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Introduotion

Transportation difficulties and blockade brought about
by the war have caused a serious shortage of drying olils.
Tung oil had been imported from China, olticia from Bragil,
perilla from Japen, end linseed mainly from Argentina. As a
congequencs, considerable effort has been directed towards
the synthesis of drying oils from non-drying types, such as
castor oll, through dehydration, or from semi-drying fish
olls through saponification, distillation, and mneparation
of the fatty acids into the drying and non=-drying components,
susequently reesterifying the drying acids with glycerol or
pentaerythitol.,

decause the excellent drying properties of tung oil are
attribtuted to the conjugated triene gtructurse of eleostearic
acid, which constitutes 80 percent of its fatty aoidas, it has
been thought advisable to study the dry;yg properties of

trienes and their polymers in general.

Historical Background

The synthesis of poly unsasturated compounds was given
added impetus with Kerrer's eluoidation of the structure of
Vitemin A in 1921%. Before this vitamin or its predecessor,
carotene, or pro-vitanmin 4, could be synthesized, it was

necessary that methods be developed for the synthesis of

l. Karrer, lorf, ana Schopp, Helve. chim. scta. 14,1421
(1951); 16, 557 626(1933)
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polyenes with conjugated unsaturation.

HaC. OO

el o cx

H,0 «~CH3ClI=03 Cl{«CH3 CH~Q3 ClI=CH?
£

HoC -CH
ﬁ?:c 7 3

™

beta=Carotene

HsC, off
Bhe 2 CH CHy
BoQ” "q-CH:GH-040H-0N Cli=Cs 2-CHg0N
Kaé\ . G=CHqy
cit,

Vitamin A

A large bdody of literature pertaining to the chemistry of
polyenss has baen built up in rocent years. liocat of this has
had as its ultimate goal the total synthesis of carotene, or
compounds of a similar nature. The reviews of Kuhn® and Sobotka
and Blooh® are the best entries to this litsrature.

Compounds very similar to carotene have been synthesized
by Kuhn and Walleafels®. In their method, which is the best
available for high molecular weight compounds, polyene ssleno
or thio asldehydes were preparsed through roeaction of the
corresponding polyene aldehydes with hydrogen seisnide or
hydrogen sulphide. When the sulphur or selenium was romoved
through the esotion of metals such &8 copper, two of the parent

nuolei dimerized, and & diphenyl polyene with an odd number

2. KXuhn, J. Chem. S00., 1938, 608
3: Sobo;kn and Blogh. home—ieve, 34, 4306 (1944)

4., Xuhn and %allenfels, Angsws Chem., 50, 703 (1937)
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of double bonds resulted. The similerity betwesn compounds
of thia type and carotens ia cbvious, but the daifference

repregsents a very difficult synthesls.

R~Cl: 0H-CHO 4 §,3 == R-CH3C3H-CdS i R0

cu
R=CHiCH=CHS & SHC=CH:CH=R <~=» R«CH:CH-CH:CH~CH: 8H=R

Three other syntneses for symmetrical diphenyl polyenes
can be found in the iiterature. Kuhn® has desoribed the
reduction of diphenyl polyens glycols, such ag dihydrocinnamoin,
to the corresponding diphenyl polysnes, in this instance
diphenyl hexatriene. Pal‘ in ethyl ethor was used as the
reducing agent, and theoretical ylelds were odbtained.

OH OH Py, |
Ph~CHiCE=CH-CH=0H{CH=Ph  «=»" Ph«CH:CH~-CH:CH=CH:CH=~Ph
There is no referencse to this reastion in the pursly aliphatic
series.

Diphenyl polyenes with either &n even or odd number of
double bdonds have besn synthesized through the lerkin reastion.
In this manner two mols of phenyl polyene aldehyde have been
condensed with succinic aoid in the presence of lead oxide,
acetic acid, snd mcstic anhydrided:6, In every instsnce a

diphenyl polyene with an even number of doudle bonds was

$s Xuhn and Winterstein, Helv. Chim. Aota.,11,87,116,144(1928)

6. Bernhausr, Wolden, Neubauor, Irrgang, Drobaick,and Skudrzyk,
Jo Proct. Chem., 185, 310 (1940); Bloohem. Zeit. £49, 199;
251, 173; b4, 4347 (1932); 266, 197 (1933); 526, 43 (1936)
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igolated. Using esventially the same reasction, Kuhn and
Grundmann’! have prepared a series of diphenyl polyenos with

gn odd number of double bonds by substituting dihyéromuconio

acld for uucoinic,

2 R~-CH:CH~CHO & HOOO-CKa~CH2~000K b
‘R«CR{CR~Ci{sCH-CHsCH-CH:CE=R +  EHp0 & 2C0,

2 R-CH:CH-CHO & HOOC-CHn~CHSCB~Cﬂz-COOK il
R=-CBiCH=CA3 CH-CH:CU~CH: CH-CHICE-R & 2E,0 & 2C0p

A great number of mono and diphenyl polyenes are available

4,8 have

throush the Orignard synthesis. Kuhn and coworkers
shoxn that the normal reaction takes place between unsaturated
aldehydes and benzyl Orignerd reagent. The ocarbinels resulting
from thess reactions are resdily dehydrated to,polyenes with

a £ percent solution of p-tolusne sulfonic acid in ether®,

It iu obvious thet these reactions can lead to many symmetrical

or ungymmetrical polyenes in cither the sromatic or aliphatic

gseries,
PH2-Ph HeO
R«CHiCH~CHO & 2h~cazngnr - a—cn:cnpgfo:gsr e
OR
R-GH:CH-CE-CHg«?h

oI - Hy0
ReCHiCH-CH-CHp=Ph  =5p  R=CH:CH~-CH:CH-Ph

7. Kuhn and Grundmenn, Bers, 69 17567 (1936)
8+ Kuhn «nd Vellenfels, BDer., :O 1351 (1937); 71. 1889 (1928)
%s Yubkn end Qrundmann, Bers, YI" 44E, (1928)
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The Knoevenagle condensation 18 perhaps the most useful
reaction which has been developed in the polyens series. This
reaotion furnishss the polyene aldehydsa, basic ma.erials for
moat of the other syntheses described. Kuhn and Grandmenni®
have obtained & neries of vinylene homologs of crotonaldehyde
with up to # conjugated double bonds through succeasive
condensations of acetaldehyde in the presence of acid amine
salts as catalysta. It i3 of interest to note that in this
vork Xuhn and Oranduann disgovered that the essentlial catalyat
for the Knosvenagle resction was an acld umine salt, and not
the free amine as had been previously supposed.

amine
R-CH;CH~CHO 1 HsC~CHO  =~=-==»  R-CH:CH-CHiCH-CHO * E,0
salts
iith the polyene aldehydes as starting material, it is
possidle to obtain monocarboxylic acids in eny of three ways,
tho most direct being oxidation of the aldehyde with ailver
oxidebrll, If theso same sldehydes are conaonsed with malonioc

a0cid 4n pyridine, the polyene monocarboxylic scids with one

nore double bond and two more carbon atoms are obtained.

CO0R pyridine COOH = COp
ReCH:CH-CHO 3+ H,C8 = =v=-p Re-CH$Cl-CH: 0 -
cooR ¢O0H
K~Cl:CH~CHs CH-COOH

12

In this manner Xuhn and Grundmann™® have prepared compounds of

the type CKS(CH:CH)nGOOE with n az large as 8. The decarboxylatior

1l. Redchstein, Ammunn and Trivelld, Helve Chim. Aota., 18,
261, 1074 (1932) -
12, Xuhn and Grundmenn, Ber., 70, 1218 (1937)
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oceurs spontaneously in the course of resction when the lower
nsnbers of the sexies &re being prepured. It 1s necessary iua
the cate of the highor members, however, to decarboxylute tho
dicarboxy scid by refluxing in agetic ao0id unt acetio anhydride.

" The third synthesis for polyene monocarboxylic scids
involves ths Reformatsky reaction with polyene aldehydss and
ethylbromagetates In thi. marnsy, the cla-trans pairs of
J-mothyloctatrienic ncid und 3,7-4imethyloctatrienic acid
were prepared aftor dehydration of the carbinols obtained
frcm crotonylidsne acetone &nd 6-mothyl-3,b-heptadiens,
respectivelyrdrls,

Zn H0 OH - Hgl
R=-Cli3:CH-CHD 4 3KzBICOOE$ wma) wwa) R“CK?UK‘%“CHaOOOKt »e)

R«CHi1CH=CH3; CH~-COORY

In goms instancesn, the dehydration of the intermediute hydroxy
acid i3 attended with decarboxylation &nd the product isoclated
is a polyene hydrooarbon;a.

Kuhn snd Grundmann have pregaxed & series of dicardoxylic
8cids using & fulirly compliceted synthesis which they

7,11,13, They utilized ey otarting materials the

generalized
polyene monocarboxylic eaters of one 1ess doudls bond than
was t0 be pressnt in ths final molecules These were condensed
vith oxalioc euvter in the presence of potassium ethpxide or

pyridine, $ielding an oxalo=polyene suter.

13, Fischer and Lowenberg, Ann., 494, 263 (193g)
14, Xuhn and Hoffer, Der., 68, 65L (1932)
16, EKuhn and Grundoann, Ber., 69, 1979 (1936)
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pyridine
Et000~(CHiCH) y~Cll, & ELO0C~COOLY ~=~===-» L$00C- (CK.CK)nCHEOrOOOEt
The enol forwm of this compound wes acetylatud with uoetio
enhydride and rocuceds with alumiaum wumalgamn.
o ol
Et00C~(CH: CH)n=0:0=000T% 2 CH,C0=0=-0C=-Cllz ==»

H Okde Al-lig OAc
Et00C~(CH:CH)y=0:C=COU0Lt  ~=wwwap Etooc~cua-(cu:cx)n-cn-cooxt

iy
When the procuct of thege resctions was tremted with agueous
or alcoholic elkeli, the free dicarboxylic polyenc, or its
diester, vuc obteined through rewmoval of the elemeants of

acotic acid and ester interchange with the solvent.

OAc ROH
E$00C~CHp=(CH3CH) =Cil=COOLS -~5 E00C~(CH3CH ) 4~CH: CH=-CO0H
Ep

0f more interest to the prescnt inveutigation than theo
preceding xmeterisl, which was directed towards the synthesis
of ocarotene, is the synthesis of purely suliphatic polycenes
with specdal referencs to the eliphutic trienes. To correlate
the syntheses in the anliphatic sveries, it wlght b2 well to
refer.once again to thelxr syntheuslis from polyene curbinolg?sdd
and their appearance a8 dy=-products in the uyntheais of wonoe
garboxylic polyenes through $he aerormataky-ayntheuialao

Themmal dehydration end dehydrogenation of 1,2 glycols
yields, anlong with a cowplex mixture of othor matsrials, a

cextuin amount of polyeano. Thug Uriond® ‘firgt prepared
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(8)
1,6 dimethyl-hexatriene-1l,3,5 through thermal decompoasition

of dipropylene glycol over coppere

OH COH “Hp, ,=H,0
cna-cnzcn-cn-cx-cn:ca-cnz wsencta cnscnzcn-cazcu-cuxcu-cnz
cu

Quite osinilar in naturo to this synthesis is one referred to
by XKharasch, Nudenberg, and Sterafelal’. Thoy cite the reduction
of unsaturated carbonyl coxmpounds to the pimacolc, roplacement
of the hydroxyls with halogen, und removul of the hulogoen with
zino as a general scheme which, however, doas not furnish
satisfaotory yields. In the same work these authors report

& triene synthesis which soems quite goneral whenever tho
rosctants &xrs avualladble. Aftor a study of many possible
dehydrohalogenating agents, they determined that sodumide

in liquid ammonia caussd the condensation of ullyl halides

and gubatituted allyl halides in such & manner that tw0 mOLS

of hydrogenhalide aplit out, and a conjugated trione was

produced.
Hallll
R-CK:CH-CKEBr 4 BrBHC~CHzCK~R ;§- K~CH: CH-CH:CH~CH:CH=-R
3

Yields are good, and this 18 undoubtedly the beat synthesls
vhenever the proper allyl halide is avallable.
Several attempts have been node to dohydrate the olefine

1,4-glycols produced from acetylens dimagnesiumdbromide und

17. Xharaach, Hudenderg, snd 3ternfeld, Je.Am.ChemsSoc., 61,
£318 (1909); 6, 2004 (1940)
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eliphutic carbonyl coupounds. In every inutunce suve ons the
result has been ¢ gubstituted dihydroturanla. The succsssful
synthesis of 8,5-d1mothylhe:afr1ane by Kharash ot alt? through
the sodamide conlensation has cast conaideruble doubt upon
the osynthesis of the same coampound through dehydration of
2,6-dinethyl-g,0-dihydroxy=3é=-hsxene with ayueous hydrochloric
acid at 98° for eight daysl®. Thus the bulk of evidence soems
to indicate that dehydration of uliphuatic olefine~l,d~-glyncols
18 not feasuble as a triens syntheslis. Xuhn and vallenfelas,
however, have reportet¢ ond cuch dehydration in the aromatioc

8. It is possible that ateric considgrations prevent

geries
the formution of phenyl substituted dihydrofurans, making

the triene synthesis pousidle.

Seni-hydrogenation of substituted ucetylenas

Uhen subgtituted or Ai-suoatituted acetylsnous are
hydrogenated in the presencs of platinum bluck, there secms
to bs no eridence of & stopwise reaction. Inatead the reuaction
proceads directly to ths saturated compound, snd, if 4t 1o
interrupted aftor the addition of one eyuivalent of hydrogen,
& mixture of acotylens, olefin and saturuted hydrocarbdon is
obtained®9+€l, If colloi@nl palladium is used, Lt becomes
possible to obtain good yields of the clefins by halting the

18. Blomguist and Uarvel, J. Ams Chems Soc., 855, 16868 (1933)
19, Bourguel and Rembaud, Bull. Soce Chim., (&), 47, 173(1930)
£0+ DBourguel, Bull, S00e Chim., (4), 41, 1443, 1470 (1927)

2l. Tupont, Compt. Rend., 186, 163 (IGL3)
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20 to i8,4inc
saaction after one wole of hydrogen haa beea ubsorbed .
This selectivity i3 not dus to & wore rapid roocustion of the
acstylene compound than that of the corresponding olefin, for,
in some cases, {monosubstitutod acecylen9823. arryl
acetylenesa"gg, acetylenio aloohols and some unsymmetrical
acatylenic glycols®?) the olefing reduce as repidly or sven
ore rapidly than tho scoetylones.

Tho gelective properties ausociated with colloidal
palladium arse also exhibited by Rnnej‘niokal and o similar
catalyat propared from an iron sluminum alloy%9,31,32,33,

Fgrkaaa‘ cohsiders that tho selective asotion is conneoted
with proferentiul sdsorption of the acotylene upon the gurface
of the catalyst. Because no olefin may be adsorbded while there
is any acetylens present to cover the catalyst surface, the
resction must proceed in steps.

In contrust to earlior literature, Bourguol und his
atudontazz;33°z5 have shown that the product of gsemi-
hydrogenation of & disubstituted olefin with colloide’
palladium on starch is slmost always the cias forme. A8 & oon-

seyuence, Bourguel®? has suygested that the primary product

22, Bourguel, BalleSoo.Chim., (4), 45, 1067 (1929)

£3, ibide | oI, 263 (1932)

24. 3Bourguel and Gredy, Compt. Hend., 189, 767 (1929)

6. Gredy, Bull.5oceChime, (5), 8, 10£Y (L935)

26 Khrash, Vialling, and Mayo, JeAm.Chem.So0s, 47, 1147 (1925)
27 Paal, Ber., 42, 39%9 (1909)

£8, Sherrill end uatlack, J.AmsChem.S0c., 59, £134 (1937)

E9. Zelkind, Vishnyakov, and lorev, J.Gen.Cheu.(USSR), 3, 91, (1933)
20« Dupont, Bull.So0.Chim., (b), 3, 1030 (1936)

31s Cempdell snd O'Connor, JeAm.ChemsSoc., 61, £697 (1939)

22« Paul and Hilly, Compte Rend., £06, 608 T1938) -

33 Thompson &nd Wyatt, Je.Am.Chemsbocs, 68, 2656 (1940)

34+ Farkas, Trans. Faraday Soc., 35, 906 (1935)
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of such & semi-hydroganation 43 the cis lsomer, and that
prolonged contact of this with the cataulyst rosults in isomer-
ization to the trans form. The work of Campbell and £by and
pupont 90430 f{nascates that the same comsiderations hold when
Reney nickel i1s used aa the catalyst,

There doer not seem to have been a systoumatic study of
the effect of the various faotors, susch as concentration of
catalyst or acotylene derivative, upon the rate of hydroe
genstion. Ot snd Schroster®® have investigated the cffeet
of polsone¢ catalysts upon the usteriochoemical course of the
reaction and have concludsd that the wore active cutalysts
produce zorse of the cis isoumers, but this is prodadly cxplained

by the concept advanced by Bourgel above.

Present Investipgation

Results snd Discussion

A new synthesis of potential generality has poon
developed for symmetrically substituted trienes. fhia is
expected to be of special value in the production of high
molecular welght symmotrical trienes, such s 3,5,7r decatriens,
which hus been oynthesized. The syntheuls involves the preparation
of acczylene-dimngneaiumbrdmido thfoush interaction of aoatylene.

and two mdla o2 othyl-magneuiumbromides. This, in turn, is reacted

35, Campbell and &by, J.Am.ChsmeSoce, 63, 26,2683 (1941)
36+« Ott and Schroster, Bar., 60, 6z4 (I%z7)
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with two mols of aldehyde or usynaotriocal ketonem'au and the
produot, an agetylonc-l,4-giycol, semiehydrogsnated to the
correnponding olefin glycol®9+40, secuuss tuese olefin
glycols in genersl ¢o not dehytrate to trienss, but ruther
to dihydrofuransle, the 1l,4-dihaloolefing were prepared
by reacting tho glycols with anhydrous hydrogenchloride,
and subsoguently dehydrohalogenating by refluxing in pyridine
to yield the substituted triens.

In the courase 6: the sbove work, an investigation of

the effects of certein variables on the rate of sewlie
hydrogenation of 4,7~dihydroxy decenc-H was mtde.

Agetylens dimapnesiunbromids

.This compound was first preparsd by Jozztach§7 by
pessing acetylens through an otherial solution of ethyl
meagnesiunbronide at room temperature uantil tho ‘lower of
the two layers which were formed no longer increased in
volumes The product of this reaction 15 exclusively the
diragnegiumbromide, according $o0 the eguation below, aithough
it is possidle to propars tho mono mugnesiumbromide by

varying the conditions.
e cznOMgsr + HescH -y Brugcicugnr + 2 OgHg

It wus firat noted by Jositsch, and coaftirmed by others, that
if asgetylens was pasgad through the ethyl Grignard for too

27. Jositsch, Bull.Sog.Chim., (3), 3£, HBE

38, Dupont, Ann.Chin.Dhyse, (B), £0; 485 (1913)

39, Sulkind nd Bessonows, J.Physechem. (USSR), b3, 284
40. Bourguel, COmps.Rend., 180, 1764 (1920)

R . . .
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long & period of time, the lower layer bacame pasty and
difficult to hendle,

In the prosont investigution L1t wus found that the
best yields of the acetylens di-0rignurd reagent were
obtained when a 50 percent excess of agetylens was passed
into the solution of ethyl Grignard and the resulting
mixture ullowied to stand overnight. 1t was also noted
that ths addition of chdordbenzens to & reaction mixture
of twd layers caused the formation of & homogsneous
solution. This led to un inwestigation of the effect of
chlorbenzene upon the reaction. It was found to be un
effecr’ive solvent for un acstylens di-Orignard thut had
been Jelled through excess use of acetylene, but othere

wise 444 not affeot tho reaction.

Acetylene cslycol

Aftor the proper amount of ssetylene hnd bsen passed
through the ether solution of ethyl Grignard, it was
allowed to stand overnight befors oddition of the carbonyl
couponent. In the preparation of 4,7-4ihydroxy decyne-dH it
wag found that the boost ylelds were obtained when freshly
diatilled butyraldehyde was added very slowly, without
dilution, to a lurge bdatch (1.0 moles or more) of acetylens
di-Grignard and the complex allowed to atand at leant £4

hours. When tetramaethyl butynediol (from I and acetons) was
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propared, ylelds were bvest from suall batches, with hydrolysis
necessary before the complex was lZ hours olds Variation of
the mothod of hydrolyais had 1little effeot upon the yield of
4,7=4ihydroxy decyne=«5, but in the case of tatrumethyl
butynediolaa €ood yiolds could only be obtuined if amaonium
chloride were ussd to deacupose the coumplexe This i une
doubtedly becauss of the grsater instability of a tertiury
alcohol in the prescnce of acid. In either cuse the mixture
was kspt cold during hydrolysis by means of cracked ide.
After the butpraldehyde complex had been ustirred well Loy
hzlf an hour in dilute sulphuric acid, the organic layer
wag geparated, washed, und carefully neutralized before

resoving the exvess ethor and distilling under vacuum.

CHaCH,CH,CEO * BrigCiCugdr & OHCCHpCH,CH,, ==+
CHgCH,,CH,,CH=0% 0~ CHCHACH,CH
e eouger ougaf 2 0
CH3CH,CH,, cn-czo-gn cxgcn3 1 Hp0 w=s

CRCpCHpGH-CIC-GHCH,CH CH, 4 & UgBrON

1l

3

In this nanner, overall yields of 70 percoent of tho acetylens
glycols are not unusual when working with carbonyl compounds

of seven curbon atomslif,

Olefin Olycol

The seni~hylrogenation of the acetyluns glycols has
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previously been studled with respect to the sterio-chemical
agpects of the reuction. In.many cases sither the clu or
trans fuomer of thaose compounds ray be iuvolated in the pure
state by suitable choise of the mwethod of hyfirogenation.
Thus, rupid satalytic hydrogenation in the prosence of Raney
nickol ylelds, in general, practacally puro cis iusomoere. Singe
the aliphatic cis caxpounds are in many inustunces quito
rosiatant to isomerization, 4t is pousible tnut this cone
Liguration might be retained under tho mild conditionu of
the rouainder of the process.

There does not sesm to be any cdauta on the effect of the
nany variables upon tue rate of reduotion of the acetyleus
glycols. Therefurs &n investigution of this typu way dealirable
in view of the higlhor purity of ois isomor obtained upon
rapid raduction, and the poesibility that some adaitional

light might be shod on the wechanigm of the roeagtion.

Effeot of catalyst acount on semi-hydrogdénution rate of

4,7- 8ihydroxy dacyne-d5, 11

The dzta Qera obtuined in ths usual mannexr by following
the pregssure change occurring during the couruve of hydrogenution.
Tho hydrogoenator used wus oimilar to that uvescribed in Organic
Syathesia41. and was culibrated with mulelc acid &nd platinua
black catalyst.

4l Gilmsn ond Blatt, OrgeSyne., Vol. 1, pe bl (Willey & Sons)
Second Ed.
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Raney nickal was the catalyst used in the reduction of
4,7«d1hydroxy decyne-5 to the ocorreaponding olefin, ncc0:bing

to the eguation below.

ns .
03503203 cnc!ccacnacnecnz i Hp =~-» 68308303208031CRCRCRzCHzCHs

2ot OH X ol
111

43 8 nattor of convenienco, the catalyst wags utilized as a
guspension in 95 percent ethyl alcohol. To make s run, it
wap then only necsesuery to measure & volums of suspeasion,
after vigorously shaking the stock bottle, and adu it to a
solution of Q.1 moles of 4,7-4ihydroxy dacyne-s'xn 96 pesroent
alcohole. Tho volums of elcohol was thsen adjusted so that the
total elcohiol added vas 150co. Seeh run wes made under an
iqxblnl pressure of 15 psi of eleotrolytic lydrogen.

| The dats are presented in the form of Figures I snd £
which ghow the 0les of Hydrogen absorded versus thes time
of reaction. LEach curve {n these figures represénts &
variation in the smount of catalyst present, with ail other
faotors conatent. The bresk in the curves at the samie \
hydrogenation point iu evident, although the reactions
vore not oerried to tus completuly saturated decunc=4,7-diol.

Lach curve is linear over the middle portion of the

reagtion, end this section ia taren as representing the
inherent rate of reuction. The slope of sach curve waa
determined by the graphical wethod which was thought to be

agcuréite enought to ropreseat the datu. Thece slopes, or rateu,

are pregented in Tabdble 1.
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(17)

Table l.
Amount of Catalyst Hydrogenation Hate
{as_grams of dry Hi) (moles per min.)
0l3 0.00039
Qe &7 ~ 0.00167
0.53 0.002352
0,80 0,005622
1.60 0.0114
2,67 0.0123
4.01 0,0123

If the rateus of Table 1l urs plotted against the amount
of catelyat which each réepresents, an intoreuting curve,
Fhgure 3, is obtoined., 1t is evident from Figure 3 that
there i3 & point beyond which addition of zore catalyut
does not inorease tne rate of remction, whsreas bhelow this
point the rate is very nearly linear with incressing amount
of catalyat.

4 logical explenstion of this phenomenon might be that
es long as hydrogon i1n capable of dissolving iu the liquid
phage at & rate in excess of that:a$ which it is used in the
hydrogenation, the nickel surface available is the controlling
factor in the hydrogenation rete. I, however, nickel is
added in such an amount that hydrogenation begomss very
rapid, then the rate at which hydrogen dissolves in the
1iquid phase begomes the ulow step which controlu the
reaction rate., Sinco this would be dotermined by the hydrogen
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(18)
pressure, which i¢ maintained equivalent for all experiments,

the £lat portion of the curve would be expectad.

Iffect of dilution on semi~hydrogenntion rate of

4,7-dihydroxy decyne->5

Thege data were collooted in tho mannoyr described above
and are presented in Fagures 4 snd 8. Tho essontinl feature
of this set of date, in contrast to thut which willi follow,
is that the raiio of catalyut to acetylens-diol is maintained
constant while the concentration of acetylens-aiol is varied.
Ths rates were once mors deternined as the slopeus of the
straight line portions of the curves obtained by the hydro-
genation of 0.1 and 0.2 mole portions of 4,7-dihydroxy decyns=d
with 0.80 grams of nickel in various emounts of 956 percent

ethyl alocohol. Theso results are presented in Tables £ wnd s

Table Z.
0.10 mole 11 i

Co of Alcohol Reaction Rats
(moles/min. )
37.86 0.00824
75, 0.00387
150, 0.005%2
£00, 0.00302
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(19)
Table 3.
0,20 mole 1L

Ce of Alcohol keaction Rate
78 0.00168
1560 0.00435
200 0.00438
250 0.,00363

If the data of Tables £ and J are plotted, Figure 6,
two more curves of consideradble intarest result. A maximum
is pressnt in each, that for the 0.2 ole boing run conside
erably below that for the 0.l mdle. Eech ocurve might bs explained
separately by the following ressoming, but it is more difficult
to corrclato ths %wo.

The rgtivity, or solution pressure, of the dissolved
4,7-dihydroxy decyne~b varies continuously froaz higher to
lower valuss as the amount of aleohol in which 1% is dissolved
is increased. Correspondingly, there iu a variation in the
cmount of this cozpound adsorbed on the surface of the nickel
catalyst. The aotivity of nydrogen 18 nalintalined coastant
throughout, however, through fixstion cf its pressure at
15 psis Since Lt would be expscted that the nmetlvity ratio
of hydrogen to 4,7-dihydroxy decyne-0 would determine the
relative amounts of ths two compounds adsorbed on the surface
of the catslyst, &t would also be expectet that o mAxinunm
%would oocur in the reaction rate at wome “tlution where

the sotivity of the scetylene diol is such that an optimun
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balance of uugh factors as adsoyrption wnd adsorption rate
in regpoct %o similar factors for the hydrogen L obtained.

If ailution of uaotylene glycol were ths only factor
involved, it would be expooted that the rute found for O.l
wole ut a dilution of LOOce would bs duplicatea for the Ve&
mole run at £00cc. While 1t is evident that the caximum of
the 0.2 mole curve has baeen uhifted in the proper direction,

‘4t has not moved far ¢nough nor is it nigh enough o satisfy

this concept.

Effect of concentration of 4,7-dihydroxy decyne-5 on 1ts

semi-hydrogenation ratg.

The experimental data are presented in Figure 7 and
the computed rates given in Table 4. Tho duta represent
determinations in swhich the umount of catelyut and voluwe
of alcohol werc malntulned constant, while the &mount of
acotylense cowpound was vurised. Hers there is no queation
of variation of catalyut concontration, so thet un explansntion
of the curve plotted ;rom tha ¢datu of Table 4 need not

consider such & possidllity,

Tabls 4.
xoles of Il Hydrogenstion Rate
{moles per min.)
0.00 0.03285
0.10 0.0056C2
0.20 0.004356
0.20 0,00537
0.60 0.00180
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(21)

Thus, a possible explanation of the maximam appearing
in Figure o wonld be essentially that propoused in ths firat
part of the procevding section. Thut 13, increasing the
waount of agstylene in solution causes an increase in its
activity with en attendant change in the ratio of this
activity to that of hydrogen, which is {ixed by the total
hydrogen pressure. Since the ratlio of acetylene to hydrogen
adsorbed on the surfuce of tho cutelyst would be expected
to bo o function of this activity ratio, there should de
a cortain acetylene concontration at which optimum adsorption
takes place on the catalyst surface. 4%t this concentxatlpn

8 maximux should occur in the rate of hydrogzenatiion.

1,4~8iChlorolefin

Condideradle Gifficulty was ensountored in the synthesis
of 4,7=41ichlor decene-5. 1In every attempt to prepare this
compound which involved heating the reasctunts in th- pruseicu
of acid, polymerization took place. Thus, dark. resins were
obtained from the reactions with thionyl chloride, phosphorus
trichloride, and phosphorug pentachloride. Heating 4,7«
dihydroxy decene-4 in the prescnce of anhydrous HCL, or even
shaking in the cold with a concentrated solution of zing
chloride in agoueous hydrochlorioc acid, likewigs produced
oaly resins. The resing obtained by troating the glycol
with phogpnorus trichloride seemed to be in the form of
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(£2)
egters of phouphoric ecid, for tbey were soluble ia dilute
ecaustic, end reprecipitated by HCIl.

The synthesis was f£inally sucsevsfully accomplished
by passing sshydrous hydrogen chloride through a petroleunm
sther solution of ths olefin glycol at tocperaturea dalow
20°g.

RH

cnscazcuagg—e:c-ggcnzcnzcns 4 2 HC Sl

HH

cnﬁcazcuagg-c:c-ggcuzcnacnz 4 210

111
In carrying out the above reaction cars muut be taken to
ingure completeo reaction, aince the proscnce of the mono=-
chloro compound leads to the Lormation of a dihydrofuran
derivative during the distillation of the di-chloro con-
pound. This produet is excsedingly difficult to remove
from tha final triene after dehydrohalogenation., The first
evidence of this daifficuity wus noted suhen an attexm~-t vwae
nade to form the G'=chloro compound by pavs.ing snhydrous
HCl through an ethyl ether iolution of the olofin glycol.
After the reaction had been aillowied to teke plice over a
period of six hours at 6O, the product was obtalned by
washing once with bicarbonete nd once with water. Upon
Aistillation, hydrogen chloride was evolved in ¢reat yuuntitye.
It vaz at first essuned that this was dus to thurmul dehydro-

halogenation of the di-chlor compound und that trieno was

being produced &s u result. Later, isolation of £,d uil-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



{z3)
propyl-dihydrofuran indicatad thot this was not the cauae.
Ingtoad it secms olear thed thy wain ;rocuot Jf the reaction
ag carried out above, was the monoe-chlouremond-hydroxy compound
corresponding to IV, which was thermally decomposed to the
dihydrofuran, Vv, on distillation.
OHSOHBCHEgg-CHzcﬂ-ggcRQCﬂacna 1 HCl =~»

cnacazcn.cn-cn:cn-cncn cga,.c1

%01 op & « 9
v

1 Hu

=1

H
=6
CH,,CH,,CH, Cll-CH: CH~CHON,CH,ClL, S22% 3

5 . CH
3272 oxt CHzCE,CHI 07 ClpCH,CH,  HCL
v

€3-3

The guccessful proparation of 4,7-31chor Qoconuv~H was
aocomplished by Aaissolving ths corresponding glycol in
potroleun ether &nd sudbjeoting 1t to the action of anhydrous
ICl at about 15°C. A 40 porcsnt yield waa obtained when
tho reaction time was of the order of 60 hours. Tho product
sedmed guite stable to distiilation ut reduced jpreusures,
but it 1s probable thut incseazed yields of triens would
rasult were the orude dichlor cospound dehydrohalogenated

witho%t intermediate purification.

3,8,7 Decatriens

Dohydrohalogenation of thoe dichdor olefin according %o
the following e uation was the final step of the synthssis.
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- « HCL

Cllz0H,CH, CH~GH3 Ci~CHCH,CH ,Clf, ===e===PCH,CH, CH1 CH~ CH1 CH~CH1 CHICI,Cly

pyridine
VI

Pyridine was selectod &s tho dehydrohalogensting agsnt
bacauge 1t might ba expested t0 have cons polynerization
inhibditing properties, aunad because hydroquinone, un sxcellent
inhibitor, would be more stable in i% than in sloocholic
alkali, Pure 3,5,7 docutriene waa obtainsd by diatilling the
cruds proauct under reduced presaure in an atmosphere of
nitrogen to provent oxygen catalized polymerization or airx

drying in tho course of purificetion.

Dryinz osroporties of 3,5,7 decatriens.

gvaluation of 3,5,7 Qecatrione as &« drying oil in the
presence of sultable cutalysts indigated that the noleculur
weight of the monomer was not sufficiently highe While reaction
set in rupidly and a tack freo film was formed within 45
minutes, further oxidution caused the film to broak down
onecs wore Yo a4 tacky oldl. Additions of the conomer in tho
extent of 50 psrcent ecnd 10 perceat $0 « heat dodied linaeed
04l had little effect on its propartica.

*hen 3,06,7 decatriens was prepolymeriicd in ths preuence
of 0.8 percent benzoyl poroxide for 70 houru ut 70°c. tho
mpatorial reusulting had conusidorabdly 1myro§cu trying charagter=
daties even though polymarizution hud not gone far enough to

inoreaso ity viscouity appreciusblye Inuteud of an initial loss
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of weight, there was & small, but definite gain accompunied
by tack free fidm forration within one hours Thia £1ilm wau
steble for u lonzer period of time thin that formed from the
wonomsy, but it, too, broke down, becoming tacky once nore
after £d.hopra. After ons week this fils wus again proctically
tack free, but softe It had loot welght from L¢3 nmuxinum
antil Lt oow walighad lous then tao originul Lan;lo.

It iu ovidout taus tus oxidation of edthsr the nononmay
or pre-polymorized 3,5,7 decatrisns yields volatile products
causing an eveatual 1loss in waight. It sosmu svideat thut
thia sene oxidation lowors the molscular weight of the fila
which has heon formed, causing 1t to docoas tucky ofter it
has oncg dried to a non-tagcky surlaco. Highor initial polymere

ization of tha moaomsr should correct ;neae difficulticu.

Rasdng {rom acatylone di-Gri..narxd

?ha dl-functionality of ucatylens Gl-augnesiuxbronide
suggeatod that 1t adght ylodd interesting rsuing when

condensed with di-functional aldchydossd, x3toncsy,or eutars.

0 0 H,0
a Brugeicugir & o CHRC0ULCH,COHg ==-¥  ~=Z»

0); ox ,
'C“CHzCKa'O*'C!C"

033 Cﬂa
n

Such rosing wore oado with 0085 moles of cach reagents Rosing
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prepured from acotonyl wowtons ethyi ucetats, snd bencil were

all dark, brittio wuburiuis which Lormea zJod Lalmye

Exporimental 2art

Acotylens di-magnesiunbronide

?his whs prepared according to tho method of Jozxtaoh37'é8

by passing acetyloune for five hours ut li0c¢o/nine through a
woll stirred solutioa of & moles of ethyl nagnesiuabronide in
1500ce of absolute etuer coatained :n‘a o liter, O necked
flask equipped with u weroury setleé wtirrer, refiux condenser,

dropping funnel end gus inlet tubs.

4,7-dihydroxxdeclgpob4z

After the ecatylens Qi-Grignurd had boen sllowed 1O stand
overnight, 266c¢ (Z17 gm, & moles) of freshly ddlstilled
batyraldelyde was addet siowly Lrom the dropping funnel
with good egitation over the courys of lp hourus. 4fter
the .bugypraldehydo was cunpletely sdued, stirring was con=
tinued for another hour und the mixturo uilowed to utand
Zor twenty=fowr hours busfors hydrolyzing. Hydrolysis wes
accomplished by pouring the reaction nixture into 1H00co
of 20 percent 32804 pade from 150ce of concontrated acid
and 1350 gm of oracked ices The lnyers woro soparated and
the aqueous layexr extraoted once with £00co of ether, which

was then cdded to the orgenic layere The combined orgunic

42+ Marvel and Williams, J.Am.ChsmeSocs., 61, 2714 (1939)
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luyer was washed once with 100c¢o of water, once with 10Jce
of 10 peroent sodium csrtonate, and finally ones aguln with
water. The ether solution wag dried over sodium sulphats in
tho refrigerator overnight, and then the bulk of the etner
removed. Distillation at reduced pressure torough o glass
helicas yuckoc column (20mn x 160cxn) guve 160 gw (61 purcent)
of 4,7-dihydroxy decyne-d, BP/l.bam 116~119%°C. Yields of &b

percent heve bzen obteined fyrom iarger tatchos.

4,7~dihydroxy,5,6-dibrorwodecene-b

A sarcple of 4,7-dihydroxy decyne=-0 was brominated in
carbon tetrachloride by adding a carbon tetrachioride sol-
ution of Bromine until the c¢olor no longer cisappearocd.
Crystalization of tho produet was induced by cooling while
shakinge Aftor two &Ore crystaligsations fron CCl; and one

Lrom aleohol-water, the vhite platos molted at LlB.4d~1ldey

corr.

Analysds Cale. for °10“13033”a round
% Br 48,0 48,9

Tetremothyl Butyne 410198

£20co (174 gm, 3 moles) of freshly distilled agetons
diusolved in 500co of abdbsolute ethor, was added slowly to
1.6 moles of acetylene 4i-Crignard dissolved in 1.5 liters
of ether. The solution was stirred throughout the addition

and for an wdditional four hours, after which the complex
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was deconposed by pouring into a saturated ammonium chloride
solution wade trom £5Jgm of technioel grede Hi Cle The iuyors
were veparatod;the aqueous extraotet once with 1l00co of
ether, ¢nd the combined organic washed with water. After the
gthor wes remuved, the u0ldu which sepurabed wis recryostule
fz04 twice from CClg und found to melt ot 94.0=90.39C ungorr.

o yield of 7lgn (L0 percent) of purc muteriul vus obtulned.

4,7=8ihylroxy deceno=s

4,7-8ihydroxy decyne-5 wus hydrogenatsd in V. wole
batchaes unaor 19 psi of hydrogen with Leney ulckel aa tas
catalysts Tho batches wero couwpowot of J4.9sm (02 mole)
of the &cetylone, 600 of & kanuy nickol cntuly.t suupended
An aleohold (correuponaing to l.6ge of dry Hi joudur), wud
15000 of 95 yercent ethyl ulcohole Thiu wés ohukon uuder
hydrogen until 0.& wole waus ubworbed, as inddeuted by tha
preasure Grup. o&%gR or acetylens glycol wftor hylrogunation,
£4ltration, und «olvent removal, guve &bigm (76 poroent) of
4,7=-0inyaroxy decenv-o, DP/oun 1E6-1i0+8, nhg =z 1.4040,
33 z 9354, | |

Analysis Cule. for clonzooa ¥ound
#C 69.8 6946
ZH 1.7 1l.3

17.2¢m of 4,7-0ihydroxy doccne~-& sbucrbed 0.1 mole of hydrogen

when diwsolved in 1b0co of aicohol ane treatid with «n udditional
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6cc of Roney nickel suspension uander 49 psi of hydrogen. The
saturcted gilycol, 4,7-dihydroxydecais L 79.0-79.8, previously
prepersd by Yervel ond §111iams®*® was isoluted ac the resotion

producte.

Tetramethxl butcne d10140

£8sdsm (04 mole) of tetramethylbutyne diol was dissolvsad
in 150ce of 95 percent ethyl alcubol, tnd 6ce of Raney nickel
catalyst suspension (equivalent to Lebgm of dry poader) added.
This wes uhaken undor 16 poi of hydrogen until 0.2 moles were
absorbed. Thoe catalyst wae removed by filtration, alcokol
strippet off, ené the rcsidue recrystalizec from petroleun
othere lBeYgms (65,0 percent) of tetroamethyl butere €iol,

LD 69.5-70.8°C uncorr., wore obtaincd.

4,T=lichlorolegene=<C

l. Thionyl chloricc reuction

7.3c¢ {l&gm, Ood aole) of cold thioryl chloride wes added
Glowly to B.5pm (0400 mole) of «,7~tihydrosy decenc=H in U.0500
(7.9ga, 0.1 mola) of pyridaine du & cooling bathe After the
atddition wus compieto, the mixture wes aeuted to roflux till
fumng of S0- wkre no longsr evolved. Tho roaction was vorked
up by stirzing in 3oVce of cold 6 normul culphuric acld for
& hour, wepurating layers, extracting tho wuater laoyex with

a¢dhopr, wauling the orgounlc loyer with wator and 10 porcent
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H8,00,, drying over Hag50,, &nd romoving the ether. The
residuc was e resinous mestorial wiich gave & utrong teat

for sulphur o2nd chlorine.

2. thouphorus triochloride reaction

All uttempty to use this resgent, whetner an wolution
(pyricinc, ether; or unciluted, not or coia, lea only to
cotuxs of phosphorioc acid, charccvorized by soluability in

alkali anu precipatubility with ucids.

3. llydrogen chloride xeunctions

Be Uebgm (U400 wodo) Of 4,7«05Uy0roxy GoCBLE=D wWOrO
heated for eight hours over u steus buth, while anhyarous
1Ol was pussec through Lt at wbout 7dcc/mine The reuction
mixture was then Gissolved in petroleum othor, washec with
water cnu 10 pexcent naacoa. cna aried ovex Kogbo, Listill-
ation of this muteriul at 4vmm &fter tho solvend was removed,
geve ¢obgm of muterdul boiliug beiuw 44U° with no inatcasion
01 any purc cut, aud cgW O resanous s8tili residude

be 106gm (04610 rodss) of 4,7=-0ilydroxy deceno=d were
disuolved in 160co of enhydrous ether ana then coolsd oelow
8% 4o un ice buthe Anhydrous HCl was paused through for 1o
hours ut 60~75co/uin. while the solution was vigorously
stirred. After storing in the refrigerutor overnightv, the

reagtion mixture was pourcd on Lce, washed with wator, aud
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10 peroceat naaco and drisd over Hazsog. whon the athep

39
wa3 removed, dictillation Zurnishesd 49ce of nmuterial boiling
below %0°C at Imm (with coplaus evolution of WHCl), and 3I8am
of recovsared starting material. Redistillotion of the low
boiling cut througzh & awicro~column (Vigreus, 10mz x S0cm)

at 10mm indicated a bolling ramgo of 65-100° for 42ce of

the meterisl, The «Oco boiliny from 68-Y6°C wore €lutilled
once more through tiho micro=-golumn at ll.bnm anc the 13ceo
(10gm, 165.7% yileiu) boiling at 07.7-6%.0°C wnalized as

2,0-d1propyl-aihyarofuren, noby = l.4412, 429 = ,gsze

Anelysise Caice for CygH, 0 Found
%0 T840 7843
P2 11,7 1240

gs Llogm {0.675 moles) of 4,7~dihydroxy deceuno~d were
dlss0lveld in ono liter of petrolewm ethur couansuined in a &
Mgy :$14sk 8,uippad with & stirring budbbler, such as that
latar daaaxlbed by Kusaal wnd Vancorﬁerr43. ond & gas trap
to absorb excoss HOl. Whils zuintsining the «olution at L7°¢,
and stirring effeciuntly, unhydrous HCl, saturated with
petioleum ethor at 179C, was passed through for 51 hours
et 786co/min., At tho end of this period, the uolution, treated
in two portiona, wes washed twivs with water, twlcs with

1V percent nazcos. txice with distilled «ater, and then

dried over 332504. Aftor stripping the petroleum ather, the

4%+ Rusgsel and Yanderwerf, Ind.Chemednale Ede,17,269 (19408)
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realdue distilled 73cc throush the large column from 70
to 88°C at fmm. Rodiutilletion of thic, fraction throuzh
the micro-column gave 48c¢ (46.6gm, 33 porcsnt yleld)
which boiled &t 64.0-66+5/1.0mm, npy = 14704, a§8 = .9986,

Anclyuias Calge. for clanlaolz Found
%0 57.4 8746
;.u e Ueb
£201 RTSY Cde8

Another run of the sams type bub 4 oI hour reuction period

guve a 40 percunt yaelc.

D,0,7=Qocuatriens

Sugm (06249 wmole) of 4,7-dichlor decsne-d, tugethor
withh Oelgza of hyarogulnone, were dieuolved in oJ0go of
pyriddine contuined.in a L00go, J nccked fluuk uyuipped
with & reflux condenser and morcury‘soaled otirrers This
was refluxed with otirring for 16 hours, after ehich &t
was worked up by rouring ilanto a wolution wade Lroa Gdce

oI gong. naso end 1 Kg of cracked 1ce. Tuas orgunic layer

4$
was wauhtG onoe with uiotilled wator, and lmuoedlately dis-
tillod tharough tho wicro-colusn under nitrogen in the
preuence of J.lgm of hydroguinonas 1300 (1le%gum, S3e1; ylola)

dlatilled from 78.1-79.6°C b l4.0mm, npy 5 Le5u74, 423 = 7938

Analyuls Cale. for CjuH,;. Found
e 6843 68.1
%R 11.8 11.6
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(83)

7P ,5=dimathylehoxntriene~1,3,b

92.2ga of crude 2,5-d{zothyl-2,5-dihydroxyhexenc«3 were suspend-
ed in one liter of petroleum ether and stirred well at 16° while HCL
gas was passed through at 75cc/win. The solid phase disuppoared with
in an hour., After 5 hours, the water layer vwas separated, the ether

washed once with water and once with saturated bicarbonate. It was i

- then cooled to dry ice temperature and 17 ge of crystals which proved

to be £,5-dimethyl-g,5-dichlorhexane (froa completely saturated

impurity) were reuoved. The oil was then stripped of solvent, dis-
golved in 100ce of pyridine and refluxed overnight., After the pyridi
was recoved through solution in dilute H,50,, the oil was distilled

first Bcec boiled from 45-45.5%.c, and proved to be &,5-tetramethyle
dihydrofursn in 10% yicld. The second fraction, 3.5cc, boiled from
45,8-709, while the 4cc distilling at 70-74° was shown to bo the
desired triene through foruation of the waleic anhydride adduct?
B.pe 114-8%.,c. Thoe yield of iriene was G8. A considerabie amount
of polymer was formed in the column and left in the stillpot. 4An
indérease in tho ICl reaction tice is indicated by the appreciable

amount of dihydrofuran forwmed.

Dryiug properties of 3,5,7-decatriene

ae 0.008gm of Cobalt drier (3.029 Co), 0.008gm of Uanganese dr.
(3.22% ), and 0,020gm of Lead drier (14.0% Pb) were added to 0.500;

samples of: 1. monomeric §,5,7~decatricne
2, b0%Z.monozeric 3,5,7-50% heat bodied linseed oil
3. 10% wonomoric 3,5,7-90% heat bodied linseed oil
4. heat bodied linseed ol

Drying was followed by weight changas and visual observations.

be The same amounts of catalysts wero added to a sample
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of 3,0,7 decatricna which had been pre~-polymerized by
treatment with 0.5 percent benzoyl peroxide for 70 hours
at 70°C. The slight change in viscosity indicated that
polymerization had not gone very fur, but the drying prope
ortiecs were definitely improved as indicated by weight

changes ana viaual odservation.

Resins from scetylene di-Orignurd

Zach of ths throe rosins prepared froa ageipunyl acetons,
bonzil, and ethyl acetate was obtained tarough the cene
procedurg. The benzil rosin will be illiustrative. 0.£0 molous
of acetylens dimagnesium-bromide wero preparcd in a HUVeec,

3 nooked flask eyuijped with & mercury sealed stirrer, dropping
funnel, reflux condenser, end gas inlet tube. Acetylone was
passed through 0.0 moles of ethyl Grignard solution dissolved
in 280co of ether in this flask uﬁtil tho volume of the lower
layer beocums approximately l&60cc. The solution was then
allowed to ctand overnight. & solution of 52.5¢m (0.£5 mole)
of benzil in 100co of absolute uther was then propared and.
ndded AQropwise to the socotyleno di-Grignsrd, with vigorous
stirringe The complex was allowsd to stand overnight before
it was hydrolized by pouring into 530ce of cold, 10 percent
sulphuric acide. The layers wers scparated, and tho water
layer extracted two times with 100cc portions of ether.

After washing the comPined organic laysr with water and

bicarbonats, the volatile fraction was removed by stoim
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Qigtillation. Drying the solid from the forcgoing trsatment
produced & thormoplustic material which was Cark in color

and did¢ ndt forn good filmsg.

Hydrogenation rate study

a. Bffect of varying catalyat soount

For convenienso, the Ronoy nickel catalyut wau uasd s
& suspension in aleohol, the auncunt of catilyst formsd from
150gn of alloy after the troataeat of Covert and idking®
being suspended in 40006 of 90 gercent ethyl alcohol. This
was eyuivalaont to 0.E67gm of nickel por o¢ of wsusponsion
after tha solvont waus removed under vacuuss Aftor vigorously
shaking t¢ho suspension, the indicated wmountu of catalyat
were measured into 8 graduate and added to & solution of
17.0gn (0.1 mole) of 4,7-dihydroxy decyne=b in 95 perceat
alcolioles The volume of alcohol was then sdjuusted so that
tho tofal added was 150cc. The bateh was then shakon under
15 psi of electrolytic hydrogen and the rate of hydrogenation
was detormined ua the slope of the utrulght-line portion of
the curve drawn from ths plot of hydrogen disuppesrunce versus
tine., Thess rates were, in turn, plétted aguinit the smount
of alckel predents in. the yuepension.

b, Effeot of varyins the amount of 4,7-dihydroxy deoyne=-S

£eoh run containusa doo of catalyst suapenvion (O0.80;m N4

and a total of 180cc of 95 percent ethyl alcohol, and was made

44« Covert and kdking, J.Am.Qhem«50cs, 54, 4116 (193&)
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st an initial hydrogen pressurs of 15 psi. Huns were made
with 0.08, 0.10, 0,80, 0,40, end 0,50 moles of 4,7-d1hydroxy
deoyne-6. The hydrogenation curves were plotted as abdove,
ané the rates determined from them were plotted ugainat the

noles of acstylene compound.

0. nffect of varying the emount of uolvent

Two pets of Gath were collsoted at an initial hydrogen
preasure of 1b psi. The firat of these coatuined Joc of
catalyot (0.80¢m lil) ana 0.10 moles of 4,7-dihydroxy decync=5,
and the second 3oc 0f catalyst und 0.20 zoles of the glyocol.
In each set the total smount of 96 percent ethyl ulcochol was
varied, rates determined from the straight-line slopes, and

these plotted ugainst solvent emount.
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furrary

1. A new synthesis of potential generality has been
devoloped for symmetrically substituted trienes. This is
expected to be of special value in the preparation of high
zolecular welght trienes.,

£, Beveral new comzpounds have been synthesized, among
then 3,5,7-decatriene, £,5-dipropyl-dihydrofuran, 4,7-df{-
hydroxy-decena-5, 4,7~dichlor-decene~5, and 4,7-dihydroxy-
5,6-dibrordecene-5.

3. A study of several of the variebles in the semi-
hydrogenation of 4,7-dihydroxy~decyne-5 has been made with
reference to their effect upon the rate of roaction,

4., It has been shown that 3,5,7 decatriene will air
dry to a solid f£ilm in the presence of the ususl catalysts,
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