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Abstract: A series of 5-hexenyllithiums having a phenyl, trimethylsilyl, or cyclopropyl 
substituent at the terminal [C(6)] alkene carbon have been prepared from the 
corresponding iodides by lithium-iodine exchange with t-butyllithium at -78 “C. 
Although 6-alkyl-substituted 5hexenyllithiums do not isomerize to five-membered rings 
upon warming, terminally substituted 5-hexenyllithiums bearing a moderately activating 
phenyl or trimethylsilyl group cleanly undergo a totally regiospecific 5-exo cyclization at 
sub-ambient temperatures to afford five membered rings bearing a CHRLi moiety that 
may be trapped with an electrophile to deliver high yields of functionalized product. 
Cyclization of 6-cyclopropyl-5-hexenyllithium is accompanied by ring opening of the 
three-membered ring. 

The anionic cyclization of olefinic, 112 diolefinics and acetylenic alkyllithiums” provides a 

regiospecific and highly stereoselective route to functionalized carbocycles. In particular, the 5- 

exe-trig isomerization of substituted 5-hexenyllithiums has been exploited to prepare a variety of 

functionalized cyclopentylmethyl-containing products. To date, these isomerizations have been 

confined to substrates in which the terminal alkene carbon of the 5-hexenyllithium is either 

unsubstitutedl-s or bears a strongly electron-withdrawing group that activates the olefinic unit 

toward intramolecular nucleophilic attack. 5 Herein we report that the attachment of a moderately 

activating group such as phenyl, trimethylsilyl, or cyclopropyl to the terminal C(6) carbon of a 5- 

hexenyllithium serves to facilitate the cyclization. 

BACKGROUND lNFORMATlON 

The isomerization of 5-hexenyllithium (1) to (cyclopentyl)methyllithium (2) was first reported 

by Drozd and coworkers in the late 1960’s. 6 These authors, who prepared the unsaturated 

organometallic from the corresponding bromide by treatment with lithium metal in diethyl ether, 

suggested that the cyclization of 1 to 2 was more rapid than the sluggish isomerization of the 

analogous Grignard reagent.’ This observation was confirmed by Oliver and coworkers in a 

series of prescient reports dating from the mid-1970’s* In particular, it was noted that 1, which 
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was prepared from di(5hexenyl)mercury by transmetallation with lithium metal in diethyl ether, 

was converted to 2 upon standing for 1 h at 25 “C. Although quantitative kinetic data for the 

isomerization of 1 to 2 were not reported, it was suggested that the fairly rapid cyclization was the 

result of intramolecular coordination of the lithium atom at C(1) with the carbon-carbon x-bond in 

the ground-state of 5-hexenyl1ithium.s 

I c Li 

Li * 6 
1 2 

With the exception of two notes by Wilson demonstrating that substituted Shexenyllithiums 

also cyclize upon warming,g the apparently regioselective ring closure of 5-hexenyllithiums was 

not put to immediate synthetic use. This somewhat surprising state of affairs was, in retrospect, 

most likely due to two factors; there was no efficient method available at the time for the 

generation of unsaturated alkyllithiums without the intervention of radical intermediates and there 

were no quantitative data demonstrating that the cyclization of 1 to 2 was more rapid than other 

reactions that would consume the reactive anions. 

In the course of a mechanistic study of the lithium-halogen exchange reactionlo it was 

discovered that primary alkyllithiums such as 5-hexenyllithium could be prepared in virtually 

quantitative yield by low-temperature lithium-iodine exchange between a primary alkyl iodide and 

2 equivalents of tert-butyllithium (t-BuLi) in a solvent system composed of n-pentane and diethyl 

ether (3:2 by volume).1 t Under these conditions the exchange most likely proceeds via rapid 

attack of f-BuLi on the iodine atom of the halide and there is no evidence of radical intermediates 

during the process.tc Using this general protocol, 5-hexenyllithium (1) may be prepared in 95 - 

98% yield from 6-iodo-1-hexene (3). When solutions of 1 are allowed to warm, a clean 5-exo ring 

closure to 2 ensues.12 The isomerization of 1 to 2, which is easily monitored by 1H NMR,12 is a 

first-order process, characterized by AH * = 11.6 kcal/mol and AS* = -30 eu, that is more rapid 

than proton abstraction from solvent. As suggested by these activation data, the rate of cyclization 

of 5-hexenyllithium is a strong function of temperature: 1 is indefinitely stable at -78 “C but it is 
rapidly converted to 2 upon warming to temperatures above 0 “C (t,,2 = 23 min at 0 “C and 5.5 

min at +20 “C). In practice, simply allowing solutions of 1 to stand at room temperature for 1 h 

serves to generate 2 and addition of any of a variety of electrophiles delivers high yields of 

functionalized cyclopentylmethyl-containing products.1 
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The overall process (lithium-halogen exchange - cyclization - functionalization) is 

remarkably clean given the propensity of organolithiums to abstract a proton from ethereal 

solvents: virtually the only contaminant present in crude reaction mixtures is a small quantity of 

unfunctionalized open-chain alkene produced in the initial lithium-iodine exchange by proton 

abstraction from the cogenerated t-Bul. 1~~1 It should be noted that the higher homolog, 6- 

heptenyllithium, has also been studied and it too cyclizes regioselectively to give 

(cyclohexyl)methyllithium,la albeit more slowly and in lower yield than the facile 5-exo 

isomerization of 1 .I* 

While the lithium-iodine exchange provides a convenient route to unsaturated alkyllithiums 

such as 1, these species may also be generated by other methods that do not involve the 

intermediate formation of unsaturated alkyl radicals which are, inter alia, prone to rapid cyclization. 

Thus, substituted Shexenyllithiums have been prepared by lithium-tints or lithium-selenium 

exchange14 and used for the construction of functionalized five-membered rings.lsVf4 

The regioselective 5exo ring closure of substituted Shexenyllithiums has been found to 

proceed with a high degree of stereocontrol via a transition state that resembles a chair 

cyclohexane.2 Moreover, in every case for which data are available, the anionic cyclization of a 5- 

hexenyllithium is much more stereoselective than the more rapid isomerization of an analogously 

substituted 5-hexen-1-yl radical. l5 Ab initio molecular orbital calculations indicate that the highly 

stereoselective and totally regiospecific ring closure of substituted 5-hexenyllithiums is, as 

suggested by Oliver,s a consequence of energetically favorable coordination of the Li atom at C(1) 

with the C(5) - C(6) n-bond giving a fairly rigid transition state, shown below, in which a substituent 

preferentially occupies a pseudoequatorial position on the chair-like structure.* 

e, * 4cH2Li 
The cyclization of a 5-hexenyllithium to a (cyclopentyl)methyllithium is a thermodynamically 

favorable process since it generates a C-C o-bond ( bond energy ca. 88 kcal/mol) at the expense 

of a x-bond ( bond energy ca. 60 kcal/mol). Nonetheless, the isomerization is often slow relative to 

side reactions that consume anions particularly in situations involving generation of a quaternary 

center or the formation of a strained ring system. 1.2 Fortunately, it has been found that such 

sluggish cyclizations may be facilitated by the addition of a lithiophilic Lewis base such as N, N, N’, 

N’-tetramethylethylenediamine (TMEDA), THF, or the like. Moreover, the high stereoselectivities 

characteristic of the isomerization of substituted 5-hexenyllithiums are not compromised by the 

presence of such Lewis base additives.* 

The predictable stereochemistry of the facile ring closure of substituted 5-hexenyllithiums, 

coupled with the ease with which the product organolithium may be functionalized, permits 

rational design of synthetic routes to rather complex polycyclic systems via sequential cyclizations 

of polyolefinic substrates.3 Thus, for example, stereoisomerically pure endo-e-substituted 

bicyclo[2.2.l]hexanes may be prepared by functionalization of the bicyclic organolithium 
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generated by tandem cyclization of the diolefinic alkyllithium derived from 3-(2-iodoethyl)-1,5- 

hexadiene. This one-pot synthesis, illustrated below, provides pure endo-2-substituted 

norboranes in 70 - 80% isolated yield. sc Spirocyclic systems, W-fused bicyclo[3.3.0]octanes, 

and [4.3.3]propellanes have been prepared by similar tandem-cyclization approaches.3 

Li. 

CHzLi CH,E 

70 - 80% 

A major limitation of this anionic approach to carbocyclic products is the failure of 5- 

hexenyllithiums bearing a simple alkyl group at the terminal olefinic carbon to cyclize.l.z9fs It 

would seem that the isomerization of a primary alkyllithium to an unstabilized secondary or tertiary 

species is energetically too costly even under forcing conditions.2 This limitation may be 

circumvented by taking advantage of the facile loss of an alkoxide to drive the cyclization as 

illustrated below by Broka’s elegant preparation of substituted tetrahydrofurans via intramolecular 

SN’ cyclization of an cc-oxad-hexenyllithium generated by lithium-tin exchange.13 Alternatively, 

the cyclization of acetylenic alkyllithiums may be employed to produce to cycloalkylidenes that can 

be reduced to give alkyl substituted carbocycles. 4 Nevertheless, neither of these strategies leads 

upon ring-closure to a reactive alkyllithium that can be functionalized or employed to mediate 

tandem cyclizations. 

OMe OMe 

In contrast to the behavior of 5hexenyllithium bearing alkyl groups at the C(6) position, the 

presence of a strongly electron-withdrawing substituent at the terminal carbon of an olefinic 

alkyllithium activates the olefinic unit toward nucleophilic addition and a very rapid intramolecular 

Michael addition ensues. Cooke has demonstrated that such intramolecular conjugate additions 

may be initiated by low-temperature lithium-iodine exchange to give high yields of 3-, 4-, 5, and 6- 

membered rings.5 The rapid exchange reaction is compatible with a variety of Michael acceptors 

including terr-butyl esters, hindered boryl groups, and the acyl ylide shown below. These 
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cyclizations, which occur within minutes at low temperature, are less stereoselective than are the 

slower isomerizations of unactivated olefinic alkyllithiums but they provide a convenient route to a 

variety of carbocyclic products that are not easily prepared by other routes.5 

0 0 

OEt 

Et n-B&i 

THF 
-100 “C 

MeOH Et 

trans / cis = 3.3 

The ability to construct carbocycles via cyclization of olefinic alkyllithiums having a variety of 

substituents at the terminal alkene carbon would considerably extend the utility of the 

methodology. To this end, we have investigated the preparation and isomerization of 5 

hexenyllithiums bearing moderately activating groups at the C(6) position. As shown below, 6- 

phenyl- and 6-trimethylsilyl-5hexenyllithiums undergo regiospecific 5-exo cyclization to give high 

yields of readily functionalized organolithiums. Cyclization of 6-cyclopropyl-5-hexenyllithium is 

accompanied by ring opening of the three-membered ring. 

RESULTS AND DISCUSSION 

6-Phenyl-5hexenyllithium. Treatment of an approximately 0.1 M solution of 6-iodo-l- 

phenyl-1-hexene (4; E/Z = 75/25) in dry n-pentane - diethyl ether (3:2 by volume) at -76 “C with 

2.2 molar equiv of t-BuLi following our general protocol for lithium-iodine exchange11 served to 

generate 6-phenyl-5-hexenyllithium (5). The reaction mixture was stirred at -76 “C for 5 min and 

then quenched with an excess of MeOH. GC analysis revealed that, in addition to the expected 

presence of E- and Z-1-phenyl-1-hexene, (cyclopentyl)phenylmethyllithium (6), assayed as 

benzylcyclopentane, had been formed in 75% yield (Scheme 1). In light of the unexpectedly rapid 

cyclization of 5 to 6, the exchange was conducted at -130 “C (liquid nitrogen - pentane) in an 

effort to suppress the isomerization. Remarkably, even at this low temperature, the ring-closure of 

5 proceeds to the extent of 14% in only 5 min! Clearly, the cyclization of 5 is much more rapid 

than the isomerization of the parent 5-hexenyllithium (1). Indeed, the conversion of 5 to 6 is 

evident visually by the rapid development of a beautiful red color characteristic of the a-phenyl 

alkyllithium product.16 It is of some interest to note that E-5 apparently isomerizes more quickly 

than the Z-isomer (Scheme 1). 

Complete conversion of 5 to 6 may be achieved by allowing solutions to stand at low 

temperature but it was found more convenient for preparative scale cyclizations to simply remove 

the cooling bath and allow reaction mixtures to warm and sit at room temperature for 1 h. 

Solutions of 6 are stable for extended periods at room temperature and, as would be expected, 

addition of any of a variety of electrophiles provides functionalized product in good yield. The 

results of these experiments are summarized in Table 1. 
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2 t-BuLi 

I 

_ 5minc LLi + L&m bboH, 
n-CsH,, - Et,0 

E/Z = 75125 
temp 

5 6 
4 

-130 “C 60% 26% 14% 

-78 “C 3% 22% 75% 

Scheme 1 

Table 1. Preparation of Substituted (Phenylmethy1)cyclopentanes.a 

Ph- f-BuLi 
FE+_ 
warm * 

4 
B-CsH, 2 / EtsO 

-78 ‘C, 5 min 

entry E+ E yield,b % 

1 CHsOH H 95 

2 CHsOD D 87 

3 co2 C02H 82 

4 (CH3)2NCH0 CHO 81 

5 (CH3)2CO W3)2’XW 72 

8 CH3CH0 CH3CH(OH) 73 

7 (CHs)sSiCI Si(CHs)s 84 
a The olefinic alkyllithium was generated at -78 “C by addition of 2.2 molar 
equiv of t-BuLi to a 0.1 M solution of 4 in B-pentane-diethyl ether (3:2 by vol), 
the cooling bath was removed and the mixture was allowed to warm and stand 
at room temperature for 1 h before the addition of an excess of the electrophile. 
blsolated yields of chromatographically pure product. 
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6-Trimethylsilyl-5hexenyllithium. lsomerically pure Z-6-iodo-1 -trimethylsilyl-1-hexene 

(7) used for the generation of Z-6-trimethylsilyl-5hexenyllithium (6) was easily prepared in two 

steps by reduction of 6-bromo-1-trimethylsilyl-1-hexyne 17 with DIBALH followed by conversion to 

the iodide. Lithium-iodine exchange between 7 and 2.2 equiv of t-BuLi in n-pentane - diethyl 

ether (3:2 by vol) at -78 ‘C for 5 min followed by quench with MeOH gave a 98% yield of Z-l- 

trimethylsilyl-1-hexene and a small amount (ca. 3%) of (trimethylsilylmethyl)cyclopentane. Thus, 

the ring closure of 6 is somewhat slower than is the cyclization of 8-phenyl-5-hexenyllithium (5). 

Conversion of the TMS-substituted olefinic alkyllithium to [(trimethylsilyl)cyclopentyl]methyllithium 

(9) could be effected in virtually quantitative yield by allowing solutions of 6 to stand at -50 “C for 

30 min. 

Substituted (trimethylsilylmethyI)cyclopentanes may be readily prepared by addition of an 

electrophile to solutions of 9. It should be noted, however, that 9 is somewhat susceptible to 

unintentional quench by proton abstraction from solvent at temperatures near ambient. For this 

reason, preparative scale cyclizations leading to functionalized product are best conducted at 

temperatures below 0 “C. This is most conveniently accomplished by allowing solutions of 6, 

generated from 7 at -78 “C via lithium-iodine exchange, to warm to -10 ’ - 0 “C prior to the 

addition of an electrophile. As demonstrated by the results presented in Table 2, functionalized 

(trimethylsilylmethyl)cyclopentanes may be isolated in 70 - 85% yield. It should be noted that the 

precise conditions used to effect cyclization of 6 to 9 are not crucial: longer reaction times or 

temperatures higher than 0 “C lead to functionalized product in only slightly diminished yield. 

6-Cyclopropyl-5hexenyllithium. Wittig olefination of 2-hydroxytetrahydropyran with the 

ylide derived from (cyclopropylmethyl)triphenylphosphomium bromide’s (KHMDS/THF) followed 

by conversion to the iodide gave 1-cyclopropyl-8-iodo-1-hexene (10; E/Z = 91/g). The 

corresponding alkyllithium, 11, was cleanly generated by lithium-iodine exchange at -78 “C as 

demonstrated by the fact that quench of the reaction mixture with MeOH afforded an essentially 

quantitative yield (93% isolated) of 1-cyclopropyl-1-hexene (E/Z = 91/g). 

E/Z = 9119 93% 
10 11 
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Table 2. Preparation of Substituted ~r~methylsiiylmethyl~~~iopentanes.~ 

(CH&$ 

I 

L 

tBuLi ,* -10 t0 0 “c E+ 

n-C&H,, f Et20 
i 

-78 “C, 5 min 
7 

entry E+ E yield,b % 

1 CHsOH H 84 

2 CH30D D 83 

3 co2 C02H 81 

4 CH20 CH,OW 78 

5 (CH3)2CO (CH&C(O~~ 70 

6 CHsCHO CHs~H(OH) 72 

7 (CHsfsSiCI Si(CHs)s 78 
*The oiefinic alkyll~ium was generated at -78 “C by addition of 2.2 molar equiv 
of pf3uLi to a 0.1 M. solution of 7 in n-pentane-diethyl ether (32 by vol), the 
cooling bath was removed and the mi~ure was allowed to warm to -10 to 0 “C 
(- 6 min) before the addition of an excess of the electrophile. btsolated yields of 
chromat~ra~i~ally pure product. 

The 6-cyclopropyl-5-hexenyltithium (ii) is less activated toward ring closure than are the 6- 

phenyt (5) or 6-trimethylsilyl- (8) analogs. Allowing pentane - ether solutions of 11 to warm and 

stand at room temperature for extended periods of time prior to quench with MeOH does not lead 

to isomerization: indeed, the I-cyclopropyl-l-hexene isolated from such reaction mixtures had the 

same isomeric composition (ie, EYZ = 9119) as the organolithium precursor. Cyclization of 11 may 

be effected, albeit in only 57% yield, by the addition of 2.2 equiv of TMEDA to the reaction mixture 

prior to warming at room temperature for 1 h. Under these conditions, as illustrated in Scheme 2, 

the isomerization of 11 produces, following quench with MeOH, a 3:l mixture of Z- and E-f- 

butenylcyclopentane. It would seem that cyclization of 11 to 12 is driven by ring opening of the 

(cyclopropylmethyl)lithium moiety to give a c&-rich 4-cy~lopenty~-3-butenylljthjum. This 

rearrangement finds precedent in the observations made by Lansbury and coworkers regarding 

the facile ring opening of (cyclopropylmethyl)lithium to 3.butenyiiithium.ls 
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10 

43% 43% 14% 

Scheme 2 

The relatively large amount of 1-cyclopropyl-1-hexene detected in the experiment employing 

TMEDA (Scheme 2) was cause for initial concern since it is consistent with incomplete ring-closure 

of 11. However, under the forcing conditions needed to effect isomerization of 11, proton 

abstraction from solvent leading to quench of the organometallics is a serious problem. Indeed, 

there is no deuterium incorporation into any of the products upon addition of deoxygenated MeOD 

to reaction mixtures that had stood at room temperature for 1 h. Thus, it has not proved possible to 

functionalize the putative 4-cyclopentyl-3-butenyllithium intermediate presumably generated upon 

isomerization of 11. 

In summary, both 6-phenyl-5hexenyllithium (5) and 6-trimethylsilyl-5hexenyllithium (8) 

readily isomerize via a 5exo cyclization at temperatures well below ambient. The ease with 

which such terminally substituted 5-hexenyllithiums undergo ring closure is undoubtedly a 

consequence of the ability of the substituents to stabilize the resulting organometallic. It remains 

to be seen whether such moderately activating substituents can be used to advantage in tandem 

cyclization strategies. 

EXPERIMENTAL SECTION 

Proton and carbon-13 NMR spectra were recorded on an IBM AF-270 spectrometer, and 
shifts are referenced with respect to internal Me&i. Other spectroscopic and chromatographic 
procedures, methods used for the purification of solvents and reagents, and precautions regarding 
the preparation and manipulation of organolithiums are described elsewhere.2 The concentration 
of commercial solutions of t-BuLi in n-pentane (Aldrich) were determined immediately prior to use 
by titration with set-butanol in xylene using 1 ,lO-phenanthroline as indicator.20 

E- and Z-8-Phenyl-5hexen-l-01. A solution of potassium hexamethyldisilazide 
(KHMDS) in dry THF was prepared under nitrogen by addition of 15.50 mL (73.64 mmol) of 
1 ,1,3,9hexamethyldisilazane to a stirred suspension of 2.940 g (73.50 mmol) of oil-free potassium 
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hydride in 45 mL of dry THF over a 20-min period at room temperature. The resulting mixture was 
stirred at room temperature until evolution of hydrogen gas ceased and it was then added 
dropwise to a cold (O-5 “C) suspension of 34.26 g (88.10 mmol) of benzyltriphenylphosphonium 
bromide in 230 mL of dry THF. The mixture was stirred at 0 “C for 10 min and then at room 
tempe~ture for 1.5 h. The resuming red ylide solution was retooled to 0 “C and a solution of 3.000 
g (29.41 mmol) of 2-hydrox~etrahydropyran21 in 20 mL of dry THF was added over a 30-min 
period. The mixture was stirred at 0 “C for 30 min and at room temperature for 3 h and then 
partitioned between 50 mL of cold 10% aqueous HCI and 50 mL of diethyl ether. The organic 
layer was separated and the aqueous phase was extracted 50 mL of diethyl ether. The combined 
ethereal extracts were washed with two 50-mL portions of satunted aqueous sodium bicarbonate 
and two 50-mt portions of brine. The organic phase was dried (MgSO4) and concentrated to give 
an oil which was purified by flash chromatography on silica gel (25% ethyl acetate - hexanes) to 
give 2.83 g (55%) of the known22 title alcohol as a mi~ure of isomers: E/Z = 75125 as dete~in~ 
by GC analysis; IR (neat) 3341,3024,2930,2362,1650,1598, d 156, 1072,965, and 740 cm-l; 1H 
NMR 6 7.33-7.16 (m, 5H), 6.42 (d, Jets = 11.54 Hz, H(6) Z-isomer), 6.38 (d, Jtr = 15.79 Hz, H(6) E- 
isomer), 6.20 (d of t, Jtr = 15.79 Hz, sJ = 6.73 Hz , H(5) E-isomer), 5.64 (d of t, Jcta = 11.54 Hz, sJ = 
7.23 Hz, H(5) Z-isomer), 3.62 (t, J = 6.20 Hz, H(1) E-isomer), 3.59 (t, J = 6.40 Hz, H(1) Z-isomer), 
2.40-2.15 (m, 2H), 2.12 (br s, lH, OH), 1.65-1.45 (m, 4H); 1sC NMR (two isomers; several of the 
resonances are common to both isomers) 6 137.65, 132.56, 130.49, 130.02, 128.99, 128.62, 
128.36, 128.03, 126.74, 126.39, 125.82, 62.51, 32.61, 32.16, 32.09, 28.17, 25.98, 25.38. 

E- and Z-6-lodo-l-phenyl-1-hexene (4). The crude mesylate prepared from 1.50 g 
(8.52 mmol) of 6-phenyld-hexen-l-01 by the method of Crossland and Servis*s was added to a 
solution of 2.59 g (17.2 mmol) of dry sodium iodide in 25 mL of dry acetone and the mixture was 
stirred overnight at room temperature under an atmosphere of nitrogen. The mixture was then 
filtered, the filtrate was concentrated and residue was extracted with 75 mL of pentane. The 
pentane extract was washed successively with two 50-mL portions of water, two 25mL portions of 
10% aqueous sodium thiosulfate and a 50-mL portion of brine. The organic phase was dried 
(MgS04) and concentrated to give an oil which was purified by flash chromatography on silica gel 
(hexanes) to afford 1.75 g (72%) of a mixture of E- and Z-isomers of the title iodide in a ratio (E/Z) 
of 75/25 as estimated by GC on a cross-linked methyl silicon gum column: Rf 0.16 (hexanes). The 
isomers were identified on the basis of the following spectroscopic data: IR (neat) 3024, 2927, 
2357, 1598, 1493, 1072, 964, and 743 cm-l; 1H NMR 6 7.34-7.25 (m, 5H), ca 6.45 (singlet line of 
expected doublet, H(1) Z-isomer ), 6.38 (d, Jtr = 16.00 Hz, H(1) E-isomer, 6.18 (d of t , Jtr = 16.00 
Hz, sJ = 6.70 Hz, H(2) E-isomer), 5.62 (d oft, J,k = 11.54 Hz, sJ = 7.22 Hz, H(2) Z-isomer), 3.19 (t, 
J = 6.97 Hz, H(6) E-isomer), 3.14 (t, J = 6.95 Hz, H(6) Z-isomer), 2.33 (m, H(3) Z-isomer), 2.22 (m, 
H(3) Z-isomer), 1.91-1.80 (m, 2H), 1.62-1.49 (m, 2H); 1sC NMR (two isomers; several of the 
resonances are common to both isomers) 6 137.54, 131.92, 130.40, 129.86, 129.43, 128.64, 
128.43, 128.10, 126.90, 126.53, 125.90, 33.00, 32.90, 31.82, 30.60, 30.10, 27.36, 6.73; mass 
spectroscopic molecular weight calcd for Cf2H,al 286.0219, found 286.0221. 

Z-6-Promo-l-tr~methy~siiyl-l-hexe~e. Following the general procedure described by 
Zweifel and On,24 12.10 mL of a 1.50 M solution of diisobutylaluminum hydride (18.15 mmol) in 
toluene was diluted with 50 mL of dry diethyl ether under nitrogen. The temperature of the solution 
was maintained at 20 -30 “C and 3.000 g (12.90 mmol) of 6-bromo-1-trimethylsilyl-1-hexynef7 
was added. The mixture was stirred for 15 min at room temperature and then at 40 “C for 6 h. The 
clear solution was then cautiously poured into 50 mL of vigorously stirred, cold 10% aqueous 
hydrochloric acid. The mixture was extracted with two 25-mL portions of diethyl ether and the 
combined organic layers were washed successively with two 25mL portions of 10% aqueous 
hydrochloric acid, one 40-mL portion of saturated aqueous sodium bicarbonate and one 50-mL 
portion of brine. The organic phase was dried (~gSO4) and concentrated to give an oil which was 
purified by flash chromatography on silica gel (20% ethyl acetate - hexanes) to give 2.340 g (77%) 
of the known25 title compound: Rf 0.53 (25% ethyl acetate - hexanes); IR (neat) 2959, 1607, 1438, 
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1248, 837, 763, 691, and 472 cm-l; 1H NMR 6 6.26 (d of t, J,k = 14.02 Hz, 3J = 7.00 Hz, H(2)), 5.50 
(d, Jcis = 14.02 Hz, H(l)), 3.40 (t, J = 6.79 Hz, H(6)), 2.18-2.10 (m, 2H), 1.92-1.81 (m, 2H), 1.57- 
1.46 (m, 2H), 0.09 (s, 9H); 1sC NMR 6 147.98, 129.78, 33.62, 32.48, 32.34, 28.16, 0.20. 

Z-6-lodo-l-trlmethylsilyl-l-hexene (7). A solution of 2.34 g (9.96 mmol) of ZB-bromo- 
l-trimethylsilyl-1-hexene and 2.98 g (19.87 mmol) of dry sodium iodide in 30 mL of dry acetone 
was stirred at room temperature for 18 h under a nitrogen atmosphere. The mixture was then 
filtered, the filtrate was concentrated at reduced pressure and the residue was extracted with 75 
mL of pentane. The pentane extract was then washed successively with two 50-mL portions of 
water, two 25-mL portions of 10% aqueous sodium thiosulfate and one 50-mL portion of brine. 
The organic phase was dried (MgS04) and concentrated to give an oil which was purified by flash 
chromatography on silica gel (hexanes) to afford 2.47 g (88%) of the title iodide: Rf 0.39 
(hexanes); IR (neat) 3854,3649,2958, 1608, 1428, 1248, 1165, 838, 763, and 690 cm-l; 1 H NMR 
6 6.25 (d Of t, Jets = 13.98 HZ, 3J = 7.01 HZ, H(2)), 5.49 (d, Jets= 13.98 HZ, H(l)), 3.18 (t, J = 7.01 

Hz, H(6)), 2.18-2.09 (m, 2H), 1.89-1.78 (m, 2H), 1.53-1.42 (m, 2H), 0.09 (s, 9H); 1sC NMR 6 147.98, 
129.76, 33.12, 32.30, 30.49, 6.71, 0.22. An analytical sample was prepared by preparative GC on 
a 9-ft, 15%~SE-30 on Chromosorb W (NAW. 80/100 mesh) column at 180 “C. Anal. Calcd for 
CsHlslSi: C, 38.30 ; H, 6.79. Found: C, 38.37 ; H, 6.74. 

E- and Z-6-CyclopropyM-hexen-l-ok A solution of KHMDS in dry THF was 
prepared under nitrogen by addition of 4.90 mL (23.2 mmol) of 1 ,1,3,3-hexamethyldisilazane over 
a 20 min period to a stirred suspension of 0.922 g (23.0 mmol) of oil-free potassium hydride in 15 
mL of dry THF at room temperature. The resulting suspension was stirred at room temperature 
until evolution of hydrogen gas ceased and was then added dropwise at 0 “C to 5 “C to a 
suspension of 9.20 g (23.2 mmol) of (cyclopropylmethyl)triphenylphosphonium bromide’s in 50 
mL of dry THF. The mixture was stirred at 0 “C for 10 min and then at room temperature for 1.5 h. 
To the resulting red suspension was added 2.36 g (23.2 mmol) of 2-hydroxytetrahydropyran in 20 
mL of dry tetrahydrofuran over a 30-min period while maintaining the temperature at 0 “C to 5 “C. 
The mixture was stirred at 0 “C for 30 min and at room temperature for 3 h and then poured into 50- 
mL of cold 10% aqueous hydrochloric acid. The mixture was extracted with two 50-mL portions of 
diethyl ether, the ethereal extracts were washed with two 50-mL portions of saturated aqueous 
sodium bicarbonate and two 50-mL portions of brine. The organic phase was dried (MgS04) and 
concentrated to give an oil which was distilled under vacuum to give 1.97 g (61%) of a 91/9 
mixture (E/Z) of of the title alcohols: bp 110-l 12 “C (lo-12 mm); IR (neat) 3357, 3081, 3006, 2932, 
1653, 1453, 1064, 938, 811, and 728 cm -1; tH NMR 65.51-5.22 (m, lH, H(6)), 5.04-4.67 (m, lH, 
H(5)), 3.62 (t, J = 6.50 Hz, 2H, H(l)), 2.21-2.13 (m, lH), 1.78 (OH), 1.64-1.27 (m, 6H), 0.72-0.58 (m, 
2H), 0.30-0.24 (m, 2H); 1sC NMR 6 (two isomers; several of the resonances are common to both 
isomers) 134.19 (C(6) E-isomer), 134.08 (C(6) Z-isomer), 127.72, 62.78, 32.30, 32.17, 32.12, 
27.25, 25.90, 25.72, 9.53, 6.75, 6.29; mass spectroscopic molecular weight calcd for CsH,sO 
140.1201, found 140.1200. 

E- and Z-i-Cyclopropyl-6-iodo-I-hexene (10). The mesylate of 6-cyclopropyl-5- 
hexen-l-01, prepared from 1.50 g (10.7 mmol ) of the alcohol by the method of Crossland and 
Servis,*s was added to a solution of 3.30 g (22.0 mmol) of sodium iodide in 40 mL of dry acetone 
and the mixture was stirred overnight at room temperature under an atmosphere of dry nitrogen. 
The mixture was then filtered, the filtrate was concentrated and residue was extracted with 75 mL 
of pentane. The pentane extract was washed successively with two 50-mL portions of water, two 
25-mL portions of 10% aqueous thiosulfate, and a 50-mL portion of brine. The organic phase was 
dried (MgS04) and concentrated to give an oil which was purified by distillation to afford 2.04 g 
(76%) of an isomeric mixture of the title iodide in a ratio (E/Z) of 91/g: bp 125-130 “C (3-4 mm); IR 
(neat) 3078, 3004, 2930, 2855, 1651, 1450, 1213, 1172, 942, 809, 729, and 596 cm-l; 1H NMR 6 
5.52-5.23 (m, lH), 5.02-4.72 (m, lH), 3.21 (t, J = 7.00 Hz, 2H), 2.24-2.15 (m, lH), 1.03-1.77 (m, 
2H), 1.60-1.45 (m, 4H), 0.76-0.59 (m, 2H), 0.34-0.22 (m, 2H); tsC NMR (two isomers; several of the 
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resonances are common to both isomers) 6 134.56 (C(1) E-isomer), 134.45 (C(1) Z-isomer), 
127.16, 33.01, 31.30, 30.52, 30.46, 26.39, 13.42, 9.55, 6.91, 6.62, 6.35: mass spectroscopic 
molecular weight calcd for CsH1sl250.0220 , found 250.0219. 

General Procedure for the Generation and Cyclixation of Tarminaiiy Substituted 
5-Hexenyiiithiums. Oiefinic alkyl iodides were deoxygenated immediately prior to use by 
bubbling dry, oxygen-free argon gas through the neat liquid for several min. An approximately 0.1 M 
solution of the iodide in anhydrous n_pentane - 
-78 “C (or lower) under argon, 2.0 - 

diethyl ether (3:2 by vol) was stirred and cooled to 
2.2 molar equivalents of fBuLi in pentane were added 

dropwise via syringe, and the mixture was stirred at -78 “C (or lower) for an additional 5 min. In the 
case of 6-cyclopropyl-5-hexenyllithium (11), 2.2 equiv of dry, deoxygenated TMEDA was added to 
the cold reaction mixture. The reaction mixtures were then allowed to stand under argon for a period 
of time at the appropriate temperature to effect the isomerization: specific conditions of time and 
temperature used to complete the cyclization of the various substrates are given in footnotes to 
Tables 1 and 2 and in Scheme 2. Functionalization of the resulting alkyllithiums was accomplished 
by addition of an excess (typically 2 equiv) of the appropriate electrophile that had been carefully 
purified immediately prior to use. The reaction mixtures were worked up in the usual manner26 and 
products were purified by flash chromatography, short-path distillation or recrystallization as 
appropriate. The yields of the products given in Tables 1 and 2 refer to isolated, chromatographically 
homogeneous material. Benzylcyclopentane,27 2-cyclopentyl-2-phenylacetic acid,26 and 
[(trimethylsilyl)methyl]cycIopentane2s are know compounds whose physical and spectroscopic 
properties were fully in accord with those reported for these materials. The structures of the 
remaining derivatives prepared in this study were established on the basis of the data presented 
below (all products were liquids; product yields may be found inTables 1 and 2 and Scheme 2). 

2-Cyclopentyi-2-phenylacetaldehyde (Table 1, entry 4): lH NMR 6 9.66 (d, J = 3.04 
Hz, lH), 7.35-7.19 (m, 5H), 3.30 (d of d, J = 10.52 Hz, J = 3.04 Hz, lH), 2.61-2.45 (m, lH), 2.02- 
0.99 (complex m, 6H); lsC NMR 6200.90, 136.42, 129.25, 129.09, 127.60, 65.47, 40.48, 31.25 , 
30.92, 25.41, 24.67; mass spectroscopic molecular weight calcd for C13H160 188.1201, found 
188.1199. 

l-Cyciopentyl-2-methyl-1-phenyi-2-propanol (Table 1, entry 5): 1H NMR 6 7.17- 
7.06 (m, 5H), 2.36( d, J = 9.92 Hz, lH), 2.27-2.13 (m, lH), 1.97-1.88 (m, lH), 1.59-1.17 (m, 7H), 
1.14 (s, 3H), 1 .Ol (s, 3H), 0.86-0.73 (m, 1H); 13C NMR 5 143.26, 129.52, 127.87, 126.19, 73.61, 
62.83, 42.07, 33.71, 33.59, 29.87, 27.90, 25.71, 23.78; mass spectroscopic molecular weight calcd 
for CrsHzo (M+ - H20) 200.1565, found 200.1560. 

1-Cyciopentyl-1-phenyl-2-propanol (Table 1, entry 6): 1H NMR 6 7.44-7.03 (m, 5H), 
4.08 (apparent pentet, lH), 2.65-2.59 (m, lH), 2.29-1.10 (m, lOH), 1.04 (d, J = 6.46 Hz, 3H); 1% 
NMR (two diastereomers; several of the resonances are common to both diastereomers) 6 143.39, 
129.70, 128.83, 127.93, 126.40, 125.20, 70.16, 69.71, 58.53, 41.81, 41.72, 32.44, 31.91, 31.51, 
25.37, 24.99, 24.90, 24.37, 19.31; mass spectroscopic molecular weight calcd for C+,H,s (M+ - 
H20) 186.1409, found 186.1402. 

l-Cyclopentyl-1-phenyl-1-trimethylsilyimethane (Table 1, entry 7): 1H NMR 6 7.29- 
6.99 (m, 5H), 2.41-2.25 (m, lH), 2.02-1.91 (m, lH), 1.86 (d, J = 11.14 Hz, lH), 1.80-1.33 (m, 5H), 
1.30-1.13 (m, lH), 1.02-0.92 (m, lH), -0.03 (s, 9H); 13C NMR 6 145.46, 128.07, 127.91, 124.16, 
43.86, 42.62, 34.27, 33.32, 25.55, 24.13, -1.32; mass spectroscopic molecular weight calcd for 
C,sH&i 232.1647, found 232.1649. 

2-Cyciopentyi-2-(trimethylsilyl)acetic acid (Table 2, entry 3): 1H NMR 6 2.23-2.10 
(m, lH), 1.99-1.75 (m, 2H), 1.85 (d, J = 10.76 Hz, lH), 1.69-1.45 (m, 4H), 1.26-1.00 (m, 2H), 0.11 
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(s, 9H); W NMR 6 182.50, 44.18, 39.29, 33.78, 32.22,25.17, 24.22, -1.73; IR (neat) 3058 (broad), 
2955, 2871, 1685, 1409, 1253, 1212, 847, and 694 cm-l; mass spectroscopic molecular weight 

calcd for CsH17C2Si (M +- CHs) 185.0998, found 185.0998. 

2-Cyclopentyl-2-(trimethylsllyl)ethanol (Table 2, entry 4): 1H NMR 6 3.88 (d of d, 25 = 
10.66 Hz, sJ = 3.74 Hz, lH), 3.78 (dof d, *J = 10.66 Hz, 3J = 5.09 Hz, lH), 2.4-1.4 (m, 7H), 1.3-1.1 
(m, 2H), 1.23 (br s, lH), 0.80-0.70 (m, lH), 0.05 (s, 9H); W NMR 563.84, 39.58, 35.70, 33.23, 
32.16, 25.02, 24.51, -9.74; mass spectroscopic molecular weight calcd for CsHr7Si (M+- CHs 
and H20) 153.1100, found 153.1100. 

1-Cyclopentyl-2-methyl-l-trlmethylsllyl-2-propanol (Table 2, entry 5): 1H NMR 6 
2.09-1.95 (m, lH), 1.83-1.31 (m, 9H), 1.31 (s, lH), 1.28 (s, 3H), 1.26 (s, 3H), 0.89-0.84 (m, 9H); 1sC 
NMR 675.33, 44.89, 40.72, 34.58, 31.63, 31.39, 30.23, 26.03, 24.50, 2.82; mass spectroscopic 

molecular weight calcd for C12H24Si (M+ - H20) 196.1647, found 196.1647. 

l-Cyclopentyl-1-trlmethylsllyl-2-propanol (Table 2, entry 6): 1H NMR 5 4.17-4.09 (m, 
lH), 1.98-1.44 (m, lOH), 1.21 (d, J = 6.55 Hz) and 1.22 (d, J = 6.48 Hz, 3H), 0.94-0.86 (m, lH), 
0.09 (s, 9H); 1sC NMR (two diastereomers; several of the resonances are common to both 
diastereomers ) 6 69.90, 69.49, 41.11, 40.83, 40.07, 39.49, 33.46, 33.32, 24.71, 24.56, 24.04, 

22.86, 21.72, 0.83, 0.33; mass spectroscopic molecular weight calcd for CroH210Si (M+- CH3) 
185.1362, found 185.1365. 

1-Cyclopentyl-1-[bls(trlmethylsllyl)]methane (Table 2, entry 7): 1H NMR 6 2.04-l .94 

(m, lH), 1.76-1.24 (m, EH), 0.18 (d, J = 3.14 Hz, lH), 0.05 (s, 18H); 1sC NMR 639.80, 34.59, 25.03, 

19.06, 1.81; mass spectroscopic molecular weight calcd for CllH2sSi2 (M+ - CH3) 213.1495, 
found 213.1497. 

Z-1-BUtenylCyClOpentane. A suspension of 6.780 g (60.54 mmol) of potassium teft- 
butoxide and 21.18 g (55.01 mmol) of propyltriphenylphosphonium bromide in 100 mL of dry 
diethyl ether was stirred for 1.5 h at room temperature. The mixture was then cooled to 0 “C and 
4.900 g (50.00 mmol) of cyclopentanecarboxaldehyde in 50 mL of dry diethyl ether was added. 
The reaction mixture was stirred for 3 h at room temperature and then poured into 100 mL of 
water- ice mixture. The ether layer was separated and the aqueous layer was extracted with two 
50-mL portions of diethyl ether. The combined ethereal extracts were washed with 100 mL of 
water, dried (MgSO4) and concentrated to give an oil which was distilled to give 1.29 g (21%) of 
the title compound: bp 80-90 “C; fH NMR 6 5.91-5.21 (m, 2H), 2.77-2.62 (m, lH), 2.11-2.01 (m, 
2H), 1.80-1.52 (m, 6H), 1.27-1.16 (m, 2H), 0.96 (t, J = 7.53 Hz, 3H); 1sC NMR 6 134.76, 130.20, 
38.10, 33.85, 25.38, 20.81, 14.68; mass spectroscopic molecular weight calcd for CsH15 (M+ - 1) 
123.1174, found 123.1174. The major alkene isolated from the isomerization of 6-cyclopropyl-5- 
hexenyllithium (Scheme2) was identical in all respects to this authentic sample. 
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