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Trhiz lnventlon raloatea bo bpdrosgnebisn in

the ilsnid piwas, and hes for its objiect bhe prcvisidn of a
goluble satzlyst or sueh resction.

Pricr to our irventicn, no =oluble catzlyst
was knowz foar tydrogsasticon of opganic coopounds. e have
digsovered that icdine will act as sueh catalyst or aydrogen
pariler. In the progesses of our inventier, it i=s only
nencssary to mlx the ipdipne with weter in & suitable pressure
epparaltus, bring the comround to be hydrogenated into contact
with %$his mdzxture, or dlsselve it fhsredn, and to heats the
mrxbure whiles moplying hydrezen Wnder DIeSSETE. belifation
pf the reactsni= will comse a more thorovgh mixirs, and épaeﬁ
up Hig redustion.

Tus teo the fact %hat the probable sourse of
the reaction iz through the intermedlate formetlicn of bydrogen
jodide, we have found that the start 2f the redustisn may be
consi derebly sseaded uo 1f, insteed of icdine, a solutlon of
iogine in hydmogen iodide, or aven hydrogen icdide alone,
be used ag the étarting mﬂterial-.

tie have thus besn able to redgce btenzophenons

to diphenyiméthanea, malei¢ anid %o suecinie weid, nephthalens
to tetra~pydro-naphthslene and hexahydponaphtihalene, sleje

apld %e stearle agid, benzaldehyds o toluene, beazhyd ol

Cte diﬁhenyimethana, and the lLike.

These reducticas are i1llustrative of typiuél
refuetions, io wit;
1. tldshyde or ketons to a.hydrearbon:
£. Tnszturaisd linkege to seturated:
(al. Tneetureted acids
(b)Y, Tneaturated hydrocarthons
f. 4leoohels to hydrocoarbons
e thus consider thls wethod of reductlon is aprlicabls o
organlie gomppunds ganeble of t&iing_ﬁp avdraren by addition

ar subeiltuticon.

In order to seeurc adeguste apesd of re-
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Aucticn the rescfion mixture iz hesded, the Ligher the
temperatuls the grester the spaéd.. The limlss of temperature
sre thus notb execstly fized. The terperatur= must be hlgh '
grougn to secure rapid redusticn of icdine in the solution

sc as to aveild the ecoummvelation of any sonelderable amount

of free iodire which mighl cause fodatien of the organic
ponpound, poiymerization, or cother undeslred reactiomn, The
amount of free iodine which can be Solerzted depends cn She
naSure of the compound being reduced; 1T the compound reacts

ao3ily witl icdine sueh m= by exidetion, sabstitutien, poli=

! merizmsion and the like any considersble mmount of free ipdines

. must be avolded.

It *s therefore cbvions that as ﬁigh 8 tempers-—
fure as is practissl will be ths most setislactory. The
uypar limitézf temperature for the reactloa depends con the
stability of the compounds oconcerned. The temperature must
not ke so high as 50 pause thermal decompositions of the
pompound being reduced or of tha redueiion produet; It mey
be that %oo high o jemperature will ceuze pelymerizaticn
or otier undesired intersciicg. Thvs, Tor exerple, while
benzaldehyie cen be reduced te tolusne at an appropriete
temperature, if towhigh o jemperature be used the bemzaldehyde
would polymerize, Further, oompounds such us siedric acld
ﬁight rearrange to foTm parrafing sther comzounds sould car-

bonlze a% Loo high a tamperature and others would decompose

. ponpletaly.

Thus, while wa have given certain apacifis

© temperatures in regard %o apecific compounds, other tempera-

tures might e employed therewith, The optimum tepporatire,

{ hemever, for the hydrogenstion of any partionlarx dompnunﬂ

must be determined by exverimert and consideraticn of such
properties of the oonponnd sz may be deacribed in the

1lterature. In genersl, w2 prefer noet o g0 8 below 10074,

5 slrpe the rete ol reduction below that temperaturs wouzld be
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koo slow, wnd thers is a dangeT of consideravie amounts of
fres lodine remaining unreduced. Te have found Lhat i3
general the most satisfaetory rangs for reduction is Letwesen
spout 1567¢. <o 250°0.

These redunctions proessd at 1ow pressures
but we aeve Tound bt advisable fto use pressures above mimos-
prerle to ireTresase-she rate »f reeclleon. Toe pressures'
sed may be modernte, & pressure ol 00 pounds per sSgUuale
ines being suificient for egonomic speeds of reaction; the
reoctish, SoweVST, SToceeds wove rapidély =t hipher pressuree.
obvicosly, taere is oo practiesl advantage iz, though no
objection ta, #foling to suber pfessures of L000 pounds oF oVElas
He have used =ush high pressures at tinmes for the DOreQER
of sepuring &5 high rates of reaction a3 pesaible. In
gener=1l our preferred rangs of Tressure is from &G0-200
wounda wer sguare ineh. #e heve fourd that the reactlon
preceeds with fair rapldity at 300 prunds per squars inel,

fthe poneentretion of hydrogen lodide in
the agueons selutlon {i.a. the cencentration of lodlne used
st tie sbert) will depend on tie ease of raduetion ol the
organic cospound amployed. We have found that the rade of
reduction of the crganme compound in general ineresases with
the coneentraiion of lodime &t the start. TFor exsmple,
nsing benzophenone and hydricdle acid in the molar ratio 2:1,
but in ome sase having the HI in & 57% equeous solulion, and
ip the second case having the same amcunt of HI iz a 28%
pqueous solution, the redustion iz less than pelf es fast in
the d4ilwte solutlon; in the 4ilwte sciutlen the reaciion
was 315 momplete in -3 nuurs at 180°C. and 1000 pounds
pressare, whereas in the concentraied solutiom it was B6%
pomplete under the same cendéilion. _

Mlthough the rale is thus dependent oa the
conoentration, we have found tiatthe rate chanzes very liitle

| With a changs in tle wolar ratlc of the orgsnie conpound to
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- HE, thus, for sxanpls, in the ecass of banzophengne usiog
encush 57 hydriedlc scid o give 1ln one case & ratiec by
- . welsh$ of Deszophsnone to TT of 9.1 to 11y =and in the sceoad
E sene & reiic of 9.1 to 9.5 tho rate of reductien was VeTy
? nearly the same. These interrelntions heve also heen
found in tle case ol other crganic Coipounads.
i The [oliowinez ezampless will 1llvatrate the
proeess of our inventlom.
Example l. 9 paXts by welght of benso-
" phenozne, E,7 paTis by welght of iodine eryetels, and 2.?.

parts by welght of water in = glass regsal sonla=ad in & steel
pressuts susteining bomb heated to 150 €. with hydrogen
suprlied at a pressure of éma pounds per sguare inch,  Thia
mizxturs waz ecliated Lfor 4 hours, after which it wms foumd
+that 0% of hesnzoyhenops had been reduced o diphenlymethang,
i The aguepus secluilon remaiming was colorless, and the analyslis
ahowed that the total guanfity of ipdine used at the start was
left in solution as hydrogen icdide. A Dblemk, i.2. no Ip;
gaTe noe nydrogenation,

ixample 8, A run similar to ezample. 1

' 'mas.mads, in which there was subsiituted for the lodlne and

water O parts by weigﬁt of mn mguecus solutlon of hydrogen e
L dodide (ep.g. 1.7,857% HI). | _ ;

Ezprople 3, éﬁ naria by weight of maleie.
gold ware pleced in contast with 22 paris by ﬁaight-uf hydr ogen
"ipﬁ;ﬂe uﬂ}utinn (ag.g. Le7} ia & glasa wessel in & pressurs

bomd, and agitatéd: wipile supplying hydrogen st & pressurs
af 1800 pounda per sguare inch, and with heating ef tie

mixture to 180 €., &0% of ihe maleic acld had heen cenverbed

E:;' tu suecinic aold in s three bour period.

L2

I

£ Example 4. 26 parts by welght of naph-

thalene ware agitated witi 11 parts.by welght of hydrozen iodide

as 1n e¥ampls 3, resulting in 76% conoversiaon te tetrahydro-

cnaphthalene in e »eriod of 11 hours.

e T A
"
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Hoample 5. OB grans of oileic eagid wers
sraced in B tantalunm lined siesl pressure bomh in contazt
with 8.9 stems of hydricdie acié sclution having a specific
#ravity of 1.7 (57%}). This mixturs was gubjeched w the

. Lours o
mizbure of hydrogsn for S50 meawses al a Senperaturs of ZEQTC.
gnd at 8 pressurs of 20 pounds peT SqUATH inch. 4% the

en@ of thls pericd 1t mas found thai 0% of the unsaturated

actd rad besn refuced to stearic acids
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tgvine, thus  desevibod oul Lovenblon, what we
paadin lgi=

1. Meotigd -7 oyvdm.gzaiing organle coopounds,
which 2oapriscs agltating said conponad ino goniact with =m

gucous golutien conteining tofind andfer hydrogen Lodlde
while =suntlying LhydTogsn fheratc.

o, Method of hyérogsaslling crganie rooprands,
which somorisas apliiating saild camﬁound in contact wlith an
anueals sclution conteining lodine andfor hydrogen iodide
wbile hesting the nixture and cugslying hydrogen terete 8%
a8t elevated HreszUrE. I

7. Method of hydoogeusting orsasle ceampiunds,
which comprises sgitating said compound ia sonteet with an
aaquecus sclution eontainisg ledine andfor hydroges iodide
whils heating the mixture to a banperature sidove 100%C, and
supplying hydrogei thersto &% & rressurs of above approximale-
iy £00 pounds per souare inch,

4, Method of hydmgeneting orgonle compounds,
whish epaprises agitating said compound in oontact wih an
aqueous solution contalning jodine ardfor hydrogon lodide
«hile heating tie mixture ©o a temperature between mbout 150°C.
and £30%%, and suppiying bydrogen themto &t o prassure ahove
sbout &G0 pounds per sgédare ineh,

5§, Method of hydrogenstins orzanic componands,
whiech saaprises agltating sald compound in caﬁtaut with an
aguesus solutisn contalning ledine andfor hydrogee iodilde
winlle heating tbe mixture to o Seaperainre bétwaen sbomi L50PGC,
and £500C. and suppiying bydrogen therelo at & pressurs of
abous 300 pounds per sguers inech,

G. MNMethoed of hydrogenating orgarnie cnmpuﬁﬂﬂs,
which comprises agitaiing said noﬂ¥§undsﬁ£ sontast with &
7% aqueous solution of hydmgen iﬁﬂidsfwhile haating the
mizxture and fupplying Bydrogen znstelo at an glevated preasurs.

7. Msthoed of Zydrogenating organic corpounds,
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wiigh goonrises eghbeting ao0id cospound in esontast with &
54 acuesus solution ol hydrogen lodide while besiing the .
mixture to betmeer 150°¢. mag 250°¢. while susslying hyérogen
therete at a greasﬁra ehove shout 200 pounds psr sguare inch
3. HMethed of hydrogenaiing organie com-
nounds, which canpriszes ggitaiing said compound in contoct w
Lo: owith a 5?@ agneons solution of hydrogen lodlde while hesting
j ths mixture fo betwssn abnuﬁ 150%¢, and 252°C. walle supplyw
I ing lydrogen therste &t a oressurpe of sbout 300 pounda per
sgusre inch.
Y. Method of hydregensting organic oo
pounde which comprises agltsting szld compound in cootact
with an agiects sclwnticn cnntaining.iédins sndfor hydrogen

1odide waile hesting the mizture to & telneTs tire bEWween abold

150°C and 250°C. snd supplying hydrosesn thereto at a pressure
of #00 to 800 pounds per square inch.

._._,_



