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Table 1

Primary Alcohols Identified*

18 (1944)

Vol. XVIII

7eOT, RICRREBINTEIE R TAa - LORRBEYRAT I CEROBELR
HLTR®S. SIECESRIEONERT L=~ R L. EEOLHE I T Frolich

Principal Higher Alcohols

Starting Substances

Conditions of Synthesis

Experimenter
and

Produced Reference No.
(a) n-propy!l alcohol
(b) Iso-butyl alcohol
(¢) 2-methy]buty‘L alcohol % Synthesis of methanol Graves
(d) 2-methylpentyl alcohol \CO+-H, ' under elevated tempera 5
{e) 4-methylhexyl alcohol . ture and pressure.
(f) 2,4-dimethylhexyl alcohol* i
(g) 4 or 5-methylheptyl alcohol* i —
(h) Ethyl alcohol Synthesis of methanol
(i) n-propyl alcohol at 400 atm. and Natta
(k) n-butyl alcohol > CO4-I1, clevated temperatures, ()
(1) Tso-buty! alcohol Catalyst contains
(m) 2-methylbutyl alcohol potassium acetate.
(n) 2-methylpentyl alcohol n-propy! aleohol Liquid phase of the
(0) 2-ethylhexyl alcohol n-butyl alcohol reacting alcohols ; below Seott
(p) n-amy! aleohol Ethyl alcohol4 critical temp. (8)

(q) Active. amy! alcohol
(qq) n-butyl alcohel

——

n-propyl alcohol”
Ethyl alcohol

Catalyst : oxides of
Cu, Cr., Al

(r) n-propyl alcohol

(s) Jso-butyl alcohol

(t) n-butyl alcohal

(u) Methylethylcarbincarbinol

Methyl alcohol
and
ethyl alcohol

Vapor phase: 260°C
Catalyst ; oxides of
Mg, Al, Cu (88:8:3)

British Industrial
Solvent Limited.
B. P. 381185

(v) Iso-butyl alcahol
(vv) Iso-butyl alcohol

(z) Tso-butyl alcohol**

(w) n-propyl alcohol**

'(x) n-buty] aleohol

(y) n-liexy! alcohol

Methy! alcohol
Methyl alcohol +
ethyl alcohol
Methy! alcohol+
n-propyl alcohol
Methyl aleohol+
cthyl aleohol

Ethyl alcohol
Ethyl alcohol+
n-butyl alcohol

Calcium carbide (paste).
350-365°C under 10

atm. in [I;, Cl1; atms.

Negishi
(2, (12)

* By no means, this list exhausts the alcohols identified (see, Mittasch, Ber. 59, 13 (1926), as for

example) but theses alcohols are good representatives and are sufficient for our present purpose.

** Strong evidence of its formation.
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RE (12), 10t B

CH,0H+ HCH.CH,OH - CH,CH,CH.OH +H,0 ()
Isobutyl aleoholtt (b}, (1), (5), (v}, (vv), (2)

R (12), €10), (2) R

CH;0H+CH,HCHCH,OH — Eg:> CHCH,OH + H,0 an

Normal butyl aleohol, (k), (1), (x), (qq)
CH,CH,0H+ HCH.CH,OH - CH,CH,CH.CH,OH +H.O 1)
2-methyl butanol (c), (m), (u) *
KEE (12), (10), ) &RT*
CH;CH,0H+CH; HCHCH,OH — CH3CH,gCH,OH +H.0 13)
CH,
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FLFPAI~REFAF L= — 7 LORBWMMICHKRY TERE L 30MMEMN IS 32°, BBATREED
BEHo AT ILELNCRECLASHBRELTES. =~ 72 RCH 2, LRBIIMILRBIR
BH Lh3OCIEBRZETELTEN 5. XBEPKR T~ FARKEKY JrvrT o rra~

—H,0
At kom(, CHyCH,OH+CHOH—+ CIIGCH'> 0 = CH,CH,CH,0H (a),
ARELE, 2t Frolich oRKK&E3 ¢ rmoizn (BB LA TR INZEENCHE-. RE ()
1,0
K EE (b) CHinI.OH+CH,CH.OH : ‘é{}‘gg> O = CH,CIL,CHOH (b)
|

it GravesDHERICHK S LOTH 5. CH,
YW Z2ESOREEBIELPTLLELLOTCE .
t CO Ry Ho L VHB T 3B fI0r L KK (12) R (10) 2 8¢ M7= -2 3 VHE T oM
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gg=> 0+CH,;CH.OII — CH=> CHCH.OII+H.O

RLEL, 28V 1 FBoRBo N —FRE<CH 2 LB LROWIBOITEL RELRHS. e
TP —KBEOFFBETHY, Fok=-FrpEIREERS LVWBRCH I 0THE.
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Normal amyl alcohol (p)

CH,CH.CH, OH + HCH,CH,OH ~» CH,(CH,),CH.OH + H.,O as
Active amyl alcohol* (q) .
H -
CH,CH,OH+CH HCHCH.OH — CH,CH,?CH:OH +H,0 (15)
CH,

Normal hexyl alcohol (y)
CH,CH.CH,CH, OH+ HCH,CH,OH — CH,(CH,),CH,OH +H,0 )
2-methyl pentanol-1 (d), (n)
REE (12), (10), () Ro*
CH,CH.CH; OH+CH,HCHCH,OH — CH,CH,CH,I%CH,OH-}-H,O (16)
CH,

4 methyl hexanol-1 (e)
FHE (12), (10), (2), (13) R

H H
" CH,CH,CI‘CH, 0H+HCH,CH,OH—>CH,CH,—ClICH,CHgCH,OH+H20 3

B ‘L.i; i CH‘ CH;
Kl i ) 2-ethy! hexanol-1 (0)
. q .
CH,CH.,CH.CH. 0H+CHSCH,HCHCH,OH-»CHQCH,CHﬁCH,OH +H.0 (17)
C.H;
4-methyl heptanol-1* (g) . :
REE (12), (10), (2), (16) RV
Lo ) H ‘ . H
0o CHsCHgCH:(fCH20H+ HCH,CH,0Hd —» CH,CHECH,(li(JHgCH,CHﬁH
‘ - CH, CH, +H.0O (18)
.. : 2, 4-dimethyl hexanol-1¥* (f)
. ‘l"‘:‘ !
P FiE (12), (10), 2), (13) R
: H H H
! CHGCH.,(T"CH-_. OH+ CH,HCHCHQOH—r(JH,CHzCCH,(IJCH,OH+ H.O (19)
CH, CH, CH,
i * () R LeH 3N, —HFICHRTiE CO+H. 20y, Ak (15) KRATHER 7L - 12D
. rlvisioTes. . '
%1 **  5-methyl heptanol O SRR IXWEK TRRIVFEETE 2. RLELEL/ r~vA T3 er TP

- D 6113 % B UBYOKERREMET 3 & FhifZit 2-methy] butanol &k 7x normal propyl alcohol’
IVBRELNBIDTHE. FlL/ rvn?FoerarPra—-rd g R 2 Cl{z_ Ho = DR FITH
3L ofienif, 2, 4-dimethyl hexanol-1 (JKif§ 19) HARE LN 3D CH 3.
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THE QUALTATIVE CONSIDERATION ON THE MECHANISMS
OF THE FORMATIONS OF HIGHER ALCOHOLS BY RE-
DUCTION OF CARBON MONOXIDE OR BY CON-
DENSATION OF LOWER ALCOHOLS ().

The Mechanism for Primary Alcohols.
By Ryoni NEGisHI
(Abstract)

There exist already a number of mechanisms proposed for the formations of higher
alcohols from carbon monoxide and hydiogen or from lower alcohols, and since they have
been discussed by not a few there is probably no need of reconsidering the subject. Recently,
however, in connection with the synthesis of higher alcohols from the lower in the presence
of calcium carbide, I have obtained a number of evidence which may throw a suggestive, or
even a new light on the subject. In this paper I shall concern with the mechanism of the
formations of primary alcohols, and at the same time, a comparison of it with that proposed
by Graves.

My proposed mechanism is an adaption of the “ Direct dehydration,” or the “ Direct
coupling mechanism,” that is, a mechanism involving the intermolecular dehydration of twe
lower alcohol molecules, first proposed by Guerbet and extended later by such workers as
Frolich and especially Graves. The assumptions involved in my mechanism are as follows:

1) Higher alcohols are formed by intermolecular dehydration of two lower alcohol
molecules.

2) It is one of the ‘hydrogen atoms on an alpha-carbon (the carbon next to that tc
which the hydroxide group is attached, and it is, according to Graves, beta-carbon) which is
involved in the condensation.

3) Dehydration may involve a hydrogen atom of methyl alcohol, but such a reaction i
slow compared with one involving a hydrogen atom on an alpha-carbon.

4) Usually, condensation involving a hydrogen atom of a CH, group takes place lest
readily, except when the CH; group is in the alpha-position.

5) The hydrogen atom of a CH group does not take part in the condensation.

The assumptions mentioned above are the same as those proposed by Graves with thi:
marked difference : A hydrogen atom of a CH; group which is in the alpha-position react:
readily. By this added assumption, contrary to the observations of Graves, the formations o

normal butyl alcobol from two molecules of ethyl alcohol (reaction (1) in the original paper)
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normal propyl alcohol from methyl alcohol and ethyl alcohol (reaction (2)); and methyl-n-
propyl- carbinol from ethyl alcohol and isopropyl alcohol (reaction (7)) are some of the ex-

amples which take place nommally.
Some of the higher alcohols identified in the synthesis of methanol and higher alcohols

from carbon monoxide and hydrogen or from lower alcohols are given in Table 1, and the
mechanism of their formations have been explained satisfactorily.
~
The Central Laboratory,
South Manchuria Railway Company, Dairen.

(Dec. 1, 1943)





