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met ylsﬂylbls(benzoxazoles) and reiated substances were reqmred as model compounds ina study of the :
ermal étab:hty of.organcsilicon structural units: Nitration of p,p’-dimethylsilyldiphenocl with acetyl nitrate gave”
moderate “yiglds of 4,4’-dimethylsilylbis(2-nitrophenol), which in contrast to the starting material does not under
go-desitylation by acid or bromine and is resistant to cleavage by diazonium salts. Catalytic hydrogenation gavé,
4 -dlmethylsﬂylbls(2-am1nophenol) in excellent yield. The ¢orresponding tetraacetyl derivative underwent thier:
mal ring ‘closure with: elimination of deétic acid 1o give 5,5 dimethylsilylbis(2-methylbenzoxazole) in high yield."
Analogous reactions afforded 5,5 -dimethylsilylbis(2-phenylbenzoxazole). These bis(benzoxazoles), aithough réla:
ely low melting (below.150°), are very stable to heat; thus 5,5~ d1methyls11y1b1s(2 methylbenzoxzazole) was heat
‘ 15" for 30 min'in a sealed tube vmthout decomposition.

th sﬂylbm(benzoxazoles) and thelr precursors o o ‘Scheme I

__rganlc analogs, ‘with no decrease of thermal sta-
elting point. The preparation of répresentative
methyls11ylbls(benzoxazoies) ‘and “some of
propertles are descrlbed in the present ré-

Dlscussmn

- ‘shown i Scheme I Thé starting material, p,p’-
h 'lsﬂyldlphenol (1),. was prepared by known meth-
11111].(6 the:carbon: analog, .o 1sopr0pyhdenedlphe-
1rect nltratmn of 1 with. mtrlc acid in glacml acetlc

Heating of 3 under reflux with: excess acetic¢ anhydrid:
gave 4,4'-dimethylsilylbis(2-acetaminophenol);’ diacetat
5 mpl__yed it. has been shown that this reagent consists (5a), which upon distillation at reduced. pressure’ log

argeiy f acetyl: mtrate 51t seems probable that acetyl ni- elements of acetic acid to give 5,5"-dimethylsilylbis(2-r
§ en rated_ insitin is regponsible for the suceessful ni- thylbenzoxazole) (6a). 4,4’-Dimethyisilylbis(2 _b
: ‘this’cade. Since the starting D, -dimethylsilyldi- phenol) dibenzoate (5h) was obtained by treatm
L _phenol- decomposes “slowly” at room temperature even pyridine with the stoichiometric quantlty of be" _
drous: conditions, it is inmiportant for opfimum ride. _ i
e d; freshly prepared sample of I; even small .- When 5b was heated in programmed merements bet
=decomposﬂslon products yzeld mtractable tars 200 and 275° in a thermobalance, 5,5- dlmethylsﬂyl
ation: phenylbenzoxazole) (6b) was formed almost quantlt
.7 Catalytic hyd rogenatlon of 2a gave 4,4/ tilmethylsﬂylbls— with the elimination of 2 mol of benzoic a¢id. This r
: ) (3)'in’ good yield, Although this interme-  was also carried out in good yleld on a prep:
1 stable in crystalline form, its isolation and under similar conditions..
purlﬁc io by rystalixzatlon from agueous suifurous acid Structure and Propert:es of Cempﬂunds 23
--.;accord' ' like its precursor 1, 4,4'-dimethylsilylhis(2-nitrophi
(2a) is very stable. It resisted acidic hydrolysis: wnd
gresswely more v1gorous cond1t10ns unt11 cieavag }

: ditions the product is 4,4"- d}methylsﬂylbls(Q acéta-
henol): (4),’a stable intermediate for 5,5'-dimethylsil-
ethylhenzoxazole) (Sa)



spectra showed bands .wh__ ch are characterlstm of the ben- -
zoxazole moxety10 and th' other spectral data support the -

jass:gned structures.

Ezip‘éfiméht'alsectmnl L

~labs, Ltd,, Indlanapo!is Ind: . ; '
Infrared spectra’wére obtamed w1th a Per m-EEmer Model 52

. spectrophotometer; uv. spéétra’ with a “Perkifi-Elmeér: Model 1203
" vigible-ultraviolet spectrophotometer NMRE. data: ‘with' Varian '
A_60 and HA-160 spectrometers, and mass spectra w1th a C E. C.

Model 21-11{) spectrometer.

Thermogravimetrie’ anaiyées were performed w1th a customw--'
©- made instriment compiising a' Caht' RG electrobalance W1th ‘a R :

1. Data-Trak temperature programumer.

~ ;. Preparation- of 4,4'- D1methy151lylbls(2-n1trophenol) (23) :
: Dlmethylsllyldlphenol (14.07 g, 0.0575 mol), freshly prepared B.was. i
" briefly exposed to reduced pressure at: room temperature to res.

_ miove vdlatiles, and dissolved in 100 ml of acetic anhydride. The

_solution was cooled by stirnng ina Dry Ice—acetone bath for about i
4B min:; -
: Durmg this tlme the mtratmg solut:on was prepa.red by addmg RN

concentrated nitric acid (10.8 g, 0.160 mol)-slowly with stirring and"
" cooling to 75 mi of acetic anhydride. During the addition the tem- "
perature was maintained between 35 and 40°. The nittating solu-.

. tion.was cooled to just above the appearance of crystals; and was- .-

-added ‘dropwise to the stirred: cooled solution of dimethylsilyldiz -
C 58.26, 1, 5.47; N 495,

i phenol The addltzon reqmred about 90 m:n at the end of wh;ch

the bath was removed and the stlrrmg continued for 15 min. The

227, 212, 196, 150, 135; 85,73, and 55.

. centrated (36’ N) “hydrochloric acid in & sealed tube for 50 hr at

= " cleaved by benzenediazonium chloride to- gwe p-hydroxyazoben-

.| perature, failed to.cleave it: The startmg material was guantita-

o of dry ether: Durmg the addition, which required 0.5 hr, the reac-
= Icewd:chloromethane bath. The scliition was dllowed to warm to

L '_yeHOW {2hr) to amber at the end of this time.

i tographed on a silica 'gel column with dichloromethane as devel="

:taznmg 4,4'-dimethylsilyl{2-nitrophenol)phencl (2b). This fracf:ion__f

! '.'almost compieteiy 2b. Thig’ product was punﬁed by recrystalhza

' - 1625; 15675, 1525,-1480, 1400; 1310; 1240,:1180; 1160, 1110,:10

. . 9.9 mlof 0.0 M NaOH to titrate 19. 93 mg of 2a as monobasm actd
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" reaction mixture was poiired onto 800 ml of cracked ice and 600 ml " -
of water and stu'red and the hydrolyms was completed at room:
temperature. : o

The mixture was extracbed Wlth fou.r 200-ml portmns of dxchlo-' o

~romethane and: thé combinedextracts were washed  twice with _
300-ml portions of ‘water i4nd dried ‘over anhydrous magnesium

" sulfate. The filtrate was concentrated t0. give an orange-brown oil,”
which was fréed froin tars by passing it through a column (5.7 X 46
cm). packed with sﬂica gel (Grace 950 60 20{) mesh) with henzene

-as solvent, .-

The product, together With a trace of 0- nltrophenol emerged in
the first fraction (ca. 700 mi) and crystallized upsn concentration
of the eluate and addition of n-hexane. The crude product (11.9 g,
61.8%) was obtained as bright yellow crystals, mp 88-95°.

The: foregoing product is-of adequate purity for the reduction

‘step; ‘however, pure 4:4’-dimethyisilylbis(2-nitrophenal) was ob-

- tained by recrystallization of the crude product from r-hexane.

.. The product crystallized very slowly as long, yellow needles: mp

. 101.1-201.5°; uv max (CHgOH) 225 my (¢ 15,700), (agueous

. - NaOH) 249 my (e 39,700); ir (KBr) 3250, 3030, 2950, 1610, 1520,

1310, 1245, 1155, 895, and 670 em™'; NMR (CCiq) § 10.7 (s, 2 H),-
8.25(d; 2 H, Jac'— 1.5 Hz), 7.55 {m, 4 H, Jy. = 8.1 Hz), and 0.66 -
- ppm: (s, SH) mass spectrum m/e 334 (M) 319, 303, 289, 273, 258,

Anal. Caled for C14H1405N281 C,50.28; H, 422 N 838 Found :
C5050H420N875 N
Cleavage ~of 4, 4'-Dlmethylsﬂy!b)s(Z-nltrophenol) {2). A
small sample (0.10 g, 0.3 vamol) of 2'was heated with 3 ml of con-

©150°.0A yellow aqueous layer and a gummy residue were formed:
" The- gummy residue proved to be dimethylsilicone polymer; the
aqueous phase was separated-and extracted with dichloromethane.

E Chromatography, (TLC). of the. dried (MgS0,) extracts indicated

presence of only one component & nitro compound having the

same R} as o-nitrophenol. Evaporation of the extracts gave yellow
“crystals of o-nitrophenol, 0.08 & (84%), mp 42.5-43.5°; no melting
point dépréssion with authentic o-nitrophenol (Eastman No, 191),

. mp 44.5-45%; was noted and the two samp]es had 1dent1cal mfra.red i

~spectra. ;.\ PR

- ﬁDlmethylsﬁyibm(Z mtrophenol} (0 32 g, 0. 96 mmol) falled to v

- redet with a slight excess of benzenediazonium chloride at 0° in ex-

" cess 10% ‘sodium hydroxide.  However, in a control . experiment _

under . similar - conditions dimethylsilyldiphenoi was - rapidly - .

"zene and dimethylsilicone polynier. :
‘Treatment of 2 with reﬂuxmg 20% sodium hydIOX.lde for 64 'hr,
or with an excess of bromine in carbon tetrachloride at room tem:.

.twely recovered. . )
4,4 <Dimethylsilyl(2- mtrophenol)phenol {2Zh). ‘Nitric ac1d
E '"(70% 3.61.g, 0.04 mol) was dissolved dropwise with stirring in 25
- ml of acetic anhydride, maintaining the temperature between 25
and 35°%:The nitrating solition was added dropwise with stirring
to 4.69 g (0.0194 ‘mol). of dimethylsilyldiphenol dissolved in 200 ml

- ‘tion mixtire was maintaihed at about —40° by stirring in a Dry
- roern-tempersture and stood overnight (16 hr). It turned from light
¥ The solution was poured ofvwater and stirked for 1 5 hr and the o
._'ethereal liyer. Was, thoroughly waghed with water ‘and dr:ed over -,
B anhydrous niagnesiuin sulfate. The crude. product was obtained as*

" an‘amber ot by evaporatlon on'a rotary evaporator. Tt was chroma::

~ oping solvent: The small forsrun consisted of 4,4/~ dirnethylsilylbis(2- .
" nitrophenol) (2a), bit was'soon: followed by & larger fraction con: .

{218, 36%) partly solidified on standing, and TLC showed it tob

tion from n hexane: mp 84-85.5%; uv max (CH;0H} 232 myu
. 19.400); (aqueous NaOH) 252 mu (¢ 35.900): ir (CHCL:) 3270, 2995

_"813 and 786 cn:f1 ‘NMR (CCL‘) §10.8'(s 2 H)Y, 8.1 (d; 2 H); 7 Lo
76 H), and. 0.4 ppra (5,.6 H); ol .wt. (vapor: pressure osmometry
CHCI;;) calcd 289; found, 281., Titration: caled, 10,0 ml; required

s;ngle infléction at pH 9.5 in agueous methanol. - -
= Anall Caled for Cl4H1504N81 C, 58.11; H 523 N 84 ou.nd




Synthesis of Dimethylsilylbis{benzoxazoles)

Conversion of 4,4'-Dimethylsilyl(2-nitrophenol)phenol {2b)

to 2a; 4,4’-Dimethylsilyl{2-nitrophenoi)phencl (0.25 g, 0.86 mmol)
was dissolved in 100 ml of acetic anhydride. A nitrating solution
was prepared by dropwise addition of (.5 g of 70% nitric acid to 20
ml of acetic anhydride, such that the temperature remained be-
tween 20 and 25°. The nitrating solution was added dropwise to
the solution of the phenol at —5 to —10° with stirring. The reaction
mixture was allowed to warm to 0° and held at that temperature
for 1 hr, and then for 1-hr at 20°. At this time TLC indicated com-
plete conversion of the starting material. The reaction mixture was
poured into cold water and stirred for 1 hr. After cooling, yellow
crystals separated which were collected by filtration {0.20 g, 70%),
mp 93-100.5°, After recrystallization from n-hexane, this product
‘had the same melting point as 4,4"-dimethylsilylbis(2-nitrophenol),
produced no depression in a mixture melting point with an au-
thentic sample, and exhibited identieal ir spectra with the latter.
. 4,4'-Dimethylsilylbis(2-nitrophenol} Diacetate (2¢). 4,4'-
Dimethylsilylbis(2-nitrophenocl) (1.51 g, 4.53 mmol} was refluxed
for 4 hr with 50 ml of acetic anhydride. The solution turned from a
bright to Hght yellow, and was poured on boiling water at the ter-
mination of refluxing. The cooled hydrolyzate was extracted with
dichloromethave, which was then evaporated to dryness. The resi-
due was recrystallized from 250 ml of boiling petroleum ether to
give 0.79 g (63.8%) of product as fine yellowish-white needles: mp
119.5-120.0%; ir (KBI‘) 3080, 2960, 1775, 1600, 1530, 1350, 1190,
1085, 920, a.nd 825 em™ L.

Ana! Calcd for C18H18N20581 C 51.67; H, 4.04; N, 6.70. Found:
C,51.40; H, 4.12; N, 6.75.

44'-D1methyisﬂylbls(Z-am.mophenol) {3). 4,4- Dlmethyisﬂylr
bis{2-niirophenol} {2a, 4.0 g, 0.012 mol) was dissolved in 250 ml of
dry ethyl ether. Approximately 100 mg of 10% palladium on chaz-
coal was suspended in 10 ml of absolute ether and added to the
ethereal solution, which was then shaken at an initial hydrogen
pressure of 50 psig in a Parr hydrogenator. Shaking was continued
with replenishment of hydrogen when necessary until the calculat-
ed pressure drop {100 psi) was obtained after about 3 hr.

The hydrogenation mixture was treated with 100 ml of a satu-
rated solution of sulfurcus acid which dissolved precipitated 3 and
allowed removal of the catalyst by filtration, The combined ether-
eal and aqueous filtrates were evaporated on a rotary evaporator at
room temperature. When approximately one-half of the aqueous
phase remained, yellowish-white erystals of the product began to
appear. The solution was chilled and the first crop collected by fil-
tration (L2 g). A second crop (L.1 g), mp 148-150°, was obtained
by decolorization of the filtrate with charcoal, further concentra-
tion, and adjustment to pH 6 with dilute ammonium hydroxide.
The combined yield of 3 was 2.3 g (70%). The first crop was of suf-
ficient purity for analysis: mp 150-151°; ir (KBr) 3360, 3290, 1500,
1270, 805, a.nd 775 em~1; NMR (DMSO- ds) 566 (m,6H),03 (6
H).

Anal. Ca]cd for CmH;gNzOgSi: C, 61.05; H, 5‘95; N, 10.17.
Found: C, 61.40; H, 6.60; N, 10,15,

4,4'-Dimethylsilylbis(2-acetamidophenol) (4a). Method A.
4,4 -Dimethylsilylhis(2.aminophencl) (1.3 g, 4.74 mmol) was dis-
solved in dilute hydrochloric acid and the brownish solution was
decolorized by stirring with activated charcoal at ea. 50°, The fil-
tered solution was shaken with 1.0 g (10 mmol) of acetic anhy-
dride, to which was immediately added an excess of saturated sodi-
um acetate solution with further shaking. After stirring for several
minutes in an ice bath, crystallization took place. The precipitate
was collected by filtration, washed several times with water, and
recrystallized from acetone-water. The product was obtained as
fine white needles, mp 209.5-211.0°, 0.7 ¢ (30%). An analytical
sample was recrystallized from methanol: mp 212.5-213.0°: ir
(Nujol} 3410, 1855, 1530, 1400, 1100, 1090, and 700 cm~L.

Anal. Caled for CrgHaoN2048i: C, 60.31; H, 6.19; N, 7.82. Found:
C,60.24; H, 5.99; N, 7.49.

Method B. 4,4/ -Dlmethylsﬂylbls(2 mtrophenol) (2a) was cata-
lytically hydrogenated in a Parr apparatus under the same condi-
tions as were used to prepare 3, with the exception that the solvent
was acetic anhydride. After uptake of the theoretical quantity of

hydrogen, the catalyst was removed by filtration and the excess

acetic anhydride was removed by rotary evaporation. The residue
was recrystallized from agueous acetone o give 4,4'-dimethylsilyl-
bis(2-acetamidophenol), mp 209-212°, in 73% yield. A small sam-

ple, recrystallized from methanol, had an ir spectrum identical .
with that of 4a prepared by method A and exhibited no depression:

of mizture melting point.
4,4"-Dimethylsilylbis(2-acetamidophenol) Diacetate (5a).
4,4 -Dimethylsilylbis(2-aminophenol) (1.0 g, 3.66 mmol) was re-

~ were sealed in Pyrex tubes at 0.1 mm. One tube was heated at 320%-°
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fluxed for 6 hr with 50 ml of acetic anhydride. The react
ture was evaporated to dryness and the residie was'h
water. The resulting slurry was extracted with dlchlcro
the extracts were washed thoroughly with water. and:
Drierite. The residue obtained by evaporation. of ‘the fil
tracts was recrystallized from carbon tetrachloride to give:
g (85.3%), as colorless needles: mp 149, 5—151°, ir (KBr) 1780
1365, 1250, 1180, 1100, and 780 em 2.
Anal, Calcd for CQQHQSNQOGS! C 59, 71 H 592 N 634
C,59.77; H, 5.91; N, 6.19.
4 4'-D1methyls1lylbls(2 benzamidophenol) (4b) 4,4 Dim
yisilylbis{2-aminophenol) (3; 0.4 g, 1.46 mmol) was slurfied
mixture congisting of 10 ml of dimethylacetamide -and:an
amount of carbon tetrachloride. Benzoyl chloride: (0:41:p; %
mmel) dissolved in 15 ml of carbon tetrachloride was added whnl
the mixture was stirred in ice. The solution was furthér: stlrred i
the cold, after addition of sufficient earbon: tetrachlonde :
solve the solids. After about 1 hr, 50 ml of ethanol ‘was added
the reaction mixture warmed to room temperature, The volat
were evaporated and the remaining orange-browri oil was stii
with petroleum ether and water until it crystallized. Theé brov
crude product was recrystallized from acetone—water with'decolor:
izing charcoal. Fine yellowish crystals of 4b (0.703 g, 57%) were ob
tained: mp 205-206°; ir (Nujol) 3420, 3400, 1640, 1540; 1530 1400
and 700 em~1, 4
Anal Calcd for ngngNzO4Sl C 69. 75 H 540 N 5 81 FO
C,69.43; H, 5.64; N, 5.69.
4 4'-D1methylsllylbls[2-(p-amsamldo)phenol} (4c) !
compound was prepared by the foregoing method starting w1th B
anisoyl chloride (Eastman 2668}, It was obtained in 63% yleId ag'as
yeﬂomsh solid by recrystallization from ethanol-water: tp 245%
246°; ir (Nujol) 3410, 2950, 2840, 1640, 1605, 1535, 1505, 1495, and .
1255 cm~1; NMR (DMSO-dg) 6§ 7.4 (m, 14 H), 3.75 {5, 6 H) cand:
0.35 ppm (s, 6 H). :
Anal. Caled for CaoHaoNgOﬁSl C 66. 40 H 557 N 516 FOHH&
C, 66.10; H, 5.71; N, 5.00.
4,4'- Dlmethylsalylbls(Z benzamidophenol) leenzoate (51))
4.4 D;methylsﬂylbls(Z aminophenol) (4, 0.4 g, 1.46 mmok) was ‘dis
solved in 10 mil of dimethylacetamide and cooled in an ice=salt:
bath. Benzoyl chloride (0.41 g, 2,92 mmol) in 10 ml of carbon tetra 3
chloride was added with stirring. Additional carbon tetrachloride
was added to dissolve the shurry that formed. After 1 hr the §alu::
tion was removed from the bath and 10 ml of ethanol was added.. It -
was then evaporated to an orange-brown oil which crystallized on-.
stirring with water and petroleum ether. The product was recrys-:
tallized from acetone-water to give yellowish needles: 0.4 g {(57%);
mp 216-217°; ir (KBr) 3200-3500 (broad), 2950, 1730, 1645, 1515,
1480, 1390, 1240, 1035, 800, and 700 cm~%; NMR [(CDg)2COl 3. -
1027(5,2H),81(m 6 H), 7.6 (d, 10 H), and 0.7 (s, 6 H). "
Anal. Caled for CgeH3 N=045i: C, 73.05; H, 4.96; N, 406 Found ;
C, 73.01; H, 5.06; N, 3.96.
Thermal Analysis of 5b. 4,4'-Dimethylsily}(2- benzamtdo-- Nt
phenol} dibenzoate (5b, 101 mg, 0.146 mmol) was charged to the .
pan of a thermobalance and heated by increments under a nitro- 2 0
gen flow unti}l a significant weight loss began (between 200 and: - - " ...»
250°). The temperature was maintained at 250° for 25 min; and’ :
was then increased to 275° for an additional 25 min. At theend of -,
this time the rate of loss had hecome slow and heating was termi-- ..
nated. The total weight loss was 40 mg; elimination of two mole-<" -
cules of benzoic acid to form &b corresponds to 35.6 mg. The amber - -7
glassy residue which remained in the pan was recrystallized from- .-
ethanol-water. It proved to be identical with 6b by mixture melt-. .
ing point and ir spectra. Examination of the sublimate deposited "
in the thermobalance suggested that it consisted of benzoic-acid *-
mixed with a small amount of 6b. The benzoic acid was separated .- -
from the sublimate by recrystallization and its xdentity estabhshed: y
by comparison with an authentic sample.
5,5'-Dimethylsilylbis(2-methylbenzoxazole) (Ga) 4,4’ -Dl-_- :
methylsilylbis(2-acetamidophenal) diacetate (5a, 0.34: g, 097 .
mmnol} was refluxed for 1 hr in a small distilling flask {oil bath at.
230°) and was then distilled at 10 ram. The distillate solidified and . ]
was recrystallized from acetone-hexane to give 6a (0.2 g, 80%) as a:. /.
fine white powder: mp 111.5-113.5°; ir (KBr) 3050, 2960, 1610, -
1570, 1410, 1275, 1240, 1180, 1070, 930 920, 820, 785, 665 and 400
cm‘1 BRI
Anal. Caled for CigH1sN20-8i: C, 67.05; H, 5.63; N, 869 Found. e
C,67.05: H, 5.84; N, §.43.
. Thermal Stability of 6a. Two portions of the dlstlllate (Ga)_

for 3 hr and the other at 515° for 0.5 hr. A slight discoloration was -




ons-for nitrogen flow,
ixture ‘was heated under
ousl deseribed for the thermal analy-
ichioroform and: extracted

yer wad separated, dried (Drierite),
; 'I.‘he_"pr'o'duct_ was recrystallized

capil ¥y, tube and runona dlfferentlal scanning calorimeter
1 mpty sealed ?yrex capillary as reference The 1nstru-

“maximum témperature of 550°. With the exeeption of the expect-
C..+ ed melting éndotherm at 149° the DSC scan exhibited no addition-
! :'_'.'a} features: T

o Reglstry No —1 2915. 36 8 2a, 54677 68- 8 2h, 54677-69- 9 Ze,
¢ 54677-70-2; 3, 54677 -71-3; da, B4677-79-4; 4b, 54677- -73-5; de,

Cornell and Remy

. '54677-74-6; ba,. 54677 75-7; 5h, 54677-76-8; 6a, 54677-77-9; 6h,

53543-27-4; acetic anhydride, 108-24-7; benzoyl chloride, 98-88-4;
p-anisoyl chioride, 100-07-2. .
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