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had been saturated, accompanied by partial reductive cleavage 
of the benzylic C-O bond of the sugar. Metallic ytterbium17 led 
to a very clean and completely selective saturation of the central 
anthracene ring. One of the factors that complicated the reduction 
was the hydrolytic lability of the styryl enol ether double bond. 
This reactivity suggested the reduction conditions that were ul
timately successful. Clean formation of 916 took place in 88% 
yield by careful alternate addition of methanolic HCl and NaB-
H3CN to a solution of 8 in ethanol at 25 0C.18 The pH of the 
mixture was kept at approximately 4.5 by monitoring the color 
of bromocresol green which had been added to the reaction 
mixture. Under these carefully controlled conditions the reaction 
was clean and did not result in loss of any of the protecting groups. 
The stereochemistry of the newly generated stereogenic center 
was confirmed by observing the NOE between the axial benzylic 
methine hydrogen and the methine proton adjacent to the methyl 
on the sugar. 

Attention was focused on the introduction of the five-carbon 
chain. Several general approaches to this problem were evaluated; 
the higher degree of convergency that was attained with 6 made 
it the reagent of choice. Treatment of an equimolar mixture of 
6 and stannylanthracene 10 with 0.06 equiv of Pd2(dba)3-CHC13 
and 0.12 equiv of triphenylphosphine" in THF at 70 0C for 48 
h, with scrupulous exclusion of air, afforded 45-50% of ll16 along 
with ca. 15% of 9. The stereogenic center on the side chain was 
introduced in good yield by addition of lithium dimethylcuprate 
to ll.12 The product (12;16 60% yield) was obtained as a single 
diastereoisomer, as determined by 1H NMR at 300 MHz. This 
result was confirmed by 1H NMR at 500 MHz on the quinone. 
The conversion of 12 to vineomycinone B2 methyl ester was 
accomplished in two steps. Oxidation of 12 with bis(pyridine) 
silver permanganate20 in dichloromethane afforded anthraquinone 
13. AU protecting groups were removed in a single operation by 
exposure of 13 to HCI in anhydrous methanol at 23 °C for 4 h 
to afford methyl ester 1 in 35% overall yield as a single isomer.21 

The synthetic material was identical with an authentic sample 
by spectroscopic comparison.22 

To summarize, a general methodology for appending C-glycosyl 
units onto anthraquinones has been developed and has been used 
for a highly convergent synthesis of 1. The ready availability of 
hydroxyanthraquinones suggests that this methodology is suitable 
for the synthesis of other, more complex members of this class 
of natural products. 
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Eliel has devised a chiral 2-acyI-l,3-oxathiane 1 employing 
(+)-pulegone as a chiral auxiliary and has utilized it for the 
synthesis of optically active tertiary alcohols 2 bearing a carbonyl 
function at the a-position.1 The enantiomeric purity of 2 rests 
upon the diastereoselectivity of nucleophilic addition of a Grignard 
reagent to acyloxathiane 1 to give 3 according to Cram's chelate 
model 4' (Scheme I). 

Although this process is versatile for the synthesis of various 
optically active tertiary alcohols, only one enantiomer can be 
derived from one substrate 1. The other enantiomer 5 could be 
obtained by means of an opposite face selective attack of an 
organometallic species giving diastereomeric 6 according to a 
chelate model 7. We have observed that use of lanthanide tri
chlorides to mediate addition of organolithium or -magnesium 
species can realize the above expectation. Precedence for a lan-
thanide-mediated reaction of alkyllithium and -magnesium 
reagents with carbonyl compounds comes from the work of Im-
amoto, who has disclosed extremely high nucleophilicity of al-
kylcerium and other organolanthanide reagents.23 Since highly 
reactive organocerium reagents have been utilized in the synthesis 
of chiral amines from SAMP-hydrazones, both an alkyllithium 
and an alkylcerium reagent show the same diastereoselectivity.4 

Opposite diastereoselectivity caused by lanthanide reagents has 
been little studied.56 This paper describes a reaction with ex
tremely high diastereocontrol induced by ytterbium. 

The reaction of 2-acyl-l,3-oxathiane 1 (R = Me, Et, Ph) with 
1-pentynylcerium dichloride (R'Li + CeCl3 -* R'CeCl2; R' = 
CH3CH2CH2C=C) gives diastereomer 6 predominantly, in 
contrast to the selective formation of 3 by R'Li.7 The reaction 
with R'YbCl2 (R'Li + YbCl3) shows better diastereoselectivity 
to give 6 exclusively;8 R'YC12 (R'Li + YCl3) behaves similarly. 
Results are summarized in Table 1. 

The reaction of 1 with 1-pentynylmagnesium bromide 
(R'MgBr) gives mainly 3. Ytterbium-mediated reaction gives 
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(7) The diastereomer ratio (3/6) was determined by 1H NMR analysis. 
The proton signal at C(2) of 3 (R = Me) appears at S 4.96, and the corre
sponding proton of 6 (R = Me) is observed at 6 4.82. The intensity ratio of 
the two signals corresponds to the molar ratio of 3 and 6. Moreover, optical 
rotations of the hydrolyzed products confirm the stereochemistry: Hydrolysis 
and successive reduction of 3 (R = Me; 34% de) gave (/?)-2-methyl-3-pen-
tyne-l,2-diol ([a]2l

D +0.33 ± 0.04°) whereas the same treatment of 6 (R = 
Me; 93% de) afforded the 5 isomer ([a]2'D -0.75 ± 0.05°). 

(8) R'YbCl2 is prepared by the reaction of R'Li with YbCl3. As the bond 
length of Yb-C is shorter than that of Ce-C, organoytterbium species make 
the chelate structure at the transition state compact, which may contribute 
to the high diastereoselectivity. 
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Table I. Reaction of 2-Acyl-l,3-oxathiane 1 with 1-Pentynylmetals (F 

R'M (equiv) 

R'M (2) 
R'M (2) + CeCI3 (3) 
R'M (2) + YbCl3 (3) 
R'M (2) + YCl3 (3) 

KR 
M = Li 

3 + 6» [3/6]c 

84 [74/26] 
66 [11/89] 
99 [3/97] 
63 [4/96] 

= Me) 
M = MgBr 
3 + 6 [3/6] 
99 [66/34] 
57 [10/90] 
35 [2/98] 
18 [4/96] 

I'M)" 

1(R = 
M = Li 

3 + 6 [3/6] 

94 [75/25] 
99 [7/93] 
99 [2/98] 
99 [6/94] 

"Et) 
M = MgBr 
3 + 6 [3/6] 
78 [84/16] 
46 [38/62] 
39 [1/99]'' 
99 [6/94] 

1(R = 

M = Li 
3 + 6 [3/6] 

98 [91/9] 
99 [44/56] 
52 [6/94] 
56 [6/94] 

-Ph) 
M = MgBr 
3 + 6 [3/6] 

98 [97/3] 
41 [38/62] 
0 
0 

"Experimental procedure is described in ref 9. 
5-min-aged R'MgBr + YbCl3 reagent was used. 

*Yield (%). cRatio was determined by 1H NMR. ''Chemical yield 99% (3/6 = 0/100) when 
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6 exclusively; however, the yield of product is low. Reactions with 
YCI3- and CeCl3-mediated species show high diastereoselectivity 
giving 6. Results are included in Table I.9 

Considerable attention has been focused on the reaction with 
YbCl3-mediated Grignard reagents. A THF solution of R'MgBr 
was treated at 0 0C with a suspension of YbCl3 in THF, and the 
mixture was immediately used in the reaction with 1 at -78 0C 
for 2 h, or the mixture was stirred at 0 0C for an aging period 
before reaction with 1. Combinations of aging time, yield, and 
ratio 3/6: 0 min, >99%, 0.2/99.8; 5 min, >99%, 0/100; 30 min, 
78%, 0/100; 2 h, 39%, 0.4/99.6; 18 h, 0%. Reaction of 1 (R = 
Et) with a 2-h-aged reagent at 0 0C for 3 h gives 6 (95.4% de) 
quantitatively. 

These results suggest the following: (1) Reaction of R'MgBr 
with YbCl3 gives a reactive species R7MgBr-YbCl3 (8) which 
shows high reactivity and diastereoselectivity. (2) Transmetalation 
giving (R'YbCl2)2 (9) proceeds slowly at 0 0C and is completed 
within 18 h; unchanged substrate 1 was recovered in the reaction 
with 9 at -78 0C. (3) Since the reaction of 1 with 8 proceeds 
smoothly at -78 0C but sluggishly with 9 at the same temperature, 
the nucleophilic reactivity of 8 is higher than that of 9. 

It is important to note that ytterbium plays the principal role 
in the control of diastereoselectivity of the reaction, in spite of 
the existence of two metal species, ytterbium and magnesium, in 
the reaction mixture. These observations suggested that the same 
type of diastereoselective reaction could proceed by the addition 
of a Grignard reagent to a mixture of 1 and YbCl3. This ex
pectation was realized in the addition of a THF solution of 1-
pentynylmagnesium bromide to a 1/3 mixture of 1 and YbCl3 

in THF at -78 0C to give 6(R = Me, 98.6% de) in quantitative 
yield. 

Although the mechanism of reaction of 1 with Yb-mediated 
reagents has not been clearly understood, a possible mechanism 
to account for the high diastereoselectivity is depicted in chelate 
transition structure 11 (reaction with 8; MLn = MgBr, L' = Cl) 

(9) (a) Typical procedure using CH3CH2CH2C=CYbCI2: Finely pul
verized YbCl3-6H20 (485 mg, 1.25 mmol) was heated to 150 0C under 
vacuum for 2 h. Then 4 mL of THF was added to the cooled material all at 
once with vigorous stirring. The mixture was sonicated. To this suspension, 
maintained at -78 0C, was added a THF solution of 1-pentynyllithium (R'Li, 
0.83 mmol; 1.22 mL of 0.68 M solution), and the reaction mixture was stirred 
at -78 0C for 2 h. A THF solution of 1 (R = Et, 107 mg, 0.42 mmol in 4 
mL of THF) was then added at -78 0C. The reaction mixture was stirred 
at -78 0C for 3 h and then quenched with saturated NH4Cl solution, (b) 
Typical procedure using R'MgBr + YbCl3: A THF solution of R'MgBr was 
added to a suspension of YbCl3 in THF at 0 0C. The resultant mixture was 
stirred at 0 0C for 2 h and then used for the reaction with 1 at -78 0C as 
described above. 

and 12 (reaction with 9; MLn = YbCl2, U = R').10'" 
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methoxy-l-(phenylthio)-2-pentanone = 1/2.2/27/49, obtained by competitive 
reactions with MeYbCl2) suggests that Yb coordinates with two O and one 
S to give 10. As the S-C bond is longer than 0-C, attack of R'Mg or R'Yb 
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Metal nitrene (or imido) chemistry has expanded1 since olefin 
amination with d0 osmium(VIII) reagents was achieved.2 Zir
conium nitrene monomers display insertion reactions3 and activate 
CH bonds,4 and a d6 iridium nitrene, Cp*IrNBu', inserts a variety 
of electrophilic organic substrates.5 Nonetheless, well-charac
terized electrophilic nitrene complexes remain elusive. Aziridine 
products form from nitrene transfer to cyclooctene after acylation 
of manganese porphyrin nitride with trifluoroacetic anhydride,6 

and tosyl nitrene insertion reactions have been mediated with metal 
porphyrins.78 Group VI nitrene complexes such as X(dppe)2W-
(NH)+,9 L2Cl2(CO)W(NPh),10 and (Et2NCS2)2Mo(NPh)2" do 
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