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that tert-BuOD was used instead of tert-BuOH in the dechlorina- 
tion of 7,7-dimethoxy-l,2,3,4-tetrachloro-2-norbornene. The 
ketone was purified by preparative glpc: ir 1770 cm-1 (C=O); 
nmr 7 8.05 (m, 2 H, exo C-5 and C-6 protons) and 8.83 (m, 2 H, 
endo C-5 and C-6 protons). This spectrum indicated 295% D 
a t  all C-1, C-2, C-3, and C-4 positions. 
2,3-Dideuterio-2-norbornen-7-one (1 l).-The vinyl protons of 

7,7-dimethoxynorbornene16 were exchanged with lithium cyclo- 
hexylamide-N-D and cyclohexylamine-N-Dzzo at  25". The ketal 
was purified by preparative glpc. The nmr spectrum indicated 
ca. 1.4 atom D per molecule in the olefinic region (7 4.00), and 
only the vinyl protons were exchanged under these conditions. 
Mass spectral analysis (AEI Model MS 9) indicated that the total 
atom D per molecule was 1.38. The deuterio ketal was converted 
to 11 in the normal manner16 and purified by preparative glpc: 
ir 1770 cm-' (C=O); nmr indicated ca. 1.4 atom D per molecple 
in the olefinic region (T 3.48). 

7-Norbornanone (13).-Hydrogenation of 1 according to the 
procedure of Gassman and Paper8 gave 13: mp 77-79' (lit.l6 mp 
79.5-80.5"); ir 1785 cm-1 (C=O); nmr (CSn, external TMS) 
showed a multiplet a t  T 7.80-8.60. 

endo-Tricyclo[3.2,1.0z~4]octan-8-one (14) was obtained from 
M. A. Battiste21 and was purified by preparative glpc: mp 62-69' 
(lit. mp 58-6loZ1 and 71-72' 22);  ir 1760 cm-1 (C=O); nmr 
(external TMS) 7 7.78 (m, 2 H )  and 8.0-9.3 (m, 8 H).  

2-Norbornenone (15) was obtained from R. K. Lustgarten 
and was purified by preparative glpc: nmr 7 3.48 (m, 1 H, olefinic 
proton), 3.90 (m, 1 H, olefinic proton), 6.85 (m, 1 H ,  bridgehead 
proton), 7.10 (m, 1 H, bridgehead proton), and 7.68-8.37 (m, 
4 H).  

9-Benzonorbornenone (2).-Oxidation of anti-g-benzonor- 
bornenol" in the same manner as that described by Bartlett and 
Giddingsl? led to the desired product, which was purified by 
preparative glpc: ir 1770 cm-l (C=O); nmr 7 2.82 (broad peak, 
4 H, aromatic protons), 6.78 (m, 2 H,  bridgehead protons), 7.92 
(m, 2 H, exo C-2 and C-3 protons), and 8.76 (m, 2 H, endo C-2 
and C-3 protons). Anal .  Calcd for CllHloO: C, 83.51; H, 
6.37. Found: C, 83.49; H, 6.27. 

Esr Spectra .-The radical anions were prepared under vacuum 
(ca. 0.1 p )  by the reduction of ketones and diketones with alkali 
metals using standard procedures described elsewhere.*" All 
reactions were carried out in a sealed-off glass apparatus that 
included a cell for esr measurement. Esr spectra were obtained 
with a Varian 4502 spectrometer with a "field dial" using 100-kc 
field modulation. Low-temperature experiments were made 
using a Varian variable-temperature control unit. The tempera- 
ture reading was found to be accurate within h3 ' .  Hyperfine 
frequencies were calibrated using a Harvey-Wells proton gauss- 
meter and a Beckman frequency counter. 

Reduction of 7-Norbornenone (l).-The ketone (10 mg) in 
DME (ca. 2.5 ml) was treated with potassium at  -78". The 
solution became yellow-orange at  25" and the esr spectrum was 
resolved into a 1 : 2 : 1 triplet, U H  = 2.69 G (2 H).  Each peak was 
further split into a 1:4:6:4:1 quintet, U H  = 0.44 G (4 H). A 
1:  1 doublet (a = 15.2 G) was detected that was symmetrically 
disposed about the center peak and slightly less in ten~e .1~ The 
use of T H F  instead of DME as solvent gave similar results a t  
25", U H  = 2.59 G (2 H) and U H  = 0.41 G (4 H). A 1:  1 doublet, 
a = 15.2 G, was also observed. When the ketone (10 mg) in 
DME (ca. 2 ml) was treated with sodium at  25', only a single 
peak (width ca. 13 G )  was detected. All attempts to obtain a 
resolved spectrum at  temperatures ranging from -80 to 50' 
failed. 

B. Reduction of 9, 10, and 11.-The ketones in DME were 
treated with potassium at -78'. The following values were 
obtained at 25": from 9, U H  = 2.69 G (2 H )  and U H  = 0.44 G 
(2 H);  from 10, U H  = 2.65 G (2 H) and U H  = 0.46 G (2 H); and 
from 11, U H  = 2.68 G (2 H )  and U H  = 0.4 G (2 H). 

Attempted Reduction of 13, 14, and 15.-The ketones in 
DME were treated with potassium at  -78". No esr signals 
were observed at temperatures ranging from -78 to 25'. The 
results were the same when the solutions were maintained at  
25' for several hours. 

A.  

C. 

D. Reduction of Bicyclo[2.2.2],oct-5-ene-2,3-dione (7).-The 
diketone9 (1 mg) in DME (ca. 1.5 ml) was treated with potassium 
at  25'. The spectrum was well simulated using values of a H  = 
2.68 G (2 H) and aH = 0.46 G (4 H). Additional hyperfine 
splitting of a = 0.1 G was also observed, but it was not possible 
to determine the multiplicity. This hyperfine splitting is most 
likely due to the potassium cation. When the signal level was 
increased by a factor of 100, the hyperfine splitting by 1*C in 
natural abundance was easily observed. The value obtained, 
ac = 6.12 G, is attributed to the carbonyl carbon." 
E. Reduction of 9-Benzonorbornenone (2).-The ketone (25 

mg) in DME (ca. 3.5 ml) was treated with potassium at  -78". 
The best resolved spectra were recorded a t  -40', where a 
1 :2: 1 triplet, a H  = 2.35 G (2 H),  was observed. Each peak was 
split into 11 additional peaks and possibly more, with a separation 
of 0.09 G. Some of this additional hyperfine splitting is most 
likely due to the potassium cation. In  another experiment, the 
ketone (10 mg) in D M E  (ca. 2 ml) was treated with sodium at 
25'. At -40' the relative intensities of the various lines were 
in accord with a triplet splitting of a H  = 2.35 G (2 H) and a 
1: 1: 1:  1 quartet splitting of UN& = 0.7 G (1 Na). 

F. Reduction of Benzobicyclo[2 -2.21 oct-S-ene-2,3-dione @).- 
The diketones (2 mg) in DME (ca. 2 ml) was treated with potas- 
sium a t  25', and a triplet, UH = 2.35 G (2 H), was observed. 
Additional splitting, as found in the reduction of 2, was detected. 
In  another experiment, the diketone (2 mg) in DME (ca. 3 ml) 
was treated with sodium a t  25'. The best resolved spectra were 
recorded a t  -20°, where the following values were obtained: 
U H  = 2.35 G (2 H), a N a  = 0.73 G (1 Na, 1: 1: 1: 1 quartet split- 
ting), aH = 0.18 G (2 H), and UH = 0.09 G (4 H). 

Registry No.-1, 694-71-3; 2, 6165-88-4; 3, 17441- 
59-7; 4, 17441-60-0; 7, 17547-68-1; 8, 17547-69-2; 
9,28610-76-6; 10,28610-77-7; 11,28610-78-8. 
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The reactions of methyl ketones with dialkyl phthal- 
ates to yield 2-acyl-1 ,&indandiones have been the 
object of several investigations.'-* The present note 
describes the reactions of ketones containing one or two 
methylene groups adjacent to the carbonyl, hereafter 
called methylene ketones, wibh dimethyl phthalate (1). 
Symmetric and unsymmetric methylene ketones have 
been condensed with 1 in the presence of sodium meth- 
oxide or sodium hydride. 3-Pentanone and 4-hepta- 
none gave respectively 2-methyl- and 2-ethyl-1,3- 
indandione. The mechanism shown in Scheme I is 

(20) A .  Streitmieser, J r . ,  D. E. Van Sickle, and W. C. Langrvorthy, ibid., 

(21) hI.  A .  Battiste, C. L. Deyrup, R. E. Pincock, and J. Haywood- 

(22) H. Tanida,  T.  Tsuji, and T.  Irie, i b i d . ,  89, 1953 (1967). 

84, 244 (1962). 

Farmer, i b i d . ,  89, 1954 (1967). 
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(1942). 
(3) S. Shapiro, K. Geiger, and L. Freedman, J .  Ovg. Chem., 26, 1860 

(1960). 
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SCHEME I 
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suggested for the reaction of 3-pentanone with phthalate 
1. The identification of methyl propionate as one of 
the products of this reaction supports the above mecha- 
nism. 

I n  the reaction of the unsymmetric methylene ke- 
tones with phthalate 1, a combination of steric and elec- 
tronic factors are involved, since there is the possibility 
of the formation of two different anions. 

- q:l + CH30CCHzR 
C H R ~  

II 
0 0. 

\ I +  I 
COCHzR 

1 +  $" - q: + CH,0CCH2Rl 
COCHzRtl II 

0 0 

The reaction of 3-hexanone with 1 gave a mixture of 
2-methyl- and 2-ethyl-1,3-indandiones in a ratio of 
3.3 : 1. 1-Phenyl-2-butanone yielded 2-phenyl- and 
2-methyl-l13-indandiones in the ratio of 1.55: 1. Reac- 
tion of 1 with methylene pyridyl ketones, such as 1-(2- 
pyridy1)- and 1-(4-pyridy1)-2-butanones and l-phenyl- 
3-(2-pyridyl)- and l-phenyl-3-(4-pyridyl)-2-propanones, 
gave 2-(2-pyridyl)- and 2-(4-pyridy1)-lj3-indandiones 
(2 and 3),  respectively, indicating that the activating 
effect of the pyridine ring dictates 7.vhich anion is 
formed. 

Propiophenone, a methylene ketone containing one 
methylene group instead of two as the ketones above 
mentioned, reacted with 1 to give 2-methyl-l13-indan- 
dione. 

Experimental Section4 

Reaction of 3-Pentanone with Phthalate 1.-To a dispersion of 
sodium hydride (507, in mineral oil, 24 g) in anhydrous benzene 
(500 ml) was added slowly a mixture of 3-pentanone (41 g)  and 
phthalate 1 (100 g), and the mixture was refluxed for 15 hr. The 
deep red solid formed on cooling was collected by filtration, dried 
in ~ucuo,  and dissolved in water (750 ml), and the solution was 
acidified with concentrated HCl to give a 687, yield of 2-methyl- 
1 ,a-indandione, mp 83-84", identical (mixture melting point and 
ir) with an authentic sample.6 

In  a second preparation, using freshly distilled solvent and 
reactants, the reaction mixture, after the 15-hr refluxing period, 
was distilled almost to dryness. Four cuts were taken. The 
first three cuts contained benzene and a little methanol. The 
fourth cut contained methyl propionate, identified by compari- 
son (vpc and ir) with an authentic sample. 

Reaction of 4-Heptanone with Phthalate 1.-The crude prod- 
uct obtained by condensing 4-heptanone with phthalate 1 as in 
the procedure described above was chromatographed on alumina 
(elution with chloroform) to give a 5470 yield of a pale yellow 
compound of mp 51-51.5", identical (mixture melting point and 
ir) with an authentic sample of 2-ethyl-1,3-indandione.6 

Reaction of 3-Hexanone with Phthalate 1.-A mixture of 3- 
hexanone (1 g), dimethyl phthalate 1 (1.94 g), benzene (1.5 ml), 
and sodium methoxide (0.54 g) was heated in a sealed tube at  
100' for 48 hr. The cooled tube was opened, the charge filtered 
into a Dry Ice trap, the filtrate flash distilled into another Dry 
Ice trap, and the liquid analyzed by vapor phase chromatography. 
2-Methyl- and 2-ethyl-1,a-indandione in molar ratio 3.3: 1 were 
obtained. 

Reaction of 1-Phenyl-2-butanone with Phthalate 1 .-A mixture 
of 1-phenyl-2-butanone (19.8 g) and 1 (19.4 g) was added slowly 
to sodium methoxide (5.4 g) in anhydrous benzene (175 ml) and 
heated to reflux. After 48 hr, the red reaction mixture was cooled 
and the solid washed with ether, dried in vacuo, dissolved in water, 
and acidified with concentrated HCl. The resultant red oil was 
extracted with benzene and the benzene layer, after drying over 
sodium sulfate, was chromatographed on an alumina column 
made up with benzene. The first band gave 2-methyl-1,3- 
indandione (I g), mp 80' [mmp (with an authentic sample) 79- 
80'1 and the second band yielded 2-phenyl-1,a-indandione (2.15 
g) as orange plates, mp 144-146" (ethanol) (lit." 145'). The 
molar ratio of 2-phenyl- to 2-methyl-1,3-indandione was 1.55: 1. 

The dioxime of 2-phenyl-l,3-indandione melted at 197-199' - " .  
(lit.? 193-196'). 

242-PvridvlLl .J-indandione f2). Method A.-A solution of > I " ,  , 
1-(2-pyridyl)-2-butanones (14.9 'gj and phthalate 1 (19.4 g) in 
anhydrous benzene (50 ml) was added to sodium methoxide (5.4 
g) in anhydrous benzene (150 ml). The mixture was refluxed 
for 48 hr, then cooled, and filtered. The precipitate was dis- 
solved in water. Seutralization of the aqueous solution with 
concentrated HC1 gave 2 as a yellow solid, mp 278-281 (ethanol). 
An additional amount of 2 was obtained by extracting t8he mother 
liquor with water and neutralizing the aqueous solution with 
concentrat'ed HCl. Com- 
pound 2 was ident,ified by mixture melting point determination 
with an aut,hentic sample prepared from phthalic anhydride and 
2-picoline.9 

Method B.-A solution of l-phenyl-3(2-pyridyl)-2-propanone 
(14.5 g) (prepared by the procedure of Uhlemann,'" with t'he ex- 
ception that phenylacetyl chloride was used in place of ethyl 
phenylacetate) and compound 1 (13.3 g) in anhydrous benzene 
(100 ml) was added to sodium methoxide (4.0 g) in anhydrous 
benzene (125 ml) under nitrogen. The reaction mixture was 
refluxed for 88 hr, allowed to cool, and poured into water, and 

A total yield of 3.2 g was obtained. 

(4) Melting points were taken in a Thomas-Hoover capillary melting 
point apparatus and are uncorrected. For high melting point compounds a 
sealed capillary tube was used. The infrared spectra vere determined in  
potassium bromide pellets with a Baird Model R recording spectrophotom- 
eter. Elemental analyses \\.ere performed by Dr. A. Bernhardt, Micro- 
analytisches Laboratorium Max Planck Institute fcir Kohlenforschung, Mul- 
heim (Ruhr), West Germany. 
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the benzene layer was extracted twice with water. The com- 
bined water layers were extracted with chloroform, treated with 
concentrated HCl to pH 7, and again extracted with chloroform. 
The chloroform layer was dried and chromatographed on an 
alumina column made up with benzene (elution with chloroform) 
to give, upon distillation of the solvent and recrystallization of 
the residue from ethanol-chloroform, 0.4 g of 2,  mp 278-280°, 
identical with an authentic sample (mmp 277-279"). 

2-(4-Pyridyl)-1,3-indandione (3). Method A.-l-(4-Pyridyl)- 
2-butanone" was condensed with compound 1 following the pro- 
cedure above described for compound 2 (method A) .  Recrystal- 
lization fiom ethanol gave 3 as yellow crystals, mp 309-312'. 
The identity of 3 was established by mixture melting point deter- 
mination with an authentic sample prepared from phthalide and 
picolinaldehyde (see method C). 

Method B.-l-Phenyl-3(4-pyridyl)-2-propanone, prepared by 
the procedure above reported for l-phenyl-3(2-pyridyl)-2-propa- 
none, was condensed with compound 1 under the conditions above 
described for compound 2 (method B). Chromatography and 
recrystallization from ethanol gave 3 as yellow crystals, mp 313- 
316", identical (mixture melting point) with an authentic sample. 

Method C.-This method is similar to that used by Horton 
and Murdock for preparing 2-ary1-l,3-indandiones.l2 Sodium 
methoxide (14 g)  was added slowly to a solution of phthalide 
(33.5 g)  and picolinaldehyde (27 g) in ethanol (100 ml) under 
nitrogen, and the mixture was heated at reflux for 3 hr. The 
red precipitate formed on cooling was collected by filtration and 
dissolved in hot water (750 ml), and the solution was made 
slightly acid with concentrated HCl. The precipitate crystal- 
lized from ethanol gave a 407, yield of 3 as yellow crystals, mp 
31 2-3 14 O . 

Anal. Calcd for ClIHDXO2: X, 6.28. Found: N, 5.91. 
Reaction of Propiophenone with Phthalate 1 .-A mixture of 

propiophenone (33.5 g)  and compound 1 (48.5 g) was added to a 
dispersion of sodium hydride (507, in mineral oil, 12 g)  in an- 
hydrous benzene (500 ml). The reaction mixture was refluxed 
for 22 hr, cooled, and filtered. The red solid was washed with 
ether, dried in vacuo, and dissolved in water, (800 ml), and the 
solution was acidified with concentrated HC1. Chromatography 
of the resultant yellow oil on an alumina column made up with 
benzene-hexane (elution with chloroform) gave 11 g (27.5%) of 
2-methyl-l,3-indandione as yellow solid, mp 78-80". 

Registry No.-1, 131-11-3; 3-pentanone1 96-22-0; 
4-heptanone, 123-19-3; 3-hexanone1 589-38-8 ; 1- 
phenyl-2-butanone, 1007-32-5; propiophenone, 93-55-0. 
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In an earlier part of this series we described the syn- 
thesis of Az~z'-bi-2H-benzimidazole (I).1 Here we re- 
port the synthesis and properties of the remaining di- 
benzotetraazafulvalene, A3'3'-bi-3H-indazole (11). A 
common intermediate in all routes to this compound 
was 3,3'-bi-lH-indazole (111) ; the routes differed only 
in the method of synthesis of I11 and its subsequent 
oxidation. 

(1) J. H.  M .  Hill, J .  Org.  Chem., 28, 1931 (1963). 

The most satisfactory of the several pathways to I11 
investigated involved the direct synthesis of the bi- 
indazole from a suitably substituted bibenzyl deriva- 
tive. 2,2'-Dinitrobibenzyl (IV) was simultaneously 
reduced and acetylated by catalytic hydrogenation in 
acetic anhydride, and the resulting 2,2'-diacetamidobi- 
benzyl (V) was nitrosated with nitrosyl chloride. Ni- 
trogen trioxide or nitrogen tetroxide was found t o  be less 
satisfactory in this particular case.2 The resulting 
N,N'-dinitros0-2,2'-diacetamidobibenzyl (VI) was 
isomerized to bibenzyl-2,2'-diazoacetate (VII) by gentle 
warming in ~ o l u t i o n . ~  Cyclization of VI1 to I11 oc- 
curred when the temperature was raised t o  re flu^.^ 

In  this sequence all steps except the final ring closure 
proceeded with good yield. This last step gave er- 
ratic results and the reaction product was contaminated 
with appreciable amounts of tar, which was difficult t o  
remove. Carrying out the rearrangement and cycliza- 
tion in a variety of other solvents did not improve the 
yield or produce a cleaner product. The following 
yields are typical of those obtained in other solvents: 
C6&, 29%; CHC13, 11%; CC14, 14%; tert-BuOH, 23%; 
CsHiz,14%. 

R b *  
IV, R = NO2 
V, R = NHCOCH3 

VI, R = N(NO)COCH, 
VII, R = N,OCOCH, 

I1 H 

VI11 Ix 

A second successful stepwise route to I11 was devel- 
oped: cyclohexanone condensed with ethyl oxalate to 
yield the tetraketone VIII. Examination of the -OH 
and -C=O absorbances in the infrared spectrum of 
VI11 indicated that it was almost totally enolized. 
Treatment of VI11 with hydrazine cyclized it to the bi- 
pyrazole (IX) which was aromatized to I11 by pro- 
longed heating with palladium catalyst. Overall, this 

(2) E. H. White, J .  Amer.  Chem. Soc., '77, 6008 (1955). 
(3) The loss of the nitroso function vas  monitored by infrared; this was 

(4) R. Huisgen and H.  Kakaten, Justus Liebigs  Ann. Chem., 686, 84 
complete in about 5 hr. 

(1954). 


