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Selective Reduction of Nitrobenzene by Sodium
Borohydride in the presence of several
Transition Metal Complexes

by Yoshio Arar and Akihiko Mijn

The selective reduction of nitrobenzene to azoxybenzene by NaBH, in the presence
of several transition metal complexes was investigated at 25°C in an aqueous solution
in a nitrogen atmosphere. The transition metals used were Ni, Cu, Fe (II), Fe (III), Mn,
Cr and Zn. The ligands used were pyridine, CN~, acethylacetone, dimethylglyoxime,
EDTA and polyamine, which were En, Dien, Trien and Tetren. Ni and Cu were
excellent in conversion but inferior to Co, the result of which was reported previously.
The reactivity increased in the following order: Co>Ni>Cu>Fe(Il). No reaction
occured in the other metals. Polyamine was superior to other ligands in selectivity.
In the case of CN , azoxybenzene was obtained at 60~70°C. Phenylhydroxylamine was
produced in the case of the Cu complex of pyridine or Trien.
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Xy =FLY YT Iy, Pl=FLyTF T iy, Th5xFLvXvaivED
BeRhfE Y 7 s valasa bicEMEhB L, BEFOERFFOMMCH>TT /¥~y
EVERDBIREAAL, 7=V vVERRBEAEAH SRS Z LR RWELEY,
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REWHCERFEIRDO LB D TH D, 500ml [IEEBHCH B L HKHE LAY TS
FYwa5mmol &= hrxvEy05mmol ¥\ vh Tk, KIBANEEHREBHRL 2OHIC
BREHEL L BBARE A KB S0ml ¥ Fe — b X 0z t, RIS E25°C, KIG
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Table 1. Polyamine-Ni Series

Ligand Ligand/Ni NaBHy/Ni  Temp. Time Aniline  Azoxybenzene

(mol ratio) (mol ratio) (°C) (hr) (Wt%) (Wt%)

1 3 25 1 19.2 14.7

En 2 3 25 1 29 114

3 3 25 1 g trace

3 3 70 3 5.8 51.0

1 3 25 1 5.3 24.6

2 3 25 1 — trace

Dien 2 3 70 3 28.9 44.1
)} 4 25 1 7.6 37T

1 8 25 1 54.1 T

1 4 25 5 15.0 60.0

3 3 25 1 28.5 20.2

Trien 2 25 1 trace —
2 3 70 3 = 2113

1 3 25 1 T2 224

Tetren 2 3 25 1 — ==k
70 3 ~ 31.7

Table 2. CN -Ni Series.
NaBH,/Ni ratio. 3.

CN " /Ni Temp. Time Aniline  Azoxybenzene
(mol ratio) °C) (hr) (Wt%) (Wt %)
1 25 1 24.9 5.0
2 25 1 16.6 5.8
3 25 1 15 9.6
4 25 1 trace 14.7
5 25 1 trace 5.0
1 70 5 20.5 44.0
2 70 5 124 61.4
3 70 5 13.8 63.4
4 70 ) 13.0 65.0
5 70 5 13.0 64.0
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Table 3. Acetylacetone-Ni Series. Table 4. Dimethylglyoxime-Ni Series.
NaBHy/Ni ratio 3, Temp. 25°C, Time 1 hr. NaBHy/Ni ratio 3, Temp. 25°C, Time 1 hr.
AcAc/Ni Aniline  Azoxybenzene DG/Ni Aniline  Azoxybenzene
(mol ratio) (Wt %) (wt%) (mol ratio) (Wt %) (wy%)
0 154 4.7 0 154 4.7
1 137 22 1 16.9 18.3
2 11.2 3.5 2 3122 12.9
3 11.5 3.6 3 9.3 17.5
S AFALY FEw MK B YR Table 5. EDTA-Ni Series.
PNE N DI F O NED = » 5 A1 + NaBHy/Ni ratio 3, Temp. 25°C, Time 1 hr.
UAHEIEL, CO1e®T =) vAEICAERL T EDTA/Ni Aniline  Azoxybenzene
(mol ratio) (Wt %) (Wt%)
TV ER RV EVERBI RN EXTREL
0 154 4.7
2o L L Table 4 iL/R3 X 51 Z DFHCK 0.25 21.2 3.4
LT DG/Ni D OB IMC - T7 V' F oy 0.5 141 trace
< o 0.75 10.0 trace
€ v AR O EIRER 2 GZD 5 hoie, " 5

zFVvo7 IVUEER_F Y v AET
12, EDTA/Ni D=Lt 1 TERRIED = b r Ry Ly BN L DR TH - o, EAEMNL
/&b L Table 5ITRFT L OCFELLTT =Y vaiEbhi,
2-3 &
7FLT7x by, EDTA,  CN, VSV EIOCEY 7 I vEOWTEREY TS T,
74F L7+t by, EDTA Tk Table 6, 72" T L5507 =) vORNEBLAT, Kt
FEER DRI T 2RI BD b e h - 1o,
CN™ ClRRIGEESBD TS LA, 70°C Tk Table 8 /RT XL T VF v _vLy
BRI AER L 72,
v ) 2 v Tk Py/Cu OB KICHt > T Table 9 IRT X 5127 = V) v A KA M #Hl & h,
Zxz=re FrFoA7 i vOERBRBDLRI, Py/Cu=4 TIIREHELZ RS0 57,
EHICCOWEHT L BORGHAR bR Z L 3BKOSH 5 L TH B,

Table 6. Acetylacetone-Cu Series. Table 7. EDTA-Cu Series.
NaBH,/Cu ratio 3, Temp. 25°C, Time 1 hr. NaBHy/Cu ratio 3, Temp. 25°C, Time 1 hr.

AcAc/Cu Aniline  Azoxybenzene DETA/Cu Aniline  Azoxybenzene
(mol ratio) (wt%) (Wt%) (mol ratio) (wt%) (Wt %)

0 14.9 e 0 14.9 —

1 12.6 < ] 8.6 ==

2 9.6 — 2 8.4 —

3 7.6 —
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Table 8.

CN -Cu _ Series.,
NaBH/4Cu ratio 3.

. CN 7 /Cu Temp. Time Aniline  Azoxybenzene
(mol ratio) (°C) (hr) (wt%) (wt%)

1 25 1 - o

2 25 1 trace trace

3 25 1 trace trace

4 25 1 trace trace

5 25 1 trace trace

4 70 1 8.9 50.5

Table 9. Pyridine-Cu Series.

NaBH,/Cu ratio 3, Temp. 25°C, Time 1 hr.

73

Py/Cu Aniline  Azoxybenzene Phenylhydroxylamine
(mol ratio) (wt%) (wt%) (Wt%)
i 8.6 == L8
2 7.6 - 17.6
3 5.0 = 2.6
4 — — —
5 1.0 125 149
6 3.0 — 10.0
T — — 3.0
Table 10. Polyamine-Cu Series.
NaBH,/Cu ratio 3
Tighnil Ligand/Cu Temp. Time Aniline  Azoxybenzene Phengrlrflxi)rlgroxyl
(mol ratio) (°C) (hr) (Wt%) (wt%) (wt%)
1 25 1 13.0 s —
2 26 ¥ 13.0 —_ =
En 3 25 1 10.0 —_ —
4 25 1 4.3 = —_
5 70 3 68.7 — —
1 25 1 11.0 — =
an 2 25 1 = 1.5 =
3 25 1 trace trace —
2 70 3 5.5 — —
it 25 1 — 6.6 254
2 25 1 0.6 21.0 24
it 3 25 ¥ 4.2 24.0 21.5
4 25 1 9.3 39.0 11.0
5 25 1 6.7 874 19.7
6 25 1 4.9 31.2 334
1 25 1 — trace fe—
Tetren 2 25 1 trace trace trace
1 70 11.7 == s
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£V 7 I vRENLF Tk En, Dien, Tetren (XZERMAZ L < RIGHEE % 70°C I2®H T
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7= ) VAERNIHIRT VR Ry eV ERERT A, ARC7 = FrFr L7 Iy
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Table 11. Polyamine-Fe (II) Series.

Ligand/Fe (II) NaBHy/Fe (II) Temp. Time Aniline  Azoxybenzene

Ligand
(mol ratio) (mol ratio) (°C) (hr) (Wt %) (wWt%)
i 3 25 1 6.0 1.3
2 3 25 i 5.3 17
3 3 25 i 43 34
4 3 25 1 4.0 2.5
En 1 6 25 1 125 3.5
2 6 25 1 28.6 B2
3 6 25 1 54 e
1 3 60 3 23.0 10.8
3 3 60 3 30.0 1.8
1 3 25 1 5.5 _
2 3 25 ds 4.8 trace
3 3 25 1 3.3 2.6
Dien 4 3 25 1 3.8 24
1 6 25 1 8.1 =
2 6 25 1 6.3 —
3 3 60 3 4.2 —
1 3 25 1 5.9 —
2 3 25 1 6.2 —
Trien 3 3 25 1 4.6 S=
2 | 6 25 1 254 —
2 6 25 1 14.6 —
Tetren 1 3 25 1 trace —

2 3 25 b} trace —
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Co >Ni> Cu > Fe(Il)

BALFIZoWTEARY 7 3 v RA— B RIFCERERRL 7, CN 1% 60~70°C D& ic7s
5 EBIRMERH b LI, 7, -V v ERiE-Trien R TE 7 =1 FrF L7 IVD
EERRD BRI,

HETO NaBH, It X 2= b r RV EVETLICOWTOXIMEI2ED X 5 TH 5,

NaBH, iz 8 lom hicig THITH % LiAlH, L HART, K, A%/ —1FDe FrFw
LB CRIERA T2 2 Lk, BIENNFECIDICHBHIIRS 850, LD,z -
TRIEOFIRECT SR TV B Z ENFlE LT 5 T 5,

=} e —f%C NaBH, it X O BE S, #oT=rrexvEv 3562505 KT
ix NaBH, i X b & S his\n®, LaL o2V A, 90~100°C T 6 K[l & L% LI K
66% T7 /¥ _RvEVvEEBLLEOBRE RN D,

i 2 T 5 & BHCRITRIG Tlebh b, & Fed Y LBHPTAT oy AR, 1§
k5w sl EREMLT NaBH, TEILXT 5 &, FHElE=1tefbtAPWE7 s vET—EI
BILIRDLROO 7oA, e FIVEAPHIRBRTELr - EBEIR TN 2Y,
NaBH, i3 K P CIREETH 52, HRTIME BBLREA 4+ v OFEEC X K7 @r gt
XhT4mol DKFKEXRATZY,

NaBH,+2H,0 — Na* +BO, +4H,0

CORAEBOKECI D= trvEYRT =Y VICELINS, OB, EB¥SRER
i NaBH, X Y BTLIhTars FRROKEBE 2L D, i NaBH, Dhnk 75 i e
LY, X5 hb DB AFCMEFERALELSY, Fic=y rA0bIEbhb A Vb= >
AR T — = v 7 AR E T A KFELEE R R T S LMD R T BT,

Lo b r b5 &7 VILEWnERT 5 L 0WENRH D, PEDI AL POEY Y
L SEE DIFIET HKBR R T= e LB T V¥ bR ERL, SHhike FrFo AT
IVERET IVETRIEIN L OBEND B®, —F, 50% = % 7 — L KERH THERR =
AAh () Ly AFAtFEy ARRBAEL, EbiC NaBH, TAET % & 250 M LR
XNTEAR (PAFAZVFF=) a0 D) 3BBR, ALISCEFYA (ZEY DA
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DKL E R L2 PO KBRS T BH, X WV BEHCERCELTHLMES AT
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WA, 2Y-FbF 722 BLTZA YV vea b (IDix=r/) A, TEb=FYAFL
e Vvt NaBH, itk W @I h T2 n b3 Lfik7e b, & OEFEFHRED 2L
() $fhiz=trxvEvE NaBH, ICL VBELC7 VF v v €y ®34%, ZarbF
v LT IV 34% DILEKTEI L OHENH HY,
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Y VILEILT %,

@) &BA A vARMTELIEAL THikE o< 5 & NaBH, 3hLE&BERTT 5,

4) BErxShichOoeBROERTMREBXAEMFICE > TRES R D,

(B) ZOBRTREORBEBEAN = exvEVv»BIRRICT VFr v EviiRETT
LHENEET 5,

Chb R AREBRMER LB T 2L, @BOEHEIAF Co>Ni>Cu>Fe (II) 1% 3) HO &
14 VvDORILINPLTIRRL, BMTFHRTEY 7 3 vRARBF/OERELRT O (4) HD
BHEL->LDEEL D, EREX TR TRAETIEZRREFE2ELAE2FV ~ MREDL D, &
FRT L G RBOBICIZMEAL (back donation) { fFTET % fe DI KR Tl REN K ET %' &
WbhbhTw50 LBGRRH % & BTN b,

ek, RERCEWCTUIEFEAREY T X TEKP T -7eDT, SEM AV LRMTFE
BATBRCERPoMFELY RN L TRERMILHE AL > D, Zokdic NaBH, ic X hi&E
TLEINBERE®REEL D L3 ELBRD,

AEBRIIWL OrOBBERE L RMTOMERCOWTHTTEEMNE L Tl D
THH, RIGERKL EOFMc O WTRREBILKRHPTH 5,

RO ICAREBC BN & I NFR Y, AGEEIR, R MK, K BERIOEEHE=ZO
HRICHEERT D,
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