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visible reaction with the fluoborate VI1 prepared as above in 
nitromethane solution. This reaction was not examined 
further. 

Preparation of 2-Deuterio-2-methyl-l,3-dioxolane (XII)  .- 
A m e e d  procedure of Claus and MorganthauZz for the 
reduction of ortho esters was used to reduce 2-methoxy-Z- 
methyl-l,%dioxolane (IX) with lithium aluminum deu- 
teride. Benzene could not be used as Claus and Morganthau 
had done since i t  and the product XI1 boil at almost exactly 
the same point. Toluene was found to be unsatisfactory 
because i t  formed an aeeotropic mixture (- 1: l )  with the 
product XI1 which could only be separated by g.p.c. 
Consequently, 2.86 g. (0.225 equiv. wt.) of lithium alumi- 
num deuteride wa$ added to 26 g. (0.22 mole) of IX in a 
small reaction flask equipped with sWer and condenser 
and cooled in a Dry Iceacetone-bath. If the mixture is 
not cooled it becomes violent after about 5 minutes. The 
cooled mixture is slowly warmed and finally refluxed for 
3-4 hours. The product was distilled (Claisen) directly 
from this mixture to yield 6.0 g. (32y0) of 2-deuterio-2- 
methyl-l,3-dioxolane (XII), b.p. 82-84'; g.p.c. analysis 
indicated a purity of 96%. The reportedza boiling point of 
2-methyl-1,3-dioxolane is 82 . Before use the deuterio- 
dioxolane XI1 was purified by preparative scale g.p.c. 
The n.rn.r. was consistent with the asumed structure and 
no C.2 hydrogen could be detected. Reduction of the 
methoxydioxolane IX with lithium aluminum hydride gave 

(22) C .  J. Clam and J. L. Morgaathau. J .  Am.  Chem. SOC., 78, 

(2.8) €I. J. Dauben, B. Loken a d  H. J. Ringold, ibid. ,  IS, 1359 
6006 (1051). 

(1954). 

authentic 2-methyl-1,3-dioxolane as indicated by its infra- 
red, n.m.r. and boiling point; infrared (carbon tetrachlo- 
ride): 3.31(m), 3.44(m), 4.70(m), 8.88(s), 9.47(s), 11.6(s) 
p;  n.m.r. (carbon tetrachloride, 1 molar): 6.20 (lo), 
8.74 (s). 

Reaction of Fluoborate VI1 with 2-Deuterio-%methyl- 
1,3-dioxolane (XII).-The fluoroborate VI1 was prepared 
as usual on the vacuum line from 1.00 g. (0,008 mole) of 
silver fluoborate in about 40-50 ml. of sulfur dioxide at  
about -75". To this stirred mixture, 1.20 g. (0.013 mole) 
of deuteriodioxolane (XII) was added all a t  once and stirring 
was continued for 4 hours. At the end of this period, 0.97 
g. (0.008 mole) of methoxydioxolane (IX) was added and the 
reaction was worked-up as usual. Warming of the reaction 
mixture without addition of I X  resulted in complete decom- 
position. Impure 2-methy1-1,3-dioxolenium fluoborate (XI)  
was obtained in 48YD yield (0.67 g,), m.p. 174+" dec. As 
before, this salt was incompletely soluble in sulfur dioxide. 
The n.m.r. spectrum of the sulfur dioxide solution revealed 
about 7% impurity; otherwise, it was identical with authen- 
tic material. 

Examination of the crude ether-soluble product by g.p.c. 
indicated the absence of norbornadiene or its possible 
isomers. Very little volatile material could be detected. 
However, two very small unresolved peaks appeared a t  ap- 
proximately the retention time of 7-methoxynorbornadiene 
(X), but were insufficient to characterize. Excess dioxo- 
lanes IX and XI1 were, of course, removed in the water wash. 
The ififrared of the crude product was inconclusive, except 
that the norbornadiene nucleus could not be detected. Clai- 
sen distillation gave a wide boiling point range, 100-150° 
(0.2 mm.), and no identifiable products. 
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We have shown that the product which Snyder, Reedy and Lennarz obtained by a Somnielet reaction on o-bromomethyl- 
The mechanistic benzeneboronic acid* is a trimer with the probable structure IV, a tribenzo derivative of talarene (V) 

implications of the syhthesis are discussed and possible use of IV as a clathrate is suggested. 

In an attempt to piepare o-fomylphenylboronic 
acid by application of the Sommelet synthesis to 
o-brom0tnethylbehzeneboronic acid, Snyder, Reedy 
and LRnnarz obtained a high melting s ~ b s t a n c e , ~  
fC8HsBNO)k (I). They suggested structure I1 
for this compound because it dissolved in dilute 
acid and was apparently insoluble in water of dilute 
alkali. Since this structure involves an eight- 
membered ring which appears from models to be 
highly strained, and since the evidence for i t  was 
by n6 means Ccmdusive, we decided to  reinvesti- 
gate the compound. 

The material obtained from the Sommelet proc- 
ess did indeed dissolve in dilute adds. However, 
the mateIial did not dissolve in ethereal solutions 
of bbron trifluoride etherate unless catalytic quanti- 
ties of ethanol were added. It also dissolved in 
aqueous alkali if small amaunts of ethanol were 
added to the solution. In.severa1 attempts we were 
unable to recover the original compound from any 
of the above sulutions and changes in the ultra- 
violet. and infrared spectra indicated that it had 
beeh destruyed. TEM solubility behavior of the 
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compound allows no immediate concl&ons about 
the structure, however, since it would be impos- 
sible to assess the effect of B-N *-bonding on the 
donor-acceptor properties of the molecule. 

I11 

There can be little doubt from analysis and the 
inethod of preparation that I contains the repeat- 
ing unit 111, (C8HsBNO). However, the material 
as obtained by the procedure of Snyder, Reedy 
and Lennarz analyzed a5 a monohydrate of the 
trimer of 111, (CsH8BN0)3-H20, suggesting that I 
is a t  least trimeric. The presence of water of 
crystallization was confirmed by a strong band in 
the infrared spectrum a t  3655 em.-' (Fig. 1) and 
by the fact that anhydrous I, free from this absorp- 
tion, could be obtained by crystallization from 
anhydrous solvents or by heating to 150' in a 
vacuum. 
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The trimeric structure was confirmed by X-ray 
studies on a crystal of anhydrous I. Measure- 
ment of the crystal unit-cell and density led to a 
value (440) for the molecular weight in good agree- 
ment with that (435) calculated for (CsHsBN0)a. 

Further evidence was provided by the presence 
of a strong band in the infrared spectrum at 678 
an.-' (Fig. 1) and by the similarity of the ultra- 
violet spectrum of I to that of tetralin and by its 
difference from that of boronophthalide (Table I). 

TABLE I 
Benzo- 

--Tetratin- quinuclidine' Bormo- 

Ethanol octane octane Ethanol 
( C ~ H S B N O ) I  Iso- Iso- phthalide 

bas, hI lhX ,  b a x ,  h l l , X ,  

2 i 0  2.69 274 2.76 268 2.65 276 3.04 
263 2.72 267 2.77 261 2.68 269 3.05 
258 2.62 260 2.62 215 3.95 
a Based on monomer unit. 

The infrared spectrum, combined with its tri- 
meric nature, suggests that I is a boroxine deriva- 
tive; for Snyder, Konecky, and Lennarzs have 
found that boroxines show a strong characteristic 
absorption a t  675-680 cm.-l. The ultraviolet 
spectrum would then indicate that the benzene 
rings in I are perpendicular to the boroxine ring, 
the lack of conjugation being due to lack of orbital 
overlap; a similar situation exists in benzoquinucli- 
dine, the ultraviolet spectrum of which also re- 
s e m b l e ~ ~  that of tetralin. 

The only reasonable trimeric structure consistent 
with these observations seems to be the strain-free 
cage structure IV. This can be regarded as a tri- 
benzo derivative of the parent system for which 
we suggest the name talarene.6 Tribenzotalarene 
would not be expected to show basic or acidic prop- 
erties since the nitrogen atoms in i t  are quadri- 
covalent; vigorous t r  eatment with basic or acidic 
reagents should lead to complete disruption of the 
central rings. 

Tribenzotalarene (IV) is formed by the Som- 
nielet synthesis when the hydrolysis step is carried 
out under moderately acid conditions. Stronger 
acid produces the expected o-formylphenylboronic 
acid, albeit in low yield. P-Bromomethylbenzene- 
boronic acid is reported to give only p-formyl- 
phenylboronic acid in the Sommelet synthesis. 
The behavior of o- and p-bromomethylphenyl- 
boronic acid in the Sommelet synthesis may be in- 
terpreted in terms of the suggestion7 that the 
reaction proceeds by transfer of a hydride ion to the 
conjugate acid of a Schiff base or to the mesomeric 
cation which is presumably formed in the acidic 
hydrolysis of trimeric methyleneamines. The re- 
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(%) Van der Krogt and B. hZ. Wepster, Rec. fuao. chim.. 74, 161 
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( 5 )  H. R .  Snyder, M. S. Konecky and W. J. Lennarz, J .  Am. Chem. 
Soc., 80, 3611 (1958). . .  
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be that batten in populous Egypt. well-propped pedants who quarrel 
without end in the Muses' bird-rag- ( r a ) _ & p ~ ) . "  Timon of Philus 
quoted by Anthenaeus, D. 2%:, tranrlated by C. B. Gulick, Loeb 
Classical Library, London, 1928. 

(7) S. J. Angpal, D. R. Penman and G. P. Warnick, J. Chcm. SOL., 
1742 (1983). 

Wave length, cm.-l. 
Fig. 1 .-Infrared spectrum of tribeazotalarene inono- 

hydrate (KBr disk). 

duction of the basicity of the Schiff's base by intra- 
molecular interaction with the boron atom in the 
ortho isomer would inhibit formation of the con- 
jugate acid, and thus prevent the normal completion 
of the reaction. 

IV 

V 
Alternatively, the free amine, if i t  were formed, 

would not be a good hydride donor for the same 
reasons. 

That the water in the monohydrate shows a non- 
bonded vibration (3655 cm.-l) indicates that i t  is 
in a relatively free environment in the crystal struc- 
ture; yet complete removal of the water requires 
drastic conditions. This suggests that the water 
is not merely water of hydration, or trapped by in- 
clusion, but that i t  may be trapped in the crystal 
lattice as a clathrate guest. The loose structural 
similarity between tribenzotalarene and other 
known clathratess supports this hypothesis; how- 
ever, no definite statement about the use of tri- 
benzotalarene as a clathrate host can be made 
until work which is now in progress is completed. 

Experimental 
Reparation of Tribenzotalarene Monohydrate .-A solu- 

tion of 25 g. of o-tolueneboronic acid, 37.7 g. of N-bromo- 
succinimide, 2.0 g. of benzoyl peroxide and 320 ml. of dry 
chloroform was heated under reflux for 3 hours; then 35.6 g. 
of hexamine in 200 ml. of dry chloroform was added to the 
hot reaction mixture. The precipitate was separated from 
the chloroform, and dissolved in 100 ml. of water which 
contained 1 drop of concentrated hydrochloric acid. This 

(8) A. C. D. Keaman and H.  M. Powell, rbrd. ,  3 i 4 i  (1957). 
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solution was boiled for 1.5 hours during which time a color- 
less solid separated. This material was the monohydrate, 
11.Og. (420/,), m.p. 303-304". Anal. Found: C.63.8; H, 
5.5; N, 9.3. Calcd. €or CuHuBsN,Os.HtO: C, 63.0; 
H, 5.7; N, 9.3. A dried (MgSO,) ether extract of the 
mother liquor yielded 1.8 g. (7y0'0) of o-formylphenylboronic 
acid, identsed by m.p. (118-120") and infrared spectrum. 
Solubility of 11.-Neutralization of a solution of 1 g. tri- 

benzotalarene in 50 ml. of 10% hydrochloric acid left the 
solution unchanged in appearance. A dried (MgSO') ether 
extract of this solution yielded a white solid (less than 100 
mg.) which we were unable to characterize. The infrared 
spectrum of this material was very complicated and con- 
tained bands in the carbonyl region indicating that com- 
pound I had been destroyed. Several other attempts to 
recover tribenzotalarene from acidic solutions were similarly 
unsuccessful. One gram of I slowly dissolved in 25 ml. of 

10% potassium hydroxide if catalytic quantities of ethanol 
were added. Tribenzotalarene (0.5 9.) remained unchanged 
on treatment with 20 ml. of boron trifluoride etherate; 
however, immediately after addition of 0.55 ml. of ethanol, 
solution was complete. Subsequent attempts to recover 
the same compound from this solution were not successful. 

Infrared spectra were recorded on a Beckman 1.R.-7 
recording spectrophotometer. Ultraviolet spectra were 
recorded on a Cary model 14 recording spectrophotometer. 

For crystallographic determinations tribenzotalarene was 
recrystallized slowly from dry dimethyl sulfoxide; crystal 
data: C&&NIO*, M = 434.7, orthorhombic, a = 8.15, 
b = 10.07, E = 27.17 A., U = 2230 A.,a Dm 1.31 (by flota- 
tion), Z = 4, De = 1.30; absent spectra are: n00, n = 
2n+l; OkO, R = 2n+1; 001, I = -2n f l ;  space group, 
p212121. Cu K radiation (Ni filter) single crystal precession 
photographs. 
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New Heteroaromatic Compounds. XVI.' Compounds with Heteroatoms at 
Bridgeheads2 
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Previous papers of this series have described a number of novel heteroaromatic compounds containing boron atoms as 
This paper describes the synthesis of several compounds of this type con- components of six-membered heterocyclic rings. 

taining heteroatoms at bridgeheads, including 12,ll-borazarophenanthrene. 

Previous papers of this series have described a 
number of novel heteroaromatic compounds con- 
taining boron atoms as components of six-membered 
aromatic rings. So far, however, no compound 
of this type has been described in which one of the 
heteroatoms occupies the bridgehead between two 
rings. The purpose of the present investigation 
was to prepare such compounds. 

Our hs t  objective was the synthesis of deriva- 
tives of 8,9-trimethylene-l0,9-borazarophenan- 
threne (Ia), partly since this ring system bears an 
obvious resemblance to that of the apomorphine 
alkaloids and partly in the hope that suitable 10- 
substituted derivatives of I might be cyclized to 
analogs of perylene. 

Reduction of 8-phenylquinoline, prepared by an 
improved procedure, gave 8-phenyltetrahydro- 
isoquinoline (11), which was isolated as its N-acetyl 
derivative. Reaction of I1 with boron trichloride, 
followed by cyclization with aluminum chloride, 
gave 8,9 - trimethylene - 10 - hydroxy - 10,9- 
borazarophenanthrene (Ib), isolated as its anhy- 
dride. This compound resembled other borazaro- 
phenanthrene derivatives' in its chemical stability, 
but differed in that the oxygen could not be re- 
placed by reaction with organometallic reagents6 
Presumably the boron is sterically hindered by the 
adjacent methylene and methine groups. 
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(5) Cf. M. J.  S. Dewar, W. Dietz, V. P. KubDa and A. R. Lepley. 
J .  Am. Ckm.  Soc., LU), 1764 (1961). 

I a , R = H  111 IVa, R = O H  
b, R = O H  b, R =  Me 

As a model for the synthesis of I we also prepared 
9-ethyl-l0-hydroxy-1OJ9-borazarophenanthrene (I 
Va) from 2-ethyl-aminobiphenyl (111), in turn 
prepared by reduction of 2-acetamidobiphenyl 
with lithium aluminum hydride. Methylmagne- 
sium bromide converted IVa to 9-ethyl-10-methyl- 
borazarophenanthrene (IVb) which was synthe- 
sized independently by ethylatiod of 10-methyl- 
10,9-borazarophenanthrene v i e  the N-lithio deriva- 
tive. 

We next tried to make the lower homolog V 
of Ia in the hope that it might undergo dehy- 
drogenation to a pyrroloborazarophenanthrene. 
The necessary 7-phenyl-2,3-dihydroindole (VI) 
was readily prepared by reducing 7-phenyloxindole 
(VII) with lithium aluminum hydride; VI1 in 
turn was .obtained by cyclization of 2-chloro- 
acetamidobiphenyl with aluminum chloride. How- 
ever, all attempts to cyclize the adducts of VI with 
boron trichloride or phenyl dichloroboronite failed. 
Apparently the change in valence angle due to 
presence of a five-membered ring is enough to 
inhibit cyclization. 

Our next objective was the preparation of 7,12- 
dimethyl-7,17-borazarobenz [alanthracene (VIII) 
since molecular orbital calculationse suggested that 

(6) The calculations were carried out with an IBM 7090 digital 
mmputer at Bell Telephone Laboratories. using a program written 
by Dr. L. C. Snyder. 


