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Design, Synthesis and Anti-proliferative Activity of Novel
5,6-Dihydro-6-alkyl-2-pyrone Analogues
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Abstract In order to investigate whether the modification at the double bonds in the pyrone skeleton would affect their bio-
logical activity. Based on the 5,6-dihydro-6-alkyl-2-pyrone goniothalamin, a series of new compounds 5, 6 and 8 were de-
signed and synthesized, which were obtained by modification at the unsubstituted double bonds. Their cell proliferation inhibi-
tion activities against human liver cancer (7721), human lung cancer (A549), human esophageal cancer (EC-109), human gas-
tric cancer (MGC-803) cell lines were assessed by thiazolyl blue tetrazolium bromide (MTT) method. Most of synthetic com-
pounds lost their bioactivities via a comparision with positive control but 6-(benzyloxy)methyl-3-methyl-4-(2,3.4,5-tetra-
fluorobenzamine)-5,6-dihydro-2H-pyran-2-one (6d). The results indicate that the unsaturated double bond is a key functional
group for the bioactivity of these compounds and it is possible to keep their anti-cancer proliferation activity and reduce their
toxicity by modification of the unsaturated double bond in 5,6-dihydro-6-alkyl-2-pyrones.
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Figure 1 a,fp-Unsaturated d-lactone natural compounds with antiproliferative activity
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M2 54 5, 6 18 (Scheme 1), Fi|FHBEMEE(MTT) FARIME R E R th, BRI T R E:‘[B] 55
EVEN T HARMEE PR N4 L (7721) N ifides 41 i b, FoAERR TR S MR A S A R R ML AT
(A549) A EAEAMUEC-109). N FREAMHLMOC-803) s oy 2o niit . Scheme 1. AL &0 2 St 5,

n
n
X 0oH OO e
R1©/H fo] —— w O/HOM R OH

2a:R'=H,n=0 3a:R'=H,n=0 4a:R'=H,n=0
2b:R'=H,n=1 3b:R'=H,n=1 4b:R'=H, n=1
2¢: R' = 4-OCHjg, n =1 3c: R'=4-OCHg, n=1 4c: R'=4-OCHj, n=1
2d: R' = 2-OCHg, n =1 3d: R'=2-OCHjz, n = 1 4d: R"=2-OCHz, n=1
o)
e oR2 16) f
— oF = A Mo
R3 Ry~ N
H
5a:R'=H, R?=CH; n=0 » 3
1_ 2= 3_ 7: R =CHj3 R°=CH
5b: R1 H R2 - CH20H3 n=0 6a: R1 H, R2 - CH3 R3 B CH3 n= 1_ 3 3
5¢: R1 =H, R2 = CH3 n=1 6b R1 B R2 N CH3 R3 N CH2C|, n —1_
5d: R' = 4-OCHy, R? = CH,CH,CH,CHz, n=1 8¢ R =H/ R =CHa R’ = C(CHg)s, n =1
5e: R' = 2-OCHj, R? = CH3, n =1 6d: R'=H, R? = CHj3, R® = 2,3 4,5-tetrafluorophenyl, n = 1

0 B0

Reagents and conditions: (a) NaOH, H,0, TBAB, r.t., 12 h; (b) CH;CH,OH, KCN, H,0, r.t., 2 h; (c) R2CHBrCOOEY, Zn, I,, TFA, THF, 70
°C, 2 h; (d) R3COCI, TEA, DCM, 0 °C, 1 h; (e) TiCl,, DCM, 0 °C, 12 h; (f) Cinnamoyl! chloride or cinnamic acid, TEA, DCM, 0°C, 1 h
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Scheme 1 Synthetic route of the target compounds
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FAEARE TIRATIRDY), Keeikfs Btk &4, did X
IR I, WURLAT LAEAL o-IRIER R, {6 B
RENTF AT 3R 15 AR A, @ H 15D T Blaise IR
SNE = R EE ), A REAEZ AT T RS B2 R
e UMEE Y 6a ), H'THNMR A, 766 7.8 1t
AR M5 5%, FEL HRMS LS FEN
290.1393, 77N CisHNO, [M+H]".

B EE N, 2R T Pd/C nEN, EEL A 6
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BFONE R 1 KA RS ISR A R
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PLALSRUR M IE AL A9 1 5t IE, R MTT %, %t
FIT & B E A 0 ) o 988 240 i 86 3 400 1) 3 v AT T AR
. @RRY, KE A YIS TR, B2
KE D). HPEY 6d X AFHEANM(7721) 4
H1(A549). B 4HU(EC-109). B J&E 40 il (MGC-803)
) ICso A4 HEF] 11, 194 374 13 pmol/L, #IHE T 5
FEAAE X AR M v . IR R, a.p AT 6 N G
LB K b A A5 0 1) 20 i 84 B 400 ) M T A B o B
MVEF, HAN AU A& 1 Be 8 1 T 52 B bR &9
(NG TE. LAY 6d I H F il Jeg 4 it 184 B vt 1k 2%
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Table 1 Antiproliferative activity of target compound
ICs/(umoleL ")

Ht
44

Compd.

7721 A549 EC-109 MGC-803
S5a >128 >128 >128 >128
5b >128 >128 >128 >128
Sc¢ >128 >128 >128 >128
5d >128 >128 >128 >128
Se >128 >128 >128 >128
6a >128 >128 >128 >128
6b >128 >128 >128 >128
6¢c >128 >128 >128 28+2
6d 11+1 19+1 37£2 13£1
8 >128 >128 >128 >128
1 14+1 3+1 20+1 241
5-Fu 1441 441 241 7x1

“Do not calculate ICs; value which is bigger than 128 pmoleL .
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W52 AR, BOHFEMR T 10 NEEE 5.6-
T -6- e L AR AT AR AR A A B PR A
WEFCRIL, X a, B AN 6 N BE XU & 2 i2 1, wT BLER
X T e 240 A ) LA TS %, T AT R, e
AR, RS RO R Ak St TR 5,6- -
6-Jt k- ML B S UIR 25 585E 1 R 47 (0 AEAl.

3 LIRS
31 E5EHA

%t #t. Bruker DPX-400 i#H S % i 3L R4 ; Q-Tof Mico
TM Ji i (Waters Micromass /A #]); Thermo Varioskan
Flash 4= K 2 Dl el An X 55 AU,

A HE bR E PR R R A T A al, b EH
MR A EE; P20 2 Al A7) o 28 28 1 Tl k7).
32 EYIMER
321 s 1 a9h R

6- A H 5L -5,6- A -TE R -2- i (1) 2 5 SCR[2] &
i, 035 g FAGENS, 5% 65%. mp. 83~84 C; 'H
NMR (CDCls, 400 MHz) 6: 7.44~7.29 (m, 2H), 7.12~
6.80 (m, 4H), 6.11 (ddd, J=9.7, 2.6, 1.1 Hz, 1H), 4.92~
4.72 (m, 1H), 4.37~4.06 (m, 2H), 2.79~2.49 (m, 2H); *C
NMR (CDCl;, 101 MHz) §: 163.32, 158.15, 144.66,
129.60, 121.50, 121.37, 114.58, 75.53, 68.46, 26.31.
HRMS calcd for C,H,NaO; [M—I—Na]+ 227.0684, found
227.0682.

3.22 WK 3 694 R

7K (50 mL)FIAEALEH(8.5 g 212.5 mmol)&E T
250 mL [F ke, ke ™ IR (10 g, 106.4 mmol)
DY T FRAA(TBAB) (1.7 g, 5.28 mmol), VKB4 F
FH A 3 WU 22 18 0 I 3 S S A fE(14.8 g, 159.1
mmol), 0.5 h Z Wi MNTEE. FRAMH TRMZ 12h, &
MSEEESE, BON 200 mL 7K, H 4R ZEEZEEE(50 mL X
3), AMLAATCAKBRER AN T8, HhUE, VR Z&1E, 2T
(VA @ (OB AR =8 @ 1118 21LAEY) 3a 14.36
g, I3 90%.

323  WiE4k 4 695 %

#7K(20 mL)FI 210 mL)E T 150 mL [ ke
i, SRJEHIN 3a (10 g, 66.7 mmol)FHEIEA], &/
NEALEH(6.5 g, 100 mmol), KMNZ)2 h. M 5EEE, fn
A 100 mL 7KK RVET, kAR L O, LR
BEAEHL(50 mL X 3), 3 HUAHTC/KBREREN T, HhiE,
IEikds, FEENVCRME) @ (O OlR)=4 1 11152
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&9 4a 10.0 g, 723K 85%.
3.2.4 BARAA 5 694

BEEF(1.02 g, 15.7 mmol)F1TE /K PYEMLIH (10 mL)
BT 50 mL WEEFR S, HiR& TR =% a
f2(179 mg, 1.57 mmol), EHFE 10 min, FHEiREE
70 Clulyi, S RBER, ERTIMALEY) 4a (2
g, 11 mmol)Fl 3 Rl &, &) K RREF I 2-IR A R 2. B8
(2.17 g, 12 mmol)FH 5 mL Jo/K VU AR, 212N
FMERF(Z 4 h), WINEE RN 2 h, HEHARBE
BIEGRE, RNTEE, A RBIN 5% IR A 1R,
BiFE 0.5 h g, JEVRIREZE THBR 2 VU ARk, 408 L0
(20 mL X 3), HAHAHTCKBRER AN T4, Hhig, Bk
WadE, HENVCAME) @ MR R =8 : 11153 4-
A -3 H e -6- T 4 1 3-5,6- AL -2- (5a) 2.16 g,
FEE 2%, Ak, mp. 145~146 C; [aly +6.7 (c
0.005, CH;COCH;); 'H NMR (DMSO-d;, 400 MHz) o:
7.46~7.18 (m, 2H), 7.06~6.87 (m, 3H), 6.45 (s, 2H),
4.53 (dq, J=12.7, 4.5 Hz, 1H), 4.12 (d, J=4.8 Hz, 2H),
2.61 (ddd, J=16.7, 12.3, 1.7 Hz, 1H), 2.41 (dd, J=16.5,
3.7 Hz, 1H), 1.62 (s, 3H); °*C NMR (DMSO-d;, 101 MHz)
5: 167.68, 158.67, 156.07, 130.01, 121.30, 114.93, 87.59,
72.36, 69.17, 29.56, 10.11.

48 H-3- L. H-6- S H 5-5,6- — A TR -2 (5b):
235 g, FRE 84%. FERT, mp. 146~147 C; [al)
+7.7 (¢ 0.005, CH;COCH;); '"H NMR (DMSO-d;, 400
MHz) §: 7.32 (t, J=7.7 Hz, 2H), 6.97 (t, J=9.1 Hz, 3H),
4.66 (dd, J=11.5, 5.5 Hz, 1H), 4.16 (s, 2H), 2.75 (dd, J=
17.1, 12.1 Hz, 2H), 2.21 (q, J=7.4 Hz, 2H), 0.93 (d, J=
7.5 Hz, 3H); °C NMR (DMSO-d,, 101 MHz) 6: 167.67,
165.47, 158.60, 130.01, 121.37, 114.94, 104.13, 72.71,
68.90, 29.68, 16.82, 13.83.

45 -3 H JE -6~ A Y 2L -5,6- A - ML -2 (Se):
221 g, PHE 85%. WRFEHIIRY. [alh +8.3 (¢ 0.005,
CH;COCH3); 'H NMR (CDCl;, 400 MHz) 0: 7.48~7.30
(m, 5H), 4.70~4.43 (m, 3H), 4.35 (s, 2H), 3.70 (qd, J=
10.3, 5.1 Hz, 2H), 2.73 (ddd, J=16.5, 12.1, 1.7 Hz, 1H),
2.30 (ddd, J=16.5, 3.8, 1.0 Hz, 1H), 1.77 (dd, J=1.7, 0.8
Hz, 3H); °C NMR (CDCl;, 101 MHz) J: 168.05, 152.91,
137.77, 128.45, 127.84, 127.75, 92.23, 73.66, 73.14, 71.00,
30.26, 9.15. HRMS caled for C;;H;;NNaO; [M+Na]"
270.1106, found 270.1102.

4-28 FE-3-T Fk-6-(4- F AR 2R ) R A T AR -5,6- Ak
W-2-F(5d): 2.45 g, 773 85%. W OHARY). [alh +
7.9 (¢ 0.005, CH;COCH3); 'H NMR (CDCl;, 400 MHz) 6:
7.35~7.22 (m, 2H), 6.92~6.83 (m, 2H), 4.53~4.50 (m,
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2H), 4.47~4.41 (m, 1H), 3.81 (s, 3H), 3.64 (qd, J=10.2,
5.0 Hz, 2H), 2.68 (dd, J=16.5, 12.1 Hz, 1H), 2.34~2.23
(m, 2H), 2.15 (ddd, J=14.5, 8.6, 6.0 Hz, 1H), 1.53~1.24
(m, 4H), 0.91 (t, J=7.0 Hz, 3H); *C NMR (CDCl;, 101
MHz) 6: 167.92, 159.34, 153.01, 129.88, 129.43, 113.85,
97.19, 73.26, 73.13, 70.69, 55.30, 30.41, 30.23, 24.02,
22.77, 14.06.

4-57 FE-3- F e -6-(2- F 48U 0% ) 4 F R -5,6- &Nl
IR-2-f(5e): 2.13 g, /73K 85%. KHOHIRY). [alh +
8.7 (¢ 0.005, CH;COCHj3); 'H NMR (CDCl;, 400 MHz) o:
7.44~721 (m, 2H), 7.01~6.84 (m, 2H), 4.63 (s, 2H),
4.55 (s, 2H), 4.51~4.44 (m, 1H), 3.83 (s, 3H), 3.79~3.62
(m, 2H), 2.80~2.60 (m, 1H), 2.32 (dd, J=16.5, 3.7 Hz,
1H), 1.75 (s, 3H); *C NMR (CDCl;, 101 MHz) J: 168.43,
157.10, 153.67, 129.05, 128.95, 126.10, 120.42, 110.25,
91.49, 73.20, 71.25, 68.40, 55.35, 30.20, 9.15.

325 Birib4 6 694 &

B AW 5¢ (2 g, 8.1 mmol) Al 5 FFkE(8 mL)&E T
25 mL WEERIRT, ZEMA=24/%0.22 g 12
mmol), 7E VK& %A T 2218 5 N £ B 50(0.959 g, 12
mmol), £ 0.5 hiHIn5eEe. KMNZ) 1 h, FikRFEN 100
mL FAEFEIR R, N 50 mL KV KON, =5 ke
FEL(Q20 mL X 3), H YT KB RN T-45, g, WK
W4, FEENTVCRMEER) @ V(LR CBE)=10 : 11133 4-
T 2 JE-3- A Jk -6 A ik -5,6- — & Tt i -2- i (6a)
2.17 g, F2% 93%. RFEMPIRY. [a]b +0.4 (¢ 0.005,
CH;COCHj3); "H NMR (CDCl;, 400 MHz) §: 7.56 (td, J=
12.2, 6.2 Hz, 1H), 7.48~7.29 (m, 5H), 4.59 (s, 2H), 4.49
(dg, J=12.6, 4.4 Hz, 1H), 3.68 (d, J=4.6 Hz, 2H), 3.45~
3.29 (m, 1H), 3.05~2.86 (m, 1H), 2.18 (s, 3H), 1.91~
1.79 (m, 3H); *C NMR (CDCl;, 101 MHz) §: 169.03,
167.19, 147.16, 137.64, 128.46, 127.83, 127.75, 106.60,
74.81, 73.61, 70.90, 28.20, 24.70, 10.61. HRMS calcd for
C16H0NO4 [M+H]" 290.1392, found 290.1393.

4-F LR H-3- B -6- R A A 2E-5,6- — -tk g -2-
fi(6b): 2.49 g, =3 95%. KEEWRY. [alp +1.9 (¢
0.005, CH;COCHj3); '"H NMR (CDCl;, 400 MHz) ¢: 8.30
(s, 1H), 7.48~7.29 (m, 5H), 4.67~4.50 (m, 3H), 4.18 (s,
2H), 3.72 (d, J=4.6 Hz, 2H), 3.39 (ddd, J=18.3, 3.8, 1.3
Hz, 1H), 3.03 (ddq, J=18.7, 12.0, 2.4 Hz, 1H), 1.94 (dd,
J=24, 1.1 Hz, 3H); °C NMR (CDCl;, 101 MHz) o:
166.26, 164.11, 145.18, 137.63, 128.47, 127.85, 127.77,
108.68, 74.71, 73.67, 70.75, 43.05, 27.60, 10.38. HRMS
caled for C;4H;sCINNaO, [M—l—N.'sl]+ 346.0822, found
346.0818.
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R

4-(2,2,2- = W 3E) Tt 2 2 -3- FH k-6 4 Y 2 -5,6-
TR -2-Fl(6¢): 2.47 g, FEE 92%. IRFEGIHLIRY).
[a]p +2.4 (c 0.005, CH;COCH3); 'H NMR (CDCls, 400
MHz) d: 7.47~7.29 (m, 6H), 4.61 (s, 2H), 4.51 (dq, J=
12.7, 4.4 Hz, 1H), 3.70 (d, J=4.6 Hz, 2H), 3.41 (dd, J=
18.3, 3.7 Hz, 1H), 3.10~2.92 (m, 1H), 1.88 (t, J=1.5 Hz,
3H), 1.30 (s, 9H); °C NMR (DMSO-ds;, 101 MHz) o:
176.31, 166.19, 146.74, 138.05, 128.24, 127.48, 112.59,
74.23, 72.36, 70.64, 39.17, 29.19, 26.92, 12.08. HRMS
caled for C,;oH,sNNaO, [M—i—Na]+ 354.1681, found
354.1685.

4-(2,3,4,5- VY 5 ) 4 FF I 2 45 -3- F s -6- % 4 R -
5,6- A -MEiE-2-FH(6d): 3.08 g, F=E 90%. % AIHPIR
Y. [aly) +5.6 (¢ 0.005, CH;COCH3); '"H NMR (DMSO-
de, 400 MHz) 0: 10.16 (s, 1H), 7.74 (dddd, J=10.7, 8.3,
5.8, 2.5 Hz, 1H), 7.46~7.28 (m, 5H), 4.70~4.51 (m, 3H),
3.68 (d, J=4.5 Hz, 2H), 3.01~2.80 (m, 2H), 1.78 (s, 3H);
BC NMR (DMSO-ds, 101 MHz) 6: 166.57, 160.31,
146.01, 138.52, 128.76, 127.98, 112.60, 74.76, 72.85,
71.03, 29.08, 12.49. HRMS calcd for C,H;;F;,NNaO,
[M+Na]" 446.0991, found 446.0993.

3.2.6  FIAAKR T 696 %

LAY 6a (2 g, 7 mmol) I — 5 FE(30 mL) & T
100 mL R, TEOKIB2AF T Mk &b P
TEALER(S mL), [N 12 h. RN 5EEE, 76 500 mL
HETEH A I IK (200 mL), K s B A& 5 (8N 2 4 T
A B A EL(50 mL X 3), & WL TC KB BN T4,
HIE, WERE, BNV © MR TR =
3:1], 158 4- L& FE-3-F AL -6- 52 F 2 -5,6- &t
R-2-Fi(7) 1.01 g, F=3% 73%. FEE G, mp. 147~
148 °C; [a]d +3.9 (¢ 0.005, CH;COCH;); 'H NMR
(DMSO-ds, 400 MHz) 6: 9.40 (s, 1H), 5.04 (t, J=5.8 Hz,
1H), 4.26 (dt, J=12.7, 4.2 Hz, 1H), 3.70~3.45 (m, 2H),
3.05~2.61 (m, 2H), 2.07 (s, 3H), 1.75 (d, J=2.0 Hz, 3H);
BC NMR (DMSO-d,, 101 MHz) 6: 169.58, 167.16,
147.75, 108.14, 76.55, 62.76, 28.84, 24.27, 11.98. HRMS
caled for CoH;3sNNaO, [M—i—Na]+ 222.0742, found
222.0745.

3.2.7 BiRAds 8 49b Ak

BB T (1 g, 5 mmol)FITE/K & FHi(5 mL)E
F 25 mL EEESRE, KIBHFEEE FIMA= 20
(0.757 g, 7.5 mmol), Z J5¥H 3 mL Jo/K & F ek
T AP RERES(1.25 g, 7.5 mmol)FIE i & I < 2218 n
MNEZR, 4105 hiEhnsese. RNZ) 1 h RNEEE, K
& BN 100 mL FIHETZHE S, IO 50 mL 7KK B8

906 http://sioc-journal.cn/
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SR SRR AN(20 mL X 3), HHUHTC/K BT
e, HhIE, WUEIRAE, HEN[VCAEE) C (AR O
BE)=4 : 11133 4- 22 FE-3- H Jk-6- PR A T 4, FY 26 -
5,6- A~ IR-2-F6 (8), 1.54 g, 77 93%. [k,
m.p. 144~145 C; [a]d +0.7 (¢ 0.005, CH;COCH3); 'H
NMR (CDCls, 400 MHz) d: 7.75 (d, J=16.1 Hz, 1H),
7.64~7.37 (m, 5H), 7.15 (s, 1H), 6.48 (d, J=16.1 Hz,
1H), 4.69~4.63 (m, 1H), 4.44 (qd, J=12.0, 4.8 Hz, 2H),
3.57~3.41 (m, 1H), 2.99 (dd, J=18.2, 12.4 Hz, 1H), 2.22
(s, 3H), 1.91 (s, 3H); °C NMR (DMSO-d,, 101 MHz) o:
169.15, 166.14, 165.87, 146.86, 145.15, 133.88, 130.57,
128.88, 128.44, 117.49, 107.76, 72.95, 64.49, 28.10, 23.78,
11.51. HRMS caled for C;sH;QNNaOs [M + Na] *
352.1161, found 352.1161.
3.3 MAEIEMSE

FIF MTT 325 10 A H bfb & A7 e if 7
W, VR N R 40 i AS49. A B 4 i
MGC-803. AR 7721, N4 EC-109.

1) FH T AR A R A T 6 A KA R 4t M, PR
R, BURANME, IMANERMEH 10%56 4 i 1)
RPM1 1640 £5 7ML AN HRVR 2R, BT 96 fLAk+, &
7L 200 pL, & 4X10°~5X10°4>, 1£37 °C, 5% CO, 18
AT EFE 24 hy, H 9 DEEELRFER Hirfb &AL EE,
BRI IR IR 72 h, N MTT & (5.0
mg/mL) 20 pL, fEMEHIBFATALENE 4 h, ZEHEL
%, LI\ DMSO 150 pL, 7870 VAfR, FHBEEE S ke
AT 490 nm LA CFEAR, T 1Cs, fH.

H#Bh#f B (Supporting Information) FrA b & 'H
NMR. "C NMR B 38 b ] LA G 5 AR 1) 99 3l
(http://sioc-journal.cn/)_E T %K.
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