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LLPOLY 0 INT.LVISY VITH DRl Jo Ul W.PPE
T.G. Foln HINDUSTLIN, oGl AL GONLORF, GERIANY

Dr. J. . Reppe, Girector of I.G. Farbenindustrie and
head of the Hauptlaboratorium at lLudiwigshafen, was interviewed
with respect to his contributicn te the Cerman ar effort. He
nlayed an inpertent part in the last war (1914-1918) in develop-
ing the German process for making wustard gos but has had nothing
te do with war gases in this war,.

!I)'.

1

+

is principzl contributions to this war were stated
to bes

&. Cynthesis cf & subhstitute for blooc¢ plasnma
cclied Peristong

b. in achesive thst mokes Bune adhere to fabric
and ie called Zoresin - it feormed an essential
part of -the Cermaen synthetic rubber progrem;

¢, Uew reacticns in the synthesis of butadiene.

Dr. RKepue an¢ his co-workers have developed new processes
that involve novel reactions of the acetylenes, olefines andé re-
sctions of metallic carbonyle; thesc cevelopments will probably
be of future industrial inportance ané are ciscussed below along
with other reactions described by Dr. hLeppe.

The industrial success of the above acetylene chemistry
depended first on the development of safe method and means of
handling acetylene (CoHo) under pressuvre, and for some of its
resctions, and the safe use of large guantities of metallic
acetylides - more especially tlat of copper, Keppds laboratory
has CoHo piped at 30 atm. pressure and plens are made to use 1t
at pressures of 150 atm. 3Basic investigations of explosions in
compressed acetylene in the esbsence of oxygen in small bombs showed
that the pressuvres devcloped to 10 times its initisl partial
pressure in a mixture and that the large scale application depended
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(1) on the nrovisica o! egnipment to witretond such vossible pres-
cure ineressce sndg (2) restricting possible exnlosions to rather
eme1l voluvmes, Thic letter requiroment ras et in small-scale
spraratus by veing Tor a reguirel delivery of acetylenc instead

of » ringle —ine a plurality of emzller -~ipes sbout one inch in
¢isneter throush which mere than a riven cutput of acetvlene was
continvorely cireulatec bty loroing the lines back to the suction-
cide of the lerge c.onecity ccmpressor snC by using one-way bicycle~-
tire volvers et specec intervols in the lince. In larger installe-
tions, the Le6 inch wninclines were cempletely filled throurhecut
treir lencth with wmipes of m=ll “9smeter (sbout 5-10 mm, ) to form
a sort ¢f honcycomb structure tl.rouchout their extent. The latter
hes worke” sc well thet, in the large wlent fcr ~enufactuvring about
4500 tons ner month of tutindiol from zcetvlene and formaldehyde at
Iadwis ehofen, of the three exnlesions exnerienced, only the lines
vere burnt tirough in & very emell ares witheut furtaer trovble,
fter these explosions, the tubes were cereiully cleaned anc re-
sssenbled.

},_J

N N I |
rrovented in

arge messes cf metal-acety-
t., They cre formed in sitt bty
metal, for exsmple the nitrate,
ine the sowme for conversion of the
nitrete tc the -¢ rhereaiter treating then with acetylene
mcer pressure. ihe only scetvlide catelyst in comnercial plants
is mace Ly resciing correr oxide with acetrlene in situ (see
rutindicl wrocess).

“xplceiong oTre
lide catalysts by kecuin
Cenositing a selt of the Tg
cn =ilice-rel —ellete o

4 lecetylenc Cromistry.
Leacticris oi lcohicls znd ‘cetylenes.

Tr. Leppe Ciscussed tie well-kno-m reaction between
scetvlene ¢a¢ eleohols znd ctate that tle reaction ves qguite
general icr botlh zliphstic and srcmstic alcch:ols including primery
:n~ secocadsry clcohols, mercatians an¢ vhencls, 2otassium hydrcxide
is emplcyed zs the C sz1yst. Bthers anc ecsters snd seccndary amines
~1so rezct with acetylene under pressure. or exsmrle, the resction
potween methyl slecohicl ond scetrlenc fces very smoothly at sbout
2000C, to sive metlhyl viayl ether in the nregence of KOH:

It

CI-Z3 L+ HC = Ck - 2 CH3O -C = Clip
Methyl vinyl ether is hydrolyzable at 1800C. with water to give.
acetaldehyde and methyl alcohcl and the latter can be returned to
the process.
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This procduction of acetaldehyde without a mercury catalyst
wae considered important for Germen industry because 2 kgs of mer~
cury are lost in the oroduction of a ton of Juna; however, 2 plant
wee never built. ‘ : '

Ineother important reaction of acetylene snd an alcohol
is that with phencl, 2lso emnloying KOE as the catalyst, which
pives first phenyl vinyl ether that csn convert to vinyl phenol.
Lenencing upon the amcunt of acetyle substituted on the benzene
nucleus, will depend the characteristics of the nolymer macde from
the resultent oxystyrenes wherein the vinyl groups are normally
in the ortho and para position to the hydroxy grcup. 7To make a
resin of the Bzkelite type, phenol it rezacted with acetylene at
a precsure of 10 atm. )

Orgenic zinc salts, Tfor example the nephthenate, are
goos catalysts for the rhenol-acetylene reaction ané they can
give substitvted oxy-styrenes thet are sclics.,

Ilthouth the merceptens, es above mentioned, resct with
acetylene to rive products onalogous tc those derived from the
oxygen alcolols, the rroducts are malodorous and are not of par-
ticularly prectical value.

Korosin, the adhesive fcr synthetic rubber, is made by
rescting ischutylphcenol with acetylene. This was considered an
indisnensable cdevelonment in the German synthetic rutber nrogram
es this materisl bound the synthetic rubber to the fabrie. It
2lso sssiste in »rodveing a tire that does nct get het in use.

In thic cose, the acetylene cdoes not form en ether but substitutes
for hyérogen on the benzene ring under the influence of zinc naph-
thenate 28 the catalyst. The reaction takes nlace in the liquid
vhase (Rieselverfahren) ferming the hypothetical monomer shown
below which, however, polymerizes as formed:

HoC
HyC~C-CH
¥R

‘
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At Lvdwigshefen, the I.G. Farbenindustrie has a smell
wlent Tor the orodveticn of vinyl ether especially from methyl
aleohel an¢ scetvlene. fThe resction was carried on in liquid
vhese at 15 tc 20 atm. pressvre of acetylene which wss delivered
te the reaction vessel zs =z 50-50 mixture with nitrogen; the total
wressrre in the eystem was thus about 30-40 atm. ‘The compressors
were of the verticzlly-reciprocating piston type =nd tl: connecting
rots were enclesed in @ transparent case to prevent ingress of
cust as g wrecaution :zgcinst {ricticn and rossible explcsion that
“he presence of cust in the cylinder wo' 1¢ cause. The compressors
were of th. usual tyove snd were conable of delivering 100 andé 180
n3 per hour, -

ezetions of fldehyfes with *cetylene.

Such elcehydes as formaldehydes, acetaldehyde, propion~
aldéehyde etec. can be rescted with acetylene under pressure in the
precence of metallic acetylicdes te foerm vnsaturated alcohols.
Ather one or two molecvles of the emnloyed sldehyde cen reazct
with tha acetylenc and the so-formed alcchols have as meny carbon
atoms ag are precent in the reccted reapgentsy, for example with
sectylene and formaldehyde, there cen be prepared both

(1) Prcpargyl “lecohel HC = C=~CE,OH
(2) Butine 3 diol 1,4
ECCHy - C = C = CHg0H

The reaction is one of the most promising developments

ol Tr, Iepne end his co-workers. “he above alcohols are made by
intredivedns ¢ mixutre of reaction products with sufficient of a
35% agueous sclutien of formeldehyde to provide a 10% solution

of the latter in concurrent flow intc a tower that is packed with
copper acetylide (10-12,) denmosited on baked silicez rfel pellets,
ihe catalyst is prepered by cepositing Cul (Cﬁ(N03) and recasting -
it may contuin some Zismvth e2lso - and treating w1tg acetylene

in situ in the contect vescels in the prescnce of water at 60-70°C. ..

LEYy PY

The reaction msy be contreolled to meke up to 70-80% of the product
as nrepargyl alcohol, but the usucl procedure mskes 9235 of szid
butinedicl ané 4 propargyl elcohol. The latter is recycléd when
cnly the dicl ic wanted. The resction conditions emnloyed are §
atm, prescurc and 100°C. -the acetylene is emrloyed in excess .

znd is ¢ry upon entering the processs; it therefore evaporates
water suificiantly tc romeve the excthermic heat of reaction. The.
cutlet gesecus mixture from the reactor shouldé be water-vanor and
acetvlene in the ratic ¢f resnectively abcut 4 to 1.

L ETRICTED
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A plant has bren running at Ludwigshafen for two years
at a capacity of 4500 metric tons per month of butinediol., 1In
- this vlent the zcetylene 1is compressed in 2 stages to 5-6 atm.
with ring-water centrifugal compressors and the compressed gas
(without dilution by fip) is piped tc the heneycomb pipes described
above. There are 6 reactors (1.5x18 m.) decigned for 50 atm.
nresstre which however cprerate at the above 5 atm. only. They
are lined with steinless steel (V42) and have each 2 volumetric
capocity of 20 m3 of catalyst containing 2000ke, of ccerner
acetylide., The inlet solution of formeliehyde ig dripped (f.iesel
verfehren) throurh the tower at the rate of 10 m ner hour con-
current ‘to & strezm of acetylene of 1 m3 per heur. The reaction
being hirshly excthermic, the only heating employed is heat exchange
in the fermcldehyde feed lines., fThe Leistung is 1 ten of butine-
(icl per cubic meter catelyst per dey.  The outlet solution from
the rescter is distilled te recover 107: unreacted fermaldehyde
and precucec rropargyl sleohcl whrich are recycled, Based on
formaldehyde, the yield ¢f butinediol is abeut 9¢%. ‘here were
some difficulties at the beginning of the top of the reactor which
were overcome by ¢iluting the formaldehyde solutions, as above
described. There have, been acetylene explosions in the pipes near
the control valve to the reactor; but the only camage was tc burn
a small hole in the nipe,

The reacticn solution contains about 30% butindiol. By
evinoration and crystzllization fronm ethyl acetate, the butindiol
can be recovered in crystslline ferms the butindicl as vrepsred
above in agueocus soluticn can be hydrogennsted while still in such
selution to buteneciol 1,4 ond also to butznediol 1,4 by means of
a nickel or copper catalysct at 200-300 atm, by mecans of circulcted
hydrcgen. The conversion of butindiol 1,4 to Butanedicl 1,42 by
hydrorenstion is 964.

The butanedicl 1,4 (n-butylene glycol) can be recovered
from the acueous solution and be dehydrateé in one step to buta-
diene over a phosphate catclyst se develoned by I. G. Farben in
1926, The butanediol ic ncw made at Ludwigshafen for 60 nfg. per
kilo and it is expected tc redvee this to £0-50 pfr. ver kilec.

Eowever, ‘it is preferatle because of higher yielde and
for other reasons according tc Tr. lieppe, tc dehydrate the butane-
diol to butadiene in two steps: that is, first tc tetrshydro-
furene and then the latter to butadiene.

Tetrahydrofuran aprerrs to be an important new building
block in synthetice chemistry, It is a good solvent for many types
of compounds including also such high polymers as polyvinylchlor-
ice, volyvinyl cerbazel, nstural rubber and 3una. It enters many

.%
§
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reactions. Adipic acic can be msce trerefrom (see below). In the
above zqguecurs sclttiicn oi 30-354 butznedicl 1,4, obtained by
hyCrcgenstion ¢f th: reacticn prodvet of formaldelyde snd acetylene,

the former cen be dehydrateéd to tetrzhydrofursn in sai¢ solution
by the addition of a small amount of B PO, and mointaining the

pk at at lesst 2 ané Gistilling the miXture at a temperature of
about 260-3000C. ané 2 prescure of 60-100 atm; the THF (tetra-
hydrofuvren) is eceily volstilized under thece cenditione and is
gusntitctively produced. The Ha =nd Cz ions in the solution acded
icr centrol of the »E value are substituted by I ions &nd by ion-
exchange media (olfztite).

fhe ThLi czn then be converted st 260-200°C. to buta-
diene by means cf s vhosphate catalyst;y it cen zlgo be treated
with metrllic carbenyls and converted to adipic acid.

Sutanec¢iol 1,4 is alco the starting proiuct for the
new blood nlssme substitute. 3y oxidation of its hydroxy-groups
te cldehydes by simnle spravins over « Cu catalyst at 2000C. by
the well-lmown Cannizzaro reaction, there is produced gamma
hydroxybutyric scicd znd butyrolactene which is the end-product
cf the resction, end jamn: tutyrclacione by reaction with liquid
ammonie at 2570C, rives elphe nyrroliden, =< deseribed by :irof.
Lpath of VYiennr, sn’ in accordance with the following equation:

2
CEo q&z qﬁ2_~?ﬁ2
N TR S ' PN B SRS
CH, C-0 CHy, C-0
~. o N\, ;
0 g

Conversion of pyrrclidon te its wnetessium salt and the

latter's reacticn with acetylene, cimilarly to the “nown prevara-

| tion of vinyl carbazcle, gives z H-vinyl-pnyrrolicon which is the
menomer of Periston.

CHy —— CHy |  HC ——CEp
; ‘ 4
o ||+ kom
i G C=0 4 Colly 4 Hy0 -3 EpC =0
o/ NS
NK* N-CH=CE»

RESTRICTED




T.L.C. Report SniiC-6

Page 7

Vinyl Pyrrolidone czn be polymerized to Periston by
aqueous solution cof WdHEO or by oxidation with li~,0, at a temper-
ature of 70-60 C.; the L50p is the catslyst znd i, employed in
amounts of 0.05 to 1% plus NHq to the extent of & to 4 of the

etunloyed }20? which determines the defree of polymerlzatlon.

“eristen is necvtral, hes a high v1sco<1ty ond is troken cdown in

end eliminsted by the humen body. It hac been used in thous:inds
cf { aermon

en geoldiers, but the 7llied me@ical experts have not accept-

vy reaction of NH, or amines with TEF, it is converted
to fyrrcllid¢ine and itc H- ¥ubstituted productsy; these procducts
are valuable in insecticides and in vuleenization acceleration.

m"e dehyérorenstion of wnyrrcllidine rives pyrrol. The resction
between IHF and NH3 is:

! g + Ny -3 , - H0
CHo  CHy CH, CEg
' “NE

7 ”gVI alcohel which is made when one mcle of
fcrmaloehyoe acas to acetylene has nromising uses. hen oxicized

with eir at 309C, in the presence of copper chiloride, it forms
the Tollowings:

12
lundi]
¥ i

[

HO-EoC-C = C — i —C = C-CHuOH

...%M R

HOLip=C & C —— C = C~CEoQOE

Hexadiindicl, 2,4 ¢iin, - 1,6 diol.

Iy

-

his latter compcund,

on incomplete hydrogenation, yields
two iscmers of hexdisncl -

o

) Texadienediol, 2,4 diene, 1,5 diol -

EH HE
C£3-C C~C =C~CQOH
OH H

Eo S iP R ICT LD




b) Hexadienediol, 2.4 diene, 1,6 diol -

E HHH
HOH,C=C = C=C=C-CoHOH

Ho use is known for the compound (a), but the compound

(b) cen be convertec to either of two Nylon building blocks. It

1s hydrcgenated to hexanedicl 1,6 and it then can be coxidized with
nitric acid to adipic acid cn the one hand, or said dicl can be
partislly oxidized to give epsilon hydroxy caproic acid that easily
dehydrates to caprelsctone; rezction of the latter with NH, gives
epsilon caprclactam which has the following structural formula:

CHo
7 N
/7 ~
CH CE»o
! e C=0
CH2 NB
; /
R
CH2

sropergyl alcohol can be partially hydrogenated to give
allyl alcohol anc further n-npropyl alcohol in neutral or alkaline
solution; in =2cid soluticn by hydrogenation the propargyl slcohol
converts to propionaldehyde. 21llyl alcohol can be converted to
glycerine either by trestment with hydrogen peroxide (or persslts)
or by conventionel method with chlorine end weter. For- the
hydrogenation step Fe can serve 2s the catalyst ané for the EsOp

~oxidation to glycerine selenic acidé is employed.

Carbonviation.

Carbonylztion is the name given to reactions wherein
carbon menoxide is added to snother compound, for cxample to
acetylene, olefine, cyclic oxice, and the like, along with such
a hydrogen-containing compound as E,, Ho0, DOH, NHy, REH, etc..
these rezctions include the 0X0O reaction Zolefines - C0 -~ Ho) as
a special case. In this resction, olefines in liquid phese are
reacted with CO - Ep in the presence of the Fischer-Tropsch cobalt
catalyst to give 2 mixture of aldehydes, having more carbon atcms
than the employed olefines; the aldehydes are thereafter hydro-
genated tc alcohols for senaration by distillation. ! character-
istic of this process resides in the fact that, due to the shift

RESTRICTED
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of olefinic double boné zlong the hydrocarbon chain cduvring the
reacticn (isomerizetion), a multiplicity of isomers of the produced
tranched sné normel clcohels is formed. Ceparation of a single
compound in pure form 1s ¢ifficult if not impossible even when

2 sinsle olefine is that starting material. This recult seems

tc be » vnronerty of the cobslt catalyst.

Ir. Reppe pref rs to use as the cotalysts iickel Carbonyl
(141 (C0)4) or Iron C:rbonyl (Fe(CO)s) and L0 instead of kp when
the desired end-product is alcohel€; by means of this advance,
l.eppe nroduces from a given olefine, or the like, a migture of
two iscmeric carboxy acids hevin; esch cne more carbon atom then
the emmloyed starting materisl, the acicds cen then be reduced to
corresnoncing alecokols or aldehydes il they are the desired pro-
duets. ihe said acid isomers are vsually straight chain and
alnha substituted acids if the employed clefine is a straifght-
cheined compound.

ar

<

“he nickel cerbonyl con be fcrmed outside the reaction
vessel sn’ be 2d6deé to this reaction mixture cr it can be fcwrmed
in situ frem & nickel salt, for exsmple HiCls, that forms Ki(CO)g
but in sny event it must be present in a etoichiometric reclztion-
ship tc the »nroduvect fcrmed. ﬁiClg in the presence of excess IiHa,
rescte reedily with 00 at 150-1809C. to give the ifickel Carbony%,
ag follous:

3

1iClp 4 2 NHy -+ Hp0 4+ 500 - >
Ni (CO)y+-2NH,CL + COp

the iH4Cl is regencerated with CaO.

re an cxemple of the cbove reaction, the following
syntheeis of acrylic acié frem acetylene wes given, the reaction
t-king place at 40-42°0C;

Ni(CO)y =+ 4 Cplp 4 4 H29~1'-— 2 ECl —-3 Hp -4
NiClp 4 4 CHp = C~COOH
H

Cobslt anc iron catalysts do nct react as well in the
above reacticn,

Cimilarly elso to acetylene, the olefines react with
CO =nd Eo0 and form satuvrated scids in the presence of Hi(C0), 3
for instonce, ethylene yields propionic acid at 270°9C. and 200

REETHRICTED
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atm, pressure, ag Tollews:

ané if en 2cid is used insteed of water in the above reaction,
it is pescille to ro directly from ethylene to propicnic anhydride
in the res

~Hy & -~ CE,.CHE,COOE - H,CE s
CoHy : CO - Ch3C}2FQ(P _ (Ch3CP2CO)2 Q0

If alcohol, ammonia, or amine is used instead of water,
the corresnending ester or amide of the corresponding acid 1is
obtained. : ,

.

1f the employed acetylzne or olefine lacks symmeiry in
resvect of the unsaturated bond, two isomers of the formed acid,

~or the like, are fomed; this is consonznt with Dr. FEeppe's theory

that during the reaction CO unites at the unsaturated bond of the
hycrocarbon to form the prepenons ring because there thus exists
the possibility of severing the ring at elther carbon valence of
its CO-group; for example, when reacting phenyl acetylene with
CO - Ho0O, the rsaction may progress as {folicwus:

(1y . 7 C = CH+CO -
hC =C <7 Ty
\! o B
¢
0
(2)« == CH 4 Ho0 ——-> either
N "I
«
-
T 7 T.c¢ = cH
L N >
;‘/ \:-
\ EO 0
Cinnemic Acid Atrovnic Acid

Oleic oclefine reacts as above tc give corres-onding
fatty ncids, - :

Ls aforementioned, these carbonylztions cen be carried
out with 1§i{C0), acdded¢ to the rescter or it may be formed in gitu

P -
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from svch soluble niclicl s2lt as nickel chloride activated with
sodium iocdid - said carbonyl being formed under the pressvre con-
ditions of reaction.

In the prcrvaration cf =»ropionic scid from C H4, C0O and
Eo0, e2id acid¢ 1s formed as follows: into 2 reactor maintained

at about 2350C,.-2800C, =2nd st a pressure of 250-300 atm., CO,

Cplig ond Ho0 are introcduced at the bottom thereof, said reactor
also containing elemental nickel or nickel acetate. Ni(C0)y is
formed from said nickel cr its comnouné by reactions with the in-
flowing CO. In the c:se of ethylene, &s the imssturzted hydro-
carbon, nc solvent or liguic¢ phese is necescsarily present in the
reactor although it is of advantage. The reactor can be made

with e lining of absclutely »urc coppery icodine or other hslogens
are not necescary but they have =zn advantage if anparstus resistant
to them sre developed - which cepper is not. ‘the use of the hal-
ogens has the disaldvantage that they must be eliminated from the

. product,

The propionic czcicd formelC in the reacter upon removal
thereforc centeins some ¥i(CC)y which cezn be removed therefrom
by velatilizstion - it ies v . rv moisoncus and beils at 45°C. and
decomposes in the z2ir. Fracticnsl condensation has been found
effective in performing the serarzticn - the separated Ni(CO)g4
can be retvrned¢ to the precess. '

“hen the emploved wnsaturated hycdrocarbon is nropylcne
or butylenc, it is necessary to employ a solvent, such as the
formed acicd in the roascter: in the csse of the hi-her olefines

: S

(sveh as vreduce fatiy a2cids) the vee cf a sgolvent ic not necessary
probably because of their high beiline noints.

Frem ethylenc un to 95 - yield of propionic acid is
obtained.

ot only cen monocarboxylic acides bLe mide from clefines
but =2lsc from aleohcls, and polycarboxylic acids are wreparable
from CC and the glycols ag well as from cyclic ethers of the latter.
I'or example, Iexandiol 1,6 smoothly rezcte to fuberic scidj and
Tetrehydrofuren with CO - Eo0 converts to Zdipic acid in the
presence of the szbove matsl cerbonyls 2¢ follows:

CEp- CEHp CHy— CHy

! , + 2C0 + Hp0 -] .
CHy, CHp 2° CHy Cip
T P

HOOC COCH
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'1thoveh not specifically so-stated by Lr. l.eppe, it mey be assumed,
frem his ebove statement, that methyl acetate can be formed from
methyl ether - o - :

1 NiCl, + HaI @
(CE3) ;=0 + €0 -——-mwmmwen> CH3C = OCHy

‘"he above carbonylation of the IIl’ is carrie¢ out in
continucus cperation in the liguid phase with NiCl, and Nal ss
cztalyst at 200 atm. and 270°C, In an 8 liter reactor, 40 liters/
hcur of CO, measured at 200 ats. is passed counter-current to a2
¢cwnwerd flow of 300-600 cc/hour of a 10% aqueous solution of
11F containing 1% of Nal, the CO being recycled; the conversiocn
of TLT to adipic acid is better then 907.

ihe diolefin, butadiene, reacts with CO and E;0 in the
rresence of Ni(C0)g, giving a 70%-90% yield of fatty ecics at
200 atm. pressure and sbout 2700C. The reaction is good for the
manufactire of poly-zmidcs to meke high polymers of the Nylon-
tyre., <+he reaction rproceeds slong rether ccmpliczted courses
givine s multiplicity of closely-related nroducts. Hirstly, under
tie conditions of reaction, butadiene condenses with itself to
form vinyl cyclohexene which then carbonylatec at the unsaturated
boncs te give carboxy-acids, s shown on the next page.

RESTRICTED
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The commercial deveclepment of these carbonylations was
teld vp for lack of acid-resisting materiasls of ccnstruction that
were not avrsrilable in Cermany duvring the war, ‘

cynthesis of flcohels from ater and Olefines.

2t 2 nressure from 200-300 atm. 2n¢ & tempversture of
300°C, for ethvlenc znd about 2500C., for nropylenc, these unceztu-
rateds con be converted cdirectly to alcohcls by reaction with water
in the presence of tungsten oxide supported cn silics gel. The
tungsten cxice ferms about 20% of the catalyst by weight. The
“ifher the vressure emnloyed, the better. Tungsten Irioxicde (W0q)
ie increrative but must be redvced at 600°C. to W,Ce before start-
ings ebout 55 ZnC in methylamine solution prcmctes fhe cetslyst.

In practisings the above nrocess, CoHy, for example, and
Ho0 are introduced at the atove »resesure intc the top of a resctor
tower centeiniag thoe catelyst which is meinteined at the ztove
required termmeratrre., Lrom the boticem of the reactor tower, there
is withc¢rawn into on exransion vessel, about a 207, agueous solution
of the formed slcohcl. tolybdenum is also ovnerative for the seme
nurncose, but is not 2s gocd as the tungsten.

hen propylenc or butylene are used in the above resctions,
the secondery alcohels cre nrocuced,

Cyelceneclyolefipnes.

Dr. Lepne ¢iscussed hic recent cevelopments in the field
cf eyclonclyclefines, 2 develernment that msy have only scientific
intercst, but msy have wicde frtuvre sprliceztion. He has {one
extensive regsesrch to establish the structvral fcrmula of especislly
Cylig - cyclooctatetraen, which is the counterpart of CgHg in the
béngene serieg of compounds. It is now iniisnutebly established

Pat this compound has the structure -

In the nreveraticn of these compovnds, acetylene, at
5 nressure cf 10 tc 20 atm veins nitrcgen as 2 diluent and such
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neutral solvent zs ec-ecially tetrahydrefurcne, is coverted at
temperature of from 60-70°C, and up tc 13Ofl4060. in the »resence
of such nickel compounds as ite cyenide, thicysnate, or halide
into the cyclonolyolefines by concensation with itself. The yielad
of rroduct from acetylene is sbout 90%. The formed cyclonclyole~-
fines are predominently CgHg with minor gmounts of C1o0t10s C1oHio,
enc some scluble resing, and azulene., The CipHip and CiokEq5 are
moncevelic compounds where as th. sgulene ic dicyclic; the latter
ie an iscomer of nevhthalene end is formec by the dehydrogenation
¢nd resrrangement of cyclododecapentaen.

4 _ The inert solvent used is nreferably tetrahycreofuren
(TKb)._Ih: actual catalyst is sssumed tc be 2 very labile nickel -
acetylene compound that is just made from the nickel halide, or
the like, by reaction of Cpks, under pressure. The formation of
nickel scetylide can be »romcted by the addition cf s cyclic oxide
such zg ethylene oxide.

The nortion of the condensed acetylene that converts to

Cloﬂ o and Cqysk can be considerably increased by variation of
the %emperature 6f reaction. Lt 60-70°C., tiere is a preponder-
ance of cyclocctatetraen formed. The optimum temperature for
CioHi0 is 60-90°C, vwhereas that for ClQH%g is 130-140°C,., The
most szulen (intense blue color) is fermed by =2 by-product of
reaction at 120°C. 2zulen is a cicyeclic hydrccarbon having =

C7 ané a CS ring with 5 olefine bonds as fcllows:

CE ~z=mz. CE
- Ci C .
H /" CH
CH L CL S
T Pt “C ==CH
CH ™~ H

izulen has a m.p. of 99.5° in the absolutely pure form
in which Ir, Lieppe has prepared it. :

Physiczl Jroperties of the Cvc10901Volefines.

Hame B2, " Color
1) Cyclooctatetraen 142-3°C, at 760 mm. Gclden
' , Yellow
2) Cyclodecapentaen - 190-195°C © "oat Orange

2 mi, 48-50°C,
3) - Cycloduodecahexaene 230-2359C. at 760 mm. ‘Bright
60-65°C. at 0.5 mm. Yellow

. The constitution of the latter two comovcunds has not
been definitely establiched.

HEESCTRICTED
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These comnoundés hLeve no practicel values they have been
investisated nliermocologic: 11y 2nd no essential action established
by their usc. hLewever, -rof. iokn at Eeidelberg in the case of
the Cqob 2 Jractﬂon (b.p. 2309C. to 2359C. an¢ cclored deen-blue
vith scme ulen - zbout 3:) determinec thst the increases of
certzin UC’hOlC”lC 1 becteriz were comnletely suppressed in di-
lution cof ezic¢ fracticn of 1:100,000,

(DY jed

Lr. heppe gsicd thoet the C;.H o fraction called cyclo-
deczrentaene ¢id not yield an oxicdationl sebscic acid 2nd he be-
lieves thet the ccmpound muy be inctead vinyl eyclooctatetrazene,

amvles of tlic 2tove three fractions and of the refined
azulen orepared by Lr. lievpe were obtained by members of CIOS
i'rip No. 215 dnistry of tupply.

In consequence of its clefinic character, cycloccta-
tetraene 1s very reactive in the prescnce of various reagents.,

T 4

.
L0 18 -

Easily cxidized even in the z2ir.

N

. Lelogens are guickly absorbed.

3. Polymerizes to a dimer and hard resins even
uson stencing.
4. Forms crystelline z¢dition prodircts with aqueous
Pgl04; and cupric-ammonia, chloride gclution.
5. Evdrcgenateble tec cyclooctzne.

In certain oi its resctions, cyclooctatetraene:-
1. hetains its &~carbon ring structure.

2. Converts to arcmetic series forming cerivatives

of ethylbenzene and p-Xylene; phenylscetzldehyce
ic formed by water suspension of CgHg with, for
example, HgtOg; dehydrogenation of Cghg Wlth

fe ylelcs n—xylene.

3. Ccnverts to commounds having toth s 6-carbon and
g 4-ring: for exsmple, upcn halogenation (com-
nlete) the highest chlorlnatee compeund is
fermed in CglgClg, m.p. 126°C., an¢ thus shows
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there hasc been an extencive change in structure
to 2 derivative of CgHys. Dr. Leppe showed
Cgkig to be -

By

C
AN
HoC HC —— CHp

I

| |
N (//'H
C
52
Bicyclo - {0.2.4] - octane m.p. - 1360C.

4, By treatment of Colq with hypochlerite there is
produced terepﬁt alic zldehyde which must
be derived from a comrmcund having the basic
struecture -

Recent 2Acdvances in Cerbonylation Chemistry.

The latest development in the carbonylation chemistry
is the use of the metallic hydro carbonyls which are strong acids
and react guite differently than do thc above simple cartonyls.
Tr. Keppe has worked with both the nickel and cobalt hydrcczrbonyls.

Dr. Leppe developed new methods of prepsring the above
compcunds, L Co(CO), and HyFE(C0),, in large quentities and
studied their phveicel constente endé chemical behavior. This
work choved thet B Co(CO)4 telonged to the group cf strcnrest

TRICTHEL
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acide (about like LCl) and that E Fe(CO)4 behaved like an average
meno bassic ecid. ‘these compcounds“were redcted with =cetylene and
clefine in the presence of water sné the reaction precducts in the
ce e of the olefines nroved to be aliphatic alcohel, end in the
case of the acetylene to be hyéroguinone, or the like. The
irie: 1 equation for tlie reaction with the iron compouné csn

be the followings

@

ioke(C0)gy + 2 HC = CEp, -+ 2 Ex
2 CLyCERCL 0+ Fe(HCO3),

that 1s, 2 Coly 4 3 CO 4+ 2 E20-—5CE3(CH 0L + 2 COo

2)2
she resction progresses =t about 100-110°C. zn¢ needs

e, but there shovlé be *resent an organic base that dces
act with CO (zmines), tc Form the EoFe (C0)y, as follows:

2Ye (CO)g -- base -} 2150 wmooimm—im
2 HyFe(CO), + Dbase -+ 2C0p

In contrast to #i(CC)4, the iron hydrocarbenyl can re-
zet at ordinery oressurce but has the ¢issévantsge that for ezch
CO tzllen vp to form prodvet, two COp molecules are lost. The
relaticn between this resction end that with ¥i(C0)4 as catalyst
in tre reaction between ethylene, carbon mcnoxide, and water to
five ether onropicnic acid or its snhydrice is recognigzable.

If 2 vortion cf the water in the zbeve empirical
equation is substitutec¢ by lil,, propylsmine is prcdvced, sc well
ze the di- and tri- oreopylomine.

Cp = CHp + 300 + Egd + Hhy == —>

-

ol = CHy -~ CE5 - CHy - 2C0,

}‘ ~il

By extensicn of thic clefinic resction with metsllic .
hyé&rocerbonyls, Lr. Leppe thourht to arrive at unsaturated alcohols
tut, insterd, with subctituted acetylene arrived at hydroquinone
derivatives in e yield of akout 304 ac far as hies investigations
Zave been conducted: emwiricslly it seems to progrescs about as
fellows:
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0 | OH
c L B l/ .
HC  CH c - co
e cgt g t+ O al Jr T 2
c
0 1

Stcichiometrically, the reagents react in the folleowing ratio:
HoFe (CO)4 *f— 4CoHo + Aol —————>
2 Cgligds 4 Fe(OH),

When émpioyed svbstituted acetylenes and E~Fe(CO) s
benzene derivatives are fermed; for example Chy --C "z CH yields
trimethylbenzene.

The success cf this new carbon-monoxice chemistry is
attributable to this first use ¢f these hitherto unusable catalysts
cr their substitution procvete, i.e. metal carbonyls cr metal
hydrocertonyls, 2¢ ic also the similar sitvation in the use of
the heevy metal zcetylides snd their first cmpleoyment as catalysts
in the ethylenetion rezcticns.

(The metallic hydrocarbonyls are not new chemical com-
rouncs. They have been extensively investirated by W. Eieber and
nis celleagues. 1In 1932, he anc cthers published method of pre-
paration and certein reacticns of Fe(CO4)H, in the Z. anorg.
allgem. chemie, Vol., 204, pages 145-64, Hfeber therein G¢escribes
the preparation of Fe(COS4 H2 according to the following reaction:

Fe(CO)y 4 CEyONa —  H0 e oo

Fe(CO), E, 4 CH,0CO,Na
4 2 3 2

Eeiber also states thet alkaline solutions of iron
hydrccarbonyl have a strongly rec¢ucing action on organic substances
steh es nitrcbenzene, quincne ond dyes - for exemple indigo.
Although stzble in 2lkaline golution, the hydrocarbonyl eacily
cdeccmposes in the free state or in the presence of acids because
of the initiszl reacticn 2 Fe(C0) 4 H, —> Fe(CO); +—Fe(CO)3 -+ H,
which proceeds further leading to Indefinite results).

RESTRICTED
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IPPHLIX A

A LIST OF IIEOLTINT PATUNTE, BOTH GERLAN LHD
FORCIGH IELULD ON IWVENTIOHS OF DR. KLPPH

DRP 489 537 DRP 510 712 DEP 511 517 DRP 550 403
- LRP 550 425  DRP 552 987 DRP 546 033 DRP 578 994
DRP 564 840 LCRP 5868 352 LB? 5§9 970 CRP 591 774
LRP 591 645  DRP 593. 399 DRP 610 371 LRP 617 543
DRP 61§ 120 DRP 621 963 DRP 624 622 DRP 625 017
LRP 625 660  TRP 631 016 DRP €36 077 DRP 639 643
LRP 624 386 URZ 643 220 DRP 645 112 DRP 646 995
LRP 647 036 DEP 662 156 DRP €62 936 LRP 663 779
DRP 664 231 DRP 679 607 DR? 484 £20 DRP 695 218
IRP 695 219  DRP 696 774 DRP 696 779 DRP 687 802
DEP 698 273  DEP 699 430 DRP 699 945 DRP 700 036
CEP 701 ¢25  LEP 703 956 TRP 704 235 DRP 704 237
CRP 705 273 LRP 706 108 LRP 706 694 DRP 708 262
LRP 709 370  DRP 711 709 DRP 713 565 DRP 714 359
DRP 714 490  DRP 715 265 DRP 715 3815 DRP 721 004
DEP 724 759  DIP 725 326 DRP 725 532 DRF 726 714
-?L Zgz gzg DRP 728 466 DR? 730 648 DRP 734 241
DRP 24 O ~
AP 1827 285 AP 1996 413 P 466 316 aP 497 939
=P 504 957 TP 508 543 ZP 510 676 LP 510 902
Zp 212 162 Fp 50206/zspat.  FP 506 715 FP 614 349
Foo 842 577 FP 844 533 FP  &45 600 FP 05 178
rp 853 148 FpP 653 606 FP 858 185 FP 865 35
PP 3865 428 Schweiz. 220 204 fchweiz F 220 208

Lmmerkung: ‘usiandspatente sind nur beil den Anmc.aldungen
angegeban, die bisher in Deutschlznd nicht erteilt bzw. nur
in *fuslznd eingereicht wurden.
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DOCUMENTS

Three type-written and bound documents relating to
to the herein-discussed subject-matters have been deposited
with the MIRS in £I0S Document Bag No. 3518 for safe-kecping.
They have been duplicated in the B Series of microfilms. The

documentg consist of:

(1) - Report on Cyclopolvolefines;
33 Pagos and Appendix 24 Pages.

(2) Dr, J. W. Reppe: Personal History and
Contributions in the Field of
Acetylene Chemistry;

39 Pages and 2 Tables,

(3) Dr. J. W. Reppe; Further Details of hig
Work including Activities in Diverg
Fields of Organic Chemistry:

10 Pages




