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Abstract

Piperazine and its derivatives are a common class of nitrogen-containing heterocycles in medi-
cinal chemistry. Small molecule drugs such as Pazopanib, Lomefloxacin, and Temafloxacin all
contain piperazine ring. In this article, various 1,4-diacyl-2-methylpiperazine derivatives were
obtained through acylation reactions between 2-methylpiperazine and acyl chloride in the
presence of N; and using triethylamine as a base in DCM. Furthermore, 1,4-different diacyl subs-
tituted 2-methylpiperazine derivatives were obtained through selective N-protection, acylation,

TESEE .
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and deprotection of 2-methylpiperazine.
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1. 518

WRIGE Je JLATAE ) B R 2 vh B A, B AT T AR =i v Je 1] i8RV E 2] BB E[3])%.
MR SCHR AR, DAWRIE SRS A 9Bt sy, BT DU SO FEAR 259 53 T ) g v P (clopP), PRS2 70+
5 hERG #HiEiE MEi K AH EAE[4]; BRibz4b, B AR IIE L5 R GR 5L (A1 1) 2 A 5] N A £ T LA
WNEERIVER, A sE g FR R IR R R0 B SR ) i e 22 B R B R PR [S]: [FIB, BT AR SIN,
WRIEFE 3N T FER K, R n] 8 2= 2 — o o Bl S A AR RV M 22 5o i, 2021 4 FDA fikifk i
12+ 75 %E (Sotorasib) /& LA(R)-2- FF ZE DR B A BE[6], H A Sankyo 2] AF A& [ 980 14 R 25 245 1 K b 2
(Cadrofloxacin) /& PA(S)-2- FH B WR 12 g I [ 7] (B 1) o [Pk e BY WR 1B 2 — M AR AE T YF 22 25 b (0 2
A TR AT 50 B, i 42 th 24 2% (Diethylcarbamazine) [8] 45 3 38 FELVH 7714 Ik 5545 (Cinepazide) [9]
(1), i, SR 2 M ERER 1,4- BE-2- FILIRIERAT A A A T EER R .
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Figure 1. Bioactive piperazine drugs
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2- FP R IR P R P S ) PG A S 80 e T 1,4- B AR -2- TR R MIR 2R AT AR 0 & B 91l 2016 48, Javier
PREAL[10]56 LA 2-FF MR A7 BELBOR I BE AL BRIV OB, S e (DCM) A, ENE (pyridine) i,
Lo FEVER) N-IRBEAL S 1 1B 5E-3- IR IR R IAT AR AEFIRERORBLZRAF T, i LR 15 BIRIIR B

DOI: 10.12677/hjcet.2023.134028 245 e TREEHA


https://doi.org/10.12677/hjcet.2023.134028
http://creativecommons.org/licenses/by/4.0/

EHZ E

AR HEBE A R T 1,4- Bk AE-2- H IR IR IR SR ATAE Y (W 5] 2(a)). 2021 4, Tao BREEZ[11]LA 2,5-—
H LR JERE, DCM IAF, 75 (2- 4804 R-3-Hame e 58) YR ik 19 S (BOP-CI)Fl = ZJZ (ELN)IPER R, 5
A-WHBE R IR B L RIEAT IS, 23] T 1,4- I HE-2,5- I EENRR R ATAEY (I 2(b)). BR T _EiREHL
(7952 4, 2008 4E, Aggarwal L [12] LA -N-(4- FF 3 FER8 i 3k ) — i fl — 483 2000 3 = 360 P Be b iR
EERE, L 1,8- R IR [5.4.0]+—F%-7-1 (DBU) AT, DCM NIEF], AT 1,4- (6 FF LRk
££)-2- BRI (0 ] 2(c))
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Figure 2. Synthetic routes of 1,4-diacyl-2-methylpiperazine derivatives

B 2. 1,4- "Bt E-2- R BENRBR LT E M A B %

2. 1,4- B E-2- R B IRBR T E MBS B
2.1. 14-—HFEEtE-2- B EIRETE YN E R

FEMAL N, = ZHE(EtN)# B AEIR[13] [14] [15]0 2T, Hi 3R SCRRIERE AT, 2-F AL IR
Pt SRR AL S S T, LB RO gt iE A1 DBU,  HAS B 1,4- I HE-2- L OR B AT ARl A T
Ut BALER =200, DCM N7, Hid S Rt A LR BUREE, S 7 2R 2 1,4- Bk
BL-2-HIRLIR R SRATAEY) . W& 3 P, 2-FPREMRIGE 1 MR HIESH 2a e g LL 99% M1 7 B8 7 %19 B A UK
P Ba. XIRH BRI E Y R E AT ESE, KITCR F IR, WAL, ERXAH
BELL 90% LA I rIUSC R 43 5l 75 BUAH LA =4 3by 3¢y 3d. BifiJE, % 2K F R SR AL S s O (I AR IS HEAT T
HgL . SRR LA 45 BT U (—OMe) B FE 7 BUAREE (—CI, —F, —CF3, —NOy), HJRENS LA R T
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BT 17 2% (67~99%) - i ) 3e~3i, I Ho S Wi AL 2 it A QAR o i 1 1 P A 08 s o PG fELAS—
SRMIE, A7 BB A6 R B AR S 2j RENS LL Q0% /™ HAF 2™ W) 3. BLAN, o B AL
R R AR AT 2k~2m, ZZERDI AL DL 88~99% )™ %4 B W) 3k~3m. S5, K
FA A DI TE TERS ZE IR I 2n B2 LA 99% 1) 7= 245 2174 3n.
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’ "oce,  3j, R=Ph, 90% 3m, R = Cl, 88%
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& Reaction conditions: 1 (1.0 mmol), 2 (2.0 mmol), EtzN (1.5 mmol), DCM (5 mL), rt, overnight;
isolated yields are reported.

Figure 3.Synthesis of 1,4-diacyl-2-methylpiperazine derivatives ?
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Figure 4. Synthesis of 1,4-different diacyl substituted 2-methylpiperazine derivatives
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NEYD, BESLL 99%F S A R N-FLEAC 1) 30, 30 1ENIAERILIT ), HFT 5~ TEBEEMLEY
RN R, FRATZARIE AR 1,4- AR [RIBEJE-2- I SRR AT A= 0 S BE 44 R %t 30 FIZE LA 2a
(BzCl). f HIHE IR 50 2K (TSCI) 73 AIHEAT S, 4359 BL 63%7H1 80% 11726 £ =4 4a Fl 4b. 4a 1 4b
1E =5 LR (TFA)IAELE T AT i 25 Boc, 435l LA 83% A1 93% 077 2 A= i M.k Ak =) 5a 1 5b. He)e, i
Bet 2, T 5a #15b 435I 5BEA 2k, 2a J)RML, Lh 90%F1 99%(1) = 3615 B AR WS HUIR 1,4- —BESE
-2- LR R 2540 54 6a Al 6b.

3. LIS ERSy
3.1 {{B5i5

SN JERAIE B 22 7 BTR T B 2555 A A, BT 25 AR A e A4t 046 iEEH FTIR-650
18 HLIH 20 AN AR 3G A 52 ;548 ] Arc-ACOUITY QDA B s S0BUM (it - i it B A (HPLC-MS) ]
SEs VAR XTAA B S A E

3.2. SEWAE

3.2.1. & 3a-3n WARL

BAMRYTR, 76 50 mL BRSO AR I 1.0 mmol 2-F3E0RE 1, 5.0 mL & H k¢, 1.0 mmol Fk
AEAAEY) 2 F0 1.5 mmol = 21, b5 iR G RIE B T RS RNM5EEE, I 10 mL K,
PR S P REEER (0 mL x 3), KAVZEIF. KAV ICK NaSO, T4, ik ik 4i /3 2 1R &
WIHEAT AL HT IV (£ )V (22 2 18) = 6:1~2:11%) B4R 445 H A5 7~4 3.

1,4-dibenzoyl-2-methylpiperazine (3a): Ry = 0.45 [3:1 ‘Al L8 1], H 1A, m.p. = 152~153 C;
IR (KBr): 3058, 1630, 1429, 1039, 773, 698 cm “; HPLC-MS (ESI) Calcd for [CioHsoN2O,Na]™ (M + Na*)
331.14, found 331.21.

1,4-bis(o-methylbenzoyl)-2-methylpiperazine (3b): Ry = 0.53 [3:1 1k 2.8 2. 18], B GEE; mp. =
181~182 °C; IR (KBr): 3066, 1628, 1425, 1030, 768, 746 cm %: HPLC-MS (ESI) Calcd for [CpHpeN,0,Na]* (M
+ Na") 359.17, found 359.22.

1,4-bis(m-methylbenzoyl)-2-methylpiperazine (3c): Ry = 0.56 [3:1 £t/ 212 2. 8], E Gk, mp. =
149~150 °C; IR (KBr): 2919, 1631, 1433, 1205, 1043, 800 cm*; HPLC-MS (ESI) Calcd for [Cp:HpeN,O,Na]*
(M + Na") 359.17, found 359.24.

1,4-bis(p-methylbenzoyl)-2-methylpiperazine (3d): Ry = 0.48 [3:1 £k 218 2. 18], A EA; mp. =
192~193 °C: IR (KBr): 2924, 1630, 1425, 1039, 1018, 822 cm *; HPLC-MS (ESI) Calcd for [CpiH,aN,0,Na]*
(M + Na") 359.17, found 359.23.

1,4-bis(p-phenylbenzoyl)-2-methylpiperazine (3e): Ry = 0.44 [4:1 £k 2.1 2. Fg]; AGE A mp. =
156~157 °C; IR (KBr): 3074, 1626, 1423, 1259, 1171, 843 cm™*; HPLC-MS (ESI) Calcd for [CoiHasNoO.] (M +
H") 369.18, found 369.18.

1,4-bis(p-methoxybenzoyl)-2-methylpiperazine (3f): R; = 0.44 [4:1 f1 Mk .82 2.18]; H G E A, mp. =
156~157 °C; IR (KBr): 2937, 1626, 1423, 1302, 1259, 843 cm™*; HPLC-MS (ESI) Calcd for [CpHpeN,O,Na]*
(M + Na*) 391.16, found 391.22.

1,4-bis(p-chlorobenzoyl)-2-methylpiperazine (3g): Ry = 0.47 [2:1 fiihEk/ 288 2. 086]; AGEE; mp. =
236~237 'C; IR (KBr): 2931, 1635, 1423, 1147, 849, 756 cm *; HPLC-MS (ESI) Calcd for [C1gH1sCl,N,0,Na]*
(M + Na*) 399.06, found 399.10.
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1,4-bis(p-fluorobenzoyl)-2-methylpiperazine (3h): Ry = 0.42 [3:1 f1lfk/ 2R Z.B8]; AGEAME; mp. =
214~215 C: IR (KBr): 3001, 1628, 1433, 1219, 1038, 852 cm™*; HPLC-MS (ESI) Calcd for [CyoH1aF,N,0,Na]*
(M + Na*) 367.12, found 367.17.

1,4-bis(p-trifluoromethylbenzoyl)-2-methylpiperazine (3i): R; = 0.60 [2:1 £ ilifk/ .18 2. B8], A (14,
m.p. = 202~203 C; IR (KBr): 3001, 1631, 1523, 1442, 1354, 849 cm'; HPLC-MS (ESI) Calcd for
[CatH1sFsN,0,Na]* (M + Na*) 467.12, found 467.17.

1,4-bis(p-nitrobenzoyl)-2-methylpiperazine (3j): Ry = 0.53 [4:1 1M/ .18 2 18], BGEAR, mp. =
240~241 °C: IR (KBr): 3113, 1631, 1523, 1442, 1354, 849 cm“; HPLC-MS (ESI) Calcd for [CioH1sN,ONa]*
(M + Na*) 399.13, found 399.20.

1,4-bis(p-methylbenzenesulfonyl)-2-methylpiperazine (3k): R; = 0.36 [4:1 A1k 2./ 2. B8], A A;
m.p. = 178~179 C; IR (KBr): 3437, 1464, 1346, 1166, 985, 613 cm; HPLC-MS (ESI) Calcd for
[C1oH24N,0,5,Na]* (M + Na*) 431.11, found 431.18.

1,4-bis(p-methoxylbenzenesulfonyl)-2-methylpiperazine (3I): Ry = 0.45 [1:1 £k 2R 2 B8], A
#; m.p. = 198~199 C; IR (KBr): 3423, 1600, 1500, 1344, 1162, 840 cm *; HPLC-MS (ESI) Calcd for
[C1oH24N,055,Na]* (M + Na*) 463.10, found 463.17.

1,4-bis(p-chlorobenzenesulfonyl)-2-methylpiperazine (3m): Ry = 0.32 [4:1 £k Z./8 2. B8], A (14,
m.p. = 201~202 C; IR (KBr): 1589, 1346, 1477, 1166, 771, 642 cm; HPLC-MS (ESI) Calcd for
[C1oH25C1oN,0,S,Na]* (M + Na*) 471.00, found 471.05.

1,4-dipropionyl-2-methylpiperazine (3n): [ [ {4; m.p. = 81~82 C; IR (KBr): 2981, 1644, 1427, 1376,
1213, 1043 cm % HPLC-MS (ESI) Calcd for [C1;H»oN,0,Na]" (M + Na*) 235.14, found 235.17.

3.2.2. k&M 6a. 6b BIERR

7E 250 mL (¥ R H AR O 50.0 mmol 2-F & 0RIGE 1 1 25.0 mL & e . Bl A iZ IR AR R b
0 50 mL —BRIR —RUT s 20 1) A GEATR(M = 1 mol/L), E=REE&M FRNER . RNMEERE,
VR E67K (25.0 mL), T &0 28 E(25 mL x 3), KB HEE T KE WU TEK NaS0, T4,
B R 46 15 2 H AR =) 30.

BAMEYTE, 7E 50 mL BSOS AR I 1.0 mmol 1-80 T AR IE-3- 1 FE IR 30, 5.0 mL &
%, 1.0 mmol BEERMAY) 2 F1 1.5 mmol = 2%, Mgzl a R RAESTFM T RMNER . RV EEE,
I 10 mL 7K, FRH &P EEAE (10 mL x 3), HANZE I HAVAHHTEK NaSO, T4, HliiE ke
WRARAR B RS HEAT R BT [V (A ) V(2.8 2.18) = 6:1~2:1]4> B3 $2 413 B AR 4 4.

BARR, 78 50 mL B9 RREH HAR NN 3.0 mmol 10T B L3 F - 4R DR IBE 4, 3.0 mL —
A HBER 30.0 mmol = LR, BEEIZIBARARESRAMN FRMER. RNEEE, FHRRBRKREM
O pH WA 7, A& A0 mL x 3), HHWEE I KAV T K NSO, T8, il
IR IR A 153 H bR =) 5.

BRI, 78 50 mL SR AR Zoin N 1.0 mmol 1-FEHE-2- LR IR 5, 5.0 mL 40 H 4%, 1.0 mmol
B A ED) 2 F1 1.5 mmol = 4%, BifE %R &1 RIEERAM TRMER . RMSEERE, A 10 mL
K, B &R A0 mL x 3), FHANEEH . FAPAHTEK NaSO, T4, ks = ik 46 15 2 1)
RGP E ATV R ) V(LR 4.18) = 6:1~2:1]7> B 12445 H bs 74 6.

1-tert-butoxycarbonyl-3-methylpiperazine (30):7% & (Al IR4; IR (KBr): 3436, 1698, 1425, 1171, 1113,
621 cm™; HPLC-MS (ESI) Calcd for [C1oH2:N,0,]*(M + H") 201.16, found 201.19.
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1-tert-butoxycarbonyl-4-benzoyl-3-methylpiperazine (4a): R; = 0.53 [4:1 Ayl Z./R 2. B8], A (14,
m.p. = 85~86 ‘C; IR (KBr): 1689, 1625, 1600, 1427, 1367, 705 cm*; HPLC-MS (ESI) Calcd for
[C17H24N,05Na]* (M + Na*) 327.17, found 327.23.

1-tert-butoxycarbonyl-4-p-methylbenzenesulfonyl-3-methylpiperazine (4b): R; = 0.67 [4:1 1/ 2R 2.
el A4 mp. = 113-114 °C; IR (KBr): 1631, 1602, 1492, 1427, 1290, 757 cm *; HPLC-MS (ESI) Calcd
for [C17H26N,0,SNa]* (M + Na*) 377.15, found 377.22.

1-benzoyl-2-methylpiperazine (5a): R¢ = 0.38 [ /], H A [E{A; m.p. = 98~99 C; IR (KBr): 3280, 1610,
1496, 1432, 1307, 705 cm™%; HPLC-MS (ESI) Calcd for [Cy,HizN,0]" (M + H*) 205.13, found 205.15.

1-p-methylbenzenesulfonyl-2-methylpiperazine (5b): R; = 0.41 [Z.F%]; #EAPIRY; IR (KBr): 3422,
1349, 1187, 1155, 1122, 722 cm *; HPLC-MS (ESI) Calcd for [C1,H1gN,0,S]" (M + HY) 255.12, found 255.14.

1-benzoyl-4-p-methylbenzenesulfonyl-2-methylpiperazine (6a): Ry = 0.54 [2:1 £k .82 B8], A€
[El44; m.p. = 129~130 C; IR (KBr): 1635, 1596, 1427, 1355, 1170, 689 cm % HPLC-MS (ESI) Calcd for
[CigH23N205S]* (M + HY) 359.14, found 359.22.

1-benzoyl-4-p-methylbenzenesulfonyl-3-methylpiperazine (6b): Ry = 0.30 [2:1 ik .82 . Fg]; A€
[El4&; m.p. = 114~115 C; IR (KBr): 1640, 1424, 1287, 1158, 858, 669 cm Y HPLC-MS (ESI) Calcd for
[CigH23N205S]* (M + HY) 359.14, found 359.22.

4, g5ig

TATHRIE T —Fh = L B 2- FH ENR R 5 i S B PRI BEAG S B, & Rl T 19 A 1,4-—AH [F] 5t
Fe-2-FIFENREE AT, Hrbk&Y 3b, 3d, 3e, 3f, 3g, 3h, 3i, 3j, 3l, 3m, 3n ARWFTHIF1L
G IR BLAFRA, BRI, TRESEMELT, KEEEE . HEZRBAET, RN
R IF(67%~99%), Ui =@ —Fh RUFIVEERR T BRICZ Ah, T8I IR bR FRIE BRI
1o BRI TTIRAR R T 14- AN R BE IR HUAR ) 2- SR NRIGR 28 AT AR 12051008 6 A R BESE HUAR 1) 1,4-
TR -2- B RR AL SRR T — AR m IR . HAT, ETRERSEI 2-HERR G AR
B9y 18] BB S B IETERF AL 2 H

E&WE

ABPH I 22 e K 2 A BT Ik S8 v Rl 0T H R B i 22 2 BB, ITH 25 90300094
MG B RS I H T H 4 %5 702450,
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