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I.
INTRODUCTION

The reducingraction of the alkali metals in liquid am-
"monia solution on organic halides has been known for many years.
The first investigations in this field were carried out inde-
pendently by Ghablay,f<l) and Lebeau, (2),(3) 4 1005.

Chablay!'s ‘l) work consisted in a study of the~reducing
'action,oi_sodium in,liQuid ammonia onsmethyl chloride, chloro-
form, iodoform, anducarbon tetrachloride. In the case of me-
thyl’chloride,he obtained'sodium chloride, methane and methyl
'amine as reaction products.” The formation of these products
,was explained by assuming that the sodium reacted with the sol-
vent, ammonia, to form a compound, the so-called "metal ammon-
ium® which'in turn reacted with the methyl chloride.: This me-
chanism is explained by the following equations.7> |

’ Na -+: NHg — NaNH3 ' ’
2 NaNHz + 2 CH3Cl-—+ 2NaCl + CHy + CH@NHQ + NH:5
' The products found in the investigation of chloroform,
iodoform and carbon tetrachloride were the sodium halides, sat-_’-
'urated and unsaturated hydrocarbons with small amounts of sodium-‘
cyanide, hydrogen and nitrogen. Chablay made no- attempt to ex-'
- plain the mechanism that would account for these products.

» The investigations carried out by Lebeau (2),(3) were for
the purpose of - preparing paraffin hydrocarbons and primary
amines by treating a solution of sodium in liquid ammonia with g
the mono-halogen derivatives of the lower paraffin hydrocarbons.

The mechanism by which he accounted for his reaction products’
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was more complete than that of Chablay, in that he explained
the amine formation by a separate reaction. His .explanation
. may be repfesented by the following equaﬁions:
Na + NHz — NaNH,
CgHyI + 2 NaNHg —» CgHg + NaNHy+ NHz + NaI
CzliyI + NeNH, — CgH,NHy + NeI |

Thevsodium first reacts with the solvent ammonia to»form .
sodammonium. The reaction of one molecule of alkyl halide with;
two molecules of sodammoniun then occurs with the formation of
the saturated hydrocarbon, sodium amide, ammonia and sodium hal-
ide. The sodium amide formed immediately reacted with addition-
al alkyl halide forming the primary amine and the sodium halide.

Aside from the work mentioned above, very few. investiga-
tions of importance were carried out in this field prior to 1914.
At this time, Chablay, (4) after a series of investigations,
established the fact that the halogen in an organic compound
was removed quantitatively by alkall metals in liquid ammonia
solution. Obviously this principle was one of fundamental im-
portance. Subsequent investigations by Dains, Vaughan and
Janney,(s) Clifford, (6) and Dains and Brewster, (7) substan-
tiated the conclusions reached by Chablay and resulted in the
development of an analytieal method for the determination of
halogens in orgaﬁic compeunds. In this method the halogen 1s
removed quantitatively as the alkall metal.halide and then
determined by the usual methods. |

The next work of importance was cerfied out by Kraus and
. Whit39 (8) White' (9) and Kraus and Kawamura, (10) and the

-results published in a series of papers in 1923. Their inves-



.tlgatiods eonsisted in the study of the reducing action of so-
didm‘in'liqdid amﬁonia on a large number of organic compounds
‘which included many'halogen eempounds. The phenyl halldes and
triphenyl methyl chloride were most carefully studied and fur-
‘nished more general information as to type reactions than any
work that had been done previously.

Subsequent investigations by Wooster and Mitchell, (11)

(12) (13) 24ded rur-

Dean and Berchet, and Burgess and Linford,
ther information and aided in the formulating of type reactions
for-the action of sodidm in liquid ammonia solution on mono-
halogen organic compounds.

On the basls of the results obtalned by workers in this
field, the following equations ‘are given as representative of
the type of reactions‘that occdr when mono-halogen orgeanic com=

(14) In these equa-

pounds react with sodium in liquid ammonia.
tions, R repfesents an alkyl or aryl radical and X, a halogen.

I. 2 RX + 2 Na + NH, — RH + RNHp + 2 NaX

II. 2RX + 2Na—> R - R + 2 NaX

III. RX + 2 Na — R - Na + NaX

CIv. RX + Na — R + NaX

Equation I illustrates a very cOmmon‘type of reaction, in
whlch the ratio of organic halide to sodium is one mol to one
mol ‘and in which the solvent ammonia plays a part as one of the
reactants. This type may be illustrated specifically by the
’fellowing examples from the literature. ‘2)’ (3), (4)
2 CHzCl + 2Ne + NH; = CH, + CHgNH; + 2 NaCl

2 CoHgBr+ 2 Na + NH; = Gplg + OpHgNHy * 2 NeBr
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Equation II is representative of another type of reaction
in which the ratio of halide to sodium is one mol to one mol,
but in which the solvent plays no part as a reactant. This re-
action is identical with the Fittig synthesis of aromatic hydro-
(11), (12), (13)

carbons and may be illustrated thus:

2 C6H5CH201 + 2 Na — 06H5-CH2 -CH + 2 NaCl

206t
Equation III represents a type of reaction in which a so-
dium organo-compound is formed and the molar ratio of the chlor-
ide to the sodium 1s one to two. Examples of this are rarely
found in the litereture. The outstanding example is that of
the formation of sodium triphenyl me%hyl'by Kraus and Kawamura,(lo)
as follows: .
(CGH5)SC-C1 + 2 Na — (C6H5)30-Na +-‘Na01
- Regardless of the scarcity of examples of this type at pres-
ent, the appearance of a large nnmber may be anticipated when
the mechanlism of the reducing action of sodium on the organic
halides in liquid ammonia is more thoroughly'understood. bThese
orgeno-sodium compounds are undoubtedly formed es intermediates
in many of the reactions, but due to their great instability,
are never lsolated under the conditions which exist when the
reaction takes place and when the products are examined.
In Equation IV, a reaction is shown which represents the
formation of a free and independent radical containing a tri-
valent carbon atom.  This type of reaction has only one example

invthe realm of purely organic compounds. That eXample is the

formation of triphenyl methyl by Kraus and Kawamura (10) as
shown by the following equation:
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In this reaction, the ratio of sodium to organic halide is
‘one mol to one mol. However, it is known that this reaction
proceeds in steps and passes through a stage in which a sodium
organo-compound is formed as represented by Equation III. (10)
\Thﬁs the feaction may be represented in the following way:

- (CgHg)s0=C1 + 2 Na —> (06H5)SC-Nav~f NaCl

(CgHg) 56-Na + (CgHg)zC-Cl —» 2 (CgHg) £C + NaCl

It cannot be assumed that any reaction will proceed quanti-
tatively as represented by any one of the above type equations.
Prebably many reactions would require a combination of these
'~ equations to represent their procedure, although one may be pre-
dominant. Moreover, in formulating these type equations, no
provision has been made for the formation of cyanides,(6) and
for>secondary and tertiary amines,(g) which have been found to
be formed in some reactions.

Very few attempts have been made to explain the mechanism_
~for the formation of the reduction products in thesse reactions.
Thecomparatively little work that has been done in this fileld
does not furnish eneugh knowledge to formulate basic principles
~upon which to anticipate the results in any particular case.

The first effort to explain the mechanism of these‘reac-

(1)

tions was made by Chablay and Lebeau (2)s (3) and nas e1-

nready.been mentioned. Since the "metal ammoniums" have been
B 1 i

proved to be non-existant by Kraus, (18), (16), (A7), (18) th

v,explanation of Chablay and Lebeau is of no value.

(15), (16), (17), (18)

Kraus, by a series of brilliant ‘and

exhaustive investigatlons on the physical properties of liquid

ammonia solutions of the alkall metals, proved conclusively that"i"
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true solutions result:when these metals are dissolved in liquld
ammonia and that there is no compound formed by combination of
the metal and solvent. |

These investigations also'proved that when the alkali_me-
tels dissolve in liquid ammonia, they dissociate into positive
metallic ions and free electrons, a true lonic equilibrium re-
éultihg, in which the positive metallic ion is identicaleWith
that formed when any corresponding metallic salt is dissolved
and the negative ion is identical with the electron. The free
electrons were shown to be associated more or lees with the sol-
vent, this assoclation increasing as the concentration of the
solution decreased. The following equations will illustrate
the conditions existing in a solution of an alkali metal in 1i-
Aquid ammonia, the electron being represented by e~.

+ -

Na Na + e

1

e~ + n(NHz) e” (NHz),

=
' ' — + - a7
Ne + n(NHz) & N + e (NH;),
The strong reducing action of sodium in liquid ammonia may
 then be attributed to the presence of the free electrons. Kraus

and White (8)

have explained this reducing action as follows.
The introduction of an organic halide ihto a solution of
sodium in liquidlammonia results in the combination of therfree
electron with the strongly electro-negative halogen forming a
normal halogen aﬁion in the solution. This stage of the re-
-ducing action may be represented thus:
.~ RX + e — R + Xe~
This-leeves the organic radical, R, free, which may remain as

an‘independently free radical (TypevKuétieh'IV)bqr reeet withg
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1. Molecules of the solvent
2. Other organic radicals
3. Electrons
If the radical reacts with the solvent, the formation of
primary amines and a hydrocarbon results, and is therefore classi-
fiedfunder type Equation I.
Whehrthe R-radicals react by direct combination, the forma-
tion of a hydrocarbon occurs and i1s therefore classified under
, thé reactions as represqnteq by type EqugtiongxI.
The reactibn of the group R with electrons results in the
formation of Re” as follows: |
| R+ e — Re”
This would then permit the combination of the positive sodium
.ion with Re-, forming R-Na as shown in type Equation III.
Until this presént investigation was undertaken, no work
"of quaﬁtitative aspect had been_attempted to.establish the‘nature
of'the reducing action of sodium in liquid ammonia on thé ai-
halogen derivatives of aliphatic or aromatic hydrocarbons.
" Since the possibility of position isomerism 1s incregsed
in the di-halides, the complexity of the reabtions which théj
will undergo .is likewise 1ncreased.' It 1is dbvious:that a di-
© halide of the type RCHXQ'Wili not react thefsame:aé dﬁé.Of‘thé”;77
| type R&ﬁ-QHR. Aléo;*it would be expected thaﬁ aromatic hydrof N
carbons, ?ﬁ which the two haiogens were huclear Sﬁbstituted,
.would react differently froﬁ the di-sﬁbstituted'paraffin hydro-

carbons.
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All the work that has been accomplished in studying the
reactions of dihalides and sodium in liduid ammonia, has been
done by Chablay,(4) and Kraus and White (8). Chablay attempted
to obtain quantitative data in hie investigations but the en- .
deavor to have his experimental results COincide withvhis theo-
retical speculations, has let,his results open to deserved cri-
ticism. The qualitatlve data of Kraus and White are reliable
but they have not attempted to interpret their investigations
quantitatively.

Chablay's work consisted in a study of the reaction of so-
dium in liquid ammonia on the compounds methylene chloride,
ethylidene chloride, 2,2 dichloropropane, ethylene dlchloride,
propylene dibromide and butylene dibromide. In the reactions
of the first three mentioned he gives as products, the satu=
rated hjdrocerben from which the dihalide had been derived,

) sodium’amidenand sodiumtchloriQe,~'ﬁis‘results were explained .
by the follow1ng equations: | | | ( ) ’
4

3'—')'CH4 + 2 NaNH2 + 2 NaCl

CHzCHClp + 4Na + 2 NHz — CgHg + 2 NalNHg + 2 NaCl (4‘._)

CHZCl + 4 Na t 2 NH
GH.CCL,CH, + 4 Na + 2 NH, -y C,H + 2 NaNH, + 2 Nacl (%)
5CCLoCHg 2 NHz -y CzHg + ANH,

It is‘notlced the Chablay.represente the molar ratio of
dihalide to sodium as 1 tovéiin his equations; whereas he found
‘this ratio to be 1 to 2.5 in his experimental work. Thus it is
obvious that tne‘above equations are not relieble. o

" In the case of the reactione of tne¢last,three compounde{
mentienedeith sodium in ligleJammbnia,AChablayuused‘a.molan,A1

ratio of 1 to 2;iand;obtained, askprdducts,'the qleflne"hydro;wa"*”
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carbons from which the di-halides were derived and sodlum hal-
ide. The equations offered for these reactions follow:

(4)
._c_szc:L-_crxzm + 2 Na — CH,=CH, + 2 NaCl

ClizCHBr-CHBr + 2 Na —» GH,CHSCH, + 2 NaBr () "
= 4
CH,CH,CHBr-CH,Br + 2 Na-—» CH,CH, CH CH2 + 2 NaBr

(8) investigated the reaction of three di-

\ Kraus and White
- halides, namely ethylene dichloride, dibromo-ethylene and ortho-
: dichlor benzene, on sodium in liquid ammonia solution. - In the
B case of ethylene dichloride, the results they obtained substan-
:‘tiated those of Chablay, in that they obtained'ethylene and so-

}dium chloride as shown in the following equation: B
OH,C1-CH,CL + 2 Na —> CH,ZCH, + 2 Nacl (®) o
This equation is identical with the one which Chablay offered.
In the study of the reaction in vhich di-bromo-ethylene
was used,'Kraus and White found the products, Whicnfwere pro-
duced, were acetylene, sodium acetylide;;hydrogen‘and sodium
~ bromide. ‘Tnedformation of the acetylene andbsodiun,bronide was
accounted for oy assuming that the following reactions took
pleaces i .
CHBr-CHBr + 2 Na'—? CH.CH +2 NaBr (B)d'
The formation of the hydrogen and the sodium acetylide
was accounted for in two ways.; First the reaction of the .80~
dium directly on the di-halide to give hydrogen, sodium acet-.~
ylide and sodium bromide as 1llustrated in the following ‘
‘equation-

CHBraCHBr + 4 Na —> Hp + NaCEGNa + 2 Napr (&)

“Second, that the sodium reacted with the acetylene formed in
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the reaction to give sodium acetylide and hydrogen as shown
by the following equation:

CHECH + 2 Na — H, + NaCicma (8)

In the investigation of the reaction in vhich ortho-di-
chlorbenzene was used as the di-halide, benzene, orthophenylene
diamine and sodium chloride were found to be the major products.
This reaction was represented by the fOllowing equation:

2 oL+ AN a (@)

O 4 Na + 2 NHg —+06H6+ON + 4 NaCl

The reported formation of benzylamine and dibenzyl by the
. reaction of sodium in 1iquid ammonia on benzal chloride and
the formation of tetra-phenyl ethylene by sodium in liquid am-

(12) complete the inves-

monia on di-phenyl dichloro-methane
tigations which have been reported in the literature on the
reactions of dihalogen deritatives of the hydrocarbons with
sodium in liquid emmonia solution.

Thus it is obvious that even qualitative data on reactlons
of this type are extremely acarce. Nevertheless, itvis pos-
sible to speculate on the type of reactions that might occur,
'basing these speculations on . the theory of reduction as pro-
posed by Kraus and White (8 ) and which has already been ap—
plied to the reactions involving monohalogen derivatives.L

Since the investigation considered in this thesls 1is a
study of the reactlion of benzal chloride and sodium in liquid

ammonia, only the reactions involVing 8 di- halide of the type

:._RCHXZ in which both halogens are attached to an. alpha carbon

‘“q-ffatom, will be . conSidered. |
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- There are many types of reaction possihle when sodium in
liquid ammonia reacts with a di-hslide of the class RCHX,, and
many of these reactlions are quite_complex, resulting in the
formation of hydrocarbons, amines, and intermediate sodium-
organo-compounds. The classification of the many possible type
reactions will be presented under three heads.

I. REACTIONS INVOLVING THE GROUP RCH= AS A REACTANT.
1T, REACTIONS INVOLVING THE GROUPS RCH= AND R?HP?HR
AS REACTANTS. N |
CIII. REACTIONS INVOLVING THE GROUPS RCH= AND RCHy— AS

REACTANTS.

I. »
REACTIONS INVOLVING THE GROUP RCH= AS A REACTANT{
| If the compound RCHX2 is added to a solution of sodium in
liquid ammonia, the- free electrons present in the solution Wouldv
combine with the strongly electronegative halogen forming the
normal chloride anion.\ The organic group RCH" is thus set free
which immediately reacts in one of the following way5°
A, Direct Reaction Between the RCH= Groups.
" Be Reaction of the RCH Group With the Solvent Ammonia.
Ce Slimulteneous Reaction of the RCH= Groups With the
Solvent Ammonia.

A. Direct Reaction BetWeen‘the RCHZ= Groups. The simplest

type of reaction possible would be the comblnation of two of -

the organic radicals thus set free, to form an unsaturated hydro-.'
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carbon, and will be classified as type equation I.
'I. 2 RCHXp + 4 Na —> RCH=CHR + 4 NeX

B. Reaction of the RCHZ Group With the Solvent Ammonia.

Another very simple type of reaction would be the direct union
of the gnoup RCHI with the solvent NHz, resulting in the forma-
tion of a primary amine. 'This reaction will be classified as
type equation II.

II. RCHXp + 2 Na + NHz — RCHpNHp + 2 NeX

Ce. Simultaneous Reaction of the RCHZ Groups With Each

Other and With the‘“Solvent Ammonia. If two or more of the RCHXI

-groups'combine before the reection wlth the solvent takes place, -
v:amines of higher molecular weight than in type II are obtained. |
The simplest case of this type is illustrated by the following
type equation. ’

III. 2 RCHXp + 4 Na + NH, —7 RQH-CHoR + 4 NaX

_ ° NHp ,

There is also a possibility of a diamine being formed, the
solvent furnishing the NH, groups and the hydrogen thus freed
adding to the unsaturated bonds of the RCH<'group thusﬁ

IV. 3 RCHXp + 6 Na + 2 NHz — RCH - QHR + RCHz + 6 NaX

A ‘reaction similar to type IV, but in Whlch two RCH<T groups
:”combine before the addition of hydrogen takes place, is illus-
trated by type equation V. .

V. 4 RCHXp + 8 Nat 2 NH5 — RGH - CHR + RCHg-CHg-R + '8 Na.X

'NHE NHp |
Ir more than two RCH-groups joined before the addition of
o hydrogen, “the reaction would be. illustrated by the following

type equation.
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VI. 5 RCEX, + 10 Na + 2 Nﬁz‘ﬂ'Rgg - ggR +-RCH2-9H-CH2R
‘ : 2 2 . R

+ 10 NaX

This principle exhibited by combination of the RCHX groups
iﬂ type equatibns V and VI would possibly lead to the formation
of long chain compounds of phenyl substituted aliphatic hydrof
cgrbdns. | | » fuf
Thﬁs the reactions that might occur when theAfreed‘RCH;;
group reacts directly with a similar group, with the so;veﬁt;ﬂ
émmonia or by a combination of the two, formiﬁg hydrocarb¢ns,
amines, and both simultaneously in their respective cases, are

illustrated in the type equations I to IV inclusive, as glven.
II.
REACTIONS INVOLVING THE GROUPS RCH<Z AND R?H-?HR AS REACTANTS.

If the free RCHI group reacts with one electron, which 1is
present in the solution, it would form an chp- group as shown .
by the equation: | _ “ |

RCHS + e — Rdge‘ l
This groub,‘possessing one free bond 1is thenvaﬁailable to react

with another similer Ygrd and the presence of the electron

would make possiblé the formation of an independent free radi-

cal. However, since the probability of the frée radical,
RCH—CHR, being formed with two trivalent carbon atoms adjacent,
is exceedingly remote, 1t will not be considered in this.discus-A

sion.
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It‘is, however, ouite probable tnat the above group would com-
bine with another similan group and add sodium with tne forma-
tion of a sodium organo~-compound as shovn by the following .
equation: |

2 que + 2 Na —> RGH - CHR
Na Na

'»ije equetion;VII“mgj:be used to represent the formation of
" this sodium organo-compound.

U VII. 2 RCHX, + 6 Na — RCH - GHR +4 NaX
S Na Na-

Moreoven; it is posSible'for three or more groups to enter
into the reaction with the formation of long chain compounds .
This would be represented by type equation VIII.

+ 8 Na — RCH - CH - CHR + 6 NaX
Na R Na

VIII. 3 RCHX2

Since the intermediate sodium organo-oompounds will react
with further RCHXp, with the formation of NeX, it is obvious

that in the case of RGH - CHR, the two groups RCH—CHR and -RCHI
‘ ~ Na Na

~would be freed for further reaction as is shown by the follow-
. ing equation: »

RCH =~ CHR + RCHX2 o 4 RCH-CHR + RCH-*-2 Nax
a Na

The redction of RGH - CH - ﬁHR would be similar to the above
: Na a ' : ‘

and the type equations developed for the former would be ap~
plicable eléo to this compound.- Therefore, type equations
will be presented for the. reactions of the RCH—CHR and RCHs

groups only, and will be classified under the following head3°
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. A. Reaction Betwéen Identical Groups.

B. Reaction Between the Two Different Groups.

C. Reaction of Each Group Separately with the Soléent
| Ammonia.

D. Simultaneous Reaction of the Groups with Each Other

and with the Solvent Ammonia. |

In order to formulate é type equation for the completed
‘reaction in which RGH - GHR is formed as an intermediate, the
reaction must be considered as taking‘place in two steps, first,
the formation of the sodium organo-compound, and second, the
‘reactioﬁ-of'this intermediate with additional RCHX,. The sum-
mation of these two reactions will then be the type reactilon.
In the following discussion, as outlined abové, the reactions
of the‘freed groups will be showvm by equation, followed by the
type equation for the completed reaction.

A. Reaction Between Identical Groups. Since the R?H-?HR
and RCHT groups are present in equivaient amounts, the follow-
ing equations fepreﬁeﬁt simultaneous reactions:

1. 2 RCH - CHR = RCH - CHR
! ! RCH - CHR

2. 2 RCH{+ RCHSCHR

IX. 6 RCHX; + 12 Na—> RGH - CHR + RCH=CHR + 12 NaX
- RCH - CHR -

‘ B.’Reacticn Between the Two Different Groups. If the tﬁo
groups, RCH<fand R?H - QHR react with each other, a cyclic hydro-
carbon will be formed as shown In the folloWing equation:

ROHS + RCH - CHR —> RCH-CHR
CHR
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Thus the type equation for the completed reaction would be:

X. 3 ROHXy+ 6 Na — RCH-CEHR + 6 NaX
CHR

C. Reaction of Each Group Separately With the Solvent

Ammonia. If each group as freed reactsidirectly with the sol-
vent ammonia, two primary amines Would be formed as shovn in the
following equations:

| RCH{+ NH, ROH,NH,,

RGH - OHR + NHz—> RCHp- cg

The completed reaction would then be summed up in the following
type equation:

XI. 3 RCHX2f+ 6 Na + NHz—> RCHz-ﬁgg RCH2N§27+ 6 NaX

D. Simultaneous Reaction of the Groups With Each Other

-and‘With the SolventiAmmohia. In the case where the groups

RCH\.and RCH - CHR react with each other as well as with the
solyent'ammonia, various combinations are pOSSible., In the fol-
1oWing equatiohs, possible reactions of the freed groups are
first given, followed immediately by the type equation for the
completed reaction.

RCH - CHR + RCHY E NE, - RCH - CHR + RCHS
NHp NE

fXII. 3 RCEX,t+ 6 Na+ 2 NHa-%'RCH - CHR + RCH + 6 NaX

2
NH, NH2

2 ROH - CHR + 2 RCH + 3 NH3—-> RCH - CHR + RCHch-CHzR
NHZ NH2 » R

+ RCHZNHZ
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XIII. 6 RCHX2 +'12 Na + 3 NHS-? RCH - ng‘f RCHQCH-CHzR
NHQ :

+ RCHpNHp + 12 NeX
RGH - CHR + ROHS+NH;—y ROHp- gH—- H-R

XIV. 3 RCHX2 + 6 Na+ VEH, ~> RCH,~E- CH-R +6 NeX
: NHy
2 ROH - CHR + 2 RCES+3 NH;—> RCHZ-GFzR + Rgg - gH -‘IQ\II;IR + RCHpNH,

2" 2
XV. 6 RCHXj + 12 Na+ 3 NHS—§ RCH2 CHQR -;-Rgg & gH - ﬁﬁm
, ‘ 2 | 2
& RCH2NH2 1z Na.X

The type equations VII and VIII have been presented to
show the type of reaction occuring in the formation of sodium
organo-intermediate‘cempounds. The reaetlons, that have been .
illustraﬁed by type eqnetlons IX and thredgh-XV inclusive, are
those which occur on completing the reaction by the addition‘of
‘RCHXZ and which are dependent on the formation of the RCH-CHR
’ and RCH\ groups resulting from the reaction of the- di- halide

on the intermediate compound.
ITI.
i R’EACTIeNs INVOLVING THE GROUPS RCHS AND l{CHz— AS REACT@TS.
If thelfreed RCHi:radieal reacfedﬁith tﬁo elecﬁrons; the
group RCH(e;)2 wonld bewforned as.shewn‘in the following

equation:

RCHS + 2 (e7) —-5 RCH(e')2
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There would then be the possibility of the RCH(e-)_ group

2
adding two strongly electropositive groups, or the formation
of a free radical. The possibility of thé independent exis-
tance of the free RCH radical or the formation of fhe com~

pound RCHNa_ has never been indicated in the realm of organic

2
chemistry and therefore will not be considered in the formula-
tion of type reactilons. quever, if the RCH(e")zlgr'oup adds
the strongly electropositive sodium ion and the positive hydro-
gen ion, there would be formed a mono-sodium organo-compound
as followis:

RCH(e"), + Na' + H'—> RCHNa
Since this reaction requires hydrogen, the solvent must plaj
a part as reactant and there would be a simultaneous formation
of emine. This reaction may then be classified under the fol-
lowing type equation: -

XVI. 4 RCHXo + 10 Na + 3 NH3-+ 2 RCHzNa'+ RGH - CHR + 8 NaX
: , NH; NHy

If additional RCHX2 is added to the compound RCHéNa, the
groups RCHo= and RCHI will be formed along with the sodium
halide. This reaction would be illustrated by the following
equation: '

.2 RCHpNa + RCHX, 7 2 RCHz + RCHS+ 2 NeX |
From this equation, it is evident that the groups, as fréed -

~ -will be in the ratio of two mols of RCH to one mol of RCHZ .

2
These groups will then react as follows'
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A. Resction Between Identical Groups.
- B. Reaction Between the Two Different Groups.
C. Reaction With the Solvent Ammonia.
D. Simultaneous Reaction of the Groups With Each Other
and With the Solvent Ammonia. |
The consideration of these topics will be presented as
in the preéious discussion by flrst showing the reaction of
theAfreed RCHX and RCHé~ groups, followéd by a summation of
this reaction and the reaction in which the intermediate was
formed. It should be kept in mind that the first step of the
reaction produces aﬁ amine which will therefore appear in all
the type equations. |

A."Reaction Between Identical GrOupé. If a reaction oc-

’curs between identical groups, as freed, two hydrocarbons would
result as shown in the equation:
4 RCHp—+ 2 RCHI- 2 RCHp-CHpR + RCHSCHR -
XVIIT. 8 RCHXg + 16 Na + 2 NHz—> 2 RCHo-CHgR + RCH=CHR

+ RCH - CHR +'16 NaX
NH2 ‘NH2
B. Reaction Between the Two Different Groups. If the two

groups react with each other, the following pbésibilities oé-
cur, the formation of hydrocarbons resulting in each case. The'
.type equation for the completed reaction will follow the reac-
tion of the freed groups.
' 2 RCHy— + RCH< RCHQj-gH-CHZR
XVIII. 5 RCHX, + lQKNa'+‘2 NHz— RCHz-gH-CﬂzR + RqH - CHR.
. ‘ - NE RH,

t 10 NaX
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8 ROH; + 4 RCH{IRCHSCHR + 2 RCHp-CHgR + 2 RCHp-CH-CHpR
“ R

XIX. 14 RCHXp + 28 Na + 2 NHz—> RCH™CHR + 2 RCHp-CHpR

+ 2 RCH -CH-CHzR.+ RCH -$HR + 28 NaX
| R NH2 NH2
C. Reaction With the Solvent Ammonia. The reaction of

either group with the solvent ammonia results in the formation

of RCHZNHZ ‘and simultaneous formation of a hydrocarbon by the

addition of hydrogen to the other group. This reaction is shown

as follows:

2 RCHo-+ RCH + -2 NH - 2 RCH2NH2'+ RCH3

XX. 4 RCHXp *+ 8 Na + 4 NH;~» 2 RCHpNHp + RCHS + RCH - guR
NHp NHp
+ 8 NaX

D. Simultaneous Reaction of the Groups With Each Other

and With the Solvent Ammonia. The 2 RCHo— ahd ROH{groups as

freed may react simultaneously with each other and with the
 solvent. This leads to the formation of mono and di-aminés
and hydrocarbons of high molecular weight. These reactions of
the groupé‘and.solﬁent are shown as follows, the derived type
»equatipnvfor the completed reaction being given after each
éduation. |
2 RCHéf-+ RCH(*—NHs-ﬁ RCH2—0H2R.+ RCH,NH,
XXI. 5 RCHXp + 10 Na + 3 NHz—» RCHp-CHgR + RCHoNHp

RCH - CHR + 10 NaX

<+
_ NH2 NH2
4 RCHQ + 2 RCHS+ 2 NH;— RCH - CHR + 2 RCH; + RCHZ-CHZR
NH2 NH2
XXII? 8 RCHXp * 16 Na + 4 NH,—> 2 RCH - CHR +2 RCH,
_ NH2 NH2

+ RCHZ-CHzR. + 16 NaX



21.

2 RCHy~ + RCHI+ NHS—-)RCHQ-%}IHR + RCH3
Ho

XXIITI. 5 RCHXp * 10 Na + 3 NHz =2 RIC\BI;I - f(\)IHR + RCHQ-gHR |
2 Hy
+ RCH; + 10 NaX

Thus the type equation has been presented which accounts
for the formation of a sodium organo-compound directly res-
ponsible for the production of the RCHy— group on further ad-
dition of RCHXQ, and is showm in type equation XVI. The com-
pleted reactions, depending on the reactions of the RCHI and
RCH2~‘groups fefmed'from the above mentioned action of the
intermediate compound with RCHXZ, are represented in type equa-
tions XVII to XXIII inclusive.

The type equatlons I to XXIII inclusive are offered as
‘representative of reactions that a dihalide of the class.RCHX2
might undergo with sodium in liquid ammonia solution. The re=-
-actions of these dihalides, as can be seeh from the above pos-
'sibilities'are obviously combiex, aﬁd as stated in the case of
the mono-halides, many reactions would take place 1in more than
one way and would be represented by fwo or more of the formu-
lated types. |

The study of the reducing action of sodium on benzal chlor-
ide in liquid ammonlia solution was chosen for the following
reasons: | |

1. To add to the knowledge of the action of sodium in

liquid emmenia as a reducing agent on a typical di-
halide of the class represented by the type formula
RCHX2.
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To be the second step in a series of investigations

being planned in the Liquid Ammonia Laboratory of the Univer-

sity of Cincinnati, the first step being the reducing action

of sodium in liquid ammonia on benzyl chloride and carried

out by H. Linford (12)

Se

To determine, as far as possible, the mechanism of

the reaction by a study of intermediate compound formation,

a quantitative estimation of the products formed and to

classify the reaction under the types*ae ‘outlined in this

introduction.

The investigation will be presented in the following

manner.:
1.
24
3.

4.

Materials
Apparatus

Procedure and experimental results.

 Separation, identification and estimation of

reaction products.
Formulation of equations and classification of

the reaction.



23,
IT.
MATERTALS

The benzal chloride used in this 1nvestigation was pre-
pared by the Eastman Company from benzaldehyde and had a boil-
ing point of 95 - 96 degrees C. at 15 m.m. pressure. The ben-
‘zyl chloride that was used in part of the work was also obtain-
ed from the Eastman Company and had a boiling point of 88 - 90
degrees C. at 10 m.m. pressure. |

The sodium employed was Kahlbaum's "éodium‘zur analyze',
Before use, the coating of oxide was shaved off with a safety
razor blade under petroleum ether. The sodium was then placed
in a small weighing bottle fltted with a ground glass stopper
and the petrbleum ether evaporated by a ‘stream of anhydrous ni-
trogen passed into the weighing bottle through a small rubber
tube. This provided an atmosphere of nitrogen for the sodium,
which prevented oxidation and enabled the sodium to keep its
metallic luster while being weighed and until it was used in
the reaction.

The liquid ammonia that was used in carrying out the re- .
actions was obtained from the Mathieson Alkali Company in 100
pound cylinders. In order to insure the use of anhydrous am-
monia as the solvent in the reactions, smallerAlaBoratory tanks
of about 4%kpound capacity contalning 2 or 3 grams of metallic
sodium were filled from the large cylinder. The sodium served
és_a‘dehydrating agént_by reacting with any moistuﬁe that might
be present forming sodium hydfoxide and hydrogen which do not
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interfere in the reaction. The liquid ammonia used as the
cooling bath was employed directly as drawn from the large

cylinder.

IiI.
APPARATUS.

In carrying out reactions in liquid ammonia solutions,
two methods are avallable. First, the reaction may be carried
out in a sealed tube at room temperature, the pressure being
that of ﬁhe vapor pressure of liquild ammonia'at room tempera-
ture, namely 8 atmospheres. Second, the reaction may be car-
ried out below -33.5 degrees C. the boiling point of liquid
ammonia, and at 1 atmosphere pressure. The latter method 1s
more convenient for the reductionvof_organic compounds in 1li-
quid ammohia for two reasons. First, larger amounts of mater-
ial can be used in this method thus furnishing greater yields
of products per reaction. Second, there 1s less danger of a
serious accident occu%éng. Many reactions of this tybe are
very vigorous,'and the heat of reaction causing great pressure
to develop in the tube may result in an explosion. The method
chosén in the following investigation, therefore, is that of
carrying out the reaction below -33.5 degrees C. and at atmos-
pheric pressure and is a modificatioﬁ of that used by White (9)
and Linford (15).
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FIGURE 1

Apparalus for the Reduclion of Orgdnic
Com)oounls in Liguid Ammoniaal
Almospheric Pressure.
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FIGURE 2.

Pipel for the addilion of Organic Liquids
to Sodium in Lieuid Ammonia Solution
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The apparatus used 1s shown in Figure 1 and Figure 2.
A is the tube in which the reaction is carried out,.and has a
capacity of 400 c.c. This reaction tube is immersed in a cool-
ing bath of liquid ammonia contained in Dewar flask B. The De-
war flask is fitted with a three hole rubber stopper through
which passes (1) the reaction tube A, (2) a 4 m.m. glass tube D,
and (3) an eight m.m. glass tube E. Through tube D, air, dried
by passage through a calcium chloride tower, is run to cause
rapid evaporation of the liquid ammonia bath in Dewar flask B.
The 8 m.m. glass tubeiE, is used for the outlet of air and am-
mohia-gas from the cooling bath and leads through a safety bbt-
tle to a bottle of water where the ammonia 1s absorbed.

7 The reaction tube A ig‘fitted with a two hole rubber Stop-
per, F, through which passes (1) a six m.m. glass tube G, and
(2) a T-tube, H, of 12 m.m. glass tubing. The 6 m.m. glass
tube ,G, is used to introduce anhydrous ammonia gas into the re-
action tube,fqr condengation of the solvent in the reaction.
About 2 c.m. of the lower end of tube G, are filled with glass
wool as shown at I to prevent precipitated solids from enter-
ing. The T-tube H of 12 m.m. glass tubing has a6 m.m. side
arm. During condensation of the sdlyent; H i1s closed with a
rubber stopper. The sodium, used iﬁ the reaction, is intro-
duced through H into the reaction tube A. K is then fitted
with a one hole rubber stopper, M, and the buret,. illustrated
in Figure 2. This consists of & capillary tube, N, of lAm.m;
boré, Jjoined to aVZS‘c;c. buret, 0, used to measure the benzal
chléride.. The tube N is ground to a point at P to insure the -

formation of small drops of~beh2al-chloride_when the réaction~
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'is carried out. The buret, O, is.gfaduated in tenths of a c.c.
and may be read in hundredths of a c.c. The buret was cali:
brated by weighing accurately the delivery of benzal chloride
between each one c.c. graduation and betwéen divisions of five
~c.c. It was found that each one c.c. division delivered 1.23
grams of benzal chloride.

The side arm of H is connected to mercury trap J. K is
thé~mefcury reservoir connected to J by means of rubber pres-
sure tubing. The height»of mercury in the trap J may be ad-
justed by raising or lowering K, thus regulating the pressure
in the reaction tube A. Vaporized ammonia from the reaction

tube is led off through L to the water absorbtion bottle.

IV.
STUDY OF THE COMPLETED REACTION

The completed reaction is assumed to be the reaction that
takes place between 1 mol of benzal chloride and 2 mols of so-
dium,Aresultiné:in the formation of 2 mols of sodium'chloride.v
That this assumption ié correct is proved by a quantitative .

determination of the sodium chloride formed in the reaction,
Alaha’by the prééence of benzal chloride ip the reaction product
if this ratio is exceeded. |
| Thé'discussion of the completed reaction will be presented
under four héads,'namely, procedure, separation of réactioh’pro-
duéts, identificaﬁion of reactlion products, and a quantifative
"~ estimation of these products. A brief summary of the results

will then complete the discussion.
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A.

Procedure.

The completed reaction 1is carried out in the following
manner. The apparatus i1s set up as shown in Figure 1, the tube
H being closed with a rubber stoppef. Anhydrous ammonia gas
'is run in from the laboratory'tank through tube G for several
minutes to sweep out air and molsture present in the reaction
tube. Liquid ammonia is then drawn from the large supply cyl-
inder into a Dewar f;eek and transfered by a pressure siphon
| tefDewar flask B, until 8 to 10 c.m. from the top, stopper c
being raised for this operation. Stopper C is then firmly re-
placed and air,‘ppeviously dried by passage through a.calcium
ehloride tower, is run through tube D, its rateibeing adjusted
by a glass stop cock. The dry air is thus bubbled through the
liquid_ammonia bath in Dewaﬁ flask B causing rapid evaporation
with consequent lowefing of'temperafﬁre. In'this'wey, teﬁpera-
tures as low as -40 degrees C. can be obtalned without diffi-
culty. The mercury reservolr K is then adjusted to give about
a 10 c.m. column of mercury in the trep Joe. The_ammonia gas,
bentering reaction tube A undep'lo'qm.'ofbmercury pressure ahd',
at a temperature of -éo-degfees, feadily cohdenses..

~ While the emmonia is condensing, about two grams‘of_sodiumj~v
pfepared aS’described before under materials, are weighed out
‘accurately te one'milligram. When about 200 c.c; of,ammonia~.e
has condensed in the reectioh tube, the air anddaﬁmonia are -
turned off end the sodium is'ihtroduced into the reaction

,through tube H.
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It was found by experience that a two gram portion of
sodium was the most efficient for use in this reaction. if
a larger amount was used, the reaction was so vigorous that
the material splashed to the fop of the reaction tube and could
not be washed down by further condensation of ammonia. If a
smaller amount was used, the advantage of obtaining the maxi-
mum amount of product was lost. The use of two grams of sodium
" resulted in a smooth reaction; any material splashing on the
reaction tube was easily washed down by condensing ammonia on
the walls of the tube. |

After the addition of sodium to the liquid ammonia in the
- reection tube, the buret O is inserted through H and the stop-
per M fixed tightly in nlace. Since in the completed reaction
the ratio of benzal chloride to sodium is one mol to two mols,
the ratio of the weight of’ benzal chloride to sodium is deter-

mined as follows.

CeHsCHC1p 161
2 Na = T T %P

Therefore, for every gram of sodium used there must be added
RS TY ) grams of benzal chloride. Calculating this to volume,

{' there must be added 3.5 = 2.84 c.c. of benzal chloride.

After the buret has been fixed in place the mercury reser- J

Jvoir K is lowered until the mercury column in the trap Jd is a-

e'f:'bout two cm. in height. The air 1s again turned on in the cool-

. 'ifing bath until the mercury in the right hand column of the trap

h ;J rises to a height of 6 or 8 cm. thus showing a reduction of

'i/;?opressure in the reaction flask.
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The carrying out of'the reaction at this reduced pressure
resulted in & smoother action taking place and also eliminated
the need of pressure on the benzal chloride in the buret to
cause it to flow out.

Ammonia gas 1s again turned on at the tank, the rate be-
ing adjusted to give efficient stirring to the solution.in the
reaction tube without overcoming the reduced pressure caused -
by the cooling bath. If necessary, the amount of air entering
the cooling bath was increased.

The stop-cock Q of the buret is then adjusted to allow
the benzal chloride to enter the reaction flask at the rate of
one drop every two or three seconds. The reaction fakes place
instanﬁaneously and ié &ery vigorous during the addition of
the first portion of the benzal chloride. Splashing of the so-
lution often occurs and necissitates an increase in the flow
of_ammonia into the cboling bath, the resulting condensation
washing down the splattered material.

A red coloration in the reaction mixture is noticed soon
after the addition of benzal chloride is started. This red
 coloration increases in intensity as the addition continues,
until 80% of the theoretical benzal chloride is added. At
this point the last indication of the characteristic blue color
of the sodium solution disappears and the solution is a bright
red. At this point also the solution becomes transparent and
a heavyAfloccuient precipitate is visible in the solution.

From this point on, the reaction takes place very‘slowly.
The benzal chloride can now be run in rapidly until the theo-
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retical amount has been added. Evidence that the reaction is
slow during the latter part of the reaction is shown by the
gradual change of color frbm red to yellowish brown on stand-
ing for several hours after the last addition of benzal chloride.
No vislble end point occurs on addition of the theoretical a-
mount of benzal chloride. ‘

After the theoretical quantity of benzal chloride has been
added, the buret is removed and replaced by a rubber stopper in
H. The air and ammonia gas are turned off and the liquid am-
monlia allowed to evaporate from the solution in the reaction
fube,>under a pressure of 6 to 8‘cm. of mercury in trap J. This
evaporation requires about 30 hours. ‘

After the liQuid ammonia has complefely evaporated, the
sides and bottom of the reaction tube are coated with the sub-
stances that were produced in.the reaction and which are light

yellow in color.

Be.

Separation of Reaction Products.

.Thﬁs method of extraction was employed in separating tﬁe
'vafious products left in the reaction tube. The first proce-
duré consisted in the separation of these reaction p?oducts
iﬁtd ether insoluble products_and ether solﬁble products. An-
other prqéedufe establighed the absence of volatile products.

»Each'Wili;now be discuséed under its appropriate heading.
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' 1. Separation of the Ether Insoluble Products..

After the liquid ammonia had evaporated from the reaction
tube, the product was extracted,w1th_small portions of anhy-
drous ether untilino'furthertcoloratiOn-was'notedfin the ether
solution.»'This extraction~was done‘hy decantation; the.fine:
white, ether insoluble product settling out quickly,vallowing
" the ether solution to be poured off through a filter.» Thus
the ether insoluble products were*separated from the ether
‘soluble ones. ‘ ) h

2, Separation of the Ether Soluble Products.

- The separation of the ether soluble products consisted in
thegsuccessive extraction of'an-ether.solution of the ether
“soluble products with water,‘andfdilutehhydrochloric'acid, a
residuelstill remaining inithe ether solution;ivThis separation
will therefore be discuSSed as follows: | -
‘ (a); Separation of water soluble product.
(b). Separation of dilute hydrochloric acid
product.
“(e). Separation of residue.

(a). Separation of water soluble product. The ether solu- ;

‘ble reaction product, dissolved in about '300.c.c. of ether, was
'extracted 12 to 15 times by SOO CeCo portions of distilled water
by - vigorously shaking in a separatory funnel. Some difficulty
was experienced by emulsion formation in this extraction but

was overcome by the addition of 5 to 10 c.c. of ethyl alcohol
which resulted in the breaking of the emulsion and the sepa-

ration of the ether-water layers."



32. (
Abbut 5 c.c. of dilute hydrochloric acid was added to
the water solution, and the water evaporated, leaving a white
crystalline solid. In this way the water soluble amine was
recovered as the hydrochloride salt.

(b). Separation of dilute hydrochloric acid soluble pro-

duct. The ether solution from which the water soluble amine

had been removed was now extracted with two 300 c.c. portions
'of 0;1 N hydroéhloric acid.~‘The ether solution was then washed
by extfaction with water until the wash water gave no precipi-
tate when added to silver nitrate solution acidified with nitric
~acid. This test showed complete removal of HC1l from the ether
layer. The HC1l solution was then evﬁporated leaving as a pro-
duct theAHCl soluble amine hydrochloride.

(c). Separation of residue. The ether layer remaining was

dried for about twelve hours over anhydrous sodium sulfate and
 then evaporated. The remaining product was a viscous yellow
oil. . |

3. Absence of Volatile Products.

The possibility of hydrogen or volatile organic compounds
capable of distilling with-the 1iquid ammonia,'beihg'formed in
the reaction, led to an investigation to establish the presence

or absence of these products. -

v (a). Absence of hydrogen. During severalnreactions,ithe
: gaé issuing from the reaction tube through the side arm of H,
‘J,'(FiggreAl),'was passed through one inch of mercury and enough

: cohcéﬁtraéed hjdrochioricﬂacid £0'completely £111 an éight )
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ounce bottle;'and thenCehto'a gasgburet'standing over water.

The mercury in the bottle acted as a trap to prevent'the-hydro;-'"A

chloric_acid from‘entering the reaction tube andithe concen-
trated,hydrochloric acid abSOrbed the gaseous ammonia. Only
a few c.c. oOf gas were collected in this manner and the gas:
- analyzed by the usual method of combustion showed the absence
"of hydrogen. The small amount of gas collected was undoubtedly -
air that was present in the system, swept out by the stream of
ammonia.

(b). Absence of volatile'organic products. The method

used for determining'the presence or absence of volatile or-
ganic products, was that devised and used successfnlly by
White (9) and'modifiedlby Linford (13) This‘method consis-
ted in the absorbtion of the evolved ammonia gas during the re-
action and the evaporation of the solvent after the completiOn
of the reaction, with the conSequent‘conoentration‘of the vol-
atile component and separation from the'absOrbant.. Qoncen-
trated hydrochloric acid contained in a large flask and cooled
-in ice was used to absorb the ammonia. Application of this me-
thod gave negative results, no toluene~or'othef substance se-
narating. M | ) |

‘These results were further substantiated by allowing the
ammonla gas escaping from the reaction tube to pass upward
over a column of ice, thus being absprbed, the water produced
by the melting ice flowing back into a 1arge flask. The re—'
sults by this method were also negative. | | )

Thus the conclusion was’ reached that the reaction pro-
duced no substances which were volatile With,evapo:ating

'liquid,ammonia,
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C.
Identification of Reactlon Products.

The identification of the reaction products will be dis-
cussed under two main headings, first, the identification of
the ether insoluble product, and second, the identification of
the ether soluble products.

l. Identification of Ether Insoluble Product.

The ether insoluble product was assumed to be NaCl and
prepared for anslysis by thoroughly washing with ether and dry-
ing in the air. Samples were weighed out accurately on a watch
glass and transferred to 400 c.d. beakers. About 100 c.c. of
distilled water was then added, in(which the sample was readily
soluble. The solution was acidified wilth nitric acid and the
chlorlide precipitated as silver chloride. with silvef nitrate
solution. After one hour of digestion of the hot plate, the
beakers were allowed to stand over night in the dark. The so-
lutions were then filtered through weilghed Gooch crucibles and
the weight of silver chloride determined. The results of the
ahalysis of two samples from each of two reactions are’given

in the following table.

Table 1.
Analysis of Ether Insoluble Product.

I. CII. . III. Iiv. Ve

‘Sample Number ‘Sample Grams AgCl Grams NaCl Grams % NaCl
1A L4613 - 1.1197 . 4566 98.98

- 1B - «3210 «7801 «3181 99.09

2A T 3641 - «8838 « 3604 98.99

2B | 2963 J7201 .2937 99.12
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Column;I‘indicates-the sample number, the figure'indi-
cating the‘reactidn and the letter the»sample. Thus samples
| 1A and 1B indicate two semples of the ether insoluble material
produced in the same reaction; Column II gives the weight in
gramé of the sample of the ether insoluble material. The weight
| in grams of silver chloride produced on treating a solution of
the sample with silver nitrate is given in column III; The
“weighﬁ of.sddium chidride which 1s equivalent to the weight of
silver chloride recorded in column III is shovn in column IV.
" These figures are obtained”by multiplying the weight of AgCl by
the factor NaCl v 58.47 = .4078. Column V represents the
percentage §§E§a01,1§§i§gmputed in column IV, in the sample.
‘ Since,thé results of the above analysis give 99.05 as
the percenﬁage of sodium chloride present in the sample, the
conclusion is reached that the ether insoluble product 1s pure
sodium chloride, the deviation from 100% being within the limit

experimental error. '

2. Identiflcation of Ether Soluble Products.

The ether soluble products were identified and will be
discussed as follows: ”
(a). Water soluble préduct.
(b). Dilute hydrochloric acid soluble product.
(c). Residue. | |

(a)} Identification of water soluble product. Fifteen c.c.

of 2 N hydrochloriciéCid was added to the water solution, ob-
tained by extracting the ether solutlon of the reaction product

as previouély'described. This solution was then evaporated to
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& small volume on the electric hot plate and finally to dry-
ness on & water-bath.: The crystalline product obtained in this
_ manner was recrystaliized several times from ethyl alcohoi and'
’,thoroughly dried. The4purified substance possessed the follow-
Ving properties.
l. Colorless
2. Crystalline
3. Soluble in alcohol and water, insoluble in gther
4. M. P. 246 - 248 degrees.CL ’ |
5.TA concentrated aquéqus'sdlution treated with a con-
‘centrated NaOH sélution gave the free amine, a color-
less liquid, insoluble in the concentrated NaOH
solution, posses;ing a strong ammoniacal odor, and
having é bbiling point of 183 degrees C. at 741 mem.
preésﬁréf |
 The aboVe'prOpertiés inéiéated benzyl #mine hydrochloride,
whose melting point is 246 - 248 degrees C. Therefore benzyl-
.aminé with a Boiling’point'of 184 degrees C. is the watervsoluble
cémpbnent of the ether soluble reaction product. A
This‘conclusion was further substantiated as follows. l. TO
a portion of the cdioblesslliquid, obtained by treatment with
| concentrated NaOH was added dilute hydrochloric acid, the hy-
drochloride thus formed being bbtained by crystallization. 2. To
another portion-of the colorless'liquid in-ether solﬁtion was |
‘added ‘carbon disulfide, resulting in a whlte crystalline pre-
cipitate settllng out.
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The abovelderivatives'were also prepared from pure ben-
zylamine obtained from the Eastman Company. Melting points

of these derivatives were now determined as well as mixtures

lof therderivatives prepared from the colorless ligquid obtained

in the reaction with those obtained from the pure benzyl amine.

The results follow. 4

~ Table 2.
Melting POints of Benzylamine and

Reaction Product Derivatives.

I. , II. IIT. o IV.

Derivative’ =  Unknown Benzylamine Mixture
v Lo A M.P_o» NIOP. ’ MoPo

Hydrochloride 246°- 248° 247°- 248° 246°- 248°

J?» - Dithio- , .
£ Carbamic acid 127 127° - 127°
o - h . . N h . E . . . i A -

Colum I indicates the type of derivative. Columns II and III

~ glve the melting points of the derivatives showm in Column'I;

” Column IV reoords the melting points of the half and half mix-

ture of the derivatives whose. separate melting points are given
in Columns II and III. g

The results in Table 2 show that derivatives prepared

,from the Water soluble compound present in the ether soluble ,
reaction products have identical melting points with those pre-tiv o

.pared from benzylamine, and that mixing the derivatives does

not change‘this melting point. Therefore the‘conclusion is



38.

reached that the water soluble component of the ether soluble

reaction products is benzyl amine. -

The formation of the above derivatives is 1lluatrated in

‘the following equations:

CgH5CHoNHp + HCL ) CgHgCHoNHp . HCL

2 CgHCHyNHy + CSp,~—¥ ¢ d=s

NHcH265H5

\SNHzCHoCgHs

(b). Identification of dilute hydrochloric acid soluble

product. The dilute hﬁdfochlorio'acid extraction solution was

evaporated to a small volume on an electric hot plate and then |

to dryness on a water bath. The substance resulting from this

Vevaporation‘oonsisted of crystals and a‘s@ail amount of resin-

ous material.

By recrystallization from ethyl alcohol, pure

' white needle-like crystals were obtained. The resinous mater-

. ial cOuid not be crystallized and was not investigated further.

-It may have been the hydrolytic product of an amine hydrochloride.

The crystals had the following properties°

1.

- 2.
Se
4.
5.

Colorless

Needle-like crystals

Soluble in hot alcohol and water, insoluble in ether
M. P. 244 - 246 degrees c. )

A concentrated solution of the soiid when treated

- with .a solution of sodium hydroxide gave a white

;crystalline precipitate, which, when purified by
‘recrystallization from acetone had a M. P. of

86 degrees C.
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The above properties indicated diphenyl ethylene diamine
hydrochloride with a melting point of 246 - 248 degrees C.
Tharefore diphenyl ethylene diamine whose melting polint is
901',92 degrees C. is the dilute hydrochloric acid soluble
component of the ether soluble reaction products. ‘

| As further proof, derivatives were made from the free
amine as follows. 1. To an aqueous solution of the amine ob-
tained by reaction of concentrated NaOH, a small amount of HC1l
waa added and the hydrochloride obtained by crystallization.
2. To another portion dissolved in ether, CSo was added and
a white crystalline precipitate of the dithiocarbamic ecid sep-

arated. 3. To another portion dissolved in ether, a solution

of NaOH and benzoyl chloride was added. On separating the

ether layer from the aqueous layer, drying over anhydrous so- '

~dium sulfate and evaporating the ether, white crystals of the

benzoyl derivatiﬁe were obtained. These crystals were then
purified by recrystallization from chloroform. The melting

points of all the above derivatives were determined. The

_ following table gives the comparison of the melting points of

these derivatives with those on record ih the literature.
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Table 3.
Melting Points of Diphenyl Ethylene

Diamine and Derivatives.

I. , II. III.

Derivative Diphenyl ethylene Unknovmn
) Diamine IYIQ P.
NI. P (] ’ .

Dihydro- 19

chloride 246" - 24e°cf 120} 450 2av%.
Dithio- | (2 |

carboxy 132°¢. (21) 130°¢c.
Dibenzoyl  287°%. (®3)  2g7°- 28g%c.

Teble 3 gives the melting points}of the eboveveminetde-
rivatives as listed in Column I. ,Colnmn 1T gives the melting
points and references of these derlvatives as recorder in the
iitereture; while Column III gives the meltlng points of the
derivatives prepared from the reaotlon product.

' The results recorded in Table 3 show remarkable agreement
between the melting points of the derivatives prepared from ‘
‘the dilute hydroéhloric acid‘solqble component of the ether sol-
,nhle'reaction'products and the melting'points of the deriva-
' tives of diphenyl ethylene diamine as recorded in the 1itera-
ture. Therefore, the conclusion is reached that the dilute hy-
drochloric acid component of the ether soluble reaction pro-

‘ duct is diphenyl ethylene diamine. |
| 1 As further evidence confirming the identity of diphenyl-

fv%f;ethylene diamine, a complete analysis was made of the hydro-

- ohloride with the results of two determinations shown in the4

t*,;following table.-
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Table 4.
Analysis of Reaction Product.

Diphenyl ethylene  %C %H %N %c1
Diamine
Hydrochloride
Computed 58.95 6.36 9.82 24.88

Found Analysis 1. 62.40 6.90,  9.76 24.80 _
Found Analysis 2. 62.08 6.61 9.71 24.74

The equations for the formation of the derivatives pre-
paréd are as follows:-

CgHs-¢H-GH-CgHg + 2 HCl —> CgHg-GH - GH-CgHg

NHo NHo 1\.1H2 - NHp
Hcl HCI
C-H CH - CHC He + CSo=> CoH-CH = QHC H
6 5NH2 H26 5 2 6 5NH2 NH 615
SH

- + -
SEH CH C Hsi' 2 CGHSCOCl 2 NaOH

Q6H59H - CHCgHg + 2 NaCl+ 2 Hg0

yE =
¢=0  G=0
eHs CoHs

(c). Identification of residue. The ether solution re-

meining after the water and dilute hydrochlorié acid extractions_ ”

~ was dried over anhydrous sodium sulfate for 12 hours and the .
ether carefully evaporated. The substance remaining was & vis-

‘cous yellow 0il with a mild aromatic'bdor. 1Various‘aﬁﬁeﬁpts¥‘
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to produce crystallization and prepare derivatives failéd.

The molecular weight of the yellow oil was then deter-
mined by the freezing point method, benzene being employed as
- the solvent. The values 286.8, 275.7, and 279.4 were obtain-
ed from three determinations. The substance was analyzed for
nitrogen by Kjeldahl determinations, the values found being
1.74 and 1.51%. Since these values_would indicate a compound
“having a molecular weight above 850, it was concluded that the
“compound was & hydrocarbon andAthaf the nitrogen present was
due -to-a smail»amount of amine which had not been extracted.

AAgarbon and hydrogen determination was carried out on two
samples, the;percéntage of cérbon found being 91.66 and 91.17
respectively, and the percentage of hydrogen 7.54 and 7.51 res-
pectively.

A ééaféh of the literature for hydrocarbons with a mole-
cular weigﬁf”around %hat détermined'for éhe Sﬁbstance, having
a percentage composition as shown in the above gnalysis, and
with évbossibility of fo:mation'in‘the reaction, disclosed the

. fact that d,B , Y triphenyl propane possesses the same proper-

"igties_as did thé'yéllow oill. These properties are compared in

~.the following table.
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4.
Se.
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. Table 5.

Comparison of Properties‘of Residue and

d,p,f Triphenyl Propane.

I.
Residue
Molecular weight 280.6
gc . - _91}4ej
% H | i | 7453

Vlscous yellow 011

Mild earomatic odor

Boils around 350 C. with
decomposition and char-
ing _ |
Refractive index 11.6015
at 20 C.

1.
2.

Se

Se

6.

- II. (23)
Q, ﬁ,r Triphenyl Propane

Molecular weilght 273

% C 92.65
% H 7.35
Viscous yellow oil

"not uhpleasant odor"
Boils above 340 C with
decomposition

Not given

In Column I are given various properties of the ether sol-

uble residue obtained from the ether soluble reaction product

after extraction with water and dilute hydrochloric acid.
lar properties obtained from the literature, of &, ,) triphenyl

propane are 1isted in Colum II.

sion was reached that the substance remaining in the ether solu~

~From the excellent agreement of the above ddata, the conclu-

tion after the extraction with water and dllute hydrochloric

~acid. Waso( 2P s )’ triphenyl propane, CaHSCHBCHCHZC

6H5"
C6H5

‘Simi-
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On addition of absolute ethyl alcohol to the reaction pro-.
duct, a very small amount of a light yellow substance remained
undissolved. This substance was removed by filtration and dried.
It appeared non-crystalline and its molecular weight, determined
by the freezlng point method was above 1000; This material was
not"further investigated since the amount produced in one reac-
" tion was almost negligible. |
o D.

‘ Quantitative Estimation of Reaction Products

The'quantitatire estimation of the reaction products will be
‘discussed under two heads, estimation‘of the ether insoluble pro- o
duct, and estimation of"ether soluble products. .

l. Quantitative Estimation of Ether Insoluble Product.

It has been proved that the ether insoluble product is pure
o sodium chloride. Thus the’ determination of this component con-
.sisted in determining the amount of chloride formed in the re-
 action. This was accomplished by addingca mixture of ether and»r

“distilled water to the reaction tube after the liquid ammonia

"'had evaporated and’ separating the two layers. The ether.layer

was again washed with distllled water and this wash water added
) to the prev1ous aqueous layer. Thus the ether soluble mater-

‘1als were efficiently separated from the ether insoluble sodium

o chloride which was removed~quantitatively in the aqueous layer.

o This aqueous solution of-sodium chloride was then diluted ‘to

'p2 1iters in a’ volumetric flask and three 50 CeCo aliquot por-"
tions removed by a 50 c.c. pipette for titration with standard
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silver nitrate,vpotassium chromate being used as the indicator.

The following table records the results of the analysis.

Table 6.

Determination of NaCl.

I. II. III. Iv. Ve vI.

Reaction - CgHSCHCl, NaCl AgNOg NaCl 4
Number GPams Computed Solution Found  NaCl
. 4.920 3.575 6.00 3593 100.50
%. 4.402 . 3.198 = 5.38 3.222 100.74
3 - 3.598 - 2.614 . 4.40 2.635 100.79
Average . 4.307 3.129 5.26 3.150 100.68

Column I gives the number of the reaction. In Column IT
is recorded the weight of benéal chloride ueed in thevreaction.l
Column III gives the weight of sodium chloride that is equiva; ;‘
lent to the benzal_chloride ueed{(_The average number,of»c,c.
of stendard AgNO, solution (1 c.c.=<= .01497 grams NaCl) used in
titrating three 50 c.c. aliquot portions of the aqueous NaCl
solution obtained from the reaction products is given in Colum
IV;' The figuree in'Column V give the number of grems‘of NaCl-

present in each reaction product as determined by the analysis."
-;Thesexfigures were obtained by multiplying the number of c.c..
~ of standard. AgNO. used by the equivalence of the ‘solution and
then by 40 .the" number of 50 c.c. aliquot portions in 2 liters.
In Colummn VI is given the percentage of sodium chloride found |
to sodium chloride computed from the weight of benzal chloride
,used. | ' ' o ' ) ‘ .
The close agreement of the theoretical sodium chloride

,With the sodium chloride found as shown in Table 6, indicates o
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within the limit of experimental error, that all sodium and
chlorine present in the reacting substances, form sodium chlor-

ide and it is thus obtained as a reaction product.

2. Quantitative Estimation of Ethef Soluble Products.

The method of quantitative estimation of the ether soluble
reaction broducts as.identified in the preceeding section con-.
sisted in weighing to centigrems, the products obtained by care-
ful evaporation*of the acidified water extraction, the‘dilﬁte |
' hydrochlorlc acld extraction end the dried ether solution re-
| maining after extraction. " ' : '

Thus the welght of benzylamine hydrochlofide'produced from
the beﬁzylamine formed in the reaCtipn{was'determined. - Like-
'wise,'the diphenyl ethylene diamihe hydroehloride produced from
'fthe diphenyl ethylene diamine formed in the reaction was deter-
‘mihed; The welght of « p,,)’ triphenyl propane formed in the
reaction was thus determined directly by weighing..

The' results and calculations of five reactions are listed
in the foliowing teble. A deteiled desefiption will follow
the teble. |
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| Table 7. | ”
- Anaiysis of the_ Ether Soluble Products.

Z o & & © = H . Reaction Number
@ e e -e e

- . ) 'm N '—' . . >.< .‘
TR A Sodium Grams
O © O O O © H L
©O ® ™M ®’® ® O -

8 2 :g © 3 3 g | Benzal Radical Grams:
BN T R S ., v

Et: g v o » o B Benzylamine Hydrochloride
(NGRS R T« S U oS B Found Grams

S A D‘iphenyl Ethylene_,Diamine
9 8 & : a § pis Hydrochloride Fouxig Grams

’ BT '

Ry -g : 5« d,ﬂ)r Triphenyl Propane

& S & n 8 9 H Found Grams

L e S S < Benzal Radical as Benzgl-
g - S, D S F ~amine Hydrochloride Grams
3 ® 9 ® o © <« Benzal Radical as Diphenyl
S I I Ethylene Diamine Hydro-

c @ H chloride Grams
R - S I E % Benzal Radical as Benzyl
& ,}&, ';_;,‘_‘;p R T A Aming Hydrochloride | |
L~ < - R I - O 4 B'ehzal R’adical as Diphenyl
NS SO AL LS S o gthylene Diamine Hydro- =
®} o F 3 "Chloride ,
ow | YN . % B‘enz;al Radical as
@ B © @ & & o .iq,pr Triphenyl Propane

<3 o o

?3 ,‘? ‘8 8 o E % Accounted for

© O . &® I ® T -
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A description and interpretation of this table is best
done by sﬁecific example. Therefore; the results of Reaction
Number l. will be descriheds. The number of the reaction 1is
listed in Column I. The weight in grems of the sodium used in
this reaction, namely 1.90 grams,‘is listed in Column II.

It has already been stated that for every gram of sodium
used in the reaction there are required 3.5 grams of benzal

chloride. In these 3.5 grams of benzal chloride the welght

CgHsCH x 3.5 ~ _90
due to the organic group CSHSCH‘ is CGH50H012 " * T60.92 X 3.5

=1.95 grams. Therefore for every gram of sodium used in the .
reaction, 1.95 grams of the group CGHSCH\ will be set free to |
enter into the reaction. In Reaction 1., therefore, 1.95 X 1.90

23.70 grams of the residue CGHSCHs.Will enter into the reactims.
This value 1s recorded in Column III.

In Column IV is recorded the welght of benzylemine hydro-
chloride that was actualiy'obtainediby evaporation of the wa-
ter extract of the ether solution of the ether soluble prodncts,
2 Ou grams.

‘Column V records the diphenyl ethylene diamine”hydrochlor-
ide that was obtained by evaporating the hydrochloric acid ex-
traction. In the example this-: was l 45 grams.. .
" In Column VI is given the weight of thed ,f3, r' triphenyl-

| propane that was recovered from the dried ether solution, ‘name-

- ly, 831 grams. ‘ ?'g;,A =

e The . portion Of the 06H5CH\ that Went to form the benzyl-

amine can be computed by multlplying the weight of benzyl-

amine hydrochloride,as determined by the factor CGH5GH\'

06H50H2NH2.HC1
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322—35 = .6272. The figure 1.27 grams, in Column VII, gives

this weight for Reaction 1l., and was obtained thus:
.6272 x 2.03 = 1.27 grams

" The weight of the 06H50H('residue that formed diphenyl ethylene

diamine is obtained by multiplying the weight of diphenyl ethyl-
ene dlamine hydrochloride found by the factor 2 06H50H-
: C HSCH - HCGH5
HC Hci

;gg 6316 Thus in Reaction 1., .6316 x 1.45= .915 grams.

The .915 grams recorded in Column VIII therefore gives the

weight of C_H_CHX that went into the formation ofkdiphenyl

6 5
ethylene diamine. Since the weight of ﬁ' Y triphenyl pro-

pane, as recorded in Column VI, differed from the welight of the

06H50H\~, going to form it, by only 2 parts in 273, or
2 H
CeHscﬁng%HzcﬁHs

, the difference was not computed as the error

introdﬁced does not exceed the accuracy of the method employed.
- The percentage of the theoretical 06H50H<fehown in Column

III, that forms benzylamine, is shovm in Column IX. This was |

"COmputed by dividingvthevvalue in Column VII by the value in

Column IIITend multiplying by 100, For Reaction 1., =— L.27 x 100=

34.5% Columns X and XI record the percentage of Ceﬂzé;?.going
to- form diphenyl ethylene diamine andy , ﬁ Y’ triphenyl propane
respectively and are computed as was the benzylamine. For the
example, the values are 24.7% end 22.5%. Column XIT gives the
total percentage of the 06H5CH~\which is accounted for by the
formation of ‘benzylamine, diphenyl ethylene diamdne,‘and','
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d ,p s ¥V triphenyl prbpane.‘ In React»ion l. the total CGH50H<
accounted for iﬁﬂthe.formation of the above compounds was 8l.7%
of the theoretical C H50H<hs listed in Column III.

In the last hor:.zontal line in the table is given the av-
erage value for each column and is listed in Column I as Aver- ,
age. These values may then be considered a summary of the ‘quan- :

’ltitative estimation of the ether soluble reaction products. -

The fact that approximately 20% of the CgH.CH cannot be

zaccounted for by analysils isvlargely due to loss in extraction.

A considersble amount of product is lost in this method of

*éeparation.
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V.
STUDY OF THE INTERMEDIATE COMPOUND.

| In the introduction'of this thesis, various type equa-
~ tions were de¥eloped which were.to serve as a basis 6f classi-
fication for the reaction of the dihalides of the class RCHX,
with sodium.in liquid ammonia solution. Several of the type
‘éqﬁﬁtiong dePended}onifhe formation of intermediate sodium or-
geno compgunds. _Therefqre, since there was every indication
that an”ihtefmediﬁté comﬁound was formed in the rea¢tion’of
benzal chloride and sodium in liquid ammonia, as will be shown
1afér, a study of this intermediate compound formation was ne-
cessary to classify this reaction. This study will be divided
into three parts, preparation, nature of the intermediate com-
pound and identification of this compound.

A

’Pfeparation.

" In the description of the reaction as it takes place,
as given under Proéedure; it WasAnoted that'the?appearance,of
a bright red colorationkoccurréd shortly after the addition
of benZalAthoride weas started.‘ It was also noted that the
intensity of this red coloration increased until BO%IQf'the
benzel chloride had been added. At this point, the last in-

didation of the characteristic 0paque'blﬁe"color of the free

sodium in solution'disappeared, and the solution became trans-

parent;
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Since the diéappearance of the cheracteristic opaqué
blue color of metallic sodium in liquidfammonia indicates ﬁhe
absence of free sodium in;solutioh end since only 80% of the
theoretical,benéai chloride necessary to furnish‘Chlorine for
the fdrmatién of sodium chloride, has been added, it is logi-
cal to assume that a sodium organo-compound has been.formed .
by combination of tye sédium and the orgapid residue, CGHSCH<'
" This éss@mption is further substantiated by the  bright red
col§r of-ﬁhe solution at this point, this color being char-v
aCte;istid-éf sodium orgéno-compounds (24), (25)

The red end point was not distinct unléss small amounts
of sodium.were'gmployed in the reaction. This red end point
could not be determined accurately in reactions even when on=
ly two grams'bf sodium were uéed,'the heavy precipitate férmed '
rendering the end point indistinct. Therefore to determine
this red end point'accurately"and thus determine the ratio of
benzel chloride to sodium, dilute solutions of sodium were
employed which gave sharp end points. The table which fol-

lows gives the results of these end point determinations.

s
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Table 7. .
lMolar Ratio at Red End Point.
I. II. IIT, Iv. - V. - VII.

Reaction Sodium Theoretical C H50H012 C.H_CHC1l Molar Ratio of
Number Grams C.H_CHC1 at red end ag ?ed eﬁd C H CHC1_  to

675 -2 point point s8a%um af red
Grams ) Grams end point
1. .1380 4392 .31 79.49 4 : 5
2. 3360 956 .76 79.50 4:5
5. 3110 .885 .71 80.23 4:5
4 : 5

Average - 2617 o744 «59 ' 79.74‘

 Column I lists the number of the reaction. In Colﬁmn II
is recorded the weiéht of 'sodium used in the_reéction. Column
III records the number of:c.c. computed from the weight of so-
dium_usedehich would_ﬁe necessary for a complete reaction of
one mol of benzal chioride td'two mols of sodium. The number
of ce.cs oOf behzal chloride necessary to rsach the red end point:
in each reaction is showvn in Column IV. Iﬁ~quumn V appears
the percentage of the'theqreticai benzal cthfidé,lnécessary'
for the complete react;oh; thgt»was used to’ produce the;péd
end point. The molar rétio of:behzai éhloride'to the éddium
for formation of the red compound is shown in Column VI. The
last horiéontal‘lihe gives the average values for the three
reactions. | | L

From the results °f}the above deﬁerminations'the con~.4
clusion was réached'thét, withiﬁ the limits of ekpééimental

error, the molar ratio df benzal chlorideftoiéodium.for
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formation of the intermediate sodium organo-derivative wee 4
to 5. This ratio was then applied 1in carrying out the reactim
with larger amounts of sodium.

. ..

Nature of Intermediate Compound.

The intermediate compound‘is soluble in 1iquid ammonia,
the solution being bright fed in color. 1In liguid ammonia so-
lution,it reacts with benzyl chloride, exhibiting a sharp calor
change to White'when'the benzyl chloride 1s added inba ratio of
~one mol to one mol to the sodium in the sodium organojcompound;
namely 20% of the weight used in the reaction.

When the liquid ammonia is allowed to evaporate after 80%
of the theoretical benzel chloride has been edded, a dark purple
red residue remains. Thils dark colored residue immedliately be-
comes decolorized on exposﬁre to air or moisture. When‘anhydrous
ether is added to the residue with careful exclusion of air, a
deep red solution i1s formed, thus indicating solubility of the
intermediate compound in ether. On exposure to air, this red
solution immediately changes to a light yellow. An ether in- -

-~ soluble product l1s present and when removed by filtration; wash-.‘
ed thoroughiy with ether and dried‘,has a decided pink color. .
The examination of this pink product will be dlscussed 1ater.

~ In order to postulate the identity of this sodium organo—
eoﬁbeund, it is necessary to consider the groups available for‘" »
‘feaction. As the benzal'chlofide.is added to'the sodium'solﬁtion,
'fthe sodium removes the chlorine atoms with the formation of so~‘

© dium chleride and the CgHg

CH\_group is thus available. There al-‘5
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so exists in the solution, Na*'ions, and_the solvent NHgze. The
following equations represent possible reactions that may occur.

I. CgHgOHt 2 Na—) CqH5CH gy, |

+ C.H.CH - GHC.H
6 5NH2 NH26 5

III. 2 G H,CH+2 Na -» 06H5§H QHC o Hy

Since no compounds have ever been prepared containing the
two strongly electropositive sodium atoms attached to the same
carbon atom;;reaetion 1isted as Equation I is not'probable,

~ The sodium compounds listed as products in Equations II
and IIT have been prepared by Schlenk end his co-workeré, and
‘thelr prOperties studied (25). Both compounds react with water
fomiing sodium hydroxide. Both react with’falkyl halides with
the formation of the sodium halide. When sodium tenzyl reacts
with an alkyl halide, it.does:so acoording'to‘the‘following'
equation. _ -

(24) (25)

(A) CGHSCHéNa-+ RX — NaX + C6HSCHéR

The reaction of disodium;stiibene with alkyl halides.is pecu-
liar in that two hydrooarbons are formed as shovm by the fol-
lowing equation: ’ |

675 675
These reactions and properties of known sodium organo-compounds

(B) CGHSI%H I(!;HCGHS-P 2 RX'-) C.H.CH=CHC H_-+ R-R + 2 NaX

were of value in determining the identity of the intermediate

compound.
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Identification of Intermediate Compound.

The identification‘of the intermediate compound was &ac-
complished by a study and analysis of the ether insoluble pink
reaction product and a study of the reaction of the red inter-

mediate with benzyl chloride.

l. Analysis of Ether Insoluble Reaction Product.
' It has been mentioned preViously that an ether insoluble-
product was formed when the liguid ammonia solvent was allowed
to evaporate after 80% of the theoretical quantity of benzal
chloride’ had been added. This compound was separatedubj:extrac-
ting the reaction product‘with‘ether, thus removing the ether
soluble products of the reaction. After complete washing with
ether this product was dried in eir. Vhen wet with ether, this
compound was a deep rose color and'when'dryiuas‘pink; Since it |
wes logical to assume that the sodium chloride that was formed
in.the reaction would be present in~thisketherbine01uble pro-
duct, it was concluded that this pink substance conéisted of so-
dium chloride crystals in which some of the red intermediate v
compound had been mechanically enclosed.-

Therefore, if ‘the above conclusion is correct the weight
of the sodium chloride’ present plus the weight of the intermed-
.»iate,compound should be equal to the weight of the pink compound

robtained in the reaction. The weight of ‘sodium chloride could _
o be determined by titration of a solution of a sample of the pink

compound with standard silver nitrate. Since a sodium organo-
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- compound reacts with water to form sodiﬁm hydroxide, the weight
of sodium hydroxide formed in a solution of the sample could be
determined by titration with standard acid and from this the
weight of the sodlum organo-compound computed. In the table
following are given the results of such an analysis of the

pink substance from three different reactions, and a compari-
son of the sum of the weights of sodium chloride and sodium

" organo-compound, computed‘as (06H5CHNa)x, with the Weiéht of

sample.
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_H.W.UHQ 8.

Analysis of Ether Insoluble Product.

I. II. III. Iv. V. VI. viI.  VIII.  IX.

Sample Product AgNO NaCl Acild Aommmomzmvw NaCl and  Variation Varilation
Number  Grams Solutfon Grams c.c. Grams (CgHsCHNa) from Sam- %
- CeCe : o _ “Grams . ple Grams ,
1A J7950  36.65  .5486 42.50  .2423 - 27909 .0041  0.515
1B .4166 19.50  .2919 21.80 1243 4162 . .0004 0.096
A .3592 20,00 - .2994 9.50 .0542 .3536  .0056 1.559
BA. 6287 26.50  .3967 40.10 .2286 6253 . .0034  0.504.

3B .5246  22.00  .3293 34.20 1950 5243 0003 0.057

Ave.  .5448 - o 5421 .0027  0.495
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In Column I is shown the sample number. This number al-
so ShOWS the reaction from which the sample is taken. Thus in
}samples 1A and iB the gigﬁres indicate the reaction and the
1etters-indicate separate samples ffom the same reaction. Coi-
um II 1s a record of the welght of the samples analyzed in
grams. The volume in c.c. of standard silver nitrate (1L cecoe==
01497 grams NaCl) necessary to precip?tate the chloride as_
silver chloride, potassium chromate being ueed és the indica-
tor, is shown in Colummn III. The weights of sodium chloride
in grams, which are equivalent to the etahdafd eilver nitrate
used, are shown in Column IV. Column V records the number of
c.c. of stahdard sulfuric acid (1 c.c.=<=.005701 gréms'(C6H50HNa%c)'
necessary to neutralize the sodium hydroxide formed in the so=~
lution of fhe sample, methyl orange being used as the indicatar.
In Column VI 1s showm the number of grams of the compound |
(C H CHNa)_ which is equivalent to the weighf of sodium hydrox-
ide as determined in the acid titration. The weight thus de-
termined is'independeqt of the value ofbx, within the 1iﬁit
of experimental error, thus representing either sodium eenzyl‘
or disodium stilbene. In Colwm VII is recorded the sum of
the welghts, in grams, of the sodium chloride and (C6H5CHNa)x
as determined by the analysis. Iﬁ Columns VIII and IX are
shown the deviation of this sum shown in Ceiumn VII from the
welght of sample taken, shown in Column II, in grams and per--

centage respectively.
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Thus, the remarkable agreement shown. between the sum

of the sodium chloride plus the computed weight of (C.H CHNa)

6-5
gives strong support to the assumption that the pink product

consisted of sodium chloride in which was mechanically enclosed
the red intermediate compound, and that this red compound could

be disodium stilbene or sodium benzyl.

2. Reaction of Benzyl Chloride with Intermediate Compound.

It was decided to study the intermedlate compound by the a
'?preparation of derivatives using benzyl chloride as the organic
halide. Benayl chloride was chosen for the following reasons‘
1. The addition to the reaction tube could be made con-
veniently from the buret. -
2. The reaction of the benzyl chloride took place readily
with the intermediate compound a distinct end point .
occurring when the theoretical amount had been added.
3 The products of the reaction should be ctystalline
solids. » o
This reaction wlll be studied under two heads; procedure and
_identification of products. A

(a). Procedure. In carryingvout the reaction of benZyli

’chloride'with”the intermediate compound, the procedure followed
:up to the red end point ‘where 807 of the theoretical benzal
'chloride had been added was identical with that followed in
carrying out the complete reaction., At this poznt the buret

”containing the benzal chloride was removed emptied, washed

‘dff,with alcohol and ether, . dried, and refilled with- benzyl chlor-

ide. The buret was them replaced in the apparatus and the j]lfit

‘ ':,,_theoretical quantity of benzyl chloride was added.»,Theeliquidi,:r~l.
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ammonia solventVWas then allowed to'evaporate"and;the'product;
v:eitracted with anhydrous.ether. The ether was'then‘evaporated
from the solution. On cooling, crystals separated mixed with
‘a viscous yellow oil. v

| The crystals were separated from'the yellow oil as com-
pletely as possible by suction filtration. After crystalliza~
tion several times from ethyl alcohol the crystals were ob-
tained as glistening white'plates. The above crystallization
was carrled out from‘concentrated solutions and the crystals
obtained consisted of allﬁthe‘crystalline.substances formed in
the reaction. 'A 4 | e i

| Fractional crystalization was. then employed in an endeavor
_to separate crystals of two different substances if present in
‘the purified crystals from the reaction.. Dilute - ethyl alcohol

solutions were now used instead of concentrated and the first

second and third crops.of crystals carefully separated. Afteri. e

a number of separations of this type, two distinct crystalline
compounds were isolated. o ' '

(b) . ' Identification of products. The first crop of crys-

tals wnich were obtained in the fractional crystallization »
melted sharply at~123 degrees C. When boiled with acld po- .
tassium permanganate solution, benzaldehyde was formed recoge
: nized by its characteristic odor. A solution of. these crystals
‘in carbon tetrachloride, to which bromine had been added, when
"boiled and cooled deposited white crystals that melted at 236

degrees Ce.
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The properties of this crystalline reaction prodnctvas o
described above are identical with stilbene*whoseumelting pOintti"
is 124 degrees C. The bromine derivative which was'prepared~wae
stilbene dibromide whose.melting point 1s 237 degrees C}‘ A melj'»
ting point'of a mixture of equal parts of the crystals obtained
 in the reaction with the crystals of pure stilbene secured from
the Eastman Company was determined as 123 degrees C., thns com=
';pleting the identification of ‘the compound as stilbene.
| The other crystalline compound obtained in the fractional
) crystellization possessed a sharp melting pOint of 52 degrees C.
This compound mixed with an eqnal amount of dibenzyl which also
has a melting point of 52 degrees C. showed no change in melt-
 ing point the mixture also melting sharply at 52 degrees Ce
Thus, this compound was identified as dibenzyl.
. The identification of stilbene and dibenzyl in this re-
‘action leads to the conclusion that the intermediate compound
is disodium stilbene, 05H59H - §H06H5, as the reaction of this A
- compound with benzyl chloride would take place according to the
equation (B) in the following manner:

06H5CH - CH06H5-+ 2 Ceﬂscchl-*'C6H5CH-CH06H5

Ne fia

| CSHSCHQCH206H5'+ 2 NaCl

3. Conclusions. ) ‘ _ L
| - From the general properties exhibited by the intermediate i
-compound formed in the reduction of benzal chloride with sodium
:"in liquid ammonia solution, 8 sodium organoecompound,is indicat-
-ed.'jThelresults’obtained.by the snalysis of this compound, me-

- chanically enclosed in the sodium chloride crYStale formed in the
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reaction, limited the identification to compounds heving the
formula (C6H50HNa) Further study in which the reaction of
benzyl chloride with the compound waspcarried out, showed

characteristic properties of disodium stilbene and thus x = 2.

vI.

Summary of Experimental Results

The facts derived from the experimental results of this
k: investigation le d to the following general conclusions.
1. Benzal chloride reacts with sodium in liquid ammonia
5 solution in the ratio of one mol ofithe chloride to two mols
of sodium. ‘ -
2. Sodium Chloride is formed in the reaction in the amount |
equivalent to the weight of sodium used in the reaction.
Se BenZylamine is e major reaction product and is formed
to the extent of approximately Sso of the organic group 06H5CH\
added, as determined in the experimental estimation. |

tnodwcj'
4. Diphenyl ethylene diamine is a magor reaction,K and is )

formed to the extent of approximately 20/ of ‘the orgazic group iﬁﬁ
;CGHSCH‘ added._; N A
d,fB, f;triphenyl propane is a- magor reaction product
and is formed to the extent of approx1mately 267 of the organic iv
group Ce 5CH\added.

6._Strong evidence has been presented to show that disodium .

*stilbene is formed as an intermediate compound in the reaction
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and that when the molar ratio of benzal chloride to sodium is
4 to 5, all the sodium that had not formed sodium chloride is
combined with the organlc residue. - ‘
7. The approximate 20% loss of the organic group 06H50H<7
as determined in the experimental procedure, was due to loss
of material during separation of the individual components of

the reaeition mixture.

VII.
MECHANISM OF THE REACTION AND FORMULATION OF EQUATIONS

The ih§estigat1on'has shown that theAproducts, sodium
chioride, benzylamine, diphenyi ethylene diamine, and(,3 ,/)
tfiphenyl propane are formed whén éddium in liquid ammonia
reaéts on benzal chloride in the molar ratio of 2 to 1. It
has also_shdwn»that an intermediate stage occurs in the reac-
tién in which disodium stilbene is formed as an intermediate
-pﬁoduct; -v | | |

If this reaction is compared qualitatively to the'typé
reactions which were presented in the introdﬁction, it is
found to fall under type XIII, which follows: :

6 ROHXp + 12 Na+ 5 NHz;— RI%H - GER + RCH,CHCHoR
Hy, NHy

+ RCH,NH, * 12 NaX



65.
Type XIII is the completed reaction of the intermediate stage
represented by type equation VII:
2 RCHX2+6N9.-?RCH- CHR + 4 NaX
Na = Na
If the stoiciometrical relations of type XIII are com-
pared to the quantitative estimation of reaction products as

-shown in the experimental results (page 47), it is found that

the:two do not agree. Thls comparison may be shown as foliows;f.ae

Table 9.

Comparison of Stoiciometrical Relations.

Percentage of Original GGHSCH(
I. . II. . III. = IV.
Benzylamine Diphenyl &,B8/Tri- Total
Ethylene Phenyl
Diamine Propane

Type equation

XIV : 16.67% 33.33% 50% - 100%.
Experimental - ' -
Determination 36.3% . 19.3% 26.3% 81.9%

From the results of this comparison, the conclusion is
reached thatﬂthe'reactiOn of benzal chloride and sodium in 1i-
quld ammonia does:nof permit classification under type equetion\
”XIII.‘ It is also concluded that the reaction must take place _.
 in more than one vay and must therefore be compared to a com-‘

" pination of types. I
~ When the benzal chloride is added to thevsodiuﬁ soldtion.

i e =
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it was noted that the characteristic red color of the di-
sodium stilbene appeared almost immediately. This_indicates
that the reaction is taking place, at least partly, according
to type equation VII. It is, nevertheless, logical to think
that another rea;tioh ié occurring simultaneously, probably
'according to type equation I or IT with formation of stilbene
or benzylamine fespectively. The results of the analysis bf
the reaction product lead to the conclusion that type II. is
repreéentative of that action as follows: |

RCHX, + 2Na + NH;—> RCHoNH,+ 2 NaX
Therefore types II and VII'may be combined in the following
Way to represent the first stage'of the reaction'betwéen

benZél chloride and sodium in liquid ammonia.

6 CGHSCHClz + 16 Na + 2 NH3-9'2 CeﬂsggéﬁgcsHs

S 2'06H50H2NH2 + 12 NaCl
In the second step of the reaction, the two molecules of the
disodium stilbene formed, can then be assumed to react as in
type equation XIII as follows: -
2 CG 50H EHC H + 2 C6H5012-9'2 06H5CHCHC6H5 . R CsHsCH-
S+ 4 NaCl V (a)

2 06H50HCH06H5 + 2 CgH;CET+5 WHg = OgHzGH - GHOgHs
S NHp NHp
- CGH5CH20HCHBCSH5+ CeHsCHaNHp  (b)
’ H
675
 The summation of the first and second stages of the reaction .
give the follow1ng equatlon es representlng the completed

reaction'
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8 C.H

6 5CHC12-+- 16 Na + 5 NH -3 CGHSCHzNH2-+ c H50H - CH06H5

< NHp NHp
o+ CsHSCHéCHCH206H5-+ 16 NaCl
Cells
If the stoiciometrical relations are now examined, they are
found to compare favorably as may be seen in the following

table.

Table 10.

Comﬁarison of Stoiciometrical Relations.

Percentage of Original 06H50H<fGroup Present in
I. - IT. III. Iv.
Benzylamine Diphenyl «,BYTri- Total
Ethylene Phenyl
Diamine = Propane

Equations as
Presented

- Combination of

IT and XIV 37.5% 25% 37.5% 100%

Experimental
Determination 36.3% 19.3% 26.3% 81.9%

Percent - '

Deviation ~ 3.2% 22.8% 29,99 18.1%

 ‘The dlstribution of bhe 18.1% loss in the quantitative es-
timation of the reaction products is very 1ogica1 in this

- study of the stoiciometrical relationships. In the experi-
mental procedure of separation of these products by extrac-

’ tion, the benzyl amine was first obtained with little oppor-
tunity for loss. The estimation of the diphenyl ethylene dift"
emine was subJect to greater error in the extraction due to.

loss during the ertraction of the benzylamine. -Likewise the -
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_q,(a, y triphenyl propane was subject to ithe greatest loss
during the extraction. These facts are logical reasons for
the increasing deviation from the theoretical percentages
as noted in the stoiciometrical comparison. ‘Frém the evi-
dence presented, the reducing action of sodium in ligquid
ammonia on benzal chloride can be classified under the type

reactions II, VII, and XIII.

VIII.

SUIMMARY.

1. Type reactions have been developed for dihalogen de-
rivatives of aliphatic hydrocarbons in which the two halogen
atoms are attached to the same carbon atom in the « position.

2. A mechanism for the reducing action of sodium in 1i-
quid ammonia on benzal chloride has been presented, based on

experimental investigation of thils reaction.
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