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2 9! AFFY FEAHE AFE FFOR A8-51e] methanol £94F o)A furfuryl alcohol- e FZArs} Aj7A 2,5
dimethoxy-2,5-dihydrofurfuryl alcohol& &4 sheict. 4 AFEL ek Ao 434324 (Sn0,) % AHabstolote]
(5b:0,) Y Bt=Al EFESFE AR ellA e, T Yol FFASPE O Z ¢-Pb0,, f-Pb0,, MnO, 5] &3
& A #(electrodeposition) 3te] 359 A& Aztstgrt. ojabshd AFo] o|akatyrt Ao Hlste] FZ WA Ado] S5
stoom AHES] $8(92%)E WFAFL A4dd Ao} olLaigdc).

Abstract: 2,5-dimethoxy-2,5-dihydrofurfuryl alcohol was electrosynthesized from furfuryl alcohol in methanol solu-
tion by using three kinds of metal oxide anode. The electrods were prepared by the following process : Thin layer of
semiconducting material such as tin( IV Joxide and antimony( Il Joxide was made on the titanium base metal in an electric
furnace. The titanium metal block with the layer was coated with @-Pb0;, -Pb0,, and MnQ, in each electrolytes by an-
odic deposition, respectively. The lead dioxide electrodes showed better anti-corrosive property than the manganase diox-

ide electrode. The yield of the product was 92% which is almost the same as the one with conventional platinum elec-
trodes.

1. M =2 mannitol#} sorbitol] A4H(1,400t/y)& A 2+abole,
19641 NalcoAl9] tetraalkyllead(18,000 t/y), 1965
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AL ASpE, AQHeTol gitd g hEAS
A< Kolbedtd, & methyl adipatec}A] dimethyl
sebacate® T FA[6, 7]oE AddA Alesl
TRE A=A v} 9t
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2.1, M3 H=
2.1.1. HHMENM S7H M3 A=

A=E a-Pb0O,, B-Pb0, MnO, % 3%& uHsq)
o 3% A% BF ek 22 Agsha
e (15mn X 70mn X 2mm) S =AE dAbe] 305
F7H ERS FAAA TRAL AR T 4
A8 MAFE Azslgdr). v)e] Fu|g A 28
44 (3.2g 9 SbCl,, 15.1g 9] SnCl, « 5H,0, A1ghed
Ab 5 méE butyl alcohol 30mol £-a3tA) el €ely
HE 7 ZF HAF 150C 2Bo 4 2087 A
#3813, ofA] 500C A72elA 887 AspA) 7=
T8 H4& 53 wHEsle] Sn0, ShO, €3 e
7t 2R AT FAF Azt

AT Ui [y

2.1.2. ¢-Pb0O, M=29| =

4AM-KOH £ Pb(CH,C00),-3H,0¢ tjo]at
A 4% 97 &y sl opdardvle
(alkaline plumbite) 3} w53 7 F 200w/
& ¥asel Fig 19 A8zl g& &, 3 2,
L1elA ate vl A 299 gelpias, o=
72| 2 (20mn X 60mm X 1mm)-& 25}k, AFA A A =
A o &5 2TAH AL 1208 0mA/
cif, IF 4A17F ek 10mA/ciE A7) Ess}ed
3o a-PbOE FRAALE. FFE dofe] 52
© Bl ARo| Mol Az & LAZ o} Mty

a-Pb0,8 $%& #9l8 g}
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® COOLING WATER
® ANODE(PbO, on Ti)
® GAS OUT

@ THERMOMETER
® CATHODE(Cu Plote)
® STIRRER

@ RUBBER STOPPER
Fig. 1. Electrolysis apparatus.

2.1.3. f-Pb0O, M29 H=

230g 9 Pb(NO,).} 30g 9 Cu(NOs),-2H,05
7ol 5o AAE 192 ¥ pHE 2313 43}
2.30]9c}t. PbOs} CuCO:E 1:12 & He 358
Az Jlsle] pHE 452 248 3 1% 200mS
B-33lo] Fig. 19) Az @it 3o 2.1. 10
A whe dted Zed geEATe, $Fde 79
@ (20mm X 60mm X 1mm)& A2ty A AAZ @k
stdA 21T, 15mA/ciZ A71EE A)ztstgo)
A71Es7) Adse 59 NO9| dAe2 <lg pH
#3E FAIA F71 $18te] PbOg} CuCO9) &3
(LS A% 234 Flsle pHASE FAES
stk 3A1ZF Tk YIRS ALt oFFel -
PbO,& A7t}

F9stst, A 349 A 33, 1992
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T o 100mfel] #g3At 5g 3 MnSO, 30g 5
o] AAFE 200n= st A AL HEC &
Folle RS, FFode 2. L16dA Tt UES
¥ gely AS5E AFT. A &
80-85CE FA3tHA 10mA/cre] AFZ 30%
Aasted fFo MnO, A& AlPsisdrt. A
gojWe] 50% Mn(NOs), 5883} isopropyl alcohol
S 1112 4 99 grhA #e ¥ 250C &
ol A 1087 248tk o)dat 722 As, <l
, 249 AAE 33 whEste] MnO, 5§ A%
At

fo
e
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2. 2. Furfuryl alcohol(FFA)2| QF=2At3}

Fig. 19 AsAAel 2.1. 2004 #Azx8 a-Pb0,A
& o] AAst o 1om HAE Fi e
L &3 Aastegle}t. Furfuryl aleohol 5.04 g (0.
05M)¢ 150g ¢ methanolel} =<9 % AsjdZ 1.
16 g (0.01M)¢] (CH;).NCIE 718l Aaljzol] 2t

cc

ol

(1) G/C Chromatogram
of reactants

(2) G/C Chromatogram
of Isolated Product

Fig. 2. G/C Chromatograms of anodic oxidation of
FFA a: methanol b: FFA ¢ and ¢’ ; iso-
mer of 2,5-dimethoxy-2,5-dihydrofurfuryl
alcohol.
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A AAZ adstdA 10mA/cie] ARE ¥H-&
Alzbelgit). k3% 4+ 3] gas chromatography -
A (PEG-HT 5%, uniport HP 60/80, 3m, glass)&
Algsle  FFA9S  #&skst  2,5-dimethoxy-2,5-
dihydrofurfuryl alcohol®] 718}o]AA] (cis ¥ trans
<3E) AAE F§A(Fig. 2)3H%c}. vhg-o] #3Ps}
WA 25} Bedte 2712 17CHA 26CE #
A Hgz, B9 E A 39 pHE 6.2014 3.6°02
stEstddo. pHEAL A 8E 59 111E 49 4
Aahelt. weol $2Y F S5CAN FUEFoko]
methanol #-2j& F o] 120C2 $&3hx 7t
el AFOIAELE)E Bk Gas
chromatography #X& &3le] &= 98%9 A|¥F
(Fig. 2) 9+ &l i)

3. dut ¢ D&
3.1. M2 oo na

F A4 2 dn) A (JEOLAL, JSM-8208)e2 7z A
o] Fug HAstgch ¥EEA (Sh,0;4Sn0,) ZE)

H AF 2704 9444 (Fig. 3. A)el dakAl Zo]
Holed ol 9z A (500C) oA A7e

08 Aztdd, e dAo| Fig. 3. D¢ Mn0, A=
Hol| A E A 4 250C2) AHeAALe A
o]f-& o]e|gt ZAAL FFAS FFAsIS-A A
o] H-A)41elo] w<ict.

-Pb0;(Fig. 3. B) ¥ 4-PbO,(Fig. 3. C) 8] e
4 He ZRAS 2 WU 2 AREA
AsE £ 5 vk ® 72417 AH8-F-9) 0-PbO, AF
(Fig. 4 A)¢ Z9& da FA45ol4 9l MnO,
A= (Fig. 4. O) 9 2L A3 dA= A glon,
,BPbOz = (F]g 4. B)& %33 HeE FAH

. 2ol B-PbOEHY & v3A
N LﬂwoaaE A Aolq, L Wi AT W
TF#Ho] %219 7Aelgt= N. Munichandraiah[ 13]¢]
oA} AXgheh = 2 Aol gk Aae D 724]
7} AH-%9] 7heks Table 19 423ttt Mn0,9)
RS0l 71 Eokw, F-Pb0,o H-A18-2 9.5mg/d
nf day2A & dbgel Al Hgd AL Q7=

Ao H o

Table 1. The Amount of Electrodeposit and Corrosion Rate for Each Electrodes

Electrode Titanium base Amount of Amount of corrosion Corrosion rate
size (mm) deposit (mg) after 72h (mg) (mg/dm » day)
a-Pb0, 15X70%x2 1017.1 21.8 33.0
B-Pb0O, 15x70x2 1251.4 6.3 9.5
MnO, 15X70%2 855.7 58.2 88.1
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B:ae-PbO, C:p-PbO, D:MnO.

Fig. 4. SEM micrographs of the used electrodes;
A . a-Pb0O, B : -PbO, C : MnQO,.

Zod3}e, A3 A 35, 1992

3.2 FFAR| =2At5]

Asf ke 23 furfuryl alcohol(FFA)$ meth-
oxylation+- 19554 Kaas[23]5o] 98 & A=
H oo]F Torii[20]5 98] Beo] MAd=AA e}
dubA 0 ¢ furanf-=A S methanolF ol 4 A&k}
& o} NH,Br, (CH;),NCI%3} 7o) 7| A uc} Abs}A
A7b e AdAE A 7)) Abste}l AR
o2 CHO 7} 43tg o] CH,0 » (radical)e] 51 o]
radicale] ¥Hg-gtch. wbd (n-C,H,)NCIO, 53 7o)
71AH} A3tz 2 A A-E AbgstE $44
o2 7)Ao Agsta, o]ejH o] cation7]A&
methanole] AYZFAE sl AE g8y 9ot
£ AtdMe Ao AFAAE PbO,, MnO,5&
AHgste] FFAS JFatshs AlZsigla, whezA
4 Asl= Table 29} 7t}
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a-Pb0,, f-Pb0;, Mn0, 5 343& 502 3 2%
652 ddelA A FFoll BA Y] A71FS 2.0-
2.1 F/molel9le}. & WA= MnO, 59} 447}
7 gl (CH,)NCE daj2e AHgstgl e w7}
T8 74.5%, (n-CHy) NCIO A ) A& AH48t5d S of
© 68.6%2A wxd AFAE Atk W @-PhO,
ol (CHy).NCI A8 & A48k A (run 1)l A

—2e
| —
0

CH,OH

P r

furfuryl alcohol

Ab3}E A8 A28 Furfuryl alcohol®] ok 43}k 487

7 = 8, 928%F 9 5 s, = B-PhO,
AT g ARAINE TR Haldelx 77t
88.4%9} 91.5% 9] 43 ¥ +&& velyged o=
SHEAe QR Aol EL o] dolAt A
o2 wojAle}. o) Torii[20150] HZHFE AHe
sto] 91 A (5% 91%)st S gholch,

— OMe
N0 1

NeO CH,OH

2,5-dimethoxy-2,5—dihydrofurfuryl alcohol(cis ¥ trans)

Table 2. Experimental Conditions and Results of Anodic Oxidation of Furfuryl Alcohol

FFA supporting* current quantity of temp yield
electrode electrolyte density electricity

Run (g) (g, mol) (mA/crf) (F/mol) (C) (%)
1 a-Pb0, 5.04 A (1.16, 0.01) 10.5 2.1 17-26 92.8
2 a-Pb0, 5.10 B (3.49, 0.01) 10.8 2.1 23-31 80.6
3 B-PbO, 5.14 A (1.22,0.01) 10.5 2.0 18-26 88.4
4 B-Pb0, 5.19 B (3.45, 0.01) 10.8 2.1 17-22 91.5
5 MnO, 5.08 A (1.20, 0.01) 10.8 2.1 17-22 74.5
6 MnO, 5.15 B (3.38, 0.01) 11.0 2.1 16-22 68.6

*A ! tetramethylammonium chloride, B : tetra(n-butyl)ammonium perchlorate.

3.3 MME229| oM, NMR, GC-Mass &9l

A AE-Ql 2,5-dimethoxy-2,5-dihydrofurfuryl alco-
hol & cis, trans®] 7] 3] A Al & A A 5] o] x| 1, o] A
A2 vlgE ARAEIT WA} 1:1.9-2.24}0] o]
Ak FPAQ] Aol nE oA R Axslx
skt :

Torii $-& Fo|AAZ benzene-ethylacetate(20:
DEFEAE  A23sld  column  chromatography
(silica gel) el Al #2j3te] A BAxJefo A4
stodont, £ oA isomerd REE AEsR)
¥stT mixture ZojE IR(BIO-RAD, FTS-60),
NMR (Bruker, AM-300), GC-Mass(Shimadzu, QP-

H / OCH,
0
H,CO —C
3 H N H

100A) ol oJgt gl A3lE AAsl2 Fig. 5,6, 7, 8
ol 27+ spectrumg vpehf gict.

FT-IR(Fig. 5)2= e84 3400-3500cn '3 < 9]
Frdle O-HAZx%, 2800-3000cn™ <d4de &
Fdle C-H, 1375cm ‘999 Fadle -CH,7,
980-1100cm ' 9] Fdi= C-0 Aol 93 A
o2 BejAd. Fig. 69 proton NMR AdEzS
#Ae ¥W productrt FrhA| o] AAR EAstx
AL o 4 slrh 2.559) 2.65ppm-e 1H(OH), 3.09
9} 3.15ppme 3H(-OCH,), 3.41%} 3.43ppm& 3H
(-OCH;), 5.42¢} 5.67ppm 1H(CH), 5.90¢} 6.
06ppm-2 2H(CH=CH) o|t}. Fig. 7¢ C-13 NMR

H _ OH
H --=C~
HSCO OCH3
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ez g PAES el I isomer EAF A oA E m/e=159= M-1, m/e=129%= M-CH,0OH,

=

A B 4 glow, Fig. 8¢ GC-Mass A AdE m/e=101& M-COCH,0HY < &1 = 9%t
100

90

3087.5
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70

3467.0

601

507

40

T T T T T T 1]
4000 3500 3000 2500 2000 1500 1000 500

Fig. 5. IR spectrum of isolated product.

e —b—

Y

Fig. 6. Proton NMR spectrum of isolated product.

F43eh A 34 A 35, 1992



a
A
o
tob
e
rN
i

< AF£-3 Furfuryl alcohol®] <F<4Fs}

489

CH,OH
1 H il 1
r T r . . . . , . . . -
200 180 160 140 120 100 80 60 40 20 0
Fig. 7. C-13 NMR spectrum of isolated product.
100.0
I 1 ‘ II I ll /
T I 1 1 [ T 1° 7T T T T 1 L T 1 T T T T T T T

10 30 50 70 90 110 130 150 170 190

Fig. 8. GC-Mass spectrum of isolated product.

4, &8 £
71T HA F P A YA ZeE oo}
T F3E AFeld, o] AFE F43} 7153 A4
Cﬂ d—PbOZ, ,B—Pb()z, Ml’loz “8:"% E]E]—Jﬁ-iﬂ-oﬂ ;ﬂi}'/‘]
7 e 3%9 HZFL AM-3t9 furfuryl alcohold]
FSAs W& AAH R ARG A e 7
< ZE& A4l
L GSAAEE o]A3hd(PbO,)o] ol4ts}t w7k
(MnO) 2o} 84 WA|Ae] am, 2 FoA=
B-PbO,7} tf <3 34dct.
2. A712 Aspiye) A& FEASES ZEA
AF(Mn0,)-& 2 ZFdo] v]H3 E(crack)o]
s 1 o) Al Yelo] Hn.

3. 2.5-dimethoxy-2.5—dihydrofurfuryl alcohol]
TEHAAE o-Pb0O, ¥ 5-PbO,E Ay F
A4 ZF 958 A(+92%) 5 Ik

4. o]4e} Astel  welA elebwde] f4-PbO.E
AZAIZ] AFe furfuryl alcohol®] ef=-213}
il HAg Ajgolng FHIE AxF 7}
A7} & Aelch
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