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as well as a bidentate Aspl 12 carboxylate and possibly an axial 
carbonyl oxygen of Gly45 or a water molecule.10 

It is well established that the unusual distorted trigonal py­
ramidal (pseudotetrahedral) coordination geometry of blue copper 
is forced on the metal ion by the rigidity of the polypeptide scaffold 
in the binding-site region (rack-induced bonding).104'1819 Owing 
to the geometrical constraints imposed by the aspartate side chain, 
however, formation of a planar copper carboxylate group would 
require substantial rearrangement of the protein structure.20 Since 
a large distortion of the protein structure is energetically unfa­
vorable, it is likely that the copper is displaced significantly from 
the plane of the Aspl 12 carboxylate group in forming the Cu-
N2O2(O) structure. 
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The only formylsilane isolated as a stable compound, 
(Me3Si)3SiCHO, reported by Tilley et al.2 in 1988, represented 
an impressive synthetic achievement, being prepared from a mixed 
cyclopentadienyl acylzirconium precursor. Unlike Me3SiCHO,3,4 

(Me3Si)3SiCHO was found to be thermally stable although it 
decomposes exothermically in air.2 We wish to report the con­
venient preparation of formyltriisopropylsilane (2) from a modified 
dithiane-based approach and its fascinating chemistry. 

Previously, we have found that the triisopropylsilyl (TIPS) group 
not only significantly retards nucleophilic substitution at silicon 
but also greatly impedes reactions at adjacent centers.5 This 

(1) U.S. Department of Education Graduate Fellowship (P200A90203). 
(2) (a) Eisner, F. H.; Woo, R-G.; Tilley, T. D. J. Am. Chem. Soc. 1988, 

110, 313. (b) Ph3SiCHO was very recently generated in solution from a 
related zirconium precursor and identified as a stable compound (Woo, H.-G.; 
Freeman, W. P.; Tilley, T. D. Organometallics 1992, / ; , 2198). See also: 
Sommer, L. H.; Bailey, D. L.; Goldberg, G. M.; Buck, C. E.; Bye, T. S.; Evans, 
F. J.; Whitmore, F. C. J. Am. Chem. Soc. 1954, 76, 1613. 

(3) Ireland, R. E.; Norbeck, D. W. J. Org. Chem. 1985, 50, 2198. 
(4) Linderman, R. J.; Suhr, Y. J. Org. Chem. 1988, 53, 1569. 
(5) (a) Soderquist, J. A.; Colberg, J. C; Del Valle, L. J. Am. Chem. Soc. 

1989, 111, 4873. (b) Soderquist, J. A.; Rivera, I.; Negron, A. J. Org. Chem. 
1989, 54, 4051. (c) Soderquist, J. A.; Anderson, C. L.; Miranda, E. I.; Rivera, 
I.; Kabalka, G. W. Tetrahedron Lett. 1990, 31, 46V. (d) Santiago, B.; Lopez, 
C; Soderquist, J. A. Tetrahedron Lett. 1991, 32, 3457. 

4b M-8 12 

Figure 1. MMX minimum energy structures for 4b, (+)-8, and 12. 

suggested that 2 should be stable, and 3 appeared to us to be its 
ideal precursor. By modifying the Corey-Seebach approach6 to 
acylsilanes7 to include an intermediate dithiane -» acetal step,6b 

exposure of this sensitive system8,9 to the dithiane hydrolysis 
conditions could be essentially avoided. 

The reaction of 2-lithio-l,3-dithiane6 with TIPSCl (3 h, -78 
— 25 "C) gives 1 cleanly (96%, >99% GC purity, bp 120 0C, 
0.1 Torr, 87% from MeOH/H20, mp 45.5-47.5 0C). The sol-
volysis of 1 was carried out (HgCl2, HgO, MeOH),6b which 
afforded 3 as a colorless liquid (bp 72 0C, 0.6 Torr) in 89% yield. 
The hydrolysis of 3 on a 50-mmol reaction scale was optimized 
employing LiBF4 (0.37 M, 1.04 equiv)10 in refluxing aqueous 
MeCN (9:91, 15 s), providing pure 2 as a greenish-yellow liquid 
in 91% yield (bp 85 0C, 3 Torr, 99% GC purity). By contrast, 
even the mild Vedejs-Fuchs hydrolysis conditions11 gave 2 in 
significantly lower yield and purity (47%, 97% GC purity con­
taining 3% TIPSOH), and the standard aqueous MeOH condi­
tions6 result in a mixture of 2 and 3. 

HgO / BF3 

H ' ^Sl(I-Pr)3 

1 

HgCl2 / HgO 

SKi-Pr)3 

MeOH 

89% 

H^-SlU-Pr)3 ' 

(D 

H2O/Me0N 

91% 

As anticipated,2 the spectral properties of 2 are considerably 
Si-shifted (e.g., 1H NMR S 12.10 (CHO) ppm; 13C NMR 5 249.0 
(CHO) ppm; IR (neat) 2588 (i»CH), 1651 (vco) cm"1; UV (THF) 
375 (sh, 28), 390 (sh, 55), 406 (86), 426 (87) nm)). The elec­
tron-impact MS of 2 provides a weak M ,+ (0.2%), with TIPS+ 

(157, 63%) and its degradation products (m/z 73 (67) and 59 
(100)) being the major ion fragments. 

Upon exposure to atmospheric oxygen, 2 spontaneously ignites! 
Limiting the amount of oxygen produces TIPSOH as the major 
Si-containing product, and in CDCl3 solution, minor amounts of 
TIPSH(D) and TIPSCl are also observed (GCMS), implicating 
the intermediacy of TIPS radicals in the process. However, 
air-stable crystalline derivatives of 2 were easily prepared (4a, 
2,4-DNP (75%, mp 109-110 0C); 4b, tosylhydrazone (87%, mp 
63.5-64.5 0C)) as single geometric isomers (anti)12 (Figure 1). 
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Organic Transformations; VCH Publishers, Inc.: New York, 1989; pp 
721-728. 
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89, 434. (c) Ricci, A.; Degl'Innocenti, A. Synthesis 1989, 647. (d) Bulman 
Page, P. C; Klair, S. S.; Rosenthal, S. Chem. Soc. Rev. 1990, 19, 147. 
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A. G.; Kucera, H. W. J. Organomet. Chem. 1975, 87, 263). 

(9) Soderquist, J. A.; Hassner, A. J. Am. Chem. Soc. 1980,102, 1577 (cf. 
ref 7a). 

(10) Lipshutz, B. H.; Harvey, D. F. Synth. Commun. 1982, 12, 267. 
(11) Vedejs, E.; Fuchs, P. L. J. Org. Chem. 1971, 36, 366. 
(12) AMMXE (anti vs syn) = 3 kcal/mol (see Figure 1). Since the 

submission of this manuscript, a single-crystal X-ray structure of 4b has been 
obtained (with Dr. C. L. Barnes, University of Missouri) which confirms its 
anti configuration and the general structural features which are depicted in 
Figure 1. 
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Also, GC analysis revealed that 2 was efficiently converted back 
to its precursors, 1 (81%, CH2(CH2SH)2, BF3-EE (0.16 equiv), 
CHCl3 or 77%, (CHj)3S2SiMe2, BF3-EE (0.4 equiv), CH2Cl2)

6"'13 

and 3 (93%, CH(OMe)3, TsOH or 100%, CH(OMe)3, MeOH, 
Clay K 10).14 Standard methodology (diol, TsOH, C6H6, reflux) 
produced the cyclic acetals (5 (76%), 6 (72%)). For 6, MMX 
calculations predict a strong preference for the TIPS«, chair 
conformation (>6 kcal/mol) which is revealed in its 1H NMR 
through distinctly separated signals for each of the ring hydrogens 
and by vicinal coupling constants which are matched (±0.2 Hz) 
by calculation for this conformation. Thus, the reaction of 2 with 
a 60:40 meso/dl mixture of 2,4-pentanediols produces only the 
all-cis product, 7, from the meso-diol. This is easily separated 
from the dl-diol derived racemic dioxane, 8, by chromatography 
(SiO2, C6H14) to obtain both isomers in pure form in yields of 
29% and 57%, respectively. Similarly, (2R,4/?)-(-)-2,4-pentanediol 
gave the interesting optically active acetal (+)-8 (78%, [a]26

D = 
+29.6° (neat)) (Figure 1). 

H-^V* rT ^SI(I-Pr)3 SI(I-Pr)3 

XT 
JK-Pr), 

(2) 

With these developments, formylsilanes emerge from their status 
as transient intermediates and laboratory curiosities to that of a 
rich new source of silicon-containing compounds. 
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13.4,11.1 ppm), whereas the reverse addition gives minor amounts of the anti 
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SKi-Pr)3 

The reduction of 2 is easily accomplished with borane/dimethyl 
sulfide complex (BMS) (1:1) in THF (1 h, room temperature) 
to afford pure TIPSCH2OH (9) in 75% yield. Virtually quan­
titative conversion to 9 (>95%) was observed by GC with BMS, 
LiAlH4, and NaBH4 as well as with EtMgBr and /J-BuMgBr. By 
contrast, Li(n-Bu) gives the expected addition product 10a (R 
= n-Bu, 78% (100% GC yield)). LiMe produces 10b (R = Me, 
78% (84% GC yield) more efficiently than does MeMgBr (65% 
GC yield). Grignard reagents lacking a 0-hydride source also 
give 10 (c, R = Ph, 80%; d, R = C=CPr, 74%). 
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lOa-d 

To illustrate that 2 also undergoes the very highly stereoselective 
reactions which are common for bulky aldehydes, the Wittig 
olefination of 2 was examined under salt-free conditions,15 which 
gave the cfc-vinylsilane (11) (78%, 98% Z).16 Also, the aldol 
reaction of 2 with the Z lithium enolate of propiophenone17 

produced the expected ^n-aldol adduct (12) (65%, >97% syn).18 

The de novo design of peptides and proteins' with predetermined 
structures provides an important test of our understanding of the 
principles that govern protein stability and folding. Several de­
signed peptides and proteins have been described,2'3 but the design 
of a compact, globular protein that shows all the hallmarks of a 
native protein has not yet been reported; instead, many of the 
designed proteins appear to adopt folded states with loosely packed 
hydrophobic cores such as those found in molten globules or 
compact intermediates (CI).1'4 In this communication we describe 
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