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Abe&act--Indanone and ILsubstituted indanones react with tropenium tluoroborate to give the corres- 
ponding 2-cycloheptatrienylideneindanones. Analysis of the NMR, UV and IR spectra of tha systems 
indicates that they dwiate from typical olefinic ketones. 

THERE have been several examples of heptafulvenes and pcntatriafulvalenes which 
are reported to possess significant &electron delocalization due to important dipolar 
resonance contributors in the ground state.’ 8,8Dicyanoheptafulvene is considerably 
more stable than the parent hydrocarbon heptafulvene, and recent crystallographic 
studies have proven that 8,8dicyanoheptafulvene is planar2 Since the source of this 
stabilization may be considered to arise by virtue of a substantial lowering of the 
ground state by dipolar resonance contributors (1) it should be possible to synthesixe 
a series of heptafulvene derivatives (2) in which variation of A over a range of -R 

- 
lb 18 

capability produces a recognizable trend in the physical and chemical properties 
with increasm g dipolar resonance contributions Also, it should be possible by such 
a study to determine the point where rhe ‘I-membered ring deviates from planarity, 
or to establish if the 7-membered ring in simple heptafulvene derivatives is planar. 

We have initiated a study towards the elucidation of this point and herein report 

initial results produced by varying A through the sequence -C=G, C=6H and 

I 

3 
+ . The changes brought about by this sequence would ~_@ected to be rekted 

to hugs extent in the W ad NMR spectra of these compounds which should be 
sensitive indicators of enhanced a-electron delocalization and development of charge 
separation. 

1945 
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by their NMR spectra (Fig 1) and conversion of 3 to 4 by hydride exchange with 
benzotropenium ion and deprotonation. Contrary to the reaction reported for 
eyc~ohep~~~enyl -tone, 3 3 reacted with ~ph~yl~boni~ ion to give only 

e~~~~~.4 ~owev~, ~~~tro~~~~ ion or tro ion gave ory 
of hydride exchange products. 

The 60 mcs NMR spectrum of 2-(7_cycloheptattienyl)~~~one (3) is essentialfy 
that expe&ed for a 7-s~~~tut~ cy~loheptat~e~es except fur a greater ~m~lexity 

magnetic environment readily be attibuted to the as etlic center at Carbo?q 
two of t&e indanone system. 
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The multiplet at l-10 r in 4 corresponds to one hydrogen and by integration and 
decouRling can be shown to be on the ‘I-membered ring This hydrogen is assigned to 
the one lab&d Ha and is shifted downfield by the anisotropy of the CO group. The 
magnitude of this downfield shift (ca. 145 c/s at 60 mc) indicates that the average 
oxygen-Ha distance must be less than the oxygen-Hc distance. Molecular models of 
4 indicate that for a nonplanar molecule Hc is ca 20 % closer to the oxygen than Ha. 
However, forcing the 7-membered ring into coplanarity with the remaining skeleton 
causes the oxygen-Ha distance to become ca. 20% shorter than the oxygen-Hc 
distance. Thus this data indicates that the 7-membered ring is planar in this molecule. 

Similar reactions of tropenium fluoroborate with 3-methylindanone and 3,3- 
dimethylindanone gave the corresponding 5 and 6. These compounds gave similar 
NMR spectra to that of 4, (Table 1) consistent with the assigned structures. 

5: R,=H; R,==Me 
6: R, = R2 = Me 

1 I I I I ’ I 
0 2 4 6 8 IO 

Rc.2NMRspbctrarcferrnatointernalTMSThtsharp~occurriogat2.6rinthe 
variable temperature spectra is due to chloroform. 
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These compounds (4-6) were unusually basic for ketones, readily forming salts 
with fluoroboric acid. This property would be predicted on the basis of the important 
resonance contributors containing the tropenium moiety. The same ions could also 
be observed by dissolving the corresponding ketone in trifluoroacetic acid. The NMR 
spectra of these ions were complicated by equilibria between two possible structures 
for each protonated form, the oxygen protonated conjugate acids (7, 8 and 9) and 
the carbon protonated conjugate acids (10, 11, 12). The unexpected complexity 

7: R, = R2 = H 10: R, = R, = H 
8: R, = H, R, = Me 11: R, = H R2 = Me 
9: R, = R2 = Me 12: R, = R2 = Me 

involving species 7,8 and 9 in equilibrium with 10.11 and 12 respectively can best be 
demonstrated by the NMR spectrum of 5 in trifluoroacetic acid (Fig 2) The lowest 
field singlet is attributed to the 7-membered ring of 11, since in this form the positive 
charge is localized entirely in this ring Consistent with this assignment, integration 
of this singlet at 040 r, the doublet at 5-16 T (the 2 indanone hydrogen) and the Me 
doublet at 8.23 T give the correct ratios for structure 11. The multiplets at l-20 7 
and l-97 7 and the Me doublet at 8.52 7 are in the correct ratio for structure 8. The 
remaining absot-Rtions in this spectrum correspond to the hydrogens for the benzene 
ring and the 3-hydrogen on the indanone system which overlap for both compounds. 
Also consistent with the assignment of an equilibrium mixture giving the observed 
spechum, the relative proportions of the various species were solvent dependent. 
This would be expected sinoe solvents of lower dielectric constant would favor 
protonation on oxygen giving an ion in which the charge is more diffuse. Also, heating 
solutions of compound 8 and 11 in trifluoroacetic acid increases the rate of inter- 
conversion between the two conjugate acids to the point that the rate becomes fast 

T~~~el.60 MCNMR C~CALSHIF~SINTUMTSRELA~VBTO~N~FRNAL TMS’ 

Compounds 
MC 7-membered 6-membered s-membered 

tin8 hYdroscns liIl8 hydrogens rine hybow hY&ogens 

H; ; 1.10 (m) Hcs ; 246 (a) H,;6+0 
H;_b ; 3.51 (m) H, ; 2.10 (m) 
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TABLE l-~~nrinued 

1949 

Compounds 
‘I-membered CmembeEd 5-munbezed Me 

ring hydrogens ring hydrogens ring hydrogelM hydw= 

7 * 10 

8 * 11 

9 * 12 

H’, ; 1.65 (m), H,; 291 (s) 
H;_b; 391 (m) H, ; 2% (m) 

H; ; 1.30 (m) H,; 265 (s) 
H;;, ; 366 (m) H,; 240 (m) 

oxygen protonated conjugate acid 
H’,, Hb; 1.55 (m) &_,: T.81 (s), 
Hi_; ; 2.30 (m) 

carbon protonated conjugate acid 
H’,_H; ; 1.21 (s) H._, ; 2.81 (8) 

Oxygen protonated conjugate acid 
H’,, & ; 154 (m) H,, ; 273 (6) 
Hi_; ; 2.33 (m) 

Carbon protonated conjugate acid 
HZ; 1.20 (s) H,, ; 2.73 (s) 

Carbon protonated conjugate acid 
Hz; 1.14 (8) H,, ; 2.54 (m) 

’ s, singlet ; d, doublet ; t, triplet ; q, quartet ; m, multiplet. 

Indenyltropenium ion 

(13) 
3’ 

H ,:; \ 4’ 

qp 
7, / ” 

6’ 

w =I” /= 
H 

@-Q 
H 

H;, Hb ; 090 (m) Hc, ; 296 (m) 
H;_; ; 1.43 (m) 
Hi, H; ; MO (m) H,; 263 (m) 
Hh w; 3-60 (1). H, ; 2.56 (m) 
He ; 4.80 (q) 
J = 65 
H; ; 7.84 (d) 
J = 65 

H;, l’& ; 3-W (m) H,, ; 2.87 (m) 
H;. H; ; 358 (m) 
Hb;484(q) 
J = 7.0 
H;;613(d) 
J = 70 

H;. ws ; 3.75 (m) H,, ; 2.87 (m) 
H;, H; ; 348 (1) 
I%; 460(q) 
J = 79 
H, ; 562 (d) 
J = 7.0 

H,;642(qA 
J = 6.0 c/s 

- 

8.7 (d) 
J = m C/8 

850 (8) 

H,; 6-44 (8) - 

H,;6-18W 8.42 (d) 
J=7 

H, ; ~40 (4 
J=5 

H,; 6.18 (q) 

8.32 (d) 
J=7 

Hz; 5.41 (8) 655 (8) 
cis 
897 (S), 

H, ; 1.54 (8) 

Ha; 600(s) 

HZ-~; 680 (m) 

H r-s;7.15(m) 
-0-H ; 494 (s) 

H,;3-05(s) 
H, ; 6.50 (a) 
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on the NMR time scale and the two species exhibit a time averaged spectrtm~ This 
process can best be demonstrated by consideration of the change in the NMR spec- 
trum of 8 and 11 in trifluoroacetic acid with temperature (Fig 2). As the temperature 
increases the doublet for the 2-hydrogen of 11 is broadened by rapid exchange to the 
point that it is no longer observable, and is also decoupled from the 3-hydrogen 
causing this latter hydrogen to become a defined quartet. Concurrent with these 
changes, the two doublets for the Me groups coalesce’into a broad partially resolved 
doublet and the hydrogens for the 7-membered ring coalesce into a broad unresolved 
multiplet while the benzene hydrogens become more defined. From the coalescence 
temperature, employing the usual assumptionq6 the activation energy for the con- 
version 8 to 11 could be estimated (19.9 Kcal at 60 Mc, 209 Kcal at 100 MC). 

The relative populations of the conjugate acids of these ketones (5,6 or 7) are listed 
in Table 2 for a specific concentration of ketone in trifluoroacetic acid. The conjugate 
acid salts could readily be prepared by adding perchloric or fluoroboric acid to ether 
solutions of the ketones. However, the composition varied and although the salts 
were well formed crystalline solids, C and H analyses were not reproducible due to 
formation of hydrates. 

The NMR spectra of the crystalline fluoroborate or perchlorate conjugate acids 
of these ketones in trifuloroacetic acid were primarily the carbon protonated species 
(10, 11 or 12). However, solutions in this solvent do not equilibrate, indicating that 
perchlorate ion, fluoroborate ion or trifluoroacetic acid are not sufbciently strong 
bases to transfer a proton between the isomeric conjugate acids at a measurable 
rate. The conjugate acid perchlorates or fluoroborates of 4 or 5 will equilibrate 
entirely to the 0-protonated form in a mixture of 30% trifluouroacetic acid-aceto- 
nitrile. 

The relative ratios of C-protonated to 0-protonated conjugate acids ate also a 
function of the substituent at the 3-position on the indanone ring Thus, the Me 
groups apparently create a steric interaction with the coplanar 7-membered ring in 
the ion 11 with respect to 10 increasing the relative population of 11. The second Me 
group increases this interaction to the point that ion 12 is the predominant species 
at equilibrium (Table 2). Using the equilibrium data of Table 2, the energy of this 
methyl-Fmembered ring interaction can be calculated and is ca. 1.2 Kcal per Me 

group. 
An additional fact to be gained from the NMR spectrum of 4 in trilluoroacetic 

acid is that the doublet at l=O r integrates for two hydrogens indicating that the 
7-membered ring is rapidly rotating on the NMR time scale so that the Ha and Hb - _- 
signals have coalesced. From low temperature NMR experiments in tritluoroacetic 

acid-acetonitrile it was possible to estimate the activation energy for this process for 
ion 7 as 1@9 Kcal. This low energy barrier would be expected since the transition 
state for rotation would be a tropenium ion. However, it is interesting that this barrier 
to rotation is observable, verifying that structure 7a is relatively important to the 
resonanox hybrid indicating a significant amount of positive charge resides on the 
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q=Q - q$ 
7b 

oxygen atom in this ion. Similar low temperature NMR studies on the oxygen 
protonated conjugate acid (8) indicated that the energy barrier was too low to be 
accessible in suitable solvents This is probably again a result of the steric interaction 
between the 3-Me group of the indanone ring and the 7-membered ring when the 
system is planar. 

Variable temperature NMR experiments on the ketones (4,s or 6) indicated that 
coalescence of the Ha-Hb hydrogens of 6 could be observed at high temperatures. 
The activation energy for this process in this compound was 19.3 Kcal (60 MC). 

TABLE 2. ~ZQUIUBRIUMRATIOSFOR 20% ~~LG~ON~(W/V)INTRI~UOROACET~CACID 

R 

K 
- = IR ‘1.~--.,* 

% 

: + : 
.’ XL..’ 

B 

4 837 163 0 0195 097 
s 34 66 1.94 -0.39 1.36 
6 8 92 11.5 -144 1.05 

a 25”. 

The energy barrier was too high to be accessible in suitable solvents for 4 or 5 indicating 
that the steric interaction of the two Me groups is necessary to lower the energy 
barrier sufhciently to be observed. Using the previously determined methyl-7- 
membered ring interaction energy for these systems allows an estimation of the 
rotational energy for 2-cycloheptatrienylideneindanone (4) of 21.9 Kcal**’ The 
transition state for this process would be expected to be the dipolar structure which 
should possess a substantial resonance stabilization. 

qp - q+ 

The synthesis of 2-indenyltropenium ion (l3) could be readily accomplished starting 
with 2-cycloheptatrienylideneindanone (4). Reduction of this ketone with LAH 
gave the conjugate addition product 2(lcycloheptatrienyl)indanone (14) rather than 
the alcohol. Reduction of 2(l-cycloheptatrienyl)indanone in a second step yielded 
2(1-cycloheptatrienyl)indanol which was then directly dehydrated to 2(l-cyclo- 

* This value for the ethyl&c double bond in stilbenc is 42.8 Kcd, and for p,p’-N.Ndimethylamino- 
nitrostilbenc is 17.1 Kcal. 
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heptatrienyl)indene. This hydrocarbon readily reacted with triphenylcarbonium 
guoroborate to give 24ndenyltropenium ion (13). 

As would be anticipated, the resonance hybrid has as the major contributing 
structure (Wa); and thus, there is no detectable barrier to rotation of the 7-membered 
ring. 

The W spectra of these compounds (Fig 3) rea&ms the conclusions concerning 
the various equilibria established upon protonation of 45, or 6. Thus, Zindenyl- 
tropenium ion and the oxygen protonated conjugate acids of (4, 5 and 6) exhibit 
similar W spectra. The C-protonated conjugate acids exhibit significantly different 
W spectra consistent with the interrupted n-system in these latter ions Also the 
W spectra point out the solvent effects on the stability of the various conjugate 
acids Thus, in sulfuric acid C-protonation is favored, but in acetonitrile the equili- 
brium populations are shifted towards protonation on oxygen 

It should be noted that the long wavelength band for the 0-protonated conjugate 
acid of 2-cycloheptatrienylideneindanone (7) occurs at longer wavelength than the 
long wavelength band of indenyltropenium ion 13. This data is again consistent with 
the interpretation, that the oxygen atom is still signikantly involved in the n-system 
and that the ion is not a 2(1-hydroxyindenyl)tropenium ion and that resonance 
structure 7a is important to the resonance hybrid 
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Consideration of the &mical shifts of the 7-membered ring hydrogens in the NMR 

13 (Table 1) should give 
The chemicaI shifts of 

of the hyb~~~tion of C; from sp3 to sp2. Therefore, to a first approximation, the 
introduction of the heptafilvene double bond in going from 3 to 4 apparently does 
not result in a significant build up of positive charge in the 7-membered rin 

that ~herni~~ shifts rne~s~r~ this effect. This analysis would predict that 
dar ~~s~~~~~ st~~t~res do not ~u~tribute ~i~~~~~t~y to the ground state of 
molecule. 

caI shifts of the 7-membered ring hydrogens in the series, 2_cyclohepta- 
ep~t~enylidene~d~one 
nFreId shift in tie order of 

mcreasmg ~sitive ch defmes the trend 
that would be expected in the NMR spectrum of these compounds with increasing 

g current due to ar tic character, 
tra of these ~OrnPOU am also of interest. Sine@: 2-~cIohep~t~enyl- 

e is a ~~y~ogous tro~~~~, these two eo 
si.miIarities. There is some controversy as to the actual 
in tropone? Tropone exhibits two intense bands in the 
the other at 1595 cm- I.’ OriginalIy the band at 1 
stret~~~~ uency,” 0 1595 cm- ’ band has 
this vibra on the s of solvent e 1s.’ ’ considering 2-c 
ideneindanone (4), this 

ig. 4) and an intense band at 1538 cm-’ (Tabk 3). Indenyltropenium ion (13) 

-1 

and the O-protonated conjugate acid of 2-cyclohe;pt~trienylidenein~une exhibit 
strong bands at 1514 cm-* and 1509 cm“ respectively. For this reason the 1538 
cm- ’ band in 2-cycloheptatrienylidene- 1-indanone (4) is assigned to the hep~fu~vene 

361 
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TABU 3. !%XVEW DEPENDANCY OF TWO IR EAND~ OP 
2-CYCL0IiEFTATRIENYLID@NBINDANO~ (4)’ 

SOlWIt BandIm-’ Band II cm-’ 

HCptaIlC 1671 1549 
(1538)’ 

Carbon tetrachloridc 1665 1538 

(1545)b 
Acctonitrile 1655 1532 
Chloroform 1655 1531 

’ Measural with Perkin-Elma 21 spactrophotometer 
b Shoulder 

bond or a molecular vibration coupled with it. The band at 1665 cm-’ in the IR 
spectrum of this compound is then assigned to the CO. Determination of the solvent 
effect on the IR spectrum of 2-cycloheptatrienylideneindanone (4) yields the data 
of Table 3. This data shows similar trends to the behavior of the IR spectrum of tro- 
pane” with varying solvents and based on a similar treatment as was applied to 
tropone could lead to the erroneous assignment of the 1538 cm-’ band of 2-cycle- 
heptatrienylideneindanone to the CO. For this reason it appears highly unlikely 
that the solvent effect on the IR spectrum of highly polorizable molecules such as 
those studied in this work, or tropone has any validity as a criteria of assigning IR 
bands. We have recently suggested that the extent and importance of dipolar reson- 
ance in tropone has been over emphasized.12 These data indicate that the more recent 
assignment of the IR spectrum of tropone requires additional verification before 
being accepted. 

The CO stretching frequencies for 3,3dimethyl-2benzalindanone (15) and the 
enamine 16 occur at 1706 cm-’ and 1640 cm-’ respectively.‘3 Comparison of the 
CO stretching frequencies in the series 2_cycloheptatrienylideneindanone,3,3- 
dimethyl-2benzalindanone and the enamine 16 indicates that the cycloheptatrienyl- 

15 16 

idene ring and an enamine have approximately the same effect in lowering the energy 
of this mode. 

The data provided in this work do not allow a clear assessment of the amount of 
aromatic character present in the compounds studied. The problem arises because 
of the difficulty choosing among different criteria of aromaticity. Thus, the keto 
heptafulvenes (4, 5 and 6) are stable solids However, the NMR chemical shift data 
indicates little or no dipolar resonance in the ground state, but is apparently contra- 
dicted to some extent by the rotational barrier data The IR data is also consistent 
with appreciable dipolar resonance contributors, but it is not clear what this data 
actually means on a quantitative basis. 
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The rotational barrier data is dilficult to interpret because of insufIicient available 
information. In order to fully evaluate resonance interactions from data of this type 
it is necessary to have the energy barrier to rotation about the 7,8 C!=C formal double 
bond and the same barrier about the Cs+ formal single bond arising from dipolar 
resonance. The value for the C=C double bond is available from this work, but 
gives only half the picture. An excellent model compound for evaluating the rotational 
barrier about the Cs-C, formal single bond would be 8-acetylheptafulvene (17). 

f?X 

17 

The detection of a measurable barrier to rotation about the C&O carbon bond 
would establish the importance of dipolar resonance contributors. Although a 
synthesis of 8-acetylheptafulvene has been reported3 in our hands repetition of this 
synthetic route on both the tropenylacetone cation 18 or the tropenylproprio- 
phenone cation 19 led only to rearrangement or cyclization, but yielded no acyl 

:N(CH,), - Ph-CH=C -CH, 

heptafulvene derivatives .* The fact that this cyclization step does not readily occur 
in the case of 2-cycloheptatrienylideneindanones may be a consequence of the 
slightly greater strain energy which would be involved in forming a compound 
such as 20. For these reasons the chemical reactivity and bond energy data cannot be 
adequately interpreted until more model compounds are available for study. 

It is clear that these compounds deviate from simple polyenones, however, the 
assessment of the amount of aromatic character which they might possess is still 
not possible. Additional study of these and related systems am in progress. 

l Work is presently in progress to wrifj the products d the reactiona However, the NMR spectra 
of the products resulting from deprotonation d either ion clearly demonstrates that they are not the 
corresponding ketohcptafubene. 
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EXPERIMENTAL 

NMR spectra were taken on Varian A-60 and Varian Ha-108 instruments Temps were maintained with 
the Varian V-6040 controller and were calibrated with the standard samples of MeOH and ethylene 
glycol supplied by Varian. LJV spectra were obtained from a Guy 14 recording spectrophotometer. All IR 
measurements were taken on a Perkin-Elmer 337 grating IR spectrophotometer or a Perk&Elmer Model 
21 double beam IR spectrophotometer. Elemental analyses were performed by Galbraith Laboratories, 
Inc, Knoxville, Tenn. 

247~Cycloheptatrfenyl)indenone (13) end 2-cycloheptarrienylideneindcnone (4). Indanone (50 g, 038 
Moles) dissolved in a minimal amount of acetonitrile was added to tropcnium lluoroboratc (16.2 g OQ90 
moles) dissolved in a soht made up of 50 ml acetonitrile, 25 ml water and 7 ml fluoroboric acid (Soya. 
Within a few hr the soln turned deep red and became opaque. After standing for ca. 24 hr deep red crystals 
had formed alongwith a dark, almost black, oil This mixture was poured into 300 ml water and extracted 
with ether (3 x 100 ml). The ether extracts were combined, dried over MgSO., and concentrated to give 
a dark red semisolid. Pmitication by column chromatography over alumina gave two bands A yellow 
band was eluted with hexane. A second red band was stripped from the column with CHCI,. Evaporation 

Recrystallixation of tbe yellow solid (1.43, 17”A gave pale yellow needles Repeated recrystalhxation 
gave white needles, mp. 75-76”. The NMR spectrum in CCl, (Fig 1) and the IR spectrum, Co at 1707 
cm- ‘, were consistent with the assignal structure as 2-(7-cycloheptatrienyl)indanone (3) (Found: C, 86.33; 
H, 639. C,eHi.O requires: C, 86.45; II, 6.35%) 

The dark red solid obtained from the CHCl, fraction (466 g, 56 “A was recrystaIlixed from heptane to 
give dark red needles, mp 157-158”. The NMR spectrum in Ccl, (Fig 1) was consistent with the structure 
as 2cycloheptatrienylideneindanonc UV spectrum (acetonitrile, mu) 410 (4.36). IR spectrum (Ccl,, cm-i) 
1665 (m); 1663 (w), 1538 (s). (Found: C, 8797; II, 5.62 C,,H,,O requires: C, 87.25; II, 5.25x.) 

3-Methyl-2-cycloheptatrionylideneirdanon (5) 3 Methyl-indanone (2.92 g 0020 moles) was dissolved 
in a minimal amount of acetonitrile and added to tropenium fluoroborate (89 g 045 moles) dissolved in a 
mixture of4Oml acetonitrile, 20 ml H,O, and 5 ml fluoroboric acid (50 %). The reaction conditionsand work- 
up were exactly the same as above. Column chromatography over alumina gave a red fraction with CHCI, 
as the eluant. Evaporation of the CHCIs yielded a deep red oil, which was recrystallixed from benxenc 
hexane (2+l8 g, 44 %). Recrystallization from heptane gave black red prisms, m-p.. 1145-l 15.5”. The NMR 
spectrum in CCl, (Fig. 2) was consistent with the proposed structure as 3-methyl-2cycloheptatrienyl- 
ideneindanone. UV spectrum (dichloromethane, mp) 412 (4.37) IR spectrum (KBr, cm-i) 1650 (s); 1631 
(s); 1600 (m); 1531 (s) (Found: C, 87.14; H, 6.02 C1,H,40 requires: C, 8708; I-I, 599x.) 

3,3-D~hyl-2-cycloheptatrienylidenein (6) 3,3-Dimethylindanone (100 g 00625 moles) was 
dissolved in a minimal amount of acetonitrile and added to tropenium fluoroborate (22.3 g 0125 moles) 
dissolved in a mixture of 160 ml acetonitrile, 80 ml water, and 20 ml fluoroborate acid (50%) The reaction 
conditions and workup were the 98~ as above Column chromatography over alumina with hexane as 
eluent gave recovered 3,3-dimethylindanone (544 g 54x), and a dark red oil was obtained from the 
CHCl, fractions. Repeated attempts to induce crystallization of this oil failed. This oil was dissolved in 
ether and addition of an excess ofperchloric acid (70”& afforded a mahogany brown crystalline pcrchlorate 
adduct (3.25 g 15%). Treatment of this salt with excess EtsN in 10 ml of ether gave a quantitative yield 
(from the salt) of free ketone as a deep red oiL This oil again failed to crystallize after repeated efforts 

The NMR spectrum (Table 1) was completely consistent and establishes the structure as assigned 
UV spectrum (CH,CI,, mp) 410 (4.24). 

Conjugate acids of 2-cycfoheprarrienyl~idenefndanone. Addition of an excess d perchloric acid (70%) 
or fluoroboric acid (50%) to 2-cycloheptatricnylideneindano~ (IO g 4.76 mmoles) dissolved in 20 ml 
ether gave a quantitative yield of tbe pcrchlorate or fluoroborate conjugate acid salt. These adducts could 
be rccrystahixed from AcGH to give red needles which decomposed above 120”. 

The NMR spectrum in trifluoroacetic acid was completely consistent with the assigned structures 
pable 1). The UV spectrum (Fig 5) showed the presence of two distinct conjugate acid forms, 7 and 10. 
Species 7 was observable in acetonitrile (containing 1% HClOd 490 mp (485), and 10 was present in 
cone HISO*, 295 mp (4.08) and 350 mp (3.70) IR (KBr, cm-‘) 1607 (m), and 1509 (s). Due to the hygro- 
scopic nature of these salts correct analysis was unobtainable; however, the spectral data substantiates 
the proposed structure as the conjugate acid of 2-cycloheptatrienylidcncindanone 

Conjugare acids of 3-methyl-2-cycloheptatrienylideneindwwne Adopting identical reaction conditions 
as above it was possible to obtain a quantitative yield of crystalline perchlorate and fluoroborate conjugate 



The synthesis and study of pseudo-aromatic compounds--VIII 1957 

pre!icnceuf% 11. The NMR- of either conjugate acid adduct in trifiuoroac& acid was con- 
sistent with the assigned structnre~ (Tabk 1). Due to the hygroscopk natnre of these salts correct analysis 
was unobtainable; however, the qectral data substantiat&the pro 
of 3-mcthyI-2~cloheptetc~y~~~~~ont. 

structure as the conjugate acid 

the presence of 9 and 12. Tbc NMR spectrum of either conjugate acid adduct in trilluoraoetic a&l was 
consistent with the assigned structures (Tabk 1). Due to the bygroscopic nature of these salts cow 
analysis was unobtaina the pro strudun? as tbe con- 
jugate acid of 3-rn~y~ 

powder was added to a ml anhyd ethyl ether. The mixture was stirred 
until all of the ketone had dissolved (ea. 40 min), and 14 trtl EtOAc was addal to the 
1N HC1 w&9 added dropwise until gas evolution ocased and an excess was then 
The etherial layer was separated and the aqueous er was extracted with 50 ml e 
were ~rn~rn~ dried over MgSOI, and cvaporat to give a red-orange oil. C~~~~ti~ occur& by 
~d~~o~ of pentant (293 g 65 x) from bexane bonds ytlluw flak- m.p g4-!35”. 
The CAR s Tabk 1 cm - ‘) 1700 (8~1600 (m) wem both ~ns~t with 
the structure &s 2~l~clohep~t~~yJ~nd~on~ (Found: G, 86-24; H, 6.44. CIbH,& requires: G, 86.45; 
H, 6-35 %J 

24 1 -Cyclo~ptatrienyl)indanol and 2-f 1 -cycloheptotrSenyl)indene. 2-( 1 -Cycloheptatrienyl)rindanone (2.5 g, 

to give a viscous yellow oil which resisted crystahization attempts (2.31 g 93%) Tbe NMR spectrum 
(Table 1) and the IR spectrum (neat, cm-‘) 3200-36tXI (w), 1601 (w) were both consistent with the structure 
as 2-(lcycloheptatricnyl)~~ol, 

To the viscous oil, (2.31 g, O-U1 13 moles) dissolved in 20 ml anhyd EtOH was added 10 ml EtOH saturated 
with HCI gas. The reaction mixture turned dark red. The S&I was then warmed for 15 .~~~~W~ 

poured into 100 ml Water and Extracted With hem (3 X 25 
dried with MgZQ and ev~po~~~ to give a ye~low~~~~ powder (I+6 8,737J 
aiumina with hexane as the eluent afforded yellow flakea R~~~~~ti~~ from ErOH (95 
yellow needles, m.p. 80S-W. The NMR spectrum (Tabk 1) and the IR spectrum (KBr. cm-l) 1450 (w), 
1431 (w), 1381 (w) were con&tent with structural ti~cnt ais 2-(1-cycloheptatrienyl)dene (Found: 
C, 93.29; H, 6*76. Cg6HId requires: C 93.16; y MM%.) 
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