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Abstract

Chromene compounds exhibit a broad spectrum of biological activities. This study employed a total
synthesis approach to prepare a series of cyano-modified 2H-chromene derivatives from simple
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starting compounds and investigated their in vitro antibacterial activity. A series of alkynyl ethers
were efficiently synthesized via Williamson ether synthesis. Subsequently, these alkynyl ethers were
coupled with various iodoarenes and heterocyclic compounds through Sonogashira coupling reac-
tions, yielding a diverse array of alkynyl ether-coupled products in high yields. Following this, an
intramolecular electrophilic cyclization of the coupled products was achieved using N-iodosuccin-
imide (NIS) as the electrophile, successfully constructing the 2H-chromene scaffold. Further func-
tional group modification studies on the 2H-chromene derivatives were conducted, leading to the
successful introduction of cyano groups into the framework, which afforded a series of cyano-mod-
ified products. Finally, the in vitro antibacterial activities of 12 cyano-modified 2H-chromene com-
pounds were evaluated. The results indicated that some compounds exhibited certain inhibitory ef-
fects against Escherichia coli, while over half demonstrated significant antibacterial activity against
Staphylococcus aureus. Notably, half of the compounds in the test system formed distinct inhibition
zones, revealing promising application potential.
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Figure 1. Typical representatives of chromenes
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Figure 2. L-proline-catalyzed substitution of salicylaldehyde with alkynes to
synthesize chromenes
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Figure 3. Chromene synthesis by aspartic acid from g-naphthol, aromatic aldehydes, and
malononitrile
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Figure 4. Chromene synthesis using dimedone, aromatic aldehydes, and malononitrile,
catalyzed by glutamic acid
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Figure 5. Synthesis of chromenes from 3-bromo-3,3-difluoropropionic acid ethyl ester and
salicylaldehyde catalyzed by DABCO
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Figure 6. Synthesis of cyano-modified 2H-chromenes
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Figure 7. Determine the synthetic route of alkyne ether compounds

B 7. HhEREE U SIS BB

Table 1. Screening of reaction conditions for the Williamson ether synthesis

%= 1. Williamson B & B SERY [ B 8% 146 1%

Entry Solvent Base la:A t(h) Yield [%)]
1 acetone K2COs3 11 8 78
2 DMF K2COs3 11 8 54
3 MeCN K2COs3 11 8 60
4 acetone Cs2COs3 11 8 65
5 acetone K2COs 1:1.2 8 95
6 acetone K2COs 1:1.2 12 95

e T e RN A& G, AT R AT T k(1 8), FHXRUT Z22K 1. 3,5-— ALK, 2,4-—H
BORMY . 4- KRy, 2- LHIRWY . 2-F ke 43 5] 5 AR A E L, BL Williamson ik & B 4 T — &
FUTIXF B R EER A S (1E] 9).
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Figure 8. Synthesis of alkynyl ethers
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Figure 9. Screen substrates to prepare alkyne ether compounds
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Figure 10. Determine the synthetic route of the alkyne-ether coupled product
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Table 2. Reaction condition screening of the Sonogashira coupling reaction
= 2. Sonogashira 1B EA R B HY & B § 4 ik

Entry Solvent Catalyst [mol%] 2a:B T[C] t(h) Yield [%)]
1 DMF 10 11 rt 8 60
2 Toluene 10 1:1 110 8 15
3 MeCN 10 11 80 8 —
4 THF 10 11 60 8 —
5 DMF 20 11 rt 8 70
6 DMF 20 1:1.2 rt 8 88
7 DMF 20 1:1.2 120 8 75
8 DMF 20 1:1.2 rt 12 92

TE 1ROV BRE e, FA DO RIHEAT T ¥ () 11), D9 T #RJT Sonogashira IR e xS A A B ik
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Figure 11. Synthesis of coupled alkyny! ether derivatives
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Figure 12. Screening substrates for the preparation of alkyne-ether coupling compounds
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3.3. 2H-BIH U S PROIR LI & R AL I8

DL 1-(3-(4- 5 TN 2L 2R 40 I -1-e 58)-3,5- HAEZONJERE,  N-B T ZBEE f oot ikl Rafifb 1
RV PR W5 S R MR A SERAAR (1] 13, 3% 3)o RMAE 50 mL AU - & AR ik
17, FREHE T ZBSOK(G1)IREER, SimPiEE, TLC ZUWl. MNEH TGS L8 CEs-mAE thk*
G, AP ENTEE(PE), DL 75% ISk A9 38 (IR 1K) 2H-Eulitb 549 4a, 75%. *H NMR (500 MHz,
CDCls) § 7.05~7.01 (m, 2H), 6.83~6.77 (M, 3H), 6.50 (d, J = 2.2 Hz, 1H), 5.01 (d, J = 1.1 Hz, 2H), 2.75~2.62 (m,
J =6.7 Hz, 1H), 2.36 (s, 6H), 1.08 (dd, J = 7.0, 1.2 Hz, 6H). 3C NMR (126 MHz, CDCls) & 151.33, 142.26,
142.06, 139.78, 137.87, 129.65, 127.05, 126.94, 124.74, 124.05, 115.64, 90.60, 75.10, 33.35, 24.04, 21.40.
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Figure 13. Determine the synthetic route of chromenes

E 13. EBBEUSTI SRS

Table 3. Screening of conditions for electrophilic ring addition reactions

3. FRERIMMARR RSk

Entry Solvent 3a:C T[°C] t(h) Yield [%]
1 DCM 11 rt 8 49
2 DCE 11 rt 8 26
3 TCM 11 r 8 62
4 THF 11 rt 8 28
5 CHsCN 11 rt 8 65
6 Toluene 1:1 rt 8 23
7 DMF 11 r 8 53
8 CH3CN:H20 (4:1) 11 rt 0.3 70
9 CH3CN:H20 (4:1) 1:1.2 rt 0.3 72
10 CH3CN:H20 (4:1) 1:15 rt 0.3 75
11 CH3CN:H20 (4:1) 1:1.5 80 0.3 68
12 CH3CN:H20 (4:1) 1:15 rt 8 75

TERISLIRAR N2 PR IS s BRATTIE RS T IRIE FAVERRF 8 (P 14) . SRR TE 8 HUPR A SR R JEC A8 FH 1
FRATTRE Tl STt RO BB - ARERAL 70 5 N-BIURTT B REAEH, #53) 7 3 U 2H- @b &)
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Figure 14. Synthesis of 2H-chromene derivatives
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Figure 15. Synthesis and expansion of chromenes

E 15. BHXLEYNERIBR

3.4.2-H e EE L ST =I8H & BB

DA 4-(3,5- = H BE 8 3E)-3-ll-6- 37 T ik -2H- (i AR AL IR, R AU e T SMAE L e 2R (1] 16, &
4). Zont = W EURE L5 FUA AR 0 EURR 9T, B et Ak o DUV AR R, 7E DMF ¥ 55
120°C KBS TN 8 /NI o RSIAR RE Tk - AKREH L BB AV I E = idid A 2 4T 4 25 46
{L(PE:EA = 40:1), LA 72%I1)7= 2645 2 T H &M AR BT 2H-EIERTEY) . 5a, 72%. *H NMR (500 MHz,
CDCls) 8 7.17 (dd, J = 8.4, 2.3 Hz, 1H), 7.11 (s, 1H), 6.99 (d, J = 1.6 Hz, 2H), 6.90 (d, J = 8.3 Hz, 1H), 6.81 (d,
J = 2.3 Hz, 1H), 4.82 (s, 2H), 2.76 (hept, J = 6.9 Hz, 1H), 2.37 (s, 6H), 1.13 (d, J = 6.9 Hz, 6H). 1*C NMR (126
MHz, CDCls) 8 153.45, 151.48, 142.66, 138.20, 134.14, 131.41, 130.22, 127.07, 126.32, 122.37, 117.13, 116.45,
99.33, 65.02, 33.39, 23.95, 21.31.HRMS-ESI (m/z): Calcd for Co1H22NO*[M + H]*:304.1704, Found: 304.1701.

=] =]
—_— R —_—
RiTg R, CuCN(1.5mol) T R,
| K,CO3(2mol) , rt |
(0] 23 ’ 0]
I CN
Figure 16. Synthesis of cyanated 2H-chromene derivatives
[ 16. 2H-BELEUL EMEIL I & AR 2
Table 4. Screening of conditions for the modification scheme of 2H-chromenes
= 4. 2H-BERL SIS RHFHTFIE
Entry Reagent Solvent Catalyst Base T[°C] t(h) Yield [%]
1 TMSCN CHsCN Pd(PPhz)4 EtsN rt 8 —
2 TMSCN CHsCN Pd(PPhz)4 EtsN 80 8 —
3 TMSCN Toluene Pd(PPhs)4 EtsN rt 8 —
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4 TMSCN Toluene Pd(PPhz)4 EtsN 110 8 —
5 TMSCN DMF Pd(PPhs)4 EtsN rt 8 —
6 TMSCN DMF Pd(PPhs)4 EtsN 120 8 —
7 TMSCN EtsN Pd(PPhz)4 EtsN 90 8

8 CuCN CHsCN — K2COs3 rt 8 —
9 CuCN CHsCN — K2COs3 80 8 —
10 CuCN Toluene — K2CO3 rt 8 —
11 CuCN Toluene — K2CO3 110 8 —
12 CuCN DMF — K2CO3 rt 8 —
13 CuCN DMF — K2CO3 120 4 60
14 CuCN DMF — K2COs 120 8 72

FEE T 2H- R SR ST RS BRI 5, BATHEAT T 2H-tlf A S AL
MY IRIL, A5 BT T BT & 1) 2H-Ca A & 470 3 5 AL S AR 1 T AR TEJU SR BEXTAS R
E e, RA&ARM T — RAEA 2H-CIRAT (1A 17).

| |
° CN O en

5b, 65% Yield 5¢c, 71% Yield 5d, 67% Yield
o OE :CN i o
CN CN
5e, 73% Yield 5f, 63% Yield 59, 77% Yield
| o! I' ‘ |
° CN CN ° CN
5h, 72% Yield 5, 64% Yield 5}, 76% Yield
o I I ‘ |
CN CN 0 CN
5k, 71% Yield 51, 65% Yield 5m, 77% Yield
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Figure 17. Expansion of cyanation synthesis of 2H-chromenes
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Figure 18. In vitro antibacterial activity test sample
[l 18. RSMINESE N AR

3.5.1. BEFEAH

LB WAk 7% - F S & & 100 mL 281K @I 250 mL AR+, 247 B 7 KP4 BIFREL 2.5 g
LB Wizks 7R MNIR S G, T il s R 287K B B 121°C, 15 min K JE R

LB [f Ak 75 - H & 100 mL Z&MEKEIN 250 mL =R, H 8 7R P2 BIFRE 2.5 g
LB Rz 57250 1.5 g Bifigkr, ¥ UL EAREGAFIMAIRS G, Taldm B8R KE i+ 121°C, 15min K
W RPGTRIEAHIZ 40°C~50C A AT, FIHBIFE AR L 15 mL $5 7R B EN — R P To R~ LA

35.2. HEEREHIE

=3 12 mL GHE S R4, SN 3 mL LB RS FR3E, 43 i) A 4 3 €538 4 BR 81 A K T T 1 [ 1Ak B
FRFE BV IR R R g, S N R IR . TR AR 2% (37°C, 200 rpm) ¥R % 15 IR i
(15 h).

35.3. AL
53 T RE (100 mg)h I 1 mI DMSO B, 7E45MT I T IR K1 30 min, 1.

354. LIRS
S 1. 2. 3. 4. 5. 6. 7. 8. 9, 10. 11. 12,

3.5.5. HIE R

FHTCH PBS 853 A K KR AT 6 5 4 o €01 46 BR 1A B VR B 22 10° CFU/mL, #RJ5IRER 100 uL $4%]
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Figure 19. Mechanism illustration of the Cyanation Reaction
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Figure 20. The inhibitory effect of the sample on Escherichia coli
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Figure 21. Inhibitory effect of the sample on Staphylococcus aureus
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Table 5. The diameter of the sample’s inhibition zone

#=5 HRMIEEER

! 00 B Bl 4% (mm)
4 10 10 10
5 4 4 4
7 5 4 4
8 5 6 6
9 4 3 3
12 3 3 3
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