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A Facile and Efficient Synthesis of 2-Amino-1,3-dicarbonitrile-4-aryl-
5,6,7,8,9,10,11,12,13,14-decahydrobenzo[12]annulene Derivatives
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Abstract A facile and efficient synthesis of 2-amino-1,3-dicarbonitrile-4-aryl-5,6,7,8,9,10,11,12,13,14-decahydrobenzo[ 12]-
annulene derivatives by the reaction of aromatic aldehydes, cyclododecanone, and malononitrile in the presence of ben-
zylamine in 95% EtOH is reported. Benzyamine as base to catalyze this kind of reaction has not been reported. This protocol
has the advantages of short reaction time, mild conditions, and easy work-up. The products were identified by IR, 'H NMR
and HRMS. The reported method is the efficient approach for the synthesis of these compounds.
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NH,
o} NC CN
+ ArCHO + 2 <CN benzylamine Ar
2 CN  C,HsOH ™
3
1 4

4a: Ar=C¢Hs, 4b: Ar=4-FCsH,, 4c: Ar=4-BrCeH,, 4d: Ar=
2,4-Cl,CgH3, 4e: Ar=2-CH3;0CgH,4, 4f: Ar=4-CH30C¢H,, 4g: Ar=
2,5-(CH30),CeH3, 4h: Ar=3,4-(CH;0),C¢Hs, 4i: Ar=3,4-OCH,0-
C6H3, 4] Ar:3,4,5-(CH3O)3C6H2

1 KEEH
1.1 &R F

5 U R AL RO B A= TXS B
RSN E (LS R AREIE); 404N R FT/IR-8101 Y
2L A 6 % AT 2 (KBr [R5 7 ); 1% B St B &% R H
Bruker-400 MHz A% H 4R {CE, CDCl;, DMSO-ds
FEFH, TMS JINFR; @ #E5E K Bruker micrO-
TOF-Q-11 & 73 B A 5 . B F 5] 380 2 43 B 4l
thazal, AT AR & Al
12 2-8: & 13-Z 85 #-4-% %#-56,7,8,9,10,11,
12,13, 14-+ S X F 12/ HITEYE R

75 B (1 mmol), &1 W1 mmol), N /2.5
mmol), “FH%(33 uL)F1 95% L (10 mL)BAE 25 mL [3)i
BN, 80 CRMNMZ) 2 h, 2k (TLC)RM S p 3k
B, S5 AR NG v 2 i I E A AR AT, fhoE, B4
F=YIH 95% EtOH H4h . T4, Ak 4.

2- 58 K -4- 4 % -5,6,7,8,9,10,11,12,13,14- | A K IF
[12]560-1,3- i H(4a): /"% 83%. m.p. 210~211 C;
'H NMR (400 MHz, DMSO-d;) d: 1.13~1.30 (m, 2H,
CH,), 1.21~1.23 (m, 3H, CH,, CH), 1.39 (s, 7H, CH,,
CH), 1.54 (s, 4H, CH,), 1.72~1.74 (m, 1H, CH), 2.30~
2.33 (m, 2H, CH,), 2.81~2.85 (m, 1H, CH), 6.45 (s, 2H,
NH,), 7.27 (d, J=7.2 Hz, 2H, ArH), 7.49 (d, J/=7.2 Hz,
3H, ArH); IR (KBr) v: 3348, 3240, 2929, 2863, 2223,
1638, 1561, 1542, 1523, 1508, 1496, 1476, 1445, 1363,
1300, 1274, 1228, 1180, 1131, 1075, 1029, 779, 749, 704
cm '; HRMS caled for Co4H,;N3Na [M+Na]*: 380.2103,
found 380.2110.

2- 8 H-4-(4- 5 A HE)-5,6,7,8,9,10,11,12,13,14- T &
HIF[12)5845-1,3- 5 (4b): 7&K 80%. m.p. 156~158
‘C; "H NMR (400 MHz, DMSO-d;) &: 1.15~1.26 (m, 5H,
CH,, CH), 1.40 (s, 7H, CH,, CH), 1.54 (s, 4H, CH,), 1.7~
1.73 (m, 1H, CH,), 2.32 (br, 2H, CH), 2.82 (m, 1H, CH),
6.46 (s, 2H, NH,), 7.34 (d, J=7.6 Hz, 4H, ArH); IR (KBr)
v: 3366, 3235, 2988, 2924, 2849, 2221, 1699, 1633, 1607,
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1560, 1542, 1512, 1474, 1446, 1341, 1300, 1273, 1227,
1158, 1092, 1077, 1017, 845, 834 cm '; HRMS calcd for
C,4HFN3Na [M+Na]": 398.2008, found 398.2012.

2- % Hk-4-(4- 1R A HE)-5,6,7,8,9,10,11,12,13,14- 1 &
HIF[12)58H5-1,3- T H(de): 7% 78%. m.p. 202~203
‘C; "H NMR (400 MHz, DMSO-dg) &: 1.17~1.23 (m, 5H,
CH,), 1.39 (s, 7H, CH,), 1.54 (s, 4H, CH,), 1.72~1.73 (m,
1H, CH), 2.29~2.31 (m, 2H, CH,), 2.82 (t, J=8.0 Hz, 1H,
CH), 6.48 (br, 2H, NH,), 7.26 (d, J=8.4 Hz, 2H, ArH),
7.70 (d, J=8.4 Hz, 2H, ArH); IR (KBr) v: 3478, 3348,
3240, 2912, 2847, 2211, 1638, 1588, 1558, 1489, 1474,
1441, 1389, 1354, 1302, 1258, 1069, 1008, 824, 723, 670
cm~'; HRMS caled for CpyHpBrNsNa [M + Na] *:
458.1208, found 458.1215.

2-F He-4-(2,4- E FKH)-5,6,7,8,9,10,11,12,13,14-1
AR [12]580-1,3- - K (4d): 77# 81%. mp. 175~
176 °C; '"H NMR (400 MHz, DMSO-d;) 0: 1.1~1.25 (m,
5H, CH,), 1.39~1.41 (m, 7H, CH,), 1.47~1.56 (m, 4H,
CH,), 1.55~1.56 (m, 1H, CH), 2.33 (s, 1H, CH), 2.43~
2.48 (m, 2H, CH,), 2.80~2.95 (m, 1H, CH), 6.61 (s, 2H,
NH,), 7.46 (d, J=8.4 Hz, 1H, ArH), 7.60 (dd, J=1.6 Hz,
1H, J=8.0 Hz, ArH), 7.87 (d, J=1.6 Hz, 1H, ArH); IR
(KBr) v: 3475, 3353, 3223, 2919, 2217, 1637, 1561, 1477,
1445, 1274, 1101, 826, 670 c¢cm !; HRMS caled for
Ca4H,sCLN;Na [M+Na]": 448.1323, found 448.1319.

2- 5 e -4-(2- F A48 3 2K 9)-5,6,7,8,9,10,11,12,13,14-
T AR I [12] 5 M5 -1,3- Ik (de): 77 % 85%. m.p.
252~253 ‘C; '"H NMR (400 MHz, CDCl;) 6: 1.25~1.32
(m, 4H, CH,), 1.41~1.46 (m, 5H, CH,), 1.54~1.60 (m,
5H, CH,), 1.78~1.90 (m, 2H, CH,), 2.18~2.30 (m, 1H,
CH), 2.43~2.50 (m, 1H, CH), 2.81~2.98 (m, 2H, CH,),
3.78 (s, 3H, OCHj3), 4.96 (s, 2H, NH,), 7.00~7.09 (m, 3H,
ArH), 7.41~7.45 (m, 1H, ArH); IR (KBr) v: 3459, 3354,
3237, 2926, 2219, 1698, 1635, 1559, 1496, 1445, 1275,
1249, 1117, 1024, 755, 669 cm '; HRMS caled for
C,sH2oN;NaO [M+Na]": 410.2208, found 410.2215.

2- ik -4-(4- WA A R )-5,6,7,8,9,10,11,12,13,14-
A K [12] 50 4 -1,3- —F L @h): 5 F 87%. m.p.
207~208 “C; '"H NMR (400 MHz, DMSO-dg) 0: 1.15~
1.22 (m, 4H, CH,), 1.39 (s, 6H, CH,), 1.53 (s, 4H, CH,),
1.71~1.72 (m, 2H, CH,), 2.34 (br, 2H, CH,), 2.81~2.83
(m, 2H, CH,), 3.82 (s, 3H, OCHj3), 6.37 (s, 2H, NH,), 7.04
(d, J=17.6 Hz, 2H, ArH), 7.18 (d, J=8.0 Hz, 2H, ArH); IR
(KBr) v: 3356, 3236, 2933, 2846, 2216, 1698, 1634, 1611,
1558, 1541, 1515, 1473, 1456, 1444, 1373, 1339, 1289,
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1273, 1253, 1174, 1132, 1107, 1030, 828, 669 cm ';
HRMS caled for C,sH,oN;NaO [M+Na]+: 410.2208
found 410.2213.

2- 5 He -4-(2,5- AR O 6)-5,6,7,8,9,10,11,12,
13,14- A AR IR (12158 M5 -1,3- —FH FEdg): % 75%.
m.p. 212~213 ‘C; 'H NMR (400 MHz, DMSO-dy) o
1.16~1.24 (m, 5H, CH,), 1.41 (m, 7H, CH,), 1.54 (s, 4H,
CH,), 1.72~1.74 (m, 1H, CH), 2.19~2.24 (m, 1H, CH),
2.40~2.42 (m, 1H, CH,), 2.74~2.81 (m, 1H, CH), 2.85~
2.90 (m, 1H, CH), 3.67 (s, 3H, OCH3), 3.72 (s, 3H, OCHj,),
6.35 (s, 2H, NH,), 6.72 (s, 1H, ArH), 7.01 (d, J=9.2 Hz,
1H, ArH), 7.09 (d, J=8.8 Hz, 1H, ArH); IR (KBr) v: 3363,
3235, 2929, 2845, 2217, 1698, 1683, 1633, 1559, 1542,
1499, 1475, 1456, 1443, 1432, 1297, 1276, 1250, 1225,
1177, 1160, 1130, 1073, 1049, 1022, 872, 812, 728 cm ;
HRMS calcd for C,oH;N;NaO, [M-+Na] : 440.2314,
found 440.2308.

2- 5 He -4-(3,4- AL O 6)-5,6,7,8,9,10,11,12,
13,14- A A I [121 58 i -1,3- L (dh): 77 % 80%.
m.p. 216~217 ‘C; '"H NMR (400 MHz, DMSO-d,) J:
1.18~1.19 (m, 2H, CH,), 1.27~1.28 (m, 2H, CH,), 1.41
(m, 6H, CH,), 1.54 (s, 4H, CH,), 1.72~1.73 (s, 2H, CH,),
2.37~2.38 (m, 2H, CH,), 2.81~2.83 (m, 2H, CH,), 3.74
(s, 3H, OCHj3), 3.82 (s, 3H, OCHj), 6.39 (s, 2H, NH,), 6.79
(d, J=8.0 Hz, 1H, ArH), 6.86 (s, 1H, ArH), 7.05 (d, J=
8.0 Hz, 1H, ArH); IR (KBr) v: 3430, 3353, 3248, 2939,
2215, 1646, 1606, 1558, 1516, 1466, 1406, 1255, 1236,
1177, 1140, 1028, 855, 763 c¢cm !; HRMS caled for
CaH31N30, [M+Na] ' 440.2314, found 440.2320.

2-FHe-4-CRIF[d][1,3]10] A A HR X 4-5,6,7,8.9,10,
11,12,13,14- & 2R IR [12] 58 45 -1,3- 5 JE (4i): 7= %
79%. m.p. 183~185 °C; 'H NMR (400 MHz, DMSO-ds)
5: 1.25~1.38 (m, 14H, CH,), 1.29 (s, 2H, CH,), 1.67 (d,
J=6.4 Hz, 2H, CH), 2.11 (d, J=6.4 Hz, 1H, CH), 2.69 (t,
J=7.2 Hz, 2H, CH,), 5.98 (s, 2H, OCH,0), 6.79 (d, J=
6.4 Hz, 2H, ArH), 7.02 (s, 1H, ArH), 7.18 (s, 2H, NH,); IR
(KBr) v: 3356, 3173, 2925, 2849, 2213, 1672, 1635, 1610,
1560, 1515, 1489, 1471, 1444, 1395, 1289, 1274, 1252,
1175, 1131, 1107, 1032, 958, 928, 828, 812 cm™'; HRMS
caled for C,sH,;N;NaO, [M+Na]+: 4242001, found
424.2012.

2-%8 3 -4-(3,4,5- — A HE 2K 0 )-5,6,7,8,9,10,11,12,
13,14- & A I 12158 H5-1,3- I (4j): 75K 85%. m.p.
195~196 “C; '"H NMR (400 MHz, DMSO-dg) : 1.23 (d, J
=0.8 Hz, 2H, CH,), 1.34~1.42 (m, 8H, CH,), 1.55 (s, 4H,
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CH,), 1.74 (d, J=1.6 Hz, 2H, CH,), 2.36~2.40 (m, 2H,
CH,), 2.82 (t, J=7.6 Hz, 2H, CH,), 3.73 (s, 3H, OCHj;),
3.76 (s, 6H, OCH;), 6.43 (s, 2H, NH,), 6.59 (s, 2H, ArH);
IR (KBr) v: 3415, 3349, 3250, 2929, 2847, 2215, 1652,
1586, 1561, 1509, 1469, 1450, 1412, 1367, 1294, 1284,
1240, 1178, 1128, 1005, 831, 763, 720, 670, 533 cm ';
HRMS calcd for C,7H33N3NaOs [M+Na]+: 470.2420,
found 470.2415.

2 HRTHE

- K1 3- /I A Y T B E R
i, —HZ RGN TAER GE, O AR SCHRGE
TR AP A RE L T T IR R T T A
SR AL G ) B B Ry /0 WL, AR S A B i
B RRAGA IY) 2-5FE-1,3- FIAEAb . FRRED. FR
CURAE TR 45 A N B8 R RT 45 31 H Ar =), fEAR S
R, B AL A BT TG R I R U RO Bk
PR (L mmol)s PR+ (1 mmol). N/ (2.5
mmol)fl NaOH (0.5 mmol)¥&# & 7E Rk b A7 40 i B,
R SO, 4 AR B 2 A B DR R 55 T8 RS 46 A 1)
FEY, B RILE FRPEI AR, TR IR T WA
BER, FRILH 43 52 B W A5 TR RN RS2, A2 TR 4%
PR A 53135 82 BIBHAS IGO0 M LU AE SO, AT
B 2 R IE ER PR £E 28 h DBU AL T LAR 2 H k54
Bl TR SOR IR+ W AE QR SRR I A
DBU (30 mol%)fEft IV, 25 53 B s W fe g i 2,
{H7= R (18%). IXAN W IRIF I AT Rf5 B 7E L
B & Y AR R LR =Y. Tk
FTXF SN A& A HEAT T 3. JEFR T 9256 %% FH 0¥ 77
95% L E(10 mL)4j LA b & N RPIEA R AL T,
SN E R 40 CHRFOL T WSRO AT P, SN2 R
W 1. MR 1 aTLUE B, BRIE AT SN A AL
WO ER 1, Entries 8~10), M PE AT SN A A
[ B R AR AL AR, (R AR IR A RO B e (3R 1,
Entry 4). T2 IEPEFTRAE A VAT, JEEAH
(RS 4k SEATE 5 B N (RS, 4 R AR I e N it Ol
80 CINAJ PAZRAF I K ZE (3K 1, Entry 14). FRATRAEH
HABA PSR, RIS DY S
(THF)# AT LU T AR P23 (1 45 B, AH 7= 3R 584 L e
S A B, mifE AR R A R OR L SREE
JRINARE KA.

FORRATERE LW N SN F R A VAL
Fls RV 80 C Ry N LA, AR EAR
FEO7 N FH AT, 58 45 53 BH O A R AR S 0] J
N AEAT WIS 5, o8 AR F - JE(F, Br, C), it
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L7 55 1 (CH50), e ARl AR EAT I U 10 7
FARAF H R4, W, J738 EIBACIERIAN S, AL E XS
SN PR 45 SRR WA AN W S

F1 LS 4a JVAIER T

Table 1 Catalyst optimization of componud 4a

5 AL g/ C FEE Y%,
1 DBU 40 18
2 (CH;3);N 40 24
3 CsH,,NH 40 20
4 C¢HsCH,NH, 40 55
5 NaOH 40 43
6 K,CO;s 40 10
7 Na,CO;4 40 11
8 H,SO, 40
9 p-TSA 40 0
10 H;BO; 40 0
11 C¢HsCH,NH, 50 60
12 C¢HsCH,NH, 60 65
13 C¢HsCH,NH, 70 75
14 C¢HsCH,NH, 80 83
15 C¢HsCH,NH, 80 84>

¢ MEINIAL N 2 h, EAEFIR 30 mol%. * RS 1] 4 4 h.

B WIIR AE RE Ik 2T A0 KRN 5 53 R I 23 B A
S, 2 JESCHR ORI 1 A ] 5 5 1R S ARL 45 4 ) Ak
Y, WTLAAE 4 1R85 R 52 4 1E .

BA IR =k 2 A0 kRN, ARG8T — R
2- HE-1,3- i -4- 55 5-5,6,7,8,9,10,11,12,13,14- -4
ARIF[205E AT D, XLl G W)A AN [ T DAAE SCik
WIB TV, FREAE A A A A I B I R LS
BRI, [, PR N TSRS Y R R TE
HARLI, A Hh 2-FH-1,3- - F He-4-753-56,7,8,9,
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10,11,12,13,14-+E R IF[ 12158 M fir A W i) & a1
—Z&ARMIERE.
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