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Coenzyme Q1o

Antioxidant and Cytotoxic Effects of Coenzyme Qyo Derivatives

Won-Sik Choil*, Seok-Woo Naml, Eun-Kyung Ahnl, Jin-Yong Eo'
and Sang-Ho Lim’

2 9 Coenzyme Q¥ 1 FEA| coenzyme Qn 6352 FHA8lL, oS FEAC] thote] AT A|ELLCPKI cel)E
o837 AL Atel NIH3T3 MEZE o83t MxsA 43S HAstgeh 1 di), 348 coenzyme Qn SEHE
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Abstract Coenzyme Qo and six derivatives of coenzyme Q. were synthesized and tested for their antioxidative
effects occurred in proximal tubular epithelial cell (LLC-PK1 cell) and cytotoxicities using in NIH/3T3 cell. As
the result, synthetic coenzyme Q. derivatives showed a potent antioxidative effect compared to coenzyme Q.
Among these synthetic compounds, coenzyme Q;-C at ranged 0.04 to 0.4 mmol showed the 107.7 ~ 135.9% of
cell viability in LLC-PK1 cell. In the test of NIH/3T3, all synthesized coenzyme Q. derivatives showed the
similar effect compared with coenzyme Qio. A correlation between isoprene unit number of coenzyme Q,
derivatives and its biological effects, we suggest reduction of isoprene unit number of Q. derivatives may be
related to the increase of antioxidants effects and the reduction of cytotoxicities.
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Coenzyme Qo 1957 49] AlAbofA WHAY HRF
A= -38]F]=(ubiquinone) F= {-H|H|7F=(ubidecarnone)
ojgtil HE2n, Q1A9] BE AEoA WAL T Pl
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benzoquinone head group3} isoprenoid tail group® = o]
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S St oelFa Szl S 2ol
she gaisargo] uletel Bt oj$ 9sio] B4
2 9 xHEEY AEE AAiRici1s,16]. 515"]‘*]',
coenzyme Q.3FSHE-E-9] isoprene unit2] 7f47} E}E o
ZASo iRt Bt antel MEEA ] diFt A=
Ao olFojA A gk webd, B AFeide

OCH,
HscO.
3 FeCly
Haco \/\'/\s OaPh
Hg
oH
Haco.
Na,S,0,
HeCO = SOPh
oH
a

(CH2)3SiCl / TEA

isoprene unit 5=7} TR coenzyme Qi, Q2 Qs Q-L
Q-C. Q9 Qi scheme 13} Zro] JHAIBLA(17],
coenzyme Q. SEASO] GABFY 2181 AT SA
HAAKMTT19]E AA5} coenzyme Q.8] ngrof wE
TFoF AP IAE gotrdth

OCH3
HyCO.
HCO = SOLPh
OCH3
3
CAN
o

HaCO._ -
HacO™™ /\]/\sozph
o

L n=2. 6c
N oA n=Zlec
OSi(CHy)s 6a
HaCO
| Br. —
HzcO SOLPh >C/=‘< sr/\/‘\/\)\
OSi(CHg)a Ge of
5
6a - 6d| | umps LIHMDS 6f | Limos

Super - Hyride Super - Hyride

OSi(CHas)s
HsCO

|
HaCO \/\r/
OSI(CHs)s
(n :2,3,4,10)

8
HCl HCI
HsCO HaCO.
{ |
HaCO HaCO

o

OSi(CHas)a

Coenzyme an (n 11,2,4,10)

QSI(CHa)s

HaCO. HzCO. 0
H3CO HyCO HzCO T
OSi(CH3)a SI(CH3)3

HCi

Coenzyme Qg -L

12 13

Super - Hyride Super - Hyride

OSI(CH3)s
H3CO.

OSHCH3)s

10
HCH
o
HzCO. —
H3CO
— o

Coenzyme Q3 -C

[Scheme 1] Synthesis of coenzyme Qn derivatives
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WakoAte] AIES M8
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2.2 48 7171
COtlloF7]= Thermo ScientificA}2] Forma seriesIl
water jaketed CO: incubater, Tt thAAle]A2AL
YA B a)7]= EppendorfAl2] centrifuge 5810R, ELISA
reader= OasisA}2] UVM 340, EHu|32 Olympus/\]-_cl]
CKX413} hemocytometer= MarienfeldA}2] A|&-& AL&
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Coenzyme Qo FEAES] T4} 9 A=A 83

23 gd

Coenzyme Q. -S=H 5 Scheme 13} o] A%
tH17]. Coenzyme Q2] FHA HpHe eyt oo
coenzyme Q;, coenzyme (Q;, coenzyme Qs, coenzyme
Qs-L, coenzyme Q;-C E coenzyme Q4= coenzyme Q;oxt
22 wRle s Az

2.3.1 2,3,4,5-Tetramethoxy—6—(isoprenyl—4—
benzenesulfonyl) toluene(3)Q| A

50 ml Sule} Skl At A#(10 ml)yE 718}
a1 2,3.4,5-tetramethoxytoluene(1)(1.00 g, 4.71 mmol)z}
4-chloro-2-methyl-1 -benzenesulfonyl-2-butene(2)(0.80 2,
327 mmol)2 E3A7I F= F3PA(M)0.13 g, 0.80
2ol A 71t &, HJC’ S 12417051t EFAl
Fr}. Hhgol L2 25T R FAF}I ZAK2.10 ml)E
713813 2087k wHk & 2 N HAK4.00 ml)& @1 208.7¢
I 47158 Bt 2R400 mhE AH &
25 PAllgo R AR 4 BEIAT 55
) OAIE(S.70 mD)E 7F8kal 2417 Bt -10ToflA] 3
AlZE mukgh & dojzs WAl Aol EXE(132 g
96%)2 Atk IR(KBr disk, cm™) 1558, 1359, 1356; 'H
NMR(CDCls, 8) : 1.8(s, 3H), 2.1(s, 3H), 3.2(d, 2H), 3.7(s,
12H), 4.0(s, 2H), 5.7(t, 1H), 7.7(s, SH).

mmol)&

2.3.2 3,4-Dimethoxy—2,5—dihydroxy—6—(iso—
prenyl-4—benzenesulfonyl)toluene(4)2| &t
OFAE(10 ml)of 2,3,4,5-tetramethoxy-6-(iso-
prenyl-4-benzenesulfonyl)toluene(3)(1.00 g, 2.38 mmol)S
|5t 0CE 25& 243 & dnE o|AME
(IV)(0.33 g, 0.6 mmol)}& 7}5FHTh 1417 E<¢F 15-20T
oA WA & AsbAR(15 mh)a SH<(15 m)E
7kste] 2083t W & RS sk 2HE 415
of 23} AEMIES 815 m)E P& T Aol
147} Zob walslT Ea} 2TEQ20 mhe 75k 87
g 3239 47158 B A vl Az
lL T AU FEAA FHEW090 g, 96%)yE B9k IR
(KBr disk, cm']) : 1558, 1359, 1356, 1172, "H NMR(C
Cls, §) : 1.7(s, 3H), 2.2(s, 3H), 3.2(d, 2H), 3.7(s, 6H),
4.0(s, 2H), 5.1(t, 1H), 7.7(s, SH) 9.0(s, 2H)

2.3.3 3.4-Dimethoxy—2,5—bis(trimethylsilyl—
oxy)—6—(isoprenyl-4—benzenesulfonyl)t
oluene(5)e] &4l

50 ml 538t Z282 39 3,4-dimethyoxy-

2,5-dihydroxy-6-(isoprenyl-4-benzenesulfonyl)
toluene(4)(2.00 g, 5.10 mmol)¥} F3}uAH(20 m)S 7}
sho] A2eoflA 2A3] Saixzl F EfuAoMI(4.3 ml)
< 7}stgcth 30C ol5lollA]  trimethylchlorosilane(4.10
ml, 32.30 mmol)& 305 E<t 7}3ka 14|17 ZHkshict.
HE-g-olof 13% ERAbge ﬁ\_b}E Qol(10 ml)S 718k 30

skeich §715-2 FHT(10
m2 AH S R ORIH40.2 AEA T of3h
ato] Y HF3ATh FHE] ALEEG mh)E 78ty
IAIZ B9t £EE STE SXshaTh A4E WA 24
58 Austa AF Axdte] BHEQ260 g 95%)2 ¢
otk IR (KBr disk, em™) : 1554, 1500, 1357, 'H
NMR(CDCls, 6) : 0.1-0.15(s, 18H), 1.8(s, 3H), 2.1(s, 3H),

14
=
T

H
pLAgEl

o}

O}

3.2(d, 2H), 3.8-3.9(s, 6H), 4.0(s2H), 5.7(t, 1H), 7.7(s,
1H)

2.3.4 Solanesyl bromide(6)2] &4

100 ml Eoupe Eekado] Ak 7|F 3SlolA

solanesol(4.10 g, 6.50 mmol)& 7}3kal tsnN-(20 ml)Z} H|
Egsls 23283 ml)S 7Fste] 93] B F PR 2
EE STE 243190 AHE391(1.76 g, 6.50 mmol)
o] HEghs|m2EEH1.60 m)S EF3t 89S 1087
A3 7ker & gy 129 7IBEn 225 0CTR
zz—lo],oq 458 Eo]- _‘T_H]-o}odr,} H}_Jz_on LT E 10T
2 2% T FR520 m])g} ZAI”(15 miy 718}
Aeold 3087 W T $715S RS 10%
NaHCO; $H(2 m)& 715t §7]%2 AHstgnt. &
71%E B4 gt e s A=A & A w55
o solanesyl bromide(3.40 g, 84%)E <%ich IR (KBr
disk, ecm™ : 1653, 1201, 571, 'H NMR(CDCl;, §) :
1.5-1.6(d, 6H), 2.0-2.1(d, 24H), 2.1-2.3(m, 32H), 4.0(d,
2H), 5.0-5.1(t, 8H), 5.5(t, 1H)

2.3.5 3.4-Dimethoxy—2,5—bis(trimethylsilyl—

oxy)—6—solanesyltoluene(7)2| &

50 ml E2ute Zak A9 lithium triethyl-
orohydride(Super hydride, 6.0 ml, 63.5 mmol)& 7}5}¢
-5TCT=®2 §A331 3.4-dimethoxy-2,5-
bis(trimethylsilyloxy)-6-(isoprenyl-4-benzene-
sulfonyl)-toluene(5)(1.00 g, 2.38 mmol)o] &35 HED}
B =RHTH2.0 mhE 108 Bt 7Iskgich o] whg-Ho
[1,2-bis(diphenylphosphino) ethane]dichloropalladium
(I1)(0.03 g, 0.05 mmo)E 715} 258 40C2 A3}
WA 12417 RS TE A9 mht AFE(6 mh)S
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715kt 3083 Tkt TS £715 Bl A 9
AH0.1 mlyE 718ke] 1417 wekslnh 7152 2ajst

ZRSE AT O 4 PG o ARA
713 7 Al QU] BAR(LIS g %S B
goul o] HFES YA gt The W] A3}
At} IR (KBr disk, cm™) : 3400, 1554, 1470, 1354, 'H
NMR(CDCL, §) : 0.2(s, 18H), 1.6-1.7(t, 6H), 2.2(s, 3H),
3.2(d, 2H), 3.7-3.8(s, 6H) 5.7(t,1H).

2.3.6 Coenzyme Q102| &M

K10 m)T} T4 ofErE(20 ml) g Gujjof A
35HE(1.00 g, 3.96 mmol)S 7}5te] R3|A|7| F3hFE
(1) o}43HE (2.17 g, 12.70 mmol), K+ HAH0.38
m)¥ FF(4 mhE SHUZ 7I8ke] 347 2k & &
715% E9otdth #7158 B FAlutaylsez A
ZAZ] & Rt FESLE 5E9E AEFlA agnte
T (At} A4t 1:9)02 A3 coenzyme
Quo(0.85 g, 85%)& A Ach THE coenzyme Q, FIUEE
= 99t 22 o2 AR3YT.

2.4 M|EHHQ¥

AEHFE wopshAtshe AZSF RS petri dish
of W2 & COy, 37T wi7lollA whedatar du)zxt
hemocytometerS o]|-&3}o] M Zufjok AFefe} A4S =
otk AlZofl YYES 37371 13l Dulbecco/Vogt
modified Eagle's minimal essential medium 89%, fetal
bovine serum 10%, antibiotics 1% 2 A|Z3t BjAE 5%
COy, 37°C Hij7]o A Bakstict. vz} 9 miof] Ajzul
o 1 mig 7ksto] F $347} 10 mivk HE=S sjod 58
b AAE2)(x1000 pmyTt H FFAE AAStE AHE
o WA 1 mlE 7lste] @etlg A23tqct wix| 9 ml
7t Eo10= petri dish(@-100)0]) fJoflA Az HNZ &
Bl 1 mlE 7H8ko] 5% CO2, 37°C i F7|ol A viodsl9d
oh2E ¥ 33 wE Axstec

2.5 HemocytometerE 0|28t Mmyo| X
g NZLE S48 Y5t uidst NEE
2 miz 23 AT
trypsin-EDTA 1 ml@} HjQFH(5% fetal bovine serum) 4
mlE 7pste] AU AEZE FUA FRA2 & 3
ol 10 & #3}o] hemocytometerd] V-}Hofo] Zof 7}
gtk dn|F o g BAste 7 mAEle] = Ay
(X1 mm) W] AZHE Z45tel 42 e ghe B
AZSE Stk 243 A4S ACHANES = B2

phosphate buffer saline-89Y

Az x 10" x g &EE)o] dste] Mgt NESE
TGt Aol et Mg ALl oa 73t Al
53 3sie] AMgatgom ARstA Sk 2719
well plated]] 3143%F A|3EL} Dulbecco/Vogt modified
Eagle's minimal essential mediume 7}3}o] 5% CO,, 3
7T sk oA 24412 Mok B oRg el Aol
AH3H3ATH20)

st S YA T A A Z(LLC- PKI cell)
o BEge 2WAATHIS. IPALT ASAZ
(LLC-PK1 cell)Z 5% CO,, 37°C 3}o| 4] 24417} v} &
hemocytometer2 ZA5}4] 1.5x10° cells/mlo] EEZ uj
FHe MEe=s 2H55Th o5 96 well plateo] A
Z57) welld 1.2x10% cells/mlo] HE2 A% & 5%
CO,, 37Tslol| A 2A17F Bk wiFstgiTt. Al &= 3HhE
Coenzyme Qi, Q. Qs QrL, Q-C, Qi Qu 22
DMSOZ &3JA|#A 04, 0.2, 0.17} 0.04 mmol E=Z A]
23190t 96 well plateol] Hlok 521 AIZ9] Hjokol ]
2 felA & FEEE Az AR 100 9}
2,2’-azobis (2-amidinopropane)dihydrochloride(AAPH) &
N 10 9} dulbecco's modified eagle's medium 90 S
E3e T 2447 $Y 27NN siFEtit 2 ED
£ A2 100 srdl 2L Fo) DMSOGAL THstel
A ZAHA  wigslgct. wi9F 3 thiazdyl blue
tetrazolium bromide 1 mgS dulbecco's modified eagle'’s
medium 1 mlo]] 834171 8Y 50 ubE 96 well plateo]
27t bk H 5% €0z, 37C BloJA] 4417 AT,
4A7F 3. wjjokele A A BT DMSO 100 42 7}F5ked A
oA 58 aksle Hehle A Eo of A 7iK)
11 ELISA readerE ARE-3}e] 540 nmoj|A] jxEZ Y} 7}
NEEe FBE e FAsAEC

27 NZE 54 HAMTT %)

AE 24 AA= MIT 34 $H[1912 H5ske] 5
AalArh MZF(NIH/AT3)E 5% COz, 37T3}o) 244]7F
H|SF & hemocytometer2 £33}o] 1.2x10° cells/mlo] =
5% Wjgele] NEFEE 2EeKT 0l 96 wel
plated]] A|ZE227} wellgd 1.2x10* cells/mlo] F=& &
& F 5% COy, 37C3}ol|A] 244]7F 52t vljFatSiTt. A
& 3¥HE coenzyme Qi, Qu, Qs, Qs-L, Qs- C, Q2 Quo
o} DMSOE 7}3}e] 40 mmol A|RE A2} o] & 3
A5ho] 4.0, 0.49} 0.04 mmol2 A|Z3FAT}. 2ol A] HjoF
3k 96 well plateo] ijef F<Ql Al2o] wjordg HJA H

1790



Coenzyme Qo S5 A8 9 M=zEY a3t

Z}7}9] Coenzyme Q. A B -8 100 9} B &+ 10
(42} dulbecco's modified eagle's me- dium 90 S &3+
o 8AIZE BY oA wiokatlch ixEAR AR
100wt thAl 22 o] DMSO-goE 7hete 5o =7
o A wljeFatich vk & thiazdyl blue tetrazolium bro-
mide 5 mg& dulbecco's modified eagle's medium 1 mloj)
L3AIZI 8l 10 e} dulbecco’'s modified eagle's
medium 90 wE 7HlE H Y oA wjokatec)
ole} o] wjerat wjokale 7SR DMSO 100 ui
Fetol AbeolA Sk mulshe Webd gofo] Eth. o

NS 7} 3 ELISA readerS ARE-5F] 570 nmolja] oz
23} 7 AlRSe] FUE 24e 2HAAN.

B

J¥ coenzyme Qu SHEES IR % 'H- NMRE5]
sholatglon, 11 A 3 19| foFsiyTh

w
-

Lo
2
o

[E 1] §49 coenzyme Q, 3}gE52] IR Y 'H-NMR AHEH

Compounds IR(KBr disk, cm'l)

NMR(CDCl;, 6 )

L6-17(, 6H), 2.1(s, 3H), 32(d, 2H), 3.8-3.9(G, 6H),
Coenzyme Q 1660, 1645 49(, 1H)
16-17(d, 6H), 1.8(s, 3H), 20-2.1(d, 4H), 2.1(s, 3H),
Coenzyme Qx 1660, 1647 3.2(d, 2H), 4.0-4.1(d, 6H), 5.0(, 1H), 5.2(t, 2H)
16-1.7(t, 6H), 1.8-1.9(s, 6H), 1.9(s, 3H), 2.0-2.1(m, 8H),
Coenzyme Qs 1660, 1645 2.6(d, 2H), 3.5-3.6(d, 6H), 5.0(t, 1H), 5.2(t, 2H)
09(m, 2H), 1.4(s, 3H), 1.5(d, 2H), 1.8(s, 3H), 1.8-1.9(s,
Coenzyme Qs-L 1663, 1650 6H), 2.0(m, 2H), 2.1(s, 3H), 3.2(d, 2H), 3.7-3.8(d, 6H),
4.9(t, 1H), 5.0¢, 1H), 4.9-5.1(, 3H)
0.8-0.9(d, 3H), 12-1.3(s, 6H), 1.8(s, 3H), 1.8-1.9(s, 6H),
Coenzyme Qs-C 1660, 1643 20(m, 1H), 2.0-2.1(m, 4H), 23(s, 3H), 3.2(d, 2H),
3.0-4.0(d, 6H), 4.9, 1H), 5.0¢, 1H)
1.6-1.7¢, 6H), 1.7-1.8(s, OH), 2.0-2.1(m, 12H), 2.3(s, 3H),
Coenzyme Qs 1660, 1642 3.2(d, 2H), 3.7-3.8(d, 6H), 4.9(t, 1H), 5.2(t, 3H)
1617, 6H), 1.7-1.8(s, 27H), 2.0-2.1(m, 36H), 2.3,
Coenzyme Quo 1660, 1642 3H), 32(d, 2H), 3.8-3.9(d, 6H), 4.9(¢, 1H), 5.2, 3H)
3.2 Aty &N 3L, coenzyme Qs 132.2, 126.5, 120.19} 101.4%]
TRAT AE At 74 4eQ) gaeh A AR BEES erdRlo), comzyme QL2 1278,

Bshol Thatshgo] furEol Aol THkEAY
ZAE)= Ao 3t coenzyme Q. SEASC] HAZ}
g ABe ANssT AEnE SRRl
2,2"-azobis(2-amidinopropane)dihydrochloride(AAPH)+
A WollM ERE et AaEA el WHgsho] i 2
Hzrg BAgskar olojA Fhakst gtojzhg AlAgste] A
oe] 1x2E Eshs 208 dEA otk uEhA, £ A
Holle EHA =Y AT A Z(LLC-PKI cel)o] AAPH
o gt coenzyme Qv FEAIES AElote] Al Zutw
o thFt A FEE 2L F coenzyme Q. F=AIE
o] gHitste] aiE RIS B 204 B uiet 7
o] coenzyme Q2] 0.4, 0.2, 0.17} 0.04 mmol S-EA] Af
B RAEGL 747 1153, 104.7, 93.73F 81.5%= LrEFi9]
t}. Coenzyme Q= 130.0, 126.1, 121.59} 103.1%= v}e}h

L

)
A
2,

1223, 119.19F 101.6%Z LJERTh Coenzyme Qu-C:
1359, 128.5, 126.8T} 107.7%2] A|Z &8-S Uehlola,
coenzyme Qs 130.5, 125.8, 120.37} 104.4%, coenzyme Qio
£ 111.0, 1023, 86.63 73.3%= YERYACH

Qe 8 A= coenzyme Qz, coenzyme Qs,
coenzyme Qs-L, coenzyme Q;-C&} coenzyme Q= L&
o)A coenzyme Qo BT} $-3%F gHALSE a5 el

a1, coenzyme Q-2 0.4, 0.2 mmol FH=of A
coenzyme Quoit B FFAFSHA| Z(RO- Ei= HOOl o}
s Ak AT Uehiglch S, coenzyme Q:-CE)
7% BE FofA] coenzyme Qu H-=A F 7MY SRt
FZIE JePgch 3}, BAREO] isoprene unito] Ef
HF o2 A=AV isoprene unit®] Fe{7} 2729
Fe7t obd off 2=t AR A0S S 4 AT
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[E 2] Coenzyme Q.9 FHAil3t=l

Unit: MeantS.D., %

Conc. Cell viability(%)

(mmol}  Control Q Q Qs Qs-L Qs-C Qs Qo p-value
0.04 100 81.5£2.64 103.1+423 10144331 101.621.06 107.7+4.28 104.4+2.74 733246 < 0.03
0.1 100 93.7+1.78  121.5£6.33 120.1+2.88 119.1+351 126.8+3.30 120.3+3.66 86.6+1.25 < 0.01
0.2 100 104.745.34  126.13427 1265+6.49 122.3+4.48 128.5£6.42 125.8+2.01 102.3+7.28 < 0.008
0.4 100 1153+3.90 130.0+1.38 132.2+5.21 127.8+0.98 13594324 130.5+3.87 111.0£1.16 < 0.05
3.3 ME=M ZAt I, coenzyme Qs 1035, 164.0, 224.03} 263.4%,

NIH/3T3 A|lZ5o] i3] §HJ3t coenzyme Q. -S-=4]2|

MZ=4A4AL Aoz & 3o Yehich 2 2 2|89
%7} 0.04, 0.4, 4.0, 40 mmol o4 coenzyme Q2 z}z}
133.4, 174.8, 239.17} 282.3%2] A WEL-S Ueh2l
111.0, 167.2, 231.5¢} 277.0%Z e}
it coenzyme Q= 104.4, 166.6, 225.61 269.7%2]
ME 282 JeElglom, coenzyme Qi-L-& 105.7,
166.2, 225.9% 271.0%E VYT Coenzyme Q:-C=
106.3, 166.9, 226,87} 271.3%2] AE BELL el

I, coenzyme Qx>

coenzyme Qo2 100.9, 163.4, 220.87} 255.2%= el
ek Hek 22 A2 T coenzyme Qn A9
AZzEAHL YehtA] 49k, coenzyme Qi, coenzyme
Q,, coenzyme Qi coenzyme Qs-L, coenzyme Q;-C&}t
coenzyme Qui= BE FEo|A] coenzyme Qo B|53}1A
U} 943 AZ 428L Yeliglch E3h Coenzyme
Qn9] isoprene unit®] 7F AE4E 2 AL HEES
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[Z 3] Coenzyme Q. HEAM AEEA At

Unit: MeantS.D., %

Conc. Cell viability(%)

(mmol) Control Q Q Qs Q:-L Qs-C Q. Qo p-value
0.04 100 1334135 111.0+0.31 104.4+2.71 10574229 106.3+5.62 103.5+3.54 100.9+3.85 < 0.05
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4, ??_45 zyme Qs), 2,3-dimethoxy-5-methyl-6-(isoprenyl-4-linoloyl
)-1,4-benzo-quinone(coenzyme Qs-L), 2,3-dimethoxy-5-

Coenzyme Qo2 49| A& oA WA BHRFALAE & methyl-6-(isoprenyl-4-citronellyl)-1,4-benzo-quinone(coenz
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methyl-6-geranyl-1,4-benzoquinone(coenzyme Q),
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4 2742 hydroquinone head group?] -OH7|& R &3}
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