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\‘ Abst\ra*ot ‘

v “v:’ E . & S - e
F‘reparatron of homochrral a-hydroxy amd denvatwes by enolate

. oxrdatlon and conversion of these toamrnoacrd analogs (a-N- s
hydroxyamrno o oxyamrno and q hyqraz\mo'acrds) were rnvestrgeﬂed

. Enolates. of chlrat carboxtmrd"es(ﬂ phenyl ‘ethyl, lsopropyt benzyl)
generated usmg Ilthnum bts(tnméthyfhuyl\)amlde react with dtbenzyl
peroxydlcarbonate at -78 °C m tetrahydrofuran to produce benzy)
‘carbonates of the correspondmgs?_ -hydroxy derivatives in 46 - 89 % yreld
with > 94: 6 drastereoselectlvrty Wrth srmpter achrral enola/tes of ketones ‘
~and esters, the ylelds of thrsreact_ron are usvual,ly lower (45 - 7; %) and ‘
depertd'oni'the rnetnod ot e-nolatve torrrtatioh - Potassiu en.olates (formed
9 with K N(Sr Meg)g) or amine- free tlth|um enolates { form d from silyl enolf
. ethers and butyllithium) generallyﬂguve the best yields..

. (4R, 2' R)- 3 -(2- Hydroxy t bmbutyl) -4- |sopropyloxazolrdm -2-one,
prepared in qu_anmatrve yreld fromv-the correspondrng benzyt carbonate
derivative, @nd R and' S enantionterfs" ot dibenzyl ‘and dimethy! esters of
malic acid were converted to thé correspondmg trifluoromethanesJlfonate |
‘ (tnflate) denvatlves F(eactron of the trrflates with O-benzylhydroxylamine
produced 54 89 % ;}reldst of protected o jV hydroxyamino acids:

' Reactron of the rtnftates denved from Rand S benzyl malate with
lithium tert-butyl N hydroxyca.rbamate produced protected o- oxyamuno )
acids in 42 - 62 % ytetds wrth 88 96 % stereoselectavrty These’
compound; weré deprotected to grve u oxyamrnosuccrmc acids in > 80 %
_yield.. Smrlar reacztron of the tnﬂates wrth benzyl carbazate turnrshed |
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* protected a-hydrazino acids in > 89 % yields and with 99 %
stereoselectivity. The Rand S a-hydrazinosuccinic acids were obtained *

b

A Y

“from these in 52 - 74 % yield'.v | |
" The compounds were tested b\y‘Dr Monica Palcic (Food Science

Dept University of Alberta) for inhibition of aspartate a- decarboxylase and

aspanrate ammotransferase The L- - oxyammosubgcmlc acid 1; an

extremely potent competitive inhibitor of aspartate aminotrensferase.

/ R\)LN 0 R\E)LN o S \/ILOH
0_.0
v OH
, Ph O

R = phenyJ‘, ethyl, isop:upyl, benzyl

i

COOR" R'_ _COOR" COOR" ' R'. _COOH

Y —-»Y —’Y -

0S0 ,CF; Y
h Y = NHOH, ONH,, NHNH,
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Chapter 1

Studies on Enolate Oxidations

«

!‘ )



"), INTRODUGCTION

- -
Al

_ u:Hydrc,, c~+boayl compounds 1 are structural subunits of a large
number of natural products®. 2 and are_importa'n-t synthetic intermediate\s'.
The homochiral a-hydroxy acids and esters 2:and th;zir derivatives are
extensively used in ésymmetric synthesis 3. 4 as chiral synthons,

derivatising agents, and as chiral ligands. o
2

o o
RW/K R%/‘L -
R’ OR'
OH OH \
1 2 ;

For example, the a-hydroxy carbonyl moiety 1 occurs in cortisone
and related steréi‘d hormones, 5 in antibiotics such as tetfac;cline, 6 and in
antineoplastic dfugs such as vinblastine,” adriamycin and daunomycin 8 -
» a-Hydroxv car‘b.onyl compounds are intermediates in thé pfeparatior;'
of a-flyoro alde 1yue,® o,B-unsaturated ketones, 10 acyloxiranes,?
furanones,2 furans,13 unsaturated lactones,'4. 15 cyclopentane-2-
enones,'6 imidazoles,17 2, 2 azoimiclzjazoles,18 and spirovetivanes.19. 20
Silylated derivatives of 1 have been used in stereocontrolled aldol |

reactions.3

The D and L forms of tantaric acid are used as chiral ligands in the

kel

1



Sharpless epox:dat:onZ1 and are employed as chiral stamng matenals in
the preparatlon of the sex pheromone of the female gypsy moth 22 and in
the synthesis of desacety! amsomycm 23 L Malic acnd is used for the
preparation of an intermediate in prostaglandm synthe5|s 24 |- Ethyl
lactate is a chlral building ‘block-iri the synthesis of nanactic acnds whnch
are Subunits of the antibiotic nondgtln.253 26 Mandelic acid is used for

* preparation of chiral derivatives for NMR studies,27.28 and can be

employed for resolution of alcohols 29

\] 1 - ;.' ’
HO. COOH \
. /[ - RYCOOI;!
" HO” Y COOH OH
L- Tartaric acid R= Ph, L-\/iandelic acid
. R= CHjy, . L- Lactic acid
) R= CH,COOH.,  L-Malic acid

The importance of 1 and 2, as illustrated by the few examples above,
has encoﬁraged a variety of methods for their prepara&ibin. Apar %rorﬁ the
acyloin condensation and modifications,30 -34 direct oxidétion of enolates
of carbonyl\compounds (figure 1) and oxidation of intermediate
der.ivatives o? a'ﬁ' enol (figure 2) a're the most commonly used methods for
preparation of 1. Ogidation of en‘alates can be performed using .p'D’enyi
sulfonyl oxaziridine derivatives,3>. 36 molybdenum peroxide : HMPA-
pyridine complex (MoOPH),37. 38wmolecular oxygen with.in situ reduction
of peroxides formed in the reaction,39. 40 and iodoso benzene

derivatives. 41-44  Although Schank 45- 48 and Lawesson49 - 51 have



o

reported oxidations usmg acyl peroxndes and peroxydlcarbonates the
studies are limited to oxidation of enolates of B ducarbonyl compounds
Gngnard reagents, or enolates of enammes derlved from P ducarbonyl
compounds. A recent pubhcatton which is a part of this study. descnbes )
the use of, dlbenzyl peroxydnqarbonate as a reagent for owdatnon of

~ enolates of monocarbony! compounds.5?—‘ " a

/

- Figure 1. Preparation of a-hydroxy carbonyl compounds by enolate = .

Ad .

oxidation.
5 _ . o
- 1) Base :
R | _ > R
\/LR' —2')—E—‘> ) \’/LR'
%X oH
&
O | .
Eg =  PhSO,N——Pph MoO,.HMPA.Py
() N
11}
02 - (R-C-0-),
9 o)
. il
(R"0-C-0-), R—C-OOR"

Y = H, COOH .
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Transformatnon of sily! ev&ﬁ?s"téﬂ is achigved using-osmium
tetroxide / N- methylmorphohne N-oxide,53 benzoy! pe;;c;mde and
) irradiation,54 triphenylphosphite ozomdt‘a (in the case of a,B-enones) 55
iodosobenzene and boron trif;go;ride-etherateﬁs MCPBA 57 - 60 p. -
nvitrophényl§ulfon5‘/l peroxide,51‘phenyléUIfonyl oxaziridines,,52. lead -
tetracarboxylates,83 and chromy! chloride. 64 Acyloxylation has been

reviewed.65. 66

Figure 2. Prep_afation of a-hydroxy carbonyl compounds via derivatives of ‘

enols
. O : ’
R\/‘\ O'X ' R '
2) Workup R
5 | OH
l | ‘
v - Si— si+4 ,  COCH -
| I y
) 5. ~ .
| ST \4rs - | PR O
"Ox" = 080,/ O N, Q.
v \ (.' Q s o
2
6
N\
\
COOOH
» .



Figure 2. continued...

A~
: OY ." " | ) 0
R\/k " 1) o.-x R ' i . H
. R 2) Workup  ° R
| L OH
af I~ L]
| -0, . : S0,0-
(PhO),P. 1O /PP /@’
o) - 0 . o
| & 2
oSN T .
PhSO,~N——Ph Pb(OAc), R
. © Cro,cl,

- Other oxidative methods for preparation of a-hydroxy:carbonyl *
compounds include oxidation of enones to the corresponding o'-acetates
by manganese triacetete, 67 and thallium (l1l) nitrate oxidation. of . u

acetylenes.68

o | O -

" Mn(OAc), - AcO

\ : 0

1) TUNO,),/ 'HCIO  H,0 g
R-CzC-R' ~ S R
2) Ag. KI OH



, Sexeral 'methods not mvolvung oxidation® gf enols or enolates are

‘L:"‘,,,, - shown in frgure 3, but the scope of many of these r ""’f:uons appears tobe g~

amited. o Hydroxy B- kem\esters can be prepared by refarrangement of -
A

acyloxy acetates.69 Condensation of methy! thromethyl p -toluenesulfones

wrth aldehydes followed by hydrolysrs also produces 1:70 Many procedures - 4
rnvolvrng addmon of alkyl lithium reagents, Grrgnard reagems and

carbanions to aldehydes, kerones, a-silyloxy nitriles, and esters followpd *

by suitable hydrolytic and / or deprotection steps are alsp %mployed.” 82

)

Frgure 3 Preparatron ot a-hydroxy carbonyl compounds by methods_

O
other than oxrdatron !

o N

R._O " 1) LDA y -
"0 2) Hy0 OH - :
e 7 Ret.€3
r o 0
~ "S0,-pTol 1) Buli . )K'/R'
! : —_—
R‘f‘-sc“s . 2) R-CHO R |
) - a OH
3) Si0, .
o o o Ref. 70 -
. | o '.
. . 1R-Li- -
H,C=C*»CHO . — CH,
t
" OCH _ 2)H,0 / H,0*
P T . OH Ref. 71



Figure 3. continued...

| 1) R' LI or R' MgBr |
osi(Me); _" d Rj/lLR'
R—CH-CN  2) H,0*
. ; OH
2 - ' ®
- Li* H
' * I
K ‘ —C-(C= 0
i ) Hy,¢-c-c=cH, CH,
I . d
R’ OR’ | C . R /l\+/q§§
2) H,0* . o/ OH
} Y
L)
.
0Si(Me); 1) LDA OSi(Me);.
Ph-C-P(OEt), = ——— . Ph-C—P(OEY),
| b 2) RCOCI 0=C ©
B ‘ v N . R
. ¢
K/» ; aq. NaOH
; 0
ph\HL
R
OH
0 o]
" 1) R" LI/ -100 °c R. )
OEt : R
"OR' 2) H,0 OR’

~

Ref 72, 73

Ref 74 °

Ref 75

Ref 76
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Figure 3. continued... -

Y O O A
\ . YHO _yivph Cl . O e
H,C R :
2 R-CHO - \')J\R : R
,. - \ NaOAc / EtOH - -
~ AN OH  + Ret77-81
s »‘ : \\l :
' R'><,LI g
™~ 1) s” s 0 i
/,O R v R"Ii)k .
R"-C. — > : R’
) 2) CH,l . OH
R . - aq. acet®nhe ‘ .
Y= CH, H CaCC,

( ) Réf 82
v

/Gokel and @erdes have found an interesting method for riag

expansion of cyclic ketones via hydroxy oxathiolanes to prod,uc% cyclic

.
‘e

acyloins.83. 84

- . O - ‘A‘,
| - A[sz Li *
H OH_ -
0 © /20 R
: ﬁ — - 0 (CH )N —

N (CHjy)n SO, "HO

- (CH,)n
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PO\
3

\'\ | o : . . - | o 10
Reduction of a-keto esters using titanium tribhlcjri_de 85_ and 1,z o@etone&

using zinc 86 to furnish o-hydroxy esters and ketones is also possible.

7
4

o | o o
R%R. . Reduction R'j/lLR_'
0 OH '
£ ,
, , Y
R' = Alkyl, aryl; Reagent Zn / DMF
R' = Alkoxy; - R_e.agientﬁ TiCl3 ’

A convenient}method for the preparation of 2 by stereoéontrolléd
enolate oxidation was not a\?'ailab/[e at the 'anet of this work. However,
reports by Tamm.8ﬂ7 - 89 Evans,ﬁo bavis, 91 and Oppolier 92 have appeared
while the work wa; well advanced in our Iaborétories, The methods
(figure 4) involve oxidation of an enolate or 'sillyl derivative of an _enol .
geherated from an amide or ester bearin‘g‘ a chiral aukiliary. The desired
acid or its derivative can be Qé‘nerated by hdhdestructive removal of the

chiral auxiliary. This approach was successfully abplied by Evans and co-
\ .

. workers to oxidations,30 using phenylsulfony! oxaziridine 62 as the oxidising

reagent, in their elegant studies assomated wnth, the use of oxazohdmone
carboxlmndes for stereocontrolied reactlons Tamm and co-workers have

used camphor derivatives as a chiral auxiliaries in their study, while Davis

has reported use of 2-alkoxymethylp>€rrolidine.

3
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11

7

Figure 4. Preparation .of a-hydroxy acid derivatives by sterepcontrolled

~ .. . oxidation. -

J\/ﬂ .
N B
on |
L Yields 25 - 90 %,de14-és %
\ 5 . ) _
R = -CH,-Ph, }(U\/k Zflll\n ;(Lk c H3(CH) ‘
: / o so Ph 7
Y , cl | - \) .
R\/u\ JJ\ 1) Base ) R\/lk JL _
: O - - , -2
R'O
\‘\:j
Ox = -PhSO,N>—pp ¢« |
o | Yields > 85 %, ee 80 - 99°%
o ’ " ’
" OR S : OR
0 % | 0 %
:j nBase R :
. 0 : "
: HO ;
2)PhSOzN—\Ph
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Oppo!zer and co- workers have developed iso - borneol sulfonamrde '
derrvatuves as chrralx\;ranes for conversion of srlylated ketene acetals to
a-hydroxy acids. a-Hydroxy Btrrfluoromethyl esters have been prepared
from Btrlfluoromethyl esters gking MoOPH wuth good

duastereoselechvny 93 W _ | -

o
s
o5,
*3

0Si(Me); .o -
'Ry R A
0T N
or  _rooae), [l Jom one Coao
SO,N(R), . ~ TSO3N(R),
. ‘ | —:‘ - - T

 Yields 55 - 67 %, de 88 - 96 %

7

vt
TR
L

HCo < 1) LDA - H@ ©  OH

F,C COOEt 2 MoOPH F,C" - COOEt
. b . o ‘
Yield75%,de 94% -
1 s
Davis and co-workers have recently reported the use of'a chira‘lgreagen't for
stereocontrolled oxldatnon of achiral enolates with moderate h
stereoselectrvrty 94,95 An enzymatic system for oxrdatron of‘éilols that ;'é"?

»

utilises E\Icohol dehydrogenase and aldehyde dehydrogenase gives

homochiral a- -hydroxy acids.96 - ,} e




-

Yields 35-88 %, ee 18 - 85 %

&

Yields < 50 %, ee 97 %

" ADH Alcohol dehydrogenase | \ ,

ALDH

"

" Aldehyde dehydrogenase
Reductive alkylation and reduction of a-keto menthy! esters siudied

by Boireau and co-workers 97, 98 and reduction of 1-carboxymethy!

' prrroli.dine‘ a-keto amides described by ,Sdai_ and co-workers 99 are )

éxamplésc of the use of chiral auxiliariés for stereocbntlrolled reductions to

’ prepake “2'(fi"gure 5). Reduction100 of‘ achiral a-keto‘esters to 2 employing a

,chiral a-pinene borane reagent proceeds with excellent steraoselectivity.

—



1

| Figure 5. Pfeparafion of d—hydroxy'acid derivatives by stereocontrolled

reduction and reductive alkylation

0 - | 5
| 1) LIAI(CH,),R) ,
McO ' : > McO \
2) H,0* o o'

(CHz),R

" Yields 58 - 80 %, de 64 - 76 %

2) H,0* .- " HO g

Mc

Yields 73 - 77 %, de 69 - 84 %

2) Hydrolysus ¢ OH
COOMe . .- S

. 1)NéBH R
O L

. 'B_—i- . \o

YL\K oA

2) Ethanolamme OH

o)
Ph . . -
MCOJK{ 1) LiAI(Et),OR Ph
o - McO™ .
0 - .
. ! i .

Yields not reported, ee-0 - 64 % ) '

<

Yaerds 0-89%, ee72-99%
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Investigations by Katsuki show that:alkylat oi of chiral a-bénzylalkoxy
“amides followed by hydrolysis affords 2.101 W tesell has found an :
interesting ene reaction in;/o!ving glyoxylate esters of menthol and its
analogs.102 - ' | o -

¢

o H CH OMOM o

K‘L 1) Base - R:;'(lk
— Y OH
- 2) BRX ) '

3) HCI / Dioxane Ph©

CH2UI¥AOM

MOM = Methoxym‘e!hyl Yields 65 - 92 %, ee > 96 %

oS o

-~

Yields 20 - 95 %, de > 95 %

- Many of the methods described above suffer from certalq
disadvantages suchA as limited scope $f {phcahon low yields or low
chiral purities, difficult access to s&értjng materjals, or multiple steps. In |
contrast, direct oxidation of either’c?‘wiral or achiral enolates is a )/e,ry
versatile approach.. Our interest in ox'ygen-18 labeling studies, 103 and in )
preparatnon of 2 which.we planned to Use in syntheses of enantiomerically
pure ammo ‘acid analogs (Chapter 2) for mh!bmon of enzymes, led to a

search for a reagent ¢hat would accomplish stereoselective oxidations of

enolates and that could also be readily prepared-from 180 labeled oxygen



gas or hydrogen peroxide.104 Preparation of thef_labeled oxaziridine
reagent would ‘ quire several steps while the more accessible MoOPH
often gives low yields.90 Direct oxygenation using Op gas is less likely to
allow stereo\chem'ical'Eontrol’05 and is problematic if the product still bears
hydrogen gi the a-cerb.on. 40 A convenient rf'neth'od sqﬂ’able for such

_ stereospeciﬁb oxidatioh was not available at the outset of our study,.and

the dev'elo‘pment of a suitable reagent to prepare 2 seemed to be highly

desirable.

16
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v1l." Results and Discussion - .

s

| Development of a method of enolate oxidation faor the preparation of 2
with high en\;ntiomeric purity requires consideratior of several factors.
lde&y it should produce high yields of the products Preparatiops of 2 i
mvolvmg use of a chiral auxiliary would require that the auxiliary be readily _
accessible and easily anached to a substrate: The c‘hural enolate produced /-\
from such a compound should allow high diastereoselectivity during the
e oxidation process, and the auxiliary shou‘l'd be easily cleéved to give'the
required a-hydroxy acid or its derivative.
| Elegant studies by EVané and co-workers have shown that the
“chiral enolaies derived‘from oxazolidinone carboximides shown in scheme
1, afford a high degree of diastereoselectivity and excellent yie‘lds ot
products upon reaction with a varie‘tylof electrophiles (scheme 1).9»0-106'109
Scheme 1,7 ' - | ,

L

.

0O @) IO » o)

o 0
:\%—RN_—/OE’_SG,R\%"\; o) R‘\)kN/lko

There are three factors, proposed by Evans, that appear to be responsible
for the higk degree of diastereoselection observed in the reaction. The bulk

of the isopropyl moiety leads to predorhinant formation of the Z enolate.

Strong comp> xation of the lithium .counterion to the oxazolidinone carbony!

~



s and enolaie oxygens resirains the rdtati_on around the bond between ©
nitrogen 3 and carbon 1' of the enolaté. Finally, the bulky-isopropyl g\‘roup
directs the electrophile from the re face. ~
" Hence, the oxidation qf_'the chiral imide enolate using an electrophilic
—oxidis’ing reag:nt seemed to be a promising approach for pf’.eparétion of 2.
A report by Evans 0 appeared in print describing similar studies using a
phenylsulfony! oxaziridine reagent 36 whige our otk was well advanced.
The first objective was to pfepare the chiral auxiliary. D or L-Valine
can pe reduced with LiAlH4 inlhigh (> 80 %) yields to valin-olsﬂ3 and 4,
which can be easily transformed to oxazolidinones 5 and 6 110, 111 (scheme
2).112 Reaction of L-v(élinol 3 with-phosgene under baéic con-ditions

afforded oxazolidinone 5in 77 % yield. Similar treatment of 4 gave

, oxazolidinone 6. o .
Scheme 2. .

g
X

—_— *

o OH Et;N / RhCH, 4
\L/ 5 4R
6" 4S

)

v

The desired oxazolidinone carboximides could be easily prepared by

<

reaction of the anion generated from 5 or 6 using butyllithium with the

appropriate acid chloride (s¢heme 3).90, 106 - 111 3

:
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Scheme 3.
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Preliminary studies e%ployed the phenmylacetyl and butanoyl derivatives

7.8, 9 "’éﬁgb

‘0o O - 0
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Initial attempts to oxidise, carboximide‘eno‘l"ates utilised the MoOPH |
'reagent which is accessible in two steps from hydfoéen peroxide and
molybdenum (VI) oxide.38 Treatment of molybdenum (V1) oxide with
hydrogen peroxide produced MoOs, whuch was not jsolated, but treated
directly with Hr\;{gA The yellow crystalline solid. obtained was dried in high
vacuum over P20s and was treated with pyndme to give the MoOPH

reagent.” The enolates of the carbox|m|des 7 - 10 were generated at - 78

et

\]



°C using LDA (lithium diisopropylamide) and treated with MOOPH. These
reactions produced véry complex mixtures from which ~15 % of deacylated
oxazolidinone 5 or 6 could be.isolated. Although TH NMR spectraof the
mixture obtained from oxidation of ‘Qor 10{ éhowed the‘oxidatioh p}oduct
was. formed in ~ 20 % yield, material of satisfactory purity could not be
obtained, and the efforts u§ing‘MoOPH were aba‘ndoned. |

" Shank 48 4nd Lawesson4? have shown that Grignard reagents and
enolates of imines of B dicérbonyl compounds attack benzoyl peroxide at
the peroxy oxygen. Based on this precedent, oxidations using benzoy!
pefdxide seemed promising (écheme 4‘)‘. Oxidations of enolates generated_

as abave from 7 and 8 gave the expectéd oixidisgd products 11.and™2,

respectively, in low (~21 %) yield along with- side products 13 }é‘nd 14 in

Sashyied. -
ASche(ne 4. S’
. ) [} -
. .. 0 ©° ' .0 O o. 0
Ph\)‘LN 0 1) LDA, -78 °C ph'jz).J\NJ.J\o Pn)LNJLo
./ 2) (PhTO)z PhCOO S+ ‘_ﬁ,—/
\ 0 . ’ : |
. 7, 4R . 11, (4R, 2R) 1:\5' R
8, 45 _— 12, (4S, 2'S) '151;@43‘_

Since commercially available benzoyl peroxide contains water, hydroxide |
may bngenerated in the reaction. Products 13 and 14 may arise from the

cleavage of the side chain of the carboximide by hydroxide followed by

o

Al

/
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attack of the anion of 5 and*6, reépéctively, on the carbonyl carbon of

benzoy! peroxide (scheme 5). The.‘butanoyl compound showed similar

‘/

behavior. -The oxidation of butanoy! derivative 10 gave a complex mixture
Jfrom which only 32 % of the desired product 16 could be isolated.

\
'Scheme 5.

O o)
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‘1 order to av‘oid this possible comblication, benzoy! peroxide was
curc Llly dried over anhydrous MgSO°4 and 4 A moleéu]ar sieves as a THF
sqlution. Davis and co-workers have reported that use of lithium |
'bis(t‘rjmethylsilyl)amide (LIHMDS) insteaa of LDA produces better yields of
products in enolate oxidations.36 The yield of 12 was increased to 6:; %
using dried benzoyl peroxide and LiIHMDS as a base. However, a 22 %
yield of 14'was‘ still isolated. Althgugh the yield of desired products was
not%xcellent, removal of the chiral auxiliary was inyestigatéd.

Treatment of 12 with sodiuth ethoxide in dry THF produced ethy!
mandelate 15 in 88 % yield. Comparison of the optical rotation of the
product with the literature value 113 showed that ~18 % of the undesured 5
‘stereoisomer was formed enher durmg oxidation or ethanolysis.

Further efforts using benzoy! peroxide wera&ndoneq because of the

¥ low yields and the loss of stereochemical purity during the oxidation or .
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removal of the chiral auxrlrary

22

13

-Attempts to prepare the magnesrum enolates usrng tert- buzyp
magnesium bromide foHowed by addrtron of benzoy! peroxrde consistently
led to recovery of starting materral even when freshly prepared and
titrated reagent was used. ‘Interestrngly,-attempts to oxidise the hthrum or
potassium enolate with tert- buty! peroxyben‘zoete’also resulted in..°
recayery of starting materials. This may be due to the inability of the :u E

reagent bearing a tert- butyl group to reach the sterically crowded reﬁctron R

site. : : R
: ° ~ w0

Use of an‘imidazolidinone chiral auxrhary was consrdered in the hope i %‘

that the corresponding carboxrmrde derrvatrve would not be prone"fo e i

advantitious cleavage of the side charn It was expected that the hrgher ', \.. i ;;'
contribution of rhe loge pair of the nrtrogen 1o the imide resonance rn the w
derivatives of rmrdazoludrnone relative tg that of exygen 1in derrvatrves of .
oxazohdrnones 5 and 6 might stabilise the eomipe ind agarnst poss:ble

cleavage.




The imidazolidinone auxrhary could be prepared using a simple SGQUence

A steps from D-valine as shown in scheme 6. Reaction 114 of D-valine with'"

benzy! chloroformate under basic conditions gave, N - CBZ D-valine (17). . ﬂ, ‘
Condensation 115 -117 of 17 with aniline using dicycloheiylcarbodiimide i
(DCC ) gave amide 18 in 62 % yield. Hydrogenolysis 118 of 18 gave
amine 19 (87 % yield) which was reduced 119 with lithium alumjinium © - | .
hydnde to afford diamine 20 in 56 % yseld. Reaction 111. 120 of 20 with

phos/gene under baSlC conditions produced 21 (87 % yield).

Scheme 6.
| rOCOCI | |
" cez cez Ph°
H,N O | N O ! NH
2 _ ~HN  pann, PN
. y —_— o
ow ——K—'—«OH bce 0
L
17 18
H, , Pd/C
0 Ph
| Ph
|
H,N  NH
2 Liain, HeN o NH
- .
| o)
20 19

{

Unfortunately all atterﬁpts to acylate 21 usiyng bases such as butyllith'ium, |

pyridine, tnethylamme and sodnum hydride failed to give the desired

c—
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acylated product. Starting imidazo{idinﬁe 21 was consistently recovered.
Although the TLC ( thin layer chromatogram) of the reaction mixture

AY

suggested appearance Sf a.new product, two dimensional TLC és well és
tailing df the spot indicated that the compound formed was decompc;si'ng to
21. Tﬁis may be due to acylation on the ir‘ﬁiée ‘oxygen to givlé

O- acylated product, which decomposes on wﬁ gel and during aqueous

work _ub to give 21. It was concluded that this chiral auxiliary was not

L ]

-

usefu! for our purpose. .
| In continuation of our study using oxazolidinone carboximides,
dibenzy! peroxydicarbonate (22) was examined for oxidation of enolates,”
since it. is astable crystalline“selid and can be 5‘re§éred from hydrogen
peroxide in one step. 121 Previous investigations by Svchank""16 using
peroxydicarbondates for oxidation of enolates of B dicarbony” compvounds

had resulted in only low yields of cesired products.-Over'-oxidation of the

[
~

desired product is often a problem ifﬂlthe‘product bears an a-hydrogen. .
This ditficulty can be partially overcome by using enolates derived from
enamine derivatives of B-dicarbony! compounds.47. 48 Over-oxidation of
the initial product is not expected to be a problem with the far less acidic
monocarbonyl compounds. However, the oxidatiAo}n of enolates of
monocar'bonyl ccn uounds using péroxydicgrbonates had not been

- ®
reported.



The reagerﬁ 22 can be prepared from commercially available,
inexpensive benzy.,ln chloroformate and 30 %aaq. hydrog'en pérqxide u.nder
basic _ccSnc;itions.121 It is a stable, nonhygroscopic, crystalline solid. The

* enolates of carboximides 7 - 10 generated at -78 °C gsin'g.lit.hium

"bis(irimethylsilyl « Nide in dry THF react with dibenzyl peroxydicarbonate

22 at -78 °C, and produce the correspondmg oxidised products 23 - 26in

good yields after acidic workup. (scheme 7).

Scheme“7.
& o O :
R\)J\” O 1) Li HMDS
" ‘ »~
o)
2)(Ph/\_c)JLo—)2
C22 -

23 " 24
? o O o o ¢
Et\:)LN o Et%NJLO
(oné o o M
Ph O ' Ph o _]
25 — 26
N

Since the oxidation using dibenzy! peroxydicarbonate 22 seemed

promising, the diastereoselettivity of the reaction was examined.
. ‘ | .

25

AR
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‘Hy'drolysis of 23 using aqueous potassium hydroxide followed by
purification usrng |onveexchange chromatography gave AR mandehc acid

(27) (scheme 8}

T ;; T
"j}}""‘\:- 5 3] . H
Scheme 8.- ' 3&} EEEEE
OB s
O ’ ” ﬂ{h_ d
A . ~
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( T

Ph O

23 L 27
Comparison of the optical rotation of 27 with- the literature value 122
showed- that 8 % loss of stereochemical purity occurred either during
oxidation or hydrolysis. The H NMR spectra of 23 and its 2' |
diastereomer 28 are expected to be different. However, the spectrum of the |
product of the oxndatron showed onIy one set of pea\s s nggestmg that
only one draste?eomer (2R 4 R) was present in the samp . In order to RS
observe compound 28,.the 2'S, 4 R diastereomer of 23, eprmensatnon of |
the 2' center in 23 was’ attempted using triethylamine or LDA as base . >

product of the attempted epimerisation actions could be observed

However, no difference in the spemraﬁiPLC behavior of 23 and.the

@gfese observations are consistent with those of'Evans 107 for
d&i&zohdmone carboxrr‘mdes bearing a 2' acy! group. Evans found that the *  «
eprmensatlon at theg center does not occur under mrldly acrdrc condmons
or.upon treatment with pyridine (scheme 9) Apparently, the compounds

aid |
. —
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N

y
are difficult to enolise because“’lof »tiwe strong A (1 .3) steric interactions thet
would result 'between either acy! or alky! eubstituent and imide nitrogen
‘subs‘tituents associated with the vauxilia'ry.if an enol is formed.
Scheme 9. | |

——— Ll

o o O. 0 o 0 *
RTMN o % mMN 0
- R“R—J . R «R—J
Smce the 1H NMR and HPLC experiments‘are not deflnmve with a smgle
isomer, aﬂtndependent synthesns of:mixture of 23 and its dlastereomer 28
from racemic mandehc acid was completed (Scheme 10).

Reaction of racemic mandellc acnd) with two equivalents of
butyllithium and treatment of the dianion fo}med with benzy! chloroformate
gave O-CBZ mandelic acid (29). 123 Compound 29 was treated with
: oxalyl chloride to give acid chloride 30 which was notisolated, but treated
directly with the amon of 5. The product of this reaction was ldentlcal to
23 by “TLC. However the two dlastereomers 23 and 28 can be clearly
seen by TH NMR due to the q:fferences in the chemical shifts of the 2' H
and <so -propy! methy! signals. The two diastereomers can also be
~separated by HPLC. Since H NMR and’HPLC analysis of 23 prepared by
oxidation do not show detectable amounts of 28, it can be concluded that
the ongmal oxnda{on of 7 to 23 has proceeded with > 99 %

diastereoselectivity. This also indicates that the loss of stereochemical

purity has occurred during the removal of the chiral auxiliane

27
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- Scheme 10.
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Durmg the course of our study, vans re ported a method to remove the
chiral auxiliary without loss of stereocl.emncal purity from the corresponding
2 hydroxy derivatives, using magnesium methoxidg. % Since the
carbobénzyloky group can be cleaved by hyaroge-nbl-ysi‘s to give the 2'
- hvdroxy derivatives,118 further. efforts to develop.a method to remove the
“chiral auxiliary were discpnfinued.

T Tre oxidations of carboximides 31, 324, and 33 were also studied.
The hydrocinnamoy! derivétive 31 and the iso -valery! derivative 32 can
be oxidised in 8T % and 46 % yueld respectively. In the case of 31,6 % of
the 2'A diastereomer of :s can be detected by TH NMR. The oxidation of
32 gave a complex mixture ( TLC), but the prod‘uct 35 can be crystallised

\.
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from the crude mixture. Attempts to oxidise 33 resulted in very complex

mixtures. Table 1 summarises the results of the oxidation of carboximides.

34 35
) . A
Table 1: Oxidation of chiral enolates o _
.................................................. L S ORI
Oxazohdmone carboximide Product Yield % Diastereomeric
‘ purity %

......................................................... “

7 - 23 . 82 > 99

8 24 61 > 99

9 o 25 87 > 98

10 26 89 > 98

31 34 81 . 94

32 35 46 > 98
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The oxidation of _simple enolates generated from ketones and
esters with dibenzyl peréxydicarbonate (22) proved to be unexpectedly’
. difficuh. Low yields and complex products resulted in many cases (tablg 2).
1,2-Diphenylethanone could be oxidised in only 8 % yield to 36 using
lithium bis(trimethyisilyl)amide as a base.  Ethyl pr].enylacetate produced a
29 % yield of 37-using KHMDS as a base. Oxidation of the poktassium
enolate o"f valerophenone, produced by employing KHMDS as a base,
gavé a 46 % yield ot 38. Ethyl benzoylacetate, which’is difficult to dxidise
using;‘MoOPH or phenylsulfony! oxazitdine, could be oxidised to 39in 45

% yield (52 % based on recovery of the starting material) using 22.

e o
<Y ‘mr

ph ©
37

: o__0O
: <
<Ph1]: P h\r(])/

38 39

Davis and co-workers have repurted that Iower yields result in

phenyl sulfonyloxaziridine omdat:ons using LDA as a base because the
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‘amine. generated in the reaction mixture effectively cempetes with 'the
enolates for the raagent.36 This may_ be on& of the factors with the "
peroxydicarbonate reagent§22 As expected the readent reacts raprdly
with ammonia at room temperature to give 40 in high (81 %) yield (scheme
11). It seemed possible that thrs side reaction could be avoided by using

- amine free enolates generated frc . srlyl enol ethers or by employing more

reactive potassrum enolates

: Scheme 11, ' ﬁ R -
N ) ) o __';iti:i ; £ o
B o T o
< ‘ﬁﬂt. © NH}/ THF / H,0 SO
(p‘h/\ 0-)y T > . Ph™ "O. "NH,

340)

The silyl enol ethers 41 42, and 43 were prepared by a publnshed
procedure 124,125 the correspondrng enolates were generated at 0 °C
using buty!lrthrum 126 and drbenzyl peroxydrcarbonate 22 was added afO
°C 1o grve rmproved yrelds of the desired products (scheme 12). The .
Oxrdatron of 43 gave 44in62 % yreld Silyl enol ethers-41 and- 42
cou%d be oxidised to give 36 and 38 in 66 % and 36 % yields, respectrvely

&

.,

) AN
" osiMe), ‘ OSi(Me); 0Si(Me),
pt’1«\'(//.kph - \//\%"\P“ NS
| - - . H

'y | 42 43
g : .
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A remarkable imprayement in the yield (a;r\] increase from 8 % to 71 %) was

. obtaihed in the case of 1,2-diphen"ylethanone by substituting KN(Me3Si),

127 for LiN(Me3Si)2. However, the oxndauon of titanium or tin enolates126.

123 129 generated from 41 gave only low ylelds of benzoin 45. Table 2

“ shows the summary of the results obtained in the study~ ot oxidation of

enolates. ‘

In summary, dibenzy! p‘eroxydic‘a'bonate‘ (22) is an eaSily-prepared
and stable reagent which oxidises a variety of enolates to benzyl
carbonates of the corresponding a- hydroxy carbonyl’compounds Chural.
- enolates of oxazohdmone carboxlmndes are oxndnsed by 22 in moderate to
“high yields with very good dlastereoselecnvnty (> 94:6) usmg L1N(Me381)
at -78 °C in THF. With simpler enolates of ketones and esiers thesytelds
are usually lower (45- -71 %}) and depend on the method,pf enolate

formation. Potassium enolates (formed with KN(Me3Si)z) or amine-free

- 32
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* Table 2: Oxidation of achiral enolates

33

.............................................................................

---.---—----------------------------------\ ..................................

.1,2-diphenylethar}one
LIHMDS
"KHMDS .

Ethyl i
phenylacetate KHMDS

Valerophenpne KHMDS

Ethyl

benzoylacetate LiHMDS

41 BulLi
TiClg

\ , 4 SnCly4

42 s Buli

36
36

37
38

................................................................................

lithium enotates (formed from silyl enol ethers and _butyllfthium) give the

+ best results. Although }t_he,‘oxida\tions vi/ifh“phenyl sljlfonyl oxaziridines 35,

36 generally give better yields in case of simple enolates, the method using

22 should allow easx‘access to oxygen- 18 labeled compounds The

introduction of an a- hydroxy function as a protecte\d benzyl carbonate

ester may be advantagequs in synthehc sequences th&requure prote&uon(

9

of this moiety. With a method for stereospecific preparauon of 2 available,

the transformation of 2 to amino acid analogs such as a-N-hydroxyammo,

a-0Xyamino and a/hydrazino acids was studied (chapter 2).
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Chapter 2

Studies on Preparation of

a-N Hydroxyamino, a-Oxyamino, and a-Hydrazino Acids.



35
- I. Introduction
» | ‘
Amino acids are important metabo!iteé found in all organisms and play
vital roles in many hiological processes. The structurally related

a-N-hydroxyamino acids 46, a-oxyamino acids 47, and a'-hydrazi_no acids

48, in many cases, are strong inhibitors of enzymes that metabolise the

'corresponding amino acids, and show a variety of biological effects. Hence

efficient methods for their ster'eospecific synthesisare highly desirable.

o] o) 0]
R R R
OH . OH OH
_NH .0, _NH

46 47 48
‘.:0 5
The a-N -hydroxyamino acids 46 are components of hydroxamate

antibiotics, tumor inhibitors, and siderophorés. 130-135 These types of |
compounds are also intermediates in the biosynthesis of dyanogenic
glucosides in plants 136 - 140 angd insects.141 N - Hydroxy-L-glutamic acid is

a irreversible inhibftpg!(of the pyridoxal phosphate (PLP) dependent

. enzymes glutamate decarboxylase and glutamate alanine transaminase 142

Work in our labo(?aiories has shown.that N -hydroxy analogs of
diaminopimelic acid inhibit mego diaminopimelate decarboxylase. 143

The a-éxyamino acids 47 display a similar variety of biological
effects. Small peptides containing the'oxyamino acids show antibacterial

activity against E. coli 144, 145,146 Staphylococcus aureus; 144,145 and
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Salmonelia dublin 146 d-Oxyamino B-phenylpropanoic acid induces m-
RNA activity and synthesis of phenylalanine ammonia lyase (PAL).147. 148
The compound also inhibits phytoai_lexin accumulation in soybeans,149
causes inhibition of,anthocyanine accumulatioﬁ in Dacus cérota L.,150 aﬁd
1S knowntto inhibit lignin formation.151 a-_'Q-Oxyavrnin\osuccinic acid’is a
component of the ai tibiotic malioxamycin.’?'?- a-Oxyaminoacetate inhibits
£thano! oxidation at\low concentrations in isolated hepatocytes, while |
ethanol oxidation is sfimulated at high concentrations.’g3 a-Oxyamiho
butyric and a-oxyamind capronic acids causerconvulsions, while o- b
oxyf'amino propionic and a-oxyémino iso -valeric acids cause muscle
rela*atio_n in mice.154 o-Oxyamino acids have been shown to be inhibitors
of ethylene productfon in plants.55 interestingly, spray application of a-
oxyamino acids has been used to increase sugar content in !ugar’ cane and
in sugar sorghum.156 _ |

The a-hydrazino acids 48 inhibit pyridoxal phosphate (PLP)

dependent enzymes such as histidine decarboxylase, 157 - 159 aspairtate
aminotransferase, 160 - 163 diaminopimelate decarboxylase,43 ornithine
décarboxylase, 164 - 167 ornithine keto-acid aminotransferase, 165 dopa
decarboxylase, 168 and aromatic amino acid decarboxylase. 169
a-Hydrazino B-ph‘enylpropanoic acid inhibits phenylalanine ammon'ia lyase
(PAL).170 - 172 , The a-hydrazino acids show a variety of physiological
effects due to their ability to interfere with certain biological reactions.
Some of these 'effects are: production of histidinemia in réts:173 irihibition of

cleavage in fertilised sea urchin eggs,174 reduction of ethylene pro&uction

in mung beans and apples, 155 and reduction of renal histamine



concentration in diabetic rats. 175 The a- hydrazmo acids anc sma'
peptudes containing the them dlsplay annbactenal activity .against
" Azotobacter sp 211,176 E. coli ,‘70'- 144 -145 Pseudomonas fluorescens,
177Corynlebacterium xerosis,17GBeci//us megaterium,143. 178 Bacillus
subtilis 143, 176 and Salmonelia dut;}/'n.145

The physiological effects in most cases are probably due to inhibition
of key amino acid metabohsmg enzymes. Many of the’ enzymes that are
‘susceptible to inhibition by these compounds use either pyridoxal
phosphate (PLP) or pyruvate as.a cofactor Mechanisms of, catalysus by

PLP depehdent’ enzymes are well understood 179 - 18_1 A typl,cal PLP

mechanism is that of aspartate ammotransfr rase,
enzyme catalyses the reaction il\two dnscmte s‘eges " fnify
phosphate is bound as an ifnine at the e-amino group of a Iysme résudue of
the enzyme actlve sne In the first stage, transaldimination by, aspartate
forms the aspartate aldimine, displacing the amine group of the lysine

residue. Removal of the proton « to the imine generates a resonance

stabilised "carbanionic” intermediate. Reprotonation from the siface at C-4'

of the cofactor gen'er,ates the ketimine intermediate: This interéjediate is

hydrolysed to generate oxaloacetate’ and pyriddxamine phosphate. In the

second stage, exact reversal of the first reaction takes place vyith pyruvate

as the reactant. The protonation of the ketimine intermediate occurs
specifically from the re face to produce an L-alanine-PLP imine. The

| alanine is expelled by the e-amino group of a lysine residue of the enzyme

to complete the cycle.

!
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Figure SS M_ec\hanism of catalysis by PLP dépgnden1 asparate
aminotransferase . '
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A plausible mechanism of pyruvoy! dependent enzymes is182 shown in
figure 7 for aspanﬁté a-decarboxylase. The @spanéte forms an imine with_
the pyruvate cofactor bound ;o the enzyme.» In a process analogous to PLP
catalysis, decarboxylation occurs to ‘ge.nerate a resonance stabilised
carbanionig intermediate, whi.ch IS protonated to give the imine of B-
alanine. The imine is hydrolysed to regenerate the pyru&afe residue and to
give B-alanine. ¢

'4Figure 7. Mechanism of catalysig by pyruvate dependent asparate

a-decarboiyla’ée. ,
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- Based on these mechanisms it is possible to postulét’e the mechanism
of inhibition by the a-hydrazino, a-oxyaminé, and a-N—hlydroxyaminb acids
(figure 8). The iﬁhibitioh probably occurs by the reaction of the carbonyl
functionality in pyridbxal phosphate with the primary amino group c@ the a- |
hydrazino acid or the oxyamino acid, to generate an imine, which is‘

R 'K ,/ -
ot forming a resonance stabilised intermediate amyl. which may be

incarf-ablle

much moré difficult toh:hydrolyse than an ordinary amine. In the Cas_e of N-
hydroxy%mino acids the reaction appears to lead to formation of a stable

nitfoneﬁ*ﬁZ Hence these compounds usually cause irreversible o.'r" strong

'compe{itive inhibition of the enzyme. The inhibition of pyruvate dependent
'

enzymes probably functions in an ahalogous fashion.

* Figure 8. Inhibition of PLP dependent enzymes by amino acid analogs
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N -Hydroxyamino acids have been prepared in many ways. 183
Reduction of oximes 184 - 188 or hydrolysis of nitrones189 - 194 are common
procedures used to synthesise 46. Polonski and Chimiak havé reported a

procedure im)blving oxidation of imines of benzaldehyde to o’xaziridin»es

and treatment with salts of hyc‘foxylamin?.to produce 46 (figure 9).195. 196

Figure 9. Methods for preparation of a-N—hydroiyamino acids.
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Reaction of alkali metal saits of N -hydroxy carbamates with a-
bromoacids or a-bromo esters followed by deprotection is the only method

reported for the- preparation of “a-Oxyamino ac . 47 (figure 10). 152,197
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" Figure 10. Method 16r preparation of o-0xyamino acids.

o :
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Seve ral methods for the synthesus of a- hydrazmo acids 48 have b%en v

s

reported and are shown in figure 11. The most commonly used metho

the preparatlon of 48 involves the treatment of o-halo acids with ;‘;/
hydrazine.198 - 202 Other less usual apprpaches are: the reducnqn/\of the
hydrazones of a-keto acids,!68. 203 reduction of a-diazo esters,204
nitrosation-reduction of a-amino acids,206 Hofmann rearrangement of o-
ureido acids,207 210 and reaction of aldehydes with hydrazine and
cyanide in a Strecker synthesis.210. 211 The utility oof these methods is
often diminished because of lack of o'ptical purity or low yields. Recently,
excellent methods involving reaction of 'electrop‘hilic aminating reagents
with enolates bearing chiral auxiliaries has been ;eponeq by the groups of
Evans "09,}Vederas 212,213 and Gennari, 214 ) |

- Figiure 11. Methods for synthesis of a-hydrazino acids.
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X = Cl, Br . 48
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Figure 11. continued...
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_ Sihqe chiral a-hydroxy acids are readily availabie both from nafure
and by stereospéc;ificsynthesis as described previously, we explored
méthodmeparat on of 46, 47, and 48 from these compounds.

» One of the\goalswas the préparation of ahalogs of asparijc acid since two
enzymes, aspartéte g—decafboxylasé and aspartate vaminotransferase,
were available for enzyme inhibit'ibn studies in the laboratories .of Dr.

Monica Palcic (Food Science Dept., University of Alberta) .

Fd



. | ‘Il.  Results and Discussion -

<

ofhe pnmary goal was 1 develop effncrent preparations of amrno acrd
analogs 46 - 48 from esters of a- hydroxy acrds in hlgh stereochemrcal
purity. A convenient approach appeared to be converSron of the . cx- |
hydroxy function to a good leaving group followed b, Cisplacement by an

v .

appropnate nucleophrle o-Broms ~~ g denvatlves v, here\bromrde |s 1he ;'

- leaving group, have been used .- e.'uusiy However drsadvantages such |

» -3 R
as long reactlorrtrmes Ioss of oplucs purrty in preparatron of a-N--

-

hydroxyamino acids, 183. 191 anc Jse of vigorous conditions in preparation

mino acids 197 make tr s method u.nattractiv'e_. The use .pf;

jrifluor methanesulfonate (triflate) _derivati\ress‘eﬁnij ideal since it was
qETRd 10 allow fast reactions under mildﬁcondit‘ions 215 Aftér most of

emjxpenments wefe completéd Ottenherrn reported a I~

‘similar approach for preparation of ' -N- hydroxyamrno acid- denvatrves 215 \

choice |s0 benzylhydroxylamrne wh|ch can be

Reactron of commercrally available N hydroxy hthahmlde (49) with

benzyt bromide under basic conditions gave‘ |r1 74 % yreld Compound

- 50 was deprotected by hydrazmolysrs to grve 51 in 87 % yreld (scheme 13)

v I . " LT N 0 P
N
R W 4

3 X
T s k& . &

-

P24

.
r RN

epared in two steps. 216 -
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Scheme 13~ - ‘ | | | \
\.\ ) ' 4 ‘. {
0 S 0. ,"'JH2
PhCH,Br
(:E:N OH ———» N L -E-E» PhCH,ONH,
K,CO, - OCH,Ph
0 DMF o) | ' |
49 ' .z 50 “ 51 ,

In initial studles oxazolrdﬂnone carboxrmrde 25, avariable from the work
described in chapter 1, was hydrogenolysed in nearly quanmatrve yield to
the 2" hydroxy compound 2. Compound 52 was transformed to the

~corresponding tnﬂate using w.ell precedented reaction conditions (scheme

14), 217,219

: : N . \
“ Scheme 14. = > L _ ]
S o 0 o o
Et\_)L}N#\ 5 _ Hy/PdC E‘\)\N o
- . EtOAc -, ‘

(CF, SO) O l

\

-
%
.

= L Pyrldme
o O o

| O .
:Et\l)L K. Et\)LN O

, " "N. O. r
i thONH2 0
' -7 o

e y N
Thus, treatment o! a solution of* 52 and pyridine with
| .

‘g

;riflﬁoromethaneégﬁtjonic anhydride (triflic anhydride) produced

?triﬂate 53 in 74 % yield. Reaction of the triflate 53 with O-benzy!

4



hydroxylamine in dichioromethane gave 54 in 54 % yield, o

- The ch|ral auxxhary was removed usnng lithium benzyloxlde to aﬁord
benzyl ester 85 in 44 % yield. Attempts to prepare the corresponding a-N-
'hydro'kyafz'nino ac{d by selective hydrogenolysis of the O- benzy! group
using 5 °/:\Pd/C as a catalyst jn :methénol or methanol-water produced
mixtures of a-aminobutyric acid 56,and the a-N -hydroxyamino butyric
acid, as indicated by TLO and by 1H NMR,of the products. Although the"
removal of O -benzyl groups from these types of compounds is precegented
if the nifrogen bears an acyl gdoup,185 it seems that the O -benzyl group
‘can‘ not be. setectively hydroger}bkysed without cleavage of the nitrogen-
6xygen bond if the acy! group is not present. Thus, benzyl ester 55\ was
converted directly 16 a-aminébutyric acid (56) by hydrogenolysis 118 over
5 % Pd /C (scheme 15). - |

Schenle 15.
. o6 O, 0

0
: Et Et .
Et-\(lLNlLO PhCH,OLI| \l/U\ oK \‘)_LOH,
NH THF NH ) NH,
)
PhCH,O PhCH,0

54 &5 ’ 516
The enantnomenc purity of 56 was easnfé’determme%by conversmn of
amino acid 56 to camphanamide methyl ester 57 (sc@me 16) since
previous work in our laboratories 213, 220, 221 had 'sAhow'n that the reaction
of aminoﬁ%ids with (-) camphanic acid chloride procéeds without chiral
'rf‘eéognition and that thé diastereomeric camphanamide methyl esters can

be separated by gas chromatography.

%

£
.

¥
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48

Scheme‘ 16.

| 5 /COOMe .
o Ao Y

56 - 5T

-}‘:, >

Gas chromatography of 57 and compariso.n with standargs 221~ o
showed that the major enantiomer had the 25 (L) configuration as
expected, but showed that 10.0 £ 0.2 % of the 2R (D)enantiomer was also

; Present. The loss of stereochemical purity is believed to have occd\red

during the removal of the chiral auxmary smce our observatnons (Chapter 1,

- p24- 26) and those of Evans gc”mdrcate that thrs rs «the casesqr the@

hydroxy carboxrmldes w‘*en basi¢ tenditions are. ué’éd 10 remove th -‘5&
oxazolidinone moiety. : > ff’
The next goal was 1o prepare pure enantiomers of the a- N-~
hydroxyamlno u-oxyamino and a- hydrazmo analogs of aspamc acrd
Synthetlc goals. . L . ’ S
L. ;;ig' K-
COOH . ,COOH
Hooc/\j/ HOOC/\T/ HooC N

NHOH "ONH, - NHNH,

Commercially availabie A and 'S malic acids were easily converted to

the methyl esters 58 and 59 respectively, in nearly quantitative yield. "The
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49
esters were transformed to the trifluoromethanesulfonates 60 and 61 in
good (- 90 %) yield (schemel '17) The trifluoromethanesulfony! group was
dnsplared by O -benzyl hydroxylamine to give the protected .
N-hydroxyamino acid derivatives 62 and 63, 215 in > 85 % yleld
Scheme 17. .

2 _COOH | .2_COOCH
H,N . 2 . 3
Hooc Y _CHN: | micooc ™Y
N OH z ' OH ‘
~ 2 S Malic acid 59
| (58 2R isomer)
. 2 _COOCH 2 _COOCH
H,C00C~ 3 H,co0Cc” N~ 3
H szo / Py H
OH - Y . oTf
58 60
(59 2S isomer) (61 2S Isomer)
“PhCH,ONH, | - kv
- ' CH,CI
Tt = CF,SO,- 2
COOCH3
H cooc/\r
L X
»  PhCH, o’ '
. 62

(63 2R.isomer)

' Unfortunately, all attempts to deprotéct thése compounds using reagents

“such as trimethylsilyl iodide,222. 223 5.7 N HCI,224 trimethylsily! chloride /

1)

we
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) .
sodium iodide,225 and boron tnbrgmlde 226 gave complex products.
Smce benzy! esters can be easﬂy deprotected by hydrogenolysns 118

\’
in most cases under neutral conditions, use of such esters appeared to be a

§
viable alternative. The benzyl estersot R and S maluc acids-were initially

9

. prepared using phenyldiazomethane (64).227. 228 Pheny| diazomethane

prepared by oxidation 227 of.benzaldehyde hydrazone required purification

by distillation, which is a cumbersome and hazardous procedure (scheme

18).

4.
Scheme 18.

< +
I
Z

H\ NNH2
NH2-
NH2
————»

Another proceduré reporfed in tHe Iiterature that is expected to give phenyl

\\

CHO

dnazomethane 228 that may not need purlfncatuon involves treatment of N -

nltroso N -benzy! p- toluenesulfonamlde (66) ‘with sodnﬁmethomde

Nltrosatlon of ‘N- lgenzyl p- 1olu€ﬁe>ulfonam|de (65) gave c%%oungﬁg
8@% yield . 229 Benzy! esters of satnsfactory pu&ty could not be obtained.,’

by this procedure without distillation of phenyldlazomethlane.""tskhqme {g). =

50



Scheme 19.
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A 2 X ‘
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Alkylation of tetrémethylammonium carboxyfates is an alternative

procedure,230 altiough it is not clear from the literature if .epimerisation

o_ccuré in the preparétion of the tetramethylammonium salts. The D and L

enantiomers of malic acid each reacted with 2 equivalents of

tetramethylammonium hydroxide to give the salts 67 and 68, respectively,

which were dried and treated with benzyl bromide (scheme 20).

Scheme 20 \
Hooc > “C°"  Meon
=
OH |
SN+ “OH
. . / \
D-malic acid )
. Bn = Phcr55§

—

W

&,

\

1,

| OO
\N\* - 00c 00 YIS

’ 6H
67-
68 2S isomer
BnBr / DMF l
. 2_COOBn
Bnooc” Y
OH

(69 V
70 2S isomer -

The benzyl esters #£30 were obtained in > 85 % yields and showed

comparéble optical rotations to the esters prepared by the

A}

Aot
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phenyldiazorﬁethane method, thereby suggesting that.no racemisatiqn has |
occurred during preparation of the salt. The dibe\ﬁzyl este’rs 69 and 70

we}é transformed to the triffate derivatives.71 and 72, respectively, in > 85
% yields. T'ri‘fl‘at.e¢71 was treated with O‘—benzylh'ydroxylamine te give’ |
substituted prgauct 73in 66 % yield (scheme'21).215.231

Scheme 21.\.

\

Bnooc/5§/COQFh -Ikgifi>fsnooc’\{?coosn'

CH,CI, : ,
, QQ 71
70 95 isomer ' 72 2S isomer
¢ Bn= PhCH;{ | BnONH,
2 COOBn
Bnooc/\j/
NH
/’
BnO
e 73

Hydroge@golys‘is 118 of 73 gave a mixture E)f aspartic acid and the N-
hydroxyamino acid as indicatg‘d by TH NMR and by TLC. Attempts to
isolate the N - hydroxyamino acid from this mixture by ion-exchar ye

@a‘ chromatography gave as;;anic acid and a complex mixgureubf products. -
\,M’rféugh the selective hydrogenolysis of this type»is well pré‘cedented in
the literature when the nitrog“en is acylated, the results above as well.as -
results of Otteonheijm 184, 215 once again indicate that the hydrogenolysis of

the benzyl group without cieavage of nitrogen - oxygen bond is not



it A2 N

possible if the nitrogen is not acylated (cf p 47). ‘Nevertheless. the

.a:’""-;éompo'und in principle can be used for preparation of peptides containing

| N hydroxyammo at:lds 232, 235

The stereochemlstry of 73 was analysed by conversion to .- aspamc

" acid 74,. transformat|on of 74 to its camphanamide dimethylester 213. 220.

221 7”5 and cbmbarison with authentic 75 and a standard mixture of 75
and 76 ("t:hé 2R diastereomer of corﬁpo‘und 75) (schemgq.22).
Scheme 22. -

COOBn - COOH’
Bnoqc/\r . H,, S/oPd/Cﬂ HOOC/\(

-+ o NH 57 MSHCI : NH,
)
73 : - (g} 74
. COCIO :
HOOC/\fCOOH 1) o .5 .
N > 75 + 76
2 2) CH »N,

° $
Although the two camphanamlde dtastereomers sh({wed similar

chromatographic behaviour (TLC GC) they were clearly dlstmgwshed by

53
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TH NMR spectra cue to the ditferences in the chemical'shifts of trie methy!
ester protons. The TH NMR spectrum of the camphanamide methyl ester
derived from 74 showed that ~ 4 % of the R enantiomer is present,.thus
.' indicating that a small loss of stereoselectivity-has occurred in the -
displacement reaction. Since two reports 234,235 in the literature indicated
that‘\N -hydroxy aspartic acid is a very unstable compouhd; and since Iif.héd
" not yet been synthesised, furthc etforts to prepare this potential enzyrﬁé
inhibitor were abandoned. '
S For the preparz;tion of the correspondin"g oxyamino acid isomers,
displkacement reactions using the potassium salt of tert -butyl-N -hydroxy - "

carbamate were investigated.197 The reaction of triflate 61 using methanol

as solvent gave 77 formed by met':- xide substitution (scheme 23).

Scheme 23.
o
Lo
b +—0 NOH o :
\ H
COOCH . .COOCH
H,€00C 7Y : . H,00C7Y 3
0S0,CF, MeOH / KOH OCH,
61 » - 77 |

© ‘ : .
- C
®

- Alow (26 %) yield of product 78 was obtained after 16 h upon reaction of

~_.

triflate 61 with tert -butyl-N-hydroxycarbamate .and finely divided K2CO3 in

U

. dichloromethane (scheme 24) .



Scheme 24.
1L
‘ > 0 ﬁOH H, cooc cooc:H3
COOCH, /\f
0SO,CF,4 CH CI /K®0>r TrH
g

® 61 78

In the view of the difficulty'-ehcountered in deprotection of the ester me-hy!
groups in the case of the N -hydroxy derivative ( pp 49 - 50), and lowe: .
yields in the case of substitution using tert -butyl-N -hydroxycarb amate as
a nucleophile further work using methy! esters was abandored in favour of
better approaches.

The efforts to prepare the oxyamino acids using benzyl esters proved
to ble ﬁuch more rewarding. Triflate 72, p‘repar.ed from S -malic acid
dibenzyl ester’in the usual manner, reacts with fithium tert -buty!l-N -

"hydro‘xycarbamate (79) in 1:3 dichloromethane / DMF to give substituted
product 80 in moderate (40 %) yield. Elimination was a major side reaction,
leading to the formation of dibenzyl fumarate (81) '(24 %). A small amount
(é %) of the starting material wéé also isolated. The yield and the
stereoselecti\r?ty (vide iﬁfra ) were improved in case of A triflate 71 to give ,
82 (62 %) when the reaction was done at 0 °C. However the elimination

“product 81 was still isolated in 16 % yield ( sc<;eme 25).
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_to give the corresponding oxyamino acids 152 85 and 86, respectively,

56

3
Scheme 25. ¢ . |
/L )LN |
COOBn o 2_COOBn
anooc/Y 79 BnOOC/\E/ ‘
0SO0,CF;  CH,Cl, / DMF A
| - "  BOC—NH
.12 80°
{71 2R isomer) | (82 2S isomer)
Bn PhCH,- e *
ST 2 * COO0Bn
BOC = tert-butyloxycarbonyl BnOOC/\/ o
R 81

| Compounos 80 and 82 were easHy hydrogenolyrod ‘810 afford the
BOC denvatlves 83 and 84 respectively, in nearly quantntatuve y|elds (.2

95 %). The compounds 83 and 84 were deprotected‘usmg 5.7 N HCI/ THF

]

~which were isolated as hydrochlaride salts in 2 96 % yields (scheme 26).

The oxyamino acid hydrochlorides were submitted for enzyme inhibition
. Y o v
studies and anti-microbial testing (see Appendix).

~ Scheme 26.
BROOC . COOH ~ COQH
. Ki(rcooen H, , PdIC k%coori - e_coon
¢ _EtOAc HO"
ocN-° EoAc, o 2" » o
H. BOC'-tifi H,N. HCI
82 | 84 86

(80 2R isether) (83 2R Isomer) ( 85 2R isomer)
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The stereochemical purities ‘of these compounds were determined as

follows. The oxyamino acids were hydrogenp!ysed io the: corresponding'

. malic acids using piatinum oxide catalyst. The malic acrds were methylated

with drazomethane to give dlmethyl esters 87 and 88, reSpectrver The
'drmethyl esters 88 and 87 were transformed to the Mosher (S)-2-
| methpxy-2-trif|uoromethyl-é-phenylacetyl (MTPA) esters 236, 237 89 and
| 90, using DCC as the coupling reagent.27. 28 The Mosher esters Were
| separated_usipg sgé§~ chromatodraphy (GC) and their stereochemical
purmes were assessed. The slers were also prepared from a standard
rmixture of L- malic acid and D malic a;:rd The estimations of the
percentages of the two enantiomers in the orrg;rr\al mrxture determrned by.’
GCis within £ 0.2 %. The analysrs of D oxyamrno acrdi85 showad 11.8 -
0.2 % pf the L enantiomer was present while the analysis of tne L- -
v"loxyamino acid 86 showed 37 +0.2 % of the D enantiomer was-present
(scheme 27).

AN

Scheme 27.

COOCH, COOCH,

|\rcoocr13

2R 87 ,» < \ |
25 88 - 89 90
g% /-

“The difference yeee—tbeeaitromenc ratios. for the Q and L

{ ) 4
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oxyamrno acids 85 and 86 is belreved to be due to the drﬁerence in the
/

= temperature at whrch the\?efactrons were done. The Iow,er toss of

'stereochemrcal punty in. preparatron of 86 in whrch tge Teaction was

) performed at Iower temperature (O? °C ) is oon§r§tant with preceding

o

7 Soh‘emg_‘ 23

N A .: . 9\ N
ng " 3 . .
. i » 9 )

o hypothesrs It |s noteworthy that L- oxyamrnosuccrnate proved to be an

| --extreh‘iely potent rnhrbrtor ot aspartate aminottansferase (see App{andrx

To pfepare the hydrazmo@ccrnates {91)\and (92) from the triflates

~":f*{f?;l'»71 and 7'2 benzyl carbazate (94) 238 was requ,t/e as a nucleophrle Thrs

COmpound could be prepared in two steps as shown in.scheme 28. .
Treatment of lrthrum benzyloxrg,et prepared by the reactron of butyllithium
uwrth benz/yl a|coho| wrth carbobenzy!oxy (CBZ) chloride gave dtbenzyl
par}aonate (93) in good (84 %) yield. Hydrazrnolysrs of the carbonate

produced benzyl carbazate (94) (57 %) (scheme 28).

: o NH,

I [ ‘ ]
‘'~i .C O Li*, /Lk NH2 , . _..C

(Rl —_— Ph 0

The triflates 71 and 72 reacted with benzyl carbazate (94) to

.produce protected _}a-hydrazino"succinates' 85 and 96, respeofivaly, in 2

89 % yield (scheme 29).
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Vo

{0




Y
N

v/

59

Scheme 29.
cooBn 0 COOBn |
. N oL . .
2 COOBn , i CL 2 COOBn. =~ =~
- Ph” 70" 'NHNH, K( '
- 0S0,CF; “CH,CI, > HN o A
. t I i .
' | | 'HN-CBZ
71 : : _ 95

72 2S isomer .. " .96 2R isomer

Deprotecvtioh of 95 and 96 by hydrogenolysis using Pd/C'as the

' ¥ .
~catalyst, produced a-hydrazinosuccinates 161. 16281 (52 %) and 92 (74
%), respectivély‘, which weré recrystallized as hydrates from water/ T.,H‘F

(scheme 30).

=
Scheme 30. : .y
COOBn | COOH COOH -

HN ~ NH ' NH . .

) o - '
. HN-CBZ o NH; . H,0 . . r'Wz-HzO
95 91 = " 92 .
96 2R Isomer v
. . .(’ ‘:ﬁ% .

For the determination of stereochemiéal pﬁrity, thegfy,drazino
succinates were reduc‘ed to aspartic acids 97 and 98, using platinum
oxide catalyst. The aspa'rtic acids were converted to the (-) camphanamide
dimethy! esters 99 énd 100 (§cheme.31). Enantiomeric puﬂty was
estirﬁated using TH NMR ( 400 MHz ") since the methy! ester protons of the
two diastereomers have different chemical shifts (scheme 31). Standards

r ! ¢
¥ C
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were prepared from authentic L and from racemic aspartic acid. The H
. NMR spectrum-éllowed detection of about u.5 % of one diastereomer in the

| presence of the other.

Scheme 31.
COOH | COOH o, o
Krco'OH K‘,coou ‘
| Ho, P10, >~ —— % 99 + 100
HN | - NHz 5y e,
HoN - | :
‘ 91 - 97
92 2R isomer 98 2R isomer

'

/

; ' 'COOCH, | _COOCH;,4

H3COOC/\]/ 3} - Hyc00CT Y 3

‘ | : CHN
o

N

0o

Ao

100

The campha}ﬂémide methy! esters prepared frorﬁ the expérimental
amino acids 97 and 98 showed no trace of the "other " diastereomer.
Therefore the enantiomeric purity was es/tmated 10 be 2 99 %.
In conclusion, a method-to prep{re a-hyggzlﬁy and a- oxyammo
acids from o hydroxy acids in high enantlomenc pun?y has been

developed. Al_though attem_pts to prepare the N-hydroxy amino compound -
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have ﬁo_t been successful, }he protected derivatives synthesised can, in
principle, be used 1o prépare pepti,des. The enzyme inhibition studies
described in the appendix indicgtecompoijhds 85, 86,91 and 92 are good
enzyme inhibitors. They are currenﬂt'ly under further study for anti-microbial

. activity.



Experimental |
~ . B e
angral g . s ‘ | .A : 1
| All reactions were done under a positive pressure of dry Ar; those
requiring non-acueous conditions vl/ere 'perforrhed using oven-dried
glassware which was cooled under Ar. All solvents were distilled before
use. The solvent described as "hexanes" was distilled skelly b. All solvent

‘mixtures are listed as volume ratios and percentages (v/v). All organic

layers 'obtalned from extractions were dried over anhydrous NaéSO4 or

MgSO4. The term "in vacuo" refers to the removal-of solvent on a rotary

evaporator followed by evacuation (< 0.05 mm Hg) to constant sample
-weight. All reactions were monitored by TLC using either UV adsorption, I» .
staihing, ninhydrin (amino acids) or p-dimethy! am'inobénzaldehyde - HCI
(hydrazino acids) for visualization. Commercial thin-layer chromatography
(TLE} plates were silica Merck 60F-254. Silica gel for column
chromatography was Merck type 60, 70 - 230 mesh. Flash chromatography
employed by the method of Still et a/239 with Merck type 60 silica gel. 230
- 420 mesh. _ _ '
~ All literature corhpound_s had 1H NMR, Mé and IR spectra consistent
with assigned strucltures. Melting points: were deterr;rjined eit'her‘on a |
Thorhas Hoover or Buchi apparatus using open capillary tubes and are
uncorrecled._t Nuclear magneticvresonan‘ce spectra (NMFl) were recorded on
Bruker WP - 80, WH - 200, AM - 300, WM - 360 or WH - 400 instruments in
the specified deuterated solvent with tetramethylsilane (TMS) as internal

. standard. All reports of TH NMR spectra are first order. approximations.




lnfrared spectra (IR) were determmed with a NrcoJet 7199 FT- JR

spectrometer Mass spectra (MS) were recorded with an |on|zmg voltage of
70. eV“n an AEl MS- 50 mstrument for electron impact (EI) |omzatnon and

,‘\, for chemical ionization (Cl). Optical rotatrons were measured

on Perkin-Eimer 241 or 141 polanmeters wit_h a microcell (10Q mm, 0.9 mL)
or a’standard cell (100 mm, 8 mL) respectively, at ambient temperatures (22
© - 24°0). ! |

High piressure liquid chromatography (HPLC) was done using a

| :l_Hewlett Packard 1082B instrument fitted with a Whatman Partisil M9 10/25
column and UV detector setat 254 nm. All gas chromatog‘rapﬁy (GC).was
performed-on a Hewlen Packard 5890A gas chromatograph fmed with an
Alitech 10 m x 0.53 mm bonded FSOT polyphenylmethylsrloxane (RSL 300)

column with He as the carrier gas. Compounds were detected using a

flame ionization detector.

| (R)-Z-Amino-3-rnethylbutan-1-oI (3).

| A modification of the procedure of Hsuno et al 112 was followed. A

- mixture ’of lithium alumlnrum hydride (30 g, 0.79 mol) and THF (1 5L)was

heated-to reﬂux under argon for 30 min. The mixture was cooled to 0 °C and
D-valine (70 g, 0.60 mol) was added in small_portions. Heating under reflux

- was cominued for 17 h, celite (40 g) was then added, followed by water (40
-mL), 10% aqueous sodium‘ hydroxide (40 mL), and water (120 mL). The ‘

‘ miiture was filtered and the solid was was‘hed with ethyl acetate (2 x 200

 mL); - T®e combined filtrates were concentrated in vacuo and the residue

| .wa’s' di'stilled under reduced pressure to give 52.1 g (84 %) ot 3 as a

R N

63

g



colourless oil: bp 56 - 58 °C at 0.5 mm Hg [it.240 bp 55 - 57 °C at 2 mm Hg;

(CHCI3 cast) 3288 , 2960 br, 15_90, 1468, 1337, 1319, 1054 cm- 1, TH NMR
, (80 MHz, CDCI3)  3.64 (dd, 10.4, 4.1 Hz, 1 H ), 3.40 (dd, 10.4, 8.0 Hz, 1

H,), 257 (m,/1H),2.36 (brs,3H) 1.57(m, 1 H), 0.95(d, 6.8 Hz, 6 H );
‘exact mass  104.1085 ( MH+ 104.1075 calculated for CsHq4NO ).

(S)-2-Amino-3-methylbujan-1-ol (4). :
- The procedure used to transform D-valine into 3 was employed to-

convert L- valme (35 0g,0. 3 mol) to 18.3 g (60% yield) of 4 as a colourless
011 bp 51 - 53 °C at 0.5 mm Hg, lit.240 bp 55 - 57 °C at 2 mm Hag; [a]D =

+14.7° (neat) 1it.240 [a]p = +14.6 ° (neat) ; all other physical constants

4

 were identical to those of 3.

(R)-4-1sopropyloxazolidin-2-one (5).110.111

* A modification to tne procedure of Newman eta/ 111 was uséd.
Phosgene (7.0 mL, 110 mmol) was added to a stirred solution of 3 (10 0g,
- 97 mmolj in- toluene (300 mL) at0°C by drstlllatron Tnethylamnne (13 5
mL, 110 mmol) was added dropwise to gle resultnng white slurry and the
mixture was refluxed for 20 min. The.tnelhylamrne hydrochlcride formed

was removed by filtration after cooling, and the filtrate was concentrated in

vacuo to give 15.4 g'of an orange liquid that crystallized on standing. The

product was purified by flash chromatograohy 239 (hexane 60%/ethy!
acetate 40%) and recrystallized from hexane/ethyl acetate to give 9.71 g
(77% yield) of 5 as fine white crystals: [o]p = -13.6 ° (¢ 7.0, CHCI3), Iit. 108
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[d]D = +14.8°(c 7.0, CHCI3) for S isomer, mp 71 - 722 C, Iit.108 vmp 71-72

_°C; IR (CHCI3 cast) 3260 , 2960, 1746, 1248, 1092, 937, 710 cm-1; TH
" NMR (400'MHz, CDCl3) 8 5.91 (brs, 1 H ), 4.46 (t, 8.8 Hz, 1 H ), 4.13 (¢4,

)

8.8,7.3Hz,1H,),362(m, 1 H) 1.75 (m,1H),0.96(d, 6.9Hz, 3H ), 0.91

(d, 6.8 Hz, 3 H) exact mass 129.0790 (129.0790 calculated for
CeH11NOp). -

* (5)-4-Isopropyloxazolidin-2-one (6).110, 111

The«procedure used to prepare 5 from 3 was used except in thrs case
L-valinol 4 (S enantlomer of 3 ) was transformed to the corresponding
oxazolidinone 6 The compound showed spectral characteristics identical
1o those of 5. [a]p = +14.4 ° (¢ 7.0, CHCl3). it.110 [a]p = +14.8 ° (¢ 7.0,
CHCl) - o SR
(R)- 3-(Phenylacetyl)-4-isopropyloxazo[i,gln-z-one (7).

. The procedure of Evans and co- workere was adapted.110
Butyllrthlum (12.6 mL 0.91 M in hexane, 0.011 mgl was added dropwrse to

& LT

an ice cold solution of 5 (1 49 g, 0.011 mol)in @THF (15 mL). The

"“lacetyl chloride ( 1

solution was stirred for 15 min and a solution of e

mL, 0.011 mol ) in THF (5 mL) was added, and afte s.@:h of stirring, sat. aq.
St

sodium bicarbonate (25 mL) was added The mrxturé’}(gas extracted wrth

ether (3 x 25 mL). The combined ether extracts were dned (Na,SO4) and’

evaporated in vacuo 1o give a yellow oil. Flash chromatography 239 (15 x

5cm, 15 % EtOAc / hexanes ) gave 1.82 g (64 %) of 7 as a colourless oil,
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2o =-829°(c 2.6, CHC ;),(I;(CHCIE‘ cast) 2960, 1776, 1700, 1255,
1255 c1; TH NMR /80 MF- CDCly) 8 7.31 (br's, 5 H), 4.60 - 4.51 (m; 5
H). 2.26-2.20 (m, 1 H), 0.7 (d, 7 Hz, 3 H), 0.82 (d, 7 Hz, 3 H); exact mass -
2471206  (247.1208  od for Cy4H¢7NO3). Anal Caled for C14H17NO3
C.F7E%H 52 .66, Found: C, 68.10; H, 681 N, 5.39.

(S)-3-(Ph anylacetyl)-4-isopropyloxazolidin-2-one (,8)'. ‘\

Thé procedure used to transform 5 to 7 was repeated usmg (;‘f;'?'(o.645
g, 5.00 mmol) and phenylacety! chioride (0.664 mL, 5.00 mmol) to give 1.10
g (89 % yieid) of 8. The compound showed spectral characteristics identical

7. [a]p=+74.8 °(c 2.8, CHCIy).

(R)-3-(Butanoyl)-4-isopropyon'azblidin-2-o'he (9).108

The procedure used for 5reparation of 7 was repeated using 5 (1.29
g, 10.0 mmol) and butanoyl chyl';nride to.give 1.74 g (87 % yield) of colourless
oil 9. The material showed spéctral ahd chromatographic properti'és

- identical to those of 10. [ a Jp= - 87.7 ° (¢ 3.6, CHCl3).

(S)-3-(Butanoyl)-4- |§ppropyloxazolld|n -2-one (10).106

The procedure used to transform 5 to 7 was employed using 6 (0 645

X

g. 5.00 mmol) and butanoy! chloride. The compound was purified using ‘&-_
flash chromatography?239 (20 % EtOAc / hexanes) to furnish 0.963 g ( 96 % ‘
yield) of colourless oil 10: [ & ]p = + 88.9 ° (¢ 3.6, CHCl3); IR (CHCI; cast)

2980, 1777, 1699, 1382, 1202 cm-!; TH NMR ( 80 MHz, CDCl3 ) § 4.62 -

4.15 (m, 3 H), 3117 - 2.77 (m, 2 H), 2.00 - %47 (m, 2 H), 1.15 - 0.80 (m, 9 H):
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{ exact mass 199.1206 (199. 12q9 caled for C10H,7N03)An‘al Caled for

C10H17N03 C, 60. 28; zm 59; N, 7.03. Found: C160.29; H, 8.56; N, 6.91.
3 .

\,
N

Oxodnperoxomoly;;denum (pyrldme) (hexamethylphosphonc

tnamnde) com_.""'ﬁ (MoOPH). 37 38 -
r‘ "

This red ‘ent was prepared using the procedure of Vedejs and

A%

coworkers.38 Molybdenum (V1) oxide (MoO3) (30.0 g, 0.208 mol ) was
}added to a vigorqusly stirred solution of 30 % aq. hydrogen peroxide (150
mL, 2.5 mol) and.the mixture was stirred for 3.5 h. ‘H‘examethylphdsphori'c |
triamide (HMPT) (37.3 g, 0.208 mol) was added and the yellow p}ecipkitate
formed was filtered and recrystallised from methanol and dried-over

phosphrous gpntoxsde in vacuo to furnish a pale yellow precnpnate of
MoOsg HMPA (12.1 g, 16 %). This complex (11 0 g, 0.030 mol) was

\

dlssolved in THF (20 mLYand the solution was filtered. The flltrate was.

[ gf@d to 0 °C and’ pyndme (2.50 mL, 0.030 mol) was added dropwise to

gnve a yellow precupltate which was filtered and dried in vacuo (11.2 g, 83

%). IR (Nujol, mull} 1480, 1457, 1300, 1093, 992, 958 762, 752 622, 605,
582 cm 1. MS (Glycerol / Sulfolane, NegFAB) 434

(%R, 2'R)-3-[2-((Benzoyl)oxy)-2-phenYl-1-oxoethyl]-4-

isopropyloxazolidin-2-one (11) and (R)-3-Benzoyl-4- |

ssopropyloxazohdm 2 -one (13), Er_qggdu_r_e__a.

A solution of 7 ( 0. 476 g, 1.93 mmol) in dry THF was added to a solutign

: 4\ of lithium diisopropylamide ( 1.93 mmol) in THF (15 mL) at - 78 °C. After 0.5
h, a solution of benzoyl peroxide (0.466 g 1 93 mmol) in THF (3 mL)was

S
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added and the mlxiure was slowly warmed to 0 °C Atter2 h -acetic acid |

(0.17 mL) was added followed b\y water( 0 mL) and the mrxure was

extracted wrth ether’ (3 x 20 mL) The ether extracts were dned (Na2804)

and evaporated to grve a yellowrsh gum Flash chromatography 239 (25 %

e ‘?‘F,z

EtOAc/ Hexanes) gave 11 {0:151 g, 21 %) and 13 (0. 066 g 14 %)

Spectral data for 11 and 13 are as follows. . _

“For11: [alp=- 151:8°(c 2.4, CHCly); mp 86 - 50 °C; rri (EHClz cast)
1781, 1709, 1387, 125% 1106 cm! ; TH NMR (80 MHz; CDCI3)6822~.

4 -~

780(brs'2H)f785-722(brs,8H) 4.50 - 4.05 (m, 4H) .72 230 {1005
H), 1. 05 (d, 7 0 Hz, 3 H), 0.90 (d, 7.0 Hz, 3 H), exact mass 367 1418 ,
(367. 1419 calcd for Cz1H21N05) Anal. Calcd for CmHQ@;@g\C Bs. 65; H, .

5.76, N 381 Found : C, 68.55; H, 5.71; N,3.64.
For13 mp139 -141 °C; IR (CHCl3cast)1788 1680, 1314 1295, 1110

| cm1 1HNMR (80 MHz, CDCl3 ) § 8.07 - 7.87 (m, 2 H), 772717(m 3H)

480 405(m 3 H),2.70-2.17 (m, 1,H), 090(d 60Hz 6H) exact mass |
| 233.1056 (233.1052 caled for* C13H15N03) o S

Independent prépa‘ration of 13 from 5. .
A solution of butyllithium (1.075 M in hexanes, 0.74 mL, 0.79 mmol)
was added to a solution of 5 (0.100 g, 0.775 mmaql) ih dry THF (10 mL),

cooled in an ice bath. After-0.5 h of stirring a solution of benzoy! chloyide

- (0.093 mL, 0.791 mmol ) in dry THF was added dropwise. The mixture was

. stirred for 2 h and sat. ag. sodium bicarbonate (5 mL) was added. The

solution was extracted with ether (3 x 15 mL). The ethér extracts were dried -

. (\Na}_SOQ and evaporaté‘d to furnish a yéllow solid. Flash chromatography

4
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| 239 (25 9, EtOAc / hexanes ) gave a white crystalline solid (0.124 g, 68 %).
The material showed spectral and chromatographic properties identical to

those of compound 13 obtained from the reaction used to transform 8 to -

1.

(4R , 2'R)-3-[2- ((Benzoyl)oxy) -2- phenyl-1- oxoethyl] 4-
Vlsopropyloxazohdm 2- -one (11) Procedure .b X

A Procedure a for oxidation of 7 to 11 was repeated except lithium
hexamethyldlsrlazane (Lr HMDS) was used as a base instead of Irthlum
diisopropylamide (LDA) and a solution of benzoyl peroxrde (0.526 g, 2.17
mmol) in THF dned over anhydrous sod;um sulfate and molecular sieves -
was used. Carboxrmrde 7 (0.573 g, 2.31 mmol) was transformed to give,
after purification as above, 0.432 g (54 % yield) of 11 along with 0.111 g-
(22 %) of 13.. . |
v ’ 4 .
(45, 2'S)-3-[2-((B'enzoyl)oxy)-2-phenyl-1-oxoethyl]-4-
isopropyloxazolidin-2-one (12).

The procedure (procedure'b vide supra ) used to transfornt 7 10 11

was repeated usmg 8 (0. 120 g, 0.485 mmol) to furmsh 0.118 g (64 %) of 12
along with compound 14, the S enantiomer of compound 13. Compound
12 shows spectral and chromatographic properties Fdentical to compound
11 with [a]p= + 157.2°(c 2.9, CHCl3) | )
Compou‘nd 14 shows chr}omatographic behaviour»and epectral properﬁes

identical to those of 13.
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Ethanolysls of 12 to ethyl mandelata (15).

| A solution of lithium ethoxide ( prepared from dry ethano' {1 mL) and
. butyllithium ( 1.16 M in hexanes, 0.5 mL, 0.580 mmol) ) was add%d toa -
s ution oT‘“|2 (0.216 g, 0. 588 mmol ) in dry THF cooled to - 78 d The
. solutuon was warmed to room te'nperature and strrred for 1. 5 h. Acetic acid
_ ( 0.035 mL) in THF (1 mL) was added followed by a saturated agq. solution ofvv
, ammomum chloride (3 mL), and the mixture was extracted with ether (3x15
mL) The ether layers were dried (NapSOy4) and evaporated to grve a yellow -
~oil. Flash chromatography 239 (25 % EtOAc / hexanes) gave 0.092 g (88 %)
of 15 as colourless 6il. [alp= +55.4° (¢ 6.5 acetone); t113[alp = - 86.2° -
(c 4.0 acetone) for’R'iksomer; IR (CHCl3 past) 3465, 2888, 1 732, 1260,
‘1210, 118’5.1050; 1068, 1020, 736, 698 cmf1; TH'NMR ( 80 MHz, CDCl3) &
'755725(br's SH) 5.16 (d, 5.6 Hz, 1 H) 422(q aon,zH)';s.SS(d, 5.6
ass 180, 0787 (180.0787 calcd for

- Hz, 1 H), 117(t 8.0 Hz, 3 H); exact
C10H1203) |

| (45, 25)-3-[2-((Benzoyl)oxy)-1-oxobutyl]-4-
isopropyloxazo!idin-z-one 16). . -
The procedure b‘(vide upra‘ ) ds’ed to transform '7 to 11 was repeated -
- using 10 (0.223 g, 1.12 mmol and benzoyl peroxnde (0.271 g, 1.11 mmol) to |
furnish 0. 1169 (32 % y|eld) of 1'__ : " er purmcaton by flash chromatography

239 (15 % EtOAc / hexanes): R (CVCI3 cast) 2960, 1779 1711, 1680,
1389 1209 cm; T1H NMR ( 200 MHZ CDC|3) d 8. 16 7. 92 (brs, 2 H), 7.74 -

7.40 (br s, 3'H), 5.32 (q, 4.0, 10.0 HZ 1 H¥; 4.60 24.08 (m, 3 H), 2.64 +.2.36;

(. 1 H), 2.24 - 1.74 (m, 2 H), 1.10- 0.80 (m, 8 H); exact mass 319.1410
» . o . , ‘ .‘.

=% . . s ! g
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. (319. 1419 calcd for C17H2¢NOs); MS ( CI "NH3) 337 (M.‘.-NH4) Anal
Calcd for Cy7H>1NOs: C, 63.83; H, 6.77; N 437 Found C, 63. 65 H

6.87; N, 4.66. -

(R) N- Benzyloxycarbonyl valine (17).114 )

| Benzyl chloroformate (3 74 g, 0.021 mol) was added over 0.5 hto a
vugorously stirred solutlon of D®valine (2. 34 g, 0.020 mmol) in17 % aq.’
NaHCO3 (25 mL) cooled in an ice; bath. Te m|xture was surred for 12 h and
waks extracted with ether (50 mL). The aqueous layer was acidified to _pH 2

using 5.7 M HCl and was extracted with ether (3 x 50 mLy). The ether layers

from the second extractidbn were dried (Na,S04) and cohcentrated in vacuo
to give 2.30 g (45 % yield) of pure colourless gum 17: IR (CHCI3 cast)
3310, 2968, 1719, 1518, 1220, 1205, 1095, 1640, 698 cm-!; TH NMR ( 80 -
MHz, CDCI3) 5.8.80 (br 5,41 H), 7.30 - 7.20 (or 5,5 H), 540 520 (ors, 1

/,__..-

Hz, 6 H); exact mass 251.1165 (251 1153 calcd for C13H17NO4)
2 {

(R)-N-Phenyl[2- (((benzyloxmcarbonyl)amlno) -3-

methyl]butanamlde (18). |
| A solution of DCC (4.00 g, 0.019 mol) in dry THF (50 mL) was added
- over 10 min to a $olution of N-CBZ D -valine 17 (5.00 g, 0.019 mol),
aniline (2.00 mL, 0.021 mol), and 3-hydroxybenzotriazole (2.71 g, 0.020 |
mol) in 'dry THF (150 mL), and the mixture was stirred for 3 h.116
" Precipitated diCycIohexyl ureé Waé removve»d by‘ filteration. and ether (400

mL) was added to the filtrate which was washed with 1N HCI (120 mL). The
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.organic phase was separated, dried (NagSO4), and concentrated in vacuo
to give 9.96 g of solid. Chromatography over silica gel 60 (2%
MeOH/CHCI3) gave 3.95 g (62 % yield) of 2;mp 172 - 17_4"00; IR (CHCI3
K ':cast) 3298, 1690, 1659, 1533, 1246 cm -1; TH NMR (200 MHz, CDClg) &

788(brs 1H) 7.40-7.24 (brs, 9 H), 7.12 (brt, 1 H), 5.44 (brd, 1 H),5.12 .

(s, 2 H), 4@5(%50 6.7 Hz, 1 H), 2.35 - 214 (. 1 H), 1.00 1, 8.0 Hz, 6H);
exact mass 3%6.1623, (326.1630 calcd. for C1gHigaN203). |

(R)-N- Phenyl(2 amino-3- methyl)butanamrde (19) from 18
Compound 18 (1.80 g, 5.52 mmol) was hydrogenolysed 118 over 5 %
Pd/C (0.50 g) in ethy! acetate (50 mL) and glacial acetic acid (1 mL) for 8 h

under 1 atm of Hp pressure,. The catalyst was removed by filteration (celite -

/

pad ), ether (’50 ml) was added to the filtrate, and the mixture was washed
with sat. ag. NaHCO3 (3 x.20 mL). The organrc Iayer was separated and

extracted with 0.5 M HCI (3 x 15 mL) The aqueous layer was brought to pH
12 using 10 % ag. NaOH and extracted with ether (3 x 50 mL). The ether

Iayers were dried (NapSOg4) and were concentrated to give 0.925 g (87 % :

yield ) of colourless gum 19: IR (CHCI3 cast ) 3300, 2958, 1664, 1600,
. 1522,.1442, 754 cm *1; TH NMR (200 MHz, CDCl3) § 9.52 (br s, 1 H), 7.60
“and 7.:12 (brs, 4 H), 7.10 (brs, 1 H), 3:39 (d, 3.5 Hz, 1 H), 2.56-2.30 (m, 1

HJ, 1.64 (brs, 2 ), 1.05 (d, 7.0 Hz, 3 H), 0.88 (d, 7.0 Hz, 3 Hj, exact mass
k% :
192.1268 (192.1262 calca. 8r C11H16N20).

©

(R)-N- (2-Amino-3-methyl)butyl aniline (20) from amide 189.

H
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A modification of the litefature procedure;gas followed. 120° L|th|um
alumlmum hydnde (0.400 g, 10.52 mmo!) was added to a solutlon of 19 »
'(0.839 g, 4.36 m,mol) in dry THF, and the mixture was refluxed for 3_h. The -
mixture was cooled to room temperature. Celite (1 g) and water (2:mL)
were édded followed by 10 % aq. NadH (2 mL) and water (4 rﬁL). The

- mixfure was extracted with ether {50 mL). The ether layers were dried

(NapSOy4) Bnd concentrated to give 0.437 g (56 % yield) of colourless oil
20: IR (CHClgcast) 3380, 2955, 1605, 748 cm'1; TH NMR (80 MHz,
CDClg) & 7.37 - 7.00 and 6.80 - 6.45 (br s, 5 H), 3.32 - 2.00 (br m, 6 H),

1.87-1.30 (m, 1 H), 0.87 (d, 4.0 Hz, 3 H), 0.80 (d, 4.0 Hz, 3 H); exact mass
178.1476 (178.1470 calcd. for C1H1gN2) '

(R)-1;Phenyl-4—isopropyIi‘midazolidin-2-one (21) from amine
20. | L

The procedure of Newman was used. 11 Phosgene (3 mL) was added
to emlxture of 30 % aq. KOH (20 mL)and a solutlon of 20 in toluene (40
mL) at 0%Cina flask equipped with a dry ice cold finger condenser. The
mixture ways,f stirred OVerni'ght (12 h) én’é was then extracted With ether (100
. mL). The ether extracts were ‘dried (NegSO@).ahd were conce‘ntra}_ted to
| give 0.470 g of semicrystalline solid. Flash chromatography (2 x 30 ch, 40
% ethyl acetate/ hexane) gave 0.440 g of 21 as a crystalline _solid (87 %
yield): mp 112 - 114 6C; IR (CHCI, cast) 3320, 1719, 1600, 1502, 1475, '
1412, 1917, 749 cm -1; TH NMR (200 MHz, GDCI3) 3 7.56 and 7.32 ( br s,/4
H), 7.05 (brs, 1 H), 5.20 - 4.60 (brs, 1 H), 3.94 (m, 1 H), 3.56 (m, 2 H), 1.9 -
| 1.5 (m, 1 H), 0.99 (d, 5.5 Hz, 3 H),0.95 (d, 5.5 Hz, 3 H); exact mass



..........

204.1264 (204.1262 calcd. for CyoHygN,0). Anal. calcd. for CypHqgN2O:
C.70.55; H,7.89; N, 13.71. Found : C, 70.14; H, 7.71; N, 13.44,

§
N

Dibenzyl peroxydicarbonate (22)~
- A modification of the Ilteratu;e procedure 121 was used with
" precautions appropriate to deahng wnh orgamc peroxides. 121 Cold (O °C)
SO]UllOﬂS of hydrogen peroxrde (2 7 mL 30 % in H,0, 24 mmol) and 2.35 M
“NaOH (20 mL) were mixed and added with rapld stirring over 15 min to
benzyl-ehloroformale (8.02 o 47 mmol) at 0 °C. Hexane (30 mL) was added
and the rhixfure stirred for 15 min and filtered. %he precipitate was washed
with hexane (3 x 15 mL), dnssolved |n CHCI3, and wa& dried (MgSOQOy,). Slow
addmon of hexane gave a crystalhne prempntate which was filtered, ‘
washed with hexane (2 x 15 mL) and dried i in vacuo (20 C) to g|ve 28¢g
(53 % yield) of dibenzyl peroxydicarbonate 22: mp 101 °C dec (lit.12 mp
,1‘01 - 102 °C); IR (CH,Cly casf) 1798, 1456, 1376, 1228, 1206 cm -1 H
v NMR (80 MHz CDCl3) 6 7.40 (br s, 10 H) 5.32 (s,” 4 H). Anal. Calcd. for
. CiHedOs: C. 63 57)H, 4.6 Found: C, 63.52; H, 4.64.
Oxidation of 7 to (4R, 2'R)-3-[2-(((Benzyloxy)carbonyl)oxy)-2-
phenyl-1- oxoetﬁyl]'4'iedpropfloxazolidin 2-one (23),
A 0 044 M solution of LiN (Me3Si), (4.0 mL, 1.7 mmol) was a(dded to a

~ solution of oxazolidinone carboximide 7 (401 mg, 1.62 mmol} in THF (2 mL)
at - 78 °C. The solution was stirred for 0.? h, and « solution of dibenzyl’
peroxydicarbonate 22 (480 mg, i.59 mmol) in THF (4 mL) was added.

Stirring at - 78 ° was continyed for 0.5 h, and acetic acid (936 mg, 1.6 mmol)

{
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was added. The solution was warmed to 0 °C, water (20 mL) was added

and the resultmg mixture was extracted with ether (3x 20 mL) and CH2012
(2x 10 mL). The comblned organic Iayers were dried (NaZSO4)
concentrated in vacuo , and purified by flash chromatography 239 §(30 %

_ EtOAC / hexane). Recrystalhsahon (EtOAc / hexanes) gave 526 mg (82 %)
of 23:mp 160,- 161 °C;[a]p=-121.7 °(c 3.0, CHCI3); IR (CH,Cl, -cast)
3060, 1782, 1746, 1709, 1387, 1244 cm ' TH NMR (80 MHz, CDCI3)A6 7.7-
7.3 (brs, 10 H), 7.27 (s, 1 H), 5.16 (s, 2 H), 4.4-4.0 (m, 3 H), 262.2 (m, 1-
H), 0.95 (d, 6.0 Hz, 3 H), 0.85 (d, 6.0 Hz, 3 H); exact mass 387.1525

(397 1526 caled for CooHo3NOg). Anal. Calcd for C22H23N06 C, 66. 48

H583 N, 3.41. Found: C, 66.50; H, 5.83; N, 3.56.

Oxldatron of 8 to (45, 2'S)-3- [2 (((Benzyloxy)carbonyl)oxy) -2-
phenyl 1- oxoethyl] -4- lsopropyloxazondrn -2-one  (24).

The procedure used to transform-}7 to 23 was employed. Carboximide

8 (0.247 g, 1.00 mmol) was transformed ysing 22 (0.310, 1.02 mmol) to give
f .

. 0.245 g (61 % yield) of 24. The material showed spectral and
Chronjatographic characteristics similar to those of 23. For 24: mp 157:%
158 °C;

[alp=+1105%(c4.9, CHCl3).

( 4R ;2 R) 3-[2- (((Benzyloxy)carbonyl)oxy) 1- oxobutyl] -4-

|sopropyloxazolud|n -2-ong (25)
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of 25. The thromatographic behaviour and spectral data are identical'to

those of 26. For 25: [o]p =~ 14.2 ° (c 2.6, CHCl3).

( 48 2' S) -3-[2- (((BenzYloxy)carbonyI)oxy) 1 oxobutyl] ~4-
isopropyloxazolldrn -2tone (26). ' ‘

The procedure for enolisation and oxrdatron used to transform 7 to 23
was employed using carboxrmrde 10 (0.202 g,1 01 mmol) to furnish 0.308 g

(87 % yreld) of 26 :mp 96 - 97°C; [a]p=+13.8° (c 2.6, CHCI3); IR (CHCl3

cast) 2880, 1781, 1748, 1713, 1389° 1280, 1247, 1205 cm-1;1H NMR (360 s
MHZ CDCI3)874O 7.30 (br s, 5H) 585(dd 3.2,8.4 Hz, 1 H), 518(brs -
.2H) 45 4.2 (m, 3 H) 35 23 m, 1H) 2.0-1.7(m, 2H) 104(t 70Hz 3

H), 1.0 -0.80 (m, 6 H}; exact mass 349.1525 (349 1525 calcd for
C15H23NOg). Anal. Calcd for C1gHasNOg : C, 61.88; H, 6.63; N 4.00.

Found: C, 61.49;'H, 6.61; Nﬁ 4.16.
. . v Q

R ‘

Hydrolysns of 23 to (R )- (-)-mandelic” acid (27)

Sohd potassrum hydroxide (170 mg, 3. 04 mmo!) was added to a
solution of 23 (obtamed from oxndatron of 7)) (238 mg, O 609 mmol) in water
/ THF (1:3, 4 mL). The mixture R/as stirred at 20 °C for 4 h, extracted wuth
ether (3 x 15 mlL), acidified to pH 2 with 5.7 M HCI and extracted with .

; ether (3 x 15 mL). The organic phases from the second extraction were dried
(MgSO4) and concentrated in vacuo . The resulttng crude mandehc acnd

was converted to its potassmm salt by usmg aq. KHCO;, and"thrs was

purrtred by ion-exchange on Bio-rad AGt (acetate torm) wrth water and 2 5

N CF;,QOOH as eluent. Concentration in vacuo gave (R )-(-)- mandehc

»‘r .
t
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acid: mp 129 130 °C. (lit.122 mp 131 - 133 °C) [a]D =-128.5°(c 2.5, Hz0)
(122 [a]D-—~1530 (c 25, H0).

S ‘ | __ o
Independent preparation and separation of 23 anfl}its 2'S ~

g
dlastereomer 28. ‘

Butyllithium (0. 091 M in hexanes 24 1 mL 20.0 mmol) was added toa

~ solution of (* ) mandehc acid (1. 52 g, 10. 0 mmol) in THF THFE (5 ml:) at 78 °C

77

A solution'_of benzyl chloroformate (2.85 mL, 20.0 mmol) in THF was_ added,
the mixture was extracted with ether’(3 x 25 mL) to rempve impurities, and
the'aq»u’eous phase was acidified to‘pH'2 with HCI before éxtraction of thev .
‘product with ether (3 x 25 mL). These ether extracts were dried (Na2804.)
and concemrated in vacuo to g|ve 2519 (87 % yleld) of
2- [((benzyloxy)oarbonyl)oxy] -2- phenylacetlc ‘acid 29 mp 117 - 119 °C
(lit.123 mp 123 - 125 °C); IR (CHClI3 cast) 3450, 3000, 1727, 1247 cm™1 1H
NMR (80‘ MHz, CDCl3) 6 9.97 (br s, 1 .H),, 7.32 (br's, 10 H), 5.87 (s, 1 H),
"'5 17(5, 2 H); M5 (CI NHa) 304" ( M#-NH ) Air.;l. Calcd for GygH140s: C.
6712H492 FoundC6724H504 .
| A solutlon of 29 in benzene (5 mL) at 5 °C was treated with'okalyl

i chioride {(0.20 mL 2.4 mmol) and stlrred for 12 h. The volatnle components ,

mwvere removed in vacuo (5 mm of Hg) and the resndue was dissolved in dry '

THF (2 mL). This soluuon was added to a cooled (0 °C) solutlon of the
: 2

anion ge:nerated from 5 (123 mg, 1.0 mmof) and butyllthium (0.91 M in

hexanes, 1.20 mL, 1.09 mmol) in THF (5 mL).196 The mixture was stirred for
_ ' " ea i

30 min, 5 % ‘so_dium bicarbonate solution (4 mL) was added, and the product.

was extracted with ether (3 x 15 mL). The orgfan,io phase was dried
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(Na2804) concentrated in vacuo and purified by flash chromatography

239 (30 % EtOAC / hexane) to give 154 mg (38 %) of amlxtﬁre of 23 ard its
2' S diastereomer 28. Although the two compounds shawed similar
spectral and 1hih-la?ervchromatographic be'havior, the 2'S isomer could be
clearly distinguished by 'H NMR by its 2" protont)resonanée at.d 7.08 (s, 1
H) and by its iso;)_ropyl methyl re-son\ances at 6 0.76 (d, 6 H.z. 3 H) and 0.43
I (d_sﬂz—%H} B S . S — '

Separatnon of the two isomers was achieved by HPLC on a silica gel

column (WhatmanParhsnI 10 M9/25) using a 35 - 40 % gradler]_t of EtOAc /

hexane's at 2.0.°C with a flow of 2 mL / min. The retention timequf 23 and its

2'S‘ iscrhar 28 were 9.30 min and '10.33 min, res'pectivély. Injections of 23
‘ obtained by oxidationiof 7 with 22 gave the peak at 9.3 min but snowed _'no

detectable peak at 10.3 min.

‘3-Phenylpropanoyl chloride | from 3-phenylpropanoic acid.

Thionyl chloride (3.03 g, 0.025 mol) was added to a solution of Bt
phenylpropanoic acid (3.01 g, .020 :mol) in THF'(25 mL) and the mixtu;(e was
refluxed for 0.5 h . The volatile compohelnts‘were removed under redﬁcéd
pressure Osing a water aspiraio.r and the residual yellow ‘oil was distilled to

- give a colourless oil (2.31 g, 68 °/o).'bp 111 -112°°C at 14mm of Hg. (lit. 241
109 °C at 117m of Hg); IR 3030, 1804, 1792, 1497, 1454cmt; TH NMR (-
400 MHz, CDCl3).8 7.34 (br s, 5 H), 3.25 (1, 7.2 Hz, 2 H), 3.00 (t, 7.2 Hz, 2

4
VEA )

4
i
Rt
&

&“a

H): exact mass 168.0341 ( 168.0341 calcd for CgHgCIO).

-
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(S)-3-[(3-Phenyll)propanoy|]-4-l.sopvropyvldlxazolidin-z-one
(31).81 , | I

The procedure used for preparation of 7 was repeated using 6 (0.650
| g 5.03 mmol) and 3-phenylpropanoyl chloride. The compound was
obtained as ‘a‘white crystalline solid (0.870 g', 66 % yield). mp 59 - 60 °C
[alp = + 62.7 °(c 2.0, CHCl3); IR (CHCl3 cast ) 2955, 1796, 1773, 1706,
1392, 1363, 1211,701 cm™; TH NMR (400 MHz, CDCl3) 8 7.30-7.10 (br s, 5~
H), 4.16-4.04 (m, 2 H), 4.38-4.28 (m, 1 H), 3.34-3.22 (m, 1 H), 3.22- 3.08 (m,
1 H), 3.02-2.88 (m, 2 H), 2.34-2.22 (m, 1 H), 0.82 (d, 7.0 Hz, 3 H), 0.78 (d,
7.0.Hz, 3 H), exact mass 261.1369 (261.1365 caléd for C15H1gNO3). Anal.
calcd for Cq5H1gNO3: C, 68.94; H, 7.32; N, 5.35. Found; C, 69.00; H, 7.35;

N, 5.22.

| (R)-3-(3-MethyIbuté'noyI)-4-isopropyl‘oxazolidin-2-one (32). 91
- The procedure Used for preparation of 7 was repeated using 5
(0.610 g, 4.72 mmol) and isovalery! c'hloride"'. Conﬁpound 32 wavs'obtained

in 98 ‘;/o yield (0.987g) as a coIdurIess oil after purification by flash ’

_ chromatography 239 (15 % EtOAc / Hexanes): [a Jp=- 75.5°(C 4.8, . N

CHCl3); IR (CHCl5 cast ) 2962, 17821701, 1388, 1374, 1305, 1206 cm';

TH NMR ( 80 MHz, CDCly) § 4.62 - 4.12 (m, 3 H)3.17 - 2.62 (m, 2 H), 261 -
. g

1.95 (m, 2 H), 1.12 - 0.82 (m, 18 H); exact mass 213.1365 (213.1364 caled =
for Cq1H1gNO3). Anal. calcd for C11HygNOg : C, 61.94; H, 8.97; N, 6.56."

Fou_nd: C, 61.87_;, H, 9.04; N, 6.51. .

(R)-3-(2-Butenoyl)-4-isopropyloxazolidin-2-one (33).



The procedure used for preparation of 7 was repeated using 5 (1.29
g, 10.0‘mmol) and 2-butenoy! c.hloridek The compbund was obtained (1.62
g, 82 % yield) as a White crystalline solid following purification by rlash
chromatography 239. mp 52 _9?4 °Cilalp=-99.4°(c51, CHCI#); IR
(CHCl3 cast ) 2905, 1773, 1686, 1638, 1388, 1365, 1339, 1299, 1234,
1205, 1118, 1062, 1036, 9075, 715 cm 1; TH NMR ( 80 MHz, ngcb) 5
7.47-7.00 (m, 2 H), 4.62-4.12 (fn, 3 H), 2.62-2.12 (m, 1 H), 2.05-1.85 (br d. 4
Hz, 3 H), 0.95 (d, 4 Hz, 3 H), 0.85 (d, 4 Hz, 3 H); exact mass 197.1050 |
©(197:1051 caled for CygHysNOg). |

( 4S 2'S)-3-[2- (((Benzyloxy)carbonyl)oxy) 3- phenyl 1-
oxopropyl]-4- |sopropy|oxazo|rd|n -2- one (34/)/

‘The enolisation and oxidation was performed using the uprocedure
ehﬁployed to convert compound 7 to 23. Carboximide 31 (0.261 g, 1.00
mmol) was convertee using 22 (0.303 g, 1.00 mmol), to furnish 0.347 g (81
% yield) after purification by flash chromatography 239 (25 % '
EtOAc/hexanes). In this case 6 % of the diastereomer with the 2' R
configuration could be detected by NMR. |
34: mp'89- 90 °C; [a]g = + 436 c?-(c 25, CHCI3); IR (CH"C|3" cast) 2960,
1779, 1747, 1712, 1388, 1245, 1205 cm™*;'H NMR (300 MHz, CDCl3)
"74-72 ('brs, 10 H), 6.16 (dd, 3.5, 10.0 Hz, 1 H), 5.10(m, 2 H), 4.36 (m, 1
H), 4.3-4.2(m, 2 H),3.18 (dd, 10.0, 14.0 Hz, 1 H), 2.42 (m, 2 H), 0.89 (d,‘

5.0 Hz, 3 H), 0.82 (m, 3 H); MS (Cl, NH3), m/ (relative intensity) 429 (100,

M+. NH3). Anal. Celcd for Co3H25NOg - C, 67.14; H, 6.12; N, 3.40. Founa:
C,67.19; H, 6.29; N, 3.55.
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(4R, 2'R)-3-[2-(((Benzyloxy)carbonyl)oxy)-3-methy!-1-

- oxobutyl]-4-_isopropylbxazoli.din-z-one (35).

" The procedure used for enolisation and oxidation to convert

'compoun'd 710 23 was performed using carboximide 32 (0.216 g, 1.01

mmol) and 22 (0.310 g, 1.02 r’nmol).' Compound 35 was obtained as a
white, crystalline solid (0.169 g, 46 % y@eld)vaf’ter two recryétallisations from
ethyl acetate / hexanes: mp 140 - 142.?C;JR (CHCl5 cast) 1768, 1745,

1716, 1402, 1390, 1297, 1263, 1248, 1234, 1208 ¢m-1; TH NMR (80 MHz,

CDCly) §7.38 (s, 5 H), 5.92 (d, 4.0 Hz, 1 H), 5.18 (s, 2 H}, 4.62 - 4.25 (m, 3

H), 2.87 - 2.01 (m, 2 H), 1.37 - 0.85 (m, 12 H); exact mass 363.1678

" (363.1682 calcd for CygHpsNO). Anal. Caled for C1gHpsNOg : C, 62.79;

H, 6.93: N, 3.85. Found: C, 62.88; H, 6.86; N, 3.92.

1- [((Benzyloxf}dﬂaﬁrbonyl)oxy] 1,2- dlphenylethanone (36) 1rom
1,2- dlphenyléthanone

The enohsatnon and oxidatioff was performed using the procedure
uS“ed to gpnvert 7 to 23 except KHMDS was used as a base. The maternal ‘
could also be obtained by:use of LIHMDS or tert -butyllithium as a base
instead of KHMDS, in 8 % and 27 % yield respectively. However, the use of
KHMDS (3.20 mL, 0.31 M in THF 0.99 mmol) (prepared by reaction of
pdtassmm hydnde with hexamethyldnsulazane in THF at room temperature)
as a base and 1,2- dnphenylethanone (0.196 g, 1.0 mmol), followed by

purification by flash chromatography 23@;( % CHCl3, 18 % EtOAc,
hexane) gave 0.246 g (71 % yseld) of pure; 36 mp 108 - 109 °C; IR (CHCI3

1
o
a



cast) 1745, 1696, 1276, 1244, 948 cm!; 'H NMR ( 80 MHz, CDCl3) § 8.15.
.7.92 (brs, 2 H), 7.27 - 717 (br s, 8 H), 6.82 (s, 2 H); MS ( NH3 Cl) 364
(M#*« NH,). Anal. Calcd for CppH1g04 : C, 76.06; H, 5.28. Found: C, 76.28;

H, 5.23.

Ethy! ‘2-bfenzoyl-2-[((bqnzyony)carbonyl)oxy]acetate 37—
Ethyl benzoylacetate (iQO mé , 1.00 mmol) was oxidised with 22 (312
mg, 1.‘03 mmol) by using the procedure described for conversion of 7 to 23
excepting the-workup. The mixture was not quenched with acetic acid at -
~ 78 °C but'instead was Warmed over the course of 1 h ‘tQ.O °C. Concentrated
NH,4C! (20 mL) was added, and the mixture wﬁﬁ extracted with ether (3 x15 |
mL). The dried ether extracts were concevntrated in L/acuo and purified by
- flash chromatography 239 (14 % EtOAc / hexane) to‘give'2_6 mg (13 %) of -
recovered ethyl benzoylacetate and 154 rﬁg (45 % yield) cf 3?: IR (CH'CI3
cast) 1751, 1695, 1278, 1234 cm1; TH NMR-( 60 MHz, CDCl3) § 8.20- 8.00
(brs, 2 H), 7.80 - 7.20 {br s, 8 H), 6.20 (s, 2 H)4.27 (a, 7.3 Hz, 2 H), 1.20 (t,
7.3 Hz, 3 H); exact mass 342.1101 (342.1104 calel for CygHs0g). Anal
Caled for ‘CygH1g0g : C, 66.66; H,5.29. Found : C, 66.56; H, 5.40.

1-PhenyI-2-[((benzyloxy)carbonyl)oxy}pehtan-1-one (38) from
valerophenone. ' ' '

The procedure used for p'reparation of 37 wals'"em.ployed using
KHMDS as a base. Valerophenon‘:a (163 mg, 1.0 m_r@Qﬁl)‘-JWas oxidised using
22 (0.446g, 1.4'7 mmol) to furnish 0.145 g (46 % yiéid) of. 38: IR (CHCl5
cast.) 1760, 1670, 1226; 695 cm™1; TH NMR (80 MHz, CDCl3) § 7.4 (br s, 10

vif
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H), 5.82 (t, 7.5 Hz, 1 H}, 5.25 (s, 2H), 2.37 - 2.05 (br q, 2 ), 1.50 (m, 2 H).
0.92 (bl’ t, 3 H), MS( Cl NH3) 330 (M+ 'NH4). Anal. Calcd for C19H2004 :

C.73.05; H, 6.45. Found : C, 73.20; H, 6.61.

Ethy! 2-phehyl-2-[((benzyloxy)carb‘onyl)oxy]acetate (39).

~ A solution of ethyl phenylacetate (0.164 g, 1.00 mmol) in THF (3 mL)
was added 'to a solution KHMDS, prepared from potassium hydride ahq
hexamethyldisilazane . (0.338 M, 3.50 mL, 1.18 mmoi)in THF, cooled to -
78 °C. The mixture was stirred for 20 min and‘a solution 'of dibenzy! |
peroxydicérbonate 22 (0.451 g, 1.49 mmol) in THF (5 mL') was added. The
mixture was stirred for 45 min and poured into sat. aqg. NH4CI éolution'(2o
' 'mL), and the resulting mixture was extracted with ethér (3x15 ﬁuL). The
ether extracts were dried tMgSO4) and evaporated to give a yéllew oil.
' Flash chromatography (10 % EtOAc, 10 % CH,Cly, hexanes) gave (0.092
g, 29 %) of 0il 39: IR (CH,Cl; cast) 1745, 1280, 1249, 1210, 1178, 1027 |
cm!; 'H NMR (80 MHz, CDCl3) § 7.62- 7.25 (br s, 10 H) 5.70 (s, 1 H),
5.23 (s, 2'H), 4.16 (q, 7.3 Hz, 2 H), 1.14 (1, 7.3 Hz, 3 H); exact mass
314.1157 (314.1154 calcd for C1gH1g0s ); MS (Cl, NH3) 332 (M+NH,).
Anal. Calcd fbr_C18H1805: C, 68.77,H,5.77. Found: C, 68.79; H, 5'79 o
D Benzyl carbam'a’te (40) from reaction of ammonia with 22.

'Concemrated (28 %) aq. ammonia (1 mL) was added to a solution of
22 (0.303 g, 1.00 mmol) in THF @mL) and the mixture was stirred for 15
min. The mixtufé was exiracted with ether (2 x 5 mL) and chioroformjig X5

mL). The combined organic extracts were dried (Na,SQOy4) and evaporated

.
i
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in vacuo 1o hite sohd Recrystalhsatnon of the white solnd (EtOAc /

Hexane) gavag® 3 g (91 % yield) of 40 mp 88 4 89 °C (lit 242'87 -89 °C):

IR (CHCl, cast) 3398, 3332, 3271, 3179, 1689, 14431400, 1340, 1070, .
731 cm-1; TH NMR ( 200 MHz, CDC*I‘;) 57.36 (br 5, 5 H), 5.12 (5,2 H)‘.17.74 o
(br s,'2 H); exact mass 151.0628 (151",063‘3 calcd f;o\g 'CBHQNOQ); MS (ClI

NH3) 169 (100 % M*NH,).

-f-TanthyIsnlonxy 1,2- dlphenymhene (41) from 1,2-
dnphenylethanone 124

. T\{he procedure of House 125vand co-w rke;s“emp!oyed in prep%ration i
Bf 43 was used, except Li HMDS was used s a base in this preparation. |
1,2- diphenyletﬁanone (5.00 g, 0.0255 mol) as transformed’ usmg TMSCI

- (6.34 g, 0. 058 mol). The silyl enol ether 41 cbuld be obtained as a
colourless 011 (5.192 g, 76 % yield) after fra@uonal distillation: bp 108 - 109
°C at 0.15mmof Hg ( Iit.12‘4 bp 135°at 1.3 mm of Hg); IR (film) 2958, 1630, |
1252, 1232, 848 cfn'1_; TH NMR ( 80 MHz, CDCl3) 8 7.75 -6.87 (m, 10 H),
6.12 (s) and 6.11 ‘(s,f 1 H)f; 0.2 (s) and 0.03 (s, 9 H); exact mass 268.1280
(268.1283 calcd for Cy7Hp0Si ). e

1- Trlmethylsnyloxy 1- phenylpent 1-ene (42) from
ValerOphenone . M
| The procedure of House 125 and co-workers employed in preparation
of 43 vxi'?éxs used, except lithium bis(trimethylsilyl)amide (Li HMDS) was
used as a base in this preparation. Valerophenone (1.63 g, 10.0 mmol) was |

transformed using TMSCI (2.16 g, 20.0 mmol). Compound 42 could be
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isolated as a colourless oil aﬂe‘r,divstillation (1.95 g, 83 % yield): bp 109 -110°
. °C at 2 mm of Hg; IR (CH,Cl, cast) 2959, 1252, 1075, 868, 845, 756, 696-
cmt; 1h (80 MHz, CDCl3) § 7.65- 7.25 (m, 5'H), 5.30 (1, 7.0.Hz, 1

" H),2.21 (brq, 2 H), 1.47 (m, 2 H), 0.95 (br{, 3H),.0.10 (s, 9 H); exact mass ¢
234.1435 ( 234.1440 calcd for Cy4H220Si ). '

2-Trimethylsilyloxy-3,3-dimethylbut-1-ene (43) from
tert—bu.ty.l methyl ketone 125 |

The compound was prepared using the procedure of House and co-
WOrkers 125 tent-Butyl méth'yl ketone (§.OO g, 0.050 mol) in THF (8 mlL) was -
added to a solution of lithium diiso'propylamide (1.06 Min 1:4 Hexane/
THF, 47.5 mL, 50.3 mmol) cooled to - 78 °C. After a 0.5 h stirring period,,.
tri’rﬁethylchlorosilane ( TMSCI) (10.8 g, 10.0 mmc., ..as added and the
mixture was warmed to room temperature. It was stirred for 1 h and poured
into sat. aq. sodium bicarbonate solution.(25 mL). The mixture was
extracted with ether and the ‘ether layer was washed with water (3 x 25 mL).
Thé ether layer was dried ( MgSQOy,) and concentra_lted in vacuo to give a
yellowish éil. Fractional distillation gave écolourless oil {5.13 g, 59 %) : bp
100 - 105 °C at 704 mm of Hg (iit125 140 - ,1.42 °at 760 mmof Hg. ); IR (fitm)
2944, 1624, 1253, 1185, 847 cm-1; TH NMR (80 MHz, CDCI3)'6 4.1 (brs, 1
H), 3.95 (br s, 1 H), 1.03 (s, 9 H), 0.20 (s, 9 H), exact mas.s 172.1284
(172.1283 calcd for CgHpoOSi ). '

;1-[((Benzyloxy)ca_rbonyl)oxy]-1.2-dipheny|ethanone (36) from

silyl enol ether 41. |
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"T‘ne silyl enol ether 41 (268 mg, 1.00‘mmo‘l) in THF (5 mL) was treatec;
at "0 °C with butyliithium ( 0.63 mL, 1.58 M in hexane, 1.00 mmol ) and
stirred for 1.5 h. The solution was cooledto -78 °C , and a eolution of 22 )
(304 mg, 1. 00 mmol) |n THF (3 mL) was added. The mixture was stirred at -

78 °C f6r 15 min and ‘warmed to - 40 °C for 1h before berng poured into .

vconcentrated aq. NH4Cl.solution. The mlxture was extracted with ether ( 3

X 20 mL), and the extracts were dried and then concentrated in vacuo.
Flash chromatography 239 (1.% CHCI3, 18 % EtOAc, hexane) of the .
residue’ gave 228 mg (66 % yield ) of 36. The chromatographic and
spectral properties weghdentucal to those of compound 36 prepared
prevrously (vide supra).
1-[((Benzyloky)carbon)}I)oXy]-B,S-dimethyl-'2-buta.non_e (44)
from 43. ‘ " |

The sifyl enoI ether 43 (172-mg, 1.00 mmol ) was oxidised with 22
(0.302 g, 1.00 mmol) by using the procedure described for conversion of
_‘41 10 36. Flash chromatography 239 of the product ( 1 % CHCl3, 18 %
EtOAc, hexane ) gave 155 mg (62 % yield ) of a white solid 44: mp 58 - 59
°C: 17 (CHCI5 cast) 2990, 1762, 1731, 1285, 1273 cm'!; TH NMR ( 80 MHz,
CDC|3)8 7.30 (brs, 5 H),-5.20 (s, 2H), 4.92 (s, 2 H), 1. 15 (s, 9 H); exact
mass 250.1214 (250 1205 calcd for C14H1804) Anal. Calcd for C14H1BO4

LN

C,67.18;H, 7.24. Found: C,67.17;H 724}

Benzoin 45 from silyl enol ether 41,
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Titanium tetrachloride (C.14 mL; 1.0 mmol ), was‘added o a solutibn of

the silyl enol ether 41 (268 mg, 1.00 mmol).in dry CHoCl (2 mL)at- 78 °C.

The mixture was stirred for 15 min, & solution of 22 (303 mg, 1.00 mmol)in’

THF (3 mL) was added, and the reaction mrxture warmed to 20 °C for 0.5 h

before_being poured lnto ice- water (15 mL). The aqueous phase was

extracted Wrth CHCIl5 (3 x 15 mL) and the corhbined organrc extracts were -

dned (NaZSO4) and concentrated in vacud . Flash chromatography 239 (20
% EtOAc / hexane) gave 70.0 mg (33 % yleld) of benzoin rdentrcal in all
respects with au_thent’rc matenal.:,The stannic (tin IV) chloride reaction,
txvhich:gave 19 % yield, was done similarly except that the temperature was

 kept at 5 °C throughout. For 45 :mp 132 - 133 °C (it 243 134 - 136 °C); IR

" (CH,Cl, cast) 3415, 1678, 1449, 1205 cm'!; TH NMR (80 MHz, CDCl) §

8.07 - 7.87 (br s, 2 H), 7.62 - 7.17 (br s, 8 H), 5.98 (4, 6.0 Hz, 1H), 4.56 (d,

"6.0 Hz, 1 H): exact mass 212.0837 (2120837 calcd for C14H1202)

AN

: N - ¥
1-Phenyl-z-[((ba’nzyloxy)carbonyl)oxy]pentan-1-one (38) from
‘ silyl enol ether 42. ) A
The procedure used fcr conversion of 41 to 36 was empToyed usrng

f42 (234 mg, 1.00 mmo!) and 22 (0.303g, 1. 00 mmol) . Flash y
chromatography?239 (15 % EtOAc/ hexane) cave 0.113 g (36 % yield ) of

~

“identical to those of 38 prepared frem valerophenone.

¢

anzyloxyphthalimide (50@216

q

e

1 - —

-

38 as a colourless oil. The spectral and chromatographic properties were *
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The procedure of ‘Chintiak 216 was adapt‘edr' Benzy! .t)romide (5.94,
mL 0.050 mol) was added to a mixture of N - hydroxyphthalrmrde (8.15g,
O 050 mol) and anhydrous potassrum carbonate (6.91 g, 0.050 mol) m dry
| DMF (50 mL) and the mrxture was strrred vigorously for 48 h. The reaotm )
mixture was poured in water (50 mL), and the solid that separated was
collected by. frlteratuon and washed with water (3 x 20 mL), and was
redrssolved in ether (50 mL). The etheral solution was dried (Mgg O4) .and
o concentrated in vacuo , and.the residue was recrystallised trornfchloroform /
hexanes to give 50 (9.39 9, 74 % yie!d_'): mp 145 - 146 °C (Iit-216 mp 145 -
146 °C); IR (CHCI53 cast) 1738, 1475, 1390, 638 cm'1; TH NMR ( 80 MHz, ‘
CDCl3) 0 7.92 - 7.25 (br s, 9 H), 5.22 (s, 2 H); exact mass 253.0747 ( |
253.0739 caled for Cy5H1yNOy). o

O- Benzylhydroxylamrne (51) 216

| Hydrazine (99 - 100 %,.0.475 g, 9.50 mmol) was added t0a
'suspensmn of 50 (1.20 g, 4.74 mmol) in 2 % ethanol / water (%1 mL) and
the mixture was refluxed for 1 h, poured mto 3 % aq. sodrum carbonate (50 ¢

mL), and extracted with ether (3 X 20 mL). The ether extraéts were washed

with 3 % sodrum carbonate (3 x 20 mL) dried (MgSO4) and were

6 '
concentrated at 2 10 mm pressure to give 51 as a colourless oil ( 0.508, g

87 % yield): IR (CH,Cl, cast) 1592, 1495, 1453, 1370, 1207, 1187, 995,
745, 698 cmt; TH NMR ( 80 MHz copl3 )7.30 (brs, 5 H),5.12 (br s, 2 H),
4.65 (s; 2 H); MS (CI NH3) 124 (100% MH*) |

4
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: 'Vone (52) _ ‘
A solution df 25 (1 006 g, 2.88 mmol) in ethyl acetate. (25 mL) was -

'hyd(ogenolysed 232 in the presence of 5% Pd/C ( 0.100 g) for 4 h under

89

‘(4R 2 R) -3- ((‘2Hydroxy) 1- °x°bm64"s°pr°pY'DXBZO,Il‘d1m2.3 o

v

Jsiightly_greater( ~ 510 10 mm ot Hg) than atmospheric hydrdgen pressure. ‘

“The miﬁdre'was filtered through a celite 545 pad and the filtrate was
conc'entr‘a'téd'in vacuo to.g;rve a .COIOJrIess oil 52 which re‘quired qd,.fu‘_rther
purmcat:on (0.604 g..97 % yield) . ~ ‘

[ alp=- 80 6° (c 4.0 CHCI3); IR (CHZCI?_ cast) 3502, 2967 2938, 2878,

1782, 1697 1487, 1464, 1388, 1365, 1308, 1245, 1205, 1122, 1osej
1018 985, 968 cm -1: TH NMR (360 MHz, (CDCl3) 494 (br s, 1H), 4.46

| 420 (m, 3 H), 3.52 (br d, 1 H), 25%240071 1H), 1.92 - 1.80.(g, 1 H), ) 1.68
- 1.52(m, 1 H), 1.02 (t, 7.2 Hz, 3 H), 0.93 (d, 7.0 Hz, 3 H), 0.88 (d, 7.0 Hz, 3

H); exact mass 215.1159 (215.1158 caled for CyoH17NO); MS (CI NHy)

233 (M+ NH;). Anal. Calcd for C;HysNO, : C, 55.80; H, 7.96; N, 6.50.

Found : C, 55.70; H, 8.01; N, 6.26. ’

A
'

(4R , 2 R)- -3- [2- ((Tnfluoromethanesulfonyl)oxy) - oxobutyl] 4- a

|sopropyloxazol|dm -2-one (53).

A solution of 1rufluorometr§énesulf0nic anhydridg (0.140 mL, 0.810
mmol) in dry dichloromethane (5 mL) was ?dded to a solution of 52 (0.17"4
g, 0.810 mmol) and pyndme (0.065 mL, 0. 810 mmol) in dry, d«:hloromethane

(5 mL) cooled to 0 °C. The mixtyre was stsrred for 2 h at room temperature

and the solvent was evaporated using a rotary evaporator. Ether (15 mL). " '

was added to the residue and the mixture was filtered. The filtrate wgi

~
-’
2
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A 1)

concentrated in vacto to tum|sh 53 as an Otl (0 209 g, 74 %‘yleld) Wthh

xraptdlky darkened; IR (CPICI3 cast) 2975, 1814 1784, 1744 1415 1274

© 1209, 1145, 949 cm1 THNMR ( 200 MHz, CDC!3)6614(dd 32 ao 1

" H), 4.50 - 428 m, 3‘H 250 2.40 (m, 1H)214 180(m 2H)113(t72

o water (20 mL) and extracted with ether (3 )MS‘QtL The organic extfacts . ‘.

,‘3804H4621N403 FoundOSB(}&HA?QN430 L f...

Hz, SH) 0.94 (d, 70Hz 3H) 0.90 (d 70HZ SH) exagtma553470659

' (3“47 0650 C8|Cd fOF C11H16F3N05S) Anal CQlCd fOf C11H16F3NOBS<

(4R, 2's)is-[z-((een"zyloxy)afninof)’%'t;’i:_xgby{yt]lg,- "

’isopropylexazolldtn -2-one (54) - | |
. Asolution of, Obenzyl hydroxytamme (51) (0 144 g 1 17 mmol ) in

dry dtchloromethane (4 mL) was added to a solutton ot treshly preparéd

: tntiite 53 (0. 2021 g, O 58 mmol) in dlchtoromethane (4 mL) cooled in an ice

batR. The mlxture was sttrred at room tempefature for 16 h, poure Wto.

were dried (MgSO4) and evaporated to give 0. 221 g of an oil. Flash

chromatography 239 (30 % EtDAc / hexanes) gave 0. 106 g (56 %) yield of
colburless oil 54 '~|R (CHCI3 cast) 2980, 2938 1777 1737 1697 1387,

1373, 1206, 1099, 1056, 1017, 970, 751, ege cm1 1H NMR ( 360 MHz,
CDCI3)6733(brs 5 H), 632(brd 60Hz 1 H) 484(brs 1H),468(s. 2

" H),4.54 - 4.46 (m, 1 1), 430(t88Hz,1H)422(dd 32 8.8Hz, +H),
2.40 - 2.30 (m, 1 H), 1.74 - 164(mr1H)150 134(m1H)100(t73

Hz, 3 H), 0.93 (d, 72Hz 3. H) 088 (d 72Hz,3H) exact mass 320.1733 (
320.1730 calcd for C17H24N20,,) MS (Cl NH3) 321 (MH* 100 %). Anal
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Calcd. for Cy=Hp4NzOy : C, 63.73; H, 7.55; N, 8.74. Fountl ::C, 63.69; H,

7.67; N, 8.39. - - ' ,

l(S)—2-((BenZonxy)amino)butyric acid, benzyl eete‘r (55).244

A solution®f 54 (0.100 g, 0.315 mmoi) in T:HF (4 mL) was addied to a
solution o‘f lithium benzyloxide ( prepared from butyllithium (1.44 M.in *
hexane, 0. 450 mi, 0.648 mmol) and benzyl alcohol (0.073 g, Q.675 mmol} )
in THF (4 mbL) at 0 °C. The mixture was stirred for 0.5 h, poured into pH 7.0
phosphate buffer (5 mL) and extracted with ether (3.x 15 mL). The ether |
layers were aried (MgSOy,) and evaporated in vacuo. The residual oilfwas
purified by ﬂa}sh ch'r'omatography 239 (18 % EtOAc / Heiane) to give 0.041
g (44 % ylie}ld)‘ of a colomleés!oil 55 244 ;IR (CHCI5 cast) 1737, 1451,
1182, _‘1'160,‘970, 740, 697 cm-1; TH NMR ( 300 MHz, GDCl5) 8_7,,30 -7.20
(br's, 10 H), 845 - 5.65 (br s, 1 H),5.12 (s, 2 H), 4.62 (s, 2 H), 3.50 {1, 7.0.
' ‘Hz 1 H), 1.60 - 1.46 (m, 2 H), 0.82 (t, 7.7 Hz, 3 H); exact mass 29‘;9‘i523'.
© (299.1521 caled for CygHayNO3) |

. a-Aminobutyric acid (56) A
- “Asolution of 55 ( 0 0.029 g, 0.096 mmol) in 21 Acetic acid/ water -

(4 mL) was hydrogenated 232 over 5 % Pd/C ( 4-mg) under slight positive

" hydrogen p'ressure for 22 h. The mixture was ﬁlte{red through a celite 545
pad"and the filtrate was Iyophilised to give a white solid (O .0096 g, 96}%
yield) of 56 : IR (KBr, pellet_)‘3420, éo'o_o, 1585, 1138, 11'1O.cm'1'; TH NMR (
200 MHz, D,0) 8 3.71 (t, 5.8 Hz, 1 H), 1.95-'1.75 (m, 2 H), 0.93 (1, 7.6 Hz,

3 H), MS (Glycerol / HCI pos FAB) 104 (MH*).
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;’Camphanami'de of methy. 2 ~minobutancate 57 320, 221 from 56.

A so!utioﬁ of (WS & (-} . hancacd cz 'oride (0.042 g, 0.193

- mmol) in toluene (C 57 1L} was acided to & sC ution ot 56 (0.010 g, 0.097

mmol) in pH 10 sqdium carb~nate / bica:L >nate buf‘er'and the mixture was
stirred vigorously fc- 2 h. The m.ure #..5 #x! acted witﬁ chlorof’orm‘ (2x5
mL) and the aqueous iayer wes acidi < L. pH 2 with 57 M Hglxand then
extracted with-dichlorbmethane (3 x5 mLYy | .2 organic extracts were dried

(NaySO,4) and evapAoratédv in vacto to furash a white solid which was

Adisso‘lved in .ether (2 mL). Diazonﬂ’ethangin ether was added until a yellow

colour persisted. The mixture was evaporated in vac‘uo and 1he‘ résidue
was analysed by GC. The coinjections with standard 220, 221 samples of -
camphanamide methyl esters of DL a-gminobut.yri'c acid and L-
aminobutyric acid s}howed that the predominant component of the pare‘nt
amino acid mixture was the S enantiomer. Injection of the mixture obtained

above without standard (160 °/ 1 min, 1.5 °/ min to 200 °, 6.6 psi He at
160 °) showed peaks at Ry= 18.94 miri ( camphanamide from Risomer) and

R, = 20.00 min ( camphanamide from S isomer). The'relative peak areas

indicated that the amino acid 56 used for preparation of camphahamide
b}

" methyl esters had 91.2+0.2% of the S and 8.9 + 0.2 % of R enantio;ner.

Pure sample of 57 was obtained by removal of the side product, methyl

camphanoate, by sublimationWm mm of Hg, ~ 6 h).
For 57 : IR (CHCl; cast) 3365, 2964, 1793, 1744, 1677,1528 ¢cr 1, 'H

e

NMR ( 200 MHz, CDCl3) 5 6.93 (br d, 1 H), 4.62 (m, 1 HJl 3.78 (s, 3 H), 260
. y o v . -

- 288 (ma1.H), 2.16 - 1.84 (m, 3 H), 1.83 - 1.64 (M, 2'H), 1.14 (s, 6 H), 0.98

82
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* chloroform, and filtered through a short silica column. The filtrate was

&

" (0.256 g, 1.82 mmol), pyridine

- 7

;'(s, 3 H), 0.92 (m’ 3 H): exact mass 297.1576 (297.1576 caled for.
- Ci5H23NOs ) ' e T

Dimethyl (S)- malate (59).239 - ' 5 | \

;
A s%lutlon of dlazomethane in ether was added to a solution o@(S)

malic acid (1.34 g, 10.0 mmol) in 50 % methanol / chloroform untll the yellow
color persisted. The mixture was concentrated in vacuo , rednssolved in

l

evaporated in vacuo to furnish 1.62 gota colourless oil (quantitative yield)

. 59: IR (CHLCl, cast) 2956, 1740, 1438, 1275, 1220, 1170, 1098 cm-1; 1H

@
NMR ( 400 MHz, CDCl3)'3 4.55 (q, 4.0, 6.4 Hz, 1 H), 3:84 (s, 3 H), 3.76 (s, 3/

&) 2.98-2.78 (m, 2'H);ex%ct mass 163.0599 (MH*), (163.0606 calcd for

CgH1105): MS (CI NHz) 180 (100 % M*NH,). !" ‘e

L \
Dlmelhyl (R)-malate (58) 239 }li
The procedure used fof preparation of 59 was repea%d using (R) -

/
~malic acid (1.34 g, 10.0 mmol).to gWe“ 62 g quantltatlve yield) of 58. The

-
compound shows spectral and chroélalooraphlc pr‘opemes waere identical to - ( "

4

those of compound 589. R . w

Dimethy! (R)-2-((trifluoromethaf@@@iony )oxy)succinate (60).215

The procedure used fO( pref i < .,A61 was employed using 58
7 : §¢2 10 mmol), and triflic anhydride h

(0.340 mL, 2.00 mmol), to give X481 g0 % yield ) of 60 as a yellowish oi.

The spectral properties were identical to 61.

83 -
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-~ Dimethyl (S)-2- ((trnfluoromythanmy)%pcinate
(61)2@3 * S -

-4

-dichloro

.“\‘ - : Yy bv ' \ ) ’ \‘-

F O
Asolutlor}of 59 (0.162 g, 1.0 mmol) and by ridRe~0{080 mL., 110

mmol) was added to a soluuon of triflic anhydnde (O 170 mL 1.00° mmol) in

CCl4 (10 mL) cooled in an ice-bath. The reaction mlxture was stirred for 45

«

min. Hexane (3 mL) was added and the mixture was hltered thro’q‘gh a plug*

of NaySO;. The filtrate was concentrated in vac;uo' 10 furnish-8.264 g (89"
% yield) of ONStable ol 61:'IB (CHoCl, cast) 2962, 1771,_)1 753, 1441, (.
1422 1380, 12886, 1244 1224 1215 1209, 1177, 1143, 1030, 943 857,
621 cm-1: H'NMR ( 80 MHz, cocﬁ}a 550 (t, 4.5 Hz, 1 H), 3.87 (s, 3.H),

3.05 (d, 4 5 Hz,.2 H) MS 145.0501 ( 145.05011\calcd for- CGHQO M+ -
0S0,CF) . ‘. - 4\0

\ - A Jﬁv ¥ R ) . vt
Dnmethyl (S)-2- ((benzyloxy)ammo)succ:natS (62) 215 -

A solution of 60 (0.531 g, 1.80 mmol)in dnchloromethane (4 mL3 was
édded tcia solutnop of O-bgnzylhydroxylamme 0.30%.2.43 mmol)

ethane ( 6 mL), which was cooled in an iq_‘e-bath. The mixture was

 stirred for 17 h following which time, sat. ag. NaHCO3 (10 mL) was added,

dried (NazS0y), cz:{:entrated‘-in vacuo, and purified using.flash

and the mixture was extracted with ether (3 x 20 mL). The ether layers were- -

chromatography‘2 (30 % EtOAc/hexane) to give 0.421 g-( 87 % yield) of

" 0il 62 : [oJp=- 1921° (¢ 1.5 CHCl3); IR (CH,Clp cast) 1739, 1485, 1167

cm-1; TH NMR ( 200 MHz, CDCI3) § 7.30 ( (brs, SH\(G 25 (br s, 1H ), 4.68 (br
t 1H) 374 (s. 3 H), 3.66 (s, 3 H), 2.82 (dd, 30,80Hz 1 H), 2.66 (dd, 3.7,

v

11
'

.
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8.0 Hz, 1 H); exact masi.?67 1102 (267.1106 calcd for C43Hy7NOg ). Anal
Caled for C13H17N05 0\58 41;H, 6.41;N, 5.24. Found : C, 58. 31 H

| 6.39: N, 517,

Dnmethyl (RTZ ((benzyloxy)ammo)succunate (63) 215 @:\q}
This compound was prepared using triflate 61 and the\ocedure ’
employed for conversion of triflate 60 to 62. (R)-malic acid (0.135 9.
1.00mmol), pyndme (0.080 mL, 1.00 mmol) and tnfhc anhydnde (0. 170 mL,
1.00 mmol) were usg for preparation of the tnflate whlc&was reacted w;th
O- benzylhydroxylamme (0.251g, 2.04 mmol) to furnish 0.220 g (82 % yleld)

of 63. The chromatographic and spectral propeﬁles were |den1/cal to those -
of 62. [a)p = +191°(c15 CHCly) :

. A{
Phenyl dia;zomethane (64).227. 22)9
| Benzaldeh¥de (21.6 g, 0.203 mol) was added drolese to vigorously
stirred hydraZine hydrate (20. (ff@% 0.399 mot) cooled in an ice bath The

mixture was stucrgd for 2 h and was extracted with ether (3x 40 mL). The

ether extracts Were dried (MgSO,) and concentrated to ¢ca. 50 mL.
Dichloromethane»(n 150.mL), and anhydrous MgSO, (20.0 g) were added
followed by activatue\d;MnO‘g (45.0 ¢ 0,517 m¢") in small (- 2 g) portions.
The mfxture was stirred for 1 h ar3 was filtered. The filtrate was |

concentrated, and the {esidual rec oil was dissolwved in pentar.e (100 mL).

The filtrate was concentrated and the red oil obtained was distilled.unde‘r

reduced pressure using a dry ice cold finger condensgr. Dichloromethane’

: Y ’

Fa

‘The‘gentane solution was cooled to - 76 "C and filtered at le'ss than - 30 °C.

85
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(30 mL) was\added to the distillate to give a wine red solutlon\Yitrétion of

this solutron agamst D - malic acid (1.34 g. 10.0 mmol) in 50% MeOH /-

CHCl3 (25 mL) until the red colour per5|sted showed that the solutlon was |

L4

" 3.5M(34.1 mL, 58 % yield). , . e

'N Benzyl p toluenesulfonamlde (65) ees ®

p- '{oluenesulfonyl chloride (95 OS@ 0. SOQmmoI was alided in small :

portions to & - vngorously stlrred solutron .of bergzylamme (54. 00 o} 0. 500

.‘mmol) in pyridine’ (50 00 g, 0.630 mmol) The mrx*ure was stlrred for2 h and

poured ifto |ce weter (300 mL). The precrprtate was faltered washed with ~

water, ands ecrystaursed from boiling ethanol to grve 97.96 g of whrte ‘

1'?5 °C it 228 mp 114. °C)
(CHCl3 cast) 3269, 1423, 1323,4310, 1176, 1167 1059 875, 754, 540
cm1; TH-NMR'( 200 MHz, T

/y_alline solid ( 70 % yield) 65

13) 8 7.82°77.72 (br d, 2 H), 7.36 - 7.14 (br s,

7 H), 4.64 (brs, 1 H), 4.12
1261.0828 (261.0824 calcd

, 3.0 Hz, 2 H), 2.44’(5, 3 H); exact mass
CiaHisNOzS) =

N-Benzy!-N -nitroso-p -tolue‘rr‘esulforra?ide 229 (;66){

Sodium nitrite (120.0 g, 75.0 mmol) was.added in small (b g) portions
'to a solu}ion of 65 (21.0 g,( 75.0 mmol). in1:4 g1é‘cj\aBEetio acid /acetic
enhy‘_dride (500 mL) cooled in an ice /salt bath ( - 0 °C). The mixture was
: etirred overnight .(18 h), poured into icé;wa'taé‘r (200 mL), and was ‘filtered;. ;
- Recrystallisation from-khot ethanol gave i'a.4 g (80 % yieldf‘,ofj--' ﬁne yelldw:
néedles 66: mp 90 <82 °C (it 229 mp 90 - 92 “C): IR (CHCYy cast) 1595,

1495, 1485 1383, 1192 665, 581 cm1; 1H NMR QO'MHZ,CDCI;;)SI& '_

7
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- 7.66 (brs, 2H) 730 718(brs 5H) 717 - 7021(m 2H) 4.91 (s, 2H)
2.40 (s,3h exact mass 290 0732 (290 0725 calcd for’ C14H14N203S)

- —

e

leenzyl (R)- -2- hydroxysuccmate (69). 228
A solution ofpheny diazomethane ( 0.35 M in dichloromethane) was
| added to a solutaon of (R )-(+)- malic acid (0. 672 g, 5.00 mmol) in 2:1
‘MeOH / CHCl3 (15 mL) cooled in an lce-bat.h until a red tinge persisted.
Glacial acetic acid (1 drop) was added and the nﬁixture was concentrated in
' vacuo. Flash chromatography 239 ( 35 % EtOAc / Hexane) gave 1.48 g (93
% yield) of a eoldurless cil 69: [a]p=+18.0¢ (c20 CHC|3) IR.(CHCl;
cast) 3450, 1737, 1263, 1212, 1166, 1092, 698 cm1; TH NMR ( 400 MHz,
CDCls) § 7.32 (br s, 10 H), 5.15 (s, 2 H), 5.08 (s, 2 H), 4.54 (@ 115,45 Hz,
H), 3.30 (brs 1 H), 2.92 (dd, 16.0, 4.5 Hz, 1 H), 2.85 (dd; 16.0, 11.5 Hz, 1
H), exact mass 315.1233 (315.1233 calcd for CygH1g0s5, MH*), MS (CI
NH3) 332 (92 % M+NH,). Anaﬂba{lc:d. for CygH1g0s5:C, 68.77, H, 57:/'

Found :C, 68.79; H, 5.82.

Dibenzyl (S)-2-hydroxysuccinate "(70).228 ‘
A soluiion of tetra {'l\"'-nwethylammq_n_ium hydroxide (9.10 mL, 20 % in
- hexane, 19.0 mmaflywas added 1o a solution of (S )-(-)-rnalic acid (1.340 g,
10.0 mmol) in methanol (10 mL). The mixture was concentrated in vacuo
and the white solid 68 was suspended in 3:1 dry DMF / acetonnnle (1b
mL). Benzy! bromide (2.40 mL, 20.0 mmol) was added and 1he mixture was

stirred for 21 h . Ether (150 mL) was added and the mixture was fikered. The ..
filtrate was washed with.water (3 x 50 mL), dried (NaySOy), :gndj“ -



—

“ - 98
concentrated in vacuo . The residual yellow oil was.vpuriﬁe.d using flash
chromatography 239 (35 % EtOAc / Hexane) to afford 2.73 g (86 % yield)
colourless, homogeneous oil 70: The compound showed spectral propenties

and chromatograghic behaviour similar to those of 69. - -
[alp=-19.3°(c 1.9 CHCl3). -

. . i ? .
Dibenzy! (R)-2-((trifluoromethanesulfonyl)oxy)succinate (71).
A solution of 69 (1.57 g, 5.00 mmol) and pyridine .(O.SOO'm‘L. 6.23
mmol) in dichlorc™ 2thane (5 mL) was added to a solution of |

trifluoromethanes Ji.. nic anhydride (0.900 mL, 5.34 mmol) in
.dichloromethqne (10 mL) at - 20 °C (dry ice /C_CI4). The mixture was stirred
at f.oom tempé?aiure for 1 h. After three suc‘;cesfve additions of CClg (3 x 10
mL) and concentration in vacuo to ga_.. 5 mL each time, the mixtugg was
filtered through a plug of anhydrous Nap,SOy4. The filtrate was concentrated
in vacuo togive 1.97 g (. 89 % yield) of an il 71: IR (CH,Cl, cast) 1744,
1421, 1278, 1246, 1214, 1172, 1142, 1020, 936, 699 cm'1; TH NMR ( 200
MHz, CDCl3) 6 7.34 (br s; 10 H), SKZ (t, 6.0 Hz, 1 H), 5.22 (s, 2'H), 514 (br

5
d, 2 H), 3.08 (d, 6.0 Hz, 2 H); MS (CUJJH3) 464 (100 % M+*+NH,). Anal.
Calcd for CygH47F307S : C, 51.12; H, 3.83. Found:'C, 51.19; H, 3.79.

Dibenzvl (S)-2-((tﬁf@oromethanesglfonyl)oxy)succinate (72)
The procedure for the preparation of 71 was used fo convert 70 ¢-
(1.£71 g 5.00 mmol) to the triflate, except that the filtrate was concentrated

[y

on a rotar ' evaporator to give 2.211 g (99 % yiela ) of an 0il 72. The



‘spectral properties and chromatoqr%phic behavior were similar to those of
. . p .

_— D)

717

Dibenzyl (5)-2-((benzylo..),m.“no)succ;inate (73).

A solution of 71 (0.331 g, 0.884 mmol) in dichloromethane (6 mL) was |

added to a solution of O-benzylhydroxylamine (O.~1 354g, 1.50~anol) in
dichl\oromethane (6 mL) cooled in an ice bath. The mixture was sfirred for 17

h, then sat. aq. NaHCO3 (5 mL) was added. The mixture was extracted with

ether (3 x15 mL), the ether extracts were dried (NazSOyg) and concentrated

~

in vacuo . Flash chromatogra‘phy 239 (25 % EtOAc / Hexane) gave 0.280 g -

(66 % yield) of white crystallme solid 73'mp 60 - 62 °C;
[a]p=-8.12° (c 1.568 CHCly); IR (CHCl3 cast) 1737, 1498 1455, 1280,

1262, 1212, 1162, 697 cm™!; 1H NMR ( 200 MHz, (,U(,‘3)674O 720 (br

s, 15 H), 6.50 - 5.98 (br s, 1 H), 5.16 (brd, 2 H, 5.08 (s, 2 H), 4.72 (s, 2 HB, .

4.10 (dd, 6.0,'7.5 Hz, 1 H), 2.90 (dd, 16.5, 6.0 Hz, 1 H), 2.74 (dd, 16.5, 7.5
" Hz, 1 H); exact mass 419.1711 (419. 1732 calcd for CogHosNOs); MS (C

—KH;) 420 (100 % M+:H). Anal. Calcd. for C25H25N05 C,71. 58; H, 600

N. 3.33. Found: C, 71.36: H, 5.96; N, 3.43.

| Aspartic acid 74 from 73. ©
A solution of 73 (0.140 g, 0.334 mmol) in 5.7 M HCI (5 mL) was

hydrogénolysgg 118 under slightly (10 mm of Hg) positive hydrogen'

pressure u;ing)}s % Pd/C (0.015g)as a catalyst; The mixture was filtered,

H,S gas was passed through the filtrate, and the.resulting mixture was

‘ f:ltered The filtrate was Iyophmsed to give 0. 028 g (58 % yield) of a white

n
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solid 74. The chromatographic behaviour and speciral properties were
similar {o those of an. authen'tic sample 6f aspanié acid. For 74: 1R (KBr)
‘3400 2800 1668, 1855 1608, 1512, 1422 1358, 1335 1299, 1247,
1151, 1119 1079, 1040, 988, 934, 898 776 cm-1; TH NMR ( 200 MHz

D,0) §3.95 (q, 4.4, 7.6 Hz, 1 H), 2.92 (dd, 4¢f, 17.6 Hz, 1 H), 2.79 (dd, 7.6,

17.6 Hz, 1 H); MS (Glycerol / HCI pos FAB) 134 (M+H)
‘St_andard camphaﬁamide dimethylester 75 from L-aspartic acid.
The procedure 93.233, 234 ysed to transform 56 to 57 was employ.ed
except that the methy! camphanoate in the product was r:a‘moved by
sublimation at 70 °C at 0.25 torr. L-Aspanib acid (66.2,mg, 5.00 mmol)‘arﬁd
(R‘)—camphan-oyl chloride (0.216 g, 1.00 mmo!) were used to give 0.025g
(14 % yield) of an ¢' 75: IR (CH,Cl, cast) 3280, 2960, 1792, 1743, 1678,
| 1525, 1440 cm-1; TH'NMR ( 200 MHz, CDC|3) 07.36-7.20 (brd 1 H) 4.91
-483(m 1H), 378(s 3 H), 3.68(s, 3 H), 302(dd 5.0, 160Hz 1 H), 2.89
(dd, 16.0, 5.0 Hz, 1 H), 2.60 - 2.40 (m, 1 H),2.04 - 1.84 (m, 2 H) 1.78 - 1.60
(m, 1 H),1.11(s, 3 H), 1 08 (s, 3 H) 0.86 (s, 3 H), exact mass 341,1471
(341.1475 calcd for C1'6H'23NO7).

. \
" Standard mixture of \é:za'ﬁwphanamide dimethy!-esters 75 and 76
from DL-aspartic acid. i |

The standard mixture was prepared using the procedure 93. 2331 234
employed for preparation of’75. DL-Aspartic écid (0.0668 g, 0.500 mmol)
and camphanic acid éhloride (0.216 g, 1.00 mmol) were used and 0.019 g

(11 % yield) of the camphanamide dimethy! esters was obtained. Although

100



the two diastereomers show ‘similar chromatographicnbehaviour-(TLC, GC)

the 2 R (D) iso:mer can be clearvly seen by H NMR by the resdnanées of the,

ester methyl groups at 4 3.75 (s, 3 H) and 3.71 (s, 3 H).

) \ ‘ S

Camphanamide of dimethyl aspartate ,'fro'm aspartic acid 74.
Aspartic acid 74 (6.010 g, 0.058 mmol) obtained from 73 by

hydrogenolysis 'was converted using, the same procedure to give 0.0091 g

(47 % yield) of camphanamide derivative. The TH NMR (200 MHz, CDCl3)
e . )
showed that the mixture contains' ~3.2 % of the 2R diastereomer.’

Dimethyl 2 methoxysuccmate (77).245

A solutlon of 61 (0.271 g, 0.890 mriol) in methanotl (2 ml) was added

“to a solution of ten-butyl N-hydroxycarbarﬁate (0.134 g, 1.00 mmol) and

potassium hydroxide (0.660 g, 85 %, 1.00 mmol)in methanol-(4 ml). The
mixture was stirred for 12 h, poured into pH 7 phosphate butter, and

concentrated in vacuo. The residue was extracted with ether (3 x 20 mL).

The ether. layers were dned (Na,SOy) and evaporated in vacuo. Flash

—e

‘as colorless oil 245 : IR (CH,Cl, cast) 1740, 1438, 1273, 1218, 1170, 1098

cm-1; TH NMR (200 MHz, CDCl3) 8 4.21 (q, 5.2, 7.2 Hz, 1 H), 3.78 (s, 3 H),

3.70 (s, 3 H), 3.44 (s, 3 H), 2.82 (dd; 5.4, 16.4 Hz, 1 H), 2.70 (dd, 7.2, 16.4
Hz, 1 H); MS(Cl NHg) 194 (M*NH,).

<

)

Dimethyl 2-[((tert -butyloxycarbonyl)amino)oxy]succinate (78):

) ‘ ‘ . ﬂ

[t

.chromatography 239 (25 % EtOAc/hexane) gave 0.076 g { 48 % yield) of 77

101
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' Trmate 61 was prepared usmg 59 (0 7([49\100 mmol), pyridine
(O. o%o mL, t. 00 mmol), and trifiic anhydnde (0.170 mL, 1 00 mmol). Tntlate
61 thus prepared was dxssolved in dnchlorcmethane (4 mE) and added to a
solutlon of fert- butyl-N - hydroxy carbamate (0.135 g,1.00 ‘mmol) and
finely divided potaSsmm carbonate (O 19-8 g, 2.00 mmol) in dichloromethane
‘(6mL)' The mixture was stnrred for16 h and tlltered through Na2804 and
celrte 545. The flltr@e was evaporated awd the residue was purified on flash |
chromatography 239(45% EtOAc /.Hexane) to give 78 as an oil (0.076 g, 27
%): IR (GHaCly cast) 1745, 1368, 1247, 1167 cm!;"H NMR ( 300 MHz, o
cocr3j 57.62 (s, 1 H), 4:75.(t. 5.9 Hz, 1 H), 3.80 (s, 3 H), 3.73 (s, 3 H), 2.91
(G, 5.9 Hz, 2 H),1.47 (s, 9 H) ; MS (CI NHz) 295 (M*:NH,): Anal. Calcd for
Cq1H1gNO7 : C, 47.65; H, 6.90; N, 5.05. Found : C, 47.48; H, 6.93; N, 4.97.
Dibenzyl (R)-2-[((fert -botylox‘ycarbonyl)amino)oxy,]su_ccinate
(80) and Dibenzyl fumarate ()8'1').247
Lithium tert -butyl-N -hydroxycarbamate 79 (0.127 g, 1.00 mmol)
(prepared.from reaction of tert -outyI-N-hydroXycaroamate and LiOH in .

1:1:1 MeOH / Hy© / THF followed by yophilisation). was added to a

splution of 72 (0. 410/9 0.927 mmo!) in dry dichloromethane. THF (10 mL)
was added and the | mrxture was stnrred for 18 h. Sat. aq NaHCO3 (15mL)

was added and the mixture was extracted with ether (3 x15 mL). The ether

extracts.were dried (Na,SO4) and concentrated in vacuo . The residue was

purified by flash chromatography 239 (28 % EtOAc/Hex) to give a white

»

solid 81 and colorless gum 80. .



‘For 80 : [a]D +28.4°(c 1.7 CHCly): IR (CH,Cl, cast) 3260, 1743, 1456,
1386, 1267, 1248, 1165, 1113, 637 cm-1; TH NMR { 400 MHz, CDCI3)8

7.60 (br s, 1 H), 7.34 (brs, 10 H), 5.18 (s, 2 H), 5.12 (s, 2 H), 5.82 (t, 6.0 Hz,
1 H),2:97 (dd, 6.0, 16.5 Hz, 1 H), 2.92 (dd, 6.0, 16.5 Hz, 1 H), 1.48 (s, 9 H);

Q-

'MS (NHy Cl) 447 (M+NH, ); Anal. Calcd. for CpgH,NO7: Gy 64.32 ; H,

- 6.33;N,3.26. FoundC6428 H, 6.40 ; N, 3.13.

For 81: mp 60 - 62 °C ; IR (CHCl; cast) 1709, 1456, 1379, 1293 1149 _
754 688 cm!; TH NMR ( 200 MHz, CDCl3) § 7.38 (br s, 10 H), 6. 94 (s, 2H); "

A
exact mass 296.1053 (296.1049 calcd for 'C18H1604A). — A

-

g Dibjnzyl (g)-2-[~((tert-butyonYcarbo'n'yl)émine)dxy]succinate

(82). | | i
Lithium tert -butyl-N. -hydroxy;carb‘amate (0.695 g, 5.00 mmol) was

added to a solution of 71 (2.161 ¢ 4.88 mmol) in dichloromethane (15 mL) -

cooled in an ice bath. Dry DA'F (¢ mbL) was added and the mixture was
stirred for 2 h at room temperature. The reaction was'termineted by

addition'of sat. ag. NH4CI (5 mL) and water (5 mL). The product was’

extracted with ether (3 X 35 mL), and the ether extracts were dried,

(Na,S0O,4)-and concentrated in vacuo . The residual yellow oil was punf;ed

. by flash chromatography 239(28 % EtOAc/Hexane) to give 1.351 g (62 %

yield) of colorless gum 82 along with 0. 238‘g (16 % yield ) of 81.°
82 :[a)p=-289°(c1.6 CHCIS) All other chromatographlc and spectral

properties were similar to those of 80.

\
(R)-2-[((tert -Butyloxycarbonyl)amino)oxy]succinic acid (83).

L 4
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hydrogenolyc 3 usmg ‘5% Pd/C (0.102 g) as a catalyst, under torr of
hydrogen pressure in excess of 1 a@osphere until the absorpnon o{‘* H2
ceased (1 5 h). The mnxture was filtered through a celite 545 pad and ‘
.concemrated in vacuo to give 0.840 g (95 % yield) of white foam 83 which
‘requ1r'ed no further purmcatuon: mp 7] - 74 °C; [a]D =+36.4°(c32 CHCI3)
IR (CH,Cl, cest) 3220, 2083, 2938, 1720, 1396, 1371, 1256, 1162, 1118
cm; TH NMR ( 200 MHz, coo|3)‘6 8.14 (s, 1 H),4.76 (dd, 3.5;9.2 HZ, 1
H), 3.18 (dd, 3.5, 18.0 Hz, 1 H), 2.92 (dd, 9.2, 18.0 Hz, 1H), 150 (s, 9 H)
exact mass 249.0849  ( 249.0849 calcd for CoHisNO); MS (CI NH5) 267

(87 % M#NHg). ¢ : B

(S) -2-[((tert - Butyloxycarbonyl)amlno)oxy]sucmmc acid (84)
The procedure used to prepare 83 from 80 was employed to convert

82 (1. 101 g, 2.56 mmol) to 0.591 g ( 99 % yield) of 84. The compound

showed similar spectral properties to. those of 83 [a]D =-35.1° (c3.3 >

| ocha).

(R)-2-[(Amino)oxy]succinic acid, h'ydr'ochloride‘ (85)-152

Dist.illed 5.7 M aq. HCI (5 mL) was added to a solution of 83 ( 0.765 g,
3.072 mmol) in THF (5 mL), and the mixture was stirred for 2 h. The mixture
was extracted with ether (3 x 15 mL) and the aqueous layer Was‘ |
lyophilised to give 6.552 'g (95 % yield) of a hygroscopic white foam 85: [a]p
=+ 56 5°(c 1.2 Hy0); IR ( KBr) 3420, 3200-2800, 3000, 2680, 1372, 1420,
1188 1045 cm1; TH NMR ( 200,MHz D,0) & 4.88 (br dd; 1 H), 306 (dd
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. 4.0. 17.6 Hz, 1 H), 2.94 (dd, 17.6, 7.0 Hz, 1 H); MS (Glycerol 7 HCI pos

FAB) 150 (M+H, 100 %) . Anal. Calcd. for C4HgCINOs: C, 25.89 ; H, 4 31

-

:N, 7.54 . Found: C, 25.53 ; H, 4.43 ; N, 7.40.

(S) -2- [(Ammo)oxy]succnmc acnd hydrochlonde (86). .
The pgocedure used to prepare §5 was employed for transforgnation of
84 (0.511 g, 2.05 mmol) to 0.373 g (9Y % yield) of"'white foam 86. The

matérial shows spectral probertiés similgr to those of 85.[a]p=-58.9°(c

1.98 H,0).

Dnmethyl (R}-malate (87) from 85
A sgolution of 85 ( 0.056 g»0.302 mmol) in 5.7 MHCI (2 mL) was

'hydrogenollsed inthe presence of PtO, ( 0.002 g) under ~ 5 torr pressure

in excess of 1 atmosohere of hydrogen gas, for 16 h. The mixture was

filtered through a celite pad and ythe filtrate was lyophilised to gde a white
solic The solid was dissolved in 162 CHCl3 / MeOH (4 mL), and a solutidn

R { v ¢
of diazomethane in ether was added until a slight yellow color persisted.

]
The solution was concentrated in vacuo. The residue was dissolved int
¢ 7/

chloroform, and the chlo@orm solution was filtered through a short silica

o o)
' gel column. The filtrate was concentrated in vacuo to give 0.045g (92 %

- .

yield) of a colorless oil 87. The chromatograbhic behaviour and spectral

properties are similar to those of 59.

. Dimethy! (S)-malate (88) from 86. 244

The procedure used tc p.epare 87 was employed to convert 86



~ e
(0.027 g, 0.146 mmol) to 0.023 g (97 % yield ) of the dimethylester 88. The

- spectral and chromatographic properties'were similar to those of 87 and

59.

. Y R .
($tandard mixture of dimethyl (25, 2'S)-2-[((2-methoxy-2-
trifluo‘romethyi)-2-phenylacetyl)oxy]butanedioate (89) and its

. 2R drastereomer g{. 236, 237, 246 -

o

b
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" The standard mlxture was prepared using a mnxture of 0.048 g of mahc A

.

acids contalmng 38.5 % of D- ma{mvac:d and 61. 4 % L-malic acid to give the
MTPA: ester in 58 % yleld (see procedt<re be!ow) The two d|astereomers
could be clearly distinguished by H NMR | ectlon of the crude mixture as
well-as the mixture purifigd using preparatlve TLC ?on Alltech 8011/2-
bonded FSOT (polyphenylsnloxane) 10 m x 0.53 mm GC column at 160 ° for

¢
2 min, 2 °C /min to 190 ° with 6.2 psi He at 160 ° showed two peaks with

Ris = 15.06 min (S) and Rg = 1\5.41 (R) min. The ratigs,.calculated from the

chromatogram were within £ 0.2 % of the actual ratios. MTPA ester

independently prepared Yrom L- mahc aC|d showed a peak at Ry= 15.02". ¢ -

-

\ . M | . . . | . ,

MTPA Estér 89. 236, 237, 246 e - .

A solution of DCC (0.018 g, 0.087 mmol) in dichloromethane (0.5 mL)

"was added fo a soluhon ot (S)- (-)-2-methoxy-2- triﬂuoromethyl
: phenylacetuc aCId (MTPA) (0.020 g, 0. 087 mmol) and S -malic acid ,
dnethylester.BB (0.014 g, 0.087 mmol) in dichloromethane (1 mL). A
crystal of dimethylaminopyridine ( DMAP ) {~ 0.001 g) was added and the

mixture was stirred for 24-h. It was concentrated in vacuo . Ether (1 mL) was

st



22, o

added#ind the mixtyr® Was Passed through a short silica §e| column ,us
ether as eluent (10 ml). Thg filtrate was evaporated to give 0.655 g
colourless oil. A small Pofon of' this mixture (0.01¢ g) was purified usmg

preparative Iayer TLC (3y'% EtOAC/ hexanes) to g|ve 0.005 g of white
solid (yield 44 %) &y: IR (CHCI3 cast) 1751, 1622, 1438, 1270, 117t cm™;

TH NMR ( 400 MHy, €DCi5) 8 7.6077.58 (K .2 H), 7.44 - 7.38.(brs, 3H),

572(q,88,40 M2, 1 H), 3.81 (5. 3 H), 3.63 (brd, 3 H), 3.58 (s, 3 H), 2.95

(dﬁ. 16.8, 4.0 Hz 1 4), 2‘37 (gd, 16.8, 8.8 Hz, 1 'H); exact mgss 378.0919

(378.0927 calcd. for 015H17F§O71);" MS (Cl NH;) 396 (M+NH,, 100 %)
The ena'n‘ﬁo\mgric puri}\y was determined to be 96.53 0.2 % . ThéG)C

| and the NMR estjmgtiony we;e in gobd agreement within expefimental

limitations. | f

a1
{

| /s
MTPA Ester 90, 236 7, 246 | |
The procedurg Usad for the p}eparation of 89 was,employed to
cqgvert 87 (0.007 g, 0.042 Mmol) to 90 in 41 % yiéld.1 The compound
showed simitar spentral ynd chromatographic (TLC ) behavior 10 those of

89.'5ut could be gaparated from 89 using GC (vide supra’) and could be

clearly observed py 1H NMR due to differences in the chemical shitts of the '

methyl eﬁer and MthOxy Protons:

80 : "H NMR (400 MHZ, GDC13) 8 7.66 - 7.56 (br s, 2 H), 7.26 - 718(brs 3

H), 5.71 (q, 4.0, 8.0 2. 1 H), 3.7 (s, 3 H), 3.70 (s, 3 H), 3.56 (br d, 3 H),
£ 3.01(dd, 16.8 Hz, 4.0 H2, 1 N), 2.88 (dd, 16.8, 40 Hz, 1 H)..

- . v

S o '&vl
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- The determined enantiomeric purity was 88.2 0.2 % . The GC and
the NMR estimations were in good agreement Withio‘experimental .

limitations. .

1. « -

‘ Dibenzyl carbonate {93).238

o Butylhthrum (35. 0mL, 1. 44 i .:xan‘es 50.0 mmol) was added over
10 min to a solution of benzyl alcohol (5.17 mi, 50.0 mrhol) in dry THF (20
mL) cooled to - 78 °C (dry ice / acetone)‘ The alkoxide solition was |
transfered {0 a sokution of benzyl chloroformate (7.13 mL 50.0 mmol) in dry '
: THF cooled to - 78 °C, using a canula. The mrxu‘e wz?s warmed to room
temperature ‘and water (50 mL),and ether (150 ml) were added The ether
" layer was washed with sat. ag. NaHCO3 (25 mL) and water (3 x 25 mt) and' “ e
was-dried (Na;SO,). Concentration of the ether layer gave a yellow ol N
“whrch was fractronally drstrlled under reduced pressure to give 10. 24 g (84 \_)

% yleld ) of colourless oil 93: bp 162 - 164:°C_at "1 torr (it 238 bp 157 © at’
1.1%rr ); IR (CHCl3 - cast) 1745, 1498, 1457, 1390, 1264, 948, 908, 695
cm-1; TH NMR ( zoo MHz, CDCl3) § 7.36 (br s, 10 H), 5.17 (s, 4 H); MS (CI
NH3) 260 (100 % M+-‘NH4).’ - \ o 3; . /

————

8]

Benzyl carbazate (94).238 /

- Hydrazine hydrate ( 5.60 g, 100 mmol) was added 10 a solution of 93
(12. 10 ¢ N mvmol) in ethanol (25 mL) cooled in an-ice bath. The solution
‘was reﬂuxed for 45 min and concentrated in vacuo . Thev;idual_yellow oil

wag dissolved in 1:1 ethyl__acetate/ether (75 mL) and washed with 10

NH,Cl solution (3 x 25 mL). The combined organic layers wgre dried.

. )
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(NazSO‘,) and evaporatec i1 vacuo . The residue was recrystallised from

“hot ether t& give 4.81 g (57 % “eld)aot white needles 94 : mp 69 - 70°C* (||t

, ~ 238 mp60-65°C ), R (CHCI3 cast) 3333, 3303, 1688, 1651, 1292, 1085,

695 cm; 1l-tNMFt(ZOO MHz CDCl3) 6 7.34 (br s, 5 H), 6.01 (brs 1 H),

- 5. 14 (s, 2 H), 379 (brd, 2 H) exact miass 166.0744 (166. 0742 calcd for
i

- CgH1N202) - J s

| Dibenzyl (S)-2-[(((ben;yloiy)eérbonyl)entino)amino]succinate .

(95): o " '
Benzyl carbézate (1.662 g, 10. Ormmol) was added to a solution of 71

- (2.211 g, 4:95 mmchhloromethane (10 mL) and the mixtlire was stirred

for 24 h, Water (5 mL) amdmchos (5 mL) were added and the

1

mixture was_extracted with ether (3x35 mL) The ether extracts were dried -

(Na,S0Oy4) and concentrated in vacuo . The residual yellow oil was purmed

using flash chromatography 239 (45 % EtOAc / hexane) to give 2.071 g (89

% yield) ef a colourless oil 95: [a]y = - 7.48 % (c 2.0 CHCI3); IR (CHCl3 cast)
,3320., 1735, 1488, 1455, 1262,-1'167, 635 cm1; TH NMR ( 200 MHz, -

CDCl3) & 7.30 (br s, 15 H), 6.6 (br s, 1 H), 5.10 (s, 2 H), 5.08 (s, 2 H), 5.04

" (s,2H),498(t,55Hz, 1 H),2.88(d,£5 Hz,'2 H); __exect mass 462.1791
(462.1791 calcd for CpgHogNoOg ); MS (T NH3) 463 (M+<H). Anal.

Calcd. for  C,gHasN,Og: C, 67.52; H, 5.66; N, 6.05 . Found: C, 67.38; H,

| 5.70; N, 5.93: , | ,'

| Dibenzyl (H)-Z:[(((benzyloxy)carbonyl)a-miho)amino]succinate : i
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The rocec & used to prepare 95 was employed Compound 72

s

(0.331 g 0.742 nmol) was treated with 94 to give 0.335 g (97 % yield ) 0 )

96: The chromatpgraphic and spectral propemes of this compound were
L2
similar to those of 95. [a]p = + 7.7 ° (¢ 2.0 CHCl3).

L 4

- (S5)-2-[(Amino)amino]succinic acid: monohydrate (91). 161, 162

A'solution of 95 (1.00(g, 2.16 mmol)in 10™% AcOH / EtOAC (10 mL)
was hydro‘genolysed under ~ {0 torr pre_ssure' of hydrogen gas in excess of
1 atmosphere using 5 % Pa/C ( 100 g) asa catalyst for 8 h. The mixture SR
was filtered through a cehte pad and the filtrate.was concegtrated in vacuo el
. The resultant white sohd was recrystalhsed from THF / water to give 0.191- =
g (52 % yield) of white needles 91 mp 116 - 118 °C; [olp = - 14.2°(c1.0 -
H,0) (ht 160 [a]578 -14 2°(1.0 HQO)) IR (KBr) 3418, 3268, 1755 1480

1320, 1297, 1264 1244, 804 656, cm!; H NMR(QOO MHz, D20)5395

HLMS (GcheroI/HCI pos FAB) 149 (M+-H),Anal Caled: fof  C4HygN2Os:

© (dd, 68,48 Hz, 1H) 2.97 (dd, 4.8, 166uz 1H), 285(ddj8 16.6 Hz, 1

C, 2891 H, 8.06; N, 16.86. Found: C. 2882 H, 6;6 N, 16.93.
(R)-2-[(Amino)amino]succinic acid, - monohydrate (92)161. 162
iThe procedure used for hydrogenolysis of 95 to 81 was used.
Hydrogenolysis of 0.504 g (1 09 mmol) of 96 gave 0.124 g (74 % yield) of
white needles 92: [a)p = + 14.3° (c 1.5 H,0) (iit. 162 [o)s7g = 14.2 ° (¢ 1.0

HZO)); The compound showed spectral and chromatographic properties

similar to those of 91. ' o



L- Aspamc acid 97 from ‘91. _
A solution of 91 ( 0. 0148 g, 0.100 mmol) in water (5 mL) and acetic
acid (1 drop) was hydrogenolysed over PtO, (0.004 g) util the TLC (1:1:1
‘butanol /AcOH / water, silicagel Merck F254) showed no *spo‘ts'for the
hiydra'zino compouod with p-dimothylaminobenzaldeihyde / HCI .spray (10
h}. The mi>dure was filtered through a celite pad and the filtrate was
lyophilised to give 0.0131 g (quantitative yield) of white solid.97 . The
compound was chromatographically and spectroscoplcally similar to that of
authentic aspartic acid and 74.
| :l.
D-Aspartic acid 98 frorp 92. |
The pro.ced'Ure 93,233, 234 ysed for preparation of 97 from 91 was
used. Compound 92 (0.0151 g, 0.100 mmol) was hydrogenolised to give
0.130 g (quantitaﬁve yield) of white solid 98. The spoctral and

chromatographic properties were identical to those of an authentic sample

L
4 -

of aspartic acid.

rd

Camphanamide dimuethyl ester 99 from 97.

The proceduré 233, 234 previgusly used for preparation of 75 was

employed. Compo%nd 97 (0.0134 g, 0.100 rﬁm’ol) was transformed 1o give

0.00361 g(10% yiéld) of 99. The TH' NMR (400 MHz, CDCl3) shows no
irace of the 2 R diastereomer. The spectral and chromatographic
'propeﬂies were similar to those of 75 prepared above.

¥

Camphanamide dimethylester 100 from 98. PW
N

111

LN



112 -

e

The procedure used for preparation of 75 was employe~. Compound °

98 (040121‘ g, 0.0ﬁog,mmol) was transfarmed 16 give 0.00350 g ( 11 % yield)
of 100: IR (CH,Cl, cast) 3280, 2960, 1792, 1743, 1678, 1525, 1440 cm'T;
1H NMR ( 400 MHz, CDClg) 8 7.36 - 7.2. (brd, 1 H), 4.91 - 4.83 (m, 1H),
- 3#5(s; 3H), 3.71 (s, 3 H), 3.02 (dd, 5.0, 16.0 Hz’f1 H)'2.89 (dd, 16.0, 5.0

\Hz, 1 H),2.60-2.40(m, 1 H”),2.04x- 1.84(m,2H),1.78-160(m, 1 «
H).1.11(s, 3 H), 1.08 (s, 3 H), 0.86{s, 3 H: exact mass 341.1471 _
(341.1475 calcd for CygHo3NO7). The TH NMR (400 MHz, CDCly) shows

- no trace‘of the 2 S -diastereomer. | |
Using standards prepared from authentic L- and DL-aspartic acids and

usirg TH NMR (400 MHz), it was possible to detect even 0.5 % of one

diastereomer in the presence of other.
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\ | 'Appendix '

The enzymological studies described below -Were perf‘ormed by Dr.
Monica Palcic ( Food Scien;:e, ,University‘ of Albefta) and co-workers.
Aspartate o-decarboxylase was isolated 248 251 from E. coli in PK and ..
PK» form and Cemmercially }av‘aiviable aspénate aminotransferase.252 (EC . .
2.6.1.2) were tested for inhibition by both eha'n_tiomérs of a-hydrazino -
succinate 91 and 92 and both enan'tiomers qf ,d-oxyaminosu'ccinate 85

and- 86. -

Aspanate o-Decarboxylase: . ‘
) Pyruvoy! ldepe?ndgnt enzyme L “'3;“-’&3
- - Tv_yof 1s PK1and PK> '

- PK2 méjor proteiﬁ by eigctrophoresis " e

- km for PKy enzyme 388 ﬁM o | T

- Km for PK2 enzyme 185 uM

Table 3: Results of inhibition sfudies‘ using PK4 fbrr‘rlz |

"""" ey IR ""t:y.;;(-a;;;r;;{lt-)l-t;c;;-m
L-oxyaminosuccinaté ﬂ;» 86 - , o
D-oxyaminosuccinate 85 640 uM I_irr'evers‘ible
L-hydrazinosuccinate 9“1 S =

D- ydrazmosuccmate 92 214 uM ‘\ competmve
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)
: ’Ia le 4: Results of inhibition studies using PKz form . '
Inhibitor ~~ © Ki type of inhibition

S Y e L R R R P R R R L L R R L L LR

.~ L-oxyaminosuccinate 86 263 uM  competitive
‘D-oxyaminosuccinate 85 46 M o Qo/mpetitive

L-hydrazinosuccinate 91 - -
& " \ '
D-hydrazinosuccinate 92¥ 61 2 uM competitive

----------------------------------------------------------------

Table 5: Results of inhibition studies using aspartate aminotransferase
( PLP dependent enzyme) Km = 400 uM

Inhibitor Kj type of inhibitio
R e L R TR TR R ; -------------------- - ------------------- Tt
L-oxyaminosuccinate 86 <0.0002 uM competitive
D-oxyaminosuccinate 85 <0002 uM . competitive.
" L-hydrazinosuccinate 91  0.0002 uM competitive

[-hydrazinosuccinate = 92 0.003 uM competitive

The intbition observed for trle D-oxyamino succinate may be due to
the 11 % of the h-isomer present in the compound. Studies 160 - 163 by
\(amada and co-workers using aspartate aminotransferase (EC 2.6.1.1)
and hydrazino succinates also sHow that the compounds are slow, tight-

binding' inhibitors of the enzyme.
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