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Abstract The electro-oxidation cyanation of p-methoxybenzyl alcohol (p-MeOC¢H,CH,OH) to prepare aryl nitriles was
studied by using cyclic voltammetry (CV) and constant current electrolysis (CCE). The effects of the volume ratio of H,O,
concentration of H,SO,, temperature, electrode materials, current density and solvents on the electro-chemical reaction were
studied. The results showed that the yield of p-methoxylbenzonitrile (»-MeOBN) was 90% in 0.15 mol-L ' H,SO, and 30%
H,0-DMSO solution at 60 “C and 10 mA/cm? of current density when tetrabutylammonium perchlorate (Buy,NCIO,) was used
as electrolyte. The CCE of aromatic benzyl alcohols with different p- and o-substituted analogs was investigated under the
optimized reaction conditions, and the yields toward formation of the corresponding aryl nitriles were 61%~92%. A plausible
mechanism for the electro-oxidation cyanation procedure was proposed. A novel paired electrochemical method for the syn-
thesis of aryl nitriles from aromatic benzyl alcohols with hydroxylamine (HAM) as “N” source and aldehyde in situ in undi-
vided electrochemical cell was successfully developed.
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Figure 1 Cyclic voltammograms of p-MeOC¢H,CH,OH at
different volume proportion of H,O (v=50 mVes™")
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Figure 2 Cyclic voltammograms of p-MeOC¢H,CH,OH at
different concentration of H,SO4 (v=>50 mVes )
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Figure 3 Cyclic voltammograms of p-MeOC¢H,CH,OH at
different temperature (v=50 mVes™")

1.2 (EEREBRSI ML

NT R p-MeOCH,CH,OH Hi AL UL
MR RN S, fE CV IR sERt b, #ET T E
THARSLLG, 8T SRR IR . L. Mk
PR SONIREE . BRI . ¥4 %) p-MeOCqH,CH,OH
FE AL RN H AR =0 H AR 3 2K T (p-MeOBN) IR 1) 52

Chin. J. Org. Chem. 2019, 39, 2499~2506

© 2019 Chinese Chemical Society & SIOC, CAS

M, Z5RHITFHR 1.

TEE LR A B FE v, 75 B0 S HE R R 32 i
R IF H PR R S S BRI T . 7EANTE] BugNClO, #
FER, p-MeOCH,CH,OH FE A Ab FUAL S b7 1) &5 R L3R 1
Entries 1~4. 255388, TEMAAN A 24 & (10 S Fr R i
&, p-MeOC¢H,CH,OH ¥ H A R 4 (1) % 4k % (85% ~
99%), {HXF p-MeOBN kMR B, fEMA 0.3
equiv.f¥] BuyNCIO, IFf, p-MeOBN [FISC KA N 40%. [t
SCRFHLAR IS R RGN, YR 40%38 5 2] 83%, {H#
JEFS E 1) BuyNCIO, 1R R IR EER N, BAAS I S
VIR BB, [FES AR RCR A BT R B, DRk
£ 1.0 equiv. ] Buy,NCIO, Nt F &=

I 55 LY 2 FE 386K, p-MeOCgH,CH,OH ] LU 2
B (L =96%), 1H p-MeOBN [JUSTR A4 filf T B&
(% 1, Entries 3, 5~6). @i GC-MS A&, K BLBEF R
LRI IN, PR I — 2B A PR R AR R
i3 Py ot 3 i 4041,

15 FEE 2 R 2 L JE A AR 2 PP A T RO R
FE R R, HXF p-MeOC(H,CH,OH HL AL FAL [ b

G50 W 1 (Entries 3, 7~9). G5 EH, MERER
F51, p-MeOCsH,CH,OH 4L 2 H1 p-MeOBN [t
A B

FE AR A ) 2 E AN 2 S N 37 T, A () B A A ek st
P-MeOCH,CH,OH HLAMFAMAT AR ILE 1 (En-
tries 3, 10, 11). P PtAE PR, fE=FBAtA KL I, p-
MeOCH,CH,OH AL ZRIR 5(=97%), 2 p-MeOBN
FICRAN G R ZEER. 290 B A NIRRT, p-MeOBN
RN 42%. LLEATE NBARRES, R iEm 3] 78%. LA
HAE R BIARES, o BHg R 83%. B4R, HHEia
AL, Hh— PG G A ARSI A AR R, ]
FHBEB p-MeOCH,CH,OH HEALF RS, 72/
W BB T AT EUR R, I8 S — 0 RS ] = ) e Ak
FE, OBAE a2 PN LR A E AT A E.

TR BESE M 5 ISP 2 b ()i v e, 5
AL 2 S S ) S B0 R, TR Ik EL o S I PR e R 1 A2 3
IR E R, R p-MeOCgH,CH,OH 7EAS [A] ¥4 7]
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{H p-MeOBN [PJUSt 5 Z2 I 50K, 7 Y 3 7] v i) e 1 B
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Table 1 Optimization of the electro-synthesis of p-MeOBN from p-MeOC¢H,CH,OH
/©/CH20H NH,0H-H,S0, (3.0 equiv.) /©/CN
weo™ 2 T W0
Entry Bu,NCIO, equiv.  Anode/Cathode j/(mAscm ?) Solvent 7/°C Conv.?/% Yield/%
1 0.3 Pt/Pb 10.0 DMF/H,0 60 85 40
2 0.6 Pt/Pb 10.0 DMF/H,0 60 98 72
3 1.0 Pt/Pb 10.0 DMF/H,0 60 97 83
4 1.2 Pt/Pb 10.0 DMF/H,0 60 99 81
5 1.0 Pt/Pb 12.5 DMF/H,0 60 97 78
6 1.0 Pt/Pb 15.0 DMF/H,0 60 96 70
7 1.0 Pt/Pb 10.0 DMF/H,0 30 33 16
8 1.0 Pt/Pb 10.0 DMF/H,0 40 96 55
9 1.0 Pt/Pb 10.0 DMF/H,0 50 98 74
10 1.0 Pt/C 10.0 DMF/H,0 60 99 42
11 1.0 Pt/Pt 10.0 DMF/H,0 60 99 78
12 1.0 Pt/Pb 10.0 CH;0H/H,O 60 90 13
13 1.0 Pt/Pb 10.0 C,HsOH/H,0 60 95 48
14 1.0 Pt/Pb 10.0 CH;CN/H,O 60 99 60
15 1.0 Pt/Pb 10.0 DMSO/H,0 60 98 90
16¢ 1.0 Pt/Pb 10.0 DMSO/H,0 60 99 36
17 1.0 Pt/Pb 10.0 DMSO/H,0 60 99 22

“ p-MeOCsH,CH,0H (1.5 mmol), NH,OH (3.0 equiv), H,SO, (0.15 molsL "), solvent/H,0 (30%, 30 mL) was electrolyzed at a constant current in an undivided cell,
t=8h, Pt/Pb (2 cm X 2 cm); * Conversions were determined by GC; ¢ GC yields of nitriles; “ H,SO4 (0.25, 0.35 molsL ).
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HI(F, Cl, Br), BURALE AL XL, 75 B (A IELE A
A S B 35 B R U B 3 A 2 (= 96%), HAHRLH
BRI ISR AE 79%~92%. 4 EUAIE Jy oI F 13
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(1) 05 B BEAE AL 2R RN P2 e B B AR A AR R 8 R
7£(3 2, Entries 3, 9), XA HER&H T p-TT HLHER N )52
Ma, AASA0 WP B ) 5 A B e 1 2 L SR R v A

2502

http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

R IS5 BH IE B 7 AR, A AT s SRR g 4T

L2 AAS [E) 65 A7 AR 1) 95 5 1 R I N2 IS A b A7 FR
FALEL RN, GERE|TER 3 . L FIE(OMe, Me)
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Table 2  Electro-oxidation cyanation of aromatic primary alcohols to corresponding nitriles

NH,OH-H,S0, (3.0 equiv.)
. ©/CH2°H BuNCIO (10 equiv), PUPb_ ™\ CN
v 1

=

solvent/H,O (30%), 60 °C =
1a~1l1 10 ~ 20 mA/cm?, undivided cell 2a~2l
Entry Product J/(mAscm™?) Time/h Conv.?/% Yield/%
o
1 MeO 10.0 10 99 90
2a
o
2 Me 17.5 9 99 85
2b
Me\©/\CN
3 17.5 13 59 15
2c
Me
4 ©/\CN 17.5 13 99 92
2d
o
5 12.5 9 99 89
2e
o
6 t-Bu 12.5 11 96 85
2f
o
7 F 17.5 10 97 89
2
o
8 cl 20.0 11 98 90
2h
Cl CN
9 20.0 11 89 59
2i
Cl
10 ©/\ CN 200 11 99 86
2j
Oy
11 CN 20.0 10 99 79
2k
o
12 FaC 17.5 13 93 61

D
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Table 3 Electro-oxidation cyanation of aromatic aldehydes to
corresponding nitriles

NH,OH-H,S0O4 (3.0 equiv.)
Bu,ClO4 (1.0 equiv.), Pt/Pb

CH3CN/H,0 (30%), 60 °C
10 mA/cm,, undivided cell

COOH
/©/ + other
R

b [+

+

or
OHC
o
R
a

Yield/%

Time/h  Conv.”/%
b [

Entry Substrte

CHO
1 /©/ 8 98 85 9 nd
MeO
CHO
2 /©/ 9 95 718 6 11
MeO
CHO
T
F

9 98 75 nd. 23

¢ Aromatic aldehydes (1.5 mmol), NH,OH-H,SO; (3.0 equiv.), BusNCIO4 (1.0
equiv.), Pt (2 emX 2 ¢m), Pb (2 cm X 2 cm), j (10 mA/em?), solvent/H,0 (30%,
30 mL), 60 °C, Undivided cell; ® Conversions were determined by GC; ¢ GC
yields of nitriles; n.d.=no detection.
F| 86% 0t H AL R I, XU p-MeOCH,CH,OH
TEFRIAR A A S A N A L p-MeOBA. 4 EL#: LA
p-MeOBA N SJEA), KH H YRI5 i il 42 91 A %
BEATHE PR LIS, S A5 B A AR ok R AR O R M
(p-MeOBAO, N 88%)iX—, MkAHME—LH1L
AR RLI i .

A DL Esegegs R, AN p-MeOCH,CH,OH
FE BH A% R AR A S A RAH B S, SR I AR
p-MeOBAO, B2 75 BHAR AN YIA% 1) 3 [ F T it i 4% 4k
N p-MeOBN, # f¢ 1 ) B #l #E W Scheme 2.
p-MeOCgH,CH,OH 7 [H % 56 2 2 AN FiL 115 21 855 FH =9
T 2, TEKIEMH A SR B T 3, dkimifiids H AR i
B 4. BT HRERATEE, R T EH S —
FIRAE RS M T Al 514 i b e R R
FAZIMB S A G 6. SR 5, BERGLERHRAE F Tk
— B R A HL TR AN A R R A A T
7 2 g [ AR A4S AN H T JE A R B B A

8[46N48]'
2 ZEig

SR T — e G T 5 P A R R LUER i (HAM) O
RSGIR, 55 A B0 SOSLIR, i R A A R, ki AR
B BH PR AR 3t — 2 S e A 8 OonS Fi A 2 45 BT AL
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Scheme 2 Plausible reaction mechanism of the electro-oxida-
tion cyanidation
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MHz BUAZREFEARACN 2, CDCLy AR, 48 BITE 5004125
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BIONEA R M2 ecm X2 ecm), #YFAHEHR(Q2 cm X2 cm), £
B (p=3 mm). BB E AR ECN 30%0H
JKF10.15 molsL ™" H,SO, ] DMF ¢ DMSO ¥ ¥ (30 mL),
SEJEE ) el AR 3 25 HR(0.05 moleL ™), OB AN
F2(0.15 moleL ™ "), 3¢ AR A I T 3 vy SRR Bt
(0.05 molsL "), MR JE N 60°C, {HHLFEM S h. HifF
PRI ToK ZBEREEL(20 mL X 3), AHG I KBk
(20 mL X 3), i /KRB T4 P e e i
KHATBHA GC-MS #H7, & &8 RS A
ST GC HHAT, AW ARIE— k. BARr=Y)
SAENIRARITR: VR @ (LR B8 =15 .

1].

3.3 WEMEHEE

P B RAE Bl 35 5 226 SCik— 512019

4-FE S REa) ) [k, mp. 58~59 C; 'H
NMR (500 MHz, CDCL3) d: 3.86 (s, 3 H), 6.96 (d, J=8.5
Hz, 2H), 7.59 (d, J=8.0 Hz, 2H); “C NMR (125 MHz,
CDCl3) 6: 55.52, 104.00, 114.76, 119.17, 133.95, 162.86;
GC-MS (EI, 70 eV) m/z: 133.05 [M]".

4-FABEZESE2D) " (A, mp. 34~35 C; 'H
NMR (500 MHz, CDCLy) §: 2.42 (s, 3H), 7.27 (d, J=8.0
Hz, 2H), 7.53 (d, J=8.5 Hz, 2H); *C NMR (125 MHz,
CDCly) d: 21.79, 109.37, 119.10, 129.02 132.03, 143.66;
GC-MS (EI 70 eV) m/z: 117.16 [M]".

3-FFEIERE (20)"): EEBA. "H NMR (500 MHz,
CDCl3) 6: 2.39 (s, 3H), 7.35 (t, J=8.0 Hz, 1H), 7.36 (d,
J=8.0 Hz, 1H), 7.41 (d, J=8.0 Hz, 1H), 7.44(s, 1H); *C
NMR (125 MHz, CDCl;) d: 21.01, 112.16, 118.89, 128.90,
129.15, 132.35, 133.55, 139.14; GC-MS (EL 70 eV) m/z:
117.01 [M]".

2-FREEZEME )" ik, '"H NMR (500 MHz,
CDCly) 6: 2.54 (s, 3H), 7.27 (t, J=8.0 Hz, 1H), 7.32 (d,
J=8.0 Hz, 2H), 7.48 (t, J=7.5 Hz, 1H), 7.59 (d, J=7.5
Hz, 2H); *C NMR (125 MHz, CDCl;) J: 20.40, 112.76,
126.18, 130.20, 132.46, 132.59, 141.59; GC-MS (EL, 70
eV)m/z: 117.13 [M] .

FhEQe)": LK. '"H NMR (500 MHz, CDCls)
9: 7.46~7.49 (m, 2H), 7.59~7.63 (m, 1H), 7.64~7.66
(m, 2H); °C NMR (125 MHz, CDCl;) 6: 112.39, 118.76,
129.06, 132.07, 132.71; GC-MS (EI, 70 eV) m/z: 103.11
M]".

4- T HEREEOM: HI AWk, 'TH NMR (500
MHz, CDCl;) d: 1.33 (s, 9H), 7.47~7.50 (m, 2H), 7.57~
7.59 (m, 2H); *C NMR (125 MHz, CDCl;) d: 30.86,
35.18, 109.27, 119.04, 126.10, 131.88, 156.58; GC-MS
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(EL, 70 eV) m/z: 159.18 [M]".

4-FENE Qe i @ FE A, mp. 29~30 C; 'H
NMR (500 MHz, CDCly) d: 7.16~7.21(m, 2H), 7.67~
7.71 (m, 2H); *C NMR (125 MHz, CDCly) §: 108.57,
116.72, 117.96, 134.61, 163.89; GC-MS (EI, 70 eV) m/z:
121.02 [M]".

4B AEFE A, mp. 90~91 C; 'H
NMR (500 MHz, CDCl;) d: 7.47 (m, 2H), 7.60 (m, 2H);
C NMR (125 MHz, CDCl;) 6: 110.80, 117.92, 129.68,
133.36, 139.54; GC-MS (EI, 70 eV) m/z: 137.01 [M]".

3-FURNE )P A4k, mp. 38~42 C; 'H
NMR (500 MHz, CDCl) d: 7.44 (t, J=8.0 Hz, 1H),
7.55~7.57 (m, 1H), 7.58~7.61 (m, 1H), 7.64 (s, 1H); °C
NMR (125 MHz, CDCl;) o: 114.00, 117.38, 130.27,
130.47, 131.91, 133.20, 135.25; GC-MS (EI, 70 eV) m/z:
136.96 [M]".

2-ERMEQHIP: AR, mp. 43~44 C; 'H
NMR (500 MHz, CDCLy) o: 7.38 (ddd, J=8.25, 7.25, 1.5
Hz, 1H), 7.51~7.57 (m, 2H), 7.68 (dd, J=7.5, 1.5 Hz,
1H); “C NMR (125 MHz, CDCly) 6: 113.52, 115.93,
127.14, 130.08, 133.83, 134.04, 136.95; GC-MS (EI, 70
eV) m/z: 136.93 [M]".

4-RIERE: AEEA, mp. 111~112 C; 'H
NMR (500 MHz, CDCLy) 6: 7.53 (d, J=8.5 Hz, 2H), 7.64
(d, J=8.5 Hz, 2H); “"C NMR (125 MHz, CDCl;) ¢:
111.26, 118.03, 128.01, 132.64, 133.40; GC-MS (EI, 70
eV) m/z: 181.03 [M]".

4-=H RN AEaE A, mp. 41~42 C;
'H NMR (500 MHz, CDCls) §: 7.76 (d, J=8.5 Hz, 2H),
7.81 (d, J=8.5 Hz, 2H); *C NMR (125 MHz, CDCl;) ¢:
116.14, 117.42, 121.99, 124.16, 126.22, 132.70, 134.49,
134.75; GC-MS (EI, 70 eV) m/z: 171.17 [M]".

BBl (Supporting Information) H s =fiE 2a~
20 AT L e, S, AR, X LSRR AT DL
i WAFI 35 (http://sioc-journal.cn/) | N %K.

References

[1] Tsuchiya, D.; Kawagoe, Y.; Moriyama, K.; Togo, H. Org. Lett.
2013, 15,4194,

[2] Yadav, D. K. T..; Bhanage, B. M. Eur. J. Org. Chem. 2013, 23,
5106.

[3] Kawagoe Y.; Moriyama, K.; Togo, H. Eur. J. Org. Chem. 2014, 19,
4115.

[4] Wang, M.-X. Acc. Chem. Res. 2015, 48, 602.

[5] Nobuhito, K.; Takeshi, O. ACS Catal. 2016, 6, 989.

[6] Hodgson, H. H. Chem. Rev. 1947, 40, 251.

[7]1 Koelsch, C. F.; Whitney, A. G. J. Org. Chem. 1941, 06, 795.

[8] Takagi, K.; Okamoto, T.; Sakakibara, Y. Chem. Lett. 1973, 2, 471.

http://sioc-journal.cn/ 2505



BIKE

]
[10]

[11]
[12]

2506

Ellis, G. P.; Romney-Alexander, T. M. Chem. Rev. 1987, 87, 779.
Zanon, J.; Klapars, A.; Buchwald, S. L. J. Am. Chem. Soc. 2003,
125, 2890.

Arvela, R. K.; Leadbeater, N. E. J. Org. Chem. 2003, 68, 9122.

(a) Zhou, W.; Xu, J.-J.; Zhang, L.-R.; Jiao, N. Org. Lett. 2010, 12,
2888.

(b) Yu, Z.-W.; Li, L.-Y.; Shen, Z.-M. Chin. J. Org. Chem. 2017, 37,
1273.

Rogic, M. M.; Van Peppen, J. F.; Klein, K. P.; Demmin, T. R. J.
Org. Chem. 1974, 39, 3425.

Yamaguchi, K.; Fujiwara, H.; Ogasawara, Y.; Kotani, M.; Mizuno,
N. Angew. Chem. Int. Ed. 2007, 46, 3922.

Rokade, B. V.; Prabhu, K. R. J. Org. Chem. 2012, 77, 5364.
Denton, W. L; Bishop, R. B.; Caldwell, H. P.; Chapman, H. D. Ind.
Eng. Chem. 1950, 42, 796.

Cavani, F.; Parrinello, F.; Trifiro, F. J. Molecuhr. Catal. 1987, 43,
117.

Kumar, C. P; Reddy, K. R.; Rao, V. V;; Chary, K. V. R. Green
Chem. 2002, 4, 513.

Zhang, Y.; Wang, J.-B. Angew. Chem. Int. Ed. 2013, 52, 10573.
Murahashi, S.; Komiya, N.; Terai, H. J. Am. Chem. Soc. 2003, 125,
15312.

Murahashi, S. I.; Nakae, T.; Terai, H.; Komiya, N. J. Am. Chem.
Soc. 2008, 130, 11005.

Liu, W-P.; Ackermann, L. Chem. Commun. 2014, 50, 1878.

Do, H. Q.; Daugulis, O. Org. Lett. 2010, 12, 2517.

Shu, Z.; Ji, W.; Wang, J. Angew. Chem. Int. Ed. 2014, 53,2186.

Li, J.; Ackermann, L. Angew. Chem. Int. Ed. 2015, 54, 3635.

Gong, T.-J.; Xiao, B.; Fu, Y. J. Am. Chem. Soc. 2013, 135, 10630.
Jiao, N. Nitrogenation Strategy for the Synthesis of N-containing
Compounds, Springer, Singapore, 2017, p. 70.

Chaitanya, M.; Yadagiri, D.; Anbarasan, P. Org. Lett. 2013, 15,
4960.

lida, S.; Togo, H. Tetrahedron 2007, 63, 8274.

Rokade, B. V.; Malekar, S. K.; Prabhu, K. R. Chem. Commun.

http://sioc-journal.cn/

(31]
[32]
[33]
[34]

[35]
[36]

[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]

© 2019 Chinese Chemical Society & SIOC, CAS

2012, 48, 5506.

Zhu, C.; Sun, C.; Wei, Y. Synthesis 2010, 4235.

Vatéle J. M. Synlett 2014, 25, 1275.

Ishida, T.; Watanabe, H.; Takei, T.; Hamasaki, A.; Tokunaga, M.;
Harut, M. 4ppl. Catal. A. 2012, 425, 85.

Oishi, T.; Yamaguchi, K.; Mizuno, N. Angew. Chem. Int. Ed. 2009,
48, 6286.

Preger, Y.; Root, T. W,; Stahl, S. S. ACS Omega 2018, 3, 6091.
Yadav, D. K. T.; Bhanage, B. M. Eur. J. Org. Chem. 2013, 23,
5106.

Wu, Y.-X.; Xi, Y.-C.; Zhao, M.; Wang, S.-Y. Chin. J. Org. Chem.
2018, 38, 2590.

Qu, Q.-H.; Gao, X.-F.; Gao, J.; Yuan, G.-Q. Sci. Chin. Chem. 2015,
58, 747.

Fan, Z.-Q.; Yang, X.-J.; Shen, Z.-L.; Li, M.-C. J. Electrochem. Soc.
2017, 164, 54.

Zhu, Y.-H.; Zhu, Y.; Zeng, H.-Y.; Chen, Z.-Y.; R. D. Little.; Ma,
C.-A. J. Electroanal. Chem. 2015, 751, 105.

Zhu, Y.-H.; Chen, Z.-Y.; Zhang, J.-Q.; Wu, Q.-Q.; Ma, C.-A_; Little,
R. D. Electrochim. Acta 2016, 207, 308.

Chiou, S.; Hoque, A. K. M. M.; Shine H. J. J. Org. Chem. 1990, 55,
3227.

Zhang, L.; Chen, H.; Zha, Z.-G.; Wang, Z.-Y. Chem. Commun.
2012, 48, 6574.

Meng, L.; Su, J.-H.; Zha, Z.-G.; Zhang, L.; Zhang, Z.-L.; Wang,
Z.-Y. Chem. Eur. J. 2013, 19, 5542.

Zhao, H.-Bo.; Xu, P.; Song, J.-S.; Xu, H.-C. Angew. Chem. Int. Ed.
2018, 57, 15153.

Petrosyan, V. A.; Niyazymbetov, M. E.; Ul'yanova, E. V. Russ.
Chem. Bull. 1989, 38, 1548.

Petrosyan, V. A.; Niyazymbetov, M. E.; Ul'yanova, E. V. Russ.
Chem. Bull. 1990, 39, 546.

Hartmera, M. F.; Waldvogel, S. R. Chem. Commun. 2015, 51,
16346.

(Li, L.; Fan, Y.)

Chin. J. Org. Chem. 2019, 39, 2499~2506



