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Abstract _

HYDROGENATION OF FATTY ACIDS TO ALCOHOLS
P. T. Adams, R, E, Selff and B, M, Tolbert

* Radiation Laboratory and Department of. Chemistry
’ (¥)

University of Galifornia, Berkeley
ABSTRACT

& procedure ‘for converting fatty acids to the correspondlngaﬂcohols by
high pressure hjdrogenatlon of the mixed Cd-Ni salts of the acid 1n the |
presence of copper chromite is described.

 Reductions were made on the normal and branched chain Cy to Gy acids
witﬁ yields of 70-95%, The preparation was applied to the Small scale
synthesis‘of a number of Cl4 1abeled alcohols and these were converted to
the corresponding halldes for use as synthetlc 1ntermed1ates '

This reductlon method was used to convert 0140 to methanol--Cl4 and
methyl-ClA jodide by going through the intermediate, formic acidov The

procedure was reliable and capable of good yields on a smail scale,

(#) The work described in this paper was sponsored by the U, S. Atomic
Energy Commission, ,

‘For publication in the Journal of the American Chemical Society.




UCRIL~1300
-3

. HYDROGENATION OF FATTY ACIDS TO ALCOHOLS
'P, T. Adams, R, E, Selff and B. M. Tolbert

Radlatlon Laboratory and - Department of Chemlstry
| (%)

University of Callfornla, Berkeley

,Althoughwmeny methods for the reduction of fatty acids to their
correSponoingvalcohols havevbeen descfibed, most of these present certain
disadvantages wﬁen applied to emall scale synt?esesiwith isotopic materials.

Thus, reduction of fatiy acide withvlithium aluminum hydrlde(l);_While
very satisfactory on a large scaleée, often introdueces small amounts of con-
taminating alcohole by splitting of the ether solvents used in the reduc-

L By esterlflcatlon of fatty a01ds end hydrogenatlon in the presence of

o (49556 alcohols can be prepared in excellent ylelds, bwt |

copper chromlte
the product is elther'diluted with the esterifying alcohol if it is the
same as that produced by the reduetion, or contaminated with another alcohol

if they are different, Other methods present comparable difficulties,

Reduction of CA-Ni Salts of Fatty Acids. - & recent series of patents des-
cribes the high‘pressure hydrogenation of ‘a number of hioh-molecular weight
unsaturated fetty acids to a series of products, in most cases mixtures of
the‘correspondlng_alcohols,and esters(7), A study has been made of the o

edaptability of this-method'to'the"reduction of propionic acid,

(#) The work descrlbed in thls paper was sponsored by the U, S Atomlc
Energy Commission, ) S
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~ When a mixture of 90% Cd and 10% Wi propionate wes subjected to ‘the
condltlono deSCflbed for uhe reductlon of Cd Ni oleate by Rlchardson and
Taylor(7), that is, 2000 ps; hydrogen prossure at BAOOC for 3 hours, the
pr1nc1p1e product was found Lo be propyl proplonate. To continue the
reduction of the ester to the alcohol in a one—step process, copper chromite
ca ualySu( ) was added to nhe reactlop mixbture but the product con815ued
chiefly of a low boiling hydroeerbona presumably propane or propylene, In a
series of experiments it'was fbund fhat bj increesing the pressure end
decres the Lemperauure the reduction could be controllea o produce

almost exclusively the alcohol (see Table I).

Table I

Reduction of CA~Ni Propwonabe in the Preeence of Copper Ch;omlte( )
Hydrogeﬂi?ressure ' Temperature | Time of Heét—‘ | Producf

psi, Cold S _ ing, Hrs. "Propane" Propanol
2000 - : - 3407 : 0.5 12% 60% -
2000 o3 3 ess sy
2250 - - | 320 1 17% . 57%
2250 . 280 9 2% 418
3000 - | 270 9 598 - 308
3000 240 9 2% g
3500 240 9 lessthan 92% -

) 1% :

(%)  Reductions were made in a 115 cec. hydrogenation.bomb. The
reduction: mlxiure congisted of 20 mmoles of 90% Cd—loz i

proplonaue mixed w1uh 1.5 g.pcopper chromite. -
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Path of ﬁhé Reduction; - From a study of Richardson and Taylor's patents

and our experiments, it is felt that there are probably two”pgthsnfor‘thé
reduction of the acid %o the‘élcohol opérating under the conditions of this
reaction, In one, the mixed metal salt of the acid is reduced directly to
the alcohol., Ih'%he‘oﬁher;:aleohoi ﬁroduﬁgé 5y-reduction in the bomb
reacts with the metal salts 6f the fatty acid to produce the ester, which
is then reduéed’by ihe'coppefvchromite.

If copper chréﬁite is not addédlto the reaction mixture most of the
reaction will stop at the ester stage, It is not surprising, either, that
propane is.the'principle‘prodUCt from the reduction at 340°C for this is
far above the normal temperature %hat_can'be used in copper chromite
reductions(4)°

In the work presented in this paper this procedure wes exbended to
Cy through;ﬂs fatty acids, butvno»attempt was made to determine the
optiﬁum:coﬂditibné'of-temperatureg*pressure,_time and_metal'Salt com—
position for the reductioh of any acids otﬁér than propionate., More work
on these reductions would probably givevsuperior yields to those reported
(70-95%) , This method Qf‘feduction is.a.genéral one and can.probably be
extended to other qéidé wiﬁh‘iittle‘modificaﬁiOnb |

Thé question of possible crackiﬁg ér pqumerization éf the alcohols

or acids under the conditions of the redudtion_waS'investigated by mess -

1
from these preparaﬂionsrshOWGd no contamination, Since“copper chromite

spéctrographic analyses of the G, and 03-reductidnso The halides produced
does not normally produce isomerizations or cracking and the Cd-Ni salts
were successfully used under more sévere conditions to‘hydrogenate large

unsaturated fatty acids, this is not unexpected,
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In'thiSfprocgss for preparing alecohols the very difficplt qublem of
fractionating a product on. small scale is avoided, since no.coﬁtaminating
organic materials are.introducéd during the synthesis, In both test and
radioactive preparations the alcohols were usually converted directly ﬁgu‘

: ' i

their iodides or.bromides in order to avoid the difficult process of s

separating the alcohol-water mixture.

Convergsion of Carbon Dioxide to Methanol, - The reduction of labeled carbon

| 1
dioxide to methanol has been described by various methods(z’gélo’l )

. Most
of these methods present the .same difficulties discussed in the_réduction |
of fatty acids and the direct hydrogenation of carbonvdioxide‘reéuires a
special caﬁalyst that is difficult to prepare,

The conversion of carbon dioxide to formic acid and the direct reduc~.
tion of Cani'forméte was studied as an alternate method and»shown to be
very satisfactory for the preparation of labeled methanol and methyl ._

(9)

iodide., & simpiified mdification of the procedure of Melville, et.al.
for the hydrogenation of poltassium carboﬁate was developed, Itvwas found‘
that carbon dioxide couid"be‘routinely reduced to forméte in 85-90% yield
and this could be converted to methanol in 85~90% yield to give an overall

yield of labeled methanol of 70~-80% based on carbon dioxide,
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Experimental

Sodium Formate-Clk: w,Potassiuﬁ bicarbonate (20 mmoles) was reduced with

" hydrogen and palladium black cabtalyst as déscribedvby Melville, gﬁ.gl,(g).
&t the completion of the réduction the bomb contents‘wgre filtered and the
filtrate stirred with iO nl, web paCkéd’Dowex 50 ion exéhangé resin in the :
aéid form, The résinvwas filtered off and washed 3-4 times with water. -
The filtrate was titréted witﬁ;spdium hydroxide'and evaporated to dryness.

The yield was 85-90%.

' Carbogyl»labeléd Fatty Acids: - The various carboxyl-labeled fatty acids
 were prepared by carbonation of the corresponding Grignard reagents(lz).

Yields varied from 95-98% on a 20 mmole scale.

Propanplnl=0143'a Sodium IIJmpionad;e«-’l--(."ll‘r (.44 g5 15,0 mmoles, 5.5 x’lO4
diso/ﬁino/mgo) wa.s dissolVed in 5 ml, water and treated with 15 ml. wet
packed.Dowex 50. cation exchange resin (250-500 mesh) to conﬁertrthe salt
to the free acid, _The mixture was thoroughly stirred, filtered, and the
filtrate plus washings added to a wet Cd-Ni hydroxide slurry prepared as
follows:. In a 50 ml, centrifuge tube 1,70 g. cadmium chloride°2-»i/2 H,0
(7.43 mmoles) énd 0.24 g, nickel niﬁrété:hexahydréte (0.83'mmqles) were
dissolved in 10 ml, water. Excess sodium hydroxide'was‘added and the
precipitate céllected by centrifugation'and washed 354;times with water.
The'fesulting solution bf Cd—Ni'propionate was evapofated té dryneés ‘
on a steam b&th using an air stream, (Note: In a test regction? acidi-
fication of the Cd-Ni propionaﬁe'followed'by steam distillation of the
acid showed that the conversion of sodium~pr§pionate to‘the'ary CdQNi
salt was quantitative,) The dry mixture was transferred to a 115 ml.

stainless steel hydrogenation bomb(lB) conteining 1.5 g. copper chromite
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catalyst(l4)a The bomb was maintained at a pressure of 50 microns for 4=8
hourS'té'rémové'fiﬁal~traﬁes of water. It was observed that ‘the presence
of ﬁéisﬁﬁ&éﬁat tﬁis'pbint*mhrkédly reduced yields, - |

- The bomb was pressured te 3500 psi with electrolytic hydrogen and
heated &b 2/0°C with shaking for nine hours. When cocled, the bomb was
transferred te a vacuwn iine and thé hyﬂrogen released through alliquid.
nitrogenacooied'spiral trap containing a sintered glass disk(15), Kffer_
évacuation9 the bomb was held at reduced pressure for five,houfs,while‘
warmed to approximetely SOOC with an infra red lamp and the distillate
colle§£ed~in the cold trap. The prdduct_consisted of 1,14 g, of & soiu—
tion of 74% propanocl in water (94% yield). The sample was oxidized to
carbon‘aioxide-and converted to barium carbonate for radicactivity
measufementsélz), Calculated specific activity, 8.9 x 10° dis,/min./mg.
BaCOy; found, 8,5 x 107 dis./ min./ mg. Ba00,,

. . 7
Prqpylnlmc*é Bromide: ~ The propanol-water mixture from the reduction

was converted to the bromide using 4 mlé phosphorus tribromide, washed
with water and dried over phoéphorus pentoxide (15)0 The yield was . -

1,26 g, or 73% from propanol,

Propyl-1-Gl4 Iodide: - A proepanol-water mixture prepared as described

above was treated with 10 g, iodine, 0,62 g. red phosphorus and 3 ml.

waﬁer(lp>2 The propyl icdide was washed with water and dried over:phos—

phorus pentoxide. The yield was 86% from the alcohol,

leCg”Alcohols and Halidegs = Using the same experimental procedure as oub-

lined above, a number of aliphatic acids were reduced in the corresponding

alecohols and converted to the iodide or bromide, The data on these reduc-

tions and conversions are listed in Table II. The yields of the alcohols
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are calculated from experimental data on the efficiency of conversion of the

aleohol %o the halide under the gonditions of the reéction;

* Table II

Hydrogenation of Acids to Alecohols and Their Conversion to Halides

B 4
i,
[

2.48 g.

1.5 g..

%

70-90%.

(#) The yields of methyl iodide

on other runs varied from -

S | o . |sp. ket | Calc. % Yield| % Yield
Starting Material Halide Produced of Prod. of Alcohol fof Halide
Sodium formate~Cl4 | Metnyr-ct4 iodide . 8.8 85 go(*)
1.39 g. - 1.93 g _
fsodium acetate-1-C14 | Ethyl-1-c** iodide 9.1 95 85
1.645 g. - 2,66 g, o
. , Lk 4,
Sodium bubtyrate-1-C" Butyl-1=C" " bromide 0.09. 75 54
2,202 g, 1.47 g. '
Sodium Isobutyrate-1-CL4 | Isobutyl-1-Y4 iodide 0,08 80 65
2.20 g, - 2.4 8
Sodium valerate-1-C* | Amyl-1-C* bromide 12,6 80 57
‘ 2,56 g. O L77g
Sodium Iscvalerate-1-Clié Isoamyl-—l-—C14 bromide 0,01 70 50

——n———-—-—;——-——-‘———-—————&—-——————uu

Acknowledgments The authors wish to thank Prof, M, Calvin for his interest

énd help in this work,
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SUMMARY
& precedure for converting fatty aeids tO'ﬁhe corresponding eehOOls by

high pressure hydrbgenation of the mixed Cd-Ni salts of the acid in the
presence of copper chromlte 1s descrlbed
- Reductlons were made on the normal and branched chaln Cl and 05 ac1ds
fw1th ylelds of 70—95% Thelpreparatlonrwas applied to the small scale
synthesis of a number of'ClA—labeled alcehols and these vere copverted.to
the correspondlng halides for use as synthetlc intermediates,

This reduction method was used to convert 0140 to methanol—Cl4 and
methyl-—Cl4 iodide by g01ng through-the 1ntermed1ate, formle aecid, The

procedure ‘was reliable and capable of good yields on a small scale,
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