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I. INTRODUCTION

The thermal stability of silicone and orgenosilicon olls
i1s well known and has been utilized to solve many of the
lubrication problems arising in modern day aircraft. However,
gilicones zre not very effective in maintaining thelr unique
properties, such 2s foam suppression, after irradiation.1

In direct contrast to this is the high radistion resist-
ance exhibited by the polyaryl ethers, which have been herald-
ed as possible strong competitors for future markets in high
temperature 1ubrican1:s.2 These new materials zre reported to
have a considerably larger useful temperature range than the
present materials 2nd to te two to five times more stable
under nuclear radiation.5’4 The logical extension of this
work was to incorporste these two moietles into a single mole-
cule, with the hope of producing a lubricant with still great-

er thermal and nuclezr radiation stability.4

1A. H. Matuszsk. Nuclear radistion resistant turbine
engine lubrcants. Wright Air Development Center Technical
Report 57-255. September 1957.

2New ethers pace lubricants. Chem. Eng. News, 37, 64,
April 13, 1959.

5W. L. Rice. Nuclesr radlation resistant lubricents.
Wright Air Development Center Technical Report 57-209, Part
II. Mazy 1958.

4c. L. Mahoney, W. W. Kerlin, E. R. Barnum, K. J. Sax,
W. S. Saari and P. H. Williams. ZEngine 01l development.
Wright Air Development Center Technical Report 57-177, Part
IT. August 1988.



The general purpose of this investigstion was to synthe-
size unilque silicon derivatives of aryloxy compounds snd to
explore more fully the fundamental chemistry of such systems.
In the course of the study, it was necessary a2t times to devi-
ate from aryloxy systems to related sreas in order to corre-
late their interesting chemistry with that of other orgesno-
silicon compounds.

The specific purposes of this investigetion hzve been:
(1) to improve the dimetalation of diphenyl ether, the inter-
medlate 1in the preparation of oxygen containing cycliec silicon
compounds; (2) to prepsre unsymmetrical and other unigue
derivatives of phenoxasilin, the sllicon analog of =xanthene;
(3) to prepere, for the first time, silicon derivatives of
xenthene; (4) to continue the exploratory investigestion of the
rezctions of silylmetallic compounds,5 specifically with
oxygen contalning substrates, and to bring more clesrly into
focus the relative reactivities of these silylmetzllic re-
agents; (5) to prepare 2nd investigste the chemistry of some
silenecarboxylic aclds possessing greater stability than those
presently known.

The historicel section hes been developed in such s
manner that the information which 1s presented will be perti-

nent to the ensuilng investigation and discussion.

n

For 2 summarizing review on organosilylmetzllic chemis-
ee D. Wittenberg and H. Gilman, Quart. Rev., 13, 115

]
©
e
(o]
~ N



II. HISTORICAL

A. Orgenometzllic Reactions with Diphenyl Ether

1. Organolithium reagents

The first report of the metelation of diphenyl ether by
an organolithlum reagent is credited to Gilmen and Bebb.6 By
reacting n~butyllithium with diphenyl ether in petroleum ether
for twenty hours, these workers were szble to isolate o-phen-
oxybenzoic acid in a 7% yield. Using ethyl ether as the
gsolvent, the yields were increased to 54 and 60% 2t the end
of six hours a2nd twenty hours, respectively. Diphenyl ether
was 2lso metelated by tert.-butyllithium to give = 14.0% yield
of the 2cid on cerbonation.ﬁ

The dimetalation of diphenyl ether was achlieved by the
use of _r;_—butyllithium.8 However, it was necessary to reflux
two equivalents of n-butyllithium with diphenyl ether for e
totel of seventy-two hours before the metzlation had proceeded
to a satisfactory extent. In order to prove that dimetalation

had occurred in the 2,2'-positions, the dilithium compound weas

carbonated and the product so formed wes acidified %o yield

SH. G1lmen 2nd R. L. Bebb, J. Am. Chem. Soc., 61, 109
(1939).

7H. Gilman, A. H. Haubein and H. Hartzfeld, J. Org.
Chem., 19, 1034 (1954).

8X. Oita and H. Gilmen, J. Am. Chem. Soc., 79, 339 (1957).
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the known acid, 2,2'-dicerboxydiphenyl ether, in ©3.4% yield.
Further proof was obtsined ty reesction of the 2,2'-dilithio-
divhenyl ether with R231X2 reagents to obtaln the appropriate
cyclic silicon c:ompounds.e’9
When the phenyl ether conteined = halogen substituent,
an interesting side reaction was observed. If n-butyllithium
and p-bromophenyl phenyl ether were refluxed together for
twenty hours and then cerbonsted, a yleld of 20% of 5-bromo-
2-phenoxybenzoic acld wes obtained.lo No o- or p-phenoxy-
benzoic =cids were isolsted. If the reaction was run for a
short time, a 70% yield of p-phenoxybenzoic acid'was obtain-
ed.ll This supported the suggestion that g halogen-metal
interconversion occurred, with subseguent metslation of
p-bromophenyl phenyl ether by the new organolithium reagent.12

13

The reaction wes lster studled in more detezil, and it

was found that when the halogen was lodine or bromine,

94. Gilmen and D. Miles, J. Org. Chem., 23, 13563 (1958).

10H. Gilmen, W. Langham and A. L. Jacoby, J. Am. Chem.
Soc., 61, 106 (1939). ===

114, Gilman, W. Langhem and F. W. Moore, 1bid., 62, 2327
(1940) .

12For a review on the halogen-metal interconversion re-
action, see H. Gilmen end J. W. Morton, Jr. The halogen-metal
interconversion reaction with organolithium compounds. In R.
Adams, ed. in chief. Organic reactions. Vol. 6, p. 339.
New York, N. Y., John Wiley and Sons, Inc. 1951.

13y. Lengham, R. Q. Brewster =nd H. Gilmen, J. Ar. Chem.
Soc., 63, 545 (1941). i



halogen-metal interconversion wzs the predominaznt reection
under mild conditions. Iodophenyl phenyl ethers underwent
interconversions more readily than bromophenyl phenyl ethers,
end chlorophenyl phenyl ethers were essentizlly not affected.
Under more”érastic conditions, however, the p-halogenophenyl
phenyl ethers underwent spprecisble metelation with methyl-
lithium, n-butyllithium and phenyllithium. In 21l cases the
metal entered the position ortho to the ether linkage in the
halogenated nucleus. Hslogen-metel interconversion was not
observed between p-halogenophenyl phenyl ethers and methyl-
lithium. The lack of halogen-metal interconversion with p-
chlorophenyl vhenyl ether wes leter utilized in the prepara-
tion of silicon derivatives of phenyl ether with the silicon
ortho to the oxygen in the halogen-substituted ring.l4
Several attempts were made to cleave diphenyl ether with
organolithium reagents in a similar manner ss is done with
organosodium compounds. The lstter cleavages will be dis-
cussed in more detail in the next section of this historicsl
discussion. It will suffice at present to mention only sev-
eral reactions slong this line with organolithium compounds.

15

Lﬁttingﬂéﬂg and S&af " could isolate no phenolic products

after diphenyl ether had been reacted with phenyllithium at

14x. 01ta and H. Gilmen, J. Org. Chem., 21, 1009 (1956).

154, Liittringhaus and G. Sasf, Angew. Chem., 51, 915
(1938) .
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38° for four and one-half days. Wittig end Pohmert® treated
diphenyl ether with phenyllithium for four weexs gt room
temperature and subsequently reacted the mixture with benzo-
phenone. In addition to a small amount of recovered starting
meterial, they isolsted the metalation derivastive, o-phenoxy-
tritanol, which could be cyclized to 9,2-diphenylxanthene.
Again there was no evidence indicating ether cleavage. However
when the reaction wss run at 20° for four days and at 60° for
the same length of time, a 7% yleld of o-phenoxybiphenyl was
obtained. .Obviously, metalation predominzted over cleavsge.
It should be noted in review that in every instance of
metalatlon with organolithium reagents, the position of sttack

haes been ortho to the oxygen.

2. Orgsnosodium reagents

17 found that the resction

In 1939, Luttringhaus and Saaf
of diphenyl ether with phenylsodium gave & large number of
products, which included o-phenylphenol, biphenyl, Z2-phenoxy-
biphenyl, and di-2-biphenyl ether. The results were ration-
alized by assuming that metalation ortho to the oxygen had
occurréd, followed by some unique rearrangement. A similar

rearrangement was also observed with the higher homologs, such

16g. Wittig and L. Pohmer, Ber., 89, 1334 (1956).
17A. Luttringhaus end G. Saaf, Ann., 542, 241 (1939).
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26 the biphenyl ethers.1®:18 1In a like manner, diphenyl ether
with triphenylmethylsodium was reported to heve given tetra-
phenylmethane, phenol, and g—phenylphenol.19
In 1955, Liittringhaus and Schubertl suggested that evi-
dence existed for the presence of the o-phenylene double rad-
ical, more commonly called "benzyne", in these resctions. The
benzyne intermediste had been proposed previously by Wittig?l
in 1942 to explain some orgenometallic reactions with fluoro-

22

benzene, and by Roberts and co-workers in 1953 to explain

the resctions of chlorobenzene with potassium smide. Luttring-
haus and Schubertzo reported, as evidence for thls intermedi-
ate, that diphenyl ether could be metalated directly with
sodium-potassium alloy to obtain as products o- and p-phenyl-
phenolsate salts, 2-phenoxybiphenyl, higher phenols, triphenyl-
ene and 4,5,9,10-dibenzopyrene. The o-potsssiophenyl phenyl
ether (I) apparently dissocisted into the potsssium salt of

phenol and benzyne (II). Dimerization of the latter gave

184. Littringhaus snd G. SESf, ibid., 557, 25 (1945).

194, Littringhaus, G. Saaf, E. Sucker and G. Borth,
ibid., 557, 46 (1945).

204, Littringhaus and K. Schubert, Naturwiss., 42, 17
(1955) .

2lg, wittig, 1bid., 30, 699 (1942).

227, p. Roberts, H. E. Simmons, Jr., L. A. Carlsmith and
C. W. Vaughan, J. Am. Chem. Soc., 75, 3290 (1953).



diphenylene; trimerizastion gsve trinhenylene (III); =nd =283di-
tion of one more CgHy geve the dihyéro form of 4,5,¢,10-
ditenzopyrene (IV), which e=silv lost its two hyirogen ~toms.

Although the recrrengement wes well known end 2 vossitle
mechenism had been proposed, there wes still no reel nroof for
the benzyne intermedieste. It was three yersrs loter before
Lattringh?us snd Schuster > obtsined this proof trough en
excellent investigetion. They noted thst trivhenylmethyl-
sodium did not resct under their conditions with diphenyl
ether. Accordingly, triphenylmethylsodium =nd iscemylsodium
were pleced in the sa2me reection mixture with dipvhenyl ether,
and tetrsphenylmethene wes isol~ted =s the rerction oroduct.
This provided more proof for the existence of the benzyne (ITI)
intermediste, end incidentelly vrovided 2n excellent method
for the synthesis of tetresphenylmethene.

As mentioned in the previous section, there wes no re-
action when diphenyl ether wzs reected with nhenyllithium =%

15 or for four weeks =2t room

38° for four 2nd one-hslf days

temperature.16 However, when diphenyl ether 2nd rhenvllithium

were reacted for four Jeys et ?OO end four deys ot 600, e 7%

yield of o-phenoxybiphenyl, 2 benzyne product, was obttesined.
The reection of diphenyl ether with diphenyllithium-

sodium reagent for four days with subsequent derivestizetion

?35. Luttringheus =nd H. Schuster, Angew. Chem., 70,
438 (1958).
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with benzophenone gave bls-(x-hydroxybenzhydryl)diphenyl
ether, recovered diphenyl ether and o-phenoxytritanol, the
normal ketone addition product.16 Treating the ether with
the same reagent for four days at 20° and four deys at 80°
gave 28% of phenol, 20% of o-phenylphenol and 19% of o-
phenoxybiphenyl. It appears that the more strongly electro-
positive sodlium, compared to lithium, faclilitates cleavage in
the ortho-position. Thus, the benzyne is observed in the re-
action of organosodlium reagents with diphenyl ether; while
metalation is the predominent reaction with organolithium re-

agents.

3. Organomercury reagents

The mercuration of diphenyl ether by mercuric acetate in

24 25

glacial acetic acid gave good results. In all cases the

4-mercurl compound was isolated. This is in contrast to
anlsole which gave 14% ortho snd 86% para subexti’(;1.1‘cion.25
Considering the relative steric requirements of the methoxy
group with that of phenoxy, it would be expected that the
amount of ortho substitution in diphenyl ether would be quite

small.

24W. D. Schroeder and R. Q. Brewster, J. Am. Chem. Soc.,
60, 751 (1938).

25H. C. Brown and M. Dubeck, ibid., 82, 1939 (1960).
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4. Grignard reagents

26 during

An interesting rearrangement was noted by SpZth
the treatment of diphenyl ether with ethylmagnesium bromilde
at 170-1900, wherein o-phenylphenol was the product rether
than the expected metelated compound. In the light of present
knowledge, benzyne must have been the 1ntermediate~8pecies.

Diphenyl ether is usually unaffected in a refluxing ether
golution of alkyl Grignard reagents or in the presence of
cobaltous chloride. However, when these were mixed together,
diphenyl ether was cleaved at room temperature.27 The cleav-
age was explained on the basls of a free radical mechsnism.
The Grignsrd reagents, in the presence of cobaltous chloride,
differed considerably in their effectiveness gs clesving
agents. tert.-Butylmagnesium halide was the most effective,
ethyl- and methylmagnesium halides less effective, end the
phenylmagnesium halldes without effect.”’

This cleavage reaction hss recently been spplied to sev-

eral methoxydiphenyl ether derivatives and the conditions of

the reaction examined with the object of using the cleavage

26E. Spath, Monatsh., 35, 319 (1914).

: )27M. S. Kharasch and R. L. Hueng, J. Org. Chem., 17, 669
1952) . I
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in future synthetic schemes.-8,%9,30

B. B8ilicon Derivatives of Diphenyl Ether

With the incressed interest in the chemistry of poly-
phenyl ether systems, 1t was deemed necesssry to tabulate the
known silicon derivetives of diphenyl ether. Accordingly,
this section of the historicsl discusgion 1s devoted to s
brief enumeration of the verious methods of orepsring these
derivatives and to Tegble 1, a complete listing of 211 known
silicon derivstives of diphenyl ether szlong with their physi-
cal constants.

There sre four generel methods of prepsring silicon sub-
stituted phenyl ethers:

(1) Metalation of the phenyl ether by orgsnolithium

compound, followed by derivatization
9,14,31

orgenosilicon

halide or hydride.

28M. Tomite and Y. Watenabe, J. Phzrm. Soc. (Japen),
918 (1953). (Original availeble but not trenslated; ebstract—
ed in C. A., 48, 10652 (1954).)

29M. Tomitas snd Y. Watenszbe, ibid., 73, 1283 (1953).
(Original available but not translated° gbetracted in G. A.
49, 213 (1955).)

50M. Tomita and Y. Watensbe, ibid., 74, 1363 (1954).
(Original available but not translated sbstracted in C. A.,
49, 15931 (1855).)

3lo. Marrs, Iowa State University of Sclence and Tech-
nology, Ames, Iowa. Information concerning silicon derive-
tives of phenyl ether. Privete communicetion. 1960.
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Xy SRy _y
x05H5006H; + n-CyHgld — (Cag00a",) 4518y 4

where X is halogen or hydrogen.

(2) A halogen-metal interconversion resction involving »
helogen-substituted phenyl ether, with sutsequent derivatize-
tion with the eppropricte silicon compound.g'SI’39

Xx5134-34_

xCgHg0CH X" + n-C HoL1

where X is helogen or hyérogen a2nd X' is helogen.
(3) Preperation of 2 Grignsrd reagent from = helogen-

substituted pvhenyl ether, with subsequent derivetizestion with

4 33
either en orgrnosilicon helide or I‘z:,rd:r'icie."33"54

XxS1R4_x
XCgHg0CgH X! + Mg = (CgHg0CH,) SRy _4

where X is halogen or hydrogen 2znd X' 1is helogen.
(4) A Vurtz-Fittig coupling of 2 helogen-substituted

phenyl ether with g halosilzne by means of reesction with

3PH. Gilmen snd J. J. Goodman, J. Org. Chem., 22, 45
(1957).

534, Gilmen 2nd E. A. Zuech, J. Am. Chem. Soc., 81, 5925
(1959).

34H. Gilman, B. J. Gej, J. W. Diehl, 0. L. Marrs =nd W.
J. Trepke. Orgeno-metellic and orgeno-meteslloidesl high temver-
ature 2nd relsted meterisls. Wright Air Develoopment Center

Technical Report 53-492%, Pert VI. December, 1858.




Table 1. Bilicon derivativee of diphenyl ether

M.p B.p °c
Formula Name og '’ (mm. ) ngo dzo Ref.
018H16081 p-Phenoxyphenylphenylsilane - %3?6%§7 1.6093 - 33
C,gHp5081, (Oxydi~o-phenylene)bis~( tri- - 117-120 1.5415 1.432 9
methylsilane) (0.001)
C1gHpg081,  (Oxydi-p-phenylene)bie-(tri- - 174-130 1.5372 0,993 9
methylsilane) (0.09°)
C,gH; o081 Methyl-p-phenoxyphenylphenyl-  —- 139-141  1.610 1.080°° 34
silane (0.021)
CppHy OpBL, (Oxydi-p-phenylene)bis-(d1- -~ 195 1.65013° 1.054° 36
ethoxymethylsilane (0.1)
C,4Hpy0B1 p-Phenoxyphenyldiphenylsilsne 53-54 2([90-19:)5 1.6300 1.1251% 34
0.016
CoqHos 0,81  Dimethylbis-(p-phenoxyphenyl)- -- 220-225 - - 4
R472472 sllene P (0.5)
8,20
dzo-
b, 26
nD .
c 25_

a4

148



Table 1. (Continued)
M.p., B.p.,°C
Formula Name 08 (mm.) ngo dzo Ref.
Coglon0B1 p-Phenoxyphenylphenyl-o- - 205-207 _ . 5
tolylsilane (0.004)
Coslipp0p81  p-Anisyl-p-phenoxyphenyl- - 227-230 - — 33
phenylsilane (0.005)
CogHpg OB1 Methyl-p-phenoxyphenylphenyl- 72-75 210-213 — - 33
o-tolylsilane (0.004)
CorHps 0,81  p-Anisyl-p-phenoxyphenyl- - 2256-228 - - 33
2672472 phenylsilane (0.003)
C . H.~ 081 (Oxydi-p_—phenylenegbis-(di- -8 249 - - 36
287307772  nethylphenylsilane (2.5)
C3oHp301081 (2-Phenoxy-6-chlorophenyl)- 161~ - - - 14
triphenylsilane 162.56
050H24031 o-Phenoxyphenyltriphenyl- 145~ - - - 14
sllane 146
C3oHo4081  m-Phenoxyphenyltriphenyl- 4 220-230 - - 37
sllane (0.076)
CaoHpeOoBL  o-Phenoxyphenyl-p-phenoxy- ~—  934-236 — - 3
phenylphenylsilane (0.003)

dAmorphous solid .

ST



Table 1. (Continued)

' M P, B .p ., oc

Formula Name o8 (mm.) ngo dgo Ref.

Cy,Hpg0,81  Methyl-o-phenoxyphenyl-p- - 005-207 -— - 33
phenoxypheny lphenylsilane (0.004)

CxoHog081 p-Phenoxyphenylphenyl-o~ —_ 0490-95] - - — 33
tolyl-p-tolylsilane (0.004)

C3oHpg0p81  p-Anlsyl-p-phenoxyphenyl- -~ 260-264 - - 33
phenyl-p-tolylesilane (0.003)

CxzHz081 Tribenzyl-o-phenoxyphenyl- 8l1- - - - 31
silane 82.5

Os3H30081  Tribenzyl-m-phenoxyphenyl- —~  240-743 - _— 31
sllene (0.003)

Cxalzy081 Tribenzyl-p-phenoxyphenyl- 106- - - - 31
phenylsllane 107

O56Hog0150,81 - Bis-(2-phenoxy-5-chloro-  151- - - — 14

phenyl)diphenylsilene 152

Oz gHpg081 o-Biphenylyl-m~phenoxyphenyl-  -- 238 - _— zn
diphenylsilane

656}1280281 BiB"'( Q_—phenoxyphenyl)di- 162, 5~ — —— —_— 14
phenylsilane 164.5

CsgHpg0p81  Bis-(m-phenoxyphenyl)di- d  2p6-257 - _— 37
phenylsilane (0.026)

ST



- C

Table 1. (Continued)
M.p., B.p.,°C
rormuls I S
CagHog0n81 Bis-(p-phenoxyphenyl)di- 162~ - —_— — 30
phenylsilane . 183
CsgHog0pBt  m-(m-Phenoxy)phenoxyphenyl- - o78-280 _— - 3
triphenylsilane (0.07)
C4oH300581  Trie-(o-phenoxyphenyl)phenyl- 192- - - — 14
gllane 193
4oH300381  Tris-(m-phenoxyphenyl)phenyl- — -- 272-304 - - 37
silane (0.015-
0.020)
042H320581 Tris-(p-phenoxyphenyl)phenyl- 149- - - - 32
sllane 150
C4gH3g0481  Tetrakis-(o-phenoxyphenyl)- 284 - - - - 14
sllane 2856
C4gHzg0481 Tetrakis-(m-phenoxyphenyl)- 100- - —_— _ 3
silane 101.5
C,oHz.0,81 Tetrakis-(p-phenoxyphenyl)- 204 - _— . 390
4873674 sllane
C gHag0Bl,  ( Oxydi-p-phenylene)bis-(tri- 306- — - - 38
phenylsllane) 307

LT



Table 1. (Continued)
M Do B op . OC
Formula Name og"’ (mm. ) ngo 620 Ref .
C aHgn0281 n-Dodecyltris-(p-phenoxy- - 315-320 - - 32,39
4876273 phenyl)silane (0.004) ’
048H680281 Di-n-dodecylbis-(o-phenoxy- - 260-270 1.56290 0.9680 9
phenyl)silane (0.001)
C4gHgg0o81  Di-n-dodeoylbis-(p-phenoxy- -~ 276-280 1.5380 0.9776 9
phenyl)silane (0.001)
Cp Hp00815  (Oxydi-p-phenylene)bis-(tri- d  320-320 -- - 9
benzylsilane) (0.001)
CgoH108081  Tri-n-hexadecyl-p-phenoxy- - 206-215 1.4960 0.8971 9
phenylsilane (0.005)

81
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sodium.> 256

CgH50CgH,X + RgS1X —-§3—> (CqHg0CzHy )S1Rz
where X is halogen.

These prepesrative methods give the zppropriste silicon
compounds in good to excellent ylelds. The method of choice
eppeers to depend upon the position of substitution desired,
i.e., metalstion for zn ortho derivstive but halogen-metal in-

terconversion or & Grignsrd reegent for the mets or pare

derivetive. As mentioned previously, Table 1 1lists all known
silicon derivetives of diphenyl ether zlong with the physical
constents and references to the prepsrations. Several com-

pounds are reported for which there were no prepsrative pro-

cedures described.37’38:39

3554, A. Clark, U. S. Patent 2,698,°42. February, 1953.
(Originel not svallable for examination; abstrscted in C. A.,
47, 9346 (1953).) British Pstent 571,553. May, 1959.
(Original not aveilable for examination; zbstracted in C. A.,

47, 4909 (1953).) -

361, W. Breed, F. Besiocchi and H. W. Clsrk. Development
of thermslly stasble silicon containing resins. Wright Air
Development Center Technical Report 54-143. May, 1957.

373. Aftergut snd G. P. Brown, Chem. and Ind. (London),
1479 (1958).

58H. Gilman end R. D. Gorsich. Organo-metallic &nd
organo-metalloidal high temperature lubricsnts and relested
materials. Wright Air Development Center Technical Report
53-426, Part II. October, 1954.

39%H. Gilmen and R. D. Gorsich. Orgsno-metsllic and or-
ganometalloidal high temperature lubricents and related
materials. Wright Alr Development Center Technicel Report
53-426, Part IV. May, 1957.
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C. Phenoxasilin Chemistry

Another type of silicon derivetive of diphenyl ether is
a cyclic compound incorporsting both silicon end oxygen into

the seme cycle, namely, the phenoxasilin system.4o As can be

Qs&’a -

8 10 2
7 3
o
¢ 5 y

seen, this 1s the sillicon znzlog of xanthene.
10,10-Diphenylphenoxasilin was prepared bty Oite and

Gi1man® in 1857 by the dimetalation of diphenyl ether with

n-tutyllithium, 2nd sutsequent reaction of this intermediste

with dichlorodiphenylsilsne. In 2 similer msnner, the

C4H50CsHy @ _@

sH5 CgHg
N/

L2

40The nsmes and numbering system used herein are based
on the recommendstions of the editorial staff of Chemical

Abstracts.

C
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dimethyl and spiro analogs were prepared from dichlorodimethyl-
silene 2nd silicon tetrachloriée, respectively. Later in the
same year, Hitchcock and co-workers41 prepared both the di-
phenyl znd spiro compounds by reaction of the sppropriste
chlorosilanes with the dilithium intermedieste ottained by s
halogen-metel interconversion reaction with o,0'-dibromodi-
phenyl ether. They were 2lso gble to prepere several compounds
with nuclear substituents through the use of tolyl ethers.

T. Yu 2nd co-workers42 prepered 2,8-dimethyl-10,10-
diphenylphenoxaesilin by meens of & Wurtz coupling of 9,0'-
ditromo-p,p'-dimethyldiphenyl ether esnd dichlorodiphenylsilene
with sodium in refluxing petroleum ether. However, when they
refluxed the ssme halogenated ether with silicon tetrechloride
in iso-amyl ether under Wurtz conditions, the product report-
edly obteined was 10-chloro-?,8-dimethyl-10-(5-methyl-2-p-
tolyloxy)phenoxasilin. This rezction supported some of their
other results in that the Wurtz reaction involving an zryl
bromide containing an ortho-substituent produces only the
chlorotriasrylsilane, in low yield.

The most novel, but certainly not the most practicable,

method of ottaining the phenoxasilin system was reported by

4lc. H. s. Hitchcock, F. G. Mann end A. Vanterpool, J.
Chem. Soc., 4537 (1957).

427, Yy, L. Hsu and S. Wy, Hus Hsiieh Hsiieh Pzo, 94, 170
(1958) . (Originsl not avellable for exsmination; abstracted
in C. A., 53, 6233 (1952).)
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43,44 After zn equimolar mixture of diphenyl-

Gilman et al.
silene and phenoxathiin had been refluxed for 6 days, 10,10-
diphenylphenoxasilin was obtasined in =z #% yield. This resc-
tion was typical of s number of sulfur-contsining heterocycles
in whiech the sulfur atom was replaced ty the diphenylsilylene
group simply by heesting with diphenylsilsne.

A1l of the reported vhenoxesilin compounds are tsbulated
in Tgble 2, along with thelr physicsel properties snd refer-
ences to their preperastion. In g few instances, there is
some question 2s to the physicasl property, since a more stable
derivative may have been prepzred for identificetion. How-
ever, these are included to meke the tetle 28 complete es
possible.

Through a study of molecular models,8 1t has been shown
that the presence of the oxygen a2tom in the six-membered
cyclic system greatly allevieted the silicon-~cerbon bond
strein which had been shown to be present in the five membered
cyclic silicon systenm, 5,5—d1benzosilole.45 10,10-Diphenyl-
phenoxasilin and 1ts 2,7-dimethyl derivetive have dipole

moments of 0.27 + 0.03 znd 1.01 + 0.3 D in benzene, respec-

434, G11men ang D. Wittenberg, J. Am. Chem. Soc., 78,
6339 (1957).

44p. Wittenberg, H. A. McNinch and H. Gilmen, 1bid.,
80, 5418 (1988). -

454, Gilmen 2nd R. D. Gorsich, 1ibid., 77, 6380 (1955).



Table 2. Phenoxasilin compounds

Formula Name M.n.,°C Ref.
Cq4H,,081 10, 10-Dimethylphenoxasilin 78.56-79.0¢ 8
14714 ’ 74,577 .0P 41
024H160281 10,10'-Spirobiphenoxasilin 280-787 41
284-785 8
024H18081 10,10-Diphenylphenoxasilin 178-1"79 43,44
176-179 8
176-176 41
Cog5HygO0Brsl 2-Aldehydo-10,10-diphenylphenoxesilin c,d 41
C?sHlQOBr81 2-Bromomethyl1-10,10~-diphenylphenoxasilin 131.5-132 dec. 41
CopHog081 2-Methyl-10,10-diphenylphenoxasilin 153-155 41
025H20031 3-Methyl1-10,10-diphenylphenoxasilin 161-162 41
CpogHyg0p81 2-Aldehyd0-10-hydroxy-10~(5-gldehydo-2-
phenoxyphenyl)phenoxesilin 230-2"31 41

8B,p. 292-297°/atmospheric pressure.

PB.p. 169-161°/9 mm.

CIdentified as the ?,4-dinitrophenylhydrozone, m.p. 286~288° dec.

d3tructure not rigorously established.

15(4



Table 2. (Continued)

Formula

Name ¥.vn.,°C Ref.
CogHpgO3BroSi ?-Bromomethyl-lo-hydroxy-lo-(5—bromo—d
T ' me thyl~?-nhenoxyphenyl)phenoxesilin 168-171 dec. 41
CogHpo081 10, 10-Divenzylohenoxasilin e 9
026H29081 2,7-Dimethyl-10,10-diphenylnhenoxesilin 16/-168 41
CogHoo081 2,8-Dimethyl-10, 10-diphenylphenoxesilin 174 49
CogHoo0z81 10-Hydroxy-4-methyl-10-(4-methyl-2-
o phenoxyphenyl)phenoxssilind 015-217 41
CogHoo0381 10-Hydroxy-2-methyl-10-( 5-methyl-o-
phenoxyphenyl)phenoxssilin 198-200 41
CogHngC10,81 10-Chloro-?,8-dimethy1l-10-(6-methyl-2-
= ' p-tolyloxy)vhenoxesilin 000-029 4o
CagHsg0S1 10,10-Di-n-dodecylphenoxesilin £ 9

©B.p. 194-198°/0.003 mm., niC 1.6322.

fB.p. 247-2656°/0.009 mm., np° 1.5135, @

20 o
4 0.9389.

4
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tively.41 Using this informetion, a "rough" calculation of
158-165° 2nd 154-158° for the interplanar sngles has been
made.41

There have teen only limited studies msde of the chemicel
properties of the phenoxasilin system. 10,10-Diphenylphenoxs-
silin 2nd 10,10'-spirobiphenoxasilin hsve been cleaved by
lithium in dioxene to yield o~-hydroxyvhenyltriphenylsilane
and btis-(o-hydroxypnenyl)divhenylsilane, reSpectively.8 A
methyl substituent on the ring can be brominated using N-
tromosuccinimide with benzoyl peroxide as catalyst. For
example, 2-methyl-10,10-diphenylphenoxasilin wzs converted
to the 2-bromomethyl derivative by interaction with N-bromo-
suceinimide.%d Attempts to convert the tromomethyl grouo
into &n acidic or basic group failed. The 2-dibromomethyl
derivative, formed in the same manner, resisted normesl hydrol-
ysis. However, with silver nitreste in aqueous o—ethoxy-
ethenol, it was converted tc the 2-gldehyde, which was iden-
tified only es its 2,4-dinitrophenylhydrezone.

10,10'-Spirobiphenoxasilin wes found to possess consider-
able stebility.4l This was shown by the fact thet 2,2'-4i-
lithiodiphenyl ether, when treated with one moleculer equiva-
lent of silicon tetrachloride, formed only the spirocyclic
derivative, apparently to the exclusion of 10,10-dichloro-
phenoxasilin. Further, the spiro compound was recovered un-

changed after 1t had been treated with fuming nitrie scid in
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hot acetic anhydride solution, with bromine in bolling
chloroform solution, and with N-bromosuccinimide end tenzoyl
peroxide in tolling carbon tetrachloride solution. The use
of more vigorous conditions eppeered to czuse extensive rup-
ture of the cyclic system.

The presence of methyl groups on tnhe vhenyl ether sppeer
to cause certain problems of ring closure. For exsmnle, only
the silanol, 10-hydroxy-2-methyl-10-(5-methyl-2-phenoxy-
phenyl)phenoxasilin could te formed from 2,2'-dilithio-5-
methyldiphenyl ether and silicon tetrachloride.4l The
presence of the methyl group inhibited the formetion of the
spirocyclic system, while appsrently not affecting thet of
the initial phenoxesilin ring system. The mechanistic
retionele congiders the inductive effects of the methyl group
as causing a much increased negetive contribution to silicon,

making the cyclization reaction more difficult.
D. Reactions of Organosilylmetallic Reagents

The field of orgsnosilylmetallic chemistry hes been ex-
panding rapidly both in scope and in importence. Since this
field has become so broad and since 2 very excellent review5
concerning organosilylmetallic chemistry has asppeesred recent-
ly, this section of the historical review will be limited to

a discussion of the three szreas most closely relsted to the

research protlems encountered in this thesis.



1. With ethers

Organosilylmetallic reagents clesve epoxides with the

subsequent formation of £-silylcerbinols. For example,

RsS111 + OHpCHR! ——=R3S1CH,CHR!
0 oH

triphenylsilyllithium was found to reect with ethylene oxide
and with propylene oxide to form 2-triphenylsilylethsnol and
l-triphenylsilylpropan-2-01l, rceSpectj.vely.‘l"ES The reaction of
triphenylsilyllithium end of methyldiphenylsilyllithium with
styrene oxide gave good yields of l-phenyl-2-trinhenylsilyl-
ethanol and of l-phenyl-?-methyldiphenylsilylethenol. Tri-
phenylgermyllithium also hes been reported to resct with cer-
tein epoxides.47
When triphenylsilyllithium wes reascted with the¢ »noly-

functionel ether, 1,2-epoxy-3-allyloxypropene, 1,°-dihyéroxy-
3-triphenylsilylpropsne and allyltriphenylsilene were isolst-
ed.48 Evidently, both eopxy ring opening and ether cleavage

: ?GH. Gilmen, D. Aoki snd D. Wittenberg, ibid., 81, 1107
1959) .

47y, Gilman, C. W. Gerow end M. B. Hughes, Iowes Stszte
University of Science znd Technology, Ames, Iowz. Informetion
concerning germylmetallic reactions. Privete communication.
19588.

48p, Aoki, Iowe State University of Sclence and Tech-
nology, Ames, Iowa. Information concerning epoxides. Pri-
vate communication. 1960.
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occurred.

The reesction of organosilylmetellic reagents with the
epihalohydrins depended lzrgely on the halogen.46 The pre-
dominant product from the resction of triphenylsilyllithium
with epitromohydrin was hexaphenyldisilene, epperently involv-
ing 2 halogen-metal interconversion resction, with subseaguent
interaction of the resulting bromosilsne with =zn excess of
the silylmetallic reagent. In contrest, the resction with
epichlorohydrin did not involve halogen-met2l interconver-
sion, es evidenced by the sbsence of hexaphenyldisilene.46
Yhen the reaction wes carried out ot low temperstures, the
first step involved azn opening of the epoxide ring to give
the P-silyl alecohol, however, if 2 second equiveslent of tri-
phenylsilyllithium wes present, a halogen-metel interconver-
sion resction did teke place to give the observed nroduct,

48 Thus, 2 relative

2-hydroxy-1,3-bis-(triphenylsilyl)propene.
resctivity series of bromo)epoxy)chloro seems to exlist in re-
action with triphenylsilyllithium.

Cyclic ethers involving larger ring systems sre 2lso
cleaved by silylmetsllic reagents. 4-Hydroxybutyltriphenyl-

silane wes obtained in 18% yield sfter triphenylsilyllithium

4
had bteen refluxed with tetrshydrofuren for severzl days. 9

49H. Gilman and R. D. Gorsich, Iowa State University of
Science and Technology, Ames, Iowa. Informetion concerning
reaction of triphenylsilyllithium with tetrzhydrofuran.
Private communicetion. 19587.
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However, lazrger yields of the respective certinols were

(C H ) Sili + CH?CH?CH CH o —-(CSH5)SS:L(CH?)4OH

ottzined when triphenylsilyllithium or methyldiphenylsilyl-
lithium were rezcted with tetrzhydrofuren in sealed tubes 2t
eleveted temperatures.5o:5l It should te noted thet tri-

phenylgermyllithium hes been revorted to give only 2 volymer

47 However, E. A. Zuech,

when herted with tetrahydrofuren.
Ames, Iowa, in 2 recent priveste communicetion (1260) recvorted
the isolstion of 4-hydroxybutyltrivhenylgermene as the result
of the reaction of triphenylgermyllithium ¥with tetrahydro-
furan. Trimethylene oxide was cleaved by both triphenylsilyl-
1ithium5l and by triphenylgermyllithium47 to form 3-substi-
tuted vropanols in good yields. The highly stresined cyclic
ether, 1,4-dihydronasphthzlene-1,4-endoxide, geve 2 low vield
of 2-napnthyltriphenylsilane, in eddition to nephthslene =nd
trichenylsilanol, upon resction with triphenylsilyllithium.51
When trivhenylsilyllithium wes prepsred in tetrshydro-
pyren end subtsecquently reactzd 2t elevsted temperatures with
the solvent, 2 high melting polymer was ottesined, rather than

the expected 5-triphenylsilylpentanol.5l The same reesction

with dioxane gave z low yleld of ethylenebis-(triphenylsi¥

50p. wWittenberg and H. Gilmen, J. Am. Chen. Soc., 80,
2677 (1958) .

: le Wittenberg, D. Aoki end H. Hilmen, ibid., 80, 5933
1958
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lane).51 S-Trioxane did not give eny of the expected ether

cleavage products subsequent to reection with triohenylsilyl-

lithium 2t reflux temperature.5l
The methyl ether, 1,2-dimethoxyethene, hes teen used as

2 solvent in the preperstion of certein orgenosilylmetellic

compounds.52 This ether,‘however, is =150 cleaved vhen warmed

51, 59

with orgenosilylmetsllic resgents.” In the cese of tri-

phenylsilyllithium, the nroduct of the clesvege hes Tteen es-
tetlished 2s methyltriphenylsilane.5l 4 similer methyl ether

clesvage wes not otserved in resction with Ttenzyl methyl

ether. Instesd, the mejor oroducts were l-phenylethenol end
tetranhenylsilane.sl The oroducts were explained zs having
occurred visz a Wittig rearrengement55 of the X-metalzated
tenzyl methyl ether.

Certain dizlkylaminomethyl ethers were cleaved bty tri-
phenylsilyllithium. For example, N-(n-butyoxymethyl)piperi-
dine reacted with the silylmetallic resgent to give N-(tri-
pnenylsilylmethyl)piperidine.t
Diphenyl ether is one of the few ethefs which is not

clesved by triphenylsilyllithium. A trace of o,0'-dicarboxy-

524, 6. Brook 2nd H. Gilmen, 1big., 76, 278 (1954).

b —

53G. Wittig snd L. LOhmenn, Ann., 550, 260 (1949).
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diphenyl ether was obtained upon carbonetion of the reaction
mixture, indiceting thst a small amount of dimetalation hed

occur'red.5l

In summzry, the rezction of organosilylmetesllic reagents
with ethers is one of clesvage, except with diphenyl ether

which is 2 metslation resction.

2. In metzletions

A metslation resction is one which involves the renl=ace-
ment of en ecidic hydrogen by 2 metel to give a2 true orgeno-

metallic compound.s‘]“’55 This resction 2lso occurs with
RH + RM'~—» RM + R'H

silylmetallic rezgents, but to 2 much more limited extent then
with orgenolithium reagents.

Triphenylsilyllithium, -potassium and -sodium were found
to metalete trisrylmethanes rapidly znd prasctically quantita-

tively.56 When an excess of the silylpotassium or -sodium

54H, Gilman. Organometallic compounds. In H. Gilmen,
ed. in chief. Orgenic chemistry. Vol. 1, p. 533. New York,
N. Y., John Wiley and Sons, Ine. 1953.

954. Gilman. The metalation resction with organolithium
compounds. In R. Adams, ed. in chief. Orgzsnic reections.
Vol. 8, p. 260. New York, N. Y., John Wiley znd Sons, Inc.
1954.

96A. G. Brook and H. Gilmen, J. Am. Chem. Soc., 76, 9338
(1054).
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reagent was used, 2 large quentity of tetravhenylsilane wes
isolzted zs the result of a secondery reasction involving the
triphenylsilane formed during the metelation. The same
secondary reaction did not teke place with trivhenylsilyl-
lithium. It should slso bte noted that trichenylsilylpotassium
and -sodium reacted ot room tempersture with some triosryl-
silanes to give high yilelds of the correspvonding tetrasryl-
silenes.57 This was in contrest to triphenylsilyllithium
" which gesve only s low yield of tetrsarylsilane, with a pre-
dominent coupling to the hexzaryldisilane.

Compounds conteining the more zcidic hydrogens sre
metalsted repidly by silylmetallic resgents. PhenylscetyleneEse
was metalated by triphenylsilylpotasssium, zlthough the mejor

product 1solated through the sforementioned reaction wes

58 89

phenyl acetylene,

and thiaxanthene6o were

tetravhenylsilane. Diphenylmethane,

&9 59

fluorene, 2, 10-dihydroenthracene

metalated by triphenylsilyllithium, the corresponding scids

S75. G. Brook 2nd H. Gilmen, ibid., 76, 9333 (1954).
98H. Gilman and T. C. Wu, ibid., 75, 2509 (1953).

59. L. Marrs, Iowa State University of Science snd
Technology, Ames, Iowa. Information concerning metalations.
Privete communicetion. 1860.

605. W. Diehl. Some organometalllc reactions with
heterocyclic compounds. Unpublished Ph.D. Thesis. Ames,
Iowa, Library, Iowa State University of Science 2nd Tech-
nology. 1959.
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being isolsted subsecuent to cerbonstion.
With less =scidic systems, the metslstion rezction pro-
ceeded only to 2 limited extent. 10-Ethylohenothiezine wes
metsleted bty trivhenylsilyllithium to e¢ive only e tresce of
ecid upon cerbonstion.%0 A trsce of tenzyltrinhenylsilene
wes 1sol-ted sfter triphenylsilyllithium hed reescted with
toluene in the presence of hexevhenyldisilene. It is belleved
thet tenzyllithium, formed by the metelation of toluene tw
trivhenylsilyllithium, clesved the disilesne to clve the ob-
served product.61 Triphenylsilyllithium wes renorted to reecct
with diphenyl ether to give, following cs=rbonstion, 2 trece
of 2,?'-dicerboxydiphenyl ether-51 However, divhenyl sul-
fide, diphenyl sulfone 2nd di-p-tolyl sulfone were clesved
ty triphenylsilyllithium, 2s were divhenyl sulfone, Giphenyl
sulfide 2nd divnhenyl sulfoxide bty trinhenylsilylootpssium.69
Systems conteining still less zcidic hydrogens =re not
affected bty resction with triphenylsilyllithium, elthough they
mey be metslsted by orgenolithium rePgents.55 The specific
compounds found unreasctive were §1m.-tetraﬁhenylethane,59

dibenzofuran,59 dibenzothiOphene,62 dibenzothiophene-5, 5-

61y, Gilmen, B. J. Gej end G. Schwebke, Iows Stete Uni-
versity of Science 2nd Technology, Ames, Iows. Informetion
concerning metelstion of toluene. Privete communication.
1960.

62p, Wittenberg, T. C. Wu 2znd H. Gilmen, J. Org. Chem.,
23, 1828 (1958).
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dioxide62 and lO-ethylphenothiazine—5,5—dioxide.6o Triphenyl-
s1lyllithium with 10-ethylphenothiazine-5-oxide reduced the
sulfoxide linkage-6o
Triphenylgermyllithium rescted in 2 menner guite similer
to thet of the silylmetellic compounds. Fluorene wes metal-
zted by triphenylgermyllithium to give = high yield of
fluorene-2-certoxylic 2cid on c=arbonetion, tut metalstion of
the much lecs s2cidic system, ditenzofuren, was unsuccessful.63
Triphenyltin-lithium metalated fluorene only 1in a very low
yield, while triphenyllead-1lithium did not react with it.59
It should 2lso be mentioned thet triphenylgermezne wazs metal-
ated by triphenylsilyllithium to give 2 good yileld of tri-
phenylgermenecarboxylic acld following carbonetion.e4
If we 2re 2llowed to extend the definition of meteslation
somewhat, the prepsraetion of a numbter of silylamines through
the reaction of triphenylsilyllithium with vrimesry and second-
ery elkyl amines might 2lso te an exemple of this reection.65

The procedure involves an initisl "metslestion" of the amine

634, Gilmen end C. W. CGerow, ibid., 23, 1582 (1958).

64r. A. Zuech, Iowa State University of Science znd
Technology, Ames, Iowe. Informstion concerning metzlstion
of triphenylgermene. Private communication. 1960.

65¢. D. Lichtenwalter. Organosilylmetelllic compounds
and derivatives. Unpublished Ph. D. Thesis. Ames, Iowsa,
Litrary, Iows State University of Science and Technology.
1988.
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followed by coupling with triphenylsilane. Although metsle-
tion =zlso evpsrently occurred with diohenylaminee5 snd with
RzSili + Ro!'NH —#Rz5iH + Ro!'NL1 —»RzSiNR', + LiH

N-(diphenylmethyl) sniline,®® since trivhenylsilene wrs iso-
leted following 2 negetive Color Test 1,67 no seconéery
coupling resction occurred. The presence of 2 vhenyl erouo
on the nitrocen =tom probstly reduced the nucleophilicity of
the lithium emide to such en extent th=t it w2s no longer
cepeble of disvlecing the hydride ion from triphenylsilane.65
Extending the definition of meteslstion still further,
trivhenylsilylpotessium rescted with certein phenylcerbinols
to give, in all c=ses, high yields of tetrehhenylsilsne.58

Triphenylsilenol =21so geve 2 high yleld of tetrsphenylsilene.

3., Relstive resctivities

There 2re two clessicel resctions which heve been used
to determine the relstive resctivities of orgenometsllic com-
pounds in generzl terms: (1) 2ddition to =n olefinic linkege
and; (2) addition to a cerbonyl eroup.’® Highly rerctive
compounés add to both the olefinic linksge and the c¢ce2rbonyl

oroup; the moderztely reecctive compounds 234 only to the

56D. Wittenterg, M. V. George, T. C. Wu, D. H. Miles
and H. Gilmen, J. Am. Chem. Soc., 80, 4532 (1958).

67H. Gilmen snd F. Schulze, ikid., 47, 2002 (19°5).
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cerbonyl group; end the relestively unresctive compounds do

54

not 2dd to either linkege in 2 reecsonable time. Naturelly,

other methods 2zre necessary for more specific relations within
these three major divisions. Included in these methods 2re

competitive reections with s functionel group, the heslogen-

87,48
metal interconversion reaction,12 !

and metelsation reections.55

use of color tests

The relstive reactivities of orgsnosilylmetzllic com-
pounds will be discussed in reletion to seversl besic resc-

tions that they undergo. These reactions have been discussed

5

in deteil in 2 previous review;“ sccoréingly, slthough leading

references will te given, no attempt will te mede tc discuss
the resctions other than in the menner in which they help to
determine the relstive resctivities of silylmetzllic reagents.

69

e. Addition to olefins Triphenylsilyllithium and

-potassium69 add to 1l,l-diphenylethylene, es does triphenyl-

germylpotessium’O ond -1ithium.’C Triphenylsilyllithium slso

69

was found to sdd smoothly to trivhenylethylene, end both

72

the potassium71 and lithium reagent zdded to trezns-stilbene.

€8H. Gilmen and J. Swiss, ibid., 60, 1847 (1940).

897, ¢. Wu, D. Wittenberg and H. Gilmen, J. Org. Chem.,
25, 596 (1960).

70H. Gilmen 2nd C. W. Gerow, J. Am. Chem. Soc., 79, 342
(1957) . —

“lH. Gilmen and T. C. Wu, ibid., 75, 234 (1953).

) =)

72A. G. Brook, K. ¥. Tai snd H. Gilmen, 1bld., 77, 6219
(1955) .
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However, neither triphenylgermylpotessium nor -lithium added
to the latter linkege.70 This perticuler difference 1n reac-
tivity may be ettributed to steric factors ~rising from the
larger size of the germenium 2tom rsther then to & greater
reactivity of the silyl compounds, since trivhenylgermyl-
lithium added to octadecene-—l,70 while triphenylsilylpotes-
sium did not add under the same conditions.69

The aforementioned addition resctions tend to vplace
germyl- ané silylmetallic comoounds among the "highly reac-
tive" orgenometsllic reagents. However, great cere must be
tsken in this interpretetion =#s these 2ddition reactions ere
somewhat limited. No ad~ition product was 1solested from the
reaction of the silylmetallic reagents-with. tetravhenylethyl-
ene; also, triphenylsilylpotessium did not 2dd to a variety
of sliphatic and slieyclic olefins.69 Triphenylgermyllithium
was spperently unresctive towzrd both cyclohexene and
octene-l.'70 It should te mentioned thast ‘trivhenyltinlithium
wes unresctive in 211 of the sddition resctions mentioned

73

ebove, plecing 1t in a cetegory of lesser resctivity.

b. Addition to csrbonyl groups Silylmetallic

reagents have been found to add across the cerbonyl linksge

?3H. Gilmen end S. D. Rosenberg, J. Org. Chem., 18,
1554 (1953). '
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in aliphatic74’75 and z=.r'orr!etj.c'm’'7'7 ketones (apperently =)

normal addition to the eromastic cerbonyl occurred, followed

by e rearrangement), sromatic and eliphatic aldehydes,78’79’80’

81,82 ond to derivetives of carboxylic ecids.go’el’83 Tri-
phenylgermylmetallic compounds84 8lso a2dded to the cerbonyl
functions of seversl sldehydes snd ketones. These reactlons
cleerly indicate that both silyl- snd germylmetellic resgents
sre 2t lesst "moderstely rezctive" on the basis of the pre-
vious definition znd, coupled with their sdditions to olefins,
give further evidence for their right to be classified ss
"highly reactive".

The reezction of a silylmetsllic reagent with benzal-

74A. G. Brook, J. Am. Chem. Soc., 80, 1885 (1958).

75H. Gilmsn and G. D. Lichtenwalter, ibid., 80, 2680
(1958) .

76H. Gilmen snd T. C. Wu, ibid., 75, 2935 (1953).

?7H. Gilman end G. D. Lichtenwalter, ibid., 80, 607
(1958).

78H. Gilmen end T. C. Wu, ibid., 76, ©50° (1954).

794, @. Brook, C. M. Werner snd M. E. McCGriskin, ibid.,
1, 981 (1959).

—_—2
80D. Wittenberg 2nd H. Gilmsn, ibld., 80, 4522 (1958).

( ?1H. Gilmen and D. J. Peterson, J. Org. Chem., 23, 1895
1958) .

82D. Wittenberg, T. C. Wu and H. Gilmen, ibid., 94, 13490
(1959).

83A. G. Brook, J. Am. Chem. Soc., 79, 4373 (1857).
84H. Gilmen end C. W. Gerow, ibid., 77, 5740 (1955).



acetophenone, a resction which might have a2llowed a more defi-
nite classification, hes been found to be unsztisfectory.
When an organometellic reagent is a2llowed to resct with
benzalacetophenone, two possible reections mey occur depend-
ing upon the resctivity of the orgsnometsllic compound: (1)
1,4-addition by moderately resctive compounds or; (2) 1,°-
addition ty highly reactive COmpounds.54 Triphenylgermyl-
lithium appsrently added predominently in the 1,4-position
indiceting moderate reactivity,7o however, triphenylsilyl-
lithium did not give identifietle products.85 Anticipating
the discussion to follow under meteletlons, triphenylsilyl-
lithium is probebly more reesctive then triphenylgermyllithium
end very likely gave considersble 1,2-addition product, which
wes not isolated.

In further support of the high reesctivity of silylmetal-
lic resgents in this type of reaction, triphenylsilyllithium
and -potassium heve been found to edd to the szomethine link-
age of benzophenone anil and to azobenzene.66 Triphenylsilyl-

86

lithium 2dded to pyridine in the 4-position, end to zcridine

85H. Gilmen end G. D. Lichtenwalter, Iowa State Univer-
sity of Science and Technology, Ames, Iowa. Informestion con-
cerning reaction of triphenylsilyllithium with benzzlsceto-
phenone. Private communicetion. 1288.

86D. Wittenberg and H. Gllmen, Chem. znd Ind. (London),
320 (1958).
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across the 9,10-linkage.87 These resctions are 8ll typicel
of highly reective and selective resgents.

c. Halogen-metsl interconversion reactions Ano ther

reection which gives en indicetion of the general cl=ss of
orgenometallic resctivity is thet of helogen-metsl intercon-
version, s resction which 1s successful only for highly rezc-

tive orgenometallic reegents.12

Silylmetellic resgents reasct
with toth elkyl and sryl hazlides to give either coupling or
helogen-metal interconversion oroducts depending upon the
helide used esnd the mode of eddition.so’50’88’89’90’91’92’93’

c4 C
$4,9% 1 most of the reactions, there wzs some degree of

874, Gilmen 2nd G. D. Lichtenwslter, J. Org. Chem., 23,
1526 (1258).

884. Gilmen 2nd D. Aoki, ibid., o4, 426 (1959).

824, a. Brook 2nd S. Wolfe, J. Am. Chem. Soc., 72, 1431
(1957) .

°0g, a. Benkeser, Y. Lzndesmen end D. J. Foster, ibigd.,
74, 648 (1952). —

®la. G. Brook, H. Gilmen #nd L. S. Miller, ibid., 75,
4752 (1953).

°2R. A. Benkeser =nd R. G. Severson, ibid., 73, 1424
(1951).

934. Gilmen 2nd T. C. Wu, ibig., 73, 4031 (1951).

——)

®44. Gilmen end T. C. Wu, J. Org. Chem., 18, 753 (1953).

°5¢. p. Deppen, Iowa Stete University of Science #nd
Technology, Ames, Iows. Informetion regerding the rezction of
triphenylsilyllithium with eryl halides. Private communice-
tion. 1960.
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halogen-metal interconversion noted. Gerymylmetsllic reagents
heve been reported to react with orgenic helides to give very
smell emounts, if eny, of hexaphenyldigermane,96 tut stannyl-
metellic compoundsg7 hzve been reported to give interconver-
sion products. These ressults indicate egein thet silylmetel-
lic resgents zre highly resctive, but the results tend to
confuse the previous conclusions concerning germylmetallic
rezgents.

Along these szme lines of considerstion, silylmetellic

°8 give ¢ negstive Color Test II A,68 a test ‘or

reesgents
highly reesctive orgznometellic reagents which 1s devendent
upon & halogen-metsl interconversion resction. A positive
test mey be obteined if the reagents involved 2re 2dded cuite
rapidly. It is believed thet the feilure to give this test

in 2 normal feshion is not due to the lesser resctivity of the
silylmetzllic reegents, but is due to 2 repid counling of
tromotriphenylsilene and p-dimethyleminophenyllithium. These

two compounds would have been formed by the hzlogen-metzsl

96Cc. w. Gerow. The preparstion and clesvage of some
orgenogermanium compounéds. Unpublished Ph. D. Thesis. Ames,
Iowa, Library, Iowe Stete University of Science gnd Tech-
nology. 1256.

( ?7H. Gilmen and S. D. Rosenberg, J. Org. Chem., 18, 680
1953) .

98H. J. S. Winkler, Iova State University of Science and
Technology, Ames, Iowa. Informetion concerning Color Test
IT A with silylmetzllics. Privete communication. 1960.
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interconversion resction of the silylmetellic compound with
the first reagent of the color test, p-tromodimethyleniline.

d. Metelstion resctions One of the more elegent

studlies which has shown greet usefulness in relsting resctiv-
ities of orgrnometezllic compounds is thet sttributed to Conent

100 mhe tech-

and Wheland,99 end lrter to studies of cEwen.
nigue involved wrs to 2llow the snion of 2 wesk 2cidé to resct
with enother weesk 2cid. Determinstion of the relstive
amounts of different substsnces present »t the voint of

RH + Ry —RT + R

equilibrium wes teken 2s & meessure of the relstive strengths

of the two zcids. The results were determined ty cesrbonstion
or by colorimetric meesurements. The order of =cid strength

2s determined by these seversl studies cen bte shown es:

n-C4Hyg { CgHy { CHsCH(CHz), { CgHCHz ( (Cg¥g) oCHOHy
{ (CgHg)oCHy { (CgHg)sCH { (CgHg)oWeCqnHn)CH ( xenthene
( fluorene < 9-phenylfluorene (indene (66H50§CH

As mentioned in 2z previous section of the historicel

discussion, silylmetzllic resgents hsve meteleted diphenyl-

methane,59 triphenylmethgne,56 fluor'ene'59 snd phenylecetyl-
58 61

ene in good yields, tut toluene only in poor yield.

997. B. Conent snd G. W. Whelend, J. Am. Chem. Soc., 54,
1212 (1932). -

100w, X. McEwen, ibig., 58, 1124 (193s).
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Triphenylgermyllithium meteleted fluorene63 in egood yield.
Triphenylgermene has in turn teen metzlsted by n-butyllithium
and by phenyllithium in good yield.lol However, trinhenyl-
silene geve only coupnling products with orgenolithium re-
agents,lo2 e result attributed to the differences in electro-
negativity btetween silicon 2nd germenium 1in reference to
hydrogen.

On the tesis of these results, silyl- end sermylmetesllic
anlons probabtly should be considered 2s vossessing grester
nucleophilic activity then the diphenylmethyvl enion 2nd less
then the tenzyl anion, but further studies =re necesssary for
2 more accurete placement in the series. There hes been no
report of 2 successful relstionship of the verious silyl-
metellic reagents themselves through metalstion resctions.

At this point, the reletive anion strength of the
metellic members of Group IV A c2n be related unembliguously.

(o]
Triphenyllead~-1lithium did not metalete fluorene;5“ triphenyl-

58

tin-1ithium metalated fluorene in en 11 percent vield; end

63 end —silyllithium59 metzlated

both triphenylgermyllithium
the compound in good yield. Triphenylsilyllithium in turn

metalzted triphenylgermane.64 Thus, the order of proton

101y, Gilman and C. W. Gerow, ibid., 78, 5435 (1958).
1024, Gilmen snd H. W. Melvin, ibid., 71, 4050 (1049).



affinity is es follows:
(CeHg) sPb~ { (CgH ) 58n™ { (CoHg)5Ge™ { (Cgig)s81~

e. Cleavage rezctions It is in this aresz thet some

differentiation cen te made between the verious silyllithium'
compounds. As the numter of =lkyl sutstituents lincreasses on

a disilsne, the clesvege of this éisilene by lithium in tetra-
hydrofuran becomes slower. Hexaphenyldisilene, desplte its
low solubility, 1s cleesved more readily by lithium then is
sym.-dimethyltetraphenyldisilasne, which in turn 1s cleaved
more reedily then is gzg.-tetremethyldiphenyldisilene.103
gym.-Tetraphenyldisilzne is clezved only to 2 small extent,lo4
while hexsglkyldisilznes have entirely resisted cleavage by
metels.105’106 The resonance stabilizstion of the anions
formed may be the driving force for these reactions. It

would be logical also to essume thet the grester the resonance

stabilizetion, the lesser would be the nucleophllic character

of the anion and the following order should then hold:

: ?05H Gilmen end G. D. Lichtenwalter, ibid., 80, 608
1958

104y, G11man ana W. Steudel, Chem. 2nd Ind. (London),
1094 (195¢).

1054, Gilmen, R. X. Inghem and A. G. Smith, J. Org.
Chem., 18, 1743 (1953).

106x. B. Hughes. Some correlstions between orgesnosilicon
compounds and organogermsnium compounds. Unpublished Ph. D.
Thesis. Ames, Iowa, Library, Iowa State University of Science
and Technology. 1958.
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(CgHg) 351" { (CgHg)p0Hz81™ { CgHg(CHz) 817  (CHz) 5517

This order of anion strength received considerable ex-
perimental support as the result of some cleavage stucles of
disilsnes by silyllithium compounds.107 In this series of re-
actions 2 disilene was rescted with a2 silylmetzllic resgent
to give as products 2 new disilsne, incorporsting the rore
reactive silyl molety; and the lesser rezctive silyl-metallic
compound, eppesring ess the corresponding silanol upon hydrol-
ysis. The series developed was in agreement with the order of
reactivity mentioned sbove. On the basis of some preliminary
studies,98 the same order sppesrs to hold in the rate of
cleavage of the reaction solvent, tetrahydrofuren.

In summary, it mey be stated: (1) in addition reactions
to olefins and carbonyl systems, sand in helogen-metezl inter-
conversion resctions, silylmetellic resgents should te classi-
fied es "highly reactive" when besed upon the definitions of
reactivity devised for orgsnometellic systems; (2) in metsls-
tlon reactions silylmetallic compounds ere, et best, moderate-
ly reactive; (3) bssed upon cleavage reactions, it sppesrs
that the feacfivity of sllylmetallic compounds decreases =g
the number of aryl substituents on the silicon increases; snd
(4) in the Group IV A series, Si, Ge, Sn end Pb, there is o

decrease in reactivity with ineressing etomlc weight.

107g. Gilman, G. D. Lichtenwalter snd D. Wittenberg, J.
Am. Chem. Soc., 81, 5320 (1959).
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E. Silanecarboxylic Acids

1. Prevaration of ecids

Benkeser and Severson,92 in their initizl investigetion
of the prepzration and oroperties of trivhenylsilylpotassium,
found that the compound rescted with carbon dioxide to produce
a white crystalline solid. This merterizl was stetle 2t room
temperature, but when heated, decomposed to form carbon
monoxide and 2 mixture of triphenylsilenol 2znd hexsphenyl-
disilane. On the basis of its anzlysis and genersl behevior,
they concluded thet this carbonsztion product wss triphenyl-

108 4160 prepered

silanecsrboxylic a2cid. Brook end Gilman
the acid in good yield by the cerbonztion of trivhenylsilyl-
potassium. Further proof of structure for the scid wes given
by the preperstion of the methyl ester 2nd its reduction with
lithium aluminum hydride to the carbinol, triphenylhydroxy-
methylsilene.108
Triphenylsilanecarboxylic 2cid has also been prepered by
the cerbonation of triphenylsilyllithium-lo9 The only other
silanecarboxylic acid thet has been prepsred is tri-p-tolyl-

silanecerboxylic acid by cerbonstion of the silylpotassium

1084, @. Brook end H. Gilmen, ibid., 77, 2322 (1955).
109%. V. George 2nd H. Gilmen, ibid., 81, 3988 (1959).
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reagent.llo Triphenylgermenecarboxylic zcid, 2 similar 2cid,
was prepared by the carbonetion of triphenylgermylpotes-

siun.lll

2. Chemistry of ecids

The chemistry of the silznecsrboxylic scids is much dif-
ferent than that of other carboxylic acid systems. Benkeser
and Seversong? found thet their crude sclild decomposed upon
hesting with the evolution of cerbon monoxide. This decompo-
sition could 2lso be effected by trestment with eclild, 2nd to
some extent by merely dissolving the solid in solvents like
acetone 2nd ethanol. In 211 of these reactions only carbon

112 hsve shown thsat all

monoxide was evolved. Leter studies
known orgenosilicon compounds, in which the silicon is
attached directly to a carboxylic acid or ester group, undergo
thermal rearrangement accompanied by the elimination of the
carbonyl group as carbon monoxide. Ceareful work-up of the.
regction mixture from the thermel decomnosition of triphenyl-
silanecsrboxylic acid (V) et its melting voint (180°) hes

shown that the products formed 2re carbon monoxide, formic

acid, triphenylsilylformete (VI), triphenylsilanol (VII) and

1105, @. Brook and R. J. Msuris, ibid., 79, 971 (1957).
111a, G. Brook =nd H. Gilmen, ibid., 78, 77 (1954).
1125, . Brook, ibid., 77, 4827 (1955).
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hexephenyldisiloxene (IX).112 Elucidetion of the reaction
path as occurring through the intermediste formetion of tri-
phenylsilyl triphenylsilenecsrboxylete (VIII) was accomplish-
ed by Brook,112 vho was able to synthesize the compound.

0 0

f 1]
(06H5)381OCH<—— (C5H5)351COH —_—C0 + (CGH5)3SiOH

VI v Vil

0 0
] 1]
HCOH + (06H5)3810081(C6H5)3——>CO +
IX
CgHgN
0

I
(CgHg) 381C0H + (CgHg)5S1C1

A close analogy exists between the behavior of triphenyl-
silanecarboxylic acid and triphenylgermanecarboxylic zcid in-
sofar as their thermal decomposlitions are concerned.lll’112
Like 1ts silicon anelog, trivhenylgermanecarboxylic escid will
liberate carbon monoxide on melting. However, water and a
high yield of triphenylgermyl trivhenylgermenecsrboxylate,
(C4H ) 3GeCO0Ge(CygHg) s, are obtained rather than the expected
digermoxane and germol. Heating 2t eleveted temperatures
(190°) will give triphenylgermol and hexavhenyldigermoxane.
It 1s interesting to observe, desnite the fact that bonds to

germanium are generally somewhat weaker thzn the corresponding
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bonds to sil:ic:c»n,lz'-'3 that triphenylgermsnecarboxylic zcid end
its derivatives ore somewhat more stable towerds thermzl re-
arrangements than sre its silicon analogs. This may bte due
to decreased steric strein in the germanium compounds.

It was also found thet, while crude triphenylsilane-
carboxylic ecid wes reletively unstable decomoosing in warm
absolute ethanol with the evolution of cerbon monoxide,92
purified samples were relatively stable and fslled to decom-
pose in absolute ethanol or in ethanol-pyridine solutions.lo8
Complete decomposition of the pure acid, with evolution of
carbon monoxide, occurred repidly by treatment with only
catalytic amounts of sodium hydroxide or sodium ethoxide in
absolute ethanol, and more slowly with sodium methoxide in
2tsolute methanol, or with squeous pyridine. It was demon-
stratedlo8 that 8 nucleophilic attack by bese on silicon
occurs with evolution of cerbon monoxide, and, if the base is
alkoxide, the resulting slkoxytriphenylsilane is hydroiyzed
so that only triphenylsilenol is 1soleted;

The decomposition of triphenylsilsnecerboxylic =scid
epoeered not to be eacid cetalyzed.108 The 2cid was stoble to
brief refluxing in ethanol containing s trace of zqueous
hydrochloric ascid, but pertizl elimination of carbon monoxide
did occur upon prolonged refluxing with 6N sulfuric scid, or

in solution with ethenol and 6N sulfuric acid. However, an

113y. L. Huggins, ibid., 75, 4123 (1953).
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equivalent smount of decomposition occurred when the sulfuric

acid wes replaced by distilled water.

3. Chemistry of esters

Trestment of triphenylsilenecrrboxylic ecid with excess
dilazomethene geve excellent yields of the ester, methyl tri-
phenylsilanecarboxylate.108:110 The ethyl ester wes prepsered
similsrly from diazoethane. The methyl 2nd ethyl esters of
tri-p-tolylsilenecerboxylic scid were prevsred in & like man-
ner. The very interesting ester triphenylsilyl triphenyl-
silenecarboxylate (VIII) wes prepzsred by rescting the acid

112 The corresponding germanium

compound could be prepared simply by heeoting the ecid.l11

with chlorotriphenylsilene.

Methyl triphenylsilanecesrboxylate is 2 reasonstly steble
solid which does not decompose on melting, but like the acid,
is very sensitive to alkeline reagen‘cs.lo8 Treatment of the
compound 2t room tempersture with cstzlytic smounts of sodium
hydroxide, sodium methoxide or sodium ethoxide yielded tri-
phenylsilanol, triphenylmethoxysilane, triphenylethoxysilane,
and carbon monoxide. However, treatment of methyl triphenyl-
silaneczrboxylate with lithium aluminum hydride led to s
smooth reduction of the compound to triphenylhydroxymethyl-
silane.

110

Brook and Mesuris cerried out 2 very cazreful investi-

getion of the base catalyzed rearrangement of these esters
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to determine whether the process was intre- or intermolecular.
When a mixture of two different esters wes sutjected to the
conditions of the rearrsngement, these workers found that it
hed involved the migrestion of the alkoxyl group from the
cerbonyl group to the silicon stom in the same molecule. The

isoleticn of two, rether than four, products proved the

110 proposed a

process to be intremolecular. These workers
three-memtered cycllic intermediste formed by sttack of the
most electronegestive stom, oxygen, on the le=st electro-

negative atom, silicon. Subsequent relezse of electrons to

the carbonyl group results in its evolution 2s cerbon mon-
L]
R51:0::0 —— R5S1:0::0 — R51:0R' + :0::0
: ] \¢/ - :
:0: o
R! R!
oxide. No exact =znzlogy to this type of resrrengement is

known in carbon chemistry.
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ITII. EXPERIMENTAL
A. Generzal

Reactions involving silylmetsllic or organometallic com-
pounds were carried out 1n oven-dried glassware under 2an
atmosphere of dried, oxygen-freed nitrogen.l14 Diethyl ether,
when employed 2s & resction solvent, was drled over sodium
wire before usage. When tetrshydrofuren wss employed 2s &
reaction medium, drying was sccomplished by refluxing over
gsodium for at least 9?4 hours and distilling, immediately be-
fore use, from lithlium aluminum hydride. Melting end boiling
points ere reported in degrees Centigrade and are uncorrected.
Infrared spectrs were obtained either on az Baird, Model B, or
Perkin-Elmer, MYodel 21, recording spectrophotometer.

g—Butyllithium,l15 phenyllithium116 and methyllithium
were prepered s diethyl ether solutions by reported proce-
dures in average yields of 80.4%, 96.1% and 91.5%, respec-

tively. Other organometsllic reagents, not used so extensive-

114K, 01ta. Direct preperation of some orgenolithium
compounds from lithium and RX compounds. Unpublished Ph. D.
Thesis. Ames, Iowa, Library, Iowa State University of Science
and Technology. 1956.

1154, Gi1men, J. A. Beel, C. G. Brannen, M. W. Bulloek,
%. E.)Dunn and L. S. Miller, J. Am. Chem. Soc., 71, 1499
1049).

116y, Gilmen, E. A. Zoellner snd W. M. Selby, ibid., 55,
1252 (1933).
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ly, a2re mentioned in the text of the experimentzl presents-
tion. All silylmetallic compounds were prepered by the
lithium cleavage of the respective symmetrical disilenes in

tetrahydrofuran.lo3

B. Development of an Improved Procedure for
the Dimetalation of Diphenyl Ether

1. n-Butyllithium in tetrshydrofuran-ether
mixed solvent (1:1) at room temperature

To 2 solution of 25.5 g. (0.15 mole) of diphenyl ether

and 250 ml. of tetrahydrofqran was sdded slowly 0.35 mole of
n-butyllithium in 220 ml. of ether solution. The reaction
flesk was cooled at ice-bath tempersture throughout the addi-
tion, which was completed in 25 minutes. The ice-bath was
then removed end stirring was continued. The dsrk green re-
action mixture gave a strongly positive Color Test 11.68
Six hours later, Color Test II geve an initisl negative test,
but g dark reddish-brown color developed upon standing.
Eight hours later the same results were obtsined, and it was
concluded thet this was a negative test. Color Test 167 was
strongly positive. The reaction mixture was poured Jet-wise
through & glass wool plug into a dried, nitrogen swept, addi-
tion funnel prior to derivatization.

A two-liter, four-necked flask wss equipped wlith con-
denser, nitrogen inlets, true-bore gtirrer, and two addition

funnels; one containing about 0.15 mole of 2,2'-dilithiodi-
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phenyl ether in 500 ml. of ether-tetrshydrofursn solution, end
the other containing 19.4 g. (0.15 mole) of dichlorodimethyl-
silane dissolved in 250 ml. of tetrshydrofursn. One hundred
milliliters of the 2,2'-dilithliodiphenyl ether solution was
added to the flask and stirring was begun. The remeinder was
added simultaneously with the dropwise sddition of the di-
chlorodimethylsilane solution. For the first 15 minutes of
the addition, spontaneous refluxing occurred, but, when 1t
stopped, heat was applied to maintain a gentle reflux. Upon
completion of addition, Color Test I was negative, and hydrol-
ysils waes effected with dilute hydrochloric scid. The lsyers
were sepearated, the aqueous layer was extracted several times
with ether, and the combined extracts and organic layer wes
dried over anhydrous sodium sulfate.

The solvent was stripped off to leave a dork brown oil,
which was distilled at atmospheric pressure to give a light
brown oil boiling over the range 296-301°. The oil solidified
when seeded with a crystel of 10,10-dimethylphenoxasilin. The
crude material weighed 17.8 g. (52.5%), melting range 60-74°.
Two recrystallizations from methanol raised the melting point
to 74-79° (11t. value,® 78.5-79.0°), 10.8 g. (32.0%). The
material was not obtained 1n an optimum degree of purity since
the relative amounts obtained were of masjor importence. The
melting point of a mixture with an suthentic sample was unde-

pressed, and the infrered spectra were superimposable.
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The reaction was repeated under identical condlitions but
using larger quantities (2.5 times grester). The large bulk
of the solutions proved difficult to handle and a lower yield
of derivetive was obtained (33.5%).

2. n-Butyllithium in tetrshydrofuran-ether
mixed solvent a2t mild reflux

a. 1:1.1 Tetrshydrofuran-ether ratio A 440 ml. ether

golution containing 0.575 mole of n-butyllithium was edded
rapidly to a solution of 42.5 g. (0.25 mole) of diphenyl ether
and 350 ml. of tetrahydrofurah cooled to ice-bath temperature.
The ice-bath was removed, and the reaction mixture was warmed
to a mild reflux temperature. Color Test II remained positive
for 3 hours, but became negetive after 4 hours. Color Test I
was positive.

Derivatization wes effected with 3°.2 g. (0.25 mole) of
dichlorodimethylsilane dissolved in 350 ml. of tetrehydrofuran
ags described in the previous experiment. Recrystallization
of the crude solid from methanol geve 25.8 g. (45.5%) of
10,10-dimethylphenoxasilin, m.p. 75-79°.

b. 1:1.3 Tetrshydrofuran-ether ratio The =bove pro-

cedure was followed in the reaction of 46.8 g. (0.275 mole)

of diphenyl ether dissolved in 400 ml. of tetrshydrofursn with
0.605 mole of n-butyllithium in 590 ml. of ether solution.

A total of 5 hours of mild reflux was necessary before Color

Test II became negative. Derivatization with dichlorodimethyl-
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silane gave 28.5 g. (50.5%) of 10,10-dimethylphenoxasilin,
m. p. 74-70°.

3. n-Butyllithium in tetrahydrofuren

A tetrshydrofuran solutlon of 0.0825 mole of n-butyl-
11th1um,117 cooled to -25 + 5° by means of a Dry Ice-acetone
cooled addition funnel, was added slowly to a solution of
6.80 g. (0.04 mole) of diphenyl ether and 80 ml. of tetra-
hydrofuran, also cooled to =P5 + 5°. Addition was completed
in 20 minutes. The dark green solution gave a positive Color
Test II. After the resction mixture hsd stirred st this
temperature for & hours, the color test remained positive.
Accordingly, the solution was zllowed to warm to ice-beth
temperature and stirred overnight. The next morning, Color
Test II was negative.

Derivatization was carried out with s solutlion of 5.16 g.
(0.04 mole) of dichlorodimethylsilane and 75 ml. of tetra-
hydrofuran using the same procedure as discussed previously.
Subsequent to distillation, there was obtained 1.80 g. (20.0%)
of crude 10,10-dimethylphenoxasilin melting over the range
65-75°. A recrystallization from methanol gave 1.50 g.
(16.6%) of purer product, m. p. 74-78°.

117y, Giimen and B. J. Gsj, J. Org. C
. . Jd. 3, 4. Org. Chem., 22, 1165
(195%7) . ’
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4. Phenyllithium in tetrshydrofuran-
ether mixed solvent (1:1)

A solution of 0.605 mole of phenyllithium in 480 ml. of
ether was added rapidly to a solution of 46.8 g. (0.275 mole)
of diphenyl ether and 400 ml. of tetrshydrofursn. The reac-
tion mixture was kept at ice-basth temperature during the addi-
tion. The ice-bath was removed and the resctlion mixture was
warmed at a gentle reflux overnight. The next morning Color
Test I was dark blue. The rezction mixture was reacted with
32.2 g. (0.25 mole) of dichlorodimethylsilane dissolved in
400 ml. of tetrshydrofuran as described previously. Work-up
in the usual manner gave 18.9 g. (33.4%) of crude product,

m. p. 74-780. A recrystallization from methanol gove 13.4
g. (23.7%) of 10,10-dimethylphenoxasilin, m. p. 78-80.5".

5. Methyllithiu attempted

To a solution of 46.8 g. (0.275 mole) of diphenyl ether
dissolved in 400 ml. of tetrshydrofuran, cooled to ice-bsth
temperature, was added rapidly 0.605 mole of methyllithium
in 615 ml. of ether solution. Upon completion of addition,
the ice-bath was removed, and the reaction mixture was warmed
at mild reflux temperature overnight. The next morning,
derivatization was carried out in the usual manner with a
solution of 32.2 g. (0.25 mole) of dichlorodimethylsilane
dissolved in 400 ml. of tetrahydrofuran.
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The dark oil, obtained upon removal of the solvent, was
distilled at atmospheric pressure. A dsrk oll was collected
boiling over the range 270-309°, but this could not be induced
to crystallize, even when the oil was cooled in a Dry Ice-
acetone bath and seeded with an authentic sample. None of
the deslired product was 1solated and the oll is believed to

be polymeric in nature.

C. Preparation of Phenoxssilin Compounds

1. 10,10-Diphenylphenoxaesilin from diphenylsilane

2,2'-Dilithiodiphenyl ether was prepared by reascting 6.80
g. (0.04 mole) of diphenyl ether dissolved in 60 ml. of tetre-
hydrofuran wita 0.092 mole of n-butyllithium in 138 ml. of
ether solution at mild reflux temperature for 5 hours. This
solution was added to & flask with the simultaneous addition
of 7.37 g. (0.04 mole) of diphenylsilane dissolved in 60 ml.
of tetrahydrofuran as described in the preceding section.
Slight spontaneous refluxing occurred. To aid the reaction,
mild warming was applied. The addition was completed in 10

minutes. Color Test 167

was positive, accordingly, the re-
action mixture was heated at reflux overnight. Color Test I
was still positive and remained slightly positive after an-
other 6 hours of refluxing. Hydrolysis was effected with
200 ml. of water and the usual work—up was carried out. The

ether extracts were evaporated under an air-jet to leave an
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oily solid. This was washed with petroleum ether (b. p. 60-
70°) to give 5.65 g. (40.3%) of 10,10-diphenylphenoxasilin,
melting range 165-173°. A recrystallization from petroleum
ether (b. p. 80-110°) raised the melting point to 172-176.5°,
3.90 g. (27.8%); and a recrystallization from ethyl aceteote
gave 2.80 g. (20.0%) of pure product, m.p. 176-178°. A
melting point of a mixture with an authentic sample was un-

depressed.8

2. 10-Phenylphenoxasilin

2,2'-Dilithiodiphenyl ether, spproximetely 0.12 mole
prepared by the dimetaletion of diphenyl ether by n-butyl-
lithium as described in the first section, wes added to a
flask with the simulteneous addition of a solution of 16.2
g- (0.15 mole) of phenyleilanell® and 200 ml. of tetrshydro-
furan. The rate of addition was sdjusted in such a manner
that there was always a slight excess of phenylsilane. Slight
spontaneous refluxing occurred during the addition. Color
Test I was deep violet. The rezction mixture was stirred
overnight at room temperature; Color Test I was then s light
violet. The light colored solution was poured onto crushed
ice acidified with sulfuric acid. The layers were separsted,

and the aqueous layer extracted several times with ether.

1184, E. Finholt, A. C. Bond, Jr., X. E, Wilzbach and
H. I. Schlesinger, J. Am. Chem. Soc., 69, 2692 (1947).
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After drying the ether extracts over anhydrous sodium sulfate,
the solvent was strippred off to leave a yellow oil, which was
distilled under reduced pressure to give 2.30 g. (11.3%) of
recovered diphenyl ether, b. p. 46-47° (0.08 mm.), n3° 1.5838,
end snother oil boiling over the renge 119-127° (0.05 mm.).
This oil solidified upon cooling in an ice-bath. The solid
was washed with methanol to give 10.2 g. (33.0%) of white
80l1d, melting renge 51-72°. A recrystallization from
methanol gave 8.50 g. (25.8%) of pure lO-phenylphenoxasilin,
m. p. 81-83°.

égg;.llg Caled. for C,gH,,081: 81, 10.75. Found: Si,
10.14, 10.21.

The infrared spectrum es a carbon tetrachloride solution
showed the characteristic Si-H band at 4.65 au in addition to
the bands for Si-phenyl snd diphenyl ether.

In order to obtaln sufficient qusentities of the silane
for starting msterisgl, the reaction was repeated seversl times

to give the eyclic silane in pure yields of 15.4 and 93.7%.

3. 10,10-Diphenylphenoxassilin from phenyllithium
and 10-phenylphenoxgsilin

An ether solution of 0.0073 mole of phenyllithium was
added over a period of 10 minutes to 2.00 g. (0.0073 mole)

llgsilicon anglyses were performed by the procedure of
?. Gi}man, H. W. Melvin and G. E. Dunn, 1ibid., 72, 5767
1950) .
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of 10-phenylphenoxasilin dissolved in 50 ml. of ether. Color
Test I was slightly positive upon completion of sddltion, and
efter the.solution had been stirred a2t room temperature for

4 hours; however, after 1 hour of refluxing the reaction mix-
ture, the color test was negative. Hydrolysis was effected
with water. The usual work-up gzve 1.30 g. (50.6%) of 10,10-
diphenylphenoxasilin melting over the rsnge 164-178°. A re-
crystallization from petroleum ether (b. p. 80-110°) raised
the melting point to 176-178°, 1.00 g. (39.0%) (mixture melt-
ing point identificstion).

4. 10-Methyl-l1O0-phenylphenoxasilin

Methyllithium, 0.0182 mole in ether solution, wss added
slowly to 5.00 g. (0.0182 mole) of 1lC-phenylphenoxasilin dis-
solved in 75 ml. of ether. There was no evident evolution of
heat during the addition, but the solution turned white.
Color Test I was positive at the completion of addlition but
was negative after the solution had stirred at room tempera-
ture for 2 hours. The solution was hydrolyzed with aqueous
ammonium chloride solution and the usual separation and ex-
traction employed. Evgporation of the ether solvent left
a colorless oll. This crystallized after belng teken up in
ethanol and the ethenol solution evaporsted under an air-jet.
Several recrystallizations of the s0lid from the ssme solvent

gave 3.15 g. (60.0%) of 10-methyl-10-phenylphenoxasilin as
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white crystals, m. p. 56 .5-58.0°.

Ansl. Caled. for CygHyg0S1: Si, 9.75. Found: Si, 92.53,
9.77, 9.88.

The infrared spectrum as a carbon disulfide solution was
quite similar to those of the following 10-phenyl-10-tolyl-
phenoxasilins except for a small pesk at 8.14 4 which is char-
acteristic of Si-methyl absorption.

5. 10-Phenyl-10-o-tolylphenoxasilin

An ether solution containing 0.0072€ mole of o-tolyl-
11 thiumil® was added slowly to 2.00 g. (0.00726 mole) of
10-phenylphenoxasilin dissolved in 50 ml. of ether. The white
solution gave a mildly positive Color Test I. After the re-
action mixture had stirred at room temperature for ? hours,
Color Test I was still faintly positive. The reaction mixture
was hydrolyzed with aqueous ammonium chloride solution and
worked up in the ususl menner to give a white solid. This
was recrystallized from ethanol to give 1.25 g. (47.2%) of
10-phenyl-10-0-tolylphenoxasilin as white crystals, m. p-.
116-117.5°. |

Apnal. Caled. for CogHpg081: Si, 7.72. Found: 8i, 7.58,
7.82.

The infrared spectrum as a carbon disulfide solution
showed the characteristic gbsorption bands for C-H aromatic

and allphatie, ether linkage, and Si-phenyl.
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6. 1l0-Phenyl-10-p-tolylphenoxasilin

An ether solution of 0.00726 mole of p-tolyllithium o

was added slowly to 2.00 g. (0.007926 mole) of 10-phenyl-
phenoxasilin dissolved in 50 ml. of ether. Slight spontsneous
refluxing occurred during the addition, and the solution
turned white. Color Test I was moderately vositive, but sfter
the solution had bteen refluxed for ? hours it wss only
slightly positive. The reactlon mixture wss hydrolyzed with
water and worked up in the same manner 28 descrited previously
to give 2.10 g. (79.3%) of crude material melting over the
range 141°—to a turbid liquid. Severasl recrystallizations
from petroleum ether (b. p. 80-110°) geve 1.95 g. (47.9%) of
pure l1lO-phenyl-10-p-tolylphenoxesilin, m. p-. 155-157°.

Anal. Caled. for CosHponOS1: Si, 7.72. Found: Si, 7.73,
7.77.

The infrared spectrum 2s a carbon disulfide solution was

similar to thet of 10-phenyl-10-o-tolylphenoxasilin.

7. 10-(o-Biphenylyl)-10-phenylphenoxasilin

An ethereal solution of 0.011 mole of 2-biphenylyl-
11thiuml% was added slowly to 3.00 g. (0.011 mole) of 10-
phenylphenoxasilin dissolved in 100 ml. of ether. Color Test
I was strongly positive at the completion of 2ddition, but
was negative after the reaction mixture hed stirred 2t room

temperature for 2.5 hours. Hydrolysis wes effected with
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dilute aqueous ammonium chloride, and the usual work-up was
carried out to give a white, olly solid. Several recrystal-
lizgtions from petroleum ether gave 2.20 g. (47.2%) of 10-
(o-biphenylyl)-10-phenylphenoxasilin as a white crystalline
golid, m. p. 150-151°.

Anal. Caled. for CzgHpo051: 851, 6.59. Found: Si, 6.47,
6.57.

The infrared spectrum was in good agreement with those of

similer phenoxasilin compounds.

8. 10-(p-phenoxyphenyl)-10-phenylphenoxasilin

To 0.0182 mole of n-butyllithium 28 an ethereal solution
cooled to -20° was added slowly 4.53 g. (0.0182 mole) of
p-bromophenyl phenyl ether dissolved in 100 ml. of ether.

The addition was adjusted at a rate to maintein the tempera-
ture at -200. Upon completion of sddition, the clear solution
gave a negative Color Test II,68 but a positive Color Test I.
Five grams (0.0182 mole) of 10-phenylphenoxasilin dissolved

in 100 ml. of ether was added rapidly to the cooled solution.
The reaction mixture was allowed to warm to room temperature.
Since Color Test I was mildly positive, the reaction mixture
was stirred at room temperature overnight. The color test was
then negative. The solution was hydrolyzed with dilute
aqueous ammonium chloride solution and the usual separation

and ether extraction employed. Evaporation of the solvent
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left a colorless oil which solidified after standing for sev-
eral dsys. The solid was washed with petroleum ether (b. p.
60-70°) and recrystallized several times from the same solvent
to give 1.55 g. (19.3% of 10-(p-phenoxyphenyl)-10-phenyl-
phenoxasilin, m. p. 156-1370.

Angl. Caled. for OzpHoo0o81: 8i, 6.32. Found: 8i,
6.11, 6.21.

9. 10-Hydroxy-lO-phenylphenoxesilin

To 2.00 g. (0.0073 mole) of 10-phenylphenoxasilin sus-
pended in 20 ml. of absolute ethanol was added slowly a solu-
tion of 1.51 g. (0.027 mole) of potassium hydroxide dissolved
in 5 ml. of water and 15 ml. of gbsolute ethanol. A gas wes
given off rapidly during the addition, which wes completed in
10 minutes. The reaction mixture wes dlluted with aqueous
ammonium chloride solution. A white oll separated out which
was extracted with ether and the usual work-up effected.
Evaporetion of the ether solvent left a2 white solid which
wag recrystallized several times from petroleum ether (b. p.
60-70°) to give 1.64 g. (77.4%) of 10-hydroxy-10-phenyl-
phenoxasilin as a white crystalline solid, m. p. 124-125°.

Anal. Calcd. for CygHy340081: 8Si, 9.66. Found:. 81,
9.38, 9.47, 9.53, 9.61.

The infrared spectrum as a carbon disulfide solution was

qQuite similar to that of other phenoxasilin compounds except
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for an unassociated hydroxyl ebsorption pesk at 2.70_.

10. 10,10'-Oxybis-(10-phenylphenoxasilin)

One gram (0.0034 mole) of 10-hydroxy-10-phenylphenoxa-
silin was suspended in 20 ml. of 98% formic scid and the mix-
ture was refluxed for 1 hour. Upon cooling to room tempera-
ture, the reaction mixture wes filtered to lesve a white
solid. This was washed free of formlc acld and dried to give
0.80 g. (85.1%) of crude 10,10'-oxybis-(10-phenylphenoxasilin)
melting over the range 167-183°. After trituration with
ethanol and recrystallization from petroleum ether (b. p. 80-
110°), the white solid melted 189.5-191°, 0.35 g. (37.3%).

The melting point of & mixture with a sample of solid isolated

120

and analyzed previously in this Latoratory was undepressed.

The infrzred spectra were also superimposable.

11. 1l0-Benzvl-10-phenylphenoxasilin

A tetrshydrofuran solution containing 0.0117 mole of
benzyllithiumt<l was added to 3.20 g. (0.0117 mole) of 10-

phenylphenoxasilin dissolved in 50 ml. of ether. There was

120g. Schwebke, Iowa State University of Science and
Technology, Ames, Iowa. Information on 10,10' -oxybis-(lo-
phenylphenoxasilin). Private communication. 1960.

121y, A. McNinch. Preparation and some reactions of
organolithium resgents of the benzyl type. Unpublished M. S.
Thesis. Ames, Iowa, Library, Iowa State University of Science
and Technology. 1959.
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no spontaneous evolution of heest. At first the color of the
benzyllithium solution was rapidly lost,- but at the end of the
addition the color of the solution was orange. Color Test I
was mildly positive, but after the reaction mixture had
stirred overnight st room temperature the color test was
negetive. Following hydrol&sis with dilute aqueous ammonium
chloride and the ususl work-up, evaporstion of the ether sol-
vent left & colorless oil which solidifed upon standing for a
dey. The oily solid was washed with petroleum ether (b. p.
60-70°) and recrystallized from the same solvent to give 0.95
g. (28.0%) of 10-hydroxy-10-phenylphenoxasilin, m. p. 194-
125.5°. The melting point of a mixture with an authentie
specimen was not depressed, and the infrared spectrum was
superimposable with that of an suthentic sample.

Eveporation of the mother liquor left a2 small smount of
oil, which erystallized upon standing. The solid wes re-
crystallized from ethanol to give a trace of white crystals
believed to be 10-benzyl-10-phenylphenoxesilin, m. p. 89-90°.

Angl. Caled. for Co5Hpn081: €, 82.30; H, 5.53. Found:
¢, 82.50, 82.60; H, 5.85, 6.01.

12. 10-Bromo-10-phenylphencxagilin

To a solution of 5.00 g. (0.018 mole) of 10-phenylphenoxa-
8ilin dissolved in 100 ml. of carbon tetrachloride was added,
in small portions, 3.20 g. (0.018 mole) of N-bromosuccinimide.
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The solution became yellow in color 2nd quite warm, a water
beth being used to control the temperature. The reaction
mixture was stirred for 3 hours at room tempersture. At the
end of that period, the mixture was filtered under nitrogen to
glve 1.50 g. (84.2%) of succinimide, m. p. 121-125° (mixture
melting point). The red filtrate was distilled, using the
reduced pressure of g weter aspirator, to lesve 2 brown resl-
due. This was recrystallized from petroleum ether (b. p. 80-
110°) to give 3.35 g. (52.6%) of 10-btromo-10-phenylphenoxa-
8ilin ss a light yellow solid, m. p. 96-99°.

Angl. Calcd. for CO,gH,zBrOSi: 81, 7.96. Found: B8i,
g8.18, 8.18.

The infrared spectrum as o cerbon tetrachloride solution
was identical to thzt of the starting meterisl except for the
sbsence of the Si-H absorption pesak.

The recrystallizetion solvent was hydrolyzed with water
and worked up in the usual manner to give, after recrystal-
lization from petroleum ether (b. p. 80-110°), 0.35 g. (6.68%)
of 10-hydroxy-10-phenylphenoxasilin, m. p. 123-124° (mixture
melting point).

The reection was repeated to give a yileld of 63.2% of
10-bromo-10-phenylphenoxasilin, m. p. 96.5-99.0°, and 24.9%
of 10-hydroxy-1lO-phenylphenoxasilin.

To provide sdded proof for the structure of the bromo

compound, 2.00 g. (0.0057 mole) was reacted with an ethereal
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gsolution of 0.0057 mole of phenyllithium. The resctlon was
carried out and worked up in the seme menner as described for
the reaction of lO-phenylphenoxasilin with phenyllithium.
There wes obtalned 0.70 g. (35.3%) of crude 10,10-diphenyl-
phenoxasilin melting over the range 149°-to 2 turbid liquid.
Two recrystellizations from petroleum ether (b. p. 80-110°)
raised the melting point to 177-179° (mixture melting voint).
10-Hydroxy-10-phenylphenoxasilin, 0.55 g. (33.5%), was 2lso

1goleted.

13. 10,10'-Diphenyl-10,10'-bi-(phenoxesilin)

To a solution of 5.00 g. (0.0142 mole) of 10-bromo-10-
phenylphenoxasilin snd 75 ml. of xylene was added 0.345 g.
{0.015 g. atom) of sodium cut into several small pieces. The
mixture was heated at reflux for 24 hours. After the brown
solution had cooled, it was poured into ethanol. The ethanol
was diluted with an egqual volume of water. A smell amount of
insolutle meterial was filtered off, but, since it pesrtislly
dissolved upon washing with benzene, 1t was sdded to the or-
genic layer. The lsyers were sepsrated snd the squeous layer
was extracted several times with benzene. Evaporation of the
solvent left a yellow so0lid which was slurried with ethanol
‘to give 3.55 g. (91.2%) of crude 10,10'-diphenyl-10,10'-bi-
(phenoxasilin), melting range 206-225°. Reerystallization

from benzene-petroleum ether (b. p. 60-70°) end from petroleum
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ether (b. p. 80-110°) gave 2.20 g. (56.5%) of pure product,
m. p. 231-233°.

Angl. Celed. for 056H9602312: Si, 10.28. Found: §Si,
10.15, 10.22.

The infrared spectrum as a carbon disulfide solution was
superimposable with that of 10,10-diphenylphenoxasilin except
for the band at 14.45u, which 1s smaller and not split into

g doutbtlet.

14. 2-Trimethylsilyl-10,10-diphenylohenoxasilin

To 10.0 g. (0.0412 mole) of 4-trimethylsilylphenyl phenyl
ether dissolved in 60 ml. of tetreshydrofursn 2nd cooled to
ice-bzth temperature wes added slowly an ether solution con-~
teining 0.092 mole of n-butyllithium. The light yellow solu-
tion gzve a positive Color Test II. The ice-bath was removed,
end, after the solution hed stirred st room temperature for
one hour, mild warming wes spplied for 15 hours. Color Test
II wes then negative, but Color Test I wes strongly positive.
The reaction mixture, efter 1t had been poured Jet-wise through
a gless wool plug into a dried, nitrogen swept addition funnel,
was added dropwise to e flask with the simultaneous sddition
of 10.4 g. (0.0412 mole) of dichlorodiphenylsilene dissolved
in 50 ml. of tetrahydrofuran. Spontaneous refluxing occur-
red. Color Test I wes negative upon completion of addition.

Following hyarolysis with dilute squeous smmonium chloride
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solution, the usual work-up wes carried out to yileld a2 brown
oil. This was distilled 2t reduced pressure to give 8.05 g.
of oil boiling over the range 185-198° (0.05 mm.). Treatment
of the oil with methanol gave 3.15 g. (18.2%) of 2 white
golid, melting range 114-120°. After several recrystzlliza-
tions from methanol, the melting point of the 2-trimethyl-
811y1-10, 10-dinhenylphenoxasilin wes raised to 193-124°, 2.95
g. (16.9%). |

Ansl. Caled. for CpopHpgOSis: C, 76.70; H, 6.20. Found:
C, 76.85, 77.00; H, 5.75, 5.83.

15. Bromination of 10,10-dimethyl-
phenoxasilin (attemptedg

2. With bromide-bromete mixture Five grems (0.02?

mole) of 10,10-dimethylphenoxasilin dissolved in glacial
acetic acid was 2llowed to react with a mixture of 4.17 g.
(0.035 mole) of potassium bromide snd 1.17 g. (0.007 mole) of
potessium bromate dissolved in 12 ml. of water. A red color
appeared immediately, however, this color disappesred in
gbout 2 minutes. The resction mixture was refluxed for 1.5
hours. Aqueous sodium btisulfite was then added, and a yellow
oll settled out after the solution was cooled in en ice-bath.
The aqueous layer was decanted off, and the oil wsshed with

- 2% sodium hydroxide, followed by washing with dilute hydro-
chloric acid. Attempts to crystallize the oil failed. The
infrered spectrum showed bands for OH and S1-0-Si indicating
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that rupture of the ring had occurred.

b. With N-bromosuccinimide

i. In refluxing csrbon tetrachloride with zine

chloride catalyst N-Bromosuccinimide, 4.43 g. (0.0975
mole), was added to a solution of 5.00 g. (0.072 mole) of
10,10-dimethylphenoxasilin and 150 ml. of carbon tetrachlor-
ide. The solution was stirred overnight et room temperature,
but there was no visible reaction. The reaction mixture was
heated to reflux temperature, a2lso without any visible reac-
tion occurring. The flssk and contents were cooled to room
temperature and 3.40 g. (0.075 mole) of anhydrous zine chlor-
ide was added. The resction mixture was warmed at 1:-ef1ux/~
temperature for 1.5 hours, &t which time the solution wes
dark orange in color. The reaction mixture was cooled and
filtered. The orange filtrete was evsporsted under an sir-
Jet to give a crystalline solid. This was recrystallized
from methanol to give 4.75 g. (95.0%) of recovered starting
material. No bromo derivative of 10,10-dimethylphenoxesilin
was isolafed.

ii. In refluxing benzene Five grams (0.022
mole) of 10,10-dimethylphenoxasilin dissolved in 150 ml. of
benzene was mixed with 4.43 g. (0.925 mole) of N-bromo-
succinimide, and the reaction mixture was heated at reflux
temperature for several hours. Upon cooling, a white solid

settled out of the solution. This was filtered off, and the
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filtrate was evaporated under an alr-jet to leave an orange,
crystalline material. This was chromstogrephed on an alumina
column and eluted with petroleﬁm ether (b. p. 60-70°) to give
3.45 g. (69.0%) of recovered starting material. 4 small
amount of succinimide, m. p. 122-125° (mixture melting point),
was also isoleted, indicating that some bromine hed been re-
leased. However, a bromo derivative of 10,10-dimethyl-

phenoxssilin was not isolated.

1i1i. In refluxing glecial scetic seid - The pre-
vious reaction was repeated using glaclal acetic aclid as the
solvent. A dark color developed upon refluxing; there being
no observable reaction at room temperature. After refluxing
for 24 hours, the reaction mixture was diluted with water and
extracted with ether. The oil resulting from eveporation
of the ether solvent was chromatogravhed on alumina, but only
resinous materlial was eluted. Identifiable materlials could

rot be 1lsolated.
D. Preparation of Some Silicon Derivatives of Xanthene

1. 9-Triphenylsilylxanthene

a. From S-lithioxanthene and chlorotriphenylsilane

Chlorotriphenylsilane, 16.95 g. (0.0575 mole) dissolved in
200 ml. of ether, was added slowly to an ethereal solution of
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0.0548 mole of 9-11thioxanthene,122 prepared from 10.0 g.
(0.0548 mole) of xsnthenel2® dissolved in 100 ml. of ether
and an ethereal solution of 0.057 mole of n-butyllithium.
The light orange solution gave a negative Color Test 167 upon
completion of addition. The reaction mixture was hydrolyzed
with water, the layers sepazrated, the adqueous lsyer extracted
twice with 200 ml. portions of ether, and the comblned organic
leyer and extractions dried over snhydrous sodium sulfate.
The ether was decented from the drying agent and evaporated
under an air-Jet to leave a yellow solid. This was recrystal-
lized several times from ethanol to give 12.7 g. (52.6%) of
9-triphenylsilylxanthene, m. p. 164.5-166°.

Ansl. Caled. for CzyHo,081: Si, 6.38. Found: 8i, 6.35,
6.36.

The infrared spectrum showed prominent absorption peaks
at 3.35, 8.02, 9.10, and 13.50 M, characteristic of C-H
aromatic, aromatic gther, Si-pﬁenyl, and ortho disubstitu-
tion, respectively.

b. Fropm 9-11thioxanthene and triphenylsilene (sttempted)
To an ethereal solution of 0.0548 mole of 9-1lithioxsnthene,

prepared as described in the previous reaction, was sdded 14.5

g- (0.0548 mole) of triphenylsilene dissolved in 150 ml. of

122R, R. Burtner and J. W. Cusic, J. Ag. Chem. Soec., 65,
1582 (1943).

123Generously donated by Mallinkrodt Chemical Works,
St. Louis, Missouri.
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ether. The addition, which proceeded without visible reac-
tion, was completed in 10 minutes. Color Test I was strongly
positive, and the resction mixture was heated ot reflux
temperature for 16 hours. However, Color Test I wss still
positive. The reaction mixture wes cerbonated by pouring jet-
wise into & Dry Ice-ether slurry. After the solution head
warmed to room temperature, 1t was extracted several times
with 2.5% sodium hydroxide solution; the remaining orgenic
layer was dried over anhydrous sodium sulfete. The basic ex-
tract was acidified with 10% hydrochloric acid solution to
precipitate a yellow s0lid which was filtered, washed with
water, and dried to give 8.65 g. (69.7%) of crude scid, m. p-
218-221°. A recrystallization from glacial scetic =cid geve
5.40 g. (43.5%) of xanthene-9-cerboxylic acid, m. p. 2292.5-

122

225°_(m1xture melting point). The literature vslue is

2220,

Evaporation of the solvent from the original orgenic
layer left 2 yellow oil which wzs chromstographed on slumina.
Elution with petroleum ether (b. p. 60-70°) gave 13.9 g.
(95.8%) of crude triphenylsilane melting over the range 37-
430. This wes recrystallized from methenol to yleld 11l.1 g.
(76.5%) of pure material, m-.p. 43-46° (mixture melting point).
Elution of the column with benzene gave 0.15 g. (1.53%) of

dixantheae,124 m. P 205-206° (mixture melting point). Fur-

1243, B. Conent and A. W. Sloen, J. Am. Chem. Soc., 45,
2466 (1923).
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ther elution of the column with ethanol gave 0.15 g. (0.98%)
of triphenylsilanol, m. p. 153-154° (mixture melting point).

2. 9-Trimethylsilylxenthene

An ethereal solution of 0.0548 mole of 9-lithioxsnthene,
prepered es described in the preceding experiment, was added
to 6.20 g. (0.057 mole) of chlorotrimethylsilane dissolved
in 100 ml. of ether. The additlon proceeded with slight spon-
taneous refluxing and was completed in 15 minutes. The yellow
solution gave a negafive Color Test I. The reection mixture
wes hydrolyzed and'wqued up in the ssme menner as described
in the preceding section to yleld e light brown solid. The
s0lid was recrystallized from ethanol to give 9.40 g. (67.3%)
of 9-trimethylsilylxanthene, m. p. 119.5-191°.

Anal. Caled. for 616H18081: C, 75.50; H, 7.13. Found:
C, 75.75, 75.79; H, 7.22, 7.93.

The infrzred spectrum showed, in sddition to the bands
for C-H aromatic and sliphetic and zryl ether, a doublet at
13.2 and 13.4 m which is characteristic of SiMes.

3. Diphenylbis-(9-xanthyl)silane

To an ethereal solution of 0.0548 mole of 9~1ithioxsan-
thene wag sdded siowiy 6.94 g. (0.0274 mole) of dichlorodi-
phenylsilane dissolved in 50 ml. of ether. The reaction mix-

ture was then refluxed for 5 hours, at which time Color Test
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I wezs negative. Following aqueous hydrolysis, the solid which
separsted out at the interface of the liquids was removed by
filtration. The organic layer wes worked up in the usual
manner to yileld a2 smell amount of solid which was identicel
with the insoluble material which had been filtered off.
These so0llds were combined and recrystallized from benzene
to give 7.55 g. (50.6%) of diphenyltis-(9-xsnthyl)silsne,
m. p. 214-216°.

Angl. Csled. for CzgHpgOnS1: Si, 5.16. Found: 81,
5.13, 5.20.

The materisl was insoluble 1n cerbon disulfide, but the
infrzred spectrum as & potassium bromide pellet showed

absorption peaks for Si-phenyl and an sromstic ether.

4. Dimethylbis-(9-xsnthyl)silane

To 0.0548 mole of 9-lithioxanthene in ether solution
was added dropwise 3.53 g. (0.0274 mole) of dichlorodimethyl-
silane dissolved in 50 ml. of ether. After the recction mix-
ture had stirred at room temperature for one hour and hed
been hested at reflux temperature for 5 hours, Color Test I
was negative. Following aqueous hydrolysis, the usual work-
up was employed. Evaporation of the solvent left 2 red solid
which was recrystallized from ethénol several times to give
4.50 g. (39.1%) of dimethylbis-(9-xanthyl)-silsne, m. p.
173-174°. |
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Anel. Calcd. for ConHoys0s81i: C, 80.00; H, 5.74. Found:
C, 80.34, 80.49; H, 5.49, 5.58.

The infrered spectrum was quite similar to that of
9-trimethylsilylxanthene except for the intensities of the
absorption pesks for C-H.

5. 9,9-Dipvhenyl-4~-trivhenylsilylxanthene

125 yas

Ten grems (0.030 mole) of 9,9-diphenylxanthene
suspended in 100 ml. of ether and an etheresl solution of
0.0306 mole of n-butyllithium added. The yellow solution
was refluxed for 5 hours. The resulting orsnge solution gave
a negative Color Test 11%8 but = positive Color Test I. To
this solution was added 9.14 g. (0.0306 mole) of chlorotri-
phenylsilsne dissolved 1n 100 ml. of ether. Color Test I
wes positive at the completion of the eddition, and was still
moderately éositive after the reaction mixture hed been heated
et reflux temperature for 18 hours. Two hundred milliliters
of benzene wes sdded and the ether wes distilled until the
temperature reached 60°. The resction mixture wes then re-
fluxed for 4 hours, st which time Color Test I was negstive.
Hydrolyslis was carried out by the addition of water, and a
suspended white solid was filtered off. The organic leyer

was worked up in the usual manner to give a yellow solid

125F. Ullmen and G. Enge, Ber., 37, 2367 (1904).
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which proved to be the same as the insolutle materisl pre-
viously filtered from the solution. The solids were combined
and reerystallized from benzene-petroleum ether (b. p. 60-70°)
to give 3.95 g. (21.6%) of 9,9-diphenyl-4-triphenylsilyl-
xenthene, m. p. 269-271.5 dec.

Anal. Caled. for CyzHz5081: 8i, 4.62. Found: Si, 4.64,
4.65.

The position of substitution is s2ssigned es ortho to the
hetero atom by snalogy to all other metalaztions of sryl ethers
by orgsnolithium compounds.55 The infrered spectrum showed
gbsorptions bands at 3.30, 8.05 and 9.05um, indicetive of
C~-H zromstic, aryl ether and Si-phenyl, respectively, and
substitution bands for 1,2,3-trisubstitution snd/or 1,9-
disubstitution.

6. 2-Trimethylsilyl-2,9-diphenvlxanthene

An ethereal solution of 0.0652 mole of n-butyllithium
was added to 15.0 g. (0.062 mole) of 4—trimethylsfiyipheny1
phenyl ether, snd the resction mixture wes refluxed for 24
hours. Color Test II was negative but Color Test I was posi-
tive. To the solution was added 11.9 g. (0.0652 mole) of
benzophenone dissolved in 100 ml. of ether. Color Test I was
negative at the completion of sddition. Hydrolysis weas
effected with aqueous smmonium chloride and the ususl work-up

carried out. Evaporation of the solvent left a yellow oil.
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The oil was chromatographed on alumins, using petroleum ether
(b. p. 60-70°) as the eluent, to give s white, olly solid.
This was reerystellized several times from petroleum ether
(b. p. 60-70°) to yield 4.00 g. (15.5%) of product, m. p.
134.5-136°. The infrared spectrum hed absorption bands for
OH, C-H arometic and aliphatic, arometic ether, Si¥e, SiMesx,
end Si-phenyl, in good sgreement with the expected carbinol.
There wes 8lso & band gt 13.3 s indicative of ortho-disubsti-
tution, but s bend between 12.3 end 12.5 aacharscteristic of
1,2,4-trisubstitution was absent. Although definite proof is
lacking, 1t appesrs thot substitution occurred on the ring
without the silicon substituent.
One gram (0.00235 mole) of carbinol was dissolved in 25

ml. of warm glacial acetic acid, and two drops of concentrated
sulfuric acid were added. The solution immedietely turned
dark red and a white solid seperated out. The resction mix-
ture was poured into ice weter, and the white solid was fil-
tered off and recrystallized severasl times from petroleum
ether (b. p. 80-110°) to give 0.80 g. (83.5%) of 2-trimethyl-
§11y1-9,9-diphenylxanthene, m. p. 200-201.5°. A mixture melt-
ing point with 9,9-diphenylxenthene, which also melts at 200-
202°125 end could have arisen if desilylation hed occurred,
was depressed.

, Anal. Caled. for CpgHoyg0S1: C, 82.80; H, 6.46. Found:
C, 83.48, 83.66; H, 6.58, 6.78.
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The infrared spectrum showed sbsorption bands for C-H
arometic and aliphatic, SiMe, SiMes, ether linksge, 2nd Si-
phenyl. The remsining atsorption bends of the spectrum were

in good agreement with the expected product.

7. Reaction of triphenylsilyllithium with xanthone

To a suspension of 9.81 g. (0.05 mole) of xanthone and
100 ml. of tetrahydrofuran was added 0.05 mole of triphenyl-
8ilyllithium in tetrshydrofuran solution. The color of the
solution changed from red to green to derk brown. Color Test
I was slightly positive upon completion of addition, but wss
negative after the rezction mixture had stirred st room
tempersture for 5 hours. The resction mixture was hydrolyzed
with ammonium chloride solution. The white solid which formed
at the interface of the liqulds was filtered off and the
orgenic layer wes worked up in the usugl menner. The insolu-
ble meterial was later added to the red olly solid resulting
from the evaporation of the orgenic layer, snd the combined
solids were dissolved in hot benzene and chromatographed on
alumina using benzene ss the eluent. A yellow solid decompos-
ing over the ;ange 246-284° was 1soleted. Several recrystal-
lizations from benzene and from petroleum ether (b. p. 80-
110°) gave 2.90 g. (12.7%) of xanthydryloxytriphenylsilane,
decomposition range 246-282°.

Anal. Caled. for CziHp,0081: 8i, 6.14. Found: 83,



6.07, 6.08.

The infrared spectrum is in good agreement with the ex-
pected rearranged product with an absence of OH znd csrbonyl
tands, the presence of diaryl ether snd Si-vhenyl bends, and
a bend at 89.354 which 1s characteristic of the Si-0-C link-
age.

The only other meterisl from the chromstograpvhy wss s

bfown tar which was not investigated further.

8. Metalstion of xanthene by triphenylsilyllithium

a. Derivatization bv cerbonation Ten grams (0.055

mole) of xanthene was dissolved in 50 ml. of tetrshydrofuran,
and the resction mixture wes cooled to ice-bath tempersture.
To the solution wes added 0.055 mole of triphenylsilyllithium
in tetrshydrofuran solution over a period of 45 minutes. The
dark-red solution was stirred et ice-bsth temperature for 0.5
hour and at room temperature for 4 hours. Color Test I was
mildly positive. A 50 ml. aliquot (about 1/3 of the total
reaction mixture) was carboneted by pouring into & Dry Ice-
ether slurry. The remaining solution was allowed to stir
overnight at room temperzture. The next morning, it wes car-
boneted in & similar manner.

1. 4 Hour sliquot After the solution had waermed

to room temperature, 1t was extracted with 2.5% sodium hydrox-

ide solution. The basic extracts were acidified with 10%
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hydrochloric acid solution to give 3.70 g. (20.2% besed upon
1/3 total volume aliquot) of crude acid, melting range 915-
222°. This was recrystallized from ethanol-wster to give 1.50
g. (36.5%) of xanthene-9-carboxylic scid, m. p. 216-220° (mix-
ture melting point). The 1iterature valuel®? is 202°. The
infrered spectrum wes identical with thst of sn authentic
sample.

ii. 16 Hour aliquot The same isolation pro-

cedure was carried out as described sbove to give 4.350 g.
(53.2%) of crude acid, m. p. 205-210° dec. A recrystalliza-
tion from petroleum ether (b. p. 60-70°) gave 2.10 g. (25.9%)
of relatively pure acid, m. p. 217-220° (mixture melting
point). ‘

The combined crude acid represents a 64.0% yield; while
the pure acid represents a yleld of only 29.2%. No attempt
was mede to work up the mother liquors.

The original organic layers from the bssic extractions
were combined, and the solvent evaporsted to lesve a yellow
ol1l. The oil was chromatogrephed on alumina to recover 0.60
g. (6.00%) of recovered xanthene, m. p. ©7-99° (mixture melt-
ing point).

b. Derivatizstion with chlorotriphenylsilane Ten
grams (0.055 mole) of xanthene was metalated by 0.055 mole
of triphenylsilyllithium as described in the previous reaction
and was subsequently reacted with 16.5 g. (0.056 mole) of
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chlorotriphenylsilane dissolved in 50 ml. of tetrshydrofuren.
There was no spontaneous refluxing, but the color of the solu-
tion changed to black. Color Test I was negative. Aqueous
hydrolysis was followed by the usuel work-up. Evaporation of
the solvent left a dark brown solid which was chromatogrephed
on alumina. Elution of the column with petroleum ether

(b. p. 60-70°) gave, after several recrystallizstions from
ethanol, 0.90 g. (9.00%) of recovered xanthene, m. p. 100-102°
(mixture melting point). Elution of the column with benzene
gave, subsequent to several recrystallizations from ethanol,
3.50 g. (14.4%) of 9-triphenylsilylxanthene, m. p. 164.5-166°
(mixture melting point). Elution of the column with ethanol
gave a s80lid which was recrystallized from petroleum ether

(b. p. 80-110°) to give 7.55 g. (48.7%) of triphenylsilanol,
m. p. 151-153.5° (mixture melting point).

E. Reaction of Triphenylgilyllithium with
Some Alkyl-Aryl Ethers

1. Anisole

A tetrahydrofuran solution of 0.059 mole of triphenyl-
e11yllithium was added slowly to 6.40 g. (0.059 mole) of
anisole dissolved in 120 ml. of tetrshydrofuran. There was
no spparent reaction during the addition, which was completed
in 45 minutes. The color of the solution was dark brown.

The reaction mixture was warmed at 50° for 24 hours, at which
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time Color Test 167 was slightly positive. Hydrolysis wes
effected with concentrated aqueous smmonium chloride solu-
tion, and the organic layer separated.

The organic layer wes extracted several times with a
total of 400 ml. of 2 1/92% aqueous sodium hydroxide. The
basic extract was acidified with 10% aqueous hydrochloric
ecid, and the acidifled solution was extracted with ether.
The ether extracts were dried over sodium sulfate and later
evaporated under an air-Jet to leave an oil with a strong
phenolic odor. This was brominated following & published
procedure,126 and the resulting solid was reerystallized from
ethanol-weter to give 7.75 g. (31.5%) of 2,4,6-tribromophencl,
m. p- 93.5-94° (mixture melting point).

The original organic layer was evaporated to leave a
white s0lid which was chromatogrsphed on alumina. Elution of
the column with petroleum ether (b. p. 60-70°) gave a white
80l1d which was recrystallized from ethanol to yleld 10.4 g.
(64.2%) of methyltriphenylsilane, m. p. 67-69° (mixture melt-
ing point, infrared spectrum). Elution of the column with
benzene gave a trace of impure tetréphenylsilane, melting
range 172-220°, identified by comparison of the infrared
spectrum with thst of an authentic sample. Further elution
of the column with ethyl acetate and with ethanol gave a

126R. L. Shriner, R. C. Fuson and D. Y. Curtin. The
systematic identification of orgenic compounds. 4th ed., p.
264. New York, N. Y., John Wiley and Sons, Inc. 1956.



86

mixture of triphenylsilanol and 4-hydroxybutyltriphenylsilane
which could not be separated, 0.60 g. ( ~ 3.70%), 190-145°

melting range (infrared spectrum).

2. Phenetole (attempted)

To 2.71 g. (0.059 mole) of freshly distilled phenetole
dissolved in 25 ml. of tetrzhydrofuran was added a tetrahydro-
furan solution of 0.059 mole of triphenylsilyllithium. The
reaction mixture was warmed at 50° for 24 hours. Color Test
I was strongly positive. The reaction mixture was then
stirred at 60° for 72 hours, 2t which time Color Test I was
only moderately positive. The dark red solution was hydrolyz-
ed with smmonium chloride solution snd worked up in the ssme
manner as described in the previous reaction. The besic
extraction gave a small amount of an oily residue with a
strong phenolic odor. This was derivetized with bromine as
in the previous experiment to give & small amount of light
brown s0lid melting over the range 75-95°. A recrystalliza-
tion from ethanol-water raised the melting point to 83-90°;
however, there was not enough meterial for a second recrystal-
lization.

Evaporation of the ether from the original drganic layer
left a white, 0ily solid which was chromatographed on &lumins
a8 in the previous reaction. The first fraction was an oil

which was distilled at reduced pressure to give 6.45 g.
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(9.46%) of triphenyleilane, b. p. 140-145° (0.5 mm.) (infra-
red spectrum comparison). From the vacuum pump trap was re-
moved 0.60 g. (8.33%) of recovered phenetole (infrared
spectrum). The second fraction from the chro?atography was
0.65 g. (3.28%) of tetraphenylsilsne melting over the range
217-230° (1nfrared spectrum) . The third frsction, eluted by
ethyl acetate, was 6.00 g. (30.6%) of 4-hydroxybutyltriphenyl-
gilane, m. p. 109-111° (mixture melting point). The last
fraction, eluted by ethanol, was 0.25 g. (1.53%) of triphenyl-
silanol (mixture melting point identification). The remaining
material was a tarry residue which was not investigated fur-

ther.

3. Phenyl n-propyl ether (attempted)

To 6.81 g. (0.05 mole) of phenyl n-propyl ether dissolved
in 50 ml. of tetrahydrofuran was added 0.05 mole of triphenyl-
silyllithium in tetrahydrofuran solution. Color Test I was
strongly positive upon the completion of addition. The re-
action mixture was warmed at 50° for 72 hours, but Color
Test I was still positive. Hydrolysis was effected with
concentrated ammonium chloride solution, and the same besic
extraction work-up employed.

Evaporation of the organic layer left a2 yellow oill which
was chromatographed on alumina in the usual manner. The first

fraction was an oll which was distilled at reduced pressure
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to glve 6.10 g. (33.9%) of triphenyleilane, b. p. 141-145°
(0.5 mm.) (infrared spectrum). The oll crystallized when
cooled in an lce-bath. The solid wae recrystallized from
methanol to give triphenylsilane as white crystals, m. p. 45-
46.5° (mixture melting point). The other materisls from the
chromatogrephy were 0.30 g. (1.78%) of tetrsphenylsilane,
3.40 g. (~24.6%) of a mixture of triphenylsilanol and
4-hydroxybutyltriphenylsilane, and 0.10 g. (0.73%) of pure
triphenylsilanol. All of the compounds were identified by
mixture melting pdinte snd/or infrared spectra comparisons.
Evaporation of the solvent from the basic extraction

failed to leave a trace of phenolic materisl.

4. p-Dimethoxybenzene

a. 1:1 Ratio A tetrahydrofuran solution of 0.059
mole of triphenylsilyllithium was added to 8.15 g. (0.059
mole) of p-dimethoxybenzene dissolved in 30 ml. of tetre-
hydrofuran. The solution was hested at 50°. Color Test I
was green after 6 hoﬁrs, but was negative sfter 12 hours.
However, the reaction was allowed to stir at 50° for 12
hours more to insure completeness of reaction. The solution
was hydrolyzed with concentrated smmonium chloride solution
and the usual basic extraction work-up employed.

Evaporation of the solvent from the original organic

layer left a white solid. This was chromatographed on
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alumina using the same procedure as deseribed in the first
reasction. There was obtained 9.80 g. (60.5%) of methyltri-
phenylsilane, m. p. 67-69° (mixture melting point) snd 0.70 g.
(~4.60%) of a mixture of triphenylsilanol and 4-hydroxybutyl-
triphenylsilane (infrared spectrum), melting range 128-138°.
The only other msterial from the chromatogrephy was a brown
tar which was not investigated.

Evaporation of the ether from the basic extract fraction
left 4.30 g. of a very dark red-brown solid. This was ex-
tracted with hot petroleum ether (b. p. 80-110°) to give, upon
cooling, 2.20 g. (30.2%) of hydroquinone monomethyl ether,

m. p. 55-57° (mixture melting point, infrared spectrum).

b. 2:1 Ratio To 5.00 g. (0.036 mole) of p-dimethoxy-
benzene dissolved in S0 ml. of tetrashydrofursn was added 0.072
mole of triphenylsilyllithium in tetrshydrofuran solution.

The reaction mixture was warmed at 50°. After 24 hours, Color
Test I was moderately positive. Hydrolysis wae effected ﬁith

concentrated ammonium chloride solution, and the ususl work-up
with basic extraction was employed.

Eveporation of the ether from the original organic layer
left a white solid which was chromatographed on alumina in the
usugl manner. Methyltriphenylsilane, 11.45 g. (115.8% based
on the avallability of one methoxyl or 57.8% on two available
methoxyl groups), m. p. 67-69° (mixture melting point); tetra-
phenylsilane, 0.10 g. (0.40%) (infrared spectrum); and the
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usual mixture of triphenylsilanol and 4-hydroxybutyltriphenyl-
gilane, 0.45 g. (A~ 2.27%) (infrared spectrum), were isolated.

The ether from the basic extracts was evaporzted to leave
4.20 g. of a dark-brown solld. The solid was extracted sev-
eral times with hot petroleum ether (b. p. 60-70°) which upon
cooling gave 1.65 g. (37.0%) of hydroquinone monomethyl ether,
m. p. 56-58° (mixture melting point, infrared spectrum). The
remaining residue was extracted several times with hot ben-
zene. Upon cooling, 0.60 g. (15.2%) of hydroquinone, m. p.
170-172° (mixture melting point), crystallized. A small
amount of black residue remained which was not investigated

further.

5. 1l-Methoxynaphthalene

To 7.91 g. (0.05 mole) of l-methoxynaphthalene dissolved
in 50 ml. of tetrahydrofuran was added 0.05 mole of triphenyl-
silyllithium in tetrshydrofuran solution. After warming at
50° for 3 hours, the solution gave a moderate Color Test I;
after 8 hours, faintly positive; and after 10 hours, negative.
The deep red solution was allowed to stir at 50° for a total
of 24 hours to insure completeness of reaction. The reaction
mixture was hydrolyzed with concentrated ammonium chloride
solution, and the usual basic extraction work-up was carried
out.

The yellow so0lid resulting from evaporation of the sol-
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vent from the original orgenic layer was chromatogrsphed on
alumina. The products obtained were 6.65 g. (48.5%) of
methyltriphenyleilane, 0.90 g. (11.4%) of recovered l-methoxy-
naphthalene, 0.25 g. (~1.81%) of 2 mixture of triphenyl-
silanol and 4-hydroxybutyltriphenylsilane, and 2 small esmount
of an unidentified brown oil. All products were identified
by mixture melting points or comparison of the infrared
spectra.

Eveporation of the ether from the basic extraction left
4.40 g. (60.8%) of crude l-naphthol es a red solid, m. p.
92-96°. This wes recrystallized from petroleum ether (b. p.
80-1310°) to give 4.20 g. (58.9%) of white flakes, m. p. 93-

95° (mixture melting point, infrared spectrum).

6. 2-Methoxynasphthalene

2-Methoxynaphthalene, 7.91 g. (0.05 mole) was dissolved
in 50 ml. of tet;ahydrofuran, and a tetrghydrofuran solution
of 0.05 mole of triphenylsilyllithium was esdded rapidly. The
reaction mixture was wermed at 50°. Color Test I was positive
after 6 hours, but after 16 hours, it was negative. The reac-
tion mixture was hydrolyzed with concentrated smmonium chlor-
ide solution, and the hydrolyzed mixture was worked up with
the usual basic extraction.

The yellow solld resulting from evaporation of the sol-

vent from the original organic layer was chromatogrephed on
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elumina. From the chromatogrsphy were isolated 7.25 g.
(52.5%) of methyltriphenylsilene, m. p. 67-69°; 0.30 g.
(3.78%) of recovered 2-methoxynephthelene, m. p. 71.5-75°
from petroleum ether (b. p. 60-70°); 0.10 g. (0.52%) of
tetraphenylsilane; and the usual tars and mixture of silanol
and hydroxy compound. The products were identified by the
method of mixture melting points.

Evaporation of the solvent from the basic extraction
left a brown solid which was recrystallized several times
from petroleum ether (b. p. 80-110°) to give 4.25 g. (58.8%)
of ©-nephthol, m. p. 119-122° (mixture melting point, infrared

spec trum) .

7. p-Chloroanisole

A tetrshydrofuran solution of triphenylsilyllithium
(0.05 mole) was added slowly to 7.13 g. (0.05 mole) of
p-chloroanisole dissolved in 50 ml. of tetrshydrofuran.
Color Test I was positive st the completion of addition, but
was8 negative after the reaction mixture had been wermed at
50° for 2 hours. The brown resction mixture was hydrolyzed
with concentrated ammonium chloride solution. A suspended
white s0lid was filtered off, washed with ether, and dried
to give 5.30 g. (40.7%) of hexarhenyldisilane, m. p. 363-364°

(mixture melting point). The organic layer was worked up in

the ssme manner es described previously.
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Evaporation of the original organic solution left a white
golid which wes chromatographed on alumins to give 0.90 g.
(12.6%) of recovered p-chloroanisole (infrered spec trum) ;

1.08 g. (5.73%) of granisyltriphenylsllane,1?7 m. p. 157-159°
after recrystallization from petroleum ether (b. p. 60-70°)
(mixture melting point, infrared spectrum); and the ususl
impure triphenylsilanol, 0.90 g.'(ﬂl6.5?3 (infrered spectrum).

Evaporation of the basic extrzction left only a trsce
of a derk oil with a phenolic odor, which could not be iden-

tifled.

8. p-Fluoroanisole

To 6.30 g. (0.05 mole) of p-fluoroanisole dissolved in
50 ml. of tetrshydrofuran was added 0.05 mole of triphenyl-
silyllithium in tetrshydrofuran solution. The resction mix-
ture was warmed a2t 50°. After one hour, Color Test I was
strongly positive; efter 8 hours, it wss only faintily posi-
tive. After 24 hours the color test was negative, and the
gray solution wss hydrolyzed and worked up following the usual
procedure.

Evaporestion of the ether from the original organic layer

left a yellow solid which was chromatographed on alumins.

127R. A. Benkeser. Some substitution reactions of
organosilicon compounds. Unpublished Ph. D. Thesis. Ames,
Iowva, Library, Iowa State University of Science and Tech-
nology. 1947.
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There were obtained 6.75 g. (49.2%) of methyltriphenylsilane,
m. p. 67-69° (mixture melting point); 0.90 g. (1.02%) of
p-anisyltriphenylsilane, m. p-. 160-161.5° (mixture melting
point); and a small amount of tarry residue which wes not
investigated further.

Evaporation of the ether from the basic extraction left
g brown oil with a strong phenolic odor. This was distilled
at reduced pressure to give 1.90 g. (30.5%) of p-fluorophenol,
b. p. 76-77° (15 mm.), nZ° 1.5055, m. p. °4.5° (1it. velue,l®®
b. p. 87°/23 mm., m. p. 26.5-27.0°). The infrared spectrum
showed an asssociated OH, -C-F split at £.20 and 8.35 m,
p-disubstitution at 12.10.., and en sromatic substitution

bend at 13.40.m.

9. Dimethyvlphenylsilyllithium with 2-methoxynasphthslene

To 15.8 g. (0.10 mole) of 2-methoxynsphthalene dissolved
in 50 ml. of tetrshydrofuren was gdded a tetrszhydrofuren
solution of dimethylphenylsilyllithium prepared by the 1ithium
cleavage of 13.5 g. (0.05 mole) of sym.-tetrsmethyldiphenyl-
disilane in tetrshydrofuran solution. The reaction mixture
gave a positive Color Test I after it had teen warmed at 50°
for 24 hours. The solution was hydrolyzed with aqueous

ammonium chloride and the usual besic extraction work-up

128¢. M. Suter, E. J. Lawson and P. G. Smith, J. Am.
Chem. Soc., 61, 161 (1939).
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effected.

The original organic solution was distilled to remove the
golvents, and the resulting yellow oil wss distilled at
atmospheric pressure to give 5.40 g. (35.9%) of impure tri-
methylphenylsilane, bolling range 140—1700, ngo 1.4948 (11it.
velue, % b. p. 166-167°/735 mm., n20 1.4896). The o1l was
redistilled st atmospheric pressure to give 3.70 g. (24.6%)
of reletively pure meterial, bolling range 157—1610, ngo
1.4928. The infrared spectrum ci the oll szs a caplllary cell
was superimposable with that of an authentic ssmple.

Evaporation of the ether from the original besic ex-
trects left 6.90 g. (47.8%) of crude 2-naphthol, m. p. 115-
120°. Seversel recrystallizations from petroleum ether,

(b. p. 80-110°) gsve 4.95 g. (34.4%) of pure 2-naphthol,

m. p. 121-122° (mixture melting point, infrsred spectrum).

10. Dimethylvhenylsilylithium with phenetole (sttempted)

A tetrshydrofuran solution of dimethylphenylsilyllithium,
prepared by the lithium cleavage of 10.0 g. (0.037 mole) of
gym.-tetramethyldiphenyldisilane, was added to 2.17 g. (0.075
mole) of phenetole dissolved in 50 ml. of tetrahydrofuran.

The reaction mixture was warmed 2t 500, Color Test I being
taken at various intervals. After 72 hours, the color test
was 8till strongly positive. The usual basic extraction

work-up was carried out following aqueous ammonium chloride
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hydrolysis of the reaction mixture.

The original organic layer was distllled at atmospherlc
pressure to give, subsequent to removal of the solvent, 10.2
g. of impure phenetole boiling over the range 151-160° (740
mn.), n2° 1.5062. This was redistilled to give 7.70 g-
(84.0%) of recovered phenetole, b. p. 167-170° (760 mm.),
nZ0 1.5066 (starting material, b. p. 172°, nf0 1.5076). The
infrered spectrum wes superimposstle with that of the start-
ing material. Ethyldimethylphenylsilsne, the cleavage product,
could not be detected.

Evaporation of the ether from the originel bssic extrac-
tion left a small asmount of a brown oil with & strong phenolic
odor. This was brominated to give 0.88 g. (3.57%) of crude
2,4, 6-tribromophenol, m. p. 87-91°. Several recrystalliza-
tions from ethanol-water ralsed the melting point to 93—940

(mixture melting point).
11. Thioanisole

Triphenylsilyllithium, 0.05 mole in tetrahydrofuran
solution, was added to 5.20 g. (0.05 mole) of thiloanisole
dissolved in 50 ml. of tetrahydrofuren. The sddition was
completed in 40 minutes, sand the resulting dsrk solution gave
a positive Color Test I. The reaction mixture wes warmed at
50° for 24 hours, st which time the color test was negative.

The solution wes hydrolyzed with concentrated ammonium
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chloride solution. A suspended white solid wss filtered off
to give 2.60 g. of white solid, 224-304° melting range. The
s0lid was extracted with hot ethyl acetate to leave 0.80 g.
(6.17%) of hexaphenyldisilane, m. p. 364-368° (mixture melt-
ing point). From the chilled ethyl acetate crystallized 1.40
g. (8.33%) of tetraphenylsilane, m. p. 032-234° (mixture
melting point). The organic layer from the hydrolysis was
subjected to the usual basic extraction work-up.

Subsequent to evaporation of the solvent, the resulting
yellow solid was chromatographed on alumina to glive 1.80 g.
(13.1%) of methyltriphenylsilene, m. p. 65.5-67° (mixture
melting point, infrared spectrum); 0.90 g. (5.35%) of tetra-
phenylsilsne, m. p. 231-233° (mixture melting point); and some
yellow tar which could not be crystallized.

Evaporation of the ether from the basic extract failed
to leave any meteriel which might be taken for thiophenol.

F. Resctions of Triphenylsilyllithium
with Symmetrical Acetals

1. Methylal

A tetrahydrofuran solution of 0.05 mole of triphenyl-
s1lyllithium was added slowly to a solution of 3.80 g. (0.05
mole) of methylallg9 and 50 ml. of tetrshydrofuran. Slight

129The acetals used in the study were Eastman White Label
Grade Chemicals in which the infrared spectrum did not indi-
cate the presence of carbonyl containing impurities.
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warming occurred during the addition, which was completed in
30 minutes. The dark solution gave a positive Color Test
1.67 The reaction mixture wes warmed with stirring. After
24 hours, Color Test I was slightly positive and after 36
hours it was negetive. Hydrolysis was carried out with con-
centrated ammonium chloride solution. The layers were sep-
~arated, and the organic layer dried over snhydrous sodium
sulfate. Evaporation of the solvent left o yellow tarry
residue which was chrometographed on alumina.

Elution with petroleum ether (b. p. 60-70°) gave 1.45
g. (10.6%) of crude methyltriphenylsilsne melting over the
range 53-64°. Several recrystsllizations from ethanol gave
0.65 g. (4.73%) of pure material, m. p. 65-67°, which showed
no depression when admixed with an asuthentic ssmple. The
infrared spectrum aglso was identicazl with that of an authen-
tic sample. Further elution of the column with the same
solvent gave 0.30 g. (2.17%) of crude tetraphenylsilane, 182-
210° melting range. Several recrystsllizations from ethyl
acetate gave 0.13 g. (0.94%) of pure tetraphenylsilane, m. p.
230-233° (mixture melting point, infrared spectra comparison).
St1l11 further elution with the ssme solvent geve 1.30 g.

(8.96%) of crude triphenylhydroxymethylsilane,78

melting over
the range 108-115°. Recrystallization from petroleum ether
(b. p. 80-110°) gave 0.90 g. (6.20%) of pure product, m. p-

116-117.5° (mixture melting point, infrered spectrum com-
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parison).

Elution of the column with benzene gave 2.30 g. of s
tarry residue, melting range 65°-to @ cloudy liquid. Several
recrystellizations from petroleum ether (b. p. 80-110°) gave
1.90 g. (11.5%) of crude 4-hydroxybutyltriphenylsilsne, m. p.
107-109° (mixture melting point, infrared spectrs comperison).
Further elution with benzene gave 1.10 g. (7.97%) of crude
triphenylsilanol, m. p. 142-146°. Seversl recrystallizations
from petroleum ether (b. p. 80-110°) gave 0.40 g. of pure
silanol (2.90%), m. p. 150.5-152° (mixture melting point).
Elution with ethyl acetate gave a yellow tar from which no

crystalline material could be extracted.

2. Dimethyl acetal

———

A tetrahydrofuran solution containing 0.05 mole of tri-
phenylsilyllithium was added slowly to a solution of 4.50 g.
(0.05 mole) of dimethyl acetal snd 50 ml. of tetrshydrofuran.
There was no gpparent reaction during the addition, which was
completed in 30 minutes. Color Test I was strongly positive.
The reaction mixture was warmed at 50° with stirring for 24
hours. Color Test I remained strongly positive. Warming was
increased to 60°. After 48 hours, Color Test I was negstive.
The reaction mixture was hydrolyzed with concentrated smmonium
chloride solution, and the orgsnic layer separated and dried

over anhydrous sodium sulfate. Evaporation of the solvent
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left an oily so0lild which was chrometographed on alumins.

Elution of the column with petroleum ether (b. p. 60-70°)
geve 0.95 g. (6.94%) of crude methyltriphenylsilane, identi-
fied by comparison of the infrared spectrum with that of an
suthentic sample. Further elution with the same solvent gave
a white solid melting over the range 168-200°. Several re-
crystallizations from ethyl acetate gave 0.20 g. (1.19%) of
tetraphenylsilane, m. p. 230-232° (mixture melting point).
Still further elution with the same solvent gave & white solid
melting 97-101°. Reerystallization from petroleum ether
(b. p. 80-110°) gave 0.60 g. (3.95%) of 1-triphenylsilyl-
ethanol,%0 m. p. 100-101° (mixture melting point, infrared
spectra comparison).

Other products isolated from the chromatogrsphy were
4-hydroxybutyltriphenylsilane, 2.20 g. (13.25%); and tri-
phenylsilanol, 0.30 g. (2.18%). These were identified by

mixture melting points with authentic semples.

3. Diethyl formal

Triphenylsilyllithium, 0.05 mole in tetrahydrofuran
solution, was added slowly to a solution of 5.90 g. (0.05
mole) of diethyl formal and 50 ml. of tetrshydrofuran. The
addition was completed in 30 minutes. The dark solution,
which gave a positive Color Test I, was heated at 60° with
stirring. After 48 hours Color Test I was still quite posi-
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tive, and the temperature was raised to mild reflux. After
48 hours Color Test I was negative. The reaction mixture
was hydrolyzed with concentrsated ammonium chloride solution,
and the solution filtered to give 0.60 g. (4.26%) of hexa-
phenyldisilane, m. p. 364-368° (mixture melting point). The
filtrate was extracted and the resulting oil, subsequent to
evaporation of the solvent, was chromstographed on alumins
using the technique described previously. Tetraphenylsilane,
0.25 g. (1.40%); 4-hydroxybutyltriphenylsilane, 6.25 g.
(37.6%); and 0.20 g. (1.45%) of triphenylsilanol were iso-
lated. All products were ldentified by mixture melting points
with authentic samples. Nelther ethyltriphenylsilane nor

triphenylhydroxymethylsilane was found.
4. Acetal

A tetrshydrofursn solution of 0.05 mole of triphenyl-
s1lyllithium waes added slowly to a solution of 5.40 g. (0.05
mole) of acetal and 50 ml. of tetrshydrofuran. There was no
visible reaction during the addition, which took ?5 mlnutes.
Color Test I was strongly positive. The reaction mixture
was warmed with stirring at 60° for 48 hours, at which time
Color Test I was still strongly positive. The temperature -
was increased to mild refluxing. After 48 hours Color Test
I was negative. Hydrolysis was carried out with concentrated

ammonium chloride solution, and the same chromatographic work-
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up a8 described previously was employed. Tetraphenylsilane,
0.30 g. (1.80%); and'4-hydroxybutyltriphenylsilane, 6.65 g.
(40.1%), were isoleted. The compounds were identified by
mixture melting points. Again, neither ethyltriphenylsilane
nor l-triphenylsilylethanol were found.

5. 2,2-Dimethoxypropane

To a solution of 5.20 g. (0.05 mole) of 2,2-dimethoxy-
propane and 50 ml. of tetrahydrofuran was added 0.05 mole of
tfiphenylsilyllithium in tetrahydrofuran solution. The reac-
tlon mixture was warmed 2t 50° for 24 hours, 2%t which time
Color Test I was still positive. Warming was increased to
60° for 24 hours, but Color Test I remained positive. It was
necessary to reflux the reaction mixture for 48 hours before
the color test went negative. The usual hydrolysis and
chromatographic work-up were carried out. The first frac-
tions of the chromatography were 1.40 g. of a colorless oil,
the infrared spectrum of which was identical with triphenyl-
silane, snd 0.30 g. (1.78%) of tetraphenylsilane, m. p. 231-
235° (mixture melting point). The last petroleum ether elu-
tions gave a very small amount of white solid, melting over
the range 127-141°. A recrystallization from petroleum ether
raised the melting range to 136-144°. The infrared spectrum
of this material was identicel to that of 2-triphenylsilyl-

proPan-2-01.75 Also obtalned from the chromatograsphy were
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5.40 g. (32.4%) of 4-hydroxybutyltriphenylsilane, m. p. 106.5-
109.5° (mixture melting point); and 0.30 g. (2.17%) of tri-
phenylsilanol, m. p. 151-153o (mixture melting point).

6. Preparation triphenylsilyllithiu
in scetzl (att tedi

a. From hexaphenyldisilane and 11thium To 2 repidly
stirred mixture of 5.00 g. (0.0097 mole) of hexaphenyldisilane

and 1.01 g. (0.145 g. atom) of lithium was added sufficient
acetal to make & paste. The pzste was stirred for several
hours at room temperature but there was no observatle resc-
tion, even after the peste had been warmed. The remsinder of
the acetal (a total of 50 ml.) was added and the mixture was
refluxed for 84 hours. The solvent waes light brown in color,
but Color Test I was negative. The suspended white solid was
filtered off, washed with ether and water, and dried to give
4.75 g. (95.0%) of recovered hexaphenyldisilane, m. p. 365-
367° (mixture melting point). The orgenic layer wes worked
up in the usual manner. After distillation of the solvent
and the acetal, a small amount of viscous o0il remained. The
infrared spectrum indicated only the bands expected for =
hydrocarbon. The 0il could not be identified.

b. From gﬁlorotggphenxlsilane and 1ithium About 10
ml. of acetel was added to a mixture of 10.0 g. (0.034 mole)
of chlorotriphenylsilsne and 0.94 g. (0.135 g. atom) of
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lithium, and repid stirring was started. There was no resc-
tion after stirring at room temperature, even subsequent to
warming. The remainder of the acetal (70 ml.) wes added and
the solution was hested at reflux for 24 hours. Color Test I
was negative even though the solution was gray in color.
After 72 hours the solution wes brown in color, but Color
Test I still remained negative. Upon cooling, a brown solid
settled to the bottom of the flask with the supernztant liaquid
being oresnge. The reasction mixture was poured onto crushed
ice, and the brown solid wss flltered off, washed with ether
and dried to give 2.55 g. (28.8%) of crude hexaphenyldisilsne
melting over the range 340-354°. A recrystallization from
benzene ralsed the melting point to 358-363° (mixture melting
point).

The orgasnic layer was worked up as usual and the result-
ing brown solld chromatographed on alumina to give, in addi-
tion to some resinous materials, 0.80 g. (8.80%) of hexa-

phenyldisiloxane and 0.70 g. (7.76%) of triphenylsilanol.

G. Relative Reactivities of Silylmetallic Resgents

1. Competitive reaction of triphenylsilyllithium
with functional group contesining compounds

a. Chlorobenzene and snisole To a stirred solution
of 5.63 g. (0.05 mole) of chlorobenzene, 5.41 g. (0.05 mole)
of anisole and 50 ml. of tetrahydrofuran was added 0.05 mole
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of triphenylsilyllithium in tetrshydrofurean solution over =z
period of 10 minutes. The reaction mixture became warm dur-
ing the sddition, and a small eamount of white solid sppesred
suspended in the dark solution. Color Test 157 wase positive.
The resction mixture was warmed at 50° for 1.5 hours, at which
time Color Test I was negative. After the reaction mixture
was hydrolyzed with concentrated ammonium chloride solution,
the suspended white solid was filtered off, washed, snd dried
to give 6.60 g. (51.0%) of hexaphenyldisilsne, m. p. 358~
366°. The melting point of a mixture with an authentliec sample
was not depressed.

The original orgenic layer wes separated, dried over
anhydrous sodlum sulfate, and then evaporeted to leave a
yellow oily solid. This was chromatographed on alumina.
Elution with petroleum ether (b. p. 60-70°) geve 1.75 g.
(30.6%) of recovered anisole, n%o 1.5181. The infrared
spectrum was identical with thet of an authentic specimen.
Elution of the column with benzene gave a white solid melting
over the range 205-228°. Several recrystsllizations from
ethyl scetate gave 1.95 g. (11.6%) of tetraphenylsilene, m. p.
230-232.5° (mixture melting point, infrared spectra compari-
son). Elution of the column with ethyl acetate gave a white
soiid melting over the range 140-150°. Recrystallization
from petroleum ether (b. p. 60-70°) gave 0.20 g. (1.45%) of

‘triphenylsilanol, m. p. 155-156° (mixture melting point).
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Further elution of the column with ethyl acetate and with
ethanol geve an orange tarry residue which was not investl-
gated further.

b. Chlorobenzene and n-octyl fluoride A tetrahydro-

fursn solution of 0.05 mole of trivhenylsilyllithium was added
to a solution of 6.61 g. (0.05 mole) of n-octyl fluoride,
5.63 g. (0.05 mole) of chlorobenzene, and 50 ml. of tetra-
hydrofuran over a 50 minute period. A white solid appeared
suspended in the flask. Color Test I was positive at the
completion of addition but was negative after the resction
mixture had stirred st room temperature overnight. Hydrolysis
was carried out with concentrated ammonium chloride solution,
and the resulting mixture wes filtered and subjected to the
chromatographic work-up described in the previous resction.
The insoluble meterial was 3.25 g. (25.0%) of hexaphenyl-
dlsilene, m. p. 365-369° (mixture melting point).
The chromatography yielded g—octyltriphenylsilaneg5
(33.5% crude, 27.4% pure), m. p. 72-73°; and tetraphenyl-
silene (17.9% crude, 11.0% pure). The products were identi-
fied by mixture melting points and infrared spectra compari-
sons.

¢. Bengonitrile and chlorobengene A tetrahydrofuran
g0 lution of 0.05 mole of triphenylsilyllithium was added
slowly over a 45 minute period to a solution of 5.16 g. (0.05
mole) of benzonitrile, 5.63 g. (0.05 mole) of chlorobenzene
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50 ml. of tetrahydrofuran. Slight warming occurred during the
addition. The dark solution gave a positive Color Test I, and
some white solid sppeared to be suspended in it. After stir-
ring at room temperature for 24 hours, Color Test I was
slightly positive, but was negative after 36 hours of stir-
ring. After hydrolysis of the reection mixture with concen-
trated emmonium chloride solution, the white solid was fil-
tered off, washed with ether, and dried to give 3.00 g.
(23.0%) of hexaphenyldisilane. The filtrate wes worked up

in the uwsual manner to give tetraphenylsilane (2.68%) eand =
considerstle amount of yellow tar. Nothing, however, was
extracted from the tar.

d. Chlorobenzene and benzophenone . To a solution of

9.11 g. (0.05 mole) of benzophenone, 5.63 g. (0.05 mole) of
chlorobenzene and 50 ml. of tetrgshydrofuren was added slowly
0.05 mole of triphenylsilyllithium in tetrshydrofuran solu-
tion. Ag the addition proceeded the color of the solution
changed from yellow to green to a final dark brown. No white
801id was observed suspended in the solution. The addition
was completed in 20 minutes. Color Test I was positive, but,
after the resction mixture had been stirred at room tempera-
ture for one hour, the color test wes negetive. A smell
amount of white solid was then obeserveble. Hydrolysis was
effected with dilute ammonium chloride solution, and the work-

up was carried out ss described previously. -
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The suspended white solid was 1.85 g. (14.3%) of hexa-
phenyldisilene, m. p. 363-366° (mixture melting point). The
colorless oil obtalned from evaporation of the orgasnic lasyer
wes chromatogrephed on alumina as described previously. There
was obtained 6.00 g. (27.2%) of benzhydryloxytriphenylsi-
lane, ' m. p. 83-84.5; 0.45 g. (2.68%) of tetraphenylsilane,
melting range 227-234°; and 0.30 g. (2.17% of triphenyl-
sllanol. The products were identified Tty the method of mix-
ture melting points. No attempt was mede to work-up the
remaining yellow tar.

e. Chlorobenzene and styrene oxide To a solution of
5.63 g. (0.05 mole) of chlorobenzene, 6.0l g. (0.05 mole) of
styrene oxide and 50 ml. of tetrahydrofuran chilled to ice-
bath temperature was added slowly a tetrahydrofursn solution
of 0.05 mole of triphenylsilyllithium. Addition was completed
in 30 minutes, at which time Color Test I was slightly posi-
tive. The ice-bath was removed, end after the resction mix-
ture had stirred at room tempefature for one hour, Color Test
I was negative. No suspended solid was noted. Hydrolysis
was effected with concentrated ammonium chloride solution,
and the work-up with subsequent chromatography was carried
out as descrited previously.

The product isolated was 8.25 g. (43.3%) of 2-triphenyl-
81lyl-1-phenylethanol,%® m. p. 135-137° (mixture melting

point, infrared spectrum). The only other material present
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weg some derk brown tar which was not investigated further.

f. Chlorobenzene and trimethyl phosphste A tetra-
hydrofuran solution of 0.05 mole of triphenylsilyllithium was
added to a solution of 7.0C g. (0.05 mole) of trimethyl phos-
phate, 5.63 g. (0.05 mole) of chlorobenzene, and 50 ml. of
tetrahydrofuran over a period of one hour. Warming of the
solution occurred snd Color Test I was negative upon comple-
tion of the addition. Hydrolysis and chrometographic work-up
vere effected as described previously.

The product was methyltriphenylsilane (71.1% crude,
65.3% pure), m. p. 67-69° (mixture melting point) together
with some terry residues from which no pure materiasls were
1solated.

g- Chlorobenzene and ethyl benzoate A tetrshydro-

furan solution of 0.05 mole of triphenylsilyllithium wes added
slowly to a solution of 7.50 g. (0.05 mole) of ethyl benzoate,
5.63 g. (0.05 mole) of chlorobenzene and 50 ml. of tetra-
hydrofuran. The sddition was completed in one hour, st which
time Color Test I was negative. There was no suspended solid
in the solution. Ammonium chloride solution hydrolysis and
the usual chromatogfaphic work-up were effected.

Elution with petroleum ether (b. p. 60-70°) gave 1.15
g. (7.56%) of crude ethoxytriphenylsilane (infrared spectra
comparison), however, this could not be purified, probably
due to instablility of the compound. Further elutfon with
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petroleum ether (b. p. 60-70°) gave an intractsble yellow tar.
Elution with benzene also geve a yellow tarry residue. How-
ever, when this was slurried with ethanol, 0.20 g. (3.77%) of
benzoin, m. p. 133-135" (mixture melting point, infrared
spectrum), was obtained. Evaporstion of the ethenol extract
gave 0.90 g. (6.52%) of crude trivhenylsilanol melti;g over
the range 131-148°. Recrystallization from petroleum ether
(b. p. 80-110°) raised the melting point to 152-153° (mixture
melting point).

h. Trimethyl phosphste snd styrene oxide To s solu-

tion of 7.00 g. (0.05 mole) of trimethyl ohosphate, 5.0l g.
(0.05 mole) of styrene oxide and 50 ml. of tetrshydrofuran
was added slowly 0.05 mole of triphenylsilyllithium in tetra-
hydrofuren solution. The solution turned yellow, then orange,
and became warm during the addition, which was completed in
one hour. Color Test I was negastive. The reaction mixture
was hydrolyzed with concentrated ammonium chloride solution
and the usual chromstographic work-up employed.

The products isolated were methyltriphenylsilane (46.0%
crude, 38.3% pure) and 2-triphenylsilyl-l-phenylethanol
(15.8% crude, 13.7% pure), both identified by mixture melt-
ing points. There was also some yellow tar from which no
crystaliine g8olid could be extracted.

1. Trimethyl phosphate and ethyl benzoste To a solu-
tion of 7.00 g. (0.05 mole) of trimethyl phosphate, 7.50 g.
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(0.05 mole) of ethyl benzoate and 50 ml. of tetrahydrofursn
was added slowly 0.05 mole of triphenylsilyllithium in tetra-
hydrofuren solution. The solution became warm during the
addition, which was completed in 1.25 hours. Color Test I
was negative. Aqueous hydrolysis followed by the usual
chromatographic work-up geve methyltriphenylsilane (erude
40.1%, pure 28.8%), 0.30 g. of an unidentified solid, m. p.
183-185°, and triphenylsilanol (2.17%).

The infrered spectrum of the unknown solid showed bands
to be expected for the addition-rearrangement product,
phenyl-(triphenylsilyl)triphenylsiloxymethane, (CgHg)
[(CgH5)351] [(CgH5)3510]CH. The silicon snalysis 2lso agrees
with the structure.

Anal. Caled. for CyzHzg08i,: Si, 8.99. Found: B5i,
9.04, 8.83.

However, other supporting evidence for the structure

could not be obttained.

2. Triphenylslilyllithium versus orgenometallic
compounds in coupling with chlorotriphenylsilane

a. Ipiphenylsilyllithium and phenyllithium Tetra-

hydrofuran solutions of 0.05 mole of phenyllithiumll7

and
0.05 mole of triphenylsilyllithium were each cooled to -50°
and mixed. While maintaining stirring, a solution conteaining
14.7 g. (0.05 mole) of chlorotriphenylsilane dissolved in

30 ml. of tetrahydrofuran was added over a period of 8 minutes
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at the same temperature. A white solid was suspended in the
dark solution. Stirring wes continued at -50° for 10 minutes
after the addition was complete. One hundred milliliters of
water was added and the hydrolyzed reaction mixture gllowed
to warm to room temperature. Ether was added, and the sus-
pended white solid was filtered, washed with ether, and dried
to give 19.2 g. (73.8%) of hexaphenyldisilane, m. p. 360-366"
(mixture melting point).

The organic layer was worked up in the usual manner.
Evaporation of the solvent left é yellow solld which was
slurried with ethanol and filtered. The so0lid wss dried to
give 3.00 g. (17.8%) of crude tetraphenylsilane melting over
the range 218-229°. Several recrystallizations from ethyl
acetate gave 2.02 g. (12.0%) of pure product, m. p. 231-934.5°

(mixture melting point).

b. Tgiphenylsilyllithium and n-butyllithium Tri-
phenylsilyllithium (0.05 mole) and n-butyllithium®l’ (0.05
mole) in tetrshydrofuran were competitively reacted with 14.7
g. (0.05 mole) of chlorotriphenylsilane dissolved in 50 ml. of
tetrahydrofuran under the identical conditions of the previous
reaction. The insoluble material isolated was 15.8 g. (61.02)
of hexaphenyldigilane, m. p. 366-368" (mixture melting point).
The organic layer was worked up in the usual manner and the

resulting white solid chromatographed on alumina to give 3.65
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g. (23.0%) of crude grbutyltriphenylsilane,130

melting range
81-87°. A recrystallization from ethanol gave 3.40 g. (21.5%)
of pure product, m. p. 88-89° (mixture melting point).

¢c. TIriphenylsilyllithium and benzyllithium The com-

petitive reaction between 0.025 mole of triphenylsilyllithium

121 in tetrahydrofuran with

and 0.025 mole of benzyllithium
7.38 g. (0.025 mole) of chlorotriphenylsilane was carried

out exactly as described for the first reaction. The insolu-
ble material isolated was 7.00 g. (54.0%) of hexsphenyldisi-
lane, m. p. 364-366° (mixture melting point). The solid ob-
tained from evaporation of the solvent from the organic layer
wes chromatographed on slumina. The products obtained were
0.75 g. (16.5%) of bibenzyl, m. p. 50-53° from methanol (mix-
ture melting point, infrared spectrum); 2.02 g. (23.0%) of
benzyltriphenylsilane,130 m. p. 97.5-99° from ethanol (mixture
melting point, infrared spectrum); and some tarry residues
which wege not investigated.

a. T t nyllithi in mixed
tetrshydrofurasn-ether solvent Triphenylsilyllithium (0;65
mole in 115 ml. of tetrshydrofursn) and phenyllithium (0.05
mole in 51 ml. of ether) were rescted competitively with a
solution of 14.7 g. (0.05 mole) of chlorotriphenylsilsne and
30 ml. of tetrahydrofuran at -50° and for the same period of

130y, @ilmen and H. Hartzfeld, J. Am. Chem. S8oc., 73,
5878 (1951).
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time as described previously. Subsequent to aqueous hydrol-
ysis, there was isolated 21.2 g. (81.7%) of insoluble hexa-
phenyldisilane, m. p. 363-367° (mixture melting point). The
organic layer was worked up in the usual manner to—éive, fol-
lowing evaporation of the sclvent, a yellow solid. This was
slurried with ethan§1 to give 2.00 g. (11.9%) of crude tetra-
phenylsilane melting over the range 118-230°. Two recrystal-
lizations from ethyl acetate gave 1.30 g. (7.72%) of pure
tetraphenylsilane, m. p. 251-234° (mixture melting point).

e. Triphenylsilyllithium and n-butyllithium in mixed
tetrahydrofuran-ether solvent The competitive reaction

involving 14.7 g. (0.05 mole) of chlorotriphenylsilane dis-
solved in 30 ml. of tetrahydrofuran was carried out under the
usual conditions with 0.05 mole of triphenylsilyllithium in
115 ml. of tetrahydrofuran solution and 0.05 mole of n-butyl-
lithium in 74 ml. of ether solution. The hexaphenyldigilane
isolated after hydrolysis of the resction mixture was 20.2

g. (77.2%), m. p. 361-365° (mixture melting point). Chroma-
tography of the colorless solid isolated from the organic
layer gave 2.20 g. (13.9%) of crude n-butyltriphenylsilane
melting over the range 82-88°. Several recrystallizations
from ethanol gave 1.75 g. (11.0%) of pure material, m. p.
88-89° (mixture melting point). The remaining material was

a tarry residue which was not investigated further.
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f. n-Butyllithium in tetrahydrofurazn with hexaphenyl-

disilene at -50° A tetrshydrofursn solution of 0.05 mole

of n-butyllithium, previously cooled to —50°, was added rapid-
ly to a suspension of 26.0 g. (0.05 mole) of hexaphenyl-
disilasne in 100 ml. of tetrahydrofuran at the same tempera-
ture. The reaction mlxture was stirred at this temperature
for 18 minutes. Hydrolysis was then effected with water and
the suspenslon allowed to warm to room temperature. The sus-
pended solid was filtered, washed with ether, and dried to
glve 25.2 g. (96.7%) of recovered hexsphenyldisilane, m. p.
365-368° (mixture melting point). The orgsnic layer was
worked up in the usual menner. However, n-butyltriphenyl-
silane could not be detected in the trace of white solid

left upon evaporation of the solvent.

g. TIriphenylsilyllithium and phenyllithium with chloro-
trimethylsilane Tetrahydrofuran solutions of triphenyl-
si1lyllithium (0.05 mole) and phenyllithium (0.05 mole) were
separately cooled to -50o and then mixed. A solution of 5.43
g. (0.05 mole) of chlorotrimethylsilane dissolved in 30 ml.
of tetrahydrofuran was added dropwise at the same tempersture
over an 8 minute period. The resulting solutibn appeared
homogeneous throughout the addition and for the subsequent
10 minute period of stirring. Hydrolysis wes effected with
100 ml. of water. After warming to room temperature, the

solution was clear. Following the usual work-up, the solvent
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was removed by distillation and the resulting oll was distill-
ed at reduced pressure to give 1.50 g. (19.95%) of trimethyl-
phenylsilane, b. p. 53-55° (10 mm.), ng° 1.4898 (11it. value,'0°
b. p. 166-167°/735 mm., n5° 1.4880). The infrared spectrum
was superimposable with that of an authentic specimen. The
distillation residue solidified upon cooling to give, subse-
quent to slurrying with ethanol, 9.70 g. (58.3%) of crude
1,1,l1-trimethyl-2,2,2-triphenyldisilane melting over the range
96-109°. Several recrystallizations from ethanol gave 8.20

g. (49.2%) of pure product, m. p. 107-109°%2 (mixture melting
point, infrared spectrum). Evaporation of the ethanol ex-
tract gave only a yellow tarry residue which was not investi-
gated further.

3. Competitive resction of halosilanes
with triphenylsilyllithium

a. Chlorotriphenylsilane and chlorotrimethylsilane
A solution of 14.7 g. (0.05 mole) of chlorotriphenylsilane,

5.43 g. (0.05 mole) of chlorotrimethylsilane, and 75 ml. of
tetrahydrofuren was cooled to -50°. To the solution was added
0.05 mole of tripnenylsilyllithium in tetrahydrofuran, also
cooled to -500, over & 15 minute period. The reaction mixture
wae dark brown, and a white solid appesred suspended. The
mixture was stirred at -50° for 10 minutes, at which time

167

Color Test was negative. Hydrolysis was effected with

water and the hydrolyzed mixture allowed to warm to room
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temperature. The suspended white solid was filtered, washed
with ether, and dried to give 7.05 g. (27.2%) of hexaphenyl-
disilane, m. p. 363-366° (mixture melting point).

Work-up of the organic layer left a yellow solid which
was chromatographed on alumina. The products isolated were‘
7.55 g. (45.3%) of 1,1,l1-trimethyl-2,2,2-trivhenyldisilane,
m. p- 105-107.5° (mixture melting point); and 6.40 g. (46.2%)
of triphenylsilanol, m. p. 150-151° (mixture melting point).

b. Chlorotriphenylsilane and chlorodimethylphenylsilane
A tetréhydrofuran solution of 0.05 mole of triphenylsilyl-
lithium was reacted with a solution of 14.7 g. (0.05 mole) of
chlorotriphenylsilane, 8.54 g. (0.05 mole) of chlorodimethyl-
phenylsilasne, and 75 ml. of tetrshydrofuran under the aame
conditions and reaction time described previously. The sus-
pended white solid wae filtered, washed with ether, snd dried
to give 7.85 g. (30.0%) of hexaphenyldisilane, m. p. 362-366°
(mixture melting point). Work-up of the organic layer left
a yellow s0lid which was chromatogrephed on alumina. Elution
of the column with petroleum ether (b. p. 60-70°) gave 8.95
g. (44.8%) of crude 1,1-dimethyl-1,2,2,2-tetraphenyldiei-~

103 melting renge 79-84°. Several recrystallizations

lane,
from ethanol gave 8.00 g. (40.5%) of pure material, m. p.

83-85° (mixture melting point, infrared spectrum). Elution
with benzene and the first ethyl acetate eluates gave 4.60

g. (33.3%) of crude triphenylsilanol melting over the range
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146-153°. Two recrystallizations from petroleum ether (v. p.
80-110°) gave 3.45 g. (24.5%) of pure silanol, m. p. 150.5-
152° (mixture melting point).

¢c. Chlorotriphenylsilsne snd methyldiphenylechlorosilane
The competitive coupling reaction between 14.7 g. (0.05 mole)
of chlorotriphenylsilane and 11.6 g. (0.05 mole) of methyl-
diphenylchlorosilane dissolved in 50 ml. of tetrshydrofuran
with 0.05 mole of triphenylsilyllithium in tetrahydrofuran
solution was carried out under the identical conditions used
in the preceding reaction. The hexaphenyldisilane isolated
was 8.95 g. (34.4%), m. p. 358-365" (mixture melting point).
The organic leyer was worked up in the usual manner and
chromatographed on alumina. Elution with petroleum ether
(b. p. 60-70°) gave 8.20 g. (35.9%) of crude methylpenta-
phenyldisilane, 130-139° melting renge. Several fecrystal-
lizations from n-propanol gave 6.90 g. (30.4%) of pure

103 4. p. 146-147° (mixture melting

methylpentaphenyldisilane,
point, infrared spectrum). Elution of the column with ben-
zene gave 7.00 g. (50.6%) of crude triphenylsilanol melting
over the range 145-152°. A recrystallization from petroleum
ether (b. p. 80-110°) raised the melting point to 152-154°
(mixture melting point), 5.60 g. (40.5%).

d. Bromotriphenylsilane snd chlorctrimethylsilane
A solution containing 5.43 g. (0.05 mole) of chlorotrimethyl-

gsilane, 16.5 g. (0.05 mole) of bromotriphenylsilane91 and 75
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ml. of tetrshydrofuran was reacted with 0.05 mole of tri-
phenylsilyllithium in tetrahydrofuran exactly as described
in the previous reaction. The products isolated through the
usual work-up were hexaphenyldisilsne, 6.80 g. (26.1%);
1,1,1-trimethyl-2,2,2-tripvhenyldisilane, 9.15 g. (55.0%)
crude, 8.05 g. (48.5%) pure; and triphenylsilanol, 5.80 g.
(42.0%) crude, 3.90 g. (28.3%) pure. All of the sbove
products were identified by the method of mixture melting
points.

e. Ethoxytriphenylsilane and chlorotrimethylsilane
A solution of 15.3 g. (0.05 mole) of ethoxytriphenylsilane,l5!
5.43 g. (0.05 mole) of chlorotrimethylsilane and 75 ml. of
tetrahydrofuran wes reacted with a tetrashydrofuran solution
of 0.05 mole of triphenylsilyllithium in the usual manner.
There was no insoluble materlal resulting from the reaction.
The usual chromatographic work-up was employed. The first
fraction eluted with petroleum ether (b. p. 60-70°) was 21.4
g. of a white s0lid melting over the range 53-97°. The infre-
red spectrum indicated it to be a mixture of ethoxjtriphenyl—
silane and 1,1, l1-trimethyl-2,2,2-triphenyldisilane. The white
solid was mixed with 50 ml. of absolute ethanol and 50 ml. of

10% hydrochloric acid and stirred at room temperature for one

131B. J. Gaj. Reactions of triphenyleilyllithium with
compounds containing group VB elements. Unpublished Ph. D.
Thesis. Ames, Iowa, library, Iowa State University of
Science and Technology. 1960.
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hour. The suspension was extracted with ether and the ether
extracté dried over anhydrous sodium sulfate. Evaporation of
the solvent left a white so0lid which was slurried with ethanol
and filtered. The insoluble material was recrystalllzed from
ethanol several times to give 10.1 g. (60.3%) of 1,1,l-tri-
methyl-2, 2, 2-triphenyldisilane, m. p. 107-110° (mixture melt-
ing point). The ethsnol soluble portion proved to be 5.20
g. (37.6%) of triphenylsilanol, m. p. 152-154° (mixture melt-
ing point). Further elution of the chromatographic column
with ethyl acetate gave an additional 2.50 g. (18.1%) of tri-
phenylsilanol.

f. Chlorotriphenylsilasne and chlorotriethylsilane

A solution of 14.7 g. (0.05 mole) of chlorotriphenylsilane,
7.5¢ g. (0.05 mole) of chlorotriethylsilane and 75 ml. of
tetrahydrofuran wes reacted with a tetrahydrofuren solution
of 0.02 mole of triphenylsilyllithium in the usual manner.
The products isolated were 6.80 g. (26.1%) of hexsphenyl-
disilene, m. p. 359-364°; 8.40 g. (44.8%) of 1,1,1-triethyl-

%% n. p. 95-97°; and 7.85 g. (56.8%)

2,2,2-triphenyldisilane,
of triphenylsilanol, m. p. 150-151.5°. All products were
jdentified by mixture melting points and/or infrared spectra
comparisons.

g- Reaction of chlorotriphenylsilane snd chlorotri-

methylsilane with sodium In refluxing xylene A mixture
of 29.5 g. (0.10 mole) of chlorotriphenylsilane, 10.9 g.
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(0.10 mole) of chlorotrimethylsilane, 2.30 g. (0.10 g. atom)
of sodium and 150 ml. of xylene was heated at reflux tempersa-
ture for & hours. As the refluxing started, the sodium melted
and the solution became dark blue in color. After the solu-
tion had cooled, 1t wes poured into ethanol. There did not
appear to be any unreacted sodium. The suspended white solid
was filtered, washed with water and ether, and dried to give
3.30 g. (12.7%) of hexaphenyldisilene, m. p. 360-365° (mixture
melting point). The orgsnic layer from the filtraste was sub-
jected to the ususl chromatographiec work-upr. From the petro-
leum ether (b. p. 60-70°) elustes was obteined 15.2 g. (465.4%)
of crude 1,1,l-trimethyl-2,2,2-triphenyldisilane melting over
the range 101.5-107°. Recrystallization from ethanol geve
14.4 g. (43.2% of pure disilane, m. p. 106.5-109° (mixture
melting point, infrared spectrum). Elution of the column
with benzene, ethyl acetate and with ethanol gave a total of
8.15 g. (29.5%) of triphenylsilanol, m. p. 150-151.5  (mix-

ture melting point).

4. Rglative reactivities of silylmetallic resgents
in the metalstion of triphenylgermane

a. Iriphenylsilyllithium A tetrahydrofuran solution

of 0.02 mole of triphenylsilyllithlium was added, over a 15

minute period, to 6.10 g. (0.02 mole) of triphenylgermane132

132E. A. Zuech, Iowa State University of Science and
Technology, Ames, Iowa. Information concerning the prepara-
tion of triphenylgermane. Private communication. 1960.
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dissolved in 50 ml. of tetrshydrofuran. The solution turned
derk green, but became lighter in color during 8 hours of
stirring st room temperature. Carbonation was effected by
pouring the reaction mixture jet-wise into a Dry Ice-ether
slurry. After the-carbonation mixture had warmed to slightly
above 0° (one hour and 15 minutes), it was extracted with 200
ml. of chilled 2% aqueous sodium hydroxide and discerded.

The bzsic extract was extracted once with ether and then
geidified with chilled 10Z hydrochloric acid. The scidified
solution, which was cloudy, was extracted with ether, and the
ether extracts were dried over anhydrous sodium sulfate. Sub-
sequent to evezporation of the solvent, a yellow solid was
obtained. This was slurried with ethanol to give 3.65 g.
(52.3%) of crude triphenylgermanecarboxylic secid, m. p. 190-
193° dec. This was récrystallized from ethanol to give 3.26
g. (46.7% of pure acid, m. p. 186-188° dec. (11%. value, 111
189-190° dec.) (mixture melting point, infrared spectrum).

The procedure was repested with the reaction time being
5 hours to give 3.15 g. (45.1%) of crude acid, or 2.61 g.
(37.3%) of pure acld sfter recrystallization from ethanol.

b. Methyldiphenylsilyllithium A solution of 6.10 g.
(0.02 molé) of triphenylgermene and 50 ml. of tetrahydrofuran
was reacted with 0.02 mole of methyldiphenylsilyllithium in
tetrahydrofuran solution for 8 hours at room temperature. The

reaction mixture was carbonated and worked up exactly as
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desceribed in the previous resction. The crude acid was 4.30
g. (61.6%) decomposing over the range 157-190°. A recrystal-
lization from ethanol gave 3.95 g. (56.6%) of pure ascid, m. p-
187-191° dec. (mixture melting point).

The reaction wae also run for 5 hours to give 3.60 g.
(51.6%) of crude acid, or 3.10 g. (44.4%) of pure acid.

c. Dimethylphenylsilyllithium A tetrshydrofuran
solution of 0.02 mole of dimethylphenylsilyllithium was added,
over a period of 15 minutes, to 6.10 g. (0.02 mole) of tri-
phenylgermane dissolved in 50 ml. of tetrahydrofuran. The
solution tecame warm during the sddition, and was reddish
brown in color. The reaction mixture was stirred at room
temperature for 8 hours, 2t which time i1t was carbonzted and
worked up in the usual manner. The amount of crude scid wes
4.00 g. (57.4%), m. p. 187-190° dec. This was recrystallized
from ethanol to give 3.65 g. (52.3%) of pure triphenylgermane-
carboxylic seid, m. p. 185-189° dec. (mixture melting point).

The reaction was repeated for the 5 hour period to give
3.10 g. (44.4% of crude acid, or 2.98 g. (42.7%) of pure
acid.

H. Preparation of Some Alkyl-Aryl Silane-
carboxylic Acids and Their Esters

1. Dipethylphenylsilsnecarboxylic acid

Dimethylphenylsilyllithium (0.074 mole in tetrahydrofuran

solution) was carbonated by pouring into a Dry Ice-ether

.
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slurry. The solution was allowed to warm to slightly above
0°. This was extracted as replidly as possible with 200 ml. of
chilled 2% sodium hydroxide. The chilled extract was imme-
diately acidified to a pH of 5-6 with dilute hydrochloric
acid. Ether extraction was employed, and the extracts dried
over anhydrous sodium sulfzte. The ether was decanted from
the sodium sulfste and eveporasted under an air-jet to leave
7.35 g. (55.2%) of crude dimethylphenylsilanecesrboxylic acid,
m. p- 51~-56°. Several reerystallizations from petroleum ether
(b. p. 40-50°), cooled to ice-bath temperature, gave 4.65 g.
(34.9%) of white crystals, m. p. 56-58°. It wzs necessary to
cool the petroleum ether to ice-bath temperature and filter
while chilled due to the high solubllity of the sacid, even at
room temperature, in the solvent.

Ansl. Caled. for CgHy50,8i: C, 59.95; H, 6.71; neut.
equiv., 180.28. Found: C, 59.90, 59.95; H, 6.60, 6.62;
neut. equiv., 181.63, 181.71.

The infrared spectrum of the compound in carbon disulfide
showed gbsorption bende at 6.04, 8.00, and 8.99 &, character-
istic of COOH, Si-methyl, and Si-phenyl groups, respectively.
There was also a broad band starting at 2.95 and ending 2t
5.95a , with peaks at 3.30, 3.55, 3.70 and 3.954. This is
an gssociated O-H running into the C-H region. |

The reaction was repeated twice to give the acid in erude

yields of 71.0 and 47.0% (pure yields of 50.2 and 30.0%),
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respectively.

2. Methyldiphenylsilanecarboxylic acid

A tetrshydrofuran solution of 0.05 mole of methyldi-
phenylsilyllithium was carbonated by pouring Jet-wlse into s
Dry Ice-ether slurry. The same rzpid work-up at low tempera-
tures as described previously for dimethylvhenylsilanecar-
boxylic acid was employed to obtain 9.80 g. (67.5%) of crude
methyldiphenylsilanecarboxylic ac;d decomposing over the
range 124-132°. Several recrystallizations from petroleum
ether (b. p. 80-110°) gave 4.80 g. (33.1%) of white crystals,
m. p. 133.5-136° dec.

_ Anal. Calecd. for C14H140081: C, 69.50; H, 5.83; neut.
equiv., 242.34. Found: C, 69.45, 69.55; H, 5.66, 5.72:
neut. equiv., 247.3, 250.0, 257.4.

The infrared spectrum of the acid in csrbon disulfide is
almost identical to that of dimethylphenylsilanecarboxylic
acid except for an intensification of the C-H sromatic pesk
and a decrease of the C-H gliphatic and -Si-methyl pesks.

A repeat of the reaction geve the acid in 84.0% crude
yleld (66.5% pure yield).

3. Stabllity of ascids towards heat and base

Dimethylphenylsilanecarboxylic acid melted at 56-58°

without decomposition. However, upon ralsing the temperature
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to 125°, decomposition with gas evolution occurred. Methyl-
diphenylsilanecarboxylic scid decomposed with ges evolution
at 1ts melting point, 133.5-136°. The gas which was evolved
was carbon monoxide as evidenced by a black deposit on paper
saturated with 5% palladium chloride. o0
Methyldipnenylsilanecarboxylic acld was steble when
treated with 10% sodium hydroxide. However, when an sbsolute
ethanol solution was treated with a few drops of 10% sodium
hydroxide, a slow evolution of carbon monoxide was detected
by the palladium chloride test. The reaction in ethanol
solution and not in the aqueous system was due to the increas-
ed solublility of the zcid in ethanol. Dimethylphenylsilane-
carboxylic acid dissolved in atsolute ethanol also reacted
with agqueous sodium hydroxide, but the black stain was not as
dark as with the other acid and formed very slowly. It
appears that dimethylphenylsilanecarboxylic acid is not so
gsensitive to base attack as is methyldiphenylsilanecarboxylic

acid. In contrast, triphenylsilanecarboxyllic acld gave a

positive test very rapidly.

4. Methyl dimethylphenylsilanecarboxylate

Five grams (0.0278 mole) of dimethylphenylsilanecarboxy-
lic acid was dissolved in 50 ml. of ether and agitated by

133R. Nowicki, Chem. Ztg., 35, 1120 (1911).
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means of a magnetic stirrer. The diazomethane in ether solu-
tion was added slowly at room temperature. The addition was
completed in 5 minutes. The solutlion was yellow, but the
color was lost after a minute of stirring. The ether was
allowed to evaporate in a hood overnight. The resulting
colorless oil was distilled at reduced pressure to give 3.15
g. (57.9%) of methyl dimethylphenylsilsnecarboxylate, b. p.
46-48° (0.03 mn.), n§® 1.5068, 459 1.0226.

Anal. Caled. for CyyH,,0,51: C, 61.82; H, 7.26; MRp
56.48. Found: C, 61.69, 61.66; H, 7.45, 7.45; MRy 56.53.

Molar refractions were calculeted using the values of
Vogel et g1.134,135

The infrared spectrum in carbon disulfide showed absorp-
tion bands at 3.25, 3.40, 5.95, 8.00 and 8.7% m, character-
istic of C-H aryl, C-H aliphatic, ester cerbonyl, Si-methyl,
and Si-phenyl, respectively.

A repeat of this reaction gave the ester in 90.2% yield,

b. p. 70-81° (1.2 mm.), ng° 1.5069.

5. Methyl methyldiphenylsilsnecarboxylate

Nine grams (0.0373 mole) of methyldiphenylsilanecar-
boxylic acid was esterified by dlazomethane in ether solution

1344, 1. Vogel, W. T. Creswell
Leicester, J. Chem. Soc., 514 (1952).

1354, 1. Vogel, W. T. Creswell and J. Leicester, J.
Phys. Chem., 58, 174 (1954).

G. H. Jeffrey and J.
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and worked up as described in the previous experiment. Dis-
tillation of the resulting oil at reduced pressure gave 6.60
g. (69.3%) of methyl methyldiphenylsilanecerboxylste, b. p.
115-116° (0.02 mm.), nZ° 1.5645, a2 1.0926.

Angl. Calcd. for 015H150231: C, 70.28; H, 6.29; Si,
10.92; MRy 76.37. Found: C, 70.64, 70.81; H, 6.48, 6.52;
Si, 10.82, 10.90; MRp 76.38.

The spectrum is similar to that of methyl dimethylphenyl-

silanecarboxylate, with the same change in intensities asso-

ciated with the replacement of a methyl by e phenyl group.

6. Dimethylphenylhydroxymethylsilene

a. From lithium sluminum hydride reduction of methyl

dimethylphenylsilanecarboxylate Lithium aluminum hydride,
3.26 g. (0.086 mole), wee added in small portions to 20.0 g.

(0.103 mole) of methyl dimethylphenylsilanecarboxylate dis-
solved in 200 ml. of ether and cooled to ice-bzth tempersture.
Vigorous refluxing occurred =8 each portion was sdded. The
ice-bath was removed upon completion of =sddition, and the
reaction mixture was allowed to stir at room temperature for
4.5 hours. The solution was then poured jet-wise onto
crushed ice scidified with sulfuric acid. The usual work-up
wag employed. Distillation of the solvent left a colorless
0il which was distilled at reduced pressure to give 13.6 g.
‘\§79.3ﬂ0 of a colorless oil later shown to be dimethylphenyl-

/
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hydroxymethylsilane, b. p. 130-135" (30 mm.), ng° 1.5220.
This was redistilled to give 12.1 g. (70.4%) of product,
b. p. 132-135° (27 mm.), 050 1.5225, a33 0.9899.

Ansl. Caled. for CgH,,081: C, 65.00; H, 8.48; MRp 51.65.
Found: C, 64.39, 64.56; H, 7.57, 7.74; MRp 51.24.

The infrered spectrum in carbon disulfide showed the
absorption bands mentioned previously for C-H aromatic and
aliphatic, Si-methyl, and Si-phenyl; and, in addition, bands
at 2.97 and 10.00 a indicative of an associated OH and
hydroxymethyl, respectively.

b. From resction of dimethylphenylsilyllithium with
formaldehyde Formaldehyde gas, prepsasred by hesting 20.0 g.
of paraformaldehyde, was passed over & rgpldly étirred so lu-
tion of 0.148 mole of dimethylphenylsilyllithium in tetra-
hydrofuren solution. The reactlon mixture became quite warm
and mild refluxing occurred. A water bath was applied to
avold overheating. The solution beceme lighter in color,
until after one hour it was light orange-brown. Color Test
167 was then negative. Stirring at room temperature was con-
tinued for 2 hours. Hydrolysis was effected with water and
the usual work-up employed. Evaporation of the solvent left
a colorless oll which was distilled at reduced pressure to
give 11.2 g. (45.3%) of dimethylphenylhydroxymethylsilane,
boiling over the range 111-117° (11 mm.),nf’ 1.5256. The
0il wae redistilled to give 8.80 g. (35.8%), b. p. 113-117°
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(11 mm.), n8° 1.5251.

Anal. Calcd. for CgH,,081: C, 65.0; H, 8.48; MRp 51.66.
Found: C, 64.43, 64.57; H, 8.02, 8.19; MRy 50.35.

The infrared spectrum is superimpossble with that of the
011l obttained in the lithium aluminum hydride reduction of

methyl dimethylphenylslilanecarboxylete.
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IV. DISCUSSION

A. Development of an Improved Procedure for
the Dimetalation of Diphenyl Ether

At the outset of the thesis problem, a large quantity of
10,10-dimethylphenoxesilin was needed in order that it might
be used as a starting material in subsequent reactions. How-
ever, the long reaction time (72 hours) and the low ylelds
(25.1%) indicated in the published directions® evidenced the
necessity of developing a more facile procedure.

The published directions involved the dimetalation of
diphenyl ether with n-butyllithium in diethyl ether, with sub-
sequent reaction of the dilithiodiphenyl ether with dichloro-
dimethylsilane. The procedure wes reinvestigated both in
regard to the organometallic resgent and in regard to the
gsolvent system. Derivatization wes carried out through the
use of dichlorodimethylsilane, rether than carbonstion gs 1s
the usual procedure in such investigations, in order to obtain
the desired starting material. The results of this investiga-
tion are summarized in Teble 3.

Gilmen and Gray,156 in eddition to other investigators,
137,138,139 had shown that in almost every metalation reesction

156y, Gi1lmen and S. Gray, J. Org. Chem., 23, 1476 (1958).
157H. Gilman and R. D. Gorsich, ibid., 22, 687 (1957).
138p, Tomboulian, ibid., 24, 229 (1959).

139, w, Mayo, P. D. Shaw and M. Rausch, Chem. and Ind.
(London), 1388 (1957). T



Table 3. Dimetalation of diphenyl ether

Reaction
Organometallic : 8olvent conditions Yield of oyclic
reagent Solvent ratio temp. hrs. derivative,

n-Butyllithium THF® _ ether 1:1 Room temp. 14 32.0
n-Butyllithium THF - ether 1:1.1 M11d reflux 4 45.6
n-Butylll thium THF - ether 1:1.3 Mild reflux 6 50.5
n-Buty1lithium THF - -5 + &° B 16.6

+4 +

0 12
Phenyllithium THF - ether 1:1 Mild reflux 12 23.7
Methyllithium THF . - Mild reflux 1”2 0

BTHF 15 an abbreviation for tetrahydrofursen.

oel



133

the use of tetrahydrofuran as the solvent gave significantly
higher yields of the metalated product as compsred to those
ottained in diethyl ether. The use of tetrshydrofuran-ether
mixed solvent systems did not appear to give as good ylelds
of metalated products gs were obtained when the reactions
were run in tetrshydrofuran.

The present investigation also indicsted the much greater
activating effect of tetrshydrofursn in metalation resasctions.
Diphenyl ether was dimetalated quite rapidly by n-butyllithlium
in this solvent, and also in the mixed solvent system. How-
ever, the reaction in the mixed solvent system gave a greater
yield of derivative (50.5%) than when carried out in tetra-
hydrofuran alone (16.6%). Phenyllithium in the mixed solvent
system was also sufficliently reactive to give dimetslation,
but to & lesser extent (27.7%). Methyllithium-in tetrshydro-
fursn did not give a derivetive indicative of dimetalation.

Why the mixed solvent system was more satisfasctory in
these metalations can best be explained by considering that
two competing reactions are taking place. The organometellic
reagent can either metalate diphenyl ether, or it can react
with tetrshydrofuran. The latter reaction has been shown to
occur quite rapidly, even at room temperature.l17 By employ-
ing a mixed solvent system, the rate of reaction with tetra-
hydrofuran decreased, and metalation became the predominant

reaction. Whether this was due to a decreased solvation by
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tetrahydrofursn or to dilution effects is not clesr.

The stability of the orgenometallic reagent increased in
the mixed solvent system without a significant decrease in
metalating ebility. In fact, a mild reflux could be employed
for five hours before an n-butyllithium system would give a
negative color test for highly reactive orgesnometellic re-
agents.68 As the ratio of ether to tetrsghydrofuren was in-
creased to much greater than one, the rate of metelation de-
creased to an extent that the mlixed solvent system lost its
attradtiveness-

The optimum conditions for the dimetalation of diphenyl
ether finally developed involved the preparation of n-butyl-
1ithium (1N) in diethyl ether, followed by addition to a
tetrshydrofuran solution of diphenyl ether. The final solvent
ratio of ether to tetrehydrofuran was about 1.3:1 for a max-
imum yield st a reassonable reaction time. The reaction mix-
ture may be warmed mildly for S5 hours before use t&hobtain
a maximum yield (50.5%), or it may be stirred at room tempera-
ture for 14 hours. The\latter choice gave a lower yleld of
derivative (32.0%), but proved convenient in that the reaction
mixture could be stirred overnight before subsequent reaction.
The former choice required more attention. The only limiting
factor appears to be a lower yield due to handling difficul-
ties when large quantities of reagents are employed. Regard-

less, the procedure appears to improve greatly over the 72
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hours of refluxing used previously to obtain a 25.1% yield of

product.8

B. Preparation of Phenoxasilin Compounds

Most of the phenoxasilin compounds prepared previously

8,9,41,42,43,4¢ o o

were rather high meiting solids.
melting was 10,10-dimethylphenoxasilin gt 78.5-790; however,
elkyl-substituted silicon compounds sasre not noted for out-
standing radiation stebility. It was reasoned that if unsym-
metrical phenoxasilin compounds could te prepared by attaching
different aryl groups to the silicon stom, such dissymmetry
would lower the melting points tc a degree that the compounds
might be practicable as lubricents.

The inaccessibility of unsymmetricel diorganosilicon
halldes negated the usual route to these compounds. The
alternative spproach was to prepare a phenoxasilin ring system
containing either S5i-X or Si-H at the bridge-position which
could then be coupled with sn RIi compound.

Such an approach was not new. Gilman and Gorsichl40
coupled 2,2'-dilithiobiphenyl with several monoorganosilicon
halides, such as methyltrichlorosilane, to obtain 5-chloro-
S5-organodibenzosilole compounds. The hslides were reacted

with organolithium reagents to obtain unsymmetrical molecules.

140, Gilman and R. D. Gorsich, J. Am. Chem. Soc., 80,
1883 (1958).
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Since many difficulties were experienced in the handling and
storing of these halo silicon compounds, Zuechl*! substituted
an R81H5 for the RSiXs compounds in reaction with N-ethyl-
2,2'-dilithiodiphenylamine. The resulting cyclic Si-H com-
pound could be handled with little fear of atmospneric
hydrolysis, but still coupled readily with RLi compounds to
give unsymmetrical phenazasilin compounds. The latter reaction
was chosen as the method for preparing the proposed unsym-
metrical phenoxasilin compounds.

The dilithium intermediate employed by Zuech141 had been
prepared through the use of a halogen-metal interconversion
reaction and was known to be of relatively high quality.

The 2,2'-dilithiodiphenyl ether (X) for the following reac-
tions wes prepared by the dimetalstion of diphenyl ether in
mixed solvent as described in the preceding section, and some
doubt still remained as to the ease of its reaction with
gilicon hydrides. However, this uncertainty was readily
removed with the isolation of the known compound, 10,10-
diphenylphenoxasilin8 (XI), from reaction of the dilithium
intermediate with diphenylsilane.

2,2'-Dilithiodiphenyl ether was reacted with phenylsilane
to give the functionel Si-H compound, 10-phenylphenoxasilin

4lg, A, Zuech. Cyclic organosilicon and related com-
pounds. Unpublished Ph. D. Thesis. Ames, Iowa, Library,
Iowa State University of Science and Technology. 1960.
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(XII). This was coupled with phenyllithium to give again the
known 10,10-diphenylphenoxasilin (XI) as proof of structure.
Subsequent resctions of 10-phenylphenoxesilin with methyl-,
o-tolyl-, p-tolyl-, o-biphenylyl-, p-phenoxyphenyl- snd
benzyllithium geve the respective unsymmetricsl phenoxesilin
compounds XIII, XIV, XV, XVI, XVII and XVIII.

There is still some question concerning 10-benzyl-10-
phenylphenoxasilin (XVIII). Only a trace of meterial which
gave a marginsl analysis was 1solated. The result seems to
be in line with the very low reactivity of benzyl type lithium
reagents with Si-H compounds. More will be sald concerning
this in the next section. The major product isolated from
the reaction was 10-hydroxy-10-phenylphenoxasilin (XIX)
arising from hydrolysis of the-§3-H bond. The silanol could
also be prepared by direct reaction of the Si-H compound (XII)
with alecoholic potessium hydroxide. Proof of structure for
compound XIX was obtained by warming in 98% formic acid to
glve the disiloxane, 10,10'-oxybis-(1l0-phenylphenoxasilin)
(xx).

10-Phenylphenoxasilin (XII) reacted spontaneously with
N-bromosuccinimide at room temperasture to give’io-bromo-lo-
phenylphenoxasilin (XXI) in good yield. The bromo compound
did not fume in the atmosphere as does bromotriphenylsilene,
possibly an indication of some steric interference in the

cyclic system. However, the bromo compound was readily
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Le Lt
X
Ph,S1H,
Ph,_ _Ph PhS1H,
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XIII Methyl
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XVI o-Biphenyl
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phenyl
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converted to the disilane (XXII) by refluxing with sodium in
xylene.

The unsymmetricel cyclic silicon compound, 2-trimethyl-
811y1-10,10-diphenylphenoxasilin (XXIV), was ﬁrepared by the
dimetalation of 4-trimethylsilylphenyl phenyl ether (XXIII),
followed by reaction with dichlorodiphenylsilane. As can be
gseen, the product was a silicon-substituted cyclic sillcon

compound.

1) n-C,HgLi
sl kD) i
2) Phy3101,

XXIII

Ph Ph
\

XXIV
Table 4 summarizes the physical prcperties end thermal
stabilities of the compounds prepered during this phase of the
thesis investigation. The phenoxasilin compounds sre note-
worthy in the small amount, if any, of decomposition at their
volatilization temperatures. However, only a few of the com-
pounds volatilized at temperatures high enough to be of value.

Four compounds may be of interest, 10-o-biphenylyl-10-



Table 4. Phenoxasilin compounds

Compound

Yield,
%

Még.,

Thermal stabllity,
og

10-Phenylphenoxasilin
10-Methyl-10-phenylphenoxasilin

- 10-Phenyl-10-o-tolylphenoxasilin
10-Phenyl-10-p-tolylphenoxasilin

10-0~Biphenylyl-10-phenylphenoxa-
sllin

10-p-Phenoxyphenyl-10-phenyl-
phenoxasilin

10-Benzyl-10-phenylphenoxasilin

|
10-Hydroxy-10-phenylphenoxasilin

256.8
60.0

47.2
47.?2

47 .2
19.3

Trace

77.4

81-83
56 .5-58

116-117.5
1
155-157
{
160-1561

136-137

89-90

124-125

Volatilizes 370-380,
colorless condensate

Volatilizes 360-370,
colorless condensate

Microbubbles 320,
volatilizes 438-444,
clesr distillate

 Microbubbles 402,

volstllizes 444-446,
light yellow condensate

Volatilizes 480-492,
light brown distillate

Volatillizes 526,
light yellow distillate

Microbubbles 328,
volatilizes 446-450,
colorless distillate

Occasional bubbles 270,
rapid 310, apparent
volatilization 416-418,
light yellow condensate

O%1



Table 4. (Continued)

Yield, M.g., Thermal gtability,
| Gompound % ° = oC
10,10'—0x§b18-(10—phenylphenoxa— 37.3 189.5-191 Volatilizes 554-556,
silin)120 light brown distillate
10-Bromo-10-phenylphenoxasilin 63.2 96-99 -
10,10'-Diphenyl-10,10'-bi-~ 656.6 231-233 Microbubbles 370,
{phenoxasillin) voletilizes 512-504,
light yellow distillate,
darkens 560
2-Trimethylsilyl-10,10-diphenyl- 16.9 123-124 Volatilizes 440-442,

phenoxasilin

clear distillate

84"
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phenylphenox2silin (XVI), 10-p-phenoxyphenyl-1l0-phenylphenoxa-
silin (XVII), 10,10'-oxybis-(10-phenylphenoxasilin) (XX) and
10,10'-diphenyl—lo,10'—b1-(ﬁhenoxasilin) (XXII). These =all
volatilize above 500° without significsnt decomposition. The
disiloxane (XX) and disilane (XXII) are relatively high melt-
ing and would only be of limited value. Of the other two,
10-p-phenoxyphenyl-10-phenylphenoxasilin is of greatest in-
terest. Although 1t 18 a s0lid melting at 136-137°, it
possesses good thermal stability. More important, it incor-
porates two phenoxyphenyl systems, noted for high radiation
resistance, into one compound. This particuler material may
add desired stability when blended with other lubricants.

Several attempts were made to brominate 10,10-dimethyl-
phenoxésilin, either to introduce the halogen onto the methyl
group or onto the ring. N-Bromosuccinimide fsiled under s
variety of conditions to effect any reaction. A bromide-
bromate mixture was employed as one of the milder brominating
agents. However, extensive cleavage of the ring system
occurred, and the reaction was not pursued further.

C. Preparation of Some Silicon
Derivatives of Xanthene

There are no reported silicon derivatives of xanthene
(XXV), the carbon anaslog of the phenoxasilin system. Although
such materials would not be expected to possess desirsable

lubrication properties, compounds of this type might be of
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academic interest.

The majority of compounds now being reported were sub-
stituted in the 9-, or bridge, position. The 9-position,
being a benzylic carbon, is very reactive and is metalated
quite readily by n-butyllithium.l2? Reaction of 9-1ithio-
xanthene (XXVI) with several chlorosilanes gsve the respec-
tive S-substituted xanthenes (XXVII). Thus, 9-trimethylsilyl-
xanthene, 9-triphenylsilylxanthene, dimethylbis-(g—xanthyl)—

silane and diphenylbis-(9-xanthyl)silane were prepared from

H L

8 e
@% D‘u n-C4H9L1©[ D RgS101
10
o
H Sst
XXVIT

chlorotrimethyl-, chlorotriphenyl-, dichlorodimethyl- and
dichlorodiphenylsilane, respectively. Triphenylsilane, an
Si-H compound, did not react with 9-lithioxasnthene. As indi-
cated in Table 5, the compounds mentioned gbove either vola-

tilize at quite low temperatures or decompose before volatii—



Table 5.

S8i1licon derivatives of xanthene

dec.

44"

Yield M.p. Thermal stability
Compound 4’ °8 ’ J og ’
9-Trimethylsilylxanthene 67.3 119.5-121 Volatilizes 300-307,
. colorless condensate
9-Triphenylsilylxanthene 52.6 164 .6-166 Microbubbles 262,
darkens 370,
volatilizes 420-430,
dark brown distillate
Dime thylbis-(9-xanthyl)silane 39.1 173-174 Darkens 990,
, volatilizes 390-396,
dark brown dilstillate
Diphenylbls-(9-xanthyl)eilane 50.6 214-216 Darkens 390,
" volatilizes 398-400,
dark brown condensate
2-Trimethylsilyl-9,9-diphenyl- 83.5 200-202 Volatilizes 410-470,
xanthene ' light yellow distillate
9,9-D1gheny1—4-triphenylsilyl- 21.6 269-271.5 -
xanthene dec.
Xanthydryloxytriphenylsllane 12.7 246-282 -
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ization.

125

Two silicon derivatives of 9,9-diphenylxanthene were

also prepared. 9,9-Dipheny1xanthene wes metalated with one
equivslent of n-butyllithium and the intermediete lithium
compound reacted with chlorotriphenylsilane. Since the
O-position was blocked, metalation should occur on the
nucleus. Spectral evidence and anelogy to other metalatlons
of eryl ethers indicated thet the substituent was in the
4-position, or ortho to the oxygen. Thus the resulting com-
pound wes considered to be 9,9-diphenyl-4-triphenylsilyl-
xanthene.

The other silicon derivetive of 2,9-diphenylxanthene
prepared wes 2-trimethylsilyl-9,9-diphenylxanthene (XXX). The

i O 0
Li

XXIII XXIX

(CgHg5) oCO

(cHy)y S Pt @ [en no[p.Ph
C .
N C:]::::] - (g$¥i::::L~g:]:::]
P S
o o

XXX XXVIII
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compound wes prepared by cyclization of the carbinol (XXVIII)
obtained through reaction of 4-(4-trimethylsilyl)phenoxy-
phenyllithium (XXIX) with benzophenone. As mentioned in the
expérimental presentation, Spectral.evidence indicated that
the metalation hsd tasken place on the non-substltuted ring.
An effort to determine the exact position of the substituent
was not made because, regerdless of which ring possessed the
carbinol group, the same product would be obtained upon
cyclization.

It should te noted that this ecyclic compound is the car-
bon analog of 2-trimethylsily1-10,lo-diphénylphenoxasilin pre-
pared in the previous section. It is interesting thst the
carbon cycle, although it is of lower molecular welght, melts
over 70 degrees higher than the silicon compound and has less
satigfactory thermal chsracteristies.

The reaction of triphenylsilyllithium with xanthone gave
a small amount of a compound decomposing over & broad range
(246-282° dec.). The material could not be purified further,
end its snalysis wzs in good agreement with theat of xanthy-
dryloxytriphenylsilane. The structure as an sddition-
rearrangement product was assigned on the basis of the infra-
red data which indicated the absence of the hydroxyl group and
the presence of the silicon-oxygen bond.

Triphenylsilyllithium metalated xanthene very rapidly at

room temperature. The resuliing 9-lithioxanthene was
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derivatized by carbonation and by resction with chlorotri-
phenylsilane to give 9-xanthenecarboxylic ac1d122 gnd 9-
triphenylsilylxanthene, respectively. _

It is interesting that 9-triphenylsilylxanthene wes not
isolzated from the carbonation mixture. Such a product was
a distinct possibility since RL1 compounds are known to couple

readily with an Si-H bond,102’142’143’144:145

arising in this
reaction from the metalation step. The feilure of 9-lithio-
xanthene to reesct with triphenylsilane and the very low yleld
of 10-benzyl-10-phenylphenoxasilin from resction of benzyl-
lithium with 10-phenylphenoxasilin may be recalled in this
connection. Thus, it appears that benzyl type lithium re-
agents will not couple readily with Si-H compounds, probably

due to charge delocalizstion.

D. Reaction of Triphenylsilyllithium with
Some Alkyl-Aryl Ethers
While attempting to metalzte anisole with triphenyl-
silyllithium, ealkylation of the silylmetallic wss observed.

The products isolated after the reaction mixture had been

1425, Gilpen and S. P. Massie, Jr., J. Am. Chem. Soc.,
68, 1128 (1946).

143R. N. Meals, ibid., 68, 1880 (1946).
144y, H. Nebergsll, ibid., 72, 4702 (1950).

1455, S. Peake, W. H. Nebergell and Y. T. Chen, ibid.,
74, 1526 (1952).
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warmed st 50° for 24 hours were methyltriphenylsilane and
5henol._ Apparently a facile ether cleavege had occurred.
Ether cleavages by orgenometallic reagents are well known,146
however, thls perticular clesvage occurred under quite mild
coﬁditions and gaeve well defined products. A similar cleav-
age involving 1,2-dimethoxyethane with the resultaﬁ% forma-
tion of methyltriphenylsilane had been observed previously.51

The discovery evoked immedizte interest and the reaction
was applied to the next higher homologs, phenetole snd phenyl
n-propyl ether. However, even after extended reaction periods
a2t higher temperatures, only s trace of clesvage was observed
with the former ether and none with the 1atter- |

The grest difference in reesctivity may involve several
factors. The clesvage probably occurs through an Sy° dis-

placement mechenism with phenoxide ion being the leaving

group. Such a resction is very sensitive to sterlc fesctors

(CgHp) 351V R@-GeHs—'(csHs):sSiR + CgHg00
both around the cerbon being attacked and of the anion, 1.e.,
the rate of displacement is decreased significantly by small
increases in steric hindrance.147 Triphenylsilyllithium
répfesents a very bulky grouping. In addition, it is probably

146Fop o summarizing review on the cleavage of ethers,
see R. L. Burwell, Jr., Chem. Rev., 54, 615 (1954).

1475, Hine. Physical organic chemistry. New York,
N. Y., McGraw-Hill Book Co., Inc. 1956. pp. 138-167.
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highly solvated with tetrahydrofuran molecules incressing its
bulk still more. The large size of triphenylsilyllithium»
would amplify the lncreased sterlic hindrance arising from the
change of methyl to ethyl or n-propyl ethers, znd the cleav-
age reactions could not teske place.

The clesvage reesction wss carried out successfully with
a large number of aryl methyl ethers, and the results are
summarized in Table 6. In every instance, methyltriphenyl-
silsne end the corresponding phenol were formed.

Triphenylsilyllithium clesved one methyl group from
p-dimethoxybenzene when the retio of silyllithium reagent to
ether was 1:1. When the ratio was increassed to 2:1, one
methyl group was cleaved to the extent of 37.0% and the second
to the extent of 15.2%.

The reaction of triphenylsilyllithium with l-methoxy-
naphthalene and 2-methoxynaphthalene gave the corresponding
cleavage products quite readily. Apparently the clesvage is
not affected noticesbly by steric conditions of the aryl
group. The reactions with the naphthyl ethers appeared to
proceed more rapidly than with anisole.

Triphenylsilyllithium reescted exclusively with the
chloro grﬁup of p-chloroanisole to give hexaphenyldisilane
and p-anisyltriphenylsilane. Reaction with p-fluoroanisole
occurred a2t both groups, but cleavage was the predominant

reaction. The result is in line with the lesser reactivity



Table 8. Reaction of triphenylsilyllithium with some alkyl-aryl ethers

‘.'

Ratio of GConditions Yield
RzSiL1 to temp. Alkyl- Yield (%)

Ether RzS1L1 ether C hrs. S1Phy  phenol,
Anisole Triphenylsilyllithium  1:1 60 24 64.2 31.5%
Phenetole Triphenylsilyllithium 1:1 50 24 0] trace

g0 7
Phenyl n-propyl ether Triphenylsilyllithium 1:1 50 77 0 0
p-Dimethoxybenzene  Triphenylsilyllithium  1:1 50 12  60.5 30.2
p-Dimethoxybenzene Triphenylsilyllithium 211 B0 74 57.8 gg.g gggob
l1-Methoxynaphthalene Triphenylsilyllithium 1:1 50 10 48.5 58.2
2-Methoxynaphthalene Triphenylsilyllithium 1:1 50 16 5°.5 58.8
p~-Chloroanisole Triphenylsilyllithium 1:1 50 ? od trace

8Identified as-2,4,6-tribromophenol.
bHydroquinone monomethyl ether.

CHydroquinone. \

dThe primary products of the reaction were hexasphenyldisilane (40.7%) and
p-anisyltriphenylsilane (5.73%).

0ST



Table 6. (Continued)

Ratio of Conditions Yield

' R3S1L1 to Temp. Alkyl- Yielda (%)
Ether RsS1L4 ether  °C  hrs. S81Phz phenol
p-Fluoroanisole Triphenylsilyllithium 1:1 50 24 49.2° 30.5
2-Methoxynaphthalene Dimethylphenylsilyl- 1:1 50 04 36.9 34.4
11 thium
Phenetole Dimethylphenyleilyl- 1:1 50 72 0 3.578
1ithium
Thioanisole Triphenyleilyllithium 1:1 BO 24 8.357 0

©There was also obtalned p-anisyltriphenylsilane (1.09%). No hexaphenyl-
disllane was isolated.

fretraphenyleilane (13.7%) and hexaphenyldisilane (6.17%) were also isolated.

18T



152

of fluoro- gB compared to chlorobenzene.

Since steric requirements sppéared to plaj such en im-
portant roié in the reaction, it was thought that the use of
2 less bulky silylmetelllc reagent might effect cleavage more
readily. This was partially confirmed by a 3.57% yleld of
phenol obtained from the reaction of dimethylphenylsilyl-
lithium with phenetole, a resction which did not teke place
with triphenylsilyllithium. However, the reaction of dimethyl-
phenylsilyllithium with 2-methoxynaphthalene did not proceed
any more reedlly than when triphenylsilyllithium was employed.
In fsct, s lower yield of trimethylphenylsilane was obtained,
probably due to the increased 4ifficulty in the isolation
procedure.

The resction of triphenylsiiyllithium with thioanisole,
the sulfur analog of anisocle, gave methyltriphenylsilene,
tetraphenylsilane and hexaphenyldisilane. It would seem that,
in addition to the usual displacement, another resction
mechanism must be considered. The mechanism 1s probably
similar to one proposed for the reaction of triphenylsilyl-
lithium with diphenyl sulfide.®? Such a mechanism would in-
volve the-initial formstion of triphenyl-(phenylthio)silsne.
The thiosilane would subsequently be clesved by excess tri-
phenylsilyllithium present with formation of the observed |
héxaphenyidisilane.



153

E. Reaction of Triphenylsilyllithium with
Some Symmetrical Acetals

The reaction of triphenylsilyllithium with acetals was
investigated as snother phase in the comparison of the reac-
tions of silylmetallic and orgenometalllc reagents.148'149
The acetals which were reacted with triphenylsilyllithium
were methylal, dlethyl formal, dimethyl acetal and acetal.
One ketel, 2,2-dimethoxypropane, was also studied. The re-
actions were carried out in tetrahydrofuran 2t mild reflux
temperature.

After sixty hours, the reasction mixture conteining tri-
phenylsilyllithium and methylal gave a negative Color Test
I.67 The major products isolated were methyltriphenylsilane
(10.6% crude), triphenylhydroxymethylsilane (8.96% crude) and
4-hyd;oxybuty1tr1phenylsi1ane (11.5%). When dimethyl acetsal
was reacted with triphenylsilyllithium under similar condi-
tions, the major products 1solated were methyltriphenylsilane
(6.94% crude), 1l-triphenylsilylethasnol (3.95%) and 4-hydroxy-
butyltriphenylsilane (13.3%).

Acetal and diethylformsl d4id not appesr to react with

148pop general references concerning the resction of
Grignard reagents with acetals, see M. S, Kharasch and O.
Reinmuth. Grignard reactions of nonmetallic substances.
New York, N. Y., Prentice-Hall, Inc. 1954. p. 1041.

14970 leading references involving orgsnolithium re-
agents with acetals, sve G. Jones and H. D. Law, J. Chem.
Soc., 3631 (1958).



154

triphenylsilyllithium. Color Test I became negative after
ninety and one hundred twenty hars, respectively. The major
product isolated was 4-hydroxybutyltriphenylsilane. 2,2-
Dimethoxypropane gave a trace of 2-triphenylsilylpropan-2-0l
and a large yleld of 4-hydroxybutyltriphenylsilane (32.49%).

- In 81l of the reactions, 4-hydroxybutyltriphenylsilene
arose through clesvage of the tetrahydrofuran solvent at
elevated temperatures.5° Methyltriphenylsilane (XXXII) from
methylal and from dimethyl acetal was formed by a cleavage of
the carbon-oxygen bond in the same manner as it was 1in the
formation from 1,2-dimethoxyethane.?l Once the methyl group
had been removed, the resulting anion probably collapsed
immedietely to form the aldehyde (or ketone) (XXXIII). Tri-
phenylsilyllithium (XXXI) then reacted rapidly with the .
sldehyde to give the hydroxy compound (XXXIV).

ClJCHa ?3

R-C-H + (CgHg)zS1L1 ——=(CgHz)381CHz + |R-C-H L1

; |
OCH OCH;
XXXT XXXTT |2
oH 0
i n"
RC_H X R-C-H| + L10CH,
!

XXXIV XXXIII
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On the basis of the discussion in the previous section,
triphenylsilyllithium does not react readily with groups much
bulkier than methyl, except with highly reactive systems such
as the phosphate esters.1°0 Removal of the more bulky ethyl
groups from the ethyl acetals did not occur, and the hydroxy
compounds also could not form. Very little reaction occurred
with the methyl ketal as indicested by isolation of only a
trace of the hydroxy compound, again pointing up the extreme
steric sensitivity of reactlions involving triphenylsily-
lithium.

An attempt was made to prepare triphenylsilyllithium
using acetal as the solvént. Hexaphenyldisilane was not
cleaved by lithium at room temperature or at eleveted tempera-
tures. Reaction of chlorotriphenylsilane with iithium diq not
occur at room temperature, but at elevated temperature a smgll
amount (28.8%) of crude hexsphenyldisilane was isolated. It
appears that the acetals will not be sultable as solvents for

the preparation of silylmetallic reagents.
F. Relative Reactivities of Silylmetallic Reagents

As the chemistry of a new orgsnometallic reagent is
developed, one of the outstanding areas of interest is the

relation of its reactivity with other systems. The reasctions

150M. V. George, B. J. Gaj and E. Gilmen, J. Oprg. Chem.,
24, 624 (1959). ‘
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to bte discussed were run to develop four areas of relative
resctivities involving silylmetallic reagents: (1) reletive
reactivities of some functional groups with triphenylsilyl-
lithium; (2) relative reactivity of triphenylsilyllithium
compared to organometallic reagents in coupling with chloro-
silanes; (3) relative reactivities of chlorosilanes coupling
with triphenylsilyllith;um; and (4) relative resctivities of
sllylmetallic reagents in metslation resctions.

As can be seen from the historical discussion and in the

5

excellent review concerning silylmetellic chemistry,™ some of

the reactions of triphenylsilyllithium with various functional
groups do not follow the reactions of their counterpserts,
l.e., Grignard reagents and organolithium resgents. The ques-
tion arose as to whether or not the reactivities of the
various functional groups with triphenylsilyllithium are in
the same order as that generally observed with organcmetallic
resgents.

This problem involving the reaction of organometallic
reagents with functional groups had been the subject of sev-
eral elegant investigations.151’152 These were culminated by
the well thought out and executed studles of Entemann-and

151H, Hibbert, J. Chep. Soc., 101, 341 (1912).

1525, Gliman, L. L. Heck and N. B. 9%. John, Ree. trov.
chim., 49, 212 (1930).



157

153

Johnson. These investigators carried out a series of com-

petitive reactions in which one equivalent of phenylmagnesium
bromide was added to a solution containing one equivalent of
each of two reactants. An examination of the products re-
vealed the extent of each reaction. On this basis, the rela-

tive reactivities of some functlional groups are:

_CHO ) -COCHz ) -NCO ) -GOF ) -COCgHs,

As mentioned previously, the reaction of triphenylsilyl-
lithium with RX compounds produces hexaphenyldisilene in a
secondary coupling reaction.88 Since hexsphenyldisilane is
insoluble in most organic solvents and, as a result, 1s very
easy to isolate with excellent reproducibility of yield, the
extent of its formation from a competitive reaction involving
triphenylsilyllithium with 2 functionsl compound znd an or-
éanic halide could be used 28 an indication of the relative
reactivity of that functional grouping. The particular halide
choeen as the standard for this study was chlorobenzene, which
reacts with triphenylsilyllithium st a moderate rate to give
a reproducible yleld of 51-53% of hexaphenyldisilane.’®
Chlorobenzene ie not known to interact with the functional

groups under .study, and would not be expected to catalyze

- 155¢, E. Entemenn and J. R. Johneon, J. Am. Chem. Soec.,
55, 2900 (1933).
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their reaction with triphenylsilyllithium.
A typical example of a competitive reaction involving

chlorobenzene and its interpretation 1s shown below:

0
] i
2.68%
(CgHg) 35181 (CgHg) s + (CgHg) oHCOS1(CgHz) 5

14.3% on.0%

As can be seen, a yleld of only 14.3% of hexsphenyldisilane
was obtalned as compared to 51% when chlorobenzene is reacted
alone with triphenylsilyllithium. This is spproximately one-
third as grest, indlceting that the ketone grouplng must be
more reesctive than the halobenzene.

Two assumptions were made. The first essumption was that
the same products would be obtained from the mixture as when
each substrate was reacted with triphenylsilyllithium sep-
arately. This assumption was jJustified since the same prod-
ucts were always 1solated in the competitive reasctions. The
second assumption was that a secondary reaction d4id not tske
place due to a shift in the po;gﬁ of equilibrium 28 the result
of the insolubllity of hexaphenyldisilane. It seems unlikely
that these are equilibrium reactions since each goes rapidly
to completion, there was always an insufficient amount of

triphenylsilyllithium, and the resction was ususlly inter-
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rupted as soon as the silylmetellic compound was used up &s
evidenced by 2 negative Color Test 1.57 It should be noted
in favor of this argument, that hexsphenyldisilesne was not
isolated in reactions involving the more reactive functionsal
groups.

Unfortunately, the Entemann and Johnson series could not
be studied in its entirety. A requirement of the functional
group under study was that it must not give hexsphenyldisllane
through 1its own reaction with triphenylsilyllithium. This
eliminated the aldehyde grouping, which gives some hexaphenyl-
disilene following reaction with triphenylsilyllithium-82 It
would have been possible to include reactions in which low
reproducitle ylelds of hexaphenyldisilane are obtalned, 1if
the constant value was subtracted from the total amount of
disilane obtained. Such reactions were not included to avoid
further complications. Also, it would have bgen better if
identifiable products could always have been ;btained; how-
ever, this requirement was not so essential. The chahge in
yleld of hexsphenyldisilane compared to the standard still
reflects the relative reactivity of the functionsl group.
Identifiable products were not isolated from‘the reactions of
triphenylsilyllithium with ethyl ﬁenzoate or with benzonitrile.
Conclusions from these reactions were based~6n such a decrease
in yleld of hexaphenyldisilane.

The particular compounds which were brought into competi-

Py
i
$
L
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- anlsole, n-octyl fluoride, benzonlitrile,
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tion with chlorobenzene for triphenylsilyllithium were

25 el benzophenone,77

€ yrene oxide,46 trimethyl phosphate,151 and ethyl benzoate.

The ylelds of hexaphenyldisilane from the competitlive reac-

tions are presented in Table 7.

Table 7. Yields of hexaphenyldisiiane from competitive
reactions of triphenylsilyllithium with chloro-
benzene and verious functional groups

Compounds % Hexsphenyldisilene

Chlorobenzene? 53.0

Anisole 51.0

n-Octyl fluoride 25.0

Benzonitrile 23.0

Benzophenone 14.3

Styrene oxide . 0 ]
Trimethyl phosphate 0

Ethyl benzoate 0

8Y¥ield of hexaphenyldisilane when chlorobenzene is
reacted glone with triphenylsilyllithium.

From the results shown in Tsble 7, the following tenta-

tive series of relative reactivites was established:

0
/7 \

= (CHz0)3P ~» 0 = CgH5CO0C,H5
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Ag can be seen, the results were not entirely satisfesc-
tory. A clear cut differentietion czn not be made between
chlorobenzene/n-octyl fluoride and stjrene oxide/trimethyl
phosphate/ethyl benzoate. The logicsl recourse was to employ
the method of Entemann and Johnson, i.e., & csreful product
analysis of competitive rescticns involving those functionsl
groups not yet clearly placed.

Three such reactions were investigeted and the results
are presented in Tatle 8.

When triphenylsilyllithlum was reacted with a mixture of
chlorobenzene and n-octylfluoride, less than 50% of the yleld
of n-octyltriphenylsilane, compsred to the yleld obtained
when n-octylfluoride alone is rescted with triphenylsilyl-

11 thium, was obtained (33.5 vs. 86.5%). The amount of tetra-
phenylsilane was decreased slightly compared to that obtained
.from the reaction of chlorobenzene alone with triphenylsilyl-
lithium. The results indicated thet n-octyl fluoride was
reacting st a slower rate than wss chlorobenzene.

From the competitive reaction involving trimethyl phos-

- phate and styrene oxide, the products indicated that trimethyl
phosphate had reacted approximstely 60% as much ses previously,
and that styrene oxide had resctad only to sn extent of 31.§%.
Thus, trimethyl phosphate reacted more rspidly than styrene
oxlde.

The final competitive reaction wes the least satisfactory

~

N



Table 8.

Products 1solated from competitive reactions

1 Products
% in % in
Competing % ob-  previous ‘ % ob-  previous
gpecies Product tained reactlion Product telned reaction
Chlorobenzene/  (CgHg)gB1 11.0 12.0  (CgHg)z81-CgHyn-n  33.5 86.5
n-octyl '
fluoride
Trimethyl phos- (CgHg)z81CH5 46.0° 71.1°  (OgHg)%91CH,CHOH  15.8 43.3
phate/styrene |
oxide 06H5
Trimethyl phos- (06H5)381CH3 40._1b 71.1b No definite product -- - §
phate/ethyl :
benzoate

8The percent reported here 18 based upon the yield of product obtalned when
the compound containing the functional group was rescted with triphenylsilyl-

1ithium.

bCrude yields are reported for methyltriphenylsilane becesuse of 1ts high

gsolubllity in the recrystallizstion solvent.

This does not alter the besic con-

cluslions since the ylelds are compered only with thelr own previous ylelds of

simllar purity.
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of 2ll, in that no definite product has thus far been iso-
lated from ethyl benzoste. The conclusions are baged upon a
decrease in the yleil of products obtained from trimethyl
phosphate. This would seem to be quite satisfactory except
thet the amount of methyltriphenylsilane obtained was.57.8%
of the amount ottained when the reaction sppeesred to be ex-
clusive with the phosphate ester. Since conclusions are based
on the decreese ir yleld of methyltriphenylsilene, and evi-
dence can not be offered in the way of products for the re-
action with ethyl benzoste, a difference of only 7.8% under
the conditions of the reaction would not be large enough to
warrent a definite statement as to a difference in resctivity.

In summery, the results obtained in the competitive re-
actions indicate the following series of reasctivities:
CgHg0CHs ( n-CgHynF ( CgHgC1 ( CHLCN { CoH,COC H
o

/ \
{ CgHgOH-CHy ( (CH30) sP—e O % C H000C,Hg

The only functionel group included in the Entemann-
Johnson series which appears to react at a different rate is
ethyl benzoaste. With triphenylsilyllithium it sppesrs to be
among the most reactive.

When comparisons are to be made with orgsnometallic
systems the particuler reection involved must be discussed.

For example, organolithium compounds react readily with
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“:etra-k-lydr-ofu.z-an,ll'7 however triphenylsilyllithium cleaved
this solvent only sfter prolonged refluxing.50 These reac-
tions indiczte the higher degree of resctivity of organo-
lithium reagents toward tetrahydrofuran. However, when the
two classes of reagents were tested in a coupling resction
with a2 chlorosilane, rather surprising results were obtained.
Organome‘callic154 and silylmetallic5 reagents toth couple

readily with chlorosilanes. One moler equlvelent of a chloro-

R'Li + Rg81X —= RsS1R!
R'sSiL1 + RgS1X —= R3S18iR's

gillane was added to & mixture of one molar equivalent esch
of 2n organometallic reagent and triphenylsilyllithlum. In
the majority of reections the halosilane involved was chloro-
triphenylsilane. Thus, tﬁe insoluble hexsphenyldisilane
formed was ezslly separeated from the tetrasubstituted silene,
resulting in an accurate product analysis.

The rezctions were run at s low tempersture (-50°) to
avoid secondary clesveges. Both tetrghydrofurasn end tetrs-
hydrofuren-ether mixed solvents were employed. The results
of the study are given in Table 9.

Aryl-, alkyl- and aralkyl;ithium reagents were investi-
gated in the reazction. Phenyllithium, n-butyllithium and

15%4For an excellent coverage of the chemlstry of organo-
silicon compounds, see C. Eaborn. Organosilicon compounds. - .
London, England, Butterworths Scientific Publications. 1960.



Table 9. Triphenylsllyllithium versus. orgenometsllic compounds towards coupling
with chlorosllanes '

Solvent Yield (%) Yield (%)
Organometallic Solvent ratlo Chlorosilane disilene Phs31R
Phenyl11 thium THF® - Triphenyl- 3.8 12.0
n-Butyllithium THF - Triphenyl- 61.0 21.5
Benzyllithium THF - Triphenyl- 54.0 23.0
Phenyllithium THF/ether ~2:1 Triphenyl- 81.7 .79
n-Butyllithium THF/ether ~2:1 Triphenyl- 7.9 13.9
Phenyllithium THF - Trimethyl- 49.°? 20.0

&THF 1s an sbbreviation for tetrshydrofuren.

69T
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benzyllithium were brought into competition with triphenyl-
s1lyllithium for an insufficient amount of chlorotriphenyl-
silane in tetrshydrofuran. In every instance, the quantity
of hexaphenyldisilesne far outwelghed thet of the tetrasub-
stituted silane (73.8 vs. 12.0, 61.0 vs. 21.5 and 54.0 vs.
23.0%, respectively), indiceting the much grester resctivity
of triphenylsilyllithium in coupling resctions. The differ-
ence was less with n-butyllithium than 1t wes with phenyl-
lithium as would be expected on the basis of the generally
observed greater reactivity of the former reagent.

The reaction 1nvolv1ng‘béd2yllithigm seems to be
siomolous. On the basis of hexaphen&ldisilane'it abﬁears
more reactive than n-butyllithium, but -on the basis of the
tetresubstituted silane it would be of agbout equal reactiv-
ity. The discrepancy may be due to interference by the equal
quantity of elkoxide ion produced in the preparstion of
bgnzyllithium.lgl

When the aforementioned rezctlions were carried out in g
tetrahydrofursfi-ether mixed solvent system, the yield of
hexaphenyldisilane was increased significantly with a corre-
sponding decrease in yield of tetrasubstituted silane. The
results support arguments presented in the section involving
the dimetalation of diphenyl ether. Although the stabilities
of organometallic reagents are increased, there 1s a corre-

sponding decrease in their reactivity. At the lower tempera-
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ture employed in these reactions, the decrease may be ampli-
fied. However, the mixed solvent system did not appear to
affect the reactivity of triphenylsilyllithium.

Gaj end Gilmanl®® have shown recently that organolithium
reagents cleave hexaphenyldisilane in tetrshydrofuren under
moderate conditions. Such a cleavage would seriously affect
the results of the coﬁpling reactions. However, when n-butyl-
lithium was allowed to react with hexaphenyldisilane under
the conditiong of the competition reactions, hexaphenyldi-
silane was recovered almost quantitatively, and n-butyltri-
phenylsilane was not 1solated, indiceting the absence of
detectable cleavage.

The possibility of upsetting an equilibrium due to the
presence of insoluble hexsphenyldisilane can also be reaised
in this series of resctions. In addition to the srguments
used in the previous section, the following reaction wzs run
which seems to negate such a possibility. Phenyllithium and
triphenylsilyllithium were brought into competition for
chlorotrimethylsilane under the same conditions used before.
All of the products were soluble in tetrshydrofuran, thus the
system remained homogeneous. Again, triphenylsilyllithium was
definitely more reactive than the orgesnometallic compound.

The difference was not so large, but this may be due to the

4 1558, J. Gaj and H. Gilmen, Chem. and Ind. (London),
¢ 493 (1960). - T
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greater reactivity of chlorotrimethylsilane versus chlerotrl-
phenylsilane, resulting in g less selective reaction.

The previous reactions suggested another problem along
these lineq, 1.e., the relative reactivities of hzlosilsnes
in coupling reactions with triphenylsilyllithium. According-
ly, a number of competitive reactions were run involving the
addition of triphenylsilyllithium to & mixture of two halo-
silanes cooled to —500. In every instence, one of the halo-
silanes involved conteined the triphenylsilyl- group. Thus,
hexaphenyldisilane was produced and was isolated resdily. The

results of the investigation zre shown in Table 10.

Table 10. Triphenylsilyllithium coupling with halosllanes

Yield (%)
Yield (%) unsymmetrical

Mixture of halosilanes PhzS5151Phsz disilene
Chlorotrimethylsilane and

chlorotriphenylsilane 27.2 45.3
Chlorodimethylphenylsilane and

chlorotriphenylsilane 30.0 40.5
Methyldiphenylchlorosilsne and

chlorotriphenylsilane 34 .4 38,9
Chlorotriethylsilane and

chlorotriphenylsilene ‘ 26.1 44 .8
Chlorotrimethylsilane and

bromotriphenylsilene 26.1 48.5

Chlorotrimethylsilane and
ethoxytriphenylsilane o 60.3
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On the basis of the amounts of hexsphenyldisilsne sand
unsymmetrical disilane obteined, a clear cut distinetion can
be made involving the chlorosilenes: trimethyl, dimethyl-
phenyl, methyldiphenyl and trivhenyl. This decressing order
of coupling with triphenylsilyllithium appezrs to be dependent
upon steric factors, and agrees with previous concepts con-
cerning the steric sensitivity of silylmetallic reagents..

There does not seem to be any distinction between
chlorotrimethylsilane and chlorotriethylsilane in their com-
petition reactions with chlorotriphenylsilane for triphenyl-
8ilyllithium. The result was rather surpriéing since Sommers
et g;.lse had shown that chlorotrimethylsilsne rescted
eapproximately twlce as fzst as chlorotriethylsilane in com-
petitive resctions with ethylmagnesium tromide. Bromotri-
phenylsllane and chlorotriphenylsilane also gsve 2lmost
identical results in their competitive resctions with chlore-
trimethylsilene for triphenylsilyllithium. Upon closer in-
spection, the results become more meaningful. The reaction
of triphenylsilyllithium with halosilanes is very rapid, in
fact, Color Test 167 16 negative immediately upon completion
of sddition. The reaction must be almost instantaneous. The
steric differences between chlorotrimethyl- and chlorotri-

ethylsilane and the electronic differences between chloro-

1561, H. Sommers, G. T. Kerr and F. C. Whitmore, J. Anm.
Chem. Soc., 70, 434 (1948).
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triphenyl- and bromotriphenylsilane would become insigniflcant
in a reaction cccurring so rapidly.

The competitive reazction involving ethoxytriphenylsilane
with chlorotrimethylsilane for triphenylsilyllithium did not
give hexaphenyldisilane. The reection of ethoxytriphenyl-
sllene with triphenylsilylpotassium had been reported to
procede slowly,ls7 thus it wes not surprising that the only
resction observed took plazce between trivhenylsilyllithium
and chlorotrimethylsilane.

The competitive reactio;;\allow establishment of the

following order of reactivity of halosllenes in coupling re-

actions with triphenylsilyllithium:
(CHg) 58101 = (C,H.)S101 ) (CH;),(C H,)S1C1 ) (CH,)(CoH) 8101

) (CgHg)381Br = (CgHg)381C1 )) (CgHg) 38100 Hy

'In a somewhat related reaction, & mixture of chlorotri-
methylsilanefggg chlorotriphenylsilane was reactéd with
gsodium. The mechanism of the coupling of chlorosilanes by
sodium 1n~xy1ene to give a disilane is not thoroughly under-

gtood. It has been suggested that it may involve a silyl-
1,158

gsodium intermedieste. George et reported a posiltive

157H. G11lmen and T. C. Wu, Iowa State University of
Science and Technology, Ames, Iowa. Information concerning
reesctions of ethoxytriphenylsilane. Private communication.
1960.

8M. V. George, D. J. Peterson and H. Gilmen, J. Am.
Chep. 8ce., 82, 403 (1960).
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Color Test 157 during the reaction of chlorotriphenylsilzne
with sodium in tetrahydrofuran. However, 1t is possible that
the color was due to ketyl formeztion through resction of sus-
pended sodium with Michler's ketone.

Brown and Fowlesl® reported that hexamethyldisilene
could not be prepared by the resction of chlorotrimethyleilane
with sodium in refluxing xylene, 2 fact which was lster con-
firmed in this Laboratory. It was suggested thet the isola-
tion of 1,1,l-trimethyl-2,2,2-triphenyldisilene from a mixture
of chlorotrimethylsilane and chlorotriphenylsilane with sodium

in refluxing xylene would be proof of the intermedizte forma-

tion of triphenylsilylsodium. Selin and West,lso and Gilmen
(CHz)=S5iC1
Na 3’3
(CgHg)3S1C1

snd Steudel161

had used a similar system involving the same
chlorosilanes in tetrahydrofuran with magnesium to obtain sup-

port for an intermediate "silyl Grignard reagent"”.

159y, P. Brown and G. W. A. Fowles, J. Chem. Soec.,
2811 (1988).

1607, ¢. Selin snd R. West, Tetrshedron, 5, 97 (1959).

161y, G1lmen =nd W. Steudel, Iowa State University of
Science and Technology, Ames, Iowa. Information involving
coupling reactions of chlorosilanes by magnesium in tetra-
hydrofuran. Private communication. 1960.



172

The coupling resction involving a mixture of chlorotri-
methyl- and chlorotriphenylsilane with sodium in refluxing
xylene gave 12.7% of hexsphenyldisilsne and 43.2% of 1,1,1-
trimethyl-2,2,2-triphenyldisilane. Isolation of the unsym-
nmetrical disilane offers strong support for the intermediste
formetion of triphenylsilylsodium. The larger amount of
unsymmetrical compared to symmetrical disilane is in line
with the greater reactivity of chlorotrimethylsilsne in
coupling reasctions with silylmetellic reagents. ‘

An attempt wes mede to relate the verious sllyllithium
reagents in metalation reactions. The main érawback of such
2 study is that there has been only one type of system
metalated previously, compounds which contsin relatively
acidic hydrogens. Such systems ore metalated very rapidly,
and zre not amenable to a study of this nature. After due
consideration of the compounds metaleted by triphenylsilyl-
lithium, the metalstion of triphenylgermane ss described by
Zuech64 was chosen for further study;

Triphenylgermene wss reacted with triphenyl-, methyl-
dipvhenyl- and dimethylphenylsilyllithium for five and eight
hours, respectively. The yleld of triphenylgermanecsrboxylie
acid obtained following carbonation was tzken as the extent
of metalation. The results are shown in Table 11.

Although the differences are not large, the alkyl sub-
stituted silylmetsllic reagents gave a2 larger amount of
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Table 11. Yields (%) of triphenylgermanecarboxylic scid

Length of resction

S11yllithium reagent 8 hrs. 5 hrs.
Triphenyl- 46.7 57.3
Methyldiphenyl- 56.86 44 .4
Dimethylphenyl- 52.3 42.7

metelation product than did triphenylsilyllithium. However,
methyldiphenylsilyllithium gave the lsrgest amount. It is
believed thet this 1s due to diffiCulties encountered in
the work-up rsther than an anomolous reactivity of methyl-
diphenylsilylliithium.
G. Preparation of Some Alkyl-Aryl
Silsnecarboxylic Acids and Their Esters

Incidentsl to a metalation study involving the use of
some alkyl-substituted silylmetallic reagents, seversl new
silenecarboxylic acids were prepared. The carbonation of
dimethylphenyleilylliithium (XXXV), extraction of the reaction
mixture with chilled 2% sodium hydroxide solution, acidifica-
fion with dilute hydrochloric ascid, end immediste extraction
wi;h ether gave dimethylphenylsilanecarboxylic acid (XXXVI)
in 47% yileld.

Confirmatory evidence for the structure of the acid wss

obtained by following the procedure for the structural proof
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of triphenylsilanecarboxylic acid.108 Dimethylphenylsilane-
cerboxylic acid wes converted to its methyl ester, methyl
dimethylphenylsilanecarboxylate (XXXVII), by rezction with
diazomethane. Reduction of the ester with lithium aluminum
hydride gave an hydroxy compound (XXXVIII) which was identicsl
with the compound ottzined from dimethylphenylsilyllithium

and formaldehyde ges.

C0s
(CHz) o(CgHg)S1Ly —————— (CHz)o(CgH5) S1COH

XXXV CH50 XXXVI ] CHoNo

T (CHz) o(CgH5)S1CO0CHz

Lifiﬁi,,,/f””” XXXVII

(CHz) 5(CgH ) S1CH,0H

XXXVIII

The carbonation of methyldiphenylsilyllithium gsve methyl-
diphenylsilenecarboxylic acid, which also could be extrected
with chilled aqueous bsse. Reaction of the acid with diazo-
methane geve the expected methyl methyldiphenylsilsnecarboxy-
lete.

It was important to carry out the besic extraction of
the aclids a2t low temperature and ss rapidly es possible. When
the extrsction of dimethylphenylsilanecerboxylic =2c¢ld wes
carried out slowly at room temperature, the yleld was reduced

to 12.0%.
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Dimethylphenylsilanecarboxylic acid melts at 56-58°
without decbmposition; however, when heeted to 1?50, it
decomposes with the evolution of cerbon monoxide. Methyl-
diphenylsilanecarboxylic acid will decarbonylate at 1ts melt-
ing point (133.5-1367).

It was found that an ethanol solution of methyldiphenyl-
silanecarboxylic acid will decsrbonylate slowly when trested
with & few drops of adqueous sodium hydroxide. Dimethylvhenyl-
silanecarboxylic ecid will =2lso decsrbonylste under the same
conditions, but the :»esction is slower. This is in contrast
to triphenylsilanece¢rboxylic 2cid which reects aquite repidly.

Beged upon the stetilities at thelr melting points and
the rates a2t which ethanol solutions of the sclds reazct with

base, the following appears to be the order of stability:
(CHz) 5(CgHg) S1C00H ) (CHs)(CgHg) oS1CO0H ) (CgHg) 5S1CO0H

The decarbonylation of silanecarboxylic acids has been
proposed to occur by means of attack of a nucleophilic specles
upon silicon.loe’llo If one considers the inductive effects
of alkyl versus aryl, the replscement of a phenyl by a methyl
group would increase the electron densitf around silicon.

. This in turn would decrease the ease of nucleophilic attack,

in agreement with the order of acid stebility observed.
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H. BSuggestions for Further Research

10,10-Diphenylphenothiasilin wasg prepared by the extended
hesting of thianthrene and diphenylsilane.4’3:44 A yield of
only 4.05% was realized, and, since this compound holds high
promise as zn antioxidant, a better method for its preperstion
i1s desireble. The suggested synthesis would start with the
preparation of 2,2'-ditromodiphenyl sulfide following 2 sim-
ilar reaction path a2s that of Leandri et 21.162 for the prep-
aration of 2,2'-dichlorodiphenyl sulfide. This would involve
the reaction of the sodium salt of o-bromothiophenol with the
diszotized form of o-bromoaniline. o-Bromothlophenol does
not appear to be commercially sveileble, but its preparation
hes been r-epor-‘l:ed.ls'3 The 2,2'-dibromodiphenyl sulfide could
be brought into resction with n-butyllithium to effect =
hslogen-metal interconversion. Subsequent reaction with
dichlorodiphenylsilane would give the desired compound. Proof
of structure, in addition to 2 mixture melting point znd san
infrared spectra compsrison with an authentic sample, could be
obtained by oxidatien to the known sulfone.164

Falling in this attempt, the ai—Grignard resgent from the

162¢. Leanari, A. Mangini end R. Passerin, Gazz. Chim.
1tal., 84, 3 (1954). (Original svsilable but not translsted;
abstracted in C. A., 50, 252 (1956)).

1634, F. Wilson, J. Am. Chem. Soc., 72, 5200 (1950).

164K, 01ta and H. Gilman, J. Org. Chem., 22, 336 (1957).
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known dichloro compound might te prepered in tetrshydrofuren
with sutsequent resction with dichlorodiphenylsilene, or the
dichloro compound might be brought in.o 2 Wurtz coupling re-
sction with dichlorodivhenylsilene 2ond sodium in 2 veriety of
solvents.

Another spprosch to the sesme cyclic system would involve
the lithium sluminum hydride reduction of the sulfone, which
cen be readily prepared.164 Reports of the successful reduc-
tion of sulfones bty this reagent have sppeared.165

Brook®? prepsred triphenylsilyl phenyl ketone, the first
gilyl-ketone, by the rezction of N-bromosuccinimide with
benzyltriphenylsilene, 2nd subsequent reasction of the o ,a&-
ditromide with silver ecetste. Since then, he hes succeeded
in preparing the elkyl substituted silyl ketones by the seme
rezction. The reesction of 2 silylmetsllic reescent with
benzoyl chloride gzve the ketone in low yield. The results
reported herein have indiceted th-t dimethylpnenyl- =2nd
methyldiphenylsilenecsrboxylic 2cids #sre more steble towards
bese then 1is triphenylsilenec=arboxylic scid. It would follow
thzt the corresponding silyl-ketones would 21so be more steble
end might bte prepered by rezction of the silylmetellic reasgent
with en z2cid halide.

However, other methods should z2lso be explored for the

preparation of the ketones. It hes been suggested thet the

165p, @. Bordwell =nd W. H. McKellin, J. Am. Chem. Soc.,
73, 92251 (1¢51).
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resction of a silyllithium compound with cadmium chloride,
followed by rezction with an acid chloride, might give the de-
sired ketones. Lichtenwsalter®® has shown some evidence f&f
the presence of the intermediate, bis-(triphenylsilyl)-
cadmium. Reszction of the intermediste with benzoyl chloride
failed to give the desired ketone. However, 1f the slkyl
substituted silyl-ketones sre more stable as proposed, the
poseibility of 1solating such compounds from the reaction may
be vefy good.

Another plean of attack would involve utilizstion of a
derivative of a silanecarboxylic acid. One of the better
methods for the preparation of a ketone 1s the reaction of an
acid halide with an organocadmium resgent. This wes first
pointed out by Gllman and Nelson in 1036.156 Sybsequently
many investigators have employed. organocadmium reagents in
the synthesls of ketones.167:168 The preparation of the acid
hglides of dimethylphenyl- gnd methyldiphenylsilenecaerboxylic
acid has not been sttempted. The esters of the scids ere

stable to acid c~nditions, thus the preparation of the corre-

166H, Gilman =nd J. F. Nelson, Rec. trav. chim., 55,
518 (1936).

1877, Cason, Chem. Revs., 40, 15 (1947).

168p. a. S8hirley. The synthesis of ketones from acid
halides and orgsasnometallic compounds of magnesium, zinc and
cedmium. In R. Adams, ed. in chief. Organic reactions. Vol.
?, pp. 28-58. New York, N. Y., John Wiley and Sonsg, Inc.
954.
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gponding scid halides seems reasonable.

The esters of the silanecarboxylic acids should be re-
acted with organometallic reagents to increase our knowledge
of silanecarboxylic acid systems.

In this connection, it would be interesting to see 1f
amldes or szides of the silanecarboxylic acids can be pre-
pared. These could be subjected to conditions of some of the
well known carboxylic acid rearrangements, a ohenomenon rarely
encountered in silicon chemistry.

A gifferent spproach to relating the relstive resctiv-
ities of silyllithium reagents would involve the reszction of
dimethylphenylsilyllithium with triphenylsilane, with subse-
quent derivatization by trimethyl phosphate. Isolation of
methyltriphenylsilane would provide evidence for the formation
of triphenylsilyllithium during the reaction and would indi-
cate clearly the greater proton affinity of dimethylphenyl-
silyllithium.

Finally, the alkoxysllanes heve not been reacted ex-
tensively with silylmetallic reagents. It is known that the
reaction of ethoxytriphenylsilane with triphenylsilylpotassium
is very slow.157 Since the prepsration of alkoxysilanes is
now convenient,151 the reaction of a number of such compounds
may gilve some surprising results and would extent our know-

ledge of silylmetallic chemistry.
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V. SUMMARY

An historiczl review of the dimetzlstion of diphenyl
ether, a tabulation of the silicon derivatives of diphenyl
ether, and a discussion of phenoxasilin chemistry hsve been
presented. In gddition, & brief survey of the reactions of
organosilylmetallic reagents with ethers, in metaletlions, and
in relative reactivities wzs included. The chemlstry of the
silanecarboxylic acld systems was also discussed.

The procedure for the dimetalstion of diphenyl ether was
improved both in time of reaction and in yield of product.
This was accomplished by employing n-butyllithium in a tetra-
hydrofuran-ether mixed solvent system.

A number of unsymmetrical phenoxasilin compounds was
prepared. The procedure involved the preparation of the
functional Si-H compound, l0-phenylphenoxasilin, from 2,2'-
diljthiodiphenyl ether and phenylsilane. Resction of the
Si-H compound with a number of RLi reesgents produced the
desired unsymmetrical phenoxasilin compounds. The chemistry
of the phenoxasilin system wes explored briefly.

Some silicon derivatives of xanthene were prepared. The
xesnthene molecule was substituted in the 9-, or bridge-
position, in 211 of the molecules except two. These two were
ring-substituted 9,9-diphenylxsnthene derivetives. It was
also found that xanthene is metalated readily by triphenyl-
silyllithium.
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The reaction of triphenylsilyllithium with some methyl
aryl ethers gave methyltriphenylsilene and the corresponding
phenolic compound. The mild cleavage could not be extended
to the ethyl or n-propyl phenyl ethers. The extreme sterle
sensitivity of trivhenylsilyllithium is considered to be the
major factor contributing to the lack of cleavsge. Steric
requirements of the aryl group did not zppear to affect the
reaction. The cleavage was not facilitated by the use of
less bulky silylmetallic resgents.

Triphenylsilyllithium cleaved the methyl groups from
geveral symmetrical methyl acetsls, however, the reaction
again falled when the more bulky ethyl acetals were employed.
Acetel wasg found not to be a sultatle solvent for the prepara-
tion of silylmetallic reagents.

Through the use of competitive reactions, a series of
relative reactivities involving silylmetalllc reagents was
developed. The relative reactivitlies of seversl functional

groups with triphenylsilyllithium is in the following order:
Cgl50CHs ( n-CqHy,F {CgHCL { CgHLCON ( C HCOC H,
0

; /\
{ CgH5CH-CHy { (CH50)zP — O & CgH CO0C Hg

Triphenylsilyllithium was fouhd to couple with monochloro-
silanes in tetrashydrofuran more readily than 4id pn-tutyl-
lithium or phenyllithium. The difference was found to be
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still greater in a mixed ether-tetrshydrofuran solvent
system- The relative reactivities of monohalosilanes in

coupling reactions with triphenylsilyllithium was found to be

in the following order:

(CHg) 58101 = (CoHg)z81C1 ) (CHg),(CgHg)S1C1 ) (CHg) (CgHg) 58101

> (06H5)5siBI‘ = (C6H5)3sicl )) (C5H5)3310C2H5

Dimethylphenyl- and methyldiphenylsilyllithium heve been found
to be more reactive in the metalation of triphenylgermane than
was triphenylsilyllithium.

Evidence has been obtained in support of the intermediate
formetion of triphenylsilylsodium in the coupling of chloro-
silanes by sodium in xylene.

Dimethylphenyl- and phenyldimethylsilanecarboxylic acids
have been prepered and edequately characterized. The acids
were found to be more stable to base as the number of sglkyl

substituents on slliicon increased.

(CHz)5(CgHg)S1C05H ) (CHz) (CgHg)o81C0,H ) (CgHg) 381C0H
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