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COPD. PDE4 inhibitors, particularly PDE4-specific inhibitors are useful also in treating
other diseases in the area of inflammation, (e.g., asthma, chronic obstructive pulmonary
disease, inflammatory bowel disease, rheumatoid arthritis), affects related to tumor necrosis

25  factor and to cognition impairment (e.g., multi-infarct dementia, cognitive dysfunction, or
stroke). This invention relates to a compound that is better tolerated than previous PDE4
inhibitors, namely cis-4-cyano-4-[3- (cyclopentyloxy)-4-methoxyphenyllcyclohexane-1-
carboxylic acid. More specifically this invention provides the hydrate of the lithium salt of
this acid.

30  Description of the Figures

Fig. 1 is an ultraviolet spectrum for the Li monohydrate salt

Fig. 2 is an infrared spectrum of the Li monohydrate sait.

Fig. 3 is a tracing of a MS output for Formula (I) monohydrate

Fig. 4. is a flowchart of the MS ionization products for Formula (I)
35 monohydrate. A
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PCT/ US01/ 01487 Summary of the Invention This invention relates to

cis-lithiumd- -4-J 3- (cycl opent yl oxy) - 4-

nmet hoxyphen i ?theIL‘{enéoryboxylé'cttﬁ, nonohydr at e whi ch has the structure
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for prepari mecthaxyphenytieydelicsantchbouylate Spewhf dreteFxtactphasfthe sthicture A pr ocess
for prepari mepresented-byyonaud{(D3- (cycl opentyl oxy)-4- .

met hoxyphenyl ] cycl ohexane-1 -carboxylic acid is described in several
publications. See for 10 eyanple U S patent 5,552,438 issued 03 Septenber
1996 and pendi ng PCT appli nunber PCT/ US98/ 02749 published on 13
August 1998 as WO 98/ 34584 o¢+P application US98/ 21-61 published 22
April 1999 as WO 99/18793. Thesepublications, and others, teach how to
make the Li salt of said I"d t those processes do not result in the
preparation of a hydrate of th ificluding a nonohydrate. 15
Exanple 1 A | ot of anhydrous | 5f_ t he @ggd was prepared by the
process detailed in the afore- T F Feations WO 98/34584 and
WO 99/18793. The lot was crystallizgg from80 nlL of acetonitrile and 4 nL
of water’and rinsed wth 9.5 nL of acetonitrile and®.5 nL of water. The
filter cake ands ptdeess f@Dprepariigat, bt dedribédialaeetonitrile and 4 nL of water

and rinsed Wt %20, Ml

A process for preparing cis-4-cyano-4-[3- (cyclopentyloxy)-4-

methoxyphenyl]cyclohexane-1-carboxylic acid is described in several publications. See for
10 example U.S patent 5,552,438 issued 03 September 1996 and pending PCT application
number PCT/US98/02749 published on 13 August 1998 as WO 98/34584 or PCT
application US98/21-61 published 22 Apri] 1999 as WO 99/18793. These publications, and
others, teach how to make the Li salt of said acid. But those processes do not result in the
preparation of a hydrate of the Li salt, including a monohydrate.
15 J Example 1
A lot of anhydrous lithium salt of the acid was prepared by the process
detailed in the afore-mentioned PCT applications WO 98/34584 and WO 99/18793.
The lot was crystallized from 80 mL of acetonitrile and 4 mL of water and rinsed
with 9.5 mL of acetonitrile and 0.5 mL of water. The filter cake was then
20  crystallized from acetonitrile and 4 mL of water and rinsed with 9.50 mL of
acetonitrile and 0.5 mL of water. The material was dried in a vacuum oven (50 °C,
20 inches) for 48 hours to provide the monohydrate.
Appearance: white powder.

Ultraviolet Spectroscopy
25 The ultraviolet absorption spectrum of the monohydrate was measured using
a Perkin-Elmer Lambda 7 spectrophotometer, for a solution of 0.0076 mg/mL in
methanol. The spectrum is dominated by the aromatic chromophore and conforms
to other compounds in the series as shown in Table 1 and Figure 1.

Table 1 Ultraviolet Absorption Bands
Wavelength (nm) € Assignment

206 ‘ 38,400 1B (aromatic)
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I nfrared Spectroscopy The infrared absorption spectrum of the nonohydrate

salt was obtai ned as

Li a potassium brom de pellet using a N colet Magna
760 FT-1R spect r bifiategk Spettrascopgpect rum was neasured with a resol ution of 4
cm1l. The spectr Loyl t frared
spectrumis shomzﬂ%%ﬁgr urgo?agﬁ%%gﬁﬁﬁzo%lt %}Bé\fribehga@g gi Elst%Vas 0%&1 sIa or | ot
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3319, 3208 G cﬁﬁﬁlﬁwééhnc(a\éﬁﬂéﬁrw&xfaﬂ&h’&ﬁ@éd &M cm31 003 &anﬁlddt%aetches
3000- 2800 -G H stretﬁ izlgzh,&}rtle%{retch 1 7 C=Q.stretch (acid)
1566 C=0 st?sé{gélﬁ]e(‘@é BER 7 Lpls 25 SrpgftE‘HBéSS f%’i"}n i¥Ee £=C stret ches

1425 C-H defo tion and C=C stretches
II‘a{)@ infrar I& Band Assignments for lot KW-27173-68C0

Wavenumber (cm-1) Assignment
3573 O-H stretch (water)
3319,3208 O-H stretch (water of hydration)
3100-3000 =C-H stretches
3000-2800 -C-H stretches
2230 nitrile stretch
1647 C=0 stretch (acid)
1566 C=0 stretch (carboxylate) and C=C stretches
1517,1505 C=C stretches
1425 C-H deformation and C=C stretches
1258,1167,1142 C-O stretches
811,777,734 aromatic C-H deformations

Example 2 -- Karl Fischer Titration
Water was determined by Karl Fischer titration. A Mettler DL18 instrument

was used to carry out the determination. Reagents were obtained from Cresent

10 Chemical Co., Hauppauge, NY, USA and carried the tradename Hydranal (standard:
sodium tartragte-2-hydrate; titrant; and solvent). Water content was found to be
5.14% w/w, which agreed with the theoretical value for one molecule of water
(4.91% wiw).

_ Example 3 -- Thermogravimetric Analysis
15 The TG analysis of the lot prepared in Example 1 was conducted using

standard procedures. A total weight loss of 4.96% was observed at approximately
137 °C. This weight loss is consistent with that of a monohydrate.

Example 4
NMR Spectroscopy

-3
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HMQC (Heteronuclear Multiple Quantum Coherence) data that allowed for

assignment of the protonated 13C signals via one bond correlations and HMBC

(Heteronuclear Multiple Bond Coherence) data that allowed for assignment of

quaternary 13C signals via multiple bond correlations. The HMBC data also served

20 to verify all of the previous 1H and 13C assignments. The chemical shift
assignments for the monohydrate salt in DMSO-dg is summarized in Table 3.

Table 3

13¢ 13C Chemical | 1H Chemical | 1H Multiplicity

Position | Shift, § Shift, 5 (J=Hz)
(multiplicity) | (integration)

5 178.9 (s)

4 149.2 (s)

3’ 147.0 (s)

1’ 133.7 (s)

CN 123.1 (s)

6’ 117.5 (d) 6.99 (1H) dd (1=2.3, 9.2 dz)

2 112.7 (d) 7.00 (1H) d (J=2.3 Hz)

5 112.2 (d) 6.93 (1H) d (J=9.2 Hz)

1" 79.6 (d) 4.81 (1H) m

CH30 55.6 (q) 3.72 3H) s

<4
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Example 5

Desorption Chemical Ionization Mass Spectrometry

The desorption chemical ionization mass spectrum (DCI/MS) of the lithium

salt monohydrate was obtained using a Nermag R30-10 triple quadrupole mass

spectrometer. A 1:1 methanol:methylene chloride solution of the monohydrate was
prepared at a concentration of 0.1 mg/mL. The sample was introduced into the mass
spectrometer using a DCI probe. The probe was heated at a rate of 20 °C/s. The
reagent gas was ammonia. The mass spectrum was scanned from 60 to 860 Da at a

10

rate of 1.0 scans/s. The mass spectrum was acquired using a Mass Evolution

EZScan data system and processed using the HP MS ChemStation software (Figure

3).

15

The following molecular ion adducts were observed: [M+H]* at m/z 344 and
[M+NHy]* at m/z 361. Plausible ionic structures for the observed fragments that

are consistent with the structure of Formula (I) monohydrate are given in Figure 4.
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whi ch nethod conprises treating an aliquot of anydrous lithiumsalt with
acetonitrile and water. -6



