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Scope and limitations in the use of N-(PhF)serine-
derived cyclic sulfamidates for amino acid
synthesis

Lan Wei and William D. Lubell

Abstract: Ring-opening ofN-(PhF)serine-derived cyclic sulfamidal® was achieved with different nucleophilg$- (

keto estersp-keto ketones, dimethyl malonate, nitroethane, sodium azide, imidazole, and potassium thiocyanate) to pre
pare a variety of amino acid analogs. Two different pathways for ring openiriy efere elucidated: direct

nucleophilic displacement, as well Bselimination followed by Michael addition. Furthermofgketo ester anf-keto

ketone productd8k, 18m, and 18i were converted to prolines and pyrazole amino acids.

Key words glutamate, amino acid, cyclic sulfamidate, proline.

Résumé: L'ouverture des sulfamidates cycliques dérivés de la serine a été explorée avec différents nuclgbphiies (
esters, 1,3-dicétones, diméthyle de malonate, nitroéthane, azidure de sodium, imidazole et thiocyanate de potassium)
pour préparer une variété d’analogues d’acides aminés. Deux voies différentes ont été proposées pour I'ouverture du
cycle a cing membres du sulfamidat@: le déplacement nucléophile et I'éliminati@nsuivie de I'addition de Michael.

De plus, lef3-céto esterl8k, 18m et 1,3-dicétonel8i ont été respectivement convertis en prolines et en acides aminés
pyrazoyle.

Mots clés: glutamate, acide aminé, sulfamidate cyclique, proline.

Introduction Sulfamidatel7 reacted with a series of heteroatomic as well

Serine-derived i famidates h di th as carbon nucleophiles to provide the desired amino acid
erine-derived cyclic sulfamidates have served in syn eénalogs; however, careful examination of the configurational
ses of a series of amino acid analogs (Fig. 1) (1-3). For e

: ; X|'ntegrity of these products revealed that racemization oc-
a}mple,B—s.ubsntuted ala}nlneS—;l have been. prepared by curred during reactions df7 with carbon nucleophiles (10).
ring opening of sulfamidate with oxygen, nitrogen, sulfur

and fluorine nucleophiles (1-3). Aspartate anal@gsnd13 'Although enantiopure serine has often been employed as

h Iso b 4 b leophil . f sulf starting material, to the best of our knowledge, the
ave aiso been prépared by nucieophilic opening ot Sultay o iiomeric purity of the products from ring opening of its
midate with a cyanide ion (1, 3). Moreoveracy! pyroglu

tamate14 was furnished on treatment of sulfamidate with cyclic sulfamidates had been previously reported in only two

. xamples (2). Pyrazol@é and piperidine8 were checked for
g:aerm)él-dg]rﬁ:ggactscli(cl )éulgr?]?: atg)s(aa:rr]gl\?zrsiillgogﬁitgtzuitlgar cemization after conversion to diastereomeric amides us
ing blocks with complementary reactivity to relate ing, respectively, R)-a-methoxye-trifluoromethylphenylacetyl

. . : : chloride and (-)-menthyl chloroformate. A comparison of
alanine cation equivalents such as serine-der#attones : ; 4 X .
(4, 5) and aziridines (6, 7). the diastereomeric amides with material prepared from

acemic serine using proton nuclear magnetic resonaite (
MR) spectroscopy led the authors to conclude that “no ap
parent racemization occurred in the course of both the ring
é)rpening and the hydrolysis” reactions involved in the prepa
ration of 7 and 8. This claim contrasted with our discovery
of racemization in the reactions of sulfamiddte with car
bon nucleophiles and provoked a detailed investigation of
the enantiomeric purity of the various products from
nucleophilic ring opening of sulfamidatky.

Interested in harnessing its power to construct peptid
mimics and glutamate receptor ligands, we have explore
the reactivity of cyclic-sulfamidatel7? derived from N-
(PhF)serine methyl ester (Scheme 1), because of the prov
effectiveness of the PhF protecting group for preserving con
figurational integrity during manipulations @f-amino car
bonyl compounds (PhF = 9-(9-phenylfluorenyl)) (8, 9).
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Table 1. 'H NMR signal assignments of sulfamiditesRj2 and (2)-16, and sulfamidatel 7.

Position (R)-16 (29-16 17

Oy [int. mult, J (Hz)] Oy [int. mult, J (Hz)] Oy [int. mult, J (Hz)]
4 3.51 (1H, dd, 1.4, 7.1) 3.37 (1H, t, 7.9) 3.64 (1H, dd, 4.0, 8.1)
5 4.41 (1H, dd, 1.4, 9.4) 432 (1H, t, 7.9) 4.38 (1H, dd, 4.0, 8.7)
50 4.75 (1H, dd, 7.1, 9.4) 4.95 (1H, t, 7.9) 4.02 (1H, dd, 8.1, 8.7)
MeO 3.42 (3H, s) 3.57 (3H, s) 3.69 (3H, s)
PhF 7.17-8.17 (13H, m) 7.19-7.77 (13H, m) 7.19-8.22 (13H, m)

Fig. 1. Representative amino acids prepared by ring-opening of Scheme 1.Synthesis of cyclic sulfamidat&7.
serine-derived cyclic sulfamidates.

X O (N\,\N o s o OH SOCl,, Imidazole, 'OHS'{O . 'O'S?j\
KHJ\Ot-Bu K')J\ % PhFHN" COMe g\ ooc N "CO,Me N“"CO Me
NHBn OFt PMBHN M OMe 15 99% (2R) -16 (25)-16
NHBn © 12
; ; ; g‘sc N 7 &1).0:RR =p i_:iCOCGH“ NalO,, RuCly xH,0, O:‘s'?l o O
12: X = CN CH4CN, H,0, 0°C e N7 COMe PhF = .

o " YU
X O (Nj o /kANH O

OMe K(u\oa OMe

PMBHN" Me PMBHN  Me been prepared by oxidation of the corresponding sulfamidites
NHBn (1-3, 11-22)Following this protocol, (&-methyl 2,2-dioxo-
1 3-PhF-1,2,3-oxathiazolidine-4-carboxylafe’ was synthesized
3: X=F 8 initially by treating N-(PhF)serine methyl estdr5 (23) with
g:§:ECN thionyl chloride, triethylamine, and imidazole in dichloro-
6;x=07vle methane_ to fqrnish qugr!titatively a 1:2 mixture_ of
13: X = CN o OEt diastereoisomeric sulfamiditesl6 (Scheme 1). Cyclic
sulfamidatel?7 was then prepared by subsequent oxidation
O}MO of sulfamiditesl6 with sodium periodate and catalytic ruthe-
N oiBu nium trichloride in acetonitrile and water at 0°C.
Bn Diastereoisomers @-16 and (X)-16 could be separated
14 by chromatography and independently converted into five-

membered sulfamidate7. The assignment of the configura

tion at sulfur for the diastereocisomersR)216 and (%5)-16
dehydroalanine intermediate that underwent subsequent Mias initially attempted by comparisons of théid NMR
chael addition and afforded racemic product. In additionspectra with that of their oxidation product sulfamidate
several nucleophiles were found that caufeelimination, (Table 1), as well as with spectral data for other cyclic
yet failed to react with the dehydroalanine intermediate in assulfamidites (24). Comparing the spectrald and 17, we
conjugate addition. This spectrum of reactivity and the-util concluded that the @-sulfamidite ((R)-16), would exhibit
ity of the addition products have been evaluated to better desimilar steric as well as anisotropic effects as sulfamidate
fine the scope and limitations oN-(PhF)serine-derived (25, 26). For example, in the spectra oRj216 and 17, the
sulfamidatel?7 as a chiral educt for amino acid synthesis. C-4 proton appeared as a doublet of doublets as the result of

steric interactions between the exocyclic oxygen atom on

Results and discussion sulfur and the PhF group, which twisted the five-membered
ring such that significantly different dihedral angles existed
Synthesis of cyclic sulfamidate 17 between the C-4 and C-5 protons. In contrast, the C-4 proton

Sulfamidate derivatives dB-amino alcohols permit pro in (29-16 appeared as a triplet indicative of a conformation
tection of the nitrogen moiety and conversion of thewith similar dihedral angles between the C-4 proton and
hydroxyl group into a leaving group. The most direct ap each of the C-5 protons. The magnetic anisotropy of the
proach for their construction has been the reaction of the reS—O bond (26) shifted downfield the resonances of proxi
spectivef3-amino alcohol with sulfuryl chloride; however, mal PhF protons as well as the C-4 proton in the spectra of
this process has usually led to the corresponding aziridineg2R)-16 and 17 relative to the respective signals in the spec
presumably due to ring closure of the corresponding -830 trum of (29-16.
intermediate (11-13). Because of the difficulties encountered The configurational assignments fb6, which were made
when using sulfuryl chloride, most cyclic sulfamidates havebased on théH NMR chemical shift and coupling constant
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Scheme 2.Ring opening of cyclic sulfamidat&7.
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Fig. 2. ORTEP view of (R 4S)-methyl 2-0x0-3-(PhF)-1,2,3- starting material as observed by NMR spectral analysis of

the crude product after aqueous work-up.

Ring opening of sulfamidat&7 was also examined using
C-nucleophiles includingB-keto esters,-keto ketones,
dimethyl malonate, and nitroethane. Treatment of sulfa
midate17 with a premixed solution containing 400 mol% of
eitherp-keto esterf3-keto ketone, or dimethyl malonate and
220 mol% of sodium hydride in DME, followed by heating
at 60°C caused ring opening to form the polar sulfamic acid
intermediate. Hydrolysis of the reaction mixture with 1 M
KH,PQ, furnished the desired amino acid derivativesi—o
after chromatography (Table 2). Sinfi&keto esterl8k and
[-keto ketonel8i were difficult to separate from methyl
acetoacetate and 2,4-pentanedione, respectively, the crude
material was used without purification in the next step to
wards the preparation of heterocyclic amino acids.
Nitroethane reacted witth7 using similar conditions to pro-
vide y-nitro-0-amino pentanoat&8oin 52% yield as a 10:1
mixture of diastereomers.

B-Keto estersl8k and 18m were next converted, respec-

values, were confirmed by X-ray crystallographic analysis oftVely, to 5-methylproline23 and&-ketoa-amino estei20m,
(2R)-16 (Fig. 2). Single-crystal X-ray analysis showed that " intermediate in the synthesis oftért-butylproline (29)
the dihedral angle between the C-4 proton and the@®-  (Scheme 3). Their respectivoxo-0-N-(PhF)amino acids
ton was 25.4°, and the dihedral angle between the C-4 prgVere first obtained from h_ydrolys_ls and dec_arbpxylanon of
ton and the C{8 proton was 82.6°. The crystal structure of B-keto esterd8k and18m with sodium hydroxide in ethanol
(2R)-16 exhibits a conformation in which the-proton and heat_ed at a reflux. Esterlflcat_lo_n with |_odomethane and po-
the a-acid carbonyl are nearly coplanar (159.5°). Sinee (assium Car_bonate in acetonitrile provided met_hyl 5-ox0-2-
deprotonation from the coplanar geometry is stereo[N-(PhF)amino]hexanoate&Qk) and methyl 6,6-dimethyl-5-
electronically less favoured than from an orthogonal geome®X0-2-N-(PhF)amino]heptanoate2@m) in 71% and 52%
try, this arrangement has been suggested to contribute to tigverall yields, respectively, fronl7. Hydrogenation ofd-
configurational stability of PhF amino carbonyl compoundsoXoheptanoate with palladium-on-carbon andtedt-butyl

oxathiazolidine-4-carboxylate (R-16).2

(27, 28). dicarbonate in methanol proceeded by cleavage of the PhF
protection,N-acylation, imine formation, and hydrogenation
Ring opening of five-membered cyclic sulfamidate 17 of the imine intermediate on the face opposite the methyl es

With cyclic sulfamidate17 in hand, we next examined ter to furnishN-(BOC)-5-methylproline methyl estel{) as
nucleophilic ring opening using different nucleophiles the cis-diastereomer. Hydrolysis of methyl esteis-21 with
(Scheme 2, Table 2). Cyclic sulfamidaf&’ reacted with ~Potassium trimethylsilanolate in £ furnishedcis-N-(BOC)-
heteroatomic nucleophiles to provide products from bothb-methylproline ¢is-22) in 96% yield. In addition, removal
nucleophilic displacement at C-5 and proton abstraction a@f the BOC protecting group with trifluoroacetic acid in-di
C-4. For example, KSCN, NajNand imidazole, all opened chloromethane providedis-5-methylproline23 (30, 31).
regioselectively the sulfamidate ring to afford, respectively, The utility of f-keto ketonel8i was illustrated by its cen
thioether18d, azide 18¢ and imidazolel8f. Other nuclee  version to pyrazole amino acib (Scheme 3). Methyl 2N-
philes, such as TBAF, MeONa, diethyl amine, and pipe (PhFHamino]-3-(3,5-dimethyl-B-pyrazol-4-yl)propanoate 24)
ridine, gave mainly dehydroalanind9 and recovered was initially prepared by treatment pfketo ketonel8i with

2The structure of (R)-16 was solved at I'Université de Montréal X-ray facility using direct methods (SHELXS 96) and refined with
SHELXL 96: C,gH;gNO,S, Mr = 405.452, orthorhombic, colourless crystal, space gR®jf;2;, unit cell dimensions (A = 9.5587(2),
b = 9.7736(2),c = 21.0498(4), volume of unit cell (B 1966.53(7)Z = 4, R, = 0.0659 forF? > 2 o(F?), WR, = 0.1613 for all data; GOF =
1.048. The author has deposited the atomic coordinates for the structurg)<fg%ith the Cambridge Crystallographic Data Centre. The
coordinates can be obtained, free of charge, on application to the Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, U.K. (Fax: 44-
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk). Supplementary material may be purchased from the Depository of Unpublished Data
Document Delivery, CISTI, National Research Council Canada, Ottawa, ON, K1A OS2, Canada. For information on ordering electronically
(http://www.nrc.ca/cisti/irm/unpub_e.shtml).
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Table 2. Treatment of cyclic sulfamidat&7 with nucleophiles.
Nucleophilic Time Temp 18 19°
Entry source Base Solvent  (h) (°C) (% yield) [a] 8’ (% yield)
a TBAF DME 18 rt — 40
b ELNH DME 18 rt — <10
Et,NH MeCN 48 rt — 50
Et,NH DMF 18 rt — 100
c piperidine MeCN 48 rt — 30
d KSCN DME 48 rt 64 —287° —
KSCN DMF 36 rt 72 -287° —
e NaN; DME 72 rt 50 —294° —
NaN; MeCN 72 rt 82 —294° —
NaN; DMF 1 rt 90 —294° —
f imidazole DME 18 80 85 —241° —
g CHs(CH,),SH DMF 36 rt — —
CHa(CH,),SH NaH DMF 36 rt — 10
h MeONa DME 0.5 rt — 100
i MeCOCH,COMe NaH DME 18 60 66 d
i PhCOCHCOMe NaH DME 18 60 45 —
k MeCOCH,CO,Me K,CO;5 DMF 72 rt — 100
MeCOCHCO,Me K,COq THF 72 rt 3¢ d
MeCOCH,CO,Me CsCO; THF 90 rt — 100
MeCOCH,CO,Me KsPO, DME 18 rt 43 d
MeCOCH,CO,Me NaH THF 6 60 54 —
MeCOCH,CO,Me NaH DME 4 60 67 —
MeCOCH,CO,Me NaH DME 18 60 88 —
| EtCOCH,CO,Et NaH DME 18 60 82 —
m t-BuCOCH,CO,Et NaH DME 18 60 63 —
n MeCO,CH,CO,Me NaH DME 18 60 65 —4.3° —
o CH,CH,NO, NaH DME 18 60 52 —
#solated yield.
PCalculated yield from an isolated mixture &8 andp-dicarbony! starting material.
“Determined by*H NMR spectroscopy.
dObserved by TLC.
Scheme 3 Synthesis of 5-alkylprolin@3 and amino-3-(3,5-dimethylH-pyrazol-4-yl) propionic acid26.
HN—N 29 1) NaOH, EtOH, reflux
HC” N ScH,  HANNHxHO - o R 2) Mel, K,CO3, CHyCN R?
CO,Me CO,Me CO,Me
NHPhF NHPhF NHPhF
24 18i: R'=R%*=Me 20k: R?=Me
18k: Rl =OMe, R: =Me 20m: R? = t-Bu
18m: R = OEt, R°=t-Bu
NaOH, EtOH ’ H,, Pd/C, l
MeOH, (BOC),0
HN—N
N CH
HyC i /&
3 CO?;H MeINLc:OzH KOSIMe3, Etzo Me [}] COzMe
|
NHR R BOC
10%TFA, 25: R = PhF 10%TFA, cis-22: R=BOC cis-21
CHxCl, —=926:R=H CHyCl, cis-23: R=H
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Fig. 3. Evaluation of enantiomeric purity of amino aci@8, 29, andcis-22.

Can. J. Chem. Vol. 79, 2001

SCN Raney Ni, EtOAc, 1 N NaOH, EtOH 0
CO,Me  reflux HsC_CO,Me HaC " on
NHPhF NHPhF NHPhF
18d 27 28
N N N
u B 4 B p-and L-PheOMe, TBTU, ¢ 3
N~ O 1N NaOH, EtOH "N~ o DIEA, CH3CN N Bh
OMe k,)kOH N
NHPhF NHPhF NphF  ©O2Cts
18f 29 30
dr > 97:1

Me’&COZH

1) R-and S-PhCH(CH3)NH,,

N TBTU, CHCN
BOC
[v)
cis22 2) 10% TFA, CH,Cl,

hydrazine hydrate. Hydrolysis of methyl est& with 1 N
NaOH in EtOH then furnished 2\F(PhF)amino]-3-(3,5-
dimethyl-1H-pyrazol-4-yl)propionic acid45) as a solid after

|
HTFA

31
dr=1.1:1

methyl ester singlets at 3.71 and 3.76 ppm in CDGy
400 MHz *H NMR spectroscopy demonstrat&d to be of
>97% diastereomeric excess. HenceS{@ethyl 3-(1-

chromatography. Removal of the PhF group was cleanly acgmidazol)-2-[N-(PhF)amino]propionatel@f) is presumed to

complished by heatin@5 with trifluoroacetic acid in di-
chloromethane at a reflux for 18 h and furnishi&glin 88%
yield.

Enantiomeric purity

be of >97% enantiomeric purity. We consider, therefore, that
no racemization occurred during nucleophilic substitution on
cyclic sulfamidatel7 with imidazole nor with potassium
thiocyanate nor with azide ion as nucleophiles.

The enantiomeric purity o€is-N-(BOC)-5-methylproline

Enantiomeric purity was evaluated for two products by(Cis-22) was studied after conversion to diastereomeric
conversion to diastereomeric derivatives and analysis of the-methylbenzylamide$1 by coupling, respectively, to
isomeric signals in theitH NMR spectra. In the case of R- and Sa-methylbenzylamine in MeCN with TBTU fel

(29-N-PhFS-cyanocysteine methyl estet8d), conversion

lowed by removal of the BOC group with 10% TFA in

to N-PhF+-alanine £8) and comparison of its specific reta CH,Cl (Fig. 3). In the 'H NMR spectra ofa-methyt
tion with the literature value was used to estimate puritybenzylamides3l, the diastereomeric methyl doublets were
Cleavage of the S—C bond with Raney nickel in EtOAc atresolved and came at 1.50 and 1.49 ppm, as well as at 1.46

reflux for 6 h gaveN-PhF+i-alanine methyl ester2f). Hy-
drolysis of N-PhF+i-alanine methyl ester2f) with 1 N
NaOH in ethanol fo 1 h gaveN-PhF+-alanine 28) in 74%
overall yield from18d (Fig. 3). The specific rotation oN-

and 1.42 ppm. Integration of these doublets indicated3hat
was of only 10% diastereomeric excess.

In contrast to the amino acid syntheses using less basic
nucleophiles, racemization had evidently occurred during the

PhF+i-alanine £8) and comparison with its literature value preparation ofcis-N-(BOC)-5-methylproline22. The source

(9) ([a]Z° 150° € 0.2, CHCY), lit. (9) [[o]Z° 163° € 1,

of the loss of configurational integrity was narrowed down to

CHCIy)) demonstrated that the material from sulfamidatethe ring opening step after measurement of the specific rota

opening was significantly enriched with one enantiomer.
The enantiomeric purity of &-methyl 3-(1-imidazol)-2-

tion of &-ketoa-amino este20m, which showed a consider
able drop in optical purity [6]&° —1.2° € 0.8, CHC}), lit.

[N-(PhF)amino]propionate1@f) was determined after con (29) [0]Z —137.7° ¢ 1, MeOH)). Because hydrolysis and
version to diastereomeric amid&§, and subsequent spectral decarboxylation of-keto esterl8m, prepared from a route
analysis. (8)-3-(1-Imidazol)-2-N-(PhF)amino]propionic acid featuring acylation ofN-(PhF)glutamate-methyl ester (32),
(29) was first synthesized by ester hydrolysis in 86% yieldproduced enantiopur20m ([a] & —139° ¢ 0.8, MeOH)), we

using 1 N NaOH in EtOH. Acid29 was coupled ta- andp-

considered that racemization occurred prior to or during the

phenylalanine methyl ester in MeCN with TBTU and DIEA, nucleophilic addition to cyclic sulfamidate7 and not at the
respectively, at room temperature. Measurement of théydrolysis and decarboxylation steps.
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Scheme 4 Michael addition of methyl acetoacetate enolate to dehydroalanine sulfami@acid

o) )
O\\ / +N O.
g l NaH, DME, r.. a //S//\ g OMe

N> coMm
PhE - 2° O phr |
17 32
Na*O" O
1)
Me” N~ “OMe 1M KH,PO,
DME, 60 °C, 18 h
100%
2) 1 MKH,PO,
87%

OMe
oM
0 PhFHNJH( ©

/N OMe 0
PhF O 19
33

Low specific rotation values were also recordedddeto  lation by chromatography. Hencea;deprotonation triggers
a-amino ester20k ([a]&® —4.8° € 0.15, CHC})), pyrazole B-elimination prior to reprotonation and racemizationldf
amino acid25 ([o]&° —9.5° € 0.2, MeOH)), and malonate A mechanism that may explain the cause of racemization
18i ([a] 3°-4.3° € 0.1, CHCL)). Because of the characteristi- involves the nucleophile acting as base and removingithe
cally high specific rotations of N-(PhF)a-amino  proton to trigger ring opening with elimination. A second
carboxylates (9, 23, 27-29, 32, 33), racemization may be inaucleophile may then attac®? to furnishf3-keto ester by a
ferred to have occurred in these cases. Michael addition (Scheme 5). On the other hand, because

Dehydroalaninel9 was formed on ring opening of cyclic (29-methyl 4-(1-imidazol)-248-(PhF)amino]propionatel gf)
sulfamidate17 by B-elimination induced with a variety of was shown to be of >97% enantiomeric purity, ring opening
nucleophiles (Table 2). Postulating that the presumed -dehyof cyclic sulfamidatel7 with less basic nucleophiles should
droalanine intermediat®2 could serve as a Michael aceep involve only nucleophilic displacement.
tor for the formation of racemi@-keto ester, we treated  The formation ofN-(PhF)dehydroalanin&9 by B-elimina
sulfamidate17 with 200 mol% of sodium hydride in DME tion on sulfamidatel7 is remarkable in light of a previous
to induce elimination (Scheme 4). A premixed solution ofreport in which the PhF group was found to completely-sup
methyl acetoacetate (300 mol%) and NaH (400 mol%) inpress elimination during Mitsunobu reactions on the alcohol
DME was then added to the reaction mixture which wasof N-(PhF)serine methyl estet5 (34). The related3-N-
heated at 60°C for 18 h. Hydrolysis of the polar sulfamic(PhF)enamino ester has previously been reported; however,
acid intermediate wit 1 M KH,PQ, furnished (R9-methyl ~ removal of thea-proton was not required for its formation
N-PhF-2-methyl-3-(methyloxy)carbong?-pyrroline 33) in via base induced rearrangement of dimeth/{PhF)-3,4-
87% yield. Previously, pyrrolin@3 was encountered in the didehydroglutamate (33). In the X-ray crystal structure of
direct ring opening of sulfamidaté7 with the preformed cyclic sulfamidite 16, the a-proton andp-hydroxyl group
enolate of methyl acetoacetate when the hot reaction mixtur8om serine are constrained in a nearly coplanar geometry
was quenched wit 1 M KH,PQ,. Its formation can be Within the five-membered ring. Most likely, sulfamidat&
avoided by cooling the reaction mixture to room temperaturgadopts a similar geometry that can favour orbital overlap fa
prior to hydrolysis of the sulfamic acid; however, we electedcilitating B-elimination. Finally, pyroglutamat&4 should also
to form pyrroline33 in the present sequence because it wade considered to be of suspect enantiomeric purity, because
easier to characterize. Formation 88 demonstrated that dehydoalanine product was encountered in its synthesis us
dehydroalaninel9 could serve as a prochiral intermediate ing sulfamidate derived fronN-(Bn)serinetert-butyl ester
for the formation of racemized amino acid product. To verify (1).
if sulfamidate racemized prior to ring opening, aliquots were
taken_ at different time intervals from the reaction miXtureConcIusion
containing17 and the preformed enolate of methyl aceto
acetate in DME at 60°C. No loss of configurational integrity  Five-membered cyclic sulfamidail& was synthesized from
of sulfamidatel7 was detected after 1 dr?2 h ofreaction as  serine in good yield. Ring opening of five-membered cyclic
ascertained by measurement of its specific rotation after iscsulfamidate was achieved using a variety of nucleophiles
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Scheme 5.Proposed mechanisms for the ring opening of sulfamidate
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riANA 2
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— o o —
o0 O R R2
N
- R’ R? NaH,PO, _<"OMe
-H CO,Me O'Na*
PhFHN™ ~CO,Me NPhF
NHPhF =S=
18d-f . ° $ O+
18i-n O'Na

including B-keto estersf-keto ketones, dimethyl malonate, (2R,4S5)-Methyl 2-oxo-3-(PhF)-1,2,3-oxathiazolidine-4-
nitroethane, sodium azide, imidazole, and potassiuntarboxylate ((R)-16) and (S4S)-methyl 2-0x0-3-(PhF)-
thiocyanate. A careful analysis of the enantiomeric purity of1,2,3-oxathiazolidine-4-carboxylate &g16)

the products from ring opening of five-member cyclic A solution of N-PhF+-serine methyl ester §-15, 3.57 g,
sulfamidatel7 was performed using optical measurementsl0 mmol, prepared according to ref. 23) in 150 mL of di-
as well as conversion of particular products to diastereoehloromethane was cooled to 0°C, treated with imidazole
meric derivatives that were analyzed by NMR spectroscopy(2.7 g, 40 mmol) followed by triethylamine (2.8 mL,
Direct nucleophilic displacement afidelimination followed 20 mmol), stirred for 10 min, then treated with thionyl chlo-
by Michael addition were both found to be favoured mechaxide (0.8 mL, 11 mmol). After stirring an additional 45 min,
nisms for the additions of different nucleophiles &8,  water (100 mL) was added and the phases were separated.
which formed enantiopure and racemic amino acid productThe aqueous phase was extracted with dichloromethane (3 x
respectively. Verification of product enantiomeric purity is 50 mL) and the combined organic fractions were washed
thus essential when using serine-derived cyclic sulfamidatewith water (2 x 50 mL), dried, filtered, and evaporated. The

as chiral educts for amino acid synthesis. residue was normally used without purification in the next
Supporting information availabléH and'3C NMR spee  reaction. Purification of the residue by chromatography on
tra for key compounds. silica gel with an eluant of 20-30% EtOAc in hexane {ro

vided 4 g (99%) of a 1:2 mixture of diastereomersRJ2.6
and (2)-16). First to elute was (R)-16: mp 83-84°C o] &

Experimental section 121° (€ 0.14, CHC}). TLC: Ry = 0.54 (30% EtOAc in hex
anes).!H NMR &: 3.42 (s, 3H), 3.51 (dd, 1H] = 1.4, 7.1),
General 4.41 (dd, 1HJ=1.4,9.4),4.75 (dd, 1H] = 7.1, 9.4), 7.17-

Unless otherwise noted, all reactions were run under nig.17 (m, 13H).33C NMR &: 52.1, 59.0, 72.2, 75.2, 171.4.
trogen atmosphere and distilled solvents were transferred BWRMS calcd. for GsH,O,NS (MH*"): 406.1113; found:
syringe. Tetrahydrofuran (THF) and ether were distilled406.1130. Next to elute was $216: mp 71-72°C.[a] &
from sodium-benzophenone immediately before use243° ¢ 0.38, CHC)). TLC: R = 0.37 (30% EtOAc in hex
1,1,1,3,3,3-hexamethyldisilazane (HMDS) and CH were  anes).!H NMR &: 3.37 (t, 1H,J = 7.9), 3.57 (s, 3H), 4.32
distilled from CaH; Et;N was distilled from BaO. Final re  (t, 1H,J = 7.9), 4.95 (t, 1H,J = 7.9), 7.19-7.77 (m, 13H).
action mixture solutions were dried over J)$0,. Chroma 13C NMR &: 52.5, 61.3, 73.5, 76.2, 170.3. HRMS calcd. for
tography was on 230-400 mesh silica gel; thin layerC,,H,40,NS (M*): 405.1035; found: 405.1046.
chromatography (TLC) on aluminum-backed silica plates.

Melting points are uncorrected. Mass spectral data, HRM$4S)-Methy! 2,2-dioxo-3-PhF-1,2,3-oxathiazolidine-4-

(El and FAB), were obtained by the Université de Montréalcarboxylate 17)

Mass Spectroscopy facilittH NMR (300 and 400 MHz) A solution of 2-oxo-1,2,3-oxathiazolidind6 (1.25 g,
and13C NMR (75 and 100 MHz) spectra were recorded in3.1 mmol) in 100 mL of acetonitrile was cooled to 0°C,
CDCl;. Chemical shifts are reported in ppnd (nits) treated with ruthenium(lll) chloride monohydrate (10 mg)
downfield of internal tetramethylsilane ((GHSi). Coupling  followed by sodium periodate (1.28 g, 6 mmol), stirred
constants are given in Hz. Chemical shifts for aromatic PhFL0 min, and quenched with water (100 mL). After stirring
carbons are not reported. for 4 h, the reaction mixture was diluted with ether
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(100 mL) and the phases were separated. The aqueous phddd, 1H,J = 6.7, 14.0), 7.01-7.72 (m, 16H}°C NMR &:
was extracted with ether (3 x 60 mL). The combined organic0.8, 52.3, 56.7, 72.9, 119.7, 128.4, 137.5, 173.4.
fractions were washed with saturated aqueous sodium-bicar
bonate (100 mL) and brine (50 mL), dried, filtered, and General procedure for ring opening of cyclic sulfamidate
evaporated to a residue that was purified by chromatography7 with p-keto esters,-keto ketones, and dimethyl
on silica gel with an eluant of 10-20% EtOAc in hexane.malonate
Evaporation of the collected fractions provided 1.14 g (87%) A solution of sodium hydride (prewashed with hexane, 60
of 17: mp 155-156°C[a]®’ 244° (¢ 0.1, CHCL). '"H NMR  wt% in oil, 85 mg, 2.1 mmol) in DME (15 mL) was treated
3:3.64 (dd, 1HJ = 4.0, 8.2), 3.69 (s, 3H), 4.02 (dd, 1B=  with the respectivgd-keto esterp-keto ketone, or dimethyl
8.2, 8.7), 4.38 (dd, 1HJ = 4.0, 8.7), 7.19-8.22 (m, 13H). malonate (3.6 mmol), stirred for 10 min, treated wit/S(4

C NMR 6: 52.9, 58.8, 66.8, 77.9, 169.2. HRMS calcd. for methyl 2,2-dioxo-3-PhF-1,2,3-oxathiazolidine-4-carboxylate

CoaH160sNS (M?): 421.0984; found: 421.0997. (17, 380 mg, 0.9 mmol), heated at 60°C for 18 h, cooled to
) room temperature, and pouredant M NaH,PO, (50 mL).
(25)-N-PhF-Scyanocysteine methyl estet8(d) The mixture was extracted with EtOAc (3 x 50 mL). The

A solution of (49-methyl 2,2-dioxo-3-PhF-1,2,3- combined organic phases were washed with brine (2 x
oxathiazolidine-4-carboxylatel{, 48 mg, 0.12 mmol) in 30 mL), dried, filtered, and evaporated to a residue.
5 mL of DMF was treated with potassium thiocynate 35 mg
(0.36 mmol), stirred at room temperature for 36 h, pouredviethyl 5-oxo-4-(methylcarbonyl)-NF(PhF)amino]hexan
into 1 M KH,PQ, (20 mL), and extracted with EtOAc (3 x oate (L8i)
20 mL). The combined organic phase was washed with brine Methyl 5-oxo-4-(methylcarbonyl)-2N-(PhF)aminolhexa
(20 mL), dried, filtered, and evaporated to a residue that wagoate (8i) was prepared from 2,4-pentanedione and used di
chromatographed on silica gel eluting with a gradient of 15—ectly in next step. HRMS calcd. for jgH,40,N (MH™):
20% EtOAc in hexane. Concentration of the collectedfrac 442.2018; found: 442.2033.
tions provided 34.8 mg (72%) df8d: mp 149-150°C[a] &
—287° € 0.4, CHCL). 'H NMR &: 2.88 (dd, 1H,J = 4.7,  Methyl 5-oxo0-4-(phenylcarbonyl)-NF(PhF)amino]hexa-
12.6,), 3.02 (dd, 1HJ = 4.7, 5.8), 3.13 (dd, 1HJ) = 5.8, noate (8j)
12.6), 3.44 (brs, 1H), 3.48 (s, 3H), 7.23-7.75 (m, 13H). Methyl 5-oxo-4-(phenylcarbonyl)-2N-(PhF)amino]hex-
1%C NMR &: 39.5, 52.6, 54.9, 72.8, 112.8, 172.6. HRMS anoate 18]) was prepared from 1-benzoyl acetone and iso-
calcd. for G4H,,0,SN, (MH™): 401.1324; found: 401.1339. |ated by chromatography on silica gel eluting with a gradient

of 10-20% EtOAc in hexane as a 1.1:1 mixture of

(29)-N-(PhF)-3-azido-alanine methyl estet§g) diastereomers in 45% yieldH NMR &: 2.00 (s, 3H), 2.07

A solution of (49-methyl 2,2-dioxo-3-PhF-1,2,3- (m, 4H), 2.17 (s, 3H), 2.58 (m, 2H), 3.26 (s, 3H), 3.28 (s,
oxathiazolidine-4-carboxylatel7, 49 mg, 0.12 mmol) in 3H), 4.78 (t, 1H,J = 6.0), 4.83 (dd, 1HJ = 4.8, 7.4), 6.70—
5 mL of DMF was treated with sodium azide (24 mg, 8.26 (m, 36H).3C NMR &: 28.0, 28.7, 33.0, 33.2, 51.69,
0.37 mmol), stirred at room temperature for 1 h, poured int61.73, 53.8, 54.5, 59.1, 59.3, 72.7, 72.8, 176.0 (2C), 195.0,
1 M KH,PQ, (20 mL), and extracted with EtOAc (2 x 196.1, 202.9, 203.6. HRMS calcd. foryfl;O,N (MH™):
10 mL). The combined organic phase was washed with brin604.2175; found: 504.2153.
(10 mL), dried, filtered, and evaporated to a residue that was
chromatographed on silica gel eluting with a gradient of 10-Methyl 5-oxo-4-(methyloxycarbonyl)-®{(PhF)amino]hex
20% EtOAc in hexane. Concentration of the collected -frac anoate (8k)
tions provided 40.3 mg (90%) of8e as a thick clear oil. Methyl 5-oxo-4-(methyloxycarbonyl)-2\-(PhF)amino]hex
[0]3° —294° € 0.12, CHCL). *H NMR &: 2.85 (dd, 1H,J =  anoate {8k) was prepared from methyl acetoacetate and
4.7,5.3), 3.07 (dd, 1H) = 4.7, 12.3), 3.18 (dd, 1HI = 5.3,  used directly in next step. HRMS calcd. for,d8,50sN
12.3), 3.42 (s, 3H), 7.21-7.73 (m, 13HJC NMR &: 52.2,  (MH*): 458.1968; found: 458.1982.
54.5, 56.4, 73.0, 173.6. HRMS calcd. for,88,,0,N,

(MH™): 385.1664; found: 385.1677. Methyl 5-oxo0-4-(ethyloxycarbonyl)-2NF(PhF)aminolhepta
noate (L8I)
(29)-Methyl 3-(1-imidazol)-24N-(PhF)amino]propionate 18f) Methyl 5-oxo-4-(ethyloxycarbonyl)-2N-(PhF)amino]hep

A solution of (49-methyl 2,2-dioxo-3-PhF-1,2,3- tanoate {8l) was prepared from ethyl propionylacetate and
oxathiazolidine-4-carboxylately, 100 mg, 0.24 mmol) in isolated as an inseparable 1.1:1 mixture of diastereomers by
15 mL of DME was treated with imidazole (49 mg, chromatography on silica gel eluting with a gradient of 10—
0.72 mmol), heated at 80°C for 18 h, poured into 1 M20% EtOAc in hexane in 82% yieldH NMR &: 0.98 (t, 3H,
KH,PO, (30 mL), and extracted with EtOAc (3 x 20 mL). J=7.2), 1.11 (t, 3HJ = 7.2), 1.19 (t, 3HJ = 7.2), 1.28 (1,
The combined organic phase was washed with bringH, J = 7.2), 1.91-1.99 (m, 4H), 2.32-2.39 (m, 2H), 2.52—
(20 mL), dried, filtered, and evaporated to a residue that wa.68 (m, 4H), 3.24 (s, 3H), 3.25 (s, 3H), 3.67 (t, 1H=
chromatographed on silica gel eluting with a gradient of 5-6.4), 3.89—4.10 (m, 3H), 4.23 (dd, 2b,= 7.2, 14.1), 7.14—
10% MeOH in EtOAc. Concentration of the collected frac 7.70 (m, 26H).*C NMR &: 7.35, 7.59, 13.8, 13.9, 32.5,
tions provided 83.2 mg (85%) df8f: mp 146-147°C[a]®’  32.7, 35.1, 35.3, 51.3, 51.6, 53.6, 54.1, 54.9, 55.6, 61.1,
—241° € 0.1, CHCL). MS (m/2): 410.2 (M + 1), 307.1, 61.4, 72.6, 72.7, 169.0, 169.7, 175.9, 176.0, 204.6, 205.5.
289.1, 257.1, 241.1, 154.1H NMR &: 2.85 (m, 1H), 3.16 HRMS calcd. for GgHz;OsNNa (M* + Na): 508.2100;
(brs, 1H), 3.35 (s, 3H), 3.83 (dd, 1H,= 4.9, 14.0), 3.94 found: 508.2116.
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Methyl 6,6-dimethyl-5-ox0-4-(ethyloxycarbonyl)42-[ perature for 18 h. Brine (50 mL) was added to the reaction
(PhF)amino]heptanoatel@m) mixture, which was extracted with EtOAc (3 x 30 mL). The
Methyl  6,6-dimethyl-5-ox0-4-(ethyloxycarbonyl)-N{  organic phases were combined, washed with 0.65 M sodium
(PhF)amino]heptanoate18m) was prepared from ethyl thiosulfate (50 mL) and brine (50 mL), dried, filtered, and
pivaloylacetate and isolated as an 1:1 mixture ofevaporated to a residue that was purified by chromatography
diastereomers by chromatography on silica gel eluting withon silica gel using a gradient of 10-20% EtOAc in hexane.
a gradient of 10-20% EtOAc in hexane in 63% yieldh  Evaporation of the collected fractions gave 259 mg (71%
NMR &: 1.10 (s, 9H), 1.13 (t, 3HJ = 7.1), 1.27 (t, 3HJ =  overall from17) of 20k. *H NMR & 1.71 (m, 2H), 2.11 (s,
7.1), 1.31 (s, 9H), 1.48 (m, 1H), 1.58 (m, 1H), 2.03 (m, 1H),3H), 2.45-2.61 (m, 3H), 3.29 (s, 3H), 7.18-7.73 (m, 13H).
2.33 (m, 1H), 2.60 (m, 2H), 3.26 (s, 6H), 3.81-3.98 (m, 3H),°C NMR &: 28.6, 29.8, 39.6, 51.5, 54.6, 72.8, 176.3, 207.8.
4.24 (9, 2H,J=7.1), 4.45 (dd, 1H) = 2.4, 10.4), 7.14-7.71 HRMS calcd. for GgH,sOsN (MH™): 400.1913; found:
(m, 26H). 13C NMR &: 13.7, 14.0, 26.0, 26.2, 33.5, 34.4, 400.1905.
45.3, 45.6, 47.9, 49.8, 51.5, 51.7, 53.6, 54.6, 60.8, 61.2,
72.6, 72.8, 168.9, 169.5, 175.4, 176.5, 209.9, 210.5. HRMSis-N{BOC)-5-methylproline methyl esteci¢-21)
calcd. for G,H3sOsNNa (M* + Na): 536.2413; found: A solution of methyl 5-oxo-24{-(PhF)aminolhexanoate

536.2392. (20k, 400 mg, 1 mmol) and diert-butyldicarbonate
(670 mg, 3 mmol) in MeOH (50 mL) was placed into a-hy

4-(Methyloxycarbonyl)-2Nl-(PhF)]glutamate dimethyl drogenation vessel and treated with palladium-on-carbon (10

ester (L8n) wt%, 65 mg). The vessel was filled, vented and filled three

4-(Methyloxycarbonyl)-24N-(PhF)]glutamate  dimethyl times with hydrogen, and the mixture was stirred under 4
ester (8n) was prepared from dimethyl malonate and-iso atm of hydrogen for 48 h. The mixture was filtered on
lated as a 1:1 mixture of diastereomers by chromatograph@elite™ and washed with MeOH (50 mL). The combined
on silica gel eluting with a gradient of 10-20% EtOAc in organic phase was evaporated to a residue that was purified
hexane in 65% yield!H NMR &: 2.03 (m, 2H), 2.61 (dd, by chromatography on silica gel using a gradient of 10-15%
1H, J = 4.7, 8.9), 3.20 (s, 3H), 3.36 (s, 3H), 3.57 (s, 3H), EtOAc in hexane. Evaporation of the collected fractions
3.73 (m, 1H), 7.11-7.67 (m, 13HI3C NMR & 33.3, 48.3, gave 225 mg (92%) ofis-21 as an oil."H NMR & (showed a
51.5, 52.3, 52.5, 53.7, 72.6, 166.8, 169.0, 169.8. HRMSnixture of carbamate isomers): 1.24 (d, 6H7= 6.2), 1.38
calcd. for GgH,;O¢NNa (M* + Na): 496.1736; found: (s, 9H), 1.42 (s, 9H), 1.58 (m, 2H), 1.97 (m, 4H), 2.14 (m,

496.1728. 2H), 3.68 (s, 6H), 3.86 (m, 1H), 3.98 (m, 1H), 4.16 (m, 1H),
4.27 (m, 1H).3C NMR & (showed a mixture of carbamate
Methyl 4-nitro-2-N-(PhF)amino]pentanoatel@0) isomers): 19.7, 20.5, 28.3, 28.7, 31.6, 32.4, 51.9, 53.9, 59.7,

A solution of sodium hydride (prewashed with hexane, 6060.0, 79.5, 158.2, 159.0, 173.0, 173.9. HRMS calcd. for
wt% in oil, 40 mg, 1 mmol) in DME (12 mL) was treated CioH2,O4N (MH™): 244.1549; found: 244.1556.
with nitroethane (0.2 mL, 2.8 mmol), stirred at 60°C for 3 h,
treated with (&)-methyl 2,2-dioxo-3-PhF-1,2,3-oxathia- Cis-N-(BOC)-5-methylproline dis-22)
zolidine-4-carboxylate (7, 100 mg, 0.24 mmol), heated at Methyl ester21 (110 mg, 0.45 mmol) was dissolved in
60°C for 36 h, cooled to room temperature, and poured intd0 mL of E4LO, treated with KOSi(Me)(70 mg, 0.55 mmol)
1 M NaH,PO, (30 mL). The mixture was extracted with and stirred for 18 h at room temperature. The reaction mix
EtOAc (3 x 30 mL), and the combined organic phases werdure was extracted with water (5 x 20 mL), and the aqueous
washed with brine (2 x 30 mL), dried, filtered, and evapo phases were combined, acidified with acetic acid to pH 2,
rated. Purification of the residue by chromatography on sil saturated with NaCl, and extracted with EtOAc (3 x 30 mL).
ica gel with an eluant of 0-20% EtOAc in hexane providedThe organic phases were combined, dried, filtered, and-evap
52 mg (52%) of a 10:1 mixture of diastereomd®o. The orated to give 99.4 mg (0.43 mmol, 96%) ofs-22. H
spectra data for the major isomer was as follot#s NMR &: NMR (CD5;0OD) & (showed a mixture of carbamate isomers):
1.51(d, 3H,J=6.9), 1.73 (ddd, 1HJ) = 3.4, 9.4, 14.8), 2.16 1.27 (d, 3H,J = 6.2), 1.42 (brs, 9H), 1.65 (m, 1H), 2.02 (m,
(ddd, 1H,J = 4.2, 9.1, 14.8), 2.64 (dd, 1H] = 3.4, 9.1), 2H), 2.23 (m, 1H), 3.96 (m, 1H), 4.18 (m, 1H¥C NMR
3.25 (s, 3H), 4.92 (m, 1H), 7.15-7.71 (m, 134C NMR &: (CD5OD) 8 (showed a mixture of carbamate isomers): 20.1,
20.3, 39.1, 51.8, 52.6, 72.6, 79.4, 175.6. HRMS calcd. fo20.9, 28.6, 28.8, 29.3, 29.8, 32.7, 33.4, 49.6, 49.8, 55.4,

CysHos04N, (MHT): 417.1814; found: 417.1826. 55.7, 61.2, 61.5, 81.2, 81.3, 155.4, 155.8, 176.6, 176.8.
HRMS calcd. for GH,;O,N (MH*): 230.1392; found:
Methyl 5-ox0-2-N-(PhF)amino]hexanoate2Qk) 230.1385.

Crude methyl 5-o®-4-(methyloxycarboyl)-2-[N-

(PhF)amino]hexanoate 18k) was dissolved in EtOH Enantiomeric purity otis-N-(BOC)-5-methylprolineds-22)

(10 mL), treated wh 1 N NaOH (10 mL), and heated at a A room-temperature solution ofis-N-(BOC)-5-methyi
reflux for 5 h. The mixture was cooled to room temperatureproline €is-22, 20 mg, 0.09 mmol) and eitheR) or (9-a-
and adjusted to pH 5 using 10% HCI. The solution was ex methylbenzylamine (28uL, 0.22 mmol) in 1 mL of
tracted with EtOAc (3 x 30 mL) and the combined organicacetonitrile was treated with benzotriazol-1-yl-1,1,3,3-
phases were washed with brine (30 mL), dried, filtered, andetramethyluronium tetrafluoroborate (30 mg, 0.09 mmol)
evaporated to a residue that was dissolved in acetonitriland stirred for 2 h when TLC showed complete disappear
(20 mL), treated with KCO; (300 mg, 2.2 mmol) and ance of the starting acid. Brine (2 mL) was added to the re
iodomethane (0.3 mL, 4.8 mmol), and stirred at room-tem action mixture, which was then extracted with EtOAc (2 x
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3 mL). The combined organic phase was extracted with 2 NCH,CI, treated with 2 mL of CECO,H, and heated at a e
HCI (2 x 2 mL) and NaHCQ (2 x 2 mL), washed with O  flux for 18 h. The volatiles were evaporated, and the residue
(2 x 2 mL) and brine, dried, filtered, and evaporated to awas treated with 10 mL of O and filtered. The aqueous
residue that was dissolved in GEl, (5 mL), treated with  solution was washed with hexanes (2 x 20 mL), and then
0.5 mL TFA, and stirred at room temperature for 1 h. Theevaporated to a solid 55 mg (88%) 26. *H NMR (CD;0D)
solution was concentrated, dried, and directly examined bg: 2.39 (s, 6H), 3.07 (dd, 1H] = 7.2, 15.3), 3.19 (dd, 1H,
'H NMR spectroscopy. WherS[- and ®)-a-methylbenzyd  J = 7.2, 15.3), 4.13 (t, 1HJ) = 7.2).13C NMR (CD;0D) &
amine of 99% diastereomeric purity were used, respectively9.7, 24.6, 53.4, 113.2, 146.1, 170.9. HRMS calcd. for
the same mixture of diastereomers were obtained. ExaminaCgH;,N;O, (MH*): 184.1086; found: 184.1090.

tion of the methyl doublets at 1.50, 1.49, 1.46, and 1.42 ppm

in the '"H NMR spectra in CDGJ demonstrate®1 to be of (2S)-N-PhF-Alanine methyl ester2q)

1.1:1 mixture of diastereomers. Hencis-22 is presumed to (29-N-(PhF)S-Cyanocysteine methyl estet&d, 35 mg,

be of 10% enantiomeric excess. 0.09 mmol) was dissolved in EtOAc (10 mL) and treated
) , , ) with Raney nickel (50% slurry in water 200 mg). The
5-MethylprolineN'-a-methyl-benzylamide trifloroacetat8l) mixture was heated at a reflux for 6 h, cooled to room-tem

'H NMR (CD;0D) & 1.42 (d, 3H,J = 6.6), 1.46 (d, 3H, perature, and filtered through Celite™ to remove the cata
J=6.6), 1.49 (d, 3HJ = 7.0), 1.50 (d, 3HJ = 7.0), 1.60 |yst. The filtrate was concentrated. The residue was used
(m, 1H), 1.73 (m, 1H), 2.04 (m, 1H), 2.19 (m, 3H), 2.42 (M, without purification in the next reactioAH NMR & 1.14 (d,
2H), 3.74 (m, 2H), 4.31 (m, 2H), 5.04 (m, 2H), 7.22-7.37 3 3= 7.0), 2.79 (dd, 1HJ = 7.0, 14.1), 3.31 (s, 3H), 7.17—
(m, 10H). 7.73 (m, 13H).

Methyl [N-(PhF)amino]-3-(3,5-dimethyl42-pyrazol-4-yl)pro
panoate 24)

Crude methyl 5-oxo-4-(methylcarbonyl)&-[PhF)aminolhexa
noate (8i) was dissolved in dioxane (10 mL), treated with
hydrazine hydrate (6QL, 1.7 mmol), stirred for 1.5 h, and
poured inb 1 M NaH,PO, (30 mL). The mixture was ex-

tracted with EtOAc (3 x 20 mL), and the combined organic . ; ) :
phase was washed with brine (2 x 30 mL), dried, fiItered,ph"’Ise was washed with brine (2 x 10 mL), dried, filtered,

and evaporated. The residue was normally used without pl@ﬂ?ori\;?go::tehd tgnasriﬁigjueél P\,l\jirtﬂcggogﬁ;:th %fregégl;%;)y
rification in the next reaction. Purification of the residue by graphy 9 °

chromatography on silica gel with an eluant of 20—30%EtOAC In hexane provided 22 mg (74% overall frdrd) of

20 o i 20 o
EtOAc in hexane provided 169 mg (43% overall frdm) of 28. ] B, 150° (€ _0'2' CHCY). I't'_ () [a]5 163° € 1_
1 ! CHCl3). *H NMR &: 1.13 (d, 3H,J=7.2), 2.71 (q, 1HJ =
24. "H NMR & 1.99 (s, 6H), 2.50 (m, 2H), 2.58 (m, 1H), 7.2). 7.18-7.75 (m, 13H)13C NMR & 19.7, 52.2, 73.0
3.22 (s, 3H), 6.73-7.69 (m, 13H}3C NMR & 10.5, 28.8, 1'75'9 ' ' ' ' T TEe e
51.4, 56.0, 72.9, 111.1, 142.8, 176.6. HRMS calcd. for ="

CyogHog0,N5 (MHT): 438.2181; found: 438.2189. _ _ o _
(29)-3-(1-Imidazol)-2-N-(PhF)amino]propionic acid Z9)

2-N-(PhF)Amino-3-(3,5-dimethylH-pyrazol-4-yl)propionic Ester hydrolysis was performed dgf (83 mg, 0.2 mmol)
acid (25) using the same conditions described for the preparation of
Crude  methyl  N-(PhF)amino]-3-(3,5-dimethylta- 28 and provided 69 mg (86%) d9: mp 156-157°Cd] &
pyrazol-4-yl)propanoate2d) was dissolved in EtOH (5 mL), —149° € 0.42, CHC}). "H NMR &: 2.97 (t, 1H,J = 4.1),
treated wih 1 N NaOH (5 mL), heated at 60°C for 3 h, 3.94 (dd, 1H,J = 4.1, 13.6), 4.23 (dd, 1H] = 4.1, 13.6),
cooled to room temperature, and then poured into 1 M/-18-7.70 (m, 15H), 8.86 (brs, 1H)C NMR & 52.7, 56.4,
NaH,PO, (50 mL). The mixture was extracted with EtOAc /3.2, 119.4, 122.1, 1356, 172.7. HRMS calcd. for
(2 x 30 mL). The combined organic phases were extracte&2sH210,N3 (M?): 395.1634; found: 395.1644.
with 1 N NaOH (2 x 30 mL), the aqueous phase was €om
bined, acidified with citric acid to pH 2, and extracted with Enantiomeric purity of (2)-3-(1-imidazol)-2-N-
EtOAc (2 x 30 mL). The organic phases were combined(PhF)amino]propionic acid Z9)
dried, filtered, and evaporated to a residue that was purified A solution of 29 (10 mg, 0.025 mmol) in acetonitrile
by chromatography on silica gel with a gradient of 10-20%(1 mL) was treated witlb- or L- phenylalanine methyl ester
MeOH in EtOAc as eluant. Evaporation of the collectedhydrochloride (11 mg, 0.05 mmol), TBTU (16 mg,
fractions gave 143 mg (37% over all frodi7) of 25. *H  0.05 mmol), and diisopropylethylamine (&, 0.20 mmol)
NMR (CD;OD) & 1.95 (s, 6H), 2.50-2.54 (m, 3H), 6.61— at room temperature. After stirring for 1 h, the solution was
7.72 (m, 13H).*C NMR (CD;0OD) & 10.5, 29.9, 57.7, 74.3, diluted with ethyl acetate (5 mL), washed with water (2 x
112.6, 144.1, 179.1. HRMS calcd. for,£i,6N3z0, (MH®): 5 mL) and brine (5 mL), dried, and concentrated in vacuo to
424.2025; found: 424.2043. a crude oil, which was directly examined by NMR spee
troscopy. The limits of detection were determined by mea
Amino-3-(3,5-dimethylH-pyrazol-4-yl)propionic acid Z6) suring the diastereomeric methyl ester singlets at 3.71 and
2-[N-(PhF)Amino]-3-(3,5-dimethyl-#i-pyrazol-4-yl)propionic ~ 3.76 ppm in CDCJin the 400 MHz'H NMR spectra. Purifi
acid 5, 143 mg, 0.34 mmol) was dissolved in 10 mL of cation by chromatography using a gradient of 5-10%

(2S)-N-PhF-Alanine 28)

Crude (B)-N-PhF-alanine methyl este?2T) was dissolved
in ethanol (5 mL), treated wit 1 N NaOH (5 mL), and
heated at 75°C for 1 h. The mixture was cooled to room
temperature, poured imtl M KH,PQO, (20 mL), and ex-
tracted with EtOAc (3 x 20 mL). The combined organic

© 2001 NRC Canada
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methanol in EtOAc as eluant gave dipeptides having the folReferences

lowing spectra.

(29)-3-(1-Imidazol)-2-N-(PhF)amino]propionyle- 2
phenylalanine methyl ester '[R) (30) 3
'H NMR & 2.73 (m, 1H), 2.97 (dd, 1H) = 8.1, 14.1),

3.16 (dd, 1H,J = 5.3, 14.1), 3.49 (dd, 1H] = 4.1, 14.6), 4.

3.76 (s, 3H), 4.09 (m, 1H), 4.49 (m, 1H), 7.01-7.68 (m,
21H).

(29)-3-(1-Imidazol)-2-N-(PhF)amino]propionyle- 6.

phenylalanine methyl ester '@ (30)
'H NMR & 2.80 (m, 1H), 2.88 (dd, 1H) = 6.0, 13.7),
3.11 (dd, 1H,J = 5.3, 13.7), 3.56 (dd, 1H) = 4.3, 13.9),

21H).

10.
11.

Methyl 1N-PhF-2-methyl-3-[(methyloxy)carbonyl§?-
pyrroline (33

A solution of (49-methyl 2,2-dioxo-3-PhF-1,2,3-
oxathiazolidine-4-carboxylately, 60 mg, 0.14 mmol) in

8 mL of DME was treated with NaH (40 mg, 1 mmol), 13.

stirred at room temperature for 30 min. A 0.5 mL aliquot
was taken, poured iatl M KH,PQ,,
EtOAc (2 x 10 mL). The combined organic fractions were
concentrated, dried on vacuum, and examined directlitby
NMR spectroscopy, which showed complete conversion to
dehydroalaninel9. *H NMR &: 3.76 (s, 3H), 4.63 (brs, 1H),
5.62 (brs, 1H), 7.20-7.74 (m, 13H)). In a separate flask, g7
solution of methyl acetoacetate (fQ, 0.46 mmol) in 3 mL

of DME was treated with NaH (25 mg, 0.6 mmol) and 1g.

stirred at room temperature for 1 h. The enolate solution was

then added to the remaining solution of dehydroalaninejg,
stirred at a reflux for 18h, poured into 40 mL of 1 M 20.

KH,PQ,, and extracted with EtOAc (3 x 30 mL). The cem

bined organic phases were washed with brine (2 x 30 mL)21.

dried, filtered, and evaporated to a residue that was

chromatographed on silica gel eluting with a gradient of 10-22.

15% EtOAc in hexane. Concentrated of the collected-frac
tions provided 49.6 mg (87%) 3. *H NMR &: 2.08 (s,
3H), 2.48 (dd, 1H,) = 6.8, 12.8), 2.82 (t, 1H) = 12.8), 3.47
(dd, 1H,J =6.8, 12.8), 3.48 (s, 3H), 3.61 (s, 3H), 7.12-7.77
(m, 13H).13C NMR &: 13.4, 33.8, 50.8, 52.2, 61.9, 103.5,
161.9, 166.7, 174.7, 174.8. HRMS calcd. fopg@,s0,N
(MH"): 440.1862,; found 440.1870.
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