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Brief introduction to Tellurium (Te)

1 1 1 =
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Some physical properties of the VIA family of elements

Element Atomic Atomic Electronic Pauling Ionization Ionic  Atomic
number mass configuration electronegativity potential  radius radius

O 8 15.99 1s?2s%2p* 3.5 13.61 1.40  0.66

S 16 32.06 2s*2p®3s?3p? 2.5 10.36 1.84 1.04

Se 34 78.96  3s*3p®3d!'%4s%4p* 2.4 9.75 1.98 1.17

Te 52 127.6  4s°4p®4d'95s%5p* 2.1 9.01 2.21 1.37

E

« 2.5 for carbon & large volume atom
« easily polarize Te-C bonds
 Highly reactive



Tellurium (Te) in organic synthesis

Several important types of reactions

Reductions
Tellurium-Mediated Formation of anion species and their reactions with

electrophiles
Organotellurium-based ring closure reactions

Remove the Tellurium
With formation of new C-C bonds
With formation of other functionalities

Application of Tellurium chemistry

Vinylic tellurides
Free radical chemistry



Re d u Cti O n S with deuterium, 100%PhCHDOD is

observed

aliphatic ketones and esters are not

Reduction of carbonyl compounds pallerle
« Using hydrogen telluride |

0 OH |

R = H; R' = Ph, 0-MeC¢H,, n-heptyl

R,R' = (CH

Kambe, N.; Kondo, K.; Morita, S.; Murai, S.; Sonoda, N. Angew. Chem. 1980, 92, 1009.

e e - -

» Using phenyl telluride

0
OH
Ao
—othog A PTeH-E RORT (172 PhTeTePh)J
T MeOH (method B)
MegSlC' : PhTeSIMe3
PhTeTePh —“2 . PhTeNa ~~

PhLi + Te

PhTeLi

Method A: R = H; R' = Ph, p-MeOC¢H, (31,98%)
Method B: R = H, Ph, p-MeOCgH,, 0-CICgH,4, n-C5H.5 (73-98%) |

R = Ph:; R' = Me, n-C;H;, Ph (80-95%) '
L se— . — —~——
(1) Akiba, M.; Cava, M. P. Synth. Commun. 1984, 12, 1119. (2) Aso, Y.; Ogura, F. et al. Nippon Kagaku Kashi 1987, 1490.

e l——

Aliphatic kétones and esters ar hot applicable

|
(|
i
-




Reductions
Using phenyl telluride

O
R1’U\R2
PhTeSiMe; + ROH — PhTeH + ROSiMe, — R
Znl, (5-50% mol)
R = Me, PhCH,; R' = H; R% = Ph, n-C,{H,, (76-96%)

R' = Ph; R2 = n-CH,
R‘ B Me. R2 — n‘C9H19
R, R? = (CH,)s

Q1: Why the reaction will give ether instead of
alcohol as product in the presence of zinc iodide?

e — e ——

Nagakawa, K.; Osuka, M.; Sasaki, K.; Aso, Y.; Otsubo, T.; Ogura, F. Chem. Lett. 1987, 1331.



Reductions

Using other tellurides

. . OH .
/I(J)\ :-BuzTe/Tnc:lt )\(Ph [ Ti(lN) as
Ph”"H DME rt,2h Ph reducing
e (99%) OH . reagent;
O : : OH : - ~ Couplin
i-Bu,Te/TiCl i-Bu,Te/TiCl Ph | piing
Ph 2 4 Ph 2 4 .
Ph DME rt 1h Ph - Ph" Y | mechanism
O = (99%) O O is unclear
e —

i

Suzuki, S. H.; Manabe, H.; Enokiya, R.; Hanazaki, Y. Chem. Lett. 1986, 1339.; Suzuki, H.; Hanazaki, Y. Chem. Lett. 1986, 549.

R R
R‘O—CHO Na,Te R‘O—CH OH i
NMP, 80°C : =
0.5-1 h (34-59%)
R.R'=H |

R =H; R' = Me, i-CH,
R=Me;R'=H

Suzuki, H.; Nakamura, T. J. Org. Chem. 1993, 58, 241.

——

- Deuterium experiments
[ Mechanism involves radical intermediate

generate Ti(lll) to reduce the carbonyl
group




Reductions

e Selective Reduction of a,B-unsaturated carbonyl compounds

H,Te (Al,Te;/H,0) method A {

Ph/\/lL < ™ Ph/\)L

PhTeH (PhTeLi/TFA) method B _~

Method A: R = H, Me, Ph (54-84%) 4
Method B: R = Ph (80%)
Kambe, N.; Kondo, K.; Morita, S.; Murai, S.; Sonoda, N. Angew. Chem. 1980, 92, 1009.; Akiba, M.; Cava, M. P. Synth. Commun. 1984, 12, 1119

e Reduction of conjugated arylalkenes and arylalkynes

NaHTe (method A) (ref. 3,11) (- ———anl _———==
AR N ~_R |+ Works well with |
PhTeH (PhTeLi/TFA) method B_~ h terminal alkenes

PhTeH (PhTeSiMe;/MeOH) J
(method C) (ref. 4)

Ph—=—H Pied | oo~ | B il
— " (PhTeSiMey/MeOH) KT ~ | |acceptable yield

(1) Akiba, M.; Cava, M. P. Synth. Commun. 1984, 12, 1119. (2) Aso, Y.; Ogura, F. et al. Nippon Kagaku Kashi 1987, 1490.




Reductions

e Reduction of imines and enamines

H,Te (Al,Te,y/H,0)/THF, 0°C (method A) }
H
NaHTe/AcOEt, reflux (method B) R. N
~
PhTeH (PhTeLi/TFA) THF/ -78°C to r.t. (method C)

Method A: R, R' = Ph (71%) k
Method B: R = Ph; R' = Et (65%) )

Method C: R, R' = Ph (93%) [
e ——

(method A) ¢

: - OO
(85%) |

Kambe, N.; Inagaki, T.; Miyoshi, N.; Ogawa, A.; Sonoda, N. Chem. Lett. 1987, 7, 1275.

e Reductive desulphuration and reduction of nitro groups

S Na,Te
2 2N 1{
/U\Al'l DMF/ A A Ar
(60-82%) |

1 ( |32 | ] i
Ar = Ar' = Ph, 0 J
Ar = Ph; Ar' = p-BrCgH, |

CeHa |

Suzuki, H.; Manabe, H.; Kawaguchi, T.; Inouye, M. Bull. Chem. Soc. Jpn. 1987, 60, 771

Ar



Reductions

e Reductive desulphuration and reduction of nitro groups
H,Te (Al;Te;/H,0)

ArNO, THF/ (60-94%) ArNH, ——— = ey
-94% Ar = Ph, o-Me, p-MeO, p-Cl, p-BrC.H, (ref. 19 i 1
Na,Te (Rongalite method) ArNH P prnp ol ) | : E'rol':lc SOI(;/en_t ‘
: Ty 2 Igher reducin
H;O/dioxane, 50°C (55-96%) 4 _ ph and alkyl derivatives, o-Ph, p-Ph, p-PhCO, | atgli t 9
A p-PhCH=CHCgH,, 1-naphthyl, p-NO,Me,Cs, y 7
m-NO,Me,Cg (giving diamines) (ref. 20)
NazTe/DMF ArN=NAr :
A (67-97%) Ar = Ph, m-Cl, p-Cl, m-Me, o-Ph, p-PhCgH,, | * Aprotic solvent —
1-naphthyl (ref. 18) | Azo compounds
(63.92%) ArN=N(O)Ar ) = . =
NaHTe (5 equiv)/ Ar = Ph,Bo-M(: ;z:-l\:'e, ;()l\fﬂe;)) o-Cl, m-Cl, p-CI | ~+ Steric hindered |
-por, p-AC reil. n .
\ P P | nitro compounds
— ANH, | are easier to be
(89-92%) Ar=o, o, p-Me;CgH,, 0, 0-Me,CgH,, p-t-BuCgH, reduced
N‘?:JO?;OH' ArNHOH  (ref. 23) =
- Ar = Ph
NaBH,/Te cat. i
Eac') H/a eszagzw ArNHOH : More_ practlcal
0H/r.t. (63-02%) Ar = Ph, p-Cl, p-Me, p-HO,C, p-NC, p-NO,CeHy, condition
| p-EtO,CCH = CHC-H, (ref. 23)
F,CCO,H (method A) THF. rt. i-Bu,Te
PhTeLi ——— PhTeH + ANO, ﬁ(geq,: : J ArNO, — 2 ArNH, |
' T|C|4, CH20|2
PhTeSiMe, MeOH (method B) PhTeH + ArNO, be('::;g;‘)" ArNH, (+ PhTeTePh) (42-98%)
PhTeTePh —aoHs (method ) PhTeH + ArNO, L/ | Ar = Ph, m-CN, p-CI, p-Br, p-Ph
benzene/EtOH/H,O (65-95%) ’ D- PhCOCsHA, m, p MeoCqu
B — — e —— ‘——'——A

Suzuki, H.; Manabe, H.; Inouye, M. Chem. Lett. 1985, 1671. Osuka, A.; Shimizu, H.; Suzuki, H. Chem. Lett. 1983, 1373.
Akiba, M.; Cava, M. P. Synth. Commun. 1984, 14, 1119. Uchida, S.; Yanada; K.; Yamaguchi, H.; Meguri, H. Chem. Lett. 1986, 1069.



Reductions

e Debromination

(method A) Ar,Te/A
-Ar,TeBr,

K2S205

ATe ArTeB
(method B) ' "2 % 42 °°"2

benzene/H,0

(method C) ArTeTeAr/toluene/A

(tellurium
reagent) -Ar,TeBr,, -Te \
Te:” TRy A3 (method D) NaHTe/EtOH R R?
R R' &) -Te R! RA
r
. (method E) Na,Te/H,O/dioxane /
Representative examples: (Rongalite/Te cal.)
RCHBICHBR' " ‘
R = R'= H, Ph, CO,Et, CO,H (method F) (E10),P(O)TeNa/EtOH, r.t.
-
R =Ph; R = 4-pyridyl, COH [(E10),P(O)Na/Te cat]

CO,Et, CHO, COPh
R = H; R' = substituted 3-quinolyl |(method G) 2-thienylTeNa/EtOH/EtOH, r.t.

R. R‘ — (CH2)4, (CHz)’o and (2'thienY|)2T92 Cat./NaBH4
dibromocholesterol (method H) Ph,SnTeSnPh,/KF.H,O/MeCN, r.t,

« Application of this reactions
[ THF/A o |

C(:Br ArTeNa (2 equiv) C(I
Br (ArTeTeAr/NaBH,) 10 equuv

(20-53%)

Ar = Ph, p-MeCgH,, m-MeOCgH,, m-CICgH,; X = H; Y = CO,Et, COMe, CN

X =Y =CO,Et
e ——— —
Kambe, N.; Tsukamoto, T.; Miyoshi, N.; Murai, S.; Sonoda, N. Bull. Chem. Soc. Jpn. 1986, 59, 3013.




Formation of anion species and their
with electrophiles

Reformatsky-type reactions

COR' + Romo NezTe/DMF/THE R
r A -10°C (37-73%) CO,R'

0O P,
R1 = Me, Et, R = Ph, O'Me, p'MeZN, p'Cl, p-FCGH4s< :©/
PhCH = CH, Me,CPh, Me,C=CH(CH,),CMe=CH O

O O
) AN
2 B CO,R! < S 1
Te ; 2 -TeBr R1 O& R/%O R OR
HsO* Q
R/\)J\OFF

TeBr —— Te + Br

"« E configuration of double bond;
~ for a,B-unsaturated carbonyl, only 1,2-addition
'+ ketone is not applicable

Suzuki, S.; Inouye, M. Chem. Lett. 1986, 403.

reactions

In accordance
with normal
mechanism,
Te(-2) as
anion

II



Formation of anion species and their reactions
with electrophiles

« Reformatsky-type reactions

Cl
i-Br,Te/TiCl
X" CN 4+ RcHo 22! ®/PMP/TAT o cN (+ROH) 8 Co,t + RoHo — o219 To ) L _coyt
OOC (31_700/0) CH2C|2/A/(66 /o)
@) ‘7’1 Suzuki, H.; Manabe, H.; Enokiya, R.; Hanazaki, Y. Chem. Lett. 1986,1339.
X =Cl, Br; R = Ph, p-CICgH,, PhCH=CH,<
@)
PhTeLi (5.0 mmol)-CeClg (2.5 mmol) . OH
same EtO,CCH,Br + RR'CO Sthor 0°C -1t 1h R'RC-CH,CO,Et
Br” “CgH,CN-p + RCHO e R—Xy CgH4CN-p 47-05%)
conaitions R = Ph: R' = Me, Et
O % R = Me; R' = CgH;4
= I A= G 04 )4
Suzuki, H.; Manabe, H.: Inouye, M. Nippon Kagaku Kaishi 1987, 1485 R=R"=PhCH?, j-pr
Cy
R, R' =
_.CeCl -
H 9 - (Gcect, 'RRC” ™ COE m——
Br—C--C. | HCC - 0.0 ~» applicable to ketone
OEt OEt ~ce |
Q H o + Less eq. of
TePh R-C-R' bromoacetate and
l = O . A RHC-CH.COLET sodium telluride
: -~ LH00, L s
PhTeBr PNTELL ppreTePh OH

Fukuzawa, S. |.; Irai, K. J. Chem. Soc. Perkin Trans. 1 1993, 1963.

12



Formation of anion species and their reactions
with electrophiles

e Knoevenagel-type reaction

_CN TeCly LCN
ArCHO +| HCog Isooc, 2075 min HCg activated
(82-95%) methylene
Ar = Ph and substituted Ph, 2-furyl, E-CqH;CH=CH Is required

R = CO,Et, CN, CONH,

Khan, R. H.; Mathur, R. K.; Ghosh, A. C. Synth. Commun. 1996, 26, 683.

e Pinacol reaction

H
ArcOR —S/KOH _ A (R)-C—CH(R)Ar
MeOH, r.t. OH OH
|10-15 min] (85-95%) . very fast reaction

R = H; Ar = Ph and substituted Ph
R = Me; Ar = Ph, p-MeCgH,

Khan, R. H.; Mathur, R. K.; Ghosh, A. C. Synth. Commun. 1997, 27, 2193.

e Wittig-type reaction

n-Bu,Te f[ o }
/\ _ _ /\ » _
[PhBP” |l| THE 80°C LPhSP”VI TeBu-n |l By Tel,  [PhsP=CHel
v
- X
Ph3P+O -Ph;PO R
(51-87%)

R = Ph, p-ClI, p-Br, p-FCgH,, PhCH=CH, 2-naphthyl, n-CgHq

Li, S. W.,; Huang, Y. Z.; Shi, L. L. Chem. Ber. 1990, 123, 1441.

13



Formation of anion species and their reactions
with electrophiles

Alkylidenation of aldehydes and cyclopropanation of o, -unsaturated carbonyl
compounds with dibromomalonic esters

H

Br. CO,R’ vy H CO,R! Bu,T
/& N >< x 1 BUZTe (2 GQUIL/) = 2 1 R/\ + Br>< 2 C A<COQ
R™70 ™ Br" COR' rt (47-87%) R  CO.R Br” Y 1t (32-94%) COzR

2

R = Ph, n-hexyl, CH,=CH, MeCH=CH, CH,=CMe, trans-PhCH=CH R = CO,Me, CO,Et, CO,Bu, COMe, CN:

1_
R’ = Me, Et Y = CO,Me, CO,Et, CN
Br
Bu,TeO
1 CO,R! 2 ) CO,R!
Bu,Te + Br><COQR — | Bu,Te*Br —éBr RCHO H 2 1
CO,R! ‘ CO,R! R ~g,CO=R
l _ TeBu,
Bu,Te(Br)O™ + Bu,Te*Br 1
o R, CO.R
l H  CO,R'
_@50 R1 _.A<COZR + Bu,TeBr, : Bu2Te\Br
@r COQ

Matsuki, T.; Hu, N. X.; Aso, Y.; Otsubo, T.; Ogura, F. Bull. Chem. Soc. Jpn. 1989, 62, 2105.

14



Organotellurium-based ring closure reactions

e General expression of ring closure reactions

/ |
+ Te\— < Te Teé I
- [th B (>_/
& Nu i
NuH NuH |

 Tellurolactonization of unsaturated carboxylic acids

« With aryltellurium trichlorides

- [ ArTeCly | St ;
R<R n::> R , R
ArTeCly + MOH CHC/ A YR | — R R?
(77-87%) HO R
i o o)

Ar=p-MeOCgH, R, R'=H;R? R®=H, Ph, Me
R, R' = H: R?2 = Me: R® = Ph
R, R' = (CH,),, (CH,),*; R%, R®=H

R, R' = (CH,)5; R? = H; R3 = Me
R, R' = (CH,)4; R?, R® = Me j
‘ .— - — ——

Moura Campos, M.; Petragnani, N. Chem. Ber. 1960, 93, 317. ; Comasseto, J. V.; Petragnani, N. Synth. Commun. 1983, 13, 889




Organotellurium-based ring closure reactions

e Tellurolactonization of unsaturated carboxylic acids

« With aryltellurium trichlorides

R1 R2 Cl C| R1O
O
P “Co,R+ ArTeCly —— ArTe/\k_Zﬁ l
‘R'=H: R2=Me, Ph 73% R?
R=H<R' R2=Me 46%

R' = Me; R? = Ph 52%

-

1_R2 -
R=PhCH,|R'=R?=Me  62% |
R'=Me; R2=Ph 76%

Ar - p-MeOC6H4, p'C6H50C6H4
R1 R2

R1 R2
/\/]\ ArTeCl, ‘
CO,CH,Ph >~ CO,CH,Ph |
ArTe.  (72%) | A
Cl Cl

e ———— -
Moraes, D. N.; Santos, R. A.; Comasseto, J. V. J. Braz. Chem. Soc. 1998, 9, 397.
H Ph

AL poom e Lo

(0] TeAr
Cl’ ¢




Organotellurium-based ring closure reactions

e Tellurolactonization of unsaturated carboxylic acids

« With benzenetellurenyl nitrobenzenesulphonate
PhTeTePh + ArSO,-O0-SO,Ar —— 2 PhTeOSO,Ar/

Ar - p-NOZCGH“ ) S

HO PhTeOSO,Ar PhTe /
T

Y O MeCN.0°C.1h O i

O (52%) O |

Yoshida, M.; Suzuki, T.; Kamigata, N. J. Org. Chem. 1992, 57, 383.

« With diaryl tellurium dihalides

ArTel {
COM oy /CHCI,, reflux (@o* ArzTe|

5 days a
Ar = p-CICgH, 4 | (66%) |

s —— - —~————

Leonard, K. A.; Zhou, F.; Detty, M. R. Organometallics 1996, 15, 4285.

« With phenyltellurenyl chloride

R R'  {PhTeCl (1.1 equiy) ohTe_ A
e Jequiy =

Fc # — «.«.-;.,_--.«:_,_._,,_,_,_&,___q_.m AR R

H CO,H [(PhTe);+S0OCl] " "Ng”=0

MeCN, r.t. (79-94%)
R = H, alkyl, aryl; R' = H, benzyl, alkyl }

Xu, Q.; Huang, X.; Yuan, J. J. Org. Chem. 2005, 70, 6948.

17



Organotellurium-based ring closure reactions

 Reductive detelluration of tellurolactones

constitutes
R . e e— R tributyltin hydride (TBTH)
ClICl O R toluene/A o RO
S (87-92%) Q
R TBHTH (2 equiv: {
. . . NaBH, (1 equiv) Wwiuelier 2
TBTH: tributyltin hydride L ATe e |
Ar = p-MeOCgH, X R
H/ R, R' = H: R?, R® = Me, Ph
= TP R, R', R2=H; R%®=Me
H R, R' = (CH,),, (CH,)4; R?, R® = H
R S I
NaBH, (6 equiv) H,0 .
Aéﬁj??n? : - ArT§ 2% — RW OH + [A'T‘*’H]: a formal protective
X R H R? | method for y,0 -
- - | unsaturated acids
Oz, 12(ArTe), —
L — - —

Comasseto, J. V.; Ferraz, H. M. C.; Brandt, C. A.; Gaeta, K. K. Tetrahedron Lett. 1989, 30, 1209.;
Comasseto, J. V.; Petragnani, N. Synth. Commun. 1983, 13, 889.

18



Organotellurium-based ring closure reactions

With aryltellurinyl acetates

ArTe(0),0 HOAC. ATe(0)OAC

a)HOAc/ , 15 h

b) BF4.Et,0

CHCI;, r.t., 30 min

Hu, N. X.; Aso, Y.; Otsuba, T.; Ogura, F. Tetrahedron Lett. 1987, 28, 1281.; Hu, N. X.; Aso, Y.; Otsuba, T.; Ogura
F. J. Org. Chem. 1989, 54, 4391.; Hu, N. X.; Aso, Y.; Otsuba, T.; Ogura F. Phosphorus Sulfur 1988, 38, 177.

> n@\/Tef-Ar

HO \/\t/)/\ ArTe
n

e Cyclotelluroetherification of unsaturated alcohols and allylphenols

OAc

OAc

0.BF,
’n(@\/TeAr

/\)')'QL\-\ hygroscopicity and intractable nature
= HO

Some structures are problematic

H,N-NH,.H,O
2 S >n@\/TeAr

n=12

Ar = Ph, p-MeOCgzH,, 2-naphthyl

m

19



Organotellurium-based rin

 With aryltellurium trichloril e advantages of stability and easy

separability of the formed crystalline
dichlorotelluro derivatives compared to

CHCI3. A\ the preceding tellurinyl acetate method

~ T g5-06%] (85-96°%

1R
'R

o

| The yields and the reaction times are
close to those observed for the
cyclization of the corresponding
alcohols. The stereochemistry of the
reaction is low

Me Ar =

H,
H

CHCl3, A F
—_—

OH
R1
R Kge (85-98%)

r")n

i thiourea dioxide

R=ipr; R, R%=
R =nBu;R' = Hyw=n=pr
R = Ph; R' = H; R? = Me

n=2

|

R=CH,OH; R1,R®=H Ar=p-MeOCH, |
“ |
\

Ho\/\ﬂj\ CHCl3, A ,,(@\(TeCIZ,Ar
ArTeCl, + n (85-90%) R n=1;R=H, Me
n=2R=H
|
— Ar = p'MGOC6H4.
HO (90%) o p-PhOCGH,, |
ArTeCl, p-MeCgH, l
©/TQC|2AY |
OH “(78%)
=
O/\/ C(wTemzAr
Z
g\/ TeCl,Ar
OH (88 71%)
K R=H, Me J
.

Comasseto, J. V.; Ferraz, H. M. C.; Petragnani, N.; Brandt, C. A. Tetrahedron Lett. 1987, 28, 5611.;
Comasseto, J. V.; Ferraz, H. M. C.; Brandt, C. A.; Gaeta, K. K. Tetrahedron Lett. 1989, 30, 1209.

closure reactions

OR?
a R 1 ArTeC|3 - R O TeCIZAr |
R2  CHCIj, reflux R '
2
| R™ (65-97%)

a) Ar = p-MeOCgH,, p-CgHsCgH,

b) R = i-pr; R', R? = Me; R® = Bz
c)R=nBu;R'=H; R?=pr; R®=Bz
d) R = Ph; R'= H: R? = Me:; R® = Bz

H: R? = Bz

e) R = CH,0H, CH,OBz; R', R? =

(85%) J

ilff—»m—-—ﬂﬁﬂ
« Similar yield

Less stereoselectivity

Ef— 7"' v : e l

TUDO .
PTC/NaOH/THF, r.t.

Comasseto, J. V. Grazini, M. V. A. Synth. Commun. 1992, 22, 949. 50



Organotellurium-based ring closure reactions

« With benzenetellurenyl nitrobenzenesulphonate
PhTeTePh + ArSO,-00-SO,Ar —— 2 PhTeOSO,Ar

AI’ = p'N02CGH4 i
L ——— —— ;d
PhTeOSO,Ar {
HO 2
RN MeON,L 0°C, Th g ~TePh
Q109
Ar = p-NO,NCgH, (/1-81%) n=1,2 -
Ar = p- N02C6H4 ‘ hygroscopicity and intractable nature
_ T“"-'J Some structures are problematic
Z
OH MeCN, 0°C, 1h S *
(81%) §
AI’ = p'O2NC6H4 |
— VQ

Yoshida, M.; Suzuki, T.; Kamigata, N. J. Org. Chem. 1992, 57, 383.

e With TeO2/HOAC/LICI or TeO2/HCI

| |
s v~ OH 4+ TeO. HOAc/LICl /—\ Cl, C m |

OH conc. HCI Na2b205 |
NN + T902 M OH (62%) FO)\/TG Te o {
J
Z Na,S,05
OH T MeOH (62%) J
=TT e, Ol

Bergman, J.; Engman, L. J. Am. Chem. Soc. 1981, 103, 5196.; Engman, L. Organometallics 1989, 8, 1997.
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Organotellurium-based ring closure reactions
« With diaryl tellurium dihalides

0O

py/CHClI,, reflux K@ + Anle ’!

4 days | (57%)
Br

Z ), OH

n
n

AN

Ar,TeBr, 4—5 ,

CHCl,, reflux, 48h O

n=1 traces '

Ar,TeBr, .
CHClj, reflux O
48 h Br
traces

Leonard, K. A.; Zhou, F.; Detty, M. R. Organometallics 1996, 15, 4285.

Synthetic applications

TeCl,Ar Bu;SnH (4 equnv)> |
toluene, reflux, 6h o |

R

Ar = p-MeOCgH,; R = H, Me

0O

Bu;SnH (2.5 equiv) ‘
TeAr - i
toluene, reflux, 1 h o

ﬂ:Ph

OH NaOH
= ——T
\/\@ (OI?

PhTeO
NH2-NH2-H201

O
Brzl

O

TePh

NaBr

JTePh
Br Br

hygroscopicity and intractable nature

Some structures are problematic

|

chloramine-T

CO

Br

J

Comasseto, J. V.; Ferraz, H. M. C.; Brandt, C. A.; Gaeta, K. K. Tetrahedron Lett. 1989, 30, 1209.;Hu, N. X.; Aso, Y.;

Otsuba, T.; Ogura, F. J. Org. Chem. 1989, 54, 4391
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Organotellurium-based ring closure reactions

e Tellurocyclofunctionalization of alkenyl-substituted B-dicarbonyl compounds

TGC'zAf J
H ArTeCh,, | * exo-mode
|  through enolate

94, 90%
O O O O |
@/ reflux ArTe/\Q/I\ COLEt [ P 0 TeClAr

(84, 81%) R = Me, OEt 80, 93%
R =H, Me | 0 {
NaBH | CO,Et |
THFH,0| R =H ( COEt
2 R A l

R | O

\67/\0025 S Sl ArT<=,»/\<i7/\CO‘?Et Artec,
toluene, reflux 65% |

(77%) (84%) |

| Compare W|th Se: Much
higher yield and shorter |
reaction time

Ferraz, M. H. C.; Comasseto, J. V.; Borba, E. B. Quim. Nova 1992, 15, 298.; Ferraz, M. H. C.; Sano, M. K.; Scalfo, A. C. Synlett 1999, 5, 567.; Stefani, H. A_;
Petragnani, N.; Brandt, C. A.; Rando, D. G.; Valduga, C. J. Synth. Commun. 1999, 29, 3517.
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Organotellurium-based ring closure reactions

e Tellurocyclization of olefinic carbamates

R
/\><(¢,,'7\|HC02Et F’hTe(O)COCF3> R12_>\/T o
BF3.Et,0, CHCl;,  nl}y e
A, 30 min CO,Et
(73-96%)

1,2 R=R'=H
1 R=H: R'=Me
1 R = Me; R = allyl

7 d
©\/\/ same procedure mTeph
NHCO,Et (87%) N

CO,Et

S 33
n

pyrrolidine and piperidine derivatives

Hu, N. X.; Aso, VY.; Otsuba, T.; Ogura, F. Chem. Lett. 1987, 1327.



Remove the Tellurium

e With formation of new C-C bonds

Raney nickel

diglyme, A, 8 h
(60-91%)

ArTe(Cl),Ar = Ar-Ar

Ar = Ph, p-MeO, p-EtO, p-Me, p-Br, p-Me,;NCgH,,
p'MeO'm‘MeCSHS, p,m-(MeO)2C6H3, O,p'(MeO)2C6H3,

2-naphthyl
Bergman, J. Tetrahedron 1972, 28, 3323. Bergman, J. Org. Synth. 1977, 57, 18. 1 eq' Of
metal
RTeR!’ Pd(©) » R-R' + Te
TeCl MeCN,A
3 Raney nickel l (76-100°/o)
diglyme, A, 2 h
80/0 R. R‘ = p-MeOC6H4. PhCHQCHQ

R = PhCH,CH,; R' = PhCH.,
R = p-MeOCgH,; R'= n-CsH,,, t-adamantyl

Bergman, J.; Engman, L. Tetrahedron 1980, 36, 1275.

Ni(PEt2)4 10 mmol%
Ar,Te(or ArTeTeAr) (Eta)s l Ar-Ar + (C/N) P=Te
2.0 mmol (C/N) P 3

3

MeCN, 80°C overnight .
2,4 mmol for tellurides Catalytic amount

5,0 mmol for ditellurides

Bergman, J. Tetrahedron 1972, 28, 3323. Bergman, J. Org. Synth. 1977, 57, 18.

Ar,Te Ar=Ph, 3,4-(MeO),CgH,, p-MeOCgH,, p-Me,NCgH, 83-96%
ArTe), Ar=Ph, p-MeOCgzH,, p-Tol, p-CICgH, 79-90%

Han, L. B.; Tanaka, M. Chem. Commun. 1998, 47.

25



Remove the Tellurium

With formation of new C-C bonds

Coupling methods will be further discussed in application part

a) PdCl,(10%), MeCN, Cs,CO; (2 equiv
R,TeCl, +{R1SNBUg-n | 2 ) 250 (2 o)

56-89%
rt,3h \(\ )
b, Cul (10%), [1eCN, Cs,CO4 (2 equiv), 70°C, 7 h

R-R'
memmestnc) PACL(PPhs)s (10%), NaOMe (2 equiv
R,TeCl, 4 R'B(OH), 3) 2P a3 (19%) (© equv) /(;8-81%)

DME/H,0, 50°C, 5 h
R = Ph, p-MeOCgzH,, (Z)-PhCH=CH
R' [a), b) = 2-furyl, 2-thienyl, (E)-PhCH=CH
¢) = Ph, m-NO,CgH, 0,p-Cl,CsHa, p-CICsH,, p-MeOCeH,

a)orb
R,TeCl, +CO (1atmj + R'SnBus-n )—)> RCOR!

(52-90%)
R = Ph, p-MeOCgH,, (Z)-PhCH=CH

R! = 2-furyl, 2-thyenyl, (E)-PhCH=CH
Kang, S. K.; Lee, S. W.; Ryu, H. C. Chem. Commun. 1999, 2117. Kang, S. K.; Hong, Y. T.; Kim, D. H.; Lee, S. W. J. Chem. Res. (S) 2001, 283.

PdCl, (10 mol%), MeOH (3 equiv)
Ar,TeCl, + RIPh*]X -

Ar-R o
MeCN/MeOH (1:1), r.t, 7h  (70.8g9,) Utilizing
Ar = Ph, p-MeOC¢H, hypervalent
R = p-MeOCgH,, 2-thyenyl, (E)-PhCH=CH oo sl

X = -OTs, -OTf, -BF,

Kang, S. K.; Lee, S. W.; Kim, M. S.; Kwon, H. S. Synth. Commun. 2001, 31, 1721.
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Remove the Tellurium

With formation of new C-C bonds

ArTeCl, + 2 Ni(Co)'Q)DMF’ 70°C. 240 A(GOH + NiCl, + NiTe + 7CO + HCI
3 CO)s ) H,0 (52, 35%) rCO,H + NiCl, + NiTe + +

Ar = p-MeOCgH,, 2-naphthyl

Ar,TeCl, + Ni(CO), -Sameconditions_ 5 ArcO,H + NiTe + 2 CO + 2 HCl
2i=ve 4 (71, 58%) 2

Ar = p-MeOCgH,, Ph

Bergman, J.; Engman, L. J. Organomet. Chem. 1979, 175, 233.
CO(1 atm)/PdCl,

RTeAr : — »» RCO,Me + ArCO,Me
=1gN/MeOH A B sulphur and
Ar R Percentage yield selenium .
A B compounds give
Ph Nn-CyoHos 22 98 unsatisfactory
Ph Ph 92 results.
p-MeOCgH, p-MeOCgH, 99
Ohe, K.; Takahashi, H.; Uemura, S.; Sugita, N. J. Org. Chem. 1987, 52, 4859.
Ocl cl O : t :
)K/Té\)L LDA 2 eq‘ulv> R'CHO 2 quuv»
R R THF, -78°C ) o THF, -78 -25°C Q2: Intermediates
30 min 3h 42-89% !
j\/ : °) and Products?
R = Me, i-pr, i-Bu, t-Bu, Ph, p-MeOCgH, o8 _
R' = Ph, n-CgH,; -9 OQUIV
N
R=t

69%

Han, L. B.; Kambe, N.; Ryu, |.; Sonoda, N. Chem. Lett. 1993, 561.
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Remove the Tellurium

e With formation of other functionalities
* By hydroxy group

O O
CuCl,.2H,0
R TeBun v R OH
T (65-96%)
CUCI2 R = Ph. p'CICGH4. p-MeOC6H4, C6H50H2,
R'OH Me. t-Bu An electrophilic mechanism is plausible
0 ' for these reactions, on the basis of the
depend- ence on para-electron-
— ; :
R OR'  R=Ph, p-MeOC3H,, p-CiCeHs. CoHsCH; || [cesiogiuee siaie crapcenen
(68-88%) R'=Et, Me, n-Bu

Dabdoub, M. J.; Viana, L. H. Synth. Commun. 1992, 22, 1619.

By halogens

I,(1-2 equiv)
MeCN, reflux,2h  Ph _ R
(60-94%) Cl I
CCl .
Ph—=—R + TeCl, m Phy—R R =H, Me, Et, Ph Retention of
i TeCh AICI,/NBS stereochemistry
CCly, reflux, 2 h Ph R
- >=<
(60-70%) Cl Br
R =H, Me

Uemura, S.; Miyoshi, H.; Okano, M. Chem. Lett. 1979, 1357.

R@—TeCIS l,/F/MeCN, reflux_ R@—l _o/F/MeCN, reflux (RQ) TeCl, electrophilic
(85, 46%)

(23%) 2 mechanism
R = MeO, Me R = MeO s plausible

Hu, N. X.; Aso, VY.; Otsuba, T.; Ogura, F. Chem. Lett. 1987, 1327.



Remove the Tellurium

e With formation of other functionalities
By methoxy group

(method A) MCPBA (3-5 equiv)/MeOH, r.t.
h - » ROMe
( 45-86%)

R= n'C,2H25, phCHQCHz. n'C|2H250HCH3.

OMe
cycloheptyl, @(:r
K

1) Br,/CCl i L
(1) Bra/CCly RTe(o)ph'Hzo(melhod B) MCPBA (2 equiv)/R'OH, r.

(2) OH/H,0 (65-95%)

R = n-Cy,Hos; R = Me, Et, n-Pr, iPr
R = CgH,7CH(OMe)CH,; R' = Me

RTeP

3 ROR'

Nal04
MeOH/H,O p
(method C) F3CCO,H/MH,0,/MeOH, rt. . o
B R nCLH
=n- 25
r * Rearrangement
afepn _(method D) MCPE::;f;aquwweOH- L ROMe could happen
O 7o

R =n-CyoHzs

OrR MCPBA (2-5 equiv)

MCPBA (1 equiv) o) MeOH, r.t. OMe  H;O*
R MeOH, r.t R HZ0* L : o — CHO
phi\/TePh o MeOi\/Ph = 3M > R Ph n TePh ,7(77:| 90%) n  OMe n
R R =

(73-90%) =Me
- R =Me, H
R =H; R' = Me, MeO MCPBA (1equiv)/
R = Me; R' = MeO (1) Bro/CCly O MeOH,r.t.
MCPBA (1 equiv)/ (2) HO/H,O @l n=1(84%
(BcoL, R Meorirt ) N Te(oppn =1
-l e
(2) HO/H,0  Phoy (73-84%) OR OR
MCPBA (1 equiv)/MeOH, r.t.
R = H, Me; R' = OMe n=2 B} ""TePh -PhTeOH
R =Me O (40%)

Uemura, S.; Fukuzawa, S. |. Tetrahedron Lett. 1983, 24, 4347. Uemura, S.; Fukuzawa, S. |. J. Chem. Soc. Perkin Trans. 1 1985, 471.

2
Detty, M. R. J. Org. Chem. 1980, 45, 274 9



Vinylic tellurides

Vinylcuprates by copper—tellurium exchange

e Conjugate addition of enones

R®  THF, rt R? O\
R,Cu(CN)Li — S —
2CUCNIL + o =(FeR)-RTeR' R Cu(CNILiy -7sc a2
R
3 R2 1

R R R
Me Ph H n-Bu 90% trace  -—---
Me H Ph n-Bu 88% trace  ==—---
n-Bu H H Ph 55% = eeeee- 45%
n-Bu Ph H n-Bu 75% 23% -
P TeR (R = n-Bu, Ph, 2-Th
H  Te,Th
= TeBu,
THPo/_<=/ THPO&/TeBu
other vinylic and bis < Ph(Me)
vinylic tellurides Y " “MeBu
(Me)Ph

. /\
A Te R(R=AylQ_NCH)

\THPOfg/)ZTe :

higher order cyanocuprates: Bu(2-Th)Cu(CN)Li,, Me,Cu(CN)Li,, Bu(imid)Cu(CN)Li,

enones : MCK, <i> 0, >C>:O

Comasseto, J. V.; Berriel, G. N. Synth. Commun. 1990, 20, 1681.; Tucci, F. C.; Chieffi, A.; Comasseto, J. V.

R1 and the vmyl group

' should be different in
migrative property

Tetrahedron Lett. 1992, 33, 5721.
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Vinylic tellurides

 Further functionalization

OSiMe, O CO.R!'
/N or _/—/\_/—\ 1) N,CCO,R!
R TeBun R Te R S ) BCE02 SO,Ph
A B R 2)F
\MQCU(CN)U? R = CH=CHSO,Ph
¢ I - - . . . .
f2 Cu(CN)L|2 Marino, J. P.; Simonelli, F.; Stengel, P. G.; Ferreira, J. T. B. J. Braz. Chem. Soc. 1998, 9, 345
" 8
O reduction \ Z

| é R’

Y OP(O)(OEt), i, @\j
U R P
o} 6\/

! |
R \NaI/TMSCI @\j N R
%""‘m. > R =Ph Z P
/ \ 60% (1:1)

Me3SiCI/TM EDA (RO)ZP(O)CI PhNSO2C F3 Moorhoff, C. M.; Schneider, D. F. Tetrahedron 1998, 54, 3279; Lee, K.; Wiemer, D. F.
THF. -78°C TMEDA c| HMPA, THF Tetrahedron Lett. 1993, 34, 2433.
a ' b
THF 75t0 0°C | -75°C tor.t. ) n-Buls Z R
R~ TeBun ——= R znCl Ph  RePh —=— Bun
OP(O OR)) 08020F3) 2200k Q) S
0SO0,CF "=t 0%
2UFa

Q}ph Pd(PPha), R
W"‘*«. J — | n=1[R=Ph,n-Bu.

CH,OH, SiMe,

Moraes, D. N.; Barrientos-Astigarraga, R. E.; Castelani, P.; Comasseto, J. V. R— H Ph
Tetrahedron 2000, 56, 3327. pyrrolidine, r.t. & n=0
= (E) CH=CHCH,OTs
(75-80%)

Barrientos-Astigarraga, R. E.; Moraes, D. N.; Comasseto, J. V. Tetrahedron Lett. 1999, 40, 265.
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Telluride 1) n-Bu(2-Th)CuCNLi,, THF, 1 h, r.t. product + (n-Bu),Te
2) epoxide

P~ Té “Ph.BuT ;e_
A B

Run Telluride Epoxides

A




Vinylic tellurides

Application in Total synthesis

OTBS
a) __,—OTBS (n-BuTe), (J
/ NaBH,/EtOH

TeBu-n

by 1) n-BuCu(CN)2-Th)Li,
20 OHO

NN S'pToI

L (-)-Macrolactine A

Marino, J. P.; McClure, M. S.; Holub, D. P.; Comasseto, J. V.; Tucci, F. C. J. Am. Chem. Soc. 2002, 124, 1664.

Reaction with bromoalkynes

—  Me,Cu(CN)Li, [R/_\C;u(CN)Lizl 1) ZnCl,/E,0, -20°C _
R TeBu Me 2) R'C=CBr /THF, -20°C R/_\
(65, 85%) R'
R=0_ NCH, R! = n-Pent, Ph
hnd 1 (Z)-enynes &
1 0
" 1)Me,Cu(CN)Li,/ THF, rt. _R (Z)-enediynes
#  TeBu 2)7ZnCl/EL,O & \
3) R2C=CBr -
(48-74%)
R, R = Me, Ph, Q_ NCH, R2= n-Pent, Ph, THPOCH,

Araujo, M. A.; Comasseto, J. V. Synlett 1995, 1145.
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Vinylic tellurides

e Exchange with Zinc and Aluminum

R R Et.Zn R R HClag. R R Ph Bu-t ITol
y— Y=+ Nt ___Bu- p-ITo Ph__ Bu-t
n-BuTe THF, 20°C  gizp H ) Pd(PPh,), cat. >
-n-BuTeEt EtZn >4 p-Tol
| (62-85%)
telluride (72%)
R Ph.  But  Ph__ Pri Ph Ph
D=\ » Vand ] Bu- — ————
n-BuTé  Bu-t. n-BuTe - Phie - IBuAA e ' Stabilization from phenyl,

i . . .
R = Me3Si, CO,Et n ester or SiMes is required

Terao, Y.; Kambe, N.; Sonoda, N. Tetrahedron Lett. 1996, 37, 4741. Dabdoub, M. J.; Dabdoub, V. M.; Marino, J. P. Tetrahedron Lett. 2000,
41, 433.

R
ArTeAr Et '
or 2Zn ArZnEt CUC:'2L|CI /\/Ar BnO/Y\TePh 1) ZteZn, THE (Fg
0 (@)

ArTeTeAr Ni(acac), 5-10 mol% Ni(acac), 7 mol%

60-92%
25°C, 6 h A " L 25, 3h OBn
2) H,0
R = H, Br, CO,Et ~ ) He (56%)
Ar = p-MeOCgH,, Ph, p-CgHsCgH,, p-Me,NCgH,4, p-BrCgH,, 3-thyenyl, 2-thienyl cis:trans = 95:5

Stidemann, T.; Gupta, V.; Engman, L.; Knochel, P. Tetrahedron Lett. 1997, 38, 1005. | : ‘ R
- * trapping experiment

Arn__,R' AlEt;3equiv A __ R' HClaq.  An__,.R' showsno
RTe” CHiCCly A" (67-94%) organometallic
-RTeEt ~Intermediates |
S . . . ? ’
Ar = Ph, p-CICgH, B g (L Radicalintermediate?
R = n-Bu, s-Bu Cul /_>_/
R' = n-Bu, s-Bu, t-Bu Ar = Ph 7 (66%)

R = n-Bu: R' = t-Bu

Terao, J.; Kambe, N.; Sonoda, N. Synlett 1996, 779. 34



Vinylic tellurides
e Coupling reactions

Pd(ll)-catalysed coupling of vinyl tellurides

Li,PdCl,, MeCN

Li,PdCl,, MeCN
Te =~ rt.,20h rt,20h Ph

Ph" "8 pp
(61%) (41%) \reph
(E.EV(EZNZ2Z) Ph (E.EV(E,Z\(Z2)
56/36/8 63/35/2

/ Ph\
= = _ _Same conditions same conditions
Ph Te  “ph (69%) (73%) Ph/=\ TePh
20/52/28

Te__ Pd(OAc),, MeCN, r.t., 2 h
PH T bn (70%) (EY(2) = 10070
Ph
R
Ph/=Te/=Ph Pd(OAC)g. MeCN, r.t., 2 h/ OAc
(58%) (E)(Z) = 18/82

Nishibayashi, Y.; Cho, C. S.; Ohe, K.; Uemura, S. J. Organomet. Chem. 1996, 526, 335.; Uemura, S.; Takahashi, H.; Ohe, K. J. Organomet. Chem. 1992, 423, 19
PdCl, or Pd(OAc
Ph__ TePh + Tol\__ 20r Pd(OAc),

Tol Tol \__
AgOAC/EtN E\; N
MeOH, r.t., 20 h

(56-92%) Ph  (28-67%)
Ph
M= .(Ph._aTe. Ph.__
TePh 5 2Te

Nishibayashi, Y.; Cho, C. S.; Uemura, S. J. Organomet. Chem. 1996, 507, 197.




Vinylic tellurides

Ni(ll)- or Cu(l)-catalyzed cross-coupling with Grignard reagents

Ph.__ _TePh PhMgBr/THF, cat.  pj __Ph . Ph-Ph

20°C; 60% (Z/E = 90/10)
refl.; 100% (Z/E = 98/2)

cat. = NiCly(PPhs),, NICl[Ph,P(CHy)sPPh,)] | Substrate control |
PhMgBr Ph
PhTe O,Et - — :
=25 i) or Colll) cat. \ + PhoTe + Ph-Ph

CO,Et

Uemura, S.; Fukuzawa, S. I.; Patil, S. R. J. Organomet. Chem. 1983, 243, 9.

Ph, H
T R T —
Arte GO R" COR  poublebond |
R = CHy, CHs (79-94%) ﬁjtereochemistry ]
R' = CHa, C,Hs, n-Bu, i-Bu, Ph retention |

Ar = Ph, p-MeOCgH,

Huang, X.; Zhao, C. Q. Synth. Commun. 1997, 27, 237.



Vinylic tellurides

1) PdCI,/Cul cat.

_ MeOH, r.t.
R TeBun 2)Rl—— . ELN R/\
R‘I
(62-85 %)

R = Ph, HOCH,, CO,Et, (E)-THPOCH,CH=CH, CgnH,; —=
R' = n-CsHyq, (CH,)30H, HOC(Me)Et, n-CsHyy —==

Zeni, G.; Comasseto, J. V. Tetrahedron Lett. 1999, 40, 4619.

PG —— N

PdCl,/Cul —
R Te R + -

=
3 MeOH/Et;N R

A\
R1

Zeni, G.; Menezes, P. H.; Moro, A. V.; Braga, A. L.; Silveira, C. C. Synlett 2001, 9, 1473.

/_\

Ni(ll)- or Pd(ll)-catalyzed Sonogashira-type cross-coupling

R1
D H._TeBu-n 1)PdCl, MeOH,rt.  H 4
gl R TeBu-n 2) R'—==—H, Et;N R - \\
re

R = Ph, n-CgH,4, C5H, (75-91%)
R' = n-CgH,4, (CH,);0H, SiMe;, CH,OH, HOC(Me)Et

Zeni, G.; Perin, G.; Cella, R.; Jacob, R. G.; Braga, A. L.; Silveira, C. C. Synlett 2002, 10, 1.

— _— Ni(dppe)Cl, (5 mol%) -
W  Jp— 2 -

R Te- R + 4R H Cul (5 mol%), pirolidine . R \\
Z,Z E ER=Ph rt,16-24 h

(54-83%) R’
Z. Z R = CH,OH

R'= Ph, CsH,,, CH,OH, (CH,),OH, CMe,OH

Silveira, C. C.; Braga, A. L.; Vieira, A. S.; Zeni, G. J. Org. Chem. 2003, 68, 662.

Raminelli, C.; Prechtl, M. M. G.; Santos, L. S.; Eberlin, M. N.; Comasseto, J. V.
Organometallics 2004, 23, 3990.

Pd cat./Cul —

R TeCl,Bu-n Rl—=

S Et:N, solvent, rt. © N\
R1
(61-87%) T ————————

- Ph; R' = () heteroaromatic
H=FPhH'= HOCHQ. HOCMQQ. HO(CH2)3. EtzNCHQ. O NCH? f
R = CgHy;—== ,(E10),P(0); R' = HOCH,, HOCMe, tellurium
N " I\ dichlorides

X TeCl,Bu-n + R'—==—H same conditions g a L

RI
X=0,S (77-83%)

R' = HOCH,, HOCMe,

Braga, A. L.; Ludtke, D. S.; Vargas, F.; Donato, R. K.; Silveira, C. C.; Stefani, H. A., Zeni, G. Tetrahedron Lett. 2003, 44, 1779.. 37



Vinylic tellurides

Pd/Cu-catalysed cross-coupling with organyl zinc reagents

- ( b . 3
R: . \/TGBU n R322n equw) R.__ .R

H H Pd(PPh,),.Cul H H
THF/DMF, r.t.
LY -
R = SPh, 2-naphtyl, @?E)/ | K>_/\OH
R3 = Me, Et yield 69-92%
__/TeBu-n - Me,Zn (10 equiv) J/
7" Ph Pd/(PPhy)..Cul 7 Ph

THF/DMF, r.t. (42%)

R' R!
4 4
H: . jTeBu-n R jTeBu-n R'—="2Zn") H._ R.__
or - C ) or
R H H H Pd(PPhg)s/Cul R H H H
E 4 THF/DMF, r.t. (79-93%)
Alkynyl *Zn" (R) Telluride
Ph—=),Zn Ph (E), CO,Me (Z)
n-CaHg—j)ZnEt ] Ph (2)
n-C4Hg—=)ZnEt,Li
H
==),/Zn
)2 ==—Ph (2)
Me;Si—==),Zn

Dabdoub, M. J.; Dabdoub, V. M.; Marino, J. P. Tetrahedron Lett. 2000, 41, 433. Dabdoub, M. J.; Dabdoub, V. M.; Marino. J. P. J. Org. Chem. 2000, 41, 437.
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Vinylic tellurides

Palladium catalyzed detellurative carbonylation

R TePh CO (1 atm) R

— __CO;Me |+ PhCO,Me
" (PICL/ELN (12) | i

eOH, r.t. (71-96%) (30-24 %)
R=Ph,COEt R'=H (ref. 20)
R=H;R'=Ph
Arn__ TePh _ CO(1atm) Ary_ COzMe
H H PdC|2 cat./CuCI2 - [
Et;N/MeOH
60-80%

Ar = p-tolyl, p-CICgH,4, p-MeOCgH,, 0-CICgH,

r OH o _
1 atm R
R17\— TePh ( )> R0 Yo PhCO,H
H H PdCI,/EtsN
CH,Cl, (22-51%)
R, R' = H, Me, (CH,)s
R=H,R'=Me

R = Me; R! = i-Bu

Ohe, K.; Takahashi, H.; Uemura, S.; Sugita, N. J. Org. Chem. 1987, 52, 4859.

é; Double bond
stereochemistry
retention

Oxidant can also be
CuClz, CuCl/O2,

FeCls, Ce(lV) salts or
benzoquinone; CuCl: is
most efficient.
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ﬁ_x Te? (Te+LiHBEt,) é__re _(;

-Te | dioxane
(563-93%) | 110°C

2

Allylic halide:

\l/\,Br. ,,.(;3|.|7""\/Br - PhCH,Br




Free Radical Chemistry

 Organyl tellurides as exchangers of carbon radicals

(l Q3: Mechanism?

Initiator: N-

aqetoxy-z- TeAn + Z°R OAe g
‘thiopyridone AcO CH,Cl,, 5° C, O
== — AcO OAc hv, 10 min
vo A
(86% ) R=SO,Ph,  (76-82%)| MCPBA
Me CO,Me,
same procedure COPh
' P ) Y
AcO AcO
- H Q H
AcO AcO
AcO” OAc /[~ AcO” OAc
O N @) R
Me
H
O N o
Ph;CO S OH ___ phaco’\gfz/TeA“ Ph,CO S = - - IR
S0 4 5 o 6  Synthesis of antibiotic |
N H 2 2 ﬂshowdomycin
0 SR D
—— HO E =
HO OH

Barton, D. H. R.; Ramesh, M. J. Am. Chem. Soc. 1990, 112, 891.



Free Radical Chemistry

Intramolecular radical cyclizations

1) PhgP=CHR ArTeNa
NN > W
HO CHO toluene, refl., 12 h MsO R ArTe2/NaBH4/EtOH
A 2) MsCl, Et;N, CH,CI,

N S hv
ArTewR OAc + ArTeMe + PySMe
S
(77-78 %) [IN, S+ CO, + Me D O% R
(69-74 %) ey |

R = CO;Me, CN
Ar = Ph, An
E
Barton, D. H. R.; Ramesh, M. J. Am. Chem. Soc. 1990, 112, 891.
O
NH s PyS
| A — ,g OAc Raney Ni
oN © oN" "0 CH,Cl,, hv (oN o EtOH, reflux
HO/\Q AnTe (600/0)
N N

Barton, D. H. R.; Gero, S. D.; Sire, B. Q.; Samadi, M.; Vincent, C. Tetrahedron 1991, 47, 9383.

o
oN O

SPy
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Free Radical Chemistry

 Telluroesters as source of acyl radicals

0 oS R
benzene
7 O/\/"R‘ 15-30 min O O Telluroesters:
R (80-100%) R=H; R'=Me excellent sources of
Ar = | p-FCgHy4, p-MeOCgHy,, Ar =;;/CGH4 acyl radlpals_ lupon
2, 4-(MeO)CgHg; R, R1=H ( 0) phOtOlyS|S with a 250
W tungsten lamp, or
Ar = [ p-FC4H,: R = H: R' = Me thermal process
< 6''4, - ’ - .
R=Me: R'=H (benzene at reflux) in
) the dark.]
@) @)

E::IfLTeAr — = [::I:nir/\TeAr

sNF S O o)

Ar = p-FCgH4, p-MeOCgH, (69, 90%) dTeAr N C(“j/\/wTeAr
®) 0O O/\/”“hv 0

Ar = p-FCgH 100 %
0/\ O

Ar = p-FCgH, (100 %)

Crich, D.; Chen, C.; Hwang, J. T; Yuan, H.; Papadatos, A.; Walter, R. I. J. Am. Chem. Soc. 1994, 116, 8937.



O
Z

Free Radical Chemistry

O

(100%) (74%) (100%)
O
©\)LTGC6H4F-p ———— degradation
O/\/\

Achieve 7,8-
membered ring
with strained |

| substrate

TeCgH4F-p

57

O
O =
Co

Crich, D.; Chen, C.; Hwang, J. T; Yuan, H.; Papadatos, A.; Walter, R. I. J. Am. Chem. Soc. 1994, 116, 8937.
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Free Radical Chemistry

2-Allyloxy alkyl tellurides as precursors of tetrahydrofuran derivatives

TeAr :
(n-Bu3Sn) Yield %
MTGAV 2’ “
hv O

O~

ia 1b

Ar=2-Th 63
R TeAr
j/\TeAr (n-8u3Sn)2> /L_Sj_ 54-65
O hv R™°0" 2p
2a Ar = p-CF3CgH,
R = Et, Ph, CH, = CHOCH,
PhOCH,, PhCH,OCH,

\ H TeAr
@TGAT (n-BusSn), (1:57 69. 72
S = ’
O/\/ hv

3a H 3b
Ar = p‘CF306H4, 2-Th

7 TeAr
M/\TeAr (n-BugSn), \/\/(_(“ .
o0_#Z - 0

hv
4b
4a Ar - p'CF3C6H4

cis/trans
1/4
1/3-110
The control of DB
configuration is not
satisfying
1/2
115

Engman, L.; Gupta, V. J. Chem. Soc. Chem. Commun. 1995, 2515. Engman, L.; Gupta, V. J. Org. Chem. 1997, 62, 157.
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Free Radical Chemistry

Synthesis of indole derivatives via radical cyclization

R
R S \
Cl PhTeNa PhTe hv
PN g -
F.C7 N (PhTe),/NaBH, F,C7 SN
A EtOH (90-95%)
I H,0 B T g ==
R { ‘TePh 2 \ o~ ePh H-\(_) TePh i T
N RS R\ iImportant targetin |
/,%) - F.c~< F.c— meghcmal and |
FoC N (N N agricultural chemistry
H,0 H = oo =
— O —
R
-PhTeH F.C- X=Cl, I
N R = n-Bu, Ph, PhOCH,, MEMOCH,
H
C
(54-68%)

Ueda, Y.; Watanabe, H.; Uemura, J.; Uneyama, K. Tetrahedron Lett. 1993, 34, 7933.



Free Radical Chemistry

e Organotellurium compounds as initiators for controlled living radical polymerization

/\@\ Advantages:
X R .| * Easy to synthesize a tailor-made initiator |
il « Easy to modify the polymer end-group

R-TeR! <22 [R- + ‘TeR]"

R = Me; R' = PhCHMe, PhCH,, Ph,CCO,Et, PhCHO
R = Ph; R' = PhCHMe, PhCOSiMe,

R! R3
)\ 2 R! R? A 4
R-TeMe —=ais [R. + .TeMe] P » (R . R
diblock and triblock
5 [
( \3&2) /RSQ TeM nj‘RG Rr'R2\ (RS RY (ROR° copolymer synthesis
R eMe
" m/ (R\)K)n m TeMe

Scheme 2
[sTeMe] ——— 1/2(TeMe),

e 2 ]L*

1 heat
-TeMe]
(n-1) 2 R

=, RM
S— nTeMe

Yamago, S.; Lida, K.; Yoshida, J. I. J. Am. Chem. Soc. 2002, 124, 2874. Yamago, S.; Lida, K.; Yoshida, J. I. J. Am. Chem. Soc. 2002, 124, 13666. 47

Re ———D- R\/\R

Arone | ditelluride-capping |
mechanlsm §;
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Q1 answers

Q1: For the foIIoviving‘reactions, please give an explanation to the observed result that ether
“instead of alcohol is the main product in the existence of zinc iodide.

- —_— —

===

O
OR
. _ R1’lLR2 J\ , J
PhTeSiMe; + ROH — PhTeH + ROSiMe, - R "R
5-50% mol) |
R = Me, PhCH,; R' = H; RZ = Ph, n-CyHy, 6-96%) |
R! = Ph; R2 = n-C,H, |
R‘ — Me, R2 — n'CgH«'g I
R1, R2 — (CH2)5 \
o ;‘—J
1 1 1
R H PhTeH R PhTeH R H
ol - ,oC=0 =  >cC
R OH R ZnI2 R OH
fast 3 slow
R OSiMe3
Zn12 ,
R1 H PhTeH Rl 0SiMe PhTeH Rl H Rl 0SiMe
" ~N 7 3 NA 7 NA7 3
2.5\ 3= 2. 3 = 20N 3 9% 25N J
R OR R OR Zn12 R OR R H |
slow ﬁ, fast

Nagakawa, K.; Osuka, M.; Sasaki, K.; Aso, Y.; Otsubo, T.; Ogura, F. Chem. Lett. 1987, 1331.

ZE)



Q2 answers

Q2: From bis(oxoalkytellurium dichlorides, we can synthesize enones and cyclopropanes.
The mechanism involves the intermediacy of a bis-ylide which further reacts with aldehydes or
enone. Please fill out the missing structures in Graph.1.

(0] ci Cl (0]
Te LDA (2 eq), THF PhCHO (2 eq), THF
S -
| _ -78°C, 30 min -78°C~ 25°C, 3 h
MeO OMe
0
)I\/
2.5 eq
OcI cl O LDA 2 equi O 1 : o ocl cl O i
» quiv -~_R| R'CHO 2 equiv Y > LDA 2 equiv O O
T bt 4 _Té - = T ~__R
oo g THF, -78°C RO 5 | THF,-78-25°C RO R roTe g THE, 78°C |7~ I R)K/\WR
30 min o) 3h (42-89%) 30 min | © | O
R = Me, i-pr, i-Bu, t-Bu, Ph, p-MeOCgH, 25 , R = t-Bu, Ph, p-MeOCgHy,,
R' = Ph, n-CgH,; o i 1-adamanthyl, 1-MeC-prop Oy R
+
- (o) @) O
O O
R=t-Bu I 69% R R
(@) (46-89%)
Han, L. B.; Kambe, N.; Ryu, |.; Sonoda, N. Chem. Lett. 1993, 561. 50



Q3 answers

Q3: In the presentation, we have talked about the free radical chemistry of organyl tellurides.

Reactions using N-acetoxy-2-thiopyridone as initiator have shown to be useful in the
synthesis of antibiotics. Please draw the mechanism for the following reaction.

1,
AcO 0 OA
TeAn + Z R c ;
ACO H CHQC|25 50

AcO OAc hv, 10 min

| / NAA M\

(l —» (j\ +COQ+I\/Ie

OMe
O

AnTeR + Mer —————— » AnTeMe + R-

X
o L) Y8
R/\/ S - 7N + Me* + CO,
O Me —

Barton, D. H. R.; Ramesh, M. J. Am. Chem. Soc. 1990, 112, 891.
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