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Summary

The efficacy of using the trimethylsilyl group for protection
of aryl amino and hydroxy substituents during reactions involving organo-—
lithium reagents has been assessed. Bromotrimethylsiloxy-benzenes or

- -pyrimidines reacted with n-butyl lithium by initial metal-halogen exchange

followed by intra- or intermolecular rearrangement of trimethylsilyl from
oxygen to the carbanionic center. Trimethylsilyl groups on aryl nitrogen
are stable to conditions of organolithium coupling reactions. It is
suggested that for aryl O- and aryl N-trimethylsilanes, the observed
differences in reactivity at silicon are owing to the marked differences
in basicity of the respective leaving groups (PhCH = PhO™, pKA ~ 10,

pHNH, = PhNH , PK, - 25).

Introduction

The use of trimethylsiiyl groups for protection of substituents
on aromatic rings during organometallic ccupling reactions is aftractive
because (a) trimethylsilyl groups are readily introduced and removed and

(b) théy counfer high solubility in aprotic solvents for otherwise quite

*For a preliminary report of a portion of this work, see ref. 1.
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-insoluble polar cdmpﬁuﬁds;” Bédaqsé tﬁé aﬁailébigjliéeféthfe-is iﬁcdnﬁ;usive,.
werhave cairied out ; limited séﬁdy of the effiéaﬁy of;ﬁsiﬁg‘the friQe;hj1§i1y1’
group for proﬁection of';ryl_ﬁmino and ﬁyéroxy'sﬁﬁstituents during reactions
involving organolithium species. -

of particular iuterest to us were oréauémetallic reactions of
trimethylsilyléted pyrimidines. Two pertinent reports are available. David
and Lubineau {[2] have successfplly used, as a reactive intermédiate, the lithium
derivative prepared by treatment of.S—bromo-Z,A—bis N,O—triméthylsilylcytosine(I)
with two equivalents of n-butyl lithium. Hoﬁever, Pichat and cqworkers[B]
prepared the corresponding'lithium derivative from 2,4-bis O-~-trimethylsilyl-
uracil (II) [4] and, to their surprise, found it “passive" in the presence of
metﬁyl jodide. We have confirmed and explainea these seemingly conflicting
results [1] and have extended them by study of the lithium derivative prepared
from 5-bromo-2,4-bis N,O-trimethylsilylisocytosine (III). In addition we have
generated aryl lithiuwm species derived from a number of trimethylsiiylated

phenols and anilines and assessed their stabilities.

Results

5-Bromo-2,4~bis N,0-trimethylsilylcytosine (I) [2], upon treatment
with two equivalents of n-butyl lithium, yields a dilithium derivative which
is stable; after one hour at room temperature protonation and hydrolysis
of the trimethylsilyl groups yields cytosine essentially quantitatively.
However, similar treatment of either II or III produces different results.
In both cases migration of a trimethylsilyl group to carbom occurs yielding,
after hydrolysi#, 5-trimethylsilfluracil (Iv) [1] and 2-amino-5-trimethylsilyl-~
4-pyrimidinone (S—trimeﬁhylsilylisocytosine,:v) respectively. These data
are summarized in Table 1. While the formation of C—triﬁechylsiiyl h .
comppunds IVor V is temperature dépendentr(Iable 1), even at —-100° rearrange-
ment of the trimethylsilyl grbup to carbon was not eliminated and féfmation

of appreciable yields of IV and V was s;ill'obsérﬁed.
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To assess the 1ability of the 549yrimidiny1 C~S8i bond under
hydrolytic conditions, S-trimethylsilyluracil (IV) was heated in
methanol-6N hydrochloric acid under reflux. A reaction time of three hours

was required for complete hydrolysis of IV to uracil.

‘—dzfi?é3 0SiMes NHS{Me 3
N N N N N N
= e i
Me;;SiNHJ\I/' Me3Si0 JK,/‘ Me;Sio =
Br Br Br
1 I III
i i
HN NH NE T N
o = o )\'/l
SiMej SiMes
w v

Table 2 contains results obtained when the three isomeric bromo
phenoxytrimethylsilanes [5] were tredted with n-butyl lithium and the resulting
reaction mixtures were analyzed foliowing acidification; in each case the
predominant reaction was rearrangement of trimethylsilyl from oxygen to
carbon. In contrast, no rearrangement occurred when o-bromophenylaminotri-
methylsilane was treated with n-butyl lithium (eq. 1) in accord with the
results obtained with the pyrimidine amalog,IITI {1,2]. "Finally, treatment
of an equimolar mixture of bromobenzene and phenoxytrimethylsilane [6] with
n-butyl lithium produced phenyltrimethylsilane [7] (eq. 2) establishing
unambiguously the intermolecular nature of the trimethylsilyl transfer in

this instance.
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Table 2

Reactions of Ortho-, Meta- and Para-Bromo Phenoxytrimethylsilanes
with n-Butyl Lithium in Tetrahydrofuran at -78° for 3 Hours

Products (Relative Yields)a
OH [0}:1

S 4

0SiMey
Br
-100 trace
0511{83
87 13
Br
0OSiMej
83 17
Br

aObt:ained by gas chromatographic analysis (2m x 2 mm glass column packed with
1.5Z OV 101 on W-HP, temperature programmed at 10°/min. from 50° to 250°)
following acid hydrolysis of trimethylsiloxy groups.

NHSiMeg _ NHp
@ Br 1)n-BulLi (2 eq.) @ @
2)0H™
OSiMej Br SiMeg, OH
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Discdssionf

In.what appears to be the earliest relevant study, Speier[ﬁ]
investigated the reactions of o— and chhlorophenoxytrimethylsilanes w1th
molten sodium in refluxing toluene in the presence of e:hyldime:hylchlqrqsilane;
Using the ortho compound, he isolated only the rearranged produce

27:rimethylsilylphenoxyethyldimethylsilane and postulated the reaction

sequence:

0SiMes OSiHea 0SiMe,Et

SiMe ’
Br 3 SiMes
110°

Using the para isomer, Speier [6] isolated a mixture of products resulting
from both silylation of the initially formed arylsodium compound and from
rearrangement of the trimethylsilyl group from oxygen to carbon.
Following this initial study Frisch and Shroff [8], Neville [9] and Cooper [10]
successfully used m— and éfhalophenoxytrialkyl(atyl)silanes in Wurtz-Fittig,
Grignard and organolithium coupling reactions.

In similar studies, Bassindale and Walton [11] and Bailey and
Taylor [12] established that o~ or p-bromophenylthiotrimethylsilanes,
upon treatment with n-butyl lithium, yielded, by migration of trimethylsilyl
from sulfur to carbon, the respective o— and p-thiophenyltrimethylsilanes.
In the case of the para isomer, generation of the sodium derivative in the
presence of Bromotriethylsilane allowed the initially formed organometallic
compound to be trapped before rearrangement occurred [11]. Walton [13] and Broser
and Harrer [14] have shown that m- and p-halo-(N,N-bis-trimethylsilyl)anilines
undergo orgariometallic coupling reactions without rearrangement. Recently,
trimethylsilyl groubs have been used for protection of amino and hydroxy

substituents in Ullmann and related organocopper coupling reactions'[15].
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‘ . Our results and thbse of earlier sﬁudies (see above) establish
thatrthe trimethylsilyl group is effective for protection of aminé
substituents on aromatic rings during reactions involving organometallic
reagents. 'Interestiﬂgly, amino substituents are masked equally well
usiné a single ttime;hylsilyl group (compound I and o-bromophenylamino-
trimethylsilane, eq. 1) as with two (m~ and p~halo-N,N-bis-trimethylsilyl-
anilines [13,14]). Equally clearly, the studies of Bassindale and Walton [11]
and Bailey and Taylor [12] establish that trimethylsilylthicethers are labile
in the presence of organometallic species. The situation with respect to
phenoxytrimethylsilanes is more complex. Several reports [6-10,15] of the
successful use of trimethylsilyl groups to protect phenolic oxygens are
available. However, displacement of trimethylsilyl from oxygen by
carbanion reagents is facile under appropriate conditions [1,6,16]1. The
similarity of results obtained by reaction of phenyl lithium with
phenoxytrimethylsilane (eq. 2) with those in which an aryl trimethylsiloxy sub-
stituent is meta or para disposed to an aryl carbanion (Table 2) leaves little
doubt that these reactions are also intermolecular [6]. However, when these
functionalities bear an ortho relationship the migration of silicon from
oxygen to carbon is particularly facile [1,3,61 (II, III, Tablé 1;
o-bromophenoxytrimethylsilane, Table 2) suggestive that, in these cases,
an intramolecular process occurs [1,6]. This possibility receives support from
observations that the intermediate ortho carbanion cannot be trapped even
when generated in the presence of excess ethyldimethylchlorosilane [6]1 (eq. 3)
whereas the corresponding carbanion with p-trimethylsilylthio, a much more
Teactive substituent than trimethylsiloxy, was readily captured using this
‘procedure {11].

From consideration of mechanisms for displacements at silicon
advanced by Sommer [16], the observed intermolecular displacements of aryloxy

can be characterized as four-center SNi—Si reactions. BRoth the
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relatively poor ieaving group involved (PhOH‘%?PﬂO-, pKAt~ 10)1[17]$3nd the
covalent nature of the aryl lithium bond acéordawith'this desigﬁation [18].
Similarly, the failure to observe displacement of trimethylsilyl from

nitrogen can be attributed to the extremely poor ArNR leaving group

(PhNH, > PhNH , pK, ~ 25) [17]. The observation that 1-[dimethyl-(1',1'-
dimethylethyl)silyl]-2-1ithioindole undergoes facile rearrangement to produce
2-{dimethyl—-(1’,1"'-dimethylethyl)silyl]lindole [18] provides further support for
this conclusion since the nitrogen leaving group in this case is much more.
favorable. As noted earlier [1], the best analogy for thé ortho rearrangements
appears to be the similar anionic shifts of silicon from oxygen to carbom in

aliphatic systems studied by Wright and West [191% .

Experimental

General Comments — Melting points were determined with a hot-stage
microscope and are uncorrected. Ultraviolet spectra were recorded with a
Cary 15 spectrophotometer, 1H NMR spectra were measured using a Varian
HA-100 spectrometer, ma;; spectra and gas chromatographic data were
obtained using a DuPont 21-491B mass spectrometer coupled to a Varian
Aerograph 2700 gas chromatograph. The glass chromatographic column
(2m length x 2um i.d.) was packed with 1.5% OV-101 on W-HP. Tetrahydrofuran
was heated under reflux in the presence of NaH and distilled. n-Butyl lithium
in hexane was purchased from Aldrich Chemical Company and its concentration
determined as described [20]. Thin-layer chromatography was carried out using
silica gel G-plates (0.25 mm) developed with mixtures of chloroform and
methanol. Elemental analyses were performed by Heterocyclic Chemical

Corporation, Harrisonville, Missouri.

Treatment of trimethylsilylpyrimidines with n-butyl lithjum in-

tetrahydrofuran. - To 10 mmol of 5-bromo-2,4-bis N,O—triﬁethylsilylcytosine [2]

(1), 2,4~bis O-trimethylsilyluracil (II) [4] or 5-bromo-2,4~bis N,O-trimethyl-

* While -this report was in press a communication appeared on the anionic
rearrangements of trialkylsiloxy benzenes and pyridines (ref.22).
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ﬁiiylisdcytosine(III)in 100 ml of freshiy distilled tetrahydrofuran at -78°
was added droﬁwise (5 min.) with stirring n-butyl lithium in hexane (for .I and
IIT 12.5 ml, 20 mmol; for IT6.25 ml, 10 mmol). 'The resulting colorless
solution was maintained at -78° for one hour; then methanol (~10 ml) was
added. The}feaction mixture.was then evaporated to dryness below room
temperature, the resulting residue was dissolved in water and acidified to
-pH 4-5 using 6N hydrochloric acid. In the case of the cytosine derivative (T)
the aqueous solution was concentrated and cooled causing cytosine to crystallize.
Coliection of the product and repetition of this procedure yielded 1.22 g (94%)
of cytosine identified by comparison with an authentic sample.

In the cases of the uracil and isocytosine derivatives (IIandIII
respectively) acidification of the aqueous solutions caused precipitation
of the 5-trimethylsilyl compounds (IVand V). Following removal of these
products, the filtrates were concentrated and uracil (0.38 g, 34%) and
isocytosine (0.71 g, 64%Z) were recovered as described for cytosine.

Reactions at —100° were carried out similarly using ethanol-liquid
nitrogen as coolant. Reactions of 25° were begun as described above for
-78° reactions. After 15 min. reaction time the reaction mixture was
quickly warmed to 25° using a water bath. After 45 min. the products were
isolated as described.

5-Trimethylsilyluracil (IV). - Following isolation as described

above the crude product was recrystallized from ethanol to yield IV,
m.p. 338° (for yields see Table 1). Awo" 261 nm; 'H NMR(DMSO-dg),
§ 0.15 (94,s), 7.14 (C-4H,s).
Anal. Calc'd for C;H;,N,0,S8i; C, 45.6; H, 6.57; N, 15.2. Found: C,
45.43 H, 6.82; N, 15.3.

2-Amino-5-trimethylsilyl—4-pyrimidinone (S5-trimethylsilylisocytosine,

(V). — Recrystallization of crude product obtained as described above from

ethanol yielded V, m.p. 283° (for yields, see Table 1) which exhibited:
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AE:?‘H 291, 228 om, 'H NMR (DMSC-dg), & 0.15 (9H,s); 7.47 (C-4H,s).
Anal. Calc'd for C;H 3N3OSi: C, 45.9; H, 7.15; N, 22.9. Found: -
€, 45.9; H, 7.34; N, 23.3. ’

5=-Bromo-2,4-bis N,O—trimethylsilylisocytosineail). —fA,mixtdfe

of 4.5 g of 2-amino-5-bromo-4-pyrimidinone [21], 12 ml of hexamethyldisiiazane
and 0.15 ml of trimethylchlorosilane was heated uﬁder reflux for 12 hoﬁrs.
The :;action mixture was then distilled under reduced pressure to yileld

6 g (76%Z) of 5—bromo—2,4—bis N,0-trimethylsilylisocytosine (IIi),

b.p. 98°/0.16 mm.wﬁich'crystallized on standing. This material was used
directly for reaction with n-butyl lithium.

Hydrolysis of S—trimethylsilyluracil (IV). — A solution of

.22 g of IV in 50 ml of methanol containing .5 ml, of 6N hydrochloric acid

was heated under reflux. Aliquots were removed periodically and examined

by thin-layer chromacography. After 3 hr. all starting material had
disappeared. The solution was then evaporated tO'dryﬁess and the reéidue

was triturated with a small volume of water. The solid material was collected
and dried to yield .44 g (79%) of uracil identified by comparison with an
authentic sample.

Q—-Bromophenylaminotrimethylsilane. — A mixcture of 1.72 g (10mmol)

of o-bromoaniline and 6.44 g (.40 mmol) of hexamethyldisilazane containing
a few drops of trimethylsilyl chloride was heated under reflux for 18 hours.
o-Bromophenylaminotrimethylsilane, b.p. 81-83°/0.4 mm, was distilled from
the reaction mixture and used directly. M.s: 245, 243 (MP); 230, 228
(t-Me); 163 ('-HBr); 148 (M'-Me-HBr).

Treatment of bromophenoxytrimethylsilanes with n-butyl lithium. -

To a solution of 1.33 g (5.3 mmol) of o-, m- or beromophEnoxytrimethylsilane [5]
in 50 ml of freshly distilled tetrahydrofuran at —78° under nitrogen was
added dropwise with stirring 5 ml of n-butyl lithium in hexane (8 mmol).

The reaction mixture was maintained at -78° for 3 hrs. following addition of
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E}buﬁyl'lithium., Then'ls ml of methanol was added, the solvents were
rémoved.ig_ggggg, the resulting residue was dissolved in water and acidified
Vusing 6N hydrochloric acid. The acidic solution was extracted with chloroform
(3 x 25 ml); the.ghloroform extract was dried over sodium sulfate and

analyzed by gas chromatography/mass spectrometry (gc/ms). Results are
tabulated in Table 2.

Treatment of o-bromophenylaminotrimethylsilane with n-butyl lithium. -

To a solution of 1.2 g (5 mmol) of o-bromophenylaminotrimethylsilane in 50 ml
of freshly distilled tetrahydrofurap at -78° under nitrogen was added with
stirring 7.5 ml of n-butyl lithfum in hexane (12 mmol). After addition was
complete the reaction mixture was removed from the cooling bath and stirred

for an additional 3 hr. The solvent was then removed, the residue was dissolved
in aqueous base and extracted with chloroform (3 x 25 ml). The extract

was dried over sodium sulfate and analyzed by gc/ms revealing aniline as the
only product; no aminophenyltrimethylsilane was detected.

Treatment of phenoxytrimethylsilane and bromobenzene (1:1) with

n-butyl lithium. - A solution of 1.7 g (10 mmol) of phenoxytrimethylsilane [6]

and 1.6 g (10 mmol) of bromobenzene in 50 ml of freshly distilled tetra-—
hydrofuran was stirred at —-78° under nitrogen. To this solution was added
7.5 ml of p~butyl lithium in hexane (12 mmol) and these conditions were
maintained for 3 hr. after addition was complete. An aliquot was then
removed and methylene chloride was added to provide an internal lock resonance
for 1H NMR analysis. Two singlet resonances assignable to trimethylsilyl
groups with relative intensities 3:7 were observed 5.39 and 5.66 ppm upfield
from the internal methylene chloride reference. The resonance appearing
5.39 ppm upfield from internal methylene chloride was identified as that

of phenoxytrimethylsilane by addition of authentic material. Ge/ms analysis
established that the other trimethylsilylated compound was phenyltrimethyl-

silane [7].



36

Acknowledgment.

We thank the American’ Cancer Soc1ety for flnancial support ‘of - a

portion of this work.

2.
13.

14.

16.

17.

18.
19.
20.

21.

22,

References
I. Arai and G. D. Daves, Jr., Chem. Cpmmon., (1976) 69.

S. David and A. Lubinear, Carbohydrate Res., 29, (1973) 15.

L. Pichat, J. Deschamps, B. Masse and P. Dufay, Bull. Soc. Chim. France,

€1971), 2102, 2110.

E. Wittenberg, Angew Chem. Internl. Ed., &, (1965) 95.

R. L. Dannley and W. R. Knipple, J. Org. Chem., 38, (1973) 6.

J. L. Speier, J. Am. Chem. Soc., 74, (31952) 1003.

J. D. Roberts, E. A. McElhill and R. Armstrong, J. Am. Chem. Soc., 71,
(1949) 2923.

K. C. Frisch and P. D. Shroff, J. Am. Chem. Soc., 75, (1953) 1249.

R. G. Neville, J. Org. Chem., 25, 1960) 1063; 26, (1961) 3031.

G. D. Cooper, J. Org. Chem., 26, (1961) 925.

A. R. Bassindale and D. R. M. Walton, J. Organometal. Chem., 25, (1970)

F. P. Bailey and R. Taylor, J. Chem. Soc. (B), (1971) 1446.
D. R. M. Walton, J. Chem. Soc. (C), (1966) 1706-

W. Broser and W. Harrer, Angew. Chem. Intermat. Ed., 4, (1965) 108l.

F. D. King and D. R. M. Walton, Synthesis, (1976) 40.

L. H. Sommer, Intra-Sci. Chem. Rep., 7, (1973) 1.

J. March, “Advanced Organic Chemistry: Reactions, Mechanisms and
Structure", McGraw-Hill Book Company, New York, New York, 1968,
pp. 219-221.

R. J. Sundberg and H. F. Russell, J. Org. Chem., 38 (1973) 3324.

A. Wright and R. West, - J. Am. Chem. Soc., gg, (1974) 3214, 3222, 3227.

389.

R. E. Turmer, A. G. Alterau and T. C. Cheng, Anal. Chem., 42, (1970) 1835.

H. L. Wheeler and Johnson, Am. J. Chem.; 22, (1903) 492; Beilstein’ s
Handbuch der organischen Chemie, 4th ed., Sprlnger Verlag, Berlin, ’
1636, Bd XXIV, p. 319.

G. Slmchen and J. Pfletschlnger,AngeW.Chem.Int.Ed.,15 (1°76) 428,



