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the corresponding pyridinium ions with sodium amal- 
gam, are unstable upon storage and form compounds 
of lower molecular weight. The instability of 1 to 
heating with the resultant formation of 2,a presumably 
by a disproportionation reaction shown in eq 1, strongly 
suggests that 3, if formed, would disproportionate to  4 
via 8 as shown in eq 2. 
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Experimental Section 

Materials.-4-Methylpyridine, acetic anhydride, and 40 mesh 
zinc were reagent grade materials from Fisher Scientific Co. 

Preparation of 4.-The procedure of Dimroth and Heene2 was 
used with the substitution of 4-methylpyridine for pyridine. 
4-Methylpyridine (60 ml) and 200 ml of acetic anhydride were 
mixed together in an erlenmeyer flask. After the addition of 50 
g of zinc the reaction mixture was agitated in the stoppered flask 
with a magnetic stirrer for 16 hr-14 days at  30-35'. The only 
color change which was noticeable was a yellowing of the reaction 
mixture. The early precipitate formed was very soluble in water 
and is Zn(OAc):! based upon its nmr spectrum in DzO and the 
presence of a residue upon burning. The flask and its contents 

were treated with 200 ml of water and heated to 85" in a water 
bath in order to dissolve the precipitate. The zinc was sep- 
arated by filtration using hot acetic anhydride to wash the filter. 
The filtrate was refrigerated overnight and crystals of 4 were 
collected and recrystallized from methanol, mp 80-81". A 
yield of 15-17y0 was obtained independent of the time of work-up. 
Anal .  Calcd for C10H13N02: C, 67.02; H, 7.31; N, 7.81; 
0, 17.85. Found: C, 67.02; H, 7.44; N, 7.77; 0, 17.77 (by 
difference). The molecular weight of 4 was determined in 
chloroform by vapor phase osmometry to be 181, agreeing well 
with thevalue of 179 calculated for CIOHI,NO~. 

Physical Measurements.-The spectral determination of 4 
was made with a Beckman IR-4 infrared spectrometer, a Cary 14 
ultraviolet-visible spectrophotometer, and a Varian A-60 nuclear 
magnetic resonance tpectrometer. 

ylpyridine, 108-89-4. 
Registry No. -3,34803-87-7; 4,25463-04-1 ; 4-meth- 
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Although the chemistry of bicyclo [4.2.l]nonatrienols 
has been explored to a considerable extentj4 the cor- 
responding parent ketone, bicyclo [4.2.1 Inona-2,4,7- 
trien-9-one (1)) has not been described. This system 
has been synthesized by the reaction of dilithium cy- 
clooctatetraenide with ph0sgene.j Cyclooctatetraene 
was converted into its dianion, which was treated with 
excess ethereal phosgene at  -40" and then quenched 
with water. The resulting mixture, containing two 
main products, mas subjected to tlc. The component 
of shorter Rf wa,s formed in about 19% yield and esta- 
blished to  be the desired 1 on t,he basis of the mass spec- 
trum [parent peak, m/e 132 (CsHsO+)] and nmr spec- 
trum [T  4.29 (6 H) and saturated bridgehead proton 
absorptions centered at  T 7.09 (2 H)]. The ir spectrum 
shows weak absorption at  3045 cm-l (olefinic C-H) 
and strong absorption at  1755 cm-l (C=O, similar to 
that of bridgehead ketones6). The addition of CH3MgI 
to 1 resulted in t'he formation of one alcohol, indistin- 
guishable from an authentic sample of syn-g-hydroxy-9- 
methylbicyclo [4.2.1]nona-2,4,7-triene (2)4a on the basis 
of vpc comparison on two columns and nmr and ir 
spectral comparison. The component of longer Rf,  
formed in 22% yield, was 3-chloroindene (3).' 
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Formation of 1 and 3 from the dianion and phosgene 
can be envisaged as proceeding via paths a and b. The 
intermediate 9 undergoes intramolecular reaction at  
C-4 (a) of the eight-membered ring to give 1. Com- 
pound 3 is derivable via ring closure (b) of 9 at C-2, fol- 
lowed by dehydration of l-chloro-l-hydroxy-8,7-dihy- 
droindene and prototropic rearrangement. 

Reaction of 1 with LiA1H4 in ether furnishes syn- 
9-hydroxybicyclo [4.2.l]nona-2,7-diene (4) and syn- 
9-hydroxybicyclo [4.2.l]nona-3,7-diene ( 5 ) .  The struc- 
ture of 4 and 5 are assignable from their spectral prop- 
erties. The nmr spectra are quite similar to those 
of the analogous alcohols 6 and 7,4d except for the dis- 
appearance of methyl absorptions and formation of 
a-proton absorption. It is probable that 4 and 5 
have syn stereochemistry. 
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The reaction of 1 and NaBH4 in methanol a t  room 
temperature has been briefly investigated and found to 
yield only syn-9-hydroxybicyclo [4.2.1 ]nona-2,4,7-tri- 
ene (8). The identification of 8 rests on its analysis, 
its ir spectrum, its mass spectrum, and, in particular, 
its nmr spectrum. The stereochemistry of the hydroxyl 
group in 8 is assigned as syn to the four-carbon bridge 
on the basis that the side of the carbonyl group facing 
the two-carbon bridge is considerably less hindered 
than the side facing the four-carbon bridge. Hydride 
attack should occur predominantly from the side of 
the carbonyl group syn to the two-carbon to give 8. 

Experimental Section 

Reaction of Dilithium Cyclooctatetraenide with Phosgene.- 
Lithium (4.0 g) was added in small pieces to dry DNIE (250 ml, 
freshly distilled from LiAlH,) a t  -78" in nitrogen atmosphere. 
Freshly distilled COT (26 g) was added, and the mixture was 
stirred vigorously for 20 hr, allowed to warm to room tempera- 
ture, and stirred for an additional 48 hr. The deep green solution 
of LiCOT in DME was added over a 1-hr period to vigorously 
stirred cold (-40') phosgene (100 g) in 200 ml of DME under 
helium. After further stirring for 3 hr a t  -40', the mixture 
was allowed to warm to room temperature and stirred for 5 hr 
more. The reaction mixture was filtered, .cvater added, and 
extracted with pentane (3 X 600 ml) to give a red solution. The 
combined organic layers were washed with water (200 ml) and 
saturated K'azCOa solution (100 ml) and then dried (RIgSO,). 
Evaporation of the solvent gave a red oil which was chroma- 
tographed on 100 ml of neutral alumina (activity 111). 

The first elution with pentane was 3-chloroindene (9.0 g, 22%): 
mass spectrum m/e 150 (M+); nmr T'$& 2.67 (m, 4, aromatic), 
3.62 (t, 1, vinyl), and 6.67 (d, 2, allyl); ii v::: 759 cm-l. 

Anal. Calcd for C9H7C1: C, 71.78; H, 4.68. Found: 
C, 71.92; H, 4.91. 

The second elution with 12% ether-pentane was almost pure 
1, yield 6.2 g (19%). 

Anal. Calcd for CQH~O: C, 81.79; H ,  6.10. Found: C, 
81.56; H, 6.09. 

Some modification of the preparation of 1 gave the results 
shown in Table I. 

TABLE I 
YIELDS OF 1 AND 3 

Solvent OC hr 1 8 

DME - 40 4 19 22 
Ether - 30 3 17 20 
Ether 0 1 18 25 
T H F  - 30 4 20 ? 

Temp, Time, --Yield, %-- 

Reaction of 1 with Methylmagnesium Iodide .-A solution of 
1 (100 mg) in ether (2 ml) was added at  0" to stirred methyl- 
magnesium iodide (3 mol excess) in ether (2.5 ml). The mixture 
was refluxed for 20 min and then poured onto a slurry of ice and 
saturated aqueous KHIC1. The aqueous layer was washed with 
ether. The combined ether solution was washed with water, 
dried, and evaporated to give 95 mg of 2 as an oil: ir v::: 1394, 
1372, 1180, 860, 751 and 687 cm-1; nmr T::& 4.01 (m, 4, vinyl), 
4.82 (m, 2, vinyl), 7.32 (m, 2, bridgehead), 8.13 (s, 1, OH), and 
8.67 (s, 3, methyl). 

Reaction of 1 with LiA1H4.-A solution of 1.5 g of 1 in 20 ml 
of ether was added to a solution of 0.8 g of LilllH, in 5 ml of 
ether dropwise at  -78'. After the solution was stirred for 2 hr 
a t  this temperature, it was decomposed with 10 ml of 20% KOH 
solution. The ether solution was washed with water and dried 
(KPCOB), and evaporation of the ether gave 1.6 g of a pale yellow 
oil. Examination by vpc revealed two components, 4 (81.5%) 
and 5 ( 1 8 , 5 ~ o )  in order of increasing emerging time. Preparative 
vpc of a 1.0-g quantity of the above mixture gave 0.4 g of 4 
[nmr T:;;" 4.07 (m, 2, vinyl), 4.43 (m, 2, vinyl), 5.78 (t ,  I, 
CY-H), 6.83 (m, I ,  bridgehead), 7.33 (m, 1; bridgehead), 8.06 
(gcbAa' OH), and 8.14 (m, 4, methylene)] and 0.1 g of 5 [nmr 
T~~~ 4.22 (m, 2, vinyl), 4.55 (m, 2, vinyl), 5.53 ( t ,  I ,  a-H),  
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7.24 (m, 2, bridgehead), 7.69 (m, 4, methylene), and 8.28 (s, 

Reaction of 1 with NaBH4.-A solution of 0.5 g of 1 in 30 ml 
of methanol was cooled to 0'. NaBHa (0.4 g) was added in small 
portions. After 30 min, the ice bath was removed and the 
solution was allowed to stir for 1 hr. The reaction mixture was 
cooled and hydrolyzed with 10 ml of water and 15 ml of 207, 
KOH solution. The mixture was poured into ice-water and 
extracted with ether. Evaporation of the ether yielded a residue 
which was crystallized from hexane a t  -5" to give 0.48 g (95%) 
of 8 as white needles: mp 52.0-52.5'; mass spectrum m/e 
137 (M+); ir v:;:la 3575, 3035, and 1105 cm-l; nmr T$?''* 3.98 
(m, 4, vinyl), 4.75 (m, 2, vinyl), 5.62 (m, 1, wH), 6.96 (t, 2, 
bridgehead), and 8.22 (m, I ,  OH). 

Anal .  Calcd for CsHl00: C, 80.56; H, 7.56. Found: 
C, 80.44; H, 7.66. 

Registry No.-1, 34733-74-9; 2,  17339-68-3; 3, 

67-9; dilithium cyclooctatetraenide, 34728-91-1 ; phos- 
gene, 75-44-5. 

1 ,  OH)]. 

25894-22-8; 4,, 34733-77-2; 5 ,  34771-56-7; 8, 34712- 
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Benzofurazan 1-oxide (1) is known to react with en- 
amines2 and /3 diketones3 to yield substituted quinoxa- 
line 1,4-dioxides and with phenolate anions4g5 to yield 
substituted phenazine 5,lO-dioxides and related com- 
pounds. We have recently discovered its utility for the 
preparation of substituted benzimidazole 1,3-dioxides. 
The method constitutes a highly convenient preparative 
procedure. 

We have found that benzofurazan 1-oxide (1) reacts 
exothermically with primary nitroalkanes in tetrahydro- 
furan in the presence of organic amine bases to give 
good yields of 2-substituted 1-hydroxy-1H-benzimid- 
azole 3-oxides (see Table I )  and nitrite salts of the 
amines. The parent compound 2 (R = H) was pre- 
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TABLE Ia 

no. R Yield, 70 Mp, OCb 

2 -H 40 223 
3 -CHI 6.5 204-20.5 
4 -CHzCH3 66 194- 19.5 
5 -CHzCHzCONHz 70 220 
6 -CO&HzCH3 3 .5 1-56 . 8 

Compd 

a All compounds were analyzed for C, H, and N and the re- 
sults were within 2 ~ 0 . 3 7 ~  of the theoretical values. Spectral 
data were consistent with assigned structures. Compounds 
2-5 were recrystallized from MeOH; 6 from AcOH. 

pared in 40% yield from nitromethane in the presence 
of 1,5-diazabicyclo [4.3.0]non-5-ene (DBN). This com- 
pound was identical with an authentic sample prepared 
by Ihtritsky's method.6 Diethylamine was the base 
used for the preparation of compounds 3-6 (Table I), 
and in these experiments the other product was char- 
acterized as the nitrite salt of diethylamine. 

In  a typical procedure, 0.1 mol of 1 and 0.12 mol of 
nitroethane were dissolved in 100 ml of tetrahydro- 
furan. To this was added at room temperature 0.12 
mol of diethylamine over a period of 0.5 hr. An in- 
stantaneous exothermic reaction was observed (40") 
and within 1 hr the product crystallized from the solu- 
tion. The solution was allowed to stand overnight a t  
room temperature and filtered to give 9.6 g of 3. The 
product was recrystallized from methanol and mas found 
to be identical with authentic material prepared by a 
known procedure.' 

Of particular interest was the reaction of secondary 
nitroalkanes with 1 to afford a novel new class of 
compounds, 2,2-dialkyl-2H-benzimidazole 1,3-dioxides 
(Table 11). These compounds are red with a green 

TABLE 11. 

no. R Ri % Mp,  oc 
7 -CH3 -CH3 60 13 2- 134 
8 -CHa -CHzCH, 52 127- 129 

Compd Yield, 

9 -(CHz): 75 1 12-1 15 
a All compounds were analyzed for C, H, and N and the re- 

sults were within 10.37, of the theoretical values. Spectral 
data were consistent with assigned structures. Compounds 
were recrystallized from acetone-hexane. 

fluorescence. The procedure described above gave 
2,2-dimethyl-2H-benzimidazole 1,3-dioxide (7) in 60% 
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