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AlwlwAcT Punctionslfzed csrbocyclic colapounds sre produced by lntr~leculsr Rhsrssch rsdicsl 

cyclizstlon ructions cstslyzed by vsrious transition metal complexes. Severs1 unsstursted mono-a- 

hsloesters snd scids csn bs efficiently trsnsformsd to y-hslocsrboxyl snd y-lsctone csrbocycles vis 

exo closure of s 5-hexenyl type rsdicsl intermdiate. The cyclizstion methodology is useful for 

synthesis of both fused snd bridged csrbocycles. 

Intro&mtiar 

In recent publicstions. we hsve described s new spprosch to highly functionsliced csrbocyclic 

systm which is bssed upon the intrsmoleculsr trsnsition wtsl promoted cyclizstion of unssturstd 

a.a-dichloroesters. scids snd nitriles.’ One representstive exsmple of this mthodolopy is outlined 

in * 1. Trestment of a,a-dlchloroester 1 with s mstsl cstslyst such ss RuC12(PPh3)2 or 

PeC12[P(OEt)513 gives a,y-dichlorosster cyclic&ion products 2e snd 4e in good yield. The rstio of 

2a to 4e is highly dependent upon cstslyst concentration snd resction time, vith 4e being the 

kinetic snd 2e the thermodynamic product. We believe that the catslyst is involved in 

interconversion of epimeric compounds 2e and 4s via carboxylste rsdicsl 3e. If cyclizstion is 

performed with [Cpho(CO)512 and ester 1, a-chloro-y-lsctone 5 is the prixury product. With scid 2 

8s substrate, both the ruthenium snd iron cstslysts produce lsctone 5 in excellent yields, 

presuwbly vis equilibrsting a.y-dichloroscids 2b snd 4b. This Paethodology works eqlvlly well to 

form bridged snd fused polycyclic systems.’ 

Uo have recently been interested in determining whether systems like 1 besring s s-la a-hslo 

group will undergo this cyclizstion chemistry. Although intermoleculsr Rhsrssch resctions2 of tri- 

and dichloroscetstes with slkenes are veil known, 5.4 raono a-chloro esters do not sesm to 

hsve previously been used.’ Ue therefore decided to estsblish experimentslly whether trsnsition 

metsls, in this so-called “redox cstslytic” process, 6.7 could effectively promte ring closure of 

soft olefinic a-hsloesters and acids. Since this eethodology might be of use in complex terpene 

synthesis, we were psrticulsrly interested in exploring the scope snd stereochemistry of these 

cyclizations in s structurslly diverse group of compounds. 
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cycliutim studlu 

Initial cyclic&ion l xpmrimsnts v.r. carrlad out with unsaturated a-chloroscid II, a-chlorooator 9 

md a-braaomster 10, which wmro uaily propared ~8 shown in mq 1. Alkylstion of thm dlanlon of 

2-chloropropxnoic acid (6) with S-brom-1-pontana g.va a-chloroscld 8,gB9 which could be rthylstod 

with dl~rornthma to afford ester 9. Similarly, 2-bromopropanoic acid diwion was alkylatod with 

5-iodo-1-pontma and l storlfiod to ylald a-bromosstar 10. 

1) 2 LDA 
ll+F/HMPA 

6 x-cl 
7 X1& 

6 X-ci.R-H 
0 X-c&R-Mm 

10 X-CR-M@ 

Cycliration l xpariants with 8, 9 and IO wre performad in benrena at 165’C (sulad tube) using 

ssvsral rtal cstslysts md the results are shown in thm Table. Trutnnt of a-chloroaster 9 with 

RuC12(PPh3)3 gave * mixture of cyclopantsnoid a-chloroasters 11 and 12 which raault frca the exo 

closure of A S-hexuryl type radical. 
10 

Lactone 13 WAS produced in ~ullsr amounts along with traces 

of a l inglm endo closure product 14 (atercochristry undotorminod). Very similar results won 

obtained with tha ferrous chlorido/trlathyl phoaphite cstilyst, which was gonersted in situ. 
11 

king [C~MO(CO)~]~ as catalyst, lsrgsr smounts of lsctona 13 uera produced at the expense of 

cis-a-chloroestar 12. With acid 8, uulogow results VW. obaorwd. 

ti steraochairtry of 12 was prover by its AgNO3 induced closure 
i2 to knoun lsctone 13, 

13 uhllo 

epiar 11 did not lsctoniro under tha sams conditions. In general, the ratloa of stsreoisomwic 

products 11 to 12/13 for the different runs were similar and did not vary slgniflcsntly from 1:l. 

lie did find tht overall these cyclirations wore slowr thur the o,a-dichloroastar system shown in 

SC’ 1, probbly due to slaver form&ion of the Initial a-carboxylate-stablllzd radical. 

Cyclizstion of a-bromoester 10 was also investigated. 
14 In this case w avoided chlorine 

containing catalysts in order to olisiruto blogen axchxnge with the products. Using ICpHo(CO)312 

and ?.(CO)5,14 only a-bromoeator 10 and lactone 13 were obtained. With this substrata the 

cyclirstions ware gonsrslly faster thsn with the chlorinated ones. Iiowww. since yields for the 

brow capound vero not signiflcsntly better, the more resdlly svailsbls chloroorters were umd in 

l ubsaquant studies. 

This asthodolopy has bur extended to synthssls of more complox ring syrtems. Acid 19, which was 

prepred by a standard ulonlc eater synthesis (ame kpmrfmtrl Srtlar). was converted to its 
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w Cydbubnr d a-HaboMua #, 10 md a-Citbf8add 0.. 

1 l l?ucl2(PPtQ~3 8.3 132 40 26 

2 10 76.3’ 36 24 
3 Fd&r3$‘(OEt)3c 5.2 37 39 2.9 

4 13 13.6 42 5 [CpMo(cO)& 4.7 49 31 Y 
6 4.9 23 30 4 
7 3 30.6 36 13 

8 8d iw~(wh3)3 4.5 o(r 47 3 
9 FeC&Wf’h$ 4.0 42 2s 3 

10 10 [quD(oo)Jh 4.9 13 31 
11 FWWei 7.3 20 36 

l Rudbruw~runk,k~rrr*lM~((rwUIpwhmLIl(Lalkr) 
b YWS wora drtumtnmt by C&C. AI cmpoundo warn bobtad tn pun km ad ware 

chatutadrprdtriy. 
cc-W-in* 
d AC& pm&am lw. trntad wkh a- CH2N2 before GLC andydo. 
‘altln!g marr*l(24%) Wndmd 

14 
10 5 
16 5 
30 5 
23 5 
27 5 
26 13 

24 
20 4 

21 
31 

dfanfon and chlorinated with CCIA1’ to afford eyclixation substrate 20 (m 2). Cyclfxatfon of 

20 vfth three different catalysts produced the mixtures of bridged 13.2.1.1~y-chloroester 21 and the 
y-lactone 22 shove in the schema. The structure of 21 uaa proven by X-ray crystallography. 

Interestingly, the chloro l pixer of 21 was not found. The ratios of 21122 l ra somawhat variable as 

one chanpes catalyst, but sinca these additions presumably involve “mtal coordlrutsd radicals” 67 ’ 
pet-hap8 these differences are not too surprising. 

It is also possible to use the mthodology for efficient preparation of fused rin6 systems as 

depicted in - 3. T?ae dianion of 2-chloropropanolc acid (6) could ba aIkylated with iodide 23 

to yield, after estcrifieation. cycliaation precursor 24. both the ruthaoium and iron complexes 

induced cyclitation of 21 to cis-fused bicyclic chloroestsr 25 and tricyclic a-lactone 26 in the GLC 

yields shovn in the scheme. 

tUfR couplings and NOX16 

The structure and stereochemistry of 25 and 26 were secured by proton 

l nalysir of purlficd compounds, 

does not lactonitc upon treatment with &NO3 l2 

and by the fact that the former compound 

24 26 26 

FeCI,W(OEt~ (12.6%) t !ih 36% 

E 

23 



Us have demonstr.ted th.t a-monoh.10 estsrs smoothly undergo intr.molecu1.r met.1 proraDt.ed 

rsdic.1 cycliz.tions to sfford s vsriety of function.lired c.rbocyclic systems. The starting 

m.terisls for theso cyclir.tions CM be euily ptep.red vis short, simple synthetic routes. These 

reactions, slthough s0mevh.t slower th.n sioi1.r cyclizstions vith a.a-dichlorocarboxyl.te 

substrstes, 
1 

efficiently provide c.rbocycles of potentisl uss in nstursl product synthesis. We sre 

currently exploring extensions .nd .pplicstions of this methodology. 

Melting points were messured on . Fisher-Johns .ppsrstus md .re uncorrected. Infrared spectrs 

(Ill) were recorded on . Porkin-Bhr model 197 or model 1310 rpectrophotooeter. Proton nuclear 

nugnetic resonance spectrs (lH tNR) vere obt.insd st 60 Hllz on s VPri.n En-360 lMR spectrcemter, st 

200 l4Hz on s Bruker UP-200 instrument md 300 MHz on . Bx-uker Al4 3UO rpectrcmeter. Carbon-13 

nugnetic resownce spectr. (13C WR) vere recorded .t 50 MHz on . Bruker UP-200 inst-t. 

Low-resolution ~ss spectrs (MS) vere obtsined .t SO-70 eV by electron imp.ct on . Kr.tos M9/50 

double-focusing puss spectrornter. Ccmbwtion .n.lyses vere performed by Microtech Lsbor.tories 

(Skokis. IL). Both u1.1ytic.l and prepsrstive thin-l.yer ChroMtopraphy (TLC) vet. performed using 

E. It. lhrck silic. gel PP-254. Plssh chrometogr.phy v.s done using B.ker silics gel (25-40 urn) 

according to the procedure of Still.“l C.s liquid chratogr.phy (GlC) vu dona on . Vuipn model 

3700 inst- t equippd vith . therm.1 conductivity detector using . 6 ft x l/8 in. st.inlus steel 

3X SE 30 on 80/100 Supelcoport column, 10 ft x l/8 in. stsinless steel 10% Carbovu 2OH on 80/100 

Chrcmooorb UAW column, or sn Alltech 10 m x 0.53 m PSOT Superox polyethylene glycol colupn. 

Prep.rstive g.s liquid chrowtogrsphy v.s performed on P Var1.n mdel 920 inst rument equipped vith s 

thermal conductivity detector wing s 5 ft x l/4 in. 10% SP2100 on 80/100 Supalcoport colllmn. High 

performance liquid chrom.togrsphy (RPLC) v.s performed using . Beckmsn 10 IP x 25 cm k Ultrssphere 

calm on s Usters model 590 pump equipped with s R401 differentisl refr.ctomter urd s UK6 

injector. 

Msthyl 2-Chloro-4-(2-cyclobexeay1)-Zmthylbnt.mo.te (24). Butyllithium (7.9 mL of . 1.18)4 

solution in huune. 9.3 asol) v.s .dded to . solution of diisopropylamine (1.4 mL, 1.0 g, 10 -1) 

in 40 mL of dry THP st O°C and the mixture v.s stirred for 40 min. The mixture vu then cooled to 

-78’C Pnd s solution of 2-chloropropmoic acid (6, 0.39 mL, 0.46 g, 4.25 -1) in 5 mL of dry %lIP 

vss .dded dropvisa. folloved by WPA (1.5 mL, 8.6 -1). Ths solution v.. stirred for 10 min and 

2-(2-cyclohsxenyl)-1-iodoeth.ne (23, 1.00 g, 4.24 PPIDO~) in 5 mL of dry THP vu .ddsd. The 

tempersture vss Puintained at -78’C for 1 h Pnd the mixture V.S .lloved to v.rm to 2S°C. W.ter (25 

mL) vu sdded folloved by 5% HCl (25 mL) and ether (50 mL). The orp.nic layer v.s v.shed with 5X 

HCl (4 x 25 mL), brine, dried and evsporated to .n oil which vss purified by fl.sh chromstogrsphy 

(3:l hex.ns-EtOAc) to give 858 mg (93%) of 2-chloro-4-(2-cyclohsxenyll-2-methylbutonoic scid as s 

colorless oil: ‘H lMR (200 MHz, CDC13) 6 10.00 (1H. s), 5.7-5.6 (1H. I.), 5.5 (lH, I.). 2.1-1.2 (118, 

m), 1.75 (3H. s); IR (film) 3010. 2930. 2860, 1765, 1715, 1450. 1280, 1215, 1180. 1125. 1110, 725 
-1 

cm . 
The above unsatursted a-chloroscid (250 qg. 1.15 enol) v.s methylsted at 25’C with M excess of 

M etherarl solution of di.zometh.ne to give .fter purification by flssh chrosutogr.phy (9:l 

hex.ne-EtOBc) 209 mg (79%) of Prthyl 2-chloro-4-(2-cyclohexenyl)-2-methylbut.noste (24) ss a 

colorloss oil which vu . mixture of di..tereomars: ‘H NHR (200 MHz, CUC13) 6 5.7-5.6 (lH, m). 5.52 

(lH, 11, 3.80 (3H. a). 2.1-1.2 (llll, a), 1.75 (3H, s); IR (film) 3020, 2930, 2860. 1745. 1450, 1380. 

1280, 1210. 1175, 1120. 1100 cm-‘. 

2-Chloro-2-ms~l-6-bs@utnic Acid (It). Polloving the shove alkyl.tion procedure, 

2-ChloropropPnoic Acid (6, 0.36 mL, 0.43 g, 3.9 -1) v.s alkyl.ted with 5-bromo-1-pentene (0.46 mLL, 

0.58 g. 3.9 -1) to give, .fter purification by flssh chromstogr.phy (3:1:0.008 hexme-BtOAc-AcOH) 

.nd distill.tion. 0.58 g (84%) of 2-chloro-2-methyl-6-heptenoic scid ((I) .s . yellov oil: bp 85OC 

(<O.l Torr. bulb to bulb); ‘H NlfR (200 hlls ClX13) 6 11.86 (la, s). 5.8-5.7 (ill, 1.1, 5.1-5.0 (2H, ml. 
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2.1-2.0 (4RH. a), 1.78 f3Eur, s), 1.56 G?.E, 1); IR (fils) 3070, 2970, 2930, 1710, 1635, 1455, 1410. 

1380, 1270, 910 cm-l. Anal. Calcd for C8E(1302Clz 6, 54.40; 8, 7.71. lowdr C, S4.40; II, 7.42. 

H&by1 2-2-_14-hs@mmta (9). 2-Chlom-2-rthyl-6-heptenolc acid (8) VU rrthyletsd 

with en excess of an othsrul solution of diaaathane to give, after purification on silicr gel 

(3:t hexane-ltMe)~a 90% yield of rthyl 2-chloro-2-methyl-4-beptmoete (9) u a colorlass oil: bp 

90°C (30 Tom, bulb to bulb) lR WR (200 Hllx, CIKl3) 6 5.8-5.7 flH. m), 5.1-4.9 (ill, m), 3.78 OH, 

s), 2.1-2.0 (4H. I). 1.73 (3H. x). 1.50 (2H. I); IR (film) 3090, 2960, 1745, 1645, 1450. 1270, 920 

m-l. Anal. CIlcd for C91i150.$1: C. 56.70; 8, 8.10. Found: C 56.69; H, 7.93. 

MsfaIyl 2-l&me-2*tby1-6-~~ ( 10) * Using the above aikylation procedure, 

Z-bromopropenoic acid (7, 0.22 mL, 2.4 ml) was l lkylated with S-iodo-1-penteae (100 q, 0.51 

-1). The crude product VU methylsted with en excess of ethrul diasathana to give after 

purification by flash chrcmstopraphy (9tl hexme-BtOAc) 56 vg (46%) of rthyl 

2-bromo-2-methyl-6-heptutoate (10) as s colorless oil: bp 64OC (to.1 Torr, bulb to bulb)r ‘H NM 

(300 Mllz, CDC13) 6 5.8-5.7 (ill. ml, 5.1-5.0 (ZB, a), 3.80 (38, 8). 2.2-2.1 (4li, ml, 1.90 (38, s), 

1.6-1.4 (28, v); IR (film) 3080. 2950, 1740. 1640, 1440, 1265, 1240, 1205. 1175, 1160 m-l. 

3-~3-cyclo#nxmayi)-2~l~ ic Acid (19). A solution of NeOgt was prepared by addition of 

Ns ate1 (0.506 gt 22.0 mol> to l bsoluta ethanol (16 al.) at 0°C under argon. Aftor the sodiu hd 

dissolved, the solution vu alloved to warm to 25’C, end diethyl msthyluloneta (3.8 rt, 3.8 g, 22 

mol) vas edded dropvise. 18 T’he mixture was stirred for 15 min. follomd by drapviss addition of 

(3-cyclohexenylf-iodomethmae (4.42 g. 20.0 -1). The solution ves refluxed for 3 h snd the solvent 

v** cvsporitnd in vacua. Tbs residue was diluted with vstsr (40 mL) end extracted with RtOAc (3 x 

40 !xL). The orgsnlc oxtract vas vmhsd with brine. dried vlth N%S04 snd cveporeted to s yellow 

oil, which vas purified by flssh chrcutogrsphy (PStS hexsnc-gtOAc) snd then dimtilled (135-140°C, 

(1 Torr. bulb to bulb) to give 4.35 g (81%) of diethyl 3-(3-cyclohexenyl)-2-methylpropanoeta-2- 

cerboxylste .I A colorla88 oil: ‘II HMR (200 HlIx, CDC13) 6 5.6 (28. I), 4.13 ($8, q, J - 7.1 Hz). 

2.0-1.5 (PH. I), 1.40 (3H, a), 1.21 (MI, t. J - 7.1 Hz); IR ffils) 3030. 2990, 2930. 2840, 1735, 

1470. 1450, 1380, 1270, 1250, 1190. 1115, 1050, 1030, 860. 660 cm-l. 

The &ova disstcr (21.65 g, 80.9 prrol), LiCl (6.87 g. 0.162 ml), LMSO (300 mL) and vstar (3 mL) 

were refluxed for 21.5 h.19 The rixture ves added to ‘12 0 300 QL) and was extracted with a solution f 

of gt20:gtOAc (2:l. 2 x 300 BL). The orpsnic lsyer was washed vfth brine, dried with Re2sO4 end 

svaporatod to l dark oil which was flltared through silica gel aluting with 9Sr5 hsxano-BtOAc to 

remove polar material. The filtrste vas eveporeted luving l ye1lov oil which vss distilled 

(91-9S°C, tl Torr) to give 14.05 g (88%) of the monowter as e light yellow oil: lFl N!lR (200 Pax, 

CDC13) 6 5.7 (2H. rf. 4.13 (2H, q, J - 7.1 Hz). 2.6 (ll?, I), 2.1-1.2 (Pll, ia), 1.25 (3ll. t, J = 7.2 

Hz), 1.17. 1.13 (38, s): IP (film) 3020, 2980, 2920, 2840, 1735, 1460, 1380, 1255, 1195. 1165, 1030, 

1100, lcu30, 1050. 1030. 660 am-1. 

This ester (2.71 g, 13.8 rol) was added to a solution of KOH (1.39 g, 24.8 -1) in 95% ethsnol 

(180 mL) end the mixture vas refluxed for 3 h. Host of the ethanol vex evaporated in vecuo snd 1120 

(15 mL) vu added to the residue. The mixture was acidified with St lf2S04 and wax extracted with 

EtOAc (3 x 70 ML). The extract was veahed vIth brine, dried with Ns2s04 and avaporeted. Acid 19, 

which was a rixura of diestereomsrs, wee distilled (80%. (1 Tow. bulb to bulb); ltl mR (200 mix, 

CDC13) 6 9.23 (Ifi, s), 5.7 (28, r>, 2.6 (la. a). 2.2-1.2 f9R. 1). 1.21, 1.18 (3if. .e)t IR (film) 

3025. 2975. 2925, 2825, 1710, 1650, 1460, 1440, 1420. 1380. 1290, 1270, 1240, 1230. 1200 cm-‘. 

Ifethyl 2-~-3-(3-cycl~l)-2~1-~ (20). Butyllithiu (21 mL of e 1.6 H 

solution in huane, 34 -1) vss sdded to s solution of dllsopropyluine (5.6 ML. 4.0 g. 40 mol) in 

30 I& of dxy TIP st 0°C snd tha mixture vu stirred for 40 min. The LDA solution ves coolad to 

-2S°C end e solutfon of 3-(3-cyclohuenyl)-2-mthylpropenoic rid (19, 2.53 g, 15.0 ml) in 30 ML 

of dry W was sdded dropvise. The l o1ution vas vernd over 1 h to 500~ and mmintalned l t this 

tmapmrmture for 7 h. Thm mixture vms cooled to -78OC mnd cmrbon tatrmchlorfdm (7.2 iL. 12 g, 75 
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-1) in 30 mL of dry TKF vu .dd.d r.pidly. The 8olution Y*. .llcud to w.rm to 2S°C 0-r ..v.r.l 

hour., Y.. coold to O’C. ridifid vith 1 N RCl, .nd utr.ct.d with .th.r (4 x 100 at). Th. 

combin.d .th.r .xtr.ct w.s w..hod with brine, dri.d with Na2S0,, and avaporatod. The crude product 

YU fir.t di.til1.d (80°C, < 0.1 Torr, bulb to bulb), thar furth.r purifid by fl..h chroutogr.ph 

(8.5:l.S; 7:3 h-a-gt0Ac) to give 1.90 g (63X) of 2-chloro-3-(3-cyclohonyl)-2-~thylprop.noic 

.cid . . ymllow oil: ‘R WR (200 )BIt) 4 5.61 (2li. m), 3.77 (38, I). 2.1-2.0 (SH. a), 1.78 (3A. . 

1.7-1.2 (48, ml; Iii (film) 3030. 3000, 2920. 2850, 1745. 1455, 1440. 1300. 1270, 1240, 1215, 1185, 

1120. 1105. 660 cm-l. 

‘Y 

1. 

The .bovc .cid Y.. m.thy1.t.d .t 25’C vith .n .xc... of .th.r..l di.corth.n. to give, .ftar 

purific.tfon by fl..h chrca&ogr.phy (3:l h-a-BtOAc). . 90X yiald of wthyl 

2-chloro-3-(3-cyclohu.myl)-2-athy1prop.no.t. (20) .s . oolor1.s. oil which “.. . rixtur. of 
. 

di..t.r.mr.: ‘li Nat (2oa tar, cDc13) 6 5.61 (2B, a). 3.77 (3E. s), 2.1-2.0 (58, m). 1.76 (3R. .), 

1.7-1.2 (48, I); IR (film) 3030. 3000. 2920, 2850, 1745, lG5, 1440. 1300, 1270, 1240, 1215. 1185. 

1120, 1105, 660 cm-l. An.1. C.lcd for CllH1702C1x C. 61.01; 8, 8.09. Found: C. 60.97; li, 7.91. 

Trmeaitiaa IbrA -tad cycliB.tiom of Ol.fillic a-mloroa tar 24. A mixture of .nhydroos I.C12 

(14.4 mg. 0.114 mol). tri.thyl phosphito (S&L, 56 q, 0.34 ml), rthyl 2-chloro-4-(2-cycloh.x.nyl 

-2-rthy1but.no.t. (24, 209 mg, 0.910 ~01) md dry benz.no (3.2 mL) in . heavy-w.1l.d pyrex tube 

Y.. coo1.d in liquid nitrogm, d.g.a..d by altiplo frrra-th.v cycl.. .t to.1 forr. md . ..l.d 

undor v.cum. The tub. u.. hut.d in .n oil b.th .t 165’C for 15 h with .tlrring. Huul. (3 mL) 

.nd bnc.n. (2 mL) wr. .ddul to the ruction rolution urd the mixture YU filtered through 

Plori.il, eluting with knr.n.rhu.ne (2:3. 20 mL) .nd th.n BtOAc (20 ml.). The tot.1 fi1tr.t. Y.. 

.r.por.tsd to .n oil md purified by fluh chroatogr.phy (9:l hum.-.th.r). GLC yield. of 

product. 25 .nd 26 .r. giwn in Scha 3. D.t. for the purffi.d compound. .r. report.d b.10”: 

H.tbyl 9g-chlmo-2g~lbi~lo[4.3.OJ~ -2a-c.rb0xylat.m (25): colorl... oil; lH rwR (200 

HRz. CDC13) 6 4.0-3.9 (lli, ddd. J - 4.3, 8.8. 9.8 AZ), 3.70 (y1, a). 2.60 (la, m), 2.4-1.3 (llii. m), 

1.37 (3H. s); 
-1 

IR (film) 2960, 2880, 1735. 1460. 1440, 1240, 1210, 1160. 1100 cm ; MS, m/z (ralatiw 

intan.ity) 232 (0.2). 230 (0.5). 135 (loo), 94 (63). 28 (49). No l.ctoru Y.S forpsd when thi. 

compound v.. h..t.ed in . AgN03/A20/dioxuw .olution. 
12 

~-~~1-3,4,~.5.6.7ro,7ba-( )oct.bydroiml.aw~7.l-b.cl-fur.a-2-om (26): mp 53-54OC 

(racry.t.1lir.d froln h.x.n.); ‘ii MR (200 fair, CDC13) 6 4.57 (lH, n), 2.2-2.0 (4H. m), 1.6-1.3 (8s. 

m), 1.29 (3H, ,)I IR (film) 2930, 2860. 1760. 1455, 1260. 1160, 965 cm-‘; MS, m/z (rel.tiv. 

intansity) 180 (0.68). 121 (100). 94 (43). 86 (40). 84 (61). 79 (45). 49 (91); .x.ct m..s c.lcd for 

CllH1602 180.1150. found 180.1135. 

cycliutiam of o-H.lonta. 9. 10 amd a-Chlomacid 8. U.ing th. gsn.r.1 procodur. for 

cycliz.tion of 24, the.. compound. WT. cyc1it.d with th. c.t.ly.ta &own in the Tabh. Uns.tur.t.d 

chloro..t.r 9 .nd chloro.cid 8 (followed by tra.trmnt with di.rmthna) produc.d th. cyclic ..t.r. 

11. 12. 14 and l.ctonc 13. The crud. mixture Y.. l .p.r.tod by prep.r.tiv. TLC (95:s h-a-.th.r) 

to provti pure l.ctone 13. Th. mixture of cyc1ir.d .ators 11. 12 .nd 14 v.. thsn .ep.r.tsd by EPLC 

(95:s hsun.-EtOAc). D.t. for the purified products .r. listed blou: 

lbtbyl trml.-2-@ka.tbyl)-l-mtbyc@ opat.a.-1-carboxyl.tm (11): color1.s. oil; ‘H NHR (200 

PMZ. cDC13) 6 3.68 (3H. 8). 3.61 (lH, dd. J - 6.9. 10.7 Rz), 3.42 (lg. dd, J - 8.4. 10.7 b). 

2.8-2.6 (IA. n). 2.2-2.0 (2B. I). 1.8-1.4 (4B. n). 1.12 OH. s): IR (film) 2970, 2890. 1730. 1440. 

1265,. 1205, 1155, 1130 cm-l. No re.ctian occurrai when thi. coqaund Y.. ho8t.d with 
AgN03/H20/diox.ns. 12 

lm.byl cis-2-(chl- ~l)-ll~lc~l~tra-l-urbarl~tr (12): 

c010r1.s. oil; ‘H m (200 Wk. CDC13) 6 3.68 (3H. s). 3.66 (lH, dd. J - 6.0. 9.5 lit), 3.38 (1R. dd. 
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J - 9.2. 10.7 Hz), 2.1-1.6 (78, 1). 1.32 (38, 111s IR (film) 2970. 2880, 1735, 1458, 1210. 1160, 1125 

cm-l. I.actom 13 ‘(i.s produced when this coepound was heated with A#03/I120tdioxaue.12 

ci~-I-~l-3-arr-2-~~0[3.3.0]~ (13): bp 80°C (30 Tort, bulb to bulb); ‘R IQIR (200 

KlIz, CDC13) 6 4.43 (Hi, dd. J = 8.0, 9.4 Rz), 3.94 (1H. dd, J = 3.5, 9.4 IIz). 2.5-2.4 (la, m), 

2.2-1.5 (68, x), 1.37 (36. s); IR (film) 2970, 1770, 1455, 1380, 1130 u-l; KS, I/L (reIettv8 

intensity), 140 (2.7), 86 (401, 84 (621, 81 (42), 49 (100) ; exact ws c&cd for C8H1202 140.0848, 

found 140.0859. 

Mathy 3-taloro-l-rtlt7cyclobuauo- I-CuboxyIA~ (14): colorles8 oil; III )1IIR (200 HIIZ, cIlc13) 6 

4.2-4.0 (III, n). 3.69 (3l.I. 8). 2.3-1.4 (BE, ml, 1.22 (38, II)I IP (fllx) 2960, 2870, 1735, 1460, 

1290, 1265. 1200, 1120 u-l; Its n/z (ralrtive intensity) 192 (0.6), 190 (2.4). 95 (7s). 84 (621, 49 

(100). 28 (96). 

a-Brcwo-aster I8 from tb cyclizatfon of unsaturated a-btcaastar 10 was purffiod by preparatfvs 

GLC it 160°C. Data for this produat are listed below: 

I&thy1 tra8-2-(BxommD thyl)-l-rthyloyclopa~-l-oa&myIati (18): colorlw6 oil? ‘H tM (200 

KRz, CDC13) 6 3.69 (3H, s), 3.48 (IH, dd, J * 6.3, 9.7 IIs), 3.25 (HI, xl, 2.8-2.6 (HI, m), 2.2-2.0 

(‘If; 01, 1.8-1.5 (4R , o), 1.09 (311, sit IR (FiIm) 2985, 2880, 1730, 1440. 1270, 1200, 1150, 1120 

cu . No ruction occurred wharf this coupoond was heated with AfNo3/l120/dioxana. 
12 

Cyoliutica of a-Chl0rut.a 20. Using the procadurs for the cycliration of 24, coxpound 20 VW 

cyclized with the catalysts shown in b 2. Products 2l and 22 were isolated by succusiva flash 

chtcemto8raphy (7:3 tixane-ether, followd by 3rl hexane-I&Ok). Oata for th0st pure products are 

listed below: 

IwbyI ao-3-chlm- t~~~b~~lo[3.2.lloctrr~o-l-~r~~~ (21): xp 54-55OC 

(recry~t~lll~~ fr hexane); ‘R MfR (200 Elffrc, CDCl3) 6 4.39 HI, 8). 3.68 (38, 61, 2.8-2.7 (2H, nf, 

2.3-1.3 (8R. ml. 1.35 (38. s); IR (film) 2950, 2880, 2870, 1735, 1470, 1435. 1270, 1240. 1200, 1170, 

1155, 1125, 1115 cm-*; l3 c MR (50 hlk, cDc13) 6 178.4, 60.0, 52.4. 52.1, 49.1, 37.6, 34.0. 33.2, 

28.0, 27.7, 19.1; MS, n/o (relative intensity) 218 (131, 216 (42). 121 (66). 101 (100). 80 (52). No 

lactono was formed vhan this coxpound was hoatsd with AgN03/R20/dioxum.12 

cry&al stnmwlrm ntiap of a-chlcnwa8tu 21. Crystal data: C11R1702Cl, U - 216.71. 

Monoclinic. P21/c, a = 6.820 (5). b - 20.314 (5). c - 8.142 (21 A, 6 - 100.19 (3)‘, V - 1110.1, 13. 

Z-4,D c - 1.30 8 cm -3, P(OO0) - 464, !&~l(u radiation. X - 0.71073 A, u = 3.15 cm-l. Accurate cell 

dimensions and a crystal orientation srtrix were dotorxined OR an Enraf-Ronfus CAD4 diffractoxetar 

by a lea& sqruros refineant of the setting angles of 15 reflections with 8 in the range 10-15’. 

Intensity data were collected by the w/29 scan method using Ponochromatizad radiation in the range 2 

< 9 < 27’. The intensities of three raflactions. chosen as standards, were monitored at regular 

intervals and did not show any decay of crystal during data collection. Intensities of 2418 unique 

rcflactions were xruwured, of which 1626 had I > 30(I). and ware used in the structure solution and 

raf inemnnt. Data wsra corrected for Lore&e and polarization factors and for empirical absorptIoni 

maximm and ainimm correction factors bins 0.9995 and 0.9835 respectively. Tho structure was 

solved by th, heavy atam llrthod. Rsf inuntZo of ths structure was by full-xntrtx least squares 

calculations. initially rlth isotropic and finally with anisotropic t ratwe factors for the 

non-hydrogen atolU which ware included in tha subseqwnt cycles of rsfinarcnt with isotropic the-1 

parurterr . Rafinamnt convargad with R - 0.041, Ru - (XwA2/lTo 2 l/2 ) = 0.061. and S = 2.34. In the 

rafineaumt cycles, wsiphts were derived fra the counting statistics. Scattering factors wars those 

of Cramer and knn21 and Stewart, Dwidson and Simpson 22 
, and silwsnca vu made for an~lous 

dispsrsion.23 A differone* up calculated at tba conclusion of tha refinaunt had no chuically 

significant faatura*.24 
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~~~1-2-orrtr1~~5.2.1.04'91~-3-~ (22): colorless oil; Gi LPIR (200 mz. CDCl,) 6 

4.8-4.7 (HI, I). 2.57 (lH, dd, J - 4.6, 9.1 Hs). 2.30 (la, m). 2.0-1.4 (8H. a). 1.27 (3H, s)r IR 

(film) 2940, 2860, 1765. 1260. 1150, 1110. 980. 800 cm-'; MS. m/r (relative intensity) 166 (5). 93 

(100). 84 (501. 49 (771; exact Y)S calcd for 166.0944, found 166.0992. C10H1402 
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