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Abstract: Dehydrogenation of 4-vinyleyclohexene(4-VCH) to ethylbenzene is elucidated via catalytic transfer
hydrogenation with the heterogeneous catalyst of Pd/C. Hydrogen-donor solvent is ethanol or water. Oxidizers of the cata-
lytic dehydrogenation reaction are mono- or dinitro compounds, H,0,, NaClOn (n=1~4), or oxygen at 70~1107C. The ratio
of 4-VCH/Nitro compounds is 1:0.02 to 1:0.5 and 4-VCH vs. H,0, or NaClOn (n=1~4) is 1:0.1 to 1:3.

1M = vinylcyclohexene; 4- VCH)% 2 @z o)
o A 4-VCH) Aaee 13-3ehrjdl Aaete)

FHTTY F42d L3-Fehlde dPde A o 1%4% =y PoHos Em glol W o)
27 dstel drchoephthe)® $5719EH AT e, 13-Retidsl 330l Fohuel we
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F2 (mixed C-ds)ol 4 Relshol 33 St 2. o2 ol4she Wo] AT S A7) T Rolz g
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1980 o= Y8 Ql 1,3-%elr]dlo] whalol njste
o 174 vidtn FHuF AT £o=2 T 13
~Reltqle] FFFSe, 13-Feirjdy [4+2]
da-otr] 8-3-Eql 4-VCHY AstA] 2443} ks
of HF AFE AY olfe AA Ayt 6-12]
1990&4_5%1 AT F27h £3hET b, 90
%olito] FATF Aatel AH4-EHe 1,3-Feprdl
o FFL ddd YAk FEI FUIE ke F2
FAEEA oz, 1,3-Feride FAnT 98
7hold 9 458 4% 5 de ¥ T
o [4+2] d&-griubs 2 AbstA 24t whg
o] thAl 7% HA =HAH13].

4-VCH| =423t Wyd FdFdeo] d4dsde
1,3-Relriqle] &anos £-48 B ojuz} AT
72 £27} 3199 4-VCHE &8sl whgo 24
Azt 7bsAol s A 199449 olF B E3vt
HEEACH 14-21] =g o|pE FAe] AL
7] $ig 1,3-FetrfdlellA] 4-VCHE Az # &
3 dA] ol wo] WA He], 1970:dt ¢ 4-VCH
o Afuct 2 ¥ ozl FHAoE oA
o Aol o 2o £¢ olEAORE B AT
7} = %ich(22-30].

4-VCH7} A1Z=Z# Al (cyclohexene)s} 7o) Znj
oA duke (catalytic  transfer hydrogenation) 2]
40702 olgHol S0 oURRL S48
R4aUgos A, 4-RAZTAM-
ethylcyclohexene), ol & A]§ 2 & A} (4-ethylcy-
clohexane), ~dga S0 2 ¥3l=El= 7o 48z A}k
Aolt}3, 4, 31-34]. 4-VCHE $2FNE 2143
YEHQ SHPEEe USTHAE obddoz BY
A7le o2 #dA Fujal ojgF EE [IrCl
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43 10]. 239 olelF SEES %H A&
fHe FUA BEe VELE ED FUA 20k
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ux]ag_d}xﬂoz-,—ﬁi >4 l% Azste

Atk 2} ol9t 7-&% 4-VCHE 27¢

sfstoll ] 202 7|Aheke
_]

30 ox i

r[rﬁ:Jgrloo;rhT&ﬂN{mr
o
= 05
rE
= olo
rlo
b1
e
ko
4
ok
i)

>

01

o

o B
Hr

B2 e
I
=2
>
b
[

e
e
2

o

— 2
oy H
2

X

& o rlo

23
w2 afo

S

rir

LA
o 1

A
we
2
=
oX
=

;\‘11:
32 L
2 s
N o=
o &3
SR
olo
ol
L > o
rir

2

>

39

olo

o3

—

oo 1 B
2 M
_?L

2
ox
=
olo
>
Mo
2
2 o mo

of $so] AA FEAL kel A& F7b
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718 AHshelc) qheE9 4% A3 'H-NMRA
Heye TMSE 7|£e& Varian Unity Plus
400MHzE &A3t 9t} 7|A A2rtEaety]-AFE
2 71%7](GC-MSD)+= Hewlett Packard 5890 GC
o] HP-1 capillary column(25mx0.25mm LD. 0.5
1m)& A3t Hewlett Packard 5970 MSDE o]
23Fo] Falstglom, AukiAe Hewlett Packard
5800 GCE ol4ste] AFEAAE Bosturt b
3 e 2oz EAsden 4¥ule wAxuE
abeho] AHgsholct.

Capillary column : ULTRA 1 (Crosslinked Meth-
yl Silicone Gum)
50m x 0.22mm X 0.33 #m
Carrier . Nitrogen
Head pressure : 18psig
Oven : 120°C(2min) to 250°C, A=5C/min
Injection Temp. : 200°C
Detector & Temp. : FID(280°C)
Split ratio : 50:1
Makeup gas flow rate : 38ml

20 Asta whgol AHET Aok AldrichA}
AEE AHastgon, Euls Zelgo| Swt% AA
g A& AHgardden] Fof wZHA (specific sur-
face area)& < 600m?*/gql EngelhardA¥-& A4

shoict.

2.2. 4-VCHT} L|EZHAE S uig

At F87F st yAlE a3 100ml 37
Za} 230 4-VCH(10.80g, 0.10mol)e} A4+E En)
o JEEWAL oete 44ml(3.45g, 0.075mol)d)
R R AR Jé'a}’ﬁ‘/% JEek (5wt % ) 2g¢ Yv ¥
4& whEh w2 EE 507, 65°C, 78C, Eul%
lg, 2g, 3g AH4-3te} wHE-AS 7)H 2=mtE R}
2 A =3 e Eu)E Hi}A|
uSEoll tigt Eu] ¥l 2 wheAS gl
H%M 1A17F Bt 8§ TR & o3kste] 7)
SR A ke o =R L 1

J‘L.E’,ﬂflo

2.3. 4-VCHe} L E235}gtERotel uig

AHFFA YERIFEA o HEAE
$18ko) 4-VCH(10.80g, 0.10mol)s} 1:0.1
A Je2 gt

g ql3}y)
Y2 A
£ oghg 4.4ml(3.45g, 0.075mol)

ZTd3e, A7A 4235, 1996

2.4, Boj o TALE EQlg 98 5 vd

Z4ET7 7hest d471E #3¢ 250ml 37
gz 4-VCH(5.40g, 0.05mol)¢} YEZ WAL
EZ6]2 8ujql 41.2ml(49.2g, 0.40mol), ol&tg 17.
6ml(13.80g, 0.30mol)el] 8473 ﬂa}%/g}xm
(5wt%) 7g& do] dEdE wE F 3087 AR
A F W ES Ao R ‘%74*1
AR A7z, Fei7t AAE $HE J|H 2BrlED
g2 A oM e FuE A4t

2 8BS AR F, TdsA AHeiste Sl
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2.5. 4-VCHS} B}Atsjea0| BIS

A R0 s 4471 As2d 7] (drop-
ping funnel)E #2&k 100ml 37 E}A3=4) 4-
VCH(10.80g, 0.10mol)s} Za}g/&Aek(5wt%) 2g
S ¥ ¥ auksle] deaE ghEwA 25 E 95T
7hA R Aspgar|2 Ak (30%  H0,
22.5ml, 0.20mol)E Zefr=ae] LEE BCE &
At A3 AsiAIeh 147 ot 2R3 3
oFste) Zo)E AAHslL, 7|A Z=2rjEaslE)E u)
+& BAstoddh

2.6. 4-VCHS} NaOCle| eI
At 571 b5 Waleh Asy e Baa
100ml 3F Ze}~ =4 4-VCH (10.80g, 0.10mol)2}
BoE /B (Bwi%) 288 e T Tl A
Ag FEHA LES 95T At Ay
2 3lo]Xo}ldaAih}EE(NaOCl; 7.4g, 100mmol)
(3.6, 0.20mol)el] =ql gl Zz}rzujel
EE 95CE SAsEA A8 "N 14]
Bob #5F TN F, Eo0E st AAR
L ECLARTE LRI T XS REEtY

oA o m|

2.7. 4-VCHE} A MA|[NaCIOn(n=1~4)]2}2| et

qHER 2t steel dig we4e ga
7] 15k} 4-VCH(10.80g, 0.10mol)s} Zetg/8
BROwL%) 2g& ¥ 94 & BEd. sz
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712 1:0.1 E92 Axd daaA eSS £
6g, 0.20mol)ell 4847 A& Fef2aUe &5
£ HBCE x]s}:d/q HA3E A 7Y 147 5
FF I F ofFste] J|H ZERtEI
Astodch. m“q"’}]— £(3.6g, 0.20mol)ThAl
|et-¢(4.4ml, 3.45g, 0.075mol) 2 v}Fo](Hl&LE
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2.9. 4-VCHe} Z7|9}2| utg

2.8.014 AtxE F7IE wle] AFd 7 o]
t TYsA Al 7)A 2 2rEAE we A
HES FA89h

Ao 2 4-VCHE AH43t
o UEZMAL oldPyo EJ- 121712 LA lA 4
S28t5 o] A B ole} 4-o]eA)
22841, 4 LA FZYA, 293 53 e 2 A
Aol AAHE dFtUFE o] 83514q[3

A Ak Ao E Euj —’F—ﬁ:z‘i%“ —3‘ 17;1 4-
VCHE 2543470024 o4

71E WS dFshch

TehE S AR AR EofstoA Sof

uhe & %3le} 4-VCHE oﬂ%rﬂzﬂgi *5%%171
He A2 2795k AHAE JEzw
AH-3te] A gstAnt(Scheme). AHA 2 Al
EZYANY] Bu), wLen, $4F5 L), =
& WA ATIA Aol YAHE A%
zAbskgicH(Table 1). YEZ WAL Eulo] gz
ARES wste dekg LolslelA 2g9 5%
Pd/CE AHg-3te] ZAlERgoh A YEZWAS A
5 AH&3HA] 3 4-VCHEHE: WHAlAE A 1o
Mo} 7o) 34% 9] 2 Aol AAEL, U
EZHAL 0.0180 AHET S WAL Fgo)
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Table 1. Reactions of 4-VCH with Nitrobenzene at

Various Conditions®

Exp. Nitrobenzene Product Distribution(% )
# (mol)  Aniline 4-VCH Ethylbenzene Byproduct

0 0 66 34 0

2 0.0t 87 1 75 24

3 0.02 95 0 85 15

4 0.50 35 0 88 11

5 1.00 9 0 87 13

6 0.10 100 1 86 13

7* 0.10 0 100 0 0

8 0.10 0 100 0 0

9¢ 0.10 79 13 77 10

10° 0.10 100 27 82 11
11 0.10 36 36 48 16
12¢ 0.10 100 1 86 13
13 0.10 100 10 75 15
14 0.10 100 7 83 10
15) 0.10 100 6 83 11

“Standard reactions were carried out under refluxing
ethanol(78°C). 4-VCH : Nitrobenzene : 5% Pd/C :
EtOH=1.0mol : 0.1mol : 2g : 4.4ml(0.075mol); *at 50
T, ‘at 65C; “1.9ml(0.032mol) of ethanol was used;
¢3.8ml(0.064mol) of ethanol was used; 1g of 5% Pd/
C was used; #3g of 5% Pd/C was used; "in refluxing
water(13.5ml, 0.75mol); ‘in refluxing water(27ml,
1.5mol); in refluxing water(54ml, 3.0mol).

5% 2 FA43 F7b HYHAR 2). =¥ 4-VCH
of daA 0.028w] o] YL AH4-ste
A7 At 85% olite] clgwldo R Aty
o, 0589 =& LOEHE AH4sle $8&
79 W3t gl oleidt A Eo) fadgu
9 27|dA BehE 1 dIREAA Pt A
2HE DA YEEZ ] $4sle] dEE 4
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Table 2. Reactions of 4-VCH with Various Nitro Compounds®

Exp. ) . Product Distribution( % )
# Nitro Compound Amine(%) 4-VCH  Ethylbenzene Byproduct
1 Nitrobenzene Aniline(100) 1 86 13
2 4-Dinitrotoluene 4- Aminotoluene(99) 1 86 12
3 1,4-Dinitrobenzene 1,4-Diaminobenzene(72) 1 89 10
4 Nitromethane Methylamine® 22 67 11

sStandard reactions were carried out under refluxing ethanol(78°C). 4-VCH : Oxidant : 5% Pd/C : EtOH=1.0mol :
0.1mol : 2g : 4.4ml. "Methylamine yield was low because of low boiling point.

Table 3. Reactivity of the Recycled 5% Pd/C Cata-

lyst®
Catalyst  4-VCH(%) Ethylbenzene Byproducts
(%) (%)
fresh 1 94 5
1st recycled 4 90 6
2nd recycled 28 70 2

:Standard reactions were carried out under refluxing
ethanol. 4-VCH : Nitrobenzene : 5% Pd/C : EtOH=
0.05mol : 0.4mol : 7g : 17.6ml(0.3mol).

EUEE R

o[o

o] 2"ty FAHAHAY 3-6).

AGES FaF/N Sl 2 Agst] W LEE W
A719 whgAlZEm 50T} 65Tl ME el A
8 dojubA] ofshon, crbgo] BRIUHE 2

ol 78CelA uhgo] AA=HUHAE 6, 7, 8). o]
g9} Fedol Holokyt ThFH dF &7t O
-H A}glukgo] doju} Pd-alkoxy hydride =Eo)
Y= o] FFo] 4-VCH 9} ZAgsto *”’Ehr P
dgFLEo] AYAHo Faddgo] APHE A

FAHEG[3]). e i o=tg %vﬂ«l
< 1:0.32, 0.64, 0.75 Eu]Z ¥WstA]719A dhgA)
A3 JEEZNAZ 419 w7} 1:0.75 A 7}
3¢ ZA3E FYHAFG 6, 9, 10). AHE3E 5%
Pd/C Zv}9] o4& lgelA 3g7tA wiFeirle] b3
AABgro} 2go)AtE AMEELE B9 g
= & H3pbt gsish(AE 11, 12).

ol 2L S SR S A4Sl b4
AL olgt&& AHEE A 2L ukgo] F AHHY
ot 28y ogtes AHSEW Boes 4-VCHe &
o] & o]z gto} B9 k& (0.75mol(13.5ml), 1.
5mol(27ml), 3.0mol(54m)E F7}A)7]v uE-g-A]A,
Lomol& AH43lgle ¢ 83% < 442 dgulAlg

=43s A 79 A 23, 1996

g F k(AR 13, 14, 15). =& £ FL
3.0mol(54ml) AF&3tel% 1.5mol A28 A Az}
wlZ=stgith, o|2RE $a%s) LujE d;E 2ul
oluzl B& Aled 4 ot AAAq g U7
dom &7l Eql AL 4-VCHY & o)z g
EAL 9o} thg wuto B ub2o] 44 AFPH=
Ag AAZ 9
"]Ei\ﬂlxl].,] A ﬁ,)rg. plEto 2aho} ofeE
&

N

to
fu
&
&3
*
in
iy
O
=
H
i)
)
ox Mo

olule] AR 3|4¢E wtr}(Table 2).

oo ARG ofF-o} AR WA i’ 2
£ 2] Y5t whg & &) E 3l4ste ukgs
of BEEAIA Boket. 13], 23] wbEARS- 1o o
2l Fgo] 2FH dolzlon ubEARE ofkH
aste A%E Bgdon) SoiE b
St (Table 3).

5 A48T 4 9

313]-“ ]
KﬂﬁKVHEP‘x] *H 22 4
Aok ASAZ R} £
o 7|A %= HoZ, ut
2 (HO) 9 AR AHe-d 3 whgAlo] gl o3}
JEEF(NaC)& AAstE 9444 [NaClOn (n=1
~4)] Az, F71E 5t Al 1A% E
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Table 4. Reactions of 4-VCH with Various Oxi-
dants in the Presence of 5% Pd/C*

Exp. Oxidant Product Distribution(% )

# (mol) Ve TVCH Eihybenzene Byproduct
1 30%H0,(0.1) HO 29 70 1
2 30%H0,02) HO 9 71 20
3 30%H0,(03) HO 14 66 20
4 30%H0,03) HO 13 87 0
5 NaOCl(0.025) H,0 13 62 25
6 NaOCI(0.05) HO 5 7 24
7 NaOCI(0.1) HO 26 72 2
8 NaOCI(0.2) HO 3 77 20
9 NaOCI(0.1) EtOH 6 74 21
10 NaClO,0.1) EtOH 100 0 0
11 NaClo,(0.1) HO 48 44 8
12 NaClO«(0.1) EtOH 12 70 18
13 NaClo(0.1) HO 2 80 18
14 NaClO(0.1) EtOH 6 76 18
15 NaClo(0.1) HO 21 68 11
6 0O EWOH 5 79 16
17 0, H,0 22 78 9
18 Air EOH 12 77 1
19 Air HO 5 71 24

‘Standard reactions were carried out at 95°C with
water, or in refluxing ethanol.

4-VCH:5% Pd/C:EOH = 0.1mol : 2g : 4.4ml
(0.075mol).

4-VCH : 5% Pd/C : H0=0.1mol : 2g : 3.6ml(0.2mol).
%4-VCH : 5% Pd/C : H;0=0.1mol : 3g : 3.6ml(0.2mol).

Table 49 £3stgict.

WA 4-VCHell tizte] SAbs449] ok& nlito]
7he ARE AXNSFAG (A 1-4) 205 2g AHE
stz 4-VCHeF 30% Zatstszre] Eu)E 0.1:0.2
AHEEl BES AR A oEWASE T1%9) &2
dqen oikg 4-VCHE 9% ok H4Eo] 20
% RBAEAU. o] AT AAAA A FA

B 4-dEAEEA, 4-oEAEFEHA, 4-9°
AlF2YAC, 283 Foht o]FS AAujge]
7t ukg uie g2 Jes 2 $8% Ao} folit
AABEE B9l 1A st ol9) FTUdd we
ol E 3g AHE3IAE AY AW 87% kg
o] 7}# wjik3 4-VCH7L 13% dste ¥ Fubgol
g 2FE AU (AF 4). AL E B 2
Tong WAulE & £ 4 o Flo] AAA
OF #23tH AR IAbSpLE Bl 30% 34
A7 A& AHEsl dd4E &

>~ir

(1]
=2

4>
¥
22
*

FHA AFAR Aol it JEF(NaOC) & A
23t 4-VCHE dguliloz wgA7= uye
zZAEE (A Y 5-9). A 4-VCH) st &&
o2 ARSI 95ColA AofdiAl GEF Y °J

& 37|15 Agstdo. RabEe] AA vdes
Ziii% 4-VCHe} Afotdaat YEF9 %HIE 0.
1:01 22 A3t & Aolu(AET), dgulae
2 72% whe] AY=AZ kg 4-VCHE 26%
gorory BabEol 2% AAEAT AobdaAt YE
9 F& 028 AHg3te] w7 o2dlAle ?
& F7lshd RAHEY on FlEhch(AE 8
ZAdg g F Al dEhes o) A3l *pl
H3lo] ol=dilo] 74%, w3 4-VCH7} 6%, ¥
AHEo] 21% AAEE ZAFAE dAHAF 9). Ao}
FaAt VEFY BulE A2 AY STHAAE o
gAY $&& vesd FAHESY ofo] FUhE]
3 & E2o] En|2 4-VCH o Holdiit b
A7l Aol
1739 whge 2 RE Aobdait GEFO| AMSHA
2 358 F 9deg #898 § 9 74A] 4k
EEA(NaClOn)al o}d44t YEE(NaClO,), 4
Ak JEF(NaClOy), Fd44t JEF(NaClo,) S A
&3ted WA (AY 10-15). ¥HE goiE £
oBbE-g AEERe] AoldiAt YEFOEHE AL
HAZAs A e A7l A ojdaAt YEF
ot oletg Solof g =t O Al vl
# "As "olA ubge] F AAFHAYANAY
11) A3 A= Fheh(AF 10). ELristalAe
A GEES AT At s =2 gl
ai ml(él?i 13), ol&t& Sufstel e o}
GEFE AT A 7HA ARA 257} lﬂl*
aiu}. oj4e] ARERE dALAEF
*&i}ﬂl% uhe ¥ wheAe] gl dshEEs A
o ¥hg F AHE FAZL glon, =3 Fo 2
4ol 2 AMgsted fEld AstAle A

)
2
k=3

mriL

tZ ofe

[ b

=

a2 g

[
ox mo PN 2

by wo b
2 mlo 2
>

N|°Jl'Foi.-h_‘a.r$l"n&-{>n2.
o $ - o

o k7

tlo ¢ mlm

T e w5 T 94 4-VCHY) AbsiA &
ol $& ZA%E FAH(AE 16

-19). 4-VCH=Z oﬂ%% Soistel A Faukste Ak
A5 oo s 79%7}
& 4-VCHE 5% gty BARE

o] 16% AL ZJE dAUHAF 16). oeke
HA elE B8 AHEEHE ASele 4-VCH 7}

).
ot
N
2
>
S
-z
ofo
3
r\\l
)‘.
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78% olgwldo 2 A= glz, vuks- 4-VCH7L 22
% ‘ggtom FAREE AAEA AYTHAF 17). 4
a4l 3715 FAAHE Aoz ogiides ¥
#Hye= $82 ukdgoy FAEo] &7t thEA
veE AF3E dAH(AE 18, 19). o|F AFEF
B Akxu F70e 4T #7el A dFE o
A2 e 4-VCHY A3ty 2423 w9
Akt Q)& A =ik

L

Ir

4.2 &

4-VCHE B394 Zvjcl &Aetd x5 2}
53 Je23dEE 4-VCH 9} w-3A]A Jedulal

AgeAE g 4 dgdom Yzl 4-VCH
of thshel 0.1%H2 WEAAE Wol 2 A
% USSR F UEEAA BT bz} 14-
HUEEWA, YEREFAS RS A9l
HEY WY AHE Folon, 01T due 2w

=g, YE2EEF WAl HO, NaOCl, NaClO,
NaClO;, NaClO, 59| AtstAE A}43te] 4-VCHE
Ao 2 HHAA ¢ glglch 4-VCHe} 3tz
Tt whelAde FAgFLE THIR A
7% gL B4 $Eo] Fsioh il
Ae Eolv ogbeg &viz Abgste] BeAZE
otd & tEF (NaClO) l Aol Sofo 2
=2 7] "ol oA gg-ge] ¥ A
2 gtont e A AbstAl = 68~80% 9 4
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