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1.

INTROIUCTION

lead and its oompounds have shown considerable promise as
therapeutic sgents in the treatment of canoer.t Two seriocus diffioculties
have been encountered in the application of organolead compounds in this
mos#t importent field: namely, the gensral toxlcity of these compounds
toward benign as well u malignant tissue, and their insolubility in
water.

The present study has besn oconcerned primerily with attempts te
overcome the seoond of the disadvantages mentioned abovew~that is, with
the preparation of organolead compounds containing waterwsolubiliszing
groups. Some of the commen groups which tend to promote solubility in
water are the sarboxyl, the phenoclic or alocholis hydroxyl, the sulfonic
acid, and the amino or substitubted amino groups. FExocept for the
alooholie hydroxyl, all of the above-mentioned groups offer the possibile
ity of further promcting solubility in water by formation of salts with
acids or with bases,

Belatively few organclead ecmpounds containing one or more of these
groups have been prepared, Mumerocus workers have concernsd themselves

with the problem of synthesising such compounds, but the work has been

lFor a review of the use of lead end its compounds in the trestment
?f ea§osr, Bee Stuckwisch, Dootoral Dissertation, lowe State Collegs
1943).
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made especially difficult by the ease with which the carbonelead linkage
undergoes cleavage by acidic reagents. Indeed, the sonditions necessary
for the introdustion of the groups mentioned are in many cases just
those conditione which result in cleawage of carbon-lead linkmges., A
further diffioulty is the fact that Grignard resgents, common intermed-
iates in the preparation of organolead sompounds, are in general not
available from halides containing reactive functional groups.

The halogen-metal interconversien n&ction‘z’s" which has bgon
recently extended to aromatic halides containing a wide variety of
funotional groups, sesmed to present a means of synthesising some
organoli‘l;hm sompounds which might prove useful in the preparation of
erganclead compounds containing water-solubilising groups without sube
jecting the intermediate or final products to cleavage conditions.
Consequently, & study of the halogen-metal interconversion resotion and
its extension to different types of arcmatic halides was made in cone

neotlion with the work on organolead compounds.

265.11&11, langham, and Jacoby, J. Am. Chem. Soc., 81, 106
(19%9); Gilman, Langham, and Willls, 1bid., 62, 546 (1940);
and subsequent papers,

Swittig and co-workers, Ber., 71, 1908 (1938); 72, 89 (1939);
and subssquent papers,

%ucore, F.W., Dootoral Dissertation, Iows State College
{(1941).
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An organclead compound is defined as a compound of lead in whioch
at least one organiec group is joined directly to the lead atom by a
carbon~lead bond., This definition excludes such eompounds ss salts of
inorgenic lead with organic acids, since in thess the organis groups
are separated from the lead atom by an oxygen atom.

Orgsnolead salts, such ss triphenyllesd chloride, are of imterest
primerily as intermediates in the preparation of organolead oompounds
in which all four of the valences of lead are satisfied by orgenie
groups, The omphesis in the present study hes been plaecsd on the
preparation of organclead compounds contaianing four carbonelead
linkmges.
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HISTORICAL

The following discussion of the introduotion of water-solubilising
groups into organometsllic compounds of the Group IV metals ccnstitutes
& survey of the genergl preocedures and special methods which have been
successfully applied in this seotion of orgsnometallio chemistry, ss
well a8 a consideration of the less successful expsrimente shich hawve
also contributed to the total knowledge available in the field,

Organosilicon compounds ars excluded from consideration here, since
they are not strictly organmetallic compounds and their preparation
and properties resemble those of the analogous carbon compounde, The
organogermanium compounds are intermediste in their properties between
the orgenosilicon oompounds end the organotin compounds. The organoce
tin and organolead compounds show great similarity; their dissimilarities
are differences of degree rather than of kind, as might hawe been predicted
on the bui.: of the greater molecular weights of the organclead sompounds
compared with those of the corresponding orgsnotin compounds.

In the discussion of organogermanium, organctin, and organolead
sompounds containing wateresslublilizing groups, only thoss compounds are
oonsidered in which the waterwsolublilising group is part of an orgenic
radiesl atteched to the metal directly by a carbonemetal linkage. The

discussion includes some organocmetallic compounds ccentaining groups whioh
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are not of themselves water-solubilising (for example, the nitro, bromophenyl,
bromcalkyl, and ocarbalkoxy groups). Compounds with these groups are of
interest as intermediates in the preparation of compounds conteining

water«solubiliging groups.
Organogermanium Compounds

Relatively little work hes been done on the introduction of water-
:elubi}.uim- groups into organogermanium compounds. Germanium emd its
inorganio compounds are comparatively rare end costly shemieals; cone
sequently it is not surprising that the organometallic chemistry of this
element has been studied to e lesser extent than thet of the readily
available metals, tin and lead.

Attempts to prepere water=-soluble organogermanium oompounds were
inspired by the possibility that suoh compounds might be useful in the

treatment of pernicicus anemis.?

Organogermenium oompounds are, in
- general, less toxic then the corresponding compounds of tin and lead;
however, it appears that germenium and its compounds are not of great
importance as therspeutio agents.®

The first study of orgsnogermenium compounds containing polar groups
- was reported by Orndorff, Tebern, snd Dennis.> These workers were sble

t0o introduce soms substitubted amino groups and the sulfonic acsid group

into organocgermsnium compounds.

Sorndorff, Tabern, and Deanis, J. Am. Chem. Soo., 49, 2612 (1927).

8Burachkies, Ber., 89, 1145 (1938).
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When triphenylgermsnimm bromide was refluxed with an excess of
dry dimethylaniline undsr varying oconditions no reasction took place.
However, when triphenylgermanium bromide and two moles of pebromo~
dimethylaniline were refluxed in xylene with an excess of sodium,
sodium bromids was deposited and triphenyl-p-dimsthyleminophenylgermanium
was formed.® Tuia compound easily formed a solid, orystallise hydro-
chloride, which was insoluble in water and in hydrochloric aeid btut
which dissolved resdily in absolute aleohol,
| The anhydride of pedimethylaminophenylgermanonie acid,’
C p~(cEg)pMiCgH Ge0 ] 50, was prepared by hesting germanium tetrachloride
with excess dimethylaniline followed by hydrolysis of the reaction mixture
with base and preoipitation of the amhydride by satureting the basie
solution with oarbon dioxide. The product was a pearly white, fluffy
powder, soluble in very dilute mineral acids and in excess alkeli, It
had no definite melting point. The anhydride, when kept in thin layers
for some time in an atmosphere of dry hydrogen chloride, was converted
into the hydrochloride of pedimethyleminophenylgermanium trichloride.
Thi# compound was readily and oompletely soluble in water, and from the
sgueous sclution the original anhydride could be precipltated by ammenium
hydroxide.

Later, Bauer and Burschkies' prepared the amwdr{da of pemonomethyl~
sninopherylzermanonic acid and p-diethylaminophenylzermancniec acid by
procedures similar to that desoribed above for ths dimethyl compound,

"Bauer and Bursohkies, Ber., €5, 956 (1932).
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It was shown by these workers that, contrary to the statement of Thomas
and Southwood,® diethylaniline remcted with germenium tetrachloride;
the produst was the p-diethylaminophenylzermancnic acid avhydride.
Bauer ond Bursohkies also prepered the dithie acid anhydrides,
[ pe(cHz),RCH, G038 |28 and [ pe(Cohig )oNCqli 005 1 58, by treatment of the
corresponding oxygen anhydrides in diluts saetic soid sclution with
hydrogen sulfide. The thic eompounds were eolorisss, amorphous sube
stances, which logt hydrogen sulfide and turned ross-colored in moist
airs, They wers soluble in mineral acid, alkall, and alksli sulfides,

The only organogermanium compound sontaining the sulfonic soid
group was prepared by Orndorff, Tebern, and Demnis,’  Tetrabencyle
germanium was sulfonated by means of twenty~five per cent fuming sulfurio
acid below 36°. The mulfonic mcid was isolated ss the normal barium
galt, whieh dissolved readily end sompletely in cold water, but was
insoluble in acetons, aleohol, or ether., Anmlysis of the salt for
barium, sulfur, and gemeniwm establishsd the conastitution of the
sulformtion product as a tetrasulfonio aoid, (3038663‘633)‘63. However,
the free acid was not isolated,nor was the position ocoupied by the
sulfonic acid groups in the bengene ring determined.

Bursohkies® attempted to prepare watsr-soluble organcgermeniucm
sompounds by nitration or cxidation of the R‘Go ocompounds, tetraphenylw

 ®mhomes an Southwood, J+ Chem. Soo., 2085 (1931).
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gormanium, tetrabensylzermeninm, and tetratolylgermanium, This work
was unsuccessful, and the only reaction ohbserved was deaomposition of

the organogermanium compounds with oleavage of the sarbonegermenium
bond., For exzemple, when tetrsbensylgerranium was trested with fuming
nitric aoid in bolling acetic acid, the only product isolated was
nitrobenzaldehyds, Nitration at 15-20% or at 50-60" gawe only unchenged
tetraboenzylgermaniom,

However, the nitration and oxidation of compounds of the type
(RGe0)50, in which the carbongermenium bond is relatively stable, were
effected, The anhydride of p-dimethylaminophenylgermanonic scid wes
nitrated by means of a mixture of sulfuric and nitrio acids; the
product cbtained upon dilution of the reasction mixture and neutralization
with ammonia was the anhydride of 3J~nitro~i-dimethylaminophenylgermanonie
mid,a This was & yollow, amorphoue substence, readily soluble in
alkalli, The oxidation of petolylgermanonic acid anhydride by alkaline
psrmangavate gave pecarboxyphenylgermenonlc acld mhydrma,a
(p~HOOCCgH,Ge0),0, an amorphous substance soluble in alkali,

By means of the reaction between pentamethylensdimagnesium bromide
and germenium tetrashlorids, Schwars and Beimhardt? syuthesized
eyolopentamethylenegermanium dichloride, The action of two moles of
e‘!:hy]zmgmﬂ;m bromide on this dichloride produced diethyleyolopenta=
methylenegermanium. It seems probsble that cleawage of this compound

S5olmars and Reinhardt, Ber., 65, 1748 (1932).
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with one mole of bromise would give diethyleG~bromosmylgermanium bromide,
which in turn could be converted to triethyl-S«~bromoamylgermanium by
treatment with ethylmegnesium bromide. A similar series of resctioms
has been ocarried cut in the tin and load series (these are dissussed
in later sections). The triethyleSebromcamylgermanimm would offer the
posaibility of introducing a carboxyl group through formation and sub=-
sequent carbonation of the Grignard reagent, However, the oleavage of
dlethyloyolopentamethylenegermanium by bromine has not yet been studied.
The work on organcogermanium ocompounds may be summariged by the
statement that the only water-selubilising groups which have been
iabrodﬁood are scme subatituted amino groups, the earbexyl group, end
the sulfonic acld group. It will be apparent, from the following die~
cussion of organotin end organolead compounds, that the methods of
introducing water-solubiliszing groups into orgsanogermanium oompounds are,
in gensral, specific for gemmanium and ocamnot be applied to the synthesis
of the anslogous tin and lead compounds.

Orzanotin Compounds

| Although organotin ocompounds have shown little promise as therapeutio
:.gunta.m several workers have studied the preparation of organotin com=
pounds containing weter-solubilizing groups. MNost of the kmown organctin

Opor o discussion of the tharspsutic properties of some organoctin
sompounds, see Amtzen, Doctorel Dissertation, Iowa State College
(1942).
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pompounds with such groups have been prepared in recent years. The
first mter-solublilising group to be introduced into an orgenotin
ecmpound of the type R4Sn was the oarboxyl group. Chambers and Schereri!
reported the synthesis of triphenylearboxymethyltin in 1926, Prior to
this time, organotin compounds containing the carbethoxy, Bebromosmyl,
and nitro groups had been prepared. Alsc, some hydroxyslkylstannonie

acids were reported in a patent in 1923 (discussed in a later section).

Orgenctin compounds containing carbalkoxy groups

In 1911 Enmert and Fller’” reported the synthesis of two compounds
which wers sssigned the structures of dicarbethoxymethyltin diiodide
and di~owcarbethoxypenyltin diiodide. The former compound was obtained
in & yield of eighty~four per o;nt from the resotion of tin with ethyl
iadoacétata in the prssenea. of a small amount of iodine as catalyst.

Sn 4 ZIC‘HzCOOCzHE e 2 (CzHSOOGGBz)zﬁnIz

The authors did not mention eny attempts to hydrolyze the eater groups
to oarboxyl groups, but the dicarbethoxymethyltin dilodide deeomposed
with clesvage of the carbonetin linkmges on treatment with basio
reagents or sven with water. Consequently, this diiodide could not
be converted to the dicerbethoxymethyltin oxide. Treatment of the
dilodide with phenylmagnesium bromide gaveg, not the expected

dicarbethoxymethyldiphenyltin, but tetraphenyltin. Similarly, treatment with

Wchaxbers and Scherer, J. Am. Chem, Soc., 48, 1054 (1926),

Y2immert and Eller, Ber., 44, 2328 (1911).
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sthylmagnesium bromide gave tetrsethyltin almost exclusively, even et
low temperatures. Di-owcarbethaxyphenyltin diiodide was prepsred fram
tin, ethyl o-iodcbensoate, and s small amount of iodine, heated together
in & bomd at 150° for five days. Thie dilcdide decomposed ebove 300°
without melting. It wes practically inscluble in all organic solvents,
and was decomposed by wﬁter in & manmer similar to that desoribed for
the dicarbathoxymethyltin diiodide. The RgSnl, structure of these
sonpounds is open to some question beosuse of their ease of cleawvage
with water and becauss of ths ancmalous reaction of the diocarbethoxymethyl
sompound with Grigmrd :oaginu,

Quite different properties were reported for the di-p-carbethoxyphanyltin
dihalides which were prepared by Fekin, Nesmeyanov, and Kocheshkov.ld
The dichloride, dibromide, and dilodide were obtained by the reaotion of
di-p-carbethoxyphenylmsroury and the corresponding stannous halide.
The dishloride and dibromide were lowmelting orystalline solids, and the
- dijodide was an oll which could not be crystallized. This oil, when
treated with S-hydroxyquineline, gawe the same dioxinmate, (g-czaseoccax‘)z-
Sn(ﬂcgﬁeﬁ}g, 88 did the dichloride end the dibromide. ‘Iho 4ibromide
was oonverted to the corresponding oxide in almost quantitative yield
by treaiment with twelwe per cent smmonium hydroxide, The action of
hydrogen sulfide in five per ocent alooholic potassium hydroxide on the

dichloride resulted in the formation of the sulfide, (p~CsHg00CCgH,)pSnS.

1¥zekin, xomfnnav. and Kocheshkov, J. Gen. Chem. (U.8.5.R.), 8,
55 (1938) [C.A., 32, 5386 (1938); Chem. Zemtr., I, 2174 (1639) .
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The course of the reaction of di-g-earbeﬂm;yfhaﬁyitin dichloride with
phenylmagnesium bromide is described in a later section in connsction
with the preparation of organotin compounds ocontaining the hydrexyl group:
Kocheshkov, Nesmeyanov, snd Klimoval¥ studied the setion of powdered
metals on somplexes of atannic chloride with diszonium ohlorides of the
type (RNgCl)z+SnCly, in whioh R represents an aryl group. The product >
was in most cases an orgsnotin compound of the type RaBnCly, and more
rarely of the type RSnCly, When the complex between owsarbomethoxy=-
bensensdissonium chloride and stannic chloride was treated with tin,
there was obtained, efter treatment of the reaction produoct with concene
trated hydrochloric acid and extraction with bensene, o~carbomethoxyphenyltia
trichloride, g=CHg00CCH,BaCLg. |
The preparation of triaryltin chlorides by the reaotion of arylmercury

cﬁloridw w;lth powdered tin was reported by Ned and Kocheahkov, 15 The
gensral fomhtion‘ of the remctions involved is as follows:

6C,HHECl & B Sa ———3p 3(C.H;),8nC1, ¢ 6Hg

s(csns)zsnmz L —— a(ceﬁs}SSnGI ¢ 8uCl,

SnClyé 8n ———3p 28nC1,
The arylmeroury chloride wes boiled with tin in xylens for eighteen
hours. From the reaction of _g-earbothcxypfxcnymomry chloride with
tin powder there was obtained triw-pecarbethoxyphenyltin chloride, an cil,

which, when dissolved in aloochol and treated with hydrogen sulfide, geve

14gsoheshkov, Nesneyanov, and Klimove, J. Gsn, Chenm, (E.S.S‘.R.). 6, 167
(19%6) [ €. A., 30, 4654 (1938) ] 3 Nesmeyenov, Kocheshkov, and
Klimow, §..‘£" §.§_, 1877 (1955}*

18504 and Kosheshkov, J, Gen. Chem. (U.3,8.R.), 8, 42 (1988), [ C.4., 32,
5587 (1038) J.
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the solid sulfide, [ (C,Hg00CC4H,)sn] , .
The preparation of two diocarbalkexyalkyltin dibromides by &
prosedure similar tc that of Bymert end Ellerl® for the preperation
of the supposed RySnl, oompounds (previously desoribed) has recently
been reported by Lnepur.m The lodine catalyst employed by the esarlier
workers was not used in the later works YThe resction of ethyl bromo~
acetate and of sthyl d~bremopropionate with tin powder gave products
which were assumed to be dicarbethoxymethyltin dibromide and diwtle
oarbethozyethyliin didromlide, respsctively. The former dibromide was
& cmmm solid, and the latter was a distillable oil. Mo pure
organotin compound was isolated from similar reactions of tin powder with
the following esters: bromomethyl acetats, ﬁ;bmeazyl acetate,
disthyl %wbromosuooinate, end dlethyl dibromomalonate.

| 1% is probable that compounds such as diwpmoarbethoxyphenyltin
dibalides or the ocorresponding oxides could be hydrolysed to a carboxylies
acld like diepmcarboxyphenyltin oxide. Howewver, no attempt to prepare
a carboxylwsontaining organotin compound from any of the above ssters
has been reported in the literaturs. Leeperi® proposed a synthesis of
carboxyalkyltin ocompounds which is illustrated below starting with
diearbethoxymethyltin dibromide.

(czaswcmé)zsnsrz # (Colig)oZn —p (zxzﬂsaioccziz}aﬁn(czal;)2 + InBr,

(CaHg00CCH, )oBn(Cplig)g + 2RaCH —p (NaOOCCH,)gbn(Colg), ¢ 2CoHCOH

(BaOOCCH, ) 8n(Colig)e ¢  2HCL — (HOOCCH,) Sn(CoHc), + 3RaCl 4 Hp0

This series of remcticns has not yet been attempted,

16100per, Dootoral Dissertation, Iows State College (1942).
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Organctin sompounds cénhinix_xg the carboxyl group

Chambers and Scherer’® studied the reaction of triphenyltine
sodium with a number of aromatic halides containing funotional groups.
Among these halides wae sodium pebromcbensoate, which appeared to
reaot with triphenyltinesodium, but the product was unsteble, being
hydrolysed to triphenyltin hydroxide and bensoloe acid. The aliphatio
halide, ethyl chloroacetate, did not react with triphenyltinesodium in
ethery; btut sodium chloroacetate did react with triphenyltin~sodium in
liquid ammonia to give the sodium salt of triphenyloarvoxymethyltin,
This sodium salt was very scluble in water. The free aclid was soluble
in moet orgaunls solvents mep_'& petroleun ether, and was practically
insoluble in water. It ocould be recrystallized from eighty ver ocent
| acetlic acid, |

‘friphenyl=pcarboxyphenyltin was prepared by irntsenl’ by oxidation
of triphenyl=p-hydroxymethylphenyltin (the preparation of this compound
is diseussed in the section on organotin sompounds comtaining the hydroxyl
group) with potassium permenganate in acetons. The triphenyle-p-
carboxyphenyltin was o steble compound, end could be recrystallized from
dilute alechol. Itz sodium selt was insoluble in water, Oxidation of
triphenyl=o-hydroxymethylphenyltin gave an smorphous, infusible product
which was tentatively identified as the immer anhydride of diphenylwoe

carboxyphenyltin hydroxide. 18

173@:&:&3:, Doctoral Dissertstion, Iowa State College (1942). This
work lists in tabular form all the mown orgenotin compounds with
their melting or boiling points,

18ynpublished studies by C.E, Arntzen.
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%e112® attempted to oxidise triphemylep~telyltin to triphenyle
p-carboxyphenyltin by meens of alkeline permanganate, but wes unable
to isclate any tin-comtmining carboxylic acids The tin compound appar—
ently decomposed, but the products were not identified. The motion of
slkaline potassium ferricyanide ocn o~tolylstamnonic soid was studied by
Kocheshkov and N¥8d.?®  These authors obtained no earboxyphenyltin eompound.
The ocarbonwtin linkege wes cleaved to give an almost guantitative yleld of
potassium stannate, and the organio products were toluene and o-tolunitrile,
Some organotin compounds containing the peiodophenyl and p~bromophenyl
g‘rm'ps have been prepared by the following genersl reactions ;81
Rylls 4 Smky ————— RyS1X, 4 Fg
2R,SnXg$ BSnX, ——— 4RSNK,
The treatment of the complex between peiocdcbensenedimsonium chloride
and stannic ehloride with powdered tin ylelded no peiodophenyltin
nalide.}® No organctin compounds of the type RySn (where the R groups
may be the same or different) containing the iodophenyl groups are
known. Triethyl-pebromophenyltin wes prepared by %‘tll,ls and

triphenyl=-psbromophenyltin was prepared by Kruse and Wcinbcrg.zg

19%%a11, W.L., Master's Thesis, Iowa State College (1928).

20gocheshkov and Nad, Ber., §7, 717 (1834); J. Gen, Chem. (U.S.5.R.),
B, 1168 (1636) [C.A., 30, 1036 (1936}

aliiaahenhkev and Nesmeyanov, Ber., 64, 638 (981); J. Gen, Chem.
(UsS.SeRa)s 1, 219 (1931) [Coh., 26, 2182 (2032)J.

225 rause and Weinberg, Ber., 63, 2285 (1929).
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Several organotin compounds containing the pechlorophenyl group ere
also known, There i2 no mention in the literature of attempts to
convert any of these halophenyltin compounds to the Grignard reagent
or to some other active organometallic derivative which might resct
with earbon dioxide to form a tineoontaining oarboxylis scid,

The interesting compounds, diethyleyslopertemethylenstin and
dimethyloyolopentamethylenetin, in whioh the tin atom is part of a sixe
membered heterocyclic ring, were prepared by Grﬁttner, Erause, and
Wiernix.2? e following series of reactions (using the diethyl oome
pound as en exmmple) was carried out on these hetsrocyoles: diethyle
eyolopentamethylenetin was cleaved with one mole of bromine in the
00ld to give diethyl-b~bromoamyltin bromide; this was treated with
othylmasnessium bromide to give triethyleb«bromosmylting and the latter
was converted to the Grignard reagent whioch reacted with water to form
tristhylepeamyltin. The investigators who performed these experiments
did not report any attempt to prepare a carboxylio acid by the re=
sotion of the above-mentioned Grigmrd reagent with carbon dioxide.

Organctin compounds centaining the nitro group

Vorlinder,*# in 1925, reported that tetra-penitrophenyltin was
obtained when tetraphenyltin wes gradually added to & mixture of fuming

235 ittner, Krause, and Wiernik, Ber., 50, 1549 (1917).
24yoridnder, Ber., 68, 1893 (1925),
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nitric acid and ooncentrated sulfuric acid. The product was socluble
only in pyridine from which it could be reprecipitated by dilute scids.
It was unorystalliseble and infusible, and exploded when heated above
350°, The analyses for nitrogen and tin indiocated approximately the
eomposition of tetranitrophenyltin. Cleavage with bromine gewe, it
was reported, only p-bromonitrobengens, indicsting that the tetra~
phenyltin had nitrated in the positions para to the tin atom. This
result is in contradiction to the subsequently proved nitration of
diphenyltin oxide ohiefly in the positions mets to the tin atom.®® in
this later work, the nitration product was not shown to be a definite
sompound, but was cleaved with bramine to give a mixture of bramo=
nitrobenzenes which was shown to contalin seventy-nine per cent of the
mete iscmer.

Attempts to prepere nitrophenyltin compounds dy the sotion of
powdered tin on the penitrobensensdiasonium chloride~stannic chloride
complex,i¥ or by the reaction of triphenyltin-sodium with gmchloro=
nitmbamm,n wore unsuccessful. In the latter case, & vigorous
reaction took place to form colored products which could not be

identified, It is possible that the reasction invelved the nitro group.

Organotin cempounds containing the eamino or substituted amino groups

Chembers end Schereril attempted to prepare triphenylaminophenyltin
by the reaection of triphcnyltin—aodim with p= or mwchloroaniline.

280na1lenger and Rothstein, J. Chem. Sos., 1268 (1934),
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However, only hexsphenylditin and aniline could be found as produets,

Arui:scnl? attempted to prepars triphenylwpesminophenyltin by means
of a halogenwmetal interconversion reaction between nwbutyllithium and
pbromeaniline, followed by treatment of the product with megnesium
bromide snd remction of the Grignard reagent thus formed with triphenyltin
iodide. The product formed a hydruochloride but was diffioult to purify
end seemed to deoompose during recrystallisation. There wae finally
obtained a small yield of s compound whioch was probably somewhat impure
triphenyl=p-sminophenyltin, as indicated by the analytical data,

Austin?® prepared tetraepedimethylaminophenyltin by means of the
reastion batwa# prdimethylaminophenyllithium and stannic chloride.
The product wes recrystalliszed from sn alccholebenzene mixture. It
dissolved in tenthenormsl nitric scid from which it eould be reprecip-
itated unchanged by alkall after sbout one-half hour. longer standing
in soid solution brought about gradual desomposition of the organotin
compound,

Triethylepdinethylaminophenyltin®T was cbtained by means of the
reaction between di=-p-dimethylaminophenylmercury and hexmethylditin.
The produot was an oil, easily .aoluble in organic solvents end insoluble
in water. It dissolved readily in five per cent hydrochlorle acid to

give a solution which separated after a short time into two layers. The

%&nﬁtmg £Q _éE‘ Chem. 's.eg_'l’ __5;_‘_‘ 3728 (1932}’

ZT%ooheshkov, Nesmeyenov, and Pusyrewe, Ber., 69, 1639 (1938);
Nesmeyanov, Kocheshkov, and Puzyreva, J. Gen. Chem. (U.5.8.R.),
7, 118 (1937) [C.A., 31, 4200 (1937) 7. T



19,

lower of these layers consisted of triethyltin chloride;y the upper
contained dimethylaniline hydrochloride,

Triphenylegwdimethylaminophenyltin was prepared in good yield by
Armtsenl? from the reastion of either owdimethylaminophenyllithium or
o-dimethylaminophenyluagnesium bromide with triphenyltin iedide.
Triphenyl«p~dimethylaminophenyltin was obtained in equelly good yield
by the sotion of p-dimethylaminophenyllithium on triphenyltin chloride.

By means of & coupling reaction beiwsen p-nitrobenszenediasonium
ghloride and triphenylepedimethyleminophenyltin, the aze compound,
triphenyledudine thy lamino=5«(4t=nitrophenylaso Jephenyltin,}7 was prepared
in a small yield, Ho pure product oould be isolated from 2 similar
eoupling reaction between triphenyl=o-dimethyleminophenyltin and pe
nitrobensensdiasonium chloride nor from the reaction of triphenylep=
dimethylaninophenyltin and peoarboxybensensdiasonium chloride.

Loepsr'® obtained no identifisble product from the resction of

2«bromeopyridine with tin powder.

Organotin compounds containing the hydroxyl group

Triathyl=gwhydroxyphenyltin was first prepared by the resction of
hexasthylditin end di~oehydroxyphenylmercury.2? A simpler method of
preparation invelved the halogenwmetal interconversion resction between
Dwbutyllithium and gwbﬁamphonol. treatment of the interconversion produoct
with megnesium dromide to form the Grignard reagent, and reastion of the
latter with triethyltin bromide.l?  Priphenyleo-hydroxyphenyltin was
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prepared in a fiftyw-seven per cent yield from triphenyltin chloride and
g—itrmmphenol by e sinilar series of resctions, Diwo-hydroxyphenyl-
dlphenyltin was cbtained in good yleld by the reaction of diphemyltin
dichloride with the Grignard resgent prepered indirectly from g-bmphonol.
However, when triphenyltin chloride was treated with the Grignard reageat
from p-bromophencl, only & ten per cent yleld of triphenyl=-p~hydroxyphenyltin
was produced.

Fo triphenylwo=hydroxyphenyltin was formed in the resction of
triphenyltinesodium with sodium owchlorophsnoxides the only products were
hexaphenylditin snd phemol.tl

© An attempted eoupling reaction between triethyleowhydroxyphenyltin
and p-nitrobenzenediagonium chloride gave an emorphous red solid which

eontained no tin.u

A sinilar reastion in the ocsse of triphenylec-
hydroxyphenyltin and p-nitrobenzensdistonium chloride yielded an emorphous
red golld which contained tin but from which no pure produet csould be
isolated. )

The first tetrsaryltin compound containing en alecholie rather than
& phenolic hydrexyl group was prepared by Eskin, Nesmeyanov, and
Kooheshkov.'®  Ihe sampound, di=pe(d=hydroxybenschydryl)-phenyldiphenyltin,
(CgHg )gsn [ peCely=C(CqHg)g0H ] 3, was formed when di-pecarbethoxyphenyltin
dichloride wes treated with an excess of phenylmagnesium bromide, The
reaction involved the replacement of Loth ohlorine atome of the dichloride
by phenyl groups, and the ususl aotion of an exoess of Grignard reagent

on esters in the csse of each carbethoxy group of the dichloride, to form
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& di=tertiary aloochol., In this connsotion, it should be pointed out
that in the originel paper and in both the Ameriosn end German abatraots,ld
the structure of the produet is incorrectly given: the two carbon astoms
holding the hydroxyl groups are omitted and the formule is represented
a8 (Cgg)gSn [ (CgH;)aCqH,08 ],. (The theorstical values of the
analyses wers caloulated for the correct formula.) In addition, the
proportion of the resctants is incorrectly given in the American sbstrast,
which states that the reamotlon of 0,15 mole of dimpwcarbethoxyphenyltin
dichleride with 0.18 mole of phenylmagresium bramide gave a seventy=two
por cent yleld of the tertiary alcohol; Thie is obviously impossible,
since six molee of the Grignard resgent are theoretically required for
eash mole of the dichloride; esctuslly there wes used 0,015 mole of the
dichloride und the Grignard reagent prepared from 0.16 mole of bromobensens
and 0,15 gram atom of magnesium,

Two tetraaryltin eompounds containing alecchollic hydroxyl groups
1 These were triphenyleo-hydroxymethyl-
- phenyltin, (CgHy) SnCgH,CH 00, and triphenylepehydroxymethylphenyltin,
- 'The method of syntheais of these oompounds wes similar to that used in

were prepared recently by Artnsens

the preparation of ¢~ or prhydroxyphenyltriphenyltin, and involved halogen~
motal interconversion of o~ or pebromobensyl aloohol, conversion of the
product to the Grignerd reagent by meens of magnesium bromide, and resotion

of the Grignard reegent with trivhenyltin ohloride..
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A patent by Oochs1in®8 desoribes a mothod for the synthesis of
hydroxyslkylstannonic acids. The method involvesa the ection of stannous
chloride on chlorchydrins or bromohydrins in the presence of alkali
hydroxides., Thus, with ethylene ohlorohydrin, S~hydroxyethylstamoenic
acld wmae formed:

SnCl, 4 2NaCH ¥ HOCH CH,C1 —-—} HOCH,CH,8n0CH & 2NaCl & Hy0
Similarly, dihydroxypropylatannonic acld was obtained from the resction
of stannous chlorids with glycerol monobromohydrin., The hydrexyaliyle
starnmonic acids were difficult to isclate, decomposed at relatively low
tomporatures, and were sensitive to aclds, even in the colds They were
converted to the dithio scld anhydrides by treatment with barium chloride
and hydrogen sulfide. Thess thio anhydrides, unlike the thio anhydrides
from unsubstituted alkylstannonio acids, were unstable compounds which
deoomposed with the loss of their organic constituents in the presenoce of

acids or upon heating,

Organotin compounds gontaining miscellaneous functional groups

A mmber of alkylstenmonis soids wers prepared by Lesbre and Glots,2?
end among thess aclds were sume containing reactive functiomal groups.
The mathod of preparation involved the reaction of mono- or polyhalides on
potassium starnite in strongly alkaline medium. Dichloromethylstaanonic

280gchs1in and Poulens Freres, French y.th, 583,412 (1923) [ Chem. Zentr.,
I, 3361 (19268) ] 3 U.S. pavent, 1,578,788 [ C.s., 20, 1415 (1526) 5
see also Krsuse and von Grosse, "Dis Chemie der me ~organischen
Verbindungen,” Bormtrasger, Berlin (1937), p. 352.

29706bre and Glots, Compt. rend., 198, 1426 (1934).
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acld, B«bromosthyletannonic acid, and acetonylstannonic acid,
GﬁacOCHzSnOm, were obtained from the halides, chloroform, ethylens
dibromide, and chloroecetone, respectively. The acids were amorphous
and infusible soclids, insoluble in organioc solvents but soluble in soids
or bases, They decomposed on heating to 50® in the molst state.

Leeper!® studied the reaction of tin powder with the following
dihalides: lechloro=-2-icdoethane, l=bromo=2=-chlorcethans, and lebrumoe
S~ohlorspropene, From the first he obtained a red liguid which was
pra’éibly impure dimp-chloroethyltin diiodide. No purs organotin eompound
could be isolated from the resctions of tin pmdcr with the other two
dihalides. |

A reaction coourred betwsen tri-m-propyltin bromide and diazoethane
to giwve, after distillation, a product which contained halogen but which
decomposed before it sould be enalyxed,l®

¥o érgunotm oompound containing the carbonyl gzroup was isolated
from the resstion of phenacyl bromide with powdersd tin,26 The dark-
oolored product could not be orystallized or distilled.

The resotion ol tetraphenyltin with chlorosulfonic aoid was studied
by Amtsen,v who was interested in the preparation of an organotin
aompound contalning an erylsulfonyl chloride or an Iarylmlfmide grouping., V
From the reasction o temphcpyltin with a large excess of chlorosulfonie
acid at «76°, there was obtained, after the resotion mixture had been
poured on emmenium hydroxide, only metastannic scid and s small smeunt of

bensenssulfonamide., From the reaction with only two egquivalents of
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ehlemnix!f‘anie acid, carried cut in petroleum sthar and submequently
treated with liquid ammonia, the products were metestannic acid,
diphenylsulfone, and unreacted tetraphenyltin.

The stability of tetraphenyltin and of triphenyleo-hydroxy=
phenyltin toward strong alkall was inveatizated by Arntzenl? prior to
attempting a HeimereTiemann remction with organctin compounds. It was
found that tetrephenyltin wae not affeoted by refluxing for three hours
with aleochollic sodium hydmida. However, similar treatment of
triphenyleo=hydroxyphenyltin resulted in decomposition of the orgsnotin
compound, #0o no Reimer-Tiemann reaction wes sattempted.

Arntzent” also studied the reasction of phenylboric acid with stannio
chloride, in the hope that the method might subssguently be applied to
the syntheals of some orgenctin compounds oontaining wateresolubilizing
groups. It was Pound that phenylboric meid did not resot with stamnis
chloride; therefore, the aotion of other arylboric acids on stannie

ohloride was not investizated.

Sumag

The known organctin eompounds containing watere-solubilizing groups
are limited to a few representatives of the types with carboxyl,
substituted amino, snd phenolio and alecholic hydroxyl groups. Nitre
groups heve bsen introdused into organctin compounds, but the products
were not well~definsd substances, and no studies of their behavior towsrd

redusing agents have been reported, The sulfonation of organotin
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gompounds epparently has not been studiedsy +the chlercsulfonstion of
tatraphenyltin did not result in the formation of any organotin sompound
econtaining the arylsulfonyl chloride group. Several carbalkoxy=
substituted organotin oompounds have been prepared, but their saponifiocatien
to the carboxylie acids has not been reported. Ho attempt to prepare
an organotin earbomylia acid by carbonation of e Grignard reagent obtained
from any of the kmown halogenesubstituted alkyl or aryl organotin come
pounds has been desoribed in the literature.

The methode which have been applied successfully to the synthesis
of organctin compounds conteining funoctional groups ere, for the most
part, rather limited in their application, The general msthods for
the preparation of unsubstituted alkyl or aryl organctin compounds ere
either not aéplieable to the syntheais of the types containing water-

solubilizing groups, or they give only poor ylelds of such types.

Organolaad Compounds

The great interest in organolead oompounds as therapsutlio agents
in the treatment of moarl has resulted inm numerous attempts, especially
in recent years, to prepare organoclead compounds containing water.
solubilising groups. The introduction of such groups might not only
increase the solubility in walter of soms organolead ocompounds, but might
also effeot & "masking" of the lead atom, thereby reducing the toxieity
of these compounds.

The first investigation undertaken with the express purposs of
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preparing water«soluble organolead sompounds was that of Rabimonm
which was reported in 1828, The first organoleed compound containing
a water-solubilizing group was triphenyle3, S~dihydroxypropyllead, the
preparation of which was desoribed by AustinSl in 1531, The earlier
work of Vorlander® on the nitration of diphenyllead dinitrate is of
interest in connsotion with the introduotion of groups not in themselves
water-solubilising but which might serve as intermediates in the
preparation of ocompounds containing weter-solubilising groups. Come
pounds eontaining other intermediate groups than the nitro (the
bromophenyl, bromealicyl, and carbalkoxy groups) ere also discussed in
this seotion.

The introduction of weteresolubilizing groups into organolead

compounds has been discussed briefly by Iampn-.m

Organolead compounds containing carbalkoxy groups

Prior to the present study, the only orgenolsad compounds containing
ester groupings were iriphenylcarbethoxymethyllead and triphenyl~owbensyl~
cwgarbethoxymethyllead, These compounds were prepared by Kocheshkov amd

Aleksandrov™® from the triphenyllead salts of moncethyl acid rmlonste

Ogobinson, J.Des Doctoral Dissertation, Iows State College (1929).

8lpustin, J. Am. Chem. Soc., 53, 36514 (1951).

321 00psr, Dostoral Dissertation, Iowa State College (1942). This work
lists in tabular form the known orgenolsad compounds with their
melting or boiling points.

53Eocheshkov and Aleksandrov, Bere, 67, 527 (1934).
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and mongethyl seld debenzylmalonate, respectively. These salts, when
heated under wasuum, lost carbon dioxide with the formation of a cearbone
lead bond. The hydrolysis of one of the above-mentioned esters to a
carboxylic acid, which was recently socomplished by Stuckwlseh, is
dizoussed in the next section.

The preparation of some carbalkoxy=substituted organolead compounds
by means of a modified Reformatsicy reaction>® using magnes 135 and
other metals lnstead of zine was studied by Robinson™ and by Towne.36
The reaction of triethyllead chloride with ethyl bromoacetate or with
oethyl o=byomoproplonate in the presence of magnesium gave only tetrae
othyllsad, metallic lead, and inorganic lead ssits.® Robinson obbained
no better result from an experiment in which triphenyllead bLromide was
used, From the reaction of triphenyllead chloride, magnesium, and ethyl

bromosgetats, ?me“

obtained only tetraphenyllead, triphenyllead bromide,
and unreacted triphenyllead chloride. Similarly, no organolesd ccmpound
eontaining a carbethoxy group was produced in any of the following
resotionss triphenyllead chloride, magnesium, snd ethyl chlorcacetates
triphenyllead bromide, megnesium, and ethyl bromoacetates +triethyllead
bromide, gincwcopper ocuple, and ethyl bromoacetate; triethyllead
bromide, sodium, and ethyl bromomostate.

' The malonic ester sondensation betwesn triphenyllead chloride and

sodium melonic ester, attempted by Robinson,sa gave none of the expsoted

S4peformetsky, Ber., 20, 1210 (1887).
35ze1tner, Bor., 41, 589 (1908).

S8yowne, E.B., Doctoral Dissertation, Iowa State College (1932),
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oarbethoxy arganohaé compounds. There was fourd, in addition to
unchanged sterting materials, a mixture which probably contained
tetraethyllead and diethyl malonate,

The resotion of organoleade-sodium sompounds with halides containing
other functional groups in addition to the halogen has been unsuccessful
when applied to the synthesis of organolead corpounds with functional
groups. Bindschadler®’ isclated only pebromcbenzamide from the
resotion of triphenyllead-sodium with methyl p=bromobensoate in liquid
emmonia. LeeperS® treated triphenylleadesodium with othyl opf=dibromo-
suooinate, but cbtained no pure product.

The reaction of bromoestsrs with lead powder was unsucoessful,
in contrest to the similar reaction in the tin series (previcusly
discussed) whioh resulted in ths formation of what are believed to be

dicarbalkoxytin dihalides. Lesper®

recovered ths starting materials
quantitatively from the attempted reesction of lead powder with ethyl
cd=bromopropionate. Likewise, no remotion took place between lead

powder and bromomethyl scetate or ethyl bromoacetate.

Organclead compounds gontaining the carboxyl group

The firet organoleand compound containing the earboxyl group was
xg@=di={triphenyllead)=succinic acid, prepared by Iaepersa by the
(0.6115 )stGHGOOH
(gl ) gPHCHCOCH

3Tp1ndschadler, Doctorsl Dissertation, Iows State College (1941).
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reaction of hexaphenyldilead with maleic anhydride. The soid was an
smorphous, infusible powder, insoluble in the common organic solvents
exospt glacial acetic moid, and slightly socluble in hot water, It
was converted to the equally imsoluble sodium salt by refluxing with
ten per cent sodium hydroxide solution in the presence of a small
amount of diomane.

The inner anhydride of diethyl-o-carboxyphenyllead hydroxide was
obtained by Ebbattsa from the reaction between triethyllsad chloride
and the organolithium compound prepared by halogen~metal interoonversion
of owbramobensoio aclid with nebutyllithium. The anhydride dissolved
readily upon warming with base, but on aeidiffcation of the alkaline
solution the anhydride was immediately formed again., Consequently,
the free acid could not be isolated.

The preparation of triphenyl-p-sarboxyphenyllead, which is desoribed
in the experimental part of this work, was acoomplished by a method that

'm a#‘buqucntly applied to the synthesis of the corresponding organotin
ocompound (see page 14),.

Stuokwisch™® obtained triphenyloarboxymethyllead by slkeline
hydrolysis of triplxswiearbsthwmeﬂxyllnd, prepered ascording to the
procedure of Kocheshkov and Aleksandrov.>®  The sodium selt of this
carboxylic acid was not appreciably socluble in water. Triethyloarboxy~

methyllead was recsntly prepared by Stuokwisch®® by permenganate oxidation

38unpublished studies by R.K. Abbott.

ynpublished studies by C.G. Stuckwisch.
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of the d.imar of triethylallyllead, The soid wes somewhat soluble ia
water, end its sodium selt was readily soluble in ths same solvent,

No oxidation produot was formed by the ozonolysis of the triethylallyllead
dimer,5®

Robinson™® made two attempts to oxidize triethylallyllead with
agquesus permanganate, but found no earboxylic acid as products The
neutral oil from the reactions was not identified, but it was thought
to be the originsl orgenolead compound,

The preparstion of carboxyphenylieed compounds by permanganste
oxidaticn in mcetons was attempted by Austin.®®  Prom experiments with
tetraso~tolyllead, tetra=p~tolyllead, triphenyl-p=tolyllsad, and tri-
o-tolyllead chloride, no organolead compound other than unreacted material
was isolated, The recovery sversged between asixty~four snd eighty-four
per ocent, Oxidation of hexa-p~tolyldilead (tri-p=tolyllead) resulted
in the formation of triphenyllead aocetste, which was probably formed
from triphenyllsad hydroxide and mocetic acid produced by oxidation of
some of the acetone used as solvent., Treatment with hydroshloric acid
of the product of oxidetion of hexawoetolyldilead by permangannte gave
tri-getolyllead chloride, indicating that tri-g-tolyllesd hydroxide
hed been formed. The work of Austin on the oxidation of triphenyls

anylleadq’o is discussed in the section on organolead compounds containing

the hydroxyl group.

%Omstin, J. sm. Chem. Soc., 53, 5614 (1931).



Sl.

Burd and Austin®t

found thet no organclead compound wes produced by
the pyrolysis of lesd tetrabenzoate or lead tetrsacetate. Dimroth® had
cbtained organomeroury mpounds‘ by a similar pyrolysis of the merouric
selts of some organic solds. Pyrolysis of lead tetrabenzoate wes
acoompanied by & mild explosion. Eengzolio seid wes given off, but the
only lead compound isolated from the residue was leed benzoate, Similarly,
lead tetraacetate gave upon pyrolysis only acetic ascid and lead acetate,

Ho lodophenyllead compounds are known. Robinsen® preparsd tetra~
p-bromophenyllead, triphenyl-p-bromophenyllead, end diphenyldiep~
bromophenyllead, and made numerous attempts to prepare & Grignard reagent
from each of these compounds. lHowsver, these halides did not appear to
react with magnesium, and ocarbonation of the resction mixture produced
no carboxylic acid. Robinson elsoc prepared impure triethyl-p=
bromophenyllead; thls compound decomposed on sttempted dictilhtim‘
The undistilled oll from a second preparation was refluxed with magnesium
in dry ether, but #o Orignard resgent was formed,

Gilman, Moore, and Jonesd® propoesd the synthesis of ocarboxy~
phenyllesd compounds by the carbomation of an organclithium compound
prepared sither by metalation of an organoclead compound of the type

RyFbCgHe by means of an alkyllithium compound, or by halogen-metal
RgPbCgHy $ B L4 ) RyPOCGHLL 4 B'E

“3urd and sustin, ibid., 53, 1548 (1981),
“2pimroth, Ber., 35, 2870 (1802),

43511man, Moore, and Jones, J. im. Chem. Soo., 63, 2482 (1941).
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interconversion of an organocleed ocompound of the typs Ramceﬁiﬁrsg with
an alkyllithium compound.
RgPbCGH,Br 4 R'l4 —— RyPHCHI4 & R'Br

Both of these reactions were unsatisfactory, sinee it was shown that
netalemotal interconversion took place more rapidly than either metalation
or halogen-metal interconversion. In experiments using triphenyle
prbromophenyllead in benzene~petroleum ether solution with be or
s~butyllithium in petroleum sther, no lead~oontaining acid was obtained.
?he recovery of triphenyl-pebromophenyllead everaged above ninety per cent.

Gruttner and Krause ¥ prepared the lead heterooyole, diethyl=-
oyclopentamethylenslead, and they obtained from it the sompounds, diethyle
5~bromoanyllead bromide, triethyl-5-bromoemyllead, and triethyl-n-emyllead,
by a series of resctions paralleling those slready described for the tin
enalogse. The last-nsmed compound wes produced by the action of water an
the Griznard reagent derived from triethyleS«bromosmyllsed. RobinsenS?
prepared triethylefebromoamyllesd by the method of Gruttner and Krause,
and found that it reaoted with megnesium. However, no scidic substance
was formed on ocarbonation of the reaction producty the only substances

isoleted were triethylenwamyllead and some unchanged starting meterial.

Organclead sompounds containing the nitro group

The nitration of tetraphenyllead was first studied by Vorlgndcr.z“

who obtained no definlite organclead compound, and found as produets of

4G rittner and Kreuse, Ber., 49, 2666 (1916).
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treatment with a mixture of nitriec and sulfuriec scids only nitrobentzene,
me=dinitrcbensene, and a brown, flaky substance which exploded on heating.
The nitration with a similar mixture of acids at =~50°, studied by
L»par, yielded only nitrobensene, lead sulfete, and unrescted
tetraphenyllead.

Vorlinder®® was successful in nitrating the mors stable diphenyllead
dinitrete, which, upon heating in a sealed tube with fuming nitrie aecid,
gave & product that was shown to be di-menitrophenyllead dinitrate by
analysis end by cleavage with bromine to form mebromonitrobengene.
later, Challenger and Rothstein®® nitrated diphenmyllead dinitrate with
& mixture of fuming nitric and concentrated sulfuric soids at =15 to -10°,
and isolated from the reaction di-m-nitrophenyllead dinitrate dihydrate.
Hitration was shomn to have taken place to the sxtent of ninety-six
per cent in the position meta to the lead atom by cleavags with bromine
to give a mixture of bromenitrobenzenss which was analyzed by Dimroth's
method®® and by therml analysis.

Sehmidt#e prepared dinitrophenyllead oxide (probably di-menitro~
phenyllead axide) by nitration of diphenyllead diacetate with fuming
nitric soid without extsernal oocoling. The reduction of the nitro eompcund

is desceribed in the next section.

pimroth, Aun., 446, 148 (1025).

#65onmidt, "Medioine in its chemioal aspests,” Bayer, Leverkusen,
Garmany (1958}, Vol. I1I, p. 400, This origigally appeared in
ksde ue. Cheme Abhanﬂl. mnad. Forschungsstatten, 1. G.
Fervenind., 3, 418 (1956) [ C. A., 81, 5866 (1957) ] .
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The nitration of diphenyllead dichloride with nitrie and sulfurie
acids was attempted by Lo.epor.sz but no pure product was isolated,
However, Leepsr was able to prepare di-menitrophenyllead dichloride and
di-m-nitrophenyllead diiodide by the sotion of agueous sodium chloride
and sodium iodide, respectively, on die.m-nitrophenvilead dinitrate,’
prepared by s slight modifioation of the procedure of Challenger and
Ro*bhstoin;zs Iriphenyllsed nitrste was elso nitrated by this modified
procedure to give triemenitrophenyllead nitrate, 2 a orystalline compound
whioh denomposed wlth the formation of inorganic lead salts on stending.
Ko pure product could be isolated from the nitration of triphenyllead
chloride by the same method,

Bindschadler®’ was unable to prepare nitrophenyllead compounds by
the reaction of triphenylleadwsodium with halogen~substituted aromatio
nitro compounds. The remction of triphenyllesd-sodium with peiodonitro-
bengene produced hexaphenyldilead, tetraphenyllead, and inorganic lead
salts, Vhen the halide used was 2,4~dinitrochlorobensene, there was
cbtained only unreaoted starting meterial and a ter from which mo pure
product eould be isolated.

Organclead compounds containing primery amino groups

The first sminophenyllead eompounds (in which the amino groups are
primary) wers propared by Schmidt.® Reduction of di-menitrophenyllead
oxide with titanium triehloride in alecholioe hydroshloric acid led to the

formation of di-m-aminophenyllead dichloride, which wes slightly soluble
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in water. It was reported that the amino groups in this compound

could be deteoted by diazotiszation sand coupling end also by the formation
of Schiff's bases, The dichloride was converted to the dihydroxide by
treatment with agqueous sodium hydroxide, and the dihydroxide reacted
with sodium catecholdisulfonate to give the sodium s2slt of dismino-
diphenyllead oatecholdisulfonis noid., This salt wes readily soluble

in wmter.

Twe tetrearyllead compounds contalning the amino group have been
prepared., These are triphenyl-o=sminophenyllesd” and triphenylep-
eminophenyllead,® obtained from the resction of triphenyllead chloride
with the organolithium compounds prepared by halogen-metal interconversion
of o=bromosniline and pebromoaniline, respectively. It was first
reperted that 1t was necessary to convert the organclithium ocompound
4o the Grignard resgent by treatment with megnesium bromide?® before the
organometallie compound was added to the triphenyllead chloride. However,
later work®? showed that this conversion was unnecessary i the time of
reaoction was made very short. The hydrochloride of triphenyl-p-
aminophenyllsed, insoluble in wabter and in ether, wes formed vhen dry
hydrogen chloride was bubbled through an ethereal solution of the free amins.

Triphenyl-pwsminophenyllead was diasotized and coupled with S-naphthol
in the usual manner to form the azo lesd compound, triphenylele(2«hydroxy-

naphthyl)=azophenyl=4=-lead.4” In generul,howsver, the diezotization

475 taokwisoh, Dootoral Dissertation, Iowa State Collsge (1943).

4%11men and Stuckwiseh, J. Am. Chem. Soo., 84, 100T (1942).
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astion of the seme organclithium compound on triphenyllead shloride
produced triphenylsp-dimethylaminophenyllead in a yield of seventy~seven
por vent, Austin showed that it was necessary to use equimolecular
proportions of the two resctants when organolithium compounds were used
in the resction with triphenyllesd chloride or diphenyllead dichloride

to prepare unsymmetrical organclead compounds, An excess of the
organclithium oompound brought about replacement of the aryl groups
already atteched to lead. It was also found that these resotions were
satisfactory only when a large proportion of ether was present se solvent;
vhen benzene was used the reaotion ef aryllsad ohlorides with pedimethyl~
sminophenyllithium did not give the expected prodnots.

58111650 wes uneble to prepare the so-selled free radical,”tri=pe
dimethylaminophenyllsad”, by the resetion of pedimethyleminophenyllithium
‘with an exsess of lead chloride. The only organolead compound formed
under the conditions of the experiment was tetra~p=dimethylaminophenyllead.

stuckwisch? prepared triphenyleomdimethylaminophenyllead by the
method of Austin, using o=~dimethyleminophenyllithium instead of the para
inaner. friethylbg-dimeﬂvhminOMIkad. a distillable oil, was
obtained from the reasction of triethyllead chloride and p~dimethyl-
aminopheny11ithium.®7 ‘

A mmber of aso lead dyes were synthesized by Stuckwisch? by means

of coupling resctions betwsen triphenylwowdimethylaminophenyllsad and some

50nailie, J.C., Dootoral Dissertation, Iows State College (1938),
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substituted aryldiazonium chlorides. In each case the soupling took

place in the position para to the dimethylamino group and mete to the

lead atom. The followlng groups were introduced by this means into the
S=position of triphenyl-2=-dimethylaminophenyllesd: p~chlorophenylazo,
prbromophenylsso, p~iodophenylszo, penitrophenylazo, and pecarboxyphenylago,
The sodium salt of the sso compound obtained by the coupling reaction with
proarboxybensenediagonium chloride wms scmewhat soluble in water.

By the resction of triethyllead chloride with the orgzanolithium
compound obteined from p=bromo-Nephenylphthalimide by halogen-metal
interconversion, Stuckwiseh®? prepared triethyleps(Nephthalimido)«
phenyllsad. This compound oould be diskilled under high vaouum. Yo
triethyl=p=aminophenyllead could be isolated from ettempted hydrolysis
of the phthalinide derivative; the only produot isolated wama phthalic seid.

Two organclead sompounds containing the 2epyridyl groups were prepared

by Gregary.ﬂ

Diphenyle2=pyridyllead iodide was produced by the reactiom
of diphenyllead dilodide with 2-pyridylmegneeivm bromide, formed by
halogen=metal interconversion of Zebromopyridine and subsequent treatment
with magnesium bromide, The RyR' PbI compound was the only product even
when an excess of the Grignard reagent wae used. Triphenyl-2=~pyridylleed
was obtained by the resotion of diphenyle-2epyridyllead iodide with
phenylmagnesium bromide. Ho pyridyllead sompounds were produced in the
reaction of Zepyridylmagnesiuvm bromide with triphemyllead chloride or

iedide, or in the reaction of Z2~pyridyllithium with various phenyllead halides.

51Gragory, Weks, Master's Thesis, lowa State College (1942).
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Organolead sompounde containing hydroxyl groups

The only organclead compound containing a phenolie hydroxyl group
is triphenyleo~hydroxyphenyllead, which was prepared by Lauapa;'s8 ina
low yield by the resetion of triphenyllesd ochloride with the organclithium
compound cbtained by halogen~metal interconversion of e~bromophencl.
In this preparation, the reactants were refluxed for ome hour in ethere
benzene solution. Stuekwisch4” was able to improve the yield of triphenyle
o=hydroxyphenylleed by shortening the time of resction and by using as
solvent ether only. The reaction of triphenyllsad chloride with the
organolithium compound prepared from p-bramophenol by halogen-metal
interconversion did not give the expected triphenyl-pehydroxyphenyllead.t”
By means of & coupling reaction similar to that emplgyed in the
preparation of aso lead dyes from triphenylwo-dimethylaminophenyllead,
Stuckwisch®? prepared ase compounds in which the Beposition of triphenyl=
3shydroxyphenyllead was substituted with the following groups:
pechlorophenylago, p-bromophenylazo, pwiodophenylazo, and p~carboxyphenylaso.
The sodium salt of the aso compound sontaining the pwcarboxyphenylasgo
group wag soluble in water, The resotion of iriphenyl-Z«hydroxyphenylleed
with penitrobensenediasonium chloride produced a dye in which both the
%= and G=positions of the hydroxyphenyl group were substituted with
penitrophenylaso groups. p,p'-Biphenylenetetrasonium chloride reacted
with two molecules of the 3=hydroxyphenyllead compound to form a coupling
product in whioh the exo groups wers attached in the S-positions of emeh

of the two organolead residues,
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The only organclead compound containing the alcoholic hydroxyl
group which was inown prior to the present study was triphenyle2,$~
dihydroxypropyllead, 4 small emount of thiz compound was cbtained by
Austin®® from pemﬁngamts cxidation of triphenylsllyllead in acetons.
The main product of the oxidation was an alkali-insoluble solid whioh
possessed no definite melting point, It was probably triphenyllesad
hydroxide, since it was converted to triphenyllesd scetate by treatment
with acetic aecids Triphenyle2,3=dihydroxypropyllead was a white,
crystalline compound, which could be orystallized from dilute alochol,

Osonlizetion of triphenyhllylhaéw resulted in the elimination of
the allyl group with the formation of an smorphous product whieh Austin
concluded was triphenyllead oxide (or hydroxide), beceuse it was con=
verted to triphenyllead aoetate by the aotion of avetic acid. )

Very recently, Stuckwison® synthesized triethylwS«hydroxyethyllead
by the reection of triethyllead-sodimm in ether with ethylens oxide,
followed by hydrolysis of the product with water. The hydroxyethyllsad
oompound wes & pale yellow oil which could be distilled under reduced

pressure.

Organolead compounds containing miscellansous functiomal groups

Bindschadlnr&? was unable to prepare triphenyl-S«bromethyllead by
the reaotion of triphenylleadescdium with ethylene dibromide. ‘then
one equivalent of the dibramide was used, hexsphenyldilead was formed

in a yisld of eighty per cent. Then a large sxcess of the dibromide
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was used, the products found in the non-volatile resldue remsining
after steam distillation of the reaction mixture were triphenyllead
hydroxide, tetraphenyllead, snd hexaphenyldilead,.

No resction took place between triethylleed chloride and either
dlasamethene or dlazoethsne,’® The reeotion sxpected was the elimination
of nitrogen with the formation of triethylohloroalkyllead compounds.

Lseyarsg

attempted the sulfonation of tetraphenmyllead. From an
expsrinent in which tetraphenyllead was added to fuming sulfuric acid
at Qa. the only lead=sontaining produots wore inorganic lead salts,

The reastion of metals with some complexes between lesd salts and
aryldisgonium chlorides was studied extensively by Tcmo,"s who was unable
to prepare any orgenolead compounds by this method. Nesmeyanov,
Eocheshkov, and KlimovaS® obtained a very small yleld of triphenyllesd
chloride from the decomposition of the bensensdissonium chloride~lead
tetrachloride oomplex in ether by zinc dust. Treatment of the benzene~
diasonium chlcride~lead dichloride oomplex with copper powder gave a very
lmil smount of diphenyllead diohloride. Similar treatment of the
bensensdiazonium bromide~lead dibromide complex gave no betier result,
Beosuse of the low yields in these experimenta, the method was not
applied to the synthesis of organolesd compounde containing water-

solubilizing groups.

szbhmynnov. Kocheshikov, and Kllmove, _I;i_g_x_'... 88, 1877 (1935} .



Sumuery

The nown argenolead compounds eonbtaining water-solubilieing
groups inolude a few uaﬁndumﬂw_nﬂ«aa of the types with earboxyl, smino
and substituted amino, and phenolie and slochelic hydroxyl groups.
RKitro groups have been introduced, and in one case, these were reduced
%o mug gwg groups, An attempt to sulfonate tetraphenylliead was
unsucocessfule. The gonsral methods of preparing esarbalkoxy-substituted
orgenotin compounds have been unsuocessful when applied in the organolead
series, However, two carbalkoxy-substituted organclead ocompounds have
been prepared, and one of thess has besen hydrolyzed to the corresponding
oarboxyliec acid. Attempts to prepare organolead carboxylic acids by
carbonation of Grignard resgents derived from halegen~substituted alkyl
Or aryl organolead compounds have proved unsuccessful. The attempted
preparations of organolead acids by oxidation resetions have failed in
most oases, No alkylpluwbonioc or arylplumbonic soclde containing waterw
solubilising or reactive functional groups are lmown.

it may be stated that, in geneml, the methods of introducing water-
newnd.wwwﬂwum groups into organctin compounds fail or are leas successful
when applied in the orgenclesd series. An exseption to this statement
is found in the cocupling resction between aryldiasonium chlorides and
aryl organolead or organotin compounds eontaining sotiwating groups such
ss the dimethylamino or hydroxyl groups. This soupling reaction hss

been quite sstiasfaectory in the case of organolead compounds, but has



succeaded in the case of only cne organotin compound,

The statement that wes made in summarizing the work on orgsnotin
compounds applies equally well to the organocleed compounds; that is,
the general methods for the preparation of unsubstitubed alkyl or
aryl organolead ocompounds are not applicable to the synthesis of the
types containing wateresolubiliszing groups, or they give only poor

yields of such types.



EXPERIMENTAL

Halogen~Metal DInterconversion Resctions

The halogen-metal intercenversion mction.z‘ s34

between aromstio
halides and n~butyllithium has been shown to be an excellent method for
the preparation of organelithium oompounds from halides which react
only to a slight extent or not at 211 with lithium metal or with
magnesium to form e Grignard reagent, The present study inoludes some
investigations of the hslogen-metal interoconversion reastion with:

{1) ocompounds containing so-ealled “unreactive” halogen atoms, snd

{2) aromatic halides oontaining funotional groups which ocanuot be
introduced into organclesd compounds by the customery procedures for

the preparation of orgenoclead eompounds.

Preparation of a-butyllithium

The nebutyllithium used in these remstions wes prepared by the
usual method, which 1 rether extensively reported in the litersture,¥s55:54
and is therefore discussed only briefly here., The spparatus consisted of
a thres-ngcked flask squipped with a mechanical stirrer, reflux condsnser,
and dropping fumnels The entire apparatus was drisd theroughly and
flashed with dry, oxygen~free nitrogen before the resgemts were added.

531 2uan, Zoellner, and Selby, J. Am. Chem. Soc., 54, 1887 (1932).

5461 1man, Langhenm, and Woore, ibid., 63, 2527 (1940).
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During the preparation the reaction mixture was kept under a slight
prassure of nitrogen.

The earlier preperations of n=butyllithium were cbtained in
approximately 0.5 molar solution in disthyl ether snd in apparent yields
of sbout 5O por cent, s determined by a single aoid titration. The
n=butyl bromide, dissolved in about one-half of the total volume of
ether used, was added slowly to a slight excess of lithium suspended in
the remainder of tho ether., The concentrations of é—butyllithim in
the product were determined by hydrolysing an aliquot po_r&ion with water
and then titrating the total bese with standard wcid.5® The oconcen~
trations and ylelds as determined by this method are ebout 15 per oent
higheyr than the actual walues.

The more recent preparations were cbteined in eoncentretions of
nearly 1 molar and in ylelds of 40 to 50 per ocent, The mothod is dise
oussed in more detail olsewhers,®? 4 small smount of nebutyl bromide
was added to the ether suspension of lithium and, after s vigorous
resction had begun, the reaction vessel was cooled in an ice bath and
the rest of the halide added 80 rapidly that ether contimied to reflux
from the coolad solution, The remction mixture wes allowed to come to
roon tempersture with oontimued stirring after all the halide had been
addeds The concentrations and yields were determined by the double
titrvation method of Hnnboin,se and the values are much more aocurats than

those dstermined by the single titration.

5601 1man, Wilkineen, Fishel, and Myers, ibid., 45, 160 (1923),

568Haubein, A.H., Doctoral Dissertation, Iowa State College (1942).
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The n-butyllithium prepared by either method was allowed to stand
for about two hours and was then decanted from any solid residue and
unrescted lithium through a sintered glass plate or through glaas wool
into a dropping fumnsl or the reaction vessel to be used for the
interconversion. The titrations mentioned above were carried out on

aliquot porilons taken from supernatent or filtered solutions,

General procedure for the interconversion resctions

The reactions were ocarried out in an spparatus similar to that
desoribed for the preparation of p-butyllithium, In gensral, the
eromatic halide, dissolved in ether, was added from a dropping fumnel to
an ether solution of nebutyliithium of knmown volume and concentration,
Any variations in the proeedure, such as cooling or refluxing of the
rasotion and wvariation of the solvent used, are noted in the discussion
of specifioc reactions, If it is not otherwise stated, the resction
wag carried cut at room temperature.

in the case of intereonversions of halldes soutaining funotional
groups with active hydrogen atoms (hydroxyl, sulfonemide, etos), the
nebutyllithivm solution was always added to the halide. This order of
addition was adopted =& & result of the suggestion made by Arntzen
(who applied the halogen-metal interconversion reaction to the preparation
of some opganctin eompounds)’! that, when the halide was added to the
nwbutyllithium solution, the following reactions might oecur to some
extent, as illustrated with pebromobenzyl eleohol:
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PrBrlgHyClig® & a~Cyligli ———) p=BrlgH CHaOLL & nCyilyg
R-BrCgH CH OLL & B0 HoLi oy BrlLiCgH CHpOLL # n~C H Br

PrLiCgH CHy04 § p-BrOgH CligOH > CgHgCHaOLL # peBrigH CH,0LL
The occourrence of the reastion shown in the last of the above equations
would result in the loss of soms of the desired imtsrconversion product,
Aovordingly, it was deoided to add the n~butyllithium to the halide in
21l such ceses, By this msans an excess of the nebutyllithium was
avoided throughout the entire addition, and all the sotiwe hydrogen
was repleced before any interconversion could occur,

PrBrigiyCiig® # n=Cyligli —— p-BrigH Cli0L1 4 =G liy,
EBrOgHyCHaOLY & 9eC Hold — puliGyH,OHOLL § peC HoBr
The nature and yields of the interconversion products were determined

by carbonation of the reactiom mixture and lsolation of the resulting acid.
In general, the mixtures obtained from carbonstion were hydrolysed with
waber and extraoted with 10 per cent potassium hydroxide solution. 1In
some cases it was neosssary to aoidify in order to decompose lithium
carbonate before making the extraction with alkall, The alkaline
extract was seoidified with dilute minersl acld to liberats the organie
acid, whioh was filtered off direotly or extreoted with sther. The
yields of crude acids were significant in most onses, since the acids
obtainad were solids and could usually be freed without reorystallization
from the relatively volatile and water-soluble g-vﬁ‘ieric anold resulting
from the oarbonation of exscess n-butyllithium, In any case, yields of
orgenslithivm compounds as determined by carbomation Qm minimal, beonuse
of side resctions cocurring during the carbonation process,
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2,4,8~Iriphenyl«3-bromofuran and nebutyllithium

The 2,4,6«triphenyl-3-~bromofuran used in this experiment wes kindly
supplied by Ur. C.Fed. allen. 4 solution of .79 g« (0.0) mole) of
244,5«triphenyle-3~bromofuran in 50 oo, of ether was added rapldly to s
solution of 0.02 mole of n~butyllithium (single titration) in 50 ec. of
ethers The resction mixture was stirred for thirty mimutes and then
carbonated by pouring on ormshed solid carbon dioxide, heidifiostion
of the alkaline extract yielded 2,67 g. (78 per cent) of orude asid,
melting at 241-244°,  After erystallisation from glacial scetic acid
there wae obtainad 2,28 g. or & 66 por oent yield of pure, whibte
2,4,5«triphenylfuran-3=carboxylic acid, melting et 257=265°. This smeid
beging to sublime at 210°,

Anale Calods for cnnmoss neut, equiv., 340, Found: neut,
squiv., 353, 347.

The structure of the acid was proved by its decarboxylation to give
the lnown 2,3,6triphenylfuren.’’ A 0.5 g. portion of the acid was mixed
intimetely with 1.0 g« of soda lims. From this mixture there wae obtained
by strong heating 0.8 g. (69 per cent) of an oily material which solidified
on rubbing to give e product melting at 84=87°, Treatment with Forite
and erystellization from aloohol zave 0.13 g« (30 per oent) of 2,3,5=
triphenylfuran, melting et 93-94°%, identified by a mized melting point
with an authentie specimen (kindly supplied by Dr, R.E. luts).

57Jepp and Klingemann, J. Chem. Soc., §7, 674 (1890).
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Methyl 2,4,5=triphenylfuran«3-carboxylate

A suspension of 0.6 g. of 2,4,5~trimmrm-3—aamne acid
in 10 oco. of ether was treated with 8 oo. of an ethereal solution
eanﬁiaing sxcess diazomethane, After the solvent and unreacted
dlazomethane had been swaporated, the residue was orystallized from
alochol to give O.44 g. {85 per cent) of methyl 2,&,5~triphany1mr;n~
3ecarboxylate, white needles melting at 125.5-124°,

Aval. Caled. for 02431803‘ methoxyl, 8.76. Found: methoxyl,

8484,

2,4,6~Triphenyle3~chlorofuran and g-buj.znithim

A solution of 1.0 ge (0.003 mole) of 2,4,8-triphenyl~dwchlorofuran
{obtained from Dr. R.E. lutz) in 15 cec. of ether was added rapidly to
a solution of 0,005 mole of n=butyllithium in 15 eo. of ether. The
nixture was stirred for one hour, and then carbonated and worked up in
the usual manner. The yleld of orude acid, melting at 240=245°, was
0.14 g+ (14 per ocent)., After orystallization from glacial acetic acid,
the weight of pure acid melting at 257-258° was 0.10 g. (10 per cent).
This soid was shown to be identical with that obtained from 2,4,5-triphenyle-
3=bromofuran by mixed melting points of the saolds and of thelr methyl
esters. From the neutral fraction, 0.58 g. (56 per ceat) of unchanged
2,4,5«triphenyl«3=chlorofuran was recovered.
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Ss4,6-TIriphenyl~2wbromopyridine and n~butyllithium

The 3,4,8=triphenyle2«bromopyridine was prepared by the method
of Kohler and allen,’® A solution of 3,0 g. (0,008 mole) of
3,4,8+triphenyl=-2-branopyridine in 25 oo, of ether was added during
five minutes to a solution of 0,017 mole of nebutyllithium in 60 cc.
of ether, cooled to =35° in a dry ice-scetone bath. The solution
t:i-md orange-ped during the sddition, and deposited a precipitate
about one mimite after addition of the halide was complete. After the
resotion mixture hed been stirrsd for ten minutes at ~35° the reaction
wes sarbonated and worked up in the usual manner. 4 eonsiderable
amount of white solid (probably the lithium salt of the orgenic asid),
insoluble in dilute potassium hydroxide solution, wes obtained; this
s diaiolv-d in hot water and added to the alkaline extreot.
Aoidification of this alkaline extract precipiteted 1,82 g. (67 per cent)
of acid melting at 166-168° with decomposition. A portion was recrystallized
from s mixture of bensene and pstroleum ether (b.p, 60-68°); the melting
point was not changed. The 8,4,8«triphenylpyridinesZ-carboxylic acid
was readily soluble in aloochol and bengens, but only slightly scluble
in ether and petroleum ether.

Anal. Caleds for c24al.,ozm neut, sguiv., 3613 N, 3.09.

Found: neut. mif.g 348, m; B, 4.}53.

58¢chler and Allen, J. im. Chem. Soc., 48, 1522 (1924},
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The structure of the acid was proved by its dscarboxylation to give
the known 2,4,5+triphenylpyridine.’® A 0,5 g. portion of the acid,
orystalliszed from bensene~patroleum ether, was placed in a test tube and
heated in sn oil bath at 170-175° umtil the evolution of carbon dioxide
had ceased, and finally for e short time at 185°,  The product wes
cooled to a glsssy solld which on crystallisation from alechol gave
0.15 g« (86 per oent) of pure, white 2,4,85«triphenylpyridine, melting
at 111-112°, identified by & mixed melting point with sn euthentic

specimen (kindly supplied by Dr. C.F.H. Allen),

Hothyl 3,4,6~triphenylpyridine-2-carboxylete

A solution of 0.5 ge (0.,0014 mole) of 3,4,8«triphenylpyridine-
2=carboxylic acid in dry benzene wss treated with an sthersal solution
of approximetely 0.004 mole of diazomethans. After the initial ewvolution
of nitrogen had ceased, the solution was wmrmed slightly and the solvents
then sllowed to ewaporates The pale yellow reslidue wes orystallised
twice from ethyl alochol and finally from dillute methyl aloohol to give
pure methyl 3,4,6<triphenylpyridine-Z-carboxylate, melting at 117-118°,
This ester, like the acld from which it was derived, was not appreciably
soluble in ether,

Anal, Caled, for czsﬁmﬂaxs H, 3.84. Found: N, 3.98.

From a preliminary experiment, in whioch a suspension of the acld in
ether was treated with ethersel diasomethane, the product melted at

99+104° end could not be purified.

58511en and Frame, ibid., 62, 1301 (1940).
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2~Bromcbensofuran and nebutyllithium

The 2ebromobentofuran was prepered from benzofuran dibromide
according to the directions of E.W., Smith.’? 4 solution of 2.0 g.
{0401 mole) of 2«bromobauzofursn in a few co. of ether was added all
&t onoce {o a solution of 0.014 mole of m=butyllithium in 50 ce. of
ether, cooled to =70° in a dry ice-acetons bath. The yield of crude
benzofurane2wearboxylic acid, melting at 187-189°, was 1.4 g. (86 per
cent)s, After orystallization from dilute slochol, the yield of pure
acid melting at 192,6-195° was 1.04 g. (62 per cent). The acid was
identified Dy & mixed melting point with authentic benzofuran~2-
carboxylie aolid, prepared from coumarin dibromide by the method of
Fittlg and Boert,’! as modified vy E. Smith %0

In experiments carried out at room temperature, the yield of
erude bensofuran-Z=ocarboxylic acid after twenty mimutes was 62 per cent,
end after forty mimites it was 23 per cent. The aquecus filtrates
fro;m the acid possessed an odor of owethinylphenel, indieating that

sane cleavege of the bensofuran ring had oceccurred.

3B romobensofuran and nebutyllithium

Numerous experiments were oarried cut detween 3I=bromobensofuran

and p-butyllithium, st first in order to cbtain the hitherto unawailadle

GOSmith. EoBey Meﬁoral Dissertation, Iowa State College (1938).

61lpittig and Ebert, inn., 216, 165 (1883).
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3=bengofuryllithium, sand subsequently in an attempt to ecorrslate the
anomelous results noted in the earlier studies. The tims of resoction
in the various experiments wvaried from about one-half mimute to thirty
mimites; the temperature from about 26° to ~70°, In most cases the
solvent used was dlethyl ether; however, three reactions were oarried
out in petroleum ether (b.p. 28-38°),
The S=bromobensofuran was prepared as follows; Benzofuran~2«

carboxylic acid was preparsd as noted sbove from coumarin dibromide.
The sold was then decarboxylated to benzofuren socording to the direotions
of Reichstein and Baud.%2  The bensofuran wes converted to the dibromide
and the dibromide to S«bromobenzofuran by the method of Stoermer end
Kahlert,5% as modified by E.W. Smith®C and by Helchatein and Baud.
The J=bromobensofuran was obtained ss a white arystalline solid melting
at 55.5-36° after crystallisation from petrolsum ether (b.p. 23«38%) at

=20°, The compound, however, seemed to be unstable and turned blaock
| after ctanding about a week, even in a tightly-stoppered bottle in the
‘ice box. This instabllity may be in pert mpomible for some of the
anomalous results cbtained in the inmterconversion studies,

Interconversion at =70° for two mimites, This was the only

experinent from which bensofuran-3-carboxylio acid, the expeoted produst,
was isolated after earbomation of the reaction mixture. A solution of

2.0 g+ (0.0) mole) of S~bromcbenszofuran in a few se. of ether was added

62pesohutein and Baud, Helv. Chim, Acta, 20, 892 (1937).

633¢oermer and Eahlert, Ber., 35, 1636 (1902).
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Teble 1. Formstion of Bensofuran-S-garboxylie
Z0id from S~-Bromebensofuran

Woles of t Moles of 1 Totel s s Time T Yield (%)
halide : wneBull 1 volume of : Temper- 1 of ¢t of orude
used 1 used 1 ether : aeturs : reaction selid

0.026 0.035 55 0. «~70° 1 min, 13
0.026 0,036 56 -70° g 10
0.04 0.042 6 ¢ =70° 3 " 23.5
0.026 0.084 6 v «70° W " 13
0.04 0.13 75 ° 25° s 16

In the oass of each of the experiments listed in the above table,
a strong odor of gowethinylphenol wes noted when the alkaline exiracts
wore aoidified. The last experiment, in which slishtly more than three
oquivalents of n-butyllithium were used, was run with the expectation of
obtaining o-hydroxyphenylpropiolic acid from carbonation of eny o=

yphenylethinyllithium derived from the o=ethinylphenol.

Intersonversions &t -_‘{ga and with very short time of reaction.

Two experiments were carried out in an attempt to deriwatize, by carbone
ation immediately after mixing the reagents, any transitorily formed
Sebenszofuryllithium. The reactions were carried out in the same manner

" a8 the previocus ones, except that the time of contact of the I~bromobenzofuran
with the n~butyllithiva before oarbonation wes between one~half and one
minute. The aocid, which was obtained in yields of 6 and 17 per cent

(oruds), melted at 140~141° after crystallization from bensene. It

depresssd the melting points of both the 2= and the 3w-benzofurancarboxylie
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acids. Bowaver, the values found for 1its nsutral equiwvalent wers
1680 and Y623 the theorstieal value for either the 2« or the S«benzo-
fureancarboxylio acids or for g-hydroxyphenylpropiolic acid is 162.
It is possible that this unidentified product was a mixture or
molecular ecompound of the &= and J=bensofurancarboxylic acids, but
neither of the pure oomponents could be separated from it by crys~
tallization or by vaouum sublimatien.

Interocnversicas in petroleum sther. Three experiments wers

oarried out in petroleum ether (b.p. 26+38°) in the hope that in this
solvent cleavsge of the bmdfursn ring would bs minimized and that
S~benzofuryllithium might be formed. In each of the experiments, 5 g.
(04025 mole) of I-bromcbenzofuran in 20 go, of pstroleum ether was
added to & slight excess of p-butylliithium in the same eolvent. In
the Piret resction, which was cerried out at room temperature, the
halide was sdded dropwise during fiftesen mimutes, and stirring was then
contimied for ten mimutes before serbonation. A trase of unidentified
acid, melting at 127-128° (possibly owhydroxyphenylpropiolic acid),
and 0,15 go of orude gmethinylphenol were cbtained,

In the second reastion, earrisd out at 0°, the halide was mdded
. during one minute and the mixture immedistely carbonated. A trece of
very impure acidie product and 0.18 g. of orude g-ethinylphenol were
cbtained.

In the thiyd resction, carried out et ~70°, the halide wes added
all st onoce and the solution immediately carbonated. Only a trece of

o~ethinylphenol and no asidio fraction were obtained.
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Preperation of owethinylphenol from $-bromobenzofuran

Reichstein and Beud®® cbtained oesthinylphenol im 27.6 per ocent
yvield from the reaction between 3-bromobensofuran and coppere-magnesium
alloy. |

4 solution of 10 g« (0.081 mole) of 3=bromobensofuran in 30 occ.
of ether was added Eéuring five mimites to & selution of 0.154 mole of
g-mwummm in 220 oc. of ether at room temperature. The solution
was stirred for one hour and then hyd;;slyxed by pouring on iced dilute
hydroghlorie asids The ether layer was sxtracted with dilute
potassium hydroxide solution., The alkaline solution was then acidified
and extracted with ether. The ether extraot was dried over sodium
sulfate, the sther ewaporated, and the residue distilled under reduced
pressure. The yield of pure owethinylphencl, distilling et 95-58°
under 10 mm., was 4.0 g. (87 per ocent).

A portion of this produet was oonverted to the p-nitrodbenzocate by
treatment with penitrobensoyl chloride in pyridine., The product melted
at 108-109°, Reichstein and Baud®® peport that the melting point of

the penitrobenzoate of gwethinylphenol is 107=108° (oorr.).

o~Bthinylphenol and g—butznithium

This reaction was performed in en attempt to prepare o-hydroxy-
phenylpropiclio acid and to compare the properties of this ecid with
those of the unidentified acid obtained from the short time remction of

S~bromebensofuran with nebutyllithium at =-70%
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The first experiment was carried out at 0°, and no solid acid
was obtained. The second experiment was eonducted es follows: To a
solution of 1.0 g. (0.0085 mole) of owethinylphenol in 25 co, of ether
there was added during ten mimites a solution of 0.02 mole of n-
butyllithium in 50 ¢c. of ethers The solution, which wermed up and
rafluxed slighﬂy during the addition, becams yellow in color and
s8lightly turbid. It was refluxed for thirty mimutes, and then cecled
and oarbonated, The earbonation product was extrected first with
10 psr cent potessium hydroxide solution and then with water. The
oconbinsd extracts were ssturated with carbon dioxide after which a
purple ter separated. This wes filtered off and any sdditional phenoclie
material was removed by extraction with ether, Dissolved ether was
removed by heating the bicarbonate solution which was then cooled and
acidifled with cold concemtrated hydrochlorie acid, 4 rather bulky
.prscipiute formeds this was filtered off but much of it dissolwved
when washed on the filter with distilled water, The filtrate was
extractsd witﬁ ether, the ether sclution dried over sodlum sulfate, most
of the ether distilled off, and the residue allowsd to evaporate on a
watoh glass. A white solid remained which appearsd to be purer on the
guter edges, this portion melting at 127-130° with ﬁ;bnii:oaition. The
total yield of orude sold was 0.55 g. (40 per cent, saloulated as
CoHgOg)s The acid was readily soluble in alochol, ether, end water,
and practically insoluble in cold or hot benszens and petroleum ether.

¥hen added to hot water it seemed to deoompose giving « turbid solution.
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Since all attempts to orystallize this compound failed, the crude
product was dried in a veouum desicoator and the neutral equivalent
determined, uaing phenolphthalein as indicator. The walues found were
125 and 128, compared with the theoreticel walue of 162 for o<hydroxy=
glmnylpmpiélia aeid; It is probable that the ssmple wms contaminated
with hydroshloric acld and also thet the presence of the phenolic
hydroxyl group interfered with the titration of the earboxyl group.
although the identity of this produot has not been established, it is
probably i@n a-hydrozyphenylpropiclic acid formed by carbomstion of
o-hydroxyphenylethinyllithium,

Properstion of pebramobensyl alechol

From pebromopheuylmegoesium bromide and formaldehyde. The
preparation of p-bromcbenzyl alechol by means of the resotion between

prbromophenylmagnesium bromide and formaldshyde has besn reported by

Ziasgler and Ti.smnn.ss

These authors obtained a 861 per cent yiold of

a product which distilled at 125-140° under & pressurs of 11 mm., but

their yisld of pure compound corystallized from slcohol is not reported.

In connection with the present work this method was smployed in atiempts

to prepare pwbromobentyl alochcl in rather lerge quantities, The procedure

wea patterned after thet given in Organia Syntheses for the preparstion

66z5egler and Tiemann, Bor., 55, 3406 (1822).
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of ayelotmxyiurbinohaa The yields were unsatisfactory, since, from
the Grignard reagent prepsred from 1 mole of p~dibromobengene and 1 gram
atom of magnesium and treated with excess formaldehyde, the total amount
of pebromobensyl aleohol, purified by stean distillation followed by
srystallization from petroleum ether and melting at 75«77, was 34 g.

or 18 per osnt,

From g—bromben:z}. chlorides Several preparations of pebromobensyl

alochol were carried out aocording to the method of Bodroux,37 which
involves the conversion of a p-bromobensyl halide to the scetate end the
saponification of the acetate with aleocholiec potassium hydroxide solution.
When p-bromobensyl chloride (Esstman) was used as the starting meterial

the product was diffieult to purify and the yields were low, verying from
6 to 28 per cent. Sinoe it appeared that the commerocially available
pebromobencyl chloride was not sufficiently pure for uss in this synthesis,
the method desoribed below, starting with pebromotoluene, was worked cut.

From p=bromotoluene, The procedure which was finally adopted as

the most convenlent method of cbtaining feirly large guantities of pure
gubrom‘bcnsyi alochol was & modificetion of the method of Bodroux®' applied
to g-bmbmsyl bromide prepared by the lateral bromination of pebromo-

toluens. p-Bromotoluene was brominated according to the directions of

%8 ;1imn and catlin, Organic Syntheses, Coll. Vol. I, 2nd ed. (1941),

Pe 188,

6780droux, Bull. sou. chim., [3] 21, 289 (1895),
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Colemen and Haneywnea

for the preperation of p-bromobensal bromide
(intermediate in the preparation of psbromobensaldehyde), except that
only half of the spsoifieqd amount of bromine was used, and the conditions
of time and temperaiurs necessary to the addition of only the first half
of the bromine were observed, The orude product was distilled under
vacuum and then crystallised from alochol. (The crystallization is

not eseentialy when the main fraction of the distillate was used
direotly for the next step the final yislds were scmewhat lower but

some time was saved.)

The detailed procedure for the conversion of the bromide to the
alcohol was as follows: To a solution of 136 ge (0.54 mole) of pure,
srystalline p-bromobensyl bromide in 376 g. (355 oc.) of glacial acetic
acid was added 132 g. (0.8 mole) of lead oxide (F0). The mixturs was
heated gently, while the reaction flask wes swirled at intervals to
prevent local overwheating, until all the lead oxide had gone into
solution, The solution was then heated at reflux for twenty-five
ninutes, during which time a white, orystalline presipitate of lead
bromide ws deposited. The reaction mixture was then cooled and filtered.
The filtrate was first diluted with 100 os. of water and then treated
with 8 cold solution of 225 g. of sodium hydroxide in 600 oe, of water
in order to neutralize most of the acetic acide (If t00 mich scdium
hydroxide is used a preoipitate of lead hydroxide is formed and enough

ascetio mold mist be added to redissolve the precipitate.) The oily layer

6300101!‘:1 and Honeywell, Organic Syntheses, 17, 20 (19s7).
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was then taken up in 800 oc. of ether, the ether layer separated, and
the agqueous layer extracted with en additional 50 oe, of ether. The
ether was distilled off from the combined extrascts (which need not be
dried), leaving the crude scetate. This was btreated, without further
purification, with 556 g. of potassium hydroxide dissolved (es far as
poseible) in 275 oc. of methyl aloohol. The solution of alcoholie
alkall should be cocled before it is added to the asetate, in order to
moderate the viclent reastion which sometimes cocurs on mixing. After
the spontanscus reaotion had oeased (slight heating may be necessary

to start the resction if the solutions are very eocol), refluxing was
continued for twenty mimutes. As much of the methyl eloohol was then
distilled off as was possible before foaming became 50 proncunced that
the distillation had to be stopped. Enough water was then added to
the residual mixture to dissolve the inorganie material, and the oily
layer was separated and ths aqueous solution mua twice with ether.
The sther sclution was dried over sodlum sulfate, boiled with Horite,
filtered, and the §'bher end most of the methyl alcohol still present
evaporated. The residual oil was orystallized from petroleum ether
(bep. 60-68°) ocontaining a few oo. of bensens to give 61 g. (61 per cent)
of p=bromobensyl alochol melting at 77-78°,

Pt
1

p-Bromobensyl alechol and mebutyllithium

A solution of 0.036 mole of nebutyllithium {deterained by double

titration) in 240 ocs. of ether wus added during ten mimutes to a solutionm
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of 5.25 g. (0.018 mole) of pebromcbensyl alsochol in 30 oe. of ether.
Gas wos evolved during the addition of the first half of the orgsno~
metallioc solution, but no appreciable heating was noted. The reaction
mixture was stirred for one hour end then carbonated, Y%hen the alkaline
extract of the earbonation product was mcidified, no solid ecid was
precipitated, so the aeidic squeous soclution was extracted with three
30eg0,. portions of ether, The dried ether extrescts on mporitﬁ.on
of the ether left a stioky solid smelling strongly eof wvaleris acid.
This 20lid was suspended in s small emount of water and the suspension
filtered with suotion; most of the oily droplets of valeric acid were
drewn through the filter along with the water and thus s partial separ-
ation was effectsd. The solld residue, after it had been dried, weighed
0.5 go (18 per cent) and melted at 160=173°, The melting point recorded
in the litersture for p-oarboxybenzyl a.lcohelsg is 181°. Seversl
reorystallizations from water and very dilute slcohol brought the melting
point of this product up to 169-175"5 further recrystallizstion led to
the formation of a small amount of & new substance melting at about 100°,
This was prob@ly an ester formed by oross-esterification between two
molecules of p-carboxybensyl aloochol.

The nsutral ether layer from the cerbonation product wes dried and
the ether distilled. From the residue there was isolated 0.47 ge.

(16 per cent recovery) of p~bramobensyl alechol.

6918" ;A_pl_;‘, éﬂ, 378 (1885)0
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Although only an 18 per cent yleld of very crude pwcarboxybensyl
alochol was obtained upon oarbonation of the product of interconversion
betwesn p-bromobensyl alechol and n~butyllithium, it is probable that
the aotual yield of the interconversion produst lies somewhere between
18 and 85 per cent, since only 15 per cent of the starting materisl
was recovered unchanged, Two possible explamations of the low yleld
of acid are as follows: (1) p-carboxybensyl alochol is relatively
soluble in water, and is, therefore, diffisult to separate in quentitetive
yield from the valerio acid produced by carbonation of unreacted
nebutyllithiums; eand (2) during the carbonstion of this reaction a large
amount of s solid, probebly L10CHpCgH,COOLi=p, was formed, and the
presence of this bulky solid might interfere with the effeeotive ocarbon~
ation of all ths intereonversion product, LiOCstsﬂ‘hi-g, by oeovering or
oecluding the latiter, Conelusive evidence for the ooccurrence of a
halogen-metal interconversion resetion between pwbromobenzyl aloohol and
Lpbutyzliyhim to the extent of about 60 per cent is flound in the
formtion of triphenylepehydroxymethylphenyllead in ylelds of 57 to
63 per sent from resstions (desoribed in a later section) between

triphenyllead chloride and the produot of this interconversion.

-

m~Bromobensyl slochol end nebutyllithium

meBramobenayl aloohol was prepared from m-bromotoluens by a series
of resetions exsotly similer to those found most aatlisfactory for the

preparation of p-bromobensyl alechol,
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4 solution of 0.054 mole of n-butyllithium in 70 ee. of ether
wes added during two mimuntes ¢o a colution‘or B.0 ge {0,0267 mole) of
mebromobeneyl aloohel in 20 ec. of ether. During the addition of
slightly less than the first half of the pebutyllithium there was a
vigorous swvolution of gasy as soon es gas ceasad to bs evelved the
solution turned yellow. By the time all the organometallic solution
had been added the oolor of the resotion mixture had becoms light brown.
The reaction was stirred for thirty minutes and then ocarbonated, The
ecurbonation product was hydrolysed with e little water followed by
10 per cent hydrochloric soid. The ether layer was ssparated and
the aguesus layer extracted once with a fresh portion of ether. The
combined ether solutions were then extracted with 10 per cent potassium
hydroxide solution. The alkaline extract was heated to remove ether,
oooled, filtered from s small amount of lithium carbeonate, and soidified
with hydrochlorie scid« 4 turbidity appeared in the solution, but
after the acidified mixture hed stood in the ice box for a week the
only product was & small smount of brown semi~solid oile. The clear
aquecus solution was decanted from the oil and extraoted with three
B0=00+« portions of ether. The combined ether sxiructs were drisd over
sodium sulfate and the ether ewaporated, leaving an oll which smalled
ssrongly of valeric acid but whioh solidified on scooling. The solld
was washed thoroughly with petroleum ether (b.p. 60=68") containing a
amall amount of benzens. The undissclved material weighed 1.3 g.

(32 per cent) and melted at 101-110°, This product, which did not
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orystallize well from dilute alcohol, wms purified by orystallisation
from bensene containing a few dropa of absolute sleochol. The pure
compound melted at 114.5-115% its neutyal equivalent was found to be
153. The mlﬂng point previcusly reported for m-carboxybenzyl aloaholm
iz 111°, and the theoretical wvalue of the neutral equivelent is 152,

Preparation of p-bromophensthyl alochol

Hixtures of o-, m-, and p~bromophenethyl aleshol, in which the
p~isomer predominates, have been obtained from the corresponding mixtures
of bromophensthyl bromides prepared by mclear bromination of phenethyl
bmi&;n

p-Bromophenethyl alochol has been prepared by Baddeley and Bemmett,’s
and by Teylor and Hobsen,”® by diasotizing p-aminophenethyl alochol and
treating the diasonium compound with cuprous bromide. The former suthors
report a melting point of 20° for their produet; the latter suthors
report 36-38°,

The following preparation, involving the reastion of ethyleme oxide

with a Griguard resgent, makes use of readily awailable starting materials.

Orangguth, Ber., 38, 2063 (1905).

"pelfray, Sabetay, and Sontag, Compte nnd., 106, 622 (1935)s
Sonteg, Ann. ohim., [11] 1, (19%2).

T23addeley and Bennett, J. Chem. Sos., 1819 (1938).

T3paylor and Hobson, ibid., 184 (1838).
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It was patterned after the procedure given in Organio Syntheses for the
T4

preparation of nwhexyl aloohol.
pBromophenykeagnesiun bromide was prepared from 236 g. (1 mole)
of pedibromobentens in 1 liter of ether and 2844 gs (1.17 g. atom)
of magnesium turnings. An excess of magnesium wes used becsuse 42 g.
(0«17 mole) of p~dibromobensens had been reccvered from sn earlier
preperation in which only one grem etom of magnesium was »und. The
Grignard solution was cooled to 0° in an ice~salt bath, snd then there
was edded to it dropwise a solution of 80 g. (1.35 mole) of ethylene
oxids (prectical) in 200 co. of ether from a dropping fumnel cooled by
means of a jacket merteining a mixture of soetone and dry ice., Color
test I was still positive after the addition had been completed, About
500 oo, of the ether was then distilled off and 500 co. of sodiume~dried
bensene added., Distillation was continued until no more condensate
was obtained by heating over the steam bsth, At this time the color
test was negative. The cooled reaction produet was hydrolyzed Ly
addition of ice water followed by 400 cc. of loed 30 per ocent sulfurie
acids The sntire reaction mixturs wes then subjected to steam dis~
tillation in order to remove bensens, bromobensgens, and unreacted
pedibromobenzens, ¥hen all thy p-dibromobensene had been distilled off,
a8 indiested by the fact that the distillate no longer solidified in the

T4Dreger, Organic Syntheses, Coll. Vol. I, 2nd ed. (1941), p. 306.
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sondenser, the steam distillation was disventinued, The mixture of
0il and water va!iich reméine& was extracted with sther, the ether
solution dried over sodium sulfate, end the sther distilled., The
residual oil m# distilled under weeuum through a column. The main
fraction, vhich distilled at 115-121° under a pressure of slightly less
then 1 mm., weizhed 62.0 g. Two other fractions, one of which (17.5 g.)
distilled at 98~114° under less than 1 mm., and the other (17.7 g.)

at 122«125°, were also retained. None of these fraoctions solidified
in an ice bath, nor could they be crystallized from methyl or ethyl
aloochol, petrolesum ether, or mixtures of these solvents, Since it
seemed likely that the chief impurity wee p~bromosatyrens formed by
dehydration of the expected aleohol, the combined fractions were treated
with 80 g, of anhydrous caloium chloride in order to form the calcium
chloride aloocholete. The mixture warmed up somewhat on shaking. It
was nllowed to stand with cccasional shaking for six hours; then 100 cs.
of anhydrous ether was added and the mixture allowed to stand for
th&rﬁmix hours. After this time the whole mees appeared to be solld,
80 100 eo, of ether was added and the solid filtersd off and washed
thoroughly with ethsr, From the ether filtrate and wmshings there was
obtained by evaporation of the solvent 11 g. of oily liguid, probably
prbromostyrens. The solid (oaloium chloride and calcium chloride
alcoholate) wes stirred with a liter of ice water until all the caloium

ohloride hed dissolwed. The olly layer was extracted with ether, the
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other solution dried over sodium sulfate, and the sther ewaporated at
room temperature under vmcuum. There remained 80 g. (40 per cent} of
e visowus oil which solidified in a dry iceacetons bath but beoceme
liquid agein at room temperature. The identity of the product as
pebromophenethyl alechol was established by its conversion to the
phenylurethane,”® melting at 126°, by treatment with phemyl iscsyanate.

g—Brmphtmthz}; aloohol and n-butyllithium

To a solution of 10.0 g. (0.06 mole) of rbmphamthyi alcohol
in 30 oo. of ether there wms added during ten mimutes a solutiom of
0.1 mols of mebutyllithium in 120 co. of ether. A white precipitate
was deposited at the beginning of the addition, ani gas was evolved
while the first half of the organometallic solution was added., 4ifter
the reaction mixturs had been stirred for ons hour, carbonation wes
effested and the organic acld isolated in the usual manner. The yleld
of crude peoarboxyphenethyl alcohol, melting at 118-123°, was 4.4 g.
{82 per cent). The orude product was treated with Norite and
orystallized from very diluts alcohol to give 2.8 g. (31 per cemt) of
lustrous, white orystals, melting at 127-128°,

Anal. Caled. for CgHinOgr neut. equiv,, 166, Found: neut,

cqui.v.. 133’ 164.

g-BWﬂylbmxl_ aloohol and g-bu'qmvhiw

PprBromo~cmethyIbenzyl nlcéhol wss prepsred from p~bromobenzaldehyde

and methylmagnesium iodide according to the procedure of Ziegler and

Tiemn.ﬁs
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To a solution of 10.0 g, (0,05 mole) of z-bimm-«mthylbamyl
alechol in 30 ec. of ether there wes added during ten mimiles & solution
of 0.1 mole of n-butyllithium in 195 co. of ether., Gas wee evolved
during the addition of the first helf of the n~butyllithium. The
solution, which remained clear and almost cplorlnx, was stirred for
thirty mirutes and then carbonated. The crude acid, isolated in the
usual way, woighsd 3.8 g. (45 per cent). Pure p~carboxy-demethylbensyl
alochol was obtained by recrystallization of the erude acid, first from
dilute aleohol and finslly twice from bentene containing a small amount
of sbsclute alochol, The pure compound melted at 138-189°,

Anal. Caleds for CgHyaOst neut, equive, 186, Found: neut,

Q@li"o' 168. 189,

p-Bromobensenssulfonamide and n-butyllithium

To & suspension of 4,25 g. (0.018 mole) of pebromcbenzensesulfonemide
| in 20 ce. of ether there was added during five minutes e solution of 0.038
mole of nwbutyllithium in 70 cc. of ether. Gas was evolved during the
addition of only the first half of the n-butyllithium solutien. The
reaction mixture was stirred for fifteen mimites and then carbonsted.

The product was hydrolysed with a little water and acidified tc desompose
lithium carbonste. It was then made basic with potessium hydroxide
solution and the alkaline layer wes separated. Carbon dioxide was
bubbled through the alkeline solution until wo mors precipitate formed.
The precipitete was filtered off and stirred with hydroohloric acid te

remove lithium emrbonate. The insoluble part was filtered off and dried.
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This fraction, which weighed 2.5 g. end melted at 159~162°, was shown

to he‘ crude pebromobensenssulfonamide by means of a mixed melting point.
The recovery of this materisl was 59 per cent. The filtrate (bicarbonate
solution) was scidified and cooled to give 0.5 g. (14 per cent) of white,
orystalline solid which softened in the range 200-280%, and began to

melt at 254° but sublimed away as fast as it melted. All of it die-
appeared in the range 282-286°, It has been reported that p-carboxy~
bensenssulfonamide © decomposes at sbout 280° without melting. The

045 g+ of product was crystallized from very dilute alcohol to give 0.3 g.
of material which melted and sublimed in the range 284-286°, The walues
found for the neutral equiwalent of this material were 183, 210, 228,

end 2263 the thecretical velue for pecarboxybensenssulfonemide is 201.
In order to ocnvert the aoid to the ethyl ester,”® a porticn of the
product was dissolved in absolute alcchol end dry hydrogen chloride was
bubbled through the solution for twenty mimites. The residue after
evaporation of the alochol melted st 97=110°, end after orystallization

~ from very dilute aloohol it melted at 100-104°, Further treatment did
not alter the melting point, The melting point reported for pwcarbethoxy-

o ia 110-111°.  Prom these results it appears that

benzenssulfonamide
the product of interoonversion is largely pwearbexybensenesulfonsmide
together with a small smount of Ilmpurity probably resulting from reduction

of the sulfonamide group by n-butyllithium,

75&1”1', é_ﬂ;q Chem, il‘ &p 164 (1882)6

"6Remsen, Amn,, 178, 301 (1875).
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From another experiment in which the unreascted p-bromobenzene-
sulfonamide and the _g-earboxybemamsulfomid_o were not separated
by trewmené of their solution in aquecus potassium hydroxide with
oerbon dioxide, there was obtained afbter a similar qu&e&tim with
ethyl alaohel and hydrogen chloride, in addition Yo impure material,
& small amount of ester melting at 108-109°. The results were no
better in experiments in which three equivalents of n~butyllithium
were used. | Only unchanged starting material was obtained from s

resction carried out at -70°,

R—-Brmobensonitrile and _:.:_-bu{gglnthi\m

To a solution of 0.05 mole of n-butyllithium in 88 oc. of ether,
cooled to =T0%, there was added quickly a suspension of 9,1 g. (0.05 mole)
of pebromobensonitrile in 35 oc. of ether. The remction mixture, which
immediately turned reddish brown, was stirred for fiwe minutes at -70°
and then carbonated, The carbonated ether suspension was extrasted
with dilute potassium hydroxide solution, snd the baslo extract was heated
on the stesm plate for about an hour to remove dissolved ether., The
solution was then cooled and acidified to giwe 1.4 g. (17 per cent,
ealoulated as terephthalic aecid) of acid which did not melt but sudblimed
at ebout 500°. This produst was at least 80 per cent terephthalis scid,
sinee treatment with diasomethane gave a 60 per cent yield of dimethyl

terephthalate, which melted at 140-141° after crystsllization from
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alochol and was ldentified by a mixed melting point with an authentic
sample, From the neutral ether layer there was obtained a mixture
which appearsd to contain pebromobensonitrils end pebromomnevalerophencne.
No p-oyancbenzolic acid and no terephthalic acid were obtained from
& second experiment in shich the pwbromobensonitrile, dissolved in a
mixture of bensene and sther, was added Vo a sclution of n~butyllithiuvam
in ether at ~70°,
Gregory’! cbtained no mcidic fraction from an attempted intere
conversion in whioch rbramobomonitrila s dissolved in a mixture of
toluens and ether, waz added to a solution of n=butyllithium in ether

at -Go.
Organolead Compounds

The preparation of some new organolead compounds, several of them
containing wateresolubilizing groups, is reported in the following peges.
Some reactions of these new sompounds, several new or modified procedures
for the preparation of known oompounds, and soms unsuscessful attempts
to introduce watere-solubilizing groups into orgenolead ocompounds are

alao described.

Preparation of starting meterials

Tetraphenyllead. TYetraphenyllead wes prepared from phenylmagnesium

77unpublished studies by W.A. Gregory.
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bromide and lead chloride mccording to the directions of Setzer, Leeper,
and Gilmen.’®  In runs of the seme size as that described by these
suthors, the ylelds of tetraphenyllsad obteined by working up sll the
fractions approached the reported yield (82~83 per cent). lowever,

in runs two or three times ms large es that desoribed, the yields varied
from 50 to 66 per cent. It was found that the best yields of tetra-
phenyllead from large-scale preparations were obtained when extremely
efficiant stirring was provided during and immdiately after the zdditien
of the lead chloride to the Grignard resgent,

Triphenyllead chloride. A large=-scale modification of the methed

of Gilman and Rebinson’® was used for the preparation of triphenyllead
chloride, The following is a typiocal preparation. Dry hydrogen
chloride was bubbled through a solution of 245 g. (0.52 mole) of tetra=~
phenyllead in 26800 co. of bolling chloroform for fifty-five mimutes,

The hot solution was filtered from 30 g. (15 per cent) of diphenyllead
dichloride. The filtrate was distilled to dryness over the steam bath,
the last treces of chloroform and benzene being removed under the vaouum
of a water pump, The s0lid residue (195 g.) wes pulverized in a
morter and then extracted nine times by boiling successively with two
one~liter portions of absolute alcohol, using the filtrate from the

first extraction for the third, that from the second for the fourth, eto.

"85etzer, Leoper, and Gilman, J. Am. Chem, Sos., 61, 1609 (1939).
"9Gi1men end Robinsen, ibid., 81, 3112 (1928).
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The oombined eropakof triphenyllead chloride, obtained by cooling the
sxtrastion mlu‘hium, weizhed 168 z. (75 per cent) and melted at 204=-206°,
A further portion, (12 g., 6 per cent) of less pure product was obtained
by oconcentration of the mother liquors. The small amount of residue
from the extraoctions consisted of impure tetraphenyllead. This wes
nvpé for use 1in subsequent preparations of triphenyllead chloride.

In preparations in which the amount of diphenyllead dichloride
formed was smaller, the yield of triphenyllead ochloride was lower and
the amount of umchanged tetraphenyllead wns correspondingly higher,

The optimm timp of trestment with hydrogen chloride varies with the
rate of flow of the zas. The beat indiostion of the progress of the
cleavage is prcvi&sd by the appearances of the inasoluble diphenyllead
dichloride and by the gradually inoreasing opasity of the resulting
suspension.

Tetraothylleed and tristhyllead chloride. Tetraethyllead was

kindly supplied by Dr. G. Calingaert of the Ethyl Corporation.
Triethyllead chloride was prepared by cleawvage of tetrasthyllead in
oether with hydrogen chloride, according to the procedure of Gilman and
Re‘binson.% The preperation was carried cut on a six~fold scale, and
the time of treatment with hydrogen chloride was considerably greater

than that deseribed for the smaller run.

80g11man and Robinson, ibid., 52, 1976 (1930).
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Iriphenyl~pehydroxymethylphenyllend, (Calls)gPbCql, CHaGHep

A solution of 0,16 mole of n-butyllithium in 225 oe. of ether was
added during ten minutes to a solution of 15 g. {0.08 mole) of
p-bromobengyl alechol in 50 co. of ether. The resulting solution was
stirred for one hour, and then 37.9 g. (0.08 mole) of solid tri-
phenyllead chloride was added, with vigorous stirring, during twe
mimites or as rapidly as the bolling of the ether permitted., The
reaction mixture was hydrolyzed at onoe by pouring on iced mmmonium
chloride solution, The hydrolyais produot wes filtered from 2.6 g. of
insoluble materisal which consisted of tetraphenyllead containing a trace
of triphenyllsad chloride, The ether layer wes separated, drie‘td over
sodium sulfate, and the ether distilled. The olly residue, which
s80lidified on cooling, was weshed with petroleum ether to give 38 g. of
80lid melting st 80-90°., This solid was dissclved in 250 oc. of hot
{not boiling) aleohol and the sclution was filtered from s small amount
qf undissolved solld, The filtrate was heated to boliling end diluted
with 78 oo, of hot water; on cooling there was obtained 27.5 g.

(63 per cent) of white solid, melting at 97-100°. This product was
shown not to contain halogen by a qualitative test. On further
orystallizetion from verious solvents or mixtures of solvents, this
product gave fractions of wvarleble melting points in the range S0 to 110°,
The melting point mlac varied with the method of determination, but neo
consistency could be noted in this behavior. The melting point most

frequently observed was 86.200°, & portien of the above prodget,
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melting at m.?ﬂgo«. was reorystallized first from bensens~petroleum
sther and then from petroleum ether (b.p, 80=68°) containing & little
chloroform to give an anslytioally pure sample, melting at 96~100°,
Triphenylepwhydroxymethylphenyllead wes readily scluble in ethyl or
rethyl aleochol, benszene, snd chloroform, moderstely soluble in ether,
and insoluble in wuwnnwoﬁ ether.

Anal., Calods for Cypell,n0Fbi Fb, 38.00. Found: b, 37.46,
57.66.

In a cheok run, the yield of triphenylep«hydroxymethylphenyllesad
wag 57 per cent, and in an experiment in whieh the guantities were

doubled the yield was 60 per cent.

Cleawnze of .ﬁﬁ&wﬂﬁw;gg%@wwga with bromine

The oleavage of triphenylep-hydroxymethylphenyllead with bromine
was carried out sccording Lo the procedurs of mﬁ.wg#mu for the
preparation of tripheuyllead bromide from tetraphenyllead, To a
well=stirred solution of 10 g. Ao.owmu mole) of the organolead compound
in 100 so. of pure pyridine at ~15° there wes added dropwise a solution
of 2.54 g. (0.0183 mole) of bromine in 30 ce, of pyridine. After
addition was complete, the .uawcewou was allowed to warm up to room
tenperature with contimied stirring. The pyridine was then distilled

of £ over the weter bath under vacuum. The olly residus was dissolved

8lgrlttner, Ber., 51, 1298 (1s18).
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in elechol and the solutien then subjected Lo steam distillation to
give, in the distillate, 0.69 g. (20 per oent) of Rmbrmﬁsmyl slcchol,
identified by a mixed melting point with an authentic specimen. The
reaidue from ths steam distillation was crystallized from alochol to
5ive 4.6 g (48 per cent) of triphenyllesd bromide, melting at 163-164°,
The identity ofi this product wms established by lead analysis, and by

& mixed melting point with authentic triphenyllead bromide, prepared

from tetraphenyllead by the method of Gruttner.’l

Cleavege of tripheny 1-p-hydroxymethylphenyllead with hydrogen chloride

Dry hydreogen chloride was bubbled through e solution of 10 g
(0,018 mole) of triphenyl~p-hydroxymethylphenyllesd in 100 oc. of
boiling chloroform for twelve minubtes. At the end of this time an
appreciable amount of precipitate had formed. The suspension was cooled
and filtered from O.4 g. (5 per cent) of diphenyllead dichloride. The
filtrate was dietilled over the steam bath until all the cohloroform
waa removed, The residue was fractionally crystallized {rom absolute
aloohol and from dilute alechol to give 2.4 g. (28 per sent) of
triphenyllead chloride, identifisd by & mixed meliing point with an
authentic specimen, and 5.66 g« or a 56 per cent recovery of crude
starting material,

From a preliminary experiment in whioh dry hydrogen chloride was

passed through a chloroform solution of the erganolead compound at room
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tomperature for twelve mimites, thore was obtained & trace of
diphenyllesd dishloride, a small emount of pure triphemyllead chloride,
30 per aent of unressted triphsnyl-pehydroxymethylphenyllead, and a
mixture which appesred to contaln triphenyllesd chloride and etarting

material,

Iripheny i~pcarboxyphenyllead

To a stirved solution of 10 g. (0.018 mole) of triphenyl=p=
hydroxymethylphenyllead in 100 oc. of ecetons thers was added in smell
portions during five hours 4.2 g. (0.027 moley theoretioal is 0,024
mole) of potassium permangenste. The aocetone used as solvent had beesn
refluxed with and distilled from potassium permenganate. The permanganate
color disepperred one~half hour after the last portion was added, tut
1 oo, of sbsolute alechol wms then added to insure complets degomposition
of all the permanganate, The dark brown precipitate which had formed
was filtered off and weshed with acetone. The filtrate and wmshings,
after swmporation of the acetone, lsft 1.5 g. of slightly stiecky solid
residue melting et 80-108°, This appesred to be impure starting
material, The dark brown preolpitate, which contained menganese dioxide,
wes dried, pulverized, and extracted by boilling with two 100~co. portions
of sbsoluts slechols The combined extracts were treated with 10 co.
of 3 ¥ hydrochloric acid (a slight excess). The acidified solution
was heated (not to Séiling) s Giluted with water, and cooled to give

2.6 g. (26 per ocent) of orystalline solid which melted at 254-288°,
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The filtrate from this product was slowly evaporated at 50° to rive
248 ge of white, fluffy residue which had no definite melting point.
This smorphous materisl, which was insoluble in hot aleohol or bengene,
wes not identified. A portion of the sclid which molted at 254«258°
was oryetellized from slochol to give a product which seemed to change
crystalline form when heated to 145«150°, and which melted to a viscous
liquid at 266~258°, This material was shown by analysis to be pure
triphenyl~pesarboxyphenyllead. The sodium and potassium selts of this
acid were moderately soluble in alcchol but inesoluble in cold or hot
water,

inals, Caled, for O%Haoeai‘bt neut., equiv,, 5683 Pb, 37,05,

Found: nsut,. ﬂui?.’ 568; 589’ P, 56.73’ 36.84.

Iriphenyl-p~garbomethoxyphenyllead

An ethereeal solution containing an excess of diasomethane was
added to 1.6 g. (0.00287 mole) of triphenyl=pwearboxyphenylleed,
¥ost of the acld went into solution. A small mmount of insoluble
material wes filtered off, and the filtrate was ewaporated to dryness.
The residue weighed 1.3 g. and melted at 125-126°, It was orystallised
from aloochol to give white, orystalline triphenyl=p-eerbomethoxyphenyllead,
melting st 1251277,

Anal, Oaled. for CpgliayOgPbs FPb, 36,15. Found: FPb, 36.50,
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Iriphenylwowhydroxymethylphenyllead

The o-bromcbensyl aloohol used in this experiment was prepared
from g=broumotoluens by & procedure exaotly similar to that found
most satisfactory for the preparation of p-bromobensyl elochol (desoribed
in the esotion on halogenwmetal interconversion resctions). The produot
melted at 80-81°, |
A solution of 0.30 mole of m~butyllithium in 415 oc. of ether
n§ added during fiftesn mimutes to a solution of 28.1 g. {0.15 mole)
of o-bromobenzyl alochol in 75 co. of ether. After the resulting
solution had been stirred for cne~half hour, 58.9 g. (0.12 mole) of
solid triphenyllssd chloride wae added as rapidly as possible, with
vigorous stirring. The resction mixture wes Immediately hydrolyzed
by pouring on icsd ammonium ohloride solution. The §olutien§ wors then
filtered from 2.5 g. of impure tetraphenyllsad, The ether layer of the
filtrate was separated, dried over sodium sulfate, and the ether dise
tilled, The last treces of ether and some octans (formed by coupling
during preparstion of the n~butyllithium) were removed by distillation
over the steam dath under ths vaomm of & water pump. The partislly
solidified residue was boiled with 200 ce. of ebsolute alechol and
the solution filtered from 2 g. of insoluble materiel (impure triphenyllead
shloride). The filtrate was ocooled to yive 26.2 g. (40 per cent) of
triphenyl-o-hydroxymethylphenyllead, melting at 133-136°. 4 further
20,6 g. {31 per cent) of less pure product wes obtained by distilling

off some of the elechol from the mother liquor and diluting the remainder
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with water. The melting polint of the pure product, obtained by
orystallization of some of the 26.2 g+« fraction from & nixture of
bengene and petroleum sther (b.p. 60w88%), was 134-136°,

Anel. Caled. for CpglyoOPb: Pb, 38,00, Found: Pb, 38.49.

In a check experiment on a slightly smeller scale (using 0.08
mole of triphenyllesd chloride) the yield of pure product was 45 per
cent. In addition there wers obtained less pure fractions in a yield

of 85 per ocont.

Pormanganate oxidabion of triphenyleo-hydroxymethylphenyllead

The preparation of triphenyl=g=sarboxyphenyllead from ths corresponds
irg hydroxymethyl compound wes attempted by the sare procedure as that
desoribed previously for the synthesls of triphenylep-ocarboxyphenyllead.

To & solution of 10 g. (0,018 mole) of pure triphenyleo~hydroxy~
methylphenyllead in 100 ¢c. of permangepatewstebilized scetone there
was added gradually with stirring during five hours 4 z. (a slight
excess } of potassium permangenate in small portlons. The reactien
mixture was then allowed to stand overnight. A faint ecolor of per=
Wmto persisted after this time, so 1 co. of alochol was added
to decompose the excess oxidlizing agent. The dark brown precipitats
vas then filtered off and wmthed well with acetone. The precipitate
was extracted by bolling with aloochol. The aleohol extrsct wes
earefully acidified to methyl ved, and the aalﬁm was then allowed to

evaporate, The residue weighed 0.5 g. snd melted at 288-295° with
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evolution of gas. This material did not diesolve in the ueual orgenic
solvents and sould not be erystallized, The acetone filtrate and
washings were sllowed to ewvaporate, The residue of g0lid and oil
was extracted with hot aleoohol, leaving 3.2 g. of insoluble white
solid which melted at 300-305° to a turbid, visoous liquid. The
slechol sxtract was carefully acidified to methyl red, diluted with
water, end cooled to give 1.2 g. of solid, which melted at 288-292° to
e turbid, viseous liquid with evolution of gas. Both this freotion and
the 3.2 g. mentioned above were insoluble in the common organic solvents
and could not be orystallized. They did not remot with diazomethanse,
Lk portion of the 3.2 g. fraction was converted to a earboxyl-containing
organclesd chloride (deseribed below) by trestment with hydrochlerde
acid, This result together with a lead anslysis 5.ndicated that the
oxidation 9rc;duot wes the snhydride of diphenylw=owcarboxyphenyllead
hydroxide. The lead content was higher ’?.ha.n that of triphenyleoe
sarboxyphenyllsad (37.05 per cent) or of the origimal triphenyleo=
hydroxymethylphenyllead (35.00 per cent),

Ansl. Caleds for CygHy OsPb: Pb, 42,08 Found: FPb, 41.72.

Diphenyl~c-carboxyphenyllsad chloride

The conversion of the sbove anhydride to the organolead chloride
wes carried out by the procedurs of Arntzenl® for ths preperation of
the analogous orgenptin chloride from the produet of oxidetion of

triphenyleo-hydroxymethylphenyltin.



84.

A 1 g. portion of the anhydride was suspended in 25 ce. of
sbsolute alochol end treated with a few co, of concentrated hydro-
shlorie scid. lMost of the solid diesclved. A small smount of un-
disselwed materisl was removed by filtration, and the filtrate was
diluted with 6 N hydrochloric acid to give, after sooling, 0.9 g.

- of white orystalline solid. This compound, diphenylwgecarboxy~
phenyllesd ohloride, sesmed to change orystalline fomm at 145", end
melted to a vissous, turdbid liquid at 210-220°, The presence of the
ocarboxyl group was shown by the resction with diazomethans (desoribed
below). The compound gave of £ hydrogen chloride when trested with
sold conocemtrated sulfuric acid.

Anale Calod. for C1ofl1505CAP02  Fb, 40.02. Found: Fo, 40.69.

Diphery l~omgarbomethoxyphenyllead shloride

A solution of 0.5 g. of diphenyleo~carboxyphenyllead ohloride in
ether was treated with e solution of excess diascmethsne in ether.
The solvent was ewmporsted end the product was crystallized from methanol.
There was cbtained 0.43 g. (72 per cent) of white, orystalline diphenyl~
o=oarbomethoxyphenyllead ehloride, melting at 170+171%, This compound
dissolved in cold concentrated sulfurie acid, with evolution of hydrogen
chloride, to give & clear, colorless solution,

Anale Caled, for Coglly702C1Fb:  Pb, 38.87, Pound: Pb, 38,08,
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Tripheny lemelydroxymethylphenyllead

To & solution of 18.7 g. (0.1 mole) of mebromcbensyl alechol in
45 ac. of ether there wms added during ten mimtes e solution of 0.20
mole of msbutyllithium in 210 ¢o. of ether. After the resulting
solution had been atirred for ome~helf hour, 38 g, (0.08 mole) of solid
triphenyllesd chloride wee added during two mimtes. The reaction
mixture was stirred for thres mimutes and then hydrolyzed by pouring on
iced mmmonium chloride solution. A small smount {1.8 g.) of crude
tetraphenyllead was removed by filtration. The ether layer was separ-
ated, dried over sodium sulfate, and the solvent und other low-boiling
materials removed by distillation. The residue, whioch weighed 46 g.,
was heated almost to bolling with 200 sc. of alochol and £iltered while
hot from 4.8 g. of white s0lid (largely triphenyllead chloride), The
filtrate wes cooled to give 18.4 g. (41 per cent) of crude triphenyle
mehydroxymethylphenyllead. A portion of this product was erystallised
taice from s mixture of bengene and petroleum ether, and finally from
methyl alechol to give » pure sample, whioh melted at 115-114% with
slight turbidity.

Anal., Caled. for CpglisgOFbs FPb, 38,00, Found: Pb, 38.46.

Pormanganate oxidation of triphenyl-mehydroxymsthylphenyllead

To a solution of 10 g. {0.018 mols) of triphenyl-mehydroxy=
methylphenyllead in 100 soc. of permanganate«stablilized acetone there

was added gradually with stirring during two hours 4 g. (& slight excess)
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of potassium permangenate. The permangarnmte color had almost entirely
diseppesred three hours sfter the last portien wes added. it this

point one-hsalf ce, of alcohol was added to deccmpose excess permangamate,
and stirring was contimued for one~half hour longer. The dark brewn
precipitete wes then filtered off and washed well with meetons, The
aostone filtrate and washings were allowed to ewmporate to drymess.

Only a trace of residue remeined. The dark brown precipitate, whioch
weighed 12.3 g« {the theoretioal weight of manganese dioxide from 4 g. of
potassium permanganate is 2.2 g.) was extraoted guocessively with hot
absolute alechol and cold and hot aleohol containing dilute hydrochlorie
acld. The filtretes were cooled and the mother liguors concentrated teo
gzive a small amount of material whioh melted at 208=-215" and seversl
‘fractions which melted in the range 130-140° or 140-166°, Nome of these
products veould be purified to give & substance with a sharp melting
point. Some of the fractions were treated with disszomethane, and a

reaction occurrsd but no definite products oould be isoclated,

Iriphenylep~p-hydroxyethylphenyllead, (CgHg)sPolaliCli,ClaGi-p

4 solution of 0.146 mole of n«butyllithium in 250 cc. of ether was
added during ten mimites to & solution of 14.1 g, (0.07 mole) of
pebromophenethyl slochol in 30 oo, Of ether, After the resulting sus-
pension had been stirred for one hour, 28.5 g. (0.06 mole) of solid
triphenyllsad chloride was quiockly added with vigorous stirring. The

reaction mixture was 4immediately hydrolyzed by pouring on iesd ammonium
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chloride solution. The solutions were filtered from 1.8 g. of a mixture
of tetraphenyllead with a small emount of triphenyllead cohloride. ‘The
sther layer in the filtrate was separated, dried, and most of the solvent
evaporsted te leave an oll which was cooled to give a solid from which
some octans was decanted, The solid weizhed 27 g. and melted at 53-95°,
This material was orystellized from sbsolute aleohol and the mother
liquors concentrated to give a total of 19 g« (57 per cent) of fairly
pure triphenylep=S-hydroxyethylphenyllesd, melting at 83+35°, The pure
compound, obtained by recrystallizing this product twies from e mixture
of bensene and petroleum ether, melted at 87-88°,

Ansl, Calod. for CpgHy OFbs Pb, 57.06. Founds Pb, 37.03,

37.08,

ZIriphenyl-p-O-hydroxyethylphenyllead, (CgHs)sPhCeH4CHCHCHzwp

4 solution of 0,30 mole of n~butyllithium in 350 cce. of ether was
added during fifteen minutes to a solution of 50.1 g. (0.15 mole) of
prbromo-o-methylbensyl aleohol in 40 ee. of ether, The resulting
solution was stirred for one-half hour, and then 58.9 g. (0.12 mole) of
s0lid triphenyllead ohloride was added during two minutes with vigorous
stirring. The resction mixture was stirred for thres minutes more, and
then hydrolysed by pouring on iced ammonium chloride solution, A emall
amount (2.5 g.) of ecrude tetraphenyllead wes filtersd off. The ether
layer was separated, dried over sodium sulfete, and the solvent rémwd

by diatillation. The very viscous residual oll, which did not orystallisze
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on aooling, was dissolved in absolute aleohol. On cooling, there was
deposited 5 g. of impure triphenyllead chloride. The filtrate was
heated and diluted with water, but on cooling the first part of the
produoct came down as an oil. After many attempts, s crystalline product
was finally obtalned by the following procedure: a portion of the oil
was dlssolved in methyl alechol st room temperature. The solution was
diluted with water until a turbidity just sppeared, then heated until

it becsme olear, and allowed to cool slowly. ‘When 1t had oocoled almost
te room temperature, a slight turbidity appeared again, so just enocugh
methyl aloohol was added to olear the solution, which was then éoohd

in the ice box to give well=formed erystale. After ancther orystallization
from dilute methyl alechol, the pure triphenyl=p-chydroxyethylphenyllead
melted at 63-70°, The total yleld of fairly pure product was 35 z.

(52 per cent).

Anal. Caled. for 0263340-&! Pb' 37,05, Pound: P, 37.22.

Attempted preparation of triphenyleoc-methoxymethylphenyllsad

A solution of 12,1 g. (0.08 mole) of o=~bromcbensyl methyl ether in
§0 co. of ether was added gradually to 1,48 z. (0.08 gz, atom) of magnesium,
After the first small portion of the halide hed been addsd the resstion
mixture was heated intermittently during twenty min;.lm to reflux the
ether, it the end of this time a considersble turbidity sppeared and
the reasction ssemed to start, but proceeded spontanecusly only for one

mirnte. The rest of the halide was then introduced during thirty minutes,
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and the reaction was stirred at reflux for five hours, Host of the
magnesium still remeined unchanged, so 50 oc. of benzene and 100 oo, of
sthar wers added and the resction wes refluxed for four hours., Although
most of the magnesium had not reacted at this time, solor test I wes
positive. To the reaction mixture there was added § z. (0.0064 mole) of
triphenyllead chlorids, After ten minutes the solor test wes still
faintly positive, but after the resection mixture had stood overnight

the color test was negative. The reaction wes hydrolyzed by pouring

on loed smmonium chloride solution. The orgenic laysr was separated

snd dried, the solvents svaporeted, and the residual oil, which it was
thought consisted of & mixture of the desired product and unrsacted
o~bromecbensyl methyl sther, was cooled and treated with petroleum ether.

The only solid isolated, howsver, was triphenyllesd chloride (0.5 g.).

friphenyllead chloride and the lithium salt of pecarboxyphenyllithium

It has been shown by Arntsenl’ that peiodcbentoic acid undergoes
halegen-metal interconversion (to sive the lithium salt of p-
earboxyphenyllithium) to the extent of 62 per cent when treated with
/ pebutyllithiun at ~76° for four minites.

A molution of 0.043 mole of mwbutyllithium in 226 cc. of ether,
cooled to approximately =70° in a jacketed dropping funnel, was added
quickly to a suspension of 5.33 g. (0.0215 wole) of p-iodobenszois acld
in ether, also cooled to =70°, One mimte after the n<butyllithiwm
had been added, 10.2 g. (0.0215 mole) of solid triphenyllesd chloride

wes quickly introduced., Color test I was strongly positive five minutes
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and also thirty minutes later. After a total time of two hours the
reastion mixture had warmed up to »5° and the coloer test was nsgative,
".t‘he reaction was then hydrolysed with dilute potassium hydroxide soluticn.
The alkaline layer was separated, and the ether layer was again extracted
with base, The combined extracts were carefully soidified in the cold
to give 1 go (19 per cent recovery) of a product which was shown to be
orude peiodobensoic asid. The alkaliw~insoluble products were not

investigated.

Triphenyllesd chloride and pephenylenedilithiua

A selution of 16.8 g. (0.087 mole) of pe-didromcbensens in 100 eceo.
of ether was added during five minutes to a solution of 0,20 mole of
n=butyllithium in 400 ov. of ether. The reaction was stirred for one
hour and then allowed to stand for eighteen houras, A double titration
on aliquot portions at this time indicated that practically no n-butyle
lithium remained at this time and thet approximately 0.07 mole of
phenylenedilithium was present. To the solution there was added during
five mimrtes 31.8 g. (0,087 mole) of solid triphenyllead chloride,
The reaction mixture was stirred for forty-fivwe mimtes and then ocarbonated
by pouring on an ether slush of dry ioce. The resulting ether suspension
was hydrolyzed with 10 paf gent potassium hydroxlide solution, and 18 g,
of inscluble white solid wes removed by filtration. The alkaline
layer was ssparated, and the ether layer was extraoted with another
portion of potassium hydroxide soclution. The sombined extracts were
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occled in an ice bath and carefully acidified with iced 10 per cent
hydrochloric asid., There was obtainsd only 1.45 g. of e powder
which did not contein lesd, and which sublimed ab sdout 300, This
was probably terephthalioc aocid, formed dy carbomation of phenylenedilithium.
The 18 g+ of solid, mentioned sbove, had no definite melting point and
seoomed to Le & mixture. It was boiled with 450 coc. of sbsolute
alechols The filtrate, on ococoling, deposited 0.8 g. of triphenyliead
ohloride. ‘The alochol=inseluble residue, which weighed 15 g., was
boiled with 400 ce. of chloreform. Most of the solid dissolved, The
chloroform solution, on ocoling, deposited 2.9 g, of white orystelline
solid, melting at 285-2868°,  This product snalysed for pe~phenylenedie
(triphenyllead), p~(CoHg) PbCeH FO(Cgliy) .  The theoretical lead
gsontent of triphenyl=pwoarboxyphenyllead is 37.08 per cent.

inal. Calod. for Cgofy,Phns Pb, 43.51. Found: Pb, 43.51,

42.92.

Triphenyllsad chloride and sodium malenio ester

& solution of 0.025 mole of scdium ethoxide in alechol was prepared
by dissolving 0.575 g. (0.025 g. atom) of sodfum in 50 c¢c. of sbasolute
elochol {distilled over sodium). Te the oooled solution there was |
added with stirring 4.12 g. (0.0257 mole) of diethyl malonate. Then
11.85 go {0.026 mole) of triphenyllead chloride and 126 cc. of dry
bentene were added, The stirred mixture was heated te reflux, sllowed

to oool with sontimued stirring, eand let stand for thirty-six hours.
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The ether and benzene were distilled under veouum at & tempersture
which was not permitted to exceed 50%°, Vater wes added to the residual
liguid, which then turned solid. This solid wes shown to be triphenyle

lead chloride, recovsred in quantitative yield.

Sandmeyer resctions with triphenyl-p-aminophenyllead

Two attempis were made to prepare triphenyl~p-oyanophenyllead
by the resction of ocuprous ayanide with the dissonium salt derived from
triphenyl-p-aminophenyllsad. Both attempts, described in detail below,

wors unsucoessiful.

Preparation of tri;he%—g-mimﬁm%hsd. Triphenylep~
aminophenyllend was prepared by a modifiecation of the msthod of Gilman
and S{nmkw‘!.schfs A solution of 0.3 mole of n~butyllithium in 360 occ.
of ether was added to 17.2 z. (0.1 mole} of p-bromosaniline in 50 oe.
of ether. The resulting solution was siirred for forty minutes, and
then 38 g. (0.008 mole) of s0lid triphenyllead chloride was added as
quiokly as possible, The reaction mixture was stirred for three minutes
and hydrolyzed by pouring on ilced ammonium chloride solution. 4 small
emount (2.3 g.) ef cruds tetraphenyllead was removed by filtration,
after which ths sther layer was ssparated end dried over sodlum sulfate.
Dry hydrogen chloride wes passed into the dried ether solutiocn for. ten
mimtes, There was deposited s derkwoolored, tarry precipitate

welighing 12 g. This wns disoarded, sinoe it was elmoat entirely soluble
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in water, Hydrogen chloride was again passed into the ether filtrate,
this time for twenty minutes or until no more precipitate formed. The
1light tan precipitate, whish weighed 30.5 g., wes triturated with water.
The inscluble material weighed 22.56 g» This represents a 42 per cent
yield of the hydroehloride of triphenyl-pesminophenyllesd. The product
wis used without further purification for the dlasotizations deseribed
below.

Sandmeyer resction no. l. This reaction was carried out accord-

ing to the directions of Gattermanmn®® for the preparation of pe
tolunitrile from petoluidine,

A suspension of 5.3 g. (0.0095 mole) of triphenyl~p-sminephesyllead
hydrochloride in a solution of 2.5 co. of concentrated hydrochlorie
scid in 285 ec. of water was oocled in an ice bath, and then treated with
sodium nitrite solution (0.76 g or 0.011 mols of sodium nitrite in 10 ee.
of water) until the reaction nmixture gave e test for nitrite fon with
potassium iodide=sterch paper. The diasonium suspension was then added
to a cuprous cyanide solution (at 60«70°), which had besn prepared by
adding 4.3 g. (0.088 mole) of sodium oyanide in 10 eo. of water to &
warm solution of 5.5 g. (0.072 mole) of copper sulfate pentahydrate in
20 co. of waters After the initial vigorous evolution of gas had
ceasad, the reaction mixture was heated on the stesn plate for a few

mimites and then cooled and filtered. The dark browm solid which was

82Gattermann and Wieland, "laboratory Methods of Organic Chemistry,®
¥acmillan, New York (1937), p. 291.
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obtained weighed 5.6 g. and had no definite melting point. This

produst was extracted successively with ether, chloroform, and absoluts
alechol. The undissclved residue wms discarded. The ether and alechol
extracts on evaporation left only traces of residue, The chlorofom
extract was decolorised with Norite and allowed to ewaporate. The
residus was a tan solid, welghing 0.52 g. and melting at 156150 with
turbidity. A few orystals which sublimed out melted et 210-220°; thess
were probably tetraphenyllesd. The 0.52 g. of product was crystalliszed
from aleohol to give three fractions s}l of which sintered and melted
in part at 155-200° but resolidified and did not melt azain below 300°.
Theas fractions were so small in amount that they ware not further
investirated.

Sandmeyer reaction no. 2. This reaction was carried out according

to the directions of Clarke and Read®? for the preparation of o= or
p-tolunitrile from o~ or p-toluidine.

A solution of cuprous chloride was prepared as follows: to a
solution of 6.25 g. (0.025 mole) of copper sulfate pentahydrate and 1.65 g.
{0.028 mole} of sodium chloride in 20 ce. of hot water there wes added
an alksline solution of sodium sulfite (1.21 g. of sodium metabisulfite
and 0.88 g. of sodium hydroxide in 10 co. of water). The nixture was
cooled and the white precipitate of oixprous chloride wae washed with

water by decantation. The ouprous chloride was converted to cuprous

83clarke and Read, Orgenic Syntheses, Codl. Vol. 1, 2nd ed,
(1941), p. 514, |
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oyanide as follows: the washed precipitate was suspended in 10 co.

of cold water end to the suspension thers wes added & solution of 3.25 g.
{0.068 mole) of sodium cymnide in § ao. of water. Uhile the resulting
hot solution was allowed to cool, the aminoaryllead compound was
diamtizné #8 described below.

A suspension of 11.3 g. (0.02 mole} of triphenyl=p-aminophenyllead
hydrochloride in a mixture of 2.2 ce. of concentratsd hydroehloric acid
end 25 g. of water and oracked ice was treated with a solution of 1.4 g.
{0.0208 mole} of sodium nitrite in 4 oc. of water (to give a blue coloer
with potassiwm iodide-~starch paper)., The resuliing thick suspension
wag added to the cuprous oyanide solutlion which had been chilled te
between O and 5° and covered with a layer of benzene. The mixture was
stirred for a few minutes, allowed to werm up gradually to room tempere
ature, and then heated to 50° and held at this temperature for thirty
minutes. The reaction was then allowed to stand overmight, after which
the benzens layer was separated. The agqueous suspension was shaken
thoroughly with five 30=cc. portions of bensene in succession. The
beasonswinsoluble solid weighed 6.3 g« Since it wes almost entirely
insoluble in organie solvents it was disoarded., The conbined benzens
extracts were dried over sodium sulfate and the solvent wes sllowed to
evaporate., The sticky hrown residue was stirred with absolute alechol
and J.5 g+ of insoluble material was removed by filtration. This

melted at 222+226° and was shown to be tetraphenylleed by a mixed
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melting point. The alochol filtrate was decolorised with Norite

and concentrated to a small volume. On eocoling, & white crystalline
pracipitate was deposited. This wes filtered off, but most of it
dissolved when washed with a little aloohol on the filter. The smell
amount of solid remaining melted with turbidity at 155-157° and reaciid~
ified sbove this tempermture, On further concentration of the mother
liquor plus the washings esnd on subseguent cooling there was cbtained
more of the erystalline prscipitate. Thiz was weshed with petroleum
ather to give 0.6 g. of inou-mito erystals which melted with turbidity
st 155-160° and .resolidified above this temperature. 4 third frastion
obtained by further comcentration weighed 0.15 £. and melted at 143-145°
with turbidity. A leasd analysis of the 0.5 g. frection showed that
the lead content was 44.95 per cent, which is muoh higher than the
theoretical lsad oontent of triphenyl~p-cyanophenyllead (38.38 per oent),
It was thought that the product might be triphenyllead oysnids (lead
content 44.64 per cent), but the material geve no qualitetive tests

for nltrogen or for cvanide ion,

Totraphenyllead and nitrogen tetroxide

The nitrogen tetroxide used in this experiment end in the two
following experiments wes prepared by the method of ()mdall‘“
To a solution of 2 g. (0.0089 mole) of tetraphenyllead in 15 co.

of chloroform there wes added zradually, with externsl cooling in an

84cundell, J. Chem. Soc., 58, 1076 (1891).



97.

ice bath, a solution of 0.6 ;. (0.0065 mole) of nitrogen tetroxide

in 10 ec. of ohloroforms, The brown color of the nitrogen tetroxide
was lmmediantely replaced by a light, clear blue. A precipitate formed
et omee and the amount of this inoressed with stending. The reasotion
Mrs was allowsd to stand for two weeks after which the solid wae
filtered off. There was ocbtained & light tan, crystalline solid,
woighing le.78 g+ The product had no definite mwelting point and zave
quelitative tests for nitrogen and for the nitrate ione. . sample
purified by orystallization from sbesolute alcohol and dried under vacuum
at 100° was shown by analysis to contain 42.26 per cent lead, The
theoretical walue for diphenyllead dinitrate is 42,70 per cents The
weight of orude product represents a 92 per cent yield of diphenyllead

dinitreate.

Triphenyl-p-hydroxymethylphenylled snd nitrogen tetroxids

The procedure employed in this and the follewing experiment wss
patterned after that described by Cohen and celvert® for the oxidation
of benzyl alechol to benzsldshyde by means of nitrogen tetroxide.

To 8 solution of 2 g. (0.00387 mole} of triphenylep-hydroxy-

methylphenyllead in 10 so. of chloroform there was added gradually,

8%0ohen and Calvert, ibid., 71, 1060 (1887).
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with cooling in an iloe bath, a solution of 0.0043 mole of nitrogzen
tetroxide in 15 cc. of chloroform. The solution immedistely turmed
bluewgreen, and socon deposited an oll, The resotion mixture was

allowed to stend three days during which time the oll originslly deposited
changed to an amorphous solid. The chloroform laysr was decanted off
and allowed to evaporate, OUnly e emall amount of darkecolored residue
remaineds this was discarded. The chloroformeinsoluble sclid wae an
amorphous meteriel melting at 170190% with decomposition. It oould

not be orystallired, and no pure product wes isolated from the reaction.

Tri@gglax-é-}y&mxyethylmwllead and nitrogen tetroxide

4 solution of 2 g. of triphenyl-p~f-hydroxyethylphenyllead in
chloroform wus treated with a chloroform solution of nitrogen tetroxide
and the reaction was worked up in the manner described for the preceding
experinent, A slight odor of phenylacetic acid was noted during the
manipulation of this reaction mixture. The only product obtained was an
amorphous solid whioch melted at 186:-3.9‘:3‘n with decomposition and which
was insoluble in chloroform, This material resembled the product from

the resotion described dirsctly above.

Triphenyilead ehloride and J=~diethylaminepropyllithium

4 solution of 20 g. {0.13 mole) of ¥ediethylsminopropyl chloride
in 80 oco. of ether was added to a stirred suspension of 1.9 g. (0.28 g.

atom) of lithium in 40 co. of ether, After s small amount of the hallde
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had besn added the reaction mixture turned grey and warmed up slightly.
The rest of the halide wes added over thirty minutes, during whieh time
the mixture beceme more opague end remained somewhat warm but it did not
reflux, 4t the end of this time coler test I was faintly positive. The
reaction mixture was stirred at room temperature for eight hours, A
doubls titration was then run. The results indicated that an organce
lithium eompound had been formed in approximately ten per cent yield,
although the end points of the titrations were not sharp.

Of this preparation, 90 oo., sontaining epproximately 0.012 mole
of {edisthylaminopropyllithium, was added quickly to 5.7 g. (0.012 mole)
of triphenyllead chlorids suspended in 25 ce. of ether., The reasstion
mixture warmed up slightly, but not all of the triphenyllead chloride
went into solution. After threes minutes the reaction was hydrolyzed
with iced samaonium ehloride solution, filtered from 1.2 g. of impure
triphenyllead ghloridé. and the ether layer was separated and dried over
sodium sulfate, The ether was eveporated and the unreactsd K-ﬁioﬁxyl-
eminopropyl ohloride was removed by distillation under vacuum., The
oily reslidue, weighing 3.8 g., was treated with petrolesum ether teo
preaipitate 0.35 g. of a solid (m.p. 187-220°) which appeared to be a
mixture of triphenyllead echloride with e 1ittles tetraphenyllead. The

greater part of the o0il oould not be erystallized,

Attempted preparation of triathy_lfmgm:gmthxlj&mquud

4 solution of 0,20 mole of p=butyllithium in 280 oo, of ether was

added during ten minmutes to a solution of 18,7 g. (0.1 mole) of
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Prbromcbensyl aloohol in 45 oe. of ether. The resction mixiire was
stirred for thirty minutes, sand then 100 sco. of an ethereal solution
sonbaining an excess of megnesium bromide vas added during fifteen
mimites with vigorous stirring. A precipitate formed during the addition.
After an additional fifteen mimites, 33.0 g. (0.1 mole) of triethyllead
ghlorlde was sdded fairly rapidly. Color test I wms negative a few
minutes aftor the sddition of the organolead halide was complete, but
the rescticn was stirred for fifteen mimites and then hydrolyzed by
pouring on iced smmonium ohloride solution. The ether layer was separ-
atad and dried over sodium sulfate, and the ether was distilled off.
Low=bolling products were removed by distillation over the stesm bath
under a vaouum of 1 mme. The residual oil, which weighed 42.5 g., was
oooled in the ice box for thirty-six hours but only & trace of solid
appesred, Thc 01l was decanted from this solid, and distilled under a
vacuum of 1 mm,, using sn oil bath the temperature of which was finally
ralsed to 120% 4 solorless oil distilled at 45 to 85° (wapor temperw
ature), at whieh point the entire residue in the distillation flask
decomposed and turned solid. The oil which had distilled weighed

1545 g., and was probbly chiefly triethylen-butyllead (n§° 1.5123),%8
since ite refractive index at 20° was 1.5107.

Similer results, ineluding decomposition of the residue in the

distilling flask on attempted distillation of the preoduct, were ocbitained

8Grittner and Krause, Ann., 415, 856 (1918).
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from sn experiment in which the organolithium compound resulting from
the interconversion of pwbromobenzyl alechol was not treated with magnesium

bromide before addition of the triethyllead chloride.

Iriethyl-p-bramephenyllead

Robinson®® prepared crude triethylepebromophenyllead by the procedurs
employed in the experiment described here. However,he was unable teo
distil or otherwise purify his product and therefore no constents have
been reported for this compound,

In the firet attempt to prepare pure triethyl-p-bromophenyllsad,
equivalent smounts of the Urignard resgent and triethyllead chloride were
useds The high«bolling portion of the product was distilled under high
waeuun, snd the distillate ocollected aa one large fraction. This
product was shown ty analysis Lo contain about four per cent nmore lead
than the caloulated value for pure triethylwpebromophenyllead. It
appeared that some umresctsd triethyllead chloride had distilled along
with the desired product, The second preparation ls desoribed in detail
below.

A Grignard resgent wes prepared from 5.68 g. (0.234 g. atom) of
magnesium snd & sclution of 47.2 g. (0.2 mols) of p~dibromcbensene in
225 co. of ether, 4ifter all the halide had been added and the spontanscus
reaction had oemsed, the solution wes refluxed for thirty minutes and

then filtered from & slight excess of magnesiwm, To the filtered solution
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there wae added 52.8 g. (0.16 mole) of triethyllead chloride. The
reaction mixture was stirred st room temperature for one hour snd them
hydrolysed by pouring on iced ammonium chloride solution. The ether
layer was rempved and dried over sodium sulfate. The ether was evape
orated and the remalning oil subjected to distillastion under s vacuum
of 3 mm. snd up to a temperature of 125°, The residuel oil was cooled
for thirty=six hours in the ics box snd then filtered through cotton
from & small smount of solid into a smell distilling flesks TUmder high
vacuum distillation (about 0.002 mm.), the Pirst three fractions cole
lacted welghed a total of 25.5 g These fractions on cooling deposited
a considerable emount of triethyllead chloride. The fourth fraction,
which distilled at a bath temperature of 143°, was a clear, colorless
liquid and weighed 21.6 g« This represents a 30 per cent yield of pure
triethyl-p-bromophenyllead, based on the emount of triethyllead chloride
used. The demsity (d5y) wes 1.0586 and the refractive index (ni¥) was
1.8968., The theorstiosl velue of the molecular refraction, calculated
from the atomie factors of Auwers and Eisenlohr®” {using for the stomie
refraction of lead the value 18.1, found by Gruttner and Krause®® for lead
in tetraethyllead), is 33,1, The ‘ebserved value, based on the above
wiues of the density and refractive index, was 82,5,

Anal, Calod, for Cmﬂnﬁrﬂu Po, 46,08, Founds Po, 46.19.

8731 1man, "Organic Chemistry,” John Wiley and Sons, New York (1943),
2nd ed., vol. 2, p. 1751,

88 nittner and Krause, am., 415, 345 (1918).
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Reaction of triethyl-p~bromophenyllead with magnesium

Some prelimimmry experiments, as well as the work of Robiman.w
indloated that triethylepebromophexyllead does not react with magnesium
in ether. Therefors, the sctivated copper~magnesiom ulloyg was used.

A solution of 8 g. (0.013 mole) of pare triethylep-bromophenyle
lead in 25 co. of ether wus added all at onos to an excess (045 go) of
warns aotivated copper-magnesium alloy (87.8 per cent maznesium). Color
test I was strongly positive after the reaction mixture had been etirrod‘
for four hours, After having besn stirred at reom tempersture for =
total time of ten hours, the reaction was carbomated by pouring on dry
ices. The carbonation product was hydrolysed with ammonium chloride
m).ution, and the ether layer was separated and extracted with two l0e-ce.
portlons of 10 per cent potessium hydroxide solution, Nitrogen was
bubbled through the alkaline extraot to remove dissolved ether, The
solution was then ooocled in an ice bath end carefully scidified with
iced 10 per cent hydrochloric acid, .There was formed a sticky precipe
itate which weighed 1.3 g., softened at 80-50°, and melted at 950=-100°,
This material seemsd to decomposs on attempted erysiallization and no
pare produst was isolated.

In an earlier expsriment using slightly impure triethylep.
brouophenyllead, there was obtained, after carbonation and scidification

89g11man, Peterson, and Sohulze, Rec. trav. chim., 47, 19 (1928).
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of the alkaline extract, 1.3 g. of & white solid melting at 158-141°,
This was orystallized from aloohol to give, in addition to decompoaition
produsts, 0.2 ge of solid melting at 140~143°. When this product was
orystallized from petroleum ether containing e few drops of bensens there
wes obtained 0.1 g. of materisl which melted st 145=147°, A neutral
sguivalent determination on this meterial gave & wvalue six times greater

than the theoretical value for the sxpected triethylwpwcarboxyphenyllead,

Triethylleadesodium end J«~diethylaminopropyl chloride

Triethylleadwsodivm was prepered as follews; +o a stirred mixture
of 300 sc. of dry ether and 300 co. of ligquid sumonis there was added
in small picces 2.3 g. (0.1 g. atom) of sodium. To the dark blue
solution thus formed there vns added dropwise with stirring a solution
of 16.2 g. (0,08 mole) of tetraethylleed in 30 so, of sther, The reamction
mixture was then stirred until the ammonia had ewaporated and the solution
had wermed up to room temperature,

The resulting suspension, containing sodsmide and approximstely
0,05 mole of triethyllsadesodium in ether, was filtered through sintered
glags into s stirred sclution of 7.5 g. (0.05 mole) of J=-diethylaminepropyl
chloride in 30 co. of ether, When the firat drops of the pals yellow
solution of triethyllead=-sodium were added to the halide, the reaction
mixture turned orsnge in color. Soon it became opaque snd almost black,
After all the triethyllead-azodium had been added the reaction was stirred

for one hour and then sllowed to stand overnight. The solid was removed
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by filtration, and the ?thor was distilled from the filtrate. The
residual oil was distilled under a vacuum of 1 mm., at a bath tempersture
up te 90°, %o give 2.1 g. of a liguid which distilled at 50-45° (vapor
temperature) and whioch seemed to be unresoted Yediethylaminopropyl
chloride. The remaining oil was distilled under high vaouum (less
than 0,001 sm.). The product, which came over at s bath temperature
of 90° &s & olear yollow oil, weighed 9.0 g. This material was shom
to contein nitrogen by & sodium fusion test, The conastants were ss
follown: ngs 1.6363; %g 1.5429. The obssrved value of the molecular
refrastion, obtained from these oonstants, was 82.4. The theoretical
value ig 88,6, The lead content was shown by enalysis to be § per cent
higher than the theoretiocal value for triethyl-Ye-disthylaminopropyllead.
These results indicate that the product probably eontained impurities
such as hexeethyldilead and tetrmethyllead,

In a preliminary experiment the remction produot decomposed and
deposited metallic lead upon attempted distillation under & pressure of

one nillimeter.

Toetraphenyllead and fuming sulfuric acid

To 50 oo, of fuming sulfuric acld, cooled to =25°, there wes added
with etirring 10 g. (0.018 mole) of solid tetraphenyllead. The
taﬁmpheﬂylhad did not dissolve completsly, and a viescous suspension
was produced. After forty-five mimites the reaction mixture was allowed

%o warm up to 0° and was stirred at this temperaturs for forty-five
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minutes longer. The now homogeneous solution wes poured slowly, with
vigorous stirring, on crushed ice. The slightly turbid solution s
filtered fram & trace of precipitets. The filtrate, which was still
slightly turbid, was almost neutrelized with a saturated aquecus solution
of barivm hydroxide., The barium sulfate was removed by filtrautioen, and
the filtrate was carefully trsated with barium hydroxide and dilute
sulfuric asid until further treatment with barium hydroxide gave no
more barium sulfete snd the solution was acldic to phenolphthalein and
basic to litmuss A small additional amount of barium sulfate was
romoved by filtration, and the flltrate wes evaporated to dryneas. A
white, solid residue was obtained. This was analyzed for barium and
lead, but the results did not correspond to any possible compound.

The lead content indicated a molecular weight of about 1700, sasuming
one atom of lead per moleoule, whereas the molesular weight of the
‘normal barium salt of a tetraphenyllead tetrasulfonic acid would be 1106,
In addition, the ratio of barium %o lead in the product (three atoms of
barium to ons atom of leed) was too great for the barium salt just
mentioned (two atoms of barium o one atom of lead) or for the salt of
any less completely sulfonated produat. Although the conversion of
tetraphenyllead to & produst which was soluble in dilute sulfuric acid
solution indioates that sulfonation unsccompenied by cleavege to lsad
sulfate had ocoourred, the products wers not isolsted in a pure enough

gondition for analysis to be significant.
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Tetraphenyilead and chloresulfonic acid

Finely pulverised tetraphenyllead (10 g., 0.019 mole) was added
in small portioms during five mimmtes to a large excess (26 co.) of
chlorosulfonio seid at =70°,  With the addition of each portion of
tetraphenyllead there was & rather violent reaction with sudden svolution
of white fumes. The reaction mixture was stirred for five mimites after
the addition wes complete, and then carefully poured, with vigorous
stirring, into 350 coc. of iced oonocentrated ammonium hydroxide, cooled
in en loce-salk bath, There was obtained from this 5.46 g. of white
s80lid which had no definite melting point and which was shown by qual~
itative tests not to contain sulfur or nitrogen. The 80l1id waa washed
with hot ehloroform end the chloroform filtrate evaporated te give 1.9 g.
of tetraphenyllead., The remsinder of the product was washed with
emmonium acetate solution to remove inorgenioc lead salts. The residue,
which welighed 2.5 g., was shown by leed analysis and by its conversiom
to tetraphenyllead with phenylmagnesium bromide to be diphenyllead
dichloride,

Preparation of triphenylec-snisyllead

A Grignard reagent wms prepared from 1.48 g. (0.08 g. atom) of
megnesiom and 11.22 g. (0.068 mole) of g-bromoanisocls in 50 cc. of ether.
To the slear sclution there was added 23,70 g. (0.06 mols) of solid

triphenyllead ohloride, There was a rather vigorous refluxing of the
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ether during the addition, An additional 50 ec. of ether wes added
and the mixture was stirred for one hour et the reflux temperature of
ether, Then B0 co. of toluene wes added and refluxing was contimmed -
- for one-half hour mors. At the end of this time color test I wes still
positive. The resction mixture was hydrolyszed by pouring on iced
smmonium chloride solution. The hydrolysie product was Filtered from
10.7 g. of crude product melting at 124-126°, This was crystallized
from absolute aloohol teo give 5.25 ge of pure triphemylwovenisyllead,
melting at 1281209,

iral, Geleds for CpoH,,OPbs FPb, 58,00, Found: Pb, 38.01.

The ether-tolnene layer was separated from the aguecus layer of
Vthe original filtrate, dried, and ewaporated., The toluens was removed
by distillation under vaouum to leave an oil which solidified on cooling.
The solid was orystallized from absolute aloohol to give 1145 g. of
rather impure product, melting at 121-124°,  The total yield of erude
triphenyleg~anisyllend wes 22.15 g. or 81 per cent, based on the

triphenyllead chloride used.

Preparation of triphenylep-anisyllead

The preparation of triphenyle-p-anisyllead by meens of the reaotion
of p-anisyllithium and triphenyllead chloride has been reported by Towne . >0
In the present work, triphenylepeanisyllead was prepared by the

reaction of pesnisylmegnesium bromide with triphenyllead chloride. The
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procedure was similar to thet described abeve for the preperastion of

the ortho isomer, and the amounts of materials wers exaotly the same.

In the case of the para lsomer the solid, formsd as soon ss the
triphenyllead chlorids was added to the solution of the Grignard resgent,
wes inseluble in ether and toluene, and, therefore, thes reaction mixture
was hydrolyszed by addition of ice and smmonium ghloride to the previously
cooled material in the reaotion flask., The eorude insoluble product
weighed 21.0 g. (77 per vent) and melted at 146=-150°, The dried ether-
toluene layer yleldad 2.5 g. of rether orude product, melting at 145-148°,
making a total yleld of 23.5 g, or 86 per oent, The pure compound,
cbtained by orystallization from ebsolute aloohol, melted at 150-151°
with slight decomposition, Towne™® reported that triphenylep-

anisyllead melted at 152° with some decomposition.

Triphenylepw-anisyllead and chlorosulfonie seid

Finely powdersd triphenyl=p-anisyllead (§ g., 0.0092 mole) was
added during five minutes to a large excess (25 oo.) of chloresulfonie
acid at =70", There appeared to be a viclent reaction with immediate
evolution of white fumes. The reaction mixture was stirred for ten
mimtes and then poured slowly, with vigorous stirring, into 200 o¢c, of
concentrated amwonium hydroxide, previously ceooled in an ice~salt bath,
The aolid which separated weighed 2.8 p. and had no definite melting
point, It weas wmshed with chloroform snd the chloroform washings were
evaporated to give a smell amount of red oll which was discarded. The
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remainder of the solld was washed with ammonium acetate solutien.

The small emount of undissolved residue resembled the product obtained
from the reaction of tetraphenyllesd with chlorosulfonio acid (die
phenyllead dichloride).

Tetraphenyllead and sodium hydroxide in slcghol

This oxparimént was oarried cut in order to determine the stabile
ity of tetrephenyllead toward stronp base., A nmixture of 5 g. of
tetraphenyllead, 20 g. of sodium hydfexi.do, and 100 cc. of 96 per cent
alochol was refluxed for thres hours. At the end of this time the
sodium hydroxide had dissolved and the color of the solution was pale
corange. The mixture was poured into 400 cc. of water and filtered from

4.7 g+ (94 per cent recovery) of purs tetraphenyllead.

Tetraphenyllead and sodium hydroxide in chlorofom

This and the following sxperiment were carried out in sn attempt
t0 prspare orgsnolead sompeunds containing the aldshyde group by a
Reimer~Tiemann resction.

To & solution of 25 g. (0.049 mole) of tetraphenyllead in 96 g.
(0«8 mole) of ohloroform there was added a warm solution of 80 ge (2 moles)
of sodium hydroxide in 80 cc. of water, The mixture wes atirred vigor
vmsry at reflux for six hours, allowed to stend overnight, and then
distillad with ste’amuntil no more chloroform came over. The residual

material was filtersd and washed with water to give 24.6 g. (98 per

cent recovery) of pure tetraphenyllead.
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‘i’ripha:z;«ﬂ-g-mi:yllead and potassium hydroxide in chloroform

A solution of § g. (0.0092 mole)} of triphenyle-pwanisyllead in 20 g.
(0.17 mole) of ohloroform wes treated with a solution of 22.5 g. (0.4
mole) of potcssium hydroxide in 16 eoc. of water. The mixture was
i‘ofluxcd over a stesm bath, with vigorous stirring, for six hours, and
allowed to stand overnight., It was then subjected to steam dig=
tillatlion to remove the chloroforme The residual material was filtered

and washed with water te give 5 g. or a gquantitative recovery of tri-
phenyl~p-anisyllead. |



DISCUSS ION
Hulogeneiietal Interconversion Resctions

The halogen=metal interconversion reaction between alkyllithium
gompounds and aromatic halides affords an excellent method for the
preparation of orgenclithium compounds from halides which resst only
to 8 slight extent or not at all with lithium to form organolithium
compounds or with magnesium to form Grignard resgents. In the present
study the halogensmetal interconversion reaction has been extended to
the preparstion of organclithium compounds froem (1) compounds containing
"unreactive” halogen atoms, and (2) mromstic helides containing alcoholie
hydroxyl groups.

The fact thsat festyryllithium wes obtained from the reastion of
B=bromostyrens (a halide of the unresctive vinyl type) with nebutyle
lithium in petroleum ether®? suggested that the interconversion reection
night prove useful in the preparation of organolithium compounds from
other unresstive halides. This has been found to be the case.

The orgenolithium compound end the corrssponding asecid have been
prepared in good yield by intercvonversion and carbonation from 2,4,6=
triphenyl=3=bromofuran, a compound which does not react with lithiunss

CGEEUB!'
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or with magnesimn,% end in which the bromine atom is umaffected by
prolonged boiling with alooholic potaseium hydroxide, 0

The correspending triphenylchlorofuran alsc gave the organolithivm
compound when treated with m-butyllithium. The only other case of a
halogen-metal interconversion in which the replacement of a chlorine
atom by lithium has been demonstrated by carbonation and subsequent
isolation of the mold is that of phenylethinyl chloride with ne~butyllithium,5®
7itt1g%) has reported that such an interconversion occurs bstwoen o=
oshlorosnisole and phenyllithium but the experimental detalls are as yet
unpublished, Wittiz and 71tt%2 have recently shown,by isolation of
chlor¢bengens, that halogenwmetal interconverasion occurs bebtween
phenyllithium and the ehlorides, carbon tetrachloride, phenylirichloroe
methane, and diphermyldichloromethane.

The bromine atom in the highlyesubstituted 3,4,6«triphenyl=2=
bromopyridine 1s rather unresotive, sinee it is but little affected by
prolonged bolling with sodium methoxide or ethoxide, although sodium
, -

Cellg

CaH Br
685 \y

%0p1len and Rosensr, J. .am. Chem. Soc., 49, 2110 (1927).
Lyittig, Angew. Chem., 53, 241 (1940).
%241teig and Wits, Ber., 74, 1474 (1941) [C. A., 36, 6602 (1942)],
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butoxide effests replacement of the bromine by butoxyl.’®  Allen end
Frame®? have reported that this halide resmcts slowly with lithium in
sther to give a product which is decomposed by aocld to form 2,4,5«
triphenylpyridine but which does not react with oarbon dioxide, aldehydes,
or ketones, The present work shows that §,4,6-triphenyl-2«-bromopyridine,
when treated with n-butyllithium in ether at -38°, gs.v-s 8 produot which
reacts with erushed solid carbon dioxide to give 3,4,8-triphenylpyridine-
2=oarvoxylic acid in good yield.

Attempts to prepare e Grignard resgent from 2<bromsbensofursn have
been unsuccessful.’C By interocnversion et =70° with short reaction
tine 2-bensofuryllithium has now been prepared in good yield, as shown
by carbonstion to give bensofuran=Z-carboxylic acid, The methed is
not of preparative walue as far as bensofuran~2eearboxylie acid is
concerned, sinoe the latter is an intermediate in the synthesis of
lenbmoban:oﬁzmn. However, the interconversion makes available a means
of preparing other compounds containing the 2=bensofuryl group through
the agenoy of R«benzofuryllithium,

Relohsteln and Baudd®

obtained a very small yleld (one per cent)

of the Grignamd resgent from 3«~bromobensofuran by using copper-magnesium
allay. The chief resction was a eleavage of the bensofursn micleus

to give gwethinylphenols The present work shows that the chief reasstion
between 3J-bromcbensofuran and n-butyllithivm slso is cleawage. At room
temperature the action of three moles of p-butyllithium on S-bromo-

bensofuren resulted in the isclation, after hydrolysis of the reaction
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nixture, of & siity-mmn per cent yleld of g=ethinylphenol., Ewen at
low temperatures soms cleavage ooccurs, From one shortetime intere
conversion in ether at =70° there wes isolated, after carbonation, an
anid having the properties of benzofuren«3=sarboxylic acid; however,

- this result could not be duplicateds In most oases (see Table I, page
55) the only aeld found was bensofuran-3-carboxylioc ecide The mechanism
of fozﬁatian of the 2w=acid is probably similar to that postulated for
the reaction of 3«-bromodibenzofuran with nebutyllithiwm, in which case
a mixﬁxra uf 3~ and 4=-dibenzofurancarboxylic aclds wee obtained upon
carbonation.?¥

The halogen-metal intsrconversion resstion has made possible the
preparation of orgenolithium compounds from aromatic halides contelning
funetional groups which have active hydrogen stoms. Amonz the halides
of this type which have been studied are o~ and p=bromophenol, p-iodophenol,
osbramobensoié acid, o= and peiodobensoic aoid,}’ o~bromosniline,*’
gﬁbmmilim .‘8*“ and gﬁbrmoﬂﬂ-mthyhnilima‘“ In such cases it
is necessary to uss anough of the alkyllithium compound (RLi in the
squationw-usually p-butyllithium) not only to effect the replacement of
the halogen atom by lithium but ﬁ:"st to replace the aotive hydrogen
atoms of the funotional group.

R-BrOgHyOH 4 SR —) p-IiCgHOLL # FH 4 BBr

It is necessary also to oarry ocut the resotion at low temperatures in

981 1man, Willis, and Swislowsky, Js Am. Chem. Sos., 61, 1571 (1939).
HMoiiman and Stuckwisch, ibid., 63, 2844 (1941).
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the cese of halides containing funotional groaups (such as the ocarboxyl)
which are subjeot to addition of, and reductieon by, sotive organce
metallic types.

A balogenwmetal interconversion is effected by the addition of twe
moles of ne=butyllithium to one mole of a nuclearly bromine-substituted
Fhenylaliyl alechol such as pebromebensyl alsohol, for example. The
reaction has been studied with three primary alsochols, namely, p= and
E—ﬁmbemy}. alochol, and p~bromophenethyl alochol (R—Brcsﬁ‘CHzcﬁztE),
end with one sscondary aloohol, pebromomcemethylbensyl alochol
(g-nrcsa‘cﬁm;). The yields of interoonwersion products, as determined
by carbonation and isclation of the correspaonding carboxylie acids, range
from 18 to 52 per cent. However, the actual yislds are greater than
these results indicate, sinoe the interconversion products, when treated
with triphenyllead chloride instead of with carbom dioxide, were converted
into the expected unsymmetrioal organcleed compounis in ylelds of 41 to
63 per cents The halogen-metal interconversion of o=bromobensyl
alochol, sltheugh not studied by ocarbonation of the remction produoct,
bas besn established by the reastion of the interconversion product with
triphenyllead ohloride to produce triphenyl-o-hydroxymethylphenyllead
in e yield of 70 per cent.

Resulis have been obtained which indicate that p~bromcbensens~
sulfonemide undergoes balogen-metsal interconversion when treated with
two moles of mebutyllithium. However, it was not pomsible to isolate

pure p~carboxybensenssulfonsmide from the carbonated reaction mixture.
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The vecurrence of a halogenwmeitml interconveralon to the sxtent of
ten per cent between p~bromcbensonitrile and p-butyllithium in ether
at =70° has been established by the isolation, efter carbonation, of en
acid in 17 per cent yleld which was converted to dimethyl terephthalate
in 80 per cent yleld upon trestment with diasamethane. The temph’s&hlio
eold must have resulted from the hydrolysis of pwoysnobenzoie mcid during
~ the heating of the alkmline extract of the latter to remove dissolved
sther.s Yo interconversion of p-bromobenzonitrile ccourred when a
g-,Brcsﬁ‘CH + Bli > P~LICH CN & RBr
PrliCgl CR 4 COy > p=LiOOCCgH,CN
PLL00CC,H CN # KO 4 2H,0 ——p PoLL00CCGH,COOK & HE,QH
mixture of ether and benzens was used as sclvent.

Organoclead Compounds

Orgenclead compounds conteining alocholic hydroxyl groups

The preparation of organolead compounds combaining aleoholie
hydroxyl groups attmched through aliphatic groups to arcmatic muclei is
of interest not only beomuse the Iydroxyl group is a waterwsolubilizing
group, but also because the compounds with this group might serve as
intermsdiates in the preparation of types containing other, and perhaps
more effective, water-solublilising groups., Before the present study, the
only known organclead compound contamining the alecholioc hydroxyl group
was triphenyle~2,3=dihydroxypropyllead, prepared by mustin®® in a small
yield by permanganste oxidation of triphenylallyllead,
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The extenzion of the halogenwmetel interconversion reaction to
phenylalkyl alechols containing bromines as a minlear substituent mekes
available & generel method for the gynthesis of unsymmetriocal organoclesd
sompounds contmining the alocholie hydrexyl group. The method is
iliustrated by the eguation for the preparation of triphenylepehydroxy~ |
methylphenyliead from triphenyllesd chloride and the produst of intere
ocnversion of pebromcbenzyl alochol with nebutyllithium.

RrBrogiiyOiizOHl + meCqligld —— p-LACEH(THOLL & neCgHPT # m-Cyfiyg
(Cqgllg )gFCL # peLACQH,CHoOLL ~—> (CgHy )oPhC H CHoOLi=p # L1C1

(‘csns),mcsa‘cazm ¢ HpQ —> (csﬂs)sncsx‘cxzm-g ¢ LiGH
it was found adwantageous to uss about eightetenths of a mole of

triphenyllead chloride to one mole of the bromoeloohol (and two moles

of n~butyllithium), since by this means the neceasity of separating
apprecieble smounts of unrescted triphenyllead chloride from the desired
product was avoided, It wes more convenient to separate unreeoted bromo-
alechol {or bensyl aleohol formed by hydrolysis of unreasted interconversion
product) from the desired organclead sompound than it was to separate
excess triphenyllesd ohloride. Although an exeess of mebutyllithium
mst have been present in every osse, assuming that the interconversions
did not go to the extent of ome hundred per cent, no itriphenyl-m=butyllead
wes isolated from any of thess reactions. The butyllead compound was
probably formed, but beocause of its low melting point and relatively
great solubility this compound remained in ths mother liquors from the
eryetallisation of the hydroxyslkylphenyllead compounds.
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A side reaction whieh mirht have been expected to ccour was that
of the mlkoxide lithium stom, insteed of the organometallic lithium
atom, with the triphenyllead chloride to give » %triphenyllead alkoxids
whioh ig s%ill an argenclithium compound.

(Cglig) gPbCL # peliCgH CHy0I4 ~—3 (CgHg)gPbOCH,CeH, Limp & 1101
This product would form triphenyllead bensoxide (or "benzylate®™) upon
hydrolysis. HNo evidence for the formation of sueh a gompound, which
is an isomer of triphenylsp-hydroxymethylphenyllead tmt which would
probably be unsteble in the presence of water, was cbserved, The
formation of triphenyllead p~bromobensoxide according to the following
equation mizht also be expected to occur to some extent:

(Gsﬂa)sl’oﬁl + guBrCGH*CHaom —— (Caﬁg)sl’bcc}lgcsﬂ‘larng + Licl
Howaver, no halogenwcontaining product was found in any of these
renctions. The faot that no bensoxide or p=bromobensoxide was found
indicates that the alkoxide lithium atom does not react with the chlorine
atom of triphenyllesd chloride or that such a resction is much slower
than that of the organcmetallic lithium atom with triphenyllead chloride.

The resction of erganolithium compounds, prepared by halogen-metal
interconversion, with triphenyllead chloride resulted in the formation
of a small smount of tetraphenyllead in every case. This is prebadbly
due to the ccocurrencs of metal-metal interconversion reactions which give

rise to intermediates capable of reascting in the ususl menner tc form
the RﬁPb compound .
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(ceﬁs)szcl # RLL ——> (csﬂs)s?ba # LiCl

(csﬁs)smn $ R4 ) (csﬁs)eﬁmz ¥ CH L

(csasjarbcl # CGH L1 —3 (C,H ) Po 4 1101
The oscurrence of .t:hh seriea of reactions oan be avoided by conversion
of the organelithium ecompound to the Grignard reagent by treatment with
megnesium bromide 3%  Armtsent’ found 1t nscessary te adopt thia
procedurs in order to secure sstisfactory ylelds of unsymmeatrieal
organotin compounds from the reaction of organotin halides with the
products of halogen-metel interconversion reasctions. In the case of organoe
. lead ocompounds the formetion of tetraphenyllead has been minimized by
making the time of reaction relatively short, that is, by hydrolysing
the resction mixture after the triphenyllead chloride and organolithium
compound have been in contact for about two mimites.

Although orgagcl_cud compounds of the type (GGHS)SR’R’ whioh are

solids and oan usually be purified by reorystallization, were obtained
in relatively good ylelds from the reaction of triphenyllead chloride
with organclithium compounds formed by halogen-metal interconversion, the
analogous preparation of liquid organslesd ecmpounds of the type (czﬁs)anR
is in gensral not sucoessful. The compounds must dbe purified by dis~
tilletion; however, thsy often descompose upon attempted distillation
under s pressure of one millimeter, whereas undsr highevaguum distillation
no separation from some d‘ the by=products is af.foctad. The compound,
triethylep-hydroxymethylphenyllead, has not been isclated. It was
probably formed in the remction of triethyllead chloride with the organo~
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1ithium compound cbtained from pebromobensyl alechol, but deoomposition
ococcurred when attempts wers mede to distil the reaction product under a
pressure of one millimeter.

The melting points of the triphenylhydroxymlkylphenyllead eompounds
show scme interesting relantionships. In the hydroxymethyl series, in

whigh the ortho, meta, and pars isomers have been prepared, the orthe

isomer hes the hizhest melting point (134=138%°). The meta isomer melts
at 113-114° and the para isomer st 98~100°, This is in egreement with

the observation that, in general, the ortho lsamer in a pair of sube

stituted tetrasryllead compounds has & higher melting point than the
pars isomer. The triphenylanisyllead compounds constitute an exception
to this genorslization. Triphenylwoeanisyllead, the preparation of
which is desoribed in this thesis, melts at 128-128°, whersas Towne
reported that the pars isomer melted at 162° with some decomposition.

Of the two triphenylhydroxyethylphenyllead oompounds whioh were prepered,
triphanyl=p-g-hydroxysthylphenyllead, a phenethyl alechol derivative,
melted at 87~88°, and the triphenyl=peo=hydroxyethylphenyllesd, the

only secondary alechol prepared, melted at 68=70° or almost twenty
degress lower than the isomeric primsry sloohol.

Orpanclesd sompounds containing csrboxyl groups

Seversl workers have attempted to prepere organclead compounds
eontaining the earboxyl group without success. The oxidatlion of
tolyllead ecmpounds with permanganate in acetone was unsuccessful (see
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peze 30). lowever, it was thought that the hydroxymethylphenyl
compounds, in which the aliphatic side chain is already partially
oxidized, might be more readily oxidiszed to carbexyphenyl compounds,
The oxidation of triphenyl=p-hydraxymethylphenyllesd with potassium
permanganate wae sucsessfully carried out to give a 25 per eent yield
of triphenylepecarboxyphenyllesd, The soid and its sodium and
potassium salts were inscluble in water. The free acid rescted with

dlssomethane to form the methyl ester. Arutsen’! was sble to oxidise

triphenylep-hydroxymethylphenyltin to triphenylep-carboxyphenyltin in
& yield of 44 per cent by using the oonditions that were found to give
the desired oxidation in the orgsnclead series.

The oxidation of triphenylwo=hydroxymethylphenyllead by a similar
procedure resulted in the formetion of the inner anhydride of diphenyle
o=oarboxyphenyllead hydroxide. The formation of this compound involves
oxidation of the hydroxymethyl group to a carboxyl group and simultanscus
cleavege of one phenmyl groups In the eguations below, the clsaved
phenyl group is shown as having been converted to phenol, Thie is
hypothetical since no phenol was isolated from the reactiony however,
if phennl were formed it would immediately be oxidized further by any
permanganate present., The diphenylwo-sarboxyphenyllsad hydroxide
postulated as the oxidetion product was not isolated sines it formed
the enhydride spontansously. Ireatment of the anhydride with concentrated

hydroshlorie aoid in absolute alochol gave diphenylwowcarboxyphenyllead
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ohloride which reacted with diasomethane to form the methyl ester,

3(%35)3@ + 6lmo, ¢ S0 ——)
$(CgHg ) gP—— )
's o ¢ 3CgHgOH ¢ 6KGH $ 6MnQ,

O BHOOC
[
{ﬁeﬁs)zl’b
| $ HCL vy (O

O~=Cx0 ( 835) |

€1 CouH
l““z“z
(Ggig)g?®

cl GOOCES

Arntsen'® hes carried out s similar series of resctions starting
with %riphenyleo~hydroxymethylphenyltin,

One attempt was made to oxidize triphenylem-hydroxymethylphenyllead
to triphenylemwcarboxyphenyllead but this was unsucoessful. The
organclead compound decomposed to give an asetone~insgluble produet but
no pure material could be iszolated from the reastion,

It was thought that triphenylecarboxyphenyllead compounds could be
prepared more conveniently by oxidation of triphenylmethoxymethylphenyllead
compounds, becsuse the latter might possibly be prepared from the resoction
of tripbenylleed ohloride with the Grignard reagent prepared direotly
from bromobensyl methyl ethers. If this could be done, a halogen-metal
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interconversion would not be necessary. However, the yield of Grignard
reagent obtained from g-bromobensyl methyl ether was so small that nome
of the desired orgsoleed compound could be prepared from it. Supniewski
and Admgs were unable to prepare Grignard reagents from o= and
prbronobenzyl methyl ether,

A proposed synthesis of triphenylep=carboxyphenyllead involved
the resotion of triphenyllead chloride with the organclithium compound
formed by intersonversion of p~iodobenzoie acid. None of the desired
compound wms obtained from this reaction. It is probable that the
reaction of the organclead halide with the orgsnolithium compound is very
slow at the low temperature (=70°) at which the interconversion was
enrried out, and thet as the reaction mixture is wrmed the chlef resotion
ooours intermolecularly hetween the carboxyl zroups end the organo=
metallie lithium atoms.

The following equations represent anocther proposed synthesis of
triphenyl-pmoarboxyphenyllead:

p-BregHgBr ¢ 2RI — p-LiCgH,ld 4 2RBr
PLACGH,1E & (CgHg) gPbCl ——> (CoHe)gPbOGH Tiwp # LiC1
(caﬁs)smceagu’i’- + CO— (ceﬁs)spbcsa‘ceom-‘g

In spite of the faot that only one mole of triphenyllead chloride was
used per mole of pedibromobenzens, the only new organclead compound

found in the remetion products was p-phenylenedi=(triphenylleed),

9Ssupniewski end Adams, J. am. Chem, Soc., 48, 507 (1926).
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The formation of this pmbdnct would result from the reaction of two
molecules of triphenyllead chloride with one molecule of p-phenylenedilithium.
PelACGH.LL & 2(CgHg ) P01l —d (CgHy)gPCGR, Fb (Calig Jgmp + 2LiCA

It wes thought that triphenyl-pssarboxyphenyllead might be prepared
by alkaline hydrolysis of triphenylw-pesyanophenyllead, provided the
latter aculd be formed by a Sandmeyer reaction using the diasonium selt
from triphenyl-peeminophenylleed and euprous cyanide. However, the
synthesis of the oyanophenyllead compound eculd not be accomplished.
Host of the produot wes an amorphous, non-melting substance. The only
erystalline material isclated was shown by anslysis to be s oleawage
product, since ite lead content wes coﬁsidambly greater than thet of
triphenyl~p~aminophenyllead or any other tetraaryllesad compound. Cone
dltions under which an aminophenyllead compound can be dlagotized in
good yields have not been found, The synthesis of triphenylepe
oyanophenyllead from triphenyllead ohloride ami pecyanophenyllithium
was not attempted because of the low yield of the organolithium compound
cbotained by interconversion of p~bromocbenzonitrile.

Robinsen®® prepared impure triethylep-bromophenyllead by the
reaction of pwbromophenylmagnesium bromide with triethyllead chloride.
Sinoe the product desomposed on attempted distillation, Robinson tried
to prepare a Crigoard reagent from magnesium and some of the impure product,
He hoped to obtain triethylepwcarboxyphenyllead by carbopation of the
Grignard reagent, but the triethylep=bromophenyllead did not reaet with
magnesium., The experimontal part of this thesis desoribes the preparation
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of triethyl-p-bromophenyllead by the method of Robinson, followed by
highevaouum distillation to give a pure product. The compound reaected
with aoctivated copper-megnesium alloy to give s Grignard resgent, as
shomn by a positive color test (I), but ne pure osrboxylic ecid sculd
be isolated fram the resction mixture.

Studles of misocellaneous types of orgenclead compounds

Ho organolead oompounds containing the aldehyde or ketone zroups
have been prepareds The oxidation of two hydroxyalkylphenyllead
compounds by nltrogen tetroxide to the corresponding sldehydes wes
attempted but no purs product was obtained, It seems probable that
both oxidation and cleavege ococurred, since the relatively stable
tetraphenyllead was cleaved by nitrogen tetroxide in ohloroform te
give a good yleld of diphenyllead dinitrate.

The oxidation of hydroxyalkyllead ecmpounds by mild and selestive
oxidising agents (selenium dioxide, for example) iz a promising field
for future research leading to the synthesis of organclead aldehydes
and ketones, &8s well as of other interesting types such as the
phenylacetic acid derivative, (csﬁ5)spbcsx‘cﬁzcoeﬁ~g.

f}hau&mri% was able to introduce a seoond aldehyde group inte
bensaldshyde by means of a Reimer-Tiemann reaction, thus synthesizing

phthalaldehydes. The aldehyde group ls meta-orienting and socordingly

Bcnandimri, Jo 4m. Chem. Soc., 64, 516 (1942).
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it is an inmotivating group. It wes thought, therefore, that an
aldehyde group might be similarly intreduced into tetraphenyllead or
its derivatives, in which the hgd atom may be oonsidered & moderately
inactivating group. However, both tetraphenyllead end triphemylsp-
anisyllead were recovered unchanged after having been refluxzed for six
~ hours with chloroforn and concentrated aguecus alkali,.

The sulfonic awold group is one of the most effective wvmbter-
solubilising groups known. HNo orgenolesd compounds containing this
group have yet been prepared, The treatment of totfa.phenylhad with
fuming sulfurie acid at & relatively low temperature resulted in the
conversion of the organclead compound to a form in which it was zoluble
in aqueous sulfurioc acid. Sulfonation must have occourred, becauee if
clsavage had occurred exclusively the products would have been insoluble
orgenolead salts or lead sulfate,

The chlorosulfonation of scme organclead sompounds was also attempted.
- Sinoe it appeared probeble that the sulfonyl shloride grouping in any
organolesd sulfonyl chloride formed might bring about cleavege of carbon-
lead linkages, the resctlon mixture wes poured, whils still cold, inte
concentrated ammonium hydroxide in order to convert the sulfonyl chloride
to a sulfonsmide. The only product iaoleted from the resction of tetra-
phenyllead with ohlorosulfonic acid was the cleavage product, diphenyllead
dichloride, snd with triphenyl-p-anisyllead the chief reaction elso

seamed to be clesvage.



ias,

No aminoalkyllead compounds have been prepared. Two syntheses,
illustrated by the equations below, were proposed for orgenolesd
compounds containing the diethylaminopropyl group.

(1) (cgBig)gPoCl # (CoH5)gW(CHy )5l ——> (Ogls) 5P (Clg )gH(Calis)y # Lic1
(2) (CgHg)yPola & (Ggllg)gM(CHy) 401 ——3 (Cgfig)yPb(CHy)oH(CaE), + HaCl
The synthesis illustrated in the first equation was unsuocessful beocause
the organclithium compound (a8 well es the Grignard reagent) could not
be prepared in practicable yield from ¥Y=diethylaminopropyl chloride.
The. seeond reaction showsd promise, but the product deommposed on attempted
digtillation under s vaouum of one millimeter, and under higheveouum
distillation the desired organolead compound eould not be cbitmined free
of bywproducts. The chief of these by=products was probably hexsethyle

dilead.



SUMMARY

A review of the literature concerning studies of the preparation
of organogermanium, organotin, and organolead compounds oontaining
water~-solubilizing groups has been made.

Halogen-metal interconversion resotions have besn effected between
pebutyllithium and (1) compounds eontaining unresotive helogen stoms
and (2} sromatic halides containing alcoholio hydroxyl groups.

4 general method for the preparation of triphenylhydroxyalkyle
phenyllead compounds has been desorided,.

The oxidetion of triphenylhydrexyalkylphenyllsad cempounds by
potassium permenganate has been studied, Some carboxyphenyllead
eompounda have been prepared by this reaction.

Several proposed syntheses of triphenyloarboxyphenyllead compounds
have been inveatigated.

Pure tristhyl~p-bromophenyllead has been prepared and the reeotion
of this ocompound with copperemagnesium alloy has been studied.

The synthesia of sminoalkyllead compounds hes been attempted, One
of the studies showed promise, but a pure product was not cbtained.

The sulfonation and chlorosulfonation of some organolead compounds
have been attempted.

Attempts to introduce the aldehyde group into some organolead com=
pounds by meens of & Reimer-Tiemann reaction have been unsuccessful. It
hes been showm that tetraphenyllead and triphenyl-p~anisyllead are atable

toward strong alkali,
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APPENDIX

The following letter from Dr. E.J. Crane, in reply to a request
for recommendations concerning the nomenslature of RiHOOH sompounds,
was reooceived after the historical part of this thesis had been oom~

pleted,
coPY January 25, 1943

Dr. Donald S. lslstrom
Iowa State Collage
Ames, JTowa
Dear Dr. Melstrom:

I am at last in a position to send you an snswer
to your letter of December 15. As explained in my letter of December
21 delay asemed necsssary as we have been in the midet of ocur anmal
index rush and our hands have been extra full beceuse we were short~
handed. The index period is truly a stremucus one here, If we had
known the answer to your inguiry offhand, I could, of course, have
found time to write, but since it was necessery to d¢ some investigate
ing there just was nol tims.

We prefer the germanonio, stennonie, and plumbeonie

names over germanio, stannic and plumbic. For several years now we
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have been trying to get the names of such aeclids into uniformity with
bensenesulfonio acid. Our names for the compounds are:

CRSGQB(E{ methansé;amannnic aei_d

CligbnOCH  methanestamonic acid

cﬁsaaocm methaneplumbonic aecid

During the period of the third Decemmial Index
we named germanium compounds of this type as though the Ge took the
plece of a ocarbon atom in the chain, Thus CESGQQOH was called gormenos
acetic acid, and CH,(GeO(H),, germanomalonic acid (now called methanedi-
germanonic acid). ‘e have also preferred methanesiliconie acid for
CHgBS100H over silicoacetio asid.

Ths germenonic, ete,, names seem betier than germenie,
ete., as they are more in line with sulfonioc, arsonie, etc., and are
more significantly organic nsmes.

Dr. Leonard T, Capell of thie offlce devotes a zood
share of his time to the indexing of chemical compounds and this work
involves systematic naming., I have had his help in getting ready to
answer your lebter,

Sincerely yours,
B.J. Crans,

Pditor of Chemical
Abatraots
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The follewing is a copy of the author's reply.

Januery 28, 1943
br. BsJ, Crane
Editor, Chemiocal sbstruaots
The Ohio State University
Columbua, Chle
Deayr Dr., Crene:

Thank you for your letber of Jamary 25, I appreciate
your kindness in teking the time for the investigation necessary to
the answering of my guestion relative to the nomsnclature of RMOCH
sanpounds, I feel that the use of the gormanonic nsmes, ete., which
you prefer to germanic, eto,, as mors significantly orgenic names,
is highly desirsble.

Although the asceptance of the name bensenesulfenic
acid for the campound CgHgSOgH would require the use of the names
suggested in your letter (methansgermanomic, methensstamnonie, and
methaneplumbonic acide), this system of nomenolature would seem to be
at varience with the established practice, in the case of urgano-
metallic compounds, of using as prefix the name of the organic rsdiocal
or radicals attached to the metal (phenylsodium, tetraethyltin, ets,).

It might be mentioned that the system of nomenclature
you have suggested affords no genersl name for RHO0OH ocompounds in which
R is an aryl group. Compounds of the type BSnOOH, in which R is an
alkyl group, might be called allmnestannenic eeids, but one would

hesitate to use the term "phenestannonic acide” for the ceses in which
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R is aryl, even if the term Yphenes™ were accepted as & genersl name
for aromatio hydrooarbons. If the neme of the radical could bs
uged as prefix, the compounds of the type RSnGlH would be called
simply alkylstannonic and aryletannonic soids.

The papers of C.5., Hamilton end cowworkers,
published in the Journal of the Ameriosn Chemical Society, employ a
system of nomenclature for "=onic acids” in whioh the name of the
radiocal is used as prefix. (For example, phenylphesphonios acid,
phenylarsonic acid, etc.)

I should like to know whether you feel that
there are serious objections to the use of numes like methylgermanonis,
phenylstannonic, and ethylplumbonic scids.

Thank you for your conslderation.

Yours very truly,

Donald S. ¥sletrom
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The correspondence was closed with the following letter from Dr,
E.J, Crane and the socompanying copy of a letter from Dr. Austin M,

Pattersem to Dr, Crans,

COPY February 16, 1943

¥r, Donald §, Helsbtrom
Iowa State College
Ames , lows

Dear lr. ¥elstrom:

As explained in my letter of February 2, your letter
of Jemary 28 together with our earlier correspondence has been shown
to Dr. sustin ¥. Patterson, whose advice we often seek in connection
with nomenclature questions, I am enclosing a oopy of the letter which
I han just received from him, I guess there is nothing whieh I oan
add exvept that I should like to express the hope that you will join the
procession in the tendency towards the "ane” nemes,

With best wishes, I an

8inoeraly yours,
EeJe Crane
COFY February 11, 1948

Dre. E.J. Crane
"Chemicsl Abstrects”
Ohic Stete University
Columbus, Chio
Dear Jay:
The ocopies of the correapondence with lr. Donald 8, lelstrom

arrived when I wasz very busy and were put aside into a drewer and over=
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locked temporarily; I regret the delay.

I agree fully with your letter to him of January 25. I think
my answer to his letter to you of Jamary 28 would be that Rule 47 of
the Definitive Report provides for such names as "methanssulfonic acid,”
benzenetellurinio aocid,” etc. rather than "methylsulfomio,” "phenyl-
tellurinic,” ete. and it seems fair to assume that the same practice
should be extended to the germanonio, stannimio and plumbonio aoclds.
This seems especially appropriate for the acids of the Group IV metals,
since we do not say "methyloarboxylic aoid” but "methaneoarbozylic scid®
(in French acide méthanecarbonique, in Germen Methancarbonssure) es
one alternative systematio name for acetlo seid.

 Rule 47 does not oonflict with Rule 43 which presoribes such names
a3 telrasthyltin, twseuse the preserce of the acid funotional group
ghanges the charsmcter of the name.

It is true that there is no general name for aromatic stannonie
acid? eorresponding toc the name "slkanestennonic acids,” because there
is no generally secscepted short class nams for the aromatic hydrocarbons
and the Definitive Beport did not provide one. '"Fhene" is & synonym
for "bengzene," which would be an objeetion to its use in the class sense.
By analogy the term should be "arens,” but I would not favor its use
until after it had been discussed and approved by an authoritative body.

I think we can ocontinue to manage with the adjective "aromatic,”
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Hr. Melstrom will have plenty of company if he uses the “yl"
nemes rather than the "ane” names, as the welght of usage is probably
8till in favor of the formmer (in the aliphatic series). Puta
strong tendeney ie in evidence today to adept the IUC nomencleture,
and this case sesms sn opportunity to help promote greater consistency.

Sincerely,

Angtin ¥, Patterson
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