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RECENT ADVANCES IN THE CHEMISTRY' OF CARBON MONOXIDE

Lecture by Dr.W.Reppe, Ludwigshafen, 26.4:45.

INTRODUCTION

Carbon monoxide has ffor many years been a substance of extra= -~
ordinary interest to chemical industry As examples of its large scale
utilisation may be cited the symthesis of methanol from CO and hydrogen,
of formic acid, of acetic acid from methanol and CO, the Fischer-

Tropsch synthesis and the Mond nickel process, More recently American
patent literature has shown an increasing interest in the addition of
30 and water to olefines, andgof CO- to alcohols and ethers; these
syntheses, however, are normally carried out at extremely high pres-
sures and temperatures. “ . ' | S

The great resctivity of carbon monoxide can be attributed to
 the free valencies (two lone electron pairs) and it was considered
that CO should be capable of participating in many more reactions than
had hitherto.been reported. For example, reaction ﬁith.acetylene could
_ be ‘expected, and this, if successful, would be doubly interesting as
carbon monoxide: and acetylene are formed in equimolecular proportions
in the formation and utilisation of carbide, as. shown in the follewing
equation, _ - ' '

Ca0 + 3C .~L—— 3  CaCg,+ CO
e 'E ! ,
| . Oglp
- 'Normally, the carbon monoxide from a carbide oven is-burnt, and
its only*value is that of a fuel. ' ' !

~

It was thought that CO .and gcetylené-should give a mono- or di=-

A

> (1 - - () (1] T >, -

as catalyst, it became clear that the.reaction'which occurred wés'—-

between acetylene and nickel carbonyl, and that the products of the
reaction were not aldehydes but derivatives of acrylic esters.



l;.\ SXNTHESIS OF ACRXLIC ACTD AND ITS DERIVATIV“S

The first experlments carried out used mixtures of acetylene
and carbon monoxide with either nickel or nickel carbonyl as catalystse
When witer was present, acrylic acid was formed and it was rapidly
found that other substances containing active hydrogen atoms could be
used in place of water with formatlon of correspondlng derlvatlves of
acrylic a01d thus

Alcohols : R.OH + CgHo + CO ———— CHg:CH. OOCR (Esters)
JMnlncs , g R.NHg * CzHg + CO ;—;~~Q¥m7 CHy:CH.CONHR (Amides) T
Mercaptane . R, SH + CZHZ +7C0_ R CH?.CH,COSR (Thloesters) )
‘Acids ~ - . R,O0CH + CH, + co .-}-;-“——,)CHZ:CH.CO._Q.COR (.A.n_hydrides‘)'

The formation of acids, esters .and amides from water, alcohols
and amlnes, respectlvely, shows the following thermodynamlcs

02H2 + O 4 Hg0 = CHp = OH.COOH - 539.6 k cal/mol.
GgHy + GO + ROH ——> CHy = CH.CO.CR + 50.7 k cal/mol. (R = CHg)
Cgllp + CO + RNH2—-~A CH, § CH.CONHR + 87.1 K cal/mol (R = Ph)~

il
n

A tentatlve hypothes1s put forward during the earller work to
‘acccunt for the above reactions postulated the combination of acetylene
and carbon monoxide with the.formation of methylene ketene as an un-
stable intermediate product. The reactivity of ketene is well known,
and it was thought that the fission of methylene ketene by water or
alcohols would satlsfactorlly account for the formation of acrylic
acid and esters. ~ :

-

CHE CH +:CO0 ——3" [ cHz-c—c_oj

/Hzo" R.CH

& : , .
CH?:CH COCH - - CH2=CH.COOR

This explanatlon is entlrely unsatisfactory; it will not account.
for the activity of mono- and dl-substltuted acetylenes. Thus

-2*--—*



phenylacetylene'with CO gives a-phenylacrylic acid, CHs : CPh.COOH, . and
not cinnamic acid, whilst on the above,’eypothe_sis disubstituted
acetylenes should be incapable of reaction. ) C .
| I+ is therefcre postulated that the intermediate product in this
type of reaction is gyclopropenone and that acrylic acid derivatives
‘are formed by fission of this unstable ring system, as follows: -
CH=CH + O ———> CH=CH : )
o : ] N/

| e
CH=CH = CHp=CH.COOH  CH=CH CH=CHg
W me, m T
VAR . | , X — _ .
co | . ¢co _ CONHR
CH=CH ' CH,=CH.COOR  CH=CH CH=CH,
\/ -R.OH o | \/ R.COOH
co o - , co | “C0.0.COR
CH=CH CH, =CH. COSR -
- o . N S
\ / RSH |
\ — - ) )
- CO ‘ o . . '

Similarly, using phenylacétylene, phenylcyclopropenone is

postulated as an intermediate and this might be expected to open in

two ways giving a-phenylacrylic acid (I) and cinnamic acid (1I1). -

Ph.C=CH + CO ~— Ph,CgLC/JH
N

Ph. C=CH — Ph.O=CHp

\\;\/', HoO <. o (I)
\A e :

COCH
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 Ph.G=CH ' Ph.CH:CH.COOH . .

In fact: only a-phenylacryllc ac1d is formed- with phenylmethyl—
.acetylene fission of the hypothetical phenylmethylczcloPrOPenone can
occur .in both directions and both a-phenylcrotonlc acid (III) and a-

methylc1nnamlc acid (IV) are obtained.

Ph,C=C-Me + CO __ , Ph—C-C-Me

| - &o. -

Ph.C=CMe - Ph C=CHMe R
Wome ] (xzm)
co. T . cooH o

Ph.C-C-Me : ' Ph.CH:CMeCOCH
’/V . 'Hzo o C - | (IV)

- CO ——a -

The reactions of acetylene and carbon monoxide with compounds
containing active hydrogen atoms are applicable to all acetylenic
compounds, and can be carried out using.Ni(CO)4 in stoichiometric
quantltles, or catalytlcally using carbon monoxide and metals capabls
of forming carbonyls, or derivatives of such metals.

St01ch10metr1c method

Using metal’ carbonyls, .1t is necessary to use an 301d to remove
the metal, and the equation of the reaction is as follows: -

H20 + CoHg + ZNi(C0)4 + ZHCI ag, CHZ.CH COOH + zNiClp ag. + ZHp

ROH + CgHp + 3Ni(CO)q + ZHOL aq. = CH2=CH.COOR + INiClp aq. + ZHg
R + CpHy + 2Ni(CO) + JHCL ag. = CHy:CH.CONHR + 3NiCl, aq. + 18,
| ' etc.



. .Nickel carbonyl is the most generally useful carbonyl compound;
similar results can be obtained from cobalt carbonyl but this is less
accessible;. the reaction does not work with iron carbonyl, and mix-.
tures of nickel and iron carbonyls give only poor yields. The usual
acids are hydrochloric, hydrobromic, phosphoric or acetic, acids, and
these are bést used in aqueous solution. If the acid (e.g. acetic).
is used in the anhydrous condition, then the hydrogen liberatedj(see:
above equation) adds to the double bond of the acrylic acid and a 25y
yield of -propioni¢c acid is obtained. In the presence of water the
hydrogen reduces part of the carbon monoxide liberated from the nickel
carbonyl. Using technical 36 hydrochloric acid, a vigorous reaction
occurs at temperaﬁ@res as low as 40°C,., and quaptitative yields. of
acrylic acid derivatives are obtained. :

-

<

. A.Thé formation of ethyl acrylate serves as an illustration of thisf
reaction. ~ S - S :

A three-necked flask contains ethanol and hydrochloric acid (36%)
in the quantities calculated from the equation given. The contents
are stirred vigorously and the air removed by an acetylene stream
"whilst the flask is warmed to 40-42°C.  Nickel carbonyl (calculated .
-amount) is added from a burette while the acetylene stream is passed
in, and it should be noted that if the acetylene stream is not. suffi-
ciently vigoérous; the flask can collapse due to the rapid absorption
ereating a -vacuum. After absorption is complete, the ester-alcohol
mixture is distilled from the aqueous nickel chloride and purified in
the usual way. - : '

- The regeneration of nickel carbonyl from nickel chloride is a
relatively simple process. The nickel chloride solution is treated
with rather more ammonia than is necessary for the formation of hexam--
mino nickel chloride and then with sarbon monoxide at 80°C. and 50-
100 atmospheres pressure. The solution now contains nickel carbonyl,
excess ammonia, emmonium chloride and ammonium carbonate. - After re-
moval of the nickel carbonyl the ammonia can be recovered by liming
the aqueous phase. 3 : '

 The regeheration of nickel carbonyl can be done continuously in
a specially designed tower, and is completely novel. It is considered
to be a great advance over normal metallurgical practice, in which an
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aqueous nickel solution 1s,prec;p1tated with sodium carbonate, the
nickel carbonate filtered, dried, ignited and the dry oxide treated
batchwise with carbon monox1de. The equatlon of the regeneratlon
from agqueous solutions is as follows-

| 4C0 ¥ NiCl, + 2NHg + Hz-o“;'éb’. - ——— - Ni{CO), + 2NH,C1 + GOy

-....-_-._..- ~.--.q—--

dr, overall _ : ,
INJ.( )6] 012 + 5co + 2H20 e N:I.(CO)4_ + 2(NH4)CZL + (NH4)2005
o+ ZNHgv

The synth651s of acrylic esters from n{pkel carbonyl, hydro—

" chlaric acid, -alcohol and water can be carried out continucusly  and

at atmospheric pressure. The facility of the reaction combined with
the e€ase. of regenerating nickel carbonyl makes this a cheaper and
technlcally,more attractive process than the normal one. The synthesis’
is also applicable to substityted acetylenes - methy-, ethyl-, phenyl-~,
vinyl- or divinyvl-acetylene, to diacetylene, to alkinols and alkindiols
their ethers and esters, and to acetylenes, carrying amine or mercaptan
groups.

i

Catalvtlc prooess

Follow1ng the success of the "stoichiometric process“ it was a
natural consequence that a continuous catalytic process should be
sought. .This has been guccessful. Nickel is the most favourable
metal catalyst &nd is best used as a halide. The- reaction has to be
carried out under pressure as it is under these conditions only that
nickel carbonyl is formed from nickel salts.- In the case of ethyl

acrylate the alcohol is passed at 120-180° over catalysts contained in
& pressure tower, and a counter stream of acetylene and carbon monoxide

is circulated. A crude liguor containing a high percentage of ethyl
acrylate is.continuously removed from the foot of the tower.

‘This contrasts with the . normal commer01al process for gthyl
acrylate whlch is as follows. RS




CHp=CHg + HOCl. ——— ClCHpCHpOH ——> 'criz-}mz' - EE
_ SRS | _ Y |

. .. - -HgO0, EtOH - |
CHgoOH,CH9CN = — — - CHg:CH.COCR
T ~ saponify : _

IT. SYNTHESIS OF CARBOXYLIC ACIDS AND DERIVATIVES

~(a) From olefines and olefinic compounds

' It was thought that if the process described in Sedtion I using
sacetylene could be applied to olefines, the cyclopropanone ring would
~be formed as an intermediate product which should undergo hydrolytic
fission with compounds containing active hydrogen atoms, thus:-
. ke . ‘ A " _
'R.CH:CHy ———> R.Q\H—-/CHZ

Eaete]
R.CH~CH; H ——— RCH.CHz o
X X o ; _ _ © with water
© ¢co | COOH : - |

~

- . \ R. CH,.CHp . COOH
ﬁ.CH-CH o R.CH.CHgz |
X z/ﬁNHZ/" CONH,,

90‘_ T, R.CHyCHoCONHy

with amines

!

These expecfations were realised, and it was-in faqy found that
by interaction of olefines and carbon monoxide, both straight chain.
and a-methylated carboxylic acids were formed. ‘

During the early part of this work information on. the work of
Ruhrchemie A-G (so called "Oxo process") became available. This firm

ollcwing up observations mad i

p - ’ .
that carbon monoxide and hydrogen added to olefines to give aldehydes
_which could subsequently be reduced to alcohols. Work in the I;G.

-7 -



demonstrated that nickel carbonyl was 4n intermediate product in
"~ this process. ‘ Lo > : ;

‘The interaction of olefines with carbon monoxide proceeds.
easily-at 200~-300° and 150-300 atmospheres, and works squally well
for the higher and the lower .olefines, e.g., ethylene, propylene,
butylene and C5-Cgs olefines. The Cj9+Cyg olefines prepared by
cracking or by Fizcher-Tropsch synthesis are suitable starting
- materials, The acids formed. can be hydrogenated to alcchols for
use as detergents., An interesting application of the synthesis is
the use of the acid originally formed as the agent for the fission
of the cyclopropanone ring, giving anhydrides. Thus from ethylene,
propionic, anhydride, important for the manufacture of cellulose

propionate, can be prepared.

CHp=CHp + CO + Hy0 ——— ' Gl CHy,000H

| | CHg~CH. . CHzCHRCOOH =
CHp=CHg + CO —— \2‘/H2 o 50HpC00H, CHzCHp.CO{ 50
3 o co . -

_ . \

In this connection, it is interesting to note that Mailhe
(Bull.Soc.Chim. ,(4),5,1909,815-819) showed that anhydrides could be
split over a nickel catalyst into olefines, carbon monoxide and
carboxylic acids. o T e -

The mixed straight chain and a-methylated acids formed from the
higher olefines have advantages over those obtained from natural
fats inasmuch as they have higher solubility and dispersing power
for lime soaps, and the same holds for the sulphates of the slcohols
- formed by catalytic reduction of the acids. Since higher olefines
are cheap only as low percentage mixtures with paraffins, the above
synthesis of acids from carbon monoxide and water is especially
favourable since the separation of unreacted paraffin from the soaps
of the acids formed is simple, and the regenerated fatty acids can -
easily be separated into fractions either as such, or after reduce

~

It-is clear fram;patént literature that Américan.wurkers are

..-8?.



interested in this synthesis but the cenmditions they use (high
pressures) are .on the borderline of techniocal possibility. "It is
not known how far American work has gone, but our experience ‘is
that yiclds are almost quantit&iive. ) :

'Gyclic-olefines’with carbon monoxide and Water behave in' the
normal menner, thus cgyclooctene gives cyclooctane carboxylic acid
and czclohexene gives cyclohexane carboxylic acid.

N T
‘ e} , | —
- | /J ? L(X) +H:21 ""."'/ | |
" Butadiene, submitted to this reaction, first dimerises to
inyl cyolohexene, and from this a mixture of the following mono-
and di-carboxylic acids are formed: : ~
. | R GH2=CH.CiI=CHZ

¥ - i P
COOH (\’}.‘CﬁﬁeOOOH
'

A _CHMeCOOH - ¥ ™~ _CHyCH;COOH coos, CH,, - CH,CO0H.
(T el oy

COOH-L_

—<
-9 -



‘ Similar réactlons are s-hown" b&' derivatives of . 6lef1n\¢s. Thus,
allyl alcohol gives b= -hydroxy. 1sobutyr1c: acid whlch on dehydratlon
affords methacryhc ac:.d - L o 4

— S S CHz * Gy
| (ﬁiz .~ + €0 + HgO ————3 CH.COOH _HzL _'.cooH
- CH.CH,0H _ - CHZ-OH - '

. Buten-1-ol-4 y:.elds, via the unstable hydroxy ac:.ds, a mixture
rof 5-valerolactone and methylbutyrolactone. ;

CHZ—CH CH2. CH20H + CO + H2

-CHz, .?H.QHz.CHZOH_ CHg . CHg . CHg.CHg’OH
» COOH " COOH

Cfis | 'v . | | | Q]
(‘_ o |
0 AR o
methylbutyrolac tone 6-valerolactone

-Olefn.m.c carboxyllc acn.ds

Olelc and undecylem.c acids react with water and carbon mon-
oxide yielding dicarboxylic acids suitable for' use as :Lntermedn.ates
for polyamdes, alkyd resins, plastlc:Lsers, ete.

/

CH5.(cr12)7.CH_-CI{(CH2)7-000H oleic acid .
‘CHS.(C_I{Z).?;ic:H.(CHz)B.cobH L GHS(-CH2)8.:C§H.(CHQ).7.®OH
COOH o - - COOH

- 10 -



a~octyl nonane dicarboxylic acid " ~ ‘ a-nonyi sebacic acid

CHis i) .- GH=( OB ) 9000H

CH . (CHy)g» CH: CH(CHg )Booon“is_;golelcacla

, CHé;=CH~(CH2) 8.-0001'1' ~ (undecylenic acid ex castor oil)
0w (cig)0 00 Dl (F-(0p) g 000K
' T COOH

L2

‘Bthers and alcohols

~ Aliphatic and cyclic ethers react with metal carbonyls giving
carboxylic acids, but, in contrast to the reaction with olefines in
‘which nickel carbonyl acts alone as catalyst; with ethers the simul=-
+taneous addition of a halogen is necessary. By this method tetra-
hydrofuran gives adipic acid, and this is visualised as the cheapest
and simplest route to adipic acid. Normally small quantities of
valeric acid are formed as a by-product, and by the use of special
conditions, the addition can be restricted to eguimols of tetra--
hydrofuran and carbon monoxide, the product being g-valerolactone .
(which can be converted into caprolactam). ' '

CHo=CHo .
tzi 2 :_99.__..3 sz\FHZ

Cﬂélfﬂé - ) Ga, ©O - '
\ 4 : \ \ d/ ’ S=valerolactone
cooms | ox
LI S (()a asipic scis

o R : T
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S | |

TetrahydroPyran, similarly treated, yields plmellc acid. The
hers can be used with equal

c1enoy, 1:4-butanediol gives adlplc acid, 1: 5-pentanedlol pimelic
_%9%_, and : -hexanedlol ‘suberic aeid, = = o B

IIT. REACTIONS WITH HIDROCARBONY:LS

. The - hydrocarbonyls were prepared accordlng to Hieber's method by
the action of solutions of alkalies or alkaline earths on metal car-
‘bonyls, espec1ally iron pentacarbonyl, - Later, experiments were con-
ducted using sodium phosphate, sodium 31llcate, zinc aluminate and
chromium aluminate. It was found that iron hydrocarbonyl, Fe(CO)4Hs,
in alkallne solution reacts’ quantltatlvely with carbon monoxide
giving iron entacarbonyl and hydrogen.. The pentacarbonyl then re- .
acts further with alkali, giving the hydrocarbonyl and COg, thus
setting up a continuous reaction which ceases only when all the
alka11 gresent 1s converted into carbonate.

.Fe(CO) 5 + He0-. ______9 Fe(CO) 41-12 + COq
Fe(CQ) glp + CO ——> Fe(CO)5 + Hp

i.é., the overall reactlon iss-

- To convert the process from a dlscontlnuous to a- truly conp-e
tinuous one it was necessary to find some base which would fill the
role played by caustic alkali in the dlscontlnuous process. Such a
base must have the follow1ng properties; S

(l) Sufflclently basic to catalyse the reaction
. Fe(CO)5 + HQO-———A Fe (CO)4Hy + 002, and to combine with-

(2) The carbonate so formed should be thermally unstable and
A evolve .COg at higher temperatures.



(5) It should be water-ﬁoluble_ and non-volatile.

(4) It should be inert to the reactants . (caustic soda forms
formates with carbon monoxide). ' ' |

o another method of preparation of hydrocarbonyls consists of
‘an application of the process which has already been mentioned for the
regeneration of nickel carbonyl from nickel salts. If this process
is applied to ferrous or cobalt salts (e.g. ammoniacal Mohr salt),
iron hydrocarbonyl, Fe(004)Hg, can be prepared by regulating the rate
of CO addition and stopping the addition at the right point. Using
-ammoniscal cobalt chloride the reaction stops automatically with the
formation of Co(CO)4H which, in contrast to the iron campound, is
stable to carbon monoxide.. Pure cobalt hydrocarbonyl can be formed
fram such a solution by treatment with phosphoric acid. '

The reaction c'ani-'be represented as follows:

Cillg - + 3NHg + HO + OO 2C0(CO) 4H
g BT Ao )
400 D0 — v amol

Cgely + MNHp + HO + 00 +'300g

or, including excess ammonia. to interact with tb% COg,
afco(MEs)6]c1, + 1100 + 6 HpO— 3Co(CO)gH + 4Mi4CL + 5(Nig)2C05 + AW

Cobalt hydrocar’bonyl’[Co(OO)4HJ is a stable compound. Its
alkeline solution can be heated to 200° for long periods without
decomposition. Iron hydrocarbonyl on the other hand can be obtained
pure only with difficulty and is decomposed rapidly by alkali at 100°.
Cobalt hydrocarbonyl is a sfrong inorganic. acid; it can be titrated
with. caustic soda using methyl orange indicator, and the end-point
can be approached from either the acid or the alkaline side. It can
be titrated with methylene blue in acetic acid solution, giving a
reduction value corresponding to the content deier i ‘
iron hydrocarbonyl, however, can be ‘titrated with methylene blue only

on.the alkaline side. Iron hydrocarbonyl is a much weaker acid than

- 13 -



cobalt 'h'y:ifocalrbonyl

React:.on of' hydrocarbonyl w:.th olef:.nes .

i _Interaction: of.albal:.ne uon_hydnocarbonyl ,»Fe(oo) 4o, with
ethylene gave, as, main produet n-proPanol ‘higher aleohols and ,
-organic Hotds (f‘qrma,c, .Propicmnic, ‘€tc. ) wére also formed; . The' same
crésults’ Wer‘é obtairied. if iron: carbonvl Fe(a))5,' and, ethylene were uséd
‘ In-’élkalﬁle SQ]JJ.FOJ{!.-, ;"v_-:,",\‘."'-) BITHRA ISR ST “_3_:1 R K “'. 2

R SR YH R .
“ \"J' B s Q.

Sk G Fe(m),,,uz .t 2(}&2:{‘332 & L4H20 -—,\migcﬁzc:HQOH * Fe(HCO5)2
j A )
3 : (or FeGO;5 +H20+002)

. . it #
P, v el SR

Dy i . .
;,.J_ S RS Sl -

rioh G It was ﬁoped tq ca:r;-ry out the react:.on us:l.ng iren car‘bonyl
.1tself as catalyst, witn continuous addn.t:n.on of .C0; . the expected
sequence of' reactn.ons was. as. f‘ollows R e

[7)
<

.

ZFe(G))s + I’base] + 2H20 ,——-) 2Fe(00)4ﬂg £ [basq] + 2@2
2Fe(oo)4,ng,+ 200 —> 2Fe(CD5) + 2H2 ST T

or, in total Cqu.CHg + CO + 2H2-—9 CH5.CH2C1H20H
' CHg:CHgo + 3C0 + 2H20—-—-—) CHa CHz GHgOH + 2002

. o I Ljion LA
The act-ual reactlon scheme, howarer, lS much more compl:.cated

than the above s and has not. ‘been Putly elubidatéd,

' From what has been said; it is clear that the nature ofithe
products to'be obtalncd from 1dent1cal reactants is. ent;.rely dependent
on the nature of the ca'balys'b used..  Thus,” ethylene, CO: .and water- ’
ve propionic acid in presence of- nn.ckel carbonyl and g—propanol‘
Eence of' 1ron hydrocarbom;.l SETNE _ . :

TR

: CfrIz-GHg + GO S+ HQO——) CH5CHQCOOH (Nn.(d))4. catalyst)
GHz #+ 500 + 2H20 —-—,\mscrizcagoﬁ (Fe(a))qﬁz catalyst)

14



: Further work showed that the formation of alcohols from
olefines could be effectively accomplished only if the base were
properly chosen, and that only tertiary bases would fulfil the
necessary conditions of vwater '‘solubility, non-volatility, and non-
participation in side-reactions. Ammonia, primary and secondary amines,
in & lene reactions are ineffective until they have been
completely alkylated, thus: - ‘ - R

CHp:CHz + 500 + HpO + Mg — NHg . CHpCHgCHz + 2003 -
CHg:CHp + 300 + HgO + NHgGsHy —— NH(CzlHyz)g + 2C03
. CHg:CHz + 500 + Hg0 + NH(CzH7)2 — N(CgH7)s + 2002

o .

The most effective bases are those containing a tertiary

am:.no group, and a COOH or SO3H group. The selected base was sodium .
dimethylamino acetate, (CHg)gN.CHg. COONa. | |

V. SYNTHESIS OF HYDRUQUINONE FrOM ACKTYIENE, CARBON MONOXIDE
AND WATER : 4 |

An zttempt was made to synthesise unsaturated alcohols by
submitting acetylene to the carbon monoxide-water reaction in presence
of hydrocarbonyls. Surprisingly hydroguinone was formed, the
conditions of the reaction being the same as those used for olefines,

~but at a rather lower temperature. A base (monce thanolamine) may be
used, but is not essential; hydroxylic compounds (water of alcohol)
must be prosent. The reaction is formulated as follows:

Fe(CO)4Hy + 4CgHp+ 2Hg0 — ZCgHg0p + Fo(OH)g -
Fe(CO)5 + 4CgHg + 2HO + [base] «— 2CgHgD2 + FeCOz + [balse]

| The yield at the moment is 20-30p of hydroguinone based on

o HO,

cH CH H_

I Bxe — m + C0g
CH cH

= co. o



PR

o This reaction is also applicable to methyl, phenyl and
dimethylacetylenes, to ethcrs of propargyl dlcohol, butinol, butindiol,
hexindiol and dimethylzmino derivatives of acetylene, e.g. ' ,

MepN.CHg.C&CH and MegN. CHp . C=C, CHg.NMeg.

[

S

“There is some preliminary evidericé that. the p‘ossi'bilitie

of acetylene in this connection are by no means exhausted. For example,
the formation of cyclo entanone and hydrindone have been observed in
certain cases, although these reactions have not yet been investigated

“urther. : o - ‘

R R N [— -~+:.20°z |
: ~CH CH : o - ‘

-CO . o |
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\\\CH CO’ -

\

. Aldehydes and ketones also ‘reaC{:’vvitl_'i acetylene .in ‘the
- presence of nickel carbonyl, but the course of the reaction is, at
the mament unknown. LT ' ‘ ‘

49182/1350/ 18.2.46/P.8.C. /! 27:5?9;-__2‘
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