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INTRODUCTION

General methods for the preparation of functionally substituted organometallic
compounds are not available in organometallic chemistryv because in many cases
rupture of the metal-carbon bonds occurs. In Group IV organometallic chemistry the
element—carbon bond weakens when going from carbon to lead. Therefore, in this Group
the preparation of functionallyv substituted compounds is least developed for lead.

An elegant method developed by Gilman c.5.>-7 for the preparation of certain
functionally substituted organic Group IV derivatives, is the ring opening of saturated
small-ring oxvgen heterocyeles by triphenyvimetallithium:

[0§ = "CH. al) ——e PROM-CH, 2-OLi — 2 PR CH, a-OH fe
2 3 4 3 2
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M = S, GeorSnor o= 2 3org.

Thus, reactions of triphenyvisilviiithium with epoxides®, trimethylene oxide® and
tetrahvdrofuran?® occur according to eqn. {1). In the last case a higher reaction tem-
perature Is required, indicating that the reaction is aided by strain in the heterocyclic
ring. The reaction of triphenvigermyllithium with tetrahvdrofuran® and of triphenyi-
stannyllithium with ethylene oxide®.” and with cpichlorohyvdrin® have also been
described. No corresponding reactions in organolead chemistry or attempts to extend
this reaction to other small-ring heterocycles have been reported.

\We now report reactions of triphenvlplumbyllithium with a number of reactive
heterocycles, which resulted in the ready preparation of a series of new, functionally
substituted organolead compounds.

PROCEDURE

The reaction

HO

[t}
o]

PagPbLi — CH. .X —= PpPb—"CH. .—XLi Ph,Pb-"CH, .-XH {

N=0,50or NR: 2 =2, 3or4.

® For Part I see ref. 1.
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was carried out as follows. A solution of triphenylplumbyilithium in tetrahydrofuran
was added dropwise to a solution of the heterocycle at about —60° and the reaction
mixture was allowed to come slowly to room temperature. Neutralization with glacial
acetic acid, followed by the addition of ice and diethyl ether, gave two clear colourless
lavers (with the product in the organic layer) if the reaction had taken the expected
course.

If the reaction had failed to run satisfactorily this was apparent from the forma-
tion of metallic lead during the reaction (pointing to decomposition of triphenyl-
plumbyllithium) or from the occurrence, after hydrolysis, of a transient red colour
(hydrolysis-oxidation of unreacted triphenyvlplumbylithium; ¢f. ref. 1).

PRODUCTS

From threc-snembered rings

Three-membered rings containing oxyvgen or suiphur reacted satisfactorily with
triphenviplumbvllithium. Thus, ethylene oxide gave (2-hvdroxvethyvl)triphenvilead
and ethvlene sulphide yielded (2-mercaptoethyl)triphenyvllead. The latter compound
is light-sensitive and in dav-light turns black within a few days, probably because of
the formation of lead sulphide, and was different from an authentic sample of tri-
phenvilead ethyvi sulphides, PhyPbSEt. This observation furnishes additional structural
evidence and, moreover, indicates the absence of secondary rearrangement.

The nitrogen-containing three-membered rings, ethvlenimine and N-butvl-
ethvlenimine, did not react with triphenyvlplumbvllithium. Even in a sealed Carius
tube at 1157 onlyv slight decomposition of triphenylplumbyllithium was observed
{separation of a small amount of metallic lead). No lithium-hvdrogen exchange was
observed in the reaction with ethvlenimine but this is not unexpected in view of the
stability of triphenyiplumbylalkali compounds in liquid ammonia®. Acyvlated ethyvlen-
imines, however, reacted smoothly in the expected way, producing [2-(acylamino)-
ethvl triphenvllead compounds. Probably acvlation weakens the carbon-nitrogen
bonds in ethvlenimine {acidification of ethyvlenimine causes rapid polymerization with
ring opening), thus allowing ring opening by triphenylplumbyilithium.

Substituted ethylene oxides also reacted in the expected way. Thus, epichloro-
hidrin (1-chloro-z,3-epoxipropane} produced (3-chloro-z-hvdroxypropvi)triphenyl-
lead. Formally, two products can be formed depending on which C-0O bond is split by
triphenyviplumbylithium:

O~
Pl,Pb-Li- — H,C——CH-CH.Cl —> Ph,Pb-CH,-CHOH-CH.CI (3)
or
; CH.OH
O -
Ph,Pb-Li- =~ H,(——CH-CH,Cl —= Ph;Pb-CH-CH.CI )

N)R data proved that only the linear product {eqn. 3) had been isolated. A doublet
at 2.4 ppm {J = 4 cps) (becoming a singlet in the presence of a catalytic amount of
trifluoroacetic acid) could be assigned to the hydrogen atom of a secondary OH group;
the primary OH group of the branched product (eqn. 4) should have caused a triplet.
For attempts to obtain chemical evidence see the section: DEGRADATION REACTIONS.

J- Organometal. Clhem., 3 (19635) 34—42
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As in the case of the reactions of Grignard reagents with epoxides!® and of organotin
hydrides with unsaturated compoundsl!l, steric factors seem to dominate in deter-
mining the course of these reactions. Electronicaily the branched structure would be
expected, but sterically the linear structure is favoured.

Reaction of two moles of triphenvlplumbyvllithium with one mgcle of epichloro-
hydrin did not give Ph,;Pb—CH.-CHOH-CH,-PbPh,. Instead, the second mole of
triphenyviplumbyHithium cleaved the 1:1 addition product:

S, PhyPb-CH,-CHOLI-CH,-PbPhy + LiCl (5)
PhyPb-CH,~CHOLi-CH.Cl + PhyPbLi— _ .
" Ph,Fb, + [LiCH,~CHOLi-CH.CL ©)

A 759 yield of hexaphenyldilead was obtained based on eqn. (6).

From four-membered rings
Trimethylene oxide reacted smoothly with triphenviplumbyllithium to give
(3-hydroxypropvl)triphenyvliead. Surprisingly, trimethylene sulphide did not react at
room temperature: at elevated temperatures only an impure oil could be obtained.
Because it is difficult to obtain, trimethylenimine was not investigated, but in view
of the inertness of ethylenimine and trimethylene sulphide, it will probably not react.
The reaction with g-propiolactone was interesting:

O~
H.C C=0 -+ PhyPbLi -+ PhyP’b-CH,~CH,-COOLi (<
T ~CH.”

The product isolated after acidification with one equivalent of acetic acid resulted
from elimination of benzene from the expected (2-carboxyvethyl)triphenvllead*:

1Ph,Pb-CH,~CHa~COOH ——= "PhoPb-—~CH,—CH,-COO~" — nC.H, (8

The compound shows polymeric properties and 1s soluble only in dilute alcoholic~
aqueous base, from which it precipitates upon neutralization with acetic acid.

That (2-carboxyvethvlitriphenyllead was the primarv reaction product, was
proved as foilows. After completion of the reaction, double the amount of acetic acid
was added at —60° (to ensure that all of the reaction product was in the acid form),
immediately followed by addition of an excess of an ethereal solution of diazomethane.
Treatment with water, and extraction with ether, gave the methyl ester, [2-(methoxy-
carbonyllethvl triphenylicad, Phy;Pb-CH,.-CH,-COOMe (83 °;).

Ketene dimer, of which the most probable structure is

- o ~
CH.=C co,
\CH:/‘

caused decomposition of triphenvlplumbyllithium (lead separation). Possibly it re-
acted in the form of one of its tautomers.

® The corresponding organotin compound shows similar behaviouris.

J. Organcmetal. Chem., 4 (1963) 33—42
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Altempts with five-mmembered rings

Tnphenylplumb_vlhthmm did not react with five-membered heterocycles {e.g.
tetrahydrofuran}, even when heated for 6 hours at 115° in a Carius tube. Treatment of
such a reaction mixture with benzyl chloride gave the same yvield of benzyvltriphenyl-
1o

g - cvreriThent Siras 8% o +ha
ead as without any yl(.hcat.u.xs Iu\.xdclu.a}.}\ the c.\ycxuucnu. sx\ es evidence for the

remarkable thermal stability of triphenyviplumbyvllithium and for the somewhat lower
reactivity of the reagent compared with the corresponding silicon* and germanium?®
derivatives, which have been reported to give (j-hyvdroxybutyljtriphenylmetal
derivatives with tetrahyvdrofuran.

Reaction of triphenyiplumbyllithium with prrrolidone (py-butyrolactam) resulted
in separation of metallic lead. It is clear that, no strain in the ring being present, the
normal reaction of triphenviplumbvllithium with carbonyl compounds takes place®.

,,,,,, 1CM AL LIv2 SRR LARALD T4 LI S

DEGRADATION REACTIOXNS

As pointed out two products could theoretically be formed upon reacting
triphenviplumbyilithium with epichlorohvdrin: viz. Ph;Pb-CH.-CHOH-CH,C1 and/
or Ph;Pb-CH(CH,OH}-CH,CIL The NXMR spectrum of the isolated product pointed
unequivocallv to the former structure.

In attempts to obtain chemical evidence for this structure, the reaction product
was treated with one equivalent of hvdrogen chloride in diethyvl ether. The cleavage
roduct was allvl chloride which gives no information about the structure of the
ng nal material chiorination of which resulted in elimination of phenyl groups. Here
¢ see a discrepancy between the cleavage by acid and by halogen®. The phenyl
group is the more electronegative one and thus primarily elimination of the phenyl
group by electrophilic agents is to be expected. The abnormal cleavage by acid may be
explained by assuming protonation of the hydroxyl group, followed by an electron
shift towards the oxygen atom:

'U

Ph,Po-CH.-CH-CHLCI — H™  —+ PhyPb-CH,-CH- CHLCl -— Ph,Pb- +

OH “TQH,
CH,=CH-CH.Cl + H.O (9

Such a mechanism has been proposed in organosilicon chemistry!* to explain the
ready cleavage of (AlkvliSICH.X compounds (X = -CO-R, -CN, etc.). As far asitis
known, it has not been recognized in organotin and organolead chemistry that groups
such as -CH.-C(OH}R,, -CH,-CO-R, -CH.-CXN, mav be eliminated more readily
than the phenyl group by acids but not by free halogens. Although the initial purpose,
the chemical determination of the structure of the epichlorohvdrin product, so far
has not been attained, the experiment nevertheless has pointed the attention to the
different modes of cleavage of certain Group IV compounds by- electrophilic reagents.

" The same kind of discre cpancy has been observed in the cleavage of {cyanomethy Iytriphenvi-
tin: the cyanomethyl group is extremely readily removed from this compound. but iodination
causes elimination of a pheny! group?®.

J- Orgzanomelal. Chemi., 2 (19635) 34—42
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EXPERIMENTAL

Starting materials

The commercially: available ethylene oxide, epichlorohydrin, ethyvlenimine,
p-propiolactone, tetrahydrofuran and pyrrolidone were freshly distilled before use.

The remaining heterocycles studied were prepared according to methods
described in the literature. Ethyvlene sulphide'® was prepared from potassium thio-
cyvanate and ethylene carbonate in a yield of 67 9, ; b.p. 54-55°, n5 1.4958 (reported®®
vield 65-75 %, b.p. 545457, #{y 1.4960). N-Butyvlethyvlenimine!® was prepared by
ring closure of 2-(butviamino}ethanol hydrochloride with chlorosulphonic acid in a
vield of 54°;: b.p. 105-1087, nf I.43119 (reported!® yield 67 %, b.p. 106-108°, ny
1.4118). N-Acetvlethylenimine’ (slightly unstable) was prepared from ethyvlenimine
and ketene; b.p. 31—42.5°/19 mm, n{} 1.437S (reported!” b.p. 42°/20 mm). N-Benzoyl-
ethyvlenimine!® was prepared from ethylenimine and benzoyl chloride in aqueous
carbonate in a vield of 82 9,; m.p. 5° (reported!s vield 70 ¢, m.p. 57). Trimethylene
oxide!® was obtained by ring closure of 3-chloropropyl acetate with a strong basein a
vield of 54%; b.p. 47-487; 1Y 1.3905 (reported!® vield 42-119%, b.p. 47487, n§y
1.3505). Trimethylene sulphide®® was prepared from 1-bromo-3-chloropropane and
thiourea in a vield of 76 95 ; b.p. 95967, a5y 1.505S8 (reported?® yield 53.5 %, b.p. 957,
it{y 1.5102). Ketene?! dimer was prepared by pyrolysis of acetone and dimerization of
the ketene formed in a vield of 42 °;; b.p. 67-71°/92 mm, #{y 1.4355 (reported?®! vield
50-55 %5, b.p. 67-69°/92 mm).

Triphenylplumbylithium was prepared by the method of Tamborski of al.2?
from 109.5 g of hexaphenvldilead (1/8 mole) and 1.8 g of lithium (1/4 g-atom) in 300
m! of tetrahvdrofuran in an atmosphere of pure nitrogen™. Care was taken (by working
at about —10 7 and with an equivalent of lithium) that excess of lithium did not attack
the triphenvlplumbyllithiom formed (producing metallic lead). The dark reaction
mixture, containing finely divided, verv slowly settling, black material (probably
metallic lead), was transierred to a storage botitle under nitrogen and the volume
added up to goo ml with tetrahvdrofuran. For reactions 235-ml aliquots, theoreticaliv
containing 1/64 mole of triphenvlplumbyllithium, were used. Reaction of the clear
solution with benzyl chloride afforded a vield of 75-g0 °, of benzyltriphenyllead.

Reactions of iri phenviplimbyliitiiim with small-ring heterocveles
{u) Standard procedure. As a typical reaction that with epichlorohyvdrin is de-
scribed. To a solution of 1.4 g epichlorohydrin (1/64 mole) in 15 ml tetrahydrofuran
was added dropwise 25 ml of the triphenviplumbyllithium solution at —60° with
stirring under nitrogen. The reaction was allowed to come to room temperature. After
one hour stirring of the clear solution, hydrolysis of a small sample in a test tube
produced two colourless lavers. The mixture was chilled to about —40° and glacial
acetic acid (= 1.5 ml) was added dropwise with stirring until neutral to wet pH paper.
Slimy lithium acetate precipitated. Cold water and diethyl ether were added, the
ethereal laver was separated, dried on sodium sulphate and evaporated to drymess.
* Triphenyiplumbyllithium, as prepared in good vield from lead dichleride and phenyl-
lithium™, also gives satisfactory results in many of the reactions with small-ring heterocvcles.
However, in running many preparations, it is convenient to have available a stock solution of

triphenviplumbyllithium. Moreover in some cases the reversed procedure (addition of the hetero-
cycle to triphenyiplumbyllithium) is to be avoided because of possible side-reactions.

J. Organometal. Chem., 4 (1965) 3442
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The residue was recrystallized from petr. ether (60-307) to give (3-chloro-2-hvdroxy-
propylitriphenyllead.

\When in another experiment double the amount of triphenyviplumbyllithium
was added, hexaphenvldilead (76 °;) and tetraphenvilead (10 9,) were isolated.

(B) Reaction with p-propiolactone. The reaction was carried out as under (a).
The mixture was hydrolvzed without prior Gieutralization. Addition of ether gave an
aqueous laver, an ethereal layer and a small amount of viscous oil “probably the
lithium salt of {2-carboxyethyl)triphenyllead” which disappeared when 3 ml of acetic
acid was added. Evaporation of the dried organic laver gave 7.1 g of a solid residue,
which could onlv partlv be dissolved again. Attempts to 1solate pure {2-carboxy-
ethyvlitriphenyvllead failed because of gradual intramolecular elimination of benzene.
The residue was reiluxed for 1 h in alcohol to complete this elimination. Filtration gave
5.2 g of a product which was dissolved in a mixture of 20 ml of water, 20 ml of alcohol
and 0.6 g of sodiem hydroxide, 0.7 g of insoluble material being discarded. The yvellow
solution was decolourized with c1rb<n black. Addition of 0.9 g of acetic acid mixed
with 5 ml of water caused precipitation of 4.5 g of HO(Ph,PbCH.CH.COO};H, a
polyvmeric material, decomposing above 240° with blackening.

In a second experiment the reaction mixture “obtained from 4.3 g of propiolac-
tone (6o mmole} and 50 ml of ;nphenvlplumb\'lhthmm {theoreticallv 34.5 mmole}’
was acidified at —60~ with 1.5 g of acetic acid (73 mmole) (when slimy lithium acetate
precipitateds, followed rapidix b} addition of excess of ethereal diazomethane solution.
The mixture was allowed to come to room temperature and treated with water. Tha
dried ethereal laver was evaporated to dryness in vacuo and the residue recr\'<tallizcd

rom 100 ml of ethvl alcohol {with treatment with carbon black) to give “2-{methoxy-
carbonvliethy l_tnphen_\'dcaa, Ph,Pb-CH.-CH.-COOMe.

{c) Atiempied reaction ith iztralivdrofzran. The clear, brown-yellow solution of
triphenviplumbyllithium in tetrahvdrofuran {25 mi} was sealed in a Carius tube under
nitrogen and shaken for 6 h at 1157, After being cooled to room temperature the tube
was opened. no gas pressure appearing to be present. The mixture was now clear vellow
with a little biack sludge at the bottom. Probably, the colloidal lead had coagulated
under these conditions. An excess of benzy! chloride {3.0 g} was added and after 10
min the mixture was hvdrolvzed and extracted with chloroform to give 6.8 g of
benzvltriphenyllead ¢182.5 2,3, Direct treatment with benzyl chloride {without heating
in a Carius tube} had given 7.2 g of benzyltriphenyvliead {87 °,).

Dezgradation rzactions of {3-chioro-2-hydroxvpropvitriplizivlicad

(&3 Uith hvdrogen ciloride. To a solution of 1 g of (3-chloro-z-hydroxypropyl}-
triphenyvllead {1.88 mmole) in 1o ml of dry diethyl ether was added o0.3r ml of 12 N
hidrochloric acid (3.72 mmole} and the mixture was shaken for 2 h at room temper-
ature. The precipitate (PhsPhCL} was centrifuged off and the ethercal solution was
dried on sodium carbonate and sodium sulphate. Gas chromatographi of this solution
revealed alivl chloride and benzene as the only products in the ether.

{8} Clilorination. To a stirred solution of 1.005 g of (3-C1110r0- -hydroxypropyl)-
triphenyvlicad {1.g mmole} in 5 m! of carbon tetrachloride at —207 was added dropwise
15miof173 X solution of chlorine {8 mg-atom} in carbon tetrachloride within 2 min.
The chlorine reacted immediately and the thick precipitate which formed was
centrifuged off. The neutral solution was gas-chromatographed to show chlorobenzene

J- Orzanomstal Chem. 4 (1655) 334—42
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as the only product. The precipitate (820 mg, g6.5 %) was dissolved in 15 ml of ethyl
acetate and carefully precipitated twice with 4o ml of petr. ether (40-60°) to give
{3~chloro-2-hydroxvpropyvliphenyllead dichloride, decomposing at about 135°.
{(Found: ionic Cl, 15.92. CgH,,C1,GPb. calcd.: ionic Cl, 15.50°5.)
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SUMMARY

The reactions between triphenviplumbyllithium and small-ring heterocycles
have beet studied.

The reaction ran successfully with the following heterocicles: ethylene oxide, ethylene
sulphide, N-acvlethvlenimines and trimethylene oxide. No reaction occurred with
cthvlenimine, N-butvlethyvlenimine, trimethvlene sulphide and tetrahydrofuran.
Some substituted rings also reacted in the expected way: epichlorohyvdrin gave a
linear product, Ph;Pb-CH.,-CHOH-CH.Cl, and g-propiolactone gave primarily
Ph,Pb-CH.~-CH.,-COOH, which, however, spontancously lost one molecule of benzene
to give Ph.Pb-—CH,-CH.-COO~,; with diazomethane the acid could be trapped as
the methyl ester. Ketene dimer and pyrrolidone caused decomposition of triphenyl-
plumbyviithium.

Treatment of the epichlorohvdrin product, PhyPb-CH,~CHOH-CH.CI, with
one equivalent of hvdrogen chloride resulted in the elimination of the ~-CH,-CHOH-
CH.Cl group; whereas chlorination led merely to elimination of phenyl groups. This
dizcrepancy is explained by assuming that protonation of the hydroxyl group (in case
of treatment with hvdrogen chloride) facilitates separation of the ~-CH.-CHOH~-CH,,Cl
group.

REFERENCES

1. CoWrinesuseExs axbd G. J. Mo vax nEr Kerk, f. Organometal. Chem., 2 (1964) 271,
H. GiLyvax, Do Aokt axp Do Wrrtexgera, J. dm. Chem. Soc., 81 {1930) 1107,

1Y, WITTENBERG, D. Aoki axo H. GiLsax, J. Am. Chea. Soc., So (1953) 5933.

. WITTENBERG AND H. GiLMax, J. dm. Chemn. Suc., 3o (1958) 2077,

H. GiLuaax axp E. AL ZCECH, J. Org. Caems., 20 (1991) 3035.

H. Gieaax axo C. E. ArxtzeEx, J. Org. Chen:., 15 (1950) 994.

H. GiLMaN axD S. D. RoSEXNBERG. J. Org. Ciaem., 18 (1953) 1553

M. C. Hexry axp AW KRrees, f. Org. Chem., 28 (1963) 225.

R. W. Lgerer. L. SUtMMERS axD H. GiLuax, Chem. Rev., 53 {1954) 156.

A W1y -

-

D w4

J. Organometai. Chen:., 34 (16635) 33-42



1r
12
13
r3
E5
6
£7
S
Lo
20

21

==

=3

L. C. WILLEMSEXS, G. J. M. VAX DER KERK

M. S. KBARASCH AND O. REINMUTH, Grigrard reactions of nonmetallic substances, Constable,
Loadon. 1954, p. 97%-

G. J. M.vax pEz Kerxk, J. G. NoLTES axD J. G. A. LvyteN, J. Appl. Chem., 7 (1957} 355-

. J- M. vax pDER KERK axD J. G. NoLtES, J. Appl. Chem., 9 (1959) 113.

- 3- M. vax pEr KErRk axp J. G. A. LvyreN, J. Appl. Chem.. 6 (1956) 93.

. EaporN, Organosilicor Compounds, Butterworth, London. 1960, p. 138.

S. SEARLES, E. F. LuTz, H. R. Hays axp H. E. MorTENSEN, Org. Syn., 32 (1962) 59.

R. C. ELDERFIELD AND H. A. HAGEMAN, J. Org. Ciem., 14 (1949) 62z.

H. BESTIAN, Anx. Chem., 566 (1950) 210.

A. A. GoLDBERG AxXD W. KEerry, J. Chem. Soc.. (1948) 1919.

C. R. NOLLER, Org. Syvn.. Collectize 170l., 3 (1955} 835

W. E. Haixes, R. VErsox HeLM, C. W. BaiLey axp J. S. Bare, J. Pays. Chem.. 58 (1953)
270.

J. W. Wrrrtaus axp J. AL KryNITSKY, Org. Syn., Collective Vol., 3 (1955} 50S.

C. Tameosskr, F. E. Forp. W. L. Leux axp E. J. Sorosxt, J. Org. Ches:_, 27 (1962) 610.

H. GiLytax, L. StaMeERs axp R. W. LEEPER, f. Org. Chen:., 17 (1952} 630.

oQ0

n

J- Orsanometal Chem., 3 (1955} 33—32



