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Dr. J. W, Reppe, director of I GfFarbenindustrie
and head of: the Hauptlaboratorium at Ludwigshafen; was
interviewed with respect.to. his contribution to. the
German war effort. He played an important part in'the
last war (1914-1918) in developing the German process
for meking mustard gas but has had nothing to do wiﬁh
war gases in this war. . . .

His principal contributions to this ‘war Were stated
to be: _

a. Synthesis of a substitute for. blood plasma
called Periston; . :

b. . An adhesive .that makes .Buna.adhere.to fabric

: and is called Korosin - 1t formed an essential
part of the German synthetic rubber program;

¢. New reactions in the synthesis of butadiene.

Dr. Reppe and his co-workers have developed new
processes that involve novel reactions of the acetylenes,
olefines and reactions of metallic carbonyls; these dev-
elopments will probably be of future industrial import-
ance and are discussed below along with other reactions
described by Dr.. Reppe.

“The industrial success of the above acetylene
~chemistry depended first on the development of safe method
“énd fiedns "of handling acetylene " (qaqe) inder pressure, and
for some of its reactions, and the safe use of large quan-
tities of metallic acetylides. - more especially that of cop-
per. Reppe!s laboratory has qggg piped at 30 atm.pressure and
plans’ are: made to-use: 1t-at- pressures of 150 atm.- Basic




investigations of ‘explosions in compressed acetylenei
in ‘the absence of ‘oxygen in' small:bombs showed that the
pressures developed to 10 times its initial partial
pressure in a mixture and that the large scale appli-
‘cation depended (1) on“the provision of eguipment to
wilthstand such possible pressure-increases and @) rest-
ricting possible explosions to rather” small volumes. This
latter reguirement was met in-small-scale apparatus by .
using for a required delivery of acetylene instead of a
single pipe a plurality of smaller plpes about one-inch in
diameter through which more than a given output of acety-
lene was continuously circulated by looping the lines back
to the suction-side of the large capacitycompressor.and
by using one-way bicycle-tire valves at spaced intervals
'in the lines. In larger installations, the 4-6 inch pipe-
lines were completely filled throughout: their length with
pipes of small diameter (about 5-10 mm,) to torm a sort

of honeycqmb'structure‘throughout-their'eXtent.~§he—latter
has worked so well that, in the large plant for menufactur-
ing about 4500 toms per month of butid%%ol from acetylene
and formaldehyde at Ludwigshafen, of the three explosions
experienced, only the lines were burnt through in a very
small area without further trouble. After these explo-
sions, the tubes were carefully cleaned and reassembled.

Explosions are prevented in large masses of metal-
acetylide catalysts by keeping them wet. They are formed
in situ by depositing a salt of the required metal, for
‘example the nitrate; on-silica=gel pellets~and-heating~the-
same for conversion of the nitrate to the oxlde and there-
after treating them with acetylene under pressure. The only
acetylide catalyst in commercial plants is made by, react-
-ing copper oxide with acetylene in situ (See'butidaioly
process) . : '

ACetilehé-ChéﬁiStgi. | |
Reactions of Alcohols and Acetylenes.’

_Dr._Reppe.discussed the-well-known reaction between
“acetylene’ “and ‘alcohols and stated thatthe reaction was
‘quite 'general :for both aliphatic and aromatic' alcohols
including primary-and-secondary alcohols, mercaptans and
‘Phenols. ' ‘Potassium hydroxide s employed as the catalysti

@Eth”rsﬂandﬁeétens&and@aecqﬁaary*aminésfalsdﬁieééiﬁﬁifh

-acetylene.under. pressure, ... For.example, the react
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At Ludwigshafen, the I. G Farbenindustrie has & small
plant for ‘the production of vinylEether especially from -
methyl alcohol and' acetylene. Theé tion was carried on
in -liquid phase at 15 to 20 atm. pr ure‘of acetylene
- which was delivered to the reaction vessel as a 50-50 mix-

ture with nitroge " the total pressure in the system was thus
about 30-40 atm. r"he compressors were of the vertically-
reciprocating piston type and the connecting rods were en-
closed in a transparent case—to- prevent ingress of dust as

& precaution against friction and possible explosion that

the presence of dust in the cylinder would cause. The com-
pressors were of the usual type and were capable of deliver-—
ing 100 and. 180 md per hour. . ,

Reactions of Aldehydes with Acetylene.

Such aldehydes as formaldehyde:’, acetaldehyde, pro-
plon-aldehyde etc. can be reacted with acetylene upder
pressure in the-presence 'of metallic acetylides to form
unsaturated alcohols. Either one or two molecules of the
‘enployed aldehyde ¢an Teact with the acetylene and the =
so~formed alcohols have as many carbon atoms as are present
in the reacted reagents, for etample with acetylene and
formaldéhyde, there can ‘be prepared both

1) Propargyl Alcohol HC ='C-CEgOH
2 ‘Butine & diel 1,4
HOCﬂg - C = C - CHgOﬁ

The reaction is one of the most promising develop-
ments of -Dr. Reppe and- his co-workers. The above :alcohols
_are.madelhy;inxrodncing»a_mixture.o£_neaction;proauem145)ﬂu
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sufficient of.-a: 35% aqueous ‘solutionofformaldehyde :to
provide ia 10% solution of ithe latter in concurrent:flow
into-a tower ‘that is ‘packed with copper -acetylide (10-12%)
deposited on baked silica gel-pellets. 'The catalyst is’
‘prepared by depositing Cug (Cu(NO3)2 and roasting - it
may contain some Bismuth-also - and treating with acety-
lene in'situ in the contact vessels in the presence of
water at 60-709C. The reaction may be controlled to make
up to 70-80% of the product as propargyl alcohol, but the
usual procedure makes 92% of said butinediol and 4% prop-
argyl alcohol., The latter is recycled when only the diol
is wanted. The reactlon conditions employed are 5 atm.
pressure and 1009C. - The acetylene is employed in excess
and is dry upon entering the process; 1t therefore evapo-
rates water sufficiently to remove the exothermic heat of
reaction. The outlet gaseous mixture from the reactor
should be water-vapor and acetylene in the ratio of res-
pectively about 4 to.l.- o '

A plant has been running at Ludwigshafen for two years
at a capacity of 4500 metric tons per month of ‘butinediol,
In this plant the acetylene is compressed in 2 stages to 5-
6 atm. with #iterrping centrifugal compressors and the com-
pressed gas (without dilution by M) is piped to the honey-
comb pipes described above. There are 6 reactors (1.5x 18 m.)
designed for 50 atm. pressure which however operate at the
above 5 atm. only. They are lined with stainless_steel
(V4A) and have.each a volumetric capacity of 20 m® of cata-
lyst-containing £000-kg.-of-copper-acetylide.-The-inlet . -
solution of formaldehyde is dripped,égiesel verfahren)
through the tower at the rate of 10 .per hour concurrent
to a stream of acetylene of 1 per hour. The reaction
being highly exothermic, 'the only heating employed is. heat
exchange in the formaldehyde.feed lines. The Leistung is
1 ton of butinediol.per cubic meter.catalyst per. day, The.
outlet solution from the reactor is distilled to recover
10% unreacted formaldehyde and produced propargyl alcohol
which are recycled. Based on formaldehyde, the yleld of
butinediol 1s about 98%. There were some difficulties at the
beginning of the .top of thé reactor which were overcome by
diluting the Tormaldehyde solutions, as above described.. -
There have been acetylene explosions in the pipes near the
control valve to the reactor, but the only damage was to
burn a small hole in the pipe.

=5- wéwé j




Bhe reaction solution contains about 30% butinediol.
By evaporation and crystallization from ethyl acetate,
the butinediol can be recovered in crystalline form; the
butinediol as prepared above in agueous solution can be
hydrogenated-while still in such solution to butenediol
1,4 and also to butanediol 1,4 by means of a nickel or
copper atalyst at 200-300 atm. by means -of circulated hydro-
gen. The conversion of butinediol 1,4 to butanediol 1,4 by
hydrogenation is 96%.

The butanediol 1,4 (n-butylene glycol) can be re-
covered from the agueous solution and can be dehydrated in
one step to butadiene over a phosphate catalyst as developed
by I.G.Farben in 1926.. The butanediol is now made at Lud-
wigshafen for 60 pfg. per kilo and it is expected to reduce
this to 40-50 pfg. per kilo.

However, it is preferable because of higher yields and
for other reasons according to Dr. Reppe, to dehydrate the
butanediol to butadiene in two steps: that is, first to
tetrahydrofurane and then the latter to butadiene.

Tetrahydrofurane appears to be an important new build-
ing block in synthetic chemistry. It is a good solvent for
many types of compounds including also such high polymers
as polyvinylculoride, polyvinyl carbazol, natural rubber aud
Buna. It enters many reactions. Adipic acid can be made
thererom (see below) In the above aqueous solutiou of
50-35% buianediol 1,4, obtained by hydrogemation of tue
reaction product of fc,maldehyde and acetylene, the foru..
can be dJehydrated to tetrafydrofurane in said*solution: by
the addltion of a small amount of HzPO4 and malntaining th
pH .t at least & and distilling the mixture at a tempera-
tw e of ubout 260-300°C. and a pressure of 60-100 atm; the
THF (tetrahydrofurane) 1s easily volatillzed under these ¢
ditions and is quantitatively produced. The Na'and Ca ions
in the solution added for control of the pH value are sub-
stituted by H lons and by lon-exchange media (Wolfatite).

The THE ven Lhew be converted at 200-280°C. Lo bula
i1ene by meuns of a phosphate catalyst; 1t can olso be
treated mith metallic carbonyls and converted to adipic
acid. ' o
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oduct-for the.
dation of its hydroxy-
ng over a Cucatalyst -
.3 Dy The , Cann: o reaction; there ls .
produced”gamma~hydroxybutyric~acigyand'butyyqlacfone'mhieh
is the end-product of the reaction, and gamma butyrolactone
by reaction with ligquid ammonia at 250°C. gives .alpha pyr-.
rolidons as described by Prof. Spith of ‘Viemna, and in
accordance with the following equation? - S o

 Butenediol 1,4 i also the starting pr
new blood plesma substitute, By oxllation

CHg— CHp - CH;—CH, .
‘ ‘ + Nig —? | o I + Hz0
CHp (=0 ‘ CH, =0

WA

Conversion of pyrroiidoneto 1ts potassium salt and
‘the latter'!s reaction with acetylene, similarly to the
xnown preparation of vinyl carbazole, gives a N-vinyl-
pyrfolidongwhich is the monomer of Periston. »

Gig— SHa ; EpC— Chiz
| ' - l . [ ¢ KOH
52(:\ /c=o + Cgy + Hg0—? ch\'/c=o |
NK N-CH=CHp

~ Vinyl Pyrrolidone can be polymerized to Periston by
agueous solﬁtidﬁ”Bf"NaHSO“for“by“oxidationwwithvqaqgwatma,
temperature of 70-800C.; he ng% ig the catalyst and 1is
employed_in amounts of 0,05 to 1% plus NHz to the extent
of & to 4 of the employed HpOp which determines the. degree
of pblymarizationa‘NPeriston~~sfneutral,Jhas«a high vis-
mqgsityfandviswbrokenjdqwnuinqand:elimiﬁated by . the humen
bdd#ﬁ**Itﬁhas*been»usedwinﬁthousandSwofﬁGermanysolﬂiqrs;W
but the Allied medical experts have not accepted its use.

-

... .By reaction of Nna-oruamiﬁéé’witthHE;‘it*is“qpnverted
‘tOwarnqllidinewandaitswn-;substituxgdﬁppquqya;gmhese«pro-
-ducts-are-valuable in insectic desand invulcanization
,apﬁele?#tiéﬁl”Vihé%déhydr“tion“of“pyrroll‘ m -
The paction between TgF/%pdgﬂﬁg ise
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CHy—CHp = | T R
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propargyl alicohol which is made when one mole of
formaldehyde adds to~acetylene;hasnpromising.uses.,When
oxidized with air at 309C. in the presence of copper-- -
chloride, it forms the following:

BO-HpC-C £ C- |H  EB|-C = C~CHgOH

0

HOHg-C 2 C—C = C-CHgOH
Hexadlindiol, 2,4 diin, - 1,6 diol.

This latter compound onfincomplete hydrogenatlon,
yields two isomers of heiﬁienol - : =

a) Hexadienediol, 2,4 diene, 1,5 dlol =

EHHEE
CHg-C = C-C=C-COH
OH - :

b) Hexadienediol, 2,4 dlene, 1,6 diol -

| - BEHER
' HOHpC-C=C-C=C~CHpOH

No use 1s:known'for'thewcompoupdw(a),wbututhe]comruM ,
_pgpgq;(p);Canibefcopvertedwto‘eithsruofztwo Nylon bullding
'bldcksaf”It“I§*hydr6genatedﬂtowhéﬁgnediolwl,6gand@it;then,.
-can- be oxidizedﬁwithxnitric*acid%to adipic acld on the one
'héh@};br“ﬁaidﬁdiél”cﬁhybefpartiallymoxidized¢to give -
epsilon hmdrbxy;capro;ciaéidvthétﬂeasily?dehydrateswtof-
mgaprolagtonégareactionwofathehlattér:wi;hﬁmngzgiveSmepsilon

~—geaprotactam-wilch-has the following structural. formilas™
) ; R T A e U e o EFTT A A o % Lt 1 e d YR, S bt g e e e—
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~ - Propargyl alcohol e partially
.glve allyl alcohol an
or alkaline solutlon;,
propargyl-alcohol: conv

sol drogenation the
0 proplon yde.: Allyl: T
o glycerine either by tre

atment

alcohol can:be:converted: to
withyhydrogen*perokidei(or*peﬁsaltsbipr~by?theﬂcqnvéntional
method with chlorine and water. For the hydrogenation step
Fe can serve as: the bapalystfandﬁforvthe.E§Qg'oxidation to
glycerine selenic acld is-employed. ' =

Carbonylation.

Carbonylation 1s the name given‘to,reactions»wherein _
carboﬁumbnoxidétis:addedptoﬁanother compound, for example to
acetyleqe,jolefine,chclic oxide, and the like, along with
such 'a hydnogéﬁébbntaining‘compound as Hp, Hg0, ROH, NHZ,
RSH, etc. - These reactions . include the- 0X0 reaction
(olefines .+ CO + Hp) as 2 special case.  In this reaction,
olefines in llguid phase are reacted with CO + in the
presence of the Fischer-Tropsch cobalt catalyst to glive a
nixture of aldehydes, having more carbon atoms than the
employed olefines; the aldehydes are thereafter hydrogenated
to alcohols for.saparation;by_distillation..A characteristic
of this process resides in the fact that, due to the shift
of olefinic double bond along the hydrocarbon chain during
the reaction (isomerization), 2 multiplicity of isomers of the
produced branched and normal alcohols is formed. Separation
of a single compound in pure form is diffiocult 1if not
impossible even when a single olefine is that starting

_material...This. result. seems to be a property of the cobalt
cataly_s;- N v s T ’-’"“—'.7"'""”"‘-‘ T T Y 5y T s e

pr. Heppe preferé‘to use as the catalysts Nickel Carbonyl
(N1(C0)a) or Iron Carbonyl (Fe(CO)s) and Hz0 instead of Hp
when the desired end-product.is alcohols; y means of  this .
advance,.Reppe produces from a given olefine, or the like, a
mixture of two isomeric carboxy - acids liavitig each one more -
~carbon-atom-then-the-employed starting‘matenial,"the‘acids

" can then be Teduced to correspending alcohols: or aldehydes
mif;theygare?theﬁdeSiréd“peructs; ‘The said acid isomers

éfé”ﬁéﬁﬁll#fétréigbtfchainfandfalphawsubstitutedwacids.if
—¢he employed-vlerine—tsdstratght-chained-compound..

g é@g




The nickel carbonyl can be-fo
action vessel and be added to this:
canbe formed:in;situ’ rom-a;n.
that ;forms-NL(C0)q but in.an
a ‘stolchiometric relationshi ‘the
in the presence -of -excess NHz, reacts’

150-1800C to give the -Nickel Carbony

Ny + 2 MEg + Hg0 # 5C0 —=
~ mL(C0)g + BMELCL + COp

The NH4Cl 1s regenerated with Ca0.

As an example of the above reaction, the following
synthesis of acrylic acid from acetylene was given, the
reaction taking place at 40-420C; ‘

NL(CO)4 + 4 CgHp + 4 Hg0 + R'Hel—>Hp +
— NiClz + | 4 CHp = ﬁgCOOH
Cobalt and iron catalysts do not react-as well in the
above reaction. . - - .

gimilarly also to acetylene, the olefines react with
Co and He0 and form saturated acids in the present of
N1(CO)4; for instance, ethylene yields propionic acld at
2700C. —and. 200 ‘atm. pressure, as follows:-

and if an acid is used instead of wWater in the above reactiony

it 1s possible to go directly from ethylene to propionic
anbydride in the reactlon - :

3

CgHy, +CO + CHgCHACOOH
=  (ogCRaC0)p>0
.- 1f alcohol, ~ammonia,.-or _amine is used instead of

water, the corresponding ‘ester or amide of the correspond:
.1ngzacid‘is#obpainedgﬁng?L L e .

' et e T
- s o7 gheremployed~acetylene-or.-ole e Tackssymmetry—
in'. respect of the;unsdtuiatedybonq;.twoyispmersagfathe' ‘

formed-acld; or the'like, greaform‘d;&thiShiSMégnsonantaw1th

pr. Reppets‘theéryythétﬁduring the%reaCtionﬁCO&unites‘at)xhe

T A




example, when reacting pheny cetylene with CO -

reaction may progr9§$“éé‘féllow55

o emaneco—r
(ONEE ,

a2 I G L

OH . ¢
A

Cinnamic Acid Atropic Acid

oleic olefine reacts as. above to give correspond-
ing fatty acids. , ‘ -

As aforementioned, these carbonylations can be
carried out with Ni(0054 added to the reactor or 1t may
be formed in situ from Such soluble nickel salt as nickel
chloride activated with sodium iodide- sald carbonyl
being formed under the pressure conditions of reaction.

In the preparation of proplonic acld from Cp, , €O
: and~&go,~sqid@acidmiswformedmaawfgllqws:;into;aJ%ﬁqtqr.

palitiined at about 2350C-280°C. -and at a pressure.of.

NQBOESQOJthﬁxgQq,mggﬂ4@andxﬁgoyare‘1ntroduced_at.the

bottom theredf,ssaid";éQCtbr‘alsO“contgining'elementalr

nxckélﬂor“nickey=aceuate.w~thCOﬁZTfB:fOrm9d?fiﬁmtéﬁiﬁtf—-
nickel or 1ts compound by reactions with the;inflowing CO.
In»theTcaseFOffethyleng,”as'the,unsaturatedﬂhxﬂhgnarbon,'
no solvent or quuid“phase-xs'nacessarily‘presént in the ,

-10- - (),C"b



reactor although it 1s of. advantage. The react
made‘withfaﬂliningmqf;aBSOlutélfgpu:e?coppen ‘1od
other*haldgensfare”notﬁnscessdryﬁbutxtheyéhav. _
if;apparatus*reSISténxiﬁoﬁthémzareAdeveldpedﬁi ]
iswnot.szhe~usefdfftheﬂhaIOgenSﬁhasqthesdisadvanxage that
they must be eliminated4from-the£product; Looa T e

The propionic»acidformed_in)thefreaCtorgnponvremoval
therefore contalns some Ni(C0)4 which -can be removed there-
from by volatilization - it 1s very poisonousvand boils
at 450C. and decompcses*in‘the»air. Fractional condensation

has been found effectiVe,1n_performing~tpé separation - the

separated N1(C0)4 can be returned to. the processe

When the employed unsaturated nydroca: propylene
or butylene, it is necessary to employ: solvent, ‘'such as
the formed acid in the reactor; in the.ca the higher

olefines (such as produce fatty acids) the use of a solvent
is not necessary probably because of their high boiling
points. — :

From ethylene up to 95% yieid of proplonic acid is
obtalned. ' :

-~ Not only‘can.mqnocarboxylic aclds be made from olefines
but also from alcohols, and polycarboxylic aclds are pre-
parable from co and the glycols as well as from cyclic ethers
of the latter. For example, Hexandiol 1,6 smoothly reacts
to Suberic acid; and Tetrahydrofuran with CO # HeO converts
to pdipic acid in the presence of the above meta carbonyls
g followss— - - ; B

CHg~CHgp CHg~CHg
[ 17 #=2c0¢ ﬁzo—?é l
CHp CHg Bo CBp

| &0_/

Although not specifically so-stated by pr. Reppe, it may
be agsumed, from his above statement; that methyl acetate
can be formed from methyl ether - ' ‘

l
oo Coo

\ Nig%g + Nal’ Q o

-11 - O(ﬁb/

(cEg)g=0 + ©O



The above 'ca;'bonylafiqxf‘i“’f.gf &1
operation in the liguid phase with:

in continuous-

NiCle and NaI as catalyst at 200

g-11fer reactor, 40 1

£00 atm., is passed
of 300-600 c¢/hour o

taining 1% of

NeI,

counter-curr
f a 10% ague

‘of THF to adipic acid is better

The diolefin, butadiene,
in the presence of Ni(C0)4, &

fatty acids at 00 atm. pressure
reaction is good for }
make high polymers of the Nylon-type. The reaction .pro-
ceeds along rather complicated courses giving a multi-

~plicity of closely-related products. Firstly, under the
reaction, butadiene condenses with itself

conditions of

the ‘manufac

to form vinyl ‘cycloltexene which
unsaturated bonds to give carboxy-aclds, as shom on the

next. page.

—
iving a 70%-90% yleld of

the TAF. 1s caFFied out

atm. and 270°C. in an

1ters/nour of C0, measured at

ent to a downward flow
ous solution of THF con-

the CO being recycled; the ‘conversion

acts with CO and Hg0

‘and about 2700C. The
ture of poly-amides to

then carbonylates at the
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:The.commercial_developmént of these carbony1ations 5
was held up for lack.of-:acid-resisting materials of con-
struction that were not available in Germany during the

Synthesis of Alcohols from Water and Olefines.

At a pressure from £00-300 atm. and a temperature
of 3000C. “for ethylene :and about 2500C. for propylene,
these unsaturateds can be converted directly to alcohols
by reaction with water in the presence of tungsten oxide
supported on silica gel. The tungsten oxide forms about
20% of the catalyst by weight. The higher the pressure
employed, the better. Tungsten Trioxide (W0gz) ‘is inopera-
tive but must be reduced at 600°C. to Wgls before starting;
about 5% Zn0 in methylamine solution promotes the .catalyst.

In practising the above process, CgHy, for-example,
and Hp0 are introduced at the above pressure. into the top
of a Teactor tower containing the catalyst which is main-
tained at the above reguired temperature. From the bottom
of the reactor tower, there is withdrawn into an expansion -
vessel, about a 20% agueous-solution-of the .formed alcohol.
Molybdenum is also operative for the ssme purpose, but is
not as good as the tungsten.

When propylene or butylene are used in the above
reactions, the secondary alcohols are produced.

A .

,Cxclopolxoléfines.wwmwa

Dr. Reppe discussed his recent dévelopments in the
field of cyclopolyolefines, a dévelopment that may have
only scientific interest, but may have wide future appli-
cation. He has done extensive research to establish the
structural formila of especially Cglg ~ cyclooctatetraen,
which is the ‘counterpart of Cg ””tn“ghé*bbhééﬁé*séf1é§°0f
compounds. ~Itsis»nowhindﬁspuga 1y -established that this
compound has the structure' - ' B ‘

] .
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I i
-,Hc\\ CH.
| c=c/-
;S §

" In the preparation of these compounds, acetylene, at

a pressure of -10 to 20 atm. using nitrogen as.a diluent
and such neutral solvent-as especially tetrahydrofurane,
~1s coverted at temperature of from 60-70°C. and up to
130-~1409C. in the presence of such nickel compounds as its
cyanidey; thicyanate, or halide into the cyclopolyolefines
by condensation with ifself. The yield of ‘product from
acetylene is about 90%4. The formed cyclopolyolefines are
predominantly CgHg with minor amounts of CigHig; CizHlz,
and some soluble resins, and azulene, The CjqH1g and
CisHyo are monocyclic compounds where,the azulene is di-
c%%l%g;'the latter 1s an isomer of naphthalene ‘and is
formed by the dehydrogenation and rearrangement of cyclo-
dodecapentadn. ' . |

The inert solvent used is preferably tetrahydro
furan (THF). The actual eatalyst is assumed to be a very
labile nickel - acetylene compound that 1s just made from
the nickel halide, or the like, by reaction of (gpHp under
pressure, The formation of nickel acetylide can be pro-.
moted by the addition of a cyelic oxide such as ethylene
oxide. : : \

The portion of the condensed acetylene that converts
to CipHyg and CysHys can be consldersbly increased by
variagion of the temperature of reaction. At 60-700C;,
there“is "a~preponderance of cyclooctatetraen formed. The
optimum. temperature faor.CjpHin is 80-900C. whereas that
for CygHip is 130-140°C:" 8heTmost“aﬁulén”(ihtEﬁSéﬂblue
color) is formed by a by-product of reaction at 1200°C.
Azulén&iSva»dicyclic‘hydrdcafboh?haVIng*aJC7wand“a‘05~}1ng

nith 5 olefine bonds-as-follows:
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Azulen has a m.p. of 99.5° in the abolutely pure
form in which Dr. Reppe has prepared it. -

'Ehysical‘Properties of theiCy@L@poLyolefiﬁes.fﬁQn_-

1) Cyclooctatetraene 142-30C, at 760 mm. = Golden
' | ~ Yellow

2) Cyclodecapentaene . 190-l9590;'“w_4ﬂ.at
T 2 mm, 48-500C, .  Orange
3) Cycloduodecahexaene 230-2350C. at 760 mm. Bright

‘_ © 60<650C at 0.5 mm. = Yellow

The constitution of the latter two compounds has not
been definitely established. S

These compounds have no practical value; they have
been investlgated pharmaoologically and no essential
action established by their use. However, Prof. Kihn at
Heidelberg in' the case of the CygHjp fraction (b.p.2300C.
to 2350C. and colored deep-blue with some azulen - about
3%) determined that the increases of certain pathological
‘bacteria were completely suppressed in dilution of salid
fraction of 1:100,000. : ‘ ‘ .

Dr. Reppe sald that the CloH1p fraction ealled
cyclodecapentaene ‘did not yield an oxtdation sébaclc acld
and he believes: that the compound may be instead vinyl

\gyelooctatetraene;v“‘vf"""”". oo T

Samples of the above three fractions and of the

refined azulen prepared by Dr. Reppe were obtained by
members of CIOS Trip No. 215, - Ministry-of Supply.
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. In<cdnsequence of its olefinic character, cyclo-
octatetraene is»very reactive in the.presence of various
reagentg. It —

. ’ o
)

1, Easily oxidizes even 1n the air.
2.' Absorbs thogens quickly.

3. Polymerizes to a dimer and hard resins
even with standing.

4. TForms crystelline adadtion products with

aqueous AgNO, and cupric-ammonia,
chloride sol%tion.

54-.Hydro§enatés to cyeldbctane,‘
‘In certein of its reactions, c&eloootayetraene: -
1. Betains its 8-carbon ring structure.

2. (Converts to aromstic series forming deriv-
atives of ethylbenzene and p-Xylene;
phenylaceteldehyde is formed by water
suspension of CgHg with, for example,
HgS0,; dehydrogenation of 0858 with Se
yields p-xylene. :

3. Converts to compounds having both a 6- and e
4-carbon ring; for example, upon halogenation
(complete) the highest chlorinated compound
is formed in 085801 , M.ps 126°C., and thus
shows there has been an extensive change in
structure to a derivative of CSH Dr. Reppe
showed 08314 to be -

Qﬁicyclo - 1512«4] - octane m.ps - 1%6 'C.,
-16- '



4, By treatment of GEH with hypochlorite there

is produced terep: tgalic aldehyde which must

- be derived from a compound having the basic
structure - ‘

Recent Advances in Carbonylation Chemistry

The latest development in the carbonylation chemistry
js the use of the metallie hydro-carbonyls which are strong
scids end react quite differently than do the above simple
carbonyls. Dr. Reppe has worked with both the nickel and
cobalt hydrocarbonyls.

Dr. Reppe developed new methods of preparing the
sompounds, H Co (00)4 and HzFe (00)4, in large quantities
and studied their physica! comstents and chemical behavios,
Thi. work showed that H Co(CO), belonged to the group of
strougest acids (eabout like HCL) and thai H, Fe(CO)4 ve-
haved 1ik. an average mono-basic acia. TueSe compolnds
were reactod with acetylene and olefine in the presence
of Water and the reaction-products in tune case of the
olofines proved Lo be aliphatic aleoholy and iu the cas.
of the.a.etyleno tu bo hydroquiuone, or the ilike. 'rhe
empirical equation ror the reactioh witi the iron vom-
pound can be the following:

H, ﬁ'o(GO) i [ & Ny « Ul s Moo
& o " .
z bﬂ”hunvﬂuuu TR ' LN
that lu, 2 GgHy + o G +# .3 HgO . VIV
™) &N e
2 G
Lue fouollon progrosso. a. abuul 1uo AJOOG‘ an

. ., no Iodine, but there shoulu be present an organie
bese that does not react with CO (amines), to form the

=17= )
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HgFe (00)4, as follows'
2 Fe (00)5 + 1base + B Hp0—>
2 HgFe(C0)4 ¥ base .+ 2003

In contrast to Ni(CO)4, the iron hydrocarbonyl can—
react at ordinary pressure but has the disadvantage that
for each CO taken up to form product, two COz molecules
“are lost.. The relation between ‘this reaction and that
with N1(C0)4 as .catalyst in the reaction between ethylene,
carbon monoxide, and water to give ether propionic acid
or its anhydridé is recognizable.

If a portion of. the water in the above empirical
equation is substituted by NHz, propylamine is produeedr—
as well as the di- and tri- propylamine.

CHp = H@-i- '3C0 4-1120 + NH3 r-———>

HgN — CHg — .CHz — CHz + 2CQ2 .

By extension of this olefinic reaction with metallic:
hydrocarbonyls, Dr. Reppe thought to arrive at unsaturated
alcohols but, instead, with substituted acetylene arrived
at hydroquinone derivatives in a yield of about 30% as far
as his investigations have been conducted: empirically it
seems to progress about as follows:

0 " oH

HC CH . 4 CQ
HC + 8 co—+ H H ‘2
c 0
0 H

Stoichiometrically, the reagents react in the following
ratio:

' HgFe (CO)y + 4CgHp- + =2H0 —>

2 CgHgOz_ 4 Fe(OH)g

When/employed substituted acetylenes and HgFe(Co)4, :
benzene derivatives are formed, for example CHz - C = CH

- 18 - <; {9.9
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yieldS'tpimQtﬁylbenZegg,
The-success of thls new carbon-monoxide chemlstry
is attributable to-this first use of these hitherto
unusable catalysts or their substitution products, i.e.
metal carbonyls or metal hydrocarbonyls, as 1s also the
similar situation in the use of the heavy metal acetylides
and thelr first employment as catalysts in the ethylena-
tion reactions. L R

(The metallic hydrocarbonyls are not new chemical
compounds. ~They have been extensively investigated by
W. Hieber and his colleagues. ~In 1932, he and others
- published method of preparation and certaln reactions of
Fe(CO4)Hp in the Z. anorg. allgem. chemle, Vol. 204, =
‘pages 145-64. Hieber therein describés the preparation
of Fe(€0)4 Bp according to the following reaction:

' Fe(CO)5 + CH30Na ° 4 HR0 ———>
Fe(C0)4 Be +. CHs0COpNa

Hieber also states that alkaline solutions of iron
hydrocarbonyl have a strongly reducing action on organic
substances such as nitrobenzene, guinone and dyes - for
example indigo. Although stable in alkaline solution, the
hydrocarbonyl easily decomposes in the free state or in
the presence of acids because of the initial reactlon
‘2 Fe(CO)4Hs <y F&(C0)5 + Fe(CO)3 + ~Hg which proceeds -
further leading to indefinite results).: ' ‘

8
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DRP 489 587
DRP 550 425
‘DRP:/584 840
DRP 891 845
DRP 618120
DRP 625 660

DRP 624 886

DRP 647 036

DRP ‘664 231
DRP 695 219

DRP 698 2173
DRP 701 825
DRP 705 273
DRP 709 370
DRP 714 490
DRP 724 759
DRP 727 476
'DRP 624 845
AP 1827 285
EP 504 957
EP 512 182
FP 842 BT7
FP 853 148

.WPPWM865 428wfumu

DRP 510 712

‘DRP 552 987
DRP:588:352
DRP' 593 399
_DRP 621963
_ DRP 63l 016

DRP 51L 517
DRP 566 033",
DRP '589:970 -
."DRP 610 371
..DRP. 624622
'DRP_636 077

DRP 643220

DRP 662 156

_DRP 679.607.
DRP 696 774
* DRP 699 430

DRP 708 956
DRP 706 108
DRP 711 709

DRP 715 268 .
DRP 725.326 .

DRP 728 466

AP 1998 413
EP 508 543

DRP /645 112
" 'DRP 662 936
DRP 684 820
- DRP=696" 779

DRP 699 945

DRP 704 235

DRP 706 694

" DRP 713 565

FP 50208/Zspat.

FP 844 533
FP 853 606

DRP 715 815

-DRP.-TR5.532

DRP ,730 648
EP 466 316

EP 510 876

FP 806 715
FP 845 600

FP 858 185

Schweiz. 220 204
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DRP 578 994 -
*.DRP:: 591174

DRP 617 543

-DRP: 685 0L7
. DRP 639 843
. DRP. 646 995
DRP-663.779

DRP- ¢95'218
DRP ‘697 802

" DRP 700 036

DRP 704 237
DRP 708 262
DRP 714 359

- DRP 721 004

DRP 726 714
DRP 734 241

EP 497 9239
EP 510 902
FP 814 349
FP 851 178
FP 865 354
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Three type-written and bound doouments relating 't0 the
herein-disoussed subject-matters have been deposited with
the MIRS‘in GIOS Docg;ent Bag No.5518 for safe-keeping. They
have been duplicated 1n the B Series of microfilms whioh
will be ﬁled 1n Wash:lng’oon, D. c., in the custody of the

_Potroleum Administrator ‘for War. = The documents conslst of:-

(1) Report on cyclopolyolefiﬁee;
3% Pages and Appendix. 24 Pages.

(2) Dr.J.W.Reppe: Persénal History and

contributions in the Field of

39 Pages gnd 2 Tahlea.

(3) Dr.J.W.Reppe, Further Details of his Work
‘ineluding Activities 1n Divers Fields of
__nganig__qn”iiw.,_ 10 Pages.
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