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ABSTRACT
PART I.

The reaction between D(4)-2,3-epoxybutane
and alcohols is accompanied by a Walden inversion.
The 3-mothoxy-2-butanol prepared in this manner
is an erythro-isomer, for meso-2,3-dimethoxybutane
can be prepared from it by the Williamson synthesis.
PART II.

Permangenate oxidation under alkaline condi-
tions has been employed as a method for the gquan-
titative determination of aqueous solutions of
3-hexyne.

3-Hexyne and several homologs (methyl groups
in the 1~-, 2~ and 5-positions) have been synthesized.
Argentation constants for these have been evaluated
by means of their solublilities in aqueous solutions
of silver ion at constant ionie strength,

PART TIIT.

A survey has been made concerning the effect
of various steroidal substances on growth of pea
embryos, A strong inhibition was noted in the
presence of testosterone. ZEstrone and saponins

tended to enhance early growth,
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PART I
STEREOCHEMISTRY OF THE REACTION OF
D-(+)-2,3-EPOXYBUTANE WITH ALCOHOLS
INTRODUCTION. |

D(+)-2,3-Epoxybutane has proved to be a highly use-
ful céﬁpound for the s;udy of the sfereoehemical aspects
of reactions of the epoxide ring. As will be outlined be-
low, several types of trange-openings of the ring have been .
observed, and, in fact, no reactions involving cis-opening
of this particular ring are known.

The assumptions for the basis of the present investi-
gation of the proof of the direction of opening of the
epoxide ring by alcohols arise as follows:

1. Ring opening will be trans, leading to an opti-

cally active mono-ether of meso-2,3~butanediol.

?Hs « G
J=H HO-C-H
<¢ s (1)
H-.cl:\ caz,o-?-H
CHz | Cii
D=-(+)=2,3-Epoxybutane L-erythro-3-methoxy=
, 2=-butanol

2., The erythro-3-methoxy-2-butanol obtained in this

manner, could then be readily converted into a mego-diether

by the Williamson synthesis, resulting in loss of optical
activity.

The loss of optical activity at this point would not
necessarily be due to the single inversion shown in equa-

tion 1.



CHs CHz
HO-C-H ' CH50-G-H v
) _Na CHzl, ) . (II)
cﬁso-tl:-ﬁ GHg,O-Cli-H .
CHz CHz
L-erythro-3-Methoxy- meso-2,3-Dimethoxy-
( 2-butancl butane

3. If, in the Williamson synthesis, methyl iodide is
replaced by ethyl bromide, the resulting compound is no
longer a meso-modification, If the resulting diether then
retains optical activity, it will have been satisfactorily
demonstrated that racemization cannot be solely responsible

for loss of optical activity during formation of the di-

ethers.,
CHz CH3
Ho-cl:-H CoH50-C-H 3
CHzo-C-E — 2> Z2H5EC, cagc-é.ﬁ (121)
: ce,

L-erythro-3-Methoxy-2-butanol D-grythro-3-Ethoxy-
: . 2=methoxybutane

4. Diethers can be prepared from D(-)-3,3-butanediol
through the Williamson synthesis. A coﬁparison of the
physical constants of the erythro-dimethyl ether with those
of the known diether of the D-series will further confirm
whether the former is truly Qggg or merely a DL modifica-
tion or a mixture, )

Preparation of diethyl ethers of the D-geries will

serve the same purpose.



CHz CHz
mﬁﬁ CHz0-C-E
H-C-0H "——€> ~—5£€> H-C-QCHz (IV)
D(-)=2,3-Butanediol D-2,3~-Dimethoxybutane

LITERATURE SURVEY.

A comprehensive survey of the mechanism and stereo-~
chemistry of the opening of the epoxide ring was made by
Winstein and Henderson in 1950 (1). In consideration of
this, it should suffice to include in this thesis only
those pertinent facts which are directly asscciated with

the problem at hand.,

Opening of the epoxide ring proceeds by a nucleophilie

attack on carbon with displacement of the oxygen atom. The

reaction may be either acid- or base-catalyzed. The res-

pective mechanisms are given by equations V and VI (1).

II+ ?H
0] »

>c/ \c< o >c/ \c/ > e (V)

Tﬁ“ N AN

X X

y cI)" | ?H |

N /0\ OH™ N 7 +HT N 7
c C C c—¢C (V1)

- PN > I\ ~ / I\

X X X

The first reaction (eq. V), involving the conjugate

acid as an intermediate,vis ordinarily much more rapid than
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the base-catalyzed reaction (2). However, the reverse may
be true in those cases where'a'basé may convert the at-
tacking species into a more highly nucleophilic agent.
This may be illustrated in the case of the reaction be-
tween phenols and oxides, in which the phenolate ion is
highly superior to phenol as the attacking specles.

The use of an aliphatic alcohol as the nucleophilic
attacking reagent is the subject of particular concern
here. The reaction may be made under neutral, acidic or
basic conditions . Here again, the reaction involving the
conjugate acid is best from considerations of reaction
rate,

Winstein and Henderson (3) have suggested that the
2-methoxycyclohexanol preparéd from cyclohexene oxide is
trans. The proof follows from two considerations. First,
cyclohexene oxide must be cis because of the steric impos-
8ibility of the existence of a trans form. Secondly, the
monomethyl ether of 1,2-hexanediol is assumed to be trans
by virtue of a comparison of its physical properties with
those of a compound of known configuration. The constants
compare favorably with those of a monoether of the 1,2~
cyclohexanediol which does not form a compound with acet-
one., Boeseken (4) has shown that only one modification of
1,2-cyclohexanediol undergoes this reaction, and this must
then be the gcis-form.

The stereochemical aspects of the opening of the ep;

oxide ring of 2,3-epoxybutane have been well characterized.
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A nucleophilic attack by water on optically active trans-
2,3-epoxybutane (5) leads to optically inactive meso-2,3-
butanediol, whereas cig-2,3-butanediol gives rise to the DL
modification of the glycol. Similarly, acetic acid (6),
hydrohalic acids (7, 8, 9) and ammonia (10) induce a trans-
opening of the ring.

The reaction of cis- and trans-2,3-epoxybutane with
methanol has been carried out by Winstein and Henderson (11).
However, they have merely assumed trans-opening of the ring
by analogy with the reactions mentioned above. The conclu-
sion is undoubtedly well-founded, but unequivocal proof still
rests in the use of optically active modifications of 2,3«
epoxybutane,

In the course of the present investigation, there were
numerous instances in which it was necessary to employ the
Williamson synthesis for the preparation of ethers of alco-
hols, 1In all cases, it has been assumed that no inversion
takes place during this reaction, It will be pointed out
later in the discussion that there is no ambiguity in this
assumptlon, as demonstrated by a series of reactions,

It is known that normally the Williamson reaction pro-
ceeds by an Sy2 mechanism (12)., Thus, second order kinetics
has been observed for the reaction of sodium eugenoxide

with alkyl halides (13). Also, complete inversion of opti-

cally active 2-chloro-~ or Z2-bromo-octane has been observed

when either of these react with sodium alkoxides (14).
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Ordinarily, racemization of the alcohol is assumed to
be negligible during the Williamson synthesis, but Doering
and Aschner (15) have shown that levo-phenylmethylearbinol
and levo-2-methylbutanol racemize in the presence of ket-
ones, They concluded that stereochemical equilibration of
alcohols is accomplished through an oxidation-reduction

mechenism,

NOMENCLATURE.

Since there are two centers of asymmetry in the 2,3=-
butanediol molecule, it became necessary to decide on a sys-
tem of nomenclature.

The designation of both the erythro- and threo-forms
ags either D or L has been chosen to conform with the nomen-
clature used by Lucas and Garner (16) for the 2,3-disubsti-
tuted butanes, These authors have chosen carbon atom C-3
as the point of reference, in conformance with carbohydrate
nomenclature (17). Thus, the highest numbered asymmetric
carbon atom determines the family.

Consideration of the 2-methoxy-3-ethoxybutanes is illus-

trative,
= x
CHz0-C-H CH30-<|3—H
H—?-003H5 02H50—?-H
CHz g
D(-)~-threo-2-Methoxy-3- L(+)-erxthro-24Methoxy-5~

ethoxybutane ethoxybutane



EXPERIMENTAL.
D(-)-2,3-Butanediol. The D(-)-2,3-butanediol used as

a starting material for the syntheses was obtained from the
National Research Council of Canada through the courtesy of
Dr. G. A. Ledingham, Director and Drs, A. C. Neish and J. A.
Wheat.

All of the optical isomers of 2,3-butanediol are pro-
duced by bacterial fermentation., The levo~form is produced
by Aerobacillus polymyxa (18, 19), and a mixture of meso-
and dextro-isomers arise through the use of Aerobacter asero-
genes (20).

The following optical properties (table 1) were obtained
for the active glycol, with comparative values found by Lucas
and Garner (16) for material obtained from the Northern Re-

gional Research Laboratory, Peoria, Ill.

TABLE 1
Optical Properties of D(-)=2,3-Butanediol
Glycol o« 25p [oc]st
Crude (Canadian) -12,45°
Crude (Regional Laboratory) -12,4°
Distilled (Capadian) | -12.87°  -13,06°
Distilled (Reglonal Laboratory) -13,000 -13,19°

The glycol'used in this investigation was distilled
through a 30 cm. column packed with glass helices. The frac-
tion which was retained was collected over a 0.,1° range, and

it must then be concluded that there is contamination with
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either 1% meso-glycol or with 0,5% dextro-glycol.

D(+)-2,3-Diacetoxybutane. This compound was prepared

according to the method of Lucas and Garner (18),

= -
HO-C-H CHzC00-C-H
HoGm0 H-(]}-OCOCHS (VII)
by g
D(-)-2,3~-Butanediol D(4)-2,3-Diacetoxy~
butane

To 180 g. (2 moles) of redistilled D(-)-2,3-butanediol
and 800 g. (10 moles) of pyridine in & two-liter flask were
added 448 g. (4.4 moles) of acetic anhydride. The tempera-~
ture was kept below 40° by means of an ice bath during the
45 minutes required for the addition. The mixture stood
overnight at room temperature. Pyridine and acetie acid
were removed by distillation at 100 mm., and the 2,3-diacet-
oxybutane was distilled at 14 mm.; b. 86.8-87,4°, o 25p*
+13.62%, yield 331 g. (95%). Lit., «2°D +14.10° (16)."

No further purification was attempted because it was
shown (16) that this had no effect on the purity of the ep-
oxide prepared from this material,

L(+)~erythro-3-Chloro-2-butanol. This compound was pre-

pared according to the method given by Lucas and Gould (8).

*¥A11 observed rotations were made using pure liquids in a
one decimeter polarimeter tube.



s s
GH3CO0-C-H HO-C-H
H-?-OCDCHs Cln?éﬁ
CH3 CHz (VIII)
D(+)=-2,3-Diacetoxybutane L(4)-erythro-3-Chloro-
Z=butanol

4 mixture of 261 g. (1.5 moles) of D(4)-2,3-diacetoxy-
butane and 380 g. of reagent grade hydrochloric acid (37%)
was placed in a one-liter ampoule and cooled to about —20°.
Dry hydrogen chloride gas was passed into the mixture until
143 g. (4 moles) had been added. The ampoule was then
gealed and allowed to stand at room temperature for 14 days,
The contents were then poured over 700 g. of technical sod-
ium bicarbonate with stirring. The solid residue was re-
moved by filtration and washed with 500 ml. of isopropyl
ether. This ether was used to wash the aqueous phase and
then it was combined with the original organic phase. The
total organic material was washed with 5% sodium bicarbonate
solution, cooled with dry ice and filtered through crushed
dry ice.

The reaction product contained both the expected chloro-
hydrin and some 3-chloro-2-acetoxybutane. It was unnecessary
to separate the two products, for both are converted to the
same epoxide in the subsequent reaction.

After the isopropyl ether was removed by distillation,
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two main fractions were obtained by fractional distillation.
The first was collected from 65-66.5° (44 mm.); ®2°D 48,48°;
yield 115 g. The second was collected from 72-74.5° (35
mm.); & 25D 410.98°; yield 43.6 g. The combined yield was
90%.
D(4)-2,3-Epoxybutane.

?Hs iz
HO-?-H < -
et 3
C1-G-K H_G\ (1%)
CHg =
L(+)-erythro-3-Chloro- D(4)-2,3-Epoxybutane
o 2-butanol :

A one-liter, 3-necked flask was placed in a hot water
bath and fitted with a mercury-sealed stirrer, a dropping
funnel and a condenser leading to a receiver in an ice-hydro-
chloric acid bath at about -15°.

A solution of 265 g. technical potassium hydroxide in
135 ml. water was placed in the flask and heated to about
90°, Vhile maintaining this temperature, the mixed chloro-
hydrin and chloroacetoxy compounds from the previous reac-
tion were added over a period of 1% hours.

The product which distilled from the reaction mixture
was dried with anhydrous potassium carbonate, filtered and
distilled through a 30 cm., column packed with helices: b.
52,8-53.5° (748 mm.); o #5D +45.61°; yield, 67.7 g., 59.5%
from the glycol. Répeated fractional distillation yielded
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a product with a meximum rotation of +46.44°, Iit., b.
55.5-53.7° (745 mm.); o 25D 447.23° (16)., This represents
an optical purity of about 98,3% when compared with the
best value observed by previous investigators, +47.23° (16).
In view of this, it shall be assumed that the maximum opti-
cal purity of compounds prepared from this epoxide will be
98%.

L(+)-erythro-3-Methoxy-2-butanol. Base catalyzed open-

ing of the epoxide ring of D(+)-2,3-epoxybutane proved to be
quite slow, The method attempted was essentially that of
Chitwood and Freure (21).

A omell piece (0.l g.) of clean sodium was dissolved
in 40 g. (1.25 moles) of methanol which had been distilled
from over sodium methoxide (b. 64.8-64.9°)., The mixture
was placed on & steam cone and refluxed during the addition
over 45 minutes of 9.04 g. (0.125 moles) of D(4)-2,3-epoxy-
butane, After the addition, a slow reflux rate was main-
tained for 2% hours. Fractional distillation yielded no
significant amount of material boiling above the boiling
point of methanol.

A similar attempt was made using one mole of methanol
containing 0.3 g. sodium hydroxide and 7.2 g. (0.10 mole)
of epoxide. The mixture was refluxed for 2% hours, then
again for one hour after standing overnight, Fractional dis-

tillation yielded unreacted epoxide, methanol and a fraction
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of a gram of higher boiling material; b. 82.5° (125 mm.).
The acid catalyzed reaction (11), in contrast to the

above resultg, proceeded quite smoothly and rapidly.

T i
<§-H HO-C~H
2 —_— | (x)
H- I AN caso-clz-ﬂ |
CHgz ' CHz
D(+)-2,3-Epoxybutane L(+)-erythro-3-Methoxy-
Z=butanol

To a solution of three drops of concentrated sulfuric
acid in 32 g. (1 mole) of enhydrous methanol, was added 7.2 g.
(0.10 mole) of the epoxide with stirring. The reaction was
éufficiently exothermic to initiate refluxing. After the
addition was compleste (about 30 minutes), the solution was
refluxed for one-half hour and allowed to stand overnight.
After the acid had been neutralized with potassium carbon-
ate, most of the methanol was removed by distillation through
a semi-micro distilling tube. Refractionation of the fore-
runs and of the main fraction yielded 8.36 g. of L(+)-
erythro-3-methoxy-2-butanol (84%): b. 76.1-79.3° (117 mm.);

54 0.9064; «2°D +18.05°%; [«] *°D +19.92°;

025D 1.4098; 4°
MR, 28,46 (calc'd 28.45), Lit.; b, 132.3-132,5° (748 mm.);
025D 1.4107 (11). -

Analysis. Cale'd for CsHyp0s: C, 57.66; H, 11.62.

Found:* C, 57,33; H, 11,28.

*Unless otherwise indicated, all analyses were made by Dr. A.
Elek, 4763 W, Adams Boulevard, Los Angeles 16, California.
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The reaction was repeated: yield, 79%, with an optical
purity of the crude product of 99%, based on the best value
of & 25p obtained previously,

It is obvious from the above results, that the base
catalyzed reaction between 2,3-epoxybutane and methanol is
considerably slower than the acid catalyzed reaction. This
difference has been noted to a much less degree in the case
of the reaction of propylene oxide with methanol (21). In
the case of propylene oxide, the reaction time of the base
cat@lyzed reaction is about one-~half that of the aeid cata-
lyzed reaction. 7Yields were equivalent in both instances
(70-80%) .

meso-2,3-Dimethoxybutane,

CHa, CHz
HO-ééH CHz0-C-H
aaso-é—ﬂ - CH30-C-H (xx)
CHn (!‘«Hg -
L{+)-erythro-3-Methoxy- mego-2,3~-Dimethoxy-
2-butanol butane

To 30 ml. of anhydrous ethyl ether were added 2.3 g.
(0.10 mole) of sodium shavings and 5.20 g. (0.050 mole) of
L(+)-erythro-3-methoxy-2-butanol. After 24 hours, hydiogen
evolution had virtually ceased, leaving a clear reddish
solution along with the excess sodium. The sodium was re-
moved and an excess of methyl iodide, 10.6 g. (0.075 mole),

was added. TFairly rapid formation of scdium iodide started
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after a few minutes., The mixture was heated under a reflux
condenser for two hours and allowed to stand for three hours.
The ether was removed by distillation, water was added to
dissolve the sodium iodide, and the aqueous phase was shaken
twice with portions of the ether previously removed. All of
the ether phases were combined and dried with potassium car-
bonate. Distillation was carried out at 750 mm.: b, 107.3-
108.0°; o ®°D -0,03%; crude yield, 3.79 g. (64%), The op-
tical rotation indicated possible contamination with methoxy-
butanol to an extent of less than 0.5%.

Refractional distillation through a semi-micro distil-
ling tube was made after the addition of metallic sodium
which in the molten state reacted with unchanged starting
material: b, 108.0° (750 mm.); & >°D 0.00°; n®%p 1.3890;
%34 0.8435; MR}, 33.13 (cale'd, 33.19).

Analysis. Cale'd for CgH140p: C, 60.97; H, 11.94,
Found: C, 61.06; H, 11l.71.

L(+)-erythro-3-Ethoxy-2-butanol, The procedure was iden-

tical with that used for the preparation of the methoxy homo-
log, except that the time required for the reaction of ep-
oxybutane with ethanol was about twice as long as with meth-
anol. Yields were 80% and 83% in successive reactions when
the reactants were refluxed for two hours and allowed to
stand for two deys. Physical constants: b, 83.5° (109 mm.);
n®5D 1.4106; a4 0.8866; « 25D +23.53°; [w135D 426.549;
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MR, 33.07 (calec'd, 33.08).
Analysis. Calc'd for cqnmoz. ¢, 60.97; H, 11,94,
Found: C, 61.01; H, ll 96.

meso-2,3-Diethoxybutane., The procedure was similar to

that used for the preparation of peso-2,3-dimethoxybutane.
The reactants, ethyl iodide and sodium 3-ethoxy-2-butoxide,
were refluxed for 16 hours and allowed to stand overnight
before isolation of the product: crude yield, 77%; o 25p
+5.75°, This represents an optical purity of 76% based on
contamination with unreacted starting material and on the
best value of rotation after purification,

Three successive fractional distillations from sodium
metal were necessary to prepare an optically pure material:
b. 138.0° (745 mm.); n®°D 1.3936; a*°4 0.8190; «Z°D 40.01°;
[oCJ2°D 40.01°; MR; 42.87 (calc'd, 42.43).

Analysis. Calc'd for CgHygOs: C, 65.70; H, 12.41.
Found: C, 65.92; H, 12.49.

D(-)-erythro-2-Methoxy-3-ethoxybutane,

(Hz s
HO-G-H Ogf50~C-H
~ ——— -
CHzO~C-~-H CH=z0-C-H
35 5T (XIT)
CHy CHn B
L(f)-erxthr ~-3-Methoxy- D(~-)-erythro-2-Methoxy-
2-butanol : 3-ethoxybutane

The Williamson procedure was used as described pre-
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viously: yield of crude product, 60%. Physical constants:

2%y _6.320;

b. 124.0° (746 mm.); n®5D 1.3918; d°°4 0.8281; o
(125D -7.63%; MRy 368,00 (calc'd, 37.81).
snalysis. Calc'd for CpHygOp: C, 63.59; H, 12.20.

Found: C, 63.54; H, 12.08.

L(+)=-erythro-2-Methoxy~-3-ethoxybutane,

CHz ?HS
HO-C-H CHz0-C-H
e | (XIII)
cgﬂso-?-ﬂ cgaso-?gﬁ |
CHs GHS
L{+)-erythro-3-Ethoxy- L(+)~-erythro-2-Methoxy-
2-butanol : S3-ethoxybutane

The Williamson synthesis was used as described pre-
viously: yleld of crude product, 70%; o ~°D +6.45°.

On repeated fractional distillation of the crude prod-
uct, the observed rotation first dropped to +6.i4°, then
rose to a maximum value: b. 123.8° (747 mm.); n®°D 1.3017;
a254 0.8284; « 25D 46.34%; [x]25D 47.650; MRy 37.98 (calec'd,
37.81), |

Anelysis. Cale'd for CrHygOs: C, 63.59; H, 12.20.
Found: C, 63.50; H, 12.17.

D(-)=-threo-3-Methoxy-2-butanol.,

¢Hz ¢Hz
HO-G-E HO-G-H
H-G~-0H > H-¢~0CH (LIV)
CHg CHz -
D(~)=2,3-Butanediol D(=-)-threo-3-Methoxy-

2-butanol
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After preliminary attempts to prepare this compound
in an ether solution had been found to be unsatisfactory,
the following procedure was adopted, and it yielded éxcel—
ent results,

D(-)-2,3-Butanediol was freed from water by distilla-
tion at reduced pressure. To 76 g. {0.85 mole) of the gly-
col was added 2.6 g. (0.1l mole) of clean sodium shavings.
After the reaction was complete, the reaction flask was
fitted with a reflux condenser, and 22 g. (0,15 mole) of
redistilled methyl iodide was added with swirling. The
flask and contents were warmed with an infra-red lamp, in-
ducing a spontaneous temperature rise to 85°. After the
initial reaction had subsided, as shown by a temperature
drop, the temperature was maintained at about 50° for five
hours. After standing two days, the reaction mixture still
remained homogeneous, and the monoether was removed by dis-
tillation at 100 mm, pressure., The fraction boiling below
82° was collected., There was no indication, in either the
distillate or the dry-ice trap on the distillation column,
of any low-boiling diether. After removal of the monoether,
the pressure was reduced and the excess glycol was recovered;
b. 81.7-82.0° (15 mm.); @ 29D -13.0°. In this and in sub=-
sequent analogous reaétions, there was no indication that

racemization of the glycol had taken place,

Fractional redistillation of the monoether was msde in
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a semi-micro distilling tube: b. 74.5° (113 mm, }; n29p

%4 0.8983; o?®

1.4067; 4% D -24.25% [a]25D -26.24%; ump
28.52 (cale'd, 28.46); yield, 10.1 g. (86%). Lit.:1l p,
126.4-126.5%; n25D 1,4074.

Analysis. Calec'd for CsHypO0p2: C, 57.66; H, 11.62.
Found: C, 57.78; H, 11.63,

D(+)-2,3-Dimethoxybutane.

. -
HO-C-H CHz0-C-H
B-C-0H H-cl*,-ocﬁs (xV)
| C‘H-Ig éﬂs |
D(-)=2,3~Butanediol D(+)-2,3-Dimethoxy-
butane

In the attempt to prepare the monomethyl ether of bu-
tanediol by a procedure involving ethyl ether as a solvent,
enough D(4)-2,3-dimethoxybutane was formed to obtain physi-
cal constants and analyses,

To a solution of 18.0 g. (0.20 mole) of redistilled
D(-)-2,3-butanediol in 50 ml. ethyl ether was added 4.8 g,
(0.21 mole) of clean sodium shavings, The reaction flask
was protec%ed with a calcium chloride drying tube and was
allowed to stand for 30 hours. Over this period of time,
it was necessary to regularly crush the solid which formed

on the surface of the sodium in order to expose fresh metal.

The mixture was heated under reflux and 42 g. (0.30 mole)
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of methyl iodide were added dropwise. The heating was cone-
tinued for five hours and the reaction mixture was allowed
to stand for two days. After most of the ether had been
removed by distillation, sufficient water was added to dis-
solve the sodium iodids.

The ether phase was separated, combined with an ether
extract of the aqueous phase, dried with potasgssium carbone
ate, filtered and distilled. Three major fractions were
lsolated, The first was the diether fraction: b, 52,5~
57.5° (127 mm.); o 5D 40.75%; yield, 3.6 g. (154). The
second was monoether: b. 74-79° (127 mm.); o <°D -15.6°;
yield, 2.1 g. (10%). The final fraction was unreacted start-
ing material.

Repeated fractionel distillation of the diether from
over sodium in a semi-micro distilling tube yielded the pure

product: b, 111.0° (746 mm.); n2°p 1.3905; a%°4 0.8464;

%D +2.76; []2°D 43.26; MR, 33.13 (calc'd, 33.19).
Analysis. Calc'd for CgHy40s: G, 60.97; H, 11.94.
Found: C, 61.,03; H, 11.86.

D(-)-threo-3-Ethoxy-2-butanol.

CHs CHe
[}
HO-G-E HO-G-H
H-G-O0H g H-G-0C2Hs
CHsz ' CHz (XVI)
D(~)-2,3-Epoxybutane D(-)=-threo-3-Ethoxy-

Z-butanol
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To 60 g. (0.75 mole) of redistilled D(-)-2,3-butane-
410l were added 2,4 g. (0.1l mole) of sodium shavings.
After the sodlum had dlssolved, an excess of ethyl iodide,
28 g. (0.18 mole), was added to the still hot solution (85°),
A temperature of about 850 was maintained for about one
hour by means of an infra-red lamp., The reaction mixture
remained homogeneous to this point.

The monoether was removed from the excess glycol by
distillation at reduced pressure: b, 82.3=-83.6° (131 mm.);
« 25D -32,40°; crude yield, 10.7 g. (87%). Two redistilla-
tions through a semi-micro distilling tube were necessary to
obtain a pure product: b. 93,7° (173 mm.); n®°D 1,4072; a%°a
0.8773; o 29D -32.77%; [«] *°D -37.35°; MRy 33.17 (cale'd,
33.08).

Apalysis. Cale'd for CgHyaO2: C, 60.97; H, 11.94,
Found: C, 61.,03; H, 11.81.

Excess glycol was recovered from the reaction residue

by distillation at 7 mm.: yield, 47.3 g.; b. 69,0-69,7°;

o 25p _12.82°; [oc]2®D -12.99°. Thus, about 93% of the orig-
inal glycol was accounted for, and again there was no evi=-
dence of significent loss of optical activity.

D(-)=-threo~2,3-Diethoxybutane.

The procedure was similar to that employed for the
synthesis of meso-2,3-diethoxybutane: yield of crude prod-

uot, 44%; o 29D -4.11°,
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e e
Q«C=H CoHe0-~CmH
H I S 2hsg
H-?—002H5 H-?-OGZHE')
CHz GH3 (XVII)
D(-)~-threo-3-Ethoxy - D(-)=-2,3-Diethoxy~
2~butanol butane

The crude product was purified by distillation from
over sodium metal in a semi-micro fractionating tube: b,

5] 1.3956; a%°4 0.8267; o °°D -4.07;

139.8° (747 mm.); n
[]25D -4.94; MR 42,63 (calc'd, 42.43),

Analysis. Cale'd for CgHygls: C, 65,70; H, 12,41,
Found: C, 65.67; H, 12.22.

D(=-)=~threo~2=Methoxy -3-ethoxybutane,

s »
HO-?-H Gﬂso-?.H
H~C~0CHz -_— H-C=0Col 5
| | . (XVIII)
CHz CHz .
D(-)=-threo-3-iethoxy- D(=)~-threo~2-Methoxy=-
2-butanol 3-ethoxybutane

The synthetic procedure was similar to that employed
for meso-2,3-diethoxybutane,

The yield of c¢rude product was not calculated because
of an error in weighing. The diether was purified by dis-

tillation from over sodium metal: b. 126.2° (745 mm.); n2°D
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1.3986; a°°4 0.8333; « 2°p -0.12°; [«]?°D -0.14°; uRy 37.92

(calc'd, 37.81),
" Apalysis. Calc'd for CpHygOs: C, 63.59; H, 12.20.
Pound: C, 63.85; H, 12.15.

Derivatives of Monoethers.

?ertinent information on these derivatives is given in
‘Table 2.
DISCUSSION AND INTERPRETATION OF RESULTS.

It was pointed out by Prof. H. J. Lucas (22) that the

physieal constants of Z,S-disubstituted‘hutanes exhibited
some interesting relationships.

A comparison of refractive indices and densities (Table
3) reveals that in the monoether series, the erythro-isomers
h&ve the higher values, whereas in the diether series the
threo-isomers have the higher values.

It was also of interest to compare the boiling points
of the various pairs of compounds. In order to do this, it
was necessary to correct the boiling points of two of the
compounds for different pressures.

Extensive data on the vapor pressure of pure compounds
at various pressures is given by Stull (23). Information
for the disubstituted butanes was not available, but data
was found for a compound quite similar in boiling point and

in structurs.

The vapor pressure, P, of a pure liquid as a function
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‘of the absolute temperature, T, is given by equation XIX,
logP = A % B/T (xXIX)

A plot of log P vs, 1/T is linear, and in order to
’maka the necessary correction in a boiling point, it must
be assumed that the slope, B, will be constant for similarly
conetituted compounds with molecular weights and boiling
points in the same range.

In order to correct the boiling points of 3-methoxy-
2-butanol and 3-ethoxy-2-butanol, the vapor pressure data
for 4-methyl-2-pentanol was chosen (23). It was necessary
to correct the bolling point of the methoxy compound from
113 mm. to 117 mm. and of the ethoxy compound from 173 mm.
to 109 mm, These changes are so small that the method em-
ployed is probably valid to the accuracy desired.

4-Methyl-2-pentanol

log P = 8.510 =~ 2300/T (xX)
D(-)-threo-3-Methoxy-2-butanol

log P = 8.657 - 2300/T (XXT)
D(-)~-threo-3-Ethoxy-2-butanol |

log P = 8.506 = 2300/T (XxI1)

A comparison of boiling points is given in Table 3.

Similar relationships of physical constants have been
noted previously, but not until now has the significance
of a potential bond-forming hydrogen atom been noted., TFor
example, the following erythro-compounds have the higher
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wyalues of refractive index apd density: 3-bromo-2-butanol
l(v), 3-chloro-2-butanol (8), 2,3-butanediol, 2,3-butane-
diamine (10), 3-amino-2-butanol (10), and eis-2,3-butene-
imine (10). The following threo-compounds have the higher
values: 2,3-dibromobutane (6, 24, 25), 2,3-diacetoxybutane
(e5), 2,3-dichlorobutane (8), 2-chloro-3-iodobutane (9),
and 2-bromo-3-iodobutané (9).

Fisher-Taylor-Hirschfelder models were constructed of
the alkoxybutanols in order to visualize any phenomensa
which could lead to the observed effects.

The models of the erythro- and threo-3-methoxy-2-buta-
nols were oriented inte a most probable position, i.e., in
such a manner that there was free rotation of the methyl
groups and also a maximum distance between like groups.,
The illustrations, Figure 1, made of these models are not
drawn to scale, but are rather shown in such a manner to
present relative positions of the atoms.

The threo-compound (II) is readily oriented in such a
manner that there exists a possibility for intramclecular
hydrogen bonding. The erythro-isomer (I) tends to assume
a most probable orientation in which the hydroxyl group
is opposite the methoxyl group, and the hydroxyl hydrogen
is directed away from the molecule. In this case, there is
excellent opportunity for intermolecular bonding. Assoc-

lated with this would be an increase in boiling point, re-
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practive index and density.

Probable orientations, again according to models, are
~ ghown for erythro- and meso-dimethoxybutanes (Figure 4).
| In these two instances the two oxygen atoms of the
mego-form (IV) are projected from the asymmetric carbon
atoms in an opposite sense, whereas, in the threo-form (III)
they are projected in more nearly the same sense, In other
words, the picture of the threo-form (III) shows both oxy-
gen atoms projecting above the plane of the paper, Conse-
quently, the threo-isomer should exhibit a greater dipole
moment and physical constants (boiling point, refractive
‘index and deneity) than the mego-modification.
| The same argument, based on molecular models, has been
" found to apply to the 3-halo-2-butanols,
In one case, that of 3-bromo-2-acetoxybutane, the physi-
~cal data is conflicting (6), owing in part to a very small
Spread between values. An exception is noted in the case
of 2,3-epoxybutane, of which the cis-isamer (erythro) has
the higher values (5, 7). This is again demonstrable by
atomic models, in which orientation is predetermined by the
rigid three-membered ring. In the cis-isomer, both of the
methyl groups are on the same side of the ring, whereas, in
the trans-isomer, they are opposed. The former then exhib-
its a possibility for a higher dipole moment and a result-

ing increase in boiling point, refractive index and density.
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STEREQCHEMICAL RESULTS.

The stereochemical aspects of the reaction between
D(+)-2,3-epoxybutane and alcohols have followed the expected

patt ern,

The monoether resulting from a nucleophilic attack by
methanol on D(+)-2,3-epoxybutane possesses optical activity.
The 2,3-dimethoxybutane made from this monoether by way of
the Williamson synthesis is optically inactive.

The situation is identical when ethyl groups are sub-
gtituted for methyl groups.

A second series of reactions (equations 12 and 13) fur-
gstantliates the conclus
cal purity of the products., If the loss of optical activity
of the symmetrical diethers was due to causes other than
the result of one complete inversion in the initial reac-~
tion, it would necessarily follow that the unsymmetrical di-
ethers (equations 12 and 13) would be inactive by virtue of
the same reasons.

This is not the case, for the antipodes D(-)-grythro-
2-methoxy-3-ethoxybutane and L(+)-erythro-2-methoxy~3-eth-
oXybutane have optical rotatlons of opposite slgn and of
the same magnitude.

The conclusion that the inactive diethers have the

meso-configuration is strengthened by the preparation of

diastereomeric diethers (also monoethers) from D(-)-2,3-



31

butanediol by the Williamson synthesis. These all have

the D-threo-configuration, the same as that of the glycol.
They all have physical properties different from the cor-
responding erythro-isomers, and in addition the symmetrical
threo-diethers possess optical activity. This also lends
support to the conclusion that the inactivity of the eryth-
ro-isomers cannot be ascribed to racemization, but must

arise from internal compensation.
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PART II
THE COORDINATION REACTION BETWEEN
SILVER ION AND ALKYNES

A, INTRODUCTION.,

The i'esearch program which was carried out was based

on the previous work of H., J, Lucas and W, S, Dorsey (1)
at the California Institute of Technology. It had beén
found that 3-hexyne would coordinate with silver ion in
aqueous solution, and methods were devised to evaluate ar-
gentation constants for two coordination reactions (equa-
tions I and II).

Ag + B (3-hexyne) —> AgB - {1)

Az +  AgB > 4B (I1)

The overall plan of this problem was to reevaluaté‘the

argentation constants of 3-hexyne by means of a different

anglytical or theoretical approach, and then to agpply this
technique to the study of alkynes containing various sube
stituents alpha to the triple bond,

It seemed advisable to first consider variations in
the analytical procedure which was used for the quantitative
determination of 3-hexyne. Previously, a two-phase, liquid-
liquid equilibration method (2, 3) was used to evaluate the
argentation constants., The quantitative method for the ana-
lysis of 3-hexyne in both the organic (0014) and agueous

phases was the bromination procedure of Lucas and Pressman



35
(4). The techniques involved proved to be quite tedious,
for the aqueous phase contained only very small amounte of
alkyne, Consequently, rigorous exclusion of oxygen Irom
the system was necessary because of a rapid reaction between
oxygen and the alkyne in the aqueous phase.

The bromination procedure had been pictured as a rela-
tively simple, stepwise addition of bromine to the triple
bond, which could be controlled so that the reaction did
not proceed beyond the addition of one molecule of bromine
per molecule of 3-hexyne. However, the reaction was appar-
ently more complicated, for Dorsey found that the product
isolated from such a reaction was a mixture. An analysis
showed only & very small amount of bromine.

In spite of the fact that the bromination procedure led
to gatisfactory results in the case of 3-hexyne, it did not
seem advisable to apply it to the determination of more com-
plicated alkynes, either unsymmetrical ones or those less
goluble in water.

B. QUANTITATIVE DETERMINATION OF 3-HEXYNE BY PERMANGANATE

OXIDATION.

Oxidation of the Carbon-Carbon Triple Bond. The car-

bon-carbon triple bond is subject to oxidative cleavage in
somewhat the same manner as the double bond. Alkaline per-

menganate (5), acidic dichromate and nitric acid (6) can all

by used to oxidize a disubstituted acetylene (I, rigure 4)
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to the carboxylic acid stage (III) with formation of an in-

termediate alpha-diketone (II). In addition, nitric acid
oxidation was found to lead to the formation of aliphatic
acids (IV) with one less carbon atom than those acids (III)
which resulted from simple oxidative rupture of the tribie
bond,

CHz (CHg ) ;nC = C(CHg )nCO0H 2> GHg ( GHg ) ,C0CO ( CHp ), COOH

(I) l (I1)
oX. ox. .
GHz ( CHg ) yCOCH CHg (CHg ) _1 COOH
HOOC (CHp ) , COOH HOOC (CHg ), -1 COOH
(III) (IV)

Figure i. Known Oxidation Prodﬁcté
of Acetylenic Compounds.

Oxidative Analytical Procedure. An analytical proced-

ure based on permanganate oxidation seemed easiest to adapt
to the present investigation. In order to minimize errors
resulting from the analysis of extremely small quantities
of alkyne, 1t was decided to change the distribution system
also,

In the distribution system, one quantitative determin-
ation could be eliminated if the organic phase were pure
alkyne. In effect, this procedure would then involve merely
the measurement of solubility of the alkyne in agueous sol-

utions of silver ion at constant ionic strength.
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The principal assumption to be made at this point was
that silver ion and silver nitrate-alkyne complexes were
insoluble in the pure alkyne under the conditions of the
experiments. A specific experiment was run to verify this
assumption. ZEqual parts of 3-hexyne and 1 f. silver nitrate
were shaken for five minutes in the absence of both light
and air. A 0.50 ml. portion of the oréanic phase was re-
moved and evaporated to dryness. No residue remained.

The alkyne chosen for a preliminary investigation was
3-hexyne. This was used not only because of its availa-
bility but also because of its symmetry. With 3-hexyne, an
unsymmetrical reaction would lead to a minimum of reaction
products. Furthermore, solubility measurements and argenta-
tion constants were available (1) for comparative purposes.

Reagents and Apparatus.

1. S-Hexyne. A few ampoules of 3-hexyne remained from
those prepared by Dorsey (1), but the main source of mater-
ial was the Fgrchan Research Laboratories,

The 3-hexyne as received from Farchan was washed five
times with a 5% ferrous ammonium sulfate solution containing
ammonium thiocyanate. Considerable amounts of peroxides
were present because the mixture became quite warm during
the first washing. The 3-hexyne was dried over potassium
carbonate and transferred rapidly to a 30 c¢m., helix-packed

column which was being flushed with dry nitrogen. The column
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vent was then protected with a glass "tee" through which
nitrogen® was flowing. |

In order to eliminate changing receivers during the
distillation, no water was admitted to the column condenser
until a constant boiling point was reached. The very small
amount of forerun, b. 80.0-80.3° (746 mm.), was vented into
a hood., Afrter the main portion of distillate had been col-
lected, the receiver was removed and stoppered while direc-
ting a rapid stream of nitrogen across the mouth., The re-

ceiver was then kept in a desiccator flushed with nitrogen.

Table 1
Physical Constants of 3-Hexyne
Source n?%p nzOD B.p., ¢
Farchan 1.4090% 1.41162 80,5-80.6 {746 mm.)
Dorsey (1) 1,4089 80.0-80.3 {744 mm.)
Literature (7) 1.4115 8l (760 mm.)
Literature (8) 1,4110

8Calculated, using n>+*%D = 1,4108 and dn/dt = 0.0005237 (9).

2. Ampoules. Glass ampoules for the storage of al-
kynes weré prepared from 5-6 mm, tubing. The ampoule neck
was drawn down to a capillary which would admit a No., 22
hypodermic needle, and the bulb was blown to & diameter of

5 to 15 mm. The total amount of glass was kept below about

*A11 of the nitrogen used here and in subsequent experiments
was dry and was sold as 99.9% pure.
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0.6 g« so that the ampoule could be easily crushed, TFigure

2 illustrates an ampoule of normal sigze.

(>

Figure 2., Ampoule for Storing
Alkynes (Drawn to Scale).

Colored lengths of glass thread weré inserted into the
ampoules for identification.

For filling the ampoules in the absence of air, two
techniques were used. In the first, the ampoules were
placed in a wide-mouthed bottle with a loosely-fitting stop-
per or screw cap., The bottle and contents were placed in
a desicecator which was evacuated and flushed with nitrogen
four times. The bottle of ampoules, freshly distilled al-
kyne and other necessary equipment were transferred to a
dry~-box with a nitrogen atmosphere. The ampoules were
filled using a h&podermic syringe, taking care not to wet
the neck of the ampoule while removing the needle. If the
ampoules were soft glass, they were sealed with a hot ni-
chrome wire, If they were pyrex, the tip was plugged with
a small piece of modeling clay and the ampoule was sealed
after removal from the dry-box.

The second filling technique was used more extensively.

When an alkyne was distilled in an atmosphere of nitrogen,

the receiving flask was stoppled. Two three-inch, No. 22
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hypodermic needles were attached to a source of pure nitro-
gen. The first was inserted into the flask of alkyne to
maintain a slight pressure during removal of samples. The
second was placed in a vertical position so that an ampoule
could be placed over the end for flushing with nitrogen be-
filling. The ampoule was filled with 3~-hexyne from a hypo-
dermic syringe and was sealed immediately.

Three weighings were made on each ampoule, the first
just before filling, the second after filling (including
the capillary tip removed during sealing) to determine the
welght of the contents, and the third affer discarding the
capillary tip. The last weight was used as a check for
leaks when the ampoule was used.

3. BStendard 1,00 f, Silver Nitrate and Potassium

Nitrate. Reagent grade silver nitrate and potassium nitrate
were dried for 24 hours at 1150. The dried compounds were
used directly to prepare 1.00 f£. solutions at 25.0°. The
prepared solutions were kept in 3-liter erlenmeyer flasks,
each fitted with a delivery tube and a 3-way stopcock for
introducing nitrogen. Light was excluded from the silver
nitrate solution by wrabping the flask in aluminum foil.

Immediately after preparation, the flask and contents
were flushed for three hours with a stream of nitrogen,

with intermittent agitation of the contents, ZEvaporation

of water from the stock solution was kept at & minimum by
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first passing the nitrogen through a gas-washing bottle
containing some stock solution.

4, Standard Potassium Permsnganate and Oxalic Acid

Solution. Standard permanganate solutions were prepared
by the method of Pierce and Haenisch, using arsenious oxide
as the primary standard. Oxalic acid solutions were then
standardized using the prepared permanganate solution.{10).
5. n-Heptane. n-Heptane (Phillips Petroleum Co.,
99,5 mole % minimum) was freed of oxidizable materials by
shaking it with 30% fuming sulfuric acid, several times with
distilled water, twice with neutral potassium permanganate
solution and again thoroughly with water. The procedure was
then repeated. The n-heptane was dried with potassium car-
. bonate and distilled through a short Vigreuxz column.

6. Thermometers. 411 thermometers were calibrated at

total immersion against U. S. Bureau of Standards thermo-
meters., In addition, the thermometers which were associated
with individual distillation columns were calibrated empiri-
cally against the boiling points of various liquids. In
general, the following liquids were used: ethyl ether, ace-
tone, methanol, carbon tetrachloride, benzene, p-heptanse,
acetic acid and n-butyl ether.

7, Large Equilibration Flask. The equilibration flask,

fitted with a modified Lucas-Eberz pipette, is shown in Fig-

ure 3.

8. Mpdified Lucas-fberz Pipette. This was a pipette
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calibrated to contain, with a reservoir for rinsing. The
modification involved attachment of a 120° stopcock on the
delivery tube so that it could be used with the large equil=-
ibration flask (figure 3). The pipette was calibrated with
standard potassium permanganate solution by titration with
standard oxalic acid solution.

9. Volumetric Glassware. Burettes were calibrated by

weight of water delivered. "Retested" pipettes were used
as received from the manufacturer.

10. Ampoule Breaker. This piece of apparatus was pre-

pared to break ampoules of 3-hexyne below the surface of the
solution held by the large equilibration flask. The breaker
consigsted of a long glass rod fitted loosely in a cork stop-
per which was of an appropriate size to replace the nitrogen
outlet tube in the equilibration flask. One end of the
glass rod was sealed to a short piece of glass tubing con=-
taining a small plug of modeling clay (Figure 4) which served
to hold an ampoule. | |

11, Gonstant Temperature Bath. The bath was a standard
E. H. Sargent model, number S-84805, The mercury-metal reg-
ulator meintained a range of %0.02°, and the accuracy of the
empirical setting was 20.1°, |

12, Nitrogen., The nitrogen used was guaranteed by
the vendor to have a purity in excess of 99,9%. It was used

as received. Nitrogen pressure was controlled to a maximum
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of about 40 mm, mercury by using a small mercury regulator

(Figure 5),

13. Small Equilibration Flask and Sampling Pipette.
These are illustrated by Figure 6., The pipette was modelled
after a Lucas-Eberz pipette, but modified by using a stan-
dard-taper male joint for the delivery tip.

Preliminary Investigation. It was found that the pre-
sence of silver niirate or potassium nitrate had no signifi-
cant effect on the oxidation-reduction reaction between po-
tassium permanganate and oxalic acid under standard condi-
tions. The oxidation of 3-hexyne was studied to deternmine
whether any conditions could be found which could be used
for quantitative determinations in the presence or absence
of these inorganic reagents.

In order to best evaluate an oxidation procedure, it
was necessary Lo prepare oxygen-free standard solutions of
3=-hexyne in water. This was done by very nearly the same
method used by Dorsey (1).

Since the ampoules of 3-hexyne which had previously
been prepared contained from 0.5 to 1.0 g. of alkyne, it
was necessary to use a 2-liter volumetric flask to dissolve
all of the S-hexyne.

The technigues involved in the preparation of standard
samples of 3-hexyne in water involved several precautions.

Boiling, distilled water was poured into & pre-warmed 2-liter
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volumetric flask to near the calibration line, Pure nitro-
gen was bubbled through the solution while it was being
cooled to room temperature. An ampoule of 5-hexyne was
weighed for comparison with its original check weight, and
it was then inserted into an ampoule breaker (Figure 4)
without any clay plug. The ampoule and holder were inserted
into the volumetric flask. The flask was tilted far enough
on its side so that, when the ampoule was crushed, the light
organic material could not rise into the neck of the flask,
As the ampoule bresker was being removed, it was washed with
a very small portion of boiled, distilled water. All parts
of the ampoule remained in the flask. The flask was stop-
pered immediately and inverted. It was shaken in the in-
verted position until all of the 3~hexyne had dissolved,
and i1t was then placed in a constant temperature bath at
25.0° for one-half hour. The flask was filled to correct
volume and the contents were equilibrated by inverting the
flask back and forth twenty times,

Standard samples in glaclial acetic acid or p-heptane
were prepared in the same manner, except that it was possible
to use smaller volumetric flasks.,

Standard samples were nét kept for more than about one
hour after the flasks had been opened for withdrawing a

series of aliquots.

An 0.0218 f., oxygen-free solution of 3-hexyne in n-hep-
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tane was prepared by the method just described, using 0.0896
g« Of 3-hexyne for a final volume of 50 ml.

Samples of this standard solution were shaken with
aqueous potassium permanganate under varying conditions of
temperature, sheking time, pH and concentration of silver
ion. The results were too inconsistent to be considered
quantitatively useful,

For a more convenient method of preparing solutions
of either known or constant concentration, saturated solu-
tions were considered., Dorsey (1) had given a value for the
solubility of 3-hexyne in water at 25.0° (0.00305 mole/liter)
and such a saturated solution would be convenient to use to
determine optimum conditions for the oxidation procedure,

It would be well to point out at this time that the
solubility value given by Dorsey differed considerably from
the final value which we eventually obtained.

Preparation of Saturated Solutions of 3-Hexyne. Two

liters of glass-distilled water were placed in the large
equilibration flask (Figure 3). The water was boiled for
fifteen minutes and the flaskvand contents were cooled to
25.0o in the constant temperature bath. During this heat-
ing and cooling, a stream of nitrogen was kept flowing

through the flask.

The nitrogen flow was increased while the left stop-

cock (Figure 3) was being replaced with an ampoule of 3-
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hexyne held in the ampoule breaker (Figure 4). The ampoule
wag crushed against the side of the flask, aﬁd the stan-
dard fitting was replaced. The mixture was stirred vigor-
ously for one hour and was then allowed to settle for one
hour before sampling.

At thie point, about one or two ml. excesds 3-hexyne
were present in the equilibration flask. Under the condl-
tions of equilibration just outlined, the settling was caom-
plete after about twenty minutes (as shown by subsequent
oxidation methods), but the two phases were nevertheless
allowed to remainvundisturbed for one hour. During prelim-
inary investigations, a saturated solution was used for two
or three days, but after the oxidative procedure had been
developed, the solutions were discarded after about four
hours,

Neutral Oxidation of Water Spolutions of 3-Hexyne. The

oxidation of 3-hexyne could presumably proceed tq several
different extents (equations IXI through VI),.
5 CHzCHpC=CCHpCHz + 4 MnOz~ + 13 H—>
5 CHzCHoCOCOCHoCHz + 4 Mo™* + 6 HpO (III)
(4e change per molecule of 3-hexyne). | |
5 CHzCHsC =CCHoCHz + 6 MnO,~ + 18 E— >
10 CHzCH5COOH + 6 Mn™ + 4 Hp0 (IV)

(6e change).
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5 CHzCHpC = COHgCHz + 12 MnOy~ + 36 HY —>
5 CHzCHpCOOH + 5 CHzCOOH + 5 COp +
12 Ma*t + 18 Hz0 (v)
(12 e change). *
5 CHgCHoC = CCHpCHz + 18 MOy~ + 54 HY — 5
10 CHzCOOH + 10 COz + 18 Ma®™ + 32 H,0  (VI)
(18e change). /
The oxidation was expected to proceed to the extent
indicated by equation IV, and the preliminary experiments
were based on this and on the solubility found by Dorsey (l)

Procedure 2~56.

1., An excess of standard permanganate was introduced
by pipette into a 250 ml. iodometric flask. This excess was
based on the expected solubility value of 3-hexyne, on the
size of sample of the saturated solution of 3-hexyne, and on
the extent to which we expected the 3-hexyne to be oxidized.
On this basis, the excess ordinarily amounted to about 10%.

2. A measured volume of the saturated water solution
of 3-hexyne was added to the iodometric flask. The flask
was stoppered quickly and shaken vigorously. The shaking
was repeated several times during a 20-minute period.

3. The stopper of the iodometric flask was washed down
with water, the contents of the flask were heated to above

60°%, and 15 ml. 6n sulfuric acid and a measured excess of

*Research Notebook Number 2, p. 56.
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standard oxalic acid solution were added. The excess ox=-
alic acid was back-titrated with permanganate.
4, For comparison purposes, the following calculation

was made for each oxidation:

(Vol. KMnOA - blank) (Norm.) - (Vol. ox.acid)(Norm.)
Vol. 3-Hexyne Solution

n

(VII)

After the extent of oxidation is established, the moiér
concentration of 3-hexyne can be calculated by dividing n
by the electron change taking place during the oxidation of
the molecule,

Results., On the basis of the assumptions made concer-
ning solubility and extent of oxidation, insufficient amounts
of permanganate were used in the initial experiments., In a
series of about 50 trials, each using more permanganate than
the previous one, the value of "n" increased to a constant
value of about 0.064. This repreéented a considerable in-
crease over the expected value, 0,018,

The oxidation was repeated, both in the presence and
absence of a small amount of silver ion (Table 2).

In observing the values of "n" (Table 2), it became
obvious that the value for silver-free oxidation was very
nearly 3/2 that for the oxidation in the presence of silver
ion. If Dorsey's solubility value could now be assumed cor-
rect, the oxidation in the absence of silver ion must pro-

ceed according to equation VI, and in the presence of silver
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ion according to equation V.
Table 2
Neutral Oxidation of Saturated Water

Solutions of 3-Hexyne

Conditions n g/lza g/lsb
No silver ion added 0.0625 0.00348
No silver ion added 0.0630 0.00350
Plus 1 ml. 1 f. AgNOz 0.0417 0.00348

" lml, " " 0.0429 0.00357

" 2 ml, " " 0.0437 0.,00364

" 5 mle " 0.0430 0.00358

8From equation V.” bFrom equation VI,

In observing these relationships, we concluded that the
next logical step would involve the study of standard solu-
tions. 4n oxygen-free, standard solution of 3-hexyne in
water was prepared and semples were oxidized by the usual
procedure. Results are given in Table 3,

Table 3

Neutral Oxidation of a Standard Solution
of 3-Hexyne, 0.0025805 £,

Condi tions n n/62 n/4°
No salts added 0.0160  0.00267
0.0155  0.00258
0.0149  0.00248
0.0157  0.00262
KNOg added 0.0123  0.00205  0.00307
0.0121  0.00202  0.00302
AgNO3 added 0.0081  0.00135 0.00202
0.0085 0.00212

0.00142

8From equation IV. Pprom equation IITI.
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In the neutral oxidation without added supplementary
materials, the reaction proceeded essentially to the prop-
ionic acid stage. Although the average value of the experi-
mental concentration of 3-hexyne .was 99% of the theoretical
value, the deviation between samples was of the order of
25%.

If either potassium nitrate or silver nitrate were added
to thé permangenate before oxidation, the results were low.
In the latter case, the solution which remained after neut-
rallzation of the permanganate had & yellow color and an odor
reminiscent of biacetyl. This then could account for the low
values of "n"., It is interesting at this point to note that
this condition of color and odor was not present during the
oxidation of saturated solutions of 3-hexyne.

Procedure 2-67. Procedure 2-56 was modified to a small

extent., The reaction mixture, after 30 minutes shaking, was
transferred quantitatively to a wide-mouth erlenmeyer flask
containing a warm (above 60°) mixture of standard oxzalic
acid acidified with dilute sulfuric acid.

Standard Solutions of 3-Hexyne in Acetic Acid, An oxy-

gen-free, 0.00957 f£. solution of 3-hexyne in glacial acetic
acid was prepared by the usual method., Oxidation of aliquots
of this solution by permanganate proceeded to the same ex-

tent with or without added potassium or silver nitrate., The

quantitative deviations of six samples were not more than
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t1%. However, assuming that the reaction yielded only the
diketone, the results were 6% high.

Another standard solution was prepared, using acetic
acid which had been treated with permanganate and distilled.
The results were similar to those of the previous sample,
with indication of the formation of a larger proportion of
propionic acid.

Standard Solution of 3-Hexyne in Water. An 0,00173 £,

solution of 3-hexyne in water was prepared and oxidized by

the usual procedure. These results are presented in Table

4.
Table 4
Oxidation of an 0,00173 £. Solution
of 3-Hexyne in Water
Conditions No. of Runs n/6® n/4P
KNOz Added 3 0.00186£,00002  0.00279%.00002
AgO3 Added 3 | 0.00195%.00003

8From equation IV. Prrom equation I1IT.

Since the oxidation of 3-hexyne was quite sensitive to
conditions of saturation of the alkyne in the aqueous phase,
it was now necessary to work only with solutions used in ex-
perimental procedures.

Isolation of 3,4-Hexanedione. The following materials
were placed in a 500 ml., glass-stoppered flask.

150 ml. 1.00 £, AgNOs
50 ml. 0.5 n. KMnOy

200 ml, HgO
0.3771 g. 3-hexyne.
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The flask waé ghaken for 40 minutes at room tempera-
ture. Additional permanganate solution was added as needed

to maintain a purple color. The purple color was then dis-
charged by adding an excess of oxalic acid. The reaction
mixture was extracted with four 25 ml. portions of ether.
The first ether extract was bright greenish-yellow, and the
last was colorless.

The combined ether extracts were dried with magnesium
sulfate and evaporated to a small volume, leaving a highly-
colored yellow liquid.

An oxime was prepared by the pyridine method given by
Shriﬁer and Fuson (1ll). This was reerystallized twice from
methanol-water: m. 18§.5-188.6°. Lit.: oxime of 3,4-hexane-
dione, m. 185° (12).

4 solutiom of the oxime in methanol formed an orange
precipitate with a solution of nickel chloride, indicating
the presence of an alpha-dioxime.

Semicarbazone (13): m. 266-267° (decomp.). Lit.: m.
270° (decomp.) (12). |

These results confirm the presence of considerable
quantities of 3,4-hexanedione.

Saturated Solutions of 3-Hexyne at Tonic Strength 1 pu:

Neutral Oxidation. The temperature of the equilibrating bath

was set at 28° to facilitate control during abnormally high

day temperatures,

During a series of oxidations of saturated solutions of
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3-hexyne in 1,00 f. potassium nitrate, both 250 ml. and 125
ml. iodometric flasks were used., It was found that low re-
sults were obtained with the use of flasks having a large
air space over the reaction mixture (Table 5).

Table 5
Bffect of Flask Size on Oxidation of 3-Hexyne

Flask, ml. No. of Runs n
125 5 0.0351r0,0012
250 4 0,0301%0,0007

The results still remained too inconsistent. The oxi-
dation under alkaline conditions was studied.

Alkaline Oxidation. Smaller equilibration flasks (Fig-
ure 6) were used in order to facilitate handling.

A description of the procedure follows, with references
to Figure 7.

1, 4p ampoule of 3-hexyne (a) was placed into a thor-
oughly clean, 250 ml. equilibration flask (b). The flask
was assembled using a minimum of silicone grease at the
joints.

2. The equilibration flask was evacuated. After wrap-
ping it in towels, it was shaken or swirled to rupture the
ampoule.

3. The equilibration flask (b) was attached to the
stoeck solution flask (e¢) by means of the delivery tube {d)
which then was evacuated.

4, The desired volume of either or both silver nitrate
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and potassium nitrate stock solution was introduced into
the equilibration flask and all stopcocks were closed, Nit-
rogen was added to the stock solution flask through stopcock
(f) to a small positive pressure.

5. A 5/10 male joint (g) was attached to the nitrogen
line (h). The line was flushed with nitrogen and was con-
nected to the female 5/10 joint (i) on the delivery tube (j)
of the equilibration flask. Nitrogen was slowly intro- |
duced into the equilibration rflask until a small positive
pressure was attained (limited to about 30 mm. mercury by
the small pressure regulator (k)). This method of intro-
ducing nitrogen insured the rémoval of any free alkyne from
the delivery tube.

6. The equilibration flask and contents (two liquid
phases) were coocled to about 15° to bring an excess of alkyne
into solution (the solubility of 3-hexyne increases with a
decrease in temperature over the range employed). A sat-
urated solution was readlly obtained by warming the flask
and contents to equilibration temperature.

7. The flask and contents were swirled for five minutes
and were placed in a constant temperature beth at 25.0%0,1°,
Over a 30 minute period, the contents were swirled for one=-
half minute intervals every five minutes. After allowing
the phases to separate for at least one hour, the material

was ready for sampling.
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Oxidation Procedure. The procedure was identical with

2-67 except that the flask was shaken mechanically for 40
minutes during the reaction. Appropriate volumes of 5% sod-
ium hydroxide were added to the reaction flask before intro-
ducing the alkyne solution.

An 0,00173 f£. solution of 3-hexyne in water was pre-
pared, using 0.2845 g. of 3-hexyne for two liters of solu-
tion. Oxidation reactions were run on both this and on sat-
urated solutions of 3-~hexyne in 1,00 f. éotassium nitrate.
Results are given in Tgble 6.

Table 6

Alkaline Oxidation of 3-Hexyne in Water

Solution No. of Runs n n/6

0.00173 £. 4 0.0109 * 0.0002  0.00182
sat'd, in 1 £. KNOg 3 0.0617 * 0.0007  0.0103
Sat'd, in 1 £. KNOx 3 0.0609 * 0.0005  0,0102

At this point, the oxidation procedure was reproducible
to a sufficient degree to continue the study further. The
method was applied to saturated solutions of 3-hexyne in
aqueous silver nitrate solutions,

The amount of potassium permanganate to be used was
based on the coordination data of Dorsey (1) and on the pre-
vious observation that the cxidation proceeded about 2/3 as
far in the presence of silver ion as in its absence., Contrary
to the expected behavior, the value of "n" was found to be

larger than in the absence of silver lon, instead of being
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about two-thirds., It was obvious that the calculated ex-
cess of permanganate was actually insufficient. After the
eamount of permanganate had been appropriately increased to
the point where further excess remained unreduced, the value
of "n" was determined for a series of solutions of different
concentrations of silver ion at an ionic strength of unity.
These results are given in both tabular (Table 7) and graph-
ically (Figure 8). |

Solubility of 3-Hexyne at Tonic Strength 1,00 B As a
result of the previous investigation, conditions were estab-
lished for obtaining consistent results in the analysis of
3-hexyne.

If "n" is plotted as a function of the concentration
of silver ion (Figure 8), a smooth curve is obtained. Only
the value of "Qﬁ at zero silver ion concentration shows any
major deviatién.

If the plot is extrapolated to zero silver, the pn-axls
intercept is 0.120, which is twice the experimental value,
0.061. Consequently, the oxidation in the presence of sil-
ver ion required twice as much permanganate as the oxidation
in the absence of silver ion.

Gonsidering equations III through VI (pp. 48-49), which
show various possible extents of oxidation .of 3-hexyne,

there is only one combination in which one reaction requires

twice as much permanganate as the other. This involves



60
Table 7

Oxidation of Saturated Solutions of 3-Hexyne
in the Presence of Silver Ion

(Agt), moles/1. No. of Runs n
0.0000 5 0,061 I 0,001
0.0083 6 0,139 & 0.002
0.0195 3 0.165 * 0.001
0.0295 3 0.187 & 0,002
0.0402 3 0.214 T 0,001
0.0520 3 0.236 £ 0,002
0.0640 3 0.270 T 0.002
0.0875 5 0.311 * 0.004
0.1400 3 0.417 ¥ 0.003

1=

005 010
(Agy), moles/1.

Figure 8. Variation of g_with Silver Ion Concentration.
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equation IV, yielding propionic acid, and equation V, yield-
ing equal parts of propionic and acetic acids.

When measurements were made at silver ion concentra-
tions above about 0.2 f£., the reaction became quite sensi-
tive to pH. If a high pH was maintained by the use of sod-
ium hydroxide in excess of the amount needed to precipitate
silver oxide, the reaction tended to proceed to the same ex-
tent as the oxidation conducted at silver ion concentrations
below 0,2 f. If, however, insufficient sodium hydroxide was
added, or if the pH of the solution was maintained at about
9 by means of a phosphate buffer, the reaction required only
about one-half as much permanganate, The results tended to
become more variable as the concentration of silver ion in-
creased.

In order to substantiate the evidence concerning the
extent of oxidation, a series of runs were made under vary-
ing conditions of pH. The values of "n" were tabulated and
plotted as before (Table 8, Figure 9).

Isolation of Oxidation Products of 3-Hexyne. The reac-

tion mixtures which remained after titration were combined
according to the value of "n". The first group of samples
included all of those with a value of "n" which lay on or
near the lower line in Figure 9. The second group was com-

prised of samples with maximum values of "n", corresponding

to the upper line,
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Table 8

Effect of pH on the Oxidation of 3-Hexyne

(4gs)
Conditions moles/l. No. runs Approx. pH p
Excess NaOH 0.224 3 11 0.57
Phos, buffer 0.224 3 9 0.24
Acet, buffer 0.224 a2 5 0.12
Excess NaOH 0,250 1 11 0.62
Phos. buffer 0.250 2 9 0.28
Acet. buffer 0.250 2 S 0.23
Excess NaOH 0.429 3 11 1.06
Insuff, NaQOH 0.429 1 9 0.88
Phos, buffer 0.429 3 9 0.51
o

B

| 1
0.5 1.0

(Agt), moles/l.

Pigure 9. Values of n at Various Concentrations of
Silver Ion.
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After about two liters of elther of the two reaction
mixtures had been collected, it was made strongly alkaline
by adding solid sodium hydroxide. After evaporating the
solution to about 150 ml., it was made strongly acidic with
12 n. sulfuric acid. The mixture was steam distilled. The
steam distillate was carefully neutralized to a phenol-
phthalein end-point with dilute sodium hydroxide solution.
This was evaporated to dryness in a tared evaporating dish
and dried for 12 hours at 115°, The solid was dissolved in
water and diluted to 25.0 ml.

A p-phenylphenacyl ester was then prepared (14) from
the material in solution, using an equivalent amount of p-
phenylphenacyl bromide. The isolated ester was dissolved
in benzene-ligroin, l:1l, boiled with Norite and filtered.
The filtrate was diluted to 25.0 ml. with solvent, and this
solution was used for chromatographic isolation (15) of the

egters.,

Portions of the prepared solution of esters were placed
on a #2 chromatographic column containing 3:1 silicic acid-
. celite as adsorbent. These were developed with 1:1 benzene-
ligroin at 15-20# pressure., Progress of the bands was ob-
served by fluorescence under an ultra-violet lamp. Isolated
bands fluoreséed blue, but overlapping portions of bands

gave a white fluorescence,

After individual zones were isolated from the extruded
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column, they were eluted with acetone, and the acetone
solutions were freed from traces of guspended solids by cen-
trifugation.

The solutions were evaporated from tared evaporating
dishes to obtain the weight of ester. The ester was then
crystallized from methanol-water for determination of mel-
ting points.

Lower line (Figure 9): one zone formed; m, 101.0-
101,7°, Lit.: m. for the ester of propionic acid, 102°
(14).

Upper line (Figure 9): two zones formed, but with some
overlap. These were separated as well as possible, eluted
and placed on separate columns for further purification.

Bach fraction developed into two zones, one major and
the other minor., Both upper and both lower zones were com=-
bined before eluting.

Table 9

Isolation of Oxidation Products of 3-Hexyne

Zone Recovery, g. M.p., o¢ Mixed m.pe., S¢
Upper 0.1339 109.3-110.4%  109.6-110.8°
Lower 0.1284 100,3-101,7°  —eea-

81it,: p-phenylphenacyl ester of acetic acid, m. 111° (14).
PMixed melting point with ester of acetic acid. ,

CLit.: p-phenylphenacyl ester of propionic acid, m. 102° (14).

The molar ratio of acetate/propionate was 1.10. The

chromatographic separation was repeated on a separate por-
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tion of the stock solution. The first development resulted
in two well-defined zones: upper, 0.0144 g. acetate; lower,
0.0122 g. propionate; molar ratlio, acetate/proplonate, l.24.

The results of the chromatographic isolation confirm
the prediction that in the absence of silver ion, a satur-
ated solution of 3-~hexyne is oxidized to propionic acid by
alkaline permenganate, Furthermore, in the presence of sil-
ver ion, the oxidation proceeds to the extent that approxi-
mately equivalent amounts of acetic and propionic acids are
formed.

It seems probable that each molecule of 3-hexyne was
broken unsymmetrically to form acetic and propionlc acids.
If one~half of the molecules were ylelding propionic acid
and the other half acetic acid, it should have been possible
to find conditions in which the oxidation proceeded essen-
tially to the acetic acid stege. The half-and-half stage
seemed to be a maximum extent of oxidation,

Summary. The use of the permanganate oxidation tech-
nique as an analytical tool for the determination of 3-hex-
yne 1is quite limited.

The oxidation has been found to proceed to various ex-
tents, and there are several conditions which must be im-
posed in order that the final products of the reaction can

be predicted. These conditions include such factors as pH,

presence of silver ion andconcentration of the S-hexyne
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(saturated solution or below saturation). 4 tabular summary
of results is given on page 67, in Tgble 10.

The most reliable data was obtained by alkaline oxida-
tion of 3-hexyne either in the abgsence of silver ion (equation
IV) or in the presence of silver ion at concentrations be-
low 0.2 £. Duplicability of results was possible to within
42% in most instances. However, quantitative deviations
of as great as 20% were noted in comparing data from oxida-

tion and spectrophotometric determinations.
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Table 10
SUMMARY OF RESULTS OF VARTOUS
OXIDATIONS OF 3-HEXYNE
1. Standard solutions of 3-hexyne (below saturation).

Conditions of Oxidation; Principle 3-Hexyne Found, §

Supplements. Reaction of Amount Taken
Initially neutral b 99%5
Initially neutral b 107%2
Initially neutral plus .

silver ion ¢ 11233

Standard solution in

acetic acid ¢ 106%1
Standard solution in acetic .

acid plus silver ion c 106%*2
Alkaline b 105%2
Alkaline plus silver ion d 9342
Acetate burfer, pH 5 b 100z1
Alkaline plus silver ion d 9451

&+ Sgturated aqueous solutions of 3-hexyne at ﬁnit lonie
strength.

Conditions Principle reaction

Initially neutral b
Initially neutral plus

silver ion c
Alkaline b
Alkaline plus silver ion e
Phosphate buffer, pH 9,

plus silver ion b
Acetate buffer, pH 5, plus

gilver ion ¢ (inconsistent)
Acidic plus silver ion ¢ (inconsistent)

8Based on the equation in the previous column.
From equation IV,

Crrom equation IIT.

Aprom equation VI,

€From equation V.
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C. SYNTHESIS OF ACETYLENIC COMFOUNDS.

l-ButEneo
The alkylation of acetylene was based on work of Vaughn,

Hennion, Vogt and Nieuwland (16), but extensive modifica-
tions were made in the purification system (Figure 10). In
the following description, the letters and numerals ih par-
entheses refer to the apparatus shown in Figure 10,

About one liter of liquid ammonia was introduced
through a dry ice refiux condenser (a) into a 3-necked, 3-
liter flask (1) whiech was cooled by a dry ice-acetone bath
(b). The flask vent was protected with a sodium hydroxide
drying tube (c¢). Throughout the experiment, all liquid am-
monia solutiéns were protected in a similar manner,

Clean sodium metal was cut into cubes about one cen-
timeter thick, and 59 g. (2.6 moles) of these were added to
the liquid ammonia in about four portions., Meanwhile, about
1.5 liters of ammonia were being collected in a second flask
(2), which was equipped with an "Ace Tru-Bore' broad-blade
stirrer and a dry ice reflux condenser (f). |

Commercial acetylene was scrubbed twice with 98% sul-
furic acid and introduced below the liquid ammonia surface
in flask (2). The liquid temperature was kept as low as
possible with the dry ice bath (this had been transferred
from flask (1)). The contents of flask (2) were stirred

throughout all of the operations involving this flask.
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After 15 minutes of acetylene addition, the blue solu-
tion of sodium from flask (1) was transferred slowly to
Tlask (2) by means of nitrogen pressure (Figure 11). The
rate of addition was controlled so that the contents of
flask (2) never became completely blue. The addition of
acetyléné was continued for about 15 minutes after all of
the sodium solution had been added and the color had been
discharged.

ITf sodium metal remained in the first rlask, it was nec-
essary to transfer a small amount of liquid back and forth
from the second flask. The additional blue color was then
discharged as before.

The transfer tubes (e) were replaced by a dropping fun-
nel contalning 153 ml. (2 holes) of ethyl bromide., The
cooling bath was lowered and the ligquid ammonia was allowed
to come to the boiling point., The ethyl bromide was added
over a period of two hours and this was followed by two ad-
ditional hours of stirring.

The ammonia absorption system consisted of a 40x4 cm.
Rashig tower (g) packed with glass rings made from 6-8 mm,
glass tubing. The column was connected to a 2-liter, 3-
necked flask (3) equipped with a water withdrawal tube (h)
and a gas inlet tube (i). The top of the column was fitted
with a tap water inlet tube (j) and an outlet tube (k) for
scrubbed gases. The outlet gases were then led thrbugh a

trap (4), a scrubber containing 25% sulfuric acid (5), a
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calcium chloride drying tower (6), and finally into an am-~
poule (7) cooled in dry ice and acetone.

After the reaction of ethyl bromide was complete, the
coolant was removed from the dry ice reflux condenser (f)
and the contents of flask (2) were allowed to pass through
the absorption system. Vigofous boiling of the ammonia solu-
tion was promoted by placing a hot plate about six inches
below the flask.,

Water was introduced into the Rashig tower (g) at such
a rate that the tower remained hot to within about four
inches of the top of the packing. Zxcess aqueous ammonia
solutlon was withdrawn from flask (3) as often as conven-
ient, using a water aspirator.

When essentially all of the ammonia had evaporated from
flask (2), 150 ml, of water were added to the residue and
the mikture was warmed to about 40° with a water bath. The
system was flushed for about 20 minutes with a slow stream
of nitrogen,

The ampoule (7) containing the product was removed and
placed under a reflux condenser containing ice and concen-
trated hydrochloric acid (about =20°)., A boiling chip was
introduced into the ampoule and the contents were allowed
to reflux without application of heat. After the vigorous
boiling had subsided, indicating the removal of & major por=-

tion of the dissolved acetylene, the ampoule was cooled,



72
sealed and weighed,
The yields in four successive syntheses were 79%, 83%,
93% and 94%. Significant amounts (about 10%) of 3-hexyne,
b. 72-83° (750 mm.), were found in the first two synthetic
products. The other two were comparatively free from higher
bolling material. No rfurther purification was attempted.

Isopropylacetylene.

Iscamylene was synthesized by passing isoamyl alcohol
over 10-16 mesh alumina at about 500° (17). Over a period
of 4% hours, 203 g. (2.3 moles) of the alcohol were passed
over 40 g. alumina to yield 142 g. of crude alkene. The al-
kene was shaken for one hour with an equal volume of 60%
sulfuric acid and distilled. |

The combined isoamylene from several dehydration runs,
213 g. (3.0 moles), was dissolved in a mixture of 600 ml,
dry carbon tetrachloride and 30 ml. of dry ethanol. The
solution was cooled to about -5° and 453 g. (2.84 moles) of
bromine in 300 ml. dry carbon tetrachloride were added over
a four-hour period. The maximum temperature reached during
the reaction was -1°, The excess carbon tetrachloride was
stripped off on a steam cone andthe product was distilled
at reduced pressure: b. 62.5-65.0° (15 mm.); yield of di-
bromide, 604 g. (86%).

The dibromide was dehydrobrominated in two steps. A
preliminary attempt to remove two molecules of hydrogen brom-

ide simultaneously was unsuccessful.
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Into a 3-necked flask fitted with a mechanical stir-
rer and a dropplng funnel were placed 80 ml. ethylene glycol
and 450 g. (8 moles) powdered potassium hydroxide, The
flask and contents Were heated in an oil bath to about 150°
and then 538 g, (2.37 moles) 1,2-dibromo-3-methylbutane
were introduced with stirring.

The volatile products were condensed with a short
Liebig condenser and collected. The system was protected
by a dry ice and acetone trap to collect any isopropylacet-
ylene which formed.

As the dibromide was being added, the temperature of
the bath was raised to about 170° and maintained there until
addition was complete, Additional ethylene glycol was added
as needed to facilitate stirring and the temperature was
brought gradually to 230°. The total time required for the
addition of the dibromide was 4% hours. After this, the
mixture was stirred and heated for an additional hour. The
product was mainly monobromoisopentene (only about 2 ml. of
1iquid collected in the dry ice trap): yield, 350 g. (99%).
No attempt was made to purify the crﬁde product. »

The second molecule of hydrogen bromide was eliminated
with the use of sodamide, & 9=-liter, 3-necked flask was
fitted with & "Tru-Bore™ stirrer, a dry ice reflux condenser
and a sodium hydroxide drying tube, Apout 1.5 liters of

liquid ammonia were introduced and then 140 g. (8 moles)
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of sodium metal in the form of one centimeter cubes were
added in three portions. During each addition a small
amount of ferric chloride was also added.

After all of the blue color had been discharged, one
liter of mineral oil was added and the excess ammonia was
evaporated with vigorous stirring. The reaction flask was
then attached to an ammonia-scrubbing train as shown in Fig-
ure 10.

The temperature of the sodamide suspension was raised
to 160-170° by means of an oil bath, and 370 g. of crude
monobromoisopentene were added over a period of 1% hours.
The reaction apparently proceeded as rapidly as the mono-
bromide was added, for immediately after the addition was
compiete there was no further heating of the Raschig tower.

The heating bath was dropped, and after the mixture
had cooled, 200 ml. of water were introduced slowly with
vigorous stirring. The system was flushed with a small
gtream of nitrogen during the addition of water to aid in
carrying the alkyne through the scrubbing system. The flask
wag warmed to 100° on a steam cone and steam was introduced
into the residue to drive over any residual alkyne., The
gsystem was flushed again with nitrogen, and the water scrub-
ber, acid scrubber and drying tube were successively warmed
to about 50° with either a water bath or an infra-red lamp.

The ampoule contained 121.5 g. (73% from the monobrom-
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ide) of the erude alkyne. Before use, this was distilled
through a 30 cm. column packed with helices: D. 25.8-26.60
(745 mm.); yield from isoamyl alcohol, sbout 45%.

tert-Butylacetylene.

The synthesis of tert-butylacetylene was carried out

according to the general scheue glven by Ivitzky (18)

(CHg)gC(OH)C OH) (CHg)g—-——--} (CHS):.;COCHZ, (VIII)
(0] o

(CHz ) zCOCHz 2915 O > (CHz ) 5CC15CHz (IX)

(CHz) 3001 oCHz —898s 190~ 5 (CH5)-CC= CH (X)

Pihacolbne was synthesized in 80%‘yie1d from.pianCél
according to the procedure given in Organic Syntheses (19).

The pinacolone was converted to the gem~dichloride with
phosphorous pentachloride. A 3-necked, l-liter flask was
fitted with a reflux condenser, dropping funnel and mechani-
cal stirrer., An ice-water bath was placed around the flask
and 250 g. (1.2 moles) of finely powdered phosphorous penta-
chloride was added. While stirring, 101 g. (1.15 moles) of
pinacolone were added over a period of two hours, The stir-
ring was continued for one hour at 0° and for nine hours at
room temperature. The reaction mixture was poured over
about 750 g. of cracked ice. A white solid and an oily
liquid formed. The solid was isolated and air dried, and
the liquid was separated and distilled. The combined yield

of the mono- and di-chlorides was 56%.

A total of 135 g, (0.87 mole} of crude dichloride and
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23 g. (0.19 mole) of monochloride were shaken with 450 g.
of powdered potassium hydroxide in a one-liter flask, Six-
ty ml., of absolute ethanol were added and the pasty mass
was mixed by shaking.

The flask was fitted to a reflux condenser with a dis-
tillation head at the upper end. An oil bath was placed
around the reaction flask and heated to 135°. The tempera-
ture was gradually raised to 240° over a nine-hour period,
maintaining a convenient reflux by controlling the water
through the condenser below the distillation head,

The product was collected from 38-50° and was then dis-
tilled: b. 37.5-38.4° (747 mm.); yield, 50.7 g. (58%).

2-Heptyne. | | | |

1-Hexyne* was redistilled: b. 69.5-71.5° (750 mm.).
This was used as the starting material for the synthesis of
2-heptyne,

CatigC = cr S2BMBBY, ¢ 1o = gy — (9230250

C4HgC = CCH3 (xT)

Ethyl Grignard reagent was prepared from 27.5 g. (0.25
mole) ethyl bromide end 6.1 g. (0.25 mole) magnesium in dry
ether., The reagent was decanted through glass wool into a
500 ml, flask fitted with a mechanical stirrer, condenser
and dropping funnel. Calcium chloride drying tubes were

attached to all vents.

*Student preparation, according to Lucas and Pressman (20).
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A solution of 17.9 g. (0.216 mole) of l-hexyne in 50
ml, dry ether was added at a rate which maintained a low
rate of reflux. The mixture was refluxed until gas evolu-
tion had ceased and then for an additional hour, One mole
of freshly distilled dimethyl sulfate was added over a 20
minute period with vigorous stirring. The mixture was
treated with 25 ml. of dilute sulfuric acid and 100 ml. of
water, The ether layer was isolated, dried with anhydrous
potassium carbonate and distilled. The fraction boiling
106-110° (750 mm.) was collected: crude yield, 14 g. (67%).

The crude material was carefully fractionated through

a 30 cm. heligrid column: b, 110.0-110,6° (747 mm.); n25D
1.4196; d%54 0,7440., Lit.: b. 109° (721 mm.) (21); n®5D
1.4199 (21); b. 107-111° (16); n25D 1.4220 (16). |
Calculation of molar refractions of acetylenic com-
pounds will be given in another portion of this thesis.
&=hethyl=-3-hexyne.
The alkylation of isopropyl acetylene was carried out
according to the procedure of Thorn, Hennlion and Nieuwland

(22).

(CHg ) pCHCuCH —259M8BT o ((op.) o CHOSCMgBY {C2H5)250s |
(CHs ) nCHCECCH CHig (XTI)
Ethyl Grignard was prepared from l4.6 g. (0.6 mole)
magnesium and 65 g. (0.6 mole) dry ethyl bromide in 200 ml.
dry ether. The mixture was cooled to about 0° and 34 g.

(0.5 mole) isopropyl acetylene was distilled into the stirred
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solution. After the reaction had subsided, the mixture was
refluxed for one hour.

A solution of 124 g. (0.8 mole) freshly distilled di-
ethyl sulfate in an equal #olume of dry ether was added
with stirring to the Grignard reagent. After this addition,
the solution was refluxed for two hours and allowed to stand
overnight. The product was decomposed with dilute hydro-
chloric acid.

The ether phase was separated, washed twice with 25 ml.
portions of 5% potassium carbonate and dried over anhydrous
pot?ssium carbonate, The product was isolated by fractional
distillation through a small Weston column: b, 88,5-93.0°
(750 mm.); yield, 9.5 g. (19.8%).
| Thercrude product waé purified by careful fractiona-
tion through a 30 em. heligrid column: b, 93,0-93.3°
(746 mm.); n°°D 1.4089; 4254 0.7173, Lit.: b. 94-95°;

20 20

a*’4 0.7264; n°YD 1.4114 (23).

2,2-Digethy1-3—hexyné.

The procedure employed was that given by Hennion and
Banigan (24) for introducing a tert-butyl group into a 1l-

alkyne. |
CHzCHpC = CH C2HSMEBr - cp. op,C = cMgBr _(CH3)2C0

CHCHgG = CC (CHz ) ( OH) CHz (XIII)
Over a 45 minute period, 58 g. (1.0 mole) of dry, re-

distilled acetone was added to a Grignard reagent prepared
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from 0.92 mole l-butyne and 0.92 mole ethyl magnesium brom-
1de., After refluxing the mixture for one hour, the prod-
uct was decomposed with 18 g. of water in 40 ml, methanol.
To this was added 100 ml. water and sufficient 7% hydrochlor-
ic acid to dissolve the precipitated solid.

The ether layer was separated and combined with two
ether washings of the aqueous phase. The combined ether
solutions were dried and filtered, and the ether was re-
moved by distillation through a short Vigreux column.

The Z2-methyl-~3-hexyn-2-0l was isoclated by fractional
distillation at reduced pressure: b, 51.0-51.8° (12 mm.);
yield, 80 g. (78%).

The crude product was carefully distilled through a
30 cm. column packed with helices: b, 53,4-54.3° (15 mm,);
n®%D 1.4389; a®°4 0.8547; yield, 71.4 g. (69%).

Anelysis. Cale'd for CrHpp0: C, 74.95; H, 10.78,
Found: C, 74.86; H, 10.89. |

CH=CHoC = GG (CHg ) (OH ) CHy — CH3CHpC = CCCL(CHz)p  (XIV)

A 1-liter, 3-necked flask was fitted with a mechenical
stirrer and was placed in an ice bath. ZFifteen g., of anhyd-
rous calcium chloride, 100 ml. ligroin and 49.3 g. (0.44
mole) 2-methyl-3-hexyn-2-ol were added., Anhydrous hydrogen
chloride was passed into the flask for five hours. During
this time the contents were kept near 0° and were stirred

continuously.

The organic phase was decanted from the calcium chlor-
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ide sludge and was combined with two 20 ml. portions of
ligroin which had been used to wash the sludge and rinse
the reactlon rlask. The combined ligroin rractlons were
washed with anhydrous potassium carbonate until free of hyd-
rogen chloride. The ligroin was removed by distillation at
250 mm,

Isolation of the 2-chloro-2-methyl-3-hexyne was made
by fractional distillation through a small Weston column:
b, 72-79° (100 mm.); crude yield, &8%.

Two grams of the c¢rude product were refractionated
through a semi-micro distilling tube to obtain physical con-
stants: b, 78.5° (100 mm.); n®5D 1.4479; a°°4 0.9054.

Analysis. Calc'd for CgHyjCl: Cl, 27,15, Found: Cl,
26,66, % "

CHzGHsC = CGCL(CHg ) o CHoM8 o GHACHoC = GC(CHz)s  (XV)

Methyl Grignard reagent was prepared from 13 g. (0.55
mole) magnesium and 71 g. (0.50 mole) methyl iodide in 200
mle. dry ether. The solution was transferred to another 1l-
liter flask with nitrogen pressure and through a glass wool
plug.

The reaction flask was fitted with a reflux condenser,
a mechanical stirrer and a dropping funnel containing 48.5
g. (0.37 mole) 2-chloro-2-methyl-3-hexyne in 75 ml. dry

other, The ether solution of the chloro compound was added

*411 analyses for chlorine were made by F. Geiger, Chaffey
College, Ontario, California.
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to the Grignard reagent at a rate of one drop every five
seconds with continuous stirring, After standing overnight,
the mixture was refluxed for three hours and was then cooled
to 0° with an ice bath. The product was decomposed by ad-
ding 100 ml., 10% hydrochloric acid with stirring.

The two phases were separated and the ether phase wes
combined with 15 ml. of ether used to extract the aqueous
phase. The ether solution was dried and the ether was re-
moved by distillation.

2,2-Dimethyl-3-hexyne was isolated by distillation and
purified by fractional distillation through a 30 cm., helix-
packed column: b, 57.8-57.3° (155 mm.); n2°D 1,4085; 4294
0.7188; yield, 10.3 g. (25%).

Analysis. Calc'd for Cgiljs: C, 87,19; H, 12.81.

Found: C, 87,.,31; H, 12,.91.
2,2,5-Trimethyl-3-hexyne.
(Gt ) gCHC = CMgBr — {(Hz)2C0 . HaO0
| (CHz)2CHC = CC(0H) (CHz )2  (XVI)

The acetylenic Grignard‘was prepared as4described pre;
viously from 51 g. (0.75 mole) isopropylacetylene. Acetone
was dried and distilled, and 51 g. (0.88 mole) in an equal
volume of dry ether was added dropwise to the Grignard reag-
ent. After the mixture was refluxed for one hour, the ether
phase was separated and dried with anhydrous potassium car-
bonate., Most of the ether was removed by flash distillation,

After removal of a small amount of forerun, 2,5-dimethyl
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3-hexyn-2-0l was recovered by fractional distillation at
reduced pressure: b, 57.,7-58.8° (15 mm.); crude yield, 81.3
g (86%).

A small amount of the crude material was used for pur-
ification for evaluation of physical constants: b, 59,0°
(15 mm.); n®°D 1.4331; a®%4 0.8387.

Analysis. Cale'd for CgHy40: C, 76,14; H, 11.18.
Found: C, 76.14; H, 1l.24.

(CHz ) 2CHC = CC (0H) (CHz ) » —Dry HCI

(CH3) oCHC = CCCL(CHgz) (XVII)

The synthetic procedure for preparing B-chloro—z,sé |
dimethyl-3~-hexyne was identical with that used to prepare
2=chloro-2«methyl«3-hexyne.

From 73.4 g. of the alkynol were obtalned 67.5 g. (80%)
of the crude chloro compound: b. 80-813%° (100 mm.).

Ten grams of the crude product was refractionated three
times for evaluation of physical constants: b. 91.5° (100
mn. ); 025D 1.2400; a®°4 0.8778.

Analysis. Calec'd for CgHysCl: Cl, 24,51, TFound: C1,
24,74, |

(CHz ) 5CHC = GCO1 (CHz ) 2 CHzMgl

(CHz) 5CHC = C(CHz )3 (XVIII)

After 62.9 g. (0.43 mole) of the chloro compound had
reacted with methyl magnesium bromide, the ether phase was
isolated, dried and distilled. Two main fractions were iso-

lated after the ether was removed.
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Table 11
Products Isolated from Reaction XVIII
B.pe, °C P, mm. Yield, g. n25D a2%4
103-112 747 Bled W ememe- -
71-74 100 18.2 1.447 0.73

The boiling point of the first fraction was of the mag-
nitude expected for 2,2,5-trimethyl-3-hexyne. This fraction
was redistilled twice through a 30 cm. heligrid column: b.
110.0-110,2° (747 mm.); n®5D 1.4084; a®%4 0.7124; yield,
18.3 g. (34%).

Analysis. Calc'd for CgHyg: C, 87.01; H, 12.98.

Found: C, 86,92; H, 13.10.

The higher-boiling fraction was redistilled twice
through efficient columns, but the boiling point range re-
mained at about two degrees with no significant plateau
appearing, The molecular weight by Victor Meyer method*
was 13722. The molecular weight of CjpoHpg would be 140.

Di—ggggybutylacetylene.

The exact procedure of Hennion and Banigan (24) was fol-
lowed. This corresponds to the method used for the synthesis
of 2,2-dimethyl-3-hexyne given in this thesis. The tert-
butylacetylene Grignard reagent was prepared from 26 g.

(0.31 mole) of tert-butylacetylene and about 0.4 mole ethyl

hagnesium bromide. After the reaction with 23.3 g. (0.4

*Molecular weight determination by F. Geiger, Chaffey Col-
lege, Ontario, California.
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mole) acetone, the 2,5,5-trimethyl-3-hexyn-2-o0l was iso-
lated by the usual procedure: b, 80-81° (50 mm.); yield,
37 g. (83%).

A small portion of the alkynol was purified for eval-
uation of physical constants: b, 85.0° (60 mm. ) ; nst 1.4282;
a®°4 0.8167. Lit.: b. 85° (60 mm.); n38D 1.4222; 438 0.8064;
f.p. 32,0-31.8° (24)., After the purified sample had stood
overnight, it crystallized: m. 30—51%0.

An additional 10 g. of the alkynol was prepared by the
same procedure: yield, 71%.

2-Chloro-2,5,5-trimethyl-3-hexyne was prepared from 37

76.820

Q0

(100 mm.); yield, 38.8 g. (89%). Lit.: b. 81-813%° (100 mm.)
(24).

The coupling reaction between this chloro compound and
methylmagnesium bromide was carried out as in the two pre-
vious reactions., The yield of di-tert-butylacetylene from
%8.8 g. (0.24 mole) of 2-chloro-2,5,5-trimethyl-3-hexyne
was 22.2 g. (65%): b, 106-111° (730 mm.).

The product was redistilled from a small Weston col-
umn in a nitrogen atmosphere: b. 110.9-111.5° (746 mm.);
0D 1.40%6; a%%2 0.7074. Lit.: b. 111.1° (730 mm.); n2°D

25

1.4026; d“° 0.7080.

1-Bromo-l-butyne.
CHpCHpC= CH —EOBL 5 CHCH,C= CBr (XIX)

1-Bromo~-l-butyne was synthesized according to the pro-
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cedure of Strauss, Kollek and Heyn (25).

A sodium hypobromite solution was'grepared from 92 g.
potassium hydroxide, 750 ml. water and 83 g. bromine in a
glass-stoppered Pyrex bottle. The solution was kept near
0° during addition of bromine to the potassium hydroxide
solution. After nitrogen was bubbled through the solution
for about 20 minutes, 28 g. (0.52 mole) butyne was added,
and the bottle was tightly closed with a lightly greased
stopper.

The mixture was shaken mechanically at room tempera-
ture for six hours and was then allowed to stand overnight.
The organic phase had separated well and most of it was re-
moved from the bottom of the reaction bottle by means of a
pipette. The remainder was extracted with two 25 ml. por-
tions of ether.

The combined organic phases were dried over magnesium
sulfate, filtered and distilled: b. 88,8-89.8° (749 mm.);
yield, 58.9 g. (85%). The crude product was then redistilled
through a semi-micro distilling tube: b. 91.5° (745 mm.);
0% 1.4599; a%°4 1.3912. Lit.: b. 90-91° (26). |

The product was redistilled in a nitrogen atmosphere
and was transferred to ampoules with as little contact with
alr as possible. After several days in the ampoules, the
colorless product had turned red, but no further discolor-

ation or decomposition was noted over a period of several

months.
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S-Hexyn-2-o0l.
CHzCHpC = CH 92H5MEBY  opcp,c= cMgBy —(CHZJCHO

CHzCH5C = GCH (OH) CHg (xx)

3-Hexyn-2-0l was prepared according to the general pro-
cedure given by Thompson, Burr and Shaw (27),

Bthylmagnesium bromide was prepared from 29 g. (1.2
moles) magnesium and 110 g. (1.0 mole) ethyl bromide in 300
ml, ether. The dropping funnel on the reaction flask was
replaced by a 10 mm. glass tube connected to an ampoule of
l-butyne. The flask vent was protected by a dry ice and
acetone reflux condenser. While the mixture in the reaction
flask was being atirred mechanically, 43.7 g. (0.81 mole)
l-butyne was allowed to distil into the reaction flask. The
mixture was allowed to stand three hours.

Acetaldehyde was prepared by distillation from 52.8 g.
(0.40 mole) paraldehyde in the presence of gftoluenesulfonic
acid. The distillate was added to the reaction flask over
a period of 75 minutes. The product was refluxed for one
hour after addition and was allowed to stand overnight. One
mole of water (30% in methanol) was added slowly with vigor=
ous stirring.

The ether layer was decanted. Ice-cold, 7% hydrochloriec
acid was added to the aqueous suspension until it was neut-
ral, and the remaining ether was separated and added to the
main organic phase, The combined ether solutions were dried

with anhydrous potassium carbonate and stored under dry nit-
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rogen for later distillation.

Ether was removed by flask distillation. When the tem-
perature of the residual liquid reached 60°, the material
was transferred to a smaller flask and was distilled through
a 40 em, Vigreux column at reduced pressure: b, 55-60° (15
mm. ).

The crude product was then redistilled through a 40
em., helix-packed column in a nitrogen atmosphere: b, 57.2-
58.1° (14 mm.); n®°D 1.4446; %24 0.8727; yleld, 55.2 g.
(56.3%)

Analysis. Calc'd for CgHygO: C, 73.43; H, 10.27.
Found: G, 73.62; H, 10,28,

Two derivatives were prepared.

1. salpha-Naphthylurethane (28): m. 90-91°. Analysis.
Cale'd for CynpH1nO0zN: C, 76.38; H, 6.4l. Found: C, 76.68;
H, 6.48.

2., B3,5-Dinitrobenzoate (29): m. 136-137°, Analysis.
Gale'd for CygHysOgNs: C, 53.43; H, 4.14. Found: C, 53.48;
H, 4,06,

A repeat synthesis of 3-hexyn-2-0l from 0.80 mole of
1-butyne yielded 0.62 mole (78%) of the alkynol: b. 72-76°
(38 mm. ).

3-Hexyn-2-one.

CHzCHoC = OMgBr _ (CH3®0)20  CHsCHoC=CCOCHx  (XXT)

The Grignard of l-butyne was prepared as usual (0.90

mole), and was added, with vigorous stirring, to lOng. (one
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mole) acetic anhydride in an equal volume of dry ether.
The addition required one hour, and the products were re-
fluxed for an additional hour before decomposition of the
product with 150 ml, water,

Two ether washings of the aqueous phase were combined
with the original ether phase, These were dried with an-
hydrous potassium carbonate, filtered and distilled: b,
58.7-60,5° (35 mm.); yield, 20 g. (23%).

The crude product was refractionated through a small

Weston column: b, 75.0-75.9° (73 mm.); n%%p 1.4376; 28

4
0.8747; yield, 15.9 g. (18%). Lit.: b. 77.0-78.5° (73 mm.);
n®D 1,4371 (26).

Two derivatives were prepared.

1. Semicarbazone (30): m. 115-116°. Analysis. Calc'd
for GpHy10Nz: N, 27.43. Found: N, 27.53. |
2. 2,4-Dinitrophenylhydrazone (31): m. 143-144°,
fnalysis. Calc'd for CysHysOsNg: N, 11.29. Found: N,

11,54,

Methyl 2-heptynoate.

2-Heptynoic acid was purchased from Fgrchan Research
Laboratories and was purified by treating it with 5% fer-
rous sulfate containing a small amount of ammonium thio-
cyanate. This was followed by distillation: b, 121,6-121.8°
(10 mm.); n25D 1.4572. Lit.: b. 122° (10 mm.); 020D 1.4610
(32).

The methyl ester of Z2-heptynoic acid was prepared by
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Fischer esterification as given by Zoss and Hennion (32).
A 100 ml. flask with a side arm end a thermometer well ﬁas
rfitted with a reflux condenser protected at the top with a
"tee" through which a small stream of nitrogen was flowing.
Aftef the system had been thoroughly flushed with nitrogen,
32 g. (1.0 mole) anhydrous methanol, 1.2 g. 98% sulfuric
acid and 25 g. (0.20 mole) 2-heptynoic acid were introduced
and the side arm was stoppered. The mixture was refluxed
with a small flame, and the temperature of the flask con-
tents was observed by means of a thermometer in the well.
After refluxing for one hour, the temperature had become
constant, After one additional hour of refluxing, the prod-
ucts were cooled and added to 50 ml. of alkaline (1% NaOH)
half-saturated sodium chloride solution in a 100 ml. Separa-
tory rfunnel and shaken,

The aqueous phase was removed and the treatment of the
organic phase with sodium chloride solution was repeated.
The organic phase was dried overnight over anhydrous mag-
nesium sulfate, The liquid was decanted from the drying
agent and the latter was washed with two small portions of
methanol. The combined methanol solutions were distilled at
reduced pressure through a smell Weston column: b. 76.2—
78,5° (10 mm.); yield, 21.8 g. (79%).

The product was refractlionated: b. 78.2-78,6° (10 mm.);
n?%p 1.4428; 4%°4 0.9290. Lit.: b, 72° (10 mm.); n®0D
1.4455; 420 0,932 (32).
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Methyl beta-ketoheptanoate.

CHxCH(OH) (CHp ) sCHz —9Xe s CHgCO(CHp)3CHsz (XXIT)
CHzCO(CHp ) 5CHz N2> %025 H* 100GCH, GO (OHp ) 5C0Hg (XAIIL)

CHz (CHp) sCOCH,CO0H °E2N2 o oy (CHp ) 5COCHCOOCHS  (XXIV)

The genéral procedure given by Levine eand Hauser (33)
was followed.

2-Hexanone was prepared from 2-hexanol by dichromate
oxidation (34): b. 125-127° (750 mm,); yield, 70%.

Sodamide was prepared from 1l4.4 g. (0.63 mole) sodium
and a small crystal of ferric chloride in 300 ml. liquid
ammonia.

Over a five minute period, 50 g. (0.50 mole) 2-hexa-
none was added to the suspension of sodamide in ammonia.

A water-jacketed condenser was attached to the reaction
flask and the ammonia was evaporated as rapidly as possible
(about 20 minutes), maintaining a total volume in the reac-
tion flask of about 300 ml. by the addition of dry ether.
When the ether began to reflux, the contents of the flask
were poured over about five moles of crushed dry ice. The
flask was rinsed with ether and this was added to the dry
ice reaction mixture,

After the reaction products had reached room tempera-
ture, water and ether were added very ceutiously until two
nearly clear phases had formed. The aqueous phase was neut-
ralized by pouring it over a mixture of 30 ml. 98% sulfuric

acid in 200 g. crushed ice,
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The organic phase and two ether washings of the aqueous
phase were combined and dried over sodium sulfate. The
ether solution was decanted from the drying agent and treat-
ed with about 20% excess of an ethereal solution of diazo-
methane (as indicated by evolution of nitrogen).

The excess dlazomethane was destroyed by the addition
of glacial acetic acid. A major portion of the ether was
removed by flash distillation at reduced pressure, and the
crude ester was recovered by distillation at 8 mm.; b, 68=-
70%; yield, 8.45 g. (28%).

The methyl 2-heptynoate was purified by distillation
through a semi-micro dlstilllng tube: b, 83,2-83,5° (10
mm.); n°°D 1.4250; a~°4 0.9858.

Analysis. Cale'd for 09H1403: C, 60.74; H, 8.92,
Found: C, 60.78; H, 9,02,

A 2,4-dinitrophenylhydrazone wag prepared (35): m. 106~
107°. Analysis. Cale'd for CyaH1g0gls: N, 16.56. Found:
N, 16.71.

Thionyl bromide.

Thionyl bromide was prepared from thionyl chloride by
the method of Elderfield et, al. (36),
5001y —BL 5 S0Brg (XXV)
Hydrogen bromide was prepared by adding bromine to re-
fluxing tetralin. The hydrogen bromide gas was bubbled
through 150 g. practical grade thionyl chloride for two
hours at -5° to 0°. The product was distilled through a
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30 cm, Vigreux column, collecting the fraction boiling from

63-69° (40 mm.); yield, 226 g. (80%).

D,  MOLAR REFRACTIONS OF ACETYLENIC COMPQUNDS.

Molar refractions for all synthetic acetylenic deriv-
atives were determined by use of the Lorenz-Lorentz equa-
tion. These experimental values were then compared with
the refractions calculated by two different methods.

Hennion and Banigan (37) have studied the refractions
of twenty different purified acetylenic hydrocarbons re-
ported in literature, They found that by assigning values
to carbon atoms and to the triple bond by the usual methods,
considerable discrepancles appear between found and calcu-
lated values,

By using data from the twenty alkynes they were able to
get exceptionally close agreements by assigning individual
values to carbon atoms in various positions 1n the alkyne,

Thus, the following values were obtained (37):

Carbon Atom Molar Refraction
Contribution
Triple-bonded atom 3.240
Alpha to triple bond 2.779
Beta to triple bond 2.605
Gamma to triple bond 2,436
All others 2,418

No contribution was assigned the triple bond, and the
hydrogen value remained 1.100, Using this data, the maxi-

mum deviation obtained by Hennion and Banigan (37) was 0.5%.
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In Table 12 are presented all of the molar refraction
~ values determined for the products synthesized during the
course of this investigation. Columns I, II and IIT show
respectively the observed refractive index, density and
molar refraction for each compound. Column IV gives the
calculated value for the molar refractions using the stan-
dard atomic and triple bond contributions. Column V gives
the molar refractions calculated by means of the method
proposed by Hennion and Banigan (37).

Qur observed values of molar refractions of the hydro-
carbons agreed very well with the values calculated accord-
ing to the method of Hennion and Banigen, Di-tert-butyl-
acetylene showed a deviation of 0.6%, but for all other val-
ues the deviations were below 0.3%,

The observed values for the alkynols were consistently
higher than the calculated values, but the deviations re-
mained below 0.5% in all cases,

The "allylic-type" chloro compounds exhibited some ex-
altation. The deviations in three instances were #0.69,
$0.70 and 30,64, These are sufficiently consistent that it
ghould be possible to employ a special value for the con-
tribution of an alpha-chlorine atom to the molar refraction

of acetylenic compounds. An average of the three deviations
could be added to the normal contribution of chlorine,
5.968, to give a new value, 6.65, MNore cases would have to

be obgserved to add one more significant figure.




oo |

No abnormality was observed for l-bromo-l-butyne, but
considerable exaltation is present when a carbonyl group
is conjugated with the triple bond as in the case of 3=
hexyn-2-one or methyl-2-heptynoate.
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Tabl

e 12

Molar Refractions of Acetylenic Compounds

Compound L
n?°p

3-Hexyne 1.4090

2-Heptyne 1.4196

2-Methyl-3-hexyne 1.4089
2,2-Dimethyl-3-

hexyne 1.4085
2,3,5-Trimethyl~

3-hexyne 1.4084
Di-t-butylacetylene 1.4036
3-Hexyn-2-0l 1.4446
2-Methyl-3-hexyn-

2-0l 1.4389
2,5-Dimethyl-3=-hexyn-

2=01 1.4338
2,5,5-Trimethyl-3=-

hexyn-2-0l l.4282
l-Bromo-l-butyne 1.4599
2-Chloro-2-methyl-

3-hexyne 1.447%7¢9
2-Chloro-2,5-dimeth-

yl-3-hexyne 1.4400

2-Chloro-2,5,5-tri-
methyl-3-hexyne 1.4343*

Methyl 2-heptynoate 1.4428
S-Hexyn-2=0ne 1.4367

*Data from Hennion and Banigan

II III Iv
a®%4 MR, obs. Stnd.
0.7185 28,26 27,91
0.7440 32,68 32,52
0.7173 33.14 32,52
0.7188 37.86 37.14
0.7124 42.70 41.76
0.7074 47.75 46,38
0.8727 29.90 29.43
0.8647 34.51 34,05
0.8357 39,21 38,67
0.8167 44.09 43,29
1.3912 26,18 26,44
0.9054 38,61 37,39
0.8778 43,43 42,01
0.8585% 48,17 46,63
0.9290 39,99 38,80
0.8747 28.83 27.92

(24).

New

28,25
32670
33,05
37 .86
42,66
47 .47
29,77
34,63
39,38

44.19

26.23
37.82
42,73
47,353

38.97
28,26
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E. QUANTITATIVE DETERMINATION OF ALKYNES BY SPECTROPHOTO-

METRIC METHODS.

Introduction. Since the quantitative results of the

determination of 3-hexyne by oxidative methods were general-
ly unreliable, and since the method was not suited for more

complex alkynes, it became necessary to investigate further

methods of analysis.

A Perkin-Elmer, automatic recording, infra-red spectro-
photometer was availeble in the Crellin laboratories. The
instrument was reported capable of analyses of two- to five-
component Systems with errors of less than *0.5%.

The spectrophotometer could be used for the analysis
of alkynes containing any functional group, and consequently
it was a logical choice for further investigation.

Bffect of Si;vér Ion on Spolubility of Various Compounds.

Several acetylenic compounds containing functional groups
(-OH and -COOGHS) were available through Farchan Research
Laboratories, and synthetic procedures were available for
introducing or incorporating halogens, keto groups and nit-
rile groups along with the triple bond. In order to deter-
nine the effect of these groups on the reaction of silver
ion with a triple bond, it became necessary to insure that
these groups themselves did not coordinate or react with
aqueous silver ion.

1. The hydroxyl group. One gram of reagent grade
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cyclohexanol was dissolved in water and diluted to 50.0 ml.
in a volumetric flask. The concentration of this solution
was 0.203 £,

Two-ml, samples of this solution were transferred to
lodometric flasks containing 15,00 ml, of 0.548 n., potas-
sium permanganate and 15 ml., of 6n sulfuric acid. The mix-
ture was warmed to about 50° for thirty minutes with shaking
and the excess permanganate was titrated with a standard
solutlion of oxalic acid. Two identical samples were run,.
Considering the reaction to proceed to the adipic acid
stage, the concentrations found were 0.235 f£. and 0.231 £.

The duplicability in this instance was more important
than the extent of oxidation, for the method was to be ap-
plied to the oxidation of saturated solutions of cyclohex-
anol in both.potassium nitrate and silver nitrate solutions.

An excess (about 4 ml.) of cyclohexanol was placed in
each of two separatory funnéls containing respectively 30
ml., of 0.1 f. potassium nitrate and 30 ml., of 0,1 f. silver
nitrate. These were shaken vigorously several times over a
thirty minute period and then allowed to settle overnight.
The aqueous phases were separated and two-ml. Samples were
pipetted into a measured excess of standard permangansate.
The oxidation was carried out as before. The amount of per=-

mangenate consumed in each instance varied by only about 1%.

Duplicate determinations showed no significant change.
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It was tentatively assumed that silver ion had no ef-
fect on the solubility of cyclohexanol at constant ionic
gtrength.

2. The ester group. Methyl caproate was prepared by
Fischer esterification, using 25 g. (0.22 mole) caproic
acid, 40 g. (1.1 moles) methanol and 1.2 g, 98% sulfuric
acid. The solution was refluxed for two hours and then
mixed with 50 ml. alkaline (1% NaOH), half-saturated sodium
chloride. |

The organic phase was separated, dried and distilled:
b. 70.6-72,0° (50 mm.); n°°D 1.4032; yield, 22.4 g. (81.5%).

Lit.: b. 53-54° (20 mm.); n2°°1

D 1.4038 (38).

Since quantitative measureﬁents were tb be made by
infra-red spectrophotometric methods, purified carbon tetra-
chloride would be required for extractant and solvent.

Two liters of reagent grade carbon tetrachloride were
placed in a 2-liter, round-bottomed flask. Chlorine gas
wag bubbled slowly into the ligquid (hood) for ten minutes,
leaving the solution typically bright gréenish-yellow. The
flask was stoppered lightly and placed in direct sunlight.
After standing for three days in intermitteént sunlight, the

solution was shaken twice with aqueous sodium bisulfite,
twice with 5% sodium hydroxide and twice with distilled

water. Anhydrous magnesium sulfate was used to dry the

treated carbon tetrachloride, After filtration, the treated
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product was distilled at atmospheric pressure., The water-
carbon tetrachloride azeotrope was discarded and‘the prod-
uct was collected over a 0.5° range, 76.5-77.0° (750 mm.);
n?%p 1.4568, | “

A solution of five ml, methyl caproate in 50 ml. puri-
filed carbon tetrachloride was divided into four portions
for separate treatment as follows:

a. Control.

b, Shaken with anhydrous potassium carbonate, allowed
to settle overnight.

c. Shaken with an equal volume of aqueous silver nite-
]

o (0.2 £.), s

Ia
to a glass-sioppered flask containing anhydrous potassium
carbonate, and allowed to stand overnight.

d. Same as (c¢), but using 0.2 f. potassium nitrate in
place of the silver nitrate.

Optical density measurements of each of these solutions
were made with the Perkin-Elmer spectrophotometer, using the
carbon-hydrogen band at approximately 3.45 microns, The fol-
lowing is a description of the technique employed fcr‘making
optical measurements, |

a. Carbon tetrachloride was placed in the "blank" cell
and control solution was placed in the sample ceil of %he
instrument (both cells, 0.05 mm., light path). The position
of maximum ébsorption was determined by allbwing the instru-

ment to run slowly over the range 3,3-3,6 microns, In this
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instance, the point was 3,457 microns.

b. The sample cell was drained, flushed with five-ml.
portions of carbon tetrachloride twice, dried with a stream
of dry nitrogen and filled with purified carbon tetrachlor-
ide. With both cells in the light paths, the instrument
was set at 3,457 microns and balanced to 100% transmission.

¢. The sample cell was removed, drained, dried with
nitrogen, filled with an appropriate sample and placed in
position in the instrument. The instrument was run slowly
over the range 3.3-3.6 microns, and the maximum optical den-
gity was recorded.

The results using the four prepared samples are given
in Table 13.

Table 13
Relative Solubility of Methyl Caproate

in Aqueous Solutions

Sample Optical Density
a, Control 0.401
b. Dried with potassium
nitrate 0.402
¢. Treated with silver
nitrate and dried 0.401
d., Treated with potassium
nitrate and dried 0.403

Fprom these results, it was concluded that there was
no appreciable adsorption of methyl caproate from carbon
tetrachloride solution by anhydrous potassium carbonate.
Also, at constant ionic strength, the presence of silver ion

had no observable effect on the solubility of methyl cap-
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roate in water. Furthermore, a satisfactory distribution
for extraction purposes is indicated.

In order to verify the fact that the silver ion is
without effect on the solubility of methyl caproate in water,
a saturated solution of the ester was prepared in 0.200 f£.
silver nitrate and in 0.200 £, potassium nitrate, After the
solutions had stood overnight, the excess organic phase was
removed, Five-ml. portions of each of the aqueous phases
was shaken with 3,00 ml., of carbon tetrachloride in 15 ml.
separatory funnels. The stopper and stopcock of the funnels
were ungreased, but were wet with carbon tetrachloride by
placing a drop at the exposed edge of the joint immediately
after fitting together the two ground glass surfaces., A
portion of the carbon tetrachloride phase was transferréd
to a 2-ml,., glass-stoppered volumetric flask contalning a
small amount of anhydrous potassium carbonate, The flask
was stoppered and shaken. Optical density measurements on
these dried solutions were made as before. The results are
given in Table 1l4.

Table 14
Relative Solubility of Methyl Caproate in Potassium
Nitrate and Silver Nitrate Solutions
Sample Optical Density
Treated with potassium nitrate 0.030
Treated with silver nitrate 0.030
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At this point, it became apparent that cells with longer
light paths were necessary. However, within the limit of
accuracy of all of the measurements, there was no indieation
that silver ion increased the solubility of methyl caproate
at constant ionlec strength.

3. Nitriles, Commercial p-butyronitrile was purified
by fractional distillation through a small Weston column:

b, 116.4-116.7° (750 mm.); nst 1.3818, Lit.: b. 117.9°
(760 mm.) (39); 025D 1.3820 (40).

Optical density measurements of solution of p-butyro-
nitrile in n-heptane were made with the Beckmann DU spec-
trophotometer in the region 212 to 320 millimicroﬁs. In
order to obtain satisfactory readings, it was necessar& to
maintain slit widths at a meximum (2 mm.). The instrument
behaved very erratically at the low range, so for compari-
tive purposes, 216.5 millimicrons was arbitrarily chosen for
preliminary studies,

Into a 250 ml. equilibration flask was placed 150 ml.
of an 0.200 £. solution of potassium nitrate. p-Butyro-
nitrile was added in small portions with swirling until no
more would dissolve., One-half ml., excess nitrile was added
and the assembly was placed in a constant temperature bath
at 25.0°, The mixture was eguillbrated by swirling the solu-
tion several times during a four hour period.

The equilibration procedure was repeated, using an 0.200

f£. solution of silver nitrate in place of the potassium nit-
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rate,

After the mixtures had settled for 1 hours, 15 ml.
samples were pipetted into small separatory funnels contain-
ing 10.0 ml, pn-heptane. These were shaken for several min-
utes, then the aqueous phase was drawn off., The organic
phase was transferred to a glass-stoppered Tflask containing
a small amount of anhydrous drying agent (sodium sulfate or
magnesium sulfate). The optical density of these solutions
was checked in the Beckmann DU instrument at 216,5 milli-
microns, 2.0 mm, slit width (Table 15).

g Table 15

Relative Solubllity of n-Butyronitrile in Potassium
Nitrate and Silver Nitrate Solutions

Salt Salt conec. Optical Density
Potassium nitrate 0.200 £. 0.604
Silver nitrate 0.200 . 0.710%
Silver nitrate 0,200 £. 0.212°

8Pirst extraction. bsecond extraction.

These results indicate an increased solubility of
n~-butyronitrile in the presence of silver ion. An extrac-
tion procedure for this compound is not efficienﬁ, and dir-
ect measurements on the aqueous solutions are not feasible
because of interference of the nitrate ion absorption at
this particular wave length.

Direct Solubility Measurements of Nitriles. During the

prepafation of a saturated solution of gfbutyronitrile, it
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was observed that a very small rise in temperature caused
a gaturated solution to become cloudy. Using this phenome-
enon, it was possible to make direct solubility measurements
of n-butyronitrile in aqueous solutions.

Two S5-ml. burettes were filled with the nitrile. No
lubricant was used on the stopcocks. Two 50-ml. burettes
were filled respectively with 1.00 £. silver nitrate and
potassium nitrate. _

A measured volume of 1.00 £, silver nitrate and/or 1.00
f. potassium nitrate was pipetted into a 25 ml., glass-stop-
pered mixing cylinder. A slight excess of n-butyronitrile
(in excess of the amount needed to saturate the solutions,
as indicated by preliminary measurements) was introduced by
means of the micro burette. In order to obtain precise
measurements, it was necessary to read the micro burette im-
mediately before and immediately after removing some nitrile,

The cylinder was stoppered using a stopper coated very
lightly with sillicone grease., The cylinder and contents
were cooled to about 10° by means of an ice bath. The con-
tents were swirled to bring the nitrile into solution and
then the cylinder was shaken thoroughly (not vigorously)
and placed in a constant temperature bath at 25.00. VWhen a
second phase formed, as indicated by cloudiness, the cylin-
der was removed and cooled, and additional aqueous solution
was added from one of the 50 ml. burettes. The process was

repeated until no second phase appeared after 20 minutes at
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25.0°,

Two major precautions were necessary, The first in-
volved care in adding additlonal agueous phase near the
end point, Cpanges were discernible when the total volume
was increased by only about 0.5%. The second precaution in-
volved care in differentiating between formation of two lig-
uid phases and formation of gas bubbles as the temperature
rose.

The results of solubllity measurements will be des-
cribed along with those of n-valeronitrile and p-capronit-
rile,

n-Valeronitrile (Eastman White Label) was shaken with
2% sulfuric acid, isolated and dried over enhydrous mage-
nesium sulfate. After filtration, the product was fraction-
ally distilled in a 30 cm., helix-packed column: b, 139.4°
(750 mm.); n®°D 1,3951. Lit.: b. 141.3° (760 mm.) (39);
n%5p 1.3950 (40). | | |

a-Capronitrile (Bastman White Label) was washed with
2% sulfuric acid, dried over sodium.sulfate, filtered and
fractionally distilled through a 30 cm., helix-packed col-
umn: b, 87.6-87.8° (64 mm.); n®°D 1.4051. ZIit.: b, 86.8°
(60 mm.) (41); n®°D 1.4049 (40). ”

Solubility of Nitriles';n Agueous Solutions of Potas-

sium Nitrate and Silver Nitrate. The solubilities of the

three nitriles (n~-butyro-, n-valero- and p-capro-nitrile)

was determined at various silver ion concentrations, main-



106

taining the lonic strength of the solutions near unity.

The concentrations of silver ion and of nitrile were
calculated on the assumption that the volumes of organic
and aqueous phases were additive. This was probably valid
in the case of the valero- and capro-nitriles, but relative-
ly large amounts of n-butyronitrile were soluble at high
concentrations of silver ion.

The concentration of the nitrile was plotted as a func=-
tion of the silver ion concentration (Table 16, Figure 12),
and a mathematical expression was obtained by the method éf
least squares (equation XXVI).

Similar data were obtained for p-valeronitrile (Table
17, Figure 13, equation XXVII) and n-capronitrile (Table 18,

Figure 14, equation XXVITI).

From the behavior of the g0lublility of p-butyronitrile
in the presence of silver ion, it is necessary to postulate
the formation of a strong complex involving two molecules
of nitrile and one of silver ion. When the concentration
of silver ion is unity, the solubility of p-butyronitrile
has inecreased by 1.35 moles/liter over the value at zero sil-
ver ion concentration.

Let us assume two equations (XXIX and XXX) and two con=~
stants (XXXI and XXXII): | -

Agt 2 B == pgnt (XxTxX)

AgBY '+ B T/—== g8 (XXX)
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Table 16
Solubility of n-Butyronitrile in Aqueous Solutions

(Agt), (Nitrile), (Nitrile, moles/1.,
moles/1, moles/1. Calc'd, Equation XXVI
0.000 0¢446 0,446
0.136 0.582 0.581
0,234 0.690 0.688
0.457 0.659 0.960
0.665 1.250 1.251
0.860 1.569 1.559
0,940 1,688 1.693
0..350 0.824
0.550 1.084
0.750 1.382

(Nitrile) = 0.446 + 0.935 (Agi) + 0.418 (Ag)®
| | )

(Nitrile), 10
nmoles/1,

0.5

1 |
0.5 1.0

(Agy), moles/l.

Figure 12, Solubility of n-Butyronitrile in Aqueous Solu-
tions.
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Table 17
Solubility of n-Valeronitrile in Aqueous Solutions

(Agg), (Nitrile), (Nitrile), moles/l.,
moles/l. ‘moles/1, Calc'd, Equation XXVII
0.000 0.123 0.123
0,145 0.174 0.176
0,159 0.184 c.181
0.294 06231 0.232
0,495 0.312 0.312
0,513 0.321 0.319
0,687 0,392 0.393
0.799 0.440 0.442
0,947 0.510 0.508

(Nitrile) = 0,123 + 0.355 (Agy) + 0.055 (Agy)?
| (XXVII)

0.50 |-

(Nitrile), 0.25
moles/l.

| i

0.5 1.0
{Agy), moles/1.

Figure 13. Solubility of an-Valeronitrile in Aqueous Solu-
tions,
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Teble 18
Solubility of n-Capronitrile in Aqueous Solutions

(Agt), (Nitrile), (Nitrile), moles/l.,
moles/l1. moles/1l. Cale'd, Equation XXVIII

0.084 0.042 0,043

0.172 0.050 0,050

0.343 0.068 0.067

0.504 0.084 0.083

0.714 0.107 0.107

0.973 0.137 0.138
(Nitrile) = 0.0345 + 0.,0870 (Agy) + 0.020 (Agy)?

(XXVIII)

/

0.0}

(Nitrile),
moles/l.

0.05

1 d
0.5 1.0
(Agy), moles/l.

Figure 14. Solubility of n-Capronitrile in Agqueous Solu-
tions. ’ ’
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+
m= —fn )
K2 = —iAtET (o)
Under these conditioné, thé‘féllowing~relationships
hold:
(4gy) = (Ag%) + (agB) + (AgBp) (XXXTII)
(Bg) = (B) + (4gB) + 2(4gBp) (XXXTV)

(Bg) = (B) + Ky(agh)(B) + 2KiKalagh)(3)?  (xxxv)

The last expression (equation XXXV) indicates that the
total concentration of nitrile in solution under these con-
ditions should vary linearly with the concentration of the
silver ion. The variance with observed facts can be ex-
plained by the fact that under the experimental conditions
the ionic strength of the solutions is varying considerable
as the silver ion concentration is increased. It is also
quite possible that there exists an additional coeordination
reaction involving two silver ions and one molecule of nit-
rile,

Distribution Measurements. In an attempt to further
evaluate the coordination reaction between silver ion and
nitriles, distribution megsurements for p-valeronitrile
were made using carbon tetrachloride and aqueous phases,

A Beer's law plot was made for p-valeronitrile in car-
bon tetrachloride, using the carbon-hydrogen absorption band
at 3.44 microns. Spectrophotometric measurements were made

as described previously, using a 1.0 mm. cell (Table 19,
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Optical Density of Solutions of n-Valeronitrile in Carbon

Tetrachloride

(Nitrile), Optical Density,
moles/l. 3.44 u, 1.0 mm, cell

0.117 0.055

0.325 0.134

0.526 0.211

0.770 0.290

Table 19

03

0.2+t

Optical
Density

(0N}

I |

0.4 0.8
(Nitrile), moles/l.

Figure 15, Optical Density of Solutions of pn-Valeronitrile
in Carbon Tetrachloride.
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Figure 15).

The distribution coefficient of n-valeronitrile between
carbon tetrachloride and 1.00 f£. potassium nitrate solution
was determined at 25.0°.

Five ml. of a solution of n-valeronitrile in carbon
tetrachloride (about 0.5 £.) and 50 ml., 1.00 f. potassium
nitrate were shaken intermittently over a three hour period
at 25.00. After standing overnight at this temperature, the
phases were shaken thoroughly every fifteen minutes for one

hour.

The agqueous phase was separated and an aliquot was
shaken for two hours with a relatively large measured vol-
ume of carbon tetrachloride. The extraction procedure was
repeated with fresh carbon tetrachloride.

The original organic phase and both of the extraction
phases were dried separately with anhydrous magnesium sul-
fate, and optical density measurements were made on each at
3,44 microng (1,0 mm, cell).

The distribution coefficient, Xg, was calculated after
converting optical densitles to concentrations and calcu-
lating the total concentration of nitrile in the original

aqueous phase. Results are given in Table 20.

(Nitl‘ile)n'ng; (XXXVI)
(Nitrile )aq.

Kq =
The distribution measurements were repeated, using

silver nitrate and potassium nitrate solutions at an ionic
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strength of unity instead of 1.00 £. potassium nitrate., How=~
ever, before the agqueous phase was extracted with carbon tet-
rachloride, sufficient 5 f£. potassium cyanide was added to
dissolve the silver cyanide which precipitated.
The following notations were used:

(By) = concentration of nitrile in aqueous phase,
moles/liter.

(Be) = concentration of nitrile in carbon tetra-
chloride phase, moles/liter.

(Bo) = (Bgl/Kg = (Bgl)/34 = concentration of uncom-
L plexed nitrile in aqueous phase, moles/liter.

(Agt) = concentration of silver ion before equili-
_ bration, moles/liter.

(Beom) = (Bg) - (Bg) = concentration of complexed
nitrile in agueous phase, moles/liter.

(Ag*) = (Agy) - (Boom) = concentration of uncom-
plexed silver ion, moles/liter.

K = (EOQ/(Ag‘)(B ) = coordination constant if the
reaction gnvolved only the reaction between
one molecule of nitrile and one silver ion.

If we plot the arbitrary value of K versus total con-
centration of silver ion, K apparently approaches infinity
as total silver approaches zero., This is distinctly differ-
ent from the situation involving the coordination reactions
between silver ion and 3-hexyne (1), In the case of the al-
kyne, the value of K approaches some finite value as the
concentration of silver ilon approaches zero.

Since the evaluation of coordination constants between

nitriles and silver ion was only of incidental importance

to the thesis problem, the study was discontinued.
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4. Phenol. The solubility of phenol in aqueous solu-
tions of silver ion was determined by the visual phase
change technique., It was found that phenol was miscible
with 1 £, silver nitrate in all proportions.

5. Conclusions. Since a coordination reaction was ap-
parent between silver ion and nitriles, it would be impos-
sible to study coordination of an alkyne substituted with a
nitrile group.

The aliphatic hydroxyl group and methyl ester group
exhibited no significant coordination reaction with silver
ion in aqueous solutions.

3-Hexyn-2-0l and methyl 2-heptynoate were synthesized
for a study of their coordination reactions.

Analytical Procedure for Determination of Alkynes in

Agueous Solutlons. The following section deals with the

manipulations and the mechanics of making quantitative meas=-
urements of alkynes in aqueous solutions at ionic strength
of unity. The equilibration procedure was similar to that
described previously (pp. 55-57).

l., Beer's law plot. One, two, three, five and ten ml.
pipettes and twelve 25 ml., volumetric flasks were calibrated
for use with carbon tetrachloride at 25.0°. The maximum
deviation for any piece of apparatus from its assigned vol-
ume was 0,2%.

An ampbule containing a predetermined amount of acet-

ylenic compound was weighed to insure that there had been
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no leakage during storage. The ampoule was scratched sev-
eral times with a carborundum chip and was placed in a 125
ml,, glass-stoppered flask. The flask and contents were
weighed to the nearest 0.01 g.
The ampoule was broken with a stirring rod, and about
75 ml. of purified carbon tetrachloride was gulckly intro-

duced, making certain that the stirring rod had been washed
free of alkyne. The flask was stoppered and weighed to de-
termine the amount of carbon tetrachloride added.

The flask and contents were placed in a constant tem-
perature bath at 25.0° for one hour with intermittent swirl-

.
Definite vo

in in volum

a.
ferred to calibrated volumetric flasks by means of cali-
brated delivery pipettes and were diluted to volume at
25.0°. |

Optical denslty measurements were made as described in
a subsequent description, and the results were plotted as
moles/liter of alkyne versus optical density.

2. Equilibration., An ampoule of alkyne (0.4 to 1 g.
of material) was weighed for comparison with previous check
weight to determine whether the ampoule had been leaking.
This was done to ihsure that the alkyne had not been in con-
tact with oxygen.

The ampoule was scratched once with a carborundum chip,
then placed in an appropriate equilibration flask. The

flask was evacuated, flushed with dry nitrogen and reevac-
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uated. It was then shaken or swirled vigorously until the
ampoule had been ruptured,

The flask was connected to a Stock solution bottle
(1,00 £. silver nitrate or 1,00 £. potassium nitrate) and
the transfer line was evacuated (Figure 8, p. 56). The de-
sired amount of stock solution was transferred to the flask,
leaving a two-phase system. The flask was covered with al-
uminum foll to exclude light and was brought to a glight,
pogitive pressure (about 30 mm. mercury) by introducing dry
nitrogen through the sample delivery tuﬁe.

The flask was placed in an ice bath for about five min-
utes, then the contents were swirled vigorously for two min-
utes, The organic materials were more soluble in the cold
solution than in the 25° solution. The flask was then
placed in the equilibration bath at 25.0°., After 30 minutes
the contents were swirled for one minute. The swirling was
repeated six times at five minute intervals, The flask
was then allowed to remain in the bath for one hour before
sampling.

3. Concentration of Silver Nitrate. About five ml.

of the saturated aqueous solution was removed from the equil-
ibration flask through the delivery tube by means of nitro-
gen pressure. This solution served to flush the delivery
tube, and was discarded.

A sample was then removed with a Lucas-Eberz pipette

and transferred to a porcelain casserole, The sample was
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washed from the pipette with about 30 ml. of wash water.

A measured excess of standard potassium chloride solu-
tion was added to the casserole, and the excess chloride ion
was titrated with a standard solution of silver nitrate,
using a chromate endpoint.

4. Concentration of Alkyne in the Agueous Fhase. An
appropriate volume of carbon tetrachloride, adjusted to give
a final optical density of 0.2 to 0.5, was introduced into
a 50 ml., mixing cylinder along with sufficient 5 f. potas-
sium cyanlde to prevent precipitation of any silver on ad-
dition of sample, The cylinder and contents were cooled to
about 10° to prevent loss of volatile products on addition
of sample.

At the time of sampling, the small equilibration flask
contained two phases. These consisted of about 100-200 ml.
of aquepus solution and about 0.5 g. of undissolved alkyne.
A sample was drawn from the equilibration flask with a
Lucas~Eberz pipette, and was transferred rapidly to the mix-
ing cylinder, The sample was followed by about 20 ml. of
water for rinsing the pipette., When the room temperature
was above 250, speed was essential in transferring the sam-
ple because of the tendency of the alkyne to come out of
solution as the temperature increased.,

The mixing cylinder was shaken mechanically for 30 min-
utes, Most of the aqueous phase was removed with a water

aspirator in a hood, and the remaining material was trans-
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ferred to a 20 ml. separatory funnel with an ungreased
stopper and stopcock. If the aqueous phase was not removed
as indicated in the previous paragraph, it would pour from
the cylinder first and wet the restricted part of the sep-
aratory funnel. This prevented removal of the carbon tetra-
chloride phase without drawing off some water,

The isolated carbon tetrachloride solution was trans-
ferred to a 15 ml., glass-stoppered centrifuge tube contain-
ing about 0.5 g, of freshly dried magneslum sulfate., This
was shaken for five minutes then allowed to settle., If
magnesium sulfate tended to remain suspended, a small'plug
of glass wool was forced down through the solution., In
several instances, centrifugation was effective.

The carbon tetrachloride solution of alkyne was now
ready for spectrophotometric measurements, These were made
as soon as possible to prevent concentrations from changing
by evaporation of the solvent,

S« Infra-red Technique. The Perkin-Elmer infra-red
spectrophotometer was turned on at least 15 minutes before
use.,

"Optical Density" recording paper was placed on the
drum,‘and purified cafbon tetrachloride wgs introduced into
each of two 1.0 mm, cells.

With the cells in position in the instrument, the ap-
propriate zero transmission, amplifier balance, 100% trans-

mission and "gain' adjustments were made.
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In all instances, the carbon-hydrogen peek at about
3.4 microns was used for measurements,

With carbon tetrachloride in both cells, the instrument
was run slowly from about 3.2 microns to about 3.6 micrens,
The pen was then removed from the recording paper and the
instrument was reversed to approximately the original wave
length setting.

The sample cell was removed, drained and dried with a
stream of dry nitrogen. The cell was then filled with sam-
ple. Apout two ml., of sample was flushed through the cell
before the protective caps were placed in position,

The cell was replaced in the instrument and the pen was
placed in recording position. The instrument was again rum
glowly past the point of maximum optical density.

The sample cell was removed and connected to & hypoder=-
mic syringe containing the same sample. This additional
amount was introduced, forcing the previous sample out in
front of it. The drum of the spectrophotometer was adjusted
to a new position, and repeat measurements were made on both
sample and blank.

The cells were removed. The sample cell was drained
then dried with a stream of nitrogen.

A typical recording is shown in Figure 16,

Arbitrary positions were chosen for gsetting the record-
ing paper, because optical densities were obtained from

equivalent posltions for the blank and the sample, The op-
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tical density of the blank was calculated at the wave length
at which the sample showed a maximum absorption peak, This
optical density was then subtracted from the maximum optical
density shown by the sample, and calculations were made from
the resulting value,

Methyl 2-Heptynoate. A Beer's law plot was prepared
for methyl Z-héptynoate using the carbon hydrogen peak at
3.439 microns with a 1.0 mm. cell (Figure 17).

Saturated aqueous solutions of methyl 2-heptynoate in
1.00 £. potassium nitrate were extracted with about 1% vol-
umes of carbon tetrachloride, and optical density measure-
ments were made on the organic solutions., The results were
unsatisfactory because the optical density readings were be-
low 0.l1. If less extractant was used, two or more extrac-
tions were necessary to keep the accuracy within a 1% limit.

The carbonyl peak of the ester was stronger, so another
Beer's law plot was prepared at 5.810 microns (Figure 18).

Saturated agueous solutions of the ester in 1,00 £.
potassium nitrate were extracted with about 1% volumes of
carbon tetrachloride, and optical density measurements were
made using the carbonyl peak (Table 21).

The aqueous phases remaihing after extraction were com-
bined, and 22 ml., of this combination was reextracted with
10,0 ml. of carbon tetrachloride, Optical density measure-
ments indicated that the ester was present to the extent of

about 0,00001 mole/liter after the first extraction.



123

*1100 *ww 01 ‘sUOIOTW 68%°C
{9PTIOTYOBILS]L WOQIB) UT ervoudladen~-g TAUzel Jo Lyteusqg Teofado 4T oaIn3TJg

*T/seT0uw ‘egevoulydep-z TLYISN JO UOTIBILUDOUOY
900 $0°0 200
1 1 1

Lq 15U
Teorado




124

*OpTa0OTYOBIYS], UoqIB) UT eqeoulqden-g TAu3eW Jo Latsueq TBOoFad0 °8T 0anBLy

gl

g0T X *T/seTow ‘e3souisden-
ol

2 TAU9e| JO UOT1BIZUSOUOYH
S

0

1

1

2’0

*TTe0 "ww Q°7
‘n 0T8°¢
fLq18U9]
Te0oT2d0

+'0

$°0




125
Table 21
Solubility of Methyl 2-Heptynoate in 1.00 f.
Potassium Nitrate at 25.0°

CCly, Aqueous sol'n, Optical Conc., ester, moles/liter
ml,

ml. density CCly Aqueous
10.00 7.52 0.139 0.00253 0.00336
10,00 7.74 0,140 0.00256 0.00331

Equilibration mixtures were prepared using varying con-
centrations of silver lon at constant ionic strength. The
results were very inconsistent and it soon became obvious
that a time factor was involved. When the equilibration
flask was opened after three days at 250, considerable am-
ounts of a viscous liquid and a dark precipitate were pres-
ent,

The last sample which had been extracted from the eguil=~
ibration mixture was saved, and an infra-red spectrum was
run from 2.5 to 7.5 microns (Figure 19).

The triple bond peak at‘4.5 microﬁs had almost disap-
peared and extensive changes had taken place in the region
in which the carbonyl peak absorbs.

Decomposi tion Product of Methyl 2-Heptynoate. In order
to isolate sufficlient material for identification purposes,

two ampoules of methyl 2-heptynoate were placed in an equil-
ibration flask along with about 30 ml. of 1.0 £. silver nit-
rate solution. The flask was evacuated until the aqueous

solution had boiled for several minutes., The flask was filled
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with dry nitrogenand the contents were swirled vigorously
without rupturing the ampoules, The evacuation procedure
was repeated three times, then the flask was wrapped in al-
uninum foll and the ampoules were broken by shaking the
flask. Arter one day, the organic phase had become oily

and slightly discolored. No free silver was apparent.

After two days, the organic phase was a purple, vis-
cous oil. The flask was opened, and 30 ml. of ether were
added to dissolve the organic material. The agueous phase
was geparated and washed twice with 25 ml. portions of eth-
er. All of the ether phases were combined, dried with an-
hydrous magnesium sulfets and distilled. After the ether
had been removed, the pressure was reduced: b, 71-743° (9
mm.); yield, 2.0 g. from 3.7 g. of the original ester.

4 2,4-dinitrophenylhydrazone was prepared from a por-
tion of the isolated product and was recrystallized several
times from ethanol: m. 106.2-106.8°,

An ampoule of methyl 2-heptynoate was broken under a
dilute, acidic solution of mercuric acetate., After three
days the organic phase was removed by extraction with ether.
The ether was evaporated and a 2,4-dinitrophenylhydrazone
was prepared from the residue: m, 105-1070.

The most likely hydration product of methyl 2-heptyno-
ate should be methyl beta-ketoheptancate, so this compound
was synthesized according to the procedure of Levine and

Hauser (42). The 2,4-dinitrophenylhydrazone melted at 106-
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1070; mixed melting point with the hydration product deriv-
ative, 106-107° (see synthetic section for analyses).

The results indicate that silver ion induces hydration
of the triple bond containing an sdjacent carbomethoxy
group. The hydration proceeds in the direction expected
from electronic interpretations of the effect of the ester
group.

3-Hexyn-2-0l, Distribution coefficient. An ampoule of

3-hexyn-2-~01 was bréken under oxygen-fres conditions in an
equilibration flask contalning about 80 ml, 1.00 £. potas-
sium nitfate and about an equal volume of carbon tetrachlor-
ide. A small positive pressure of nitrogen was introduced
into the flask, and it was then placed in a constant tempera-
ture bath at 25,0°, The flask and contents were swirled
intermittently for three hours to effect equilibration.

After the phases had been allowed to separste completely,
75 ml. of the aqueous phase was transferred to a 100 ml,
mixing cylinder containing 20.0 ml, carbon tetrachloride
and about 20 g, sodium sulfate. These were shaken mechani-
cally for 30 minutes, The organic phase was separated and
dried over magnesium sulfate,

Two additional extractions were made of aliguot por-
tions of the aqueous phass.

Optical density measurements were made on all of the
carbon tetrachloride phases, with appropriate dilutions as

shown in the second column of Table 22 (Beer's law plot in
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Figure 20).

Table 22

Distribution of 3-Hexyn-2-0l Between Carbon
Tetrachloride and 1,00 f., Potassium Nitrate

Sample Dilutiona Alkynol,, Alkynol,

moles/1. moles/l.
Original CClg 1:10 0,295 =  ~-e-a
First extraction 1:20 0.422 0.113
Second extraction none 0.024 0.007
Third extraction none 0.003 0.001

8Some samples were diluted to keep within a reason-
gble range of optical density.

Original carbon tetrachloride phass.

CAmount removed from the original aqueous solution.

The total concentration of alkynol present in the orig-
inal équeous phase was 0,121 moles/l. (calculated from the
three extractions). The distribution coefficient, Kg, was

Kq = 0.295/0.121 = 2.44 (XXXVII)

This distribution coefficient eliminated the prsibility
that an extraction procedure would be convenient for quanti-
tative determination by spectrophotometric means of 3-hexyn-
2-0l in aqueous solution.

3-Hexyn-2-0l, Degcomposition Product. A portion of the

3-hexyn-2-01l extracted from the aQueous solution was used
for an infra-red spectrum. The spectrum was compared with
the spectra of pure 3-hexyn-~2-0l and some alkynol extracted
from an aqueous silver nitrate solution (Figure 21).

A comparison of the spectra indicate that in the pres=-

ence of silver ion the alkynol is either hydrated or oxidized
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Optical Denz}ty x 10
| ]

{ 2 3
Concentration of 3-Hexyn-2-0l, moles/l. x 102

Figure 20. Optical Density of Solutions of 3-Hexyn-2-0l in
Carbon Tetrachloride: 9.230 u, 1.0 mm. cell,
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or both, This is indicated by the appearance of a strong
carbonyl peak and by a decrease in intensity of the hydroxyl
peak.

In order to insure that the reaction is not catalyzed
by traces of oxygen, two more samples were prepared, one
in the absence of oxygen and the other in the presence of
oxygen .

An ampoule of 3-hexyn-2-0l and 35 ml. 1.0 £. silver
nitrate were sealed into a‘large ampoule (Figure 22). The
ampoule was evacuated using a water aspirator, then‘the‘
stopcocks were closed and the contents of the ampoule were
boiled for a short time. The stopcocks were opened to the
aspirator system and the boiling was continued for one min-
ute. Dry nitrogen was introduced into the ampoule and the
pressure was brought to about five pounds, The ampoule was
closed and shaken five minutes and allowed to stand over-
night. The evacuation, boiling and shaking procedure was
repeated twice., The ampoule was then evacuated until the
solution began to boil. The stopcocks were closed and the
small ampoule containing the alkynol was broken by vigorous
shaking. The entire piece of equipment was then covered
with aluminum foil to exclude light.

After four hours the sample showed signs of decomposi-
tion by formation of a finely-divided gray preclpitate.
After 24 hours, the ampoule was inverted and 25 ml. carbon

tetrachloride was introduced into buldb (4) (Figure 22).
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traction flask

___—Fosition of
] final seal

Ampouls of —

3-hexyn-2-0l <«— 1.0 £. AgNOx

N\

Figure 22

Apparatus for Oxygen-free Solution of
S-Hexyn-2-0l in 1.0 f. Silver Nitrate
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A slow stream of nitrogen was bubbled through the carbon
tetrachloride for ten minutes., The carbon tetrachloride
was heated to boiling and the nitrogen stream was discon-
tinued. As soon as the carbon tetrachloride vapors began to
leave the flask, the stopcocks were closed and the heating
was discontinued., With the apparatus inverted, the aqueous
solution was allowed to enter the bulb containing the carbon
tetrachloride, The mixture was shaken for five minutes and
the carbon tetrachloride phase was isolated and dried with
magnesium sulfate,

A second ampoule of 3-hexyn-2-ol was broken in a glass-
stoppered bottle containing 35 ml. 1.0 f£. silver nitrate in
the presence of air. The bottle was covered with aluminum
foll and was allowed to stand for 24 hours. Decomposition
products appeared at about the same rate as iﬁ the oxygen-
free sample. The aqueous phase was extracted as in the pre-
vious sample.

The concentrations of product in each of the two pre-
pared samples were adjusted so that the optical density at
3.4 microns was about 0.2, then the entire spectrum was run
from 2.5 to 11.5 microns (Figure 23),

The difference between the two curves was negligible.
In view of the rapid reaction of 3-hexyn-2-ol and methyl 2-
heptynoate in aqueous silver nitrate solutions, further work

was directed toward the synthesis and study of disubstituted
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alkyl acetylenes,

Solubility of Acetylenic Hydrocarbons in Agueous Silver

Nitrate and Potassium Njitrate Solutions. Solubillty measure-

ments of various acetylanic hydrocarbons in silver nitrate
and/or potassium nitrate solutions at constant ionic strength
were determined by the procedure previously outlined.

An extraction procedure for the determination of aqueous
golutions of 3-hexyne was practical, for Dorsey (1) found a
aistribution coefficient of over 500 for 3-hexyne between
1.00 £. potassium nitrate and carbon tetrachloride at 25.0°.
All of the additional hydrocarbons used for this study had
higher molecular weights than 3-hexyns and no additional
functional groups were present, From these facts, it was
concluded that the distribution coefficient for the remaining
hydrocarbons would be at least as favorable for a similar
type of guantitative determination.

The compounds studied were 3-hexyne, 2-heptyne, 2,2-
dimethyl-3-hexyne, 2-methyl-3-hexyne, 2,2,5-trimethyl-3-
hexyne and di-tert-butylacetylene.

In the extraction procedure used for the analysis of
agqueous solutions, the ratio of the volumes of saturated
aqueous solution to carbon tetrachloride extractant was ad-
Justed so that subsequent optical density measurements were
in the vieinity of 0.2 to 0.5. In the case of the highly
insoluble 2,2,5~trimethyl-3~hexyne and di-tert-butylacetylene
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it was necessary to use gbout 100 ml, of aqueoué solution
and only five to ten ml. of carbon tetrachloride.,

In preparing a Beer's law plot for each alkyne, at
least'two different seri;s of points were made using mater-
ial from different ampoules. This eliminated the possibil-
ity of a weighing error in determining the weight of the
contents of an ampoule,

In the following section, Tables 23 through 30 give the
solubilities of the various alkynes along with the solubil-
ities caleculated from a mathematical expression for concen-
tration of alkyne as a function of the total silver concen-
tration (second degree equation calculated by a method of
least sqﬁares). The corresponding mathematical expression
is given below each table (equations XXXVIII through XLV).
In addition, Figures 24 through 31 prQSent‘a graphical illus-

tration of thé game solubility effeect.



138

Table 23

3-Hexyne, solubility in aqueous silver nitrate solutions,
t = 25.0°9, ionic strength = 1.00.

(Agy), (By) found (Bg) cale'd
moles/1. moles/1l, x 10% moles/1. x 10%
0.000 68 76
0.108 199 204
0.128 233 228
0.272 405 408
0.318 478 469
0.338 496 496
0.531 756 761
0.761 1102 1098
1.000 1475 1483
{By) = 0.00758 & 0.1157(Agy) & 0.0250(Agy)> (XXXVIIT)
1o |-
(Bg) x 0%
5|
] ]

0.5 1.0
(Agy), moles/l.

Figure 24. 3-Hexyne solubility, t=25.09, uzl.00,
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Table 24

3-Hexyne, solubility in aqueous silver nitrate solutions,
t = 35,00, ionie strength = 1.00.

(Agg), (By) found, {By) calc'd,
moleg/l. moleg/l. x 10% molgs/l. x 104
0.000 64 60
0.074 129 126
0.190 244 244
0.307 361 361
0.360 408 415
0.548 619 617
0.730 822 818
0.752 843 844
1.000 1135 1136

(Bg) = 0.00599 + 0.0940(Agy) + 0.0136(Agy)?  (XXXIX)

(Bg)
moles/l. x io®

5

%

] ]
1.O

0.5
(Agt), moles/l.
Figure 25, 3-Hexyne solubility, ta35.0°, uz1.00.
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Table 25

2-Heptyne, solubility in aqueous silver nitrate solutions,
t = 25.0°, ionic strength = 1.00,

(By) calc'a,

(agy) (By) rouna
moles/i. moles/l. x io® moles/l. x 10°
0.000 170 165
0.146 474 a8
0.290 g5 805
0.280 807 805
0.441 1115 1136
0.528 1345 1381
0.585 1501 1525
0.786 2028 2057
1.000 28674 2667
(By) = 0.00170 + 0.0200(Agy) + 0,00470 (Agy)? (xL)
20

(B¢ )
moles/E.’x 10°

10

1 J

05 1.0
(Agy), moles/1.
Figure 26, 2-Heptyne solubility, tz25.09, u=1,00.
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Table 26

2-Methyl-3-hexyne, solubility in gqueous silver nitrate
solutions, t = 25,0°, u = 1,00

(Agt), (Bg) found, (By) cale'd,
moles/1., moles/l. x 105 moles/l. x 10
04000 180 188
0.096 553 565
0.175 895 886
0.358 1670 1663
0.675 3090 3128
0.675 3120 3128
1.000 4800 4791
(B4) = 0.00188 + 0,03856(Agy) + 0.00747(Agy)? (XLI)
50
(B ) ] 3

moles/l. X 10

25 -

l i

1.0
(Agt), moles/l.
Figure 27. 2-Methyl-3-hexyne, t = 25.0°, u = 1.00.
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Table 27

2,2-Dimethyl~3-hexyne, solubility in aqueous silver nitrate
solutions, t = 25.09, u = 1.00

(2g¢) (Bg) found, (By) calc'd,
moles/1. molss/l. x 105  moles/l. x. 100
0.000 72 | 68
0.165 284 289
0.360 564 567
0.579 900 899
0.707 1111 1104
0.927 1470 1472
(By) = 0.00068 v 0.01302({Agt) + 0.00230(Agt)” (XLII)
15 —
10 |-
(Bt)y =

moles/l. x 10

l |

1.0
(Agt) ’ moleS/lo
Figure 28, 2 Z-Dimethyl-z—hexyne, t = 25,09, u = 1.00,
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Table 28

2,2,5-Trimethyl-3-hexyne, solubility in aqueous silver nit-
rate solutions, t = 25.0°, u = 1.00

(2gg), (By), found, (By) calc'a,

moles/l. moles/1, x 10° moles/1l, x. 10%
0.000 241 226
0.127 885 907
0.284 1746 176l
0.380 2340 2316
0.641 3860 3860
1.000 6120 6122

(By) = 0.000286 + 0.005255(Agy) + 0.000641(Ag¢)®  (XLIIT)

V.

50}

(Bg)
moles/l. x'10%

25

1 |
Kej

0.5
(Agy), moles/l.
Pigure 29, 2,2,5-Trimethyl-3-hexyne, t = 25,0°, u = 1.00,
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Table 29

Di-tert-butylacetylene, solubilitg in aqueous silver nitrate
solutions, t = 25.,0Y, u = 1.00

(Agg), (By) found, 6 (By) cale'd,
moles/1. moles/l. x 10 moles/l. x 106
0.000 147 149
0.217 568 584
0.368 914 914
0.395 955 974
0.446 1082 1003
0.483 1217 1180
0.651 1637 1591
0.733 1798 1801
0.793 1970 1959
1.000 2533 2533

(By) = 0.000149 » 0.001900(Agy) + 0.000484(Agg)? (XLIV)

20

(o),
moleS/ln X 10

1
05 10
(Agt), moles/L. ,
Figure 30. Di-tert-butylacetylene, t = 25,09, u = 1.00,
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Table 30

Di-tert-butylacetylene, solubility in aqueous silver nitrate
solutions, t = 35.09, u = 1.00

moles/1.

(Agt)

0,000
0.055
0.163
0.293
0.436
0.521
0.707
1.000

(By) found, (Bt) cale'd,
molgs/l. x 108 molgs/l. x 10°

77 78

148 159

332 323

537 532

778 773

895 Q17

1293 1264

1838 1848

(By) = 0.000078 % 0,001454(Agy) # 0.000316(Agy)®  (XTV)

Bgl,
moleé/iz x 109

Figure 31l.

200

100

o

05
(Agt), moles/1.

Di-tert-butylacetylene, t = 35.0°, u = 1.00.
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F. CALCULATION OF ARGENTATION CONSTANTS.

Méthggatical Considerations. The notation used through=-

out this thesis is that of Eberz, Welge, Yost and Lucas (43).

B = alkyne.

(By) = total concentration of alkyne in aqueous phase,
moles/liter.,

(B) = wconcentration of uncomplexed alkyne in aqueous
phase, moles/liter.

(Agt) = total silver concentration in aqueous phase,
moles/liter.

concentration of free silver ion in agqueous
phase, moles/liter.

(4g*)
(AgB) = concentration of species Ag**B in aqueous
phase, moles/liter. :

(AggB) = concentration of species Ags**+B in agqueous
, phase, moles/liter. -

In the mathematical treastment of results, it was assumed
that two coordination equations were operative (equations
XILVI and XLVIII), These were based oh Dorsey's interpreta-

tion of the cbbrdination reaction between sil%er ion and 3-

hexyne (1).

Ag* + B =—=> agB* (XLVI)

_ _ (AgB) -
Ky =
=1 (Ag*) (B) (XLVII)
AgB* + Ag® ——> AgoB** (XLVIII)
Ko = (AgaB)

(Ag*) (AgB) (LIX)

The total concentrations of alkyne and silver ion éan

be given as a function of argentation constants, uncoor=-
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dinated silver ion and uncoordinated alkyne (equations L

through LIII).

(Bt) = (B) + (AgB) + (AgpB) (L)
(By) = (B) + Kl(Ag*)(B) + Kl_z(Ag*) (B) (LT)
(Agt) = (4g*) + (AgB) + 2(AgeB) (LIT)

(4gt) = (Ag") + Kj(Ag*)(B) + 2K1Ka(be*)®(B) (LIII)

With the current method of equilibration, the wvalues
(Agt), (Bi) and (B) are known. The solubility of 3-hexyne
in 1.00 f£. potassium nitrate, (B), is assumed to be constant
when potassium ion is partially or completely substituted
by silver ion.

Using equations LI and LIII, the solubility, (Bg), of
3-hexyne can be calculated in terms of (B); (Agt);jgl and

Ko (equation LIV).

(By) = (B) + (hgy)/2 -
e - EaNEkE AP + e ve) | @)

8K1Kz (B)
By differentiation of equation LIV:
a(Bg) _ 1, E1(8)-1 (L)
dlage) ~ 2 7 [E(BIA)F + &K, (3) (Aey] T%

At (Agt)-o, equation LV reduces to equation LVI,

[ (By) ] _ Kq1(B)

A - K1 (B VI
aket) [(pg,)=0 L * EL(B) ;;. )
By plotting the experimental values of the solubility

of 3-hexyne at various concentrations of silver ion, the

value of Xj can be calculated. The slope at zero silver
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ion concentration and the intercept, (B), are either known
or can be determined from a second degree mathematical
expression for the curve. The second argentation constant,
Ko, can then be obtained directly from equation LIV,

The constants evaluated in this manner wereﬁﬁseful
only in a comparative manner for all activity effects were
ignored.

An approach to a thermodynamic constant was possible
with the help of the assumption that no appreciable amount
of silver ion or silver ignaalkyne complex dlssolved in the
organic phase, This was substantiated by experiment.

Equal parts of 1.0 £. silver nitrate solution and 3-
hexyne were shaken for five minutes (absence of air and
light). A portion of the 3-hexyne was carefully transferred
to a ﬁared crucible and evaporated to dryness. No residue
remained (as indicated by no change in weight of the crucible,

As a consequence, the activity of the free (unassociated)
alkyne in the aqueous solution was at or near unity. The |
aqueous solution was in equilibrium at all times with pure
alkyne.

The activity coefficients of silver ion and of the sil-
ver ion-alkyne complex approach unity as the concentration
of the silver ion approaches zero.

With use of these points, the following calculations

were made:

l. The constant for the coordination reaction between
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one silver ion and one molecule of alkyne is given by equa-

tion XLVII,

- (AgB) XLVII
£1 = ~The*) (B) ()

2, In the previous eﬁaluation of the first argenta-
tion constant, (B) was expressed in terms of molar concen~-
trations, ZEquation LVI was used to determine Xj, for
d(Bt)/d(Agﬁ) was known from the least squares equations.

‘Under these conditions, the concentrations or activi-
ties of silver ion and silver-ion-alkyne complex do not en-
ter into the expression. If (B), moles/liter, is replaced
by unity (activity), K7 should then be a thermodynamic con-
stant. This new consi;ant will be termed K,.

3. In order to evaluate K,, it was necessary only to
multiply El by (B).

Calculations of Constants from Oxidation Data. The

analytical data obtained by an oxidation procedure (Table 7,
Figure 8, p. 60) were fairly reliable in the regionvbf 0.0
to 0.2 £, silver nitrate,

Using a method of least sguares for determining the
mathematical expresslon for the data given in Table 7 {n/6
for zero silver concentration and n/l2 for other concentra-~
tions), equation LVII was obtained. |

(By) = 0,100 + 0.1987(Agy) - 0.170(4g¢)2  (TvII)

The experimental value of K1, evaluated accordihé'ib

equation LVI was 24.9. The value found by Dorsey (1) was
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19.2,

The rate of change of slope of equation LVII was re-
verse that expected from the theoretical considérations of
equation LIV, However, considering the complexity of the
oxidation ér 3~-hexyne, it was not surprising to have noted
deviations from the expected pattern.

Caloulations of Constants from Spectrophotometric Data.

The results obtained by means of spectrophotometric anaiyses
were much more consistent with the expected behavior of the
coordination reactions.

The values of Ky and Kp (Table 31) were quite similar
for most of the alkynes. There was no'obvious trend in the
constants which could be attributed to successive introduc=-
tion of methyl groups into the 2- and 5-positions of 3-hex-
yne.

Attempts to evaluateA H for the coordination reaction
by means of variation of.ﬁi with temperature led to anomalous
results, '

These values of K were then transformed into the cor-
responding K, values éccording to the method outlined on
page 149. The results are given in Table 32,

With the introduction of each successive methyl group
into the alpha-position of 3-hexyne, the value of K, de-
creased by very nearly a factor of three. |

The values of Kp corresponding to K, were impossible to

calculate in a similar manner. The second thermodynamic con-
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stants required informetion concerning the behavior of the
activity coefficients of finite velues of the concentration
of silver ion and of silver ion-alkyne complexes.
In the case of 3-hexyne and of di-tert-butylacetylene,
values of X, were determined for two different temperatures.
Then by meens of the van't HOff isobar (equation LVIII),

the heat of reaction in solution was calculated (Tabié'33).

1n (I_‘;_Q)Tz = AH Tg-TL (LVIII)
(Ko)71 R 71Ty

Table 33

Heat of Coordination Reactions

Compound &25/;_:035 AH, Kg. cal,
3-Hexyne 1.27 ~4,38
Di-tert-butylacetylene 1.32 -5.03

These results are comparable to those obtained for the

reaction of silver ion with alkenes (44), Table 34,

Table 34
Compound Xo /§°25 AH, Kg.cal.
2-Methyl-2-butene 2,53 -6.01
Cyclohexene 2.45 -5.80

Throughout this thesis, the coordination reaction has
been represented as involving free silver ion and alkyne.
The reaction could be better represented as involving silver
ion with two molecules of water of hydration and alkyne.

According to Winstein and Lucas (44), the energy of the

bond between silver ion and the‘unsaturated bond in question
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is probably somewhat greater than 6 kg.cal., for to the
AH of the reaction shown in equation XILVI must be added
the AE of the reaction shown in equatibn LIX.
HoO + HpOeAg* =2 (Hz0)pAg* (LIX)

Accuracy of Results. The factors which were consi&ered

in determining the accuracy of argentation constants by
spectrophotometric means were (a) the instrument, (b) change
in composition of solutions during handling, (c) reaction of
alkynes with oxygen, (d) low solubilities at low silver ion
concentrations, (e) unsatisfactory distribution coefficients
for extraction procedures, (f) hydration of the triple bond
and (g) error in slope in equation LVI due to invalid assump-
tions in the use of the method of léast squares,

as The instrument. Noticeable shifts in the balance
point of the instrument could be noted over periods of time
of less than a minute. This effect was eliminated by taking
blank readings both before and after sample readings. If
any discrepancies occurred, the optical density measurements
were repeated.

The accuracy of the wave length setting mechanism was
not better than 20,005 microns, If the absorption peak used
for determination of opticel density was quite narrow, it
was necessary to scan a short spectral region with each sam-
ple and record the maximum absorption observed.

If these precautions were observed, the accuracy and
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duplicability were probably within %0.5%, the value given
by the manufacturer. ‘

b. Chenge in Composition of Solutions During Handling.

The drying agents used for carbon tetrachloride solutions
of alkynes had no observable effect on the concentration of
the solute,

The container for all solutions was chosen so that there
was & minimum of air space above the solution. Transfer of
a carbon tetrachloride solution from one container to another
had no observable effect on the optical density. This error
was probably smaller than instrumental errors.

c. Reaction of Alkynes with Oxygen. Dorsey (1) ob-

served that aqueous solutions of alkynes reacted vérj rapid-
ly with dissolved oxygen. He had been dealing with solu-
tions of wvery low concentrations, and traces of oxygen were
quite significant. During the present investigation, oxygen
was excluded by a meﬁhod similar to the one used by Dorsey.
However, concentrations of alkynes were much greater (5 to
50 times) than those used previously, and the percentégewise
effect of oxygen would be reduced proportionately. Solu-
tions of alkynes in carbon tetrachloride were exposed to

air in a closed flask for 24 hours without effect on optical
density measurements,

d. Low Solubilitles at Zero Silver Ion Concentration.

The major problem encountered here was keéping the optical

densities of the carbon tetrachloride solutions (from the
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extraction process) within the range of best accuracy of the
spectrophotometer (0.2 to 0.5)., The accuracy of this de-
termination will reflect on the accuracy of the least squares

curve obtained from a series of determinations; however, see

(g).

e, Distribution coefficients. This point was evaluated

previously. It might be added that the extraction procedure
was aided by the addition of potassium cyanide to the agueous
phase before extraction. 7This would make the distribution
coefficient for alkynes between carbon tetrachloride and the
aqueous solution greater. The maximum error contribution
was of the order of 0.2%.

f. Hydration of the triple bond. After 3~hexyne had

been in the presence of aqueous silver nitrate under experi-
mental conditions for several hours, the absorption spectrum
of the extracted material began to show a small absorption
peek at 5,82 microns. This coincided precisely with a car-
bonyl peak of 3-hexanone.

A semi-guantitative, two-component, spectrophotometric
analysis indicated the presence of about 1% 3-hexanone in
the 3-hexyne after 15 hours, and about 3%% after 47 hours.
Over this period of time, the concentration of 3-hexanone
appeared to vary linearly with time,

In all of the equilibration procedures, the alkynes
were in the presence of aqueous silver nitrate solution for

three to five hours. On the basis of the data given above,
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the maximum amount of hydration which occurred was about
0.4%.

The infra-red spectrum of di-tert-butylacetylene ex~-
hibited the same phenomenon. No quantitative determinations
were made, but the carbonyl peak appeared at about the same
rate as the peak for 3-hexyne.

Up to thig point, the variations in determination of
the alkyne have been considered, It has been assumed that
the quantitative analysis of silver is precise relative to
the analysis of alkyne.

g. Method of least squares. All of the curve fitting

was made on the assumptions that the curve was of second
degree, that the error in (Agy) was negligible with res-
pect to the error in (B), and that the error in (B) was con-
stant over the entirelrange of silver ion concentrétion.
The last assumption was probably valid when (Agy) was over
0.2 moles/liter, because, in all of the extraction proced-
ures, an attempt was made to adjust the ratic of saturated
aqueous solution to carbon tetrachloride extractant so that
optical density measurements were of the same magnitude.
This was often impractical when (Agy) was very low, and con-
sequently these results were less'accurate.

The experimental data for the evaluation of the argen-
tation constantg for 3-hexyne at 25,0° was chosen for a
typicel analysis of error. Nine points (n =9) were used

for curve-fitting by the method of least squares,
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Since the evaluation of K, was made from a(B)/d{Agt)
at (Agt) =0 (equation LVI, when (B)=1), it was neceSéary to
determixie the relationShip betweén the accuracy of thils
slope and the accuracy of the values of (B).
If a(B)/a{sgy) (termed b hereafter) is solved as a func-
tion of the summations used in the method of least sguares,

equation LX is obtained.

p = AZy + BIEyx + cEyx® (LX)
5 D ,
x = (Agg). y = (B). n=9.
A=Sxazxs - Sxix4. B= nz:z4 - (sz)zo
c=3x3x%> - nSzo. "
D= 28x 2?&2213 - (2x)2214 - (212)3 + nSx° 3t
- n(=x%)%, -
By differentiation of b (essuming no error in x):
Ab = 3nlAys * AyBIx * AyC =% (LXT)
D 5 n
Ay Vo242 + (52)%8% + (3x7)2CP |
= — == =l.240y (LXII)
-~ D ' : (LxTI1)

By substituting the appropriate summations into equa-
tion LLII, a relationship between error in y and error in b
can be obtained (equation IXIIT) for the 3-hexyne system.
The most probable error in' y, according to the previous dis-
cussion, will be sbout *2.1%. This results in a *2.5% error
in b. The first argentétiori constant, K, varies directly

with b (equation LXIV), so the error remains about *2,5%.
b= EMl+K;) or, Eo=bAl -Db), - (1xIV)
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PART III

SOME RELATTONSHIPS OF STEROLS TO PLANT GROWTH

This portion of the thesis is presented as it was sub-

mitted to the Journal of Plant Physiology for publication,
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George Helmkamp and James Bonner

lThis work was made possible by generous samples of pure
compounds from the following individuals: Dr. W. G.
Bywater, S. B, Penick & Co.; Dr. Karl Folkers, Merck &
Co., Inc,; and Dr, Abraham White, Chemical Specialties
Co. Inc,



Introduction. In spite of the universal occurrence of

eteroids 1in plantse, the role of these materials remains
qulte unknown. That steroids possess physiological
activity for the higher plant was in fact demonstrated
only after the discovery of estrogenic principles in
vlants in 1926-1927 by Loewe and Spohr (1), Dohrn,
Faure, Poll and Blotevogel (2), Loewe, Lange and Svohr
(3), and Loewe (L4).

The status of our knowledge of the influence of
the animal steroid hormones on the vegetative growth
and reproductive development of plants has been ex-
tensively reviewed by LBve and LBve (5). There appear
to be several well established examples of the influence
of estrogenic materials on vegetative growth. Effects
on flowering appear to be generally secondary to this
effect. Hylm# (8) has hovever demonstrated an influence
of estrone and of testosterone on sexual expression in
spinach, eand LBve and Lbve (5) heve been sble to supnress

elther antiner or gyneclum growth in Melandrium by aovpli-

cation of estrone or testosterone respectively.

In addition to the effects which estrone exerts
vhen applied directly to intact plante, there are
additional instances of effects of estrone on growth
of isolated vlant varts or tissues. Such effects have

been observed by KBgl and Haegen-Smit (7) and by Bonner
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and Avtman (8) with izolated pea embryos, by Fledler
{9) with ieolated root tipe of corn, by Weyland (10)

with Allium cepe roote, and by Gioelli (11) with cul-

tures of carrot root., In £11 of these instances addi-
tions of estrone to the culture medium have served to
cause a general increase in growth rate., That the
synthetic estrogen, dlethylstilbestercl can replace
estrone in promotion of plant growth has been estab-
lished by Zollikofer (12),

The effects of testosterone trsatment of higher
plants, other than the influence on sex expression
noted above, have been qulte varied. v. Euler (13),
for example, found that inhibition of seedling devel-

opnent resulted when seeds of Lepidium sativum or

Hordeun vulgeare werc treceted with testosterone et

concentrations of 0.01% as well as with estrone.
Similarly, Glaser and Ranftl (1) found testosterone
harmful to growth of hyacinth bulbs while David and
Gouzon {15) found testosterone to be without effect
on the specles studled by them.

Certain microorgsnisms are influenced by additions

of steroids to the nutrlent medium. The Rhodotorula

sugari and R. glutinis, two of several yeasts investl-
gated by Weber (16) responded (perticulerly in the
nresence of Zn) with increased growth to applications
of estrone, estradiol benzoate or testosterone, Nekam

and Polgar (17) found growth retardation of Tricho-
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phyton creteriform and Stephylococcus surcus by cetrone,

but growth arrest by elther sndrosterone or testosterone.

No functlion nor physiologicael activity has as yet
been found for the universally distributed phytosterols
and mycosterols so far as vplants 2re concerned although
these substances have of course found extensive use in
the synthesis of products which have hormone or vitamin
activity in higher animals.

Inhe saponins constitute & group of sterolds of wide
but sporadic occurrence in the plant kingdom, Balansard
and Pellessier (18-24) in a series of papers publlished
between 1943 and 1945 have shown that savonins include
substances capable of elliciting »nlant growth resvonses.
These authors used varioue concentrations (10 to 1000
mgm. per ml,) of quillea e, polygale, sesvonaria and
sapindus saponins., The growth rate of isolated wheat
embryos was aporoximetely doubled by optimal concen-
trations of saponin, although higher concentrations were
toxlec, Saponin aprlicetions also brought about increased
rate of development of shoots and roote by begonis leaves,
The treatment of seeds of cereals and tomato with dilute
solutlons of saponins accelerated germination and in-
creased subsequent growth rate. The application of
dilute saponin solutions to tomato roots resulted,
however, 1in growth inhlbitions, vreceded in some in-

stances by a short period of increased growth., Seeds of
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reas absorbed water more ravidly in the presence of
seponins, Balansard, Pellessier and Conil (25) found
simllar effects of saponin on water absorption by

seeds of corn, with a subsequent more renid germination.

v. Euler (13) germinated seeds of Levidium sativum

and Hordeum vulgare in the presence of digitonin,

qulllajae saponin, or scdium cholate but found only
growth lnhiblitions due zvvarently tc the use of ex-
cesslvely high concentrestlons,

In the vresent work we propose to present 2 sur-
vey of the physiological activity of a wide variety of
steroilds, The commarison 1s based on effects on the
growth of 1solated vea embryos in aseptic culture,
according to the method of XBgl and Heegen-Smit (7)
and Bonner and Axtman (8),

Materials and Methods.-- All of the experiments

were conducted with exclsed embryos of ovea, variety
Alaska., The methwods of sierilirzation and culture

were identicel with those of Bonner and Axtman (8).

Tne culture medium was thet prescribed by Bonner and
Addicott (26) for growth of vea rootsi, excent that the
agar medium contained 2 per cent rather than 4 per cent

sucrose and the culture vessels were 75 x 250 mm. pyrex

Iohe basel medium conteined Ca(N03)2°4H20 170 mg./l.;
MgSOl +7H20 21 mg./1.; KNOa 85 mg./1l; KC1 61 mg./1.; KHpPOL
20 mg./1.; ferric tartrate 1.5 mg./l.; agar, 1%; sucrose 2%.
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test tubes. The plants were grown at 259 C. in tae
derk. Approximate measurements of stem growth vere
nade weekly for three weeks, and after four weeks the
nlante were removed from the culture tubes for nmeasure-
ment of final stem and root lengths. The individual
stems and roots of each group were then sevarated for
dry welght meesurements. Twenty embryos were cultured
and grown in each experiment for each treatment., The
number of vnlants finally harvested in each group was
approximately 18 eince an occasional embryo elther
falled to develop or formed adventltlous roots or
shoots due to injJury at excision. These individuals
were discarded.

Accessory substances were added to the culture
medium in water, ether or alcohol solutions, and con-
trols were prepered using comparable amounts of pure
golvents., The addition of ether was without signi-
ficant effect. Alcohol, however, tended fto increase
growth somewhat after two weeks. Several compounds,
orincipally the esterified compounds, preclpltated
from the cold medlum, and hence concentrations vere
limited in these cases by a solubility factor.

The results, as recorded in the tebles below,
are gilven as per cent of the growth of the control,

)

Additionel notations indicate statistical significance
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of growth in the individueal treatments from growth
in the unsupvlemented basasl medium,

The growth of the individual control series was
quite uniform a8 betvween successive experiments.
Table 1 presents the averasge growth measurements for

eleven control groups.

Principal Experimental Results.-- In preliminary

experiments several groups of embryos were cultured 1n
the presence of nonsteroidal accessory substances in
order to arrive at as optimal a medium as possible for
this variety of pea. The results of these experiments
are given in Table 2,

Vitamin By, a2t 1.0 mg./liter, and casein hydrclyé
sate, 100 mg./l. increased root growith significantly.
Nicotinic acid, pantothenic acid, escorbic acid and
adenine were substantielly inective. Vitemin Bg, at
1.0 mg./1l. inhibited shoot growth, and biotin above
0.01 mg./l. was markedly inhibitory either alone or
in the vpresence of the B vitamins mentioned sbove. As
a. consequence of these results, none of these accessory
substancesfwas used in the culture medium,

Estrone, in accordance with the earlier findings,
exhiblted considerable activity in increesing growth
of pea embryos, increasing stem growth by a maximum of

20 per cent at i1ts optimum concentration of 1 mg./l.
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Tecstosterone on the contrary wes highly inhibitory,
exerting & growth depressing effect which disappeared
only at concentrationsz of 0,01 mg./l. and below. Two
other compounds of the animal sex hormcone series, di-
hydroxyestrin and methyl androstenedlel, were also
slightly inhibitory end in common witn otheré’of tie
gterolds tested showed inhibitory action tc an extent
which epproached statisticel significance,

Cortisune, in concentrations of 1 and 10 mg. /1.
greatly inhibited shoot grovtn althougk only the higher
concentration innibited growth of the root.

Of +the further typically animal sterols summerized
in table 4 all were ineffective or inhibitory to growth
of vpea embryos at all concentrations tested., Thus
cholesterol, from twe different sources, caused smell
and somewhat irregular inhibition, particularly eof
root growth. Cholic acld inhibited both shoot and root
growth at low concentration, desoxycholic =ncid wes less
effective, and a-hyodesoxychollc acild was inhibitory
only &t relatively high concentrations,

The steroids most active in vromotion of growth
of pea embryos have been found asmong the saponins,

The present results summerized in table 5 roughly
parallel those of Balansard and Pellessier (7) in which

the rate of growth of wheat embryos weas nesrly doubled
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by saponin applicetion. In contrast to the work with
wneat, howvever, no growth inhibition by ssponins was
noted with pea embryos, even in concentrations as high
as 50 mg./1l. Optimum growth of stems occurs in all
cases near 10 mg./l. Root response in general followed
the response in stem growth,.

The saponin vpreparations used included 3 commercial
semples of relatively crude meterial containing mix-
tureg of materlials as well as one chemiceally delilned
compound, diosogenin sapcnin. The latter was fully
as effectlve in promoting pea embryo growth as the
crude materials,

The remaining compounds tegted for effectiveness
on the growth of pea embryos were plant products,
naturally occurring or synthetlcally modifled. These
included a sitosterol preparation, stigmssterol hydrate
and acetate, diosgenin acetate, dehydrodiosgenin acetate,
hecogenin acetate, JANFR S hecogenin acetate and ergos-
terol. Results with these materials ere summarized 1in
table 6, All were either ineffective or slightly in-

hibitory over the concentration ranges tested,

Discussion:-- It has been shown in the data vpre-~

sented above that the »romotion of pea embryo growth
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by sterols and related materials possesses a definite
chemlicel specificity. Of a2ll of the sterols and sterol
derivatives tested in the present investigation, only
one, estrone, caused significant increases in growth,
This material hes not only been previously shown to be
effective in the pea embryo test but te influence the
growth of other higher nlant tissues and species as
well, It is particularly noteworthy that the well
known plant sterols ergesterol, stigmasterol, and
siltosterol were found to be wlthout growth promotling
efTect.

That the growth promotion of pea embryos by estrone
ie attended by e marked chemlcal specifilclty 1s stressed
by the fact that the closely related dihydroxyestrin was
found to be totally ineffective, In addition, the growth
premotion of pea embryoes by estrone finds 1ts counter-—
rart in the relatively specifilc growth inhibition sxerted
by testosterone, Thls material in concentrations as
low 2s 0.1 mg./1l., wes found to bring sbout significant
reduction in embryo growth, Growth reductions of a
less striking nature were caused by & varlety of other
materials. It 1is nevertheless striking that the most
effective growth inhibitor ln these experiments is
testosterone Jjuat as estrone is the most striking growth

promoter,

&
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7

The steroidal saponins constitute another group
of substances wlth marked growsh promotlhg erfrects on
cultured pea embryos. That growth promotion by saponins
is not due to thelr vossible content of estrone is
indicated by the fact thaet in one instance, thet of
dlosgenin seponin, a presumably pure meterial was found
to bring about growth promotion. It is still quite
uncertaln, however, whether promotion of growth 1is
actually exerted through a2 mechanism similar %o that
affected by the sterols proper. It might, for example,
e possible that saponins with theilr marked surface
broperties affect 1n some unknown manner the wetting
or other relations to water of embryos and seedlings
in culture. St1ll, the growth promotions brought about
in these experiments by the steroidal saponins are
striklng and deserve rfurther chenlcal attention.

Do the growth promotions and growth inhibitions
by sterols and steroldal materials described in this
paper and in earlier work have any relation to the
normal growth of the plant? This question we cannot
answer because we do not know now such elementary facts
as whether or not sterole and steroldal materisls are
transported within the plant so that they might then

act in hormonal capacities. Neither do we have any
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insgight into the blochemlcal role of sterols and steroldal
meterials. Thet sterols may indeed play significant
physiological roles 1is, however, suggested by the
occurrence of estrogenic substances in rzlant material
coupled with the fact that such estrogenlic substances

as estrone can be shown a8 1n tne present case %o

possess speclflc phyelologlcel activity for higher plants.

Summary.-- The embryos of mature pea seeds resnond
by increased growtli when they are supplied 1n aseptlc
culture with certain sterols or steroldal materials,.
0f the seventeen sterols and sterocide tested, only one,
cstrone, posscssed the aqtivity of slgnificantly in-
creasing growth of pea embryos in culture. Other conm-~
vounds and in particular, testosterone, were highly
effective in 1nhibition of growth. Naturally occurring
plant sterols such as ergosterol, stigmesterol and
sitosterol were without effect on pea embryo growth.
The gteroldel saponins hoth in erude preparation and
in chenmlcally nure form exert marked effects in increasing
the growth of excised pea embryos,

Kerckhof? Laboratories of
Blology

California Institute of
Technology

Pasadena, California
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Table 1
Average growth of 11 control series of exclsed pea

embryoe in unsupplemented basal medium. Growth in

dark at 25° C, Initial length of stem approx. 2 mm,

Stem length, (mm.) after:

1 week 2 weexs 2 weeks L weeks

17.7+2.4 32.1% 4.5 43.3%5.1 56.0%£9.0

Root length, (mm.) after:

L weeks
56.9%9.9
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Growth responses of exclsed pea embryos to veriled

accessory factors, Measurements =fter L weeks.

Accessory Substance Conc., mz,/1., Growth in length. % of Control

Stem Root
Vitemin By 1 93 133%
Vitamin Bg 1 g1% 89
Biotin 0.1 10%* Vialal
" 0.01 oL 110
" 0.001 103 102
Casein Hydrolyzate 100 89 121%

¥Significant at 5 per cent level

#%#Sirnificant at 1 psr cent level
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Table 3

Growtn responses of excised pea embryos to steroild

aninal hormones. Measurements after 4 weeks,

Accessory Conc., Growvth in length Dry weight,

Subsiteance mnmg./l. % of control % of control

Stem Root Stem Root

Estrone 10,0 102 108 93 G9
1.0 120% 115 118 114

0.1 104 96 107 99

0.01 100 106 106 125

Testosterone 10.0 25K S0 56 77
nrovionate 1.0 kit 85 89 82
0.1 7o 90 8L 93

0.01 1ch 104 10¢& 1013

Dihydroxy 10.0 a7 ol 82 89
estrin 1.0 90 85 82 105

Methyl-andros-

tenediol 1.0 83 81 97 107
Cortisone 1.0 15%# 2 Gt - -
1.0 78 %% 112 92 116

#Significant at 5 per cent level

#¥Significent at 1 per cent level
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Table L

Growth resnonses of excised pea embryoe to choles-
terol and related animal sterols, Measurements

after L weeks.

Accessory Cone., Growth in length Dry weight,

Substance mg. /1. % of control % of control

Stem Root Sten Root
Cholesterol 10.0 ol 87 101 88
1.0 100 108 a8 106
0.1 90 Bo##* 88 87
0.01 85 87 96 99
Cholic acid 0.1 78% gO%* 83 82
0.01 7&% 86 90 93
Desoxycholic 0.1 96 Q0% 91 97
acid 0.01 82 88 83 89
a-Hyodesoxycholic  10.0  69%* Yok 82 70
acld 1.0 104 80#* 106 88

*#Significant at 5 mer cent level

##Sienificent at 1 per cent level
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Table 5

Growth responses of exclsed pea embryos to Savonins.

Measurements ofter 4 weeks.

Accessory Conc., Stem length Root length Dry wt., % of control

Substance nec./l. % of control % of control Stem Root
Seponin, 50.0 92 115 107 110
Merck 20.0 98 10L 103 1072
Semple 1  10.0 124 100 118 105
10.0 126%* 111 107 114
1.0 106 102 102 96
1.0 115 106 105 117
Savonin, 10.0 1ho%* Ll 120 125
Mereclk 1.0 110% 21 105 105

Semple 2

Senonin 10.0 117# o8 104 104
Penick 1.0 1314 132% 117 124
Diosgenin 10.0 143%4 1L 120 136
saponin 1.0 113 123 110 135

#Significant at 5 per cent level

##Significant at 1 per cent level
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Table 6

Growth resvmonses of exclsed pea embryos to tyvrical plant sterols,.

Measurements after L weeks,

Accessory Conc., Growth in length. Dry wt., % of control
Substance me. /1. % of control
Sten Root Stem Root
Ergosterol 10.0 89 72% 82 86
1.0 91 ol 89 83
Sitosterol 10.0 79 111 86 91
1.0 87 102 85 90
Diosgenin 10.0 102 98 106 95
acetate 1.0 [2% 96 23 21
Sticmesterol 10.0 90 110 100 103
acetate 1.0 96 96 101 98
Stigmasterol 10.0 ol 93 9l oL
hydrate 1.0 85 91 85 ok
Hecogenin 10.0 96 104 98 98
scetate 1.0 96 102 100 100
A9 11 Hecogenin  10.0 91 9l 5 90
acetate 1.0 80 85 8L 82
Dehydrodios~- 10.C 104 104 100 98
genin acetate 1.0 98 116 97 106

#Sipnificant a2t 5 ver cent level
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PART IV. PROPOSITIONS.

l. No optical isomers have been observed for com-
pounds of the type RR'CXY, where R is a deuterated analog
of R'. The approach to this problem has been through
atteﬁpts to resolve potential racemic modifications such
as «K-pentadeuteriophenylbenzylamine?,

It is proposed that an optically active compound
could be made by replacing CHzI with CBQI in equation
II, p. 2 of this thesis. The 6ptical anfipode could be
prepared by treating D($)-2,3-epoxybutane with 3950H
(equation I, p. 1) followed by methylation via the Wil-
liamson synthesis;

8@, R. Clemo and G. A. Swan, J. Chem. Soc., 1939, 1960,

8¢ It is proposed that an attempt should be made
to prepare derivatives of disubstituted acetylenic hydro-
carbons with 2,4-dinitrobenzenesulfenyl chloride.? Tt
is believed that too little attention is paid to methods
for the characterization of liquids other than the use
of the unwieldy methods of density, boiling point and
refractive index.

®N. Kharasch and C. M. Buess, J. Am, Chem. Soec., 7l.
2724 (1949).

3. It is proposed that Grignard reagents will add

across a triple bond if a strongly electronegative atom
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(or group) is alpha to the triple bond. This is based
6n by-products formed during the reaction of 2-chloro-
2-methyl-3-hexyne and homologs with methyl magnesium
bromide.?’® |

The by-products Are not polymers (or even dimers)
of the starting material, the boiling boint range sugéests
the existence of a mixture (possibly ¢cis-trans isomers),
and only carbon and hydrogen are present in the molecuie.

The amount of by-product formed is a function of the
number of methyl groups present in the 5-position (steriec
hindrance to addition), and the yield may exceed that of
the normal product formed by simple coupling.

- 8G, F, Hennion and T, F. Banigan, Jr., J. Am. Chem. Soc.,
68, 1202 (1946).

PPnis thesis, pp. 82-83.

4., With one exception, diisopropylacetylene, all
of the possible ethyl-, isopropyl- and tert-butyl-sub-
stituted acetylenic hydrocarbons have been synthesized.

Several routes are suggested for the direct or in-
direct introduction of an isopropyl group into acetylene,

a. A coupling reaction involving 2~bromo-3-hexyne
and methyl magnesium bromide.

b. A coupling reaction involving silver or cuprous
acetylide and an isopropyl halide.

¢. Via dehydrohalogenation of the gem-dihalide of
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isopropyl isobutyl ketone.
d. By reductive dehalogenation of 2~-chloro-2-methyl-

4-alkyl-acetylenes with lithium aluminum anhydride,

5. A synthesis for L~ and D-2-deuterobutane and for
L-2,3-dideuterobutane is proposed.
| The reduction of 2-tosyloxybutane with lithium alum-
inum hydride is expected to proceed with a Walden inver-
sion,

If this method is combined with the method proposed
by Fickett (Ph.D, Thesis, California Institute of Tech-

nology, 1950), L-2,3-dideuterobutane could be obtained.

6. A mechanism is proposed for the synthesis of
thianaphthene, benzofﬁ.ran and indole by cyclodehydrogen-
ation.a’b |

The mechanism is pictured as a nucleophilic attack
by the "hetero™ atom on the terminal carbon atom of an
ortho vinyl grdup.

8y, Hoog, J. Verheus and F., J. Zuiderweg, Trans. Far.
Soc., 35, 995 (1939).

G, Hansch et. al., 7. Am. Chem, Soe., 70, 1561, 2495
(1948), ibid, 71, 943 (19&9), ibia, 73, “3080 (1951).

7. It is proposed that a study should be conducted
concerning the coordination reaction between silver ion

and a carbon-carbon multiple bond which has one side of
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the point of unsaturation highly hindered. K-Pinene is

suggested as a compound for possible study.

8., It is proposed that trans-glycols of cyclohexane
could be induced to form cyclic acetals with acetone.

In molecular models, if 1,2-cyclohexanediol is placed
in the chair form in which both hydroxyl groups are "equa—
torial"® , the distance between the hydroxyl groups is
identiéal with the distance between the same groups if
they were cis (i.e., one "polar™ and one "equatorial®).
5, Magasanik and E, Chargaff, J. Biol. Chem., 174, 173
(1948).

9, Since saponins in general augment growth of
pee embrygaa’b, it is proposed that-the actién is physical
rather than chemical., These do not act as precursors of
any of the characteristic growth hormones,

8y, Balansard and F, Pellessier, Compt. Rend. Soc. Biol.,
137, 454, 455, 461, 523, 763 (1943)

bThis thesis, p. 163 ff,

10, In order to bring about a more-intimate contact
with current literature (month by month) and to increase
knowledge concerning active persons in the field of or-

ganic chemistry, and furthermore to aid in the ability of
a student to express himself orally, I propose that a

"current literature" seminar course be given quarterly
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for academic credit.
With this plan, each student could be allotted one-

half of one class period to present material of recent
publication, which was of interest to him and/or which

was connected with his research problenm,



