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Abrtrrt-~*.i-Bicyclo[2.2.1]hepradicnc (III) upon ul~~~v~olet irradiation was isomerbed in 67 per 
cent yield lo the valcncc ~au~omer~c quadricyclcnc (IV) which. in turn. upon being heated. reformed 

111. 7%~ reactions of IV with hydrogen. with acct~c sod and with bromine wcrc studied. 

Is 1954, Cristol and SnelP reported the first preparation of the quadricyclo- 
[2.2.1#KP~5] heptane ring system. Previous workersbso had attempted the synthesis of 
parent compound of this ring system by purely chemical methods but met with no 
success. Cristol and SnclP found that A2*5-bicyclo[2.2. I lheptadiene-2,3-dicarboxylic 
acid (I) upon ultraviolet irradiation was readily transformed to its valence tautomeric 
structure (II) and they viewed the reaction as proceeding by activation of one of the 
carbonarbon double bonds(most likely the unsaturated acid moiety)followed by reac- 
tion of this photoactivated bond with the other double bond. Theconversion ofcarvone 
to carvonc camphor is a similar photochemical reaction in which an activated double 
bond reacts with a near but not activated olcfinic linkage.’ However, on the basis of a 

\ 
: \ 

A +;--coon h, L&i- . -coon -_.... _* 
coal -. COW 

I LI 

study of the ultraviolet spectra of I and related materials, Jones, Mansfield and 
Whiting have suggested that one of the excited electronic states in which the non- 
conjugated double bond interacts with the conjugated diacid system may bc involved 
in this photochemical isomcrization. Rcccntly, Wilcox, Winstein and Mch4illan,e 
using semiempirical wave mechanical calculations, showed that in the lowest excited 
state (a complex band in the 215 rnp region) of the parent hydrocarbon, A2*J-bicyclo- 
[2.2.l]heptadiene (III), which contains no formally conjugated groups, there is 
interaction between the two isolated double bonds. If such an excited state is involved 

I For paper VII. see W. G. Dauben. K. Koch, 0. L. Chapman and S. L. Smith, /. Amer. Chcm. Soc.83, 
1768 (I%l). 

* Thts work was supported in part by Grant No. A-709 (C-6)-Rio. U.S. Public Health &via. 
s For nomenclature. see S. J. Crlr~ol and R. L. Snell. J. Amer. Chrm. Sot. @I, 1950 (1958). 
* Postdoctoral Fellow. U.S. Public llcalth Scrvla, 196&1961. 
’ M. Lipp. Brr. Dtrch. Chcm. Gcs. 74. 1 (1941). 
’ T. Hassclstrom and E. M. Falasco. Abstracts of Papers presental at the 123th hlcctmg of the Amcrlcan 

Chemical Socxty. Kansas Cny. Missouri, March, 19%. p. 39-N. 
’ G. Buchl and 1. M. Goldman. J. Amer. Chrm. Sot. 79, 4741 (19S7). 
s E. R. II. Jones, G. H. Mansfield and M. C. Whiung. 1. Chrm. Sor. 4078 (1956). 
‘C. F. W~lcon, S. Winstcm and W. G. McMillan, J. Amer. Chrm. Sot. 82. 3450 (1960). 

I97 



198 WILLIAM Ci. DAUBEN and ROBERT L. CARGILL 

in the valence tautomeric reaction then it should bc possible to convert III to the 
valence tautomcric IV, quadricyclene.1° 

When an ethereal solution of MS-bicyclo[2.2.l]hcptadiene (III) was irradiated 
with a G.E. AH-6 high pressure mercury lamp, all the characteristic ultraviolet bands 
of III disappeared and the end absorption at 205 rnp dropped to about 25 per cent of 
the original value. Upon short path distillation, there was obtained in 67% yield a 
monomeric photoisomer (IV) which was saturated (czos 400). The irradiation product 
upon normal distillation slowly reverted to the starting dicne and upon being heated 
in a sealed tube at 20&220’ for 5 min the photoisomer was readily converted to 111. 
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Such a heat induced reversal is characteristic of a valence tautomeric structure such as 
IV, quadricyclene. In line with the conclusion that no skeletal rearrangement had 
occurred was the finding that IV upon tetrahydrogenation yielded bicycloheptane (V). 

The infrared spectrum of IV differed in the expected manner from that of the 
starting diene III. The latter compound possessed a band at 3040 cm-l (olcfinic 
hydrogen stretching)” the intensity of which was about one-third that of the 299Ocm-’ 
band of the saturated carbon-hydrogen absorption and also showed a very intense 
band at 725 cm-l. characteristic of a chid disubstituted olefin”. The photoisomer 
possessed a band at 3054 cm-‘, characteristic of either olefinic or cyclopropyl hydro- 

gem. I1 but the intensitv of the band was equal to the 2990cm l band. The cisoid 
disubstituted olcfin baid at 725 cm 1 was missing. 

The nuclear magnetic resonance spectrum (Fig. 1) offered the best evidence for the 
quadricyclene structure. The spectrum showed only two bands12 centered at 8.017 
and 8.597, clearly shoning the absence of any vinyl protons. This feature, together 
with the ultraviolet end absorption, established the saturated character of the photo- 
isomer. The 8.01~ band was a triplet (J = 1 cps) and represented the absorption of 
two protons. A triplet structure would be expected for the methylene hydrogens on 
C, when coupled with the hydrogen atoms on Cl and C,. The 8.59s band was at 
lcast a quintuplet and represented the absorption for six protons. The structure of 
the band was typical of that found for an a&,X, system in which the chemical shift 
betHccn a and h is small.*3 Such would be the case for the hydrogcns on the two 

I* The findmg ofCookson and Crundwcll [C‘hrm. & fnd. 1004 (19S8)l that Isodrin with IWO nonadjacent but 
tnrcracfmg chromophores [,& 198 m/r (e 9MlO)j was cyclircd IO Photodrin with ultraviolet Itght reprt- 
scnts anorhcr cnamplc of this ~ypc of cwted state. 

‘I 1.. J. Hcllamy. The Infrared Spccrro o/ ~Lmplrx .Wo/mdr~. John Wiley. New York (19S6). 
‘* WC arc indcbtrd to Dr. Robcrc E. Lundin. Western Regional Research Laboratory. U.S. Ikpartmcnl of 

Agnculturc. for these mcasurcmcnls. 
I’ J. A. Poplc. W. G. Schncidcr and H. 1. Bcrnsfcin, High Rrrolurion Surlror Magnrric Rrsonmce p. 126. 

McGraw-IIlll. Sew York (1959). 
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cyclopropyl rings, the protons on C, and C, being slightly different from those on C,, 
C,, C, and C,. Of particular interest was the position of these cyclopropyl hydrogen 

absorptions. In a simple substituted cyclopropane, such as norcarane 

(bicyclo[4.1 .O]heptane), the methylene protons absorb at 9.987 and the methine cyclo- 
propyl protons at 9.29~. l’ A similar methine cyclopropyl proton in nortryclcne 

absorbs still lower at 8.99~. Thus, the lowering of the cyclopropyl proton absorption 
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Fro. 1. NMR specrnrm of quadrqclene (IV) in carbon tctrachloridc. 

to 8.59s in quadricyclcne is not surprising since the placement of the two connected 
cyclopropyl rings in adjacent planes could be expected to deshield the cyclopropyl 
hydrogens even more. A similar effect was found in the related diacid II ofcristol and 
SnelPin which thecyclopropyl protons absorb between 7.48-7.82~. This extra lowering 
is due to a dcshielding by the carboxylate group which in cyclopropanccarboxylic acid 
is known to lower absorptions by about 17 unit (methylcnc protons in cyclopropane- 
carboxylic acid, 8.98.,9*12).” 

Quadricyclcne was quite stable when stored, but, as would be expected for such a 
highly strained structure, the compound was quite reactive. When IV was allowed to 
stand for 26 hr at room temperature with glacial acetic acid, it was transformed into 
nortricyclyl acctatc (VI) and exe-norbornenyl acetate (VII). Under the sameconditions 
4zJ-bicyclo[2.2.1]heptadienc and nortricyclyl acetate were stable. Also, as was 
found by Cristol and l.aLondelS with diacid II, bromine in carbon tetrachloride 
reacted rapidly with quadricyclcnc to yield a mixture of 2,6-dibromonortricyclcne 
(VIII) and exe-5-anti-7-dibromonorbornene (IX). 

This conversion of AP*b-bicyclo[2.2. I jheptadiene to quadricyclene by means of 
ultraviolet irradiation and the previous finding of Cookson and CrundwelP” using 
Isodrin, point to the possibility of preparing highly strained systems by ring closure 

I’ K. B. Wibcrg. private communication. 
‘* S. J. Cristol and R. T. LaLondc. 1. Amer. Chrm. Sot. 130~4355 (1958). 
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between any two isolated, but nearby, olefinic double bonds if the latter groups 
as measured by the ultraviolet absorption, show interaction in an electronic cxcitcd 

state. 

EXPERIMF.h’TAL’*J’ 

A solution of IO ml (9.0 g, O@Jll molt) of bicyclo[2.2.I]hcptadicnc” in 2 I. of dry ether was ir- 
radiated for I IO hr with a G.F.. A-H 6 mercury lamp. I* The ether was rcmovcd by distillation from 
a water-bath at 50’ until the volume of the rcsiduc was about 50 ml. The concentrated solution was 
cxtractcd with a satumtcd solution of silver nmatc. washed with water. dried. and conccntntcd by 
distillation to a volume of about 20 ml. The cthcrcal solution upon VPC, after the ether peak, 
showed one peak (DKiS,~ 4’ column, 48 . retention time. 8 min). The product was distilled through 
a short path still and arbitrarily three fmctions of colorkss distillate wcrc collected, block tcmpcn- 
turc, 50 60’. 60-75 ‘, and 75 77“. VPC analysis showed that each fraction contained a small amount 
of ether, approximately 95 X of photo product and a few per Cent of other substana5 (cyclohcptatricnc 
and tolucnc wcrc absent), the yield was 6 0 g (67:,;) of a colorlas liquid and there was 2 g of a yellow 
viscous residue. When the product was distilkd in a normal Claixn flask, it slowly rcvcrtcd to 
bicyclohcptadicnc but the b.p. was about 98’. 

All physical mcasurcmcnts and subsequent reactions were carried out with pun: samples of 
“quadricyclcne” collcctcd from VFC. The $ was I.4804 and the mokcular weight as determined 
b mass spaztromctry** was 92. In the ultraviolet there was no maximum only end absorption, 
~oit400. (Found: C, 91.41 % : H, 8.91. Calc. for C,II.(92.13): C. 91.25; H. 8.750/;.)** 

A sample of I09 mg (I.19 mmoks) of IV in a nitrogen atmosphere was scaled in a Pyrex rubc and 
the tube was heated in a salt bath at 200-,220’ for 5 min. After coohng. the product was analyrcd 
by VPC. using a DEGS column (IO ft by 1’) at 35’ and thcrc were only two components, the ratio 
of the faster to the slower movmg material was 2: I. The materials were scpantcd using a 4’ DEGS 

column at 50’. The material which appcarcd at 4 min was identified as bicyclo[2.2.I]hcptadiene by 
infrrrcd spectra and by VPC retention times. The minor, slower moving material (8 min) was 
unrcactcd quadricyclenc. 

Hy&~enurion of quaakicyclene (IV) ro bicyclo[2.2. I ~pranc (V) 

A solution of I03 mg (I.12 mmoks) of IV in I5 ml of dry ether was hydrogenated over 26 mg of 
prcrcduced platinum oxide at atmospheric pressure and 23’. At the end of 25 min. 55 ml (2 mmolcs) 
of hydrogen had been absorbed with no apparent change in rake during the hydrogenation. The 

catalyst was removed, most of the ether distilled (bath-temp. SO ) and the product collected from 
VPC (I)EGS, 4’. 35’ ). The infrared spectrum and the VF’C retention time of the product wcrc 
identical with those of an authentic sample of bicyclo[2.2.l]heptanc, prepared by hydrogenation of 
bicyclo[2.2.l]hcptadicnc. 

Reactions oJquadric_vclene (IV) with acetic arid 

A solution of 62 mg (0.675 mmole) of IV in I.0 ml of glacial acetic acid was allowed to stand 
under a nitrogen atmosphere for 26 hr. Ether (2 ml) and water (4 ml) wcrc added and the cxccss 
acetic acid was neutralized with sohd sodium bicarbonate. The two layers wcrc separated and the 
water layer cxtractcd again. I:rom the combined ether layer two esters were isolated in approximately 

I* Analyses by the Microanalytical taboratory. University of California, Berkeley. 
I’ Identikcation by VPC means upon vapor phase chromatography that the unknown compound in question 

and the authcnnc matcrral posscJscd tdcntical retcnnon times and when the IWO components wcrc mixed. 
only a single peak was observed. 

I’ Kindly supplied by the Shell Development Company, Emcryvillc. Cnhfornia. 
I* For dctarlr of the irradiation apparatus. see W. G. Dauben and R. L. Cargill. frrroihrdron 12, I86 (1961). 
a* Dtcchylcnc glycol succinrtc. rupphcd by Wtlkcns Instrument Co. 
** We arc lndcbtcd to Dr. D. I’. Stevenson. Shell Devclopmcnt Company, for this dctcrmmation. 
** The sample was drwd over sodmm. 
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equal amounts by the UK of VPC (DEGS. lo4 ‘, 20 and 28 min). The faster moving fraction was shown 
to be nortricyclyl acetate by comparison m the usual manner with authentic matcrial.U The slower 
moving fraction was identified as rxo-norbomenyl acetate by the means of Infrared spectra and VPC. 
An authentic sample of both the cncio and the PXO isomer was obtained from a mixture of the two 
acetates” by preparative VPC (4’ Glycerol column). 

Rracrion oJyuu&icy&nc (IV) with bromine 

A solution of 213 mg (1.33 mmoles) of bromtne in I.2 ml of carbon tcttachloridc was added. 
dropwise. to a solution of I I I mg (I.20 mmolcs) of II in I ml of carbon tctrachlortdc at 0 in the 
dark. The bromine color was discharged immediately and heat was cvolvcd. The rryulting solution 
was colorless and the infrared spectrum of the reaction mixture was identical with that of an authentic 
mlxturc of 2.6dibromonotricyclcnc and cxu5dnri-7-dibromonorhorncnc prcparcd by the addition 
of bromine to bicyclo]2.2. I ]hcptadicne.” 

U WC are indebted to Mr. G. H. Bcrczin for a wmpk of nortricyclenol. 
*’ Kindly suppltcd by Professor J. D. Roberts and Dr. Marjork C. Casscrio. 
” L. Schmcrlmg. J. I’. Lcwts and R. W. Welch. J. Amer. (‘hem. Sot. 78, 2819 (1956). 
*‘ S. W~nslc~n. 1. Amer. Chcm. SIX-. 83 I516 (1961). 


