J. of Korean Ind. & Eng. Chemistry,
Vol.4, No.4, December 1993, 715-720

Farga Fode se3es
(19939 49 21 A<, 19939 749 59 HA9h)

Oxidation of Diphenylmethane Using Polyethylene glycols as Phase Transfer Catalysts

Hwa-S00 Lee, Jeong-Yeol Moon, Dae-Won Park, Sang-Wook Park, and Jung-Ho Shin

Dept. of Chem. Eng., Pusan National University, Pusan 609-735, Korea
(Received April 21, 1993, Accefted July 5, 1993)

2 o BE stz e 4tstEr] of2}$ diphenylmethane (pKa = 33.4) & Aol& Zvje} 314 9] potassium
tert-butoxide & 3712 A}&3te] AF-&3} Aol 2] A3HA] A benzophenone S §HA3Flch. 4392l benzylytriethylammo—
nium chloride, tetrabutyl ammonium bisulphate, tetrabutylphosponium chloride 5& o] ¥hgo]| #Ao] ¢lgjor} 18-
crown—6 ¢} EeledaAFelE L o84S Jepliode). 22 FAG 2 B4 ZedEdZEE g AolF &2 A4
g 7% 254 diphenylmethane o] H3}-&2 FejoddFe|ZY A&Ao)7l 44E ZF78tdr). Diphenylmethane £
it HerEErE S5 ZU1MA, vlFAA el DMF & A& ZA97h dAe 42 ARSR Aeud &
2 4 s Yok

Abstract: Diphenylmethane (pKa = 33.4), which is difficult to be oxidized in normal oxidation conditions, was oxidiz-
ed to produce benzophenone at ambient temperature and atmospheric pressure by using phase transfer catalysts and
solid potassium tert-butoxide as base. Quaternary salt such as benzyltriethylammonium chloride, tetrabutyl ammonium
bisulfate, tetrabutylphosponium chloride, are ineffective catalysts for this reaction, but 18-crown—6 and polyethylene gly-
cols showed catalytic activity. The conversion of diphenylmethane was increased with increasing chain length of PEG
molecules when they are used as phase transfer catalysts both in equal molar and equal weight basis. The conversion of
diphenylmethane was increased with the agitation speed, and aprotic solvent like DMF showed higher reaction rate com-
pared with benzene.
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£[5]& potassium tert-butoxideE g7]2 A}-g-31o
7 Z¥ (pKa=30)¢ AH33te uhgol dimethyfor-
mamide (DMF) & &vl& A}83}43, Russel 5
[6]% Hofmann % [7]-2 diphenylmethane (pKa=
33.4)3} triphenyl methane (pKa=~32)¢] At3}le| 7z}
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sphoramide (HMPA) & A}-&314ic}.
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[8]ol 5715t3}ell A Eejeld =] E (PEG)S Ao
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benzophenoned #A52S HE39x, Clark ¥
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Y3t webd B dFede A Ay
A] Aro]E Zvuj9} potassium tert-butoxideE A}
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B A#dl A3 PEG (Yakuri), 18-crown-6
(Sigma), benzyltriethylammonium chloride (Al
drich), tetrabutylammonium bisulfate (Fluka),
tetrabutylphosphonium chloride (Aldrich) 59 A
o]F Zvuj2} diphenylmethane (Aldrich), potassium
tert-butoxide (Fluka), DMF (Katayama) & #z+&
Aeke 25 B3 Alokolu] WAzl glo] ALestalch.

W34 ) 100mle] 24 mR) 5 kg 7)ol
A #4ssch @ 7 A% S, WA 6.25mmol
9] diphenylmethane, 12.5mmol¢] potassium tert—
butoxide® 30mle] wWlle) Wi, Aol Zuj A}
43 0.083mmole] PEG-6000< utS7)o Yo
RAE 9 A BT wesle e 378
astgdct. obE e w8l (Advantec SR-306)
o 2E7} 25C of ol=w A4 LPr|E o)t

F3E A4 A4z, 1993

A&7t 3% shragetE
oA AAEFEI od AMggk #PE 10% OV-17/
Chromosorb AWo|git}.

¢4 Ashe Az ohgF 2ol Aozt

_ 91014 diphenylmethane ¢ &4

=] 0
W) = AH-3t diphenylmethane ¢ &4 X 100
445 benzophenone 9| &4
9T (%) =
FA=(%) 91014l diphenylmethane 9 £3 x 100
3. Zn ¢ n&

3. 1. &o|& Soi9 Pt

Aro]E Zwj7} diphenylmethane®] Abslub-gol m|
A AFE 1287 st Aols FuE gol A}
4317 = 4F g2 FY, 47 44, 18—crown-
6, PEG 52 0|2 2183 A%E Table 1o] vie}
Wit Aol Sl g AHEeHA] ode AdolAME b
ol A dojubA] st AR o A ApelelA
Tol&S Addte Fujes s 45 GEFYO
v 45 e A4 diphenylmethane®] A3}-go]
1% vlte g o}F ottt o|AL o]F 45Fo] po-
tassium tert-butoxide®] (CH;);CO~ o|-&# o] x5
HpS-& ey} o}F vy Hoffman £8]84Me oo
717] W&l HAeE ddEc 8]

a2} 18—crown—64 PEGE #A$= 4347
] o]5o] WA potassium tert-butoxide?] K* o]
<7 Z9E YAFe 24 (CHy),CO™ o)&9 o%
& &olsHA o] F7] wfel  wkgo AHsg A
sl 7143k Aoz 7=, Kt oo HAL
0.266nm & =7]7} 0.26~0.32nm A%l 18-crown
-63 ZAAE & YA Ao ¢ lew[10],
PEGE K*ol23 24 & JAFHPEG+K" -
[PEG—K]")[11]. 18—crown—-6% Xzlgko] uke
PEG-600%th= A3hgo] A3k #Abko] 20000]
4e] PEGR T Ashgo] ). o]7e& PEGY A}
SAol7t $74el weh K ol ente] el Ao
Z713le d Jlelsle Aeg Agtgct. 28 PEG
of Hateko] ¥ =W PEGY It A 180
(CHy)sCO™ o] o)) ojated o] &3t¥|o] $3wr} 7
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Table 1. Conversion of Diphenylmethane with Vari-
ous Phase Transfer Catalysts

Table 2. Conversion and Selectivity for the Oxida-
tion of Diphenylmethane with Polyethylene
glycols of Various Molecular Weights

Catalyst Conversion(%)
without catalyst 0 Catalyst Conversion | Selectivity
benzylytriethylammonium chloride <1 type |amount(mmol) (%) (%)
tetrabutylphosponium chloride <1 PEG-600 0.83 12.8 725
tetrabutylammonium bisulphate <1 PEG-2000 0.25 21.6 64.4
18—crown—6 16.0 PEG-4000 0.125 24.0 46.7
PEG-600 4.0 PEG-6000 0.083 25.8 224
PEG-2000 16.8 Reaction condition ; T=25T, time=2hr, P=14.7psi, rpm
PEG-4000 21.5 =900,6.25mmol of diphenylmethane, 12.5mmol of potassi-
PEG-6000 25.8 um terr-butoxide, 30ml of benzene, and 0.5 g of catalyst
PEG-8000 26.0

Reaction condition : T=25°C, time=2hr, P=14.7psi, rpm
=900,6.25mmol of diphenylmethane, 12.5mmol of potassi-
um terr-butoxide, 0.083 mmol of catalyst, and 30ml of ben-
zene
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3.2. PEG Atg Zol9| ¥t

PEG Ab& ZHold] 4%& F ¢ 3337] st
7Ze 2 (05g) ¢ PEG & A3 AAAE
Table 29 Jetidct. PEGE At&A )7} 7184
2 diphenylmethane®] #3}go] Z7}8& Ho|x 9]
ok 2 FAE AMRE A folER AbeAHelrt A
£ PEGY %57} #Hashe AS A 9 A&
Aolo| w2 A& Frle 433 ady & ¢
dtt. PEGE £7F AxY FA4S
& BR3a glon o] 252 M 34 ix
HAE 7HAZ 9)7] Wl 18-crown-69F o] 671
o Axel AgHEe Hided —(CHOCH,)s
(MW = 264) 3tvmjct & 7§ K* oj2d &
Aty shgstd A FAY 543 A e
A ARRE Hfsleg e Asles Jehy
Rog s A|ut AgAne} dR3}A der) o
gt BAge] 2 PEGU/E w2 A4S vehye
A& PEGS} K* o] &7be] 2] #4Jo] PEGY 5A
g Yo 2AdYA (coiling) Tl &7 &
ol Ao 2 #ehglr). Harris $[11]& 2-9 4184
9l benzyl bromide®} potassium acetated] BF-S-of 7+
& A PEGE Aol Ful2 A3 As}t Ea)
o] & PEG7} & w455 Ve s Azt

l‘l

1 methylene chloride®} & Aol potassium pic-
rate7} Eoll4] methylene chloride® Atol® &= A
5E e FA9) PEG-10003} PEG-68008 Aol&
Fo)2 Apgdlo] 24F A% ¥rkeke] 2 PEG-
68009 797} PEG—IOOOE'_E} AolE o] 94
& ural v Ak

&0 PEG Abs o7k wheel vlAE gao) B
sto] dhhEl= AT 2z H w glch. AREo] o
Aol AAF Fe(CO)s9t YEEZM Ao 2j5t o} d9
TS A e FA9 PEGE AH43 23} PEG
o) wAgol e o] o ¥E WIHES hehis
B w[12], Gokel 5 [13]x #& FA9 PEGE
I-chlorooctane ¢ x]%lg}%oﬂ A3 Az e 23
&S 7= PEGE A5 db&=rt dA43] Z71314
it pTsteld. 2eh ol 5 ) e
Awg 53 EAAEE pEleE AoR 1A whe
ol potassium acetater} potassium tert-butoxide
Aee 7o B8 e deolch weby
PEG7} K* 1} Na* oj&x}t Zod2 3FAslo Lo)e
& BIFATIE FHe sl Wt Solee F
Fol whe} PEGE 29 ®40] theA vehd & 9)
7] el Ao R Ak

AolE Fwjo] £A5to) A diphenylmethanes] A
3loll 2|3 benzophenone?] FFAuFS-& thew) ke
W71 TE e o2 F5E08]

i m{u

PEG+(CH;),COK — [PEG—K]*+(CH;),CO" )]
(CeHs).CH, +(CH;);CO™ - (CgHs),CH™ + (CH,),COH (2)
(CHs).CH™ +0, - (CH;).CO+0H~ (3)

Wz PEG7} potassium tert-butoxide ] K+o]-&3}
2l YAt (CH;),CO™ o]&% A8ty diph-
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enylmethaneo] (CH,),CO~ o]&3} uk3-3le] uk-g-5
7FEAql 72w go]23 tert-butyl acohold FHA
g %, (CH;).CH™ 7} AtA9} uh-gsle] benzophe-
noneo] AAEch 7|4 A (3)9] whgE s
FEAE AogA AREE 7I2H Fol23 At
uhg-3te (Gils).CH - =ojz& YAstx o]7e] o
A 413} 2rjZd (GH:),CHOO - & AHA £7
A Z <l FHibstEo] Hx HFAH 02 benzophenone
o] JAHE Aoz Hderi[14]. b £ uhg
7% PEGE potassium tert-butoxide®} diphenyl-
methane?] Awelx K* o]3 #AEZ A sto
(CHy)sCO™ o] &2 Ao o] EAAGE F414]7]
v 9% Fo2H 4k (2)9 9J5te diphenylme-
thane?] A3&-¢ F7MX71E Ao 2 o). &3
Table 294 PEGS] E2l%o] 248 Adws} 7ha
3o AFE Bolx ok o]E EAgke]l & PEG
£ MR S $949 Ans) Fobste] At} 4o
ko] )= Ao e gatAlgTl Zrasted whg
(3)8] =7} 7as}7] W&ql e g Y75

3.3. metBTo| At

AukE w7} diphenylmethaned] #3583 benzo-
phenong] AlEx o] ulX& Q¥ w287 ¢t
PEG-6000¢ Aol Zujz A48l awt4ed
300, 500, 700, 900, 1100, 1300rpmo 2 W3}X])A
A ZFHE Fig 1o Jehiglc}. a&x0) &
7hgtel w2t Aslge] A& F713He Holm 9rh
g AR k&R (F 300-500rpm) o]4te 4
dEert F7stde dhe45e Wil A gle
e 72 7 & A4Ha, i)
e Eo] met Ad Foehe e A AW
7177 & A4EHE Ao <A Juh(l). £
o Atz (DF (2)9 g 2 A4
(3)9] Hhe-& 7]-9 AmoA doju}:= AoZ
HER autd s} F71tel wel AdelAe HE2F
A5 FHAA ARG E TS} Z71817) WSl A3}
$o] F7}8 Zlolt}. 2} benzophenoned] A&l%
T rpm o] $& JQoj M AEE Fte wie}
F7kke FAE veba 9oy 900rpm o)At A
€ 79 AT & Bolxw Yt oL J- 7
o FAAGIE d-o ko] FAAsH} Ao
10% A% 27] gFo) whe (3)9 A ojx Hx
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Fig. 1. Effect of agitation speed on the conversion
(®@)and selectivity(O).
Reaction condition : T=25C, time=2hr, P
=14.7ps1, 6.25mmol of diphenylmethane, 12.
5mmol of potassium tert-butoxide, 0.083
mmol of PEG-6000, 30ml of benzene

3.4. HISE =4 ¥ Fof Y Hg

H-&E2 A48 diphenylmethane(DPM)3} po-
tassium tert-butoxide(PTB)¢ Z=A& 7zt 3.13-
18.75 mmol3} 6.25-25.0mmole] H o4 wE A
A Z23AE Table 3o ehfsich dAY
diphenylmethane®] ¥ %o|A= potassium tert-
butoxides] ¥E7} 571843 Aol Zhae 4
% 2ol glort PTB/DPM=3 oAl sl A%
s WeldoR Z7lAE itk zela DPM
o ¥%7} PTB 5280} £& w+ 11% olste] @
2 A3EE Rolx Yu}.

ol A A A g ub-g-7) o] o3& ® diphenylme—
thane} tert-butoxide o]-&o] 1:1¢ Zu]2 uhe3}
D2 PTB7} DPMEL %57} & 7S Al
T W3t e Ao = PEG-6000S £

ohel WAle] ofF 2k fajstel K ol Fge

YAseg uwhge] A835 ZE PTB7} tertbuto—
xide o] & JAY F& flon g pefu) o|Ate]
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Table 3. Conversion of Diphenylmethane at Various
Reactant Compositions

Diphenylmethane |Potassium tert-butoxide | Conversion

(mmol) (mmol) (%)
3.13 6.25 24.7
12,5 45.2

18.75 55.8

6.25 6.25 23.5
12.5 25.8

18.75 449

25.0 45.5

12.5 6.25 10.2
125 11.8

18.75 174

18.75 6.25 6.4
12.5 11.0

18.75 2.9

Reaction condition : T=25°C, time=2hr, P=14.7psi, rpm
=900, 0.083mmol of PEG—6000, and 30m] of benzene

°] PTB7} "a3 7oz Aztdd. PTBY %7}
371845 [K-PEG]*7} %o] AAA o] o] §
Rl 27}%)7] Wgol PTBS %57} DPM9| %=
Bt} &5 o £ ASES Heln gle e
g€, 22t DPM3 PTBY 557 25 &
A% Aslgo] Yoy &3 DPM#} PTBE 77} 18.
75mmol A}43F Sl 2.9% 9 olF ¥ Asg
£ el ot

I3 APAH tert-butoxide o]&o] DPM# BT
kg3l AA R tert-butoxideo]-2 9] ¢ko] DPM
¥} Hornz ¥hgo F4¥ 4 9 DPMY ok
A7E UA =He gty DPM 9] 27)5%7} o
AT o]geld o]2Hql Hu AL FAT Ao
2 o=, Table 3¢ vebdl ulgl o] PTBY
=7t 4AE o DPM9] 5=} $7184F Aske
o] Ztasty glornz dFAq AFE 49T 5 ol
ot g ey el AAR PEG Ale A
ole] ggel T Aol HA ule} 2Fo] 9
YA tert-butoxide o]&2] o]F& PEGY &3
gele 24YA ol 9&slx2 DPM 3 PTB 9
240 uel 49 Az FAALG £ F oy
7HA 8o A& F7) o Foll ubES ZA o] ¥k
Sl v|He 9L Babsicin A

Table 4= PEG-60009) ¢}& 0.5, 1, 2, 3go 2

Table 4. Conversion and Selectivity for the Oxida-
tion of Diphenylmetnane at Various

Amount of PEG-6000
Cat. weight Conversion Selectivity
(g) , (%) (%)
0.5 25.8 224
1.0 27.0 10.3
2.0 28.8 9.4
310 32.3 9.0

Reaction condition : T=25C, time=2hr, P=14.7psi, rpm
=900,6.25mmol of diphenylmethane, 12.5mmol of potassi-
um tert-butoxide, and 30m! of benzene

WHSA|A A 234E defisich Eof ko] 7}
ol oz} DPM9] Astge] F7letaL vl o] AL
Zuje] F7t2 PEGS} K*eldste] 39 Ao &
7beted tert-butoxide ol-&o] we] AAE7] Wi
o} e Aspgo] Eu) ool n|HEe FrslA]
%e AL Fv)9 F7tel wet PEGY &sj=s} 3t
A8t Axst 2718t AAE tert-butoxide o]
o] 3t 0|9 AolF FHo] FAlo wldFHA= &7

o g Azhdd.

F#9 Zuj9 o] FURFE NHAnE Frde
g Bolx 9=t oJAL Fvf F9 F/IE 49
o Aes} At Are FAATIE Fageo g
st (GH)CH ¢l 42537} Joar) W
02 #g3dd g & e Ad=g )
AHAE Fo F9 Fotbel -3 EE Ax Bohe
FoleA ST E et F9 WHoR ws
(3)& EAAF= do| Hag Ao Yztg).

3.5. 7#7|38019 ¥&

vjekztA) &wlel dimethylformamide(DMF)¢} &
Aoy F2 AR WA ubg 54% v|xs
7 A3tz Sl ot WAl wE
diphenylmethane®] ¥ % W3}E Fig. 29 A8+
t}. DMF & 4uj2 AM83 A% dbgo] 13 o
A 4AH Asge WA A$R} A4 Jel
sk o] DMFW Y] w34 A 7HA3 9)
T AxYAL £219] i) xEHo] &3¢ A
3t ofol &3t A AR B whgo FAZ A
(CHy),CO™ o]&2] o]5-& ZXA|7]7] W&o et
Ui d4o 2 wdEn], PEGY 4857 glAnc
DMFlA o] ¥ A% 7]gcin Azt€e}.
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Fig. 2. Conversion of diphenylmethane as a function
of reaction time using dimethylformamide
(®@)and benzene( ¥ ) as organic solvent.
Reaction condition . T=25C, P=14.7psi,
rpm=900, 6.25mmol of diphenylmethane, 12.
5mmol of potassium tert-butoxide, 0.083
mmol of PEG-6000, and 30ml of solvent.
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