ofefinic bond from the 2 to the 1 position.

1 Deceased, August 10, 1949,
2 Du Pont, Post-doctoral Fellow, University of Wisconsin, 1948-1949, Present address,
Research Laboratories, Eastman Kodak Company, Rochester, New York,
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Hydroformylation of 2,3-dimethyl-1-butene (III) has been carried out in this
investigation to produce the same aldehyde (II) as obtained by the hydroformyl-
ation of 2,3-dimethyl-1,3-butadiene. The 3,4-dimethylvaleraldehyde from both
reaction schemes was reduced over platinum oxide to 3,4-dimethylpentanol-1,
then oxidized with silver oxide to 3,4-dimethylvaleric acid, and found to be iden-
tical in both cases. Presumably hydroformylation of dienes took place by addi-
tion of the carbon monoxide and hydrogen, a shift of the remaining olefinic
bond into the a,B8-position followed by reduction to the saturated aldehyde.

1,3-Butadiene reacted readily with carbon monoxide and hydrogen in the
presence of dicobalt octacarbonyl at 145-175° and 3000 to 4000 p.s.i. At 175° the
reaction was violent and often became uncontrollable. In some cases the tem-
perature and pressure rose to 250° and 6400 p.s.i. within a few seconds before
the reaction subsided. Evidently dicobalt octacarbonyl was destroyed rapidly at
temperatures in excess of 175° when a sufficiently reactive diene was present.
This could be interpreted to mean that the catalyst could not be reformed at a
rate equal to its disappearance while taking part in the hydroformylation reac-
tion. Such reactions led to the presence of solid cobalt in the reaction mixture
and the production of small amounts of the reduction products of 1,3-butadiene.
The main portion of the reaction products consisted of a mixture of aldehydes
and a higher-boiling fraction containing di-n-butyl ketone.

145-175°
3000-4000 p.si
CH2=CHCH=CH2 C4H9 CHO '|" 04H9 OOC4H9

Dicobalt octacarbonyl

The aldehydes were identified by chromatographic separation of their 2,4-
dinitorphenylhydrazones and found to be a mixture of approximately 509
n-valeraldehyde and 509, a-methylbutryaldehyde. Chromatographic separation
of the 2,4-dinitrophenylhydrazones of the ketones was impossible since those
derivatives were liquids even when resolved into bands. The semicarbazone of
di-n-butyl ketone was obtained from the high-boiling fraction and was identified
by the mixture melting point method.

Isoprene reacted readily with carbon monoxide and hydrogen at 145° and
3000 to 4000 p.s.i. in the presence of dicobalt octacarbonyl to give a mixture of
hexaldehydes and a higher-boiling fraction. The effect of the ratio of carbon
monoxide to hydrogen in the reaction mixture upon the ratio of aldehyde to the
high-boiling fraction was studied and found to be slight if any. However, when
there was no hydrogen present in the reaction mixture, the reaction failed to
proceed. In the case of isoprene, positions 1, 3, and 4 were sterically available
for participation in the hydroformylation reaction. This could have conceivably
led to the production of three isomeric aldehydes.

(|3Ha 145°
CH,—C CH—CH, - 3000-4000 p.s.d. . H4,CHO
Dicobalt octacarbonyl

No satisfactory separation of the 2,4-dinitrophenylhydrazones of the aldehyde

fraction was carried out; however, isopropylmethylacetaldehyde is believed to
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be present. The analytical data for the mixed 2,4-dinitrophenylhydrazones of
the aldehyde fraction indicated the formula C;HyCHO for the corresponding
aldehydes.
3-Methyl-1,3-pentadiene yielded only aldehydes under hydroformylation con-
ditions.
145-175°

4500 p.sd.
CH; CH=CCH=CH, C¢H1;CHO
Dicobalt octacarbonyl
CH;,

The aldehyde material from this reaction was oxidized with silver oxide to the
acid and the corresponding amide was prepared.

Cyclopentadiene reacted with carbon monoxide and hydrogen at 145-155°
and 3700 p.si. in the presence of dicobalt octacarbonyl to give formylcyclo-
pentane in 37%, yield.

1-Phenyl-1,3-butadiene reacted rapidly under hydroformylation conditions at
145-150° and 3000 p.s.i. However, no aldehyde material was isolated from the
reaction mixture. A small amount of n-butylbenzene was produced in the reac-
tion, the greater part of the reaction product being polymeric in nature.

EXPERIMENTAL

Hydroformylation of 2,8-dimethyl-1,3-butadiene. 2,3-Dimethyl-1,3-butadiene was hydro-
formylated in the usual manner (3). Isolation of the reaction products was carried out by
direct distillation and steam-distillation of the reaction mixture; the latter procedure
proved the most satisfactory as it gave less higher-boiling, polymeric materials. Direct
distillation led to the isolation of the two isomeric 2,3-dimethylbutenes in one particular
experiment.

Following is a description of a typical run. A mixture of 16.5 g. (0.22 mole) of 2,3-di-
methyl-1,3-butadiene and 2.5 g. of dicobalt octacarbonyl, in ether solution (total volume 120
ce.) was placed in a 270-ce. void steel reactor. Carbon monoxide was introduced to a pressure
of 2300 p.s.i. followed by hydrogen to a pressure of 4600 p.s.i. The reactor was placed on a
shaker and shaken for five minutes at which time the pressure was 4100 p.s.i. The tempera-
ture was raised to 175° over the course of 25 minutes and was accompanied by a pressure
rise to 5600 p.s.i. After shaking for four hours at 175° the pressure had fallen to 3800 p.s.i.
The reactor was then cooled to room temperature in an air blast; the pressure dropped to
2500 p.s.i. The contents of the reactor from two such runs were steam-distilled, after the
addition of a few crystals of picrie acid and 1.0 g. of hydroquinone, until no additional
organic material distilled. The organic layer was separated and the aqueous layer was
saturated with sodium chloride and extracted with two 50-ce. portions of ether, The com-
bined extracts and organic layer were dried over magnesium sulfate and distilled. After
the ether had distilled the residual liquid was distilled at reduced pressure through a 20-em.
helices-packed column to yield two fractions: (a) 20 g. (45.4%) of 3,4- dlmethvlvaleralde-
hyde (II), b.p. 64-66.5° (5 mm.), n® 1.4147; (b) 2.0 g., b.p. 70-72° (3.0 mm.), np 1.4234.

Fractions a and b reacted with alcoholic 2,4-dinitrophenylhydrazine reagent. However,
the 2,4-dinitrophenylhydrazone of fraction b was liquid. A small amount of fraction a was
redistilled, b.p. 145-146°, n3 1.4150, dP° 0.8228, for analysis.

Anal. Cale’d for C/HO: C, 73.63; H, 12.36.

Found: C, 73.26; H, 12.25.
The 2, 4-dinitrophenylhydrazone, after reerystallization from ethanol, melted at 94°.
Anal. Cale’d for Ci;H1eN4O4: C, 53.05; H, 6.16.

Found: C, 53.19; H, 5.96.
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The semicarbazone, after three recrystallizations from ethanol and water, melted at
139-140°,

Anal. Cale’d for CsHyN;O: C, 56.11; H, 10.01.

Found: C, 55.86; H, 9.95.

Oxidation of 8, 4i-dimethylvaleraldehyde. Oxidation of 11.3 g. (0.099 mole) of 3,4-dimethyl-
valeraldehyde (II) with 45.0 g. (0.26 mole) of silver nitrate and 14.5 g. (0.36 mole) of sodium
hydroxide was carried out as described previously for a-methyl-g-propylacrolein (5). The
yield of 3,4-dimethylvaleric acid, b.p. 81.5° (2 mm.), n® 1.4255, d° 0.9267, neutral equivalent
130.0 (cale’d 130.3), was 49%.

Anal, Cale’'d for CH10,: C, 64.57; H, 10.84.

Found: C, 64.52; H, 10.83.
The amide prepared from this acid melted at 138-138.5°.
Anal. Cale’d for C/H;:NO: C, 65.08; H, 11.70,
Found: C, 65.29; H, 11.20.

Reduction of 4.5 g. (0.04 mole) of II over platinum oxide catalyst (1.0 g.) in 50 cc. of
methyleyclohexane was carried out in the usual manner at 50 p.s.i. One mole of hydrogen
was absorbed per mole of aldehyde. When the reduction had ceased, the catalyst was cen-
trifuged and the clear solution distilled through a 15-cm. Vigreux column. After the methyl-
cyclohexane had distilled, 2.1 g. (449%) of 3,4-dimethylpentanol-1 was collected, b.p. 163—
170°, np 1.4281. Schmerling (6) reported this aleohol to have the following constants: b.p.
168-169°, ny 1.4288.

2,8-Dimethyl-1-butene. Dimethylisopropylearbinol was prepared from methyl isopropyl
ketone and methylmagnesium ijodide in 49% yield. Dehydration of the carbinol was ac-
complished in the following manner. Dimethylisopropylcarbinol (45 g.) was passed drop-
wise from a dropping-funnel at the rate of two drops per second through a 22-mm. o.d.
Pyrex tube packed for a distance of 45 cm. with Harshaw s%-in. alumina pellets and heated
to 400° by an electrically heated jacket. The dehydration products were collected in a Dry
Ice-trap. The organic layer was separated, dried over magnesium sulfate, and distilled
through a 45-em. helices-packed column equipped with a partial-take-off total-reflux head.
The weight of the crude hydrocarbon prior to distillation was 36 g. The following fractions
were obtained: (a) 17.5 g., b.p. 54-55.2°, nh 1.3890; (b) 4.5 g., b.p. 55.5-70.5°, n5 1.3991;
() 6.0 g., b.p. 70.5-71.5°, n5 1.4105. Fraction a was used for subsequent hydroformylation
experiments. The following constants were recorded by Huntress and Mulliken (7) for the
isomeric dimethylbutenes: 2, 3-dimethyl-2-butene, b.p. 72.9-73.2°, n} 1.4115; 2, 3-dimethyl-
1-butene, b.p. 56-56.5°, nh 1.3995. This dehydration therefore yielded 629% of 2,3-dimethyl-
1-butene and 389, of 2,3-dimethyl-2-butene. Shurman and Boord (8) reported the produc-
tion of 209% of 2,3-dimethyl-1-butene and 809, of 2,3-dimethyl-2-butene by dehydration:
of the carbinol with oxalic aecid.

Hydroformylation of 2,3-dimetMyl-1-butene. A solution of 17.3 g. (0.21 mole) of 2,3-di-
methyl-1-butene and 5.4 g. of dicobalt octacarbonyl in sufficient ether to make 120 cc. was
placed in a 270-cc. void steel reaction vessel. Carbon monoxide was admitted to a pressure
of 2000 p.s.i. followed by hydrogen to a pressure of 4000 p.s.i. The reactor was shaken for
five minutes at room temperature (pressure 3700 p.s.i.) and heated to 135° during the course
of 25 minutes at which time the pressure was 4650 p.s.i. After 2.75 hours the pressure had
fallen to 3650 p.s.i. At room temperature the pressure was 2900 p.s.i. corresponding to a
cold drop of 800 p.s.i. (theory 1050 p.s.i.). The reaction mixture was worked up by steam-
distillation as described for 2,3-dimethyl-1,3-butadiene. The erude product was distilled
through a 20-em. helices-packed column at reduced pressure to yield 11.3 g. (45%) of 3,4-
dimethylvaleraldehyde, b.p. 59°/45 mm., nh 1.4144; semicarbazone, m.p. 140-141°. A mixture
melting point with the semicarbazone of the aldehyde from the hydroformylation of 2,3-
dimethyl-1,3-butadiene gave no depression.

Hydroformylation of 1,3-butadiene. Hydroformylation of 1,3-butadiene (Phillips Petro-
leum Company, Pure Grade) was carried out at temperatures ranging from 145-175° In a
tared, graduated 4-cm. by 20-cm. Pyrex tube there was placed approximately 15 g. of 1,3-
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butadiene. The diene was allowed to boil off until 14 g. of 1,3-butadiene remained. The
tube was then immersed in a Dry Iee-acetone bath and 45 ce. of a 109, solution of dicobalt

TABLE I
HypROFORMYLATION OF 2,3-DIMETHYL-1,3-BUTADIENE

xux 1 R s
Moles of diene...........c...covvenene .. 0.5 0.387 ) 0.33 0.25
Catalyst, go. ..o oo 2.4 1.2 1.8 5
Temperature, °C............................... 120 175 175 155
Yield of aldehyde, % .......................... 8.,8a. b 35.4% 40.0¢ 43.0¢
Initial cold pressure, p.sdi...................... 3850 3800 3900 3900
Cold drop, p.sde. ..o i 2650 2300 1500 1700
Theoretical cold drop, p.sd..................... 3880 2860 1700 1940
Time, hours......... .. ... ... .. 2.23 7.0 4.5 1.0

s Hydrocarbon, b.p. 0-10°, was isolated. ® Isolated by direct distillation of the reaction
mixture, ¢ Igolated by the steam-distillation procedure.

TABLE 1I
HyYpROFPORMYLATION OF 1,3-BUTADIENE
l [ YIELD
PN CATA- Daax — 7| mmman THEORETICAL
RUN ves, TREF TR oo | Dorn | smsssops, | COPDROR. | CODIEOR | orn
! | g " | mypE, | 1Nee p.s.i, | P
g. | Mole % MATE~ | :
t__._ L RIAL, %
1 [27.00.5 |3 8) 150 150 | 10.8 | 0 | 4000 3360 2800 4.30
2 127.00.5 [10.0] 150 [200 3900 3860 2400 0.25
3 127.00.5 |10.0] 150 180} 0 | 30.8 3800 3860 2200 1.00
4 127.00.5 10. o[ 150 183 3900 3860 | 2800 1.00
5 13. 0}0 24111. 0( 150 1165} 15 | 4000 1860 1800 0.50
6 [13.00.2411, 0 150 160 race| 4100 1860 1800 1.0
7 [27.00.5 10,00 145 220 | 3800 (6400; at
) | 220°)
8 [14.00.26 4.5 145 (175 | 28.8 | trace 8750 2000 1950 1.30
9 [14.00.26) 4.5\ 145 [155 , 20004 2000 1600 1,25
10 14.0‘10.26 4.5 145 150} i 17 32 12000+ %] 2000 1560 1.60
11 |14.00.28 4.5 145 150)l 30500 2000 1700 2.30
12 |14.0.0.28 4. 5! 140-170 170 [ trace 2000¢ 2000 800 2.25
13 114.00.26' 4.5 145 [150 | 14.5 | 15.4 |8000® | 2000 1500 0.50
14-17 . 14 00.26, 4.5 150 [154 | 23.3 | 23.8 1 3000av.® 2000 1600 av. | 0.3av.
8—21 l14.0/0. 26; 4.5 150 1175 23.8 | 11.5 3 3000 av. 2000 1700 1.00
‘14 00.26,10.0, 145 ’180 | \ 4000+ | No reaction | 4,0

* Hydrogen: carbon monoxide 1:1. ® Hydrogen, 1000 p.s.i.; Carbon monoxide, 2000
p.s.i. ¢ Hydrogen, 0 p.s.i.; Carbon monoxide, 4000 p.s.i. ¢ Hydrogen, 650 p.s.i.; Carbon
monoxide, 2250 p.s.i. ¢ Caleulated as dibutyl ketones. / Discarded; cobalt and polymer
present in reactor. All other runs used hydrogen, 2000 p.s.i.; Carbon monoxide, 2000 p.s.i.

octacarbonyl in benzene was added, followed by dry benzene to bring the volume to 100 ¢ce.
The contents of the tube were then poured into a 270-ce. void steel reaction vessel which had
been precooled in & Dry Iece-methanol bath. The Pyrex tube was rinsed out with 20 ce. of
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benzene into the reactor, which then was sealed as rapidly as possible and pressurized as
indicated in Table II.

Careful control of the temperature was egsential, since the hydroformylation was ex-
tremely exothermic. The fully charged reactor was shaken at roor temperature for 5.0
minutes in order to obtain the initial cold pressure. Then the temperature was raised rapidly
to 125° at which point the heat was turned off until the rapid rise of temperature had ceased.
Heating then was resumed at the rate of 5° per ten minutes until the reaction became
initiated, usually at 140-1456°. Reaection of 1,3-butadiene usually took place completely
within one-half hour. In some cases reaction times as short as two minutes resulted; how-
ever, for gafety purposes this was not advisable. After the desired reaction time the reaction
vessel was cooled rapidly in an air blast, opened, and the reaction products isolated.

From four combined runs each consisting of 14 g. (0.26 mole) of 1,3-butadiene and 4.5
g. of dicobalt octacarbonyl in 120 ce. of dry benzene treated for 1.0 hour with an equimolar
quantity of earbon monoxide and hydrogen at 150-175° and 3000 p.s.i., there was obtained
by the steam-distillation procedure the following fractions after distillation through a 45-
em. helices-packed column: (a) 21.0 g., (23.89,) of & mixture of five-carbon aldehydes, b.p.
34-39° (70 mm.) np 1.3910; and (b) 17.4 g., b.p. 52° (52 mm.) n} 1.4133.

TABLE III
HYDROFORMYLATION OF ISOPRENE

RUN L 2 3 4
Deme, Ze it e e 17.0 17.0 17.0 17.0
MoOles. . o e e 0.25 0.25 0.25 0.25
Catalyst, g.. ..o e 9.0 9.5 9.5 | 9.5
Temperature, °Cu....viirieor i iiiannn.s. 150 150 160 | 180
Initial cold pressure, p.sd........... ... ..o 2800 3800 2800= 2000¢
Cold drop, p.sad..o oo 1630 £ 1700 1500 1550
Theoretical cold drop, p.sd............. it 1930 1930 1950 1930
Aldehyde, yield, %........c oo i 26 22 0 15.60¢
High-boiling fraction,? yield, %.................. — 12.9 3L.0 36.0
Time, hours........... o i 1 1.1 0.75 0.75

@ Using a 2:1 ratio of hydrogen to carbon monoxide. ? Caleulated as diamyl ketones.
¢ Run 4 was isolated by steam-digtillation.

Fraction (a) consisted of aldehydes. Huntress and Mulliken (9) recorded for n-valeralde-
hyde, np 1.3944 and for o-methylbutyraldehyde, ngy 1.3896, 2, 4-dinitrophenylhydrazone, m.p.
120.5°. The 2,4-dinitrophenylhydrazone of fraction (a) melted at 98-101°. Chromatographic
analysis of the 2,4-dinitrophenylhydrazone of fraction (a) by the procedure previously
described (10) gave 509, by weight of the 2,4-dinitrophenylhydrazone of n-valeraldehyde,
m.p. 104-107°, and 509, by weight of the 2,4-dinitrophenylhydrazone of a-methylbutyralde-
hyde, m.p. 115°.

Three combined runs each consisting of 27 g. (0.5 mole) of 1,3-butadiene, 10 g. of dico-
balt octacarbonyl, and 120 cc. of dry benzene treated under hydroformylation conditions
a8 in the above examples at 150-200° yielded no aldehyde by direct distillation; instead the
following higher-boiling fractions were obtained: (a) 4.5 g., b.p. 68-72° (16 mm.), n% 1.4185;
(b) 7.0 g., b.p. 72-73° (16 mm.), n 1.4200; (c) 3.7 g., b.p. 67.5-68.5° (9 mm.), np 1.4200.

All fractions failed to give solid 2,4-dinitrophenylhydrazones. Fraction (¢) yielded a
semicarbazone, m.p. 88°, after three recrystallizations from alcohol-water. An authentic
sample of the semicarbazone of di-n-butyl ketone melted at 89-89.5°. A mixture melting
point of equal quantities of the two materials was not depressed.

Hydroformylation of isoprene. This reaction was carried out in dry benzerne according to
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the procedure described for 2,3-dimethyl-1,3-butadiene employing both the steam-dis-
tillation technique and direct distillation. In the case of isoprene, higher-boiling fractions
other than aldehydes were observed but were not characterized. In a typical run, 17 g.
(0.25 mole) of isoprene and 9.5 g. of dicobalt octacarbonyl in sufficient dry benzene to make
120 ce., was treated with carbon monoxide and hydrogen at 160° and 4000 p.s.i. By distilla-
tion there was obtained 3.9 g. (15.6%) of isomeric hexaldehydes, b.p. 40-43.5° (47 mm.),
n 1.4019-1.4060. Small higher-boiling fractions were obtained: b.p. 57° (17 mm.), nyp 1.4168;
67° (12 mm.), n5 1.4187, A 2,4-dinitrophenylhydrazone mixture of the aldehyde fraction
was prepared in almost quantitative yield, m.p. 89-91°,

Anal. Cale’d for C12H15N4O4: O, 5161; H, 5.41,

Found: C, 51.53; H, 5.42.

Chromatographic analysis did not satisfactorily separate this material into identifiable
fractions.

Hydroformylation of 3-methyl-1,8-pentadiene. In a typical run 26.2 g. (0.32 mole) of this
diene (11) and 7.8 g. of dicobalt octacarbonyl in 120 ec. of dry ether was treated with an equi-
molar mixture of ecarbon monoxide and hydrogen at 145° and 4500 p.s.i. Two similar runs
totaling 60.6 g. (0.53 mole) of diene yielded 22 g. (33%) of aldehydes, b.p. 52.5° (25 mm.),
ny 1.4140.

Angal. Cale’d for C;HuO: C, 73.63; H, 12.36.

Found: C, 73.13; H, 12.57.

The 2, 4-dinitrophenylhydrazone was prepared in 909 yield and melted at 58-63°. Chro-
matographic analysis yielded the following fractions: (a) m.p. 74-75° 16%; (b) m.p.
72-75°, 25%; (c) m.p. 72-74°, 24%; (d) m.p. 71-74°, 249%,.

The mixture melting point of a and b was 69-70°. The fractions were combined and
submitted for analysis.

Anal. Cale’d for CisHaoNsO4: C, 53.05; H, 6.16.

Found: C, 52.97; H, 5.93.

The semicarbazone of this material, after recrystallization from alcohol-water, melted
at 106-107°.

Anal. Cale’d for C1sH1eN03: C, 56.11, H, 10.01.

Found: C, 56.03; H, 9.84.

A 10-g. portion of the (0.088 mole) aldehyde fraction was oxidized with 45 g. (0.26 mole)
of silver nitrate and 14.5 g. (0.36 mole) of sodium hydroxide according to the procedure
described for 3,4-dimethylvaleraldehyde (12) to produce 6.0 g. (45%) of acid, b.p. 72° (5
mm.), n3 1.4233. An amide was prepared which melted at 97.5-98° after sublimation in vacuo.
a-Methyleaproic acid was reported (12) to have the following constants: b.p. 215-216°,
ny 1.4227, amide, m.p. 99-100°.

Hydroformylation of cyclopentadiene. Hydroformylation of eyclopentadiene, prepared
by thermal depolymerization of dicyclopentadiene (The Matheson Company, Paragon
Divigion), was carried out at 145-155° and 3700 p.s.i. according to the procedure deseribed
above for 2,3-dimethyl-1,3-butadiene. The reactor was charged with 120 cc. of an ether
solution of 16.5 g. (0.25 mole) of cyclopentadiene and 5 g. of dicobalt octacarbonyl. Carbon
monoxide and hydrogen were introduced to give an equimolar mixture with final pressure
of 3000 p.s.i. The reaction time was 50 minutes (cold drop 1500 p.s.i., cale’d 1930 p.s.i.)
and 8 g. (37%) of formyleyclopentane, b.p. 49-50° (32 mm.), n} 1.4410-1.4425, was obtained
by the steam-distillation procedure. p-Nitrophenylhydrazone, m.p. 125-127°; semicarbazone,
m.p. 140-141° after considerable shrinking at 128-125°. Adkins and Watkins (13) found m.p.
119-120.5° for the p-nitrophenylhydrazone and 138-139° for the semicarbazone.

Hydroformylation of 1-phenyl-1,8-butadiene. 1-Phenyl-1,3-butadiene (14) was hydro-
formylated in the above manner at 145-150°. The charge for a typical run consisted of 32.5
g. (0.25 mole) and 5 g. of dicobalt octacarbonyl dissolved in sufficient ether to make 120
cc. wag placed in a steel bomb and pressurized with an equimolar mixture of carbon monox-
ide and hydrogen to 3000 p.s.i. The reaction time was one hour (cold drop 1300 p.s.i., cale’d
1930 p.s.i.). Steam-distillation yielded only 3 g. of n-butylbenzene, b.p. 91-95° (456 mm.),
np 1.4887 (15). The remainder of the reaction product was polymeric in nature.
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SUMMARY

Hydroformylation of 2,3-dimethyl-1,3-butadiene, 1,3-butadiene, isoprene,
3-methyl-1,3-pentadiene, and cyclopentadiene has been carried out with an equi-
molar mixture of hydrogen and carbon monoxide in the presence of dicobalt
octacarbonyl. Monoaldehydes have been identified in the products.

Mapison, WISCONSIN
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