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Regioselective alkylation of an enolate anion with an alkyl halide
is the fundamental reaction in organic synthédidajor progress
was made in the 1960s and 1970s through development of the
chemistry of metalloenamirfdithium enolate? and enol silyl ethef,
yet problems remained. The metal enolate or enamide derived from
a ketone being moderately reactive, the alkylating reagents that give
synthetically useful yield and selectivity, have been limited largely
to alkyl iodides and bromides, and benzylic and allylic halides.
Herein we report that a magnesium enamide bearing an internal
nitrogen coordination site, such 4s, substantially expands the
scope of the Stork metalloenamine chemistry, allowing alkyl
chlorides and fluorides to serve as effective alkylating electrophiles.
The reaction takes place with inversion of stereochemistry at the
electrophilic carbon center.

In our recent studies om-tertiary alkylatiort of a zinc enamide
with an olefin® we learned that the nitrogen substituent on the
enamine exerts a strong impact on the reactivity and the thermal
stability of metal enamides, and decided to investigate a variety of
combinations of the nitrogen substituent (R) and the metal cation
in the S2 alkylation reaction (eq 1 and Chart 1). The reaction

between a 3-pentanone imine and chlorocycloheptane was used as

a benchmark under the conditions shown in ef Mesityl-
magnesium bromide (MesMgBr) was eventually found to be the
most suitable base for deprotonation of the imine.

R MesMgBr or
°N iso-Pr,NLi*
HH (1.1 mmol) (1.2 mmol)
5
THF 45°C,24h
(1.0 mmol) 1a-11 60°C,12h 2
* Li-to-Zn transmetalation THF "
for M = Zn(Il) then H30

The data in Table 1 indicate that the alkylation reaction shows
a reactivity profile very different from the one found in a related
carbometalation reaction, where the “soft” zinc countercation plays
a key role® A magnesium enamide bearing =R 2-(N,N-diethyl-
amino)ethyl (entry 11a) is, thus, the best reagent in alkylati®n,
giving the desired secondary alkylated ket@ia 88% yield after
acidic workup of the reaction mixture. The reaction also produced
cycloheptene in 11% yield. The reaction was incomplete after 24
h at 45 °C (69%, entry 2). A 34{,N-dimethylamino)propyl
compoundlb is less reactive and less selective tHam giving
79% of 2 and 17% of cycloheptene (entry 3). A 2-methoxyethyl
compoundlc produced much lower yield (entry 4). An enamide
without the heteroatom addend behaves very differently. Stork’s
original N-cyclohexyl compoundd (entry 5) gave? in 47% yield
after 24 h at 45C, and heating at 68C did not improve the yield
much (51%, entry 6), which we ascribe to decomposition of reactive
species. ArN-phenyl compound.e (entry 7) reacted very slowly
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Chart 1. Examined Metal Enamides
NM92

N MOBr CMgBr[ MgBr R -MgBr [
H% H% A A A

NEt2 NEt,

1c 1d (R =c-Hex) 1fM=Lj)
le (R =Ph) 1g (M =ZnCl)
1h (M =ZnBu)

[NEtg [NEtg NEto NEt, [NEtg
N,MgBr N,MgBr N,MgBr N,MgBr N,MgBr

pg N A

pd
3 4 5 (R =iso-Pr) 6 8
7 (R =Ph)

Table 1. Effect of Alkyl Substitution (R) and Metal Countercation

metal product yield (%)° recovery of
entry? enamide 2 cycloheptene ¢-C7H15Cl (mmol)
1 la 88 11 0.25
2 la 69 10 0.34
3 1b 79 17 0.29
4 1c 4 7 0.85
5 1d 51 9 0.60
6° 1d 47 8 0.66
7 le 1 4 1.07
8 1f 23 44 0.41
9 19 21 4 0.95
10 1h 3 3 1.03

a2The reaction was carried on a 1.0 mmol scale under the conditions
described in eq 1 (at 48 for 24 h, and then 60C for 12 h) and otherwise
noted.? Yields of 2 and cycloheptene and recovery of the starting
chlorocycloheptane were determined by GC analysis with octane as an
internal standarct The reaction was carried out at 46 for 24 h.

and gave2 in only 1% yield. A lithium variantlf was found to be
reactive but far less selective to give a 1:2 mixture 20find
cycloheptene (entry 8). Zinc variantg and1h are inactive under
the reaction conditions, reacting very slowly (entries 9 and 10).

The synthetic potential of the new method is illustrated by the
data in Table 2. The reactions were performed using essentially
equimolar amounts of reactants. Examples with alkyl fluorides and
chlorides are reported, while bromide and iodides not reported here
uneventfully took part in the reaction. Primary alkyl fluoride was
found to be an excellent alkylating reagent. An acyclic enariide
reacted with 1-fluorodecane to gign 97% isolated yield (entry
1). The reaction of a cyclic enamideand 1-fluorodecane gav®
in 75% yield (entry 2).

An unsymmetrical enamid® prepared from 2-methylpentan-3-
one imine reacted with 1-fluorodecane at the less substituted carbon
center to givellwith 91% selectivity (90% yield, entry 3). Either
the lack of regioselectivity of the imine deprotonation or in situ
enamide regioisomerization may result in the formation of the minor
regioisomer. The reaction with 1-chlorodecane gave the product

10.1021/ja055306¢ CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 2. o-Alkylation with Primary and Secondary Alkyl Halides

. . diti oduct
entry® enamide? alky] halide® tceor;)lpj :;:)mn: (%yi;g)d
(0]
1 3 g-CroHar  65°C,36h CioMar
9(97)
(o}
2 4 pCutar 65°C,36h0 Crotar
10 (75)
(0] (0]
X,C10H21 \H‘\(CmHm H‘><C1OH21
+
1 12
3 5 X=F 65°C,36 h (90) 11:12 =91:9
4 5 X=Cl 50°C, 24 h (94) 11:12 = 85:15
65°C, 12h
(0]
x~C1oHa1 \it[,CmHm
6 X=F 65°C,36 h 13 (939
6 6 X=Cl 50°C, 24 h 13 (92))
65°C, 12h
. 1 45°C, 24 h o
7 a 60°C, 12h
G 2(86)
o}
45°C, 24 h
8 la o~
ClI" DCgHyy 60°C.12h K\H)\Can
14 (71)
syn:anti = 58:42
o}
N J\ 30°C, 12 h
9 3 o Nph 50°C.3h Ph
15 (85)
syn:anti = 70:30
— O  OSiMe,t-Bu
0 " OSiMe,t-Bu 50°C, 24 h )
)a 65°C,12h 4
cl 16 (93)
; x O  OSiMe,t-Bu
. ” OSiMe,t-Bu 50°C, 24 h )
«d )2 65°C, 12h 2
Cl 17 (68)
O NMm
i 7 ez 50°C, 36 h ). .
12 CI(J )2 g Ph 2
18 (77)

aThe reaction was carried out in THF (ca. 0.8 M for enamide) or-1.0
2.2 mmol scale unless otherwise notéd/letal enamide was prepared from
the corresponding imine and 1.1 equiv of MesMgBr unless otherwise noted.
¢ Alkyl halide (1.2 equiv) was used unless otherwise nofddolated yield
based on imine usedcis:trans= 72:28.f cis:trans= 50:50.9 The reaction
was carried out after THF was mostly removed in vacuo (ca. 2.0 M for
enamide)" The use of 1.5 equiv of alkyl halidéAlkyl chloride was
prepared in situ by treatment of the corresponding hydrochloric acid salt
with t-BuMgCl. Enamide7 (1.4 equiv for alkyl chloride) was prepared by
usingt-BuMgCl. Yield was determined by GC analysis on the basis of the
alkyl chloride.

in higher yield but with slightly lower regioselectivity (entry 4). In
contrast, an enamidgprepared from 2-methylcyclohexanone imine
showed 100% regioselectivity in the reactions with 1-fluoro-

decane and 1-chlorodecane to gi¥8 in 93 and 92% yield,
respectively ¢is:trans= 72:28 and 50:50, respectively, entries 5
and 6).

Entries 79 describe the use of secondary alkyl chlorides. The
reaction of 2-chloroheptane witha took place in 71% vyield to
give 14, where we observed 58:43/n:anti selectivity (entry 8).
(1-Chloroethyl)benzene reacted much faster to gvan 85% with
70:30 syn:anti selectivity (entry 9). The origin of this smadlyn
preference is uncertain at this time.

Entries 10-12 show functional group tolerance. A remote siloxy
group does not interfere at all with the alkylation reaction (entry
10). Entry 11 indicates that the reaction is feasible even in the
presence of a nearby electron-withdrawing siloxy group to give
the product in acceptable yield. The neighboring amino function
in the chloride does not affect much the reaction as showN-{@-
chloroethyl)dimethylamine in entry 12.

S o
8 + R — S : (2)
ClI” "Ph THF Ph Ph
30°C,36 h
19 40°C,6h 20
94.0% ee 50°C,6h  65% yield, 88.5% ee

The substitution reaction takes place with inversion of stereo-
chemistry at the electrophilic carbon atom (eq 2). For instari8e, (
(1-chloroethyl)benzen&9 (94.0% ee) reacted with enami@eat
30-50 °C to give ©-1,3-diphenylbutan-1-on20 in 65% yield
with 88.5% ee. We consider that the substitution itself occurred
with a very high level of inversion of stereochemistry along with
partial racemization of the benzylic chloride substfadevailability
of a variety of chiral alkyl halides and enamidesuggests that
the reaction offers a new opportunity for asymmetric synthesis.

Supporting Information Available: Details of the experimental

procedure, characterization, and physical data of products (PDF). This
material is available free of charge via the Internet at http://pubs.acs.org.
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