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Abstract—A synthetically useful protocol has been developed for the preparation of highly functionalized N-alkenyl-benzimidazol-2-ones.
Reaction of commercially available o-phenylenediamines with variously substituted cyclic ketones provides spiro-benzimidazolines. Treat-
ment of these spiro-benzimidazolines with triphosgene in the presence of potassium carbonate results in rapid rearrangement and formation of
N-alkenyl-benzimidazol-2-ones in modest to excellent yield for the two-step sequence. Extension of this methodology toward the preparation
of a | opiate receptor antagonist and droperidol, a potent antiemetic and antipsychotic agent, currently a marketed pharmaceutical is also
described. Upon treatment of spiro-benzimidazolines with triphosgene in the presence of sodium triacetoxyborohydride, N-alkyl-benzimid-

azol-2-ones were formed.

© 2007 Merck & Co., Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The 1,3-dihydro-2H-benzimidazole-2-one ring system 1 rep-
resents the core skeleton of a large number of biologically ac-
tive, structurally intriguing compounds found in a multitude
of pharmaceutically important compounds.' Both mono- and
disubstituted benzimidazol-2-one derivatives 1 have been
identified as potent NK, antagonists,>2 CGRP receptor antag-
onists,> farnesyl transfer inhibitors,* p38 inhibitors,’ cathep-
sin S inhibitors,® 5-HT, agonists and antagonists,’
progesterone receptor antagonist,® respiratory syncytial virus
(RSU) inhibitors,” vasopressin la receptor antagonists,'®
aldose reductase inhibitors,'! and neurotransmitter antago-
nists,'? and have been reported to display potent neuroleptic
activity,!> enhance pulmonary surfactant secretion,'* and
modulate ion channels.'> The development of efficient and
practical methods for construction of this important hetero-
cycle remains as an active area of synthetic research (Fig. 1).
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Figure 1.
Preparation of the 1,3-dihydro-2H-benzimidazole-2-one

ring system of 1 in a regioselective manner with control of
the substituents on each nitrogen atom has remained

* Corresponding author. E-mail: jeffrey_kuethe @merck.com

problematic due to the difficulty associated with selectively
functionalizing a single nitrogen atom. An inevitable feature
of many approaches is the use of protecting group strategies.
Conventional approaches to compounds of subclass 1 have
typically involved multi-step manipulations beginning with
the core benzimidazol-2-one 1,'¢ 1-halo-2-nitrobenzenes,!”
or o-phenylenediamines'®!® and many of these methods
have been successfully adapted to solid-phase synthesis.?®
The palladium-catalyzed intramolecular cyclization of
o-chloroureas has recently emerged as an attractive method
for the construction of this important heterocycle.?!
Although each of these methods offers certain advantages,
each has limitations including starting material availability,
harsh reaction conditions, or inefficient and low yielding
transformations.

The preparation of N-alkenylbenzimidazol-2-ones of type 4,
developed over 40 years ago, involves the condensation of
o-phenylenediamines 2 with B-keto esters 3 either in the
presence, or absence, of an acid catalyst and currently repre-
sents the only known method for the construction of this
functionality (Scheme 1).'%22 Depending on the nature of
the B-keto ester (cyclic vs acyclic) and whether the reaction
is conducted under neutral or acidic conditions, varying
amounts of either diazepinone 6 or benzimidazole 7 are
formed as unavoidable by-products of these reactions. While
the alkenyl substituent of 4 often serves as a protecting group
for the preparation of benzimidazolones of type S, the
alkenyl group is also found in a number of biologically active
compounds including marketed pharmaceuticals. Mild
synthetic methods that provide rapid assembly of the benz-
imidazol-2-one ring system and tolerate a wide range of

0040-4020/$ - see front matter © 2007 Merck & Co., Inc. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.tet.2007.06.106


mailto:jeffrey_kuethe@merck.com

11490 J. T. Kuethe et al. / Tetrahedron 63 (2007) 11489-11502

H O
N

= | R

R_

X _ 2
N
6

Scheme 1.

functional groups without the need for protecting groups
offer significant advantages. In a continuing program to de-
velop new methodologies, which rapidly enhance molecular
complexity with better atom economy, we have discovered
a new two-step protocol for the preparation of substituted
N-alkenyl- 8 and N-alkylbenzimidazol-2-ones 9, which in-
volves the rearrangement of readily available spiro-benzimi-
dazolines 10 in the presence of triphosgene (Scheme 2). In
this paper we document a complete account of our work in
this area and highlight the methodology with an efficient
preparation of Droperidol®, an antiemetic and antipsychotic
pharmaceutical >3

X

Scheme 2.
2. Results and discussion
2.1. Preparation of spiro-benzimidazolines

Spiro-benzimidazolines have served as useful protecting
groups for 1,2-phenylenediamines due to their ease of
hydrolysis.>* In addition they are readily oxidized to
2-spiro-2H-benzimidazole (isobenzimidazoles), which can
be selectively elaborated to more functionalized heterocy-
cles.?*25 Spiro-benzimidazolines of type 10 have typically
been prepared by the reaction of o-phenylenediamine 2
with ketones under a variety of conditions including reflux-
ing in water,>>® AcOH,?® sulfolane,® and acetonitrile
(Scheme 3).>** The intermediate Schiff’s base 12 is not
typically isolated and cyclization to 10 is usually rapid. Re-
gardless of the method employed, the desired spiro-benzimi-
dazolines are typically obtained after an aqueous workup
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followed by chromatography. The preparation of non-
spiro-benzimidazolines from aldehydes and acyclic ketones
has also been reported.”’” The use of nearly equimolar
amounts of 2 and 11 are required in order to minimize the
formation of 1,5-benzodiazepine derivatives 13, which are
often reaction by-products. When an excess of the ketone
is employed, 1,5-benzodiazepine derivatives 13 can become
the sole reaction product.?® The full synthetic utility of spiro-
benzimidazolines has remained unexplored, presumably due
to a lack of practical methods for their preparation and the

ease with which they are hydrolyzed.
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Our investigations began by examining the reaction between
o-phenylenediamine 2 and N-Boc-4-piperidone 14 (Scheme
4). Under standard conditions employing refluxing AcOH,
significant hydrolysis of the Boc-group was observed and
none of the spiro-benzimidazoline 15 was observed. In order
to circumvent these harsh conditions and eliminate both wa-
ter and acid from the reaction, the reaction was conducted
under neutral conditions. When a mixture of 2 and 14
(1.2 equiv) was allowed to react in refluxing isopropyl ace-
tate (IPAc) with azeotropic removal of water, product 15
crystallized from the hot solution during the course of the
reaction. Upon cooling and filtration, 15 was isolated in

Scheme 3.
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Table 1. Preparation of spiro-benzimidazolines

Table 1. (continued)

Entry 1,2-Phenylenediamine

Ketone

Spiro-benzimidazoline®
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 Isolated yield directly from the reaction mixture.
® Purified by silica gel chromatography.
¢ The reaction was stopped after 18 h and 45% conversion.

analytically pure form and in 85% isolated yield. Attempts to
purify 15 by either aqueous workup or silica gel chromato-
graphy resulted in significant decomposition to 2 and 14
suggesting that 15 was unstable to these conditions despite
the reported stability of spiro-benzimidazolines.>*2° The
reaction sequence whereby an appropriately substituted
o-phenylenediamine was allowed to react with a cyclic ke-
tone in refluxing IPAc followed by isolation of the product
directly from the reaction mixture without resorting to either
workup or chromatography proved to be general, providing
access to a diverse array of substituted spiro-benzimidazo-
lines (Table 1). Entry 11 also illustrates that spiro-perimi-
dines can also be prepared.

2.2. Rearrangement of spiro-benzimidazolines: prepa-
ration of N-alkenylbenzimidazolones

With an array of spiro-benzimidazolines in hand, our atten-
tion focused on examining the reactivity of this interesting
heterocycle. We reasoned that appropriate activation of a sin-
gle nitrogen atom of 42 with a suitable acylating agent would
facilitate ring opening and formation of an intermediate im-
ine 43 (Scheme 5). While the fate of this intermediate could
not be predicted, it was speculated that either capture of the
imine or tautomerization followed by cyclization might
afford the desired N-substituted benzimidazol-2-one 44.
Attempts to initiate the sequence of events outlined in
Scheme 5 with spiro-benzimidazoline 15 in the presence
of dimethyl carbonate, diethylcarbonate, 1,1’-carbonyldimi-
dazole (CDI), or methyl chloroformate at rt or at reflux did
not provide any detectable amounts of 46. In each case either
15 was recovered unchanged or significant decomposition to
unidentified intractable tars resulted. On the other hand,
reaction of 15 with 1 equiv of phosgene (20% in toluene)
furnished 46 in 52% yield. The only detectable reaction
by-products were 2 and ketone 14, accounting for the mass
balance. Encouraged by this result, the reaction was then
optimized in terms of solvent, temperature, and phosgene
or its equivalent. After extensive experimentation, it was dis-
covered that treatment of 15 with 0.4 equiv of triphosgene in
THF at 0 °C in the presence of 2 equiv of K,COj5 for 15 min,
followed by filtration of the reaction mixture and purification
by silica gel chromatography, routinely afforded 46 in 87%
yield. The reaction was complete almost instantaneously and
the only detectable reaction by-products were 2 and ketone
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14. These by-products were easily removed by chromato-
graphy. We speculate that activation of 15 with triphosgene
provides intermediate 45 and phosgene. Rapid tautomeriza-
tion, followed by intramolecular cyclization affords 46 and
phosgene, which can further react with available 15. The
use of anhydrous powdered K,CO; in the reaction mixture
was crucial for obtaining high yields and helped to scavenge

Table 2

Entry Spiro-benzimidazoline Benzimidazole
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Table 2. (continued)

Entry Spiro-benzimidazoline
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IISn

N
T o
N
H
53 74%

IBOC
N

N\

Cl N
T o

Cl ”

54 57%

55 62%

(7'302Et
N

X

N._O
S
Sy

56 61%

X
N
(o
N
H
49 68%

(continued)

the HCl liberated during the course of the reaction. Unfortu-
nately, all efforts to eliminate minor amounts of hydrolysis
by-products 2 and 14 by performing the reaction in dry
THF (KF<20 ppm), in the presence of 4 A molecular sieves
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or MgSO, were unsuccessful. While the formation of o-
phenylenediamine and ketone by-products was unavoidable,
the overall sequence provided access to a number of intrigu-
ing N-alkenylbenzimidazolones in good to excellent yield as
demonstrated in Table 2

Having established that symmetrical spiro-benzimidazolines
rearrange to benzimidazol-2-ones, we next investigated the
effect of substitution about the spiro-benzimidazoline ring
system on the product distribution (Scheme 6). For example,
treatment of 39 with triphosgene afforded a 1:1 mixture of
benzimidazoles 57 and 58 in 34% and 37% yields, respec-
tively, where the benzoyl group had little influence on the
product distribution. Interestingly, reaction of 41 under the
identical reaction conditions afforded a separable mixture
of benzimidazole 59 and benzazipinone 60. There were no

11493

were formed in any of the reactions outlined in Table 2. Spiro-
benzimidazoline 31 is unsymmetrically substituted in the
piperidine portion of the molecule. When 31 was subjected
to the reaction conditions, an inseparable 2.5:1 mixture of
regioisomeric benzimidazol-2-ones 64 and 65 were obtained.

We also briefly explored the consequences of having a sub-
stituent on the nitrogen atom of the spiro-benzimidazoline as
the case of 66 (Scheme 7). In this case, only a single nitrogen
atom could be activated. Reaction of 66 with triphosgene in
the presence of K,CO5; in THF afforded 67 as the only
identifiable product, which was isolated in 72% yield.
Although this result was not completely surprising, it repre-
sents a new entry to di-functionalized anilines.

detectable amounts of the isomeric benzimidazol-2-one or H NH
benzazipinone in the crude NMR of the reaction mixture @ ><:>N—COan _ Triphosgene @ /©/
and the structures of both 59 and 60 were unequivocally N 0I2F1é‘22%03
established by NMR. It is believed that activation occurred 72% o
regioselectively at the less sterically demanding nitrogen of °
41 to give 61. Subsequent ring opening, tautomerization, and & N
cyclization gave 59. Formation of 60 can only be explained COzBn
by intramolecular cyclization of enamine 63 and represented 66 67
the only case that any detectable benzazepinones of type 60 Scheme 7.
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The facility with which spiro-benzimidazolines readily
rearrange to benzimidazolones was further highlighted by
the synthesis of | opiate receptor antagonist 70>° and Dro-
peridol® 73,%* a potent antiemetic and antipsychotic agent,
which is marketed under a variety of generic names (Scheme
8). For example, reaction of 68 with 2 in IPAc followed by
filtration afforded 69 in 68% yield. Treatment of 69 with
triphosgene under the standard reaction conditions described
above gave 70 in 58% yield. The synthesis of droperidol 73
began with piperidone 71,%° which was readily converted to
spiro-benzimidazoline 72 in 76% yield. Rearrangement of
72 in the presence of triphosgene followed by reaction of
the crude product with 5 N HCI in MeOH afforded droperi-
dol 73 in 63% overall yield from 72. The three-step synthesis
of 70 and four-step synthesis of 73 demonstrates that com-
plex target molecules can rapidly be assembled from readily
available starting materials in a minimum number of
synthetic transformations using this methodology.
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Scheme 8.

2.3. Rearrangement of spiro-benzimidazolines:
preparation of N-alkylbenzimidazol-2-ones

The preparation of N-alkylbenzimidazol-2-ones from
N-alkenylbenzimidazol-2-ones is a relatively straight forward
reaction involving catalytic hydrogenation over Pd/C (Scheme
9). For example, hydrogenation of 47 over 10% Pd/C furnished
74 in quantitative yield. We became intrigued with the possi-
bility of capturing imine 76 with an appropriate hydride source
prior to cyclization to the corresponding N-alkenylimidazol-2-
one. Treatment of 15 with triphosgene in the presence of a num-
ber of hydride sources (NaBH,, LiBH,, LAH, and borane)
only led to minor amounts of 75 or 46 and resulted in the

CO,Et
N
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EtOH @,\on
100% H
74
Boc Boc
N N
Trlphosgene
15 STAB THF
N
0 °C, 15-20 min @[/Eo @):0
N
H
75 46

\ | ((')ccbi /

QY
N

o

Scheme 9.

formation of multiple reaction products. On the other hand,
when 15 was treated with 0.4 equiv of triphosgene (0.4 equiv)
in the presence of 1 equiv of sodium triacetoxyborohydride
(STAB) in THF, 75 became the major reaction product
(50%). Also detected in the crude reaction mixture was 46,
ketone 16, and 2. The reaction was then optimized in terms
of equivalent charges of triphosgene and STAB. The optimal
results involved the addition of 0.7 equiv of triphosgene to
amixture of 15 and 2 equiv of STAB at 0 °C. Under these con-
ditions, 75 was isolated in 73% yield, which was also conta-
minated with ~5% of 46. Attempts to separate 75 from 46 by
chromatography were unsuccessful. Due to the high electro-
philicity of the trichloromethyl carbamate intermediate and
an extremely rapid tautomerization—cyclization, formation of
46 was competitive with hydride capture leading to 75. Similar
results were obtained for variously substituted spiro-benzimi-
dazolines as outlined in Table 3. In each case, contamination of
the product with the corresponding N-alkenylbenzimidazol-2-
ones was observed. Again, the mass balance was made up of
the hydrolysis products: ketones and o-phenylenediamines.

3. Conclusion

In conclusion, we have outlined an efficient and practical
means of preparing spiro-benzimidazolines by reaction of
variously substituted ketones with o-phenylenediamines.
Treatment of these spiro-benzimidazolines with triphosgene
results in rapid rearrangement to provide access to highly
functionalized N-alkenyl-benzimidazol-2-ones. This meth-
odology was also highlighted by the synthesis of p opiate re-
ceptor antagonist 70 and droperidol 73. We have also
demonstrated that capture of the intermediate imine with
STAB is feasible providing direct access to N-alkyl-benzimid-
azol-2-ones.
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Table 3

Entry Spiro-benzimidazoline N—Alkylbenzimidazolone“‘h
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N
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N
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o
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(o)

e
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81 60%(4%)

% Combined yield.
® Yield in parenthesis if for the corresponding N-alkenyl-benzimidazol-2-
one.

4. Experimental section
4.1. General

Melting points are uncorrected. All solvents and reagents
were used as received from commercial sources. Analytical
samples were obtained by chromatography on silica gel
using an ethyl acetate—hexanes mixture as the eluent unless
specified otherwise.

4.2. General procedure for the preparation of 1,3-
dihydro-spiro(2H-benzimidazoles)

To a stirred solution of 5.00 g (46.24 mmol) of 1,2-phenyl-
enediamine 2 in 100 mL of isopropyl acetate (IPAc) was
added 60.11 mmol of the appropriately substituted ketone.

The resulting mixture was heated to reflux for 30 min and
the water was azeotropically removed by distillation of
IPAc at atmospheric pressure for 1.5 h while flushing with
additional IPAc. The solvent level was adjusted to a final
volume of ~45 mL and the reaction mixture cooled to rt.
The product, usually crystallized from the crude reaction
mixture, was isolated by filtration and dried under vac-
uum/N, sweep to give the desired 1,3-dihydro-sprio[2H-
benzimidazole] in analytically pure form. When the product
did not crystallize from the crude reaction mixture, the
solvent was removed under reduced pressure and the residue
was rapidly passed through a short column of silica gel.

4.2.1. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-piperidine]-4'-carboxylic acid fert-butyl ester
(15). According to the general procedure, treatment of
8.00 g (74.0 mmol) of 2 with 17.69 g (89.0 mmol) of fers-butyl
4-oxo-1-piperidinecarboxylate 14 afforded 16.0 g (75%) of 15
as a colorless solid; mp 174-175°C. 'H NMR (CDCls,
400 MHz) 6 1.48 (s, 9H), 1.80 (t, 4H, J=5.8 Hz), 3.54 (t,
4H, J=5.8 Hz), 3.83 (br s, 2H), 6.60 (m, 2H), 6.68 (m, 2H);
13C NMR (CDCls, 100 MHz) 6 28.5, 38.6, 40.9, 78.1, 79.9,
110.2, 120.5, 1394, 154.7. Anal. Calcd for C;gH,3N30;: C,
66.41; H, 8.01; N, 14.52. Found: C, 66.02; H, 7.99; N, 14.39.

4.2.2. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-piperidine]-4'-carboxylic acid ethyl ester (17).
According to the general procedure, treatment of 6.00 g
(55.5 mmol) of 2 with 12.35 g (72.1 mmol) of ethyl 4-oxo-
1-piperidinecarboxylate 16 afforded 9.25 g (64%) of 17 as
a light yellow solid; mp 154-155°C. 'H NMR (CDCls,
400 MHz) ¢ 1.28 (t, 3H, J/=7.2 Hz), 1.79 (m, 4H), 3.59
(m, 4H), 3.89 (br s, 2H), 4.15 (q, 2H, J=7.2 Hz), 6.58 (m,
2H), 6.67 (m, 2H); '*C NMR (CDCl;, 100 MHz) 6 14.8,
38.5, 41.0, 61.6, 78.0, 110.2, 120.5, 139.5, 155.5. Anal.
Calcd for C4H9N30,: C, 64.35; H, 7.33; N, 16.08. Found:
C, 64.15; H, 7.22; N, 15.99.

4.2.3. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-piperidine]-4'-carboxylic acid benzyl ester
(19). According to the general procedure, treatment of
5.00 g (46.24 mmol) of 2 with 12.94 g (55.49 mmol) of
benzyl 4-oxo-1-piperidinecarboxylate 18 afforded 10.02 g
(67%) of 19 as a colorless solid; mp 139-140 °C. 'H NMR
(CDCl3, 400 MHz) 6 1.81 (t, 4H, J=5.2 Hz), 3.63 (t, 4H,
J=5.2Hz), 3.84 (br s, 2H), 5.17 (s, 2H), 6.61 (m, 2H),
6.69 (m, 2H), 7.37 (m, 5H); '3C NMR (CDCls, 100 MHz)
0 38.5,41.2, 674,779, 1104, 120.6, 128.0, 128.2, 128.6,
136.7, 139.4, 155.2. Anal. Calcd for C;oH,;N;O,: C,
70.57; H, 6.55; N, 12.99. Found: C, 70.21; H, 6.48; N, 13.01.

4.2.4. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4 -piperidine]-4’-phenyl-methanone (21). Ac-
cording to the general procedure, treatment of 3.00 g
(27.7 mmol) of 2 with 6.77 g (3.33 mmol) of 1-benzoyl-4-
piperidone 20 afforded 7.50 g (92%) of 21 as a colorless
solid; mp 165-166°C. 'H NMR (CDCl;, 400 MHz)
0 1.65-1.95 (br m, 4H), 3.51 (br s, 2H), 3.71-3.92 (br m,
4H), 6.59 (m, 2H), 6.61 (m, 2H), 7.41 (m, 5H); '3C NMR
(CDCl3, 100 MHz) 6 38.3, 39.3, 44.6, 78.1, 110.4, 120.7,
127.0, 128.6, 129.9, 135.9, 139.4, 170.5. Anal. Calcd for
CsH9N3O: C, 73.69; H, 6.53; N, 14.32. Found: C, 73.52;
H, 6.44; N, 14.29.
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4.2.5. Preparation of 4'-benzyl-1,3-dihydro-spiro[2H-
benzimidazole-2,4'-piperidine] (23). According to the gen-
eral procedure, treatment of 5.00 g (46.2 mmol) of 2 with
11.37 g (60.1 mmol) of 1-benzyl-4-piperidone 22 afforded
9.56 g (74%) of 23 as a tan solid; mp 113-114°C. 'H
NMR (CDCl;, 400 MHz) 6 1.90 (t, 4H, J=5.6 Hz), 2.55
(m, 4H), 3.85 (s, 2H), 3.85 (br s, 2H), 6.59 (m, 2H), 6.68
(m, 2H), 7.29 (m, 1H), 7.36 (m, 4H); '>*C NMR (CDCls,
100 MHz) ¢ 39.0, 50.7, 63.1, 78.2, 109.9, 120.2, 127.2,
128.4, 129.2, 138.4, 139.5. Anal. Calcd for C,gH,;N3: C,
77.38; H,7.58; N, 15.04. Found: C, 76.99; H, 7.23; N, 14.79.

4.2.6. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-pyranyl] (25). According to the general proce-
dure, treatment of 5.00 g (46.24 mmol) of 2 with 12.94 g
(55.49 mmol) of tetrahydro-4H-pyran-4-one 24 afforded
5.12 g (58%) of 25 as a colorless solid; mp 117-118 °C.
'H NMR (CDCl;, 400 MHz) 6 1.87 (t, 4H, J=5.6 Hz),
3.80 (t, 4H, J=5.6 Hz), 6.61 (m, 2H), 6.69 (m, 2H); '*C
NMR (CDCl;, 100 MHz) 6 39.7, 65.1, 110.1, 116.7, 120.4,
139.3. Anal. Calcd for C,;H;4N,O: C, 69.45; H, 7.42; N,
14.73. Found: C, 69.22; H, 7.31; N, 14.66.

4.2.7. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-thiopyranyl] (27). According to the general pro-
cedure, treatment of 2.86 g (26.4 mmol) of 2 with 1.30 g
(34.4 mmol) of tetrahydro-4H-thiopyran-4-one 26 afforded
3.93 g (72%) of 27 as a light yellow solid; mp 86-87 °C.
"H NMR (CDCls, 400 MHz) 6 2.05 (m, 4H), 2.74 (m, 4H),
3.81 (br s, 2H), 6.59 (m, 2H), 6.68 (m, 2H); *C NMR
(CDCl3, 100 MHz) 6 26.0, 40.1, 78.4, 110.1, 120.5, 139.4.
Anal. Calcd for C;{H 4N,S: C, 64.04; H, 6.68; N, 13.58.
Found: C, 63.89; H, 6.62; N, 13.47.

4.2.8. Preparation of 1,3-dihydro-spiro[benzoimidazole-
2,1’-cyclohexane] (29). According to the general procedure,
treatment of 4.00g (37.0 mmol) of 2 with 17.69 ¢
(48.1 mmol) of cyclohexanone 28 afforded 4.87 g (70%)
of 293! as a colorless solid; mp 139-140 °C (lit.?! 138—
139 °C). 'H NMR (CDCl3, 400 MHz) 6 1.47 (m, 2H), 1.62
(m, 4H), 1.75 (m, 4H), 3.85 (br s, 2H), 6.58 (m, 2H), 6.64
(m, 2H); '3C NMR (CDCl5, 100 MHz) 6 23.3, 25.1, 39.2,
79.9, 109.7, 120.0, 139.8. Anal. Calcd for Ci,H¢Ny: C,
76.55,H, 8.57; N, 14.88. Found: C, 76.45; H, 8.47; N, 14.69.

4.2.9. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,3'-piperidine]-3'-carboxylic acid tert-butyl ester
(31). According to the general procedure, treatment of
2.20 g (20.3 mmol) of 2 with 4.86 g (24.4 mmol) of tert-
butyl 3-oxo-1-piperidinecarboxylate 30 afforded 3.25 g
(55%) of 31 as a colorless solid; mp 115-116 °C. 'H NMR
(CDCl3, 400 MHz) 6 1.45 (s, 9H), 1.73 (m, 2H), 1.85 (m,
2H), 3.40 (m, 4H), 3.84 (br s, 2H), 6.58 (m, 2H), 6.66 (m,
2H); '3C NMR (CDCl5, 100 MHz) 6 22.5, 28.5, 37.3, 43.3,
54.0, 77.6, 80.1, 110.2, 120.6, 139.4, 155.3. Anal. Calcd
for C|6H23N302: C, 6641, H, 801, N, 14.52. Found: C,
66.29; H, 7.97; N, 14.44.

4.2.10. Preparation of 1,3-dihydro-spiro(2H-benzimid-
azole-8'-methyl-8'-azo-bicyclo[3.2.1]Joctane) (33). Ac-
cording to the general procedure, treatment of 3.00 g
(27.7 mmol) of 2 with 4.63 g (33.3 mmol) of tropinone 32
afforded 2.1 g (33%) of 33 as an amber oil. 'H NMR

(CDCls, 400 MHz) 6 1.48 (m, 1H), 1.69 (m, 1H), 1.95 (m,
1H), 2.07 (m, 2H), 2.27 (d, 1H, J=14.9 Hz), 2.39 (d, 1H,
J=149Hz), 241 (s, 3H), 2.86 (dd, 1H, J=14.9 and
1.8 Hz), 3.18 (d, 1H, J=1.8 Hz), 3.40 (d, 1H, J=1.8 Hz),
3.59 (br s, 2H), 6.47 (d, 1H, J=7.7 Hz), 6.67 (m, 2H), 6.89
(t, 1H, J=7.7 Hz); '*C NMR (CDCls, 100 MHz) 6 27.1,
27.3, 377, 38.8, 44.3, 47.6, 60.7, 613, 115.3, 118.2,
119.7, 124.7, 136.7, 138.0, 173.1.

4.2.11. Preparation of 5,6-dichloro-1,3-dihydro-spiro-
[2H-benzimidazole-2,4'-piperidine]-4'-carboxylic acid
tert-butyl ester (35). According to the general procedure,
treatment of 3.00 g (16.95 mmol) of 34 with 439¢
(22.03 mmol) of fert-butyl 4-oxo-1-piperidinecarboxylate
14 afforded 3.60 g (59%) of 35 as a colorless solid; mp
157-158 °C. '"H NMR (CDCls, 400 MHz) 6 1.48 (s, 9H),
1.77 (m, 4H), 3.51 (m, 4H), 4.03 (br s, 2H), 6.53 (s, 2H);
13C NMR (CDCl;, 100 MHz) 6 28.5, 38.5, 40.9, 79.6,
80.1, 110.3, 122.1, 139.3, 154.7. Anal. Calcd for
Ci6H»1C1LN3;0,: C, 53.64; H, 5.91; N, 11.73. Found: C,
53.55; H, 5.89; N, 11.61.

4.2.12. Preparation of 2,3-dihydro-spiro[1H-perimidine-
2,4'-piperidine]-4’-carboxylic acid ethyl ester (37).
According to the general procedure, treatment of 5.20 g
(32.9 mmol) of 1,8-diaminonapthalene 36 with 8.46 g
(49.4 mmol) of 1-carboethoxy-4-piperidone 16 afforded
7.0 g (70%) of 37 as a light gray solid; mp 199-201 °C.
'"H NMR (CDCl;, 400 MHz) 6 1.28 (t, 3H, J=7.1 Hz),
1.83 (t, 4H, J=5.7 Hz), 3.61 (t, 4H, J=5.6 Hz), 4.17 (q,
2H, J=7.1 Hz), 6.57 (dd, 2H, J=1.1 Hz), 7.24 (m, 6H);
13C NMR (CDCl3, 100 MHz) 6 14.76, 36.31, 40.24, 61.61,
64.05, 107.39, 118.11, 127.10, 134.66, 139.00, 155.55.
Anal. Caled for C gH,N3: C, 69.43; H, 6.80; N, 13.49.
Found: C, 68.99; H, 6.73; N, 13.05.

4.2.13. Preparation of 5-benzoyl-1,3-dihydro-spiro[2H-
benzimidazole-2,4'-piperidine]-4'-carboxylic acid tert-
butyl ester (39). According to the general procedure,
treatment of 2.5g (11.8 mmol) of 38 with 3.52¢g
(89.0 mmol) of tert-butyl 4-oxo-1-piperidinecarboxylate
14 afforded 2.79 g (60%) of 39 as a yellow foam. 'H NMR
(CDCl3, 400 MHz) 6 1.45 (s, 9H), 1.78 (m, 4H), 3.46 (m,
2H), 3.55 (m, 2H), 4.58 (s, 1H), 5.14 (s, 1H), 6.32 (d, 1H,
J=7.9 Hz), 7.03 (d, 1H, J=1.5Hz), 7.09 (dd, 1H, J=7.9
and 1.5 Hz), 7.39 (m, 2H), 7.46 (m, 1H), 7.64 (m, 2H);
13C NMR (CDCl;, 100 MHz) 6 28.5, 38.8, 41.0, 79.4,
79.9, 105.6, 109.2, 127.2, 128.0, 128.4, 129.5, 131.2,
139.1, 1394, 1449, 154.7, 195.8. Anal. Calcd for
C23H27N303: C, 7021, H, 692, N, 10.68. Found: C,
69.88; H, 6.81; N, 10.66.

4.2.14. Preparation of 1,3-dihydro-4-methyl-spiro[2H-
benzimidazole-2,4'-piperidine]-4'-carboxylic acid tert-
butyl ester (41). According to the general procedure,
treatment of 3.24g (26.5 mmol) of 40 with 634 ¢
(31.8 mmol) of tert-butyl 4-oxo-1-piperidinecarboxylate
14 afforded 5.25 g (65%) of 41 as a tan solid; mp 83—
84 °C. 'H NMR (CDCls, 400 MHz) 6 1.49 (s, 9H), 1.79 (t,
4H, J=5.7 Hz), 2.13 (s, 3H), 3.57 (m, 4H), 3.60 (br s, 2H),
6.46 (d, 1H, J=7.5Hz), 6.52 (d, 1H, J=7.5 Hz), 6.62 (t,
1H, J=7.5 Hz); '3C NMR (CDCls, 100 MHz) 6 16.6, 28.5,
38.7, 41.0, 77.9, 79.8, 107.9, 120.0, 120.6, 122.0, 137.9,
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139.1, 154.8. Anal. Calcd for C;7H,5sN;0,: C, 67.30; H,
8.31; N, 13.85. Found: C, 67.12; H, 7.98; N, 13.66.

4.3. General procedure for the triphosgene-mediated
rearrangement of 1,3-dihydro-spiro[2H-benzimid-
azoles]

To a stirred solution of 1.00 mmol of the appropriately
substituted 1,3-dihydro-spiro(2H-benzimidazole) in 10 mL
of THF was added 691 mg (5.00 mmol) of powdered
K,CO;. The resulting slurry was cooled to 0°C and
119.0 mg (0.40 mmol) of triphosgene in 2 mL of THF was
added dropwise. The mixture was stirred for 15-30 min
and quenched with 15 mL of water. The organic layer was
separated, dried over MgSQO4, and concentrated under
reduced pressure. The residue was purified by silica gel chro-
matography.

4.3.1. Preparation of 4-(2-0x0-2,3-dihydro-benzimidazol-
1-yl)-3,6-dihydro-2H-pyridine-1-carboxylic acid tert-bu-
tyl ester (46). According to the general procedure, treatment
of 1.50 g (5.18 mmol) of 15 with 615 mg (2.07 mmol) of tri-
phosgene in the presence of 3.56 g (25.9 mmol) of K,CO;
afforded 1.39 g (85%) of 46 as a colorless solid; mp 201—
202 °C. 'H NMR (DMSO-ds, 400 MHz) 6 1.45 (s, 9H),
2.45 (m, 2H), 3.61 (t, 2H, J=5.3 Hz), 4.07 (m, 2H), 7.01
(m, 3H), 7.05 (m, 1H), 10.56 (br s, 1H); '*C NMR
(DMSO-dg, 100 MHz) 6 26.8, 28.4, 41.1, 42.2, 49.4, 79.5,
108.8, 109.3, 121.0, 121.7, 122.5, 128.9, 130.1, 130.7,
153.2, 154.2. Anal. Calcd for C;7H,;N305: C, 64.74; H,
6.71; N, 13.32. Found: C, 64.55; H, 6.62; N, 13.29.

4.3.2. 4-(2-Ox0-2,3-dihydro-benzimidazol-1-yl)-3,6-dihy-
dro-2H-pyridine-1-carboxylic acid ethyl ester (47).
According to the general procedure, treatment of 500 mg
(1.91 mmol) of 17 with 227 mg (0.77 mmol) of triphosgene
in the presence of 1.32 g (9.55 mmol) of K,COj; afforded
440 mg (80%) of 47 as a colorless solid; mp 197-198 °C.
'H NMR (CDCl;, 400 MHz) 6 1.19 (t, 3H, J=7.1 Hz),
2.47 (m, 2H), 3.60 (t, 2H, J=5.7 Hz), 4.06 (m, 4H), 5.89
(s, 1H), 6.96 (m, 3H), 7.01 (m, 1H); '*C NMR (CDCls,
100 MHz) 6 14.8, 27.1, 40.5, 42.8, 61.7, 108.8, 110.0,
121.5, 122.1, 123.1, 128.3, 130.1, 131.1, 154.6, 155.7.
Anal. Calcd for C;sH;;N505: C, 62.71; H, 5.96; N, 14.63.
Found: C, 62.55; H, 5.87; N, 14.57.

4.3.3. Preparation of 4-(2-0x0-2,3-dihydro-benzimidazol-
1-yl)-piperidine-1-carboxylic acid benzyl ester (48).
According to the general procedure, treatment of 1.00 g
(3.09 mmol) of 19 with 367 mg (1.24 mmol) of triphosgene
in the presence of 2.14 g (15.5 mmol) of K,COj; afforded
767 mg (71%) of 48 as a colorless solid; mp 150-151 °C.
"H NMR (CDCls, 400 MHz) 6 2.63 (m, 2H), 3.85 (t, 2H,
J=5.0 Hz), 4.28 (m, 2H), 5.22 (s, 2H), 5.97 (br s, 1H),
7.07 (m, 4H), 7.40 (m, 5H), 10.56 (br s, 1H); '3*C NMR
(CDCl3, 100 MHz) 6 27.1, 40.5, 42.9, 67.4, 108.9, 109.9,
121.5, 122.1, 123.1, 128.1, 128.2, 128.3, 128.6, 130.0,
136.6, 154.4, 155.1. Anal. Caled for C,y0H;9N;O3: C,
68.75; H, 5.48; N, 12.03. Found: C, 68.44; H,5.41; N, 11.92.

4.3.4. Preparation of 1-(1-benzoyl-1,2,3,6-tetrahydro-
pipridin-4-yl)-1,3-dihydro-benzimidazol-2-one (49).
According to the general procedure, treatment of 1.00 g

(3.41 mmol) of 21 with 405 mg (1.36 mmol) of triphosgene
in the presence of 2.36 g (17.04 mmol) of K,COj; afforded
740 mg (68%) of 49 as a tan solid; mp 251252 °C. 'H
NMR (DMSO-dg, 400 MHz) 6 2.51 (br m, 2H), 3.56 and
3.86 (br m, 2H, due to rotamers), 4.10 and 4.30 (br m, 2H,
due to rotamers), 5.82 and 5.99 (br s, 1H, due to rotamers),
6.97 (br m, 3H, due to rotamers), 7.07 (br m, 1H, due to
rotamers), 7.44 (m, 5H), 10.94 (br s, 1H); 13C NMR
(DMSO-dg, 400 MHz) 6 26.9 and 27.1 (due to rotamers),
41.8 and 44.1 (due to rotamers), 46.4 and 48.7 (due to ro-
tamers), 109.1, 109.5, 121.2, 121.9, 122.2, 127.2 and 127.3
(due to rotamers), 129.0, 130.1, 130.2, 136.5, 153.5, 169.6,
169.7. Anal. Calcd for C;oH;7N3O,: C, 71.46; H, 5.37; N,
13.16. Found: C, 71.22; H, 5.31; N, 13.01.

4.3.5. Preparation of 1-(1-benzyl-1,2,3,6-tetrahydro-pyr-
idin-4-yl)-1,3-dihydro-benzimidazol-2-one (50). Accord-
ing to the general procedure, treatment of 2.40g
(8.59 mmol) of 24 with 1.02 g (3.44 mmol) of triphosgene
in the presence of 5.94 g (43.0 mmol) of K,COj; afforded
1.70 g (65%) of 50 as a colorless solid; mp 159-160 °C
(1it."8® 160-162 °C). '"H NMR (CDCls, 400 MHz) 6 2.64
(m, 2H), 2.86 (t, 2H, J=5.7 Hz), 3.30 (m, 2H), 3.74 (s,
2H), 5.97 (s, 1H), 7.12 (m, 4H), 7.28 (m, 1H), 7.33 (m,
2H), 7.42 (m, 2H), 10.54 (br s, 1H); '*C NMR (CDCls,
100 MHz) ¢ 27.5, 49.4, 51.8, 62.2, 109.0, 109.9, 121.3,
121.8, 124.5, 127.3, 128.3, 128.4, 129.2, 130.3, 130.8,
137.9, 154.7. Anal. Caled for C;oH;oN3;O: C, 74.73; H,
6.27; N, 13.76. Found: C, 74.38; H, 6.22; N, 13.67.

4.3.6. Preparation of 1-(3,6-dihydro-2H-pyran-4-yl)-1,3-
dihydro-benzimidazol-2-one (51). According to the gen-
eral procedure, treatment of 470 mg (2.70 mmol) of 25
with 293 mg (0.99 mmol) of triphosgene in the presence of
1.71 g (12.4 mmol) of K,CO; afforded 454 mg (85%) of
51 as a colorless solid; mp 233-234 °C. 'H NMR (DMSO-
ds, 400 MHz) 6 2.43 (m, 2H), 3.82 (t, 2H, J/=5.4 Hz), 4.24
(m, 2H), 5.93 (s, 1H), 6.97 (m, 3H), 7.03 (m, 1H), 10.91
(br s, 1H); '3C NMR (DMSO-d,, 100 MHz) 6 27.1, 64.1,
64.6, 109.0, 109.5, 121.2, 121.9, 124.0, 129.0, 129.9,
130.2, 153.4. Anal. Calcd for C,H,N,O,-1/2H,0: C,
63.42; H, 6.65; N, 12.33. Found: C, 63.35; H, 6.44; N, 12.11.

4.3.7. Preparation of 1-(3,6-dihydro-2H-thiopyran-4-yl)-
1,3-dihydro-benzimidazol-2-one (52). According to the
general procedure, treatment of 740 mg (3.59 mmol) of 27
with 426 mg (1.44 mmol) of triphosgene in the presence of
2.48 g (18.0 mmol) of K,COj; afforded 500 mg (60%) of 52
as a colorless solid; mp 235 °C (decomp.) (1it*? 236 °C). 'H
NMR (DMSO-dg, 400 MHz) 6 2.51 (m, 2H), 2.83 (t, 2H,
J=5.4 Hz), 3.32 (m, 2H), 6.03 (s, 1H), 6.94 (m, 4H), 10.88
(br s, 1H); '3C NMR (DMSO-ds, 100 MHz) 6 24.9, 25.1,
28.0, 108.6, 109.4, 121.1, 121.7, 124.5, 129.0, 130.6,
133.3, 153.5. Anal. Calcd for C;,H,N,0OS: C, 62.04; H,
5.21; N, 12.06. Found: C, 61.93; H, 5.19; N, 11.98.

4.3.8. Preparation of 1-cyclohex-1-enyl-1,3-dihydro-benz-
imidazol-2-one (53). According to the general procedure,
treatment of 750 mg (3.98 mmol) of 29 with 473 mg
(1.59 mmol) of triphosgene in the presence of 2.75 g
(19.9 mmol) of K,COj afforded 630 mg (74%) of 53 as a col-
orless solid; mp 180181 °C (lit.!3® 182-183 °C). 'H NMR
(CDCl3, 400 MHz) 6 1.77 (m, 2H), 1.89 (m, 2H), 2.32 (m,



11498 J. T. Kuethe et al. / Tetrahedron 63 (2007) 11489-11502

2H), 2.42 (m, 2H), 5.99 (s, 1H), 7.05 (m, 3H), 7.14 (m, 1H),
10.56 (br s, 1H); '3C NMR (CDCl;, 100 MHz) 6 21.7, 22.7,
24.8,26.9, 108.7, 109.9, 121.2, 121.6, 127.8, 128.4, 130.7,
132.2, 155.0. Anal. Calcd for C;3H4N,0: C, 72.87; H,
6.59; N, 13.07. Found: C, 72.93; H, 6.58; N, 12.92.

4.3.9. Preparation of 4-(5,6-dichloro-2-o0x0-2,3-dihydro-
benzimidazol-1-yl)-2,6-dihydro-2H-pyridine-1-carb-
oxylic acid tert-butyl ester (54). According to the general
procedure, treatment of 616 mg (1.55 mmol) of 35 with
184 mg (0.62 mmol) of triphosgene in the presence of
1.07 g (7.75 mmol) of K,CO; afforded 339 mg (57%) of
54 as a colorless solid; mp 208209 °C. 'H NMR (CDCls;,
400 MHz) 6 1.51 (s, 9H), 2.54 (m, 2H), 3.73 (t, 2H,
J=5.0 Hz), 4.17 (m, 2H), 5.93 (s, 1H), 7.08 (s, 1H), 7.19
(s, 1H), 10.76 (br s, 1H); '*C NMR (CDCl;, 100 MHz)
0 26.9, 28.4, 41.0, 42.3, 80.3, 110.2, 111.4, 123.9, 125.1,
125.5, 127.6, 129.3, 131.0, 154.4, 154.6. Anal. Calcd for
C7H19C1LN303: C, 53.14; H, 4.98; N, 10.94. Found: C,
52.76; H, 4.65; N, 10.91.

4.3.10. Preparation of (15*5R*)-1-(8-methyl-8-aza-bicy-
clo[3.2.1]oct-2-en-3-yl)-1,3-dihydro-benzimidazol-2-one
(55). According to the general procedure, treatment of
500 mg (2.18 mmol) of 33 with 259 mg (3.44 mmol) of tri-
phosgene in the presence of 1.51 g (10.9 mmol) of K,CO;
afforded 345 mg (62%) of 55 as a tan solid; mp 203 °C (de-
comp.). 'H NMR (CDCl;, 400 MHz) 6 1.88 (m, 1H), 2.09
(m, 1H), 2.16-2.32 (m, 3H), 2.58 (s, 3H), 2.86 (d, 1H,
J=17.5 Hz), 3.46 (m, 1H), 3.56 (t, 1H, J=5.4 Hz), 6.04 (d,
1H, J=5.4 Hz), 7.03 (m, 4H), 10.80 (br s, 1H); '*C NMR
(CDCl3, 100 MHz) 6 30.1, 32.4, 34.5, 36.0, 57.3, 58.7,
108.6, 109.8, 121.3, 121.8, 128.6, 128.8, 129.4, 130.4,
154.7. Anal. Calcd for CsH;;N50: C, 70.56; H, 6.71; N,
16.46. Found: C, 70.51; H, 6.66; N, 16.43.

4.3.11. Preparation of 4-(2-ox0-2,3,3a,9b-tetrahydro-
perimidin-1-yl)-3,6-dihydro-2H-pyridine-1-carboxylic
acid ethyl ester (56). According to the general procedure,
treatment of 1.00 g (3.21 mmol) of 37 with 760 mg
(2.56 mmol) of triphosgene in the presence of 1.33 g
(9.63 mmol) K,CO5 afforded 659 mg (61%) of 56 as a light
gray solid; mp 199-201 °C. 'H NMR (CDCl;, 400 MHz)
0 1.33 (t, 3H, J=7.1 Hz), 2.46 (m, 2H), 3.87 (br m, 2H),
4.24 (m, 4H), 5.95 (s, 1H), 6.54 (m, 2H), 7.24 (m, 4H),
8.39 (br s, 1 H); '3C NMR (CDCl;, 100 MHz) 6 14.79,
43.00, 61.67, 104.80, 105.36, 114.73, 119.43, 119.90,
127.86, 127.91, 134.79, 135.42, 137.98, 149.95. Anal. Calcd
for CioH9N303-1/3H,0: C, 66.46; H, 5.77; N, 12.24.
Found: C, 66.66; H, 5.57; N, 12.14.

4.3.12. Rearrangement of spiro-benzimidazoline 39.
According to the general procedure, treatment of 650 mg
(1.65 mmol) of 39 with 196 mg (0.661 mmol) of triphosgene
in the presence of 1.14 g (8.26 mmol) of K,CO; was fol-
lowed by chromatography on silica gel. The first product
to elute from the column (236 mg, 34%) was identified as 4-
(5-benzoyl-2,3-dihydro-benzimidazol-1-yl)-3,6-dihydro-2H-
pyridin-1-carboxylic acid fert-butyl ester (57), which was
obtained as a colorless solid; mp 231-232 °C. 'H NMR
(DMSO-dg, 400 MHz) 6 1.41 (s, 9H), 2.46 (m, 2H), 3.58
(m, 2H), 4.04 (m, 2H), 597 (s, 1H), 7.17 (d, 1H,
J=8.2 Hz), 7.34 (s, 1H), 7.42 (m, 1H), 7.44 (m, 2H), 7.49—

7.67 (m, 3H), 11.2 (br s, 1H); *C NMR (DMSO-d,
100 MHz) 6 26.9, 28.6, 41.0, 42.3, 79.7, 108.6, 110.7,
123.2, 124.8, 128.9, 129.0, 129.8, 130.5, 130.8, 132.5,
134.1, 138.5, 153.6, 1544, 195.4. Anal. Calcd for
Co9H,sN304: C, 68.72; H, 6.01; N, 10.02. Found: C, 68.69;
H, 5.98; N, 9.95.

The second product to elute from the column (256 mg, 37%)
was identified as 4-(6-benzoly-2,3-dihydro-benzimidazol-
1-y1)-3,6-dihydro-2H-pyridin-1-carboxylic acid fert-butyl
ester (58) and was obtained as a colorless solid; mp
237 °C (decomp.). '"H NMR (DMSO-de, 400 MHz) 6 1.39
(s, 9H), 2.46 (m, 2H), 3.58 (m, 2H), 4.03 (m, 2H), 5.98 (s,
1H), 7.09 (d, 1H, J=8.1 Hz), 7.39 (m, 2H), 7.49 (m, 2H),
7.64 (m, 3H), 11.42 (br s, 1H); '3C NMR (DMSO-d,
100 MHz) 6 26.9, 28.6, 41.0, 42.3, 79.7, 108.9, 109.6,
123.6, 126.0, 128.9, 129.8, 130.2, 130.4, 130.6, 132.5,
133.3, 138.4, 153.6, 154.4, 195.3. Anal. Calcd for
CyoH,5N304: C, 68.72; H, 6.01; N, 10.02. Found: C, 68.47;
H, 5.83; N, 9.86.

4.3.13. Rearrangement of spiro-benzimidazoline 41.
According to the general procedure, treatment of 1.00 g
(3.30 mmol) of 41 with 391 mg (1.32 mmol) of triphosgene
in the presence of 2.28 g (16.5 mmol) of K,CO3 was fol-
lowed by chromatography on silica gel. The first product
to elute from the column (330 mg, 30%) was identified as
4-(7-methyl-2-ox0-2,3-dihydro-benzimidazol-1-yl)-3,6-di-
hydro-2H-pyridine-1-carboxylic acid fert-butyl ester (59)
and was obtained as a colorless foam. 'H NMR (CDCls,
400 MHz) 6 1.51 (s, 9H), 2.35 (s, 3H), 2.40 (m, 1H), 2.67
(m, 1H), 3.77 (m, 3H), 4.17 (m, 2H), 6.81 (s, 1H), 6.81 (d,
1H, J=7.1 Hz), 6.98 (m, 2H), 10.82 (br s, 1H); *C NMR
(CDCl;, 100 MHz) 6 17.7, 28.5, 29.4, 39.9, 43.2, 80.2,
108.0, 119.7, 121.8, 124.5, 126.5, 128.2, 128.8, 132.4,
154.9, 155.4. Anal. Calcd for Ci3H»3N305: C, 65.63; H,
7.04; N, 12.76. Found: C, 65.48; H, 6.73; N, 12.56.

The second product to elute from the column (235 mg, 22%)
was identified as 6-methyl-11-o0xo0-1,3,4,10,11,11a-hexahy-
dro-pyrid[4,3-b]benzodiazepine-2-carboxylic acid tert-
butyl ester (60) and was obtained as a colorless solid; mp
201-202 °C. 'H NMR (CDCls, 400 MHz) 6 1.48 (s, 9H),
2.41 (s, 3H), 2.89 (m, 3H), 3.52-3.87 (m, 3H), 4.35 (m,
1H), 6.92 (m, 1H), 7.09 (m, 2H), 8.87 (br s, 1H); '3C
NMR (CDCl;, 100 MHz) 6 18.6, 28.5, 33.8, 39.1, 41.5,
46.4, 80.1, 119.5, 124.5, 126.1, 126.4, 128.6, 135.7, 137.7,
155.1, 167.7. Anal. Calcd for C;3H,3N505: C, 65.63; H,
7.04; N, 12.76. Found: C, 65.23; H, 6.77; N, 12.55.

4.3.14. Rearrangement of spiro-benzimidazoline 31.
According to the general procedure, treatment of 500 mg
(1.73 mmol) of 31 with 205 mg (0.691 mmol) of triphosgene
in the presence of 1.19 g (8.64 mmol) of K,CO; was fol-
lowed by chromatography on silica gel to afford 223 mg
(41%) of an inseparable 2.5:1 mixture of 5-(2-o0x0-2,3-
dihydro-benzoimidazol-1-yl)-2,4-dihydro-2H-pyridine-1-
carboxylic acid tert-butyl ester (64) and 5-(2-oxo0-2,3-dihy-
dro-benzoimidazol-1-yl)-3,6-dihydro-2H-pyridine-1-carb-
oxylic acid tert-butyl ester (65). 'H NMR (CDCls,
400 MHz) ¢ 1.48 (s, 9H, 65) 1.50 (s, 9H, 64), 2.07 (m, 2H,
64), 2.42 (m, 2H, 64 and 65), 3.67 (m, 2H, 64 and 65),
6.99-7.10 (m, 6H, 64 and 65); '*C NMR of 64 and 65:
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21.3,21.5,24.1,24.4,24.6,29.7,39.2, 41.1,42.2, 44.0, 80.2,
81.4, 81.7, 108.6, 108.7, 110.0, 110.1, 112.0, 112.8, 121.4,
121.5, 121.9, 1222, 126.1, 127.5, 128.0, 128.3, 128.4,
130.3, 131.2, 151.9, 154.9, 155.0, 155.7. Anal. Calcd for
C,;H,N;05: C, 64.74; H, 6.71; N, 13.32. Found: C,
64.55; H, 6.55; N, 13.29.

4.3.15. Preparation of 1,3-dihydro-1-(4-chlorophenyl)-
spiro[2H-benzimidazole-2,4'-piperidine]-4’-carboxylic
acid benzyl ester (66). According to the general procedure,
treatment of 2.50 g (11.4 mmol) of N-(4-chlorophenyl)-1,2-
phenylenediamine with 3.20 g (13.7 mmol) of benzyl 4-oxo-
1-piperidinecarboxylate 18 afforded 3.77 g (76%) of 66 as
a colorless solid; mp 163-164 °C. 'H NMR (CDCls,
400 MHz) 6 1.73 (br m, 2H), 1.92 (br m, 2H), 3.05 (br m,
2H), 4.03 (br s, 1H), 4.23 (br m, 2H), 5.12 (s, 2H), 6.36 (d,
1H, J=7.7 Hz), 6.73 (m, 3H), 7.25 (d, 2H, J=8.7 Hz), 7.38
(m, 7H); 3C NMR (CDCl;, 100 MHz) 6 36.0, 40.9, 67.3,
82.9, 107.6, 111.4, 119.3, 121.3, 128.0, 128.1, 128.5,
129.8, 132.0, 136.6, 137.9, 139.1, 141.2, 155.0. Anal. Calcd
for C,5H,4CIN;O,: C, 69.20; H, 5.57; N, 9.68. Found: C,
68.92; H, 5.47; N, 9.61.

4.3.16. Preparation of 4-[(2-aminophenyl)-(4-chloro-
phenyl)-amino]-piperidine-1-carboxylic acid benzyl
ester (67). According to the general procedure, treatment
of 600 mg (1.38 mmol) of 66 with 164 mg (0.552 mmol)
of triphosgene in the presence of 953 mg (6.90 mmol) of
K,CO; was followed by chromatography on silica gel to af-
ford 432 mg (72%) of 67 as a clear oil. '"H NMR (CDCl;,
400 MHz) 6 1.34 (m, 2H), 2.02 (m, 2H), 3.04 (m, 2H),
3.48 (m, 1H), 4.07 (br m, 4H), 5.14 (s, 2H), 6.61 (d, 2H,
J=8.6 Hz), 6.73 (m, 2H), 7.12 (m, 4H), 7.37 (m, 5H); '3C
NMR (CDCl3, 100 MHz) ¢ 32.3, 42.8, 44.7, 67.2, 111.8,
116.3, 117.6, 124.0, 125.9, 126.8, 127.9, 128.1, 128.6,
129.2, 129.5, 136.9, 142.8, 144.6, 155.3. Anal. Calcd for
CysHp6CIN;O,: C, 68.88; H, 6.01; N, 9.64. Found: C,
69.01; H, 6.23; N, 9.70.

4.3.17. Preparation of 1-(6-amino-1,3-benzodioxol-5-yl-
methyl)-piperidin-4-one (68). To a solution of 3.04 g
(19.8 mmol) of 4-piperidone monohydrate hydrochloride
in 40 mL of DMF were added 6.31 g (45.7 mmol) of
K,CO; and 3.96 g (15.23 mmol) of 5-bromomethyl-6-
nitro-benzo[1,3]-dioxole.® The resulting mixture was heated
to 50 °C for 8 h, cooled to rt, and diluted with 50 mL of wa-
ter. The aqueous layer was extracted with 75 mL of EtOAc
and the organic layer was dried over MgSOy4. The solvent
was removed under reduced pressure and the residue puri-
fied by silica gel chromatography to give 3.00 g (71%) of
68 as a bright yellow solid; mp 99-100°C. 'H NMR
(CDCl3, 400 MHz) 6 2.47 (t, 4H, J=6.1 Hz), 2.80 (t, 4H,
J=6.1 Hz), 3.91 (s, 2H), 6.14 (s, 2H), 7.23 (s, 1H), 7.47 (s,
1H); '3C NMR (CDCl;, 100 MHz) 6 41.2, 53.1, 58.2,
102.9, 105.7, 109.2, 113.2, 143.2, 146.9, 151.7, 208.5.
Anal. Calcd for C]3H14N205: C, 5611, H, 507, N, 10.07.
Found: C, 56.06; H, 4.86; N, 9.89.

4.3.18. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-piperidine]-4'-(6-nitro-1,3-benzodioxol-5-yl)-
methane (69). According to the general procedure, treatment
of 1.00 g (9.25 mmol) of 2 with 3.41 g (10.78 mmol) of 68
afforded 2.50 g (68%) of 69 as a light yellow solid; mp

145-146 °C. '"H NMR (CDCl5, 400 MHz) ¢ 1.87 (t, 4H,
J=6.1Hz), 2.55 (t, 4H, J=6.1 Hz), 3.81 (s, 2H), 3.89 (br s,
2H), 6.11 (s, 2H), 6.57 (m, 2H), 6.64 (m, 2H), 7.21 (s, 1H),
7.44 (s, 1H); '3C NMR (CDCl5, 100 MHz) ¢ 39.0, 50.9,
78.0, 102.8, 105.7, 109.3, 109.9, 120.2, 131.8, 139.4,
143.2, 146.7, 151.7. Anal. Calcd for C;9H,oN,O4: C,
61.95;H, 5.47; N, 15.21. Found: C, 62.11; H, 5.55; N, 15.29.

4.3.19. Preparation of 1-{1-[(6-nitrobenzo[1,3]dioxol-
5-yDmethyl]-1,2,3,6-tetrahydropyridin-4-yl}-1,3-dihy-
drobenzimidazol-2-one (70). According to the general
procedure, treatment of 525 mg (1.43 mmol) of 69 with
169 mg (0.57 mmol) of triphosgene in the presence of
985 mg (7.13 mmol) of K,CO; afforded 325 mg (58%) of
70 as a light yellow solid; mp 219-220°C. 'H NMR
(DMSO-dg, 400 MHz) 6 2.45 (s, 2H), 2.67 (s, 2H), 3.18 (s,
2H), 3.86 (s, 2H), 5.84 (s, 1H), 6.24 (s, 2H), 6.99 (s, 4H),
7.27 (s, 1H), 7.58 (s, 1H), 10.95 (s, 1H); '*C NMR (DMSO-
dg, 100 MHz) 6 27.4, 49.6, 51.9, 57.9, 103.7, 105.8, 108.9,
1094, 109.9, 121.1, 121.7, 123.3, 129.0, 130.3, 130.9,
1434, 147.1, 151.7, 153.4. Anal. Calcd for C,oH;gN,4Os: C,
60.91; H, 4.60; N, 14.21. Found: C, 60.87; H, 4.55; N, 14.11.

4.3.20. Preparation of 1,3-dihydro-spiro[2H-benzimid-
azole-2,4'-piperidine]-4’-{3-[2-(4-fluorophenyl)-1,3-di-
oxolan-2-yl]}-propane (72). According to the general
procedure, treatment of 1.03 g (9.49 mmol) of 2 with
3.25 g (9.49 mmol) of 713° afforded 3.12 g (76%) of 72 as
a light yellow solid; mp 135-136 °C. 'H NMR (CDCls,
400 MHz) 6 1.56 (m, 2H), 1.85 (m, 6H), 2.34 (t, 2H,
J=17.5Hz), 2.46 (m, 4H), 3.76 (m, 2H), 3.83 (br s, 2H),
4.01 (t, 2H, J=7.5Hz), 6.55 (m, 2H), 6.64 (m, 2H), 7.01
(m, 2H), 7.42 (m, 2H); '3C NMR (CDCl;, 100 MHz)
6 21.4, 38.5, 38.9, 50.7, 58.3, 64.6, 78.2, 109.8, 110.1,
114.9 (d, /=21.0 Hz), 115.1, 120.2, 127.6 (d, J=10.0 Hz),
138.5, 139.5, 162.1 (d, J=244.0 Hz). Anal. Calcd for
Cy3HysFN30,: C, 69.50; H, 7.10; N, 10.57. Found: C,
69.13; H, 6.89; N, 10.44.

4.3.21. Preparation of 1-{1-[4-(4-fluorophenyl)-4-oxo-
butyl]-3,6-dihydro-2H-pyrdin-4-yl}-3H-benzoimidazol-
2-one (Droperidol®) (73). According to the general
procedure, treatment of 500 mg (1.26 mmol) of 72 with
149 mg (0.50 mmol) of triphosgene in the presence of
870 mg (6.30 mmol) of K,COj3 gave protected droperidol.
The resulting crude product was treated with aqueous 5 N
HCl in MeOH for 1.5 h and the reaction mixture was neutral-
ized to pH 9 with 2 N NaOH. The aqueous layer was ex-
tracted with EtOAc (2x25 mL) and the combined extracts
were washed with 15 mL of brine and dried over MgSOQ,.
The solvent was removed under reduced pressure and the
residue purified by silica gel chromatography to afford
300 mg (63%) of 73 as a colorless solid; mp 144-145 °C
(1it.?? 145-146.5 °C). '"H NMR (CDCls, 400 MHz) 6 2.04
(m, 2H), 2.61 (m, 4H), 2.81 (t, 2H, J=5.6 Hz), 3.05 (t, 2H,
J=7.1 Hz), 3.26 (m, 2H), 5.92 (s, 1H), 7.00 (m, 3H), 7.12
(m, 3H), 8.02 (m, 2H), 10.66 (br s, 1H); '*C NMR
(CDCl;, 100 MHz) 6 21.9, 27.4, 36.2, 49.7, 51.8, 57.0,
109.0, 109.9, 115.6 (d, J=21.0Hz), 121.2, 121.8, 124.1,
128.4, 130.3, 130.7 (d, J=10.0 Hz), 131.0, 133.7, 154.8,
162.1 (d, J=244.0 Hz), 198.5; '°F NMR (CDCls, 75 MHz)
0 —106.2. Anal. Calcd for Cy,H»FN3O,: C, 69.64; H,
5.84; N, 11.07. Found: C, 69.58; H, 5.79; N, 11.01.
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4.4. General procedure for the preparation of N-alkyl-
benzimidazol-2-ones

To a stirred mixture of 1.00 mmol of the appropriately
substituted spiro-benzimidazoline and 425 mg (2.00 mmol)
of sodium triacetoxyborohydride in 5 mL of THF was added
dropwise a solution of 208 mg (0.70 mmol) of triphosgene in
5 mL of THF. After stirring for 15 min the reaction was
quenched with 10 mL of water. The aqueous layer was
extracted with 10 mL of EtOAc (2x) and the combined ex-
tracts were washed with 10 mL of brine, dried over MgSO,,
and concentrated under reduced pressure. The residue was
purified by silica gel chromatography.

4.4.1. Preparation of 4-(2-0xo0-2,3-dihydro-benzimidazol-
1-yl)-piperidine-1-carboxylic acid tert-butyl ester (75).
According to the general procedure, treatment of a mixture
of 288 mg (0.995 mmol) of 15 and 425 mg (2.00 mmol) of
sodium triacetoxyborohydride with 208 mg (0.70 mmol) of
triphosgene gave 230 mg (73%) of 75** contaminated with
~5% of 46 as a colorless solid; mp 156-159 °C (lit.>?
165-166 °C). 'H NMR (CDCls, 400 MHz) 6 1.33 (s, 9H),
1.85 (m, 2H), 2.35 (m, 2H), 2.88 (m, 2H), 4.35 (m, 2H),
4.50 (m, 2H), 7.05 (m, 2H), 7.15 (m, 2H), 10.45 (s, 1H);
C NMR (CDCl;, 100 MHz) 6 28.5, 29.3, 43.4, 50.9,
80.0, 109.4, 110.0, 121.0, 121.1, 128.4, 129.0, 154.8, 155.4.

4.4.2. Preparation of 4-(2-oxo0-2,3-dihydro-benzimidazol-
1-yl)-piperidine-1-carboxylic acid ethyl ester (77).
According to the general procedure, treatment of a mixture
of 535 mg (2.00 mmol) of 17 and 847 mg (4.00 mmol) of
sodium triacetoxyborohydride with 415 mg (1.40 mmol) of
triphosgene gave 404 mg (70%) of 77° contaminated with
~4% of 47 as a colorless solid; mp 174-175 °C. '"H NMR
(CDCl3, 400 MHz) 6 1.33 (t, 3H, J=7.4 Hz), 1.88 (m, 2H),
2.35 (m, 2H), 2.94 (m, 2H), 4.19 (q, 2H, J=7.3 Hz), 4.39
(br m, 2H), 4.41 (m, 1H), 7.08 (m, 3H), 7.15 (m, 1H); '3C
NMR (CDCl;, 100 MHz) o 14.8, 29.3, 43.7, 50.8, 61.7,
109.4, 110.0, 121.1, 121.5, 128.3, 129.0, 155.3, 155.6.

4.4.3. Preparation of 4-(2-0xo0-2,3-dihydro-benzimidazol-
1-yl)-piperidine-1-carboxylic acid benzyl ester (78).
According to the general procedure, treatment of a mixture
of 502 mg (1.56 mmol) of 19 and 375 mg (1.77 mmol) of
sodium triacetoxyborohydride with 293 mg (0.99 mmol) of
triphosgene gave 296 mg (64%) of 78 contaminated with
~3% of 48 as a colorless solid; mp 145-148 °C. 'H NMR
(CDCl3, 400 MHz) 6 1.81 (m, 2H), 2.32 (m, 2H), 2.94 (m,
2H), 4.42 (br m, 2H), 4.50 (m, 1H), 5.19 (s, 2H), 7.05 (m,
4H), 7.41 (m, 5H), 9.15 (s, 1H); *C NMR (CDCls;,
100 MHz) ¢ 29.3, 43.9, 50.7, 64.5, 109.4, 110.1, 121.2,
121.5,128.1,128.2,128.4, 128.6, 128.9, 136.8, 155.3, 155.4.

4.4.4. Preparation of 3-(2-oxo-2,3-dihydro-benzimidazol-
1-yl)-piperidine-1-carboxylic acid fert-butyl ester (79).
According to the general procedure, treatment of a mixture
of 281 mg (1.00 mmol) of 31 and 424 mg (2.00 mmol) of so-
dium triacetoxyborohydride with 214 mg (0.72 mmol) of tri-
phosgene gave 231 mg (73%) of 79 contaminated with ~1%
of 64/65 as a colorless solid; mp 160-161 °C. 'H NMR
(CDCl3, 400 MHz) ¢ 1.49 (s, 9H), 1.63 (m, 1H), 1.88 (m,
1H), 2.07 (m, 1H), 2.43 (m, 1H), 2.76 (m, 1H), 3.49 (m,
1H), 4.25 (m, 3H), 7.08 (m, 2H), 7.12 (m, 2H), 10.2 (s,

1H); '3C NMR (CDCl;, 100 MHz) 6 25.1, 27.9, 28.5, 42.2,
44.2, 50.3, 80.1, 108.8, 109.9, 121.2, 121.5, 128.2, 129.5,
154.9, 155.2. Anal. Calcd for C;7H,3N505: C, 64.33; H,
7.30; N, 13.24. Found: C, 64.66; H, 7.41; N, 13.42.

4.4.5. Preparation of 1-cyclohexyl-1,3-dihydro-benzimid-
azol-2-one (80). According to the general procedure, treat-
ment of a mixture of 381 mg (2.02 mmol) of 29 and
852 mg (4.02 mmol) of sodium triacetoxyborohydride with
415 mg (1.41 mmol) of triphosgene gave 279 mg (64%) of
80 contaminated with ~3% of 53 as a colorless solid; mp
165-168 °C  (1it.'8® 169-171°C). 'H NMR (CDCls,
400 MHz) 6 1.35 (m, 1H), 1.50 (m, 2H), 1.80 (m, 1H), 1.95
(m, 4H), 2.21 (m, 2H), 4.35 (m, 1H), 7.05 (m, 2H), 7.15 (s,
1H), 7.25 (s, 1H), 10.05 (s, 1H); '*C NMR (CDCls,
100 MHz) ¢ 25.5, 26.1, 30.3, 52.7, 109.6, 110.0, 120.8,
121.0, 128.5, 129.4, 155.7.

4.4.6. Preparation of 1-(tetrahydropyran-4-yl)-1,3-dihy-
dro-benzimidazol-2-one (81). According to the general
procedure, treatment of a mixture of 381 mg (2.00 mmol)
of 25 and 847 mg (4.00 mmol) of sodium triacetoxyborohy-
dride with 420 mg (1.42 mmol) of triphosgene gave 260 mg
(60%) of 81 contaminated with ~4% of 51 as a colorless
solid; mp 204-206 °C. 'H NMR (CDCl3, 400 MHz) 6 1.80
(m, 2H), 2.55 (m, 2H), 3.60 (m, 2H), 4.15 (m, 2H), 4.59
(m, 1H), 7.10 (m, 3H), 7.25 (m, 1H), 9.90 (s, 1H); "°C
NMR (CDCl;, 100 MHz) 6 30.2, 49.6, 67.3, 109.5, 110.1,
121.4, 1224, 128.4, 129.0, 155.5. Anal. Calcd for
Cip:H14N>O,: C, 66.04; H, 6.47; N, 12.84. Found: C,
66.39; H, 6.58; N, 13.01.
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