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The isomerizstion of J-methyl-l-penten~feyne-%«ol
into trang-~3-methyl-2-penten-d-yne~l-ol snd an isomer
assumed to be the gig form has been studied, The problem
of determining whether or not the arbdbitrarily assumed
isomer is a geometrieal lsomer or an ordinary iscmer has
been brought forward in industry in the course of & syn-
thesis of Vitamin A,

aualitative tosis on the questionable igomer were
without resull begsuse of the sotivity that the unsaturated
bonds exhibited when reagents were used to test 1t.vﬁll
possible isomers of the compound were reviewed and the
Tollowing chemioal means were employed to prove that the

isomer was the geometric one.

A totsl hydrogenation of both ilsomereg was carried
out whiah, in both cases, gave 3-methyl-l-pentancl., The
3,5«dinitro benzoate dcrivatives of both lsomers were made,
whieh proved thet the strustures were gimllar, The isomer

possibility was thus limited to two formsa.

The strusture of the geometrieal isomer wes shown by
adding one mole of hydrogen to glg~3-methyl-2-penten-~4-
yne~l«0l whieh produced 3-meth 1-2,4-pentadien~li~ol, This
resultant diene was reacted with malelc anhydride and the
adduct formed was recrystallized from weter to give & gamma

lectone,



As further proof, the sase diene was rescted with
aostylene digerboxylisc easter., The addust wes oxidized
with ohlorenlil and the pm&tm‘t wap further oxidized with
potassium permangenate, Thisg ylelded e compound gontalining
& benzene ring with twe earboxylie groups and one s.nby&méﬁa
group:{3,6-diearboxy phthalie snhydride).
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IR HODUCTICH

This paper represents work that has been sarried out
on the identification of an uninown compound formed when
3emethyl~l-penten-d-yne«3~cl (I} is isomerized under
geidic sonditions.

When the lsomsrizatlion takes plece, a Lyans isomer,
Ywmethy 1-2=penten~4-yne-l~0l {il) is formed and its gls
compound {I1I) 1ie aise formed. These two compounds mey be
separated b means of & vaguun Treactlonal distillation
which will be sxplained later,

The Lrsng isomer (II} i1 used in the gynthesis of
Vitamln A and ite structure has been verified, The glg
isomer has not been demonstrated end some evidence ls &t
hand tc east doudbt on the assumption. The glg lsomer will
not pass through subsequent reastions in the Eleler syn~
thesis to produce Vitamin A, It has been lmposelble to
intra~gonvert the compounds even with treatment by lodine,
1ight, and other means,(1)

The object of the present investigation was to delers
mine whether or not thepe two gompounds &rs geometrlice lsomers
{2). If the proof can be shown, industry will be able to
benefit by it. The assumed gig vompound 1s & by produot
of Vitemin A, If the cis compound exists there should be

some means of converting it to the trans form and by do-



ing this, the ylelds of the ipomerization of 3-methyl-
l-penten-f4-yne-3-al {1} could be increased by sbout five
to ten pergent., On a yearly besls, thds could assure a
very consgldereble monetary galn, Therefore the objeet

of this work is praptical as well sz acsdemic,



O

Pure irspg-3-methyl-2-penten~i-yne-l~ol (II) is
obtained by refractlonating the factory production datceh
in the laboratory. The aquipmant get up for high vacuum
distillation conslisted of & ons-~liter, thres-neck flassk,
equipped with o nitrogen inlet, thermometer, and & twenty
gix plate stainless steel column. The column weg four feet
high and it measured two inches in diametepr, The rest of
the cquipment consisted of a reflux-splitter, refliux-
timer, condensing product collestoy, monestaet, mnanometer,
and a vasuum pump, A one-lliter mantle and powerstal were

used for the heating source.

The equipment was charged with 673 grams of {II) end
fractionated,.The results are listed in tsble I and figures
1 and 2.

Pure gig-3-methyl-2-penten~b~yne l~ol (III) may be .
obteined by fractionating the lean tail ocuts of a faclory
production batch and the same progedure as the one used
for the irgnsg form was used for this one alsc. The results
are listed in table II and figures 1 and 2, The two lisomers
were thus obtsined in pure form and the next gtep was to
hydrogenate the compounds completely and find out how

many moles of hydrogen were sbsorbsed,



study the final products to zée 1f the same hydrogenated
product was formed, Thls study will aleo tell us 1if (IV),

(V),or (VI) has been formed.



{e) H-Gz0- g=u CH,, O {gls or trens)

{p) H-C=2C-g

(o) H-Ca0-QH-0=0-E  (dehydration of (a) )
(¥

(a) H-c=C 3-G -CH=Oly (eebydration of {b) )

{(e) Ring structure of the type:

v " “*u
i
(333 u\o/w £

2-3-dimethyl~-furan

A somplete hrdropenation will show what structure
exigts &baw& because (a) and (b) will absorb three moles
of hydrogen and yield: 3

Gﬁﬁ-ﬁﬁﬁyggéﬁﬁﬁ—ﬁﬁﬁﬁﬁ
Zenathyl-l~pentanol (IV)
{o) and {d) will absorb four moles of hydrogen and yleld:

Oy~ Ol yf Oligm Clig
Utts

I-methylepentane (V)
{e) will abscrd two moles of hydrogen and yield:

H
Gﬁﬁ-u-c ﬁg

QﬁE G Q—Kz

2,3~dimethyl tetrahydrofuran (V1)
No other iscmers csn exist, Therefore our next step is

to eompletely hydrogenate the both compoumds and then



In the isomerization of 3-methyl-l-penten~4-yne-
%~0l1

QﬁCH g I
-0=0 -
gﬁ Hy (I)
3
Hiw
Oxalie Asid

8{) Ce, 20 hours

CHoOH
-G‘ﬂ- H-g=¢- ”-c e
CHy ﬁaezi x Ny
Iprang-3-methyl-Q-penten-i- gL -~S-mebhyl~2-perten—d«
yne-l-o0l (II} yne-l-0l {(III)

The trapng lsomer iz formed snd another iscmer which
wag srbltrarily nsmed the gls form wase also produced, The
two isomers can be sepsrated by means of & vacuum frection-
al distillation., The structure of {1II) has not been proven,
The objlect of this paper 1is to deltermine whethery or not

these two pubgtances are geomeiric isomers or merely leomers.

Qualitative tesis were run to determine certaln
groups in both campounds. The results were not conclusive
because of the reactiive mcetylenioc group, A study of the
posalble compounds contalning the same groups was made,

The following may be mentlioned:



IABLE 1

Distillation date of irang-3-methyl-2-penten<dspre -1-pl

Time Cut

8180
G 140
10:40
11:45
iz:20
1:10
X100
4120

8:00
g125
11.:50
12:00

1

2
3
%
5
6
7
8

10
il

oo sh1)
tomp, Temp,
38 72
38 72
42 T2
42 3
45 T3
45 73
A7 73
49 72

thut down until the next

(mm’) (""a‘g)

Vao,
2.5
2.5
2.5
2.5
2.5
3.0
3.0
3.0

HaoPo
18.0
i7.1
16.4
16.2
16.2
16.0
16.0
16.0

ﬁDEO
1.4310
1.4812
1.4820
1.4820
1.4620
31,4820
1.4820
1.4820
anv

{Refluvxed ecolumn one hour)

47 T4
47 74
47 T4
47 T4

o i o .

16,1 1,4820
6.1 1.4520
15,1 1.4820

%
Hel

013
013
013
013
013
012
012
012

-

»01E

015

L0318

{Gmau}
Prod,

45,4
55,4
123,3
123,2
110.0
100,60
60,0
10.0

10,0
10,0
10,

Final product of trang-5-methyl-2-pesnten-f-yne l-ol

H.7,
Purlity
Kp20
#HL0
3p.Gr.
B,p.

~36,1°C,

99,75
1.4820
0.015
a.g22

47°0(2,5-3 .0 mw)



TABLE IL
Distillation data of gig»3-methyl-2-penten«f-yne«l-cl
(°%) (%)
Vapor S5ti111 {mm.} (=9C)
Time COut Temp, Temp, Vae, HK.P, K20
93100 - =0 42 FeS - e
11:00 1 48 88.0 3.5 - 1.4872
3.00 2 49 89»0 3»5 - 1.#890

Stopped the distiilstion until the next

{Refluxed o
5100 3 81 95.0
6100 & 61,2  97.0
7100 5 61,2 100.0
8100 6 61,8 107.5
9100 7 63,0 1200

olumn one hour)

345 - 1.4919
3.5 - 1.4919
345 - 1.4920
%5 - 1.4923
Ze5 - 1.4926

Stopped diatilling -~ Sti]

dsy

Final product of glg~3-methyl-2-penten~4-yne-l=-ol

M.P.
Purity
Kp20
EHOH
Sp.Gr,

3.7,

100,0%

1.4913

0.035

0,897
61.5°C(3.5 mm.)

{Gma.)
Prod,

100.0
100.0

10.0
11.2
10.5
1.5

6.2

{Earl Fischer percentage of water is found by titrating

the X, ¥, solution with ten mls, of sanple that 1ls poured

into neutrallzed methancl, An elestric eye is used to

indioste the end point,)

100 X K.F.Factor x nla. of titrant
T sample x Cp. Gre

18, ©

= %HOH
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11

Zreng(11)
H-0=0 -G =CH-CHL OR ity Gﬁsuﬁﬁé-gﬁ-ﬁﬁéfﬁﬁeﬁﬁ
Gy s

cia{Iix
Galnin) (1)

The trans and glg isomers were hydrogenated under
high pressure and at a tempersature of thirty degrees cent-
igrads, The iscmers, 19.2 grams in each casge, were charged
in separste rune to & high pressure st11l whieh gontained
100 mls., of 2Ba aioohol. Platinum oxide, 0.2 gm., weas used
as the satalyst. The trans form sbsorbed 84,55 of the
required three moles of hydrogen., ihe gla form abasorbed
88,3% of the rsqulred three moles of hydrogen., A sintsred
glags funnel was used to fllter off the gatalyst, ﬁ watar
aspirator was used in the filtration, The resulting solutions
were olear and yellowish green in golor, The appearance
of both samples were very similar, The cdor was like that
of amyl aleohol: hesvy, sweet, and shoking. The aleohol was
stripped from both ssmples under vasuum and st 20° centigrade
temperature, A literature search was made (3,4) on 3-methyle-
l~pentanol, The physicsl properties &nd’thcae of the dla«

tillstes were as follows:

By, Np20
Zemeth-l-1-pentancl 152.3~153,0°C 1,4???(L1t,3
Totally
Treng iscmer (Hydrogenated) 152,0-154,.0°C 1.4182

: iotelly , o
Gip Asomer (Hydrogenated) 152,0-154,0°C 1.4195



12
The agreement was very ¢lose., In order to econfimm the
findings, the 3,5-dinitro henzoate was made from the

products of each diatillate. The reaction went as follows!?

Py
-01
Zj
Ot = CHoy i =Gy w05, OH
fig~CHp M;z tip . |
| Rog NGy
(5~mathyl~1~§entancl)
(v :
{3,5~dinttro-benzoyl=~
¥ HH shloride)

L

s o3 ~"& : ¥
"S*Q-w}ia nﬂﬁﬁﬂ—gg‘;{;ﬁ ;
' +  HC
ROp Noz

(B-methyl penﬁyl—%%gz?initra benzoate)

The procedure followed wes that of Shriner and Fuson (5) .
A belf gram of %,5-dinitro benzoyl chloride was mixed
with 2 mls, of the unknown slebhol in a test tube and
the mixture was bolled for five minutesg, Ten mls, of water
were then added and the tube was ococoled in an 1oe bath,
The precipitate was colleoted on & fllter and washed
with 2 per eent sodium carbonate and then recrystalliged.
until & pure produet was obtained, The procedure was follw
owed but the resotion did net take place becauss the al-

ceohkol was not acluble in the water solutlien,

Another literature search was made and @& successful



13
progedure wag found using petroleum ether (6,7). The
mixture of slgohol and the 3,5-dinitro~benzoyl chloride
were mixed with five parts of petroleum ether and one
part of ethyl sther, & mixture in which the acid chloride
ia slightly soluble, Ihe precipitate whieh came down was
filtered off and dried under vesuum, Essch sample was
resrystallized elght times and a melting point of sach
compound wag taken each time. The literature stated that
the sgter conslsted of yellowish leaflets and had & melt-
ing point of 38°G.. The melting point of the trsps lscmer's
derivative was 35-36%C.; the gia iaomer's derivative
had a melting point of 35.5.35,59C,,

An infre red spestrum in the s0lid state was run
on hoth semples. A Balrd infra red mashine was used whish
plotted a series of sbsorptions on e sharit, {(The wave
length band 1s from 2 to 15 miorons and sertain functional
groups are sharssteristic for each mieroni.The solid
urknown was put intc mineral oil and this mixture was
vlaced into the machine, The readings were plotted on &
graph, The peaks at the 4different wave lengths showed
whioh groups were in the unknown compound, The spsotrym
showed an ecter band at 5.80 microns, nitro bends at
6,62 and 7.4 microns, and a characterietic phenyl absorptlon.

Theze findings,which were egsentlially the same on

boih samples, made it ¢glear that the lsomer must be



14
sither {a) or (b) as listed on page 4, In order to dscide
between these two poeslbilities, the Dlels-Alder resstion
was uged, The isomer in questlon was partially hydrogenalbed
end reacted with maléle anhydride to form an addust, This
sdduot wes ldentified by referense to the literature.

The resetions are asg Lollows;

i1 OH
Rgﬁ HCH
| |
H~0 H-C
Vi i ( N
CHa-C CHg~C Bemethy L2 4=
> | "3 [ pant.-adien*iwl)
G {a) (P4 Gaﬁﬁz} H-C {VIII)
) > A
g Hy (1 mole) HOH
(gis isomer)
3! E
GE 52
HE 4 (Pa Cally) HH
HOgmy=C (D) —> HO~GwC  (3-methylene—i-
H § | Hy (1 mole) HB I penten~l-cl)
o g (1x)
) H\
¢ CH
H H

IThe reacticns above show the two ¢ompounds that can
ba formed when {a) and (b) have one mole of hydrogen
added to the molecule. 3emethyle2,i~pentadien-1-01{VIII)
1z formed when the ¢is isomer 1s partlially reduced, and
Zemethylene~d~penten-l-ol (IX) is formed when the other

peeaibility is partlially reduced,



Clg-3-methyl~2wpenten~feyne~lenl, 20 grams, vas
poured Inte a flask containing 50 mis, of methyl scetate,
This mixture was sphaken in hy&rﬁgen in the presence of
palladiun-caleium oarbonate eatalyst (two grams of six
per gent palladium chloride) untll 5018 mis. of gas was
absorbed at 200, and 760 mme. pressure (tadble 3). The
reasstion was stopped and the ¢stalyst was filtsred off,
{Ihe reaction was sarried out in & small lsboratory hy-
drogenator which used water displagement Lo meassure the
hydrogen that went into the reaction). The riltrate was
distilled from & small round bottom flask with a veouun
take off and the residue was placed in a small seml miore
fractionating unit that had a gow arrengement for the
sollection of the produect outs which were to follow (Fig, 3).
The literature stated that compound {VIII) had & boiling
point of 58-71°C, at 15 mm, veouum andé a refrastive index
of 1,4840-1,4920, The product was collected in several
frastions and this was the reason for the renge in the
refractive index, The compound formed had s Dolling range
of 35-40°%C, at C.6 mm, vecuum and had a refractive index
of 1.4825~1,4920, Ihis result looked very good and therefore
& reastion wiih malelis anhydride would be expected Lo
yield an sdduot that would have a lactone atruature (8):



IaBiE 11l
Partial raduation of Jemethyle2epenten-f-yns-l-ol

(Min,) {mls.)
Temp. Time R@gﬁ; are, Volume
T.0 15 200 300 300
740 25 500 200 500
7.0 55 500 400 900
7.0 85 1350 450 1350
7.0 s 16@0 280 1630
6.5 135 %80 380 2010
5.0 165 800 420 2430
7.0 195 1200 400 28%0
8,0 228 1580 400 3030
7.0 255 400 400 3630
7.0 285 720 320 ROE0
9.0 315 1100 380 4330
7.0 %5 10 320 4650
T+0 35 300 300 - 4650
T+0 395 400 100 5050

{Theoreticsl hydrogen tske up)
(Reaotion was stopped snd proceeded as per write up)

Fragtio rgg_a of the residus
m . ) (Gms » }
1 0.2 350 1.,4790 05
2 Cu2 36,0 1.4825 1.5
3 C.9 370 1,4872 6.0
4 0.9 39.0 1.4920 6, 0

Charged: (20 grems) J-methyl-2-ponten-
fuynige]l -0l
Ego mls.) Hethyl acetate
2.0 grame) Cmtalyst Pa~Cal0x
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(viii) {gemma~lactone of 4-methyl=~
' Zwmethy lol-4-hexen-l,2-d4 ~
sarboxylic acid)
(X}

In the preparation of the gamma-lactone of &4~methyl-
3-methylol~i~hexen~1,2~dlocarboxylic acid, a2 5 gram semple
of the earbinol and a © gram sample of raleiec anhydride
were mixed togéther in a 50 ml, flask with 40 mlas., of
benzene, The mixture wae allowed to stand over night in
& oool, dry desicoator,. The nexﬁ morning, the oontents
of the flask were filtered through e sintered filter
and the arystalavwere washed with oc01ld benzene., The orystale
were vacuum dried and then recrystaliized from water,

The orystals were nesdle-like in siructurs and melted

at 182-183°C.. 4 repetition of this procedure with the
rasldué from our distillate gave naédlewlike orystals

with the same meltirg point as the first run, The literature
confirme these findings and therefore these reactlions

prove definitel, that our stariing compound can only

be the gig lsomer {IIl} and that 1t is the gecmetric

isomer of the trang form (II). '



Another proof wag tried by way of the following

reaotlonst
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A step-by-step description of this syntheeis follows,

A, The Prepsration of 3-methyl~2,A-pentadien-~-l-o0l {(VIII),
The g&rti&l hydrogenation of the gig~3-methyl-2-penten-
h4eyne~l-0l isomer to form this compound hae been digcussed

previously.

B, The Preparation of Agetylene Dicarboxylie Acid (#VIII),

20 20
S mUE Gl
T} 56 i
Cul=UH 32 n > IRt

Vo N

{xvi1) (xviiI)
One hundred grams of acetylene dicarboxylic aclid potasaium

salt {7VII) was dlesolved in 240 mls, of comcentrated
gulfurice acid, The solution was poured into a separstory
funmel and extracted with % x 100 mlas,. of ethrl ether,

The extracts were svaporated on & stean bath and pure
orystals of scetylene dlearboxylic acld hydrate were formed,
The hydrated erystale vere plaged in s vacuum deslécator
over goncentreted sulfurle acléd and dried for two ders,

he ervstalc melted with degomposition at 175«176°C,.

The literature (9) verifies this melting point.

€. The Preparartion of Dlethyl Acetylene Dicarboxrlete
(xI) (10,11),

L0 )
g-CL0H a-cZ00H,
i | {Saﬁﬁﬁﬁ) ;ﬂ

{xvIiiI) {x1)



21

To & ene-~liter, round flask egquipped with & stirrer,
thermometer, and reflux condenger were added 20 grama
of asetylene dlcarboxylic acid, Tc this acld was added 50
mls, of dry bengene, 23 grams of 28A aloohol and 4 mls,
of sulfuric aecid. This reaction mixture was refluxed for
twelve houra., After the reflux period, the resction mix-
ture was paureﬂ into a 120 ml, salt solutlon, The benzene
layer separsated ss the top lsyer. The benzene layer wes
distilled under vecuum at 40°C, and the residue was frac-
tionated that yielded a liquid with s refraotive index |
of 1,4420, The literature reports & refractive index of 1.4424,

D. The Freparation of the Diethyl ister of 4-~Hethyl-
Z~Mothylol=l,4-Cyslohexadien~l,2«Dicarboxylic Acig. (XII)
(9) (Iiels Alder resciion),

3-methyl~2,4-pentadlen~-1~0l, 4,9 grams, and 8.5
grame of dlethyl acetylene dicarboxylate were poured into
& round~bottom flask and the mixture refluxed for twenty
four hours. Acetone was used s & s&ivsnt for the reaction,
After the twenty four hour pericd, the solvent was dlig~
tilled from the flask by wvacuunm and the residue fractiop-
ated., The fractional distillate wasg collested and the
refractive index was found to be 1,4998, No test were
run on this sampls becsuse the next resetion was carried

out immediately.
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E, The preperation of the Dethyl Ester of 4~Methyl~
3-Hethylolel,2-Phthalic Ascid (XIV) {(12).

Ivwo grams of the diethyl ester of 4-methyl-3-meth-
- ylol-1,4-cyolohexadien~1,2~dicarboxylic seid and 1,85
grams of ehloranil (XI1I) were poured inte a 100 ml.
flask with 20 mls, of »ylene. The flask was eguinpped
with & water condenser, drylng tube, and & stirrer. The
mixture was stirred and refluxed for % hours. A heating
mantle and a powerstat provided the heat, After the five
hours, the resetion mixture was cooled to 0°C., and f£il-
tered on a Bughner funnel, The flltrate was diluted with
an equal volume of petroleum ether., The selutlion was
plagced in a separatory funnel and filve washes of five
per oeent sodlium bilcarbonate solution wers used to make
the reaction mixture basic, This wae plesed over sodium
sulfate for a pericd of twenty~four hours. The sclvents
were dlstllled by wvacuunm from the flask on the next dav,
Ihe syrup obialned was concentrated to constant welght,

An infrs red gpesirum wos run on the sample, The
specirum of the solid compound showed itwo cerbonyl bands
et 5,70 anﬂ'5.79 miocrons and phenyl bands at 6.15 and §.23
miorons, The possible assigment for the observed absorp~-
tion spectrun could be the dlethyl ester groups. The

weight of the syrup was 2.0 grans,
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F, The Ireparation of Prehnitic Acid (Xv) (13).

The syrup from reaction {E) was added to 50 nils.
of & eatursied potassium permanganate water solutilon,
and 5 mls, of a ten per cent polassium hydroxide were
added to the solution in & 250 ml. flask equipped with
a stirrer and a'ruflux sondenser. The resction mixture wac
refluxed over night, and the next ﬁorning the mixture
was oooled.Flve nls, of a concentrated solution of suld
furic asid was then added to the stirred mixture., It
was then treatcd with scdium bisulfite urtil sll the man-
ganese dloxide had didappeared, The solutlon was flltered
through a sintercd funnel under vacuum. The filirste was
poured into a sepsratory funnel srd erxtracted with &x100
mls., of ethyl ether. The cyirmctions were carried ocut
very slowly due Lo the golublillty of the preduet in the
ether layer. Thig extracted soluticr wes heated and tre-
ated with nuchar for 10 minutes. :he onarcogl was fil-
tered off. The amber sclution was orystalllzed slowly
over & perlod of Lwo daya at gerc degree temperature,
ihe orystals were flltered on & cold funnel and dried in
a vesuum desicsator. The melting po.nt wsa 170-171%0.
Thie did not ecorrespond to the Frehuitic acld meltiling
point (237-23£°3,),

An infra red spectrum wes run on the sample, The

regearch department of Jderck and Co, ran a combustion
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sanalysisg on the sample and found the carbon content to
ve 50,55% and the hydrogen content to be 1,92%, The com~
pound that le very oloss L0 these findings osonsisted of
& ring gompound wlth an enhydride grcup and two carb-
oxyl groups (iVI), The theoretissl sontent of tile som-
pound 1s: earbon, 50.8% and hydrogen, 1.69%. This agrees
with our analytical data, and the possibllity of getting
thies instead of Pretnitie aold was very possible, This
may, therefors, be accepted as the secound proof of the
structure, since, as indicated in the equations, Frehnitiec
acid might wvery well have been dehydrated to the snhy-
dride (xVI),
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Coneluaicn

The proof of the gls form of JS-methyl-~2«penten-4-
yne~1~01 hea been carried out sxperimentally. The next
step would have to De a conversion of the glg Torm to
the ﬁgggg form, inie procedure haes not been carried out
suoceassfully because many indieailons lead one to belleve
that the arbitrary lsomer wee Jusi another lecmer and

1t was not sterec in 1lts neture.

Thers is another possibility thet the yield con-
version may be such that the efforts of sonverslion will not
practicable. All these questiana 2an ¢only be answered
in time when all runs of conversion are tabulated snd a
eoncluziap ie drawn. Anobther problem mey be in the frasc-
tionation of the converted lisomer. Thls astep also can
gut the yleld conslderebly because a certaln gquality

meterisl oan only be used Iin the process of Vitanmin A,

The proof hss been presented, If a mesns of producing
this converted laomer, esonomieslly, ¢an bs found, monetary
gains wlll be aschieved. The by product that has beoen disg-

carded up to now, may well be used in futurse productions,
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