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Abstract: Under the conditions of Vilsmeier-Haack formylation, nitrogen bridgehead ring systems
containing a 6,7,8,9-tetrahydro-4 H-pyrido[1,2-a]pyrimidin-4-one moiety (which can isomerize into
a tautomeric 6,7-dihydro form under the reaction conditions) or a 6,7-dihydro-4H-pyrido[1,2-a]-
pyrimidin-4-one moiety undergo a ring transformation to afford the same nitrogen bridgehead
nitrogen ring systems containing an unsaturated 4H-pyrido[1,2-a]pyrimidin-4-one moiety. Some
details of the ring transformation were investigated by using deuterated and optically active
derivatives. In the first step, a 7-dimethylaminomethylene-6,7-dihydro-4H-pyrido[1.2-a]lpyrimidin-

rJ-

4-one species is formed, which is involved in the ring transformation. © 1999 Elsevier Science Ltd. All rights
reserved.

Introduction
Vilsmeier-Haack formylation® has proved to be a versatile synthetic method for the functionalization of
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biologically active derivatives.

We recently reported® a ring transformation of antiallergic-antiasthmatic 9-phenylhydrazono-6,7,8,9-
tewrahydro-4//-pyridof1,

unsaturated 4H-pyrido[1,2-alpyrimidin-4-ones (3) (see Scheme 1). Since a 9-phenylaminomethylene derivative

(6) yielded only an N-formylated product (7) as a separable mixture of £ and Z isomers,s and Fischer

[3,4-clindol-4(6 H)-ones (c.g. 4), it was assumed® that the enhydrazine tautomeric form 2 is involved in this

rearrangement, which is the case in Fischer indolization."

Results
The reacrtinne nf O_nrnhanvihvdrazana.f6 7 R O_tetrahvdrn-AdH_nuridnl1l 2.alnurimidine-d-ana (1 = 1 Me
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= COOE) in a mixture of DMF and phosphoryl chloride at 90-100 °C gave unsaturated 4H-pyrido[1,2-a]-
1 2
pyrimidine-4-ones (3, R'= H, Me, R* = COOFt) in 51 and 93%. Similarly, the 3-methyl derivative (1, R' =R
Moe) afforded 2 (R! = R? = Me) in 40% vield
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Scheme 1. i, POCI, / DMF, rt, 30 min, 60 °C, 2 h, then 100 °C, 30 min; ii, 85% H,PO,,
180-185 °C; iii, POCl, / DMF, 40-45 °C, 4 h; iv, POCl;, 95 °C, 1 h.

When the reaction mixture of 1 (R' = Me, R?> = COOE?) in a mixture of DMF and phosphoryl chloride was

stirred at only 40-45 °C, 9-(N,N-dimethylaminomethyleneamino)-8-chloro-7-(N,N-dimethylaminomethylene)-
6,7-dihydro-4 H-pyrido[1,2-a]pyrimidine-4-one (5) was isolated in 71% yield. Further heating of 5 in
phosphoryl chloride at 95 °C for 1 h gave the rearranged product 3 (R'= Me, R* = COOLY) in 90% yield.

Starting from the deuterated hydrazone derivative
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8, the 6-deutero derivative 9 was obtained at
40-45 °C, whereas at higher reaction temperature
the 7-(1-deutero-1-chloroethyl) derivative 10 was
the product, which was also prepared from 9

(Scheme 2).

Table. Some characteristic '"H-NMR data on 3 (R'= Me R’ = COOEt) and 6 and their deuterated
r‘ ‘7') 1"DQ 0 clﬂl" Q r‘l \
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2-H 6-H 6-CH, 7-CHCl 7-CCCDCH, ememe  “Jronme orron
6 8.67s 6.63q 1.38d 7.0Hz
8 8.68s - 1.38d ~1.2 Hz
3 8.95s 9.13d 5.55dq 1.97d ~70Hz ~0.5Hz
9 8.99s 9.18s - 1.95d ~1.2 Hz
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When the optically active 9-phenylhydrazono-6-methyl derivative of 1 (R' = Me, R* = COOE) was similarly
treated, optically active § was formed at 40-45 °C, but further heating in phosphoryl chloride at 95 °C led to an
optically inactive unsaturated derivative (3, R' = Me, R* = COOEt) (Scheme 1).
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Scheme 3. i, POCL, / DMF, 20-25 °C, 2 h; ii POCl, / DMF, 95-100 °C, 2 h.
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7-(1-chloroethyl) derivatives (13) at lower and

. . . COOEt
higher reaction temperatures, respectively (Scheme T r m
N In thic cage the nhanyl groun wag alean fore U N ]
J}. 11 UIDS Lade, o }Jll\.«llyl blUu}) ywady ailov 1uil /l" CH

. I

mylated. 9-Benzylidene- and 9-ethoxycarbonylme- N (U\(N

y y y y ‘ 7 coom @ \{I
thylene-6-methyl-6,7,8,9-tetrahydropyrido[1,2-a]- Me O 15 l\/N COOF:

) I n e
vrimidine A _anacl3 (14 and 18Y were recnversd A N~ i Me 14
Pyllllllulllb TTULIVD \l"I QAL l.)} YYwinv 1vvuvwivuag li
unchanged from the reaction mixture of DMF and \

COOEt - GOOE

phosphoryl chloride at 95-100 °C. The 9-ethoxycar- CH, S,
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could be isomerized into the 9-ethoxycarbonyl- N COORt CHC X N COOEt

t H |

methyl-6,7-dihydro derivative (16) by heating in Me O 16 Me 0 17
Dowtherm at 250 °C. Vilsmeier-Haack formylation Scheme 4. i, Dowtherm A, 250 °C, 40 min; ii, POCl; /

of 16 smoothly afforded the rearranged 9-ethoxy- DMF, rt, 30 min, then 95-100 oC, 3 h.
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This ring transformation is characteristic of 6,7-dihydro-4H-pyrido[1,2-a]pyrimidin-4-ones. The 9-ethoxy-

ylmethylene-6,7,8,9-tetrahydro derivative (15), which could not isomerize into the 9-ethoxycarbonyl-

.

methyl-6,7-dihydro tautomer (16) under the given reaction conditions at 100 °C, did not undergo
rearrangement, whereas the isomerized 9-ethoxycarbonylmethyl-6,7-dihydro derivative (16) smoothly afforded

the ring-transformed p
(= r

During the rearrangement of 9-phenylhydrazono-6,7,8,9-tetrahydro-4 H-pyrido[1,2-a]pyrimidin-4-ones (1),

similarly to the 9-phenylaminomethylene derivative (6), the amino group of the 9-phenylhydrazono moiety was

bears an electron-withdrawing moiety, the equilibrium between the hydrazono (19) and enhydrazino (20)

tautomers is shifted towards the enhydrazine form" (20). The enhydrazine form (20) reacted with a further 2
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After N(1) protonation of the pyrido[1,2-alpyrimidine skeleton of 7-(N,N-dimethylaminomethylene)-
6,7-dihydropyrido[1,2-a]pyrimidin-4-one (23), the C(6)-N(5) bond is heterolytically split to give a relatively
stable conjugated carbocation 25. In this step, the optically activity is lost. This carbocation 25 reacted with a

chloride ion and, after protonation, the pyrimidine-4-one (26) formed cyclized to 7-(I-chloroethyl)-4H-
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reaction mixture of 1 (R' = Me, R* = COOE#) in a mixture of DMF and phosphoryl chloride at 100 °C, the
presence of ethyl 7-(1-bromoethyl)-8-chloro-9-(N,N-dimethylaminomethylene)-4-oxo-4 H-pyrido[1,2-a]-

roduct on an MS investigation.
This ring transformation can be extended to poiycyclic nitrogen bridgehead ring systems containing a 6,7-
dihydro-4 H-pyrido[1,2-a]pyrimidin-4-one moiety, or its equivalent. For example, a tricyclic hydrazono-

1,2,3,5,6,7.8,10-octahydrocyclopentaldipyrido[1,2-alpyrimidin-10-one derivative [18, Ar = 4-FC.H, R' =
' o | LarJ L 1 L
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R’ R? = (CH,),] afforded a ring-transformed product [28, R' = Me, R?, R*= (C}
of DMF and phosphoryl chloride (Scheme 5).
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Experimental

General: Melting points were measured in capillaries and are uncorrected. Yields were not maximised. UV

and (N
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Dichrogaph III. IR spectra were taken in KBr disks on a Pyc spectrometer. 'H and “C

<

NMR spectra were obtained on Bruker AC-200 equipment, at 200 MHz and 50 MHz, respectively. Samples

wera run in CDCL calutione with tetramethvlgilane ac internal ctandard Flemental analveee (C H I F CNh
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were performed with a Perkin Elmer 2400 CHN Analyser
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.8,9-tetrahydro-4 H-pyrido{1,2-d]pyrimidin-4-one (1) (10 mmol) in

DMF (8 mL), phosphoryl chloride (4.6 g, 30 mmol) was added dropwise under cooling. The reaction mixture

was stirred at ambient temperature for 30 min, then at 60 °C for 2 h, and finally at 100 °C for 30 min. The

e T g | Lo SRSSRLD% S | s memm

cirma mmiiemd At Asmiclhad San s d s P T < Py i noys o~A:
Wdd pouIcd VIV Crusicd 1CC dnd e pri o1 Uic 11 llK € was du_] €d 10 /7 wWiitn £U7o SOaiuiy

4
HXLur

a

RS
CL0OI

p—

carbonate solution. The crystals that precipitated out were filtered off and washed with water. The crude product

was crystallised or was purified by column chromatography.

Ethyl 4-ox0-9-phenylhydrazino-6,
= COOEY) gave 3 (R' = H, R* = COOE), yield 51%, after chromatography on a silica gel column with
176

benzene as cluent; mp 175- °C (EtOH). Anal. Caled for C,H,,.CLLN,O, (371.225): C, 48.53; H, 4.34; N,

FasiemAd Y AN, IT A 20. NT
rouna: U, 46.229; 11, 4.5, IN,
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15.09; Cl, 19.
Cthyl 6-methyl-4-0x0-9-phenylhydrazino-6,7,8,9-tetrahydro-4H-pyrido[ 1,2-a|pyrimidine-3-carboxylate’ (1,
R'= Me, R? = COOEt) gave 3 (R' = Me, R* = COOEY), yield 93%; mp 192 °C (EtOH); X, 393 (log € 4.27),



o
(=9
—
~—
Z
~
<
jen
N

(NMe,), 52.7 (CHCD), 60.7 (OCH,), 104.2 (C-3), 118.9 (C-6), 131.6 (C-7), 134.2 (C-8), 143.1 (C-9), 1483
154.6 (C-4 7.8
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157.3 (N=CH-), 157.

C, 49.88; H, 4.71; N, 14.54; CI, 18.41. Found: C, 49.60; H, 4.79; N, 14.53; CI, 18.29.
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The optically active (+)-(6R) dcrivative'® of 1 (R' = Me, R* = COOEt) gave racemic 3 (R' = Me, R’ =
COOE); yield 73%; mp 190-191 °C (EtOH), which and gave no mp depression mixed with an authentic

sample.
r
The 6,7,8-trideutero derivative (8) (0.59 mmol), [prepared from ethyl 6-methyl-4-oxo0-4H-pyrido[1,2-a]-
pyrimidine-3-carboxylate' by reduction over 5% Pd/C catalyst in ethanol under D,, and the oily 6,7 8-trideutero

derivative of ethyl 6-methyl-4-0x0-6,7,8,9-tetrahydro-4/1-pyrido[ 1,2-a]pyrimidine-3-carboxylate (1, R' = Me,
= COOEL,), was reacted with benzenediazonium chloride™] gave the 7-(1-chloro-1-deuteroethyl) derivative

Y141t (CH.CH). 195d(/J. ~.. 1.2 Hz. H.CCDCDh
) L4t t(Uk Hy), 1.9 4 cin 1.4 0Z, 80000,

Ethyl 8-Chloro-7-(N,N-dimethylaminomethylene)-9-[(N, N-dimethylaminomethylene)amino [-6-methyl-4-oxo-
6, 7-dihydro-4H-pyrido[ 1, 2-a[pyrimidine-3-carboxylate (5)

oy TR AT

To a solution of 1 (R'= Me, R’ = COOEt) (10 mmol) in DMF (8 mL), phosphoryi chioride (4.6 g, 30 mmol)
was added dropwise under cooling. After stirring at 40-45 °C for 4 h, the reaction mixture was poured into
crushed ice and the pH of the mixture was adjusted to 7 with 20% sodium carbonate solution. The crystals that
precipitated out were fiitered off and washed with water. After drying, compound 5 (5.59 g, 71%) was obtained,
mp 160-162 °C; A, 499 (log € 4.30), 313 (4.28), 282 (4.27), 221 nm (4.41); v,,,, 1740 (C=0, ester), 1660 cm™
[C(4)=0]; '"H NMR (CDCl,) & 1.35 t (CH,CH,), 1.38 d CJiy ey ~7.0 Hz, 6-Me), 3.07 s (N=CH-NMe,), 3.17 s
[C(7)=CII-NMe,], 4.35 q (OCH,), 6.63 q (6-H), 6.83 s {C(7)
¥C NMR (CDCl,), & 14.4 (CH,CH,), 20.6 (6-CH,), 34 broad, and 40 broad (N=CH-N(CH,),), 44.0 (C-6 and
C(7)=CH-N(CH,),), 60.6 (OCH,), 99.1 (C-7), 111.7 (C-3), 129.1 (C-9), 134.3 (C-8), 142.5 [C(7)=CH-N(CHs,),],

£ (AN 180 Q (O 164 4 (1O 37T 104U, 37
O (L-4), 1506.0 (L-~2), 1074 (O~ buu;, JLSC”) CcH ~10.4 Hz, Je(8),6-H
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~7.9 Hz. Anal. Calcd for C4H,,CIN;Q, (393.878): C, 54.89; H, 6.14; N, 17.78; Cl, 9.00. Found: C, 54.72; H,
6.08; N, 17.72; C1,8.94

The optically active (+)-6R) derivative of 1 (R' = Me, R* = COOEY) gave the optically active derivative of 5,
(R Me, R? = COOQOFt t) (51%); mp 134-137 °C. CD A, 489 (A -15.45), 314 (+9.74), 279 (+9.33), 243 (-7.70),

...... e

The 6,7,8-trideutero derivative (8) of 1 (R'= Me, R? = COOE) (5 mmol) gave compound 9 (60%) 156-
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6 UL INIVIR (LU ) 0 1.0 Tilr,Uily), 1.6 4 {Wepeme ~1.4 114, O-Mi€), 3.UZ § {(NTUI-NME,j, J.12 §
[C(7)=CH-NMeg,], 4.35 q (OCH,), 6.83 s [C(7)=CH-NMe,], 7.54 s (N=CH-NMe,), 8.68 s (2-H)
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0x0-4H-pyrido[1,2-a]pyrimidine-3-carboxylate (5)
A solution of compound § (0.39 g, | mmol) in phosphoryl chloride (3 mL) was stirred at 95 °C for 1 h. The
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carbonate solution. The crystals that precipitated out were filtered off and washed with water to give 3

(R = COOEt, R' = Me) (0.35 g, 90%); mp 191-192 °C (EtOH), and it gave no mp depression mixed with a

Ethyl 7-(/V,N-Dimethylaminomethylenc)-9-[N-(4-formylphenyl)-N-methylamino|-6-methyl-4-0x0-6,7-
o JIPSY 1NN M vanme
e UL Jl ‘,‘ 1 lllllulllC'J'\ral

To a solution of ethyl 9-(N-methyl-N-phenylamino)-6-methyl-6,7-dihydro-4 /-pyrido[1,2-a]pyrimidine-
3-carboxylate" (11) (1.7 g, 5 mmol) in DMF (4 mL), phosphoryl chloride (2.3 g, 15 mmol) was added dropwise

worked up as above to give compound 12 (1.65 g, 78%) mp 138-139 °C (ethyl acetate); '

6 1.25 t (CH,CH,), 1.38 d (6-CH,), 3.23 s (C(7)= ] (6-H), 6.80d
M T and & LT AFDWY 708 ¢ /Q.IIYV 772 A /M T and S H ~FDhY 120 o M. ITY Q75 o /O Anal Malnd fae
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carboxylate (13)

When a similar reaction mixture of compoun:
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1.96 d (H,CHCI), 3.55 s (NMe), 4.43 q (OCH,) 5.
6-11 of Ph), 8.10 d (/g g ~2.1 Hz, 8-H),

C_H OCOIN.O /A1‘l QAA) C
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( d( d 5-H of Ph), 7.78 d (2-H and
20 dd (Y cu ~0.6 Hz, 6-H) 9.82 s (CHO). Anal. Caled

10.15. Found: C, 61.05, 11, 4.82, C, 8.47, N, 10.09.
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Ethyl 3-Ethoxycarbonyl-6-methyl-4-0x0-6,7-dihydro-4 H-pyrido[1,2-a]pyrimidine-9-acetate (16)
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Ethyl 9-ethoxycarbonyimethyiene-6-methyl-4-ox0-6,7,8,9-tetrahydro-4/4-pyrido[ i,2-a|pyrimidine-3-carbo-

xylate™ (15) (12.5 g, 5 mmol) was added to Dowtherm A (200 mL) at 250 °C. The reaction mixture was stirred

at this temperature for 40 min. After cooling to ambient temperature, it was diluted with petroleum ether (400

hininntndi it =4 it

V2 T IV - o\ T _ n

mL), and extracted with 1:1 hydrochloric acid (2x150 mL and 1x100 mL). The combined acidic aqueous
solution was treated with active charcoal and, after filtration, its pH was adjusted to 7 with 20% sodium

carbonate solution. The agueous solution was extracted with chloroform (2x150 mL and 1x100 mL). The

.

combined organic phase was dried {over sodium sulfate) and evaporated to dryness in vacuo. The oily residue
was chromatographed on a silica gel column with benzene as eluent to give compound 16 (3.5 g, 28%) as an

oil; A, 341 (log & 4.03), 253 (4.14), 213 (4.22); '"H NMR (CDCL,) 5 1.18 d (6-Me), 1.32 t and 1.40 t

max

(2xCH,CH,), 2.65 m (7-CH,), 3.53 s [C(9)-CH,], 4.15 q and 4.38 q (2xOCIL,), 5.34 m (6-H), 6.56 m (8-H), 8.61
s (2-H). Anal. Caled for C,;H,N,0; (320.347): C, 59.99; H, 6.29; N, 8.74. Found: C, 60.12; H, 6.22; N, 8.84.

Ethyi 3-Ethoxycarbonyi-7-(i-chioroethyl)-6-methyi-4-oxo-4H-pyrido[1,2-a|pyrimidinec-9-acetate (17)
To a solution of 3-ethoxycarbonyl-6-methyl-4-0x0-6,7-dihydro-4 H-pyrido[1,2-a]pyrimidine-9-acetate (16)

(1.1 g, 3.4 mmol) in DMF (4 mL), phosphory! chloride (1.54

nmol) in D} mL), phosph oryl ch e lg,

10 mmo)) was added dro
1 1) was aqaca aro

113xx1S

o 20-25 °C. The
25 FAV VN 101¢

reaction mixture was stirred at ambient temperature for 30 min, then at 95-100 °C for 3 h. The reaction mixture
7w

0
was poured onto crushed ice, and the pH of the mixture was adjusted to 7 with 20% sodium carbonate solution.

water (20 mL), the dried solution (over Na,SO,) was evaporated to dryness in vacuo, and the residue was
chromatographed on a silica gel column, eluent: benzene and methanol, to give compound 17 (0.34 g, 27%);

254 inf (3.95); v, 1740
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midin-10-one (18, Ar = 4-FCH,, R’ = Me, R, R’ = (CH,);)

To a stirred solution of sodium acetate trihydrate (24 mmol, 3.3 g) and 4-fluorophenylhydrazonium chloride,

mL) at 0 °C by usual procedure,” 8-methyl-1,2

<

one’ (10 mmol, 2.04 g) in 75% acetic acid (10 mL) was added dropwise at 0 °C. The reaction mixture was



0 °C for 3 h and stored overnight in a refri

at 2 1 LR villlishit A2 A2

stirred a
washed with water, dried, and crystailised from ethanol to give i8 (0.7 g, 21%); mp 184-186
for C,;H,;FN,O (326.373): C, 66.23; H, 5.87; N, 17.17; F, 5.82. Found: C, 66.41; H, 5

Ring ‘Transformation of 5-[2-(4-Filuorophenyl)hydrazonoj-8-methyi-i,2,3,5,6,7,8,1
cyclopenta[d]pyrido[1,2-a]pyrimidin-10-one [18, Ar = 4-FC,H,, R' = Me, R?, R’ = (CH,);]

To a solution of arylhydrazino derivative 18 [Ar = 4-FCH,, R' = Me, R?, R* = (CH,),
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DMF (1.5 mL), phosphoryl chioride (1.15 g, 7.5 mmol) was added under cooling. The reaction mixture was
stirred at 60 °C for 2.5 h, then at 95 °C for 1 h. The reaction mixture was poured onto crushed ice and the pH of
the mixture was adjusted to 7 with 20% sodium carbonate solution. The crystals that precipitated out were
filiered off and washed with waier. The crude product was purified by column chromatography and finally
recrystallised to give 6-chloro-7-(1-chloroethyl)-5-(N,N-dimethylaminomethylene)-1,2,3,10-tetrahydrocyclo-
penta[d]pyrido[1,2-alpyrimidin-10-one [28, R' = Me, R*, R’ = (CH,),] (0.1 g, 19%); mp 196-197 °C (MeOH);

5.14; N, 15.86; Cl, 20.07. Found: C, 54.69; H, 5.19; N, 16,12; Cl, 20.06.
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