
A RATIONAL SYNTHESIS OF BULLVALENE’ 
BARBARALONE AND DERIVATIVES; BULLVALONE 

W. VON E. I%)ERING, B. M. FERRIEH,* Et. T. F~sst~t..~ J. H. HAWTESSWK.~ 

M. JONES. JR.,* G. KLUMPP,* R. M. RUBIN’ and M. SAUNDERS 

Khnc and Sterhng Chemistry Laboratona. Yale Umvcrs~ty.Ncw Haven. Conncctlcur 06520 

(Recerved tn USA. 27 Dee-emher 1966; acrepred for pahlrrarcon 2 I Fchruar! 1967) 

Abstract- A rational synthesis of hullvalcn (I) proceeds in scvcn steps from cyclohcptaincnc-7urboxyhc 

acid by way of cyclohepraincnc-7-carbonyi chloride. cyclohcprairicn-7-yl diazomcthyl ketone (R-l). 

barbaralonc (VI). bullvalonc IV). 9-hydroxytncyclo [ 3 3.2.0’ “jdcca-3.6dlenc and 9-accioxyrricyclo- 

[3.3.2.0*-‘jdcca-3.6dienc (F-4) D~scu.u~m LS conccrncd mainly with (a) an attempt to synihcsuc bullvalone 

(V) from cyclohcprarncnc-7-ylacctic acd (A-l) which mstcad prcducai 1hc LsomcrH: tncyclo[S.3.0.0’~ “‘I- 

deca-3.Sdicn-9-one(A-3);(b) the divinylcyclopropanc rcarrangemcar III barbaralone (V) and the rhcorctical 

relation d its very rapid rate IO Cope rearrangement III acychc sys~cms; (c) the preparatton and fluxtonal 

quality dbarbaralanc (VII); (d) ~hc thermal rcorganizatlon d bullvalcnc (I) IO cis-9,lOdlhydronaphrhalenc 

(IX): (c) the preparatton of methyl- and phcnyl-bullvalcnc; and (II rhc cxchangc d all ten hydrogen atoms 

In hullvalonc (V) by dcutcrium and ihc bcanng d rhlr obscrvailon on rhc fluxlonallry d hullvalcnc (I) 

THICYCL~(~.~.~.~~.~)L)ECA-~,~,~-+RIENE (1, bullvalene) evolved conceptually6 as the 
logical consequence of the successful demonstration that bicycle [5.l.O]octa-2,5- 
diene (II, homotropilidene)’ possesses fluxional character owing to a rapid structurally 
degenerate divinylcyclopropane rearrangement. 

In the generalized definition. a structurally fluxional molecule is characterized 
not by a single equilibrium arrangement of bonding atoms but by the existence of 

Prchmmary announccmcnts of parts d ihls work art IO bc found m rcvtcws by Docrmg and Roth’ 

and by Schrticr. 0th and McrCnyc ’ 

W. von F_ Docring and W. R. Roth. Anger Chem 75.27 (1963); lncer Ed. Z 1 IS (IW3). 

G. Schrbder. J F M. 0th and R McrCnyl. Ayew. Chem 77. 774 (1%5): Infer Ed 4. 752 (IWS). 

WC wish IO express our deep grautudc to the Aaron I! Norman Fund for rhc awards of the Ruth 

Alia Norman Well Postdoctoral Fellowship in Organtc Chcmtsiry IO Dr Barbara M. Fcrricr (October 

I%1 September 1962). ~hc Sylvan E WCII Postdoctoral Fellowship m Orgamc Chemistry IO Dr 

M Jones. Jr. (January-August IW3) and rhc Hlckrill Chemical Rcscarch Foundation Postdoctoral 

FellowshIp in Orgamc Chemistry IO Dr. G Klumpp (Novcmbcr I%2.-May 1964). 

WC thank the Nattonal Sclcncc Foundation for its support d part of this work in rhc form d Fellow- 

ship of the Undergraduate Rcacarch Partiapaimn Program IO E T. Fossd and R. M. Rubin and 

a Postdoctoral Rcscarch Asslsianrshlp (Grant 0959) IO Dr. J. H. Hancnstcm (Scpicmbcr I%3- 

August 1964). 

’ W. von E Docnng Zh. Vw.w)uz. Khrm Ohshchtswa im D. I Medeleera 7. 3tM (I%?) 

* W von E Docrtnp and W R Roth. Tetrahedron 19. 715 (1963) 

3943 



9344 W. YON E. D~XRIXK; cf 01. 

two or more identical chemical structures which are interconverted by an autogenous” 
intramolecular rearrangement at a rate high enough to demand acknowledgement for 
certain chemical purposes9 

Tbe broad line of IogicaI development to bullvalene (I) begins with hexa-l,S- 
diene (IV), which suffers a degenerate Cope” rearrangement rapidly at 300” and 
above.lZ The second stage proceeds to the cisdivinylcyclopropane (III)’ of Vogel ef 
at.,’ 3 the as yet unisolated’ molecule which rearranges very rapidly owing to the relief 
of the strain in the cyciopropyl ring but has lost the potentiality for a degenerate re- 
arrangement inherent in hexa-1Sdienc. The third stage of development progresses 
to homot ropilidene. bicyclo[S. 1 .OJocta-2Sdicne (II),’ in which the degeneracy 
lost in III is restored by the second methyiene group (4) and the rapidity of the divinyl- 
cyciopropane rearrangement is retained despite the necessarily 6-center conformation 
ofthe transitionstate.” Finally, theaddition ofa third doublebond asa bridgebetween 
C, and Cs in 11 culminates the development by freezing the divinyicyclopropane 
structure in the kineti~liy preferred syn confo~ation. At the same time, the number 
of structures needed to describe the three-fold symmetrical bullvalene (I)” increases 
to 1,209,600 from the two needed to describe homotropilidene (II). 

By the middle of 1963 in one characteristically spectacular strokei Gerhard 
Schrijder had obtained bulivaiene” by UV irradiation of the 76” dimer of cycio- 
iictatetraene, which was simultaneously corrected from pentacycio[8.4.2.0.** ’ 
0.‘~80’t~‘4]hexadeca4,6,12,15-tetraene, originally assigned by W. 0. Jones,“’ to 
pentacycio[9.3.2.0. ** ‘*0.3* loo** 9]hexadeca-5,7,13,1 S-tetraene. 

The present paper concerns an alternate synthesis of bulivalene, which in its ration- 
ality offers independent synthetic evidence for the structure, and an investigation of 

“Autogenous” tn a chemical sense defines art aphotic, uncatalyxrxl (or self-catalyzed. self-generate& 
reaction. 
Although tautomerism lo has long defined the behavior of systems of IWO or more readily inter- 
convattbk tsomera a word for the separate description of degenerate examples has not been available. 
The special property of a molecule which may sulTer a degenerately tautomerr rearrangement is the 
ability to bc rapidly rearranged into itself by a physical process (such as rotation m ethane or inversion 
in ammonta) or a chemical process (the breaking and remaking of bonds). Fluxion (“conttauing motion 
IX change’) and fluxional seem tmntently appropriate words to designate +nokcula which are able 
co undergo rapidly reversible, structurally degenerate isornerirations 
J. W. Baker, Touromrr*m. van Nostrand. New York L 1934). 
H Levy and A. C. Cope, J. Am. Chem. Sot. 66, 1684 ( 1944) 
W. YOU E. Doering and V. Toscano have found that l.l-didcuteriohcxa-l.5-dicne (Iv) rcarran~ea to 
3.3-dideuteriohexa-I.5diene at a convenient rate in the range d temperatures. 250-350’. with acti- 
vation parameters E, = 355 kcahmok and AS’ 9 -90 cu. [uapoblishe&but sos foomoo 9 in 
J A. Berson and M Jones. Jr.. 1. Am. Chem. So<. 86 5017 11964)]. 
E. Vogel, K.-H. Ott and K. Gajtk. Liefiiys Ann. 644. 172 tl%ll 
W. von E. Doering and W R. Roth. I’crrahedron 18.67 (1962). 
The prectse origin of this ignobk name, at the hands d incredulous groduatc students is lost. but 
their mittal response to its conception and the possibility d IIS extstence is suggested in h Partndp. 
A Dicrionary dS&q anf &‘nconrenrtoM1 EngM p. 104. Macmillan. N.Y I I%1 I. 
G. Mr&kr. Angrw. Ch 75,772 { 1963); Inter. Ed. Z 481 i IW3). 
The simplicity with which !khr&ia wrote on I8 May I%3 of these bnlliant achievements bears 
sharing: “Die Ictxten Wochat und Monatc hak ich mich wciterhin mit der StrukturbatimmuDg der 
flukturcrcndat Molekilk C,,H,, und C,,H,, beschaftrgt Dabet ist mir t&&J ungcwollr urxf w- 
fwahsichrigr Ihr ‘Bullvakne’ tn die Hande gelallen.” 

I* W 0 Jones. Chem. d fnd 1611955) 
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bullvalone (V), which plays a vital role in the establishment of the fluxional character 
of the bullvalene system. 

The first synthetic attempts started with the readily available cycloheptatrien-7- 
ylacetic acid (A-l) “* ” and proceeded to the diazoketone (A-2) with a view to effecting 
copper-catalyzed decomposition and cyclization.2’~22 It was intended that ring 
closure should involve the transannular doubk bond’la) and lead to bullvalone (V). 
but, in fact, the divalent intermediate attacked an adjoining doubk bond (b) and led 
to an isomeric ketone. A-3. 

Chart A 

A-3 A-4 

Independent evidence for the structure of A-3 includes its UV spectrum [A_ 
255 mu, E 42001, which is almost the same as that of a related diene, bicyclo[5.1.0]- 
hepta-2.4diene’ [&_ 258 mu, E 42001; the UV spectrum of the conjugate crystalline 
alcohol obtained from A-3 by reduction with sodium borohydride [i_ 26Omu, 
E 46403. which is also characteristic of a conjugated diene; and the difference spectrum 
of cquimolar solutions of the alcohol and A-3 [A,_ 293 mu, E 1381, which clearly 
reveals the ketone function. Further evidence is provided by examination of the three 
products of catalytic hydrogenation one of which is tricyclo[5.2.1.0*. ‘0]deca-9-one 
(A4) which has been synthesized from A-5. ” The other two products have retention 
times (GLPC) identical with the retention times of the two products of hydrogenation 
of A-4. 

Other conditions for the decomposition of A-2 such as photochemical, thermal 
and catalytic (cuprous tetrachloraluminate), failed to divert the “ketocarbene” 
from the proximate double bond to the transannular bond. Examination of models 
of the s)n conformation of 7-substituted cycloheptatrienes encouraged the belief 
that the lower homologous “ketocarbene” (from B-l) might fmd it more diflicult 

” M E. Volfi~n. I S Akhrcm and D. N. Kursanov. lzcesr. A&ad. Nat& S.S.S.R.. Otdei Khim Nash 
lsol(1957) 

lo K. Conrow. 1. Am. Chem. Sot. 81. 5461 (1959). 

* ’ G Stork and J. Fxinl. J Am. Chcm Sot 83.4678 ( 1% I ) 

‘* W. von 11 DoerInk E T. Fosscl and R L Kaye. frtrohrdron 21. 25 (I%51 
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to react with the proximate double bond. In fact this prediction could be realizedz~ ’ 
but the resulting molecule VI was inevitably one carbon atom shy of the required ten. 

Chart B 

B-I VI B-3 B-2 

The sequence proceeds from benzene and ethyl diazoacetate”. I4 through cyclo- 
heptatrien-7-ylcarbonyl chloride’* to cycloheptatrien-7-yl diazomethyl ketone (B-l). 
Reaction with copper powder or cuprous ion produces tricyclo[3.3.1.0’, *]-nona- 
3,6dien-9-one (VI, barbaralone). 

Independent chemical evidence to support the structure of barbaralone is derived 
from its catalytic hydrogenation to two ketones, one of which appears to be bicyclo- 
[3.2.2Jnonan-6-one (B-3). This material is also the major ketone formed in the catalytic 
hydrogenation of tricyclo[3.3.1.0* *]nonan-9one (B-2)” and must have either the 
structure B-3 or bicyclo[3.3.l]nonan-9-one. Since the former is expected to exchange 
dcutcrium in the presence of base and deuterium oxtde, while the latter is not. the fact 
that the ketone exchanges dcuterium supports the assignment of btcyclo[3.2.2]nonan- 
6-one (B-3). 

The NMR spectrum imposes further stringent conditions on the structure of VI 
and reveals its fluxional character. This spectrum derives, at room temperature or 
above+ from the average of two rapidly equilibrating structurally indistinguishable 
valency tautomers (C-2) whereas the low-temperature spectrum, determined by 
Lambert.*’ corresponds to that of the single-structured. frozen molecule (C-l). 

Chart C 

Below - 70’. the spectrum reveals four vinyl hydrogen atoms centered at 6 = 5.92 ppm. 
three hydrogen atoms at 6 = 2.91 ppm and one at 246 ppm. At higher temperatures. 
there appears a new band which. at room temperature or above. has become a 
sharply resolved component of the spectrum of the fluxional molecule. Ccntcred a~ 

” W van E Docrmg and D W W~lcy. Terrchedron 10. 183 f 1960) 
” M J S. Dcwar and R. PCIIII. J Ckm Sot. 2021 (19%) 

*’ J B lambert. Trrruhrdron Letters 1901 (1963) 
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4.32 ppm and describable, oversimplified as a triplet this band of an area corre- 
sponding to four hydrogen atoms (type x) is the consequence of averaging two vinyl 
hydrogen atoms (4 and 6; 5.92 ppm) and two tertiary cyclopropane hydrogen atoms 
(2 and 8; 2.91 ppm). Two vinyl hydrogen atoms (3 and 7) remain at 5.71 ppm as type v. 
while two hydrogens a to the carbonyl group (type a) appear at 2.65 ppm as the average 
of the hydrogen atoms at the bridgehead (5; 2.91 ppm) and the tertiary cyclopropyl 
hydrogen (I ; 246 ppm). 

The fine structure of the room-temperature spectrum (C-2) lends further support 
to the assignment. Each of the two vinyl hydrogen atoms (type v) is split into a triplet 
by a pair of adjacent hydrogen atoms of type n 2 and 4. and 6 and 8, respectively. 
Fach arm of the triplet is itself split into a triplet by the pair of opposite hydrogen 
atoms of type x : atom 3 by 6 and 8; atom 7 by 2 and 4. Each hydrogen atom of type 
a becomes split into a triplet (J = 7 c’s) by the adjacent pair of type x: atom 1 by 2 
and 8. atom 5 by 4 and 6. Finally, each of the four hydrogen atoms of type x is split 
by coupling with one hydrogen of type a and one of type v: e.g.. atom 2 by 1 and 3. 
Owing to the fortunate near-identity of coupling constants. this coupling appears as 
a surprisingly clean triplet. 

In earlier work on i’luxional molecules.’ it had been hypothesized that the syn 
conformation of bicyclo[5.1.0]octa-2,Sdiene (homotropihdene, II) was kinetically 
more favorable to the divinylcyclopropane rearrangement than the anti conformation, 
which was suspected of being the thermodynamically more favorabk conformation. 
On this reasoning an even more rapid rate of rearrangement was predicted of a 
molecule frozen permanently in the syn conformation by the incorporation of a 
bridge between atoms 4 and 8. In barbaralone (VI) such a molecule has been created 
and the rate of its divinylcyclopropane rearrangement is indeed much faster than that 
ol II in accord with prediction. ” The total amount of strain available for partial 
relief in the transition state may have increased sufhciently to contribute significantly 
to the increase in rate.2’ but the more precise allocation of the acceleration between 
enthalpy and entropy of activation will require the determination of several heats 
of formation. derivable energies of strain and presently unavailable rates. 

Nevertheless the remarkable rapidity of the divinylcyclopropane rearrangement 
in barharalonc deserves some comment al this rime. The estimation of activation 
energies in this and related systems is based on the assumption of a transition state 
resembling a his-allylic diradical (Chart D). The activation energy predicted for 
the rearrangement of rrans-1.2divinylcyclopropane (trans-III) is now estimated to be 
305 kcal.!mok on the basis of values somewhat different from those used previously.’ 
The estimation is composed of the binding strength of two secondary carbon atoms 
(79 kcal’mole)2pkss theassistancx:oltwoelementsofallylicenergicsofdelocalization3o 

” Although the rate of rearrangement of VIII has been detcrmmcd by Lambcr1.l’ that ol II IS SIIII 

undetcrmincd. Roughly comparabk degrees of averaging art found at - 5@ for VIII and 20” for II 

” That strain may be a significant factor in thr acceleration D mdtcatal by rbe very rapd rate of re- 

arrangement found m scm~bullvalene ” 

*’ H F Zlmmcrmann and G I. Gruncwald. I .4m Chrm SOC- 88. IR3 (19641 

lo T 1.. Collrcll. Tk* Sfrrngrhr ofChcmtw/ Bonds (2nd Fdirlon) Rutrcruorrh% London I 195X) 

‘” Taken wlh rescrvallom IO be I7 kcal mok [half the dlikrencr tx~wccn 81 kcal mole. OX atlmarcd 

bindmg strength d IWO primary arbon atomr and 46.5 kcal mole. the activatmn energy of the 

formation drwo ally1 radicals from hcxa-l.5dknc (W von L Docrmg and V Toscano. unpubluhcd)] 

See J I3 Homer and F P I.ossmg Con& J Chcm. 44.221 I (1966) 
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(34.5 kcal/mole) less the assistance of strain to the opening of the cyclopropyl ring 
(16 kcal!mole)” plus two increments each of 1 kcal;moIe assumed for the difference 
between cis and rr0n.s allylic radicals. This value of 30.5 kc&mole agrees well with 
the value 32.1 kcal!mole recently reported by Vogel and Sundermann,” but it should 
be noted that changes of as littk as +2 kcal!‘mole in any of the contributing values 
could occasion a larger, but still acceptable, disparity between calculated and experi- 
mental values. 

For the prediction of the activation energies of the divinylcyclopropane rearrange- 
ment in the tricyclic molecule, barbaralone (VI), in homotropilidene (II) in its syn 
conformation and in cis-l,2-divinylcyclopropane (III), assistance afforded by the 
cyclic or concerted nature of the reaction must bt assessed. This element of concert 
is well recognized as the essential feature of the Cope rearrangement. Its geometrical 
requirement, elaborated recently in 3,4dimethylhexa-l,Sdiene,‘* involves a four- 
centered transition state (“acyclic” four-centered: 180”; D-l). The amount ofassistance 
has been estimated to be I I kcal/mole, the difference between the activation energies 
of the dissociation of hexa-1,5diene to two allylic radicals” and the activation 
energy of the Cope rearrangement of l,ldideuteriohexa-1,5diene.” Participation 
of a hypothetical 6-centered transition state (“acyclic” 6-ceatered: 0”; D-2) could not 
be detected and was thus estimated to be less effective than participation of the 
“acyclic” 4-centered state (D-I) by a minimum of 56 kcal.,mole. 

Unfortunately, this experience with an acyclic hexa-1.5diene is of little help in 
the evaluation of possible assistance in the rearrangements of 111, syn-II and VI. 
Owing to a fundamental dilierence in geometry, no arrangement even remotely 
resembling the “acyclic” four-centered transition state (D-I) is available when the 
two allylic radicals are connected through a carbon atom; that is, whenever atoms 3 
and 4 of the hexa-1.5diene are part of a small ring In the Cope rearrangement of 
“acyclic” hexa-1.5dienes the two allylic radicals are in the frans relationship of the 
“acyclic” 4centered state. whereas in the related rearrangements of “cyclic” hexa-1. 
5dienes (e.g. III. II and VI). they are obliged to be in a cis relationship. the strain-free 

Chart D 

form of which is the “cyclic” 4-centered (109”) transition state (D-3). It is thus un- 
acceptable to assign an assistance of 1 I kcal mole or an activation energy of 21 kcal 
mole (32 kcal;mole3’ minus 11 kcal mole) to rearrangements of the cisdivinylcyclo- 

propane type 

” The d~llercna between (II teal mole and tbe acuvauon energy for cu-fIam mtcrconvers~on u1 cyclo- 
propane (65-I kcal ‘mole).“’ 

” E W. schlag and B. S Rabinovitch I Am Chtm Sot 82 59% (1960). 

” F. Vogel and R. Sundermann Dilserrution K6ln. 1966; graciously commumcalal pnve~cly by Prokor 
Vogel wtth permissIon to cm 
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It does not follow, however, that assistance from cis-overlap can be excluded on 
the grounds that this geometry is in essence a relative of the unobserved and unfavored 
“acyclic” 6-centered (0’) transition state (D-2) Alteration of this state to permit 
accommodation of the 3.4bonding atom requires expansion of the dihedral angle of 
0” to 109” (“cyclic” tintered: 109”; D-3). This expansion elfectively reduces the 
repulsion of the filled non-bonding orbitals at atoms 2 and 5 of the allylic radicals by 
moving them too far apart for appreciable interaction. With this change in geometry 
the fundamental energetic objection to the 6-centered state is removed. Although a 
similar expansion is in principle available to the Cope rearrangement of “acyclic” 
hexa-1.5dienes. it can not be employed profitably. owing to the presence of four 
interfering hydrogen atoms. These atoms effectively force the positively overlapping 
pairs of atoms 1 and 6 and 3 and 4 to separate almost as much as the negatively over- 
lapping atoms 2 and 5. In summary. it is not clear theoretically whether side-by-side 
overlap in the “cyclic” lcentered state (D-3) should be larger or smaller than the 
end-tocnd overlap available in the “acyclic” 4ccntered (180”) state (D-l). The 
experimentally observed assistance (uide in@) amounts to 2&24 kcal mole. 

To determine whether the nature of the 9-substituent in the barbaralane system 
(Chart E) is a major factor influencing the high rate of rearrangement of barbaralone 
(VI). several derivatives have been made-the 9-hydroxyl (E-l). the 9-chloro (E-2). 
the ethylenedithioketal (E-3) and the parent hydrocarbon barbaralane (VII).‘* 

Chart E 

All these substances undergo the divinylcyclopropane rearrangement at comparable 
rates in the sense that they possess averaged spectra at 25” and the spectra of single. 
frozen structures by - 100‘. Although a careful quantitative comparison is in progress. 
it is already clear that the presence of a carbonyl group at G, in VI exercises no great 
effect; in fact VI may react somewhat more slowly than the methylene analogue. 
barbaralane (VII). 

Parenthetically. attempts have been made to scrutinir.. the Cp carbonium ion 

” Barbpralanc (VII) has just ken synthaimd by an alkmatc route tbrou& the iosylbydraxme of 

triasteranone [U. Biethan, H. Klusacek and H. Musso. Anew. Chn 79. 152 (1967); Inm. IX 6, 

176 (I%7)]. 



(E-4) derivable from E-l or E-2 for signs of anchimeric assistancc and lluxional 
character. Not only have all efforts to observe the carbonium ion been fruitless.3s~ 36 
but even the tosylate derived from E-l shows unexceptional reactivity. 

The next step in the synthesis of bullvalene (I) requires enlargement of the ring 
in barbaralone (VI) by one carbon atom. This change. which is effected classically 
by diazomethane. leads IO the desired ketone, bullvalone (V). and an aldehyde F-l 
in about equal amounts. Since the IR spectrum of the crude product shows no aldehyde 
function. the aldehyde F-l must be an artifact of the process of separation and purili- 
cation by gas-liquid partition-chromatography and the result of an unexceptional 
acid-catalyzed rearrangement of the expected epoxide in the injection block or the 
column. An attempt to increase the yield of bullvalone by allowing diazomethane to 
react with the condensation product of VI and malononitrile was based on the work 
of Basttis. 3’ but led to no improvement. 

Independent evidence for the structure of bullvalone(V) is provided by its reduction 
to a saturated hydrocarbon. m.p. 167.5“. which has an IR spectrum identical with 
that of a saturated hydrocarbon. m.p. 179 180’. obtained by reduction of tricyclo- 
[3.3.2.0’ ‘]decan-3-one (F-3). z2 Both reductions are effected by catalytic hydroge- 
nation followed by application of the Huang Minlon modification of the Wollf- 
Kishner reduction. On the assumption that the structure of F-3 is unequivocally 
lixd by its method of synthesis from 4-cycloheptenI-yldiazomethylketone (F-2).22 
the resulting saturated hydrocarbon must have the structure. bicyclo[3.3.2]decane 
(VIII). Alder. Hartung and Hausmann claim to have synthesized a hydrocarbon 
of this structure, m.p. 162 . but the method of synthesis from cycloheptadiene and 
acrylonitrile involves a Demyanoff rearrangement and is therefore structurally open 
to question. 3* By the cataly tic hydrogenation of bullvalene, Schriider obtained a 
hydrocarbon of m.p. 180’. for which the structure VIII was also claimed” but, at 
that time, bullvalene, standing in need of a proof of structure itself, could ill serve 
as the basis for the proof of structure of other molecules. The identity of Schr&ler’s 
hydrocarbon and that obtained from F-3 has now been established. 

Bullvalone shows carbonyl absorption at 1684cm- ‘. Its NMR spectrum is tem- 
praturedcpendent and is outlined in the experimental section. Although full inter- 
pretation requires more experimental data, the thermodynamic equilibrium estab- 
lished by divinylcyclopropane rearrangement favors one of the two tautomeric 
forms to a signilicant degree. The shift in absorption in the vinyl region of the high- 
temperature spectrum is 20~:s. from ca. 360 c;s to ca. 340 cjs, instead of 100 cs 
to bc expected if the two tautomcrs were of equal free energy. The ratio of the two 
isomers may thus be 9:1 or thereabouts. Consistent with its structure as a methylene 
ketone, bullvalone exchanges two atoms of deuterium quite rapidly at room tem- 
peratum in dilute alkaline deuterium oxide. 

,” G A Olah. F B Baker. J C tvans W S Tolgycs~. J S McIntyre and I J BasIlen J Am. C‘hem Sor 

86.1360(1964) 

” T J Katz. and E. H. Gold. I Am Chrm SOC 86. l6Ml I IYM) 
‘* J B Basnir Tcr~lvdrcm L.errrrs955 (1963) Seealso F Wcsscly. G Adamerr A Eltd and I) Swobcda. 

Anyrw (‘hem 76. 107 (1964). Inrrr Ed 3. 240 (1964). 

” K Alder. S Hanung and G Hausmann. Chrm. Brr 89.1972 t 1956) 

” G Schr&ier. Chrm f&r 97. 314011964) 
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Chart F 

F-2 I 

The conversion of bullvalone to bullvalene is effected by reduction with LAH 
to the corresponding carbinol and removal of elements of water. The carbinol, 
like bullvalonc, is presumed to be an equilibrium mixture of the two divinylcyclo- 
propane tautomers. It is converted by acetic anhydride in pyridine into a liquid 
acetate F4, which is pyrolyzed in a flowing system at 345^ to bullvalene (I) and cis-9,10- 
dihydronaphthalene (IX). Bullvalene is identified by direct comparison of a sample 
prepared according to the method of SchrGder. 16.‘9 Confirmation of its structure is 
obtained by unequivocal identification of one of the products of its catalytic hydro- 
genation with Independently synthesized bicyclo[3.3.2]-dccane (ride supra). cis-9.10- 
Dihydronaphthalene is identilicd by comparison of its NMR and UV spectra with 
those reported by van Tamelen and Pappas *’ in their original synthesis. Attempted 
catalytic reduction gives the disproportionation products, naphthalene and 1,2.3,4- 
tetrahydronaphthalene. 

Closer investigation of the pyrolysis reveals that cis-9,lOdihydronaphthalene (IX) 
is the first product of the thermal reorganization of bullvalene and that the other 
products, including the naphthalene reported by Schr6der,39 are actually the products 
of the thermal reorganization of ci.+9,IOdihydronaphthalene.*’ Coupled with the 
ready availability of bullvalene by Schrijder’s method this new formation constitutes 
a significantly improved method for the preparation of cis-9,lOdihydronaphthalene. 

Schriider has already reported the most dramatic property predicted6 of bullvalene : 
the merging of its low-temperature NMR spectrum into a singk sharp absorption 
at higher temperature. I6 Shortly thereafter, Saunders determined the specifK rate 

‘” 1: van ‘I’amelen and B Pappas. J Am Chrm Sor 85. 3296 I IY63) 

l I W bon k Docrinp and J W Rosenthal. I Am Chcm Sot- 88. 2078 I19661 
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constant for the causative divinylcyclopropane rearrangement from NMR data and 
derived an activation energy, E, = 11.6 f 1 kcalimole, for the process.42 
His calculation was based on the Kubo treatment of NMR line shapes and accounted 

specifically for the four chemically distinct types of hydrogen. Subsequently, Schroder 
and his associates reported an activation energy of 13.1 kcal!mole43 based on the 
simplifying assumption ofa two-site model which permitted the use of the equation of 
Gutowsky and Holm.44+45 More recently, they reported without elaboration appli- 
cation of the method of Saunders. 3.42 Last year, Allerhand and Gutowsky obtained 
the activation energy, E, = 12.8 f 01 kcal!mole, by a study over a wide temperature 
range using the spin-echo magnetic resonance technique.46 

Qualitatively the divinylcyclopropane rearrangement within bullvalene(1) proceeds 
at a considerably slower rate [k = 3440 set- ’ at 25’ (extrapolated); E. = 11.6 kcal; 
mole42] than it does in barbaralone (VI) [k = 193,000 see-’ at 25” (extrapolated); 
E, = 8.1 kcal::mole2’] or in barbaralane (VII) [k = 17.3OO.ooO set-’ at 25“ (extra- 
polated); E, = 8.6 kcal.‘mole (this work)]. Quantitative comparison is unjustified 
because the rate constants and activation energy for barbaralone were obtained by 
an inadequate treatment of the data An internally consistent determination of the 
rates of rearrangement in a number of these systems is underway for the purpose of 
providing a quantitatively sound basis of comparison. However, it appears that the 
class of tricyclononadienes is generally more reactive than the class of tricyclodeca- 
dienes by some two to four powers of ten or 3 4 kcal ‘mole in the activation energy. 
Extra strain and its release in the transition state is a credible explanation of the 
acceleration in the smaller. tricyclononadiene system. No obvious electronic effect 
is discernible. 

The synthesis of bullvalene by way of bullvalone is suitable for the synthesis of 
certain monosubstituted derivatives such as methyl and phenylbullvalene reported 
here. The cycloiictatetraene method is in principle applicable to the synthesis of 
substituted bullvalenes but has not been turned to that purpose as yet. A fruitful 
method has been developed by Schroder from his observation that bromination of 
bullvalene leads to a dibromo derivative of bicyclo[3.3.2]decatriene from which 
bromobullvalene is easily obtained by elimination of hydrogen bromide.“.” 
Bromobullvalene in turn has an easily displaceable bromide from which such deriva- 
tives as methoxy, ethoxy, and t-butyloxy bullvalene?’ have been obtained. Since the 
presence of these substituents does not interfere with the bullvalene rearrangement, 
the remaining nine hydrogen atoms appear as a single NMR band at higher tem- 
peratures. Schriider has obtained phcnylbullvalene by a delightful transformation 
of the 76” dimer of cycloiictatetraene with phenyllithium or other strong base to 
8-phenyl-bicyclo[3.3.2]deca-2,6,9-tricne followed by bromination and elimination 
of hydrogen bromide..’ 

In our syntheses, bullvalone is treated with methyl magnesium iodide or phenyl- 
lithium to give the corresponding tertiary alcohols from which water is easily elimi- 

” M Saunders. Terrohcdron Iarrurs 1699 (1963) 

” G. SchrMer. R. Me&y-i and J. F. M. 0th. ‘I’crrolvdron Lcrfcrs 773 (1964). 

” J I;. M. 01. R. Mertnyi. J Nielsen and G. SchrMer. Chum. Err. 98.3385 (IWS) 
” H. S. Gurowsky and C H. Holm, 1. Chem. Phys. 25. 1228 t 1956). 
l b A Allerhand and H S Gutowsky. I Am. Chem. Sot 87.4092 (1965) 
‘* G Schrtier. Anyew Chem 77. 682 (1965); fnrer Ed 4. 695 (1965) 
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nated to form methylbullvalene and phenylbullvalene. respectively. The striking 
characteristic of these materials is the NMR spectrum which at higher temperature 
shows the bullvalene ring system with a single type of hydrogen of relative area 9. 
Owing to the conjugative interaction of phenyl with a double bond, two reactions 
might have been detectable: the simpk divinylcyclopropane rearrangement during 
which the phenyl remains conjugated and the slower bullvalene rearrangement 
during which the phenyl group must become bonded transiently to an unconjugated 
position. The conjugative interaction of a Ph group with a doubk bond (ca 50 kcal.’ 
mole) might have provided a barrier of sufficient size to permit the separate obser- 
vation of these two reactions, but it has not as yet been possible to separate them. 
The position of the methyl group at d = 1.75 ppm in the low temperature spectrum 
is tbe same as at high temperature and suggests that the position ofequilibrium among 
the four possibk isomers is not observably sensitive to temperature. From its absolute 
chemical shift, the Me group appears to be allylic in type. Preference for this location 
is consistent with the high conjugative interaction of methyl (2.3 kcal,:mole) with a 
double bond. 

The potential usefulness of the bullvalene ring system in the evaluation of qualitative 
conjugative interactions is a useful consequence of its fluxional character. As an 
impressive illustration of this potentiality, Schriider has observed that fluorine 
is preferentially bonded to an aliphatic carbon atom whereas chlorine and bromine 
are preferentially bonded to oletinic carbon.*’ 

The structural consequence of the fluxional character of bullvalene would be 
most clearly demonstrated in classical fashion by the finding that the unequivocal 
synthesis of a particular disubstituted derivative had in fact led to the equilibrium 
mixture of all the possible isomers. In the absence of such a demonstration the tem- 
perature dependence of the NMR spectrum provides convincing evidence. Further 
evidence of a more nearly classical type is furnished by the basecatalyzed dcutcrium 
exchange of bullvalone. 

Two of the hydrogen atoms of bullvalone exchange rapidly in dilute alkaline 
deuterium oxide in full accord with the presence of a methylene group z to the 
carbonyl group. If the experiment is continued while the extent of exchange is moni- 
tored by mass spectral analysis further exchange is observed. Three. four and. tinally. 

all ten hydrogen atoms are replaced by deutcrium. This unique behaviour is clearly 
associated with the fluxional quality predicted of bullvalene.6~7 By successive divinyl- 
cyclopropane rearrangements, each of the 1,209,600 arrangements of the ten methyne 
groups in bullvalene can be converted into the others and the ten carbon atoms 
appear to be distributed randomly. Bullvalone, which is not capable of undergoing 
the bullvalene rearrangement. is expected to be in equilibrium with a small amount of 

” G. Schriidcr. prwately commurucated wtth pcrmtwon IO CIIC. 



its enolic tautomer, hydroxybullvalene, which is hypothetically capable of the bull- 
valene rearrangement. Thus the unexceptional product of exchange, the a,%- 
dideuterated bullvalone, 10.1O-dideuteriotricyclo[3.3.2.0z~8]deca-3,~dien-9-one, 
must be in equilibrium with its potentially fluxional relative, 4deuteriotricyclo- 
[3.3.2.02.R]deca-3.6,9-trien-3-ol. Provided the conjugative interaction of the OH 
group with the doubk bond and the unfavorable equilibrium constant of the enoli- 
zation do not conspire tooeffectively, the bullvalene rearrangement may now transport 
the deuterium from location 4 to some other part of the molecule and replace it by 
hydrogen which having assumed a position x to the potential carbonyl group, will 
itself suffer exchange. In this manner ultimately all ten hydrogen atoms will be ex- 
changed. Complete deuterium exchange provides strong evidence of a structural 
nature that the bullvalene rearrangement leads to random distribution of carbon 
atoms. 

and 25 ml SOCI, was heated m 200 ml refluxmg bentme for I 5 hr. Removal of excess bcnrenc and SOCI~ 

by dlstillarlon on a steam-bath aflordal crude acK1 chlondc which was d~sMcd in MW IO give IS.3 g 

(76’,;). b.p. 6>69‘01 mm. 

(b) Cydoheprufrien-7-ylnurhyl diazomefhyl Letone (A-2). The addition wilh stimng of a soln of 3 g and 

chlondc III 25 ml erha IO a soln ofdiazomcthaoe (prepared from IO g N-nitroso-N-methylurea) in 100 ml 

ether ar 0 was accompantai by ngorous cvolurlon of gas. Afler I2 hr standing open at room temp. the 

mlxturc left an only residue which was rahuolvcd in ether. treated with charcoal dnal over MgSO, 

and conccnrratcd The rcslduc wascrystalltlcd from pcnlanc In long yellow nccdlcs. m p 46 5 47 iFound 

C. 688: H. 5.6; N. 163. C,,,H,ON,O rcqulra: C. 68-9; II. 5X; h’. l&l”_) 

(c) Copper-cartdyzcd dccomposirron o/A-2 to A-3. Crude diazokcronc from 6 g acid chlondc was treated 

in 300 ml refluxing THF with 4 g Cu powder added m small portions over I hr The m~xtunz was refluxcd 

for another hr. liltcrcd and concentrated under reduced press The only ralduc was dlssolval In ether. 

dncd over MgSO.. conccnrratal and cvaporatlvcly dlstllled IO g~vc I9 g oi liquid kctonc A-3; i,, 

25s lnp (c = 4200). 

Rcducrlon of A-3 (08 g) with KOH (08 a) and hydtazlne hydrate (08 g) m diethylcnc glycol (8 ml) 

at 140’ for 3 hr aflordcd an intensely blue hydrocarbon layer censuring mamly of azulcnc. 

An oxunc. prepared in the usual manner. could be crystalhzcd from aqueous EIOH : mp. 147 wtth da-. 

(Found: C, 74.7; II. 7 I C,,II,,NO rcqulra. C, 74.5. H. 6,X”:_) The UV spectrum In EIOH showed 

i.,,220 m)r (r. = 3680) and 265 rnp (c = 66%). 

(d) Tricyclo[S 3 0.0’. ‘“]dec~-3.S-dien-9-01 A soln d O-IS g NaBH, m 5 ml McOH was addal lo a 
stirred soln of 0% g of A-3 In IS ml McOH After standing 3.5 hr al 2S . lhc mixlurc was conocntratcd 

IO IO ml by dlsrlllarlon VI WJCW and treated with IO”, NaHCO,aq (IO ml). Three IS ml ether extracts 

were drtcd over MgSO, and evaporated IO 09 g colorlerr owl. Fractional crystalhzalion from penlane 

gave 046 colorless prisms of rhc alcohol m.p 59 61 , i-,260 m)r (c - 46401 (Found, C. 810; H. 8.3 

C,,H,*O rcqums: <‘, 81.1, II. X I “A.) 

The corrcspondmg acctatc was obtamcd as a low mcltmg solid by bolhng rhc alcohol for 5 min in a 

mixture of pyridmc and Ac,O. When this acetate was passcd rhrou& a ~ubc filled with alumtna and 

hcatad IO 400’. a brown 011 was obmmal whit+ turnal blue on cxposum IO au and then showed the 

charnctcrlsrlc 1JV spectrum of azulenc 

.a NMR spectra arc obtained with Vartan Assocl~ler A-60 and HR.&l nuclear rcsonamx magncl~c 

spectrometers WC wish IO acknowledge I& asslstana of Grant 22689 of lhc US Narronal sclcnce 

Foundation m rhe purchase of rhc A-60 spectrometer. UV spccrra a~ mcasurcd w~tb a Gary Model I IS 

rccordmg ultravIol* spectrometer IR spectra arc obramal with a Pcrkm-Elmer Model 421 grating 

infrared spcctromerer 
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(e) Hydmgenorron oj ~ricyclo[ 5.3.0.0 z lo jdeco-3.S-dien-9-w (A-31 A sotn of OQ8 g of pun A-3 m 5 ml 
EfOH was hydrogenated with 001 g lOed Pd-CaCO,. The hydro~ti~ stopped after sofncwhat mr*c 

than two equin d Hs had been a&orbed. The soln was filtered. diluted wifh 8 ml n-hexanc sod con- 

cenfratal by distillation of tbc EfOH hcxane axcottopc through a 2Oun column packed with a mchromr 

coil. Gas chromafrographk analysis on a 5-R { in column d 33 ‘4 Carbowax 2f3M rns kicsclguhr at 120” 

and 2f3 lb He revcalal thrac components: A. ret. fim d IO min trcl. area 33); & 2.8 mia l I); C 4.3 mitt (62) 

This third peak had the same rctcntion time and the same IR spectrum fts authentic tricyclo~5.3.0.0’~ “‘1. 

dccad-one (A4).‘s 

Wbm 04 g of A4 was hydrogenatul in 40 ml EtOH with @fXO g IO”; ?d CaCO, and the reaction 

mixfure was treated with SO ml n-bcxane and coaanttrntcd by distillation of the axofropc. a mixture of 

products was obtained. Analyxis by GLK revealed two products of nfmfion times If) mm IS 2) and 

2-8 min {IQ) in addition IO reco~ercd starting material. There IWO products are presumed idcnfical with 

products A and B from the hydrogenation of A-3 

Tricy&[3 3.1.O*~‘]ruin4~-3.6-4firn-9-orfe (VI. hurhoroforfe) 

(a) Cycloheprarrien-7.caorbnnff chloride. Tha substana was prepared according to the squcncz of 

reactions described by Dcwar and Peftit. “ Attempts to rcplaa fhe phorochmu’ruf gcncratioo of efhyl 

cycloheptafnen-7-ylcarboxylate J3 by the rhermal reaction of ethyl diaxoacetate in benxcftc according IO 
Grundmann and Oftmann” were nor successful. In fbc tcmp range 120- 126” the reaction is very slow. 

whik even in the ran@ 130 139 considcrabk quanfitiu of B and 7 isofncrs am Iormal. Purr cyclohcpfa- 

frteneJcarboxyhc acid can bc obtained hut only by purification over the amide. 

lb) Cyclohrprorrien-?-)I d~atumprhy/ keronr (Bl) To a swral ethereal soht d diaxomethanc (prepared 

at 0 from 42 g N-methyl-h’-nitroso-urea 160 ml SO”<, KQHaq and 650 mI ether. dried over KOfi 
pellets and distilledi. fherc was added. dropwise. 14 g acid chkrridc fb.p. ?9-80’11 mm; ng 15420) in 60 ml 

anhydrous ether over a period of 45 min af 0 The mixture w= allowed IO sfaftd at 4 for 12 hr. filtered 

and conccnfratcd under reduced press wifhouf heat to give ~hc diazokefortc B-t as a yellow oil. 

(c) Copper-coral~zcd drcomposifion of Rl IO VI. Without further purification tbc diazokcton B-1 

was dissolved in 80 ml anhyd benzene and 80 ml dry hexanc and dfvided into two equal parts Tbc solns 

were each added dropwise to a vigorously stirmi. boiling suspension of I6 g anhyd CuSO, in 160 ml 

n-hcxanc under N, over a 45 mm period and refluxcd for an additional hr. The suPcmafant liqud was 

decanted from fhe residue whfch was washed with aoefone. The solns were combined. concenfratcd by 

distillafion through a Vigrcux column IO about 80 ml, and sub)csfcd IO sfcafn distillation The distillate 

was extracted with three ICKLmI portions of ether The ethereal ex~racfs were dried over MgSG,. con- 

centrated IO a volume of about 50 ml and coolcd at - 70 The nystak wem Iiltcrod by suction in a bitted 

glass funnel cooled IO - 70‘. Recrystallization from 30 ml n-pcntanc ona at - 7fY’ and again at - IO to 
-20 followed by vacuum sublfmatron gave l-6 IO 3.5 g mp 40 48 One crysfallirafion from water 

afforded colorless needles. m.p 53.5’. In the end-absorption of the UV sparrrum them arc two shoulders 

at 225 mp (E = 2710) and 243 lc L 1840) Carbonyl absorption in the IR is at IMO cm- ’ 
The NMR spectrum in CS, at 25 shows a triplet of relaftvc area 2 crntercd at 6 = 5.69 pprn $1 = 7 3 c s) 

with each arm being furfhcr split into a trtpla (J = f .5 c,+; a friplet (complicated) of rclatfvc area 4 otmtcrcd 

af 6 - 4.X) ppm (J = 70 csl; aftd a triplet of relative arca 2 centered at 6 - 2-60 ppn (J = 6.5 c 5). 

An oximp was prepared by hcafrng an aqueous cthanolic soln of hydroxylaminc hydrochloride and 

4cOKa on rht steam bath for 10 mm: colortcss plats from aqueous f:~Ofl. mp I.30 131 (Pound: 

C. 73-5 ; f 1.64; N, 9 5. C,H,SO requires : C. 73.5 ; 11.6.2 ; N. 9 5 ‘Q 

A thiosemtcurbuzone prepared m the usual manner was crysfalhzcd as prisms from &OH: m.p 16%. 

(Found: C 590; II. 56; N. 19.7: S, 14.7. C,OH,,N$ requires: C 58.5; If. 54; N, 2@S; S 15.6$) 

A semicarbu:one was obtained as precipitated crystals. m.p. 205-207 fdcc). when a soln of I.497 8 VI. 

I.5 g semicarbazide hydrochloride and I.23 g AcONa in W ml wafer and 3 ml McGH was allowed IO stand 

overnight. yield. 2,130 g (99 “,) 

‘The p-kAenesuljbnylhydruzoae was obtaimd by heating a soln of lx) mg VI and 300 mg p-foluene- 

sulfonylhydr~~ in 4 ml M&H for 3.5 hr at 80’. adding a few drops d water and inducing crystallization 

by scratching with a glass rod: 245 mg (?2”,); m.p. I’& 185’ @a): rccrystalltzation from pdtoxart 

The ethylene difhiokerol (E-3) was prcpafcd hy allowfng a mixtum d 300 mg. VI in 2 ml cfhancdifhio1 

and @5 ml RF, F.t,O complex IO stand at 0. for 12 hr The color&+ ppf was filtrrcd and rocrysfallired 

” Ch. Grundmann and G Offmann Lichiqs Ann 582 163 (1953). 



from I&OH; 85 mg; m.p. ll7-121’. The NMR spectrum is simdar IO that of VI: three tripkts at 6 = 
5 66,420 and 264 ppm and a stngiet at 3.18 ppm of relatrve areas 1 :2: I :2. mpazt~vely. 

Tbc malononitrik addua is prtparal by fusion of a mixture of 0223 g VI and 012 g malononitrtk. 
On addition of 5 mg pyridin the mixture warmed spontaneously and deposited crystala on standing. 
Recrystallization from f:t,O. A&fit afforded 173 m8 (60”;3 of condensation product. m.p. 145” after 
subhmation. 

fd) ~ydr~e~ii~ ~tfricyclo[3.3.l.O~~‘]nona-3,6dien-9~nc (VI) (I) A soln of 150 mg VI in 15 ml THF 
containing 50 mg IO”; W-C WBS shaken witb H, until no further reaction occurred: I04 ml H, was 
absorbed; tbcor. for 4 qutv.. 102 ml. Ftltrarton, concemrahon and recryslallizauon from pcntanc afforded 
colorless prisms of (presumably) b~cyclo[3.3.l]aonan-9-01: 0127 8; m p. 2Or in a sealed tube. (Found: 
C, 77.2: H. 116; mol wt 140; C+H,,O requires: C. 770; H, Il5?,; mol wt 140.) 

(2) When 58 mg Vi was hydrogenated in EtOH or &OH soln over I “i. W-C unril 3 equiv of Hz 
bad been absorbed. gas cbromatograpbtc analysis on a 2-m column of Carbowas 20M (2092 on kiesclgubr 
at 120‘ and IO lb Hc showed lhrec components m about equal quantily: A, rcl ret t~mc 100; B. 1.16; 
and <‘. 3.21. 

C has rhc same IR spcc-rrum as rhc carbmol ohtirmcd tn f 1 I above 
A ts a keionc (IR l73Q cm ‘), from which a scmtcarbazonc m p. 206 209 (dcc) from aqueous EIOH. 

is oblarnal in the usual manner. Its IR spzclrum IS noi tdcnttcal wilh theI of ~icyclo[3 3.1.0’-‘Jnonan- 
9-one (&2).z’ 

Ketone B (IR 1715 cm- ‘) affords a semicarbwonc m.p. 199-201’ (dec) from aqueous EtOH and has 
an IR spmrtun identical wrth that of the major product of hydrogenation of tr1cycl0~3.3.1.0’~‘]nonan- 
9-01~ (B-2 ri& infro) A consIstem s~ructurc 1s bicyclo[3 2.2]nonan+onc (i&J).” 

(3) &urrriwn exrkange in hydrcylenorron producu A and B l&3). When the unresolved product of the 
bydrogcnatton of 30 mg VI (as in 2) drssolvad in 5Ot11. dioxan was added to a mixture of I ml dioxan and 
I ml D,O containing 20 mg dissolved Na metal and allowed to stand for 7 hr. sampier of ketones A and B 
(as in 2 above) could be recover& by ether extraction and separated by GLPC. Wberees ketone A had an JR 
spectrum mdlstmguishabk from A abovr tbc second kctonc (E I 1715 cm- ‘I sbowal C-D absorption in 
~hcIRat22OSand2125cm ‘. 

(4) Hydrclgenorton of rriryclo[3 3.1 0’ ‘]nr,nun-9.one (B-2) A snln of 0 500 8 tricyclo[3.3 I 0’ ‘lnonan- 
9.one’* m 20 ml EtOH was hydrogenated over IO ‘_ Pd CaCO, i 100 mg) until bydrogenatfon (I equ~v) 
w8t complete. Followtng the addmon of 30 ml n-hcxanc Ihe azcotrope of EtOH and n-hexaoc was 
removed by careful dlsullalion through a ZO-cm column packed with a nichromc coil. GLPC on a S-ft 
Carbowax 4ooo column (20”, on 50 60 mesh Anakrom ABS a( 130’) showed one major product (967;; 
rel rel tune 1.47) and a minor product (4” __; rel ret tune 100). The IR spectrum of the major product is 
tdcntical wtrh thal of t,hc ketone B (B3) from the hydrogenation of barbaralone (VI ; XT 2 above). 

Tricycko[3.3 I .O’ 8]nona-3,&dien-9-ol (E-1) 
(a) Reduction of VI. VI (25 a) in M&H (IS0 ml) with NaBH, (0750 8) in McOH (90 ml) 81 room 

tcmp for 24 hr afforded 2.10 8 crystalline product after removal of MeOH. ddurton with X, ml IO”; 
NaHCO,aq. extractton wtth three iO@ml portions of ether and concentration of tbe dncd eibereal extract. 
Pure ~rlcyclo[3.3.1.0’ d]nona-3,6-dicn-9-ol (El) was obtained as colorless plates by crystallrration from 
pcntanc; m p 88-90 

The NMR spccrrum a; 25 consisted of two irtplers each of area I at d = 6Q3 and 565 ppm; a broad 
double; of area 4 centered at 6 = 3 98 ppm; a triplet of area I at 3.52 ppm, a multtpfct of area 2 at 2-49 
ppm, and a smglet of area 1 at I 38 ppm 

Altempts io obtain the corresponding carbontum ion (CA1 by ircamenl of the alcohol E-l with 96O~ 
H,SO,. wtrh SbFS and wtth BF, m CH,Cl, were unsuccessful. 

(b) 9-(llorohic~cb[3.3.1.0z~8]nona-3,~diene (E-2) The corrcspondtng chlortdc E-Z was obtained from 
tbc carhinol E-l by lrcarment with SOCI, and pyrtdine. A soln of 093 8 of E-l and 056 ml of anhyd 
pyridinc m I5 ml anbyd cthcr tn a 2.necked flask cqulpptd with a magnetic stirrer. a condenser wltb drying 
tube and a yrum cap was cooled 10 - IO’. A @5 ml sample of SOCI,. wbicb had hccn freshly dirtilkd from 
qutnoltnc. was tn)oc(cd over a IO-min pcrtod through the strum cap with a syrmgc. The muIram ppt 
was ntrrcd for 3 5 hr at - IO and (hen allowed 10 warm to room temp over ano&cr hr. 

” Although hicyclo[322]nonan-6uoe is reporrcd in tbc literature (m.p. 17@), the only dcrivatlvc 
report4 is tbc scmicarba7anc which unfortunately does not me& but decomposes.” 
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The filtered soIn was washed success~vcly wtth IS ml IO “6 NaHCG,ag IO ml WPIQ and I5 ml sat 

NaClaq. The dned (M&X),) ethereal soln was concentrated IO a restdue which was recrystallir.ed from 

n-hexan IO give 46X1 mg (30%) 9chlorotricyclo[3.3.I0’~‘]aona-3&diene (EZA m.p. IO>106 INMR 

spectrum: thra tripkts each of area I at 6 - 5-73. 555 and 440 ppm; a trtpkt at 400 ppm of rel. area 

4 and a multipkt of ret area 2 at 2 56 ppm) 

According IO the procedure of Olah cf 01. ” SbF, was added dropwise IO a soln of the chlortde E-2 

tn lrqutd SO1 at - 30” tn an NMR tube Discoloration and prectpttatton resulted and no NMR spectrum 

could be observed. 

Following the prooedum of Katz and Gold. ‘* the chlortde E-2 was dissolved m liqutd SO, at - 70. 

together with silver ~Xanuor~ntImanat~ shaken for I.5 hr. filtered and placed ut an NMR tube at 0‘. 

Only the stgnals of unreactcd chloride could be seen. 

(cl 9-p-7’oktnenrljo~xyrricyclo[3,3,t.Oz~’]nono-3.6-ditne. A soln of 495 mg of the carbinol E-l m 

2 ml anhyd pyrldtne was treated with 720 mg freshly recrystalhzed p-tolucnaulfonyl chlondc at 0 After 

12 hr 81 room kmp and 5 days ai 0 . rhc mtxturc was poured mio ICC water and‘cxtracted 4 ttmes each 

with 20 ml ether. The combmcd ethereal cxiracts were washed 3 tlmcs each wlih 10 ml 20”, H,SO,aq. 

twta each with IS ml water. twice each with 25 ml to, NaHCO,aq and twta each with IO ml water. 

Removal ofether left I50 mg da yellow 011 which showed no OH absorptton m the IR, but the absorpttons 

at 2855. 1357. I I80 and 820 cm‘ ’ characteristic of ptoluenesulfonatt esters ” 

llpon standtng m 12-S ml glactal AcGH containrng 71.7 mg AcGNa for 72 hr ai room ~cmp. the tosylate 

I 141 mgl war recovered wtth unchanged IR spectrum. 

Lpon bemg hcaial m a ctmtlar solution for 72 hr ai 65‘. the tosylaie reacted to gave a product shown 

by analysis on a 3-m Dow-Coming 7 IO ulicone oil (I 5 ;6 on kicselguhr) column CO consist of one major and 

IWO minor (un~~ti~~) components Reduction with LAH m ether at room temp of the reaction product 

180 mgl afforded E-l fiR spectrum xkntical wrth that of authcnttc mafcrtal). 

Trtryclo[3.3 I 0’ ‘]r~mu-3.7-diene (hrburulune. VIII 

(a) Preporunon hi Wolfl Ktrhnn reducrron d ha~harolone (VI) A mixture of 4oomg VI. I5g BS”, 

hydrazme hydrate and 2 g KDH ut 3 ml diethylene glycol was heated for I hr at I IO I I5 and then for 3 hr 

at I?0 180’. About l5Omg crystals appeared in the water-cooled condenser. Dissolved in CCI, dried 

over MgSO, and analyzed on a 2-m column of Carbowax 20 M (IS”; (HI kteselguhrl at 114‘ and I4 lb He. 

thts product was found tocanstst of threecompounds’ A frel ra IIIIX ItXlw); 2O”,l. Blrcl rci tune I.41 ; HI ‘,,I; 
and C Ire1 ret ttmc l-92: 3o”.J. On the basts of spectral cvtdena compound C, m p 30-31 , is assigned 

structure VII II has inrerolio absorpuon ut ~hc IR at 3045.2952.2920,2862 1618 and 701 cm-’ The NMR 

LC quirc stmilar IO that of VI. a ~nplcc of rel area 2 ccntcred at d = 5 62 ppm (J = 7 3 c sl ut which each 

arm ts further splti into a irtplct (J = I 9 c s); a trtpkt (comphcated) of relative area 4 anieraj al 3.90 ppm 

IJ - i 1 E/S); B multrpkt cenrcted at 2 27 ppm of rel area 2 and a trtpkt at I 03 ppm of rel area 2 IJ = 2.5 c sl; 

Although the reported m.p 46 ts htgher than that obtained here. the IR and NMR spectra are tn good 

agreement “ 

Compound A ts charactertral by an IR spectrum t3040, 3022 2934. 2872. 2X65. 2829. 1630. 1460. 884. 

710 and 68Ocm- ‘j and an NMR spectrum m whtch the ratio of oklink IO parallinr protons ts 4.6. 

Compound B is charactcrtred by IIS IR specrrum (3040. 3017. 2951. 2924. 2R75, 2818, 1629. ltXl8. 862. 

710 and 68Ocm- ‘I and NMR spectrum [triplets at 6 = 6.49 and 608 ppm (supcrimposed on a multipktl 

Irel area 51, multipkts at 494 (I), 291 12) and 204 ppm (2)] 

{bl Temperamre dependence c$rk S.5IR spcrtrwn of VIl. The low-temperature spectra were measured 

on the Vartan HRdO NMR spectrometer ” The lute-wtdth at half-height of the resonana: cenrtrcd at 

6 = 390 ppm b shown as a functton of temp in Tabk I. At htgh tcmp thts resonance isa triplet (J = 7.1 c sl 

whtk ai low iemp it LS separated mto IWO rrtpkts each of rcl area 2 separakd hy 205.4 c s. These triplets 

repmenl the patr dcyclopropyl hydrogen atoms and the patr of vtnyl hydrogen atoms adJacenl IO hndgc- 

head H-atoms Each H-atom of the two pairs s sptn-sptn coupled IO an adJaant olelink H-atom tn the 

cenkr of the mokcuk and an adpcent bridgehead H-atom Stna all four couphng constants are fortuitously 

nearly qua]. the spacmg of the hrgh and low field tnplcts is approximately the same. 

The htgh temp iriplct rcflecrr the degenerate rearrangement which inierchanges the patrs of cyclopropyl 

and olcftntc li.aiom\ I:dch ;rm ol thtr trtpkr IS spIti utto a further ftne triplet hy coupltng across the rmg 

‘I R S. Tipson. J. Am Ckm. Sue. 74. 1354 (19521. 

” We wtsh to expressour thanks IO Mr. R. B. Hoh. Yale Umventry, for these measurements. 
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At the intermediate temp the rcsonancx has a broad shape. but at 2020 and 2040°K the tripkt character 

has clearly emerged 

The rates WCR obtamcd by the method Oc comparison of the experimental spectra at each temp with 

spectra calculated by a general computer program which simulates as many of the clrcumstanm surround- 

ing Ibc cxpenmenlal spcclrd as possible l ’ ” Owing IO spm-spin couplink a calculation of Ime-shape 

basai on IWO sttcs LS inadequate and has been replaced by a model basal on 6 SIICS with probabilmcs 

I : 2. I I : 2. I to simulate the pair of I 2.1 tnplctr m the low temp spectrum In tha model lma I and 4. 

‘Jcmp Rate IR) 

A’ In K inscc ’ In R - - - __- .-- 
JO’ 7’. ’ 

.- .-. - -. - - 

41-80 1840 

3uLu) 1870 

2x IO 1880 

22 70 192.0 

21 I5 193.5 

19.30 I%0 

17.35 19Y5 

17.10 2029 

1630 2040 

5.43 1945 7.573 

5.35 29x0 xam 

5 32 3475 n I53 

5.21 5445 ft.602 

5.17 7120 8.871 

5 IO 9000 9.105 

501 I3.500 9510 

4-95 I6.ooO 9GO 

490 20,Oal 9903 

’ A LG rhc hne width in cycla p second mcasurcd at half-h&t of rhc absorption 

at6 .T ?YOppm 

2 and 5. and 3 and 6 arc then mtcrshangcd by the degenerate rearrangement In order IO approxtmatc the 

additional width due to unresolved tine structure in the spectra at high temp.” the natural line-width 

parameter was c\aluatcd by cmplncal barlatlon and comparison with rbe high temp spectra. with the ald 

of approxlmatc rates dctcrmmcd from rhc ohscrvatlons at lower temps The value which brought rhc IWO 

higher tcmp obscrvatlons onto the lrnc of the plor of calculated rate against tbc reciprocal of temp was 

scl~tcd (‘r, = 0 I UC) for the rccalculatlon of all line shap*i IO determmc rhc final rates shown m Table I 
Another program was used IO ~II thcx rates I(, the Arrhcmus cquatron by ~hc method of kast-mean- 

squares and IO calculate ~hc standard dcvlatlons The result IS an actlvatlon energy. E, 2 X 6 f 0 2 kcal 

mole. and a frequency factor. A. where log A : I3 6 f 0 3 The YO”, confidenuc hmlt of the activation 

energy IS cstlmatcd IO be 2 I kcal mole 

(a) 9-Alduh!dorrl~)cloL3 3 I Oz ‘]nonu-3.6&w (F-l) A soln d dtazomcthane m ether (4 ml of a soln 

prepared from I g N-methyl-N-mtrosourca and ?Oml ether) was added at 0‘ with stirnng IO a soln of 

100 mg VI and 20 mg KOII m 2 ml MeOH Aher 2 hr 81 0 and 10 hr at room temp. rhc mfxturc was 

conantratcd and analyrcd on a S-0 column I?O”., of Carbowax 20 M on kiL7elguhr a~ I45 and Xl lb H,) 

IO reveal an cas~ly separable major product (65 “,,. rel re( lime 100). starlmg material (XI”,; rcl ret tlmc 

I ho) and a ketone I IS “,. rcl XI time -‘OS) 

The major product. which IS assIgnal the structure, 9-aldehydotncyclo [3.3.l.O’~s]nona-3.6~~ne 

(F-IL glvaa scmicarbazonc. m.p. l94-lY5 w. dcc. when I5 mg aldehydc in 05 ml EtOH ts added to 30 mg 

scmuzarhazldc hydrochloride and 50 mg A&S;, In I ml water (Found C. 65 6. 64 9: II. 6.4.64; S. 19 X 

C,,Ii, ,N,O requucs C. 650; II. 6 5. S. 207”, ) NMR spectrum 6 - 944 ppm (doublet of arca I); 

5 7 ppm (two overlapping rriplcts of area 2); 4 I. 4Oppm tsupcrlicially a doublet of arca 4); ?7ppm 

tmultlplct of area 2). I 9 ppm (multtplct of arca I) The crude product hp/orc passing through the GLPC 

column shows none of rhe IR hands ch;rractcnsrK of ~hc aldehydc. whxh thus appears to result from the 

rapd rearrangement of rhc cpoxldc on Ihe column 

” .U Saunden rn Prucredmgs o/ Confirencu on Applrcalton of .Magnercc Rrsonanre fo Htolog). p 85 

Stockholm. Pcrgamon Press (1966) 
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(b) ‘I’r~ryc-lo[ 3 3.2 OJ ‘)deca-3.6-dten-9-me (V. hullrulon~~ The ketone m (a) above IS ohlamcd in somc- 

whar bc~rcr yvzld by rhe following modrficd procedure m whrch alkalr rs no1 prcxn1 in the rcacrron 

To I 8 g VI dtssolvcd tn 36 ml McOH there was added a1 @ I20 ml da soln of diazomcthan [prepared 

from 8 g d N-mclhyl-N-nrtrosourca 14 ml of SO”,, KOH aq aad 130 ml erhcr. aad dried over KOH pellc~s 

for few min]. The reactton vessel was placed mto a I.5 gal cooling vessel fillal WIIII ia, ~OVCIUI with Al 

loll and allowal 10 stand for 18 hr. The soln was ccmcemratcd lirsr IO about 80 ml by evaporalron under 

reduced press and then by dutillanoa al high rellux rallo through a column packed with slalnka sled 

woo4 wilh the bath Kemp not exceeding 135’ Aboul 3 4 ml d MeOH was linally rcmovod by shon CV~CU- 
allon The crude poduc~. 2 g could be mosr convemcmly separated by GLPC on a S-f1 column of dl- 

e1hykncglycolsuccinaare (2Oosb, on Cbromosorb W at 155. using Ig lb He press (rqcction block al I75 1 

IO clutc rhc aldehydc and IO I I lb He press IO elute the ketone m order IO avod aerosol formation rn the 

colkc1ion receiver The aldehyde (F-l) (rcl ret time I 0) LS obramat m 249, of theory (4114 mg) whereas 1he 

ketone V (rd ret rime 30) rs obraincd in 25 “,, of theory (500 mg); m.p 3637 aha one crysrallua1lon from 

pcnrane 

The UV spcc1rum d V shows only 1arlmg which vanrsha around 275 rnb TIK IR spccrrum m Ccl. 

shows rhc followmg bands in cm-‘. 3040 (very s1rong). 2935 (s); 2900 (medium); 1685 (vs); 1392 (s); 

130 (s); 1365(s); 1351(s); 1342(s); 1259(s): 1220(m); 1168(s); 1(X8(m); 1066(m); 9g6(m); 957(m); 

Y IY (s). 87R (s); g27 (m), 710 (5); 67X(m). The NMR spccrra are complicamd and are recorded here on 1hc 

6 scak rn ppm as an aid IO tdenWica1ioa incomple1ely and wr1h relalivc peak he@ dcspuc the compararrvc 

usclcssne~ d such numbers, The rano d areas of vinyl absorpoon IO other hydrogens ts 4:6 a1 high and 

low 1emp.Thcspcc1ruma1 +90*:610(~7).5~93(1-n): 583(4~9);5~67(35);S~x)(I~I).2~70(2-3);2.54(3.9); 

2.37( 100); 2,32(5.5). Tbc spcc1rum a1 -27-S’: 601 (5.4; a broad peak bcrwam 609 and 5 X5 ppmJ; 

2 X5 (1.2); 2.69 (2.5); 2-55 (40); 2.33 (100); 2.26 (6.6). 

(c) Reacrron qf diuomerhane wirh rh mahonirrde adducr Y, VI. In an cllort IO reduce the amounl of 

aldchydc (cpoxrde) produced III rbe reac1ton d VI wuh diazomcrhane. an a11emp 10 employ rhe malono- 

mrrrle adduct was made, based on he analogous work of Basrlis. ” Tbc unpurified produa d IO0 mg VI 

and 56 mg malonormnk (ude arpra) m I ml McOH was trearal wrth 5 ml of an e1hercal diazomc1hanc soln 

(from 700 mg N-merhyl-N-nirrosourca and IO ml ether) Alla 3 mm vola11le ma1enal was removed in 

cucuo and the residue was s1eamdis1ilkd En1rachon wr1h e1ha of the drsrrllare and conccnlra1ron allordcd 

60 mg d prod~a which consis~al of a small amoun1 (ca loo/,) d V and a large amoun1 d unrcacrcd VI 

Thus procedure has also bum applrcd IO ~hc conversIon of cycloheptanonc IO cyclooctanonc After 2 hr 

a1 25 . a mixture of 20 g malononurrle. 3.g g cyclohepranonc and 005 ml pyrrdine was shaken wuh 20 ml 

knrme. 7 5 ml water and 2.5 ml 2N HCl. The benzene layer was washed wtrh 4 IO ml porrroru of waler 

and dis1ilkd IO give 3.35 g cyclohep1ylrden malononrrrrlc. b.p. 90’ 018 mm 

‘Thu mammal In IO ml McOEl al 0’ was treated with 35 ml ethereal dmzomcthane [from 4 6g N-mcrhyl- 

N-ni1rosourea 9 ml SO”, KOH and 55 ml ether]. Ahcr an ramal vrgorous evolution d N,. the soln remained 

a1 25 for I2 hr and was conccn1ratcd The rcsrduc was added IO 20 ml u)“, NaOH aq and s1camdu1ilkd 

IO give 2 IO g of produc1 whrch conslsrcd (95 “,) of cyclotilanone (den1ificd by IR spectrum). 

Reducmm o/ bullralone V 

(a) ff~drugenurion wirh plarrnum A soln of I3 I mg V freshly purrlied by GLPC m 1.2s ml glacial A&H 

and a mixture of 30 mg prcrcduced PIO, in 55 ml glaaal AcOH were shaken with H, a1 26” for I7 mm 

when absorp1ron was complex (3.15 molar ~~uIv). Aha an addi1ional 30 mm d shaking he soln was 

dilurcd wirh IS ml H,O and cx1rac1ed wcth IO ml e1her Tbc ethereal soln was washed wi1h 10°jO E;a,CO,aq. 

dried and concen1rarcd IO a reardue which was found by GLPC on a 3-m Carbowax 20 M column IO consist 

of 4 pls da ketone (rel r* rrme, 100; m.p 178’: IR: 1690; 1463; 1449; 1348; I I80 cm ’ among orhcr 

weaker bands) and I pr ofan alcohol (rd rcr time 144; m.p. IS*; IR: 3630; 33Ro(vcry broad)) The kcronc 

has a paren peak in the mass spccrrum m e 152. and an NMR spcc1rum wnh 1hrm broad bands a1 240. 

2 00 and I ,73 ppm The relarrvc area a1 the resonance abou12~50 ppm canno be measured wuh hrgb accuracy 

bu1 ocrfamly agrees bcr~a with a ralro of4 I2 rhan 3 : 13. Tbc ke1one rs presumed IO be brcyclo-[3.3.2]dccan- 

3-one” and not the dccan-9unc or 2-one; but rhc poml LS no1 settled 
(b) Reducrwn qf h1cycIo[3.3.2~ rcan-3-one. The ketone III (a) above (I 35 mg) and I50 mg hydrazinc 

hydra1e. 200 mg KOt1 and I ml 1rirncthykneglycol was healed over a 3-hr period from 6&188’ in a llask 

wrrh drsrrllarron head Af1a 5 hr at the highar temp. rhe cold linger, on which xmtsohd had collcc~ai. was 

” B1cyclo[3 3 Z]dccan-3-one IS rcprtcd wtlh no m p. but a scmxarbazonc. m p ?I2 213 with dcc ” 
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washed with M ml ether. Analyst d rhc crude product (86 mg) by GLPC showed one mayor producI : 
m.p. 167.5” (taken in rbc colkcrion lube withour further punfarlon). II had the same rctcntlon tome and 

IR spcclrum as the hydrocarbon VIII from the catalytr rcducIIon of bullvaknc (I& infro). 

(c) Reduction 01 ticyc/o[3 3 2.O’.‘jd ecan-3-ow (F-3). A soln d 200mg F-3” in IOml glacial AcOH 

containing 75 mg PtOl was compklely hydrogenated in 2 hr FtlIraIron. ddurlon wIIh 10 ml HIO. addition 

dcnough 20 ‘. KOtl IO make haclc. c\IracIlon wlIh Ihrcc SWml porrlons olcther. drying over MgSO, and 

conccnIraIlon hy dIsIIllaIIon Ihrough a 2O-cm column packed wlrh mchrome co11 aflordal crude kctooe. 

A mIxIurc d Iha kcronc. 025 g KOH and 02Sg RS”/, hydrazinc hydrare m I.2 ml tnerhykncglycol was 

healed aI 185’ for 5.5 hr in a flask fittad with condenser. lhlutd w~tb 3 ml water, the reaction mixturt was 

ex~ractd wiIh SIX IS-ml porrions d eIher Tbc dried (KOH pclle~s) ethereal exIracI was concentralal by 

careful disrillarion IO a residue from which a maJor prdua (VIII) was isolated by GLPC (S-R 20% silicone 

710 on SO 60 mesh Anakrom ABS aI 140”): m p. 179 IW. 11s IR spccrrum is idcnIical wiIh thou d the 

hydrocarbons obrained from bullvalonc (vi& supra) and from bullvalcae by bydrogcna!ton (ci& wro). 

The IR spccrrum follows: 2920 (very srrong). 2725 tweak); 2700 (medium); 2670 fw). 1480 (m); 1460 (s); 

1445(s); 1365(m); 13u)(vwl. I3OO(vw); 1225(m); ll9O(vw); 1165(m); 1055(m); 1030(w); 97O(vw); 

94S(vw)~9U)(vw);920~vw~.9(K)(vw~.R70(m) 

Deurmim exchange in bulluolorv ( v) 
(a) Mass specrrm 4 bulloalonc. AI an IonuaIIon potential of 68 v, bullvalonc showed ~hc following 

promincnr peaks (m c) wiIh Iheu relrrtvc inrmsltia. I47 (6.1); 146(51.4; parenr); 145(1@4); Il9(5,2); 

ll8(SlO; mmus CO); ll7(1148: minus HCO); 11618.9); llSl23 I); 104(100; minus C,H,O). lO3(4660): 

102l72l. 91 143.4). 78(506). 771208); 6Sfl8.6): 63009). S?(l4,6). 51 (33.1). SO (204): 39 (49.6). 

Analysis for dculerium conIenI was effcc~al at a lower ioniralion poIcntIal (I 5 v) where the conrribulion 

of fragmcnrs of m/t below the 102 I04 range u much reduced Calculation d disrribution d dcurerium 

was basal on the parcnr peak corrected for “C conccnIraIion. 

I bl Deurmwn rxchangc a/ler longer fmws of ~POCIIO~ A soln d 2 I.4 mg bullvalonc m 0642 ml d a D,O 

I I(x) ~1s). dloxan 175 prs) mtxIure 04h’ m NaOD was allowed IO sIand aI 29 30’ Alla periods d 9. I8 

concenIraIal ethereal cx~racts were purdicd by GLPC (2-m f IR column 20’: dleIhylenc glycol succma~e 

on 40 60 mesh klaclguhr aI 157’) Each sampk is anal+ by mass specrrography wiIh rhc following 

rcsulrs---9-hr reacIton. D,,(@I). D, (04). D,(I.8). D,(6.3). D,(l4.6), D, (23 3). D,l2SO). D, (176). D,(X I). 

D,(23). D,,(O5’;); l8-hr reactIon: D,,@O). D,(M). D,(08). D,(I 7), D,(32). D,(74). D,(lS5). 

D,(23.6), D,(ZS 5). D,(l6,7), D,,t56”.); 355-hr rcacIIon: D,(M). D,(I.4). D,(l6.3). D,(4@8). D,, 

(41 3”,) 
There B some dccomposlrlon In alkali as evidenced by the gradual developmenI da brown color and the 

appcaranvc of a new kcrone ,n the gas chromaIogram After 24 hr In O-4 h’ NaOll. Ihls product amounIs 

IO 18”, of ~hc IoIal: IR aI 1653 cm ’ , .i_, 226 m+~ (log L 3.67 in hcxane). 

(c) Deureriwn exchange 4&r shorter fimes In Ihcsc cxpcnmcnrs an even lower ionlung porcnlial was 

employed (7-8 v ) whcrc ~hc mass spectrum, correctal for “C ISOIO~C conslsral d m.c I46 (parer& 69.2%) 

and m c I I8 (308”,). 

In the same manner as ourhncd above in (bl. but ar 24”. 3OOmg V in @86Oml 04N NaOD m D,O- 

dloxan (100.75) was allowed IO macl for OS. I and 4 hr and ahquou (0200mlJ were analyzal (uolarion 

d bullvalone on S-R 4 in. 20”; s~liconc (GE-SF-%) on 6&80 lircbrick aI 135’ and 20 lb He). Ak each 

analysts d parIially deuIeraIcd V. undeuIeraIcd V was analyzed IO conlirm ~hc abscnac of any mstrumcnlal 

memory-+S-hr rcaC(ton: D,,(l.2). D, (RO), D,(740). D,(l3-8), D.tZ.1). D,(04”b); IOhr rcaclion: 

D,,(IO). D, (63). D,(609). D, (24.7). D,(S-7). D,(I-I”;); 4-hr rcacfion: D,(07). D, (401 D,(31,3). 

D,(35 IA D.(ZOOA D,(6.6). D,(I.9). D.1@4”.,) 

Comwsmn of bull~ulone (V) fo bullvalcru (I ) 
(a) R&&on of V with &iwn borohydrldr Bullvalone (V. SO mg) In 0.5 ml EtOH was added aI 0. IO 

60 mg NaBH, m I.5 ml E10lf. Ova a period of 18 hr IIK mixIum gradually warmed IO room tanp AfIer 

evaprarion of melhanoI. IrcaImcnI wiIh 3 ml 20 “6 Na,CO,aq. warming IO 55” for IO min and exrraclion 

with IWO S-ml pon~ons of ether. an erhercal cxIracI was ohIamcd, which was conanIraIal IO give 29 mg 

hqud 9 (or IO)-hydroxyIricyclo(3.3.2 0’ ‘]dcca-3.6-dicnc Homogeneous by GLPC IhLs akohol has an 
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Mcrhylbrdlwlone 
(a) 9-Hydroxy-9-mcrhyllcyclo[3.3.2 0’ ajdeur-3.&dieme. A soln of 400 mg bullvalonc (V) in 3 ml abs 

ether was added dropwisc at 0” witb stirring under Ns to 9 ml of a 0.5 N solo of MeLi prepared according to 
Mitlkr and Ludstcck ‘* After 8 hr. a mixture of 5 ml NcOH and I5 ml ether was added. followed by 15 ml 
water. Extraction wtth tbr& ZS-ml portions of ether. washiog the combmcd ctberul extracts with water, 
conccntratton to 3 ml and separation tn a 2-m column 20% in diethylcne~ycolsu~~te at 16@ afiorded 
197 mg (45”/,) 9-hydroxy-9-mctbyltricycIo[3.3.2.Os~s]decp-3.6dienc. m.p. 4648”. and 40 mg unrcactcd 
bullvalone. 

(b) Mcthylbuflcurlene. A soln of I90 mg d the tertiary carbmol above tn 038 ml ether was injcctad in 
003 ml portions into a 5-B. f in column containing 20”, d~etbylcneglycolsu~~nate on Chromosorb W 
wnh the inIcction bkx& at 320 and a tlow rate of I ml He pa rcc The crude mcthylbullvaknc (135 mg 
79”,) was purtficd by GLPC on tbc same column at 120‘ The pure liquid had an IR spectrum wrth pro- 
minent bands at 306Ocm ’ (vs). 2%?1sk 2930(s). 2883fwk 2856(wk 15391s). 144Ois~ 1403fmf. 1368(m). 
1310(w). 1134(w), ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Tbc NMR spccrrum in CCI, at - 400’ consisted da stnglct at 6 - I.75 pput (rd area 3a2k and broad 
bands at 2cx) lrcl area 3.85). at 5% and 562 ppm (total rd arca 5001. AI 97.5.. the time averaged spaztrum 
was observed t a sharp singlet at 1.7 1 ppm frd area 107) and another sharp singlet at 404 ppm frcI arm 3a). 

The mass spectrum at 68 cv consisted of the following peaks [omission of those of intensity less than 5 “L 
oftbcpcakatmo 129I:m~144(160“,,); 1431144); 142(X-I), 141 (10~0); 13O(lO?); 129(1000): 1281710t; 
127t23.7); llSt1631;91 (5-2,. 77t65I.63165): 51 (9.6): 39tI1~9);27lS~XI 

Phenylwicyclo[ 3 3 2 0’ ‘Idecu-3.6.Y~fricnc 
A soln of 270 mg XIV m 1 ml abs ether is added in a Nr atmosphere to 3 ml of a Grignard reagent prc- 

pared from a mixture of 1 55 g Mg and 905 g bromobcnzcnc m 23 ml ether After 16 hr. the mt:turc was 

treated with 3 ml cone. NH,Claq. 10 ml H,O and extncted with ether. Concentration of the dried tMgSG,) 
ethereal extract afforded a residue which cotaId be punficd by GLPC on a 5-R. 4 m column of gland mtcro- 
beads coated with sihconc rubber (025 7~ by wt.) a! 155” ~nQcctton block at 174.). The resulting carbinol, 
m.p. 72 ‘74”. showed OH absorption at 3548 cm- ’ (sI and bands inra oliu at 3222 lvs), 2920 Is), 1638 tm). 
I6OOfmI. 149Otsk 1446(s). 1369(s), 1314(s). 1259lml ll68tsL 1057tsL 1041 W. 102X(s). 

Bullvaknc 
Mcthyl- Phcnyl. 

bullvakne bullvalcnc 

vrncm“ vincm ’ vincm’ ’ 
_ .._- 

3038 
2971 
2944 
1634 
1400 
I363 
I309 
1076 

.-. 
3031 3032 
2968 2970 
2930 ._ 

1639 1638 
1403 1402 
1360 1370 
1310 13051 
1080 1078 

When 165mgoftbecrudc produa was passed ovcra S4.i mcolumn 7”,Carbowax4000on !KI 6Omcsh 
Anakrom. at 1% (in)cction block 2oO”k 27.4 mg phcnylbullvalcnc (rd ret time lm) was obtained. Bull- 
valcnc 1.30 “b. rcl ret tune 0231 dipbcoyl(20~0 rcl ret time (3108) and throw unidcntiticd products were also 

,.c. _c._. ‘L ..,I__ _,___ __ .c_n ,<* _.,:_____..LL_ __,..__ _*l_l_l__,__;“i obtained FinaI puriilcziiion oi rnc pncnyrouuviucnc on <nc V’LJ .D sn)cvr)s I uv- WIUIW (UIVIU~~ LLIPI=-II~. 
m p. 53 54”. which stitl retained a famt blue colour; &, 255 mp (fog t - 390) [reported” mp 74 76” 
from EtOH ; A,,,,. 262 mu (lo8 E - 3-9311. 

” E. Mulkr and D Ludstwk. C/tern &r. %7. 1887 (19541 



A ratlonal synthcsts of bullvalcnc barbaralone and derivarwcs. bullvalonc 3963 

NMR spectra dphcnylbullvaknc were obtamd m CS2 PI - 350 (singlet at d = 707 ppm; broad atsorp 

llon centered at 5 73; broad absorption at 2.74 and 2-M d rd areas 5.1 : 50:3.8. respectively) and at 70 

(sloglet at 6 = 707 ppm and a broad sIngI* at 4.27 ppm d relative arear 5O:g.l. rupccwcly) 

The IR spectrum showad bands inter ali0 at 3032cm-’ (vs), 1638 (m), 1598(mh 1488(m). 1443(m). 

1402 (m). 1370 (ml IOU)(m). 8x8 (mL 871 (m). R4l (m). 697 (vs), 643 (s). Coinndmm m IR bands in bull- 

valenr methylbullvalene and phcnylbullvalenc arc shown In Tabk 2 


