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technique may make it possible to measure such temperatures 
directly and thereby to test the consistency of both theories. 

Finally, the extreme importance of nucleation, itself, in a wide 
range of scientific and technological disciplines, makes it of special 
interest to develop and apply the new technique. It is now possible 
to investigate nucleation in systems particularly free from con
taminants and systems (especially in the case of solid-state 
transitions) that are virtually impossible to probe on such a time 
scale by other methods. 
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Free-radical reactions have become a popular subject in modern 
synthetic chemistry.1 High selectivity and a tolerance for many 
functional groups make radical reactions easier to carry out than 
ionic processes. Much elegant radical chemistry has been based 
on the weakness of the tin-hydrogen bond.1'2 

In the last six years, we have provided3 an alternative system 
for high-yielding reactions, based on acyl derivatives of thio-
hydroxamic acids. Acyl derivatives of iV-hydroxy-2-thiopyridone 
are especially suitable since the reactions are started by tungsten 
light within a wide temperature range. In addition, on a molar 
basis, the /V-hydroxy-2-thiopyridone is at least ten times cheaper 
than conventional tin reagents.4 

In this system, the primary source of radicals is the carboxyl 
function. It would be desirable to adapt the hydroxyl function 
to the same type of mechanism. There has, indeed, been much 
interest, especially by Fraser-Reid5 and Giese,1,6 for carbohydrate 

(1) (a) Giese, B. Radicals in Organic Synthesis: Formation of Carbon-
Carbon Bonds; Pergamon Press: Oxford, 1986. (b) Ramaiah, M. Tetrahe
dron 1987, 43, 3541. (c) Curran, D. Synthesis 1988, 489 and 665. 

(2) Pereyre, M.; Quintard, J. P.; Rahm, A. Tin in Organic Synthesis; 
Butterworths: London, 1987. 

(3) (a) Barton, D. H. R.; Crich, D.; Motherwell, W. B. / . Chem. Soc, 
Chem. Commun. 1983,939; (b) Tetrahedron 1985, 41, 3901. (c) Barton, D. 
H. R.; Zard, S. Z. Pure Appl. Chem. 1986, 58, 675. (d) Barton, D. H. R.; 
Ozbalik, N. Phosphorus, Sulfur Silicon 1989, 43, 349. (e) Crich, D.; 
Quintero, L. Chem. Rev. 1989, 89, 1413. 

(4) (a) Barton, D. H. R.; Bridon, D.; Fernandez-Picot, I.; Zard, S. Z. 
Tetrahedron 1987, 43, 2733. (b) Private communication from Professor M. 
Newcomb. 

(5) (a) Fraser-Reid, B.; Magdzinski, L.; Molino, B. J. Am. Chem. Soc. 
1984, 106, 731. (b) Tsang, R.; Fraser-Reid, B. Ibid. 1986, 108, 2116; (c) 
1986, 108, 8102. (d) Tsang, R.; Dickson, J. K., Jr.; Pak, H.; Walton, R.; 
Fraser-Reid, B. Ibid. 1987,109, 3484. (e) Lopez, J. C; Fraser-Reid, B. Ibid. 
1989, / / / , 3450. (0 Lopez, J. C; Alonso, R.; Frazer-Reid, B. Ibid. 1989, / / / , 
6471. (g) Vite, G. D.; Alonso, R.; Fraser-Reid, B. / . Org. Chem. 1989, 54, 
2268. (h) Benko, Z.; Fraser-Reid, B.; Mariano, P. S.; Beckwith, A. L. J. Ibid. 
1988, 53, 2066. (i) Fraser-Reid, B.; Underwood, R.; Osterhout, M.; Gross
man, J. A.; Liotta, D. Ibid. 1986, 51, 2152. 

Scheme I 

I 

O 
1 

AnTeR + Me* —• - AnTeMe + R* 
2 3 4 

4 +CH2=CHX — - RCH2CHX 
S 6 

6 + 1 —— RCH2CH(S-2-Py)X + Me* + CO2 

7 

radical chemistry, especially in making the carbon-carbon bond 
(for other important work, see refs 7 and 8). It seemed to us 
that the application of organic tellurium chemistry to carbohy
drates would permit the generation of a radical at any position 
where there was a hydroxyl group, and that this could be achieved 
on the basis of an N-hydroxy-2-thiopyridone derivative as light 
absorber and radical generator. We take advantage of the ex
ceptional nucleophilicity of the anisyl telluride anion and of the 
exceptional radicophilicity of tellurides in general and of anisyl 
tellurides in particular. 

The hydroxyl group is converted into a suitable leaving group 
such as mesylate, tosylate, etc. The anisyl telluride anion displaces 
the leaving group with inversion of configuration, to give an anisyl 
sugar telluride. Alternatively, an epoxide function can be opened. 

Advantage is then taken of facile radical exchange9 on tellu-
rium(II). However, a "trigger" reaction is needed (Scheme I). 
The acetyl derivative 1, on photolysis with tungsten light at room 
temperature, produces methyl radicals. The methyl radicals react 
with the telluride 2 to establish a relatively strong Me-Te bond 
with displacement of the carbohydrate radical 4 (weaker C-Te 
bond). Radical 4 is a degenerate radical,10 for by reaction with 
2 it regenerates itself. However, as is customary, it is more reactive 
toward the usual electrophilic olefins than toward the thiocarbonyl 
of 1. Hence radical 4 adds to olefin 5 to make a relatively 
electrophilic radical 6, which then reacts with the thiocarbonyl 
function of 1 to afford the product 7 and to re-form the methyl 
radical and start the cycle again. Methyl anisyl telluride 3 is the 
other product. 

The results summarized in Table I show that the yields are good. 
After oxidation of the thiopyridine residue in the adduct and the 
elimination to give trans olefin, a single stereoisomer was obtained 
in each case. 

The occurrence of stereoselective radical reactions with complex 
molecules can be ascribed to the anomeric effect, the /S-bond effect, 
and steric bulk effects.1,6 Other recent examples,11 as well as the 
work here described, show that very stereoslective radical chemistry 
can be achieved. 
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Table I0* 

entry 
anisyl 

telluride olefin 
add uct 

(%) 
eliminatn 

product (%) characterization of eliminatn product 

mp 47-49 0C, [a]D +98° (c, 2.6) 
oil, [a]D +59° (c, 1.35) 
mp61 0C, [a]D+122° (c, 1.8) 
oil, [a]D +57° (c, 5.8) 
mp 149-150 0C, [a]D +99° (c, 5. 
mp 60-62 0C, [a]D +70° (c, 1.3) 
mp 138-139 0 C, fain+108° (c, 7 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

8 
8 
8 
8 
17 
17 
17 
22 
24 
24 

9 
10 
11 
12 
9 
10 
12 
12 
10 
12 

(86) 
(80) 
(91) 
(89) 

18 (80) 
(89) 
(84) 
(89) 
(81) 
(79) 

13 (86) 
14 (82) 
15 (78) 
16 (76) 
19 (76) 
20 (82) 
21 (79) 
23(81) 
25 (74) 
26 (75) 

1) 
mp ou-o,d <~, ia j D i-/u 
mp 138-139 0 C, [a]D +108 
mp 84-85 0C, Tain -80c 

oil, ' ' 

•i jy - c , i<xjD -r ius- (c, 
15 0C, [a]D-80° (c, 1.1) 

on, 1<*JD +37° (c, 5.0) 
oil, [a]D +39° (c, 6.0) 

(c, 2.9) 

"All [a]D in CHCI3 except entries 9 and 10, where CH2Cl2 was used. 'Typical experiment: To the tellurocarbohydrate (1 mmol) and the 
appropriate trap (5 mmol) in dry CH2Cl2 (4 iriL) under argon at 5 0 C was added 1 (0.5 mmol). Photolysis with a 150-W W lamp for 10 min was 
followed by further addition of 1 (0.25 mmol). This was repeated until all the tellurocarbohydrate had disappeared (TLC; about 1.5 mmol of 1 was 
usually required). 
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The stereochemical assignments in Table I are based on NMR 
considerations. However, in the case of entry 5, the structure of 
the adduct (a nicely crystalline compound) was established by 
X-ray crystallography as shown in 18. 

We completed our study by a short synthesis of the well-known 
antibiotic showdomycin.12 The known13 ribose derivative 27 
(Chart I) was mesylated and converted with anisyl telluride anion 
into 28 (72% overall). Radical addition to maleimide as above 
gave the /3-adduct (78%). Oxidation and elimination afforded 
the known derivative 29 (82%). Finally treatment with tri-
fluoroacetic acid in tetrahydrofuran gave showdomycin (30) 
(80%), mp 150 0C (needles from acetone-benzene). Professor 
A. G. M. Barrett and Dr. S. Hoerrner (Northwestern University) 
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kindly showed that this was identical with an authentic specimen. 
We have also examined exchange on iodides, a well-known 

process.14 When the 6-iodo derivative analogous to 24 was used, 
there was no exchange and the methyl radical reacted only with 
the thiocarbonyl of 1 to re-form itself. Similar results were seen 
with the 6-phenylseleno analogue.15 

Of course,3 when no trap is added during the photolysis, the 
corresponding 2-thiopyridyl derivatives are formed in good yield 
and with the same stereoselectivity as carbon-carbon bond for
mation. At the anomeric carbon, these derivatives can be used 
in glycoside synthesis.16 

We have also carried out comparable radical chemistry at the 
2- and 4-positions of glucose. Details will be given in the full paper. 

Acknowledgment. We thank the Welch Foundation, the NIH, 
and the Schering-Plough Corporation for their support of this 
work. Dilip Bhumralkar kindly participated in two of these ex
periments. We thank Dr. J. Reibenspies of this department for 
the X-ray determination on 18. 

(14) (a) Castelhano, A. L.; Marriott, P. R.; Griller, D. J. Am. Chem. Soc. 
1981, 103, 4262. (b) Castelhano, A. L.; Griller, D. Ibid. 1982, 104, 3655. 
(c) Fontana, F.; Minisci, F.; Vismara, E. Tetrahedron Lett. 1988, 29, 1975. 

(15) We thank Dr. Chen Chen of this laboratory for these two experiments. 
(16) (a) Stewart, A. O.; Williams, R. M. J. Am. Chem. Soc. 1985,107, 

4289 and ref 5 cited therein, (b) Nicolaou, K. C; Randall, J. L.; Furst, G. 
T. Ibid. 1985,107, 5556. (c) Reddy, G. V.; Kulkarni, V. R.; Mereyala, H. 
B. Tetrahedron Lett. 1989, 30,4283. (d) Ravi, D.; Kulkarni, V. R.; Mereyala, 
H. B. Ibid. 1989, 30, 4287. 


