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Tellurium-Mediated Organic Reactions

Chen, Ying®’ Deng, Xin®"’ Jing, Xiaobi*" Zhou, Hongwei*”
(“ School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu 225002)
(® College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing, Zhejiang 314001)

Abstract As a member of chalcogen elements, tellurium is not as well known as oxygen, sulfur and selenium. As the “invisi-
ble” element in the periodic table of elements, it appears less frequently in the sight of chemists. However, in the past few dec-
ades, as the “emerald in the dark™, tellurium has always played a unique role in the fields of materials science, medicine and
biology, and attracted more and more chemists. In the eyes of some chemists, the performances of tellurium compounds in
organic chemistry, as a “new substances”, are undoubtedly eye-catching. Therefore, in recent years, there are increasing reports
on the organic chemistry of tellurium compounds. In order to further understand these research progresses, the typical works

are briefly summarized for readers’ references.

Keywords tellurium; element chemistry; chalcogen; green synthetic chemistry; tellurium catalysis
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1 ZHEEESSNENRNE

il BB N I (B R 2 R R, A G LEES S
AN, 5 — iR 4 R (e £ )AL, fmT
5 &I R, 1988 4F, Amosova 25 & 1 A FH s
I AR R KOH-SnC1,-H,0 il & ke dik I Bt b 1) 2 1)
J5ik. AR, RREARR . 2k DL Kk 1 Bk
N, BLEEA RS E, ANISEEL T A G R 5N AL
4% F 14 % H If1(Scheme 1), %7 ¥ BLK AR, 76
105~115 ‘C F M5 h, BIA]TLL 20%~70% I3 K
WA BRRPY. SILEIR, e/ DB = L0
EE 3 UK ALY 4. %05 R A PR R
R 5 W56 R B8 52 B0 ah )AL R 2R 5 B E IR
M, Crb AP e e A A e I o b ) s s A B B,
AR GEIE MG I AL B LIRSS, F 8 T iUse 3
X 1k 4 5 FE B 2% 1 R 25 A AT 2R R TE T
;. RN, ZOTERE AL Br>1>Cl BT 28T
B, BEE s R RO, — 2063 s L e R 4
Sz LT, LT Shidk OmEmb e E—5L B
FTEEA AR 4, (Hid & KOH KIME LK Sn 4%
5% B BB 0t A B ik — e e . hah, A KE
SnCly LA BB 1) [ N A AE AR 15 7 VR AE KA A ik
HH (1 7 52 B PR ).

KOH (870 mol%)
SnCl, (130 mol%)
—_—

Te rHCSCH * RX L 0 105~ 115C Mo o~ ReTe
sh 2 3 4

R = Me, Et, n-Pr, j-Pr, n-Bu, t-Bu  20% ~70%

X=Cl,Br, |

235 v W B Yy s S TR A& T RS
Scheme 1 Preparation of alkyl vinyl telluride

fifi UL T LA S & @A WAL & Y B 2000 4,
Tanaka ZECTUE HUBE/E A AL AL R B0 4 N Sn—
Sn 1 Pb—Pb ##, MMM EFAE IS RILE.
BIEEY) 5 SRERE N 80 C, FNHEAIMHE I
L, PABT ISR (34% ~ 100%) 53 B & i A Bl 1k
4 6 (Scheme 2, a). ZAIEMMUEH T 5 & AN
WEY, XA NG S E BT SR, 78
R, A HLBEFR RN =P W AT A O SR
il an: = IR EERE (AL = 5 A kS e B U B,
e LA 45% MW A3 B AR B i Ak &4, T A S5 46 T
=R T RN AR M B E 1A 2 100% (Scheme 2, b).
1M A7 EAR R T B A WU B L & PI(R'5P=Te)
MJTiEmN S, BRMEAZ. il =HE_SkS =
BT FEAHBE IS 1 h, P AT DAL B 100%. 5 B[
IF, A5 P e B ) =0T e A A = R — Tk S
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JRE 3 h, tBAELL 100%ISCRAG 274, (HiZ ik %
TAERA UGB ST A SV R R RSP
A, TR TSR AEAL I R . AN, %705 %0
[ I A8 R 1A WU BB A0 5 0 o T AN R T S s R
B T M AR 5 1D 1R R, O AT R B A AL S
W7 Kl & S REA AL S 8 B AR (Scheme 2, ¢).
SR, AP v B R B A R NI, AR AT IR S
X PREEIE G G, RIS A0 T 5 A AR

5 mol% PR';
(R3Sn), + Te benzene, 80 'C (R3Sn),Te (a)
5 05~22h 6, 34% ~ 100%

R = Me, n-Bu, Ph
R' = Et, t-Bu, Ph, n-Bu, 4-CICgHs

(MesSn), +Te  —R30n (MesSn),Te (b)
R"=Ph 45% (3 h)
t-Bu 100% (3 h)

5 mol% t-BuzP
(PhgPb), + Te Ten:— (PhsPb),Te ©

7 50 ‘C,5h 8, 95%

B2 SEAHLSELEDRH &
Scheme 2 Preparation of organometallic compounds containing
tellurium

MMLIR KRB, AN A5 505 R A2 I R
N, 1SRRI B A Y 9, BEHSANS L
GNP, HERE AN G 10, [FES AR B AL
B BN — MEIEIE RIS 2 5 [ B %07
VESER IR 2 DA LR B 1L & W1 i oo 3R 1 i #e 2
B, B AT E A LB A YR nT DL O B[]
B 94 J5 B IR Al Ak ok T ORI E F)(Scheme 3).

RsP=Te Me;Sn—SnMe;
9
Te
< X (Me3Sn),Te
R3P 10

B3 AR Te 46 A Sn—Sn § 1) AT LR
Scheme 3 Possible mechanism for the organophosphine-cata-
lyzed insertion of tellurium into Sn—Sn bond

A HUAEE R S BT 56 s iR B, & E S
Y. 2019 47, 18 BRI R 5 5450 05 RS
B E T RN T F IR G 12 (Scheme 4).
T EAE T 2- YRR uE A D s N ARy, FE R T R
(DMSO) 1 Ay ¥ 7 SR #EAT [ B, 8 8 DL ALAF 1 fig 3
(35%~81%) 13 2 H kx4, b, BRI =07 J: it
SERAD 3,7- THURH) o7 RS 2, oI R I
TR, AR REFARCR BRI AL &Y. 5§
BEIRIIN, & B 35 i 05 & A SR I R A7 i 2=/
KRS VE A i ARV, WIS R R BURE R R DR 4P
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Jiti, RPADEIEAEZH B2 B AR . 2 N,
TV B MR 45 R Y 5 RE AR 2t W] DU B
RAFRIRCR. T HAE S A LY R RS o B RE )
HeGINHR(E 1), 0 THE 708l A & PT84 1k
REACE] 1 — & ME . 207 b ] DU e 3 ¥ 2 HoAth &
T ALHEAR R A IR G . Ak, & i [ A4
i BAT A BB S AR RN, Xy A i R A
WGBS LA TS T 2%

1 S
%Q\\/ﬂszwm% RN v;w
= T % 2-picoline, DMSO — V4

Np, 120 'C, 12 h Te
11 OTf 12, 35% ~ 81%

R', R? = Me, CF3, Br, CO,Me, isoquinoline, benzo-y-pyrone

R4 SR E BRSPS %
Scheme 4 Preparation of large cyclic aromatic compounds
containing tellurium

OMe O

B Sk, RS MRARIELED
Figure 1 Representative compounds containing quinoline and
flavonoid structures

2 FHEFECNEILRN

il 1) 4 g PR A FL BB 8 & J8 — FEMR AL B LA 2
N, —Le 5 4 SR AT (AR | E7Z5) AL, i mT Ak I
BRI, Sonoda ZEPPVRHN, FE—SALERA T, BT
TEMEA LR B 13 BN PR R ATA ) 14 DL I i
FAEY) 15 T Re L 2] — 2 FIVEH (Scheme 5). B
PR =D CR AR, B NAR R, BIF=PUN A
R A REAE G SRR 2 R, BT LAz B
W LU AR, Ab, 2% N ISR 52 S B (8] 5
M L E B . 100 mmol [ IERUT ZEMEAE 1 mol % {4k
T 10 h, BEE1EF] 7.8 mol I N-—IE T RIRKEK, 7.2
mmol ALK 17.3 mmol f) N-1E T FEHERE. 1 iE
K BT TEEE 72 h, =Rl =4 )= s A5 R % 0k 1) SR R 1)
3 fEkiA. SUGFERE, $EH e S EE DL R 3G I — S Ak
JE S #R R A AR =Rl e Tt v, AR R R B
£ A B AR 1) — AR T 106 F = JR R AT &
B SR AT & T g A SR A 3 il b AL O BLINE, R
RATHEWN = Rk 2 B TR, nT AR E R
EU AT B G A AR TS P 2 VR T T i i e 254k & W
77 TG AW E R, B E N BOR A E AN
N

A NIE WA, SRR R IR 10 mol% i
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REVIEW
Te (1 mol%)

2RNH,+CO —— "2/, (RNH),CO + RNHCHO + H,
140 °C,10~72h
13 14,5% ~22% 15, 1% ~ 52%
R = n-Bu, n-Oct, PhCH,, cyclohexyl
B 5  FifE RGP SN
Scheme 5 Tellurium catalyzed acylation of amine compounds
FLORIN, AE06 525 Al i) S UL PR S I 2R
Ji, RIS AN 20 PR AR AR I s . MHLEE BT R,
T fE ML R B — AR SN = AR AL &L 16,
([0 in R e B IR B A= R O R T R = R A AN
H 5 A8 ORI (AT R 73 B4 2)). T s L Hh A FH A 2 A
NI RE W 4] FR R R A SRR R, U H T i
WA PRSP - A i e B 7 BB R
FH(Scheme 6).
PhNH; + H,0 X Te K RNH; + CO
PhNO, HyTe (RNH),CO
16

BR 6 THIEFEFAT Te ML S —AACBIRIEAL S HIHL
H

Scheme 6 Mechanism of Te-catalyzed carbonylation of amine
with carbon monoxide in the presence of nitrobenzene

— RV IR g BRI, 27 A AL
SR IZ R A YA —SE AR B, B S E 5oL
A 16. 5 HyTe MM Hy S0, Tl B0 5T 1
NN EES 5 —AMEIE. 5 —J7 1, —8 kS
SR RSN R SR B AT ER 17, fAAF RS
KA EW I NAF BT B Z R G HoTe. M LA
M4k 522 55 J ¥ (Scheme 7).

HZ\C Te RNH, + CO
? H,Te

(RNH),CO

]
RNH-CH X 16 y co
RNH, HCOTeH

17

B 7 Gl S — AR B IE AL SR ¥ PT REATL
Scheme 7 Possible mechanism of Te-catalyzed carbonylation of
amines with carbon monoxide

5 m AR, A AT AL A C—H
I RN, T SE I B REfL. Bergman #51R I,
fE% LiBr MIERRRIER D, — s as i s m o
MRS AR IR R 52, HFEIHERMEY 18 X
L, AT E] LI A IE T HAL ) 19 (Scheme 8). %77
REIEI A, PP RER(5%~30%). {H MK R T,
B P=4) — 05 B R AT AR, B B 1.
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Blhn: X ZHERAEIZIE T RELL 30% AR5 2 L1R-
2,5- “HUIEACHER, JF HBA B PR e AL AR SR AL
SSAET, F AR EAL I RATAEY) 20 AT LS 2 H
ATV EE WA EAL R Y 21, HORIE 480 1
SR [A] (Scheme 9). fH [FJI 7 A48 7 A HY S LK 7
IRAL IR =4, I AL AT B S F) S A PR AR 43 56 O 3
Bldn: B~ HIRLEH IR T R LA 48% M43 L 12-
2-FRIEACHR, R 2 Az B i — R R DA S 2,5-
TR BEAh, R ORIA T R R T I
WaEw, JIHR S O FE RN, Flan 4-FAEFE T
IRIEME AT N RSN P 68% A3 3] 2-7R-4-F A 2k
R, ZJEWARIL T S (e C—H B TT I
G EMIER, FIEWRER T AR R &R, H
5 v R S N i EE 5 A 2 ) S I A R A A e I A %
F G
TeO,, HOAC
ArH ArCH,0Ac + ArCH,Ar

LiBr, 120 or 160 ‘C
18 72 h 19, 5% ~ 30%

B 8 S AL O7 & AL & W £ 00 TP AL I
N

Scheme 8 Acetyloxymethylation of aromatic compounds cata-
lyzed by tellurium dioxide

TeOMs HOAC - (CH,0AC + Ar—CHO + Ar—B
— _——— — + Ar—Br
Ar=CHs B Teflux, 24 CH20AC T AN

20 21, 27% ~ 81%

B 9 il R M A P P AN B 1) 2T SR B A
Scheme 9 Acetylation of toluene side chains catalyzed by tellu-
ric acid

— RIS 45 REBY, TeO, Yo 5 i AIBHIR
FSAG R S S AF 3] () 44 22, SRE il 22 AR it
PR A 23, i) 23 EBSRRAR & 1 RO ESC R AR
44 24, hIAE 24 55 KA R AL S PILL
FAb AL S, [FI, rhlaiik 24 7EBRRRAR B 1 HO/E F T i
BN AL S R G AR PRI 2R, LB
B LR I SO IR & A5 B I 257 ) LB A
A 05 & A W) (Scheme 10).

2R B8 L BE SR AL SOBL T, Te(OH), S ¥
AR 7 A SO BT, T B B R SR DY AN A
. SR JE HOR S IR AR BIRAC R R SR H
h, BARHZRAE DY i AL S UL SRS R R T R AR 4
WAL H R 5 IRAG A, TR AL U 9k 22 2 5 N g M
(Scheme 11).

R S RLAh, filid m] AL TR AL SR, Fujiwan
SV, WCE SRR 25 FOGE SRR & O B R
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HOAc

602 —1ig:

Te(OAc),Bry.y,
22

<O _OH
)‘F/Tf HQCf — = ACOCH,COOH * Te(ll) + X~
2

23 C'OAc
~2 .0 (0]
)r()T'e Q{\ ,~ = COy+ Te(ll) +:CHOAc
HC=H OAc
OAc
24

B 10 J7 B AN CBEESE H AL SRR W] e AL EE
Scheme 10 Possible mechanisms of acetyloxymethylation of
aromatic compounds

Te(Vl) + 2Br —— Te(IV) + B,

ArCH; + Br, —» ArCH,Br + HBr
Te(VI)
ArCH,Br W ArCH,OAc + HBr

B 11 PR 2T A A s 7 9 T e L2
Scheme 11 Possible mechanisms of acetylation of toluene side
chains

fig 26 it FEH A E BAF PIMEAAE F (Scheme 12). %%
SR A SR B E = NI, TUERIR
TS 50T 78 5% DL R AT IR (69% ~ 85%) 15 21 57 it
IS, Z A EACER T 5 &R & Y, XF-T e
FRMBAEEHE—CHER. Bl FE 2R 1%
J75 R B 79% R A5 25 2 S mUER e, 1T R
AR LA 69% (1) HH SR USCR AT B T B R iR FUREe. ]
WAZTT @ R, AMX A, 2% 8 H BT 7 A 7
il FH B2, i L[R]85 2% 1F T i () AL R 7z v 16 1)
HEALRE S, Bltn: W SRR 0.5 mol%, HIHAh%
PR — R E DL R, A S R A A3 = I Rk B
100% At FH IR (] 3 h, 17 [R] BRF 8] P 4 £ Jse Iz 75 3]
HIP IR 40%(B] 2). BT iZ OB R T4 5
B, WG TVFZ IR, BT DSOS 1 5 AL EE
By TR, (E B R = 2 R R R, (SR E i AR
A TELE X, BRIK T RN 2 4

Te (0.02 mol%)
RNC+ S RNCS
EtsN, THF, reflux
25 26, 69% ~ 85%
R = Me, n-Bu, t-Bu, PhCH,, cyclohexyl
B 12 il ST AL 1 e B SRR TR 1 5
Scheme 12 Synthesis of isothiocyanates catalyzed by tellurium
elements

3 AHMEESNEIRN

SN, AL SIS 2%, A
A& L INZ A SOSOETE. AR S 51 RN 2
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1004 To

Yield/%
)
S

Se

0 : 2 3
Time/h

B2 il A A T AR EL AL
Figure 2 Comparison of catalytic properties of tellurium and
selenium
N TS R A . 1989 4F, Comasseto 1 & 2H 3
R FH 25 XU 5 4 (1 3 bR 27 R HURAG S 4 28 S
B2 2 H SRR LAY 29 AT 30 (Scheme 13, a). X
TR TR RN 5 B R S, 1N ) &5 RAE = 4)
LRI OC R T IAFAER — B X 7). b, AR &
Y15 05 b SN, B — AR B S N R 1) 5 T e
RAEY) 29. AHEHALSY S IR S R, B s 5
RN B & i e S = W ok, a0 5 BN A i 7
P30 k. BREUT IO X IOk FEE AL, SRt B AT B
SEARERENE, FrA T Z KRR AR E
AR, HWERER Y 2.57~8.09 1. ALk,
XFF AN G5 A MU ST 5, 2B AR A
RAFHE . Bl (22)-3-F23-2--4-Fe-1-0lE 5 —
T e AR SN, RELA 80% WS HAT BIAH LS5 K 1)
&Y 29. fEICEA B, ORI = CImEA PR S
32 5K OHATAEY) 31 Hil#% T A AR — O
MU &4 33 (Scheme 13, b). A2 B iE 54 ML
Tl A 5 S BE IR 48 R IA,, 1% 07 1R AR B 25 MR IE
& Z MR S 5 B ™4, BeANEA DB E R
R S 5 BB 4. B1an: 2K L5 = 20 — i ik
S, fE LA 76% RIS AT BIAH R S5 I R4 S 33. AT AL
ZOTEE MRS, T HALR G B R EF. (2 2.5~5.0
equiv. bRAR A A5 45 52 82 1) iR 1 22 B 1 ROR BRI, HL
Zyfkin NaBH, HIMEH, 4 SR 1) %24 R0 5
M.

AL ARG, B T R AR YR P AR A B
2 RNLAE ] WOBIREN PRI R A, il Sonoda 'k
L, R TR T 35 IMABRARATAEY) 34 Hh, FRETG
WERIZEAE N DGR —BUN 1), Geie =4 E iR 3=
HIS R T 154 590 36 (Scheme 14). ILAMREEH ) R
FE A2 0f PP R RGBSR, e T AR
JE TR, T eI AN R, FrbA R 5
BUPW R B, Gy 9 AT AR R TR A
Mk, ol 1-FHRAER K 300 nm FOBHES T, AU

Chin. J. Org. Chem. 2020, 40, 4147~4154

© 2020 Chinese Chemical Society & SIOC, CAS

(1) NaBH4/EtOH/room temp, N,
(2) reflux, 5 h

RC=CH + (R'Te),

27 28
RCH=CHTeR' + R'Te(R)C=CH, M
29, 53% ~ 91% 30
R'\ (1) NaBH4/EtOH/room temp, N, R’
RC=CH + [=<X = =
< Te) (2) reflux, 5 h Te R
2
31 32 33, 36% ~ 93%

B 13 SEE RS YR %
Scheme 13 Preparation of tellurium containing olefin com-
pounds

A3% A% = 2. TS IO 15 ' i KR 300~400
nm FDGZSE, PRI 62%, 15 B
REfEIk B 29%. T4 puie FIER R s 5 a5t
HE RE I, W RRRE 1L &9 B WS g RS, AT Rt S
R L 0T e R T AN R R TR R,
RELL 90%HIHSCRA5 2 a4, FF BAXE Sy 300
nm PRI R BR RBIAT. 27k P ie B R
U, T H R BNAR R T Ak, 07 AR
THAYEAE Y BA U R R, S SRR A ML
a5
hv (> 300 nmor >400 nm) "N T&

R—= + (PhTe —
(PhTe), 40~70°C, 20 ~96 h R ‘Teph

34 35 36, 29% ~ 90%
R = n-Hex, Ph, HOMe, HoNMe, CHO, CO,Et, cyclohexenyl, isopropenyl

B 14 30 TR S R SRt N
Scheme 14 Photochemical reaction of diphenyl ditelluride with
alkynes

R 7GR AR, — e I 4 R A4 7 (o i)t T {2 i
T HE BT L. 2006 4F, Sangit % "I7E Cul/Bpy 5 i &K 1)
FAET, R s — 2R3 Rk 35 50053
37 RSB, MTASEIAH R SRR ) 38 (Scheme
15). ZI7EERRAR Jk 1 ) FH e A5 22k R — 2R 05 R g
K il 2 BT TRA (PR 1), BR UG DAAN, 1RO C IR A2 7 2%
R i A0 i & KA B ) i A 05 2, #RE R I H R &
B Re I ANE, B, —OREE RS 1R Y,
L 68% HIS 5845 21 AH B IR BT TR . 1717 75 A7 A A I 3-YR L
WETEZITVEH LA 62% IS 645 21 AH B IFT B A k. LB A,
X 2 B FR S 2 X P e e 7 AR — s I sg e, Rk
TR SRR I R B g R, N 65%:; S HIUR OB R
R ZE— 5, PRI 60%; 158K 1R BLEL
Rz, ERMNTHES] 200 CHF, PR IHA K3
1, A 40%. 1% N AT BLA T2 A R S A A AL
FUCE 3), H X T 5t B R SRl ok 1 ) 2 AT 5 — 2 1)
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YERL. AHGE, &I N LU B A sk, A8 i
87 it FEE DA% ot B B P Ao P 4 2 S 15 2% S LA 2 P 5
T 32 BRI PR 1.

Cul/bipyridyl

— + > Ar—Te—Ph
Ar—X 0.5 (PhTe), Mg, DMF, microwaves
37 35 200 C,6h 38

X=Br, |, Cl

B 15 07 s ik Y S
Scheme 15 Reaction of halogenated aromatic hydrocarbons
with tellurium ethers

Me OH
TePh
PhTe x | A
Me _N
N Me
H Me

B3 R0 e il i e L ) % 25 Tl Bt LA 77
Figure 3 Tellurium-containing antioxidant prepared by reaction
of halogenated aromatic hydrocarbon and ditellurium ether

4 AHEFECHBIRE

A WU AL & 40 1A e s 37 P A L A — 6 J b7 R R
AT DAFS A7), 2001 4E, Detty U A HLEL 4
AL R I TAK,(Scheme 16). 1% 77 ] F TEHLBUL 1R
MBS, LR 39 FERRRR B e A AP HEAT OB, DLHp
S E /AT IR (40%~94%) 15 2R T=Y) 40. 1% M
WA R SR KA TS 4k, AT A TEALAL
YiFE 5t IR AT A SR, M OSELER BT g0, B4t
HUBLAEY 5 AL E XK BFE TR R AR IR 8, ]
(AT () SRR o A AT B A R, B Ok S —
W5 F IR R 7 b, H KT A 418 4).
MR AR 41 1 IF B A B B A4, AT 58 BOGH IS 4
HIZERZ B (Scheme 17). T BAFH pH A 6 HIBER £h2%
MRV NI 8 0 T R M TR Ak SR 2R R 32
PE Ak, R B - K, RIS
B HLENEFI I T T O, Bl 4-I5 )6 BRAN(E
AN IMBEE AT HLEDA ISR, BIAT L 88% A%
BRI, T HiZ 7 5 5 TR 1 P A e o SReadh 4T il
P RAF BN G R L8, o K R R
WA T, B X S A % A 1A JES 420 (497 T 25 A P
N 5, AZMEAL AL ROk B AF AR 2 i —
S 78 2% R 1% 7 1% T R LR R R it 4T
IR BRI AT, Bir DAL & F G BB A — 2 1 PR
Hil. HZAERIBEAIRZ 0N, #w: 725 T IRy
PRI TR, AR AT R b IR G T A AL i A4 6 A 85 1
G 17 LI NS RIS BT, PR Z R
2% 1B o7 BEL SO () S0 A /N . (LS it o AR 751 ) A
HNTHZ SN ) 42 A 3 T AS T 2RISR, W A 7S
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I RAE R T T 32 21 PR ).

NaOQC_\
NOTe 0
NaO,C—/ NNy

(0.8 mol%)

Subst-H + Nal + H,0,
39 pH 6 buffer

Subst—I + NaOH + H,0
40, 40% ~ 94%

Subst—H = mesitylene, 4-pentenoic acid,
4-penten-1-ol, N,N-dimethylaniline

B 16 A HURfE AL AL S v

Scheme 16 Iodination reaction catalyzed by organotellurium

NaO,C— /l
N Te
NaO,C—/ +\O
P
39

B4 Tl e B )k

Figure 4 Intermediate of an iodized reaction

X X
) Rile H0 RuTe
X Te R7 |
- ®
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