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1-(TRIFLUOROMETHYL)-3,4-DIHYDROPYRROLO-
[1,2-a]PYRAZINES: SYNTHESIS AND REACTIONS WITH
O- AND N-NUCLEOPHILES

V.L Tereninl*, M. V. Galkinl, E. V. Kabanoval, and A. S. Ivanov'

The method of synthesis has been developed and reactions of I-(trifluoromethyl)-3,4-dihydro-
pyrrolof1,2-a]pyrazines with O- and N-nucleophiles have been studied. It was found that reactions of
nucleophiles with I-(trifluoro-methyl)pyrrolo[1,2-a]pyrazines transforms the trifluoromethyl group to
amide and amidine groups together with aromatization of the pyrrolo[1,2-a]pyrazine system as a result
of the formal elimination of a molecule of hydrogen fluoride.

Keywords: 1-(trifluoromethyl)pyrrolo[1,2-a]pyrazine, nucleophilic reactions involving a trifluoromethyl
group.

Pyrrolo[1,2-a]pyrazines are promising components in the composition of medicinal preparations, food
additives, and optical materials [1-5]. One of the simplest and most convenient methods of preparing
pyrrolo[1,2-a]pyrazines is based on the condensation of 2-acylfurans with ethylene diamine [6]. However, this
synthetic method is only used for preparing 1,6-alkyl- and aryl-substituted pyrrolo[1,2-a]pyrazines, the
difficultly obtainable pyrrolo[1,2-a]pyrazines with a functional group in position 1 not previously being
available by this procedure.

By condensation of ethylene diamine with the 2-(trifluoroacetyl)furans 1a,b (prepared by method [7])
we were able to prepare the corresponding 1-trifluoromethyl-3,4-dihydropyrrolo[1,2-a]pyrazine (2a) and
6-methyl-1-trifluoromethyl-3,4-dihydropyrrolo[1,2-a|pyrazine (2b). It should be noted that the formation of a
C=N bond by reaction with amines is not typical of carbonyl compounds with a trifluoromethyl group in the
o-position, the reaction generally stopping at the stage of addition of the amine. Hence, for example, the loss of
the water molecule and formation of an imino group in the reaction of amines with trifluoromethyl ketones
generally needs a dehydrating agent like POCl; or SOCI, [8].

We have previously shown that a rearrangement involving the trifluoroacetyl group occurs in the
reaction of methylamine with 6-trifluoroacetylpyrrolo[1,2-a]pyrazinium salts to yield pyrrolo[1,2-a]pyrazin-
1-ones [9]. It might have been expected that treatment of compounds 2a,b with nucleophiles would give rise to a
similar conversion with elimination of the trifluoromethyl group and formation of pyrrolopyrazinones.
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However, treatment of the 1-trifluoromethyl-3,4-dihydropyrrolo[1,2-alpyrazines 2a,b with a 10%
solution of sodium hydroxide in 80% ethanol unexpectedly gave the 1-(difluromethyl)pyrrolo[1,2-a]pyrazines
3a,b as the only reaction products.
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Variation of the conditions did not cause a change in the results of the reaction. Optimal conditions
proved to be when a mixture of compounds 3a,b in alcoholic alkali solvent was held for 2 weeks at room
temperature. Attempts to increase the rate of the reaction by heating led to a marked lowering in the yield and to
a complex reaction mixture composition.

The following scheme can be proposed for this reaction. The action of base initially gives 1,4-elimina-
tion of a molecule of HF and then the migration of a proton from position 4 of the pyrazine ring of intermediate
A to the carbon atom of the difluoromethyl group to give the 1-(difluoromethyl)pyrrolo[1,2-a]pyrazine (3a).
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Exchange of an O-nucleophile for a milder N-nucleophile led to a complex reaction mixture
composition: treatment of compounds 2a,b with a 33% solution of methylamine in ethanol gave compounds
3a,b as well as the 3,4-dihydro- and aromatic N-methylpyrrolo[1,2-a]pyrazine-1-carboxamides 4a,b and 5a,b
and also trace quantities of the products of cyclotransformation 6a,b.
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In order to clarify whether the aromatic compounds 4 and 6 are the result of transformation of the
initially formed compound 3 the 1-(difluoromethyl)pyrrolo[1,2-a]pyrazine (3a) was held for 5 h in a solution of
methylamine in alcohol at 150°C. Conversion of compound 3a to amide 4a and indolizine 6a was not recorded
and only the starting material was separated from the reaction mixture. On the basis of this experiment we can
confirm that compound 3 does not act as an intermediate for the formation of compounds 4 and 6, i.e.
compounds 4 and 6 are formed directly from the trifluoromethyl derivatives 2.

We have further studied the reaction of compound 2a with ethylene diamine. With a twentyfold excess
of the ethylene diamine the reaction mixture has a very complex composition and no kind of products could be
separated. Decreasing the ratio of the starting materials to 1:1 and addition of propyl alcohol solvent made it
possible to separate compound 3a and also the 1-(4,5-dihydro-1H-imidazol-2-yl)pyrrolo[1,2-a]pyrazine (7a) in
yields of 6 and 17% respectively.

o

(CH,NH,) [\ N

2ab ———5 3ap + NN H
a (6%), b (51%) NG

7a (7%), b (3%)
2, 7aR=H,b=Me

Under similar conditions for compound 2b the process of forming the 1-(difluromethyl)-6-methyl-
pyrrolo[1,2-aJpyrazine (3b) predominated.

TABLE 1. Characteristics of the Compounds Synthesized

Com: Empirical M

pound A Calculated, % mp,°C | M" (la%) | Yield, %
c H N

2a CyHoFN, 51.04 | 3.63 | 14.84 _x 188 (100) 27
5107 | 375 | 1489

b CoHsF3N, 53.54 | 431 | 13.86 | 49-51% 202 (65) 68
5347 | 449 | 1386

3a CyHeFaN, 5701 | 3.51 | 1650 — 168 (100) 90
5714 | 360 | 16.66

3b CoHgFoN, 5938 | 430 | 1523 | 48-50 182 (59) 100
5934 | 243 | 1538

4a CoHsN;0 61.92 | 529 | 23.80 | 94-96 175 (37) 27
6170 | 518 | 23.99

4b CoHN:O | 6348 | 564 | 2199 | 110-112 189 (42) 16
6348 | 586 | 2221

5a CoHN;O 6115 | 615 | 23.75 — 177 (100) 47
6100 | 626 | 23.71

Sb CoHisN:O | 6299 | 689 | 21.82 | 61 191 (15) 33
6281 | 685 | 2197

7a CroHioN; 64.80 | 535 | 3008 | 110 186 (100) 24
6450 | 541 | 3009

b CHiN, 66.00 | 618 | 27.80 | 114-116 | 200 (93) 21
6598 | 604 | 2798

8a CroHioNy 63.53 | 605 | 29.61 — 188 (90) 19
6381 | 643 | 2977

8b CHiN, 6529 | 712 | 27.61 | 108109 | 202 (90) 24
6532 | 698 | 27.70

* Bp 100°C (9 mm Hg).
*2 Bp 116-120°C (7 mm Hg).
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Changing the ratio of ethylene diamine to starting compounds 2a,b from 1:1 to 6:1 led to the formation
of a still further reaction product. Column chromatography of the reaction mixture gave both the aromatic
compounds 3a,b and 7a,b as well as the 1-(4,5-dihydro-1H-imidazol-2-yl)-3,4-dihydropyrrolo[1,2-a]pyrazines

8a,b.
N/>
(CH,NH,), [\ | N
2ab —> 3a,b + 7a,b +

RN \ N
a(19%), b (66%) a (18%), b (4%) \\/N

8a (36%), b (18%)
aR=H, bR=Me

It was of interest to decrease the yield of compounds 3a,b relative to compounds 7 and 8. When the
synthesis was carried out without solvent in a sealed ampul (140°C) with a ratio of starting compounds 2a,b to
ethylene diamine of 1:1.5 the desired result was achieved. The yields of compounds 3a, 7a, and 8a were 10, 24,
and 19% and for the methyl-substituted compounds 30, 21, and 24% respectively.

Hence we have studied the reactions of 1-(trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazines with O-
and N-nucleophiles and synthesized previously unknown 1-functionally substituted pyrrolo[1,2-a]pyrazines and
dihydropyrrolo[1,2-a]pyrazines.

EXPERIMENTAL

IR spectra were obtained on UR-20 and IR-200 spectrometers. '"H and °C NMR spectra were recorded
on a Bruker Avance-400 spectrometer (400 and 100 MHz respectively) using CDCl; at temperatures of 23 and
25°C with TMS as internal standard. Mass spectra were taken on a Kratos MS-90 instrument with an ionization
energy of 70 eV. Monitoring of the reaction course and purity of the compounds was performed by TLC on
Silufol-254 (254 nm) and Alufol plates in the systems benzene—ethyl acetate (1:1) and methanol—chloroform
(1:10).

2-(Trifluoroacetyl)furan (1a) was prepared by method [7]. Yield 52%; bp 40-41°C (10 mm Hg) (bp
142°C (765 mm Hg) [7]), np™ 1.4405. '"H NMR spectrum, 8, ppm (J, Hz): 6.71 (1H, dd, J,5 = 3.8, Ju5 = 1.7,
H-4); 7.55 (1H, m, H-3); 7.85 (1H, dd, J54 = 1.7, J55 = 0.7, H-5).

2-(Trifluoroacetyl)-5-methylfuran (1b) was obtained by method [7]. Yield 67%; bp 55°C (7 mm Hg)
(bp 170°C (756 mm Hg) [7]), np2 1.4560. '"H NMR spectrum, 3, ppm (J, Hz): 2.48 (3H, s, CH3); 6.33 (1H, dq,
Ja3=2.0,J4cn, = 0.8, H-4); 7.45 (1H, d, J34=2.0, H-3).

1-(Trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2a). A solution of ethylene diamine
(42.5 ml, 630 mmol) in benzene (150 ml) was added dropwise over one hour to a solution of compound 1a (29.4
g, 180 mmol) in benzene (50 ml). The reaction mixture was stirred for 1 h, refluxed for 1 h, water was added,
and extracted with benzene. The benzene extracts were dried over CaCl, and the solvent was evaporated in
vacuo. The residue was vacuum distilled. Yield 9.25 g (27%).

6-Methyl-1-(trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2b) was prepared similarly to
compound 2a from compound 1b. Yield 68%.

1-(Difluromethyl)pyrrolo[1,2-a]pyrazine (3a). A tenfold excess of 10% NaOH solution in 80% ethanol
was added to compound 2a (0.475 g, 2.5 mmol). The reaction mixture was held at room temperature for 2 weeks
and the solvent was evaporated in vacuo. The residue was treated with water and extracted with benzene. The
benzene extracts were dried over CaCl, and the solvent was evaporated. Compound 3a was separated by column
chromatography on 35/60 silica gel with eluent benzene—ethyl acetate (1:1). Yield 0.38 g (90%).
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1-(Difluromethyl)-6-methylpyrrolo[1,2-a]pyrazine (3b) was prepared similarly to compound 3a from
compound 2b. Yield 100%.

Reaction of 1-(Trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2a) with Methylamine. A
mixture of methylamine in absolute ethanol (5 ml, 33%) and the pyrrolopyrazine 2a (0.377 g, 2 mmol) was
heated at 140°C for 12 h in a sealed glass ampul. Solvent and the residual reagent were evaporated in vacuo and
the reaction product was separated by column chromatography on 35/60 silica gel using benzene as eluent and
subsequently increasing the polarity of the eluent to a mixture of benzene—ethyl acetate (1:1) and finally to ethyl
acetate and alcohol (1:1). Yield of reaction products: compound 3a 0.085 g (25%); N-methyl-3,4-di-
hydropyrrolo[1,2-a]pyrazine-1-carboxamide (5a) 0.166 g (47%); N-methylpyrrolo[1,2-a]pyrazine-
1-carboxamide (4a) 0.095 g (27%); and compound 6a 0.004 g (1%).

8-(Methylamino)indolizine (6a). 'H NMR spectrum, 8, ppm (J, Hz): 2.98 (3H, s, CH;); 3.96 (1H, br. s,
NH); 5.75 (1H, d, J;6 = 7.1, H-7); 6.30 (1H, d, J,, = 2.7, H-1); 6.45 (1H, t, Js57 = 7.1, H-6); 6.69 (1H, d,
J1=2.7,H-2); 7.25 (1H, s, H-3); 7.50 (1H, d, Js s = 7.1, H-5) [9].

Reaction of 6-Methyl-1-(trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2b) with Methyl-
amine. The conditions for carrying out the reaction are similar to those for the reaction of compound 2a with
methylamine compound 2b (0.5 g, 2.5 mmol) gave compound 3b (0.188 g, 42%); N,6-dimethyl-3,4-di-
hydropyrrolo[1,2-a]-pyrazine-1-carboxamide (S5b) (0.156 g, 33%); N,6-dimethylpyrrolo[1,2-a]pyrazine-
1-carboxamide (4b) (0.073 g, 16%), and compound 6b (0.02 g, 6%).

3-Methyl-8-(methylamino)indolizine (6b). 'H NMR spectrum, &, ppm (J, Hz): 2.44 (3H, s, CHs); 2.96
(3H, s, NHCH3); 3.95 (1H, br. s, NH); 5.75 (1H, d, J;5 = 7.0, H-7); 6.25 (1H, d, J,, = 3.7, H-1); 6.43 (1H, d,
J12=3.7,H-2); 6.51 (1H, t, Jos7="7.1, H-6); 7.24 (1H, d, J= 7.1, H-5) [10].

Reaction of 1-(Trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2a) with Ethylene Diamine. A.
A mixture of compound 2a (0.79 g, 4.2 mmol) and ethylene diamine (0.31 ml, 4.2 mmol) was heated for 4 h.
Solvent and reagent residue were evaporated in vacuo. The residue was treated with water and extracted with
benzene. The benzene extracts were dried over CaCl, and the solvent was evaporated. The reaction products
were separated by column chromatography on 35/60 silica gel eluting with benzene—ethyl acetate (1:1) and
increasing the polarity to a mixture of ethyl acetate and alcohol (1:1) and then eluting with alcohol. Yield of
reaction products: compound 3a (0.096 g, 6%) and 1-(4,5-Dihydro-1H-imidazol-2-yl)pyrrolo[1,2-a]pyrazine
(7a) (0.14 g, 17%).

B. A mixture of the pyrrolopyrazine 2a (1 g, 5.3 mmol) and ethylene diamine (2 ml, 30 mmol) in propyl
alcohol (2 ml) was heated for 4 h. Solvent and excess reagent were evaporated in vacuo. The reaction products
were separated by column chromatography on 35/60 silica gel eluting with benzene—ethyl acetate (1:1) and
increasing the polarity to a mixture of ethyl acetate and alcohol (1:1) and then eluting with alcohol. Yield of
reaction products: compound 3a (0.171 g, 19%); 1-(4,5-Dihydro-1H-imidazol-2-yl)-3,4-dihydropyrrolo-
[1,2-a]pyrazine (8a) (0.355 g, 36%) as an oily liquid; and compound 7a (0.174 g, 18%).

Reaction of 6-Methyl-1-(trifluoromethyl)-3,4-dihydropyrrolo[1,2-a]pyrazine (2b) with Ethylene
Diamine. A. The conditions for carrying out the reaction are similar to those for the reaction of compound 2a
with ethylene diamine. Reaction of compound 2b (0.4 g, 1.74 mmol) and ethylene diamine (0.12 ml, 1.74 mmol)
gave: compound 3b (0.161 g, 51%) and 1-(4,5-dihydro-1H-imdazol-2-yl)-6-methylpyrrolo[1,2-a]-pyrazine
(7b) (0.01 g, 3%).

B. A mixture of compound 2b (0.86 g, 3.74 mmol) and ethylene diamine (1.5 ml, 22 mmol) in propyl
alcohol (2 ml) was heated for 4 h. Solvent and excess reagent were evaporated in vacuo. The reaction products
were separated by column chromatography on 35/60 silica gel eluting with benzene—ethyl acetate (1:1) and
increasing the polarity to a mixture of ethyl acetate and alcohol (1:1) and then eluting with alcohol. Yield of
reaction products: compound 3b (0.449 g, 66%); 1-(4,5-dihydro-1H-imidazol-2-yl)-6-methyl-3,4-dihydro-
pyrrolo[1,2-a]pyrazine (8b) (0.134 g, 18%); and compound 7b (0.031 g, 4%).
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