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Summary: The effective dual use of a chiral auxiliary 
in two sequential steps is reported; this sequent auxiliary 
mediates diastereoselective C-C bond formation in the 
first step and mediates diastereoselective heterocycliza- 
tion in the second step. 

Development of a synthetic strategy wherein a single 
chiral auxiliary moiety is called upon to mediate more 
than one diastereoselective transformation would lead to 
significantly improved synthetic economy and atom ef- 
ficiency. Orchestrating such an event in a context where 
the chiral auxiliary delivers an optically pure target 
molecule with both diverse functionality and controlled 
relative stereochemistry would further enhance the 
strategic advantage. We envisioned the enantioselective 
two-step conversion of substrate I to y-butyrolactone I11 
as an ideal candidate for evaluating the synthetic poten- 
tial of this sequent awiliary concept (Figure 1; AUX 
mediating diastereoselective C-C bond formation in step 
1 and diastereoselective heterocyclization in step 2 to  
yield optically pure substrate 111). 

The use of nitrogen-based auxiliaries to control step 1 
is well doc~men ted ,~ .~  and insight into managing the 
selectivity of step 2* came with Yoshida’s discovery that 
an N,N-dialkylamide5 auxiliary greatly improved the 
diastereoselectivity of I1 - I11 (AUX = -OH vs -NMe2 
being x 1:2 vs 9:1, respectively). Building on these leads, 
we sought an auxiliary moiety which would mediate both 
step 1 and step 2, ideally effecting each transformation 
with complete stereocontrol, and report herein the real- 
ization of that goal. 

N,N-Disubstituted amides are known to undergo eno- 
lization with complete Z-enolate selectivity2b and conse- 
quently simplify diastereoselective Ca-alkylation to a 
question of re- versus si-face selectivity. With this in 
mind, only nitrogen heterocycles were selected as sequent 
auxiliaries to mediate I - I1 - I11 (auxiliaries depicted 
in Table 1). In all cases, enolate formation (LDA, THF, 
-78 “C) followed by addition of the electrophile (-78 “C 
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Figure 1. 

Table 1. Auxiliary-Mediated Alkylation of Amides“ 
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i. LDA, THF - - - - - - - - - - -  -R’ =methyl : allyl 
- 1 -  

ii. R21 - - - - - - - - - - -  -R2- allyl : methyl 

! 

n 

R’ 
In each case, the major diastereomer is depicted and the minor 

diastereomer is epimeric at Ca. The C2-symmetric piperidine 
auxiliary used here had an optical purity of 76%. 

- rt) delivered the Ca-alkylated amide in excellent 
chemical yield (80-90%). Product evaluation PH-NMR 
of amides 1-8 and subsequent GC analysis of the 
resulting iodolactones 9 and 10; see Table 2) revealed 
that the commercially available L-prolinol auxiliary6 gave 
the poorest diastereoselectivity (I - 1/21 and that the C2- 
symmetric piperidine3“ (I - 3/4) and oxa~olidinone~ (I - 5/6) auxiliaries gave generally high selectivity but yet 
exhibited some electrophile-based variability. In con- 
trast, employing (2R75R)-bis[[[(1,1-dimethy1ethyl)dim- 
ethylsilyl]oxy]methyl]pyrrolidine, a Cz-symmetric pyrro- 
lidine auxiliary prepared from D-mannitol by modification 
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Table 2. Anxiliary Mediated Kinetic IodolaetonizationsO 
AUX 

(1.51) 

2 928 17 2 75 6 
*3 w:10 11 2 i¶ 8 
b 4  946 E3 5 11 1 

5 nz? 2 0 76 P 
6 88:12 n 10 11 2 
7 >99:<1 0 0 la, 0 
8 s99:<1 la, 0 0 0 

a Product ratios determined by capillary GC analysis using a 
Bcyclodextrin on OV-1701 column (30 m x 0.25 flm, isothermal 
at 95 "C): t~ 9- = 92.0 min, t~ Ssr = 94.3 min, t~ loss = 92.4 
min, t~ IOrr = 93.7 min. The C2-symmetric piperidine auxiliary 
used here had an optical purity of 76% ee. 

Figure 2. Electrophilic cyclization transition states. See refs 
11 and 12. For clarity, auxiliary W I  has been removed from 
these presentations of VI and VII. 

of chemistry developed by Marzi,8 resulted in completely 
stereoselective Ca-alkylation (I - 7/8) regardless of 
whether the electrophile was iodomethane or 3-iodopro- 
pene. 

The pentenamides obtained from step 1 (1-8) were 
subjected to kinetic iodolactonization conditions [3 equiv 
of iodine, THF/H20 (1.5:1), rtl to evaluate the efficacy of 
each auxiliary in controlling step 2. Positioning the Ca- 
methyl substituent in a pseudoaxial orientation (See 
Figure 2) is paramount to the stereoselective mediation 
of step 2,% and it was this requirement we hoped to fulfill 
with the four auxiliaries shown in Table 1. Moreover, 
we hoped that interplay between the Ca-s tementer  and 
the stereogenic auxiliary (cf 1 versus 2) would not lead 
to matched and mismatched selectivities. 

In that regard, we were pleased to find that bprolinol- 
derived amides 1 and 2 were both trans-selective. How- 

(81 Marzi, M.; Misiti. D. Tetrahedron Len. 1963,30,6057. 
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ever, the degree of selectivity (928::trans:cis) was dis- 
appointing. The differences in selectivity between 
piperidine-derived amides 3 versus 4 (9010 versus 9 4  
6:trans:cis selectivity, respectively) and oxazolidinone 
amides 5 versus 6 (78:22 versus 88:12:trans:cis selectiv- 
ity, respectively) suggested the increasing interference 
of double diastereoselectivity. We were therefore grati- 
fied to find that pyrrolidine-derived amides 7 and 8 
undergo 100% stereoselective trans-iodolactonization in 
87-90% yield. Taken in concert, the 100% stereoselective 
Caalkylation of step 1 with the 100% stereoselective 
cyclization ofstep 2, this pyrrolidine-based sequent aux- 
iliary delivers either antipode of 9 with complete optical 
purity! 

In contrast to amides 1-8, kinetic iodolactonizati~n~ 
of 2-methyl-4-pentenoic acid proceeds with poor selectiv- 
ity favoring the cis-isomer (S10:l:2.1).10 AM1 quantum 
mechanical calculations" suggest that transition states12 
IV and V (Figure 2) represent the competing pathways 
for the electrophilic cyclization (bromolactonization)llb of 
this acid and account for the poor selectivity (IV favored 
by 0.307 kcavmol). Calculation of transition stated2 
incorporating pyrrolidine-based auxiliary VIn in the 
cyclization of amides show that  conformational biases 
caused by the interplay between this auxiliary and the 
Ca-stereogenic center force the Ca-methyl substituent to 
adapt a pseudoaxial orientation in both competing tran- 
sition states. In so doing, the auxiliary has the effect of 
refocusing the transition state competition from methyl- 
equatorial IV versus methylarial V (AHnw-v, = -0.307 
kcal/mol) to methylaxial VI versus methylaxial VI1 
(AHm-w) = -2.30 kcdmol). The exceptional selectivity 
obtained with our sequent auxiliary in amides 7 and 8 
corroborates this analysis. 
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