
2216 cox, SAENCER, AND WARDLAW : PLATINUM WITH A 

310. Piatinurn with a Covalency of FOUK Diquino- 
linoplatinous Chlorides. 

By E. GORDON Cox, H. SAENGER, and W. WARDLAW. 
IT has been deduced from X-ray measurements that in the salts 
K,PtCl, (Dickinson, J. Amer. Chem. Xoc., 1922, 44, 2404) and 
[Pt,4NH,]C12,H,0 (Cox, this vol., p. 1912) the four associated chlorine 
atoms and the four associated molecules of ammonia are in one 
plane which also contains the platinum atom. These results are 
naturally of interest in view of Werner’s conclusion that the 
isomerism of the diammines and tetrammines of platinous chloride 
is due to  the planar distribution of the units about the platinum 
atom when it has a covalency of four. No compound of the type 
PtA,B,, however, has yet been investigated by X-ray methods, so 
it still remains undecided whether in 4-covalent platinum the 
stereochemical disposition of the units is always planar. The 
experimental data available seem to indicate that in certain cir- 
cumstances. the four co-ordinated units are grouped tet8rahedrally 
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Me,CO, gave colourleas crystab of the methosulphate, m. p. 168', very sol. in
H20 or EtOH. The methiodide was obtained, by treating the aq. solution of
the methosulphate with KI, a6 orange crystals, m. p. 162' (Found : I, 27.0.
ClgH2108N2SI requires I, 27.1 yo).
8-Benzenesulphonyl -n-propykmino- 1 -meth ylqusinolinium d- a-Bromocamplzo r -
wsuZphonate.-This was obtained in the usual way from silver bromocamphor-
sulphonctte and the iodide in alc. solution as a gum which crystallised from
H,O as a trihydrate, m. p. 105' (Found: H20, 7.6. C2,H,,0,N2S2Br,3H,0
requires H,O, 7.7%). The 3H,O was lost in a vac. desiccator, giving the
anhydrous salt, m. p. 170" (Found: Br, 12.3; S, 10.0. C2gH,,0,N,S,Br
a e q h s S, 9.8; Br, 12.3%). A CHCl, solution of the hydrated salt was
exmined polarimetrically : Z = 2; c = 0-9532; aspal = + 1-12'; + 58.8'.
8-Benzenesulphonylbenzylaminoquinoline was obtained by heating t3he IC
derivative s f 8-benzenesulphonylaminoquinoline with slightly more than 1
equiv. of CH,PhBr at 160" for 2 hrs. The product was dissolved in hot EtOH,
and unchanged K derivative filtered off ; the benzyl compound crystallised on
cooling. Recryst. from EtOH, it ww obtained as yellowish crystals, m. p.
124" (Found : C, 70.4; H, 4-9. C,,H,,O,N,S requires C, 70.6; H, 4.8%).
Iodide.-8-Benzeno -
sulphonylbenzylaminoquinoline was heated with the equiv. quantity of
Me,SO, for 3 hrs. on the water-bath. The resulting methosulphate was crystal-
lised from Me2C0, giving colourless crystals, m. p. 219', and then converted
by KI aq. in the usual way into iodide, which formed orange crystals, m. p.
176O (Found : I, 24.5. C,,H,,O,N,SI requires I, 24.6%).
No mutarotation was observed.
8 -Benze.n~lphonylbenzylmino - 1 -methyl puinoliniuna
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about the platinum atom. Reihlen (Annalen, 1926, 448, 312) has 
emphasised that in t be (3 p’p”- triamminotriet hylaminoplatinous 
iodide of Pope and Mann (Proc. Boy. Xoc., 1925, lU9, A ,  444) and 
also in the corresponding dinickel compound, the four nitrogens 
cannot be distributed in a plane around the central metallic atom. 
The possibility that platinum in its 4-covalent compounds can give 
rise to  both tetrahedral and planar configurations becomes increas- 
ingly probable. 

To investigate further the influence of the co-ordinated groups 
on the reactions of the diammino- and tetrammino-platkous 
chlorides, we have prepared for the first time in a pure condition a- 
and p-diquinolinoplatius chlorides (Williams, J .  pr .  Chrn., 1859, 
76, 251). These substances show the substantial differences in 
properties which have already been pointed out (J., 1930, 349; 
this vol., p. 988) amongst similarly related members of a series. 
For example, the p-compound readily gives with silver oxide a 
P-base Pt(qu),(OH),, whilst only traces of an alkaline solution result 
when the a-derivative is similarly treated. Again, the a- is generally 
much less reactive than the @-compound. This is seen particularly 
well in the reactions with pyridine. With either pure or aqueous 
pyridine, the ct- reacts very slowly with the formation of the tetra- 
pyridino- and the a-dipyridino-platinous chloride. The @-, on the 
other hand, reacts much more rapidly. The products depend upon 
the temperature of the reaction and the concentration of the 
pyridine. With pure pyridine a quantitative formation of tetra- 
pyridinoplatinous chloride is obtained. With aqueous pyridhe, 
varying proportions of [Pt(py)JCl, and [Pt (py),(qu),]Cl, are isolated. 
The formation of the tetrapyridino-salt is particularly interwfing , 
for it indicates that the nature of the co-ordinated groups can 
greatly modify the usual course of these reactions. Generally, and 
in accordance with Werner’s theory, the sole product of a reaction 
between a diammine of platinous chloride and a different amine 
should be the mixed salt PtA,B,Cl,. In this particular case, how- 
ever, the pyridine has replaced the quinoline in a secondary reaction. 

The wide differences in stability of the tetrammines of platinous 
chloride are emphasised by the fact that, whereas in the preparation 
of the tetrapyridino-salt this product is always accompanied by a 
certain amount of a-Pt (py),Cl,, yet under similar experimental 
conditions the mixed salt [Pt(py),(qu),]Cl, is never associated with 
the mixed diammine, Pt py,qu,Cl,. One must deduce that in 
aqueous solution the mixed tetrammine is more stable than the 
simple Mrammine. The least stable tetrarnmhe of this series is 
the te t8rqukoho-sal t .  Although p-Pt(qu),Cl, is readily soluble in 
excess of warm quinoline, yet a tetrammine cannot be isolated. 

4 c  
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Instead, on cooling, a yellow solid separates with quite different 
properties from the p-dichloride : it is, in fact, the M-diquinolino- 
pZatinous chloride. It is a peculiar observation that the p-dichloride 
will not react with ammonia and the a-,  as expected, is also 
unreactive. 

The curious differences that exist between related series of the 
diammines is well shown by the solubility relationships in chloroform 
of the M- and p-Pt(py),Cl, alnd CC- and f~Pt(qu),Cl,. The cz-Pt(py),CI, 
is readily soluble and the p- insoluble. Where, however, the 
a-Pt(qu),CI, is insoluble in chloroform, the p- recrystallises with 
2CHC13 in characteristic crystals (see p. 2219), which slowly lose 
chloroform when removed from the solution. X-Ray photographs 
showed that after several days the main body of the crystal was 
still unchanged, so that loss of chloroform by the surface layers 
sufficed to cause the considerable opacity and distortion noticed : 
apparently a crystal of ca. 2 mm. diameter takes many days to lose 
all its chloroform. The crystals can be preserved indefinitely in an 
atmosphere of chloroform. Since this compound (3-Pt(qu),C1,,2CHC13 
parts with its chloroform so reluctantly, it would be considered on 
Werner’s theory to represent a six-point system, such as 

Tschugaev and Tschernjaev (J., 1918, 113, 884) have isolated 
the double compound cc-[Pt ,2NH20H,C1,],2CsC1, which they form- 
ulate as [Pt,2NH2OH,C1,]Cs,. It is possible in the case of the 
compound Pt (qu),C1,,2CHC13 that the chloroform molecules may 
be co-ordinated through the hydrogen atom, but when hydrogen is 
attached t o  carbon such a formulation is almost unknown (Sidgwick, 
“Theory of Valency,” p. 117). It is more probable that the 
co-ordination is through the chlorine atom. 

E X P  E R I M  E N T A L .  

[Pt (NH3),Cl,I. 

Preparation of the Isomeric Dich2orides.-To cold K,PtCl, aq. (5 g. ; 20 c.c.), 
quinoline (2.8 c.c.) was added. After some time a yellow solid separated, 
which was extracted (Soxhlet) with CHCl,. From the solution produced, 
yellow prismatic crystals A (Fig. 1)  separated, consisting of the /3-dichloride 
with 2CHC1, [Found : Pt, 25.6. (C,H,N),PtCl2,2CHCl3 requires Pt, 25.6%]. 
When the crude product from the initial reaction contained a little C,H7N, 
the crystals obtained from the CHCl, extract were of type B (Fig. 2), ter- 
minated by domatic faces. These, after being washed with cold CHCl,, were 
similar in composition to  the crystals A. 

boiling 
C,H ,N. From the reddish-brown solution, the crude yellow a-dichloride 
separated on cooling. This was washed with Et,O, air-dried, and recrystallised 
from m-cresol. After a final washing with Et,O, the crystals were dried in 
vac. over P,O, and solid NaOH [Found : Pt, 37-3. (C,H,N),PtCl, requires 
Pt, 37*2%]. 

To prepare the a-dkhloride, the p-compound was dissolved 
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Crptd2ogmphi.c Investigation (by E. G. Cox).-The ,8-dichloride crystallises 
with 2CHCll in highly refringent, greenish-yellow prisms, which appear to be 
monoclinic prismatic with axial ratios a : b : G = 0.73 : 1 : 0-76; /3 = 98"; 
d 1-96. When recryst. from CHCl,, the ,8-dichloride gives crystals which 
exhibit a combination of (010) and (110) in the prism zone terminated by 
(001) (Fig. 1). 

On crystals from solutions containing C9H,N, however, (001) is very small 
or absent entirely, the form (011) appearing in its place, whilst forms which 
seem to be (210) and (101) sometimes occur, the latter being very small 
(Fig. 2). The crystals commence to lose CHC1, soon after removal from the 
solution, becoming semi-opaque and distorted. On this account the values 
given above are only approx. Heating to 80' causes rapid loss of CHCl, and 
formation of P-Pt qu,Cl, (Found : Pt, 37.1. Calc. : Pt, 37.2%). This com- 
pound is sol. in MeCN but sparingly sol. in EtOH and in C,H,. The a-di- 
chloride is a bright yellow powder, insol. in H,O and very sparingly sol. in 
CHC1,. 

FIG. 1. 

( ioi 
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The specimen examined (E. G. Cox) seems to consist of two distinct types 
of crystal : (a) Almost colourless needles forming radiated growths ; nearly 
all the crystals were tapered a t  both ends; dl showed straight extinction 
between crossed Nicols; high refringence. (b) Yellow plates, mostly aggre- 
gates; the plates are six-sided, the angles between the sides being approx. 
47", 62", and 7 1" ; high refringence ; extinction directions inclined a t  approx. 
5' to the bisectors of the 47" angle. 

The differences between the types (a) and (b) seem to be too great to be 
accounted for by difference of habit, since all the crystals are of one crystallis- 
ation. Assuming that the specimen is chemically homogeneous, the substance 
appeara to be dimorphous. 

Action. of Moist Silver Oxide on the Isomer& Dich1orides.-(1) When the 
6-dichloride is ground in a tube with excess of Ag,O and a little H,O, no 
appreciable reaction takes place. On warming, however, on a water-bath, 
the chloride is decomposed and the filtrate, which reacts alkaline to litmus, 
fields, on conc. in vac. over P,O,, the p-bme, Pt qu,(OH), [Found : Pt, 40-1. 
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Pt(C9H7N),(0H), requires Pt, 40.1%]. This base is a yellow varnish, very 
sol. in H,O to yield an alk. solution which absorbs CO, if exposed to  
air. When neutralised with dil. HC1 aq., the pure 8-dichloride is obtained, 
while with HBr aq. the pure p-dibromide separates [Found: Pt, 31.9. 
Pt(CgH7N),Br, requires Pt, 31-8y0]. 

(2) The a-dichloride reacts extremely slowly when treated with Ag,O in 
the same manner. Even after 24 hrs. the filtrate is only faintly alk. to  litmus, 
and on cone. gives a trace of solid. An indication that the solution contains 
an a-base was obtained by neutralking it with dil. HC1 aq., a small yield of 
a white solid insol. in NH, aq. being obtained. 

Action of Pyridine om the /3-DichZoride.-(a) When the p-dichloride was 
dissolved in boiling C5H5N and the satd. light-yellow filtrate concentrated in 
vat. over P205, a white cryst. solid, mixed with a small amount of yellow 
powder was obtained. The white solid was extracted with cold R,O, and 
from this aq. solution white crystals of tetrapyridinoplatinous chloride were 
obtained [Found : Pt, 32.5.  Cstlc. for Pt(C5H,N),C12,2H,0 : Pt, 32.5%]. 
The yellow powder, insol. in H,O, proved to be a-Yt pyzC12 (Found : Pt, 46.0. 
Calc. : Pt, 46.0%). The formation of the tetrapyridinoplatinous chloride 
was further confbmed by (i) isolating and analysing the plato-salt 
[Pt py4JPtCl,], (ii) decomposing it with HCl aq., and isolating a-Pt py2C12. 

( b )  If the /3-dichloride was treated similarly with C,H,Naq. insteadof C,H5N, 
a pale yellow solution resulted, which, on concn. in vac. over CaCl,, gave a 
white solid associated with a minute trace of a yellow powder. On extraction 
with a small vol. of cold H,O, the white solid readily dissolved and the yellow 
powder remained. On concentrating the filtrate over CaC1, in vac., the white 
solid was recovered. This proved to be a mixture of two salts, which were 
separated by extraction with CHCl,. The CHC1,-sol. portion was fi-dipyrid- 
inodiq~inolinoplatinozcs chloride [Found : Pt, 2 8.6. Pt( C5H 6N)2( C9H ,N),C12 
requires Pt, 28-6%] and the insol. part [Pt py,]Cl,,H,O (Found : Pt, 32.4%). 
The proportions of the two tetrammines depended upon the concn. of the 
C5H,N solution and the temp. of the reaction. 

The /3-[Ptpy,qu,]Cl, is a white powder sol. in H,O, CHCl,, and EtOH. 
On treatment with K,PtCl, aq., a salmon-pink plato-salt results [Found : 
Pt, 41.3. Pt(C,H5N),(CgH7N),(PtCl,) requires Pt, 41.2y0]. This salt is 
slightly sol. in H,O. When the aq. solution of p-[Pt py2qu2]Cl, is warmed 
with dil. HCI aq., a-pyridinoquinolinop~tinous chloride separates [Found : 
Pt, 41.2. Pt(C,H,N)(C,H,N)Cl, requires Pt, 41.2%]. It is sol. in CHCl, 
and its formation is typical of the decomp. of p-mixed tetrammines. 

Action of Pyridine on the a-Diha1ide.-The a-dihalide shows a marked 
contrast to the @-isomeride in its reactivity to C,H,N. After several days' 
heating with C5H5N on a water-bath, only a faintly yellow solution is obtained. 
On concentration of this in vac. over H,SO,, the tetrapyridinoplatinous salt 
(Found : Pt, 32*6%), mixed with a-dipyridinoplatinous chloride (Found : Pt, 
46*1%), separates. The formation of the former was again confirmed by 
(a) the isolation of the plato-salt (Found : Pt, 46.0. Calc. ; Pt, 46*0%), 
and ( b )  the recovery of the a-dichloride (Found : Pt, 46.2. Calc. : Pt, 46.0%). 
With C5H5N aq. the reaction is still slower, with similar formation of tetra- 
pyridinoplatinous chloride (Found : Pt, 32.6%). The absence of the mixed 
tetra-salt is probably due to the change of concn. of the CsH5N solution after 
long heating. However, the a-di~yridinodiguinolinoplatinous chloride is readily 
formed by heating the a-dipyridino-salt with C,K7N. White crystals of the 
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required chloride are obtained on cooling the cone. eolution (Found: Pt, 
28.5%). This mixed tetmmmine is sol. in E*O, EtOB, or CHC1,. It gives 
with K,PtCl, a pale pink pkzto-salt, [Pt quapya][PtC1,] (Found : Pt, 41.1 %). 
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311. Experiments on the Synthesis of Anthocyanins.
Part X I V. Cyanenin Chloride, Nalvenin Chlor-
ide, and an Indication of the Synthesis of Cyanin
Chloride.
By ANDRBS LBON and ROBERT ROBINSON.
CONSIDERABLE interest attaches to the 5-glucosides of the chief
anthocyanidins because they appear to be the products of partial
hydrolysis of the more c harwteristic diglucosidic * ant hocyanins .
Thus pelargonenin chloride obtained by Willstatter and Bolton
(Annulen, 1916, 412, 133) was shown by its synthesis (LBon,
Robertson, Robinson, and Seshadri, J., 1931, 2672) to be 5-p-
glucosidylpelargonidin chloride. Although the method of synthesis
leaves much to be desired, it has now been applied to the preparation
of 5-@-glucosidykyanidin chloride (I ; R = H) and 5-p-glucosidyl-
malvidin chloride (11), which may be termed cyunenin and mahenin
chlorides respectively.
Only small quantities of these salts have been accessible, but it has
been possible to show that their properties in solution are identical
with those of the monoglucosidic first hydrolytic products of cyanin
and malvin chlorides. These comparisons were a repetition of those
already described (J., 1931,2735) and they gave the results formerly
recorded, so no further description is necessary; an extract of
flowers of Muha sylvestris was used for the preparation of natural
malvenin.
Although other methods will be used in the substantiation of the
claim, we have obtained cyanin chloride in small relative amount
by the condensation of 2-glucosidylphloroglucinaldehyde (crude


