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Improved synthesis of quinine alkaloids with the Teoc
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Abstract—TeocCl (Teoc: C(=0)O(CH,),TMS) generated in situ was conveniently used for trans-protection of the N-Bn piperidine
intermediate to N-Teoc piperidine. Later, deprotection of the Teoc group and the subsequent quinuclidine ring formation was
achieved with CsF in a domino fashion to afford the quinine alkaloids.

© 2005 Elsevier Ltd. All rights reserved.

Recently, we have established a synthesis of the quinine PivO
alkaloids (1 and 2 in Fig. 1).! The synthesis features (1)
stereo- and regioselective installation of the two substitu- AcO’@‘OH

_

TBDPSO N.

ents on the cyclopentene ring of readily available 3 fol- 3 R
lowed by transformation of the cyclopentene into 4,R=Bn
piperidine 4; (2) assembly of the full carbon structure OMe

from the piperidine aldehyde derived from 4 and the
quinoline phosphonate; and (3) construction of the
quinuclidine ring through an intramolecular epoxide
ring opening by the piperidine nitrogen (Scheme 1).

The high stereoselectivity thus achieved for the first time o _ :
allows a secure access to analogues as well, and is advan- gg ';:: T 2Et B-epoxide  6a, R = COPh
ids.2 Pns et 6b,R=T
tageous over the recent syntheses of these alkaloids. , eoc
However, two trans-protections of the nitrogen in the o-epoxide  7a, R = COPh
piperidine ring, that is, N-Bn to N-CO,Et and N-CO,Et 7b, R = Teoc

6, B-epoxide 1 from 6

to N-COPh at the later stage, make the sequence some- )
7, a-epoxide 2 from 7

what lengthy.

N-protective group (R):

previous: Bn in 4 - CO,Et - COPh
= oM present: Bn in 4 — CO,(CH,),TMS (Teoc)
OMe e

Scheme 1. Protective groups of the piperidine nitrogen used previously
(Bn, CO,Et, COPh) and presently (Bn, Teoc) in the synthesis of
quinine and quinidine.

quinine (1) quinidine (2) . L.
To achieve the synthesis in a shorter way, we chose the
Figure 1. The structures of quinine and quinidine. Teoc group (CO,(CH,),TMS) as a new protective group
from those formulated as CO,R? based on the fact that
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Quinidine. tions.*® However, isolation of Teoc-Cl (8) is operation-
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BuyNF used for deprotection of the N-Teoc group re-
mained unsolved. Herein, we present a convenient pro-
cedure for trans-protection of N-Bn to N-Teoc and
clean deprotection of the N-Teoc group under new con-
ditions. By using these findings, synthesis of the quinine
alkaloids was substantially revised.

Since the isolation of pure 8 is technically intricate, tri-
phosgene!'® and TMS(CH,),OH was mixed in a 1:3
molar ratio in the presence of a base at room tempera-
ture for 1 h in THF, and 8 thus prepared was used for
trans-protection of the model N-Bn piperidine 9 at room
temperature overnight (Scheme 2 and Table 1). First, 8
generated with pyridine was used for the trans-protec-
tion (entry 1). However, the HCI salt of 9 was formed
probably as a consequence of decomposition of the
reagent 8 under the conditions applied. Next examined
were n-BuLi, NaH, and K,CO;3. The latter two bases
afforded the desired product 10 and the HCI salt of 9
(entries 2 and 3). To quench HCI effectively, excess
K,CO; was used to improve the result substantially
(entry 4). The K,COj3 version was repeated in toluene,

TMS(CH,).OH
base

(CI3C0)2C(=0)

Bn THF or toluene

9 10

CICO,(CHy),TMS (8)

“Teoc

Scheme 2. Trans-protection of the N-benzyl piperidine by Teoc-Cl.

PivO RO
Teoc-Cl
TBDPSO N,  m2h TBDPSO N oo
4 92% ]
NaH / EtOH 11, R = Piv
reflux 12, R=0H
82%
OMe
P(=0)(OEt), OMe
) ®
OHC N
N reoc NaH, THF
14 95%
OMe
1) MeC(OMe)
PPTS CsF

2) TMSCI DMF-BuOH
3) KoCO3 / MeOH “Teoc

86%

AD-mix-o as above
5b _—
68% Neteoe  78%

Scheme 3. Improved synthesis of the quinine and quinidine.
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Table 1. Trans-protection of piperidine 9 into 10 with TeocCl (8)
prepared in situ®

Entry Base Equiv Solvent Yield of 10 (%)
1 CsHsN 3 THF ob

2 NaH 3 THF 45°

3 K,CO, 3 THF 85>

4 K,CO,4 10 THF 98

5 K,CO;3 3 Toluene 90

6 K,CO3 10 Toluene 99

#The reaction was carried out for 12-14 h at rt with TeocCl (8, 3 equiv
in theory), which was prepared in situ from triphosgene (1 equiv) and
TMS(CH,),0OH (3 equiv) with a base specified.

°®The HCI salt of 9 was produced.

which produced slightly better results than those in
THF (entries 5 and 6 vs entries 3 and 4).

The best conditions found above (entry 6)!' were ap-
plied to the real 3,4-disubstituted-N-Bn-piperidine 4 to
produce 11 in 92% yield, which was transformed into
aldehyde 14 in good yield (Scheme 3). Wittig-type reac-
tion of 14 with the anion derived from the quinoline
phosphonate and NaH furnished olefin 5b exclusively.'?
Dihydroxylation of olefin 5b with AD-mix-§ proceeded
at room temperature to obtain diol 15 in 72% yield,!?
which was converted into trans epoxide 6b in 86% yield.
In a similar way, diastereomeric epoxide 7b was synthe-
sized from olefin 5b through dihydroxylation with AD-
mix-o.'> During the transformation, the Teoc group
was proven to be stable under acidic, basic, and
oxidative conditions. Particularly, noteworthy is the
compatibility with NaOEt in refluxing EtOH used for

A

0-NO,CgH4SeCN 1) 3% HCI
PBuj MeOH
TBDPSO N.
then H>O, Teoc 2) PCC
83% 13 77%

OMe

AD-mix-B

72%

“Teoc N Teoc

OMe

_

quinine (1)

78% from 6b

CsF

quinidine (2)

N.
Teoc 75%

7b
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conversion of 11 to 12 and with 3% HCI in MeOH at
room temperature used for deprotection of the TBDPS
(SiPh,Bu-7) of 13.

Deprotection of the Teoc group in 6b was first carried
out according to the literature procedure’® with Buy,NF
(3 equiv) in refluxing THF. The deprotection proceeded
quite successfully as expected. However, piperidine 16
thus formed was contaminated with the chromatograph-
ically inseparable amine(s) probably attributed to
amine(s) derived from BuyNF and/or an impurity in-
volved in the commercial bottle.” The amine impurity
was not separated even after its conversion to quinine

(1).

Inorganic salts such as KF and CsF were next examined
as a reagent for deprotection of the Teoc group using a
model compound 10. Reaction with KF (10 equiv) in
refluxing MeCN and that in refluxing DMF proceeded
marginally in both runs, and 10 was recovered un-
changed. On the other hand, deprotection with CsF
(5 equiv) in refluxing MeCN (bp 81 °C) was observed
to a slight extent. Attempts to speed up the deprotection
in other solvents such as EtCN (bp 97 °C), MeCN/DMF
(9:1), and MeCN/DMI (9:1) under reflux were unsuc-
cessful. In contrast, complete deprotection was realized
with CsF (5 equiv) in DMF at 90 °C.

Keeping in mind the above conditions for deprotection
of the N-Teoc group and the conditions for the subse-
quent quinuclidine ring formation by the intramolecular
attack of the nitrogen to the epoxy carbon, reaction of
6b with CsF was conducted in DMF/-BuOH (9:1) at
110 °C for 12 h. The domino reaction proceeded cleanly,
and quinine (1) was obtained in 78% yield from 6b after
chromatography on silica gel.

Similarly, diastereomeric epoxide 7b furnished quinidine
(2) in 75% yield upon exposure to CsF under the above
reaction conditions (Scheme 3).

Finally, generality of the new protocols for the trans-
protection with 8 synthesized in situ and for the CsF-
promoted deprotection of the N-Teoc group was briefly
studied. As is summarized in Scheme 4, trans-protec-
tion of N-Bn amines 17-19 in toluene at room temper-
ature proceeded in high yields and deprotection of
the N-Teoc amines 20-22 with CsF was cleanly
accomplished in DMF at 90 °C for 1 h, thus allowing

@()\I‘R Ph\ﬁ\l‘R

17, R=Bn o 18, R=Bn o
20,R = Teocj 85% 21, R =Teoc 78%

23 R=H -] 90% 24 R=H - 89%

Ph,
) 19, R' = TBS, R =Bn o
R1Oﬁ\ . 22,R'-TBS, R2=Teoc = /3%
R® 25 R'=R2=H -~ | 99%

Scheme 4.

easy isolation of the corresponding amines 23-25 by
chromatography.

In summary, the synthesis of quinine (1) and quinidine
(2) was accomplished with the N-Teoc group in shorter
steps and higher overall yield than those recorded in the
original synthesis: with the Teoc group, nine steps from
N-Bn piperidine 4, 22.1% and 18.2% yields for 1 and 2,
respectively; with the original groups, 12 steps from 4,
17.2% and 12.8% yields. Moreover, the last two reac-
tions (deprotection and cyclization) proceeded in a dom-
ino fashion quite cleanly and efficiently with CsF.
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(283 mg, 2.05 mmol) in toluene (0.7 mL) at 0°C was
added triphosgene (61 mg, 0.21 mmol) in toluene (0.7 mL)
dropwise. The mixture was stirred at room temperature
for 1h, and re-cooled to 0°C. To this was added a
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filtered, and concentrated in vacuo. Chromatography of
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product 10 (47 mg, 99%).

The stereoisomer and the starting compound were not
detected by '"H NMR spectroscopy and TLC analysis.
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