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TETEODUCT I OF

Since lts intyrodustlon in the &kem&%h&ray&&%&% treatment
of canver by Blair E&l&l“ﬁn 1922, lead hes atﬁraﬁkeé RO
&%gﬁﬁﬁif%:tkﬁﬁ any other metal in this pertioulsr field of
therapsutics, . \

&n idesl drug for the suscessful trssiment of cancer

should be relatlvely non-toxie towsrd benign tlssue; should

have a solective effinity for smlignant tissue; end should
preferably be water-soluble.

That lead sompounds ars, by and large, guite toxle is a

- matter of common knowledge. To circumvent this ﬁﬁiﬁﬁ%%@mﬁﬁiﬁ

ration of come

pounds which contain the lead in & highly mesked form inm
2,58

property chesmiets bave resorted to the pre;

complex moelscules.

The problem of endowlng lead compounds with a highly

specific affinity for carcinogenic iHissue 13 & wmovre lnvolved

task, and success is yel to be stbtuined in this divection.

nds osn generalily be made more water-scluble by the

introduction of ?%i&?:ff

oups such ss ~80xH, -0H, ~COUH, -BEg,

1. Bell, Lancet, %@, 1005 (1922); 206, 267 (1924); 200, 1003
&%&‘I""’”"“ ‘ . |

2. ﬁg s Ame I. Camoer, 24, 531 (1935) [C.4., B9, 7490
&E‘t&ﬁiﬁ%ﬁ; %ﬁa ﬁw L. B
. Farbveni !
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PART I.
ORGANOLEAD COMPOUNDS HAVING FUNCTIONAL GROUPS
THAT FACILITATE DIAZO COUPLING

HIBTORICAL

The coupling reaction was dlscovered by Peter OGriess in
1866% and has since played an important rele in organle
chemistry, particularly in the preparation of azo dyes, meny

of which have commercial value.

In general primary aragahiﬁ amines cen be diazotized and
coupled with phenols, some phenoclie ethers asnd with primary,
- mono- and dialkyl aromatic amines.

The number of lead compounds conbtaining such fun&ti@nal
groups is very limlted. They will be discussed in the follow-
ing seotion.

Alkoxy Groups

lead can be introduced into aromatic and aliphstic com~
pounds by various methods, the simplest being that of Pfeiffer

using the ﬁrign&r&;ﬁaag&atgv

6. Griess, Ann., 137, 67 (1866). |
7. Pfeiffer and Truskier, Ber., 57, 1125 (1904).



“d -

4BMgX + 2Pblly ey EgPb + 4MgXo + PO

2R'MgX + BoPbXs ~—> RoPDR'p + 2MgXs
R'MgX + RgPbX e3> RxPDR' 4 MgXy

This method is of general applicability whenever the desired
Orignard reasgent can be prepared. The observations of Krause
and Sahmihs,a later verifiled by Eabzn§$§,§ indicate, however,
that the higher homologs of tetraphenyllead cannot be prepared
from lead chloride and the Crignard reagent in satisfactory
yields. ’

10 prepared tetra-o-anisyllead, tetra-p-anisyllead

Bailie
and the corresponding tetraphenetyl compounds from the Crignard
reagent and lead chloride. The gritho and Qﬁg&}trisniayl and
triph&n&tyliﬁ&é'eaayaﬁaﬁa have been obtained by the same
method. 1

Cleavage of lead compounds with a reasective metal such as
sodium in ligquid smmonia ylelds a lead-sodlum derivative which
can be used as an intermedimte for the synthesis of other lead
ﬁﬁmﬁéﬂﬁﬁﬂw ¥%hen tri-p-anisyllead is dissolved in lliguid
armonla and then t?@&ﬁﬁé‘with sodium, trli-o-anisylleadsodium
is formed. This reacts with benzyl chloride to give tri-g-
aniaylbansy&iaaaili The corresponding p-phenetyllead com-

pound has been prepared in an snalogous manner,

8. Erause and Schmitz, Ber., 52, 2165 (1918). 7
9. Robinson, Doctoral Dissertation, Iowa State College (1929).
10, Baille, Doctoral Dissertation, Iowa State College (1938).
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Primary Amino Groups

Primaryy amino groups can generally be cobtalined by the

reduction of nliro groups. An attempt to extend the reaction

RzPbNa + R'X ——3 RgPDR' 4+ NaX

to aryl halldes contalning nltro groups proved abéftive*lg

Vorlinder nitrated tetraphenyllead with fuming nitrie
acld and obtained m-dinltrodiphenyliead dinitrate.l’ e does
not record sn attempted reduction of the nitro compound.
Kocheskov tried to reduce m-dinitrodiphenyllead dibromide by
various methode. Btannous chioride gave aniline and lsad
bromide as did iron and hydrochlorie acid. Ammonium sulfide
yielded sniline snd lead sulfide, while titanium trichloride
had no reaction. %iﬁ&g-gyézniﬁreéiyhsnylls&d dibromide 1s
not cleaved by hydrogen bromide, Kocheskov concluded that the
amino group has & labilizing effect, placing it above the
nitro group in the Kharasch series.1®

By the gradual addition of an excess of 15 per cent
titanium trichloride solution to éiﬁiﬁ»&ﬁi@h&ﬁyllﬁﬁé’aziﬁa,
dissolved in concentrated alccholie hydrochloric acid,

Sahmiétﬁ obtained m~-diaminediphenyllead dichloride.

16. B%ué&e?aﬂi&r, Doctoral Dissertatlion, Iowa State College
1841) .

17. Vorllnder, Ber., B8, 1893 {(1825).

18. Kocheskov, Bull. Aced. Sei. (U.R.S.8.) Ser. Chim., 569

(1937), /Chem. Zentr., 110 I, 4934 cz@w
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It hes been mentioned that in some instaneces organoc-
lithium compounds may be substituted for the Grignard reagent
in the preparation of organcleed ﬁ@m@ﬁﬁﬁéﬁ*lg Tetra-p-
ﬁim@ﬁﬁy&&miaaph&nyiiaaé,_ﬁi«gﬁﬂima%hy&aminephanyldiphauyllaaé
and p-dimethylaminephenyltriphenyllead have been cobtained by
the interaction of p-dimethyleminophenyllithium and the
required lead halide, 1l.e. PbClp, diphenyllead dichloride eand
triphenyllead ehls@iéﬁ.lﬁ

The halogen-metal interconversion®C reaction 1s & method .

. of cholee for the preparation of organolithium compounds

inaccessible through other, more direct methods. By this

- method aryllithium #ampaaﬁﬁs containing nuclear hyﬁraxy&,gl

primary amino<es% and carboxyl®l substituents heve been
obtained. When the lithium compounds obtained by halogen~
metal interconversion were used as intermediates in the prepa-
ration of lead compounds complex mixtures were ahtainaﬁ.‘}!ﬂz’

This may be due in part to the metal-metal iﬁtﬁfﬁ@ﬁ?ﬂrﬁiﬁﬁ*zé

18. Austin, J. Am. Chem. Soc., B4, 3726 (1932).

20. Gilmen, Langhsm and Jacoby, ibid., 61, 109 (1839);v

 Wittig snd Pockels, Ber., 72, B9 (1939). o |

21. ﬁz B. 3?&%&&3, Doctoral Lissertation, Towe State College
{1642).

82. Cilman and Stuckwisch, J. Am. Chem. Socc., €3, 2844 (1841).

23. W. Gregory, Master's Thesis, lowa State Colliege (1942).
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The difficulty waé overcome by converting the lithlum compound
to the Grignard reagent by means of megneslium br@mﬁ.,éo.@’%g
This may prove teo be a general method for the synthesis of a

variety of organolead compounds hi%herta inaccessible.

25. Gilman and Kirby, ibid., 63, 2046 (1941).
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temperature of aﬁh&r,25 In interconversions involving active
hydrogen atoms an additional equivalent of organometallie
compound is required for each sctive hydrogsn present in the
‘aﬁmﬁaané, S8ince such reactions require large amounts of

| gyhuﬁyllithium, & more rapld method of preparation for this
rﬁaganﬁ was desirable.

n-Butyl bromide in ether was added to lithium suspended
in sthér until 8 rapid rate of reflux was obtained. The
reasctlon flask was then immersed in an lce-water bath and the
n-butyl bromide added at such a rate that g@ﬁtla refluxing was
maintained. After all the n-butyl bromide had been added, the
ice-water bath was removed and atirrimg was continued until
refluxing ceased. In runs using 0.30 mole of n-butyl bromide
the time of preparation was reduced from 2-1/2 hours to 40
minutes and the average yleld increassed by 10%. By this
method as high ss 2 moles of n-butyllithium w@ﬁ& prepared in
68% yields.

The method has one chief disadvantage. A l&rga amount
of colloldal lithium ls formed and does not settle out on
standing, n@r~u&n'it be removed by filtrstion. In reactions
where & clear solution of p-butyllithium is desirable the old

procedurs is recommended.

g-Bromoaniline and n-Butyllithlum.

To 0.128 mole of n-butyllithium in 125 ml, of ether was

26. Haubein, Doctoral Dissertetion, Towa State College (19842).
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added dropwise 7.4 g. (0.042 mole) of g-bromoaniline 1n 25 mi.
of ether. After 1/3 of the o-bromosniline solution was added,
repid refluxing ceased and the remeining solutlion was added
more rapldly. Evidently the replacement of the first active

| hyég@g&n 12 wore rapid than the second. After 15, 30, and 45
minutes, respectively, 60 ml. aliquot portions were withﬂﬁawn
by means of a plpet and carbonated in the usual manner.

After working unp the reamction by conventional procedures, the
alkaline extract was treated with bensenesulfonyl chloride.
@hafﬁaasemﬁauifea&miﬁa of anthranilic acid was precipitated
with concentrated hydrochloric ascid. This method of lsolation
was used becsuse of khﬁ difficulty encountered in guantitative-
1y isolating & water~soluble acid. Preliminary exzperiments
with anthranilie acid and bengenesulfonyl chloride showed that
the reaction between these two compounds 1s py&ﬁﬁiaalig
gquantitative, The sulfonamide was recrystallized from dilute
ethanol. The yield of sulfonamide for the 15 30y and 45
minute runs was 10, 25, and %@ per cent, respectively, In-
ereasing the reaction time beyond 45 minutes 4id not increase

the percentage of interconversion.

m-Bromoaniline and ﬁfﬁﬂtylliﬁhiﬁm*

To 0.30 mole of n-butyllithium in 250 ml. of sther was
added dropwise 17.2 g« {010 mole) of m-bromoaniline dissolved
in 50 ml. of sther. After 10, 15, 30, 45, 60, snd 80 minutes

respectively, 50 ml. sliguot portions were carbonated in the



usual manner. The various carbonated mixtures uay§1treataﬁ
- as described for the o~bromosnliline reaction. No product of
interconversion was isolated and 14 g. of pm-bromoaniline was

recovered.

p-ledoaniline and n-Butyllithium.

8ix and seven-tenths grams {0,035 mole) of‘ggiaéﬁaﬁilina
in 50 ml. of ether was added dropwlse to 0.1 mole of n-butyl-
1ithium in 100 ml. of ether. Fifty-ml. aliquot portions were
withdrawn and cerbonated at 15-, 30-, and 45-minute intervals.
The reaction mixture was treated as previously described, but
no interconversion product wéa isclated. This was rather
surprising in view of the fact that p-bromoaniline undergoes
interconversion to the extent of 70 per cent. A precipltate
i&a formed immediately when the p-iodoaniline was added to
the organometallic solution. The insolubility of the N-Li
é@mp@uné may inhiblit further reaction. In the reaction
,b@&x&&n~£fﬁram@§niiine~a§ﬁ n~butyllithium a2 precipitate is

formed after about fifteen minutes of reaction. This precipl-
Lig’f

H .
11

tate is the compound Li The apparent course of

_ the remctions is

27. Abbott, Doctoral Dissertation, Iowa State College {1942).
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Preparation gg_Erﬁremofgfmathglaniliaag

Several methods for the preparation of p-bromo-N-
methylaniline are given in the litersture. PFlacher 29 pre~
pared the compound by methylating p-bromocaniline. Another

50 involves the bromination of

preparation described by Fries
N-methylanliline. The former method ia not very satisfactory
because it glves some tertiary amine in additlion to unreacted
primary amine. The bromination af H-methylaniline always glves
some of the dibromination product. When elther of these two
methods of preparetion was used, the acld obtained from the
1ﬁtaraanvarsi@n aith!grﬁu%fllithiam followed by carbonation
and hydrolysis could not be isolated in a pure condition.

Brominstion of N-methylacetanilide followed by hydrolysis
of p-bromo-N-methylacetanilide 31 gave a product auffiaiaﬁ%ly
pure for Interconveraion purpcses. A mixture of 250 g. (2.34
molea) of methylaniline, free from primary or tertiary amines,
and 250 ml. of acetic anhydride was refluxed on a hot plate
for 256 hours. The mixture was then concentrated to one~half
its originmal volume. On cooling the N-methylacetanilide
crystallized from the solution. The yield was 228 g. or 66%.
The compound melted at 102°.

Two hundred and twenty-elght grams (1.53 moles) of
N-methylacetanilide in 820 ml. of glacilel scetic acid was

29. Fischer, Ber. 45, }300{19123
30. Fries, Ann., 348, 174 (1906
31. Buntress, §¢ ?ﬁE; Chem. So¢., 10, 637 {29533.
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wwwmwaﬁ with 41 ml. of bromine in 41 ml. of glacial acetie
aold in the presence of ultra-violet light. In the course of
2 or 3 hours, shining platelets sppeared.. The reaction was
continued for & hours longer, and the mixture was dlluted with
4 volumes of water and kept over night., The so0lid was then
ﬂwwww@@m off and crystallized from dilute ethanol. The yield
of p-bromoacetanilide wmelting at 98-99° was 140 g. or 50%.

| »mHmwwwwmﬁwam,m& p-bromo-N-methylacetanilide was hydrolyzed
by bolling with 150 ﬁw‘ of concentrated hydrochloric acid for
5 hours, The free amine was precipitated with sodium hydroxide
and wes extracted with ether. The ether layer gave on distil~
wawm@w,@@‘w.w; oy 60% of the free amine boliling at wmw;www@‘ww
n*w,aaj mwm = 1.4701. The pierate prepared from p-bromo-N-
@mavwwmmwwmﬁa melted at 176-177° and wss mmwwwmaa for nitrogen.

Anal. Caled, for aw@&ﬂw@%mﬂmw” H, 15.49,. Found: N,
13.12. ,

p-Bromo-Nemethyleniline end n-Butyllithiua.

,mw;m wnwﬁwmawhww 11.9 g+ {0.065 mole) aw,mtgm@&aim:
gw«wmwwawwwwa in mm»ww, of ether was added 0.13 moles am
mwwawwwwwwﬁwaﬁ in 150 ml. of ether. The mixture ﬁwaAm@wﬁ%@wu
at room tempersture for aﬁw.ﬁ&@a and was then carbonated by
pouring on erushed, soclid carbon dioxide. BSubaseguent to
hydrolysis, acidifleation of ww@ alkaline extract ylelded
2.5 g. or 27% of an acid melting at 145-152°, When the acid

was recrystallized from hot water the melting polnt was
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156-157%. This ie the same as the melting point recorded for
p-N-methylaminobengolc 0c1d.%® 4 mixea melting point with an

authentie %gﬁ@iﬁaﬁﬁg showed no depreaslion.

Preparation of E~(E?&ﬁéa§h$ﬁzl)fphahalimiésgsg

Phthalic amhyﬁriﬁa;[f? gs (04885 mal¢l7 end 54.5 g. (0.25
‘msla} of p-iocdoaniline were heated together in & m@tal bath
at 250-260° for 2 hours. The melt was then poured into cold
glacial acetic aaié. The mixture was heated to h@iliﬁg and
filtered. Om cooling, the filtrate deposited corystals of
%m{gyiééaghangll*@hﬁﬁalimiée, The yield was 64 g. or 72%
(Beps, ﬁﬁﬁwgﬁgﬁ}* |

N-{p~Iodophenyl)~phthalimide and n-Butyllithiwm.

Run 1. To a solution of 0.03 mole of n-butyllilithium in
250 ml. of ether, cooled to -B° was added 10.5 g. (0.03 mole)
of N-{p-iocdophenyl)-phthalimide. The mixture was stirred for
10 minnt@s and then @arhanataé by pouring on crushed, eolid
earbon dioxide. After working up the reaction by conventlonal
procedures, only a trace of solid acid materlal was obtained.
No odor of valari@.acié was present.

Bun 2., In a sscond run the same quanitities of reagents
were used as in the first. The p~butyllithlum solution was
cooled 1o ~50% in a dry-ice-acetone bath before the

N~ (gfiﬁéﬁﬁhﬁﬁyi}*@hthﬁiiﬁiﬁﬁ was &déaé;’ ﬁfﬁﬁr\?g minutaa the

32. Houben and Shottmueller, Ber., 48, 370 (1909).
33. Gabriel, Ber., 11, 2260 Y(TE7s).”



ﬁéaetian mixture was carbonated and worked up by conventlonal
procedures. The alkaline extract on acidification yilelded
5.5 g» of solid ae;ﬁia material. After erystallization from
d1lute ethanol the melting point was 284-286°,

Anal. Caled. for 81539ﬁ4ﬁ: neut. equiv., 267; H, 5.24.
Found: mneut. equlv., 266; H, 5.15.

The yield of N-{p-carboxyphenyl)-phthalimide was 37%.
The ethyl ester prepared from the acld melted at 1500, 54

Increasing the length of reaction time at -50° did not

increase the amount of Iinterconversion.

Preparation of COrganclesd Compounds

Triphenyl-p-aminophenyllead.

Three varistions were used for the preparation of tri-
ph&éylfgeamineph&aylie&d.v The first method which consists of
adding anhydrous magnesium bromide to the p-aminophenyllithium
solution ls described in the 1iterature.?

¥ethod No. 2. To 5.67 g. (0.033 mole} of p-bromoanlline
in 25 ml. of ether was added dropwlise 0.l mole of n~butyl-
lithium in 180 ml. of esther. After 60 ml. of the organo-
-metallic solution had been added, refluxing ceased and the
rsmaining 120 ml. was added wore rapldly. The mixture was
gtirred for an hour. A yellow crystalline precipitate of the

34. Crippa and Galimberti, Gaszz. chim. ital., 63, 81 (1933);
Coniglio, Rend. mead. a&ie, 86, 56 (1930) /Chem. Zentr.,
102, 1276 (1931)/.
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p=N,N~dilithicaminophenylliithium separated from solution.

The resction flask was Pitted with a stopcock at the bottonm
so that the solid could be filtered from the llquid, To the
8011id residue remaining in the flask was added 250 ml. of
ether aﬁé~th$n i$i$;g, {0.022 mole) efﬂhriyhanylléaé chlérié@‘
The mixture was stirred for one hour at room temperature and
then hydrolyzed with iced smmonium chloride solution. The
organie laysr was dried over sodium sulfate. Hydrogen éhlariéa
was cautloualy passed into the dried sther solution cooled in
an lce~bath ﬁﬁ preciplitate the hydrochloride of triphenyl-p-
aminophenyllead. The hydrochloride was converted to the free
amwine by suspending it in water and adding éilnﬁa~§mmﬂniam
echloride. The yleld of triphenyl-p-sminophenyllead thus
cbtained was 6 g. or 59%7. After erystallization from & mix-
ture of benzens and ?ﬁ%?ﬁlﬁﬁ&yﬁthﬁr,kfhﬁ compound melted at
172°%. A mized gﬁlting point with the compound cbtained by
the first method showed no depression.

Method No. 3. To 5.3 g. {0.031 mols) of p-bromoaniline
in 50 ml. of ether was added dropwise 0.093 mole of n-butyl-
lithivm in 200 ml. of ether. The mixture was stirred at room
temperature for one hour and was then poursd into a suspension
a!lléaa’g. (0.03 mole) of triphenyllesd chloride in ether.
After three minutes the mixture was p@uﬁ&é into ice water.
The ether layer was separated and extracted with dilute HC1
to remove unreacted p-bromoaniline. (The hydrochloride of

triphenyl-p-aminophenyllead is insoluble in water,} Dry



- 10 =

hydrogen chloride was passed into the dried ether solutien to
precipitate the hydrochleride of triphenyl-p-aminothenyllead.
The free amine was obtained as described in method Wo. 2.
The yleld was 9.5 g. or 60%.

' In the interconversion of p~bromosnliline the n~butyl-
lithium solution must be clear, or a gummy pr&ﬁigiﬁa%a w§iﬁh
is difficult to work with will be obtained. |

?righangifgr&minﬁgheayilagﬁ.

Run 1. To a solution of 8.6 g. (0.05 mole) of o-bromo-
aniline in 85 ml. of ether was sdded dropwise 0.15 mole of
a~butyllithium in 176 ml. of ether, After 45 minutes 18.9 g.
 (0.04 mole) ef‘triykﬁnyilﬁaﬁ chloride was sdded to the
reaction mixturs., The mixture was stirred vigorously fer
three minutes and was then poured into an squeous ammonium
chloride solution. The sther layer was separated, extracted
with dilute hydrochloric scid and then dried over sodium
sulfate. When the ether was removed under reduced pressure,
& solid rasiﬁuﬁ was left behind. Fractlonal erystallization
of the residue from ethanol gave 5.3 g« or a 50f yleld (based
on éa% interconversion of o-bromoaeniline) of a solid melting
at 164-165°.

Ansl. Caled. fay*ﬁﬁéﬁglﬁfb% Po, 38.01. Pound: Fb,
38.73.

In addition to the triphenyl-o-sminophenyllead there
was isolated 6 g. of trigh@nyxﬁgwhutyllgaéi
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Fun 8. To & solution of 8.6 g. (0.056 mols)} of g-bromo-
eniline in 85 ml. of ether was added dropwise 0.15 mole of
n=~butyllithium in 175 ml. of ether. After 45 minutes a
s8light excess of anhydrous magnesium iodide in ether (pre-
pared from ﬁagasaium and lodine in ether) was gﬁﬁaéﬁ To this
mixture was added 18.9 g« (0.04 mole} of triphenyllead
ehlerids. The mixture was stirred for two hours and was
hydrolyzed with &n ilced smmonium chloride sclution. The ether
~ layer u&a‘aﬁysyataéi ax@?aﬁt@é wi%h dilute hydrochloric acld
and then dried over sodium sulfate. After the ether wes
evaporated, the solid residue wes extracted with bolling
§§gralaﬁm sther {b.p. 60-68°), The petroleum ether-soluble
material after being orystallized from ethanol melted at

142-143°. & qualitative snalysis showed that the eampguﬁﬁ
contained no nitrogen but gave s positive test for 1odine.

A mixed melting point with triphenyllead iodlide showed no
depression, The total amount of triphenyllead iodide iso-
lated was 11.2 g. or 50%. No triphenyl-g-aminophenyllead was
obtained.

" The formation of triphenyllead lodide 1s difficult to
explain. The slight excess of magnesium lodide added to the
resction could remct with triphenyllead chleride to yleld
magnesium chloride and triphenyllead lodide, but the excess
beyond that required to convert the 1ithium compound to the
G?igaéfé reagent was insufficlent to account for the total
smount of the latter product. Furthermore, the fallure to
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had been added. The reaction was worked up as in the first
run. Ho tetraphenyllead wes found in the reaction. After
erystallization from methanol, the yield of triphenyl-p-N-
methylaminophenyllead melting at 97-98° was 10%.

Anal. Caled. for CygHasNPb: Pb, 38.07; N, 2.5. Found:
Pb, 37.78; N, 2.8,

Besldes some recovered triphenyllead chloride there was

‘isolated 50% of tri?henylfg&buﬁyilaaé,

Triphenyl-o-dimethyleminophenyllead.

To Qb ge af'iiﬁhiwm suspended in 25 ml. of ether was
added 5.6 g+ (0.03 mole) of g-bromodimethyleniline in 50 ml.
of ether., The mixture was heated gently to start the reaction
and then the o-bromodimethyleniline was added at such a rate
that gentle refluxing was meintained., After all of the amine
had been a&éaﬁ, stirring wes continued for thirty minutes.
 The solution was filtered through glass wool and 5 ml. of the
filtrate was h@érgiyﬁeé and titrated with staendard bese. The
yield of a&g&a&m&%&iliﬁ compound was 66%. The solution of
organometallic compound thus prepared was sdded to 9.5 g.
(0.02 mole) of %righﬁﬁylla&ﬂ chloride suspended in 50 ml. of
ether. After 15 minutes the mixture was hydrolyzed with iced
emmonium chloride solutien. The ether layer was separated
and dried and the ether removed at reduced pressure. Crystal-
lization of the residue from 95% ethanol gave 5.4 g. or 50% of
triphenyl-g-dimethylaminophenyllead melting at 101-102°.



Anal. Csaled. for 63$E25§?bx Pb, &7.1l. Pound: Pb,
36.9. | |

Iriphenyl-o-hydroxyphenyllead.

To 7.8 g« (0,045 mole) of o-bromophenol in 50 ml. of
aﬁhar‘was added dropwise 0.09 mole ﬂf\ﬁfbuﬁyllitﬁiﬁm in 175 ml.
of ether. After 30 minutes a slight excess of anhydrous
magnesium bromide was edded. To tha mixture thus obtalned was
added 14 g. (0.03 mole) of triphenyllead chloride. The mix-
ture was gtirred at room temperature for two hours and then
hydrolyzed with iced ammonium chlorids solution. The ether
layer was dried and the ether removed at reduced pressure.

The solid residus wes extracted with 95% ethanol.

Beven grams éf the material was insoluble in alcohol,
contained no halogen, and melted at 231°. A quantitative lead
snalysis gave 43.7% lead. This agrees with the calculated
value for triphenyllead carbonate. When beliled with concen-
trated hydrochloric seid, the compound evolved carbon dloxide
and was converted to triphenyllead chloride.

The alaﬂhmlwﬁaiﬁbia yéytiea after several crystallliza~
tions from an alecchol-petroleum ether mixture melted at 217-
218° ﬁith éseomp&#itieﬁ. The yield of tr&phanyi«g»hyﬁréxy-
phenyllead was 3 g. or 20%.

Ansl. Caled. for O Hoa0Pb: P, 38,98, Pound: Pb,
38.81. |
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Attempted Preparstion of Iriphenylphenoxylead.

A suspension of 0.39 g. {0.010 mole) of potassium was
heated in 20 ml. of anhydrous teluene with vigorous stirring.
‘When the potassium was in the form of a sand, 0.94 g. (0.01
mole) of phenol in 10 ml. of toluene was added dropwise, The
mixture was stirred and heated for five hours and th&n,w&é
allowed to cool. @e ﬁhé‘gaiﬁ miﬁtara wes added 4.7 gg {0.01
'm&l&}'af triphanyiia&ﬁ ehloride. After two houra of rafl&xing
the mixﬁﬁre was %11%$r&§i on @aaiing,'whita aéys%ala deposited
(m.ps, 160-185°). ”ﬁayﬁataé ﬁrgstallizaﬁiﬂn from ethanol
decreased the solubility of the product and brought the melt-
ing point to 224-230°. No pure product could be isolated.
|  Tripbenyllead carbonate might be formed in the reaction
| between the Grignard reagent of g-bromophenel and triphenyl-
lsaé ehloride by the following at&?zz

| 0 MgBr MgBr
2 () woo1 + 2(-) ughr ——> 2 (C) Pb -0

COg ' |
co, [lizomeir) 2 () b - omez2 o
¢ 3

2

{D Pb
3
The fallure to cbtaln pure iriphenylphenoxylead but rather
s product that agpxaaﬁhaﬁ the properties of trigh@nyiiaaﬁ
carbonate substantiates this mechanism. N |
if the above resction actually tekes place, then, if two
squivslents of triphenyllead chloride were added to the
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Vaguum sublimation of 8 part of the m&terﬁal gave a érgatalw
line solld melting at 204°. The compound analyzed for tri-
phenyllead oxide.

In 8 second utt&m@tytﬁ yrﬁgaré trigh&nylﬁgyhyﬁraxyﬁ
phenyllead, 5.3 g« (0.01 wmole) of triphenylep-aminophenyllead
was éu&p&nﬁa&fin glacial scetic acid cooled to 15%,  Two grams
of sodium nitrite dissolved in 10 ml. of water was added to
the &nspéﬁsian‘  ﬁft&? 30 minutes the mixture was made neutral
with sodium hydroxide and was warmed to 60°. The solid
material ﬁés filtered off and ocrystallized from ethanol. A&
small amount (0.3 g.) of material melting at 250° was obtained.

Anal. Galed. for Cp Hy,OFb: Pb, 38.98. Found: Pb,
40.1. .

Further crystalligation of the material did not improve

the enalysis. Whether triphenylep-hydroxyphenyllead was

'yrasant‘in.&n impure state Is not certain.

- Triethyl-p~dimethylaminophenyllead.

4 solution of p-dimethylaminophenyllithium, prepared
from 32 g. (0.16 mole) of p-bromodimethylaniline and 2 g. of
‘1itﬁium;‘in~3$§ ml. of ether was added to 50 g. (0.154 mols)
of triethyllead chloride in 200 ml. of ether. The mixture
was stirred for two hours at room temperature and then hydro-
lyzed with ilced smmonium chloride solution. The ether layer
was dried, the ether evaporated at the water pump, an& the

residue dilstilled at 1 mm. Two fractions were collected.
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The first distilled at 60° and the second at 125°.

The first fraction, weighing § g., had an index of re-
fraction and a density corresponding to thet of tetrsethyllead.
4 qualitative snalysis showed that no nitrogen was present.

The second fraction gave & gualitative test for nitrogen
and had the following physical constants:

25 25
nﬁ ® 1.5448; {3% = 1.4982.
 Anal. Caled. for Gyy
5044

HpPON:  Pb, B0.7. Found: P,

The yleld of triethyl-p-dimethylaminophenyllead was 15 g.

Preparation of Trimethyllead Chloride.

griittner and Krause prepared trimethyllesd chloride bj

the low temperature chlorination of tatramathyiia,égs, This
compound can be more readily prepared by cleaving tetramethyl-
lead with hydrogen chloride.

| Hydrogen chloride was pzased into s solution of 22 g.
{0.083 mole) of t&ﬁw&m&tﬁyil&aﬁsg in 400 ml. of petroleunm
ather {(b.ps 28~30%°). After fifteen minutes a white solid
began to separate. The flow of hydrogen chloride was con-

tinued untlil pgas evolution ceased. This required about two

35. Criittner and Krause, Ber., 40, 1415 (1916).
36. The author is grateful to Dr. Calingaert of the Bthyl
Gasoline Corporstion for the tetramethyllead.
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hours. The trimethyllead chloride was filtered off and dried
in a deslccator over potassium hydroxide, The yield was 20 g.
or 85%., | |

Attempted Preparation of Various Tristhyl- gg§ $¥im§thV1ay:}»
leed Compounds. | -

Since the halogen-metal interconversion resstion proved
~ suceessful in the preparation of smine and hydroxyl sub-
stituted aryllead compounds, attempts were made to extend the
reaction to alkyllead aﬂm@mﬂmﬁa" Triethyllead chloride and |
trimethyllead chloride were used as starting waterials. Tri-
‘ethylleed chloride was allowed to react with the interconver-
sion products of n~butyllithiuws and o-bromophencl, p-bromo-
anlline, o~bromoaniline, and gybvwmew§~ma%h§&aﬂiliﬁa*
Likﬁwiﬁa, the interconversion products of p~bromophencl and
o-bromoaniline were tried with trimethyllead chloride.
Attempts to isolate the desired pure products from any of
these resctlons failed.

Theoretically there should be no difference in the course
of reaction between these compounds and triphenyllead ehloride
under comparable conditions, and 1t 1is éﬁtirﬁly possible that
the desired compounds are a@ﬁu&liy formed. The difficulty
resides in the separsation of th&lyﬁagtianfpreﬁaeﬁa from the
unreacted matﬁriaiaw ?Eﬁ alkyllead compounds are liquids
and hence must be purified by distillation. At atmoapherie
pressure the alkyllead compounds are unstable at their boiling
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pointas. At reduced pressure the bolling points of the desired
organclead compounds and the unreacted amins or phenol are
too close together to permit separation.

Humsrous experiments under varying conditions were tried
and www_Mﬁqﬁ the same result. The final products were low »w
wwma.a@wwwww and high Ma,mwwmam@m where amines were involved.
A few typleal wmww are described in the wwwwamem.mmmwwomg

Run 1. To 15.5 g« (0.09 mole) of g-bromeophencl in 25 ml.
of ether was added 0,18 mole of n-butyllithium in 185 ml. of
ether. After 30 minutes the resction mixture was added to
28.7 wi mmiam.wawaw of triethyllesd nwwm@wna amwwﬁmmwm.ww
&&W%&wuﬁw ether. After one minute hydrolysis was effected by
pouring the mixture into an iced sumonium chloride solution.
The ether layer was separsted and dried, the sther ﬁwm evap-
orated and the residue was distilled at reduced pressure {1 mm)
Thirteen grams of & colorless liquld distilled wmwﬁwww 45 and
55%. The solld residue in the mwmamwwwwm flask was inorgenic
lead. 'The %wmﬁwwwwww had the following constants:

25 25

ww £ 1.5344%; sw« = 1.5210.

The material contained 46.6% lead. The calculated value for
triethyl-go~hydroxyphenyllead is 54.33.

The materiel was redlissolved in ether and the ether
golution was extracted with dilute sodlium hydroexide, dried
and again distilled. The vawwwwm point of the distillate was
mﬁawmwm@mu and the wm&@uwmwMWﬁwa was 46.7%.
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Varying the reaction time or the additlion of magnesium
bromide to the interconversion product dild not alter the
results. The lead analyses wers always from four to eight
per eent low. '

Run 2. To 10 g. {0.05 mole) of p-bromo-Nemethylaniline
in 25 ml. of ether was added 0,10 mole of p-butyllithium in
176 ml. of ether. %ha,aaiutian‘wﬁs atirred for ome hour after
addition was complets énﬁ was then added to a suspension of
18.5 g. {(0.05 mole) of triethyllead chloride in ether. After
two minutes the mixture was poured into sn iced smmonium
chloride sclution. The athﬁrylayﬁr‘waa sepsrated and dried,
and the sther was rewmoved at the wabter pump. The residue was
distilled at 0,001 mm. Seven and one-hall grams of & émmzw
less liguid distilled at 46-48%, The liguid gave = positive
qualitative test for nitregen and contained 38.8% lead. 'The
caleulated value for triethylep-N-methylaminophenyllead was
50@§1§; ‘Redistillation st & mm. did not improve the purity
of the compound. |

T?i&tﬁ@@ﬁ@ﬁiﬁf?ﬁ%ﬁﬁli&iﬁﬁ}*ﬁﬁﬁﬁ?}l%ﬁﬁq

To a selution of 0.05 mole of n-butyllithium in 250 ml.
of ether, cooled to -60° in a éryéigewaeaten@ bath was added
17.5 g (0.05 mole) of N-{p-lodophenyl)-phthalimide, After
ten minutes 16.4 g+ (0405 mole) of triethyllead chloride was
edded. The cooling bath was removed, the mixture was allowed

to come %o ya@m,tamyﬁraturﬁﬁ and was then hydrclyzed by
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pouring into an aqueous ammonlum chloride sclution. The ether
layer was separsted and drlied and the ether was removed under
vacuum. Repeated attempts to crystellize the gummy residue
from verious organic solvents failed. Distillation at 0.001
mms gave 4 g. of a light yellow glass-like materisl. Attempts
to erystallize this glass were unsuccessful; hence 1t was
analygzed as such, snd the analysis agréaﬁ for triethyl-p~
(N-phthalimido)-phenylliead.

Anel. Caled. for ﬁgﬁﬁgﬁe NPb: Pb, 40.1. Found: Pb,

39.9.

sis of Triethyl-p-(N-phthalimide)~-phenyllead.

A suspension of 5,16 g« {0.01 mole} of ﬁmiﬁytfiﬁthyl»
plumbylphenyl)~phthalimide in 50 ml. of 104 sodium hydroxide
solution was warmed oun a steam plate for three hours. The
mixture was allowed to cool and was then extramcted with benszene.
The aqueous layer was acidified to precipitate the phthalis
acid formed during the hydrolysis. The yileld of phthalie acld
was 1.2 g. or 75%. The h&n#eﬁa solution was dried over sodium
sulfate and the benzene was removed under reduced pressure
(12 mm.)s The gummy resldue lef%} hﬁhiné'sanlﬁ not be puri-
fied elther by distillation or by crystallization.
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Cleavage Studies with Bydrogen Chleoride

Iriphenyl-p-aminophenyllesd.
A stream of dry hydrogen chloride was passed through a

boiling selution of 5.81 g. (0.01 mole) of triphenyl-p-

~ aminophenyllead until a precipitate begen tafayﬁaarQ The
solution was then filtered and the filtrate was extracted with
éil&%@‘hyékaehlaria acid. The hydrochloric acid extract was
made basic with,ammﬁniam hyﬁr9x1@a; The oll which separated
was treated with scetyl chloride. The acetsnilide was
‘erystallized from dilute ethanol. The yleld was 0.8 g. or
%ﬁ%; A mixed melting point (140°) with an authentic specimen
ﬂf'aﬁﬁtaailiéa gave no depression.

The chloroform solution was evaporated to dryness and the
residue aryatéilizaé from 95¢ ethanol. A mixed melting point
showed that this was triphenyllead chleride. The yleld was
80%. |

%riphanylﬁgfamina@hﬁayi19@&4

A Vihen triphenyl-g-aminophenyllead gaa‘traata@ in & manner
gimilar to that described for triphenyl-p-aminophenyllead,
the yield of aa&t&n&lﬁés«waﬁ ﬁ@%,yané’tma‘yislé of tripﬁaﬁg1w
lead chloride was 784, |
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Twighe&xlﬁgréimgﬁhyiaminﬁgﬁﬁﬁgligagjlg

A4 solution of 5.58 g. {(0.01 mole) of triphenyl~g-
éimathglamigayhanyiiﬁaﬁ in 756 ml. of chloroform was treated
‘with éry h§ﬁragan ehloride. When the solutlion became cloudy,
1t was filtered and the filtrate was extracted with dilute
hydrochloric acid. The hydrochloric acid extract was made
alkaline with ammonlum hydroxide solution. The oil which
separated was dilssclved in 95¢ ethanol and treated with an
excess of pleric acid {satureted solution in 95% atﬁanal},
The yield of plerate, melting at 162°, was 2.1 g+ or 68%.

The yield of triphenyllead chloride was 75%.

Iriphenyl-o-hydroxyphenyllead.

Dry hydrogen chloride was passed through a solubion of
5.32 g. (0.01 mole) of triphenyl-o~hydroxyphenyllead in 75 ml.
of beoiling chloroferm. When the solution became cloudy, the
flow of hydrogen chloride was stopped and the solution was
filtered. The filtrate was extracted with 10f potassium
hydroxide solution. 'ﬁha alkaline extract was acldified with
dilute hydrochloric acid snd the oil which separated was
extracted with ether. The ether solution was dried and then
distilled. The yield of ;ﬁhmm was 0.5 g. or 584. The phenol
was characterized as phenoxysostic scid, melting at 98°.

The yield of triphenyllsad chloride in this experiment
was 65%.
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Tristhyl-p-dimethylaminophenyllead.

A solution of 8 g. (0.02 mole) of triethyl-p-dimethy-
aminophenyllead in 50 ml. of ether was treated with a stream
of dry hydrogen chloride for 30 minutes. The precipitate of
triethyllead chloride was filtered off and the filtrate |
extracted with dilute hydrochloric acid. Dimethylaniline was
precipitated from the acid extract with dilute ammonium
hydroxide. The dimethylaniline was welghed in the form of
its pierate (m.p. 162°). The yield was 5.7 g. or 90%. The
yield of triethyllesd chloride was $5%.
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OF REBULIS

Halogen«iletal Interconverajion Reactions

The halogen-metel interconversion reaction has been

37 It 1s clear that the

akuﬁiaé,axtaﬁaivaly‘in recent years.
extont of halogen-metal interconversion depends upon ﬁhﬁ
nature of the reactants, the solvent, time, and temperaturs.
In gégarai,xﬁhgfﬁhi@rinﬁ atom is gﬁ%kéarf amenable to
X-H 1ntsraenvarsiénf The only cases are those recently noted
with 2,4,5-triphenylfuran and phenylethynyl chloride.®® ©he
fiodo compounds wsually resct wore rapldly than the bromo
compounds. The solubility of the reaectants, howsever, hag a
prenounced effect. This effect may be marked enough to cause
the interconversion to be greater with a brome compound than
with the corresponding ledo compound. In the course of this
investigetion 1t was found that p-iodoaniline does not inter-
convert with n-butyllithium at room temperature in dilethyl
ether; whereas p-bromeaniline cen be interconverted to the
extent of 70%. This is probably dus to the fact that the
1&1%1&11@'£ﬁ?ﬁ3@ p-iodo-N~lithlocaniline is insoluble in ether

and thus rstards resction.

37. Gilman, lLanghem and Moore, J. Am. Chem. Soc., 62, 2327
{1940)}.

38. Studies by Dr. Haubeln and HMr. Melstrom. See, also,
Wittig and Witt, Ber., 74, 1474 (1941).
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In the interconversion of p-bromesniline with n-butyl-

lithium 1t has be

on found that the apparent course of the

reaction is

H | ; o,
Br ()W gt BCaHpld ——s Br ()« x tBCH,
B e 11 B C,EH
Br () W 144 n-CgBgld —— L1 () N . + n-CyHgBr

; B | ; L1 -
m ()N pa* B-Cafpli —— L1 () n g t'B-Cafig

The replacement of the bromine atom ocours béfews that of the
second so~called aet1Vﬁ‘hgdrbg¢n of the amine group. In thst
svent, 1t might be expected that two equivalents of n-butyl-
1ithium would be sufficient for the interconversion. It has
been shown, however, that with two equivalents of n-butyl-
lithium the reaction did not proceed to as great an extent as
when three egquivalents were used, A plausible explanation
‘lies in the demenstrated reversibility of the halogen-metal

interconversion raaﬁtian.gg

p-Pilithiceminephenyllilithium is
insoluble in ether and is precipitated during the course of
the reactlon. This forces the equilibrium toward the right
in the above equation. ‘

No generelization can be made concerning the relative
effect of the position of the halogen atom in disubstituted

bengene derivatives. In the isomeric bromeoanilines the order

39. Gilman and Jones, ibid., 63, 1441 {1941).
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of decressing sotivity is g) 3) m; e~-bromophencl gives better
interconversion yields than the para isomer; in the bromo-
dimethylanilines the order is o> p> gfmg p~lodobenzole acid
gives better ylelds than the orthe isomer; and of the chloro~
bromobenzenes, o-chlorobromobenzene gives the poorest ylelds.

The interconversion of p- end p-lodobengoie acids and
E-{p~iodophenyl)-phthalimlde are examples of the interconver-
sion of compounds having a functional group that is highly
reactive toward erganclithium compounda. Here the X-M inter-
conversion reagtion i8 in competitieon with the addition to
the ocarbonyl group. The final produst is éaﬁerminaﬁ'hy the
rapidity of the iﬁ&iviéuai reactions. A4t a low temperabture
and short time the X-¥ interconversion predominates.

At -50° the sarbonyl groups in ¥~(p-iocdophenyl)-
phthalimide are not attacked at all, even during a period of
time as long as one hour., The inbterconversion, however, goes
to the extent of but thirty-seven per cent. This is probably
due to the extreme insolubllity of N-(p-iodophenyl)-
phthalimide in ether at -50°%.

In balogen-metal Interconversions lnvolving én active
hydrogen atom the order of addition of reagents 1s importent.
Better results were obtained when gebutyllighiam;waa added

to ths compound to be interconverted rather than vios versa.

The reason for this mey be illustrated with o-bromophenocl as

40, Gilman snd B

anner, ibid., 58, 344 (1940).
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an example. When p-butyllithium is added to g-bromophenol

the order of reaction is asz follows:

- | oL
{0l + p-Cylgit ——>3  ()Br 4 p-GyHy,

orx OL1

i1

 When the addition is reversed and an excess of butyllithium

is present, resctions III and iV mey oceour aimult&aaanalg

and then may,giva‘risa to reaction V.

OR OLi
Opr + p-ogigt ——  (Obr + n-cghyg

014 oL1 |

oLi oH o1t oL

Qe Qe Ox v Os

111

v

The latter is substantlated by the fact that more phenol was

isolated from the reaction when o-bromophenol was added to

n-bubyllithium.

Preparation of Organclead Qﬁmyaﬁndﬁ'

- The most general method for the preparation of wnsym-

metrical argaﬁalaaﬁ compounds 1s that employing the OGrignard

reagents Heretofore orgenolithium compounds have had but
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Thet this disproportionation ls due to the organolithium
compounds and alaa.ywaaihlg to an ~0Li or -NLi linkage is
substantiated by the faot thet the diffioulty could be over-
come by converting the lithium compound to the Grignard
reagent, |

‘The reaction between organolithium compounds and tri-
phenyllead ehloride is almost instentaneous, A negative color
test I waé obtained within three minutes. The short time of
resction practically eliminates the disproportionation reace-
tion and is move convenlent for preparstive §ar§a5ﬁa than
conversion of the lithium compound to the Grignard reagent.

An interesting observation was that noted in the prepara-
tion of triphenyl-o-hydroxyphenyllead., Large amounts of
triphenyllead carbonate were isolated from thils preparation
when the reaction was garmitﬁsé to go for an hour or longer.

A possible mechanism for the formation of triphenyllead car-
bonaete was given in the experimental section. T@ia mechaniem
becomes rather doubtful when we consider the fact that
reducing the resotion time reduces the amount of triphenyllead
carbonate formed and incresses the yleld of triphenyl-o~
hydroxyphenyllead. Since triyﬁany%@gfhyﬁraxyyhsayllaaé is
formed In seventy per cent yields In three minutes and this
yield decreases when the reaction time ls lengthened, then the
only p@gsible conclusion is that in some manmner the

o~hydroxyphenyl group is gradually cleaved from the lead atom
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during the progress of the resction. Here again it is
possible that disproportionation results but takes a different
course from that in the preparation of sminoaryllead compounds,
whers tetraphenyllead results.

Both tetraphenyllead and triphenyllead carbeonate could
wmmﬁww if we assume that the initlal produet of dispropor-
tionation 1s the triphenyllesd radieal. When an hydroxyl com-
pound is invelved, 1t could react with triphenylleead to give
triphenylphenoxylead ﬁywaw might be atable before hydrolysis
of the reactlion; whereas in the case of an amino compound the |
nitrogen-lead linkags might be unstable before hydrolysis and
www triphenylliead radical would disproportionste to tetra-
phenyllead a8 one of the preducts.

When the halogen-~metal interconversion resctlon was ex-
tended to the preparation of triethylaryllead compounds the.
results were less gratifying. Theoretically there should be
no difference in the course of the reasections. The difficulty
apparently resides in the separation of the desired products
from unreacted meterials. In the case of triethyl-p-(N-
phthalimido)~phenyllead the unreacted material could be
separated Mﬁaﬁ.wwﬁ desired compound and the triethylarylliead
compound was obtalned.

In general, it can be saild that the halogen-metal inter-
conversion reaction is & general method for the preparation of

organclead amﬁ@@ﬁmmw hitherto inaccessible.



. 42 -

Cleavage Studles with Hydrogen Chloride

When mixed aryllead compounds are subjected to cleavage
with hydrogen chloride the group with the highest molecular
weight cleaves fir@tmﬁl In the 1light of present knowledge,
this atatement needs modiflication. It was, ne doubt, a
metter of chance thet, in the mixed aryllead compounds on
whieh this conclusion was based, these compounds all possessed
more negabive groups which at the same time were heavier then
the phenyl or other group to whiech they were compared. The
furyl and thienyl radicals, though lighter than the phenyl
radical, are more readily cleaved than the phenyl radieal.
FPurthermores, the furyl radlesl cleaves in preference to the
thienyl redical.?® In this investigation it has been shown
that the substituted aryl groups cleave in preference to the

41l. Kreause and von Crosse, "Die Chemle der metall-organischen
Verbindungen,” Gebruder Bomtraeger, Berlin, 1937, pp.
“@1@“‘*2& .

42, Gilmen and Towne, Hec. trav. chim., 51, 1054 (1932)« For
pertinent citations on greviwns clemvage studles see
reference 1 of this paper. See, also, Kharasch snd
Flenner, J. Am. Chem. Soc., 54, 674 (1932).
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SUNMMARY

Some halogen-metal interconversion atudlies have bsen
reported. ‘
A gensral progedure for the preparation of hitherte in-

scoessible organolead compounds has been devised.

A theory for the formatlon of eertain by-products has been

- prasented.

4.

Bome cleavage studies with hydrogen chloride have ﬁeeu

reporteda.
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PART 1I.

AZO LEAD DYES AS POSSIBLE ANTICARCINOGENICS

HISTORICAL

‘}?hﬁ‘&iatery of the application of lead and its compounds
to the treatment of cancer is both interesting and informa-
tive. Frsm’his @baarvaﬁiﬁﬁsﬁé3 the firast on the use of lead
in eancer therapy, Bell cencluded that wmetallic lead has a
selective action upon sex cells, blood cells, nerve and
embryonie cells, and tissue containing en abundance of phos-
phatides, especially lecithin. The actlion is generasl in
young, vigorously growing tissue and leecal in adult cells.
¥ore lead amccumulated in the cancerous tissue of men and dogs
then in eny part of the body except the gonada. Pell sug~

gested a éiran% chemical combination between lead and the

phosphatides. Ensulng 1nﬂ&atig&tiana4s

gave varying degrees
of suceess, and in additlion, the toxiec side mction of the
reguired therspeutic doses militated against an extended use

of this method of treatment. Bell's publications stimulated

43. Bell, Brit. Med. J., 1926 I., 687 /C.A., 20, 2700 (1926))
ﬁr?eé,“i?“‘ Am. Hed. Assoc., 87, 77 Ii'@’%ﬁ?”ﬁ.a,, 21, 13
192777 ;
Shreiner and %ﬁﬁﬁa,‘%ur ery Gynecol. (bstet., 48, 116
(1929) /[U.4., 24, 425 (1930)/; -
Newman, J. Cancer Res. Comm. Univ. ‘8idney, I, 101 (1929)
/[c.a., 84,7895 (. 155@5%;”“‘"", ) ~
Koffo, Neoplasms, 8, 270 (1929) /C.A., 24, 3277 (1930)7.
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¢linieal tri&la as}we&1 a8 attempts to cure experimental
carcinome with Zeaﬁ; From the éhamiatfa«paiatfaf view, the
most iaﬁﬁésating feature ls the form or type of sompound in
which the lead s administersd; hence, in this discussion the
compounds which have hitherto been investigated will be
grouped sceording to structural raiatienahiga; These include
‘salts éf'in@rg&aiﬁ acids, salts of organie scids, complex

compounds, and orgenclead compounds.

galts of Inorganic Acids

. Pischoff and Blatherwiok™® made a preparstion of col-
loidal lead phosphate in gelatin.aelatian sontaining 0.4 per
cent lead. The preparstion, injected intravenously into
- rabbits, caused no declded fall in hemoglobin count and was
less toxic than lead acetebe, colloidal lead or lead oxide.
Ionic lead mixed with serum or red blood cells contslining

enough phosphate to react with the lead also was non-toxie.

| According to Ulman?® tnmoluble lead phoaphate has
essentially the same effect on tumors as colloidal-metallie
lead, is much less boxle, has no effect on the kidneys and,
in most instances, little effect on the blood. The prepara~

tien 1s steble and does not become more toxie with ag&.

44. ﬁiashﬁff and Blathﬁrwick, J. Pharmscol., 31, 361 (192?}
C.A., 22, 3235 (1928)/ -

45. n, Sauthwsﬁtafn Med., 13, 75 (1929) /C.A., 23, 3742

(192@§?




‘B8 "D/ (ge61) ¥89T 6% ~.&mammwwm ﬁmmw .wﬁ wmnmamm: g *19
. ) - * k2 ,

(8861) 928 ‘amw ‘- JHueineuoa00Jul 'SAq *Z ‘aeITI0D 08
*(1g6T) 929 ‘3% ‘*UDEI0JEqeJY *Z ‘SNBAY puv J91TT0D ‘6%
;mmmﬁ %p ‘9% ‘Jeous) -p Wy ‘ueawd gy

¥ ‘-Toowvumasyq *f ‘Iroqesid °*L¥

-(gger) ¢ d -
- [Tog6T) 82¥T “F8 **V-07 mmmﬁw gov ‘TT ‘ASorotpeN ‘uemIn 9%

ﬁwwwaaﬁaﬁaaﬁﬁﬁ Lavaodmey Liuo sonpoad o3 e1qe sea pue eyvuoontd
MoTe0 ¥O0T UT POATOSSID 9pPIPOT PWeT JO UOTINTOE ¥G'0
® Y3Ia sjueijed engemOUTOJLBD omy-£3aTqy pegseds Hoagyog
S | oG UOTIOR
Lrogpatquy qIITe ® Lyuo eawy spivoe oypaiom pue ‘olreq
‘OTOTTTE JOo €318E Duel UL mw.mwmam pus I8T1TO0 m& Injesesons
L1qeacasy se pegasodex 1 @»m&aﬁwmoﬁammaﬂau MEEEsl0d
| gy PEOT 9U3 03 UOTITPP® UT juewizedy
ﬁeﬂuaamwn ueal? ueeq peEY UGASS ‘peano oJem 3EY] UeLFaNOJ
oU3l JO *peano LTed1iue eJem uUesjanoJ pus pelp syuerjed Lixis
‘pogeeasy sesso Laudie ey Jo rejsudeoud pweT YT s3InEes TV
~J0AB] 8867 PBY SIUIIH ofsy eu3 JO saeNIOM~0D pum UeBamng
waﬁﬁwp ojgnededsys ou Jo eouey pus OIX03 sdem TIV *gg8uoqIed
peer puw ejvydsoydoxeoiy? pwer ‘epryIne pmel ‘epiraoryolxo
pesT *Wﬂam&aaﬁm puerTIp @a&wﬁﬁﬂmﬁu pesT 0Tevqg DepRTOUT eveyl
L5 DOUTRISIED Fom gyonpoad WOI0BOI 9IBIPOWIOIUT ¥ FTNSET
udTm 39U3 SUOTIBULQEOO pBET Jo L370Tx03 oyl ‘poorq suy UY
gquensg 14eu00 otuniIoul YITA 30Wed DINROD DERT OTHOT maﬂww, |
w@,hﬂamawaﬁaaﬁawﬁw eaT3PeIJe s Arzusgsdds pus o01xo3y
8897 UeAS PUNOJ €¥A UMIDIBO pue peel Jo ejsydsoud erqnop eyj



- 47 -

Twenty to thirty mg. per kilogram of body welght caused the
patients to lose welight end hemoglobin, but normaley was
| again atteined in four to five weeks.

lore recently Woodhouse reported no success with lead
é&rb@ﬁata and lesd gyra@hasghﬁﬁﬁ;g | |

On the whole, lead salts, particularly the phosphates,
are less toxic then &ét&l&ia lend, but the tharagautiﬁ

results leave much to be desired.

S8alts of Organiec Acids

One of the earliest extensive studles on lead salts of
organic acids was m&ﬁ&yby collier.%® ILead formate was found
most effective, curing 35.3% of the cases tested and having
a retarding sotion on 64.7%. The following table lists the

compounds investigsted and the results obtained.

Table I. Effect of Lead Salts of Simple Organic Aecids.

No. of  Per cent  Per cent  Per cent
animals unaffected affected cured

tannie 19 65.2 36.8 28.3
formic 17 3543 84.7 3648
oxellie ‘ 18 750 25,0 ‘ 18.7 )
oleic 18 T77.8 22.2 - 16.6
maleic ig 81.2 38.8 333
phthalie 21 8049 18.1 14.3
citrie 16 68.8 31.2 18.7
salleylio 14 : 78.6 2l.4 - 7.1
tartaric 15 . 80.0 20.0 13.3
naphthalene~ .

sulfoniec 17 845 23.5 7.1
fumaric 17 T76.5 23.5 B9
stearic 20 80 10,0 5.0
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Rﬂthmﬁnﬁﬁ

converted various mercaptopyridine carboxylic
‘acids inte haavy metal salte contalning the metal in the
- mercspto groups by raﬁatiag with metal oxides, hydroxides, or
salts. The lead compounds were found effective in arresting
metastases in;tranaplanﬁaﬂ'r&hbit carclinoma when applied
~ early and ﬁ&y@aﬁedly.ﬁg The same compounds protected against
Rew*aa?wama$* and have a relatively low toxleity.

Dalimter and Schwartz found that triawmyllead phenylacetate
had a favorable Influence in five isolated cases,55

Since selective intoxicatlon of neoplesms seemsd desir-
able, Eggers turned to carbohydrate-containing lead compounds.
He prepared lead aaltﬁ of carbohydrates derived from hexose

and beering a carboxyl group.>®

Table I1. Effect of Carbohydrate-containing Lead Salte.

. L PSSR m,.faw.‘..,,,\,W;...“.;,“ .,,.A,_M,,,,..;, s .Wﬂm R

- Gluconate B 4 1
Gluconate 8 1 o
Gluconate 5 3 2
Gluconate 5 B 1
Gluconsate B 4 1
Glycuronate b 4 4
Arasbonate 4B 3 1
Galactonate 4.1 4 ¢
Glucoheptonate 5 4 3
d-Mannonate & 4 4]
Rhamnohexonate 5 , , 4 o
52, Rothman, Erita Q&tant 380,083, Sept. 5, 1932 [E‘A‘, 27,

403 (1983)

55%. Colllier, Kl ing Viochshr., 1932, 235.

 B4. Zedick, 1bid., 1985, 1145,

55. Dalimier and Sehwartz, Presse med., 42, 922 (1934) /T.A.,
28, 6849 (1934)/.

56. Eggers, Arch. Path., 18, 507 (1934) /C.A., 29, 843 (1935)A
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The tabulated data show the results on FRC carcinoma. The
compounds were 1$sa‘sff$etiva againat R39 rat-sarcoma.

Datnow prepared a series of lead s&izs; mostly deriva-
tives of glyoine.® The salts were dissolved shortly before
use with the addition of gum arablc and sodium thiosulfate.
The results are tabuleted below.

Tﬁﬁlﬁ 212, Effect of Laaﬁwesntalning Glyﬁi&a Derivatives.

Salt ; ‘ ﬁliniaal ya&&tiana

Lead benzenesulfonylglycinate favorable
Lead p-tolumenesulfonylglycinate no value
Lead gyieﬁeﬁsnﬁ&a&aﬁlfeaylglyaingt@ favorable
Iead toluene-2,4-disulfonylglycinate very favorable
Lead m~carboxybenzenesulfonylglycinate fair
lead d-soetylaminophenstole-2«sulfonyl~

zlyeinate no value
Lead fumarate no velug
Lead 2,5~éithielis@ni@ﬁtiﬁata produces thrombosis
Sodium~lead complex of o-thiolbenzoic

acld fair

Lead chenylthloglycollate fair

lore recently Schmidt® made e study of the following
lead saits:
1. Sodium salt of lesd éatach&lﬁiam&fénia,&eié,
2. Sodium-calcium salt of lead catecholdisulfonie acld
3+ Caleium lead gzmesnagé
4, Lesd salt of yeast nucleloc acid
5. Lead salt of thymus nucleic acid
6. Léa@ galt of nuclele acld from mouse carcinoms

7. Lesd salt of nucleic acid from rabblt csrcinoms
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8. A lsad arsenostiblo compound
9. Compound formed from lead and S-amino-4-hydroxyphenylarsine

10. Selencurea lead chloride.

These compounds é@r$~ta$§aﬁ on mouse cancey and to some
axtantygﬁ Brown~Pearse tumor in rabblits. Only aamgﬁaﬁd‘ﬁﬁﬁ
geve a retarding r&a@ﬁi@n and tﬁat very feeble.

A desire to decrease the toxic effect of lead by admin-
'iatering it in mesked form led to the prepsration of more

aaﬁglaxva@mgﬁaméaw

Complex Compounds

Complex compounds ﬁf;laaﬁ have been subjected to fewer
1nvaatiga%iﬁaa then sny of the types mentioned. Woodhouse®'
studied the therapeutic value of lead trypen blue, lead t?yy&n
red, and lead pyrrole blus. He also prepared lead fluoresscein,
lead nucleotide, and lead neosalvarsan. These compounds were
tolerated in fairly large doses but had little or no inhibit-
ing effect on cancerous growths.

When lead salts, lﬁéé oxide or lead hydroxide are treated
with hgﬁraxyear%axylie aclids and aliphatic or hydrogenated
héﬁaveeylis bages in aqueous medium, complex arg&niﬁfieaﬁ
compounds are formed. Compounds éf this type have sém£ value

as anticarcinogenics.%®

57. ﬁ‘?@éiw?a, Am. J. Cancer, 27, 285 (1936) /C.A., 30, 7217
" (1986)7. .
58, Btreltwelf, I. G. Parbenind. A. G., CGer. patent 522,789,
July 22, 1928 /C.A., 25, P 3776 (1931)/.
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Organolead Compounds

Recently organclead compounds have attracted consider-
able attention as possible therapeutic agents for neoplasms.

Galliarsﬁ

studied eleven of the organolead compounds
prepared by Kraﬂaﬁ;ﬁﬁ The results are given in the following

Table 1V. Effect of Bome Organolead Compounds.

ﬁamp@unﬁ Xa‘ of miaﬁiae% Gampia
_animels effect (%) healing {%}

Tri-n-propyllead fluoride 14 71.4 50.0
Tri-Isobutyllead bromide 28 80.7 21.4
Tri-iscamyllead bromide 13 61.5 7%
Tetraphenyllead 22 59.1 40.9
Triphenyllead i8 16.8 5.5
Triphenyllead bromide 13 77 00
Triphenyllead fluoride 20 55.0 25.0
Diphenyllead dibromide 15 46.6 6.6
Trieyclohexyllead 13 53.8 30.7
Tricyclohexyllead iodide 16 435.8 25.0

Triphenylecyclohexyllead 20 20.0 18640

The tmxiait& ef the compounds was dependent upon thelr
structure rather than solubility in water. Tri-n~propyllead
fluoride was most effective.

Bueck and Kumrﬁgl conducted a serles of toxicity studies
on various types of organclead compounds. They found that

tetramethyllead has a relatively low toxlelty and placed aome

59, Collier, Z. Hyglene, 110, 169 (1628).
60. Krause, ’isazu’;':%a’ ~135 (1929). -
61. Buck end Kumro, Jg ?harm, Exp. Therapsut., 40, 85 {1930).



- 52 =

hope on organoclead aemgmuﬁéa containing two or thres methyl
groups and having the remaining valencles of lead satisfied
by en aromatic nucleus with amino or hydroxyl substituents.
| ﬁﬁﬁ%ﬁ&? series of toxicity sta&ias’ia reported by
Gilmen and ea»ﬁsrkera.sg The fgll&wing table glves the re-
sults obtained. |

Table V. Toxlelty of Some Qrgaaaie&é Salts.

| {mﬁ\ {mgs.)
Tristhyllead p-toluenesulfonate 0.5-1.0 = 12-186 15
Triethyllead salicylate .85 15-18 18«20
Triethyllead phenylacetate 0.3 . 12-16 15
Triethylliead furoate 0.5-0.4 1215 15
Triethyllead graminabanmaata 0eB140 12-15 15

Triethyllead ﬁrylaarylata 0s3~086 12-15 15-18

One of the later and more extensive studies of organo-
lead preparations for cencer therapy is that reported by
schmiat.® In addition to the ten salts mentioned eariier,
seven orgenoclesd compounds were tested on experimental mouse
cancer and ﬁ§ some extent on EBrown-Pearse tumor in rabbits.
1. Trimethylliead chloride
2. Tetraphenyllsad |
3. Dimethyllead oxide
4. Trizylenyllead
- B, Sodium salt of diphenyllead eatecholdisulfonie acld

62, Gilman esnd Oruhgzit, ibid., 41, 1 {1931); Gilman, Gruhszit,
Robinson and Towne, Proc. lowa Acad. Sel., 37, 248 (1930).
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&+ Sodlum calelum salt of diphenyllead cstecholdisulfoniec acld
7« Sodium salt of diaminodiphenyllead catecholdisulfonic acid.
A distinct sction eould be obtained only with 3@mpaaaéa 5 and
6 and to a lesser extent wlith 7. Using s radioactive isotope
of lead in these compounds faliled to inorease their efficacy.
The celcium was sdded from the pharmacologlcal polnt ef view
as an sntagonist to possible acute blood pressure symptoms
during intravenous Iinjections. ”

Behmidt concludes,

¥hether success will be obtained in
endowing lead with a more specifiec action
on cancer by progress in synthesls, only
the future can show. The results obtained
hithertec justify a certain doubt, and the
more s$o0 in view of experience gained in the
chemotherapy of infectious disesses that
the more pronocunced the metallie charactey
of the element the less can fundamental
changes in and inereases of activity be
obtained by chemical variations.

The latter statement, though substantiated to a certain
extent, ig not entirely justified. & striking case in point
is mercury and its derivetives. Theoretically mercury is more
metallie in character than lead snd metalllc mercury is ex-
tremely toxic; nevertheless, numerous mercurlals are used as
internal medicinals.

One approach toward increasing the specific action of
lead on cancer is the synthesis of lead-containing dyes which
selectively stain cancerous tlssue,

The following section 1s &n attempted correlation of the

structure of dyes with tilssue-staining properties.
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Correlation of the Structure of Dyes
with Staining Propsrties |

Carmine, a naturally occurring dye, was the first to be

6% in 1770, employed this dye

used in microscopic work. Hill,
in accentuating the visual structure of tilmber under the
microscope. There is no reference to the use of this or any
other dye in miar@sea@ié staining techniques until 1836 when
Ehrenberg used powdered Indigo and carmine in the study of
living microscople organisms. Thelr use became common around
1850. The aniline dyes were produced ﬂammaraialiytahaut 18586.

The hundreds af dyes ﬁhiah have since been marketed as a
Vregult of extensive aynthazie reasearch have rssulted in a vast
amount of study on staining technique snd applications. Exam-
inatlon of this material shows that the ability ef a dye to
stain tissue is often wmore dependent upon the properties of
the tissue than upon the éyﬁ‘itsalf, and becsuse of this the
following pages will treat the varlations in tissus and
staining procedures sas well as the staining properties which
are attributed to the dys alone.

The following table contalins a list of the most important
dyes and some of their physical properties which are important

in dye clessification.

63; Hill, Dissertation, London {1770}).
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Table VI. Structure and Physical Propertles of Dyes

e
A

= . q* » I whed
* * * * 0 Yagy
3 3 E 10~ 1
$ : ¢ : mt.ﬁfw $ A3 o,
Name @ Formula v 194198
: i § 8§ 2§k
3 $ w3 owd 1wt Q Jel @
: : 88: Bo 159 133
: B LML i e
| , - Rk - RaET BT
B %m ,
Thionin 2 QwQ 2 602 0,51 0.25 0.25
Ehul , CHg. ~_y-CHz
Methylene pt ] B : v
wwwkmw. &.m@ mwﬂmmw 687 Qym% M.xsmmw 3.558
Pk gt | NOo
Flom® NOg o 360 8.96 1,18
X Nog
H=N S0zNa |
Orange G 6 , 485 B5.24 022 10.86
, S0gNa
Congo red 497 0.19
Heutral 526 0,76 £.45 5.64
Basie \Owwm 5,93 0,2
c 540 0.755 %o §2°
fuchsin 8,16 0.39
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{Continued)
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1.08 Soluble
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red S 5~ B0zMe  566.5 1.21 6.15 7.69
Azure A VNAMHHMHHHﬂwmwmw 638
. ﬁmnm H
am
Bismarck e : 1 o
troen 3 Muwm < aEp 1.88 1.08 1.36
Ummm
CHz-CHg
Brillisnt  CHz-CHp-N HHgCl 631.8 0.80
oresyl CHz uﬂ/\sz
blue
m’%wm
Brilliant CHz~CHo. A >H(CHgCHz)2
P ereun 5Otz W )=e 625  1.51
cBiz-CHg /O
Cresyl ommm HEgCl 585 1-18 0.25 0,38
violet mmm
CHz
Br Br
Eosin blue mwmQaQ 521.5 0.92 0,75 39.11
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In the above amwww sach absorption maximum is expressed
in wave length {mu) and is the wave length of light ﬁwwaw cor-
responds to the mew@mﬁ,ﬂwwﬁa of the extinction coefficient im
the plet, wave wﬁwmﬁw va. extinotion coefficient. The absorp-
tion retie, R, 1s defined as the ratioc of the extinction
coefficients of the solution of the colored substance at two
specific wave lengths. These two values are important in the
determination of the purity of dyes and in @ﬁwwﬁwwm the
spectral position of the absorption band. The nature of the
acidity or basicity, as indicated by the formulas, will later
be shown to be important in mwwmwwma to tissue-staining prope-
erties. Solubilities are also extremely important. %Wwavwmmw

of dyes 1s on the certification basis, Jan. 1, 1936.°%

64. Holmes and Peterson, Stain Tech., 5, 65 (1930).




There are three physicael factors which together or
separately can explain many staining @hﬁﬁﬂmﬁﬁ&* The first of
these 1s the ability of all more or less porous substances to
be ganatfataé by virtue of thelr porosity or ﬁhr@agh-aémaaia.
Regarding these two properties of tissues it is obvious that
the particle size of the dye in solutlon is very ilmportant.
Solubility (table VI) must also be a very imyarﬁaak factor
since a dye of limited solubility must be considered inferior
from the point of view of limited applicability. Secondly,
the action of adsorpiion can sccount for many staining phe~
nomene. In the third place, a dye may penetrate tissue by
straight-forward absorption and then be cosgulated in a solid
state.

From the physieal point of view the theory of adsorption
seems to be the most plausible explanation for aaiﬁetiva stain~-
1ng~ It is a well-known principle that certain substances
show seleciive aéﬁer?tiﬁn\kanéaﬁaias for certaln ions.

It ig equally well known that lons haeve & merked sffect
on adsorption properties. In the fleld of dyes, Werthelmer®o
has demonstrated this effect. Neutral salts modify the solu-
bility of basle dyestuffs according to the anion series SCH>
1> Br>H0g> C1> 804, acetate and citrate; S5CN has the stronge-
eat precipitating mction. Fer thayyr&&iyit&ti@m of colloidal

85, %?rtha?mar* Arch. ges. Physiol. (Pflugers), 202, 383-94
19243, o T
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acid dyestuffs the catlion series is Ca DlMg >Ha DK >HNHys The
precipltation of basiec dyes by neubtral salte varies with the
concentration of the dye and with the temperature. High
temperctures inhibit precipitatlon while high concentrations
of dyes favor precipitation. With fr&g tissune the capsocity
to staln is best explained by polar edsorption according to
the following principlea: The stalnability of basic dyes is
favored by enions in proportion to thelr valence and is dimine
i§h@é by eations., The reverse 1is true with acid dyes. Hydro-
gen ions soct like multivalent cestions, while hydroxyl iouns.
act like anions. -

It is difficult to determine whether certain stalning
mechanisms should be classified as chemical or physical in
nature, and hence it is unwise to attempt such a distinetion
in all cases. Qrawarﬁﬁs has studied the relation of pH to
the adsorption and distribution of aclid and basle dyes in
plﬁnﬁ tiasue. A difference in behavior betwsen the cell wall
and plesma wes explained by the fact that the cell wall is
much more weakly buffered then the plasma of 1ts cell. The
eell wall is ordinarily not stained by acld dyes. Basic dyes
stain only in the pH renge which is limited by the discharging
point of the cell wall and the transition point of the dye.
The cytoplasm, plastids and nucleus take up beslic dyes inde~
pendently of the transition point of the dye from their

66. Drawert, Flors, 32, 91 (19837}.
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iseeleetric polnts to well into strongly slkaline reaction.
Various effects of salts on gtalning are explained by the
effects of the salts on the pH of the medium. Falaﬁ&rﬁ? con-
‘tributed some Informetion where pH of staining solutlon vs.
lacelectric point of tiﬁﬁ&ﬁ‘iﬁ concerned. The results of hils
work showed that the eritical polnt of staining was displaced
aﬁly «0.7 pH unit from the known isocslectric point. His
conclusion was thaet the protein must be at the isceleoirie
peint in @rﬂarvt@ take the dye most effeciively.

8ince hydrogen~ion control has been found essentlal to
eonsistent results with most staine, some information on
buffer m&x@arﬁa is necessary. French® has worked out a
series of buffer solutions conbaining ingredients, as shown

in table VII, which cover a range of pH from 5.3 to 9.2.

67. Pulcher, Boll. soc. ital. biol. $§a$*,_§, 223-4 (1927).
588 M@h,’ﬁmgﬁ Tw]') ﬁ& 8? zg ga@ »
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Table VII. Composition of Buffer Solutions.

NagHPOy~HgO

pH ‘ KHgPO,

5.3 0.227 grams® 11.583 grams®
5.6 0.454 11.286 "
5.9 0.908 " 10.692 "
6.2 l1.818 ¢ 9.504 "
6.5 2.723 8.316 °
6.8 4.539 " 5.940 "
7.0 5.447 " 4782 "
7.2 6.355 ® 3.564 "
744 7.262 2.376 ¢
7.7 8,170 " 1.188 ¢
8.0 8,624 " 0.594 "

Table VII (continued}.

pH NagB, On=10Hg0 HyBOg HaCl

8.2 6.69 grams 8.00 grams 1.89 grams
8.4 8.59 % 6.82 " 1.59 %
8.6 10.51 " 5.58 ° 1.1 "
8.8 1z3.37 " .72 " C0.87 7
2.0 15.28 ¢ 2.48 " 0.58 "
9.2 ig,10 *

*these amounts were dissolved in 100 nl. of water.



Purther Insight into the nature of atalning was sccom-

plished by Cralg and %ilaﬁnﬁg

of the University of Californis.
Thelr work is in sccord with the theory of ghamié&l combing~
tion of dyes on the acid slde of their lsoelectric points,
If the pH of the medium 18 basle to the isoslectric point of
the protein, the latter will combine with a dye cstion or
basic dye; whereas, if the pH is acld to the iscelectric point
of the protein, 1t will combine w&%h a dye anion or an acid
dye. 1If the pH of the solution is fixed at four, then all
proteins whose iscelectrio points are less than four will
stain wlth a baslec dys. In genersl, there will be many pro-
teins of different iscelectric points in any tissue, snd its
acldiec or basic character is determined by the average value
of the iscelsctrie peiata. The isoelectric point of & tlasuse
may be very nearly determined by the use of dyes.
Eﬂ?@ﬁﬁig&tien‘r@vaaiﬁ the complexity in developing
atainiﬂg,tﬁﬁhniques* It is not possible to stain the cell
nugleus, which is acld in cheracter, with an acid dye without
staining the cytoplasm. The entire tissue may be stained and
then treated with the buffered dye which will remove stain
from all proteins whose 1scelectric points are less than the
pH of the buffer; thus the nucleus may be destalned., In
order to stain the nucleus slone, 1t is necessary to use a

baslc dye whieh will combine with more and more proteins the

62. Craig and Wilson, Stain Tech., 12, 99 (1837).
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more bssic the solublion, until the nucleus is completely
stained., The usual basic dyes are the amines. The amino
group, however, has a strong Eﬁnﬁemey to add hydrogen ions and
act as an anion, usually comblning with proteins acting as
cations. This further complicates any simplified correlation.

The faet that the acid dyes as a gr&ﬁg show variation in
staining ability in a solution of constant pH would indicate
that the scid dyes might be classified with respect to one
snother, and the basiec dyes In a similar manner. However,
there seem to be too many variables Involved, and avallable
information is so iﬂt@@mingzﬁé that an agcurate classifica-
tion cannot be meds.

Consideration of the heretofore presented material brings
one to conclude that the selective staining of each tilssue
by the choiee of an adequate dye and stainling technique 1z a
distinet and involved research problem in itself. The
approach to each preoblem can be gulded in part by the material
roferred to.

The following table includes a l1list of important dyes,
together with their blologleal applieation. The reference
numbers refer to the bibliography at the end of this section.
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Bibl g&apﬁié(;ég;w
erence to technique

Hame of stain Application

Pierie acid Feor cytoplesm. Contrast staln 71

¥artius yellow For cancer tissue; with acid 70

Orange G

Sudan R

Janus green

lethyl orange

Suden 111
Buden IV

Blsmarck
brown ¥y

Congo red
Trypan red

Alizarin
Thionin
Azure A
Azure B

Kethylene
blue

fuchsin and malachite green

Counterstain to thiéaia; in
plant pathology

Employed in 8 modification of
the Kehn test for syphills

For sections of embryos; with
neutral red

For é@tarmini&g reaction of
cell sap in plants

Por fat in tlssues
For fat in tlssues

Chromosomes 1in smear prep.
of eggs

For sections of embryos
For vitel staining

To distingaish cow's milk
from goat's milk

For staining bacteria and
fungl in plant tlssue

A8 nucleer stain; with eosin
and orange I1II

For negri bodies

Buclesr stain

{Continued)

79
72
73
76

74
78
76

7

74
78

78
80

81
74
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Table VIIT {continued)

Hame of staln

piisme D A A e A

Application

Ref. Ho.

Methylene Por wood and fixed chromatin
green

Toluidine Diagnosis of diphtheria
blue O
cresyl blue

Hile blue Supravital stain for embryos
sulfate

82
Brilllant As a vital stain 83
84
Neutral red Stain for parasites in tlssue B85
Cresyl vioclet For fresh tumor tissue 86
Safranin © For Chromating with light green a7

Malachite green With Mertius yellow; for cancer 88
tissue

Light green For general histologlecal 88
8F yellowish tissue

Basile fuchsin Powerful nuclesr stalin 71
Aniline blue For connective tissus 89

Acid fuchsin Plasma staln end for 89
connective tissue

Pyronin ¥ Stein for gonorrhoeal pus « 90
Eosin ¥ Cytoplasm stain 91

Eogin ethyl '~ 8tain for HWegri bodies in o2
smears of nervous tissue

Phloxine For staining algae 93

Victoria blue For granules In virus dlsecase 94

{Continued)
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Teble VIII (continusd)

Name of staln Application Ref. Ho.

Viectoria For nervous tissus 85
blue B

Auramin For plant sectlons 1 96

Indulin For nagaﬁi?a stalining of bacterla o7

The involved nature of each ayylisaﬁian,aéﬁ be shown by
a study of the application of dyes In the cancer problem for

570 nye thres fundamentals

the purpose of early dlagnosis.
of the problem are the discovery of some unique property of
the cancsr cell, a proper dye to serve as indlcator, and a
procedure for tlssue examinatlon. ’Eﬁgal has shown that many
inoculated tumors take as vital stains sevearal acld dyes of
the triphenylmethans grﬁag’{faah$in 8, red viclet, light
green, and iszamine blue). The coloring occurs in the living
tumor eell and not In the necrotlic cells.

The result of this survey shows that few certaln predic-
tiénﬁ can be made beyond the principle of b&siewtimaasaaaaiﬁw

dye-affinity and vice versa. Each problem involves sufficient

variables to merit separate detalled consideration.
The problem becomes stilll more complicated when the pref-

erential staining of cancerous tissue, in vivo, ls considered.

70. Engel, 2. Krebsforsch., 22, 366-72 (1935).
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When inoperable cencers are involved, the dye cannot bé applied
directly. 1If the dye is edministered into the body remote
from neoplasm, the intermediate metabolic fate of the admine
istered compound @amylieatéﬁ the pleture. Only by continued,
untiring efforts in the research laboratories can we he@a to

find a solution to the g?@%l@m of cancer cure.

References Olven in Table VIII

71. Pianese, Beitr. g&th; Anst. u. Aligem. Path. Suppl., ]
193 (18967, Eath- Seppds, Lo

72. Krsuse, Urban and Schwarzenberg, Berlin, p. 1900.
75. Welchberg, Stain Tech., 10, 145 (1934).

74, Faris, Anat. Record, 27, 241 (1924).

75. Lee, "Grundzuge der mikroskopischen Tecknik," third edi-
tion, Berlin {1907).

76. Michaelis, Virchow's Arch. path.fnat., 164, 263 (1901).

77. Foot and Strobell, Stain Tech., 8, 101 (1933).
78. Schaffer, Z. Wiss. Mikr., 5, 1 (1888).
79. Geyer, Stain Tech., 8, 37 (1932).

81. French, Stain Tech., 1, 11 {1926a); 1, 79 (1926b).
82. Jordan and Heather, Stain Tech., 4. 121 (1929).

83. Albert, Am. J. Pub. H., 10, 334 {1920).
84. Irwin, J. Gen. Physiel., 10, 927 (1927).
85. Setwiler, Anat. Record, 13, 493 (1817).

86. Twort, J. State hed., 32, 351 (1924a).
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89.

91.
92.
93,
84.
95.
96
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Benda, Arch. Anat. Fhysiol., 376 (1899).

Wallery, J. Exp. Med., B, 15 (1800}.
Scudder, Staln Tech. 6, 99 {1931).
List, Z. Wiss. Bikr., 2, 145 (1888).

Harris, J. Inf. Dis., S, 566 {1908).
Chemberlain, Staein Tech., 2, 91 {1927},

Rerzberg, Abs. in Stain Tech., 10, &7 (1934).

Proescher, Stain Tech., 2, 53 {1934).
Vinassa, Z. Wiss. Mikr., 8, 1 (1891).
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Psp'Biphenylenedi-({5-azo-2«hydroxyphenyltriphenyllead)

Triphenyl-l-(2-hydroxynaphthyl)-azophenyl~4~lead

' The reported® dlazotization of triphenylep-aminophenyle
lead and subsequent @@ﬁ?iiﬁg with lﬂ«naghthaz were carried out
in dilute hydrochloric saiﬁ. Since the yield of dye was very
sw#il, a better means of dlagotization was sought.

%ﬁen\hhﬁfaminaayyllgaé compound was dissolved in ethanol
saturated with dry hydrogen chloride, treated with isocamyl
‘nitrite at 0%, and then poured inte a sodium hydroxide solu-
tion of A-naphthel, the yleld of dye was no better. The
same held true %h@a.%ﬁﬁ sulfurlic acid was used as the reastion
medium.

The followlng procedure geve the best results. Five~
.ﬁanthﬁ of a gram of triphenyl-p-amincphenyllead was dissolved
in 10 ml. of glacial acetic aecld cooled to the freezing point.
Sodium nitrite was then slowly added with atirring. The tem-
perature was held between 15°% and 20° for 15 minutes and the
mixture was then poured into a sodium hydroxide solution cone
taining 0.5 g« of /E«na@ht§a3¢ The so0lid which separated was
filtered off and erystallized from dilute ethanol. The yleld
ef‘ﬁyﬁvmﬁlting at 135° (dec.)® waes 0.2 g. or 35%. |
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lead was present; hence the dye probably resulted from the
reaction of the diazonlum salt of l-naphthylamine~3,6,8«-trisul-
feonle acld or the coupling of benzenedliazonium ﬁﬁlsride, PO~
sulting from the alaaéage'@f tr1§haﬁylfg~amin@yﬁanyl1&35, with
lenathphylamino«3,€,8~trizsuvlfoniec acid.

Triphenylel~{2-hydroxynaphthyl)~azophenyl-2-lead

To & solution of 2.0 g. of triphenyl-g-aminophenyllead in
glaeial acetis scid cooled to 15° was added 1.0 g. of sodium
nitrite. The mixture waakallsweé to stand for 15 minutes and
was then poured into an alksline solution contalning 1.0 g.
of (3-naphthol. The yellow solubtion was filtered and the
resldue grystallized from ethanel. WHo appreciable quentity of
dye was isolated. The alcchol-inseluble fraction was erystal-
lized from chloroform. A mixed melting point with tetraphenyl-
lead showed no depression. 7The alcohol-soluble portion yislded
triphenyllead acetate, and on dilution with petroleum ether,
triphenyl-g-~hydroxyphenyllead.

Triphenylel~/Z-hydroxy~3,5~d1i~(p-nitrophenylazo)-phenyl/~lead

p~Nitroaniline (5.0 g.) was diazotized in the usual
manner. The diazotized solutlon was then added to a mixture
of 5.3 g+ (0.0l mole) of triphenyl-e~hydroxyphenyllead, 20 ml.
of ethyl acetate, 20 ml. of 957 ethanol, and 40 ml. of 10%
sodium hydroxide solutlion. A deep, blood-red color was lme-

mediately obtained. The mixture was stirred rapldly until all
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the ethyl acetate had &?ay&ratﬁﬁ, This took sbout two hours.

The solid residue wss then collected aﬁ,a filter and washed
thoronghly with water and cold 507 ethanol. The dark red

‘ powder which remginaé on the filter wss corystalliszed from

ethanol containing a small amount of acetic acid. The com-

pound é&aémgesaé above 180°, The yleld was 7.1 g. or 86%.

Anal. Caled. for CzgHoeOgHgPbt Pb, 24.9; N, 10.1.
Found: Pb, 24.6; N, 9.9. _

The analysis of the compound showed that two molecules
of p-nitrobenzenediszonium chloride had coupled with the lesd
éﬂﬁ@ﬁﬁﬁﬁﬁ o o _

Three grams of the dye was saa§aﬁéaﬁ in 10 ml. of hot
water, and 8 g. of stannous chloride in 20 ml. of hot concen~
trated hydrochloric acid wes added. The mixture was warmed
until decolorizetion had taken place and was then filtered.
The filtrate was made alkaline with sodium hydreoxide and then
extracted with ether. The water layer was next saturated
with carbon dloxide and agaln extracted with ether. The sther
. extraet was dried anﬁrthe ether was evaporated. The residue
was crystallized from dilute ethanol. The melting point was
79-80°. The plorate melted at 120°. 7This corresponds to the
melting point of the pilerate éf g,é*ﬁi&ﬁiﬁﬁ?ﬁﬁﬂﬁlagg A mixed
melting point with an suthentic &p&ﬁimﬁﬁgg showed no depression.

The following equations show the structure determination:

98. Lumiere, Compt. rend., 116, 1204.
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HC1

Ppel | Qﬂﬁg’* Ezﬁ-D NOg

@aaa-ﬁﬁlubla‘ base-inscluble

That this structure is ﬁérraat 1s substantlated by the

analysis, both for lead and ﬁitragan, and by the 2,4-dlamino-
‘phanal isolated from the él&a&&g& of the dye. Since p-nitro-
eniline is not directly involved in the structure determina-

tion, it was not lsclated.

Triphenyl-l«/Z-hydroxy-5-(p-iodophenylaze)-phenyl/-lead

To a suspension of 5.5 g. (0.0l mole) of triph&nylﬁgw
hydroxyphenyllead in a solution containing 25 ml. of water,
3 g. of sodium hydroxide, 25 ml. of ethaneol and 10 mil. of
ethyl acetate was added 2 g. of p~icdoaniline dilszotized in
the usual manner. A red solid separated immedistely. The
mixture wes stirred rapidly until all the ethyl scetate had
svaporated. The sclid was flltered; thoroughly washed with
water, dried, and extracted with hot benzene. The benzene
axtract was evay§raﬁsﬁ to dryness and the residue was crys-

- tallized from a henzens-petrolsum ether mixture. The yleld
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of triphenyl-le/E-hydroxy~5-{p-iodophenylazo)-phenyl/-lead
was 5.4 g. or 71%.

Identlical reactions were carried out using p-bromoaniline
and p-chloroaniline., The results are summerized in Table IX.
The dyes do not have a definite melting point but decompose
slowly when heated above 150% or whem left in the light at

~ room temperature for several weeke.

%abza IX. Besults of the Coupling of Triphenyl-o~hydroxyphenyl-
lead with Various ﬁry&aminasg

~'\wﬁ‘ezaim.%:siZ{5.*I's§r
ﬁﬁic
OH
<:§?b <:>g=§<:>1‘5‘4  71 25.9 25.5 [Reddish Insoluble
: : - brown in HeO.

Soluple in
o ' most organ-
OB i¢ solvents

Pb N ;

Q% :
.‘ Bl B 0.8 30.8 Dark do.
- brown

The structure of esch of the dyes was proved by reductlion
with stannous chloride and subsegquent lsolation of p-amino-
phenol (m.p. 184°%), Identity of the p-aminophencl was estabe
lished by & mixed melting point with an authentic speclmen.
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The progedurs was essentially the same as that described for
the reduction of the dye resulting ffam the coupling of
p-nitrobenzenediazonium chlorlide with triphenyl-o-hydroxy-

phenyllead.

Triphenyl«l~/E-hydroxy-5-{p~carboxyphenylazo)-phenyl/-lead

To a suspension of 5.5 g. (0.0l mole) of triphenyl-o-
“hydroxyphenyllead in a anlﬁtimn aaﬁtaining 25 ml. of water, 3 g.
of sodium hydroxide, 25 ml. of ethanol and 15 ml. of ethyl
acetate was added 4 g. of p-aminobenzoic acid dlazotized in
the usual menner. The mixbture immediately became dark red and
was stirred for two hours end then filtered. The filtrate was
scldified with &@étia acld. The solid which separated on
acidificatlion was aaliéetﬁﬁ on a filter and was washed with
water. Crystallization from dilute ethanol gave a deep red
dye éﬁﬂﬂm@@&iﬁg,abava.lﬁﬂé and soluble in dilute alkeli. The
yield was 1 g. or 15%.

Ansl. Caled. for CzyHoaOgNpPb: N, 4.1. Found: N, 3.8.

Several attempts were made to ingrease the yield of

finel produet, but without success.

gkgfnﬁiphaﬁgieneﬁiéfﬁwﬁﬁ@@%whyﬁrbxgﬁh&ngltrighﬁngllaaé}

To a suspension of 5.3 g« {0.01 mole) of triphenyl-o-
bydroxyphenyllead, in a solution similar te that described in
the preceding experiment, was added 1.8 g. of benglidine,

tetrazotized in the usual manner, The mlixture turned dark
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brown. After stirring for two hours, the mixture was filtered.
The residue was washed with water, 95% ethanol, and chloroform,
respectively. The brown solld which remained was insoluble in
all the ordinary organic solvents and did not melt at 340°,
The yleld was 1.8 g« or 17%. | |

Ansl. Caled. for CggliggOghgPbpt ¥, 4.88. Found: W,
4.95. - :

Attempted Freparatlon of %rip&aﬁyl*1ﬁé?shyaraxyﬂ5~(grzulfmna~

phenylaze)-phenyl/-lead

Several attempts were made to couple diazotized p-amino-
benzenssulfonic acld with triphenyl o-hydroxyphenyllead. When
the dlazonium solution and a suspension of triphenyl~o-hydroxy-
phenyllead were mixed, no immediate coloratlon took place.
After several hours the mixture turned slightly orange, but ne
lead~containing dye could be lsolated. Triphenyl-o~hydroxy-

phenyllead was recovered almost gquantltatively.

 Iriphenyl-l-/Z-dimethylsmino-5-(p-nitrophenylaze)-phenyl/-lead

To & vigorously stirred suspension of 5.58 g. (0.01 mole)
of triphanylﬁgfﬁimﬁth?lamim@gh@nyllsaé in a solution contain-
ing 75 ml. of water, 75 ml. of ethsnol, 50 ml. of ethyl
acetate, and 3 g. of sodium acetate was added 2 g. of p-nitro-
aniline diazotized in the ususl manner. A deep red color
/1mmaéiat&1y appearsd., After fifteen wmlnutes alr was bubbled
through the mlxture to expel the ethyl acetate. The gummy



solid was filtered from the squeous mixture and was dried on
& porous plate. The dried materisl wes bolled with ethaneol
to remove any of the starting lesd compound, was then filtered
and the residue was washed with water and dried. The yleld of
dark red dye was 4.2 g. or T0%.
Anal. Caled. for CxpHpgOglyPb: N, 7.9. Found: N, B.2.
Three grams of the dye was suspended in hot water
{10 mi.) and 8 g« of stennous chloride in 20 §1¢ of hot concen-
trated hydrochloric acid was added. The mixture was warmed
until decolorization was complete. The solld residue was col-
lected on a filter. The filtrate was made basic with sodium
hydroxide and then was exirscted with ether. The ether layer
was dried over sodium sulfate and the ether was evaporsted.
The crude héaes were warmed on a water bath with 1 g. of
acetic anhydride. This mixture was diluted with water and
filtered. The filtrate was neutralized with sodium carbonate
to precipitate p~-dimethylamincacetenilide. This compound,
" when crystallized from hot water, melted at 130%. 4 mixed

melting peint with an suthentic agaﬂimﬁﬁ§§

showed no
depression.

The following diagram shows the structure proof.

99; Gattermann ané Wieland, "Laboratory Hethods in Orgenlec
Chemistry.® The Waemillan Company, New York (1837},
e S08 » !
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HC1 | |
o CHg. ,
PbC1 ¥ NHo + HoW ‘Q- NO«
Q {335’ B f2 02
. B ‘
Insoluble acetiec
' : anhydride

%3‘& .Oﬁw.: ey

L O

o
sold-snluble acid-insoluble
In this and the related dyes which follow, only the

p~dimethylaminoacetanilide was isolated and identified by a
mizxed melting point with an suthentic specimen. It 1s obvious
that the other producte obtalned from the reductlive cleavage
of the dye are not lmportant as far as structure determination

is concerned.

Triphenyl-l~/Z-dimethylamino-5«(p-chlorophenylazo)-phenyl/~lead
To a vigorously stirred suspension of 5.58 g. (0.01 mole)
of triphenylﬁgyéim@thylsmiaeyh&ny&laaﬂ in a solution containing
75 ml. of water, 75 ml. of ethanol, 50 ml. of ethyl acetats,
~and 3 g. of sodlum acetate was added 2 g. of p-chlorocaniline
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auhaﬁqﬁsnt;ta diagotization in the usual manner. A dark red
color immedliately ap@aaxséa After fifteen minutes air was
‘bubbled through tha mixturs to axp&l the ethyl scetate. The
aalié material was then collected on a filter and washaé
ﬁhsraagh&g with water and ethanol. Purification was effected
by cryatallizing from hot slcohol.

Identical reactions were carried aﬁt'uéiag the diazonium
aalte of gﬁhrem@aniline,1£~iﬁéaaailiua and p-aminobenzolc
acld. The raaulté of all the experiments ars tabulated as
ShQWﬁu The dyes decompose sbove 140, but %hﬁ decomposition
point is not characteristic.

T&ble X. Results of the Coupling of Triphenyl-o~dimethyl-
&minayhaayil&aé with Various Arylemines.

Compound ~_Yield %‘m‘a}‘;Mg . Coler Solubility
’ ) - &‘“{ ,’ ¥ - .
CHgy CHy brown-  Insoluble
O %Q 5.7 51 29.9 £9.6  1ish in Hgo.
' : ; red Soluble in
3 . ‘,éﬁQ ¢l most or-
» ; ganic sol-
CHg CHgz ‘ vents.
9108 4.2 67 28,0 27.7 dark  do.
3 ~ =§O Br | red
CHz CHg V
(e 5.32 60 27.2 27.0 brown do.
S 2l
CHx CHa ” 81ightl
O N soliblelin,
Pb 4.06 57 20.8 29.6 bright dilute NaOH.
3 w-n {yCooH e gﬁfﬁ*?gi?ym
‘ §anie
vents.
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The structures of the four dyes just described were
proved by reductive cleavage with stannous chloride and con-
centrated hydrochloric scid. The procedure wag identical with
that used for the cleavage of triphenyl-le/Z-dimethylamino~5-
;{Eﬁﬁit?ﬁphﬁﬁ?iﬁﬁ@}*@h&ﬁ&%?ﬂiﬁ&ﬁq

The oriticel produet isclated in each cleavage was p-di-
methylaminoacetanilide. éft@r erystallization from hot water

this compound melied at 130°,

@righanglwlwzgkmaﬁh@x§wﬁﬂ(E~ﬁitr@gﬁangl&ma)wghang§7%1aaé

To & suspension of 5.5 g. (0.01 mols) of triphenyl-p-
‘anisyllead in 75 ml. of 10% sodium hydroxide and 20 ml. of
ethyl acetete was added 2 g. of dlazotized p-nitroaniline.
The brownish-red sollid which formed was collected on a filter.
Grgskﬁlliﬁaﬁieﬁ from 95¢ ethanol gave 3 g. or 33% of light
brown dye melting at 180°.

Anal. Calod. for Oy HpsOzNzPb: N, 6.7. Found: N, 6.8.

Triphenyl-l~/B-methoxy~5~(p-nitrophenylazo)~phenyl/-lead

When triphenyl-o-anisyllead wasg treated in the same
manner as described in the precsding experiment for triphenyl~
p-anisyllead, a light brown dye was obtained in 45% yi&ld;

The melting polint of the dye was 178°.
Anal. Caled. for CzjHpgOsNgPb: N, 6.7. Found: N, 6.5.
The structures of the coupling products of p-nitro-

benzensdiazonium chloride with triphenyl-g-anisyllead and with
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DISCUSSION OF RESULTS

Two methods are avallable for the preparation of azo
lead dyes: (1) @wwmawwmww»mﬁ of aminoeryllead compounds
followed by eoupling with & hydroxyl-, amino-, or methexyl-
aryl compound; or (2) coupling of diazonlum salts with
hydroxyl~, amino-, or methoxylaryllesd compounds.

The diazotization of aminoaryllead compounds is not a
good preparative progedurs because of the difficulty aw;
countered in @W«mpﬁwﬁm the diazonium galt in good yields.
Mild wa%m»wwmﬁm must be used in the diazotizetions to aveld
cleavage of wwa,@wmmﬁﬁwamm compounds. Acetic acld was the
best solvent for this purpose.

The failure of diazotized aminoaryllead compounds to
souple with sulfonic scid-substituted naphthalene compounds
is probably due to steric hindrance. This same reasoning may
be mwwwwwa to the %m@%wwﬁm results that were obtained when
mmwww@a%wjmwaﬁ»wm%maﬁwww@&@wﬁmw.wwwwawwwga and added to a
basic solution of f-naphthel.

Azo lead compounds were obtained in good ylelds when
diaszeonium salts were coupled with organolead compounds cone
taining functional groups that facilitated diazo coupling.
When hydroxyl end methoxyl substituted organclead compounds

were used, the coupling was carried out In an alkaline
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solution. Ethyl acetate was added to the sclutlon to inerease
the golubllity of the resgents. When ethyl acetate was omitted
the ylelds were marka@iy reduced. Ethyl alcohol increases the
miscibility of water and ethyl acetate.

Aminoaryllead c&&ga&ﬁéa were coupled in a medium weakly
acld with acetie acid. Sodium acetate was used as a buffer.

A rether surprising observation was that p-sulfono-
bengenediazonium chloride would not wmdergo coupling under
conditlions which gave good yields with other dlazonium salts.

A plausidble &ﬁ@l&ﬁ&ti&ﬁ for this has not yet been found.

Apparently the lead atom, orienting to the meta position,
iﬂﬁ?ﬁ&&ﬁ& the amount of coupling, &ina&‘g}nitr&benzﬂﬁa&iasanium

chloride doss not couples with anisole,
triphenyleg-anisyllead and triphenyl-p-anisyllsad.
7 When the pare positlion was open, coupling took place pars
to thé functional group involved and meta to the lsad atom.
Triethyl«o~dimethylaminophenyllead was cleaved by p-nitro-
bengzenediaxonium chloride under conditions favorable for
coupling.
Generally, the dyes prepared did not have characteristic
melting points. The presence of the lead atom gives the
dyes 8 dull appearance. The shades varied between brown and
red, dependent upon the type of compounds
The results of pharmacclogical tests have not yet b@én
obtained.
100. Heyer, Ann., 398, 66 (1913); Ber., 47, 1741 (1914).
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SUMNMARY
A survey of lead compounda in the treatment of cancer
has been presented.

An attempt has been made to correlate chemical structure

and staining propertles.
Bowe azo lead dyes have been preparsd.
The positions of coupling have been determined.

Pharmaeologleal results are awaited.
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