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Innovative Comprehensive Experimental Design: Synthesis of 6-
Fluoro-N-benzoyl Tetrahydroquinoline

Xiaofeng Xia 7, Jielian Zhu

College of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, Jiangsu Province, China.

Abstract: To address the gap in undergraduate experimental teaching regarding safe and effective electrophilic
fluorination, we have developed a comprehensive chemical experiment focused on the synthesis and characterization
of fluorine-containing fine chemical intermediates. The experiment utilizes N-hydroxyphthalimide (NHPI) as a catalyst
and 1-chloromethyl-4-fluoro-1,4-diazabicyclo[2.2.2]octane bis(tetrafluoroborate) salt (Selectfluor) as an electrophilic
fluorination reagent. This approach enables highly selective electrophilic fluorination of the tetrahydroquinoline
aromatic ring under mild conditions, with the product characterized by infrared spectroscopy (IR), nuclear magnetic
resonance (NMR), and high-resolution mass spectrometry (HRMS). The experiment provides a comprehensive
training platform for students, enhancing their theoretical understanding and experimental skills in organic synthesis,
separation and purification, and structural characterization. It embodies the elements of comprehensiveness,
innovation, and practical application, aligning with the development goals of the fine chemical engineering curriculum.
Through this experimental module, students gain hands-on experience in the preparation of fluorine-containing fine
chemicals, broaden their professional perspectives, and develop critical thinking, problem-solving skills, and a mindset
oriented towards scientific research and innovation.
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FERA: ATk 5. =2, Ak, 2RO, KRN . N-FZ2IEALE — FEL Y
JZ(NHPI)\ 1-50H 5 -4-510-1,4- Z R WA [2.2.2]°F bt — (VU U R ) 6 (Selectfluor) . R HIP &, DY v
W, BRER V. RER(200-300H), LLERFIE A Hrad.

AXH%: ZF-5BLEAMT (R S LB FEOGAGER ), SHB-TIRY 35 25 41 A 7K J2 GRS M IR T 574 R
A7), R-1001VNELEFE 28 RACCE MK IR T 57 A R A ), CP224CHY #7430 b1 K -F- (RS Wi A3
DA R AF), SGW X-48Fhs S (AL 8 I Z A R A 7)), Thermo Scientific Nicolet IS5 {# B i
ZLAMGIEAY (S E 222 K), AVANCE III HD#4400 MHzA% W L3R A (B 1 A1 & 7).«

4 SRR
4.1 N-Z B g 5 [0 S K 1) 3 R

FE100 mLIE B T, AN PY S Ik(10 mmol, 1.33 g)F110 mLF-HRi — 5 F ke, P28 hn A 46
7 = 2% (15 mmol, 2.2mL). ¥R LI E TUkokis b, S5 m % P10 mmol, 1.41g, 1.2
mL)AT S0 H 458 (2 mL) B VR A VA TR G IS IA] 2985 min). INas 0028, VKoKW M 15 minjs, $8& VKK
W, FIEBEE. TLC ()2 i) IR E: N (B Vs : Vewew =6: 1, HAMT FEHM, Ri=04), H
RIFRNER, 291-1.5h, TLCHRMIWLE2. KM ARG, 7ER M IIA 10 mLAEAINH,CLE AT 5 K o
F & W g2 x 10mLAH, & IA N, FHEMNaCUETRER, TR T . TEE AP
HHE R B T, W IR, FES & R, BEEY(2.25 2).

2 B RBTLCENA

FLP= YR Vi © Vemenw = 10 0 TR E 45 5 (1 gFLN-2K B IR FE DO S0 20 75 15 mLis 7). frfs
P, FRE(2.09 g), P N88%-90%. FEAIN-I F I U S bk Oy A LA, 0 R 71-72 °C.
IR (KBr, em™): 3058-3024 (CR¥F EC—HHAiHRZN), 2946-2884 (L H:C—HM%i#k3)), 1639 (Mt
JZC=O0F 45 k), 15761491 CRIL & ZIRF), 1265-1214 (C—N4EHR2N), 789-700 CAMFELLIX).
4.2 6-55-N-2K FF I 5k DO S5 K 11 A ol (S P ) 4% )

(1) FREH & 0 N-25 B kL DU SUPE R (2.0 mmol, 0.474 g), N-F2FE4F% — B EE W % (0.4 mmol, 65
mg), Selectfluor (4.0 mmol, 1.416 g), BRERZE (2.0 mmol, 0.168 g), 510 mL, HIAFI%EA B3
AU 25 mLIE I, 40 °CJ%i2.5-3 ho TLCH )2 (it M ER SN (B I Vi < Vewew =61,
Re =~ 0.4), B2 JFRIN-ZK F BEE: DY S MR 2, TLCMI W3, MR, 76NN I A
NaHCOs¥A S mLBH T K (P A4 R = HF), H 48R 482 x 10 mLAEHL, G HUH 2R R E A
NaCUAMRBEG— IR, TR T T 15 RV E 250 mLIE] R 2E 47 98 e 4 (IR0 Wi



K 2 4 %% Univ. Chem. 2024, 39 (10), 347

WARMEINTG 2 A VLURROR), 2R RI R 223 mL, {5120,

(2) FEJEMr4lith: 7625 cm x 1.5 cm/Z T H: i3 N f T B VB RE R, A B m234, Bk L
K, WRIKFIBEERN Veawn : Vemen =101, 8:1, 6: DIFATHEEMPE, TLCEREEGI, U&E~ Y.
PR IRAE RISCE R, P T, BREIEZE, 7R N65%-70%.
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B) PR TEE, AT AL A G LA TR I . 638 - N- 2K H R 2 DO A R (£
AR, $595-96 °C. FEHILLAMR (KBr, ecm™'): 3058 (K3 L IC—HMSREN), 29442884 (i H
FEC—HMYEIRE), 1643 (BEIZC=0M4EIRSN), 1578-1492 CEINH ZEHRESN), 1264-1146 (C—NHi4E
PR3, 810-697 (AIAFELLIX).

FEH)TH NMRUE4frR, HA b2z 3.88%F M= 5 NI+ A5 W B A 2(Hy); ik
P S 2.83%F N Hh 5 2R AR E I E AR I AN E(Hs) s A0 #8.6 2.03%0 B ) Hh NI - B4 IE.
FRIE AN S (Ho)s IR0 6,742 K38 EIH,, 260856 6.6072 K3 1 Hs, L5410 6.86/2&
IR [ He, AR 7.29-7.38%F RiRER ETH7—Hoo F=#1¥1'H NMR (400 MHz, CDCl3): 7.34-7.38
(m, 3H), 7.29-7.31 (m, 2H), 6.86 (dd, J = 8.8, 2.8 Hz, 1H), 6.74 (s, 1H), 6.60 (dt, J= 8.4, 2.8 Hz, 1H), 3.88
(t,J = 6.5 Hz, 2H), 2.83 (t, J = 6.8 Hz, 2H), 2.03 (qn, J = 6.8 Hz, 2H).

FEP)BC NMRUIE SR, HoAs 44.59& 5 NJEFAHE I F 2RI (CL), 6 27.05%F B r=9) b 52K
RAHIE I F R 1 BR (C3), 6 23.875%0F B4 th NG B-Ar 7 F B (1) B (C2), 61702152 ik EE () (C10),
T “HAN 7 HA 14MNIERT N ZEIR ER 1208 . P20 '3C NMR (101 MHz, CDCls): 170.21, 160.76,
158.33, 136.10, 135.27, 133.44, 130.20, 128.44, 128.21, 126.81 (d, J = 8.0 Hz), 114.88 (d, J = 22 Hz),
112.86 (d, J = 23 Hz), 44.59, 27.05, 23.87.
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MRS RGBS, H—ANSREMH AN A mE ARG, 4546 H-C HMBC (E8)nT LI
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5.2 SRHERFI A E X R R EAL R BT R

LA20 mol% N-F 3 404 — WG O AL, SR VE R, BRIREANIE U, N-2K P 2 DU &
WEM YR, 40 °CF R Ni2.5-3 h, HEAFBIRE ) Selectfluort 3% HLUIRAL S B I FENR, - 45 5 LR
2. HFR2AH, MR R Selectfluor I HOBHE N1 M &, 2R R G45%: LR E N2 &1,
FRAIEENT0%, AREEHINBOR E, RO R . B, SR S R N, R RL .

R2 SRARTN X R R R KR

F5 Selectfluor [t Kl & (eq.) 7EBR
1 1 45%
2 1.2 48%
3 2 70%
4 2.2 68%
5 3 61%

5.3 RN BEXT SR B AL RN KR

LA20 mol% N-}2FEALZK — LI AL 7], QG F), IR SN Jub, N-25% F IR D0 =
WSR2 24 5 ) Selectfluor A IR, AR 2640~ S 8i2.5-3 h, 5 G200 BT 5% B AL S L FA 52
PR N3, HARIWH, HRMNMAERIRQ2S °C) FHEATI, 773 962%; Zii 4R = 340 °CR, 773
REEI70%; HE— PR ERI60 °CIf, RGP N MR THRI80 °)CR BN, PR HA53%.
HIBERT T, 40 CCIRMZEAF T, 77 bt -

K3 RLIER R 5 AL RN R

Fr Temperature (°C) PR
! HE(25) 62%
2 40 70%
3 50 69%
4 60 68%
5 70 60%
6 80 53%

5.4 BE A E X3 R R R

PL20 mol% N-F2JE4F 2K — G e AL ), Sl N7, N-2% B gk 3k 0 A s bk R 2 24 & 1)
Selectfluory J5 KL, 40 °CF [ W2.5-3 h, 5 EEA RIS X025 AL IR B I s2 ), 45 R R4, R
AR50, YNaHCO¥EKBHE N0.3 4 &I, PR L AH42%; YRR NS 1298, PPRiE370%, 4%
skl E, WOR R N ES53%. Hit, NaHCOsH & N1 m, 7=REITf

Ra G RN R AR KR

e NaHCO: /) # k) 2 (eq.) PR

1 0.3 42%
2 1 70%
3 1.2 66%
4 2 53%
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e K6 2% Scifinder. FF BRI S5 A AR SCRCHE I, 17 A 25 9RO A A6 27 s rP TRDAAR PR 5 O L 97 34 B2 HELIRG
BNV S5 BT . ARA, A SR AR A 58 225 SCIRU O R SE e oF A Db 7e, BB
LI HRAE D IR AR . SR I RR ol AR i R 23 AT A0 I, U N 4 DEME, SRR S8 BUEA
KIS FE . R R AR RIS AT LR, B BRSNS NABEAT PAT LR, &Rl &4
TE ST S 45 R e S I i RS . B SEIR B AR BOTE 25 3 H MEM, AU T
150y B B BISER T, @ HBNEE, o kAR RS M GG vk, (et 0% RE /1 1
B IR
6.2 HEFHR

(1) InamEie 5 SEER IR R, Bk AL SR IR AE B0 RE « SCRRAS 28 S I BA PR BE 0 o A SE 30 DLRR
f¥1Selectfluory 2% HL SAL 1K FHITT-18T, ) P B A A V- 25 AT 8 — WY e 9 AR AU, el SR 1 45 4
A it B A SR AR T R PR ) o E e SIS {2 AR — D IR T 0 57 PR B 0% F A L ) B
TSGR R B B T AR R S R AR RO 2 M 2 SR AL R RE ). AEUR BT SE 6 T S i 2
, SEAE S B PAR O SCER PR SE T BRI T SR, BRI R, DBk
TR TR R RS B 2R 7T B4R G B RBOR, W52 A5 1E (9 Scifinderfa % TR, 4
SERMEYN G, N5 5 BRI TARST T 3as . EPRZOR RN M R R I se i b, 3218
HIBNEAE, s i i S Bt Segn e 7 58, 91 S22 X sSRIR A R BEAT 0, R 45 & BB RIR A
A B AR, BTSSRI, DB TR B YRR T, v R R Bi ek st SR
TARFT T 2t

(2) SEIRIER X R G, HRdAd B EFARETI. ALBIH R T AL XS0,
BT 2 TTIRRE AR, F B AR B A AMEA REIEAIR S AR S5 KR 70 A S 8% 10 i 2 45
B AW AME I . REIEIRIETE, AT Ik 155 77 22 A2 57 ) S8 B A B8 70 A a0 gt e 0
HIK, Dy a8 PR FE 1 2% 2T 9T R e Se kit

7 4iE
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[ 1 o) 2 R T — T s R B R o %4 SR T AL 2 S A TR B, 7R K T e
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