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Catalysts Yield2/%  Selectivity®/% TON¢e
Cs5HosPW 1,040 97 92.8 42 (100)¢
HY 79 88.9 2
H-mordenite 6 100 0.3
Si05-Al04 6 100 1
S0,271Zr0, 9 100 3
H-ZSM-5 17 100 2
Amberlyst 15 100 81.0 1
Nafion-H 97 922 8
Nafion-SiO, 97 93.4 61
PTSe 89 55.3 1
HyPW 104f 95 723 6

Reaction conditions: catalyst weight 0.2 g, acrylonitrile 60 mmol,
1-adamantanol 1.3 mmol, 373 K for 6 h. 2 Yield (%)=100 X(N-
adamantylacrylamide)/(1-adamantanol added initially). ® Selectivity
% =100 X (N -adamantylacrylamide)/(N -adamantylacrylamide +
acrylamide). ¢ Turnover number: the number of N-adamantyl-
acrylamide formed divided by the number of acid sites in the catalyst.
4 On the basis of the surface acid sites. ¢ p-Toluenesulfonic acid
(monohydrate). f Hexahydrate.

FIZ80 % 1TEL T 5 12, BALWRERBROHTIE
Csy.sHy sPW 204 BSRVIEL 5.2 545, 32 BFEEE
LEFONWZ, BT A MNRETZ OKGIIBWT
bRALREEEHD D o7

AGDORETHBTrIR by 4y 7an
J = E DBk ZEATOR) BRI LR %
R3TF LD, ERRHBARRANT ORY BREEA R
LD, IEIZ10% ZFZF T TH o720 HiPWp0y
OH+DO—E % Cu+IlEZ A L, RRUERDME LA
LNA=DT, CuDEREL M B2, X
BIMEA L LTERWMEICE T o7z, CORETBBEE
FRGDRE% HE LODPIT TV, R1PR2D
IS THRE L7d T ) BOERPBE LTV 2V ETE
filfler- & 2 A TEA T4 PR T D —IEZ ORIGTH
BLTC, REBEOEELDITLIE, ek —F I
ZRLTWwW,

R, THLLWERIRORATE, R1IOK
JETIHINELT %, K2 THIEEIT % LI5S 2 %o
72H-ZSM-5 2SR 4 1R T & S 124 v an) —Lvao
Fe iz RV 68 % DINRZEHFL-DT
HH), MREEL 2MED2 gl2T 5 LIFIZ0 %
EFRZI MOYE T A N bELARE LA, H-



102 ¥+ 374+ (14)

#F2 TrIu= M) ivitert-7F ) —VD v ¥ -

Catalysts Yield2/ % Selectivity®/ % Conversiont/ % TON¢
BAA AA t -BuOH AN

Cs,,5Ho sPW 1,049 322 94.1 5.9 96.0 13.3 65.0 (153)¢
HY 14.3 96.2 3.8 89.3 12.5 1.6
H-ZSM-5 13.7 90.5 9.5 86.9 6.3 13.3
H-mordenite 0.6 71.7 323 404 6.3 0.1
Si0,-A1,0; 6.1 95.3 4.7 72.4 12.3 52
SO42-1Zr0, 1.6 100 0 14.3 6.3 2.4
Amberlyst 15 76.0 91.8 8.2 97.4 31.3 49
Nafion-SiO, 44.6 97.6 2.4 96.6 18.7 11.2
Nafion-H 80.0 80.0 20 98.8 26.7 30.0
H3PW ;04 73.9 96.0 4.0 99.6 25.0 222
Cu0.8¢ 61.3 96.7 33 98.9 37.6 38.3
H,S0,8 96.8 87.5 12.5 100 375 1.4

Reaction conditions: catalyst weight 1.0 g, acrylonitrile 150 mmol, fert -butanol 30 mmol, 373 K for 8 h. 2 Yield (%)=100 X(N-tert-
butylacrylamide)/(tert-butyl alcohol added initially). ® Selectivity % =100 X(N-tert -butylacrylamide) or (acrylamide)/(N-tert -butylacrylamide +
acrylamide). N-tert-butylacrylamide and acrylamide are abbreviated as BAA and AA, respectively. ¢ The conversion (%) is defined as
100 X(mol of acrylonitrile or tert-butanol disappeared)/(mol of acrylonitrile or ters-butyl alcohol present initially). Acrylonitrile is
abbreviated as AN. ¢ Turnover number; the number of N -tert -butylacrylamide formed divided by the number of acid sites in the catalyst.

¢ On the basis of protons on the surface. fCuggH; PW;,04. 80.18 g catalyst was used.
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Catalyts 2 Yield®/% Selectivity®/mol % TON¢
PAA AA PE

Solids

Cs, sHy sPW 1,040 10.0 747 51 201 20 (48)¢
Cep7Hp oPW 204 9.5 443 65 492 8.6

Nd; 7Hg oPW 1,049 8.9 48.1 17.6 343 8.1

St ;Hy sPW 1,040 9.5 423 146 43.1 8.6

Gdg 7Hp oPW 1,04 7.1 500 125 375 6.5

Sco7HosPW 12049 8.5 48.1 8.7 432 1.5

Yo, 7Ho oPW 15040 8.3 455 9.0 455 73

Ligquids

Cro7HooPW 1,040 8.6 422 12 506 7.6

Feg 7Ho oPW 13049 10.9 517 138 345 9.6

CuggH; PW 1,049 17.5 625 125 250 10.9

MnggH,; PW1,04 7.9 620 99 281 4.9

CoggH; JPW 1,040 14.8 542 121 337 93

Nig gH, 4PW 1,040 11.0 481 15 444 6.9

PdygH; sPW 1,04 12.8 442 103 455 8.0

HyPW 1,04 15.5 474 105 421 47

H,SiW,,04 14.3 563 85 352 3.1

H,GeW 1,04 11.1 526 123 35.1 24

HgCoW 5,04 6.9 40.0 20.0 40.0 1.0

HgP,W140¢, 12.8 500 222 278 27

H,80,¢ 4.8 275 333 392 04

Reaction conditions: catalyst weight 1.0 g, acrylonitrile 150 mmol,
isopropyl alcohol 30 mmol, and 423 K for 24 h. 2Yield (%)= 100 X
(N -isopropylacrylamide)/(isopropyl alcohol added initially).
b Selectivity (%)= 100 X(N -isopropylacrylamide) or (acrylamide) or
(diisopropy! ether)/(N -isopropylacrylamide + acrylamide + diisopropyl
ether). N -isopropylacrylamide, acrylamide and diisopropyl ether
are abbreviated as PAA, AA and PE, respectively. ¢ Turnover
number; the number of N -isopropylacrylamide formed divided by
the number of acid sites in the catalyst. ¢0.18 g of the catalyst

was used.
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Catalysts Yield/% TON Conversion/% Selectivity/mol %

AN IPA PAA AA PE
Solid acids
H-ZSM-5 (Al =2.63 %) 62.2 60.2 235 86.2 93.3 31 3.6
H-ZSM-52 89.3 86.4 223 90.3 93.8 35 2.7
HY 74 0.8 9.7 37.0 52.6 7.9 395
H-mordenite 1.5 0.3 29.4 41.3 68.8 12.5 18.7
H-B 8.5 1.4 6.7 34.6 41.5 5.7 52.8
$i0,-A1,0; 2.8 2.0 12.5 28.6 727 0.0 273
S0,2-/Zr0, 1.7 11.5 6.7 40.0 54.8 4.7 40.5
Cs; 5Ho sPW 1,049 10.0 47.6 21.5 50.0 74.7 5.1 20.1
Amberlyst 15 10.0 0.6 24.6 83.3 68.7 10.7 20.6
Nafion-SiO, 3.0 8.0 333 60.0 59.4 12.5 28.1
Nafion-H 6.0 2.1 20.5 51.5 46.9 16.7 36.4
Aciplex-Si0, . 6.5 4.2 17.6 438.3 34.4 12.4 53.2
Liguid acids
H3PW 504 15.5 4.7 15.1 63.8 47.4 10.5 42.1
H,SOzp 438 0.4 29.4 65.5 27.5 39.2 333
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Ritter-type Reactions Catalyzed by H-ZSM-5 Zeolites

Toshio Okuhara
Graduate School of Environmental Earth Science, Hokkaido University

"Ritter-type reactions" which were first reported by Ritter and Minieri at 1948 with sulfuric
acid are reactions to form N -alkylamide from nitrile group and alcohols. While the reaction
between acrylonitrile and isopropyl alcohol is an important one among them, catalytic synthesis
of N -isopropylacrylamide was not reported yet. Recently, the authors found that H-ZSM-5
was far superior in catalytic activity to the other solid acids and liquid acids for the reaction
of acrylonitrile with isopropyl alcohol to form N -isopropylacrylamide.

Keywords: Ritter-type reaction, H-ZSM-5 zeolite, N -isopropylacrylamide



