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ABSTRACT

/
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R2 (o} 1
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73-92%

Ry = alkyl, Ry =H
R4, Ry = alkyl, aryl

The treatment of chiral trans-disubstituted and trisubstituted 2,3-epoxy-1-bromides with an excess of dimethylsulfonium methylide 1 affords
the corresponding 1,3-butadien-2-ylmethanols in good to excellent yields via a double one-carbon homologation.

The usefulness of substituted 1,3-butadien-2-ylmethanols ofinvolve organometallic species such as 1,3-butadienyl-2-
general structur@ and 3 as valuable intermediates in the metaf or 2,3-butadienyl-1-met&lwhich often suffer from
synthesis of naturdland unnaturdf products is well poor regioselectivity or low chemical yield and, in some
documented. cases, require starting materials that are not readily accessible.
Moreover, the most efficient of these methods have to be
carried out using relatively complicated procedures at low

(3) For the use o2 and3in other reactions, see: (a) Mamane, V.; Gress,
T.; Krause, H.; Fatner, A.J. Am. Chem. So2004 126, 8654. (b) Alcaide,

This has resulted in the development of a number of methodsB.; Aimendros, P.; Campo, T. M.-D.; Rdduez-Acebes, RTetrahedron

for their preparatioc3>46 Many of these methodologies

(1) For examples of natural products containing substru@usee: (a)
Shen, Y.-C.; Wang, L.-T.; Wang, C.-H.; Khalil, A. T.; Guh, J.-Bhem.
Pharm. Bull. 2004 52, 108-110. (b) Prakash, C. V. S.; Hoch, J. M.;
Kingston, D. G. I.J. Nat. Prod.2002 65, 100-107. (c) lwamoto, M.; Ohtsu,
H.; Tokuda, H.; Nishino, H.; Matsunaga, S.; Tanaka,Borg. Chem.
Lett. 2001, 9, 1911-1921.

(2) For the use o2 and3 in cycloaddition reactions, see: (a) Alcaide,
B.; Almendros, P.; Rodguez-Acebes, R]. Org. Chem2002 67, 1925~
1928. (b) Bear, R. B.; Sparks, S. M.; Shea, KAAgew. Chem., Int. Ed.
2001, 40, 820-849. (c) Bloch, R.; Chaptal-Gradoz, Bl.Org. Chem1994
59, 4162-4169. (d) Hatakeyama, S.; Sugawara, K.; TakanoCBem
Commun 1992 953-955. (e) Hatakeyama, S.; Sugawara, K.; Takano, S.
Chem Commun 1991 1533-1534. (f) Wender, P. A.; Tebbe, M. J.
Synthesid991, 1089-1094. (h) Wada, E.; Kanemasa, S.; TsugeBall.
Chem. Soc. Jpri986 59, 2451-2458. (i) Tsuge, O.; Wada, E.; Kanemasa,
S.; Sakoh, H.Chem. Lett.1984 709-712. (j) Tsuge, O.; Wada, E.;
Kanemasa, S.; Sakoh, i&hem. Lett1984 469-472.
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Ciavarri, J. POrg. Lett.2002 4, 2953-2955. (e) Xiang, A. X.; Watson,
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temperature in the presence of a Lewis acid. More re- We started our investigation by studying the proposed
cently, attractive alternative methods such as indium-inducedtransformation on racemic epoxid8gScheme 2).
Barbier-type coupling of 1,4-dibromobutyne with car-

bonylga3becand ethylene-alkyne cross-metathesis of terminal I

propargyl alcoho®¢have been reported for the preparation

of these substrates. However, although efficient, the few Vo SYSCheme 2
methods applicable to the enantioselective synthesis of 1,3- 3 ,
butadien-2-ylmethanols have so far been limited to the ln_BUL' OH
synthesis of secondary hydroxydienswhile a general Bnovﬁ/\XM» Bnoy\ﬂ/\ + Bno\)oi/
method for the enantioselective preparation of tertiary Solvent
hydroxydieness, to the best of our knowledge, still remains 8 9 10
elusive.
As a continuation of our work on developing new
methodologies using dimethylsulfonium methylidg we It rapidly became apparent that the outcome of the reaction
have recently reported the interesting observation that Was highly dependent on both the nature of the leaving group
selectively reacts with unactivated 1,2-disubstitutsg- X and the solvent, whereas the trimethyl sulfonium salt

epoxides yielding one-carbon-homologated allylic alcohols, counterion Y had no effect. Key results of this study are
while the corresponding unactivated trans- and trisubstituted SUmmarized in Table 1.

epoxides are inert under the reaction conditibhshas also

been shown previously by Mioskowski et al. thhtcan ]
perfqrm the conversion of halides to one-ca_lrbon—hom_ologatedTable 1. Reaction Optimization

terminal alkene8.We envisaged that tactical combination

of these methodologies could result in an unprecedented__ ¢y X Y solvent ratio 9:10¢
enantioselective synthesis of dierzand 3. 1 I I THF >5:95
Our strategy was as outlined in Scheme 1: trans-%R 2 I I Et,0 >5:95
H) or 3,3-disubstituted (Rand R = H) 2,3-epoxy-1-halides 3 I BF, THF >595
4 Cl I THF complex mixture
5 Br I THF >95:5
| 6 B BF, THF =955
Scheme 1 7 Br I Et.O >5:95
Ra 1- SAE Ro. .0 2eq. of 1 @ Determined by crudéH NMR
RH\/\OH 2-FGlI R1><'/\LG :
4
Ra .0 2eq. of 1 Rz OH Employing iodide as the leaving group X in epoxifle
R1><V\ - R1><H/\ consistently afforded the unexpected elimination prodict
5 6: Ry = alkyl, Ry =H regardless of the nature of the sulfo_nlum salt counterion Y
LG: Leaving Group R1, Ry = alkyl, aryl and the solvent used (Table 1, entries3). Formation of

compoundlOQ is probably the result of a direct nucleophilic
attack of the ylide on the iodide followed kfrelimination

4 are readily available by Sharpless asymmetric epoxidation©' theé €poxide in a manner similar to that previously

(SAE) of suitable allylic alcohoté followed by conversion ~ 'ePorted: While the chloride gave a complex mixture of
of the primary alcohol functionality into a suitable leaving products (entry 4), employing bromide as the leaving group

group (LG). Exposure of compounds of generic structuire and using THF as the solvent gave complete conversion to

to an excess of ylidd should produce the corresponding the dﬂesired diend (entry 5). Chalmgir?g the ?founteriorrl]Y to
one-carbon-homologated epoxyalkerfeim which the ep- tetrafluoroborate caused no deleterious effects to the reac-

oxide is now activated at the allylic position and should in - ——
(8) (a) Alcaraz, L.; Cridland, A.; Kinchin, EOrg. Lett.2001, 3, 4051~

turn undergo reglo_selectlve ““Q'Ope”'_”g homOIOga_tlon by 4053. For examples of terminal epoxide openings, see: (b) Alcaraz, L.;
the excess ofl to yield the desired chiral 1,3-butadien-2- Harnett, J. J.; Mioskowski, C.; Martel, J. P.; Le Gall, T.; Shin, D.-S.; Falck,
ylmethanols6 J. R. Tetrahedron Lett.1994 35, 5449-5452. For alternative reaction

’ conditions see: (c) Bode, J. B.; Carreira, E. 34.0rg. Chem2001, 66,
6410-6424. For the direct conversion of ketones to allylic alcohols using

(6) (a) Phukan, P.; Bauer, M.; Maier, M. Bynthesi2003 1324-1328. 1, see: (d) Harnett, J. J.; Alcaraz, L.; Mioskowski, C.; Martel, J. P.; Le
(b) Smulik, J. A.; Diver, S. TJ. Org. Chem200Q 65, 1788-1792. (c) Gall, T.; Shin, D.-S.; Falck, J. Rietrahedron Lett1994 35, 2009-2012.
Lu, W.; Ma, J.; Yang, Y.; Chan, T. HOrg. Lett.200Q 2, 3469-3471. (d) (9) (a) Alcaraz, L.; Harnett, J. J.; Mioskowski, C.; Martel, J. P.; Le Gall,
Smulik, J. A.; Diver, S. TOrg. Lett.200Q 2, 2271-2274. (e) Katritsky, T.; Shin, D.-S.; Falck, J. RTetrahedron Lett1994 35, 5453-5456. For
A. R.; Serdyuk, L.; Toader, D.; Wang, X. Org. Chem1999 64, 1888- related methodology using arsonium ylides, see: (b) Seyer, A.; Alcaraz,
1892. (f) Yu, C.-M,; Yoon, S.-K.; Lee, S.-J.; Lee, J.-Y.; Kim, Ghem L.; Mioskowski, C.Tetrahedron Lett1997, 38, 7871-7874.
Commun 1998 2749-2750. (g) Halazy, S.; Krief, ATetrahedron Lett. (10) Katsuki, T.; Sharpless, K. B. Am. Chem. S0d.98Q 102 5974~
1980 21, 1997-2000. (h) Brown, P. A.; Bonnert, R. V.; Jenkins, P. R.;  5976.
Lawrence, N. J.; Selim, M. Rl. Chem. Soc., Perkin Trans1991, 1893— (11) (a) Concella, J. M.; Llavona, L.; Bernad, P. L., Jfetrahedron
1900. 1995 51, 5573-5584. (b) Fujii, N.; Habashita, H.; Akaji, M.; Nakai, K.;
(7) Corey, E. J.; Chaykovsky, Ml. Am. Chem. S0d.965 87, 1353~ Ibuka, T.; Fujiwara, M.; Tamamura, H.; Yamamoto,J Chem. Soc., Perkin
1364. Trans. 11996 865-866.
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Table 2. Tandem Alkylbromide-epoxide One-Carbon
Vinylations

entry substrate product yield (%)?

o OH

1 BnO <L~ B”OJ\”/X 91%
o OH

2 /\/Q/\Br N 80%
o) on

3 WBr /\/T\ 73%

o OH
S O W 88%
OH

92%
82%
86%
78%
81%

10 76%

)\/\)ﬁo\
X G
Br
o OH
8 Br x
Cl Cl
ﬁﬁ
F Br
O
Br

alsolated yieldt*

tion’s outcome (entry 6); however, quite remarkably, switch-
ing solvent from THF to diethyl ether totally reversed the
course of the reaction in favor of the undesired alcatil
(entry 7).

With our optimized conditions in hand, the scope of this
methodology was explored (Table ).

Exposure of trans-1,2-disubstituted epoxides to 6 equiv

of 1 at =10 °C in THF resulted in excellent yields of the
corresponding dienols (entries—5). As expected, the

Org. Lett, Vol. 7, No. 7, 2005

enantiomeric purity of the original epoxy-alcohol was
conserved in the final product (e.g., entry 5, 96%'8&)n
moving to 1,2,2-trisubstituted epoxides (entriesl®), it was
necessary to increase the amount of ylideom 6 to 9 equiv

to achieve complete conversions to the tertiary dienols.
Failing that, epoxyalkene intermediatesvere isolated as
major products of the reactions, which confirms that the
reactions proceed through the proposed pathway (Scheme
1). Thus acyclic, aliphatic (entries 6 and 7), aromatic (entries
8 and 9), and cyclic (entry 10) epoxides afforded the desired
products in good yields. It is worth noting that these reactions
also had to be kept below T for longer periods than the
disubstituted epoxides due to the increase in steric hindrance
around the epoxide and the instability bbove 0°C.

In summary, we have developed a novel and simple
enantioselective synthesis of 1,3-butadien-2-ylmethanols
from readily accessible chiral epoxides using dimethyl-
sulfonium methylide, which leads to synthetically valuable
intermediates. More importantly, this new methodology
allows access to chiral tertiary diend@s
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(12) General Procedure.To a—10°C suspension of trimethylsulfonium
iodide (6.5 equiv, 6.5 mmol, 1.33 g (or 10.0 equiv, 10.0 mmol, 2.0 g)) in
THF (8 mL) was addeah-BuLi (6.0 equiv, 6.0 mmol, 2.4 mL of 2.5 M
hexane solution (or 9.0 equiv, 9.0 mmol, 3.6 mL of 2.5 M hexane solution)).
After 20 min, epoxide (1.0 equiv, 1.0 mmol) in THF (1 mL) was introduced,
and the reaction was slowly allowed to warm td@over 3 h. The mixture
was then allowed to warm to ambient temperature and was stirred for 2 h.
The reaction was quenched with water, and the mixture was extracted with
diethyl ether. The combined extracts were washed with brine, dried over
magnesium sulfate, filtered, and concentrated under vacuum. The residues
were purified on silica gel using pentane/ether to give the desired allylic
alcohol.

(13) Determined byH NMR of the correspondingS-Mosher’s esters.

(14) In some cases, the formation of small quantities of vinyl bromides
11 (<5%) have also been observed as a result of yliéeting as a base.

OH

R

R1>l\/\ar
1

For a related transformation using lithium diisopropyl amide, see: Barlu-
enga, J.; Baragana, B.; Concellon, J. M.Org. Chem1999 64, 2843-
2846.

1401



