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Vilsmeier and Mannich Reactions on (45)-N2-
Substituted 4-Methyl-2,4-dihydro-1H-
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Maria Fernandez, Maria L. Heredia, Elena de la Cuesta and Carmen Avendafio*®

Departamento de Qufmica Organica y Farmacéutica. F. Farmacia. Universidad Complutense, 28040 Madrid, Spain.
N

Receive

{2
[
o0

ber 1997; accepted 8 January 1998

INOVCII 5 Vi < L 111

Abstract: The enamine character of the CHp-C(11a)=N(11) fragment in the title compounds was
studied. Compounds 1 gave 1-dimethylaminomethylene products § after Vilsmeier reaction, The 1-formyl
derivatives, obtained by alkaline hydrolysis of 5, were isolated as enol tautomers and were very unstable
in acid media. On the other hand, acid-promoted elimination of dimethylamine from the Mannich reaction
products 7 gave 1-methylenc derivatives 8, which showed an interesting reactivity. Thus, 8a dimerized in
acid to the ethylidene derivative 9a, 1,4-Dialkyl-compounds 7 and 9a showed a 1,4-syn-stereochemistry.
© 1998 Elsevier Science Ltd. All rights reserved.

muiti drug resistance phenotype in tumour cells,> we have found that some simpler compounds, prepared by
diastereoselective alkylation of anions derived from N2,C4-disubstituted-2,4-dihydro-1H-pyrazino[2,1-
b]quinazoline-3,6-diones (1),2 retain most of the biological activity. Here we study the enamine character of the
-CH,-C(11a)=N(11) fragment in compounds 1 by exploring their reactivity against strong electrophiles such as
the Vilsmeier and Mannich reagents.

According to previous results obtained in related compounds (2),43 which have been studied in

connection with the synthesis of rutecarpine® and deoxyvasicinone alkaloids,>7 reaction of 1 with the Vilsmeier
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derived from the enoi 3a.>- ternatively, enamines Sa (Z-isomer) and 5b (E-isomer) were obtained almost
quantitatively when the corresponding Vilsmeier reaction mixtures were poured onto ice. Since acid hydrolysis
of compounds 5 seemed to give unstable compounds, alkaline hydrolysis was studied. Thus, 5a (R = Me) gave
3a in quantitative yield (98%), but 5b did not react at all. Finally, 3a gave the unstable O-methyl derivative
6a,12 which was oxidized in situ to ketone 4a (Scheme 1). The stereochemistry of compounds 3 and § was
confirmed by NOE experiments. The different configuration of the exocyclic double bond in that enamines Sa
and 5b show that steric interactions between the dimethylamino group and the N2-substituent are greater when
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i: POCIy/DMF. ii: CICH=N*(CH3),CI", then H,0. iii: NaOAG/H,0.
iv: KgCOg/MGQSO4
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The failure of the aikaline hydrolysis of 5b points to a diastereoselective process, in which the acetate
anion approaches to the o face, opposite to the 4-methyl substituent. This attack would be prevented in the b
series because of the p-methoxybenzyl substituent at N-2.

The Mannich reaction!3 was next studied on compounds 1a and 1c¢ (Scheme 2), which reacted with

dimethylmethyleneammonium trifluoroacetate to give compounds 7, 8 or 9. Compounds 7 were quantitatively
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reagent and starting materiais 1 gave either $a (R= Me ) or 8c (R= Bn).

The 1,4-syn-stereochemistry of compounds 7 and 9a was deduced from our previous experience on
1,2,4-rialkylderivatives, for which we found significative differences in the IH-NMR chemical shifts of the Cy-
H protons (deshielded in the syn-isomers with respect to the anti-isomers)2 and from NOE experiments
(irradiation of C1-H and C4-H protons).14 Determination of the syn, E stereochemistry of 9a required some
additional NMR experiments (see 'H-NMR assignments in Figurc 1).

gHgNMeg
H H R. N
CH; O

Ph-HZQ..k /N\ - H'JQ-‘ ,Jl N P~
N 4 0 d
T oS
CH3 O CHz O
8c 9a

i: (MesN),CHo (2 equiv.), F3CCOoH (6 equiv.), 65 °C, 3.5 h. ii (MeaN)2CHa (1 equiv.), F3CCO2H

(5 equiv.),65°C,3.5h.

Fig. 1: 'H NMR data of compound 9a (CDCl3)
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in trifluoroacetic acid. Steric interactions with the N2-substituent must prevent a similar dimerization in 8c.
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NMR spectra were obtained on a Bruker AC-250 (250 MHz for IH, 62.5 MHz for 13C) spectrometer; and
CDCl3 as the internal reference (Servicio de Espectroscopfa, U.C.M.). Elemental analyses of new compounds
were determined by the Servicio de Microandlisis, Universidad Complutense, on a Perkin-Elmer 2400 CHN
microanalyser. Mass spcctra were recorded on a Hewlett-Packard 5993C (EI, 70 eV) (Servicio de
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Espectroscopfa U.C.M.). Melting points were measured in open capillary tubes using a Btichi immersion
PR o ndad Tdanatinea tzrama s smitaead her thin logyar Al 1
apparatus, and are uncorrected. Reactions were monitored by thin layer chromatography, on aluminium plates

coated with silica gel with fluorescent indicator (Scharlau Cf 530). Separations by chromatography were
performed on silica gel (SDS 60 ACC, 230-400 mesh, and Scharlau Ge 048). All reagents were of commerciai
quality (Aldrich, Fluka, Merck, SDS, Probus) and were purified following standard procedures. Starting
materials 1a15a, 1b15b and 1¢2 were obtained according to known procedures.

(4S)-2,4-Dimethyl-2,4-dihydro-1H-pyrazino[2,1-b]quinazoline-1,3,6-trione (4a).

To a cooled solution of 1 (200 mg, 0.822 mmol) in DMF (1.23 ml, 0.164 mmol), POCIl3 (0.15 ml, 0.164
mmol) was added dropwise at 15-20 "C. The reaction mixture was stirred at 25 °C during 6 h, poured onto
crushed icc and the pH adjusted to 7 with 20% aqueous NapCO3. The solution was extracted with CHpClp and

the extracts were combined, dried over anhydrous NaS04 and concentrated. The crude product was purified by
silica gel column chromatography, by using EtOAc as eluent to yield 4a (50 mg, 24%). Mp 220-1 °C. 1H-NMR
(250 MHz, CDCl3) : 8.27 (dd, 1H, J= 8.1 and 1.4 Hz), 7.97 (dd, iH, J= 8.1 and 1.4 Hz), 7.84 (m, 1H),

7.60 (m, 1H), 5.57 (q, 1H, J= 6.9 Hz), 3.38 (s, 3H), 1.72 (d, 3H, J= 6.9 Hz); 13C-NMR (63 MHz, CDCl3) 3
168.5, 159.2, 157.1, 146.3, 138.4, 135.3, 129.7, 129.5, 126.7, 121.6, 52.5, 27.9, 21.0. Anal. calcd. for
C13H11N303: C, 60.69; H, 4.31; N, 16.33. Found: C, 60.37; H, 4.37; N, 16.03.

Vilsmeier reaction: Synthesis of compounds 3.

under argen, v ! Qreme.hy!ene-dl n mmonium chlorid g, 1.95 mmol). I hc: reaction
mixture was stirred overnight and treated with 5 ml of H2O. The organic layer was scparated, dried over

eluting with EtOAc.

(4S5, Z)-2,4-Dimethyl-1-dimethylaminomethylen-2,4-dihydro-1H-pyrazino[2,1-b]
quinazoline-3,6-dione (5a) Yield: 235 mg (96%); Mp 145 "C. IH-NMR (250 MHz, CDCI3) §: 8.33 (dd,
1H, J= 7.9 and 1.4 Hz), 7.80 (m, 1H), 7.64 (d, 1H, J= 7.9 Hz), 7.46 (m, 1H), 7.25 (s, 1H), 5.78 (g, 1H, J=
7.1 Hz), 3.28 (s, 3H), 3.10 (s, 6H), 1.65 (d, 3H, J= 7.1 Hz); 13C-NMR (63 MHz, CDCl3) &: 167.9, 160.5,
149.5, 148.3, 137.2, 134.4, 126.8, 126.2, 125.2, 119.4, 106.3, 52.0, 42.1, 34.1, 15.4. Anal. calcd. for:
L16H18N402 C, 64.41; H, 6.08; N, 18.77. Found: C, 64.35; H, 6.01; N, 18.49.

(48, E)-4-Methyl-2-(p-methoxybenzyl)-1-dimethylaminomethylen-2,4-dihydro-1H-
_____________________ 2 L PN A . o I - =
razino{2,1-b]quinazoline-3,6-dione (5b) Yield: 220 mg (95%). Mp 45-6 °C. IH-NMR (250 MHz,
» » (o) B\ J Vv \
amm AN - O 1 TT..\ "7 177 [ucn 1YEN "7 1Y (A 1LIY 77
CDCl3) 6: 8.04 (d, 1H, /= 7.9 Hz), 7.51 (m, 1H), 7.40 (d, 1H, J= 8.1 Hz), 7.17 (i, 1H), 7.10 (s, 1H), 7.06

(d, 2H, J= 8.6 Hz), 6.69 (d, 2H, J= 8.6 Hz), 5.52 (q, 1H, J= 7.1 Hz), 5.12 (d, 1H, J= 13.9 Hz), 4.2 (d, 1H,

= 13.9 Hz), 3.65 (s, 3H), 2.92 (s, 6H), 1.44 (d, 3H, J= 7.1 Hz); 13C-NMR (63 MHz, CDCl3) 3: 167.5,
160.5, 158.9, 149.5, 148.3, 137.3, 134.2, 129.5, 128.4, 126.6, 126.3, 125.0, 119.3, 113.7, 105.2, 54.9,
51.9, 46.8, 42.2, 15.4. Anal. calcd. for: Co3H24N403 H20: C, 65.38; H, 6.20; N, 13.26. Found: C, 65.40;
H, 5.99; N, 13.08.

(45, E)-2,4-

o
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1yl-1-hidroxymethylen-2,4-dihydro-1H-pyrazino[2,1-b]quinazoline-
of 5a (250 mg, 0.838 mmol) in (“HECLZ (10 ml); NaOQAc (100 mg, 1.21 mmol)
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columm chomatoeranhv hv ugine EtQOAc ag aluent Yield: 275 mo (989). Mn 1002 °C TH-NMR (250 MH»
UMM CA0Mmalograpny 2y usSing mIOUAC as eluenu. Y16:Ql /0 mg (F8%). Mp 170-2 U, "H-NMK (220 MRz,
CNCILYAR 22 (m THY 701 (¢ THY 774 fem 1KY 740,720 fem TN S A0 (a4 1H T— £Q 2\ 220 (e
\,u\/ljl Ve O.ad \BMdy LRLJy T 7L \Dy KERJy [ 777 \Riky LRRJy T .77 1 .07 \lll, ‘-11}, [ e 4 \\i, 11Xy J=— U, 7 ‘.lLI, IV \D,
ATIN 1 EX £A ALY T £ 0 TI-. 130 WINED /£ wART. N 1A£ Q 147 N P
30}, 1.53 {d, 34, /=69 Hz); *°C-NMR (63 Y, 146.8, 143.0, 1335.5,

15.49. Found: C, 61.89; H, 5.05; N, 15.26.

(45, Z)-2,4-Dimethyl-1-methoxymethylen-2,4-dihydro-1H-pyrazino[2,1-b]quinazoline-
3,6-dione (6a) A mixture of 3a (100 mg, 0.368 mmol), dimethyl sulfate (102 mg, 0.809 mmol) and KHCO;
(49 mg, 0.496 mmol) in acetone (20 ml), was heated at reflux for 15.5 h. The reaction was cooled and filtered.

The solution was concentrated and the residue was purified by silica gel columm chomatography by using
EtOAc as eluent. Yicld: 99 mg (95%). 1H-NMR (250 MHz, CDCl1) o: 823 (m, 1H), 7.73 (m, 1H), 7.6 (m,

1H), 7.42 (m, 1H), 7.15 (s, 1H), 5.6 (q, 1H, J= 7.1 Hz), 3.99 (s, 3H), 3.32 (s, 3H), 1.52 (d, 3H, J= 7.1
Hz).

Mannich reaction: Method A.

To stirred and cooled (ice-salt bath) anhydrous trifluoroacetic acid (0.418 ml, 5.43 mmol),
bis(dimethylamino)methane (185 mg, 1.81 mmol) was added slowly. The temperature of the resulting solution
was kept below -10 °C and 1 (0.905 mmol) was then added. The cooling bath was removed and the solution
was heated at 65 "C for 3.5 h. To the cooled solution, HyO (5 ml) was added, and the precipitate formed was
removed by filtration and washed with MeOH.

(48, syn)-2,4-Dimethyl-1-dimethylaminomethyl-2,4-dihydro-1H-pyrazino[2,1-b]
qmnaze!me-s,é-dmne (7a) Yield: 267 mg(98%). Mp 104-6 "C. IH-NMR (250 MHz, CDCl3) &: 8.13 (dd,
1H, J= 7.9 and 1.1 Hz), 7.71 (m, 1H), 7.59 (d, IH, J=7.5Hz), 7.45 (m, 1H), 5.94 (m, 1H), 5.38 (q. 1H, J=
7.1 Hz), 4.62 (dd, 1H, J=14.7 and 6.8 Hz), 4.29 (dd, 1H, J= 14.7 and 7.5 Hz), 3.23 (s, 3H), 2.89 (s, 6H),
1.43 (d, 3H, J= 7.1 Hz); 13C-NMR (63 MHz, CDCi3) &: 165.9, 159.1, 146.1, 143.3, 13 128.0, ,

126.5, 120.0, 55.4, 51.1, 42.8, 34.4, 31.3, 18.3. Anal. calcd. for: C16H20N403: C, 63.
18.65. Found: C, 63.79; H, 6.62; N, 18.48.

(45, syn)-2-Benzyl-4-methyl-1-dimethylaminomethyl-2,4-dihydro-1H-pyrazino[2,1-b]
quinazoline-3,6-dione (7¢) Yield: 167 mg (98%). Mp 75 "C. 1H-NMR (250 MHz, CDCl3) &: 8.30 (m,
1H), 7.77 (m, 1H), 7.58-7.51 (m, 2H), 7.34-7.20 (m, 5H), 5.97 (dd, 1H, J= 8.4 and 6.5 Hz), 5.65 (g, IH,

225 222 =2 \I285 =22/ =X 22 Srnhag s bl £ =33

J=17.1 Hz), 5.39 (d 1H, J= 15.7 Hz), 4.89 (d, 1H, J= 15.7 Hz), 4.73 (dd, 1H, J= 13.9 and 8.4 Hz), 4.07

~
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o & LI I "
na 0.5 ni), nj, <.
1

R

78
(S, >
£
)

12 O 1
, 135.08, 1

UQ

, 14
16.8, 42.7, 41.7, 34.4, 18.5. Anal. calcd. for: CppHpyN407: C, 70.19; H, 6.42; N, 14.88. Found: C,
70.02; H, 6.51; N, 14.69

Method B: The same as method A, but using anhydrous trifluoroacetic acid (0.348 ml, 4.525 mmol),
bis(dimethylamino)methane (92.5 mg, 0.905 mmol), 1 (0.905 mmol) and 6 mi of CH>Cl; yielded compound

S8a.

¥.

J
S, 1£L A 1 -~y AL
0. 100.4, 10Y.£, 140.1
3

(45)-2.4-Dimethyl-1-methylene-2,4-dihydro 1H-Dyrazin0I2 1-blquinazoline-3,6-dione
g (715%,). Mp 170 °C. TH-NMR (250 MHz, CD 6: 8.28 (m, 1H), 7.79-7.70 (m, 2H),
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57
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7.50 (m, 1H), 6.24 (d, 1H, J= 1.6 Hz), 5.56 (y, 1H, /=69 Hz), 5.13 (d, 1H, J= 1.6 Hz, ), 3.34 (s, 3H),
1.57 (d, 3H, J= 6.9 Hz); 13C-NMR (63 MHz, CDCl3) &: 165.9, 160.0, 147.5, 144.5, 138.1, 134.9, 1279,
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127.5, 126.9, 120.6, 103.1, 51.6, 31.0, 19.3. Anal. calcd. for: C14H13N307: C, 65.87; H, 5.13; N, 16.46.
Cannd: ( £€7&8. 11 £179. W 1£ 24
cOUna: ©, 05.795, 11, 5.40, IN, I0.54.

A V¥ § I o DS 5 N 7ol PvVatl

Method C: The same as method b without solveni (L U2L12) ylemeu compounas 8c and 9a.

(4S5)-2-Benzyl-4-methyl-1-methylene-2,4-dihydro-1H-pyrazino[2,1-b]quinazoline-3,6-
dione (8c). Yield: 68 mg (65 %). Mp 175-76 °C. IH-NMR (250 MHz, CDCl3) 8: 8.30 (m, 1H), 7.78 (m,
1H), 7.69 (m, 1H), 7.51 (m, 1H), 7.39-7.23 (m, 5H), 6.19 (d, 1H, J= 1.7 Hz), 5.68 (q, 1H, J= 6.9 Hz),
5.33 (d, 1H, J= 15.7 Hz), 5.13 (d, 1H, J= 1.7 Hz), 4.84 (d, 1H, J= 15.7 Hz), 1.69 (d, 3H, J= 6.9 Hz); 13C-
NMR (63 MHz, CDCl3) 8: 166.1, 160.0, 147.4, 144.2, 136.9, 135.5, 134.8, 128.9, 127.7, 127.6, 1274,
126.8, 126.6, 120.5, 104.4, 51.5, 47.7, 19.3. Anal. calcd. for: CpoH17N302: C, 72.49; H, 5.17; N, 12.68.
Found: C,72.69: H, 517: N, 12.39,

4 O, U, 7407, 24, 4

(45)-2,4-Dimethyl-1-{2-[(4'S)-2',4'-dimethyl-3',6'-diox0-2',4'-dihydro-1'H -

pyrazmaiz,l-b]qiiiﬁazmﬁ"udeﬂethyl} 2,4-dihydro-1H-pyrazino{2,1-b]quinazoline-3,6-
. o wr: o 1 -
dione (9a). Yield: 138 mg (95%). Mp 275 "C (methanol). "H-NMR (250 MHz, CDCl3) &: 8.29 (m, 2H),

7.80 (m, 2H), 7.67 (d, 1H, J= 7.4 Hz), 7.59 (d, 1H, J= 7.1 Hz), 7.52 (m, 2H), 5.83 (dd, 1H, J=9.2 and 7.7
Hz, ), 5.55 (g, IH, J= 7.1 Hz), 5.38 (g, 1H, J= 7.2 Hz), 4.98 (dd, 1H, J= 10.4 and 4.8 Hz, ), 3.94 (m, 1H),
3.37 (s, 3H), 3.33 (s, 3H), 3.04 (m, 1H), 1.72 (d, 3H, J= 7.2 Hz), 1.41 (d, 3H, J= 7.1 Hz); 13C-NMR (63
MHz, CDCl3) &: 167.2, 166.4, 160.7, 159.8, 149.4, 146.9, 146.9, 144.7, 135.0, 1349, 132.7, 127.9,
127.4, 127.2, 127.1, 126.9, 126.8, 120.4, 120.3, 118.7, 63.1, 52.3, 51.5, 33.5, 33.1, 32.0, 19.2, 17.8.

Anal. calcd. for: CrgHogNgOa: C, 65.87; H, 5.13; N, 16.46. Found: C, 66.05; H, 5.39; N, 16.34. MS; m/z
S10 M+ 12) 268 (1] \
YR AV, \LVI . L‘.t/, r=Avie) \A\l\l}.
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