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Abstract © The catalytic oxidation reaction of several cycloolefins in CHxCl: have been
investigated using non-redox metalloporphyrin(M = Ga(lll), In(lll) and TI(J)) complexes
as a catalyst and sodium hypochlorite as a terminal oxidant. Porphyrins were
(p~CH:O)TPP, (p-CHs)TPP, TPP, (p-F)TPP, (p-COTPP and (Fu)TPP (TPP
=5,10,15,20-tetraphenyl-21H,23H-porphyrin) and olefins were ~cyclopentene, cyclohexene,
cycloheptene and cyclooctene, The substrate conversion yield(%) was investigated
according to the radius effect of non-redox metal ion, substituent effect and hindrance
effect of metalloporphyrin. The conversion yield of cycloolefin was in the following order :
C<C<Cr=0Cq
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Fig. 1. Porphyrin free base structure : (a) tetraphenylporphyrin, (b) (Fx)TPP,

-T7 =



Vol. 21, No. 1 (2004)

 dx o g FAbse] Btk mElA
S99 25HEe ol¥ rde Fojy sl
LM 2|9l metalloporphyrind/d ol A}
3 TPP &|2t=¥E tetraphenylporphyrin( TPP) 3}
TPPS] 478 #id7]9] 2} paraflAlel Ha F7)
A AN8NE 713 (p-CHO)TPP, (p-CHy)TPP
o Ax wAd KNEE H (p-BTPP,
(p-CUTPP 28|31 TPP9 #z aiae @4
A3 A ADE 4" & UE (Fp)TPP
5% A8t

2.4 o

2.1, Aok 9 2171

metalloporphyrin® ¥Alo} AF83&  propionic
acid, (p-X)benzaldehyde(X = CHzO, CHs, H,
F, Cl, Fx), pyrmole, GaClz InCls TICl
dimethylformamide(DMF) & =% Aldrich®}
Fluka, Hanawarl®] &3F Aol =G 7]
Az A43%  cyclopentene, cyclohexene,
cycloheptene, cyclooctene ¥& AldrichAlel £
F Akg AA gle] A8 &Nk o]9q
CHsOH, CHCl;, CH:CLS #& £dis €4 1
F& POsE ¥ SHAAAM] GCR #UE
e @ g aAelEle] Rste] ALEEH R
terminal oxidantt ®lRd HFstr] BolFl
NaCIO& AHg-atgict #Ad§ 3o o A
£33 UV/vis spectrophotometerts Uvikon 923
224 4 WelE 360-700nmel i, P
9 ¥3842 Varian (Unity Plus AM-300
%) FT 'H-NMR spectrometer24] £ujj¥
CDCLE AHEERa C H, N 2484 & Carlo
Erba Strumentazione 11068 AMg&tdc} Zuf
Abgak-go] A" EdY Fe8908 Hewlett
Packard 6890 Gas Chromatograph (column
60m Supelcowax-10 capillary polar column.
FID detector)& AH§3+4ict,

Ga(p-CH3z0)TPPCI
(CssH3aClGaN4Qyg)

Found:
Caled:

Ga(lll}-, In(Il)-, TYHl)-Porphyrin frx=ME HujAs & a4 &Hwe] YHdg 3

2.2. H0He B
5,10,15,20-Tetraphenyl~21H,23H-porphyrin
(TPP), (p-CH:O)TPP, (p-CHy)TPP, (p-F)
TPP, (p-COTPP 2 (Fp)TPPE #UER AHE
& porphyrine &% propionic acid®l pyrrole
7} benzaldehyde® YW1 §H Agezy #4
st rH12]. LR #}7tEE column
chromatography (%33 Merck Silicagel
7730, A74-8vl 12} : CHCl; + CH3OH(7:3), 24}
: CHClz + CHsOH(9:1), 3& : CHCIHE 39 ¥
g3dot. AR FHL &0 oA EA,
MCL(M= Ga, In, TD$} sodium acetate® Y3
BH AWM U= 2 F st 24d
o, fAE SR st o)w w8
of XEFH dAae FEE AARV HE "L
7152k dAlstd e AMRE day rtdd
72|, F434 84 (Drierite #26800), ¥AHA) 4A
283 FE$ 5eg Az 2219 columnd
EaAA AASAL $4€ FEE column
chromatography - (34, Merck Silicagel
73002 Eelsigd. @4% porphyringt
Ga(llD-, In(IID-¥ TID-porphyrine ¥ 38
A BAE EBEAY vuste gQddd
[13,14]. Fig. 2% porphyrin free ligand$! (p-F)
TPP2} 440 In(lh)ole] FAHUE
2] In(p-F)TPPCI visible spectrume]t}. Fig. 2
oA “a" spectrum< porphyrin &2 soret
band ¢ singlet state AR n.xt #Ho)
428nm(strong B band)® Q band?! n-x H o)
2l 518(Qy(0-1)), 553(Qy(0-0)), 596(Qx(0-1)),
651nm(Qx(0-0)2 el porphyrin ringe]l 3
AEE o 4 vk D" spectrume free ligand
4 peak?l n-six HolQl 518nm7} AlepA]ar
484 BA peak?! d-d #Helr7k IndD
55TnmE A TPPe F4¢ #& Ao $A4F
o] w9 HAPYEE ¢ F Uk Y:EAH
visible spectrum, 'H nmr 4 8% & o}efs} 2}

C: 6851 ; N: 644 | H: 4.13%
C: 6874 ; N: 668 ; H 430%

Visible spectrum in CH:Cl; (nm): 423(soret), 516, 554, 595
'H-nmr(ppm/TMS) in CDCl; : & 891( d 8H) ring protons; 4.10(s 12H, CHs), 8.24

8.02(d phenyl o-H); 7.30 7.26 (d phenyl m-H)
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Fig. 2. Electronic absorption spectra of a. (p-F)TPP and b. In(p-F)TPPCI in CH:Cl(5% 10" M),

Ga(p-CH3)TPPCI Found:  C: 7421 ; N: 751 ; H: 4.84%
(CysHaeClGaNy) Caled: C 7443 ; N: 7.24 ; H: 4.65%
Visible spectrum in CHyCl; (nm): 423(soret), 516, 552, 592

'H-nmr{ppm/TMS) in CDCls : 6 8.89(d 8H) ring protons; 2.71(s 12H, CHs), 8.21
7.98(d phenyl o-H); 759 753 (d phenyl m-H)

GaTPPCl Found: C: 7389 ; N: 754 ; H: 3.71%
(CaaHzClGaNy) Caled: C: 7355 ; N 7.80 ; H: 3.90%
Visible spectrum in CH:Cly (nm): 418(soret), 548, 587, 621

"H-nmr(ppm/TMS) in CDCls : & 884(d 8H) ring protons; 8.24(m phenyl o-H);
7.74 (m phenyl m-, p~H)

Ga(p-F)TPPCI Found: C: 6705 N 735 ; H 323%
(C44HCIF sGaNy) Caled: C: 6684 ; N: 7.09 ; H: 3.04%

Visible spectrum in CH:Cl, (nm): 428(soret), 512, 548, 589

'H-nmr(ppm/TMS) in CDCls : & 8.82(d 8H) ring protons; 8.20 8.04(d phenyl o-H);
721 715 (d phenyl m-H)

Ga(p-CDTPPCI Found: C: 6198 ;) N: 623 ; H 267%
(CaaH2ClsGaNy) Caled: C: 61.70 ; N: 654 ; H: 2.80%

Visible spectrum in CHzCl, {nm): 422(soret), 514, 551, 590
"H-nmr(ppm/TMS) in CDCls : 8 8.80(d 8H) ring protons; 8.17 7.96(d phenyl o-H);
7.17 7.10 (d phenyl m-H)

Ga(F»)TPPCI Found: C: 4871 ; N: 547 ; H: 1.08%

(CasHsClF2GaNg) Caled: C: 4899 ; N: 520 ; H: 0.74%
Visible spectrum in CH:Cl, (nm): 420(soret), 508, 545, 581, 640
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'H-nmr(ppm/TMS) in CDCl; : & 8.78(d 8H) ring protons

In{p—-CH:0)TPPCI Found: C: 6549 ; N: 651 ; H: 391%
(CagH3sClInNgQy) Calcd: C: 6523 ; N 6.34 ; H: 4.08%

Visible spectrum in CH:Cl; (nm): 418(soret), 548, 587, 621

'H-nmr(ppm/TMS) in CDCl; : & 8.89(d 8H) ring protons; 4.21(s 12H, CHs), 8.32
8.12(d phenyl o~H); 7.38 7.32 (d phenyl m-H)

In(p~CH3)TPPCI Found: C: 7067 ; N: 631 ; H: 413%
(CagHasClInNy) Calcd: C: 7033 ; N: 6,84 ; H: 440%

Visible spectrum in CH:Cl, (nm): 425(soret), 521, 560, 600, 623
"H-nmr(ppm/TMS) in CDCl; : § 8.86(d 8H) ring protons; 2.65(s 12H, CHs), 8.28
8.07(d phenyl o-H); 763 758 (d phenyl m-H)

InTPPCI Found: C: 6948 ; N: 769 ; H: 3.54%
(CaaHzeClInNg) Caled: C: 6920 ; N: 7.34 ; H: 3.67%
Visible spectrum in CH:Cl: (nm): 419(soret), 519, 559, 598

'H-nmr(ppm/TMS) in CDCls : 8 8.78(d 8H) ring protons; 8.26(m phenyl o-H);
778 (m phenyl m-, p-H)

In(p-F)TPPCI Found: C: 6385 ; N: 655 ; H: 2.49%
(CagHosCIFInN,) Caled: C. 6323 N: 671 ; H: 287%

Visible spectrum in CHxCl, (nm): 424(soret), 518, 557, 602

'H-nmr(ppm/TMS) in CDCl; : 8 8.74(d 8H) ring protons; 8.23 7.96(d phenyl o-H);
7.35 727 (d phenyl m-H)

In(p-CD)TPPCI Found: C: 5877 ; N: 651 ; H: 2.31%
(CaaHoClsInNy) Calcd: C: 5861 ; N: 622 ; H: 267%

Visible spectrum in CHxCl, (nm): 422(soret), 517, 555, 594

'H-nmr(ppmy/TMS) in CDCl; : & 8.88(d 8H) ring protons; 8.28 7.90(d phenyl o-H);
729 723 (d phenyl m-H)

In(Fx)TPPCI Found: C: 4706 ; N: 501 ; H 092%
(CaaHsClIF2InNg) Caled: C: 4707 ; N: 499 ; H: 0.72%
Visible spectrum in CHzCl; (nm): 423(soret), 515, 553, 583
'H-nmr(ppm/TMS) in CDCl; : 8 8.82(d 8H) ring protons

Ti(p-CH:0)TPPCI Found: C: 5958 ; N: 523 ; H: 397%
(CasHaCITINGO4) Caled: C: 5923 ; N: 576 ; H: 3.70%

Visible spectrum in CH:Cl, (nm): 428(soret), 518, 570, 615

'H-nmr(ppm/TMS) in CDCls : & 897( d 8H) ring protons; 4.28(s 12H, CHj), 843
8.20(d phenyl o~H); 7.45 7.40 (d phenyl m-H)

Ti(p—CHa)TPPCI Found: C: 6387 ; N: 643 ; H: 4.21%

(CagHzCITING Caled: C: 6340 ; N: 6,16 ; H' 3.96%
Visible spectrum in CH:Cl, (nm): 422(soret), 522, 569, 613
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"H-nmr(ppm/TMS) in CDCl; : & 9.03(d 8H) ring protons; 2.83(s 12H, CHa), 8.35
8.17(d phenyl o-H); 7.69 764 (d phenyl m-H)

WE SRS

TITPPCH
(CaaHosCITING)

Found:
Caled:

C: 61.75 5 N: 631 ; H' 3.46%
C: 61.93 ; N: 657 ; H: 3.28%

Visible spectrum in CH:Cl: (nm): 434(soret), 520, 566, 608

'H-nmr(ppm/TMS) in CDCly : & 9.03(d 8H) ring protons;

o-H); 742 (m 12H phenyl m~, p-H)

Ti(p-F)TPPCl
(CaqH24CIF TINg)

Found:
Caled:

7.98(m 8H phenyl

C: 5738 N: 635 H 287%
C: 5711 ; N: 6,10 ; H: 2.60%

Visible spectrum in CH.Cl, (nm): 424(soret), 518, 563, 529
"H-nmr(ppm/TMS) in CDCl : 8 8.98(d 8H) ring protons; 8.36 8.09(d phenyl o-H);

746 7.38 (d phenyl m~-H)

THp-CDTPPCI
(CagHasCIsTING)

Found:
Caled:

C: 5354 ) N 587 ; H: 263%
C: 5331 ; N: 565 ; H: 242%

Visible spectrum in CHxXCla (nm): 425(soret), 517, 562, 598
"H-nmr(ppm/TMS) in CDCl, : & 9.14(d 8H) ring protons; 8.35 8.03(d phenyl o-H);

7.35 7.29 (d phenyl m-H)

TI(F2)TPPC1
(CagHsCIF2TINg)

Found:
Caled:

C: 4387 ; N: 483 ; H: 083%
C: 4355 ; N: 462 ; H: 0.66%

Visible spectrum in CHxCl, (nm): 420(soret), 518, 564, 600
'H-nmr{ppm/TMS) in CDCl; : .8 898(d 8H) ring protons

2.3. D2lY WA Lo BHE

aEy W Ashuge wg()H o
50ml  schulenk tubeo] water circulator
(Jeiotech-620)8 43ty &8 BTE =34
o] oF 3087 AAY F4EF ERAN OF
48hr E<F ¥H§-A

MTPPCI

substrate + oxidant
: PTA, CHxCly, 25°C

Metal : M = Ga(Ill), In(IID, THIID

olm) WoldF wgEdL &ojAl (MTPPCL 10
pmol)#t 714 (cycloolefin, 1.85 mmol)& 4 ml
gl CHCLol Wi o &9 A3aj(NaClO, 5
mmol)& H7Fsrt o WEE fK714H 78
Abel 24 Whgelm g hypochlorite(OCl) o]-&9]
Frlden F HolHEE AHe]Ev)(phase
transfer  agent)?!  benzyldimethyltetradecyl

cycloolefin oxide + alcohol « -+ - (1)

Porphyrin : (p~CHsQ)TPP, {p-CHa)TFP, H:TPP, (p-F)TPP, (p~-COTPP, FxTPP
PTA : benzyldimethyltetradecylammonium chloride :
Substrate : cyclopentene, cyclohexene, cycloheptene, cyclooctene,

Oxidant : NaClO
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ammonium chloride 0.1 mmolg H7bstgu).
AdEY FEEE Y3 FHEy %
microsyringe2 48 £ ZF {748 Hato
gas chromatograph§& ©¢] &3l &A & v} ¢
B A= Ede nElyd SAolmg 4F,
AEoldch WrgduE Table 1, 2, 37 49 Y
Bt AEL o}F vlEKtrace)2 2 e}
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EF(Aldrich)®] Gas chromatogram® H] L&}
o #den, 5§ ALS 4 YAHE
Wt AANE JFer &9tk olw AME3
column<  60m capillary polar column
(Supelcowax-10)e} 932 #2771+ FID detector
5 AFEEY A column 2EE 70T-150TC 7%
5C/mine.2 %<& AW 7de A§gE
{conversion yield)& (2)4 = go] A4slrt,

conversion yield(%)

{((IS-[SI/IST=100 « « + » v - s (2)
e 27 ¥ &

BE ¥ 4 UdEs

[Sk
(S)

tl noo#

3. W% ¥ 2R

3.1. metalloporphyrin® S4l2%0| m
121M Y ANEE
ZujA7t Q& B 7jHe HELE 1-2%
2 Az AAEES A A" 5 gtk
Ga(ll)-, IndID-, THHD-porphyring oA &
ALgE RS W a4 gwRe Ashng An
& Table 1, 2, 39 4o &9}

Ga(llDe In(IDY TIAMe) 22 WAL wie
7t 69 W 2t 76pm, Ypm, 102pmEA
lanthanide A9 Aol 2§ o]& WA £ §
4o 2 Ga(llel W3 & ch@& F o] H|E}
o ZtH15), Fig. 3& BW FAF50] Ga(ll)
A S5 porphyring] R Frie] mel A"
cycloheptene®l HBE(%)L 58 - T0%RA
In(ID{62 - 80%)% TIHD (62 - 81%)°) H]a}
o v Zul $4& Jebidc zela o)y
g A2 cycloheptene %t olug} g RE
7189l cyclopentene, -hexene, -octeneo}A %
28 43%E JeEhc g4l o] A
Ga(IlD-porphyrinll A &89 Hujx gAo]

Ga(ll)-, In(ll-, TY)-Porphyrin f=H& A2 ¢ ney geluy dgurg 7

ojAlE Aoz Hel mel4 Sd¥ Azukg
& Zvjale] EgE FEol e Ao we 2
Aol g AHeR g GadD<
Indh< TIMDwL R o|&arizt F7tsing,
ols} Hl#|zte] TN HzZh FabgAtel 7}
WolAl7] Wi FHojale HAYESL soft(s
zE)HA AT 4 FEBM-0-Chd
gigle]  7jd(S)e) " & W porphyrin-
ubstratezt®] YHH FAofF ol= A A4
4 F 309 2 AEH 7)He wgo] &ol3}
A Ha olefl wat 71Fde] HEAL(%)0] F7}
& Aolet Azt

Ga(Ihe] & =Z7]8} d¥lxg AIIIEG8 pm)e]
2o] X8 metalloporphyrin®] &uj3 #A4e)
Valentineoll ¢j3te] Bu # ul glerig] &
AEAA AL 71"l terminal oxidant F
o] M2 uvt&y] wiEe] Table 1, 2, 3 ¥ 49
d3tet wag ¢ gig  ole  uwg
metalloporphyrin®] Zvj3d A3 & o]9
A7) e B E F o AAE a9
o B OAES FYg =M AKID-
porphyrin®] Zvul3 54& 25 glo

3.2. 12y ®Ee nAzI0f wE 28N

Fig. 48 29 Z9A47 h(ADTPPCIY Y =
218 ®aF7t 2ME5E 7)de Agsge
cyclopentene (6096) < cyclohexene (66%) <
cycloheptene (71%) = cyclooctene (70%) 8 o
A2 Z7hstAn. E8 Table 1, 2, 39 494
Ga(IlHTPPCI3} THDTPPCIY Lt s
cyclopentene (56, 61%) < cyclohexene (60,
68%) < cycloheptene (64, 72%) =
cyclooctene(64, 71%)2 %7} st} o# 5 2
& cyclooctened d ¢ ©@A57 2%
T& 7149 Ard v AALYEZL hard(3
E)8A il soft(AREE)S7] wjie] A &
AR B4 FEM-O-CholjA 718o] Axg
W2l A8 A W 7 AARAERTENY &
HH o FHE A&HLF MgA HoeA
7] W] HA§p&o] F718E Rolet Ay
o EARE nErt ol HE HAWE ol o
ol AgE W] wEol  cycloheptenedt
cyclooctene®] 4b3hiH-g A gkajol nj=dtA
 Aejrh. ige iyt ALSFEC < G
< Cp) A3} qhgo] H@ggol Ywtyer Fvt
BH(16] ol fr aEld gdide Axdxst
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Table 1. Oxidation of Cyclopentene Catalyzed by Ga(IlD)-, In(Il)~ and T -Porphyrin
Complexes with NaClO

Catalyst Conversion Product
(%) A(%) B)*

Gal(p-CH0)TPPCI 48 58 42
(p-CH3)TPPCI 55 53 47
TPPCI 56 57 43
(p-F)TPPC1 59 56 4
{(p-CDYTPPCI 63 55 45
(Fa)TPPCI 67 55 45
In(p-CH:O)TPPCI 54 80 20
(p~CHa)TPPCI 56 63 37
TPPCI 60 53 47
(p~-F)TPPCI 62 59 41
(p-CHTPPCI 68 66 34
(Fa)TPPCL 73 85 15
Tlip~CH0)TPPCI 55 69 31
{p~CH)TPPCI 57 69 3
TPPCI 61 71 29
(p-F)TPPCI 65 66 34
(p-CHTPPC] 69 58 42
(Fx)TPPCI 74 85 15

Exprimental condition: cyclopentene(1.85 mmol) and catalyst(] urmol),
benzyldimethyltetradecylammonium chloride(0.1 mmol) dissolved in 4ml of CHCl.
terminal oxidant(5 mmol) at 25 for 48hrs.

a’ selectivity in %6 A -oxide B: -ol

- 83 ~
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Table 2. Oxidation of Cyclohexene Catalyzed by Gadll)-, In(ll)~ and Ti(1)-
Porphyrin Complexes with NaClO

Catalyst Conversion Product
(%) A(%)* B(%)°
Ga(p-CH;O)TPPC] 5 46 54
{(p-CHa)TPPCl 58 47 53
TPPCI 60 55 45
(p-F)TPPC] 62 63 37
(p-CHTPPCL 67 60 40
(Fa) TPPCI 80 89 11
In(p-CH;O)TPPCH 58 71 29
(p-CHa)TPPCL 60 54 46
TPPCI 66 74 26
{(p~F)TPPCI] 67 59 41
(p-CDYTPPCIl 72 94 6
(F0)TPPCI 88 100
TH(p-CH;0)TPPCI 59 64 36
{(p-CHa)TPPCI 62 70 30
TPPCH 68 75 25
(p~-F)TPPCl 72 9 i
{(p-ClYTPPCI 74 100 0
(Fao)TPPCI 90 97 3

Experimental  condition: cyclohexene(185  mmol) and  catalyst(l imol),
benzyldimethyltetradecylammeonium chloride(0.]1 mmol) dissolved in 4ml of CHxCly
terminal oxidant(5 mmol) at 25°C for 48hrs.

a: selectivity in % Al -oxide B! -ol
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Table 3. Oxidation of Cycloheptene Catalyzed by  Ga(lll)-, In{ll)- and Tl(lu)*
Porphyrin Complexes with NaClO

Catalyst Conversion Product
(%) A(%)* B(%)®
Ga(p-CH:0)TPPCl 58 48 52
(p~CH3)TPPC! 60 50 50
TPPCl 64 58 42
(p-F)TPPCI 66 65 35
{(p~-ChTPPCI 70 66 34
(Fx)TPPCI 93 90 10
In(p-CH:0)TPPCI 62 54 46
(p~CH3)TPPCI 65 55 45
TPPCI 71 60 40
(p-FYTPPCI 73 65 35
(p~-CHTPPCI 80 67 33
(F)TPPCI 100 100 0
THp-CH;0)YTPPCI 62 64 36
(p-CH3)TPPC] 65 71 29
TPPCI 72 74 26
{p-F)TPPCI 74 82 18
(p-CIYTPPCI 81 % 4
(Fa)TPPCI 100 100 0
Experimental  condition: cycloheptene(1.85 mmol) and catalyst(l  pmol),

benzyldimethyltetradecylammonium chloride(0.1 mmol) dissolved in 4ml of CH:Ch.
terminal oxidant(5 mmol) at 25 for 48hrs.
a:selectivity in % A -oxide B: -ol
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Table 4. Oxidation of Cyclooctene Catalyzed by Ga(ll)~, In(lll)- and TI(I)~
Porphyrin Complexes with NaClO

Catalyst Conversion Product
(%) A(%)® B(%)®
Ga(p-CH:O)TPPCI 58 47 53
{(p-CH3)TPPCl 59 49 51
TPPCl 64 57 43
(p-FITPPCI 65 64 36
(o-CHTPPCI 69 66 34
(Fa)TPPCl 92 90 10
In(p~-CH:O)TPPCl 61 54 46
(p-CHa)TPPCI 64 54 46
TPPCI 70 59 41
(p-F)TPPCI 72 63 37
(p-CHTPPCI 78 65 35
(Fa)TPPCI 100 100 0
Ti(p-CH:O)TPPCI 62 63 37
(p~-CH2)TPPCI 65 70 30
TPPCI 71 74 26
(p-F)TPPCl 73 80 20
(p~-COTPPCI 80 92 8
{(Fa)TPPCI . 100 100

'Experimental condition: cyclooctene(1.85 mmol) and catalyst(1 umol),
benzyldimethyltetradecylammonium chloride(0.1 mmol) dissolved in 4ml of CHxCls.
terminal oxidant(5 mmol) at 25T for 48hrs.
a' selectivity in % A -oxide B: ~ol

Fowd RETE 2 FBM-0-CDol 184y 3.3. porphyrin® R|Et7| E3}

AL & 8y WEed FHFH-v1H A WAl FEAY meta R para HA X@E
g HAAM adA £HPE Lewis base®A A&7 el wreAe Ay §)Ee 4 3
a7t FAEFE AAIRrr golAd A4 o] & o4 5 gt o @& EA 2§
QAo ZrslA HEE &4 FE(M-0-Chel 7t AAE YAY Bl HEE UEhiE 3
4L 7 & Hez A4 ERA Az F4 A8 E 9 e, AA %
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