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Metalated aziridines 1 (R' = alkyl, aryl) have obvious potential 
for the stereospecific preparation of 2,3-disubstituted aziridines.' 
Several attempts to generate 1 are mentioned in the l i t e r a t~ re ,~ .~  
but practical results have so far been restricted to stabilized 
derivatives 2 (X = electron-withdrawing g r ~ u p ) . ~  There is one 
previous report that describes the generation of la or lb via 
reductive desulfonylation of 1 -phenyl-2-(phenylsulfonyl)a~iridine.~ 
The C-lithio derivative la does not survive the reaction conditions, 
but lb can be trapped by aldehydes. On the other hand, lb reacts 
with acetyl chloride to give acylation products of a ring-opened 
enamine (or the N-magnesio enamine). The mechanistic details 
are not yet clear.2a Ring opening is also encountered with the 
analogous C-lithio oxiranes, and a-elimination and electrocyclic 
decomposition pathways are ~3ssible.4~~ Conditions for stabilizing 
and trapping these highly reactive species at -90 OC have only 
recently been de~cribed.~ 

In view of the above background, we were surprised to find that 
C-lithiddines 3a and 3b are accessible by tin-lithium exchange. 
We now describe the preparation and synthetic potential of these 
reagents, together with observations regarding their unusual de- 
composition pathway . 

Scheme I summarizes the synthesis of 4 from the N-tritylamino 
alcohols 5.6 Swem oxidation7a followed by treatment of the amino 
aldehyde 6 with B u ~ S ~ L ~ / T H F ~ ~  (-78 OC; slow warming to 0 "C) 
afforded the stannyl amino alcohols 7. The relative stereochem- 
istry was deduced later, after conversion to the lithio aziridines. 
However, the addition reaction of 6b gave one dominant diaste- 
reomer with a 40: 1 preference for 7b. This result corresponds to 
a chelation-controlled addition of Bu3SnLi to 6b, as in analogous 
organolithium addition reactions of N-protected a-amino aldehyde 
derivatives.8 The C-methyl analog 7a was formed with similar 
selectivity according to NMR assay, but the exact diastereomer 
ratio could not be established because 7a was less stable to 
chromatography. The adduct was therefore converted directly 
into the aziridine 4a (74%) using Mitsunobu conditions that were 
effective with 7b (79%).9 

Treatment of 4a or 4b with n-butyllithium at -78 OC resulted 
in tin-lithium exchange.I0 The CH30CH20-substituted stan- 
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Table I. Trapping Reactions of 2-Lithioaziridines 3a and 3b" 
entry R 2  R' E+ product yield, 9% 

1 H  Me MeOH 9a 92 
2 D  M e  D20 9b 85 
3 PhCH(0H)  Me PhCI-IO 8a 66 (l.9:1)6 
4 H  C H 2 0 M O M  MeOH 9c 87 
5 D  CH2OMOM D20 9d 84 

7 c1 CHZOMOM C2C1, 10 92 
8 PhCH(0H)  C H 2 0 M O M  PhCHO 8c 81 (1.4:1)b 
'All reactions were performed in THF at -78 O C .  *Diasteromcr 

6 CO,Et CHZOMOM EtOCOCl 8b 64 

ratio, stereochemistry not assigned. 

? 

Figure 1. X-ray structure of crystalline 15. 

nylaziridine was substantially more reactive toward n-butyllithium 
(for 4b, 15 min at -78 OC; for 40, -60 OC followed by brief 
warming to -10 "C), suggesting a beneficial role for the potentially 
coordinating methoxymethyl (MOM) group in the tin-lithium 
exchange. However, no clear difference in anion reactivity was 
observed. Both 3a and 3b were trapped efficiently at  -78 OC using 
typical electrophiles, as summarized in Table I. Quenching 
experiments with D20 gave the deuterated aziridine 9d (ca. 97% 
D,), and the stereochemistry was established from the charac- 
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teristic J2.3 = 6.1 Hz.! ' . '~ Similar coupling constants of ca. 6 
Hz were eventually found in a number of the other trapping 
products 8, all of which are assigned cis stereochemistry on the 
basis of the NMR data. Thus, 3 is configurationally stable due 
to the aziridine Finally, to establish synthetic utility, 
the ester 8b (entry 6, Table I) was detritylated to give the cor- 
responding N-H aziridine (80% yield) using formic acid in 
methanol at room temperat~re. '~ 

When 3b was quenched with hexachloroethane, the 2-chloro- 
aziridine 10 was obtained in good yield. Only a few isolated reports 
mention 2-~hloroaziridines,'~ but they are relatively stable com- 
pared to other a-chloroamines. Thus, 10 survived rapid chro- 
matography over silica gel. However, prolonged contact with the 
adsorbent (TLC, PLC) resulted in ring cleavage and formation 
of 6b, probably via hydrolysis of the azirenium intermediate 11. 
The same intermediate could also be trapped with Grignard 
reagents to give 2,3-disubstituted aziridines. Heating in THF was 
necessary to convert the chloroaziridine to 12, and the trans 
diastereomers predominated (R2 = Ph, 6.5: 1 transxis, 64% iso- 
lated; R2 = 1-naphthyl, 1O:l transcis, 71% isolated). These are 
the results expected from trapping of 11 from the less hindered 
face, and increased selectivity is observed with the more hindered 
naphthyl Grignard reagent.I4 

Based on the behavior of C-lithioo~iranes,~,~ we had expected 
that thermal decomposition of 3 might lead to mixtures resulting 
from a-elimination or electrocyclic ring 0pening.49~ However, these 
reactions have not been detected. Instead, warming the pale 
orange 3a or 3b in THF above -10 "C produced a red color, and 
quenching at room temperature afforded a single major product 
in each case.I5 Since the product is an isomer of 9a according 
to exact mass and contains the characteristic NMR signals of a 
tranr-2,3-disubstituted aziridine (J2,3 = ca. 3 Hz), it can only be 
14, the product of N-to-C trityl migration. This structure has 
been confirmed after tosylation of 14b to afford 15. The X-ray 
structure of this crystalline substance is shown in Figure 1. 

We have been unable to find previous examples of anionic 
Stevens rearrangement involving trityl groups. There is one re- 
ported case of an anionic N-to-C migration of a benzyl group in 
the literature,Iob as well as several other more distantly related 
nitrogen Stevens rearrangements.16 There are also some indi- 
cations that triarylmethyl can behave as an anionic leaving goup.!' 
This precedent suggests the hypothetical sequence from 3 to 16, 
followed by recombination to give 13. However, 16 is not in- 
tercepted by external butyllithium even if a 10-fold excess of the 
reagent is used for tin-lithium exchange. A caged radical-radical 
anion pair mechanism via 17 appears more likely from 3 to 13. 

Tin-lithium exchange succeeds with secondary a-amino- 
alkyllithium reagents R2NCH(R')Li if R' can stabilize the C-Li 
bond by dipole'& or conjugation effects,!" but metal exchange 
usually fails when R' = alkyl.'& The C-lithiated aziridines 3 are 
the first known exceptions to this rule, probably due to enhanced 
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s character in the exocyclic bonds. However, the enforced syn 
arrangement of C-Li and lone-pair orbitals may also be important 
and could be among the reasons why 3 is resistant to electrocyclic 
ring opening. Work is in progress to determine the role, if any, 
of nitrogen stereochemistry in the aziridine. 

The methodology summarized above provides access to cis- or 
trans-2,3-disubstituted aziridines. We plan to evaluate enan- 
tiomerically pure C-lithioaziridines for applications in total syn- 
thesis. 
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Muamvatin,' isolated from the Fijian pulmonate mollusc Si- 
phonaria normalis, is a novel marine polypropionate containing 
an unusual 2,4,6-trioxaadamantane ring system. Extensive NMR 
studies by Ireland et a1.l allowed the partial structural assignment 
1, where the side-chain stereochemistry (Clo, CI1)* could not be 
fully defined. We now report the first total synthesis of (+)- 
muamvatin, making use of efficient, substrate-based, aldol ster- 
eocontrol. This synthesis allows the complete assignment of the 
stereochemistry and leads to a general configurational model for 
this class of siphonariid  metabolite^.^^^ We find that the triox- 
aadamantane ring system is readily produced by silica gel-pro- 
moted rearrangement, such that the muamvatin structure may 
well be an artifact of the isolation process. 

Molecular modeling5 of the four possible diastereomers of 1 
allowed a prediction of the Cl0  relative stereochemistry (but not 
Cl l ) .6  Hence, we chose to first synthesize the aldehyde 2 with 
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