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Hexaphenyldigermane, a compound showing no tendency to dissociate into free radicals, has been found to be inert to oxy-

gen and to iodine in chloroform solution, but it is cleaved appreciably by iodine in refluxing xylene.

Hexaphenyldigerinane

is not cleaved by sodium-potassium alloy in diethyl ether, in benzene, in refluxing xylene, in refluxing di-z-butyl ether,
or in ethylene glycol dimethyl ether to form triphenylgermylpotassium, but treatment with sodium-potassium alloy in
diethyl ether accompanied by tetrahydrofuran, bromobenzene or tetraphenylgermane gives triphenylgermylpotassium. Tri-
phenylgermyllithium may be prepared by the action of lithium on hexaphenyldigermane in ethylene glycol dimethyl ether.

Previous reports from this Laboratory have
dealt with the preparation of a number of Group
IV-B analogs of hexaphenylethane and their
possible tendency to dissociate into free radicals.
The purpose of this paper is to report the extension
of these studies to hexaphenyldigermane.

Because of the great similarity between ger-
manium and silicon in organic compounds it is not
surprising to find that hexaphenyldigermane, like
hexaphenyldisilane,? shows no tendency to dissoci-
ate into free radicals. Morgan and Drew?® found
no dissociation of hexaphenyldigermane in their
ebullioscopic molecular weight determinations in
benzene, and Selwood,* by magnetic susceptibility
measurements, placed the upper limits of dissocia-
tion at 19 in the solid and 209, in a nearly satu-
rated benzene solution at 25°, but he considered it
improbable that any dissociation took place under
these conditions.

Hexaphenyldigermane may be prepared by a
Wurtz reaction using triphenylbromogermane and
sodium in refluxing xylene,® by the reaction of a
dilute ether solution of triphenylgermane with a
refluxing, concentrated ether solution of phenyl-
lithium,? or by the action of a large excess of phenyl-
magnesium bromide on germanium {etrachloride in
a refluxing mixture of five volumes of ether and two
volumes of toluene.® The latter reaction is the
method of choice starting from germanium tetra-
chloride, but yields obtained in this Laboratory
were low, and the separation of the hexaphenyl-
digermane from the tetraphenylgermane that is
formed causes considerable difficulty.

Hexaphenyldigermane is a white solid which
melts at 340-341° and volatilizes” at 476-479° with
some brown coloration appearing at 450°, It is
soluble in chloroform but insoluble in all other com-
mon organic solvents; however, it can be recrystal-
lized from benzene and from toluene. Hexaphenyl-
digermane has been cleaved by bromine in refluxing
carbon tetrachloride® to form triphenylbromoger-
mane, and by sodium in liquid ammonia® to form
triphenylgermylsodium. It has been found in this
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Laboratory that, like hexaphenyldisilane,® hexa-
phenyldigermane is inert to oxygen in refluxing
benzene, but unlike hexaphenyldisilane it is inert to
sodium-potassium alloy in diethyl ether.

The difference in ease of cleavage of hexaphenyl-
disilane and hexaphenyldigermane by sodium-—
potassium alloy in diethyl ether is interesting inas-
much as it demonstrates one of the not too few
cases where there is a difference in reactivity be-
tween analogous compounds of silicon and ger-
manium. When hexaphenyldisilane, in a small
amount of ether, is treated with sodium-potassium
alloy, cleavage begins after only a few minutes
and is probably complete after only a few hours,
but under identical conditions hexaphenyldiger-
mane is unaffected. This difference prompted the
investigation of various cleavage agents and sol-
vents in an attempt to prepare a triphenylgermyl-
metallic compound which would be very useful in
the synthesis of organogermanium compounds.
Triphenylgermylsodium® has been prepared by
the action of sodium on either hexaphenyldigermane
or tetraphenylgermane in liquid ammonia, and tri-
phenylgermyllithium?!! has been made by treating
triethylsilyltriphenylgermane with lithium in ethyl-
amine. However, an attempt was made in these
studies to find a solvent and a cleavage agent
which would be more versatile and free from side
reactions.

The majority of the cleavage reactions which were
carried out proved to be of little or no value for the
preparation of the desired triphenylgermylmetallic
compound. Some of these reactions gave results
which indicated reasonably complete cleavage of the
hexaphenyldigermane, but which did not yield any
identifiable product. These reactions might bear
further investigation of their possibilities as pre-
parative methods.

The first attempt at cleavage of hexaphenyl-
digermane involved the use of sodium-potassium
alloy in various solvents. We were unable to effect
cleavage in diethyl ether or benzene, although in
the latter case only 769, of the starting material
was recovered, along with 139, of tetraphenylger-
mane which may have been formed by dispropor-
tionation. Yields of recovered starting material
in diethyl ether were 96 and 809, respectively.
Complete cleavage apparently did take place when
hexaphenyldigermane was treated with sodium-

(9) W. Schlenk, J. Renning and G. Rackey, Ber., 44, 1178 (1811).
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potassium alloy in both refluxing di-z-butyl ether
and refluxing xylene, but only oils were isolated in
both cases when the mixtures were hydrolyzed. In
an attempt to use tetrahydrofuran as a solvent it
was found that the sodium—potassium alloy reacted
with the solvent; however, no hexaphenyldiger-
mane was recovered from the reaction. It seemed
worthwhile to investigate the use of this solvent as
a possible initiator in the cleavage of hexaphenyl-
digermane in diethyl ether. When hexaphenyl-
digermane was treated with sodium-potassium
alloy in a small amount of diethyl ether, and a few
drops of tetrahydrofuran were added to the mixture,
cleavage began within a few minutes and was com-
plete some time before 27 hours had elapsed. At
this time a 649, yield of triethylsilyltriphenylger-
mane was obtained upon the addition of triethyl-
chlorosilane to the reaction mixture according to
the equations

C:HsO
(CsHs)sGeGe(CEHB)S + Na/K

2(C5H5)3GGK (1)

(CeH):GeK - (CoH{)sSiCl —>

(CaHa)sGeSi(Csz)a (2)

Reaction (1) above has been substantiated in this
Laboratory!? by the carbonation of the reaction
mixture to obtain an 839, vield of triphenylger-
manecarboxylic acid. The role of tetrahydrofuran
in this reaction is not clear, but it has been found
that bromobenzene and tetraphenylgermane also
will initiate the cleavage of hexaphenyldigermane.
With bromobenzene the reaction may be formulated
as

CsH;Br + 2Na/K —> CsH;K + KBr (3)
CiH:K + (CaHs)sGeGe(CaHb)s —_—>

(CsHs)Ge + (CeH;)sGeK  (4)

(CeH3)sGe 4+ Na/K —> (CsH;):GeK + CH;K  (5)

We have found that reaction (5) above does indeed
take place by allowing tetraphenylgermane to
react with sodium—potassium allov in diethyl
ether,!3

When a mixture containing 83.3% of hexaphenyl-
digermane and 16.7% of tetraphenylgermane was
treated with sodium-—potassium alloy in a small
amount of diethyl ether, only 409, of the hexa-
phenyldigermane was recovered as such and 1587,
(based on tetraphenylgermane alone) of the deriva-
tive, triethylsilyltriphenylgermane, was isolated.
The amount of derivative formed is in excess of the
theoretical amount which could be formed from the
tetraphenylgermane alone. This reaction may
then be formulated as

(C5H5)4Ge -+ NQ/K —_— (CcH,)gGeK + CeH;K (6)

CsH:K + (CeH;);GeGe(CoHs); —>
(C(;Hr,)gGCK + (CGH,)qu (7)

Because an excess of sodium-potassium alloy is
always used, the tetraphenylgermane formed in
reaction (7) above undergoes reaction (6) again.

The use of ethylene glycol dimethyl ether as a
possible solvent for these reactions was suggested
by the fact that hexaphenyldisilane is cleaved
easily by sodium—potassium alloy in this solvent

(12) A. G. Brook and IH. Gilman, Ti1s Jour~aL, 76, 77 (1954).
(13) Unpublished studies.
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to form triphenylsilylpotassium.’* Results, how-
ever, with hexaphenyldigermane were disappoint-
ing with as much as 649, of the starting material
being recovered from the reaction mixture and no
derivative of triphenylgermylpotassium being iso-
lated. Itis believed that cleavage does occur in the
beginning of the reaction, but that because of the
insolubility of hexaphenvldigermane in this solvent,
the triphenylgermylpotassium present is attacked
preferentially by the alloy because of the solubility
of the triphenylgermylpotassium in the solvent.
This is corroborated partially by the fact that when
two equivalents of potassium metal were allowed
to react with one equivalent of hexaphenyldiger-
mane in ethylene glycol dimethyl ether, all of the
potassium was used up and yet 389, of the hexa-
phenyldigermane was recovered. It must be men-
tioned, however, that it is possible that the tri-
phenylgermylpotassium formed reacts with the
solvent thus accounting for the failure to isolate a
derivative of this compound, and that the potassium
may be used up in reacting with the products of
this reaction.

Although sodium-—potassium alloy and potassium
metal appear to be too reactive in ethylene glycol
dimethyl ether to effect cleavage of the hexaphenyl-
digermane alone, it appears that lithium will give
the desired results. When lithium is allowed to
react with hexaphenyldigermane in a small amount
of ethylene glycol dimethyl ether, reaction pro-
ceeds smoothly to completion in about 4-5 hours.
Although only a 409, yield of triethylsilyltriphenyl-
germane was obtained as a derivative, it is be-
lieved the mixture consists essentially of triphenyl-
germyllithium. Other confirmatory experiments
for the existence of triphenylgermyllithium are in
progress.

The above-mentioned results and results of other
studies are listed in Table I.

Experimental'®

Dissociation Experiments with Hexaphenyldigermane.—
When a stream of dry air was bubbled through a mixture
of 1.0 g. (0.00165 mole) of hexaphenyldigermane¥5% in 50
ml. of sodium-dried xylene for 48 hours, no change was
noted. When the solution was cooled, 0.8 g. of material
crystallized out which melted at 344-345°. Removal of
the xylene under reduced pressure yielded a residue which,
when washed with ether, weighed 0.1 g. and melted at 344-
345°. A mixed melting point with the starting material
showed no depression.

When 0.5 g. (0.000823 mole) of hexaphenyldigermane and
4 drops of an approximately 1% solution of iodine in chloro-
form were refluxed with 25 ml. of chloroform for 24 hours,
no consumption of iodine was noted. When the chloro-
form was distilled, the residue remaining weighed 0.5 g. and
melted at 340-342°. A mixed melting point with the
starting material showed no depression. When 1.0 g.
(0.00165 mole) of hexaphenyldigermane, 0.5 g. of iodine
and 3 drops of quinoline were refluxed in 50 ml. of sodinm-
dried xylene for 24 hours and the mixture was allowed to cool,
there separated 0.5 g. (509 recovery) of material melting at
335-340°. The iodine was removed with aqueous sodium
sulfite and the xvlene laver was separated and the xylene
distilled, yielding a residue which, when washed with petro-
leunm ether (b.p. 60-70°), weighed 0.3 g. and melted at 175~
300°. Recrystallization of this material from petroleum
ether (b.p. 60-70°) yielded 0.1 g. (109%) of hexaphenyldi-

(14) A. G. Brook and H. Gilman, THis Jourx~aL, 76, 278 (1951).

(15) All melting points are uncorrected. Reactions involving or-
ganometallic componnds were carried ont in an atmospliere of dry,
oxygen-free nitrogen,
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TABLE I
CLEAVAGES OF HEXAPHENYLDIGERMANE

Cleavage

agent Solvent Initiator
Na/K Diethyl ether ~ .......
Na/K Di-n-butyl ether ~  .......
Na/K Xylene L.
Na/K THF®*
Na/K Diethyl! ether TH.F
Na/K Diethyl ether (CsHy) 4Ge
Na/K Diethyl ether CsH;Br
Na/K Benzene T.H.F.
Na/K G.DME*
Na/K GDME ..
Cs Diethyl ether —  .......
Phenyllithium Diethyl ether — .......
Na Xylene L.
K Xylene L.
K GDME ...
Li G.DME. ...
O, Benzene ...
I, Chloroform ...,
I, Xylene L.

¢ Tetrahydrofuran,

germoxane (mixed melting point) melting at 183-185° and
0.1 g. (10%) of hexaphenyldigermane melting at 342-344°.

Attempted Cleavage of Hexaphenyldigermane with So-
dium-Potassium Alloy in Diethyl Ether.—When 4.7 g.
(0.00772 mole) of hexaphenyldigermane was treated with
1 ml. of 1:5 sodium—potassium alloy in 10 ml. of sodium-
dried diethy! ether for a period of 24 hours, there was little
evidence of reaction. After addition of 2.64 g. (0.015
mole) of p-bromotoluene in 100 ml. of dry ether, the mixture
was stirred 6 hours and then hydrolyzed by the dropwise
addition of water. Filtration of the reaction mixture
yielded 4.4 g. (969% recovery) of hexaphenyldigermane
melting at 341.5-343°. Another attempt under the same
conditions yielded 3.7 g. (809 recovery) of starting material
melting at 342-343.5°.

Attempted Cleavage of Hexaphenyldigermane with So-
dium in Refluxing Xylene.—When 5.0 g. (0.00823 mole) of
hexaphenyldigermane was refluxed with 0.4 g. (0.0165 g.
atom) of sodium in 50 ml. of sodium-dried xylene for 28 hours
and the mixture was cooled and the excess sodium destroyed
by addition of the residue to absolute ethanol, there was re-
covered 4.7 g. (94%) of hexaphenyldigermane melting at
336.5-342°.

Attempted Cleavage of Hexaphenyldigermane with Cesium
in Diethyl Ether.—To 2.4 g. (0.0078 g. atom) of cesium was
added 4.7 g. (0.00772 mole) of hexaphenyldigermane and
15 ml. of sodium-dried ether and the mixture was stirred 48
hours. Then about 50 ml. of toluene was added and the
excess cesium was destroyed by the dropwise addition of
absolute ethanol. The ether and ethanol were distilled
and the solution remaining was cooled and shaken with
water in a separatory funnel. The mixture was filtered
yielding 1.8 g. (38.3%) of hexaphenyldigermane melting at
338-342°, Concentration of the toluene filtrate yielded an
additional 0.6 g. (12.7%) of starting material melting at
340-341°.

Cleavage of Hexaphenyldigermane with Sodium-Potas-
sium Alloy in Refluxing Di-~-butyl Ether.—To 5.0g.(0.00823
mole) of hexaphenyldigermane was added 1 ml. of 1:5
sodium-potassium alloy and 30 ml. of di-z-butyl ether.
This mixture was refluxed 6 hours and then allowed to stir
20 hours without refluxing. Water then was added to the
stirring mixture and after 15 minutes it was filtered yielding
0.5 g. of brown infusible material which was insoluble in all
solvents tried. The organic layer was separated and con-
centrated by distillation, leaving a yellow oil. This oil was
distilled at 150° (0.1 mm.), yielding a colorless oil which
has not been identified.

Cleavage of Hexaphenyldigermane with Sodium-Potas-
sium Alloy in Refluxing Xylene.—A mixture of 5.0 g.
(0.00823 mole) of hexaphenyldigermane, 1.1 ml. of 1:5
sodium-potassium alloy and 50 ml. of sodium-dried xylene

b 139, of tetraphenylgermane also was recovered.

Recov.
hexaphenyl-
digermane, % Deriv. (% yield)
96, 80 None
None 0il
None 0il
None None
None Triethylsilyltriphenylgermane (64.1)
40.0 Triethylsilyltriphenylgermane (55)
None Triethylsilyltriphenylgermane (55)
76.7° None
64.0 None
28.0 Hexaphenyldigermoxane (24.7)
50.0 None
81.0 None
94.0 None
40.0 0il
38.0 None
None Triethylsilyltriphenylgermane (39.8)
90.0 None
Quant. None
40.0 Hexaphenyldigermoxane (9.7)

¢ Ethylene glycol dimethy! ether.

was refluxed 23 hours giving a brown-colored solution.
This solution was hydrolyzed by the dropwise addition of
water, and the mixture was filtered, giving 0.5 g. of infusible
material. The organic layer was separated and distilled
yielding a yellow oil. Upon distillation at 150° (0.1 mm.)
a colorless oil was obtained which has not been identified.

Attempted Cleavage of Hexaphenyldigermane with So-
dium-Potassium Alloy in Benzene.—To 4.3 g. (0.00708
mole) of hexaphenyldigermane was added 1.5 ml. of 1:5
sodium-potassium alloy and enough sodium-dried benzene
to make a slurry. The mixture was stirred 40 minutes
while a green color developed; then an additional 45 ml. of
benzene was added and the mixture was stirred 6 hours.
At the end of this time a large amount of white solid was
still visible, so 20 drops of tetrahydrofuran was added and
the mixture was stirred 90 hours longer. The excess alloy
then was amalgamated! and the black suspension was trans-
ferred to another flask. Color test I was positive at this
point. To this stirring mixture was added 1.5 g. (0.014
mole) of trimethylchlorosilane, and the mixture was stirred
1 hour. Then water was added dropwise and the mixture
was stirred 0.5 hour; filtration yielded 3.3 g. (76.7%, re-
covery) of hexaphenyldigermane melting at 332-339°.
The benzene layer was separated and dried over anhydrous
sodium sulfate, then the benzene was distilled, leaving a
solid weighing 1.0 g. and melting at 233-300°. Washing
this 3.3 g. of solid with ether yielded 3.2 g. of hexaphenvl-
digermane melting at 342-343°. Recrystallization from
benzene of the 1.0 g. of solid obtained above yielded 0.1
g. of hexaphenyldigermane melting at 344-345° and 0.7 g.
(139%,) of tetraphenylgermane (mixed melting point) melting
at 229-235°.

Triphenylgermylpotassium.—To 5.0 g. (0.00823 mole) of
hexaphenyldigermane in 10 ml. of sodium-dried ether was
added 2 ml. of 1:5 sodium-potassium alloy. The mixture
was stirred 5 minutes and 20 drops of tetrahydrofuran was
added. Within 2 minutes after the addition of the tetra-
hydrofuran a light brown color was evident. After stirring
30 minutes an additional 30 ml. of dry ether was added and
the mixture was stirred 27 hours. The excess alloy was then
amalgamated and the triphenylgermylpotassium suspension
was transferred to another nitrogen-flushed flask by pouring
under a stream of nitrogen. To this stirring suspension was
added 2.5 g. (0.0165 mole) of triethylchlorosilane in a drop-
wise fashion. The mixture was stirred 1 hour after the last
addition of the halide, and then it was hydrolyzed by the
dropwise addition of 50 ml. of water. The ether layer was
separated and dried over anhydrous sodium sulfate, and the

(16) See reference (9) for the use of mercury to remove the excess
sodium-potassium alloy in the preparation of triphenylsilylpotassium,
(17) H. Gilman and F. Schulze, TH1s JournaL, 47, 2002 (1925).
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ether was removed by distillation leaving a liquid from
which crystallized 4.2 g. (64.19,) of triethylsilyltriphenyl-
germane (mixed melting point) melting at 92.5-94.5°.

In another reaction 5.0 g. (0.00823 mole) of hexaphenyl-
digermane, 1.0 g. (0.00262 mole) of tetraphenyigermane
and 2 ml. of 1:5 sodium—potassinm alloy were mixed with
enough sodium-dried ether (5-10 ml.) to make a slurry.
The reaction mixture was stirred and after a few minutes a
green color developed which turned to brown after 20
minutes. After stirring 23 hours the excess alloy was
amalgamated and the suspension transferred to another
flask. To this stirring suspension was added 2.6 g. (0.0169
mole) of triethylchlorosilaite in a dropwise fashion. After
stirring 1 hour the mixture was hydrolyzed by the dropwise
addition of 100 ml. of water. The mixture was filtered,
vielding 2 g. (409% recovery) of hexaphenyldigermane
(mixed melting point) melting at 343-344°. The ether
layver was separated, dried and the ether distilled, yielding a
liquid from which separated 2.6 g. (54.29%, yield based on
609, cleavage of hexaphenyldigermane) of triethylsilyltri-
phenylgermane (mixed melting point) melting at 93.5-
94.5°. Adding methanol to the remaining liquid precipi-
tated 0.7 g. of material melting at 85-91°; recrystallization
of this material from absolute ethanol yielded 0.4 g. (8.4%)
of triethylsilyltriphenylgermane melting at 93-94.5°.

In still another reaction 5.0 g. (0.00823 mole) of hexa-
phenyldigermane and 2 ml. of 1:5 sodium-potassium alloy
were mixed with sufficient ether (5-10 ml.) to inake a paste.
Stirring of the mixture was begun and after a few minutes
50 drops of bromobenzene were added over a period of 2
hours, the color chauging from white to green to brown-
black. After stirring 24 hours the excess alloy was amal-
gamated and the suspension transferred to another flask
and 10 g. (0.066 mole) of triethylchlorosilane was added drop-
wise. After stirring 10 minutes the mixture was hydro-
lyzed by the dropwise addition of 100 ml. of water. The
othier layer then was separated, dried and the ether distilled

RoGER G. LACOSTE AND ARTHUR E. MARTFELI,

Vol. 77

yielding a liquid from which separated 5 g. of solid melting at
90-92°. Recrystallization of this solid from ahsolute eth-
anol yvielded 3.7 g. (55.3%) of triethylsilyltriphenylgermane
melting at 95-96.5°. Mixed melting point and infrared
spectra analysis®® showed the compound to be identical with
the triethylsilyltriphenylgermane prepared in previous ex-
periments.

Triphenylgermyllithium.—To 6.0 g. (0.01 mole) of hexa-
phenyldigermane were added 1.0 g. of lithium wire cut into
small pieces and 5 ml. of redistilled ethylene glycol dimethyl
ether. This mixture was stirred as rapidly as possible.
A brown color appeared after 35 minutes. After stirring
3 hours an additional 45 ml. of solvent was added and the
mixture stirred until no more solid settled to the bottom
when stirring was stopped, or about 2 hours. The dark
solution was pipetted out from under the unreacted lithium
into another flask and 3.0 g. (0.02 mole) of triethylchloro-
silane was added dropwise. When the addition was com-
plete, the mixture was stirred 17 hours and then hydrolyzed
by the addition of 200 ml. of water. This mixture was
extracted five times with ether; the combined ether extracts
were dried over anhydrous sodium sulfate and distilled
leaving an oil from which separated 5.6 g. of material melt-
ing over the range 77-90°. Recrystallization of this mate-
rial from ethanol vielded 3.3 g. (39.8%) of triethylsilyl-
triplienylgerinane (mixed melting point) melting at 97-93°,
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Preparation and Properties of Aminomethylenesulfonic Acids
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Disodium N,N’-dibutylethylenediamine-N,N’-dimethylenesulfonate, tetrasodium N,N’-ethylenediaminetetramethylene-

sulfonate,

trisodium nitrilomonoacetatedimethyvlenesulfonate,

disodium nitrilohydroxvethyldimethylenesulfouate, tri-

sodium 2-aminobenzoate-N,N-dimethylenesulfonate and trisodium nitrilotrimethylenesulfonate were prepared by the ac-

tion of the appropriate amine on the bisulfite addition product of formaldehvde.

Trisodium nitrilomonomethylenesulfonate

diacetate was prepared by the carboxymethylation of aminomethylenesulfonic acid. Acid-hase properties and complex

formation of these amino acids are discussed.

In the course of a general program of synthesizing
new types of chelating agents, it seemed that the
replacement of carboxylate groups of aminopolycar-
boxylic acids by sulfonate groups would produce an
interesting variation in the properties of these sub-
stances. The only examples of this type of com-
pound previously reported are an inner complex
copper salt of aminomethylenesulfonic acid pre-
pared by Meyer and Taube? and the investigation
by Schwarzenbach, ef al.,® of the stability of cal-
cium chelates of the isomeric o-, m-, and p-sulfo-
aniline-N,N-diacetic acids, and of 8-aminoethylene-
sulfonic-N,N-diacetic acid. The results of these
investigations indicate that the sulfo group takes
part in the codérdination of metal ions when its po-

(1) Taken in part from a thesis submitted by Roger G. Lacoste to
the Faculty of Clark University in partial fulfillment of the require-
ments for the degree of Master of Arts.

(2) J. Meyer and W. Taube, Z. anarg. allgem. Chemn., 227, 423

(1936).
(3) G. Schwarzenbach, H. Ackerman nnd P.
Chim, Acta, 32, 1173 (1949},

Ruckstnhl, Flel»,

sition in the ligand is sterically favorable for the
formation of a chelate ring with the metal ion.
None of the sulfonato-containing chelating agents
previously prepared contained more than one sul-
fonate group per molecule. The work reported in
the present paper involves the preparation and pre-
liminary study of a series of aminosulfonic acids
analogous to the well-known chelating agents, am-
moniatriacetic acid (I) and ethylenediaminetetra-
acetic acid (II), and in which all of the carboxyl
group are replaced by sulfonic acid groups, as well
as compounds containing both carboxyl and sul-
fonic acid groups.

CH.,COOH

HOOCCH;«\'<
CH.COOH

I

HOOCCH, CH.COOH
>N(CH‘_1)C”3N<
I

ITOOCCH. CIL.COOM

I



