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Abstract

Organic reactions in the presence of super acids such as HF-SbF; and FSO;H
-SbF, were studied in order to elucidate their characteristic behaviors, compared
against those using the usual strong acids. Reactions presented in this report are as
follows.

1. Carboxylation of aliphatic alcohols and diols having short C-C chains with
carbon monoxide.

2. Carboxylation of alkanes with carbon monoxide.

3. Ionic oxidation of alkanes with ozone and hydrogen peroxide.

4. Electrophilic reactions toward o-bonds in the aliphatic alcohols, aliphatic
ketones, aliphatic carboxylic acids and phenyl alkylketones.

Judging from the experimental results, the following conclusions may be given.

1. Alcohols and diols having a small number of carbon atoms which are hardly
carboxylated with carbon monoxide in the presence of the usual strong acid such as
sulfuric acid, give the corresponding carboxylated products in high yields with the use
of HF-SbF; super acid systems under mild conditions, which is considered to be due to
the highly stabilized carbenium ions derived from alcohols under the conditions.

2. Alkanes which are hardly subjected to an ionic reaction react with carbon
monoxide giving corresponding carboxylic acids in the presence of HF-SbF; and FSO,
H-SbF; under mild conditions. The reaction is well explained to proceed initially via
the protolysis of alkanes giving arise the corresponding alkyl cations. The behaviors
of alkyl cations, together with alkaloyl cations formed by the carboxylation of alkyl
cations, are also discussed from the experimental results of the product distribution.

3. Protonated ozone and hydrogen peroxide in the FSO,H-SbF; act as an
electrophile toward the ¢-bond in alkanes to produce oxyfunctionalized products. The
reactivity order of o-bonds for these electrophiles is: tert-C-H>sec-C-H>C-C>
primary-C-H.

4. The electrophiles such as H, O;H and H;0, in super acid systems attack
effectively toward the single o-bonds in functionalized organic compounds such as
alcohols, ketones and carboxylic acids giving rise to characteristic bifunctional
products.
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1. #

il

BBRAETEDI L VCRERLEOLH TV hP ABmEME L L URC AV T 5D
B, Vv, 7 o LKESEOEEE, T2y A, 27 o R TVERFOALA AR L O
Y HeT A FOL S EERETH DL, LrAIGEEICE Y B E Vb D 100%5EE X 0 i
VCERBEABRR I, BEFERICEAMESEL L THCbR, TOBRSRICEHNERINT
WA,

BEEE A FIET 2 BRI FCET AR - SR AN TE S, — i« BB LEHBD+ =
ALK VHBEBER T CERRICELETE A1, TRERIGPHREEE L TE S 2595
(NMR, IR, ESCA, Raman 7z ) CBEX T 5%, & 9 — D BME» FIB L CEE(bLE
RIG (BRI T 9METH 5, BIE BB ALELLPEEYEERET 5 L5 A
THEEBEDOGEFICLE KB Y L TR0, BE, B, MHdLev?, —7F, BECRWT
HIRB OO RIS FHTH L DHEWREGCHEIRES N T D05 & HBEORBET T4
VT RTICR L Tii & S NE AL S D o A HVEBIEEIC L D B InEIE TS 2 &
B LVCEBLERIGOGERXECIC 0L LTERBEINLNETH A S, EELIL o B
WAL » THEREEEE %« A\ 52 BB &R ICCET A B34 T7cy, RAFEOBY B2 It0%
GLIEB LI L OB AT L2 ERNE L TERZ TR ->TW 5,

2. FHMRTEE L THVW-BEBOEEE

SEEE DL 17— BT~ 4 v R DEREEEIE Table 1 The Ho Value of Acids®
HofETH 25150 100%HREO L (39— Types of. Acids (molar ratio) Ho Value
11D X b ADfEx AT 58Tk B (Super acid
Acid) LEFEL, S8 (Strong Acid) LK H.SO, (100wt%) —11 ~—11.93

M RTBY FE 1 wfEx20BRED H B

FSO:H ~12.8~ —15.07

wRT, = H ERXEEERTEfEREEL SP — Super
CEDRDER T AEBBEZC L D ETFO acids | CFuS0H -13
Wb B b, T SPITBH e b B FSO:H—SbFs ( 1:0.1) —16.61
%;Pmea}yM—waMﬁ%@%% " ( 1) —175~-180
LY #ii& i CFSO:H gl Th 5, PL—Super

ek e A AR EAET D L RO cids | HE=SbFs  (170:1 ) —143
3 RIS AT 5 & &3 AlCL—HCI ’ ( 71) —153
R ECESRL LIS THELABLMLATE , CL a0

D¥ PLEIMEB D L 14 ABER S & LT
BF, PF;, NbFs;, TaF; %%\ % SbF; e & ni—icfiv-bi b, & < SbFs SHF & A0k
FSO:H 7t C o RAERISHE TICHLRICREOBEBH TH - hbrxHvsz bty
TAhvicED C—H C—CHAEVBRHCA A VvINERIEEY 535, AR TEE L THG R
HF—SbF;, FSO:H —SbF; /¢ £ 0Bl 455 0 WENE % H.50, k5 X 0 CF:S0:H o«
e L g2 1R T FSOH (3%fi7e HF £SO 5B/ S M TEY HE & &L icghdsiss—
QOCH T EMSBHBBO—HSE L THGWAZ L) b EE L L ER T o KIEH
172 8%, %72, FSOH 3 7 A2 FRET, TOBBLIRBC L > TEHITIIRD Z LT
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Table 2 Physical Properties of Some Acids®™
Physical properties HF FSO;H H:S0:(100%) ShFs CFsSO:H
Freezing point (°C) —89.37 —88.98 10.371 7 -
Boiling point e
*C/760 mmHg) 19.51 162.7 290—317 149.5 162

Density 1.002(0°C) 1.726(25°C) 1.8269(25°C) 2.993(23°C) 1.696(24.5°C)
Viscosity (centipoise) - 1.56(25°C) 24.54(25°C) - -
Dierectric constant 84(0°C) ~150 100(25°C) - —

SDECifiC(ggrr;d_”th;C_‘?) ~1X1075(0°C)  1.084X107%(25°C) 1.0439%10°% 1.2x10°%(25°C) -

g, MoFvaffiEmchs, ~ T HF G EESECETE2RR L L THC- By, &BL D
BUGET 2 AN EHERER IR 2 T3 5 /2o, R IEROME L LT NI, Cu, Mg, 81 U= %
&g (T0%NI 30%Cw /e &bk, BIfECIRAY =F vy, Ry Fery, #Y 5
FE LG R=F LY (FTRY) KIUHEYVE s e b TatexF Ly (Kel—F) ok
AFAI RT3,

SbF (3 /e GBI TH D, 704 v A v DOSEENDIEFEH B b iR L 1 A
TH B, BEMITIFEICBC A 5 23S, &4, 7 vy, Kel-Fiz&o 7 o ZiiEH
OEBLHACGNEN, RV =Fry, £Y Fe e v @M e,

FSOH LSbFs i HMICRAEL, T AIC L D EEREL L NI S X5 L gEaE
WO SR 5 2 5, Gillespie 0 FMR 1@ X 589803 2 OBTILE M TH - T HISDF:S0,F),
H.SO:F", SbF:;SO:F~ 7 &« DLFEEOFHERED TH A, SOFs 12 HF & b HwREL, #
PO ECEEEHOEEY 52 5, ZORICEL T Gillespie &3 NMR, BEREEEREIC
L BEMIE R T, e b vEHSF, 7 =4 v SbFs™ % L USh.Fu™ 7z S LD 7
WREWTHDEL TV, INoDRB0ECBEE Y /RTHE, bbb, EH#E H.S0.F-
PHF i SR oM Ba+ 0 RETELDRT =4 v ShF 10 & - Tl Tl { @k
ENTWLLDTHE, CHOLOEMELH RN TEENLY S 3B ch b0, FORE X,
BELRL->TWEHDERT5 X5 BNORISO %% K& EET 5,

3. £ B K &

HF, FSO:H, SbFs; il R A 0L D% 1~2 @ 1778 - 22872, CO i A
VAGED S DR EET I BLECE U CEBRE A B L TRV, SOLCIF i3 F sl m 4 BOS™i &
DSO.Cle & b &L, BEHEBAE L D% 200ml 4 v <2 2 TR,

AV VIEEAF S O3 2 BRI UY 2y AT RI6H A v v RAER LI L D
EroREZIELLOE A,

- HF

Q
S02Cl2  —"—5—— SO0CIF  + HCl

\\\\\
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Bl oL b, ER YA r< 257 I TRE 99.8% L ETH B,
FAFALT ==l b VXIS T DR & v v B Friedel — Crafts []KISIZ L D & H L
7o

3.2 EBHAE

HF # &% e RxBuToGny 7 2A8B 8%, HF # U R CORIGEA Y =F v v, &
Joe ey vEIARY 4, HF—SbEs 2 CoOMGET 7 v v 701k Kel—F 88 B4 A 7o,
FOGARB iR, 7AEAD, Hok X ORI FEE A F 27 100~300 ml o 3~4
SAT 5 A2 R GBI L 0 BRA T 7, 75 AF v S 3o NFINS, BENRL
T RTABRETII LS 0% Ay,

3.3 ERMooth

FISHR» D ERDO GHIEHRC L ~1o, ERPORE, TEITE&ED S\ FRCER
L7 b o GC, IR, NMR, MS 212 2 2 56507 — 5 L OB X 0 7z -7,

F =y addvORPIRER (~—1000C) o NMR SHIC L 9 1772 -7,

4. BEEEBV 3 RIS

4.1 B/ F—LBLUSF-ILO—BLERFEE ORID

1ffiss XL O 2Mfi7 v =2 — ik Koch— Haaf ROS* W X O BB A 5 425 2 Lnmbh T3
B, — I HGERA G VT A4 VICHEEL TRIGHEMEL, R eREHIBEUTDE /
F R RERSBEUTOL & — v CREIGRFEFCHECH 2, —F, FSO:H—SbF; /s &
DMREETIET A2 - A bELBA LR T AAF U RFOREEC Y » CHIRECHEETE S
T EMBE T X5 In@BEBER T TO CO LORIGEE TSR/ RS, £ T, HF—SbF;
FEATC~CinE /4 - B I OCERBHSBUTOC -1 CORLBEILRF VL
A NN

4. 1.1 E/F—1LOEK

HF —SbF; (=4010), 30CO&EHECC~Cs 710z - COR L ARG T » - iER %
FE—-3 1w,

Pk, EIH U 4 — 10 Koch— Haaf Table 3 Carboxylation of C,.; Alcohols®

KIGTi CO E 100 kg/cm® LA E & W 5 58S Alcohols Yield of ca(rgo)xylic acids®”
T4 T R 2 RHT B IR RGBT+ i
TholoDix LT, ARINEKEED CO Ethanol CH;CH,CO:H . 57

FEHST & 5 Bed TR G oHETL,
Ex /A =D BRIGT 5 BEEEE D BIF /1R

. 1-P 3)2 2
RCBLND, A K/ — i IR IS & ropanol (CH3).CHCO,H , 80
AXBSRIch T, ZERISEREET
HHATFTNNFH DD TREETD BT 2—Propanol (CHs).CHCO.H , 69

DEEZ BN D, Tichb, FSOH—SbF;
TTE bl A & — A3 T0°C LB a) Reaction conditions: react. temp., 20°C; react.
time, 3 hr; HF/SbF; molar ratio, 10.0; ShFs/

s ey -1 48z - I + A ! ; 5
THIRECHFELED &b, C-0#E8E alcohol molar ratio, 2.0; alcohol, 20 mmol CO,

R LIz WEEBbRIhE, BETELCKER 1 atm.
FREZEWCIIER ) —Adb T e Ed Vi b) Based on alcohol employed.
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DX I WEEIELRI D ETH D, MW, Koch— Haaof RIS TIXELERTIHRCHH
EE® FTRICRT L MEABOERYFRLILY, 2030 RIGERY TR D L ik
TERM - f;“"o
CH3CHoOH= CH3CH20H2———>CH3CH2——+CH3CH2CO —22— CH3CH,COH
-H*

CH=CH;

CoHs"  + 1) CO

Cs o tert-Csacid + sec-Csacid

ThE=F v hF A4 v HE—-SbFs Zh CHEMEECHFELEH 0D TH - T, Lich»T
Jw b VD D L CO EDRIENELET B EBbhb, 75/ — A ERERCOVGTE RUSE
Fle »7eh, WFEROBEIT S 70~90% &\ 5 EIERTCs Bia £ G & T 5 ERWHE LT,

4. 1. 2 H—-ILDORIG

o — o HE—SbF; thto CO L D RISHER B EK -4 1TRT,

Table 4 Carboxylation of C,~, Ci~ Diols”
React. Total

Diols temp. yield” Product distribution (%)
C) (%)
1, 3~ Butanediol 00 100 O{L‘mo. HO.¢~CO:H trace
0
— Butanediol 0 0
2, 4~ Pentanediol o0 100 HO,C  CO,H 8, others 15
1, 5— Pentanediol 30¢ 100 v 86, " 14

a) Reaction conditions: react. time, 1 hr; HF/SbFs molar ratio, 5; diol 10
mmol.

b) Based on diol employed.
¢) SbFs/diol molar ratio, 3. 0.
d) ShFs/diol mloar ratio, 6. 0.

13—78vod—ADRETHa—AF -y —7F 57+ YRERMCELH, BHEH

SEETTREREDa— A FA 7L ZABOERLBED ORI, TREHLT, 1,4~72
VO —ADRISTERIREAED A REF U AALERWEB D Z LN TE R o0, Tkl
KEEEN 7 e b LK F & LT LI Wi L Bbh s, b, MKEEE L
TED, LrdF0C—-OKEDHAKI Y 1IHE7A+FLhFF v HNELIRWHDBTHH D, 2
KB EEA 2EET D 2,4~ v 2 vt —ATHBESERIGTETL, 8K TCa, a’'—v 2 F
TR B AR RIS E DI a— A F LY I BT S Ry — U AT
—y=7FrI s v ETh T,

FREEED RIS RETHECOVCTORRER, D, SERYOERBEBIRED L5 1E
2 bbb,
SHEEBOERICIRRCTRT I 2 00RBAS D EELZLND, Titbb, BEBRED
BT (2) DHDKOBREABR b, 0 [2) LRI ABERIELET S
OIERLT, BEBEODIWEHETIE—EER L (3) o C—-OEEHAT I LTS
D CORMMLTETTHERNVEL L TERTAEELLE, EREREZI I(HMTL L



Ho)\/kOH +2H /\/kQHZ H20 - /K[ﬂ/\
OH, _ HO O
(1] — cot . A A Ij\
(2) co
j-HZO % [/\/\J—> CEO 12)) : C(
O Co" co' COH COM
AN e A e X
- M___/
?01 I Jon b

ﬁﬁ%ﬁ»%%kvar/mbﬂ Sk T HEEMAB NS I ELBEORRIIER I N,
1,5— =V E Vot —ahnbd 14— K0S &G ITRESERYIE S, TERDIEE
BThHbH, ok, ERERIBLUTOCF A0 bR L D AR F Y AALERWITE LR
Tehs o7,

4.2 TIhve—BLRE L DRI

R, TATVIFAFVREIGERT IR EAEREETH B0, ok 2 AICL-HCL R T
20~150°C, CO FE100~150 kg/cm? D44 F TL BB AEMEITHL T TH Y, BlEL — ARy
BT, R, BEBPERUT 7 Avn v Do—BF/HEEGS 70 v VLG BEZ T H L~
=Y AAF VD EPBREINLY, LT, EELRIOISRBELLET A FASFF Y
L CO LDFIEERL, BoNERY T HEMCRE L, 2T InE TRATH >Tc7 v F A n
F A4 v DORIGERICOWTERL 7,

4. 2. 1 K7 LB ORIG

HF —SbFs iR 7 A » v im oW T CO LD RIEaTicotc b oA, REHSDH L6
BB 7 Ah v CIRHBEYOREZER LD 1 BB BB AEERY CH D, 50~T0%IKE
THER LY, ZDERO—HE TRRT,

GHs 1) HF-SbFs5,Co Jatm,30°c_ C3acids * C4acids + Csacids *Cgacids (Yield,55%)
CH3CHCH2CH3 A0 * - — ,
ik 5% 95%
1) HF-SbFs, €O, 1atm,30°C, C, acids *+ Cgacids * Cgacids *Cyacids ( Yield,69°%)
CHa(CH2CHs s 2%  20% 7% 6%
CH 1) HF-SbFg, CO,1atm,30°C C .d . Oth C] Y [d 61"/ )
CH3CHCH2CH2CH3 D0 > 7;2:/ S eGrOIacn s (Yvield,61%

AV TrayTRIFC-HBEErELRCECELn, To 7 e b Ly S< IR
R D R EIEITE o n—~F v D L S I EET L v T C-CiEED 7t » v iic Ik
<> < IEREER b AT B,

i, FRA~F v OREERCEBRCAADOES L AR C BOERII—EFETHD 2 Lo
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b, 7o P SRR I Y R Lo ~F o F o VBT ERESEIES THEL, Lo
TE OFERERIHE COREMT 540 & Bbn s, £ C BT 2 B 70% LI 15
HEEBEBTH B0 LT 3RO ENES LR, J%, Koch—Haof RIG TR LEER
RIEHRETHE 3BT AFAhF - v B CELD SHBOER MEET S 2 L5, FiiE
DRRIGHERIFERCEHERN L L THHEF LA, Tibb, ZiuldEml C BEN TRRIGH
MOREE & LI 3 BB 2 B~ BT A EABEINI LS, 3H~F o hFr
VBRI TRECEIEL, B2 2H~F b F 4 VTN T SRR TOEEER L E
DI IB~Fra AT F v OERPTERE - T B0 LT, 2o EfaR
B THEPLEEL BN D,

sec-CgHyg —=2 sec—C5H13CO+—’%’—> sec-Cracids

l

tert- CeHia

+

tert-CgHi3CO*—22 . tert- C7acids

NTEVING S VEBICELRER TICL BT v v EIL T AR Co g, C B
BESICEBTHH, BRYDOEREF - RFTHRIBILIT LA EER L ah -1, TR
D—8E TFTRIRT,

1) HF - SbF5,C0, atm,30°C

CH3(CH2)sCH3 7 "0 C,4 acids + Csgacids + Other acids (Yield,80°%)
° 7 % 7 %
CHy  CHs 46 % 4
CHyCHCH,CHCHyESmaeiam 26 ».C acids + Csacids + Other acids (Yield,92°%)
79% 19°% 2%

Tizbb, 7o b LGB TE U AERERTHEU LOT v h 54 v AETRINC S -5
BRI B REEE RTEDO C-CREEGVBEL, TORMRECL 777/ 2V P hFA v
CESIBEMEY 525 L& 2005, A, 24— A F AV 2y OBETRHTRD LS
R b,

- C4tho /l\ H )'\ :«;Z—-/Lcd %i?—>- Csacids
+

* co
NG

>0 2, acids

ZOBETIHC Bz RT CGBEREI 2, ZhiXIETFArnsr vy o—EnER
b NI FES|EHLICDTH B, EBCRIGPFCREL LT AIEINI Y DEDA Y 72 v
PEERNRTULT,

224— VY AF ALY R VYDRIGTIR2,2— 2 AF 7 v & AR AER L, 08
BEED B —BIC B CHERTHHZ L ERLT 5, ZOBE, WBEMICHL T2 el
FoBEREY RS &, KRR T L 5 Tap v = LB R E B,

Fiebht, BEEO 7 b VLG HBO—RT A2 A DT+ ERHTHS1,1,3,3—F b5 £ F
NTFANFF DL BB TELRL Y TF VM2 2— 2 aF AT ey A nhFiry ERIG
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CH3 C 3 1)HF -SbFg, CO,latm, 0°C CH3 'CHS? (;HB
CH3C CH,CHCH;3 - HZOS CH3CCOZH +  CH3C -C-CHyCHCHy
CH; CHs CHs
4 °/o 150/0
CH30 CHs
CH3C ~C-CH=GCH; + |
CH3 0
62 % 19°%, (Yield,93%)

THDITH = AL HEITT 5,

4. 2. 2 BR7NLAYDORIE

BR7A» v ISR L B Y IBES FRESOBHEENA LIS RoTuhedic, 03
DORIGTE T 2+ AL R R T HUBHEEDOKE EVNERBREYELATHZ Licl b,
7ok 2%, trans — 79 U v Tk cls — I HANTRIBH RS, ZhaiE i 3 C-H #&a
DT e ABRRICRCT T 722 v ARIKBIC LA EEENRLPRE VD THED, B
LT e r VERBEOKEIORVICI ST RBN D,
)] FSO3H—SbF5.CO,1atm,0°C, CO‘COZH «Csacids + Cpacids

2) Hy0
H 2

CI::' 80% 20% (Yield, 5%)
H 1) HF-SbFg,CO,1atm,0°C @
2 H0 ’ COzH

100°% (Yield,55%)

#l 2%, FSO;H—SbFs (£ tb1: Dz 7w b vEBE LTEAL5: 10 HF—SbFs X b s
1oz C=CEED 7 r b VLD E S BB 52 54, 7= b Vi FSO:H. ™ (2 HF
—SbF; d HLF i e R TIEIE s 2 1E 5 T B 7esd, 7w b VLG RIC s 1T 5 S REE N A &
<Teh, TORRRKIGIETLES CRERMMET T80 EE 2615,

4.3 FIHOA A HELRIG

HWEBORETFREE Q7107 v C—-C C—Ho BECRIET 5, 2D L5 ledmiEttr
E*tLTtonFcH, DY, NO% Cl 52 IR e EABEI TV 55, HBigERCT 7 = b
bR Rt Vv BB LKEARBEORIGEE L7 n VEIIERT 52 ERRHE A e®
DT, TORILERNCOWTEET 5,

4. 3.1 7y e BEILKEE ORI

98% H,0, # 4 7::B % © FSOH—SbF,—SOCIF s« B ET7 A VESRIE X ¥
NMR CHET 2 L ER-50FT L BEMERDTHELAF Y =7 244V %D,

AV TR ED &, RISBERAD L 517 b LB AKE Hs O in LB 7 v h v D
3HMC—HEESHTABETHe Ve LG E LTHBINS,

Hy0; ——  H;03(="0H"H,0)

tert-BuOH -
CH3 CHs H )-H0 CH3 CH3 H
CH3CH L CH3C---- CH3C *-22,Chy c o:OH
CHy CH; © ~H30 CH3 CHg

CH3
—M°, CHC-0"—— N CH3__£,

CHs CH3 CH3

‘C =0 + CH30H
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Table 5 Products of Reaction of Alkanes with H:O, in FSOsH—ShF;—

SO.CIFY
Alkanes ReaCt(‘oéﬁmp'b) Comz%}os)ionc’ Major products
+/CH3
(CHa)sCH —78 100 (CHa)zC:O
+/CH3
P 20 100 (CHa)zC:O N D.A.P‘d)
CH;OH, CHsCO.CH;
CHsCHzCHa —40 100 (CHa)zCHOH, (CHs)zCZOy
D.A.P?
{(CHs)zCHOH,
” 0 100
CHsCOOH, CHs0OH

a) All experiments except for room temperature reactions were carried
out using FSOsH —SbFs(1 ml)—S0.CIF(I ml) solution at —78°C. The
resultant solutions were transfered to precooled nmr tube for analysis.

b) Nmr probe temperature.

¢) Based on alkane employed.

d) Dimeric acetone peroxide.

S FSO:H, HF, H,SO,th T —40~FR 5, FRINRED EF L L LI ERA
Y=Y Al F VKSR EYSICr b e T —aiiinh, by vk O, & KIS
LT, Az BN AR LT 2 v T FRO L 3 ICREMNIC A F AT A3 -0 LEERIC 70 5,

CH3

7#@%
CH3\ — H202 O—O 2H* CH3 CH3
2 CHy 0 TFsoen gy f£0—0 CH3><O-——a><

0

CH3,_,OH i H20
—> 2 ————> 2CH3-C-OCH3
CFB:>< M

CH3COOH + CH3OH

o AR AT, SBEMbMC L 0 = AT L w & 2 B G Bayer - Villiger RIG & LT
BETH BN, AFATAEAY P vDAFARBEMIRE AL b ERC/RLACT £ b
VORIGHIERE ML R Tuinn, B 3B C-—HES 2R >7 v KD L 5 TaER
WabEx5b,

Rl

R, —-C——H HLHO., p cO0H + R,0H + R,0H

room femp

R,
(R., Ry, Ry = CH;or CH,CH,)
R,
C -H 105 CH,COOH + 2 CH,OH + RiCOOH + R,0H
R,

(R, Ry= CHjor CH,CH., Ry=tert~— Buivl)
7 L h v DBE, Bl =g i3 s 0 C—-H fEa~D H O DISAMER L I TH
B=FATAR —ARE LA, TrAVvTREFOE2HC-—HEE~ORIEAELL TR DA
VFrELT - ERT A, RIGRED EH IV A Y TR RaFd v Eich
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+

CAUBEEAL K E IR L TR A F L7 a — L FRERRIC 70 D,
H

OH
“/ CH3\ . +
CHy-CHyCHy 25— |CHy- CH- CHs L>CH3/CHOH -5 CHy-CH-CHy
202 CH3‘CH—810H %CHic &Moo | 292, CH,- g—OCH 20 3 CH30H +CHy- 8—0H
CHY CHj
4.3.2 TFHAHrEFVE DG Table 6 Products of Reaction of Alkanes with Ozone in
BEEPTT 4 R4 I FSOH — SbF: ~SO-CIF”
DKIRTE—-6 1T X 5 el b4 Alkanes Reac(tc.ct)emp. Com(r%/gs)ion"’ Major products
W a5 2 %, + CH,
FSO,H—SbFs (= y L% MA tpg (CH:)sCH  —78 100 (CH3):C=0"
1 %)® HF—SbF; %7~ m 4l CH, H
TAF AT E BT AREN 2§ CHsCH, —178 30 H>C:O/
L3O H Ry A A F v INTFRD
Ihed sy LRI THE6 & [ (cHc=6-"
DHEEY 5 2 H Lk, TAhv CH. —20 0
DG EST 7w b AL ic L h » lmmn&ﬁ/H

W= G A F VDR, KT
. e a) In all experiments, a three~four mol excess of ozone
VOB BIC LV ETTS LD to alkanes was used.

B, b) Based on alkane employed.
; . .
R- c B =% 93»R—~(I3——O—-O*: 0 —2.%>c=0"
R R R

LoL, Y Vil BRIGDIFECESC L 20 bY, B—RILEETTOT LI v S e
ARG RRITIFEIC BN E b READ LI T e b b SRR I BT A D v DoFEE~ND B
ETHIRIRE LTH IR A,

R X R

“’Rﬁ@ﬁfew¢050H”“
B 8 H ' R R R\ *'/R
R—Q H-2% R- (; R/c:o
R R OsH R R .
203 . R-C* B R-G0-0-0 —%2
R R

RIGIEEET v v i LTHEL, flzid=5 v oBaC—CEarn s C—HEED O,
H ® BT h 25,

T, O Do &I T 2 RIEHEDES S X7 e b VLD BOBHE R h, H3HC
—H>E2HC-H>E1MC-H>C-CHEDETH S, e+ 2 v & —50CLLETHRED &
5 e RIEH# =,

DL T AN VEDF VL B RIGEFSO;H-SbFs % L 0 4 85 B T A % HF,
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H OH
CH3CHp~i  |——> —— CH—C%
[ 2 O3HJ 3TV

. H
CH3~CHz —2"
OsH 7' . HO s
—— —>CH3 . C=OH
H3C™ “CHs H
CH, CH3" CH3CHCH3 — —— (CHs)5C"
los loa
CHs_ «_H CHy  + CH
3¢=0 Se=g8
CH3 CHs3

FSO:H H 2 i3 96% HoSO, it 8\ T BRILR LB HERT 5, c b DOBF T 7 v 5~
BRIGHEHT(—78~—-60C) T7 m b v LG BEZF T ek, Sl OH L s7 0
Hh D o FEE~OBETFHEILNE LTHBEINA,

4. 4 BEEIETHLEYFRD o BEEFH~0BEFHEORID

e DEREEYETHERBLEYO C-CC-HEsrHL, BEBEFREE » LD L5
K3 A 3% FSO;H--SbF; © HF — SbF; SRR IaEE b cst L 1o,

4. 4.1 P57 -0, Ao bt UT7LTE FEO C-HBESIIHT2RETFHEERG
TAh TS5 O TH 0B RIS bbb aF AT -, = F AT 3 -k
EOEBDOT AT b, VBB LT AT b P RIEELET(MA-SOCIF,—78~0C) T+
S EESRIGLIWT, I bOEBIRRIGRTRIEELIC 7 = b AL L TICIREE, Feb b,
CHOH., iz s, 7o b vbLEHEEO C-HEEITOF =Y 2 v 2 -0 bI g SN
T ed Oy Hic L A RIGHRBZL T b EELbNE,—H, A =V € v & —2biE<L
N T T ORELZ T L 57 C—HESGLH LT O H ARG TE S, 7oz -1 0
BIDCTREWCRT,

CHyCH(CH,),CHZOH WA—_OS—?Z‘CW—»{CH;iCEH(CHZ)nCHzeH)H} —> CHAC (CHR)nCHZOM,

: H™"03H *0,
1} H0 H
2) Ether CH3C‘}(CH2)nCH20H
extraction O

F—TWREINDL L =2 o7 2 — A TRIEHEZ 5,055 TRERNCED 0 —1
OB AF Ly C—HESWNFIGLTy b7 ra—Lticd, 3@ C-HEEPE>T7T L2 —
Ain—-7Aa2—rL IO ABHCRIGL, Y v EZ ) 2 - BERT S,

R R + +
B 0aH* A + R + (CH2),CH,0H,
R E(CHZ)nCHZOH e R-G (CH,)oCH0H; —ﬂ»R/\c=o )
H OzH
1) H20 ~N
o= _C=0 + HO(CH,),,OH

extraction
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Table 7 Products of Reaction of Aliphatic Alcohols and
Ketones with Ozone in FSO:H —SbF;—S0.CIF¥

React. .
Substrate temp. Com('%/r?lonb) Major products
(*C) 0
(CH:):CH-(CH.).0H —40 60  (CH,).C=0—(CH.).0H
i)
CH4(CH,);C—CH; 78 100 CHs(ﬁ(CHz)z%CHa
0+ 0
H S

a) See footnote a) and b) in Table 6.
b) Based on substrate employed.
IDES IR IR T v 2 — RO BRI Z 575, 2B L I3 HRT v = - TR
RIGEETTRAKRIE R D, BT adadiXagald vt/ YORIGE LS,
rrveTATFe PO Atk MA-SOLCIF it 7 e b v kT 55, F04 =
Yaty E—pbElnt C—-H #4612 0,7H & FInT 5,
R—TWWREND L, ®kACE T 22 TRIGERIL, ¥ b vhboyr b vk, 747
R BILy P T AT e FEERT A, T2 - D0BELARE e —1 DAEBED C—H &3

CH3CH(CH)nCR — 2 — CHCH(CH )nG R > CH3G(CH)ACR
" oM O G0t Oty
1) Hp0
2) Ether CH3(":(CHZ)n%R

extraction O O
ﬁ%ﬂ&ﬁ?éo@ﬁKV&KCwH%é%%OV7ﬂ«##/v&yﬁm«fﬁ/VT@,W
%ﬁ—wtuhfi5%<ﬁﬁ?é@mﬁb%%ﬂ—m@f%+%ﬂﬁmﬁéo%%®7&m$
MR E = F B BDIER L, BEDFANT 7Y TAMIES > TART V¥ v /= F L F —
WEL > T whied s Bbitsh,

0'3H .
OEO MA - SO0,CIF , ~40°C OZO:O Low Yield
O:o O Oo High Yield
MA= SC,CIF . ~78°C 0

MA-H;0, 2D HEL, & b vk (4.3.1) @ & 512 Bayer — Villiger Bl OB B S
w4, —h, 1#FE7ra—niyFo C-HEean OHimraRbA I T, =F A7 a3 —
DI IERET a2 = QOCLETRIEL, 7Y 2 —nrwb 2 b,

CH.CH.OH \*%¢ HOCH,CH,0H
4. 4. 2 BgBhEAIECBEO C-HBS 9T 2 BESFHEILEE
fEx OBEE Y LB Vv IEE A FSOsH~-SbF;—SOCIF tht4 v v F RIS R0 —2%
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F—8IZTT,

BElg, 7o vd VB ST TRIGLIs, —T1, BIBRAT® 7 e b vk LT A
Bor =9 sty 2 —OBoOL oy U ED 2 E 3B C-HEGOHicX d R
BEZ T, n—<v 2 vBhLiay 7)) vk bl 3 s e aF T e vk VL y (L0
B0 Em - 3 C—H E50FIGIESCr b5 7 v iibhbd—r b —8— 2 F L —8—F

Table 8 Products of Reaction of Aliphatic Carboxvlic
Acids with Ozone in FSO:H—SbF;—S0.CIF®

React. et B
Carhoxylic acids  temp. Com(g‘}s]on" Major products
(0 (%)
CHs{CH.);COOH  ~78 50 CIVI.;IC'(CI'I;»)QCOOH
CH4(CH.):COOH  -T78 100 CH;4 (, 1,COOH
/o cou 07 CO:H
0=y \:>/v :
o . 0
< )/\/LOO]I -8 100 PPN
- /-() ()/

a) All experiments were carried out using FSOsH —SbF;
(20 mmol)~S0.CIF (2 ml) —substrate (2 mmol) and
20 mmol of ozone.

h) Based on substrate employed.

7280 FE, SR LD 2 C—HESGORIGIES 7 b h 4 F v BE A ORI TR T
HEzbbDEELLND

[ O3H 1

1) - H* Ho0
O/\/COsz et HzOzO/szHz ~>{:>/\,c02H

O/»COzH OgH’
O/\COZHZ D0, O(\ CO2H

. O3H
0] 0 0 0
Hy0 HO 1)-H20 -H
fe0 \/\/\)K/\COZH e, @Hi\(ﬁ—am—m
$0,, * OH OH 0
H
4. 4.3 CTNFAEBLUT7 AT IFILY D HF—SbF-EP’C“O)}if“‘\

Fko L 5w 7 A v HF—-SbE; Beh© o' e b v ALGBA S0, Bl eh <=9 a1 F
Vit CO LRIGLTCT A Lhdt v dlrn, —J, *&ﬁzz@y7»¢/wf bR

HF—SbF; % (HF/SbF;s = v [ 10) 30°C = CO ZJ%K Lok h, WRD L H@h =Lk
Eht o 4 LN 3B C-HEENRIGL 7 s /M;p Bont,

Y\/Y HTHZSbFS M __,/w m

0
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ORI 7o b vfbF Vv B L L 7 o2 R P VD o BSEBETFHEWT S
RIGEREEIZEZ N D, AEDERY 7 ==L T %1y b VIO TI R 72k 25 CO
EDRIGERHIELED DN TE-QIRT LT + 7 r v FEERERL 7, ISR
DESCHANFR=NREPLIFEDL DR L GETZ C-HEEGL 7 n b L]
R, RCT7 =2 O KIBLCHERT 2 L L TaMEn 5",

Table 9 Reaction of Alkyl Phenyl Ketones with HF-ShFs
Super Acid System?

‘R'/R' ?:li;t F::gt Yield of product™
R (o )
CH; CH; 63! 6
CH:  CH,CH. 309 3
H  (CH4).CH 40 i ” 82, " 7. others, §
H CHCH.CH. 507 6 ” 58, ” 10, v 29

a) Reaction conditions: SbFs/alkyl phenyl ketone molar ratio,
10; alky! phenyl ketone, 3 mmol.

b) Based on alkyl pheny] ketone employed.

) HF/SbFs molar ratio, 5. 0.

) HF/SbFs molar ratio, 10.

Rl

FUGEREDWT, BTy =2 a7 %Ay b v Dh L= ABERTNSh <
e flEh, ROTHFA v RLr LR R IHC-HGEEL 7 e b AL R A F T
(5] 52 %, (5] 11 (6] &LHIBRREICH B 20ORIGHET L L5 (6) DHEENAE
< FED X512 CO LS RIBL s THEBRICEARE D EbEBRT A EE2bM 5, 2
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DESCHBDTHCAEREL T 5% L EZ N5 FERICBEFORIGHERT 5 2 L1 Bokg
WESRET 2 %o

5. f&

il

R 2 DU BV A%, 7o AT < ABULEMECICL X 5 LA E 2%
DL BT RHMDED LG TH D, Linl, KBETHRAS I ERE F%@L&%b
NIEBRA ORI B AT L, ERAGCSNTCEREOBZ TR~ T U < Do o iy
DB L ICHEIRD bk, WFCEn & EBHT 5,

L BEOBARTIIA VA LR RERDO/NPNE T v a -2 4 —1 o HF
~SbFs RTEH I CO L RIGLRIET 2 4% 5 272,

20 A FVRIBCHRIEM 7 0 v B FSOH-SbF %2 HF--SbF; e S D RT 7w b v ik
f%’& S, LR T v F T A R RETCCO LRISL TH A R vl E 525,850

RO EE L GBS S PEED T L F A h F A v DRSNS A BT X 7o,

3. V@b kE x FSOH--ShF; 77w b vfbL, 2 bid7rh D o fESd
BFMNC RIS L TR E R % 5 2 1,

4. HEEEALEL TV EaWho o fhEaed LT b iiisho HY, OsH, H 0, 7 213
IS THEED L ERm Y 52 b,

DED IS CEBEOMRTIIRONVERIEENRDLNLM, A4+ v RIS
RER AL S PO o ETFEEPSBETHRRIN S 2 HFRTHERE LA TH Y, 5%
ZOXS RIS ET /GBI CEREFRES, BEROBBRL SoBESAEE N, AP
ETL LT OBALLHRIZB AL T 5,
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