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I. IRTRODUCTION

» The term "steric hindrance® was originally ﬁaad to de~
scribe the spatial effects of vieinalkgraups (1). However,
the lack of progreass and of & definite viewpoint had the
effeet that "steric hindrance™ tended to deteriorate into a
meaningless pnraaa used to cover a multitude of misunderstood
effects. later, therefore, it became a freq ent practice to
use & more restricted and cautious nemenalature, such as the
description "proximity effect” for the special influence of
substituents situated near the site of reaction, and "grtho-
effect” for the partic:lar form relating to nuclear substit-
uents. It is in the original sense, that is, the space
actually aée&pimﬂ by the group vnder consideration, that
"steric hindrance" is uﬁ&éiiu this investigation.

Only recently has this theory advanced to a state which
is capable of more Qu&ntit&ﬁive treatment. This situation
was developed chiefly through a mechanistie view-point when
it was realized that the praeaaaéé by which substances react

(1) Por general discussions concerning steric hindrance
see (a) J. B. Cohen, "Organiec Chemistry for Advanced Students®,
%th ed., Edward Arnold and Co., London, l?ﬁ&, . %8§ff;

b) E. D. Hughes, Quart. Reviews, 2, 107 (1948); (¢} G. W.
Wheland, "Advanced Organic Chemistry", &nd ed., John Wiley,
New York, 1949, p. 378ff.
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are variable for the same r@aatiwn; and this mechanism greatly
influences the observed rate of reaction., Treatments along
these lines have been fruitful in distinguishing between some
purely steric effects and polar inflaang&a. However, the
eémbia&tian of such effects is, in general, too intricate to
enable a quantitative assessment of their influence to be made.
The more recent developments obtained by kinetic methods and
considerations of transition states have established a basis
for a more precise treatment of experimental and theoretical
studies of steric hindrence effects generally.

In order to extend the study of steric hindrance in
organosilicon compounds, the l-naphthyl group was particularly
suitable because of the presence of a large ortho-substituent.
It was the primary objective of this investigation to syn-
thesize & mamber of l-naphthylsilicon compounds, to correlate
their reactions with;n@n~atayic&lly~hinﬂara& types, and to
determine the extent of substitution allowed when such groups
are bonded to silicon.

In this connection a recent review (2) lists all of the
known tetra-alkyl- and -aryle-silanes and the following state-

ment is made concerning this type of compound:

(8) C. E. Burkhard, E. G. Rochow, H. 8. Booth, and J.
Hartt, Chem. Hevs., 41, 105 (1847).
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There appears to be no steric hindrance

to the attachment of very large groups;

the silicon atom has a sufficiently

higher atomie volume than carbon so that

four tolyl or naphthyl groups may be

| attached.

However, an examination of the accompanying tables showed that
no l-pnephthylsilicen compounds are reported that contain more
than one l-naphthyl group. FPFurthermore, artar’emnsidaring the
reactions of some carbon and sllicon compounds, the wvalidity
of this statement appears to be in doubt.

During the course of this study a method for introducing
functional groups into some methyl-substituted tetra- |
arylsilanes by means of ﬁ-brumnauacinimiﬁa was developed.
This reaction may prove to be a useful teool for this purpose
in & more general way. ‘ ,

A study of the by-products formed during the use and
preparation of certain srg&awlithinm reagents has extended
the knowledge of the limitations and use of this type of
reagent, particularly in reference to those reactions which
require a;thar a long resaction period or high temperatures.
Some of these by-products are the result of a nnique cyclo-
dehydrogenation reaction involving the addition of lithium
to aromatic hydrocarbons (3). Experiments designed to

{(3) For a historical account of the addition of alkalil
metals to aromatic hydrocarbons see F. W. Hoore, Doctoral
Dissertation, Jowa State College, 1941,
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esteblish the mechanism of this reaction indicate that this
method may have synthetic pessibilities.



II. HISTORICAL

The purpose of the literature survey to be discussed in
the following puges of this seetion is to bring together the
pertinent informition that indicates the extent of steric
hindrance in compounds of the aroug IVB elements. However,
as indicated in the *Introduction”, the theory of steric
hindrance is now treated in such a qualitetive manner that
many factors must be considered only briefly. Due to this
limitation the scope of this treatment has been an attempt
to present all of the pertinent compounds that have been re-
ported, ?rﬁﬁ this 1ist certain tentative generaligations are
dfawn.

The existence of certain highly substituted molegules
is at present the only reliable way to indicate the upper
1imit of substitution. The non-existence of a'égmyaunﬁ
enables one to draw only tentative conclusions, since these
same compounds msy be synthesized at a later date by different
methods. However, an sttempted preparation may be used as
additional evidence to indicate thut sterde factors are in-
volved aspegi&lly in those cases where athar effects appear
to be aéu&l. |

A presentation of all of the faaters that enter into the

reactions of compounds considersd to exhibit steric hindrance
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is beyond the scope of this presentation. However, certain
faetors that hove been fairly well established will be men~
tioned in the appropriate places ﬁhramghﬂut the text.

It is appropriate to point out here how Wheland summar-
1zes the present status of the theory of steric hindrance
(4).

It 18 therefore evident that®steric
factors alone are insufficient te explain
all the observed variations in rate that
are produced by substituents near the
reactive centers. Although any complete
theory must, to bs sure, include these
factors, 1t must nevertheless also ineclude
such gther factors as the mechanisms of the
respective reactions, the alectrostatic
interactions between atoms and groups, the
influence of the solvent (if any), the

effects of resonsnce, and possibly many
others which are not at present recognized.

A. Carbon Compounds

There appears to be a definite limit to the number of
ortho-substituted phenyl nuclei which may be bonded to a
central carbon atom. Although a number of tetraphenylmethane
types has been rap&rtaé; there are only a few compounds (Table
I) that contain one or two optho-substituted nuclei and none

containing three or more such substituted groups.

(4) ¢. W. Wheland, "Advanced Organic Chemistry®, John
Wlley and Sons, New York, 1949, p. 386,
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Table I
Tetraphenylmethanes with Ortho-substituents

A. One g-—:mbstitumi;

Triphenyl-g~anisyl®
Triphenyl-8,4-dimethoxypheny1®
Triyhanylua;5-dimﬁthmxyph$nyla
Tripnwl-gwbigmmlb

B. Two gﬁmhatimmﬁs

ﬂiphanyl»ﬁ,5ma1mathaxyph@mylal-naphthyla

C. Three or four o-substituents

Rone reported

a
M. Gomberg and G. C. Forrester, J. Am. Chem. $S0¢., 47,
2373 (1985), o ' o o
bH. wieland, K. Heymann, T. Tsatsas, D. Juchum, G.
Varvoglis, G. lLabriola, 0. Dobbelstein, and H. 5. Boyd-Barrett,
Ann., 514, 145 (1934).

Ko systematic investigations have been made concerning
the possible extent of grtho~substitution in tetraphenyl-
methans. Conclusions must therefore be drawn only on the
basis of the isolated cases reported. Of courss, the fact
that certain types have been sought after bdbut not isolated
strengthens the hypothesis that steric factors prevent the
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existence of such molecules. The tremendous volume of work
in connection with the dissociation of hexaayrylethanes has re-
sulted in the preparation of a large number of triarylmethyl
darivativaa; and some deductions may be made toward determin-
ing the &llanabla extent of substitution around the central
carbon atom. A list of g-substituted triphenylmethyl com-
pounds 1is presented in Table II.

An answer to the gquestion of how many o~-substituents may
be introduced into triphenylmethane and its derivatives was
attempted by Faber and Nauta (5) in a study of the reactions
between aryllithium compounds and diarylketones. The action
of mesityllithium on dimesityl ketones and of 2,6-dimethyl-
phenyllithium on its corresponding ketone resulted in uniden-
tified products. They dedueed that these products must be
the dimers of the original ketones. Evidence to support this
contention was the isolation of the same aimariaad products
when the ketones were treated with phenyllithium. These
authors summarize their investigation by stating that it is
not known whether the presence of four g-methyl groups is a
haﬁaasary condition for th;a dimerization, or whether, with
only three p-methyl groups, coupling and triaryl-carbinol

formation would oceur. It should be noted here that these

(5) A. C. Faber and %. T. Nauta, Rec. trav. chim., 62,
469 (1942).



Table II

References to Compounds of the Group IVB Elements
of the Type RxMY

A. Y= aryl or alkyl group

Radical c 81 Ge Sn Pb
o-tolyl #  (17)%P % % M
mesityl * # # % *
l-naphthyl S # * #
cyelonexyl %  (14,16)° (23a)%(zow)t -8 &
tert-butyl # (22)® #* #* #
isopropyl = % (81)¢ ¥ % #
%Nat reported. = phenyl, p-anisyl. bT}w numbered references

may be found in the text. QY= phenyl., d‘I= p-butyl, phenyl,
p-tolyl, This Thesis. ®Reference to an attempted preparation.

£Y= methyl, ethyl, n-propyl, n-butyl, n-amyl, and benzyl.

8y = methyl, ethyl, phenyl, p-tolyl, E. Krause and R. Pohland,

Ber., 57, 533 (1924).
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Table II (Continued)

B. Y= OH, H, or halogen

Radical c 81 Ge 8n Pb
o-tolyl  (5)2P&)¢ am? (ee)® (esayT(29c)® (30,31)°
mesityl (5)" et = * (z8)t
l-naphthyl (11,12&)3 X #% R *

cyclohexyl  (10)® (14)¢  (z3p)? T (28)°
tert-butyl # (e2)®  » (32)8 *

isopropyl  (8)P (214 -4 (35b,g)&
a - ,

*Not reported. 2¥ = C:!.; OH. “The numbered references may be
found in the text. Y= H. %- ¢, B °tr=c1, Br. fy= ol
gl’ = Br, C1, I. hﬁafamm@ to an attempted preparation.
'y=1. dy=1n, on. %r=sr, c1, H, OH, This Thesis.

1y = ¢1, E. Krause and K. Weinberg, Ber., 68, 2235 (1929).
mIn all cases reported trieyelﬁzhaxylmthana was prepared by
catalytic hycimggamtwn of triphenylmth&m. AnY = Br, Cl, I,
OH, Y= Br, H. Bauer and K. Burschkies, Ber., 65, 956 (1932).
¢ = I, F. Hein and E. Nem; Ber., 18, 1}.'1’@ (1942); E. Krause,
ibid., ;,g,. 136 (1989). ¥ = Bz*; €1, I, OH, E. Krause, ipid.,
54, 2060 (1921). Py= ci. Y=H, %=1, A. Cahours, Compt.
m;g_@.; §§, 725 (1879); Y= Qﬂ; A. Cahours and E. ﬁam&my;
M.; gg; 1112 (187¢)., Ty = F, C1, Br, I, OH, E. Krause and
R. Pohland, Ber., 57, 532 (1924).
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same suthors made tri-g-tolylcarbinol in gecod yield from di-o-
tolyl ketone and g-tolyllithium.

Bartlett and Jones (6) prepared tri-p-tolylmethane from
di-o-tolyl phthalide in a six-step synthesis and report that
certain reactions strongly indicate that steriec hindrance is
operative. Metalation of this methane with phenylisopropyl-
potassium required a reaction period of several hours, in con-
trast to the immediate m@talatieﬁ of triphaaylm@thana (7);

The metalated product of tri-o-tolylmethane, following carbon-
ation, gave a tribasic acid instead éf the expected substi-
tuted acetic acid. This product was shown to be B, 8‘ £
tricarbaxytriphamylmathana.

This behavior is axplain@d on the basis of steriec in-
hibition of resonance, but it is admitted that the hydrogen
on the central carbon atom would be Just as acidic as those
on the methyl groups. The transfer of & central proton to
the base, phmnylﬁimwthyl@&rhaaian; requires the two molecules
to come into direct Juxtaposition in the aet of effecting the
transfer. The hindrance of the groups is probably sufficient
to moke a collision of this kind very imprmbabie. Another

explanation advanced is that & tetrapotassium derivative is

- (6) P. D. Bartlett and J. E. Janas, J.*gg.‘gg@g; 8o¢.,
64, 1857 (1942). ‘ '

- (7)) J. B. Conant and (. W. Wheland, J. Am. Chem. Soe.,
B4, 1218 (1932).
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formed and during carbonation the shielding of the central
atom prevents complete carbonation. Subsequent operstions in-
volving hydrolysis would form the methane and not the substi-
tuted acetic acid. The authors admit that this hypathaais is
unlikaly;;ﬁue to the high conversion usually observed of
potagssium organometallies to carboxyl groups. They conclude
thut this may be a rere example of steric inhibition of a
reaction which is essentlially &n,aeid»basa aiah&nge,

Although this presentation is largely restricted to a
eonsideration of aryl smbstitu@nts; some information concern-
ing the extent of substitution around a central carbon atom
can be obtained by considering the highly branched alkanes
and their derivatives. Tetra-t-butyl- and tetraisopropyl-
methans have not been reported. The most highly branched
alkyl derivative reported is tri-isopropylchloromethane (8).
t-Butyldiethylchloromethane (8) and di-t-butylmethane (9)
have been synthesized.

The existence of tricyclohexylmethane (10) and the fact

(8) P. D, Bartlett, Abstract of Papers, Tenth National
Organic Chemistry Symposium, Boston, Mass., 1947, p. 30,

(9) G. BEgloff, "Physical Constants of Hydrocarbons®,
Vol. I, Reinhold Publishing Corp., New York, 1939, p. 65.

(10) (a) M. Godechot, Bull. soc. chim., 7, 956 (1885);
(b) ibid.; Compt. rend., %&f 1057 (1908); (ec) V. Ipatiev and
B. Dolgof, ibid., 183, 304 (1926); (4) N. D. Zelinskl and M. V.
Gaverdovskaia, Ber., 60, 713 (1927); (e) H. Adkins, W. H,
Zartman, and H., Cramer, J. Am. Chem. Sog., 53, 1425 (1931);
(f) 0. Neunhoeffer, Ann., 5089, 115 (1934); (g) H. Adkins, L. M.
Richards, and J. W. Davis, J. Am. Chem. Soc¢., 63, 1320 (1941).
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that tetracyclohexylmethane or tricyclohexylaryl- or -alkyl-
methane has not been reported indicate that this mey be the
upper limit of substitution.

Tri-l-naphthylearbinol is reported (11) to huve been maue
in low yield (8-21%) by the action of an excess of the Grignard
reagent on l-naphthoyl chloride. The reported compound
crystallized from ether with 1.5 molecules of ether and from
benzene with 1/3 mmla¢ala of benzene. Reduction with hydrogen
iodide and phosphorus, a pr&&ﬁﬁﬁr@ which usually glves thé
corresponding triarylmethsne, gave a dihydrotrinaphthyl-
carbinol.

later, Chichibabin (12a) reported that tri-l-naphthyl-
carbinol was reduced to the corresponding methane by & special
technique (12b) with hydrogen odide in glacial scetic acid.

Chichibabin (13) reinvestigated the reactions of tri-l-
naphxhylaarbinal and tha corresponding reduced product and
showed that the latter compound, reported sarlier (11) as
tri-l-naphthylmethane was actually l~nayhthyl—1;l-naphthaw
fluorene. The carbinol quickly absorbs oxygen from the air

and changes to a stable ﬂuﬁpoun@ that was proved to be

(11) J. sehmidlin and P. Hassini, ggg., 48, £392 (1909).
(12) (a) A: E. Chichibabin, Ber., 44, 3.1 5 (1911);
(b) ivid., Ber., 44, 491 (1911):
3) (a) A. L. Chichibabin, J. Russ. Pt
43, 1022 (1911), / C. A., 6, 482 (1912)_7. f
Prakt. Chem., 84, 760 1911, [g A., 6, 990 63.93.3
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l-naphthyldi-1, l-naphthoflvoryl alcohol according to the

equation

[ﬁ}..?

(1-C; oH, ), GOR >

coH |
UL
Vi

This same oxidation was accomplished with potassium per-

mangsnate. The unstable tri-l-naphthylearbinol was made by
Chichibabin (13) by the action of l-naphthylmagnesium chloride
on di-l-naphthyl ketone in an atmosphere of e&rbﬁn dioxide.
This compound was found to erystallize from ether with 1 mole
of ether and from benzene with 1 mole of benzene. 7The solvent
was removed with difficulty from the solvated complexes.
Neither the unstable carbinol nor its oxidized product (13)
showed an active hydrogen in the Zerewitinoff determinationm.
This latter fact may indicate the effect of a shielding of the
hydroxyl group by the large naphthyl groups. However, the
reaction mechanism of this type of reaction is not too well
understood and slectrical effects may be the chief cause (4).

B, Organosilicon Compounds

An inspection of Table III indicates thuat four g-substituents
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may be present in tetraphenylsilane types, whereas no such
compounds have been reported for the methane series. The
existence of tri-o-tolyl-alkyl- and -aryl-silanes and similar
silanes containing the tri-l-naphthylsilyl group strongly
indicates that the silicon atom can accommodate more bulky
groups than can carbon. This deduction must be made with
reservation since very few thorough investigations have been
made regarding the synthesis of tetraarylmethanes. Conse-
quently the synthesis of many methanes of this type may not
have been attemp%aﬁ.v The fact that such compounds have not
yet been reported is, of course, not sufficient evidence to
state that they cannot exist, but at this time the informa-
tion may perhaps be used to make the above tentative generali-
zation.

Tricyclohexylsilane and its derivatives show a certain non-
reactivity which may be used to show that more sterie hindrance
is associated with the cyclohexyl group than with the o-tolyl
and le-naphthyl radiaala. Tricyelohexylehlorosilane is re-
ported (14) nat}tm react with some organolithium reagents.
Methyl~, ethyl-, and Fhamyllithium, as well as the gorrespond-
ing Grignsrd reagents, were employed and even though moderately

high temperatures were used no evidence of further substitution

(14) w. H. Nebergall and O. H. Johnson, J. Am. Chem. S¢¢.,
71, 4022 (1949).
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was observed. BSimilar presults were obtained using the bromo
and iodo derivatives. Tricyclohexylehlorosilane also failed
to respond to sodium condensation in boiling xylene, & pro-
cedure which gives good yields of hexaphenyldisilens (18) from
triphenylehlorogsilane.

Cusa and Kipping (16) attempted to prepure tricyclohexyl-
phenylsilane by the &etieh of a large excess of cyclohexyl-
magnesium bromide on phenylirichlorosilane and obtained only
dicyclohexylphenylsilane. lfha failure to obtain the expected
product was attributed to the sterie hindrance associated with
the eyclohexyl group.

These experiments illustrate the danger of drawing con-
clusions &8 to the absolute limit of substitution permitted
arourd any central atom by examining only those compounds which
have been reported. It is conceivable that many of these com-
pounds may be gapable of existence and may be synthesized by a
proper choice of reagents and conditions. However, these com-
périsan& can 8t111 be used to indicate that sterle factors are
operative. At the present time one of the best hypothesis that
can explain all of the facts is that the rate of reaction is

(15) G. E. lumx Doetoral Dissertation, Jowa State Collage,
1951, has obtained 8§~90% yvields by modifying the directions
of W. Schlenk, J. Rennig, and G. Racky, Ber., 44, 11?& (1211),
who 4o not report thelr yield.
( gazglﬁ) N, W. Cusa and F. 8. Kipping, J. Chem. Soc., 1040
hi .
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retarded due to sterie hindrance.

A thorough examination of the action of g~tolyllithium
on sillcon tetrachloride has been mede by Oilman and Smart
(17). Tri-p-tolylchlorosilane was made under fairly mild
conditions and this compound reacted with organolithium rea-
gents, but only after an extended reaction period. There is
some indication that tetra-o~tolylsilane can be made but the
product has been characterized by analysis only.

The existence of these o-tolyl derivatives, particularly
those containing four p~-substituents, 1s the best evidence,
to date, to indicate any appreciable difference in the atomic
volume of c¢arbon and silicon in regard to the limit of sub-
~stitution.

Schumb and Saffer (18) showed that in the reactlion of
silicon tetrachloride with p-, m-, and o-tolylmagnesium
bromides, the ylelds of the corresponding tetratulylsilanes
were 354, 84, and 0%; respectively. They were also unsuccess-
ful in their attempts to prepare tetraﬁg~tmlylsilana by a
Wortz reaction involving silicon tetrachloride, g~bromotoluene,
and sodium and attribute their faillure to steric factors.

(17) H. Gilmen and G. N. R. Smart, J. Org. Chem., 15,
720 (1950). o ST | ,

(18) w. C. Sechumdb and C. M. Saffer, J. Am. Chem. Sog.,
61, 363 (1939).
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The reaction of mesityllithium with silicon tetrachlorlde
(19) is not yet established but there is evidence (19) that
trimesitylsilyl derivatives can be made. Dimesityldiethoxy-
silane (17) is rapertaé;‘hut on the other hand, dimesityl-
methyl derivatives (20) are also reported.

The attempted preparation of tetraisopropylsilane (21)
afforded only the trisubstituted derivative. These products,
h&wavar; did not show the non-resetivity with organolithium
reagents as did the tricyclohexylsilyl derivatives. While
triiﬁaprﬂpyl$hﬁn¥lﬁ&1&na could be prepared, trilsopropyl-p-
tolylsilane could not.

t-Butyllithium was found (82) mueh less reactive toward
the silicon-chlorine bond than the primary and secondary alkyl-
lithium compounds. Attempts to prepare tri- or tetra-i-
butylsilicon compounds were unsuccessful. At elevated tempera-
tures (uy to 160°) g;ﬁatylliahium reacted with t-butyltri-
chlorosilane to give fair yields of di-t-butyldichlorosilens
but none of the tri- or tetra-substituted product.

g%gg ghp%blézhzg.sﬁgd%asaby 3§. G. N. R. Smart. ‘ 56,
. T. Nauta and P. J. Welss . . .
s Agn. . “‘f ""“? -
. , n&ndﬂ.ﬂ.ﬁam‘ . « Chem. Soc., 69,
1499 (1947). » & B ’
(282) L. J. Tyler, L. H. Sommeyr, and F. C. Whitmore,

J. Am. Chem. BSoe., 70, B876 (1948).
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C. Organogermanium Compounds

Although the total nnmb&rvaf organogermanium compounds
rapart&d is small in comparison wgth those of carbon and sili-
aaﬁ, some conelusions can ba &rawn eqnearniﬁg the imp@rtaaaa
of steric factors in these compounds.

Some infermation for comparative purposes was obtained
in studies with cyclohexylsilanes (14) and eyclohexylgermanes
(23). While tricyclohexylsilyl halides did not react with
‘any organclithium or Grignard reagents, the reaction of tri-
eyelohexylbromogermene with alkyl Grignurd reagents proceeded
smoothly to give the expected product. Additional evidence
that steric factors are operative was supplied when it was
found that the Wurtz $ynthasis to prepare hexacyclohexyl-
digermane ?ram tricyclohexylbromogermane and sodium was
s&eeasaful; while the analogous reaction when used to prepare
the corresponding disilane was not.

Simons and coworkers (24) found that the action of the
tolyl Grignurd raag@nts alone aﬁ germanivm tetrachloride gave
no tetrasubstituted germanes and only poor ylelds of the tri-
tolyl derivatives. The priar'tra&tmanﬁ of the Grignard with

(23) (a) 0. H. Jahnaaa and W. H. ﬁabarg&ll, gp Am. Chenm.
Sog., 70, 1706 (1948); (b) ibid., Tl, 1720 (1949),

(24) 7. K. Simons, E. C, Wwagner, and J. H. mnllar,‘
J. Am. Chem. Soc., 55, 3705 (1933).
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zine chloride and aub&aquant reaction with germanium tetra-
chloride afforded 657, ?5%. and 304 yields of the tetra-p-,
B, ﬁﬂﬁ‘ﬁrﬁﬁlyl&3 ﬂ§7ﬁ$; raaﬁaﬁti?ély. The conditions used
by these workers may be termed mild (not over 1@30) in con-
trast to the procedure th&t Gilman and Smart {16) were forced
to use (baking at l?Qa fqusﬁv@ralyhaars) to aff&@t any reac-
tion between g-tolyllithium and tri-o-tolylehlorosilane.

Prom thess data there appears to be ample evidence that
sterlc hindrance is operative in these reactions and that
these factors are more important in the reactions of silicon

compounds than in those of germenlum.
D. Organo-tin and -lead Compounds

Although reaction mechanisms have not been previously
discussed, before considering the Pb compounds, the principle
‘reactions used for the preparation of these compounds should
be éansiﬁere&. Lead tetrachloride is an extremely unstable
substance and cennot be used in reactions analogous to those
of the other four Group IV elements. To be sure, there is
@angiﬁar&bla Varigtian in the reactivity of the halogen among
carbon-, silicon-, germanium- and tinrhaliaas but the reg@hien
EI?K4 + RM (where %xv: _Qr@up K?_alam&n&, X=  halogen, =
Hg, Zn, %g; Li and R = aryl or alkyl group) can be carried

out with all four. In the case of lead, an oxidation-reduction
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reaction must be employed to obtain tetra-substituted lead
compounds. The reactions RM + PbCl, —> R4Pb + Pb + MNC1,
and Pb-Na 4+ RX ——> R,Pb + ﬁax; and various combin-tions of
these reagents, are the principle methods of preparing organo-
lead compounds (85).

Very little is known concerning the mechanism ﬁf the
oxidation-reduction reaction {£6), and consequently, no
definite conelusions may be ﬁr&wﬁ a&n&arning the results of
an attempted reaction. Here, as before, the most important
factor is the preparation of the molecule under consideration.

To illustrate this limitation more elearly, consider the
faet that tert-butyl alechol is esterified much less rapldly
by a carboxylie acid, but much more rapidly by & hydrogen
halide, than is p-butyl aleohol (27). A&lthough the geometri-
eal interpretation of sterie hindrance explaina the phenomena
perfectly in the case of the carboxylie acid, it fails com-
pletely with the hydrogen halides. It 1s now known that these
reactions proceed by at least two entirely different mechanisms.
The stereochemical theory falls in this respect in that it does
not take into account the fact that all reactions do not follow

(25) For a discussion of the reactions of organclead com=-
pounds see R. W. Leepsr, Doctoral Bissertatian, Towa State
College, 1942.

(26) For an excellent discussion of the mechanism of
various lead reactions see L., Summers, Boﬁtaral Dissertation,
Iowa State College, 1950.

{(27) E. D. Bughes, Irans. Faraday Soc., 3&, 208 (1938).
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the same mechanism.

That & consideration of mechanism is probably necessary
is illustrated by an examination of the reported l-naphthyl-
tin and -lead compounds. Ganai&ar;ng that the atomic volume
of lead is larger than that of tin, it seems odd that tetra-
l-paphthyl-tin is reported while experiments designed to pre-
pare the lead analog were unsuccessful. Oilman and Bailie
(28) attempted to pyrolyze hexa-l-naphthyldilead by employing
drastic conditions (heating in a sealed tube at 160° for six
hours) but found no iseclable product., Although steric hin-
drance is probably operating in this case, the lack of in-
formstion concerning the reaction mechsnisnm makeskit impoessivle
to draw any valid conclusion.

These same investlgators prep:red a number of tetraaryl-
lead compounds by pyrolysis of the corresponding hexasryldi-
lead derivatives (gy; m-, and 9-tolyl, g-anisyl, and o- and
p-ethoxyphenyl). However, hexamesityl-, and hexacyclohexyl-
dilead, as well as the hexa-l-naphthyl derivative, did not show
any indication of a reaction even after bolling in xylene fdr
three hours.

Very littls additional information can be gained from a
consideration of the o-tolyl- and cyclohexyl-tin and ~lead

(28) H. Gilman and J. C. Baille, J. Am. Chem. Soc., 61
751 (1939).
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compounds. Tetra-g-tolyl-tin (29), tri-g-tolyl-tin salts (29
¢,d) as well as tetra-p-tolyllead {28,30) and the correspond-
ing triaryllead salts (3ﬂ;3l) hive been reported.

Hexamesityldilead merits a consideration from a different
point of view. The fact that six g-substituents can be
attached to the nclel bonded to lead strikingly illustrates
the greater .tomic volume of lead as compuareu to that of
c&rbwn; ﬁiliﬂﬂn;:or'germanimm. The effect of the lead-lead
bond, hawav&w; probably 1s to permit distortion thus accommo-
dating the g-substituents on the phenyl muclei. It 13 un~
fortunate thut mesityltin compounds have not been reported.

A comparison of thé~twa series might detect some difference
as to the extent of steric hindrance.

Some tert-butyltin- and -lead compounds have been
synthesized. Tri-tert-butyltin salts (32) are known while
only two tert-butyl groups have been bonded to l@aﬁ; di-tert-
butyldiethyllead (33) and di~tert~butyldiphenyllesd (34).

(ﬁ%) {a) B. Kr&aaa, ar, , 913 (1918); (b) E. Krause
and M. Schmitz, , ) ﬁG 1919); (c) E. Krause and R.
Becker, ibid., 23, 75 {I920); (4) K. A. Kozeschkow, M. M.
Badj, and A. P. alexandrﬂwy gggg.. 67, 1348 (1934).

(30) (&) P. R. Austin, J. Am. Chem. Soc., 53, 1548 (1931);
(b) H. Gilman and L. D. Apperson, g, T'g. Ch m., Y 4, 162 (1939).

(31) P. R. Austin, J. Am. Chem. Boc.; 3514 (1931).

(32) E. Krause and K. VWein @rg,,@gg,, 3&l (1930).

(33) J. Robinson, Doctoral Bisﬁartatimn, "Towe State
College, 1929.

(34) H, Gilman and L. Balassa, Jowa State Coll. J. Sei.,
3, 105 (1929).
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Since the lead atom is known to be larger than the tin atom,
factors other than steri¢ hindrance are undoubtedly concerned.
Several investigators (35) report the preparation of
tetraisopropyllead while the tin analog has not been obtained.
The method used to prepure the lead derivative was the reaction
of the Grignard reagent with lead chloride. Triisopropyltin
iodide was the principle product when tin amalgam was treated
with isopropyl iodlde. Once again reaction mechanism as well

ag steric factors ma:y be involved.

(38) (a) J. Tara} ggg',,gﬁ, 3626 (1908); (b) ibid., 44,
383 (1911)5 (ec) G, Grattner and . Krause, Ber., ggm .415.
1546 (1916); (d) ibid., 50, 576 (1917); (e) ibid., Ann., 415,
338 (1918); (f) F, Fichter and I. Stein, y»;? {gggg Acts, 4,
3205 (1881; (8) A. Golaeh. 1bid., 1436 (197
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III. EXPERIMENTAL
A, Organosilicon Compounds

Host of the silicon analyses reported in this investi-
gation were carried out in essential accordence with a pub-
lished procedure (36a). In those ¢ases where a micro-method
(36b) was employed, a'natatien is made in the report of

analytical results.

l. l-Naphthyllithiuvm

(a) Made by the Direct Method.- During the course of
this investigation about twenty~five l-paphthyllithium
preparations were made from l-bromonaphthalene and lithium
metal in diethyl ether. Consistent 90-95%4 ylelds (as deter~
mined (37) by acid titration) were obtained by following the
‘prweadura outlined by Gilman;zGellner; and Selby (38). Lower
yields (60-75%) were obtained when the reaction was carried

t at Qo by cooling with an ice bath.

(66) (a) H. mlman, Be - ﬁﬂff@rth, H, W. Melvin, and G. E.
Dunn, J. .'~hgn. So¢., 72, 5767 (1850); (b) H. Gilm&n and
L. 8. ¥iller, ibid., 73 (Feb. or Mar:) (1951).

(37) H. Gilman, P. D. wWwilkinson, W. P. Fischel, and
C. H. Meyers, J. Am. Chen. Soc., 4B, 150 (19g5).

(38) H. Gilman, E. A. Zoellner, and W. M. ﬁalby, J. Am.
Chen. Boc., 54, 1957 (193g2).




Beveral experiments were made in attempts to obviate the
formation of the red and purple colored substances that in-
variably ac¢company the preparation of l-naphthyllithium when
made by the direct procedure. These colored materials are
probably lithium addition products of naphthalene (39) and
binaphthyl. Scott and coworkers (4C) have shown that sodium
addition to naphthalene proceeds faster and to & greater ex-
tent in highly oxygzenated solvents (such as methyl ether and
the dimethyl ether of ethylene glycol). It was believed that
the use of hydrocarbon sclvents might prevent the formation of
the colored material. Hawmvar; when benzene and petroleum
gther (b. p. 30*66“) ware used alons and in various combina-
tions with ether, lithium was not attacked by l-bromonsphthslene
exeept when the hydrocarbon concentration was below 30£4. 1In
those preparations that showed s positive Color Test I, a rose
to purple color was invariably prasant In the reaction mixture.

(b) Made

: Interconversion.- The efflect
of different solvents, ete., on the yield of this parti&ular

organometsallic reagent is ﬁascrihed elsewhere (41), and this
procedure is merely a standardization of technique. 4 typlcal
preparation is described.

(39) W. Sehlenk and E. Bergmann, Ann., 463, 1 (1928).
(40) H. D. Seott, J. F. %alker, and V. L. Hanﬁley, g &g.
Chem. Soc., 58, 8442 (19356). ¢
(41) H. Gilmen and F. W. Moore, J. Am. Chem. Soc., 68,
1843 (1940). ‘
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To an ethereal solution of ga. 100 ml. of dry ether and
257 g. (1.24 moles) of l-bromonaphthalene was added 1030 ml.
(1.24 moles) of a 1.8 N solution of gp-butyllithium (prepared
in an 83% yileld by & recently described procedure (42) from
205.5 g. (1.5 moles) of n-butyl bromide and 28.4 g. (5.8 g.
atoms) of 1lithium). (The order of addition is immaterial.
Comparable yields were obtained when the l-bromonaphthalene
was added to the p-butyllithium.) The internal temperature
was kept at 0%6% with a Dry-Ice-acetone bath. After about
one quarter of the p~butyllithium solution had been added, &
white solid started separating from the mixture. The time
for complete addition was fifteen minutes and the mixture was
allowed to stir an additional five mimutes before using.

Several small runs gave consistent 90-92% yields of pure
l-naphthoic acid when the entire batch was carbonated by
pouring on & slurry of ether and Dry Ice after stirring for
twenty minutes. VWhen an @ﬁh@rwal solution of this preparation
was poured on ﬁ?y Ice alone, varied color changes, yellow to
orange to gresn, were observed and the acid obtained after
separating the layers and scidifying thg ether-washed basic
agqueous layer was tan to brown in color, melting about four
degrees low (155-156°)., If an ether slurry of Dry Ice was

(48) H. Gilman, J. A. Besl, C. G. Brannen, M. W. Bullock,
G. E. Dunn, and L. S. ¥iller, J. Am. Chem. Soc., Tl, 1499 (1949).
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used, the acid, after the same treatment, was pure white and
of execellent purity, m. p. 159-160°,

(c) Solid l-Naphthyllithium.- %émivalant amounts (1.47 moles)
of l-bromonaphthalene and grbutyllithxgm were mixed in the
sam¢ manner as described in tha'pr@vimua sgatian. The solvent,
from the white precipitate that had formed, was drawn off
hhraugn‘a filter stick by the procedure outlined by Gilman,
‘Langham, and Moore (43). The resulting residue was washed
separately with three 100 ml. portions of cold dry ether
(~40°). The addition of 800 ml. of anhydrous benzene dis-
solved most of the white residue but a fine suspension of
white solid remsined. After the benzens solution was decanted,
the normality was found by acid titration to be 0,766 (a 404
overall yield). Two 25 ml. aligquots wers carbonated and these
gave & weight of l-naphthoie¢ acid squivalent to & normality of
0.745, These normality values indicate that the carbonution
reaction in this case was 974 efficient.

Another preparation of the solid w&a made and & welghed
sample was hydrolyzed and titrated. The weighing apparatus
consisted of a 30 mm. coarse sintered glass crucible with 3
mm, stopcocks fused onto 30 mm. glass tube extensions on each

end of the erucible. A 1 mm. stopcock was sealed onto the

(43) H. Gilman, W. langham, and F. W. Moore, J. Am. Chem.
Sog., 62, 2387 (1940).
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upper portion of the glass c¢ylinder about one inch below the
% mm. stopecock. This latter opening was found to be necessary
to allow more affiaianx fii;ing of the c¢ylinder during filtra-
tion. If the 1 mm. stopcock is amittad; the so0lid of the
slurry of l-naphthyllithium will not be carried over into
the cylinﬁar. |

The same arrengement of equipment was used as that re-
ported for filtration in an inert atmosphere (43). The welgh-
ing apparatus described sbove was used in place of a regular
filter. The procedure that was found most satisfactory was:
leave all stopcocks open in order to charge the apparatus,
elose the small stopeock, apply enough nitrogen pressure to
force thsvliquid through the sintered glass filter, close all
stopcocks, detach the app&r&tus; and then attach teo an
efficient vacuum pump for 1/8 to one hour with the appropriate
atopeock open. After this treatment the apparatus was weighed
with all openings closed.

A sample of 83.780 g. raé&ireﬁ 96 me. of acld to neutral-
ize the base 1ibaratéd after hydrolysis of the solid with
water. This represents a purity of 55%{. By the same treate

ment two other samples indicate thut the solid was 53% and
51% l-naphthyllithivm.
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22 ml. (0.0242 mole) of a 1.1 N ethereal solution of m-
butyllithium. Aliﬁuats of 10 ml. were withdrawn periodi-
cally. Eaeh al&éuﬂt was poured directly onto a Dry Ice-

ether slurry and after all the solid Dry Ice had disappeared
the mixture was extracted thrice with dilute hydrochlorie

acid, then five times with distilled water (44) and the layers
were carefully separated. Tha»ebhéraal layer was then titrated
with standard sodium hydroxide. The results are presented in
Table IV.

Table IV
Effect of Teuwperature on # Yields of 2-Naphthoie Acid

?égzr | | ~;§m ‘ ﬁampargﬁurﬂ §§0’
0 4 66 60
B 18 - 61
10 65 7 &4
20 69 78 67
60 76 74 7%
120 Bl 68 K4

{44) Thorough washing with water was necessary to remove
valeric acid. Beparate experiments with small amounts of
pure valerie acid showed that this acid was completely removed
from the ether layer by four extractions with water.



The ethereal solutions containing the ac¢id were combined
from the Sa‘run; and the weight of Z-naphthoic acid thut was
recovered was 94% of the titration value. The acid was re-
covered from all aliémotg and the purity was checked by melt-
ing point. All solid samples had a melting point of 131»135”.

In preliminary experiments a 0.1 molar run was made at
5° and the g-naphthoic acid was iﬂ@lﬁt@d; driaﬁ; and weighed,
checking the melting point after the w&igﬁing. The ylelds
were much lower than tnusgyrépartaé above, probably due to
the loss during manipulation of the small quantities of
material.

3e ilanol.~ Although the procedure of Clark (45)

i

friphenyls
was followed as c¢losely as the directions permitted, lower
ylelds (604 and 63%) of the same qﬁality mﬁterial (m. p. 150~
1510) was isolated than that reported (974). Clark added the
silicon tetrachloride solution "slowly” to the phenyllithium,
while the solution was added in this investigation at the
rate of 100 ml. per hour.

4, This compound was made by treat-

ing triphenylsilanol with dry hydrogen chloride in striet
accordance with the directions of Kraus and Rosen (46). The

(45) R. N. Cl&rk, Doctoral Dissartatian. Towa State
College, 1946, p. 104,

(46) C. A. Kraus and R, Rosen, J. Am. Chem. Sog., 47,
2739 (19£86).
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published directions report & 904 yield but no melting point
is given. A yield of 83% of product melting at 97-98° was
found in this investigation.

Another preparation of triphenylehlorosilane was made
from silicon tetrachloride and phenyllithium by following the
directions of Smart (19). The purpose of this preparation was
to obtain a sample e£ highest purity for use in some phase
disgram studies (19). |

Ethereal solutions of phenyllithium (340 ml., 1.77 W,
0.6 mole) and silicon tetrachloride (33.9 g., 0.8 mole, in
200 ml. of ether) were reacted under the same conditions as
those described in the section on triphenylsilanol, After
the mixture had stirred for thirty minutes, the ether was dis-
tilled from ﬁh@ flask. The white residue was digested
separately with four 300 ml. portions of dry petroleum ether
(b. p. ﬁ&»ﬁ@n) and the solutions were filtered through a fil-
ter stick into & clean dry flask. Falirly waram solutions were
filtered since triphenylehlorosilane is insoluble in the cold
ss%y%nt. This extraction treatment was necessary in order to
remove the lithlum salts. If these salts are allowed to re-
main in the mixture during vacuum distillation, an insulating
layer is formed which prevents distillgtian of the volatile
components from the center of the mass.

After the solvent had been removed, the residue was
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distilled through an 8 inch Vigreaux column at 0.3 mm. The
fraction boiling at 160-170° was collected. There was obe-
tained 16.5 g. (28%) of triphenylchlorosilane after the dis-
tilled material had been recrystallized twice from petroleum
ether (b. p. so-a@a) and dried at 70° at reduced pressure.
The melting point in a capillary tub? wo.8 101«102“ while the
entire mass melted from 100° to 113°, A crude cooling curve
showed the freezing point to be 108-109°. |

S5e ?riﬂgwtolylahlarasi;ana.- This compound, melting at
115-116°, was made in 78% yield in essential accordance with
the procedure of Gilman and Smart (17) who report a 704 yleld
of material meliing at 113-116°. ¥hile the reaction mixture

is reported to have been stirred at room temperature for
twenty hours followed by refluxing for ome hour, only a thres
hour reagtion period at reflux temperature was used in this

, o —
This silana was easlly made
(47) by the action af 2~na§hthyllithium, prepared either by

preparation to obtain a comparable yleld.
6

the direct procedure or by halogen-metal interconversion, on
silicon tetrachloride, tri@hlaraailana; or ethyl sillcate.
The pure product, melting at 216-817° (cor.), was obtained in
yields ranging from 40-80%4. |

(47) H. Gilman and C. G. anmn, g @ Chem. &w., ag,
4280 (1950).
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e by the Direct Method.- A 0.322 N ethersal solutlon con-
taining 0.071 mole of R-naphthyllithium was made from 20.7 g.
(0.1 mole) of 2-bromonaphthalene and 2.5 g. (0.33 g. atom)
of lithium. This solution was added at a rate of 2 drops per
second to a vigorously stirred mixture of 4.08 g. (0.084 mole)
of freshly distilled silicon tetrachloride in 200 ml. of ether
while cooling the resction flask with an ice-salt bath., After
hydrolyzing the mixture with dilute ammonium chloride and
removing the solvent from the organic layer, an oll was ob-
tained. No solid products could be obtained from this oil by
attempted crystallization from the common organic solvents. A
chromatogram using the combination alumin: and petroleum ether
(b. p. 60-3&“) was successful only in that a few mg. of £,8'~
binaphthyl was isolated.

(b) ¥

as descrived previously by mixing equimolar gquantities (0.0625
mole) of g-bromonaphthalene and p-butyllithium at 5°. On the
basis of the carbonation studies, the yield was assumed to be
T5#. This solution was added at a rate ar 4 ml. per minute

to a mixture of 2.78 g. (G.GlﬁAmala) of freshly distilled
silicon tetrachloride in 50 ml. of ether while cooling the
reaction flask in an ice bath. After hydrolysis and solvent
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r@ma#al; a‘yallaw 0il was obtained. Crystallization of this
oil from ethyl acetate gave 1.2 g. (l4%) of tetra-2-
naphthylsilane melting at £12-813°. The remainder of the
meterial was chromatographed on alumina from petroleum ether
(b. p. 60-80°) to yield an additional 0.21 g. of tetra-2-
naphthylsilane and ©.31 g. (24) of £,2'-~binaphthyl. Identi-
fication was made by the mixed melting point method. A1l of
the other fractions were olls that resisted further purifica-
tion.

8. Iri-2-naphthylethoxysilane. (Attempted).~ An ethereal
solution of 2-naphthyllithivm (0.095 mole) was made in 667
yisld by the direct method (38) and added slowly to a mixture
of 6.25 g. (0.05 mole) of ethyl silicate in 300 ml. of ether
at 10°, After the mixture had stirred for two hours, the
solvent was replaced by benzene and the inorganie salts were
removed by filtration. Distillation of the filtrate at 0.1
mm. gave two fractions: 3.4 g. of b. p. ﬁﬁﬁ-ﬁﬂOQ, and 2.6 g
of b. p. B00-328°, 3&%“31:1&;31&1:&3@*1 (28%) was obtained from
both of these fractions by crystallizatian from petroleum
ether (b. p. 90-110°). After several unsuccessful attempts
to purify the ether soluble oils by crystalligation from other
common organie 3&1vanta,.@ha material was discarded.

9.

) (Attempted).~ An ethereal solu-
tion of f-naphthyllithium was prepared by mixing 10.3 g.
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(0.05 mole) of 2-bromonaphthalene in 100 ml. of ether and
62.5 ml. of & 0.8 N (0.05 mole) of m~butyllithium at 3g°.
After stirring the mixture f@r‘ten minutes, this solution was
transferred to & dropping funnel and added over a period of
one hour to 1.76 g. (0.013 mole) of trichlorosilane in 100 ml.
of ether. After hy&ralysis and removal of the solvent from
the organie layer, the residue was fractionally crystallized
by a scheme similar to that outlined in Table V to give

18% of g,8'~binaphthyl, 26% of tetra-Z-pnaphthylsilane and
several impure frac¢tions melting over 6-20° intervals in the
vieinity of 100-180°,

A similar run was made (47) in which the trichlorosilane
was added to the B-naphthyllithium. The yield of pure tetra-
2-naphthylsilane was 40%.

10.

ri vl This compound was made to
obtain its physical properties to compare with the l-naphthyl

silicon compound. An ethersal solutiom of 23:? g. (0,1 mole’
of Z-bromonaphthalene in 25 ml. of solvent was added to 132
ml. of & 0.76 N (0.1 mole) solution of n-butyllithium &t room
temperature. After stirring this mixture for ten minutes,

~ an ethereal solution of 15.1 g. (0.05) mole) of triphenyl-
chlorosilane was added over & period of twenty minutes. Even
after refluxing the resnl;ing solution for seventeen hours,

Color Test I was positive. The reaction mixture was poured
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erushed iaa; sbout 80 ml. of dilute hydrochloric acid was
added to dissolve the inorganic ﬁalts; and the insoluble
white solid was removed by filtration. The solvent was re-
moved from the ether layer of the filtrate and the residus,
a white solid; wag added to the previously abtaineﬁ solid.
After drying under a heat lamp for two hours, the crude pro-
duct melted st 137-139° and weighed 97.0 g. (100%). Re-
erystallization from ethyl a¢§tata gave 89.0 g. (924) of pure
triphenyl-p-tolylsilane, me P 1&G~1&1°.

Although this malt:ng point is higher than that reported
(45) esarlier (lﬁﬁ-lﬁ&a), & mixed melting point with a reference
sample showed no depression. The/raferaaae‘spaeimaa W8 Obe
tained from the compounds of F. J. Marshall, was lubeled
triphenyl-p-tolylsilane”, and melted at 136-136°.
12. Diphenyldi-p-tolylsilane

(a) From Diphenyldiehlorosilune and p-Tolyllithium.-

To a vigorously stirred solution of 12.6 g. (0.05 mole)
of‘ﬁiphanylﬂichlnrasil&na‘in 30@ ml, of dry ether was added
0.1 mole of p-tolyllithium in 325 ml. of ether over a
period of twenty minutes., The mixture was stirred three
hours at room temperature and then poured into about 4QQ
ml. of 1% hydrochloric acid. The layers were separated,
the solvent was removed from the ethereal layer, and the
residual olil was dissolved in 40 ml. of boiling ethyl ace~-
tate. About 80 ml. of methanol was added to the refluxing
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solution, the mixture was filtered hat; and set aside to
crystallize. After six hours 14.8 g. (87%) of white ¢rystals
melting atyllﬁullﬁa were removed by filtration. Recrystalll-
zation rraﬁ ethyl acetate~petroleum ether (b. p. 90-115°) (1:1)
gave 13.1 g. (774) of product melting at 121-122°. This melt-
ing point could not be raised by two more recrystallizations
from ethyl acetate.

Diphenyldi-p-tolylsilane 1is reported (48) to have a
melting point of 176-177°, consequently this material was
analyzed. , o

Anal. Caled. for CpgHp,S81: 81, 7.70. Found: 81, 7.70,
7.73,

{b) From Siligaﬁ‘fetraahiariﬁa; Phenyllithium, and p-
Tolyllithium by Systematic Fractional Crystalllzatiop.~ This
experiment was made to check the results of Gllman and Clark

(48). These workers reported a 784 yield of diphenyldi-p-
tolylsilane melting at 176-177°.

Te a mixture of 17.8 g. (0.105 mole) of freshly-
distilled silicon tetrachloride and 1.5 1. of dry athar was
added 600 ml. of 0.385 N phenyllithium (0.21 m@l@) while the
resction flask was cooled with an ice-salt bath. The phenyl-
lithium was added at & rate of 100 ml. per hour. Immediately

(48) H. Gilman and R. N. Clark, J. Am. Chem. So¢c., 68,
1675 (1946). :
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after this addition was complete, 0.29 mole of p-tolyllithium
(49) in 300 ml. of ether was added over a period of thirty
minutes. Color Test I was positive after stirring the mixture
for aaa hour under gentle reflax conditilons. The mixture was
then poured onto about 1 1. of water and the organic layer was
separated. After the solvent was removed from the ethereal
1&yaf; 8.0 g. of solid (R) mslting at 1335x4a“ was £iltered
from the oil after the residue was cooled.

The results of the systematic fractional erystallization
of the residual o0il are listed in the following table. The
scheme thut was followed has been amply discussed elsewhere
(50), but certain features used here are unique. |

From s practical viewpoint it is distinctly easier to
record the results and carry out the procedure 1f the flasks
are marked in the manner indicated in the following disgram
rather than by the system given in the reference. For example,
flagk "1" may be permanently marked (51) and as each ¢rop of
¢rystals is removed, merely change the last number. When

(4%) An excess of tolyllithium was used in order to avoid
the formation of silanols which may unnecessarily cemplic&te
subsequent crystallization.

(50) R. 8. Tipson, in A. Weissberger's "Technique in
Organie Chemistry®, Vol. III, Intersc¢ience Publishers, Inc.,
New York, 1950, p. 420ff.; A. A. Morton, *laboratory Technique
in gggania Chemistry”, MeGraw-Hill Book Co., New York, 1938,
Pe 168.

{51) In the present case the flagsks were marked with a
Burgess vibrator tool.
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impure solids, such as that obtained from "1-1" (58), are
added to filtrates, such as "2-1", then this information 1is
m:rked on the flask. The flask "2-1" then would have the
identifying mark “2-1/1-1*. Immediately after the solid is
removed from this flask, the notation is enanga&,to_raad
"4-2%. Then after addition of the solid from "1-8", the
notation is ﬁgyaflwﬁ*; ete. Since this procedure may require
days or even weeks to u@mplata; the method adopted must Dbe

used consistently to avoid confusion.

Table V
Fractional Crystallization of the Residual 041

(52) The underscored number indicates a permanent mark
on the flask.



Table V (Continued)

Flask Solvent Volume of Waterial Obtained
Na. Solvent | muoﬁ the wwamw
_ (ml.) Teip . Lting
1 ethyl acetate 120 3.80 174-178
1-1 " . 60 1.10 145-150
1-8 L " 40 0.35 140-150
1-3 o " 10 1,60 125-130
2 " " 80 2.65 180-196
£~1 ethyl acetate 40 1.40 170-176
B-8 . " 20 1,50 163-167
2-3 " " 18 0.70 155-162
8-4 " " g 2.8 113-116
5 » ¥ 60 2.00 188-200
3-1 ethyl acetate 40 0.40 187-198
3-8 v # 20 1.80 108-104
5-3 " ® 15 0.35 172-180

-4 " " 5 1.7 143-1850

The solvent from the solution in flasks l-4, £-4, 3-8,
and 3-1 was removed and the residue was distilled at 0.1 g&.,
Two m&waawaam,aﬁﬁ@ collected: 0.5 g., b. p. m@om@ee. and
Ge6 goy w.§m. mmmsmme@. %ﬂ@ first fraction gave 0,10 g. of
white solid, m. p. w&m:aca* when reerystallized from 20 ml.
of ethanol. The second fraction was fractionally crystallized
from petroleum ether (m. p. 60-80°) according to the following

schene :
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Plask Number Volume of Solvent Material Obtained From

ml. ' the Flask
& Me Do
A 200 1.30 118-182
A-1 100  0.06 102-105
A-2 50 0.80 117-121
A-3 10 ~ 0.80 185-130
B 100 0.8 1294135
B-1 50 0.25 108-114

B-2 10 0.55 80-83

Since none of these fractions was sufficiently pure for
positive identification by the mixed melting point method, the
fractions with reasonably close melting points were combined
and recrystallized. It was found expedient for recording
purposes to use aiffargnt colored inks or indelible penclls
to mark in the notebook those fractions that were combined.
For the sake of illustration this notation will be used here
(Table VI).



Table VI
Combinstion of the Solid Fractions

Design.tion M. p. Yange of the Total weizht S011ds combined

| solids combined (Bed ‘
Green 80-180 5.55 L8, B=3, 5~3, 3-4
Blue 125-140 5.10 R, ;~4, 3

Red 160-180 4.25 2-2, B-3, 3-3, 3-4

These combined solids were separately dissolved in the
least amount of ethyl aeatate; about 10 ml. in all three
cages, and allowed to crystallize. The various crops thaut
were removed, after the solvent was slowly evaporated, are

recorded in Table VII.

Table VII
Crystallization of the Combined Fractions

Crop Humber —_VWieisnt (&.) , Weiting Point
Green 1 1.1 155-137
" B B 111~-113

1.5
1.3 105-106
’ 2.4 148-153
N 1.7 110-112
1.3 168-178
1.C
0.6

1835~187
138-158




The fr&etia&& &ra&n*ﬁ; Green-3, and Blue-g, 4.5 £.,
were combined and recerystallized from 10 ml. of ethyl acetate
to give 3.7 g. of crude diphenyldi-p-tolylsilane, m. p. 1ll-
112°. A mixed melting point with an suthentic specimen of
m. p. 118-119° was 112-117°.

Ko further crystallizations were attempted since this
procedure appears to be ample proof that high yields of the
desired compound cannot be obtained by the existing directions
for the stepwise addition of two organolithium reagents to
silicon tetrachloride.

Diphenyldi-p-tolylsilane is reported (45,48) to melt at
176-177° and the accompanying analysis given 1s acceptable
for this compound. It is possible thut & mixture of
tetraphenyl- and tetra-p~tolyl-silane could be formed in high
yield when the reaction is carried out according to the pubw
lished direections. If two equivalents of the flrst-added
organolithium reagent are mixed too rapidly with silicon
tetr&ahl@riﬁa; then a substantial quantity of the correspond-
ing tetrasubstituted silane may be formed., This would leave
& proportionate amount of unreacted silicon tetrachloride to
react with the second organolithium reagent to form the teira-
substituted silane. The resulting mixture of tetraphenyl-
and tetra~-p~tolyl-silane might form a eutectic mixture and

give a perfect silicon analysis for diphenyldi-p-tolylsilane.
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In order to check this possibility, equivalent amounts
of the two pure silanes were recrystalllzed together from
ethyl acetate. Even after three recrystallizations the melt-
ing point had not changed from that of the original mixture
which melted at 199-201°.

This experiment was repsated except that the p-tolyl-
lithivm was added first, followed by phenyllithium. BSub-
stantially negative results were obtained from the systemstic
fractional crystallization. The only identifiable solids “
isolated were a trace afkndgf~bita1yl; and 64 of triphsnyl-
p-tolylsilane of m. p. 134-136°.

13, Phenyltri-p-tolylsilane.- This compound was made for

an authentic specimen for use in the immediately preceeding
preparation. To a stirred mixture of 6.5 g. (0.0312 mole)

of phenyltrichlorosilane was added 88.5 ml. of a 1,13 N
ethereal solution of gptalyilith&am (0.1C mole). No attempt
was made to cool the reactlon flask and addition was made at
such a rate as to permit gentle refluxing. After the mixture
was poured into water; the organic layer was washed well with
dilute hydrochloric acid and the layers were separated. The
solvent was removed to yield 10.2 g. of a dirty-white solid
melting st 176-180°. Crystallization of this solid from
petroleum ether (b. p. 90-1109) followed by reecrystallization
of the resulting material gave 3.8%5 g. of white c¢rystals
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melting at 182-183°. This melting point was not improved
after two reerystallizations from ethyl aeatata. After re-
moving the solvent from the combined mother liquors and re-
crystallizing the residue from petroleum ether (b. p. ae-ac°),
an additional 4.5 g. of product melting =t 180-181° was iso-
lated in two crops. Thﬂ‘yiald of good gquality phenyliri-p-
tolylsilane was 71%.

Since phanyltriﬁgytalylsilana is reported (45) to melt
at 137-1%30; the material melting at 182-183° was an&lyz@d.

Anal. Caled. for CgnHoe8i: 81, 7.428. Found: 81, 7.40,
7.39. |
l14. N-Bromoguccinimide and General Procedures for Its Useg.-
The reactions using K-bromosuccinimide (hereafter abbreviated
as NB8) were performec in the conventional apparatus (43)
used in reactions involving organolithium preparations and
& nitrogen atmaﬁpnara was employed. These precautions are
not essentiasl since adequate protection from moisture can be
achieved with appropriately plaged calecium chloride tubes.

NBS was prepared and the active bromine of the product
was determined iIn essentlal accordance with a published pro-
cedure (53). Practically the same yield (78%4) and purity

(53) K. Ziegler, A. Spdth, E. Schaaf, W. Schumann, and
E. Winkelmann, Ann., 551, 109 (19428).
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(974 active bromine) of product was isolated as that reported.

During the preparation of NB3, when the crude product
was filtered through a ¢ em. Buchner funnel the filtration
time was mxaaaéiva (about thirty minutes) and consequently a
low yield of 404 was isolated. The use of an 18.5 em. funnel
in subsequent preparations reduced the filtration time to five
minutes and the yields were comparable to those reported. It
should be emphasized that exceptionally vigorous stirring
should be used during the addition of bromine to the sodium
sugelinimide.

15. Triphenyl-p-bromomethylphenylsilane.~ Five grams (0.0143
mole) of triphenyl-p-tolylsilane was dissolved in about 300
ml. of commercial carbon tetrachloride, 2.54 g. (0.0143 mole)
of finely powdered NBS was aﬁdeﬁ; and the mixture was re-
fluxed for twenty-four hours. The KBS had not disappeared
from the bottom of the flask. A starch-iodide paper test

for active bromine was positive. The use of ultraviolet
irradi.tion for fifteen minutes on the refluxing mixture in-
duced complete reaction as evidenced by the disappesrance of
the NBS and &’n&gativa active bromine test. After cooling
and filtering, there was collected 1.35 g. (0.011 mole, a 953
recovery) of succinimide (mixed m. p.) melting at 182-183°.
The white solid obtained after removing the solvent was dis-
solved in about 100 ml. of a@atana; decolorized with charcoal,
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pressure, and the remuinder by steam distillation. The residue
was extracted with ether and the sthereal solution was dried
with sodium sulfate. After removal of the ether; erystalliza~-
tion of the yellow viscous oil was induced by the addition of
a few ml. of methanol, and external cooling. & egrop of 1.95
g. (764) of white crystals, m. p. 5&-540; was isolated by
¢ooling with Dry Ice. The anslytical sample had a melting
point of &4*550 and was obtained by slow crystallization from
methanol.

égg&.}ﬁal@d. for ﬁﬁﬁﬁgﬂﬂaiz 81, 7.65; active hydrogen, 1.
Found: 51, 7.53; active hydrogen (Zerewitinoff), 0.95.

Poor ylelds were obtained by hydrolyzing triphenyl-p-
bromomethylphenylsilane with potassium hydroxide in acetone
or ethanol. A solution of 2.0 g. (0.0046 mole) of the silane
in 100 ml. of acetone was mixed with a solution of 0.5 g. of
potassium hydroxide in £ ml. of water, and the resulting solu-
tion was refluxed for thirty minutes. After cooling this
solution, about 300 ml. of ether was added and the scetone
and inorganic salts were extracted out by several extractlons
with water. A gummy solid was obtained after removing the
solvent from the organic layer. After several recrystalliza-
tions of the reﬁultingkazla from methanol, C.E g. (184) of
triphenyl-p~hydroxymethylphenylsilane, m. pe §E~5a; was 1so-
lated.



A 104 yield of the alcohol was obtalned by the sane
procedure when ethanol was used as solvent instead of acetone.
17. Triphanyl?ggdibramamathylpnanylsii&n&.~ Five grams
(0.0143 mole) of triphenyl-p~tolylsilane was dissclved in
250 ml. of commercial carbon tetrachloride (the silicon com-

pound was easlily soluble at room temperaturs) and 5.2 g.
- {0.029 mole) of finely divided NBS was added. After reflux~
ing the mixture for forty min tes while irradiating with a
mereury-vapor l&my; a homogeneous solution was formed and &
test for free bromine (starch-iodide paper) was negative.
The solution after cooling deposited 2.8 g. (964) of suceini-
mide which was removed by filtration. The solvent was re-
moved from the filtrate to give a slightly yellow solid.
This solid was dissolved in 76 ml. of ethyl acetate which,
on cooling, gave 3.30 g. of white ecrystals, m. p. 180-182°.
The filtrate was diluted with an equal volums of petroleum
ether (b. p. §&~139¢} to give a second crop of 2.4 g., Re Do
177-180°. Reerystallization from 100 ml. of 1:l ethanol-
ethyl acetate gave 5.3 g. (6&%) of pure triphenyl-p~-
dibromomethylphenylsilane melting at l$4~1&4.5°.»

Anal. Caled. for CogHonBr,Si: Br, 31.5; 81, 5.58.
Found: Br, 30.0; 5i, 5.65, 5.64.

For the purpose of characterization triphenyl-p-
dibromomethylphenylsilane was made by the action of HNBS on



the mono-bromo derivative. A mixture of 4.@@ g. (0.0093
mole) of triphenyl-p-bromomethylphenylsilane, 150 ml. of
carbon tatrachlari&a; and 1.66 g. (0.0093 mole) of NB3S was
refluxed with stirring and alzrauvislat irradiation for thirty
mihutﬂa. The reaction was apparently complete since the NBS
had disappeared from its place on the bottom of the flask.
After cooling and removing the succinimide by filtration, the
solvent was removed from the filtrate. The residue was
crystallized from a 111 acetone-petroleum ether (b. p. 90-
110°) mixture to yield 1.6 g. (34%) of a white solid melting
at 184-184.5°. This material showed no depression of melt-
ing point when mixed with an analyzed sample of triphenyl-p-
dibromome thylphenylsilane.

18. p-Triphenylslilylbenzaldshyde.- Five grams (0.009% mole)

of triphenyl-p-dibromomethylphenylsilane was dissolved in

hot commercial methyl cellosolve and a mixture of 5.0 g.

(0.03 mole) of silver nitrate in about 40 ml. of water was
added dropwise with stirring to the refluxing solution over s
period of ten minutes, The silver bromide precipitated
immediately. After the mixture was stirred for an additional
twenty minutes to lmsure the removal and subsequent reaction
of any of the bromosilicon compound that might be entrapped in
the precipitate, the green solid was removed by filtration of

the hot mixtire. The solvent was removed from the flltrate
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by distillation at reduced pressure, and the residual yellow
0il was dissolved in 75 ml. of ethanol. After standing for
two &ayﬁ;ll.éﬁ g. of white salid; m. p. 1;0»111°. was removed,
and a second erop of 1.C0 g.; m. p. 108-110°, was obtained
after reducing the volume to 30 ml. The final yield was 87%.
The analytical sample melted at 1lﬁm}ll§.

Anal. Caled. for ﬁﬁsﬁﬁgagi: 81, 7.70. PFound: 8i, 7.78,

7.78,

This aldehyde was salso prepared in good overall yields
(79%4) by starting with triphenyl-p-tolylsilane and not iso-
lating the intermediste dibromosilicon compound formed after
treatment with EBS. This procedure was carried out in the
same manner as 1s given in the preceeding sections describing
the preparation of ttiph@ﬂyiﬁa*dihramamﬁthylphanylailana and
the corresponding aldehyde. It was found necessary to change
the solvent after the first step in the reaction sequence.
When carbon tetrachloride was used throughout the reaction,

a 60#% yield of the dibromosilicon compound was isolated in-
stead of the expected aldehyde. Apparently this is due to the
extreme immiscibility of water and narban tetrachloride. Al-
though some silver bromide was 2brmﬂa; the two phase system
apparently allowed very 1;%%1& reaction of the silver ilons
with the halogen compound.

19,wgtwriyhﬂnylailylbenz&i&axim@.— The general procedure given
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in Shriner and Fuson (54) was used in this preparation. A
98% yield of p-triphenylsilylbenzaldoxime melting at 194-195°
was obtained from p-triphenylsilylbenzaldehyde and hydroxyl-
amine hydrochloride. |

gg&; Caled. for Caﬁﬁﬁlﬁﬁsi* E; 8.70; 81, 7.38. Found:
N, 3.586, 3, 62; 81 (micro), 7.24, 7.28.
£0. Thiosemicarbazone afWg;?righ@nylailyibanzalaahyﬁa.~ A
published procedure (585) was followed to effect reactlon be-
tween p-triphenylsilylbenzaldehyde and thlosemicarbazide. A
624 yield of white crystals melting at 834-235° was obtained

after the crude product was recrystallized from a 6:1 ethanol-
ethyl acetate mixture.

Anal. Galed.lfar cgﬁﬁaﬁﬁﬁsis 6, T.38; 81, 6.40. Found:
B, 7.2, 7.28; 51, E.%ﬁ; 6.351,
21, p-Triphenylsilylbenzolc Aeid.- This compound was made

in an attempt to find some method for intreducing the carboxyl

group into tétra&rylsil&aas.

(a) Oxidation of triphenyl-p-tolylsilane.- Triphenyl-p-
tolylsilane, 1.8C g. (0.0058 mole), was suspended in a mixture

(64) R. L. Shriner and R. C. Fuson, "The Systematic
Identification of Organic Compounds®, ZEnd aﬁ., John Wiley,
New York, 1840, p. 167.

(55} N. D. Cheronis and J. B. Entrikin, "Semimicro
Qualitative Organie¢ Analysis®, Thomas ¥, Crowell Co., New



of 100 ml. of glacial acetic acid and 30 ml. of acetic
anhydride, and 3 ml. of concd. s:lfurie acid was added,
followed by 10 g. (0.1 mole) of anhydrous chromic oxide
(Baker and Adams, *"98% pure”) in three portions. The reac-
tion flask was immersed in a large water bath maintained at
17° £ 2° After stirring for fifteen minutes, the dark green
mixture was poured rapldly onto about 300 g. of erushed ice
and stirred for several minutes. About 300 ml. of water was
added and the white solid was removed by filtration. This
so0lid, melting at 1§$~l9?ﬁ; after recrystallization from 300
ml. of petroleum ether (b. p. 90-110°), weighed 1.6 g. a2nd
nad & melting point of 213-214°. The yield was 90%.

Anal. Caled. fartégﬁﬁEQQESis lﬁi, ?,3?; neut. eq., 3803
active hydrogen, 1.00, Found: 8i, 7.36,‘?.3Q; neut. eq.,
377; active hydrogen (Zerewitinoff), 1.02, 1l.l.

The above procedure is a modification of the directions
outlined elsewhere (56) for the oxidation of p~-nitrotoluene
1o the corresponding aldehyde. The only essential differenc:
was changing the reaction temperature from 0° to 17°. Wwhen
this r@aetiﬁn\was‘earriea out at 0% in the same manner as out-
lined abeva; no produets could be obtained from the oils and

tars.

(B6) %, V. Lieberman and R. Connor in A, H. Blatt's
*Organic Syntheses®, Collective Vol. 2, John Wiley, New York,
1943, p. 441.
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powdered NBS was a&da&; and the mixture was refluxed with
stirring for twenty minutes while irradiating the flask with
a mercury-arc¢ lamp. After cooling. and filtering off the
suceinimide, the solvent was removed from the red colored
filtrate by the use of a steam bath and oil puup. The solid
was white when first formed but turned black after fifteen

mimites while thaylaat traces of solvent were belng removed.

This solid was taken up in ether and the ethereal solution
was extracted with conecd. ammonium hydroxide. The addition
of about 50 ml. of saturated sodium chloride solution broke
up the emulsion and precipitated a white solid between the
layers. This solid was filtered off and combined with the
solid obtained from the acidified basic agqueous layer. He-
crystallization from petroleum ether (b.p. 90-110°) gave
1.2 g. (194) of white solid, m. p. 212-214°. This material

was shown to be p~triphenylsilylbenzoic ae¢ld by a mixed melt-
ing point.

(4) From p-Triphenylsilylbenzaldehyde and Hydrogen
Peroxide (Attempted).- Three grams (0.00825 mole) of p-
triph&aylsilylbenza&ﬁaﬁ&ﬁa in 50 ml. of acetone was added

dropwise with stirring at 70° to a solution containing O.4
g. (0.01 mole) of sodium hydroxide and 10 ml. of 30% hydrogen
peroxide. After stirring ?ar ten minutes, 10 ml. of 304

hydrogen peroxide in 50 ml. of acetone was added and the mixture
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was refluxed ten miputes. The solution wes acidified and
3ta&m~&1still@ﬁ. After extracting the residue with ether,
the stherenl layer was extracted with concd. ammonium
hydraxi&e. Fo s0l1id was obtalned from the acldifled aqueous
layer. The solvent was removed from the neutral ethereal
layer to cbtalin & red-brown 911. Attempts to induce
erystallization from ethancl, petroleum ethﬁr, beﬁzen&. and

acetone were unsuccessful. No products were isolated from

the various frections.

4 slurry of l-naphthyl-
lithium (made from aquimalar quantitiea (0.2 mole) of 1=

bromonaphthalene and p-butyllithium) was added to an excess

of 58 g. (0.85 mole) of freshly distilled ethyl silicate in
ether and stirred at room temperature for thirty aminutes.

The solvent was replaced by petroleum ether (b. p. 60-80°)

(or benzene) and the lithium salts were wamavéd by filtration.
Vacuum distillation of the filtrate gave a considerable amount
of naphthalene and 21.0 g. of a yellow oil, b. p. lﬁﬁ-l&ﬁa at
1.5 mm. After another distillation at 753 mm.; there was
obtained £92.0 g. (564 of l-naphthyltriethoxysilane of b. p.
£91-293°,

~ (87) E. Khotinsky and B. Seregenkoff, ,ﬁg;.,,m;, 2951
(1908), mada this compound from the Grignard reagent and ethyl
silicate but no yield is reported.
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This compound c¢an be made in comparable yields by using
l-naphthyllithium made by the direct praea&ure; but the pro-
duct is more highly colored (red to dark yellow) even after
several fractiocnations.

%hen the ethyl silicate was added to the 1—naphthyllithium
(made by halogen-metal interconversion) under the same condi-
ti@ns; there was isolated a 204 yield of Qi-l—naphthyldiathﬂxy—
silane, 22% of tri-l-naphthylethoxysilane, and only 8% of 1-
naphthyltriethoxysilane.

To & solution of 4.80 g. (0.014 mole) of l-naphthyltriethoxy-
silane in 80 ml. of dry ether in the usual apparatus was
added with stirring 24.3 ml. (0,045 mole) of & 1.77 N ethereal
solution of phenyllithium. After pouring into e¢a. 50 ml. of
water, separating the layars; and removing the solvent from
the ether layer, 3.3 g. of white solid, m.p. 1656-168°, was
obtained. Two crystallizations from benzene-petroleum ether
{(b. p. 90-115°) (1:1) gave 2.83 g. (51%) of white crystals,
me Po 172-172.5°, ,

Anal. Caled. for CygHpp0.81: 81, 7.25. Founds 51,
T.89, 7.34,

A solution of 23.5 g. (0.08 mole) of triphenylehlorosilane,
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M. Pe 95~9$9; in 200 ml. of ether was added to a preparation
of l-paphthyllithium made in the usual manner by mixing 31 g.
(.15 mole) of l-bromonaphthalene and 0.15 mole of n-
batyllithium., The mixture was allowed to reflux and stirring
was ecntiguad for one hour. After working up as described in
(a) above, there was obtained 21.0 g. (69€) of l-naphthyltri-
phenylsilane of m. p. 172-172.5° (cor.). A mixed melting
point with the analyzed ssmple in (a) above showed no de-

pression,

tion of 37.5 g. (0.18 mole) of freshly distilled ethyl sili-
cate and 30 ml. of ether was added dropwise with stirring to
a mixture of 94.0 g. (0.45 mole) of l~-bromonaphthalene and
0.45 mole of p-butyllithium in 600 ml. of ether. After pour-
ing into ca. 300 ml. of water, separating the layers, steam-
distilling the ether 1&y@r; and extracting the residue with
benzene, the benzene layer was dried by distillation, reduced
to & small valuma; dixntaé with an equal volume of petroleum
ether (b. p. 90-1157), and set aside to crystallize. White
erystals, 38.4 g., M. D. asﬂagﬂ; formed overnight and were
filtered from the mixture. Two crystallizations from petroleum
ether (b. p. 90-115°) gave £28.8 g. (42%) of white solid, m. p.
100.5-101°. All of the filtrates wéra combined, the solvent



- 67 -

was removed, and the residue was vacuunm éistilled. & frac-
tion, 10.1 g., b. p. £15-228° at 0.2 mm., when washed with
petroleum ether (b. p. 30-60°), proved to be pure di-1-
naphthyldiethoxysilane, m. p. 100-101° (cor.), by & mixed
melting point determination. Yields ranging from 454 to 60%
have been obtained by this method. | |

Anal. Caled. for CoHo, 081t 81, T.48. Found: 8i, 7.58,
7.54.

When le-naphthyllithivm made by the direct procedure
from l-bromonaphthalena and lithium metal was added to the
ethyl silicate, the yield of colorless solid was low (12%).
Since colored impurities are known to be present (58), this
is believed to be the explanation for the low yileld. Although
the material can be vacuum~distilled, the product is yellow,
and even after treatment with charcoal, diatomaceous earth,
and alumina the coler remained. Only through the wasteful
procedure of repeated crystallizations could a colorless pro-
duct be obtained.

To a solution of 13.1 g. (0.045 mele) of l-naphthyltriethoxy-
silane was added dropwise with stirring 70.5 ml. (0.045 mole)
of 0.65 N l-naphthyllithium (prepared by the direct procedure

- (58) H. Gilmsn and C. G. Brannen, J. Am. Chem. Soc., T1,
657 (1949).
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from l-bromonsphthalene and lithium metal). The orange-

¢olored mixture was poured into ga. 100 ml. of water, the

layers were separated, and the sclvent was replaced with ben-
zene. After cooling the aalmtian; 4.2 g. (254) of vellow

solid, m. p. 93,990; were filtered off and washed with a few

ml. of cold acetone. This solid did not depress the melting
point of an analyzed sample of di-l-naphthyldiethoxysilane made
by the proeadura &ésaribed in (a) above. Three ﬁryatallizations
from acetone finally removed the yellow color but the yleld of
white s0lid was only 1.8 g. (74).

The residue from the above preparation was steam~distilled
with s per-heated steam (59)., After the more volatile compon-
ents were removed at 1009, a8 yellow viscous oil appeared in the
distillate at 240°. About 0.8 g. of yellow colored di-l-
naphthyldiethoxysilane, m. p. 98-99°, (ldentified by a mixed
melting point determin:tion) was recovered from the oil after
extraction and crystallization. This organosilicon compound
may have been merely carried over mechanically by the stream
of vapor rather than actually existing in a vapor state, but
these axpeéimaats indicate a remarkable atability of this com-
pound toward water.

; s;;a;e.~ An ethareal solution of

0.78 g. (0 0019 mole) of di- 1~naphﬁhylé2&thaxysilaﬂa was added

(59) Thafapparatus used is that deseribed in A. A. Morton,
slaboratory Technigue in Organic ChemistryY, MeGraw-Hill Book
Co., New York, 1938, p. 1l44.
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to an excess of 0.005 mole of phenyllithium and refluxed for
one hour. After working up as deseribed in section (a) on
lanaphthyltriphanylsilana and erystallization from petroleun
ether (b. p. 90-110%), there was obtained 0.8l g. (97%) of
white solid, m. p. 194-195° (cor.).

Anal. Caled. for CapHa,S5i: 81, 6.43. Found: 51, 6.50,
6.48. |
26, Iri-l-naphthylchlorosilane.- An ethereal solution of
1.07 moles of 1.8 N p-butyllithium was added with vigorous
stirring at O to -5° (internal temperature) to 2228 g. (1.07
moles) of l-bromonaphthalene in about 100 ml. of dry ether.
After stirring for twenty minutes, 51.0 g. (0.3 mole) of
freshly distilled silicon tetrachloride in about 200 ml. of
dry ether was added at 3ﬁ¢h a rate ag to keep the internal
temperature at 0 to -5°. Stirring was continued for two hours
at this temperature before the mixture was poured onto ﬁﬂe‘ml.
of dil. hydrochloric acid. The organic layer was weshed well
with water and the solvent removed using a steam bath and
water pump. The viscous oil deposited @6 g. {78%) of crude
triwi-naphthylahlars$;1aﬁe; M. Do 194~19$ﬁ, in three crops.
Reerystallization from ethanol using a Soxhlet extractor (or
n~-butyl ether used in ;haleréin&ry mannar)'gava 85 g. (647%)
of the pure pre&gat;}m. p. 210-811° (ear,). o

Anal. Calcd. for CagHpiClS1: Cl, 8.00; 81, 6.31. Founa:



cl, 8.1, 8.2; 81, 6.31, 6.3%.

When only three equivalents of l-naphthyllithium to one
equivalent of silicon tetrachloride were used, & low boiling
fraction, b. p. 150-850° at 0.3 mm., was isolated (possibly
the silanediel or mixed n-butyl-l-naphthylsilicon compounds )
which makes purification of the desired tri~l-naphthyl-
chlorosilane difficult. Attempis to isolate the product by
vaguum ﬂiﬁtillatisn using conventional procedures wers un-
successful. The product does not distil even at 350° {vapor
temperature) at 0.3 mm. and at that temperature decomposition
is indicated by the rise in pressure (from 0.3 mm. to ca. 6
mm.) and a darkening of the residue. A pure sample was dis-
tilled in a Hickman molecular still at 340-350° at 20 microns,
but the method was not practical for large runs due to the
extremely slow rate of distillation.

- Several preparations were made by allowing the mixture
to gently reflux during the addition of the silicon tetra-
chloride and in all these runs low yields (l0-30#) of tri-l-
naphthyleb&ornsiiana resulted. Since appreciable amounts
(10-70%) of l-p-butylnaphthalene were isolated from the re-
sulting oils, the reaction of l-naphthyllithium with n-butyl

bromide took place at & surprisingly fast rate.
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of 828.8 g. (0.40 mole) of l-bromonaphthalene and C.40 mole

of n-butyllithium in 400 ml. of ether was made under the
usual conditions and 20,83 g, (0.1 mole) of ethyl silicate in
50 ml. of ether was added with stirring over a p&rioé‘af
twenty minutes. After refluxing for four hoars, the mixture
was poured into about 500 ml. of dil. hydrochlorie acid, the
layers separated, and the solvent removed from the ether
layer. A white sml&é; 16.1 g.; m. p. 180-183°, was vacuum-
distilled from the residue at 0.7 mm. The fraction with a

b. p. of 290-310°, 15.0 g., was tri-l-naphthylethoxysilane,
m. p. 185-186°. The crude yleld was 38.6 g. (72%) of material
melting at 185-186.5°, Recrystallization with ethanol by the |
use of a ﬂcxhlat,axtraatmr gave 30.2 g. (68%) of white solid,
m. p. 186-186.5° (cor.), unchanged by repeated crystalliza-
tions,.

Ansl. Caled. for CzoHog081; 81, 6,18. Found: 81,

6.13, 6,15, ,

The highest yiei@a ware obtalned by using & molar ratio
of l-naphthyllithivm to ethyl silicate greater than three.
Runs made using & ratio of three (on the basis of a 204 inter-
conversion yield of l~naphthyllithium) gave from 10-85% of
di-l-naphthyldiethoxysilane and the yleld of tri-l-naphthyl-
ethoxysilane was only 35-45%. The procedure outlined above
gave 8 66% yield in another run except that purification was



agcomplished by exhaustive digestion (60) with ethanol instead
of by erystallization.

{(b) From Di-l-naphthyldiethoxysilane and 1-Naphthy
A 36% yield of tri-l-naphthylethoxysilane was obtained by
treating di-l-naphthyldiethoxysilane with l-naphthyllithium

made by the direet procedure. The product could not be
obtained from the highly colored tars by the ordinary crystal-
lization tachnlﬁuas and only after partial purification by
vaecuum distillation followed by several recrystallizations
could the tri-l-naphthylethoxysilane be isolated. The probable
reason for the low yield is given in the section (a) on di-
l-naphthyldiethoxysilane. Since this reaction was run %0
establish the structure of these compounds, the conditions

for a higher yield were not worked out.

hundred and forty grams (0.68 mole) of l-bromonaphthalene and
0.68 mole of p~butyllithium were brought into reaction as
usual, and 27.7 g. (0.205 mole) of trichlorosilane in 200 ml.
of ether was added dropwise with stirring and cooling over a
period of twenty minutes. After stirring for one hour, the

mixture, a red solution with & white precipitate, was poured

(60) &. A. Mortom, "laboratory Technique®, op. git., p. 228.
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into about 500 ml. of dil, hydrochloric acid and the layers

were separated. The solvent was removed from the ether layer

and 81.5 g. (974) of crude tri~l-naphthylsilane, m. p. 2826~

228°, was obtained in threse crops. The red color of the pro-

duet at this stage was removed with slight loss of product

by washing with a small volume of cold acetone. Recrystalli-

zation from sethanol by the use éf a Soxhlet extractor gave

68 g. (81£) of pure tri-l-naphthylsilane, m. p. 835-836° (cor.).
Apsl. Caled. for CyolggSi: 81, 6.84. Found: 51, 6.87,

6,93,

chlorgsilane and ILithium Aluminwm Hydride (61).- A mixture

of the silicon compound in ether was added to an excess of

lithium aluminum hydride in ether and refluxed for thirty

minutes. The excess lithium aluminum hydride was destroyed

by adding ethanol dropwise to the mixture. After azﬁrae;ing

out the inorganic salts with dilute hydrochloric acid and re-
moving the solvent from the erg&nié’lay&r. the crude tri-l-
naphthylsilane melted only two dagreﬁs low, m. p. 233-254°

(cor.). Recrystallization from acetone gave a 90 yield of

pure tri-l-nsphthylsilane starting with tri-l-naphthylethoxysilane

(61) A. E. Finholt, A. C. Bond,Jdr., K. E. Wilzbach, and
H. I. Schlesinger, J. %%’ Chem., Soc., 69, 2698 (1947); W. H.
Nebergall and O. H. Johnson, ibid., 71, 4022 (1948).
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and a 954 yield when tri-l-naphthylehlorosilane was used.

lbromosilsne.«~ This compound was mede in

an effort to obtain a more reactive intermediate to prepure
tri-l-naphthylphenyl derivatives. A solution of 53.0 g.
(0.13 mole) of tri-l-nuphthylsilune in 1.2 1. of carbon tetra-
chloride was effected by heating and 20.7 g. (0.13 mole) of
bromine was added in one portion. The mixture was refluxed
with stirring for two hours and allowed to stir at room
temperature for an additional fifteen hours. The residual
bromine was removed by shaking the solution with a saturated
solution of sodium bisulfite, the layers were separated, the
organic layer was dried with caleium chloride, and the s0le
vent was removed until the volume was about 200 ml. After
several hc&rs; 43%.0 g. of white solid melting at 200-202°
was filtered from the solution. Recrystallization from butyl
ether gave 34 g. (54%) of white crystals melting st £18-213°
(cor.). This melting point could not be raised by repeated
recrystallization. | | |

Anal. Caled. for CyoH,,Brsi: Br, 16.4; 81, 5.72. Found:
Br, 16.0, 15.8; 5i, 5.70, 5.75.

(a) From Tri-l-naphthylchlorosilane.- Iwenty grams
(0.045 mole) of tri-l-naphthylehlorosilane was dissolved in
250 ml. of 95% ethanol, 50 ml. of 104 potassium hydroxide was



added, and the mixture was refluxed for iwo hours. After pour-
ing into about 500 ml. of wat@r; filtering and drying, 15.% g.
(914) of crude tri*lwnaphthylailanml; m. p. 201-203°, was
obtained. Purification by crystallization with ethanol by

the use of a Soxhlet extractor gave 14.5 g. (?6%) of product
,#ﬁltiﬂg at 208-209° (cor.). |

Anal. Caled. for C§§333681: 51, 6.58. Pound: 51, 6.54,
6.51.

When dioxane or acetone was used &3 solvent, the product
was tan in color and several recrystallizations, with atten-
d&n@ daeréaae in yiald; were ra@miv&& to obtain a colorless
‘m&w:ml.

Another procedure that glves nearly quantitative ylelds
is also described. Ten grams (0.083 mole) of tri-l-naphthyl-
ehlorosilane was refluxed for thirty minutes in 100 ml. of
monomethyl ether of ethylene glycol (methyl cellosolve) (con-
taining 0.02 mole of water per liter as determined by titra-
tion with Karl Fisher raageni). It was shown that hydrogen
chloride was expelled during this treatment. After cooling
the reaction mixtura; 5.9 g. (60#) of tri-l-naphthylsilanol,
@. p. ﬁca-zaﬁﬂ; was removed by filtration. Another 3.8 g.
(39%) crop was obtained by r@maving‘tha solvent at reduced
pressure and raqrystallizing the residue from petroleum ether

(b. p. 90-115%). The overall yield of good quality product
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(b) From Tri-l-naphthylethoxysilane.- A 754 yield of
tri-l-naphthylsilanol wasg obtained from tri-l-naphthylethoxy-
silane apd potassium hydroxide in 95¢ ethanol. The mixture
was allowed to reflux for twenty-four hourﬁ; but this may be
a longer time than is necessary. Another run made under
similar eonditions but refluxed for only one hour was incom-
plete as ovidenced by the recovery of about 354 of the start-
ing tri-l-naphthylethoxysilane.

(e¢) From Iri-l-naphthylsilene.- After 3.0 g. (C.13 g.
atom) of sodium metal was dissolved in 75 ml. of 95% ethanol,
3.0 g. (0.0073 mole) of tri-l-naphthylsilane was added and

the mixture was refluxed for twanty hours. The solution was
poured into ¢a. 300 ml. of water, cooled, and the tan-colored
80l1d was collscted on a filter. After digesting the 2.8 g.
of solid, m. p. 200-203°, with petroleum ether (b. p. 60-80°),
there wus obtained 2.4 g. (784) of pure tri-l-naphthylsilanol,
Me Po 208-2097. A mixed melting point with samples from (a)

and (b) above showed no depression.

tri-l-naphthylehlorosilane in 1 1. of Merck reagent grade

acetone and 12.00 g. (0.0406 mole) of triphenylchlorosilane

"in 1 1. of the same solvent were prepared and placed in a 28°



- 77 =

thermostat. Five nl. af water per 100 ml. of stock solution
wa.s added and 25 ml. aliéuat& were removed at timed intervals
and titrated with 0.0B36 leaﬁium~hyﬁr0x1d$ using phenol-
phthalein as the indicator. Even after five days the tri-l-
naphthylmhloraail&ne run did not show any increase in the
consumption of base over the value obtained at zero time. The
reading at zero time was 0.35 ml. and the hlank; using the
same concentration of acetone and watar; was C.20 ml. The
triphenylchlorosilane aliquot at zero time required a volume
of base equivalent to 1004 hydrolysis. This hydrolysis of
the triphenylchlorosilane may not have proceeded at an
apprecisble rate in the aqueous acetone, but, if not, reaction
.must have occurred during the titration with the weak base.
- S8ince tri-l-naphthylchlorosilane was unaffected by the low
concentration of base, these experiments indicate the rel.tive
stabllity of these two silicon compounds toward dilute alkall.
The solvent from the acetone solutions of tri.l-
naphthylchlaraa;lan& was allowed to evaporate at room tempera-
ture. Well-formed crystals were isoclated directly and these
melted at 3@&w3&?a, and showed no depression of melting polnt

when mixed with an authentic spaeiﬁen.

(62).~ The reagent was made by dissolving one pellet of

(62) A test devised by F. S. Kipping and J. E. Sands, J.
Am. Chem. Soc., 119, 848 (1921) and modified by Gilman and
Clark (21).
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potassium hycroxide in 3 ml,., of piperidine containing &

drops of water. When about 0,05 g. of tri-l-naphthylsilane
was added and the mixture warmed to effect solution, no gas
evolution was noted even after standing for several days.
Under corresponding conditions, tri-p~tolylsiline showed no
gas evolution, while triphenylsilane gave an immediate, rapid

streanm of gas.

(a) From Tri-l-naphthylchlorosilane and n-Butyllithium.-

Ten grams (0.02R5 mole) of tri-l-naphthylchlorosilane was
dissolved in ge. 75 ml. of dry thiophene-free benzene, 30 ml.
(0.034 mole) of & 1.2 N ethereal solution of n~batyllithium
was added, and the mixture was reflixed for twenty hours.
After washing the benzene-ether layer with water and removing
the solvent, 8.2 g. of a light yellow solid, m. p. 11@»155°.
remained. Crystallization from several solvents failed to
yield a sharp-melting product. The solid was dissolved in
500 ml. of petroleum ether (b. p. 90-115%) and poured onto
90 g. of alumina in a 4 em. absorption tube and developed with
£+5 1. of the same solvent. After removal of the solvent from
the middle liter of the ai&ant;’ﬁ.a 8o (224) of white crystals
of tri-l-naphthyl-p-butylsilane, m. p. 189-180° (cor.), re-
mained. . ‘ o ‘

Anal. Caled. for CzgHzpSi; 81, 6.00. Found: 84, 5.98,
5.99, '



(b) From Tri-l-naphthylethoxysilane and n-Butyllithium. -
Five grams (0.011 mole) of tri-l-naphthylethoxysilane and 20
ml. (0.022 mole) of a 1.1 N ethereal solution of n-butyl-

lithium were mixed, 75 ml. of dry xylene was added, and the
mixture was refluxed for twenty-four hours. After pouring
into ga. 300 ml. of water and working up as in (a) above,
5.85 g. of a yellow mlid; m. p. 135~ l‘%@. was recrystallized
~ from 100 ml. of petroleum ether (b. p. 90-115°). This material
was purified by exhaustive digestion (é@) with small portions
of cyclohexane. The final yield was 3.3 g. (714) of pure tri-
1-naphthyl-p-butylsilane, melting at 187-188°.

(¢) From Tri-l-naphthylsilane and n-Butyllithium.~ Ten
grams (0.0244 mole) of tri-l-naphthylsiline and 30 ml. (0.036

mole) of & 1.5 N ethereal solution of p-butyllithium were
mixed, 100 ml. of dry thiophene-free benzene was added, and
the'mixtmr@ was refluxed for twelve hours. After pouring

into water and removing the inorganic salts as above, 11.3 g.
of yellow solid, m. p. 90- 135°, was obtained. Attempts to
purify by crystallization from a number of different solvents
gave solids melting over the range 1%0-160°, The exhaustive
digestion treatment mentiomed in (b) above did not change the
melting point. Two grams of the solid was dissolved in 200 ml.
of petroleum ether (b. p. 90-115°) and poured through 20 g. of

alumina in a 1 em. adsorption column and developed with 1 1. of
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the same solvent. After removal of the solvent from the
first 300 ml. of filtrata; 0.11 g. of white’solid; Me pPo 9B«
1158°, was obtained. With similar treatment, the next 700 ﬁl.
of filtrate contained 1.63 g. of solid, m. p. 173-179°, which
gave 1.35 g. (18%4) of tri-l-naphthyl-n-butylsilane, m. p. 186-
l&?a, after two erystallizations from benzene~petroleum ether
{b. p. 60-80%). This material showed no depression of melting
point when mixed with the products from (a) and (b) above.

The contents of the column were eluted with benzene and the
filtrate contained 0.20 g. of yellow solid, m. p. 195-800°,
from which a few crystals of pure tri-l-naphthylsilane
(identified by a mixed melting point) were obtained after
recrystallization from ethanol.

To a solution of 15.0 g. (0.034 mole) of tri-l-naphthylchloro-
silane in 200 ml. of dry benzene was added 0.84 mole of an
ethereal solution of phenyllithivm (made in 96§ yleld in the
usual manner but filtered through & pressure filter (63)
immediately before use). Most of the ether was removed by
distilltion and the mixture was refluxed at 54° for thirty
hours. Color Test I was still positive after this treatment.

{63) A Hormenn laboratory filter was used with a Fo. 1
agsbhestos pad.



Following hydrolysis with dilute hydrochlorie acid and ex-
traction of the inorganic B&lts; the organic layer was set
agide to crysﬁalliza; the solvent being allowed to slowly
evaporate. After seven days 11.86 g. of white solid melting
at 135-150° was collected in two ¢erops. HReerystallization
from b@ﬁzena; athyl agatata; petroleum ether (b. p. Qﬁ—llﬁai,
and ethanol failed to change the melting point. Chromatography
using the combin:tion of alumina and panrélaum ether (b. p.
6&-8&9) gave several fractions of the same melting point.
This material was finally purified by exhaustive digestion
(60) of the finely pulverized material with four 20 ml, por-
tions of ethanol. This procedure gave a yield of 8.7 g. (53%)
of white solid melting at 192-193°. |

Anal. Caled. for CygHggSi: 81, 5.76. Found: 81, 5.75,
5.84,

This experiment was repeated several times in an effort
to obtaln higher yields and to further investigate the possi-
bility of the existence of a diastereoisomer of tri-l-
naynthylpnenylﬁilane. In all cases the c¢rude product melted
at lﬁﬁmlﬁag and this material resisted attempts at purifica-
tion by all of the common laboratory methods except by di-
gestion and the method outlined in (d) of this section
(erystallization from chlorobenzene). The ylelds varied from

404 to 604, Silicon analysis of the low-melting material
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showed it to contain 5.894. A sodium fusion test showed the
absence of halogen. The silicon analysis indicates that the
impurity does not contain silicon since the expected impurities
contain a higher percentage of silicon than trinaphthylphenyl~

silane.

grams (0.024 mole) of tri*lénayhthylsilaneﬁmas dissolved in
250 ml, of dry ether and 0.02 mole of phenyllithium (made in
924 yield) was added to the refluxing mixture. Even after
stirring and refluxing for four days, Color Test I was posi-
tive. An additional 0.08 mole of phenyllithium was added,
the ether was replaced with benzene, and the resulting mixe
ture was refluxed at 60° for three days. Although Color
Test I was still paaitiwa‘thakmatarial‘was worked up in the
usual manner to obtain 12.8 g. of a white solld melting at
140-150°. Purification by digestion with six 20 ml. portions
of ethanol gave 7.3 g. (63%) of c¢rude product melting at 187-
189°. After three reerystallizations from benzene a pure
sample of tri-l-paphthylphenylsilane melting at 195-193° was
-obtained. A mixed melting point with an analyzed speclmen
showed no depression.

Attempts to fraction:te the remaining sclids by crystal-
lization were unsgaeas&ful and only impure 1nw~msltingyselida

could be obtained.



To a solution of 5.0 g. (0.0l mole) of tri-l-naphthyl-
sthoxysilane 1ln about 100 ml.‘af dry xylene was added 0,028
mole of an ethereal salu?inn of phenyllithium. After reflux-
ing for thirty-six hours, the mpagﬁa purple mixture gave a
positive Color ?ast(l. Following hydrolysis and removal of
the inorgenic salts, the solvent was distilled away to yleld
& yellow semi-~go0lid. Digestion of this o0il with several small
portions of ethanol followed by three recrystallizations from
benzene gave C.8 g, (14%) of tri-l-naphthylphenylsilane melt-
ing at 189-190°, Identification was made by & mixed melting
point. 8Since this prepuration was made for the purpose of
synthesizing tri-l-naphthylphenylsilane by another methed, no
further attempts were made to purify the crude golids and
oils,

complex with Chl , Five grams (0.011l mole)
of tri~1~naphthylph&nyisilana, M. Po 120-191° » was dissolved

in ebout 40 ml, of hot chlorobenzene and tha solution was
allowed to cool slowly. After four hours, 2.6 g. of large
colorless erystals melting at 108-108° were removed by fil-
tration. Reerystallization from the same solvent did not
change the melting point. |

 Anal. Caled. for CypHsyClsi: C1, 5.92; Si, 4.68. Found:
Cl, 5.80; Si; 4,61,
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Three recrystallizations of 1.3 g. of this material from
petroleum ether (b. p. 90-110°) were necessary before the
melting point was constant at 192-193°. A 604 recovery of
material was realized.

Atﬁampﬂs to purify the crude proﬁuct; melting at 135«
159°, (obtained by the treatment of tri-l-naphthylehlorosilane
with phenyllithium) by crystallization from chlorobenzene
gave inferior yiselds to those obtained by the exhsustive
digestion trestment but some of the complex was isolated.

35, Tri-l-naphthyl-p-tolylsilane.- This compound was pre-
pared by the‘aﬂxian af,gftalyllithi@m on tri-l-naphthyl-

silane, -chlorosilane, -bromosilsene, and -sthoxysilane, but
only the latter compourd gave high ylelds. It is believed
that this is the case only because of the ease of purifica-
tion and not beegause the other compounds do not react come-
pletely. |
(a) From Tri-l-naphthylethoxysilane and p-Tolyllithium. -

A solution of 110 g. (0.24 mole) of tri-l-naphthylethoxy-
silane and 1 1., of dry benzene was effected by heating and

0.34 mole of an ethereal solution of p-tolyllithium (made in
904 yield in the usual manner) was added. Color Test I was
positive after refluxing the mixture for four days. The brown
mixture was poured into dilute hydraehlarla acid, the inorganie

salts were removed by extraction, and the solvent was removed



from the organie layer. The hard, brittle brown solid was
melted, poured into a large mortar, and pulverized. There
was obtalned 118 g. (924) of erude product melting at 220-
223°, Exhaustive digestion with small portions of boiling
acetone gave 98 g. (80%) of pure tri-l-naphthyl-p-tolylsilane
melting at 232-233°. The analytical sample was recrystallized
twice from ethyl acetate but the melting point did not change.

Anal. Calcd. for CyqHogS1; 51, 5.60. Found: 81, 5.68,
5.TRe

In another run xylene was used for a selvént instead
of benzene in an attempt to reduce the reaction time. Al-
though Color Test I was negaiive after twenty hours when
equivalent qaantitiaa of silicon compound and organclithium
reagent were used, the mixture t rned dark brown and the
final product was difficult to purify with attendant decrease
of yleld. A check run of p-tolyllithium, when refluxed in
xylene for twenty hours, gave the same color change and a
brown to yellow ether solution after hydrolysis. |

{b) From Tri-l-naphthylchlorosilane and Er?alyllithium.~
Preparations starting with tri-l-naphthylchlorosilane gave

variable results. The proced.re used was essentially the

only the corresponding silunol was isolated, while in others
fair yields (40-60%) of the expected product were isolated.
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In all of the instances where the silanol was isolated the
yield of p-tolyllithium was between 50 and 60%4. It is be-
lieved thzt the organolithium reagent was consumed by coupling
with the unised p-bromotoluene and thait the starting chloro-
sllane was hydrolyzed incidental to the process of isolation.
Here again the use of xylene as a solvent gave colored im-
purities that were difficult to remove. A4 reaction period of
three days In benzene appeared to be the optimal conditions.
(¢) From Tri-l-naphthylbromesilane and p-Tolyllithium,-
Equivalent quantities of tri-l-naphthylbromogilane and p-

tolyllithium reacted in only twe hours in refluxing ether to
give & 60f yield of the expected product. Again the crude
product, melting ca. l@@-l@ﬁa; was difficult to purify by
erystallization and this yield was isolated by digestion with
small portions of acetons.

(4) From Tri-l-naphthylsilane and p-Tolyllithium.- Tri-
l-naphthylsilane did not react with one equivalent of p-

tolyllithium until the mixture in benzene had refluxed for

slx days. After this treatment the product was contaminated
with colored impurities. The digestion procedure was not
effective in this case probably due to the extreme insolu-
bility of tri-l-naphthylsilane in acetone. Only after a long
systemstic cerystallization procedure :sing ethyl acetate was a

124 yield of tri-l-naphthyl-p-tolylsilane isclated f{rom the
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colored oils and low-melting solids.

36, Iri-g-tolyl-p-bromophenylsilane.- Equimolar quantities

of ethereal solutions of 0.425 mole of p~dibromobenzene and
n-butyllithium were mixed at 5° in accord with published
directions (43). The solution was stirred at that tamper&tgra
until Color Test II became n@g&tiva; a period of two hours,
then 30.C g. (0.09 mole) of tri-p-tolylchlorosilane wasg added
to the stirred solution., After the mixture had refluxed for
eighteen hamrﬁ; Color Test I was negative. The inorganic
salts were eliminated in the usual mamner by extraction and
the solvent was removed from the organic layer to obtain an
oil. Attempts to crystallize this oil from the common organle
solvents were unsuccessful.

All of the organic material was eambin&ﬁ and distilled
at 1.0 5m. The fraction boiling at 215-260°, after digestion
with 20 ml. of petroleum ether (b. p. 90-110°), gave 12.6 g.
of white solid melting at 172-178°. After two recrystalliza-
tions from the same solvent, there was obtained 9.3 g. (23%)
of white solid melting =t 185-187°.

Ansl. Caled. for GgqﬂgﬁﬁrSi: Br, 17.4; 81, 6.13. Found:
Br, 16.3, 16.2; 51, 6.24, 6.20.

57. Tri-l-naphthyl-p-bromophenylsilane (Attempted).~- An

ethereal solution of p-bromophenyllithium was made as de-
seribed in the previous section from 183 g. (0.65 mole) of
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p~dibromobenzene and an eguimnlar guantity of p-butyllithium.
To the stirred solution was added 34 g. (0.077 mole) of tri-
l-naphthylehloresilane and after this mixture had refluxed
for fifteen hours, Color Test I (B&) was positive. The sol-
vent was then replaced with dry benzene and after refluxing
for four hours Color Test I was negative. This run was worked
up as daseribed in the previous saetiaﬁkané the solvent was
finally rewmoved at C.l mm. at 100°, After consideradble
manipulation of the red oil; there was obitained from acetone
22 g. (68%) of crude tri-l-naphthylsilanol melting at 208~
203°.

mola) of silican.tetr&enlarida was added 0.45 mole of 1-

naphthyllithium (made from 67 g. (0.5 mole) of l-bromo-
naphthalene and 8 g. (1.1 g. atom) of 11tnium) in 400 ml. of
ether. Color Test I was negative until 3.1 equivalents of the
organolithium reagent were added and positive even after re-
fluxing for three days after four equivalents had been added.
The purple mixture was hydrolyzed in the usual manner to yleld

a yellow organic layer. The solvent was removed and after

' (64) H. Gilman and F. 8chulza, 4. 5@, Chem. Soa., 47,
2002 (1985).



considerable manipulation of the black tar, 1.8 g. of crude
perylene melting at 268-264° was erystallized from benzene,
Practically all of the common organic solvents were used in
various combinations and some of the yellow solids were dis-
tilled at 20 mierons but no sharp-melting products could be
isolated. A few mg. of a white solid melting at 325-340° were
obtained but this high melting material could not be isoluted
from two other runs made under similar conditions.

Whag an excess of l-naphthyllithiuvm was added to ethyl
silicate, only traces of perylene were isolated from the

| black tars.

lithium.- Ten grams (0.022 mole) of tri-l-naphthylchloro-
silane was added to the suspension resulting from mixing

0.1 mole of l~bromonaphthalene to 0.1 mole of p~butyllithium
in ether and refluxed for three days. Color test I was then
negative. Following hydrolysis and removal of the inorgenic
salts, the organic layer was sta&mnﬁistillad and the residue
was extracted with ether. After removal of the solvent from
the ether extract and crystallization from petroleum ether
(b. p. 90-118°), 7.5 g. (75£) of crude tri-l-naphthylchloro-
silane meltlng zt 201-803° was recovered in three crops.
This material showed no éeyras$ian of melting point when mix-d

with an authentic specimen.
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l-n-Butylnaphthalene was isoluted from thasa’runﬁ.
Apparently the failure of this experiment was due to the
faster rate of the coupling reaction of l-naphthyllithium
with n-butyl bromide as compared to the desired reaction of
l-naphthyllithium with tri-l-naphthylchlorosilane.

When l-naphthyllithium made by the direct procedure was
mixed with tri-l-naphthylchlorosilzne in xylene and baked at
150-180° for three aays; no isolable products could be ob-
tained from the black tars.

In an;attempt to alimim@t& the highly colored by~
products, solid le-naphthyllithium (65) was prepared by
halogen-metal int@reanversion; dissolved in benzene, an ex-
cess was added to a benzene solution of tri-l-naphthylechloro-
silane, and the mixture was refluxed for twenty hours. After
this treatment Color Test I was positive and the mixture had
turned dark brown in color. Hydrolysis in the usual manner
and removal of the inorganic salts by extraction gave a yellow
organic layer. Attempted crystalllzations from & number of
common organie solvents gave a 104 recovery of tri-l-paphthyl-
chlorosilane (mixaa m. p.) and 8 number of unidentified solid

mixtures and tars.

(65) This Thesis.



0.766 N benzene solution of 1~n&phthyllithium was made by

following the directions previcusly outlined (65). Five ml.
(7.75 g., 0.027 mole) of hexachlorodisiloxane was added to
about 100 ml. of dry benzene in the usval apparatus, 190 ml,
(0.116 mole, RLi/silicon compound = 4.3) of the orgenolithium
reagent was agﬁ@ﬁ. and the mixture was refluxed until Color
Test I became negative (thirty-six hours). A benzene solu-
tion of 0.05 mole of the l-naphthyllithium solution that was
run under the same conditions showed a strong positive Coloxr
Test I after refluxing for six days. An excess of 0.06 mole
of the organolithium reagent was then added and the mixture
was refluxed an additional two days. Although Color Test I
was still positive, the mixture was hydrolyszed and the in-
organic salts removed by extraction in the usual manner. A
tan solid, suspenied between the ether and agqueous layers,
was filtered from the galuti&n. This materlial weighed 15.5
g., melted at 300-400°, left a white ash not alkaline to
litmus when ignit&ﬁ; contained no halogen or lithium, and
was very iagalahla in 8ll the common @rgania solvents. A
sharp-melting pra@uct could nag be obtained by crystalliza-
tion; ﬁigasti@n; or gxtraetiaa, ‘Thim m&tatial may be the
eruéavh@xa~1~na§hthy1ﬂisilexana or possibly a naphthylpolysil-

oxXane.



grams (0.023 mole) of tri-l-naphthylsilanol and 100 ml. of
99-1007 formic acid were mixed and reflixed for fifteen
~hours. The solution was diluted with water, neutralized
with sodium carbmnmta; and extracted with benzene. The ben-
zene layer was concentrated and allowed to stand. After two

days, 8.5 g. (85%) of tri-l-naphthylsilanol (determined by a

mixed melting point) was recovered in two crops.

procedure was patterned after a published method (185) for
making hexaphenyldisilane from triphenylchlorosilene and
sodium. Ten grems (0.0225 mole) of triel-naphthylchlorosilane
was dissolved in 300 ml. of hot dry p-xylene, 7.5 g. (0.32 g.
atom) of bright clean sodium metal was added in small slices,
and the resulting mixture was refluxed with vigorous stirring
for five hours. The excess saﬁiuﬁ was removed by hot filtra-
tion and the light yellow filtrate was set aside to crystal-
lize. After one week 0.4 g. (4%) of impure tri-le-naphthyl-
ehlorosilane melting at 198-200° was removeu from the solution.
The solvent was removed from the mother liguor to yield a

yellow viscous oil. After considerable manipulation from

(66) Unpublished studies by H. W. Melvin.



several different solvents, 1.8 g. (18%) of impure tri-l~
naphthylchlorosilane (mixed m. p.) was separated. No other
products were isolated from the yellow oils.

This experiment was repeated using the same quantities
of starting materisls but the mixture was refluxed for thirty-
six hours. A recovery of 184 of the tri-l-naphthylehloro-
silane was the only preoduct that was isclated.

(b) From Hexachlorodisilane and 1-Naphthyllithium.- To
a solution of 10 g. (0.037 mole) of hexachlorodisilane in
ether was added dropwise with stirring 0.5 mole of 1~
naphthyllithium (made by the direct procedure) (RLi/silicon
compound = 8) in 300 m;. of ether. Even after refluxing the
mixture for three days, Color Test I was positive. The mix-
ture was hydrolyzed and the ilnorganic salts were removed in
the usual menner and the organic layer was steam-distlilled.

A considerable quantity of naphthalene was collected from the
distillate and the orange resid.e was extracted with ether.
After replacing the ethsr with benzene and cooling, l.1 g. of
& yellow solid melting at 220-225° was collected. This
material after two recrystallizations melted at 261-263° and
was shown to be perylene by a mixed melting point. The fil~
trates were combined and by using petroleum ether (b. p, 60-
80°) as a diluant and collecting several solids after slow

evaporation of the sol:tions, 1.6 g. of a yellow s0lid melting
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at 230-253° was obtained. By treating this material with a
few ml., of cold coned. sullurie aeiﬁ; 0.3 g. of a white
solid melting at ﬁ%ﬁfﬁﬁlﬁ wag obtalned after washing the
’r@siﬁma with ethanol.

This experiment was repeated in an effort to obtain more
of the last mentioned solid but none could be found. Perylene
and naphthalene were the only products 1solated.

In an attempt to eliminate the colored by-products, the
l~-naphthyllithium was made by halogen-metal interconversion
and reacted with the silicon compouhd. Equivalent amcunts
(0.56 mole) of l-bromonaphthalens and p~butyllithium were
mixed as usual at ~5“; stirred for twenty minutes, and 11.9
g. (0.041 mole) of hexachlorodisilane in 50 ml. of ether was
added with vigorous stirring. Color Test I was not negative
until the mixture had refluxed for two days. Following the
usual hydrolysis and extraﬁtian; the organie layer was dried
and the solvent was replaced with petroleum ether (b. p. 90~
120°). About 0.8 g. of white solid melting at 176-180° was
collected after the solution had aémcé at 0° for two &&ys.
Attempted purification by recrystallization from ethanol, ben-
zene, or petroleum ether (b. p. 90-110°) gave only sticky
s01ids and oils. The main filtrate gave only gums and oils
wh&n erystallization was attempted from the common arg&ni&

solvents.
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41. Tri-l-naphthyl-p-bromomethylphenylsilane. (Attempted).-
The pr&éa&ura for obtaining triphenyl-p~-bromomethylphenyl-

silane from triphenyl-p-tolylsilane and N-bromosuccinimide
was used in this preparation. Fifteen grams (0.03 mole) of
tri-l-naphthyl-p-tolylsilane were dissolved 1@]5@@ ml, of
carbon ﬁ@traaglariﬁe; 5.35 g. (0.03 mole) of finely powdered
HBS was added,¢ané the mizture was refluxed with stirring
for thirty minutes while irradisting the reaction flask with
& merecury vapor lamp., The NBS had disappeared from its place
on the bottom of the flask and a test for active bromine was
negative. Aflter cooling and filtering off the smccinimiﬂe;
the solvent was removed from the filtrate to give a yellow
oil. Digestion of this oil with about 200 ml. of petroleum
ether (b. p. 90-110%), followed by filtration, gave 14.C g.
of yellow solid melting over the range 150-155°. Even after
several recrystallizstions from ethanol, ethyl acetate, and
petroleum ether (b. p. Qa*llﬁa}, the melting point range
could not be raised above 169~165a.

This experiment was repeated twice with essentially the
same negative results.
42, Iri-l-naphthylsilylbenzole seid. (Attempted).- Several
attempts were made to oxidize tri-l-naphthyl-p-tolylsilane
with chromium trioxide by the same procedure that was used to

prepare p-triphenylsilylbenzoic acid from triphenyl-p-
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tolylsilane (63). A typical experiment is describec. Ten
grams (0.08 male) of tri-l-naphthyl-p-tolylsilane was sus~
pended in 400 ml. of glacial acetle acid and 6.0 g. (0.06 mole)
of chromium trioxide was added in small portions to the
stirred mixture. After stirring for an additional hour, the
green solution was poured onto crushed ice and filtered.

There resulted an 80% recovery of tri-l-naphthyl-p-tolylsilane
as evidenced by the mixed melting point method.

In a similar experiment the mixture was refluxed for
fifteen minutes and a 15% recovery of the starting arg&na-
silicon compound was obtained. Extraction of the organic
material with potassium and ammonium hydroxide followed by
neutralization of the aqueous layer did not reveal any acid.
(It was expected that some benzolc or phthalic acid might be
formed from oxidation of cleavage pradu¢ts.)

Three runs were made in which 1, 3, and 10 ml. of concd.
sulfuric acid were added to the respective mixtures which
were all stirred at room temperature throughout the reactlion.
Tri-l-naphthyl-p-tolylsilane was not isclated from these
attempts but the resulting oils and tars resisted purification.
These latter substances apparently were not acidic. ZEssentially
the same negative results ware obtained by uvsing sulfuric acid
at 50° and 100° except that some charring occurred at 109”.»
These modificstions of the basic procedure may have been too

severs.
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B. By-produects Formed During the Preparation and
Use of Organclithium Reagents

l. Perylene.~ The hyﬁra@arkan; §arylana; was isolited from
several mixtures while attempting to prepsre l-naphthylsilicon
compounds by the resction of l-naphthylllthium with various
chloro- and ethoxysilanes. In every case where perylene was
found the l-naphthyllithiuvm had been made by the direct pro-
eedure from l-bromonaphthalene and lithium metal. This hydro-
carbon was alsa found (58) in 3% yleld when a preparation of
J-naphthyllithium was hydrolyzed. The following experiments
were carried out in an attempt to determine the mechanism of
the formation of perylene.

Authentic specimens of perylene were made by the three
methods given below.
(a) From
tion was made in essential a¢cordance with published directions

(67). These workers reported & yield of 104 of product melt-

This prepara-

ing at 264-865°, The material in our investigation was ob-
tained in only 3% yield melting at 268-269° (cor.).
The

directions of Weiltzenbock and Seer (68) wers falleﬁed. A

{6?) R. %ehmll, c. 3@@r, and R, weitz&nbeck,<§g;., 43,
2203 (1910). :
(68) R. Weitzenbock and C. Seer, Ber., 46, 1996 (1813).
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yield of 4% is reported and the product melted at 264-265°.
A 6% yield of product melting at 268-269° (cor.) was found
in our investigation. ' ,

hthol.~ The A-dinaphthol used was
made in essential accordance with published directions (69).

Thas@ investigators report a 90f yleld of crude product melt-
ing at 212-213° while a yield of 82% melting at 215-216° was
obtained in our study. \

Perylene of m. p. %&&~369“ (cor.) was made in 654 yield
by treating A=-dinzphthol with phmsphdxua pentachloride and
phosphorous acid by following the directions of Brass and
Tengler (70). These workers reported a 787 yield of product
melting at 264-265°, The phosphorus acid that was used in
our investigation was made by an established procedure (71)
from phosphorus triéhlariﬂa and hydrochloric aeid.

In addition to the mechanisms reported (58), perylene
may be formed during the preparation of l-naphthyllithium by
the direct method by the action of lithium metal on the inter-
madiata; 1;1'~hinaphxhyl. ¥any hydrocarbons have besen shown
to add alkali metals (39) but no instances could be found

(69) R. Pummerer, E. Prell, and A. Rieche, Ber., 58,
2160 (1826). ' ' ' = : o

(70) X. Brass and E. Tengler, Ber., £4B, 1646 (1931).

(71) D. M. Yost and H. Russell; "Systemitie¢ Inorganie¢
Chemistry®*, Prentice-~Hall, New York, 1944, p. 198.



where ﬁ@hyﬁréganﬁtimn and eyclization were effected by this
treatment. ?ha{fall@wing experiments with 1,1'binaphthyl,
£,8'~binaphthyl, and 9,9'-biphenanthryl were carried out to
determine the extent of this cyelization.

Although this prepuration was carried out in strict accordance

with a published procedure (72), there was obtained a crude
yield of only &G% as compared to the reported practically
quantitative yield. Banamﬁ% and Turner 4o not report a pure
yield, but when the erude material obtained in the present
investigation was reerystallized from ethanol, there resulted

a 904 recovery of pure material: a 36f yleld.

The treatment of phenylmsgnesium bromide with aphydrous cupric
chloride is reported to give an 80% yield of diphenyl (73).
However, this method afforded only a 304 yield of pure 1,1'-
binaphthyl in this study. The crude product, melting at 146-
152°, was dissolved in petroleum ether (b. p. 90-110°) and
this solution was poured through a eolﬁmn‘ar'axamina. After
the solvent was removed from the filtrate, 954 of the weight

(72) ¢. M. Bennett and E. E. Turner, J. Chem. Soc., 10B,
1057 (1914). o o R * I

(73) J. Krizewsky and E. E. Turner, J. Chem. Sogc., 115,
559 (1%19).
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of the erude product was recovered as pure 1,1'-binaphthyl
melting at 155-1585.5°,

, rolysig.~ The binaphthyl used in
this experiment was purified by treatment with alumina as de-
seribed in Section (b) of the preparation of 1,1'-binmaphthyl.
To a solution of 0.%50 g. (0.00385 mole) of 1,1'-binaphthyl in
15C ml. of dry ether was added 0.8 g. (C.1l1l g. atom) of
lithivm wire. This mixture was stirred for two hours at
room temperature (23°) in & nitrogen atmosphere. After stir-
ring for five minutes the mixture turned dark purple in
color, The lithium metal was held back with & plug of glass
wool and the lig id was poured onto about 300 ml. af‘watar.
After the inorganic salts were removed by extraction, the
solvent of the ethersal layer was replaced with about 20 ml.
of benzene. In three crops 0,86 g. of yellow solid melting
at £40-850° was filtered from the solution. Recrystalliza-
tion from benzene gave 0.21 g. (484 based on the binaphthyl)
of perylene melting at 264-266°. A mixed melting point with
an aunthentlic specimen showed no depression. No other solids
could be obtained from the orange and red oils obtained from
the flltrates. |

This experiment was repeated and worked up by chromato-
graphiec methods in an attempt to isolate either & higher
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yield of perylens or other products that may have been formed.
The same quantities of st&rtﬁag materials and solvent were
used and the mixture was refluxed with stirring for ten hours
in a nitrogen atmosphere. The mixture was worked up as be-
fore, replacing the ether with 600 ml. of dry banaana. One
liter of petroleum ether (b. p., 90-110°) was added, the solu-
tion was poured through & £ by 8 inch column of alumina, and
the progress of the bands wag followed with the aid of mercury-
are lamp. After development with petroleum ether (b. p. 60~
aa”) and bengzene, several bands developed on the ¢olumn but
oils only were isoluted by extrusion, cutting, and elution

of the zones. ,

(b) Followed by Carbonation.- A mixture of 1.0 g.
(0.0064 mole) of 1,1'~-binaphthyl (purified by chromatography),
0.65 g (0.092 g. atom) of lithium, and about 150 ml. of
dry ether was refluxed under the usual anhydrous conditions
for nine hours. After straining the solution through a small
glass wool plug to separate the unreacted lithium, the volume
was 155 ml. A 5 ml. aliquét was titrated with standard acid
and showed that the solution was 0.153 N in base (phenol-
phthalein indliestor). This value corresponds to 0.0837 mole
of base. If all of the base was present in a carbon-lithium
linkag&; this indicates that about four aquxval&nts of lithiunm
reacted with one mquxvalant'ef binaphthyl. The ether solution



was carbonated by pouring onto a slurry of Dry Ice and ether.

By conventionsl extraction procedures there was obtained
0.98 g. of an orange sollid melting at 230-236° which had a
nsutral sguivalent of 316. The melting point could not be
raised by r@ﬁryﬂt&lliz&tian’fram benzena and ethyl acetate.
By extraction of this material with methanol in a Soxhlet
appamms; a erop of 0.31 g. of red solid melting at 180-280°
and having a neutral equivalent of £96 was collected. It is
believed that this acid may be 8-carboxy-l,1'-binaphthyl (74)
(molecular weight 3@&; m. p. 240%).

This experiment was repeated using 10.00 g. (0.064 mole)
of 1,1'-binaphthyl and 1.4 g. (0.Z g. atom) of lithium in
ether refluxing for two hours before carbonation. The ethereal
layer after treatment with Dry Ice was extracted six times
with 3ﬁ$‘m1. portions of dilute hydrochlorie acid, followed
by water, then with 104 potassium hydroxide. The basie layer
was extracted in a liquid-liquid extractor with ether for
sixteen hours. This step was done in an attempt to free the
basic layer of all meutral substances. During this treatment
1.55 g. of a yellow solid separated which was insoluble in
aeid; basa; and most of the common organic solvents.

The basie layer was ac¢idified to give, after dryisng,

(74) J. Meisenheimer and 0. Beisswenger, Ber., £5, 38 (1932).
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2.9 g. of an orange-red sclid. This solid melted at about
120° with considerable frothing and the neutral equivalent
was 195.. |

The neutral athe? solutions were combined, the solvent
was replaced by 50 ml. of benzene, &n@ allowed to erystallize.
After two weeks 2.3 g, of black aalid; e Do ﬁﬁﬂ~ﬁaﬁa, was
filtered from the solution. Two recrystallizations from ben-
zene, gave 0.3 g. of perylene (mixed m. p.), melting at 262-
264°.

2,84 -Bins wl.~ A 43% yield of ﬁ;ﬁ'nbinaphxhyl melting
at 182-183° was obtained from Z-naphthylmagnesium bromide
and cupric chloride by the same procedure given in sectlion
(b) of the preparation of 1,l'-~binaphthyl.

2'~Binaphthyl and Lithium.- A mixture of 0.5 g. (0.0012
mole) of 2.%'~binaphzhyl; 1.6 g. (0.83 g. atom) of lithium
wire, and 125 ml. of ether was refluxed with stirring in a

nitrogen atmosphere for twenty hours. The mixture turned

dark purple and opaque in about two minutes and Color Test I

was positive immediately after the purple color appaara&..

After the solution was strained through coarse glass wool,
aliquots were titrated with standard acid in the usual manner
as with an aryllithium reagent (37). The norms:lity was C,.065
which corresponds to 0.0078 moles of alkali. This indicates
that four aﬁ&ivalants of lithium had reacted with one equivalent
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of binaphthyl (0.0078/0.0019 = 4.l1). After the mixture was
hydrolyzed and the layers were separatad; the solvent was
renoved from the organic layer to yield a yellow solid melt-
ing from 120° to £50°. Several unsuccessful attempts were
maﬁa'ta‘purify this solid by crystallization from ethanol,
benzene, and petroleum ether (b. p.>sa~a@°> but only small
amounts of gummy solids wers isolated.

Chromatographie purification using the combination of
alumine and petroleum ether (b. p. 60-80°) indicated that
several components were present. After extruding, cutting,
and eluting there resulted 0.50 g. (10%) of 2;2'—b1naphthyl
(mixed m. p.) and a number of yﬁllaﬁ‘ails.

Another run was made using the same quantities of start-
ing mauterial in the same manner. This mixture was carbonated
in an attempt to establish the location of the carbon-lithiuan
linkage by characterization of the resulting acid. Carbona-
tion wes effected in the usual manner by pouring the reaction
mixture onto & Dry Ice-ether slurry. The resulting ethereal
solution was carefully extracted with 10£ potassium hydroxide.
The basic layer after acidification gave 0.10 g. of a yellow
s01id melting over the range 117-135° with gas evolution.
This melting point range was not changed by gavaral recyrstal-
lizations from bengzene-petroleum ether (b. p. 80-80°) mixtures.

After the nsutral ether layer had atoea'far several days, there
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was removed 70 mg. of crude £,28'-binaphthyl melting at 177~
179°.

This preparation was mede in essential

accordance with a pblished procedure (75) from $-phenmanthryl-
magnesium bromlide and anhydrous ekpria‘@hleriée. A 68% yield
of product malﬁing.at 183-184° was obtained while Bachmann
reports an 82¢ yleld of material melting st 1&1~1&Eﬂ. 7

: A anthryl Lithi & mixture of 0.10 g.
(0.000L8 mﬂla) of © 9'»biph@a&ﬁthryl. 1.00 g. (0.14 g. atom)
of lithium, and 50 ml. of dry ether was refl xed with stirring

in an atmosphere of nitrogen for three days. The mixture was
purple within three minutes. The cantanta of the flask were
poured onto about 400 ml. of water, the layers were separated,
and the ethersal layer (yellow in color) was dried overnight
with scdium sulfate. The solvent was removed and the residue
was dissolved in 300 ml. of dry petroleum ether (b. p. 90~
110%). This solution was poured through 80 g. of alumina in
& one inch column and developed with petroleum ether (b. p.
60-80°), benzene, and finally ether. After the sclvent was
removed from the benzene and ether aluants;kthar@ was cbtained
20 mg. of a brown solid melting at 315-317°. This materisl
may be a dibenzperylene.

(78) W. B. Bachmann, J. Am. Chem. Soc., 56, 1363 (1934).
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The alumina was extracted with methanol and after reduc-
ing the volume there resulted £6 mg. of brown solid melting
over the range 130-142°,

8. l-p-Butylnaphthalene.- Incidental te the prepsration of

some organosilicon compounds, this hydrocarbon was isolated
in 40-604 yields when l-naphthyllithium was made by & halogen~-
metal interconversion. A survey of the literature (76) re-
vealed considerable discrepancy in regard to the physical con-
stants of the p-butylnaphthalenes. Consequently, the follow-
ing studies were carried out to detsrmine the sxtent of this
reaction in regard to & preparative method for synthesizing
reference specimens of hydrocarbons.

Equivalent quantities (0.49 mole) of l-bromonaphthalene
and p-butyllithium were nixed and allowed to reflux gently.
After the exothermic reaction had subsidad; the solutlion was
heated to maintain reflux conditions until Coler Test I be-
came negative (a period of thirty-six hours). The mixture
was nydrolyzaﬂ; inorganic salts were removed by extraction,
and the orgenic layer was distilled at 3.% mm, The fraction
boiling at 136-143° was collected: 78.0 g., ngC 1.5865.
Careful fractionation of this materisl thraﬁgn a8 column of

(76) The literature 1s reviewed by A. 8. Bailey, G. B.

?iekagzug, and H. C. Smith, J. Inst. atra;egg 38, 103
1949).
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elaven thﬁarétieal plates gave 71.0 g. (83%) of a colorless
S ;

oil: b. p. 287-288° at 745 mm., ng- 1.5812, ngg 0.978.
These physical constants are in good agreement with the pub-
lished values (76).

The gym-trinitrobenzene complex was prepared (76) by
mixing and fusing weighed equivalent guantities of the
components to obtain a yellow solid melting at 78-74%. A
mixed melting point with a reference specimen (77) melting
at 70-71° showed no depression. A mixed melting point with
the corresponding complex of 2-p-butylnaphthalene (m. p. 756%)
(7?} showed a large depression.

This experiment was repeated in essentially the same
manner except that 204 excess n-butyl bromide was added to
the refluxing solution immedistely after the p-butyllithiwm
and l-bromonsaphthalene were mixed. 'In,th&a gase it was
necessary to reflux the reaction for only twenty-four hours
before Color Testbx was negative. After the material had
been fractionated, an 87% yleld of pure product was obtained.

In anothsr run the ether was replaced with benzene
immediztely after mixing the starting materials. Color Test
I was negative after refluxing the resction for fifteen hours,
but the yleld of pure product was only 38%.

(77) Kindly supplied by A. S. Bailey, The Dyson Perrins
Iaboratory, Oxford University.
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9. 1?nsﬁaxyln&9hxnalena.~ This experiment was carried out
to check the method outlined in the previous section. An

ethereal solution of 0.41 meole of n~hexyllithium was made in
the usual menner (42) in 704 yield and was added to an
equivalent amount of l-bromonaphthalene. A 20%4 excess of 1-
bromohexans was added and even after this mixture had been
refluxed for five days Color Test I was positive. The solu-
tion was poured onto a Dry Ice-ether slurry and the acid was
isolated in the conventional manner by extraction. A 4.2%
yield of l-naphthoic acid (mixed m. p.) melting at 155-156°
was lsolated.

The neutral ether solution was worked up by fractional
distillation in essentially the same manner as that described
in the lﬁgwbutylnaphxhalana‘aéatimn to obtain a 61% yield of

product: np  1.5652, Dag 0.957. These physical constants

are in good agreement with the reported . values: a%a 1.56858,

D20 0.988 (76). |

10. l-Naphthyllithium and Benzyl Chlorids.~ Equivalent amounts
(1.0 mole) of l-bromonsphthalene and p-butyllithium were mixed
at -8%, stirred for thirty minutes, and an excess of 190 g.
(1.5 moles) of f#a&h&y distilled benzyl chloride was slowly
added to the stirred mixture. Color Test I was negative
immediately after all of the benzyl chloride had been added.

After pouring into water and separating the layers, the organic
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material was distilled at reduced pressure. The fraction
boiling at 260-270° at 3.5 mn. was digested with petroleum
ether (b. p. 39—6@ ) and the solution was allowed to crystal-
lize undisturbed. After two days 33 g. of white solid melt-
ing st 81-83° was removed. Recrystallization from ethanol
raised the melting paint to 82-83°. (The expected pruﬁueu;
l-benzylnaphthalene (7&), melts at 58°%) A sodium fusion test
showed halogen to be &bﬂﬁﬁ?, the material was insoluble in
concentrated sulfuric aeiﬁ; and a picrate could not be made.
An ultra~violet absorption spectra was made on the Carey
racording spectrophotometer which showed maxime at 873, 283.5,
£292.5, and 376 mu .

On the basis of this data and that reported by other
investigators concerning & similar reaction (79), it is be-
lieved that this compound is 1—naphthylphﬁnylhanaylmathana.

The following experiments were carried out in an attempt to

synthesize thls hydrocarbon.

This procedure was patterned after that of Ziegler and c¢o-
workers (80) who obtained 4,/€~d1pnany1ﬁa~baptylie acid by

(78) 6. $glaf£, “Phyﬁiaal Constants of Eyaraearbens”
Vol. IV, Reinhold, New York, 1947, p. 287.

(79) G. wWittlg and H. Witt, Ber., 74, 1474 (1941).

(80) K. Ziaglar, F. Cr8ssmann, H. Kleiner, and 0.
schifer, Ann., 473, 1 (1929).
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carbonating the mixture resulting from adding p-butyllithium
to stilbene. .

An ethereal solution of 5.0 g. (0.028 mole) of stilbene
and 0,056 mole of l-naphthyllithium (made in 86% yield by the
direct procedure) was refluxed for sixteen hoars. Following
hydrolysis and separation of the layers, the organic material
was distilled at 3.0 mm. The fraction boiling at 240-308°, a
red oil, was digested with about 4 ml. of petroleum ether
(b, p. 30-60%) and cooled. There was obtained 2.3 g. of
stilbene (mixed m. p.) melting ot 118-120°. 411 of the fil-
trates were eembinaé; dissolved in petroleum ether (b. Pe
30-60°) and chromatographed on alumina. About six distinet
bands developed on the column indicating that the ﬁixture
contained an excessive amount of impurities. After extruding
and sepayrating the six bands on the alumina, the organic
material was eluted with methanol. All fractions gave only
colored oils which could not be crystallized.

12. l-Naphthylphenylbenzylecarbinol.~ Ethereal solutions of
0.13 mole of bengzylmagnesium chloride and 15.0 g. (0.065
mole) of l-naphthylphenyl ketone were mixed in the usual
apparatus and refluxed for thirty minutes. After hydrolysis
with water and separation of the layers, the salvant was Ire-
moved from the organic layer to give a yellow solid. Iwo

digestions with 20 ml. portions of petroleum ether (b. p.
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90~110°) removed the yellow color to leave a white solid.
Crystallization from ethanol gave 14 g. (674) of white cry-
stals melting st 148-148°. This compound is reported to melt
at 150° (81).

13, 1,8~Di: 1 , b
ber of substituted stilbenes has been prepared (88) by dis-

tilling the corresponding carbinol at reduced pressure in the
presence of a trace of sulfuric acid. Seven grams (0.081
mole) of l-naphthylphenylbenzylearbinol were distilled at 0.1
mm. after adding 3 drops of 50£ sulfurie acid to the dry solid.
The fraction boiling at 215-226Q, 6.0 go of & yellow viscous
oil, was collected and dissolved in petroleum ether (b. p. 6C-
80°%). Only oils were obtained rfam.m@thaagl; ethanol,

petroleum ether, and various combinations of these solvents.

zvicarbinol

by Cugaev's Method.- The Cugaev (83) reaction consists
essentially in the formation of the methyl xanthute of the
algohol by reaction of the alkall metal derivative of the
aleohol successively with carbon disulfide and methyl iodide:

(31) H. Bauar. Bep., AR, 2589 (1@@9).

(82) W. Tadros, K. Farahat, and J. M. Rubson,ﬂg; gggg
50c., 439 (1949),

(83) *Tschugaeff" is an alternate spelling that often
is used.
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6 ' ﬁ
ROM + C8,——> ROC-SM ot ROC-8CH,
Distillation of the methyl xanthate results in its breakdown
- to methyl mercaptan, carbon oxysulfide, and the dehydrated
aleohol:

RC RCH CH-CHpk! Cos

wzz\m'“"“mﬁ‘“‘" RCHg~CH c;v " civzzl—asa

Although this reaction was carried out in essential
a¢eordance with the procedure outlined by Alexander and
Mudrak (84) for use with a similar carbinal; a 924 recovery
of our starting carbinol was isolated.

Since it was believed that the sodium salt of the carbinol
was not formed initially in the three step reaction, the
lithivm salt was made by adding an equivalent smount of n-
butyllithium to the aleohol. The above reported procedure
was then followed but an B44 recovery of the carbinol was

isolated.

preparation was attempted in order to obtain l-naphthylphenyl-
benzylmethyl chloride for subsequent reduction to the hydre-
carbon by the use of lithium aluminum hydride. Two grams

(84) E. R. Alexander and A. Mudrak, J. Am. Chem. Soc., 72,
1810 (1980).
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(0.006 mole) of l-naphthylphenylbenzylcarbinol was refluxed

in benzene with 5 g. (0.042 mole) of thionyl chloride (freshly-
distillec from quinoline) for two hours. The solvent and
excess thionyl chloride were removed by distillation at re-
duced pressure to give a yellow oil, ?his material could not
be crystallized from petroleum ether (b. p. 60-80°), ethanol,

or bengzene.
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IVe. DISCUSSION

A. Organosilicon Compounds

Syntheses of the l-naphthylsilicon compounds in this
investigation illustrate the value of the halogen-metal
interconversion method for preparing organolithium reagents.
The use of l-naphthyllithium made by the direct procedure
introduces colored impuriti@é {58) which are extremely
diffic 1t to eliminate from the final product. When the
organolithium reagent was made by halogen-metal intercon-
version, a white produet was easlly obtained. However, this
method ¢an not be used when an extended reaction period
and/or high temperatures are re@uir@a. This is due to the
two reactants of the lnterconversion eaupling with each
other rather than with the desired compound. These reactions
are discussed more completely in Section B.

Since there was no obvious reason for believing that
tatra-ﬁ-naphthylaglan@ would not be formed as easily as
tetraphenylsilane, the fo mer compou.d was synthesized to
comp.re its physical properties with other tetraarylsilanes.

Tetra~g8-naphthylsilane (47) was made easlly from silicon
halides and Z-paphthyllithium but the tri-Z-naphthylsilyl
derivatives could not be isolated. It 1s belleved that the
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chief difficulty here was the absence of an accurate method
for determining the amount of Z-naphthyllithium. Negative
results were obtained when the organolithium reagent was
prepared by elther the direct procedure or by helogen-metal
interconversion. |

When g-naphthyllithium is made by the former methed,
the reactlion mixt re is highly colored. This color is probabvly
due to the addition of lithium metal to the intarmaai&ry bi-
naphthyl. This intermediate has been iscluted from reactions
using S-naphthyllithium made by the interconversion procedure
'in ylelds as high as 204 snd it is likely that a comparable
amount is formed when the direct procedure is employed. &,8'=-
Binaphthyl has been shown to add four equivalents of lithium
which on hydrolysis yields four e@uivalants of alkali. The
acid titer of tha'@rg&nelithimm preparation, then, would
show a higher yield of S-naphthyllithium thean is actually
'praaaak. Another complicating factor may be the variable
amount of binuphthyl formed during the reaction due to slight
variations in t@mperatura; rate of a&diniam; state of division
of the metal, etc.

The only satisfactory method for determining the extent
of halogen-metal interconversion is by carbonating aliguots
abt timed intervals and isolating the resulting acid. Several

indeterminate factors are present here: apprecisble amounts of
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water may be present in Dry Ice, the carbonation reaction may
not be quantitative, and some material m:y de lost while iso-
lating the acid.

The work reported in the experimental section for
synthesizing diphenyldi-p-tolylsilane shows that the organo-
lithium reagent must be added extremely slowly to replace
only two chlorine atoms in silicon tetrachloride., Morsover,
since the reaction of mﬂsﬁxarganﬁiithium reagents with silicon

tetrachloride is vigorous, the exact amount of organolithium
) r&&gént must be added in order to prevent more substitution
than is desirec. If the yleld of the organolithium compound
varies appreciably over a comparatively short period of time,
i.¢., thit period during which it is added to the silicon
halide, then the amount of orgenolithium reagent again be-
comes merely an approximation.

An inspection of the Stewart model of tri-l-naphthyl-
phenylsilane indicates %hétlﬁtarie hindrance may cause Ie-
stricted rotation and hence, in this case, the existence of
staraaiaam@raf If a model of this compound be seized by the
phenyl groups, it becomeg apparent that the right- and left-
handed “propellors* which are formed are not suparimposable
and; if these two forms actually exist; are enantiomorphic.
Holding the phenyl gro p pointing ﬁawmm&rﬂ, the three naphthyl
groups ¢an be placed in three other positions: (1) all three
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benz-substituents pointing down; (2) one up, two down; and

(3) two up, one down. Theoretically, then, four sets of
enantiomorphs or eight diastereoisomers are possible. How-
ever, some of these configurations may be forbldden in that
the energy relationships of the more highly strained positions
would be excessively high in compirison to the less-strained
arrangemsnts. The energy barrier, i.e. steric hindrance, may
be so small between some of these configurations that the
more highly strained isomers would be non-existent.

The possibility of this type of isomerism in such sub-
stances as triphenylmethyl and its ions was pointed out
recently (85) and somewhat later evidence (86) was submitted
to substantiate this prediction. These workers present
spectral studies concerning the crystal violet ion, tris-p-
dimethylaminophenylmethyl éayhﬁaiam ion,

(CHz ) oN— N(CHz)g +

L N(CH3)2

(85) G. N. Lewls and M. Calvin, Chenm. ggx., 95, 273 (1939).
(86) G. N. Lewis, T. T. Magel, and D. Lipkin, J. Am. Chenm.
S0c., 64, 1774 (1948).
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and interpret the data as indleating the existence of two
isomers. 7his phenomenon 1s referred to as the "windmill®
or *"propellor" type of isomerism. These investigators refer
to a form *A* in which the phenyl nuclel are all twisted
about the central carbon atom in the same direction, termed
helical symmetry. Isomer "BY, agsymmetric helicasl symmeiry,
has one of the nuclei twisted in the opposite direction from
the other two groups.

The forces which hold the groups in this fixed position
are ascribed to repulsion of the grtho hydrogen atoms and an
opposing force, thé tendeney of the ions to revert to a planar
configuration. An aémilibrium position is reached in which
these two forces are balanced. To present a more clear illus-
tration the central carbon-phenyl bonds may be thought of as
having one«third double bond character. This opposition of
forces, then, becomes a matter of the repulsive forces set up
between the ortho hydrogens tending to twist the "rigid"
carbon-carbon double bond.

It is interesting to note thaut Lewis found no difference
in the energy eéntant of the two isomers of the erystal
violet ion. The energy of activation for isomerization was
estim:ted to be 2-3 keal,

The same type of evidence indicates that the phenyl group
in a compound such as malachite green (phenyl-bis-p~dimethyl-
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aminophenyl carbonium chloride) is free to rotate about its
axlis. This is probably true because the phenyl group does
not participate in the main resonance of the molecule. There
is, then, little double bond character in the central carbon-
phenyl bond. Hence, since no force 1s in opposition to the
repulsive action of the ortho hydrogen atoms, the phenyl
groups are not held in a fixed position.

To extend this idea to the silicon compounds it is
necesgary that steric fa@t@ra alone must be relied on to
hold the partlcular group in a fixed position before isomers
can exist. QOrtho-substituents may force the nuclel in one
direction or another but some foree must hold that group in
a more or less fixed positlion so that it does not rotate far
anaugh to revert to th@ position occupled by its diastereo-~
isomer. For example, consider a right- and left-handed
propellor, it is known that these are not superimposable.
However, if the blades are free to rotate through an arc of
only 90° then, although some force may twist the blades from
8 planar arrangement, the new positions attained will give
two propellors identical in all respects. In the case of
the crystal violet ion, this opposing force 18 the tendency
of the ion to assume & planar configuration (or stated in the
older terminalagy; the energy reéuired to twist a double bond).
But since there 1s no evidence that silicon-carbon double bonds
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exist, steriec hindrance alone must prevent this free rota-
tion in order to satisfy the conditions for the existence of
isomers.

In order to prove this hypothesis by synthetic methods,
it is necessary to isolate one set of diastereolsomers and
resolve the palr of enantiomorphs. In this lnvestigation a
procedure was developed for brominating the methyl group in
triphenyl~p~tolylsilane. By this method the number of function-
al groups that can be introduced into tetraphenylsilane is
limited only by the number of reactions of a reactive bromine
atom. In this study the following functional groups were
attached to tetraphenylsilane: bromomethyl, dibromomethyl,
hydroxymethyl, formyl, cyanomethyl and carboxyl.

Howaver, when this method was uwsed to prepare the corres-
ponding tri-l-naphthylphenyl derivative by starting with the
Dp~tolyl compound, neo sharp-melting products could be isolated.
It is believed thut the bromination reaction proceeds smoothly
and that the failure of this method is merely a faillure to
develop the proper conditions for purifying the crude product.
On the other hand, one or more of the naphthalene nuclei may
have been brominated as well as the slde chain to give a com-

plex mixture. Or the free bromine that 1s invariably formed
in R-bromosuccinimide reactions may have partially cleaved one

of the groups from the silane.
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The preparation of tri-l-naphthylphenylsilane and tri-l-
naphthyl-p-tolylsilane was an arduous task in thut the crude
product was invariably extraordinarily difficult to purify.
After a procedure h&ﬂ been developed for obtaining a good yield
of the pure silane, the mother liﬁuara ware carefully examined
in an effort to find another campgund thatkmight be an isomer
of the isoluted product, However, no other compounds could
be isolated from the resulting oils and tars. The diastereo-
isomers would have different physical properties and hence
would retard crystallization and are likely to be isomorphous
and depress thg melting poiht of the predominant product. On
the other hand, the problem may have been merely the elimina-
tion of a combination of i@puritias thit had similar physical
properties only and hence were diff'icult to remove by ordinary
techniques.

p-~Bromophenyllithium (43) prepared by halogen-metal
interconversion falled to rsact with tri-l-naphthylchloro-
silane. This experiment was designed to provide a functional
group in tri-l-n phthylphenylsilane for the purpose of attempi-
ing resolution.

These failures again ill:strate a limitation of the
halogen-metal interconversion procedure used when extended |
reaction periods are needed. In both cases the organolithium

reag@nt'ﬁigapp@araﬁ within about eighteen hours and no
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substitution had oceurred in the silane. The main reaction

is probably the coupling of one molecile of the active species,
p-bromophenyllithium, with another of the same kind. Other
reactions are undoubtedly involved but no new data has bean
presented in this investigation and this s:ubject is discussed
elsewhere (43).

The reactions of the tri-l-naphthylsilicon derivative
indicate that steric factors are operating. Hydrolysis of
most chlorosllanes is &a#ily affected and usually precsutions
must be taken to prevent its occurrsnce. However, hydrolysis
of tri-l-naphthylehlorosilane as well as tri-o~tolylchloro-
silane (19) does not oceur until relatively drastic condi-
tions are imposed. likewise, tri~l-naphthylsilane and txi~
o-tolylsilane do not visibly evolve hydrﬁgap when treated
with potassium hydroxide in piperidine (6&), while triphenyl-
silane in the control experiment gives a vigorous evolution
of the gas.

The action of an excess of l-naphthyllithium on silicon
tetrachloride and on ethyl silicate affords only the tri-
substituted derivative, even though high temperatures and
long reaction periods are used.

Hexa-l-naphthyldisiloxane could not be made by treating
the tri-substituted silanol with formic acid (66) or by

treating hexachlorodisiloxane with an excess of l-naphthyl-
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lithium. The former method was used to prepare hexaphenyl-
disiloxane (64) and hexakis-(p-chlorophenyl)-disiloxane (87)
and this progedure may prove to be & general reaction. How=-
ever, this msthod failed in the case of tri-(p~-dimethylamino-
phenyl)~silancl. Additionsl evidence must, therefore, be
obtained before this reactlon may be used ag a ¢riterion

that steric factors are concerned.

It has been emphasized (88) that steric hindrance should
not be associated with & particular reactant or over-all
chemical reaction but is a property of a particular resction
mechanism. In order to postulste that sterie requirements
are the p@inﬁip&l factors in the reactions of l-naphthylsilicon
compounds, an Sy2 mechanism must be assumed to operate
ordinerily in the hydrolysis of silanes. There appears to
be ample data from recent reports to Justify this assumption
and these reactions furnish additional evidence for this
postulation. Furthermore, it follows thaut the ionization
(841) mechanism is much slower than is the case with carbon
compounds .

Price (89) has shown by kinetic studies that the rate of

(87) L. 8. ﬂillwr, Eactar&l Dissartatian. Towa State
College, 1950, p. 48. -
(88) I. Dostrovsky, E. D. Hughes, and C. K. Ingold,
J. Chem. So¢., 174 (1946). ’
'“’%‘m) ¥, P. Price, J. Am. Chem. Soc., 69. 2600 (1947).
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alkaline cleavage of the §i-H bond in tri&lkylailanea da~
creases with increasing bulk of the alkyl groups. This
order is the same ag that observed in carbon compounds
undergoing nuecleophilic attack and this cleavage is
postulated as proceeding by an Sy8 mechanism. Actual
steric requirements are not mentioned, but an‘explanatian
is given in terms of the field effects of the entering and
constitutive groups. In the present case the groups are
larger, laaéing to the expectation that in this type of
mechanism the rate should be retarded.

Swain (80) has shown th:t the data of reaction rate
studies of the hydrolysis of triarylsilyl fluorldes 1s in-
consistent with the idea of a siliconium ion intermediate
(an Syl type) and sugrests that meny reactions of organo-
silicon compounds mey proceed through pentacovalent silicon
intermediates. The slow rate of hydrolysis of tri-l-
naphthylehlorosilane is predicted on the basis of these
experiments if large steric requirements are postulated for
the naphthyl groups. As presented by Swain the reaction

may proceed as follows:

(90) C. G, Swain; R. M. Esteve, Jr. and R. H. Jones,
J. Am. Chem. Sge., 71, 965 (1949).
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8P S fast ﬁ\s R &
(1) RgSi-Cl + HOH === 0-54-C1 (I) R = l-naphthyl
“®R; ©
~ slow H SPR o
(2) (I)+ HOH ——> H\ﬁ—sm@+ ¢l . . . HOH
| ‘ R
2

The intermediate, (I), may be formed with difficulty since
the water molecule must encounter the bulky naphthyl groups
in step (1).

However, the reactions studied by the previously men-
tioned workers (89,90) were relatively rapid and it is
possible thit the Syl reaction was not evident only because
of the spesed of the competing process. With tri-l-naphthyle
811yl compounds the very slow rate indicates that the ioniza~
tion process is gtrmng&y inhibited by ehanging carbon to
8ilicon. It is possible that these compounds do react by
lonization but if this is the case, the rate of ionization
is of a completely different order of magnitude from that
to be expected of the carbon analogs.

It was mentioned earlier that formic scid has been used
for candenﬁing silanols to the corresponding disiloxanes.
This acid-catalyzed disiloxane formation may proceed as

follows:

 HY @ RgstoE[ B & ®
RgS10 ——> Rg810Hy ——> [R;910" 51" **OHig— RgS1081Rg + Ho0
3
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Brown and Sujishi (91) have demonstrated the steric re-
quirements of tri-l-naphthylboron toward methyl amines and
attribute this effect to the exceedingly high F-strain (®1)
factor. This type of strain, and B»gtrain«(ﬁﬁ); may not be
directly invelved in the hydrolysis reaction, but these
observations emphasize the importance of the spuce actually

occupied by the l-naphthyl group.

B. By-products from the Preparation and

Use of Organelithium Reagents

As reported elsewhere (58), perylene formation from the
treatment of l-bromonaphthalene with lithium metal may pro-
cged by the disproportionation of free radicals or by a
¢yelodshydrogenstion of l;l'nbinaphthyl by means of organo-
lithium compounds. Hawﬂvar; the formation of free radicals
of this type (1,8-dinaphthylene) rgéairas & considerable
amount of energy and therefore an lonic mechanism as set
forth below i3 believed to be a more probable mechanism.,

Although there is little doubt that perylene w&a\da»
tected in the mixtures resulting from treating pure 1.1f~
binaphthyl and phenyl~ and p-dimethylaminophenyllithium, the

(91) H. C. Brown and S. Sujishi, J. Am. Chem. Soc., 70,
2793 (1948). S : B

(98) H. C. Brown, H. Bartholomay, and M. D. Taylor,
J. Am. Chem. Sogc., 66, 435 (1944).
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formation of perylene is now believed to have resulted from
the action of lithium metal on 1,1'-binaphthyl. The salﬁe
tions of organolithium compounds used on the reported experi-
ments (58) may well have contained appreciable amounts of
finely divided lithium metal.

Considering the high yield (50%) of perylene isolated
from the reaction between pure 1,1'-binaphthyl and lithium
metal, the reaction is now believed to proceed by an ilonic

mechanism as follows:

(4) (II) + 4L —> [ oo, 18, 7 (III)

(8) (IID) > X
, — .Q + other products

Equation (3) has been observed in a large number of
rag.ctians and requires no further explanation.

The fact that four e%iva;&ents of alkali are found for
gach equivalent of binaphthyl, after the mixture 1s hydrolyzed,
is strong evidence for the correctness of a@uatian (4). Onm

the basis of analogous reactions (39,40), the addition com-

plex (III) may have a structure (93) such as IIIA or IIIB

(93) For an analogous addition product of phenanthrene and
sodium see A. Jeanes and R. Adams, J. Am. Chem. Soc¢., 58, 2608

(1937).



- 128 -

of the following

IIIA I11B Iv

The addition complex of naphthalene (IV) is included for

comparison. Even this addition product is not well established

(40).

The *"other products® of equation (5) may well be di- or
tetra~hydra~l;l'~b1naphthyl compounds. Although there is no
direct evidence ét present to substantiate this idea,
analogous resctions have been reported (39) to yield dihydro
derivatives following the addition of lithium and subsequent
hydrolysis. The faet that a high yield of perylene and
acldic orgenic material is isolated after carbon.tion of the
addition produet, indicates the existence of carbon-lithium
bonds even after the perylene has been formed.

If the above mechanism is correct, then 2,3'-binaphthyl
and metallic lithium might possibly yield one or more of the

following compounds:
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=)
g

Compounds V (94), m. p. 365°, and VI (95), m. p. 165°,

v - VI VI

are reported, while VII is not. An attempt was made to iso-
late one of thase products from the addition of lithium to
2,8'-binaphthyl but only the starting organie compounds were
isolated. A significant fact found in this experiment was
that aeid titration of the purple reaction mixture showed
that four equivalents of lithium spparently added to one of
binaphthyl. A positive Color Test I indicated the presence
of a carbon-lithium bond.

Very recently Bell and Hunter (96) presented a review
of the literature regarding the binaphthylenes and also some
new evidence regarding the reported compounds. Their evidence
leads them to make the following statement: “We believe that
a true dinaphthylene has still to be described.®

(94) B Rosanhmwr. F. erm, R. szmamr, &nﬂ Re
Riegelbauer, Ber., 70, £881 (1937),
( gsﬁ) A. Dansi and C. Ferri, Gazz. chim. ;ta;., 71, 648
1941).
: (¢6) F. Bell and W. H. Hunter, J. Chem. Soc., 2904 (1950).
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To extend these studles, ©,8'-biphenanthryl was reacted
with lithivm metal. The produets that would be formed iIf
aquations (5-8) are correct would be one or mors of the

following:

O 0 Q0
OO |\\ |/|
ll'ul%ilﬂ l!.ﬂ A4 N

Compounds IX and X are not reported and unfortusrately
there is some doubt concerning the physical constants of
VIII. 4n article by Schavenstein asnd Burgermeister (97)

summarizes the previous work concerning these dibenzperylenes.

Some evidence 1s slso presented to ald in establishing the
loeation of the benz-substituents. Thesae workers concluded

that 8,3,10,11-dibenzperylens (VIII) melts at 329-332°.

‘ (97) B. Schauensteln and E. Burgermelster, Ber., 768,
805 (1943).
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A4 substance melting at 515—31?9 was isolated in our in-
vestigation from the reasction of 9,9'<biphenanthryl and
lithivm. However, attempts to obtaln specimens of the di-
benzperylenss for identification by the mixed melting point
method were u successful. A letter sent to Kurt Brass re-
questing a sample of £,3,10,11-dibenzperylene (98) was re-
turned with a notation that Prof. Brass died in 1945. Another
note was posted January 19, 1949 to Prov. Zinke (99) and has
not yet been returned or answered.

At least one reaction batwaan‘aaeh of the above mentioned
biaryls (1,1'- and £,8'~-binaphthyl, and 9,9'-biphenanthryl)
and lithiuvm was carbonated in an attempt to locate the position
of the carbon-lithium bonds. In all cases organic acids were
found but none of these could be purified sufficiently for
identification. These acids may be dihydrocarboxylic acids
which are in ganeral; extremely difficult to purify (93).

When l-paphthyllithium made from l-bromonaphthalene and
n-butyllithium was used in reactions requiring a long reaction
period and/or high temperatures, appreciable amounts of l-n-
butylnaphthalene were isolated. This result is not surpris-
ing since this type of ebupling reaction haa been observed

(98) K. Brass and E. Fanta, Ber., 68, 1 (1936).
(99) A. Zinke, E. Ziegler, H, Gottschall, and X. Lercher,
Ber., 75B, 148 (1942).



- 132 -

frequently. However, a search of the literaturs revealed
that there are very few synthatie'mathads for obtaining
alkylnaphthalenes and ralatad_hydroaarboms in good yield.
Some of the methods described, particularly the Friedel-
Craft syntheses, leave much to bs desired concerning the
structure of the isoluted product. The Wurte~Fittig reac-
tion apparently leaves the alkyl residue intact during the
reaction but the yields are low (76).

Preliminary experiments indicated thut the reaction of
an RL1 type with an Bx‘type is to be preferred for the
synthesis of authentic specimens of hydroearbons. This
method was tested by preparing l-p-butylnaphthalene in 83%
yield and l-p-hexylnaphthalene in 81% yield by treating 1-
bromonaphthalene with the corresponding n-alkyllithium.

The following two facts leave little doubt as to how
this reaction proceeds. l-Naphthoic acid is obtained in 90%
yield by carbonating the l-bromonaphthalene-n-butyllithium
mixture after the reagents have stirred for twenty minutes.
Color Test IT becomes negative after stirring the reaction
mixture for two hours while Color Tagt I remains positive

for three days. 7This resction, then, takes place as follows:

l~GmH«73;' + RLi———> l‘-G‘lQE?xai + RBr—» l-cleﬂvﬁ + LiBr
R= p-alkyl
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Although the comparative reactivity of alkyl halides
may not require further proof, these reactions illustrate
~this sctivity in a striking manner. Methyl lodide is re-
ported to react immediately with l-naphthyllithium (41) to
give an 804 yield of l-methylnaphthalens, pn-butyl bromide
requirec three days to react completely, while with n-hexyl
bromide a color test showed the presence of l-naphthyllithium
even after six days.

An experiment designed to obtain additional proof of
the superiority of the above method for obtaining authentic
hydrocarbon samples gave an unidentified product. This
reaction was the treatment of benzyl chloride with l-
naphthyllithium. The colorless product that was isolated
in good yield melted at 82-83°. A search of the literature
in connection with even the least likely end-product of
this reaetion failed to develop & c¢lue as to its identity.
However, tha ultra-violet spectral curve of this compound
shows four maxima, all of which are within 1 mu of the nine
maxima shown by l-benzylnaphthalene. This evidence strongly
indicates that the product is & benzylnaphthalene type and
not a phenylnaphthalene derivative. The lutter type of com-
pound shows a definite bathochromie shift due to the inter-
action of the two aromatiec nuclei. The presence of a methylene

group between the nucleil inhiblits this interaction.
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The spectrum of the benzylnaphthalenes can be fairly accurately
deseribed by superimposing the spectrum of benzene on that of
naphthalene,

The reaction between phenyllithium an&‘bamzyl chloride
is reported (79) to give a 53% yield of 1,1,3-triphenylethane
and the mechanism that is given to account for this product

is summarized in the following reaction sequence:

RI4 H
l RLL
H CglsCHRCl H
CgHoC-CHeCfis — CgHgCR

The end-product, if R= l-naphthyl, would be l-naphthyl-
phenylbenzylmethane.

It should be mentioned that Wittig and wWitt do not
¢laim to have proved the above reaction sequence but,meraly
consider it as a possibllity. In their case R#Cﬁﬂs- and,
considering tha intermediate in the first step, it seemed
mich more likely to them that diphenylmethane should be
formed. HQW@var; they found in a separate experiment that
diphenylmethane was not metalated to any appreciable extent
by phenyllithium. This experiment does not satisfy the

experimental facts since the reaction between benzyl chloride
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and phenyllithium is vigorous and immediate.

Efforts to prepare l-naphthylphenylbenzylmethane were
unsuccessful. Well known procedures were adopted in attempts
to (l)‘ dehydrate the corresponding carbinol to the sthylene
for subsequent catalytic hydrogenation by distillation with
sulfuric ac¢id and by Cugaev's method, and (2) to prepare the
chloride for subsequent reduction with lithium alumin:m
hydride.
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V. SUMMARY

A survey of the literature was made concerning steric
hindrance in organic compounds of the Group IVB elements.

Several new l-naphthylsilicon compounds were synthesized
and thelr reactions were studied. It is believed that some
reactions of tri-l-naphthylsilyl derivatives may be adequately
explained only by postulating that steric hindrance is present.

A theoretical discussion is presented to point out the
possibility of providing additional evidence for the exist-
ence of a new type of isomerism recently proposed by G. No
Lewis. This “windmill® or *propellor” type of isomerism is
poessible only if steric factors are operative within the
moleenle. It is believed that tri-l-naphthylphenylsilane
derivatives may be capable of being resolved into optical
ismmarg dua to this special type of isomerism.

1,1'-Binaphthyl was observed to undergoe a unique
eyclodehydrogen tion reaction when treated with lithium.
Some uasuccessful experi ents were made to elucidate the
mechanism of this type of reaction.

The value of the hulogen-metal interconversion method
for prep.ring organolithium reagents is illustrated. The
use of this’m@thmﬁ elininates certain highly colored by-products
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thit are invariably present when the naphthyllithium reagents
are made by the direct methed Irom the aryl bromide and
lithium metal. ( |

A number af’functiana; gr@ups, ca:bmxyl, brnmmmethyl,
dibrumom&thyl; eyanomethyl, and formyl, were iptraﬂucad‘inta
& para position in tetraphenylsilane. However, this:ﬁathﬁd
failed when attempted with the tri-l-naphthylsilicon com-
pounds.

The reaction of an aryllithium reagent with an alkyl
halide was shown to give good yields of aryl-alkyl hydro-
carbons which are ngt reaﬁily availahla‘thraugh other
synthaéas. Emw@?@r, benzyl chloride was shﬁwn.ta‘raaﬂt in
an unexpected mnner with 1~naghﬁhyliithium. Beveral un-
successful aynthe&éa were attempted in an effort to prove

the strueture of the product.
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