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Alantract - The title roactlon afforbd tJu Diolm-Aldor adduct 4b,lO-oth~no- 
bo~I~]axulona (4), vhlla an maloqm,m ructim involving 5,6-dichlmoazu- 
leno gave tJm 6,7- and 7,8-dichlorodulvativom of (4). Troatmt of (4) 
with 3,661(pyridln-2-yl)-~-t~v~~ino yiol&d kncl~latulono. 

Tho l bdithm of knzyno (1) to unaaturatod and armtic l ub&rat*o cm 9ive riu to a vmhty of 

intaromting products.“’ In a continuation of our work QI the um of knryno and aubatitutwl 

kruyn~s for the 8yntJuoia of no-1 ring yatre,‘-‘O u9 hvo invootlpatod the ructim of (1) with 

l tulono . 

(@) 

Uhm boruyno was wnaratul by rho oxibtlon of 1-aminc&n~otriawl~ with lead tetraacetate” In 

rJn prwonca ol l culno, th9 l ddwt (4) warn obtain& In 33a yield. xmmr yield* of (4) (lOI and 

16*) wmre obtained when knrr~l.umlu-2-c.rbaryl.t.” or tha wrr~mponding hydrochlorldo ware 

6713 



6714 .T. M. Cm? and D. Wme 

umod . . benryne prwurwr, dw to tJm cqmting f-tion of a dark rod-brown polar by-product, 

l mrently romaltinp from l z.o coupling ktmn the knzyno pr-wr and l tulme." The w,ructur. 

of (4) im apparent frca lta rpactroocqic proportles. The ‘II n.m.r. mpwtra Wiguro 1 and Table) 

FIGURE 1 'II n.m.r. mmctru of (4) (300 W. cDc11) 
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‘Ii o.D.?. spectral data for thm adducta in CXlk 

Khularl shift. multLpllclty, coupliop ccm&anta) 

Ccrpound 
Proton 

(4)& Mb (6jb 

Hl-HI 6.94-7.26,m 7.0-7.4,s l.O-7.4.m 

H5 6.08,dd,J,,~12.O,J,,~O.8 6.64,9 6.ll.r= 

H6 5.'34,ddd,J~,,12.O,J~,,7.5,5~,~ - 6.11,.= 
1.0 

H7 5.54,dddd,J,,~11.9,J~,~7.5, - 
Jt,,l.O,J,,rl.O 

HE 5.42,ddtd,J,,,11.9,J,,,7.2, 6.03,d.Ju,rP.6 

Jesal.0 

H9 4.@9,dd,J~,~7.2,J~,~l.O 4.8O,d,J~,a8.6 5.17,s 

ItlO 4.lO,M,J~o,r~3.3,J~o.,al.O 4.16,6,51e,l13.4 4.14.M,J1o,rr3.4,J1o,lzl.O 

Hll 6.67,dd,J11,1~5.6.J1l.ro)-3 6.73,64.J~~,l~5.7.J1~,~03.4 C.lO,dd,J~r,r~5.6,J~r.~@3.2 

H12 6.91.dd,J~z,~~5.6,J~~,~ol.O 6.87,M,J1a,115.7rJ~~,~ol-O 6.86,66,J11.115.6,J1~,101.0 

. 300 IOIOIL, b eomt c iwchronouer d virtwlcoupli~ t685 



in cc~jumtiar, with apln &corplLng e4eriratm ahmmd * prwma of thrw imolatd qh yotru 

dw to the uavtic protwu, th bon mambommdi-typ, protcma HlO, 1131, ~12, ud tJm cyclohop- 

tatrlmyl protona ES, lib, 87, It8 L H9 rmpoctively. It ~8. po~aiblo to correlstm th nonuPrtic 

proton and carbon rwaancam with the ad of l ‘H-“C hataroCOSY mpoctnm, and thio l mtablishad 

that tJm cyclohopUtriany1 proton H9 (64.89) and the corrmponding arbon ata C9 tblOO.1) 

rewnated at unuowlly high field. Such a situation ir chuactoriotlc of a 7-aklylicknumrbor- 

nadims or 7-•lkyli dumbanwnorborsdieno structural aoiety”“’ and providoe strong widmce for 

the structure of (4). Tho chalcal l hifta of the relevant nuclei of - mo&l -undo are 

shown in Schom 2. Ccqmmd (8) warn recently iwlatod frcr the rmction of l rulenm with dirthyl 

acetylonadicubonylata unbr high preuure” and thm chdcal ahilt. of tha cycloh.ptatri.nyl 

nuclei of (8) and (4) are vary similar. 

scwI1 “C and ‘R chuical l hifta 

Tho reaction of benryno (frca bnrmediatonim-2-cukxylata) with 5,6-dichloroazrulono 0) 

afford& l dductm (5) and (6) in 9t and 3* yield rompoctivaly. shmn carpoundm ohouul the expected 

changao in t.hm cyclohoptatrionyl ro9icmm of their ‘H n.m.r. spectra when -rod with (4) (table), 

although l rprlomgly for (6) HS and H6 wore found to k imochronow at 80 IOIL. 

Chrical proof for tha structure of (4) YM obtained aa &am in Schmm 3. Brief truant of 

(4) with thm electron-deficient diomphil~ 3,6-di(pyridln-2-yl)-z-totraxine (9) afforded knr[~l- 

l rulm’m (11) in high yield. Thim reaction involwa l ddltlon of (9) to tha *trained, electron- 

rich bonzmorbomadian8 double kxmd of (0, and l bsequant rotro-Dlola-Alder lam of nitrogen and 

3,661(Wridrn-l-yl)dlWrlQrino fra the adduct (lO).*“” 

(10) (11) 

I- l ld m-vorkua havs ruantly doUrrind th crystal l tructuce of thm dieid (121 obtained 

by hydrolpalo of th totrahydro duivative of (B).” The cyclohaptatrlene ring of (12) na found 

to be ummtlally planu and a mmlfomtatbm of thlo uaa obnmd in tha electronic opoctrw of 

(12), ih wM& t.ha brad absorption of the ayclo~txIanyl &raDphoro usually loc&al at 260 10 

warn moan to k rNftod to conmibrably lmgu wrr1rrgt-h and tin abaaption peak exhibitad - 

fLrw .tnxtuA.” ho l lutronic epwtrm of l Muct (4 Wigure 2) is we- mi.mlar ln &ape and 
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intaneity in the 300-400 M rujlcm to tbet of (12), indlcetinp that in (4) the uyclohqtat.rlaw 

rinp io also foxed Lnto a planar confoation as a consoquona of it* fumlon to th bnnxrorlwr- 

nedion@ ring my-. 

?IGmlf 2 Klectronlc epectnn of (4) and cvclo- 
iurJt.atribne ln Ktm 
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Coqmund (4) ir a Diole-Alder adduct of tmnzyne and axuleno (2) and repreeente, after (81, only 

the second l xmpla of tha cycloadduct in which (2) hae l erved ae the diem coqonont.*e nwvor , 

th formation of (4) need not necoeearily procoed through a cmmrted ll:+ll: cycloeddltion. 

8entyne le known to be an electrophilic epeciee’,z and aculene ie prom to eloctrcphillc attack at 
Cl 21 aa 

. , It ir thermfore poseible to poetulato rvlttarlcm (13) l e an intomediate in the 

ructlon. Bondlnp of the phony1 ring to C3a (azulene ntirlng) would then afford (4). Alter- 

natively, lf a concortod pathway operatos, the traneitlon l tste 1s likely to posmme l ipnlficant 

paler character, with bond mklnp to Cl of axulene being ~011 advanced over bond making to CM. 

In r-ty, thle vork hae l houn that srulene will behevo ae a dlene tavarde the highly roactlve 

dlenophlle benzyne. The converelon of adduct (4) into ben+I~luulone (11) providea furthor 

variety to the exlstlng routee to (11) and it* dorivativ~s.‘@“‘-*’ 

M.ps w.re date&ad on a Kofler blmk and are uncorrected. Rapid l lllca 9.1 chroutoqraphy “a. 
carried out by l lutlon (under water l epirstor vacua) $hroqh l pad of Pluka Kleeelgel C pecked in 
a 6x6 cm cylindricel 9leee funnel; ueln9 the *tated eolvents. Practicm# (50 ml) were collected 
and monitorad by t.1.c. Kadlal chromatography wee perid on 2 I Alice 9el plate* win9 a 
Chro-totron l4od~l 7924 l yetem. 
rent0 - I.m.r. spactrar 

The followin inatnmmtm wara uud for ~troacopic we~wo- 
8nakor UP 80 (‘I! 80 Mz, “C 20.1 Wit), Brukor AN 300 (lli 300 IWr, C 

75.5 lair), electronic qectrar Hwlett-Packard 8450 AI mace qectrar MS 30, MS 902. ‘Ihe 
followlnp ccqaunde were prapsrad by litareture procoduros: awlone,” 5,6-dlchloroarulene,‘*“” 
1-aminoknzotris~ol~,” and 3,6-di~pyridin-2-yl)-~-tetrarine.” 

Mdltla, of benryne to l rulw~e 

(a) Solutlone of 1-amln&enrotria+ole (1.10 9, 8.2 -1) ln CHaClz (12 ml) and Pb(ac)b 0.60 9, 
8.2 ml) in CHpZll (12 ml) were added droprlu over 10 min from separate addition funnole to an 
Ice-cold l tlrrod wlutlan of l tulano (1.0 9, 7.8 -1) in cIIzC12(10 ml). me mhtar. m. l irrod 
for 30 mIn, filtorul through Collto, waporsted. and than subjected to rapid l nice 9.1 chrauto- 
9raphy. Klution vlth 101 CHzC12-light petrolecn paw l blue bend, shown to consist of l rulmne and 
blphmylone (t.1.c. end n.m.r. l nalyele) (660 ~9). Subwqwnt fractlcmm affor&d 4b,lO-otheno- 

33~) l e an oil, which cryetallisod l e colourlree prim. m.p. 64-b. 
Mm ‘ii iii’O%. C1a~,I raqulras 204.0937). km apoctmm m/s 204(X*), 20311001, 
1X(92), lOl(231, 89(23), 88(16), 76(26). “C n.m.r. (75.5 me, CTYX,) 6 I 54.O,d,ClOI 64.O,e, 
C4bf lOO.l,d,C9, 120.9,d,arylr 121.9,d.arylt 124.8,d.arylt 12S_O,d,eryl, 125.l,d,C7, 
125.6,d.C5, 127.l,d,C6; 127.4,d.C8, 130_4,e,arylI 134.8,d,Cll, 153.8,d.C121 156.7,m,arylr 
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166.6,s,C9a. Electronic wctru UXC4l) A_ (lo9 &I 236(3.77), 275(3.56), 280(3.58), 3360.451, 
35lc3.461, 37Oc3.24) N (Flguro 2). lY n.m.r. apecQ?mr sw Flgura 1 and T&la. 

(b) A l lurry of knruwdiaxcmim-2-carkaxylate (prepared fra 1.4 9 l nthaailic wld)” in 1,2- 
dichloroethmo (10 d) Y.# ad&d portionvisa over 15 rin to a mlution of ~LUIOM (1.0 9, 7.8 -1) 
in rofluxing l,I-chloroat.hano (50 ~1). It80 oolution ma rofluxd for 10 dn, the oolvont wa8 
evaporated, and thr roeldua l daorbod onto l llica gal and nrhittod to rapid chroutogcaphy. 
Clution with ll+t petrolw and 1oI CEzCly-llght p~~olorn g8* blua frwtiona cauloting of 
atulane and adduct (4) (t.1.c. l nalyaim). host of tha l rulene 095 mg) use rm by sublfrstlon 
(60*/0.1 m) and the reaibrw ma rrbrlttod to radial ohraatography ruin9 101 CZsClr-llght potro- 
leum to give the a&duct (4) (161 q, 101) as d colourloo~ l olld, qactrooc+cally ldontlul with 
material prepared in (a). Eluticm of the original silica 901 admrbont vlth 58 W-CH,Cl, 
afforded a dark red-brown solid (760 mg) (predly ~LO dye), which YU not further invoatlgated. 

(cl Anthrmilic acid (1.4 g, 10 lo11 was convwtad into tb brivod diwonlu chlori& wing the 
goneral rthod of Hart and Oku.” This -torial was added aa a slurry in l,l-dichloroeth~~o 
(10 ml) over 10 =in to a rofluxing l olution of srulano (1.0 g, 7.8 ml) ln 1.2-dichloroeth~ 
(50 ml) contalnlng propylene oxida (5 ml). Work up aa In (b) l ffomlmd uncbngmd l +ulono (405 mg), 
adduct (4) (245 sp, 168) and an azo dye fraction (510 rg). 

Addition of bonryno to S,b-dichlor~tulem 

A slurry of bsnunediaronl~2-c~rboxylate propard fra athranllic acid (1.6 9, 12 -1s) ~a8 
heated un&r reflm with l solution of 5,6-dlchlorazuleno (2.8 g, 14 rol) In 1,2-dichloroehans 
(50 ml) until gar evolution coamed 00 =in). The mnturo was filtered through a pad of l luina, 
and the solvent ma l vqoratod. ohs roaiduo uam sub)octed to rapoatd radial chroutography, 
using 1OI CHzClz-light pstrolom to afford (in or&r of l lution) 5,6-dichloroarulona (1.52 g), 
6,7-dlchloro-4b,l0-othenoban+l~)~rulano (5) 068 g, 9N) and 7,8-dlchloro-4b,lO-•thonobenzlal- 
l ruleno (6) I129 mg, )a). Ad&d (5) wa# obUlned as colourloma prim, m.p. 93-4’ OUW. 
(Pound: H* 272.0173. C~*Hlo”Clz requlrea 272.0159). I(asa rpectru m/r 274(16U), 272(23), 
24800, 246(523, 239(16), 238(16), 237(51), 236121) 203(18), 202(100), 201(16), 200(19), 176(25), 
101(21), 100(28), 99(13), 93(11), 88(28), 87(15). II C n.m.r. (20.1 mfz, (Dell) 6 : 53.7.61 62.1, 
s; 97.0,6, 12l.l.d; 122.4,dt 124.7.6; 125.7.2xdr 127.4.41 128.5,a~ 131.2,ar 135.6,dt 
143.3,s; 152.5,dj 155.1.a1 168.1,r. Adduct (6) W# obtained (1‘ colourlear pri8u. m.p. 114-6. 
w.c+t) . (Found: n* 272.0153. Cl‘Hlo”Cla require N 272.0159). &¶a* apectru m/z 274(19\) , 
272(30), 248(44), 246(77), 239(15), 238(15), 237(48), 236(28), 201(23), 200(100), 199(22), 198(24), 
176(35), 101(14), lOO(281, 88(25), 87(15). “C n.m.r. (20.1 WHz, CDcl,) b t 54.1,dl 61.4.11 
102.4,dr 120.9,dr 122.4,dl 124.7,dl 125.7,2xdr 127.0,s; 129.2,dl 129.8,sr 135.8,dr 143.5, 
‘1 152.1.6: 154.9,s; 165.1,s. 

Converslcn of Qb,lO-•thenobenr[~Isrulano (4) lnto knr[alarulana (11) 

A aolotlon of adduct (4) (100 q, 0.49 -1) and 3,6-dl@yridin-2-yl)-r-totrarlne (123 q, 
0.52 -1) in C?Kl, (5 ml) was rofluxod for 30 min. The mtiture was adsorbed onto ailica gel 
I5 91, and placed onto a pall funnel packed with that Adsorknt. Elutlon with 1OI CXtCl,-llght 
potrolou gave * blue-green aolut ion, which was evaporated to afford knrIa]arulon~ (11) l . 
lustrous green plate0 (82 mg, 94*), l0.p. 192-3. (lit.” 
nutorial prepuod previously.“ 

189~90.1, mpectro&~plcally ibntlcal vith 

Thlo work wu suppeRed by a grant fror the Auatrallan lbuarch Grants Schue. Ye thank Dr Ian 
Paterson (Canrbridqs) for amirtanco in obtaining the -se spectra. 
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