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Azatryptophane homologues, 4-(imidazo[1,2-a]pyridinyl-3)- 9a-9f and 4-(imidazo[1,2-a]pyrimidinyl-
3)-4-oxohomoalanine derivatives 9g-91, were prepared from N,N-dimethyl-N“-(pyridinyl-2)- 6a-6f and
N,N-dimethyl-N “~(pyrimidinyl-2)formamidines 6g-6i, and (S)-N-trifluoroacetyl-5-bromo-4-oxonorvaline

methyl ester (2) and its (R, S)-isomer.
J. Heterocyclic Chem., 34, 853 (1997).

Since nonproteinogenic amino acids play an important
role in pharmaceutical applications [1-3], we decided to
focus our efforts to the synthesis of heteroaryl- and hetero-
arylamino substituted a-amino acids [4].

In our previous paper [5], we reported the transfor-
mation of optically active and racemic isomers of
aspartic acid (1) into the corresponding isomers of N-
trifluoroacetyl-5-bromo-4-oxonorvaline methyl ester (2)
which served as the starting material in the synthesis of
2-substituted imidazo[1,2-x]azines 3 with the amino acid
residue attached at the position 2 of the imidazole part of
the molecule [5] (Scheme 1).

In this paper, we report a novel synthesis of 3-substituted
imidazo[1,2-a}azines, the azahomotryptophane derivatives 9.
The synthesis is based on our earlier observation, that N,N-
dimethyl-N “-heteroarylformamidines 6 react with simple
a-haloketones to give 3-acyl substituted imidazo{1,2-x]-
azines [6-7]. Therefore, utilisation of N-trifluoroacetyl-5-
bromo-4-oxonorvaline methyl ester (2) as an o-bromo
ketone gives with 6 3-substituted imidazo[1,2-x]azines, with
the amino acid residue attached at position 3 of the hetero-
cyclic system, i.e. N-trifluoroacetyl-4-(imidazo{1,2-a]azinyl-
3)-4-oxohomoalanine methyl esters 9. The following 2-
aminoazine derivatives, 2-aminopyridine (5a), 2-amino-4-
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methylpyridine (5b), 2-amino-3-hydroxypyridine (S¢),
2-amino-5-nitropyridine (5d), 2-amino-5-chloropyridine
(5e), 2-amino-3,5-dibromopyridine (5f), 2-aminopyrimidine
(5g), 2-amino-4-methylpyrimidine (5h), and 2-amino-4,6-

Solvent
Time
Yield

dichloromethane
4 hours (8]
43%
ethanol
2.5 hours
29%
dichloromethane
3 hours
43%
dichloromethane
2.5 hours
25%
ethanol
80 hours [9]
33%
ethanol
4 hours
25%
ethanol
4 hours [10]
21%
chloroform
4.5 hours
12%
chloroform
4.5 hours
67%
chloroform
3 hours
44%
ethanol
3 hours
15%
dichloromethane
2 hours
41%
dichloromethane
2 hours
62%
dichloromethane
3 hours
26%
dichloromethane
3 hours
53%
dichloromethane
3 hours
21%
dichloromethane
3 hours
46%
dichloromethane
3 hours
35%
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Table 1
Experimental Data

mp °C

130.5-132.5
(washed with water)

196-199
(from 50% ethanol)

147-150
(from ethanol/water)

157-158.5
(from 50% ethanol)

226-228
(from 50% ethanol)

254-256
(from 50% ethanol)

169.5-171
(from 50% ethanol)

166-169
(from etanol/water)

170-171
(from etanol/water)

140-146
(from 50% ethanol)

206-209
(from 50% ethanol)

136-138
(from 50% ethanol)

135-137
(from 50% ethanol)

208-210
(from 50% ethanol)

168-171
(from 50% ethanol)

186-189
(from ethanol/water)

192-193.5
(from ethanol/water)

176-178
(from 50% ethanol)
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Molecular Formula
Analyses

C14H1pF3N304
Caled. C, 48.97; H, 3.53; N, 12.24.
Found C, 48.87; H, 3.43; N, 12.13
Cy4H15F3N30,4
Calcd. C, 48.97; H, 3.53; N, 12.24
Found C, 48.74; H, 3.32; N, 12.31
CysHgF3N304
Calcd. C, 50.41; H, 3.95; N, 11.76
Found C, 50.52; H, 4.09; N, 12.07.
Cy5H,4F3N30,

Calcd. C, 50.41; H, 3.95; N, 11.76
Found C, 50.30; H, 3.78; N, 11.49
C14H1F3N305
Calcd. C, 46.79; H, 3.37; N, 11.70
Found C, 46.54; H, 3.18; N, 11.83
C14H12F3N30s
Calcd. C, 46.79; H, 3.37; N, 11.70
Found C, 46.63; H, 3.25; N, 11.60
C14H11 F3NOg
Calcd. C, 43.29; H, 2.86; N, 14.43
Found C, 43.20; H, 2.77; N, 14.28
C14H1CIF3N;04
Calcd. C, 44.56; H, 2.94; N, 11.14
Found C, 44.27; H, 2.78; N, 10.90
C14H1CIF3N;0,

Calcd. C, 44.56; H, 2.94; N, 11.14
Found C, 44.23; H, 2.86; N, 10.98
C14H1CIF3N;304
Calcd. C, 44.56; H, 2.94; N, 11.14
Found C, 44.31; H, 2.77; N, 11.05
C14H;0BryF3N30,4
Calced. C, 33.67; H, 2.02; N, 8.42
Found C, 33.71; H, 1.77; N, 8.50
Cy3Hp F3NOq
Calcd. C, 45.34; H, 3.22; N, 16.28
Found C, 44.95; H, 3.28; N, 16.20
Cy3H11F3NLO,

Caled. C, 45.34; H, 3.22; N, 16.28
Found C, 45.22; H, 3.02; N, 16.18
Cy3H1F3NOy
Calcd. C, 45.34; H, 3.22; N, 16.28
Found C, 45.06; H, 3.00; N, 16.35
CyqH3F3N Oy
Calcd. C, 46.92; H, 3.66; N, 15.64
FoundC, 46.58; H, 3.48; N, 15.45
C14H13F3N4O4
Calcd. C, 46.92; H, 3.66; N, 15.64
Found C, 46.75; H, 3.52; N, 15.64
Cy5H,5F3N,O4
Calcd. C, 48.37; H, 4.06; N, 15.05
Found C, 48.45; H, 3.91; N, 14.91
Cy5HsF3N4O4
Caled. C, 48.37; H, 4.06; N, 15.05
Found C, 48.00; H, 3.85; N, 15.10

dimethylpyrimidine (5i), were transformed with N,N-
dimethylformamide dimethyl acetal (4) into the corre-
sponding N,N-dimethyl-N "-azinylformamidines 6a-i
according to the procedure we described earlier [6]. Reaction
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Table 2
1H NMR Data
Compound MHz 8 (TMS)
Solvent
9a 60 3.24 (2H, d, CH,CH), 3.36 (3H, s, OMe), 4.32-4.68 (1H, m, CHCOOMe), 6.62 (1H, dd, Hg-), 6.78-7.23
(S)-isomer DMSO-dg (2H, m, H;- and Hy-), 7.83 (1H, s, H;-), 8.49-8.70 (1H, m, Hs.), 8.85-9.06 (1H, m, NH), Jcy,cy =7 Hz
JNHCH =7 HZ, JHS'HG' =7 HZ, JH6'H7' =7 HZ, JHG’HK' =2Hz
9a 300 3.56 (1H, dd, CH,CH), 3.81 (3H, s, OMe), 3.84 (1H, dd, CH,CH), 4.99 (1H, ddd, CHCOOMe), 7.13
(R, S)-isomer CDCl, (1H, dt, Hg), 7.56 (1H, ddd, H. ), 7.65 (1H, br d, NH), 7.81 (1H, td, Hy-), 8.39 (1H, s, H,-), 9.55
(lH, td, Hs'), JCH2CH =42 HZ, JCH2 (gem) =175 HZ, JNHCH =8.1 HZ, JH5'H6’ = JHG'HT =69 HZ,
JH5'H7' = JH6'H8' =1.1 HZ, Jm’}“' =9.0Hz
9% 60 2.07 (3H, s, 7"-Me), 2.88 (2H, d, CH,), 3.30 (3H, s, OMe), 4.05-4.44 (1H, m, CHCOOMe), 6.00
(S)-isomer DMSO-dg (1H, dd, Hg-), 6.51 (1H, s, Hy-), 6.87 (1H, s, H,-), 7.56 (1H, d, Hs-), 8.97-9.12 (1H, broad peak, NH),
JCHzCH =7 HZ, JNHCH =8 Hz, JHS'H6’ =7 HZ, JH6'H8’ =15Hz
% 60 2.07 (3H, s, 7-Me), 2.88 (2H, d, CHj), 3.30 (3H, s, OMe), 4.05-4.44 (1H, m, CHCOOMe), 6.00 (1H, dd, Hg"),
(R,S)-isomer DMSO-dg 6.51 (1H, br s, Hy), 6.87 (1H, s, H;.), 7.56 (1H, d, H-), 8.97-9.12 (1H, broad peak, NH), Jcy,cny =7 Hz,
JHS'H6' =6.5 HZ, JHG‘HS' =15Hz
9c 60 3.24 (2H, d, CH,), 3.36 (3H, s, OMe), 2.49-3.81 (1H, broad peak, OH), 4.29-4.59 (1H, m, CHCOOMe),
(S)-isomer DMSO-dg 6.12-6.57 (2H, m, H¢- and H;-), 7.59 (1H, s, H,-), 8.16 (1H, dd, Hs-), 8.97-9.12 (1H, broad peak, NH),
JCHZCH =7 HZ, JNHCH =7 HZ, JHS'HG' =7 HZ, JH6'H7' =7 HZ, JHS'HT =1Hz
9¢ 60 3.24 (24, d, CHy), 3.36 (3H, s, OMe), 2.49-3.81 (1H, broad peak, OH), 4.29-4.59 (1H, m, CHCOOMe),
(R,S)-isomer DMSO-dg 6.12-6.57 (2H, m, Hg- and Hy), 7.59 (1H, s, H,-), 8.16 (1H, d, Hs.), 8.97-9.12 (1H, broad peak, NH),
JCHZCH =7 HZ, ]NHCH =7 HZ, JHS'H6' =7 HZ, JH6'H7' =7 HZ, ]HS'H']- =1Hz
9d 300 3.66 (1H, dd, CH,), 3.85 (3H, s, OMe), 3.87 (1H, dd, CHj), 5.00 (1H, ddd, CHCOOMe), 7.54 (1H, br d, NH),
(R.S)-isomer CDCl, 7.89 (1H, dd, Hg-), 8.31 (1H, dd, Hy-), 8.53 (1H, s, H,"), 10.57 (1H, d, Hs-), JcHacu = 4.2 Hz, oy, (gem)=
17.8 HL JNHCH =74 HZ, JH7'H8' =9.8 HZ, ‘,HS'HT =23 HZ, JHS'HB' =0.5Hz
9e 300 3.58 (1H, dd, CH,CH), 3.82 (3H, s, OMe), 3.83 (1H, dd, CH,CH), 4.98 (1H, dt, CHCOOMe), 7.52 (1H, dd,
(S)-isomer CDCl,4 Hy), 7.59 (1H, br d, NH), 7.74 (1H, dd, Hy-), 8.38 (1H, s, H,-), 9.64 (1H, dd, Hs), Jcyacn = 4.2 Hz, Jen,
(gcm) =177 HZ, JNHCH =79 HZ, JHS'HT =20 HZ, J’HS'HZ' =0.6 HZ, JH7'H8 =9.5Hz
9e 300 3.58 (1H, dd, CH,CH), 3.82 (3H, s, OMe), 3.83 (1H, dd, CH,CH), 4.98 (1H, dt, CHCOOMe), 7.53 (1H, dd,
(R)-isomer CDCl, Hy-), 7.59 (1H, br d, NH), 7.74 (1H, dd, Hy-), 8.38 (1H, 5, H,-), 9.64 (1H, dd, Hs-), Jcu,cn = 4.2 Hz, Jop,
(gem) =176 HZ, JNHCH =79 HZ, JHS'HT =19 HZ, J'HS‘HS' =06 HZ, JH7'H8 =9.5Hz
9e 300 3.58 (1H, dd, CH,CH), 3.82 (3H, s, OMe), 3.83 (1H, dd, CH,CH), 4.98 (1H, dt, CHCOOMe), 7.53 (1H, dd,
(R, S)-isomer CDCl, Hy-), 7.59 (1H, br d, NH), 7.74 (1H, dd, Hg-), 8.38 (1H, s, H,-), 9.64 (1H, dd, Hs-), Jcuycn = 4.2 Hz, Jon,
(gem) =176 HZ, JNHCH =79 HZ, JHS'H'I' =2.0 HZ, J'HS‘HS’ =0.6 HZ, JH7'H8 =95Hz
9of 60 3.30 (2H, d, CHy), 3.36 (3H, s, OMe), 4.38-4.74 (1H, m, CHCOOMe), 7.56 (1H, d, Hy-), 7.98 (1H, s, H;"),
(R,S)-isomer DMSO-dg 8.79 (1H, s, Hs-), 9.00-9.27 (1H, broad peak, NH), Jchycn = THz, Injcy = 8 Hz, Jys-y7- =2 Hz
9g 300 3.60 (1H, dd, CHy), 3.81 (3H, s, OMe), 3.84 (1H, dd, CH,), 5.01 (1H, ddd, CHCOOMe), 7.20 (1H, dd, Hg-),
(S)-isomer CDCl, 7.57 (1H, br d, NH), 8.56 (1H, s, H,-), 8.83 (1H, dd, Hy-), 9.79 (1H, dd, Hs"), , Jcupcn = 4.2 Hz, Jon, (gem) =
17.6 HZ, ]NHCH =79 HZ, ‘IHS‘HG' =69 HZ, JHG’HT =43 HZ, JH5'H7' =2.1Hz
9 300 3.60 (1H, dd, CH,), 3.81 (3H, s, OMe), 3.84 (1H, dd, CH,), 5.01 (1H, ddd, CHCOOMe), 7.20 (1H, dd, H¢-),
(R)-isomer CDCl, 7.57 (1H, br d, NH), 8.56 (1H, s, H,-), 8.83 (1H, dd, Hy), 9.79 (1H, dd, Hs.), Jopyen = 4.2 Hz, Jop,
(gem) =17.6 HZ, JNHCH =79 HZ, JHS'HG’ =69 HZ, JHG'HT =43 HZ, JHS'HT =2.1Hz
9g 300 3.60 (1H, dd, CH,), 3.82 (3H, s, OMe), 3.84 (1H, dd, CH,), 5.00 (1H, ddd, CHCOOMe), 7.20 (1H, dd, Hg"),
(R.S)-isomer CDCl, 7.55 (1H, br d, NH), 8.56 (1H, s, H,), 8.83 (1H, dd, Hy-), 9.79 (1H, dd, Hs-), Jcycn = 4.2 Hz, Joy, (gem) =
17.6 HZ, JNHCH =79 HZ, ]HS'HG' =6.9 HZ, JH6'H7' =43 HZ, JHS'HT =2.1Hz
%h 60 2.37 3H, 5, 7"-Me), 3.21 (2H, d, CH,), 3.36 (3H, s, OMe), 4.29-4.62 (1H, m, CHCOOMe), 6.57 (1H, d, H¢-),
(S)-isomer DMSO-dg 7.86 (1H, s, H,-), 8.64 (1H, d, Hs-), 8.85-9.06 (1H, broad peak, NH), Jeypc = 7 Hz, Jyspe- = 7 Hz
%h 60 2.37 (3H, s, 7°-Me), 3.21 (2H, d, CHy), 3.36 (3H, s, OMe), 4.29-4.62 (1H, m, CHCOOMe), 6.57 (1H, d, H¢-),
(R, S)-isomer DMSO-dg 7.86 (1H, s, Hy-), 8.64 (1H, d, Hs-), 8.85-9.06 (1H, broad peak, NH), JcpycH = 7 Hz, Jys-ye- = 7 Hz
% 60 2.25 (3H, s, 5"-Me), 2.37 (3H, s, 7°-Me), 3.24 (2H, d, CH,), 3.33 (3H, s, OMe), 4.29-4.62 (1H, m, CHCOOMe),
(S)-isomer DMSO-dg 6.42 (1H, d, Hg), 7.80 (1H, s, H,-), 8.82-9.06 (1H, broad peak, NH), Joppcn = 7 Hz, Jypey = 8 Hz
9 60 2.25 (3H, 5, 5"-Me), 2.37 (3H, s, 7-Me), 3.24 (2H, d, CH,), 3.33 (3H, s, OMe), 4.29-4.62 (1H, m, CHCOOMe),
(R.S)-isomer DMSO-dg 6.42 (1H, d, Hy), 7.80 (1H, s, H,), 8.82-9.06 (1H, broad peak, NH), Jep,cy = 7 Hz

of (S)- and (R,S)-N-trifluoroacetyl-5-bromo-4-oxonorvaline
methy! ester (2) with formamidines 6 afforded (S)- and (R,S)-
N-triftuoroacetyl-4-(imidazo[ 1,2-a]azinyl-3)-4-oxohomo-
alanine methyl esters 9a-i, respectively (Scheme 2).

The structure of the compounds 9 was determined by
elemental analyses for C, H, and N, and !H nmr spectra.
The !'H nmr spectral characteristics for imidazo[1,2-a]-

azinyl part are in agreement with those found for other
3-acyl derivatives [7].

Optical purity of azahomotryptophane derivatives 9,
examined by !H nmr spectral characterisation of (R,S)-N-
trifluoroacetyl-4-(6-chloroimidazo[1,2-a]pyridinyl-3)-4-
oxohomoalanine methyl ester (9¢) and (R,S)-N-trifluo-
roacetyl-4-(imidazo[1,2-a]pyrimidinyl-3)-4-oxohomo-
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Table 3
Optical Rotation Data
Compound  Configuration Specific Rotation
%9a (S)- [a)p24 = +10.6° (c = 0.971, methanol)
% (S)- [o)p24 = -7.0° (c = 1.104, methanol)
9¢ (S)- [a]p?S = +15.3° (c = 1.228, methanol)
%e (S)- [a)p2 = +8.0° (¢ = 0.960, methanol)
9e (R)- [odp24 = -9.1° (c = 1.136, methanol)
9% (S)- [a)p20 = +8.7° (c = 0.841, methanol)
9g (R)- [a)p24 = -9.2° (¢ = 1.782, methanol)
9h (S)- [a)p25 = +9.1° (c = 0.701, methanol)
9% (S)- [a]p? =-0.8° (c = 0.745, methanol)
Table 4
Optical Purity Data [a]
Compound  Configuration 'H Chemical Shift(s) for OMe Area
Group & (ppm) (%)
9e (RS)- 3.4756 55
3.4828 45
9e (S)- 3.4846 100
9e (R)- 3.4287 100
9% (RS)- 3.4681 49
3.5593 51
9% (S)- 3.650 100
9g (R)- 3.648 98
3.686 2

[a] The following instrumentation and conditions apply: nmr spectrometer:
Bruker AVANCE DPX 300 (300 MHz); solvent: deuteriochloroform;
internal standard: TMS; shift reagent: tris [3-heptafluoropropyl-
hydroxymethylene)-d-camphorato]praseodymium(III).

alanine methyl ester (9g) and their (R)- and (S)-isomers, was
found to be very high (ee >95%). Apparently, no significant
racemisation took place in the preparation of (S)-N-trifluoro-
acetyl-4-(imidazo[1,2-a]azinyl-3)-4-oxohomoalanine
methyl esters 9 and their (R)-isomers (Table 4).

EXPERIMENTAL

Melting points were taken on a Kofler micro hot stage and on
a Bichi 535 melting point apparatus. Unless otherwise stated,
the 1H nmr spectra were obtained on a Varian EM60L (60 MHz)
spectrometer and on a Bruker AVANCE DPX 300 (300 MHz)
spectrometer with DMSO-dg and deuteriochloroform (CDCl3)
as solvents and TMS as internal standard. The elemental analy-
ses for C, H, and N were obtained on a Perkin-Elmer CHN
Analyser 2400. The optical rotations were measured on a
Perkin-Elmer 241 MC Polarimeter.

N-Trifluoroacetyl-5-bromo-4-oxonorvaline Methyl Ester (2).

(S)- And (R,S)-isomers of 2 were prepared according to the pro-
cedure described in the literature [5].
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N,N-Dimethyl-N “-heteroarylformamidines 6a-i.

These compounds were prepared from the corresponding
aminoazines 5 and N,N-dimethylformamide dimethyl acetal (4)
according to the procedure described in the literature [6]. Thus,
a mixture of aminoazine § (0.003 mole), toluene (3 ml) and 4
(95%, 0.45 ml, 0.0032 mole) was heated at reflux temperature
for one hour. Volatile components were evaporated in vacuo to
give a crude formamidine 6 which was used without purification
in further transformations.

Preparation of N-Trifluoroacetyl-4-(imidazo[1,2-a]pyridinyl-3)-
4-oxohomoalanine Methyl Esters 9a-9f and N-Trifluoroacetyl-4-
(imidazo[1,2-a]pyrimidinyl-3)-4-oxohomoalanine Methyl Esters
9g-9i. General Procedure.

A mixture of N-trifluoroacetyl-5-bromo-4-oxonorvaline
methyl ester 2 (0.003 mole) and N,N-dimethyl-N “-heteroaryl-
formamidine 6 (0.003 mole) in an appropriate solvent (20 ml,
see Table 1) was heated under reflux for several hours. Volatile
components were evaporated in vacuo, water (15 ml) was added
to the residue and stirred for 2 hours. The precipitate was col-
lected by filtration to give 9. Experimental details and analytical
data are given in Tables 1-4.
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