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2 Tetrahedron
1. Introduction initially underwent decarboxylation to form the intermedidte

- . ) . The isolation of the intermediateanswers the formation of the
Formamidines are the key intermediates for the constructiopymamidines (Scheme 2).

of heterocycles and functional group transformatiohsThey
have also be_en emplo_yed as pharmacologi(_:al af;_qexnmgcting Table 1. Reaction condition screenirig.
groups for primary amin&sand as a support linker in solid phase

synthesi§’. The use of formamidines as chiral auxiliaries in R i [
asymmetric synthesis and as ligand for metal-catalyzed C'\[NTNHz o al C'\[NTNVN\
hydrosilyation and epoxidation has also been repdrtgte NG N
methods for the synthesis of formamidines can largely be divided 6a

into three categories. The first involves the use NgN-

DMF, room temp.

dialkylformamide dialkylacetals with or without a catalytic gntry Base R Time Yioe'd"
amount of acid. The second involves coupling agents such_as [equiv.] [equiv.] [min] [l

POCL, P,Os, PCE (COCI,, SOCh acid chlorides, 1 KoCO; (2.7) Ph (2.0) 5 79

sulfonylchlorides, PyBOP and trifluoroacetic anhydfidée last 2 KoCOx(3.0) Ph (2.2) 5 85

involves the use of isolated iminium salt like vilsmeier reagent,

which is related to the method reported hefdRecently, a new ) Ph (2.0) 5 86
approach using Nal and TBHP to maXesulfonyl formamidine 4 Ph (2.0) 5 84

has been reportdd. As a part of our medicinal chemistry 5 - Et (2.0) 5 12

research program we required carbama8tefor which we . i p-NitroPh (2.0) 5 84

attempted the reaction of phenyl chloroformate with aniine #Reaction conditions: DMF (1 ml) and chloroformate were stirred for 5
(Scheme 1). It was expected that the nucleophilic sub_stltutlon minutes with base o.r not before addition of the 6-chloro-2-aminopyraizne
would lead to the carbamate. However the product obtained was (1 mmol).” isolated yield® obtained as HCI saft.DMF (0.5 ml). DMF
confirmed as formamiding, strongly suggesting the formation (2 ml).

of a reactive intermediate betwebBkN-dimethylformamide and

phenyl chloroformate which was reacting with amines (Scheme E o

2). These findings have not been reported, and have encouraged NT 4 )Ko/©

us to investigate the formamidine synthesis.

2. Results and discussion l

We initially selected 3-aminopyridine and aminopyrazine to v
study the optimal conditions. The reaction proceeded well, but cr I I /©
extraction with EtOAc was difficult due to its good solubility in ©
water. To solve the problem, we used 6-chloro-2-aminopyrazine 5 4
as a model substrate since it is well extracted with EtOAc. After

selecting a model compound, we investigated the necessity of l R—NH;
K,CO; in the methodology and found that,®0; was not

necessary for the reacton (Table 1, entries 1-4). Instead, the OH
reaction required more phenyl chloroformate for completion. In N ,\‘,

the absence of the base, the product can be obtained as HCI salt S

via simple filtration, which makes the purification much easier. 6

Two other chloroformates were also screened to compare their

reactivity. Among the chloroformates (Table 1, entries 4 and 5)gcheme 2.

p-nitrophenyl chloroformate was found to show similar results to

that of phenylichloroformate, but ethyl chloroformate gave poorye started to explore the scope and limitiations of the method
yields. Considering the price of the two aryl chloroformates(-|-ab|e 2). It was found that a greater equivalent of the phenyl
phenyl chloroformate was found to be the reagent of choice fQthoroformate has to be used as the nucleophilicity of amines
the reaction. decreases (Table 2, entries 1-4). In the case of

To study the reaction details, DMF and phenyl chloroformatdrihaloaminopyrazine (Table 2, entry 4), the reaction worked well
were mixed (1:1 molar ratio) and stirred for 5 minutes, andput the product could not be obtained due to its instability, both
diluted into CDCJ. The 'H-NMR spectrum indicated the in the protic solvent and in the air. It easily turned back to the
existence of iminium salt, and that the DMF was completely@mine. Nitro, methoxy, hydroxy, methyl ester, carboxylic acid
consumed. However we were unable to confirm the intermediac§d acetyl-substituted aryls also gave the desired products (Table
of either4 or 5 because bubbles, suspected as\@®e observed 2. entries 6-11). When methyl 3-amino-2-thiophenecarboxylate

in the mixture while stirring. A literature survey revealed theWas tested (Table 2, entry 9), the product was not generated as
Ph salt. So, we employed a silica gel column after aqueous work-up.

o | OYO However, we failed to obtain the product, because the

SNy NH, CI)J\O,Ph SN NNG g N NH formamidine was converted to methyl 3-formamidothiophene-2-

Clﬂ I _ CK/J /I P u@ /I _ carboxylate in the column. A similar tendency was also reported
N~ o K,COj3, DMF, r.t [Ne} N~ "o

when ethyl 2-aminobenzoate was used as a sub¥tfEteavoid
Scheme 1. ) 3 the hydrolysis, after extraction, the product was collected as HCI
salt using HCI in diethyl ether. Finally, benzyl amines were
conducted (Table 2, entries 13-15). Since the product was not
precipitated as salt, we had to purify it by column
chromatography.

isolation of a iminium sald, which is used as a chlorinating
agent'! We also can isolate the intermediaticom the described
procedure. It was thus concluded that the intermedidtemed
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Table 2. Scope of the methdd. Entry product Time [min] Yield[%)]
Entry product Time [min] Yield’ [%] o
N 1 N 7a 10 64
i \ 6b 5 81 H
= N&\N/
|
H
| N\Né\N/
2 NGNS 6 5 87 2 @ | e 5 95
Y
|
N NN o
3 (] 7 me ed 20 71 _
BrIN;l/ 3 SN 7c 10 -

4 I e 6e 20 - -
e & ©\ o™N 7d 10 16

: ,IS(N/J
F. NQ/N\ Hal °
5 6f 5 87 #Reaction conditions: DMF (1 ml) and phenyl chloroformate (2 eq) were
stirred for 5 minutes at rt before addition of the substrates (1 nimol).
F isolated yield® 3 eq of KCOs
|
6 ON\VN\ el 69 5 95 Other N,N-disubstituted amide analogues were tested with 6-
oN chloro-2-aminopyrazine (Table 4). They were also suitable for
_0 formation of the formamidins. Bui,N-dimethylacetamideN-
7 \©\N4\N/ . 6h 5 79 methylformamide, NMP andN,N-dimethylbenzamide were
' found to be not good for the formation of iminium intermediate
QOH with phenyl chloroformate, giving poor yield or no product.
’ e ° " Table 4.
Reaction of 6-chloro-2-aminopyrazine with various amftes.
(e}
s/ H b
9 s— © 6j 5 90 Entry  amide product Time [min] Yield
9 P [%]
N ’il - HCI o \
l S N, N N
. 10 \ C'\[ YT ea 5 85
N
10 ©\)NiN/ . 6k 5 59
| t O
c N CI N Ny
o 2 Q \[Nj 8b 5 81
11 N oH ol 10 60
NZ N?\T/ “Hel O\L j
Cl N, N N
3ee N e 8c 5 67
a3

S,
12 ©:N/>_N\\—N/ Hel 6m 10 86
\

o~
13 g NN 6n 5 50
/
O~ o Cl N N N
14 NN 60 5 40 SUS
ST s Ao U e w

|
s N NSNS gy 20 ;
g \[N/]/ T

NN
15 g ! 6p 10 59 Q Ch NN l\‘lH f
FsC 6 e \[ j/ x> 8f 20 N
@ Reaction conditions: DMF (1 ml) and phenyl chloroformate (2 eq) were H N
stirred for 5 minutes at rt before addition of the amings (2 mrhol). |
isolated yield* phenyl chloroformate (1.5 eq) was uséd.5 eq of 7 NNy Ny NN 8 20 9
phenyl chloroformate’. 7 eq of phenyl chloroformate. Ph)LN/ \[NI 1/,1 9

In addition to aryl and alkyl amines, we have also screened ®Reaction conditions: amide (1 ml) and phenyl chloroformate (2 eq) were
phenylhydrazide, phenylhydrazine, benzamide and stirred 1;o_r 10 minutes cat rtobefdore addition of 6-chloro-2-aminopyrazine (1
phenylsulfonamide (Table 3) to demonstrate further use of the g}"ff'())'r m';ﬁ:fgfghgl‘fr'g}‘,‘\; rcéaci’i'gn‘ifjjgzgrﬁgggigﬁ]"“’fo’ma@l'5 mi
method. Phenylhydrazide and phenylhydrazine gave good results ' ’ '
but benzamide gave onN-formylbenzamide in 9% yield. The 3. Conclusion

rest of the unreacted benzamide was recovered. ) )
Phenylsulfonamide was found to be unsuccessful. In conclusion, we have discovered that phenyl chloroformate

can be used for the synthesis of the formamidines. Mild
conditions, short reaction time and generality verified with

Table 3. Expansion of the substréte. ! ! [ NVIth
various substrates make this method attractive. Also it is
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noteworthy that DMF or its derivatives are not good choice atC/MS (ESI)m/z263 [M+H]"; IR (ATR): v = 2975, 2637, 1692,
solvent if chloroformates have to be used for the synthesis of thel17, 1297, 1163, 1024, 832 ¢mAnal. Caled for GHgBrCLN,;:

carbamate. C, 28.03; H, 3.02; N, 18.68. Found: C, 28.17; H, 3.01; N, 18.52;

4. Experimental 4.2.5. N'-(3,5-difluorophenyl)-N,N-dimethylformamidine
hydrochloride 6f). White solid; mp 278-281 °CH NMR (500

4.1. General MHz, MeOD) 6 8.74 (s, 1H), 7.15 (m, 2H), 6.93 (&= 9.0, 2.2

z, 1H), 3.48 (s, 3H), 3.34 (d,= 0.6 Hz, 3H);*C NMR (126
z, MeOD) & 165.05 (dd,Jor = 247.7, 14.6 Hz), 155.44,
1.22 (tJor = 13.1 Hz), 104.00 (m), 102.58 (g = 26.0 Hz),
.74, 38.00; LC/MS (ESt/z185 [M+H]"; IR (ATR): v = 3019,

All reactions were carried out under an air atmosphere. Al
commercial reagents and solvents were used as received Withq
further purification. The reactions were monitored by TLC using44
silica gel plates and column chromatography was performed wi - .
Merck silica gel 60 (230-400 mesiH NMR and *C NMR %Si‘z’ és.gf" 260131.',\}1113’7%8,(5:5%'7% 23'? L°r5?1§C'f§Ng'.
spectra were recorded on Bruker AVANCE Ill 500. Chemical > "~ 77" " 777 T B G A
shift values §) are given in parts per million using residual 4.2.6. N'-(4-nitrophenyl)-N,N-dimethyl-formamidine
solvent as internal standard. Mass spectra were obtained on apdrochloride 6g). White solid; mp 280-282 °CH NMR (500
Agilent 6400 Triple Quadrupole Mass spectrometer instrumentHz, MeOD)é 8.87 (s, 1H), 8.34 (dl = 9.1 Hz, 2H), 7.67 (d)
using ESI. Melting points were measured with a Stuart SMP4& 9.1 Hz, 2H), 3.52 (s, 3H), 3.39 (s, 3HJC NMR (126 MHz,
apparatus. IR spectra were recorded on a Smiths IdentifylR. MeOD) 6 154.10, 145.57, 142.69, 125.12, 119.22, 43.52,636.7

. . LC/MS (ESI)m/z194 [M+HT"; IR (ATR): v = 2883, 1701, 1597,
4.2. General procedure for the preparation of N,N-dlmehtyl 1516, 1311, 854, 748 C-?n Anal. Calcd for GH.,.CIN;O,: C,
formamidines6, 7 47.07; H, 5.27; N, 18.3. Found: C, 47.4; H, 5.1; N, 18.0;

To the DMF (1 ml) was added dropwise phenyl chloroformatey 2.7, N'-(4-methoxyphenyl)-N,N-dimethylformamidine
(2 eq). The mixture was stirred for 5 minutes at room temperatuiigydrochloride 6h). Slightly yellow solid; mp 203-205 °CH
Then 6-chloro-2-aminopyrazine (1 mmol) was introduced to theyMR (500 MHz, MeOD)s 8.46 (s, 1H), 7.41 — 7.26 (m, 2H),
mixture. After 5 minutes, the solvent (isopropyl alcohol: diethyl7.05 — 6.90 (m, 2H), 3.81 (s, 3H), 3.41 (s, 3H), 3.27J(d,0.6
ether, viv = 1:2) was poured into the mixture. The precipitategqz, 3H);**C NMR (126 MHz, MeODY 160.10, 155.30, 131.54,
product6a was filtered off, washed with the solvent and dried. 122,76, 116.00, 56.08, 44.16, 37.42; LCIMS (ESljz 179
4.2.1. N'-(6-chloropyrazin-2-yl)-N,N-dimethylformamidine [M+H] ", IR (ATR): v = 2970, 2810, 1689, 1507, 1341, 1236,
hydrochloride (6a). White solid; mp 224-226 °C (decompl ~ 1019, 794 crit; Anal. Caled for GoHisCIN;O: C, 55.50; H, 7.04;
NMR (500 MHz, MGOD)S 9.09 ('[,J = 0.7 Hz, 1H), 8.64 (CU - N, 13.05. Found: C, 55.9}; H, 7.02; N, 13.04; HRMS (Ew
0.6 Hz, lH), 8.58 (dJ = 0.5 Hz, 1H), 3.57 (CU = 0.6 Hz, 3H), calcd for Q0H15N20 [M+H] 179.1184, found 179.1178;

3.45 (d,J = 0.8 Hz, 3H);°C NMR (126 MHz, MeODY 154.11, 428, N'-(2-hydroxyphenyl)-N,N-dimethylformamidine
148.22, 146.78, 142.47, 134.28, 45.51, 38.90; LC/MS (E82)  hydrochloride 6i). Slightly orange solid; mp 155-157 °GH

185 [M+H['; IR (ATR): v = 3037, 3012, 2689, 1700, 1541, 1383, NMR (500 MHz, MeOD) 8.42 (s, 1H), 7.28 (dd,= 7.9, 1.5 Hz,
1305, 1156, 818 cit) Anal. Calcd for GH;ClNs: C, 38.03; H,  1H), 7.19 (ddd, J = 8.2, 7.5, 1.6 Hz, 1H), 6.9 (H)d,8.2, 1.3 Hz,
4.56; N, 25.34. Found: C, 37.6; H, 4.7; N, 25.1. HRMS (B89  1H), 6.91 (tdJ = 7.8, 1.3 Hz, 1H), 3.45 — 3.37 (m, 3H), 3.29d,
caled for GHyoCIN, [M+H] " 184.0594, found 184.0596; = 0.6 Hz, 3H):*C NMR (126 MHz, MeOD)$ 157.09, 151.45,
4.2.2. N,N-dimethyl-N-(pyridin-3-yljformamidinébj. To the 12975, 125.69, 124.85, 121.17, 117.54, 44.20, 37.09; LC/MS

DMF was added dropwise phenyl chloroformate. The mixturd =) M/2165 [M+H]'; IR (ATR): v = 3075, 2966, 1689, 1344,
1281, 1131, 748, 681 ¢l Anal. Calcd for GH1:CIN,O: C,

was stirred for 5 minutes in room temperature. Then 3:
aminopyridine was introduced to the mixture. After 5 minutes23:87: H, 6.53; N, 13.96. Found: C, 53.3; H, 6.8; N, 13.9; HRMS
the mixture was basified with &£O4(aq), extracted with ethyl (ES!) m/z caled for GHiN,O [M+H]" 165.1028, found
acetate and washed with water. The organic layer was dried ovefo-1025;

MgSQ,, filtered and concentrated. The residue was purified by.2.9. Methyl N'-(thiophen-3-yl)-N,N-dimethylformamidine-2-
column chromatography to give the product. colorless '#il;  carboxylate hydrochlorides]). To the DMF was added dropwise
NMR (500 MHz, CDC)) & 8.30 — 8.21 (m, 2H), 7.52 (s, 1H), phenyl chloroformate. The mixture was stirred for 5 minutes at
7.28 — 7.23 (m, 1H), 7.17 (dd, = 7.9, 4.8 Hz, 1H), 3.05 (S, room temperature. Then methyl 3-amino-2-thiophenecarboxylate
6H).”"C NMR (126 MHz, CDGJ)) § 153.80, 147.93, 143.68, was introduced to the mixture. After 5 minutes, the mixture was
143.16, 128.07, 123.52, 40.30, 34.52; LC/MS (EBi 150 pasified with KCOs(aq), extracted with ethyl acetate and washed
[M+H]"; IR (ATR): v = 2921, 2808, 1628, 1573, 1473, 1372, jith water. The organic layer was dried over MgSiltered and
1266, 1233, 1104, 807, 712 ¢m concentrated. The residue was diluted with diethyl ether and HCI

4.2.3. N,N-dimethyl-N'-(pyrazin-2-yl)formamidinesa). Slightly (3 M in diethyl ether) was added. The solution was heated at

yellow oil; *H NMR (500 MHz, CDCJ) 5 8.41 (s, 1H), 8.26 (d} 35 °C for 10 min. The precipitated prodw§jt was filtered off,
— 1.4 Hz '1H) 8.09 (dd] = 27 15 Hz 1H) 805 @ —o7Hz Washed with the solvent (isopropyl alcohol: diethyl ether, viv =

1H), 3.09 (d,J = 1.1 Hz, 6H):“C NMR (126 MHz, CDC)) & 1:2) and dried. Slightly yellow solid; mp 175-177 & NMR
158.18, 156.20, 142.14, 141.60, 137.86, 40.97, 34.83; LC/M&00 MHZ, MeOD)5 8.99 (s, 1H), 7.90 (dI = 5.4 Hz, 1H)'§7-4_9
(ESI) miz 151 [M+H'; IR (ATR): v = 3045, 2931, 1614, 1568, (I =55 Hz, 1H), 3.94 (s, 3H), 3.52 (s, 3H), 3.36 (s, 3F0;

1379, 1099, 1007, 836 ¢ NMR (126 MHz, MeOD)3 165.03, 155.44, 142.70, 134.78,
120.79, 116.49, 53.20, 44.52, 37.17; LC/IMS (E&ijz 213
4.2.4. N'-(5-bromo-6-chloropyrazin-2-yl)-N,N-  [M+H]"; IR (ATR): v = 3452, 3052, 1671, 1584, 1450, 1279, 787

dimethylformamidine hydrochloridésdq). White solid; mp 263- cm™; Anal. Calcd for GH,5CIN,O,S: C, 43.46; H, 5.27; N, 11.26.
266 °C (decomp.)!H NMR (500 MHz, MeOD)3 9.05 (s, 1H), Found: C, 42.57: H, 5.76: N, 11.27; HRMS (E8i)z calcd for
8.44 (s, 1H), 3.56 (s, 3H), 3.43 (s, 3HJC NMR (126 MHz,  CgH.N,O,S [M+H]" 213.0698, found 213.0701;

MeOD) § 154.21, 148.70, 145.93, 135.81, 134.05, 45.51,938.8
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4.2.10. N'-(2-acetylphenyl)-N,N-dimethylformamidine 7.03 — 6.86 (m, 3H), 3.35 (s, 3H), 3.19 (s, 3HE NMR (126
hydrochloride 6k). White solid; mp 167-169 °C (decomp’d ~ MHz, MeOD) & 159.82, 147.06, 128.96, 121.53, 113.44, 42.60,
NMR (500 MHz, MeOD) 9.11 (s, 1H), 8.23 (dl= 8.1 Hz, 1H),  36.27; LC/MS (ESIm/z164 [M+H['; IR (ATR): v = 3190, 2977,
7.82 — 7.73 (m, 2H), 7.51 — 7.42 (m, 1H), 3.54 (s, 3H), 3.38 (K770, 1707, 1486, 770, 753, 703 tmAnal. Calcd for
3H), 2.76 (s, 3H)**C NMR (126 MHz, MeOD} 205.26, 154.36, C4H1,CINs: C, 54.14; H, 7.07; N, 21.04. Found: C, 54.1; H, 7.2;
138.93, 136.63, 134.06, 127.13, 124.59, 118.08, 44.47, 37.3W, 21.10;
igsgs1"6%/(')\/'81;575')1“2/;;9%7[%2;} IR (ATR): v = 3374, 288.2' 4.2.18. N,N-dimethyl-N'-(phenylsulfonyl)formamidine 7dj.

, , , , nal. Calcd for GH;5CIN,O: ) ) o
C, 58.28; H, 6.67; N, 12.36. Found: C, 56.3; H, 7.0; N, 11.gVVhite solid; mp 128-130 *CH NMR (500 MHz, CDCJ) 5 8.13
HRMS (ESI)m/z calcd for GiHisN,O [M+H]® 191.1184, found (& 1H), 7.91-7.84 (m, 2H), 7.54 —7.47 (m, 1H), 7.47 — 7.42 (m,
1911183 ’ 2H), 3.12 (s, 3H), 3.01 (s, 3H}*C NMR (126 MHz, CDCJ) &

e 159.33, 142.52, 131.94, 128.81, 126.56, 41.61, 35.64; LC/MS
4.2.11. N'-(pyridin-2-yl)-N,N-dimethylformamidine-3-carboxylic (ESI) m/z213 [M+HJ; IR (ATR): v = 2930, 1613, 1280, 1145,
acid hydrochloride §l). White solid; mp 214-216 °C (decomp.); 1086, 906, 846, 685 ¢
'H NMR (500 MHz, MeODY 9.47 (s, 1H), 8.61 (dd,= 4.8, 1.8 \
Hz, 1H), 8.54 (dd) = 7.9, 1.8 Hz, 1H), 7.43 (dd,= 7.9, 4.8 Hz, 43. General procedure for reaction of 6-chloro-2-
1H), 3.58 (s, 3H), 3.41 (d,= 0.7 Hz, 3H)*C NMR (126 MHz, ~ aminopyrazinewith amides
MeOD) 5 168.72, 152.65, 151.53, 149.37, 141.01, 121.39,16]2

. To the N,N-diethylformamide (1 ml) was added dropwise
43.57, 36.49; LC/MS (ES/z194 [M+HT’; IR (ATR): v = 3033,

! phenyl chloroformate (3.5 eq). The mixture was stirred for 10
2280, 1826, 1688, 1638, 1210, 778 tmAnal. Caled for | inies at room temperature. Then 6-chloro-2-aminopyrazine (1
CoH1CINO,: C, 47.07; H, 5.27; N, 18.30. Found: C, 47.04; H, ymo)) was introduced to the mixture. After 5 minutes at 45 °C,
5.28;N, 18.26; the mixture was basified with KOy(aq), extracted with ethyl
4.2.12. N'-(benzo[d]thiazol-2-yl)-N,N-dimethylformamidine acetate and washed with water. The organic layer was dried over
hydrochloride 6m). White solid; mp 197-200 °CH NMR (500  MgSQ,, filtered and concentrated. The residue was purified by
MHz, MeOD) § 8.57 (s, 1H), 7.87 (dJ = 8.0 Hz, 1H), 7.62 — column chromatography to give the product.

7.52 (m'lgH)’ 7.48 — 7.40 (m, 1H), 3.43 (s, 3H), 3.32)(d,3.4 45 19 N'-(6-chloropyrazin-2-yl)-N,N-diethylformamidinesa).

Hz, 3H); °C NMR (126 MHz, MeOD) 176.00, 162.64, 138.89, Slightly yellow oil; 'H NMR (500 MHz, CDCJ) & 8.48 (s, 1H),
129.44, 126.86, 126.61, 124.24, 115.84, 42.69, 36.93; LC/MQ 15 (s, 1H), 8.04 (s, 1H), 3.59 (q, J = 7.2 Hz, 2H), 3.40 &,
(ESI) m/z206 [M+HT’; IR (ATR): v = 2425, 1637, 1535, 1458, 7.2 Hz, 2H), 1.25 (t) = 7.2 Hz, 3H), 1.21 (8 = 7.2 Hz, 3H)*C
1394, 1186, 773 ci Anal. Calcd for GoH,;CIN;S: C, 49.69; H, NMR (126 MHz, CDC)) & 158.04, 155.89, 146.72, 139.11,

5.00; N, 17.38. Found: C, 49+.11; H, 5.01; N, 17.32; HRMS (ESI)_|_35_721 46.52, 40.09, 14.93, 12.48; LCIMS (ESi)z 213
m/zcalcd for QOleNgs[M+H] 2060752, found 2060755, [M+H] +, IR (ATR) Vv = 2975, 2936, 28751 1605, 1387, 1158,

4.2.}3.N'—benzyI-N,N-dimethylformamidinér(). Slightly yellow 1115 cni’;

oil; "H NMR (500 MHz, MeOD)35 7.52 (s, 1H), 7.29 (m, 2H), 45 50 6-chloro-N-(piperidin-1-ylmethylene)pyrazin-2-amine
7.24 (m, 2H), 7.21 (m, 1H), 4.39 (s, 2H), 2.90 (s, M NMR g “Slightly yellow solid; mp 71-73 °C'H NMR (500 MHz,
(126 MHz, MeOD)3 158.75, 142.90, 129.29, 128.55, 127.64,Cpcyy 5 8.49 (s, 1H), 8.12 (s, 1H), 8.04 (s, 1H), 3.73 BH).
59.47, 38.18; LC/MS (ESIN/2163 [M+HI'; IR (ATR):v=38031, 324" (m 2H). 1.67 (m. 6H)'C NMR (126 MHz, CDG) 3
1658, 1383, 1238, 696 ¢ 158.03, 155.48, 146.74, 138.98, 135.76, 51.54, 44.02, 26.69,
4.2.14. N'-(4-methoxybenzyl)-N,N-dimethylformamidineso)(  25.21, 24.51; LC/MS (ESH/z225 [M+H]'; IR (ATR): v = 3069,
Slightly yellow oil; *H NMR (500 MHz, CDCJ) 5 7.36 (s, 1H), 2941, 2855, 1696, 1607, 1353, 1157, 1000, 858;cm

7.19 (d,J = 8.4 Hz, 2H), 6.84 (d) = 8.6 Hz, 2H), 4.39 (s, 2H), 45 21 6-chloro-N-(morpholinomethylene)pyrazin-2-amirge)(

3.77 (s, 3H), 2.89 (s, 6H)IC NMR (126 MHz, CDC) 8 158.43,  gjignily vellow solid; mp 121-123 °C'H NMR (500 MHz,
155.69, 133.96, 128.76, 113.82, 58.19, 55.37, 37.54; LCIM$5C)y 58,52 (s 1H), 8.13 (s, 1H), 8.10 (s, 1H), 3.82 PH),
(ESI) m/z193 [M+H]; IR (ATR): v = 2933, 2836, 1646, 1510, 375 (m 4H). 351 (m. 2H)'C NMR (126 MHz, CDG) 3
1242, 1059, 816 cih 157.33, 155.43, 146.79, 139.01, 136.64, 67.15, 66.35, 50.04,
4.2.15. N'-(4-(trifluoromethyl)benzyl)- N,N-dimethylformamidine 43.70; LCIMS (ESIM/z227 [M+H]'; IR (ATR): v = 2980, 2911,
(6p). Slightly yellow oil;*H NMR (500 MHz, CDGJ) § 7.55 (d,J 2867, 1609, 1389, 1348, 1162, 1104, 1006, 848;cm

= 8.1 Hz, 2H), 7.37 (m, 3H), 4.49 (s, 2H), 2.89ds 19.9 Hz, 4555 g-chloro-N-(1-methylpyrrolidin-2-ylidene)pyrazin-2-
6H); °C NMR (126 MHz, CDC)) § 156.17, 146.57, 128.55 (d, J amine ge). Slightly yellow oil: *H NMR (500 MHz, CDCl) 5

= 32.2 Hz), 127.67, 125.11 (der = 3.8 H2), 124.43 (Qer = g17 (s, 1H), 8.00 (s, 1H), 3.45 &= 7.1 Hz, 2H), 3.06 (s, 3H),
2717 Hz), 59.08, 37.77; LCIMS (ESHVZ 231 M+HTT IR 594 (= 7.9 Hz, 2H), 2.06 (dil = 15.2, 7.6 Hz, 2H}°C NMR
(ATR): v = 2871, 1648, 1321, 1108, 1065, 1017, 81¢;cm (126 MHz, CDCl) 5 167.47, 158.76. 146.37, 139.50, 134.60,
4.2.16. N'-benzoyl-N,N-dimethylformohydrazonamidga)( the  51.38, 31.80, 29.69, 19.88; LC/MS (EStyz 211 [M+H]'; IR
procedure is same wic. Slightly yellow solid; mp 171-173 °C; (ATR): v = 2925, 2870, 2175, 1590, 1469, 1379, 1288, 1158,
14 NMR (500 MHz, CDC)) § 8.79 (s, 1H), 7.90 (s, 1H), 7.79 — 1001, 921 cri;

7.73 (m, 2H), 7.46 — 7.41 (m, 1H), 7.40 — 7.33 (m, 2H), 2.86 (s,

6H); *C NMR (126 MHz, CDGJ)) & 180.30, 164.84, 157.95, Acknowledgments

134.53, 131.12, 128.60, 126.97, 37.92; LC/MS (ESIy 192

[M+H]*; IR (ATR): v = 3216, 3064, 2905, 1603, 1572, 1355, This research was supported by grants from the National

1110, 902, 694 cihy Research Foundation of Korea (2010-0004128) funded by the
) . ~ Ministry of Education, Science and Technology, and was funded
4.2.17. N,N-dimethyl-N'-phenylformohydrazonamide by the Ministry of Knowledge Economy, Korea.

hydrochloride Tb). Slightly yellow solid; mp 201-203 °C*H
NMR (500 MHz, MeOD)5 8.32 (s, 1H), 7.28 (] = 7.1 Hz, 2H), Supplementary data
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Copies of the'H NMR and *C NMR spectra of the
compounds.
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