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Selective methods for functionalizing carbons alpha to nitrogen Scheme 1

are often central to the synthesis of a variety of nitrogen-containing [ ® ]
compounds of biological interest. There are two basic methods to a RTNTR 2 |RTNTR
achieve this type of transformation. Oxidative introduction of a R R .7
hetero nucleophile to the-position followed by the Lewis acid- e | @ j\
promoted generation of an iminium ion and subsequent reaction ’;jgsmu;d_ly ?‘y R
with a carbon nucleophile (Scheme 1a) is efficient and udefake oweabon - : :
electronically inversed method, that is, deprotonation atipesi- AR Base |~ 9 RX_
tion followed by reaction with a carbon electrophile (Scheme 1b) b. & Ry R
is also powerfuf Although these methods are widely utilized in R
organic synthesis, the introduction of two organic groups on the Base | O 1
samea-carbon (Scheme 1c) still remains as a challenging task. ';fgsmed\y E, :
The oxidative deprotonation usually takes place at the less creambon
substitutedx-carbon! Therefore, the second organic group is intro- — A
duced to thex-carbon different from the carbon to which the first A L
organic group has been introduced (Scheme 1a). The base-promoted
deprotonation also takes place at the less substitatedrbon Scheme 2 L .
(Scheme 1bj.Therefore, the development of a selective method HM/eiiXiM%_.g_ RAN@(?;MQG R'M R/\:X?Mes
for the introduction of two organic groups on the same carbon is SoR CoR Som
highly called for. We report here a solution to this problem. , '
Our approach is based on the concept of an electroauxfliary. e, [R/\:>@R
Electroauxiliaries activate substrate molecules toward electrochemi- CoR

cal® photochemicat, and chemicdl electron transfer and then
control the reaction pathway to bias the formation of desired py Beak's methotiwas lithiated selectively at the carbon bearing
products. We have already revealed that the preintroduction of anthe silyl group byseeBuLi in Et,O with HMPA as an additive.
electroauxiliary to a carbon alpha to nitrogen gives rise to selective The treatment with TMSCI gavii-(tert-butoxycarbonyl)-2, 2-bis-
introduction of a nucleophile on the_carbon_ to Whic_h the aux_iliary (trimethylsilyl)pyrrolidine 2 in 100% regioselectivity (eq 2. No

has been attached. In connection with our interest in extending the 5_pis(trimethylsilyl)substituted product was obtained. The use of
utility of electroauxiliaries, we have recently expanded our focus TMEDA in place of HMPA resulted in completely opposite
to use multiple electroauxiliari€sThus, we envisioned that the  regjoselectivity! Delicate balance between kinetic (steric) and
preintroduction of two electroauxiliaries on one carbon atom alpha thermodynamic (stabilization of carbanion &ssilyl group) factors

to nitrogen would lead to the introduction of two organic groups seems to be responsible for these phenomena, although the detailed
on the same carbon (Scheme 2). Thus, pyrrolidine carbamate wasnechanism is not clear.

chosen as an amine derivative for study because many alkaloids of

biological interest have the pyrrolidine skeleton. The trimethylsilyl sBuLi ‘ M
grouf® was chosen as an electroauxiliary because it is stable and { )\, 29[ )@ |mvsci [ JSMes aTFA__ [N—X e
iai : : [ N 3 HMPA | N 3 N "siMe; b) CICO,Me, SiMeg
easy to handle. We envisioned that the oxidation of pyrrolidine £, o = /&0 | &0, CoyBu - KOy  COMe
carbamate having two silyl groups on the samearbon gives 1 -78°C 2 87% 3, 86%

rise to the cleavage of one-i bond and the introduction of an ] )
organic group. The second oxidation would lead to the cleavage ©0ompound2 was converted intd\-methoxycarbonyl-2,2-bis-
of the second € Si bond and the introduction of the second organic  (trimethylsilyl)pyrrolidine 3, which is more suitable for the

group on the same-carbon. electrochemical oxidation, by the deprotection using TFA and the
We initiated our study by searching for a straightforward method réaction with methyl chloroformate. _
to introduce two silyl groups on the saraecarbon of pyrrolidine Sequential introduction of two carbon nucleophiles3tavas

skeleton. During extensive screening, we were delighted to find studied using the electrochemical method. We employed the “cation

thatN-(tert-butoxycarbonyl)-2-trimethylsilyl-pyrroliding prepared pool” method;? which involves generation and accumulation of
N-acyliminium ion at low temperature and subsequent direct

* To whom correspondence should be addressed. E-mail: suga@sbchem.kyoto-reactlon with carbon nUdeOPh”es' This one-pot method has a.n
u.ac.jp; yoshida@shchem.kyoto-u.ac.jp. advantage over the conventional processes because nucleophiles
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Table 1. Second Alkylation Using the Cation Pool Method? and
Cyclization Using Metathesis?
substrate  R®M dialkylation product  yield (%) cyclized product yield (%)
/ (X7
MesSi o
4 SN N N 46% N 77%
CoMe CO.Me 9
S
5 Messl\/\ Qci\ 67% N 86%
1
Co,Me > CO,Me 10
EtZn -~
5 PN (CHa)sCHs — 62% Q@ 92%
CoMe B(CHz)chg COMe 11

a After electrolysis (2.5 F/mol based on the carbamates)7&°C using
a divided cell, to the “cation pool” thus generated was added the carbol
nucleophile (2 equiv) to give the produétReaction was carried out in

benzene at room temperature using 5 mol % Grubbs catalyst (bis(tricyclo-

hexylphosphine)benzylidineruthenium (1V) dichloridé3.
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O@ 1) TMSI/ CH,Cl, <omN
N 2 o ONs © |U:>
CO,Me < D(\/
1 o | 13

FPr,NEt/ CH,CN

52% (two steps)

Pd—OAc
P
oTol” NoTol 2 NJ 4 step
, J— (5)
BusNOAc by
DMF/CH3CN/H,0 Kuehne

etal

(5/5/1) 60% Single isomer

Cephalotaxine (12)

nyl)ethyl 4-nitrobenzenesulfondté afforded 13. Intramolecular
Heck-type ring-closing reaction df3 with palladium cataly3$pc16
gavel4 as a single stereoisomer. Because compduhid known
to be converted td.2 in four steps (75% total yieldy, a formal
total synthesis ofl2 was achieved.

In conclusion, the present strategy opens a new aspect of the

n

that might be otherwise oxidized during an in situ process, such assynthesis of nitrogen-containing compounds having a quaternary
organo magnesium, zinc, and aluminum reagents can be used:arhon center, especially spiro compounds. We are currently

without any difficulty2¢ Thus, the oxidation o8 was carried out

at —78 °C in the absence of a nucleophile, and the resulting
2-silylpyrrolidinium ion was allowed to react with nucleophiles,
such as allyltrimethylsilane or homoallylmagnesium bromide, to
obtain the corresponding coupling products (eq 2).

expanding our focus to its combinatorial aspects.
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V4
N" "siMe; 4,88%
g 25 SiMes EoMe
0.3 M Bu,NBF, ~ (2
CH,Cl,
-78°C N "siMeg
“cation pool" CO,Me 5,72%

In the next step4 and5 were again oxidized using the “cation
pool” method to introduce the second carbon nucleophiles (eq 3,
Table 1).

R' -2, -"SiMey"
_— 3.,
N "SiMe; 0.3 M BuyNBF,
CO,Me CH,Cl,
-78

1
COMe COMe

“cation pool"

Although it was difficult to introduce the alkenyl group using
vinylmagnesium bromide, the use of vinyl zinc reagéng¢sulted
in the satisfactory yield. Lower basicity of the organozinc reagent
seems to be responsible for a smooth reacgien.

To demonstrate the synthetic potential of this strategy, we
combined the present sequential transformation with ring-closing
metathesis to synthesize nitrogen-containing spiro compounds

having pyrrolidine skeleton (eq 4).
n
| m

CO,Me

7

n  ring closing
— =

AN metathesis
O,Me

-e
1 == N

R'M RM )
C

-e

Ring-closing metathesiis one of the most powerful and reliable
approaches to construct a ring system from diolefin. As shown in
Table 1, pyrrolidine derivatives having two olefinic groups were
successfully converted to spiro compounds using Grubbs catalyst
in high yields. Thus, the sequential transformatiorddbllowed
by ring-closing metathesis proved to be a powerful and straight-
forward access to nitrogen-containing spiro compounds.

The present approach has been successfully applied to the
synthesis of cephalotaxinel?) (eq 5)® which is the parent
compound of the antileukemic-active harringtonines, a group of
uniquely structured pentacyclic alkaloids having a nitrogen-contain-
ing spiro system. Thus, the deprotection of compoihty TMSI
followed by the reaction with 2-(6-iodo-3,4-methylene-dioxyphe-
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