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The total stereoselective synthesis of two highly potent phosphodiesterase IVb inhibitors
from nitroethane, isovanillin, and ethyl vinyl ether was developed. The compounds obtained
are the derivatives of hexahydro�3H�pyrrolo[1,2�c]imidazol�3�one and tetrahydro�1H�pyr�
rolo[1,2�c][1,3]oxazol�3�one. The strategy proposed involves silylation of six�membered cyclic
nitronates as a key step leading to 5,6�dihydro�4H�1,2�oxazines with the group CH2FG
(FG = N3 or OH) at the C(3) atom.
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Phosphodiesterase (PDE) IVb inhibitors are consid�
ered to be promising drugs for the treatment of disorders of
the central nervous system and respiratory diseases.1 The
well�known representatives are, e.g., rolipram (antidepres�
sant)2 and cilomilast (antiasthmatic drug).3 Bicyclic de�
rivatives 1—3 proposed by GlaxoSmithKline Co.4 are vastly
superior to rolipram and cilomilast in the PDE IVb inhibi�
tion constants IC50.5 However, the syntheses of products
1—3 developed by GlaxoSmithKline Co. are nonstereo�
selective, yielding mixtures of diastereomers in nearly
equimolar ratios.4

Recently,6 we have proposed a strategy for the stereo�
selective synthesis of 2,3�trans�disubstituted pyrrolidines
from nitroethane, aldehydes, and vinyl ethers through in�

* For Part 1, see Ref. 1a.
** Dedicated to Academician of the Russian Academy of
Sciences O. M. Nefedov on the occasion of his 80th birthday.
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Scheme 1

X = NH (1), O (2), CH2 (3)

LG stands for a leaving group; FG = N3, OH, CH(CO2Me)2

termediate formation of six�membered cyclic oxime ethers
with a functionalized methyl group at the C(3) atom. The
key step in this synthesis was silylation of six�membered
cyclic nitronates.7 Obviously, this strategy can be employed
for stereocontrolled synthesis of PDE IVb inhibitors 1—3
(Scheme 1). For instance, immediate precursors of prod�
ucts 1—3 are pyrrolidines 4, which can be obtained by
reduction of cyclic oxime ethers 5. In turn, such oxime
ethers can be derived from cyclic nitronate 6 according to
our recent silylation�based procedures. Cyclic nitronate 6
is assembled via a [4+2] cycloaddition8 of nitroalkene 7
(accessible from isovanillin) to ethyl vinyl ether.

Following Scheme 1, we have earlier9 succeeded in the
stereoselective synthesis of pyrrolizidinone 3. In the present
work, we pioneered in the total stereoselective synthesis of
pyrroloimidazolone 1 and pyrrolooxazolone 2.

The key intermediates in the synthesis of target prod�
ucts 1 and 2 are six�membered cyclic oxime ethers 5a and
5b, respectively (Scheme 2). They were obtained in two
steps from nitronate 6 described earlier.9

For the synthesis of azide 5a, nitronate 6 was trans�
formed into bromomethyldihydrooxazine 8 according to
a known method7a using an excess of trimethylsilyl brom�
ide and triethylamine. To replace the Br atom by azido
group, compound 8 was treated with NaN3 in aqueous
acetone in the presence of catalytic amounts of NaI.10

For the synthesis of hydroxymethyldihydrooxazine 5b,
we used our recent procedure for rearrangement of
Me3Si�protected 1,2�oxazines.11 To do this, nitronate 6

was initially transformed into cyclic compound 9 by
monosilylation with trimethylsilyl bromide in the pres�
ence of triethylamine.7b Treatment of compound 9 with
trifluoroacetic anhydride followed by methanolysis of the
reaction mixture gave product 5b in good yield.

For high stereoselectivity to be achieved, reductive
transformation6a of the dihydrooxazine ring into a pyrro�
lidine one was carried out in two steps (Scheme 3): suc�
cessive hydride reduction of the C=N bond and catalytic
hydrogenation of the N—O bond.6a

Reduction of dihydrooxazines 5a and 5b with sodium
cyanoborohydride in acetic acid stereoselectively gave only
tetrahydro�2H�1,2�oxazines 10a and 10b, respectively,
with the required 3,4�trans�configuration of the substitu�
ents in the oxazine ring. Catalytic hydrogenation of com�
pounds 10a and 10b on Raney nickel yielded, via the
1,2�oxazine→pyrrolidine transformation, products 11a
and 11b, respectively (see Scheme 3). Oxazine 10a was
hydrogenated in the presence of di�tert�butyl dicarbonate
(1 equiv.) for protection of the primary amino group in an
intermediate resulting from the first�step reduction of the
azido group. Pyrrolidine 11a was transformed without fur�
ther purification into the target product 1 in boiling DMSO
(see Scheme 3). Cyclization of pyrrolidine 11b into the
target product 2 was carried out under the action of
1,1´�carbonyldiimidazole12 in CH2Cl2.

The structures of novel intermediate products 5a,b, 9,
and 10a,b were confirmed by 1D (1H and 13C) and 2D
NMR spectroscopy (COSY and HSQC), high�resolution
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mass spectrometry, and elemental analysis. The spectro�
scopic characteristics of the target products 1 and 2 agree
well with the literature data.4

To sum up, starting from nitroethane and isovanillin,
we performed the stereoselective seven�step syntheses of
the known PDE IVb inhibitors 1 and 2 in overall 18 and
22% yields, respectively. The previously described schemes
for their syntheses are nonstereoselective4 and inferior in
yields: 2% over nine steps for product 1 and 5% over six
steps for product 2.

Experimental

Catalytic hydrogenation was carried out in a steel autoclave
(Parr) with external heating and stirring. Column chromato�
graphy was carried out on silica gel (Merck Kieselgel 40—60 μm
60A). 1D and 2D NMR spectra were recorded on a Bruker
AM�300 spectrometer (300.13 MHz). Chemical shifts are refer�
enced to the residual signal of the solvent.13 High�resolution
mass spectra were recorded on a MicroTOFF instrument. Ele�
mental analysis was performed at the analytical laboratory of the
N. D. Zelinsky Institute of Organic Chemistry (Russian Acade�
my of Sciences). Melting points were measured on a Kofler hot
stage and are given uncorrected.

Acetic acid was recrystallized twice. Dichloromethane,
MeCN, Et3N, ethyl vinyl ether, and Me3SiBr were distilled over
CaH2; DMSO (Sigma�Aldrich), SnCl4 (Aldrich), NaBH3CN
(Acros), NaN3 (Aldrich), (CF3CO)2O (Aldrich), (ButOCO)2O
(Aldrich), Raney nickel (Acros, 50% suspension in water), and
1,1´�carbonyldiimidazole (Acros) were used as purchased.
Nitronate 6, nitroalkene 7, and bromooxazine 8 were prepared
as described earlier.9

(4S*,6S*)�4�(3�Cyclopentyloxy�4�methoxyphenyl)�6�eth�
oxy�3�methylidene�2�trimethylsilyloxy�1,2�oxazinane (9). Tri�
ethylamine (0.19 mL, 1.3 mmol) and TMSBr (0.16 mL,
1.2 mmol) were successively added under argon at –78 °C to
a stirred solution of oxazine N�oxide 6 (0.389 g, 1.11 mmol) in
CH2Cl2 (2.2 mL). The reaction mixture was kept at –78 °C for
48 h, diluted with hexane (5 mL), and poured into the two�phase
system hexane (40 mL)—H2O (20 mL). The organic layer was
washed with a solution of NaHSO4 (0.12 g) in water (20 mL) and
with brine (2×20 mL), dried over Na2SO4, and concentrated
in vacuo. The resulting labile nitroso acetal 9 (0.449 g, 96%) as
a colorless oil was further used without purification. 1H NMR
(CDCl3), δ: 0.26 (s, 9 H, H3C(20)); 1.27 (t, 3 H, H3C(9),
J = 7.3 Hz); 1.57—1.67 (m, 2 H) and 1.78—1.97 (m, 6 H)
(H2C(18) and H2C(19)); 2.10 (ddd, 1 H, HeqC(5), J = 13.2 Hz,
J = 5.5 Hz, J = 5.5 Hz); 2.23 (ddd, 1 H, Hax(5), J = 13.2 Hz,
J = 9.5 Hz, J = 4.4 Hz); 3.59 (dq, 1 H, HC(8), J = 9.5 Hz,
J = 7.3 Hz); 3.85 (s, 3 H, H3C(16)); 3.89—4.14 (m, 3 H, HC(4),
HC(7), HC(8)); 4.74—4.79 (m, 1 H, HC(17)); 4.95 (br.s, 1 H,
HC(7)); 5.10 (t, 1 H, HC(6), J = 4.4 Hz); 6.83 (br.s, 3 H,
HC(11), HC(14), HC(15)). 13C NMR (CDCl3), δ: –0.8 (C(20));
15.0 (C(9)); 24.0 (C(19)); 32.8, 36.6 (C(5), C(18)); 40.5 (br,
C(4)); 56.1 (C(16)); 64.1 (C(8)); 80.4 (C(17)); 97.4 (br, C(7));
99.3 (C(6)); 111.9, 115.9, 120.6 (C(11), C(14), C(15)); 133.0
(br, C(10)); 147.5, 149.0 (C(12), C(13)); 158.4 (br, C(3)).

(4S*,6S*)�3�Azidomethyl�4�(3�cyclopentyloxy�4�methoxy�
phenyl)�6�ethoxy�5,6�dihydro�4H�1,2�oxazine (5a). A solution

of NaN3 (0.249 g, 3.8 mmol) and NaI (0.035 g, 0.23 mmol) in
water (2.5 mL) was added to a solution of bromooxazine 8 (0.410 g,
1.0 mmol) in acetone (12 mL).9 The reaction mixture was stirred
at room temperature for 24 h and concentrated. The residue was
preadsorbed on silica gel (~2 g) and then chromatographed on
silica gel with gradient elution in hexane—EtOAc (10 : 1 → 5 : 1).
The resulting colorless oil crystallized on cooling, m.p. 38—41 °C.
The yield of compound 5a was 0.330 g (88%), Rf 0.68
(EtOAc—hexane, 1 : 1). Found (%): C, 60.76; H, 7.27; N, 14.86.
C19H26N4O4. Calculated (%): C, 60.95; H, 7.00; N, 14.96.
HRMS, m/z: 375.2030 [MH]+, calculated for [MH]+: 375.2027.
1H NMR (CDCl3, COSY, HSQC), δ: 1.27 (t, 3 H, H3C(9),
J = 7.0 Hz); 1.57—1.66 (m, 2 H, HC(19)); 1.81—1.97 (m, 6 H,
H2C(18), HC(19)); 2.14 (ddd, 1 H, HaxC(5), J = 13.9 Hz,
J = 12.5 Hz, J = 2.2 Hz); 2.31 (ddd, 1 H, HeqC(5), J =13.9 Hz,
J = 7.3 Hz, J = 1.8 Hz); 3.48 (d, 1 H, HC(7), J = 13.2 Hz); 3.65
(m, 1 H, HC(8)); 3.7 (dd, 1 H, HC(4), J = 12.5 Hz, J = 7.3 Hz);
3.82 (d, 1 H, HC(7), J = 13.2 Hz); 3.93 (s, 3 H, H3C(16)); 3.91
(m, 1 H, HC(8)); 4.76 (m, 1 H, HC(17)); 5.20 (dd, 1 H, HC(6),
J = 2.2 Hz, J = 1.8 Hz); 6.70 (d, 1 H, HC(11), J = 1.5 Hz); 6.75
(dd, 1 H, HC(15), J = 8.1 Hz, J = 1.5 Hz); 6.85 (d, 1 H, HC(14),
J = 8.1 Hz). 13C NMR (CDCl3, HSQC), δ: 15.0 (C(9)); 24.0
(C(19)); 32.8 (C(5), C(18)); 34.4 (C(4)); 52.5 (C(7)); 56.1
(C(16)); 63.8 (C(8)); 80.5 (C(17)); 95.9 (C(6)); 112.6, 114.9,
120.5 (C(11), C(14), C(15)); 131.1 (C(10)); 148.2, 149.6 (C(12),
C(13)); 157.2 (C(3)).

(4S*,6S*)�4�(3�Cyclopentyloxy�4�methoxyphenyl)�6�eth�
oxy�3�hydroxymethyl�5,6�dihydro�4H�1,2�oxazine (5b). Tri�
fluoroacetic anhydride (0.105 mL, 0.74 mmol) was added under
argon at –78 °C to a stirred solution of nitroso acetal 9 (0.312 g,
0.74 mmol) in CH2Cl2 (3.7 mL). The reaction mixture was stirred
at –78 °C for 1 h. Then K2CO3 (0.19 g) and MeOH (0.8 mL)
were successively added. The reaction mixture was stirred with�
out cooling for 2.5 h and poured into the two�phase system EtOAc
(60 mL)—brine (20 mL). The organic layer was washed with
brine (20 mL), dried over Na2SO4, and concentrated in vacuo.
The product was isolated by column chromatography with
gradient elution in hexane—EtOAc (3 : 1 → 1 : 1). The result�
ing faintly yellow oil solidified upon storage, m.p. 97—99 °C.
The yield of the target oxazine 5b was 0.179 g (69%), Rf 0.39
(EtOAc—hexane, 1 : 1). HRMS, m/z: 350.1962 [MH]+, calcu�
lated for [MH]+: 350.1962. 1H NMR (CDCl3), δ: 1.26 (t, 3 H,
H3C(9), J = 7.3 Hz); 1.53—1.68 (m, 2 H, HC(19)); 1.73—1.95
(m, 6 H, H2C(18), HC(19)); 2.11 (ddd, 1 H, HCax(5), J = 13.9 Hz,
J = 12.5 Hz, J = 2.9 Hz); 2.26 (ddd, 1 H, Heq(5), J = 13.9 Hz,
J = 7.3 Hz, J = 2.2 Hz); 2.56 (br.s, 1 H, HO); 3.59 (dd, 1 H,
HC(4), J = 12.5 Hz, J = 7.3 Hz); 3.66 (dq, 1 H, HC(8), J = 9.5 Hz,
J = 7.3 Hz); 3.84 (s, 3 H, H3C(16)); 3.91 (dq, 1 H, HC(8),
J = 9.5 Hz, J = 7.3 Hz); 3.98 (s, 2 H, HC(7)); 4.76 (m, 1 H,
HC(17)); 5.20 (br.s, 1 H, HC(6)); 6.68 (d, 1 H, HC(11), J = 1.9 Hz);
6.73 (dd, 1 H, HC(15), J = 8.1 Hz, J = 1.9 Hz); 6.83 (d, 1 H,
HC(14), J = 8.1 Hz). 13C NMR (CDCl3), δ: 15.0 (C(9)); 24.0
(C(19)); 32.6, 32.7 (C(5), C(18)); 34.2 (C(4)); 56.1 (C(16)); 62.6,
63.9 (C(7), C(8)); 80.5 (C(17)); 96.1 (C(6)); 112.4, 114.8, 120.6
(C(11), C(14), C(15)); 131.0 (C(10)); 148.1, 149.6 (C(12),
C(13)); 159.0 (C(3)).

(3R*,4S*,6S*)�3�Azidomethyl�4�(3�cyclopentyloxy�4�meth�
oxyphenyl)�6�ethoxy�1,2�oxazinane (10a). Sodium cyanoboro�
hydride (0.127 g, 2.05 mmol) was added to a stirred solution of
azidomethyloxazine 5a (0.250 g, 0.67 mmol) in acetic acid
(3 mL). The reaction mixture was vigorously stirred at room
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temperature for 1 h and poured into the system EtOAc
(150 mL)—K2CO3 (150 mL). The aqueous layer was washed
with EtOAc (50 mL). The combined organic layer was succes�
sively washed with a saturated aqueous solution of K2CO3
(70 mL), water (100 mL), and brine (100 mL), dried over Na2SO4,
and concentrated in vacuo. The residue was preadsorbed on silica
gel (~2 g) and then chromatographed on silica gel with gradient
elution in hexane—EtOAc (10 : 1 → 5 : 1 → 3 : 1). The yield
of compound 10a was 0.207 g (82%), colorless oil, Rf 0.71
(EtOAc—hexane, 1 : 1). Found (%): C, 60.74; H, 7.56; N, 14.18.
C19H28N4O4. Calculated (%): C, 60.62; H, 7.50; N, 14.88.
HRMS, m/z: 377.2169 [MH]+, calculated for [MH]+: 377.2183.
1H NMR (CDCl3, COSY, HSQC), δ: 1.30 (t, 3 H, H3C(9),
J = 7.0 Hz); 1.55—1.67 (s, 2 H, HC(19)); 1.78—1.97 (m, 6 H,
H2C(18), HC(19)); 1.94 (ddd, 1 H, HeqC(5), J = 13.2 Hz,
J = 5.9 Hz, J = 1.4 Hz); 2.04 (ddd, 1 H, HaxC(5), J = 13.2 Hz,
J = 10.3 Hz, J = 2.9 Hz); 3.02 (ddd, 1 H, HaxC(4), J = 11.0 Hz,
J = 10.3 Hz, J = 5.9 Hz); 3.16 (dd, 1 H, HC(7), J = 12.5 Hz,
J = 5.1 Hz); 3.27 (ddd, 1 H, HaxC(3), J = 11.0 Hz, J = 5.1 Hz,
J = 2.2 Hz); 3.33 (dd, 1 H, HC(7), J = 12.5 Hz, J = 2.2 Hz); 3.58
(dq, 1 H, HC(8), J = 9.5 Hz, J = 7.3 Hz); 3.83 (s, 3 H, H3C(16));
3.85 (dq, 1 H, HC(8), J = 9.5 Hz, J = 7.3 Hz); 4.75 (m, 1 H,
HC(17)); 4.89 (dd, 1 H, HC(6), J = 2.9 Hz, J = 1.4 Hz); 5.39
(br.s, 1 H, HN(2)); 6.69—6.75 (m, 2 H, HC(11), HC(15)); 6.83
(d, 1 H, HC(14), J = 8.1 Hz). 13C NMR (CDCl3, HSQC), δ:
15.2 (C(9)); 24.0 (C(19)); 32.8 (C(18)); 36.3 (C(5)); 37.3 (C(4));
51.0 (C(7)); 56.1 (C(16)); 61.5 (C(3)); 63.6 (C(8)); 80.4 (C(17));
98.0 (C(6)); 112.5, 114.5, 119.3 (C(11), C(14), C(15)); 133.7
(C(10)); 147.9, 149.1 (C(12), C(13)).

(3R*,4S*,6S*)�4�(3�Cyclopentyloxy�4�methoxyphenyl)�6�
ethoxy�3�hydroxymethyl�1,2�oxazinane (10b). Sodium cyano�
borohydride (0.109 g, 1.73 mmol) was added under argon to
a stirred solution of oxazine 5b (0.170 g, 0.49 mmol) in acetic
acid (3.1 mL). The reaction mixture was stirred at room temper�
ature for 80 min and poured into the two�phase system EtOAc
(60 mL)—saturated aqueous Na2CO3 (30 mL). The aqueous lay�
er was washed with EtOAc (2×20 mL). The combined organic
layer was washed with saturated aqueous Na2CO3 (20 mL),
water (20 mL), and brine (2×20 mL), dried over Na2SO4,
and concentrated in vacuo. The product was isolated by column
chromatography with gradient elution from CHCl3 to
CHCl3—MeOH (20 : 1). The yield of the target tetrahydroox�
azine 10b was 0.165 g (96%), faintly yellow oil. For analytical
purposes, the product was recrystallized from hexane—EtOAc
(2 : 1), m.p. 87—89 °C, Rf 0.49 (CHCl3—MeOH, 10 : 1). Found (%):
C, 64.59; H, 8.37; N, 3.99. C19H29NO5. Calculated (%):
C, 64.93; H, 8.32; N, 3.99. 1H NMR (CDCl3), δ: 1.30 (t, 3 H,
H3C(9), J = 7.0 Hz); 1.52—1.67 (m, 2 H, HC(19)); 1.72—2.12
(m, 8 H, H2C(18), H2C(19), H2C(5)); 2.95 (ddd, 1 H, HaxC(4),
J = 11.3 Hz, J = 11.3 Hz, J = 4.4 Hz); 3.21—3.35 (m, 2 H) and
3.45—3.55 (m, 1 H) (HC(3) and HC(7)); 3.58 (dq, 1 H, HC(8),
J = 9.5 Hz, J = 7.0 Hz); 3.81 (s, 3 H, H3C(16)); 3.85 (dq, 1 H,
HC(8), J = 9.5 Hz, J = 7.0 Hz); 4.76 (m, 1 H, HC(17)); 4.90
(br.s, 1 H, HC(6)); 6.68—6.75 (m, 2 H) and 6.81 (d, 1 H, J = 8.8 Hz)
(HC(11), HC(14), HC(15)). 13C NMR (CDCl3), δ: 15.2 (C(9));
24.0 (C(19)); 32.8, 36.5, 37.0 (C(4), C(5), C(18)); 56.2 (C(16));
61.5, 63.7, 77.3 (C(3), C(7), C(8)); 80.5 (C(17)); 98.3 (C(6));
112.5, 114.6, 119.4 (C(11), C(14), C(15)); 134.2 (C(10)); 147.8,
149.1 (C(12), C(13)).

(7S*,7aR*)�7�(3�Cyclopentyloxy�4�methoxyphenyl)hexa�
hydro�3H�pyrrolo[1,2�c]imidazol�3�one (1). Raney nickel as

a 50% suspension in water (~0.2 mL) was washed with MeOH
(4×2 mL) and added in MeOH (0.5 mL) to a solution of oxazine
10a (0.058 g, 0.154 mmol) and di�tert�butyl dicarbonate (0.033 mL,
0.154 mmol) in MeOH (2.0 mL). The mixture was hydrogenated
in an autoclave (65—75 °C, H2, p = 40 atm) for 4.5 h, filtered
through a short pad of Celite to remove the catalyst, and con�
centrated in vacuo. The residue was dissolved in DMSO (3.0 mL).
The resulting solution was gently refluxed under argon for
30 min. Then the solvent was removed in vacuo (100 °C, 1 Torr)
and the residue was chromatographed on silica gel with gradient
elution from hexane—EtOAc (10 : 1 → 5 : 1 → 3 : 1 → 1 : 1) to
EtOAc. The resulting oily product was recrystallized from Et2O.
The yield of the target compound 1 was 0.029 g (60%),
m.p. 139—141 °C (cf. Ref. 4: m.p. 118—120 °C), Rf 0.54
(EtOAc—MeOH, 3 : 1). Found (%): C, 68.39; H, 7.73; N, 8.67.
C18H24N2O3. Calculated (%): C, 68.33; H, 7.65; N, 8.85.
HRMS, m/z: 317.1866 [MH]+, calculated for [MH]+: 317.1860.
1H NMR (CDCl3), δ: 1.56—1.71 (m, 2 H, HC(19)); 1.79—1.94
(m, 6 H, H2C(18), HC(19)); 2.05 (dddd, 1 H, HC(4), J = 12.8 Hz,
J = 11.9 Hz, J = 10.1 Hz, J = 9.2 Hz); 2.38 (dddd, 1 H, HC(4),
J = 12.8 Hz, J = 10.1 Hz, J = 8.2 Hz, J = 4.6 Hz); 2.74 (ddd, 1 H,
HC(3), J = 11.0 Hz, J = 10.1 Hz, J = 9.2 Hz); 3.33 (dd, 1 H,
HC(1); J = 9.9 Hz, J = 9.9 Hz); 3.51 (dd, 1 H, HC(1), J = 9.9 Hz,
J = 7.7 Hz); 3.26—3.31 (m, 1 H) and 3.64—3.75 (m, 2 H) (HC(2),
H2C(5)); 3.82 (s, 3 H, H3C(16)); 4.76 (m, 1 H, HC(17)); 5.55
(br.s, 1 H, HN(8)); 6.72 (s, 1 H, HC(11)), 6.73 (d, 1 H, J = 7.3 Hz)
and 6.83 (d, 1 H, J = 7.3 Hz) (HC(14), HC(15)). 13C NMR
(CDCl3, JMOD), δ: 24.0, 32.7, 34.4, 41.3, 45.2 (C(1), C(4),
C(5), C(18), C(19)); 48.5, 56.2, 66.1 (C(2), C(3), C(16)); 80.6
(C(17)), 112.4, 114.7, 119.6 (C(11), C(14), C(15)); 131.7 (C(10));
147.9, 149.3 (C(12), C(13)); 165.8 (C(7)). The spectroscopic
characteristics are in full agreement with the literature data4 for
compound 1.

(7S*,7aR*)�7�(3�Cyclopentyloxy�4�methoxyphenyl)tetra�
hydro�1H�pyrrolo[1,2�c][1,3]oxazol�3�one (2). Raney nickel as
a 50% suspension in water (~1 mL) was washed with MeOH
(4×2 mL) and added, under a layer of MeOH (1.5 mL), to
a solution of tetrahydrooxazine 10b (0.15 g, 0.43 mmol) in MeOH
(2.5 mL). The mixture was hydrogenated in a steel autoclave
(24 °C, H2, p = 40 atm) for 6 h and filtered through a short pad of
Celite. The Celite filter was washed with MeOH (50 mL). The
filtrate was concentrated in vacuo. The residue (0.104 g) was
dissolved in CH2Cl2 (3.0 mL) and 1,1´�carbonyldiimidazole
(0.063 g, 0.39 mmol) was added with stirring under argon. The
reaction mixture was kept for 72 h and poured into the two�
phase system EtOAc (50 mL)—0.07 M aqueous HCl (20 mL).
The organic layer was washed with brine (2×15 mL), dried over
Na2SO4, and concentrated in vacuo. The product was isolated by
column chromatography with gradient elution in hexane—EtOAc
(2 : 1 → 1 : 1). The yield of the target compound 2 was 0.061 g
(45%), colorless oil. For analytical purposes, the product was
recrystallized from hexane—EtOAc (2 : 1), m.p. 99—101 °C
(cf. Ref. 4: m.p. 97—98 °C), Rf 0.37 (hexane—EtOAc, 1 : 1). HRMS,
m/z: 340.1517 [MNa]+, calculated for [MNa]+: 340.1519.
1H NMR (CDCl3, COSY), δ: 1.55—1.72 (m, 2 H) and 1.79—1.98
(m, 6 H) (H2C(18), H2C(19)); 2.15 (dddd, 1 H, HC(4), J = 12.7 Hz,
J = 11.7 Hz, J = 9.5 Hz, J = 8.8 Hz); 2.49 (dddd, 1 H, HC(4),
J = 12.7 Hz, J = 10.3 Hz, J = 8.1 Hz, J = 2.2 Hz); 2.79 (ddd, 1 H,
HC(3), J = 10.3 Hz, J = 9.5 Hz, J = 7.3 Hz); 3.48 (ddd, 1 H,
HC(5), J = 11.0 Hz, J = 9.5 Hz, J = 2.2 Hz); 3.74 (ddd, 1 H,
HC(5), J = 11.0 Hz, J = 8.8 Hz, J = 8.1 Hz); 3.82—3.88 (m, 1 H,
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HC(2)); 3.84 (s, 3 H, H3C(16)); 4.22 (dd, 1 H, HC(1), J = 9.5 Hz,
J = 2.9 Hz); 4.43 (dd, 1 H, HC(1), J = 9.5 Hz, J = 8.1 Hz);
4.73—4.81 (m, 1 H, HC(17)); 6.70—6.77 (m, 2 H) and 6.85 (d, 1 H,
J = 8.1 Hz) (HC(11), HC(14), HC(15)). 13C NMR (CDCl3,
HSQC), δ: 24.0 (C(19)); 32.8 (C(18)); 34.5 (C(4)); 45.8 (C(5));
49.2 (C(3)); 56.2 (C(16)); 65.8 (C(2)); 66.2 (C(1)); 80.7 (C(17));
112.5, 114.5, 119.4 (C(11), C(14), C(15)); 130.4 (C(10)); 148.1,
149.7 (C(12), C(13)); 161.7 (C(7)). The spectroscopic charac�
teristics are in full agreement with the literature data4 for com�
pound 2.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 11�03�00737�a),
the Council on Grants at the President of the Russian
Federation (State Support Program for Leading Scientific
Schools and Young Ph.D. Scientists of the Russian
Federation, Grant MK�1361.2011.3), and the Federal
Agency on Science and Innovations (State Contract
No. 02.740.11.0258).

References

1. (a) A. Yu. Sukhorukov, Y. D. Boyko, S. L. Ioffe, Yu. A.
Khomutova, Yu. V. Nelyubina, V. A. Tartakovsky, J. Org.
Chem., 2011, 76, 7893; (b) H.�T. Zhang, Curr. Pharm. Des.,
2009, 1688; (c) J. Cheng, J. P. Grande, Exp. Biol. Med.,
2007, 232, 38.

2. R. Horowski, Sastre�y�Hernandez, Curr. Ther. Res. Clin.
Exp., 1985, 38, 23.

3. M. Giembycz, Br. J. Clin. Pharmacol., 2006, 62, 138.
4. M. F. Brackeen, D. J. Cowan, J. A. Stafford, F. J. Schoenen,

J. M. Veal, P. L. Domanico, D. Rose, A. B. Strickland,
M. Verghese, P. L. Feldman, J. Med. Chem., 1995, 38, 4848.

5. E. E. Polymeropoulos, N. Hofgen, Quant. Struct.�Act. Relat.,
1997, 16, 231.

6. (a) A. Yu. Sukhorukov, S. L. Ioffe, Chem. Rev., 2011, 111,
5004; (b) S. L. Ioffe, in Nitrile Oxides, Nitrones, and Nitro�
nates in Organic Synthesis: Novel Strategies in Synthesis, 2nd
ed., Ed. H. Feuer, Wiley, Hoboken, 2008, p. 704; (c) A. Yu.
Sukhorukov, M. S. Klenov, P. E. Ivashkin, A. V. Lesiv, Y. A.
Khomutova, S. L. Ioffe, Synthesis, 2007, 97; (d) A. Yu.
Sukhorukov, A. V. Lesiv, Yu. A. Khomutova, S. L. Ioffe,
Synthesis, 2009, 741; (e) A. Yu. Sukhorukov, A. V. Lesiv,
O. L. Eliseev, Yu. A. Khomutova, S. L. Ioffe, A. O. Boris�
sova, Eur. J. Org. Chem., 2008, 4025; (f) A. Yu. Sukhorukov,
A. V. Lesiv, O. L. Eliseev, Yu. A. Khomutova, S. L. Ioffe,
Synthesis, 2009, 2570.

7. (a) M. S. Klenov, A. V. Lesiv, Yu. A. Khomutova, I. D.
Nesterov, S. L. Ioffe, Synthesis, 2004, 1159; (b) A. A. Tish�
kov, A. V. Lesiv, Yu. A. Khomutova, Yu. A. Strelenko, I. D.
Nesterov, M. Yu. Antipin, S. L. Ioffe, S. E. Denmark, J. Org.
Chem., 2003, 68, 9477.

8. S. E. Denmark, A. Thorarensen, Chem. Rev., 1996, 96, 137.
9. A. Yu. Sukhorukov, A. V. Lesiv, Yu. A. Khomutova, S. L.

Ioffe, V. A. Tartakovsky, Synthesis, 2009, 1999.
10. A. S. Cantrell, P. Engelhardt, M. Högberg, S. R. Jaskunas,

N. G. Johansson, C. L. Jordan, J. Kangasmetsä, M. D. Kin�
nick, P. Lind, J. M. Morin, Jr., M. A. Muesing, R. Noreén,
B. Oberg, P. Pranc, C. Sahlberg, R. J. Ternansky, R. T.
Vasileff, L. Vrang, S. J. West, H. Zhang, J. Med. Chem.,
1996, 39, 4261.

11. A. A. Tabolin, A. V. Lesiv, S. L. Ioffe, Synthesis, 2009, 3099.
12. D. Dunkan, T. Livinghouse, J. Org. Chem., 2001, 66, 5237.
13. H. E. Gottlieb, V. Kotlyar, A. Nudelman, J. Org. Chem.,

1997, 62, 7512.

Received June 9, 2011


	Synthesis of phosphodiesterase IVb inhibitors2.* Stereoselective synthesis ofhexahydro�3H�pyrrolo[1,2�c]imidazol�3�oneand tetrahydro�1H�pyrrolo[1,2�c][1,3]oxazol�3�one derivatives
	Abstract
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 610
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48689
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


