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parison of the downfield shifts observed in the bisected 
geometry A (2, 1.1, and 3, 0.8 ppm) and in the un- 
symmetrical geometry B (8, 0.1-0.5 ppm) provides 
direct support for the proposition that ground-state 
cyclopropyl ketone delocalization is maximized in the 
bisected conformation. 

An examination of the relevant data for the un- 
symmetrical vinylcyclopropane 9 (see Table 11) leads to 
conclusions analogous to those obtained for carbonyl 
group conjugation. There is no evidence to support 
selective overlap of the C2-Cs u bond. Since an 
accurate estimate of the carbon-carbon double-bond 
anisotropy and other nonconjugative effects on the H, 
proton resonances due to the presence of two sp2- 
hydridized carbons in 9 is more tenuous, these tentative 
conclusions concerning the geometric parameters for 
vinylcyclopropane participation require further sup- 
port. 

Experimental Section 
Nmr spectra were obtained on a Varian Associates Model HA- 

100 spectrometer; infrared spectra were measured on a Perkin- 
Elmer Model 237 or 257 grating infrared spectrometer. 

Nortricyclene (2h) was prepared by the method of Schleyer.l@ 
The cyclopropyl hydrogen-carbon-13 coupling constant of 
'JISCH =' 175 Hz was measured.20 

(19) P. von R. Schleyer, J .  Amer. Chem. Soc., 80, 1700 (1958). 

Nortricyclanone (Zc) was prepared by the method of Mein- 
wald? The 'JiacH for the H, position was 184 Hz and for the 
Hp position 185 H Z . ~ *  The chemical shifts of the Ha, Hp, and 
ezo-CHs- (1.65 ppm) protons remained constant ( = k l  Hz) on 
going from a neat sample to a 2.5% CCL solution. The Cd HQ 
and the endo-CHS- (1.97 ppm) protons were shifted cu. 8 and 4 
He, respectively, upon dilution. 

3-Methylenetricyclo [2.2.1.02~6] heptane (2m) was prepared 
from nortricyclanone (Pc) using the Coreyal modification of the 
Wittig reaction. The crude product was purified by chro- 
matography on silica gel using pentane. Distillation furnished 
pure 2m: bp 113-114'; average yield of three runs cu. 16%; 
ir (CC1,) 1684 cm-I; nmr (CClr), 4.48, 1 H (singlet), 4.60 ppm, 
1 H (d, J - 1 Hz) (see Table I). 

Tricyclo [3.3.0.02~8]~ctane (8h) was prepared from ketone 8cI4 
using the Huang-Minlon adaptation of the Wolff-Kishner reduc- 
tion.22 The crude product was purified by preparative vpc to 
give hydrocarbon 8h:23 mol wt (mass spectrum) 108; nmr 
(CClr), 1.17-1.65 (6 H, complex), 1.65-2.05 ppm (5 H, complex) 
(see Table 11). 

Registry No.-2c, 279-19-6; 2h, 695-05-6; Zm, 
1974-87-4; 4,22482-71-9; Sh, 2401-89-0. 

(20) The generous assistance of Dr. M. Gordon in obtaining these data is 
gratefully acknowledged. 

(21) R. Greenwald, M. Chaykovsky, and E. J. Corey, J .  Org. Chem., $8, 
1128 (1963). 

(22) Cf, N. A.  LeBel and R. M. Liesemer, J .  Amer. Chem. Soc., 67, 4301 
(1966). 

(23) Alternate preparations: J.  Zirner and S. Winstein, PTOC. Chem. Soc. 
(London), 235 (1964): M. Schwarr, A. Besold, and E. R. Nelson, J .  Ora. 
Chem., 30, 2425 (1965). 
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A series of new bicyclic anions containing the bicyclo[3.3.l]nonane skeleton have been prepared from sym- 
trinitrobenzene, 3,5-dinitrobeneonitri1el and methyl 3,6dinitrobenzoate. The electron-deficient aromatics are 
bridged across the ortho and para positions with various ketones and keto esters such as acetone, dicarbomethoxy- 
acetone, ethyl acetoacetate, a-acetylbutyrolactone, and acetylacetone. The condensation-cyclizations are 
initiated with primary, secondary, and tertiary amines. Two distinct mechanistic routes are indicated. With 
acetone and secondary amines, an enamine intermediate is proposed as a precursor to the bicyclic anion. With 
more acidic ketones and keto esters (Le., acetylacetone and ethyl acetoacetate) a delocalized carbanion inter- 
mediate is involved. 

The chemistry of u complexes arising from the inter- 
action of electron-deficient aromatics and bases has 
received considerable attention during the past five 
years and has recently been r e ~ i e w e d . ~ ~ ~  We have 
reported preliminary investigations of a new type of 
extremely stable bicyclic anion which results from 
internal cyclization in certain u cornplexe~.~*~ The 
bicyclic structure 1 was observed to form upon addition 
of diethylamine to a solution of sym-trinitrobenzene 
in acetone14 whereas 2 was formed upon addition of 
triethylamine to a mull of sym-trinitrobenzene and 
dibenzyl k e t ~ n e . ~  The total stereochemistry of 2 has 
not yet been determined, but isomers with the phenyl 
groups cis and trans have been isolated.6 It was 

(1) To whom all inquiries should he addressed. 
(2) R. Foster and C. A. Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966). 
(39 E. Bunael, A. R. Norris, and K. E. Russell, Quart. Rep. (London), 123 

(4) M. J. Strauss and H. Sohran, J .  Amer. Chem. Soc., Si, 3974 (1969). 
(5 )  R .  Foster, M. I .  Foreman, and M. J. Strauss, Tetrahedron Lett., 4949 

(1968). 

(1968). 

originally supposed that formation of such bicyclic 
anions occurred only with sym-trinitrobenzene and 
specific ketones. We have since discovered that the 
reaction is quite general and occurs with a variety of 
structurally different diketones and keto esters with 
various electron-deficient benzenes in the presence 
of primary, secondary, and tertiary amines. We 
report here results of investigations carried out 
with sym-trinitrobenzene, 3,5-dinitrobenzonitrile1 and 
methyl 3,5-dinitrobenzoate. Acetone, ethyl aceto- 
acetate, acetylacetone, a-acetylbutyrolactone, and 1,3- 
dicarbomethoxyacetone all were utilized as ketonic 
addends. Piperidine, &butylamine, diethylamine, and 
triethylamine all were effective in promoting reaction, 
but the triethylammonium salts crystallized partic- 
ularly well (see Experimental Section). The mech- 
anistic routes leading to the bicyclic anions are dis- 
cussed and two different reaction paths are proposed. 

(6) M. I. Foreman, R. Foster, and M. J .  Strauss, J .  Chem. Soo., in press. 
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Aromatic 
Compd oompd 

1 sym-Trinitrobenzene 
2 sym-Trinitrobenzene 
3 sym-Trinitrobenzene 
4 sym-Trinitrobenzene 
5 sym-Trinitrobenzene 
6 sym-Trinitrobenzene 
7 sym-Trinitrobenzene 
8 sym-Trinitrobenzene 
9 sym-Trinitrobenzene 

benzonitrile 

benzonitrile 

dinitrobenzoate 

dinitrobenzoate 

10 3,j-Dinitro- 

11 3,5-Dinitro- 

12 Methyl 3,5- 

13 Methyl 3,5- 

TABLE I 
TR~NITRO, CYANODINITRO, A N D  CARBOMETHOXYDINITRO ANIONS 

NO* I NO2 
I 

1-7 and 9-13 8 

Ketone or keto ester Product 
Acetone R1 = R2 = H; R3 NO2 
Dibenzyl ketone R1 = R, = C6Hs; R3 = NOz 
Acetylacetone R1 = COCH,; Rz = H ;  R3 = Koa 
Acetylacetone R1 = COCHs; R, H ;  Ra = NO2 
Acetylacetone R1 = COCH3; R2 = H; Ra = NO, 
Acet ylacetone R1 = COCH,; R, = H; R3 = XOz 
Ethyl acetoacetate R, = C02CH2CH3; R2 = H; 1 1 s  = NOz 
a-Acetylbutyrolactone 
1,3-Dicarbomethoxyacetone Rl = R2 = COnCH3; R3 = NO2 

Ethyl acetoacetate Rl or R, = COzCHzCHa; It, or R1 = H; R3 = CN 

1,3-Dicarbomethoxyacetone R1 = R, = CQ2CHa; R3 = CN 

1,3-Dicarbomethoxyacetone R1 = R2 = Cod%; R3 = C02CH3 

Acetone 

The various complexes investigated are summarized 
in Table I. 

Nmr Spectra.-The adducts 1-13 are moderately 
soluble in polar organic solvents such as acetone and 
methanol. They are also slightly soluble in water and 
in some cases chloroform. Nmr spectra were obtained 
from solutions prepared by dissolving recrystallized 
adduct in acetone-&, DMSO-&, chloroform-dl, or a 
mixture of the latter two. In  many cases the resulting 
products are a mixture of stereoisomers, Unsuccessful 
attempts a t  separation were made by fractional 
crystallization and column chromatography. The re- 
sulting nmr spectra of the crude adducts are conse- 
quently difficult to interpret in certain instances. The 
spectra were run on a Varian A-60 instrument with 
TMS as an internal reference. Some pertinent spec- 
tral data are summarized in Table 11. 

Visible Spectra.-The trinitro complexes 1-9 are 
brilliant red-orange crystals. Substitution of a cyano 
or carbomethoxy group on the delocalized anionic 
portion of the structure results in bright yellow crys- 
tals of 10-13. These qualitative color characteristics 
result from changes in the delocalized propenide portion 
of the molecule and are illustrated in a more quan- 
titative fashion by the visible absorption maxima in 
acetone and methanol solution. For the complexes 
1-9, A,,, is 605 f 10 mp and e,,, is 30,000-50,000, 
and for 10-13, Amax is 377 f 5 mp and Emax is 18,000- 
22,000. The absorption maxima are summarized in 
the Experimental Section. The visible spectra were 
run on a Perkin-Elmer 202 UV-Visible spectrophotom- 
eter. 

Discussion 

The Acetone and Acetylacetone Adducts.--The nmr 
spectrum of the bicyclic anion 1 formed from sym- 
trinitrobenzene, acetone, and diethylamine has pre- 
viously been de~cribed.~ The dinitropropenide pro- 
ton appears as a singlet at 6 8.52. The bridging 
HCNOz proton appears as a triplet centered at 6 5.72 
and probably lies over the bridging carbonyl function. 
This stereochemistry has been assigned on the basis 
of chemical-shift comparisons with other aliphatic 
nitro compounds in acetone s ~ l u t i o n . ~  The two bridge- 
head protons appear as a poorly resolved doublet a t  6 
4.53. When methyl 3,s-dinitrobenzoate is used as 
the electron-difficient aromatic compound, the nmr 
spectrum of the adduct 13 is consistent with a structure 
in which the COzCHa group is part of the delocaliaed 
anionic function. Although a small quantity of 
DMSO-& was added to aid dissolution of 13, the ma,jor 
chemical-shift differences between this adduct and 1 
are most likely due to structural changes and not 
solvent effects. The bridging HCNOz proton appears 
a t  essentially the same frequency as in 1. The pro- 
penide proton in 13 appears 0.55 ppm upfield from 
that in 1. This would be expected if the COeCH3 
function is attached to the delocalized propenide 
portion of the molecule. Since this group is much less 
electronegative than NOz, electron density should then 
be higher on the carbon framework in 13 and result 
in greater shielding of the propenide proton. The 
bridgehead positions in 13 are not equivalent and ap- 
pear as two broad absorptions at 6 4.45 and 3.98. This 
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TABLE I1 
CHEMICAL SHIFTS ( 8  VALUES) AND SPLITTINCP OF PROTONS 

I N  THE BICYCLIC ANIONS 1-39 8, 10, AND 13 (MEABURED AT 60 MHe) 
---- I--ll-Y---.-----proto~*~---- ---- 

Adduct Propenide Bridgehead Bridging HCNOa a to keto bridge Other Solvent 

lb 8 .52  (8, 1 H) 4.53 (m, 2 H )  5.72  (t, 1 H, 2.3-3 .0  (m, 4 H)  Acetone-de 

2 c  8.59 (s, 1 H) 4.62  (m, 2 H) 5 97 (t, 1 H, 4 .42  (m, 2 H)  7 . 1 3  (m, 10 H, DMSO-& 
J = 3 cps) 

J = 3 cps) aromatic H )  
3 8.40 (a, 1 H) 5 , I 8  (m, I H) 5 I 31 (m, 1 H) Under acetyl 2.50  (s, 3 H, DMSO-de 

CHICO) 4 .20  (m, 1 H)  group and cation 
absorptions 

8 8.50 (s,  1 H)  4.88 (t, 1 H, 6 .18  (t, 1 H, 2.88  (m, 2 H), 4 . 4  (m, 2 H, CDC1,- 
J = 3 cps) J = 3 cps) overlaps cation OCHz of DMSO- 

4 . 4  (m, 1 H), and CH& of lactone) ds (1:l) 
under lactone lactone 2.58  (m, 2 H, 
OCHz CCHz of 

lactone) 
10 7 .43  (6 ,  1 H) 4.05 (br, 2 H), 5 11 (t, 1 H, 2.67 (m, 2 H), over- 4.27  (9, 2 H) DMSO-ds 

overlaps CH2 J = 3 cps) laps cation absorptions; 1.32 (t, 3 H) 
of COzEt CHCOz Et not observed (both 

(rapid exchange)d COnEt) 
13 7 ,97  (8, 1 H)  4.45  (br, 1 H )  5.68  (t, 1 H, Obscured by 3.59  ( s ,  3 H, DMSO-& 

3.98 (br, 1 H)  J = 3 cpw) cation absorption COzCHa) 
a B = singlet; t 3 triplet; q = quartet; m = multiplet; br = broad. * Reference 4. 0 Reference 5. d Exchange with DMSO-& 

solvent catalyzed by free amine should diminish the intensity of this absorption considerably. 

difference cannot be explained on the basis of electro- 
negativity effects, as other interactions might be quite 
important in this rigid structure. The COzCH3 sin- 
glet in 13 appears at  6 3.59, 0.6 ppm upfield from that 
in the starting methyl 3,5-dinitrobenzoate, supporting 
the conclusion that the C02CH3 fuiiction is part of 
the delocalized propenide system. The protons a to 
the carbonyl in 13 are obscured by partially protonated 
Dl\ISO-d6 solvent and the diethylammonium cation 
quartet. We have previously proposed4 that 1 arises 
from an enamine u complex as shown in Scheme I. A 
more direct path to  1, through internal cyclization 
of a u complex formed by attack of acetonate anion 
on sym-trinitrobenzene, is less likely, for reasons to 
be discussed shortly. A route involving an enamine 
u-complex intermediate might also lead to 13. Fore- 
man and Foster have shown7 that formation of u 
complexes from 1-substituted 3,5-dinitrobenzenesj ace- 
tone, and triethylamine (which cannot form an enamine 
intermediate) occurs to  give a mixture of both possible 
isomers, 14 and 15, where X = CN or CF3. If both 

0 
II 

14 15 

isomeric enamine u complexes 16 and 17 are formed 
from methyl 3,5-dinitrobenzoate, acetone, and diethyl- 
amine, either one could lead directly to 13 (Scheme 
11). Although both 16 and 17 are probably in rapid 
equilibrium, since only 13 and not 18 is obtained as 
the final product, either 17 proceeds solely to 13 or 

(7) M. I. Foreman and R. Foster, Can. J .  C h e m ,  41, 729 (196G). 

NO, 

the conversion of 16 into 13 is kinetically or thermody- 
namically favored. 

An alternative mechanistic pathway can be formu- 
lated which does not involve enamine intermediates 
(Scheme 111). If triethylamine is used instead of 
diethylamine, the reaction with sym-trinitrobenzene 
and acetone stops a t  the u-complex state and 19 can 
be isolated as the crystalline triethylammonium salt.8 

(8) R. Foster and C .  A. Fyfe, J .  Chem. SOC., B,  53 (1966). 
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C02CH, 

16 

13 

/ 

&O2 

17 

I8 

We have observed similar behavior with methyl 3,5- 
dinitrobenzoate, acetone, and triethylamine. If these 
reagents are mixed and left standing for 4 days, a 
purple solution results with a visible spectrum char- 
acteristic of anionic u complexe~.2 In this case the 
complex cannot be isolated, presumably because the 
equilibrium lies far on the side of the reactants. With 
more acidic ketones and keto esters (Le., acetylacetone, 
ethyl acetoacetate), bicyclic structures like 2-12 are 
formed with both triethylamine and diethylamine, 
presumably by a route analogous to Scheme 111. The 
enamines formed from such acidic species should be 
much less reactive than the enamine of acetone and 
diethylamine. In  addition, u complexes resulting 
from reaction of acetylacetone, triethylamine, and 
sym-trinitrobenzene, while they are detectable in the 
visible spectrum of the reaction solution, cannot be 
isolated. The bicyclic product 4 precipitates soon 
after the reagents are mixed. This is in marked con- 
trast to the behavior of acetone itself, where the only 
isolable product is the u complex 19. 

There are two possible initial complexes, 20 and 21, 
which may form from acetylacetone, sym-trinitro- 
benzene, and triethylamine. Probably 20 and 21 
would be in equilibrium and further intramolecular 
cyclization would favor that route which involves 
proton abstraction (intramolecularly or by solvent) 

SCHEhlE 111 
acetone -t- HN(CH,CH,), 

CH3COCH2' 4- sym-t rinitrobenzene -L 

NO2 
19 

from the most acidic hydrogen available on the acetyl- 
acetonate moiety. In  the case of 20 this mould yield 
22, which is conformationally able to undergo intra- 
molecular cyclization to 4. With 21, the result might 
be 24, in which intramolecular cyclization cannot occur 
(except for unobserved intramolecular oxygen attack). 
Proton abstraction from the terminal methyl group 
in 21  is not favored even though the resultant 23 could 

0 0 

NO, 

24 

It 

20 21 

$ 11 

4 

proceed directly to the bicyclic anion 4. This is con- 
firmed by the observation that with acetone itself 
the reaction stops at  the u-complex stage. These ob- 
servations are consistent with the fact that diethyl- 
amine and triethylamine are effective in producing 
bicyclic structures like 2-12 with acidic ketones and 
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keto esters, but only diethylamine is effective with 
acetone, yielding 1 and 13, where an enamine inter- 
mediate is probably involved. 

The adducts formed from diethylamine and tri- 
ethylamine Gith acetylacetone, 3 and 4, are much less 
soluble in acetone than 1. To obtain sufficiently re- 
solved nmr spectra of the acetylacetone adducts, solu- 
tions were prepared with DMSO-&. These adducts 
are a mixture of stereoisomers, due to asymmetric 
centers a t  the HCNOB bridge and adjacent to the 
keto bridge, and exhibit complex nmr spectra. Simi- 
lar isomerism has previously been observed in 2 where 
the phenyl groups can be cis or trans, and in that 
case the isomers were separatedn6 All the adducts 
3-7 and 9-12 probably exist as a keto-enol equilib- 
rium mixture containing a greater amount of the 
enolic structure. This point is further supported by the 
infrared spectra (vide infra). Since exchange with 
Di\/ISO-d6 catalyzed by traces of free amine is also a 
complicating factor, it is not surprising that the enolic 
and ammonium cation absorptions are difficult to 
detect in the nmr spectra determined in this solvent. 
Similar exchange resulting in a diminished +NH ab- 
sorption and increasing protonated solvent absorption 
has preyiously been observed in related systems.* The 
quadrupole moment of nitrogen also contributes to 
broadening of the +NH signal. 

The Ethyl Acetoacetate Adducts.-Ethyl aceto- 
acetate condenses with sym-trinitrobenzene and with 
3,5-dinitrobenzonitrile in the presence of triethylamine 
to yield the anions 7 and 10, respectively. A number 
of isomers are possible in each case, resulting in com- 
plex nmr spectra. The propenide proton in 7 appears 
as a broad singlet a t  6 8.33 (1 H), almost the same 
value observed for the propenide proton(s) in 4. Evi- 
dently, the chemical shift of this kind of proton is very 
similar in the various isomers of 7, a conclusion sup- 
ported by the slight variation in shift of the propenide 
protons in all the trinitro adducts (Table 111). Using 

TABLE I11 
CHEMICAL SHIFT OF PROPENIDE PROTOX(S) ( 6  VALUES) 

IN THE BICYCLIC ANIONS 1-9 
Anion Shift 

1 8.52 
2 8.59 
3 8.40 
4 8.36 
5 8.40 
6 8.40 
7 8.33 
8 8.50 
9 8.52 

3,5-dinitrobeneonitrile as the aromatic substrate, the 
resulting adduct 10 shows a propenide absorption at  6 
7.43 (1 H), 0.9 ppm upfield from that in the trinitro 
adduct 7. This is definitive evidence for the con- 
clusion that the less electronegative cyano group is part 
of the delocalized anionic portion of the molecule. Fur- 
ther corroborating evidence for this point results from 
the visible spectrum of 10 which, like 11, has an ab- 
sorption a t  car. 380 mp characteristic of the cyano- 
nitropropenide function, and not a t  ca. 500 mp, which 
characterizes 1-9. 

The infrared. spectra of 7 and 10 are also of interest. 

The CN stretch in 10 appears a t  2180 cm-l, about 45 
cm-l lower in frequency than conjugated nitriles and 
70 cm-' lower than unconjugated nitriles. This in 
indicative of charge delocalization onto this function. 
The carbonyl region is broad at  1620-1670 cm-I in 
both 7 and 10. In  considering the carbonyl region 
of the infrared for all the acetylacetone, ethyl aceto- 
acetate, and a-acetylbutyrolactone adducts, it should 
be noted that in the former two cases there is no ap- 
preciable absorption above 1690 cm-l, presumably 
because the P-diketo function in each exists to a con- 
siderable extent in the enol form (a very small ab- 
sorption above 1700 cm-l probably does result from 
the diketo structure). In  the spiro cyclic adduct 8, 
where the carbon atom joining the two carbonylic 
functions has no hydrogen (i.e., the spiro carbon atom) , 
both the lactone and bridging carbonyls are clearly 
observed at 1760 and 1755 cm-l. 

The 1,3-Dicarbomethoxyacetone Adducts.-l,3-Di- 
carbomethoxyacetone condenses with sym-trinitro- 
benzene, 3,5-dinitrobenzonitrile, and methyl 3,5-di- 
nitrobenzoate in the presence of triethylamine to yield 
the corresponding bicyclic anions 9, 11, and 12. The 
nmr spectra of these adducts are quite complex owing 
to the isomeric mixtures. 1,3-Dicarbomethoxyace- 
tone appears to be the most reactive of all the keto 
esters used, as the characteristic orange and yellow 
colors of the adducts developed very soon after mixing 
the reagents. Some difficulty was encountered in 
recrystallizing these products. A 9 : 1 mixture of 
ether-methanol was found to be a reasonably effective 
solvent for recrystallization. The 1600-1800-~m-~ 
region of the infrared spectra of 9, 11, and 12 is quite 
interesting. In  9 and 11 this region is characterized 
by three peaks at  1610, 1645, and 1730 cm-l. In  
12 an added peak appears at 1685 cm-'. This must 
be due to the C02CH3 on the delocalized propenide 
function of 12. In  the starting ester, the C02CH3 
carbonyl absorbs at 1725 cm-l. The shift to lower 
frequency in 12 is consistent with attachment to  the 
delocalized anionic system. 
The a-Acetylbutyrolactone Adduct.-A spiro bi- 

cyclic structure should form when the starting keto 
ester is part of a ring. Thus, reaction of sym-trinitro- 
benzene with a-acetylbutyrolactone yields orange 
crystals of what might be the spiro adduct 8. A 
definite structural assignment must wait the difficult 
task of isomer separation. 

Experimental Section 
All the adducts 1-13 were prepared by dissolving a maximum 

amount of electron-deficient aromatic compound in about 2 ml of 
the ketonic substrate. The solution was gently warmed to about 
30-35' to aid dissolution, and a two- to threefold excess of amine 
was then added (based on a limiting amount of aromatic). The 
intensely colored solution was kept a t  3040' and agitated oc- 
casionally. After 4-12 hr, ca. 100 ml of cold anhydrous ether 
was added. In most cases, an orange-yellow solid precipitated 
immediately from solution. This solid was filtered, washed 
with cold anhydrous ether, redissolved in 150-250 ml of boiling 
ether with just enough methanol added to effect dissolution, and 
kept a t  0-10" for 3 days. The resulting crystals were filtered 
and dried under vacuum at  3040'. In some instances, the initial 
product did not precipitate from solution on addition of ether but 
deposited as a highly colored oil on the bottom of the flask. In 
these cases, the oil was washed with copious amounts of anhy- 
drous ether and redissolved in an ether-methanol solution, which 
after standing for 3 days at  0-10' deposited crystals of the adduct. 
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TABLE IV 
CHARACTERIZATION OF THE BICYCLIC ANIONS 

~ - - - C d O d ,  % Found, % 7 

Amax, mp C H N C H N 

510b 45.35 5.85 16.27 45.40 5.78 16.25 
500b 61.82 6.15 10.68 61.72 6.18 10.80 
515* 46 I 63 5 ,74  14 I 50 46 I 89 6.00 14 I 80 
506d 49.27 6.57 13.52 49.46 6.33 13.38 
507  46.63 5.74 14.50 46.76 5.62 14.22 
504d 48.24 5 . 5 7  14.06 48.44 5.86 13,86 
504d 48 I 64 6.35 12.60 48.60 6.43 12.50 
504d 48.86 5.92 12.66 48.58 6.00 12.90 
SOOb 46.71 5.78 11.47 46.84 5.83 11.36 
374d 53.76 6.68 13 I 20 53.91 6,80 13.24 
38Zd 51,27 6.03 11.96 50.93 5.92 12.09 
375d 50.30 6.23 8.38 50.55 6.35 8.33 
372d 50.39 6.49 11.76 50.40 6.59 11.64 

Reference 4. In methanol. e Melts with decomposition. 

Adduct MP, "C 
l a  171-172 
2 c  190-191 
3 157-158 
4 152-153 
5 144-160e 
6 180-181 
7 147-148 
8 157-164 
9 119-122 

10 146-1518 
11 126-127 
12 1 18-1 19 
13 140-1 50' 

Reference 3. * In acetone. 

A typical example is outlined below. The elemental analyses, 
melting points, and visible maxima of 1-13 are summarized in 
Table IV. 

1,3-Dicarbomethoxyacetone-1,3,5-trinitrobenzene (9).-A 
mixture of 1.3 ml of 1,3-dicarbomethoxyacetone and 2.13 g (0.01 Acknowledgment.-The authors acknowledge par- 
mol) of trinitrobenzene was warmed until the aromatic corn- tial support by the Army Research Office a t  Durham 
pound dissolved, and ca, 3 ml of triethylamine was then added. (Grant DAHC04 69 c), the National  ti^^ and The greenish, tarlike mixture was kept at room temperature for 
4 hr and 5 ml of methanol was added. The resultant slurry was Space Administration (Grant NGR 46-001-008 s2 
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Equilibration of either the ero- or endo-3-bicyclo[3.3.1] nonanols with aluminum isoproxide in isopropyl alcohol 
at 94" gave 96.9% ero isomer. The AGO of -2.5 kcal/mol obtained is a reasonable approximation of the energy 
difference between the chair-boat and double-chair conformers of bicyclo[3.3.1] nonane. Equilibration of either 
of the two isomers of 2-bicyclo[3.3.1]nonanol under the same conditions gave 68.7% endo isomer (equatorial 
hydroxyl). Equilibration over Raney nickel in cyclohexane 
gives a AGOOH of -0.26 kcal/mol for an aprotic solvent 

In this protic solvent,  AGO^^ = - 0.56 koal/mol. 

Bicyclo [3.3.l]nonane provides an interesting vehicle 
for the study of conformational effects. Thus i t  has 
been established,2 contrary to most expectations,a that 
the molecule adopts preferentially the double-chair 
rather than the chair-boat conformation. KO estimate 
of the energy diff erence between these two conformations 
was available when the study reported here was made.4 
X-Ray studies2 showed that the ring distorts readily 
parallel to the plane of symmetry through Cs, CY, 
and Cg, but is resistant to distortions which destroy 
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this as a symmetry element,. Little has been done 
to ascertain the influence of these ring distortions 
on the conformational preferences of ring substituents. 

Equilibration of 2-Bicyclo [3.3.1 ]nonanols.-The two 
epimeric 2-bicyclo [3.3.1 Jnonanols, exo-2 and endo-2, 

exo-2 end09 


