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S OF: neode) nEAws mt o ¥ R A olgstse] AN 4w INFZIA(VCH)E 0183
o g HERSYRE PYC FobtolA Sob AT F2IE3AA £& $39 PIRFRAL PAshsich. HE2A
Anglel ARVE ARE LEEEREFA, e2EUEDAE, 2R E2ohIES A A4 ERER
shebUE2d¥, sl UEZohlE Beue HE 28
ok, she}-222U=RAA, st wEingﬂ%z -’Jr"']' qEzMe—ha, o= 2aa SAHelE 52 3
Zol e BYGLER ohfet s FAESE

Abstract: Most of the aromatic nitro compounds were reduced to amines in high yield by transfer of hydrogen from 4
—vinyl cyclohexene to the substrate via palladium catalyst. The usefulness of the method is not affected by the presence
of a variety of other functional groups such as -OH, “OCH;, ~CHs, ~CO,H, and -Cl, except for halogen which is removed
during hydrogenation. The reduction of ortho—substituted nitrobenzene such as o-nitrotoluene, o-nitrophenol, o-
nitroanisole was slower than the para isomer. Typically, the nitro compound is refluxed in ethanol with a large exess of
4-vinylcyclohexene in the presence of Pd-C catalyst. Under the above conditions, p-nitrobenzaldehyde, p—nitrobenzyl al-

cohol, and p-nitrobenzyl acetate were reduced to p-toluidine.

1M = (catalytic hydrogenation)®} 7] % F71&A& o]
3l Zu)Ad $43hHS-(catalytic transfer hdroge-
ke FollA Fad) AN THHLE T nation, CTH) #hg-o 2 FA F5& 4 Sich.
28 ¥ ol '|T7]§J’“§PEMW AZAAHE Fo] Zu| ZA8) A FAF33) (hydrogen donor)E
ol4¥x k1, 2] F43 FEE
o2 Fa7|AE 01%6& el S 5
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g LA 28] AeFe] dduEs 4 o
1S (hydrogen migration), 43t 227} 42
oA 9} £448A (hydrogen acceptor) &g sl=
T4 B #53hH-$ (hydrogen disproportionation), 4]

2 o8 FARzbe] 49 olfo] o] FoiAE A4
44 31k-¢-(hydrogenation—dehydrogenation) &
o A FHRAE BFE3, 4]

oVge) 2 HeES o, FU5

o] °l%5]—1— AcH 4, 5].

19524 Bradude$} Linstead $& g g3t&
o] %3}% Zul, 65CeA A F284e] 57 &
g3 & T&3 FEE o] He AL Wy
‘:}[61 a% ofg] AFAE s fI1EAE Fol
A A 9& ¢ 9 cyclohexene[6, 7, 8], limo-
nene[9], tetralin[10], 1,3—cyclohexadiene[8], pi-
nene[11] o] FAaTAAZ o]48 F 9l&o] ot
Fom, opgel Pd[12], Raney Ni[13], Ru[14], Ir
[15] 5ol ¥7d &7 =& 7o Zoj2 A4 o
Eo] RaE o}

=g AZF2ANE FATHAR AHgste YER
WS obd e g FYA7)E uhgo] o 7pA &
I, &ol, wheemox AF=don, Pd ZujE A}
45 wjo] wo] akeix i, 7, 8].

2] At AHSEE Relele nE A} u
&, Tt g B3 A4 olgstE o] 4] dAFR
FA(VCH) & g 84 CollA Helrjae =

Fohe FAAeA FAER A4HEE VCHE o 1%
ZVEY A B A glen} Helrjale 49}
7ol wte} wid 2 Aakeko] F7bET 9le] o2
THHE o] 83t Wo] AR dF9 g Ko}
2 QT gl

£ A7 = PdEejslels VCHE $4303)
2 ARt WS e E 33 Jusagqe
YEEAR AHEHT Yt oldUGEAE 3HU4)7)
ghgoll dsf A st
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2.1 A2 Y 7|7 .

'H-NMRAHEHE TMS.E 7|30 6] 53
A o5& 02 vhehiglom, Varian EM-360(60MHz)

F43sh A5 A5 5, 1994

34 - S

%2 Bruker AM-300(300MHz) spectrometer® =2
stk [R~#E 22 Shimadzu [R-470 spectrome-
ter& AH4-3}o] KBr pellet == liquid filme =hso]
ZA38lgrt. GC-Mass ~#d =22 Shimadzu QP-
10004 AF&3te] El modeZ EA8trt. Gas chro-
matography+= OV-17(0.25mm X 25m)capillary col-
umne] WAH Shimadzu GC-14A & o]&3}¢c). &
A4 TLC plate= MerckA}¢] Kieselgel 60 Fp 2 A}
439t} Column chromatographyel] A}-8-8 Alg]7}
A MerckAle] Silicagel 60(70-230mesh)& A&
sk,

uh-3-of] A}-43} A]eF 2 p-nitrobenzyl alcohol&- Al-
drichA}¢] 4-nitrobenzaldehyde® NaBH,9} uh-g-1]
71 9¢lom, 4-nitrobenzyl acetate= KantoA}<]
acetic anhydride®} ¥H3-A1# A5 dw, 7|8 U=

2 3gE, 4-udAZ2 A, 5% palladium Zvje=
AldrichAbo|l A Folate] )2 Abg-3hodch, ubg-o
AHERE Sl dubdel AAWE o)gste] AHAdH

F AHgstgiTH 16].

2.2 EZ §i§IE9 sttts
4-Nitrophenol(0.14g, Immol), 5% Pd/C(200mg),
401422294 1.3ml(10mmol) 2 o&te 10ml
(99.9%)) £32# p-nitrophenole] 25 uk-oxl
77 BF IRk HhSERES Aheo R Y7}
AL, e ARl aEviEadeds E3A44
FoiE AR Jdg gigtele] SulE AAG
T2 S CHCLE A/l4w2 Ahegt Aels)a
243 AZvEags2  AHASle]  4-aminophenol
78mg(0.72mmol) & 2 (72%).

2. 3. 4-Nitrobenzy! Alcohol2] &M
4-Nitrobenzaldehyde(2g, 13.2mmol) & oj|ek& 30ml
(95.0%)°) 43821712 NaBH,(500mg, 13.2mmol)
& 9ol AL, AaslelA 1243 Fob wulsblc).
v|ekg NaBH.Z AAs7] $Jeke] ube&gh8o] o}
Ales 2% 718t 108 o gl 5 Fege) 28
£ 472 o "HolAlElo|ER &8t §7)
< 10% A48, 23} NaHCO, 89, 254
THE A HII T Na,S0,2 AzA7 & 7t
§t3tell 4] 8w & A7ste] 4-nitrobenzyl aleohol 1
9¢(93%)&  <datk. IR(KBr) 3495(0H), 1595,
1502, 1332, 1052, 735em~", 'H NMR(CDCl,) § 4.8

o o



4updA 224 E o] 5T

(s, 2H, CH,~OH), 7.7(d, J=THz, 2H, aromatic H),
8.4(d, J=7Hz, 2H, aromatic H).

2. 4. 4-Nitrobenzy! Acetate?| £

4-Nitrobenzyl alcohol(900mg, 5.9mmol)$¢ =d
10mle] &#|A]7]3 acetic anhydride(3m)E %o}
Ae Az 71Fe A 147 Feb aurekgle. vt
29| acetic anhydride® #78}7] $j3te] W& EF
Zof vighe g 2 slabe] 108 o wwkg § A
oMHle|ER F&dth 715 E 10% T8
o, 23} NaHCO; $4, F759 A2 At
24 NaSO2 AZA F 2skstel A 44 A7
3t} 4-nitrobenzyl acetate 1.05g(92%)< 4t}
IR(KBr)1728(C=0), 1594, 1507, 1439, 1369, 1250,
739em™", '"H NMR(CDCl,) & 2.24(s, 3H, COCHs), 3.
29(s, 2H, CH,-0), 6.60(d, J=6.3Hz, 2H, aromatic
H), 6.97(d, J=6.3Hz, 2H, aromatic H).

2.5. 4-Toluidinee| &M

4-nitrobenzyl acetate(195mg, 1mmol)S- <&k
10mle] £8)A]7]2 VCH(1.3ml, 10mmol)3} 5% Pd/
C(200mg)< ¥t 5212t Faob 35 aubA|Fch A
3 2-29 wyo g st 4-toluidine 92mg(86
%)& A%t mp42-44'C; IR(KBr) 3385(N-H),
1614, 1505, 1265, 811ecm™'; 'H NMR(CDCl;) & 2.24
(s, 3H, CH;), 3.39(bs, 2H, NH,), 6.60(d, J=8.4Hz, 2H,
aromatic H), 6.95(d, J=8.4Hz, 2H, aromatic H)

3. Znt & ug

B A7 & Bl mEauts, A, &t
HAA RAEZ A EE Helr]de oFAQ 4
—8)dAZ2 A (VCH)E catalytic transfer hydro-
genation(CTH)¥H3-9] 424393 4] (hydrogen donor)
2 AHEte 5% Pd/C FujstelA WS YER
33HE o] shdubgol st A¥agich

VCHe} YEZ¥IAL 5% Pd/C Znl EAfslelA
A2 = g5 HbAlA Bgkor) Hkg-e] A3 A3y
A ootk VCHe} o8] $579] 45 EFAIA wHs
AFE o oghe-g Soi2 AMgR 7ol ks obd
A o] YA AE FAF 4 o

uhgol HA 2A& 7] sjste] R F Fle]
Lol Ae-YERE IAPES o|43te 5% Pd/

£ JEZ T FALS 873

NO, NH,
VCH, Pd / C
Solvent (Ea. 1)
OH OH
Equation 1

C Zwjsboll A} VCHS} uhg-A17 .

Table 16} 4} 7+o] VCHe} ofjeb-e-2 772t 4
AL o whgo] As AAEHA dokoH, (A3
1, 2)VCHS} w34 gulql wiAle] el o4
A2 A48t W= ukeo] AF ARPEA okt
(A% 3). VCHe} o2} F579 438 4T &)
2 s AlA B A3} ojetes) vgke-g VCHeY £
soy AHgsts ASole 47 72%, 10%8 $€2
spe}-oju|edES £ 5 AAH(AEY 4, 5). 1
A} o]AZ ERLL AHgdte Agdle whol A
A A doprt, 1 olfEE 43L& Scheme 10|
A B nje} 7o hydrogen donorZ 2H4-3e] C-H
insertion(Path 1) =X O-H insertion(Path 1I)$
E5lo] BebE-g A dEF A3, 4
17]. 9% gdz&ql vEtgoh} ost&d O-H inser-
tionuto] &-aa}A doju} Pd-alkoxy hydride 2Hge]
A€ T o|F8o] VCHet Agste Behd n 42
o] HAF F4 Holuko] 2 dofud 5 Qle
v}, o)ATEHgl BEae)]  secondary
hydrogeno] &#}5}¢] O-H insertion(Path II) e =
C-H insertion(Path 1)¢] AAAc2 o} Pd-
alkyl hydride Z&& 7x T2 w@As F&
Q AE-ZRF FEo] YAHeEA $2 AHopbE
& A AT HoAi.

uhgo] HAZ2AE Z7) sk W& o VCHe

of o

Age

Table 1. Solvent Effect on Transfer Hydrogenation
of p-Nitrophenol with Pd/C?

Exp. # Solvent Time(h) Yield(%)"
1 VCH 24 0
2 EtOH 24 0
3 VCH : Benzene 24 0
4 VCH : EtOH 1 72
5 VCH : MeOH 1 70
6 VCH : i-PrOH 24 0

s Substrate/VCH/Solvent = 1mmol/10mmol/10ml
®Isolated yield
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OH
I » R—C=0wPdH,
R—C—Pd—-H |
R, Path | [ R,
| / R,
R1—?-—OH + Pd
| \ [»Izz R,
Path il R,—?—O—PQ-H ——® R,—C—O0—Pd—H —=
i -

H

R,

9

R2
| -Hz
R1—-<::—o——Pd —— R—C=0 + Pd —>» Pdun — H_Pd_<
i Y/ 4
y/ 7 (Al

Scheme 1

BIE 1i1e4 1:10 Abojoll4) upe] 7be) zARgF 2
3 Aoz EH]7} 1:4 o]Foje} whgo] 25 n]
uh-$-Z  VCH: ollek-2-2] ¥)7} Immol:10mmol;10mlel
oW JEZ sighEo] 4A3 U=}, 5% Pd/Cot
10% Pd/CE Zmi2 2143 AS$ Zb7 200mg,
100mg®] Pd/CE AH4-3l4e o £ 82 39
whgol Aol dgir). ojake] AYAR CTHuHS-
A4 VCHe} ofet& 9] Egodo] 427724 2
Ao 43¢ IS ¢ 5 A

YEZHA FEAox Xg7]2] de 48 uy)
st 2229 delo A7)} 2qF HES 9
284S ZAstglr). Table 20 A9} 7o) sfel-E
2Ag} e2E-ERZdE At sg-yez
HEL 1ARhbe] ukgo] BE A=, 2ehy
LEE-UYERHAES S ARS i whgo] 447t
Xl"} Follof kA= ¢i}. H]%f{} AFE geEeR
EFIS 22RE YEREZAY Ao g 4
Stk U EZEFo Aol whgo] 547
288" W 2EE-UEREZL 244)7}0] A
Hofopst whgo] RSt} o]9) 2o Ay o=
E3e] Ag7]ell 9ak qlA|A o (steric hindrance)
wEolet Az & gl

EF AFASL 22 e} gAe EAFAR)E 7}
2EAN, zdEr)el e Ax mE7)(electron
withdrawing group)7} %% Jezigse e
ZA02 WEARAS o) ubE22A7H12~1547})
o] AEEA mE dd)} e AR F1 7] (elec-

2 m

s A5 A5 5, 1994

tron donating group)7} X%¥" Je=Z i}?}%_‘i’_t}

ol 285e AH1I~5A17) 0] 7] g B

T AT ol AR n: Ay} "i“ﬂlilaM Az

=5 A2AA AAA R el N=0 Ads

#ehg 24¥ 23879 coordinationo] wEE o}
Hh3-A17ko] ZojAl Ao}

e2%, v, gele 2227 @ 222y

Table 2. Reduction of Nitro Compounds with VCH

Catalyzed by Pd in EtQH*

Entry Rea}c{tant Pro)c;uct %f;i:(tg; Yield(%)*
1 H H 1 66
2 oOH 0-0OH 4 82
3 p-OH p—OH 1 72
4 o—OCH;, 0-OCH;, 29 95
5 o—CH, o—CH; 24 97
6 pCH, p—CH, 5 88
7  pCOOH pCOOH 12 94
8 pCOOCH; p-COOCH, 15 87
9 ol H 29 72
10 m<Cl H 5 87
11  p<Cl H 5 90

12 p-CHO p-CH, 20 62
13 pCHOH pCH; 20 67
14  p<CH,0Ac p-CH, 2 86

* Reactions were carried out in ethanol under reflux.
Substrate/VH/EtOH = 1mmol/10mmol,/10ml
bIsolated yields
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E2WAg CTHZEANA weA2l A% 25 ofd
go] AAHE AL Fstgrh ol RN
YEZ7|7} ofmer|2 R glE Bk ozt 22
277} A Agelt[18] =g -2
2YE2AY] BeATte] L EE-FREYEZWA
el ge Ao ol iRl S AA Lokt &
s olh 2e Wz ANA FHepA o FHlE=
(CHO), 3|=2 A1 (CH,OH), s=SA|wE ofA
g0l (CH,0A) 717 Agd JezdAY] Aex
o)Zo] slFardsiel dHe-EFojde] HEHE
el &=t

sl e 2z 3l e g Aol YERT|S} o
g3zt A3 899 F =L =F
A7t AAeaidEdd F4% & ok

s EZHA opfHoES weAlA d& 3
g-EFo|de] HodrdEesde Ry 3385cm™'ol
A opgle] BEAA Fouazt vepde whgEdA
Uehd elijdlel] 7l2Hd F4-2]=<l 1725em™
7} 9elAl AL Fad 4 ek 'HNMR 2329
A= gtdxoe s 225ppmel A HE7|e =7}
3.39ppmel 4] o}Rle] FavA7} vhehtod, 6.60,
6.95ppmol| 4] o]F e sel Ao A WAL
glo] a9 ast by

G4 FTAE A48 VCHY ¥ e xAls
7] 9she] whe EFEL b AR AT WS F
GC-MassZ ZAH} A%g ofdf 27 wg F9
235 Z7e AgRA dolets Jehsid. ks
z7)9= VCHe| A=k(108)0] viel}A|ql, Hbg-
AZF 3 Aek 104, 110, 11290 Ao F<l=irt.
ol 44 FHsQ VCH7F 2etEs #HEL olF
& 189 427} 2443 dehydrogenation) 5o ]
AR tde s HEsT d&HeR a7}
g5aslEo] AE|A(EAsE 104) o2 wgkE A,
VCH7} 487453 Hk-$-(hydrogen disproportion-
ation) A AEjdlz} 4-oHAZ 2 (FAR=F 110),
4-oEAZR A (EAle 112) 02 HEAFHE o2
Z A =t} (Scheme 2).

YeZ7)7} PdEvulstelr] VCHERH F4F
o} 5 W7lFE F48 2 thE Scheme 3
of vhehdt whel zTh[3].

w A Scheme 194 gk A7 zFo] &35} &
2ol Zgste) Pd-alkoxy hydride #-o] A4
i o|FEo] VCHe} wh-gdte] [A]e} & Fetg n

= UEZ 3359 WS 875

Hydrogen Donor
O/\ -Hz @/\ -Hz ©/\
VCH vCD STY

Hyd Di ionati

O/\ PdIC A

——— e + +
EtOH

VCH MW. 104 110 112

Hydrogen Acceptor

NO, NH,
© VCH, Pd / C ©
) ~—EOR "
\ to \
X X
Scheme 2

S

A 104

30 50 70 90 110 130 150 170 190

N

110

30 50 70 90 110 130 150 170 190

o~

l

|

!

' 112
R : |

H i [

Eo o

oLt 0 l! : o

T

30 50 70 9 110 130 150 170 190
Fig. 1. Mass 4—ethyl
cyclohexene and 4-ethyl cyclohexane from

spectrum  of  styrene,

the reaction mixture.
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Heg FA4Pth o7o] [Blg o] YEEZY N
Odl wigl=l|A a7 dadaz Adejd
[C1e AA [D18 F2A LA 2N AS
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Bo] WA HA YEZale] YA} yuZ 4
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[A) 8]
A
H H
R —
N /O Pd H\ /(5 /
— +N\ — + N\ + Pg o+ @_/
oh

@— NH~—~pd

{F]

“.Q_NH,”G*Q
Y, Y,

Scheme 3

Aol FrEMolmlow Hdxl= ze [A{B]-
[CHDI} R Azs fabsbA $a7b iz
Ho g 7=},

s=gAolrlo] olglo @ #UF: Az [Ele}
Ze AZolA o] wAUsbA [Fle e 574
A AA obrle] AHAYT 248 5 9y},

4. 2 E

HES JEZSFES 40228 A-oete—
5% Pd/CA|A catalytic transfer hydrogenation
(CTH)AIA o}ddl fEAS $& 443 52 g
Astgirt. o] whg o 2 RE 4-n] A2 28 A0 CTH
HE9] £ FATIAE AL " f ges 3 3t

et

EEWE WA Ao 228 o]4al
BAA R whgol 285E Azko] 71 AL o &
Ao, ol 22E AHAs|Y QA wole}
2 AzHEn).
=3 A7) e} He] 2B e JezE
T, YERsEe fduise Ysagzal Je

33 A5A A53, 1994

Y
£

- 79

2z g ade, YEZW Ry sre ven
o wRAIZEe] #ste) ole FhERAA, oiHE,
&ulglee} 2 Ax e 7)(electron withdrawing
group)7} WAl HALZ FojgA ubgo] A
A7) giolety B £ gk

%iiqlziug_x,{ "]Ei“‘]z"—itﬂ] ez
A gFE, ZHA oA o] EL 4- u]@x]agsj}

25 42D o Z2e, Yo, des
AR HEEA, st} speast Repars
o] Aohg o 4 9aick.

AL

¥ Q7 CBM(HEA e eh ¢ 9% o
FH) AL gJs) SaAsIgom, ofo) A= P,

o
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