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ceeds in a catalytic mode, it requires strict reaction conditions 
and suffers from low translcis selectivity (z 3/1). The present 
asymmetric aziridination is a stoichiometric reaction but may 
represent a promising general" 61 and practical approach to op- 
tically active functionalized aziridines due to its compatibility to 
a wide range of substrates, high yields, and very mild reaction 
conditions. Furthermore, the ylide precursors (chiral sulfides) 
could be easily recovered in higher than 80 YO yields without loss 
of optical purity and reused. Though the ee value of the product 
is not very high (maximum 84.9%, reaction 6), it can be eff- 
ciently improved by a single recrystallization from n-hexane; 
this may offer a practical utility of these products. For example, 
the ee values of the products from reactions 3 and 4 can be 
increased from 69.5 YO to 96.6 % and from 77.5 % to 99.1 YO for 
yields of 58% and 52%, respectively. The opposite asymmetric 
induction was achieved with sulfonium salts containing exo-sul- 
lido groups (3, reactions 1-8) to provide (2R)-( -)-aziridines 
and endo-sulfido groups["1 (4 and 5, reactions 9-14) to provide 
(2s)-( + )-aziridines. Chiral acetylenylaziridines are very diffi- 
cult to prepare by the two direct approaches based on carbene, 
nitrene, or aza-Darzens reaction!'*' 

Experimental Section 
General procedure for aziridination: 2 (0.5 mmol), the chiral sulfonium salt 3,4. or 
5 (0.6 mmol), and Cs,CO, (0.6 mmol) were mixed and stirred in CH,CI, (3 mL. 
reagent grade, used directly without drying) at room temperature in air. After the 
reaction was completed (TLC, 2-5 h), the reaction mixture was filtered through a 
short silica-gel column to remove inorganic salts. The filtrate was concentrated and 
purified by chromatography on a silica-gel column with petroleum ether(60-90'C) 
and ethyl acetate (4 1) as the eluent to give pure (-)- or (+)- N-sulfonyl acetylenyl- 
aziridines I .  Chiral sulfides 6, 7, or 8 were also recovered (>80% yields). 
3, 4, or 5 -  A mixture of a chiral sulfide [14] 6, 7, or 8 (2.004 g, 10 mmol) and 
3-trimethy~silylpropdrgyl bromide 1191 (2.294 g, 12 mmol) in acetone ( 3  mL) was 
stirred at room temperature for 6-48 h. Most of acetone was removed under re- 
duced pressure, and the residue collected by filtration, washed with dry ether 
(3 x 40 mL), and dried under vacuum at room temperature to give the desired 
sulfonium salt as a white solid. It was used directly without further purification. 
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Taxol(1) is an attractive molecular target both in terms of its 
biological activity and its synthetic complexity, which includes 
a conformationally restricted ABCD ring system bearing many 
stereogenic centers with interesting functional gr0ups.I' - 31 We 
have focused on the 
development of a OH 
method for construct- BzNH 0 
ing the B ring of the 

D O  
taxoid There Ph i 13 
are several methods OH 14 , 2 H  4! 

for the preparation of 
medium-membered 
rings, however, it has 
been difficult to effect direct cyclization of eight-membered 
rings due to entropic and enthalpic effects.['I This is especially 
true, if the conformation of the desired cyclic molecule is re- 
stricted in a highly strained conformation, such as in the taxoid 
system, thereby making the preparation of the ring from a 
strain-free acyclic compound even more difficult. We have pre- 
viously reported several methods for overcoming this problem; 
for example, the contraction of large-membered ring molecules 
and the intramolecular alkylation of cyanohydrin ethers with 
alkyl iodides, tosylates, and allylic halides, efficiently form 10- 

OAc20 
HO BzO 
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to 15-membered rings.r6, 'I Herein, we report the cfficient forma- 
tion of the eight-membered B ring of the taxoid system by the 
latter method. 

Scheme 1 summarizes our initial study on the formation of 
the B ring of the taxoid system, in which the CD rings are 

EEO CN m- 
OEE 

0 

@P OH 

2 3 

4 5 
Scheme 1. Construction of the B ring in an aromatic taxoid system by intramolec- 
ular cyclization. EE = ethoxyethyl 

replaced with an aromatic ring. We planned to cyclize the B ring 
at  positions C9 and C10 by applying an intramolecular 
cyanohydrin alkylation. In this respect, it was important to dc- 
termine the feasibility of the alkylation of C10 in 2 by C9 and 
that of C9 in 4 by C10, which should lead to 3 and 5, respective- 
ly. The syntheses of 2 and 4 are shown in Scheme2 The 

9, X = Y = 0, Z = OAC 11, X =  H, Y = CI 
6 1 0 ,  X = H, Y = 2 =OH g' e G 1 2 ,  X = CN, Y = OEE 

Scheme 2. a) AICI,. CH,CI,, 0°C. 5 h. 61%,  b) HC(OMe),,pTsOH, 25 C, 5 h, 
51 O/o + 31 '% (isomer), c) diisobutyl aluminum hydride (DIBAL), CH,CI,, - 78 C, 
30 min, 91 YO; d)  MnO,, PhH, 25 'C, 44% [recovery of starting material: 40%); 
e )  TMS(CN). [IX]crown-6 KCN;  1 N HCI, T H F ;  p-TsOH. ethylvinyl ether [EVE), 
84--88% in three steps; f) TBSCI, DME imidazole; PPTS, EVE, CH,CI,-PhH, 
91 "A) ( two steps); 9) DMSO, NaHCO,, 1 10 'C.  10 h, 77%; h) TBAF, THF;  MsCI, 
NEt,, CH2CI,; LiCI, T H E  79% [two steps). 

Friedel-Crafts reaction of geranyl acetate (6) with ortl70- 
(chloromethy1)benzoyl chloride (7) gave a diastereomer mixture 
of 8 by acid-catalyzed olefin cyclization.[xl Dehydration of the 
tertiary alcohol in 8 provided tetrasubstituted alkene 9 in 51 % 
yield, together with an endo isomeric alkene (30 'YO). Stereoselec- 
live reduction of the ketone in 9 and deprotection of the acetate 
using DIBAL furnished diol 10 in 91 YO yield. Selective oxida- 
tion of the allylic alcohol gave the enal, which was converted to 
the protected cyanohydrin ether 2 in three steps (84% overall 
yield). The cyclization precursor 4 was also prepared from 10: 
Selective protection of the primary alcohol of 10 with tert- 

butyldimethylsilyl chloride (TBSCI), followed by protection of 
the secondary alcohol with EVE gave 11 in 91 YO yield. Oxidation 
of 11  with DMSO afforded the aldehyde, which was converted 
to the protected cyanohydrin ether 12 as previously described. 
Deprotection of the TBS group in 12, followed by chlorination 
afforded the cyclization precursor 4 in 79 YO overall yield. 

The closure of the eightmembered ring in 2 and 4 was 
achieved by intramolecular alkylation (Scheme 1). Treatment of 
2 or  4 with LiN(SiMe,), in T H F  at 80 "C immediately produced 
the cyclized products in 93 and 89% yields, respectively. The 
products underwent sequential hydrolysis with acid and base 
leading to the desired cyclic ketones 3 and 5 in 80% and 95% 
yields, respectively.['] The structure of 3 was unambiguously 
determined by X-ray crystallographic analysis.[lol Thus, we 
have found that intramolecular alkylation of cyanohydrin 
ethers can form the eight-membered ring in both directions 
(CIO + C9, C9 + C10) leading to ABC taxoids with an aromat- 
ic C ring. 

We then examined whether this method could be applied to 
the formation of taxoid system 14 with a nonaromatic C ring 
(Scheme 3). The cyclization of 13 must overcome the transannu- 

Scheme 3. Construction of the B ring in a nonaromatic Vaxoid system by in- 
tramolecular c~clization 

lar interactions of the dimethyl groups (17-Me and 19-Me) 
which are close during the construction of the B ring. We pre- 
pared the cyclization precursor 13 as follows (Scheme 4): Ac- 
cording to the reported method,r11,121 ihe epoxide 15 was ob- 
tained by the coupling reaction of a vinyllithium species 

a - C - 13 
16, X = H, OTBS, Y = OH 

b G  17, X = 0, Y = OTS 
15 

Scheme 4. a) LiAIH,, ether, 25'  C, 82"/0;  isopropenyl methyl ether, camphorsul- 
ionic acid (CSA), CH,CI,. O'C, quant . .  Pd(OH),. H,, AcOEt, 25 C, 16 h, 8 9 % ,  
b) TsCI, Py, 25 C ,  14 h, quant ; tetrabutylammoniuin fluoride (TBAF), THF, 
25 C. 18 h, 93 ?'O ; tetrapropylaininonium perruthenate [TPAP), 4-methylmorpho- 
line N-oxide [NMO), 25 C .  5 h. 7 6 % :  c) 'fMS(CN). [IX]crown-6 KCN; I K  HCI, 
T H F ,  p-TsOH, EVE, CH,CI,, 59% [three steps). 

corresponding the A ring moiety with [vans-6-benzyloxyl- 
methyl-6-methyl-3-cyclohexenecarboxaldehyde.~131 Reduction 
of 15 with LiAlH,,["] followed by protection of the resulting 
1,2-diol, gave the corresponding acetonide, whose hydi-ogena- 
tion and concomitant deprotection of the benzyl ethcr furnished 
alcohol 16. Tosylation of the neopentyl function in 16, followed 
by deprotection of TBS provided the allylic alcohol, which was 
oxidized by TPAP1l4I to afford enal 17 in 71 YO overall yield. The 
cyanohydrin ether 13 was prepared from 17 analogous to step 
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(e) in Scheme 2. Intramolecular alkylation of 13 proceeded in 
70% yield by using LiN(SiMe,), in refluxing dioxane 
(Scheme 3 ) .  Treatment of the cyclized products with acid fol- 
lowed by base gave the desired cyclic enone 14 in 58 YO overall 
yield (based on 13). The stereochemistry of 14 was fully consis- 
tent with the N M R  data and was confirmed unequivocally by 
NOE difference spectro~copy.~' 5* It is noteworthy that the in- 
tramolecular alkylation using cyanohydrin anions overcame not 
only the transannular interactions in the formation of the taxoid 
B ring but also the steric hindrance in the alkylation a t  the 
neopentyl position. 

In summary, we have demonstrated that the intramolecular 
alkylations of the cyanohydrin ethers are effective for the forma- 
tion of the B ring of the taxoid systems with not only aromatic 
but also nonaromatic C rings. 
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The technique of directed molecular evolution1'] is a powerful 
tool in the emerging field of evolutive biotechnology. In vitro 
selections have been carried out to isolate RNA aptamers direct- 
ed against various molecular targets12] and to develop ai-tificial 
ribozymes with stunning catalytic Preliminary re- 
sults with DNA indicate that artificial deoxyribozymes exhibit- 
ing interesting catalytic functions can be achieved as well.['] 
Directed molecular evolution may also prove useful in the 
search for an exponential self-replicating system based on 
oligodeoxynucleotide analogs.[51 Our objective was to select a 
5'-aminooligodeoxynucleotide that can catalyze the carbo- 
diimide-dependent condensation of the trideoxynucleotides 
CCGp and pCGG to yield the hexanieric 3'- 5'-pyrophosphate 
CCGPPCGG.[~]  Such an aminooligodeoxynucleotide could act 
as a nucleophilic catalyst, that is, a leaving group, for phospho- 
ryl transfer (Figure 1). Similar transphosphorylations involving 
phosphoramidates and pyrophosphates occur in reactions cata- 
lyzed by T7-DNA ligase."] 

Figure I .  Schematic repi-esentation of the template-directed trlinsphosphorylation 
reaction (Av = Avidine, Bt = Biotin) 

To better understand the proposed transphosphorylation, we 
studied uncatalyzed reactions between N3-CCGpnT (1) and 
pCGG-dansyl (2) with HPLC (UV and fluorescence detec- 
tion).18] Even after long reaction times (up to two months) no 
fluorescent hexadeoxynucleotide N3-CCGppCGG-dansyl re- 
sulting from phosphoryl transfer could be detected. Hydrolysis 
of the 3'- 5'-phosphoramidate bond (pn bond) was the only 
reaction observed, and the logarithm of the rate of hydrolysis is 
linearly dependent on the pH of the aqueous solvent. Between 
pH = 3 and 7,lY1 the pseudo-first-order rate constants follow 
Equation (1) .  

lg(k/h I )  = 1.2 - 0.97 x pH (1)  
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