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Abstract: (7B*)-7-Methyl-7-vlnyl bicycloC3.2.0lhept-2-en-6-one was condensed 
with several chlral cyclopentenylllthlum reagents for the purpose of assaying 
the dlastereoselectfvtty of this coupling. Due to ring strain, the alkoxfdes 
that are formed spontaneously undergo anfonlc oxy-Cope rearrangement. The 
inftlal dfastereoselectlvlty is thereby incorporated into addltlonal stereo- 
genlc centers. The mechanlstfc details of the two steps are dfscussed. Al- 
though the resultant dlastereoselectlvlty Is low, ft fs shown that polycycllc 
networks with as many as nine asymmetric carbons can be cleanly elaborated In 
very few steps. 

Organic chemists are we1 1 acquainted with Cram’s rule,’ Felklnrs ru1ep2 and other theoreti- 

cal treatments3 relevant to the real lzatlon of relative asymnetrlc induction In nucleophil Ic 

1,2-additions to a carbonyl group. These examples have invartably fnvolved substrates where the 

carbonyl carbon Is specifically posltloned hmmdtately adjacent to a chfral center. An attempt to 

achfeve Cram-like stereocontrol In a systm where the two sites are separated by an intervening 

double bond as In 1 resulted in greatly reduced or negligfble dfastereoselectlon.4 

Recently, we reported that norbornenone 3 (R = Rr = CC?+), so constructed that nucleophfllc 

attack at C=O is totally Impeded from the exo surface,’ can become highly diastereoselectlve 

toward certain cyclopentenylcerlum reagents.’ Comparable behavior Is observed when other apical 

substltuents (R Rr # 0CH3) are present7 The 16:l ratlo of 4 to 5, realized In tetrahydrofuran 

solutfon at -7@‘C, Is fllustratfve and points up the fact that klnetlc resolutlon would be 

eminently feasible If one of the reagents were In honochlral condltlon. 

t 
This paper Is dedicated to Professor Hans Wynberg on the occasion of hfs 65th blrthday and 

retirement as Professor of Organic Chemistry from the Unlverslty of Gronfngen. As a man of great 
sclentlflc vlslon and enormous enthusiasm, Hans has been a prime force fn the fundamental develop- 
ment of several Important areas, perhaps most notably that of asymmetric induction. We wtsh him 
well In the years ahead. 
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The transltlon state model tentatively advanced to account In consistent fashion for the rlde- 

ranglng dlastereoselectlvity ratios deterslIned for 3 Is Intimately linked to the Biirgl-llunltz 

trajectory model6 and the conformatlonal rlgldlty of the norbornenone framework. The spatial re- 

latlonship of the &Y-double bond and the carbonyl carbon in 3 Is deflned wlth virtual inflexl- 

bi 1 Ity. As a consequence, the approaching organometalllc must cope ulth non-molllfiable sterlc 

barriers as bonding Into the carbonyl group Is lnltlated, particularly If molecular stacking Is 

relevant.‘#’ 

One test of thls hypothesls resides In the examination of ketones rhere the &Y-double bond Is 

confonatlonally mobile and does not share with 3 a highly restricted topography. The purpose of 

thls paper Is to describe results derived from the examlnatlon of (7p)-7-methyl-7-vinylbicyclo- 

C3.2.01 hept-2-end-one (61.’ This readlly available blcycllc compoundlo exhlblts a strong klnetlc 

bias for nucleophlllc capture from Its exo surface. Addltlon of cyclopentenyll lthlum to 6 has 

prevlously been shown to eventuate In spontaneous oxyanlonlc Cope rearrangement wlthln 7.11 The 

substantive relief of ring straln leads stereospeclflcally to enolate anion 8, which can be 

methylated to provide 9, a functlonallzed pll-a-dlcyclopentaC~9lcyclooctane related to the 

ophlobollns, ceroplastols, and fustcocclns. 

Results 

The cyclopentenyll Ithlum reagents utll lzed herein were made available by the action of Wzl? 

butylllthlum on the vinyl bromides, which in turn were prepared by Shaplro degradation of the 

ketone tosylhydrazones followed by quenching with cyanogen bromide as previously descrlbed.“12 

Addltlon of 1.5 equlv of 10 to 6 in tetrahydrofuran solution at -7@C led to a 1.65:1 mixture of 

11 and 12 whtch were readlly separated by sll lea gel chromatography. Al though the 300 MHz ‘H NMR 

spectra of these ketones In COCl3 are dlstlnctively dlfferent (Table 1). no clear-cut stereoche- 

mica1 differentiation could be made between these dlasterecmers. Recourse to X-ray crystal 1 ogra- 

phlc analysis of 11 conflrmed the anticipated all-cls stereochemistry of the four rlng juncture 

sites and established the anti relationship of the sp3-bound methyl and ethyl groups to these 

tertiary hydrogens (Figure 1, Table III. 
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Figure 1. Diagram for 11 as derived by X-ray crystal structure 

analysis (courtesy of Y.-L. Hsu, The Ohio State University). 

When the 4lnethyl group was deleted as in 13, coupling to 6 proceeded preferentially along the 

same course to give 14 and 15, although with diminished diastereoselectivity (1.06:1). In this 

case, the Individual assignments to the tricyclic ketones are based upon comparison of the in- 

dividual 'H M4R spectra (Table II. 

14 

The capacity of this methodology for the rapid construction of intricate polycyclic networks 

with good stereocontrol is illustrated for the bicyclo~3.3.D1octenyllithium reagent 16. Conden- 

sation with 6 under identical condltfons afforded 17 and 18 In 06% yield and a diasterecmeric 

rat10 of 1.43:1. Once chromatographic separatlon had been achieved, 17 and 18 were lndividually 

I 
I. LiAIH, 

2 MCPBA 

HO 
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reduced with very high stereoselectivity to thefr a-alcohols wtth ltthtum aluminum hydride. 

Indtvldual treatment wtth m_chloroperbenzolc acid gave 19 and 20. Avatlable In only three 

steps from 6, these products contatn ~j.6~ conftguratlonally deflned stereogenlc centersI 

seven of which are clustered on the central cyclooctane ring. Ftgure 2 Is a three-dtmenslonal 

view of the beautlfully crystalltne 29 as established by X-ray methods (Table II). 

Ftgure 2. Dtagram for 26 as dertved by X-ray crystal structure analysis. 

(courtesy of J. Troup and P. Swepton, Molecular Structure Corporatton). 

Progresstve contractton of the non-functfonalfzed ring in 16 1s recognized to have a 

deleterious effect on dtastereocontrol when 3 Is tnvolved.6’7 In the present sttuatton, some 

dropoff Is also encountered. However. no widely varytng response matertal tzes, probably because 

partitlontng between the transitton states leading to 17 and 16 ts already relatively closely 

bal anced. At the expertmental level. blcyclo~3.2.0Iheptenyll tthfum 21 furnished in 60% yield the 

patr of trtcycllc ketones 22 (46%) and P (34%) alongside 9% of a third substance tentattvely 

ldentlfted as 24. Stnce the relattve stereochemtstry of 23 was ascertained beyond doubt by 

crystal structure analysis (Ftgure 3, Table II), the three-dimensional topology of 22 can be 

assumed as establfsed wtth reasonable confidence. Its ‘H NMR spectral features (Table I) provtde 

additional corroboration. 

b 
Figure 3. Three-dtmenstonal structure of 23 as determtned by X-ray analysis 

(courtesy of G. Wtlllams and A. Syed, Enraf-Nonlus Corporation, and J. C. 

Gallucct, The Ohio State Untverstty). 

Our concluston that 24 ts dertved from the same stereochemtcal series as minor dtastereomer 

rests on two points, one spectral and one mechantstlc. The general features seen In the ‘H NMR 

23 

spectrum of 24 most closely resemble those exhtbtted by 23. Unfortunately, all attempts to induce 

eptmertzatlon tn 23 either returned unchanged starttng matertal or tnduced deccmposttton (more 

forcing condtttons). From the mechantstlc standpoInt, klnettc protonatton of 2% the enolate 
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anion precursor to 23 can be seen to experience a reasonable level of steric impedance to syn 

protonation. Consequently, delivery of a proton from the anti direction becomes kinetically 

competitive. Our examination of Dreiding models revealed that the steric congestion just 

referred to is abated in the bicycloC3.3.0loctyl and bicycloC3.1.0lhexyl analogues of 25. 

However, steric blockade is heightened when the eastern sector becomes norbornyl. This latter 

phenomenon is speciflcally addressed below. The dlastereomer ratio 22/(23 plus 24) was deter- 

mined to be 1.35:1. 

Where vinyllithium 26 was concerned, only 27 and 26 were isolated (94% combined yield) in a 

ratio of 1.36:1. The constancy in diastereoselectivity seen for 16~ 21, and 26 Is noteworthy. 

,fz. 
THF + CK - H, 

At this point, attention was given to 2-norbornenyllithium (29). Because the two surfaces of 

this nucleophilic reagent hold the greatest steric similarity of those presently investigated, a 

near-equitable distribution of tetracyclic ketonic products was anticipated. Once 1.2-addftion 

and oxy-Cope rearrangement occur to provide enolate anion 30, exo protonation to deliver the 

trans-fused product 32 should be overwhelmingly favored due to obvious steric accessibility. One 

consequence of this kinetic control Is trans-locking of the eight-membered ring. On the other 

hand. the diastereomerically related enolate 31 is subject to different steric demands. The site 

immediately adjacent to the enolate carbon now projects the unwieldy substituent in the endo 

direction. Exo protonation delivers the all-cis product 33 where the endo surface of the nor- 

bornane ring engages in serious nonbonded interactions with the cyclooctenone ring. To the extent 

that the transition state for exo proton transfer reflects this steric congestion. endo protona- 

tion leading to 34 will compete. 



4996 L. A. P~otisns et al. 

5 
THF, -78°C 

In pofnt of fact, condensation of 29 with 6 under the usual conditions followed by chroma- 

tography led to the isolation of 32 (35X), 33 (15X), and 34 (23%). Ketones 32 and 33 were Im- 

mediately subjected to X-ray analysis (Table II) and their three-dimensional structures are dls- 

played In Figures 4 and 5, respectively. The crystalllnlty of 34 proved less good and its epl- 

merlc relatlonship to 33 was deduced solely on the basis of ‘H NMR spectral comparisons (Table I). 

Accordingly, the diastereoselectlvlty observed during initial lr2-addition to the carbonyl group 

In 6 Is 1.09:l. As before, efforts to effect eplmerlzatlon in the series 32-34 were unsuccess- 

ful owing to decomposition of these materials In the presence of standard acids and bases. 

Figure 4. Three-dimensional 

(courtesy of N. D. Jones, J. 

Company). 

structure of 32 as determlned by X-ray analysis 

K. Swartzendruberr and J. 6. Deeter, Eli Lilly 

The hydride reductions of 22, 27, and 28 proceed stereospeclfically via attack from the S-face 

of the carbonyl group. Subsequent treatment of these cralcohols with m_chloroperbenzotc acid 
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eventuated in the clean production of the pentacycllc tetrahydrofurans 35-37. Thus, the dlaste 

reoselectlvlty realized in the initial lr2-carbonyl addition can readily be parlayed into the 

controlled elaboration of numerous additional chlral centers. 

9 

Figure 5. Structure of 33 showing its relative stereochemistry as determined 

by X-ray analysis (courtesy of N. D. Jones, J. K. Swartzendrubert and J. B. Deeterr 

Eli Lilly Company). 

DisclJssslon 

While it is not possible at present to calculate reaction trajectories in systems as ccnn- 

pl lcated as those involving 6,13 existing approximations do allow a reasonable reaction proflle to 

be developed.14 Thus, it is generally assumed for reasons extensively detailed elswhere3D8’13’14 

that nucleophllic attack on the n system of a carbonyl group custanarlly occurs from above or 

below and slightly to the rear of the carbon atom. The question is simplified where 6 is con- 

cerned since the concave surface of its carbonyl is sterlcally blockaded to an extent adequate to 

prevent nucleophll ic capture from that direction. On this basis, the modest dlastereoselectlvlty 

uncovered above very likely owes its orlglns to a substantive decrease in the level of nonbonded 

interactions generated between the enantlotoplc faces of the approaching cyclopentenylllth1um 

reagent and the convex surface of the ketone. 

For bonding to 6 to occur with a mlnlmal amount of dlfferentlal sterlc encumbrance, the vinyl 

group must be oriented away from the area directly above the cyclobutanone surface. This state of 

affairs is reflected in transition state models 38 and 40, where restraint on the rotational 

orlentatlon of the cyclopentenylllthlum reagent is not at all intended. What is clear from the 

data Is that the lessened steric bias arlsing from the conformational mobility of the vinyl group 

(compare 3 where this is not possible) and the greater reactivity of cyclobutanones relative to 5- 

norbornen-2-ones combine to compromise the difference in energy between these diastereotopic 
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transltlon states, thus lowering the ratlos of 39 to 41. The blas unquestlonably lies In favor of 

39, thls evidence lendlng credence to the stacking nmdel orlglnally proposed.6'7 

A second important conslderatlon leads to lnslghts Into the transitlon state energetlcs of the 

ensulng anlonic oxy-Cope rearrangement. Irrespective of the speclflc conformatlons that are 

adopted Inmediately followlng bondlng to the carbonyl , some reallgnment of the relatlve spatlal 

orlentatlon of the n bonds needs to be implemented prior to expanslon of the fourmembered ring. 

The two plausible structural arrangements, both boat-shaped, are Illustrated In 42 and 45. Elec- 

tronlc reorganlzatlon vla 42 is coerced to proceed vla 43, formally a m-1,5-cycloocta- 

42 

dlene. Thls reactlon course Is certain to be more energy-demanding than the cIs~cls optlon glven 

by 46. Its operatlon can be dlscounted since the relatlve stereochemlstry of the three stereo- 

genlc centers that become flxed about the elght-membered rlng (see 44) does not conform to that 

establlshed by X-ray crystallography. On the other hand, passage vla clsold 46 to 47 accords 

fully ulth the experlmental observatlons. 

It should be clear that some progress has been made In the deslgn and appllcatlon of doubly 

dlastereoselectlve nucleophlllc addltlons to 6,Y-unsaturated ketones.15 Although appllcatlons to 

klnetlc resolutlons16 and to natural products syntheslsl' have been made, much remains to be ac- 

compllshed. We hope to be in a positlon to report In more detail on this area of stereocontrol at 

a later date. 

Experlmetrtal Sectloe 

Condensation Invol vi 
“9 

5-Ethylcyclopmtenyl1lthlur To a magnetically stlrred solutlon of l- 
bromo-5-ethylcyclopentene (426 mg. 2.43 nm+olI In 15 mL of dry tetrahydrofuran at -76'C under 
argon was added m-butylllthium (4.86 rmnol) durlng 5 mln. The mlxture was stlrred at this 
temperature for 15 mln, allowed to warm slightly for 5 mln, and retooled to -78'C. Ketone 6 (237 
mg, 1.60 ,mnolI In 6 ml of the same solvent was Introduced durlng 5-10 mln, stirred for 1 h, and 
treated while at -78OC with l-2 ml of saturated sodium bicarbonate solutlon. The products were 
extracted into ether (3 x 35 ml) and the combined ethereal phases were washed with brlne (35 mL)r 
dried, and concentrated. Medium pressure llquld chromatography (MPLC) of the residue on slllca 
gel (elutlon with 2% ethyl acetate in petroleum ether) gave 154 mg (40%) of pure 14 and 146 mg 
(37%) of pure 15 (ratio 1.06:1). 

For 14: white solld, mp 93-94OCa 'H NMR (300 MHz, CDC13) 6 5.88 (m. 1 H)B 5.58 (m, 1 H). 5.40 
(dd, J = 7, 9 Hz, 1 HI. 4.18 (dt II = 9 Hz, 1 H), 3.67 (q. J. = 9 Hz, 1 H)r 3.09 (tr 1 = 6 Hzr 1 H)t 
2.78 (m, 2 HI, 2.12 (m, 3 H), 1.89 (m, 1 H), 1.81 (m, 1 HI, 1.65 (m. 3 H)B 1.50 (5, 3 HI, 1.28 (me 
2 H), 0.76 (t. J - 7 Hz, 3 HI; 13C NHR (75 MHz, C6D6) ppm 210.03, 139.60, 132.06, 130.51, 123.25, 
61.70, 58.56. 47.92, 46.19, 43.13, 33.28, 30.43, 28.20, 27.04. 24.04, 23.48. 14.01; MS m/z (M+) 
calcd 244.1827, obsd 244.1816. 

An& Calcd for C17H240: C, 83.55; H, 9.90. Found: Ct 83.01, H, 9.91. 

For 15: white solid, mp49-50'C; 'H NHR (300 MHz, CDC13) 5.83 (m, 1 H)t 5.58 (mr 1 HI, 5.38 
(m. 1 HI, 4.20 (d, ,L = 10 Hz, 1 H), 3.78 (m. 1 H)B 2.78 (me 2 H), 2.59 (ddt J_ = 5, 9 Hz, 1 HI. 
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2.43-2.21 (m, 3 H), 2.14 (m. 1 HI, 1.93 (m, 1 Ii), 1.55 (m, 1 HI, 1.55 (s, 3 H), 1.44 (m, 1 H), 
1.25 (m, 2 Ii), 1.07 (mr 1 HI, 0.82 (tt 11. = 7 Hz, 3 H); 13C NMR (75 MHz, C6D6) ppm 212.00, 140.63, 

131.46, 130.02, 122.34, 61.94, 57.69, 48.02. 43.53, 41.431 35.56, 31.76, 30.79, 30.11. 28.69, 
22.94, 12.93; MS m/z (M') calcd 244.1827. obsd 244.1827. 

~bnsatbn Involving a-4-Methyl-5-ethylcyclopentm1yll lthlu The bromide (567 mgr 3.0 
mnol) was converted In the predescrlbed manner with $Q&butyllithium (6.0 nmol) fnto the lithium 
derivative. Condensation with 6 (2% mg, 2.0 mnol) in a total volume of 18 ml of dry tetrahydro- 
furan as before afforded after MPLC (silica gel , elution with 2% ethyl acetate in petroleum ether) 
216 mg (42%) of 11 and 130 mg (25%) of 12 (ratio 1.65:1). 

For 11: white solid, mp 70-72'C; IR (cDC13. cm-') 1705; 'H NHR (300 MHz, CDC13) 6 5.90 (m 1 
HI, 5.59 (m, 1 H), 5.34 (m, 1 H), 4.20 (d, J = 9 Hz, 1 HI, 3.71 (q, J = 9 Hzt 1 HI, 3.19 ct.. 1 = 6 
Hz. 1 HI, 2.77 (m, 2 HI. 2.21-2.00 (m. 5 HI, 1.73 (m, 1 H). 1.50 (s, 3 HI, 1.31 (mr 3 HI, 1.03 (d, 
l= 7 Hz, 3 HI. 0.70 (t, J = 7 Hz, 3 H); 13C NMR (75 MHz, CDC13) ppm 211.17, 139.36, 131.72, 
130.25, 122.99. 61.06, 59.43, 48.55. 45.98, 41.32, 37.95, 33.30, 28.04, 23.15, 19.50. 16.34, 
14.03 (one signal not apparent); MS m/z CM+) calcd 258.1984. obsd 258.1990. 

The X-ray crystallographic analysis of 11 is described in the Supplementary Material. 

For 12: 'H NMR (300 MHz, CDC13) 6 5.77 (m. 1 H). 5.64 (mr 1 H). 5.28 (m, 1 H). 4.14 (d, J_ = 
10 Hz, 1 H). 3.82 (dq. J = 5, 11 Hz, 1 H), 2.90 (m, 1 H), 2.79 (m, 1 HI, 2.69 (m, 1 H), 2.44 (m, 2 
HI, 2.38 (m, 1 H), 2.15 (m, 1 HI, 2.07 (m, 1 H), 1.66 (m, 1 H), 1.59 (s, 3 H)t 1.36 (m, 1 H). 1.17 
(m. 2 H), 0.81 (m, 6 HI; 13C NMR (75 MHz, CDC13) ppm 214.05, 141.83, 130.62, 129.80, 121.06, 
60.10, 54.24, 49.73, 45.60, 39.54, 36.89, 36.77, 33.21, 29.22, 23.59, 22.54, 14.47, 12.90; MS m/z 
CM+) calcd 258.1984, obsd 258.1981. 

Condensation Involving a-l-BlcycloC3.3.01uct-1-enyllithlu Reaction of the bromide (580 
mgr 3.04 ran011 with m-butyllithium (6.08 mnol) and subsequently 6 (296 mg, 2.0 mnol) In 18 mL 
of dry tetrahydrofuran in identical fashion left an oil, MPLC of which (silica gel, elution with 
2% ethyl acetate in petroleum ether) furnished 264 mg (52%) of 17 and 185 mg (36%) of 18 (ratio 
1.43:1). 

For 17: 'H NMR (300 MHz, CDC13) 5 5.84 (m, 1 HI, 5.58 (mr 1 H). 5.32 (m, 1 H), 4.15 (d, J_ = 9 
Hz, 1 H), 3.64 (q. 1 = 9 Hz, 1 H), 3.15 (t. 1 = 7 Hz, 1 H), 2.79 (mr 1 H), 2.68 (m. 1 H), 2.58 (m, 
1 H), 2.38 (ml 2 HI, 2.19 (tq. 1 = 2,.9 Hz, 1 HI, 2.08 (m, 1 HI, 1.92 (m, 1 H). 1.65 (m, 2 H)t 

1.51 (s, 3 HI, 1.58-1.28 (m, 5 H); 13C NMR (75 MHz,CDC13) ppm211.71, 139.44, 131.49, 130.07. 
122.77, 59.50, 58.95, 47.82, 47.15, 44.83, 44.47, 35.57, 33.76, 32.29, 29.30, 28.98, 26.70, 23.04; 

MS m/z (M+) calcd 256.1827, obsd 256.1826. 

For 18: 'H NMR (300 MHz, CDC13) 6 5.80 (m, 1 HI. 5.52 (m. 1 H). 5.27 (m, 1 H), 4.16 (de J_ = 
10 Hz, 1 H), 3.65 (q, 1 = 9 Hz, 1 HI, 2.83 (m, 1 HI, 2.73 (m, 1 HI, 2.65 (mr 1 HI, 2.58-2.27 (mr 3 
HI, 2.19 (mr 1 HI, 2.08 (m, 1 H), 1.82 (m, 2 H), 1.64 (m, 1 H), 1.53 (m, 1 H)t 1.44 (sr 3 H)B 1.25 
(m. 1 HI. 1.12 (dq. J= 2, 6 Hz, 1 HI, 0.98 (m, 2 HI; 13C NMR (75 MHz, CDC13) ppm 213.22. 139.55, 
131.61. 130.05, 122.90, 63.72, 59.53, 47.12, 46.37, 42.03. 39.64, 36.17, 35.07, 34.44, 33.71, 
27.99. 27.33. 22.78; MS m/z (M+) calcd 256.1827. obsd 256.1827. 

Reduction-Epoxldatlon of 17. To a cold (0'0, magnetically stirred slurry of lithium aluminum 
hydride (38 mg, 1.0 mnol) in 15 ml of anhydrous ether was added 17 (216 mg, 0.844 rm~l) dissolved 
in 1 ml of ether. The reaction mixture was stirred for 1 h and the excess hydride was decomposed 
by the slow addition of water. The product was extracted into ether (3 x 35 I&) and the combined 
ethereal phases were washed with brine (35 ml). dried, and concentrated. MPLC on silica gel of 
the residue (elution with 10% ethyl acetate in petroleum ether) afforded 172 mg (80%) of the 
alcohol; 'H NMR (300 MHz, C6D6) 6 5.60 (m. 1 HI, 5.53 (m. 2 HI, 3.90 (d, 1= 12 Hz, 1 H), 3.66 (dt 
J = 9 HZ, 1 H), 2.89 (m, 1 HI, 2.63 (mr 1H). 2.56-2.31 (m, 3 H), 2.29-2.14 (m. 3 H). 2.13-1.90 (m, 
3 H), 1.64 (s, 3 HI, 1.65-1.35 (m, 5 H); 13C NMR (75 MHz. C6D6) ppm 143.18. 132.69, 132.21, 
126.71, 74.08, 54.531 50.04, 49.27, 49.15, 45.87, 44.39, 38.22, 37.29, 33.39, 30.19, 29.20, 27.60, 
23.29. 

To m-chloroperbenroic acid (MCP~AI 139 mg of 82.5% purity, 0.664 mol) and sodium bicarbonate 
(101 mg. 1.2 mnol) in 3 ml of dry dlchloromethane at O°C was added dropwise during 2 min a 
solution of thea-alcohol (172 mg, 0.664 mol) in 1 d of the same solvent. The reaction mixture 
was stirred at O°C for 1 h, diluted with rater, and extracted with dlchlorcmethane (3 x 5 ml). 
The organic phases were combined, dried, and concentrated. The residue was purified by MPLC 
(silica gel. elution with 25% ethyl acetate in petroleum ether) to give 19 in 54% yield; 'H NMR 
(300 MHz, CDC13) 6 5.71 (m, 1 HI, 5.52 (m, 1 HI. 3.96 (d, J = 3 Hz, 1 H). 3.73 (rn, 1 H)t 3.35 (m, 
1 H), 2.67 (m, 2 H), 2.48 (mr 1 HI. 2.38-2.16 (m, 4 H), 1.90 (rn, 2 HI, 1.81 (mr 1 H)t 1.77-1.63 
(mr 3 H), 1.57-1.37 (mr 4 H), 1.27 (s, 3 H), 1.25 (mr 1 HI; 13C NMR (75 MHz. CDC13) ppm 130.63, 
130.12, 91.07, 87.58, 74.89, 53.87, 50.04, 49.63, 49.06, 43.39, 42.65, 41.20, 38.79, 34.73, 30.97, 
28.71, 28.14. 23.20; MS m/+ CM+) calcd 274.1933, obsd 274.1932. 
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Reduction-Epoxldatlon of 18. Analogous reduction of 18 (160 mg, 0.625 amto with llthlum 
aluminum hydrlde (25 mgr 0.650 nmol) In anhydrous ether (15 ml) followed by standard workup and 
chromatography (S102, lD% ethyl acetate In petroleum ether) furnlshed 128 mg (79%) of the - 
alcohol; 'H NMR (300 MHz, C606) 6 5.81 (m, 1 HI, 5.51 (m, 1 H), 5.40 fm, 1 HI, 3.85 (dr J_ - 12 Hz, 
1 HI, 3.69 (dr 1 = 9 Hzt 1 HI, 2.88 fm. 1 H), 2.60 (m, 2 H), 2.45-2.21 (m, 4 H), 2.13 (mr 1 HI, 
2.00 (rn, 1 HI, 1.88-1.73 (m, 3 HI, 1.63 (sr 3 H), 1.57 (m, 1 HI, 1.48 (m, 1 H), 1.38 (m. 1 HI, 
1.28-1.11 (m, 3 HI; 13C NMR (75 MHz, C6D6) ppm 141.60, 132.96, 132.11, 126.64, 77.74, 57.58, 
53.39, 50.09, 45.85, 42.07, 41.51, 40.29, 36.47, 35.38, 34.69. 29.96. 27.03, 24.24; MS m/z (I.!+) 
calcd 258.1984, obsd 258.1987. 

Exposure of the ralcohol (128 mgr 0.495 mnol) to MCPBA (104 mg of 82.53, 0.495 nnnol) and 
sodium bicarbonate (84 mg, 1.0 nwnol) In 4 & of dry dichloranethane gave 69 mg (51%) of M as a 
nhlte solId, mp 144-14S°CI followfng chranatography (SIO,, 25% ethyl acetate In petroleum ether); 
'H NWR (300 MHz, CDCl3) 6 5.72 (m, 1 H), 5.51 (m, 1 HI, 3.92 (br s, 1 HI, 3.79 (mr 1 H)r 3.50 (m, 
1 H), 2.67 (m. 2 HI, 2.47-2.23 (m. 4 HI, 1.98 fm, 1 HI, 1.90 (m, 1 HI, 1.77-1.58 (m. 4 HI, 1.58- 

1.40 (m, 3 H), 1.33 (m, 2 H), 1.26 fs, 3 HI, 1.20 (m, 1 HII 13C NMR (75 MHz, CDC13) ppm 130.40, 
130.07, 91.89, 87.23, 75.69, 56.40, 53.49, 49.71, 49.38, 41.83. 41.62, 39.39, 36.08. 35.33, 33.46, 
32.77, 25.63, 23.93; MS m/z (M+) calcd 274.1933. obsd 274.1945. 

The X-ray analysfs sample of 20 was obtained by recrystallization from ether. The data, which 
are reported In the Supplementary Haterfal , reveal the crystal to be enantlcmerfcally homogeneous. 
The &I,20 of these crystals In CH2C12 was -2.53. 

Condensatlm Involvlrg ~l-6lcyc1d3.ZOlhepteny11lthluc Reaction of the bromide (519 mg. 
3.0 nm101) with m-butyllithlum (6.0 mnol) and subsequently 6 (296 mg, 2.0 mnol) In 18 ml of dry 
tetrahydrofuran as prevfously described afforded after MPLC (silica gel, elution wlth 2% ethyl 
acetate In petroleum ether) a total of 388 mg (8D%) of 22, 23, and 24 (order of elution). 

For 22: 223 mg (46%); 'H NMR (300 MHz, CDC13) d 5.86 (m, 1 HI, 5.56 (m, 1 HI, 5.34 fm. 1 HI, 
4.21 fd. 1 = 10 Hz, 1 HI, 3.65 fq, J = 9 Hz, 1 HI, 2.94-2.68 (m, 6 H), 2.27 (rn, 1 HI* 2.14 (rnr,$ 
H), 1.63 (dt, J= 7, 15 Hz, 1 HI, 1.47 (sr 3 HI, 1.43 (mr 2 HI, 1.25 (dd, J_ = 5, 12 Hz, 1 H); C 
NMR (75 MHz. CDC13) ppm 213.29, 139.60, 131.53, 129.91, 122.76, 62.93, 60.28, 45.78. 42.34~ 39.83, 
37.84, 35.58. 33.59, 27.26, 24.47, 23.32, 22.78; MS %/% (M+) calcd 242.1671, obsd 242.1670. 

For 23: 131 mg (34%); 'H NMR (300 MHz, CDC13) 6 5.81 (m, 1 HI, 5.56 (m, 1 HI, 5.41 (mr 1 H), 

4.16 (dr J = 10 Hz, 1 HI, 3.66 (q. 1 = 8 Hz, 1 HI, 2.83 (m, 5 HI, 2.62 (m. 1 HI, 2.33-2.06 (m, 4 

HI, 1.93 (mr 2 H), 1.82-1.63 (m, 2 HI, 1.51 (st 3 HI; 13C NMR (75 MHz. CDC13) ppm 210.65~ 139.58, 
131.33, 129.89, '122.79, 61.04, 55.18, 48.50, 42.59, 40.91, 40.02, 37.42, 33.60, 30.62, 25.93, 
22.50. 21.88; MS m/z CM+) calcd 242.1671, obsd 242.1669. 

The X-ray crystallographfc analysls of 23 Is described In the Supplementary Material. 

For 24: 34 mg (9%); 'H NMR (300 MHz, CDC13) d 5.86 (m, 1 HI, 5.55 (rn, 1 HI* 5.42 (mr 1 HI, 

4.28 fdt l = 10 Hz, 1 HI, 3.80 (qt 1 = 9 Hz, 1 HI, 3.47 (mr 1 H), 2.99 (m, 2 HI, 2.85 (mr 2 HI, 
2.37 (m, 1 HI, 2.28-2.12 (m, 2 HI, 2.00 (m, 1 HI. 1.94 (dd, J_ f 7, 13 Hz, 1 H), 1.85-1.58 (me 3 H)r 

1.42 (s, 3 HI, 1.28 (mr 1 H); 13C NMR (75 MHz, CDC13) ppm 212.29, 139.02, 131.29, 130.051 124.57~ 
60.90, 57.94, 49.06, 43.24, 42.57, 39.05, 38.32, 31.93, 31.60, 24.84, 21.46, 19.95; MS m/z CM+) 
calcd 242.1671, obsd 242.1669. 

Condensation Involvlng m-l-BlcycloC3.1.Olhexenyl1lthlur. Reaction of the bromide (477 mg* 
3.0 nbnol) wlth m-butylllthlum (6.0 nmol) and subsequently 6 (296 mgt 2.0 mmol) In 18 ml of dry 
tetrahydrofuran provided after HPLC (Si02 , elutlon with 3% ethyl acetate In petroleum ether) a 

total of 427 mg (94%) of 27 and 28 In a ratlo of 1.36:l. 

For 27: 231 mg (51%); ‘H NMR (300 MHz, CDC13) 6 5.73 (m. 1 HI, 5.56 (m. 1 H). 5.29 (rn, 1 H)t 

4.15 (d. J - 10 Hz, 1 HI, 3.69 (m, 1 HI, 2.93 (m, 1 HI, 2.76 (mr 2 HI, 2.21 (m, 2 HI, 1.97 (mr 1 
HI, 1.83 fm. 2 H)). 1.48 (s, 3 H), 1.22 (m. 1 HI, 1.07 (mr 1 HI. 0.37 (m, 1 H), 0.10 (qt J = 5 Hzr 
1 H); 13C NMR (75 MHz, CDC13) ppm 211.82, 139.45, 131.20, 129.67, 122.90, 54.16, 53.09, 49.32, 
39.89, 33.76, 33.10, 28.61, 25.43, 22.57. 14.71, 8.10; MS m/r (M+) calcd 228.1514, obsd 228.1517. 

For 28: 196 mg (43%); 'H NMR (300 MHz, CDC13) 6 5.73 (rn, 1 HI, 5.52 (mr 1 H), 5.42 (m, 1 HI, 
4.12 (d, 1 = 11 Hz, 1 HI, 3.77 (dq, l- 6, 11 Hz, 1 HI, 2.89 (m, 3 HI, 2.68 (mr 1 Hjr 2.32 (mr 2 
H), 2.20 (d. 1 = 13 Hz, 1 HI, 1.73 fm, 1 HI, 1.51 (s, 3 H). 1.05 (m. 2 HI, 0.39 (dd. J = 41 10 Hzr 
1 HI, 0.17 (m. 1 HI; 13C NMR (75 MHz, CDC13) ppm214.81 , 138.72, 130.53, 129.50, 123.52~ 55.34. 
53.55, 48.28, 41.61, 36.74, 30.29, 29.41, 22.23, 22.04, 14.07, 7.331 MS%/% (M') calcd 228.1514~ 
obsd 228.1526. 

condensation Invol vlng 2-Rorltornenyll lthlu Reaction of the branlde (199 mg, 1.15 mn01) with 
m-butylllthlum (2.45 mnol) and then 6 (148 mg, 1.0 mnol) In 14 rm_ of dry tetrahydrofuran 
furnlshed after MPLC (S102, 1.75% ethyl acetate In petroleum ether) a total of 178 mg (74%) of 32r 
33. and 34. 
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For 32: 85 mg (35%) of colorless solid, mp 99.5-100°C (from petroleum ether); IR (KBr. cm") 
1670; 't! NMR (300 MHz, CDC13) 6 5.84 (rn, 1 tl), 5.53, (m, 1 Wt 5.37 (d, 1= 9 Hzr 1 H)r 4.18 (dt 
l= 10 Hz, 1 H), 3.44 (dd, J= 7, 17 Hz, 1 HI, 2.80 (m, 1 H), 2.75-2.62 (mr 2 H), 2.48 (m, 1 HI, 
2.36 (m, 1 H), 2.28 (dq, l= 2, 9 Hz, 1 HI, 2.08 (d. J = 2 Hz, 1 H)r 1.69 (ma 1 HI, 1.54 (mt 1 HI, 
1.46 (s, 3 H), 1.44 (m. 1 HI. 1.34 (dt 1= 10 Hz, 1 HI, 1.30-1.04 (mr 3 H); 13C NHR (75 MHz, 
CDCl3) ppm 213.89, 138.56, 131.28, 130.55. 124.88, 61.07, 60.53, 48.89, 43.26, 42.60, 40.45~ 
36.60, 32.73, 32.42, 31.29, 24.45, 22.02; MS Q/z CM+) calcd 242.1671, obsd 242.1673. 

The X-ray crystallographic analysis of 32 Is detailed In the Supplementary Material. 

For 33: 37 mg (15%). colorless crystals; IR (neat, cm-') 1690; 'H NWR (300 MHz. cDCl3) 6 5.78 
(m, 1 HI, 5.60 (m, 1 H), 5.43 (tr 1 = 9 Hz, 1 H), 4.16 (d, J = 11 HZ, 1 H)s 3.72 (dddr 1 = 4~ 101 
11 Hz, 1 H). 2.97-2.67 (mr 3 HI, 2.48 (dd, J = 2, 12 Hz, 1 HI, 2.38 (m, 2 HI, 2.26 (br s, 1 H), 
2.11 (dd, J = 7, 14 Hz, 1 H), 1.62 (mr 2 H), 1.58 (sr 3 HI. 1.48-1.17 (m. 4 HI; 13C NMR (75 MHz, 
COC13) ppm 212.16, 141.36, 130.93. 129.41, 123.80, 59.51, 50.12, 49.15, 45.49, 39.13, 39.01, 
38.93,36.16, 28.88, 26.15, 22.28, 22.17; MS m/z (M+) calcd 242.1671, obsd 242.1683. 

The X-ray crystallographic analysis of 33 Is detalled In the Supplementary Material. 

For34: 56 mg (23%) of an 011; IR (neat. cm-' ) 1690; 'H NMR (300 MHz, CDC13) 6 5.76 (m, 1 H), 
5.65 (m. 1 H). 5.23 (dd, l= 6, 11 Hzt 1 H), 4.09 (dr d = 9 Hz, 1 ti1, 3.75 (dt1 = 31 9 Hz, 1 HI, 
2.83 (m. 1 HI, 2.74 (m, 2 H), 2.43 (mr 1 H). 2.35 (dd, 1 = 2, 10 Hz8 1 HI, 2.22 (rn, 2 H), 2.04 (br 
s, 1 H), 1.59 (s, 3 H), 1.46 (m. 2 H)t 1.38-1.20 (m, 2 H), 1.10-0.98 (mr 2 H); 13C NMR (75 MHz, 
CDC13) ppm 213.60. 140.81. 130.60, 129.57, 122.24, 62.07, 51.22, 50.20, 44.551 43.76, 37.83, 
37.14, 36.32, 31.69, 31.60, 27.07, 22.23; MS m/r (H+) calcd 242.1671, obsd 242.1656. 

Reductlcm-Epoxldatlo of 22. Treatment of 191 mg (0.748 mnol) of 22 sequentially with L1A1H4 
and MCP8A In an fdentlcal manner to that described above furnfshed 152 mg (85%) of colorless 
crystalline 351 'H NMR (300 MHz. CDC13) 6 5.68 (rn, 1 HI, 5.51 (m. 1 H). 3.83 (m, 2 HI, 3.41 (m, 1 
H), 3.18 (br S, 1 H), 2.86 (m. 2 H). 2.72 (m. 2 H). 2.60 (m. 1 H), 2.28 (mt 2 H), 2.12-1.93 (m, 4 
H), 1.86 (d, l= 8 Hz, 1 H). 1.44 (mr 2 H). 1.35 (dd, J = 6, 12 Hz, 1 H), 1.26 (5, 3 HI; 13C NMR 
(75 MHz, CDC13) ppm 130.46, 129.89, 95.26, 88.11, 74.49, 58.20, 53.21, 50.74. 48.03, 42.50~ 38.41, 
37.54, 37.51, 33.66, 25.61, 23.91, 23.20; MS m/r (M+) calcd 260.1776, obsd 260.1790. 

Reduction-Epoxldatlon of 27. Treatment of 212 mg (0.926 mnol) of 27 sequentially ulth L1A1H4 
and MCPBA exactly as described earlier produced 122 mg (74%) of colorless crystalline 36; 'H NMR 
(300 MHz, CDC13) E 5.68 (m, 1 H). 5.57 (mr 1 H). 3.90 (br s, 3 H), 3.66 (mr 1 H), 2.62 (rn, 2 H)t 
2.29 (m, 2 H). 2.00 (m, 1 HI, 1.93 (rn, 1 H), 1.58 (m, 3 H), 1.25 (st 3 H), 1.17 (rn, 1 HI, 0.88 (mr 
1 H), 0.31 (m. 1 H)t 0.16 (m, 1 H): l3 C NMR (75 MHz, CDC13) ppm 130.70, 130.49, 87.97, 86.87, 
77.84, 54.26, 48.90, 43.711 40.72, 37.82, 34.49, 30.42, 25.21, 24.17, 14.54, 7.94; MS m/+ (M+) 
calcd 246.1620, obsd 246.1627. 

Reduction-Epoxldatlon of 28. Treatment of 173 mg (0.759 nmnol) of 28 sequentially with LiAlH4 
and MCll3A as described above produced 122 ng (90%) of colorless crystalline 37; 'H NMR (300 MHz, 
CDC13) 6 5.68 (mt 1 H), 5.50 (mr 1 H)t 4.11 (ddr 1= 4, 11 Hz, 1 H)t 3.72 (br S, 1 H), 3.03 (mr 1 
H)t 2.85 (m, 1 H). 2.64 (m, 2 H)t 2.31 (m, 4 H), 2.08-1.87 (m, 2 H), 1.65 (d. J = 12 Hz, 1 H), 
1.30 (s, 3 H), 1.16 (m, 2 HI, 1.02 (m. 1 H). 0.35 (m. 1 HI; 13C NMR (75 MHz, CDC13) ppm 130.61, 
129.77, 93.88, 87.36, 74.40, 53.81, 49.31, 47.76, 42.56, 39.37, 37.711 35.87, 24.04, 22.80, 14.71, 
10.65; MS m/r (M+) calcd 246.1620. obsd 246.1627. 
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