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Abstract — 4-0xo-4ﬂ.10ﬂ-pyrimido[1.z-glazepins-S-carboxylate
(3} was prepared from 2-amino-3H-azepine (i) and diethyl
ethoxymethylenemalonate (5). The compound (3) was transformed
into the isomeric 4ﬂ,ﬁﬂ-pyrimido[l.z-g]azapine-S-carboxylate
(8) by proton migration, in a symmetry-allowed [1,5]-sigmatru-
pic shift. The isomers (§) and (8) were characterized by their
uv, IR, Iy nmr and 3¢ nmr spectra. From the ester (3) the
3-carboxylic acid (2), the amide (1l0) and the hydrazide (5})
were prepared.
Of the nitrogen bridgehead compounds, pyrido[l.z-g]pyrimidines are remarkable
because of their analgetic, antiinflemmatory, antiatherogenic and antiasthmatic

activitiasz'3

« Above all, the 6-methyl-substituted pyridopyrimidine derivatives
excel with their favourable biclogical propsrties4. However, the pharmacological
activities can often not be utilized, as the 6-methyl substituent causes insta-
bility of the ring systams. This is the case, for instance, with the analgetic4a
ethyl S—methy1-4-oxo-4§-pyrido[l,Z-Eprrimidina-3-carboxylates. which easily

suffers ring opening and gives rise to toxic 2-amino-6-methylpyridine deriva-
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The pyrimido[l.z-g]azepine-3-carboxylatea (a) were recently reported to exhibit
‘analgatic activitya. In 8 search for new snalogues which contain an unéaturated
A ring and are 8till not inclined to ring cpening, it seemed attractive to us
to extand our studies to 4&,IOE-pyrimido[l,z-g]azepine derivatives of type (3).
The pyrido[l,z-g]azepiqs {3) is a ring homologue of the pyrido[l.z-glpyrimidine
{1), but it can also be considered as an isomer of Bumethyl substituted (l).
In the synthesis of compound (3) we started from 2-amino-3H-azepine (&)lo and
diethyl ethoxymethylenemalonate (EMME) (5}.
In view of earlier results relating to the reaction of EMME with 2-amino-4,5,6,7
tetrahydro-3H-azepine, and coneidering the presence of two reactive nitrogen
atoms in the unsaturated semicyclic amidine (4), we expacted the formaticn of

the isomeric 4-oxo- and 2-oxopyrimido[1.z-g]azepinas. (a) and (7), respectively,
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Scheme 1
The reaction of the amidine (4) and EMME (a) was achieved in refluxing butanol.

The condensatign proceeded st ambient temperature, but cyeclization required
thermal activation. As indicated by TLC, cyclization wes accomplished within 1 h
and gave rise to two products. After evaporation of the butanolic solution in
vacuo, the residue was crystallized from a mixture of diethyl ether and ligroin.
The product with the higher Rf value (~0.6) was obtained as pure material, (3)
{mp 92-94 °c). in a yield of 50%, whereas that with the lower Rf value (»0.45)
accumulated in the mother liquor and wes cbtained as crystals after separation
by preparative HPLC, (B) (mp lO2-104 °C). This difference between the mps of

the products (10 %c) was too small for the expected ‘isomeric 2-oxo (Z) and 4-oxo
(i) compounds . In the previcusly investigated11 6,7,8,9-tetrahydro series, the

tetrahydro derivative of (Z) hed a mp 70 °¢ higher than that of (2). Spectral,
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Scheme 2. Spectral data on ethyl pyrimido[1,2-21azepina-}-carboxylatss {3) and
(8).
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H-2.
Coupling constants (Hz) 96'7= 9.3; 26,7“ 6.6; 27,8= 9.8; ga.9= 3.2;
- ) \ - 4 5 , -
27,87 497 dg g= 9-3i g 107 6.6 27,9% 27 ,10%1:0¢ "3g 10° 2.8-
4 e

and 3, g»0.5.

13C NMR gC,H coupling constants (Hz)

1 3

=C.H =2.H-2 26 ,H-6 27 ,H-7 28,H-8 29 ,H-9 210,H-10
(3) 183.1 188.6 161.7. 168.0 168 .6 134,0
(8) 183.1 143 .4 164.6 167 .2 161.1 168.5

2 x x .

e L3 ,H-2 26 ,H-7 27 H-6 27 ,H-8 310, ,H-9
(3) 4.3 6.1 3.6 2.4 8.5
(8) 4.9 8.5

3

2 H 24,u-2 24,48 26,H-8 2Z7,H-9 210.H-8 Zcoo,H-2 2coo,c:H2
(3) 7.3 1.8 6.1 9.8 8.5 3.1 3.1

25 ,H-7 210,H-8

(8) 7.9 3.0 8.5 10.4 7.3 3.1 3.1

. may be reversed

and primarily lH NMR characteristics, supported our assumption that the product

melting at 92-94 °C was tha expected 4H,10H-pyrimido[1l,2-alazepine (3), while
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that melting at 102-104 °C was the 48.6d-pyrimido[ 1,2-a)azeptne (g).

Hydrogenation experiments confirmed that the two structures differ only in the
position of the CH2 group, for on catalytic hydrogenation over Pd/C a 2:1 mix-
ture of compounds (3} and (8) gave one, chromatographically pure product, which
was ldentified as the azepinopyrimidine (3)11.

Assignment of the 1H NMR spectra to the individual isomers was based mainly on
the chemical shifts of the protons at positions 6 and 10. Due to the anisoctropic

effect of the neighbouring C(4)=0 group12

, the G-CH2 protons of compound (a)
suffer a downfield shift and appear at $=4.43 ppm (d); the chemical shift of the
10-CH, protons of compound {3) is £=3.29 ppm (d). On the other hand, the 6-CH
proton of (3} appears at lower field, §=7.,59 ppm {dd), then the lO-CH proton of
8, {26 ,95-6.96 ppm {(m). The doublet of the CH, signals in the two isomers points
to rapid conformational movements of the A rings, causing averaging of the
signals of the guasi-axial and quasi-equatorial protons.

The 13

C NMR spectra provided further evidence for structures (a) and (8} . As-

signment of the signals was solved by a series of single~frequency off-rescnance
decouplings. The chemical shifts of the carbon atoms, and the coupling constants
e

Hz in the spectrum of 3. due to the affect

K+ are shown is Scheme 2. The high value of the coupling constant 1QGCH=1BE.6
13 of the electronegative neighbouring
atom, N(5), is further evidence in favour of structure (3). Because of similar
reason the CH2 group of compound (8) has a lQC'H coupling constant 9.4 Hz higher
than that of compound (3}.

Characteristic differences are to be found between the UV and IR spectra of com=-
pounds (3) aend (8). Although conjugation occurs in both structures, over the
double bonds of the pyrimidone and the A rings, this interaction is more fawvour-
able in structure (8)., through the C=N double bond, than in structure (3},
through the N{5) atom. This is shown by the UV spectra, where there is a differ-
ence of 15 nm between the longest wavelength absorption maxima [325 nm in (3}
and 340 nm in (g)]. The stretching vibraticnal band of the ester carbonyl ap-
pears at a higher frequency (1752 cm-l) for (a) than for (g) (1736 cm-l). which
is also related with the more extended conjugation in (8).

The 4H.6H-pyrimidoazepine (8) arises from the primarily formed 4H,lOH-pyrimido-
azepine (3) by means of proton migration, in a symmetry-allowed [l.S]-sigmatro-
pic ahift14. As indicated by TLC, compound (3), on heating in butanol, is gradu-

ally transformed into compound (8). The butanclic solution was evaporated in
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vacuo at room temperature, and the ratic of the isomers (3) and (8) was measurad
by 1H NMR in CDC13. From the intengities in the‘lH NMR spectra, the isomer ratio
was 67:33 after 12 h, 45:55 after 30 h and 40:60 after 60 h of heating. Addition
of guinoline as an acid scavenger or addition of hydroquinone as a radical scav-
enger or degassing (in the presence or absence of oxygen) did not change the

yield. The driving force of the proton migration is the more extended conjuga-

tion in isomer (8).

~N | [15] sigmatropic shift
\"J\cooa a

0
2

—

8

The ester (3) can easily be converted by alkaline hydrolysis into the carboxylic
acid (9}, by treatment with ammonium hydroxide into the 3-carboxemide (10). and
by reaction with hydrazine hydrate into the 3-carbohydrazide (11) (see Scheme 3}.
In the course of these transformations the bicycle proved stable, ring opening

not being observed.

1. 10 % NoOH
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Scheme 3

The pyrimido[l.Z-E]azepine-B-carboxylate (a) exhibited significant snalgetic ac-
tivity in the rat hot-plate test (div EDgn~ 45 mg/kg)}, but this increased activi-

15
ty was accompanied by a considerable toxlcity in rat (iv LDg,~270 mg/kg) " .
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EXPERIMENTAL
All melting points are uncorrected. Ultraviclet (UV) spectra were obtained in
ethanol on a UNICAM SP BOO epectrophotométer. Infrered (IR) spectra were deter-

13 R

mined with KBr disks on a ZEISS UR 20 spectrophotometer, The Y and
spectra were recorded on a JEOL FX-100 instrument using SiMe, &s an internal
standard, in CDCly solution.

Reaction of 2-Amino-3H-azepine with Diethyl Ethoxymethylenemalonate

A solution of 2-amino~3§7azepinelo {4) {10.,7 g. 10 mmol} and diethyl ethoxy-

methylensmalonate (5) (21.6 g, 10 mmol) in butanol (50 ml) wae refluxed for 1 h,
then the solvent was evaporsted in vacuo. The residue was dissolved in benzene
(150 ml)} and the organic phase was extracted with water (2x40 ml}. The dried
(N32$04) organic layer wae evaporated to dryness. The residue was recrystallized
from a mixture of diethyl ether-ligroin to give ethyl 4-oxo-~4H,lOH-pyrimido-
[1.2-a]azepine-3-carboxylate (3) (11.6 g, 50%). Mp 9294 °c (from water). Anal.
Calcd. for 012H12N203 (232.240): C, 62.06; M, 5.21; N, 12.06. Found: C, 62.02;

H 5.26; N 11.,95%.

The ethereal mother liquid was evaporated to dryness, and the residue (8.8 g, mp
72-77 °C) was separated on a Prep-500 Silica (Waters) column by a Waters prepa-
rative liquid chromatograph instrument with an i-propsnocl:dichloromethane:lig-
roin = 2:2:1 eluent, to give ancother fraction of compound (3) (4.2 g, 18%, mp
92-94 oC) and ethyl 4ﬂ.ﬁﬂ-pyrimido[1.2~g]azapine-3-carboxylate (§) (2.6 g,
11.2%, mp 102-104 °C). Anal. of compound (g). Caled. for Gy Mi,N,05 (232.240):
C, 62.06; H, 5.,21; N, 12,06, Found: C, 61.97; H, 5.21; N 12,15%.

Ethyl 4-Oxo~4,6,7,8,3 lO-hexahydropyrimido[l,2-alazepine-3-carboxylate (2)

A 2:1 mixture of ethyl pyrimido[l,2-gJazepine—3-carboxylatss (3 and 8) (2.32 g,
10 mmol)'in ethanol (30 ml) was hydrogenated at atmospheric pressure over 10%
Pd-C (0.5 g). After absorption of the thecretical amount of hydrogen (20 mmol)
the catalyst was filtered off. The filtrate was evaporated in vacuo to dryness
to give hexahydropyrimido[l,2-g]azepine-3-carboxylate (2} (1.92 g, 81%). Mp

s2-84 °c (from ethyl acetate}. Lit. mp16 so-82 “c.

4-0xo-4HlloH-Exrimido[llz-a|azagine—3-carboxylic acid (9)

A mixture of ethyl 4-oxo-4ﬂ,10ﬂ-pyrimido(l.Z-E]azepina-3-carboxylate (i) in 108

aqueous sodium hydroxide solution was stirred at ambient temperature for 24 h,
The pH of the clear solution was adjusted to 3.5 with concentrated hydrochloric

acid. The precipitated acid (2) (1.12 g, 54%) was filtered off, washed with wa-
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ter, and dried. Mp 179 °C (dscomp.). Anal. Caled. for C1oHgNo05 (204.187): C,
58.83; H, 3.95; N, 13,72, Found: G, 59.01; H, 4.,00; N, 13.66%. UV 332 (log &
3.90); 280 nm (3.88).

4-0xo-4H,lOpryrimidofl,2-3]azegine-3-carboxamide {10)

A mixture of ethyl 4-oxo-4ﬁ.10§-pyrimido[l,2-2]Bzepine-S-carboxylate (3) (2.32 g,

10 mmol) in concentrated ammonium hydroxide (23 ml)} was stirred at ambient tem-
perature for 1 h. The precipitated crystals were filtered off, washed with wa~
ter, dried arnd recrystallized from ethanol to give the carboxamide ({E) (1.6 g,
78%) .« Mp 226-227 °c. Anal. Calcd. for 010H9N302 (203.202): C, 59.11; H, 4.46;
N, 20.68. Found: C, 58.97; H, 4.52; N, 20.82%. UV 323 {(log 3.99); 245 inflexion
nm (3.72).

4-0x0-4H, 10H-pyrimido[1,2-a]azepine-3-carbohydrazide (11}

A mixture of ethyl 4-oxo-4H,10H-pyrimido[l,2-a]azepine-3-carboxylate (3) (2.32 g

10 mmol) and 98% hydrazine hydrate {10 ml) was left to stand at ambient tempera-

ture for 24 h. The precipitated crystals were filtered off, washed with water,

dried to give the carbohydrazide (1l) (1.5 g. 68%). Mp 151-152 ¢ (from ethanol),

Anal, Calcd. for CrofioNals {21e,216): C, 55.04; H, 4.62; N, 25,67, Found: C,

54.97; H, 4.70; N, 25.81%.
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