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Synthesis of Alicyclic Epoxy (meth) Acrylates

Satoshi TESHIGAHARA
Yoshiaki KANO

Heteropolyacid (HPA) catalyzed addition of (meth) acrylic acid to dicyclopentadiene (DCPD) followed by

epoxidation with hydrogen peroxide gave DCPD-epoxy-(meth) acrylate (3, 4-epoxy-8-or 9-(meth) acrylox-
ytricyclo [5, 2, 1, 02.6) decane) in good yields. Catalytic activity of H3PW1,04 (PW12) as a Bre¢nsted acid for

the addition reaction was improved by reducing water content 3 to 10 molecules per one HPA unit. Partial

ion—exchange of PWy, with Cu?t let to higher selectivity for the reaction.

In the epoxidation of DCPD-(meth) acrylate under phase-transfer catalytic conditions, initial introduction

of quater-nary ammonium salt to organic phase and previous treatment of PWy, with hydrogen peroxide were

found to promote the cata-lytic reaction cycle effectively.

The present method was found to be applicable to the synthesis of other alicyclic (meth) acrylates and epox-

ides.
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Table 1 Esterification with (Meth) acrylic acid by Acid catalysts with various acid strength (Ho)
R
CH,=C000H K
———— > CH,=CCO00 *ED:[I
Catalysts Ho R T}rﬁle T/egrép. COH;I’;(I;IS;: n’ Sel/e;ltg;/zy”
H,S04-S05(3-7) —16.0 CH; 7 70 33 40
H,504-S03(5-5) —15.5 CH; 7 70 28 37
H,S04-S05(7-3) —13.4 CH; 7 70 35 22
H,S50, —11.9 H 7 70 42 58
CHj; 7 75 25 70
FSOsH —15.1 CHj; 7 75 31 62
CF3S0sH —13.4 H 2 70 99 87
CH; 3 75 98 84
Nafion-H —11.9 H 10 70 84 71
CH; 10 75 78 49
BF;-Et;0 —11.9 H 3 70 92 68
CHj; 5 75 90 52
H3PW1204 — 8.3 H 3 70 89 88
CH3 ¥ 5 75 93 47
H,SiW1204 — 8.3 H 3 70 87 90
CH; ¥ 5 75 91 49
H3PM012040 H 3 70 80 82

DCPD (330 mmol), (Meth) acrylacid (330 mmol), Methoxyphenol (30 mg), Catalyst (20 mmol), HPA (0.2 mmol) _

1) Conversion of DCPD
2) Selectivity of DCPD to DCPD (meth) acrylate
3) Methylethylketone (20 mf) was used as solvent
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b

Scheme 2 Main and side reactions
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Fig. 9 Epoxidation of DPM with 31% H,0, aq by

HPA/ Cetylpyridinium Chloride catalyst
system in various manners

DPM (46 mmol), 31% H,0, (52 mmol),
CHCl; (40 m¢), H,PW,0,, (HPA, 0.1
mmol). Cetylpyridinium Chloride (0.035
mmol)

Reacted at 40°C

(a) HPA-Cetylpyridinium Salt (0.2 mmol)
was used as Catalyst, (b) HPA and
Cetylpyridinium Chloride were
simultaneously introduced. (¢) HPA
dissolved in H,;0, was added to Organic
phase containing QAS (d) the same manner
as (e) except that HPA was treated with H,
O, at r.t. for 60 min., (e) at 40°C for 30
min., (f) at 60°C for 30 min.
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Table 2 Epoxidation of DPM with Hy0; by several
HPA Catalysts

Conversion Selectivity

Catalyst Time/h /mol% fmol%
H3PW12040 3 99 97.2
H,SiW15040 24 trace
H3PM012040 24 10.4 98.6
H3PW11MoOyp 86.3 98.1
H3PW10M02040 78.4 98.2
HgPW6M05040 32.3 97.3
H3PW12040/H3PMoy2049 3 75.6 98.1

(=10/2)
HSPW12040/H3PM012040 3 34.5 96.3
(=6/6)

DPM (23 mmol), 31% H;0: (26 mmot), CHCl3 (20 mf),
HPA (0.05 mmol), Cetylpyridinium Chloride (0.15
mmol)

Reactions were carried out in the same manner shown
in Fig. 9(c)

Table 3 Effect of Onium salts on Epoxidation

Onium Salts Time Conversion Selectivity

/h /mol% /mol%

(CH,),N*+Cl- 7 12.3 98.0
(n-CsHp)N+Cl- 7 80. 3 96.2
(n-C4Hg)N+Cl~ 5 92.1 98. 2
(I’l‘CgH17)3CH3N+C1* 3 99.0 98.1
@N+ (CHpysCH:Cl- 3 99.0 97.6
@w (CH)isCH;Br~ 3 99.0 98.5
(n*C4H9)4P+C17 5 94.3 98.6

DPM (23 mmol), 31% H30 (26 mmol), CHCl; (20 m®),
HPA (0.05 mmol), Cetylpyridinium Chloride (0.15
mmol), React. temp.: 40°C

Reactions were carried out in the same manner shown
in Fig. 9(c)
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catalytic activity
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Table 4 Epoxidation of DPM with H;0, by several
Oxometal/heteroatom compound/
Cetylpyridinium chloride catalyst systems

Oxometals Heteroatom  Conbersion Selectivity
X compound /mol% /mol%
H, WO, HsPO, 99.0 96. 2
Ph-P(0)(OH), 83.4 96.8
H3BO; 15.8 95.8
H2M004 H3PO4 28.4 97.4
H;VO, H5PO, trace

DPM (23 mmol), 31% H>0, (26 mmol), Oxometals
(0.05 mmol), Heteroatom compound (0.025 mmol),
Cetylpyridinium Chloride (0.05 mmol), CHCl; (25 mo)
Reacted at 40°C for 1 h

IR ZR L1, HMoOy, HaVO; Tik, HoWO, 1280
BOBHEIXTR S Jedr o to, F£12, HaPO, Kb vic Hy
BO; &M\ T BUSTEMEIZI/R S 2200,

HPA &, 2BEEFRR L ~T v RTILEMOMHEET
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bOEELX LN, IR HH &Y, ¥ Xo#EeaT 5
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BEEICRRT 20E ik 2 & 25T,

(s) FMEREOELEDHTE
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EASNAXRY Z o T2T VBE Y VDL BTESh E
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Al O MR B IR SICHERE 12 6V, RS EFT T 5 &
HEI N5,

F7c, HPA ([ 355MeM ksl Chnk o 8 & 5 1 % 13,
BoOMBIC X Y EE®RIETZ L3Mbh TV 37, &
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1) ~7eRJEEAHT &= LT, %ERE
Lig\no &

2) BEALKFEF COMBLIEIC X 0 S ML &
sz &,

3) H3PO,-H,WO, RMBIEIEMN 2 RT 2 L0 b
EET 5 &, HPA fiitic X 2 MG ClEp MEN AR L,
TORMEBICL ) BIERLRICERT DL EL LA

®) (d)
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(a) ©
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Fig. 11 31P-NMR, spectra of PW;, and H;POQ, in aquous solvent

(a) H3PO,4 and HyPW 1504,

(b) HsPW15040 treated with H,0, at 60°C

(¢) A mixture of HyWO, treated with H,0, at 60°C and H3PO4 (P/W=1/4)
(d) A mixture of H;WO, treated with H,Q, at 60°C and H3PO, (P/IW=1/2)
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PWi2 i3, KERFICFIT S 60°C CoMBMLERL L
LSRR L, B—or— 7 BRT, Zhiaa L
BEE{LAKFE T 60°C DMERIRI LY, PWiy 1)
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Table 5 Esterification of Several Alicyclicolefins
with (Meth) acrylic acid by HPA Catalysts

Olefin

(Meth) acrylate RY  Yield/mol %
R H 89
|
m CHa: :CCOO~ED:D CHa 84
R H 92
|
[I:D Cszccoo{D CHa 83
R H 81
|
[D CH: =CCOO<D CHa 72
R H 71
|
D CH: :ccoo{> CHs 65
CHz (l:Hs
|
m CH: :ccoo@ 00CC=CHz 83
?HS (|:H3
m CHz:CCOO*m‘ 00CC=CHz 76

Olefins (200 mmol), (Meth) acrylic acid (200 mmol)
HPA catalyst (0.075 mmol, R=H: HsPW;304-nH30,
R:CHgl Cul/szPW13040 . l’leO, l<n< 10)

R=H: Reacted at 70°C for 2h, R=CHj: Reacted at
75°C for 5h

1) R=CHj: methylethylketone (18 ml) was used as sol-
vent

Table 6 Epoxidation of Several Alicyclicolefins by
H3PW 504 / Cetylpyridinum Chloride
catalyst systems

Olefin Epoxide

(.:Hs CHsj
CHFCCOO‘EB] CHz:écoo{Do a7
CH; CH
CHz:CI‘,COOCHz‘ED] CHz=CCOOCH: {DO 94
CHs C|H3
CH2=(':COOCH2{:U CH,=CCOOCH: E:FO 93
oJ1]Jo o

D}coocm {):]] o@}coocm@o 9

CH; ? (I:Ha
' —(CHe—C) ELR

—(CH2—C) 0

Yield/mol %

- (
éso{ 1]

Olefin (23 mmol), 31% H30%aq (26 mmol), HPA (0.05
mmol), Cetylpyridinim Chioride (0.15 mmol), CHCl;
(20 ml)

Reacted at 40°C for 3h, used HPA treated with H3O,
at 60°C

1) Determined by 'H-NMR

2) Mw=10x104

(38) B4«DEERAAL 71 HBOIXFIVE, ITFRX
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T2 FMEKIEE R % Table 5 (2, TR¥F ALK
#HE % Table 6 (77 L,
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B (2#) TV L= MEBE ST,

TREF ALIGIZ BT, BIRN, SR ML
BRR T REF ALMSBEND Z Erbh T,

4. ¥ & &

HPA filifitid, FYEZARIEEEAE F X OME(LR TR
Bt L, FRMEE LURCSH~#AIR
T\ B,

4(al, HPA [hIE oI AEEEEE 5 & OPR L AR HEAE
LT, DCPD ~o> (A %) 72 ) AMEEOMINC X
27 LB LU EDTRF ik v DCPD TaK
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