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Studies on the synthesis of orthogonally protected azalanthionines, and of routes
towar ds 3-methyl azalanthionines, by ring-opening of N-activated aziridine-2-

car boxylates

Keith O’'Brien, Keith 6 Proinsias and Fintan Kellehe

Molecular Design and Synthesis Group, Centre of Applied Science for Health,
Institute of Technology Tallaght, Dublin 24, Ireland.

Abstract:

Orthogonally protected azalanthionines were sufai®gssynthesised by the ring-
opening of N-activated aziridine-2-carboxylates hwiprotected diaminopropanoic
acids (DAPs). The required DAPs were also prephayedng-opening of N-activated
aziridine-2-carboxylates witlpara-methoxybenzylamine, but it was found that the
choice of aziridine protecting groups dictated bibith success of the reaction as well
as the regioselectivity of the isolated productdedpts to extend the methodology to
the preparation of the more sterically demandihmethyl azalanthionines have, so

far, been unsuccessful.

Keywords:
1,2-Diaminopropanoic acids (DAPs); Lanthionine; idine-2-carboxylates; Ring-

opening; Azalanthionine§-Methyl azalanthionines.

1. Introduction

The incorporation of amino acid cross-linkers ipgptide structures, which leads to
the formation of cyclic peptides, is an importargythat nature uses to give defined
peptide and protein conformations with high bioagi activity. Importantly the
stability of the peptides can also be increased tdutheir increased resistance to
proteolytic cleavagé. There are many such cross-linkers in nature irictud
lysinoalanine and histidinoalanifeyhile the lanthipeptides contain the lanthionine o
B-methyllanthionine cross-linking amino acids (Figuk)® Nisin is one of the most
studied lanthipeptides and is a highly active aittiobial peptide which has been
used worldwide for decades as a food preservai284). The chemical synthesis of

orthogonally protected lanthionines an@methyllanthionines has been studied
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extensively* Vederas has also reported on the replacemenedhtbether bridge of

lanthionines and3-methyllanthionines with both carbon chain and @tydridged

analogues.

HZN\R/\NJ(\)}srcozH
|

HO,C H NH,

Lysinoalanine

HoN(s R CO,H
- i
HO,C NH,

L anthionine

HzN\R/\ SCOzH
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HzN\R/\N s CO,H
HO,C Q\N\ NH,
Histidinoalanine

Me
HoN_ S~ R.CO,H
2 %?s/\( ;
HO,C NH,

B-Methyl lanthionine
l\:/le
HoN R s CO,H
TSN
HO,C H NH,
B-M ethyl azalanthionine

Figure 1. Structur es of some cross-linking amino acids™*

We recently reported on our preliminary studiesgtending the range of lanthionine
thioether bridge replacements that are availabl@reparing orthogonally protected
azalanthionines, which have an amine linker whitlougdd have quite different
physicochemical properties to any of the other @mas (lanthionines,
oxalanthionines or carbalanthionines), includingewaolubility at physiological p#.

To date this is the only reported method for theppration of orthogonally protected
azalanthionines though a small number of reportthersynthesis of azalanthionines
are known, but none gave orthogonally protectedpmmds which would be suitable
for use in solid-phase peptide synthésiie presence of a nitrogen atom in the cross-
linker would also provide a very useful handle flurther derivatisation, or

conjugation, where required.

Thus, the goals of the current study were firstiyektend the range of orthogonally
protected azalanthionines using our previously kgpesl aziridine ring opening
methodology. Our initial report demonstrated thability of the methodology but
only one azalanthionine analogue was prepared thih correct stereochemistry,

when compared to stereochemistry of natural lanth@containing peptides. For the
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future incorporation of azalanthionines, in orderprepare lantibiotic analogues, a
number of differentially protected analogues woblel required with the desired
stereochemistry. Since many lanthipeptides alsotagornthe 3-methyllanthionine

moiety, the second goal of this study was the esxtenof the methodology to prepare
a range of3-methyl azalanthionines, again with the correctesiehemistry at each

stereocentre.

2. Resultsand Discussion

2.1 Synthesis of orthogonally protected azalanthionines

The retrosynthetic analysis of the orthogonallytgected azalanthionines shows that
they could be prepared by ring-opening of N-actédaaziridine-2-carboxylates with
protected diaminopropionic acids (DAPs) (Figure 2n turn the DAPs could be
obtained by ring-opening of differently protectedziraines with p-

methoxybenzylamine.

2 3

PlHN\R/‘g‘fN S C02P3 P 0GR PS\N s C02P3 s,COzP
P0,C PS5 NHP* N T ! 4 =) PSNH, + oy
2 p1 H NHP o4

P = Protecting group

Figure 2. Retrosynthetic analysis of orthogonally protected azalanthionines

In order to prepare a range of different orthoglynalotected azalanthionines suitable
for solid-phase peptide synthesis the precursoctiNated aziridine-2-carboxylates
were first prepared to explore the optimal substitupatterns for the synthesis of the
required DAPs (Scheme 1). Starting with the kndwrityl aziridine-2-carboxylates,
la and 1b,® replacement of the trityl group with a number &fceron-withdrawing
groups gave the required N-activated aziridin@s-2c, 3a-3c and 7). The
regioselectivity of the ring-opening reaction, oreatment of the N-activated
aziridines withp-methoxybenzylamine, was highly dependent on blo¢ghrtature of
the N-substituent and the ester group in the 2tiposias well as the temperature of

the reactior?. In all cases two molar equivalentspsiethoxybenzylamine was used.



-T

WS/COZMe ) pMB\N/\s‘,/COZMe N.p
) H  NHP i R
P HN' CO,Me
2a,P=Ts 4a,P=Ts PMB
20, P =p-Ns 4b, P=p-Ns 5a,P=Ts
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Reagents and conditions; (a) See Supporting Infdomab) p-methoxybenzylamine (2 molar equiv.), MeCN, rt,i24

Scheme 1. Synthesis of 1,2-diaminopropanoic acid derivatives (4-6)

| =
24 h H NHEWG H HN.

s,CO,R PMB s_CO-R EWG R_CO,R
VO HZN/\©\ _CHLCN_ WO N RCO2
' OMe

EWG PMB
(2 molar equiv.) B-attack a-attack

Entry Aziridine Temp{C) % B-attack % a-attack

1 2a (R = Me, EWG = T¢ 25 70 (da) 23 (Ga)

2 80 32 (4a) 41 (5a)

3 | 2b (R = Me, EWG =p-Ns) 25 42 @b) 32 (Bb)

4 2¢c (R = Me, EWG p-Nz) 25 63 éc) -

5 | 3a(R = Allyl, EWG = Ts) 25 or 8¢ - -

6 | 3b(R = Allyl, EWG =p-Ns) 25 or 807 - -

7 3c (R = Allyl, EWG =p-Nz) 25 66 6C) -

10 | 7 (R = Allyl, EWG =alloc) 25 or 8¢ - -

@ Product number is in paranthes‘éN;Q product fromo- or B-attack obtained, even in
the presence of BFOEL as Lewis acid catalyst.

Table 1. Regioselectivity of the ring-opening of N-activated aziridine-2-
car boxylateswith p-methoxybenzylamine

Aziridine 2a gave a mixture ofla andb5a in a 70:23 ratio at room temperature (Table
1, entry 1). However, the selectivity was revergedive 4a and5a in a 32:41 ratio,
when the reaction was conducted at°80(entry 2). Further reactions in this series
were conducted at room temperature to maximiseyigld of the product obtained

from attack at the aziriding-position. It was found that th@Ns aziridine2b gave4b
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and5b in a 63:21 ratio (entry 3). However, tipeNz substituted aziridin@c only
gave4c, the product of attack at the less hindgBexhrbon of the aziridine in a 66%
yield (entry 4). For the N-activated aziridine alygters3a-c (entries 5-7), only the N-
p-Nz substituted derivativBc underwent reaction with-methoxybenzylamine, with
6¢ being obtained in a 66% yield, as the sole pradLice N-alloc activated aziridine
7 gave no product from attack by-methoxybenzylamine (entry 10). For the
unsuccessful reactions, use of Lewis acid catalyson trifluoride etherate) and/or
heating to 8C°C, did not lead to any of the desired products.e&amination of the
results of the ring-opening reactions shows that rigioselective outcome is not
predictablée’

Having prepared a number of the required DAPs tveye then used to prepare
orthogonally protected azalanthionines by ring-opgrof the protected N-activated
aziridines (Scheme 2). In these cases, it was fthatdhere was no reaction observed
at 25°C, in the presence of 2 molar equivalents of the®PD¥When the reactions were
heated to 8GC, only products from attack at the less sterichilydered aziriding?
position were obtained. It is most likely that tiesdue to the increased steric bulk of
the secondary amine nucleophile of the DAP comptrélde primary amino group of
the p-methoxybenzylamine. Thus far a range of six drasisomeric azalanthionines
(8-12, 17) have been prepared using this methodology, \Wittstereochemistry of the
diastereoisomer depending on whetheor D-serine was used as the starting material

for the precursor N-activated aziridines (Schenam@ Table 2).



-NsHN._s s CO,Me
PMB.. CO,Me p 2 p-NsHN R CO,Me
D e VR G o
H NHTs MeOZC PMB NHTs Meozc PMB NHTs
4a 8 9

TsHN._s COLAIl
PMB\N/\‘S/COZAH b N 2
M NHp-Nz MeO,C  PMB NHp-Nz
6c 10
C
P-NSHN. S~ -~ S COAIl P-NSHN B~ A~ S COAll
| H
MeO,C  PMB NHp-Nz MeO,C  PMB NHp-Nz
11 12
SCOH o s COLAIl
L-Serine HO HO
NHTrt NHTrt
13 14
N
TsHN_s s COLAll PMB. COLAll
N 2 h PMB\N s COAll N s CO;
MeO,C  PMB NHAlloc H  NHAlloc Ns NHAlloc
17 16 15

Reagents and conditions; @) (0.5 molar equiv.), MeCN, 8%C, 24 h, (for9 usingR-2b (0.5 molar

equiv.)); (b)2a (0.5 molar equiv.), MeCN, 88, 24 h; (cb (0.5 molar equiv.), MeCN, 8&C, 24 h, (for12
usingR-2b (0.5 molar equiv.)); (d) i) TMS-CI, BN, DCM: ii) Trt-Cl, Et3N, MeOH, 58%; (e) i) GEO;, MeOH:
ii) allyl bromide, DMF, 91%;(f) Ref 10; (g) thiogimol, K,COs;, DMF, 11, 16 h, 80%; (ha, BF;.0OEt, CH,Cl,,
rt, 24 h, 30%.

Scheme 2. Synthesis of azalanthionines (8-12, 17)

CO,R?

v PMB. .3 CO,R? 80°C PIHN N s CO,R!
,?1 } B NHP? CHACN RIO,C  PMB NHP2
2 molar equivalents

Entry Aziridine DAP % Azalanthionire

1 S2b (R*= Me, P =p-Ns) 4a (R°= Me, P =Ts) 46 8, (S9)

2 R-2b (R' = Me, P = p-Ns) 510, (R9)

3 S-2a (R'=Allyl, P'=p-Nz) | 6¢c(R°= Me,P*=p-Ns) 38(10, (S9)

4 S-2b (R' = Me, P =p-Ns) 6¢c (R° = Me, P =p-Ns) 27 (11, (S9)

5 R-2b (R' = Me, P =p-Ns) 32 (12, (RS)

9 yield and stereochemistry in parantheses;
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Table 2. Synthesis of orthogonally protected azalanthionines 8-12

The isolated yields of the azalanthionines, aftgremus workup, were 27-51%, which
are comparable with those obtained for similaridizie ring-opening reactions with
protected cysteine or serine nucleophiles, usegrépare orthogonally protected
lanthionine$! and oxalanthionine®:° The mass balance in each case was made up of
the starting DAP and numbers of unidentified pragwehich resembled ring-opened
aziridines. These were possibly serine derivatithesugh none were conclusively
identified, either by NMR or mass spectrometriclgsia. It also is worth mentioning
that all of the synthesised azalanthionines weoagto decomposition when stored at
ambient temperature. Simple TLC and HPLC analysiswed that they all
decomposed to a multitude of products, particularhen stored in solution (results
not shown). It was necessary to store them fregobfent in a freezer at -2C in
order to increase their stability, but even in éheases they had almost completely
decomposed in a matter of weeks. The reason fangtability is most likely due to
the strongly electron-withdrawing protecting groypgsent on the nitrogen atoms,
which increases the acidity of thkehydrogens. This makes the molecules more prone
to elimination most likely by a retro-Michael meciem. Therefore, the same
electron-withdrawing groups that are necessara@ivation of the aziridine ring to
nucleophilic ring-opening are also responsible floe instability of the resulting

products.

Azalanthioninel2 is considered the most useful of those prepared,cntained five
orthogonal protecting groups. The next stage in ffxethesis of aza analogues of
lanthipeptides would involve the deprotection opMz protecting group o012 and
replacement with a Fmoc group. Removal of the aljydup of the ester, with
Pd(PPh)4, would then give a carboxylic acid which could dtéached to a resin for
solid-phase peptide synthesis. Both of these degtions have been successfully
achieved by Vederas in the synthesis of analogtigisedanthipeptide lacticin 3147
A2, containing oxalanthionine linkers, so it istftlat these particular deprotections
should also be possible for azalanthionl@e Furthermore the deprotection of tNe
Ns group of DAP15, with thiophenol, has already been shown in treparation of
DAP 14, in an isolated yield of 80% (Scheme 2).



As well as synthesising the azalanthionines twahefisomeric nor-azalanthionines
(18 and19) were also prepared (Scheme 3). This was achikyddeating the same
N-activated aziridine-2-carboxylateZa(and2b) with the3-amino acidba, which had
been obtained as a by-product from attacg-ofethoxybenzylamine at theeposition

of the aziridines (Scheme 1). Again, in these casaly attack at the less hindergd
position occurred to give nor-azalanthionirk® and 19, in 47% and 39% vyields,
respectively. The success of these reactions waswbat surprising because of the

highly hindered nature of the secondary amine mydides used.

H
N.
Ts
NSHN_ S~ &
H P " CO,Me
\
N. a MeO,C  PMB
s o 18
R H
HN' ~CO,Me _ p N
\ ~
PMB N E Ts
5a - -
p-NsHN_ S l}l‘ CO,Me
AlO,C PMB
19

Reagents and conditions; @9 (2 molar equiv.), MeCN, 8€C,
24 h, 47%; (bpb (2 molar equiv.), MeCN, 88C, 24 h, 39%;

Scheme 3. Synthesis of isomeric nor -azalanthionines (18 and 19)

2.2 Routestowards B-methyl azalanthionines

Having successfully prepared orthogonally protecedlanthionines attempts were
then made to extend the methodology to fraethyl azalanthionines, which are the
amine-linked analogues of the knowmethyllanthionines and/methyl
oxalanthionines. For the retrosynthesis of th@methyl azalanthionines two simple
disconnections were envisaged (Figure 3). Discaimmedd would give a route
involving ring-opening of N-activated 3-methyl-adine-2-carboxylates with the
previously prepared DAP derivatives. The aziridingsuld come from suitably
protected threonine derivatives, as starting malerirhe alternative disconnectiBn
would give N-activated 3-unsubstituted-aziridinegboxylates anfi-methyl DAPs.

It was envisaged that the requif@dnethyl DAPs would, in turn, be prepared by ring-



opening of N-activated 3-methyl-aziridine-2-carbiaxgs with  p-

methoxybenzylamine.

PlHN\/g 73\‘/(:0533

onzc PS5  NHP? % ) Me 5,CO,P3
PIHN_R AS N7
B \/}éjNH +

P = Protecting group H .
P20,C  PS p*

U

P20,C_R R,Me
\V’ +  PS-NH,

Pl
Figure 3. Retrosynthetic analysis of orthogonally protected B-methyl

azalanthionines

Thus, the N-activated 3-methyl-aziridine-2-carbatgbk were prepared in a similar
manner to their des-3-methyl counterparts, withreonine being used in placeof
serine, as the starting material (Scheme 4). Thet§-aziridine methyl and allyl
esters 20a and 20b) were synthesised fromrthreonine in good yieldl.The trityl
group, of each ester was removed and replaced awitivating groups to promote
aziridine ring-opening. The groups used were pgFbls andp-Nz, all of which had
been successfully used previously in the synthefdilse azalanthioninesifle supra).

In all this gave six different activated aziridingia-c and 22a-c) which were then

used for the synthesis gfmethyl azalanthionines.

The ring-opening reactions were attempted usingtleiously successful conditions
of stirring at reflux temperature in acetonitrilsing a suitably protected DAP. The
DAP chosen was6c which was used successfully in the preparation thed
corresponding azalanthionines. However, none of tHesired (-methyl
azalanthionines were obtained, with only the urtethcDAP and unidentified
products being recovered that appeared, from tieiNMR spectra, to be derived

from ring-opening of the 3-methyl-aziridine-2-caxigtates. Use of Lewis acid
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catalysis, with BEOE®L in dichloromethane at reflux temperature, agaveg#one of
the required products.

Using the successful synthesis of the nor-azalanihés by ring-opening of an
aziridine with a relatively hindered secondary aenas a model, the synthesis of the
B-methyl azalanthionines was then attempted by i@macf f-methyl DAPs with N-
activated 3-unsubstituted aziridines. TRenethyl DAPs were prepared by ring-
opening of theB-methyl aziridines Z1la-c and 22a-c) with p-methoxybenzylamine
(Scheme 4). For example, when aziridinela was reacted with p-
methoxybenzylamine (2 molar equivalents) at roomperature in acetonitrile, again
two regioisomers were obtained in a combined yiéld6% (Table 3, entry 2). In this
case almost equal amounts of both regioisomers isel&ted, with the product from
B-attack @3a) being obtained in 41%, while that framattack @4a) was obtained in
35% vyield. When the reaction was repeated at reflmperature the ratio was ~4:1 in
favour of the product fromx-attack (entry 3). When the reaction was conduete@
°C, the ratio was ~1:1 (entry 1, 34% fattack and 32% fom-attack). All the other
N-activated 3-methyl aziridines previously syntlsesi were then reacted wift

methoxybenzylamine at different temperatures (T&hle

H
= 1,8 N<
%S/COZMe ) PMB\N/EQ\‘S/COZME R[ P
L-Threonine N A + o
| H NHP H’}] COzMe
la P PMB
21a,P=Ts 23a,P=Ts 24a,P=Ts
21b, P =p-Ns 23b, P=p-Ns 24b, P = p-Ns
N3 5-C0R 21c.P = pNz
N — or H
i N
Trt = AN
s s,COLAll : SN
20b, R = Allyl N - ! HNY ~COLAll
! H NHP \
P PMB
22a,P=Ts 253, P=Ts
220, P =pNs 25, P= p-Ns 26b, P = p-Ns
22c, P =p-Nz 25¢, P = p-Nz

Reagents and conditions; (a) Ref 8; (b) see Sclerfwg p-methoxybenzylamine (2 molar equiv.), MeCN, 24 h.

Scheme 4. Synthesis of B-methyl DAPs
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s s,CO,R H
CHsCN PMB. s CO,R EWG. /kR/cozR
\BW/“ . HzN/\©\ akadh N/R\/ + N7s™
OMe

EWG 24h H  NHEWG H HN‘PMB
2 molar equiv. B-attack a-attack
Entry Aziridine TempC) | %p-attack | % a-attack

1 |21a(R=Me, EWG =Ts) 0 34 (23a) 32 (24a)

2 25 41 (23a) 35 (24a)

3 80 15 (23a) 62 (24a)

4 |19 (R = Me, EWG =p-Ns) 0 42 (23b) 32 (24b)

5 25 27 (23b) 55 (24b)

6 80 21 (23b) 61 (24b)

7 | 19 (R = Me, EWG =p-Nz) NR - -

8 | 20a (R = Allyl, EWG = Ts) 0 38 (25a) -

9 25 42 (253) -

10 8(r - -

11 | 20b (R = Allyl, EWG =p-Ns) 0 43 (25b) 35 (26b)

12 25 21 (25b) 49 (26D)

13 80 - -

14 | 20c (R = Allyl, EWG =p-Nz) 0 39 (25¢) -

15 25 27 (25¢) -

16 8(r - -

2 Product number is in parantheseblo reaction when conducted at@ 25°C or 80
°C; “No product fronu- or -attack obtained.

Table 3: Regioselectivity of the ring-opening of 3-methyl-aziridines with p-
methoxybenzylamine

When aziridine21b was used similar results were obtained (entri€$, £xcept for
the reaction conducted at &, where the product ofi-attack (55%24b) was
obtained in preference to the product Bhttack (27%,23b). Surprisingly, when
aziridine21c, which contains the [§-Nz group, was used no products from attack at
either thea- or B-positions were obtained at any of the temperatsitedied (entry 7).
This is in contrast to our previous study whichwbd that the 3-unsubstituted pN-
Nz aziridine methyl estei2¢) gave the product from attack at feosition (4c) as
the sole product in a 63% isolated yil@his study had found that when the ester
group was changed from methyl to allyl only ther@ubstituted aziridine with a -

12



Nz activating group underwent a ring-opening remsctvith p-methoxybenzylamine,
giving the product ofi-attack(6c) as the sole product in 66% yield. However, when
the corresponding 3-methyl substituted aziridinesrevused strikingly different
results were obtained (entries 8-16). In all cassastions conducted at 80 did not
give any products from attack at thieor 3 positions. For aziridine®a and22c only
B-attack was observed, but f22b products from botl- and@-attack were isolated.
As for the case of the 3-unsubstituted aziridinee tegioselectivity is highly
unpredictable. A computational study of both theuBstituted and 3-unsubstituted
aziridine derivatives is currently being undertakenorder to try to explain the

observed regioselectivity outcomes.

With a selection of the requirgiimethyl DAPs 23a, 23b, 25a-c) in hand, an attempt
was made to ring-open the 3-unsubstituted azirgdi@a-c and 3a-c) under reflux
conditions in acetonitrile. A significant number different combinations were tried
but there was no evidence, in any case, for theedkgmethyl azalanthionines. In
every reaction only the startifigmethyl DAPs were recovered after aqueous workup,
along with compounds which appeared to be derivedh fopening of the aziridine
ring, as evidenced by the appearance of their NMBctsa compared with, for
example, aziridine ring-opened precursors. As leefdhe use of BFOEGL in
dichloromethane at reflux temperature was also eoessful. These results were
somewhat surprising owing to the successful symhafsthe nor-lanthionine$8 and
19, using what appeared to be an even more steridallyanding secondary amine

nucleophile.

3. Conclusions

The synthesis of a range of orthogonally proteezalanthionines, which are amine
linked analogues of the increasingly important hémtine-containing bioactive
peptides, has been achieved by ring opening oftNeded 3-unsubstituted aziridines
with protected DAPs. However, the azalanthionimesumstable to storage at ambient
temperature, most probably due to the strongly telrewithdrawing nitrogen
substitutents. Extension of the methodology to tmeparation of 3-methyl

azalanthionines has not been achieved so far. Wag attempted by two methods
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which involved i) reaction of DAPs with N-activat@&dmethyl-substituted aziridines,
or ii) reaction off-methyl DAPs with N-activated 3-unsubstituted atiires. In all

cases, there was no indication of the formatiowledired3-methyl azalanthionines,
even by mass spectrometry. It has also been fdwatdhe regioselectivity of the ring
opening of N-activated aziridine-2-carboxylateshaiemethoxybenzylamine is not

predictable.

4. Experimental

4.1 General

All isolated products were purified using columnrarhatography with silica gel
(Aldrich, 70-230 mesh, 60 A) in the indicated solvsystems. Melting points were
determined with Stuart scientific SMP1 & Mettler &P melting point apparatus.
Analytical thin layer chromatography (TLC) was merhed on pre-coated plates
(Merck Kieselgel 60 54 and visualised with UV light (254 nm), iodine \eap or
agueous potassium permanganate solution. Infrgpedtrs. were recorded as KBr
disks or a thin film between sodium chloride platas Avatar 320 and Nicolet impact
410 FT-IR spectrophotometers, run on EZ Omnic ESZa and 3.1a software
packages, respectively. Polarimetry was carriedusirnig an Optical Activity AA-55
series polarimeter at ambient temperature withcdm2 1 ml cell.'H NMR and**C
NMR spectra were measured on a JOEL JNM-LA300 FTR\bf a Bruker Avance
[1 500 MHz FT-NMR with TopSpin 2.16 Software anchtn PATXI 1H/13-C/15N
Z-GRD probe, in CDGl as solvent. Chemical shift values are reportedtixa to
tetramethylsilane. Mass Spectrometry was carrigchbthe Centre for Synthesis and
Chemical Biology in University College Dublin usir@uattromicro™ LC-MS/MS
and Liquid chromatography time-of-flight (LCT) maspectrometers. Exact Mass
Spectrometry analyses were carried out at the Depat of Chemistry, NUI

Maynooth, Co. Kildare, Ireland.
Experimental Procedures4.2

General procedure for ring-opening of aziridines with p-methoxybenzylamine
for the preparation of DAPs 4a-c and 6c.

14



To a solution of the relevant aziridine (2 mmol)acetonitrile (5 ml) was addegs
methoxybenzylamine (0.52 ml, 4 mmol) and the sotutvas stirred for 24 h at room
temperature. The solvent was remoueslacuo, and then the residue was redissolved
in ethyl acetate (20 ml), washed with brine (2 x 20), dried over anhydrous
magnesium sulfate and concentratadvacuo. The crude product was purified by

flash column chromatography on silica gel in petwoh ether:ethyl acetate (2:1).

(9-Methyl  3-(4-methoxybenzylamino)-2-(4-methyl phenylsulfonamido)  propanoate
(4a). Colourless oil (0.54 g, 70%);:/.12 petroleum ether:ethyl acetate (1:)pf° =
+13.35 (c 1.0 in CHC#); *H NMR (CDCls, & ppm) 7.72 (d, 2HJ = 8.8 Hz), 7.28 (d,
2H,J=8.8 Hz), 7.16 (d, 2H] = 8.8 Hz), 6.85 (d, 2H] = 8.8 Hz), 4.03 (t, 1H) = 4.8
Hz), 3.79 (s, 3H), 3.65 (d, 1H,= 12.9 Hz), 3.61 (d, 1H] = 12.9 Hz), 3.52 (s, 3H),
2.88 (d, 2HJ = 5.2 Hz), 2.40 (s, 3H)C NMR (CDCls, 8 ppm) 171.2, 158.7, 143.7,
136.6, 131.3, 129.6, 129.3, 127.2, 113.8, 60.43,552.6, 52.3, 50.0, 21.5; IRhin
film, cm®) 3347, 3089, 2981, 1744, 1188, 1150; HRNES+) calculated for
C1oH25N>0sS, [M+H]" 393.1479, found [M+H]393.1477.

(9-Methyl 3-(4-methoxybenzyl amino)-2-(4-nitrophenylsulfonamido) propanoate (4b).
Pale yellow oil (0.53 g, 42%);R0.20 petroleum ether:ethyl acetate (1:kJpf’ =
+16.5P (c 1.0 in CHC}); *H NMR (CDCls, 5 ppm) 8.32 (d, 2HJ = 9.0 Hz), 8.02 (d,
2H,J = 9.0 Hz), 7.16 (d, 2H] = 8.7 Hz), 6.86 (d, 2H] = 8.7 Hz), 4.11 (t, 1H] = 6.1
Hz), 3.80 (s, 3H), 3.65 (s (br), 2H), 3.58 (s, 3Bi01-2.86 (dd, 2H) = 5.0, 4.9 Hz);
¥C NMR (CDCl, & ppm) 170.7, 158.9, 150.0, 145.8, 131.2, 129.5,32824.4,
113.8, 55.5, 55.3, 52.8, 52.6, 49.9;(tRin film, cm™) 3375, 3087, 2981, 1743, 1552,
1381, 1177, HRMS([ES+) calculated for fgH2oN307S, [M+H]" 438.1329, found
[M+H] " 438.1322.

(S)-Methyl 3-(4-methoxybenzyl amino)-2-((4-nitrobenzyl oxy)car bonylamino)
propanoate (4c). Pale yellow oil (0.46 g, 63%);:F0.22 petroleum ether:ethyl acetate
(1:1); [o]p® = +22.48 (c 1.0 in CHC}); *H NMR (CDCls,  ppm) 8.20 (d, 2HJ = 8.7
Hz), 7.50 (d, 2H,) = 8.7 Hz), 7.20 (d, 2H] = 8.6 Hz), 6.86 (d, 2H] = 8.6 Hz), 5.19
(d, 2H,J = 8.6 Hz), 4.43 (m, 1H), 3.78 (s, 3H), 3.75 (9(H), 3.72 (s, 3H), 3.10-
2.98 (dd, 2H,J = 4.8, 4.8 Hz)*C NMR (CDCl;, & ppm) 171.3, 158.8, 155.3, 147.5,
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143.6, 130.9, 129.5, 128.0, 123.7, 113.6, 65.31,953.5, 52.6, 52.3, 49.1; IRhin
film, cm'l) 3341, 3065, 2981, 1744, 1680, 1212; HRNES+) calculated for
Co0H24N307, [M+H] " 418.1609, found [M+H]418.1627.

(R)-Methyl  2-(4-methoxybenzylamino)-3-(4-methoxyphenylsulfonamido) propanoate
(5a). Colourless oil (0.17 g, 41%);:.24 petroleum ether:ethyl acetate (1:&]pf°

= +12.4F (c 1.0 in CHC}); *H NMR (CDCls, 5 ppm) 7.70 (d, 2HJ = 8.6 Hz), 7.28
(d, 2H,J = 8.0 Hz), 7.15 (d, 2HJ = 8.6 Hz), 6.85 (d, 2H] = 8.6 Hz), 5.15 (s (br),
1H) 3.80 (s, 3H), 3.68 (s, 3H), 3.65 (m, 2H), 3c§1(H,J = 12.9 Hz), 3.30 (m, 1H),
3.26 (dd, 1HJ = 8.6, 8.6 Hz), 2.95 (dd, 1H) = 7.5, 7.4 Hz)**C NMR (CDCl, &
ppm) 172.9, 158.9, 143.5, 136.6, 131.0, 129.7,4,227.0, 113.9, 59.0, 55.3, 52.3,
51.2, 44.2, 21.5; IRthin film, Cm'l) 3359, 3082, 2991, 1743, 1224, 1124.

(R)-Methyl 2-(4-methoxybenzylamino)-3-(4-nitrophenylsulfonamido) propanoate (5b).
Pale yellow oil (0.17 g, 32%);R0.32 petroleum ether:ethyl acetate (1'H;NMR
(CDCls, 3 ppm) 8.28 (d, 2HJ = 9.0 Hz), 7.94 (d, 2H] = 9.0 Hz), 7.14 (d, 2H] = 8.7
Hz), 6.83 (d, 2H,) = 8.7 Hz), 3.80 (s, 3H), 3.71 (s, 3H), 3.65 (d, IH 12.9 Hz),
3.54 (d, 1HJ = 12.9 Hz), 3.30-3.26 (m, 2H), 3.05 (m, 1H}C NMR (CDCl, §
ppm) 172.5, 159.0, 149.9, 145.6, 130.8, 129.4,2.2R4.4, 113.9, 59.2, 55.5, 52.6,
51.3, 44.3; IRthin film, Cm'l) 3401, 3065, 2971, 1745, 1542, 1371, 1196.

(9-Allyl 3-(4-methoxybenzylamino)-2-((4-nitrobenzyl oxy) carbonylamino)
propanoate (6¢). Pale yellow oil (0.58 g, 66%);:R0.11 petroleum ether:ethyl acetate
(1:1); [o]o*° = +26.28 (c 1.0 in CHC}); *H NMR (CDCls, 5 ppm) 8.21 (d, 2H) = 8.7
Hz), 7.51 (d, 2H,) = 8.7 Hz), 7.19 (d, 2H] = 8.6 Hz), 6.86 (d, 2H] = 8.6 Hz), 5.89
(m, 2H), 5.36-5.16 (m, 4H), 4.65 (d, 2Bi= 5.9 Hz), 4.43 (m, 1H), 3.79 (s, 3H), 3.70
(s (br), 2H), 3.10-2.96 (dd, 2H, = 5.8, 5.7 Hz);*C NMR (CDCl;, 5 ppm) 171.1,
158.8, 155.6, 147.6, 143.8, 131.6, 131.4, 129.2,.223.7, 118.9, 113.8, 66.1, 65.4,
55.2, 54.1, 53.1, 49.5; IRhin film, Cm'l) 3367, 3075, 2976, 1743, 1674; HRMS
(ES+) calculated for SH2gN3O7, [M+H] " 444.1765, found [M+H]444.1754.
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(9-Methyl 3-(((9)-3-methoxy-2-(4-methyl phenyl sulfonami do)-3-oxopr opyl ) (4-
methoxybenzyl)amino)-2-(4-nitrophenylsulfonamido) propanocate (8). N-p-nosyl
aziridine methyl este2b (0.07 g, 0.25 mmol) was dissolved in MeCN (5 mljdoe
adding DAP4a (0.2 g, 0.5 mmol, 2 eqg.) and the solution was edirat reflux
temperature for 24 h before removing the solvantacuo. The oil was dissolved in
ethyl acetate (20 ml), washed with brine (2 x 20 wohd dried over anhydrous
magnesium sulfate before removing the solvenvacuo. The crude product was
purified by preparative TLC on silica gel (petratieether:ethyl acetate 4:1) to yield
8, as a pale yellow oil (0.08 g, 46%): ®.37 petroleum ether:ethyl acetate (1'B);
NMR (CDCls, § ppm) 8.33 (d, 2HJ = 8.8 Hz), 8.07 (d, 2H] = 8.8 Hz), 7.70 (d, 2H,
J=8.4 Hz), 7.32 (d, 2H) = 8.3 Hz), 7.08 (d, 2H] = 8.4 Hz), 6.80 (d, 2H] = 8.4
Hz), 6.20 (s (br), 1H), 4.19 (t, 1H,= 5.3 Hz), 4.03 (dd, 2H} = 7.8 Hz, 6.5 Hz) 3.79
(s, 3H), 3.74 (d, 1HJ = 13.4 Hz),3.50 (d, 1H,J = 13.4 Hz), 3.46 (s, 3H), 3.41 (s,
3H), 2.97 (m, 3H), 2.71 (m, 1H), 2.40 (s, 3HJC NMR (CDCl;, & ppm) 171.0,
170.7, 159.0, 149.8, 146.3, 143.7, 136.5, 130.D.5813129.8, 128.5, 127.2, 124.1,
113.9, 58.4, 56.7, 56.2, 55.1, 55.1, 52.68, 5263%; IR(thin film, cm™) 3356, 3089,
2982, 1744, 1732, 1532, 1379, 1173, 1133.

(9-Methyl 3-(((R)-3-methoxy-2-(4-methyl phenyl sulfonami do)-3-oxopropyl) (4-
methoxybenzyl)Jamino)-2-(4-nitrophenylsulfonamido)  propanoate (9). 9 was
synthesised using a similar method to that uses/mthesise3, except the protected
aziridine R-2b was used0.07 g, 0.25 mmol). The crude product was purifisd
preparative TLC on silica gel (petroleum ether:ktgetate 4:1) to yiel® as a pale
yellow oil (0.09 g, 51%). R0.18 petroleum ether:ethyl acetate (1:4)f°= +32.96

(c 1.0 in CHCY); H NMR (CDCls, 6 ppm) 8.34 (d, 2HJ) = 8.7 Hz), 8.06 (d, 2H] =
8.7 Hz), 7.73 (d, 2HJ = 8.4 Hz), 7.28 (d, 2H] = 8.3 Hz), 7.13 (d, 2H] = 8.5 Hz),
6.82 (d, 2HJ = 8.5 Hz), 4.14 (d, 1H] = 6.5 Hz), 4.06 (dd, 1H = 7.0, 6.2 Hz), 3.81
(d, 1H,J = 12.9 H3, 3.80 (s, 3H), 3.50 (d, 1H] = 12.9 Hz), 3.46 (s, 3H), 3.41 (s,
3H), 3.02 (m, 3H), 2.76 (m, 1H), 2.42 (s, 3H¥C NMR (CDCl;, & ppm) 171.1,
170.8, 159.1, 149.9, 146.1, 143.8, 136.6, 130.8.613129.6, 128.4, 127.2, 124.1,
113.8, 58.4, 56.7, 56.2, 55.2, 55.1, 52.7, 52.66;2R (thin film, cm™) 3350, 3081,
2985, 1744, 1732, 1537, 1381, 1177, 1143; HRNES+) calculated for
CagH3sN4011S,, [M+H] " 679.1738, found [M+H]679.1748.
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(9-Allyl 3-(((R)-3-methoxy-2-(4-methyl phenyl sulfonami do)-3-oxopropyl ) (4-
methoxybenzyl)ami no)-2-((4-nitrobenzyl oxy)carbonylamino) propanoate (10). 10 was
synthesised using a similar method to that usesyhthesise3, except the protected
aziridineR-2a was used (0.06 g, 0.25 mmol) and the protecte® WAs6¢ (0.22 g,
0.5 mmol, 2 eq.). The crude product was purifiedpbgparative TLC on silica gel
(petroleum ether:ethyl acetate 4:1) to yigldas a pale yellow oil (0.06 g, 38%)::R
0.18 petroleum ether:ethyl acetate (1:&]pf° = +21.3F (c 1.0 in CHC}); *H NMR
(CDCls, § ppm) 8.21 (d, 2HJ = 8.3 Hz), 7.72 (d, 2H] = 8.3 Hz), 7.57 (d, 2H] = 8.0
Hz), 7.27 (d, 2HJ = 8.0 Hz), 7.11 (d, 2H] = 8.6 Hz), 6.77 (d, 2H] = 8.6 Hz), 5.88
(m, 2H), 5.79 (d, 1HJ = 8.2 Hz),5.29 (m, 4H), 4.60 (pseudo t, 2Bz 5.7 Hz), 4.43
(dd, 1H,J = 8.2, 8.1 Hz), 4.14 (m, 1H), 3.77 (s, 3H), 3.@0IH,J = 12.9 Hz), 3.51
(s, 3H), 3.33 (d, 1H] = 13.0 Hz), 2.90-2.73 (m, 4H), 2.41 (s, 3 NMR (CDCl,

o ppm) 170.9, 170.6, 159.0, 156.0, 147.5, 143.9,8,4837.1, 131.2, 130.5, 129.5,
129.2,128.1, 127.1, 123.7, 119.3, 113.7, 66.6,6%/.6, 55.7, 55.4, 55.2, 54.3, 52.7,
52.4, 21.5; IR(thin film, cm®) 3401, 3083, 2971, 1749, 1737, 1671, 1386, 1249;
HRMS (ES+) calculated for £H3gN40::S, [M+H]" 699.2331, found [M+H]
699.2321.

(9-Allyl 3-(((9)-3-methoxy-2-(4-nitrophenyl sulfonami do)-3-oxopropyl ) (4-
methoxybenzyl)amino)-2-((4-nitrobenzyl oxy)carbonylamino) propanoate (11). 11 was
synthesised using a similar method to that uses/mthesise3, except the protected
aziridine2b wasused(0.07 g, 0.25 mmol) and the protected DAP wa$0.22 g, 0.5
mmol, 2 eq.). The crude product was purified bypprative TLC on silica gel in
petroleum ether:ethyl acetate 4:1, to yigldas a pale yellow oil (0.05 g, 27%)s:R
0.22 petroleum ether:ethyl acetate (1'H:NMR (CDCls, 5 ppm) 8.30 (d, 2H) = 8.8
Hz), 8.22 (d, 2H,) = 8.1 Hz), 8.00 (d, 2H] = 8.8 Hz), 7.54 (d, 2H] = 8.1 Hz), 7.10
(d, 2H,J = 8.1 Hz), 6.81 (d, 2H]) = 8.1 Hz), 6.24 (s (br), 1H), 5.94 (m, 1H), 5.43-
5.24 (m, 5H), 4.60 (m, 2H] = 5.6 Hz), 4.48-4.34 (m, 1H), 4.14 (m, 1H), 3.83H),
3.76 (d, 1HJ = 13.2 Hz), 3.51 (s, 3H), 3.46 (d, 187 13.2 Hz), 2.98-2.85 (m, 2H),
2.78-2.71 (m, 2H)*C NMR (CDCl;, 6 ppm) 170.6, 170.2, 159.2, 156.2, 149.9,
147.8, 146.5, 143.4, 132.4, 131.1, 130.4, 128.8,112123.9, 123.7, 119.5, 113.9,
66.5, 65.9, 57.7, 56.6, 55.2, 54.9, 54.1, 52.84:51R (thin film, cm') 3347, 3074,
2991, 1749, 1733, 1677, 1547, 1386, 1192.
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(9-Allyl 3-(((R)-3-methoxy-2-(4-nitrophenyl sulfonami do)-3-oxopropyl ) (4-
methoxybenzyl)ami no)-2-((4-nitrobenzyl oxy)carbonylamino) propanoate (12). 12 was
synthesised using a similar method to that usesyhthesise3, except the protected
aziridine used wa®-2b (0.07 g, 0.25 mmol). The crude product was putifisy
preparative TLC on silica gel in petroleum ethdayefcetate 4:1, to yieltl? as a pale
yellow oil (0.06 g, 32%). R0.22 petroleum ether:ethyl acetate (1:&)pf°= +67.20

(c 1.0 in CHCY); 'H NMR (CDCls, 6 ppm) 8.30 (d, 2HJ) = 8.8 Hz), 8.26 (d, 2H] =
8.6 Hz), 8.06 (d, 2H) = 8.8 Hz), 7.57, (d, 2H] = 8.9 Hz), 7.14 (d, 2H] = 8.1 Hz),
6.78 (d, 2HJ = 8.1 Hz), 6.51 (s (br), 1H), 5.86 (m, 1H), 5.325(m, 5H), 4.60 (m,
2H), 4.44 (pseudo t, 1H,= 4.8 Hz), 4.30 (pseudo t, 1Bl= 4.9 Hz), 3.77 (d, 1H] =
13.2 Hz), 3.76 (s, 3H), 3.51 (s, 3H), 3.46 (d, THs 13.2 Hz), 2.94-2.88 (m, 2H),
2.76, (d, 2H,) = 6.2 Hz);"*C NMR (CDCls, 6 ppm) 170.6, 170.2, 159.2, 156.2, 149.9,
147.8, 146.5, 143.4, 132.4, 131.1, 130.4, 128.8.112123.9, 123.7, 119.5, 113.9,
66.5, 65.9, 57.7, 56.6, 55.2, 54.9, 54.1, 52.845R (thin film, cm?) 3359, 3079,
2998, 1748, 1734, 1678, 1551, 1381, 1199.

N-Triphenylmethyl-(S)-serine (13). To a suspension d&-serine (2.0 g, 18 mmol) in
DCM (26 ml) under a nitrogen atmosphere, was addegSiCl (7.5 ml, 57 mmol)
and the solution was stirred at reflux temperatiame 20 min. The solution was
allowed to cool to ®C and E{N (8.3 ml, 57 mmol) in DCM (26 ml) was added
dropwise over 10 min. to the solution which wasitkérred for 45 min. The solution
was cooled to @C and anhydrous methanol (0.9 ml) was added drepwite
solution was allowed to warm to room temperaturgl BgN (7.0 ml, 18 mmol) was
added followed by triphenylmethyl chloride (4.618 mmol), and the solution was
stirred for 20 h at ambient temperature. An exoé€stzN (13 ml) and then methanol
(94 ml) was added until the white solid presenthia mixture was dissolved. The
excess solvent was then removad/acuo producing a white solid. The white solid
was partitioned between ethyl acetate (67 ml) atit @cid (40.2 ml, 5% aq. w/v),
which had been pre-cooled td@. The organic layer was washed with 2 M aqueous
sodium hydroxide (2 x 20 ml) followed by water (31% ml). The aqueous layers
were combined, washed with ethyl acetate (15 mi) rgutralised with glacial acetic
acid (3-4 ml) at 0C. The precipitated product was extracted with letlngtate (6 x
30 ml) and the organic layer was dried over anhyslrmagnesium sulfate. The

solvent was removeih vacuo to produce a white solid (3.1 g, 48%). M.pt. 1A® 1
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°C;'H NMR (CDCk, & ppm) 7.43 (d, 6HJ = 6.0 Hz), 7.32-7-29, 7.28 (m, 3H), 3.73-
3.71 (m, 1H), 3.50 (dd, 1H,= 2.9, 2.9 Hz), 2.94-2.90 (m, 1HYC NMR (CDCk, 5
ppm) 174.9, 145.2, 129.3, 128.6, 126.2, 73.9, 6325); IR (KBr, cni) 3314, 3068,
1732.

The enantiomerid\-trityl-(R)-serine R-13) was also prepared in a similar manner

from (R)-serine.

N-Triphenylmethyl-(S)-serine allyl ester (14). N-Triphenylmethyl-§)-serine (0.30 g,
0.87 mmol) was converted to its cesium salt byalssg it in dry methanol (3.0 ml)
containing CgC0O; (0.15 g, 0.45 mmol) under a nitrogen atmosphefeer Aemoving
the solventin vacuo, the salt produced was re-dissolved in DMF (0.6 amd the
resulting mixture was treated with allyl bromide2© ml, 0.90 mmol). The solution
was left stirring for a further 18 h at ambient parature, after which the DMF was
removedin vacuo. The mixture was then re-dissolved in ethyl aee{@& ml) and
washed with citric acid solution (1 x 10 ml, 5% aqv). The aqueous layers were
combined and extracted with ethyl acetate (2 x 10 amd the organic layers were
combined and washed with water (12 x 10 ml). Thgaoic layer was dried over
anhydrous magnesium sulfate and the solvent waswednin vacuo producing a
brown oil (0.30 g, 90%). £0.73, hexane:ethyl acetate (2:H;NMR (CDCk, 3 ppm)
7.50 (dd, 6H, J = 8.4, 5.3 Hz), 7.25-7.22 (m, B4J0-5.67 (m, 1H), 5.18 (dd, 1H, J =
1.5, 1.3 Hz), 5.13 (dd, 1H, J = 1.5, 1.5 Hz), 44197 (m, 1H), 4.09-4.00 (m, 1H),
3.72 (dd, 1H, J = 6.6, 6.4 Hz), 3.54 (dd, 2H, J.2, 8.9 Hz);"*C NMR (CDCE, &
ppm) 173.1, 145.1, 131.6, 128.7, 127.9, 126.6,4,1R1.0, 65.7, 64.9, 57.8; IR (thin
film, cm™) 3477, 3068, 2960, 1740, 1635.

The enantiomeridR-14 was also prepared in a similar manner frdhtrityl-(R)-

serine.

2-(9)-Allyloxycar bonylamino-3-[ (4-methoxy-benzyl)-(2-nitr o-benzenesul fonyl)-

amino] -propionic acid allyl ester (15). To a solution ofN-(p-methoxybenzyl)-2-
nitrobenzenesulfonamidf®(0.22 g, 0.70 mmol) in THF (3 ml) was added PEh34

g, 1.4 mmol), followed by the addition of N-triphgmethyl-(S-serine allyl ester
(0.16 g, 1.4 mmol) and then diethyl azodicarboxyl#0.19 g, 1.2 mmol). The

resulting mixture was allowed to stir at room temapere, under a nitrogen
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atmosphere, for 10 h. The solvent was remowedacuo giving an orange oil.
Purification by flash column chromatography oncsiligel in petroleum ether:ethyl
acetate (4:1) gave 3-[ (4-Methoxybenzyl)-(2-nitrobenzenesul fonyl)-amino] -2-(S)-
(tritylamino)-propanoic acid allyl ester as a white solid (0.23 g, 51%).; R.36,
petroleum ether:ethyl acetate (2:1); M.pt. 85287 'H NMR (CDCk, & ppm) 8.01
(dd, 1H,J = 4.6, 4.4 Hz), 7.89 (dd, 1H,= 5.1, 5.1 Hz), 7.65 (m, 6H), 7.50-7.40 (m,
2H), 7.24-7.16 (m, 9H), 7.00 (d, 28,= 8.7 Hz), 6.70 (d, 2H] = 8.7 Hz), 5.64-5.60
(m, 1H), 5.34 (m, 1H), 5.13 (dd, 2H,= 10.2, 10.1 Hz), 4.46 (s, 2H), 4.34 (dd, 2H,
= 7.1, 6.9 Hz), 3.95-3.90 (m, 1H), 3.80 (s, 3HYWB3.55 (M, 2H);*C NMR (CDCk,

o ppm) 169.2, 159.3, 145.5, 145.0, 135.2, 134.02,6,3131.1, 130.1, 129.6, 129.3,
128.0, 126.5, 125.2, 124.2, 118.8, 114.0, 67.2,88b.3, 55.0, 49.9, 47.4. IR (KBr,
cm?) 3347, 3163, 2901, 1721, 1605, 1561, 1130. MS*YE&lculated for
CaoHaN30;S, [M+H]" 692.2, found [M+H] 692.1.

3-[ (4-Methoxybenzyl )-(2-nitrobenzenesul fonyl)-amino] -2-(S)-(tritylamino)propanoic
acid allyl ester (0.10 g, 0.16 mmol) was treated with 50% TFA in@4(2.2 ml),
under a nitrogen atmosphere, for 1 h. NaHQ@10 g, 2.2 mmol) was added with
water (5 ml) and stirred for 5 min, then furtherHN&0O; (0.10 g, 2.2 mmol) was
added followed by allyl chloroformate (0.5 ml, GrBnol). The mixture was stirred at
room temperature for 12 h, diluted with ethyl atet@0 ml) and washed with water
(2 x 10 ml), dried over magnesium sulfate, and eatratedin vacuo producing a
yellow oil. Purification by flash column chromataghy on silica gel in petroleum
ether:ethyl acetate (4:1) gal® as a yellow oil (0.050 g, 63%).t R.57, petroleum
ether:ethyl acetate (1:2%1 NMR (CDCls, 8 ppm) 7.99 (d, 1HJ) = 7.3 Hz), 7.69-7.60
(m, 3H), 7.11 (d, 2HJ = 8.6 Hz), 6.78 (d, 2HJ = 8.6 Hz), 5.89-5.85 (m, 2H), 5.31-
5.29 (m, 4H), 4.68-4.41 (m, 5H), 4.21 (s, 2H), 3(873H), 3.72-3.49 (m, 2HJ’C
NMR (CDCls, & ppm) 169.6, 159.5, 156.6, 147.7, 145.0, 135.1,6,3332.4, 131.7,
131.2, 129.8, 126.1, 124.3, 118.9, 118.0, 117.6,681.1, 55.2, 51.8, 50.4, 47.8; IR
(thin film, cm™) 3345, 3063, 2963, 1791, 1600, 1555, 1528, 1103; (HS)
calculated fo24H27N30gS, [M+H]" 534.1, found [M+H] 534.1.

2-(9)-Allyl oxycar bonylamino-3-(4-methoxy-benzylamino)-propionic acid allyl ester
(16). Thiophenol (0.6 ml, 0.6 mmol) was dissolved in DNFFmI) and treated with
K>COs (0.20 g, 1.6 mmol) in water (1 ml), which was thetinred at FC for 10 min.
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15 (0.10 g, 0.53 mmol) was dissolved in DMF (1 mldaadded to the thiophenol
mixture and stirred overnight at room temperaturées a nitrogen atmosphere. Ethyl
acetate (10 ml) was added and the mixture wash#étdweter (2 x 10 ml), dried over
magnesium sulfate and concentratadvacuo giving a yellow oil. Purification by
flash column chromatography on silica gel in DCMtHyl ether (2:1) removed the
yellow fraction. Methanol:DCM (5:95) was then addedjive 16 as a light brown oil
(0.15 g, 80%)R; 0.37, DCM:diethyl ether (2:1) (stain ninhydrin,lipev spot); *H
NMR (CDCls, 3 ppm) 7.20 (d, 2HJ = 8.4 Hz), 6.85 (d, 2HJ = 8.7 Hz), 5.95-5.82
(m, 2H), 5.72 (d, 1HJ = 6.3 Hz), 5.34-5.23 (m, 4H), 4.64-4.56 (m, 4H), 4441
(m, 1H), 3.80 (s, 2H), 3.79 (s, 3H), 3.72 (dd, 2H; 4.5, 3.3 Hz)**C NMR (CDCls,

o ppm) 166.1, 159.7, 155.9, 146.7, 131.2, 128.9,5.8¥.9, 55.3, 52.8, 51.2, 48.7. IR
(thin film, cm®) 3311, 3030, 2876, 1720, 1666, 1489; MS *E&alculated for
C1aH24N20s, [M+1] 649.2, found [M+1] 649.2.

2-(9)-Allyl oxycar bonylamino-3-{ (4-methoxy-benzyl )-[ 2-(S)-methoxycar bonyl -2-

(tol uene-4-sulfonylamino)-ethyl] -amino}-propionic acid allyl ester (17).

Aziridine 2a (0.65 g, 0.28 mmol) and DAB6 (0.10 g, 0.28 mmol) were dissolved in
dry DCM (5 ml) and stirred at room temperature,emal nitrogen atmosphere, for 20
min. Freshly distilled BEOEL (0.01 ml, 0.1 mmol) was then added and the mixture
was stirred at 48C for 24 hr. The mixture was then diluted with DGO ml) and
washed with saturated aqgueous NaH@OIlution (10 ml) and water (10 ml), dried
over magnesium sulfate, and then the solvent wasvedin vacuo giving a brown
residue. Purification by preparative TLC in pettote ether:ethyl acetate (2:1) gave
17 as a clear oil (48 mg, 30%); B.26, petroleum ether:ethyl aceatate (Z:#H)NMR
(CDClg, & ppm) 7.74 (d, 2HJ = 8.2 Hz), 7.30 (d, 2H) = 8.0 Hz), 7.20 (d, 2H] =
5.3 Hz), 6.65 (d, 2H) = 6.3 Hz), 5.99-5.82 (m, 2H), 5.73 (s, 1Hs 17.4 Hz), 5.50
(d, 1H,J = 12.9 Hz), 5.35-5.23 (m, 4H), 4.60 (dd, 4H5 5.6, 5.5 Hz), 4.44-4.36 (m,
2H), 3.97 (dd, 2HJ = 4.2, 3.6 Hz), 3.88 (d, 2H,= 3.6 Hz), 3.80 (s, 3H) 3.73 (d, 2H,
J = 3.6 Hz), 2.96 (s, 3H), 2.42 (s, 3H); MS (ESalculated for goHz/N3zOsS,
[M+H] " 604.3, found [M+H] 604.3.

(2R)-Methyl 2-(((9)-3-methoxy-2-(4-nitrophenyl sulfonamido)-3-oxopropyl ) (4-
methoxybenzyl)amino)-3S-(4-methyl phenyl sulfonamido) propanoate (18).
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18 was synthesised using a similar method to that useslyithesiseB, except the
protected Dapba and aziridine2a were used. The crude product was purified using
preparatory TLC on silica gel (petroleum ether:etuetate 4:1) to yield8 as a pale
yellow oil (0.08 g, 47%). R 0.29 petroleum ether:ethyl acetate (1:#; NMR
(CDCls, 8 ppm) 8.33 (d, 2HJ = 8.9 Hz), 8.00 (d, 2H] = 8.7 Hz), 7.69 (d, 2H] = 8.0
Hz), 7.28 (d, 2H,) = 8.1 Hz), 7.08 (d, 2H] = 8.4 Hz), 6.84 (d, 2H] = 8.4 Hz), 3.98
(t, 1H,J = 6.5 Hz), 3.81 (s, 3H), 3.73 (s, 3H), 3.65 (d, IH; 13.0 Hz), 3.55 (d, 1H]

= 12.9 Hz), 3.50 (s, 3H), 3.46 (m, 1H), 3.23 (M) 18109 (m, 2H), 3.00 (M, 1H), 2.42
(s, 3H);®C NMR (CDCls, & ppm) 170.9, 170.7, 159.3, 150.1, 145.5, 143.6,6,36
130.4, 129.7, 128.4, 127.0, 124.2, 114.1, 62.73,95.3, 55.2, 54.5, 52.4, 52.1, 41.4,
21.5; IR (thin film, cnt) 3391, 3078, 2962, 1745, 1732, 1529, 1391, 12181 1

(2R)-Methyl 3-(((9-1-allyl oxy-3-(4-methyl phenyl sulfonamido)-1-oxopropan-2-yl)(4-
methoxybenzyl)amino)-2-(4-nitrophenyl sulfonamido) propanoate (19)

19 was synthesised using a similar method to that usesiytthesisel8, except the
protected Dayba and aziridine2b were used. The crude product was purified using
preparatory TLC on silica gel (petroleum ether:etoetate 4:1) to yield9 as a pale
yellow oil 0.07g, 39%). R 0.24 petroleum ether:ethyl acetate (1'HNMR (CDClk,

6 ppm) 8.32 (d, 2HJ = 8.8 Hz), 8.00 (d, 2H] = 8.8 Hz), 7.68 (d, 2H] = 8.7 Hz),
7.27 (d, 2HJ = 8.6 Hz), 7.11 (d, 2H] = 8.7 Hz). 6.84 (d, 2H] = 8.7 Hz), 5.66 (m,
1H), 5.20 (m, 3H), 4.35 (d, 2H,= 6.0 Hz), 3.97 (t, 1H), 3.81 (s, 3H), 3.72 (s,)3H
3.66 (d, 1HJ = 13.5 Hz), 3.57 (d, 1H} = 13.5 Hz), 3.46 (m, 1H), 3.25 (m, 1H), 3.10-
2.98 (m, 3H), 2.41 (s, 3H)°C NMR (CDCl, & ppm) 170.9, 170.0, 159.3, 150.1,
145.5, 143.5, 136.7, 130.6, 130.5, 129.7, 128.3,01224.3, 120.0, 114.1, 66.8, 62.8,
55.5, 55.4, 55.3, 54.6, 52.1, 41.5, 21.5; IR (filim, cm™) 3376, 3065, 2963, 1751,
1732, 1684, 1524, 1391, 1247.
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(L)-Threonine methyl ester hydrochloride.® A 250 ml 3-necked round-bottom flask
was equipped with a condenser, a dropping funnel anrubber septum. The
condenser was fitted with a calcium chloride drytage. The dropping funnel was
charged with acetyl chloride (23.0 ml, 0.33 molheTflask was filled with 75 mls of
methanol and cooled to @ in an ice bath under nitrogen. The acetyl chborisl
added dropwise over 5 mins befar¢hreonine (13.58 g, 0.11 mol) was added before
heating to reflux temperature. After 2 hours thiwesat is removedn vacuo to yield a
white fluffy solid (18.75 g, 97%) which was usedthdut further purification. *H
NMR (CDCk, 5 ppm) 4.12 (d, 1HJ = 5.8 Hz), 3.87 (d, 1H] = 5.8 Hz), 3.78 (dd, 1H,
J = 5.3, 5.2 Hz), 3.67 (s, 3H), 1.21 (d, 3H= 6.0 Hz).**C NMR (CDCl;, 3 ppm)
169.2, 60.9, 54.9, 52.1, 19IR (KB, Cm'l) 3407, 2967, 1745.

N-trityl-(L)-threonine methyl ester wassynthesised using a similar method to that used
to synthesisd4, except(L)-threonine methyl ester hydrochloride (0.54 g, 3.2 mmol)
was used, to yield a white solid (0.98 g, 82%R): 0.50 petroleum ether:ethyl acetate
(2:1). 'H NMR (CDCE, & ppm) 7.49 (m, 6H), 7.31-7.14 (m, 9H), 3.78 (m, 1888

(d, 1HJ = 3.5 Hz), 3.15 (s, 3H), 1.22 (d, 3H= 6.3 Hz).*C NMR (CDCl;, & ppm)
173.7, 145.4, 128.9, 127.9, 12668.7, 62.5, 53.4, 51.7, 18.R (KBr, cm™) 3481,
3055, 2978, 1732, 1592.

N-Triphenylmethyl-(L)-threonine. N-Triphenylmethyl-()-threonine wassynthesised
using a similar method to that used to synthekisephenylmethyl-§)-serine (3),
except L-threonine (1.13 g, 9.5 mmol) was usediétdya white solid (2.02 g, 59%).
'H NMR (CDCl;, & ppm) 7.40 (d, 6HJ = 6.0 Hz), 7.28-7.15 (m, 9H), 3.91 (m, JH
3.52 (dd, 1HJ = 5.9, 5.8 Hz), 1.19 (d, 3H, = 5.6 Hz);"*C NMR (CDCl, & ppm)
174.6, 145.2, 128.6, 127.7, 126.6, 70.6, 60.5,,54883; IR(KBr, cm™) 3341, 3082,
2977, 1737.
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N-Triphenylmethyl-(L)-threonine allyl ester. N-Triphenylmethyl-()-threonine allyl
ester wassynthesised using a similar method to that useslytbhesiseN-trityl-(L)-
serine methyl estegxceptN-triphenylmethyl-()-threonine(0.31 g, 0.87 mmol) was
used to yield a brown oil (0.31 g, 90%): B.60 petroleum ether:ethyl acetate (2:1);
'H NMR (CDCls, 5 ppm) 7.49 (m, 6H), 7.28-7.12 (m, 9H), 5.63 (m, 1B)16 (m,
2H), 4.06 (m, 1H), 3.82 (m, 2H), 3.40 (d, DH 7.3 Hz), 1.22 (d, 3H = 6.1 Hz);*°C
NMR (CDCl, & ppm) 173.0, 145.5, 131.6, 129.0, 127.9, 12618.8, 70.8, 69.8,
62.5, 53.5, 19.0; IRthin film, cm™) 3446, 3058, 2931, 1732, 1674.

(2S3R)-Methyl-1-(trityl)-aziridine-2-carboxylic acid methyl ester (20a). 20a was
synthesised using a similar method to that usesymbhesisela, exceptN-trityl-(L)-
threonine methyl ester (2.06 g, 5.5 mmol) was usedjield a cloudy oil (1.79 g,
91%). R: 0.82 petroleum ether:ethyl acetate (2'H;NMR (CDCls, 5 ppm) 7.53 (m,
6H), 7.28-7.13 (m, 9H), 3.67 (s, 3H), 1.90 (dd, B+ 3.8, 3.7 Hz), 1.66 (m, 1H),
1.36 (d, 3H,J = 6.2 Hz);"*C NMR (CDCls, § ppm) 170.8, 144.2, 129.5, 127.7, 127.0,
75.1, 51.9, 36.1, 35.0, 13.4; [Bin film, cm™) 3069, 2947, 1739.

(2S,3R)-Methyl-1-trityl-aziridine-2-carboxylic acid allyl ester (20b). 20b was
synthesised using a similar method to that usedsyothesiselb, except N-
triphenylmethyl-()-threonine allyl estef2.07 g, 5.16 mmol) was used to yiib as
a yellow oil (1.72 g, 87%). £0.90 petroleum ether:ethyl acetate (2’H; NMR
(CDCls, & ppm) 7.45 (m, 6H), 7.31-7.19 (m, 9H), 5.88 (m, 1BR4 (m, 2H), 4.59
(m, 2H), 1.84 (d, 1H = 6.5 Hz), 1.55 (m, 1H), 1.27 (d, 3H= 5.5 Hz);**C NMR
(CDCl) & ppm; 170.0, 143.9, 132.2, 129.4, 128.3, 12618.5, 82.0, 65.4, 36.0,
35.0, 13.4; IRthin film, cmi?) 3080, 2975, 1742, 1641.

(2S,3R)-Methyl-1-(p-tosyl)-aziridine-2-carboxylic acid methyl ester (21a). 21a was
synthesised using a similar method to that usexymthesis€a, except20a (2.07 g,
5.8 mmol) was used to yield a clear oil (1.26 ¢#081R: 0.47 petroleum ether:ethyl
acetate (2:1)*H NMR (CDCls, & ppm) 7.85 (d, 2HJ = 8.4 Hz), 7.35 (d, 2H] = 8.3
Hz), 3.73 (s, 3H), 3.39 (d, 1K,= 7.5 Hz), 3.10 (m, 1H), 2.44 (s, 3H), 1.32 (d,, 3
5.6 Hz);"*C NMR (CDCls, 3 ppm) 166.2, 145.0, 136.6, 129.8, 128.0, 53.0,,44041,
21.6, 12.4; IRthin film, cm™) 3072, 2979, 1741, 1214 .
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(2S,3R)-Methyl-1-(p-nosyl)-aziridine-2-carboxylic acid methyl ester (21b). 21b was
synthesised using a similar method to that usesymthesis&b, except20a (2.07 g,
5.8 mmol) was used to yield a yellow oil (1.39 §98. R: 0.51 petroleum ether:ethyl
acetate (2:1)*H NMR (CDCl;, & ppm) 8.35 (d, 2H) = 8.8 Hz), 8.14 (d, 2H] = 8.8
Hz), 3.68 (s, 3H), 3.44 (d, 1H,= 7.5 Hz), 3.18 (m, 1H), 1.21 (d, 38i= 5.7 Hz);**C
NMR (CDCls, & ppm) 165.6, 150.8, 145.4, 129.2, 124.4, 52.8, 42027, 12.4; IR
(thin film, cm™) 3080, 2967, 1747, 1540, 1379, 1276.

(2S3R)-Methyl-1-(p-nitrobenzyl oxycar bony)-aziridine-2-carboxylic acid methyl ester
(21c). 21c was synthesised using a similar method to that usedytdhesise2c,
except20a (2.07 g, 5.8 mmol) was used to yield a yellow(@iB3 g, 78%). R 0.45
petroleum ether:ethyl acetate (2:1); NMR (CDCls, & ppm) 8.08 (d, 2HJ = 8.8 Hz),
7.44 (d, 2HJ = 8.8 Hz), 5.12 (d, 2H] = 3.1 Hz), 3.67 (s, 3H), 3.18 (d, 1B~ 6.7
Hz), 2.78 (m, 1H), 1.27 (d, 3H,= 5.6 Hz);"*C NMR (CDCls, § ppm) 171.4, 161.2,
147.6, 143.9, 129.2, 123.4, 66.8, 53.6, 39.8, 39206; IR (thin film, cm) 3065,
2981, 1744, 1680, 1528, 1397, 1212.

(2S,3R)-Methyl-1-(p-tosyl)-aziridine-2-carboxylic acid allyl ester (22a). 22a was
synthesised using a similar method to that usexymthesise8a, except20b (2.07 g,
5.4 mmol) was used to yield a clear oil (1.34 ¢#084R: 0.47 petroleum ether:ethyl
acetate (2:1)*H NMR (CDCls,  ppm) 7.85 (d, 2HJ = 8.8 Hz), 7.35 (d, 2H] = 8.8
Hz), 5.88 (m, 1H), 5.22 (m, 2H), 4.65 (d, 2H= 6.0 Hz), 3.39 (d, 1H] = 6.6 Hz),
3.10 (m, 1H), 2.44 (s, 3H), 1.32 (d, 3Hz= 5.8 Hz);**C NMR (CDCl;, 8 ppm) 166.2,
145.0, 136.6, 131.1, 129.8, 128.0, 119.0, 66.%4,410.1, 21.6, 12.4; IRhin film,
cm'l) 3090, 2992, 1740, 1621, 1220.

(2S,3R)-Methyl-1-(p-nosyl)-aziridine-2-carboxylic acid allyl ester (22b). 22b was
synthesised using a similar method to that usexymthesiseSb, except20b (2.07 g,
5.4 mmol) was used to yield a yellow oil (1.35g%)7 R: 0.54 petroleum ether:ethyl
acetate (2:1)*H NMR (CDCls, & ppm) 8.35 (d, 2HJ = 9.0 Hz), 8.14 (d, 2H] = 8.9
Hz), 5.86 (m 1H), 5.26 (m, 2H), 4.57 (d, 287 5.8 Hz), 3.48 (d, 1H] = 7.5 Hz),
3.20 (m, 1H), 1.29 (d, 31 = 5.7 Hz);*3C NMR (CDCls, § ppm) 164.8, 150.8, 143.5,
130.9, 129.2, 124.4, 119.5, 66.5, 42.0, 40.7, 1R3(thin film, cm®) 3077, 2954,
1742, 1538, 1371, 1242.
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(2S3R)-Methyl-1-(p-nitrobenzyl oxycar bony)-aziridine-2-carboxylic acid allyl ester
(22c). 22c was synthesised using a similar method to that usedytihesise3c,
except20b (2.07 g, 5.4 mmol) was used to yield a yellow(&iR9 g, 75%). R 0.42
petroleum ether:ethyl acetate (2:1); NMR (CDCls,  ppm) 8.25 (d, 2HJ = 8.8 Hz),
7.55 (d, 2H,J = 8.8 Hz), 5.90 (m, 1H), 5.38-5.19 (m, 4H), 4.90 2H,J = 5.8 Hz),
3.23 (d, 1HJ = 6.7 Hz), 2.88 (m, 1H), 1.39 (d, 3BI= 5.6 Hz);"*C NMR (CDCl, &
ppm) 166.6, 161.1, 147.8, 142.4, 131.3, 128.5,8,2B19.2, 66.9, 66.2, 39.9, 39.1,
12.7; IR(thin film, cm™) 3068, 2982, 1741, 1681, 1640, 1209.

DAPs 23a, 24a, 23b, 24b, 25a-c and 26 were prepared by ring-opening of 3-methyl
aziridines withp-methoxybenzylamine using the general procedurd tseprepare
DAPs4a-c and6c.

(2S,3R)-Methyl 3-(4-methoxybenzylamino)-2-(4-methyl phenylsulfonamido) butanoate
(23a). Cloudy oil (0.08 g, 41%); R0.18 petroleum ether:ethyl acetate (1:&]p{°=
+16.5% (c 1.0 in CHC}); *H NMR (CDCls, § ppm) 7.71 (d, 2HJ = 8.1 Hz), 7.28 (d,
2H,J = 8.0 Hz), 7.13 (d, 2H] = 8.4 Hz), 6.82 (d, 2H] = 8.4 Hz), 3.81 (d, 1H] =
3.6 Hz), 3.80 (s, 3H), 3.68 (d, 18,= 12.8 Hz), 3.55 (d, 1H] = 12.8 Hz), 3.45 (s,
3H), 3.09 (m, 1H), 2.41 (s, 3H), 1.13 (d, 3Hs 6.2 Hz);"*C NMR (CDCl;, § ppm)
171.1, 158.7, 143.5, 136.7, 131.8, 129.5, 129.3,2213.7, 60.4, 55.2, 53.9, 52.3,
50.3, 21.5, 17.6; IRthin film, cm?) 3411, 3077, 2977, 1733, 1213, 1126; HRMS
(ES+) calculated for £H27N,0sS, [M+H]" 407.1635, found [M+H]407.1628.

(2S3R)-Methyl  3-(4-methoxybenzylamino)-2-(4-nitrophenylsulfonamido) butanoate
(23b). Pale yellow oil (0.09 g, 42%);R0.45 petroleum ether:ethyl acetate (1:1);
[a]p®° = +7.10 (c 1.0 in CHC}); *H NMR (CDCl;, § ppm) 8.32 (d, 2HJ = 8.7 Hz),
8.03 (d, 2H,J = 8.7 Hz), 7.13 (d, 2H] = 8.4 Hz), 6.83 (d, 2H] = 8.5 Hz), 3.88 (d,
1H, J = 3.2 Hz), 3.78 (s, 3H), 3.65 (d, 2B~ 12.6 Hz), 3.49 (d, 1H] = 12.7 Hz),
3.47 (s, 3H), 3.18 (m, 1H), 1.17 (d, 28z 5.6 Hz);**C NMR (CDCls,  ppm) 170.8,
158.9, 149.9, 145.9, 131.0, 129.4, 128.4, 124.8,8,160.2, 55.3, 53.8, 52.6, 50.6,
18.0; IR (thin film, cm') 3352, 3066, 2967, 1741, 1521, 1386, 1191; HRMEAS+)
calculated for @H24N3z0;S, [M+H]" 438.1329, found [M+H]438.1330.
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(2R,39)-Methyl 2-(4-methoxybenzylamino)-3-(4-methyl phenylsulfonamido) butanoate
(24a). Ry: 0.29 petroleum ether:ethyl acetate (1'H;NMR (CDCl;,  ppm) 7.64 (d,
2H,J = 8.4 Hz), 7.20 (d, 2H] = 8.4 Hz), 7.10 (d, 2H] = 8.6 Hz), 6.78 (d, 2H] =
8.6 Hz), 3.73 (s, 3H), 3.65-3.50 (dd, 2H7 12.6, 12.6 Hz), 3.56 (s, 3H), 3.50 (d, 1H,
J=12.6 Hz)3.43 (m, 1H), 3.01 (d, 1Bi= 5.1 Hz), 2.33 (s, 3H), 1.02 (d, 381z 6.5
Hz). *C NMR (CDCl, & ppm) 172.8, 158.9, 143.3, 137.5, 130.7, 129.6,68,227.2,
113.8, 64.2, 55.3, 52.4, 52.0, 51.5, 21.5, 17.6(thi film, cm*) 3365, 3089, 2982,
1738, 1194, 1133.

(2S3R)-Allyl  3-(4-methoxybenzylamino)-2-(4-methyl phenylsulfonamido)  butanoate
(25a). Pale yellow oil (0.09 g, 42%);:R0.2 petroleum ether:ethyl acetate (1:4]pf°

= +21.83 (c 1.0 in CHC}); *H NMR (CDCls, 6 ppm) 7.72 (d, 2H) = 8.3 Hz), 7.27
(d, 2H,J = 8.3 Hz), 7.15 (d, 2H] = 8.4 Hz), 6.83 (d, 2H] = 8.4 Hz), 5.66 (m, 1H),
5.16 (m, 2H), 4.38-4.25 (dd, 2H,= 6.0, 6.0 Hz), 3.82 (d, 1H, = 3.6 Hz), 3.78 (s,
3H), 3.71 (d, 1H,J = 13.2 Hz), 3.54 (d, 1H] = 13.2 Hz), 3.12 (m, 1H), 2.40 (s, 3H),
1.15 (d, 3H,J = 6.5 Hz);**C NMR (CDCl;,  ppm) 170.3, 158.7, 143.5, 136.7, 131.7,
131.1, 129.6, 129.3, 127.2, 119.0, 113.7, 66.11,686.2, 54.0, 50.3, 21.5, 17.5; IR
(thin film, cm®) 3346, 3081, 2962, 1744, 1612, 1201, 1152; HRES+) calculated
for CoHaoN20sS, [M+H]"433.1792, found [M+H]433.1796.

(2S3R)-Allyl  3-(4-methoxybenzylamino)-2-(4-nitrophenylsulfonamido)  butanoate
(25b). Pale yellow oil (0.1 g, 43%);{R0.41 petroleum ether:ethyl acetate (1:&)pf°

= +12.37 (c 1.0 in CHC}); *H NMR (CDCls, 5 ppm) 8.31 (d, 2HJ = 8.8 Hz), 8.01
(d, 2H,J = 8.8 Hz), 7.12 (d, 2H] = 8.5 Hz), 6.84 (d, 2H] = 8.5 Hz), 5.63 (m, 1H),
5.18 (m, 2H) 4.42 (dd, 1H,= 12.8, 6.1 Hz), 4.30 (dd, 1= 12.7, 6.1 Hz), 3.88 (d,
1H, J = 4.6 Hz), 3.78 (s, 3H), 3.68 (d, 1Bl= 12.8 Hz), 3.51 (d, 1H] = 12.8 Hz),
3.21 (m, 1H), 1.19 (d, 3H} = 6.3 Hz);"*C NMR (CDCls, 5 ppm) 170.1, 158.8, 149.9,
145.9, 131.6, 130.0, 129.2, 128.4, 124.6, 119.8,8,166.4, 60.3, 55.2, 53.9, 50.8,
18.2 ; IR(thin film, cm) 3397, 3069, 2981, 1738, 1612, 1557, 1379, 1176; BRM
(ES+) calculated for §H,6N30;S, [M+H]" 464.1486, found [M+H]464.1504.
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(2S,3R)-Allyl 3-(4-methoxybenzylamino)- 2-((4-nitrobenzyl oxy)car bonylamino)
butanoate (25c). Pale yellow oil (0.09 g, 39%);:R0.50 petroleum ether:ethyl acetate
(1:1); [o]o?°= +29.62 (c 1.0 in CHC4); *H NMR (CDCls,  ppm) 8.19 (d, 2H = 8.8
Hz), 7.51 (d, 2H) = 8.8 Hz), 7.17 (d, 2K = 8.9 Hz), 6.85 (d, 2K = 8.8 Hz), 6.08 (s
(br), 1H), 5.90 (m, 1H), 5.36-5.25 (m, 2H), 4.8048l), 4.64 (d, 2HJ = 6.0 Hz), 4.27
(pseudo t, 2HJ = 4.3 Hz), 3.79 (s, 3H), 3.24 (d, 1H= 7.2 Hz), 2.78 (m, 1H), 1.29
(d, 3HJ = 5.6 Hz);*C NMR (CDCl;, & ppm) 167.8, 163.1, 159.0, 148.5, 147.5,
131.4, 129.8, 129.2, 126.9, 123.6, 119.1, 114.02,663.8, 55.3, 44.4, 40.5, 39.4,
13.0; IR (thin film, Cm'l) 3380, 3071, 2980, 1742, 1666, 1206; HRMES+)
calculated for GH,gN30-, calculated [M+H] 458.1943, found [M+H]458.1922.

(2R,;39-Allyl  2-(4-methoxybenzylamino)-3-(4-nitrophenylsulfonamido)  butanoate
(26b). Ry: 0.52 petroleum ether:ethyl acetate (1'H.NMR (CDCl;, 8 ppm) 8.28 (d,
2H,J = 8.8 Hz), 7.96 (d, 2H] = 8.7 Hz), 7.07 (d, 2H] = 8.4 Hz), 6.80 (d, 2H] =
8.4 Hz), 5.63 (m, 1H), 5.18 (m, 2H), 4.26 (dd, 2H; 6.2, 6.1 Hz), 3.80 (s, 3H), 3.72
(d, 1H,J = 12.9 Hz), 3.58 (d, 1Hl = 12.9 Hz), 3.28 (m, 1H), 2.98 (d, 18= 7.4 Hz),
1.07 (d, 2H,J = 5.8 Hz)."*C NMR (CDCls, § ppm) 172.8, 158.8, 149.9, 147.6, 131.5,
130.9, 129.0, 128.5, 124.1, 119.2, 113.8, 66.53,685.2, 52.9, 51.1, 18.1. Ighin
film, cm™) 3368, 3068, 2979, 1739, 1622, 1552, 1378, 1165.
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Supporting Information

All isolated products were purified using columrrarhatography with silica gel (Aldrich,
70-230 mesh, 60 A) in the indicated solvent systevieting points were determined with
Stuart scientific SMP1 & Mettler FP62 melting poiapparatus. Analytical thin layer
chromatography (TLC) was performed on pre-coatedepl (Merck Kieselgel 60,&) and
visualised with UV light (254 nm), iodine vapour agueous potassium permanganate
solution. Infrared spectra were recorded as KBkl a thin film between sodium chloride
plates, on Avatar 320 and Nicolet impact 410 FTsgectrophotometers, run on EZ Omnic
E.S.P 5.2a and 3.1a software packages, respecti®elgrimetry was carried out using an
Optical Activity AA-55 series polarimeter at ambigemperature with a 2 dm, 1 ml céi
NMR and**C NMR spectra were measured on a JOEL JNM-LA30CNIR or a Bruker
Avance Il 500 MHz FT-NMR with TopSpin 2.16 Softveaand 5mm PATXI 1H/13-C/15N
Z-GRD probe, in CDGl as solvent. Chemical shift values are reportedtix& to
tetramethylsilane. Mass Spectrometry was carrietl aiuthe Centre for Synthesis and
Chemical Biology in University College Dublin usinQuattro micro™ LC-MS/MS and
Liquid chromatography time-of-flight (LCT) mass sp@meters. Exact Mass Spectrometry
analyses were carried out at the Department of @tgmNUI Maynooth, Co. Kildare,
Ireland.

N-Trityl-(S-serine methyl ester. To a suspension ofSf-serine methyl ester hydrochloride
(0.50 g, 3.2 mmol) in DCM (7 ml) at®, under a nitrogen atmosphere, was added dropwise
triethylamine (1.0 ml, 7.1 mmol), followed by a stbn of triphenylmethyl chloride (0.91 g,
3.2 mmol) in DCM (2 ml). After stirring at 8C for 12 h the white precipitate was filtered
and the filtrate was concentratigtvacuo to yield a white solid which was dissolved in ethyl

acetate (10 ml), washed with 1 M aqueous Naki€@ution (10 ml), 10% aqueous citric acid



solution (10 ml) and water (10 ml). The organicelayas dried over anhydrous magnesium
sulfate and concentrateish vacuo giving a white solid. Purification by flash column
chromatography on silica gel in petroleum etheyletitetate (4:1), gavBl-trityl-(S)-serine
methyl esteras a white solid (0.99 g, 86%)+ .42, petroleum ether:ethyl acetate (2:1);
M.pt. 98-100°C; [0]p®® = +3.65 (c 1.0 in CHC}) (Lit. Value [¢]p®° = +3.60 (c 1 in
CHCl))% 'H NMR (CDCl, 5 ppm) 7.47 (m, 6H), 7.21 (m, 9H), 3.73 (dd, D 4.2 and 4.1
Hz), 3.56 (m, 2H), 3.26 (s, 3H)*C NMR (CDCl;, 5 ppm) 173.9, 145.5, 128.6, 127.8, 126.5,
70.8, 64.8, 57.7, 51.8; IKBr, Cm'l) 3354, 3060, 2947, 1731.

The enantiomerid\-trityl-(R)-serine methyl ester was also prepared in a simikEnner from

(R)-serine methyl ester hydrochloride.

1-Trityl-aziridine-2S-carboxylic acid methyl ester (1a). Triethylamine (1.68 ml, 12.1 mmol)
was added dropwise over 10 min to a stirred saludibN-trityl-(S)-serine methyl ester (2.0
g, 5.5 mmol) in THF (50 ml) at &C, followed by the dropwise addition of methanesuyf
chloride (0.47 ml, 60.0 mmol) and the solution vetisred at 0°C for 30 mins giving the
mesylate intermediate and was subsequently heateeflax temperature for 48 h. After
completion of the reaction, solvent was removedeunegduced pressure. The resulting
residue was dissolved in EtOAc (60 ml) and washild %0% aqueous citric acid solution (3
x 20 ml), HO (2 x 20 ml), saturated aqueous,88s solution (3 x 20 ml), KO (2 x 20 ml)
and brine (20 ml). The organic layer was dried cwehnydrous magnesium sulfate, filtered
and concentratedh vacuo. Purification by flash column chromatography ohcai gel in
petroleum ether:ethyl acetate (4:1), gdeeas a cloudy oil (1.8 g, 95%).1:R0.84 petroleum
ether:ethyl acetate (2:1)a]p?° = -94° (c 1.0 in CHC}) (Lit. Value [o]p® = -94.22 (c 1 in
CHCl))% *H NMR (CDCl;,  ppm) 7.47 (ddJ = 7.1, 7.2 Hz), 7.34-7.30 (m, 6H), 7.28-7.23
(m, 3H), 3.66 (s, 3H), 1.88 (dd, 2Bi= 4.1, 3.9 Hz), 1.42 (dd, 1H,= 4.1, 4.1 Hz)**C NMR
(CDCls, 6 ppm) 170.5, 146.7, 129.3, 127.9, 126.9, 74.5,,68177, 28.7; IRthin film, cm'l)
3058, 2925, 1744.

The enantiomeri®k-1a was also prepared in a similar manner figrityl-( R)-serine methyl

ester.



1-(p-Tosyl)-aziridine-2S-carboxylic acid methyl ester (2a). Trifluoroacetic acid (10 ml) was
added dropwise over 10 min to a solutioriaf(2.0 g, 5.8 mmol) in dichloromethane (10 ml)
and methanol (10 ml) at @C and stirred for 30 min at . Volatiles were removed by
azeotropic removal with ED (3 x 10 ml). The residue was partitioned betwEe® (50 ml)
and HO (50 ml) and the ether layer was extracted withew&3 x10 ml). The combined
aqueous layers were basified to pH 9 with solid Réklat 0°C. Ethyl acetate (100 ml) was
added to the aqueous solution followedpbpluenesulfonyl chloride (1.11 g, 5.8 mmol) at O
°C. The resulting immiscible layers were allowedatarm to room temperature and stirred
vigorously for 24 h. After completion of the reaxtj the two layers were separated and the
aqueous layer was extracted with EtOAc (3 x 20 mle combined organic layers were
washed with brine (3 x 50 ml), dried over anhydrouagnesium sulfate, filtered and
concentratedn vacuo. The crude product was purified by flash columnoatatography on
silica gel in petroleum ether:ethyl acetate (4td)yield 2a as a clear oil (1.36 g, 92%y]p*°

= -54.8% (c 1.0 in CHC}) (Lit. Value [o]p = -55.2 (c 1.17 in CHCA)?, *H NMR (CDCls, 5
ppm) 7.78 (d, 2HJ = 8.4 Hz), 7.30 (d, 2H) = 8.4 Hz), 3.73 (s, 3H), 3.33 (m, 1H), 2.76 (d,
1H, J = 7.2 Hz), 2.59 (d, 1HJ = 4.2 Hz), 2.44 (s, 3H)}*C NMR (CDCl;, & ppm) 167.3,
145.4, 133.7, 129.8, 128.1, 52.8, 35.6, 31.9, 2MR8(thin film, cm') 3079, 2983, 1741,
1220.

The enantiomeri®-2a was also prepared in a similar manner fiesha.

1-(p-Nosyl)-aziridine-2S-carboxylic acid methyl ester (2b). 2b was synthesised using a
similar method to that used to syntheslagexcept 4-nitrobenzylsulfonyl chloride was used.
The crude product was purified by flash column afatography on silica gel in petroleum
ether:ethyl acetate (4:1) to yieRb as a yellow oil (1.29 g, 85%).+R0.48 petroleum
ether:ethyl acetate (2:1)]p?°= -61.77 (c 1.0 in CHC}); *H NMR (CDCl, 5 ppm) 8.36 (d,
2H,J= 9.0 Hz), 8.13 (d, 2H] = 9.0 Hz), 3.69 (s, 3H), 3.38 (m, 1H), 2.83 (d, 1H 7.1 Hz),
2.60 (d, 1HJ = 4.2 Hz);*C NMR (CDCls,  ppm) 166.6, 154.1, 142.9, 129.5, 124.5, 53.1,
36.1, 32.5; IRthin film, cm®) 3084, 2918, 1750, 1546 , 1369, 1312, 1297.

The enantiomeri®-2b was also prepared in a similar manner fi+ha.



1-(p-Nitrobenzyloxycarbonyl)-aziridine-2S-carboxylic acid methyl ester (2c). 2c was
synthesised using a similar method to that usedytthesise2a, except 4-nitrobenzyl
chloroformate was used. The crude product wasipdrifsing flash column chromatography
on silica gel in petroleum ether:ethyl acetate Y4olyield 2c as a yellow oil (1.38 g, 82%).
Rr: 0.48 petroleum ether:ethyl acetate (2:&)p1°= -30.26 (c 1.0 in CHC}) (Lit. Value [o]o
=-30.26 (c 1 in CHCE))% *H NMR (CDCls, 8 ppm) 8.15 (d, 2HJ = 8.8 Hz), 7.46 (d, 2H]

= 8.6 Hz), 5.19 (d, 2H] = 5.2 Hz), 3.67 (s, 3H), 3.09 (dd, 1Bi= 4.2 Hz and] = 4.2 Hz),
2.57 (dd, 1H, J = 1.3, 1.3 Hz), 2.45 (dd, 1HJ,= 1.2, 1.2 Hz)}*C NMR (CDCl;, 5 ppm)
169.0, 160.2, 147.9, 142.6, 128.5, 123.7, 66.91,535.0, 31.4; IRthin film, Cm'l) 3071,
2936, 1742, 1690, 1516, 1351, 1303, 1281.

The enantiomeri®-2c was also prepared in a similar manner fieha.

1-Trityl-aziridine-2S-carboxylic acid allyl ester (1b). 1b was synthesised using a similar
method to that used to synthesise exceptl3 (2.0 g, 5.16 mmol) was used instead\of
trityl-(S)-serine methyl ester. Purification by flash coluetiromatography on silica gel in
petroleum ether:ethyl acetate (4:1), galle as a white solid (1.75 g, 92%).;:R0.85
petroleum ether:ethyl acetate (2:}*°= -97.12 (c 1.0 in CHC}) (Lit. Value [¢]p*°(c 1 in
CHCl) = -97.09)% *H NMR (CDCls, 8 ppm) 7.46 (dd) = 7.2, 7.1 Hz), 7.31-7.27 (m, 6H),
7.26-7.23 (m, 3H), 5.84-5.72 (m, 1H), 5.37 (dd, D+ 7.1, 6.3 Hz). 5.24-5.19 (m, 1H),
4.70-4.66 (m, 2H), 1.90 (dd, 2H,= 4.1, 3.9 Hz), 1.42 (dd, 1H,= 4.1, 4.1 Hz)}*C NMR
(CDCls, & ppm) 171.0, 145.8, 129.6, 128.7, 126.8, 131.7,5,184.3, 65.7, 31.7, 28.7; IR
(thin film, cm™®) 3091, 2966, 1749, 1672.

The enantiomeri®-1b was also prepared in a similar manner fi#.

1-(p-Tosyl)-aziridine-2S-carboxylic acid allyl ester (3a). 3a was synthesised using a similar
method to that used to synthesBse exceptlb and4-toluenesulfonyl chlorid¢1.04 g, 5.4
mmol) were usedThe crude product was purified using flash colurhnomatography on
silica gel in petroleum ether:ethyl acetate (4tb)yield 3a as a clear oil (1.28 g, 83%)+R
0.5 petroleum ether:ethyl acetate (2:&)pf°= -58.37 (c 1.0 in CHC4); *H NMR (CDCl, &
ppm) 7.86 (d, 2HJ = 8.4 Hz), 7.37 (d, 2HJ = 8.4 Hz), 5.93-5.84 (m, 1H), 5.26-5.14 (m,
2H), 4.60 (d, 2H,) = 7.2 and 6.2 Hz), 3.36 (m, 1H), 2.76 (d, 1H; 7.2 Hz), 2.58 (d, 1H)

= 4.1 Hz), 2.45 (s, 3H)}*C NMR (CDCl;, & ppm) 166.5, 145.0, 139.9, 130.6, 129.7, 127.7,
119.0, 66.4, 35.8, 32.0, 21.5; (Bin film, cm*) 3077, 2969, 1734, 1638, 1158.

The enantiomeri®-3a was also prepared in a similar manner fieshb.



1-(p-Nosyl)-aziridine-2S-carboxylic acid allyl ester (3b). 3b wassynthesised using a similar
method to that used to synthesB& except4-nitrobenzenesulfonyl chlorid€l.27 g, 5.4
mmol) was usedThe crude product was purified using flash colurhnomatography on
silica gel in petroleum ether:ethyl acetate (4td)yield 174 as a yellow oil (1.37 g, 80%).+R
0.53 petroleum ether:ethyl acetate (2:&]pf°= -64.28 (c 1.0 in CHC}); *H NMR (CDCls,

§ ppm) 8.41 (d, 2H = 9.0 Hz), 8.22 (d, 2H = 9.0 Hz), 5.90 (m, 1H), 5.28 (m, 2H), 4.64 (d,
2H J = 5.8 Hz), 3.47 (dd, 1K = 4.2, 4.2 Hz), 2.91 (d, 1Bi= 7.1 Hz), 2.68 (d, 1K = 4.2
Hz); *C NMR (CDCl;,  ppm) 165.8, 150.9, 142.9, 130.8, 129.5, 124.5,5,166.8, 36.3,
32.5; IR(thin film, cm™) 3067, 2987, 1740, 1642, 1202 .

The enantiomeri®-3b was also prepared in a similar manner fieb.

1-(p-Nitrobenzyloxycarbonyl)-aziridine-2S-carboxylic acid allyl ester (3c). 3c was
synthesised using a similar method to that usedyttthesise3a, except 4-nitrobenzyl
chloroformate (1.16 g, 5.4 mmol) was usdthe crude product was purified using flash
column chromatography on silica gel in petroleuimeeethyl acetate (4:1) to yieBt as a
yellow oil (0.95 g, 82%). R0.49 petroleum ether:ethyl acetate (2:&)p1°= -23.0% (c 1.0

in CHCl) (Lit. Value [o]p = -23.76 (c 1.0 in CHC)% 'H NMR (CDCls, 5 ppm) 8.22 (d,
2H,J = 8.8 Hz), 7.53 (d, 2H] = 8.8 Hz), 5.89 (m, 1H), 5.37-5.27 (m, 4H), 4.62 ZH,J =
5.9 Hz), 3.22 (dd, 1H] = 3.2, 3.2 Hz), 2.65 (dd, 1H,= 1.2, 1.2 Hz) 2.57 (dd, 1H,= 1.2,
1.2 Hz);**C NMR (CDCl;, 5 ppm) 167.8, 160.2, 147.8, 142.4, 131.6, 128.4,4,2B19.1,
66.8, 66.4, 34.9, 31.4; Ighin film, cm*) 3062, 2993, 1738, 1695, 1642, 1202.

The enantiomeri®-3c was also prepared in a similar manner fiRsb.

1-(Allyoxycarbonyl)-aziridine-2S-carboxylic acid allyl ester (7). 7 was synthesised using a
similar method to that used to synthes3agexceptallyl chloroformate(1.7 mis, 5.4 mmol)
was usedThe crude product was purified using flash coluhromatography on silica gel in
petroleum ether:ethyl acetate (4:1) to yiéldas a brown oil (0.39 g, 34%). {R0.56
petroleum ether:ethyl acetate (2:19]4°° = -63.5F (c 1.0 in CHC}); 'H NMR (CDCl, &
ppm) 5.90 (m, 4H), 5.31 (m, 4H), 4.74-4.61 (m, 4Bl}13 (dd, 1HJ = 3.1 Hz and) = 3.1
Hz), 2.61 (dd, 1HJ = 1.3, 1.3 Hz), 2.50 (dd, 1H,= 1.4, 1.3 Hz)!*C NMR (CDCls, & ppm)
167.1, 156.9, 131.7, 131.2, 118.8, 118.5, 67.551681.3, 29.7; IRthin film, cm™) 2957,
1732, 1662, 1617.



N-(4-Methoxybenzyl)-2-nitrobenzenesulfonamide. 4-Methoxybenzylamine (0.34 g, 2.5 mmol)
was dissolved in DCM (3 ml) and triethylamine (@ 2.5 mmol). The mixture was cooled
in an ice bath and o-nitrobenzenesulfonyl chlof@é® g, 2.3 mmol) was added portionwise
over a period of 20 min. The mixture was then atirat room temperature for 12 h. 1 M HCI
(30 ml) was added and the solution extracted wiivVD(2 x 30 ml). The combined organic
layers were washed with brine (30 ml), dried ovexgmesium sulfate, and the solvent was
removedin vacuo giving a brown oil. Recrystallisation from hexartay acetate (1:1) gave
N-(p-Methoxybenzyl)-2-nitrobenzenesulfonamide as wititgstals (5.8 g, 78%)R; 0.53,
petroleum ether:ethyl acetate (1:2); M.pt. 120-321'H NMR (CDCk, 5 ppm) 8.01 (d, 1H,

J =9.0 Hz), 7.83 (d, 1H, J = 9.3 Hz), 7.69- 7.68 RH), 7.12 (d, 2H, J = 8.7 Hz), 6.75 (d,
2H, J = 8.7 Hz), 5.63 (d, 1H, J = 12.0 Hz), 4.242d, J = 6.3 Hz), 3.75 (s, 3H’C NMR
(CDCl;, & ppm) 159.4, 148.0, 135.0, 133.3, 132.6, 131.1,3,227.6, 125.2, 114.0, 55.3,
47.4; IR (KBr, cnt) 3308, 3021, 1540, 1364, 1158. MS {E8alculated for gH14N20sS,
[2M+Na]" 667.2, found [2M+Nd]667.2.
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