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AMract- Heptafulvcne (Chart 2. I). a conjugated. non-bcnzenoid hydrocarbon of thcorctical interest. 
has been synthcsizcd by a Hofmann elimination on trimethyl 7-cyclohcptatricnylmcthyl ammonium 
iodide. Non-isolable. stable only in dilute solution, I is assigned the hcptafulvcnc structure on the 
basis of catalytic hydrogenation IO mcthylcyclohcptanc; indication of a mcthylcm group from I. R. 

and oronolysis IO formaldehyde: association of elaborate visible and U. V. spectrum with a highly 
conjugated system; marked sensitivity IO acid; and reaction with aatylcne dicarboxyhc ester to give 
(ultimately) an azulenc derivative. 

“NOS-BliN7.ENOID AROMATIC”~ defines a class of conjugated, cyclic olefins which may 
be substituted ad libitum, and may have, in theory, a lower energy content (a greater 
n-clcctron dclocalization energy) than their apposite acyclic analogues.’ It is in such 
systems of coplanar conjugated double bonds that the efforts of theoreticians to 
simplify the otherwise prohibitively complicated quantum mechanical analysis of 
larger molecules have met with success.6. v 

The interest of organic chemists stems from a traditional concern with the synthesis 
of new types of molecules and a natural desire to make available for cxperimcntal 
examination substances, the propcrtics of which have, in part, already been anticipated 
by thcorctical analysis. The promise of substantial n-electron dclocalization cnera 
in many of the hypothetical systems has been hopefully equated with a chemical 
stability beyond the ordinarylO and has aroused a particular enthusiasm among 
organic chemists. 

The theory of aromatic character changed from the empirical generalization of 

I This work is 1akcn from a dissertation submitted in partial fulfillmen of the rcquiremen~s for the dcgrcc ol 
Dw1or of Philosophy in the Faculty of rhc Graduate School of Yale University. May, 1955. Prehmmary 
announcemenls arc IO be found m Abslracls of Papers prexmcd at the 1261h Mcctmg of the American 
Chemical Society. New York. N.Y.. 12 September 1954. p. 1LUj and Aqrrr. Chem. 67,429 (1955). See 
also Throrrrical Organic Chemistry pp. 41-44. Butterworths. London (19S9). 

s We acknowledge gratefully IRK support of the OtBa of Ordnance Research, United States Army, m the 
form of contract DA-19-059-ORD-1562 with Yale Univcrsi1y. 

s W. Baker and J. W. I:. McOmie in J. W. Cook, Progrrsr in OrgaN’c Chrmirrry Vol. III. p. 44. Burtcnvonhs. 
London (1955). 

’ In cxrcndmg the definition lo include conjugated acyclic molecules. Dauben’ jeopardires the very bound on 
which i1s usefulness depends. 

’ II. J. Dauben. Abstracts of Papers prescnrcd at 126th Ma1ing of the American Chemical Socic~y. New 
York, N.Y., 12 September 1954. p. 18-O. 

’ E. Iluckel. Grundrvgr dtr Theoric ungrd~~igrcr und aromorischcr I’rrbingungm. Verlag Chemic. Berlin 
(1938). 

’ B. Pullman and A. Pullman, I& Theories Elrctroni9ur de la Chlmlr Orgcmlqur. Mason et Cu. Paris (1952). 
‘C. A. Coulson. Yulencr. Oxford University Press. Oxford (1951). 
s Y. K. Syrkm and M. E. Diatkina, S~rucrwr of Molrculrs and rhc Chrmicol Bond. Butunvorths. London 

(1950). 
i0 The association of”n-electron dcloulization energy” with such characteristics as “stabili1y.” “aromaticity” 

and “reaction by substitution” is based on analogy with rradnional benzmoid aromatic chemistry and has 
no general thcoret~cal justification. Stabilily depends on the difference in free energy bctwcon that of the 
starting molecules and that or the transition state for the hypotbstical chemical change. Knowledge or 
prcdiclions of the free cncrgy of the slamng syslcm slone cannol define the necessary ditTercna. 
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the “rule of six”ll to the modern quantum mechanical description when E. HiickeF 
in 1931 developed the molecular orbital method of calculating the energies of 7~ 
electrons in planar systems of double bonds. The aromatic character of benzene was 
reflected in an “experimental” stabilization energy and a theoretically calculable 
7r-electron delocalization energy. The remarkable properties of Thiele’s12 cyclo- 
pentadienide anion found satisfactory theoretical explanation. The existence of a 
positively charged, seven-membered cycle as a relatively stable carbonium ion was 
predicted and established several years later by the discovery of the water-soluble, 
stable tropylium ion.13 Instead of one, three aromatic systems emerged: the 
pentagonal system with the anionic cyclopentadienide ion as its parent, the neutral 
benzene (or hexagonal) system and the heptagonal system headed by the cationic 
cycloheptatrienylium ion. References to members of the pentagonal family are to be 
found in a recent paper by Lloyd and Sneezum14, while a reasonably detailed view of 
the heptagonal family can be obtained from articles by Pauson15 and Doering and 
Krauch16. 

In the years following Hiickel’s pioneering work, the molecular orbital theory 
was elaborated and applied to many novel, unknown systems of conjugated double 
bonds. Among these, the simple mono- and dicyclic systems of five- and seven- 
membered rings fell quite naturally into a group of eight: fulvene and heptafulvene 
(I); fulvalene, sesquifulvalene and heptafulvalene; and pentalene, azulene and 
heptalene. At the start of this work, eight years ago, only two of the eight systems 

Fulvene 

Fulvalene __-~-- Sesqulfulvalene Heptafulvabne - 

Pentahe --- Azulene Heptaiene 

were known: the fulvene type which had long been recognized in its many derivativesI? 
(although only recently free of substituentsi8) and the azulene type, long a center of 

I1 See W. Hiickel, Theoretische Grundfagen der organischen Chemie (5th Ed.), Vol. I, pp. 507-524. 
Akademische Verlag, Leipzig (1944). 

le J. Thiele, Ber. Dtsch. Chem. Ges. 33, 666 (1900); Liebigs Ann. 319, 226 (1901). 
I3 W. von E. Doering and L. H. Knox, J. Amer. Chem. Sot. 76, 3203 (1954). 
I4 D. Lloyd and J. S. Sneezum, Tetrahedron 3, 334 (1958). 
I6 P. L. Pauson, Chem. Rev. 55,9 (1955). 
I6 W. von E. Doering and H. Krauch, Angew. Chem. 68, 661 (1956). 
NJ. H. Day, Chem. Rev. 53, 167 (1953); E. D. Bergmann, Progress in Organic Chemistry Vol. III, p. 81. 

Butterworths, London (1955). 
I8 J. Thiec and J. Wiemann, Bull. SW. Chim. Fr. 177 (1956). 
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intense activity and interest. 19 In this and two papers to follow, the first syntheses of 

three more of the tight, beptafulvene (I), heptafulvaleue and fulvalene, are described. 
Heptafulvcne (I) was first trcatcd theoretically by Bcrthier and Pullman in 1949m 

by the molecular orbital (LCAO) and the valence bond methods. n-Electron 

delocaliyation energies of l-994 fi ($henzenF 7 18 kcalimole; S L I) and O-779 y 

(./tNVlzrnr 3 34 kcal/mole; S 7 O-25) were calculated by the former method and 

0.57 z (3bt.“tqbnr = 33 kcal/molc) by the latter. More refined calculations*’ based on 

Whcland and Mann=, predicted a n-electron delocalization energy of 046 7. The 
simple MO (LCAO) method predicts a dipole moment of4.6 Da0 with the ring positive, 
while the refined method predicts 0.85 D in the same direction.*’ Calculations by the 
self-consistent field method of Roothaan leads to a small dipole moment (0.14 D) in 
the opposite direction,= while USC of the Pariser-Parr method gives a value of 0.6 D. 
again in the direction of the ring positive. Calculations of the prcdictcd light 
absorption have also been made.*l * 

The only published report on the attempted synthesis of heptafulvene is by 
Grundmann er al.” and dcscribcs failures to effect the synthesis by the elimination 

of water from x-. /?- and ~-cycloheptatricnyI-carbinols and dimethylcarbinols. Our 
initial approach, equally abortive, involved the corresponding carbinols in the so- 
called “norcaradicnc” series (Chart 1: B and E). All the contributors to the Buchner 
acid problem had, up to that time, agreed in assigning the “norcaradicnc” structure 
to the parent acid and the -I-cycloheptatrienyl arrangement to other acids Buchner 
to the ;t,% DC Jong to the -F and Grundmann and Ottmann to the zm Firmly 
convinced that the “norcaradienc” and “7-cyclohcptatricnc” carboxylic acid arrangc- 
mcnts could not rcprcsent more than a single substance bctwccn them, wc worked 
exclusively with the “norcaradicnc” scrics, content to attribute failures to factors 
other than incorrect choice of starting material. Later, it was shown’19em that the z- 
and ;*-acids wcrc the 2- and I-cycloheptatrienyl carboxylic acids, that the h-acid did 
not cxisF and that the so-called Buchner or “norcaradicne” carboxylic acid was 
most probably the 7-cycloheptatricnyl carboxylic acid.~~31~~ 

‘I’hc reaction of ethyl “norcnradienc” carboxylatc (Chart I, A) with mcthyl- 
magnesium iodide produced the crystalline dimcthyl-7-cyclohcptatricnylcarbinol 
(Chart I. B) which rearranged cxothcrmically to fi,$-dimcthylqtyrcnc (Chart 1. C) on 
acid-catalyrcd dehydration.” 
” F. Gordon. (‘hem. Rec.. SO. 127 (lYS2); K. Ilafncr. Angrw. Chrm. 70.41Y (IYSR); see dso Ihe first IWO 

pages of I). Ii. Rd. ‘lirrohrrfrtron 3, 337 (19%). 
*’ G. fkrthier and H. Pullman, 7iw1~. F~irrurfuv Sot. 45, 484 (1949). 
‘I I-. D. Rcrgmann. E. Flschcr. I). C;mshurg. $. Illnhbcrg. I). Iawe. M. MayoI. A Pullman and H. Pullman. 

I%// Sot. Chrm. Fr. 18. 6x4 (1951). 
” G. F. H’heland and I). I:. Mann. 1. (‘hem. Ph,vs. 17. 246 (1949). 
= A. Julg. /. (‘htm. Phw 52. SO (IYSS). 
*’ A. Julg and B Pullman. 1. Chtm. Phvs. 52. 481 (IYSS). 

M (‘h Grundmann. G. OIImann and <i. Gollmcr. Ljcbtgs Ann. !bSZ, 178 (IYS3). 
:’ 1;. Iiuchncr. Rcr. Dt.rc-h. Chrm. Grs. 31. 2241 (IBYR). 
*’ A. W. K. DC Jong. Rcr. Trot,. C‘him. 56. IV0 (IY37). 
‘” (‘h. Grundmann and Ci. OIImnnn. f.trbtg.r AWL 502. 163 (1953). 
” W. von I-.. Docrq. <i. I.abcr. H. Vondcruahl. N. I-. Chamberlain and R. B. Wl1hams.l. Antrr. Chrm. SW. 

‘In. S44R (1056). 
” K. Alder. 11. Jungen and K. Rusl, I.irhrKs Ann. 602. Y4 (IYS6). 
” In addwon IO hovmg been largely rcsponrihlc for Ihe failure of <kundmonn cr a/.-. ~hc incorrccIncss of 

Ihc carlwr slrucIura1 asslgnmcnls IO Ihc Buchncr aclds appean also IO have saboIagcd at Icasc one 
aIIcmpIcd lropylwm ton synIhews. Cf. foocnoIc Sin hi. J. S. Dcwarand R. PCIIII.~. Chrm. Sot. 2021(1956). 

” See alw M. V. Evans. Jr. and R. C. Lord. AhsIraclr of Papers presented a1 Ihc 13SIh Mcctmg of Ihc 
Amcrlcan C’hemtcal Sowry. Boston. MassachuuI1s. S April 19S9. p. 64R. 

U <‘. R. Ciancllln and R. PCIIII.~. Chrnt. Sot. 576 (19%) have effected Ihc same Irarwformallons tndepcndcntly. 
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The contrast between the remarkable exothermicity of this dehydration-rearrangement 
and the (qualitatively) thermoneutral dehydration of the isomeric dimcthylbenzyl- 
carbinol (Chart I, D). both to the same product, is one of the few instances where the 
liberation of the resonance energy of benzene is easily palpable. Attempts to convert 
7-cyclohcptatricnyl-carbinol (Chart I, E) to hcptafulvcne (I) were also unsuccessful: 
dehydration by acid-catalyzed elimination and by the Chugacv scqucncc (generally 
considered to be a non-acidic mode of dehydration) led to styrenc. 

lloping that milder, but still strongly alkaline, conditions might permit retention 
of the cyclohcptatricnc system during the introduction of the fourth double bond, 
WC turned to the Hofmann elimination (Chart 2). The starting material, 7-cyclo- 
heptatrienylcarboxamide (Chart 2, B: Buchncr’s “norcardienyl” carboxamide). is 
prepared more quickly, in better yield and in a higher state of purity from merhyl 
7-cycloheptatricnyl carboxylatc (Chart 2, A) than from the ethyl ester. If the structure 
of the amide follows from its method of preparation and from its saponification to 
‘I-cyclohcptatricnyl carboxylic acid. The reduction of the amide with lithium 

aluminum hydride at room temperature gives a mixture of amines which can be 
converted to a mixture of the corresponding trimethyl ammonium iodidcs. It is 

j ;.AlH, 

i 

convenient to effect purification at this point, although a tedious fractional crystal- 
lization is required to separate the desired trimethyl 7cyclohcptatrienylmethyl 
ammonium iodide from a dihydro dcrivativc. The formation of the dihydro derivative 
can be diminished substantially by carrying out the reduction at 0”. The ultraviolet 
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spectrum of trimethyl 7-cyclohcptatrienyl ammonium iodide (Chart 2, C) has (after 
compensation for absorption by iodide ion) a maximum at 255 m,u (log E 3.53). On 
the basis of essential identity of this spectrum with that of the preceding 7-cyclo- 
hcp~~~enylmc~hylamine (i.,, 253; log E 3.51) and the starting 7~ycloheptat~cnyl- 
carboxamide (J ,m,,258; log t 3+47), it is concluded that no change in ring structure 
has occurred during the reduction and exhaustive methylation. 

The Hofmann elimination of trimcthylaminc from C (Chart 2) must be effected 
in a special way because of the extreme instability of heptafuIvcnc (I). An aqueous 
solution of the trimcthylammonium hydroxide is prcparcd in the usual manner with 
excess of silver oxide and is concentrated in c’ucuu at 25’ to a thick oil, whereu~n 
decomposition sets in. A trap tither empty or containing a solvent, is connected and 
cooled to -70”. The decomposition is then completed its z*ucuu in a wafer bath at 50’ 
as rapidly as possible. In the absence of solvent, a red film condenses which can be 
saved by dissolving in cold solvent within a minute or so, but which otherwise changes 
quickly to a colorless polymer. In the presence of solvent, the vapors dissolve at once 
to give deep rod solutions of heptafulvcnc with the formation of little or no polymer. 
It is noteworthy that the product has been purified once by distillation in the course of 
the prcprtration itscff. 

Hcprafulvcnc cannot be isolated; al least, trapping at - 170”. extracting with 
propane and concentrating k t’ucuo at -60” gives only colorless polymer. On con- 
centration, a distillable, perhaps dimcric, material is produced first, but it rapidly 
polymerizes further. Even dilute solutions of i arc not indefinitely stable. A 0.03 ,M 
solution in hcxanc from which trimethyIaminc has been removed by washing wih 
water shows apprcciablc decomposition within an hour at -60°, whereas a 0.003 M 
solution is csscntially unchanged in this time, Apprcciablc stabilization is effected by 
trimcthylaminc or the use of ethers as solvent. Thus, a 0.02 M solulion in tetrahydro- 
furan from which trimethylaminc has not been removed retains half the original 
maferial after four days at room tcmpcraturc. 

The task of proving the structure of hcptafulvcnc (I) and of gaining information 
about itsthcmical and physical properties has been made difficult and often frustrating 
by rhe instability of the substance and by the need at all times to work in dilute 
solution. 

A striking feature of heptafulvcnc is its absorption spectrum in the ultraviolet 
and visible region, shown in Fig. I. In this claboratc spectrum, two broad bands are 
discernible, one with its most intense absorption af 279 my (35,850cm I; 444 eV) 
and the other with its maximum absorption at 427 m/l (23,450 cm-*; 2.90 cv). The 
spectrum is surely indicative of a highly unsaturated, conjugated system.= 

The extinction coeficicnfs could be determined with only limited precision because 
of uncertainties in the determination of concentration, By assuming a quantitative 
yield in the best of several preparations, a minimum value for the extinction cocficicnt 
at 426 rnjc (in tetrahydrofuran as solvent) of 300 was found. By hydrogenating a 
hcxane solution, concentrating, chromatographing in pentanc, concentrating, 
adding carbon tetrachloride and concenirating again, it was possible to determine the 
final amount of methylcycloheptanc (35.5 per cent of theory). Based on the assumption 
W Cycloiicta~ctrnent is far from planar and yet posxsm an extensive sbsorptton spectrum (Am. Pet. Inst. 

Rcs. Prol. 44, Uttraviokt Spcctrul Data, !krial No. 180). Although this example serves (u 8 general 
caution to concluding chat absorbing conjugated systems an essentially planar, it dots not weigh very 
heavily in Iha present csc bccaus.c of the much gcalcr intensity and mngc of absorption of hcpafulvcne. 
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of quantitative reduction, an extinction coefficient of 490 is calculated, This is a 
maximum value because some methylcycloheptane must have been lost by codistil- 
lation during the isolation procedure. An intermediate and probably most reliable 
value of 370 is obtained on the basis of the quantitative determination of hydrogen 
absorption (in I>itthyl Carbitof as solvent) obtained during measurements of the heat 
of hydrogenation.% 

_____.. ._.. , ___ _. *_- --C--C..-... . . * . . . ..L 

30 

F&c;. I. Ultravtolct and visible absorption spectrum of hcptafulvene (I) m n-hcnanc solution 

The isolation of methylcyclohcptanc from the catalytic reduction may be taken 
as strong evidence that no rearrangement of carbon skclcton occurred during the 

llofmann elimination. Barring sequcnccs such as rearrangcmcnt to I-cyclohcpta- 
trienylnlethyl trinlethyl ammonium ion and eliminati~)n trt allyilidenemethyl~ne- 
cyclobutcnc, one might have cxpectcd styrene as the product of a completely conccrtcd 
elimination from the valence tautomeric 7-norcaradicnylmcthyl trimcthyl ammonium 
ion. In this connection, it is relevant that an anti-parallel configuration is available 
to the 7-~y~lohcpt~itri~nylmcthyl ammonium ion (Chart 2, C). 

The presence of the methylcnc group in heptafulscnc is indicated by the isolation 
of formaldehyde in low yield on ozonolysis. Confirmation is found in the infrared 
spectrum, Solutions of heptafulv~n~ arc concentrated quickly to ca. I per cent at 
which time they arc deep-red and short-lived. Infrared spectra are taken as rapidly as 
possihlc and compared with the spectra of the same solutions measured two hours 
later. after the hcptafulvcnc has completely disappeared. Among the bands listed in 
the experimental section, strong bands at 6.31 /t (15X5 cm i) and at I l-75 /& (852 cm ‘) 
are attributable to the exocyclic mcthylene group. Sheppard and SimpsorP find 

I650 .i. 1 I cm-i (medium) and 889 -i 3 cm 1 (strong) for the double-bond strrtching 
and ~arb(~n-hydro~cn out-of-plane wagging modes of aliphatic unsymnlctri~ally 
disubstitutrd olcfins. The shift to lower energies and stronger intensities is to be 
expected of the absorptions of the mcthylcnc group in heptafulvcnc. In this molecule, 

m K. 8. Turner. W. K. Mudor. W. van E. Doering, I.. ti. Knox. J. R. Mayer and 13. W. Wdcy. 1. Amer. 
Chrm. Sot. 79.4127 (1917). 

y N. Sheppard and I>. M. Sampson, Qwrr. Xtr. 6, I (lYS2t. 
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the anticipated dipole moment could lead to an intensification of the stretching mode 
and a weakening of the mcthylenc-carbon bond. 

A reaction simulant of a Dicls-Alder occurs bctwccn hcptafulvcnc and dimethyl 
acctylcne dicarboxylatc. Although less reactive dienophilcs have no effect on 
hcptafulvcnc. this one reacts in a period of days to give a colorless adduct (Chart 3, B). 
Air-oxidation affords the deep blue dimcthyl azulenc-l.2-dicarboxylic acid (Chart 3. 
C). Although this is not a known dcrivativc, the spectrum is quite similar to that 

FIG. 2. I:ltrav~olct and ~~s~blc spccrn of I-carhomcthonyarulcnc in cyclohcxane (- - - -) 
and of I. 2-dtcarhomclho*y~ulcnc (- - - ,) tn trooctanc. 

reported by Anderson and Tazuma for methyl azulcnc-I-carboxylate” (Fig. 2). The 
reaction can be rationalized as the I,3 (or I. 8) conccrtcd addition to hcptafulvenc by 
analogy with the Diels-Alder reaction or as a two-step ionic process (Chart 3, A) like 
that favored by Bockclhcide for the similar reaction of pyrrocolinc with dimethyl 
acctylcnc dicarboxylatc.% The fo rmation of a derivative of azulcnc, containing as it 
dots the original structural clcmcnt of mcthylcnccyclohcptatricnc. constitutes further 
support for the structural assignment. 

In the preparation of the 7-cycloheptatricnylmethyl amine by the lithium aluminum 
hydride reduction of 7-cyclohcptatricnylcarboxamide, a dihydro dcrivativc was 
obtained as its crystalline trimethyl 7-cyctohcptadicnyl ammonium dcrivativc. This 
material, showing no absorption in the ultraviolet above 210 m/d, was transformed 
by Hofmann elimination into an olefin with a maximum at 284 rn!c and absorption in 
the infrared indicative of a mcthylcnc group. Although WC have made no further 

*’ A. G. An&son. Jr. and J. J. Tazuma. 1. Amrr. Chrm. Sot. 75. 4979 (1953). 
m L’. Bockclhcldc. 16th Sationol Or onir Chcmcqy S,vmporium. American ~hcmtcal Society. Scac~lc. 

Washmgton. 15 June 1959, p. 32: e ‘. A. brlbratlh. T. Small and V. Bockclhc~dc. J. Org. Chrm. U. 582 
(1959). 
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&Tort to prove the structure, it has since been shown by Mattcson er al. that 3- 
mcthylcnccyclohepta-1.4dienc, a product of the pyrolysis of 5-mcthylcnebicyclo[2.2. I] 
heptene, and our product arc almost certainly identicaJss 

-. 
‘\ 

-A 

rsy -ti _ _:., 

‘\,I \ -COOCH, c.. - 

\\ /-. ’ \__,s ‘? 

CCXXH, 

(cl 

T\ 
1’7 *\, 

( ‘1 *’ - cm, 
\. ._, ,/. , 

COOCH, 

(b) 

Attempts to duplicate the synthesis of mcthylcnccycloheptatrienc in the 2_cyclo- 
hcptatrienyl series failed complctcly. Lithium aluminum hydride reduction of the 
corresponding carboxamide gave a very unstable amine from which no crystalline 
quatcrnary ammonium salt could be obtained. 

Recently, Matteson, Drysdale and Shark@“ have reported the formation of 
methylenecyclohcptatricnc in the pyrolysis of 5-mcthylencbicyclo[2.2.I]hcptenc. 
Produced to the extent of about 0.05 per cent of theory and identified through the highly 
characteristic absorption spectrum, methylenccyclohcptatricnc was obtained in higher 
yield (I per cent) by the catalytic dehydrogenation (chromia-alumina at 49OO”) of a 
mixture of 3-mcthylene-cycloheptadicne-I ,4- and l,5. Even at quite high tempcraturcs, 
methylcnecycloheptatriene is more stable in the gas phase than in the condensed. Jn 
this regard, its behavior is reminiscent of that of p-xylylcnc.” 

One of the most characteristic properties of mcthylenccyclohcptatriene is sensi- 
tivity to acids. Unchanged by amincs and potassium hydroxide, indeed protected by 
their prcscncc, heptafulvcne is polymerized very rapidly by dilute acid. Shaking a 
pentane solution with O$IOl N aqueous hydrochloric acid leads to the instantaneous 
disapparance of color and precipitation of a polymer. The mcthylcne carbon atom 
of mcthylcnccycloheptatriene could be a strong Lewis base if the cxpectcd tendency 
to form the stable tropylium ion systcmt3 wcrc not opposed by too large an aromatic 
resonance energy in the intact conjugated system of four double bonds. The addition 
of a proton might thus be expected to lead rapidly to mcthyltropylium ion. 
Methylcnccyclohcptatricne, having behaved as a Lewis base in the very addition of a 
proton, could now react at its mcthylene carbon with methyltropylium ion in the first 
step of a polymerization. There is ample analogy for the Jewis acidic prop&es of 
the tropylium ion in its varied reactions with bases to form ‘I-substituted CYCIO- 

hcptatricncs.*3 This description is quite comparable to that accepted for the 

1) D. S. Matteson, J. J. Drysdale and W. II. Sharky. AbstracLs of Papers prcscnlcd at 136th Mcclmg of the 
American Ckmtcal Soctc~y, Atlantic City. N.J., 13 Scplcmber 1959, p. 30P; /. Amer. Ckm. SOC. 82. 
28J3 (IY60). 

4o L. A. Errcde and M. Szwarc. Quorr. Ret-. 12, 301 (19%). 
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acid-catalyzed polymerization of isobutylcne.” The marked difference in rate 
parallels the much easier formation of the tropylium cation. 

When methylenc%ycloheptatrienc is reacted at -70” by adding a solution in 
hcxane rapidly to a large excess of hydrogen bromide in hexane, the polymerization is 
apparently avoided and a crystalline, yellow, water-soluble salt is formed instead. 
Although this bromide cannot be rccrystallizcd and its structure has not been 
adequately determined, it is most probably mcthyltropylium bromide. Indeed, 
Dauben er al.” report that the bromide is hygroscopic and unstable and feel that the 
stability previously claimed by Dewar and Pettit” is doubtful. 

Phenyllithium, like the weaker nuclcophillic reagents, ammonia and hydroxide 
ion, does not add to hcptafulvenc. This behavior is in marked contrast to that of 
fulvene and its derivatives which do react with strong bases by addition. The 
calculated n-electron dclocalization cnergics of fulvcnc and heptafulvenc arc quite 
close (0.50 and 0.57 z. 1466 and 1994 B, and 0.638 and 0.779 7, respectively)’ while 
those of the cyclopentadicnide and cycloheptatrienide anions (2.48 and 2.12 /?)” are 
also quite close. Disregarding questions of rate, activation energy and strain, the 
difference in exothcrmicity in the reaction with a base should be in the order of 0.89 /? 
in favor of reaction with fulvcnc. Perhaps this difference represents adequate 
theoretical justification for the failure of heptafulvcne to react. It is certainly relevant 

that no indication of acidity in the mcthylene hydrogen atoms of cyclohcptatricnc has 
been reported as yet.” 

In respect to the carbonium ions, one has the opposite situation. Here the 
n-electron dclocalization cnergics of the 5- and 7-mcmbcrcd cations arc given as 
l-14 and 3XHI /?, respectively, leading to a difference of l-33 p favoring addition of a 
proton to mcthylcnecycloheptatricne. Either by this approach or by the more 
qualitative rule of six, the behavior towards acids and bases finds reasonable 
explanation. 

Correlation of the theoretical and observed visible-ultraviolet absorption spectrum 
of hcptafulvene is of interest. A self-consistent field type of calculation29 predicts 
420 m/r (2.95 eV) and 242 rnp (5.11 cV) as the position of the two transitions of 
lowest energies. Calculation according to the method of Par&r and Parr gives 
450 my (2.75 cV) and 364 m,u (340 eV)U although a presumably identical type of 
calculation carried out by McEwcn& gives 441 rnp (2.81 eV) and 289 rnp (4.28 eV) 

” 0. M. Burnett. Mechanism of Polymer Reacrlo~ pp. 407 r: reg. Intcncicnce. London (19S9). 
u H. J. Daubcn. Jr.. F. A. Gadecki. K. M. Harmon and D. L. Purson,J. Amer. Chrm. Sot. 79. JJS7 (19S7). 
u M. J. S. Dwar and R. Pettit. J. Chrm. Sot. 2021 (19%). 
a Cf. A. Streitwiescr. Tcrruhrdron &rrtrs No. 6. 23 (1960). 
u Dr. Lcnore McEwen, private communication. 
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as the expected positions. From the Fig. I, three maxima centered at 426.5 rnp 
(23,450 cm -I; 2.91 cV), 280 rnp (37,870 cm -I; 4.43 eV) and 212 rnp (47,1OOcm- ‘: 
5.84 eV) can be distinguished. Whether theory and experiment are in good agreement 

or not dcpcnds on criteria which have not been established. The fine structure shows 
frequency differences in the range of I %Xl to 1700 cm t and is probably indicative of 
absorption to a vibrationally cxcitcd state. Distortion in the excited state presumably 
involves the bond between the rings and the mcthylene group. 

Discussions of n-electron dclocalization energy are compii~ted by questions of 
angular strain, compressional energy, non-bonded interactions, choice of model, 
variations in a-bond strength and the reliability of the theoretica calculations 
themseIvcs. Turner er ai.% have already reported the only relevant therm~ynamic 
datum. The heat of hydrogenation in solution is .92+6 __ ~4 kcal/mole. The 
reliability of the datum is discussed in that paper and due to the fleeting nature of 
heptafuivene itself, cannot bc comparable to data relating 10 stable, isolable substances. 
Ir is pointed out there that the stabilization energy of hcptafulvcnc is about 13.6 
kcaIfmole. In order fo avoid as many doubtfu1 corrections as possible, WC would like 

here to call attention only to the apparent heat of hydrogenation of the exocyclic 
douhlc bond--the one that completes the supposedly conjugated system in hcp’a- 
fulvenc. This value is the difrerence between the heat of hydrogenation of hcptafulvenc 
(-. 92.6 kcal/moic) and 7-me~hy~cyclohcp~a~riene (unknown, but not unreasonably 
taken to be equal to that of cyclohcptatricnc itself: -70.5 :t -4 kwi/moP). The 
heats of hydrogenation of methyIene cyctoheptanc,~io methytenc cyclohexane,475 
mcthylene cyclopentancJO and 2,4-dimcthyl-l-pcntanc’:* are 26.3, - 27.8, -.. 26.8 
and -26.7 kc&‘molc, rcspectivcly. The diffcrcnce in heats of formation of unstrained, 
non-resonating methytcyclc~heptatriene and methylene cycloheptatriene calculated 
according to Franklin’s group equivalent method* IS --26.3 kcal/mole. The 
stabilimtion energy arising from the closing of the conjugated system by the fourth 
double bond is at besf 4-6 kcal~molc. This value may be increased a little by guesses 
of the extra strain in 3 double bond cxocyclic to a planar cyclohcptatrienc ring.ae 
Howcvcr, it does not begin to compare with the discrepancy of 36.0 kcal found on 
completing the bcnzenc ring by introducing the third douhls bond into 1,3-cyclo- 
hcxadicnc. 

The small discrepancy of 4 .6 kcal:molc could find an explanation outside of 
considerations of n-electron delocalization if the changes in carbon-carbon bond 
strength with hybridization rcccntly proposed by Dewar and Schmcisinbfi have 
suitable quantitative significance. The diffcrcncc bctwcen the single bonds. C,-C, and 
C,-C, fsp”--sp% in heptarulvcnc and the corresp~)nding ones in 7-methylcyclo- 
hcptatrienc (sp*+) amounts to 2 (10.5 6.0) or 9-O koalimolc. Another explanation 
appears if the cyclohcpta~riene discrepancy (7 kcal:‘molc) is r~a~ni~ed in mcthylcne- 
cyctoheptatricne through a shortening of the C,-C, distance. 
u W. H. Turner. W. R. Mcador and R. E. Winklcr, f. Antrr. Chmt. Ser. ‘79, 4116 (1957). 
U* R. R. ‘Turner and R. H. Garner, 1. Amer. Chcm. SW. 80, 1424 (1958); lib R. H. Turner, 0. t’. Nettleton, 

Jr and M. Pcrelman. J. Amrr. Chum. SW. 80, 1430 (19%J. 

(* I. L. f+anklm. InJ. &in. Chmn. 4. 1070 (194Y). 
l * The qucctton of coplanarity in tropthdcnc and hrptafulscnc IS unrcrolved and. until II is (lrctpilrdcnc and 

ccrtam dcrwattvcs arc bcmgexamined). thcrc ic nut much point in trymg toestimate the magnitude of the 
angular strain cntrgics. Although UC feel that fhc vis~bl~~ul~r~v~olct spectrum ~~consf~tent with a planar 
structure for hcptafulvcnc. the wvclght of ewdcn~t is not large. The geometry of the strain-free structure tf 
qurtc far from that of the planar and lcnvcs the double bonds 31 rather large angles to -each other. 

‘O M. J. S. &war and II. N. Schmclrmp. ‘lirrcthrdron 5, 166 (1959). 
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Irrespective of valid arguments about the reality of resonance energy and 
n-electron dclocalization energy, there is no striking discrepancy in the heat content 
of the exocyclic double bond in heptafulvcne and ordinary unconjugatcd double bonds. 

In comparing chemical reactions of heptafulvenc and isobutylene, little attention need 
be directed to differcnccs in the heat content of the starting olefins. To a first 
approximation, it will suffice to consider effects of the different environments on the 
heat content of the hypothetical transition states. Such an argument has already been 
made in rationalizing the remarkable sensitivity of hcptafulvene to acid. 

By no traditional definition, can hcptafulvcne be said to be aromatic. Some of its 
properties, sensitivity to acids, resistance to bases, absorption of light and possibly 
the slightly low heat of hydrogenation, find qualitative explanation in theoretical 
terms. But the remarkable tendency to polymerize does not. It serves as a striking 
example of the danger in equating thcorctically calculated n-electron dclocalization 

energy with chemical stability. 

EXPERIMENTAL” 

Ethyl cycloheprarricne-l-cur~xylafe (ethyl “norcaradicne” carboxylare) 

Muttons of 50 g ethyl diazoarrtatc in SO00 ml dry benzene arc irradiated with pain of General 

Ekctric RS sunlamps in Pyrex flasks cookd by streams of running water.” The evolution of nitrogen 

is compktc and the solution has become colorless after 3 4 days. Four combined runs arc worked by 

removing bcnzcnc by disrtllation. steam distilling the residue and extracting the distillate (ca. 7500 ml) 

with three MO-ml portions of cthcr. Distillation in wcuo gives 88 g (317;) of ethyl cyclobeptatrienc- 

7-carboxylatc. b.p. 85.86’/6 mm. 

Dimethyl-7-c~cloheprurricn~!carbinol (Chart I, I3) 

In ww of the close similarity between our prcparaiion and that rcrcmly published by Gancllin and 

Pertit”. details will not be given hcrc beyond noting that two recrystallizations from pcntanc at 
27. atiordcd material of m.p. 55 5 S6.S’ (reported” m.p. S9.60”; Found: C. 79.8; H. 9.3; 0. 

11.1. Calc. for C,.II,,O: C. 80.0; Il. 9.4; 0. 10.77<). 

(a) From cfimerhyl-7-cyc/ohqf~~rieny/~arbinol. When 51 mg of carbinol, m.p. 56’. was crushed in 
a test-tube and treated with I ml SO”. aqueous sulfuric acid at 10 , thcrc was an immediate. intcnsc 
evolution of heat. The oil which scukd out was extracted with pcnranc and rccovcrcd by evaporative 
distillation. The infrared spcxrrum was idcnrical with that of an authcmic sample of fiJ-dimcthyl- 
slyrcne. 

(b) From dimerhyllwn:ylrcrrbinol (Churr I. D). A sample of the c%rbinol was prcparcd in the usual 

way from ethyl phcnylaccratc and methylmagnesium iodide. This carbinol was stable IO SO:/, aqueous 

sulfuric acid at room tcmp and lost water only when heated to 100‘. and then, slowly. The two 
sampks of ;:./I-dimcthylstyrcnc had idenrical Infrared spectra. 

7-~~scloheprrrrrien~lcarbinol (Chrr I, E) 

.Verh,vl cycloheprarrirne-7- carbox~brc ~3s prepared by irradiation of methyl dialoacztare in 
bcnrcnc m the same way and on ~bc same scale as that described above for the ethyl ester. The ykld 
of distilkd product (b.p. 68-6V~S-. S mm; nuts 1.5102) was 32:/. of theory. By careful fractionation 
of the bcnrcnc. which had been crudely distilled from the irradiation reactions. an additional 60/L 

could LX rccovcred. 

An cthcrcal (200 ml) solution of 22 5 g of this cstcr was ad&d dropwuc under nitrogen over a 

” Analy~s hy Schwarzkopf Mlcroanalytical Laboralory. 5619 37th Ave., Woods~de 77. New York. 
“‘Ih~s procedure was dcvclopcd by Dr. 1.. Il. Knox 81 the Hlckrlll Cbcmlcal Research Foundation. Katonah. 

N.Y.. m May. 1949. and har proved itself m the cnsumg years to be consistently convcment and rehabb. 
II 1s slmtlar IO that pubhshcd by Ci. 0. Schenk and il. Ziegler. h’afwwirrmsrhaftm 38. 356 (19SI); 
f.irhigr Ann. s&Q. 221 (19S3); (i. 0. Schcnk. z. Ektrochem. 55. SOS (1951); Angcv. Chrm. 64.12 (1952). 



194 W. VOX E. D~FJUX and D. W. WIUY 

2 hr period to a stirred mixture of 7.4 g lithium aluminum hydride in 200 ml ether. After 12 hr. 30 ml 
water was added lcavmg a paste and a clear ether solution which was dccantcd. Three 60-ml portions 
ether which wcrc used to trituratc the paste wcrc united with the main ether solution. Washing with 
water, drying over anhydrous magnesium sulfate and distilling through a 24 cm Vigrcux column gave 
14.4 g (78%) 7cyclohcptatricnykarbinol: b.p. 83.5-85.5’,3.5 mm; nr,” 1~52Y6(Found: C. 78.4; H, 
8.4. C,H,,O rquircs: C. 78.7; H, 8.3%). 

Heating a small sample of this carbinol with 3 N aqueous sulfuric acid on the steam bath, followed 
by extraction with pcntanc and distillation, afforded sty-mm having an Infrared spectrum identical 
with that of an authentic sample. 

A solution of 9.15 g 7cyclohcptatricnykarbinol in 60 ml tolucnc was added dropwisc to a stirrcd 
suspension of 3.1 g sodamidc in tolucnc (75 ml) at 80-. After being rclluxcd for 1.5 hr and then cookd 

to 50’. the mixture was trcatcd with 25 ml carbon disullidc and rcfluxcd over-night. The mixture was 
co&d again, treated with 15 ml methyl iodide and rcfluxcd for 4 hr. The mixture was poured into 
200 ml water and cxtractcd with 200 ml ether. The thoroughly washed ether extract was dried and 
distilkd. finally in ~ucuo to give 1 I.2 g (70%) very impure methyl xanthatc, b.p. 81-86’/6 mm (Found: 
C, 46.3; H. 6.5; S, 42.1. C,,lI,,OS, rcquucs: C. 56.6; H. 5.7; S. 30.2%). which deposited yellow 
crystals of dimcthyl trithiocarbonatc (Found: C, 26.2; H, 4.4; S. 69.0. Cak. for CIH,S,: C. 26.1; 
H. 4.4: S, 69.5 “.) on cwling at ‘70 ‘. Pyrolysis by heating slowly to 360” in a metal bath led to the 
distillation of a mixrurc. l-ractionation Icd to the isolation of 6 drops material. b.p. 46 48’.‘33 mm, 
having the same infrared spectrum as authentic styrcnc. Some dimcthyl trithiocarbonatc was rc- 
covcrcd as well. 

Methylenecycloheptatriene (Chart 2, I) 

A mixture of 50.4 g methyl cyclohcptatricnc-7arboxylatc in 160 ml cone ammonium hydroxide 
was shaken vigorously at room tcmp for 8 hr and deposited faintly yellow crystals on cooltng to 2’. 
Thcsc wcrc hltcrcd, washed with ice water and twice with small amounts of pcntanc and dried quickly 
in wcuo in rhe &Irk. Immcdiatc rccrystalluation of the crude material (32.9 g) from 35M ml absolute 
cthcr yielded 24.1 g colorless lcalkts. m.p. 145-146”. From the mother liquor, an additional 6.0 g 
amide, m.p. l41.5-143.0’. was obtained (total yield: 30.1 g; 665; of theory). Sensitive toair. heat and 
light, the amide turns dark and melts at a lower rcmp unless stored at - 20-. Further recrystallization 
scncs only to lower the m.p. to 140-141”. the value rcportcd in the Iitcraturc”~” and obtained on 
purilication of partially dccomposcd material. 

Use of ethyl cyclohcptatricnc-7-carhxylatc, as previously dcscribcd.” rcquircs a longer time (5-8 
days) and yields impure product. m.p. l27-131-, whose m.p. can be raised no highcr than 140-141” 
and then only hy several rccrystallirations, attended by such losses that in our hands the yield ranged 
from 8 -25 y/. of theory. 

7-Cycloheptatrienylmethyiumine 

t&lohcptatricnc-7-carboxamidc (30.0 g) was added over an 8 hr period to stirred. cthcrcal 
(600 ml) lithium aluminum hydride (18.5 g) at 0” under prcpurifed nitrogen. After 35 hr with stirring 
at 0’. water (75 ml) was added. separating an ether layer which was decanted and an aqueous paste 
which was thrice trituratcd with 100 ml portions of ether. The comb&d ether solutions wcrc w&cd 
once with water (200 ml) and twice wnh saturated aqueous sodium chloride (150 ml), dried over 
anhydrous magnesium sulfate and conantratcd to a rcsiduc, distillation of which gave 18.8 g (70.4 % 
of theory) of chc amine. b.p. 580-58.5’i4.2 mm; nn *’ I .5405; ultrdviolct absorption spectrum in 95 % 
ethanol: i.,,, 224 rnp (log E 2.Y2), i.,,, 253 (log E 3.51) (Found: C, 79.5; H, 9.3; h’, 11.5. C,H,,N 
rquircs: C, 79.3; If. 9.2; N. 11.6%). 

In the usual way from phcnylisocyanatc. N-(7-cycloheptatrieny/methyf)-N’-phenylureu was prc- 
pared, m.p. 98..99’ after recrystallization from absolute ethanol; and from phcnylisothiocyanatc. 
N-(7_cycloheptatrienylmethyf)-N’-phenyithiourea, m.p. I l&l I I ‘, from 95 % ethanol (Found : C. 70.5 ; 
H. 6.5; S. 12% C,,H,,N,S requires: C. 70.3; H, 6.3; S, 12.5%). 

Trimethyl-7-cycloheptatrienylnuthylamnwnium iodi& (Chart 2. C) 

A mixture of 7cyclohcptatricnylmcthylaminc (14.6 g), powdcrcd potassium carbonate (40 g). 
methyl iodide (102 g) and absolute methanol (200 ml) was shaken occasionally over a 36 hr period. 

” E. Buchncr. &r. Dtsch. Chew. Ges. 29, 106 (1896). 
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The solid rcsiduc, recovered by distillation, first on the slcam baLh, then in wcw, was exlraclcd in a 
Soxhlct apparatus with 300 ml chloroform for 14 hr. On being cookd. 26.9 g colorless necdle~, m.p. 
188-190” (dcc), crystallized. The concentrated mother liquor yielded an additional 5.6 g. Two 
rcctystallizations of the combined material from absolute methanol gave 27.2 g (86% of theory) of 
quatcrnary ammonium sa11 as heavy nccdlcs; m.p. 194.195” (dcc); ultraviolet spectrum compcn- 
sated by an yuimolar solution of potassium iodide both in 95:; ethanol: d_.. 255 (log6 3.53) 
(Found: C. 45.5; Ii, 6.2; I, 43.8; N. 4.7. C,,H,,lh’ rcquircs: C. 45.4; H, 6.2; I, 43.6; N, 4.8%). 

Hafmann elimination. The apparatus centered about a 25 ml par-shaped flask fitted through a 
ground 14;20 joint IO a simpk distillation head having an inlet capillary serving as a nitrogen inlet 
tube and an cflkicnt vacuum boiling aid. The side arm parsed into the inlet tube of the first of two 
simple traps, A and B, connected in scrics (side-arm rest-tubes with concentric inkt tubes extending to 
within 2 ~xn of the bottom). The final ou~k~ was a two-way stopcock allowing the introduction of 
nitrogen or the evacuation of the system. 

In a typical run, 0.500 g (I.82 mmol) of the quaternary iodide was dissolved in 5 ml of distilled 
waler (warming was naxssary) and poured into a 15 ml centrifuge tube containing silver oxide, 
freshly prcparcd by treating 0.300 g (1.73 mmol) of silver nitrate in 3 ml of water with excess 2 N 
sodium hydroxide, centrifuging. separating by dccantation and washing in similar fashion three times 
with distilled water. The resulting mixture was shaken and stirred for 5-10 min and oentrifugcd. 
The supcrnatant solution was dcuntcd mto the 25 ml pear-shaped flask along with two 2 ml washings 
of rhc prccipitatcd silver iodide. The solution (IO 15 ml) was now conccntratcd by distillation at 
6 mm, the bulk of the water being collected in D, rhc second of the two traps. by cooling to -70”. 

When the volume of the aqueous solution bccamc so low that the viscosity incrcascd noticeably, 
the more conccntratcd droplets on the side of the flask suddenly turned pale red. AI this point, A, the 
tin1 trap. was immcrscd in a dry-& bath (it was convenient to have rcplaad R shortly before this 
time with a clean trap) and the pressure was lowcrcd to 0.1 mm. The dr-mposition proceeded 
smoothly and could bc acaleratcd by heating the pear-shaped flask IO 3540‘. When no more liquid 
remained. nitrogen was admitted and aboul 25 ml of a suitable solvent was poured rapidly into trap 
A. attention being gibcn to proper rinsing of the inside of (he inkt tube. The red condcnsatc. a 
mixture of water. trimcthylaminc and product, must bc dissolved as soon as psslblc after it condcnscs 
and under no circumstances must it lx allowed to warm to room tcmperaturc, for the red color of the 
product is then rcplaccd by that of the colorless polymer. Among the solvents employed for the 
extraction were propane. butane. pcntanc. hcxanc. ether, tctrahydrofuran and carbon tctrachloridc. 
In this way. dark red solutions of mcthyknozyclohcptatricnc (I) could bc obtained. 

Chemical and Physical Properties of Melhylenccyclaheprarrie~ 

(a) Stuhiliry. The stability of the red solutions varied markedly with concentration. solvent and 
stray acidity. All attempts IO conccntratc solutions and isolate the product gave rise only to polymeric 
material. It should bc mentioned that apprcciablc quantitic3 of I codistilled unchanged in the 
attempted isolation experiments. The most determined effort involved preparing a solution in propane 
and rcmovmg the solvent in cacao at -60”. However. just like pcntanc solutions cvapordtcd at room 
tcmp on a watch glass, this procedure resulted in a tough polymeric film. 

Thcpo!,mer softened bctwccn 50-95” and bccamc clear from 100 120’. It was partially soluble in 
chloroform and bcnzrnc. insoluble in methanol and paraffins, and turned yellow on standing in air. 
The polymer dissolves in 9 N sulfuric acid with an intense red color turning blue on diluting with 
water and colorless on the addition of aqueous alkali. 

When a larger quantity of mcthylenuyclohcptatricne was conocntratcd in wcw, in addition IO 
polymer, an oil, possibly dimeric. b.p. 8O”/O,S mm.could bc distilled; A,,, 255,263 m/r(loga 3.68). The 
infrared spectrum taken in carbon tctrachloridc and carbon disulfidc contained the following absorp- 
tion bands (in 11): 3.31 nrong; 3.39 s. 346 medium. 3.51 m. 5.75 beak, 5.85 w, 6.15 m. 6.20 shoulder. 
694 J. 7.25 m, 744 m. 7.53 w, 7.78 w, 8.10 w, 8.57 m. 9.20 w, 9.70 w, 990 w, 1 l-26 s, 1 l-78 J. 12.10 m, 

12.42 w, 12.83 m. 1345 J. 13.30 1. 13.38 5, 14.16 ccry s, 1446 s, 1464 s. The material darkened upon 
standing under nitrogen, and gave positive tests for unsaturation with potassium pcrmanganate, 
bromine. and rcactcd vigorously with 9 N sulfuric acid. 

Shaken with dilute aqueous acid @OOOl N hydrochloric acid), solutions of I po~ymerizcd very 
fast. Consistently. solutions from which trimcthylaminc had been removed by washing with distilkd 
water wcrc far less stabk than unwashed, protected solutions. For example. a washed hcxanc solution 
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of I (0.3%) had decomposed (lost its color) apprunably in 3&tO min at 60 , whcrcas unwashed 
solutions and those of much lower conccntratton (oQ3~~003 y/A) wcrc considerably more stable. An 
ethanol or tetrahydrofuran solution (ca. 0.1 T/,) still containing truncthylamme was only halfdccom- 
posed after 24 days. I appeared to k slightly soluble and stabk in hquid ammonia (from which it 
could bc cxtractcd with absolute ether). 

(b) H)dro$cnaIion fo mrrh~le~clohqrane. A sample of I from 0.500 g quatcrnary ammonium salt 
in a mixture of 10 ml pcntanc and 10 ml methanol (both layers wcrc intensely red) was hydrogenated 
at 35 lb in a Parr apparatus over platmum oxide catalyst. Worked up by pouring Into water, scpar- 
sting. drying and distilling the pcntanc through a 25 cm Vigrcux column at a 10 to 1 rctlux ratio, the 
reaction yielded a small r&due which was distdkd in an Fmich tube to give 43 mg (23 P/i) of methyl- 
cyclohcptane: b.p. I36’ ; d,” 0.800; n,** 1.4392. 

An authentic sample was prepared from cyclohcptanonc and methyl magncxlum iodide by dc- 
hydration of the resulting I-mcthylcyclohcptanol with p-tolucncsulfonic acid and hydrogenation of 
the resulting okfins: b p. 136.1 ‘; d,** 0.7Y8; no ** 1.4390. The infrared spectra of the two sampks. 
taken neat in a 0.1 mm cell. wcrc supcrm~posablc from 2-I5 or but for two very weak shoulders 
(amounting to about 2 “/; diffcrcncc m t; transmission) present in the authentic sampk. The physical 
constants rcportcd for mcthykyclohcptanc are b.p. 135-136”. d,” 0.7981; nI,*’ 1.4388.)’ 

Quantitative hydrogenation was carried OUI in order to dctcrminc the extinction coefficient of the 
visible and ultraviolet sprtrum. The first method dcpcnded on the quantitative Isolation of mcthyl- 
cyclohcptanc. A solution of I from 0.500 g quaternary iodide in 20 ml hcxanc was washed thrice with 
40 ml porttons water, drKd for 2 min. with anhydrous magnesium sulfate and made up to 20.0 ml. 
A 1.00 ml aliquot was removed. diluted to 10 00 ml and used to detcrminc the absorption spcztrum. 
The remaining IY ml was hydrogcnatcd at 50 lb in a Parr apparatus with platinum oxide for 28 hr. 
The rcsultmg solution was conccntratcd carefully. passed through an 1 I x 200 mm column of 
actlvatcd alumina, using 30 ml pcntanc. The cluatc was conccntratcd. diluted with 5 ml carbon 
tctrachloridc and conccntratrd further to 0.5 ml. Thn rcsldue was diluted carefully to I.00 ml. From 
the density of the infrared bands at 3.49.6.82 and 7.24 p (the spectrum corrt-pondcd well with that of 
authentic mcthykyclohcptanc). the conrrntration of mcthylcyclohcptanc was calculated to bc 0.58 M. 
On the assumption thaw thts accurately represented theamount of mcthylcne~yclohcptatrlcnc produced 
(corraponding IO a yield of 3X 0,: of rhcory) the following cxtmctton cocffrients rr-ulted: log r 4482, 
2681 and 2.fSY at 279. 405 and 430 m/r, rcspcctlvcly. Any error resulting from loss of mcthylcyclo- 
hcptanc during the isolation proccdurc would lit in the dlnztion of undcrcstimatmg the concentration 
of I. Accordingly, 1hc7*: arc maximrrm values for lhc cxlinction ctx%zlcnts. 

The second method. consequent on the cxpcrlmcntal dctcrmination of the heat of hydrogenation 
at Rice University, llouston. a’ dcpcnded on the quantitative mcasurcmcnt of hydrogen absorption IO 
within I To. For this work, the proccdurc for preparing I was varlcd to improve rhc yield and mmimirc 
polymcriration. The first trap A(r.a.) was changed to a 50-ml. ordinary sldc-arm distillmg flask (with 
the stdc-arm set hrgh and connected to the scwnd trap B with standard taper joints) with a wldcr 
(10 mm) inkt tube (lcadmg from the pear-shaped distdling flask) to ulthin 1 cm of the bottom. By 
this means, it was possible for the vapors of I IO pass directly into the solvent without first condensing 
on the walls. In these cxpcrimcnts. the solvent. Diethylcarbitol (the his (,%cthoxyethyl) ether of 
ethylene glycol; b.p. 100’. 37 mm) was intrtduccd into trap A, as usual, at the first sign of daomposi- 
tion and was maintained at - 15’ in a salt-ICX bath. The whole apparatus was shaken gently by hand 
to facllitatc rapid dllutlon of the product. Followrng one experiment. complctc evaporation of lhc 
solvent left no rcsiduc. indicating the abscm of polymcriration. This change rn proccdurc also 
improved the rdariw yield (dctcrmincd from oplical density) by a factor of 1.3. 

In one of rvcral cxpcrimcnts. 275 ml of solution prcparcd from 2.000 mmol of the quatcrnary 
ammonium iodide had an optical density of 0.174 (0.173 at 0.01 mm slit: 0.175 at 0.15 mm slit) at 
429 m/r in a 1 cm ccl1 after dilution by a factor of 12.5. On catalytic hydrogenation, 6,467 mmol 
hydrogen was absorbed. corrr3ponding to X 1 “< of the thcorctIcal yield and an extinction cocfficicnt of 
370 (log c 2.568) in Dicthylcarbitol as solvent. To the extent that any part of the hydrogen absorbed 
should bc associated with dimcr or polymer, the cunccntration of 1 would in fact have &n lower than 
that taken. The value calculated for the extinction cucf%cnt is therefore a minimum ON. 

(c) Absorprlon spectra. The ultraviokt and visibk spectrum of I is shown in Fig. 1. 
Tk Infrared sptirum was very difikult to obtain bccausc of the instability of solutions more 

M G. Egloff. Physical Conrronrr of Hy&ocorbons Vol. II. p. 178. Reinhold (1940). 
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concentrated than 1 f;. A carbon tctrachloridc solution of I was washed. dried. concentrated in a 

stream of nitrogen to about 1 “,‘, and transferred at OMX to a 1 mm cell. A series of spectra u-crc 
compared with that of the colorless solution remaining after 2 hr. A solution in paraffin oil was 
prepared by adding 0.5 ml IO a pcntanc solution of I and concentrating. Combining the results of the 
two experiments gives a tentative, almost certainly incompktc spaztrum: 3.25 Icrrak, 3.32 mdium. 
5.16 w, 5.45 IV, 6.31 flrong. 6.48 m, 766 w. 860 m. IO.70 w’, IO.86 w. I I.75 5. 12.05 m. 13.50 tcry 5. 

(d) O:otw/ysis. A solution of 140 mmol oxone in methykne chloride at 70 was added to I.38 
mmol of I m 200 ml mcthylenc chloride. As the last bit of o~.onc was added. the solution turned from 
red to yellow. Zmc powder and water wcrc added. The mcthylenc chloride was distilkd at 40 
directly into an aqueous solution of dimcthyldihydrorcsorcinol (dimcdon) butTered at pH 4. After 
4X hr of occasional shaking, comntration gave a small amount of dark material which wu rccrystal- 
hrrd twice from methanol-water yielding 22 mg (6”;) of the dimcdon derivative of formaldehyde. 
m.p. 186187 : m.p. IX5 186.5’ in admixture ulth an authentic sample. No tropone could bc 
isolated. 

(e) Dimerhy/ u~ulcne-l,2~iicor~.ry/urc (C’horr 3. C). After 3 days at 4 , a solution of 3.43 mmol 
of I and 2.50 mmol dimcthyl acctyknc dicarboxylatc m 100 ml tctrahydrofuran was conczntratcd on 
the steam bath. Bcnranc was added and the distillation was contmucd until the b.p. reached 80 and 
the volume was 25 ml. After the addition of 200 mg of palladium-oncharcoal (IO?‘& a slow stream 
of au was passed through for 10 hr. 

The mixture was filtered by pauing through a short alumina column usmg ether as eluting solvent. 
The conczntratcd solution was chromatographcd on a I3 b 50 mm alumina column with 200 ml of 
cthcr as the cluting solvent. A dark purpk band separated from a dark brown, strongly adsorbed 
Impurity. Concentration of the blue solutmn gave I94 mg of dark blue oil. which was shromato- 
graphed again. Middle fractions with closely similar infrared spectra wcrc chromatographed a third 
time. The ultraviolet spectrum of this material IS shown in Fig. 2. (Found: C, 70.3; t1, 5.4; 0.240. 
C,,ll,,O, rcquircs: C. 68.9; II. 5.0; 0. 26.3”: ) 

3-Me/h vlmecycloheptu- I .4-dime 

When the lithium aluminum hydride rcducuon of cvcloheptatrienc-7cr~~~rnide (de supru) is 

carrtcd out at room temp. cxhaustivc methylation of the rcsultmg amine leads to a mixture of duatcr- 
nary ammonium salts, m.p. 153 172 Tedious fractional czystailti~tion (aldcd by the appear&e of 
two different crystalline forms -ncvdlc-like prisms and square prisms-at the fifth level which could 
bc scparatcd manually and used as seed) afforded trimcthyl 7-cyclohcptatricnylmethyl ammonium 
iodide. m.p. I90 191.5 (de!) and m.p. 192 -193” (drr) in admixture with the sample above, and a new. 
light-scnsitivc quatcrnary ammonium iodide. m.p. 177-178’. apparently a trlmethyl ryclohep,rotfieny/- 

mtvltyl ammonium iodide: no maximal absorption; only end absorption: i. 204 m/r (log t 3.42) 
(Found: C. 45.0; H. 7.0; I, 43.1. C,,II,,IN requires: C. 45.1; H, 6.9; 1, 43.3). 

Subjected to the Hofmann elimination by the procedure above, but at 70-80’. this quaternary 
ammonium salt (0.300 g) gave a colork%s liquid which was cvapratlvely distilled at 760 mm and 80”: 

L., 2(14. L,, 236: infrared spcztrum in 11: 3.24 medium, 3.31 strong, 3.42 3, 3.51 nr. 5.60 m, 5.75 m, 
5.82 weak. 6.24 tn. 6.35 m. 6% m. 6.98 s. 7.08 m. 7.25 w. 7.58 N’. 7.65 w. X.05 m. 8.29 m. 8.59 m. 
9.85 )v, 10.03 K. 10 Ml m. I I.21 tcry S. 1 I.37 S. I I.77 m. 12.30 m, 12.70 c’s, 13.15 m. 13.68 TV, 13.92 m. 
IS.05 m. 

A mixture of 35.6 gcrudc methyl 7-cyclohcptatrienylcarboxylatc and 250 ml 2 N sodium hydroxldc 
was rcfluxcd for 14 hr. The homogcncous red solution was cooled. extracted twice with ether. and 
acidified with 2 N sulfuric acid. The acidic mixture was extracted 4 times with @ml portions cthcr. 
The combined ethereal extracts wcrc dried over anhydrous magnesium sulfate and distilled on a uatcr 
bath to dryness. The brown rcsiduc was sublimed to give 28.7 g of a mixture of phcnylacetic acid 
and 2-cyclohcptatrienylcarboxylic acid. Four rccrystalli78tion.s of the mixture from n-hcxane gave 
12.3 g pure acid. m.p. 7O-71_, and from the mother liquors, an additional 4.2 g was obtained. making 
the okcrall yield 513; of theory. 

A mixture of 12.6 g of the above acid and 24 g thionyl chloride was cautiously warmed on a steam 
bath with swirling, and refluxcd for 1 hr. The cxccss thionyl chloride was removed in LW~UO, and the 

s 
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residue dissolved in 500 ml absolute ether. The solution was then rapidly stirred in an anhydrous 
ammonia atmosphcrc; after 1 hr. the cntrancc tube for the ammonia was lowered into the mixture. 
and the ether solution was saturated with ammonia. The prccipitatcd ammonium chloride was 
filtcrcd and washed 3 times with warm fresh ether. The combined ether filtrates wcrc conantratcd on 
a water bath. Sublimation of the tan r&due at 90” and 01 111111 gave 10.8 g (86:4 of theory) of 2- 
cyclohcptatricnylcarboxamidc as colorless crystals. m.p. l2Y.5-I 30.5”. 

Attempred preparation of 2-cycloheppratrienylmethyl amine 

To a stirred mixture of 6.2 g lithium aluminum hydride and 200 ml ether. at -40” under an 
atmosphcrc of dry prcpurificd nitrogen. 10.5 g of the powdered amide was added over a period of 
6 hr. The yellow mixture was stirred for an additional 20 hr at -’ 40 to -30”. and then allowed to 
warm to 0”. To the stirred mixture, 35 ml water was added dropwisc keeping the tcmp of the reaction 
mixture at 0.‘. The dark brown cthcr solution was decanted from the pasly inorganic salts. which 
wcrc then trituratcd tuicc with lOO-ml portions of fresh ether. The combined ether solutions were 
dried at O^ over anhydrous magnesium sulfate for 3 hr. and then distilkd under u)I) mm pressure at 
15”. All attempts to distill the resulting brown rcsiduc in a short path still yielded polymeric resin. 
Repetition of the reduction and immediate treatment of the crude ethereal solution with methyl iodide. 
potassium carbonate, and absolute methyl alcohol at room tcmp gave only a polymeric resin. from 
which no crystalline quaternary ammonium iodide could bc obtained. 

77~ reaction 01 merhyleneryclohepratriene to acidr 

Bromine, mdinc and boron trifluoridc immediately polymcrire hcptafulvcnc The same is true 
of aqueous hydrogen chloride and hydrogen bromide, although polymcriwlion is slower with aqueous 
aaztic acid or phenol. 11 was not possible to prepare a picratc; even at - 120” only polymer and 
trimcthylammonium picratc rcsultcd from the reaction of cthanolic picric acid with a freshly prepared 
solution of hcplafulvcnc. 

The addirlon of a solutmn of hcptafulvcnc in hcxanc to a solution of hydrogen bromide in hcxanc 
aI -80” gave a crysfalline. yellow prccipirarc. This matcrlal became gummy at -20” and was 
completely solubk in water. 

The reacrion of merhyleneryclohepta~riene IO sodium 

Reacting a piece of scraped sodium under a solution of mcthyknccyclohcpta~ricne in tctrahydro- 
furan a( room tcmpcrarurc produced a deep blue-black solution from which only intractabk poly- 
meric material could bc isolated. 

A solution of mcthylcnccyclohcptatricnc in 20ml of absolute ether from 0.5OOg trimethyl 7- 
cyclohcptatricnylmcthyl ammonium iodide was dried over potassium hydroxide pellets al O- for 
30 min and pumped inro a solution of sodium in 150 ml liquid ammonia al -60’. After I5 mm 
stirring, the black solution was dccolorircd by adding methanol dropwisc, diluted with additional 
ether, warmed 10 evaporate ammonia, washed twia with water. dried over magnesium sulfate. and 
distilled. The cthcr disMlatc had i.,,, 252 m/r. whcrcas the residue yielded a couple of drops of 
material with i.,, 232 rnp and an inflection at 250 mlr. 


