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LETTERS TO THE EDITORS 
The Editors do not hold themselves responsible 
for opinions expressed by . their correspondents. 
No notice is taken of anonymous communications. 

Penicillamine, a Characteristic Degradation 
Product of Penicillin 

WE noticed more than nine months ago that acid 
hydrolysa.tes of penicillin gave a strong blue-violet 
coloration with the ninhydrin reagent. Afterwards 
it was found that, under standardized conditions of 
hydrolysis, · the colour intensity given by numerous 
penicillin preparations of varying degrees of purity 
ran parallel to their antibacterial activities except in 
the case of very crude specimens. It was also found 
that about 59 per cent of the total nitrogen of the 
purest preparations could be estimated as amino
nitrogen after one hour's hydrolysis by means of 
N/10 sulphuric acid under the conditions of the van 
Slyke method. These facts indicated that the sub
stance responsible for the ninhydrin reaction and the 
positive results in the van Slyke 
terminations was a fundamental part of the pemcillm 
molecule. Its isolation was therefore regarded as a 
m:atter of importance and we are now able to report 
that it has been obtained as a crystalline hydro
chloride. The properties of this substance, which we 
propose to term penicillamine, show that it represents 
a novel type of naturally occurring base. Peni
cillamine is identical with the base which we have 
stated in an earlier communication1 to occur in acid 
penicillin hydrolysates. 

Penicillamine is obtained by hydrolysing barium 
penicillin (both 650 and 1,000 units/mgm. have been 
employed) at 100° C. for hour by means ?f. N /W 
sulphuric acid, and the base 1s eventually premp1tated 
from a concentrated solution by mercuric chloride. 
Mter de-mercurizing by hydrogen sulphide and 
evaporation of the solution at the room temperature 
under diminished pressure, a mass of homogeneous 
needles is obtained (yield, 30-40 per cent calc. on 
nitrogen of penicillin). Analysis (Weiler and 
Strauss) of material dried in vacuo at 50° (loss, 
1H20) gave the formula C6H 110 4N,HC1; con
ceivably C6H 90 3N,HCl,H20, although the salt d1d not 
lose water at woo in a high vacuum. The molecular 
weight determined by X-ray crystallographic meas
urements (private communication by Crowfoot and 
Low) was in satisfactory agreement with the formulro 
C6H 110 4N,HCl,H20 .or It is 
worthy of note that C6H 110 4N 1s C6H 120 6 + NHa-
2H20. 

Penicillamine . appears to be optically inactive 
(19 mgm. in 1·3 c.c. of water) and we take this oppor
tunity of correcting .the statement that barium 
penicillin of 500 units/mgm. lrovo-rotatory ; .the 
substance is dextro-rotatory m aqueous solutwn. 
The electrometric titration curve of the new base 
shows the pJ:esence of three proton-binding centres, 
at pH 2 ·0, pH 7 ·9 and pH 10 ·5, respectively. These 
may be an acidic hydroxyl, the basic group, and a 
weakly acidic hydroxyl group. The nitrogen is 
present in an amino-group and _is 
than 90 per qent) as nitrogen w1th mtrous amd m 
five minutes under the conditions of the van Slyke 
method. The ninhydrin reaction is an intense bluish
purple coloration. 

Other properties of penicillamine, however, are 

very different from those of the known amino-acids 
and even suggest a relation to an amino-sugar and 
ascorbic acid, optical inactivity in that event being 
due to racemization through enols. Naturally these 
unusual properties (see below) may be due to sub
stituent groups and do not certainly exclude the 
presence of a carboxyl group. A typical oc-amino
acid structure is rendered improbable by the slow 
and incomplete formation of carbon dioxide on heat
ing with ninhydrin• at pH 2·5 (0·2 mol. in t hr., 
0·3 mol. in I hr.;. glutamic acid gave 0·95 mol. 
carbon dioxide in 12 min. under similar conditions). 
Penicillamine gives a deep blue coloration with ferric 
chloride which quickly fades owing to oxidation. It 
reduces ammoniacal silver nitrate on gentle warm
ing and gives a green colour with Fehling's solution. 
It reduces iodine in cold acid solution, taking up 
rather more than two atoms of iodine. The change 
appears to be reversible ; for example, the colour
less solution renders iodine to ether. This experiment 
suggests oxidation of a hydroxy-enolic or amino
enolic system or N-iodination. On heating a solution 
of penicillamine and p-nitrophenylhydrazine in 
N hydroClhloric acid at W0°, glyoxal-p-nitrophenyl
osazone is produced in about 20 per cent yield. This 
degradation indicates the source of glyoxal-p-nitro
phenylosazone obtained in much earlier experiments 
when penicillin was heated in N acid in the presence 
of p-nitrophenylhydrazine. The natural explanation 
is that a glycollaldehyde fragment has been detached, 
but it should be observed that fission with formation 
of formaldehyde would also supply an explanation 
of this result•. In either case the reaction represents 
an unusual type of decomposition . 
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Increase in Toxicity of Stilbamidine 
Solution on Exposure to Light 

THE increasing use of stilbamidine ( 4 : 4' -diamidino
stilbene di-(3-hydroxyethane-sulphonate) for treat
ment of kala-azar in the Sudan1 and India• makes 
the properties of this drug a matter of some import
ance. Kirk3 reported that solutions of the drug which 
had been made up and exposed to light for some 
time appeared to have increased in toxicity. Fulton 
and Yorke• have confirmed this suggestion experi
mentally, and our own work, carried out independently 
as a result of Kirk's observations, has given similar 
results. Dilute solutions of stilbamidine (0 ·5 per 
cent), exposed to sunlight, increase in toxicity four
or five-fold in about four days, after which there is 
no appreciable further increase. Weak solutions 
(0·5 per cent) change much more rapidly than do 
stronger, but by subjecting W per cent solutions to 
the light from a mercury arc lamp for several hours, 
we have been able to prepare sufficient quantities of 
toxic solution for isolation of the material responsible 
for this ·toxicity. 
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