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SRIXEIHY — X B EER5 Beckmann EH R MR
L — % i FRAE

(LMY K AT RN BE &4 321004)

WE  {E780 8T Beckmann B HE R MUK IEA] L, B80S RS DI RE A FLAARE, X Z BEATRRIL, SR T
WREE DR FLAMEEM B HAF-SBA-15. FJH HAF-SBA-15 1 [¥ /5 20 5 5 #2481 i 9I00S HL T8 e A B A N
H. O [AJEEG s, RSttt S N ZRIREE & 71, Idis e 8 25 R IR & 7R, MMt Beckmann 5
HERBL UL K A A B K G, 7 HAF-SBA-15 {4k N 1T Beckmann B HE N, 45 FHIE B — 2 F 5 4%
WRECR G N-FRIEIR B AR R, BeAh, IR RIS . OB AL A 77 FH B 55 P 30T — 2 WY i 5
Beckmann FHER N FIREM, PRAG RN AT, 2R AFIRAN, 50 °C BT A i R — 2 H B 5 Beckmann HHER
JVL.

FEE A8 T RTEANG; Beckmann B RIEDIREAL A FLELRE; N-IRIEZE T HEZ

Hydrogen Bond Driven Beckmann Rearrangement of
Diphenyl-ketoxime

Feng, Yige  Ye, Zhegao  Hao, Shiyou®
(Xingzhi College, Zhejiang Normal University, Jinhua321004)

Abstract Based on fully analyzing the mechanism of Beckmann rearrangement reaction, protonated amino functional meso-
porous silica materials HAF-SBA-15 were obtained via acidizing amino functional mesoporous silica. The binding force be-
tween hydroxamic hydroxyl group and N was synergistically weakened by the coordination bond formed by proton hydrogen
in HAF-SBA-15, lone pair electrons in hydroxyl hydroxoxoxime and hydrogen bonds formed between N, H and O. It syner-
gistically weakenef the binding force between oxime hydroxyl and N, accelerated the departure of oxime hydroxyl and the
formation of carbon positive ions,, and promoted the Beckmann rearrangement reaction. Catalyzed by HAF-SBA-15, N-benzo-
phenamide was synthesized via the Beckmann rearrangement of diphenyl-ketoxime. The results showed that the conversion
rate of diphenyl-ketoxime is high and the obtained N-benzophenamide is pure. Furthermore, effect of solvent type, reaction
temperature, and catalyst dosage on the Beckmann rearrangement of diphenyl-ketoxime was investigated, and the optimum
reaction conditions were obtained. The results illustrated that the optimum reaction conditions are mild because Beckmann
rearrangement of diphenyl-ketoxime was efficiently carried out at 50 C.

Keywords hydrogen bond; diphenyl-ketoxime; Beckmann rearrangement; amino functionalized mesoporous silica;
N-benzophenamide
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JiF BN B 5 e A g G, N—O B g5k,
MIMAE OH PA— P& (U Hy0) & 2, TER=N"E
T, il EHER B, 40t Beckmann FHE SN (1)
F ISR, B . £ BRI LA K fe A SRR 1Y
FAAE . =SB SRR ESE. TR AL, R
FLSEAF TR, R R m, Bk, @A E SR
AR AL, Lewis MR HIT BAHZAU LTS5
i, S5 REA L0 g, AT e AT (A
A, A B, B, BMABZN Lewis BRALE 4
J@ 3k, 1 AICL;, FeCls, ZnCl, 257, 4 7 4 & Beckmann
FHHENE TR, Boero 5B I FKAE 5] K7,
S5O SRR A, N N—Oo #, @it
Beckmann BHEH N EEIZ. ZFFCiE I S8 T K
BT 1, KRR T BRI A & M S AT T 4
Po. 3, Kumar ZEPVR] A B 544l SBA-15 HH# I
R PIOGT FE T L, AT 55 4k R AR R R R A R
gy, BOREREERRTE, MR A IR CEilE  ERRE A
BEAT S, ATAERR CUBR A5 & 42 Beckmann BHE 2 M AE
RO B, 1A LA A AL SBA-15 MPEFE A ECR
LRI AL, A RTS8 55 TR, M
FIF OB .

2 SCHR[SIVRI[OTHIE 7L (M I K, 7E 78 70 75 52 55 M4k
AR SR b, AT A R RS BRI
SBA-15 ¥R, FIFH I 5 N & = L AR
(APTES)HHTR G, TEMEE IR FL SBA-15 Ak
(AF-SBA-15), il AF-SBA-15 #ATMML, TR T
b 1) 2 HE T e A A FLE AL 1 A1 R (HAF-SBA-15), LA
HAF-SBA-15 AT, % — 28 FEaf5 3T A, 51Kk
Beckmann FEHES N, A A N BERZ. A 5T 2R H
HAF-SBA-15 515t -1 2 2 5 i A 1 72 25 T R e o7
S, BIERES N NEA 5, Wik k
Beckmann HHER N, JERUEERE; th4h, RIS LR
mCRIAL KFLE . FLAE SRR, (2t IR NP &%
TEMEAL TR IR, $2%5 Beckmann FEHES N RER. 52
U6 gk B R W, A HAF-SBA-15 i 46 — 2 B fi5
Beckmann FHE S B AT . PR R E BT

1 #R511E
1.1 PRSI EERIE

1 7y HAF-SBA-15 HJ/NARE X S EATH (XRD)
K. AP 1 AT%n, HAF-SBA-15 £ f1Hi(100)+ (110)+ (200)
Ak BB S A AT SR, e AT LR SBA-15 A AL RLSS
FFAAAL, S B R R L Th REAG SR AL )5, ARMT PR IR
AR M fE.
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Figure 1 Small angle XRD patterns of HAF-SBA-15
HAF-SBA-15 (] N, W25 £ WL 2a, AIE] 2a
AIAL, FEARTE p/po=0.50—0.83 [X[A] A A — B S5 B It
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Figure 2 N, adsorption-desorption isotherm (a) and pore size
distribution of HAF-SBA-15 (b)
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Al JLFLAE 9.13 nm(& 2b), FLARCK, AHIT M5
B FLRES A B R BET ELR AN, HAE A 543 mY/g,
FT RSB, AT 2 e A R

3a j£ HAF-SBA-15 i3 T BB (SEM) K.
M 3a BA, BT A BURE i B O /INEEE) &) 1 TR Sk
Mk, 5 Zhao ZUVAB B 2 Js BRABAR 7 A BRI
SBA-15 M EPESARLL, Wi B AU T B 40k
RARGR. A T dE— B i ZE D) ReAt SBA-15 #HEHK
WOREEH, AR T 3% 5 i B (TEM) T Bt
MRMYOREE A AT I, B LA 3b. 4 TEM EE T
H, FrE e B S A I SLEE ), 5 R RAE
iR 5L

S4800-ZJNU 5.0kV 9.1mm x12.0k SE(M)

B3 HAF-SBA-15 ] SEM (a)fll TEM (b) &l
Figure 3 SEM (a) and TEM (b) images of HAF-SBA-15
Kl 4 75 AF-SBA-15 ZLAMGIE . KT 4 w50, T
Bt P 2 i HR B 06 3= L IAE 1630 om ' Adb, AFX 3R
B, 3437 em” ' A A AR BE RO BT G 32 BT 8 KR R
FAMAEARZN. 1540 F1 687 cm ' B I RT 4> A 8 T
NH, HI N—H 43R 50", E 8] APTES & I IGHEAEN
fLSBA-15 K, EHEEIReb kL Ft, fERAL
HE, R E IR FLA R MR Si—
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O—Si #HREN & 4> 1) H BLAE 800 Al 473 em ™' By, iy
BLE 950 cm ™! HHIZ A F5E AT )8 T Si—OH Rz, 4%
PERTHESAI AT 72 2 I SBA-15 MRS T B2 35 4 B i,
RNy R B 5 APTES Tl 28454

Transmittence/%

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm’

B4 HAF-SBA-15 [L14M it
Figure 4 FT-IR spectra of HAF-SBA-15

1.2 Beckmann EHKE M

5 2 ORHEIGE LG RIF, 4 HAF-SBA-15
14k 5 34T Beckmann FEHE N )7 2 (01 S0 45
54FEsE, “IEMEI54 HAF-SBA-15 LG, stk
2 Beckmann EHER N, FEAE N-ZRIERF B, KOURE
r TR R 5 6] N R AR A — 3. N T 2 T &
FCPEVD R GG S, A SO PR AT TR G S R 5
5%, Sikas R 6 prax, HA AT 6 10.28 AbrgE At
FEEFTEL, PEEGER T FULL & 7.12 AbAIG i br) 2 51
AL, BT A R A BE S N-2R R R i —
2, UEBFYN N-2R R . 8] 7 9 HAF- SBA-15
AL — RIS & =0 PC NMR K. BE 7 6]
H, FEYIAE 6 165~ 170 A —3L4iR0E, s I & ik By
3, 76 6 120~140 Z (A HIBL 8 FhdbfRig, BT 2K H
BRRG PR IR I 8 FhAS IR BLER BT E. HimBcis 43 b o] i,

5 mlRgiRsEE

Figure 5 Schematic diagram of point plate results

Chin. J. Org. Chem. 2019, 39, 1122~1128



Chinese Journal of Organic Chemistry

ARTICLE

2400
/2000
1600

1200

10.2 9.8 9.4 9.0 8.6 82 7.8 7.4
1)

Bl 6 HAF-SBA-15 {4k — 2 FENGE & B~ ¥ "H NMR

Figure 6 '"H NMR of the product of diphenyl-ketoxime synthe-

sis catalyzed by HAF-SBA-15
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170 160 150 140 130 120
o

B 7 HAF-SBA-15 {4k KRG & =21 °C NMR &
Figure 7 'C NMR of the product of diphenyl-ketoxime syn-
thesis catalyzed by HAF-SBA-15

BRI N-REIR P B, 5 RO 45 R
—H.

A TR, ] HAF-SBA-15 Jyfift
F, ZRPEIG AR 96%. HILZILG N
JERW R (1) HAF-SBA-15 FLARFNEL R TH A B (FE L
N, WR i B SR 2 5 %), T e S 47 — 2 PR R 5 7E AL
FIPH L 2)F T HAF-SBA-15 K2 71651 IE
B, 5 TR FE R AR B s S, R
I, 5 R T Y A (VR ILALEE 73 4, Rl T 4
TR PR 5 S A R T A S 0, TS A R )
WP B, BT DAL R S, AR A R —
4]

N T UESEEBEAE 2R W 5 Beckmann A N
MIEH, B T8 LAUK 2B — 2% B s 3047 I 14k, 7E
CHEH S Beckmann B AR NEHL, g 45 R &
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B, JA 12%5 41 KR ER 55 N-2K 2 28 F ik
J&, Ut B i R AR 55 R R T4k 5 K E Beckmann EEAE
SN LR, AT 5 P A ) o T S R T S
FRS5, DRI 5 ¥4 25 1 0 TA R B IR, (E AL kR
B, WIS KW EIS A Beckmann = HER N A
RIFEBEER. 73— e A A, Ao 7eiE
i ER[500 CHEke HAF-SBA-15, LLJ: R4 H % 1H & Jik
F“#1ic N SBA-15-DS)], LL SBA-15-DS 4k — K F
Jig, PC NMR 45 538 B N-28 3 6 ki = A6 il /b,
RNPEEPITE 6 165~170 [AILPRIERFE KA 8), FRIATL
“F-JC Beckmann BEHER MR A, FRGIE R 5L S R
(8] 3 PR A — 2K R IS B Beckmann EEHE s B A R
7 HE/EH.
il :700
F600
7500
:400
300
:200

r100

H

170 160 150 140 130 120

B8 SBA-15-DS f{t 2 HIE 5 & R~ 411) °C NMR
Figure 8 '*C NMR of the product of diphenyl-ketoxime syn-
thesis catalyzed by HAF-SBA-15

BT OCHR [8] S bk SR A5 By by, FRATTHE W
HAF-SBA-15 4k =2 RIS T e N- 248 35 2% I e )
PLE R BRI A O - S i AR hr, Rl 2
BASHREF AT SRS, WG R RS Ak
FIER 77, fE—E %M T, REESMIAES, B
FAEFBRIE 1, RN, 3235748547 MoK W EL
7 EWLYE Tk, B IES T, TR IEKEY). il
Il E A A RSB R N-2R K . AT 5
RNH, 4544 RNHY  (HAF-SBA-15 {445, 1E41/7
FE UL Scheme 1(a). BtAb, IAT LA [H] A A2 SO0 S T
A, IR G S AR AR s &, AT 5540 s F2 2
SR 1ER 71, 1A% Beckmann EEHEH [, KA
PEYVE DL Scheme 1(b).

L ERAE A TR 2R T U2 T R LB O, T B A A
IR AR, SR RH IS MR NI 52
BH, DRI i A 38 2R FRAIG. CEAE A IR LA R, S5
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Scheme 1 Mechanism of N-benzophenamide synthesis from diphenyl-ketoxime catalyzed by HAF-SBA-15

TR A R R, TR R 96%, TIRESTE NS
AR ECA G, AR A R 0 I e AR i e e ol v
A AT A1) N N-— 5L F B i (DMF)
BRSO A, (HR R, 55 TR
FIEVEF, T B AR A0 77 5 — 2K R 5 1 W B
SEAE DMF Hh, 2K IS A R B, 1 2R 2
B EEL S RO, DRI T L 1 S S AL A, AR,
B FEAESE, Bl (AT R B, — 2 P 5 A R 14
hn, ESEAAFIRE R 0.06 g J5, EACEAEIRE.
FTbA, LEARTE T 2, B AL FH BN 0.06 g.
1 BRI K H T Beckmann FHE B FI50H

Table 1 Effect of solvent on the Beckmann rearrangement of
diphenyl-ketoxime

el PN AL /%
7K 78.36 6
Bz 24.5 12
M 37.5 96
LR T 8.6 26
N,N-—F 3 B B i (DMF) 36.7 41

ARBTRR AN, L SENS B M4 AT HIR AR Ak e v ol s i
EH . B9 RN K FEIT Beckmann HHEX
LTSI, B9 Al REEER(N T 50 C), LR
Bk, EEFER R MY HOE R AR, HRNPTE
REANGE; 2 BRI 50 CHRF, RS AL
A e T IR A, T R R R AR R e T
Ja, WA T A s A A, SR,
PRI AR AL 1) 5 — R RIS IS5 & ), A S i fimFadk

1126 http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

N2 R S o S, B AR PR, AN 9 mr%n, DL

HAF-SBA-15 N, CIENEF, M REREN
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Figure 9 Effect of temperature on the Beckmann rearrangement
of diphenyl-ketoxime

A 71) A A0 FH A e A A AR ) B B AR AR [
10 /& HAF-SBA-15 G 5 k)5, K FEf5 L3
G LR, B 11 775, EEAH 5 R, KR
J15 56 40 AT IH AR R AE 92%, Eb &5 — VR Ad T I B fh %
(96%) H K 4%, EBIAHE 74 i HAF-SBA-15 & —
b BEAR ) — 2 H B IS Beckmann 55 HE{AL 7

2 g
DL HAF-SBA-15 NEALT, ZIENER, RNEE
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Figure 10 Recycle performance of HAF-SBA-15

NS0 °C, MNEFTEIN 2 h B, — 2R RS Beckmann
BRI, HALEATIE 96%. BT LTS RN
(B AT R, SS90 is R R AR R F 7, A
#t Beckmann FHE VL SLEGUEBA, AT H SR %
151, AR A A i B B9 e A,

3 SKEERS

3.1 &

TORHIE . AN oK OB AR AICL (97
fraf, FigEZRFIARA ), ShRFk. NN-— X
L . R LB T al, YLHRsRkIhRetb 2= A IR
AT, WERFR(/ T4, Wivl =84k 2450 R A FD);
B HTal, KT R R SR 5 FR A ), 3
FEM (A0 Fral, BNl TAH A R), PI23(RHE L
- R E A BRI A O =R BL R, 1h2eal, %
Sigma A #]), APTES(fb5 4, £[EH Sigma 2 F]),
TEOS(IERERR ., fh224l, £ Sigma AF]), K7
KA ).

3.2 AF-SBA-15 By& & HAF-SBA-15 Bl &

40 CF, @it r=E 1 ¢ P123 T —EER
HOAc(f# HOAc 5 P123 MW Z L npoac/npiz=
150/1)F130 mL 2 mol*L " ff) HCLIR & R, SR I
2.08 g TEOS, FIANMMAARTE 40 CHHitE 240 f5, &
g KPE. ZRETREIRE A AR, AEERET 20
mL 7K, F 2 mol*L " {#] HCl,, W VA1 pH E 2% 1.65
. o ERIRE WS B RS, £100 CF it 24
h, LHhE. KVE. BYE. ZEEUEEE. 80 CHLTHH G
BT, W& R AR 60 CHETRIAT45 2]
SBA-15 £, W 1 g T/ “WiHMAE 19.82 mL 1)
H,NC,H,OH #1 80.18 mL ] C,HsOH JR&W+, &
90 CIEIVAAHE 12 h J& I HEEFH—IX.
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FIFR BUAE APTES 5 SBA-15 KL A, B
PRGN @I HEEE 0.5 ¢ SBA-15 TR EMAAE 10
mL KK ZEEF, SR 0.1 g APTES & ZEH W,
FTEEE 2 h 5, FIH 60 CTHRIKBET 28, HIZkE
AF-SBA-15 ¥ /i

HAF-SBA-15 Myl & F: #2 1 g THM
AF-SBA-15 5 20 mL 6 moleL ™" ] HCI (aq.)i#F 2 h, &
. 5315 HAF-SBA-15.

3.3 KRHER

7E 100 mL FJERFEIHF, $ 2.5 ¢ “KHFE KL 1.5 g
SRR NCIEARAE 5 mL JoK SFEF 10 mL KH, SRIE4%
BN 2.75 ¢ AR, FHRIRERER, o0
BRI R e B T2 SR IR AN 1~2 h, EEE
FHITE 70 CAA. MR JEHRNFLIER 7.5 mL KRR
F150 mL 7K FBRAR - 2K FE A 5 BD DL BRI Sa AT
AN, HIEEHELEN Scheme 2. B EIEHME, L&
KPE, HH 95%M LBEE L &, T, TEHT
Beckmann HFHE .

. H,0
G—NHOH ~—= G—NHOH
o
E + + -H*
C—NHOH <=—— C=NHOH| =—= C=NOH

B2 ST L

Scheme 2 Formation mechanism of diphenyl-ketoxime

3.4 MM

XRD BIELE X GTLATHAU(PW3040/60 1) F-3k4,
Cu Ko (A=0.15406 nm), 40 kV, 40 mA, HHi#EE 6
min~!, FFEXIAAN 0.5°~5°. FT-IR {EM L2040
{X(NEXUS 670 4, SE[H g /i Aw]) Bk, st
N WBGEE A 4000~650 cm !, RN 4 em !,
E N 128 k. SEM B BT B s
(S-4800 %Y, HAHLAF]) F3RTE, TAEREN 50 kV.
TEM EUETEE S B 7 BB (JEM-1230 &Y, HA JEOL
AFEN) AR, TAEHEERN200kV. —196 CHF N, W
Ji B IR 26 7E ASAP 2020 %(3E[E Micromeritics /A )
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SRR A EARAS, TS AT EDY 0.01~101 kPa. K
FIBET J7 it S LU AR IR, ) FH B B 45 Ui 2 $ 3 A1 BJH
TR AR A, S GRS TE H A R E A R A1
GCMS- QP2010 B #% EHEAT. WEREILIRAEAS S -5 i
1 (32 Bruker 2 7], AV 400 %) 347

35 NESEHKN

FREL 0.2 ¢ R H 5 & 0.06 g {#1L7I(HAF-SBA-
15)7F 50 mL et 1, BRI 7 mL EFIOK. ZBE. &
B2 LM N,N-" B PRI GO AN -, 5 FH DR o 1 %
. B B TR EAB I — e i a), R RNgE R A,
Tk B R 2 [ AR AL R, E A (TLC) (GF254)i
AT MR, T AT O R AR V-2 O R 1 e
T R B L, B JE R AR G SR I S AR P AT 45
53 Hr.

N-ZR IR HE e R i B A, 2% 96%. mup.
163.4~164.4 C (1lit"” 163 "C); '"H NMR (600 MHz,
DMSO) d: 10.28 (s, 1H), 7.98~7.94 (m, 2H), 7.79 (d, J=
7.8 Hz, 2H), 7.60 (t, J=7.3 Hz, 1H), 7.54 (t, J=7.5 Hz,
2H), 7.37 (t, J=7.9 Hz, 2H), 7.12 (t, J=7.4 Hz, 1H); °C
NMR (150 MHz, CDCl;) 8: 166.09 (s), 139.59 (s), 135.42
(s), 132.04 (s), 129.09 (s), 128.87 (s), 128.11 (s), 124.18
(s), 120.87 (s).

R FERER AR R B R 0.5~1 cm AbimE —
LR, FHEE WD & FORH S A S (DL TR &
BEEE TR RE R (R B AE i e & HAF-SBA-15 fiEft
HEAT DLoe 2 EEHE IS T AR =R o il A B2 b, 28
JE AE TR (A Bk S 8 B R L 4 0 1 RE
BRI TIEN, 2 min JEBUH AR, BT E R0
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T BCT S A L 52,

#BI#1 L (Supporting Information) L&) a~f HIt%
B A% AR % B OX S R OB T DL S B A T R
(http://sioc-journal.cn/)_E T %K.
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