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Abstract : TMSOT{-promoted reaction of heteroaromatic imines or hydroxyaminal intermediates with
various enolic ketones are reported. This reaction constitutes an original and regioselective mode of
alkylation of exocyclic amines of heterocyclic amidines.

Primary heterocyclic amidines 1 are 1,3-dinucleophilic reagents that present two differentiated reactive
centres in terms of reactivity : the endocyclic sp2 nitrogen and the exocyclic aminel. Usually, alkylation of
primary heterocyclic amidines occurs regioselectively on the endocyclic nitrogen2, or leads to a mixture of both
the endo and exo substituted derivatives3. However, in accordance with the HSAB theory4.5, the reaction of 1
with carbonyl compounds systematically involves the exocyclic nitrogen. Thus reaction of primary heterocyclic
amidines 1 with benzaldehyde affords the corresponding highly conjugated Schiff bases 26, whereas when they
react with a highly electrophilic aldchyde such as chloral or cthylglyoxylate, they leads to the most stable
hydroxyaminal 3 (R = CCl37 and R = CO2E).

This paper deals with the electrophilic properties of 2 or 3 (R = CO2EtS) in presence of various enolic
compounds. Lewis-acid catalysed addition of Grignard reagents? or enols!? to aromatic imines have been
previously described. However, to our knowledge, addition of enols to heteroaromatic imines such as Schiff
bases deriving from primary heterocyclic amidines has never been reported.

The Schiff bases 2 or the hydroxyaminals 3 were reacted in presence of trimethylsilyl-trifiate
(TMSOTY), with various enolisable ketones, or their corresponding silyl enol ethers (entries 1-16), or with 1-
TBDMS-oxy-1-ethoxy ethylene as an equivalent of cthyl acetate (entry 17) to yield the secondary amidines 4.
The role of TMSOTS in this reaction is not clearly identified. The Lewis acid probably increases the
electrophilicity of the imine 2, as suggested for aromatic Schiff bases.10,

Three methods have been used to prepare compounds 4 (Scheme 1). With benzaldehyde, method a 11
(one-pot reaction starting from amidine 1) or method b (isolation of Schiff base 2) were used. Using either the
enolisable ketone, or the corresponding silyl enol ether afforded similary overall yields in both methods
(compare entries 1 and 3, 2 and 4). Thus, when the Schiff base 2 was not available, the convenient one-pot
method a using various enolisable compounds can be extended to other heterocycles (entries 10, 12, 15).
However no reaction was observed with S-pheny! thiazole (entry 13), whereas method b afforded the awaited
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Entry| 4 Het R Ry Ry method  nucleophilicagent  tthour) Yield% | mpe°C
20°C
1 | a O/ P H Ph a  CHp=CPHOTMS 2 3 125
2 a O/ Ph H Ph a PHYCOCH3 1.5 53
N
3 a O/ Ph H Ph b CH=C(Ph)OTMS 2 65 (43)1
N
4 a O/ Ph H Ph b PRCOCH3 05 78Dl
N
5 b O/ Ph H +Bu b t-BuCOCH3 16 34221 107
N
£ ~ A~ — - P Y - RAas % T W VLT~ ~n e me racnl 19
v L & L,g nm n pP-MoU-rm 1] PrIVEAFTIRAAILY LD 12 \a79)* 151
7 d o/ Ph Me Ph b PhCOCH2CH3 16 s4G5Hl2| =
N
8 e O/ Ph Ph Me b PhCH2COCH3 4 67@8)l2] e
N
9 f O/ COEt H Ph c CHa=C(PhYOTMS 2.5 31 oil
N
10 | g /O/ Ph H Ph a CH2=C(Ph)OTMS 6 50 112
N
Me
11 | b D’ CO2Et H Ph ¢ CH2=C(Ph)OTMS 4 32 oil
N
Me'
12 i Ph H Ph a PhCOCH3 16 20 oil
r
13 | j§ ""\CY Ph  H Ph a CHy=C(PhYOTMS 3 03
N
14 | j "‘\CY m H Ph b CH=CPWOTMS 16 2000 | 160
N
15 | k Ph H Ph a CH=C(Ph)OTMS 14 56 oil
r
16 | 1 0/ COEt H Ph c CHp=C(Ph)OTMS 6 03
N
17 {m Ph H OEt b  CH2=C(OEHOTBDMS 16 18 (1)1 oil

<Y

Table 1 : 1 overall yield starting from amidine 1, 2 : stereochemistry unspecified, 3 : starting material. * : minor compound : oil,
majos compound ; 90°C, ** ; minor compound : 159°C, major compound : 155°C.
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compound 4j with a 29 % yicld (entry 14). Other enolic ketones were also reacted with 2 yielding the
corresponding 4b-e. It is noteworthy that 4d and 4e were obtained as mixtures of diastereomers with a 1:2 ratio.

@Il’ﬁ\‘l;kz-—— @ZN/N\/R\-

i (method b) N
R=FPh R .r
Het ||
NH, A ON/ o
@'/ i, iii (method a) - le"if
N R,

1 \ R Ny R =Ph, COEt
- R N R
ii (method ¢) O/
R = CO,Et @ \(')/H -— HetBII

3
Scheme 1 : i : PhCHO 6 ; ji : Et02CCHO 8 iii : TMSOTY, RjCH2COR2 or RjCH=C(OTMS)R32, CH3CN ; iv :
TMSCI, EiN, CH2Cl,

With ethyl glyoxylate (method c 12), the reaction with enol ethers (entries 9, 11) needed a preliminary
activation step of the hydroxyaminal intermediate 3 by means of TMSCI and Et3N in anhydrous CH2Cla.
However with less basic heterocycles such as pyrimidine, no reaction was observed, may be in relation with the
poor stability of the corresponding hydroxyaminal 3 (Het = pyrimidine, entry 16). Previous acylation of the
latter hydroxyaminal increased both stability and its electrophilicity, and the N,O-diacetylated aminoester 5§ led
to the corresponding pyrimidine 6 with a 26 % yield (Scheme 2).

i f.w e
CO;Et CO,Et CO,Et
a
@ LT @Y Y @Y
N OH N OAc N o
3 s 6
(Het = pyrimidine ) Ph

Scheme 2 : a : Ac0O ; b : CH2C(Ph)OTMS ; ¢ : TMSOTS

In conclusion, the present work constitutes an original and regioselective mode of alkylation of
exocyclic amines of heterocyclic amidines. Particularly the a-heteroarylamino a-substituted esters 4 (R =
CO3zEt) and 6 can be efficiently used for the design of novel peptidomimetic compounds!3,
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Typical procedure for the preparation of 3 : Under argon, freshly distillated ethyl glyoxylate (1.1 g, 11
mmol) was added to a stirred solution of 2-aminopyridine (0.94 g, 10 mmol) in anhydrous CH2Cl3 (10
ml) which had been precooled to 0 °C. The mixture was allowed to stir at 0 °C for 2 h. Filtration of the
precipitate gave a white cristalline material (1.67 g, 85 %). mp 88-89 °C ; IR(CHCl3) : 1742c¢m-! ; 1H-
RMN (200MHz, CDCl3) 8:1.32 (t, J =7.1Hz, 3H), 4.30 (q, J = 7.1Hz, 2H), 5.76 (s broad, 2H), 6.58 (d,
J = 8.4Hz, 1H), 6.70 (t, 1H), 7.47 (t, 1H), 8.09 (d, J = 4.3Hz, 1H) ; 13C-RMN (50MHz, DMSO-Dg) 5 :
14.2, 60.8, 73.4, 109.5, 113.7, 137.3, 147.5, 157.1, 170.9 .

Brook, M. A, and Jahangir, Synth. Commun. 1988, 18, 893-898,

Nogue, D. ; Paugam, R. and Wartski, L., Tetrahedron Lett. 1992, 33, 1265-1268.

General preparation for compounds 4 by method a : 4a. To a solution of 2-aminopyridine (0.94 g, 10
mmol) in CH3CN, under argon, benzaldehyde (1.1 g, 10 mmol) was added. The mixture was stirred at
20 °C for 2 h, and acetophenone (1.2 g, 10 mmol) and TMSOTSf (4.26ml, 21mmol) were added
successively. The mixture was stirred at 20°C for 1.5 h. Then, aqueous concentrated solution of
potassium fluoride was added, and the resulting solution was extracted by using CH2Cla. The organic
layer was dried (Na2S0y), filtred, and the solvent removed under reduce pressure. The resulting residue
obtained was chromatographied on silica gel and eluted with ethyl acetate- hexane 1/3 by volume, to
afford 1.6 g (53 %) of white powder. mp 125 °C ; IR(CHCI3) : 1685c¢cm-1 ; 1H-RMN (200MHz, CDCl3)

0 : 3.48, 3.67 (ABX system, Jo.p=16. 5Hz, Jo.x = 5.8Hz, Jp.x = 6.7THz, 2H), 5.46 (m, 1H), 5.75 (d
exchangeable with D20, J = 7.1Hz, 1H), 6.37 (d, J = 8.4Hz, 1H), 6.54 (dd, 1H, J = 6.9Hz, ] = 5.0Hz) ;

7.2-7.6 (m, SH) ; 7.9-8.0 (m, 2H) ; 8.08 (dd, J = 5.0Hz, J = 1.6Hz, 1H) ; 13C-RMN (50MHz, CDCl3) 5 :
43;15,9 52.4, 107.4, 113.2, 126.4, 127.2, 128.1, 128.5, 128.6, 133.2, 136.7, 137.3, 142.4, 148.0, 157.7,
1979.

General preparation for compounds 4 by method c : 4f. Under argon hydroxyaminal 3, deriving from 2-
armn(:gyndme (0.6 g, 3.1 mmol), was dissolved in CH2Cl2 (30 ml) and cooled to -78 °C. Then
trimethylsilyl chloride (0.45 ml, 3.6 mmol) and tricthylamine (0.5 ml, 3.6 mmol) werc added. The
cooling bath was removed and the mixture was stirred at room temperature. After 20 min, TMSOTf
(0.73 ml, 3.6 mmol) was added, and 10 min later 1-phenyl-1-(trimethylsilyloxy)ethene was finally
added. The mixture was stirred for 2.5 h more, and an aqucous concentrated solution of potassium
fluoride was added. The resulting solution was extracted with CH2Cl. The organic layer was dried
(Na280y,), filtrated, and the solvant removed under reduce pressure. The resulting residue was
chromatographied on silica gel and eluted with ethyl acetate- hexane 1/2 by volume, to afford 0.29 g (31

%) of an oil. IR(CCHCl3) : 1742cm-1, 1684cm-! ; IH-RMN (200MHz, DMSO-dg) 8 : 1.19 (1, J = 7.1Hz,
3H), 3.72 (m, 2H), 4.19 (q, ] = 7.1Hz, 2H), 5.17 (m, 1H), 5.49 (d exchangeable with D20, J = 7.9,Hz
1H), 6.47 (d, J = 8.4Hz, 1H), 6.56 (ddd, J = 6.9Hz, J = 5.1Hz, J = 0.7Hz, 1H), 7.3-7.6 (m, 4H), 8.06 (dd,
1H, J = 4.9Hz, J = 0.9Hz) ; 13C-RMN (50MHz, CDCl3) § : 14.0, 40.8, 50.0, 61.3, 109.3, 113.3, 128.0,

128.5, 133.3, 136.2, 137.1, 147.4, 156.9, 172.6, 197.6 .
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