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The biological significance of carbocyclic analogues of nu- 
cleosides and of hydroxyalkylated purines' and the widespread 
use of protecting groups in the synthesis of such compounds led 
us to explore whether transition-metal-catalyzed alkylations would 
enhance selectivity and, consequently, improve synthetic efficiency. 
An initial question relates to regioselectivity as exemplified by 
the reaction of 2-pyrimidinone with vinyl epoxide 1 (eq 1). Unlike 
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the case of carbon nucleophiles,* a lower propensity for attack 
distal to oxygen to give the 1,Cproduct exists3 The ratio of 2:3 
increases by switching from THF to 2:l THF/HMPA and also 
by using triisopropyl phosphite rather than triphenylphosphine 
as ligand. The choice of vinyl epoxide can also play a role as shown 
by the contrast between the acyclic and cyclic epoxides 4 and 5 
in which exclusive 1,2-attack can be achieved in the former case 
to give 64 and 1,Cattack in the latter case to give 7.4 

The success of the latter experiment led us to explore a synthesis 
of the carbanucleoside natural product ar i~teromycin~,~ in which 
the regio- and diastereoselectivity of the 1 ,Csubstitution would 
be totally controlled by Pd(0) templates. During the course of 
these studies, we discovered a most unusual directive effect in cis 
hydroxylations' which permits a stereocontrolled synthesis of both 
the natural product and its 2',3'-diepi or lyxo isomer. 

*Address correspondencc to author at Department of Chemistry, Stanford 
University, Stanford, CA 94305. 
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Scheme I." Retrosynthetic Analysis and Synthesis of 
(f )-Aristeromycin 
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"(a) 0.6 mol % P ~ ( O A C ) ~ ,  6 mol % (i-C,H70)3P, 1.2 mol % n- 
C4H9Li, 1 equiv of adenine, 1:l THF/DMSO, 0 OC to room tempera- 
ture, 67% (based upon recovered adenine). (b) ClC02CH,, CSHSN, 
CH,C12, 0 OC to room temperature, 85%. (c) LiCH(N02)S0,Ph,  5 
mol % (dba),Pd,(CHCl,), 50 mol % Ph3P, THF, reflux, 82%. (d) i. 
KMn04,  0.6% aqLeous NaOH, H 2 0 ,  0 OC; ii .  TsOH, (CH,),C(OC- 
H,),, (CH3),C0, 50 OC, 45%. (e) i. N H 4 0 H ,  C H 3 0 H ,  room temper- 
ature, 81%; ii. NaOCH,, CH,OH, O,, -78 OC, 70%. (f) i .  DIBAL-H, 
1:i CH2CI2/PhH, 45 OC, 82%; ii. 1.5 M aqueous HCI, 80 OC then 
Dowex 1x8-50 (OH form), 70%. 

Scheme I outlines the retrosynthetic analysis and synthesis of 
aristeromycin (8). By equating the hydroxymethyl group of 8 
with an ester as in 9 and consequently a nitrosulfone as in 10, we 
make the critical correlation of the 2,3-cis hydroxyl substitution 
as deriving from a sterically least-hindered cis hydroxylation of 
an olefin as in 11. The choice of nitrophenylsulfonylmethane as 
a carboxy equivalent derives from its ability to serve as a nu- 
cleophile in Pd(0)-mediated alkylations.* Thus, we have two 
substituents, each one of which can serve as a nucleophile, situated 
in a cis 1,4-fashion on a cyclopentene ring-an ideal orientation 
for Pd(0)-controlled reactions starting from cyclopentadiene 
monoepoxide. 

Using 0.6 mol % of [i-C3H70)3P]4Pd generated in situ9 with 
a 1:l ratio of adenine and cyclopentadiene monoepoxide at 0 "C 
for 3 h and 25 'C for overnight gave the cis 1,4-alkylated product 
13 whose structure is fully secured by its spectroscopic data.4 
Alkylation of N-9 of the adenine is consistent with other base- 
promoted reactions of adenine with saturated epoxides.I0 Sub- 
stitution of the generated allylic alcohol must now occur with 
retention of configuration-a type of process that is nicely provided 
by Pd(0) templates" as shown in the transformation of the 
carbonate l Z 4  into the desired 1 ,rl-cis-disubstituted cyclopentene 

Cis hydroxylation was anticipated to proceed on the sterically 
least-hindered face trans to both groups. Treatment with catalytic 
osmium tetroxide and a stoichiometric amount of N-methyl- 
morpholine N-oxide13 in aqueous THF followed immediately by 
conversion to the corresponding acetonide produced presumably 
10a and, after base hydrolysis, lob. The conversion of the ni- 
trosulfone to a carboxylic acid equivalent required o~onolyzing'~ 
a methanolic sodium methoxide solution of the nitrosulfone to give 
the presumed ester 9 in 75% yield. DIBAL-H reduction of the 
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ester to the alcohol (83% yield) and aqueous hydrochloric acid 
hydrolysis followed by neutralization with a basic resin gave a 
single carbanucleoside in 66% yield. Neither the mp of the 
synthetic product (mp 168-70 “C) nor the spectral data (IH and 
I3C NMR) corresponded to (f)-aristeromycin. 

Since the spectral data for both 13 and 11 appeared totally in 
agreement with the assigned structures, we considered whether 
the cis hydroxylation may have been “directed” to the more 
hindered face to give 15.4 A NOE study of the corresponding 
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methyl ester 164 showed irradiation of Hb enhanced both H, 
(8.3%) and Hf (5.6%) in agreement with the cis 1,Crelationship 
of the ester and the adenine. Irradiation of H, enhanced both 
Hd and He indicating their cis relationship, and irradiation of Hd 
enhanced both H, and Hf indicating their cis relationship. Thus, 
all of the structures starting from the cis hydroxylation product 
to the end must be reassigned as 15-17,4 and the final product, 
then, is (f)-lyxo-aristeromycin (17).4 

To probe the source of the unusual hydroxylation stereochem- 
istry, we hydroxylated 18 and 19. NMR Eu(+3) induced shift 
studies allow assignment of the stereochemistry of 204 as trans 
as ‘e~pected”.’~ An NOE study of the nitrile 22, derived from 
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the initial hydroxylation product 21 upon treatment with titanium 
trichloride,* showed the same pattern as for lbconf i rming  the 
‘abnormal” all cis orientation. Comparison of the results of the 
reaction of 11, 18, and 19 strongly implicates the nitrosulfonyl- 
methane substituent as the director of the osmylation. Since 
sulfones are known not to direct osmylation,’ it appears the source 
of the stereocontrol is coordination of osmium with the nitro group. 

To resolve the issue of aristeromycin synthesis, we required a 
hydroxylation reagent that would not coordinate to the substituents 
present in 11. Indeed, basic potassium permanganate16 effects 
cis hydroxylation of 11 to give a product isomeric with 15. This 
time, following the same sequence as before (use Scheme I), gave 
(&)-aristeromycin, whose spectral data is identical in all respects 
with an authentic sample. 

The Pd-based reactions provide a very short and convenient 
synthesis of this carbacyclic nucleoside analogue. Other members 
may be readily created by similar means or through some of the 
intermediates reported herein. For example, introduction of a 
double bond in conjugation with the ester of 9 by sulfenylation- 
dehydrosulfenylation or the selenium equivalent followed by re- 
duction forms neplanocin.’’ Furthermore, both the natural and 
the 2,3-di-epi series are available with complete stereocontrol. The 
unusual directive effect of the nitro group in cis hydroxylations 
via catalytic osmylations should prove valuable in stereocontrolled 
syntheses. 
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Alkynyl benzoates, tosylates, and phosphates have recently been 
prepared,Iavb and for R C e O T s  addition of protic acids HX 
shown to form RCH=CX0Ts,lc while CH30H/K2C03 gives 
RCH2COzCH3 and CH30Ts.la These compounds are of great 
interest for comparison to other ester types2 and for the study of 
substitution of alkynyl  system^,^ and we now report that these 
substrates hydrolyze by several interesting mechanisms, including 
both electrophilic and nucleophilic attack on the triple bond. 

In aqueous H2S04 1-propynyl benzoate (l), diethyl 1-hexynyl 
phosphate (2), and 1-hexynyl tosylate (3) were found by ‘H NMR 
analysis of the reaction products to give the carboxylic acid 
corresponding to the alkynyl moiety, together with the acid derived 
from the acyl portion of each ester (eq 1-3). The reaction 

H20 

H P  
H2SO4 

CH~CECOBZ (1) CH3CH2C02H + BzOH (1) 
H?% 

n-BuC=COP03Etz (2) - 
n-C5HIICO2H + (EtO),P02H (2) 

H2O 
n - B u C e O T s  (3) - n-CSHI,CO2H + TsOH (3) H901  

products from neutral aqueous solution containing CH,CN co- 
solvent were reacted with CH2N2, and the methyl esters of the 
same acids were isolated and identified. The additional product 
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