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Abstract: The p,r-unsaturated ketonea bicyclo[2.2.l]hspt-2-en-7-one (10) and 
7,7-dimethoxybicyclo[2.2.l]hept-2-en-S-one (15) have been condensed with l- 
metalated trans-l-•ethoxybutadienea (7a or 7b) and 2-isopropenylcyclopentenea 
(8b or 8~). Oxyanion formation within the resulting alcohols is followed by 
skeletal rearrangement at room temperature. Careful product analysis has 
revealed the [3,3) sigmatropic reaction manifold to be folloved almost exclu- 
sively, Only in the case of 13 is a modest amount (48) of formal antarafacial- 
retention [1,3] sigmatropic bridgehead carbon migration in evidence. Conse- 
quently, the structural features inherent to these alcohols are not conducive 
to redirecting electronic reorganization to an alternative isomerizatlon 
process. 

That oxy-Cope rtarrangtmtnta can be strikingly accelerated by prior alkoxide form- 

rlonl 1s nov wall recognlztd. A number of theoretical studies vhich attempt to correlate 

this substitutnt effect with mtchanism have made their appearance. 2 The orbital symmetry 

control available to [3.3] sigmatropic proceaaea3 constitutes the underlying working 

hypochtsis common to all of these investigations. Notvithstanding, examples are known 

where concertedness is clearly by-passed in favor of a kinetically controlled clsavaga- 

recombination alternative. For example, potassium alkoxide 1 is recognized to fragment to 

2, which subsequently experiences an intramolecular nichael ring closure.' This rearrange- 

mtnt is accelerated ma usual, but complicationa #teaming from the relatively large distance 

betveen the r-bond termini end less than ideal s-orbital overlap apparently contribuee to 

non-operation of synchronous six-alactron reorganization. 

The non-concerted nature of the 1 + 3 converafon has led us to consider the posai- 

bility of redirecting the course of thla and allied rearrangmnts. In particular, we have 

considered studying cases vhere the bicyclic framevork is maintained intact while the ole- 

finic sidechain is extended as in 4 and 5. HODBL calculationaS reveal the terminal vinyl 

tDedicated to Professor Edvard C. Taylor on the occasion of his 65th birthday. 
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3140 L. A. PAQLEI-I-E er a% 

carbon in unconstrained 6 to be capable of approaching the proper norborntne sp2-center to 

the extant of only 3.547 1 (sat A), In 5, honologatfon with full 

OH 

J35 / 

1 

planarity along the dicnr 

4 / 
OH 

k 

subunit reduces the distance between the relevant reaction sites to 3.207 i (ate b). If 

rotation is alloved In the ditnt component aa depicted in C, still closer proximity (3.087 

i) can be achieved at the expenss of tome resonance energy. 

A B C 

Adherence by.4 and 5 to a concerted isomtriration pathway van not anticipated because 

symmetry-disfavored [3,5] sigmatropy would be forced upon these systems. Instead, the test 

being proposed vas vhtther the availability of an extended s system as in 4 and 5 could, by 

virtue of a greater potential for proximity, divert the rearrangement pathway otherwise 

folloved by thair lover homologues.6 The alkoxide of 6 most certainly experiences substan- 

tive structural distortion in the transition state associated vith its oxy-Cope rtarrange- 

mcnt. Attempts to oimulata this state of affairs by calculation were not made. Hovever, 

the potential importance of this phenomenon in enhancing proximity and proper orbital 

overlap should not be, and was not, underestimated from the outset. 

Results and Discussion 

The two nuclcophiles selected for this study vere 7 and II. Hstalation of Crans-l- 

methoxybutadiene7 vith curt-butyllithium is recognized to procaed vith rttantion of con- 

figuration at c-1 to give 7a.8 Convarsion of 7a to the dichloroctrium reagent 7b, neces- 

sary to curtail tnolization in the ketonic reaction partner when operative, 6e-g*9 was 

achieved simply by transferring 7a into a dry tttrahydrofuran slurry of anhydrous cerium 

trlchloride. 

To arrive at vinyl bromide Ia, the prevloualy reported trlaylhydrazona 91° was sub- 

jected to the Shapiro reaction. l1 The vinyllithium reagent no formed vas rubssquantly 

treated vith l,2-dibroaotatrafluoroeth.ane.b*12 The eventual formation of 6b and SC vas 

accompliohed as before. 

OCH, 

73, WLi @, X=Br 

b hbC@Q b X=Li 

E, x=csc12 
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The reaction of 74 with bicyclo[2.2.l]hept-2-an-7-one (10) in anhydrous tetrahydrofuran 

provided alcohols 11 and 12 in isolated yields of 65Q and 5%. rorpectively. The ralative 

stereochemistry of these isomerr was deduced by multiple chemical shift comparison with re- 

lated n01acules.~ I%r instance , the 0x0 protons of the ethano bridge in 11 (6 2.13-2.07) 

appear downfield of those in 12 (6 1.89-1.86), uhich ara shielded by virtue of their proxi- 

mity to the unsaturated sidechain. Additionally, the -(heO)C-g- proton of the dienyl 

substituent 1s subject to the reciprocal effect. That is, shielding by the norbornene 

double bond in 11 (6 5.21) causes the proton in question to appear upfiald of the corres- 

ponding signal in 12 (6 5.26). 

In the condensation of gb with 10, anti alcohol 13 was isolated in 608 yield. NO 

attempt was made to obtaln minor component 14 in pure condition. Unequivocal identifi- 

cation of 13 wan realized by X-ray crystallographic analysis (Figure 1, Tables I and II). 

The dominant syn attack on 10 by 7a and 

8b compares closely to the stereochemical 

course followed by methyllithium (60% syn).13 

However, l-cyclopentenyllithiu reagents show 

a modest preference for attack from the anti 

direction.& In the case of (pantafluoro- 

ethyl)llthlum, nuclcophilic capture occurs 

exclusively from the anti direction.14 

Grignard reagents also vary widely in their 

stereoselective approach to 10.4*14*15 The 

origin of this phenomenon is very likely 

electronic in nature,16 and appears to be 

especially dependent on the character of 

the attacking anion. 

In order to realize good yields of 

alcohols 16 and 17. recourse was made to 

the dichlorocerium reagents 7b and gc as 

Figure 1. Computer-generated perspective 

drawing of 13 as determined by X-ray 

crystallography. The atom numbering 

is arbitrary. 

recommended by ZIarn and Romins for thir ryatom. 6o-g Despite the striking sensitivity of 

these alcohol6 to acid, it proved possible to achieve their puriflcrtion by medium prersure 

liquid chromatography (HPLC) on rillca gal. 
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Tabla I. Crystal Data and Summary of Intensity Data Collectfon and Struetura Rafinsmnt 

for 13. 

Compd 

Color/Shape 

no1 wt. 

Space group 

Temp., oc 

Call constantra 

a, i 

c, i; 

Call vol, ;;3 

Formula units&nit cell, 

h.lc~ 8 cmw3 

cr(calc), CII -L 

Diffractomitar/Scan 

Radiation, graphfta monochromator 

Kax crystal dimensions, mm 

Scan width 

Standard reflections 

Decay of standards 

Rcflectionr mearursd 

26 range, dog 

Range of h,k,l 

Reflections observed [F, 2 SCY(F~)]~ 

Computer programsc 

Structure solution 

No. of parameters varied 

Weights 

COF 

R int 

R - r~~Foi+cti/r~Fo~ 

R, 

Largest feature final dlff. map 

ClSh20C 

claar/fragiaant 

216.3 

141/a 

20 

22.949(S) 

9.498(l) 

5002 

16 

1.15 

0.37 

Enraf-Nonius CAD4/#-2# 

iloRa (A - 0.71073) 

0.80 x 0.30 x 0.40 

0.80 + 0.3Stan 6 

(8001, (0801, QY-74) 

-3O\ 

2564 

2 s 26 5 so 

~27, +27, +ll (except \hf>jkl and h+k+I - 2n) 

1288 

SHEL.X17 

HuLTdg 

109 

[o(F&~ + 0.6001 Fo2]“ 

1.82 

0.080 

0.064 

0.066 

0.3 a-/;L 

aLeast-squsres refinement of ( efnl/.&,)2 vaIuss for 23 reflectiona 8 > 2Oo.. bCorrscctons: 
Lorentz, polarization and absorption (empirical, psi scan). CNautral atom scatterfng 
factors and anomalous dispersion corrections from ref. 19. 



When 11 was exposed 

furan contafning gteatet 

min at room ttnperaturs. 

Anionic oxy-cope raurangcrnmts 

to excess potassium hsuuhsthyldiailazlde in anhydrous tatrahydro- 

than 1 equiv of Ill-crown-6, raarrangumant VAS complste vithln 30 

Careful chroaratography of tha mixture ravesled the presence of 

only tvo products. of the two resulting ketones, the major constituent (50% IsoLated) YES 

idsntlflad AS 18 and the minor (46) as 19. Ths high volstflity of both substances contri- 

buted to marcriai losses during their isolation. A revaslfng apsctral property of both 18 

and 19 WAS their infrared csrbonyl absorption at 1745 cm-L characteristic of CyclOpentanOne 

chdractar. In eddftfon, five vfnylic protons l rs clearly vinlbl# in their lli HHR spsctra 

which show no evidence for a eignsl at ca 3 ppm th&t is diagnostic of the bridgehead a- 

carbonyl proton in molsculss related to 25.4 In fact, no evidence whatsoever was found for 

the fotmatfon of 20 (the end product of a [l-3] shift). 21 (ths [3.5] sigmatropic option), 

of 22 (tha Il.51 carbon migrated isomer). 

KNtSM& 
g - MS0 

18-u-6 
THF, 20*C 

It is clear that 18 results from kinetically controlled protonation of the initially 

formed enolate anion from the stericrLly more accessible o surface. That 19 Ls epimeric 

Table II. Bond Distances (i) and AngLss (dsg) for 13. 

Atoms DistanCe Atoms Distance 

0 -- C(7) 
C(1) -- C(6) 
CM -- cioj 
C(4) -- C(5) 
Ci6j -- ci7j 
C(8) -- C(9) 
C(9) -- C(l0) 
C(Ll) -- C(12) 
G(13) -- C(L4) 

1.447(4) 
1.509(S) 
1.544(5) 
1*540(S) 
1,550(5) 

f%13j 
$=W; 

1.318(6) 
1.499(S) 

cisj 
C(5) 
C(7) -- C(8) 
C(8) -- C(l2) 
(x10) -- C(1L) 
(x12) -- C(l3) 
C(U) -- C(15) 

1.55oisj 
1.537(S) 

1.469(S) 
1.503(6) 

Atoas Angle Atoms Angl8 

-* C(1) -- C(6) 
-- C(3) 

C(4) -- C(3) :: ;g; 
C(4) -- C(5) -- c(6) 
C(l) -- C(6) -- C(7) 
0 -- C(7) -* C(3) 
C(3) -- C(7) -- C(6) 
C(3) -- C(7) -- C(8) 
C(7) -- C(8) -- C(9) 
C(9) -- C(8) -- C(l2) 
C(9) -- C(10) -- C(11) 
c(8) -- C(12) -- C(11) 
C(LL) -- C(l2) -- C(13) 
(X12) -- C(13) *- C(lS) 

118-O(3) 

C(1) -- C(2) -- C(3) 
C(2) -- C(3) -- C(7) 
C(3) -- C(4) -- C(5) 
C(L) -- C(6) -- C(5) 
C(5) -- C(6) -- C(7) 
0 -- C(7) -- C(6) 

E(6) -- -- C(7) C(7) -- -- C(8) C(8) 

:I;; :: $;; -- -- C[lZ) C(L0) 
C(L0) -- C(11) -- C(L2) 
C(8) -- C(l2) -* C(L3) 
C(f2) -- C(13) -- C(L4) 
C(14) -- C(L3) -- C(H) 

108.2(3) 
98.7(3) 
103.2(3) 

121.5(4) 
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with II at the mathoxyl subatltutad carbon uas established by decoupling and difference NOE 

atudfes performed at the 300 HHz leval (Table III). Psrhapr the most pertinsnt evidence fr 

the 6r snhanceaont obaervad in the HB signal whsn Hc was Frradiatsd. 

The complete adharmnca of 11 to (3,3] aigutropy cam0 as sommdwt of a lurprin, rince 

alcohol 23 in the presence of potarafm hydride is known to dallver 24 and 25 in a 3:l 

ratio.& RaQetftiOn of the rmarraryemsnt of 23 with potarsium hexamethyldisilazids as basa 

and 18-crown-6 as promoter, in or&r to sirmlats the reaction conditions employed for 11. 

enhanced the-lwel of 25 (38% isolated) relative to 24 (16r)I 

KN(SiMs,)2 

18-cr-6 
THF, 20.C 

+ 

Treatment of 13 in an sntfrsly analogous manner gave rigs to 26 (82t) and 27 (41). 

The lH NHR rpsctrum of 26 compares clorely to that of 24 with the exception of the effects 

fntroduced by the iaopropanyl substituent. In line wlth precedence.4 the carbonyl absorp- 

tion of 26 at 1736 cm-1 differs intrinsically from that observed for 27 (1679 cm-l). Ths 

1,3 
18-cr-6 
THF, 20.C 

-I 

stereochemistry of the isopropsnyl group in 27 was ascertained by COSY and difference HOE 

studios at 500 MHz. The results, summarized in Table IV, reveal Ln particular the 

proximity of HC to HP-B. 

Table III. Selected Dlfferenca NOE Data 

for 19 (300 MHz, C6D6 solution). 

Tablo Iv. Selected Difference NOE Data 

for 27 (500 MHz. C6D6 rolution). 

Proton irradiated NOE (b enhancement) Proton irradlatsd NOE (a enhancement) 

H D (2.5) 
c (8.4) 

I-L (7.1). 
G D (6.1) 

M,N (6.9)a 
H (10.6) 

C D (3.0) 
M,N (3.0)‘ 

F (3.0) 
B (6.0) 

0 D (4.2) 
D c (14.1) 

0 (2.8) 
C D (10.0) 

1,J (1.9) 
N (0.3) 
0 (1.0) 

P-B (2.1) 

*The multlplrt involved incorporates the 
protons listed. 
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The potassium salts of 16 and 17 did not require the presence of la-crown-6 in order 

to rearrange rapidly at room twperrturs. Stirring 16 uith hexamethyldisii~rtd, in tetra- 

hydrofuran at room temperature far 45 q in gave a mixture of the tuo mpiarrlc katonea 268 

and 20b in nearly equal amounts. Althhough l sansitlvity on the part of thasa a-nsthoxy- 

cyclohexanones to silfca gel was noted, their separation could be effected by chronato- 

graphy on Florfsil. The laa~ polar constituent is tentatively formulated as 28r since its 

methoxy substttuent is situatad on the concave surface and is further sterically shielded 

by the vinyl group. In line vfth their cyclohexanone charkctar, the infrared carbonyl 

absorptions of 281 and 28b appear at 1725 cm-l. Their lli NQt spectra feature five olefinic 

protons and are otherwise particularly distinctive. These data happen not to be compatible 

with 29, the posribla end product of [3,5] sippatropy. In actuality, no evidence vas ob- 

tained for the formatfon of 29. 

In similar fashion, the potassium alkoxida derivad from 17 isomerized exclurively Vie 

the 13.31 sigmatropfc manifold to dalivar a 2:I mixture of the spimcrlc ketones 30. The 

spectral properties of 30 proved consistent only with the presence of the 5-6-S tricyclic 

framework. 

Thus, alcohols 11, 13, lb, and 17 have shown little tendency to undergo any rsarranga- 

ment other than the oxyanionic Cope process. In actuality, the presence of a dicnic 

tidechain in the first two examples has actually served to induce stricter adhsranca to the 

[3,3] sigmatropic pathvay than vitneresd normally, Uhereas 11 isomerlzss excluslvsly to 

give 18 and 19, 13 delivers 26 and 27 in an 18:l ratio. This response can ba compared to 

that of 23 (2.4:1) mnd 31 (only 32 rwAtsl).4 This uwy bs a reflection of the high 

5! % 
electron denmfty that notmlly remfder at C-3 in a pentrdianyl anion or radical. 

Slncs the four subntratsr dsscribsd herein show a heQhtsned ttndancy for oxy-Cope 

iromarltation, thatr structural features are clearly not conducive to redirecting elec- 

cronic reoxgrniration away from this particular reaction channel. 
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1-Bromo-2-faopropenylc~clopentena ((a). A cold (-78 OC), mechanically l tirred, snd 
nitrogen-blsnkctcd solution of 9 (20.00 g, 49.5 mol) in K,N,N',N'-tetramethylathylena- 
diamins (108 mL) and anhvdroua tetrahvdrofuran (90 nt) vas trested drouvise durinr 30 rin 
vith sac~butgllithiun ihcyclohcxana 1104 tmnol): Aft&r 45 min, the rcbction mix&e was 
vsnned to 0 C for 45 ain snd recoolcd to -78 OC. l.P-DLbrom-1.1.2.2-tetrshvdrofluoro- 
ethanc (27.01 g, 104 mmol) vae introduced rsthcr rspidly, l tirrLngVst -78 OC vss continued 
for another hour, snd vater (200 EL) use sdded. The mixture vee psrtitioned between 
petroleum ether snd brine. the aqueous phsre wss extracted with petroleum ether (3 x 200 
mL), and tha combined or&c l&r v&e wsrhed vith vster (3 x-250 mL), 101 hydrochloric 
acid (3 x 150 ml). saturated rodlum bfcarbonsts solution (3 x 150 mL). and brine (3 x 150 
mL) p;ior to drying. This solution vss filtered through neutral a&ins on Cclitc end 
evaporstcd. The crude product vas psssed through neutrsl slumins (clution vith petroleum 
ether) snd distilled to give 1.82 
torr; lH 

(20%) of 8s se s pale yellov liquid, bp 84-86 OC/5 
NHR (300 Wit, CDCl ) 6 5. 7 S 05 (m 

2.05 (d, J - 1.0 Hz, 3 H), %01-l.&; 2 Hj 
116.16, 115.81, 42.65, 35.20, 22.13, 21:63; Hi 

2J), q ,: 
2.78-2.71 (m, 2 H), 2.55-2.48 (IO, 2 H), 

T)(:;lTi88.00 CDCl ) 
3 3, 

ppn 139.87. 139.46, 
obsd 188.0032. 

Alcohols 11 snd 12. A msgnetfcslly stirred solution of trsns-l-methoxy-1,3-butadienc 
(202 mg, 2.40 mmol) in snhydroue tetrahydrofursn (8 mL) wss blsnketcd vith nitrogen, cooled 
t0 -78 OC, and treated dropvisc vlth tort-butvllithiun in ncntsne (2.40 mmol). The reaction 
mixture was slowly warmed to -20 OC over 30 min and recoolbd to -78 OC. Kc&c 10 (216 mg, 
2.00 mmol) dissolved in anhydtour tetrshydrofuran (3.1 mL) vss rddcd dropwise during 10 
min. After 2 h, saturated armnonium chloride solution (5 mL) wss added end this mixture vas 
partitioned between ether snd brine. The squeous phssc van extracted with ether (3x) and 
the combined orgsnic lsyers vere varhed vith brine (2x), dried, and evaporated. The resi- 
due was subjected to RPLC on silica gel. 
244 mg (64b) of 11 se s pale ycllov, 

Elution with 101 ether in petroleum ether gsvs 
unstsblo oil while flushing with 40% ether in petroleum 

ether afforded 20 ag (5a) of 12 ae a colorlass oil. 

For 11: IR (neat, cm-l ) 3460, 3066, 2994, 2974, 2945, 2906, 2868, 2834, 1631, 1590. 
1463, 1453; 'H NHR (300 MHz C D ) 6 6.98 (ddd J - 16.8, 11.0, 10.6 Hz, 1 H), 5.67 (t, J - 
2.2 Hz. 2 H), 5.21 (d, J - il.8 fix, 1 H), 5.02'(dd, J - 16.5, 2.1 Hz, 1 H), 4.91 (dd, J - 
10.6, 2.2 Hz, 1 H) , i3O8 (E, 3 H), 2.94-2.92 (m, 1 H), 2.13-2.07 (m. 2 H). 1.73 (8. 1 H). 
1.08-0.98 (IO. 3 H); C NHR (75 HHz, C6D6) ppm 161.52, 134.09 (2C). 133.12, 112.08, 103.52, 
92.58, 54.41, 48.91 (2C). 23.14 (2C); MS m/r (ti) calcd 192.1150, obsd 192.1155. 

") 3546 3087, 3066, 3000. 2930, 2913, 2878, 2839, 1638, 1463: 
lH NK&%IH~R d;;;;',=;.O, (ddd; J 

H), 5.80 (d, J : 
- 16.9, 10.9, 10.5 Hz, 1 H), 5.81 (d, J - 2.0 Hz, 1 

1.9 Hz, 1 H), 5.26 (d, J - 
H), 4.96 (dd, J - 

10.9 Hz, 1 H), 5.06 (dd, J - 17.0, 2.1 Hz, 1 
10.2, 2.1 Hr. 1 H), 3.pJ (P, 

1.89-1.86 (m, 2 H), 0.86-0.77 (m, 2 H); 
3 H), 3.08-3.05 (la, 2 H). 2.46 (s, 1 H). 

C NKR (75 Ii%, C6D6) ppm 158.83, 133.89 (2C), 
132.93, 112.37, 103.26, 94.31, 54.51, 50.37 (2C), 22.70 (2C); MS m/t (h*) calcd 192.1150, 
obsd 192.1162. 

Alcohol 13. A q sgnetically stfrred solution of 8a (449 ng, 2.4 mmol) in 8 mL of 
anhydrous tctrahydrofutan vse blsnketed with nitrogan, cooled to -70 OC, and treated drop- 
vise vith tcrt-butyllithfum (4.8 mmol) fn psntsnc. After 30 nin, ketone 10 (216 mg, 2.0 
rpmol) dissolved In dry tctrahydrofuran (3.1 mL) was rlovly sdded during 10 min and stirring 
wse maintained at -78 OC for 2 h. Quenching snd vorkup in the pradascribed mannar gave a 
residue, purification of vhich by RPLC on silica gel (elution vith 101 ether in petroleum 
ether) sffofded 276 mg of 13 ar a colorless solid,lnp 85.5-86 OC (from petroleum ether); IR 
(CDC13, cm' ) 2982, 2950, 2873, 2849, 1624, 1443; H CDIR (300 MHz, 
Hz. 1 H). 5.83 (d, J - 

C6D ) 6 5.83 (d, J - 2.2 
2.2 Hz, 1 H), 4.85 (dd, J - 2.3, 1.4 Hz, 1 H), B .80 (dd, J - 2.0, 

1.3 Rx, 1 H), 2.85-2.82 (m, 2 H), 2.41-2.30 (m, 4 H), 2.20-2.16 (m, 2 H), 1.74 (t, J - 1.11 
1.69-1.59 (ID. 2 H). 1.38 (I, 1 H), 1.04 (d, J - 3.5 Hz, 1 H), 1.00 (d, J - 3.6 Hz, 

C NHR (75 MHz. C D6) ppm 144.78, 141.64, 138.36, 134.97, 127.92, 113.30, 89.73, 
48.74, 38.55, 38.06, 23.29, 22.46, 22.30; H8 m/z (If+) cslcd 216.1514, obsd 216.1517. 

Anal. Cslcd for ClsH200: C, 83.28, H, 9.32. Found: C. 83.42: H, 9.41. 

X-Ray Dats Collcctfon. Structura Determinstion, snd Refinement for 13. A trsnspsrent 
singla crystal frsgment of 13 van mounted on s pin and transferred to the goniomatcr. The 
space group was determined to be the centric 141/s from ths ryetamatic absences. A linear 

decay of -306 was noted for the rtandard during dsta collection. A correction vss applied 

to the data. A mamary of the dsta collection paramtars ia given in Table I. 

The geomatricslly conatrsined hydrogen stome vere placed in cslculsted positfon 
i from the bonded carbon atom and allowed to ride on that stou with B fixed at 5.5 A 1 

0.95 
The 

C(l4) and C(15) hydrogan atom vere locsted from a difference Fourier map and included vith 
fixed contributions (B - 5.5 12). Refinement of the nonhydrogen atoma with anisotropic 
tcmpcraturs factors led to fins1 vsluas of R - 0.064 and II,,, - 0.066. The final values of 
the posftlonal parametera are given in Table II. 

Alcohol 16. A 651 m 
under high vacuum at 140 1 

semple (2.64 ~lmol) of snhydrous ccriun trichloridc was heated 
C for 1.5 h. The flaak vaa flushed vith nitrogen and cooled to 

room temperature, at vhich point 8 q L of dry tctrahydrofursn vaa added. The resultant 
slurry vas stirred for 2 h. During this tim, trsns-1-mcthoxy-l.3-butadlcnc (202 mg, 2.40 
~001) in 5 mL of tctrahydrofursn wss being llthiatcd vith ccrr-butyllithium (2.40 -01) as 
described earlier. 
at -78 OC: 

This rolution use trsneferred via csnnuls to the carirrp chloride slurry 
This mixture use stirred for 30 min before dropwfae addition of 7,7-dincthoxy- 

norbornenonc (336 mg, 2.00 mraol) in tctrshydrofursn (1.67 mL). After 2:s h st -78 OC, 
saturated smmonium chloride solution (5 mL) was added and the mixture was partitioned 
bctvccn ether and brine. The usual vorkup and IIPLC on silica gel (elution with 3Ot ether 
in petroleum ether) furnished 239 mg (478) of 16 and 90 mg of recovered 15. The yield 
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based on rcisolatsd etarting material ia 76Q. 

For 16: colorlesr oil; IR (neat, u-l) 3486, 3086, 2984, 2940, 2837, 1635, 1-O; +I 
NHR (300 miz, C6D ) 

f 
6 7.36 (ddd, J - 16.9, 10.4, 10.4 Hz. 1 H), 6.00-5.92 (1. 2 h), 5.29 

H). 5.11 (ddd, J - 16.8, 2.1, 0.7 Hz, 1 H). 5.03 (ddd, J - 10.7, 2.2, 
idi Gz' :"$ "?44 (# 1 H) X18-3.16 (a, 1 H), 3.12 (8, 3 HI. 2.93 (8, 3 H), 2.90 (f3 3 

Hj, 2.k2.63. (6, 1 Hji 2.4i (d, J - 12.7 Hz, 1 H). l-I)1 (dd, J r 9.0, 3.7 Rs, L 8): c 
m (75 mx, 6 D6) QQa 161.91, 136.51. 134.13, 130.87, 120.11, 111.60, L02.75, 82.32. 
55.12. 54.51, s 2.10, 49.07, 45.47. 41.71; 1(s m/t (K+) crlcd 252.1361, obsd 252.1148. 

anal. Caled for CL4~20O4: C, 66.64; H, 7.99, Found: C. 66.48; H, 8.04. 

Alcohol 17. Carfun chlorf& (542 mu, 2.20 mmol) was dried as above and 8lurriad for 2 
h in 8 mt of anhydrous tetrahydrofuran. In the meantime, 8a (374 mg, 2.00 mo1) van 
aetalated with tort-butyllfthium (4.00 -1) a8 before. The rewlting solution of 8b ve8 
transferred via cs~~~ula to tha megnetically stirrad ceriua chloride slurry cooled to -78 'C, 
stirred for 30 min, and treated dropviar with a rolutin of 15 (280 mg. 1.67 -01) in l-39 
mL of dry tetrahydrofuran. nie dxture VU stirred at -78 OC for 30 mfn, quenched and 
processed as above, and purifted by MPU on siliar gel (elucion with 20% ethyl acetate in 
perrolaum athor). There VU trolated 96 mg (21%) of 17 and 183 mg of recovered 15. The 
yfeld basad on unconsumed starting autoriel is 86%. 

For 17: LR (neat, cm-l ) 3503, 3083, 2950, 2849. 1626. 1454; lH NfR (300 KHz, C6D6) 6 
5.98 (ddd, J - 6.2, 3.2, 0.9 Hz, 1 H), 5.86 (dd, J - 6.1, 3.5 Hz, 1 Ii), 5.36 (d, 3 - 2.9 
Hz, 1 H). 5.01-4.99 (n, 1 H), 4.36 (8, 1 H), 3.01-2.85 (a, 1 H), 2.96 fs, 3 H), 2.92 (s. 3 
Hf, 2.80-2.68 (la, 1 H). 2.65-2.63 (m, 1 H), 2.5pj2.33 (ID, 3 X), 2.21 (d, J - 12.9 Hz, l H), 
1.86-1.63 (n, 3 H), 1.85 (t J - 1.0 Hz, 3 H)' C m (20 WZ. C D6) QQIE 144.14, 140.74, 
139 45 136 81 130 97 120'43 114 36 79 30' 55.03 52 02 49.08, 45.78, 40.76, 38.95, 
36.83,'22.65, 42.49, ik m/z'(li'$ c.icdt276:17i5, obsi 276.1+24. 

Anal. Calcd for CI7H24O: C, 73.88: H, 8.75. Found: G. 73.79; H. 8.84. 

hntonic Reerrangsment of 11. A solution of 11 (178 mgly, 0.927 mmol) and 18-crovn-6 
(294 mg, 1.11 mmol) in 5 mL of ahydroum tetrahydrofuran was treated drOQUi44 with b 
solution of potassium haxamethyIdislLrzlde (L,LL arol) in the s-4 solvent. The rerctiorl 
mixture was stirrad under nitrogen at room temperature for 30 mfn, cooled to -78 'C. and 
treated with 1 mI. of saturated mnium chloride solution. The rolotion was fxmsfstred to 
a separatory funnel and partitfonod betswon patroldum at&t and br.ine. 'rho argrnic phase 
vas separated and washed twica wLth brim bsfora baing dried and c'oncsntrated. Purific8tion 
of the resfdue by HPLC on ailica gel (elution rith 2Ot ether in potroLeum ether) gave 7 mg 
14k) of 19 and 89 mg (SO%) of lg. 

For 18: colorleas aolid, mp 50.0 OC (from prtrofeum sthor); IR (C D cm-l) 1745: LH 
NHR (300 liliz, C6D ) 
11.0, 1.5 Hz, 1 H f 

6 S-67-5.51 (m, 3 H), 5.10-5,03 (I, 2 Ii), 3.43 (8, s ft* ), 3.20 (dd, J - 

Im, 1 HI, 1.69-1.6; (m 2 tl) 1.24-110 (a 1 H)* 
2.37 (ddd, J - 11.0, 8.0. 3.0 jet, 1 H). 2.07-1.90 (m, 2 H), 1.83-1.74 

L38.47, 128.11. 125.99: 117.i4. 87.56, 58.i3, 
C NMk (75 WHt. 

(d) calcd 192.ll50, obod 192.1147. 
SL:SO, 43.07, 35.96, 

C D ) ppm 214.65, 
2 4 .49, 21.39: KS m/z 

Anel. CbLcd for Cl2Hl602: C, 71.97; H, 8.39. Found: C, 74.93; H, 8.42. 

For 19: ~OlWZl88IB Oil; IR fC6D6, &m-l) 1744; lH t?MR (300 HHz, C D ) 6 5.92 (ddd J - 
16.7, 10.8, 8.4 Hz, 1 ii), 5.58 (d, J - 12.4 Hz, 1 H). 5.53 (dd. J - 15.5, 1.8 Hr. 1 tij, 
5.07 (dd, J - 9.1, 1.6 Hz, 1 H), 5.05 (d, J - 17.3 Hz. l H), 3.38 (d, J - 6.1 HP, 1 H), 
3.26 (9, 3 H), 2.63-2.58 (m, 1 H), 2.41 (q, J - 6.5 Hz, 1 Hj.ls.27 (q, J - 7.3 Hz, 1 HI, 
1.73-1.59 (m, 2 H), 1.57-1.47 (m, 2 H) - 8re also Table 1X1; c NMR (75 HHZ, CDCL ) ppo 
216.33 134.71, 128.79, 128.34, l17.58, 84.06, 58.12. 48.47, 42.92, 37.82, 22.04, 
m/t VI') calcd 192.1150, obsd 192.1152. 

1 1.49; EtS 

Anionic Rearrangement of 13. A solution of 13 (202 mg, 0.935 ramol) end 18.crown-6 
(296 mg, 1.12 mmol) in anhydrour tetrahydrofuran was treated as above vith potassium 
huxamethyldisilazide (1.12 mmol) and stirred under nitrogen at room temperature for 20 min. 
Uorkup in the predsscribed manner and purffication by UPLC on silica gel (elution vlth 4% 
other in petroleum ether) afforded 8 ng (4 

! 
) 

F r 26: 
of 27 and 165 ag (82%) of 26. 

P 
colorle8a oil; IR (mat, cm* ) 3084, 3026, 2946, 2876, 1736, 1724, 1633. 

1604; H NHR (300 MHz, C6D6) 6 5.66-5.59 (m. 2 H), 4.71 (d, J - 0.6 Hz, 1 H), 4.64 (I). l 
H). 2.63-2.53 (m, 2 HI, 2.40-2.33 (m, 1 HI, 2.1%2# (n, l H), 1.93.1.86 (m, l H), 1.73. 
l.SS (m. 4 H), 1.58 (s, 3 H), l.fP-1.33 (a, 4 H); c I@fR (75 mQ(z, C D ) QQm 218.81 
149.23. 128.78, 127.26, 109.65, 59.43 56.59 45 62 40.25, 33.81, 29.86, 24.55, 22(41, 
2l,88, 20.44; HS m/a (K+) calcd 216.1314, ob;d 2iS.i499. 

2 H),F?8i7is, 1 H), 4.81-4.80 pale ysLLow oil; Ir -l 11% NEB ~IHZ C (C6D HT' ?25!2’ii9[m (300 59 t D6) 6 5 71-S 58 

(n. 2 H), 2.11-1.80 (reries of 
(a 1 1 H) 2 67-2 m 

XV; NS m/t fK+> calcd 216.1514, m,'4 H),'l,il (~1 3 H): L.68~1.~0 (P: obnd 216.2469. H)'- 
3 
H)' 3i 27' (m 

2 2 
3 see'alio kle 

Anionic Roarrangasent of 16. A solution of 16 (170 ng. 0.675 mmaol) in 3 rat of 
l nhydrour tetrrhydrofurm vas blanketed with nitrogen, treated dropwioe with potassium 
hexamethyldi8ilazido (0.81 mmol) in the #ame solvent, and stirred et room temperaturo for 
45 min. 
20% ethyl 

Workup in the predescribed manner ves followed by NPIPIX: on Fforisil (elution with 
ucetato in petroleum ether). 

(40%) of 21a. 
There VW lrolated 61 ng (368) of 28b and 69 mg 

Both compounds proved to be vsry unst4bZs to storage. The stereochemical 
assignments are tentative. 

For the minor, less polar component: IR 
L638, 1463; LH NkE& (300 KHz, C6D6) 5.89 (neat, - cm-l) 2988, 6 2943, 2908, 2832, (ddd, J 1726, 17.4, 10.6, 7.6 Hz, 1 H). 5.79 (d, J - 
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6.3 Hz, 1 H), 5.77 (d, J - 7.5 Hz, 1 H), 4.97 (dd, J - 10.1, 0.7 Hz, 1 H), 4.96 (dd. J - 
17.3, 0.7 Hz, 1 H), 3.37 (d, J - 3.2 Hz, 1 H), 3.21 (B, 3 H),lj.OL-2.96 (m. 1 H). 2.99 (8, 
3 H), 2.96 (I, 3 H), 2.65-2.S8 (II, 2 H), 2.48-2.34 (R, 2 H); c RHR (7s KHZ, c D6) ppm 
207.20, 138.50, 137.52, 131.35, 116.51, 112.14, 83.79, 58.12, 49.49, 49.44, 48.$0, 44.37, 
44.24, 36.50: H8 m/z (I@) calcd 252.1362, obrd 252.1373. 

F r the ma or, 
f d 

mote polar cowponent: IR (neat. cm-l) 2976, 2981, 2834, 1724, 1640, 
1460; H NlUI (3 0 MHz, C D6) 6 5.84 (dd, J - 6.1. 1.4 Hr. 1 H), 5.77 (d, J - 6.2 It, 1 R), 
5.49 (ddd, J - 17.3, 10. e 7.0 Hz, 1 H), 5.01 (dd, .I - 
17.3, 1.5 Hz, 1 H), 3.36 {r, 3 H), 3.09-2.83 (a, 1 

10.7, 1.6 Ha, 1 H), 4.96 (dd, J - 
H), 2.98 (a. 3 H), 2.97 (I, 3 H). 2.42- 

2.38 (n, 3 H), 2.18 (dd, J - 15.3, 6.5 Hz, 1 H); % RMR (20 Htlz, C6D ) ppa 207.42. 138.25, 
137.72, 131.05, 116.74. 111.89, 83.64, 58.40, 49.59, 49.47 (2C), 46.4 8 , 44.10, 37.40; MS 
m/z (K+) calcd.252.1362, obsd 252.1359. 

Anionic Raarrangammt of 17. Exponure of 17 (91 ng, 0.330 mnol) with potarrium 
hexamethyldirllazl& (0.396 -1) in anhydrow totrahydrofuran under nitrogen for 30 min at 
room temperature was folloved by the urwl processing to glvo an oil. Purfficatfon by HPLC 
on FlorL6il (alution rlth 101 ethyl acetate In pattoloum ather) gave 55 ng (60%) of 30 as a 
2:l mixture of iromrn. The unrtable gale vellov oil partially rolidlfled on standing in 
the freezer: IR (neat, cm ‘1) 3074, 2944, 2834, 1704, i635, 1434; lH NMR (300 KHz, C D ) d 
5.94-5.6s (n, 2 H), 4.83-4.73 (m, 2 H), 3.20-2.95 (m, 6 H), 2.88-2.39 (series of q , 4 81, 
2.32-2.19 (n. 1 H), 1.95-1.86 (m, 1 H), 1.78-1.27 (sarles of m, 9 H); HS m/z caled 
276.1726, obsd 276.1714. 

Supplementary Uatarial. fables of fractional coordinates, thermal paranaters, and 
observed and calculated structure factors for 13 (6 pagea), Tbsre crystallographic data 
have been deposited at the Cambridge Crystallographic Data Centre. 

Acknovladgmant. The support of this work by tha National INtitUtes of Health (Grant 
GM-28468) Ls gratefully acknowledged. We also thank Dr. Charles Cottrsll (Campw Chemical 
Instrumentation Center) for carrying out the CCSY and dfffarance NOE mearuremantr. 

Rafarences and Notes 

(a) ISVaw, D. A.; Golob, A. If. J. Am. Chw~. Sot. 1975, 97, 0765. (b) Evans, D. A.; 
Golob, A. M.; Randall, N. S.; Randall, G. S. Ibid. 1978, 100. 8170. 
(a) St~iyrvald. R, L.; Goddard, U. A., III; Evans, D. A. J. Am. Chem. Sot. 1979, 
101, 1994. (b) Evaru, D. A.; BaUlargaon, D. J. Tetrahedron Latt. 1978, 3315, 3319. 
(c) Eplotir, N. D. J. Am. Chem. Sot. 1973, 95, 1101, 1200, 1206, 1214. (d) 
Carpenter, 8. K. Tetrahedron 1970, 34, 1877. (a) Ahlgren, G. Tetrahedron Latt. 1979, 
91s. (f) Bach, P. D.; Coddsns, B. A. private comnlcation. (8) Roreboon, K. D.; 
Kiplingor, J. P.; Bartmaam, J. E. J. Am. Chant. Sot. 1984, 106, 1025. 
Woodward. R. II.; Hoffmann, R. 'The Conservation of Orbital Synaostry", hcadamic Proas, 
New York, NY, 1970. 
Paquatte, L. A,; Plsrrs, F,; Cottrell, C. E. J. Am. Chem. Sot. 1987, 109, 5731. 
(a) Still, U. C.; IfacPharoon, L. J.; Harada, T.; Rhaingold. A. tetrahedron 1984, 10, 
2275. (b) Still. w. c.: 
For examples baaid on 6; 

Galynker. I. Ibid. 1981. 37. 3981. 
aaa. : (aj Jung, If. E.; l&l.&th, J. P. J. Am. Chso. Sot. 

1978, 100, 4309; 1980, 102, 2463. (b) Jung, Pi. E.; Hatflsld, G. L. Tetrahedron Let. 
1983, 2931. (c) Jung, H. E.; Light, L. A. J. Am. Chem. Sot. 1984, 106, 7614. (d) 
Fleming, I.; Terrett, N. K. Tetrahedron Lstt. 1984, 5103. (a) Paquatta, L. A.; 
Learn. K. S. J. Am. Chem. Sot. 1986. 108. 8183. (f) Paguatte. L. A.: Romina, J. L.; 
Lin, fi.-S. Tetrahedron Lett. 1987; il. ig) Paqua;&, L: A.; iearn, k. S.; Romina. J. 
L.; Lin, H.-S. J. Am. Chem. Sot. 1988, 110, in press. 
Commercially available from the Aldrich Chanical Company. 
Soderqulst J. A.; iiaraner, A. J. Org. Chem. 1980. 45, 541; J. Am. Chum. Sec. 1980, 
102, 1577. 
(a) Imamoto, T.; Sugiura, Y.; Takiyama, N. Tetrahedron Lett. 1984, 4233. (b) 
Imamoto, T.; Sugiura, Y. J. Organomst. Gham. 1985. 285, C21. (c) Imamoto, T.; 
Takiyama, N.; Nakwra, k. Tetrahedron Lett. 1985, 4763. 
Caille, J. C.; Farnler, I4.; Guilard, B. Can. J. Chae. 1986, 66, 824. 
Shapiro, R. H. Org. Rnact. 1975, 23, 40s. 
Habata, Y.; Akabori. S.; Sato, !I. Bull. Chem. Sot. Japan 1985, 58, 3540. 
Clark, F. R. S.; Warkentin, J. CM. J. Chum. 1971, 49, 2223. 
Gasrman, P. G.; O'Railly, N. J. J. Org. Chem. 1987, 52, 2481. 
(a) Beraon, J. A,; Joner, H., Jr, J. Am. Chem. Sot. 1964, 86, 5017, 5019. (b) 
Warkantln, J, Can. J. Chaa. 1971, 68, 1391. (c) Borson, J. A.; Riyamhi, T.: Jones, 
G III J. Am. Chom. Socc. 1974, 96, 3468. 
R;;. 1975, 75. 521. 

(d) bhby. E. C.; Laemls, J. T. Chap. 

Okada, S.; Torita, S.; Oda, H. Tetrahedron Lett. 1986. 2645. 
Shaldrick. G. M., SHE=, a system of computer programs for X-ray structure datsnuina- 
tion as locally modified (1976). 
Germain, G.; Main, P.: Voolfron. n. H. hta Cryst. 1971, A27, 368. 
Intsrnational Tables for X-ray Crystallography, Kynoch Prasa, Birmingham, England, 
Vol. IV, 1972, pp. 72, 99, 149. 


