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sonicated in the presence of 1.010 g (10 mmol) of diisopropylamine. 
After disappearance of the metal (usually 15-30 min), and 
standardization, the solution can be used for deprotonations as 
usual. 

The same experiment effected in the presence of 0.440 g (5 
mmol) of 2-methylpropanoic acid gave a thick white precipitate 
after 5 min, which progressively redissolve to give a slightly turbid 
solution. Quenching with 0.53 g (5 mmol) of benzaldehyde and 
stirring for 1 h at 20 "C gave a slightly yellow solution which was 
hydrolyzed (20 mL of water) and extracted with ether. The 
alkaline phase was acidified (aqueous 2 N HCl) and extracted with 
ether, and the organic extract was washed (2 X 20 mL water), dried 
(NazS04), and evaporated. The residue was recrystallized (hex- 
ane/AcOEt) to give 0.757 g (78% yield) of 2,2-dimethyl-3- 
hydroxy-3-phenylpropanoic acid:6 mp 132-133 "C (l i t6 mp 
133-134 "C); IR 3400, 1700 cm-'; NMR (CDC13) 1.28 (s, 6 H), 5.07 
(s, 1 H), 6.50-7.00 (m, 2 H, exchangeable in D20). 7.45 (s, 5 H) 
PPm. 

Large-Scale Preparation of LDA. n-Butyl chloride (46.3 
g, 0.5 mol) and 50.6 g (0.5 mol) of diisopropylamine in 250 mL 
of dry THF in a round-bottom flask were placed in the sonicator. 
Lithium wire (7 g, 1 mol) was added in pieces of ca. 1 g each, 
progressively to avoid excessive heating. After 2 h of sonication, 
the metallic pieces were completely consumed and the yellow 
mixture containing precipitated LiCl was standardized (calculated 
yield, 91%). 

General Procedure for Other  Cases. The corresponding 
butyl chloride (93 mg, 1 mmol), lithium (14 mg, 2 mmol), and 1 
mmol of the substrate in 2 mL of THF (THP in the case of the 
lithiation of anisole) were sonicated until no metal was left. 
Addition of the quenching agent (1 equiv) and reaction under 
stirring was followed by workup, after a TLC analysis had shown 
completion. Purification (chromatography) of the products gave 
samples that exhibited physical and spectral properties consistent 
with structures and literature data. 

2-Furylphenylcarbin01:~ liquid; IR 3375, 1500, 1450, 1015 
cm-'; NMR (CDCl,) 2.60 (br s, 1 H, exchangeable in DzO), 5.7-5.85 
(m, 1 H), 6.05-6.15 (m, 1 H), 6.25-6.37 (m, 1 H), 7.25-7.50 (m, 
6 H) ppm. 

2-( 1,3-Dithianyl)phenyl~arbinol:~ mp 73-74 "C (l i t8 mp 
71-72 "C); IR 3450,2900,1495,1420,1280 cm-'; NMR (CDC13) 
1.80-2.20 (m, 2 H), 2.50-3.15 (m, 5 H), 4.15 (d, J = 9 Hz, 1 H), 
4.92 (d, J = 9 Hz, 1 H), 7.25-7.50 (m, 5 H) ppm. 

Non-2-yn-1-01:~ liquid; IR 3325, 2925, 2275, 2225,1430, 1140, 
1010 cm-'; NMR (CDCl,) 0.75-1.10 (m, 3 H), 1.10-1.70 (m, 8 H), 
1.80-2.08 (m, 1 H, exchangeable in D,O), 2.08-2.35 (m, 2 H), 
4.15-4.35 (m, 2 H) ppm. 

1-Phenylpent-2-yn-l-01:~~ liquid; IR 3350, 2980, 2280, 2230, 
1460, 1010 cm-l; NMR (CDCl,) 1.17 (t, J = 9 Hz, 3 H), 2.15-2.45 
(m, 3 H), 5.35-5.55 (m, 1 H), 7.30-7.70 (m, 5 H) ppm. 

2-Phenyl-2-oxoethyl methyl sulfone:" mp 105-106 "C (lit.'' 
mp 106-107 "C); IR 1680, 1310, 1160 cm-'; NMR (CDCl,) 3.15 
(s, 3 H), 4.60 (s, 2 H), 7.39-7.70 (m, 3 H), 7.91-8.09 (m, 2 H) ppm. 

Acknowledgment. Financial support from the CNRS 
(UA 332) is gratefully acknowledged. We thank Drs C. 
Einhorn and A. E. Greene for useful discussions and 
suggestions. 

Registry No. LDA, 4111-54-0; BuLi, 109-72-8; n-BuC1, 109- 
69-3; see-BuC1, 78-86-4; t-BuC1, 507-20-0; (i-Pr),NH, 108-18-9; 
Li, 7439-93-2; i-PrCO,H, 79-31-2; PhCHO, 100-52-7; PhCH- 

2-H3CC6H40CH3, 578-58-5; Ph3P+CHzCH3Br-, 1530-32-1; 
(OH)C(CH3)&02H, 23985-59-3; PhOCH3,100-66-3; CH,I, 74-88-4; 

PhzC=O, 119-61-9; PhZC=CHCH3, 778-66-5; C B H ~ ~ C E C H ,  
629-05-0; (CHZO),, 30525-89-4; PhCH(OH)C=CCHZCH3, 
51207-10-4; CH3SOZCH3,67-71-0; CZHSCECH, 107-00-6; CsH13- 
CXCH,OH,  5921-73-3; PhCOZCH3,93-58-3; PhCOCHzSOzCH3, 

(6) Hauser, C. R.; Breslow, D. S. J .  Am. Chem. SOC. 1939,61,793-798. 
(7) Ramanathan, V.; Levine, R. J. Org. Chem. 1962, 27, 1216-1219. 
(8)  Corey, E. I.; Seebach, D. Angew, Chem., Int. Ed. Engl. 1965, 4, 

(9) Hennin, G. F.; Bell, E. P. J.  Am. Chem. SOC. 1943, 65, 1847-1848. 
(10) Dupont, G. C. R. Hebd. Seances Acad. Sei. 1909,148,1522-1524. 
(11) Becher, H. D.; Russel, G. A. J. Org. Chem. 1963, 28, 1896-1898. 

1075-1077. 

3708-04-1; CH3SOCH3, 67-68-5; 2,2,6,6-tetramethylpiperidine, 
768-66-1; lithium 2,2,6,6-tetramethylpiperidine, 38227-87-1; furan, 
110-00-9; a-phenyl-furanmethanol, 4484-57-5; 1,3-dithiane, 505- 
23-7; a-phenyl-1,3-dithianemethanol, 5849-19-4. 

Selenium-77, Tellurium-125, and Carbon-13 NMR 
Chemical Shifts and One-Bond 77Se-13C, lZ5Te-l3C, 

and 13C-lH Coupling Constants of 
Trialkylselenonium and Telluronium Triflates, 
Protonated Dialkylselenonium and Telluronium 

Cations, and Their Corresponding 
Donor-Acceptor Complexes 

Khosrow Laali,* H. Y. Chen, and Robert J. Gerzina 

Department of Chemistry, Kent State University, Kent, 
Ohio 44242 

Received March 17. 1987 

There is substantial current interest in 77Se and lZ5Te 
NMR.1-8 Pioneering work by McFarlane et al.9J0 helped 
establish both selenium and tellurium chemical shifts as 
useful diagnostic tools. Most of the early measurements 
of chemical shifts and coupling constants were done by 
heteronuclear double-resonance technique in the proton 
NMR spectra. McFarlane et al.9 were first to show the 
parallelism in chemical shifts between organoselenium and 
organotellurium compounds of similar structure, with 12Te 
being slightly more sensitive (lZ5Te vs. 77Se straight-line 
plot; slope 1.8). 

In analogy with other heavy atoms, 77Se and lZ5Te 
chemical shifts are influenced by both paramagnetic (8') 
and diamagnetic (ad) shielding contributions. The 6d, 
which involves the inner electrons, is thought to be small 
and rather insensitive to changes in bonding. Moreover, 
both 77Se and lZ5Te chemical shifts are reported to be 
relatively insensitive to solvent effect~.~JO 

and 125Te chemical shifts 
of neutral substrates has been growing steadily over the 
past decade,1-8 multinuclear NMR studies involving elec- 
tron-deficient organic selenonium and telluronium cations 

Whereas the literature on 
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Table I. Selenium-77 and Carbon-13 NMR Chemical Shifts and One-Bond "Se-'3C and '%-'H Spin-Spin Coupling Constants 
(Hertz) for Trialkylselenonium Ions, Protonated Dialkylselenonium Ions, and Their Corresponding Donor-Acceptor 

Complexes 
solvent system 

cation 
Me3Se+-OTf 
Me3Se+-OTf 
MezEtSe+-OTf 
MeEt,Se+-OTf 
Et3Se+-OTf 
MezHSe+-[FS03(SbF5)] 
Me2Se6+63bF5 
EtzHSe+-[FS03(SbF5)] 
EtzSe6+6-SbF5 

temp, "C 

CF,SO,H/rt 
CF,SO,H/rt 
CF3S03H/rt 
CF,SO,H/rt 
magic acid/-60 

magic acid/-60 

SOz/-4O 

SO,ClF/-60 

SO,ClF/-BO 

6 7 7 s e  

255 
254 
285 
328 
373 
343 
258 
399 
317 

6 1 3 ~  ( J l 3 c - l ~ )  

21.78 (147) 

35.8 (1461, SeCH,; 19 (146), SeCH,; 8.8 (131), SeCHzCH3 
33.5 (146), SeCH,; 16.7 (142), SeCH,; 9.9 (130), SeCHzCH3 
31 (148), SeCH,; 10 (130), SeCH, 
14.6 (150) 
33.4 (150) 
28.5 (1481, SeCH,; 12.0 (132), SeCH, 
44.6 (151), SeCH,; 8.8 (131), SeCH2CH3 

51.1 

52.7, SeCH,; 48.7, SeCH, 
55, SeCH,; 49.5, SeCHz 
52.5 
57 
68 
45 
64 

Table 11. Tellurium-125 and Carbon-13 NMR Chemical Shifts and One-Bond 125Te-'3C and 13C-1H Spin-Spin Coupling 
Constants (Hertz) for Some Trialkyltelluronium and Protonated Dialkyltelluronium Ions 

solvent 
system/ 

cation temp, "C 8 1 2 5 T e  6 1 3 ~  ( J 1 3 c - 1 ~ )  'Jl 3 c  

Me3Te+-OTf CF,SO,H/rt 408 3.76 (145) 143.8 
Me2EtTe+-OTf s o 2 / - 3 0  431 18.2 (143), TeCH,; 9 .3  (130), TeCH,CH3; 1.15 (146), TeCH, 149.4, TeCH,; 132, TeCH, 
MeiHTe+-BF4 HF/BF3/-60 331 -4.5 (148) 

have remained extremely limited.1° 
The long-lived acidic selenonium and telluronium cat- 

ions were first prepared by Olah and co-workers" by 
protonation in superacid media. 'H NMR data for these 
as well as for several trialkylselenonium and trialkyl- 
telluronium fluorosulfates was reported. The most sig- 
nificant observation ('H NMR) was that a consistent trend 
of increased shielding in onium ions could be established 
[ 8 1 H :  R30+ > R3S+ > R3Se+ > R3Te+], reflecting charge 
delocalization and shielding by heavier atoms. 

In relation to our recent work on protosolvated tri- 
methylselenonium and trimethyltelluronium cations in 
superacid media and their alkylation ability toward aro- 
matics,lZ we have now measured 77Se, 125Te, and 13C NMR 
chemical shifts and one-bond coupling constants (77Se-13C, 
lZ5TeJ3C, I3C-lH) for a range of trialkylselenonium and 
trialkyltelluronium triflates as well as several acidic di- 
alkylselenonium ions (generated by low-temperature pro- 
tonation in superacid media) and their corresponding 
donor-acceptor complexes (SbF5/SOZC1F). Our NMR 
data, gathered in Tables I and 11, allow additional new 
conclusions to be made based upon the observed trends. 

The 77Se chemical shift of Me3Se+-OTf was measured 
once in liquid SOz at -40 "C and once in neat triflic acid 
at room temperature. The observed difference (1 ppm) 
supports the idea that the influence of solvent and tem- 
perature on the 77Se chemical shift is insignificant. 

The 77Se and lz5Te NMR chemical shifts of the studied 
trialkylselenonium and trialkyltelluronium triflates in- 
crease systematically as the size of the alkyl ligands in- 
creases. This is in line with the data reported by 
M~Farlane,~JO O'Brien,2 and Jones3 on neutral dialkyl 
selenides and tellurides, where an increase in the number 
of methyl groups attached to the a-carbon led to increased 
deshielding. 

The 13C NMR chemical shifts follow the same direction 
as those of the alkyl protons in that the carbons directly 
attached to R3Se+ and R3Te+ are significantly shielded by 
the heavy atom, and the shielding is more pronounced in 
R3Te+ than R3Se+. 

The I3C-'H coupling constants of the 0-alkyl groups in 
R3Se+ are in the range for normal methyls (125-130 Hz), 

(11) Olah, G. A.; Svoboda, J. J.; Ku, A. T. J. Org. Chem. 1973,38,4447. 
Olah, G. A.; Surya Prakash, G. K.; Sommer, J. Superacids; Wiley: New 
York, 1985; Chapter 4 ,  pp 191-193. 

(12) Laali, K.; Chen, H. Y.; Gerzina, R. J., manuscript in preparation. 
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whereas the coupling constants are much larger for the 
a-methyls (145-150 Hz). A similar observation is made 
for R3Te+. 

The 77Se chemical shift of Me2Se+H in magic acid is 
more downfield than that of Me3Se+ (A6 = 91.5 ppm). On 
the other hand, MezTe+H is more upfield than Me3Te+ (A6 
= 77ppm). An inspection of the 77Se and lz5Te NMR line 
widths in the spectra of MezSe+H in magic acid/SOz and 
Me2Te+H in HF/BF3 reveals that  the tellurium signal is 
broader by a factor of 4 as compared to the selenium signal, 
suggesting that in the weaker acid HF/BF3 the telluronium 
ion may not be completely frozen out, and thus the mea- 
sured chemical shift a t  -60 "C is slightly underestimated. 
The 13C NMR of MezTe+H in HF/BF3 shows the methyl 
carbon at  -4.5 ppm. In addition, a small, as yet uniden- 
tified, methyl absorption (quartet in a proton coupled 
spectrum) at  2.8 ppm is observed, the I3C-lH coupling 
constant (120 Hz) excludes unprotonated Me2Te (162 Hz) 
as a possibility. 

In agreement with the empirical considerations that a 
decrease in electron density at selenium leads to increased 
deshielding, we find that the 77Se chemical shifts of the 
long-lived acidic selenonium ions MezSe+H and Et2SefH 
in magic acid are more downfield than their corresponding 
donor-acceptor complexes Me2Seb+-+-SbF5 and 
EtzSeb++6-SbF5. 

Interestingly, the 13C chemical shift of the a-methyls 
change in the opposite direction. The a-carbon is more 
deshielded in the donor-acceptor complexes than in pro- 
tonated dialkyl selenides. 

Me3Se6++%bF5 is also produced as a byproduct in the 
protonation of MezSe by magic acid/SOZ.l3 But 
Et2Se6++%bF5 can only by generated independently 
(SbF5/SOZC1F) and is not present in the protonation 
spectrum of EhSe. Attempts to generate a donor-acceptor 
complex with MezTe were not successful. A highly exo- 
thermic reaction occurred (even at  dry ice temperature), 
leading to a polytelluride that was not further studied. 

The increase in 1J(77Se-13C) on going from the seleno- 
nium cations to the corresponding donor-acceptor com- 
plexes is in agreement with the fact that an increase in the 
s-character produces an increase in the magnitude of 
one-bond 77Se-13C coupling constants. 

(13) Olah and co-workers were first to observe the formation of the 
donor-acceptor complex (MeZSe6+-*-SbF5) as a byproduct in the spec- 
trum of Me2Se+H in their 'H NMR studies of onium ions (see ref. 11). 
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In summary, our studied selenonium and telluronium 
cations obey most of the already established trends of 
chemical shifts and coupling constants in neutral organic 
selenium and tellurium compounds. Our multinuclear 
NMR data have allowed for the first time such compari- 
sons to be made. 

Experimental Section 
MezSe and MezTe were purchased from Alfa and used without 

further purification. MeOTf and EtOTf were obtained from 
Aldrich and distilled once under dry nitrogen prior to use. 

Me3Se+-OTf, EhMeSe+-OTf, and Me3TetOTf were prepared 
by methylation of the corresponding dialkyl precursors with 1 
mol equiv of methyl triflate (0 OC-room temperature) in Freon-113 
solvent under dry nitrogen, by the same procedure described by 
Olah et al." for the preparation of the fluorosulfates. Et3Se'OTf 
and MezEtTe+-OTf were similarly prepared by ethylation with 
EtOTf. The cation salts were isolated as stable solids and were 
found to be indefinitely stable when refrigerated under nitrogen. 
Triflic acid solutions of the cation salts were also indefinitely stable 
when stored under nitrogen. 

Protonation in Superacids and Donor-Acceptor Complex 
Formation in SbF,. (a) Protonation with Magic Acid. 
Typically a 13C NMR tube was charged with ca. 1.5 mL of magic 
acid under nitrogen and diluted with 1.5 mL of SOz (vortex). The 
solution was then carefully added to the dialkyl selenide or tel- 
luride precursor (100 mg), placed in a 13C NMR tube, and diluted 
with ca. 0.5 mL of SO2, a t  -70 "C with efficient vortex mixing 
to avoid overheating. Dilution of Me2Se with SO2 is rather 
exothermic. The addition of SO2 to EhSe is less exothermic, but 
a pale yellow color develops. 

(b) Protonation of MezTe with HF/BF3. Following a similar 
procedure as that reported by Olah et in a 10-mm quartz 
NMR tube cooled to -70 "C was placed 2 mL of HF. Precooled 

Me2Te (ca. 100 mg) was slowly added (vortex). The resulting 
solution was then saturated with BF,. 

The donor-acceptor complexes were prepared as follows: The 
dialkyl selenide precursor (ca. 100 mg) cooled to -70 "C was 
carefully diluted with ca. 1 mL of S02ClF (vortex). A colorless, 
homogeneous solution of SbF, (2-3-fold excess over the precursor) 
dissolved in SOzCIF (1 mL) was then carefully added to the 
substrate in S02ClF with vortex mixing while at dry ice-acetone 
temperature. 

Attempted Preparation of MezTe6+-+-SbF5. Addition of 
SOzCIF (1 mL) to MezTe (150 mg) cooled to -70 "C was extremely 
exothermic, and a red color developed. Slow addition of SbF, 
in S02ClF resulted in a uiolent reaction forming a viscous gum 
(Polytelluride). 

NMR Measurements. All spectra were recorded on a Varian 
FT.80 instrument. The and lZ5Te spectra were run with a 
broad-band probe using the external (built-in) deuterium lock. 
The chemical shifts were referenced to neat (external) MezSe and 
Me2Te, respectively. Whereas some of the 13C spectra were re- 
corded with the broad-band probe, the majority were run with 
the switchable carbon-proton probe with an external (5-mm) 
capillary of acetone-d,, placed inside the 10-mm sample tubes and 
used as lock and reference. %e-13C and lZ5Te-l3C coupling 
constants were measured from the and 12Ve satellites in the 
13C proton-decoupled spectra. 
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Communications 
Synthesis of 4-Hetero-Substituted Pyranosides via 
Dioxenium Cation-Olefin Cyclization 

Summary: Ortho esters and homoallylic alcohols in the 
presence of Lewis acids stereoselectively provide 4-hete- 
ro-substituted pyranosides in the first examples of di- 
oxenium cation cyclization onto unactivated olefins. 

Sir: Carbocation-olefin cyclization continues to be a 
powerful method of constructing carbocyclic and hetero- 
cyclic ring systems.l The utility of the method lies in its 
ability to simultaneously form carbon-carbon bonds and 
introduce heterofunctionality in a predictable and ster- 
eocontrolled manner. A variety of heteroatom-stabilized 
carbodations have been cyclized including oxenium,2 
t h i e n i ~ m , ~  d i t h i e n i ~ m , ~  and iminium5 carbocations. We 

(1) Bartlett, P. A. In Asymmetric Synthesis; Morrison, J. D., Ed.; 
Academic Press: New York, 1984; Vol. 3, Chapters 5 and 6. 

(2) (a) Winstead, R. C.; Simpson, T. H.; Lock, G. A.; Schiavelli, M. D.; 
Thompson, D. W. J. Org. Chem. 1986,51,275. (b) Johnson, W. S.; Chen, 
Y.-G.; Kellogg, M. S. J.  Am. Chem. SOC. 1983, 105, 6653. (c) Overman, 
L. E.; Blumenkopf, T. A. Chem. Reu. 1986,86,857. Also see: Nussbau- 
mer, C.; Frater, G. Helu. Chim. Acta 1987, 70, 396. 

(3) Mander, L. N.; Mundill, P. H. C. Synthesis 1981,620. Oikawa, Y.; 
Yonemitsu, 0. Tetrahedron 1974,30, 2653. 

(4) Andersen, N. H.; Yamamoto, Y.; Denniston, A. D. Tetrahedron 
Lett. 1975, 4547. Rigby, J. A.; Kotnis, A.; Kramer, J. B. Ibid. 1983, 2939. 

report the cyclization of dioxenium cations6 onto unacti- 
vated olefins resulting in the formation of 4-hetero-sub- 
stituted pyranosides. Pyranosides hydroxylated at  the 
4-position are key substructures in a number of naturally 
occurring substances such as the avermect in~,~ aplysiat- 
oxin-oscillatoxins,8 l a t r~ncu l ins ,~  talaromycins,1° and 
acutiphycin," among others. 

When a dichloromethane solution of an ortho ester was 
treated with 0.5-2 equiv of a Lewis acid rapid formation 
of a dioxenium cation salt ensued, usually evidenced as a 
white precipitate. Addition of a homoallylic alcohol re- 

(5) Schoemaker, H. E.; Dijkink, J.; Speckamp, W. N. Tetrahedron 
1978, 34, 163. 

(6) To our knowledge, only one previous example of this process has 
been described, in which the cyclization occurred onto an enol ether. See: 
Kocienski, P.; Street, S. D. A. J. Chem. Soc., Chem. Commun. 1984,571. 

(7) Albers-Schonberg, G.; Arison, B. H.; Chabala, J. C.; Douglas, A. W.; 
Eskola, P.; Fisher, M. H.; Lusi, A.; Mrozik, H.; Smith, J. L.; Tolman, R. 
L. J .  Am. Chem. Soc. 1981, 103, 4216. 

(8) Moore, R. E.; Blackman, A. J.; Cheuk, C. E.; Mynderse, J.; Mat- 
sumoto, G.; Clardy, J.; Woodard, R. W.; Craig, J. C. J. Org. Chem. 1984, 
49, 2484. (b) Moore, R. E.; Mynderse, J. Ibid. 1978, 43, 2301. 

(9) Spector, I.; Shochet, N. R.; Kashman, Y.; Groweiss, A. Science 
(Washington, D.C.) 1983, 219, 493. 

(10) Lynn, D. G.; Phillips, N. J.; Hutton, W. C.; Shabanowitz, J.; 
Fennell, D. E. J .  Am. Chem. SOC. 1982, 104, 7319. 

(11) Barchi, J. J.; Moore, R. E.; Patterson, G. L. M. J .  Am. Chem. Soc. 
1984, 206, 8193. 
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