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HO2
2" — Cu2+ CT is observed at higher energies (340-500 nm)" 

due to the strong bonding interaction of the proton with the 
peroxide ir* orbital. The fact that the reduced type 3 site in T2D 
does not react with dioxygen4'18 indicates a major role for the type 
2 site in catalysis, and we propose that a /j-1,1 hydroperoxide 
bridges one of the oxidized type 3 and the reduced type 2 coppers 
in the laccase oxygen intermediate (Scheme I, left). A type 2-type 
3 bridging mode has been defined by low-temperature MCD 
studies of N3" binding to the fully oxidized trinuclear copper site.2 

In contrast to hemocyanin (Scheme I, right), protonation of 
the bound peroxide in laccase is expected to lead to irreversible 
binding and promote further reduction to water. Furthermore, 
we have observed that exogenous ligands bridge mixed valent 
(Cu2+-Cu1+) binuclear sites with an unusually high affinity," 
suggesting that bridging to the reduced type 2 copper stabilizes 
the oxygen intermediate in TlHg laccase. An attractive feature 
of this model is that ji-1,1 hydroperoxide cobalt complexes20 have 
been demonstrated to be most reactive in further reduction to 
water.21 
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Nitrogen-substituted carbanions have been widely studied and 
have become useful intermediates for the synthesis of amines and 
their derivatives.1 Chiral, conjugated versions of these carbanions 
have seen considerable research activity.2"5 While several ste-

(1) (a) Beak, P.; Zajdel, W. J.; Reitz, D. B. Chem. Rev. 1984,84,471-523. 
(b) Beak, P.; Reitz, D. B. Chem. Rev. 1978, 78, 275. 

(2) (a) Highsmith, T. K.; Meyers, A. I. In Advances in Heterocyclic 
Natural Product Synthesis; Pearson, W. H., Ed.; JAI: Greenwich, 1990; Vol. 
1, pp 95-135. (b) Meyers, A. I. Aldrichimica Acta 1985, 18, 59. 

(3) Roder, H.; Helmchen, G.; Peter, E.-M.; Peters, K.; von Schnering, 
H.-G. Angew. Chem., Int. Ed. Engl. 1984, 23, 898. 

(4) (a) Gawley, R. E.; Rein, K.; Chemburkar, S. / . Org. Chem. 1989, 54, 
3002-3004. (b) Rein, K.; Goicoechea-Pappas, M.; Anklekar, T. V.; Hart, G. 
C ; Smith, G. A.; Gawley, R. E. J. Am. Chem. Soc. 1989, / / / , 2211-2217. 
(c) Gawley, R. E.; Hart, G. C; Bartolotti, L. J. J. Org. Chem. 1989, 54, 
175-181. 

(5) Haner, R.; Olano, B.; Seebach, D. HeIv. Chim. Acta 1987, 70, 
1676-1693. 
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Table I. Reactions of Chiral Nitrogen-Substituted Carbanions 
Generated by Tin-Lithium Exchange 

O SnBu3 0----Li O EI 
A JLB2 n-BuLi X 1.B2 EleCtr°Phite A X.P2 

x^N-i R2 • X ^ N - T R X^N-TR 2 

M R1 ;% H R <Er> M R 

R R ' B U R R R R 
1-3 4 5 -12 
«: R1-Me1R

2^H biR^H.R^Me c: R1=Et, F̂ =H d: R1^H, R*=Et •: R'=iPr, R*=H 

Entry Stannane Electrophile Product(s) El Ratio8 Yield (%)" 

O SnBu., O El 

Me-N^N-W Me.N^N4' 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 

16 
17 
18 
19 
20 
21 

Me 
1a 
1C 
i e 
1a 
1b 
l a 
1b 
1C 
1e 
1c 
1c 
1c 
1c 

O 

O ^ N 

2a 
2b 
O 

Ph I 

3a 
3b 
3a 
3b 
3a 
3b 

R1 

Ph 
DCI/D20 
DCI/D20 
DCI/D20 
Bu3SnCI 
Bu3SnCI 

\_4 R 
Me Vh 

5a 
5C 
Se 
1a 
1a + 1b 

Bu3SnCl/TMEDA 1a 
Bu3SnCI/TMEDA 1 a 
Bu3SnCI 
Bu3SnCI 
cyclohexanone 
PhCHO 
iPrCHO 
CICO2Et 

SnBu3 

\ . R 2 

R1 

»h 
PhCHO 
PhCHO 

SnBu3 

R1 

vie 

Bu3SnCI 
Bu3SnCI 
PhCHO 
PhCHO 
cyclohexanone 
cyclohexanone 

1c 
I e 
6c 
7C 
8c 
9c+ 9d 

O El 

O^N4; 
\ _ / R1 

Vh 
10a 
10a 
O El 

M R1 

Ph Me 
3b 
3b 
11b 
11b 
12b 
12b 

R2 

D 
D 
D 
SnBu3 
SnBu3 
SnBu3 

SnBu3 
SnBu3 

SnBu3 
C(OH)(CH2J5 

CH(OH)Ph 
CH(OH)iPr 
CO2Et 

R2 

CH(OH)Ph 
CH(OH)Ph 

R2 

SnBu3 

SnBu3 

CH(OH)Ph 
CH(OH)Ph 
C(OH)(CH2)5 

C(OH)(CH2)S 

-
-
-
-

1:2.4 c 

-
-
-
-
-

1.7:1" 
1.5:1" 
12:1 

1:1" 
1:1" 

_ 
-
1:1" 
1:1" 

-
-

63 
72 
82 
46 
44 
48 
48 
62 
67 
78 
88 
91 
83 

69 
76 

52 
76 
50 
82 
39 
32 

"A dash (-) indicates that only one product was detected by 300-
MHz 1H NMR. 'Yields of isolated, purified materials. cRatio after 
15 min at -78 0C. See Figure 1 for ratios at other times. "Mixture of 
erythro and threo isomers, which were not assigned. 

reochemical studies have been reported on racemic, nonconjugated 
anions,6"11 Walborsky12 and Gawley40 have published the only 
examples of chiral, nonracemic, nonconjugated, nitrogen-sub
stituted carbanions. Both cases involve cyclic systems, where 
small-ring strain12,13 or conformational considerations40 affect the 
configuration of the carbanion. The configurational stability of 
acyclic nitrogen-substituted carbanions has not been studied, and 
there have been no reports on the generation of chiral, nonracemic, 

(6) (a) Seebach, D.; Wykypiel, W.; Lubosch, D.; Kalinowski, H.-O. HeIv. 
Chim. Acta 1978, 61, 3100-3102. (b) Renger, B.; Kalinowski, H.-O.; See
bach, D. Chem. Ber. 1977, 110, 1866-1878. (c) Seebach, D.; Enders, D. 
Angew. Chem., Int. Ed. Engl. 1975, 14, 15. 
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53, 2473-2480. 
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J. L.; Lijinsky, W.; Singer, G. M. Tetrahedron Lett. 1976, 4431-4434. 
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Beak, P.; Zajdel, W. J. J. Am. Chem. Soc. 1984, 106, 1010. 

(10) (a) Meyers, A. I.; Edwards, P. D.; Rieker, W. F.; Bailey, T. R. J. Am. 
Chem. Soc. 1984, 106, 3270-3276. (b) Shawe, T. T.; Meyers, A. I. / . Org. 
Chem. 1991,56,2751-2755. 

(11) Sanner, M. A. Tetrahedron Lett. 1989, 30, 1909-1912. 
(12) (a) Periasamy, M. P.; Walborsky, H. M. J. Am. Chem. Soc. 1977, 

99, 2631. (b) Walborsky, H. M.; Periasamy, M. P. J. Am. Chem. Soc. 1974, 
96, 3711. 

(13) Seebach has studied a chiral, nonracemic, configurationally stable 
2-lithioaziridine.5 Even though the anion is substituted by a thioester, the 
small ring prevents epimerization. 
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Figure 1. 
Bu3SnCl 
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Results of tin-lithium exchange on stannanes la and lb after 
quench. 

acyclic, nonconjugated anions, although closely related acyclic 
benzylic anions have been recently studied by Gawky.4" We report 
that the tin-lithium exchange method allows the generation of 
such carbanions, which undergo highly stereoselective reactions 
with electrophiles. Evidence for configurational stability was 
obtained. 

We recently reported that nonconjugated (racemic or achiral), 
dipole-stabilized, nitrogen-substituted carbanions could be gen
erated from a-amino stannane derivatives by tin-lithium exchange, 
allowing access to primary amines after reaction with electrophiles 
and deprotection.14'15 We now report the transmetalation of chiral 
stannanes 1-3 and the stereoselective reactions of the resultant 
anions 4. 

Stannanes 1-3 were prepared by two routes. Alkylation of 
chiral heterocycles16-20 (NaH, DMF, (l-iodoethyl)tributyl-
stannane14'21) gave stannanes la,b (1:1, 33%), 2a,b (1:1, 89%), 
and 3a,b (1:1, 42%), which were separable by chromatography. 
A new and highly stereoselective approach to chiral a-amino 
stannane derivatives la, Ic, and Ie was also developed, which relies 
on the displacement of 7V-[l-(/>-tolylsulfonyl)alkyl]-
imidazolidinones with (tributylstannyl)lithium.22 

(14) Pearson, W. H.; Lindbeck, A. C. / . Org. Chem. 1989, 54, 5651-5654. 
(15) Tin-lithium exchange has been used by others to generate nitrogen-

substituted carbanions, including a-substituted, nonconjugated anions:15' (a) 
Peterson, D. J. J. Organomet. Chem. 1970, 21, 63. (b) Peterson, D. J. Ibid. 
1974, 66, 209. (c) Peterson, D. J. J. Am. Chem. Soc. 1975, 97, 159. (d) 
Pereyre, M.; Elissondo, B.; Quintard, J.-P. In Selectivity-A Goal for Synthetic 
Efficiency; Bartmann, W., Trost, B. M., Eds.; Verlag Chemie: Weinheim, 
1984; pp 191-212. (e) Pereyre, M.; Quintard, J.-P.; Rahm, A. Tin in Organic 
Synthesis; Buttersworths: London, 1987. (f) Elissondo, B.; Verlhac, J.-B.; 
Quintard, J.-P.; Pereyre, M. J. Organomet. Chem. 1988, 339, Ikl-lli and 
earlier references cited therein. 

(16) For the use of ureas in the formation of dipole-stabilized carbanions, 
see ref 3 and the following: (a) Hassel, T.; Seebach, D. HeIv. Chim. Acta 
1978, 61, 2237. (b) Hassel, T.; Seebach, D. Angew. Chem., Int. Ed. Engl. 
1979, /S, 399. 

(17) For the use of carbamates in the formation of dipole-stabilized car
banions, see refs 4a, 9a, 14, and the following: (a) Seebach, D.; Hassel, T. 
Angew. Chem., Int. Ed. Engl. 1978, 17, 274. (b) Armande, J. C; Pandit, U. 
K. Tetrahedron Lett. 1977, 897. (c) Macdonald, T. L.; Narayanan, B. A. J. 
Chem. Res., Synop. 1983, 48, 1129. (d) Macdonald, T. L. J. Org. Chem. 
1980, 45, 193. (e) Comins, D. L.; Weglarz, M. A. J. Org. Chem. 1988, 52, 
4437. (0 Comins, D. L.; LaMungon, P. H. Tetrahedron Lett. 1989, 30, 
5053-5056. (g) Beak, P.; Lee, W.-K. Tetrahedron Lett. 1989,30,1197-1200. 
(h) For the transmetalation of stannanes in the presence of a more remote 
carbamate substituent, see: Zidani, A.; Vaultier, M. Tetrahedron Lett. 1986, 
27, 857-860. 

(18) Close, W. J. J. Org. Chem. 1950, 15, 1131-1134. 
(19) (a) Pirkle, W. H.; Simmons, K. A. J. Org. Chem. 1983, 48, 

2520-2527. (b) Wuts, P. G. M.; Pruitt, L. E. Synthesis 1989, 622-623. 
(20) (a) Evans, D. A.; Mathre, D. J. J. Org. Chem. 1985, 50, 1830-1835. 

(b) Fodor, G.; Stefanovsky, J. N.; Kurtev, B. J. Monatsh. Chem. 1967, 98, 
1027-1040. 

(21) Seyferth, D.; Andrews, S. B.; Lambert, R. L. J. Organomet. Chem. 
1972, 37, 69-76. 
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Transmetalation of the chiral stannanes 1-3 with H-BuLi at 
-78 0 C in THF followed by quenching with various electrophiles 
proceeded with high stereoselectivity at the carbanionic center 
(Table I). Evidence for the stereochemical assignment of the 
products was obtained by quenching the anions with Bu3SnCl, 
since the products may be correlated with the known structures 
of the starting stannanes.22 Transmetalation of la followed by 
quenching with Bu3SnCI afforded only la, with no evidence for 
the formation of diastereomer lb (entry 4). Side-by-side control 
reactions which were quenched with acetic acid showed that 
transmetalation was complete within 5 min at -78 0C. Therefore, 
la cannot be a result of incomplete transmetalation. Trans
metalation of stannane lb (epimeric with la) followed by 
quenching with Bu3SnCl after 15 min gave a 2.4:1 ratio of lb to 
la (entry 5). Again, control experiments showed that trans
metalation was complete before adding Bu3SnCl. The trans
metalation of lb was studied in greater detail by allowing the anion 
to stir for longer periods of time before addition of Bu3SnCl, which 
showed that la eventually became the major product (Figure 1). 
A similar transmetalation study starting with la showed that 
stereoisomer la was always isolated, regardless of the elapsed time 
before quenching with Bu3SnCl. Convergence of the two curves 
in Figure 1 could not be realized, since anion decomposition limited 
the time scale of these experiments. As shown in Figure 2, 
transmetalation of the two diastereomeric stannanes 13 (e.g., Ia) 
and 14 (e.g., Ib) occurs with retention of configuration23 and leads 
initially to anions 15 and 16, which may equilibrate over time to 
15, the most stable anion.24 The anion 15 then reacts with 

(22) This route is similar in concept to existing methods for the preparation 
of a-amino stannanes from iminium ions or their precursors.15 Condensation 
of (4/?,5S)-l,5-dimethyl-4-phenylimidazolidin-2-one18 with aldehydes in the 
presence of p-toluenesulfinic acid22a,b gave crystalline (4fl,5S,l'S)-l,5-di-
methyl-3-[l-(p-tolylsulfonyl)alkyl]-4-phenylimidazolidin-2-ones as single 
stereoisomers (X-ray). Displacement of these sulfones with Bu3SnLi pro
ceeded with complete retention of configuration.22cd The stereochemistry of 
the stannanes la, Ic, and Ie was based on X-ray crystallographic determi
nation of the structure of Ic. The details of this chemistry, including mech
anistic studies and application to other stannanes, will be included in the full 
account of this work, (a) Engberts, J. B. F. N.; Strating, J. Reel. Trav. Chim. 
Pays-Bas 1965,84, 942-950. (b) Engberts, J. B. F. N.; Olijnsma, T.; Strating, 
J. Reel. Trav. Chim. Pays-Bas 1966, SJ, 1211-1222. (c) For the reactions 
of similar sulfones with carbon nucleophiles, see: Brown, D. S.; Hansson, T.; 
Ley, S. V. Synlett 1990, 48-49 and references therein. While this work was 
in progress, a similar method was used by Quayle to prepare 4-(tributyl-
stannyl)azetidin-2-ones: (d) MacLeod, C; Quayle, P.; Davies, G. M. Tet
rahedron Lett. 1990, 31, 4927-4930. 

(23) Retention of stereochemistry in tin-lithium exchange reactions is 
well-known for the generation of a-hetero-substituted organometallics. See 
ref 15e and the following representative examples: (a) Still, W. C. J. Am. 
Chem. Soc. 1980, 102, 1201-1202. (b) Hutchinson, D. K.; Fuchs, P. L. J. 
Am. Chem. Soc. 1987, 109, 4930. (c) Sawyer, J. S.; Kucerovy, A.; Macdo
nald, T. L.; McGarvey, G. J. / . Am. Chem. Soc. 1988, 110, 842-853. (d) 
McDougal, P. G.; Condon, B. D.; Laffosse, M. D.; Lauro, A. M.; VanDerveer, 
D. Tetrahedron Lett. 1988, 29, 2547-2550. (e) Marshall, J. A.; Gung, W. 
Y. Tetrahedron Lett. 1988, 29, 1657. (f) Matteson, D. S.; Tripathy, P. B.; 
Sarkar, A.; Sadhu, K. M. J. Am. Chem. Soc. 1989, / / / , 4399-4402. (g) 
Chan, P. C-M.; Chong, J. M. Tetrahedron Lett. 1990, 31, 1985-1988 and 
earlier references cited therein. 
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electrophiles with retention of configuration. While evidence for 
the equilibration of other heteroatom-substituted carbanions has 
been reported previously,4'5'12'13'23"1,25 this study is unique in that 
a simple alkyl-substituted, acyclic, nitrogen-substituted carbanion 
shows an observable barrier to inversion. When the trans-
metalation of lb was carried out with TMEDA present, no evi
dence for configurational stability was observed, and only la was 
produced after quenching with Bu3SnCl (entry 7). The ligating 
ability of TMEDA may disrupt the chelate 16, allowing a more 
rapid equilibration to 15. 

The use of carbonyl compounds as electrophiles led to the 
efficient and stereoselective formation of /3-amino alcohol deriv
atives (entries 10-12) and an a-amino ester derivative (entry 13). 
The stereochemistry of compounds 6c-9d was based on the as
sumption that carbonyl addition occurred with retention of con
figuration. When aldehydes were used, two of the four possible 
stereoisomers were formed, presumably via high stereoselectivity 
with respect to the carbanion coupled with modest facial selectivity 
with respect to the aldehyde.26 

Oxazolidinones were also useful in achieving high levels of 
stereoselection (entries 14-21). However, no evidence for the 
configurational stability of the anion derived from 3a was obtained 
(entry 16). Quenching with Bu3SnCl after 5 min produced only 
3b. Evidently, the equilibration of 16 to 15 is faster in the oxa-
zolidinone series (Figure 2, visualize enantiomers of all structures), 
perhaps due to the poorer lithium-ligating ability of a carbamate 
carbonyl oxygen versus a urea carbonyl oxygen. A higher energy 
chelate would be expected to allow easier inversion since the chelate 
is probably temporarily disrupted by inversion. The stereochemical 
outcome of these reactions is also consistent with recent work by 
Gawley, who studied acyclic benzylic anions derived from the 
deprotonation of chiral TV-benzyloxazolidinones.4" 

In summary, chiral, nonracemic a-amino stannane derivatives 
were prepared, and these stannanes were effective precursors to 
chiral nitrogen-substituted carbanions, which underwent stereo
selective reactions with electrophiles. Evidence for configurational 
stability was found for these nonconjugated, acyclic anions, with 
the barrier to inversion being a function of the substrate and 
reaction conditions. Studies on the use of these chiral, nonracemic 
anions for the synthesis of optically pure nitrogen-containing 
molecules are underway and will be reported in due course. 
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(24) Semiempirical MNDO calculations24* were carried out with MO-
PAC2A on ether-solvated diastereomeric anions 15 and 16 derived from la 
and lb, respectively, and showed that 15 was more stable by 1.44 kcal/mol. 
Details will be presented in the full account of this work, (a) Dewar, M. J. 
S.; Thiel, W. J. Am. Chem. Soc. 1977, 99, 4899-4907. (b) Stewart, J. J. P. 
Quantum Chemistry Program Exchange, No. 455, Version 6.0. For other 
studies on the theoretical and experimental structures of similar anions, see 
refs 4a,b and the following: (c) Rondan, N. G.; Houk, K. N.; Beak, P.; Zajdel, 
W. J1; Chandrasekhar, J.; Schleyer, P. v. R. J. Org. Chem. 1981, 46, 
4108-4110. (d) Bach, R. D.; Braden, M. L.; Wolber, G. J. J. Org. Chem. 
1983, 48, 1509-1514. (e) Bartolotti, L. J.; Gawley, R. E. J. Org. Chem. 1989, 
54, 2980-2982. (0 Seebach, D.; Hansen, J.; Seiler, P.; Gromek, J. M. J. 
Organomet. Chem. 1985, 285, 1-13. 

(25) (a) Rychnovsky, S. D. J. Org. Chem. 1989, 54, 4982-4984 and ref
erences therein, (b) Molander, G. A.; Mautner, K. J. Org. Chem. 1989, 54, 
4042-4050 and references therein, (c) Denmark, S. E.; Dorow, R. L. / . Org. 
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(26) Previous observations on the addition of nitrogen-substituted car
banions to aldehydes show that the erythro/threo selectivities vary wide-
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Silicon-containing polyacetylenes tend to exhibit high gas 
permeability, and poly[l-(trimethylsilyl)-l-propyne] [poly(l)], 
one of those polymers, shows extremely high oxygen permeability.1 

Though poly(diphenylacetylene)3 [poly(2)] is, to our knowledge, 
thermally the most stable polyacetylene,4 it is insoluble in any 
solvent.5 We anticipated that introduction of the trimethylsilyl 
group into poly(2) might provide soluble, highly gas permeable 
polymers. This communication reports on the polymerization of 
l-phenyl-2-[p-(trimethylsilyl)phenyl]acetylene (p-3) and 1-
phenyl-2-[m-(trimethylsilyl)phenyl]acetylene (m-3) by TaCl5-
based catalysts and polymer properties.6 The product polymers, 
poly(p-3) and poly(w-3), possess high molecular weights over 1 
X 106, dissolve in various organic solvents, are thermally appre
ciably stable, and show very high gas permeability. 

Polymerizations8 of p-3 and m-3 were carried out using 
TaCl5-cocatalyst systems, which are effective in the polymerization 
of 2, under dry nitrogen by the method described before.3 The 
monomers were consumed virtually quantitatively in the presence 
OfTaCl5-W-Bu4Sn (1:2) and TaCl5-Et3SiH (1:2) catalysts to give 
methanol-insoluble polymers in over 70% yields (Table I). As 
was expected, the produced polymers totally dissolved in various 
organic solvents such_as toluene and CHCl3. The weight-average 
molecular weights (Mv) based on gel permeation chromatography 
(GPC)10 were as high as ~2 X 106 with poly(p-3) and >1 X 106 

with poly(m-3). The methanol-soluble byproducts were linear 
oligomers according to GPC and NMR. The polymerizations of 
p-3 and m-3 by TaCl5-W-Bu4Sn proceeded without induction 
phases and were completed in 15 and 90 min, respectively, under 
the conditions of Table I. In contrast, no polymers were formed 
with TaCl5 alone. 

From elemental analyses and NMR and IR spectra, it is 
concluded that the polymers obtained possess alternating double 
bonds along the main chain." The present polymers showed UV 
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