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The formation of carboncarbon (G-C) bonds via the directed ~ Table 1. Optimization of Alkylation Conditions

activation of carborrhydrogen (G-H) bonds is actively being Bn N-BN N-BD
investigated, with a number of reports describing the alkylation of i 5% [RAI | |
! . L. O +

aromatic C-H bonds!?In contrast, the alkylation of olefinic €H + toluene | |
bonds has seen very limited development. In 1995, Trost and Murai Cotlrs CeHig
indepgndently reported the Ru-catalyzed-K activation anq e Rh Source Added Temp  Time % Yicld
alkylation of 1-acetylcyclohexene amdfB-unsaturated esters with Ty Ligand* (°C) (h) (ZE)
alkenes such as silylethylenes and styr&®dJnfortunately, this 1 RhCI(PPh;), - 150 16 34(1:10)

; ; : ; 2 [RhCl(coe),], PPh, 150 8 70(1:8)
chemistry was not amenable to |som(_er|zable olefins, _an_d the scope 3 [RhCl(coe) ], Pcyz 150 1 66(1:10)
of the a,f-unsaturated carbonyl moiety was also Ilm!teljﬁ- 4 [RhCl(coe),], PCy, 100 4 86(2:1)
Unsaturated carbonyl compounds are extremely versatile synthetic 5 [RhCl(coe),], PCy, 50 12 100 (95:5)
intermediates and are extensively used in natural product, drug, © [RhCl(coe),l, ~ FcPCy, 50 12100 95:5)
and materials synthesis. We envisioned that the generality of olefinic — [RhCl(coc)l, _ FePCy, 2 80__1000>:)

C—H activation could be broadened considerably by the alkylation 210 mol % ligand was addedAll yields were determined by NMR
of a,B-unsaturated aldimines, which after hydrolysis would provide integration relative to 2,6-dimethoxytoluene as an internal standard.
the corresponding,S-unsaturated aldehydes as versatile synthetic
intermediated.The alkylation of aromatic imines has shown broader
alkene scope relative to the corresponding carbonyl compdartds.
Herein, we report the successful execution of this useful and
fundamentally new approach for the first direct stereoselective
synthesis of several classes of functionalized tri- and tetrasubstitute
o,f-unsaturated aldehydes.

An initial challenge in implementing this approach was identify-
ing practical methods for the preparation and isolation of imines
from minimally substitutedr,-unsaturated aldehydes due to their
susceptibility to hydrolysis and their propensity to oligomerize under
the reaction conditions. However, we found that aldehydes pos-
sessing am-substituent readily condense with benzylamine in the
presence of molecular sieves to form the corresponding aldimine
products, which can then easily be obtained in analytically pure
form by Kugelrohr distillation. Aldehydes possessing only a
p-substituent require slightly milder reaction conditions and are
isolated in lower yield due to the formation of oligoménn this

70% vyield n 8 h (entry 2). The use of trialkylphosphines such as
tricyclohexylphosphine showed improved reactivity, providing
complete consumption of starting material and a 66% yield of
product with anE:Z isomeric ratio of 10:1 by NMR in less than 1

dh (entry 3). When the temperature was decreased to°CQ@he
reaction still proceeded very quickly, and tBeZ ratio was not
substantially improved. At 50C, the reaction required more time
to go to completion; however, the use of such mild temperatures
allowed theZ isomer to be obtained exclusively (entry 5). Because
improved reactivity was seen with tricyclohexylphosphine, the more
electron-donating (dicyclohexylphosphinyl)ferrocene (Fcfp iyand

was next employed. The resulting catalyst showed similar reactivity,
providing clean conversion of the starting material toZHeomer
exclusively in 12 h (entry 6).This catalyst system proved to be
active even at room temperature, producing solelyzfigmer in
excellent yield (entry 7). However, because the reaction times at
50 °C were much more convenient (12 h versus 60 h), all other
._substrates were run at this temperature. With more challenging

. - L Blefin substrates, such as styrene, the superior reactivity of FcPC
potassium carbonate as the desiccant. Utilizing these methods, we Y P y of ePCy

. . s - Wwas required to obtain reasonable reaction times with little
were able to synthesize and isolate tiddoenzyl imines of tiglic

aldehyde, methacrolein, and crotonaldehyde in&8% yield (eq Efk:zggiztrll?r;sggﬁrgrﬁ;- For this reason, FcR@as used in all

1. Several alkene coupling partners were examined. Alkenes with
o 1 desiccant N halide (Table 2, entry 4) or ester functionality (entry 5) proved to
R'j) NH, benzene R | /\© be viable substrates fdrand provided the trisubstituted olefins in
| * ©/\ 2. distillation | M good yields as exclusively thigisomer prior to hydrolysis. Styrene
R 1R =Me, R"=H;57% R" also reacted cleanly with, with only minimal isomerization being
52::%%?:""&;‘;‘%@ seen under the reaction conditions for this less reactive substrate

(entry 7). Furthermore, although terminal alkynes have been shown
We began our study on,f-unsaturated imine alkylation by  to undergo dimerization to form ene-yne products in the presence
examining the reaction of iming with n-hexene in the presence  of rhodium catalyst$the mild conditions utilized by our chemistry
of Wilkinson’s catalyst at 150°C (Table 1). While alkylation allowed the alkenylation ofl to compete with dimerization to
proceeded under these conditions, only a 34% yield was observedprovide the alkenylated product in excellent yield and stereoselec-
by NMR at 16 h, and thé&:Z selectivity was poor (entry 1). A tivity (entry 8).
short survey of reaction conditions was then undertaken. Reducing Initial attempts to hydrolyze the imine provided a mixtureEof
the number of equivalents of phosphine from 3 to 2 provided a andZisomers. Indeed, in the presence of aqueous acid, hydrolysis

5604 = J. AM. CHEM. SOC. 2006, 128, 5604—5605 10.1021/ja0584931 CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Table 2. Alkylation of a,f-Unsaturated Imines

N 1. 2.5% [RhCi(coe),l, o o
| 10% FcPCy, | |
* + R toluene | . * o
1 2. Chromatography Z“ SR R
Entry Alkene(yne) Lomp-  Time Imine g 3o 1q 7 ppe
o) (b Z:E0 :
1 PN 50 12 >95:<5 91 (10:1)
2 AN 23 60 >95:<5 96 (10:1)
3 AN 50 12 >95<5  77(<5:>95)
4 NN 8  >95:<5 80 (10:1)
0.
5 /\g ~ 50 4 >95<5 78 (5:1)
0.
6 q > 50 4 >95:<5 73 (<5:>95)¢
7 A@ 50 24 101 74 (5:1)
8 :—é 50 4 >95<5 86 (20:1)

apDetermined by NMR of the crude reaction mixtuPAll yields
indicated are isolated yieldSNOESY spectra were obtained to establish
the stereochemistry of each aldehyde prodti@rude imine was stirred at
a concentration of 0.1 M in a 5:5:2 solution of tetrahydrofuran:acetic acid:
water for 16 h prior to isolation.

with complete isomerization to the thermodynamically favoked

isomer was observed, providing convenient access to this stereo-

isomer (entries 3 and 6). Preparation of the less s#@bleal isomer,
which cannot be directly synthesized by other methods, could also
be accomplished using milder hydrolysis conditions. Concomitant

Reaction ofl with other terminal and internal alkynes was also
explored. The reaction of with 3-hexyne did not provide the
expected conjugated product but instead reacted further in situ to
afford the dihydropyridine product (eq &) his exciting reactivity
has the potential to provide a variety of highly substituted pyridine
and piperidine derivatives, and the scope of this chemistry is the

focus of current research efforts.

2.5 mol% [RhCl(coe)o]a
10 mol% FcPCy2

* N toluene, 50 "C 10h
In conclusion, the stereoselective alkylationogf-unsaturated
imines via the directed activation of a-G&1 bond by a rhodium
catalyst has been achieved. Use of the electron-donating (dicyclo-
hexylphosphinyl)ferrocene ligand provides a catalyst that is active
at mild temperatures, producing tdesomer exclusively prior to
hydrolysis and allowing for good functional group compatibility,
including the use of alkynes to form alkenylated products. Further
progress on the synthesis @f3-trisubstituted and tetrasubstituted
enals is currently underway. This method promises to provide a
straightforward route to these valuable synthetic intermediates.
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hydrolysis and purification on an activity Ill neutral alumina
chromatography column provided the enal product in excellent yield
with high stereoselectivity (entries 1, 2, 4, 5, 7, and 8). In this

manner, a separate hydrolysis step can be omitted, and good

isomeric ratios favoring th& isomer can be obtained for all
products.

p,/-Disubstituted carbonyl compounds are very difficult to
prepare stereoselectively. For this substitution pattern, common
alkene synthesis methods such as Wittig, Horfwiadsworth-

Emmons, and olefin cross-metathesis are not stereoselective.

Preliminary results indicate that-substituted imine2 and 3
undergo alkylation with 1-hexene and 6-chloro-1-hexene to provide
the tri- (eq 2) and tetrasubstituted (eq 3) imines as single

stereoisomers. When the chlorinated alkene was employed, catalyst

1. 2.5% [RhCl(coe),]o
10% FcPCy,

toluene, 50 °C, 24 h
2. Chromatography
R =H, 86%, 10:1 (Z.E)

1. 2.5% [RhCl(coe),]o
10% FcPCy,

y AR

/ﬁ/\/\/\ ;
|
R
i
I/\/\ﬁ :
R

decomposition was problematic, and a second 0.05 equiv of catalyst

+ AR toluene, 50 °C, 24 h
2. Chromatography

R =H, 66%, 10:1 (Z.E)

R =Cl, 60%, 20:1 (Z:E)

was added 10 h into the reaction. Subsequent chromatography on

activity Il neutral alumina then provided the corresponding tri-
and tretrasubstituted,S-unsaturated aldehydes in high yields and
with only a modest reduction in stereochemical purity.
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