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1,6-D1bmmotncyclo[3 10 0 Thexane 2e lw been pnqared m 56% yield by rext~on of l.~tluotncyclo[3 10 O?hexane 2d 
wth 2 5 eqmv of tosyl Lmxmde 2e proved to bc a new somre for generatmg trqclo(3 10 0 f6lhu-1(6)-ene 1 by rcactm anth 
magnesmm, wth hthmm sand or WI~I terf-butyllhmm, as shown by forma&on of the Duels-Al& addwt 5 Ene &UC& of 1 were 
obtained antb alkcaes la-a, M1, however, with aiiyknzene. The cMixed lJ_chene 10 and 1 gave rise to a 48% y&l of 11, whereas 
10 aadI,thelugherhomologueofl,ledtoan%yleldof14 

Some tm~ ago, we were able to generate mcyclo[3 10 Ozb]hex-1(6)-ene (1) by treatment of l-chlorotncy- 

clo[3 1 O.@6]hexane (2b) with strong bases T~s short-hved mtermediate could be trapped as a Die&Alder 

adduct with some cychc 13aenes such as anthracene, 2.5~dunethylfurau, &phenyhsobenzofuran ’ and 1,2,3- 

tnmethyhsomdole? whereas good nucleophlles lead to l-substituted mcyclop 1 O.O’Thexsne denvatwes. In 

addmon to the dehydrohalogenauon of 2b the bridgehead olefm 1 could also be generated from the sdane 2c 

~th cesmm fluonde 111 dnnethyl sulfoxlde ’ In some aspects the behavlour of 11s remmlscent of the chenustry 

of benzyne 3 3 Tlus led us to search for ene reactions of 1 which have so far not been observed for blcy- 

clo[ 1 1 O]but-l(3)-ene denvahves Here we report on a mod&d generahon of 1, on some ene reacttons 4 of 

1 and on results of attempts to trap 1 and its higher homologue 4 m some Duels-Alder reactions 

A. 1,6-DibrorPrhlcyeloC3.l.O.O’~lhexanc as a Source for T~cyelo{3.1.0.0 “lhex-l(6)-ene 

Tncyclo[3 10 0 %Thexane 2a has been 1shown to be one of the few blcyclo[l l.O]butanes that can be. 

metaWe4i with 2.0 eqmv of n-butylhthmm (Bti) M ethez at both brtdgehead posmons to give 28 m Hugh 

yield5 The reactzon of 2d wtb 2 5 equ~v of 4-tolylsulfcmyl biormde (Tar) at 0°C m ether afkled a 56% 

3101 
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yreld of the dtbromtde 2e The sequenual brommahon of 2d leaves no doubt that 21 IS formed as an mter- 

medtate rn thrs reactton. Therefore, it 1s safe to assume that under appropriate reaction condiuons (at O°C or 

below) 21 does not ehmmate hthuun bromuie spontaneously formmg the tmdge-head olefin 1 The assumptton 

that 2P is reasonably stable at -78°C could easrly be proved expenmentally. After the reacuon of the dtbronude 

2e wrth 2.0 eqmv. of teri-butylhthmm (r-BuLr) tn THF/pentane at -78°C and addmon of [OD]methanol 

affotded a 36% yield of l-bromo-[6D]tncyclo[3 1.0 02”lhexane 23. 

The &bronude 2e was found to be a valuable startmg matenal for generahng 1. When treated wrth magne- 

slum, hthmm sand or wtth f-BuLr (2.0 eqmv.) III the presence of 2,5-dumthylfuran the known propellane 5’ 

was isolated in yrelds of 43.57 and 40%. These results uuhcate that tricyclohexene 1 can be produced under 

a w&r range of reactron cot&tons than was possible previously 

B. Some Ens Reactins of Tricyclo[3.1.0.0U]bex-1(6)-ene 

Best results of the ene reactions of 1 were obtamed. when the &bmm~de 2e was converted mto 2f wtth 

2 eqmv. of f-BuLr at -78T and the cooled soluhon was transferred by cannula techmque to a soluhon of the 

ene component m THF. In the presence of a-methylstyrene cla) 6a was tsolated m 78% yield. 1 and isobutene 

(7b) led to 6b 111 a modest yield of only 15%, whrle 2,3_dunethyl-1,3-butadrene (7~) afforded a 37% yteld of 

the &ene 6c We-products of unknown structure prevented the punfkahon of 6c From the NMR spectroscoptc 

data, the structure of 6c could be estabhshed beyond doubt; at the same tune, the spectra dtd not show any 

mmhcauons for the formatton of the Diels-Alder adduct 8 
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In addruon to the methyl hydrogen atoms, alkenes 7d and e hold also methyne or methylene protons in 

allyhc posrtrons Therefore, the ene reachon of 1 wth 7d could lead to 6d and e, and wtth 7e to 61 and g 

The NMR analysis of the ene macuon of 1 with 7d showed that only 6d was formed m 20% yreld In contrast, 
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the genera&on of 1 m tk presence of 7e affonied, accordmg to NMR analyst. a 7.3 mtxture of 6f and 6g m 

a total yield of 18%. From the ‘%J NMR spectrum It could be deduced that 6g was formed as a 2:l cis-rrans 

nuxture The compounds could not be sepamted. Stenc factors seem to play an unportant role m the ene reac- 

tion The preference of the slufi of a methyl proton as compared to metbylene or mthme hydrogens was 

observed in the competmve ene reachon of d1ethy1 azodicarboxylate with appqmate alkenes6 In the 

mtramolecular commtion of &etbyl az&carboxylate with Zmethyl-1-butene the methylene hydrogen 

uugrated sltghtly faster than the methyl hydrogeus.’ 

Be&es ene and I)lels-Alder adducts, the reaction of dehydrobenzene 3 with 2.3~dunethylbutiene 7c 

produced also a [2+2] cycle-adduct.’ The analogue reaction of 1 wth 7c would lead to the [2 1 llpropellane 

9. To the best of our knowledge it IS safe to assume that 9 IS not stable at room temperature %’ In accord ~th 

tlus ptichon, no m&cation for tbe formatlon of 9 could be obtamed 

C. Diek-Alder Reactwns of ~c~[3.1.0.0(6)~~ 

Dds-Alder trapping reachons of the tncyclo[l 1 Olbut-l(3)-ene denvates 1, 4 and further 2,Umdged 

bicyclobutenes were successful only with en&-cychc, as-fixed 1,3-&enes, l&e anthracene, furans, &phenyl- 

lsobenzofuran and lsomdoles ” The reaction of &brornlde 2e with t-BuLl at -78’C to give 2f and attempts of 

generating 1 and trappmg It with lJ-butadlene did not afford the desired cycle-adduct 8b However, the CIS- 
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fiicd lJ4kne system m 10 met the precondition for a successful I)lels-Alder reaction ~th 1 Adduct 11 was 

~sohtcd m 48% yield Carrying out the same reachon with 4, generated from bronnde 12 and httuum 2,2,6,6- 

ktmmethylpqe&de 13, pmpellane 14 was formed m 27% yield 

After we had prepared the propellanes 11 and 15 the next obvious step was to try to umwzt these com- 

pounds to the correspondmg [4 l.l]pmpelh&enes of subshucture 15 by ation of bromme and ehmmatmn 

of two molecules of hydrogen bronude Unfortunately, the &&on of bronune to 11 led only to a complex 

rmxture of products, 111 which the blcyclo[l 1 Olbutane nng was completely destroyed 

Acktwwledgment: Thm work was supported by the Deutsche Forschungsgemezn.w&tii and by the Fends 
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EXPERIMENTAL 

LGeneralRemarks 

Solvents were punfied by standard procedures Tetrahydmfuran (THF) was freshly &stdled from 

potassuun metal. All rur-sensluve reactions were camed out under nitrogen m flame-dried glassware 

Tncyclo[3 10 e6]hexane @a),” 1-bromomcycl~f 10 @#jhexane (2h),‘* (6-bromomcyclo[3 10 ti6]hex-1- 

yl)-mmethylsilane (2c)J I-bromomcylo[4 10 0z7]heptane (l2), l3 4-tolylsulfonyl bronude (TsBr),‘” hthlum 

2.2.6,s~tetramethylpqen&de (13),15 and 1,1,2,2,3,3-hexamethyl-4,5-hs(methylene)cyclopentane (10)16 were 

prepared by reported procedures tert-Butylhthmm (t-BuLl) in pentane was obtamed from ALDRICH, n- 

butylhthmm (Bub) m hexane from CHEMETALL, the content of these solutions was determmed poor to use 

by standard methods “. ‘* 

II. 1,6-~onro~c~[3.1.0.0Zc]hex~e (2e), Generation ofl-Bnwnotricyclo[3.1.0 O'~]hex.6-yllithaum (2jJ 

and Tncyelo13.1.0.0z~]~x-1(6)-ene (Z) from 2e 

1 Synthesis of 2e: 2a (10.0 g, 125 mmol) was added dropw~se at O°C to a soluuon of BULI (312 mmol) 

111 ether (200 ml) and the rmxture stured for 7 d at room temperature (rt) The suspension contammg mcy- 

clo[3 10 0’ 6]hex- 1.6-&yltitium (2d) was transferred into a droppmg funnel and added to a solution of TsBr 

(73 5 g, 313 mmol) 111 ether (250 ml) at 0°C under vigorous sumng Stmmg was contmued for 2 h, the 

nuxture hydrolysed ~th a 2 N solution of ammoma (100 ml) and extracted with water (500 ml) Dlstdlatlve 

workup of the organic layer usmg a 20 cm V~greux column afforded 2e (16 54 g, 56%), b p 66-67“C/12 

mmHg ‘H NMR (CDClJ 6 153 (s, 4 H, 3-, 4-HJ, 2 52 (s, 2 H, 2-, 5-H) 13C NMR (CDCl,) 6 24 50 (s, C-l, 

-6), 25 99 (t, C-3, -4), 48 58 (d, C-2, -5). MS (70 eV) m/z (96) 240 (25), 238 (50) [M+], 236 (25), 159 (33). 

157 (33). 78 (100). 77 (100). 51 (50). 50 (30). 41 (5), 39 (8). 38 (lo), h4+ talc 235 884, obsd 235 885 

2 Generutron of 2f t-B&l (8 40 mmol) m pentane was added to a soluhon of 2e (1 00 g, 4 20 mmol) m 

THF (10 ml) at -78°C under mtrogen atmosphere The yellow solution was stmed for 1 h at -78°C. then 

methan[D]ol (300 pl, 7 39 mmol) was qected by synnge and the nuxture was warmed up to rt Datdlauve 

workup afforded 1-bmmo-[6-D]trrcyclo[3 10 e6]hexane (2g) (240 mg, 36%) contauung traces of THF, 

b. p. 3O”W.l mmHg ‘H NMR (CDCl~ 6 1.39 (m, 4 H, 3-, 4-H& 2 35 (s, 2 H. 2-. 5-H) The 6-H signal of 

bromomcyclo[3.10.026]hexane (2h) ‘* at 6 2 34 IS rmssmg in the spectrum of 2g 
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hqmd, b p 0°C (bath@ 001 mmHg ‘H NMR (CDU,). 6 128 (s, broad, 4 H, 3-, 4-H;), 1 61 (m, 1 H, 6-H). 

171 (s. 3 H. CH&. 190 (s, broad, 2 H. 2-, 5-H), 2 62 (s. 2 H, CH,-C(CMe=CHJ, 4 70 (narrow m, 2 H, =cH,) 

“C NMR (CDCl& 6 6 85 (d, C-61, 15 18 (s, C-l), 22 54 (q, CH,), 26.35 (m, c-3, -4). 34.53 (t, c&- 

CWe)=CHJ, 36.62 (d, C-2, -5). 110 16 (t, =CH;), 149 42 (s, C(Me)=CHJ (Found C. 89 02; H, 10 4.4 C&Z 
for Cl&,, C, 89.49, H, 10 51) 

3 With 2$-dunethyl-13-butadlene (7~) A solution of 2f, obtamed by reactmg 2e (108 g, 4 54 mmol) and 

t-BuLl(9 10 mmol) m pentane m accordance to II 3 c, was transferred via cannula mto a solution of 7c (7 63 

mg, 9 29 mmol) m THF (10 ml) The orange-coloured solution was stmed for 1 h at rt, the solvent was 

removed under reduced pressure and the residual od treated ~th ether (10 ml) and 2 N aqueous ammoma 

I)lstdlaUve workup of the orgamc layer afforded a colourless hqmd (443 mg), b p 60-61°C(bath)/103 mmHg 

‘H NMR analyst of the matenal showed the formation of a nuxture of 2-( 1-tncyclo[3 1 0 0 z6]hexylmethyl)-3- 

methyl-13-butiene (6c, yield 37%) as the major component and matenal of unknown constitution 

Spectroscopic data of tic ‘H NMR (CDQ) 6 128 (m. 4 H, 3-, 4-HJ, 163 (s, 1 H, 6-H). 188 (s, 3 H, CH,), 

2 35 (m, 2 H, 2-, 5-H). 2 85 (s, 2 H, CH&5 00 (m, 4 H, vmyhc H) 13C NMR (CDCl,) 6 7 66 (d, C-6), 15 90 

(s, C-l), 21 57 (q, CH&, 26 87 (m, C-3, -4). 30 90 (t, CHJ, 37 44 (d, C-2, -5), 113 10 (t, 2 C, =CHJ, 143 33 

and 147 69 (s, vmyhc C) 

4 With 2,3-&methyl-I-bur (7d) A soluhon of Zf, obtamed by followmg the procedure II 3.c by reaction 

of 2e (1.41 g, 5.93 mmol) and t-Bub (11 9 mmol) at -78”C, was transferred vm cannula mto a solution of 7d 

(2 50 g, 29 7 mmol) m THF (15 ml) The nuxture was stvred for 1 h at rt, the solvent was removed under 

reduced pressure, and the residual ml treated with ether (10 ml) and a 2 N solution of aqueous ammoma 

Disbllatwe workup of the organic layer afforded 2-(I-mcyclop 10 02~6]hexylmethyl)-3-methyl-l-butene (6d) 

(201 mg, 21%) as a colourless hqmd, b p 24T (bath)/103 mmHg IR (film) 3034 cm*‘, 2952.2870, 1724, 

1449,1178 ‘H-NMR (CDCl,) 6 100 (d, J=7 5 Hz, 6 H, Me), 130 (m, 4 H, 3-, 4-HJ, 165 (s, 1 H, 6-H), 193 

(m. 2 H. 2-. 5-H), 2 21 (sept. J=7 5 Hz, 1 H, H-CMe&, 2 63 (s, 2 H, C&C=CHa, 4 71 (sd, 2 H, =CIQ 13C- 

NMR (CDCl,). 6 6 85 (d. C-6), 15 24 (s. C-l), 2178 (q, Me), 26 41 (m, C-3, -4). 3162 (t, H&-C-, 36 80 

(d, C-2.-5). 38 61 (d, HCMe& 107 04 (t, =CHJ, 155 62 (s, C=CHa MS (70 eV)* m/z (%) 162 (1) [M”l. 147 

(24). 119 (72). 105 (25), 91 (lOO), 79 (66), 77 (38). 57 (23), 41 (44) (Found C, 89 23; H, 11 21 Calc for 

C12Hls C, 88 82, H, 11 18) 

5 With 2-methyl-I-penfene (7eJ A soluuon of 2f, obtamed accordmg to II 3 c by reachon of 2e (1 50 g, 

6 30 mmol) and t-BuLl (12 6 mmol) was added via cannula to a solution of 7e (530 mg, 6.30 mmol) m THF 

(10 ml) and stured for 2 h at rt After removal of the solvent m vacua and aqueous workup, &stdlahon of the 

crude product afforded 170 mg (17%) of an ene adduct nuxture as a colourless hqmd, b p 25°C (bath)/103 

mmHg Accordmg to NMR analysis, the product consists of a 70 30 nuxt~ of 2-(1.mcyclo[3 10 v6]hex- 

ylmethyl)-1-pentene (60 and 2-(1-mcyclo[3 1 0 02~6]hexylmethyl)-2-pentene (6g, as a 2 1 as-truns rmxture) 

Data of 6f IR (film) 3033 cm ‘, 2948,2870, 1728, 1647, 1455, 1177,889 ‘H NMR (CDCl,) 6 0 88 (t, J=7 5 

Hz, 3 H, CH,), 128 (broad s, 4 H, 3-, 4-H3, 157 (m, 3 H, 6-H, CH,Me), 1 89 (broad s, 2 H, 2-, 5-H), 196 

(m, 2 H, =CH-cH,-CH& 2 58 (s, 2 H, -C&-C=), 4 75 (broad s, 2 H, =CH& 13C NMR (CDCl,) 6 6 85 (d. C- 

6), 13 87 (q. Me), 15 14 (s, C-l), 20 82 (t, Me-CH&, 26 38 (m, C-3, -4), 32 95 (t, =C-CH,-CHJ, 36 68 (d, C-2, 

-5), 39 29 (t, (X,-C=), 109 25 (t, =CHz), 149 42 (s, =C) MS (70 eV) m/z (96) 162 (13) [M+]. 147 (17), 133 

(38). 119 (78). 105 (45). 91 (lOO), 79 (58), 77 (37). 57(30) 
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(loo), 240 (8)s 225 (lo), 220 (lo), 213 (14). 199 (14). 186 (76). 171 (64). 159 (32). 143 (42), 105 (32), 91 

(52). 77 (36), 69 (48). 55 (52). 
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