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SYNTHESIS OF INTERMEDIATES USEFUL IN PREPARING TRICYCLIC 

COMPOUNDS 

BACKGROUND OF THE INVENTION 

This invention provides an improved process for preparing intermediates 

useful in the preparation of tricyclic compounds known as antihistamines and as 

inhibitors offarnesyl protein transferase (FPT). In particular, the compounds of this 

10 invention are useful in the preparation of antihistamines such as those disclosed in 

U.S. Patents 4,282,233 and 5,151,423, and ofFPT inhibitors disclosed in PCT 

Publication No. W097/23478, published July 3, 1997. 

SUMMARY OF THE INVENTION 

15 This invention provides a process for preparing a compound having the 

formula: 

R 

(I) 

wherein R, R1
, R2

, R3
, and R4 are independently selected from the group 

20 consisting ofH, Br, Cl, F, alkyl, or alkoxy, said process comprising: 

(A) reacting a compound having the formula 
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I 

NHR5 

RE 
(II) 

wherein R\ R.8, Re, R0
, and RE are independently selected from the group 

consisting ofH, halo, alkyl, or alkoxy, and Rs is aryl or heteroaryl, with 

5 a dehydrating agent to produce an imine having the formula: 

RB 

;and 

(B) hydrolyzing the imine produced in step (A) to produce the compound 

having formula (I). 

10 This invention also provides novel intermediates having the formula 

wherein R\ R8
, Re, R0

, and RE are independently selected from the group consisting 

ofH, halo, alkyl, or alkoxy, and R5 is aryl or heteroaryl. 

This invention further provides a process for preparing a compound having the 

15 formula: 
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~N~o 

~H (III) 
R5 

comprising: 

reacting a compound having the formula: 

(IV) 

5 with NH2R
5 in the presence of a palladium ·catalyst, carbon monoxide, a base, and an 

ether selected from the group consisting of: ethylene glycol dimethyl ether (i.e., 

CH30CH2CH20CH3); 2-methoxyethyl ether (i.e, CH30CH2CH20CH2CH20CH3); and 

triethylene glycol dimethyl ether (i.e, CH30CH2CH20CH2CH20CH2CH20CH3), 

wherein X is H, Br, Cl, or F, and R5 is aryl or heteroaryl. The compounds of formula 

10 III can be reacted with compounds having the formula 

15 

RB 

wherein U is Br or Cl and R8
, Re, R0

, and RE are as defined above, in the presence of 

a strong base to provide compounds having the formula II, wherein RA is Br, Cl or F. 

DETAILED DESCRIPTION 

As used herein, the term "alkyl" means straight or branched hydrocarbon 

chains of 1 to 6 carbon atoms. 

"Halo" refers to fluorine, chlorine, bromine or iodine radicals. 

"Aryl" means phenyl; benzyl; or a polyaromatic ring (e.g., napthyl), each of 

20 the foregoing being optionally substituted by 1 to 3 substituents independently 

selected from the group consisting ofC1 to C6 alkyl, C1 to C6 alkoxy, and halo. 
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"Heteroaryl" means a 5- or 6-membered aromatic ring having one or two 

nitrogen atoms, e.g., pyridyl, pyrimidyl, imidazolyl or pyrrolyl. 

"Ac" refers to acetyl. 

"Et" refers to -Cji5• 

5 "Ph;' refers to phenyl. 

10 

The present process is a significant improvement over prior art processes for 

preparing the tricyclic ketone of formula (I). For example, U.S. 4,731,447 discloses 

the following process: 

Hydrolysis 

HN-,< OH 

Friedel-Crafts Cyclization 

anhydrous HCI 
oxalyl chloride, and 
AICl3 

Cl 

0 

In contrast to this process, in which the product from the hydrolysis step must be 

isolated and purified prior to the next step (the Friedel-Crafts cyclization), the present 

process for preparing compounds of formula (I) offers a more simplified synthesis 

15 that can be carried out in one pot. 

PCT Publication W096/31478, published October 10, 1996, discloses the 

following process : 

• 
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A(J(Xr~I 
,..1 ~ A~~ ,1 '1::: B 

· IC ----~-~ 6 I~ 
11 hydrolysis N 

rN 
H 0 

A, B = H, halo or C1-Cs alkyl 

· In this process, a tert-butyl substituted compound is reacted with POC13 in toluene at 

reflux to form the nitrile, the nitrile is reacted with CF3S03H to form an imine, and the 

imine is hydrolyzed to form the ketone. Again, in contrast to this process, which is a 

5 two-pot process, because the nitrile must be isolated and purified prior to reaction 

with CF3S03H, the present process can be carried out in one pot. 

The compounds prepared by the present process are useful as intermediates in 

the procedures described in PCT Publication No. W097/23478 and U.S. 5,151,423 to 

obtain the desired compounds wherein the piperidinyl ring is N-substituted. Using 

10 those procedures, the compounds of the present invention are reacted with a 

substituted piperidine of the formula 

15 wherein Ll is a leaving group selected from the group consisting of Cl and Br, to 

obtain a compound of the formula 



W000/30589 PCT/US99/26010 

This compound is converted to the corresponding piperidylidene, the nitrogen 

is deprotected, and the compound is reduced to the piperidyl form. The piperidinyl 

5 nitrogen can then be reacted with a variety of compounds, e.g., an acyl compound 

such as an ester or acyl chloride to form the desired amide. 

Alternatively, when chiral FPT inhibitors, such as those described in PCT 

Publication No. W097 /23478 are desired, the compounds made by the present 

process may be reduced by treating with Zn and 2 equivalents oftrifluoroacetic acid 

1 O in .acetic anhydride to remove the carbonyl oxygen. The red11ced compound cap then 

be reacted with about 3.5 equivalents oflithium diisopropylamide, about l.3 

equivalents of quinine or a compound of the formula 

OH 

about I .2 equivalents of 4-mesyl-N-Boc-piperidine, and about I. I equivalents of 

15 water in toluene to form the following chiral compound: 

R 

I 
Boe 
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This chiral compound .can then be deprotected by treatment with acid (e.g., H2S04), 

reacted with a suitable acid (e.g., N-acetyl-L-phenylalanine) to form a stable salt, and 

the stable salt can then be acylated with the desired acyl group. 

Compounds of formula (I) can be converted to other compounds of formula (I) 

5 by methods known in the art, i.e., compounds wherein R, Rl, R2, R3 or R4 is 

hydrogen can be converted to the corresponding compounds wherein R, Rl, R2, R3 or 

R4 is halogen. Such procedures are shown in W097/23478, wherein, for example, a 

compound wherein R2 is Cl, R 1, R3 and R4 are hydrogen and the piperidinyl nitrogen 

is protected by a -COOCH2CH3 group is reacted with KN03, the resulting nitro-

10 substituted compound is reduced to the amine, the resulting compound is reacted with 

· Br2 and the amino group is removed to obtain a compound wherein R2 is Cl, R4 is Br 

and R 1 and R3 are hydrogen. 

Preferred compounds of formula (I) are those in which R2 is Cl, Br or F, more· 

15 preferably Cl or Br, most preferably, Cl. Another group of preferred compounds are 

those in which R, Rt, R3 and R4 are each hydrogen, and R2 is Cl, Br or F, more 

preferably Cl or Br, most preferably, Cl. Still another group of preferred compounds 

are those in which Rt, R3
, and R4 are each hydrogen and R and R2 are independently 

selected from Cl, Br and F, more preferably from Cl and Br, and most preferably, in 

20 which R is Br and R2 is Cl. Yet another group of preferred compounds are those in 

which R1 and R3 are each hydrogen, and R, R2 and R4 are independently selected from 

Cl, Br and F, more preferably from Cl and Br, and most preferably, in which R is Br, 

R2 is Cl and R4 is Br. These preferred compounds may be made from compounds of 

formula (II) having correspondingly positioned halo substituents. It will be 

25 appreciated by those skilled in the art that when the compounds of formula (II) have 

iodo substituents, those iodo substituents are displaced by H when the present process 

is carried out. 

R5 is preferably aryl, most preferably, phenyl, 4-methoxyphenyl, 4-

30 chlorophenyl, or 3-chlorophenyl. 

The dehydrating agent is preferably selected from the group consisting of 

P205, P20 3, P20 3Cl4, POCl3, PC13, PC15, C6HJ>(O)Cl2 (phenyl phosphonic dichloride), 
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PBr3,"PBr5, SOC12, SOBf2, COC12, H2S04, super acids, and anhydrides of super acids. 

More preferably,.the dehydrating agent is selected·from P20$;:P203C~, PBr3, PC15, 

POC13, C6H6P(O)Cl2, (CF3S02) 20, and (CF3CF2S02):zO. 

5 Preferably, step (A) of our process is carried out by c~ntacting the reaction 

mixture of the compound of formula (II) and the dehydrating agent with an additional 

agent selected from the group consisting of a Lewis acid or a super acid. Non­

limitative examples of Lewis acids include AICl3, FeC13, ZnCl2, AlBr3, ZnBr2, TiCl4, 

and SnC14• Of the foregoing, AIC13, ZnCl2, FeC13, SnC14, and ZnBr2 are particularly 

10 preferred. Non-limitative examples of super acids include CF3S03H, 

FS03H. Q-seaH F 
A c._y-S03H 
Cl 

and HF/BF3 • Of the foregoing super acids, CF3S03H is particularly preferred. The 

contacting by the Lewis acid or the super acid n'tay be accomplished by adding it prior 

to, contemporaneously with, or after thetime.at'which the dehydrating agent is. 

15 brought into contact with the compound, of formula (II). Particularly preferred 

combinations of dehydrating agents and Lewis 'acids or super acids include P 2 0 5 I 

CF3S03H, PC15 I AlCh, POC13 I ZnCI2, PCl/FeC13, PCl/SnC14, and POC13 I ZnBr2• 

When a dehydrating agent other than an anhydride is used in step (A), 

20 preferably the dehydrating agent is used in amounts ranging from 1 to 20 equivalents, 

more preferably, 1 to 10 equivalents, most preferably, 1.0 to 8.0 equivalents. When 

the dehydrating agent is an anhydride of a super acid, it is preferably used in amounts 

ranging from 0.5 to I 0 equivalents, more preferably 1.0 to 5.0 equivalents, most 

preferably, 1.2 to 2.0 equivalents. When a Lewis acid is used in addition to the 

25 dehydrating agent, the Lewis acid is preferably used in amounts ranging from 1to20 

equivalents, more preferably 1.5 to IO equivalents, most preferahly2 to 5 equivalents. 

When a super acid is used in addition to the dehydrating agent, the super acid is 

preferably used in amounts ranging from 0.5 to 10 equivalents, more preferably, 1 to 

5 equivalents, most preferably, 2 to 4 equivalents. 

30 
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Step (A) is pref~bly carried out at a temperatur~ Ot 10 to 120 °C, more 

preferably, 15 to 90 °C, most preferably 20 to 90 °C. The time for reaction ranges 

from 1 to 60 hours, preferably 2 to 40 hours, most preferably 5 to 35 hours. 

5 The imine formed in step (A) is preferably hydrolyzed by adding water, 

10 

15 

preferably in an amount ranging from 1 to 10 volumes of the amide of formula (II), 

more preferably 1.5 to 7 volumes, most preferably 2 to 5 volumes. The hydrolysis is 

preferably carried out at a temperature of from 20 to 120 °C, more preferably from 30 

to 100 °C, most preferably from 40 to 80 °C. 

Preferably, steps (A) and (B) are carried out in an aprotic organic solvent. The 

aprotic organic solvent is preferably selected from dichloroethane, methylene 

chloride, benzene, and halogenated aromatic solvents, e.g., chlorobenzene, 

dichlorobenzene trichlorobenzene, and trifluoromethylbenzene. 

The starting compounds of formula (II) may be prepared as shown in the 

following scheme: 

~CH3 
~~.R 

N Br + NH2Rs 

! 
palladium catalyst 

base 

co 

~: 
NH 

1 I 
5 R 

U=BrorCI 
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As shown in the ~cheme above (wherein RA, R8

, Re~ RD, RE, and R5 are as 

defined previously), the pyridine compound l is reacted ~i~ ,NH2R
5 in the presence 

of a palladium catalyst, (e;g., Pd(0Ac)2 / dipyridyl or (Ph3P)2 PdCl2), carbon 

monoxide, and a base, in a suitable solvent (e.g., tetrahydrofuran {"THF"), 

5 dimethylformamide ("DMF"), acetonitrile (CH3CN} and toluene, or combinations 

thereof, most preferably, CH3CN) at a temperature of about ~5°to 100°C, preferably 

about 55° C, and a pressure of about 5 psi to 500 psi, pteferably about 50 to 150 psi, 

to form amide compound 1.. Non-limitative examples of suitable bases for the 

foregoing reaction inclu~e C1 to C10 alkyl amines, such as trlethylamine, tri-n-

10 butylamine and 1,8-diazabicyclo-[5.4.0]undec-7-ene ("DBU"), and inorganic bases 

such as K.iC03, N~C03;N~HP04 and NaOH. Preferably, the base is selected from 

K2C03 , DBU, and triethylamine, with DBU being preferred for use with Pd(OAc )2 / 

dipyridyl, and triethylamine being preferred for use with (Ph3P)2 PdC12• Amide 

compound 1 is reacted with compound l in the presence ofa strong base (e.g., lithium 

15 diisopropylamide (''LDA"), n-butyl lithium, lithium hexam.ethyldisilylamide, or 

sodium amide, preferably LDA or n-butyl lithium) in a suitable solvent, e.g., THF, at 

a temperature of about -50° C to -20° C, preferably about -30° C to -20° C to form the.· 

compound of formula (II). 

Altematively,the amide compound 1 may be prepared as shown in the scheme 

20 below: 

Organic base, e.g., Et3N ~ RA~H3 
Acid chloride, e.g., pivaloyl chloride 0 

or. 
chloroformate, e.g., EtOCOCJ l HN' 

NH2R5 Rs 

Picolinic acid compound ~ is reacted with an organic base, e.g., triethylamine, 

followed by an acid chloride, e.g., pivaloyl chloride or a chloroformate, e.g., 

25 C2H50COCI in a suitable solvent such as dichloromethane at a temperature of about 

-30°C to 0°C to give a mixed anhydride. To the mixture is added NH2R
5 at a 

temperature of -30°C to 0°C either neat or as a solution in a suitable solvent to form 

amide compound 1. 
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The process fof pt~paring compounds of formul~ (III) from compounds of 

formula (IV) is carried out by reacting the compound of formula (IV) with NH2R
5 in 

the presence of a palladium catalyst, carbon monoxide, a base, and an ether selected 

from the group consisting of: ethylene glycol dimethyl ether (i.e., 

5 CH30CH2CH20CH3); 2-methoxyethyl ether (i.e, CH30CH2CH20CH2CH20CH3); and 

triethylene glycol dimethyl ether (i.e, CH30CH2CH20CH2CH20CH2CH20CH3). X is 

preferably Br, Cl or F, most preferably, Br, and R5 is preferably phenyl, 4-

methoxyphenyl, 4-chlorophenyl, or 3-chlorophenyl. Non-limitative examples of 

palladium catalysts that may be used in this process, include Pd(OAc)2, PdCl2, 

10 (PPh3) 2PdC12, PdBr2, and (PPh3) 4Pd. Pd(OAc)2 and PdCl2 are particularly preferred. 

This process is preferably carried out at at a temperature of about 35°to 120°C, 

preferably about 40 to 100 °C, most preferably about 45 to 90 °C, and a pressure of 

about 5 psi to 500 psi, preferably about 30 to 150 psi, most preferably about 40 to 

100 psi. Non-limitative examples of suitable bases for this process include C1 to C10 

· 15 alkyl amines, such as diisopropylethylamine, diisopropylbenzylamine, tri-n­

butylamine, triisopropylamine, triethylamine, t-butylatnine and l,8-diazabicyclo­

[5.4.0]undec-7-ene ("DBU"}, and inorganic bases such·as K2C03, KHC03, N~C03, 

NaHC03, N~P03, N~HP04, and NaOH. Preferably, the base is selected from K2C03, 

DBU, triethylamine, and diisopropylethylamine, and most preferably, is selected from 

20 DBU and diisopropylethylamine. Preferably, this process is carried out in a solvent in 

addition to the ethylene glycol dimethyl ether, or 2-methoxyethyl ether, or triethylene 

glycol dimethyl ether. Non-limitative examples of suitable solvents include toluene, 

chlorobenzene, dichlorobenzene, acetonitrile, trifluoromethylbenzene, N,N­

dirnethylformamide, N,N-dimethylacetamide, tetrahydrofuran, and xylene, with 

25 toluene, and chlorobenzene being particularly preferred. Because the ethylene glycol 

dimethyl ether, or 2-methoxyethyl ether, or triethylene glycol dimethyl ether functions 

as a ligand for the palladium catalyst, this process can be carried out without having to 

use dipyridyl as a ligand. The amount of NH2R
5 used preferably ranges from 0.9 to 5 

equivalents, more preferably from 1.0 to 3 equivalents, most preferably from 1.1 to 

30 1.5 equivalents. The amount of base preferably ranges from 0.8 to 10 equivalents, 

more preferably from 1.0 to 5 equivalents, most preferably from 1.2 to 2.0 

equivalents. The amount of ethylene glycol dimethyl ether, or 2-methoxyethyl ether, 

or triethylene glycol dimethyl ether is preferably from 0.2 to 5.0 volumes of 2,5-
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dibromo-3-methylpyrich}e used, more preferably from 0.4to 2.0 volumes, most 

preferably from 0.5 to 1 ::S volumes. The amount of additiOn~l solvent (e.g., toluene or 

chlorobenzene) preferably ranges from 1.0 to 20 volumes .. pfthe 2,5-dibromo-3-

methylpyridine used, more preferably from· 1.5 to 10 volumes, most preferably from 2 

5 to 5 volumes. 

The starting mat#ials used in the foregoing processes, i.e., compound 1, 

NH2R
5

, compound~' and compound~' are known in the art or can readily be prepared 

by one skilled in the art. 

The following examples illustrate the foregoing invention, although such 

10 examples should not be construed as limiting the scope of the invention. Alternative 

reagents and analagous processes within the scope of the invention will be apparent to 

those skilled in the art. 

15 EXAMPLE A 

Br'C( 

~ Br 

CO/PhNH 2'Pd cat. Br-yy 

--------·----~ ~N~O 
NH 

6 
To a 4 L autocla,·e were added sequentially 250 g (949 mmol) of 2;5-dibromo-

3-methylpyridine, 4.5 g(20 mmol) ofPd(OAc)2, 127 mL (1.lmol) of aniline,210 mL 

20 (1.4 mol) of l,8-diazabicyclo[S,4,0]undec-7-ene, 500 mL of toluene, and 250 mL of 

ethylene glycol dimethyl ether. The autoclave was sealed, evacuated, purged with 

nitrogen, and charged with carbon monoxide to 80 psi. The reaction mixture was 

heated to 65 °C for about 2 days with periodical refilling if necessary, and then cooled 

to room temperature. The content in the autoclave was vented under vacuum, flushed 

25 with nitrogen, and transferred to a 10 L flask with the aid of water and toluene. To the 

mixture were added 25 g of Darco and 25 g of Supercel. The contents were filtered 

through a pad of celite and washed with toluene. The filtrate was extracted with 2 X 1 

L of toluene. The combined extract was washed with brine, and concentrated to 750 

mL. The residual toluene was chased with isopropanol (i-PtOH). The residue was 
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recrystallized from hot z:..PrOH and the precipitated was filtered, washed with i-PrOH, 

and dried at 50°C to give 220 g (76%) of the amide as a white solid. 

a 
N Br 

PREPARATION 1 

CO/PhNH 2/Pd cat. 

------:~ OCra 
6 

To a 4 L autoclave were added sequentially 400 g (2.21 mol) of 2-bromo-3-

methylpyridine, 8.2 g (12 mmol) of (Ph3P)2PdC12, 1.0 L of acetonitrile, 295 g (3.16 

10 mol) of aniline, and 515 g (3.38 mmol) of DBU. The autoclave was sealed, evacuated, 

· purged with nitrogen, and charged with carbon monoxide to 80 psi. The reaction 

mixture was heated to. 65 °C for 9 hours with periodical refilling of carbon monoxide 

if necessary, and then cooled to room temperature. The content of the autoclave was 

vented under vacuum, flushed with nitrogen and transferred into a separatory funnel 

15 with the aid of water and acetonitrile. To the mixture were added 40 g of Darco and 

40 g of Supercel. The contents were stirred for · 30 min, filtered and washed with 

acetonitrile. The filtrate was concentrated to a final volume of 1.6 L. Addition of 3.0 L 

of water precipitates the product as a yellow solid. The solid was filtered and dried to 

give 427 g amide (90%). Mp. 66-67 °C. 1H NMR (CDC13): o 10.23 (bs, lH), 8.37 (dd, 

20 J = 4.6 Hz, 0.8 Hz, lH), 7.71{m,2H), 7.62 (dd, J = 6.95 Hz, lH), 7.31-7.36 (m, 3H), 

7.10 (t, J = 7.42 Hz, lH), 2.79 (s, 3H). 13C NMR (CDCl3): 0 163.52, 146.70, 145.21, 

141.28, 138.02, 136.13, 128.94, 125.95, 123.97, 119.62, 20.80. IR: 3330 (w), 2920 

(s), 1680 (m) cm·1
• Analysis. Calcd for C13H 12N20: C; 73.58, H, 5.66, N, 13.21; found: 

C, 73.29, H, 5.76, N, 12.81. 

25 
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5 To a -25 °C solution of amide 1 (50g, 0.168 mol) in THF (400 mL)'and 

diisopropylamine (7.05 mL, 0.050 mol) was added a 1.5 M solution of lithium 

diisopropylamine mono (tetrahydrofuran) (225 mL, 0.336 mol) dropwise. The 

resulting dianion solution was aged for I hour at a temperature between -20 °C and -

25 °C. and was quenched with 3-chlorobenzylchloride (22.0 mL, 0.176 mol). The 

10 · mixture was aJlowed to wann to 0 °q and, after 1 hour, was quenched into a saturated 

aqueous solution of NH4Cl. The phases were separated and the aqueous layer was. 

extracted with t-Butyl methyl ether (350 mL). The combined organic solution was· 

washed .with a brine solution and com;entrated to an oil. The product was then 

crystallized in isopropyl alcohol (200 mL) to give 62.7g (89.8%) of the coupled· 

15 product. Mp 102-103 °C. 1H NMR (CDC13): o 10.07 (s, lH}, 8.56 (d, J = 2.1 Hz, lH), 

7.77 (dd, J = 8.7 Hz, 1.1 Hz, 2H), 7.70 {d, J = 2.1 Hz, lH), 7.42 (t, J = 8.4 Hz, 2H), 

7.28 {d, J = 2.4 Hz, lH), 7.16-7.25 (m, 4H), 3.49-3.53 (m, 2H); 2.99-3.03 (m, 2H). 13C 

NMR (CDC13): o 162.45, 146.85, 145.17, 143.16, 142.95, 140.95, 137.70, 134.10, 

129.63, 129.06, 128.74, 126.90, 126.33, 124.36, 123.24, 119.84, 36.91, 35.35. IR: 

20 2930 (s), 1690 (m) cm-1
• Anal. Calcd. for C2J{16BrCIN20: C, 57.83, H, 3.85, N, 6.75; 

Found: C, 58.05, H, 4.06, N, 6.80. 
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To a -25 °C solution of amide 1 (50g, 0.231 mol) in THF (500 mL) was added 

a 2.5M solution of Butyllithium in Hexanes (185 mL, 0.462 mol) dropwise. The 

resulting dianion solution was aged for lhour at a temperature between -20 °C and -25 

°C and was quenched with 3-chlorobenzylchloride (31.0 mL, 0.248 mol). The mixture 

10 was allowed to warm to 0 °C and, after 1 hour, was quenched into a saturated aqueous 

solution of NH4Cl. The phases were separated and the aqueous layer was extracted 

with t-Butyl methyl ether (350 mL). The combined organic solution was washed with 

a brine solution and was concentrated. to an oil. The product was then crystallized in 

isopropyl alcohol (200 mL) to give 71.6g (91.5%) of the coupled product. Mp 80-81 

15 °C. 1H NMR (CDC13) B 10.23 (s, lH), 8.48 (dd, J = 4.6 Hz, 1.6 Hz, lH), 7.78 (dd, J = 

0.8 Hz, 8.4 Hz, 2H), 7.48 (dd, J = 7.9 Hz, 1.5 Hz, lH), 7.39-7.12 (m, 8H), 3.54-3.50 

(m, 2H), 3.02-2.98 (m, 2H). 13C NMR (CDCl3) B 164.09, 147.63, 146.72, 144.63, 

141.91, 140.16, 138~97, 134.98, 130.55, 130.05, 129.82, 128.03, 127.16, 127.03, 

125.17, 120.84, 38.30, 36.77. IR: 2930 (s), 1690 (m) cm·•. Anal: Calcd for 

20 C20H17CIN20: C, 71.43, H, 5.06, N, 8.33; Found: C, 71.37, H, 5.12, N, 8.35. 
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EXAMPLEl 

To a 3 Loven-dried three-necked flask equipped with a mechanical stirrer, a 

thermometer, and an addition funnel were added 100 g (241 mmol) of amide~. 137 g 

(963 mmol) of phosphorous pentoxide, and 700 mL of chlorobenzene~ To the above 

slurry was added dropwise 64.2 mL (722 mmol) of trifluoromethanesulfonic. acid 

10 while maintaining the temperature below 35 °C. The resulting mixture was heated· to 

between 80 and 85 °C and stirred at that temperature for about 20 hours. The mixture 

was cooled to 45 °C and 102 g (722 mmol) of phosphorous pentoxide in 300 mL of 

· chlorobenzene was added. The mixture was heated to 80-85°C for another 20 hours. 

To the resulting mixture at 10 °C was added 500 mL of water. The hydrolysis ,was 

15 accomplished by heating the mixture to 70 °C for 2 hours. The reaction mixture was 

cooled to room temperature and 200 mL of n-butanol (n-BuOH) was added. The 

layers were separated and the organic layer was washed with brine, diluted sodium 

hydroxide solution, and diluted HCI solution. The organic layer was concentrated to 

300 mL. Addition of 500 mL ofTHF and 2.4 eq. of concentrated HCl precipitated the 

20 product. The solid was filtered, washed with cold n-BuOH, and dried to give 61.7 g 

(71 %) cyclized ketone as HCl salt Analysis was carried out on the :free base. Mp 119-

120 °C. 1H NMR (CDC13) B 8.66 ( d, J = 2.0 Hz, lH), 7.96 ( d, J = 8.0 Hz, lH), 7. 75 ( d 

J = 1.5 Hz, lH), 7.27 (dd, J = 8.0, 2,0 Hz, lH), 7.18 (d J = 1.0 Hz, lH), 3.17-3.09 (m, 

4H), 13C NMR (CDCl3) () 192.7, 153.3, 150.6, 143.8, 140.7, 140.1, 139.3, 136.2, 

25 133.9, 130.6, 128.4, 124.4, 35.4, 33.5. IR (K.Br, Nujol) 1660, 1590, 1290 cm-•. Anal. 

Calcd for C14H9BrC1NO: C, 52.11; H, 2.80; N, 4.34; Br, 24.80; Cl, 11.00. Found: C, 

52.03; H, 2.82; N, 4.38; Br, 24.95; Cl, 10.90. 
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EXAMPLE2 
F . 

. .···. 

Br~0 1 I __ P20_5_-[sr-<:J;;o-
6
~ N v Cl i~Br~cl 

~r.~ .........,. Dichloroethane ~~ 

6 
~ 

To a three-necked oven-dried 250 mL flask with a mechanical stirrer add 

68.35 g (481 mmol) ofP20 5, 170 mL of dichloroethane, and 10 g (24 mmol) of amide 

;!. Heat the mixture to 55 to 60 °C for 16 hours to give about 70% ofimine product as 

determined by HPLC versus a standard. Using the procedure described in Example 1, 

10 hydrolyze the imine to obtain the desired tricyclic ketone. 

15 

EXAMPLE3 

cQ::Jc1 
0 

To a 250 mL oven-dried three-necked flask with a mechanical stirrer, a -

thermometer and an addition funnel were added 250 mL of dichloroethane, 4.2 g of 

P20 5 (15 mmol), 2.0 mL (12 mmol) trifluoromethane sulfonic anhydride, and 2.0 mL 

(30 mmol) oftrifluoromethane sulfonic acid. To this mixture was added 5.0 g (14.9 

20 mmol) of the amide ~. The mixture was heated to 80 °C for 18 hours. The mixture 

was cooled to 10 °C and 70 mL ofwaterwas added. The hydrolysis was completed at 

70 °C for 1 hour. The reaction mixture was cooled to room temperature and the pH of 

the reaction mixture was adjusted to 5-6 with sodium hydroxide. The layers were 

separated and the aqueous layer was extracted with t-butyl methyl ether (t-BuOMe). 

25 The combined organic layer was sequentially washed with NH4Cl and NaHC03 
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solutions, and concentrated to a residue. Addition of t-BuOMe precipitated the 

product. The solid was filtered and washed with cold i-BuOMe and dried to give 2.4 

g (68.5%) yellow solid. An NMR spectrum of the product matches that of a reference 

for the desired tricyclic ketone. 

EXAMPLE4 

8-Chloro-5.6-dihydro-11 H-benzo[5,6Jcycloheptall .2-b Jpyrid-11-one 

Cl 
Cl 

NH chlorobenzene 

6 
hydrolysis 

~Cl 
0 

A mixture of trifluroromethanesulfonic acid (63.2 ml; 0. 71 mol) and phosphorus 

oxychloride (66.4 ml; 0.71 mol) in chlorobenzene (400 ml) was stirred for 1/2 hour at 

room temperature. A solution of N-phenyl-3-(2-(3-chlorophenyl)ethyl]-2-pyridine 

15 carboxamide ~ (120g; 0.36 mol) in chlorobenzene (240 ml) was added. The mixture 

was heated at l 10°C for 18 hours followed by cooling to 50°C. Water (400 ml) was 

added and the biphasic mixture heated to 80°C for 1/2 hour. The mixture was cooled 

to room temperature, stirred vigorously for 10 minutes, then allowed to stand for 1 O 

minutes. The product was removed by filtration and partitioned between water (300 

20 ml) and toluene (500 ml). The pH of the aqueous phase was adjusted to 10 with lOM 

NaOH solution. 100 ml of the organic phase was removed by distillation under 

reduced pressure. Charcoal (5.5g) was added and the mixture filtered through a pad 

of celite. The solution was concentrated under vacuum to 300 ml and 150 ml of 
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hexane was added.· The mixture was cooled to 0-10°C for 1 hour with stirring prior to 

filtration. The produc::t was washed with 100 ml of chilled toluene and then air-dried 

for several hours. Yl~Id = 44.lg (50.8%) 

EXAMPLES 

8-Chloro-5,6-dihydro-11H-benzo(5.6Jcycloheptart.2-blpyrid-ll-one 

Cl 
Cl 

(1) PCls, dichloromethane 

I 
NH 

6 
(2)AICl3 

N 

6 

CQYCI 
0 

Phosphorous pentachloride (95%, 97.5g; 0.45 mol) was added to a solution ofN­

phenyl-3-(2-(3-chlorophenyl)ethyl]-2-pyricline carboxamide ~ (1 OOg; 0.30 mol) in 

dichloromethane (500 ml). The resulting mixture was stirred at room temperature for 

one hour. Aluminum chloride (158.Sg; 1.19 mol) was then added to the mixture 

15 followed by stirring at room temperature for one hour. The solution was then poured 

onto ice (500g) and the resulting mixture heated to re.flux for one hour before cooling 

to room temperature. The pH of the aqueous phase was adjusted to 14 with lOM 

sodium hydroxide (700 ml) and the resting suspension filtered through a sintered glass 

funnel. The collected solid was washed with dichloromethane (2 x 100 ml). The 

20 organic layer of the filtrate was separated and washed with lM HCl (1 x 200 + 1 x 

100 ml). The organic layer was concentrated to an oil under vacuum, toluene (100 

ml) was added, and the mixture again concentrated under vacuum. The oil was 

dissolved in toluene (150 ml) and charcoal (3.5g) was added. The mixture was 
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filtered through a pad of celite followed by the addition of hexane (100 ml) to the 

filtrate. The mixture was cooled to 0°C for one hour prior to filtration. The collected 

product was dried in a vacuum oven at 60°Covernight. Yield= 44.2g (61 %) 

EXAMPLE6 

______ .,... 
(2)AIC13 

H20 

Hydrolysis 

To a solution of phosphorous pentachloride (95%, 26.6g; 0.121 mol) in 

10 dichloromethane (60 ml) at 5 °C was added a solution ofN-(4~chlorophenyl)-3-[2-(3-

chlorophenyl)ethyl)-2-pyridine carboxamide (30g; 0.081 mol) in .dichloromethane (60 

ml) dropwise over 20 minutes. The resuting mixture was stirred at 5 to 10 °C for one 

hour, then allowed to warm to room temperature over thirty minutes. Aluminum 

chloride (43. lg; 0.323 mo.I) was added in four portions over 45 minutes while 

15 maintaining a reaction temperature below 30 °C. The mixture was stirred for one 

hour, then poured onto ice (300g). The dichloromethane was removed from the 

mixture by distillation followed by heating the remaining aqueous solution to 80 °C 

for one hour. Citric acid trisodium salt dihydrate (70g; 0.24 mol) was added followed 

by aqueous sodium hydroxide solution (1 OM, 140 ml) to adjust the pH to 7. Toluene 
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(150 ml) was added, followed by a solution ofmaleic anhydride (12.0g 0.122 mol) in 

toluene (50 ml). The ~suiting mixture was stirred for 3.0 minutes and the pH of the 

aqueous phase adjusted to 12 with aqueous sodium hydroxide solution (1 OM, 60 ml). 

The mixture was heated to 70 °C and the phases separated. The aqueous phase was 

5 further extracted with toluene (2 x 90 ml) and the combined organic layers washed 

with water (90 ml). An HPLC assay indicated a solution yield of ketone product of 

95%. The product mixture was recrystallised from toluene/hexane to give the desired 

tricyclic ketone (13.96g, 71 %) as an off-white solid. 

10 EXAMPLE7 

B~~I PCls/FeC~ I I · 
:!!..N 

O Chlorobenzene 
NHPh 

3 

To a 250 mL three-necked flask equipped with magnetic stirrer, thermometer, 

and reflux condenser were charged 5 g (85.5 mmol) of sodium chloride, 20 g (45.7 

15 mmol) of the amide 3, and 100 mL of chlorobenzene. The mixture was stirred at room 

temperature under nitrogen for 15 minutes. To the resulting solution was added 16 g 

(76.8 mmol) of PCl5, while keeping the temperature below 40 °C. The reaction 

mixture was then agitated at 30 to 35 °C for 2 hours. After addition of 15.6 g (96.2 

mmol) of FeCl3, the reaction mixture was heated to between 30 and 35 °C for 3 hrs 

20 and then to 80 and 85 °C for about 18 hours as followed by HPLC. The reaction 

mixture was cooled to between 10 and 20 °C and 50 mL of acetone was added. The 

mixture was agitated for 15 minutes and poured slowly into 200 mL of an aqueous 

solution of30 g (224 mmol) ofD, L-malic acid. After stirring at room temperature for 

1 hour, the product was _extracted sequentially with 200 mL and then 100 ml of 

25 EtOAc. The combined organic layer was washed with a 200 mL aqueous solution of 

20 g (149 mmol) of D, ·L-malic acid. To the combined organic layer were added 50 
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mL· of acetone, 20 mL of MeOH, and 10 mL of 48% HBr (88 mmol) solution. The 

mixture was stirred at 45 °C for 2 hours to complete the hydrolysis and then cooled to 

between 5 and 10 °C with an ice-bath. The precipitate was filtered, washed with 50 

mL of acetone, and dried at 25 °C in a vacuum oven to give 16.1 g (82%) of the 

5 cycli~ed product. 

While the present invention has been described in conjunction with the 

specific embodiments set forth above, many alternatives~ modifications and variations 

thereof will be apparent to those of ordinary skill in the art. All such alternatives, 

10 modifications and variations are intended to fall within the spirit and scope of the 

present invention. 



5 

10 

15 

111111111111111111111111111111 
W000/30589 * C L M S * PCT/US99/26010 · 

23 
WE CLAIM: 

1. A process for preparing a compound having the formula : 

R 

(I) 

wherein R, R 1
, R2

, R3
, and R4 are independently selected from the group 

consisting ofH, Br, Cl, F, alkyl, or alkoxy, said process comprising: 

(A) reacting a compound having the formula 

I 

NHR5 

(II) 

wherein R~, RB, Re, R0
, and RE are independently selected from the group 

consisting ofH, halo, alkyl, or alkoxy, and R5 is aryl or heteroaryl, with 

a dehydrating agent to produce an imine having the formula: 
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; and 

(B) hydrolyzing the imine produced in step (A) to produce the compound 

having formula (I). 

5 2. The process of claim 1, wherein R\ R8
, Re, R0

, and RE are independently H 

or halo, and R, R 1
, R2

, R3
, and R4 are independently H, Br, F, or Cl. 

3. The process of claim 2, wherein R5 is phenyl, 4-methoxyphenyl, 4-

chlorophenyl, or 3-chlorophenyl. 

4. The process of claim 3, wherein R, R1
, R3

, and R4 are H, and R2 is Cl. 

I 0 5. The process of claim 4, wherein step (A) is carried out by contacting the 

reaction mixture of the compound of formula (II) and the dehydrating agent with an 

additional agent selected from the group consisting of a Lewis acid or a super acid. 

6. The process of claim 5, wherein the dehydrating agent is selected from the · 

group consisting of P20 5, P20 3, P20 3Cl4, POC13, PC13, PC15, CJIJ>(O)Cl2, PBr3, PBr5, 

15 SOC12, SOBr2, COC12, H2S04, super acids, and anhydrides of super acids, and the 

additional agent is selected from the group consisting of AIC13, FeC13, ZnCl2, A1Br3, 

ZnBr2, TiC14, SnC14, CF3S03H, 

F 

F-p-S~H 

FS03H, and HF/BF3• 

20 7. The process of claim 6, wherein the dehydrating agent is selected from the 

group consisting of P20 5, P20 3Cl4, PBr3, PC15, POC13, CJIJ>(O)Cl2, (CF3S02) 20, and 

(CF3CF2S02) 20, and the additional agent is selected from the group consisting of 

A1Cl3, ZnC12, FeC13, SnC14, ZnBr2, and CF3SQ3H. 

8. The process of claim 3, wherein R 1
, R3

, and R4 are H, R is Br, and R2 is Cl. 
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9. The process of claim 8, wherein step (A) is carried out by contacting the 

reaction mixture of the compound of formula (TI) and the dehydrating agent with an 

additional agent selected from the group consisting of a Lewis acid or a super acid. 

10. The process of claim 9, wherein the dehydrating agent is selected from the 

5 group consisting of P20 5, P20 3, P20 3Cl4, POC13, PC13, PCls, C6H6P(O)Cl2, PBr3, PBr5, 

SOC12, SOBr2, COCI2, H2S04, ·super acids, and anhydrides of super acids, and the 

additional agent is selected from the group consisting of AlC13, FeC13, ZnC12, Affir3, 

ZnBr2, TiC14, SnC14, CF3S03H, 

0-SO,H 
10 FS03H, and HFIBF3• 

11. The process of claim 10, wherein the dehydrating agent is selected from 

the group consisting ofP20 5, P20 3Cl4, PBr3, PC15, POC13, C6~P(O)Cl2, (CF3S02) 20, 

and (CF3CF2S02) 20, and the additional agent is selected from the group consisting of 

AIC13., ZnC12, FeC13, SnC14, ZnBr2, and CF3SQ3H. 

15 12. The process of claim 3, wherein R1 and R3 are H, Rand R4 are Br, and R2 

is Cl. 

13. The process of claim 12, wherein step (A) is carried out by contacting the 

reaction mixture of the compound of formula CID and the dehydrating agent with an 

additional agent selected from the group consisting of a Lewis acid or a super acid. 

20 14. The process of claim 13, wherein the dehydrating agent is selected from 

25 

the group consisting of P20 5, P20 3, P20 3Cl4, POC13, PC13, PC15, CJIJ>(O)Cl2, PBr3, 

PBr5, SOC12, SOBr2, COCI2, H2S04, super acids, and anhydrides of super acids, and 

the additional agent is selected from the group consisting of AIC13, FeC13, ZnC12, 

AIBr3, ZnBr2, TiC14, SnC14, CF3S03H, 
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15. The process of claim 14,'. wherein th~ dehydrating agent is selected from 

the group consisting ofP20 5, P20 3qt.. PBr3, PCI~, POCi3, CJl6P(O)Cl2, (CF3S02) 20, 

and (CF3CF2S02) 20, and the additional agent is selected from the group consisting of 

A1Cl3, ZnCl2, FeC13, SnCl~, ZnBr2, ~d CF~S03H. 
5 · 16. A compound having the fonnula 

wherein RA, RB,· R c, RD, and Rs are. independently selected· from the group consisting 

10 ofH, halo, alkyl, or alkoxy, and R5 -is aryl or heteroaryl. 

1?. The compound of claim·· 16, wherein R5 is phenyl, 4-methoxyphenyl, 4-

chlorophenyl, or 3-chlorophenyl, and wherein RA, RB, Re, RD, and Rs are 

. independently selected from the group consisting of H and halo. 

18. The compound of claim 17, wherein R\ RB, RD, and RE are each H, and Re 

15 is Cl. 

19. The compound of claim 17, wherein RB, R0
, and RE areH, RA is Br, and 

Re is Cl. 

20. The compound of claim 17, wherein RA and RE are each Br, RB and RD are 

each H, and R c is CL 

20 21. A process for preparing a compound having the formula: 

~H (III) 
Rs 

comprising: 

reacting a compound having the formula: 
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b(~ 
N Br 

(IV) 

with NH2R
5 in the presence of a palladium catalyst, carbon monoxide, a base, and an 

ether selected from the group consisting of: CH30CH2CH20CH3; 

CH30CH2CffiOCH2CH20CH3; and CH3QCH2CH20CH2CH20CH2CH20CH3, wherein 

5 X is H, Br, Cl, or F, and R5 is aryl or heteroaryl. 


