N-Silyl-Tethered Radical Cyclizations: A
New Synthesis of y-Amino Alcohols
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Various allylic and propargylic amines bearing a protecting group (PG) have been employed in N-silyl-tethered radical cyclizations. The resulting
silapyrrolidine adducts could be smoothly oxidized, creating access to y-amino alcohols. The silylation, radical cyclization, and oxidation

reactions could be consolidated in a one-pot process.

The concept of temporary linking reacting partners in view reaction’ Diels—Alder cycloadditior? Zr-mediated cycliza-

of overcoming unfavorable entropy effects, forcing regio-

tion,? hydrosilylation'® silylformylation !* and bis-silylatiof?

selectivity, and controlling stereoselectivity has been well- have appeared. Interestingly, to the best of our knowledge,

illustrated over the last two decadeSeveral approaches

the N-silyl linkage has never been utilized in the context of

have been designed relying, for instance, on pivotal atomsradical chemistry. So we turned our attention to the pos-

such as boron (boronate tethetsylfur? Lewis acidic salts,

sibility of developing a nitrogen version of the bromomethyl-

and more prominently silicon (siloxanes, silaketals, and silyl dimethylsilyl (BMDMS) allyl*® and propargy! ethétradical
ethersy. All these linkages are based on at least one alcohol cyclizations (Scheme 1). We first examined the preparation
component. In contrast, amines that are key substrates inof N-silyl precursor®, with the concern that aminosilanes
organic synthesis have been little involved for that purpose are more fragile substrates than the corresponding ethers,

and only sporadic reports df-silyl-tethered Sakurai-type
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Scheme 1. N-Silyl-Tethered Radical Cyclization

| |
|) silylation

JBr
PG’N\H PG’N‘Si
1 2 /N
radical
cyclization
heterocycle
treatment
_—
PG NH X N-Si~_
PG\
4, X = SiMeg 3
5 X=0H

and that the bromomethyl group could also be a supplemen-

tary source of instability® The latter was in part confirmed
by a preliminary experiment: while N-Boc allylamine could
be cleanly silylated with trimethylsilyl chloride (70% after
chromatography), only untractable material was obtained
with BMDMS chloride. Moreover, no precurs@rcould be
isolated with a benzyl protecting group (PG), whereas the
tosyl one showed moderate stability. In contrast, N-TMS and
N-phenyl precursors have been obtained efficiently7(%
yield).

These findings suggested to us that it could be necessary

to conduct the silylation, radical cyclization, and further
heterocycle8 treatment in a one-pot operation. This principle
was initially tested on tosylallylaminkaas shown in Scheme
2. Thus, silylation ofLla with BMDMSCI in the presence of

Scheme 2
’ N

1. BMDMSC], base
2. AIBN, n-BusSnH,
2x10* mol.h’!, PhH

_N. 3. MelLi NH Si7
Ts” H TSN
1a 4a
base radical initiation yield (%) of 4a
EtsN, DMAP A 28
EtsN, DMAP hv (sun lamp}, 10° 62
n-BuLi hv (sun lamp}), 10° 69

EtsN and DMAP, followed by a slow addition of tributyltin
hydride in thermal initiation conditions and methyllithium
treatment provided the expected branched amaia 28%
overall yield, with 47% recovery dfa. Although this result
demonstrated the feasability of the one-pot reaction, we

saltsl” So we examined the possibility of running this
sequence at lower temperatures by using photochemical
initiation conditions. This proved to be beneficial sinka
was obtained in a better yield (62%), accompanied by only
18% ofla. Optimization of the conditions was achieved by
running an irreversible deprotonation of the amine with
n-BuLi and using photochemical initiation (69% dfa,
Scheme 2).

We then pursued the use of an allyl partner as a radical
acceptor, varying the nature of the PG on amidgsnd
focused on the preparation pfamino alcohol$ after final
Tamao oxidation (Table 1). Our initial result (entry 1) with

Table 1.

1. n-BuLi, BMDMSCI
2. radical cyclization
hv, toluene, -10°C

PG/N H 3. Tamao oxidation pg’NH OH
1 KF, KHCOs, 30% H,0, 5
THF/MeOH, rt
entry amine 1, PG 5, yield (%)

1 la, Ts 5a, 232
2 la, Ts 5a, 63°
3 1b, Ph 5b, 18¢
4 1b, Ph 5b, 659
5 1c, Bn 5c,
6 1d, Boc 5d, 75

a Siloxane dimer was isolated in 44% yiefHBF,.OEt treatment was
run prior to Tamao oxidatiorf.Bromoanilines were also isolated in 44%
yield. ¢ KF/MeOH treatment was run prior to Tamao oxidation.

a Ts protecting group showed that the preparation of a
y-amino alcohol derivative was possible; however, the yield
was modest (23%a), due to the reluctant oxidation of the
siloxane (—Si—O—Si—dimerf'8that is formed during the
Tamao oxidation. So we had to have recourse to a HBF
treatment prior to the oxidative treatment in order to cleave
the N—Si bond and generate a fluorosilane that could be
smoothly oxidized as proved by the increased yiel8ain
entry 2 (63%). The aniline precursb (entry 3) also gave

a satisfactory yield of cyclized adducts. However, the
expected producbb (18%) was accompanied by 44%
monobrominated adducts ara and ortho positions (3:1
ratio) on the aniline ring. Examination of thel NMR of

the crude product of the radical cyclization showed that this
bromination pathway was not taking place at that stage.
Presumably, the Tamao conditions would promote the
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oxidation of BuSnBr to a B specie¥’ that would be readily NMR spectra of the crude product (Scheme 3). Then, an
intercepted by the activated aniline moiety. To preclude this unprecedented one-pot Tamao oxidation and Boc protection
side reaction, a treatment of the crude cyclization product, sequence furnished the previously synthesized Boc adduct
prior to Tamao oxidation, with KF in methanol followed by  5din 16% overall yield (this yield being presumably lowered
a filtration over Celite eliminated most of the tin residues by the volatility of intermediatSe).

and inorganic salts, which allowed the improvement of the  \ore astonishingly, only a trace (<2%) of 6-endg-
yield of 5b to 65% (entry 4). Finally, the one-pot process  cjization was observed with methallyl precurs@r which
proved to be completely inapplicable to benzyl precusor - fo|iowed cleanly the 5-exanode (Scheme 4). This result
(entry 5) but very versatile in the case of Boc amitt strongly contrasts with Nishiyama’s results involving the
giving birth to 75% yield of produckd (entry 6). corresponding methallyl BMDMS ether precursor, which
reacts in a 2:1 @ndoversus 5-exaeversed selectivit{?
Presumably, a slower 5-exo-trigrocess as well as a still

Scheme 3 unfavorable 6-end@rocess would account for the slightly
| depressed, but consistent with the literature, yield of this
H Br  1.BugSnH, AIBN transformation.
~gMeg » ?2{';!&@ o . Finally, propargyl precursors of tygecould be engaged
A W’ 5d. 16% in this process to give versatihe-amino alcoholsll as a
2 7:3 mixture ofZ/E diastereomers (Scheme 5). This stereo-
L % chemical assignment was based on NOE measurements and
Nsi BC NMR y-gauche effectd! In the case of the _tosyl
73{ \ iy precursor8a, we faced the same problem of siloxane

formation, which is reluctant to undergo oxidation and results
in a lesser yield ol.1a. Additional treatment by HBFOE®
is not the solution here since it resulted in the formation of
A notable feature of all these reactions is their complete allylamine 12. The overall transformatioBa — 12 is also
regioselectivity in favor of the ®xo-trig process, and this  worthy of note. Boc precurs@b reacted cleanly and gave
has to be Compared with the results of Nishiyama in the Sllyl the same ratio of stereoisomers. This moderzbestereo-
ether series, who always observed thenlomode on allylic  selectivity originates from a reduction of the vinyl radical,
systems without terminal functionality? This was further  \hich displays the minimized allylic strain between the alkyl
chain and the more remote GiHeteroatom moie# (the
C—Si bond is approximately 30% longer than the C—N

Scheme 4 bond).
In conclusion, we have reported the first examples of
_asinTable1 radical cyclizations of BMDMS amino derivatives. We have
BocHN BocHN  OH worked out a new and efficient accessyt@amino alcohols
6 7, 42% by combining the N-silylation, radical cyclization, and

oxidation steps in a one-pot process. Tuning of the reaction
conditions (notably at the oxidation stage) according to the
confirmed by the radical cyclization of the precur@e?° nature of the amine protecting group has been devised.
which provided only the silapyrrolidinde as judged by the ~ Numerousy-amino alcohol derivatives exhibit important

Scheme 5
N-silylation, H
= rad. cycl. .
Z as in Table 1 BusSnH Tamao ox.
- | e e P
NL
PG" H N-Si—_ N-Si—_ pg- N OH
PG\ PG\
8 9 10 11
HBF4OET2 PG=Ts
amine, PG yield of 11 (%) Z/IE
8a, Ts 11a, 432 713
12, 46%
8b, Boc 11b, 65 73
@ The siloxane was isolated in 33% vield. PG’NH
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biological activities® and our efforts are now devoted toward or grafting to polymers in view of supported synthesis are
these targets. Moreover, thanks to the trivalent nature of theunder investigation.
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