@1«10’1&5»74}4; @%‘zﬂ:
%3$EP AFAT LT s VDR ﬂ:zovf

Kpfesopes % OB R OE
pp s Lo S A VR R
(FRAI314E 5 A28 HEE )

- Kazuhiro MaruyaMa and Ryo‘zo‘GoTo ; Studies on Oxidation of
p- Cymene by Molecular Oxygen III On the Oxidation of
p- Methylacetophenone . "
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CERRTHLHEINS, HBORdC p-F ARy, p-FE=HTFLILZ, .
BLUET 272 7o oW TEREFRBACEHTFTTHE L TR, wIhd p- 2AF17T
CEF T2 S DESCEMCIE R =T F Y A Pt Likhote, ERE\ATE, p—x%»
Teb T2 JRBRELEALT, WHRKELSKREL TS, AN—FF 04 FOAERITE R

bivimok, FfEb—FEICT 5 L BRMTH B2, —@lL LT 500cc @ V-5 # 7 7\%
DAEZ FRILP-AFAT €t 72 /o AN, AERRBRETERLC, EH0oF
FERIKE U 3o s a R+ Table 1 0k 5CTh 5, HHEIRBEOSHEFCRIGY

Fiofe s, HERIRKC W TEULE b 0¥ B, LR LeBERBERSE, Mk p-7
" Table 1 ) -
Paramethylacetophenone. . Acidic substance (gr) g.ilgc}:a, bo iling  subs-
No. - used (gr) recqvered (gr) |[(p-acethylbenzoicacid) g;;lt)alnmg perox ide
1 3.0 2.3 0.6 0.1
2 | 100 8.3 11 o5
3 | 5.0 4.0 0.7 }‘ W ;”@2”

t%wyéﬁﬁfﬁoto«~A~?n7bi7Amiof&T%
bhieholk (HHE20%7 == «m@ﬂwwny/

A4 Fleonw T,

7w b Q) ; WELRFEER), ZEo - ﬁﬁ*f/f F ﬁ*ﬁi?ﬂ’tb\z)i»

—~{HD A A7 b Undhd

)Wo&m@fmiwféﬂ—A#%
SUAFAERBHEAE LI 7 BT AL ) YT L DT AL 5 (HlE
%@'—‘F‘P T F

/%wA4FUA—A#%4IKH%K%T5;&ﬁT?LO&mm%m%ﬁ%ﬂ—i%#J
(a—b%b)—&ml%)k@%%gk®$&ﬁﬁ%T?&Fg 10L5Ths,

Fig. 1
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II\’,’
%
"

¥ s I
AN

2} 7

’fr, . -
7 2 3 4 ] 5

Reaction Lime (hrs) ,
I:c c. of 0.1 N.-Na;S;0; solution consumed
by iodometry of Peroxid in sample 10 c.c.
II : c. c. of 0.046N-NaOH solution required
for acidic substance in sam.ple 200 c.c.

¥ e m A Ay 7 A (200cc) 7
SZalV—FH7AWHIEY 7% 3(300
c)EEAn, p-AFAT 72 /10
gHE T T AAANRT, KB ih% Rt
L& Ak ERpE (200W) - % 5t L

/

Fig. 2
1
lw
8
5 ~1
&
i ;
é.‘!-
E7 7

Reaction Limes (hrs) —

I : Quarz flask
II : Sodaglass flask
III v Qua'[‘Z ‘flagk ......
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AL DEEEOWIHKITE Fig. 2 €2+ X3 TH %,
1.1 RS&RHD IR

(a) DT TSN F NS F BN~ «‘;\;4)-,( * (CHsCO-C¢H,-CH;-O0H)

b AFAT kT S RBELIC Y T A IRCHAL, KBOBEHIETIC—BKE
Lick b, —a8fifRnERL Tk, 77 ATDLNEY = — lecmﬁﬁé’&fﬁxbth
CHNEEBICIHEKEE Y — VKR & o TERMEME 2 0 7 &, %K@Wﬁ%/ ﬂmmm&
WL IO T, ~ A Fa—ad s 1 FekiFle LTl H Uk, JKif U2 i AHiER <
CRAL, L CE MR, C RATEBIC IS F o T L, BHIE C A 3096 R
;E-fufsvc?&%.l:f%@:ﬂ#Fﬁjln%L TR LT, OB T2/~ A L RO p- T e F AL
EFERRE SR TE R, Y. /- B RSB T B LI, v
N = BB, 4 F =BT ==k FT7 YV~ %D Dk, Fries Exfiiic X > CHERE
Ta S NIAFADL AR LI p- T F N T2 S AD R I AR — o F, FED T =
= N NS ER L TE e I A — o LIRBIL TAH D, MAETRED SR h
D7 (FhA198. SOC)D FRHBEFD2L4F=2r T ==L FT7Y~ 0k, Zu~<bFRAF YV '
T ETA AR GF Sv ¥y F =2/ —A) $5 M0k, ZhbDHED
Bhﬁﬁﬂt7; — WML p- TR FA T n ~w(§5£ﬁibtoéjﬁ~'¥%

4 F R A TR, ©Ric MERERSN QMKékﬁik%%Lto”’uiw%%za&mim
WL p-T 2 F R Do 4 F 8 oS— g A R OIEAENFER C & /o, o

(b) p-7 w7 1% EFE (CHsCO-CeH,- CO.H)

FUS# D B S e BREEE (Ridl) 1%, uh%mk7wn~w#5ﬁ¥%?é&wﬁ
205.5°C DAEEEHAIRE KD, ©O b0 P-7 7 L% BER O LHE (A £205°C) & —3%
Lk, DO~ FRAVLFGEEL, 7177~ NEREER L (FAFLTAF
e LTHER). Hic T RO, TTRAMOMRDS, Ldicp- T eF LV ZEERL —~HL
too LedoT, ERMEMIEE, D- 74:%»;@-%75@(}55 g;,gﬁg; T ¥,

T ; BEE 5.244mg. C.6581%  H.5.17% 0. 29.02%
CoHO; & Lttt C. 65.84% H. 4919 0. 29.24%
STE; FAE (72 ) ~ 165.0

B 164.17
1.2 ERBROEE

Fig. 1 »bbn 5k 51, KBEHORIEC 0T, whws "FHEH, 2@ ky,
s MO RIS S B O~ F 2 o FORERLTE e

2t1) Criegee ™4 Fw S —4 %% 1 ¥k
ém 70»,m'{¥nn~¢%?ff@ BRI X2 T7 = 7 — AW & haE = b E
aw-ﬁ}ﬁﬁq‘ﬂm (Kahrasch, M. : J. Org. Chem. 15 763 (1950))
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CEMORAY b aRETE, Ut d ERSIRE LaEH oW T2 CH R L S Eo 2 #
Y ELhrdbbhisrck, ‘

i) RISHAIC p- T2 F A< Y T AF A FOERERD B REN Ok,

i) RISHARIC I, RSO FIIC 81 T Cle BB 2 4k LT & 72,

DEQDZEANLEET DL, COFRHTFTTR p-THFAR YT AT AL R p- AFNVT
b T7e /Db —BEIMCELER TS EELDNRD, LD T, MSRKRICRT
ESCHETT 5O LIMNS NG, ¥l T BMN D-T  FANRHAEMET ThH B & &1,
COWEE LT IR B, ‘

CH, CH.-OOH CHO . O OOH & CCH .

| | | N/ l
/7 Sunlight 7\ 1IZaN . Sunlight © . N\
P = L Lo +H0 — l — | |
?:o ?=o ) l:o \( . ?;ov
CH CHg \ cH; o C=0 . CHi
3 CHs ‘

2 MATICHT B AMLRBIEBY TORIL

Ehucik Fig. 3 wRd &5 i@ x v e, 150°C DLEOBIET, p-AFA 72} 7=
JCHHE LB BAT B &, BLAO TRERE R BIEL 7T X Sk s LA

Fig. 3 | Fig. 4

2 4 4,8 w @
Reaclion Limes( hrs.) —

A Reaction vessel ¢c. ¢ of 0. IN-NaOH Solution required

B + Condensor ) for acidic Substance in sample 3 c.c. -

C ; Trap, cooled by mix of ice+NaClL Reaction temp. 1804-5°C Current ver-
D ; Calsium chloride tube. sitv of air 300~500 c. c./min.

E ; Natron-asbest tube. . . osity ot air c. &/ m“,l

F ; Electric Furnace.

G ; Porous plate.

RRC, RBEEIHETE e £ UTHIGEEBHT 5 & p- P VA VEEDREESHTHE L T & 72,
imEE 180+ 5°C THZH: L7 ZB& %, 300~500cc/min OF I THEL k& & O FISHKH OEED
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KOO g2 165 (HEs1

LR ERT & Fig. 4. 0L 5TH 5, ﬁmﬁmﬁﬁm&vmwm%%% S % Tk E R
DR, Table 2 cD X5 Th5b, HIGERWE LTI, ERHELTP brAn

Table 2 »

T . : v —~Taluic acid Formaldéhyde y
Reaction {Reaction |P-Methylacetophenone. p } , s Tarry
temp timex Cxidant- — ~__ land p-acethy- (contains War ratter

used recovered |[lbenzoicacid. ter)

No. | (*C) (hrs.) | (gr) - | (er) (Solid) (gr.)]  (gr.) (egr.)
1 200 2 O: 100 72.5 3.4 2.5 ] 14.0
2 180 24 air 100 78.5 6.3 40 - 10.0
3 150 24 air 100 94.0 0.5 0.2 3.0
4 100 24 air 100  non reaction

f, "RV TAFA~ALF, K, TOMOEEERSE LTRAIRED p- 77 LV EEE, 71 7
Z =N, D7 v — ADER U, ¥RREISP-AFAT € F 72 /o BB LEO LB,
XgtaohtEsr — VRME R LRICED N, D2 — VIRE ZBERZ T &, p- 2
FAT L Te /o, p-FAAAEER X OHEERMOBMA 105~114°C O EEKHRE B4
TRLT, SELTCLE Dk,

21. BEEMO 5K

@ WW%%&\?&b%p}w4w@(pCHJMLC%H)&p7t%w%ééﬁ

BEMER A © M BUGRHR D D EIRER ¥ — F K@ & o Tl U, flgi o 35 5% Ciikic &
B &, EEOEREL CHERB AL U 2, chikABIL, KE 73 — s b Efifh LTl 176
°C ofifanBibhi, Bmo p- P L A AEREERML CARAIAETARST, X—~—-7@u
<+ T a0 C REMERILHLCLLLRAETH 00, BEMER p- I AVRTH
BE Lk, HIcEOEAE A5 Licd & D AW, chrxx—F7LTciilL, fhilihst ~—<
—ru<t /77 (W20 %7 > E==YKEn-7 5/ —A) i ko TR & o RE B
DHWiE Lk 05, D-F L ANEE, b-T eF VEAES, FvUr—ABREETS L
MT &, MIc 1 ~2 D ARY FREL L ENHHN, BT I LR TEFANDR, —
FHHE 2,4~ F=tv 7= =—b F7F OEFUKEREMZ 5 &, & F 7Y — 2k
L,LQEF7V~V@ﬂﬂ@P*7h%wtgﬁﬁ®2¥%;buiz~—th39—V
LZu< R P Y YT ETCALR—SBE Le B, v ¥o—x 5 /=),

b) w7 AF~q4F (H-CHO)

RALTNFT oA Fik Fig. 2 HOr 7Y 7CHICERET 228, 4k LksKic & 13 TRER
L LTEBNE, COHICF A P DX/ — VA2 CHERRE T % & H ek
%ittgcﬂ%7»:—W#Bﬁ%%?%& Alle 189.5°C Dl As e,

BRSO R A<= L F A F o LR L CHALE OB T AR D WO T, SRR~
FAFrThHd BT, LedoT, 7Y 7CHICEHRET LWMEE KL LT 7N
A FTHAHCEXRMWA L.



FATR - UL - BRBAR D R 7 F 1 2 v DR

¢) p-7zvv-—n, (p-CHs-CeH,-OH)

EHREE Y ~ 7 KER CHIE Lic b & O RIS, chx sy — 7 KEw i L, st
B LB BRI 5 e B L\ 72 / — VER 3T 5 SR OMRI LI L. ©hak
LR L Db = — 7 LTl 2 &, 20O = — 7 AMERITELE SRR Ltk
fE Uiz, ‘Koelschm D= /— /bi}“fﬁ;}%}t Lo T, T—FAEEnb Hic7s / — ik
e E AR D20% 7 b Y — 7K THIE Lic e, SR & 7 77 — L EER D509 HH % i
2 TR L CRI—BSRAIBA L, 1630 L CRbtkic 5 &, BlLe 135°C o F gtk i i
b, ChEp-t A AF e hb&Hl Lk p-Z vy —1@ p- 7 v Y& o BEROKER L B
LTd, BlEOBETAEDORAENDT, 7=/ —AMMEL - 710 Y — A ThD o %k

d) »—kinE

REED p- A FAT 72 /o RRERGCTHE LBO 7 — VIRIE R, h%bE
BO~ Vi ki L, HienlEY — F KA E & SIC B D TRRARD 0 7= /= A
B REL DL oo RVHR DL CHMLELOD, WEKZICH L, Table 2 iozs
L5 I ATE OB LM FIC AR Ui 2 — VIR, *h 2 RIERc B L R kR e R T
o, Table 2 %8 No.2, ORIERETIC Ak Uk 7 — LHRWE (10.0gr) oW TOHE
RS TF 5cibd s (Table 3), ABMERAFR, #2FEWELLKREYAXHEL,
HRF B S C & VR, BB ST L s, F1HSRAS205°Cow 1 H

Tablc 3
Fraction Boiling point - ; 4 Distillate (gr) | Component
C/smm | , o P
1 r 80~100 0.7 | pale yellow p-methylacetophenone.
2 100~150 1.0 | pale yellow p-methylacetophenone + unknown.
3 150~200 3.0 | brown || p~toluic acid + unknown.
4 ] residue . - — | dark brown —_

KA HDY, AR D-FAT T S oD IALSY L LREILTY, BAOET
ERDOWMNDT, Pp-AFAT bt 72 /o ThHhBHZEEH DR, H2HIIHMEDOKNE I
KIE THDOT, e p- AFAT 72 /v 2 HHLTWD, 71 5B THBAEEL L
L EARESGEMEINT, FL U I—AFEE p- T FAREAFRBE HLER Lic, LB THO
el DT E b otz, BIYHR, £HS5D5 b TROKETHEMELEHEL, = —7
W%MZT&#LK%Eﬁ@V—fTM$LT,p—r&4w@T£5ca%@%Lt(ﬁ@
RIS N =N —r v < ic X %), BRIEME LD e~ 7 LIERE, *=—7A%iEH
LABECRERGCH Licd: o5, Hicie Table 4 t#zT L5 B or5 2, LS
LT RERSE N L s o 55 1 G5MEFaA & KESNR p- AFALT €L T2 /v Th
O, B2RABLLDLED p- AFALT vt 72 Vo BERIR Tk, HIFFILBESLIIE
Yo L MEWME L L b T EORGRENTE L, O8O0 > bBIEMER p- + 1 A1 fE
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Table 4
Fraction Bo%r/lgnxl)r?]mt Distillate (gr) Componént
1 80~100 0;6 pale yellow ‘p—méthyl,acetophendne.
2 A 100~150 0.4 | pale yellow p—methylacetophenone.‘ + unknown
3 150~200 2.7 | brown kp?toluicV acid. + unkgown
4 % residue — | dark brown _

fﬁ@tﬂ(ﬁﬂ,kaom«—»~7n FVI%) D R GO GR FR T — 7
fﬁ%ﬁ%@@bf%ﬂﬁlw~n4cfﬂﬁ@ﬁ@ﬁﬁﬁ%fﬂq$%axrgm;ofm
ELTH 280~330 DR C—EflEL RS, (Eo T OMBERRAM R Shs2, 7=
2 ORI M: Fic BRI BE LT 5 &, =1 7 7 — LB R A% Uiz, , ,

LROAEOEREERL D, FE D5 — VRMERBEER M TED L 25D p- A A
”Mkﬁff%wT&bJ;/y&®&ﬁ$&%Tﬁkbﬁ Wi RMEBE, ROFERET
Dfe, FTihbb, 2V O IAICRBESAENE, BER, AHEEO0 p- AFAT €L
Ve Jlp- b A AAERE R AN CREY 2000C I, W AROREEAT AT BENEND
EKOAA, FOSHEBZENEMLUEWE SICEE L, TOMKER, ISR ERHERED
CHEIZED, WHECEHELHO CE L, W2BHThEDR, BHErET 55k
o WEMZEBHL, o ¥ THlk—FKERE & bick (D, E2c@mrin
TIKYE, R 7§ TR L, Ny X BLORRS b= ATFAT L T2 S EREL, BO
To g — WARINE %38 Utz 05581k Table 5 iw®$ X5 THolk,

Table 5
i - - -
Fraction H B?él/‘;‘r%l rﬁ [‘_’I‘g“t ’ Distillate (gr) ‘ Component

s@ | |

1 ~150 “ 0.5 | pale yellow | p-methylacetophenone.
i i k

2 \] 150~200 i 0.9 | brown . p-toluicacid + unknown
li !

3 . residne ‘w — | carbonized e —

I | | |

:@%%p—f%w7ﬂr7;/ytp—rw4mma®&ﬁm®%%$&bk&—wﬁ%g
%Kﬁ ﬂ%w?«kix//%ﬁﬁ S Lt Rk Ly —kiE &R, £

Cle’ ClHq 'Cng C1H3
AN N AN B
= 10 + [ I -] [ —Polymer
\( — N \/
. ! \ .
=0 CIJ—OH C=0 (13l~—O-CO‘C.~,H4-,CI—Ig(p)
% |
CH:}Y Cng OH CH;
¥
polymer
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CHRUZEBZRT C L a3Hok, LknoT, p- x+»7z+71//@mm@¢m£m¢
35— VREIE R, BB S e ) f&fﬁs‘é%ﬂi“)f P-AFAT L Ta S D—EMRT
/= kL, %@#%%&LKEA%fﬁéo&ﬁibto

e) IRERA A .

BRI T D AT ATk 70 S R RRIEL, GOV X A KRRIE S ) 7
el T & MBI BEREY LT S, £ o CUlRHET AFICREES A DL DD N,

22 RERROEER

RE Rkt o b /QQ@ﬁéftVC?)b T OBFZEIL Rieche?, Wateréﬁ’ Fuson?, Scharp®, Prit-
zkow‘”l‘chctOTﬁvb;h“Cb\znb:, LﬂBfﬂfm%VCiof@ﬂ*h# s b+~ TR"-CHe-
C-R' (R, R"%H) Ok HobnTh s, RIEOHE—EHIC 5T, a7 b~ A Frot-
FFFAFRERL, chBFHLTIELVORE T ELDT AT AL FEEREKT S L%

%Lfbéﬁfﬁ,mé%%ﬁm%&ﬁ~%bfbéoLh@ DXL s3cEXHbbTC
& 2’7=“C%‘ %, '

O .
R” CH,- (ITR' -— R” (’DH I(l: R’ —> R'CO:H + R/CHO: v evveeen(1)
A\
OOH O

%%B@%%KEMTR,iﬁﬁi&%abfp~r»4wM&Bdmﬁﬂb7”?“4F
BERT LMD, P-AFATEE T2 /o OIEATICRT 2 HBRALR, @XOL S
HEBLbTCERTES, |

0O, ’ '
p-CHy+CH,-CO-CHy —> p-CHj+CeH,-CO-CH;00H —> p-CHj-CoH,COH+HLCO---(2)
. ' o PN

¥FRRIGERME UTREEA ABER LT 25, ChiRE—F A Fe=FF 44 Fix
B L TARLETHO, EhicTAFoAg R amamﬁﬁﬁé_am;<@5nfmém
5, KOBRKRT L SERBICE > TERT S OEHRIN S,

‘ 07}
p-CHs- CGH4 -CO-CH; — p-CH; -C5H4 «C0O.CH,O00H—>p-CHj3- CGH4 «CO-CHO+H:0

0 /0
p—CH3 C¢H,+CO-CHO — p~CH3—CﬁH4 CO-C

{ ——>p-CH;+CeH,COH+COz+++++(8)
OOH .

-7 v~ DAERICEL TR, TIATAFAS b AcktF 58— 5% 1§ @ﬁsﬁﬁk
Bi+ % Fries 50O BRE0D, TIATAFA S o "—FF% 4 Fic ko, HEME
TZ2 /= ADIFATAFARERT S ENHBRT WS, LERDT, @ROD L Sicp-
“AFNT b T S DS ER LicoN—FFF 4 FERIGLTDH- 7 v — a3 4wk
T LEREDDEEDbLRS,



K # B %2 #ies (EsD

o Peroxide H-0
p-CH;-CeH,-CO-CO; —>  p-CH;-C4H,-O-CO-CHj, > p-CH,-C.H «OH+CHyCOH - (4)

3 B *

1) KBEAEHMEHOT TR, p- AFAL 7€ 7= /BB CBREC L S TBIEERNIT
DT e FNREEREERT 5, SR p- T F VREFRBEOFHL WARB:E L TElkS 5
borEBRHW, | |

2) REBHFES LT T, BR (150~200°C) Tp- AFAT € b F= /v 2 Lo
THIET 2L, P-AFAT bt 7= /o BEELIND- P A AAEE, SALLTAFEF, K,
B AR EHERT B E L bI, 7~ VIRME AT 5, 02— VRIEE p- A F 1T
- S DES — DR BRAR L EEMTHEEELONS,

Résumé

~In the previous of this series, it has been reported that when p-cymene was
oxidized by molecular oxygen under pressure, terephthelic acid was produced, ac-
. companied by small quantities of p-methylacetophenone, and that the yield of p-
methylacetophenone was raised according to conditions. From these facts, we have
postulated that p-methylacetophenone may play a part-in thess reactions, therefore
it is desirable to investigate a ireaction mechanisum of oxidation of p-methylacetop-
- henone which-can be assumed as, an intermediate of oxidation of p-cymene.

In the pressant work, p-methylacetophenone was oxidezed by molecular oxygen
under the following conditions :

a) activated by sunlight without heating.
b) activated by heating (150-200°C) only. :

The results of experiments may be summarized as follows:

1) Under condition a), p-methylacetophenone is oxidized more rapidly than are
toluene, p-cymene, and p-teri-butyltoluene, and produces p-acetylbenzoic acid in
good yield——it is interesting as a newr synthetic method. of p-acetylbenzoic acid.
And the reaction probably may. be represented in the following scheme :

CH, | CHL00H CHO O\ OOH  COOH
|
A =] [me— L O
§/ I V4 \/ 7Y — N
Cc=0 ¢=0 C— Y c=0
du, v éHg (\::0 CH
| CH;

2) Under condition b), p-methylacetophenone is oxidized to produce mainly
p-toluic: acid in which a trace of p-acetylbenzoic acid is . contained, formaldehyde
and tarry matter. Besides these products, the presence of small quantities of carbon
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dioxide and trace of p-cresol are confirmed. The formation of these products des-
cribed above, appears to take place in accordance W1th a reactlon of the typ°'

c[H3 C]Hg \ o C!H;
N AN N -
Lol Ce \ | — | | +HCHO
\| — \l/ o N\ ; ‘
| <

c:o C=0 ./ CoCH

|- .
CH; CH:00H
l Peroxide -\\ )

\ CH3 A / CH3 X . cHg

| ] aN 0. AN AN
/N [H0/\ | — || — | | +CO
O = I Ve A V4 A4
\/ N/ f | o |
| | co I C=0 " COCH
o) OH L | K |
| -\ CHO . C
7=0 & Noou
CH, ’

Especially, the formatfon of tarry matter may be explained as the result of eno-
lisation of p-methylacetophenone and also may occur in certain cases as a side reac-
tion by the interaction of p-toluic acid on p-methylacetophenone :

C|H3 CIH3 CH; C‘Hs
N LN
\K I (__[ W+ 1 | —— | || polymerization
\1/ \|/ \I/ _ \1/ ’ — Tarry matter
c~o CIrOH CO:H (JHC)-CO-CGH4~CH3(P) |
CH; CH:
' polymerization
Tarrymatter.
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