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Abstract

Organic hypervalent iodide is a new kind of mild and environmentally friendly oxidation reagent,
which is mainly divided into I iodide and V iodide: Il iodide mainly includes iodobenzene di-
acetate (PIDA), iodobenzene (PhIO), hydroxyl (toluene sulfonyl oxide) iodobenzene (HTIB), [bis
(trifluoroacetoxy) iodobenzene (PIFA) and so on; The main V iodides are 2-iodoacylbenzoic acid
(IBX), Desmartine oxidant (DMP), iodoacylbenzene (PhIO;) and so on. These iodides can oxidize
the aldehyde group on the benzene ring to the cyanide group. Compared with the traditional
preparation methods, this kind of oxidizer has the advantages of a high conversion rate, cheap
substrate and recyclable product. Nitrobenzonitrile compounds are widely used in the field of
drug synthesis. Based on organic high value iodide, this paper carried out synthesis research on
the conversion of six aryl aldehyde compounds into nitrile, all of which showed good yield. Be-
sides, the synthesis process was further studied, and the process of preparing p-nitrobenzonitrile
using PIDA as oxidant was selected: Using p-nitrobenzaldehyde as raw material, PIDA 3.5 eq, H:0
as solvent, NH4,OAc as 30 eq, catalytic amount of TBAB, reaction at 60°C for 4 h, the conversion rate
reached 95.7%, and finally formed a route that can be applied to industrial production.
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Table 1. Reagent specification and supplier

F 1L OAFIME RN

%iE S A% BRI
TR AR I 25 52 A 735
IR AR ] 25 4 A4 35
I Bk bp60~90°C ] 24 8 [ 4k 223
B 3277 AR i AR A IR A ]
BIR 2 R AR b AR A AR A A IR A
[FI) i R 2 P AR i AR AR A A IR A
Xof B 2 98% g O AR I PR
AR — 98% i A A P 2 R A PR A
it 7 JH I R R 98% A AR W 2R A PR A
o U R R 98% iR A YR R TR A F
R 98% i AR A IR A ]
AR R 98% i AR A A IR A
Ak 98% b AR AR AR A IR A
R — k% 98% g SO AR B PR ]
SR 98% I E TR R A IR A F
LR it 98% i R AR R IR A
IR B 98% i AR A IR A
e 98% i AR A IR A
T TR it 98% L AR AR A A IR A
Ak s 98% g SO AR B R ]

22. FRRUEYNHI&

B 100 mL DY DR R IINIET 18 miy 75 FEEEY) 1 mmol. f#i4b¥) 2 eq. #2430 eq, VR
G RN NAR R 2 60°C, 5h JEoRPAIn#HGEE. Hb IBX 5 DMP TEH PR N Rt i 2, Hik
FH DMSO 1E# . eigh st HPLC MR &R AN s N U EA R R A T AR E R, 456
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AR TR 2, 0 A P R R P RO B D Kol 6 05 B TG AL &40

FLUR LK B 25 28 H W S R S SR BE T AN R ZE SR, BR TR S PR . B dhFhde . b=
Bedh . RMOEE . R AR S, i F L& O SR 2RI (1 T2 8 2 .

B Jr @ I T2 B R 1S T IS A YRS, A IS ENT A 2] B AR =44l (PE:EtOAC = 2:1), FZ&UL
K 82.5%.

2.3. HPLC #&M 53k
ZRI A FUATR I HPLC S0k B 113 2 FivR.

Table 2. Setting of HPLC detection parameters
= 2. HPLC NS HHIRE

wE A RESH
pii Agilent 1260 ¥Rk [ Zh3ERERS
=R ZORBAX Eclipse Plus C18 4.6 um 150 mm
BIAH MeOH:H20 =7:3
HEFE R 5uL
Pt 0.5 mL/min
e 0] B[] 15 min

3. SWERS
3.1. BHSHBUELHIXIRE R LR R R0

e 7 AR 6 AT A SR, RITA LR ML A R R R . 8 E] IBX
A1 DMP FEK PR, A FE 4L Ys LA DMSO i oS . RN 1 foR, bR 3

FiR o
OHC CHO
OHC4H<:::>4—OH 0H044<i::>kch %ij§
0o1 oo2 003

OHC NO,
OHC NO,
ub4 1os 06

Figure 1. Structural formula of 6 reaction substrates
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Table 3. Effect of various organic high value iodides on the conversion of different reaction substrates

* 3. BEABNSNBUYITER BRI LR R

&4 1 & 2 J&# 3 ¥ 4 J&4 5 J&4 6
PIDA 11.2% 36.1% 27.3% 52.6% 58.3% 56.6%
LR RigAE: A 1 mmol, %Ak 2eq, WA 18 mL, NH,CI30eq, 60°C, 5h.
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PhlO 17.1% 29.4% 32.5% 43.2% 39.7% 44.6%

PIFA 3.7% 39.4% 13.6% 21.2% 26.9% 22.8%

HTIB 8.2% 7.5% 6.2% 8.6% 7.8% 9.3%

IBX 0% 0% 0% 24.8% 18.7% 24.5%

DMP 0% 0% 0% 17.8% 21.2% 18.8%

Phl1O, 18.6% 33.5% 22.7% 29.7% 31.5% 34.7%

IBX (DMSO) 15.8% 53.3% 62.1% 65.6% 62.8% 66.2%

DMP (DMSO) 47.2% 45.0% 33.8% 63.9% 67.3% 61.5%

AL AL RIS E AL BE RS BRI . (RS R e AL R Bt B2 A AL 7 B M B AR
FATFS o 6 Al S SR F 3k B ) i HE S AR TV U 4 4 Pl

Table 4. The optimum iodide corresponding to oxidation of various aldehyde substrates

T 4. BRBEERYIE TN AR ERL

R BFR BAEEAH]
o} FR N R DMP (DMSO 14 %)
o I IBX (DMSO 1k &)
AR — W% IBX (DMSO £ &)
AT T B IBX (DMSO £ &)
(R i 2 PR DMP (DMSO £ &)
o} T e R F IBX (DMSO £ &)

BRI HE IR HRE I 3 bR 2 R AR TE VI UL Y)-DMSO 1 R A B (A3, (5 FE B B iL
PIFI HaO VIR AR, HOEFELL PIDA AL & A FE IR 19 3 M A 7 Sk 44«

3.2. REFEMFINEHRHIN

AV E T VUL B S2EG, 87T+ B R BN(SDS) + ke R AR 4N (DSS) VU T 3k IR 1k £ (TBAB)
FHm i -80 X EAL R RE M, AL RNk 5 fis.

Table 5. Effect of type of active agent on conversion of p-nitrobenzonitrile

5. FEMEFIRNA S SRR R R LR AR 2

TE R FEUR%)
SDS 8.3
DSS 5.2

TBAB 60.2

i J%-80 10.1

BRI PURREEYER S, R4 TBAB AL $em, oAb (b 2 K
e, WA AR R TBAB W] AR iR RIS VETRES (8 B Fnia Rl R i sk 77 W 2 F R

2R Rigk At STREFESERS 1 mmol, PIDA2eq, H,018mL, NH,Cl30eq, 60°C, 5h.
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AT T E SRR SRIMIER],  BEMSAEVA IR K — 52 AL HE S o AEKIE i R — 5E 711
ARG LR, AMUBER SR AR ALK A AR L, IR REVS TR U R AL B R, (kS S (9 1E
I R
3.3. FRIZFEX RPN

OREFIRAR SR AEANAE, AEAVGE ISR IS PR 1 D0 N IE A R AR SR 0 8 2R3t AT s, 22 KA b =4
% 6 PR

Table 6. Effect of different ammonium salts on conversion of p-nitrobenzonitrile
6. TEIEE AR RPEE LR RE I °

TE P HALE (%)
(NH4),C,0, * H,0 49.1
(NH,),S,04 52.6
NH4F 34.6
NH;H,PO, 78.3
NH,VO;3 46.2
(NH4),CO3 85.6
NH;HCO; 88.2
NH,OAc 94.5

i ERA A, M HAR 2L, (NH,),COs. NHHCO; Fil NH,OAC MR IR, 1A 3 4% H S (1) 4k
RANILT] 80%LL I, ZEAHA R I AL E, % NHOAC 1/ENEIRBANAIE,

3.4. RELimEXEE RN
REFIRMA AR, S RIBE T 18°C~70°C (SIS TINR, 45 % 7 FioR.

Table 7. Effect of reaction temperature on conversion of p-nitrobenzonitrile
F 7. RELGRE X AHE RS ENEm

RNEREE(C) &R (%)
18 31
30 5.6
40 43.2
50 46.9
60 63.7
70 59.6

M ERFTHRL, ZHRNGR AR T 30°CHY, SOV R EEIR HEAT PIDA VA AR FEARMR, ANE &
io i ETHE] A0CIN AL A B RIRTE, ik F] 60°C I R A RESIA T 63%IWE(E, iR Z4kSTH R )G
AR . W 60°C AL SN FE -

SIS XS FEFERS 1 mmol, PIDA2eq, H,018mL, TBAB 0.1 mmol, 60°C, 5h.
R SAE: WA ZERS 1 mmol, PIDA 2eq, H,0 18 mL, TBAB 0.1 mmol, NH,OAc30eq, 5h.
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3.5. FHFERNEXEALENTMm
FEZS T, LA NE LML OET PIDA, HFNESEHELMELR S, RITE PIDA
M 0.5eq & 5eqtEorak 9 Hidt7iA5e, EEHN60°C, EIEAN NHOAC, HdlEanl&l 2 Fros.
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Figure 2. Effect of PIDA dosage on conversion of p-nitrobenzonitrile
B 2. PIDA 8 3 W R E AR B S 1L R AN °
H BRI %0, BEF PIDA I8N, FUEES AR R AWER SR, A% 35 eq I, #AL
FILF B ) 98.6%. LR LW, AL PIDA HIHE N 35 eq i Hidi.

3.6. FHEBRIEXNFEURNTIE
NH,OAC 1 Ay S W3t A o M — R U 1RV, 8 750 o e S A P2t S AL S RE R AR . JRATTAN 1 e i
UL BLE 16 Hulle, HARLRWA 3 Prr.
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Figure 3. Effect of NH,OAc dosage on p-nitrobenzonitrile yield
[ 3. NH,OAC & 5 3t A B A FE I R Y #2010 ©

SR AE: XFREFEEZEAS 1 mmol, NH,OAc30eq, H,018 mL, TBAB 0.1 mmol, 60°C, 5h.
O BiSAE: MRS EEZERE 1 mmol, PIDA 2eq, H,O18 mL, TBAB 0.1 mol, 60°C, 5h,
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H_EEA AL, 24 NHOAC IR AR T 15 eq B, HFEALREARA L 30%, 4L 15eq f5, HEAH
BRI, 153 30eq B, FEALFRIER|IE(E 95.2%. H NH,OAC HIEFEF R &4 30 eq.

3.7. RMEHEIREE LR AR

FER NIRRT WA AE KR A, ORI IRE A, BEAE I R IR B A R 3,
BE R A (IR, MRILERATI 2 h R P S T o5, BERG 1 h BT — IR TN, B4R 45 R
%8 PR

Table 8. Effect of reaction time on conversion of p-nitrobenzonitrile

= 8. R RBIEIN X R B AR AR L R AR

J= L [8] (h) b (%)
2 80.0
3 84.1
4 95.7
5 92.6
6 93.7

MR AT AN, RN EONIRGE, (£ 2 h EAREGIAT] 80%, 1 4 h I AT LLIA B FALF AL, NI
REVRII A KT, LN 4 h RIAT s k.

3.8. KEHESH

T SN 25 SRR AR 2 72 A AN T /K BIRR A, i TLC A Phi b, R IR R — R4 5 . R PIDA
TERE AN TR S I FE AR IE R Phle ROHLEE A FR FOR SR NH,OAC A i AL A4 T
fiiz, R4 5 PIDA KA EHHUR R N3 E] N-I(OAC)Ph Hrjalfdk, ik [ K Rifli 2 Phl A1 AcOH 4= g
FAEMED, PLEWE 4 Fis.

NH,OAc

NO, NO, NO,
AcOH _ ACOH
H, PIDA e CbAC - Phi
R —— _ = = R
- H,0 N \©
HO H N
NH

Figure 4. PIDA oxidation mechanism diagram of p-nitrobenzaldehyde
[ 4. PIDA ST fHE R R EEH IR [E]

4. ER5RE

PAUE T AV A S 5057 B RS E AN, A ZAE 5T AT CAf 25 H 07 1 o I RNLAR A
WA, JERPIEETELF, AR R SR T LRI . TR AER,  BA B R B 1 H A%
AT S R SR AG T O T I A LS I AL I IR T T FRTORE S A 5R T BRAL S I A R v 1 i A
YLLK RSV TR e i AL RO RO SR Y, B A B I BEAIT U RE S O BE 2 A HLBE T 7 SR A
I .

TRBSAE: WL FAS 1 mmol, PIDA 2eq, NH,OAc30eq, H,018 mL, TBAB 0.1 mmol, 60°C.
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