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A series of 7,12-dihydropyrimido[1',2:1,2]pyrido[3,4-b]indole-4(6H)-ones was prepared by Fischer
indolization of 9-arylhydrazono-6,7,8,9-tetrahydro-4H-pyrido[ 1,2-a]pyrimidin-4-ones. Quantum chemical
calculations (ab initio and AM1) indicate that position 3 of 7,12-dihydropyrimido{1',2":1,2]pyrido-
[3,4-blindole-4(6 H)-one can be involved in electrophilic substitutions, while position 2 is sensitive
towards nucleophilic attack. Bromination of 6-methyl-7,12-tetrahydropyrimido[1',2":1,2]pyrido-
[3,4-blindol-4(6H)-one 16 with bromine afforded 3-bromo derivative 25, which was reacted with cyclic
amines to give 2-amino-7,12-dihydropyrimido[1',2":1,2]pyrido[3,4-b]indol-4(6 H)-ones 26-30 in an addi-
tion-elimination reaction. Vielsmeier-Haack formylation of compound 16 gave 12-formyl 31 and 3,12-
diformyl 32 derivatives (an N-formyl-1-deaza derivative of nauclefidine alkaloid 34) at 60° and 100°,
respectively. 3,12-Diformyl compound 32 was oxidized to 3-carboxyl derivative 33 with potassium per-
manganate. The quaternary salt 35, obtained from compound 16 with dimethyl sulfate, suffered a ring
opening on the action of aqueous sodium hydroxide. The new compounds have been characterized by ele-
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mental analyses uv, H nmr and in some cases by 13C ruler, CD spectra and X-ray investigations.
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Introduction.

Recently we reported a facile total synthesis of rutae-
carpine alkaloid 2 [2], and its substituted derivatives in
rings A, C and E [3], furthermore its tetrahydro derivatives
in ring E [4]. According to this new method pentacyclic
ring systems were obtained from 6-arylhydrazono-11H-
pyrido[2,1-b]quinazolin-11-ones 1 [2,4,5] by Fischer
indolization [6] by heating in Dowtherm A at 220° [4], in
polyphosphoric acid at 180° [2,3,4] or in melted zinc chlo-
ride at 200° [3]. Best yields were achieved in polyphos-
phoric acid [3]. In the earlier approaches the indolopyrido-
quinazoline skeleton was built up by the connection of the
C and E, or the B and D rings [7-11] in the last step of the
syntheses, while at Fischer indolization the ring connec-
tion between A and C rings was formed finally.

Rutaecarpine 2 was a constitution e¢lement of the tradi-
tional Chinese folk-medicines, Whu-Chu-Yu [12] and

Shih-Hu [13], which had been administered for the treat-
ment of headache, abdominal pain, dysentery, postpartum
disturbances and worm infestations [12-14]. In modern
literature rutaecarpine and its derivatives command inter-
est as hypertensive, diuretic and uterotonic agents [15].
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In this paper we investigate the extension of the applic-
ability of the Fischer-indolization in the preparation of
tetracyclic debenzo analogues 15-24 of rutaecarpine 2
starting from antiallergic 9-arylhydrazono-6,7,8,9-
tetrahydro-4H-pyrido[l,2-alpyrimidin-4-ones 3-14
[16,17], and the reactivity of the pyrimido[1',2":1,2]-
pyrido[3,4-blindole sceleton in some reactions. Until
now only a few derivatives of pyrimidof1',2":1,2]-
pyrido[3,4-blindole ring system have been prepared and
investigated [18].
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Synthesis

Alkyl derivatives of 9-phenylhydrazono-6,7,8,9-tetra-
hydro-4H-pyrido[1,2-alpyrimidin-4-ones 8-10, 12 and 13
(R=R2=H,Rl =Me, R3=Cl; R =R3 = H; Rl = Me, R?
=H,Me;R1=R2=R3=H,R=Me;R=Et RI=R2=
Me, R3 = H) were prepared from the appropriate 6,7,8,9-
tetrahydro-4H-pyrido{1,2-a]pyrimidin-4-ones [19], simi-
larly to the other 9-arylhydrazonotetrahydropyridopyrim-
idinones [16,17] reacting the active 9-methylene group of
the 6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-ones
[20] with phenyldiazonium chloride[21].

When ethyl 9-phenylhydrazono-6-methyl-4-0x0-6,7,8,9-
tetrahydro-4H-pyrido[1,2-a]pyrimidin-3-carboxylate 5 was
heated in polyphosphoric acid at 180° (Method B) only ester
hydrolysis occured to yield 9-phenylhydrazonotetrahydro-
pyrido{1,2-a]pyrimidine-3-carboxylic acid 4. At higher tem-
perature, above 200°, strong decomposition was observed.
Finally the Fischer indolization of the ester 5§ was succesful
in 85% phosphoric acid at 180° for 60 minutes (Method A),
but indolization was accompanied by ester hydrolysis and
decarboxylation, too, and 6-methyl-7,12-dihydropyrim-
ido[1'2":1,2]pyrido[3,4-blindol-4(6H)-one 16 could be pre-
pared in 71% yield. This product 16 was also obtained from
the carboxylic acid 4 by heating in 85% phosphoric acid in
68% yield, and from 9-phenylhydrazono-6-methyl-6,7,8,9-
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tetrahydro-4H-pyrido[1,2-g]pyrimidin-4-one 6 in polyphos-
phoric acid at 180° in 33% yields (Scheme 1). The optically
active 6-R derivative of 16 (17), and its 6-desmethyl ana-
logue 15 was prepared in 74-78% yield by heating the

Table 1
Fisher Indolization of 9- Arylhydrazono-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]lpyrimidin-4-ones 3-14

Starting Product Analysis
Compound Method Reaction Yield Mp° Formula Caled./Found
R R!' R2 R3 R4 No. Period % (solvent) (Mol weight) C% H% N%
minutes
3 COOH H H H H 15 A 60 78 282-284 Cy14H11N3O 70.87 4.67 17.71
(EtOH) 237.263 70.95 4.63 17.62
4 COOH H Me H H 16 A 60 67.5 212-213 C;sH13N30 71.70 5.21 16.72
(EtOAc) 251.289 71.52 5.38 16.69
5 COOEt H Me H H 16 A 60 71 210-212
(EtOAc)
6 H H Me H H 16 B 60 33 209-211
(EtOAc)
7{a] COOH H Me H H 17 [b] A 60 74 198-200 C;sHaN3O 71.70 521 16.72
(EtOH) 251.289 71.91 5.40 16.66
8 H H Me (1 H 18 B 45 79 227-229 C;sH,CIN;O  63.05 423 14.70
(EtOH) 285.735 62.87 422 14.84
9 Me H H H Me 19 B 30 71 278-280 C;5H13N30 71.70 521 16.72
(EtOH) 251.289 71.92 5.28 16.64
10 H Me H H H 20 B 25 85 256-259 Cy5Hy13N30 71.70 521 16.72
(EtOH) 251.289 71.75 5.40 16.57
11 Me H Me H Me 21 B 30 71 196-198 Cy6H15N30 72.43 5.70 15.84
(EtOAc) 265.316 72.53 5.79 16.02
12 H Me Me H H 22 B 40 66 222-224 Ci6H15N30 7243 5.70 15.84
(EtOH) 265.316 72.38 5.83 15.85
13 Et Me Me H Et 23 B 30 81 203-205 C;sH3N5O 75.24 4.56 14.62
(EtOAc) 287.323 75.44 4.60 1471
14 Ph H Me H Ph 24 B 30 79 221-224 C,1H{7N5;0 717.04 523 12.83
(EtOH) 327.388 76.86 5.31 12.99

[a) 6-R optically active derivative [15a]. [b] 6-R optically active derivative, [0]F'= -229° (c = 1, ethanol).
D
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appropriate 9-arylhydrazono-4-0x0-6,7,8,9-tetrahydro-4 H-
pyrido[1,2-a]pyrimidine-3-carboxylic acid 7 and 3, respec-
tively in 85% phosphoric acid at 180°.

The alkyl and phenyl derivatives of the tetracyclic ring
system 18-24 were obtained from 9-phenylhydrazonote-
trahydropyrido[1,2-a]pyrimidines 8-14 (R=H, Me, Et, Ph;
R! = H, Me; R2 = H, Me, R3 = H, Cl) in polyphosphoric
acid at 180° in good yields (see Table 1).

Quantum Chemical Calculations.

Possible electrophilic and nucleophilic substitution sites
of compounds 16 and 25 were identified using Mulliken
charges and superdelocalisability indices, both obtained
from molecular orbital calculations. These were per-
formed at the semiempirical AM1 and ab initio 3-21G
levels of theory, using the MOPAC [22] and GAMESS
[23] suite of programs, respectively. The geometries of
compounds 16 and 25 were fully optimised at the AM1
level, whereas the optimised AM1 geometry was used in
the single point ab initio calculations. Superdelocalis-
ability [24] was defined as

Cim
SeSn=23 o 3 Gn” M)
j m=1 ej

where the summation over j is over the occupied orbitals in
the electrophilic (Sg) and the unoccupied ones in the nucle-
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Table 2
Ab initio 3-21G and AM1 Calculated Properties for positions 2 and 3 in
compounds 16 and 25
Compound 16 Compound 25
at2-C at 3-C at 2-C at3-C
Charge [a] 0.06 (-0.01) -0.37(-0.28)  0.12(0.03) -0.54(-0.34)
Sg [b] 363 (-0.24) -497(-027) -3.75(-0.23) -5.65 (-0~27)
Sy [b] 200.09 (8.67) 231.01 (4.40) 248.17(-3.82) 211.66(-0.01)

[a] Charges were calculated by Mulliken analysis. [b) Sg and Sy are
electrophilic and nucleophilic delocalisabilities (in units of eV-1), as
defined by equation (1). AM1 values are shown in brackets.

ophilic (Sy) case, n; is the number of electrons on orbital j,
Cim is the MO coefficient and ¢ is the eigenvalue of the
orbital. Due to their definition, superdelocalisabilities
incorporate both charge and orbital energy related informa-
tion and it has been shown that this quantity correlates well
with reactivities in case steric effects are insignificant.

For judging the reactivities of in compounds 16 and
25 local Mulliken charges and superdelocabilities
(electrophilic and nucleophilic) were calculated, as
shown in Table 2. Although the AM1 and ab initio val-
ues are numerically at variance (e.g. the number and
type of basis functions are different) the trends are the
same with both methods. In compound 16 atom 3-C is
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more negative clearly indicating that it is more suscep-
tible to electrophilic and centre 2-C for nucleophilic
attack.

The value of superdelocalisability, shown in Table 2, is
more negative on 3-C atom (both in AM1 and ab initio
calculations) indicating that this will be the centre
attacked by electrophiles. Nucleophilic attack would be
expected at the centre with the more positive Sy value.
Although AM1 results show 2-C atom to be favored at the
AM1 level, this is not supported by the ab initio results.
However, on introducing bromine at 3-C clearly changes
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were obtained in good yields (Table 3). In the first step the
addition of cyclic amine on the C(2)-C(3) double bond occurs
to give 2,3,7,12-tetrahydro derivative from which 2-amino-
7,12-dihydropyrido[1',2":1,2]pyrido[3,4-b]indol-4(6 H)-ones
formed by hydrogen bromide elimination. Earlier it was
demonstrated that pyrimidin-4(3H)-one moiety of nitrogen
bridgehead ring systems is sensitive towards nucleophilic
attack at position 6 (in our case, at position 2) [25].
Vielsmeier-Haack formylation of compound 16 with a
mixture of phosphoryl chloride and dimethyl formamide at
60° for 3 hours afforded 12-formyl derivative 31 in 60%

Table 3
Some Reactions of 7,12-Dihydropyrimido[1',2":1,2]pyrido[3,4-blindole-4(6H)-ones
Starting Product Analysis
Compound Method Yield Mp° Formula Calcd./Found

No. R4 RS No. % (solvent) (Mol Weight) C H N

16 25 C 98 232-235 CisH2BrN;0 54.56 3.66 12.72
(EtOH) 330.191 54.67 3.49 12.80

25 -(CHy), 26 D 96 255-257 CigHyN4O 71.23 6.29 17.48
(EtOH) 320.397 71.31 6.34 17.39

25 -(CHys- 27 D 90 170-172 CyoH,,NLO 71.83 6.63 16.75
(EtOH) 334.424 71.90 6.49 16.81

25 -(CHp)y-O(CHy),- 28 D 75 180-181 CgHyN4O, 67.84 5.99 16.65
(EtOH) 336.397 67.75 6.03 16.72

25  -(CHp,;NH(CH,),- 29 D 81 178-180 CyoH;31N50 68.04 6.31 20.88
(EtOH) 335411 68.14 6.50 20.83

25 -(CHp),NMe(CHy),- 30 D 83 168-170 CyoHy3N50 68.74 6.63 20.04
(EtOH) 349.438 68.91 6.69 19.95

16 31 E 47 181-183 C16H13N;30; 68.82 4.69 15.05
(EtOAc) 279.230 68.75 4.58 15.10

16 32 F 63 212-214 C;7H3N305 66.44 426 13.67
(EtOH) 307.330 66.65 4.12 13.70

32 33 G 82 289-291 C6H3N504 65.08 4.44 14.23
(DMF) 295.299 64.93 451 14.33

16 35 [a} H 91 183-185 C7HgN3058 54.07 5.08 11.14
(PhMe) 377.421 53.89 512 11.40

35 38 [b) 1 43 97-102 Ci16H17N30, 67.83 6.05 14.83
(EtOAc) 283.33 67.99 6.00 14.92

[a] Purity ca 85%. [b] ca a 7:1 mixture of Z and E isomers.

the situation: 2-C will be by far more favorable for nucle-
ophilic attack at the AM1 level; a result also shown by the
ab initio values.

These predicted reactivities were observed in elec-
trophilic (bromination, Vielsmeyer-Haack formylation)
and nucleophilic (amination) reactions (see below).

Reactions.

The reactivity of the tetracyclic ring system was investi-
gated using compound 16. The 3-bromo derivative 25 was
prepared almost in quantitative yield when chloroformic
solution of compound 16 was treated with bromine at
ambient temperature (Method C) (Scheme 2).

When bromo derivative 25 was gently heated in a cyclic
amine at boiling temperature 2-amino-6-methyl-7,12-dihy-
dropyrimido[1',,2":1,2]pyrido[3,4-b]indol-4(6H)-ones 26-30

yield (Method E). When the reaction temperature was
raised to 100° and reaction period was 5 hours diformyla-
tion occured to afford 3,12-diformyl derivative 32,
(Method F), which can be considered as N-formyl-1-aza
derivative of nauclefidine alkaloid 34, isolated from
Nauclea officinals, which had been used as antiinflamma-
tory and antibacterial agent in folk medicine in China [26].

The diformyl derivative 32 was oxidized by potassium
permanganate and from the aqueous reaction mixture pyrim-
idopyridoindole-3-carboxylic acid 33, (which could not be
prepared directly from either 9-phenylhydrazonotetrahy-
dropyridopyrimidine-3-carboxylate 5 or 3-carboxylic acid 4)
was prepared in 82% yield (Method G). When compound 16
was reacted with dimethyl sulfate in boiling toluene quater-
nary salt 35 was obtained in 91% yield in cca 85% purity
(Method H) (Scheme 3). The treatment of quaternary salt 35
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with 3% aqueous sodium hydroxide solution resulted in the
formation of ring-opened product 37. The suggested mecha-
nism for ring opening is depicted on Scheme 3.

Spectroscopic Investigations

Some characteristic uv, !H nmr data are tabulated in
Tables 4 and 5. 13C nmr data on selected pyrimidopyri-
doindoles in deuteriochloroform, are collected in Table 6.

7,12-Dihydropyrimido[1',2';1,2]pyrido[3,4-blindol-4(6H)-ones.
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that of the respective carbon of rutaccarpine 2 (113.3
ppm) [27]

The coupling constants between H-6 and the protons of
7-methylene group suggest that the 6-methyl group of
pyrimidopyridoindoles 16 occupies the quasiaxial posi-
tion to avoide 1,3-allylic strain between an quasi-equator-
ial methyl group and the adjacent 4-carboxyl group in an
alternative conformation [28- 30].

Scheme 3
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Whereas the 7a-C, 7b-C, 9-C, 10-C, 11-C, 11a-C and
12a-C chemical shifts of the indole moiety of compounds
16, 22, 26, 27 and 28 in deuteriochloroform resemble
those of the appropriate carbons of the indole moiety of
rutaecarpine 2 in DMSO-dg, the chemical shift of 8-C
(between 120.0 and 120.2 ppm) differs significantly from
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Z isomer

The Z geometry of the major isomer of the ring-opened
product 38 was justified by NOE experiments in deuteri-
ochloroform. The irradiation of the sign of 2-1I atom
resulted in a 12.4% intensity enhancement on the sign of
3-H proton while that of 3-H caused a 12.3% intensity
inhancement on the sign of 2-H atom. When a 12.5: 87.5

Table 4
UV Data on 7,12-Dihydropyrido[1',2":1,2]pyrido[3,4-blindol-4(6H)-ones 15,16,18-20,22,23,25-33 and 35 in Ethanol

Compound

No. Absorption maxima

15 360 [i] (19900) 348 (24600) 336 [i]
16 362 fi] (18600) 349 (22900) 338 (il
18 362 [i] (18700) 347 (23600) 336 {i]
19 362 [i] (17000) 347 (23400) 336 [il
20 360 [i] ) 346 (9770) 336 [i]
22 361 [i] (19000) 347 (24600) 338 [i]
23 364 [i] (17400) 349 (24000) 338 [i]
25 {a] 375 [i] -) 362 ) 351 [i]
26 326
27 326
28 330
29 330
30 329
31 357 [i] (15200) 345 (22900) 332
32 358 (24000)

33 364 (28100)

k3 360 (26900)

[i] Inflexion. [a] In saturated solution.

nm €)

(21900) 252 (10100)
(20400) 252 (10040)
(20100) 254 (12600)

(21400) 254 (9800)

(8920) 251 (4680)
(22400) 251 (10140)
(21900) 254 (10000)

© 276 - 254 )

(19500) 276 (7200) 252 (37200)
(19100) 277 (7900) 253 (36300)
(17000) 278 (6400) 253 (32400)
(16200) 277 (6000) 252 (28200)
(17000) 278 (8100) 252 (24000)
(23400) 230 (17800)
276 (9500) 228 (17000)
283 (10500) 231 (18700)
230 (13800)
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IH NMR Data on 7,12-Dihydropyrido[1',2":1,2]pyrido[3,4-b]mdol-4(6 H)-ones 15,16,19-23,25-33,35,38 in CDCl,

Compound H-2 H-3

No

15
16 [a]

19
21

22 [a]

26 [a]
27 [a]
28 [a]

29

33
35 [a,d]

38 [a,e]

7.80d 631d

789d 6.41d
7.80s -

= 6.26d
7.88s -

6.21d

- 823s

- 52ls

- 546s

- 543 s

- 552s

- 5.60s

795d 645d
8.55s -
8.32s -

784d 6.48d

6.80dd 6.00d

6.19d [f]

H-6 or
H,-6

4461t
5.63m

4.53t
4481t
56l m
5.56m

5.58m

5.59m
556 m
553m
553m
558 m

5.52m

5.60 m

5.55m

5.67Tm
5.63m

529 m

Compound No. Coupling Constant (Hz)

15

16 [a]
20

21
22[a]
23

25

26 [a]
27 [a]
28 [a]
29

30

31

32

33

35 {a]
38 [a]lzg]

Jp3~64

Hy-7

3.17t
3.13 dd [b]
3.38 dd [c]

3.20t

3.181
3.05 dd [b]
3.28 dd [¢]
3.10dd [b]
3.33 dd [c]
3.03 dd [b]

3.38 dd [c]
3.15 dd [b]
3.25dd [c]
3.02 dd [b]
3.29 dd [c]
3.02 dd [b]
3.29 dd [c]
3.05 dd[b)
3.32dd [c]
3.05 dd [b]
3.30 dd [c]
3.05 dd [b]

3.28 dd [c]
3.18 dd [b]
3.25dd [c]
3.20 dd [b]

3.27 dd [¢]
3.15dd [b]
3.38dd [c]
3.24d [b]
4.13 dd [c]
2.90 dd [b]
3.30 dd [c]

H-8

7.624dd

7.61dd

7.59 dd

7.58 dd

7.61dd

7.90d

7.61d

H-9 H-10
6.92-7.65m
7.17t 7.33 ¢
7.00-7.75 m
7.00-7.80 m
7.00-7.80 m
7.17t 7.32t

7.00-7.70 m

7.00-7.80 m

7.15t 7.30t

7.14t 7.281

7.18t 7.33t

7.00-7.80 m

7.00-7.80 m

7.20-7.80 m

7.00-7.80 m

7.00-7.80 m

7.23t1 7.50t

7.14t 7331

H-11

7.33dd

7.38dd

7.41dd
7.39 dt

7.43 dd

7.62d

7.45d

H-12

9.62s
10.69 s
9.50s
9.80s
9.62s
947 s

9.68 s

9.70 s

9.26s

947 s

8.94s

9.25s

9.30s

10.83 s

12.06 s

921s

Others

1.40 d (6-Me)

2.13 s (3-Me)
2.28 d (2-Me)
1.78 d (6-Me), 1.90 s (3-Me)

1.36 d (6-Me), 2.30 s (2-Me)

1.15t (3-CH,-Me), 1.35 d (6-Me), 2.35 s
(2-Me)

1.30 q (3-CH,)

1.40 d (6-Me)

1.31 d (6-Me), 1.90-2.10 m (CH,),
3.50-3.65 m (2 x NCH,)

1.31 d (6-Me), 1.60-1.80 m (CH,)5
3.50-3.60 m (2 x NCH,)

1.33 d (6-Me),

3.78 (2 x OCH,), 3.57 @NCH,)

1.35 d (6-Me), 2.80-3.10 m (2 x CHy)
3.50-3.70 m (2 x CHy,)

1.35 d (6-Me), 2.35 s (NMe), 2.60-3.00 m
(2 x CHy)

3.60-3.90 m (2 x CH,)

1.40 d (6-Me), 10.62 s (NCHO)

1.43 d (6-Me), 8.78 s (3-CHO;), 10.62 s
(NCHO)

1.48 d (6-Me), 13.70 s (COOH)
1.28 d (6-Me), 3.74 s N()Me, 4.47 s (MeSO,)

1.35 d (6-Me), 3.04 d [N(1)-Me]
8.80 m [N(1)H]

J23~6.6,J6 Me ~ 6.7, Jge 70 ~ 6.9, Jge7¢ ~ 0.8, J7¢ 7, ~-16.8,Jg 9 ~ 8.1, Jg 11 ~ 0.6, Jg 10 ~ 8.1, Ty 11 ~ 8.4, Jg 1 ~ 1.0, J; wp ~ 1.0

Jspme ~ 08

Jgese = 1.8, Jge 70 ~ 64, J7 70 = -16.6
J3,Me ~ 0.8, JG,Me ~6.7, J6e,7a ~6.9, J6e,7e ~0.8, J7e,7a ~-16.8, J8,9 ~8.1, J9.10 ~ 7.8, JlO,]l ~82
JGe.7e ~17, J65,73 ~63, J7e,7a ~-16.6

Tote = 70, Jge 7 ~ 1.9, Jge 10 = 6.1, J70. 7 ~ -16.9

JoMe ~ 6-6, Jge 72 ~ 6.8, Jge 76 ~ 2.0, J1¢. 72 ~ -16.6,Jg 9 ~ 7.9, Jg 19 ~ 6.9, J 19,11 ~ 8.3
JsMe ~ 6.6, J6e 70 ~ 69, Je 76 ~ 1.0; J7¢ 7, ~ -16.6, I3 9 ~ 8.0, Jg 10 ~ 1.0, Jg 19 ~ 6.9, Jg 11 ~ 1.0, Jyp 11 ~ 8.2
JoMe ~ 6.7, Jge,7a ~ 6.9, Jge,7¢ ~ 0.8, J9¢,70 ~ -16.7;Jg 9 ~ 7.7, Jg 19 ~ 8.2, J19,11 ~ 8.3

Tome = 7.0, Joe. 7 = 2.0, Jge 70 = 7.0, J7¢ 7, ~ -17.0

Tsme = 70, Joe7e = 2.0, Jge 7 = 7.0, J1¢ 7 ~ 17.0
ToMe ~ 6.8, J23 ~ 6.2, Jo e ~ 7.0, Joe 7 ~ 2.0, Jge 7 ~ 6.0, J70 7 = -18.0, J1g 1 ~ 8.0

Tsme = 7.0, Yoo 70 = 1.8, Jgo 7 ~ 6.4, J7.7, = -17.0

Tsme = 70, Tgo 70 ~ 2.0, Jge 70 = 7.0, J7 74 ~ 17.0
Tome ~ 68,153 ~ 7.8, Jge 70 ~ 6.6, T2 7 ~ -17.2, Ig o ~ 8.6, 15 10 ~ 7.5, 1,11 ~ 8.2
333~ 79, Jee Mo~ 6.6, Jgo 76 = 6.1, Jgo7a = 6.2, V1670 = -16.6, I3 0 ~ 1.9, Jg 10 7.5, 110,11 = 79, Inpime = 5-0, Inpz = 13.0

[a] On a Bruker AC 400 spectrometer. [b] Equatorial proton. [c] Axial proton. [d] Purity: ca 85%. [e] ca a 7:1 mixture of E and Z isomers. [f] Z isomer.
[gl J3,3 12.7 Hz in E isomer.
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Table 6
13C NMR Data on Compounds 16,22,26-28 in CDCl, (ppm) [a]

Compound 2-C  3-C 4C 6C 7-C 7aC 7bC 8-C 9-C 10-C 11-C 11a-C 12a-C 12b-C Others

No.

2 [b] 117.3 124.1 1131 1193 1241 1121 138.1 1265

16 151.7 1132 1609 47.1 255 1168 1261 1202 120.6 1258 1122 1390 1257 149.2 18.7 (Me)

22 1622 1106 1613 468 256 1164 1263 1201 1206 1257 1121 1385 1257 1492 19.0 (6-Me), 23.4 (2-Me)

26 162.1 840 1589 462 256 1162 1264 120.1 1204 1252 112.0 1382 1263 147.1 19.3 (Me), 46.6 (NCHy),
25.3 (CHp)

27 160.6 84.7 162.8 463 256 1163 1263 1200 1203 1253 112.0 1383 1261 147.1 19.2 Me), 45.6 (NCH,),
25.4 (2-CH,), 24.5 (3-CHy)

28 160.9 855 1625 464 25.6 1167 1264 1202 1206 1256 112.0 1382 1260 147.1 19.2 (Me), 44.7 (NCH,),

[a] On a Bruker AC 400 spectrometer. {b] From ref [25].

ratio of E-Z mixture of compound 38 was left to stand in
DMSO-dg at ambient temperature an E-Z isomerization
was obserwed which is characteristic for push-pull ethyl-
enes [31, 32]. The E-Z ratio was cca 40:60 after 1 week,
ca 71:29 after 2 weeks, and 81:19 after 1 month.

The uv and cd spectra of the optically active enantiomer
17 6-R absolute configuration are shown in ethanol on
Figure 1.

66.5 (OCH,)

The molecular structure of 22 is shown on Figure 2 as
determined by X-ray crystallography. Table 7 shows the
crystal and refinement data, Table 8 the atomic coordi-
nates, Table 9 the bond lengths and angles while Table
10 the torsion angles. The molecule looks mostly planar
(Figure 2) apart from the 6-C atom of the half-chair ring
C as well as its axial methyl substituent. However, a
more careful investigation shows that the plane formed

Ae
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200.00
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1.000

1.000

0.000 +
200.00 240.00 280.00  320.00
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Figure 1. Circular dichromism (above) and ultraviolet (below) spectra of
compound 17 with 6R absolute configuration in ethanol.

Figure 2. Molecular diagrams for compound 22 with crystallographic
atomic numbering.
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Table 7
Crystal Data and Structure Refinement for 22

Empirical formula Ci6HsN30

Formula weight 265.31

Temperature 293K

Wavelength 1.54180 A

Crystal system Orthorhombic

Space group Pccn

Unit cell dimensions a=14791(3) A alpha = 90 deg
b=15317(5)A  beta=90deg
c=11.946(7) A gamma = 90 deg

Volume 2706(2) A3

Z 8

Density (calculated) 1.302 g/cm?

Absorption coefficient 0.671 mm-!

F(000) 1120

Crystal size 0.20 x 0.20 x 0.10 mm/from CHCl,

Theta range for data coll. 4.151075.44 deg

Index O<=h<=17, 0<=k<=19, O<=1<=15

Reflections collected 2649

Independent reflections 2649

Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 2636/0/185

Goodness-of-fit on F2 1.016

Final R indices [I>26()] R1 =0.0685, wR2 = 0.1502

Extinction coefficient 0.0033(4)

Largest diff. peak and hole 0.466 and -0.462 e¢.A-3

by ring D (N1, C2, C3, C4, N5, C12b) and its connected
atoms C6, C12a, C13 and 014 (r.m.s. = 0.015 A) as
well as the plane of rings A and B (C7a, C7b, C8, C9,
C10, C11, Cl1a, N12, C12a) along with their connected
atoms C7 and C12b (rm.s. = 0.011 A) form an angle of
8.8 deg. C6 is in a distance of 0.27(1) A as well as

Table 8

Atomic Coordinates (x 104) and Equivalent Isotropic Displacement
Parameters (A2 x 103) for Compound 22.

x y z Uleq)
N(1) 9659(4) 4791(5) 1997(5) 41Q2)
c@) 9936(7) 4232(6) 1165(7) 48(3)
) 10816(6) 4049(7) 988(7) 573)
C4) 11512(6) 4393(7) 1630(7) 5103)
NG) 11214(5) 4954(5) 2483(6) 41Q2)
C©) 11888(6) 5485(6) 3081(7) 49(2)
() 11628(5) 5685(6) 4306(7) 44(2)
C(7a) 10657(5) 5958(5) 4338(6) 32(2)
C(7b) 10160(5) 6432(5) 5163(6) 37(2)
C(@®) 10376(6) 6895(6) 6154(7) 50(2)
co) 9700(7) 7292(6) 6729(7) 55(3)
C(10) 8802(7) 7265(6) 6341(8) 55(3)
can 8565(6) 6826(5) 5383(7) 472)
C(11a) 9255(6) 6426(5) 4792(7) 40(2)
N(12) 9219(5) 5959(4) 3823(5) 40(2)
C(12a) 10067(5) 5680(6) 3559(7) 38(2)
Czb)  10296(6) 5124(5) 2623(6) 33(2)
C(13) 9186(6) 3858(7) 446(7) 65(3)
0(14) 12334(4) 4268(5) 1513(5) 81Q2)
c(15) 12100(6) 6305(6) 2420(7) 69(3)

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.
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0.54(1) A while C15 is in a distance of 1.77(1) A as
well as 2.06(1) A from the first and the second planes,
respectively.

The bond length shows in accordance with the struc-
tural formula that delocalisation characterises the whole

Table 9
Bond Lengths and Angles for Compound 22

Bond Lengths (A)
N(1)-C(12b) 1.307(9) C(7a)-C(12a) 1.344(10)
N(1)-C(2) 1.375(10) C(7a)-C(7b) 1.428(10)
C2)»C(3) 1.349(12) C(7b)-C(11a) 1.409(10)
C(2)-C(13) 1.516(11) C(7b)-C(8) 1.417(11)
C(3-C(4) 1.388(11) C(@8)»C%® 1.356(11)
C(4)-0(14) 1.238(10) C(9)-C(10) 1.407(11)
C(4)-N(5) 1.405(10) C(10)-C(11) 1.374(11)
N(5)-C(12b) 1.3919) C(11-C(11a) 1.385(10)
N(5)-C(6) 1.472(10) C(11a)-N(12) 1.362(9)
C(6)-C(15) 1.516(10) N(12)-C(12a) 1.362(10)
C(6)}-C(M) 1.543(10) C(12a)-C(12b) 1.447(10)
C(7)-C(7a). 1.496(10)

Bond Angles [deg]
C(12b)-N(1)-C(2) 116.2(7) C(11a)-C(7b)-C(8) 118.7(8)
C(3)-C(2y-N(1) 122.009) C(11a)-C(7b)-C(7a) 105.6(7)
C(3)-C(2)-C(13) 22.6(9) C(8)-C(Tb)-C(7a) 135.7(8)
N(1)-C(2)-C(13) 115.3(8) C(9)-C(8)-C(7b) 118.7(8)
C(2)-C(3-C4) 23.4(9) C(8)-C(9)-C(10) 121.1(9)
0(14)-C(4)-C(3) 127.4(9) C(11)-C(10)-C(9) 122 0(9)
O(14)-C(4)-N(5) 119.0(9) C(10)-C(11)-C(11a) 116 9(8)
C(3)-C(4)-N(5) 113.6(8) N(12)-C(11a)-C(11) 129.5(9)
C(12b)-N(5)-C(4) 120.5(7) N(12)-C(11a)-C(7b) 108.0(8)
C(12b)-N(5)-C(6) 120.0(7) C(11)-C(11a)-C(7b) 122.5(8)
C(4)-N(5)-C(6) 118.5(8) C(12a)-N(12)-C(11a) 108.9(7)
N(5)-C(6)-C(15) 110.2(7) C(7a)-C(12a)-N(12) 109.8(7)
N(5)-C(6)-C(7) 113.6(7) C(7a)-C(12a)-C(12b) 124.7(8)
C(15)-C(6)-C(7) 112.4(7) N(12)-C(12a)-C(12b) 125.4(8)
C(7a)-C(T)-C(6) 108.6(7) N(1)-C(12b)-N(5) 124.2(7)
C(12a)-C(7a)-C(7b) 107.7(7) N(1)-C(12b)-C(12a) 120.2(8)
C(12a)-C(7a)}-C(7)  121.1(8) N(5)-C(12b)-C(12a) 115.6(7)
C(Tb)-C(7a)-C(7) 130.8(7)

ring system apart from the three bonds including atoms
N5-C6-C7-C7a (Table 3). The lone pair of N12 is also
delocalized that leads to shortening of the corresponding
N12-C11a and N12-C12a bonds to 1.36 A as opposed to
the somewhat unusual value of 135.7(8) deg. A similar
argument applies to the bond angles C7-C7a-C7b, N12-
C12a-C12b and N12-C11a-C11.

A hydrogen bond is formed in the crystal structure by
the following three atoms. N12-H12...014_$1, where
$1 is meant to show that the atom in question belongs to
a neighbouring molecule that is produced from the orig-
inal one by the following symmetry relation $1 = X-0.5,
1-Y, 0.5-Z. The N12..014_$1 bridgehead distance is
2.838 (9) A, while the N12-H12...014_$1 angle is
145.6 (0.3) deg.
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Table 10
Selected Torsion Angles [deg] for Compound 22

0(14)-C(4)-N(5)-C(12b) 178.6(9)
C(3)-C(4)-N(5)-C(6) -168.7(8)
C(12b)-N(5)-C(6)-C(15) -85.6(9)
C(4)-N(5)-C(6)-C(15) 83.0(10)
C(12b)-N(5)-C(6)-C(7) 41.5(10)
C(4)-N(5)-C(6)-C(7) -149.9(8)
N(5)-C(6)-C(7)-C(7a) -45.2(10)
C(15)-C(6)-C(7)-C(Ta) 80.8(9)
C(6)-C(7)-C(Ta)-C(12a) 27.1(11)
C(6)-C(7)-C(7a)-C(7b) -160.2(8)

C(7)-C(Ta)-C(Tb)-C(8) 8(2)

C(6)-N(5)-C(12b)-N(1) 168.1(7)
C(6)-N(5)-C(12b)-C(12a) -14.3(11)
N(12)-C(12a)-C(12b)-N(1) -5.2(12)
C(72)-C(12a)-C(12b)-N(5) -7.0(12)
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EXPERIMENTAL

Melting points were uncorrected. Yields were not optimized.
The uv spectra were recorded on a Unicam SP-800 spectropho-
tometer, the cd spectrum of 17 was recorded on a JobinYvon CD
Dichrograph Mark VI instrument in ethanol. The !H nmr spectra
were measured on a Bruker WP-80 or a AC-400 spectrometer at
80.0 and 400.132 MHz respectively, and 13C nmr spectra were
measured on a Bruker AC-400 spectrometer at 100.614 MHz.
Chemical shifts are given on scale, and TMS was used as inter-
nal standard.

The X-ray intensities were measured on a Rigaku AFC6S dif-
fractometer. The structure was solved by direct methods
(SHELXS-86) and refined with full matrix least-squares against
F2 of all data with anisotropic thermal parameters for the nonhy-
drogen atoms (SHELXL-93). Hydrogen atoms were generated
and kept in a constrained distance form their parent atoms. Their
isotropic thermal motion parameters were refined in chemically
similar groups. Further details of the crystal structure analysis
are available on request from the authors.

Preparation of 9-Arylhydrazono-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]pyrimidin-4-ones.

The appropriate starting 9-arylhydrazono-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrido[1,2-a]pyrimidin-4-ones 3-7, 11 and 14
were prepared according to the literary method [16a,17].

9-Phenylhydrazono-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrim-
idin-4-ones.

Phenyldiazonium chloride was prepared by the usual proce-
dure [21] from the appropriate aniline (10 mmoles) in 1:1
diluted hydrochloride acid (10 ml) at 0° with a solution of
sodium nitrite (0.69 g, 10 mmoles) in water (5 ml). To a solution
of phenyldiazonium chloride and sodium acetate trihydrate (6 g)
was added dropwise a solution of the required 6,7,8,9-tetra-
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hydro-4H-pyrido[1,2-a]pyrimidin-4-one [18] (10 mmoles) at 0°
in water (10 ml) or in a 2:1 mixture of water and ethanol (30 ml,
in the case of 2,6-dimethyl-3-ethyl-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]pyrimidin-4-one). The reaction mixture was stirred
at 0° for 24 hours, then the precipitated crystals were filtered off,
dried, and recrystallized. If the hydrochloride salt of 9-aryl-
hydrazono-6,7,8,9-tethrahydro-4H-pyrido[1,2-a]pyrimidin-4-
one was obtained, then the hydrochloride was first treated with
5% aqueous sodium carbonate solution to give free base which
then was recrystallized.

2-Methyl-9-phenylhydrazono-6,7,8,9-tetrahydro-4 H-pyrido-
[1,2-a]lpyrimidin-4-one (10) Hemi Hydrate.

This compound was obtained in a yield 52%, mp 191-192°
(ethanol); uv (ethanol): 374 (¢ 20900), 283 (3810), 249 nm
(15200).

Anal. Caled. for C sHgN4O*1/2H,0: C, 64.96; H, 6.18; N,
20.20. Found: C, 64.94; H, 6.02; N, 20.13.

3-Methyl-9-phenylhydrazono-6,7,8,9-tetrahydro-4 H-pyrido-
[1,2-a]pyrimidin-4-one (9).

This compound was obtained in a yield 72%, mp 158-161°
(ethanol); uv (ethanol): 368 (¢ 24000), 288 (6460), 239 nm
(16200); 'H-nmr (deuteriochloroform): Z 100%; & 2.10 (2H, m,
7-H,), 2.12 (2H, s, 3-Me), 2.82 (2H, m, 8-H,), 4.02 (2H, t,
6-H,), 6.80-7.45 (5H, m, Ph), 7.85 (1H, d, 2-H), 13.92 (1H, s,
NH); 'H-nmr (DMSO-dg): E:Z = 20:80; 9.90 (0.2H, s, NHg) and
13.98 (0.8H, s, NHz).

Anal. Calcd. for C;sH;¢N4O: C, 67.14, H, 6.01, N, 20.88.
Found: C, 67.20; H, 5.96; N, 21.02.

6-Methyl-9-[4-chlorophenyl)hydrazono}-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]pyrimidine-4-one (8).

This compound was obtained in a yield of 84%, mp 140-141°
(ethanol).

Anal. Calcd. for C;sH;sCIN4O: C, 59.50; H, 4.99; N, 18.51;
Cl, 11.71. Found: C, 59.45; H, 5.15; N, 18.58; CI, 11.51.

2,6-Dimethyl-9-phenylhydrazono-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]-pyrimidin-4-one (12).

This compound was obtained in a yield of 59%, mp 160°
(ethyl acetate); uv (ethanol): 378 (¢ 19500), 288 (2950), 250
(12100).

Anal. Caled. for C;gHgN4O: C, 68.07; H, 6.43; N, 19.84.
Found: C, 67.78; H, 6.33; N, 19.54.

2,6-Dimethyl-3-ethyl-9-phenylhydrazono-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]lpyrimidin-one (13).

This compound was obtained in a yield of 67%; mp 135-137°
(ethyl acetate); 1H-nmr (deuteriochoroform): E:Z = 23:77; &
1.09 (t, E, 3-CH,CHj; 0.69H), 1.10 (t, Z 3-CH,CHj3, 2.31H),
1.27 (d, E 6-Meg, 0.69H), 133 (d, Z 6-Me, 2.31H), 1.66-3.13
(m, 7-H,, 8-H,, 2-Me, 3-CH,, 9H), 5.00 (m, Z 6-H, 0.77H), 5.24
(m, E 6-H 0.23H), 6.75-7.45 (m, Ph, 5H), 7.80 (s, E NH, 0.23),
14.48 (s, ZNH, 0.77).

Anal. Calcd. for CgHyN4O: C, 69.95; H, 7.14; N, 18.05.
Found: C, 69.34; H, 7.06; N, 17.93.

Fischer Indolization.
Method A.

9-Arylhydrazono-6,7,8,9-tetrahydro-4H-pyrido{1,2-a]pyrim-
idin-4-one (10 g) was heated in 85% phosphoric acid (100 g) at
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180-185° for the reaction period given in Table 1. After cooling
to ambient temperature the reaction mixture was diluted with
water (100 ml), then after 30 minutes strirring the pH of the
aqueous solution was adjusted to 6.5-7.0 with 25% aqueous
ammonium hydroxide solution. The precipitated product was fil-
tered off and dissolved in chloroform (200 ml). The chloro-
formic solution was filtered, then it was treated with 5% aque-
ous sodium hydroxide (2 x 20 ml), then with water (2 x 30 ml).
The dried (sodium sulfate) organic solution was evaporated to
dryness in vacuo, and residue was recrystallized to give pyrimi-
dopyridoindole (see Table 1).

Method B.

9-Phenylhydrazono-4-0x0-6,7,8,9-tetrahydro-4H-pyrido-
[1,2-a}pyrimidin-3-carboxylic acid (1 g) was heated in poly-
phosphoric acid (Fluka) (15 g) at 180° for reaction period given
in Table 1. Then the reaction mixture was treated with water
(100 ml) and pH of the aqueous solution was adjusted to pH 5-7
with 25% aqueous ammonium hydroxide solution. After 1 hour
stiring the precipitated crystalls were filtered off, washed with
water, dried and recrystallized to give pyrimidopyridoindole (see
Table 1).

Reactions.
Method C.

To a solution of 6-methyl derivative 16 (6.02 g, 24 mmoles)
and triethylamine in chloroform (60 ml) was added dropwise
bromine (3.84 g, 24 mmoles) in chloroform (40 ml) at ambient
temperature. The reaction mixture was stirred for 2 hours, and
then it was allowed to stand overnight. The reaction mixture was
diluted with chloroform (100 ml) and it was extracted with 5%
aqueous hydrochloric acid (2 x 100 mi), then with water (2 x 100
ml). The dried (sodium sulfate) organic solution was evaporated
to dryness in vacuo. The residue was crystallized to give
3-bromo-6-methyl derivative 25 (see Table 3).

Method D.

A mixture of 3-bromo-6-methyl derivative 25 (1.2 g, 4
mmoles) and cyclic secondary amine (6 g) was gently refluxed
under nitrogen. The reaction period was 8 hours for pyrrolidine,
6 hours for piperidine, 12 hours for morpholine, 7 hours for
piperazine and 10 hours for 1-methylpiperazine. Then the reac-
tion mixture was poured into water (60 ml) and the precipitated
crystals were filtered off, washed with water, dried and recrys-
tallized to give 2-amino derivatives 26-30 (see Table 3).

Method E.

To a solution of 6-methyl derivative 16 (1.0 g, 4 mmoles) in
dimethylformamide (10 ml) was dropwise added phosphoryl chlo-
ride (0.7 g, 4.6 mmoles) at 0° then the reaction mixture was stirred
at 60° for 3 hours. The cooled reaction mixture was treated drop-
wise with 5% aqueous solution of sodium carbonate. The aqueous
phase was carefully decanted above the precipitation, which was
crystallized by the treatment with methanol. The crystals were fil-
tered off, washed with methanol, dried and recrystallized to give
12-formyl-6-methyl derivative 31 (see Table 3).

Method F.

To a solution of 6-methyl derivative 16 (0.5 g, 2 mmoles) in
dimethylformamide (5 ml) was added dropwise prosphoryl chlo-
ride. Then the reaction mixture was streared at 100° for 5 hours.
The reaction mixture was poured into saturated aqueous sodium,
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hydrogen carbonate solution and strirred for 1 hours at ambient
temperature. The precipated crystals were filtered off, it was
treated with 10% aqueous hydrogen chloride at 100° for 10 min-
utes. After cooling to room temperature crystals were filtered
off, washed with water, dried and recrystallized to give 3,12-
diformyl derivative 32 (see Table 3).

Method G.

To a suspension of 3,12-diformyl compound 32 (0.89 g, 3
mmoles) in 5% aqueous solution of sodium hydroxide at 60°
aqueous potassium permanganate solution (0.95 g, 6 mmoles in 5
ml of water) was added dropwise. Then the reaction mixture was
stirred at 60° for 3 hours. Isopropyl alcohol (2 ml) was added to
the reaction mixture to destroy the excess of potassium perman-
ganate. The precipitated mangane dioxide was filtered off and
washed with 10% aqueous sodium hydroxide solution (2 x 10
ml). The pH of the combined aqueous solution was adjusted to 7
with 20% aqueous hydrochloric acid. The precipitated crystals
were filtered off, and washed with water then methanol, dried
and crystallized to give 3-carboxylic acid 33 (see Table 3 ).

Method H.

To a suspension of 6-methyl derivative 16 (5.02 g, 20
mmoles) in toluene (100 ml) was added dimethyl sulfate (3.53 g,
28 mmoles). The suspension was refluxed. During the heating
the reaction mixture became clear and in about 30 minutes crys-
tal precitipitation started. After 10 hours the crystals were fil-
tered off, washed with ethyl acetate, dried and recrystallized
from acetonitrile to give metosulfate 35 (see Table 3).

Method 1.

The pH of the aqueous solution of quaternary salt 35 (0.4 g,
1.06 mmoles) in water (20 ml) was adjusted to 9 with 3% aque-
ous sodium hydroxide solution (ca. 5 ml). The aqueous reaction
mixture was extracted with chloroform (2 x 10 ml), then the
combined and dried (over sodium sulfate) organic phase was
evaporated to dryness in vacuo. The residue was treated wiht
ethyl acetate (3 ml), then crystals were filtered off, which were a
1:1:1 mixture of compound 16 and E and Z izomers of ring
opened product 38 (80 mg). From the filtrate, after evaporation,
ring opened product 38 was obtained (see Table 3).
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