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The sandmeyer Reaction {unitrile); with rara-toluidin-

meta-sulfonic acid

The original purpose of this work was to study

compounds of the type, ﬁ

ch, 1
[jjjc‘\
i Q
with a view to their use as indicators. The homologous
compounds prepared from benzenesulfoniec acid are of
course well known, being first prepared by Remsen and
his pupils who gave them the name "sulfonethaleins",
The compound,whose formula is given above, was Prepared
by Lyman in 13894 { Am, Chem, J, 16,513 et seq,}, le
called it "phenol-para-methyl-sulfon-pthalein” and noted
that"in alkaline carbonates, more readily than in caustiec
alkalies, it dissolves to a red liquid much like an alka-
line solution of phenolpthalein", (loc, cit, p, 516}, W
further reference to the compound has been found in the
literature.
Lyman prepared this substance from sulfo-toluic acid,
cts

whieh he prepared according to the method de-

seribed by Randall in 189t { Am, Ch, J, 13,256
S0z H

CooH et seq,). andall prepared the acid from meth-



¥l saccharin,
O~ W H
EH; co

which he obtained from the Badische Anil-
in Soda Fabrik, the owners of the patent on the substance,
(D.R.,P, 48583), The process described is as follows,

(B. 22,v0l,3, Ref, 7195,
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It seemed likely that it might be bossi*le %5 fol-
CHs

low this procedure as far as the compound, and
by drolyols to form e Inas- mueh
<3
S0,/
as had not been de- 3% “seribed
50 H
X~ éw’cept in Y the patent literature,
4

{loe, S cit,), it was thought desirable to attempt

to isclate it,

The first step, the sulfonation of p-toluidine,
was first carried oub by von rechman { A. 173,195 etseq.),
His methoa was to use rfuuwing sulfuric acid, heating the

sulfonating mixture to 150° until 30; began to come off,

ro



Ul

This method was itrie& with substantially the same result S
as von Pechman describes., The two acids Scbf/
were formed_in about equal quantities.

{ The eacids are differentieted by their urysballlne prop-
erties and form, the ortho gecid being heavy rhombic crys-
tals and the meta acid light, fluffy needles, See v, Fech-
man, loe,cit, 197, &lso Lietealf, Am, Ch, J, 15, 303) Con-
siderable residue without easily identifiable crystalline
- form remained and there was evidence of considerable char-
ring, The yield was very poor - less than 20%,

| Neville and Winther also investigated the sulfona-
tion of p-toluidine { B, 13,1947.), Their method seemed
on the whole the most satisfucltory and with some modi-
ications was used in this work, The reaction was less
violent and more easily controlled, Charring was pract-
ically eliminated, the acid was lighter in color and the
yield was mueh improved - 306 - 35%,

Seperation of the sulfonic acid by the use of

barium hydroxide seemed most satisfactory although

voth lead and calcium salts were also tried, The lead
salt of the sulfonic aeid refused to crystallize out,
Only a sticky, oily liguid resulted,{For Ca seec exper-
imental part)., Sincemsome toluidine sulfate is also
presenf”the acid caﬁnot be crystallized from the first
solution, Qﬁile the alkali salts are all so scoluble

that they can be crystallized only with difficulty.



(see letcalf loc; 61%. 3

1t was decided,at first, to carry out the diazo-
reaction in alcoholic solution as described by lLietealf
{loc, cit, 304), A trial showed Fhat the method was SlOV9
unsatisfactory and rather wasteful of sodium nitrite, In
subsequent experiments the sulfonice acid was diazotiised
aqueous solution very satisfactorily, The diazonium com-
pound is gquite soluble in water at room temperature but
is only slishtly soluble in water at 0 - 59, At the latter
temperature it separated out as a pinkish white, granular
to flocculent precipitate,

The Sandmeyer reaction was first attempted accord-
ing to the method used for the formation of p-tolunitrile,
given by larry Iisher, {Laboratory ianual of Crganic Chem-
istry, P, 187). Dark colored solutions were the result,
showing much tarry matter and gummy material on evapor-
ation, Neo crystallization of any value could be performed
from any 2f these Preliminary experiments,

liantseh (B. 28, 666) show that the diazo cyanides

may exist in two forms,
Syn- anti

P

:ie further showed that the sya- forms are formed at low

N~
s

o0

temperatures ( below 5°) and that they go over on stand-
ing to the anti- forms especially at hisher temperatures,

ile also showed that the syn- forms decompose on the addit-



ion of copper powder according to the equation,

C
B 4 V=N
\ cv

\ /
V=N

{loc, cit,) Since the ordinary Sandmeyer reaction gave

cV

such inconeclusive results, the formaiion of Hantsch's

syn-diazo cyanide was attempted, Theoretically the reac-

tion should/%e, CHs CH3
CU Powal
t KW e e o + V=
c/ SOz H v S0z H SOz H
' ! / / oy 's
N=x =K X

However ho gas was Biven off even on heating the solution ;
It would seem probable that this is & case of steric hind-
rance and that the rate of formation of the syn- compound
at these low temperatures is very small, Hantsch worked
Principally with sulfanilic acid in his experiments and

as far as I have been able to determine, the reaction uas
not been carried out with a sulfonic acid group ortho to
the amino group.

Since ilontseh™s method gave no useful results a
method for making pP-tolunitrile given in Urganic Syntheses
Vol IV p, 69 was used, This involved first forming a sol-
ution of HaCu(CH)E, ¥our runs were made varying the con-
ditions as follows,

1. Dédazonium solution rneutralized and run into

alkalin HaCu(CH}Q.



2, HaECUB added to the Halu{Cli)}p solution

and diazonium salt suspension added at room
temperature, I'ixture heated to boiling,

3, Same as 2 except thal the cyanide solu-

tion was boiling when the diazonium salt was
added, Boiling continued for fiwe hours,

4, sSame as three excepl that evaporation was
done in a more acid solution.

The first method was not satisfactory, “There was
apparently little or no decomposition, The second method
was also unsatisfactory, but not for the same reason, The
copper salts crystallized out along with the produet and
were Aifficult to remove, The third method yielded a
considerable quantity of peaper thin, dark red, hexagonal
Plates, These plates fused to a brown liquid on platinum
foil and finally charred , giviéng an odor resembling nit-
robenzene, They became opaque and white on standing but
retained their crystalline form, Qualitative tests gave
the following results,

N -=- Present
O == Present
l.alogen - a tirace,
The halogen test was very faint and might easily have been
due to IaCl occluded or dried on the surface of the cry-
stals.

The fourth method was essentially the same as the



third, 4 fresh uwaCu{Cl), solution was made up and the
solution boiled as before, iore acid was added %o pre-
cipitate the copper salts than in run o, 3, Conse-
quently boiling to remove H>S and to evaporate was done
in & more acid solution . Concentration was carried
further than in pPrevious experiments and on cooling the
dish became filled with long thin needles almost forming
a thin jelly. 6m filtering off and redissolving and
allowing them to recrystallize slowly from dilute sol-
ubtion the seme thin hexagonal plates appeared as before,
These, howeve;,were lighter in color { nearly colorless).,
Un drying they lost water and became opadue, This phe-
nomenon was also noticed on dissolving them in water by
the aid of heat. They first seemed to lose water and then
to dissolve. In cold water they dissolved without be-
coming opaque,

An analysis for nitrogen by ihe Gunning-irnolé- Dyer

modification of the i{jeldahl method gave the following

results,
I  6.25% 0
II 3.4%
I1I 5.65%
_CHz (1)
Caleulated for Cgliz = SU3I(3) Tats
CN- (2)

1y
Calculated for Cgli,— 503la (3) 6.4%
{4)

Determination N¢., II was not reliable since the mercury
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used as a catalyst in the oxidation process was not com-

w

Pletely precipitated as HgS, Some of it came down on 2dd-
ing water to the oxidation liquid and when Ma,S was added
a light brown precipitete formed instead of a black one,
The presence of sodium in shburdant quantity was proved

by the potassium pyroantimonate test., { lioyes, «umla-

-

itative Chemiecal Analysis ¢th ed, P, 128), This analy-
sis would indicate that the hexagonal plates were the
sodium salt of the Para-nitrile of meta-toluene sulfon-
ie aecid.
The crystals are probably tricliniec althouzh

it is difficult to say definitely, since the crystal
measured had wery low symmetr;, lLeasurements of the
face angles are given on the following page, { The
measurements were by !r., Linus rauling of this
lsboratory)

In order to discover to what extent the rcaction
soes to completion, a decomposition was carried out
in the apparatis shown in the figure, The result of a run
using fourteen-grams of the sulfonic acid were as fol-
loﬁs,

-

by absorption

(@]

No Ul was given off, This was teste

5
in stenderd Iiz30, and back titrating with standard JaCli.

This would not give dependable results if the amount of

Ui were very small, Consequently the acid was made alkaline

e
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snzle between the corresponding faces,



anc distilled, - with the same results, The gas measurem
ments were not so conclusive as the absorption system
used was not completely absorptive nor were the connect-
ions completely airtight. The data obtained were as

follows,

Air displaced by heating to boiling, _-----3ub65 c,c,

Alr displaced Quring addition of diszonium

compound , —~==--- 15540,

During the boiling and refluxing a steady leak kept up

so that the figures on the geses evolved are inconclusive

beyond the point given above, The gas evolved during the

addition corresponds roughly to the theoretical. volume

of nitrogen which should be given off during the rcaction

{ Theoretical Witregen--- 1700 c,c.Y.

For future work on this point it might be suggested
that a similar appraratus be used but with a more efficient
absorption Bottle and better gasometric appliances,

Eonclusion;

From this work it may be concluied that the Sand-
meyer reaction on p-toluidine-m-sulfonic acid goes near-
ly to completion, ¥rom the manner in which the experi-
ments were carried out it would seem likely that lantsch’'s
diazo cyanide was first formed but is at ornice transformed
into the nitrile with the loss of NZ’ these conditions
being brousht about by heat and alikaline solution (see

lantseh, B. 28,606 et sefl,?)

11



This work was carried out at the suggestion gnd with

the aid of +rofessor I',J. Lucas, to whom many thanks are
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due fo
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whatever success may ave been gttained in it,
The aid of !'r, Linus tauling, who made the crystallo-

graphic measurements, is also much appreciated,

nxperimental rfart,

Sulfonation of p-toluidine

One mol of HoSC,(as corcentrated sulfuric acid)
was Placed in a 1504 c,e, flesk equipped with a mech-
anical stirrer and a thermometc¢r, and surrounded by a
cold water bath, 107 gms; of p-toluidine (one mol)} were
melted and poured very slowly into the sulfuriesacid,
stirring all the while., The flask was cooled as often
as necessary to prevent the rcaction from becoming too
violent. When all the p-toluidine had been added the
water bath was removed and the flask heated to a temper-
ature of 2109 - 2500 and kept there during the remainder
of the reaction. ( .. naked flame was used in this ex-
Periment but an oil bath would probadbl; work hetter es~
pecially as the reacting mass bhecomes more nearly solidj,
The heating was continued over & period of about two
hours during which time the contents of the flask became
gray-green in color and expremely viscous, ‘hen they

.

became too thieck to stir the stirrer was removed and the



heating cautiously continued until the mass wgs nearly
ready to solidify in the flask, The contents were then
emptied as completely as possible in to cracked ice
{ about 500 e,c,), The portion that solidified in the
flask was washed out when ccol, using the minimum
quantity of water., The whole mixture wes then set aside
ﬂor twenty-four hours to crystallize as completely as
Possible, The resulting crystal mass was separated from
the spent acidby suction, { The spent acid contains some
sulfonic zcid which may be removed)but the quantity is
quite small and is hardly worth the trouble and material
to obtain it, In case considerable quantity of p-tolu-
idine were sulfonat~d it might pay to do so, in which case
the same procedure can be used as for the crystallized
portion,) The crystals are dissolved in 1500 c,c, of wat-
er in a three liter flask and % mol of Ba{OH), added
plus about 20s% or enough to completely precipitate the
sulfuric acid remaining with the crystals, (BaCO§ may be
used but the mixture requires boiling and is somewhat
troublesome on account of the gases evolved, Cao forms
CaS04 which is soluble enough %o remain in solution and
crystallize out wikh the sulfonic acid,) the Bald0, is
filtered off, the Precipitate wasched twice by boiling
with water and filtering and adding the washings to
the filtrate, {Any toluidine not rcaeting can be recov-

ered by distilling the Ba precipitate with steam, This



LI

affords a good check on £he completeness of the reaction,
About <0 gms of toluidine were re-overed in the run de-
scribed,) The filtrate was now a 1light yellow ligquid
and slightly alkaline in reaction., Dilute Hr504 was then
added until a precipitate ceased to form { & slight excess
does no harm), The barium sulfate was filtered off as be-
fore and the solution { now about three liters) was e-
vaporated to about 80U e,c, and set aside to crystallize,
After about twentyfour hours the dish was filled
ﬁith long needles,light yellow in color, Their bulk is
deceptive for they shrink tremendously on filtering,
Successive crops of crystals were taken off eslyq day
uwntil microscopic examination showed that other subs-
tances were crystallizing out in quantities comparable
to that of the sulfonic acid. Reerystallizing gives
a lighter colored product, Yield, 60 - 65 gms of
p-toluidine-m-sulfonic acid, 33% of theoretical, { If
the final mother liquor is evaporated to dryness and saved
and combined with similar residues from other runs, and
recrystallized again considerable more sulfonic acid may

be recovereéd.)

Lreparation of tQluegg-meta-sulfonic acid para-diszonium

chlorjde.

As the para-toluidin-meta-sulfonic acid was obtained
it was a coarse crystalline powder., In the Preliminary

exPeriment, ten gms, of the acid were placed in a 600
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¢,c, beaker surrounded by ice water, A mechanical stir-
rer was provided and 100 c,c, of water were added to the
acid. 3.42 gms, of anhydrous sodium carbonate wére ad-
ded and the mixture stirred until effervescence had ceased
and the acid had gone into solution. 4.75 gms of HCLl (13
c.c, of 31,5% acid) were then added slowly . A thick yel-
low cream resulted, The whole object of this procedure is
to get the sulfonic acid into as fine & state of subdiv-
ision as possible since it is only slightly soluble in
water at ordinary temperatures.) The theoretical quantity
of NaN02 was now gdded in the form of a dilute solution
{ 0,075 gms per c.c¢,) through a dropping funnel, The re-
action was considered complete when the reacting nmixture
gave a Permanent blue color with stareh and potassium io-
dide T,5. { Since the .reaction goes slower toward the end,
the mere production of a blue color does not necessar-
ily mean the end of the reaction. The flow of sodium nit-
rite should be stopped and the reacting solution stirred
for a minute or two and tested again., Unly when the solu-
tion contains free nitrous acid should the reaction be
considered complete, Even then therec may be & few yellow

crystals remaining in the bottom of the beaker.)

(DTN

U

ation of NaCu

rifty gms, of Cu30, * 51,0 { 175 mol) were dis-
olved in 100 e,ec, of water and 13 gms of HaCl added, The

solution was carried out in a 600 c,e, beaker by heating



and stirring with a mechanical stirrer; 11 gms, of EaHSO}
and 7 gms, of NaUl were dissolved #n 100 e.e, of water and
added slowly to the boiling copper solution, When entire-
ly added and the supernatant liquid was of a very light
blue color { if not more NaHSO3 should be added) the
heating an@ stirring were stopped and the CuCl was washed
by decantgtion or by suction and washing on the filter,
When the wash wabter appeared clear the cuprous chloride
was mixe& with about 200 e,c, water and 26 gms, of y6 -
98% NaCk dissolved in 100 c,c., of water were added., The
copper goes into solution with the evolution of heat,

Some Cu{CHE)> may appear in the solution but may be fil-
tereé& off, The filtering should be done into & tared bottle
so that the scolution may be weighed out for the Sandmeyer
Reaction. { This is essentially the same method as is
given in Urganic Syntheses Vol; III p. 3% and Vol, I¥

P. 69.)

The Sandmeyer Reaction {nitrile)

The theoretical quantity of NaCu{Cijs ( one mol of

Cu to one mol of diazonium compound) was placed in a three
liter flask equipped with a mechanical stirrer., 6.5. gms,
of anhydrous éodium carbonate was added { sufficient to
neutralize the HE1 in the diazonium chloride) and the
solution boiled., Vhen the boiling commenced ﬁhé diazon-
ium compound was run in from a separatory funnel at a
rate sufficient to introduce the whole in about fifteen

minutes, The eyanide solution was kept boiling during the



time of addition of the diazonium compound., The stirring
was stopped whnen the addition was complete and the dark
red liquid refluxed for five hours;

When the solution had cooled dilute HC1l was added
earefully until precipitation had ceased { if too much
acid is added the Precipitate fissolves), HCMfs evolvea
dquring the addibion of the acid, The pPrecipitate of
CuCl was filtered off and HZS Passed into the filtrate
until it was saturated. The solution was now heated to
boiling to remove H23 and the CuS precipitated was fil-
tered off., The filtrate was evaporated uantil a portion
of it crystallized on cooling and then set aside to crys-
tallize,

The first crop of crystals was removed and washed
once by sucking as dry as possible, removing the suction,
moistening the crystals for an instant and reapplying
the suction at once, The crystals are so soluble that
any other treatment dissolves them almost immediately,
The mother ligquor and washings were set aside to crys-
tallize by evaporation, The first érop were dissolved in
water and recrystallized, The crystals separated cs
transparent, rose colored, hexagonal plates, The crys-
tals can be growm larger by slow crystsllization in a
deep dish, Some difficulty is involved however as the so0l-

ution shows a remarkab@@ tendency to creep over the sides

of the dish.
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Sandmeyer Reaction with gas sbsorption .

The reaction was carried out as given bvefore but
in the modified apparatus shown in the figure on page&
The gases evolved bubbled first through .3 I sulfuric acid
and then through strong KCUH solution to absorb the CUp
given off and were finally collected in a gasometer, The
H,. 50, was titrated with standar NeQOH and the amount of

2 4
HHB formed was calculated, This was checked by making the
acid alkaline and distilling a5 in the Xjeldahl method,
The N2 was calculated from the volume of water removed

from tlie gasometer,

Sumnmary
1. The sulfonation and diazotization of p-toluidine has
been described,
2., The Candmeyer (nitrile) reaction on p-toluidine-i-
sulfonic acid has been studied and a method suggested

for its further study,



