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Abstract:

A new large-scalable preparation of TAK-779 (1), a non-peptide
CCRS5 antagonist, has been developed. The route selection was
focused on in the process research. The selective reduction of
commercially available benzonitrile derivative (4) as the starting
material with sodium bis(2-methoxyethoxy)aluminum hydride
followed by the Wittig reaction, hydrogenation, and intramo-
lecular acylation gave benzocycloheptanone (7) in good yield.
The conversion ofa,f-unsaturated carboxylic acid (8) led from

7 to benzyl alcohol (9) and shortened the number of steps using
non-protected 4-aminobenzyl alcohol. The reductive alkylation
of Me,NH and tetrahydro-4H-pyran-4-one (12) smoothly gave
a tertiary amine (3). The coupling of 2 chlorinated 9, and 3
successfully led to an ammonium chloride (1). A new inexpen-
sive preparation which did not require a chromatographic
method was achieved.

Introduction

In recent years, th8-chemokine receptor CCR5 has been
shown to act as a major coreceptor for fusion and entry of
macrophage-tropic HIV-1 into the host céllThis new
generation, having a novel mechanism, differs from well-
known chemotherapy, for example, HIV-1 reverse tran-
scriptasé and protease inhibitofsand has been attractive

especially effectivé.Hence, an efficient preparation bfon

large scale was required to support toxicological evaluation.
Two independent preparations @&f comprising the am-
monium chloride moiety have been reportédOne method
uses methylation of a tertiary amine followed by anion
exchange, and the other uses the reaction of benzyl chloride
(2) and tertiary amine (3) as shown in Scheme 1. The latter
synthesis produced a high-quality product, since this treat-
ment afforded only ammonium chloride without contamina-
tion by other counterions. However, the original synthesis
involved several limitations from the standpoint of large-
scale preparation, for example, utilization of expensive
reagents, requirement of a protective process, and repeated
tedious chromatographic methods, and lower vyield. To
advance the practical preparation, we tried to develop an
alternative synthesis df using inexpensive reagents. Here,
we report a new preparation of TAK-774)(that was
amenable to scale-up, and in which protective processes and
repeated chromatographic methods were not required, as
outlined in Scheme 2.

Results and Discussion

Alternative Synthesis of 7-Tolylbenzocycloheptanone
(7). In an early report?c 3-(4-methylphenyl)-6,7,8,9-tet-
rahydro-31-benzocyclohepten-5-on&)(was synthesized by

as a strong candidate for the therapy of HIV-1. In the search yclization of 5-(4-bromophenyl)pentanoic acid prepared
of derivatives of many types, small-molecule non-peptide from bromobenzene as the.startlng materlal, fgllowed by the
compounds synthesized by Takeda chemists, anilido deriva-2ryl-aryl cross-coupling using arylboronic acid. However,
tives, showed highly potent activities. In particulad,N- mtramolecular acylation of 5-(4-bromophenyl)pentanoic acid
dimethylN-[4-[[[2-(4-methylphenyl)-6,7-dihydro48-ben- using PPA produceql 3-brom0_—6,7,8,9-tetrahy_dl=bkﬁa_nzo-
zocyclohepten-8-yl]carbonyl]amino]benzyljtetrahydrid-2 cyclohepten-5-one in 67% yield accompanied with a tar

pyran-4-aminium chloride (TAK-7791) was found to be product, thus requiring chromatographic purification. To
resolve the hazardous problem described above, we attempted

to change the electron donor group from bromide as the
substituted group, that is, the cyclization of 5-(4-methylphen-
yl)pentanoic acid), since it was known that the substituted

groups in aromatic compounds affected the yields of the
intramolecular acylation. First, 4-(4-methylphenyl)benzal-
dehyde (5) as an intermediate ®fwas prepared in about

50% vyield from the treatment of 4-methylphenylbenzene with
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Scheme 1. Retrosynthesis of TAK-779 (1)
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Scheme 2. New preparation for TAK-779 (1)
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hexamethylenetetramine in TFA,not prepared by the
Vielsmier reagent” When the selective reduction of com-
mercially available 4-(4-methylphenyl)benzonitri) (vas
also carried out, the reaction using sodium bis(2-methoxy-
ethoxy)aluminum hydride (SBMEAJn THF at—20°C gave
benzaldehyde (5) in 98% yield (89% vyield in pilot-scale
preparation) as shown in Table 1, although the yiel8 by
DIBAL 7 in toluene solution was lower. The Wittig reaction
of 5 followed by hydrogenation led t6 in 80% yield. The
acylation of6 using PPA smoothly gave cycloheptanoiig (

in 79% isolated yield without the byproduct. Friedel-Crafts
acylation of acid-chloride o6 with AICI; led to contamina-
tion by inorganic products to inhibit the crystallizationaf
Moreover, our approach did not require the tedious aryl-
aryl cross-coupling conditions.

(5) (a) Smith, E. SJ. Org. Chem1972 37, 3972. (b) Barnett, G. H.; Anderson,
H. J.; Loader, C. ECan. J. Chem1980,58, 409.

(6) (a) Bohme, B.; Sutoya, P. Minn. 1982, 1643. (b) Kato, K.; Takita, T.;
Umezawa, HTetrahedron Lett1980,21, 4925. (c) Schlosser, M.; Brich,
Z. Hely. Chim. Actal978,61, 1903.

(7) (a) Winterfeldt, ESynthesid975, 617. (b) Yoon, N. M.; Gyoung, Y. S.
Org. Chem.1985,50, 2443.

Table 1. Reduction of 4 with SBMEA?

entry solvent conditions yield (%)
1 THF —20°C,3h 98
2 toluene —20°C,3h 91
3 DME —10°C,3h 87
4 THF —10°C,3h 96
5 THF 0°C,3h 89

a SBMEA (1.0 equiv) was used.

Scheme 3. Original synthesis to benzylalcohol (9)>¢
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Short-Step Synthesis of Benzyl Alchohol (9).The
original synthetic approach to cinnamic acid derivati8g (
involved reduction with NaBHlof the 5-ketoester prepared
by the treatment of and dimethyl carbonate in the presence
of NaOMe, followed by dehydration with MsCI/g/DBU
and hydrolysis. However, the reduction of theketoester
was performed in the hazardous dichloromethane solution
using the tedious, portionwise additions of NaBdthd gave
the desired hydroxyester with a hydroxy-hydroxymethyl
derivative, which was an excess reductant. In view of these
results, chromatographic purification was required. To solve
this problem for large-scale preparation, optimization of the
reduction was examined. As a result, the reaction of the
p-ketoester with NaBl at —10 °C in THF/water (10/1)
afforded the target with a hydroxy-hydroxymethyl derivative.
Subsequently, the dehydration of the resulting mixture,
followed by the hydrolysis by NaOH solution, led to the
crude8. The purification of8 was performed by extraction
with NaOH solution and crystallization from acetone to get
the high-quality8 in 54% isolated yield fron¥ without a
chromatographic method.

In the original procedure, benzyl alchohol derivati@ (
was obtained by the amidation & and expensiveO-
TBDMS-protected 4-aminobenzyl alcohdll(), followed by
the deprotection with HCI (Scheme 3). The chemoselective
coupling of8 and the commercially available 4-aminobenzyl
alcohol was carried out. The treatment of carboxylic acid
(8) and a DMF catalytic oxalyl chloride (2.0 equiv) in THF
followed by concentration and the reaction with 4-aminoben-
zyl alcohol (1.1 equiv) smoothly proceeded to give directly
the desire® in 95% yield. However, this procedure showed
inconstant vyields, in pilot scale. It was thought that the
remaining oxalyl chloride reacted with 4-aminobenzyl al-
cohol to give undesired effects, because the este8 of
remained in about 50% yield when the reaction mixture using
acid-chloride prepared from 2.0 equiv of oxalyl chloride

1) (COGI),, cat.DMF
2) 11, NEfy
3) 6N HCI, Me,CO

CO,H

8 52%
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Table 2. Reaction of 8 with 4-aminobenzyl alcohdl Table 3. Condensation of 2 and 3

ratio of product’ entry conditions yield(%) ot purity(%) of 1

entry (COClI} (equiv) 8 9 ester of3 1 25°C. 3 h 92 97.6

2 40-45°C,2h 91 97.2

1 1.00 4.6 90.4 ND 3 50-55°C, 2 h 89 99.8

:23 i-% gi gg-;‘r 3|[2) 4 55-60°C, 2 h 89 99.8

: - : - 70°C,2h 7 .

4 1.14 0.1 93.8 ND > 65-70°C 8 995

5 2.00 0.2 31.7 48.0 23 (1.5 equiv) was used.

a4-Aminobenzyl alcohol (1 equiv) was used, and the reaction mixture was
quenched by MeOH? Analyzed by HPLC at 254 nnf.ND = not detected.

°C smoothly gave the desirddn 89% yield (99.8% purity),
although the reaction at room temperature gave a small

Scheme 4. Improved synthesis of tertiary amine (3} residual quantity of as shown in Table 3. Subsequently,

Q original® NMe, recrystallization from 15% aqueous EtOH successfully
fjj —_— ﬁj prepared the high-quality in 81% yield.
o improved” In conclusion, we have been able to achieve practical
12 3 preparation ofl for large scale using commercially available
aReagents and conditions#s¢ HCOH, DMF, water, 100°C, 6 h, 29%. b: reagents. The process development focused on a search for
5% Pd—C, MeNH in THF, 2 kgficn? Ha, t, 4 h, 75%. a suitable route selection af This alternative synthesis has

been used to prepare multikilogram quantities of the bulk

was quenched by MeOH. The amidation was, therefore, substance for toxicological trials

optimized without concentration of the acid-chloride solution,
as shown in Table 2. As a result, the amidation using acid-
chloride prepared from 1.1 equiv of oxalyl chloride g&ve
in 89% yield in multikilogram preparation. Separately, we
sought an alternative preparation of benzyl chloride derivative
(2). The acid-chloride o8 reacted with aniline to give
N-phenyl-2-(4-methylphenyl)-6,7-dihydra-bbenzocyclo-
hepten-8-carboxamide quantitatively. However, the chlo-
romethylation of the resulting anilide was not entirely
successful with the reagents, for example, HCI/HCHO and
chloromethyl methyl ether/Lewis acids.

Convenient Synthesis of Tertiary Amine (3).In previ-
ous synthesis, the result of the treatment of tetrahydro-4H-
pyran-4-one (12) with formic acid and DMF was unsatis-
factory, giving 4-dimethylaminotetrahydro-2H-pyran-4-one
(3) in 29% vyield. This outcome was thought to result from
the difficult extraction due to the high solubility of tertiary L )
amine (3) in water. It was therefore considered that an methylphenyl)benzonltrlIe (4, 11.0 k?) In THF .(110 L)
alternative preparation &'was required without the extrac- keeping the temperature at.15 to ._5 N under'nltrogen
tion. The reductive alkylatidchof 12 and MeNH in THF atmosphere, and the_ _resultlng mixture was stirred for 2 h
under conditions of 2 kgf/cfnhydrogen atmosphere, fol- under the same conditions. After the reaction was completed,

lowed by only distillation produce@ in 75% isolated yield the whole was added to a solution of concentrateB8®

. o 36 kg) in water (88 L) at-5—5°C, and then water (110 L)
(the yield of3 was almost quantitative by GC). The decreased ( : .
yield in distillation was caused by the lower boiling point and ACOEt (110 L) were added to the mixture. The mixture

(bpss 75-82 °C19) and large amounts of forerun as the water was stirred at 4650 °C and allowed to stand. After the .
azeotrope (Scheme 4). layers were separated, the aqueous layer was extracted with

Synthesis of TAK-779 (1).The chlorination of9 with a mixture of THF (11 L) and ACOEL (33 L). The organic

. . I,
thionyl chloride in THF instead of the previously reported Iayer; were comblneccjj, washed succ.esswely with 5% NaCl
solvent CHC4 at room temperature for 2 h gave benzyl foltutcljon ((515d_ll_)ta3d irf’ZNchgbollust'grl]_ (5T5hL), (_:otncen-
chloride (2) in 87% yield. In the final stage, the coupling of rated, and diluted with 2-propanol ( )- The mixture was

; - ; ; tirred under refluxing condition for 1 h and then-a—5
benzyl chloride (2) and a tertiary amine (3) in DMF at 50 > . S
2y ide (2) lary amine (3) | °C for 4 h. The resulting crystals were collected by filtration,

(8) () McCarthy, J.R.; Huffman, J. Gl. Org. Chem 1984, 49, 4995. (b) washed with cold 2-propanol (5 L), and dried under reduced

Tash_iro, M.; Yamamotq, T.; Kobayashi, Kbid 1984, 49, 4724. (c) pressure at 4060 °C to give5 (10'0 kg, yield 89%) as a
McKillop, A.; Madjdabadi, F. A.; Long, D. ATetrahedron Lett1983,24, . . °
1933, white crystalline powder: mp 13112 °C. Anal for

(9) (a) Heinzelman, R. V.; Aspergren, B. D.Am. Chem. Sod953 75, 3409. C14H120. Calcd: C, 85.68; H, 6.16. Found: C, 85.61; H,
(b) Frahm, A. W.; Knupp, GTetrahedron Lett1981,22, 2633. (c) Glaser,
R.; Gabbay, E. JI. Org. Chem1970,35, 2907. (d) Bringmann, G.; Kunkel, 6.01."H NMR (CDCI3' 6’ 300 MHZ) 241 (3H’ S)’ 7.29 (2H’
G.; Geuder, TSynlett1990,5, 253. d,J=8.1Hz), 7.54 (2H, dJ = 8.1 Hz), 7.74 (2H, dJ =

Experimental Section

Melting points were recorded on a Buichi B-540 micro
melting apparatus and were uncorrected. IR spectra were
recorded on a Horiba FT-210 spectrophotoméetdrNMR
spectra was recorded on a Bruker DPX-300 spectrometer
using tetramethylsilane as an internal standard. HPLC was
performed on a YMC-Pack ODS-A302 column (6 ixd150
mm) with 0.05 M KHPQO, aqueous solution-MeCN (2:8,
3:7, 4:6, and 7:3) at 28C. Detection was effected with a
Shimadzu SPD-10A spectrophotometric detector at 254 nm.
Elemental analysis was carried out by Takeda Analytical
Research Laboratories, Ltd.

4-(4-Methylphenyl)benzaldehyde (5)A solution of 70%
sodium his(2-methoxyethoxy)aluminum hydride in toluene
(16.5 kg) was added dropwise over 1 h tecdution of 4-(4-

522« Vol 4, No. 6, 2000 / Organic Process Research & Development



8.4 Hz), 7.93 (2H, dJ = 8.4 Hz), 10.04 (1H, s). IR (KBr,
cm™1) 1700, 1602, 1209, 1186, 1166, 809.
5-[4-(4-Methylphenyl)phenyl]-4-pentenoic acid A solu-
tion of 28% NaOMe in MeOH (29.5 kg) and a solution of
5(10.0 kg) in THF (100 L) were successsively added to a
suspension of (3-carboxypropyl)triphenylphosphonium bro-
mide (32.7 kg) and THF (330 L) at about 8C, and the
resulting mixture was stirred at 5%0 °C for 1 h. After the
reaction was completed, a solution of KOH (8.6kg) and water
(300 L) and diisopropyl ether (130 L) were successively
added to the reaction mixture at 206-°C, and the resulting
mixture was allowed to stand. The layers were separated
and the organic layer was extracted twice with a solution of
KOH (9.3 kg) and water (200 L). After the aqueous solution
was combined, THF (200 L) and AcOEt (200 L) were added
to the mixture, and then the resulting mixture was acidified
(pH = 1.5) with 6 N HCI. After the mixture was allowed to

was extracted with toluene (18 L), the organic layers were
combined, washed successively with water (5% R), 25%
ammonia solution (145 L), and water (73 L), concentrated
under reduced pressure, and dissolved in acetone (8 L). The
seed crystals (5 g) were added to the solution-at@®°C,

and then the mixture was diluted with MeOH (8 L) and water
(16 L) and stirred at 610 °C for 40 min. The resulting
crystals were collected by filtration, washed with a mixture
of acetone (6 L), MeOH (6 L) and water (12 L), and dried
under reduced pressure at 30—4Dto give7 (8.0 kg, yield
79%) as a white crystalline powder: mp-664 °C. Anal

Jfor CigH1g0. Calcd: C, 86.36; H, 7.25. Found: C, 86.54;

H, 7.25.'H NMR (CDCl;, 6, 300 MHz) 1.83-1.92 (4H,
m), 2.38 (3H, s), 2.76 (2H, m), 2.96 (2H, m), 7:22.26
(3H, m), 7.50 (2H, dJ = 8.0 Hz), 7.62—7.64 (1H, m), 7.95
(1H, d,J = 2.0 Hz). IR (KBr, cn1') 1660, 1486, 819.
2-(4-Methylphenyl)-6,7-dihydro-5H-benzocyclohepten-

stand, the organic layer was separated, washed with 10%8-carboxylic acid (8).To a solution of7 (8.0 kg) in dimethyl

NaCl solution( 300 L), and concentrated under reduced
pressure. The concentrate was diluted with EtOH (94 L) and
water (40 L), and stirred at-530 °C for 1 h and then at
0—-5°C for 1 h. The resulting crystals were collected by
filtration, washed with a mixture of EtOH (35 L) and water
(15 L), and dried under reduced pressure at@0 °C to
give 5-[4-(4-methylphenyl)phenyl]-4-pentenoic acid (11.5 kg,
yield 85%) as a white crystalline powder: mp 19B39°C.
Anal for C;gH150,. Calcd: C, 81.17; H, 6.81. Found: C,
81.20; H, 6.68'H NMR (DMSO-ds, 0, 300 MHz) 2.34 (3H,
S), 2.39—2.41 (4H, m), 6.276.39 (1H, m), 6.46 (1H, dJ
= 15.6 Hz), 7.26 (2H, d) = 8.1 Hz), 7.44 (2H, d) = 8.1
Hz), 7.54—7.60 (4H, m), 12.13 (1H, brs). IR (KBr, ch)
2730, 2653, 2578, 1691, 1496, 1255, 790.
5-[4-(4-Methylphenyl)phenyl]-4-pentanoic Acid (6).To
a solution of 5-[4-(4-methylphenyl)phenyl]-4-pentenoic acid
(11.5 kg) in THF (231 L) was added 5% Pd-C (wet, 0.6 kg)
at 35-40 °C under nitrogen atmosphere. The whole was
stirred for 1.5 h at 3540 °C under the condition of 1.5 kgf/
cn? hydrogen pressure. After the reaction was completed,
Pd-C was filtered off and washed with THF (23 L). The

carbonate (40 L) was added NaOMe (8.6 kg), and the whole
was refluxed for 2 h. After the reaction was completed, the
reaction mixture was cooled to 0—2C and acidified (pH
= 1) with 6 N HCI. After diisopropyl ether (31 L) and water
(15 L) were added to the mixture, the resulting mixture was
allowed to stand. The organic layer was separated, washed
with water (15 L), and concentrated under reduced pressure.
To a solution of the residue in a mixture of THF (44 L)
and water (4 L) was added NaBKiL.86 kg) at—15 to —5
°C under nitrogen atmosphere, the whole was stirred for 2.5
h under the same conditions. After the reaction was
completed, water (44 L) and diisopropyl ether (44 L) were
added to the reaction mixture under the same conditions,
and the resulting mixture was allowed to stand. After the
layers were separated, the aqueous layer was extracted with
diisopropyl ether (44 L). The organic layers were combined,
washed successively with 1 N HCI (46 x 2) and water
(46 L), concentrated under reduced pressure, and dissolved
in THF (46 L).
To the resulting solution was added NE10.0 kg), and
the whole was cooled to-010 °C. MsClI (5.7 kg) was added

filtrate and washings were combined and concentrated underdropwise to the mixture at the same temperature, and the

reduced pressure. The concentrate was diluted with diiso-

propyl ether (46 L) and stirred at 0—%C for 1.5 h. The
resulting crystals were collected by filtration, washed with

whole was stirred for 2 h at 2630 °C. DBU (10.0 kg) was
added to the mixture at 280 °C, and the resulting mixture
was stirred fo 3 h at thesame temperature. After the reaction

diisopropyl ether (23 L), and dried under reduced pressurewas completed, water (46 L) and diisopropyl ether (46 L)

at 50—60°C to give 6( 10.9 kg, yield 94%) as a white
crystalline powder: mp 175176 °C. Anal for GgH200..
Calcd: C, 80.56; H, 7.51. Found: C, 80.67; H, 7.4d.
NMR (CDCl, 6, 300 MHz) 1.69-1.73 (4H, m), 2.38-2.40
(5H, m), 2.64-2.68 (2H, m), 7.21+7.24 (4H, m), 7.43
7.48 (4H, m). IR (KBr, cm*) 1700, 1500, 810.
3-(4-Methylphenyl)-6,7,8,9-tetrahydro-31-benzocyclo-
hepten-5-one (7)To polyphosphoric acid (221kg) was added
6 (10.9kg) at 76-90 °C, and the whole was stirred for 12 h
at 95—105°C. After the reaction was completed, ice (145

kg) was added to the reaction mixture keeping the temper-

ature at 40—85°C, and toluene (73 L) was added to the
mixture at 36-50 °C. The resulting mixture was allowed to

were added to the reaction mixture, and the resulting mixture
was allowed to stand. After the layers were separated, the
aqueous layer was extracted with diisopropy! ether (46 L).
The organic layers were combined, washed successively with
1 N HCI (46 L), 1 N NaOH (46 L), and water (46 k 2),
concentrated under reduced pressure, and dissolved in THF
(49 L).

To the resulting solution were added MeOH (49 L) and
1 N NaOH (49 L), and the whole was stirred @ h at 55-
60 °C. After the reaction was completed, toluene (31 L) was
added to the reaction mixture at-560 °C, and the resulting
mixture was allowed to stand at the same temperature. The
aqueous layer was separated, washed with toluene (81 L

stand, and the layers were separated. After the aqueous laye2) at the same temperature, cooled te20 °C, and acidified
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(pH = about 1.5) with concentrated HCI. The resulting were combined, washed successively with 7% NaklCO
crystals were collected by filtration and washed with water solution (22 L) and 10% NaCl solution(17 L), and 30% NaCl
(80 L). solution (24 Lx 2). To the resulting organic layer was added
The resulting wet crystals were dissolved in acetone (123 MgSQO, (7.0 kg), and the resulting suspension was stirred
L) at 50-60 °C, and then activated charcoal was added to for about 10 min. The magnesium sulfate was filtered off
the solution. After the mixture was stirred for 45 min at the and washed with a mixture of THF (4.5 L) and AcOEt(4.5
same temperature, the charcoal was filtered off at the samel). The filtrate and washings were combined and concen-
temperature and washed with warm acetone (15 L, about 50trated under reduced pressure, and AcOEt (64 L) was added
°C). The filtrate and washings were combined and concen- intermittently without interruption of the concentration. After
trated under reduced pressure to 45 L, and the resultingthe resulting mixture was stirred for about 2 h ati® °C,
concentrate was gradually cooledt®—0 °C for 1.5 h. The the resulting crystals were collected by filtration and washed
resulting crystals were collected by filtration and washed with with a mixture of AcOEt (3 L) and diisopropyl ether (6 L),
cold acetone (8 L, about10 °C), and dried at about 35 and dried under reduced pressure at about@ao give2
45 °C to give 8 (4.8 kg, yield 54%) as a white crystalline (3.2 kg, yield 87%) as a white crystalline powder: mp +73
powder: mp 186—188C. Anal for GgHis0,. Calcd: C, 175 °C. Anal for GeH24NOCI. Calcd: C, 77.70; H, 6.02;
81.99; H, 6.52. Found: C, 81.91; H, 6.3 NMR (CDCls, N, 3.48; Cl, 8.82. Found: C, 77.69; H, 6.13; N, 3.43; ClI,
0, 300 MHz) 2.072.13 (2H, m), 2.39 (3H, s), 2.672.71 8.69.'H NMR (CDCls, ¢, 300 MHz) 2.13—-2.19 (2H,m),
(2H, m), 2.86-2.89 (2H, m), 7.26-7.26 (4H, m), 7.43 2.39 (3H, s), 2.682.72 (2H, m), 2.852.89 (2H, m), 4.58

7.55 (3H, m), 7.91 (1H, s). IR (KBr, cml) 2923, 1671. (2H, s), 7.20—7.69 (12H, m). IR(KBr, cm) 3336, 1644,
N-(4-Hydroxymethylphenyl)-2-(4-methylphenyl)-6,7- 1517.
dihydro-5H-benzocyclohepten-8-carboxamide (90xalyl N,N-Dimethyl-N-tetrahydro-2H-pyran-4-ylamine(3).

chloride (1.5kg) was added dropwise to a solutior3 ¢8.0 Dimethylamine(4.3kg) was dissolved in THF (15.1kg) at
kg) and DMF (30 mL) in THF (24 L) at 810 °C, and the 0—10°C. To the resulting solution were added tetrahydro-
whole was stirred fol h at 20-30 °C. After the reaction 4H-pyran-4-one (12, 3.0 kg) and 5% Pd-C (wet, 0.3 kg)
was completed, the reaction mixture was added dropwise tounder nitrogen atmosphere, and the whole was stirred for 4
a solution of 4-aminobenzyl alcohol (1.6 kg) and BE.5 h under the conditions of 2 kgf/chrhydrogen. After the

L) in THF (30 L) at 0-10°C. The whole was stirred for 1.5 reaction was completed, Pd-C was filtered off and washed
h at the same temperature. After the reaction was completedwith THF (5 L). The filtrate and washings were combined
water (12 L) was added dropwise to the reaction mixture at and concentrated at 15—4& under reduced pressure (50
the same temperature, and the resulting mixture was allowed100 mmHg). The concentrate was distilled under reduced
to stand. The layers were separated, and the aqueous layepressure, the fraction boiling at 680 °C/30—40 mmHg
was extracted with AcOEt (60 L). The organic layers were was collected to give (2.9 kg, yield 75%) as a colorless
combined, washed successively with 7% NaHG0lution oil. Anal for C;H1sNO-H,0. Calcd: C, 64.16; H, 11.70; N,
(12 L) and 30% NaCl solution (18 L), 1 N HCI (18 k 3), 10.70. Found: C, 64.02; H, 11.44; N,11.034 NMR

and 15% NacCl solution (18 Ix 4). The resulting organic  (CDCls, ¢, 300 MHz) 1.5-1.6 (2H, m), 1.71.8 (2H, m),
layer was concentrated under reduced pressure, and AcOER.1—-2.4 (7H, m), 3.3—3.5 (2H, m), 3.9—4.1 (2H, m). IR
(24 L) was added to the concentrate, and then the mixture(neat, cm?) 2952, 2836, 2771, 1213, 1135.

was concentrated again under reduced pressure. After ACOEt N,N-Dimethyl-N-[4-[[[2-(4-methylphenyl)-6,7-dihydro-

(48 L) was added intermittently without interruption of the 5H-benzocyclohepten-8-yljcarbonyllamino]benzyljtetrahy-
concentration, the resulting concentrate was stirred for aboutdro-2H-pyran-4-aminium chloride (TAK-779, 1). A so-

1 h at 16-30 °C. The resulting crystals were collected by lution of 2 (3.1 kg) in DMF (16 L) was added dropwise to
filtration and washed with AcOEt (9 L), and dried under a solution of3 (1.5 kg) in DMF (16 L) at 50—6CC, and
reduced pressure at about4Dto give9 (3.7 kg, yield 89%) the resulting mixture was stirred fo2 h at the same

as a white crystalline powder: mp 18485 °C. Anal. for temperature. After the reaction was completed, acetone (31
CoeH2sNO,. Caled: C, 81.43; H, 6.57; N, 3.65. Found: C, L)was added to the reaction mixture at the same temperature.
81.19; H, 6.40; N, 3.63'H NMR (CDCls, 6, 300 MHz); The resulting mixture was stirred for about 30 min at the

2.16 (2H, tt,J = 6.8, 5.8 Hz), 2.39 (3H, s), 2.72 (2H,3~= same temperature, cooled to-2B0 °C, and stirred for about
6.8 Hz), 2.88 (2H, tJ = 5.8 Hz), 4.67 (2H, s), 7.21-7.63 1 h at the same temperature. The resulting crystals were
(12H, m). IR (KBr, cn1)1649, 1519. collected by filtration and washed with acetone (13 L), and
N-(4-Chloromethylphenyl)-2-(4-methylphenyl)-6,7-di- dried under reduced pressure at about@Qo give crudel
hydro-5H-benzocyclohepten-8-carboxamide(2)lo a sus- (3.8 kg, yield 91%) as a white crystalline powder.

pension of9 (3.6 kg) in THF (36 L) was added dropwise To a solution of crudd. (2.9 kg) and purified water (4.5
SOC} (1.7 kg) at 0—1C°C, and the whole was stirred for 2 L) in EtOH (25.5 L) was added activated charcoal (87 g) at
h at 206-30 °C. After the reaction was completed, AcOEt 60—80°C, and the resulting suspension was stirred for about
(36 L) and 10% NacCl solution (15 L) were added to the 15 min at the same temperature. The charcoal was filtered
reaction mixture at 0—10C, and the resulting mixture was  off and washed with a mixture of EtOH (0.7 L) and purified
allowed to stand. The layers were separated, and the aqueouwater (0.1 L). The filtrate and washings were combined and
layer was extracted with AcOEt (22 L). The organic layers filtered through NePOSIDYNE to remove pyrogens, and
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then the NgPOSIDYNE was washed with a mixture of EtOH m), 3.35 (2H, m), 3.563.75 (1H, m), 4.044.07 (2H, m),
(0.7 L) and purified water (0.1 L). The filtrate and washings 4.46 (2H, s), 7.267.88 (12H, m), 10.22 (1H, s). IR (KBr,
were combined and gradually cooled to 0—10. The cm ) 1652, 1521.

resulting crystals were collected by filtration, washed with

ethanol (5 L), and dried under reduced pressure at about 4¢**cknowledgment . _ o
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