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Alkylidenation of Ester Carbonyl Groups by means
of a Reagent Derived from RCHBr,, Zn, TiCl,, and
TMEDA. Stereoselective Preparation of (Z)-Alkenyl
Ethers

Summary: Reagents prepared by reduction of 1,1-di-
bromoalkanes (R3CHBr,) with zinc and TiCl, in the
presence of N,N,N'N’-tetramethylethylenediamine in
THEF are effective in the conversion of esters (R1CO,R?)
to the corresponding alkenyl ethers (R{(R20)C=CHR?)
with high Z selectivity.

Sir: Though alkenyl ethers have considerable synthetic
utility,! the preparation of the ethers is limited to methods
which use as starting materials either acetals® or acety-
lenes.>* It is usually difficult to prepare the alkenyl ethers,
especially trisubstituted ones, in a regio- and stereoselective
manner by these methods. The most promising direct
approach to solve these problems is the alkylidenation of
ester carbonyl groups, which has remained a persistent
challenge in organic synthesis.> Recent advances with the
Schrock-type metal carbene complexes® (1, RIR*C=MtlL,,
Mtl = Ta,” Zr,2 Ti,8 WP and the Tebbe complex!® have
shown promise. However, the preparation of the complex
1 usually requires special techniques and possesses some
restrictions on the substituents R! and/or R2%. Moreover,
the transformation with 1 does not provide alkenyl ethers
under good stereocontrol.”®21! We report here a simple,
general, and stereoselective method for the alkylidenation
of ester carbonyl groups by means of a reagent prepared
from 1,1-dibromoalkane,'? zinc, TiCl,, and N,N,N’ N

(1) For some representative examples, see: (a) Povarov, L. S. Russ.
Chem. Rev. 1965, 34, 639. (b) Wenkert, E. Acc. Chem. Res. 1980, 13, 27.
(c) Wenkert, E.; Michelotti, E. L.; Swindell, C. 8. J. Am. Chem. Soc. 1979,
101, 2246. (d) Kitazawa, E.; Imamura, T.; Saigo, K.; Mukaiyama, T.
Chem. Lett. 1975, 569. (e) Corey, E. J.; Ghosh, A. K. Tetrahedron Lett.
1987, 28, 175. See also ref 21 and 22.
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Wohl, R. A. Synthesis 1974, 38. (c) Barbot, F.; Miginiac, P. Helv. Chim.
Acta 1979, 62, 1451. (d) Shono, T.; Matsumura, Y.; Kashimura, S. Tet-
rahedron Lett. 1980, 21, 1545. (e) Marsi, M.; Gladysz, J. A. Tetrahedron
Lett. 1982, 23, 631; Organometallics 1982, 1, 1467. (f) Miller, R. D,;
McKean, D. R. Tetrahedron Lett. 1982, 23, 323.
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Chem., Int. Ed. Engl. 1984, 23, 587.
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tetlléamethylethylenediamine (TMEDA) in THF (Scheme
I).

A solution of TiCl; (1.0 M 4.0 mmol) in dichloromethane
was added at 0 °C to THF (10 mL) under an argon at-
mosphere. To the yellow solution at 25 °C was added
TMEDA (1.2 mL, 8.0 mmol) and the mixture was stirred
at 25 °C for 10 min. Zinc dust (0.59 g, 9.0 mmol) was
added to the mixture. The color of the suspension turned
from brownish yellow to dark greenish blue in a slightly
exothermic process. After being stirred at 25 °C for 30
min, a solution of methyl pentanoate (0.12 g, 1.0 mmol)
and 1,1-dibromchexane!®® (0.54 g, 2.2 mmol) in THF (2
mL.) was added to the mixture. The color of the resulting
mixture gradually turned dark brown while being stirred
at 25 °C for 2 h. Saturated K,COj; solution (1.3 mL) was
added at 0 °C to the mixture. After it was stirred at 0 °C
for another 15 min, the mixture was diluted with ether (20
mL) and then passed rapidly through a short column of
basic alumina (activity III) using ether-triethylamine
(200/1, 100 mL). The resulting clear solution was con-
centrated and the residue was purified by column chro-
matography on basic alumina (activity III) with pentane
to give the desired 5-methoxy-5-undecene* (0.18 g, Z/E
= 91/9) in 96% yield.!?

(12) (a) Villieras, J.; Bacquet, C.; Normant, J. F. Bull. Soc. Chim. Fr.
1975, 1797. (b) Hawkins, B. L.; Bremser, W.; Borcic, S.; Roberts, J. D.
J. Am. Chem. Soc. 1971, 93. 4472. (c) Kropp, P. J.; Pienta, N. J. J. Org.
Chem. 1983, 48, 2084.

(13) For methylenation of ketones with a CH,X,-Zn-TiCl, system,
see: (a) Takai, K.; Hotta, Y.; Oshima, K.; Nozaki, H. Tetrahedron Lett.
1978, 2417; Bull, Chem. Soc. Jpn. 1980, 53, 1698. (b) Hibino, J.; Okazoe,
T.; Takai, K.; Nozaki, H. Tetrahedron Lett. 1985, 26, 5579, 5581.

(14) Bp: 109 °C (bath temperature, 24 Torr). IR (neat): 2954, 2926,
28586, 1677, 1458, 1117, 1067 cm™., 'H NMR (CDCl;): 5 0.88 (t, J = 7 Hz,
3 H), 0.90 (t, J = 7 Hz, 3 H), 1.16-1.53 (m, 10 H), 1.94-2.18 (m, 4 H), 3.47
(s, 3H (E)), 352 (5,3 H (2)),4.33 (t,J = THz, 1 H (E)), 450 {t,J =7
Hz, 1 H (2)). 8C NMR (CDCly): Z isomer & 13.9, 14.1, 22.3, 22.6, 24.7,
29.4, 29.8, 31.1, 31.8, 56.4, 110.1 (C=CROR), 155.0 (C=CROR’); E isomer
6 96.3 (C=CROR), 156.9 (C=CROR’). MS, m/e (relative intensity): 184
(M, 14). Anal. Caled for C,H,,0: C, 78.20; H, 13.12. Found: C, 78.09;
H, 13.38.

(15) The stereochemistry of the isomers {Table I, runs 9-20) was de-
termined by '*C NMR.1® Ag isomerization of alkenyl ethers has been
reported to take place in GLPC,* the Z/E ratios were measured by 'H
NMR (200 MHz).
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Table I. Preparation of (Z)-Alkenyl Ethers from Esters®

run R! R? R® time, h yield,® % Z|E°
1 Ph Me Me 2 86 92/8
2 n'05Hu 2 89 95/5
3 i-Bu 2 79 96/4
4 ¢-CeH;y 1.5 61 90/10
5 i-Pr Me 2 88 92/8
6 t-Bu 2 81 71/29
7 Ph 3 76 78/22
8 H 3 16
9 Me n-CBH” Me 3 68 84/16

10 n-Cy;Hy, Me 2 75 88/12

11 Bu n-CsHy, 2 9 91/9

12 i-Bu 2 95 93/7

13 ¢-CeHy, 2 69 93/7

14 i-Bu n-CsHy, 2 88 92/8

15 i-Pr 2 89 100/0

16 CH,=CH(CH,); Me Me 3 53 89/11

17 AN 3 70¢ 90/10

n-CaHiy \(CH2)7
18 Moo Et n-CsHy, 2.5 90 94/6
H/ -
19 Bu —CHCH, 2 52 92/8
20 Pr N, 3 85 94/6
H/ \CHz

¢The ester (1.0 mmol) was treated with 1,1-dibromoalkane (2.2 mmol), Zn (9.0 mmol), TiCl, (4.0 mmol), and TMEDA (8.0 mmol) in THF
at 25 °C. PIsolated yields. °See ref 15. ¢Partial isomerization of the isolated cis' double bond took place. The cis/trans ratio of the double
bond at C-11 of the resultant ether was 87/13, which was determined by 'H NMR after hydrolysis of the alkenyl ether (1 M H,SO,, THF)®

and successive epoxidation with MCPBA.

The results in Table I show the wide applicability and
high Z select1v1ty of the process. Several comments can
be made concerning the reaction. (1) Steric repulsion by
the substituents R!, R? and R? influences the Z/E ratios'®
of the products. Thus, as the substituents R* or R? become
bigger or R? becomes smaller, higher Z selectivity is ob-
tained (except run 4). The results of alkylidenation of
esters!? contrast those with ketones, where low Z/E se-
lectivity was observed.!® (2) The reagent for methylena-
tion of ketones, a CH,X,~Zn-TiCl, system (X = I or Br),’?
does not affect ester groups.!®!® Methylenation of ester
carbonyl with CH,Br, in the presence of TMEDA pro-
ceeded but the yield was low (run 8). Alkyl substituents
of 1,1-dibromo compounds enhance the nucleophilicity of
the reagent to add to such an electron-rich carbonyl group.
(3) In the case of lactones, the desired exocyclic alkenyl
ethers were produced along with hydroxy ketones, resulting
from formal hydrolysis of the alkenyl ethers (Scheme II).
(4) Esters having terminal doublé bonds reacted to afford
the corresponding alkenyl ethers in about 50% yields (runs
16 and 19). Esters with internal ones gave better yields
and the stereochemistry of double bonds of the reactants
was retained (runs 18 and 20) except in the case of run 17
where partial isomerization of the isolated cis double bond
occurred.? Thus the reaction provides a convenient and
stereoselective access to allyl vinyl ethers?! (runs 19 and

(16) Strobel, M. P.; Andrieu, C. G.; Paguer, D.; Vazeux, M.; Pham, C.
C. Nouv. J. Chim. 1980, 4, 603.

(17) Reactions with such electron-rich carbonyl compounds as S-alkyl
thio esters, trimethylsilyl carboxylates, and amides took place to generate
alkenyl sulfides, silyl enol ethers, and enamines, respectively. The two
former substrates showed almost the same Z selectivity as the present
reaction.

(18) Treatment of 4-phenyl-2-butanone with the alkylidenation reag-
ent derived from CzH,,CHBr,, Zn, and TiCl; in THF afforded 3-
methyl-1-phenyl-3-nonene in 78% yield. The Z/E ratio of the olefin was
about 45/55 regardless of the addition of TMEDA.

(19) (a) Imagawa, T.; Sonobe, T; Ishiwari, H.; Akiyama, T.; Kawanishi,
M. J. Org. Chem. 1980, 45, 2005. (b) Ogawa, Y.; Shibasaki, M. Tetra-
hedron Lett. 1984, 25, 1067.

(20) McMurry, J. E.; Miller, D. D. Tetrahedron Lett. 1983, 24, 1885.

20) and oxygen-substituted dienes®? (run 18).

During the search for the most effective reagent, the
following was observed. Geminal diiodoalkanes® were also
effective for the alkylidenation, but the yields with diiodo
compounds were lower than those with the corresponding
dibromo ones.?* Low-valent titanium produced by re-
duction of TiCl, with LiAIH,% was slightly effective. The
use of TMEDA was crucial to the success of the reactions,®
since in its absence considerable amounts of ketone (hy-
droxy ketones in the case of lactones) were produced. For
example, treatment of methyl dodecanoate (2) with a
reagent derived from 1,1-dibromoethane, Zn, and TiCl, in
THEF at 25 °C for 2 h afforded the desired 3-methoxy-2-
tetradecene (3) in only 5% yield (Z/E = 85/15) and 3-
tetradecanone (4) was the major product (70% yield).

Although the reactive species is still unknown,?’ the
method has unprecedénted generality and stereoselectivity
and should find numerous synthetic applications. The
scope of the alkylidenation reagent with regard to other
carbonyl functions is under investigation.'

(21) (a) Kinney, W. A.; Coghlan, M. J.; Paquette, L. A. J. Am. Chem.
Soc. 1984, 106, 6868. (b) Sam Stevenson, J. W.; Bryson, T. A, Tetrahe-
dron Lett. 1982, 23, 3143 and references cited therein.

(22) Petrzilka, M.; Grayson, J. I. Synthesis 1981, 753.

(23) (a) Pross, A.; Sternhell, S. Aust. J. Chem. 1970, 23, 989. (b)
Letsinger, R. L.; Kammeyer, C. W. J. Am. Chem. Soc. 1951, 73, 4476.

(24) Treatment of methyl dodecanoate (2) in THF with the reagent
derived from CH,CHI,,?" zine, TiCl,, and TMEDA at 25 °C for 4 h gave
the desired ether 3 (22% yield, Z/E = 88/12), ketone 4 (10%), and the
reactant 2 (53% recovery).

(25) (a) McMurry, J. E.; Fleming, M. P.; Kees, K. L.; Krepski, L. R.
J. Org. Chem. 1978, 43, 3255. (b) Mukaiyama, T.; Sato, T.; Hanna, J.
Chem. Lett. 1973, 1041.

(26) Addition of such Lewis bases as Et;N, Ph,PCH,CH,PPh,, pyri-
dine, or 2,2'-bipyridine instead of TMEDA did not improve the yield of
alkenyl ethers.

(27) We are tempted to assume that the Schrock-type metal carbene
complex (R’CH=TILi,) or geminal dimetallic compounds? (R*CH(Mtl),,
(Mtl), = (TiL,), or (TiL,)(ZnL,)) are the reactive species of the reaction.

(28) Okazoe, T.; Takai, K.; Utimoto, K. J. Am. Chem. Soc. 1987, 109,
951.

(29) Trost, B. M.; Gowland, F. W. J. Org. Chem. 1979, 44, 3448.
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Silafunctional «,3-Epoxy Silanes: Transformation
into Erythro and Threo 1,2-Diol Skeletons and Its
Application to the Synthesis of (+)-exo-Brevicomin!

Summary: Stereodefined E and Z «,5-epoxy silanes con-
taining an isopropoxy group on silicon can be transformed
into threo and erythro 1,2-diol skeletons, respectively, by
regioselective ring opening with carbon nucleophiles fol-
lowed by hydrogen peroxide oxidation of the carbon-silicon
bonds; application to the synthesis of (£)-exo-brevicomin
is also reported.

Sir: Epoxidation of stereodefined olefins and the subse-
quent ring opening with nucleophiles have provided one

Scheme I°
si OH
R 8 R b R c R
SN N T \H\R' — \(kn’
OH OH
threo (syn)

si s/ si OH
R\) - R\<i L. R\l/I\R, — R\(:\R«
OH OH
si = SiMe,(O-i-Pr)

erythro {ant; )
¢(a) MCPBA (1 equiv)/CH,Cly/room temperature/12 h; (b)
R'MgX (3 equiv)/CuCN (0.3 equiv)/Et,0/-20~-30 °C/2-3 h; (¢)
30% H,0, (6-20 equiv)/KF (3 equiv)/KHCO; (3 equiv)/MeOH/
THF /room temperature/12 h.

of the most efficient methods for stereoselective synthesis
of polyfunctional compounds.? However, it is not an easy
task to control the regioselectivity of the ring opening in
unsymmetrical epoxides.? It is noteworthy in this respect
that a,8-epoxy silanes react with carbon or heteroatom
nucleophiles regioselectively at carbon « to silicon exclu-
sively to form 8-hydroxy silanes.® This unique chemistry,
however, has so far been applied only to the stereoselective
synthesis of olefins,4¢f haloolefins,*® enol ethers,* enol
esters,*®?d enamides,*® and enamines,* as well as conver-
sion to carbonyl functionalities.> Reported herein is a new
transformation of a,8-epoxy silanes to 1,2-diol derivatives.
Thus, as shown in Scheme I, stereodefined E and Z epoxy
silanes undergo regioselective ring opening with carbon
nucleophiles and the subsequent stereospecific oxidative
cleavage of the carbon-silicon bond with retention of
configuration® to form unambiguously threo and erythro
1,2-diol skeletons, respectively.” The presence of an alkoxy
group on silicon is essential for the present process.’

(1) Silafunctional Compounds in Organic Synthesis. 35. (a) Part 34:
Tamao, K.; Yamauchi, T.; Ito, Y. Chem. Lett. 1987, 171. (b) Part 33:
Tamao, K.; Nakajo, E.; Ito, Y. J. Org. Chem. 1987, 52, 957. (c) Part 32:
Tamao, K.; Akita, M.; Maeda, K.; Kumada, M. J. Org. Chem. 1987, 52,
1100. (d) Part 31: Tamao, K.; Nakajima, T.; Sumiya, R.; Arai, H.;
Higuchi, N,; Ito, Y. J. Am. Chem. Soc. 1986, 108, 6090.

(2) Gorzynski Smith, J. Synthesis 1984, 629. Behrens, C. H.; Sharp-
less, K. B. Aldrichimica Acta 1983, 16, 67. Rossiter, B. E. In Asymmetric
Synthesis; Morrison, J. D., Ed.; Academic Press: New York: 1985; Vol.
5, pp 193-246. Pfenninger, A. Synthesis 1986, 89.

(8) (a) Hudrlik, P. F.; Peterson, D.; Rona, R. J. J. Org. Chem. 1975,
40, 2263. (b) Eisch, J. J.; Galle, J. E. J. Org. Chem. 1976, 41, 2615. (c)
Davis, A. P.; Hughes, G. J.; Lowndes, P. R.; Robbins, C. M.; Thomas, E.
J.; Whitham, G. H. J. Chem. Soc., Perkin Trans. 1 1981, 1934. (d) Ager,
D. J. Synthesis 1984, 384.

(4) (a) Hudrlik, P. F.; Hudrlik, A. M.; Rona, R. J.; Misra, R. N.;
Withers, G. P. J. Am. Chem. Soc. 1977, 99, 1993. (b) Magnus, P.; Roy,
G. J. Chem. Soc., Chem. Commun. 1978, 297. (c¢) Hudrlik, P. F.; Hudrlik,
A. M,; Misra, R. N.; Peterson, D.; Withers, G. P.; Kulkarni, A. K. J. Org.
Chem. 1980, 45, 4444. (d) Croudace, M. C.; Schore, N. J. Org. Chem.
1981, 46, 5357. (e) Hudrlik, P. F.; Hudrlik, A. M.; Kulkarni, A. K. Tet-
rahedron Lett. 1985, 26, 139. (f) Kitano, Y.; Matsumoto, T.; Sato, F. J.
Chem. Soc., Chem. Commun. 1986, 1323.

(5) Stork, G.; Colvin, E. J. Am. Chem. Soc. 1971, 93, 2080. Tamao, K,;
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