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ABSTRACT

The preparation and reactions of a number of organcmetallic compounds has
been studied. The organolithium compounds under investigation are Ph,CHLA,
PhaCli, g PhaGeLi, PhoPbli, PhoPLi and PhpNLi. Also included in this
series is thNa. he reactions of these organometallics with various compounds
as carbon dioxide, water, alkyl halides, aryl halides, aralkyl halides, metallic
halides and esters has been studied.

A research program has recently been initiated on organometallic chemistry
of certain elements of group III, IV and V of the periodic table. This program
has two objectives; the first is the synthesis and evaluastion of physical and
chemical properties of a class of perarylated compounds indicated by the genaral
structure RnMM'Rn. In most cases, R is a phenyl group (Ph); M or M' is either
B, Al, C, 8i, Ge, Sn, Pb, P and N; ¥ = or #M' and n is either 2 or 3 depending on
the valence of M, The second objective, which is the subject of this report, is
the study of the synthesis and reactions of the intermediate organometallics
(RpM-metal) necessary for the preparation of the perarylated RMM'R, compounds.

A seriss of compounds possessing various combinations of elements, R,MM'R,,
will offer a convenient manner of studying some chemical reactions as, for ex~
ample, hydrolysis and oxidation on simple structures. The preparation of compounds
containing M-M' bonds can be accomplished by various means, The following exam-
ples illustrate a few of the varicus methods which have been reported in the
literature.

Symmetrical PhaM-M'Phg

2Ph3CCl + Zn —> Ph3C-CPh3 + ZnClp (1)
2Ph3SiCl + 2Na —3 Ph3SiSiPh3 + 2NaCl (2)
SiGl + Mg —> Ph3515iPh3 + MgCl (3)
bglz + 6PhMgX —> Ph3PbPbPh3 + 6MgCl + Pb (4)
3Pbcl + 6Phli —> Ph3PbPbPha + 6LiC1 + Pb (5)
gX(large excess) + GeCl,—> Ph3GeGePh3 (6)
2Ph2PGl + 2Na —> PhpP-PPhp + NaCl (7)

Unsymmetrical PhMM'Phq

The unsymmetrical Ph3MM'Phg compounds require a two-step process., This in-
volves the preparation of an intermediate organometallic, Php¥-metal, which is
then further reacted with a Ph M'X compound to yleld the desired unsymmetrical
product., The mreparation of the intermediate Fh M-metal has been studied quite
extensively. A few specific examples for its preparation reported in the liter-
ature are the following:
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PhaCCL + 214 —THF L PhacTd + LiC1 (8)

PhyGH + NaNHp — '35 PhqCNa + NH3 (9)
Ph3SiCl+ 2L —THE, PhgSiLd + LiCl (20)
PhaGeH + Na _'V'3, PhyGeNa + 1/2Hp (11)
PhaSn+ Phli——> PhqSnli (12)
PhyPo+ Na M3, PhgPbNa + PnH + NalHp (13)
Ph3SiSiPhg + 2Li_ THE oPhasiny (14)

The subsequent reaction of the intermediate PhpM-metal with an arylmetallic
halide PhpM'X has been studied extensively by Gilman (1) in a series of six
publications,

PhrM-metal + PhpM'X PhpMM'Fhy, + metal halide (15)

Most of the above reactions (1 through 15) are not of a general nature which
can be applied to all the elements of interest in groups III, IV and V. A reac-
tion which is successful for the tin compound may not neceasarily work for the
lead analog. Gilman (2) has however indicated that the resction reported in
equation 10 may be of a general nature and applicable for other metals or metsl-~
loids .

In our studies on the synthesis of M~-M' compounds, essentially three differ-
ent methods thus far have been used to synthesize the organcmetallic intermediates.

Diresct Method

RpMC1 + 21i—3 LiCl + R MLi (16)

Cleavage Method

RpMiRy, + 214 —32RML1 (17)
Met.al-Hydrogen Exchange

PhoNH + CyHoLi —=C;Hyg + PhoNLL (18)
PhoNH + NaH —»Hp + PholiNa (19)

Each method of synthesis and its reactions will be discussed in greater detail
separately,

Direct Vethod

The direct method of preparing triphenylsilyllithium (Ph3Sili) from chloro-
triphenylsilane and lithium metal in tetrahydrofuran (THF) was first reported
by Gilman (2). Using this procedure, this reaction has now been extended to
include the preparation of diphenylmethyllithium, triphenylgermyllithium,
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triphenyltinlithium, triphenylleadlithium and diphenylphosphinolithium. The
metallic chlorides readily react with lithium in THF to yleld the desirable
organolithium compounds in good ylelds. When subjected to Color Test I (3) all
the organolithium compounds produced a positive color test indicating the presence
of the M=1i bond. This Color Test I was useful in following the course of a re-
action to determine the presence or absence of the organometallic reagents. An
indication of the yleld of orgasnometallic reagent was obtained by derivatization
with benzyl chloride. The values obtained in all cases do not indicate the true
yields of the organometallic reagent since no attempt was made at maximizing
yields. The benzyl derivatives as shown in Table I were characterized by mixture
melting point determinations and comparison of the infrared curves with benzyl
derivatives which were synthesized by an alternate route as shown in equation 20.

PhMC + CgH5CHoMgClL —2 MgCly + PhyMCHaCgHs (20)
TABLE I

Ph,MO*1y s Benzyl Derivative ¥.P, © % Yield
PhaCLi @ Ph3CCH,Ph 143.5~145 67

— PhqCCHoPh © 141.0-142.0 75
PhySili 8 PhqSiCHoPh 98.5~99.5 39

— PhqSiCHpPh © 96.0-97.0 65
PhaGeLd ° PhyGeCH2Ph 85.0-86.5 60
PhqGeLi P Ph3GeCHoPh 85.0-87.0 75
PhaSnLi & Ph3SnCH,Ph 90.0-91.0 77
Physnli P Ph4SnCHoPh 91.0-92.0 72

— . PhaSnCH PR © 91.0-92.0 80
PhyPbLi @ PhyPbCHPh 95.0-96.0 76
PhoPbLt P PhaPbCHPh 95.0-97.0 87

— PhPbCH PR © 94,0950 67
PhyPLi @ PhoP(0)CHoPh 4 193,0-194.0 80
PhoPLi P PhoP(0)CH2Ph 193-194 83

— PhoP(0)CHoPh © 192.0-193.5 64

(a) Prepared by the direct method. (b) Prepared by cleavage of PhpMMFhy,.

(¢) Prepared by the reaction of the benzyl Grignard with the PhpMCl.

(d) Benzyl substituted phosphine compounds are easily air oxidized to the phosphine
oxide. Since the purification of the benzyl phosphine derivative was done with

no precaution to exclude atmospherig oxygen, the ghosphine was readily converted
to the phosphine oxide. ?e) elting points are uncorrected.

631



Some other reactions carried out on the individual organolithium compounds are
shown in Table II.

TABLE II
FhpMLi Reactant Product % Yield
1. PheCLL (CH3)351C1 PhaCSi(CH3)3 + 37

Ph

Ph3c@ ggi(cug,)g, 12
2. PhyCLi e Ph3CCOOH 80
3. PhpCHLL PhaSnCl Ph,CHSnFhy 63
ke PhoCHLA Ph3SiC1 PhyCHS1Phy 81
5. PhyCHLL PhySiCl, (PhCH) 254Phy 78
6. PhyCHLL PhSiCly (PhpCH)4SLPh 28
7. PhaCHLL (CH3)451C1 PhaCHSL (CH3 )4 66
8. PhyGHLi 0p Ph,CHCOOH 9N
9. PhaSnLi PhqSiC1 PhySnSiPhg ca., 20
10. PhySnLi (CH3)4s4C1 Ph,SnSnPh; 69
11, PhySnld PhBr Phy,Sn 62
12, PhaSnld CoHsT PhqSnCoHs 87
13. PhySnli (C,Hg0)4P0 PhySnC,Hy 70
14, PhgSnli 0, PhySnSnPhy 85
15. PhgSnli Ho0 PhSnH Th
16. Ph,oPLL CHC1p PhyPCHoPPhy 59

PhBCLI and PhpCHLY

Triphenylmethyllithium was not used extensively to synthesize Fh4CMPh, type
compounds because of difficulties encountered in the isclation of the desired
product. Tomboulian (4) describes the formation of two different species of
organolithium compounds in the direct method preparation of triphenylmethyllithium,

PhyCCl + 2Li —3LiCl + PhyCLi (21)
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2Ph3(!Cl + 3Li—> PhsC @ CPhB + 2L4C1 (22)
Li

In addition to the formation of two organometallic species, Ph3CLi undergoes
another undesirable side reaction very readily. When PhBCLi is derivatigzed with
PhpyMCl it reedily undergoes a metal-halogen interchange.

PhaCLi + PhpMCl—-2»Ph3CCL + Ph MLi (23)

This reaction further complicates the use of PhaCLi as an organometallic reagent
for the synthesis of M-M' compounds, The other PhMLi organometallics that

were studied also undergo metal-halogen interchange, however, to an apparently
lesser extent. In addition, in no case was any other product formed indicative
of a reaction similar to that shown in equation 22,

Since PhaCli caused many undesirable by products, it was of interest to
see if the analogy would be carried over to the PhoCHLi organomstallic. The
diphenylmethyl derivative Ph3MCPhH could alsc be converted to compounds posses—
sing aEHC(Phg)M‘E bonding if such structure should become of interest.

PhoCHLL + PhpMCL PhyMCPhoH + LiCl (24)
PhyMCPhoH + CpHgLi C4Hyo + PhyMCPhoLd (25)
PhnMCPhoid + PhM'Cl LiCl + PhpMCPhoM'Fhy, (26)

Diphenylmethyllithium was prepared very readily by use of the direct method.
Some of its reaction products are shown in Table II. Unlike triphenylmethyllithium,
diphenylmethyllithium does not appear to form side reaction as shown in equation
22 and 23.

Ph3SnLi
Triphenyltinlithium has been prepared previously and described in literature
by Wittig (5).

(CgH5)25n + CgHsld — (CgHg)aSnLi (27)
Gilman (6) later modified the preparation acecording to the following reasction.
3C¢Hs5I4 + SnCly —>»2LiCL + (C6H5)3SnLi (28)
By use of the direct method of synthesis, Ph3Snli can readily be prepared
in high yields. It undergoes various reactions as shown in Table II. Unfortu-
nately, it also undergoes metal-halogen interchange when used for the preparation

of Ph3SnMPh,, compounds. The degree of interchange appears to be less than in
the Ph3Cli reactions.

Cleavage Method

In the course of preparing the various organoclithium compounds via the direct
method, 1t appeared that an intermediate compound is formed prior to the formation
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of the organolithium compound. This assumption is based on the following obser-
vations: (1) shortly after the clear THF solution of the chloride is added to
the lithium, a white cloudiness appears with most metallic halides (7). At this
stage Color Test I is negative. With further reaction the white cloudineas
disappears with the formation of a dark colored sclution which gives a posi~
tive Color Test I; (2) by-product of this reaction usually found in small quan-
tities is i;e+£oupled product (CsHs)nMn+lun+l(c6H )ni (3) the by-product
(CeHg ) MOTU""(CgHs )y can readily be cleaved by 1ithium in THF to produce ex-
cellent yields of (85H5)nMn+ . Gilman (8) and co-workers in the direct prepa-
ration of triphenylsilyllithium noted similar observations and proposed the
following series of reactions.

(CgH5)381iC1 + 211 (CgHs)3S4L4 + LiC1 (29)
(CgB5)35414 + (CgHs)4SiCL (CgHs) 95154 (CgHs)q + LiCL  (30)
(CeH5)35151(CeH5)3 + 214 2(CgHg)3S114 (31)

To verify our observations, hexaphenylditin, hexaphenyldigermanium, hexaphenyl-
dilead and tetraphenylbiphosphine were all subjected to lithium cleavage in THF
and produced excellent ylelds of the organclithium compound. No attempts were
made to optimize the ylelds of the organolithium compounds prepared either by the
direct method or the cleavage of the FhMMPhn compounds. The organolithium
reagent was derivatized with benzyl chloride to produce the benzyl derivatives

as shown in Table I. The same benzyl derlvatives were syntheslzed by an alter-
nate route (see equation 20) so that mixed melting points and comparisens of their
infrared spectra could be made. The varlous benzyl derivatives were character-
ized by elemental analysis, mixture melting points and comparison of the infrared
curves of each benzyl derivative made by the three syntheszis routes,

Of the two methods used for the preparation of the organolithium compounds,
the cleavage of PhpMMPhp method offers some advantage in that the starting mater-
ial can be obtained in a higher degree of purity and the yields are somewhat
higher (see Table I), For the preparation of the various PhpMI3 compounds, it
is felt however that either one of these two methods is preferable to those re-
ported in literature {5,6) since only one species of organolithium compound is
present and thus offers a ¢leaner reaction,.

Metal-Halogen Exchange

The preparation and reactions of lithium and sodium diphenylamine was
studied. These organometallic compounds were prepared by a metal~hydrogen ex-
change reaction.

PhoNH + Gy HoLi——3CyHyo + PhoNLL (32)
PhoNH + NaH—>Hy + PhpNNg (33)

The reactions of these organcmetallics with various halides is shown in Table III,
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TABLE III
PhoN Reactant Product Yield
1. PhoNLi PhsCCl PhNCPhs +H 70
PhC _©.m>h 3.2
2. PhoNNa Ph3CCl PhoNCPhg 66
3. PhoNLi Ph33iCl PhoNSiPhq 68
4. PhoNNa Ph35iC1 PhoNS1Phg 56
5. PhoNLi PhqGeCl PhoNGeFhs 23
6. PhoNNa PhaGeCl PhyNGePhg L0
7. PholNLi Ph,PC1 Ph,NPPh, 58
8. PhoNNa PhoPCL PhoNPPhy 70
PhoNNa or (1i) + PhpMCl —> NaCl + PhoNMPhy (34)

In all cases the normal expected product was obtained. In the reaction of PhoNIi
and PhaCCl, however, an additional para isomer was cbtained in low yields. Some
preliminary acid hydrolysis studies on Ph3SiNPhy have shown that the Si-N bond
in such structures is easily cleaved.

PhqSiNFPhp + HOH —> Fh35108iFPhg + PhoNH (35)
The properties of the other Fh,MNPhy compounds are presently being investigated.
Attempts to prepare the Ph3SnNPh2 compound by reaction 34 has been unsuc~
cessful, Addition of Ph3Snli to azobenzene was also unsuccessful,
PhgSnli + PhN=NPh-——>Ph3Sn§h- g.hl-l (36)
Apparently the Sn-N bond is very hydrolytically unstable,
PhqSnNPhy + HOH-—3»Ph3Sn0SnPhy + PhoNH (37)
In both reactions that failed to yield a Sn-N compound, one of the reaction
products identified was Ph3SnOSnPh + The desired product containing the Sn-N

bond was apparently cleaved during the work up of the reaction. By use of extreme-
ly anhydrous conditions it is believed that the Sn-N compound can be isolated.
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