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Comprehensive Experimental Design for the Photochemical
Synthesis, Analysis, and Characterization of Difluoropyrroles

Tingting Yu, Si Chen °, Lianglong Sun, Tongtong Shi, Kai Sun *, Xin Wang *
School of Pharmacy, Yantai University, Yantai 264005, Shandong Province, China.

Abstract: Photochemical synthesis technology has gained attention in the field of synthetic chemistry due to its mild
reaction conditions, simple equipment, and utilization of light energy. However, photochemical synthesis experiments
are rarely incorporated into undergraduate organic chemistry laboratory courses. Fluorine-containing nitrogen
heterocycles are widely present in natural products and bioactive molecules, serving as important intermediates in
organic synthesis. Based on our team’s recent research achievements, a comprehensive experiment for the
photochemical synthesis of difluoropyrroles has been designed. This experiment encompasses the preparation of
substrates and products, structural characterization, and analysis of photochemical synthesis. It aims to enhance
students’ skills in organic synthesis and structural analysis, while also sparking their interest in organic chemistry
experiments. Furthermore, it plays a significant role in cultivating students’ innovative consciousness and promoting
the concept of “green synthesis” by incorporating scientific research outcomes into organic chemistry laboratory
teaching.
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HH R e R RRI R, Nfl% 0 T aMEE ZRNEILEwiRet 7=
)41, HHT, KED A A U S AR R DI R A LED G IR AN R k4T . PR, KRR AR L
WEESER AT, R NB&AER RN 215, 5T BRAEERITE 7R T o stk
VR AERE LR T H A 2 i SE R URAE A A b o JEIT BT, BATAIOEEAIE A 21 T
Bt e B M2, 73 N U A S R R e R REALT, ARAE A RHE A N SRR A POV
Rt 2 & eI A BISRIRHCA ST, REEEIR IR SR IR A LA &, AR b2 PIEOH . n
AL EBT FURTIE B T A JFRERE — DR M A SRR BRATE KT, 2R RIS ORI ] .

ERIRIMES WA Z U2, g AR 298, R AL A R AEDL G — b
HROAEEETR, SRERBIKSIARS I BGMELEYR NI ETE. BB, BETE, Jhae
ARG INZ I A G T, I WU BN 25T A AN BT Bk (4 7 T HEZR . R4 NGB
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4 SERBAEDSR
4.1 HIZERY

1) 100 mL [ J& I 20 BN N 26 % (3 mmol, 0.27 mL). EDCI (4.5 mmol, 862 mg). DMAP (0.3
mmol, 36.65mg), =R NXMN, L1 h. FIHEZEZEINETLOWN RN G, JiE, aEE
W, WRAERLEN . KR GgAE b E A &, B 43 3 A A =281 (0.70 g5 R 94%).

NG, TE3H B A REAY)S11)100 mLIEEHH T, R KIMABKEL 4 (3.6 mmol, 495mg). LIk
(30 mL)FI3-JR A (6 mmol, 0.52mL). 7E80 °CIHIE M, #FE0.5h. RN G, g, Wk
VB, IRARBR U o KR od I AR E AT LA (BB Ve ¢ Veoae = 100 1 1-50 : 1), 3R15 38 ()
= ¥)1a (0.69 g, HK80%, ILKEI3).
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HoF A AR B AL A 3a %) B HEAT TH NMR . 3C NMRAIF NMRAZ WL RAE, I Hrin T -

"H NMRE#E 70 #7: Wi E8f7". '"HNMR (400 MHz, CDCl3) 0 7.63 (d, J = 8.0 Hz, 2H), 7.41 (t, J =
7.9 Hz, 2H), 7.25 (dd, J = 13.3, 5.9 Hz, 1H), 4.28 (s, 2H), 4.01 (t, J=9.1 Hz, 2H), 3.88-3.63 (m, 8H), 3.33—
3.21 (m, 1H). FHH13.33-3.21 (m, 1H)N 5 B4, = 2t EMREIERL#2, 4.28 (s, 2H) A MERIE 3R
TRk L ERIRHIERLRS , 4.01 (t,J=9.1 Hz, 2H) N 58I 7 AR IE — 0k A RIREAL R, 3.88-3.63
(m, SHY A _ERRFEAL A, AR AR A M RFIE AL FE o

BCNMREHE > #T: W9 R. *C NMR (100 MHz, CDCl3) 6 195.49, 162.26-161.64 (m), 137.76,
129.23, 126.30, 120.03, 117.13 (dd, J = 255.2, 250.4 Hz), 66.40, 51.16 (d, J = 115.4 Hz), 47.77 (d, J= 5.7
Hz), 39.76-38.68 (m), 31.86 (d, J = 6.7 Hz), H."131.86 (d, J = 6.7 Hz)it Jil 145 A7 . FF 38 Ak f R 11E o7
2, 39.76-38.68 (m)hy 5 H ZE AN AL = B MRFAEAL RS, 47.77 (d, J = 5.7 Hz) NMERS IR 1 7 2585 (1)
FRIENLFS, 66.40, 51.16 (d, J = 115.4 Hz) Nk LB RFAELL RS, 137.76 8 — 30 H L Bk I RRIE AL %,
162.26-161.64 (m) YMEIE IR [ 3 ELRR (AR AEAT 72, 195.49 B EEBR AR AEAL RS, 129.23-117.13 N FF
TR IVRFEAL RS, 25 A2 AT DL & 3 1% R R AR 25 4 70 HT

F NMR##E 0 #1: W& 10f75. '"°F NMR (376 MHz, CDCl3) 6 —108.00 (dd, J = 268.3, 14.1 Hz,
1F), —115.83 (dd, J = 268.3, 17.1 Hz, 1F).
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51.3 KHEBEF&FH
PA TR CERAE 7, % N-H TR 28— 90IR & 19K i 1a (0.20 mmol, 58 mg). "Eifk2a (0.30 mmol,
26.24 uL)~ KoHPO4(0.30 mmol, 52mg). DABCO (0.25 mmol, 28.04 mg)5CS, (0.30 mmol, 18.04 pL)
IINENS mLiE R DO, HAEER FTHMBAS WHIEALEDAT ]SS . 0.5 hig, XKHAEGLED
eV, MRS E R IO B, 0.2 mLIR AT b . WA, SeThER I S
TIEENLA mW (IR HFIME). AR R,
he  6.63x10°ISx3x10°ms!

= = =437x10"7]
inc (455 nm) 455x 107 m

E =
photon 1

E =PSt=11.41 x 107 W-em™ x 3.55 cm? x 2.0 x 3600 s = 0.29 x 10° J

s _ Etotal _
Number of incident photons = —— = 1.09 mmol
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Number of product _0.10 mmol

=9.17%<1

AQECE) = Number of incident photons  1.09 mmol
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(2) HEGITEMEL, et 27k HAT H BRI BN A AR ?
() = &I IEAEAR I R B A E R ?
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AL MR E N 125, 234 N —H, =AM EE AR
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