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SUMMARY The 2,6-dlcyano-1,5-dlmethylsemlbullvalene (2d) synthesized via the blcyclo[3 3 Oloctanedlone 7 
exists as a classlcal ground state which IS lower m energy by less than 5 kcal/mole than the homoaromatlc transi 
tlon state of the Cope rearrangement of 2d 

We report an efficient synthesis of 2,6-dlcyano-1,5-dlmethylsemlbullvalene (2d) and show with the help of low 

temperature 13C NMR that It possesses an even lower activation barrier ( c 5 kcal/mole) towards degenerate Cope 

rearrangement Is2 than the parent semlbullvalene (2a) Ia and 2b 2f Our results provide, therefore, the fe-st ex- 

perlmental evidence m support of Dewar’s 3 and Hoffmann’s 4 prediction that electron accepting (A] substltuents 

at the C2,4,6,8 posItIons and electron donating (D] substnuents at the Cl,5 posItIons should afford a non-classi 

cal homoaromatlc semlbullvalene 1 While for neutral, closed-shell I-r-systems such homoconlugatlve interaction 

was concluded to be destabilizing 5, our present results Imply that open-shell systems, such as two interacting 

ally1 fragments, may result In a stable homoaromatlc semlbullvalene 1 

Followmg Dewar’s 3 and Hoffmann’s 4 prediction we showed that the sterlcally unencumbered cyano group as 

rr-electron acceptor indeed lowered slgmflcantly the actlvatlon barrier of barbaralane 3 6 Consequently, we set 

out to prepare 2,6-dlcyano-1,5-dimethylsemibullvalene (2d) as test system, m which the use of the two methyl 

substituents was dtctated by synthetic necessity 2f 2d seemed most interesting in view of Dewar’s expectation 

that already two cyano groups as In 2c would suffice for homoaromatlclty 3b 

2a RI = R2 = H, 2b RI = CH3, R 2 = H, 2c RI = H, R2 = CN, 2d RI = CH3, R2 = CN 

The key-intermediate for 2d. the blcyclo[3 3 Oloctane 2,6-dlone 7, had been obtamed previously In low yield 

from the 1,5 dimethylblcyclo[3 3 Oloctane-3.7 dlone via a five step sequence 7 A more convenient access to sub- 

stantial amounts of 7 seemed, therefore, mandatory To this end, dlethyl methylmalonate was added to +erert-butyl 

acrylate In the presence of small amounts of sodium hydride without use of a solvent to afford the triester 4a 8 

In 97 % yield 9 Selective partial hydrolysis of 4a with one mole of potassmm hydroxide m methanol IO produ 

ted 82 % of the monoacld 4b Without purlflcatlon, 4b was sublected to Kolbe electrolysis 1’ (one mole of 4b 

m 400 mL methanol In the presence of 0 1 mole potassium hydroxide], affording 24 % of the tetraester 5 as a 

colorless, VISCOUS 011 (b p 100 - 13OoC/ 2 4 10-6 torr, 1 1 mixture of dlastereomers 12] Dleckmann con 

densatlon of 5 under the action of three moles of potassium rert-butoxlde in tetrahydrofuran proceeded almost 

Instantaneously 13, furnishing the expected blcyhc R-keto ester 6 which was hydrolyzed and decarboxylated un 

der refluxlng hydrochloric acid to the 2,6-dlone 7 in 76 % yield (based on racemlc 5 14] 

Conversion of the 2,6-dlone 7 Into the unsaturated dlnltrlle 9 was readily achieved ‘5 by addmon of trimethyl 

sllyl cyanide to 7 Using a twofold stolchlometrlc excess of the reagent In dlchloromethane and 0 1 mole zinc 

Iodide as catalyst, the bls (O-trlmethylsllylcyanohydrln) 8 was produced in 97 % yield as a symmetrlcal dlastereomer 

An excess of phosphorus oxychlorlde (20 moles) In bollmg pyrldlne converted the cyanohydrln 8 into the dmltrlle 

9 In 80 % vleld (after subllmatlon at 40 oC/14 torr) NBS bromlnatlon of 9 In carbon tetrachlorlde occurred 

3653 



3654 

RO CfiCO$B” 2 

4a R = Et 

4b R = H 

Kolbe electrolysis 

W 
24 % 

c*co2tB” 
kO,Et 

5 

HO 0 

CO,tBu a 
H20 

OH 
CN 

6 7 8 SIMe, 

_.a 

ur 

“_ m 

Zn/Cu 

-x 
-zL? 

90 % 
NC 

LN 
C:N B5 % _ e.. 

dlastereoselecttvely affording the dlbromlde 10 In 85 % yield The exo, exo posltlon of the bromine atoms In 10 

was Inferred m analogy to 4,8-dibromo-2,6-dlcyanobIcyclo[3 3 l]nona-2,6-dlene, whose stereochemical asslgnement 

of the bromine atoms was confirmed by X-ray crystallography 6 Zinc-copper reagent 16 In refluxmg ether de- 

bromlnated 10 In 10 h furnishing 90 % of the 2,6-dlcyanosemlbullvalene 2d as colorless crystals after subhmatlon 

at 40 50°C/10-5 torr, m p 142 - 1440C (decomposltlon) The 400 MHz proton NMR spectrum of 2d in CDCl3 

at ambient temperature consisted of a sharp smglet at 1 28 (2 CH3) and two dublets with J = 3 9 Hz at 4 61 

(H4,8) and 5 67 ppm (H3,7), respectively 

Of crucial Importance for determining whether the cyano,groups lower the Cope actlvatlon barrier in 2d was 

the low temperature carbon spectrum The 100 61 MHz 136 NMR spectrum of 2d In CHCIF2 - CD2Cl2 (4 I) 

at 143OC consisted of SIX sharp signals (13 6 (2 CH3), 65 5 (C1,5), 84 5 (C2,6), 100 2 (C4,8), 118 9 (2 CN). 

128 0 (C3,7)], which did not show any signs of broadening For comparison we calculated the coalescence tem- 

peratures of the carbon signals of the parent semlbullvalene (2a) at the same spectrometer frequency, using the 

reported low temperature (-16OOC) 13C NMR data and the rate constants of the Cope rearrangement Ia Thus, 

In the 100 61 MHz carbon spectrum of semlbullvalene the signals of Cl/C5 (A v = 513 Hz) and C2,8/C4,6 

(A v = 9015 Hz) would coalesce at 1440C and 126OC. respectively In harmony with the coalescence tempera- 
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tures dertved for 2a. we found srgrufrcant broadenmg of the C2,4,6,8 srgnal m the 10061 MHz carbon spectrum 

of the 1,5-drmethylsemrbullvalene 2b 2f m CCl2F2CD2Cl2 (4 I] already at -lOOoC At -123oC thus signal had 

a half-width of 3 ppm Consequently, in view of the lack of all signs of Ime-broadening In 2d down to -143OC, 

we conclude that the activation barrier to Cope rearrangement must be considerably lower (c 5 kcal/mole) than 

that for semtbullvalene (2a) Itself 

A decrsrve probe for potentral homoaromatrcrty of 2d IS offered by infrared spectroscopy At room temperatu- 

re m tetrachloroethene the 2,6-drcyanosemrbullvalene 2d exhibits two CcN bands of equal mtensrty at 2218 0 

and 2230 5 cm-l and a C=C frequency at 1578 8 cm- 1 17 For comparrson, the 2,6-drcyanobarbaralane 3 shows 

two C:N frequencies at 2216 8 and 2239 7 cm-l and two C=C frequencies at 1610 4 and 1625 8 cm-l cor- 

respondrng to the conjugated and non-jugated functronal groups, respectrvely Consequently, 2d does not possess 

C2symmetry at the Infrared time scale Thus, whrle homoaromatrcrty has not yet been reached by the mtroduc 

non of two cyano groups, as In 2d, the extremely low actrvatron barrrer towards the Cope rearrangement of 2d 

and, perhaps, the srgnrfrcantly smaller difference between Its C-N frequencies compared to 3 may stimulate 

efforts to realize examples of the Dewar-Hoffmann type of homoaromatrcrtyl8 
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Table 1 Melting pornts and IR fCHCl3) and 
7 10 Lrterature data are given u-r brackets 

13C NMR (100 MHz, CDCl3). data of the brcyclo[3 3Oloctanes 

Cpd mp 
PC1 

7a 97 - 98 (102]7,18 

IR [cm-‘] 

CzN c=c 

- 

13C NMR [ppm] 

Cl,5 C2,6 C3,7 C4,8 CN Me 

56 6 221 1 35 9 288 - 165 

(56 9 221 4 36 2 292 - 16 8]7 

8 114 2228 5 - 54 6 81 7 37 5 29 9 121 4 21 2b 

9 166 167 2218 5 1622 0 58 2 1152 1442 43 0 1234 199 

(173]18 

10 189 - 190 22233 16151 61 0 1136 1439 56 7 1230 194 

(dec 1 
(Igo) 

a IR 1735 (1735]7 cm 1 (KBr, C=O) b 0 90 ppm (Me3Sr) 
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