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Absbwcf: A systematic study has been made of the utility of readily available C&mtneuic aziridiues 
as auxiliaries for asymmetric alkylatiou and aldol reactions of amide enolates. Azhihes with suitably 
placed oxygen atoms in the side &aim proved to be useful for alkylatlon reactions (d.e. values up to 
z-9896) and the results are explained io terms of an intramolecularly chelated Z-enolate species, which 
could be observed directly by means of NMR spectroscqy. In contrast, aziridiue auxiliaries lack@ 
side-chaiu oxygeus performed better io aldol reactions (syn selectivity up to 98% d.e.) for which a 
Zii-Traxler transitiou state is pmposed.‘After reaction, the awiliaries cau be cleaved off non- 
destructively under mild conditions to afford either opdcally pure aldehydes or carboxylic acids. 

Introduction 

In an earlier communication’ we presented some promising preliminary results regarding the use of C,- 

symmetric axiridines as chiral auxiliaries for asymmetric alkylations and aldol reactions. In this paper we 

describe in detail the synthesis of enantiomerically pure Cz-symmetric aziridines and report the results of a 

systematic study of the factors responsible for the asymmetric induction observed in the reactions of the 

corresponding amide enolates. 

Aziridine synthesis 

Our chosen route (Scheme 1) reties on the availability, in enantiomerically pure form, of the relevant 

epoxides and the stereospecific conversion‘ of these to axiridines. The epoxides were Fit ring-opened by the 

axide anion and the resultant axido alcohols were ring-closed either directly (PPh3) or via the corresponding 

mesylates (LiAlH4). Overall, the epoxide-to-axiridlne transformation occurs with clean inversion at both 

carbons of the original epoxide and with no loss of enantiomeric purity. Standard acylation then provides the 

desired amides in good to excellent overall yields. 
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Scheme 1. (a) NaN3; (b) PPhs; (c) (i) MsCl (ii) LiAlHd; (d) R’C!H2COC1 or (R’CH&ZO)~O 

As shown schematically below, the requisite epoxides are easily available in both enantiomeric 
forms (Scheme 2). The enautiomers of tartazic acid can be converted to epoxides of type A by the method 
of Nicolaou3, thus providing aziridines B with etherea sidechains. Alternatively, the products of 
Sharpless asymmetric dihydroxyh~tion~ (AD) of symmetrical fru11.9 ok&ins were us& to prepare 
epoxides C which were transformed to azhidines D lacking oxygens in the sidechains. 

(+)-tartarictid -‘, Ro_&OR ) 

(or enantiomer) + 

ROTOR 

A 
B 

(or ensntiomer) 

(or enaatiomer) 

A 
D 

(or enantiomer) 

Scheme 2. Routes to enantiomerlcdly pure epoxides and aziridlnes. 

Dlastereoselective alkylatlon 

The alkylation reactions (Eq. 1 and Table 1) wem carried out by formation of the enolate at -78OC 
in THP solution, asing lithium hexamethyldisiide (LiHMDS) as base, followed by addition of the 

electrophile. Use of lithim diisopropylamide &DA) as base gave poorer and less qroducible results: 

both chemical yields and diastekoselectivi~ were lower. 
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Aziridinesuhstrate 

1. Rl=R2=CH2OBn. R3=CH3 5. Rl=R2=CH2Ph, R3=CH3 
2. Rl=R2=CH2OCH3, R3=CH3 6. Rl=R2=F’h, R3=CH2OBn 
3. Rl=R2=PBU, R3=CH3 7. Rl=R2= R3=CH2OBn 
4. Rl=R2=Ph, R3=CH3 

Table 1. Electrophilic alkylation of aziridine amides. 

Wry Axiridine W Ratio Abs. config. Isolated yielda 

1 1 BnBr >99:1 (R) 88% 

2 2 BnBr z&9:1 (R) 63% 
3 3 BnBr 8oC20 74% 

4 4 BnBr 5245 59% 
5 5 BnBr 8oQil 70% 

6 6 MeI 91:9 65% 
7 7 Md 6&40 65% 

rAfkSflrb&mm&s&y.Noutamp@tooprhniastbs~tlmva~~. UarctDdltrtingmrtszta 
siVSmanb&w& 

For entries 1.2. and 7 in Table 1, enankmerkahy pun aCdiuea pmpamd from (+)-tar&c acid 
wereused,whileracemicmaterialswereusedforeneies3-6.ThiswasQae~theaziridines36 
with non-oxygenated side&ains were rtor expected to give aa good diastemosele4Xivity (vrife infra) - an 
expectation which was borne out in prac&z preparation of the racemic aziridines 3-6 (via the products 
of mCPBA epoxidation) was a rapid and very simple matter, and the diastereoselectivity of the amide 
alkylation reaction could easily be screened by means of NMR spectroscopy. Had any of compounds 3-6 
given good levels of diastetuoselectivity. the appropriate enantiomerically pme auxiliaries could have 
been produced according to Scheme 2 (c$ the discussion of the aldol reactions below). 

In contrast to substrates 3-6, the aziridines 1 and 2 gave excellent results in alkylation with benxyl 
bromide (Table 1, entries 1 and 2) with a single dktemoiimer being detected in the etude product 

mixture by means of high-field *H NMR specm>scopy. For determination of the absolute stemochemistry 
at the new stemogenic centm, the possible diastemomeric products were prepared independently from the 

amines and the appropriate enantiomerically pure acid chlorides6; these amides were readily 
distinguished by NMR spectroscopy, and allowed qssigmnent of the CR) steteochemistty for both 
alkylations. 

That the C+ymmetry of the oxygenated auxihaks is indeed impottant was shown by the result 
shown in Rq. 2., optically purr: 8 being pmpamd from commer&lly available (Sj-glycidol. 
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The alkylation of the C+ymmeaic a7iridine amides shown above is thus highly dependent on the 
presence of side-chain oxygens (Table 1: compam entries 1 and 2 with 3-6) but seems to be independent 
of the size of the ethereal group @enxyl VS. methyl, entries 1 and 2). These results can be explained 
(Scheme 3) on the basis of an internally chelated lithimn enolate7, the possibility of which had guided the 
design of these auxiharies. 

LiHMDS 
lor2 ____I) 

-78oC 

PhCHpBr 

RO- 

* r OR 

0 

/ 
I”“.’ 

Ph e 
scheme 3. A chekated Zenokate is alkykated on the less hindered a-face. 

The reaction conditions used were expected* to lead to formation of the Zenolate, the nitrogen of 
which is presumably pymmidalizedg. Due to the CTsymmetry of the substrate it is immaterial on which 
face of the axiridhre ring the chelate is formed, and alkylation on the less-hindered enolate diastereoface 
would produce the absolute configuration actually observed. The &e&e hypothesis is further supported 
by the results shown in Eq. 3 and Table 2 since, of the three metal ions, lithimn would be expected to 

most easily form a chelate of the type proposed above. 

Bno--v+mn l.xHMDs ) 
BnOh.\N70Bn BnO-\N/OBn 

< 

0 0 + 
2. BnBr 0 (3) 

/’ ,,.I”. 
Ph Ph 

1 

Table 2. Variation of the counter-ion in electrophilic alkylution of aziridine 1. 

Entrv Counterion Of) Product Ratio 

1 Li >Wl 
2 Na 75:25 

3 K 67:33 

Molecular mechsnics calculations on aziridine 1 (see Experimental) revealed, not unexpectedly, a 
large number of possible conformers but with most of the lower-energy ones resembling that shown in 
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Fig. 1. with the side- chain oxygens nicely poised to engage in a chelate. Figure 1 alao shows a Chem 3 D 
representation of the chelated Li-enolate, under the simplifying assumption of a monomeric structure. 

NMR 

Figure 1. Calculated low-energy conformation of I, and a simplified representation of the 

corresponding Lithium erwlate (see a&o Figs. 3 and 4). 

Structure and dynamks of the enolate of 1. NMR spectroscopic studies. 

Having accumulated evidence for internal chelation in the enolates of 1 and 2. we undertook an 
spectroscopic study of the former species. The study included a comparison of the Li and K 

enolates, and typical ‘H NMR spectra are shown in Fig. 2. 
In our interpretation of the results we have concentrated on the lithium species, in which we 

presume’ that the metal is tetracoordmated in solution. Four possible structures am considered: (i) a 
monomer, with lithium coordinated to the enolate oxygen, a side-chain oxygen, and two THF molecules 
(cf. Fig. 1); (ii) a C,-symmetric dimer with a Li-0-Li-0 core, the two axiridine moieties being positioned 
on the same face of the quadrangle; each lithium is coordinated to one side-chain oxygen, the enolate 
oxygens are shared, and THF molecules occupy the fourth coordination site on each metal (see Fig. 4); 

(iii) a C,-symmetric diier, i.e. with the aziridine moieties on opposite faces of the Li-O-L&O core 

(structute not shown); (iv) a D,-symmetric tetramer built from two C$symmetric dimers, with the four 
enolate oxygens and four lithiums defining a cube and each lithium coordinated to one side-chain oxygen 
(structure not shown). 

For the possible candidates, literature precedents’ suggest that a monomeric structure in solution 
is unlikely and that dimers and/or tetramers are the most probable. As discussed below for the Li-enolate, 
our results are in accordance with the existence of the C,-symmetric dimer (Fig. 4) and the D+ymmetric 
tetramer. 
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Potassium enolate 

4.8 4.2 

Figare 2. Portions of the 400 MHz ‘H NMR speclra ofhe emlaw of I at various temperatures 

The enolate was generated at -80°C. and spectra were then recorded at a variety of temperatures 

(Fig. 2). Two species were observed, one of which gave rise to very broad signals at -8ooC. and a 

complete assignment (Fig. 3 and Table 3) of the sharper set of signals observed at this temperature was 
made by means of a TOCSY experimentlo. A particularly well-resolved spectrum was obtained at -3ooC 
and this clearly showed that in both species the axiridine moieties were no longer C!.+ymmetric, i.e. the 
faces of each axiridiie ring am no longer equivalent lt. Simple inspection of the number of AB-type 
subspectra observed for the benzylic protons then rules out the C,-symmetric dimer, leaving some 
combination of the monomer, the Crsymmetric dimer. and the tetramer as possible structures. A portion 
of the rH-‘H NOESY spectruml* obtained at -8ooC is shown in Fig. 3, and these data combined with 

information from the one-dimensional spectrum can be interpreted in terms of the enolate substructure 
shown in Figs. 1 and 3, with a pyramidalized nitrogen and a seven-membered ring reminiscent of the boat 

conformer of cycloheptane. There is no observable spin-spin coupling between H, and H, which implies 
an angle of ca. 900 between them. The Z geometry of the enolate follows from the observation of a strong 
NOE between HK and Hu and the absence of an NOE between HA, and the methyl group. There are also 
significant NOES between H,. and the trio (HcHaJQ) while H, has NOEs to (HBHB’Hc,). Thus far, the 
data do not allow a defiite structural assignment to the species which gives rise to the sharper set of 
signals at -WC. but the important observation of NOES between the enolate methyl and both H, and Hu 
(Fig. 3) is consistent only with the C2-symmetric dimer or the tetramer: these NOB must arise from 
interactions between two discrete but spectroscopically equivalent axhidine moieties, since inspection of 
models suggests that in the monomer (and in the C,-symmetric dimer) the distance between the methyl 
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group and @IDHE) would be too great for any NOE to be observed. If the “well-resolved” species 

observed at -80°C is assigned the C;-symmetric dimer stnztme shown in Fig. 4, it is reasonable to 

assume that the component which gives rise to very broad signals at -80°C is the tetramer, the 
line-broadening being due to decreased mobility and/or solubility of the cluster at low temperature. The 
nahueofthedynamic~ which are obviously occurring at higher temperatures (Fig. 2) has not 
been investigated in detail but it appears that the two species are interconverting. 

5.0 
1 

Figure 3. Part of the NOESY spectrum of the lithium enolate (THF-ds, -SOT). Structurally 
sigm~cant cross-peaks are marke& a, Me-& b, Me-& c, Me-HD d, HA-HB e, HA-HD Cross 
peaks b and c indicate the arrangement of the two erwlate molecules in the proposed dimeric 
compih (see also Fig. 4). 

While NMR spectroscopy investiga@ons of the type discussed here can reveal many details of 
enolate structure in solution, they may be uninformative as to the nature of the actual reactive 
species’. The aggregates described above may thus react as such, or may simply be 
preequilibrium precursors of more reactive monomeric species. However, inspection of 

molecular models of the proposed species Mica&s that internal chelation effects should force the 
incoming ekctrophile to m with the same dktereofafze of the enolate, regardless of the 
aggregation state of the lithium species. 
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Table 3. 
Comparison between some chemkal shifts of the aziridine I and an enohte species observed at -8oOC 

Starting Material (1) Enolate 

=WicB -o-c&- Aziridinering~ 

4.5 (s) 3.7 (m) 2.8 (m) 

3.6 (m) 

assctextford 

Benzylic &J -o-c&y A2iridhlerillgH 

5.2 and 3.6 (d)* 2.1 (d) 

4.4 (Ax) 3.3 (m) 1.9 (m) 

4.5 and 3.2 (m) 

4.3 (AB) 3.1 (m) 

fJ 
Ph 

HD,E 

Figure A Structure of the proposed dimeric lithium enolate. Structurally signijicont NOES: 
(i) Me-HD,E (ii) &-HA’. 

The *H NMR spectrum of the potassium enolate (Fig. 2) is also temperature dependent. In 
contrast to the lhhbuu enolate, one appatemly symmetrical species dominates at 1ooC with chemical 
shifts for the benxylic and other methylene protons very simii to those observed for 1 itself. The 

spectral changes which occur as the temperature is lowered am consistent with slow pyramidal inversion 
at nitrogen. This process is rapid in axiridine 1 over the same temperature range, but would be expected 
to have a higher barrier in the enolate due to electrostatic repulsion between the anion and the nitrogen 

lone-pair in the planar transition state for inversion. We have not attempted to deduce the aggregation 
state of this enolate, but we conclude that internal chelation of the type proposed for the lithium species is 
of lesser importance in the potassium case. 

The lithium enolate of axiridine 3 was also studied at various temperatures but no detailed 

conclusions could be drawn, since the spectra consisted of a series of broad, featureless peaks; several 
enolate species seemed to be present. 

At this point it is also instructive to compare the results of the akylation of 1 and 2 with those 
from the alkylation of the corresponding C&mmettic 2,6disubstituted piperidine13 and 

2,Sdisubstituted pyt~~lidine~~ auxikies which, with benxyl bromide, both give the opposite sense of 
chirality to that obtained with our axiridines. For the pyrrolidine case, chelation within the enolate has 

been discounted on the basis that tmnr 2.5~dimethyl pyrrokline was almost as good an auxilhq as the 
species carrying two e&teal side-chains (-C!HsOMEM) and that the akylation of the latter enolate 
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showed no &pendence on the natum of the metal counter-iont4. 

Retumlng to Table 1, entry 7. the very poor diastemoselectivity observed in this case may thus be 
the result of alkylation of two competing chelates (seven- vs. five-membered ring) one of which would 
lack the diastereofacial bias present in the other. 

The dependence of the steric course of the alkylation of 1 on the of the 
4) and am gathered in Table 4. 

BnO-VOBn , ~ BnOTOBn BnO-VOBn 

0 
L 

2Rzx 
(4) 

1. Rl=CH3 

9. Rl=CH2)7C=3 

Table 4. Variation of the electrophile in alkylation of aziridines I a nd 9. 

Ehtly Aziridille R2X R&i0 Idated yielda 

1 1 BnBr >99:1 88% 
2 1 AllylBr 919 67% 

3 1 OctylI 75:25 40% 

4 9 Me1 8515 74% 

a Afta flash cbmmato~y. No atteqb to qtimim the yields have been made. U- ltaaing znatuid 

give4 mass balance. 

The results imply that for reactive and relatively bulky electmphiles (Table 4, entries 1 and 2) 
good to excellent diastemoselectivity can be obtained in reactions run at -78oC. The much less reactive 
electrophile shown in entry 3 requited higher tempemtum in order to react at all, with obviously 
deleterious effects on selectivity. Switching the order of introduction of the alkyl groups (entry 4) led to 

the opposite diastereoisomer of the product, with better chemical yield and stemoselectivity. However, 
the reactivity of MeI (reacts at -78oC) is offset by its lack of steric bulk, and the only really encouraging 
aspect of entry 4 was that the diastereolsomeric products could be separated easily by flash 
chromatography; the corresponding chiral csrboxylic acids ate useful intermediates in the asymmetric 
synthesis of insect pheromone@. 

Dimtereoselective al&l reaction 
In recent years, few reactions have attracted so much intetest as the ste@qelective aldol process’. 

The challenge is of course the control of both relative and absolute stereochemistry in a reaction which 
entails carbon-carbon bond formation with the generation of two stereogenic centres. Since one way of 
achieving this is the use of stereochemically well-defd enolates attached to chiml am&a&s, a variety 

of which is now availablem, it was of interest to test our azlrldines in the aldol reaction (Scheme 4). 
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X’ 
+ R&HO - 

chiral Z-enolate 
X*x auxiliary 

0 OH 

R2 x’ RL 
Rl 

scheme 4. The four possible diastereoisomeric aldols fi-om reaction of a chiral e&ate. 

Of the various factors which can affect the relative stereochemical outcome (i.e. syn vs. mrzi) of a 
crossed aldol reaction, an important one* is enolate geometry (Z vs. IQ. Thus, for reactions run under 

kinetic control, Z amide enolates such as that shown in Scheme 4 tend to produce syrr aldols 

predominantly or even exclusively, a correlation which can be rationalized on the basis of a 

Zimmerman-Traxler transition state mode18~17 (six-membered chair-like TS). 
In the present study, the Z enolate of aziridine 1 was the first to be tested in the aldol reaction with 

benxaldehyde (Eq. 5). 

0 2. Ho syn aldol ratio ~-99~ 1 (5) 

J23=2.8 Hz 

(nomtialdo~) 

1 10 

The results were very encouraging in that a single diastereoisomer was produced in good yield. 
(In our earlier communication1 we inadvertently reported a 98:2 ratio). That the relative stereochemistry 
was syn was suggested by an analysis of the appropriate coupling constants* in the lH NMR spectrum of 

the aldol product, and that the absolute stereochemistry was (2&3R) was deduced from the chiroptical 
data of the carboxylic acid obtained upon removal of the auxiliary (see discussion below and 
Experimental). However, when other aldehydes were tested, it soon became apparent that benxaldehyde 
was atypical, as ilhrstrated by the results shown in Scheme 5. 

The results with propionaldehyde and other short-chain ahphatic aldehydes were initially very 
discouraging but, as discussed below, they led us to the design of the alternative set of axiridine 
auxiliaries in which internal chelation of the metal ion is of no importance. 
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dtppmd~“bua”ficaofumtoo~ Apptiflom’uppcdfacooftbeewlate. 

BnOyOBn BnOyOBn 

BnO-ywJMDL; ?ZjO *iyay 

< 

0 
.- 

b 
ZRCHO 

BnO- 
Yc 

OBn BllO- 
F 

OBll 

1 HO 

e- 

0 HO 

< 

0 

R R 

12wm 14 (10%) 

Scheme 5. R=CH$H3 

As described earlier, there is good reason to assume a chelated structure for the enolate and, while 
this is advantageous for alkylations. it is not difficult to rational& why this could have a-deleterious 
effect on the skreosekctivi~ of aldol reactions. For the Zimmerman-Traxler transition state to be 
operative, the metal ion of the enolate most be able to coordinate to both the enolate oxygen and to that 
of the incoming aldehyde. This can become impossible if the metal is aheady engaged in a &elate 
involving a side-chain of the auxiliary, and the approach of a “small” aldehyde can then become 
stereorandom (11 vs. 12). However, the &elate can still be instnunental in directing the eleclrophile 

mainly to the less hinden4 face of the enolate (11 + 12 vs. 13 + 14). The anomalous results obtained with 
benzaldehyde could be explaiued on the basis of “open” transition states, two of which m drawn as 
Newman projections in Scheme 6. 

RO T OR 
H 

H 
ii 

0’ 

p * Me O 

Ph 

OH 
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In both cases the ahkhyde approaches the less hindered face of the nucleophile, with the phenyl 
group as far as possible Tom the bulkiest part of the enolate. Studies of molecular models indicate that 
the major difference between A and B is that the fouuer has the smallest portion of the aldehyde directed 
toward the “lower” side-chain of the auxihary. 

The results shown in Scheme 7 lend further suppott to the contention that, for ahlol reactions, the 
steric bulk of the aziridine side-chaius is mote importaut than the ability to coordinate to metals. 

l-2,4 A B Ph (4) 80:20 

scheme 7. 

These rtxults can be compared and comrasted with those shown for the alkylation reactions in 
Table 1. For alkylation, them was no apparent difference between 1 and 2 (Table 1, entries 1 and 2) but 1 

is clearly superior in the aldol reaction shown above. Aziridine 4, which performed very poorly in the 
alkylation process (Table 1, entry 4) now actually begins to rival 2 in the aldol reaction. These 
observations prompted us to screen the aziridiues shown iu Rq. 6, and the tesults ate collected in Table 5. 
(Diastemomeric ratios were measmed on the crude product mixtums). 

< 0 1.wMDs 2. R3CHO HO 4 0 + (6) 

R3 

3. Rl=R2=nBu 4. Rl=R2=Ph 

5. Rl=R2SH2Ph 15. Rl=R2=CH(CH3)2 

Table 5. Aziriakes 3,4,5 and 15 in akfol reactions. 

Enhy Azkidine Aldehyde (R3CHO) Ratio a Isolated yieldb 

1 3 PhCHO >99:1 69% 
2 3 CH3CH2CHO 87:13 84% 

3 4 PhCHO 80120 45% 
4 4 CH3CH2CHO 55:45 52% 
5 5 PhCHO 91:9 53% 

6 5 CH3CH2CHO 85:15 76% 
7 15 CH3CH2CHO 80~20 c 

a.Noti~couldbede.teckdbylH a13CNhlRr M. a Afm namh obmmetography. 
No &tempts to optimh the yields have been made. Umwcted starting ma&id givea mass balance. c. Not 
de- 
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For the initial studies, racemicmaterialsw~used.OnthebasisofTable5.aziridine3was 
selected for preparation in optically active form according to Scheme 2. The enantioselectivi~ of the 
Sharpless AD process (employing trans-5~decene and the AD-mix fi) was at least 95% and delivered 
correspondingly pme aziridine 16. The results of aldol nzactiona with representative aldehydes (IQ. 7) are 
shown in Table 6. 

nBuxfnb 
0 

1. Ljlums 

2.RCHO - 
+ 

16 

Table 6. A&idine I6 in ah!01 reactions with dfferent aldehydes. 

(7) 

Entry Aldehyde (RCHO) Ratioa Isolated yieldb 

1 PhCHO >99:1 66% 
2 CH3ClWHO 87:13 88% 
3 CH3CHEHCHO 88:12 59% 

4 CH3(cH2)4CHO 80~20 87% 

5 (CH3)zCHCHO >99:1 87% 

6 (CH3hCCHO >99:1 91% 

7 PhCHzCHCHO 81:19 75% 

8 l-naphthaldehyde 85:15 c 88% 

9 2-naphrhaldehyde 75:25 c 66% 
10 (R)-CH3CH(OTBDMS)CHO >Wl 56% 
11 (~3CH(Ol’BDMS)CHO 60AOd 37% 

12 2,5dimethoxy-3-nitrobenzald. >99: 1 63% 

a.Noaatipmdodramldbedby’H~ 13CNMR spc&wopyunlwsotherwisestated. 
Absohko amf@mthn as@ied afta duva&te of the mxiky. b. Af?a tlmb dmmutognphy. No 
attamptstoopZhniscmcyicldrbavebcenmade.Unnsdedrtartingmstaial~vcr:massbslana.c.‘Ibe 
mioordiastnsomaisanrntilldolpodud.dBothproductr~antialdols. 

Certain “large” aldehydes (Table 6, entries 1, 5, 6, 10 and 12) gave excellent results, with 
exclusive formation of a single syn aldol, as expected* from reaction of the Z enolate via the sterically 

more favourable Zimmerman-Traxler chair-like transition state. Sterically less demanding aldehydes 

(entries 2.3,4 and 7) gave poorer diastereoselectivity. but the two unti aldols still could not be detected. 
The diastexeofacial combinations of aldehyde and enolate leading to syn aldols are shown in Scheme 8. 
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1 
OH 0 

R 9 AZ 

Me 

scheme 8. 

In the presumed Zimmerman-Traxler transition states. the aziridine side-chains of 16 m expected 

to exert stefic diastezeofacial control effects similar to those proposed for the Evans oxazolidinone 
auxihrh8. Assmning that the chair-like intermediate.? A and B resemble the transition states from 
which they are formed in a kineticaIl~contmlled pm then the transition state leading to B should be 

destabilized because the R group is in an axial position. Thus “large” aldehydes should be expected to 
favour formation of A, while for less bulky aldehydes the chair-l&e transition state leading to B can 
compete. 

The results with the isomeric naphthaldehydes were interesting in that the minor diastereomer 
was now an anti aldol. Presumably, the major product still arises from a chair-like transition state with 
the naphthyl groups equatorial, but inspection of molecular models implies increased steric repulsions 
between the incoming naphthalene unit and either the enolate methyl or the closest aziridine side-chain 
(depending on how the unsub8tituted ring of the naphthyl group is oriented during the approach to the 

enolate). The akmative chair arrangement leading to B (axial naphthalene) should be very unfavourable, 
and a boat-like transition 8tate~18 may now be able to compete. The stereochemical outcome cau then be 
rationalized by consideration of the boat-like intermediates C and D shown in Scheme 9. 
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!Sdleme 9. 

Once again, it is assumed that these intermediates resemble the transition states responsible for 
their formation. The transition state leadhtg to C (and, ultimately, au unti aldol) should therefore be 
favoured, since the naplnhyl moiety is in a pseudo-equatorial position (as compared to pseudo-axial in 

D)- 
The optically pure aldehydes used for entries 10 and 11 of Table 6 are obviously a “match” aud 

“mismatch”, mapectively, for the enolate. The excellent syn selectivity obtained from the (R)-aldehyde 

can be compared to that obtained with other branched aldehydes (entries 5 and 6) but we have as yet no 
convincing explanation as to why the (S)-aldehyde produces only anti aldols with poor selectivity. 

Enaies7and12ofTable6describealdol~~ofthetypeusedbyEvans1ginatocalsynthesis 
of the naturauy occmrhtg antibiotic Macbecin L The aldols of entry 7 can be separated easily by fhtsh 

chromatography, while in entry 12 a single syn aldol diastemoisomer is produced. 

Removal of the auxiliary 
Thedesignoftheaziridiaeauxiliarieswap~inpart,ontheexpectedrelativeeaseof 

cleavage of axiridine amides. In our earlier paper we described an application of the Brown aldehyde 
synthesiP (reaction of an axiridine amide with 0.25 equiv. of LiAlHJ for removal of our auxikks 
with very little epimerixation. We have also found that the axiridine amides can be cleaved to the 
corresponding carboxylic acids under very mild conditions by means of the Evans LiOOH procedunz?; 
again, little or no racemixation occurs. 

Concluding remarks 

The C&symmetric axiridines described herein full3 the teqtimments usually proposed for “good” 
chiral auxikrk (i) they are easily and relatively cheaply available in both enantiomeric forms (ii) they 
give good to excellent Uvity, usually in a predictable matmer (iii) they ate easily removed 
under mild conditions, with little or no mcemi&on of the new chiml products. FJmther applications to 

otherdiaatueoaelectiveprocesses wiilbetk3clibedelacwetn 
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EXPERIMENTAL 

General 

‘H and 13C NMR spectra were run on a Varian XL 300 or UNITY 400 spectrometer using CDCls 
as solvent and i.uternaJ standard. JR spectra were run on a Perk&Elmer FTJR spectrometer using CDCls 
solutions or neat samples. Elemental analyses were performed by Analytische Laboratorien, 
Gummersbach, Germany. [a]~ values were measured on a Perkin-Elmer 241 polarhneter. mash 
chromatography was performed using Merck silica gel. All reactions were run under nitrogen atmosphere 
in oven-dried glasswam with dried solvents unless otherwise stated. Solvents were dried using standard 
procedures. 

Synthesis of a.zirio!ines 

Aziridine 1. Both enantiomers of 1,4-his-(benxyloxy)-2,3-epoxybutane are readily available from 
(+)- and (-)-tar&c acid respectively.3 

(i) (S5)-1,4-bis-@enxyloxy)-2.3-epoxybutane (1.00 g, 3.53 mmol) was dissolved in a 8/l mixture 
of MeCH&HaOH@O (15 ml). NaNs (0.916 g, 14.1 mmol) and NH&l (0.301 g, 5.63 14~101) were 
added. After refluxing for 2h (l”LC showed complete reaction) and cooling to RT the reaction mixture 
was poured into Eta0 and HsO. The aqueous phase was extracted three times with Eta0 and the 
combined organics were washed twice with Ha0 and once with sat. NaCl (aq.). The solution was dried 
over MgSO., and the solvent was evaporated. The crude product was purified by flash chromatography 
(40% Et$Ypentane) giving 1.09 g (94% yield) of axido-alcohol. ‘H NMRz 8 2.62 (1H. d, J=7,-OH); 3.61 
and 3.70 (4H, m. 2x-cH,OBn); 3.82 (W, m, -CF@+ WOH); 4.47 (4H, m, 2x-C&Ph); 7.31 (lOH, m, 
-Ar). JR: 3447 cm-’ (b, OH); 2098 (s, ax&). 

(ii). The azido-alcohol(4.154 g, 12.7 mmol) was dissolved in CH,Cla (50 ml) and cooled to &. 
MsCl (1.747 g, 15.3 mmol) and NBts (1.670 g, 16.5 mmol) were added and the reaction mixture was 
stirred for 1.5h. After evaporation of the solvent and dilution with BtaO the precipitated &N+HCl- was 
faltered off. Removal of the solvent and purification of the residue by flash chromatography (40% 
J3taO/pentane) gave 4.504 g (88% yield) of axido-mesyhte. tH NMRz 3.02 (3H, s. -S(O&X~); 3.62-3.78 
(4H, m, 2xCZf~OBn); 3.98 (lH, m, -WNs); 4.55 (4H, m. 2x-CYf,Ph); 4.85 (IH. m, WOMs); 7.33 
(lOH, m. -Ar). 

(iii). The axido-mesylate (4.504 g, 11.1 mmol) was dissolved in THP (50 ml) and cooled to Ooc. 
LiAIHb (1.067 g, 28.1 mmol) was added in smaU portions. When the addition was complete the ice-bath 
was removed and the reaction mixture was refhrxed over night. The excess LiAlH,, was quenched with 
wet THP and the solution was dried over MgSO,. The mixture was filtered and the filter-cake was 
washed with EtaO. The combined solvents were evaporated and flash chromatography (BtGAc) of the 
residue gave 2.323 g (74% yield) of the N-H-axiridine . [~],~=+32.9” (c=l.OO, CH,Cl& ‘H NMR: 0.91 
(1H. br. -NH); 2.06 (2H, br s, 2x-WN); 3.40 (2H, dd, J=10.5. 5, -CZf,OBn); 3.54 (2H, dd, J=10.5, 4, 
-CiYsOBn); 4.46 (4H, m, 2x-CX~Ph); 7.28 (lOH, m, -Ar). IR: 3300 cm-’ (s, NH). 

(iv). The N-H-axiridiue (0.847 g, 3.00 mmol) was dissolved in CHaCla (50 ml). NBts (0.750 ml, 

5.40 mmol) was added followed by propionic anhydride (0.662 g, 5.09 mmol) and DMAP (cat). The 
mixture was stirred at RT until TLC (50% Et$Ypemane) showed complete reaction (2h). After dilution 
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with EbO the organic phase was washed twice with HsO and once with sat_ NaCl (aq.). The ethereal 
solution was dried over M&IO4 and the solvent was evaporated. The crude product was purified by flash 
chromatography (50% Et.@/pentane) giving 0.901 g (89% yield) of aziridine 1. [c&,~= -10.6O (c= 0.96, 
CHsC12). *H NMR: 1.09 (3H, t, J=7, C!Z-Z$I-I~-); 2.41 @I-I, dq. J=7,4.2, CHsC.&-); 2.7 @I-I. m, 2xcHN); 
3.62 (2H, dd, J=lOS, 4, -CJZzOBn); 3.71 (2H, dd, J=lO.S. 3, -C&OBn); 4.50 (4H, s, 2xPhC&-); 7.30 
(lOH, m, -Ar). IR: 1690 cm-t (s, amide). Anal. Calcd. for f&H=NOs: C, 74.31%; H, 7.42%; N, 4.13%. 
Found C. 74.36%; H, 7.40%; N, 4.08%. 

Atirihe 2. Axiridine 2 was synthesized analogously to axlridine 1 with the only exception that 
Me1 was used instead of BnBr in the alkylation of the diol derived from reduction of the tartrate. Overall 
yield = 10% (9 steps). [a]r+-17.10 (c=1.19, CH&). tH NMR: 1.12 (3H, t, J=7, CH&H,-); 2.41 (2H, 
dq, J=7, 1.7, CHsC&-); 2.72 @II, m, 2xGYN); 3.32 (6H, s, 2x-(X3); 3.52 (2H, dd. J=ll. 4.5, 
-cH,OCH& 3.59 (2H, dd, J=ll. 3.2, -CX@CHs). IR: 1683 cm“ (s, amide). 

Aziridine 3. A: Raoemic material. 
(i). rrans-5-Decene (1.00 g, 7.13 mmol) was dissolved in CHzClz and cooled to Ooc. mCPBA 

(1.92 g (80%), 8.91 mol) was added and the reaction mixture was stirred at RT for 5h. The precipitate 
was filtered off and the tiltrate was washed twice with 10% Na&O,, twice with 5% Na$Os, once with 
Hz0 and once with sat. NaCl (aq.). The organic phase was dried over MgS04 and the solvent evaporated. 

Flash chromatography (10% Etzolpentane) gave 0.621 g (56% yield) of the epoxide. ‘H NMR: 0.92 (6H, 
t, J=7, W&Hz-); 1.30-1.59 (12H, m, nBu-); 2.66 (2H. m. -CXOCX-). 

(ii) The epoxide was ring opened with axide in the manner described for aziridine 1. Isolated yield 
= 90%. ‘H NMR: 0.92 (6H, m, cH,CH,-); 1.23-1.60 (12H, m, aBu-); 1.70 (lH, d, J=6, -OH); 3.34 (lH, 
m, -CY&); 3.66 (lH, m, -cHOH). IR: 3404 cm-’ (b. OH); 2099 (s, a&k). 

(iii) The axido-alcohol (1.153 g. 5.79 mmol) was dissolved in THF (25 ml). PPhs (1.824 g, 6.95 
mmol) was added and the reaction mixture was mfluxed for 1.5h. After evaporation of the THF the 
residue was dissolved in EbO and the precipitated OPPhs was filtered off. Removal of the solvent and 

flash chromatography (l$O) gave 0.626 g (70% yield, slightly volatile compound) of N-H-aziridine. ‘H 
NMRz 0.90 (6H, t, J=7, W&Hz-); 1.39 (12H, m, Bu-); 1.69 (2H, m, -UNHCX-). IR: 3310 cm-’ (s, 

NH). 
(iv). The N-H-axiridine was acylated according to the procedure described for azltidine 1. Isolated 

yield = 73%. ‘H NMRz 0.90 (3H, t, J=7. C&CH+ZH2); 1.14 (3H, t, J=7.5, C&CH,-); 1.16-1.77 (12H, 
m, 2xnBu-); 2.22 (2H, m, 2x-CHN); 2.35 (2H, dq, J=14,7.5, CHsC.Jfz-). IR: 1670 cm-l (s. amide). Ana. 

C&d. for C1sHzNO: C. 73.88%; H, 11.92%; N, 6.63%. Found: C, 73.68%; H. 11.78%; N. 6.72%. 
B: Optically pure material. 

(i). tBuOH (35 ml), Hz0 (35 ml), AD-mix-p (9.8 g) and CH3SO$JH2 (0.665 g, 7.00 mmol) were 
mixed and cooled to 0°C. trMs-5-Decene (0.980 g, 7.00 mmol) was added and the mixture was stirred at 

0°C for 20h. The reaction was quenched with solid Na#03 (10.5 g) and was allowed to warm up to RT 
and stir for 45 minutes. The mixture was diluted with CH&Zlz and the aqueous phase was extracted three 
times with CH&l, The combined organ& were washed twice with 2M KOH, once with sat_ NaCl (aq.) 
and dried over MgS04. Flash chromatography (30% Et&@mane) gave 1.131 g (93% yield) of the 
optically active R&-liol. m.p.= 50-51oC. [a] a~ +31.3” (~0.995, CHCI,) (lit, +29.2°).4 ‘H NMRz 0.91 
(6H t, J=6.5, W&H,-); 1.29-1.56 (12H. m. “Bu-); 1.97 (2H, d, J=5,2xOH); 3.41 (2H. m, -CZNHCH-). 

(ii). The dial (0.88 g, 4.60 mmol) was dissolved in toluene (15 ml) and triethylorthoformate 



9814 D. TANNIX et al. 

(2.002 g, 13.8 mmol) and p-TsOH (cat.) were added The reaction was tefluxed for lh while the EtOH 
formed was removed using a Dean-Stark receiver and condenser. The mixture was neutral&d with COW. 
NJ-J3 (aq.) and dried over MgSO.+ Evaporation of the tohtene gave 0.984 g (93% yield) of ortboformate 
pure enough to be used in the next step. ‘H NMR: 0.91 (6H, t, J=6.5, cH,cH2-); 1.22 (3H, t, J=7, 
CJf@-$O-); 1.27-1.71 (12H, m, aBu-); 3.58 (2H, q. J=7. C!HsCYJH,O-); 3.63 (1H. m, -CI?C&); 3.82 (lH, 
m, -CWO-); 7.27 (lH, s, -OCW@). 

(iii). F’Cls (1.150 g, 5.52 mmol) was dissolved in CH.$& and cooled to Ooc. ‘Ihe orthoformate 
(0.984 g, 4.28 -01) in C&Cl2 was added and the maction was stirted at RT for 3h. After quenching 

with sat NaHCOa the aqueous phase was extracted three times with EtaO. llre,combined organics were 
washed with sat. NaHCOs, HaO. sat. NaCl (aq.) and dried over MgSO& Removal of the solvent gave 
0.970 g (96% yield) of the chloroformate, pure enough to be used in the next step. ‘H NMRz 0_91(6H. m, 
CZZf+ZHa-); 1.32-1.69 (12H. m, Y3u-); 3.99 (lH, dt, J=9, 4, -CIICl); 5.12 (lH, dt, J=9, 4, -C!WCHO); 
8.13 (lH, s, -0CHO). 

(iv). The chloroformate (0.943 g, 4.28 mmol) was dissolved in dry MeOH (15 ml) and K&O3 
was added. The reaction was stirted at RT for 18h and was then diluted with Eta0 (50 ml). The mixture 
was washed once with sat. NaCl (aq.), twice with sat NH&l (aq.), and once with sat NaCl (aq.) again 
and then dried over MgSO.+ The solvent was camfirlly evaporated since the epoxide is quite volatile. 
0.594 g (89% yield). Data for the optically active epoxidez [c#&= +29.1° (c=1.005, CHaCl,). 

(v). The epoxide was then transfotmed to N-H-axiridme following the procedum for the racemic 

material. Data for the optically active N-H-axiridme: [c#$= -37.90 (cA.065, CHaC12). 
A&i&e 4: Racemic axiri~e 4 was prepamd from trrms-stilbene using the same procedure as 

for the ~WIS-5-decene. 24% overall yield (4 steps). 

Epoxidez ‘H NMR: 3.89 (2H, s, -CYZOCX-); 7.38 (lOH, m, -Ar). 

Fuido-alcohol: tH NMRz 2.19 (lH,br, OH); 4.69 (lH, d, J=7, XX&); 4.84 (lH, d, J=7, -CXOH); 

7.30 (lOH, m, -Ar). IR: 3600 cm-* (b, OH); 2107 (s, axide). 
N-H-Axiridine: *H NMRz 1.37 (lH, br, -NH); 3.09 (W, br s, -CYfNHW-); 7.29 (lOH, m, -Ar). 

4: ‘H NMRz 0.99 (3H, t, J=7.5, W&Hz-); 1.92 (lH, dq, J=16.5.7.5, CHsCWH-); 2.32 (lH, dq, 
J=16.5,7.5, CH,CHZf-); 3.78 (2H, s, 2x-CXN); 7.31 (lOH, m, -Ar). IR: 1687 cm-t (s, amide). 

Ar.iri&e 5: Synthesis of 1 &liphenyl-trans--2tene: 1.4diphenyl-frans-rruns- 1,3-butadiene 
(3.65 g. 17.7 mmol) was dissolved in EtOH (not completely soluble) and the mixtum was heated to 

teflux. Na (2.04 g, 88.6 mmol) was added in small pieces. When all the Na had been added all of the 
diene was not dissolved and mote Na was added until no solids were left in the solution. The reaction 
mixture was refluxed an extra fifteen minutes and was then allowed to cool to RT (crystals precipitated). 
The mixture was diluted with Hz0 and the E&OH was evaporated. The aqueous phase was neutral&A 
with cont. HCl and extracted twice with EhO. The organic phase was then washed with HaO, dried over 
MgSO., and the solvent was evaporated. The crude product was mcrystaUixed from MeOH. The 
unreacted diene was less soluble then the product and precipitated first and could be removed by 
filtration. Two recrystallixations gave 0.985 g (45% yield) of the rrun.s-1,4-diphenyl-2-butene. mp= 
43-46oC (lit. 43-45oC).” ‘H NMR: 3.39 (4H, m, 2x-C&Ph); 5.68 (2H, m, -WCJf-); 7.27 (lOH, m, 
-Ar). 

(ii). 1,4-Diphenyl-rrun.r-2-butene was transformed into the racemic axido-alcohol following the 
procedure for the rruns-Sdecene and to acylated axiridine 5 following the procedute for axiridine 1.63% 
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overall yield (4 steps). 

Epoxide: ‘H NMR: 2.82 (ZH, dd, J=14,5, -C&Ph); 2.93 @-I, dd, J=14,5, -C&Ph); 3.02 (2H, m, 
-C.ZTIOC&); 7.23 (lOH, m, -Ar). 

Azido-akohok ‘H NMR: 1.82 (lH, d; Jd, -OH); 2.78 (lH, dd, J=14,9,-C&Ph); 2.87 (lH, dd, 
J=14, 9_cH,Ph); 3.02 (lH, dd. J=14, 3.5, -C&Ph); 3.08 (lH, dd, J=14. 4.2, -CEfrPh); 3.68 (lH, m, 
as); 3.89 (H-J, m, -OH); 7.31 (lOH, m, -Ar). JR: 3591 cm-’ (b, OH); 2108 (s, azide). 

Azido-mesylate: ‘H NMRz 2.41 (3H, s, C&SO& 2.86 (lH, dd, J=14, 9.8, -CH(N$XHPh); 
2.99 (1H. dd J=14, 5, -CH(NcHHph); 3.07 (2H, m, -CH(OMs)C&Ph); 4.03 (lH, m, CHN,); 4.83 
(1H. m, -C!EZOMs); 7.31 (lOH, m, -Ar). 

N-H-Aziridine: ‘H NMRz 0.36 (lH, br, -NH); 2.03 (2H, m, -tXNHCW); 2.70 (2H. dd, J=14, 5, 
-C&Ph); 2.86 (ZH, dd, J=14,4.5, -CXsPh); 7.21 (IOH, m, -Ar). IR: 3290 cm-t (s, NH). 

J: ‘H NMR: 8.12 (3H, t, J=7.5, W&H&; 2.25 (2H, m, CHsCQ); 2.48 (2H, dd, J=14. 7.5, 

-C&Ph); 2.64 (2H. m, 2x-CXN); 3.17 (2H, dd, J=14.4, -C&Ph); 7.17 (1OH. m, -Ar). IR: 1677 cm-* (s. 
amide). 

Aa’ridine 6: Racemic N-H-aziridine was prepared from trans-stilbene following the procedure for 
aziridine 4. The N-H-aziridine was then acylated with PhCH@CH&OCl (1.2 eq., no DMAP was 
needed) in the same manner as described for aziridine 1. ‘H NMRz 3.77 (lH, d, J=16, CH$XH-); 3.84 

(2H. s, 2x-m); 3.93 (lH, d, J=16, CHsCJW-); 4.30 (lH, d, J=l1.5 CHFIOBn); 4.46 (19 d, J=llS 
-C!EIHOBn); 7.29 (lOH, m, -Ar). 

Aziridine 7: RnantiomericaJly pure N-H-axiridme was prepared from (+)-tartaric acid following 

the procedure described for axiridine 1. The N-H-axiridine was then acylated in the same manner as 
azitidine 6. [alo”=-23.80 (c=1.03, CHsCl.& ‘H NMRz 2.88 (W, m, 2x-CHN); 3.71 (4H, m, 

2x-CIfsOBn); 4.10 (lH, d, J=l6, CHEXON-); 4.20 (lH, d, J=16, GfHCON-); 4.48 (4H, s, 2xPhcH,-); 
4.56 (2H, s, PhCH,-); 7.31 (15H. m, -Ar). IR: 1688 cm-t (s, amide). 

Au’ridine 8: (i) NaH (1.40 g (go%), 48.0 mmol) was suspended in dry DMP and cooled to Ooc. 
Q-(-)-glycidol (2.921 g, 40.0 mmol) was added and the mixture was stirred for thirty minutes. BnBr 

(8.885 g, 50.0 mmol) was added and the reaction was left at RT overnight. The reaction was quenched 
with phosphate buffer (pH=7) and poured into EtsO and HsO. The aqueous phase was extracted three 

times with F&O and the combined organics were washed twice with Hz0 and once with sat. NaCl (aq.). 
Afrer drying over MgSO, and evaporation of solvent, flash chromatography (20-30% Ek@/pentane) gave 
3.695 g (57% yield, volatile compound) of (@O-benzylglycidol. *H NMRz 2.63 (lH, dd, J=5, 2.5, 
-CwO-); 2.81 (lH, dd, J=5, 4, -CHHo-); 3.20 (lH, m, -ClY(O)CHsOBn); 3.45 (lH, dd, bll, 6, 

-CI-IfIOBn); 3.78 (lH, dd. J=ll, 3, -WHOBn); 4.60 (2H. 2xd, J=12 and J=12, -C&Ph); 7.38 (5H, m, 
-Ar). 

(ii). The Q-O-benzylglycidol was ring opened to azido-alcohol using the earlier described 
method in 76% yield. ‘H NMRz 2.55 (lH, d, J=5, -OH); 3.38 (2H, m, CHsNs); 3.52 (2H. m, -CXsOBn); 
3.97 (1H m. CHOH); 4.59 (2H. s. -C&Ph); 7.36 (5H, m, -Ar). Et: 3453 cm-t (b, OH); 2105 (s, azide.). 

(ii) The azido-akohol(3.576 g. 17.3 mmol) was dissolved in pyridine (40 ml) and cooled to Ooc. 
MsCl(2.378 g, 20.7 mmol) was added. The icebath was removed and the reaction mixture was stirred at 

RT over night. The mixture was poured into Ek.@CuSO~ (aq.). The organic phase was washed several 
times with CUSO, (q-1 to remove the pyridine. The etkreal solution was dried over MgSO, and then 

evaporated to dryness. Flash chromatography (40% Rt.@/pentane) gave 4.233 g (86% yield) of 
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azido-mesylate. ‘H NMR: 3.08 (3H, s, CH,SO,-); 3.61 (2H, m, -C&N,); 3.70 (2H, m, -C&OBn); 4.58 

(2H, s, -CHsPh); 4.48 (1H. m, CHOMs); 7.33 (5H. m, -Ar). 
(iv). The azido-mesylate was ring closed to the N-H-aziriclme using the Lii method described 

earlier. The reaction was almost quantitative but since the product is very volatile the isolated yield was 

only 27%. ‘H NMR: 0.40 (lH, br. -NH); 1.50 (IH, br s, -CHHNH-); 1.80 (lH, br d, J=5, -CHHNH-); 

2.26 (lH, br m, -CHNH-); 3.39 (1H. dd, J=lO, 6, -CHIiOBn); 3.59 (lH, br dd, J=lO, 4. -CHHOBn); 4.57 
(2H, m, -CH@); 7.36 (SH. m, -Ar). IR: 3308 cm-’ (b, NH). 

(v). The N-H-aziridine was acylated in the manner described for aziridine 1. iH NMR: 1.18 (3H, 

t, J=7.5, CH,CH,-); 2.14 (1H. d, J=3.2. -CHHN-); 2.37 (lH, d, J=6, CHHN-); 2.49 (2H, qd, J=7.5, 3.4, 
CHsCHr-); 2.71 (lH, m, -CHN-); 3.54 (1H. dd, J=10.5. 5.8, -CHHOBn); 3.65 (lH, dd. J=10.5. 4, 
-CHHOBn); 4.59 (2H, s, PhCHz-); 7.35 (5H, m, -Ar). 

Aziridine 9: The enantiomerically pure N-H-azhidine (see aziridine 1) was acylated with 

CHs(CH&COCl in the manner described for aziridines 4 and 6. [1~&,~~=-12.8~ (c=1.09. CH,Cl,). ‘H 

NMR: 0.88 (3H, t, J=6.5, W&H,-); 1.27 (12H, m, CH,C&r,-); 1.62 (2H. m, CH,C,Hi2CH,-); 2.36 
(2H, m, -CH&!ON-); 2.77 (2H. m, 2x-CHN); 3.62 (2H, dd, J=10.5,4.5, -CH,OBn); 3.71 (2H. dd, J~10.5, 
3, -CHsOBn); 4.51 (4H, s, ZxPhCHs-); 7.31 (lOH, m, -Ar). IR: 1693 cm-l (s, amide). 

Aziridine 15: Racemic aziridme 15 was prepared from 2,5-dimethyl-rrmrs-3-hexene using the 
same procedure as for the rruns-5-decene. 8% overall yield (4 steps). The epoxide and the N-H-aziridme 
were not isolated since they am very volatile. 

Azido-alcohol: ‘H NMR: 0.92 (3H, d, J=2.5, cHj-); 0.94 (3H, d, J=2.5, CH3-); 1.01 (3H, d, J=7, 

C&-); 1.07 (3H. d, J=7, CH3-); 1.48 (IH, d, J=5.8, -OH); 2.00 (1H. dqq, J=7, 5.8, 3.2. 
-CH(N,)CH(CH,),); 2.18 (lH, dqq, J=7,5.8,3.2, -CH(OH)CH(CH,),); 3.24 (lH, dd, J=8.5, 3.2, -CHNs); 
3.42 (lH, ddd, J=8.5,5.8 3.2, CHOH). IR: 3445 cm-l (b, OH); 2102 (s. azide). 

15: ‘H NMR: 0.91 (6H, d, J=7, 2xCHj-); 1.11 (6H, d, J=6.5, 2xC!Hj-); 1.13 (3H, t, J=7.5, 
CH3CH2-1; 1.44 (2H, m, ~xCH(CH,)~); 2.08 (2H. m, 2x-CHN); 2.37 (2H, dq, J=7.5, 1.2. CHsCHr-). IR 
1677 cm-’ (s. amide). 

Molecular mechanics calculations on I and 2. Energy-minimized geometries were obtained by 
use of the MMX force field as included in the PCMODEL program (version PI 3.1, RM-486 computer). 
Boltzmann distributions were calculated for both 25OC and -78V. Conformations were divided into 
groups characterized by the four dihedral angles shown below, which describe the relative positions of 
the two oxygen atoms, and each group contains at least 1% of the total number of conformations. 

Parameters related to the orientation of the propanoyl moiety or (for 1) the phenyl groups were 
not used in the classification, although some conformations of 1 appear to be stabilized by phenyl-phenyl 
interactions. The simpler compound 2 was treated fit., and all possible staggered conformations were 
generated by a stepwise build-up strategy to span the conformational space. The MMX calculations 
produced 138 conformations with relative steric energies below 3 kcal mol-‘, and these were divided into 
the 15 groups given in the Table below. 
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Group 8 

Table. Parameters dqjining groups of con$mnations of compounds I and 2 
found in the MMXc&ulations. Mean values qfdihedkal an&s are given with 
standard ahiations in parentheses. Also included are the Boltmann 
distributions calculated al 29x and -78% 

. . . m m) 

a- -aIdfa&m 1 2 

Gronp q % 5 74 29 -780 250 -780 

1 480 179(l) 38(l) 178(l) 

2 4m 1790) l(1) 63(l) 

3 49(2) 179(l) -96(l) 64(l) 

4 49m 179(l) -79(l) 179(l) 

5 w3 179(l) -6W) -64(l) 

6 143(2) 66(l) 37(l) 178(l) 

7 143(3) 68(l) -80(l) -179(l) 

8 152(2) 179(l) 37(l) 178(l) 

9 153(3) 1790) 154(l) 179(l) 

10 153(3) 179(l) 177(l) 43(l) 

11 153Q) 179(l) -95(l) 64(l) 

12 152(2) 179(l) -81(l) -179(l) 

13 1520) 179(l) -70(l) -64(l) 

14 -97(l) 64(l) 39(l) 178(l) 

15 -78(l) 179(l) 40(l) 17Nl) 

12 15 

4 3 

5 4 

9 11 

6 6 

2 1 

15 20 

3 2 

3 3 

6 6 

7 8 

a 11 

4 3 

3 2 

11 17 

4 4 

3 3 

5 6 

4 3 

4 4 

2 1 

12 20 

2 2 

6 6 

5 5 

8 10 

4 3 

3 2 

3 2 
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According to Bohzmann distributions at the temperatures indicated, these groups contain ~75% 
and >89%, respectively, of the available conformations. The lowest-energy conformer belongs to group 8 
and amounts to 6% (25°C) or 13% (-78°C) of the total conformational distribution. The conformations of 
2 with steric energies <3 kcal mol-’ were used to generate conformations of 1 by successive replacement 
of each methyl hydrogen by phenyl. This produced 530 conformations with steric energies <3 kcal moI1 

(Table). The groups shown in the Table account for 88% (25oC) or 96% (-78OC) of the total number of 
conformers, and the lowest-energy conformer (group 8) is shown in Fig. 1. 

General procedure for alkylation reactions. 
The aziridine (1 eq.) was dissolved in THF and cooled with stirring to -78oC. LiHMDS (1.1 eq. of 

1M THF solution) was added and the reaction mixture was stirred for ca. 45 minutes. The electrophile 
(1.2 eq.) was added and the temperature was allowed to rise slowly to RT or until TIC showed complete 
reaction. The reaction mixture was poured into EbO/sat. NH&l (aq.). After separation of the layers the 

organic phase was washed twice with HzO, once with sat. NaCl (aq.) dried over MgSO,, and the solvent 
was evaporated. The diastereomeric ratio was determined by ‘H NMR on the crude product. The crude 

product was then purified by flash chromatography (E~O/pentane mixtures). Reactions with NaHMDS 
and KHMDS (Table 2) were carried out in exactly the same way. 

Alkylation of uziridine 1 (BnBr): *H NMR: 1.04 (3H, d, J=7.0, CH$H-); 2.62 (1H. dd, J=13, 8, 
PhCHHCH-); 2.77 (2H, m, 2xCHN); 2.89 (IH, ddq, J=8, 7, 6. CHsCH-); 3.11 (lH, dd, J=13, 6, 
PhCHHCH-); 3.55 (2H, dd, J=10.5, 4.5, -CH,OBn); 3.64 (2H, dd, J=10.5, 3, -CHsOBn); 4.48 (4H, s, 

2x-CHsPh); 7.10-7.36 (15H. m,Ar-). 13C NMR: 617.1, 38.8, 40.1, 43.0, 68.1, 73.0, 126.0, 127.6, 127.7, 
128.2, 128.4, 129.2, 137.7, 139.9. 186.2. IR: 1666 cm-’ (s, amide). 

Alkylation of aziridine 1 (AllylBr), nujor diastereoisomer: ‘H NMR: 1.06 (3H, d, J=7.0, 

CH,CH-); 2.19 (lH, ddd, J=14, 7, 7, -CHHCH-); 2.46 (IH, ddd, J=14, 7, 7, -CHHCH-); 2.65 (lH, ddq, 
J=7, 7. 7, CH,CH-); 2.79 (2H, m, 2xCHN); 3.62 (2H, dd. Jz10.5, 4.5, CHaOBn); 3.71 (2H, dd, J=10.5, 
3.5, -CH20Bn); 4.50 (4H, s, 2x-CHrPh); 5.02 (2H, 2xd, J=17 and J=lO, CH$CH-); 5.74 (1H. ddd, J=17, 
10, 7, CH&H-); 7.31 (lOH, m, Ar-). 13C NMR: 17.3, 38.5, 39.1. 40.9, 58.2, 73.2, 116.8, 127.9, 128.0, 
128.4, 136.0. 137.9, 186.3. IR: 1680 cm-’ (s, amide). 

Alkylation of aziridine 1 (octylz) major diastereoisomer: ‘H NMR: 0.88 (3H, t, J=7 W&Hz-); 
1.04 (3H, d, J=7, W&H-); 1.20-1.68 (14H, m, -C,H,4); 2.61 (lH, m, CH,CH-); 2.79 (2H, m, 2xCHN); 

3.67 (4H, m, 2x-CH20Bn); 4.51 (4H, m, 2xCHrPh); 7.32 (lOH, m, Ar-). 13C NMR: 14.2, 17.6, 22.8, 

27.2, 29.4,29.6, 29.8, 32.0, 34.3, 38.8.40.9.68.1.72.9, 127.7, 127.8, 128.4, 137.9, 187.2. IR: 1667 cm-l 
(s, amide). 

Alkylation of aziridine 2 (BnBr): ‘H NMR: 1.12 (3H, d, J=7, U-J&H-); 2.62 (lH, dd. J=13, 8, 
PhCHI-ICH-); 2.70 (2H, m, 2x0; 2.87 (IH, ddq, J=13, 8, 7. CH3CH-); 3.29 (6H, s, 2xCHj-); 3.47 
(4H, m, 2x-CH@CH3); 7.24 (5H. m, Ar-). 13C NMR: 18.5. 38.9, 40.0, 43.2, 58.7, 70.6. 126.2, 128.4, 

129.3. 140.1, 186.3. IR: 1690 cm-’ (s, amide). 
Alkylation of aziridine 3 (BnBr) major diastereoisomer: ‘H NMR: 0.89 (6H, t, J=7, 2xCH,CH,-); 

1.18 (3H, d, J=7, CH$H-); 1.10-1.50 (lOH, m, OBu-); 1.68 (2H, m, nBu-);1.88 and 2.16 (2H, m, 
2xCHN); 2.63 (lH, m, PhCHHCH-); 2.69 (IH, m, CH,CH-); 3.06 (lH, dd J=13, 7, PhCHHCH-); 7.29 
(5H, m, Ar-). 

Alkylation of aziridine 4 (BnBrJ major diastereoisomer: ‘H NMR: 1.20 (3H. d, J=7, CH&H-); 
2.32 (lH, m, CH,CH-); 2.48 (lH, m, WCHHCH-); 2.68 (lH, m, PhCHI-ICH-); 3.59 (2H, s, 2xCHN); 
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7.25 (15H. m. Ar-). 
Alkylution of aziridine 5 (&r&J: The assignment of the ‘H NMR spect~m of the product was 

diicult because of overlap of the benzylic protons, but the diastereomeric ratio could be determined on 
the crude product from the integrals of the methyl doublets: 61.11 and 1.14 IR: 1690 cm-r (s, amide). 

Alkylation of aziridinc 6 (Mel) major diustereoisomer: ‘H NMR: 1.32 (3H. d. J=7. CII&H-); 3.82 
(lH, q, J=7, CHsCH-); 3.89 (2H, s. 2xCIfN); 4.00 (1H. d, J=llS, PhCHHO-); 4.49 (1H. d, J=ll.S. 
PhCHHO-); 7.30 (15H. m, Ar-). 13C NMR: 19.0, 47.5, 71.7, 126.3, 126.6, 127.5, 127.6, 127.7, 128.1. 

128.2, 128.3.128.4, 128.7, 128.8, 135.6. 137.9, 182.2. 

Akylation of a&dine 7 (Mel) major diastereoisomer: ‘H NMR: 1.40 (3H. t. J=7 CJI$H-); 2.88 
(2H. m, 2xWN); 3.70 (4H. m, 2x-CJZrOBn); 4.14 (lH, q, J=7. CH,CH-); 4.47 (6H, m, 3x-CXZsPh); 7.29 
(15H. m, Ar-). l% N’MR: 18.8, 38.9, 67.2, 67.9, 71.8, 73.0, 127.8, 127.9, 128.6, 137.9. 182.5. JR 1682 
cm-’ (s, amide). 

Alkylation of aziridine 8 (BnBrJ major diastereoisomer: ‘H NMR: 1.25 (3H. d. J=6.5, CH$H-); 
1.95 (lH, m. -GIN-); 2.21 (lH, d, J=4, CHFJN-); 2.65 (1H. m. CH,CH-); 2.94 (1H. m.-U&IN-); 3.06 
(lH, m, PhCMCH-); 3.36 (lH, dd. J=10.5, 7, -CH?IOBn); 3.46 (lH, m, PhCHHCH-); 3.57 (IH, dd. 

J=10.5, 4.5, -WHOBn); 4.51 (2H, s, -WzPh); 7.25 (lOH, m. Ar-). ‘% Nh4R: 18.6. 28.0. 34.8, 40.2. 

42.6,70.4,73.2, 126.4, 127.7, 127.8, 128.5, 129.2, 138.0, 140.1, 188.4. 
Generation of the enolute of 1 for the NiUR spectroscopic study. Aziridine 1 (O.O42g, 0.124 

mmol) was dissolved under nitrogen atmosphere in ‘HIP-d, (0.5 ml) in an NMR tube and the solution 
was cooled to -78oC. 0.240 ml (0.136 mmol) of a 0.6M THP solution of LiHMDS was transferred to a 
dry, nitrogen flushed flask and the THP was pumped off. The dry residue was then dissolved in 0.3 ml of 
THP-ds and the resultant solution was added to the cooled NMR tube. The NMR experiments were run at 

-8OT and the enolate was stable for several hours at that temperature. The potassium enolate was 
prepared in a similar fashion (0.5M KHMDS in toluene). 

General procedure for aldof reactiow. 

The aziridine (1 eq.) was dissolved in THP and cooled with stirring to -78T. LiHMDS (1.1 eq. of 
1M THP solution) was added and the reaction mixture was stirred for ca 45 minutes. The aldehyde (1.2 
eq.) was added and when TLC (Et@/pentane mixtures) showed complete reaction (after 5-15 minutes) 

the reaction mixture was poured into Et@/sat. NH&l (aq.). After separation of the layers the organic 
phase was washed twice with HaO, once with sat. NaCl (aq.), dried over MgSO, and the solvent was 
evaporated. The diastereomeric ratio was determined by ‘H NMR on the crude product. The crude 
product was then purified by flash chromatography (Et#pentsne mixtures). 

Akbl reaction of aziridine 1 (PhCHO, compound 10): ‘H NMR: 0.92 (3H, d, J=7.0, W&H-); 
2.81 (2H, m. 2xCJINX 2.87 (1H. qd. J=7.2.8, CH,W-); 3.55 (2H, dd. J=lO.5.4.8, -CH,OBn); 3.70 (2H. 
dd, J=10.5, 2.9, -CHzOBn); 3.82 (lH, d. J=1.9, HO-); 4.47 (4H. s. 2xCH,Ph); 5.08 (1H. dd, J~2.8. 1.9, 
PhCJZ(OH)-); 7.22 (15H, m, Ar-). 13C NMR: 10.3. 38.7, 47.0, 67.7, 73.1. 125.8, 126.9, 127.7. 127.8, 
128.0, 128.4. 137.2, 141.3, 187.3. JR: 3470cm -l (b, OH); 1664 (s, amide). 

Aldot reaction of aziridine 1 (CH3CH&HOJ major syn diastereoisomer. ‘H NMRz 0.84 (3H, t, 
J=7, CJZ,CH,); 1.17 (3H, d, J=7. U-Z&H-); 1.41 (W, m, CH3CZ&-); 2.65 (lH, m. CH3cH-); 2.86 (2H, 

m, 2xCJZN); 3.53 (IH, m. CH$X(OH)-); 3.68 (4H. m2xCHsOBn); 4.52 (4H. m. 2xCJIsPh); 7.30 
(10H. m. Ar-). Other signals not assigned due to strong overlap. IR: 3429 cm-* (b, OH); 1659 (s, amide). 

Aldo1 reaction of aziridine 2 (PhCHOJ major diastereoisomet: ‘H NMR 1.05 (3H, d, J=7.0, 
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1646 (s. amide). 
Minor diastereoisomer (anti): J(CH$H-, -CHCH(OH)-)=7. 
Aldol reaction of aziridine 16 (2-naphthaldehyde) major diastereoisomer (syn): ‘H NMR: 0.92 

(6H. t, J=7 2xCH$Hr); 1.13 (3H,d, J=7, W&H-); 1.12-1.53 (lOH, m, 2x”Bu-); 1.84 (2H, m,nBu-); 
2.32 (2H, m, 2x0; 2.80 (lH, dq, J=7. 2.8. C!H$H-); 4.25 (1H. d, J=1.5. HO-); 5.29 (lH, dd, J=2.8, 
1.5. -CHCH(OH)-); 7.43 (3H. m, Ar-); 7.84 (4H. m, Ar-). 13C NMR: 11.0, 14.0. 22.3, 29.7, 31.6, 43.9, 

47.7.73.2, 124.0, 124.9, 125.8. 126.0, 127.8, 127.9, 128.1, 133.0, 133.5, 139.0. 187.8. IR: 3454 cm-’ (b, 
OH); 1649 (s. amide). 

Minor diastereoisomer (anti): J(CH,CH-, -CHCH(OH)-)=7. 
Al&l reaction of aziridine 16 t(R)-CHsCH(OlBDMS)CHO): ‘H NMRz 0.08 (6H. s, 2x-SiCH,); 

0.89 (9H, s, -Si’Bu); 0.91 (6H. t, J=7 2x(X&H,-); 1.20 (3H,d. J=7, CH&H-); 1.21 (3H, d. J=6. 
CH$H(OSi)-); 1.07-l-50 (1OH. m. 2xnBu-); 1.84 (2H, m?Bu-); 2.28 (2H, m. 2xCHN); 2.80 (lH, dq, 
J=7, 3.5, CH,CH-); 3.50 (lH, d, J=1.5, HO-); 3.61 (lH, ddd, J=7,3.5, 1.5, -CHCH(OH)-); 3.75 (lH, dd, 
J=7.6, CH3CH(OSi)-). IR: 3480 cm-’ (b, OH); 1654 (s, amide). 

Ati1 reaction of aziridine 16 ((S)-CH,CH(OlBDMS)CHO) major diastereoisomer: ‘H NMR: 
0.07 (6H, s, 2x-SiCH,); 0.89 (9H, s, -SW); 0.91 (6H, t, J=7 2xCYZ&Hr); 1.16 (3H, d. J=6, 
CH$H(OSi)-); 1.21 (3H,d. J=7, CH,CH-); 1.06-1.51 (1OH. m. 2xnBu-); 1.86 (2H, rn.“Bu-); 2.27 (2H. m, 
2xcHN); 2.57 (1H. p. J=7, CH$H-); 2.70 (1H. d, J=6, HO-); 3.60 (lH, m, -CHCH(OH)-); 3.89 (lH, m, 
CH3CH(OSi)-). IR: 3546 cm-’ (b, OH); 1655 (s, amide). 

Aldol reaction of aziridine 16 (2,5-dimethoay-3-nitrobenzaldehyde): ‘H NMR: 0.93 (3H, t, J=6.5, 
W&Hz-); 1.04 (3H. d, J=7, U-Z&H-); 1.20-1.91 (12H. m. 2xnBu-); 2.34 (2H, m, 2xCHN); 2.89 (lH, qd, 

J=7, 1.8, CH,CH-); 3.80 (3H, s, CH,O-); 3.85 (3H, s. CHjO-); 4.76 (lH, d, J=l, HO-); 5.30 (lH, br s.(dd 

J=l.8, 1.0,) -CHCH(OH)-);7.30 (lH, d, J=3, -ArH); 7.46 (1H. d, J=3. -ArH). 13C NMR: 11.1, 14.0.22.4, 
29.4,31.2,43.8,44.4,56.0.62.3, 68.0, 108.8, 119.3. 138.4, 143.3, 143.6. 155.2. 188.7. IR: 3471 cm -l (b, 
OH); 1665 (s, amide); 1458 (s, NOz); 1352 (s, NO,). 

Aldol reaction of aziridine 4 (PhCHO) major diastereoisomer: ‘H NMR: 1.14 (3H. d, J=7.0, 

W&H-); 2.21 (lH, qd. J=7. 2.0. CH3CH-); 3.91 (2H, s, 2xCHN); 4.01 (lH, d, J=1.8. HO-); 4.63 (lH, 
dd. J=2.0. 1.8, PhCH(OH)-); 6.79 -7.30 (15H. m, Ar-). IR: 3492 cm-l (b. OH); 1663 (s, amide). 

Al& reaction of aziridine 4 (CH,CH&HO) major diastereoisomer: ‘H NMR: 0.98 (3H, t, J=7, 

CH$H,-); 1.26 (3H, d, J=7, CH,CH-); 1.98 (1H. dq, J=7, 1.5. CH3CH-); 2.14-2.45 (2H, m, CH,CH,-); 
3.34 (lH, m, CH&H(OH)-); 3.48 (lH, d, J=1.5, HO-); 3.86 (2H, s, 2xWN); 7.31 (lOH, m, Ar-). IR: 

3492 cm-’ (b. OH); 1658 (s, amide). 

Aldol reaction of aziridine 5 (PhCHO) major diastereoisomer: ‘H NMR: 1.01 (3H.d. J=7, 
CH&H-); 2.51 (2H. dd, J=14,7, -CH2Ph); 2.52 (1H. m, CH,CH-); 2.71 (2H. m. 2xCHN); 3.12 (2H, dd, 
J=l4, 4, CHzPh); 3.80 (1H. br s, HO-); 5.07 (lH, apparent s, -CHCH(OH)-); 7.05-7.34 (15H. m, Ar-). 

IR: 3465 cm-’ (b, OH); 1653 (s, amide). 

Al&l reaction of aziridine 5 (CH,CH&HO) major dimtereoisomer. ‘H NMR: 0.90 (3H, t, J=7, 
CH&H2-); 1.10 (3H, d, J=7, CH,CH-); 1.27 and 1.47 (1H each, m, CH3CHz-); 2.27 (1H. qd. J=7, 2.8, 

CH$H-); 2.54 (2H, dd, J=14. 7. -CH2Ph); 2.72 (2H. m, 2x0; 3.14 (2H. dd, J=14. 4, -CH*Ph); 3.39 
(1H. d, J=1.5. HO-); 3.74 (lH, m, -CHCH(OH)-); IR: 3474 cm-’ (b. OH); 1664 (s, amide). 

Atil reaction of aziridine 15 (CHsCH$HO) major diastereoisomer: ‘H NMRz 0.92 (6H, d, 
J=7, -CH(CH,),); 0.95 (3H,d, J=7, CH,CHr); 1.13 (6H, d, J=7, CH(C.H&); 1.17 (3H. d, J=7, CH$H-); 
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2.18 (2H, m, 2xcHN); 2.57 (HI, qd, J=7, 2.8, CH&R-); 3.57 (lH, d, J=2.0, HO-); 3.81 (1H. m, 
-CHcHo_). IR: 3452 cm-’ (b. OH); 1652 (s, amide). 

Qpicai procedures for removal of the azi* 

(i). With LiAlH& The alkylation product from axiridme 1 and BnBr (0.065 g, 0.152 mmol) was 
dissolved in EtsO (5 ml) and cooled to tFC. LiAU-& (0.8014 g, 0.038 mmol) was added and the reaction 
was stirred at RT. After 3h the maction was quenched with H,O. The phases wem separated and the 
aqueous phase was extracted twice with E?+O. The combined organ& wem washed three times with 
HzO, once with brine and dried over MgSO.+ The solvent was evaporated and the aldehyde and the 
N-H-azhidine were separated by flash chromatography (40% EtsO/pentane-EtOAc) giving 60 % yield of 
ECOV~ N-H-axiridine and 40% yield of (R)-2-methyl-3-phenyl-propionaldehyde (volatile). 
[al~m=-4.750 (d.40, acetme) (Lit. for enantiomer [a] 2oD=+40, c&25, acetot~)~. ‘H NMRz 1.03 (3H. 

d, J=7, w&H-); 2.54 (HI, dd, J=13, 8, PhCXHCH-); 2.61 (lH, m, -C.ZKHs); 3.04 (HI, dd, J=13, 6, 

PhCHHCH-); 7.19 (5H, m, Ph-); 9.68 (lH, s, -0). IR: 1721 cm-t (s, aldehyde). 
(ii). With L.iOOH: The alkyktion ptoduct from a&id& 1 and BnBr (0.150 g, 0.350 mmmol) was 

dissolved in a 3:l mixture of THP:H20. H202 (30% in HaO; 0.198 g, 1.75 mmol) and tiOH10.0139 g, 

0.699 mmol) wete added and the ma&on was stirted at RT for 5 days. The maction mixture was cooled 
to 0°C and the excess LiOOH was quenched with NaaSOs. Satnrated NaHCQ was added until pH=lO. 
The THP was evaporated and the residue was diluted with Ha0 and extracted thtee times with CH$&. 
Drying over MgSO,, evaporation of the solvent and purification of the residue by flash chromatography 
(EtOAc) gave 0.055 g (56% yield) of mcovemd N-H-axiridine. The aqueous phase was acidified with 
cont. HCl to pH=2 and extracted three times with EtOAc. Drying over MgSO.,, evaporation of the 
solvent and purification by gash chromatography gave 0.036g (63% yield) of 

(R)-2-methyl-3-phenyl-propionic acid [u]n 22-,29.7O (c&90, U-J&) (Optically pure material6 showed 

bP r,=-31.1°, c=1.03, CH#lr,). ‘H NMRz 1.18 (3H, d, J=7, C&CH-); 2.67 (1H. dd, J=13, 8, 
PhCHJfCH-); 2.76 (H-J, m, CEJCH2); 3.08 (1H. dd, J=13,6, PhcHHCH-); 7.22 (5H, m, -Ph). 

This pro&me could also be used for the aldol products. For example, hydrolysis of the product 

10 from reaction of 1 and benxahkhyde yielded (2R,3R)-3-hydroxy-3-phenyl-2-methylpropanoic acid, 
[alDx&28.30 (c=1.03, U-J&l,) (Lit for ensntiomer [o~],~26.4~ (c=1.04. CHzC12).% Yield: 72%. 

Other typical examples: 
Hydrolysis of the product from reaction of 16 witb benzaldehyde yielded (2$3S’)-3-hydroxy- 

-3-phenyl-2-methylpropanoic acid, [u],~27.8 (c=O.70, CH$l~ (Lit_ [1&22--26.4” (c=1.04, 
CH.$&J,24 Yield: 80%. 

Hydrolysis of the prqduct from mtion of 16 with 2,2&methylpropionic aldehyde yielded 
(2S,3s)-3-hydroxy-2,4&rimethylpentauoic acid, [u]$2=-16.0“ (c=O.25, CH2C1.9 (Lit. [a],~l7.O0 
(~~0.50, CH2C12).25 Yield: 78%. 

Hydrolysis of the product from reaction of 16 with propionic sidehyde yielded 

(2&3R)-3-hydmxy-2-methylpcntanoic acid, Cc& “=+3.02O (~~1.72, CH2Cld (Lit for enantiomer 

[~]~~=-4.1~ (c~1.72. CH2C13.26 Yield: 74%. 
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