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Summary: Organocerium reagents undergo efficient and 
highly diastereoselective carbonyl addition reactions with 
2'-deoxy-3'-ketonucleosides derived from thymidine, 2'- 
deoxycytidine, and 2'-deoxyadenosine. 

In connection with a project directed toward the syn- 
thesis of new oligodeoxynucleotide analogues, we desired 
an efficient and direct method for C-C bond formation at 
C-3' of 2'-deoxynucleosides. Among the various options 
that are organometallic additions to 3'-keto- 
nucleosides 2 appeared to be an attractive possibility. At  
the outset of this work, however, only the ketothymidine 
2a was known in the literature,3 and the well-d~cumented~~~ 
sensitivity of 2a toward the &elimination of thymine had, 
with two exceptions: thwarted previous efforts to add 
organometallic reagents to the carbonyl function, Herein 
we report that organocerium reagents, which have become 
established as nonbasic highly-nucleophilic reagents for 
carbonyl additions? undergo facile additions to keto- 
thymidine 2a. In the course of our investigation, Robins 
and Samano reported that the Dess-Martin periodane7 was 
a superior oxidant for the preparation of ketonucleosides,8 
and this observation has allowed us to extend the scope 
of our method. Specifically, the previously unreported 
3'-kete2'-deoxy adenosine 2b and 3'-kete2'-deoxy cytidine 
2c, despite their extreme propensity toward &elimination, 
are readily prepared in greater than 90% yield by per- 
iodinane oxidation of the corresponding protected 2'- 
deoxynucleosides 1 (Scheme I).gJO 

We examined organocerium reagents derived from 
MeMgBr, CH2=CHMgBr, and Me,SiCd!Li and CeC1, 
(1:l) as representatives of sp3, sp2, and sp carbon nucleo- 
philes. In the case of the relatively stable ketothymidine 
2a, excellent yields of the addition products were obtained 
in all three cases (3a, 9390, 4a, 9190; Sa, 91%), whereas 
the more sensitive ketoadenosine 2b afforded somewhat 
lower yields of the addition products (3b, 63%; 4b, 60%; 
5b, 48%)." Although we have only limited data on the 
ketocytidine 2c, it appears to be intermediate in stability 
and provided the methyl addition product 3c in 76% yield. 
In each case, the addition product consists of a single 
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diastereomer, within the limits of detectability. Difference 
NOE experiments on adduct 3b clearly established the 
configuration at C-3' to be as shown, in agreement with 
e~pectation.~ 

Our general procedure for the addition of organocerium 
reagents to the ketonucleosides 2 is as follows: CeC13.7H20 
(6 equiv) was dried at 140 "C under vacuum (<1 mmHg) 
for at least 4 h. After the resulting powder was cooled 
under an argon atmosphere, cool12 THF was added and 
the mixture was stirred for about 16 h. The resulting 
mixture was cooled to -78 "C whereupon the organo- 
metallic reagent (6 equiv) was added. The mixture was 
stirred for 1 h, and then a precooled (-78 "C) solution of 
the ketonucleoside in THF was added via Teflon cannula. 

(9) The method of Robins and Samano8 was employed for the prepa- 
ration of 2b and 2c with only minor modifications, as described in the 
following procedure for 2b. To a solution of 119.1 mg (0.20 m o l )  of lb 
in 3 mL CHzClz at  0 "C was added Dess-Martin periodinane reagent (255 
mg, 0.60 m o l )  as a powder, and the mixture was stirred at  0 "C. After 
30 min, the ice bath was removed and the reaction was stirred for 90 min 
(until starting material w a ~  consumed according to TLC analysis). The 
reaction was partitioned between ethyl acetate and 10 mL of saturated 
aqueous NaHC03 containing 1.5 g of sodium thiosulfate and was shaken 
vigorously for 2-3 min. The organic layer was washed consecutively with 
saturated aqueous NaHC03, HzO, and saturated aqueous NaCl. The 
combined aqueous layers were extracted once with ethyl acetate. The 
organic layers were combined, dried (anhydrous NazS04), and concen- 
trated in vacuo (525 "C) to give 110.1 mg (92%) of 2b as an amorphous 
solid: lH NMR (300 MHz, CDC13) d 8.71 (8, 1 H, C8-H), 8.34 (8, 1 H, 
C,-H), 8.04 (d, 7.1 Hz, 2 H, Ar H), 7.7-7.2 (m, 13 H, Ar H), 6.68 (t, J = 

NMR (125 MHz, CDClJ 6 208.2, 164.4, 152.8, 152.3, 151.6, 149.7, 140.8, 
135.6, 135.4, 133.7, 132.8, 132.3, 129.9, 129.2, 128.9, 127.8, 127.8, 123.4, 
107.9,85.4,83.2,81.2,63.4,42.7,26.9,19.3.~ A typical ratio of product to 
@-elimination in the unpurified product IS 201 as determined by 'H 
NMR. Attempts to purify this sensitive material resulted in a loss of 
material without gain in purity. 

(10) The periodinane is extremely sensitive to moisture with concom- 
itant loss of activity. In several instances, the cause of failed oxidation 
reactions was determined to be hydrolytic deactivation of the periodinane 
reagent. 

(11) Although we have found that, in several instances, employing 
significantly less than 6 equiv of the organocerium reagent led to incom- 
plete conversion under our standard reaction Conditions, we have not 
attempted to modify the reaction conditions to minimize the excess of 

7.2 Hz, 1 H, CIP-H), 4.3 (t, J = 2.8 Hz, 1 H, CI,-H), 4.04 (d, J = 2.8 Hz, 
2 H, C~,-H'S), 3.25 (d, J = 7.2 Hz, 2 H, CZ-H's), 1.01 (8, 9 H, t-Bu); "C 

organicerium reagent. 

miya, Y .  J. Am. Chem. SOC. 1989,111,4392-4398. 
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After 30 min at -78 OC, the reaction was quenched by 
addition of glacial acetic acid (ca. 15 equiv). The reaction 
was partitioned between ethyl acetate and 2 M phosphate 
buffer (pH 7). The aqueous layer was extracted Wce with 
ethyl acetate, and the combined organic layers were dried 
(Na2S04) and concentrated. Purification of the residue 
by chromatography provided the alcohols 3-5 as amor- 
phous solids, which were homogeneous by 'H NMR, 13C 
NMR, and HPLC analysis. 

In summary, organocerium additions to 2'-deoxy 3'- 
ketonucleosides provide general access to an interesting 
class of nucleoside derivatives not previously accessible in 
a direct way. Studies underway in our laboratory are 

focused on extending the scope of the two-step sequence 
and on the conversion of the adducts to biologically in- 
teresting nucleoside and oligonucleotide analogues. 
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Summary: (-)-Urdamycinone B, the enantiomer of a 
natural antitumor antibiotic, was synthesized by employing 
polyketide condensation reactions. 

C-Glycoside angucycline is a relatively large group of 
antitumor antibiotics. Structurally, they are of polyketide 
origin possessing benz[a]anthracene nuclei with one C- 
glycosidic linkage at the 9-position and several 0-glycosidic 
linkages.' Urdamycin B was isolated from Streptomyces 
fradie2 and was converted to urdamycinone B (1) by a 
careful cleavage of 0-glycoside bonds; the aglycon also 
showed antitumor activities (Chart I). We now wish to 
report the first total synthesis of a member of this anti- 
biotic group. Synthesis of (-)-1, the enantiomer of the 
natural urdamycinone B, fully utilizes polyketide con- 
densation  reaction^.^ 

Claisen condensation of a 8-hydroxyglutarate 3 with 
acetoacetate dianion followed by Ca(OA~)~-promoted 
aromatization gave a 1,8-naphthalenediol 4 with a 8-C- 
glycoside linkage at the 7-position in 40% yield (Scheme 
I).4 The construction of the C- and D-ring of (-)-l was 
thus achieved in short steps. Synthesis of the A and B 
rings was conducted based on the following strategy: (i) 

'Preaent Addreas: Department of Chemistry, Faculty of Science, 
Tohoku University, Aoba, Sendai 980, Japan. 
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Hayakawa, Y.; Iwakiri, T.; Imamura, K.; Seto, H.; W e ,  N. J. Antibiot. 
1985, 38, 960. Saquayamycins: Uchida, T.; Imoto, M. Watanabe, Y.; 
Miura, K.; Dobaahi, T.; Matauda, N.; Sawa, T.; Nakagawa, H.; Hamada, 
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Floss, H. G. J. Antibiot. 1989, 42, 1151. The stereochemistry of urda- 
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conversion of the aliphatic carboxylate of 4 to a methyl 
ketone and introduction of an acetylacetone unit to the 
aromatic carboxylate and (ii) controlled intramolecular 
aldol reaction of the resulted polyketide derivative. 

The strategy was examined first by the synthesis of 
(f)-tetrangomycin (2)5 from keto ester 5: which lacks the 
C-glycoside moiety (Scheme 11). De-tert-butoxy- 
carbonylation, lactonization with K2C03, and protection 
of the phenolic hydroxy group with MOM ether gave an 
enol lactone 6. The aromatic carboxylate was reduced to 
aldehyde with DIBAL to prepare for the subsequent in- 
troduction of the acetylacetone unit. Lithiated acetyl- 
acetone monothioketal added to the aldehyde carbonyl of 
keto aldehyde 7 chemoselectively, and aromatization in the 
presence of K2C03 gave anthracene 8 in 52% yield. Al- 
though the acetylacetone dianion also reacted effectively 
with 7, the trials of the aromatization encountered side 
reactions such as retro-Claisen condensation. Anthra- 
quinone 9 was synthesized from 8 by the deprotection of 
the MOM group, quinone formation by aerobic oxidation3 

(5) Kuntamann, M. P.; Mitacher, L. A. J. Org. Chem. 1966,31, 2920. 
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