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7d (see below): 'H NMR (Table I); MS, m l e  (relative intensity) 

253 (14), 252 (16), 239 (13), 178 (16), 151 (19). 
threo - 10,l l-Dihydro-2,3-dimet hoxy-1 I-[ l-(t-methoxy- 

phenoxy)ethyl]-5,10-0 -benzeno-5H-dibenzo[a ,d ]cyclo- 
hepten-10-01 (7b)J Dehydration of 6b by general procedure B 
gave predominantly 2d (38%) and only a 5% yield of expected 
product 7b: 'H NMR (Table I); MS, m l e  (relative intensity) 494 
(M', l), 371 (27), 370 (49), 343 (32), 342 (45), 341 (loo), 325 (13), 
315 (la), 311 (20), 165 (28), 151 (17). 

10,l l-Dihydro-2,3-dimethoxy- 11-[ (2-methoxyphenoxy)- 
methyl]-5,10-o-benzeno-5H-dibenzo[a ,d]cycloheptene (712): 
Dehydration of 6c by general procedure B gave a crude product 
(90%) which, upon column chromatography, yielded pure 7c: 
72%; colorless oil; IR (film), no OH or C=O absorbance; 'H NMR 
(Table I); 'Y! NMR' (acetone-de) 6 44.7 (ClO), 47.3 (C9), 54.9 (Ca), 
56.3 (methoxyls), 72.9 (CP), 113.2-117.2 (C2,5, ring A; C3,6, ring 
B), 121.7, 122.1 (C4,5, ring B), 125.2-149.3 (C1,3,4,6, ring A; C2, 
ring B; C1-8,4a,8a,9a,lOa, anthracenyl), 150.9 (Cl, ring B); MS, 
m l e  (relative intensity) 464 (M', 19), 341 (1001,327 (29), 326 (13), 
310 (16), 309 (ll), 295 (23), 252 (12), 239 (lo), 178 (13), 163 (29). 

threo - 10,l l-Dihydro-2,3-dimet hoxy- 1 I-[ 1 - (2-met hoxy- 
phenoxy)ethyl]-5,10-0 -benzeno-5H-dibenzo[a ,d]cyclo- 
heptene (7d).7 Reduction of the free phenolic analogue of 2d, 
1- (3-methoxy-4-hydroxyphenyl)- 1- (9-oxoanthracen- 10-y1)-2- (2- 
methoxyphenoxy)propane, by general procedure C gave a 91% 
yield of the corresponding alcohol, 1-(3-methoxy-4-hydroxy- 
phenyl)-l-(9-hydroxyanthracen-l0-yl)-2-(2-methoxyphenoxy)- 
propane: MS, m l e  (relative intensity) 464 (M - H20, 2), 341 (23), 

478 (M - HzO, lo), 355 (57), 327 (loo), 326 (33), 295 (35), 265 (ll), 
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313 (34), 312 (12), 287 (51), 194 (41), 193 (68), 178 (21), 165 (40), 
164 (63), 163 (loo), 151 (31), 124 (19). Dehydration of the alcohol 
obtained above by general procedure B (6 h) and subsequent 
methylation with diazomethane gave 6d (30%) and the expected 
product 7d 31%; IR (film), no OH or c--O absorptions; 'H NMR 
(Table I); MS, mle (relative intensity) 478 (30, M+), 355 (95), 327 
(loo), 295 (28), 151 (12). 
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Stermlective organmopper additions to a novel carbohydrate-derived 2,3-dihydre4H-pyran-4-one are described. 
Stereochemical orientations are ascertained by scrutiny of high-resolution 'H NMR spectra of these adducts 
as well as enol acetates derived therefrom. 

The development of a convergent synthesis of maytan- 
sinoids2 led to the need for tetrahydro-4H-pyran-4-ones 
of general structure 1 with the indicated absolute config- 
uration. Concordant with this objective, a stereoselective 
conjugate addition of organocopper reagents to a novel 
2,3-dihydro-4H-pyran-4-one has been crafted, and the 
product stereochemistry has been revealed by high-reso- 

(1) This work was described in part at the l8lst  National Meeting of 
the American Chemical Society, Atlanta, GA, Mar 1981, Abstract No. 
ORGN 52. 

(2) Komoda, Y.; Kishi, T.  In "Anticancer Agents Based on Natural 
Product Models"; Cassady, J. M., Douros, J. D., Eds.; Academic Press: 
New York, 1980; p 353. 

lution 'H NMR spectroscopy. 

2,3-Dihydr0-4H-pyran-l-one Synthesis 
A few 2,3-dihydro-4H-pyran-4ones have been previously 

prepared from D-glucal (2).314 The present synthesis de- 

(3) Inter alia: (a) Fraser-Reid, B.; Walker, D. L.; Tam, S. Y.-K.; 
Holder, N. L. Can. J. Chem. 1973,51,3950. (b) Collins, P. M. Carbohydr. 
Res. 1969, 1 1 ,  125 and references contained therein. (c) Sharma, M.; 
Brown, R. B. Can. J .  Chem. 1966,44, 2825. 

(4) A Diels-Alder route to a racemic analogue of keto alcohol 4 has 
been reported: (a) Danishefsky, S. 'Abstracts of Papers", 181st National 
Meeting of the American Chemical Society, Atlanta, GA, Mar 1981; 
American Chemical Society: Washington, DC; ORGN 133. (b) Danish- 
efsky, S.; Kerwin, Jr., J. F.; Kobayashi, S. J.  Am. Chem. SOC. 1982,104, 
358. 

0022-3263/83/1948-0376$01.50/0 0 1983 American Chemical Society 
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volves from the known5 tert-butyldimethylsilyl ether 3. 
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Table I. Selected Coupling 
Constants (hertz) for Adducts la-d 

I 
OH 0 

2,R.H 4,R.H 

- 3,R.t-BDMSi - S,R=Me 

8 I_a,R=.n-Bu ; lb ,R=i-Bu ; 

k,R:Me ; ld,R=d.Bu. 

Oxidation of the allylic hydroxyl group with activated 
manganese(1V) oxide in dichloromethane provides keto 
alcohol 4 in good yield. Subsequent methylation with 
methyl iodide/silver(I) oxide in dichloromethane gives the 
desired enone 5. Compounds 4 and 5 are easily prepared 
and purified, are nicely crystalline, and are conveniently 
stable a t  room temperature.6 They should prove to be 
useful substrates for a variety of synthesis operations. 

Organocopper Conjugate Additions 
Fraser-Reid and his co-workers' have reported the ad- 

dition of (dimethy1copper)lithium to enone 6 in ether to 
provide compounds 7. The moderate yield and negligible 
stereoselectivity of this process were not encouraging, 
therefore alternative reaction conditions were explored. 

6 &,R'=H,R=Me;  20a  

7_b,R1=Me,R=H: 18% 

Organo(heter0)cuprate reagents incorporating a variety 
of adminicular ligands have been successfully employed 
for many alkyl conjugate addition reactions and often 
possess distinct advantages over their homocuprate 
counterparts.8 Posner et al.9 have described the use of 
organo(hetero)cuprates derived from an organolithium 
reagent and copper thiophenoxide for the conjugate ad- 
dition of primary, secondary, and tertiary alkyl groups to 
a,@-unsaturated ketones. 

Under carefully controlled conditions the organo(hete- 
ro)cuprate reagents 8 conjoin in a l,4-addition mode with 
enone 5 in tetrahydrofuran (THF) to provide adducts 1 
in preparatively useful yields (-65%).1° In contrast to 

compd 
J l a  l b  I C  Id 

51 pax 14 6.1 11.6 6.3 5.9 
J1,Peq 3.9 3.2 4.4 5.4 
543  8.2 4.9 6.8 6.8 

the reaction of the simple organocuprate with enone 6, this 
addition proves to be highly stereoselective, the product 
in each case consisting almost exclusively of a single dia- 
stereomeric adduct. High-resolution lH NMR data in 
support of the stereostructures 1 are detailed below. 

Stereochemical Elucidation 
If the conformation of adducts 1 is assumed to ap- 

proximate a chair cycl~hexanone,~J~ the pendant alkyl 
group at  C-112 could, a priori, be assumed to reside in an 
axial or an equatorial positiori. These possibilities are 
portrayed in partial structures 9 and 10, which represent 

?&:2eq 

O Y  %ax 

- 9a,X=H1,Y=R loa, X=H1,Y=R 

- 9b, X=R,Y= H1 lob, X=R,Y=Hl 

Newman projections down the C-2 to C-1 bond. The 
Karplus relationship13 leads to a prediction that J1,pax and 
Jlm in structures 9a and 10b (R axial) should be moderate 
and similar in magnitude, whereas in structures 9b and 
10a (R equatorial) J1,2ax should be large, and J1,Peq should 
be significantly smaller. The data in Table I clearly in- 
dicate axial positioning of the alkyl group in adducts la,c,d 
and an equatorial tert-butyl substituent in adduct lb. 

The simplest explanation for the 'H NMR spectral data 
in Table I would be that in a l l  four reactions, the incoming 
alkyl group follows the stereoelectronically preferred 
"axial" trajectory to give rise to structure 11. This line 
of reasoning would require that adducts la,c,d remain in 
the original chair conformers 11, while the bulky axial 
tert-butyl group of lb causes an interconversion to alter- 
nate chair conformer 12. The diminished magnitude of 
J4,5 for compound lb lends some credence to this scen- 
ario.13 

Nonetheless, prudence requires consideration of alter- 
native stereostructures. While the configuration at C-5 is 
presumed to be immutable in the present circumstance, 
that at C-4 might have experienced epimerization by way 
of equilibrating en01ates.l~ Although the absence of a 

(5 )  (a) Blackburne, I. D.; Fredericks, P. M.; Guthrie, R. D. Aust. J.  
Chem. 1976,29,381. (b) Blackburne, I. D.; Burfitt, A. I. R.; Fredericks, 
P. R.; Guthrie, R. D. In "Synthetic Methods for Carbohydrates"; El 
Khadem, H. S., Ed.; American Chemical Society: Washington, 1976; ACS 
Symp. Ser. No. 39, 116. 

(6) The triphenylmethyl and tert-butyldiphenylsilyl analogues of 
compound 5 have been prepared and are liquids: Goodwin, T. E.; Loomis, 
J. F.; Seitzinger, N. K.; White, R. B., unpublished results. 

(7) Yunker, M. B.; Plaumann, D. E.: Fraser-Reid, B. Can. J. Chem. 
1977, 55, 4002. 

(8) (a) Posner, G. H. "An Introduction to Synthesis Using Organo- 
comer Reagents": Wilev-Interscience: New York. 1980. (b) Posner, G. 
H.-Org. React. 1972, 1s 1. 

(9) Posner, G. H.; Whitten, C. E.; Sterling, J. J. J. Am. Chem. SOC. 
1973,95,7788. 

(10) The preparation of adduct la via the conjugate addition of di-n- 
butylcopperlithium to enone 5 in THF has now been optimized to provide 
a 94% yield of purified product (see Experimental Section). 

(11) This conformational approximation has been used successfully for 
similar compounds: (a) Paulsen, J.; Bunsch, H. Chem. Ber. 1978, 111, 
3484. (b) Fraser-Reid, B.; Holder, N. L.; Hicks, D. R.; Walker, D. L. Can. 
J.  Chem. 1977,55, 3978. 

(12) (a) The carbohydrate numbering hierarchy which is depicted on 
structure 1 is used throughout this manuscript, the sole exception being 
the current Chemical Abstracts nomenclature used as headings in the 
Experimental Section. (b) In accord with current Chemical Abstracts 
nomenclature, the symbol "a" denotes a substituent orientation which 
is cis to the CHzOSiMez(t-Bu) group, while "p" refers to a trans rela- 
tionship. 

(13) (a) Karplus, M. J.  Am. Chem. SOC. 1963,85, 2870. (b) Jackman, 
L. M.; Sternhell, S. 'Applications of Nuclear Magnetic Resonance 
Spectroscopy in Organic Chemistry", 2nd ed.; Pergamon Press: New 
York, 1969. 

(14) The diminished magnitude of Jl,zeq can be attributed to the an- 
tiperiplanar relationship between H-2, and the electronegative ring ox- 
ygen. See ref 13b and: Booth, H. Tetrahedron Lett. 1965, 411. 
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- BDMSiO\ 

Goodwin et al. 

k C H,b 

11 12 

1-BDMSi 

t-BDMSi 4 t-BDMSi 

C H , b  

rs E 
facilitating proton source renders such enolate isomeriza- 
tion unlikely,16 rejection of 4-epi structures without ex- 
perimental justification seems unwise. 

In order to choose among the stereostructures which are 
diastereomeric a t  C-1 and/or C-4, additional information 
was gleaned from 500-MHz 'H NMR spectra of A2 enol 
acetates which are derived by quenching the appropriate 
conjugate addition reaction mixtures with acetic anhy- 
dride." Spectral assignments (Table 11) were deduced 
from standard chemical shift and coupling constant 
data13bJ8 and extensive spin-decoupling experiments.l9 A 
striking feature of these spectra is the remarkable simi- 
larity in the chemical shifts and coupling constants be- 
tween the n-butyl and tert-butyl compounds. Such 
agreement would be most unexpected if the two enol 
acetates differed in configuration at either C-1 or C-4 (or 
both). The forthcoming conclusion is that both the n-butyl 
group and the tert-butyl group added to the same face (a  
or 0) of enone 5 and that either both resulting enolates 
epimerized at C-4 or neither did. 

Returning to the proviso that the n-butyl group of ad- 
duct la must be preferentially axial (vide supra), four chair 
conformers may be considered which possess the original12 
(a-R) absolute configuration at (2-5, and a variety of con- 
figurations at  C-1 and C-4 (i.e., l a ,  4a; l a ,  40;. 10, 4a; 10, 
40). Two of these, viz., those in which the n-butyl group 
was added to the a (top) face of enone 5 ,  are untenable 
due to excessive positioning of substituents in the axial 

(15) Paulsen and Bunsch"' reported epimerization at  C-4 through 
isomerization of the intermediate enolate in the conjugate addition of 
enone a and ester b to give adduct c as the major product. 

1 !? c 

(16) Cf.: House, H. 0.; Trost, B. M. J .  Org. Chem. 1965, 30, 1341. 
(17) Isolation of a Az enol acetate rather than the A3 isomer does not, 

a priori, exclude the possibility of epimerization a t  C-4. 
(18) (a) Becker, E. D.; 'High Resolution NMR", 2nd ed.; Academic 

Press: New York, 1980. (b) Williamson, K. L.; Johnson, W. S. J. Am. 
Chem. SOC. 1961,83, 4623. 

(19) Computer-simulated spectra generated from the parameters in 
Table I1 were superimposable on the pertinent regions of the experi- 
mental spectra. 

Table 11. Chemical Shifts (ppm from Me,Si) and 
'H Coupling Constants (hertz) for A' Enol Acetates 

chemical shifts, coupling 
6 constants 

n-Bu t-Bu n-Bu t-Bu 
proton (17a) (17b) J (17a) (17b) 

1 4.22 3.84 1,2 2.3 1.9 
2 5.63 5.75 1,4 2.1 2.1 
4 3.83 3.76 1,5 0 0 
5 3.96 4.14 2,4 0.5 0 
6a 3.78 3.72 4,5 3.8 1.5 
6b 3.77 3.77 5,6a 6.2 7.4 

5,6b 4.8 6.2 
6a,6b 10.4 10.0 

orientation; both would contain a 1,3-diaxial interaction 
between the n-butyl group and the 5a-CH20SiR3 substi- 
tutent, and in one the 4P-methoxy would be axial as well. 
These diastereomers would surely exist in the alternate 
chair conformers with maximal equatorial substituent 
arrangements and may be excluded from further consid- 
eration on that basis. Thus, only structures 13 and 14 
should exist with the n-butyl group axial, and only these 
must be considered as possible structures for adduct la. 

Inasmuch as the enol acetate NMR data indicate that 
congeners la and lb have the same relative configurations 
and the adduct NMR data indicate an equatorial tert-butyl 
group for compound lb, the structure of lb is logically 
deduced to be 15 (if la is 13) or 16 (if la is 14). Structures 
13 and 15 correspond to P addition of the organocuprate 
with no subsequent C-4 epimerization, while structures 14 
and 16 would result from 0 addition followed by epimer- 
ization at C-4. 

Finally, dihedral angles were measured from Drieding 
models of both half-chair conformers of those A2 enol 
acetates which would correspond in configuration to ad- 
duct structures 13 (15) and 14 (16). The coupling constants 
predicted for vicinal sp3-sp3 and sp3-sp2 protons and for 
allylic sp3sp2 p r o t o n ~ l ~ J ~ ~ ~  were compared to the observed 
values. Only half-chair 17 provides reasonable agreement 

4' t-BDMSi 

- 17a,R=*t.Bu 

l Z , R = l - B u  

(predicted Jl,2 i= 3 Hz, J 2 , 4  i= 0, J4,5 i= 2-3 Hz), the other 
three conformers leading to predicted values for one or 
more of those couplings which are much larger than those 
observed (predicted Jl,2 of ca. 5 Hz and f or J2,4 of ca. -2 
Hz and/or J4,5 of ca. 15 Hz). Structure 17 corresponds in 
configuration to the putative structures 13 and 15 for the 
adducts, thus allowing their selection in preference to the 
14/16 pair.21 

The adducts discussed herein are therefore assigned the 
absolute configurations depicted in structures la-d, 11-13, 
and 15. The A2 enol acetates possess structures 17a and 
17b. 

(20) Garbisch, E. W., Jr. J. Am. Chem. SOC. 1964, 86, 5561. 
(21) Half-chair conformers of the enol acetates which would corre- 

spond to adducts with a la-alkyl group were also subjected to this 
analysis. With the exception of one half-chair of the 4a-methoxy struc- 
ture, these also lead to predicted values of one or more coupling constants 
which are far larger than those observed. The la-alkyl-4a-methoxy 
structure is, of course, excluded by data presented previously. 
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The vicinal C-4/C-5 protons of half-chair conformer 17 
have a pseudoequatorial/equatorial relationship as evi- 
denced by coupling constants (J4,5) of 3.8 and 1.5 Hz for 
A2 enol acetates 17a,b, respectively. This strongly suggests 
conformational control by the C-1 alkyl substituent, which 
apparently prefers a pseudoequatorial residence. This 
phenomenon has also been observed by  Dawe and Fra- 
ser-Reid22 for a very close structural and conformational 
analogue, Ha, and for its C-1 epimer 18b. In contrast, 
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of Nebraska-Lincoln. Solutions of sodium bicarbonate, ammo- 
nium chloride, sodium chloride (brine), and cupric sulfate were 
aqueous and saturated. Tetrahydrofuran was distilled from 
lithium aluminum hydride immediately before use. Solutions were 
dried over anhydrous sodium sulfate. The organolithium reagents 
were purchased from Aldrich Chemical Co. 

(A) 2,3-Dihydro-4H-pyran-4-one Preparation. (2R- 
trans ) - 2- [ [ [ ( 1,l -Dime t h y le t h y 1 ) dime t h y 1 si1 y 1 ]oxy ] - 
methyl]-2,3-dihydro-3-hydroxy-4H-pyran-4-one (4). This 
procedure is similar to one reported by Fraser-Reid et aL3* A 
mixture of 24.30 g of unpurified diol 3bn,zs and 88.4 g of activated 
manganese (IV) oxide (Aldrich) in 2.3 L of dichloromethane 
(chloroform is also a suitable solvent) was stirred in a stoppered 
flask at  ambient temperature for 20 h, fdtered over a pad of Celite, 
and concentrated in vacuo to give a brown crystalline solid. 
Purification by chromatography over a silica gel column (152 g, 
3.5 X 30 cm) with 1:l ether/petroleum ether BS the eluent provided 
12.824 g of the desired ketone 4 as a white crystalline solid. The 
overall yield from tri-0-acetyl-Dglucal is 54% (yields ranged from 
51% to 72%). One such chromatography provided an analytical 
sample: mp 114.4-115 "C; IR (CHClJ 3515 (m), 1678 (s), 1591 
(s) cm-'; 'H NMR (60 MHz) b 0.0 (s, 6 H, SiMe2), 0.78 (s, 9 H, 
t-BuSi), 3.54 (br s, 1 H, OH), 3.73-4.13 (m, 4 H, CH2 and two 
methine H), 5.22 (d, 1 H, J = 6.0 Hz, C-1 olefinic H), 7.17 (d, 1 
H, J = 6.0 Hz, C-2 olefinic H); -275.44' (c 0.203, CHC13). 
Anal. Calcd for ClzHz204Si: C, 55.78; H, 8.58; Si, 10.87. Found: 
C, 56.00; H, 8.61; Si, 10.59. 

(2R -trans )-2-[ [ [ (1,l-Dimet hylet hyl)dimethylsilyl]oxy]- 
methyl]-2,3-dihydro-3-methoxy-4H-pyran-4-one (5). This 
procedure was suggested by the work of Garden and Thomson.29 
A mixture of 12.824 g (0.0497 mol) of crystalline keto alcohol 4, 
21.325 g (0.150 mol) of methyl iodide, and 23.063 g (0.0995 mol) 
of freshly prepared30 and dried (120 'C oven) silver(1) oxide in 
188 mL of dichloromethane (chloroform is also a suitable solvent) 
was stirred a t  ambient temperature in a stoppered flask for 72 
h. Filtration over Celite and concentration in vacuo left a light 
yellow, crystalline solid. Recrystallization was effected by dis- 
solution in a minimum m o u n t  of petroleum ether and chilling 
to provide 9.523 g (70%) of the desired product as colorless 
needles, mp 53.2-54.5 "C. First crop yields ranged from 68% to 
84%. Additional product of lower quality can be obtained from 
the mother liquor. The first crop served as the analytical sample: 
IR (CHClJ 1681 (s), 1602 (s) cm-'; 'H NMR (60 MHz) 6 0.0 (s, 
6 H, SiMe2), 0.80 ( 8 ,  9 H, t-BuSi), 3.49 (s, 3 H, OMe), 3.64-4.31 
(m, 4 H, CH2 and 2 methine H), 5.17 (d, 1 H, J = 6.0 Hz, C-2 
olefinic H), 7.12 (d, 1 H, J = 6.0 Hz, C-1 olefinic H);  CY]^^,^^ 
-177.05' (c 0.200, CHC13). Anal. Calcd for Cl3HUO4Si: C, 57.32; 
H, 8.88; Si, 10.31. Found: C, 57.21; H, 8.87; Si, 10.24. 

(B) Standardized Conjugate Addition Procedure Using 
a Mixed Heterocuprate Reagent. [2R-(2a,3&6@)]-6-( 1,l- 
Dimethylet hy1)-2-[ [ [ (1,l-dimethylethy1)dimet hylsilyll- 
oxylmet hylItetrahydro-3-methoxy-4H-pyran-4-one (1  b). This 
procedure is patterned after work by Piers and Nagakura3' and 
by Posner, Whitten, and Sterling.g A 2.0 M solution of tert-bu- 
tyllithium in pentane (1.1 mL; 2.2 mmol of tert-butyllithium) was 
added under nitrogen to a stirred suspension of 373 mg (2.161 
mmol) of copper thiopheno~ide~~ in 10 mL of dry tetrahydrofuran 
which was cooled to -20 'C [internal (rather than bath) tem- 
perature]. After 5 min the temperature was lowered to -78 "C 
at which time a solution of 294 mg (1.081 mmol) of crystalline 
enone 5 in 5 mL of THF was added. After 5 min, the dry ice/ 
acetone bath was replaced by an ice/salt bath (-0' C), and 
stirring was continued for 2 h. The dark solution was quenched 
with 1 mL of ammonium chloride solution, diluted with 75 mL 
of ether, filtered over a pad of Celite, washed twice with brine, 
and dried. Removal of solvent left 335 mg of pale yellow liquid 

(27) Corey, E. J.; Weigel, L. 0.; Chamberlin, A. R.; Lipshutz, B. J. Am. 

ncd 

18b - 18a - 

the presence of an exocyclic heteroatomic C-1 substituent 
as in carbohydrate derivatives 19a,bZ3 leads to  a prepon- 
derance of the half-chair conformer in which the C-1 group 
is pseudoaxial due t o  an "anomeric effect".24 

Conclusion 
In summary, conjugate organocopper addition to the 

2,3-dihydro-4H-pyran-4-one 5 is stereoselectively P (bottom 
face), and C-4 epimerization does not occur.26 The use 
of adducts la-d and similar compounds in a maytansinoid 
synthesis will be described in future publications. 

Experimental Section'* 
Boiling points and melting points are uncorrected. For Ku- 

gelrohr evaporative bulb-to-bulb distillations, the oven temper- 
ature is listed and does not necessarily represent the true boiling 
point. Infrared spectra were recorded on a Pye-Unicam SP-lo00 
spectrophotometer. Optical rotations were obtained with a Carl 
Zeiss polarimeter. 'H NMR spectra were run on CDCl, solutions 
with Me4Si as an internal standard (6 0) on either a Varian 
EM-360A (60 MHz), Bruker WH-270 (270 MHz), Bruker WH-400 
(400 MHz), or Bruker WM-500 (500 MHz) spectrometer. Column 
chromatography was carried out by using Merck silica gel 60 
(70-230 mesh). Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, TN. Mass spectral data were provided 
by the Midwest Center for Mass Spectrometry at  the University 

(22) (a) Dawe, R. D.; Fraser-Reid, B. J. Chem. SOC., Chem. Commun. 
1981,1180. (b) The 13C NMR chemical shift values for C-5 of epimers 
18a,b are reversed in the original publicationzza and should be 68.024 
(Ma) and 73.293 (lab) ppm (personal communication from B. Fraser- 
Reid). 

(23) (a) Ferrier, R. J.; Prasad, N. J. Chem. SOC. C 1969, 570. (b) 
Holland, C. V.; Horton, D.; Miller, M. J.; Bhacca, N. S. J. Org. Chem. 
1967,32, 3077. 

(24) The de novo stereostructural assignments for Az enol acetates 
17a,b (and thus for adducts la-d) are further buttressed by the observ- 
ance of homoallylic couplings of the same magnitude = 2 Hz) for 
similar 2,3-dideoxy-2-enopyranoside  derivative^.^^^^^^ 

(25) Fraser-Reid, B.; Carthy, B. J.; Holder, N. L.; Yunker, M. Can. J. 
Chem. 1971,49, 3038. 

(26) High-resolution 'H NMR spectra of adducts l a 4  revealed the 
presence of (isomeric?) impurities. These unidentified impurities gen- 
erally comprise leas than 10% of the mixture, but their presence prevents 
a claim of complete stereoselectivity for the conjugata additions discussed 
herein. 

Chem. Soc. isso, 102,1439. 
(28) (a) Roth, W.; Pigman, W. Methods Carbohydr. Chem. 1963,2, 

405. (b) Tri-0-acetvl-D-ducal is commerciallv available from Pfanstiehl 
Laboratories, Inc., br t6e Aldrich Chemical Co.  

Vol. IV, p 972. 

(29) Garden, J. F.; Thomson, R. H. J .  Chem. SOC. 1957, 2483. 
(30) Pearl, I. A. "Organic Syntheses"; Wiley: New York, 1963; Collect. 

(31) Piers, E.; Nagakura, I. J. Org. Chem. 1975, 40, 2694. 
(32) Posner, G. H.; Brunelle, D. J.; Sinoway, L. Synthesis 1974, 662. 
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which upon Kugelrohr distillation (72 "C, 0.01 torr) gave the 
desired adduct lb: 228 mg (64%); colorless oil; IR (neat) 1727 
(s) cm-'; 'H NMR (400 MHz) 6 0.05,O.M (both s, 3 H each, SiMez), 
0.88, 0.89 (both s, 9 H each, 2 t-Bu), 2.32 (dd, 1 H, Jgem = 15.7, 

(s, 3 H,OMe),3.83 (m,2 H, CHz),3.91(d, 1 H,J4,, = 4.9 Hz,H-4), 
3.97 (m, 1 H, H-5), 4.02 (dd, 1 H, H-1); mass spectrum, m / e  (no 
molecular ion) 273 (M - 57; loss of t-C4H9), 261, 241, 187, 157, 
131,117 (base), 89; exact mass, m / e  273.1509 (calcd for Cl3H%O4Si, 
273.1522). 

The methyl, n-butyl, and sec-butyl analogues were similarly 
prepared. The Kugelrohr distillation and infrared, 'H NMR, and 
mass spectral data follow the names below. 

[2R -(2a,38,6j3)]-6-Butyl-2-[[ [ (1,l-dimethylethy1)di- 
methylsilyl]oxy]methyl] tetrahydro-3-methoxy-4H-pyran- 
4-one (la): 64 "C (0.01 torr); IR (neat) 1735 cm-'; 'H NMR (400 
MHz) 6 0.08, 0.09 (both s, 3 H each, SiMez), 0.91 (9, 9 H, t-Bu), 
0.83-0.95 (m, 3 H, Me of n-Bu), 1.21-1.41 (m, 6 H, CH2CHzCHz 

(dd, 1 H, J1,20 = 6.1 Hz, H-24 [in one 270-MHz spectrum 6 2.66 

3.48 (s, 3 H, OMe), 3.72 (dt, 1 H, J4,5 = 8.2 Hz, J5,6 = 3.1 Hz, H-51, 
3.85 (apparent d, 2 H, C-6 CHz), 3.85 (d, 1 H, H-4) [in one 270- 
MHz spectrum 6 3.79 (dd, 1 H, J4,5 = 8.0 Hz, J2rr,4 = 1.1 Hz, H-4)], 
4.27 (m, 1 H, H-1); mass spectrum, m / e  (no molecular ion) 273 
(M - 57,  loss of t-C4Hg), 241,161, 131 (base), 117,89; exact mass, 
m / e  273.1521 (calcd for CI3Hz5O4Si, 273.1522). 

[2R -(2a,38,68)]-2-[ [ [ (1,l-Dimethylethyl)dimethylsilyl]- 
oxylmethylltetrahydro-3-met hoxy-6-methyl-4H-pyran-4-one 
(IC): 69 "C (0.075 torr); IR (neat) 1728 cm-'; 'H NMR (400 MHz) 
6 0.09, 0.10 (both s, 3 H each, SiMez), 0.92, (s, 9 H, t-Bu), 1.23 
(d, 3 H, J = 8.4 Hz, Me), 2.38 (dd, 1 H, Jgem = 13.6 Hz, Jl,zo = 

OMe), 3.80 (m, 1 H, H-5), 3.86 (m, 2 H, CHz), 3.88 (d, 1 H, J4,5 
= 6.8 Hz, H-4), 4.54 (m, 1 H, H-1); mass spectrum, m / e  (no 
molecular ion) 231 (M - 57; loss of t-C,H,), 161, 131 (base), 117, 
89; exact mass, m / e  231.1045 (calcd for C10Hlg04Si, 231.1052). 

24 [ [ (1,l-Dimethylethy1)dimet hylsilyl]oxy]methyl]tetra- 
hydro-3-methoxy-6-( l-methylpropyl)-4H-pyran-4-one (ld)? 
71 "C (0.01 torr); IR (neat) 1727 cm-'; 'H NMR (400 MHz) 6 0.11, 
0.12 (both s, 3 H each, SiMe2), 0.92 (s, 9 H, t-Bu), 0.82-0.97, 
1.41-1.79 (both m, 9 H total, sec-Bu), 2.56 (dd, 1 H, Jgem = 14.2 

(5, 3 H, OMe), 3.77 (m, 1 H, H-5), 3.84 (apparent d, 2 H, J5,6 = 
3.0 Hz, C-6 CHz), 3.84 (d, 1 H, J4,5 = 6.8 Hz, H-4), 4.00 (m, 1 H, 
H-I), minor diastereomer% 6 2.59 (d, 2 H, J1,2 = 5.4 Hz, C-2 CHZ); 
mass spectrum, m / e  (no molecular ion) 273 (M - 57, loss of 
t-C,Hg), 241, 161, 156, 131, 117, 89, 87 (base); exact mass, m / e  
273.1534 (calcd for Cl3HZ5O4Si, 273.1522). 

(C) Optimized Conjugate Addition Procedure with (Di- 
n -butylcopper)lithium to Prepare Adduct la. A 1.6 M so- 
lution of n-butyllithium in hexane (15.75 mL; 25.20 mmol of 
n-butyllithium) was added under nitrogen to a stirred slurry of 
copper(1) iodide (Aldrich Gold Label, oven dried at 100 "C; 2.400 
g, 12.602 mmol) in 150 mL of dry THF at 0 "C (internally 

J1,za = 3.2 Hz, H - 2 ~ ) ,  2.61 (dd, 1 H, J1,zo = 11.6 Hz, H-2P), 3.43 

of n-Bu), 2.39 (dd, 1 H, Jgem = 13.8 Hz, J1,Yp = 3.9 Hz, H-2/3), 2.71 

(ddd, 1 H, J,,, = 13.8 Hz, Jl,zm = 5.9 Hz, Jzu,4 = 1.1 Hz, H - ~ u ) ] ,  

4.4 Hz, H-2/3), 2.71 (dd, 1 H, J1,zm = 6.3 Hz, H - 2 ~ ) ,  3.48 (9, 3 H, 

Hz, J , ,  = 5.4 Hz, H-2/3), 2.63 (dd, 1 H, J1.h = 5.9 Hz, H-~cx), 3.47 

(33) No stereodescriptors are given in the name for compound Id in 
the Chemical Abstracts system because the configuration about the chiral 
center in the see-butyl group is unknown. 

(34) Apparently a minor isomer is produced which is epimeric about 
the chiral center in the sec-butyl side chain. 

(35) Note Added in Proof: Th e  stereochemistry portrayed for adduct 
la has been confirmed by X-ray crystallographic analysis of a derivative 
(Cordes, A. W.; Noble, M. C.; Goodwin, T. E., unpublished results). 

(36) Note Added in Proof: The yield of adduct lb  is routinely >90% 
with use of a chromatographic (silica gel) rather than a distillative iso- 
lation. 

(37) Note Added in Proof A pertinent review on the chemistry of 
hexenuloses (e.g., 4, 5) has recently appeared: Holder, N. L. Chem. Reu. 
1982, 82, 287. 

monitored temperature). After 5 min the mixture was cooled to 
-78 "C, and a solution of 2.2851 g (8.401 mmol) of enone 5 in 5 
mL of THF was added at  a rate such that the temperature re- 
mained at -78 "C. After an additional 1 h and 50 min, the mixture 
was allowed to warm to -20 "C and maintained at  that temper- 
ature for 0.5 h. The reaction was quenched with 8 mL of saturated 
ammonium chloride solution, filtered over Celite, diluted with 
500 mL of ether, washed with two 150-mL portions of brine, and 
dried. Evaporation of the solvent left a cloudy, yellow oil which 
upon distillation provided 2.599 g (94%) of adduct la  as a clear, 
colorless liquid, bp 104-105 "C (0.005 torr). The spectral data 
for this compound are recorded above. 

(D) Preparation of Enol Acetates. [2R-(2a,3@,68)]-6-Bu- 
tyl-2-[ [ [ (1,l-dimet hylethy1)dimet hylsilyl]oxy]methyl]-3,6- 
dihydro-3-methoxy-2H-pyran-4-01 Acetate (17a). This 
preparation was carried out as described for la above, except the 
reaction was quenched with acetic anhydride to provide after 
Kugelrohr distillation an 87% yield of enol acetate 17a as a light 
yellow liquid: 76 "C (0.005 torr); IR (CHC13) 1757 (s), 1693 (w) 
cm-'; 'H NMR (500 MHz) 6 0.06,0.07 (each s, each 3 H, SiMe2), 
0.90 (s, 9 H, t-BuSi), 0.85-1.65 (m, 9 H, n-Bu), 2.17 (s, 3 H, OAc), 
3.41 (9, 3 H, OMe), 3.77, 3.78 (AB of ABX,'& 2 H, J,,, = 10.4 

0.5 Hz, '2-4 methine), 3.96 (X of ABX,'& 1 H, J5,6a = 6.2 Hz, J5,6b 
= 4.8 Hz, C-5 methine), 4.22 (m, 1 H, C-1 methine), 5.63 (dd, 1 
H, J1,z = 2.3 Hz, olefinic H); mass spectrum, m / e  (no molecular 
ion) 315 (M - 57, loss of t-C4H9), 273 (base, m / e  31.5 - 42, loss 
of CHzCO), 241, 213, 153, 145, 131, 117, 89; exact mass, m / e  
315.1547 (calcd for Cl5HZ7O5Si, 315.1628), 273.1538 (calcd for 
Cl3HZ5O4Si, 273.1522). 

[2R-(2a,38,68)]-6-( l,l-Dimethylethyl)-2-[ [[ (1,l-dimethyl- 
ethyl)dimethylsilyl]oxy]methyl]-3,6-dihydro-3-methoxy-2H- 
pyran-4-01 Acetate (17b). This preparation was carried out as 
described for lb above except the reaction was quenched with 
acetic anhydride to provide after Kugelrohr distillation a 72% 
yield of enol acetate 17b as a pale yellow liquid 71 "C (0.005 torr); 
IR (CHC13) 1735 (s), 1695 (m) cm-'; 'H NMR (500 MHz) 6 0.08 
(9, 6 H, SiMez), 0.90 (s, 9 H, t-BuSi), 0.95 (9, 9 H, t-BuC), 2.18 
(s, 3 H, OAc), 3.40 (9, 3 H, OMe), 3.72, 3.77 (AB ofABX,'& 2 H, 

Hz, C-4 methine), 3.84 (dd, 1 H, J1,2 = 1.9 Hz, C-1 methine), 4.14 
(X of ABX,18a 1 H, J5,6a = 7.4 Hz, J5,6b = 6.2 Hz, C-5 methine), 
5.75 (d, 1 H, olefinic H); mass spectrum, m / e  (no molecular ion) 
315 (M - 57, loss of t-C,Hg), 273 (base, m / e  315 - 42, loss of 
CH2CO), 213, 185, 153, 141, 117, 89; exact mass, m / e  315.1630 
(calcd for C15H2?05Si, 315.1628), 273.1533 (calcd for Cl3HZ5O4Si, 
273.1522). 
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