
Generally, motel l tabillred earbonol4e underso l ffectfw remztloom rlth l 1km.o to 

(r*norxto cycloprop*n*~.~ Whom the 1ntowdlxtoo or* l pproprletoly stxbiltzed. havor. 

other rrxctloa pathway* lnvolvln# dlpoler 1ntomodlat*x .r. poorlblo. Many 01 Chooo 

procooxox xro xyothetlcxlly ux*fuI and lncludo a oarleo of 2 l 3 cycloaddltlonx botwwn 

rarltlplo bonds and carboaolds derived trcu diarocatboclyls. Such reaetlons re8ult in the 

formation of dthydroiurono froa *lay1 l thoro,’ dloxolos from rldoydoo3 and oxexoloe frarP 

nltrlloo. ‘ Both the rlw-openlog roactloo botroon luranx and carbonoldo to ~onorato d1rn.r’ 

and the xlkylotlon of pyrroloe by carboaolda* alxo appear to lnrolv dlpolxr lntormodlatoa. 

The octuol l trueture’of the dipolor intomodl~t~ In many of those reaction8 la open to 

dobat.’ bocxuoo l ubtlo quootlono such l @ the role of the notal, or the rolatlvo rate. ol 

bond Corwtlon are dlfflcult to l oowor. 

Proviou8 studlox hove shorn that rhodlrP(II) acat&* cotolyzod dwxmpoaltion oi ethyl 

dloxoocoteto in the presmcm of ~c~tylm~s Ia l rieble method for the l yntheolo of 

cyclopropraoo. * Introductloa of wltablo !unctlonallty to l tabllltr l dlpolar lntorwdlrto 

would be rrpected to chrngo the reaction pathway and rorult In the fomxtlon of furrnr 

(Schema 1). This could occur either by riw opoolng of an lnitlally formod cyclopropano or 

by direct formation of l dipolrr lntormodfrto on rexctlon of a cerbonold vlth on l ikyno. 

Indood, thrro are xcattorod roporco doocrlblna the formatloo ol! furano ln much roactlonr. 

Par l xuoplo, coppor(fI) l ulfeto catolyrod doco+apooltlon of diothyl dlarooxlonoto ln the 

prooonco 02 phonylxc*tylono roxults in the formation of l mixture of a cyclopropono and l 

f”W%,Q’~b vhllo l wirltlrod photolyxlo of dlothy1 dlxrooalonato In the prexonco of 

dlalkylocotylonoo #waorotoo furrno as the prlaary producto.9C Also. docompooltlon of 

2.2-dlbraao-1.3-dlonw by copper In the pre8mce of l c~tyl~nea results in tha formatIon of 

iurano.” In thlo paper our 8tudloo into rho dovolopunt of l (Lonorol l ynthwlo of lureno 

from cho raoctlon of rhodlua(II) xcotato xtrbllltod carbonold@ vlth l cotylenoo are 

doocrlbod. 

of 2*3 cycloxdducts lx 1 lkoly to bo Iovorod rhon rho roxctlon procoodo 

through l polar trenxltlon St&o. Thawlore, in *II attempt to l hlft the major product way 

from a cycloprop*a* to l furan. dlaco collpoundn rlth two l loctron rlthdrorln~ aroupx 

(la-d.21 vow l ubstltutod for ethyl dlaaorcotato uood by Hubert et al. for the l ynthoslx or 

cycloprop~n*~. * At first, rhodlrrrfIX) l cotxto cxtoiyrod docoupoxltfons of rho dioro 

TThls paper lo dodlcxtrd to Profoaoor X.C. Taylor on the 
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occoolon ol hlo 65th blrthdry. 
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compounda wsrm carried out in th. pr...nc. of l lkylwotyluwm. but thoao roactlons dld not 

rssult in th. fomstlon of fursns. Vlth t.rrln.1 .cstyl.oss, cyc10pr09.n.. wsr. tomsd in 

ylslds rm61.6 Craa M-611 (T.bls 1, sntrlss I-3). but .o products dsrlvsd from cl... 

c.pturs of th. c.rbsnold vsrs lrol.bl. In ths rsactloa rlth 3-hsxps (ontry 6). Prenumrbly, 

this su(;~sst~ thst l tsrlc sftsctm l rs ioportmt in dst.rmlol.6 rhothor or not ths cwbsnold 

1nt.msdl.t. c.. b. .rflc~.otl~ trappad. rurtherpors. l n tort-butylacettlrns rsaccsd 

.if.ctlv*ly (**try 3). it would sppsrr that it 1. nscs...ry for only ons end of th. 

.c.tyl.n. to b. r..dlly .cc...ibl.. 
CH3 CH3 

0 

)c- 

Y 
r. x - CHJ. Y - COCM3 

X @ x - CHJ. r - COOEC 

N2 & X-O&. Y -COOEt 0 
a 

g X-OEC, Y - CH-CHCOOtt R2 

2 

A second approach Co sohwcs . dlpo1.r latsrmodI.tx would b. to introduc. slsctron 

don.tf.6 6roups ooto ths scstylsns. 6.s.d on this l xp.~t.tloa. th. rhodlum(lf) .c.t.t. 

c.t.lyrsd d.compo.ltloos ol I.-d wsrs csrrlsd out u.l.6 ph.ny1.csty1.n. . . tr.ppkn6 .&sat. 

fhs rssult. of thlm .sri.. ol sxpsrimsnts l howd l rsorrkabls dspmdanca on ths ..turs of 

ths .i.ctro. rlthdrsela6 ‘roups 01) ths c.rbsnold f.ntri.s 5-6). Vitb dlsthyl dl.+ca.lon.t* 

c&j. th. cyclopropsas 3~ w.s fomsd, but vlch 3-dlaro-2.4-pentanedlone C&I. tha furan $= 

was the 001~ product. Ths awater CmAdenCy for a kstone carbon?1 rathsr than SD emcsr 

csrbonyl to uodsr6o ring closurs to l rurm 18 nlc.ly Illustrstsd In the r..ctlon with 

*thy1 di~toae~toac~tat~ (e). rhlch rssultsd lo the formatloo ol ooly 4~ and non. of 1. Chs 

ocher po8slbl. fur.. 18om.r. Vlth dlsthyl L-dl.ropmtsosdlo.ts fg). ths cyciopropsns 2 

prsdoalmtsd but A tr.c. of ths luzso h wss *loo lomsd. Tb. .tructur.l . ..l6nmsnt. In 

thsss .srl.. i. b..sd o. proton NHR ..d I# str.16htforr.rd bsc.uo. ol . dlotloctivs 

dovaflsld shift rhsn substltusots .rs dlroctly bouod to th. iursn rfn6. 

fh. .ddltlon of slsctroo-don.tln6 6roups to th. ph.ny1.c.ty1.n. furthor snh.nc.d thr 

fonrrtlorr of fur.o. fsotrfs. 9-16). fh. r..ction of dlsthyl L-df.topsntsnsdto.t. (la) rlth 

both 4-ruthory- sod 3,k-dlmathoxyphsnyl.c.tylsn. r..ultod In ths srclu.ivs formtlon of 

Currn. (sntrl.. 12,16). R..ction rlth dlsthyl dl.roa.lon.cs (k) *Cl11 rswltad in ths 

lom.tloo of cyclopropsas., but ths.. compound. wsrs un.t.bl. .od roarranged to furan* 

durlna l ttsmptsd purllIc.tlon by sillc. 6.1 chromto6rsphy. Xthylothynylsthsr did not 

.pps.r to bs 8t.bls undsr thss. r..ctlon conditlonm, .od no rs..on.bl. product8 w.ra 

iaoletsd rhso thl. compound ws ussd l a tr.ppln6 l gsnt. Diph.nyl.c.rylsns slso f.llsd to 

rffsct1v.ly trap the carbenold. but thIa sosmsd co bs dus to problwaa of .t.ric hlndrmcs. 

which hsd bean obsorvsd s.rl1.r rlth disubstltutsd .cstylsn.~. Ths rs.ctlon could .I.. b. 

l xtsndsd to the synthools or the lumsd furms ba-c by chs uss of the cyclic c.rb*noid 

prscursor 1. 

Schsm. 2 

0 

0 CH3 - 

\wl 
0 

6. It - phcnyl 

+ R- C-mcthoxyphcnyl 

& R- 3,C-dtmcthoxyphcnyl 
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t.bl. I Rhodlum(II) Ac.t.t. C.t.1yr.d D.coepooItlo. of I.-d tn the Pr...nc. of Ac.tTl*a*s 

WTRT ACIRLQR DIAL0 Cm PROWCTS (yl.ld.1) 

F’ 

rF 

F 
R2 

I 

2 

3 

4 

5 

6 

1 

II 

9 

10 

I1 

12 

13 

Ill 

1s 

16 

I? 

18 

n’=n-but,1. I?=tl 

Rl=“-but)‘;. lt’=X 

R’=t-but,l, R2=M 

R’=propyl. R’=.th,l 

R’=ph.n,l, R2=X 

. l 

. . 

. . 

R’=L-uth~~ph.n~l.R2-H 

. . 

. . 

l . 

R’=3.4-dlaethox,ph.n,l,R2=H 

. . 

* l 

. . 

R’=.thox,, R2=H 

R’=ph..,i, R’=ph.n,l 

&X = act, I = coast 

&X = ext. 1 = al-CRcOOlt 

4 x = ext. I = CX=cHcoost 

pj x = oxt, 1 = clicHcmlst 

~x=CHJ,f=Cmj 

@x=mJ, Y=Coott 

&X = oxt, I = coolIt 

&X = OXt, T = cIf=cHCooIt 

&X=0$, T=COC?tJ 

I_bX = CHJ, T = COOIt 

&X = OXt. 1 = COORt 

fix = out, I = Cx-cHCOOEt 

h X = CH,, T = COCM3 

&X = CH3, T = COOKt 

& X = OSt, T = COOIC 

gX = OXt. T = CH-CHCOOlt 

jgX = Ott, 1 = clf=cnCooxt 

g x = oxt, 1 = CX-CHCOOXt 

E; ylold of Cur.. .ft.r r..rr.nS.mwt of th. initl.i product. th. c~c1oprop.n.. during 

chrom.toSr.phy. 

Pro.uublr, furrn producta l rox. from dlpolrr intorwdixteo rblch mm r1th.r torud 

dir.ctly or b]r ring op.aiaS of 1oitia11~ g.a.r.t.d cycioprop.n.8. Aa the r..ction b.tus.n 

phonylrcetyloae and u wu the only arm to produc. . olxtur. of cPc1oprop.n. ..d fur.n 

products, tht. .y.t.o I.. .xuPin.d furth.;. When th. r..ctlon time Y‘S extended from 20 

mlnut.. to 5 d.).. th. cyclopropon. z w.. totrlly conouwd and the furao 41 VW formed In 

331 Field. The catalytic role of rhodfum(II) motet* In thl8 re.rr.n&.m.nt v.. r..dlly 

.hovn by h..tlaS a In dlch1oronth.n.. Und.r th... condition.. only l 30% conv*r.lon of 

2 Y.. ob..rv.d .ft.r 5 d.yb. 0th.r c.t.1y.t. .uch . . copp.r 1.tr.Iluorobor.t. or copper 

triCt*t*ll cowed r.pld conr.r.Io. of 2 to 3, but und.r th... condltion8. 4_h Y.. .180 

quit. r.pldly d..troy.d. Saw r.c.nt .tudl.. by Cho rnd Llcb~sklnd12 have *horn th.1 

r..rr.nS.m.nt of cPctoprop.n~l Loton.. to furma ia catalyzed by 

t.tr.c.rboaPldl-w-cblorodIrhodIum(I). 
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Schsm. 3 / 

- Q 

1’ 

+ 

A!! 

B***d on Ch.44 r.suIts. Lt would .ppr.r th*t l t I**sC the 2-•thoq 

l r* d.rir.4 lrcm *a 1*1ti*llP (0-d cPclopropsn*. Wh*thsr th. Z-•lkPl 

dlrrctly or by l sim1l.r cycloproprnm r**rr*~sms*t r*s*ia8 uocort*in. 

‘ubatftuted lur4no 

fur*n* *r* iorud 

Irrs*p*crlv* of 

rhlch mschsalam 1s lnvolv*d, fur** forwtlon lm enhancsd rhon cxrbenoida with 

l lsctrom-rlthdrarlag groups and l cstyloasx with slectroa-donstlng aroupa ws ussd. bscsuso 

thsm t*nd to #t*billr* l dipo1.r lnt*rasdl*t*. 

Lknalsd#asmtI ?inracl*l oupport ol thio work by ths N.tloa.1 Scisncs Pound*tlon (CHX 

6517681) is ~r*t*fullP l cknal*d~*d. Y* rhsak Dr. Cstrlck WcDo~*l 

l *s* spsctr.1 d*t*. 

o! Oeor#ls fsch for ths 

1nfrrr.d spsctrs I*CS dst*nr+losd on l PorkIn-Ilur Hods1 1130 l poctrophotoostor, and 
NHR spsctr. “sr. rscora.4 00 l V*rf*n VXR 200 sp*ctrawtsr. @lb** 8p.ctr.l *n*lPs** “*rs 
crrrlsd out l t Goorgi. Tsch Unlr*r*lty. Il.wnt.1 l n*l~*s* wrs c*rrisd out by Atl*ntlc 
lllcrol*b, Inc. Atl*nt*. Gsorgl*. 

Corur.1 ?rocoducr for dl*ro dwopositioa ia tIu pre***c* ol l c*tPisns. A l olutlon of 
ths dl*+o compound (3 -1) in dlohlorouth*ns (10 ml) “*s sd4.d droprl.. ow*r s c*rtsi* 
p*rlod 110 oln to 1 h) to l l tirrad solution of ths acetylene (1s mol. 5 l qulv) l *d 
rhodium(I1) aestate (0.0156, 0.03 -1) la dichlorcuth*ns (10 ml). l nd hs*tsd u*d*r rrtlux 
In *n *rton l tmosphsrs. Att*r h**tiaa for l * rdd1tioa.l 10 mla, th‘ l olv**t “‘s l v*por‘t*d 
und*r rodwad prwsuro sad ths realduo I)*S purified b7 column chranatoaraphy on l lllcr. 

Distb~l 1-kttPlcPclopro~as-l~3~ie*r~3st* (3.1. ?h* dlaro compound we *dd*d ovsr 
7 h md th. crud. product “*s purlflsd by chromato#rrphy “lth sthyl l cetate/hsxmea (10~90) 

01 l nt to give 3s (54% yield): Rf 0.3 (*thyi l e*t*t*/hsx*nss (IOr90)); II (ns*c) 1720 
y; 1 H NHR (CDCl 3 4 6.34 ft. 1H. J - 1.3 Hz), 4.1’1 (q. 4X. J - 7.5 Hz). 2.34 fdt. 2 H, J 
- 7.5. 1.3 Hz), I.&-l.30 (a. 4 Ii). 1.26 (t, 6 H. J - 7.S Hz). 0.90 (t, 3 H. J - 7.3 Hz). 
An.1. C*lcd for C13H2004:C. 64.98; If, 8.39. Pound: C, 64.65; H, 6.35. 

Itby 3-(2-~t~l-l-otbo~c*r~~~l-2-cPcl~ro~a-l-Pl)-2-pro~*o*t. Ob). Th. di‘ro 
compound “** l dd*d ovar 10 rin aad ths crud* product 1‘s purifisd bF chroaatosraphy “ith 
l Cher/p*ttol*um *thsr (20.80) l s l olvsorlto,61vs 3b (611 yield): Rf 0.3 (ethsrlpstrolsw 
l thsr (2O:OO)); IR (a**t) 1700, 1630 cm H NliR (CDCl ) 6 7.92 (6. 1 H. J - IS.7 Hr). 
6.19 (br s, 1 I+). 5.47 (8, 1 H, J - 15.7 I;c*t, 4.17 (q. 2 H, J * 1.1 Hx). 2.46 (br t. 2 H. J 
- 6.4 Ht), 
Ht). 

1.65-1.21 (n. 4 H). 1.29 ‘ad 1.21 (It. 6 H, J * 7.S Hr). 0.90 (t. 3 It, J - 7.1 
MS. m/z (r*l*tlvs lat*nslty) 266 (!I , 17). 237 (CO), 209 (22). 193 (100). 

Itbyl 3-(2-(D~thPlotbPl)-l-*t~~~r~~~-2-e~cl~r~*-l-Pl)-2-pr~no*ts (3~3. 
The dl*ro carpound “*s rddsd wsr 20 nin. follornd bF further heerilr( for 40 rln, l *d thr 
cruds product Y‘S pur1fl.d by chror*togr*phP “ith l itb*rlpstrolsum sth*r (20:8O) l s 801~ -t nt 
10 ~1~s fc (46X yl*ld): RI 0.5 (*cher/prtrol*um sth*r (20~80)); IR (mat) 1710. 1630 cm ; 
X NHR (CDCl ) I Y.95 (4, 1 H, J - 

4.19 l nd b.13 (2q. 4 H. J 
IS.5 Hs), 6.10 (*, 1 H), 5.55 (4. 1 H. J * 16.0 H.3, 

- 7.1 Hz). 1.28 ‘ad 1.25 (It, 6 H. J - 7.1 Ii.). 1.16 (0. 9 H). 
LRMS. D/L (r*l*tfv* Intsn*ltyl 266 (W , 3). 2S1 (11). 237 (5). 221 (11). 193 09). 177 
(603, 163 (171, tl? (loo), 119 (893, 105 (563, 91 02). I? (443, 57 (43). 

1-(2-Yltb~l-5-p~*yl-S-tur~Pl3etbuas (4.3. Ths dlrto coap=.uad “.‘ ‘ddsd OYSC 10 
rfn l *d ths crud* product W*S purltl.4 by chroutotr*phV “lth l thsrfp*trol*um l th$r as 
l olvsnt to aira 40 (261 Pl*ld)l R!,O.f (*th*r/p.trol*w l th*r (20160))1 l .p. Sl-5 C; IR 
(Nujol) 1660. 1610. 1580. 1560 co ; H NNR (CDCI 
1~. 3 N). 2.45 (‘. 3 H1. 

) 6 7.67 f=. 1 X3. 6.64 (8. 1 X). 2.66 
LMS, I/L (rsl*tlos lot nsittf 200 fM . 1003, 185 (1003, 157 2 

(491, 115 (Cl), 105 (181, 
200.0147. 

77 (30); HPNS c*lcd for C13H1202 m/z 200.0837, found a/r 

Ithy 2-UotbPl-5-p~oPl-3-fur.fw.rboxyl.ts (4t). The d1.r.o carpound (I** added OV*r 2S 
mfn l nd th* crud* product W*S pur1fi.d bF chrautosr*phP “lth sth*r/p*trol*u sth*r (20160) 

;&yl;ffj; :y;” 
4f (45X Piold): RI 0.8 (sthar/pstrolsum other (20t1)0))1 IR (asat) 1710. 

H NWI (COCI ) 6 7.66-7.26 (m), 5 H), 6.89 (s. 1 it). 4.32 (9. 2 fi. J - 7.0 
Hrf,‘t.bS (9. 3 X3. 1.30 ft, 3 H. J - 7.0 Rx). In.1. C*lcd for C,4H1403r C. 60.34~ H. 

6.31. louad: C. 68.27; H. 6.40. 
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Dlothyl I-~Ie~logroglu-~,~diCU~l~~ (38). Tbo dlow ccmpouad “.. .dd.d 

Ov.r 10 rim rd tk c-0 prodrct w.. prrllld by chrautoXr.phy wltb .tb*r/wtrol.~ l th.r 

(20rgo) . . l ol~oat to XlVO_F ( 66X ylold)~ 111 0.3 (*th*r/p*trol.u l tbr (20180))1 l .p. 
65-6 c: II (wujol) 1’30 F1 I II m (CDCI ) 6 7.66-7.41 (m, 5 HI. 6.89 (., 1 H). 4.20 (9, 

4 H. J - 7.2 Rs), 1.24 1 (t. 6 H. J - 7.2 h). 

5.21. round1 C, 67.06, Il. 5.26. 

Aa.1. C.lcd Car ClsH1604~ C. 67.23; Ii. 

mthyi 2-(l-~ubr~l-2-~~l-2-e~l~~~a-I-~l~-2-pro~~to (2b) aad Ethyl 
3-(2-It~-5-p&m~l-)-l\uull)-2-pr~moato (4h). th. dl.ro compound w.. .dd.d ov.r 10 

l.ln. u.ln6 two .qu1v. ol ph.ny1.c.tyl.n.. md th. crud. product w.. purlf1.d by 

chroa.to6r.phy rlth l thar/potrolou Other (20180) l # l o~eat to 6iva tw productm1 4b (61 

~l~fd)i RI 0.4 (.thor/potroloum athor (20160))1 Dep. 44 C; II (a0.t) 1’00. 1620, 1560. 1560 

cm ; H MU (CDCI ) 6 7.60-7.1’ (1. 6 H). 6.70 (., 1 H). 6.01 (d. 1 H. J - 15.9 Hz). 4.44 

(9. 2 H. J - 7.1 Hi). 4.22 (q. 2 H, J - 7.1 Hz), 4.4’ (t, 3 H. J - 7.1 Ha). 1.32 (t, 3 H. J 

- 7.1 Hz). LMS. m/z (relatlwa lnt.n.lty) 266 (M , 2’). 25’ (44), 229 04). 212 (19). 201 

(24). 105 (100). 17 (57); HRnS c.lcd Cor C 
3h (651 ylold): RI 0.3 (othor/potrolmm et a’ ‘?2btro,,, 

H 0 m/r 266.1205. found I/L 286.1~]0., 

l r II (a..0 1’00, 1610 cm ; H NllR 

(CDCI ) 6 8.01 (d, 1 H, J - 15.7 Ha). 

15.7 AL). 4.16 .nd 4.16 (lq, 4 I$ J 

7.50-7.3’ (m. 5 H). 6.90 (.. 1 H). 5.60 (d. 1 H. J - 

- 7.1 HI). 1.25 .sd 1.25 (It. 6 H. J - 7.1 Hz). LRHS. 

m/z (rolatlvo lntonelty) 286 (14 , 14). 25’ (13). 241 (6). 229 (IO). 212 (20). 201 (9). 163 

(19). 105 (100). ‘7 (36). 

l-(2-ltb~l-S-(4-rt~~~l)-3-furuyl)etbmoro (4i) Th. dlaro compound I).. l dd.d 

0v.r 10 010 .nd th. crud. product w.. purlC1.d by column chrca.toar.phy rlth 

.th.r/petrol.ua .ther (20~90) . . .olv.nt. follor.doby trltur.tlon to 61~ 41 (!fX Tl.ld): 
RI 0.2 (mther/petrolw.m .th.r (20160)): l .p. 86-92 Cl IR (Wujol) 1670. 1600 em ; H NM 

(CDC13) 6 7.57-7.54 (m. 2 H). 6.94-6.90 (m. 2 H), 6.70 (.. 1 H). 3.63 (.. 3 H), 2.64 (.. 3 

H). 2.44 (.. 3 H). 

6.19. 

An.1. C.lcd for C14H1403~ C. 73.03; H. 6.13. toundz C. ‘2.61; H. 

Ethyl 2-~th~l-S-(4ut~orfOLnll)-3-~~~c.r~~l.to (41). Sh. dl..o c-pound v.. 

.dd.d owr 10 mln .nd the cmde product w.. pur1Cl.d by column chrom.to#r.phy rlth 

.th.r/p.trol.uo .th.r (20190) . . .olv.nt. follow. 
RI 0.6 (.th.r/p.trol.um .th.r (20180)); l .p. 

f by trltur.tlon to 91~. 4j Itlt,yl.ld); 
1500 cm ; H NM 

(CDC13) 6 7.56 (6. 2 H, J - 9.0 Hz). 6.96 (d. 2 H, J - 9.0 Hz), 6.73 (.. 1 H). 4.30 (q. 2 

H. J - 7.5 Hz), 3.83 (.. 3 H). 2.62 (.. 3 H). 1.36 (t. 3 H. J - 7.5 Hs). An.1. C.cld for 

ClsH1604’ 
C. 69.22; H. 6.20. round : C. 69.31; H. 6.22. 

Ithyl l-rc~-5-(4~tbo~a~l)-3-Cut~e.r~l.to (4k). 2%. dlaro compound -aa 
.dd.d over 10 mla to Xiv. the cyc1oprop.a. .a the crud. product. Ra.rr.nX.wnt occurrod on 
.ttompt.d purlflc.tloa by column chrouto9r.phy rlth .th.r/p.trolouo.th.r . . .olv.at to 
[iv. 4k (53X yl.ld)~,RC,O.4 (ethar/potrolom, ether (20180))1 r.p. 51 C; II (Wujol) 1700. 
1610. 1590, 1510 c. ; - 9.1 Hr). 6.90 (d, 2 H. J - 9.1 
Hz), 6.68 (.. 1 H). 4.53 

H NHR (CDC13) 6 7.4’ (d. 2 H, J 

(q. 2 H. J - ‘.I Hz), 4.26 (q. 2 H. J - 7.1 Hz). 3.82 (.. 3 H). 

1.51 (t. 3 H. J - 7.1 Hz). 1.35 (t. 3 H. J - 7.1 Hz). 

H. 6.25. loundr C. 66.08; H, 6.26. 
An.1. Caleb for C16H160S: C, 66.20; 

Ethyl 3-(2-Btbcuy-S-(4~tbaypbooyl)-3-fur~~l)-2-propono.to (41). 2%. dl.+o compound 
mm .dd.d over 10 oh .nd th. crud. product w.. purlfled by coluaa chrautoar.phy rlth 
.th.r/p.trol.um .th.r (22:‘s) . . .olv.nt to 91~ 41 (43X y!fld]: 111 0.6 (othor/patroleum 
.th.r (25:‘s)); r.p. 102 C; IR (Wujol) 1690, 1590. 1500 c. , H m (COCI ) 6 1.54 (d. 1 
H. J - 15.7 Hx), 1.4’ (d. 1 H. 1 - 9.1 H.). 6.91 (d, 1 H. J - 9.1 Hz). 6.52 (.. 1 H). 5.99 
(d. 1 H. J - 15.7 Hz), 4.43 (q. 2 H, J - 7.1 H.) 4.23 (q. 2 H. J - 7.1 Hz). 3.93 (0. 3 H). 

1.4’ (t. 3 H. J - 7.1 Hr). 1.32 (t. 3 H. J - 7.1 Hz). C. 66.14; 
H. 6.31. round8 C, 60.27; H, 6.40. 

An.1. C.lcd for C16H200S~ 

I-(2-~tb~l-S-~3,4dlrtborlp~~~l)-3-furu~l)otbua~o (4m). the dlaxo c-pound v.. 
.dd.d owr 10 rla .nd th. crud. product w.. purl!l.d by column chrom.toar.phy vlth 

.th.r/p.trol.um .th.r (20160) . . l olvont, 
(28X ~l~~d)i RI 0.1 (.th.r/p.t 

lol1ou.d by t&ltur.tloa rlth p0nt.n. to 91~. 4m 

ether 20100); m.p. 79-63 CI IR (Nujol) 1670. 1600, 1550. 
1500 CI , H w)(I (CDCl ) b 7.21 (dd. 1 H. J - 8.3. 2.1 Hz), 7.14 (d. 1 H. J - 2.1 HI). 

6.66 (d, 1 H. J - 6.3 “i,, 6.70 (.. 1 H), 3.93 (.. 3 H). 3.66 (.. 3 H), 2.63 (.. 3 H). 2.43 
(.. 3 H). 48.1. C.lcd for ClsH1604: C, 69.22; H. 6.20. round: C. 69.04: H. 6.26. 

Ethyl 2-~th~l-S-(3.4dlrt~ba~yl)-3-Curaaearboxyl.to (4a). Th. dl.ro caapouad v.. 

.dd.d ov.r 10 rln .nd th. crud. product w.. purlt1.d by calm chra.to(r.phy rlth 

.th.r/p.trol.u l th.r (20160) . . .olv.nt. lol1ov.d by trltur.tion with p.nt.n. to 61~. 40 
(69X yl.ld): Ff 0,4 (.th.r/potrol.w .th.r (20180)); o.p. 64-9 C; II (NuJol) 1720, 1610. 
15’0. 1510 c. ; H MKR (CDCI ) 6 7.20 (dd. 1 H. J - 6.5. 2.2 HE). 7.11 (d. 1 H. J - 2.2 
Hz). 6.6’ (d, 1 H. J - 8.5 Hrj. 6.8’ (d. 1 H. J - 7.7 H.). 6.75 (.. 1 H). 4.31 (q. 2 H. J - 

7.0 Hz), 3.94 (a, 3 H). 3.90 (0. 3 H). 2.64 (0. 3 !I). 1.36 (t. 3 H. J - 7.0 Ha). An.1. 

C.cld for C16H160S: C, 66.20; H, 6.2). louad C. 66.27, H. 6.26. 

Rhyl 2-Etlmxy-S-(3.4+llm tbaypba~yl)-3-furuearboxyl.to (40). the dl.so compound I).. 
.dd.d 0v.r 10 cola to 91~. th. cyc1oprop.n. . . the crud. product. R..rr.nXMnt occurrbd on 
.tt.mpt.d purlllc.tlon by co1um11 chrauto@r.phy rlth .th.rbp.trol.um other (20160) to 91~. 
40 (72Xo~l.~d)t RI 0.2 (.th.r/p.t .th.r 20160). l .p. 59-65 C; II (NuJol) 1660. 1560. 15’0. 
1500 cm , Ii m (COC13) b 7.11 (dd. 1 H. J - 8.3. 2.0 Hz), 7.01 Cd. 1 H, J - 2.0 lit). 
6.85 (d. 1 H. J - 8.3 Hz). 6.70 (.. 1 H). 4.52 (q. 2 H. J - 7.1 Hr). 4.26 (0, 2 H, J - I.1 

Hz). 3.91 (.. 3 If), 3.88 (., 3 H). 1.4’ (t. 3 H. J - 7.1 HZ). 1.34 (t. 3 H. J - ‘.I Hz). 

48.1. C.lcd for CI,H2006: C. 63.74, H. 6.29. lound C, 63.7’; H. 6.31. 
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Rbyl 3-(2-~-S-(3,~~~t~~n~l)-3-lur~~l)-?-pro~t. f&p). The di*ro 

cocllpouad ‘I).. l dd*d ov.r 10 ria *ad ck* crud. product v.. purlfS.d bl colwlo ehroa.t0~r*phy 

with .th.r/p.trol.w .th.r (30~70) . . l olr.a 

(.th.r/p.trol*um l th*r (30:70)); o.p. 107-12 C; IR (HuJol) 1690. 1620, 1570, 1510 cm-‘, ‘H 

(5 to &iv. 4p (SbX yl.ldfr Rf 0.2 

NMR (CDCI,) b 7.54 (d, 1 H. J - 16.0 Hr). 7.12 (dd. 1 W. J - 8.4. 2.1 HZ), 7.03 (d. I H, J 

- 2.1 Hz). 4.01 (d. 1 H, J - 0.4 Hz), 6.33 (*. 1 X), 6.01 (d. 1 tf, J - 16.0 Hz), 4.44 (q. 2 

H, J - 7.1 Ht), 4.23 (q. 2 X, J - 7.1 Ht). 3.93 (8. 3 H), 3.90 (8. 3 H), I.&7 ct. 3 x. J - 

7.1 Hz), 1.32 (t, 3 H. J - 7.1 Hz). In*l. C*lcd for C19H22061 C, 65.08; H, 6.40. round : 

C. 6’5.61: U. 6.M. 

t-P~myl-A-oro-6,6~~tby3-~,5,6,7-t.trrh~ro~n*of~~ (6*). 
10 

Th‘ d lbao compound 

Y** l dd.d 0tl.r 10 ala l nd the crude product w** purifl.4 by colua chratolrrphy rltb 

l th.r/p.trol.um .th. 

(20:80)); ..p. 

8 .* .olr.at to Riv* 6. (27X_fi*id); RI 0.3 1*Cb*r/p*trol*um .th.r 

102-3 C; IR (Nujol) 1600. 1660 cm ; H Ml411 CCDCl3) b ?.67-7.2) (ID. ‘5 H), 

6.89 (*. i H), 2.02 (*, 2 HI. 2.40 (‘, 2 H), 1.17 (*. 6 LI). 

2-(4-~tborfphn~l)-~-o~-6,6-d~tb~3-~,S,6,?-t*tr~~drokntofuru (6b). Th. dloro 
cospouad w** added ovw 10 rin *ad rho crud. product w*. pur1fi.d by column chr0m*togr*phy 

with l th.r/p.trol.um *th.r (2OrEQ) a* l olv.$t to Blv. 6b (IS1 yl.ld): Rf 0.2 
(.tf.r{p.troI.ur, .th*r (20:80)); l .p. 134-I C; II (Wujol) 1670. 1610. lS90, 1500, 1300 

cm- H NW (COCl ) 6 7.30 (d. 2 H, J * 8.7 Hz), 

3.83i(‘, 3 H), 2.8d ( 

6.93 (d, 2 H. J 0 8.7 Hz), 6.7b f*. 1 H), 

75.S3; H, 6.70. 

l , 2 H). 2.40 (*. 2 H), 1.56 (m, 6 H). An*l. C*cld for C,,H1803: C. 

loundt C. 75.31; H, 6.73. 

t-ff,i-DLwth4r)7r~nyi)-4-oro-6,6-d~tbyl-~~5,6,7-t‘tr*bydrokoaofur~ (6~). th. 

dl*ro compound (14. added over IO mln bad th* crud* product w** purlflbd by column 

chromato#rrphy rlth l th.r/p.trol.um .th.r (2g:SO) .e l olv.nt to (Iv‘ be (40X y!tldl: RI 0.1 

(.th*r/p.troi.um .th.r f20:80)1; r.p. 166-50 C; IR (Nujol) 1660. 1590. 1500 cm ; H NW 
(WC1 1 6 7.25 (d, 1 H. J - 2.3 Hr), 7.17 fdd, 2 H. J - 8.1. 2.3 Hz). 6.89 (d, i H. J - 6.1 

Hz.). 2.76 (9, I ii), 3.94 (0. 3 H). 3.90 (0, 3 Hf. 2.61 fr, 2 H). 2.39 (1, 2 H), I.17 (*. 6 
Hf. An.1. C*lcd for C16H200,: C. ll.98; H, 6.71. ?oundr C, 71.91; H, 6.73. 
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