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The alkali-equilibrated mixtures of polycyclic phenylsilsesquioxanes, formerly known as "silicobenzoic an
hydride" or "phenylsilieonic anhydride," were among the first organosilicon compositions to be discovered, 
but their constitution has remained obscure. The present study was undertaken to illuminate this by preparing 
several sucli mixtures, determining their compositions, and characterizing the constituent phenylsilsesquioxanes 
as to spectra, structure, and kinetics of interconversion. The mixtures prepared by equilibration in aprotic 
solvents were found to contain octaphenvlpentacyclo[9.5,l,l3 '9.lM7.l7 ' I3]octasiloxane ("phenvl-Ts," m.p. 
500°), decaphenvlhexacvclo[9.9.1.13'9.l6'17.l7'15.l13'19]decasiloxane ("phenvl-Ti„," m.p. 418°), dodecaphenyl-
heptacyclo[13.9.1.1313.15•11.l7-2,.l9'19.l17-23]dodecasilo.\ane ("phenyl-Ti2>" m.p. 385°), a little noncrystalline ma
terial in the T9-Ti2 range, and a homologous series of predominantly linear polycyclics containing at least 22-24 
silicone units ("phenyl-T ladder prepolymer"). Those prepared by equilibration in the presence of water 
and alcohol contained hydroxylated and alkoxylated species in addition to these. Equilibrations in cold solu
tions were usually displaced by precipitation of one of the constituents; depending upon the choice of solvent, 
either pheivyl-T8, phenyl-Ti2, or a mixture of linear polycyclics containing up to 300 phenyl-T units could be 
obtained alone and in good yield. Spectroscopic studies on the various preparations indicated that only two 
basic types of structural arrangements are important in equilibrated phenylsilsesquioxanes: in one, cyclo-
tetrasiloxane rings are fused cis-syn-cis at adjacent silicons so as to produce cage-liice arrangements of 8-12 silses-
quioxane units; in the other, they are fused cis-anti-cis to produce linear polycyclics resembling segments of the 
n's-syndiotactic double-chain polymer. The interconversions of the cage-like double-ring species {i.e., T8-Tj2) 
and the double-chain linear structures are formally analogous to the interconversions of monocyclic rings and 
linear polymers, but were found to be complex mechanistically. Presumably the necessity for inverting stereo
chemical configuration at 4-6 silicon atoms precludes a simple mechanism. 

I t has been known since the 187()'s t ha t the treat
ment of phenylsilanetriol condensation products with 
alkali will produce soluble, relatively low molecular 
weight materials having the empirical composition 
(C6H6SiOLs)x.1 Such compositions were first prepared 
during a t tempts to synthesize silicon analogs of the 
carboxylic acids, and have been variously known over 
the years as silicobenzoic anhydride, phenylsilieonic 
anhydride, phenylsilsesquioxane, or phenyl-T resin.2 

Their constitution, however, has remained largely un
known. 

The first individual phenylsilsesquioxane was ob
tained as a crystalline precipitate when a mixture of 
phenyltrichlorosilane hydrolysate, KOH, ethanol, ether, 
and benzene was allowed to stand.3 This was origin
ally reported to be the tetracyclic hexamer, phenyl-
T6,3 but was later shown to be the pentacyclic octamer, 
phenyl-Ts.4 Meanwhile, Sprung and Guenther6 found 
tha t a mixture of phenyltriethoxysilane, water, tetra-
ethylammonium hydroxide, and methyl isobutyl ke
tone slowly deposited a higher polymer, (C6HsSiOi.5)«, 
n > 40, upon standing, and tha t this in turn slowly 
rearranged in benzene solution to give phenyl-T8 . 
I t has also been reported tha t the base-catalyzed equi
libration of phenylsilsesquioxane in bulk at high 
temperatures produces very high molecular weight 
soluble double-chain polymers6 7 rather than the lower 
molecular weight polycyclic species tha t are obtained in 
more dilute systems. 

The present investigation was undertaken in order 
to learn more about the species present in alkali-equi
librated phenyl-T solutions, and the processes by which 
they are formed and interconverted. 

(1) A. L a d e n b u r g , Ber., 6, 1J79 (187:ii; A. I . adenburg , Ann., 173, 143 
(1874); J. A. M e a d s and Iv S. Kipping , J. Chem. Soc, 105, 679 U 9 1 4 ) ; 
J. F H y d e and W. H. D a u d t , U S. P a t e n t 2,482,276 (Sept . 20, 
1949). 

(2) In the conven t iona l silicone nomenc la tu re , " T deno tes a t r i funct ional 
un i t of si loxane s t ruc tu re , e.^.. a monoalkylsi l icon g roup l inked t h r o u g h 
oxygens to three o ther g roups 

tf) A, J, Barry , W. H, D a u d t . J, J, Domicone, and J. W. Gilkey, ./, Am. 
Chem. .Soc. 77, 4248 M9oo> 

i.4) K I.arsson. Arkiv Krmi. 16, 20» , I 9 6 0 ) ; K, Larsson and C. Griin-
wall, ibid , 17, o29 H 961 ) 

(5) M, M. Sprung and F, O, G u e n t h e r . ./. Polymer Set.. 28, 17 
(1958! 

(6! J, F', Brown. Jr1, I.. H. Vogt. Jr. , A. K a t c h m a n , J. W. Kus tance , 
K M. Kiser, and K W. K r a n t z . J Am. Chem Soc, 82, 6194 
(19H0) 

(7.) J. F. Brown, Jr. , ./. Polymer Sri.. I C , 8;i U96o) 

Results 
When solutions of phenylsilsesquioxanes tha t had 

been equilibrated by refluxing with 0 . 1 % KOH in 
toluene or diglyme were fractionated, it was found tha t 
two groups of molecular species were present. The 
first group consisted of molecules tha t contained 8 
to 12 phenyl-T units and tha t showed only one v&-
SiOSi band (at 1121-1129 cm." 1) in the infrared. The 
second group of molecules contained a t least 22-24 
phenyl-T units, and showed two ^aSiOSi bands, centered 
a t 1135-1150 and 1045-1060 cm."1 , respectively. This 
latter group appeared to comprise a homologous series 
of molecules having the "most probable" molecular 
weight distribution expected for a family of linear 
polymers; it has previously been termed "phenyl-T 
ladder prepolymer" because of its convenience as a 
starting material for preparing the double-chain high 
polymers.6 No species containing 13-22 phenyl-T units 
could be isolated, nor could any species containing 
cyclotrisiloxane rings (e.g., phenyl-T6) be detected 
spectroscopically, nor did any fraction of the mixture 
show the ^aSiOSi bands in the 1070-1120 cm." 1 range 
tha t are usually prominent in the spectra of non-
equilibrated phenylsilsesquioxanes. 

The compositions of the equilibrated phenylsilses
quioxane mixtures are given in Table I. This table 
shows tha t higher temperatures and higher dilutions 
both favored increased proportions of the T8-T1 2 

species in the product, and also a shorter chain length 
in the prepolymer. I t is noteworthy tha t phenyl-T8 

was only a minor consti tuent of the equilibrated mix
tures. Evidently, its repor ted 3 - 5 ease of formation re 
suits not from any great stability of the pentacyclo-
octasiloxane structure, bu t instead from its very low 
solubility. 

When alkaline solutions of phenyltriethoxysilane or 
phenyltrichlorosilane hydrolysis products were allowed 
to stand at room temperature, precipitation of some 
solid phase, often more or less solvated, invariably 
occurred sooner or later. When the solvent used was 
benzene, nitrobenzene, benzyl alcohol, pyridine, or 
ethylene glycol dimethyl ether, the precipitate was 
phenyl-Ts. With tetrahydrofuran, it was phenyl-T ]2 . 
With acetonitrile or diethylene glycol dimethyl ether 
(diglyme), it was an insoluble polymeric gel. With 
acetone or methyl i_sobutyl ketone, it was the soluble, 
moderately high' (.l/„ 25-60 X 103) polymer first ob-
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î * 6 0 -

I 
£ 4 0 -

20-

D YIELD PHENYL-T1 

OYIELD PHENYL-T,, 
• RATIO A(II35)/A(697) 

3.80 

20 30 
TIME AT 63» (HR.) 

Fig. 1.—Rearrangement of phenyl-T ladder prepolymer to 
phenyl-Tg or phenyl-T12 in solutions containing phenyl-T, water, 
ethanol, and KOH in the molar ratios 1:3.1:10.0:0.078: a, 
phenyl-T, 0.60 M in benzene, product T8; b, phenyl-T, 0.90 M in 
benzene, product T8; c, phenyl-T, 0.90 M in tetrahydrofuran, 
product T12; d, phenyl-T, 0.60 M in tetrahydrofuran, product 
Ti2; dotted line shows <4(1135)A4(697), indicating relative 
amount of cage-like structure in soluble fraction. 

s e rved 5 b y S p r u n g a n d G u e n t h e r . T h e c o n v e r s i o n s 
of p h e n y l t r i e t h o x y s i l a n e or t h e p h e n y l - T h y d r o l y s a t e 
r e s ins t o p h e n y l - T 8 or -T i 2 g e n e r a l l y b e h a v e d l ike equ i 
l i b r a t i o n s b e i n g c o n t i n u a l l y d i s p l a c e d b y p h a s e sepa
r a t i o n , a n d cou ld be m a d e t o g ive good y i e ld s of t h e s e 
p r o d u c t s b y ref luxing sufficiently c o n c e n t r a t e d solu
t i ons u n t i l p r e c i p i t a t i o n w a s c o m p l e t e . S imi l a r t r e a t 
m e n t of a l k a l i n e s o l u t i o n s of t h e h y d r o l y s i s p r o d u c t s of 
m e t h y l t r i e t h o x y s i l a n e a n d c y c l o h e x y l t r i e t h o x y s i l a n e 
in a c e t o n e or m e t h y l i s o b u t y l k e t o n e h a s been f o u n d to 
give m e t h y l - T g a n d cyc lohexy l -T 8 , r e spec t i ve ly , also 
in h i g h y i e lds . 

TABLE I 

COMPOSITION OF EQUILIBRATED PHENYLSILSESQUIOXANE 

SOLUTIONS 

Phenylsilsesquioxane concn., ' 
Solvent 
Temperature, 0C. 
Constituent, wt. % of total 

(C8H6SiO1. „)z 

Phenyl-Ts, m.p. 500° 
Phenyl-Ti„, m.p. 418° 
Phenyl-Ti2, m.p. 385° 
Xoncryst. T8-T12 

Prepolymer 
Prepolymer degree of polymn. 

Pn 

36 
Toluene 

110 

> 0 . 
2. 
2. 
1. 

94 

48 
Diglyme 

160 

o 
Diglyme 

160 

85 

0 
1 
o 
2 

93 

61 

2. 
6. 
3. 

32. 
44 

31 
" Equilibrated solution supersaturated with respect to phenyl-

T8, which was being precipitated slowly. ' These fractions in
cluded silanol-containing species, presumably derived from 
alcoholic impurities or decomposition products in the diglyme 
(diethylene glycol dimethyl ether). 

T h e k i n e t i c s of p h e n y l - T 8 or -T i 2 f o r m a t i o n b y t h e 
r e a r r a n g e m e n t of o t h e r p h e n y l s i l s e s q u i o x a n e s in ben
zene or t e t r a h y d r o f u r a n s o l u t i o n s c o n t a i n i n g a lka l i , 
a lcohol , a n d w a t e r w a s c o m p l e x . T h e c o n v e r s i o n s t o 
t h e c r y s t a l l i n e p r o d u c t s gene ra l l y fol lowed s igmoida l 
cu rves , w i t h i n d u c t i o n p e r i o d s of 1 0 - 2 0 hr . d u r i n g 
wh ich t h e p r e c i p i t a t i o n r a t e s were low (Fig . 1). H o w 
ever , in some of t h e r e a c t i o n s in t e t r a h y d r o f u r a n t h e r e 

INITIAL 
PREPOLYMER 

3 HOURS 

48 HOURS 

PHENYL-T12 

FREQUENCY (CM ) 
Fig. 2.—Infrared spectra of phenylsilsesquioxanes during re

arrangement of prepolymer to phenyl-Tio under conditions of run 
d on Fig. 1. Successive curves show the initial prepolymer, the 
soluble fraction after 3-hr. reaction, the soluble fraction after 
48-hr. reaction, and the insoluble product, phenyl-Tu. 

w a s also an in i t i a l r a p i d f o r m a t i o n of 2 - 5 % p h e n y l -
T i 2 ; t h i s occu r r ed p a r t i c u l a r l y w h e n t h e phenyls i l ses 
q u i o x a n e be ing r e a r r a n g e d w a s Ti 0 , t h e n o n c r y s t a l l i n e 
T 9 - T ] 2 m i x t u r e , or a low m o l e c u l a r w e i g h t p r e p o l y m e r 
f r ac t ion . I n f r a r e d o b s e r v a t i o n s of t h e m a t e r i a l in 
so lu t ion d u r i n g a r e a r r a n g e m e n t of p r e p o l y m e r t o T i 3 

(F ig . 2) showed t h a t c l eavage of t h e p o l y m e r cha in s 
(as i n d i c a t e d b y t h e d i s a p p e a r a n c e of t h e or ig ina l 
1045 c m . ^ 1 P3SiOSi i n - p h a s e c h a i n v i b r a t i o n ) occu r red 
v e r y r a p i d l y . Also, t h e e q u i l i b r i u m c o n c e n t r a t i o n of 
cage- l ike s t r u c t u r e ( i nd i ca t ed b y t h e d o t t e d l ine of 
F ig . 1) was l a rge ly a t t a i n e d before t h e m a x i m a l r a t e of 
T i 2 p r e c i p i t a t i o n w a s o b s e r v e d . T h e conc lus ion d r a w n 
was t h a t t he Ts a n d T ! 2 were n o t be ing fo rmed f rom t h e 
h ighe r p o l y m e r s b y a n y t h i n g r e s e m b l i n g a s imple , 
o n e - s t e p r e a c t i o n . O t h e r low m o l e c u l a r w e i g h t in
t e r m e d i a t e s were i n v o l v e d , a n d i t w a s e n t i r e l y poss ib le 
t h a t t o t a l r e o r g a n i z a t i o n of t h e s i loxane s t r u c t u r e was 
occu r r i ng . 
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T8 TI0 TI2 'SO-T12 (?) 

( I ) (ID (III) (IV) 

Cl S-SYNOlOTAC Tl C 
DOUBLE CHAIN 

Fig, 3.—The double ring-double chain equilibrium in the 
phenylsilsesquioxanes. In the drawings, the vertices represent 
the locations of the C6H6Si groups, the lines the positions of the 
oxygens connecting them. 

I t has been proposed previously4 '5 tha t the very in
soluble phenyl-Ts isomer under discussion here has 
the cube-like, pentacyclo[9.5.1.13 '9.l515.l7,13]octasiloxane 
structure indicated as form I in Fig. 3. Our observa
tions have continued to support this assignment. 
The two reasonable alternative pentacyclooctasiloxane 
structures both contain cyclotrisiloxane rings, which 
would be expected to produce low-frequency ?aSiOSi 
vibrations and marked perturbations of the 998 and 
1029 c m . - 1 phenyl ring modes.8 Neither of these was 
observed. The observed vaSiOSi came a t 1121 c m r 1 

in CS2 solution, very close to the 1122 c m . - 1 observed 
in methyl-Tg,9 for which the cube-like structure has 
been established by complete X-ray analysis.10 In 
addition, we found one crystalline form of the material 
to have a simple rhombohedral unit cell tha t could 
scarcely accommodate any molecule not cube-like in 
shape. 

In the case of phenyl-Tio, the infrared spectrum again 
indicated an absence of cyclotrisiloxane rings or other 
strained structures. Since the only possible hexacyclo-
decasiloxane arrangement tha t lacks such small rings 
is the pentagonal prism-like hexacyclo [9.9.1.130.-
l5 1 7 . l7 I 5 . l1 3 1 9]decasi loxane (form II) , this was assigned. 
Again, the observed j/aSiOSi (ca. 1128 cm. - 1 ) was very 
similar to t h a t (1127 cm. - 1 ) found for methyl-Tio.9 

For phenyl-Tn, however, the spectral evidence for 
the lack of small rings did not uniquely define a struc
ture, since there are two heptacyclododecasiloxane 
arrangements (III and IV) tha t contain only cyclo-
tetrasiloxane or larger rings. Evidence in favor of 
the heptacyclo[13.1.13 1 3 . l5 'H . l7-2 1 . l ? 1 9 . l 17'23]dodecasil-
oxane structure (III) was found in the ultraviolet 
spectrum, which showed lower 1Lb benzenoid transition 
intensities than did those of the other phenyl-T cage 
species.11 This is believed11 to indicate a smaller mean 
angle between the Ph-Si axes than in phenyl-Tm 
or in the presumed isomer of phenyl-Ti2 present in the 
noncrystalline fraction. In addition, the vaSiOSi 
position (ca. 1129 cm. - 1 ) suggested a close structural 
analogy to the methyl-Ti2, m.p. 270° (caSiOSi, 112S 
c m . - 1 ) , for which the hexagonal prism-like structure 
(III) was indicated by the absence of splitting in the 
proton magnetic resonance signal.9 

Phenyl-T12 was normally obtained from solution as 
solvated crystals which contained one or two molecules 
of solvent for each molecule of Ti2. These solvates 
were all found to have the same basic crystal lattice, 

(8; C. VV. Young, P. C. Servais , C. C, Curr ie , and M. J. H u n t e r . J. Am. 
Chem Snc, 70, SS7">8 < 1948), 

(H) I.. H, Vogt . Jr . , and J. F. Brown, Jr. , Inorg. Chen?., 2, 18!) (19(W). 
(10) K, I.arsson, Arkiv Kemi. 16, 203 (1960). 
(11} J F, Brown, Jr and P I Presco t t , J. Am. Chem. Soe., in press 

and hence appeared to represent a family of clathrate-
type inclusion compounds. The tetrahydrofuran ad-
duct, phenyl-Ti 2-2THF, was of particularly low solu
bility (0.06 g./lOO ml. of T H F at 28°), thus allowing 
the preparation of phenyl-Ti2 by ,precipitation from 
equilibrating solutions in tetrahydrofuran. 

The observation tha t there was very little variation in 
the V3SiOSi frequencies among the methyl and phenyl 
Ts's, TVs, and Ti2S and tha t there was no splitting in 
the Tio and Ti2 bands a t first caused concern, since 
pronounced variations in ^3SiOSi with ring size are ob
served in the monocyclic siloxanes,12 as is also splitting 
of the band,12 and one would expect two different 
modes of infrared-active vibration in a prism-like Tm 
or Ti2 siloxane skeleton. However, calculations of the 
^aSiOSi frequencies showed tha t in rings of 4, 5, 6, or 
7 siloxane units having coplanar silicon atoms, the ex
pected effect of increased ring size in lowering the doubly 
degenerate ring frequency is almost exactly balanced 
by the effects of the increased SiSiSi angles in raising 
the frequency. In addition, it was estimated tha t the 
two infrared-active modes in prismatic structures of 
the Tio, Ti2, or Ti4 types should always be within K) 
c m . - 1 of each other, and hence unresolvable. (In
dividual PaSiOSi modes in unstrained structures nor
mally have half-intensity band widths of about 40 cm. - 1 . ) 
Evidently, the observation of a single vaSiOSi band, 
lying in the 1120-1130 c m . - 1 range, may be taken as 
good evidence for the presence of a strainless cage 
structure composed of S-14 silsesquioxane units, but is 
of less help in distinguishing one type of silsesquioxane 
cage from another. 

The fractions designated "noncrystalline TtT-Ti2" 
in Table I all showed a single ^3SiOSi, centered near 
1127 cm. - 1 , thus showing t ha t they consisted of cage
like silsesquioxanes. Those obtained by equilibration 
in diglyme contained about one silanol group for each 
ten silicons, and were presumed to contain Ts(OH) 
and T11(OH) species analogous to the T 9(OEt) and 
Tn(OEt) species obtained when methylsilsesquioxanes 
were equilibrated in the presence of ethanol.9 The 
specimen isolated from the products of equilibration 
in toluene was much lower in hydroxyl content, and 
showed an ultraviolet spectrum intermediate between 
those of phenyl-Tio and phenyl-Tn.1 ' I t was con
sidered possible tha t this contained the other strainless 
heptacyclododecasilane isomer (structure IV); how
ever, such a species was not isolated in a pure form. 

The various fractions of "phenyl-T ladder prepoly
mer" all showed infrared and ultraviolet spectra re
sembling mixtures of cage-like silsesquioxanes and 
double-chain polymer. I t has been reported7 t ha t the 
molecules of prepolymer consist of short segments of 
the double-chain (linear polycyclic) structure, termi
nated by cage-like arrangements of 10-12 T units, 
thus giving dumbbell-shaped molecules. More ex
tensive evidence in support of this conclusion will be 
presented elsewhere. 

The polymers tha t slowly precipitated from alkaline 
solutions in acetone or methyl isobutyl ketone as in the 
Sprung-Guenther procedure5 were not of this type, 
however. They were composed of 150-300 phenyl-T 
units and 3-4 hydroxyl or ethoxy groups per molecule, 
and showed infrared spectra that , except for the very 
weak silanol group vibrations, were exactly the same 
as those of the double-chain high polymers. Accord
ingly, they would appear to represent 75-150 uni t 
segments of " ladder" structure {i.e., polycyclics with 
75-150 linearly fused cyclotetrasiloxane rings) termi
nated mostly by hydroxyl and ethoxyl groups. 

(12) X. Wr igh t and M J. H u n t e r , ibid., 69, 803 (1947) ; R. E. R i ch a rd s 
and H, W. T h o m p s o n , / . Chem. Soc, 124 (1949). 
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The phenylsilsesquioxanes remaining in the cold, 
alkaline, alcoholic, acetone solutions during the pre
cipitation of these polymers contained about one eth-
oxyl and two hydroxyl groups for each 14 phenyl-T 
units, and showed ^aSiOSi bands (centered near 1135 
cm. - 1 , vs; 1057 c m - 1 , m) resembling those in a pre-
polymer fraction of Pn about 30. Presumably, this 
mixture contained a continuous family of linear poly-
cyclic species tha t was being steadily displaced by 
precipitation of the highest molecular weight, acetone-
insoluble, members. The phenylsilsesquioxanes re
maining in the hot, alkaline, alcoholic tetrahydrofuran 
solutions during the precipitation of phenyl-T12, 
however, were more predominantly cage-like. Their 
infrared spectrum (third curve on Fig. 2) suggests tha t 
of a T 9 -Ti 2 cage mixture contaminated with other small 
(3-6 ring) polysiloxanols.13 

Discussion 
Although there is an almost infinite number of ways in 

which trifunctional siloxane units might conceivably 
combine with each other to form polycyclics, the pres
ent results show tha t only a few such arrangements are 
actually present in equilibrated phenylsilsesquioxanes. 
These structural arrangements are of two types. In 
the first type, cyclotetrasiloxane rings are united by 
cis-syn-cis-fusion a t adjacent silicons so as to produce 
the cage-like arrangements of 8-12 siloxane units that 
are found in phenyl-T8, phenyl-Tio, phenyl-T l 2 , and 
probably also in the prepolymer chain-end structures. 
In the second type, cyclotetrasiloxane rings are united 
by cis-anti-cis-f usion a t adjacent silicons so as to 
produce the linear polycyclic structures found in the 
prepolymers, in the precipitated linear polycyclics of 
the Sprung-Guenther type, and in the cw-syndiotactic 
double-chain high polymers. The preference for these 
two structural arrangements probably results from the 
facts tha t they allow the OSiO and SiOSi bond angles 
to assume their preferred values of 109.5 and ISO-
loo 0 , 9 respectively, and tha t they can accommodate 
the bulky phenyl groups without steric compression. 

The crystalline phenyl-T8, -Ti0, and -Ti2 cage species 
described here appear to correspond to the previously 
reported9 methyl-T8 , -Ti0, and -T i 2 species both in 
structure and in relative stability. However, the higher 
equilibrated polymethylsilsesquioxanes are probably 
not entirely analogous to the linear polycyclic phenyl
silsesquioxanes, since they show 10-20 cm. ̂ 1 lower 
s'aSiOSi frequencies and marked tendencies toward 
gelation. 

The phenylsilsesquioxane mixtures prepared by equi
libration in solutions containing alcohols or water ap
pear to be generally similar to those prepared in 
aprotic solvents, but in addition contain small propor
tions of silanol and alkoxysilane groups. Evidently, 
the equilibria for siloxane bond formation, e.g. 

PhSi-OH + PhSi-OEt ~^ PhSi-O-SiPh + EtOH 

do not lie completely to the right. The silanol and 
alkoxysilane groups incorporated into the product 
seem to appear largely in the difficultly crystallizable 
T9(OR) and T n ( O R ) cage species, and as end groups 
on the linear polycyclics. 

The mechanistic complexity of the cage-ladder inter-
conversions is a t first glance surprising, since these 
double ring-double chain interconversions are formally 
analogous to the well-known, mechanistically simple, 

(13) These are indicated by the extra absorption shoulders in the 1070-
1100 cm. - 1 region, which occur where the major bands of the strainiess, non-
cage-like tricycloheptasiloxanes, tri- and tetracydooctasiloxanes, tri- and 
tetracyclononasiloxanes, etc., are normally observed. 

ring-chain interconversions observed in single-chain 
structures (Fig. 3). The reason for this complexity 
is presumably tha t the conversions of the cis-syn-cis-
fused cage-like molecules to the cis-anti-cis-f used linear 
species requires inversions of configuration a t half 
the silicons involved, and tha t considerable structural 
reshuffling is required in order to accomplish this. 

Experimental 
The crystalline phenylsilsesquioxanes were routinely char

acterized by their X-ray powder patterns; the soluble polymers 
by their 2-15 n infrared spectra as 1-2Sc solutions in carbon di
sulfide using a Beckman IR 7 grating spectrophotometer. Such 
spectra, being mostly produced by CeH6 group vibrations, were 
essentially invariant except for (a) the characteristics bands14 of 
silanol and alkoxysilane groups, if any; (b) a variable shoulder 
near 729 c m . - 1 arising from splitting of the «740 cm."1 CeH5Si 
group mode; and (c) the very strong, broad bands in the 1040-
1160 c m . - 1 region arising from coupled ^8SiOSi vibrations (Fig. 
2). These last are known to be very sensitive to variations in 
siloxane structure,8 and were of particular help in characterizing 
the various polysiloxane skeletons encountered. 

Equilibrations in Aprotic Systems.—Equilibrations in refluxing 
toluene were all carried out for limited times, since the solutions 
were slightly supersaturated with respect to phenyl-Ts, and pre
cipitated it steadily. In a typical procedure, phenyltrichloro-
silane (3 kg.) diluted with an equal volume of toluene was run 
into water (12 kg.) with stirring. After separation of the aqueous 
acid layer, the toluene solution of condensate was distilled to 
remove residual water and acid, along with 1300 g. of toluene. 
Next, potassium hydroxide pellets (1.41 g.) were added, and re-
fluxing and trapping of the evolved water continued until de
hydration was complete and the infrared spectrum no longer 
showed any silanol bands (9 hr . ) . The resulting mixture of sirup 
and precipitated phenyl-T8 was cooled and filtered to remove the 
T8 (245 g., unwashed wt.) ; the filtrate (3155 g., 50.3% phenyl
silsesquioxanes) deposited no further crystals after standing for 
several weeks. Dry, unfractionated prepolymer [y] 0.12 dl . /g. 
(in benzene at 25°), Mn 14,000, could be isolated by precipitation 
into methanol or Iigroin. Similar preparations at a phenylsil
sesquioxane concentration of 36% in toluene were carried out 
longer (16 hr.) , but the amount of T8 formed was lower (6-8%,), 
as was also the intrinsic viscosity of the unfractionated prepoly
mer (0.085 dl . /g . ) . 

The use of refluxing diglyme (b.p. 160°, phenyl-T8 solubility 
0.52 g./lOO ml.) circumvented the precipitation problem. 
Samples (10-20 g.) of dried but not decatalyzed prepolymers 
prepared in toluene were dissolved in freshly redistilled diglyme 
and the solutions refluxed 4 days under nitrogen. When a pre
polymer specimen containing 6%. suspended phenyl-T8 was used, 
the solutions were homogeneous after refluxing for 1 day. 

The attainment of equilibrium in these systems was demon
strated by the invariance of the product spectra, and by the con
stancy of the equilibrium constants' calculated from runs made at 
different concentrations. 

Fractionation of Prepolymers.—The toluene or diglyme solu
tions of equilibrated phenylsilsesquioxanes were neutralized with 
HCl, seeded with phenyl-T8 crystals, and allowed to stand for 
several days while the bulk of the T8 crystallized out. The soluble 
silsesquioxanes were then recovered from solution, dissolved in 
three times their weight of acetone, and allowed to stand over
night, whereupon much of the phenyl-Ti2 and any prepolymer 
above [r;] ca. 0.14 precipitated. These were filtered off and sepa
rated by extracting the prepolymer with tetrahydrofuran. The 
acetone solutions were then diluted to give polymer concentra
tions of about 10%, and fractionated in the conventional way by-
adding successive increments of methanol at the boiling point, 
allowing the mixture to cool and stand until phase separation was 
complete, removing the solution, and reprecipitating the polymer 
from acetone into methanol. The prepolymer fractions thus 
recovered ranged in molecular weight (ebullioscopic in benzene) 
from 14,000 down to 3,000, and had Mx/Mn ratios near 1.4. 
(Fractionation of a 1% solution in acetone was attempted, but 
was found to require extremely long times for the phase separa
tions.) All of the methanolic filtrates, as well as the final solution 
of materials soluble in 90% methanol, were retained and evap
orated to recover the lower silsesquioxanes. A toluene solution 
of these deposited a little additional T8 and T12, which were 
separated from each other by extracting the Ti2 with a little 
boiling toluene. The final separation of the cage-like species 
(mol. wt. <1500, one »<aSiOSi near 1127 cm. - 1 ) from the lowest 
prepolymer fraction (mol. wt. >2900, j<aSiOSi's near 1135 and 
1062 cm. - 1 ) was accomplished by repeated precipitation from 
toluene solution into nine volumes of methanol. The material 
soluble in 1:9 toluene-methanol was dissolved in an equal weight 
of toluene and allowed to stand several days while the T10 crys-

(14) A, L. Smith, Spectrochim. Acta. 16, 87 (1960) 



1124 J. F. BROWN, JR., L. H. VOGT, JR., AND P. I. PRESCOTT Vol. 86 

tallized out, leaving behind the noncrystalline T9-T12 cage com
pounds. 

Survey of Solvent Effects.—Mixtures of phenyltriethoxysilane 
(12.0 g., 0.05 mole),, water (2.7 g., 0.15 mole), tetraethylam-
monium hydroxide (0.0015 mole), and solvent (50 ml.) were 
allowed to stand at room temperature with occasional examina
tion of the precipitates. The products, the relative rates of pre
cipitation, and the yields after standing for 6 months were: ace
tone, slow formation ladder-like polymer, 54%; benzene, rapid 
precipitation of T8, > 8 8 % ; benzyl alcohol, very slow, T8, 4%; 
methyl isobutyl ketone, slow precipitation of ladder-like poly
mer, 42%; tetrahydrofuran, 60-day induction period in first run, 
then rapid precipitation of T12, 69%. Another series, identical 
except for the use of benzyltrimethylammonium hydroxide as 
the base, gave these results: acetonitrile, rapid precipitation 
of gelled ladder-like polymer, 82.5%.; diethyl ether, rapid precipi
tation of soluble low mol. wt. ladder-like polymer, 84.5%; diethyl-
ene glycol dimethyl ether (diglyme), very slow, gelled ladder
like polymer, 4 .2%; ethylene glycol dimethyl ether, slow, T8, 
11.6%; ethylene diamine, unidentified crystals not containing 
C6H5 groups, 2.4% by weight; nitrobenzene, slow, T8, 43%.; 
pyridine, slow, T8, 38%; tetrahydrofuran, rapid precipitation 
of T12, 6 8 % . Repetition of "the reported procedure3 for 
"hexaphenylsilsesquioxane" (KOH-catalyzed equilibration in 
a 20:15:75 mixture of ether, alcohol, and benzene) gave 14% T8 
after 13 days; the filtrate then deposited T12 for 3-4 weeks be
fore T8 began precipitating again; additional yield of T8-Ti2 
mixture, 10% after 4 months. 

Phenyl-T8, Octaphenylpentacyclo}9.5.1.13 9.l515.l713]octa-
siloxane.—Phenyltrichlorosilane (105.8 g., 0.50 mole) was dis
solved in 500 ml. of benzene and shaken with water until hydroly
sis was complete. After removing the acid layer and washing 
with water, 16.6 ml. (0.030 mole) of a commercial methanolie 
30% benzyltrimethylammonium hydroxide solution was added. 
The mixture was refluxed 4 hr., allowed to stand 4 days, refluxed 
another 24 hr., and then cooled and filtered to give 57.0 g. (88%) 
of phenyl-Tg. The mother liquors continued to deposit crystals, 
and subsequent small-scale runs (Fig. 1) indicated that a 98% 
yield would have been obtained on longer refluxing. The alter
native procedures described above or reported earlier35 were 
found to give the same product. Purification could be effected 
by sublimation under vacuum at 250-300°, or by recrystallization 
from hot o-dichlorobenzene. 

Pure phenyl-Tj was a difficultly soluble solid which upon rapid 
heating melted and boiled momentarily at 495-500° before re
solidifying to a colorless polymer. Impure phenyl-T8 often 
could not be melted at all. The infrared spectrum showed ya-
SiOSi at 1121 cm. - 1 , and no 730 c m . - 1 shoulder on the 740 c m . - 1 

band. Two crystalline modifications were encountered. They 
first separated from benzene at room temperature as nearly cube
like rhombohedra, d 1.27 g./ml., and appeared to be isomor-
phous w-ith cyclohexyl-Tg.3 The powder pattern could be in
dexed on the basis of a rhombohedral cell where ari, = 11.0 A., 
a = 95°. This defined the substance as an octamer and left little 
room for choice as to the shape of the molecule. The more con
spicuous lines in this pattern had d-spacings of 10.9 (vs), 8.1, 7.3, 
4.76, 4.63, and 3.59 A. The second form was obtained at higher 
temperatures. Its more conspicuous lines lay at 12.0, 10.6 (vs), 
104 , 9.4, 8.4, 7.7, and 3.88 A. Other crystal forms have been 
reported.4 

Phenyl-Ti0, Decaphenylhexacyclo[9.9.1.13 9 .P1 7 .17 1 5 .11 3 1 9]-
decasijoxane.—The material obtained by fractionating the equili
brated' phenylsilsesquioxane mixtures was recrystallized from 
benzene-hexane: colorless crystals, readily soluble in most 
common solvents, m.p. 415-418°, yaSiOSi ca. 1128 cm. - 1 . (The 
exact position of this maximum was obscured by the sharp 1133 
c m . - 1 C6H6Si mode.) The most prominent X-ray reflections were 
at 12.3, 10.8 (vs), 4.78, and 4.63 A. 

Anal. Calcd. for C60H50O,5SiK,: C, 55.8; H, 3.9; mol. wt., 
1290. Found: C, 55.6; H, 4.0; mol. wt. (ebullioscopic in tri-
chloroethylene), 1245 ± 60. 

Phenyl-T12, dodecaphenylheptacyclo[13 . 9 . 1 . I 3 1 3 I 6 1 1 . I721-
I9,i9 in.23jdodecasiloxane, was formed in 50-70% yields by 

allowing aqueous alkaline solutions of phenyltriethoxysilane or 
phenyltrichlorosilane hydrolysis products to stand in tetrahydro
furan for 4-6 months as indicated above, or by refluxing such 
solutions for 2-3 days.15 To purify the crude product, it was 
heated to 150° overnight to remove the solvent and decompose the 
traces of quaternary base present, and then recrystallized from 
toluene or sublimed under vacuum at 300°. Purified phenyl-Tu 
melted at 385° and slowly polymerized at higher temperatures; 
impure specimens usually melted sharply at temperatures 20-60° 
lower. The infrared (Fig. 2) showed only one JA1SiOSi, centered 
near 1129 cm. - 1 , but again having the exact position of the maxi
mum obscured by the sharp 1133 cm."1 CsHjSi mode. The 
crystal form obtained by drying the clathrates at 100-200° showed 
prominent inner reflections at 12.3 (vs), 11.8, 11.1 (vs), and 9.3 

(15) J F. Brown, Jr.. U. S Patent 3,000,858 (Sept, 19. 1961). 

A. That obtained by drying at 300° or by sublimation showed 
such reflections at 13.0, 12.0 (vs), 11.4, 10.6, 10.1, and 8.4 A. 

Anal. Calcd. for C72H60O18SiI2: C, 55.8; H, 3.9; mol. wt. , 
1548. Found: C, 56.1; H, 4.3; .mol. wt. (ebullioscopic in 
benzene), 1500 ± 75. 

Phenyl-T12 Clathrates.—Phenyl-Ti2 normally separated from 
solution in large, solvated crystals.. The X-ray patterns of the 
crystals containing acetone, benzene, tetrahydrofuran, and 
toluene were found to be identical except for minor variations in 
the relative intensities of some of the reflections, indicating that 
the same host lattice was present in all cases. The most prom
inent lines in this pattern, which characterizes T12 as normally 
isolated from solution, lay at 14.2, 12.4 (vs), 5.25, 4.6, 4.35, 3.97, 
and 3.40 A. The complexing ratios, determined by heating the 
air-dried crystals to 200°, appeared to be 1:2 for the benzene and 
tetrahydrofuran complexes, and 1:1 for the toluene adduct. 

Anal. Calcd. for C72H60O18Si12^C6H6 (benzene adduct): wt. 
loss, 9.2. Found: wt. loss, 9.1. Calcd. for C72H60O18Si12-2C4H8O 
(tetrahydrofuran adduct): wt. loss, 8.5. Found: wt. loss, 8.7. 
Calcd. for C72H60O18Si12-C7H8 (toluene adduct): wt. loss, 5.6. 
Found: wt. loss, 5.5. 

Noncrystalline Phenyl-T Cage Compounds.—The small residue 
remaining after the removal of all crystallizable or methanol-in-
soluble constituents from the phenylsilsesquioxane mixture ob
tained by equilibration in toluene was an amorphous resin, soften
ing near 100°, which could be distilled under vacuum at 250-275° 
with partial polymerization. The infrared spectrum closely re
sembled those of phenyl-T10 and T12; j>aSiOSi came near 1128 
cm. - 1 , and bands indicative of groups other than C6H5SiO15 
could not be detected with certainty. The molecular weight 
(found, osmometric in acetone, 1435 ± 140) indicated species in 
the Ti0-T12 range. It was considered likely that the material 
was largely the other strainless isomer of phenyl-T12, e.g., do-
decaphenylheptacyclo[ll. 11,1.13 1 1 .15-2 1 . l719.15-23]dodecasiloxane 
(IV); however, the amounts available were insufficient for further 
studies. 

The much larger residues remaining after similar fractionation 
of the products equilibrated in diglyme were dark yellow resins 
whose spectra generally resembled phenyl-Ti2 in the paSiOSi 
region, but in addition showed the bands of silanol groups, mostly 
not hydrogen-bonded to each other even in concentrated solu
tions. Their content was estimated as one SiOH per 10 C6H5SFs. 
It is believed that these cage-like silanols probably arose via 
the hydrolysis of the corresponding alkoxysilanes during the 
rather prolonged fractionation procedure, and that these in turn 
arose from alcoholic impurities or decomposition products in the 
diglyme used. 

Linear Poly cyclic Phenylsilsesquioxanes.—The products that 
precipitated from solutions of 0.5 mole of phenyltriethoxysilane, 
1.5 moles of water, and 0.015 mole of tetraethylammonium hy
droxide in 500 ml. of methyl isobutyl ketone (MIBlC) or acetone 
at room temperature varied somewhat in molecular size during 
the course of the reaction, as indicated by their intrinsic viscosities: 

Solvent 

MIBK 
MIBK 
MIBK 
Acetone 
Acetone 
Acetone 

Days 
standing 

8 
79 

194 
32 
6.3 

178 

Crop 

1 
2 
3 
IA 
2A 
3 A 

Yield, % 

14 
12 
6 

22 
11 
19 

111, dl. 

0,14 
.17 
.25 
.27 
.10" 
11° 

" Sample purified and [??] measured after standing for 1 year. 

Similar preparations in ethanol-free acetone solutions (obtained 
by using a phenyltrichlorosilane hydrolysate resin instead of the 
triethoxysilane) gave polymers with [77] 0.23-0.24 in the first 
crop, and phenyl-T8 in the second. Use of double the quantity 
of base led to a lower precipitation rate (6.7% yield in 32 days) 
and considerable gel in the product. 

These polyphenylsilsesquioxanes were infusible solids, soluble 
in benzene, methylene chloride, and carbon disulfide, but insolu
ble in acetone or alcohol. X-Ray diffraction indicated the same 
laterally ordered polymer pattern as that shown by the cis-
syndiotactic double-chain high polymers.6-7 The infrared spectra 
resembled those of the high polymers very closely, showing K8Si-
OSi at 1044 and 1156 cm.""1, with a possible hidden shoulder in the 
1135-1140 c m . - 1 region, and a second C6H5Si mode at 729 cm. - 1 . 
The base-line absorbancies of these peaks relative to those of 
nearbv reference peaks were, in crop IA: A[11',Ci)/A(IlZb), 
0.98; ^(1044)/.4(1135), 0.53; and .4(729)%1(740), 1.05. 
Measurements on the same instrument indicated exactly the same 
relative intensities in double-chain high polymers having [17] > 4. 
The ratios were all slightly lower in the polymers prepared in 
MIBK (crops 1-3), indicating the presence of 5-7% more cage
like structure in these than in the specimens prepared in acetone. 
Use of the relation [77] = 1.12 X 1O-5 A/w0-92, which was found to 
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hold for both the prepolymer fractions and the linear high poly
mers, indicated that typical M's of 0.14, 0.20, and 0.28 dl . /g. 
corresponded to ,WVs of 28,000, 41,000, and 60,000, respectively. 
Osmotic measurements on a specimen of [tj] 0.20 showed Ma 
30,000, indicating M„/Ma = 1.37. This polydispersity cor
responds to the 1.4 value found in prepolymer specimens frac
tionated from a mixture having a "most probable" distribution 
by a single precipitation from a 10% solution in acetone. 

Estimates of OH and OEt contents were made from absorption 
intensities in the regions corresponding to the strongest SiOH 
and SiOEt group modes," using the crystalline phenyl-Ts(OHV 
(OEt)2 , m.p. 55-57°,5 as the reference standard. A more sen
sitive measure of silanol plus silanolate was achieved by treating 
the polymer in benzene solution with trimethylchlorosilane and 
pyridine, whereby these groups w'ere converted to SiOSiMe3 
groups, which were determined in the reprecipitated polymer 
from the intensity of the very strong band at 844 cm."-1. The 
results on the material of crop 1 were 

No. per 
Group 1000 Ph-T Method 

SiO" 4 ± 2 Titration 
SiOH 10 =1= 10 Infrared 
SiO- + SiOH 15 ± 3 Trimethylsilylation 
SiOEt 0 ± 30 Infrared 

S_ince the observed [ij] and the usual M^fMn ratio indicated an 
Mn of 20,400, or an average molecular size of 158 phenyl-T units 
for this specimen, and since it appears likely that SiOEt is 0.5-1.0 
the content of SiOH, it would appear that the total content of 
silanol, silanolate, and alkoxysilane groups was 3-4 per molecule. 

When a solution of this same specimen (1.00 g. in 10 ml. of 
benzene) was allowed to stand, precipitation of phenyl-T8 oc
curred as previously reported,5 and at about the same rate; the 
conversion was 79% after 2 months, 92% after 6 months. How
ever, when a similar solution which also contained a drop of acetic 
acid to neutralize the silanolate was allowed to stand, only the 
trace of phenyl-T5 which had been originally present in the poly
mer crystallized out. Xo further rearrangement to T8 occurred, 
and the intrinsic viscosity was unchanged after standing for 4 
months. 

A small sample of the phenylsilsesquioxane mixture remaining 
in acetone solution after the separation of crop IA was recovered 
by precipitation into dilute aqueous HCl, followed by reprecipi-
tation from acetone into water, drying overnight under vacuum at 
35°, and for 0.2 hr. at 110°. Its infrared spectrum showed 
I'aSiOSi's centered near 1135-and 1057 cm. - 1 , and indicated OH 
and OEt contents of 1.8 and 2 3 % , respectively, which are com
parable to those reported previously for a similar product.5 

Presumably, a quarter of this OH represented silanolate prior to 
neutralization, and some additional portion of it represented 
ethoxy hydrolyzed during the precipitation. 

Kinetic Studies.—One-tenth gram samples of phenylsilses
quioxane were weighed into tared 13 X 100 mm. test tubes, fol-

P r e v i o u s p a p e r s of t h i s ser ies h a v e d e s c r i b e d a w i d e 
r a n g e of nove l h e t e r o a r o m a t i c c o m p o u n d s , de r ived from 
n o r m a l a r o m a t i c s y s t e m s b y r e p l a c i n g p a i r s of a d j a c e n t 
c a r b o n a t o m s b y b o r o n a n d n i t r o g e n . H e r e we r e p o r t 
t h e p r e p a r a t i o n a n d p r o p e r t i e s of t w o f u r t h e r com
p o u n d s of t h i s t y p e , 1 4 , 1 3 - b o r a z a r o t r i p h e n y l e n e (I) 
a n d 1 4 , 1 6 , 1 8 - t r i b o r a - 1 3 , 1 5 , 1 7 - t r i a z a r o t r i p h e n y l e n e ( I I ) . 

(1) Part XXII : M. J, S. Dewar and W H, Poesche. 
(2) This work was supported by a grant (209) from the National In

stitutes of Health, U. S. Public Health Service. 
(3) E I. du Pont de Nemours & Co., Jackson Laboratory, P. O, Box 232, 

Pennsgrov-e, N. J. 
(4) Department of Chemistry, The University of Texas, Austin 12, Texas. 

lowed by phenyl-Ts or -Ti2 seed crystals; the solvent was 0.42 or 
0.84 ml. of tetrahydrofuran or benzene, and 0.36 ml. of an 
ethanol-water-base solution (usually containing 6.05 X 1O-6 

mole of KOH). The stoppered tubes were placed in a 63° con
stant temperature bath for the desired reaction times, and then 
cooled to 0°. After 80 min. at room temperature to ensure com
pletion of precipitation, the precipitates were centrifuged down, 
rinsed with two 1-ml. portions of solvent, dried at 200°, and 
weighed. The identities of the products were reconfirmed by 
their X-ray patterns in a number of cases. In general, the meas
urements of conversion as a function of time were reproducible, 
but fractions from different prepolymer preparations appeared to 
be converted to Tu at different rates. Agitation of the reacting 
mixtures had no effect upon the precipitation rates. Higher 
rates of conversion to Ti2 were observed in solutions containing 
both ethanol and water than in those that contained just one of 
these hydroxylic species. As the base, KOH gave faster conver
sion rates than XaOH or Me4XOH; however, doubling its con
centration from 0.078 mole/mole of phenyl-T to 0.156 mole/mole 
markedly reduced the rate of Ti2 formation. In all cases, the 
conversions to Tg or Ti2 followed sigmoidal curves; representative 
examples are shown in Fig 1. 

In order to follow the changes occurring in the soluble fraction 
during the conversions of prepolymer to phenyl-Tu in tetra
hydrofuran, the dissolved phenylsilsesquioxanes were recovered 
by precipitation into dilute aqueous HCl, and their spectra deter
mined. Representative examples are shown in Fig. 2. The 
material remaining in solution after the completion of T12 pre
cipitation was a low-melting, amorphous resin, contained about 
2 .5% each of OH and OEt groups, and showed an infrared spec
trum (third curve on Fig. 2) that was unlike that of any of the 
fractions obtained after equilibrations in toluene or diglyme, but 
not inconsistent with that expected for a mixture of cage-like and 
very short-chain linear polycyclics. 

The increase in cage-like structure during the course of this 
equilibration was followed by measuring the base-line absorbancy 
of the 1135 cm. _1 CeH5Si group peak (which is superimposed upon 
the broader 1127 cm. - 1 caSiOSi mode) relative to that of the 
virtually invariant 697 c m . - 1 peak. This ratio, A(1135)//!(697), 
was 2.9 in the ladder polymer, 4.0 in the low'est prepolymer frac
tions, 4.4 in the noncrystalline T9-Ti2 mixtures, 4.5 in T8, 5.6 in 
Ti2, and 5.7 in T1O- During the course of Tr> formation from 
unfractionated prepolymer ([?;] 0.085, prepared in toluene) the 
ratio went from 3.54 to 3.79 in 48 hr. (dotted line on Fig. 1), 
and was apparently approaching a final value of 3.80 as in a first-
order reaction with a half-time of 10.5 hr. 

A c k n o w l e d g m e n t . — T h e a u t h o r s wish t o t h a n k M r s . 
N a n c y R. Y o u n g for t e chn i ca l a s s i s t a n c e d u r i n g t h e 
ea r ly p a r t of t h i s i n v e s t i g a t i o n , M r . H . W . M i d d l e t o n 
for t h e a n a l y s e s , Mis s D o r o t h e a V. M c C l u n g for t h e 
inf ra red spec t r a , a n d D r . M . M . S p r u n g for t h e p h e n y l -
T 8 ( O H ) 2 ( O E t ) 2 s p e c i m e n s . T h e p r o c e d u r e for syn
thes iz ing p r e p o l y m e r b y e q u i l i b r a t i o n in t o l u e n e w a s 
supp l i ed b y D r . K . W . K r a n t z . 

I II III 

T h e s y n t h e s i s of I fol lowed t h e r o u t e used p r e v i o u s l y 5 

t o p r e p a r e 1 2 , 1 1 - b o r a z a r o p h e n a n t h r e n e ( I I I ) . Con-

(5) M. J S. Dewar, C. Kaneko, and M. K. Bhattacharjee, J. Am. Chem. 
Soc, 84, 4884 (1962) 
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New Heteroaromatic Compounds. XXIII.1 Two Analogs of Triphenylene 
and a Possible Route to Borazarene2 
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We have prepared two boron-containing analogs of triphenylene, 14,13-borazarotriphenylene and 14,16,18-
tribora-13,15,17-triazarotriphenylene. Hydrolysis of the latter with cold dilute alkali probably gives 2-hydroxy-
borazarene. 


