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The first experimental evidence for the formation of an organic tellurium-centered radical RFe
Ph or"Bu groups) during the hydrotelluration of alkenes and alkynes is provided. The radicals were

detected by electronic paramagnetic ressonance

(EPR), using DBNBS (3,5-dibromo-4-nitrosobenzene-

sulfonate) as the spin trap. The radical adducts (DBNBfBuU and DBNBS/TePh) presented an EPR

spectrum characterized by a triplet of triplets due

to one nitrogen and two equivalent hydrogen atoms

(an = 21.6 G anday = 0.7 G) and g value of 2.0060. The presence of tellurium radical adducts was
confirmed by isotopic substitutioA?®Te) and by electrospray and chemical ionization mass spectrometry
and MS/MS analysis. The products showed isotopic patterns expected for compounds containing Br and
Te. These results provide evidence for organic tellurium-centered radical formation and suggest that the
hydrotelluration reactions occur by a free radical mechanism.

Introduction

The organic compounds of tellurium are becoming important
synthetic tools. In the last decade a number of reviews have
been published dealing with synthetic applications of these
compounds,both for functional group transformations and for
stereocontrolled carbetcarbon double bond formation. Among
the several synthetic methodologies using organotellurium
compounds, the hydrotelluration of alkynes is the most em-
ployed in view of its unique featurésThis reaction can be
performed by RTeTeRNaBH,/EtOH (method A, R= Ph or
"Bu)? or by "BuLi—Te%H™ (method B)} both with the same
high regio- and stereoselectivity, leading to the exclusive
formation of Z-vinylic tellurides 1. Other hydrometalation
reactions of synthetic interest such as hydrozirconaiby;
droaluminatiorf, and hydroboratioh of alkynes give theE-
vinylic derivatives2 predominantly (Scheme 1).
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Scheme 1. Hydrotelluration and Hydrometalations of
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This unique characteristic of the hydrotelluration reaction
transformed vinylic telluride4 into the most studied class of
organic tellurium compounds. The most important synthetic
methodologies based on vinylic tellurides are their transforma-
tion into Z-vinylic organometallics, notably intg-vinyllithiums?
andZ-vinylcyanocuprategand their stereospecific coupling
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reaction with alkynes and with 3@nd sp carbanionic species APCI-MS) and MS/MS analysis. Tellurium radicals generated

promoted by P¥ and by Nill These reactions were recently by photolysis were also trapped with DBNBS, indicating that

applied with success in the total synthesis of natural prodécts. the spin trapping approach can be a general method for the
Contrasting with the interest in the synthetic applications of detection of organic tellurium-centered radicals.

the hydrotelluration reaction, its mechanism has not been

focused on. Up to now only speculations were made about the Experimental Section

mechanism. Some authors suggested that the reaction occurs

by an ionic mechanisrf:13and others suggested a free radical Matgrial;. All reagents and solventslwere previously purified

procesg# Organic tellurium-centered radicals have been pro- @nd dried in agreement with conventional methods. THF was

posed in several other reactions involving organic tellurium distilled from sodium/benzophenone under nitrogen immediately

compoundg&.16however there are no reports of their detection before use"BulLi gndsBuLl were titrated with 1,10-phenanthrollne

or characterization. prior to use'’ Nitrogen gas was deoxygenated and dried. All

In thi K the EPR spin t ing techni d operations were carried out in flame-dried glassware. Column
n this work the Spin trapping technique was used as achromatography separations were carried out with Vetec silica gel

tool to detect the formation of organic tellurium-centered radicals 60 (0.063-0.200 mm, 76-230 mesh) or Acros Organics silica gel
during the hydrotelluration reaction. The detected DBNBS/ (g 935-0.075, pore diameter ca. 60 nm). Elemental tellurium (200
TeR radical adducts (R= Ph and"Bu) had their structures  mesh) was obtained from Aldrich Chemical Co. and dried overnight
further analyzed by isotopic substltutloiﬁf(r e) and by elec- in an oven at 100°C. Elemenali?Te isotope (powder) was
trospray and chemical ionization mass spectrometry (ESI and purchased from Cambridge Isotopes Laboratories Inc. (MA) in 92%
of isotopic purity grade. Dibutyl ditelluride"BuTeTe&Bu) and
c (10) (61)t Rim\ige”i, C.; Prteﬁhtgzgﬂd4Hz'e?§gsgacl£t§§éé (Sb) E_begin, MH_N-; diphenyl! ditelluride (PhTeTePh) were prepared according to the
omasseto, J. Vurganometallic : : Irabayasni, literature procedure’$. DBNBS (3,5-dibromo-4-nitrosobenzene-
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%O']-‘i?%elrg}%?z y%‘??r:\z’aPAHl_‘;E\rlsgg EA' FL;? Ssiltveezie:giy C"'-g‘,QAn'-;t;ae pyrrolineN-oxide, from Aldrich) was vacuum distilled previous
L. H. Tetrahedron Let2000 41, 161-163. (g) Zeni, G.; Comasseto, J. V. 0 US€Z MNP (2-methyl-2-nitrosopropane) and PBN-ert-butyl-

Tetrahedron Lett1999 40, 4619-4622. (h) Nishibayashi, Y.; Cho, S. C.;  a-phenylnitrone) were purchased from Sigma Chemical Co. and

Uemura, SJ. Organomet. Cheni1996 507, 197-200. (i) Kawamura, T.; were used without purification. The following reagents were
gcngulk—a;cl)%M';Takagl' M.; Matsuda, TBull. Chem. Soc. Jpri977 50, purchased from Aldrich Chemical Co.: sodium borohydride,
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L.; Vieira, A. S.; Zeni, G.J. Org. Chem2003 68, 662-665. (c) Wang, Y. General Procedure for the Hydrotelluration Reactions with
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Chem. Commur2003 33, 1258-1259. (b) Marino, J. P.; Nguyen, H. N. yellow. After that, a solution of the appropriate alkyne or alkene
J. Org. Chem2002 67, 6291-6296. _ (0.66 mmol) in deoxygenated ethanol (0.5 mL) was added, and
(14) (a) Barrientos-Astigarraga, R. E.; Castelani, P.; Comasseto, J. V.; the resulting mixtures were refluxed. Samples were removed under

Formiga, H. B.; da Silva, N. C.; Sumida, C. Y.; Vieira, M. L.Organomet. ; : f ;
Chem 2001, 633 43-47. (b) Comasseto, J. V.: Ling, L. W.: Petragnani, a nitrogen atmosphere from the reaction mixture for the spin

N.; Stefani, H. A.Synthesis-Stuttga®t997, 4, 373-403. trapping and MS experiments. The obtained vinyl tellurid&3-[(
(15) For a recent review of radical reactions with organotellurium butyl(styryl)tellané and @)-3-(butyltellanyl)prop-2-en-1-6f] were

compounds, see: Yamago, Synlett2004 11, 1875-1890. isolated and analyzed, giving spectroscopic data consistent with
(16) (a) Berlin, S.; Ericsson, C.; Engman, L. Org. Chem2003 68, those previously reported

8386-8396. (b) Yamago, S.; lida, K.; YoshidaJJAm. Chem. So2002 : . . .
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Yoshida, J.Tetrahedror2002 58, 6805-6813. (f) Fujiwara, S.; Shimizu,  refjyx condenser under a nitrogen atmosphere were added elemental
Y.; Shin-ike, T.; Kambe, NOrg. Lett.2001, 3, 2085-2088. (g) Yamago, telluri 0.127 a. 0.1 | d THE (5 mLBuLi (0.65 mL

S.; Miyoshi, M.; Miyazoe, H.; Yoshida, JAngew. Chem., Int. EQ00Q ellurium (0. g, Y. mmo_) an_ (5 mL)BuLi (0.65 m '

41, 1407-1409. (h) Miyazoe, H.; Yamago, S.; YoshidaAhgew. Chem., 1 mmol of a 1.5 mol £ solution in hexane) was added dropwise
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S.; Miyazoe, H.; lida, K.; Yoshida, Drg Lett.200Q 2, 3671-3673. (k) .
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62, 4072-4077. (p) Engman, L.; Gupta, M. Org. Chem1997, 62, 157— (19) (a) Kaur, H.Free Radical Res1996 24, 409-420. (b) Kaur, H.;
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added. The resulting mixtures were refluxed for 2 h. Samples were buffer solution (50 mmol %) under constant Npurge. Then 200.0
removed from the reaction mixture under a nitrogen atmosphere uL of the resulting solution was immediately transferred to a flat
for the spin trapping experiments. The hydrotelluration reactions quartz cell under B The EPR spectra were registered no later than
with the 125Te pure isotope were performed in a round-bottomed 1 min after the lamp was turned on. In some cases, the spectra
vial (0.5 mL), addapting the above procedure to a very small scale were registered at different time intervals to monitor the EPR signal
(5 mg, 40umol of 125Te). Experiments using a saturated ethanolic evolution.
solution of NaBH (10 mL) instead of deoxygenated ethanol were ESI, APCI, and MS/MS Experiments. The DBNBS/Te'Bu and
also performed. the DBNBS/TePh radical adducts were analyzed by a Quattro Il
Generation of Organic Tellurium-Centered Radicals from Micromass mass spectrometer with Z-spray ion source (Manchester,
RTeTeR and Ce(NQ)4-2NH4NOsz. The tellurium radical species  UK). The DBNBS/Te'Bu radical adduct solution was analyzed in
were generated using the same experimental conditions used fothe mass spectrometer by electrospray ionization (ESI) in the
the hydrotelluration of alkynes, but changing the alkyne solution positive ion mode, and the DBNB$EPh radical adduct solution
by the Ce(IV) salt solution (16.4 mg, 0.05 mmol in 0.5 mL of was analyzed by atmospheric pressure chemical ionization (APCI)
ethanol). The reaction solutions were maintained under stirring at in the positive ion mode, both using methanol and formic acid 0.1%
room temperature and undeg, Btmosphere. (9:1, viv) as mobile phase. Analyses in the ESI mode were
EPR Spin Trapping during Hydrotelluration Reactions. EPR performed using the following parameters: source and desolvation
spectra were recorded at room temperaturet22°C) on a Bruker temperature of 80C; flow rate of drying and nebulizing gas of
EMX EPR (electron paramagnetic resonance) spectrometer equipped00 and 15 L/h, respectively; and a capillary potential of 3.5 kV.
with a standard cavity, operating at X-band frequency, using a ESI full scan data were acquired at a sample cone voltage of 10 V,
standard flat quartz cell. Instrumental conditions were usually 2.00 and daughter ions of a specific adduct were obtained using a
x 10* gain and 0.5 G modulation amplitude (or 0.3 G in some collision energy of 15 eV. Analyses in the APCI mode were
cases) and a resolution of 1024 points. The EPR spin trapping performed using the desolvation and source temperatures of 150
experiments were performed in neutral medium, using 50 mmol and 400°C, respectively, capillary potential of 3.0 kV, and flow
L~1 phosphate buffer, at pi 7.4 or water solution, previously  rate of drying and nebulizing gas of 300 and 15 L/h, respectively.
treated with Chelex-100 resin to remove contaminant metal ions. APCI full scan data were acquired at a sample cone voltage of 50
The stock solution of DBNBS and other spin traps were 0.10 mol V. Daughter ions of a specific adduct were obtained using a cone
L~1 in phosphate buffer or ethanol solution, maintained at low voltage of 50 V and collision energy of 15 eV. Parent ionsnéd
temperature. Both the stock and buffer solutions were previously 280, 282, and 284 were obtained using a cone voltage of 50 V and
purged with N for 2—3 h. All buffer and aqueous stock solutions  collision energy of 15 eV. All data were processed and simulated
were prepared with distilled water purified with a Millipore Milli-Q by Mass Lynx NT, version 3.2 software (Micromass, Altricham,

system. U.K.).
In a typical spin trapping experiment, a sample of the reaction  Energy Bond Calculations.The Y—H energy bond calculations
mixture of the hydrotelluration reactions (20.0 mmot!L final (Y = O and Te) were carried out with the Hyperchem v. 6.0

concentration of the RTeTeR) and the DBNBS-buffered solution program. All compounds’ geometry optimizations were performed
(15.0 mmol L%, final concentration) were mixed in a polyethylene by molecular mechanics using the MMmethod a. Then the
vial containing water or phosphate buffer solution (50 mmo)L  semiempirical method PM3 was used to perform the energy
under constant Npurge. Then 200.QL of the resulting solution ~ minimization of the molecules. These molecules were submitted
was immediately transferred to a flat quartz cell under The to conformational analysis, using the “Conformational Search”
EPR spectra were registered no later than 1 min after transfer. Inroutine. Finally, the minor energy enthalpy geometries, obtained
some cases, the spectra were registered at different time interval§rom the systematic search, were optimized using the PM3
to monitor the EPR signal evolution. Appropriate controls were Hamiltonian method b. The convergence limit used was & .0he
performed. Most important was to control possible addition reaction following values were obtained: Et€H (94 kcal mot), 'BuTe—H
of the spin trap DBNBS to reagents and products of these reactions.(58 kcal mot?), and PhTe-H (54 kcal mot2).

The magnetic field was calibrated with 4-hydroxy-2,2,6,6-
tetramethyl-1-piperidinyloxy (TEMPOLg = 2.0056)%3

EPR spectra simulations were performed with the software
WINEPR SimFonia version 1.25 (WinEPR System, Bruker) or  Ejectronic Paramagnetic Resonance StudieJo verify the
WinSim EPR calculations for MS-Windows NT, 95, version 0.96, resence of radical species in the reaction mixture of the hydro-
from PUbl'(f EPR Sqftware TOOB (NIH). . telluration reactions, we first employed the sodium borohydride

EPR Spin Trapping During Photolysis. EPR spectra Were o404 to generate the hydrotellurating system (method A,

recorded under the same conditions described above. A mercury . . s
medium-pressure lamp (50 Wine = 366 nm, Spindler & Hoyer, Scheme 1) and examined samples of the mixtures at room temper

- . ature by EPR in the absence and in the presence of different spin
Germany) positioned 30 cm from the EPR spectrometer cavity was
used. The following tellurium compounds in EtOH or EtOH/THF traps, namely, DMPO, MNP, PBN, and DBNBS. Only samples

medium were photolyzed in the presence of the DBNBS spin trap of the mixltures containing DBNBS producedl detectable_ EPR
buffered solution:"BuTeH (from reduction ofBuTeTeBu with S|_gnals (Figure 1). The detected spectra consisted of a triplet of
NaBH, in EtOH medium and from reaction of elemental tellurium ~ triPlets @y = 21.6 G,ay = 0.7 G, and &g value of 2.0060,
with "BuLi in THF/EtOH medium) and PhTeH (from reduction of ~ Figure 1), which can be attributed to the interaction of the elec-
the PhTeTePh with NaBHin EtOH medium). Photolysis of the  tron spin with the nuclear spin of nitrogen and with the nuclear
spin trap or the solvents (EtOH and EtOH/THF) was performed as Spin of the two equivalent hydrogens of DBNBS. Such EPR
controls. parameters are consistent with those of DBNBS radical adducts,
In a typical photolysis experiment, the RTeH solution (20.0 mmol although the value of the nitrogen hyperfine splitting constant
L1, final concentration) of the tellurium species and the DBNBS is considerably higher than those previously reported, which
spin trap buffered solution (15.0 mmolt, final concentration) are in the range of 1217 G25 During the course of the
were mixed in a polyethylene vial containing water or phosphate

Results and Discussion

(24) (a) Dewar, M. J. S.; Healy, E. F.; Holder, A. J.; Yuan, Y.XI.
(23) Bonini, M. G.; Radi, R.; Ferrer-Sueta, G.; Ferreira, A. M. C.; Comput. Chem199Q 11, 541-542. (b) Engler, E. M.; Andose, J. D;
Augusto, O.J. Biol. Chem 1999 274, 10802-10806. Schlever, P. VJ. Am. Chem. S0d.973 95, 8005-8025.
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"BuTeTe’Bu/NaBH, + H—=—=—Ph + DBNBS PhTeTePh/NaBH, + H—=—=—Ph + DBNBS
216G
0.7G
entry 1 J\!\M_ entry 5 A%
g =2.0060
H H
— + DBNBS

n-BuTe CH,OH

Iw

entry 26

Figure 1. Representative EPR spectra of DBNBS radical adducts obtained during the hydrotelluration reactions of alkynes and a control
experiment (for experimental conditions see Table 1).

"BuTeTe"Bu/NaBH, + Ce(IlV) + DBNBS PhTeTePh/NaBH, + Ce(lV) + DBNBS
216G
]
0.7G

entry 6 }W l » entry 7

Figure 2. Representative EPR spectra of DBNBS radical adducts obtained during the oxidation of organic tellurium compounds with
Ce(lV) (for experimental conditions see Table 1).

2 — 125Te (1= 1/2, 92% of isotopic purity grade )
O /Te R

N
Br Br Joe

H H

SO,
4

Figure 3. Proposed structure for the DBNB®£R radical adducts B
4, R = Ph or"Bu.

hydrotelluration reaction (22 h, depending on the R alkyne
group), the observed DBNBS radical adduct is likely to maintain
the same instantaneous concentration, since samples of the rea
tion mixture of the hydrotelluration reactions taken at different radical adduct of a sample of a hydrotelluration reaction utihg

_times _and mi_xed with BDNB_S_ presented _similar EPR signal Te (| = Y5, 92% of isotopic purity grade). (A) Obtained spectrum
intensity 1 min after the addition of the spin trap. Thereafter, (for experimental detail see Table 1). (B) Simulated spectrum of

the intensity of the EPR signal increased up t632min (about the DBNBS/25Te'Bu radical adductdy = 21.6 G,are = 15.8 G,
1.5 times) and started decaying after-1i5 min, probably by ag, = 6.95 G, anday = 0.7 G).

the DBNBS radical adduct reduction as inferred from MS
analysis. By the end of the reaction, when the alkene or the DBNBS is known to add to double bonés?? Although the

alkyne starting materials were consumed, a less intense EPREPR parameters of the detected DBNBS radical adduct were
spectrum was observed probably due to radical consumption.

?figure 4. Representative EPR spectrum of DBNB&TeBu

(26) Hiramoto, K.; Hasegawa, Y.; Kikugawa, Rree Radical Res1994
(25) Li, A. S. W.; Cummings, K. B.; Roethling, H. P.; Buettner, G. R.; 21, 341-349.

Chignell, C. F. A spin trapping database implemented on the IBM PC/AT. (27) Loes de Menezes, S.; Augusto, D.Biol. Chem.2001, 39879~

J. Magn. Reson198§ 79, 140-142. 39884.
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Table 1. Reactions and Control Experiments Performed

DBNBS radical
adducts EPR hyperfines (G)

entry reactiof ¢ an an
1 "BuTeTé&Bu/NaBH; + HC=CPh 21.6 0.7
2 "BuTeTéBu/NaBH; + HC=C(CH,)3:CHs 21.6 0.7
3 "BuTeTé&Bu/NaBH; + HC=CCH,OH 21.6 0.7
4 "BuTeT&Bu/NaBH; + HC=CCO:Et 21.6 0.7
5 PhTeTePh/NaBiH+ HC=CPh 21.6 0.7
6d "BuTeTeéBu/NaBH; + Ce(lV) 21.6 0.7
7d PhTeTePh/NaBkH+ Ce(lV) 21.6 0.7
8 "BuTeTé&Bu/NaBH, + H,C=CHCO,Me 21.6 0.7
9 "BuTeTéBu/NaBH, + H,C=CHOEt 21.6 0.7

10 "BuLi/Te? + HC=CCO,Et, EtOH no signal

11 "BuLi/Te® + HC=CCO,Et, EtOH/THF (9:1, viv) no signal

12 "BuLi/Te® + HC=CCO,Et, EtOH/NaBH 21.6 0.7

13 "BuLi/Te® + Ce(1V), EtOH no signal

144 "BuLi/Te + Ce(lV), EtOH/NaBH 21.6 0.7

15 "BuLi/ 125Te® + HC=CPh, EtOH no signal

16 SBuLi/125Te® + HC=CPh, EtOH no signal

17 "BuLi/*?5Te? + HC=CPh, EtOH/NaBH 21.6 0.7

18 "BuLi/1?5TeP + HC=CPh, EtOH/NaBH 21.6 0.7

19 "BuTeTéBu/NaBH,, photolysis (50 W) 21.6 0.7

20 PhTeTePh/NaBk photolysis (50 W) 21.6 0.7

21 "BuLi/ Ted, photolysis (50 W) 21.6 0.7

22f HC=CPh ethanolic solution no signal

23f HC=CPh THF solution no signal

24f HC=CCO,Et ethanolic solution no signal

25f "BuTeCH=CHPh, ethanolic solution no signal

269 "BuTeCH=CH,OH, ethanolic solution 8.4 0.7

27 "BuTeTe&Bu/NaBH;, ethanolic solution no signal

28 PhTeTePh/NaBklethanolic solution no signal

29 "BuTeTéBu + HC=CPh, ethanolic solution no signal

30 NaBH, saturated ethanolic solution no signal

31 NaBH, + HC=CPh, ethanolic solution no signal

3 Ce(IV) ethanolic solution no signal

a All the reactions and controls were performed with constant stirring and under a nitrogen atmosphere. All the spectra (except for the controls) were
obtained after 1 min incubation of the mixture of the hydrotelluration reaction solutions (equivalent to 20 mhuafl RTeTeR, at rt and under reflux
conditions) with 15 mmol £ DBNBS solution. Instrumental conditions: microwave power, 20 mW; time constant, 20.48 ms; modulation amplitude, 0.5
G; gain, 3.17x 10% 1 or 4 scans® All the hydrotelluration reactions were also examined by direct EPR at low temperatli@® ¢C). ¢ In almost all the
entries, parallel experiments with the spin traps MNP, PBN, and DMPO (dissolved in ethanol, phosphate buffer, or water) were performed, but no EPR
signals were detected even with scan accumulation and high equipment GaifNQ;)4-2NH;NOs. € ay = 21.6G,aq = 0.7G, with additionabre = 15.8
G andag= 6.95 G parameters, obtained from a reasonable computer simulation (Figliténgaturated compound solution (20 mmot'). 9 Very weak
hyperfine signal, withay difficult to observe even after several scans.

not consistent with those of carbon-centered radical adducts, it Table 2. Isotopic Composition of Compound 6

was important to completely exclude spin trap addition to the mz isotopic composition
unsaturated compounds present in the reaction medium. This 549 120TB81B81By, 122T 6798818y, 124T 7B 79Br
was accomplished by performing control experiments, which 551 EZTeBiBrziBr, iz‘rrezzBrziBr, ﬁf"re;zBr;ZBr
showed that incubation of alkenes and alkynes with DBNBS, ggg lzgglgslg:' 1222795;812;’ 1312792{795{
in the absence of hydrotellurating systems (method A or method 557 1287 BIRB1G 130T 79R(81B

B, Scheme 1), does not produce EPR signals (Table 1; entries 559 130T 1B 818

22-25, 29, and 31)Only in the case of compour@l (Figure 561 1327 P1Br81Br

1; Table 1, entry 26) was a barely detectable signal produced.

Independently of the alkyne, alkene, and organic tellurium Similar to the ones observed during the hydrotelluration reactions
compound employed'BuTeTéBu and PhTeTePh), all tested  (Figure 1). The oxidation ofBuTeTéBu and PhTeTePh by
hydrotelluration reactions produced similar EPR spectra (Figure Ce(NG3)22NH4NO; 28 in the presence of DBNBS and in the
1, Table 1). These results and the unusually high value of 21.6absence of alkenes and alkynes was also examined by EPR.
G for the nitrogen hyperfine splitting const&fas well as the  Ce(IV) oxidation of these organic tellurium compounds pro-
low hyperfine splitting constant (0.7 G) of the two equivalent duced EPR spectra (Figure 2; Table 2; entries 6, 7, and 14)
protons, characteristic of the DBNBBetahydrogeng® suggest similar to the ones observed in the hydrotelluration reactions
that DBNBS trapped unprecedented organic tellurium-centered (Figure 1, Table 1).
radical species (Figure 3). Taken together, the above commented results indicate that

To test this hypothesis, we repeated the EPR experimentsthe DBNBS radical adducts detected by EPR are DBNBS/
with organic tellurium radicals obtained by different methods, BU and DBNBS/TePh radical adduct (Figure 3).
in the absence of alkenes and alkynes. Photolysis of RTeH To confirm that the trapped radicals were centered on the
solutions in the presence of DBNBS at room temperature with tellurium atom, experiments using the EPR-actit&e were
a Hg 50W lamp (Table 1, entries #21) produced EPR spectra  performed. A complex splitting pattern was observed in the

DBNBSF25Te"Bu radical adduct EPR spectrum (Figure 4A).

(28) Nakao, L. S.; Ouchi, D.; Augusto, @hem. Res. Toxicol.999 Similar spectra were obtained employing b8Bu'#TeH and

12, 1010-1018. sBu'?5TeH as the hydrotellurating species. The line splitting of
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Figure 5. ESI/MS obtained and simulated mass spectra of comp6u(d) Observed mass spectrum of a sample from a hydrotelluration
reaction. (B) Simulated spectrum fér(molecular formula GH14Br.NO,STeNa).
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Figure 6. ESI-MS/MS of6, ion atm/z 555.

the DBNBS radical adduct observed whet?d@ e sample was The above commented facts suggest that the same mechanism

used can be attributed #°Te and the nitrogen, two hydrogens, holds for the hydrotelluration reactions by methods A and B

and two DBNBS bromine atoms from the spin trap itself. In (Scheme 1). In both cases, organic tellurium-centered radicals

fact, the experimental spectrum was reasonably simulated bywere produced and detected.

the following hyperfine constantay = 21.6 G;are = 15.8 G; To the best of our knowledge, no reports on the direct EPR

agr = 6.95 G; anday = 0.76 G (Figure 4B). characterization of organic tellurium-centered radicals are avail-
The production of organic tellurium-centered radicals under able in the literaturé® The detection of the hydrotelluryl radical

the hydrotelluration reaction using method i the presence  (HTe) was reported several years a&®Relevantly, a tellurium-

of DBNBS spin trap was also examined. No EPR signals were centered radical, [TeRRPR:Tel, has been recently proposed

detected under the employed conditions (Table 1; entries 10,based on product analysis, but it was undetectable by EPR

11, 13, 15, and 16). However, addition of a saturated ethanolic spectroscopy within the temperature range of90 °C 32

solution of NaBH to the reaction mixture (Table 1; entries 12, In view of the above commented facts, the hydrotelluration

14,17, and 18) lead to EPR spectra similar to the ones observedeactions presented in Table 1 were also examined by direct

when the hydrotelluration method A was used (Figure 1, Table

1, entries 7). Although unnecessary for the hydrotelluration (29) Ozawa, T.; Hanaki, ABull. Chem. Soc. Jpri991, 64, 1976-1978.

reaction by method B, the presence of NaBts shown to be (30) Review of chalcogen-centered radicals: Deryagina, E. N.; Voronkov,

essential for the detection of the DBNBB#'Bu radical adduct ~ M- G Sulfur Rep1995 17, 89-127.

. . 31) Radford, H. FJ. Chem. Phys1964 40, 2732-2733.
when the reaction was performed by method B (Table 1; entries égzg Chivers, T.: Eisler, D. J.: I%litch, ‘}] S.; Tuononem, H. Ahgew.

12, 14, 17, and 18). Chem., Int. Ed2005 44, 4953-4956.




Organic Tellurium-Centered Radicals Organometallics, Vol. 25, No. 21, 2G065

HO.
Nt
M-HSO3-Ph)+OH]* = 410
I( 3-Ph)+OH]" = Br Br
100 A l
410 s
\ 412 \04 | <0
40 *=
pros 414 OH M+H]" =551
o 404 z l
é [0k aamar : : Ay - . - T PR gy ‘."‘.“"“"".’"“1"“. .
Q
g 1007 B 41041;— [(M-HSO;-Ph)-iOH]* =410
5 408
) i
< 406 || 414
.? 404
] S —
ks B
+H]* =551 —» 551
& 100y C M+H] o
549
] s47 |1} 3%°
546
0 T T T T T T T T T T 7 T T T T T T T T
380 400 420 440 460 480 500 520 540 560

m/z

Figure 7. APCI/MS obtained and simulated mass spectra of the compayAd Obtained mass spectrum of a sample from a hydrotelluration
reaction. (B) Simulated mass spectrum for the compound with molecular formsaBE,NO,STe. (C) Simulated mass spectrum for the
compound with molecular formulag8sBr,NO;Te.

Ho M Scheme 2. Proposed Radical Cycle in the Hydrotelluration
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Figure 8. APCI-MS/MS spectra for the ions with molecular
formula G,HoBroNO,STe. 9 12

EPR at IO\_N temperature<{196 °C). The incubations were experiments, but its spin trap adducts were observed by means
performed in water, phosphate buffer, or THF and were frozen of EPR spin trap experiments

2—5 min after the addition of the alkyne or in the course of the Mass Spectrometry Analysié To confirm that the radicals
hydroftellu(rjatlon rf«_—JacUo_ns d(rt or r_e;lu;_(lngd co_nd|t|onst)) ?nd produced during the hydrotelluration reactions were the species
transferred to a fingertip dewar with liquid nitrogen before g, iy Figure 3, we performed mass spectrometric analysis
scanning the spectra. However,_no clear EPR signals WET€ot the reaction mixtures using the ESI, APCI, and MS/MS
detected uno!er all tes'.[ed cond!tlons. These resqlts are Intechnique§.3 Samples of the hydrotelluration reactions were
agreement with the rapid _relaxanon of the elgctronlc spin of mixed with DBNBS as described before, and the samples were
the tellurium-centered radical that precludes its detection by '

direct EPR. The above commented results show that the organic (33) Herbert, C. G.; Johnstone, R. A. W. Mass Spectrometry Basics
tellurium-centered radicals were not observed by direct EPR CRC Press: Boca Raton, 2003.
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directly injected into the mass spectrometer. Figure 5 shows anScheme 2 was proposed to account for Zrenylic telluride

experimental (5A) and a simulated (5B) molecular peak of a
typical ESI mass spectrum of the DBNBB#'Bu reaction
mixture solution (Table 1; entries4, 6, 12, and 14). The mass
distribution pattern is consistent with (Figure 5) containing
Te and Br isotopes, with the following isotopic relative
abundance:?%Te (0.096%),122Te (2.600%),123Te (0.908%),
124Te (4.816%), 1%5Te (7.140%), 126Te (18.950%), 128Te
(31.690%),'3°Te (33.800%),”Br (50,690%), anc*'Br (49,-
31%). Accordingly, the ions atvz 549, 551, 553, 555, 557,
559, and 561 of Figure 5 can be assigned to the multiple
combinations of Te and Br isotopes as shown in Table 2.

A tandem mass spectrum (MS/MS) of the ionnaiz 555
(Figure 6) showed a single ion at'z 449, which corresponds
to an ion resulting from the loss of ®Bu moiety, and other
peaks atm/z 368, 370, and 372 with isotopic distribution
characteristic of ions containing two Br atoms, which corre-
sponds to the fragment without the "Bal group.

Similar mass spectrometry experiments were performed with
the DBNBS/TePh radical adduct solutions (Table 1, entries 5
and 7). Only by atmospheric pressure chemical ionization
(APCI) was it possible to ionize compoufdFigure 7A shows
the obtained spectrum of compoufidand parts B and C of

formation. In the first step the organic tellurium-centered radical
9 is formed by homolytic cleavage of the tellurium hydrogen
bond of tellurol @), caused by light or by traces of oxygen
present in the reaction medium. In the absence of an alkyne,
the concentration of the radic8l is probably too low to be
detected, as demonstrated by the control experiments (Table 1,
entries 27 and 28). After the alkyrd® addition, the propagation
begins and the concentration #fincreases. The second step
consists in an attack &to the triple bond ofL0, leading to the
vinylic radical 11. The organic tellurium group and the free
radical electron are kept far apart due to stereoeletronic reasons.
In the third step, the vinylic radicall abstracts a hydrogen
atom from a second RTeHB) molecule to give the&-vinylic
telluride 12 and regenerates the organic tellurium-centered
radical9, which continues the cycle. The hydrogen abstraction
by the vinylic radicalll reasonably comes from RTeH8)(
formed in the medium. It is more probable that the vinylic
intermediary specietl abstracts the hydrogen from RTeB8) (
and not from EtOH, since the calculated homolytic bond
dissociation energy of the-6H bond (94 kcal mot?) is higher
than those of the TeH bond, 58 kcal moi! for "BuTeH and

54 kcal mot? for PhTeH. Termination can be a consequence

Figure 7 show the simulated spectra of compounds with the of the total consumption of the starting alkyb@or the coupling

molecular formulas GHgBro,NO;sSTe and GHgBro,NO,Te. As
can be observed in Figure 7A, the molecular peak af m/z
551 is of very low intensity. Atmw/z 406, 408, 410, 412, and

of two tellurium-centered radica® A similar radical cycle can
account for the hydrotelluration of alkenes.

In conclusion, the experimental evidence obtained in this work

414 intense peaks appear corresponding to a fragment resultingshows that organic tellurium-centered radicals are present in

from a molecular ion rearrangement at APCI with loss of the
HSGO; and Ph groups and addition of a OH group ([MHSO3

— Ph) + OHJ"). These peaks (Figure 7A) show an isotopic

distribution analogous to the simulated spectrum (Figure 7C)

of a compound containing Te and Br. The peaks corresponding

to the ions atm/z 406, 408, 410, 412, and 414 give daughter
ions m/z 208, 282, and 284, resulting from the loss of a Te
atom (Figure 8).

Conclusion

The results presented above support a free radical pathway'vI

for the hydrotelluration of alkynes. The radical cycle shown in

the reaction medium of the hydrotelluration reactions, supporting
a free radical mechanism for the hydrotelluration reaction of
alkenes and alkynes.
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