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We have a dual interest rn alumrnum trrchlorlde a-complexes1 of cyclobutadrenes The'etra- 

methylcyclobutadrene complex 1 exhlbrts a temperature-dependent pmr spectrum due to an unusualrntra- _ 
molecular mlgratlon of the alumrnum trlchlorlde group, furthermore, such complexes are useful as 

synthetic precursors to substituted Dewarbenzenes 2-6 we drscuss here the temperature-dependent pmr 
Scheme1 

?_ 1 
spectrum of the alumrnum trrchlorrde c-complex (L-) of a 1,2-tetramethylenecyclobutadrene. We also - 
report the use of complexes 1 and 2a rn two separate syntheses leadrng to tetramethylene-bridged 

Dewarbenzene derrvatrves7 from whrch we hope, eventually, to prepare pyramrdal drcarbonlum rons 

contarnlng methylene brrdges 8 

Complex 2a was obtarned from 2,8-decadlyne and aluminum trrchlorrde as a dark-red solution - 
Scheme 2 

r- 1 - 

9 2.L 2% 
rn methylene rhlorrde Iwo b~rwtures - ra ana Lb - are, rn prlncrple, possrble for thus complex - - 
but only one 1s observed Comparrson of the pmr shafts of methyl groups rn 2 wrth those rn the - 
tetramethylcyclobutadlene complex 1 2 supports structure 2a 10 - (see dragrams 1 and a for data) The 

pmr spectrum of complex 2a (1M solutron rn 1,1,2,2-trtrachloroethane) 14 was unchanged until ca 80° - -- 
when broadenrng commenced The methyl resonances (6 = 2 13 and 2 21) coalesced at 9Z" At 120-130° 

the methylene resonance at 2 81 6 had drsappeared and the upfreld methylene szgnals were consrderably 

broadened Coolrng restored the osrgrnal spectrum, although some decomposrtron had occurred We 

have reported2 that aluminum trrchlorrde mrgratron rn complex 1 causes coalescence of the methyl - 
resonances at 2 29 and 2 40 6 below +ZOb Thus contrasts with the much higher coalescencetemperature 

(92o) observed here for complex 2a and lndlcatcs that the rate of the degenerate lsomerlzatlon of - 

123 



124 lb. 2 

complex 2a 1s much lower than that of complex 1 
15 

- - Degenerate lsomerlsation of complex 1 occurs via - 
the synunetr~~l transition state (or lntermedlate) 3 deplcted In scheme 1, - rather thanbyconsecutlve 

1,2-shifts of alurmnum trlchlorlde.' In view of the preference shown by aluminum trlchlorlde for 

methylene- rather than for methyl-substituted sates In complex 2 - , we suggest that the lsomerlsatlon 

route in scheme 2 1s more probable for the latter complex and that the higher mlgratlon barrier may 

be the consequence of a more stable ground state 

The syntheses of some Dewarbenzene derivatzves based on complexes 1 and 2a are - - 
described below. 

A methylene chloride solution of complex &, cwled to -40° and treated consecutively 

with dlmethyl acetylenedzcarboxylate (DMAD) and DMSO, yieltied drester 4a. Neither of the lsomerlc 

diesters 5 or 6 was detected In the pun of the crude product mixture. 18 - - The tetramethylene- 

substituted Dewarbensene 4 was Isolated, after hydrolysis, as the dlcarboxyllc acid 4b m 40% yield 

based on the starting decadlyne. 19 
- 

(11 CHJ02C-EC-C02CHJ 

(11) OMSO 
COZR 

22 
I’ R=CH3 \ 

4 C02R lb R=H 

No reaction was observed in the absence of DWSO when a similar solution of complex & 

and DMAD In methylene chloride was maintained at -40° in the pmr probe for the same reactlontlme 

(ca. 0 5 hr) We conclude that, at thus temperature, - DMSO 1s necessary to cause reaction between 

these species We therefore tentatively suggest that reactlon occurs via the tetramethylenecyclo- 

butadlene z2' 
- 

which reacts with DWAD to give the Diels-Alder adduct 4a. The absence of 5 or 6 - - - 
suggests that the double bonds of 7 are locallsed as in 7a. A rapld equilibrium between 7a and 7b 

21 
- -- 

cannot be excluded, but it seems unlikely that 7a should be a better Drels-Alder dlene than 7b 

in this case 22 
- - 

The above synthesis can be extended to construct, simultaneously, polymethylene bridges 

over both the 1,2 and 3,4 posItIons of Dewarbenzene derivatives: 23 however, an alternative method 

is requued to bridge the 5,6 posltlons. Accordingly, we have synthesIsed the Dewarxylylene S by 

the route detalled in scheme 3. 
24 

Reactlon of tetracyanoethylene (TCWE) with the Dewarxylylene S 

gave the expected Dewarbenzene adduct 2 in which the 5,6-bridge has been formed. 25 

These toprcs are currently under further Lnvestqatian. 
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Z,&Decadlyne (1 61g,12 mmol) UI methylene chloride (6 ml) was added dropwlse under a dry 

nitrogen atmosphere to a stirred mixture of alumxnum trlchlorlde (1.60 g, 12 mm011 and methyl- 

ene chloride (20 ml) at -50°. The mixture was allowed to warm to +5O over 20 minutes, then 

was malntalned at this temperature for a further 20 minutes 

We have recorded the cmr spectra of 1 l1 (at -20°) and of & (at -5O) in methylene chloride. - 
shifts are recorded In ppm from ?MS The chemical shifts of carbons in& have not yet been 

definitely asszgned 
Cr C, Cb 162 2 160 2 1539 

A& -Ui2)L_ 26L 26 3 22 0 

22 a 
162 0 MC3 MC‘ I.40 10 4 

161 3 

1 25 

The Cl resonances are absent 
12 13 

The chemical shifts of C3 suggest some 2,4-lnteractlon as 

predicted from the molecular structure of 1 
1 
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The spectrum of 2a 1s essentially unaltered by the replacement of methylene chloride with - 
1,1,2,i-tetrachloroethane as solvent 

The extrapolated' = 17 5 kcal mol -1 - 
Ill01 

-1 
value, A~36~ , has be n calculated for 1 A~36~ = 19.3 kcal 

was obtalned XI the case of complex 2a from the methyl coalescence temperature 

approxlmatlon formula AG = RTcln{ OkT,m;t6 q Avh The latter figure may contain a small error as 

this formula 1s only strxtly applicable when the frequency separation of the coalescing signals 

1s large compared with the line wdths 16,17 

J A Pople, W.G Schneider, and H J BernsteIn, "High-resolution Nuclear Maqnetlc Resonance", 

Chapter 10, MC Graw-H111, New York, 1959 

A Allerhand, H S Gutowsky, J Jonas, and R A Melnzer, J Amer Chem Sot., 83, 3185 (1966) - 
We observe' an ldentxal selectlvlty in the reaction of complex 2a with ethyl cyanoformate - 
leadlng to slb:+ltuted pyrldlnes In the present case, 4a (5 + 6) > 92 8 --- 
Complex 2a (12 mmolel In methylene chloride (26 ml) at -4Oo. under an atmosphere of dry nrtrogen, - 
was treated with DMAD (1 71 g, 12 mm011 in methylene chloride (5 ml) followed by DMSO (1 87 g 

24 mmol) In methylene chloride (1 3 volume ratlo) Work-up and hydrolysis were as detalled In 

reference 4 except that the dlacld was isolated by ether extraction of the acldlfled aqueous 

layer, rather than by flltratlon 

Treatment of a methylene chloride solution of complex & with DMSO at -40' 1n the absence Cf 

DMAD gives a mixture of dlmers (C 20H28) of the cyclobutadlene 7 - 
P. Reeves, T. Devon, and R Pettlt, J Amer. Chem sot , 3l_, 5890 (1969) 

Synthesis and oxldatlve decomposltlon - ln the presence of DMAD - of thezon tricarbonyl complex 

of 7 may clarify the nature of the lntermedlate In thrs reaction - 
P B J Drlessen, and H Hogeveen, unpublished results 

Following step IV, the reactIon mixture was evaporated (20°. 0 1 mm) The product - condensed 

at-78 
0 

- was dxsolved in ether, wash&l with water and dried Solvent evaporation left tetra- 

methylDewarxylylene 8 as a pale-yellow 011 pmr (CC14) 6 5.14 (s, 2H), 4 73 (s, 2H), 1 53 (s, 6Hi - 
1 14 (s, 6H), mass spectrum MC = m/e 160 

For steps II and III see R. Crlegee, H Krlstlnsson, D Seebach. and F Zanker, Chem Ber , s, 

2331 (1965) Step IV was reported by F R Farr, and N L Bauld, J Amer. Chem Sot , z, 6695 
(1970) for the parent Dewarxylylene. 

25. A mixture ofDewarxylylene S (0 16 g, 1 mmol) and TCNE (0 13 g, 1 mm011 XI benzene (7 ml) was 

stxred under a nitrogen atmosphere for 46 hours at 20° Solvent evaporationandrecrystalllsatlon 

gave adduct 2 m 50% yield mp 140-142', pmr (CDC13) 6 3.08 (broad S, 4H),l 58 (s, 6H), 1 19 

(5, 6H), mass spectrum M+ = m/e 288, correct elemental analysis. 


