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D 1,2,4,5-fbtr&rwubc andaaalogow n&tbdww mact with awe 1) 
or tm equivwlents of &utyllithim end verious diena (foreas, pyrrolee, 
cyrlapuddi-, fulvenes) to forr - or bis-cycloa&&ti. Rigbly 

sf&tituted m cao be obtained by rmoving the oaygee or nitrogm bridges 
fra tlm fira or pyrrole edducts. By choice of cmditione, twr, i&eticel or 
tae diffmt rin@ can be fused to the di-eryne equiveleet. 4rvwd short 
sgatbwa of pamethylnephthalenens, -~thmcmwand-~thecaeeuw~cribed. 
A new tri*ylew synthesis is pram&m+. 

1,2,4,6- end 1,2,3,4-Tetrahalobenenee CM be ueed ee 1,4- end 1,3-benxadiym equivelentm, 

respectively. During the pest several yews, we have deecribed three weye in which euch 

intermediatea can be synthetically useful: (1) through cycloadditione to furaw or pyrroles, 

folld by l liminntion of the oxygen or nitrogen bridgee. they can be rued to prepare highly 

l ub*tituted - of the anthracene or phenenthreim type;’ (2) through cycloedditione to 

anthmcenae or other dienee, they can provide short routee to iptycenu;a (3) through 

ragioeelective addition of carbon nucleophilee, they can be used to aynthwise t and pterphenyla, 

ae well ae other highly eubetituted aryl, vinyl end ethynyl benzenee.3 

Although e%petlmwtal detailr have been described in full for meet of our efforts in the 

racoad and third of the above categoriee, we have neglected to describe those detaila for anny of 

our reeulta in the fir& category. It is the purpoee of thin paper to provide the details for 

the exqla lieted in our preliminary c -ication,lQ and for e a&r of related previously 

unpublimlmd elwm l yntheeee. 

1.2.4,~l&&imbsnra reacts with oxcame m ~MA abutyllithiu (Bu~,i) to give an 

excellat yield of the mya- and anti-bie-adducte 3.2b*4 By wing l ubmtituted 1 and 2, l wiety of 
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. Cabhod yield for l yn and anti isomm. b B=etber, T=tolunne, TBF=t~trahydrofur~. c w rmge 
Cl cn, 

in ( 1 is for tba xyna/mti hcturs; other g’s am for one pum isar. d hoo-adduct* 
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Yra dmo forDed. l 20% d ‘Ilt’of Z4 8mx mcovelud, rapoctively, in the 

%ol, 
PVtiaa of m md 26i yielh are baxod on conxud 24. ’ 98 of rmduced mmewt (5,s 
dirtboxyl,4-di.l-l,4dibfdroll~thl~l,4-~xi&), xp 182-ltwc, m alxo isolatd. 

x&otitutd a~100 of S bavm been prepared (T&lo 1). Except for 3, 5 ti 14. all of the adducts 

lintad arx m. *ir l tructurw wara clar fra the wthod of mpthrix, fra xpoctm (give0 in 

th _ta.l #ctiao), and io swa cases fra their d00xygeaxtioa to Wtitutxd ant.hracanu.lc 

Thx bix-cyclodductx wra ruually obtaioed ax a sya/anti l ixtum. In xaa iuatancex, ona of 

th ir (Irrlly tlm mjor iakner, and mt likely tb0 leu xoluble mti-isaw) crymtallized 

fra tlm mwztioo hctum or fra &rat-. X-my xtructrur of tb wt ixarr of 

* rd ‘I @igum 1) akmd tht the m n mti. 

In the two aqlr with la yieldx (MB, ao), cumiduhlo polynric product, ” -11 m ,- 
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Stertx&mtding of anti-7 (the hydrogew on the u~l 
-thy1 groupa ace diaorderedl. 

mono-edduct , wen formd. Another contaminant, in all cama, cam reoult fra addition of EuLi to 

the aryne intermdiatae; thla type of by-product is wwlly riai~ited in tolwne (vis-bvim ether 

or 797). 

Deoxygenation of certain of thaw bia-endoxidu (i.e., 5, 7, 14 and la) to the corresponding 

anthracenae with low-vale& transition metals (Fe, W, Ti) - highly auccewful M reported 

earlier.lc In a- casea (i.e., 9), howver , deoxygenation wm inccmplete or l ccolpMied by side 

reactiow, and in othelr (i.e., 15, 191, uathoxyl@ were ala0 raroved. Attgtm to deoxygenate 22 

with larvalent iroolc gave recovered starting material. With zinc in refluxing acetic acid, 

however, P gave tlm atable quinonedimthide 29 in quantitative yield. This product warn 

Ph Ph 

z? Zn, HOAc 

reflux 

Ph eh 

z? 

charactarired by itg spectra, particularly the vinyl proton singlet at 8 4.88. With the s(~pe 

reagent, the diwthoxy analog 29 gave what appaared to be the expacted pentacene in high yield, 

though purificatinn of the bluegreen product proved difficult dw to its high reectivity with air. 

~1mdhct.m fra-obammw wd- 

It my be desirable, on occw~on, to carry out the two cycloedditiow to a 1.4-bensadiyw 

equival~t l ta9xise ao that. iwtead of obtaining product with two idmticaI appewed rinp (Table 

l), the two rinp can be different. This goal can be achieved by wing only ow equivalent each of 

BuLi and furan, but the choice of solvent my be critical for a given tetrahalm. For arple, 

treatsant of 1 or 4 with one equivalent each of furan ad BuLi in ether or 797 aa solvent gave &y 

bio-a&& (aad rewvued tetrahaloarene). I’hia result can be attributed to the la, mlubility of 

1 and 4in 0aygamt.d solve&m at low teuparat~, and the cmmider~lp greater aolwilitiee of 

the ww-cyclou&cts, Which are conwqwntly selectively wtalated. 

7Seee difficultiw cw be overcome in eitlmr of two woy~. If the tetrahal~ carriem 

rolubiliAllg l watitwnta, wno-adducta can be obtained, ova in oxyg~ted wlvats. lor eaccqh 

traatmtofloa&9lrith1eq. of BuLi in w at -78Dc gave, aftor uofku@, 4zS of -t 39 

(and a -1 yiell of Sl, fra proton qwech of the interwdiate Lithio -1. Siuilarly, 13 
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Br ,8, BuLi.(Ieq) R 

OCH, OCH,CH, 0% 

B 
3,2 (31%) 3 (35%) 

A mora #aowal solution to aonoadduct folation is to IU~ the leu polar toluene u a solvent. 

T&la 2 &oxm exelem of mono-adduct.e prepared in this way. Kxcept for WC and 38, 

were not optirired and can probably be improved. The l tructurea of the mo-edducts 

their spectra. An exwple of their use to fwc two differantly substituted rings 

tstrabmltiaoe ia siven later in this paper.e 

the yielda 

arebamedon 

to a given 

CM we to wkicb bis-cycloadditioru of furam to di-arym equivalwrts can be put is the 

l ynthrim of highly submtituted arenes with multiple peri-interactiona (for axmle, the l ynthasia 

of 1,4,5,8,9,l~~mthyl~thracene by deoxygonmtion of 71s). S-t*. bwever, deoxygenation 

im vied by undaired aide-reactions. 1C This difficulty my be over- by using 1,4-imines 

ill place of 1,4-al&xidss. nitrogen bridge removal being accoqliahad by oxidatioa’ or pyro1yaia.e 

coaseqlmlt ly, we carried out a nuder of bin-cycloedditiona of R-substituted pyrrola to 1,4- 

benzadiyom equivalmtm (Teble 3). 

Tba rewtiomm rare g-rally carried out by adding BuLi (usually in hexarw, but io sma cases 

in TRY or ether) at -71pC to a 1:2 mixture of the tetrmhalouane and pyrrole in toluene, follcued 

by wuring to wm twratum and workup. The producta were anti/qn mixtures fra which the 

predainant iamr could wumlly be obtaioed pure through trituration, crystallization or 

chraatogrqlhy. 

Altlw& cyclodditiao uaa successful for pharyl-8&8titutd pyrroles 49 and 44, it failed 

with hthyl-2,Wiplwnyl~role and with Krthyl-tetrmp&nylprolo. Thao failura W to 

beacoMeqln5oe of electronic rather than l teric fectors. Tba bulk of tha R portp on nitrogan 

(a- m 41) bn only a slight effect on tbe cycloedditioo yield. 

saw of t& bim-edducta in Table 3 uara converted to the correspwding fused-ring arwem by 

raoval of thm nitrogen bridges. For excrple, oxidatioo of 4R (R=cIb) with rchloroperbenzoic acid 

(m-CPRA)* or pyrolymim or rCPRA oxidation of 41 (R=ti) gave deamethylmnt RF0 

WC”, w NW,) b”3 

cwtrinated with vuyinl MLnts 

detaila). Tha beat rthod allow a 

z 5,3 
of itm 9-mathylene-9,19-dibydro ir 9R (mee experimntal for 

two-step 49% overall yield l mthyb of a from -1~ 
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T8VdldO- 
arme 

Pyrrolo 
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(anti /ryn) 

4,o (R= NW,) 

CH, cl-l, tH, CH, 

49 
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ry 
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285- 288 

l c&hod yield for syn and anti isaers , except for 41 (ll=~), nhem both isaen - iaohtd 
putu; tbm l olvmot uu toiuene and, except uhua noted, the BuLi m in hmm. b m ia fm 0~ 
gnlm i8au. c W qllou and is convertad to thm corresponding an-+ which mlta at 

36%3-c. d BuLi in TEP. l BuLi in ether. 

avail&la starti- rtuiala, a substantial iqwov-t ovu our firmt ?-step m overall roqto fra 

4.7-dim~lim~tin.~~ 

Wa the rthyl w in the central ring of 41 am mpleced by rthwcylm, the inauizatioa 

prablr ia avoided. Thus, pyrolysis of 48 fatn a quantitative yield of #, wham 11 H spectnm 

dnued only thrn rthyl ringlets at A 2.38, 2.76 and 3.33 (area 12:12:6). 

pyrolyBi# of Is at 1aoOC similarly gave the knada dodmcmathylnaphthmcaa 68. Thim 2-#tap 

WUtbria of 66 (-1 yield 62X) fra 27 and 40 (&ma) represmati a stitgltial igrov-t 

over the original p=adur+a (8% overrll). It is noteworthy tht irixatioa is not a probla 

ia this l gnhis of 56, Ukmn it ia in tba l ynthesim of 52. 

~~oua attwta to aromatize 61 CR=&) UO~ wt omtirely l UCQU LJl. Althou& t.hm 

pyrolPb m to procad. the in801ubi1ity of tb product P-td ita coglmta 

chuwtuization. 

St&se cyclomdditim to a 1,4-b~iyw equivalent all- -Mi- with two differ~tly 

stititutd m rinp. To illumtrete thim rsthcdolo&., tin follainl a~qlm wan camid out. 

e 30 (Ml. 2) reacted with 1 oq. of u) (R=CIb) 4 BUM to Ii- tha rixmd di-abfuct 

67 in 428 yield. IBM - mixed adduct - obtained vim 68 by puforrial h t*o clcla-dditiomm ia 



tbo r8vm-88 ord8r. 
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nle syn/ulti am&i0 io 61 *I l imilu but not rdonticel for the two l-J=. - 

(f .e.* 66) Yy 8imilerly obt4ned vie b(l. 

% 59 
Now--8&luct8 4 k uoratimd prior to Un wnd cpcloddltim. For exmpls. et Cu 

WI cowerted quentitettvely et 206W to dibrorrbaxrr tMlWPbthlUH 6% Ihi tWO-etop syntkmeir 

*, + ~((R=NLII,) 

of’(Qv8rmll~6o%)i8mlp8rforto~ 

l amd cycloeddftioo, mow Iem8 pyrrois 

55 52 

euXiec rout&o (6 etepe, 296 fra r,‘ldlrtbyliminj. A 

46 (PwCr.) effor& ds in 91% yield. Pyrclysio of at gave 

64 in WI.* qumtititive yield, but tJm pro&& amid aot k obtainut pure C&O to ferile 

hms48etiea tcr m. W 66 l CLCII to ba mora mma@iblr tbm 62 to thie type of de- 

uartisattim. %u, trutmmt of 68 with e trece of trifluorwtic Kid m 66 (rw 

trqmrtra, 6 StD, 160s). 
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tD6-ID7 

95-97 

l s=ather, TIIC=tctrmlsydrofuran, T=toluenc. 

OLLr m c@aNwltti 

Diema otlmr tlsm Abram and pyrrolem have alma bra W to 1, -YDm equiva1erlt 4. 

-1r m giva in Tmblm 4, which mlmo inclndem amalo~oum tetrwthyl B eddwtm nsl, 

derived tra II ad BuLi m the tetMtbylbenrym l wnm. Am praviowly, bim-dhch 71-76 w 

ally l mixturo of l yn/emti imommrm, thollgb m of tbm two -im (9 giva) otta -nated 

~IKI umm wily iwlated in pure cryxtalliw torr vim chramtogr&y. * l tnactura of th 

~lodhrtm UT bd WI their mthod of l yntbmmim er~3 mpectra. 

Mechanistic experlsatm l lnxd that cyclopentadiene itmelf, and & the cyclopentedieaide 

enion, cycloadda to the aryne interadiatem frotl 4. For exarple, treatwnt of dim equivalent 4 

(1 eq) d wlwtdiem (2 eq) in other at -WC witb IJuLi (2 eq) I=W a -1~ pruntitative 

yield of bim-cycladduct 71. when the umount of BllLi m imxened to 4 ap (Pr=rhlY c=v=tilU 

mam of thm ~l~ttiene to its anion), t&m yield of 71 dropped to 27%. FhllYs uka wl~~l~ 

etm of cyclmtdimom eed BuLi were firmt allowed to reect cogletely at -7@C (the 

cyclopeatadi~i~ Pmipitatem frcr solution), tollti by mmive addition of 4 (2 Ed) and BuLi 

(2 DoI% w), #rkuo Cave only polywric product aed dicyclopeotadieee; DO n um forad. Theme 

multm alme m-t that uben the reection i.a curled out in tbm umuml *v, 8fii UDdergoem metal- 

kloiaa~~thtbsdiYt= equivalent inter thm it titractm a protom trcw cWlopatdiw0. 

-m- 

A II* tr%pLrpylrr l yntbesim *I &valopd, uiu - tec&wlogy. net 0t m with 
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to ‘c6oc, gwo oopbt8mlom 85 (R-C&) in guatitrtiw Yield. DicblorPdfc (PDQ) 

ibbodrofarcltiw of BI gave tripbenylew 81, (R=C%I in 6115 yield. A .Wilu l W l tutimg with 

4 I- s( (J&W) io 56% ovuall yield for tbo tbrw l tePo. The two braim oubmtitwota In 33 

(R=Sr) could of COW@@ k umd to furtb0r aidmrrte tb tripbwylow famwork. 

A Dw octmkby1lImmim1we syntbwio Y also dovoloQed* tokiog wkrrt*l* of tin Pyrolytic 

armtiutiw of Mdintbylmioopyrrolo Cycle. fiw+ treetrat of 78 with 10 (Pma) UNi 

BuLi #~a in 8;2x yield tb adduct m which wo quwtit8timly pyrolyzed to 06. This -top route 

92 59 
is samwhet better th our preview route, 1’ nbtcb und 4D (PIEb) Nd m oxidatiw for th 

secoad 8tap fovwrall 66%). 

FiBally, II cell rttentioo to the pamaibility that mumPcycload&otm of beowdiyoo 

equfvoloeta, bemwo of the preesoca of two rainfog brwiwo, uo potat&& bipbwylwo 

procuraom. Tbw umvoraioo of &Z. for acrple, to the correopwding bipbbylosm bw alrem& bow 

drcribod.~~ this moctiw typa my eveo be performed with the edducts tbrulvw, prior to bridle 

l limie&im. For QLIP~Q, &bough the yield io 1% mw-&duct 36 (r&lr 2) m cwvertd to 

bipbmylum W with reteotiw of the sndexide hmctbdity. 

(;JH3 hi, CH3 CrH, 

87 
N 

To swtw, tot&l-m frurctioo u uooful di-uyw equivalmto. Cycloaddftionm with 

fur=% pyrrolw wd other dieow procoed in good to excellent Yiel&, ollaring ow to readily 

ry~o- or him-mmulatm ao oxisting arcne ring. Since the interndiateo (uua) are bilbanerW 

spscia, t& cyclodditiw ue wotherric cod. bwce, l llcu ooe to prepore a vuioty of stericelly 

otroiood e oailY wd efficiently. 

l3 RQ e uare nured in CDct wlew otbmwino stotmd, lufag (Q,)bli w a ,intwaRl 
Ote, * l Fori- T-80 or Brukw W-260 l poctraotor wd uo giw k 8 aits. 
- brtrripd QI 8 vuia cIT-2o~rorRu. 

1”~ IQ l poctnr 

-llW os=tN=ota, m s#mctn on l Ihicm SP-aoo, 
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To . aolotial of plcllae (21 6, 0.23 mol) in 100 mL of ax4 - ad&d. dmphm l t L with 
l tirr*, -8 eq ot hpdn Aftor pvermi6ht rail=, &d. aq. Nahub*r* to tb8 coold 
mixture to dowlq+se thx QOIU brqin. * Pr=Wt.at.m elirid fra ch10rof0~ 
mthanol to give 79.6 g (9cI) of 4, w 24S2WC (lltl’ Zal-252W); lP =: 62.79 (u). 

2.3.6,bluao (W’J 

pcm1 (26 g, 0.166 wl) wnm mddnd dropulme to 64 mL (1.16 ml) of bromiaa comtainin6 1 6 PO 
filinp at roa t~tlira. srll pnrtianm of CrICLJ wmrm md&d fra tin to tir to perrit 
l tirriag. ~fm 8 b, iBr evolution l ubhhd. Tba remidrv Y diamolved in.bot CBcla, uubed 
wxaoivel7 with 8q. 1384,. NalK% 4 evaporatd to give 73 g (936) of totrdi~~wol, v 
lax-199% (lita’ 1seC). 

Potnoiu hydrai& (10 g) in 50 rl of LO uex added to 32.3 g of tetrdmao-p-creso 1 uld thm 
hot miw *II trwtod with 20 g ol dimthy walfmto. Chloroforr (20 mL) - ddrd to tbm 
raaltilig milb_a*ta alp. ad tba mixture WY stirred for 8 b at rt, tba he8t.d at reflti for 4 
il. Cooling, matrnction with C9Cl3 mnd wmpormtim of thm extsmct to dryDmmmVgmvm 32.5 g (972) of 
10 Y whita nexdlw, 9 138-139W (litla 13aOC). 

A m-ion of 2,Wibraw 1,4-diww’ (29.8 gr O.lmol) mKi48~Ofh ina% 
(56 rc) caotain&n6 66 g of xa uam heated omnlirat l t reflulc. 2xcam bh M dmtropd with 
w. -. Iso pruip1tmto bRm mcryata11ized fra dllorofo rrrtlmml 
l3, 9 193-1-C (Tit’. 19VC). ‘H’@Mt: b 3.76 (m). 

tb giva 37.4 g (93%) of 

2.3.6.~ - r+-chlardol- (17) 

4-Chloroto1uwm (10.5 g, 93.3 Dal) uy mddmd dropuimm at I-t over l5 min to 50 BL (0.97 ml) 
of braim cc&h&m6 2 g of Fe filingm. Wqss 5r avolutioo whiti (8 h), tbe oxa& 9n uaa 
datroymd by s -ive vmmhing with mq NmB& mnd e. ham xolid YY atrazted with CBClr, 
drid ami evaporated to give 26.4 g (72%) of 17. 9 284-28WC. IE llQ: 
r’* (rel. 

b 2.77 (x); u xpectna, 
iotamity) 442 (31), 383 (29), 203 (56). 122 (57), 87 (106). &mJ. Cxlcd for Cviblr&l: 

c. 19.01; 8, 0.86. road: c, 19.05; 9, 0.88. 

w - far B~loadditiao of bra (hble 1). 
~kmcuo-l,4z5,6-b~idx (7) 

1,4,6.8,9,1~~~1-1,4.l,~t~- 

To x xlmpamiaa of 4 (4.22 g, 10 101) and 2,E+-diwthylfuran (8) In to1lmIm (109 a) at -76%. 
wAr argoa w ad&d droprise 11 mL (22 -1) of BuLi (ZM in hoxme) that lmd bma fur- diluted 
with 190 mL of llolcmm, Aftor stirring for 2 h at -78@C, tbm dxturm wmm alloued to #rm l loul7 to 
roa ~turo 4 *y quadbed with 6mthmnol (1 It), tbmn water. 
(WCs) mnd l vm&uxmtd. 

7bm orgmnic lmyu sum drind 
Triturmtion of tba cnh product with hexam gwa 2.79 g (93X) of 7 ex an 

xnti/xyn lixture (67:43 by m). Succexxive wubiog with ether gave pure mti-7, 9 283-2WC. 
Alternxtivel7, chrortography over neutrxl xl- (Activity t1) WY umod to purify thx prodrrt. ‘Ii 
=: b 1.94 (8, 12 II), 2.29 (x, 6 H), 6.76 (s, 4 9); ~a xwtrum, 40 (rrl. intensity) 294 (9). 
251 @7), 225 (81). 209 (22), 193 (21). 178 (28). 43 (100). 
7.63. Found: C, 81.61; II, 7.50. 

dorl. Calal for CxoLaCb: C. 81.69; 9, 
The anti/xyn mixture hd the following spectra: ‘ii m: 

1.96 (m, 12 8). 2.29, 2.34 (s, 6 II), 6.79 (br x, 4 6); 
b 1.94, 

“C m: b 13.81 mnd 14.39, 18.89 mnd 19.00, 
89.44 uld 69.73, 121.72 and 122.09, 147.48, 149.74 mnd 150.09. 

WitIs l thmr iu plaw of to1-, 
d l tbxr Y * Bolvent. 

the yield of 7 w 2.19 g (736). with ml17 10 rol of 8ux.i 
there yu obtained 3.26 g of crude product. Chramtogmp&y (almina; 

A rlumt) gava 1.36 g (32%) of rncovmred 4. 
(472) of 7; no mooad&ct 36 UM forumd. 

Furthmr elution (3:l hennw:C6aCla) gmvm 1.56 g 

WC Raprtia af Bum gl_ (Table 1) 

p- we (m/m -1: 9 (de) 205-2WC (litI’ 210-300); ‘II ?2R: b 2.239, 2.246 (s, 6 H), 
5.701, a.764 (a, 4 Ii), 7.022. 7.027 (8. 4 I); ‘W r6a: b 14.68, 8l.16, 121.44 d 121.83. 143.39 
I& 143.26, 148.48; B l pectrm, r’s (1-01. intauity) 236 (W, 
(61). w2 (24). 

281, 212 (111, 183 (loo), 186 

ror 0 (m/a mtmlve): ‘H m: b 1.596 1.667 (m. 12 IL), 1.&36, 1.89p (m, 12 II), 2.368. 2.302 
(m. 8 9); s’C I#: g 10.64 mnd 10.88, 14.21 mod 16.14, 17.23 mnd 17.69, 89.48 mnd 89.69, 120.50 mmd 
121.08, 146.49 ad 146.80, 149.56 and 150.00; W (C9Cl.a) x 
l p.ctN, 48 (r.1. 

l ua (a) 267 II (998). 299 (978); B 
intwity) ~ Wp, la), 308 (22), 298 (24). 284 (63), 263 (106). W. Calcd 

for CaslboQ: C, 62.24; 6, 8.83. Fouad: c, 82.28; 8. 8.63. 

- P (m/a W): ‘E mm: b.2.214, 2.228 (8, 3 P), 3.866, 3.885 (a, 3 n), 5.873 (br l , 2 
81, 6.8s8 (br a, 2 RI, 7.018 (br a, 4 e); 1JC m: 14.34, 69.74 ad 89.63, 89.81, 81.11, 118.64 mmd 
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118.43, 136.64 ad 196.52, 142.96 &Id 143.34, 143.17, 146.588. 149.39: =ma ipactrm, w’r (ml. 
intaaity) 264 (WC, IS), 228 (8). 199 (lW), 183 (46). 167 (37), 162 (37). kul. calal for 
Cl,&;&: c; 7&m: 8. 5.56. CouIld: c, 75.73; 6, 5.48. 

Far 13 (m/a _): 1H Ma: 
3.672 (m, 3 II), 6.836 (br l , 4 E); 

& 1.966 (0. 6 El, 1.971 (a. 6 61, 2.310, 2.361 (m, 3 a), 3.668, 
mama apstnm, de (rol. iatamity) 310 (kr, 61, 287 (33), 241 

(84). m (100). A+. Calcd for CzolhaQI: C, 77.39; H, 7.14. Fouod: C, 77.32; 9. 7.17. 

for IU’: ‘E # (oam imw): b 3.77 (s. 6 El, 6.72 (m. 4 a), 6.87Y8, 4 II); ‘*C I# (s/m 
=ixturm) : a 6O.Sl’ad So.& ‘m.77. 136.72. 142.97 aad lis.16, 146.97 @ 144.12: m mpwtio, 
4/e (rml. intomity) 270 w, 43). 215 (loo), 199 (77). 183 (261, 139 PO). 

far I6: 1e m: i 1.961 (m, 12 P), 3.676 (m, 6 A), 6.80 (s. 4 9); Y l pu?t~, N’,‘(rel. 
iotmity) 326 (w, 8). 283 (47), 17 (1001, 241 (921, 227 (26). ti. C&xi for Caoibrh: C. 
73.60; 6, 6.79. Fouud: .C, 73.M; H, 6.82. 

la l6 (m/m _): Ill Ml?: 11.681, 1.728 (m. 12 9). 1.682, 1.8bf (a, 12 E), 3.761, 3.696 
(a, 6 Ii); mma apoetru; 4* (rel. intensity) 382 (IP, 61, 339 (22). 328 (151, 296 (as), 286 (1W). 
AnaJ. Calcd for tia&oOl: C, 75.36; 6, 7.91. Found: C, 75.M; 8, 7.67. 

la l8: ‘6 m (aoo‘imonr): b 1.966 (s, 6 6). 2.016 (8. 6 Ii). 2.398 (s, 3 a), 6.M.821 (A9 
Q, 4 El; w rnp.ctN, 48 (ml. intestmity) 314 (Isr, 71, 271 (22). 246 (-1, 229 (96). 43 (100): 
Eigb rrolutiaa msa mpoctru: Calcd for C~o&oC101: 314.1662. Foumd: 314.lO74. 

?N 29: AH I+p (om homer): d 5.57 (m, 4 II). 6.93 (s, 4 9); msm spmctru, 40 (rel. 
iotaity) 278 (CT, 30). 262 (18). 223 (70). 169 (100). 152 (63). Au&. Caled for C~h&la<k: C, 
60.24; II, 2.69. FouD& c, 60.13; 8, 2.90. 

rar tt (w wrr): ‘E MR: 6 1.40 (a, 6 R)aO, 6.73-7.85 (I, 29 6); 1JC 1#: 6 17.43, 91;67, 
122.01, 124.66, 128.46, 126.59, 126.80, 129.01, 129.q. 134.B. 16O.31, lllO.53, 16o.ae: : m 
l pactnr, 40 (rel. intellaity) 642 (FT, 11). 537 (21). 432 (82). 340 (161, 1w (loo). aigb 
resolution u l poctru: Calcd. for C~~EMOJ: 642.2617. Pond: 642.2607. 

la P (a M): 1E m: i 2.66 (a, 6 E)‘O, 6.9-8.0 (m, 28 E); 1W Me: 6 80.93, 91.37, 
121.64, 126.64, 12&O& 128.38, 128.61, 129.i4, 129.39, 134.34, 144.22, 146.41, 156.91: ms 
wactnm (CI) 675 (lP+l). High resolution mum spectra: C&xl for klh&s (kP-CvlkO): 669.2117. 
louadz !i69.2W5. 

Far26 (am iamBr): ‘6 M: 6 1.03 (a, 6 II)=‘, 7.16 (n, 4 H), 7.17-7.66 (I, 20 II); ‘SC IUk b 
14.67, 94.29, 124.10, 127.96, 128.29, 128.53, 137.13, 144.47, MO.66; N# Spa&M, 48 (ml. 
intaomity) 642 (kr, trmco), 627 (trace), 437 (2), 105 (loo), 77 (12). aigb -01utial Urn 
spactnr: Calcd for C4olboOa: 642.2246. Found: 542.2247. 

-26toIArr): lB=: b 1.96 (m. 6 HP. 7.0-7.6 (B. 24 Ii): IIU~ am&M. de Irel. 
i0t-ity) 574 Cw, t&j, 469 (42), 443 (i4j, ti ci), 1~ (1Ooj. Ei& reaolutioo rU’ &m&rum: 
Calcd for Caa&rQ (W-b&O): 469.1804. Fouod: 469.1784. 

CaaB(aB-): ‘Hrn: & 2.13 (a, 12 H). 6.9-7.8 (m. 28 E); ‘SC Ira: 6 22.97, 92.29, 
121.63, 126.96, 127.67, 127.96, 128.74, 129.01, 129.69, 135.21, 149.43, 149.66: w l pmctru, 4e 
(ml. intensity) 720 (w , 3), 615 (E), 600 (2), 510 (5). lO8 (100). 77 (23). High raoolutim maa 
spmctnr: Calcd for Q454Q: 720.3026. Found: 720.3008. 

A sammion of It (200 mg) and zinc dust (4 g) IO glncial acetic acid (100 mL) m heated at 
mflux for 6 h. Aftu cooling and solvent rmoval (rotavmp), tbm o+ic product w diuolrad in 
chloroform (loo rt), uabod with water and dried (Mggo1). Coacentratim of tbm solution &posited 
190 1 (MO%) of m (mtuta to sublime at 24ooC, maltm on rapid bating at 27O-mC). 16 1cQ: 4 
4.66 (a, 4 a), 7.0-7.40 (8, 28 A); U-8 spectrlm, 48 (r.1. iotalaity) 608 (I*, 861, 671 (la), 266 
(57). 267 (62). 226 (68), 91 (37), 43 (100). Eigh raaolution mua l pectru: Calcd for C4sHar: 
608.2601. Farad: 808.2478. 

A l upariom of 25 (100 mg) and zinc dumt (2 g) in glacial ecetic maid (8O BI,) umm bated at 
rmflwf & m in tk dark for 2 h. After cooling, 5oBL ofolrygh-froowmtarcr dhd. Tim 
grmmimb-bllw solid w filtered under argon, unbad with oxygen-free utu sod &id to giva 80 u 
~~~lo~mcrudm 6,13-dintboxy-5,7,12,14-t0tmpluoylpent acam, 9 28ti29O’C (rmpid butlog). LE IUk 

6 U), 6.9O-7.30 (I), 28 A); maa spectm, 
363’(16),’ 291 (371, 263 (loo), 

40 (rol. intoasity) 642 (IP, 3), 584 (3o), 
214 (31). Righ ~olutioa m8a l pactm: Calcd for C4oL4Q: 

642.2669. Fow& 642.2649. 

6,7~1,4,6-trimtlly1-1.~~1.-~ (SD). 

To l -1utim of lo (4.6 g, 10.5 ml) md 2,WimmthylM $3.2 g, 54 al) in lw (1W =IJ 
coold to -7ec IQ&r argon waa added 6uLi (6 rLof2.#inhoaBum. dilutduith~BL0f 
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Ibr 39 (a -1: 'H m: 4 1.71 (m. 12 H), 1.98 (m. 6 6). 2.25 (m, 6 II), 6.53 (s, 4 a); 
w l peotN, 48(t*l. ioteamity) 320 (10). 306 (22). 279 (25). 266 (loo), 260 (46). 236 (99). 
222 (22); hi#~reoolutioo~opectru: Calcdfor CtrEaolh: 320.2253. land: 320.2271. A8ti/syn 
ratio 79~27 by iota@mtiw mda at b 1.71 md l.Srs 

la U (R v m (an W): Recrymtalliratioa molvmt, mcotmitrilo. ill M6l: b 0.91 (m, 6 
II), 1.33 (B, 6 II), 1.61 (m, 12 II), 1.66 (m, 12 a), 2.06 (m, 4 61, 2.26 (q. 6 6); 'SC m: b 11.!!6, 
14.10, 14.79, 17.16, 21.33, 34.59, U.79, 77.66, 125.16, 146.59, 146.W. IU opoctnm, 40 (rel. 
intensity) 460 (0.61, 406 (0.6). 363 (2). 352 (1), 306 (a), 264 (0.3), 260 (0.4). 226 (0.4). 66 
(100). AI&. Calcd for CM&,&: C, 63.42; A, 10.50. Cd: C. 63.47: 8, 10.41. Amti/8yn ratio 
8O:M by la-tin6 cm&m at b 1.61 (enti) and l.!% (myn).'. 

lor U (R- A-Fr) (ar (I): ~tallizmtiaa molwt, rWl-ut*. I6 llg: b l.ob' (d, 
12 6, L7 IIs), 1.76 (m, l2 Ii), 1.91 (e, 12 6). 2.36 (m. 6 B), 2.91 (0, 2 6. C7 6s); 13C lU& A 
11.64. 16.79, 16.06. 23.97, 47.90, 76.03, Ip.93, 147.17, l50.03; - m Jo (&. 
intamity) 132 (30). 417 (7). 376 (161,. 349 (66). 294 (661, 276 (lb), 263 (n), 149 (W, 64 (1003. 
Aarl. Wad for Caohk: c, 83.27; H, 10.24; N, 6.47. Iowwl: C, 63.400; 6, 10.40; I(, 6.57. 
Anti&n rmtio 76:m by intqrmtioa at A 1.01 (myn) and 1.M (a&i).*e 

rau (E- 9mmyl)(am _): Recrymtml1iutiom molw& ~OrofOrB, IHNe: 6 1.56 
12 6) 1.66 (m 12 6) 2.23 (m 6 II) 3.31 (s, 4 ?I), 7.10 (m, 10 Ii); m m~mct~, de (re1. 

ksity)1628 (0.4; 474 i0 6) 42;) (1) '397 (2) 342 (lo), 326 (l), 264 (6). 
Cmlcd for Cao&atlr: k, 136.31; II: 8.38: N: 5.29. ;ound: C, 66.40; H, 6.46; I, 5.25. 

91 (100). A~m.2. 
Anti/mym ratio 

76:s by iote@mtia6 nt b 1.53 (syn) end 1.56 (mnti).a. 

n4r41(R=R) (am(.): Recrymtalliutioo l olcmt, rtti1. 16 HB: b 1.66 (m. 12 ll), 
1.76 (m, 12 It), 2.20 (m, 6 6), 6.86 (m, 10 6); w l pectnr, 4r (rel. tatenmity) SO0 (3), 446 
(3). 363 (a), 328 (42), 291 (ll), 193 (s), 118 (100). An81. Cmlcd for CarIlro)(r: C, 86.36: II, 8.05; 
N, 5.59. Ioand: C, 66.40; II, 6.11; N. 5.61.'. 

Ibr 41 (R - Nk): The l yn/eoti product BFxture, obtmiti Y wbit.9 crymtalm. wmm 
chrcrto6rapbmd over eluinm with hexane me l lwnt.to give one imomr' (mp 203~WC): 'Ii Ml: A 
1.61 (m, 12 If), 1.76 (m, 12 E), 2.23 (e, 6 a), 2.36 (m, 12 II); IE (ccl4) 1466 (B). 1440 Cm), I.375 
(1). 12s (a), 1090 (w), 1060 (w) a-'; m spect~, 48 (r.1. inteumity) no W, 316 !;WA 303 

Further l lution gmve tbe mecood imaer (9 lW-19PC): : 6 
2.28 (m, 12 II); mmm qactnm, de(rel. iotmitj) now, 316 

la U (ar d): Yield of pure I-, 39%. 1Sl m: 6 1.70 (m, 12 8). 2.21 (m, 6 H), 2.25 
(m. 6 61, 6.91 (1. 20 E); mamm spectrla (Cl) 48 (rel. ioteamity) 625 (U'+l, 76). 447 (20). 266 
(60). 179 (loo), 149 (14).ae 

la 46 (01 W): Yield of pure imaar, 37%. recrymtn11izmd fra nth8ruBl-ClKxr. 18 Nm: b 
1.190 (m, 6 6), 1.6(po (m, 6 A), 1.66 (m, 12 6). 7.23 (W 20 6); u l LUCtN, de (rel. 
iateamity) 624 (0.9), 669 (l), 516 (2). 4!J2 (lo), 266 (6). 116 (100); hi6h resoluti~ mm 
mpectnr: Cmlcd for &,&a&: 624.3505. Fouod: 624.W2.2. 

lor 47 (R.= m) (am M): Yield of pure ir, a, -trlliZOd fN ~thDOl-c%Cl2. 

'II Isa: b 1.60-2.03 (m, 16 6), 2.20 (a, 6 6). 2.23 (I, 16 II), 2.43 (m, 6 H); 1vC ti 6 15.00, 
22.64, 23.60, 24.66, 26.02, 29.78, 76.32, 127.58, 142.46, 144.81; w l wctru, 48 (rol. 
inkmitt) M (33). 466 (7). 291 (6), 166 (100); hick remolution u mlmctrw Calcd for 
Caa&&v: 460.3606. lamd: 480.3520.*" 

la 47 (11 Ilr) (a -1: ‘H NQ: a 1.26 (B, 24 II), 2.33 (m, 12 8). 2.46 (s, 6 II), 2.13- 
2.76 (m. 6 9); m -tN, 4e (rel. inteamity) no W, 422 (3). 407 (2). 320 (2), = (9). 216 
(26), 203 (17). 116 (100). ti. Celcd for CavEok: C, 60.26; 6, 9.36; W, 10.40. Pow& C, 80.13; 
8. 9.36; w, io.39.‘* 

Ih 48 (E =W)(arir): Amixtutwoftwimorrr Y obtaisdby mtalliutioa 
fra rtlwaol-&hDr: rmtio W/46 frca iatmtioa at A 3.60 (mjor) ad 3.63 (minor). Chrarto- 
gw$w-r--, hcmo-athar eluant , mvm fiImt~mixtM,tbaatlmpurommjoriacur(381); 

76.69, 
: b 1.40 (a, 24 H), 2.41 (m. 12 II), 3.60 (m, 6 6); 1aC IQ: b 11.M. 14.22, 45.02, 63.56~ 

lU.42, 149.14, 147.30; IR (CCL): 
(ml, 1029 (m) crl; 

1460 (ml, 1420 (m), 13m (a), 1270 (=I, l220 (=), 1090 
-_mpoctru,4e(ral. 

(W, 117 (6), a (16).*' 
intamitr) Do w, 360 (431, 235 (190). 290 (7). 176 
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wnl (B=ll) (a -1: -tww’Y (d=iw, .tbu) cm- a slag10 pro&ut (58w. 
‘B m: i 2.14 (a&&l2 I), 2-H (e. 12 a), 2.58 (a. 8 61, 8.53 (a, 4 9); “C Im 6 15.25. 19.00, 
19.48, 75.17, l22.O5. 127.73, 128.47, 148.9s. l5O.75;” m a3wtnr. Ye (rel. iateaeity) 534 
(w, l), 490 (3). 479 (7). 432 (7). 418 (15). 391 (8)s W.(lOO). M. calcd for Q~R,~P: c, 
80.86; E, 8.88; If. 10.47. lard: C, 9O.4s; R, 8.58: N, 10.31. 

~~~fka4l((P=rn). 

3iet U (R = m) (500 mg, 1.15 -01) wee Imated at 1WC mder ieducd p-&Ire for 50 
min. chror- of tL reeidue (alulna, 1:l becxem+exaa) em 186 r (46%) of 52 4 132 
eg (35%) of 591. rcb of &ich bd III Nm and ma l pe&ra ideatical uith m au-tic -le.‘0 
~yrolyaia @ similar ccaditioaa, but for 20 ~10, allord the iaolatim of 1 2 3 4 5 8 7 8 9 lO- B,,ll.,., 
d-thyl-l.C lrikmimincr1.4llihydrcaathrecam, 9 192-19VC; lR IQQ: A 1.89 (e. 6 II). 
1.8~ (a, 8 II), 2.211 (a;8 II), 2.33 (a, 6 El, 2.43 (e, 8 RI, 2.W (e. 8 R): = l pctrr, 4e (rel. 
intesteity) 00 rr. 332 (trace), 318 (53). 303 (22). 273 (7), 43 (MO). yurther pyolyeie of this 
intermediate -itim product afforded 52 and 53 in the I ratio m ebove. 

To a mixture of m-CPBA (517 ag, Aldrich tech grede, 859, 2.5 -1) ad eodiu carbamto (34O 
mg, 3.2 ml) in acetcoitrila (50 aL) wae added dropuiee a eolutica of 41 (R f -1 (500 agr 1.15 
-1) ia -. dalori& (20 BL) . The aixture irr atirred (5 mia), th hwtd udr rofhx (2 
w. Tbm mlvat y rowed (robup) ad t.ba rmsidaa dieeolvod in CaCL, ti *it&M (3x), 
dried (was), omaotrated md chromatogmphed (aluina, 1:l bmMwkwa) to, give 280 4 (72%) 
Of52md45~(lRB)Of5R. 

9,1~~~1.9.3.4.5.9.7~Boct~‘a~ (54). 

Biwoamzt u (R = mm) (466 u. l-1) YY Imated at 19DW aad 20 torr for 30 min. T%e 
~~idru YY mhlliaed troll rthanol-ether (1:l) to give 347 r (991) of 54 I yellow cryatale, 
9 118-12ooc. ‘E mm: A 2.38 (s, 12 A), 2.78 (e, 12 Ii). 3.33 (a. 8 II); III (OCk) 1875 (e), lrlE)[) 
(a), 1380 (m), 1380 (e), 1325 (e), 1210 (e), lO8O (e)t la (e). 92O (e) a-l: w (wc12ex;ty; 
.;; ;;M,m (log c 4.08)i799&14), 378 (4.07). 280 (5.27); m 8pectn-i 4. (rel. . . 

336 (160). 
Ca.RsoG: c, 82.24: II, 8.83. 

160 (33), 138 (la), 130 (U), 115 (12). 84 (12). Aml. Calcd for 
F&d: C, 82.11; H, 8.84. 

-m (55). 

yioely poudemd 49 (II = I9lm) (512 mg, 1 rol) warn hated at 185V md 25 torr for 30 ain. 
The red raidue use recryetallioed from chlorofo -then01 to give 387 4 (sra) of 55 ae ehinp 
cryatale, 9 265-287oC (litI. 265-ZSSDC), ‘II mm idantica1 with that reported.1* 

12245891 *S...S. ~~~l-l,~~lidnod.~1,4,5,~~~ (57). 

To a vim efS6 (1.79 g, 5 ml) aad 10 (a - CRs) (0.88 g, 5 rol) ia dry tollsme (loo 
mL) at -7RC w&r argon YY added BuLi (12 ml, 2 H in hexaw diluted with 1W aL bexme) over 2 
h. After m dditional 2 h, the aixture wae allwed to warm l lculy to rt aud w with 
rthmol (1 rt). m gave a crude product which YI cbmmtogr&od (aiuioa, C&CL) to give 
0.69 g (429) of 57 Y a 8O:4O mixture of two iwaare. Ill Mgl (40,): A 1.a (e, 8 H), 1.88 (a. 8 
R), 1.95 (e, 8 H), 2.03 (e, 3 ii), 2.25 (a, 8 PI, 8.79 (e, 2 H); lE MRI (minor): A 1.81 (a, 8 II). 
1.85 (e, 8 E), 1.98 (a, 8 II), 2.03 (s, 3 R), 2.31 (x, 8 RI, 8.78 (a, 2 Ii); w l pectru, 40 (rel. 
iataity) 355 (2), 228 (111, 255 (3), 281 (3), 58 (100); high reeolution mu l pectnm: Calcd for 
QaL*II): 226.sma. held: 335.2251. 

8.7~1,2.2,4,5, 9--bl-l.tA%etbylimilwl.4-dil~l&lmlae (58). 

A eolutiam of 4 (4.22 g, 10 wl) end 4O (R = err?) (1.37 g, 10 -01) in tolww (100 W under 
argon YY cooled to -79W (mat of the 4 precipitated). 
h) BuLi (12 ml ie 5O mL of hexane). 

To this suapesmioa w ddd drvpwiee.(2 
After warring l lawlu to rt. the reectioc wm owached with 

methmol (1 rt). Tolsmm vm raoved (rotavap) am-tlm r&due *r diem14 in et&, lkrl with 
u8ter, &id (-1 aid coacontratad to give 3.95 g of cn& pro&i&. ckortolrphl (eluiaa, 
hmme) gave 3.5 g (aer) of 56, m 118-l2Ow. 
8 8); 

‘II HI: b 1.88 (br l , 12 ii), 1.99 (a, 3 R), 2.42 (a, 
‘JC m: b 11.13, L6.74, 20.83, 30.60, 77.01, 128.O8, 132.17, 145.47, 149.80; m-N, 

4*<rOl. 

70 (44). 
intOomit~) 402 (3). 398 (61, 355 (22), 320 (10). 277 (45). 187 (U), 12B (18), 115 (se), 

58 (MO): hi& resolution ease spectru: Celcd for C~vIh~Rral: 397.0042. Found: 397.OO53. 

57 fkm 56. 

Ia a procdnm l imilu to the preparation of 57 fra II, trntmat of m (1.97 g, 5 ~01) with 
2.5 g of 8 in loo rt 0f toi- at -79s~ vith 5.5 -1 of wi ia harw m i.a3 g 0f ~40 

Product. cbartopphr (almiaa, CkCL) gme 1.43 g (egl) of 8l w a mti/m 71:29 drtura. 





- 8pnwur Ja h-1. 
216 (21); hi6h rwolutim 

hn(wm): 
(66).. 227 (39). ,178 (66). 
cl&m: 862.2661. ymmd: 
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iatonsity) 314 (1001, 299 (a), 266 (16), yz);l’;“,g), 232 (la), 
- .pctnr: Cslcd for Cm&s: 314.2OM. : . . 

too iwol~le for M6it: mws smcbm. Ne (rol. intasity) 662 (77). 371 
166 (40), 152 (18) t 191 (100) ; hilh raoluti~ I_ agoctrrr: cdai’ for 
562.2670. 

IbrT4((rJr’*Yhldsa,: 
6.60-6.76 (t, 4 6); ‘W ICI: 6 9.98, 

‘E Mm: 6 0.60 (m, 9 R), 2.16 (s, 6 RI, 3.13-3.23 (t, 4 II), 
10.01, 14.75, 63.84, 66.13. l2L.43, 142.72, 146.96; - 

simctrlm, 48 (Nl. intasity) 286 (loo), 271 (271, 256 (78). 241 (301, 227 (431, 215 (53), 202 
(44). 114 (47), 108 (37). larf. Cslcd for CAba: C. 92.26; HS 7.74. PowA: C. 92.25; 8, 7.77. 

lor ‘li (l(lc W): ‘H m6k i 1.00-1.73 (8, 16 H), 2.10 (s, 6 H), 3.33-3.43 (t, 4 H). 
6.60-6.60 (t. 4 R)r 1’C 119: i 14.76, 25.99 (21, 33.75, 33.m. 66.96, 90.67. 123.04, 142.79. 
146.24; w l ~sctnm, +‘e (rel. inteosity) 342 (LOO), 327 (30). 259 (14), 216 (16). AMI. Cslcd 
for CasRao: C. 91.17; It, 8.83. Found: C, 91.07; H, 9.90. 

ran: lum: b 2.06 (s, 6 8). 2.13 (m. 2 A), 2.20 (s, 6 Ii), 3.96 (t, 2 If), 6.63 (t. 2 H); 
“C MB: b 15.96. 16.22, 48.83, 69.23. 127.39, 130.52. 
iatmsity) 196 (rb), 193 (100). 172 (lo), 166 (10); 

142.97. 167.67: mu smctnm. r/e (rel. 
166 (ti,, 157 (21), 153 -(13), lhl (i7); 126 

(ll), 116 (14). 91 (IO). AMI. Calcd for Cls&e: C, 90.86; ii. 9.16. Pow& C, 90.96; H, 9.06. 

P-78: 1nmm: 6.1.66 is, 6 H), 2.10 (s. 6 a), 2.23 (e. 6 H), 4.m.46 (t, 28). 6.20-6.60 
(t, 2 R); “C Iy: 6 16.01, 16.20, 19.99, 49.20, 101.21, l28.56, 120.90, 142.96. 146.79, 160.39; 
m spctrm, de(1.01. i&amity) 238 (100). 223 (27). 208 (131, 193 (11). 171 (17). Ei* 
msolutiaa u l poctnm: Calcd for Clrlhr: 238.1722. Found: 236.17%. 

m 79: ‘R m: 6 2.13 (s, 6 A), 2.iO (s, 6 R), 4.404.50 (t, 2 8). 6.78-6.88 (t. 2 If), 6.6& 
7.16 (I, 10 a); - spztrm. 40 (rel. intensity) 362 (4s). 191 (751, 171 (Mb), 166 (60). 156 
(99). ti. Calcd for CssRas: C, 92.77; 11, 7.22. Fouud: C, 92.73; H, 7.21. 

la 86: 'R Iyp: A 0.63 (m, 4 II), 2.10 (e, 6 8). 2.16 (s, 6 II), 3.36-3.46 (t, 2 If). 6.66-6.76 
(t* 2 8); 1% l6a: 6 15.93, 16.16, 54.26, 63.25, 126.98, 130.28, 112.31, 146.W; ws sprctna, 
40 (Nl. iotaity) 224 (94), 209 (74). 196 (100). 181 (66), 166 (46), 149 (27). Arul. Calcd for 
CIV~O: C. 91.01; 8, 8.99. Found: C, 90.80; 8, 9.06. 

yer 81: 'R I)(p: A l.lD-1.70 (et 6 a), 2.06 (e. 6 Ii), 2.16 (s, 6 E), 3.43-3.60 (t, 2 R), 6.43- 
6.60 (t, 2 a); 1'C He: 6 16.00, 16.23, 26.60 (2), 33.64, 33.80, 67.79, 68.37, 127.64, 136.11, 
142.70, 164.99;.- l pectnm, 4/e (rel. inteaeity) 262 (MO), 237 (49). 223 (S), 208 (10). &ml. 
Calcd for C~eLa: C. 90.41; If, 9.59. Faded: C, 90.26; A, 9.48. 

Plrtia of 4 dth Li cyelspmtmdisnids ad 9nLi. 

To s solutiao of freshly distillsd cyclogmatdiam (1.32 6, 10 ml) in 100 mL of mhydrous 
sthsr st DC undsr ar6oa Yy addsd 20 lo1 of Buli (ths lithiu cyclopsmtodi~ib prscipitstcd). 
To this swpmsiaa, 4 (4.22 6, 10 mol) wss added, d tbs mixture yu cooled to -7@C. RuLi. (20 
rol inWrtof~)~addeddropir(2h). Wuriagtoroatgultureadworhrpesfor 
71gwee01ycy~l0pe&adie~e dber eed sm polymric producta. Rotrece oi 7l use oheerwd. 

~~L(to[1.2:3.41)~.6.7,~~-l,~~~.~~ 
8p (m-a). 6 

tiinlsp- mslo6ous to that for 66, We (2.92 g, 10 rol) and 46 (R = Mss) (2.18 g, 
10 -1) aud BuLi (16 101) in 7RF gave a residue which uw fiNt triturated with hexam-acetone 
to 6ivm ti BI m l white powder (2.42 g). Recryetallizatioo fra &lorofom-lmmm gave pre 
81 (R = CRa), 2.17 6 (62%), m 166-167“C; IA m: 6 1.75-1.79 (m, 9 II), 2.01-2.56 (I, 4 II), 2.06 
(s, 6 II). 2.23 (a, 6 II), 2.26 (s, 6 H), 2.46 (B. 4 8); ‘=C MR: 18.03, 18.41, 23.54, 23.69, 24.50, 
29.46, 46.20, 76.22, 127.01, 132.41. 144.07, 146.71; mass sPsctru. 4s (rsl. intamity) w W, 
304 (2)) 292 (loo), 277 (19). 262 (5), 249 (121, 235 (51, 219 (8). 

9,10.11.~1-1,2,3.4,6,6,7, wrim1r (es. P = a). 

rmia m (a = ab, 8' = ma) (350 u, 1-l) wee beatad at 26PC and 26 torr for lh. The 
ruidue, *rind with rtknol, wan eeeentially purr m (R = Clb), 288 q (Sar), 9 172-174~. 1R 
HE: 6 1.6-2.M (q. 6 H), 2.13 (a, 6 RI, 2.33 (e. 6 R), 2.86 (19 4 II). 2.83 (1. 4 H); 'JC na: a 
18.98, 21.72, 23.87 (21, 26.90, 32.66, 128.76, 131.04, 131.96. 132.68, 134.68; - s-t-, g/e 
Cd. io-fty,) 292 (IOO), 277 (19), 264 (8). 249 (12). 234 (6). 219 (9). 

1.2,3.4-l~1tme (84. P = Clb). 

A =ixtw of m (if = clb) (100 ~8, 0.34-01) and2,3dichlorob,6-d.i~ (DW) 
(300 WP 1.32 -1) L 16 BL of enhvdrour NW hutd at r&la +,p b.. ckotography 
~~~~~)Om6711(6BL)of#(&=Ce), ~l+.lTpC. ‘Rmm ,2,#‘(s, 6H). 

3:881, b2 (4.721, = (4.69); 
6 61, t-3 (1, 4 RI, 8.03 Cm, 2 81, 4.30 (m, 2 El; W (m): amu S i (A, 1~ a 

DM~ eP=trb *i (-1. io*ity) 284 (198). 3(9 (*,.,886 (291, 
239 (61, 142 (221, 127 (43). ADQI. Calcd for 6db0: c, s.91; a, 7:~. parad: c, sUJ8s; 8, V.14. 
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Umin# a promduN aUlogOW t0 tht fOt- 68, 4 (4.2 g , 10 ml), 16 (R - lR&) (2.18 R, 10 
-1) ud 6uLi (15 161 ii toluana) gave a cry& product xhich w trituratad with a-1 to do, 
pure Bt (R = Br, 8: v Iwr), 4.24 g (ma), 9 189-191eC. 18 m: 6 1.44-2.20 (B, 12 E), 2.33 (a, 6 
E), 2.56 (e, 6 II), 2.20-2.61 (a, 4 6); awe apact- r’e (rel. iotaaaity) no M’, 434 (traca), 424 
@;‘;,z (MO), 420 (46)! 344 (9). 342 (12), 262 (18), 247 (16). 234 (201, 209 (28). 203 (32). 

. 

10.11-8ihh.~l-1 2 3 4 5 6 7 .1.,,.. 8wk4kotriphmpl.a (85, R - 8r). 

Cryatalliae 82 (If = Rr, R’ = I6lee) (476 ag, 1 -1) m heated in aa oil bath at 190-26cPC 
for 35 via. 7ba reaidw xae recmtallized fra mtbanol-chlorofora to give 407 m (97%) of 85 (R 
= Br) ae xhite cryatal8, g 217-2i9c. IA iM: 6 1.5-2.15 (a, 6 R). 2.lti2.s (a, ,i li,, 266 (i.‘B 
8); - ape&rim. de (ml. inteneity) 424 (26). 422 (541, 420 (29). 262 
219 (6), 263 (24). 

(lo), 247 (lo), 232 (5). 
Aoal. Calcd for CtoReaBre: C, 56.89: R, 5.25; Br, 37.M. Foucd: C. 56.73; H, 

5.22; Er, 37;80. 

2.~1.tdirtLglt~lara (84, R = 8r). 

A xixtura of 8) (R = Br) (500 n g, 1.2 rol) sod DW (1.7 g, 7.5 -1) in 50 xL of benxene wae 
ha&ad at reflux uader argoa (4 h). 7be solution xaa paaaad through basic 8luina with baazeaa ae 
elueat andcoocaatratad to give 316 ag (66%;) of BI (R = Rr), xp 212-211oC. ‘8 IEa: 6 2.93 (e. 6 
II), 7.05 (B, 4 H), 7.93 (B, 2 A), 6.23 (a, 2 II); W (hapteaa): Aeee 296 m (log c 4.13), 277 
(4.791, 267 (4.63); B apactnm. Je (rel. intaaaity) 418 (20), 414 (311, 412 (14). 398 (1). 254 
(31), 252 (52), 239 (78). 126 (100). Aoel. Calcd for C20814Bre: C, 58.00; H. 3.40. Fouod: C, 
57.&I; II, 3.39. 

AFo~~l,2,3,4,5,6,7,~~1-1 ,wtlmlaa-l.CiDixa (as). 

Udng a pmadum aaalogoua to that for 68 a xixtura of We (5.2 g, 18 mol) and 48 (R = 
-1 (3.4 I, 20 -1) eae treated with 27 rol of BuLi in tolw. Cruda product uaa 
chroratopipbd (alaaa, 1:l &eClz-hexaoa) and racryetallixad frox CIUTle-metkl to giva 4.35 g 
(82x) of m, 9 127-129oc. 1H MR: 6 1.60 (et 6 R), 1.93 (a, 6 E), 2.08 (a, 6 II), 2.21 (a, 6 II), 
2.30 (et 6 E); ‘eC m; 5 11.13, 15.82, 16.26, 17.09, 45.31, 76.88, 126.66, 131.98, 147.16; IR 
(CC14 1: 1450 (a), 1380 (a), 1260 (w), 1160 (w), 1075 (a) a-1; xaea l pect~, de (ml. 
intaoaity) 298 (n,) trace), 254 (trace), 240 (MD), 225 (38). 195 (a), 179 (4). Anal. Calcd for 
CaoEmN2: C, 80.48; It, 10.13; N, 9.38. Cound: C, 60.62; II, 10.19; N, 9.45. 

-maa (86).11.29 

Paulared 68 (300 ag, 1 rol) wae beated at 2DCoC under argon until bubbling ceased (10 q in). 
7ha raaidue YY trituratad with aetbawl, then recryatallizad frm mthanol-bexane to give 242 q g 
(lOOR) of m, 9 184-l&5% (liten 181-181.5V); 1H MR: 5 2.30 (s, 12 E); 2.46 (a, 12 R). 

1,4,6.6.7,I8.11. ~1-1,4,7,1~~~1~1.4;7,1~~ (87). 

To a l olutioa of s (1.79 g, 5 rol) ia anbydroue ether (50 aL) at -78DC uudar argoa xae added 
dropriaa (1 h) BuLi,(d rol in 25 al of'lmxum). Aftar 6 h at -7BC, tha rakctioo x8a qtmtkbed 
with 1 xL of rthanol. ti ether solution uaa uaabed with mter, dried (Mgf%), concentrated and 
tbe raaidue chromtographed (aluaina, 3:l hayMbchlorofom) to give198xg(lO%)of67aea 
xixtura (aya/aAi). l’ha aaJar ieoaar wae purified by succaaaive waehing with athar, w 315-317OC. 
1R MR: 5 1.90 (a, 12 II). 2.13 (e, 12 II), 6.63 (m, 4 R); mea apactru, de (rel. intatmity) 396 
(471, 370 (40). 353 (23). 344 (551, 327 (1001, 310 (41). 43 (98); high resolution ma l Pectrua: 
Calcd for C205.h: 396.2689. Found: 396.2163. 

liq 8&a for Anti-l. 

Cryatale of anti-7, C2olh202, are monoclinic; space group P21/a; l = 9.697 (5), b = 7.582 
(4). c = 11.1s (614 6 = 111.17 (4)O; 2 = 2; M = 294.39; PC = 1.275 g a-2. Lattice dimneione 
wera determiaad using a Picker FACS-I diffractometer and MoKq (A = 0.70926Q radiation. 

Iatmity data mra rrured ueing MoRo radiation (20.~ = 660) yielding 2772 total unique 
data and, bawd o I > 2#(1), 2297 observed data. Ibe data - radacad;eo tba l tructuro rmm 
l olved by diract xetkb;el the rafineaent wee by full-aatrix, leaat-aquaraa tachniquaa.= The 
final R valua w O.O48.‘S 

Wa are iadabtad to tha Rational ~cienca Pouxdatioa aad tb Ratioaal Iuatituta of Raalth for 
Fimmziel m of ihia meaarch. Na M illdrbtad to tha aiochmiat~, lba Spectraetry 
tboratofP, Miicbi~ 8kata Ilnivekity, for the high raaolutioa w l pactra. ti thaak Dr. Doaald 
1. ktd for aotadnin# th x-ray structura of anti-7. 
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8.; mloksgu, 0. J. w. C4a. lan, 46, 1261; (d) Rart, 8.; shouilim, S. J. w. m. 
Lg; * w (e) prt, B.; Ilwdrogu, a. c. mbtrdrQm &et. 190, zu. 5721. 

(a) But, 0.; ~iliau, s.: Takehira, Y. J. Org. Cba. l&, 4& w; (a) Bat, Il.; Reju, 
N.; W. M. A.; wud, D. 1. J. Org. Cha. m, 4& 4357; (cl m, 8.; Buhirlfaalmi, 
A.; Luo.J.; Ilad0r.M. A. f&M lglb, 42, 1641; (d) Buhi~bsmi, A.; Rart, Ii.; 
Ward, D. 1. J. *r. Cz+m. Sot. 1966, 108, 6676; (a) Luo. J.; Rart, R. J. Orr. da. 1987, 52, 
in pram; (0 Luo, J.; Hart, II. J. Org. Chm., aalmmcript sattad. 
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c. J. w. ck. m, 50, 3101; (c) Rarada. K.; Rart, 8.; Du, C..-J. C. J. w. Qb. 198b, 
SO, 5524; (d) Du, C.-J. F.; Hart, 8.; Ng, K.-K. D. J. Org. Chu. M, 51, 3162; (a) Du. C.- 
J. C.; gut, 8. J. Org. Chem., aaoucr’ipt stiltted. 

me publisheN’ experimatal deacriptioa of thiti mactioo mfortmetely aitted part of the 
text. We give hare a correct and scaled up procedure for the prxparatioo Of Pure sfm- and 
aati-3 (m are iodsbtad to Dr. JiMei Luo for this procadwe). 

To . stirred solution of 1 (39.4 g, 0.1 mol) aod fur811 (Ull rG, freshly distilled) in 
dry tolm (1406 IL) at -23OC uo&r argoa m l loxlyadded (5 h) Buli (0.22 mol in 156 rt 
haxaaa). After addition, the l ixtura was l llomd to xem to rt a& stirred might. Water 
(20 rl) xu dbd aad the q mtura was stirred vigorously for 20 min. Tim orgmic layer * 
mwithIatu (150mLx 2). dried (Hgm) and t& solvat wed (mtahp). Tba 
reaultiog w yellow solid was pmped to dryness. Hat-1 (70 mL) lma added Md the off- 
white myatalx ware colleccted and unhed with a oall amat of -1. R&cryetallizatioa 
fra mcetooo gave white platea of anti-3 (7.81 g, Sn). -* 2&C (dac). ?bi%thanol 
solution YY evaporated to drynue. The residue xas either recryafalIized frai’wttil (3- 
4x) or chroutograp&d (silica gel, 1:2 ethyl l cetatbhexaoa) to give 6.86 g (m) of sya-3, 
9 191-1-c. 

It is aotamrthy that ooly 31, and not its regioiaau, is formed. l?ta forntion of oearly 
equal mounta of 36 sod 31 suggests that lithiatioo of 8 by RuLi my bo aearly regioraodm. 
but that elimimtioo of Liar (and capture of the resulting aryaa to give 39) may be favored 
wheo tba Li is adjacent to the mathy1 (rather than the xethoxyl) substituaat. This quaatioa 
bears furthu investigation. 

21. -, n.; Ud8abu& N. Mmatsh. lsBI, 46, 296. 
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