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A SHORT ROUIE To DEHYDUO [ 12) ANTVULENES. 

ChaJlhHuYNH andGcr8fdLINSlRuMELLE 

ER. 12 du CNR.S., Iam bc Chimk, Ecole Nxmak Suptriatn, 

24R~cLha~~i.75231 ~cda05-Frmce. 

(Recriud UI Eclgim 2 Alrgltt 1988) 

m: A novel synthesis of ckhydro (12) aau&kcBfrumlJdi~ is based cm stbctive Pd(O)- 

al(l) coupling racdocu of try1 and vinyl halicka widl termi& xxaykncs. 

The ck4@omnuksus tuc 8 class of unqxmds having in-g ptopatiu.*~* They art usmlly 

prepared in bw or modat yield by heating copptro acaylkks with ioQuurcs and iodoalkencs in boiling 

pyridinc for scvcral hoUTs.3.4 

‘Ihc~~ca~rcauj(m ofacayknaw&+yludvinyfhali~pavides8ncffaciant 

synthesis of pol~twated compowds.5~6*7 We raw bescribe I qah& o0khydro 1121 annultabs by 

utitisation dthis t~~9MocOgy which cadd be cxtctded to th8 syntksis of otbcr annukes. 

A two-step synthesis of 4 wbs based 

(i) on the palladium-copper catalyscd monosubstitution of 1,24hmobenzenc by 2-methyl-3-butyn-241 in 

triethylaminc.8*g~104 % of the disubstit~ud pnxkt 2 was c&y stppntcd by column ~&atog@ty.~ 1 

(ii) on the palladium-copptr catalyscd trimuisatior~ of tk homoecctylene 2 

Treatment of the alcoM 1 with oqutaus sodium hydnxidc and pnlladium-appa catalysts under 

phase-transfer conditionsI generated the bromoacetylenc 3 which trimcriscd in situ to give the 

trihzoannuhe 1 in 36 96 yield. 
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a 0 

8 a R=SlMo3 

b R=H 

The diacetylidc 2 was prepared in 85 % yield from 1,2-dibromobcnzcncl 5 and 

trimcthylsilylacctylene (3 equiv.). in pipuidine at 70°C. Desilylation with mium fluoride-wuer in 

dimethylfarmamide gave 1,2diethynylbcnzenc 6 in 98 % yield ‘Ihtmcnt with (Q-1 2dichloroethylcne 

affordd 56 % Ot (Q-chlorocnync 2. 

We expected to obtain directly tk ckhydroannulcnt 2 by reaction of acetylene with 2 under 

palladiumcopper catalysis. Howevtr, this rtacticm failad. 2 wan pcl#rcd as folks : treatment of the dichloride 

1 with trimcthyl.silylacctylene gave 56 % of &a . Desilyltion (78 %) and treatment under palktd.iumcopper 

catalysis in bcnznc at room temperature for 16h k4l to PI6 in 21% yield. 
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The dehydroannulene 19 was synthcsizd by a similar squencc : IJE bmno compcwnd U was 

prepared (64 %) by rnonosubstitu~ of l&G- (1 quiv,) wi&h bimcthylsilyl&xtylate (2 quiv.) in 

tricthylaminc at 70” in the presence of the +umoopper catalysu. 3.5% of the disubstiUcd mutt I was 

scperatcd by distillatiort. Tbc morn>silylatcd comporcnd 19 wm obtGrud in S5 % yieSd from 12dAhylnyl 

bcnzcne 6 (1 quiv,) wkn treated with cthylrnag~~&um Wide (1.1 quiv.) ltnd then trimethylchlcxosilane (1.5 

quiv.). Coupling of the trvo compounds 1Q and u at %) 

12 to %) 

of u with (Z)-1,2-d.ichl~~J1ylcnc in the presence of the @Mum-copper catalysts gave the 

dichloride ul* instead of the expected cyclic poduct &4 This poduct Watt finally obtained (11 %) when 

treated with (Z)- 1,2dGcxWhykcnt in ~C~KCJM at NXMI tunpaature for 2Oh. 
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All coupling reactions were &cd out un& an atmosphua of argcm with dry f&hly dirtill&! Solvents W 
anhydrous conditions. Boiling and melting points tit llncoWWtcd.Thcpurityoftheckacriiii~haabeen 
checked by thin layer chromatography (silica geI6OF-254 Me&). GLC. analyses we& @bfmcd using an 
lnwsmat model lC3C 120 FL on a OV 17 % glass-m cdumn I.*. 
Thc1HNMRspecuawcnrccchxlonaCameca250Spuz -;lHchunicalti~artgivcnind@pm) 
frominumalTMS.TheL3CPJMRseectnwtn~onaBrucLerWH90 MHzandaBrucbarALlOO 
MHz spcccromcter. 13C &Q.&I shtftr arc given in d (ppm) from TMS with the Solvay peaka IS intenral 
standard. IR. spectra were maded with a P&in Elmer model 397 s9acboorcrer. 
The mass spccfraivtrt recorded on a Ncrmag RlO-IOB spcctrometa, with ckctronic imfkt 70 ev (EL) or 
chemical ioniaaticm w&h NH3 (C.I.). 

2-methyl-3-butyn-2+I (5.04 g, 60 mmol) and copptrtJ) iodide (0.6lg, 3.2 mmol) are ad&i ti 60°C to a stird 

suspension of w&is(triphcnylphosphinc)palladium l9 (l&tg, 1.6 mmd) and 1.2dibromobcnz.cru (9Mg, 40 
mmol) in triethylaminc (100 ml). Ihe mixaue is stirrul at 60°C for Sh. Tht amine is removed in WW, ad a 
saturated aqueous ammonium chloride solution (6Q ml) is adckd. After cxtroction with ether (2x100 ml), the 
organic phase is waaM with water (100 ml) a0d dried over magnesiura sulfate, The solvent is removed in 
vacua, and the crude pduct 2i purified by WY on GCcagtl ww 
Elution with ptntant givea -ted 1,2dim (14Og) : 
elution with cthcr/pe~ (X/80) gives the bFom0 arylalkynol1 as a nearly colcntrkas oil ; yield : 6.03g (63 %) 

CllHllBfl (239.12) caIc. : C 55.25 ; H 4.64 ; Br 33.42 found : C 55.40 : H 4.68 ; Br 33.31 

M.S.: m/c=240(M+,81 Br), 238 (M+, 79Br)JR (neat) : n = 3360,223O.cm-*. 
lH-NMR (80 Mz, CDQKMS) : d = 1.63 (s, 6) ; 2.72 (brs, 1I-I); 6.92-7.22 (m, 2I-I); 7.22-7.47 ppm(m, 2H). 

13C-NMR (CDCI3) : d = 31.2s ; 65.66 ; 80.80 : 98.44 ; 124.74 ; 125.63 : 126.90 ; 129.36 ; 132.27 : 133.16 
ppm. Elution with ctherbntane (5050) gives 2 which is recristalhzd from isopropyl ether ; yield: 0.38g (4 %) ; 

m.p. 73°C. Cl6I-Il802 (242.32) talc. C 79.30 ; H 7.49found C 79.18 ; H 7.39 MS. : de = 242 (M+). 

IR (KBr) : n = 3360,220o cm*]. 1 H-NMR (80 MHz, CDClflMS) : d = 1.62 (s, 12H) ; 2.98 @KS, 2H) ; 7.0- 

7.37ppm (m, 4H). 13C-NMR (CDCl3) : d = 31.40 ; 65.60 ; 80.78 ; 98.13 ; 125.48 ; 127.74 ; 131.20 ppm 

. 
hcaralvscd: 
2-Methyl-3-butyn-2-01 (0.63g. 7.5 mmol) is added at 80°C to a stirred suspension of tctrakis 
(triphenylphosphinc) palUium (0.1 158, 0.1 nund) and 12dibrwnW (1.16g. S mmol) in pipaidine (IS 
ml). The mixture is stirred at 80°C for 9h. After treatment as above, the crude product is purified by 
chromatography on silicagel (800). Elucion wilh mc8nt gives unrax&l 1,2dbom&enzcnc (0.42 g) ; clution 
with ethcr/pentanc (20/8O) gives 1, yield : 0.6lg (5 1 %). 

5,6.11,12,17,14: - 

SN aqueous solution of sodium hydroxide (3 ml) is a&d to a stirred mixtum of bravo arylalkynol (,l; 0.72g, 3 
r’nmol), tctrakis-(triphcnylphosphinc)palIadium (0,16g, 0.14 rnmol), ~ppcr(T) iodide (0+03g,O.l4 mmol). and 
bcruylticthylammonium chloride (O.O3g, 0.11 mmol) in benzene (8 ml). The mixture is stirred at 85°C for 22h 
and then allowed to rwm temperature. After quenching with aqueous ammonium chloride (20 ml) and 
extraction with ~nzcnc (SO ml), the organic phart is W over magnesium sulfate. The solvent is tvaporaW in 
vacua, and the crude product is purified by chromatography on silica gel (4Og. cluent methylene 
chloride/pcntant (20:80)]. Cryslallisation from isopopyl ethcr/pcntanc gives yellow crystals of S3e4; yield : 
0.1 lg (36%); m.p. 21OOC. MS. : m/e - 3W (M+)l.R. (KBr) : n = 2225 cm-l_ lH-NMR (80 MHz. CDCl3/lWS) : 

d = 6X-7.32 ppm (m, 12l-Q 13C-NMR (CDC13) : d = 92.90 ; 126.78 ; 128.45 ; 131-98 ppm 
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-6: c 

A solufioa of &ti@imdyUyWynyl) ~CJIZC& (J, 14g, 52 mmol), pt#&ltp1 fiuk& (4.53g, 78 mmd) 

vigrcux cdumn to give 1&lkdtynylbctrunc 6: w a c&xle~ oi13 ; yhld : 6&g (98 0) ; b.p. 32-35”C/o.5 
ton.M.S. : m/e = 124 (M+)I.R. (ncu) : II = 2120 cm-l* ’ H-NMR (80 MHz. CDCIW) : d = 3.15 (s, 2H) ; 
6.95-7.40 ppm (m, 4H). 13C-NMR (CDcl3) : d = 81.21 ; 81.69 ; 124.35 ; 128.38 ; 132.46 ppn. 

A mixture of (2) 1 &tichlaoethylenc (6.37g, 66.4 mmd) ti &u&is (uiphylphphinc) palladium (1 .lSg, 1 
mmol) in benzene (50 ml) is stirred a~ rwm tempm.arre for 30 IM. 1.2~Diuhynylbcnzenc (6 ; Zig, 16.6 mm@, 
n-borylaminc (3.658, SO’thmd) rrad copptio iodkk (O,285g, 1,5 mm@ ti &WI. ‘I’& v rijcs hm 
200Cto250C.~srirringfbi2hst~,ehemtxtrrre.is~~pl4dwilb~(~ml),ndex~radwidr 
elhcf (2x40 ml). TbexQknk’cxtrrt Ss dried over m8gnaim suKw, and eapm.W in van Ihc fcsidot is 
fikati through-1 (lt@g, ch~tia~ rpirh pcntaa) oindm 2 (yeUwi& aii) ; ykId : 2.298 (56 %). 
Cl4HgC12 (247.!3) C&z. C 68.05 ; H 3.26 ; Cl 2l?.cEJ lbtnld C6&70;H3.0;cl28.3 

M.S. : m/e = 250 (M+, 37C137Cl) ; 248 (M +,37C13kl) ; 24h (?&+I 35C13%) IR, (mat) : a- 2XNl cml. lH- 
NMR (80 MHz. CDCIW) : d - 6.0 (d, W, J=7Hz) ; 6.3 (d, W, J=7Hz) ; 7.02-7.50 ppn (m, OH). k-NW& 
(CDCl3) : 87.29 ; 95.87 ; 112.11 ; 125.11 ; 128.41 ; 128.63 ; 132.09 ppsn. 

To a shred mixture of2 (O.Wg, 3.6 mmo4) and uaakis (tri~ylpbospkirre) pall&n (O.l8g, 0.15 mmol) in 
benzene (20 ml) arc added trimhylsilykctylcnc (0,44g, 450 mmd), n-butylamine (O.SOg, 5.5 mmol) and 
coppcr~ iodide (O.Mg, 0.3 mmol). Afb stirriq for 16h at room tcmpaElnrc ti working up in usual marunx, 
Lhc r&due is flashchranatographed on silicagel. Elution with pcntanc gks b as a yellowish oil ; yield : 0.62g 
(56 %). 
ClgHl$ZlSi (3Ot3.89) Cak C 73.88 ; H 5.55 ; Cl 11.483.0 Found C 74.20 H 5.70 ; Cl 10.80. US: 

m/e = 3 10 (M+.37Cl) ; 308 (?@,‘5a) I.R. (ne.aQ : n = 2ux), 2150 an-l. lH-NMR (2.50 MHr, CJX@/TMS) : d 
= 0.22 (s, 9H-l; 5.94 (d, lH, J=IlHz) ; 6.16 (d, lH, J=llHz) ; 6.18 (d, lH, J=THz) ; 6.48 (d, lH, J=7Hz) ; 7.W 
7.28 (m,2H) ; 7.5@7360 ppm (m, 2H). 13C-NMR (CDCl3) : WO ; 8129 ; 91.01 ; 95?74 : 95.81 : 102-15 ; 
103.46 ; 112.10 : 119.25 ; 120.60 ; 125.03 ; 125.49 ; 128.27 ; 128.35 ; 128.87 ; 13205 ; 132.22 ppm. 

A solution of &a (0.5Og. 1.62 mmd), potassium fluoride (O.Zeg, 4.82 mmol) and wafer (0.5 ml) in 
dimchyWmarnidc (5 ml) is stirnd rt ca0m itznpahkre for 4h. Tbc mixture is powed cmto icz (58). extmtct! 
with mehylcncchloridc (2x30 ml), washed with water (4x30 ml) and driui over magneuium sulfate. Afk 
evaporation of the sotvent in vacua. the r&due is prrrifii by ~pbycm~l* 
Elution with pentane gives lb (yellowish oil), yield : 0.3Og (78 a). 

Cl6HgCl(236.70) Cak. C 81.19 : H 3.8Famd C 81.50 ; H 3.75 MS. : m/e = 238 (M+.37C1) ; 
236 (h@.35C1) I.R. (neat) : n = 3300,2180,2130 cm-l. 1 H-NMR (250 MI-It, CDCQ/IMS) : d - 3.42 (dd, H, 
J=2.5Hz. Jd.5H.z) ; .5.92 (dd, 1H, J=ll.5Hz, J=Z.SHz) ; 6.20 (d,lH, J=7.5Hz) ; 6.24 (dd. IH, J=ll.SHz, 
J=O.SHz) ; 6.52 (d, lH, J=7.5&) ; 7.28-7.42 (m, 2H) ; 7S2-7.62 ppm (m,2H). 13C-NMR (CDCl3) : d = 80.78 ; 
8520 ; 87.29 ; 90.43 ; 95.75 ; 95.81 ; 112.22: 118.52 (2~) ; i21.56 : 125.17 ; 125.29 ; 128.43 ; 128.65 ; 132.16 ; 
132.40 ppm. 
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5.69.10.13.r49: _ 

To a mixtrPt of ueakis (tripbcaylphaqhk) palklium (al8g. OMmmd) md &b (OASg, 1.9 mmol) in butxenc 
(10 ml) arc YLLA seque~tinlly 4th szi&g It roan tanpararrt *butyM&~ @.2lg, 2.9mmoQ 8ruI m 
iodide (O.O3g, 0.15 mmol). Afkz stkinglor I&, a m w s0lt&m ot’unm0n.1 ‘tnn d&N-Me (10 ml) is 
hMcdA~a~with~(22r30ml),~agoicLyatr~avanu~~.Tbt~i3 
thuWa~fnvscuo,thercsiducisprrl8adby 
orange cristals of P12 8rc 

w MI silka gd (log, eltl&a penmIle)* The 
crystllliscd bmn peaW, ykk! : O.oBg (21%); m.p. 94-9X. MS. : n3e = 200 (MC). 

IR. (KBr) : n = 2180,2MO cm-l. U.V. (C2H5OH) : 1 mu (e) - 2!W (j6.ooO) ; 265 (38.600) ; 271(4O.o00) ; 280 

(85.600) nm. lH-NMR (250 MHz, CIXl3,II’MS) : d - 5.0 (d, 4H, J=8JHz) ; 6.50-6.60 (m2H) ; 667.62 ppn 

(m, 2H). kNMR (CDCl3) : d = 92.46 ; 96.95 ; 97,72 ; 121.93 : 123.16 ; 128.06 ; 129.37 ; 132.16 ppm. 

Ethylmagnesium ~RMGIC in tc.trahyWumtt (J8 ml, 60 mmol) is ykkrl dropwis with stirzing, u 5°C. w 13- 
diethynylbcnzcrre fi (6.3Og, Xknmol) in tctrahyd~&~~ (4d ml). TIw mg huh is then rumored d tbc 
stirred solution is albwed to teach 2PC,‘md kqt l.Sh at this tunpm~~. WmcUtykhIcmAhnc (8.1g,75 
mmol)isaddbdrt~C.Thcplixacrtio~for13hrtrcKnrrttrp~,t)wr~With~(110ml) 
a! 0°C and extra&d with ether (100 ml). ‘lk organic layer iu wacbed with unmonium chW sdutim (2x50 
ml) and dried over magnesium sulfate. 
Evaporation of tht solvqlt and bistil&tion through I 15 cm V~grcux column gives a) 1,2dkthynykucnc fi 
(0.828) b.p. 4U”CID, 1 trxr. 
b) JJ as a colourle.s oil ; yield : 6?46g (55 %) : b.p. 8M2*CcO.l KMY. 
C13H14Si (198.34) talc. C 78.72; H7.11 ; found C 78.60 ; H 7.05. 
MS. : m/c - 198 (M+). I.R. (film) : n = 3300,2180,2120cm l. 1H-FWR(80MHz,CDC13/IMS):d=0.18(s, 
9H) ; 3.12 (s, 1H) ; 6.90-7Mppm (m, 4H). 
l3C-NMR (CDCl3) : 6 = 81.10 : 81.92 ; 98.37 ; 103.02 ; 125.00 ; 126.07 ; 128.08 ; 128.34 ; 132.00 ; 132.35 

~~~acdouric~oil: ykld :0.33g(?0 4b);b.p. loo*cco.l t0fr.m.p. 50°C. 

To a stirred solution of 12dibromo&nzenc (11,8g, SO mmol), in rri&ytamk (150 ml), trimethylsiIykztylene 
(9.7g, 100 mmol) turslds (tripIwnyQho@inc) palklium (23g, 2 mmol) and copptro iodide (0.76g, 4 mmor) 
arc z&M. The mixtun is bca&d for 7b at 70°C. After cooling the tri&ylruni.ne is rcmovti in vacua. Erhcx is 
added, the organic phase iz Q&MI with water (2xXNl ml), dried ova mavium sulfate. Afttr cvqxxation of 
the solvent, the aude praiuct is ktionatcd through a 15 cm Vigrcux column to give succcssivc~y : 
a) 11 as a coMe.ss oil ; yield : 8.m (64 %) ; b.p. 8S°Cfl. 1 ton. 
Cl lH13BrSi (253.2) cak. C 52.18 ; H 5.17 ; Br 31.56 found C51,93;HS.lO;Br3190. 

US. : IT& = 254 (%I+, 81Br) ; 252 (M+, &). IR. (neu) : n = 2160 cm’*. IH-NMR (CDCl3,DM.S) : d = 0.30 

(s, PI-l’) ; 6.82-7.20 (m, 2H) ; 7.2-7.5 ppm (m, 2H). kWMIX (CDCl3) : d - XI.18 ; 99.60 : 103.00 : 125.22 ; 
125-73 ; 126.85 ; 129.52 ; 132.33 ; 133.56 ppn. 
b) I ; yield : 0.48g (3.5 %) : b.p. lWCAI.1 bon ; m.p. 5OOC. 

A solution of 11 (1.92g, 7.62 mmol) and WraLis (triphcnylphosphinc) palbdium (0.3Sg, 0.3 mmol) in 
bic&ylaminc (25 ml) is hr-ltrri at 80°C. To this solution are &&cl the rcctylcnic ccxnpaund fi (1.50g. 7.57 
mmol) and coppc@) iodide (0.08g. 0.4 mnwl). Tbc mixture is hea~I for 4h at 8WC. Triuhylaminc is removed 
in vBcu0. and watex (20 ml) is 8ddcd. After cxtrhon with ether (2x50 ml), the oqank exrnxts ae w8ded with 
water (50 ml) and dried over magnesium sulfate. ‘Ihe solvent is removed in vxuo and the crubt product is 
purified by chromatography on silicagel (1008). Elution with pcntanc gives 12 which is crystal&d hwn 
ether/pentanc : yield : 1.6Og (57 96) ; m.p. 118-120°C. C24H26Si2 (37w C 77.77 ; H 
7.08 Found C 77.62 ; H 7.10 
MS. : m/e = 370 (M+).IR. (KBr) : n - 2160 cm-l. 1 H-NYMR (80 MHz, CDClflS) = d - 0.28 (s, 18H) ; 7,05- 

7.62 ppm (m, 8K’). 13C-NMR (CDCl3) : -0.03 ; 92.09 ; 98.83 ; 103.44 : 125.56 ; 126.11 ; 127.96; 128.07 ; 
131.88: 132,14 ppm. 
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A solutbn ol th$ triyw 13. (O.Eg, 2.16 mmd), potushn flwri& (0.5g. 8.6 mrr~@ and watct (0.1 ml) in 
dimethyl(lSlirl)ir~uroorartm~f~4h.ThemirronL~~icc(201).Tht 

m.p. 7S-7691. (IA.4 m.p. ?3-7X!), 
CM-ho 024aw. C 9555 ; H 4.45 Farnd C 95.&l ; H 4.40. 

MS. : m/c - 2245 (he). IX (KBr) : n - 3280,2150,2100 cm-l. 1 H-NMR (So MHz, CDCl$IMS) : d = 3.30 (s, 

2W ; 7.10-7.55 ppm (m, 8H). %-NMR (CDC43) : d = 81.38 ; 82.10 ; 91.89 ; 12441 ; 126.08 ; 128.13 ; 128.47 
; 132.23 ; 132% pp~. 

(2) 13diiodo cthyknc4 (OJEg, 1 mnwl) ti n-butyl&Jz (022+ 3 rnml) in w (8 ml) aru added ti room 
tunpcfaturt to 8 mixture of wrakis (aiphenyl~inc) palmum (O.ng, 0.1 mntol), cqxr aide (O.O19g, 
0.1 mmol) and 2.2~d.kthynyldi@xnylwtyknc U (0,23g, 1 mmd) in Wz&w (S ml). Afuz 20h, the 1#ction b 
quenchedwith~,extRcttdwith~(2zt30ml),mdtht~iclrycrtdriadovamrgaesilm!~.ThC 
crwk product, ubtainad afkex eva@n&cm of the sdvent in vruo is p&d by filtration tJucm@ I silica gel 
column(2Og,pcntanc aschbcnt)andthcn~i&hnnpcutsnetogiwycUuwcry#&d &;yieki:O.Cng 

(11 %) ; m.p. 112OC. MS. : m/e - 250 (?4+), 1.R. (KBr) : n = 2220,2#)0 cm-l. lH-NMR (80 MHz. 

CDCl~) : d = 5.52 (s, 2K); 6.8G7.15 (m$H) ppm. %-NMR (CDCl3) : d = 92.47 ; 92.88 ; 97.39 ; 121.57 
; 126.83 ; 127.59 ; 128.69 ; 128.98 : 131.87 ; 132.19 ppm, 
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