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The scope and limitations of lithium 2,2,6,6-tetramethylpiperidide (LTMP)-modified reductive alkylation
of epoxides is detailed. A variety of organolithiums are added to terminal and 2,2-disubstituted epoxides

in the presence of LTMP to generate alkenes in a completely regio- and highly stereoselective manner.
Arylated alkenes, dienes, allylsilanes, and enynes are accessed using this procedure. The methodology is
applied in the synthesis of the roller leaf moth pheromorte 583-dodecadienyl acetate. The corresponding
reaction without LTMP has also been examined, and a study using deuterated epoxides provides insight

into the mechanism. In the presence of LTMP, Grignard reagents are also shown to fEealkeaes

directly from epoxides.

Introduction

The nucleophilic addition of an organolithium to an epoxide
1to form an alcohoP via an {2 pathway is a well-established
synthetic protocol (Scheme 1, paih?! It has been demonstrated,
initially by Crandall and Lid and then subsequently in more
detail by Mioskowski and co-workefd that another reactivity

the a-lithiated epoxide, combined with the weakening of the
C—0 bond because of its greater polarization, makdthiated
epoxides highly electrophilic speciednder certain reaction
conditions (typically =2 equiv of organolithium in THF),
another equivalent of organolithium can add to théthiated
epoxide to form lithiated speciés which g-eliminates L3O to
form alkenes (Scheme 1, patB). This process has been termed

mode is possible whereby the organolithium first functions as reductive alkylatior?

a base and-deprotonates the epoxide. The resulatithiated
epoxide 3 can react in a variety of ways depending on the
reaction conditions and substrate structufiéne ring strain of
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SCHEME 1. Epoxide Reactivity Modes with Organolithiums
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If nucleophilic addition is the desired reaction pathway, a 6 to aldehyded0 using a bulky lithium amide, namely lithium
Lewis acid (e.g., BFE{,O) can be added to increase the 2,2,6,6-tetramethylpiperidide (LTMP, Scheme 2); the latter being
electrophilic character of the epoxide and maximize the yield straightforwardly generated from commercially available 2,2,6,6-
of alcohol 2.1 However, prior to the studies reported herein, tetramethylpiperidine (TMP) using-BuLi in THF at 0 °C.10
there was no general way to maximize alkene formation. We With evidence from experiments using deuterium-labeled ep-
considered reductive alkylation of epoxides to be a potentially oxides, Yamamoto and co-workers suggested a reaction pathway
very powerful process for the synthesis of alkenes because ofproceeding via epoxidet-deprotonation tfans to the alkyl
its convergent nature, the regiospecificity in the double bond substituent on the oxirane ring) to forealithiated epoxider.
installation, and the ready availability of the starting materials. More recently, we reported that aldehyd® is formed via
However, at the outset of our studies the reaction (as discussechydrolysis of enamined, the latter being generated by a
above) suffered from three significant limitations: (1) only mechanism analogous to that of reductive alkylation (Scheme
simple alkyllithiums had been shown to be effective partners 2).11 Thus, aftera-deprotonation of the epoxide, the resulting
in the chemistry, (2) high E-selectivity was observed only with  o-lithiated epoxide? is likely attacked by excess LTMP to give
secondary and tertiary alkyllithiunis,and (3) at least 2 equiv  intermediate8, from which elimination of LiO generates
of the organolithium were required (the first equiv functioning enamined. We have also observed that, if the reaction is carried
as a base forming:-lithiated epoxide3 and the second as  out under more concentrated conditions and at a lower temper-
nucleophile on this transient carbenoid). The latter is undesirableature, then-lithiated epoxide preferentially dimerizes to give a
if the precursor to the organolithium (normally an organohalide 2-ene-1,4-dioll2 (possibly viall) as the major produég The
or stannane) is prepared by a multistep procedure. We consid-atter is an encouraging observation in the current context, as it
ered a potential solution to this problem bydeprotonating suggests that (sterically demanding) LTMP does not rapidly
epoxidel with one type of base and then trapping the resulting attack the transiernt-lithiated epoxide intermediaté
oxiranyl anion3 with an organometalli€ which after elimination Since LTMP had been shown to efficientty-deprotonate
of metal oxide from intermediaté would afford the desired  terminal epoxides in a highly regio- and stereoselective manner,
alkene5. This would reduce the number of equiv of organo- it was evaluated as a potential base in the proposed modified
metallic needed and expand the range of products available.reductive alkylation process. 1-Hexynyllithium was chosen as
This article details our studies toward this gbal. the organolithium, as it had been demonstrated to be a poor
nucleophile with an epoxide in the absence of a Lewis acid
and therefore formation of secondary alcollshould be
avoided!® Using this organolithium with 1,2-epoxydodecane

In 1994,. Ya}mqmoto gnd.co-worker.s reported.the sele.ctive (13) should give enynd4a Initially, LTMP (1 equiv) in EtO
and high-yielding isomerization of a variety of terminal epoxides

Results and Discussion

(10) (a) Yanagisawa, H.; Katsutaka, Y.; Yamamoto,JHChem. Soc.,
(7) It has recently been reported that both PhLi and MeLi undergo Chem. Communl1994 2103-2104. (b) See also: Wiedemann, S. H;

reductive alkylation with (1-aminoalkyl)epoxides in THF to give the cor-
respondings-alkenes. See: (a) Concellon, J. M.; Suarez, J. R.; Del Solar,
V. Org. Lett.2006 8, 349-351. (b) Concellon, J. M.; Bernad, P. L.; Del
Solar, V.; Suarez, J. R.; Garcia-Granda, S.; DiazJMOrg. Chem2006
71, 6420-6426.

(8) Shimizu, M.; Fujimoto, T.; Liu, X.; Hiyama, TChem. Lett2004
33, 438-439.

(9) (@) Hodgson, D. M.; Fleming, M. J.; Stanway, SJJAm. Chem.
Soc 2004 126, 12250-12251. (b) The chemistry has subsequently been
used. See: Wang, Z.; Fang, H.; Xi, Zetrahedror2006 62, 6967-6972.
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(12) (a) Hodgson, D. M.; Bray, C. D.; Kindon, N. @rg. Lett 2005 7,
6870-6871. See also: (b) Hodgson, D. M.; Chung, Y. K.; Paris, J3M.
Am. Chem. So2004 126, 8664-8665. (c) Hodgson, D. M.; Chung, Y.
K.; Nuzzo, |.; Freixas, G.; Kulikiewicz, K. K.; Cleator, E.; Paris, J.-B.
Am. Chem. SoQ007, 129, 4456-4462.

(13) See Supporting Information for initial studies investigating product
distribution when various organolithiums are added to terminal epoxides.
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TABLE 1. Reactions of Epoxide 13 with LTMP/1-Hexynyllithiuma
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C4H
LTMP /\,,:% 49 0 recovered
CioHa1 ———c.r, C1oHa1 * C10H21/\f * epoxide
— H
13 14 h 14a 15 13
equiv of temp, 1l4ayield, 1l4aE/Z 15yield, 13recovered,

entry LTMP solvent °C % ratio % %

1 EtO 0 29 58:42 7 40
20 1 EtO 0 21 55:45 15 41
3 1 THF 0 19 70:30 11 48
4 1 hexane 0 37 55:45 18 28
5 2 EtO 0 36 61:39 11 17
6 2 hexane 0 48 56:44 9 15
7 2 hexane —20 45 53:47 8 20
8 2 hexane -20 61 57:43 0 15
9° 2 hexane 0 72 58:62 0 0
10¢ 2 hexane 25 68 52:58 0 0
11¢ 2 THF 25 37 62:38 30 0
12¢d 2 hexane 0 80 57:43 0 0
13¢¢ 2 hexane 0 60 55:45 0 0
14ef 15 hexane 0 51 51:49 0 15
150d.0 2 hexane 0 80 57:43 0 0

a4 equiv of alkynyllithium were used, and LTMP was addedrdvé unless otherwise statét. TMP added over 10 mirt Epoxide added to a solution
of LTMP/alkynyllithium. ¢ 3 equiv of alkynyllithium were used.2 equiv of alkynyllithium were used.A quantity of 1.5 equiv of alkynyllithium was used.

9 Reaction left for 2 h.

was added slowly (over 1 h) to a mixture of epoxitieand
1-hexynyllithium (4 equiv) in BEXO at 0°C. After 14 h, the

Pleasingly, this resulted in the formation of alkel®b in high
yield (85%) and excellent stereoselectivis/Z = 98:2, Table

reaction was quenched, and this led to the formation of the 2, entry 1). Repeating the reactions in ethereal solvents led to

desired enynelda in 29% yield (48% based on recovered
epoxide, Table 1, entry 1). However, GMS and NMR

a reduced yield of alken®4b (71% in ELO and 65% in THF),
and enamine-derived and secondary alcohol byproducts were

analyses indicated the reaction was not stereoselective, andlso isolated (entries 2 and 3). The reaction was repeated using

enyneldawas produced as a 58:42 mixture B isomers.
Traces of aldehydel5 (derived from enamine hydrolysis
following column chromatography) were also isolated, and a
significant quantity of epoxidel3 was also recovered. The
solvent, temperature, and number of equiv of LTMP and
alkynyllithium were then varied in an attempt to improve the
yield of enyneld4a We also investigated if changing the order
of addition of reagents had any beneficial effect.

Higher yields of enynd4awere obtained if the epoxide3
was added to a solution of LTMP and lithium acetylide (Table
1, entries 8-15), as opposed to LTMP being added to a solution
of epoxidel3 and alkynyllithium (entries 7). Hexane proved

fewer equiv of PhLi to ascertain whether a large excess of
reagent was actually necessary. Gratifyingly, the yield of alkene
14b remained high (93%) when only 1.3 equiv of PhLi were
used (entry 4). This latter result implies that the organolithium
is not consumed in deprotonating TMP generated by the desired
epoxide lithiation pathwaj® To demonstrate that this methodol-
ogy was also compatible with aryllithiums generated in situ by
halogen-lithium exchangep-MeOGsH4Li was prepared by
addition oft-BuLi (2 equiv) to 4-bromoanisole in THF at78

°C. Addition of 1,2-epoxydodecaneld) to a mixture of
p-MeOGsH4Li and LTMP gave alkené&4cin good yield (70%)
and excellent stereoselectiviti/Z = 99:1). Secondary alcohol

to be more suitable than ethereal solvents (comparing entry 416cwas also isolated in 15% yield.

with entries 1 and 3). Lowering the temperature had no effect

on the yield or theE/Z selectivity (comparing entries 6 and 7).
Two equiv of LTMP and 3 equiv of alkynyllithium were found
to give the best yield of enyn&4a (comparing entry 12 with
entries 9 and 13). Lowering the amount of LTMP and alky-
nyllithium to 1.5 equiv had a detrimental effect on the product

Attempts to synthesize heteroarylated alkenes using lithiated
heterocycles proved less successful. When epd3deas added
to a mixture of LTMP (1.3 equiv) and 2-furanyllithium (2 equiv)
in hexane, the major product isolated was secondary alcohol
16d in 60% yield (entry 6); some of the desired alkehé&d
was also formed, in 32% vyieldE(Z = 98:2). Similarly,

yield (entry 14). The reaction was repeated again under the bes@-thienyllithium gave alken&4ein only 39% yield E/Z = 99:

conditions (entry 12) but quenched aft h rather than 14 h

1), along with, predominantly, alcoh@bein 59% yield (entry

(entry 15); the yield and stereoisomeric ratio remained the same,7).

giving enynel4ain 80% yield ande/Z = 57:4314
After finding conditions that successfully converted a terminal
epoxide and an alkynyllithium to an enyne (albeit with poor

The conditions developed above were then applied to a range
of alkenyllithiums. Epoxidel3 was added to a mixture of the
alkenyllithium (1.3 equiv) and LTMP (2 equiv) in hexane to

stereocontrol), we next investigated whether this methodology form the corresponding 1,3-dienes in—785% yield and with
could be extended to aryllithiums. The best conditions that had good stereoselectivity (Table 3). Using vinyllithium gave
been developed for enyne formation (Table 1, entry 15) were terminal dienel4fin 73% yield (entry 1). A trialkyl-substituted

therefore applied to 1,2-epoxydodecaf8)(@nd PhLi (using 2
equiv of commercially available 2.0 M PhLi im-Bu,O).

alkenyllithium gave diené4g which demonstrates that one of
the alkene units incorporated in the diene can be fully substituted

(14) The addition of diamine ligands (TMEDA or-§-sparteine) was
also investigated, but these had no effect on the diastereoselectivity.

(15) Podraza, K. F.; Bassfield, R. . Org. Chem 1988 53, 2643~
2644.
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TABLE 2. Reaction of Epoxide 13 with LTMP/Aryllithiums 2

Ar-Li, LTMP SR H
_—
CroHzi 0°Ctort 2h Ciotai” T CioHa
13 14 16
ent Ar-Li alkene 14 yield, alcohol 16 yield,
ry %b,c %b
d OH
1 PhLi Cuty” -Ph 14b 85 Ph 16b -
10H21
C1oHas
OH
2% PhLi Coty . -Ph 14p 71 Ph 16b 10
10H21
C1oHa1
OH
308 PhLi o N Ph 14b 65 P 16b 10
10H21
C1oHa2s
OH
4 PhLi X Ph 14b 93 16b -
C1oHz1 Ph
C1oH21
. X P-MeOCgH, OH
5 Pp-MeOCgH4Li  C1oHas 14¢ 70 o )\/p-MEOCGH4 16¢ 15
10H21
OH O
6 /@ L 144 R ) 16d 60
Li C1oHa1 C1oH2s
OH S
7 /@ A \\ 14¢ 39 \\ 16e 59
Li C1oHz1 C1oH21

aRLi (1.3 equiv) and LTMP (2 equiv) in hexane unless indicated otherwitsmlated yield.° E/Z > 98:2 determined by GEMS. 92 equiv of RLi and
3 equiv of LTMP were used: Aldehyde 15 was also isolated.Et,O as solvent? THF as solvent.

TABLE 3. Addition of Epoxide 13 to Various Alkenyllithiums and LTMP

R1 R1
/<? . SUR? LTMP (2 equiv) R
CioHz1 Li o CigHzr” 77N
R3 hexane, 0°Ctort,2h R3
13 (1.3 equiv)
entry alkenyllithium diene yield, %% ratios”
1 LT Crotor N 141 73 98:2
2 Li)\( Cme/\)\‘/ 14g 85 E-only
3 LT C10H21/W (E,E)-14h 82 98:2
4 Li/\/CeHm C10H21/\/\/05H13 (E.E)-14i 84 99:1
5 Li/\/Ph C10H21/\/\/Ph 14j 72 98:2

6 LN Crori” NN ZEri4n 70 90:10
7 LY Crotai NN (ZEy14i 80 91:9

CeH13 CeHi3

C4H C4H .
8 Li/\r 4Hg C10H21/\/\( 49 14k 85 91:9

aYield of isolated material’ Determined by GEMS analysis. Ratios refer t&/Z (entry 1);E,E/ZE (entries 3, 4, 5, 8)Z,E/E,E (entry 6); Z,E/other
isomers (entry 7);

(entry 2).E-Alkenyllithiums gave the correspondifgE-dienes of the pheromone of the roller leaf motl3K,52)-dodecadienyl
14h—j in high isomeric purity E,EZ,E = 98:2), which acetate20 (Scheme 3); the moth is the most economically
demonstrates that the geometry of these alkenyllithiums is important insect pest on apples in southern BréZithe key

maintained in the resulting diene (entries3. Z-Alkenyllithi- step in our synthesis was the coupling betwBeikenyllithium
ums gaveZE-dienes 14h and 14i in good yield &70%); 18 and epoxidel7; this occurred to give dien&9in 70% yield
however, there was a slight loss in isomeric purdyHE,E > and with a selectivity of 92:8H,Z/other isomers). After removal

90:10) (entries 6 and 7). A 2,2-disubstitutBealkenyllithium of the TBS protecting group and acetylation of the resulting
gave the correspondirgE-dienel4k, again with a slight loss  alcohol, the natural produdgfZ)-20 could be isolated essentially
of isomeric purity E,E/Z,E= 91:9) (entry 8). Repeating these isomerically pure after column chromatography on silver nitrate-
latter reactions in ethereal solvents did not improve the impregnated silica géf.
stereocontrol in the resulting dienes.
. (16) (a) Chong, J. M.; Heaft, M. Aletrahedrorl999 55, 14243-14250.

_TO demon_Strate the po_tentlal of the above methodology fQI’ (b) Ragoussis, V.; Panopoulou, M.; Ragoussis,JNAgric. Food Chem.

diene formation, we applied the method to the total synthesis 2004 52, 5047-5051.
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SCHEME 3. Application of Diene Synthesis to the Total Synthesis of B85Z)-Dodecadienyl Acetate (20)
N AT P LT NN
TBSO CeHi3 hexane, 0°C, 2 h
(1.3 equiv) CeHi3
17 18 19: 70%
E,Z: other isomers = 92:8
i. TBAF, THF, rt, 1 h
- > ACO/\/\/\
ii. Ac,O, DMAP, py., rt, 3 h CoHr
20: 64%
E,Z:E,E = 99:1
(over 2 steps)
TABLE 4. Allylsilanes from Terminal Epoxides Using LiCH;SiMes/LTMP
LTMP (2 equiv) H o H
NN + j\/\
R SiM . R +
R LiCH,SiMes (1.3 equiv) Wies R SiMes /\f RNF
0,
0°Ctort, 2h 141 (R = C1oH21) 161 (R=CioHz)  15(R=CioH) 27 (R=CioHz)
21 (R =i-Pr) 23 (R=i-Pr) 25 (R = i-Pr) 28 (R = i-Pr)
22 (R = t-Bu) 24 (R = t-Bu) 26 (R = t-Bu) 29 (R = t-Bu)
allylsilane alcohol aldehyde allylic alcohol
entry R solvent yield, % E/Zb yield, ¢ yield, 9 yield, 9
1 CigH21 hexane 84 65:35 0 0 0
2 C10H21 THF 71 92:8 7 5 10
3¢ CioH21 THF 67 93:7 13 4 10
4 CioH21 EtO 65 97:3 10 18 5
5 i-Pr hexane 88 80:20 0 0 0
6 i-Pr THF 71 98:2 10 0 0
7 i-Pr EtO 63 98:2 9 13 5
8 t-Bu hexane 83 83:17 0 0 0
9 t-Bu THF 63 100:0 10 0 5

alsolated yields? Determined by GEMS. ¢ Reaction carried out at40 °C and left for 14 h.

We next turned our attention to terminal allylsilane formation. the structure of the epoxide influenced the reaction. Addition
Pleasingly, allylsilané4l was isolated in high yield (84%) when  of isopropyloxirane to a mixture of LiC}¥$iMe; and LTMP in
1,2-epoxydodecane was added to a mixture of LTMP and hexane gave the desired allylsilag& in 88% vyield (entry 5).
commercially available LiCEBiMe; in hexane (Table 4, entry  The E-isomer predominatede(Z = 80:20). Changing to an
1). However, the stereoselectivitf/g = 65:35) was not as  ethereal solvent reduced the yield of allylsil&ie(71 and 63%
good as that observed with the aryl- and vinyllithiums. Given in THF and E£O, respectively); however, tHgZ ratio improved
the value of regio- and stereo-defined allylsilanes in syntiésis, to 98:2 (entries 6 and 7). Addition dért-butyloxirane to a
we decided at this stage to modify the reaction conditions (and mixture of LICH,SiMe; and LTMP in hexane gave the desired
the structure of the epoxide) with the aim of improving the allylsilane 22 in 83% vyield (entry 8). Predominantly, the
stereoselectivity of the reaction. Other byproducts observed E-isomer was formedd/Z = 83:17). A solvent change to THF

along with the allylsilane when carrying out these reactions were reduced the yield of allylsilan22 to 63% (alcohol®24 and29

secondary alcohold.6l, 23, or 24) formed by direct ring opening
of the epoxide by the organolithium, aldehydds (or 25)
formed from enamine hydrolysis (cf. Scheme 2), and allylic
alcohols27—-29; the later could be produced by some minor
elimination of LiSiMeg instead of LyO occurring from the
putative organolithium intermediate(R? = CH,SiMe;, Scheme
1). Using THF as solvent gave allylsilatél in 71% yield with
improved stereoselectivitye(Z = 92:8) (entry 2); however,
byproduct alcohold 6l and27 and aldehydel5 became more
prominent in this solvent. Reducing the temperature 4@ °C
while carrying out the reaction in THF did not benefit the
reaction (entry 3), but changing the solvent te@&improved
the E/Z ratio further to 97:3 (entry 4). We next investigated if

(17) Williams, C. M.; Mander, L. NTetrahedron2001, 57, 425-447.
(18) (a) Sarkar, T. K. Ir§cience of Synthesisleming, |., Ed.; Thieme:
Stuttgart, 2001; Vol. 4, pp 837925. (b) For a recent synthesis of
allylsilanes, see: Affo, W.; Ohmiya, H.; Fujioka, T.; Ikeda, Y.; Nakamura,
T.; Yorimitsu, H.; Oshima, K.; Imamura, Y.; Mizuta, T.; Miyoshi, K.

Am. Chem. So006 128 8068-8077.

became noticeable); however, pleasingly, onlyErhisomer was
isolated (entry 9).

After successfully developing methodology to prepare ter-
minal E-allylsilanes from epoxides, we investigated whether
o-alkyl-substitutedx-silyllithiums could be used in this chem-
istry to preparee-allylsilanes with a higher degree of substitu-
tion. The addition of 1,2-epoxydodecane to a mixture of
1-(trimethylsilyl)hexyllithium (prepared by addition ofBuLi
to trimethylvinylsilane}® and LTMP in either THF or hexane
gave allylsilanel4min 62 and 74% yields, respectively (Table
5, entries 1 and 2). In both cases, allylsildm was isolated
exclusively as a single stereoisomer.

The stereoselectivity is evidently not solvent dependent for
such a substituted-silyllithium, and the methodology was then
applied to a variety of terminal epoxides to demonstrate
functional group compatibility and ease of preparation of
branched allylsilanes. Terminal alkene (entry 3), aryl (entry 4),

(19) Ager, D.Org. React 199Q 38, 1—227.

J. Org. ChemVol. 72, No. 13, 2007 4767
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TABLE 5. Allylsilanes from Terminal Epoxides and o-Silyllithium Reagents

3 iR3
/<? j\.R 3 LTMP (1.3 equiv) /\iR 3
R! - RN g2

Li” "R? hexane, 0°C, 2 h
(1.3 equiv)
entry epoxide allylsilane yield, %" ratio, E:Z°
iMes
1° <3 /\i 14m 62 E-only
CioHa1 CioHa1 > CsHqq
iMe3
2 <3 14m 74 E-only
CioHa1 CigHa1 > CsHqq

(o) iMe3
. -
3 /\%Q /\t');\i CoHn 30 75 E-only
Ph A 31 70 98:2
) CsHyy
iMe;
5 TBSO\(\,)/<? TBSON 32 65 E-only
3 3 CsHyq

(o) SiMe3

6 O/Q OMCsHﬂ 33 80 E-only

(o) SiMe,Ph

7 OA\/H;SHH 34 72 E-only

SiMe,Ph
8 C2H5/<? PPN 35 7 95:5

CoHs CsHyq
SiMe3
9 36 77 94:6
Csz/<? C2H5/V\C5H11

alsolated yield? Determined by GEMS. ¢ THF as solvent.

and silyl ether (entry 5) functionality were all tolerated. It was Theo-deuterated epoxide were then reacted with organo-
also possible to vary the substitution on silicon by using a lithiums that had not been found to be so stereoselective
different vinylsilane when generating thesilyllithium (entries [1-hexynyllithium and LiICHSiMe; (in hexane), Scheme 4]. For

7 and 8). With 1,2-epoxybutan&/Z selectivity was slightly both these organolithiums, the reaction @&37 gave the
lower (entries 8 and 9). corresponding alken&8 as anE/Z mixture in a ratio similar to

The majority of organolithiums investigated during this that when using the undeuterated epoxide. Both isomers
modified reductive alkylation procedure reacted highly stereo- Possessed high levels of deuterium retentiai84%), which
selectively, generating onf-alkene isomers. However, in some ~ demonstrates that thés-isomer is produced by initiarans
instances (enyne formation and terminal allylsilane formation deprotonation of the epoxide. The loss of stereochemistry in
in hydrocarbon so|vent) the process did not d|sp|ay good enyne and a”ylsilane formation (|n heXane) is therefore not due
Stereose|ectivity_ In an attempt to gain a greater |n5|ght into to lack of StereoselectiVity in the initial deprotonation of the
why this was the casejis- and trans-deuterated epoxide37 epoxide. With these organolithiums, the reaction wigdns-37
were synthesized and subjected to the developed reactiondave the corresponding alken@8 as E/Z mixtures and with
conditions.a-Deuterated epoxide37 were first reacted with varying levels of deuterium incorporation. These results further
Organo“thiums that had generated alkenes with h|gh Stereocon_indicate that the site of deprotonation does not influence the
trol [PhLi and vinyllithium (both in hexane) and LiGiSiMes stereoselectivity of the alkene under these reaction conditions.
(in EtO)] in combination with LTMP. The resulting alkenes A 1,2-metallate rearrangeméfitan be invoked to explain
were then analyzed by GEVS to determine th&/Z ratio and the high degree of stereoselectivity observed for the majority
the relative deuterium levels in each isomer. Reactiogief ~ Of organolithiums examined (Scheme 5): following initial de-
37 gave the corresponding-alkenes38 with high deuterium ~ Protonation of the terminal epoxidérgns to the alkyl group
retention £94%). With trans-37, the major product in each  using the sterically demanding LTMP as ba$e3 stereospecific
case was still th&-alkene38, but with low deuterium content ~ 1,2-metallate shift (with inversion of stereochemistry) on lith-
(<8%). These results suggest that, for these organolithiumsiated epoxide9 gives stereodefined organolithium intermediate
under the conditions indicated teansithiated epoxide leads ~ 40. To explain the observettansalkene geometry, ayn
mainly to E-alkene formation. Withirans-37, a kinetic isotope —
effect leads to raised levels @alkene; the high deuterium 194(1%0)(t(>?)K§§§tlﬁi?{kIAPN; _?,3[1?% %P uIreirgﬁgldroCr?ig}tlzgogoqqii ég?g‘
content & 92%) in theZ-alkene indicates that it is mainly formed 5280, (c) Kasatkin, A. N.; Whitby, R. Tetrahedron Let200Q 41, 6201—
from cis-lithiated epoxide (Scheme 4). 6205.
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SCHEME 4. Mechanistic Studies Using Deuterated Epoxides

LiR, LTMP, hexane (R = Ph, CH=CH,, CH,SiMe;, =—C4H,)
C8H17/<T CsH17ﬁ\rR
D or Et,0 (R=CH,SiMe;) 71-94 % DH
cis-37 38
R =Ph, E:Z, 98 (94% D): 2 (%% D)
R = CH=CHj, E:Z, 98 (100% D): 2 (100% D)
R = CH,SiMe; in Et,0O E:Z, 96 (94% D): 4 (96% D)
R=="C4Hy , E:Z, 66 (90% D):34 (89% D)
R = CH,SiMe;3 in hexane, E:Z, 67 (90% D):33 (94% D)

0o
D as above _ R
GsHy 7/<l/ CgHy 7ﬁ\/

59-65% D/H
trans-37 38

R =Ph, E:Z, 85(1% D):15 (92% D)

R = CH=CH,, E:Z, 86 (0% D):14 (100% D)

R = CH,SiMe; in Et;0 E:Z, 81 (8% D):19 (94% D)
R==—C,H, , E:Z, 52 (26% D):48 (57% D)

R = CH,SiMe; in hexane, E:Z, 65 (33% D):35 (33% D)

SCHEME 5. Possible Origin of Alkene Stereochemistry

i ® LiO
o Lo, © LiOs-==-Li Li,0
52 )y = o L ¥, -Lip
R1/<| i» R ;:L)R — R1J$\|\“L' = H..)fQ.RZ B 1/\/R2
(LTMP) R2 R H (syn- R
39 40 elimination) 5
(1,2-metallate shift)
elimination of LbO must then occuice with the elimination We also examined whether the reaction could be stereose-

rate being faster than any loss of configurational integrity in lective if an unsymmetrical 2,2-disubstituted epoxide was used.
organolithium40. For enyne formation, the absence of signifi- Subjecting such epoxidegt and46to a mixture of LTMP and
cant stereocontrol could be due to configurational instability of PhLi gave arylated alkene% and47 in 41 and 62% yields,

the putative propargyl-allenyllithiuth 40 (R?> = alkyn-1-yl respectively (Table 6, entries 3 and 4). In both cases, the reaction
group) prior to elimination of LJO (Scheme 5). The enhanced was stereoselective, forming predominantly tReisomer.
stereoselectivity of allylsilane formation when carried out in Subjecting the same epoxides to a mixture of LTMP and LiCH
ethereal solvent compared to a hydrocarbon solvent could beSiMe; generated allylsilane48 and49 in 42 and 44% vyields,

due to a faster rate of elimination ofA in EtO, hence giving respectively (entries 5 and 6). These latter reactions were less
the organolithium intermediate less time in which to lose its stereoselective, although tHeisomer (determined by NOE
relative configuration. experiments) was still prominent.

Our above efforts focused solely on converting terminal  As previously stated, at the outset of our studies the reductive
(monosubstituted) epoxides to 1,2-disubstituted alkenes. Thisg|kylation of terminal epoxides to form simpEealkenes with
was because of the presumed lack of reactivity of LTMP with gjky| substituents (i.e., using alkyllithiums) suffered from two
2,2-disubstituted epoxides. Yamamoto and co-workers had |imitations: (1) at least 2 equiv (and typically a large excess)
reported in 1974 the attempted isomerization of a 2,2-disubsti- of alkyllithium reagent are required, because it acts as both the
tuted epoxide with LTMP (in benzene, €, 1 h), but they  pase and the nucleophile (this is undesirable if the precursor to
obtained <5% yield of allylic alcohol, along with>70%  the alkyllithium is generated from a multistep synthesis), and
recovery of starting epoxic®. Notwithstanding this report, (2 only secondary or tertiary alkyllithiums give exclusively
epoxide41 was added to a mixture of PhLi and LTMP in g _gjkenes, while primary alkyllithiums give a mixture Bf and
hexane. Surprisingly, this resulted in complete consumption of 7 isomers2? The addition of exces®-Buli to deuterated
the epo>.<ide withi 2 h and alkend2was |§olated in 42% yield, epoxidescisitrans-37 indicated that the lack of stereoselectivity
along with ¢)-cyclodecene-1-methanol in 47% yield (Table 6, i, glkene formation was due to reduced stereoselectivity during
entry 1). The geometry of the latter allylic alcohol was he jnjtial deprotonation of the epoxide (Table 7). Reaction of
de.termlned by NOE studies. Und.er the§e condltloqs, LTMP can (is37 in Et,O gave the corresponding-alkene 50 with
evidently a-deprotonate a 2,2-disubstituted epoxide to some complete deuterium retention. The kinetic isotope effect forces
extent, bui3-eliminatiorf is a competing process. The formation deprotonation exclusivelyrans to the alkyl group, and the

of lithium amide and organolithium mixed aggregétesould resulting trans-lithiated epoxide generates oBkalkene 50
explain the enhanced reactivity of LTMP during this reaction. (entries 1 and 2).

Carrying out the same reaction using Lig$iMe; gave allyl-
silane43in 40% yield, along with3-elimination-derived allylic
alcohol in 48% yield (entry 2).

(23) (a) Pratt, L. M.; Newman, A.; St. Cyr, J.; Johnson, H.; Miles, B.;
Lattier, A.; Austin, E.; Henderson, S.; Hershey, B.; Lin, M.; Balamraju,
Y.; Sammonds, L.; Cheramie, J.; Karnes, J.; Hymel, E.; Woodford, B.;
(21) Reich, H. J.; Holladay, J. E.; Walker, T. G.; Thompson, JJL. Carter, CJ. Org. Chem2003 68, 6387-6391. (b) Pratt, L. MMini-Rev.

Am. Chem. Sod 999 121, 9769-9780. Org. Chem.2004 1, 209-217. (c) Pratt, L. M.; Ramachandran, B. A.
(22) Yasuda, A.; Tanaka, S.; Oshima, K.; Yamamoto, H.; Nozaki.H. Org. Chem2005 70, 7238-7242. (d) Pratt, L. M.; Le, L. T.; Truong, T.
Am. Chem. Sod 974 96, 6513-6514. N. J. Org. Chem2005 70, 8298-8302.
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TABLE 6. Expanding the Reaction to 2,2-Disubstituted Epoxides

0.
LTMP (1.5 equiv), R3Li (1.5 equiv = 1
R1\/f) ( quiv) ( quiv) - j/\R:; . R OH
5 hexane, 0°Ctort, 14 h l

R R2 R2
. 3. yield, E:Z alcohol
entry epoxide R°Li alkene % ratic’ yield, %%
o
: Z “Ph
1 [E\’j) 41 PhL [Dj/\ 2 42 - 47
P _~_-SiMe,
2 41 LiCHSiMe, VERPT 48
X Ph -
3 SA w e = 45 41 8416
Ph Ph
O, Et Ph -
4 SN 46 phLi D= 47 62 8218
Ph Ph
e _
5 SA w sicmsive,  >=" "M g 0 7em
Ph Ph
O Et SiM -
6 B 46 LiCHSMe =" NS 49w 5347
Ph Ph

alsolated yield? Determined by GEMS analysis® Z-Isomer isolated only.

TABLE 7. Studies Using Deuterated Epoxides witin-BulLi

n-BuLi (3 equiv) Bu H(D)
R/<|O,,H(D) _rBlliGeay) | g\, R R = Cyghys or
Et,O,0°Ctort 2h H(D) Bu CgHy7

alkene ratio

entry epoxide alkene y;/e}ld, E-isomer’  Z-isomer’
’ @.%)"  (D.%)
X Bu
| B o 14n 76 81 19
0} Bu
2 CaH17/<| cis-37 CaH17/Y 50 65 100 (100) 0(0)
D D
o H(D)
3 CoH <D trans-37 CaH17'r\r 50 34 34 (29) 66 (94)
gH17 Bu

aYield of isolated material® Determined by GEMS analysis.

The addition of excess-BuLi to trans-37 in Et,O resulted SCHEME 6. Reaction of Deuterated Epoxiderans-37 with

in predominantlyZ-alkene50 with high deuterium content (94%, n-Buli

entry 3).E-Alkene 50 retained 29% deuterium, which implies 25% cus/ﬁ/B“

that this isomer comes from botis- andtranslithiated epoxide o . _—— H

intermediates. From this result, it can be calculated that initial Cus/ﬂ/L' % ~H

o-deprotonation ofrans-37 gives trans-lithiated epoxidel and 25% H CeHw/\(

deuterateatis-lithiated epoxides1in a ratio of 25:75 (Scheme /<?/D _ trans-51 Bu

6). Thetranslithiated epoxide51 generates exclusiveli-50 CeHi7 n-Buli, ELO

(no deuterium retained). Once formaais-lithiated deuterated trans-37 % o 9% »  CeH 17/§/BU

epoxide51 gives predominantly-alkene50 (88%) and some Cus/ﬂ,D — D

of E-alkene50 (12%)24 We can therefore conclude that, when % .

n-BuLi is used as the base inJ, the initial stereoselectivity cis-51 Catir L

of epoxidea-deprotonation principally determines the geometry

of the resulting alkene. 50

Mioskowski et al. reported that addition of excess MeLi to

(24) The formation of the minarans-alkene isomer )-50) from the 1,2-epoxydodecand g) in THF resulted in alken&4oin 48%

cis-lithiated epoxidedfs-51) probably occurs because, following the 1,2-  yield (E/Z = 66:34)3%2 Repeating this reaction in THF and in

metallate shift to the organolithium intermediate, syn-elimination eOLi Et,0 indicated that another significant product was secondary
is slowed due to developing eclipsing interactions between alkyl groups

(cf. Scheme 5), which allows time for partial loss of configurational integrity @/cohol 160, f(_)rmed via direct ring qpe_n_ing of the _epoxide
in the organolithium intermediate prior to elimination ofOi. (Table 8, entries 1 and 2). Also, a significant quantity of the
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TABLE 8. Attempted Alkene Formation from Epoxide 13 and MeLi

JOC Article

OH
0 , Meli LTMP (2 equiv) o}
; CyoH +  CyH
C10H21/<, (1.5 equiv) —»0 Conzh 10M121 C1oH21 10 21/\f
13 140 160 15
14oyield, ratio, 160yield, 15yield,
entry RLi solvent %2 E/ZP %2 %2
1 MeLi THF 40 74:26 29 0
2¢ MelLi Et,O trace - 63 0
3 MelLi Et,O 61 72:28 trace 10
4 MeLi-LiBr Et,0 30 87:13 45 trace
5d MeLi-LiBr Et,0 71 72:28 trace 10
6 MelLi-LiBr hexane 90 50:50 trace 0
a|solated yield? Determined by GEMS analysis® 3 equiv of MeLi without LTMP.9 Using MeLi-LiBr to deprotonate TMP.
TABLE 9. Attempted E-Alkene Formation from Epoxide 13 and n-BulLi
OH
LTMP
. . (0]
C10H21/<? n-BuLi (1.4 equiv) C10H21/\"P Bu c 0H21)\/ Bu C10H21/Y
13 0°tort,2h 14n 16n 15 H
LTMP 1l4nyield, ratio, 16nyield, 15yield,
entry solvent equiv %2 E/Zb %2 %2

1° Et,O 0 76 81:19 15 -
2 ELO 2 73 90:10 trace 8
3 EtO 5 75 90:10 trace trace
4 hexane 2 91 45:55 0 trace
5d Et,O 2 53 90:10 trace 17

a|solated yield.? Determined by*H NMR analysis 3 equiv ofn-BuLi used.q LiBr (1 equiv) present.

starting epoxide was recovered (230%). As the rate of
nucleophilic ring opening and-deprotonation of the epoxide
by MeLi was found to be relatively slow (2430% of epoxide
13left after 16 h), it was considered a good candidate for LTMP-
modified reductive alkylation to form alk-2-enes. 1,2-Epoxy-
dodecane was therefore added to a mixture of MeLi and LTMP,
with the aim of generating alkereto in high yield and with

would not compete with LTMP. A variety of organometallic
reagents were screened (including organozinc, zirconium,
aluminum, and cerium species), but none proved to be success-
ful, as judged by'H NMR and TLC analyses of the crude
reaction mixtures. However, addition of 1,2-epoxydodecafg (

to a mixture of LTMP (2 equiv) and a Grignard reagént,
n-BuMgCl (2 equiv), gave the desired alkethidn in modest

good stereoselectivity. Factors varied included the solvent andyield but with excellent stereoselectivity when the reaction was

whether MeLi or MeLi/LiBr complex was used (Table 8). The
yield of alkenel4ocould be improved to 61% when the reaction
was carried out in BO (entry 3), although there was no change
in stereoselectivity®/Z = 72:28). A solvent change to hexane
improved the yield further (to 90%); however, the stereoselec-
tivity fell to E/Z = 50:50 (entry 6).

We then considered whether simplealkenes could be
formed with high selectivity when an epoxide was added to a
mixture of LTMP and a primary alkyllithium. For this reaction
to be successful, LTMP would have to out-compete the
alkyllithium in deprotonating the epoxide to exclusively form
the translithiated epoxide and hence only tltealkene (cf.
Scheme 6). In the event, usingBuLi in Et,O, alkenel4n could
be isolated in 73% yield and tHg/Z ratio had improved to 90:

10 (from 81:19 without LTMP present, Table 9, entries 1 and
2). The amount of LTMP present was raised in an attempt to
increase the proportion of-deprotonation by the lithium amide
base relative to the alkyllithium; however, this did not improve

the stereoselectivity (entry 3). Changing the solvent to hexane

(entry 4) or adding LiBr (entry 5) did not have a beneficial
effect on the reaction.

Because the likely origin of theis-isomer (when the reaction
is carried out in BEO) is deprotonation of the epoxidas to
the alkyl group by the alkyllithium, then one solution to this
problem might be to use another alkyl metal that is not

carried out in EfO or hexane (Table 10, entries 1 and 2).
Secondary alcohdl6n and allylic alcohol52 were the major
coproducts. Reducing the amount of Grignard reagent used while
maintaining the same amount of LTMP increased the yield of
alkenel4n to a respectable 69% (entry 3). In the absence of
LTMP, only secondary alcohols and chlorohydrins were ob-
served.

Following the success of using-BuMgCl to form the
correspondinde-alkenel4n, we carried out the same protocol
with MeMgCP® (Table 11). Alkenel4o could be formed in
good yield (71%) and pleasingly with high-selectivity E/Z
= 98:2) when carrying out the reaction in hexane using 1.8
equiv of MeMgCl and 1.5 equiv of LTMP (entry 4).

Other Grignard reagents were examined to see if this
chemistry could be applied to them and thereby solve some of
the limitations of using organolithium reagents (Table 12).
However, 2-thienylmagnesium chloride gave a poor yield of
the corresponding arylated alkebée(entry 1). There was also

(25) (a) Wakefield, B. J., EdOrganomagnesium Methods in Organic
SynthesisAcademic Press: London, 1995. (b) Silverman, G. S., Rakita,
P. E., EdsHandbook of Grignard Reagentslarcel Dekker: New York,
1996. (c) Richey, H. G., EdGrignard Reagents: New DelopmentsWiley
and Sons: New York, 1999.

(26) Use of MeMgBr in hexane only led to traces of alkeld®, and
direct epoxide ring opening by LTMP (ref 11) and by bromide ion was

sufficiently basic enough to deprotonate the epoxide and henceobserved.
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TABLE 10. Reactions of Epoxide 13 withn-BuMgCl and LTMP

OH
LTMP (2 equiv), n-BuMgCl X Bu Bu
> CyoH * CyoH +  CgHig A, OH
C1oH21 0%tort 3h 10M121 10M21
13 14n 16n 52

n-BuMgCl 1l4nyield, ratio, 16nyield, 52yield,

entry solvent (equiv) %2 E/ZP %2 9%p2.C

1 EtO 2 45 98:2 27 21
2 hexane 2 33 98:2 10 50

3 EtO 14 69 96:4 10 8

alsolated yield? Determined by'H NMR analysis.t E/Z = 85:15, determined byH NMR analysis.

TABLE 11. Reaction of Epoxide 13 with Methyl Grignard Reagents and LTMP

OH
LTMP, MeMgCl A o)
C10H21/<? ' 0°Ctort, 3h C10H21/\/ ¥ C10H21)\/ * C1°H21/Y
13 ort 140 160 15 H
MeMgClI LTMP 14oyield, ratio, 160yield, 15yield,
entry solvent (equiv) (equiv) %2 E/Zb %2 %2
1 EtO 2 2 trace c 40 15
2 hexane 2 2 45 99:1 10 40
3 hexane 2 15 65 98:2 20 trace
4 hexane 1.8 15 71 98:2 12 trace
alsolated yield? Determined by GEMS analysis® Not determined.
TABLE 12. Reductive Alkylation of Epoxide 13 with Grignard Reagents
. R-MgQI LTMP (2 equiv) o AR
CioH27 (1.3equiv)  ELO, 0°%Ctort, 4 h 10M21
entry CIMg-R product yield, % ratios”°
CIMg
1 B /\/@ 14e 10 99:1°
Y CioHzq
CqHg
2 CIMg—=—C,H, Wz 14a 28 50:50°
CioHz1
AS R
3 cimg ™y Croti N (ZE-14i 67 91:9/
CGH13 CGH13

4 ClMg/\r Cabo Can/\/\( CaPo 14k 70 94:6¢

a|solated yield.? Determined by GEMS analysis ¢ Isomeric purity of major componertt.2 equiv of RMgCl and 1.5 equiv of LTMP were usetRatio
E/Z. f Ratio Z,E/other isomersy Ratio E,E/Z,E.

no improvement in stereoselectivity in enyne formation when terminal epoxide substrate, resulting in transformations that
an alkynyl Grignard reagent was employed (entry 2) or in the neither of these reagents can achieve by themselves.
stereoselectivity of diene formation when stereodefined Grignard
reagents were used (entries 3 and 4). Experimental Section

' Information. General Procedure A: Optimized Conditions for

LTMP and organolithium/Grignard reagents to form alkenes in pjcene Formation via LTMP-Modified Reductive Alkylation

a regiospecific manner. In general, good yields and stereose-ysing Preformed or Commercially Available Organolithiums,
lectivity have been obtained for the syntheses of arylated or Grignard Reagents, Described for E)-1-Phenyl-1-dodecene
alkenes, dienes, allylsilanes, and enynes. In seeking to improvel4b. To a solution of 2,2,6,6-tetramethylpiperidine (153 mg, 1.08
stereocontrol in the synthesis tins-1,2-dialkyl-substituted ~ mmol) in hexane (8 mL) at 0C (ice bath) was addeutBulLi (1.6
alkenes from terminal epoxides, we have found that Grignard M in hexanes; 0.68 mL, 1.08 mmol) dropwise. The reaction mixture
reagents offer an attractive solution. To the best of our Was stirred at this temperature for 10 min, and then a solution of
knowledge, these are the first examples of Grignard reagents” i (2.0 Minn-Bu;O; 0.35 mL, 0.70 mmol) was added dropwise.

. S . . The reaction was stirred for a further 5 min, and then 1,2-
msert!ng mt_oa_—r_netalated epoxides to produce e_llkenes. Th_|s epoxydodecane 13 (100 mg, 0.54 mmol) was added. The ice bath
chemistry significantly broadens the use of epoxides as regio- < vemoved, and the reaction mixture was stirred for 2 h. After
and stereodefined vinyl cation equivalents and highlights the peing quenched with saturated brine solution (10 mL), the layers
ability of lithium amides and organolithiums (or Grignard \vere separated. The aqueous layer was extracted wi @tx
reagents), present in the same flask, to operate apparentlyl0 mL), the combined organic layers were dried (MgS@nd
independently of each other but in a defined sequence on asolvent was removed in vacuo. The residue was purified by column
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chromatography (Si©) 100% petrol) to givealkenel4b (123 mg, (18), 121 (25); HRMS calcd for gH3:0 (M + HT) 275.2375,
93%, E/Z = 98:2, by GC-MS analysistr Z-14b 13.02 min,tr found 275.2373.

E-14b 14.22 min, initial temp 8C°C, max temp 28CC, rate 10 General Procedure C: Optimized Conditions for Allylsilane
°C/min) as a colorless oiR; 0.48 (100% petrol); IR (neat)/crh Formation via LTMP-Modified Reductive Alkylation Using
3025m, 2956s, 2925s, 2853s, 1625w, 1599w, 1494w, 1466m, 927s:2-Silyllithiums Generated in Situ, Described for (E)-(1-Pentyl-

1 _ tridec-2-en-1-yl)trimethylsilane 14m. To a solution of vinyltri-
1:??31(‘23?] I\=/“126) 617H)386_262?d$]=4|1_2 ;.leH()ttJZ 227(201:5 methylsilane (84 mg, 84 mmol) in THF (1 mL) at78 °C was

N ’ ' o P o addedn-BuLi (1.6 M in hexanes; 0.44 mL, 0.70 mmol) dropwise.
7,7, 2H), 1.53-1.45 (m, 2H), 1.46-1.25 (m, 14H), 0.92 (&) =

.1 The reaction mixture was stirred at this temperatured and
6.5, 3H);*3C NMR (100 MHz)5 138.0, 131.3, 129.7, 128.5, 126.7,  then at—30°C for 2 h. The reaction mixture was warmed t6@

125.9, 33.1, 32.0, 29.7, 29.6, 29.4, 29.4, 29.3, 22.7, 14.1nMS  (jce bath), and a solution of LTMP (prepared from the addition of
(Cl) 245 (M + H*, 18), 244 (57), 117 (47), 104 (100), 91 (14); n-BuLi (1.6 M in hexanes; 0.44 mL, 0.70 mmol) to 2,2,6,6-
HRMS calcd for GgHz9 (M + H') 245.2269, found 245.2267. tetramethylpiperidine (99 mg, 0.70 mmol) in hexane (7 mL) at O
) - . °C) was added dropwise. After 5 min, 1,2-epoxydodecEEL00
Gengral P_rocedure B: _(_)ptlmlzed C_:ondltlons _for Alk_ene mg, 0.54 mmol) was added, and the reaction mixture was stirred
Formation via LTMP-Modified Reductive Alkylation Using for 2 h at 0°C. After being quenched with saturated brine solution
Organolithiums Generated in Situ via Halogen-Lithium Ex- (10 mL), the layers were separated. The aqueous layer was extracted
change, Described for E)-1-Dodec-1-enyl-4-methoxybenzene  jth E,0 (2 x 10 mL), the combined organic layers were dried
14c.To a solution of 4-bromoanisole (131 mg, 0.70 mmol) in THF  (MgSQ;), and solvent was evaporated in vacuo. The residue was
(2 mL) at—78 °C was added-BuLi (1.5 M in pentane; 0.94 mL, purified by reverse-phase column chromatogrép(@s silica, 15%
1.40 mmol) dropwise. The reaction mixture was stirred at this Et,O in MeCN) to giveallylsilane 14m (130 mg, 74%[E-only by
temperature for 30 min and then warmed t&@(ice bath). After GC—MS analysisE-14m 10.18 min, initial temp 80C, max temp
5 min, a solution of LTMP (prepared by the addition mBuLi 280°C, rate 20°C/min) as a colorless oiR 0.13 (Gs silica, 15%
(1.6 M in hexanes; 0.68 mL, 1.08 mmol) to 2,2,6,6-tetramethylpi- EO in MeCN); IR (neat)/cm* 2924s, 2854s, 1467m, 1378w,
peridine (153 mg, 1.08 mmol) in hexane (8 mL) &) was added ~ 1258M, 969m, 861miH NMR (400 MH2)$ 5.24-5.12 (m, 2H),
dropwise. The reaction was left for a further 5 min at®, and 1.99 (di,J = 6.5, 6.5, 2H), 1.421.16 (m, 25 H), 0.930.86 (m,

6H), —0.01 (s. 9H)*C NMR (100 MHz) 6 131.5, 128.2, 32.9,
then 1,2-epoxydodecar (100 mg, 0.54 mmol) was added. The 32.)9, 31.9, 3(1.8, 3<)).1, 29.7, 25.6, 29.5, 2)9.4, 29.1,29.0, 28.9, 22.7,

ice bath was removed, and the reaction mixture was stirred for 3926 14.2 14.1-3.1: MSm/z (Cl) 325 (M+ H*, 34), 251 (13)

further 2 h. After being quenched with saturated brine solution (10 8), 250 (48), 90 (100), 73 (25); HRMS calcd fop:E4sSi (M +
mL), the layers were separated. The agueous layer was extractetq+) 325.3291, found 325.3287.

with EO (2 x 10 mL), the combined organic layers were dried .
. ; Acknowledgment. We thank the EPSRC and GlaxoSmith-
(MgSQy), and solvent was evaporated in vacuo. The residue was Kline for a CASE award, the EPSRC for a research grant (GR/

purified by column chromatography (SiC2% EtO in petrol) to .
give alkenel4c (104 mg, 70%E/Z = 98:2 by GC-MS analysis, S46789/01), and the EPSRC National Mass Spectrometry
Service Centre for mass spectra.

tr Z-14c 14.35 min,tg E-14c 16.78 min, initial temp 10C0°C, o )
max temp 280°C, rate 10°C/min) as a white solidR; 0.48 Note Added after ASAP Publication. There were errors in

(10% E$O in petrol); mp 36-39 °C; IR (CHCk)/cmt 2954m, Table 10 in the version published May 26, 2007; the corrected
2920s, 2850m, 1608w, 1513w, 1465w, 1251w, 1176w, 1023w, Version was published May 29, 2007.

962w;'H NMR (400 MHz)¢ 7.31 (d,J = 9, 2H), 6.87 (dJ =9, Supporting Information Available: Experimental procedures
2H), 6.35 (d,J = 16, 1H), 6.12 (dtJ = 16, 7, 1H), 3.82 (s, 3H),  and characterization for all products. This material is available free
2.21(q,J =7, 2H), 1.52-1.44 (m, 2H), 1.4%+1.25 (m, 14H), 0.92 of charge via the Internet at http://pubs.acs.org.

(t, J=7, 3H); 13C NMR (400 MHz)¢ 158.6, 130.8, 129.1, 129.0, JO070291V

127.0, 113.9, 55.2, 33.1, 31.9, 29.7, 29.6, 29.6, 29.4, 29.3, 22.7,
14.1; MSmiz (Cl) 275 (M + H*, 100), 274 (69), 147 (63), 134  (27) Farina, \V J. Org. Chem1991, 56, 4985-4987.
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