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The synthesis of thieno[4,3,2-de] tricyclic compounds is described. The N-1 alkylation of I produced the
alkanoic ester precursors. After hydrolysis, the corresponding carboxylic acids were cyclized to the title com-
pounds IL. This cyclization step was accomplished with 1:10 phosphorus pentoxide-methanesulfonic acid.
The ketones II were further modified to introduce additional functionality onto this novel tricyclic ring

system.

J. Heterocyclic Chem., 27, 1761 (1990).

We recently reported the synthesis and antihyperten-
sive activity of some thieno[3,4-d}-, thieno[3,2-d}-, and
thieno[2,3-d]pyrimidine-2,4-diones I (m = 2 or 3) [1}. In
this paper, we report our further synthetic efforts in
preparing the thieno[3,4-d]pyrimidine-2,4-dione moiety
and the conversion of this ring system to the novel
thienof4,3,2-de] tricyclic ring system IL.
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Chemistry.

The starting materials for the preparation of II (m = 2
or 3) were the thieno[3,4-d]pyrimidine-2,4-diones whose
syntheses have already been described [1]. The prepara-
tion of the tricyclic ring system II (m = 4) was envisioned
to use bromobutyl urea 1 which was prepared in toluene at
room temperature. In the course of preparing large
‘amounts of 1, it was found that when the reaction of
methyl 4-aminothiophene-3-carboxylate and 4-bromobutyl
isocyanate was carried out at 90° or higher [1] the urea 2
was isolated. The cyclization of 1 to 2 also occurred when
1 was dried in a vacuum oven at 55°. The structure of 2
was determined by 'H nmr wherein the urea NHCH, pro-
ton absorption was missing and a symmetrical pattern for
the methylene protons was observed.
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Since the intramolecular cyclization of 1 to 2 occurred
at temperatures required to convert ureas such as 1 to its
corresponding thieno[3,4-d]pyrimidine-2,4-dione {1], we
decided to investigate an alternate synthesis. This syn-
thesis did not use 1, but relied on the reaction of urethane
3 with known amine 4 [2] (Scheme I). A toluene solution of
trimethylaluminum and 4 [3] was treated with the
urethane 3. After briefly warming to reflux, the expected
amide urethane was not isolated, but the desired ring-
closed product 5 was obtained in a modest 20% yield. This
trimethylaluminum procedure afforded analytically pure 7
[1] in 36% yield when 3 was reacted with the
4{2-methoxyphenyl)-1-piperazineethanamine (6) [4].

Later, we reexamined the synthesis of 3 and found that
1 could be reacted with 142-methoxyphenyl)piperazine
hydrochloride, sodium bicarbonate, and sodium iodide in
2-propanol at reflux to produce 5 in 84% yield without
significant amounts of 2 detected. These same isopropanol
reaction conditions allowed the preparation of the penta-
methylene spaced thieno[3,4-d]pyrimidine-2,4-dione 8 in
91% yield.
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Scheme II shows the transformation of thienopyrimi-
dine-2,4-dione I to the tricyclic ring compounds II. The
reaction of I with an excess of methyl acrylate in
chloroform containing 0.5 to 1 equivalent of benzyltri-
methylammonium hydroxide (40% in methanol, Triton B)
produced IIla (n = 2) in 37 to 94 precent yield (Method
A). When a longer alkyl chain was required, the anion of I
(sodium hydride/DMF) was treated with a haloalkyl ester,
e.g. ethyl 4-bromobutyrate, to produce Illa (n = 3,
Method B) [5]. The esters IIla were then hydrolyzed to
their corresponding carboxylic acids IIIb using sodium
hydroxide in aqueous methanol (Method C). A summary of
the carboxylic esters and acids prepared by Methods A, B
and C is shown in Table 1. In a few cases (13, 15, 17, 23
and 37) the carboxylic acid sodium salt was isolated. The
phenyl ring R,-substituent was either hydrogen (16, 17),
methoxy (10, 11, 18, 19, 22, 23), methyl (12, 13), chlorine
(14, 15, 20, 21) or fluorine (24, 25) and the thiophene
substituent was either hydrogen or methyl (36, 37). The
(CH,),-spacer was also varied from m = 3-5 (26-31) and
Method B was used to prepare the ethyl pentanoate
derivative 34 (n = 4).

The intramolecular Friedel-Crafts cyclization of IIIb to
I1 was accomplished with phosphorus pentoxide/methane-
sulfonic acid (1:10) [6] (Scheme II). Table II shows the
tricyclic ketones prepared by this procedure (Method D).
In general, the intramolecular Friedel-Crafts cyclization
onto the activated a-position of the [3,4-dJthiophene ring
proceeded smoothly at ambient temperature in 2-16 hours
[7,8]). The crude products were isolated and purified using
silica gel chromatography. The data in Table II shows that
the yield (44-83%) of ketone II (n = 2) was not greatly af-
fected by the R-substituent on the thiophene ring (R = H
or CH;, compound 38 or 31) or by the R,-substituent on
the phenyl ring (R, = OCH,;, CH;, Cl, H, or F, compounds
38-45). Surprisingly, when the methylene chain length (r)
was varied from 2 to 3 or 4, the yield of II was not af-
fected, even though seven- and eight-membered rings were
formed (49 and S50, respectively).

Further elaboration of this novel tricyclic ring system is
shown in Scheme III. The ketone 38 was readily reduced
with sodium borohydride in ethanol to give alcohol 52
(Method E). This material could be either acetylated with
alkyl/aryl acid chlorides in the presence of 4-dimethyl-
aminopyridine to produce compounds 56-62 (Table II) or
dehydrated with methanesulfonyl chloride-triethylamine
to produce 55. The reaction of ketone 38 with either
hydroxylamine hydrochloride or O-methylhydroxylamine
hydrochloride in ethanol (Method H) produced the oximes
IV. The hydroxylamine hydrochloride reaction produced
the sand-like material 63 (IV, R”> = H) which was stirred
in 1:10 phosphorus pentoxide/methanesulfonic acid [6] to
afford lactam 68 in 18% yield. The isolation of this lactam

Vol. 27

and not its isomer 9 was evident by the 'H nmr
(deuteriochloroform) wherein the NH proton was a broad
triplet J = 4.5 Hz) at & 7.77. Similar alkyl vs aryl migra-
tion results in the Beckmann rearrangement has also been
observed by others [6,9] and may suggest that the oxime
63 exists with the OH-group anti to the alkyl chain [10].
Oximes 64-67 (Table II) were also prepared. Compound
IV (R” = CH,) was then reacted with diborane-THF in
refluxing THF to produce the amine 69 which was con-
verted to the amides 70 and 71.

;(” )

CH,o
O
9
Scheme I
o
CO,Me
s\' I N(CH)Br + HN N
NH, - HCI N/
o CH,O
1005 1) K;COy/CH3CN/reflux
2) hydrazine
CHCly/H,0/0H EtOHAeflux
CO,Me I\
s I H N(CH,),N N
NHCO,Et —
CHO
3 4
MejAltoluene
0°C 10 reflux
o
N~ (CHa)— N N
~(CHg—N. |
Sl A
M CH,0
5
Scheme II*
R o
. N— (CH )z N N—O
Method A — (CH,
. or S, /k s/ {
Method B N Yo R,
]
(CH,),COAR,
IMla R; = CH; or C;Hs
Method C
IIIb Ry=HorNa
Method D
R o
s N—(CHZ)—N _O
N
(Cé)n

1

3 See Experimental Section for Methods A-D Details.
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Many of the compounds in Table II (e.g. 38, 39, 45, 49,
52, 54, 55, 56, 58, 59, 68 and 69) were evaluated for blood
pressure lowering activity in the conscious spontaneously
hypertensive rat (SHR) and were found to reduce blood
pressure similar to that reported for I [1].

In summary, we have described a new synthesis of the
thieno[3,4-d]pyrimidine-2,4-dione ring system and the con-
version of these pyrimidinediones to the novel thieno[4,3,-
2-de] tricyclic ring system IL. The key step in this transfor-
mation was the intramolecular Friedel-Crafts cyclization
using 1:10 phosphorus pentoxide-methanesulfonic acid.
The ketone moiety of the new ring system was used to
prepared the alcohol 52, olefin 55, amine 69 and the
Beckmann ring-expanded product 68.

Scheme III*

o 2 5
NN N Method E g N
L L — A
N0 N0
CH;0
o HO
38 52
Meth:n/ /Mellmd G
o o
e W
s s,
o Ao
R'CO,
56-62
Mlthod H
38 [ForrR Hl
v Method J /ko Method K =
{For R* = CHj}
HN RCONH
69 70, 71

@ See Experimental Section for Methods E-K Details.

EXPERIMENTAL

Materials.

Melting points were taken on a Thomas-Hoover melting point
apparatus and are uncorrected. Infrared spectra were recorded
on a Perkin-Elmer 283 or 1430 instrument. Proton nmr spectra
were recorded on an EM 390 instrument with the chemical shifts
reported in 8 downfield from tetramethylsilane as internal stan-
dard. The signals are described as s (singlet), d (doublet), t
(triplet), m (multiplet) and br (broad). All spectra were in agree-
ment with the structures cited. The elemental analyses were run
on a Perkin-Elmer 240C or 2400 instruments. Standard flash col-
umn techniques [12] were employed to purify crude reaction mix-
tures using 230-400 mesh E. Merck silica gel under positive
nitrogen pressure.

Novel Thieno[4,3,2-de] Tricyclic Ring Systems 1767

The preparation of the thieno[3,4-d]pyrimidine-2,4-diones used
in this study has been described earlier [1]. The new compounds
(1,3,5 and 8) and the synthetic Methods A-K (Schemes II and III)
are described below.

N{4-Bromobutyl} N’ -(4-methoxycarbonylthien-3-yl)uréa @.

Methyl 4-aminothiophene-3-carboxylate [13] (4.2 g, 26.8
mmoles) in 50 ml of toluene at room temperature was treated
with 4-bromobutylisocyanate (5.3 g, 29.4 mmoles). After the reac-
tion had stirred at room temperature for 16 hours, the mixture
was cooled in an ice bath and the solid was isolated to yield 5.43 g
(16.2 mmoles, 60%) of 1. A portion of this material was filtered
through silica gel and then recrystallized from dichloromethane/-
ether/hexane to afford 1 as a tan solid, mp 108-109°; 'H nmr
(deuteriochloroform): 6 1.53-2.17 (m, 4H, methylene), 3.17-3.4 (m,
2H, NHCH,), 3.4 (t, ] = 6 Hz, 2H, CH,Br), 3.87 (s, 3H, OCH,),
4.6-4.93 (m, 1H, NHCH,), 7.7 (d, ] = 3 Hz, 1H, thiophene), 8.0 (d,
J = 3 Hz, 1H, thiophene), 9.13 (s, 1H, NHCO); ir (potassium
bromide): 3330, 1710, 1650, 1565, 1540, 1445, 1260, 1230, 1075,
780 cm"*.

Anal. Caled. for C,;H,sBrN,0,S: C, 39.41; H, 4.51; N, 8.36; S,
9.56. Found: C, 39.73; H, 4.52; N, 8.40; S, 9.64.

Ethyl (4-Methoxycarbonyl)thiophene-3-carbamate (3).

Methyl 4-aminothiophene-3-carboxylate hydrochloride [13] (10
g, 51.8 mmoles) in 100 ml of dichloromethane containing 5.6 ml
(57 mmoles) of ethyl chloroformate at 0° was slowly treated with
57 ml of 2 N sodium hydroxide. After the addition had been com-
pleted, the mixture was allowed to warm to room temperature
and rapidly stirred for two hours. The aqueous layer was ex-
tracted with dichloromethane and the combined organic layers
were dried over magnesium sulfate. Solvent removal produced an
oily material. This material was purified by filtration through
silica gel using 1-5% ethyl acetate in hexane to afford 10 g (84%)
of 3 as a light yellow oil which slowly crystallized. A portion of
this material was recrystallized from hexane to produce 3 as a
white solid, mp 51.5-53°; 'H nmr (deuteriochloroform): 6 1.3 (t,J
= 6 Hz, 3H, OCH,CH,), 3.87 (s, 3H, OCH,), 4.17 (g, ] = 6 Hz,
2H, OCH,CH,), 7.6 (d, ] = 3 Hz, 1H, thiophene), 8.0(d, ] = 3 Hz,
1H, thiophene), 9.23 (br s, 1H, NH); ir (potassium bromide): 3370,
1735, 1705, 1550, 1270, 1055, 785 cm™".

Anal. Caled. for C,H,,NO,S: C, 47.15; H, 4.84; N, 6.11; S,
13.99. Found: C, 47.20; H, 4.73; N, 5.96; S, 13.98.

3-[4-[4<(2-Methoxyphenyl)piperazin-1-yl]butyljthieno[3,4-dJpyrimi-
dine-2,4-dione (3).

Procedure A.

To ice-cold toluene (120 ml) under nitrogen was added 12 ml
(24 mmoles) of a 2 M trimethylaluminum/toluene solution follow-
ed by 4.35 g (24 mmoles) of 4{(2-methoxyphenyl)piperazin-1-yl}-
butanamine (4) [2]. After stirring for 10 minutes, a toluene solu-
tion of 3 (4.61 g, 20 mmoles) was added and the solution was
warmed to reflux for 8 hours. The solution was then quenched
with glacial acetic acid and enough concentrated ammonium
hydroxide was added to produce two phases. After the aqueous
phase had been extracted with dichloromethane the combined
organic layers were washed with brine and dried (magnesium
sulfate). Solvent removal produced a residue which was purified
by flash silica gel chromatography using 2-4% methanol in
dichloromethane and finally 0.5% ammonium hydroxide/4.5%
methanol in dichloromethane. The thienopyrimidine-2,4-dione 5
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was obtained as a creamed-colored solid in 20% yield (1.63 g)
after recrystallization from chloroform/hexane, mp 162-163.5°;
'H nmr (deuteriochloroform/DMSO-d;): 6 1.6 (m, 4H, methylene),
2.3-2.65 (br m, 6H, methylene), 3.03 (m, 4H, methylene), 3.83 (s,
3H, OCH,), 3.93 (br t, J] = 6 Hz, 2H, methylene), 6.67 (d, ] = 3
Hg, 1H, thiophene), 6.9 (s, 4H, phenyl), 8.13 (d, ] = 3 Hz, 1H,
thiophene), 11.0 (s, 1H, NH); ir (potassium bromide): 2940, 1705,
1665, 1495, 1240, 755, 745 cm™?.

Anal. Caled. for C;,;H,sN,O;S: C, 60.84; H, 6.32; N, 13.52.
Found: C, 60.99; H, 6.29; N, 13.40.

Procedure B.

A mixture of 1 (1.66 g, 5 mmoles), 142-methoxyphenyl)piper-
azine hydrochloride (3.43 g, 15 mmoles), sodium bicarbonate
(1.85 g, 22 mmoles) and sodium iodide (0.466 g, 3 mmoles) in 10
ml of 2-propanol was heated at reflux for 16 hours. Water was
added to the cooled brown mixture and the 2-propancl was
removed by distillation under vacuum. The aqueous mixture was
extracted with chloroform (3x) and the combined chloroform ex-
tracts were washed with brine and dried (magnesium sulfate).
After solvent removal, the residue was dissolved in 10 ml of

methanol and treated with 0.37 ml of 50% sodium hydroxide.
This solution was refluxed for 45 minutes, cooled and then
acidified to pH 6 with 2 N hydrochloric acid. The methanol was
removed by distillation under vacuum and the aqueous mixture
was extracted with chloroform. These combined chloroform ex-
tracts were washed with brine and dried (magnesium sulfate). Sol-
vent removal produced an oily residue which was purified by
flash silica gel chromatography using dichioromethane/meth-
anol/ammonium hydroxide (95/4.5/0.5). There was obtained 1.84
g(84%) of 5 as a yellow-brown solid which was identical with that
obtained in Procedure A.

3-[4-[5-(2-Methoxyphenyl)piperazin-1-yl]pentyl]thieno[3,4-d]-
pyrimidine-2,4-dione (8).

The starting N{5-bromopentyl}N’{4-methoxycarbonylthien-3-
ylurea was prepared in a similar fashion as 1 in 98% yield. A
portion of this material was recrystallized from dichloro-
methane/ether/hexane to afford the urea as a white solid, mp
9293.5°; 'H nmr (deuteriochloroform): & 1.4-2.1 (m, 6H,
methylene), 3.15-3.5 (m, 4H, methylene), 3.8 (s, 3H, OCH,), 4.6-4.8
(m, 1H, CH,NH), 7.68(d, ] = 3.5 Hz, 1H, thiophene), 7.98(d, ] =
3.5 Hz, 1H, thiophene), 9.13 (s, 1H, NHCO); ir (potassium
bromide): 3320, 1700, 1540, 1450, 1230, 1080, 780 cm"'.

Anal. Caled. for C;,H,,BrN,0,S: C, 41.26; H, 4.91; N, 8.02.
Found: C, 41.52; H, 4.94; N, 7.98.

The thienopyrimidine-2,4-dione 8 was prepared in 91% (10.8
g) yield by Procedure B starting with 8.0 g (23 mmoles) of
N{5-bromopentyl)}-N'{4-methoxycarbonylthien-3-ylJurea. A por-
tion of this material was recrystallized from dichloromethane/-
ether to afford 8 as a tan solid, mp 148-153°; 'H nmr (deuterio-
chloroform): § 1.3-1.8 (m, 6H, methylene), 2.5-2.7 (m, 6H,
methylene), 2.9-3.2 (m, 4H, methylene), 3.8 (s, 3H, OCH,), 3.97 (1,
J = 6 Hz, 2H, CONCH,), 6.6 (d, ] = 3 Hz, 1H, thiophene), 6.7-6.9
(m, 4H, phenyl), 8.2 (d, ] = 3 Hz, thiophene), 9.3-9.8 (br s, 1H,
NH); ir (potassium bromide): 2950, 1720, 1650, 1510, 1250, 760
cm™'.

Anal. Caled. for C,,H,;sN,0,S: C, 61.66; H, 6.59; N, 13.08.
Found: C, 61.41; H, 6.61; N, 13.21.
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Method A. General Procedure for the Preparation of Propano-
ates I1la (Table I, n = 2).

A chloroform solution of 3{2{4{2-methoxyphenyl)piperazin-
L-yllethyl]thieno[3,4-d]pyrimidine-2,4-dione (7) [1] (20 g, 51.6
mmoles) was mixed with 0.5 equivalent of benzyltrimethyl-
ammonium hydroxide (40% in methanol, Triton B) and methyl
acrylate (44.56 g, 0.516 mole) at reflux for one hour. Another 0.5
equivalent of Triton B was added and the solution was refluxed
for an additional hour. After the solvents had been carefully
removed by vacuum distillation, the dark residue was purified by
flash silica gel chromatography using dichloromethane and then
1% methanol in dichloromethane. There was obtained 18.43 g
(75%) of methyl 3{3{2{4{2-methoxyphenyl)piperazin-1-yllethyl}
2,4-dioxothieno[3,4-d]pyrimdin-1-yljpropanoate (10) which was
recrystallized from ether to afford a white solid, mp 140-140.5°;
'H nmr (deuteriochloroform): § 2.6-2.93 (m, 6H, methylene),
3.0-3.2 (m, 4H, methylene), 3.67 (s, 3H, OCH,), 3.83 (s, 3H,
CO.CH;), 4.03-4.33 (m, 4H, CONCH,), 6.73 (d, ] = 3 Hz, 1H,
thiophene), 6.83-7.0 (m, 4H, phenyl), 8.25 (d, ] = 3 Hz, 1H, thio-
phene); ir (potassium bromide): 2820, 1725, 1700, 1655, 1580,
1500, 1435, 1310, 1235, 1215, 760 cm'.

Method B. General Procedure for the Preparation of Alkanoates
IIla (Table I, n > 2).

An ice-cold DMF (20 ml) solution of 7 (1.0 g, 2.6 mmoles) was
treated with 60% sodium hydride (0.155 g, 3.9 mmoles) under
nitrogen. After stirring at room temperature for 30 minutes, the
solution was quenched with ethyl 4-bromobutyrate (95%) (0.757
g, 3.6 mmoles) and stirred at room temperature for 16 hours. The
reaction was poured into ice water and extracted with dichloro-
methane. The extracts were washed with brine and dried over
magnesium sulfate. Solvent removal produced the crude product
which was crystallized from ether to give ethyl 4-{2-{442-methoxy-
phenyl)piperazin-1-ylJethyl}-2,4-dioxothieno[3,4-d]pyrimidin-1-yl}-
butanoate (32) as a white solid (0.85 g, 65%), mp 108-109.5°; 'H
nmr (deuteriochloroform): § 1.25 (t, J = 7.5 Hz, 3H, OCH,CH),
1.93-2.23 (m, 2H, methylene), 2.45 (t,J] = 7.5 Hz, 2H, CH,CO,E),
2.57-2.9 (m, 6H, methylene), 2.97-3.2 (m, 4H, methylene), 3.8 (s,
3H, OCH,), 3.9-4.25 (m, 6H, CONCH, and OCH,CH,), 6.83-7.0
(m, 5H, thiophene and phenyl), 8.23 (d, J = 3 Hz, 1H, thiophene),
ir (potassium bromide): 2820, 1730, 1700, 1660, 1585, 1500, 1245,
750 em™'.

Method C. General Procedure for the Preparation of Alkanoic
Acids ITIb (Table I, n = 2, 3 or 4).

The ester 10 (3.08 g, 6.52 mmoles) was suspended in methanol
(5 ml) and water (5 ml) and treated with 0.568 g (7.1 mmoles) of
50% sodium hydroxide. The mixture was heated to dissolve the
ester and after two hours the hydrolysis was complete. Water was
added and the pH of the solution was adjusted to 6-7 with 2 N
hydrochloric acid. This aqueous solution was extracted with di-
chloromethane and the combined extracts were washed with
brine and dried (sodium sulfate). Solvent removal produced a
light yellow foam which was crystallized from hot ethanol to pro-
duce 0.857 g (28%) of 3{3{2{4{2-methoxyphenyl)piperazin-1-yl}-
ethyl}-2,4-dioxothienof3,4-d]pyrimidin-1-yl]propanoic acid (11) as
a white solid, mp 186-187.5%; 'H nmr (deuteriochloroform): &
2.5-2.87 (m, 6H, methylene), 2.93-3.2 (m, 4H, methylene), 3.83 (s,
3H, OCH;), 4.03-4.33 (m, 4H, CONCH,), 6.77-7.0 (m, 5H, thio-
phene and phenyl), 8.23 (d, ] = 3 Hz, 1H, thiopene), 8.3 (br s, 1H,
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CO,H); ir (potassium bromide): 3070, 2830, 1700, 1660, 1580,
1495, 1320, 1235, 1020, 770, 745 cm™'.

Method D. General Procedure for the Preparation of Ketones I1
(Table II, X = CO).

The acid 11 (7.76 g, 17 mmoles) was vigorously stirred in 330 g
of 1:10 phosphorus pentoxide-methanesulfonic acid [6] at room
temperature under nitrogen for 2 hours. After this red solution
had been carefully poured into ice water, the pH of the solution
was then carefully adjusted to 8 with concentrated ammonium
hydroxide at 40-45°. The solid was isolated and purified by flash
silica gel chromatography using 1% methanol in dichloroe-
methane. The material obtained from the column was triturated
with ether to produce 4.58 g (61%) of 3,4,5,7,8,9-hexahydro-4-2-
{4<2-methoxyphenyl)piperazin-1-yljethyl]thieno[4,3,2-de]pyrido-
[1,2-c]pyrimidine-3,5,9-trione (38) as a yellow crystalline solid, mp
158-160°; 'H nmr (deuteriochloroform): & 2.53-2.9 (m, 8H,
methylene), 2.9-3.2 (m, 4H, methylene), 3.83 (s, 3H, OCHs),
4.07-4.43 (m, 4H, CONCH,), 6.93 (s, 4H, phenyl), 8.55 (s, 1H,
thiophene); ir (potassium bromide): 2820, 1710, 1670, 1580, 1495,
1380, 1300, 1235, 1180, 750 cm*.

Method E. General Procedure for the Preparation of Alcohols
52-54 (Table II, X = HOCH).

The ketone 38 (2.71 g, 6.15 mmoles) in absolute ethanol was
treated with sodium borohydride (0.233 g, 6.15 mmoles) under
nitrogen. After stirring at room temperature for 3 days, water was
added and the ethanol was removed by distillation. The pH of
aqueous solution was adjusted to 12 with 2 N sodium hydroxide
and then the aqueous solution was extracted with dichloro-
methane. The combined extracts were washed with brine and
dried (magnesium sulfate). Solvent removal produced a residue
which was crystallized from chloroform/ethanol/ether to afford
1.58 g (58%) of 3,4,5,7,8,9-hexahydro-9-hydroxy-4-[2{4+2-
methoxyphenyl)piperazin-1-yllethyl]thieno[4,3,2-delpyrido[1,2-c}-
pyrimidine-3,5-dione (52) as a light yellow solid, mp 210-211.5°;
'H nmr (DMSO-de): 6 1.97-2.27 (m, 2H, methylene), 2.4-2.8 (m,
6H, methylene), 2.8-3.1 (m, 4H, methylene), 3.8 (s, 3H, OCH,),
3.85-4.2 (m, 4H, CONCH,), 4.8-5.0 (m, 1H, CHOH), 5.6 (d,] = 6
Hz, 1H, OH), 6.9 (s, 4H, phenyl), 8.23 (s, 1H, thiophene); ir
(potassium bromide): 3070, 2800, 1695, 1645, 1595, 1490, 1230,
745 cm™.

Method F. General Procedure for the Preparation of Esters
56-62.

The alcohol 52 (2.0 g, 4.5 mmoles) was suspended in ice-cold
dichloromethane and treated with 1.5 equivalents of
4-dimethylaminopyridine (DMAP) and acetyl chloride (0.390 g,
4,97 mmoles). After this mixture had been stirred at reflux for 16
hours, the golden-brown solution was washed with water and
brine and dried (magnesium sulfate). Solvent removal produced a
residue which was purified by flash silica gel chromatography us-
ing 2% methanol in dichloromethane. There was obtained 1.13 g
(52%) of 9-acetyloxy-3,4,5,7,8,9-hexahydro-4-[2-[4-(2-methoxy-
phenyl)piperazin-1-yl]ethyl]thieno[4,3,2-de]pyrido{1,2-c]pyrimi-
dine-3,5-dione (56) as a yellow solid after recrystallization from
ether, mp 120-122°; 'H nmr (deuteriochloroform): 6 1.87-2.17 (m,
1H, methylene), 2.07 (s, 3H, COCH,), 2.23-243 (m, 1H,
methylene), 2.57-29 (m, 6H, methylene), 2.9-3.2 (m, 4H,
methylene), 3.5-3.83 (m, 1H, methylene), 3.85 (s, 3H, OCH,), 4.2 (t,
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J = 7.5 Hz, 2H, CONCH,), 45 (t d, ] = 13.5, 3 Hz, 1H,
methylene), 5.87 (1, ] = 3 Hz, 1H, CHOAC), 6.93 (s, 4H, phenyl),
8.2 (s, 1H, thiophene); ir (potassium bromide): 3070, 2810, 1725,
1700, 1645, 1590, 1235, 1200, 1015, 745 cm-!.

Method G. Procedure for the Preparation of 3,4,5,7-Tetrahydro-
4-[2-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl]thieno[4,3,2-de]-
pyrido[1,2-clpyrimidine-3,5-dione (55).

The alcohol 52 (2.72 g, 6.1 mmoles) was suspended in ice-cold
dichloromethane and was treated with methanesulfonyl chloride
(0.774 g, 6.8 mmoles) followed by one equivalent of triethylamine.
After refluxing for 16 hours, the reaction was quenched with
water and the organic layer was washed with saturated sodium
bicarbonate solution and brine and dried (magnesium sulfate).
Solvent removal produced a residue which was purified by flash
silica gel chromatography using 2% methanol in dichloro-
methane. There was obtained 1.3 g (50%) of 55 as a yellow solid
after recrystallization from dichloromethane/ether, mp 180-181°;
'H nmr (deuteriochloroform): 6 2.53-2.9 (m, 6H, methylene),
2.9-3.17 (m, 4H, methylene), 3.83 (s, 3H, OCH,), 4.17 (t,] = 7.5
Hz, 2H, CONCH,), 5.67 (t d, J = 10.5, 4 Hz, 1H, olefin), 6.37 (t d,
J = 10.5, 1.5 Hz, 1H, olefin), 6.77-7.0 (m, 4H, phenyl), 7.83 (s, 1H,
thiophene); ir (potassium bromide): 3080, 2810, 1705, 1655, 1580,
1495, 1235, 755 cm™'.

Method H. General Procedure for the Preparation of Oximes IV.

The ketone 38 (7.0 g, 15.9 mmoles), was mixed with O-methyl-
hydroxylamine hydrochloride (2.66 g, 31.8 mmoles) and sodium
acetate (2.6 g, 31.8 mmoles) in absolute ethanol (160 ml). After
this mixture has been refluxed for 16 hours under nitrogen, the
solvent was removed by distillation and aqueous sodium bicar-
bonate was added. The aqueous solution was extracted with
dichloromethane and the combined extracts were washed with
brine and dried (sodium sulfate). Solvent removal produced 8.4 g
of yellow solid which was crystallized from dichloromethane/-
ether/hexane to give 5.5 g (74%) of 3,4,5,7,8,9-hexahydro-9-
methoxyimino-4-[2-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl}-
thieno[4,3,2-de]pyridof1,2-clpyrimidine-3,5-dione (64) as a yellow
solid, mp 165-168°; 'H nmr (deuteriochloroform): 6 2.6-2.93 (m,
6H, methylene), 2.93-3.17 (m, 4H, methylene), 3.83 (s, 3H, OCH,),
3.93-4.17 (m, 4H, CONCH,), 4.03 (s, 3H, NOCH3,), 6.8-6.97 (m, 4H,
phenyl), 8.27 (s, 1H, thiophene); ir (potassium bromide): 3090,
2820, 1700, 1665, 1580, 1500, 1310, 1240, 1030, 750, 740 cm"*.

Method 1. Procedure for the Preparation of 3,4,5,7,9,10-Hexa-
hydro-4-{2-[4-(2-methoxyphenyl)piperazin-1-yllethyl] 9 H-thieno-
[4,3,2-de]pyrimidofl,2-a)1,4]diazepine-3,5,10-trione (68).

The ketone 38 (2.5 g, 5.7 mmoles) was mixed with hydroxyl-
amine hydrochloride (0.79 g, 11.35 mmoles) and sodium acetate
(0.93 g, 11.35 mmoles) in absolute ethanol. After this mixture had
been refluxed for 16 hours under nitrogen, water was added and
the ethanol was removed by distillation. The crude oxime 63
(2.21 g, 86%) was isolated as an off-white solid. This crude
material was dissolved in 66 g of 1:10 phosphorus pentoxide-
methanesulfonic acid and warmed to 100° for 2 hours. After this
red solution had been carefully poured into ice-water, the pH of
the solution was adjusted to 8 with concentrated ammonium
hydroxide at 40-45°. The solid was isolated and purified by flash
silica gel chromatography using 1-4% methanol in dichloro-
methane. The material obtained from the column was recry-
stallized from dichloromethane/ether to produce 68 (0.472 g,
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18%) as a yellow solid, mp 197-199°; 'H nmr (deuteriochloro-
form): 6 2.57-2.9 (m, 6H, methylene), 2.9-3.2 (m, 4H, methylene),
3.5-3.77 (m, 2H, CONHCH,), 3.87 (s, 3H, OCH,), 42 (t,J = 7.5
Hz, 4H, CONCH,), 6.8-7.0 (m, 4H, phenyl), 7.77 (br t, ] = 4.5 Hz,
1H, CONH), 8.5 (s, 1H, thiophene); ir (potassium bromide): 3260,
3170, 3060, 1700, 1655, 1630, 1565, 1490, 1315, 1230, 765 cm™".

Method J. Procedure for the Preparation of 9-Amino-3,4,5,7,8,9-
hexahydro-4-[2{4-(2-methoxyphenyl)piperazin-1-yljethyl]thieno-
[4,3,2-delpyrido[1,2-c]pyrimidine-3,5-dione (69).

The oxime 64 (1.4 g, 2.99 mmoles) was slurried in ice-cold THF
(20 m!) under nitrogen and treated with 1M diborane-THF (12
ml). After refluxing the solution for two hours, the reaction was
carefully quenched with 2 N hydrochloric acid and the THF was
removed by distillation. The resulting acidic residue was warmed
on a steambath for 15-20 minutes, cooled and then treated with 2
N sodium hydroxide until a pH of 10 was obtained. The aqueous
solution was extracted with dichloromethane and the combined
extracts were washed with brine and dried (sodium sulfate). Sol-
vent removal produced 1.3 g (98%) of 69 which was crystallized
from dichloromethane/ether to afford a beige solid, mp 152-155°;
'H nmr (deuteriochloroform): 8 1.68 (s, 2H, NH,), 1.8-2.5 (m, 2H,
methylene), 2.55-2.9 (m, 6H, methylene), 2.93-3.17 (m, 4H,
methylene), 3.87 (s, 3H, OCH,), 3.87-4.3 (m, 5H, CONCH,; and
NH,CH), 6.77-7.0 (m, 4H, phenyl), 8.03 (s, 1H, thiophene); ir
(potassium bromide) 2820, 1700, 1643, 1600, 1495, 1240, 755, 745

cm™.

Method K. General Procedure for the Preparation of Amides 70
and 71.

An ice-cold dichloromethane (20 ml) solution of 69 (0.883 g, 2
mmoles) was sequentially treated with triethylamine (0.31 ml, 2.2
mmoles), DMAP (61 mg, 0.5 mmoles), and a 3 ml dichloro-
methane solution of acetyl chloride (0.16 ml, 2.2 mmoles) under
nitrogen. The resulting solution was allowed to warm to room
temperature and then quenched with water. The organic layer
was removed and dried (magnesium sulfate). Solvent removal
produced 1.1 g of light yellow foam which was crystallized from
dichloromethanelether to give 0.65 g (67%) of 9-acetylamino-
3,4,5,-7,8,9-hexahydro-4-[2{4-(2-methoxyphenyl)piperazin-1-yl}-
ethyl)thieno[4,3,2-de]pyrido[1,2-clpyrimidine-3,5-dione (70), mp
193.5-196.5°; 'H nmr (deuteriochloroform): & 2.03 (s, 3H,
CH,CON), 2.1-245 (m, 2H, methylene), 2.53-2.87 (m, 6H,
methylene), 2.9-3.15 (m, 4H, methylene), 3.83 (s, 3H, OCH.,),
4.0-4.23 (m, 4H, CONCH,), 5.13-5.33 (m, 1H, AcNHCH), 6.07 (d, ]
= 7.5 Hz, 1H, AcNH), 6.77-7.0 (m, 4H, phenyl), 7.97 (s, 1H, thio-
phene); ir (potassium bromide): 3280, 2820, 1700, 1650, 1600,
1599, 1285, 1240, 750 cm™'.
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