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Fig. 2. U1t)raviolet spectra: - , gphcnyl-&bora- 

nicthoxy-&bora-7,!1-diazaro-perGnaphthene (11) in methanol 
7,!)-diazaro-peri-naphthenc (111) in cyclohcxane; - - - - 1 %  

EXPERIMENTAL 

R-Boru-7,D~i~aro-peri-naphthene (I), A solution of 2.0 
g. (17 mmolcs) of boron trichloride in 25 ml. of benzene was 
added dropwise a t  room tempcrature to a stirred solution 
of 2.80 g. (17.7 mmoles) of 1,8-dinminonaphthalene in 65 
ml. of bcnzcne. The reaction wns carricd out under an at- 
mosphere of dry nitrogen and the condenser exit gases werc 
passed successively through a -78" trap and a sodium 
hydroxide scruhbcr. After about one fourth of the boron 
trichloride had been added, the initially purple solution 
turned yellow-brown, became thick and 50 ml. of benzene 
was added to render stirring effective. After boron trichloride 
addition was complete, the mixt,ure was refluxed overnight 
and then swept with nit.rogen. Boron and chlorine analyses 
of the scrubber contents indicated 64.2% of the expected 
hydrogen chloride had been trapped. About two thirde of 
the solvent was removed under water aspirator pressure and 
then 25 ml. of ether was added, followed by dropwise addi- 
tion of 80 ml. of 0.39M (31 mmoles) lithium aluminum 
hydride in ether. The mixture was refluxed 1 hr. and then 
allowed to remain a t  room temperature overnight. The 
excess hydride was hydrolyzed by slow addition of 21 ml. 
of GN hydrochloric acid. The ether solution was immedi- 
ately decanted from the acid aqueous layer and combined 
with t,hree 20-ml. ether washes. The yellow ether solution 
was dried over msgnesium sulfate, treated with carbon, fil- 
tered, evaporated on a steam bath and then in a stream of 
nitrogen a t  roOm temperature, and finally dried in high 
vacuum. The crude yellow-brown product weighed 1.80 g. 
(60.70/,) and became purple in air. The crude product was 
sublimed in high vacuum (90-100'/10~ mm.) giving 1.25 
g. (42.10/o) of still impure product, part of which after an- 
other sublimation and three recrystallizations from n-hexane 
followed by two more sublimations yielded a very pale pink 
crystalline solid, m.p. 97-99' (corr., under nitrogen). 

Anal. Calcd. for C L O H ~ N ~ B :  C, 71.48; H, 5.40. Found: 
C, 71.34; H, 5.34. The infrared spectrum (potassium bro- 
mide disk) had bands a t  3410 (NH), 2550 (BH), 1494, 1344, 
1101, and 868 cm. 

Another preparation of I on a 36-mmole scale after puri- 
fication yielded 54% of colorless crystalline product, m.p. 
97..5-99" (corr., under nitrogen). 

8-Methozp8-bora-7,9-diazuro-peri-naphthene (11). A sealed, 
evacuated heavy-wall bomb tube containing 0.150 g. 
(0.800 mmole) of crude I, m.p. 86-93' and 1.5 ml. of ab- 
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solute metlinnoI was allowed to rcmain a t  room temperature 
for 2 days, then was heated for 1 hr. a t  100'. The tube wae 
opened and the hydrogen removed. The solid contcnts of thc 
tube were rccrystallized from dry methanol as colorlees 
needles which were sublimed at 60-100°/10-6 mm. yielding 
0.06 g. (34.1%) of (II), m.p. 115.2-120.6' (corr., under 
nitrogen). 

Anal. Calcd. for CIJTIIONZB: C, 66.70; H, 560. Found: 
C, 60.55; H, 5.68. 

The infrared spectrum (potassium bromide disk) had R 
band a t  3390 cm.-I (NH) but none in the BH region. 

8-Phenyl-8-boru-7,9-diazaro-peri-mphlhene (111). A solu- 
tion of 4.34 g. (27.3 mmoles) of phenyldichloroborane in 40 
ml. of dry benzene was added dropwise to a well stirred 
solution of 4.22 g. (26.7 mmolea) of 1,Sdiaminonaphthalene 
in 150 ml. of benzene a t  room temperature forming a reddish- 
yellow solid. The apparatus was maintained under an at- 
mosphere of argon during reaction. The mixture was re- 
fluxed 3 hr. and then the solvent was removed under aspira- 
tor pressure. The residue was sublimed twice in high vacuum 
(1G0-180°/10-6 mm.) to yield 4.17 g. (64%) of yellow 
product, part of which was further purified by sublimation 
a t  125-130' in high vacuum, two recrystallizations from 
50: 50 cyclohexane-n-hexane and one recrystallization from 
80: 20 cyclohexanen-hexane followed by a final sublimation. 
The product was a very pale yellow microcrystalline solid, 
m.p. 02.5-93.5' (corr., under nitrogen). 

Anal. Calcd. for CIBH~~PYTZB: C, 78.72; 11, 5.37. Found: 
C, 78.78; H, 5.33. 

The infrared spectrum (potassium bromide disk) had 
bands a t  3400 (NH) and 697 cm.-l (CsHs) and none in the 
BIT region. Treatment of 0.18 mmole of (111) with 2.7M 
sodium hydroxide in 50% aqueous ethanol in the ahsence of 
oxygen for 16 hr. caused about 83Yo hydrolysis to occur as 
determined qualitatively from infrared spectral analyses. 
The main product was ll8-diaminonapht~halene. Similarly, 
0.24 mmole of I11 was treated with 1.9M hydrochloric acid 
in 50% aqueous ethanol and about GG% hydrolysis occurred. 
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The thermal decomposition of alkyl orthoborates 
in the Iiquid phase has bearing on the mechanism 
of the dehydration of alkanols to alkenes catalyzed 
by boric acid. Brandenberg and Galat' suggested 
that the dehydration proceeds in two stages, viz., 
formation of the orthoborate with elimination of 
water, followed by its decomposition into the olefin 
and boric acid. O'Connor and Nace,2 however, have 
evidence that . the metaborate is the reactive 
intermediate. 

We have studied the thermal decomposition of 
three orthoborates in the liquid phase. The results 
are summarized in Table I. 

(1) W. Brandenberg and A. Galat, J .  Am. Chem. Soc., 72, 
3275 (1950). 

(2) G. L. O'Connor and H. R. Nace, J. Am. Chem. SOC., 
77,1578 (1955). 
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TARLE I 

Coinposition 
Total of Alkene 

Dccomp. Alkene Product, Mole % 
11 in B(O11)r Tcmp. Yield, % 1- lTans-a c b b  

250-3163 73 55 45 - C S K J  

CSfl17 300-350 84 49 38 13, 
CSHn" 294-350 78 49 38 13 
CioH~i 320 83 54 22 24 

0 Pyrolyzcd in presence of equimolar quantity of boric 
oxide. * The positions of the double bonds wcre not estab- 
lishcd; these figures are approximate. 

In a separate experimcrit, tri-n-octyl orthoborate 
was heated with an cquiniolar quantity of boric 
oxide. At the start of thc decomposition reaction, 
the boric oxide had all dissolved in the cstcr, 
presumably forming the corrcsponding metaborate 
(Equation 1). Dcspitc this, the reaction was not 

affectcd by adding boric oxide, which rules out the 
possibility that the boric acid-catalyzed dehydra- 
tion of n-octyl alcohol procecds through formation 
of the metal)oratc as an intermediate. Further 
evidence that this reaction involves tri-n-octyl 
orthoborate as ai1 intcrmcdiate is furnished by the 
fact that  tri-n-octyl orthoborate decomposed 
smoothly bclow 350°, the temperature at which 
Brandenbcrg and Galat dehydrated 1-octanol in 
the prcsencc of boric acid. 

Thc primary rcaction in thc dccornposition of 
the prcsent alkyl orthoboratcs is probably. the for- 
nintioii of the alkene and orthoboric acid (Equation 
2), the latt cr subscqucntly uitdcrgoing dehydration 
to mctaboric acid (Equation 3) a id  finally to boric 
oxide (Equation 4). In  all cascs, the amount of 
watcr rccovercd was greatcr than that expectcd 

(It-CII$214O)aB + 3 R.CII=CIIz + H3BOt 

HzBOa + IIBOz + Hz0 

(2) 

(3) 

IIBOz + '/z BzOg + HXO (4) 

from Equation 3, sliowiiig that sonic furthcr dc- 
hydration to boric oxide had occurred. 

EXPERIMENTAL 

Tri-n-hexyl and tri-n-octyl borates were supplied by the 
U. S. Borax and Chemical Corp., Pacific Coast Borax Co. 
Division. Tri-n-decyl borate was prepared from n-dccyl 
alcohol and boric acid, the eliminated water being taken off 
as an azeotrope with ethylbenecnc. The crude boratc was 
vacuum distilled, b.p. 250" (1.5 mm.) measured with a ther- 
rnocouple housed in a vacuum-jacketed distilling head (re- 
ported3 b.p. 275' (0.15 rnm.)). 

Anal. Calcd. for C ~ O H ~ O ~ B :  B, 2.24. Found: B, 2.25. 
The pyrolyses wcre carried out in a 250 ml. round-bottom 

flask fitted with a thermometer wcll and connected to a 
Todd fractionating column filled with Berl saddles. The 
experiments were conducted a t  atmospheric pressure, esccpt 
with tri-n-dccyl borate which was pyrolyzed at 53-54 mm. 

Decomposition of tri-n-oclvl orthoborate. Decomposition of 
100.7 g. (0.275 mole) of this ester occurred on hcating to 
300°, as evidenced by boiling and distillation of a mixture 
(b.p. 113-119') of two immiscible liquids. The pot tempera- 
ture rangc for the pyrolysis was 300-350'. The crude dis- 
tillate consisted of 5.6 g. (0.310 mole) of water arid 85 g. of 
crude octenes. Distillation of the dried octene phase gave 
77 g. (0.686 mole, 84% yield) of octenes (b.p. 121-124') and 
1.5 g. of a colorlcss oily liquid identified by infrared spec- 
troscopy tu n-octyl alcohol. The infrarcd analysis of the pure 
octene fraction is given in Table I. 

A sample of thc solid residue (total wt. 12.3 g.)  was dis- 
solved in water, in which it was only partially soluble, 
mannitol added and the mixture titrated against 0.1N 
sodium hydroxide to the phenolphthdein end point (found 
B = 22.6y0). The nonboronnceous part of the rcsiduc was 
estimated by repcatcdly evaporating a sample to dryness 
with methanol, to remove boric oxide and acids aa methyl 
borate. A 4.37%-residue of the sample was involatile in 
methanol; this was not identified. The boronaceous part of 
the pyrolysis residue thus contains 23.6% boron (1-1B02 
rcquircs 24.7y0). The boron contciit of the residue did not 
change on pumping. 

The course of this decomposition was not signifiraiitly 
affccted by adding an equimolar quantity of orthoboric 
acid. Moreover, dccompositioiis of tri-n-hexyl and tri-n- 
decyl orthoborates procceded in much the sltinc mariner. 
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(3) G. A. Arbueov and V. S. Vinogmdova, Compt. rend. 
wad. an'. (U.R.S.S.), 55, 411 (1047). 


