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Abstract A facile method for the synthesis of tetrahydropyrimidines is described. Diethylamine was treated with methyl
propiolate to provide Michael adduct (f-amino acrylate). In the presence of organic acid, the cyclization between imines with
f-aminoacrylateoccurred at room temperature and completed within several minutes to give tetrahydropyrimidines with libera-
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tion of ammonium salt. Formaldimines show good toleration to the reaction.
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COOMe Ph—N= (1a, 2 equiv.) |\/>=< Table 1 Condition optimization of the cyclization
N COOMe Ph -
Il CuCl (0.1 equiv.) I Ph MeOOC NN
Ph lll + Catalyst
Our previous work I | T Z
Et,NH (3a) Solvent
Ph—p COOMe _ NEt COOMe
MeOOC Ph—N= (1a, 2 equiv.) K 1a (2 equiv.) 2a 4a
HOACc (excess) | B 144
2a | NEL, "HNEt, Bh This work Entry Catalyst Condition Yield*/%
4a, 90% yield 1 — CH;CH,OH, Reflux, 5 h 12
i o ‘ 2 H,80, CH;CH,0H,25 C,3h 46
B 1 AR H RS R R &K IS AR & E 3 HCI® CH;CH,O0H, 25 C,3h 20
Scheme 1 Cyclization of methyl propiolate and imine in dif- 4 _ DMF, Reflux, 5 h 0
ferent routes 5 H,S0,” DMF, 25 ‘C,3h 54
K S N Ly ¢ °C
()RS, A A1 P AU T /N0 T AR, 3 o H 2 Sa »
N g e 2l A , 2L, >
&mﬁlﬁ.‘ E‘JT’I‘%U#EE?%%ETE E@%ﬁu@- 8 sto4b H,0, reflux, 5 h 12
e 9 HCI* H,0, reflux, 5h 5
1 HER5VHE 10 — DCE, reflux, 5 h 0
11 H,S0,° DCE,25 C,3h 25
11 REFEHFHSL 12 HCI* DCE, 25 C,3h 10
B-NEFE R IR FR TG 2a 158 SCRk 7 ikl &1 — &2 13 - Toluene, reflux, 5 h 0
b o
B AR AR, 200 55 7 eI TR IR R A A I 4 M50 Toluene, 25 ©,3h 30
B A 2 15 HCI Toluene, 25 C,3h 11
1 RO 2a. 16  CH,COOH! CH,COOH,25 ‘C,5min 90
PR (1, 20.0 mmol)5 B-Hidk iR e 2a 17 HCOOH?  HCOOH, 25 ‘C, 5 min 87
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SRR 1.
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IRAK, EF] 12% (% 1, Entry 1). H'E 1 DMF. /K. —
A LIE(DCE) BRI T TOAH R == (3R 1,
Entries 4, 7, 10 1 13). fEffH ZBEAE RGN, IIASE
YR BB AR RZ(10.0 mmol), [ ER T EIA T, IF
AT SR B CR & 46% (% 1, Entry 2). G4SN}
R — @R 3R A, R E R T 0 1) i L 2R
(Table 1, Entry 3). 12K, DMF. 4i/Kf — & 2 kel i
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“The separated yield; * 1.0 equiv.; “ 1.0 equiv.; ¢ excessive amounts.
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B2, 4a WCHHE LN Scheme 2 fis. Horh ZHZIIBCR 5
T ORERRGR R, e AR S 5 R B CERAT P
FEAR.

MeOOC Ph—N=— Bh_ COOMe
COOMe Ry;NH m\ _(1a, 2 equiv) © N/j/
e R —————
| | 3 N HOAC (excess)
2a |
3a:Et,NH  3b: Me,NH  3c: Hr\O 3d: HD 3e: HN/\
Yield: 90% 89% 68% 78% 75%

B2 HefkzshRNKg
Scheme 2 The results of several secondary amines-participated
reactions
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“The separated yield.
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3.1 X5

'H NMR A1 *C NMR H Bruker 400 MHz %4 % 3
PRAL(CDCI NP, TMS ANAR); 4 5 X-4 55 % B
HE5 R 58 A 78 (S R IE); TG 3 AT A8 FH A s
EuroVector EA3000. FTFHIZ4 i A1 5 22 A 15 & 1 4
Wrafisi b2z al, prf e & R 2 BOCHR(1S, 16], FT
BT L A R S B i 2 B SCR[ 17, 18]

3.2 XWHE
321 B-Z TR R MR T BE(2a)89 4 &

FEREA AN PER 100 mL PY BT NN 1,2-—=
A LKEBO mL). IFRERF EE0.1 mol). FM R
W= 2% (3a, 0.1 mol), & MIEE 0~5 C. i
FEEEIE, WIRHEE 30 min, TLC FREE % 5k 58 4 8 K
B-NEFE IR TR B (2a). We e 258k i 25 IR BEVE 1), 19 217%
AR 2a, 723 97%.

322 WACERATAEMF &

WEPREFE R, F2EAERR(15 mL) 50 mL PY HkE
I A% 1a (20.0 mmol) AT 2a (10.0 mmol), & 6.1
P 5 min. RNEEF G 70 mL /K, 123E, JEGEH A
fik/ 218 CERIR A R B 45 i, M, B3I DA mSENT A
V) da, FRE 90%. BLAifk J7VEIE TR da~—af [T
5.

A 77 ke — e I e 1) 5% (1) DY SR e 1T A2 400 dg~ 41 R
Wik, Haiftk 5k N 100 mL /K, F 2B ZEEREE
(20 mLX2), R NIRAGER. Brig ik R 6% =
TR AL 7 B[ LBR 418) -« VAR =1 : 101433
47,

1,3- R HE-1,2,3, 4- DU S5 g -5- R F R (4a): HI A
B, 773 90%. m.p. 120~122 C; '"H NMR (400 MHz,
CDCLy) o: 7.84 (s, 1H), 7.38~7.34 (m, 2H), 7.25~7.19
(m, 2H), 7.12~7.09 (m, 1H), 7.07~7.01 (m, 2H), 6.96~
6.86 (m, 3H), 5.04 (s, 2H), 4.26 (s, 2H), 3.73 (s, 3H); "°C
NMR (101 MHz, CDCly) d: 167.3, 148.8, 144.1, 140.5,
129.7, 129.3, 123.7, 121.1, 117.9, 117.8, 99.6, 77.4, 77.1,
76.8, 64.5, 51.0, 47.5. Anal. caled for C;gsHigN,O,: C
73.45,H 6.16, N 9.52; found C 73.47, H 6.14, N 9.50.

1,3- (4-FAE JE IR IE)-1,2,3,4- DU S s g -5- R I
(4b): A, P75 95%. mp. 127~129 C; 'H NMR
(400 MHz, CDCls) &: 7.75 (s, 1H), 6.99~6.84 (m, 6H),
6.80~6.74 (m, 2H), 4.90 (s, 2H), 4.17 (s, 2H), 3.79 (s,
3H), 3.74 (s, 3H), 3.71 (s, 3H); “C NMR (101 MHz,

Chin. J. Org. Chem. 2016, 36, 1335~1340
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CDCly) d: 167.5, 156.4, 154.5, 142.7, 141.4, 138.0, 120.3,
120.0, 114.9, 114.5, 97.9, 66.5, 55.5, 55.5, 50.9, 47.9.
Anal. caled for CyH,N,04 C 67.78, H 6.26, N 7.90;
found C 67.83, H6.21, N 7.91.

1,3- 7 (4- F L 2K 56 )-1,2,3,4- Y &5 5 1 -5- F R P S
(4c): AR, % 93%. mp. 90~92 C; 'H NMR
(400 MHz, CDCl;) J: 7.80 (s, 1H), 7.15 (d, J=8.3 Hz,
2H), 7.01 (d, J=8.4 Hz, 2H), 6.90 (d, J=8.3 Hz, 2H), 6.84
(d, J=8.4 Hz, 2H), 4.97 (s, 2H), 4.22 (s, 2H), 3.71 (s, 3H),
2.32 (s, 3H), 2.24 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
167.4, 146.5, 141.9, 140.7, 133.4, 130.6, 130.2, 129.8,
118.1, 118.0, 98.8, 65.0, 50.9, 47.7, 20.7, 20.5. Anal. calcd
for CyH,,N,0,: C 74.51, H 6.88, N 8.69; found C 74.48,
H 6.89, N 8.68.

1,3- = (3-H S 2K 4k )-1,2,3,4- DY A s g -5- IR
(4d): AMEA, 2R 85%. mp. 83~85 C; 'H NMR
(400 MHz, CDCL3) 0: 7.80 (s, 1H), 7.32~7.15 (m, 1H),
7.09~6.88 (m, 2H), 6.84~6.63 (m, 5H), 4.97 (s, 2H),
4.22 (s, 2H), 3.71 (s, 3H), 2.32 (s, 3H), 2.24 (s, 3H); "°C
NMR (101 MHz, CDCLy) d: 167.4, 148.8, 144.2, 140.6,
139.7, 139.0, 129.5, 129.1, 124.5, 122.0, 118.9, 118.6,
114.9, 114.8, 99.5, 64.5, 51.0, 47.6, 21.7, 21.6. Anal. calcd
for CyoH,,N,0,: C 74.51, H 6.88, N 8.69; found C 74.49,
H 6.87, N 8.70.

1,3-72(3,5- - F 2R 0E)-1,2,3,4- DU & s g - 5- FT R
fic (4e): = OE A, P“F 80%. mp. 107~109 C; 'H
NMR (400 MHz, CDCl3) 6: 7.81 (s, 1H), 6.74 (s, 1H), 6.63
(s, 2H), 6.55~6.53 (m, 3H), 4.94 (s, 2H), 4.20 (s, 2H),
3.72 (s, 3H), 2.31 (s, 6H), 2.20 (s, 6H); *C NMR (101
MHz, CDCly) J: 167.4, 1489, 144.3, 140.8, 139.4,
138.7,125.5, 122.9, 115.9, 115.8, 99.3, 64.6, 50.9, 47.6,
21.6, 21.5. Anal. calced for C5,Hy¢N,O,: C 75.40, H 7.48, N
7.99; found C 75.39, H 7.46, N 8.00.

1,3- = (3-FUT FEAHE)-1,2,3,4- U S w55 -5- FF iz F g
4f): FEOEE, 77% 87%. mp. 97~99 C; 'H NMR
(400 MHz, CDCl3) 6: 7.73 (s, 1H), 7.15~7.13 (m, 2H),
7.02~6.92 (m, 2H), 6.89~6.87 (m, 2H), 6.82~6.63 (m,
2H), 4.92 (s, 2H), 4.19 (s, 2H), 3.58 (s, 3H), 1.20 (s, 9H),
1.02 (s, 9H); *C NMR (101 MHz, CDCl3) 6: 167.4, 153.2,
1523, 148.8, 144.2, 140.6, 129.4, 128.9, 121.0, 118.3,
115.6, 115.3, 115.1, 114.9, 99.8, 64.6, 50.9, 48.5, 34.9,
34.7, 31.4, 31.3. Anal. calcd for C,sH34N,O,: C 76.81, H
8.43, N 6.89; found C 76.83, H 8.46, N 6.87.

1,3-0E T 2-1,2,3,4- DU S 0E -5- H R H B (4g): B
@ik, 7% 87%. 'H NMR (400 MHz, CDCl;) §: 7.38
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(s, 1H), 3.90 (s, 2H), 3.65 (s, 3H), 3.46 (s, 2H), 3.11~3.08
(m, 2H), 2.51~2.45 (m, 2H), 1.56~1.45 (m, 4H), 1.41~
1.24 (m, 4H), 0.95 (t, J=8.8 Hz, 3H), 0.92 (t, J=8.5 Hz,
3H); *C NMR (101 MHz, CDCl;) d: 167.9, 144.7, 91.5,
66.6, 53.6, 52.6, 50.3, 47.7, 31.1, 30.0, 20.5, 19.7, 13.9,
13.6. Anal. calcd for C4sHN,O,: C 66.10, H 10.30, N
11.01; found C 66.08, H 10.28, N 11.04.

1,3- 7% HE-1,2,3, 4- DU S5 0 -5- FH R R S (4h): 368
[E4A, 772% 88%. m.p. 82~84 ‘C; 'H NMR (400 MHz,
CDCLy) d: 7.62 (s, 1H), 7.33~7.30 (m, 3H), 7.29~7.24
(m,2H), 7.23~7.17 (m, 5H), 4.20 (s, 2H), 3.81 (s, 2H),
3.67 (s, 3H), 3.57 (s, 2H), 3.53 (s, 2H); *C NMR (101
MHz, CDCl;) 0: 168.1, 144.9, 138.3, 136.7, 128.9, 128.3,
128.0, 127.7, 127.2, 93.0, 65.4, 57.7, 57.2, 50.6, 47.9.
Anal. caled for CyH,N,0,: C 74.51, H 6.88, N 8.69;
found C 74.52, H 6.89, N 8.70.

1,3- 3 & 36-1,2,3,4- DU S g -5- HH IR F G (4): 3
OIRAE, 773 87%. 'H NMR (400 MHz, CDCl;) 6: 7.48
(s, 1H), 4.04 (s, 2H), 3.64 (s, 3H), 3.55 (s, 2H), 2.95~2.85
(m, 1H), 2.50~2.40 (m, 1H), 1.99~1.88 (m, 2H), 1.88~
1.72 (m, 5H), 1.72~1.66 (m, 3H), 1.51~1.45 (m, 2H),
1.45~1.35 (m, 5H), 1.35~1.06 (m, 3H); *C NMR (101
MHz, CDCly) d: 167.7, 143.3, 92.6, 62.4, 62.1, 58.3, 50.2,
44.9, 31.8, 30.5, 25.9, 25.6, 25.4, 25.2. Anal. calcd for
CisH3N,0,: C 70.55, H 9.87, N 9.14; found C 70.52, H
9.87, N 9.16.

1,3- = 2 %5-1,2,3,4-PU S s g -5- HH G FE IR (4): 2R
AR, 7% 84%. 'H NMR (400 MHz, CDCl3) 6: 7.40 (s,
1H), 3.92 (s, 2H), 3.64 (s,3H), 3.44 (s, 2H), 3.17 (q, J=7.2
Hz, 2H), 2.55 (q, J=7.2 Hz, 2H), 1.18 (t, J=7.2 Hz, 3H),
1.14 (t, J=7.2 Hz, 3H); °C NMR (101 MHz, CDCl;) ¢:
167.7, 144.0, 91.8, 65.8, 50.2, 48.0, 47.2, 46.8, 14.2, 13.0.
Anal. caled for C,oHsN,O,: C 60.58, H 9.15, N 14.13;
found C 60.70, H9.16, N 14.13.

1,3- = 25-1,2,3,4- DY S s g -5- R H s (4k): 2R
WAE, F“Z 75%. '"H NMR (400 MHz, CDCL3) 6: 7.13 (s,
1H), 3.64 (s, 2H), 3.37 (s, 3H), 3.17 (s, 2H), 2.80 (t, J=7.1
Hz, 2H), 2.20 (t, J=7.2 Hz, 2H), 1.33~1.23 (m, 4H), 0.66
(t, J=7.1 Hz, 3H), 0.65 (t, J=7.2 Hz, 3H); >C NMR (101
MHz, CDCly) d: 167.6, 144.5, 91.3, 66.5, 55.3, 54.6, 49.9,
47.4,22.1,20.9, 11.5, 10.8. Anal. calcd for C,H,,N,O,: C
63.68, H 9.80, N 12.38; found C 63.68, H 9.81, N 12.36.

1,3- = 5 A 2E-1,2,3,4- DU S g -5- HH IR R (40): 3
O, 773 89%. 'H NMR (400 MHz, CDCls) o: 7.47
(s, 1H), 3.95 (s, 2H), 3.66 (s, 3H), 3.50 (s, 2H), 3.46~3.32
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(m, 1H), 2.90~2.83 (m, 1H), 1.23 (s, 3H), 1.22 (s, 3H),
1.15 (s, 3H), 1.13 (s, 3H); °C NMR (101 MHz, CDCl;) ¢:
167.6, 142.7, 93.2, 62.0, 53.7, 50.3, 50.2, 45.1, 21.1, 20.1.
Anal. caled for C;,H»N,0,: C 63.68, H 9.80, N 12.38;
found C 63.68, H 9.81, N 12.37.

HBh# &L (Supporting Information) {454 4a~4i 1)
LR A R BRI X Rl v DL A B AR T X 3
(http://sioc-journal.cn/) L. N K.
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