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Abstract

Derivatives of chromene, or chromane, and pyrrolidine are important structural units that appear
in a number of different medicines. Compounds with chromene or chromane have shown desirable
effects of anti-inflammatory and anti-fungal during research, and pyrrolidine has appeared in
compounds like nicotine.

We utilized basic catalysts to catalyze azomethine ylide and meldrum’s acid benzylidene,
screening solvents, catalysts, and ratios, then determined the conditions in which the product,
chromeno [4,3-b] pyrrolidine, had the highest yield. Using the optimized conditions, we then changed
the reactant to add different substituents onto the benzene ring, looked into its reactivity, and tried

utilizing chiral catalysts and synthesize compounds with chirality in order to construct a database.
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() E 5%
1,1,3,3-tetramethylguanidine (TMG)
CAS: 80-70-6 1,4-
diazabicyclo[2.2.2]octane (DABCO)
CAS: 280-57-9
2,2-dimethyl-1,3-dioxane-4,6-dione CAS:
2033-24-1
2-bromobenzaldehyde CAS: 6630-33-7
2-Thiophenecarboxaldehyde CAS: 98-
03-3
3-bromobenzaldehyde CAS: 3132-99-8
4-bromobenzaldehyde CAS: 1122-91-4
4-chlorobenzaldehyde CAS: 104-88-1
4-methoxybenzaldehyde CAS: 123-11-5
4-nitrobenzaldehyde CAS: 555-16-8
5-bromo-2-hydroxybenzaldehyde CAS:
2973-80-0
5-chloro-2-hydroxybenzaldehyde CAS:

635-93-8
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acetonitrile CAS: 75-05-8
benzaldehyde CAS: 100-52-7
dichloromethane (DCM) CAS: 75-09-2
diethyl amino malonate hydrochloride
CAS: 13433-00-6

diethyl ether CAS: 60-29-7

ethyl acetate (EA) CAS: 141-78-6
magnesium sulfate MgSO4 CAS: 7487-
88-9

pyridine CAS: 110-86-1

sodium hydrogen carbonate CAS: 144-
55-8

tetrahydrofuran CAS: 109-99-9

titanium (I'V) chloride TiCls CAS: 7550-
45-0

toluene CAS: 108-88-3

triethylamine CAS: 121-44-8
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(A) NaHCO; ©

e 1 1.1
mmole 14.2 15.6

MW 211.58 84 175.18
amount 3g 1.31g EE 1.936 g (78%)

(1) HIAKEY) diethyl amino malonate hydrochloride ~ 30 mL H,O #1 1.31 gNaHCOs »

() PAZBE ZEHUKFERL - DSEZ UG ATE - FLARBR SRR -

(4) BEZES—OENEZEERER  EjeRsll EEZE - &V E - STREE -

CO,Et
Q CO,Et
EtOZC COzEt R l MgSO4 'N 2
—— - R
: | 48 hrs DCM
NH, OH \d
DR &)
©) (D) (H)
ED) AREEEIERREYIETINN R EYECGE =)
© (D) MgSO4 DCM
B 1.1 1 5.5
mmole 11.05149 10.04681 55.25745
MW 175.18 120.4
amount 1.936 g 6.653 g 25 mL
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(2) MIAFTEFERY salicylaldehyde ~ Btk LK BT ©
(3) MHFMKR > M AR EEm -
(4) MA—EEIECKIAFE - SR CEE S -

(5) MEEREER > FIERERG E R 2R e AR -
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o o + J + pyridine + TiCl, YT e O (0]
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(E) (F) Pyridine
EE 1 1
mmole 7.5 7.5
MW 144.04
1.3 mL
amount 1.08 g
(in 3.5 mL Hexane)

(1) 50 mL SESFEEHANAK B LR S HEATEE AT THE » 17K
(2) A TICLETIECREAR - A bsisp: -

(3) 18181 A pyridine » [E] % 35 A HEHE— K -

(4) h A BRE S Sh KA R 1L E -

(5) F 2.8 ZFs b R AKZEH
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(7) Ef& FH 288 ZBeFE C e fSOm & &, - WU RS -

(=) B - FEREEIRE:
(1) SRFRA R FERER A LA 7 mL BEGIRAR » BOASERET -
(2) AT - T 2 BER AR 28 IR0y SR DA A FRHREE) -
(3) HU/ Vet %E NMR 3 » i1 A0.35 mL CDCls » il NMR J¢:3%[E -
1 A

FAMTE =R T Dichloromethane (DCM) ~ Ethyl acetate ~ Diethyl ether ~ Toluene ~

Chloroform ~ Acetonitrile Z£)/5BE TR IE » RRIEELT:

COzEt

COZEt CO,Et
ol S —
1)
(HI) (GI)
(RIU) EEEEIFTINN R EYE
(H1) (G1) DMAP solvent Wi CHPh3
EE 1.1 1 0.2
mmole 0.11 0.1 0.02 0.1
MW 358.18 232.23 122.17 244.34
amount 39.4 mg 23.3 mg 2.5 mg 0.5 mL 24.6 mg
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FMESN T 1,4-Diazabicyclo[2.2.2]octane(DABCO) ~ Triethylamine ~ Pyridine ~ 1,1,3,3-

Tetramethylguanidine (TMG)Z/E{LRHEI TR IE » KIEEW T :

COzEt

FH)

(H1) (G1)

(Fh) EEEERIFTIMR EYE

(H1) (G1) A CHPh;
EE 1.1 1
mmole 0.11 0.1
MW 358.18 232.23
amount 39.4 mg 23.3 mg
3. Eul—# &£ (one-pot synthesis)
CO,Et Br
o} CO,Et N CO2Et
O>.(O I 5 N CO,Et
A+ + r —_—
OMO O_Q\O
OH (6= vy us)

(E) (F1) (H1)

(B7N) BRA—HHERE (one-pot synthesis) BTN EYIE

(E) (F1) (H1) DCM | WEE CHPh;
EE 1 1 1.1
mmole 0.2 0.2 0.22
MW 144.04 106.12 358.18

amount | 28.808 mg | D=1.041520.38 uL. | 78.8 mg
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pod § T B
(E=WAV)
(H1) (G1)
() (HZEE(GHZEE=13:1.0
(2) (HZEE:(GC1)ZEE=1.0:1.1
(2) BIUrEkE
CO,Et ,
N)\002Et °><° . N COEt
R! \d . o)]/go S%Ivent COgEt . &6
o 5 ase )]\ o
© &I
(H) G)
(RL) FENAENEAEEE( LRI REYE
(H) (G) DABCO A CHPh;
EE 1.1 1 0.2
mmole 0.11 0.1 0.02
MW 112.17
amount 2.3 mg
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1 Br 4-MeOCsHy
2 Br 4-NO:C¢H4
3 Br 4-CICsH4
4 Br 2-BrCeHy
5 Br 3-BrCesHy4
6 Br 4-BrCeH4
7 Br 2-thiophenyl
8 Cl Ph
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RATE AT DT /A - 2 TERSR S5 5 30 4788 » 32 NMR (400MH2) Bt 2 2
S AT
@) EEAR 4R

Entry solvent Bz FER ] EEXR GIEL
1 Dichloromethane 0.5hr 80% BIRRECBR
2 Ethyl acetate 0.5hr 78% B PR BRI’

REEER - BEE MR
3 Diethyl ether 0.5hr 80%
IR
4 Toluene 0.5hr 79% BE RO
5 Chloroform 0.5hr 78% BE RO
6 Acetonitrile 0.5hr 80% BRRECIER
= EREAEALA

HFTES T LN =R ] - SRR [ E Fy 30 533 > 2L NMR (400MHZ) M & S
FER > ZLERAT T
(F+) EEEERZER

Entry base R FERFRE EXR
1 1,4-Diazabicyclo[2.2.2]octane(DABCO) 0.5hr 83%
2 Triethylamine 0.Shr 75%
3 Pyridine 0.Shr trace
4 1,1,3,3-Tetramethylguanidine (TMG) 0.5hr 78%
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=~ ER—# S5 iA (one-pot synthesis)

B2 —iE % (one-pot synthesis) & FE 71—l S &5 (5 S FEY ) BB T 2 20 [ e
DURR S SRR —1E 775 - FRLATRMTE B T B REK: H A e SO 2 -EARTIIIA - S
HRf ] B [ 3 R53057 82 » 2L NMR (400 MH2z) I & f =R - EER AR/ D (trace) ©
M- HRER

HMER TLATWIEE & » S FERFE B [EE fy 30 7388 » I LA NMR (400MHz) I & [ fE 2
B SRR
R+—) AREEZER

S EE [ e ER
L. 1.3:1.0 0.5 hr 78%
2. 1.0:1.1 0.5 hr 64%
I~ BIrEkE
(—) BERRE

HAFTE ST AT =R - RMER ] B[] £ 30 438% » ELL NMR (400MHz) & £ g
R BCERAT T
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FE+2) ERREZER

Entry Ry R: [ s ] ER
1 Br 4-MeOCsH4 0.5hr 83 %
2 Br 4-NO2CeH4 0.5hr 60 %
3 Br 4-CIC¢H4 0.5hr 80%
4 Br 2-BrCsHy 0.5hr 68 %
5 Br 3-BrCsHy 0.5hr 71 %
6 Br 4-BrCeHy 0.5hr 80 %
7 Br 2-thiophenyl 0.5hr 84 %
8 Cl Ph 0.5hr 81 %
(2) ERHEMEEER

FE+=) EAEERERZER

Entry | catalyst HPLC graph e.c.

1 QN 2%

8.50 9.50 10.50 11.50

12.50 13.50 14.50 15.50
[Minutes)

16.50

17.50

18.50
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Entry | catalyst HPLC graph e.e.

2 QN-T i 94%

0 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50
[Minutes)

3 |QN-SQA| : & 85%

“9.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50
M

N~ RERRE

Bt nofg L TERTEE Y — — ol (imine) & g ) E B 1R P i i i 55 1777 (azomethine
ylide) - 3% - SR EETL{EBDRICERUTEPIHET 3+2 B3(L > PR AIREERERY pyrroline -

1% - S ERVE TR SR - BRI BRI TR - SEER PR e S (bhx -

FEIED) -
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FHEam < SRR A SRR

CO,Et COsEt
H@ A
N™ "CO;Et “N7ETCO,EL
R ! base R! !
catalyze
OH OH
R1
H COEt
-Acetone > CO,Et
-CO,
R?
o]
O

B/ RIEDSHE

1+~ NMR Y¢&t

Gl Hy NMR SEEEE & = Fn:

Current Data Parameters
NAME 1iu374
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20180612
Time 12.36
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
D 32768
SOLVENT cDC13
NS 16
DS o
SWH 7246.377 Hz
FIDRES 0.221142 Hz
AQ 2.2609921 sec
RG 64
bW 69.000 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
TDO 1

== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 0 daB
SFO1 400.1324008 MHz
F2 - Processing parameters
SI 84
SF 400.1300069 MHz
WDW EM
SSB 0
LB 0 Hz
GB o
PC 1.00

T
10 9 8 7 6 5 4 3 2 1 ppm

cl [ B8
() G1 i) NMR St
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— -~ AEHIPEE
BEE SR 15 H AV B B HE S A B o A e L O SR S E B TR - Y
ethyl acetate A1 diethyl ether SR & A H CHIRIUR - AHIFREEZ > M HERVUEDAH]
FEREHEHEZER - FEEMERy > KRB DCM (E HIREE SR HEAR -
T EREHIPRE
FEFTRERAY i B o 2 LR IR SR (E FH R R - =55 pyridine HYEEREF R > H
Triethylamine F1 TMG Y/ # B Y 80% - HUEEHE R fy 83%1y DABCO Ryig & B Enr L
L
= EENERE
AR o ISR RE Y R R DT AEYIRVE B & 1.1:1.0 YR Ry BERATEE RV
W EETLTERTEEY) - FEBEK TR E/KEEE E R AW [EE4nY) - SUE & EARTEEMsg - fr
PUMEAE AL — R YRS 0 - AESEINESR - MERGEREUR - &g 1L ERTSEY ok R ERTT
AVHTEER 1.1:1.0 25/ 1.3:1.0 2 1.0:1.1 iR R E AR > SR EE 1.1:1.0 -
g, ERENER
T BR4E F AT HESR » 4-MeOCeHa Fil 4-NO2CoHa 2 FRAY 2 HLJF H A W G HERI BB T IAE 7=
5 o SOHNEEHUCE: 4-BrCeHs ~ 3-BrCeHa ~ 2-BrCeHa Fi {5213 EEARAY 72 FF H FR AL AG TR -
BRI EAUAES MR R hr - TTAGTREREEON - PHBER FERVAETT - PR {RAESR - HERHUR
5 HAANRIER > HEREUZEE A -
A EREERECERER
HAMIFR T (5 racemic fEEEIYN - i fEH T EMERE(LE - HI40: QN(quinine) ~ QN-T ~ QN-
SQA > 13t Z &f i )\ - $RGEE{E S 2 94%(QN-T) - 1fif QN-T
B2 QN-SQA B & A Gl A B HEN G R R0 & e e (HAYRHEN i 3 N
i
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(—) P EATERES - ARE BN HEREI A -
TR EWER > Bl ABTTE RS -
t REWIRZITH
(—) ERSIREIEY) - ETCEYIHHE > RIS H T — AT RO R R R BRTT A -
e AR S BB Y C=C §8 1 C=0 K EAhIE T A &R &k S — i
EHAMAI T EAEEIRY) - EERE S SE 4 S R S
(2) FE—MEAEE - VHEME F > BORAERYNI AR HEESEYE > Z1EH
RG22 1 > BIA0E FEHY /DA E 3 (thalidomide) S54f - HIhpe Bia R4t »
EEEm— (B S G REY A S ERHa 5T - SRt - EVEAVETELIRITE > 225
HEBE — S M E AR H B R R B Y — R
KO MIHIIE TR R - E AU b e E AR E o B REITAR
SENEITEE - WA B IR GY) - AR R G R AR TP &R T T
A FERETE AR R = R B - BRI EYA S EES S - B
IR PRGNIE TV » S5 R AR AN BTG © A A FIAY 5 U Fr 2y
&Y LIREISAERSRGEREY) - a] DUE AR B S A EAEERY) -
FHEMEEEI] ~ ZMEEEE] ~ DURGEANETEAE - BRI ] S ST &/
SRETEMERALE] - ARATTR AL 575 - EEEMHINTFE -
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h~ 2F&F

— ~ Ty FPIL S BRIGHHZE SR ILE ~ BEEZEAE(2017) - iy SRk 2 i 4 5 2H-E2f7( 2H-Chromene )

https://www.x-mol.com/news/9164?fbclid=IwAR2DG]PxGesKrL.Q2VY680b-

CL18_6s0gcaTHS1grBpl1TKjpOIrgH1Zi6dyU -

o R - B HZ A (2009) o JH hiE R & % ( Racemic Mixture )

http://highscope.ch.ntu.edu.tw/wordpress/?p=3421

=~ HEER - ZEHZE(2009) - $55 5 #Y) - hitp:/highscope.ch.ntu.edu.tw/wordpress/?p=3435 -

VY ~ Natarajan Arumugam, Raghavachary Raghunathan, Abdulrahman I.Almansour, Usama
Karama(2011) - Show moreAn efficient synthesis of highly functionalized novel chromeno[4,3-
blpyrroles and indolizino[6,7-b]indoles as potent antimicrobial and antioxidantagents.

https://www.sciencedirect.com/science/article/pii/S0960894X11017422#b0115 -
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https://www.x-mol.com/news/9164?fbclid=IwAR2DGjPxGesKrLQ2VY68ob-CL18_6s0qcaTHS1grBp1TKjpOIrqH1Zi6dyU
http://highscope.ch.ntu.edu.tw/wordpress/?p=3421
http://highscope.ch.ntu.edu.tw/wordpress/?p=3435
https://www.sciencedirect.com/science/article/pii/S0960894X11017422#b0115
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