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ABSTRACT

R R-Br (1.5 equiv) Me Me R-1 (1.5 equiv) R
| TBAF (4 equiv) Si.g,  TBAF (4 equiv) 0/
_N _N
Bn PdBr,-2[2-(t-Bu,P)biphenyl] @/ Pddbas-CHCI; BN
45-99% (5 mol %) B | O (2 mol %) 64-99%
(R=ary) THF, 50 °C, 20 h H THF, rtor 50 °C, 1820 h (R=2anyl)

1-Benzyl-3,4-unsaturated-4-piperidinyl benzyldimethylsilane has been prepared and observed to readily undergo palladium-catalyzed cross-
coupling reactions with a variety of aryl iodides and aryl bromides to generate 3,4-unsaturated 4-arylpiperidines, often at ambient temperature.

The 4-arylpiperidine moiety is commonly employed as a
structural unit in numerous drug discovery programs, includ-
ing those with potential application for the treatment of
asthma, hypertensior, depressiod, migraines} bacterial
infections® prostate gland enlargeméngstrogen-related
disorders, Alzheimer's diseas&neuronal excitotoxicity (e.g.,
epilepsy, Parkinson’s diseage)pcaine abus¥,and allergic
rhinitis.!* Both the 4-aryl group and the N-substituent are
frequently used as points of structural diversificatldn>°11

Because few 4-arylpiperidines are commercially available,
new synthetic routes are desirable. The most common
synthetic methods include the condensation of a 4-piperidone
derivative with an aryl organometallic species (Scheme 1,
eq 1)¥ 48 12the cross-coupling of a fully saturated piperidine
reagent (eq 23% and the cross-coupling of a 3,4-unsaturated
piperidine reagent (eq 3)25 714 The first method is often
undesirable due to its use of strong nucleophiles and acids.
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Scheme 1. Common Methods to Synthesize 4-Arylpiperidines
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The latter two methods represent more general procedure
because they involve mild reaction conditions.

One disadvantage, however, of the methods represente
in eqs 2 and 3 is that the requisite piperidine reagents
generally cannot be carried through multiple synthetic steps.
They must undergo cross-coupling immediately following
their preparation. Thus, the manner in which a 4-arylpiperi-
dine unit can be diversified within a drug discovery program
is limited. This situation exists primarily because tin reagents
introduce issues of toxicity and difficult byproduct removal,

containing a benzyldimethylsilyl moiety could be readily
synthesized and successfully employed in cross-coupling
reactions. Herein, we report (1) the application of the Shapiro
reaction to efficiently convert 1-benzyl-4-piperidone into a
benzyldimethylsilyl reagent and (2) the use of cross-coupling
chemistry to subsequently transform this reagent into a
variety of 3,4-unsaturated 4-arylpiperidines.

The Shapiro reactidf was employed to synthesize the
desired alkenylsilane reagent. This strategy involved the
fragmentation of a tosylhydrazone to generate an alkenyl-
lithium species, which was then trapped with benzyldi-
methylsilyl chloride (BnMegSiCl). This synthetic route
appeared to be more direct compared to routes involving
precursors such as alkynes or alkenyl halides, which would
have likely involved additional synthetic steps, as well as
problems of regioselectivity.

The first step in this synthesis converted 1-benzyl-4-
Spiperidone 0 into tosylhydrazon@ (Scheme 2). The benzyl

Scheme 2. Synthesis of Tosylhydrazoriz
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protecting group was utilized because of its relatively high

whereas triflate, zinc, and boron reagents introduce issuesStability toward organometallic reagents suchrasutyl-

of reagent instability and incompatibility.

Organosilanes have recently emerged as alternative cross: ! ! )
t)ﬁ months on the bench top. This material was used without

coupling reagents that possess the advantages of low toxici
andhigh stability'® Benzyldimethylsilyl reagents in particular
exhibit notable stability toward acids and ba&eand they
can be carried through multiple synthetic stépé/e wanted

lithium (n-BuLi).*® Tosylhydrazon& was isolated by filtra-
tion as a crystalline, white solid that was stable for at least

further purification.
The second step involved the Shapiro reaction2of
Previous reports described the Shapiro reaction of carbocyclic

to ascertain whether a 3,4-unsaturated piperidine reagentSYlnydrazones using excessBuLi (4.0-4.3 equiv) and
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trimethylsilyl chloride (3.4-4.0 equiv) in TMEDA/hexane¥.

The use of these literature-recommended conditions in the
reaction of2 with BnMe;SiCl resulted in only a 60% isolated
yield of alkenylsilane4 (Scheme 3). HPLC anéH NMR

Scheme 3. Syntheis of4 Using Literature Conditions
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thenrt (1.5 h) 3 overnight 4

spectroscopy studies indicated that this low yield was
the result of either (1) incomplete consumption2obr (2)
premature protonation of intermedic@e
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Table 1. Optimization of the Shapiro Reaction af Table 2. Cross-Coupling o6 with Aryl lodides
1. n-BuLi (X equiv) Me Me _ ;
TMEDA (Y equiv) S lTBRAI-p(feec?uLi‘:/v)) <
hexanes, < -40 °C (15 min); Me Me @/ Bn ‘
then rt (1.5 h) Si g\ Pd,dbaz-CHCl; (2 mol %) -

0 °C to rt, overnight

Si. H )
2 | Bn + ‘ H Cle THF, 18-20 h
2. BnMe,SiCl (Z equiv) Bn,N Bn,N 6
4 5

entry X Y z isolated yield: 4 isolated yield: 5 entry R temp isolated yield
1 5 33 4 60% 0% 1 CeHs rt 90%
) . % . 4% 1020 2 4-MeCgHs rt 91%
3 2-MeCgHs rt 62%
8 3 % 4 5% 47% 4 2-MeCgHs 50 °C 91%
4 5 5 4 65% 0% 5 4-MeOCgHj rt 88%
[ 5 5 5 1.5 81% 0% | 6 2-MeOCgHs rt 36%
6 5 5 1.1 62% 10% 7 2-MeOCgH; 50 °C 75%
8 2-thienyl rt 64%
a0.2 M; 26 mmol scale?Contaminated with unknown impurities. 9 2-thienyl 50 °C 60%
10 3-thienyl rt 83%
11 4-FCeH; rt 92%
Further optimization involved varying the reagent stoichi- g ig&igﬁ‘;ﬁ;’m :E ggzz
ometries (Table 1). Entry 1 shows the initial reaction 14 4-(MeO,C)CeHs it 93%
conditions. As the literature suggesig®2lat least 5 equiv 15 4-NCCeH; t 90%
of n-BuLi was required to prevent the formation®entries 16 4-BrCgHj rt 65%°
1-3). Moreover, TMEDA was not needed as a cosolvent; 17 4-BrCeHs 50 °C 61%°

the reaction could be carried out in hexanes with only 5 equiV. a5 \ in THE; 0.3 mmol scale?No bromo-coupled product isolated.
of TMEDA (entry 4). Finally, the use of only 1.5 equiv of
BnMe,SiCl significantly increasedthe isolated yield o#
(compare entries46). This observation contradicts literature Alkenylsilane 4 also efficiently underwent cross-
reports, which suggest that similar amounts of the electro- coupling: its reaction with iodobenzene, using only 2 equiv
phile andn-BuLi must be employed?°?'The use of less  of TBAF, resulted in an 89% yield of the isolated cross-
BnMe:SiCl also greatly facilitated the isolation df The coupled product. However, becauSewas more readily
aqueous workup and purification of the reactions shown in optained in pure form, it was used to evaluate the full
entries -4 were plagued with emulsions and abundant sybstrate scope of this reaction.

byproducts, but the workup and purification of the reactions  The observed trends matched those previously reported
shown in entries 5 and 6 were not. Using the optimized in alkenylsilane cross-coupling reactioié Thus, electron-
conditions (entry 5), this reaction was successfully performed rich substrates (Table 2, entries-50) gave lower vyields

on scales of up to 18 g. than electron-deficient ones (entries-115), and ortho-

Alkenylsilane4 was purified by silica gel chromatography, substituted substrates (entries 3 and 6) gave lower yields than
but it still contained minor impurities. Further purification para-substituted ones (entries 2 and 5). Lower reaction yields
was achieved by the conversiondinto HCI salt6 through could be improved by raising the temperature to°&0in
reaction with concentrated HCl in isopropanol. Analytically some cases (entries 4 and 7) but not in others (entries 9 and
pure 6 precipitated from the solution overnight, and it was 17). Finally, entries 16 and 17 show that an aryl iodide is
isolated by filtration in 65% yield as a crystalline, white solid  significantly more reactive than an aryl bromide under these
that was stable for at least 6 months on the bench top. conditions.

The cross-coupling reactions of alkenylsilaBewere The cross-coupling o6 with aryl bromides was also
evaluated under the conditions that have been previouslyinvestigated (Table 3). Under the reaction conditions em-
reported for the cross-coupling of alkenyl benzyldimethyl- ployed for the aryl iodide couplings, the aryl bromides
silanest® Reagent efficiently coupled with a variety of aryl  afforded extremely low isolated yields (entries 1 and 5).
iodides (Table 2). The only necessary modifications to the Attempts to improve these yields by raising the temperature
literature procedure were: (1) the use of 4, instead of 2, equiv led to only marginal improvement (entries 2 and 3), except
of TBAF, presumably to ensure neutralization@énd (2) in the case of a highly electron-deficient substrate bearing a
reaction times o> 12 h, as opposed ta4 h. We suspect  paratrifluoromethyl group (entries 6 and 7). However, the
that the tertiary amine, which could potentially coordinate use of a PdBy2-(di-tert-butylphosphino)biphenyl catalyst
to palladium, is responsible for the longer reaction times. system, which facilitated the cross-coupling of a vinylpoly-
siloxane reagent with aryl bromidéded to greatly improved
(20) (a) Barth, W.; Paquette, L. A. Org. Chem1985 50, 2438-2443. yields (entries 4 and 8). These reaction conditions promoted

(b) Paquette, L. A.; Fristad, W. E.; Dime, D. S.; Bailey, T.JROrg. Chem. s i _ ; ; ;

108Q 45, 3017.-3028. the efficient cross-coupling 06 with a variety of aryl
(21) Chamberlin, A. R.; Stemke, J. E.; Bond, FJTOrg. Chem1978

43, 147-154. (22) Denmark, S. E.; Butler, C. ROrg. Lett.2006 8, 63—66.
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Table 3. Cross-Coupling ob with Aryl Bromides Scheme 4. Transformation of4 into 7 and Then of7 into 8

Me Me 1. 1-chloroethyl chloroformate (2 equiv) Me Me
ai CH,Cly, 0 °C to 1, 2 h; then reflux, 2 h

Si
Si. Br—R (1.5 equiv) O/ Bn
Bn A 2. MeOH, reflux, 1 h |
TBAF (4 R : ’ N 9
/’@/ ( equV) (j/ 4 BOC/ 80%
Bn’N

Bn” | S} 3. Boc,0 (2 equiv) 7
H Cl catalyst / ligand 1 N KOH:1,4-dioxane (1:1), rt, 16 h
THF, 18-20 h
Ph
) I—Ph (1.5 equiv), TBAF (2 equiv) @(
isolated 7 Boc™ N 99%
entry R catalyst/ligand temp yield Pd,dbas-CHCl3 (3 mol %), THF, rt, 19 h 8
1 CeHs Pdodbas-CHCls/none rt 0%
2 CeHj5 Pdodbas-CHCls/none 50 °C 26% i i i
3 CeHs Pdydbas-CHCly/none 90°C  42% reaction. Reagerf readily undergoes palladium-catalyzed
4 CeHs PdBry/2-(‘BusP)biphenyl 50 °C  74% cross-coupling reactions with a variety of aryl iodides and
5 4(CFy)CeHs Pdydbay-CHCly/none ot 21% aryl bromides to genera_te 3,4-uns_aturated 4-ary|p|per|dﬁ1§s.
6 4(CF3)CeHs Pdydbas-CHCly/none 50°C  64% Many of these coupling reactions proceed at ambient
7 4«(CF3)CeHs Pdsdbas-CHCly/none 90°C  74% temperature. It is also noteworthy tt&atindergoes efficient
8  4-(CF3)CeHs PdBry/2-(BuyP)biphenyl 50°C  80% cross-coupling, despite its basic tertiary amine. Piperidine-
9 4-MeCeHs PdBry/2-(‘BusP)biphenyl 50 °C  89% derived coupling reagents usually possess nonbasic, carbam-
10 4-MeOCH; PdBry/2-(‘BusP)biphenyl  50°C  78% ate-, or amide-protected aming%> 7.13b-e.14
11 3-thienyl PdBro/2-(‘BuzP)biphenyl 50°C  45% Because of the low toxicity and high stability of silyl
12 4-FCeHs PdBry/2-("BupP)biphenyl  50°C  69% reagen®, the coupling reactions @ hold some advantages
13 4-(MeOC)Cel;  PdBry/2-(BuyP)biphenyl  50°C  99% over those involving analogous tin and boron reagents. Most
- -(t 1 © . . . .
14 4MeOC)CH;  PdBry2.(BusPbiphenyl 50°C  84% notably, because benzyldimethylsilanes can easily be carried
15 4-NCCeH; PdBry/2-(‘BugP)biphenyl 50 °C  94%

through multiple synthetic steps, piperidenyl silanes such as
20.2 M in THF or 0.1 M in 1,4-dioxane/THF (for 96C reactions), 2 6 can be further manipulated prior to undergoing cross-
mol % of Pddba-CHCl;, 5 mol % of PdBs, 10 mol % of 2-(- . . .
BusP)biphenyl; 0.3 mmol scale. coupling. Thus, the chemistry demonstrated herein presents
a useful alternative method for 4-arylpiperidine synthesis.
Because 4-arylpiperidines are one of the basic heterocyclic
bromides (entries 915). Both electron-rich substrates building blocks for drug candidates, this chemistry provides
(entries 9-11) and electron-deficient substrates (entries 8 new opportunities for drug discovery programs.
and 12-15) gave yields comparable to those of the corre-
sponding aryl iodides, with the exception of the thiophene Acknowledgment. The authors wish to thank Prof. Scott
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The N-substituent o and6 can be manipulated prior to ~ McAllister, David J. Tognarelli, and Raymond Rynberg for
undergoing cross-coupling. For example, Bibenzyl group ~ analytical support.
of 4 was selectively removed through reaction with 1-chloro-
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ing boronic acid or pinacol boronic ester reagents. 0L070241C
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