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Absbrct-The oxygen-sensitive 2,6diphenylbarbarala 15 and 16 are synthesized from 
bicyclo[3.3.l]nonane-2,&dionej via dibromidt 14 in four steps with 46 and 54% overall yiefd, rup&vely. 
Crystalline 2.6-d.iphenyl~ (1% ia @low at rrwllll tsmpcroturc and de&our&a revcrsibIy on 
co&in& Accord@& the W spxnnn ofrmmwhnh sohdms ofl5changcs rcvcrsibly in tbc temperature 
range 295-m K. TIM brofnadi~lbrrbaralane 16 ia 8howl to exist a8 a airI& valence taumncr. The 1 jc 
chw lhifu of 16acl-w a8 cBtim8tcr of the amlogOus shifts ill the noncxchm&lg vaicmx tautomcr of 2#6- 
diphcuylbarba&me (15) itself. The bmicr for the degcnemte Cope rearrangement of 15 in 
@D,]dichloromcthanc has been determined from ‘3C-NMR lint width mcasurcmcnb in the temperature 
range of 169-233 K to he AGioo = 21.6 W mol- ‘. Hcncz phtnyl suhstitucnts at the tcrmini of the allylic parts of 
barbaralane accelerate the degenerate Cope rearrangement somewhat more than qano groups. 

We report an efficient synthesis of ?$diphcnylbar- 
baralane (15) and show with the help of low tempera- 
ture 13C-NMR spectra that it poesee~n an em lower 
activation barrier towards dcgenerateCopt rearrange- 
ment than 2$dicyanobarbaralanc (ll@.l Our r4xults 
suggest, therefore, that appropriately placed phenyl 
groups are more efl&tive than cyan0 groups in 
stabilizing dclocabxed structures of barbaralanes and 
semibullvalcnes. 

The concept of homoconjugation (through-spaoc 
interaction) originated from the early work of Winstein 
and Adams on the solvolysis of cholesteryl chloride2 
and has developed since into a fundamental principle in 
organic chemist.ry.3 Roberts and Applequist invoked 
the resemblance of the cyclobutenylium to the 
cyclopropenylium cation in or&r to explain the special 
stability of the former. l J Extending homoconjugation 
to aromatic compounds, Winstein conceived the 
general notion of homoaromaticity.6 Accordingly, the 
a-skeleton ofneutral or charged aromaticsystems may 
be interrupted by an sp3carbon bridge at one or more 
sites resulting in mono-, bis-, tris-, etc., homoaromatic 
species. The concept of homoaromaticity initiated an 
impressive amount of both experimental and theor- 
etical work.‘sa While the existence of homoaromatic 
curions is by now reasonably welI established,* that of 
homoaromatic anions has recently been questioned9 
and is still subject to experimental scrutiny. lo A similar 
situation applies to neutral, potentially homoaromatic 
systems. Thus, Houk, Paquette and co-workers 
arrived at a pessimistic conclusion opposite to 
previous deductions about neutral homoaromaticity: 
“Homoconjugativc interactions between neutral 

closed-shell n-systems are destabilizing!“’ ’ The 
implied elusivmess of neutral homoaromaticity orig- 
inating from through-space interaction of closed-shell 
x-systems did not fortunately detract from the search 
for such homoaromatic compounds. l 2 

A principally d&rent concept of homoaromatity 
in neutral molecuIes evolved from von E. Doering’s and 
Roth’s ingenious design of fluxional molecules 
undergoing fast degenerate Cope rearrangcment.i3 In 
fact, von E. Doering and co-workers considered the 
existence of a shallow minimum on top of the energy 
‘barrier separating the degenerate valence tautomers. 
Such minima would correspond to symmetrical 
intemxdiates with a negligibk activation energy.t3*14 
Theoretical support for this hypothesis was provided 
by McIvir who pointed out that, because transition 
states cannot have two negative force constants, a 
symmetric species must be a potential energy minimum 
betweentwomaxima’5Whatcverthctruenatureofthe 
lowest transition state for the non-constrained, 
archetypal Cope rearrangement may be,16 when the 
I,Shexadiene system (1)14 is subjected to increasing 
geometrical constraints as in the order cisdivinyl- 
cyclopropane (2h” 3,4-homotropilidene (3),‘* 
dihydrobullvalene (4c),19 barbaralane (4b),**~** scmi- 
bullvalene (4a),*’ the Cope activation barrier 
dramatically decreases to as low as E, = 21.3 kJ 
mol- ’ *’ found for the latter compound. Theoretical 
studies by Hofhnann and Stohrer13 and Dewar and co- 
workers24*25 suggested that certain substitution 
patterns might continue this trend down to “negative 
activation energies”. Specifically, extended-HGckel 
calculations supported the prediction that a semi- 
bullvalene of type 5 is likely to exist in the dclocalizd 
ground state 5+.73 According to MINDO/Z calcu- 
lations, electron acceptor substituents at C-2,4,6,8, e.g. 
cyano, carboxy or trifluoromcthyl groupq2* or 
perhaps just two cyan0 groups at C-2 and C-4.25 might 
provide for ground state delocalization. Furthermore, 
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nonclassical, delocalized structures were predicted 
for 2,6diaza- and 3,7diazasem1 ‘bullvalene.zS While 
similar delocaIiz& homoconjugated systems arc 
invoked as transition states of nwnirous pcricyclic 
reactions, the theoretical stirdies of Hoffmann and 
Dcwar designed a novel type of neutral (big)- 
homoaromatic stable molecules. In fundamental 
contrast to Win&n’s homoaromaticity this kind of 
neutral homoaromaticity is character&d by the 
homoconjugativc (through space) interaction of open- 
she/l x-systems and may be termed &war-Hofhnann 
type in order to distinguish it from the former. Recent 
MNDO-Cl calculations of the localized and delo- 
calizcd structures of cyano-substituted semibull- 
valenes26 essentially agree with earlier studies. 2 3 - 2s 

By long tradition, theoretical predictions stimulate 
cxpMimcntal work. In fact, Hofhnann’s and Dcwar’s 
design of delocali& homoaromatic sunibullvalcncs 
presents a considerable experimental challenge which 
is getting more attention in these II1Ic1 other labora- 
tories.7 We have synthesized 2,6dicyanobarbrualanc 
(lla)” and 2,&dicyanoscmibullvalcnc 6” which 
for the Grst time enabled us IO &lain rl quan- 
titative evaluation**2* of the prcdlcted’~ *b sub- 
stitucnt effects. Moreover, tbt surprising tempcra- 
ture dependence of the W spectrum of 6 indicated an 
equilibrium with a less stable (by 11 kJ mol-‘) isomer 
which was assigned the delocalized homoaromatic 
structure Pa29 This assignment implies two unsym- 
metrical transition states for the Cope rearrangement 
of 6 and thus may be the first experimental evidence for 
McIver’s theorem. ’ s 

Unlike cyan0 groups, phenyl substitucnts exert only 
small inductive and field effects. Therefore, variations in 
rates caused by their prcsenaz are ~ascntially due to 
their conjugative ability and steric requirements. While 
numerous studies have been concerned with phcnyl- 
substituted 1,ihcxadicncs undergoing Co 

PC 
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arrangement via chair-like transition states,‘% 3 only 
a few phcnyl-substituted systems are known for which 
geometric constraints require boat-like transition 
states. Furthermore, a few degenerately rearranging 

6 

t For a summary of leading refmccs see Ref. 28. 

compounds of this sort, e.g. 2$di hcnyl-3,4- 
homotropilidene, 34 the barbaralanes 8bs P and 19= 
tid &c scmibullvaknea 7b and c,36 carry the phcnyl 
groups at the cen& carbon of the allylic part where 
they exert only a minor, rate4etmdlng cffazt.34*36 Since 
the Copt transition states of scmibullvalcncs and 
barbaralanes resemble two more or less interacting 
a4yl radicals 21.23-26,37,,kbkd 

xreasc ofthe cope 
activation barrier is anticipated if the phcnyl groups arc 
attached to the tmnfni of the allylic parts. Here we 
dcscribc the first such system (15). WC have chosen to 
study the expected effect in the barbaralane series using 
only two phenyl groups, since, unlike the semi- 
bullvalcne systemZ2 or that with four phenyl 
substituents, the barrier is anticipated-to be sufficiently 
high to allow determination by 13C spectroscopy. 

Synthesis CuIcl properties of 2,6dpheny~barbaraZanes 
Barbarahme (4b) and its derivatives have been 

obtained via a variety of routes anploying as the key 
steps intramolecular carbenc or carbcnoid addition to 
cyclobcptatrienc3~0~~*~‘~ and cyclohexcnc deriva- 
tiVC!i,40 intramolacular ~4+23cycloaddltion of a 7- 
allcnyl-l~,5-cyclohcptatTicl&~’ bomo-1&limiIlation 
in triastcranc dcrivativcs,34*42 photo-isomerization 
of tricyclo[3.2.2.02*‘] nona-2,8dicnt (homobarrc- 
l=), 4J di-7c-methane rearrangement of bicyclo[4.2.13_ 
nona-&4,7-tricnes- and bicycle [ 3.2.21 nona-2,6,8- 
tricnc4s ph t 0 o-extrusion of molacular nitroger 
and ringclosure reactions between C-2 and C-7 
of bicyclof3.2.2]nonanes3s~47 and between C-2 and 
C-8 of bicyclo[3.3.l)nonane derivatives. z’*4c50 
In view of the wcll-clevcloped syntheses of 
bicyclo[3.3. llnonanes 51 the latter route promised 
to provide the most straightforward acotsB to bar- 
baralancs. In fact., a barbaralane had already been 
obtained via dehydrobromination of a 3,4- 
dibromobicycloC3.3.1 Jnonadiene 20 years ago.‘* 
Furthermore, a rational and flexible synthesis of 2,6- 
disubstitutcd barbaralanes such as 15 may take 
advantage of the convenient availability of Mccrwein’e 
diketone, bicyclo[3.3.l)nonanc-2,Wonc (9),St’s 
which appears a logical precursor to 2,6dinubstituted 
bicyclo[3.3.ljnona-2,&Iitnts suitable for ring closure 
to barbaralanes. The short, high-yield synthesis of the 
2,6dicyanobarbaralanes 1 127 demonstratad the merits 
of this strategy. Consequently, we set out on an 
analogous route to 2&diphcnylbarbaralanes. 
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To this end the dikatone 9 WBS allowed to react with 
exccsa phenyllithium affording a 74”/, yield of a diol 
which was formed as a single, symmetrical dia- 
stercomcr according to the 13C spectrum. The 
endo,endo-configuration of the hydroxy groups and 
hence structure 12 for the diol was i&rred by analogy 
with similar cases. For instance, methylmagnesium 
iodide,s6 sodium borohydrides71s* and lithium 
aluminium hytide’**s9 attack bicycloC3.3. llnonane- 
2-ones almost excltivdy from the exe face aIfording 
the en&alcohols with high diastcreosclectivity. 
Likewise, sodium borohy&i& and lithium aluminium 



Didtjlwasdkeaiydahydratadtothedime13m 
91% yield byhdlhott trlWIWnt~an8?2mixturcof 
~~~~~~~~~~~~~ 
yicldsinbothstepsorw~sburplytoi~3.5”/,o~~ 
y&i in an analogous~ which Wormed the 
4,8dimethyl homak@la of diketone 9 to the 2& 
dipbeayld&rC. 62 WUout any doubt, the phony1 
groups in 12 are #zs#z&M for the smooth direct 
d+h~tionsinotthia~f~$‘forw=to~ywitft 
limited sucawsss in tht CmIe ofa b@Th[3.3.l]n~~ 
2,6-dioP lacking the phenyl groups. N-Bromo- 
succimmidc brominated dia&rcoaclcctMy both 
ailylic positions of the dienc 13 yiehling dibromidc 14 
as 8 single stmwom. The pr@#ux% of symmetry 
was again deduced from the “C sp&rum which 
exhibited only fine signals f& the bicy&c ring system. 
The ex~~ir~~-~~nf@uration of the bromine atoma and 
bcncestructure14arcbascdoathe&ricrcquircmcnt 
of bromine which stron#y disfan tbcr en&e&- 
eonfiguratioa, on the known pIEd_ of exu- 
attack fuide sqw& and on the com@son with the 
dibromidt 1Qb for which the emdbromo 
configuration was cstablish#t by an X-ray stnzture 
d~tion.27 

The zino-copper coupie, useful far Ltumerous 
deh~~ating cyclopropanc f&g reactiox~,*~*~s 
was the reagent of choice far the dcbrommation of the 
dibromodinitrile ieb to afford .thc dicymobubaralanc 
l18.#27 as well a!& for !&m&u rcxK&ms kndhg to 
scmibullvakncs, tg. 62* and ?a? Aooorbingly, 
trcatmtnt of the dibronGde 14 with the timpper 
couple in boiling ether followad by ffnah chromato- 
graphy of the crude material yielded 68% of 2,6- 
~phenylb~b~~~e (15). Tbe bicyclic ~brorn~en~ 
l~~~~~~a~~ for the brominatcd 
barbaralane lib via d&ydroIm.mhahon using 
alkoxidt bases. When the ~brorn~~e 14 was 
allowed to react with a solution of potassium 
t-butoxide in t-butauol the anticipated dehydrobromin- 
ation proceeded smoky aft&ding the bromobarbar- 
alane 16 which was dso purified by flash 
chromato~aphy. Tht s~~~~ of the new corn- 
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pounds wem cotid by spectroscopic methods. In 
particular, the a8aignment.s in the ‘SC spectra are based 
on single fiwpcnq off rcsmamc (12) or My proton- 
coupled spectra (13-M) and on selactivc d~up~g 
cxpcrimcnts (13,14, la). 

Whtle tht‘hj&ocarbon 15 formed j~on~lo~ 
crystals melting at 108-l IO”, the bromobarbaralane 16 
resisted all attempts to induct crystallization and 
remained as a viscous oil. Spay, both 2$- 
diphcnytbarbaralanes were very sensitive towards 
atmospheric oxygen which precipitated a co~urless, 
insdubk material from solutions of 1Sevcn in thedark. 
The structure of the prcmmably polymtic, peroxidic 
product is still under investigation. On the other hand 
the ~brorn~~~ph~yl~b~~~c (16) which is 
almost colourless or pale yellow turns yellow 
immediately when exposed to air, Consequently, 
preparation and putication of both 2,4d.iphcnylbar- 
barahures had to be p&ormed with strict cxcfusion of 
oxygen. The untxpectcd reactivity of the ~ph~yj~~ 
baralancs 15 and 16 towards triplet oxygen is 
reminiscent of the similar behaviour of tri-t- 
butylcyclobutadicnc,67 syn-scaquinorbomadienc and 
triene dtXiV82iVtX,6a octamethylsem_ibullvaltncdP and 
the ~b~v~~e &28 Furrbennc~t, B no~~c 
~~m~whichwal;asaignaislruchxrr;i8waa~air 
sensitive while its crystalline isomer 19 did not exhibit 
such propcrties.3s The same principles hold for an 
isomer of lS, e.g. 3,7diphenylbarbaralanc (gb)34*so and 
other ~b~~~~. While the triplet oxygen prep 
of scmibullvalcncs and barbaralanes arc still un- 
known with the exception of that of coypu 
semibtiUv&ne,69 tbr: striking sub&uent dopendcacc 
of the cnhanocd Mvity of cxrtain semibulWenes 
and ~~~~ towards triplet axygea suggurts that 
it may be rttated to the stability of the allylic radical 
which is f-cd with simultaneous ~cl~ro~c ring 
cteavagr: by a radical attack at one ofthe tcrmini of the 
ally& part&. 

Crystalline di~~~~~~~~~ 15 shrvcs with the 
scmibuilvaknes 62r* * and 29’“‘” the remaMbk 
yellow colour. Even more surprising, this cofour 
disappears reversibly on cooling just as found for the 
scrnibullvalencs 42e129 and 20.” Corresponding 
changes in the UV spectrum have been observed 
also for solutions of 6. The reversible t~~~tur~ 
dtpendcnt appearance of a new long-wavelength band 
in the UV spa~nvn of 6 was rationalized in terms of an 
equilibrium with the de~ocahzd, bishomoaromatic 
isomer 6+.2g The similarity in the temperaturc- 
Dot oc;lour changes of ~ys~~~i~ 6 and 15 
prompted an invastigation of the W spectrum of 13 in 
~~~~~~ at various temperatures. As solvent we chose 
trrms-decalin for case of p&E&on to a suitable W 
transmittance, the broad temperature range of the 
liquid state,72 and the known density data between the 
freezing and boiling point.‘3 The W spsetrvm of 2,6- 
~ph~ylb~b~~~e (1s) (Fig, 1) shows a single 
maximum at 273 mu (e = 16,300). Siia the parent 
barbaralane (4h) itself exhibits only end absorption 
above 200 nm3’ the long-wavel~~ band of 15 reflects 
the extension of the oonjugatai system by the pbcnyl 
groups and may be compared to that of 2,6- 
diph~ylbi~cIo~3.3. I Jnona-2,&iiene( 13, &,_ 246 nm, 
8 = 21,900)and aans-styrylcyclopropanc(~261 mu, 
t = 19,000).‘4 In line with the colour change of 
~~~ 1s 0~~~~ 10” 3-1o- 2 M solution of 1s 



1808 If_QuAsrnd. 

200 222 . 250 28a 333 Loo 500 

Fig. l.UVupcctraof2,6-dipJ~1yl barbrrrlu#(15)at295,350, 
400 and450 K in ~~JM~E&IL The tanparturt dcpcn&~ 
ofthcvolumewMt8keni.nto&ccou.n tb~mcuuofthedcn&y 

of trollsdc4in.’ 

show a oomplctcly reversible temperature dependence 
ofthcUVsptctruminthctemperatl.lrerangc29~5o 
K (Fig. 1). At higher tempcraturca, the absorption 
dccrcaxs in the maximum, which is slightly shifted to 
shorter wavelengths, and increases in the minimum as 
well as in the near UV. Ahhough the temperature- 
dependent changce paralkl those of the dicyanooemi- 
bullvalene 6 they are, however, much less pronounced 
than for the latt~r.~~ Nevertbclus, they may be 
indicative of an equilibrium involving a less stable 
isomer. On the other hand, since the long-wavelength 

d of the absorption spectrum is due to transitions 
from thermally excited vibrational, loyels of the 
dcctronic ground stati and the pOp&$ion Q&such 
levels increa808 witbrisingtempua~~- 
ing incrcaac of the abeorption in this @on at the 
expense of other regions- be m eypaetbd For 
cxampk, the tctnpor&ure dqez&ncc ti tht wieible 
spectrnm (460-560 nm) of nutt cycloo4zta~ was 
errplain in this wa~.‘~ An cquilibriun~i~Wolviag a 
less-stable isomer a4 tbc a@ibrium tMwecn 
vib~~nallwalsoftbceJecttonicgror;mdsbte~bath 
govclacd by the Boltzmann distribution func&m and, 
tllartfort, difhcult to di!Stmguirh’in the ab#ncc of& 
piocas of evidence. Hence a rationalization of the small 
tunpcratur&cpcndcntchangcsinthcUVqectrumof 
15 must await further experimentation. 

Tbc 13C spectra at 90 and 100 MHz of 2& 
diphenylbarbaralane (15) were enamiadd as a function 
of tompcratu~ In the temperature range dbk on 
the spectrometers wu$ thu broad hand deampkd “C 
spoctraof15yi&kdtwoainglc+equallypoptit&two- 
site cxchanga systans (G2/Cb and C-4/C%) tith an * 
estun&dahemicalshiftdifftranccAvofcu9000~at 
90MHz(afrle~~).~spactrawercrunintbcfrut- 
exchan~Limitwherethcrataconstaotforexchan~cul 
be crrlculated from the exchange broadening Wmcr 
using Eq. ( t).76 The exchange broadening ia.deriv4 
from the measured line width of the exchange 
broa- signal by subtracting the efkctive line 
width oftbat signal in the ati ofcxchanm &The 
latter ia approximated by the line width da nimilar 13C 
signal which is not or only very slightly influenoad by 
the exchange proatss. Lint widths at halfh&ght~ablt 
1) were determinal by least squares fitting of the 
otmervcd signal to a Lorentxian line shape 

k = ~r(bv)~/ZW~~ (1) 

Tbe C-2 and C4signals provide the berstinformatiun 
about the rate of the Copercarrangcmnt of 15. This is 

Table 1. Line widths at half height (Hz) of the 56 and @so “C peaks, exchan~ 
broadening (W,,,J of the 2,6 “C tignals of 2,Miphcnylbarbaralane (15) and 

calculated rate aXWants at various temperatures 

T CKI 2.6 Carbonsa ipso carbona Y exch 10-5k [s-l] 

169 60.8 (2.4) 2.6 (0.7) 58.2 20.5 

174.5 41.0 (3.9) 2.1 (0.6) 38.9 30.5 

179.5 34.8 (2.0) 2.6 (0.5 32.2 37 

183 28.9 (1.5) 1.5 (0.5 27.4 43.5 

191 24.0 (f.5) 1.5 (0.4 22.5 53 

200 15.3 (1.9) 2.1 (0.6 13.2 90 

203 12.5 (1.7) 2.3 (0.6 10.2 117 

207.5 10.4 (1.0) 1.1 (0.5 9.3 128 

213 9.5 (0.7) 1.9 (0.6 7.6 157 

233 4.8 (1.0) 1.4 (1.0) 3.4 351 

251b 3,4 (0.8) 1.1 (0.3) 2.3 

a The errors (In parenthcsfs) were calculated by the program DISNHRP 82 

tiich is part of the Bruker software package. b Not used for the calcula- 

tion of the parameters of Equation 2. 
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because of their large chcmicrl shif? differenct 0n4 in 
paeular, bcCausc, having no attachal protons, their 
cfkctivc line widths in the absence of exchange are not 
very dependent on the cf6cicncy of broad band 
decoupling. Furthermore, the line widths of the ijw 
phtnylcarbonsi~~whicharevirturrlly~~~by 
exchange, can be used as convenient ~tixnates for W, of 
the quaternary carbons C-2 and C-6. On the other 
hand, the protuMted carbons which were equally 
unaffected by exchange (C-9, tertiary phcnyl carbons) 
exhibited line widths two to three times larger than the 
ipso carbons. Use of such line widths as estimates of IV,, 
in the calculation of the exchange broadening of the C- 
4/C-8 signals introduces grater errors. Therefore, the 
exchange broadening of the tertiary carbons C-4/C-8 
was not applied for the &termination of rate constants 
although it was similar to that of the C-2/(% signal. 

The low solubihty of 2,&diphcnylbarb (15) in 
dichloromcthane-chlorodi&.ioromcthanc solutions at 
temperatures below 140 K precluded thedctcrminatioo 
of the chemical shift data for the noncxchanging 
vakncc tautomer. Thus, in order to extract the rates of 
exchange from line broadening in the Vast exchange” 
region it was necessary to obtain c&mates for the 
chemical shifts in the low temperature limit. In a 
similar study of the Cope wt of 2&h- 
cyanobarbaralanc (118) we used a bromodicyane 
barbaralaneas amodcl for thenon-rearranging valence 
tautomer because the bromo compound e&cd as only 
the non-degenerate valence tautomer 1lb.l The a& 
scncc of a significant tcmpetaturc dcpendcncz of the 
“C shifts now showed that the same was true for the 
bromodiphcnylbarbaralane, i.e. it exists as the single 
valence tautomcr 16. Inspection of the data in Table 2 
reveals that the chemical shifts relative to that of C-9, 
which should be virtually the same in the two valence 
tautomcrs, have only a minor depcndcncc on 
tcmpcrature. In particular, there is no change in the 
difference between the chemical shifts of C-2 and C-6. 
That the shifts of C-2 and C-6 for the bromobar- 
baralane 16 are indeed appropriate for the analogous 
nuclei in 2.,6-diphenylbarbaralane (1s) itself is 
confirmed by the agreement between the obacrvcd shih 
(6 = 87.9 ppm) for C-2/C-6 in this compound and the 
average (6 = 88.9) of the two oh& in the model 16. 
Therefore, a value of Av = 96.2 ppm, corresponding to 

8710 Hz at 90.56 MHz, was used in the calculation of 
rw constants from exchange broadening A very 
similar value for Av may be caIcuIatal by adding 
appropriate correction tcrms77*m for the influence of 
phtnyl groups to the shift data razntly reported for the 
non-rearranging valence tautomer of the parent 
barbaralane (Ib).” 

The much greater stability of the bromodiphtnylbar- 
baralane 16 compared to its vaknce tautomer 17 can be 
interpreted in terms of double bond stabilization by 
bromine7Q in Mand the unfavourabk stcric interaction 
of phenyl and bromine at the cyclopropant ring of 17. 

Calculation of cnthalpics and entropies of activation 
from rates determined by Eq. (1) can lead to serious 
errors,” and we therefore restrict our discussion of the 
barrier for the Cope rcarrangcmcut in 15 to a 
consideration of the rate constant and AG’ at 200 K. 
This temperature allows a convenient comparison of 15 
with other “degenerate” barbaralanes (Table 3). The k 
and AG* values at 200 K are calculated from the 
exchange broackning data in Table 1 by 

n/2&, = ~(Av)-~ = a*eBbtf (2) 

which is obtained from Eq. (1) and the Arrhenius 
equation. A non-linear least squares treatment of the 
data in Table 1 afforded the pammc@s of Eq. (2) [a = 
(1270f550) s, b = (I%SOf90)]. A short calculation 
shows that the error in AGjoo introduced by an 
uncertainty as large as 2 ppm in the estimated Av value 
amounts to only 0.07 kJ mol - 1 ad beace am be 
negkcted when compared with the statistical error 
resulting from parameters II and b in E@ (2). 

Table 3 lists rates and Free enthalpies of activation of 
the Cope rearranganent for barbaralane (db) and some 
substituted derivatives. The dil&nce in the free 
cnthalpics of activation of 2,6dicyano- (118) and 2,& 
diphcnylbarbaralane (15) is small but, most probably, 
signZcant because both experiments were run under 
identical conditions on the same spectrometer and in 
the same temperature range so that any systematic 
errors that might arise tend to cancel. It is seen that 
pbcnyl groups are somewhat more eflicient than cyan0 
groups in increasing the barrier, if attached to C-3 and 
C-7 as in 8b and a, respectively, as well as in lowering 
the Cope activation barrier, if placed at two opposite 
corners as in 15 and lla, respectively. In fact the 2,6- 

Table 2. Effect of temperature on the 13C chemical shifts of the tricyclic 
ring system in 4-bromo-2,6diphcnylbbaralanc (16) (CD+&). The 

sMI3 (ppm) arc expmacd relative to chat of C-9 

318 K 243 K Difference 

C-l 3.0 2.7 +D.3 
c-2 19.5 19.3 +0.2 

c-3 106.3 107.0 -0.7 

c-4 93.6 93.7 -0.1 
c-5 21.2 20.8 to.4 

C-6 115.7 115.5 +0.2 

c-7 96.8 99.0 -0.2 

C-8 11.2 11.1 +D.l 
c-9 (0.0) (0.0) IO.01 
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Table 3. Rate conatantj and free cnthalpies of activatioo at 200 Kfor the werate 
cope rwmgcment of lwJne barbardaIlc8’ 

w. 10-3k k rel AG' Temp. Range (K) Ref. 

4b 26 

0a 18 

8b 4 

lla 1950 

15 9400 

1.00 31.5 2 0.4 153 - 276 2t 

0.72 32.0 2 0.9 148 - 260 21 

0.15 34.5 2 2.3 2% - 240 34, 81 

‘76 24.2 + 3.2 209 - 249 1 
360 21.6 + 1.6 169 - 233 This work 

’ Rate constants k In s-l, Ati in kJmol-l. 

diphenylbarbarakme (1s) rearranges even faster than 
scmibukalene (4~) (AGI,, = 24.6 kJ mol- I).21 The 
rate-accelerating effects are in accord with the generally 
accepted transition state model resembling two more 
or less interacting ally1 radicais,21~2~2**f7 as well as, 
with the order of the radical stabilization energies 
(RSE) and double bond stabilization parameters (DS) 
oftbecyano(RSE = 54 3UDS - 14 5kJmol- 1)79and 
the phenyl group(RSE ‘= 59,1LDS ‘= 19 W mol- 1).79 
However, while in the ground state both types of sub- 
stituents can exert their full interaction with one double 
bond and the appropriate Walsh orbitals of the cyclo- 
propane ring, the radical stabilizing effect is greatly 
attenuated in the transition state. 3zb This attenuation 
reflects the deviation of tbe real transition state from 
the hypothetical model consisting of interacting aIlyl 
radicals, and may be attributed to the homo- 
conjugative (through space) interaction of the allylic 
fragments which mirrors the (Ss)homoaromatic 

nature of the transition state. 
Whik stable homoaromatic semibullvalenw as yet 

remain elusive, the results of the prescat investigation 
suggest that this final god may perhaps be achieved (if 
at all) by using a substitution pattern different from (or 
in addition to) the one predicted by Hoffmann and 
De~ar*~**’ more than a decade ago. WC shall report on 

semibullvalenes substituted similarly to 15 and higher 

substituted systems in due course. 

EXPERIMENTAL 

Pulsed Fourier transform 400.13 MHz ‘H and 100.61 MHz 
“C spectra were obtained from CDCI, solns ting a Bruka 
WM 400 NMR spectrometer. Chemical shifts are in ppm 
downfield from TMS as internal reference. The assignment of 
the 13C signals was confirmed by single frequency off 
rcsor.lMCC decoupled or proton coupled spectra. Proton- 
proton coupling constants were derived by a &t-order 
analysis. 

The variable temp 13C spectra were recorded at 90.56 MHz 
on a Brukcr WM 360 spectrometer using carefully degasscd 
solns in CDtCl 1 prepared by vacuum lint techniques in staled 
NM R tubes. The temps were calibrated by means of a MeOH 
calibration sample. The Lorentzian line shape least squares 
fitting routine, which is part of the Bruker software package, 
was used to determine line widths. 

IR spectra were recorded on a Fkckman Aoculab 4 IR 
spectrometer and calibrated with polystyrene. Dilute solos in 
CCl, and 10 mm quartz cells were usaJ for the 4(KN3-2600 
cm’ * range, solns in CH,Cl, and 1 mm CaF, cells for the 
Moo-1500 cm- ’ range. Low resolution 70 eV mass spectra 
were obtained on a Varian MAT CH 7 mass speztrometer 
connected to an SS 200 data system. The exact mass of 16 was 

detekned us&g a Finnigan MAT 8200 high resolution ma&? 
spectrometer and @luorokerosineCPlibration. 

UVapectraatrwm~weremusuruIwaPcrkin- 
Elmer33Ospcc&omcterusiug0.1,1and10cmadlrUV 
spectra at higher tompa were rsoordod on a Guy 17 
spectrometer equippal with a high tcmp wnplc cell holder 
whichwaJconnactcdtoaLaudaUltrrtbermmtlt.Tbatanpin 
the sampleall was measured by a Cr-Ni thsrmooouplc which 
was calibrated with high precision thermometers. The trans- 
decalin solns of 15 for W spectra at higher tcmpe were 
prepared in a closal apparatus, equippal with 0.1 and 1 cm 
quartz allq repeatedly degurscd under vacuum and 
ultrasonic irradiation, and saturatadwithpurikd Ar. The W 
spectra wcn fcmfdai immediately after the cellhad atmined 
thcd4xhlxltanp.AAtrcachwspactrumthesrmpkodlwu 
cooledtoroomttmpandtheUVspbct~war~sdonfbt 
Perk&Elmer 330 spectrometer in order to check the 
reversibility of tempinduad spuztral cba.nm and to screen 
for decomposition products. The temp dependence of the 
volume of the tronsdccalin solna was afcountal for using 
density data of trunsdazalin.” 

Uncorrected m.ps were determined in a B&&i apparatus in 
scaled capillary tubes, corrected m.pe on a Kofkr hot rtagc 
from Opt&he Wcrkc C. Reichert, Vienna, Austria 

Silica gel., 32-63 e(WoeIm, Es&w, F.R.G.), was usal for 
flash chromatography.*1 HPLC analysts WQC fXrried out on 
a Waters chromatograph equipped with a 254 run W &tee 
tor. A Knauer HPLC column Nuclc&l X,, and MeOH- 
water (9 : t) as eluant at a flow rate of 0.9 ml min- ’ were used. 
AVarian 1400gaschromatographcquippcdwithaShimadnr 
C-RlBintcgratorwasapplialtoGLCanalysesusing3 x0.002 
m glass columns containing 10% SE 30 on Volaspher Al 
(Merck, Darrnstadt, F.R.G.). 

The following solvents were distilled under pu* Ar: 
diethylethcr, THF, pentane and pet. ether (30-SO’) from NaH, 
t-BuOH from CaH,. In the synthesis and ptication of IS 
and 16, spcctrograde quality solvents were used. The solvents, 
including the water for extraction of the organic layers, w+zre 
repeatedly evacuated under ultrasonic irradiation and 
saturated with Ar. 

rrrmr-Decalin for UV measurements was obtainad from a 
~urSed’~ ch/frturt daxdin mixture (58.3: 36.1 GLC) by 
vacuumdistilIation through anefficient vacurrm-insulated 3 m 
distillation column. A fraction boiling at 86O/34 Torr and of 
99.97% purity (GLC) was further purified by fhub 
chromatography on active MC ahunina (Woelm) and Glica 
gtl,0.06~.2mm(Wotlm).*‘Thetra~d~thurobtainbd 
showed au absorbana ofO.%J.6 at 250 run and apathlength of 
1 cm (rtfmna water). 

~~~ipheny~~icycrO[3.3.l~no~ne-~~l(l2).To 25Omlof 
a 0.80 M so111 of PhLi in ether (0.2 mol), which was stir& 
under N,, a soln of 9.4 g (62 mmol) 954 in a mixture of 450 ml 
ether add 270 ml THF wm ad&d within 70 min. After 15 h 
stirring under r&x, the mixture was cooled to 0” and 
cautiously hydrolysai using dil NH4C! aq. The organic layer 
was washed twia with NH,Cl aq and water and dried with 
MgSO,. The partially oily product obtained after removal of 
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