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Comprehensive Organic Chemistry Experiment: Phosphotungstic
Acid-Catalyzed Direct Conversion of Triphenylmethanol for the
Synthesis of Oxime Ethers

Feng Han, Fuxian Wan, Ying Li, Congcong Zhang, Yuanhong Zhang *, Chengxia Miao *
College of Chemistry and Material Science, Shandong Agricultural University, Tai’an 271018, Shandong Province, China.

Abstract: This study introduces a novel and environmentally friendly organic chemistry experiment that integrates
cutting-edge research into academic practice. The experiment involves the direct conversion of triphenylmethanol to
oxime ethers, catalyzed by phosphotungstic acid, a green solid acid, with dimethyl carbonate serving as a sustainable
solvent. At room temperature, triphenylmethanol reacts with benzophenone oxime to yield oxime ethers and water.
The influence of catalyst concentration on the reaction yield is systematically examined. Furthermore, the reaction
mechanism — specifically, a nucleophilic substitution proceeding through a carbocation intermediate — is inferred
based on catalytic conversion verification and UV spectroscopic analysis. This experiment offers several advantages,
including green chemistry principles, mild reaction conditions, and relevance to current research. It enhances students’
experimental competencies, fosters environmental awareness, and sparks interest in scientific research and
innovation, making it highly suitable for university-level instruction.

Key Words: Direct conversion of alcohols; Green chemistry; Phosphotungstic acid;
Nucleophilic substitution reaction

IR R B B e AT AR ) 8 S G R T — A S AR R SR IR, R TR B A % =K
FRE I BE A E, A SCURTH TR T BA= 28 WO SR 5 BTG T P 2 €0 BB 25 5 S8 o 1S B0 2 2 T IR

Weki: 2024-05-27; sEM: 2024-09-02; ML HK: 2024-09-27

“#IRE#, Emails: chxmiao@sdau.edu.cn (7 % i%); yhzhang@sdau.edu.cn (5K JGAT)

FAEBL: LR EHFCA MR FURAR T H (SDYKC2023032); LU AR A Fe AL A0 5 4 Ml 22 022 S 451 PE 0 H (SDY AL2023040); LU AR Ml K 2205 9 A=
HE PR THT1(202282002); L AR KA Z I H (SDHX-YB-2022-15)



K 2 AL 2 Univ. Chem. 2025, 40 (3), 343

IO AIHTR R, AT SREL A QR ARG BE ) AT

W] DA B AL O B AL S . Rad S8 PIA R 5 5 O SE-Fe AL 46 1 S AL 5, (ELR
TR = 2R B LA — s R BRI . Sandmeier s BUd i 5 1) 4804 TR BE 0 S B SEBRL T i Tk 2 4k &
P R A R, SRR 2 2 A L — St &R AR Cs2COsMISc(OTH)s, A= HA
WOR. MAN, ALGEBKIUR SRR 2 RIRAR IR, B IR BA sm 2 Ve AT A . H R oR 2 54 21
CL28 AR 5 B SRAL S 1) 35 23 5 SR IR BOM AT R 555, R SCHERE — FhIBE L3 A0 BT B 10 2 £ 45 R
TiEM: DAzt ] R IR W RS R (HP WA AL 71, DLER (3 IR IR — TP IR (DMO) A 7, 2ty IR
BRI R A S C— O, =iRAAMF N A RGBS . R M AAEAE SR BRI
SR, etk HEBZG, (OPE—MEFYK, SR, Bk, ALiEaiTAa
BN 2 LR

WE 1 B AL R L 2 R T U e — B, R T S AR S 3, (R
WS, BB E NIIRE, BORAEL WA, FFEHEFHREN CRTRUEAR AT H
OIS AR AENE L) O St &k 5 24 R et SR JFEN gD
HEMM L BA BCRE D REE), ATSEBL SRR hiB B sk LA B R SINEREL S AR
AR S R YE . MR s AR I, TR SR E SRR T R, KSR R AR E A, T
I AR TTRE SR BIE BRI, SRR SR, A 2 A0 B AR VR b SR A AR S LB I 28 1 T A
FIELfE, AR TIRIP A F . RIS, B2, ARSI T HE AR K Gl
Wik, AT AR R AE, BIRARVE fRHT A e

1 SERAR
1.1 SEREM

(1) DOERXT = S 55 5 ) 2% H B Ak A5 420 5 A% B S B2 Al E 25 - 1 2 (1) B 5

(2) AGEERRE. HEAE SN HENT. . AR B SN e SRR, BaEH
T2 C 0 0 T M S 7 33k B TR J2 T o S AR A AL A I i

(3) % SIREREILHR AL TR R 43 W 3R A (MestReNova) (148 F 31 252 48 4% il 1 3 () g 7 7 92

@) FoEhEE, REREER.
1.2 SERRRIE

=K FBE A 2K R S FEHPWA R ALAE R T, R A K R B A 5 Bkt &4, ol & S
TR EN TR MR MER2RTR: (1) =K EECHEHPWAR 710, RTFHEE LA S
HPWA W =0 [l &L A8, A IARIA: (2) IABG KA B = ZF Fem IE 25 1A (3) AP [l Bk
TE B T 2R R A 1 L S A2 A (R TR Ay R R AR G, AR R TR TTIA s (4) THA AR T
WA R RZFEL, BRI PS5 EEC, [FFHE BUEILFIHPWA, 58— IKTE R .
1.3 SEISAAI SR

SCUG T = 2R L P b AN SEEe AR ), O R S T ER SR 2 0 2 I ) A% (BRI A
A S, HoAh R 7038 AR A 7 3L, BEESBR(AR, b3 s Mk AR AL BHE A BR A 7)) /KB BREE (AR,
RETHHA THRAR). BMREMAR, KETEHHALTAERAT). LK LERAR, KiETH H
WTHRAF) AMHEEAR, KET HHATHRAF). KR HEE98%, LilgE kAR A
BT =20 L DU G R 25 (> 98%, Lilg = e KA R A BRA R AR (99.8%, H R 3
BHEARA ).
1.4 SLBAE

25 mLIAJEESH . 200 SF. 50 mLAEIEI . 10 mLER . M. B, S e. BEd 71
RF(AUY-120, EpEEH)ARA ) EE A2 (KMS-151E, H#ERE (L ERAF). F
VR AMT (BT-214201, RES BRI AR A F) B 78 RAU(N-1300 D-W, % B8 IR



K 2 AL 2 Univ. Chem. 2025, 40 (3), 344

O O HaPW,,049 * XHz0 (1 mol%) O O

MgSO,4 (1.2 eq.)

+ ~ O
\N/OH DMC, 2 h, RT N~
A B Q
c

Bl =RFEEREH &R RN R

Ph

ph o—&—Ph Phph
—N Ph HO
H3PW 1,0 Ph
Ph c s 3P VW12040 \< A
H2PW12040°
H Ph
Ph H gt
/ o=w/ ./ O——pn
—N + Ph \ , H
\ 0w/ Ph

+ W\
\
WA Ph } 0 A
H2PW 12040
‘\ Ph

Ph Ph H0
> 1A
N/OH H\;‘/O'
A A
Ph Ph Ph Ph
B B'

B2 HPWARLC—OBERIKPLIE

Anl)s fEHKAZ H AT RZSHB-ITA, M KWE THARAR) LIGIE(UV-2700, HA S
HNT]) BSR4 (Bruker AVANCE 111 400, £ (L) RHEABRA A 15 24U(SGW X4, L
AR DG AR A IR A A,
1.5 BB RE
1.5.1 fELLFEILH] &R0

N2 SR RN I B0 SN PR R IS, ARSI DL = K F R 2R R S CH 2 L3 1) R,
WAFHPWAAR R IR (0.5% 1%~ 2%+ 5%~ 10%)iEAT M o

(1) Bi: PMELFIHPWAZ N &1 mol% (BE /K 4r Lb) Afl, FREX0.2343 g (0.9 mmol) =7k F %,
0.0591 g (0.3 mmol) — K H i fi5, 0.0087 g (0.003 mmol)fﬁﬂﬁ SIHPWA . 0.04 g (0.36 mmol) 7K 7#MgSO4
A2 mLIEFIDMCHIA 225 mLIE B, S SR, 32 R b i s B gk AT 72 5

(2) 4ift: BUSENaHCOs M2 Bk e Bifk &, AR PEMEAL, Sh#R /e Kb gt iT. i
JERR = [EAK, WA 21 2810 mL/R)AI =k, fREANAHE. ﬁﬁ?ﬁ?&ﬁ%ﬁm{ﬁﬂ, BEH=)
FEJEHT 43 3 (e W7 o A S B A ik, FREE126.5 mg, 75 98%. IFAi: 155.4-155.7 °C; 'H
NMR (400 MHz, CDCls) 6 7.49-7.38 (m, 5H), 7.33-7.17 (m, 20H); '3C NMR (101 MHz, CDCls) 6 156.6,
144.6, 136.7, 133.8, 129.2, 129.0, 128.6, 128.01, 128.00, 127.9, 127.4, 126.9, 91.3.
1.5.2 HIERFTLE

(1) AR AR VAL, ARSI & 7 B Gk IE 51 5 B PR I =28 H1 &E DY
R £8 (PhsC™BF,) 5 2K H B fi 1) & Holik , [ b 5 A2 XL I3 (R $e A 25 i Fh SR A H AR, X



K 2 AL 2 Univ. Chem. 2025, 40 (3), 345

W = 2K FEE (0.9 mmol) & # i PhsC ' BF, (0.2971 g, 0.9 mmol), EAK& A& A4t L 5 H1.5.158 5
RNAF B FEFE =), P2 iE84.3 mg, F=#64%.

() () womos oo g )
MgSO, (1.2 eq.
BFs 950, (12 ea) S0 +  HBF,
+ +
O O O \N/OH DMC, 2 h, RT O N O
A B Q
c

B3 BIEERKRMITER

(2) EAMGUE LS. Rk — PR TR BINLEE, 255 [R] A 28 R G 0 = 2K i /HPWA A &
S H0-nT WL T AT B/ B R RE I . PR 9134 mLIECHCNA R : (1) = KH#(0.2342 g, 0.9 mmol);
(2) HPWA (0.0087 g, 0.003 mmol); (3) 7 Hfif5(0.0591 g, 0.3 mmol); (4) r=#)5H%(0.1317 g,
0.3 mmol); (5) =K H§#(0.2342 g, 0.9 mmol)FIHPWA (0.0087 g, 0.003 mmol). [& & = F iz FTHPWA
IEAAR, 2 AT R4S P I KRS : (6)0.0197 g, 0.1 mmol; (7)0.0394 g, 0.2 mmol;
(8) 0.0591 g, 0.3 mmol; (9)0.1910 g, 0.97 mmol. J5E300-600 nm7i FE A KHEEE S .

2 ZR5iti
21 YRR

T Hh e B e AT WL 45 K d s IR T 72— o FREL0 mg 44K S5 I P> 0B AL EAE . IMN0.5 mL
STACE T A, BEAT ALK, &5 R B4R EIS PR ol R S0 S kil 2, BRI
P e & .
2.2 TG INEXT R R KR

MEALFFIER I 2 B L P R BOR, BEE HPWAR AWK IN, 7RI S8 In )= /)
F RPN )0 230 P 1% 9 A T 5 R 8 o 2 1) 5 5 7

L3IYIZLYRQIIYT2

/ OO o

0
|

L

T T T T T T T T T T T T T T T T T T T T
9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 20 L5 L0 05 00 -1.0

B4 #)CIH'H NMR% &



K 2 AL 2 Univ. Chem. 2025, 40 (3), 346

~~~~~~~~~~~
888-88585%8

| S e T

n‘uw a“

T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 10
f1 (ppm

E5 FE¥CHIBC NMRiEE

R AL B AR08 B 20t B A e

7 ALV B (mol%) 25 (%)
1 0.5 94
2 1 98
3 2 96
4 5 83
> 10 73

2.3 RMHERA
231 EUFEKIESER

SR 25 BE ], PhsCBFE AU = KRS B C— O, S 2IAHFE /74 . b kI = 2 F i T g
Fe I Y B E B 5 R WA S R AR SRR R R L . (H & PhsCTBF, 2 5 AL OB 3K T =28
LS 5 RN P22, X A RES B P PTHBFL AR OB 6, KB HBF A7 TE A SN AR R IR M3 5,
FHEURRLZ B .
23.2 EHSMNBRERETF

SARFEREEA. ORHEEB. EALFIHPWA LL K = ) H5 ik CTE300-600 nmyt [ P4 ¥ A I iC g
SR, WE6HT R, MHPWANA S = I R, 7540481433 nmib i BUHT R g, 2 =285
B IE B T AR ARG ), 3R B, BEE A RIS NS R0, 40480433 nmAb W U 04 5 155 B 5 [
P =R E R 725 T C— OB MM, BE— DR T = 205 R 5 — 2% F A 5 1) S 90 2 Bk A 25
T Uit
24 ERED

(1) HEAT 2 63 (TLC) R AR, R P REASRE SNV T, RURE 58 UG LRI T4 K 58 58,
BN R G 34T R T



N

2 AL % Univ. Chem. 2025, 40 (3), 347

Absorbance
= = N N
o [3,] o [3,]
T T

o
0

o
=)

404 nm

-+ A (0.9 mmol)+HPWA

-e- A (0.9 mmol)-+HPWA-B (0.1 mmol)
-+ A (0.9 mmol)-+HPWA-B (0.2 mmol)
-+ A (0.9 mmol)-+HPWA-+B (0.3 mmol)

__~433 nm

- A (0.9 mmol)+HPWA-B (0.97 mmol)

360

Wavelength (nm)
Ko #5hartmtikE

390 420 450 480 510 540

(2) TEHE A RAXFAT A RIS, NYAT I TI], SR 2 AR AX AN TS — B, SR A K P e de

TFoR, BUR A AL

(3) FEAE A FHRAEIMT I, S BRI N A, DA 51 kS R SR 7

3 BEHERA

BRI 31 52 1 1 S R P R B S RN BB, AR VERE, WEFSRR, e IR,
BRI 2R O OIS B ARSI BRAE 1, e

(1) SET-FEE AL AR, $RTTRCA S R L . WA AR BB 5 ) 72 2 1 B

() PSR A7, 0 T R 0 A

(3) ARG G MG PEGR I, e Z NG . PRS2 S

4 SEWHFEH

ALRE LRI A EAE T % . LI SR S B =B, AW A ILER2.

Ry LBRHFRH

HFBr B AN I ] 22
il 2] A% SCHRTEBE . BRE TSI 3h
KR A JEmEG RS A, BT AL 26 SRS 5 0 SRR FIAP AT 6h
SERRAE: RGN AEEREGR . B A
JEUEATIN: FEHIER . SN NR
RS MEALHEAL 2 20 BRG] AR 7™ 2 ) S 2h

MEAFALIGIE SR PRITFEA A H =

AL HEEE S RIHE SRR R
PUBRER T 55 U0 1IE S0 A1 58 S I 25 SR A o S AL
SERRAH R 51 S A SR rh R I IR AR
SRR AR T, IFHEAT SRR IR




K 2 AL 2 Univ. Chem. 2025, 40 (3), 348

(1) TSTHERBEL

SEISFFURRT I, FUMRAT LI TS, BARSEIG H 1. SEIRNZE, 4 HHEmEd] & i dcEk, R
AR A R SCEREORL, TR IE B AL O EGAE TR, BRI N A S BRSNS T
(4=

(2) TIGHAEM B

ARSI 4% IR L 5 AT, BUME 5| G2 AR S S I 5 K 25 AT R RE, X 1 T R
e SEIGE A EHE: © F5lkl: "D EA S N N, R0 T SR A = IR R RS SR, 2R
AN EA RS AT IR SE R . BRI, BEER o BT 75 550 A0 FH &m0 R 40 S 15 1 30 47 1 DT
@ ZEMRAE: AT, ZAESH W, HEZuEEESEE, A mEe. @ ik
Rl A RCHA R, BT R AR .

(3) @RS 8gEN B

SEIGTE G, LR A AR R IR A PRSI A I, X SEIRE BT KRG Mg, SERRERIR . IR
AT SEBRI AR -

5 4Z5iE

2 S G M 2t € AL R R (HPWA 9 AL 77 . DMC v 771 F 1 = 4% P () L Btk o
SEIL T FEEER LA A B A . R s . RN, R T SRR S RIR IE B TN,
BN T HAUERE G WAL 2 S0 B0 BOE T 28 (o LA, TG WAk 2 520 = 25 PR 03 13 5256
LS I e BRI STV E . B SRR, BRI R R SO 0 B bR, AT R R R
. DIHB YRGB R

Z % X W

[1] R, #48, RS, #Hikz, L K¥EALE, 2024, 39 (5), 238.

[2] Rad, M. S.; Khalafi-Nezhad, A.; Karimitabarb, F.; Behrouz, S. Synthesis 2010, No. 10, 1724.

[3] Sandmeier, T.; Carreira, E. M. Org. Lett. 2021, 23 (7), 2643.

[4] Zhuang, H. F.; Hou, Q.; Han, F.; Lv, H. T.; Miao, C. X. Green Chem. 2023, 25, 310.

[5] Bryan, M. C.; Dunn, P. J.; Entwistle, D.; Gallou, F.; Koenig, S. G.; Hayler, J. D.; Hickey, M. R.; Hughes, S.; Kopach, M. E.; Moine, G.; et al.
Green Chem. 2018, 20 (22), 5082.

[6] RPEPE, R, BRI, EF, AN FEHEH, 2022, 43 (4),75.

(7] s, VRHEES, fTME, X0 KA, 2022, 37 (8), 2108072,

[8] Sadaoka, Y.; Matsuguchi M.; Sakai, Y. J. Electrochem. Soc. 1991, 138, 614.

[9]  FEZR. A BB AR AL B A FE -2 ST U (AL 22 A0 3] Rz iR AR LR, 2022,



