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Abstruct
Dzamlncpxmelxc acxd (1) is an 1mp0rtant bacter1a1

metabql:te used in the construction of cell walls and the
”L;

b1osynthe51s {; ahe proteznogemc amino acxd lysmea

o

Diahindpimelic acid is not metabolised in mammals and,f&sine
is an essentiai-dietary cdmpodent. Thus: compounds Which
dxsrupt the b105ynthe51s of d1am1nop1me11c %cid or its
conversion to ly51ne\v1a the pyridoxal phosphate dependent
enzyme dlamlnoplmelate decarboxylase should be effective
antibioﬁics showiﬁg little or no mammalian toxicity. In the
first part of this thesis: the eynthesis‘of the
diaminopimelic'aEid analogues 3, 4 and 5 and the testihg of.

these as potential antibacterials and inhibitors of the

- ~decarboxylase is discussed. 2 !
. - S
. ' FF . A
VOOCMCOG* Hooc\r\'/\'/‘:oo“ nooc\‘/\/YC
NH, | NH, N, NHOMH NHNH,
Mg T4

/ t
a:Difluoromethyl analogug @Jis synthesized as a mixture of

-

isomers from diaminopimelic acid via anionic difluoro-

methyIation of the dibenzylidene diftert-Butyl_ester 56.



o~

COOC(CH,),

(CH,),CO0C
| 56
N 3 -

Thxs analogue show¢ no antibacterial act1v1ty and is’ 8 poor

'1nh1b1tor of d1amhnop1melate decarboxylase isolated. from‘

“Bacillus sphaericus. It inhibits the growth of Bacilius

-

the anelogue to. allow it to enter the active site. The

wheat germ or Bac111ps sphaerxcus.‘lt appears that the

d1fluoromethy1 group lntrodupes too much sterit bulk 1nto

i 4

‘N-hydroxy compound ¢ is synthesized as a mixture of isomers

by oxidation of the mono-N- protected diaminopimelic ac1d 52

(CcH, ),cooc\’/\/\(cooc«cu,), .
t

O

[

Compound 4 is a etrong competitive inhibitor of

52.

diaminopimelate decarboxylase from both wheat germ and

s

megaterium on defined medium 75% at'concenttations ok 20

-ug/mL but shows little or no antibacterial activitj agéinst

other bacterial -species grown on complex o{\defgped med1a.
The hydrazino analogue 5 is synthe51zed ftom a- am1nop1me11c

acid- by treatment of the,en1on of dioxazolidone 85 with

- dibenzylazodicarboxylate and deprotection of the resulting

N\
compound 93.

vi

I
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g
However, epxmerxzatxon occurs during this deprotectxon and 5
is obtaxned as a mxxture of all isomers. This analog is a
u.atrong competxtxve 1nh1b1tor of d:am1nop1me1ate
Adecarboxylase from both\wheat germ and B..s ghaerxgus and |

shows similar ant1bacterxal actxvxty to the N- hydroxy L

compound 4. The growth of Bacillus ngater1um on defined

media is inhibited 75% at concentrations of 20 ug/mL but
other spec1es are not affected.

The stereochemical course of the d1am1nop1me1ate
decarboxylase reaction is also studled and both the wheat

germ and B. sphaericus enzymes are shown to operate with an

(

unusual inversion- of conf;guratlon.

In the 'second part 6t the thesis, the use of fast atonm
bombardment mass spectrometry to study nucleoszdes and
nucleotides is discussed. For_d1- arnid trinucleotides,

- cleavage occurs at the gugar-phosphate ;ink and,’in’the

~ . . . TP .
negative ion mode, sequence information can be obtained.

Protected intermediates in oligonucleotide synthesis can

-“.also be repxdly and easily character1zed by . this technzque

tNuc1e051des and nucleotzdes conta1n1ng unnatural _bases
behave sxmxlarly to the natural compounds and g1ve useful

fast atom bombardment mass spectra.

vit
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» v . .
1. Introduction .
The rationalxdesign of antibiotic§ requires a knowledge
of the‘differgnceS'between bactgrialiaqg mammalién’ ) |
' metﬁbolism) Drugs can the; be’eﬁvisioﬁéd which'shoﬁ iittlé
_ mémmalian ioxicity while lethally disrupting the biochemical

prOQesses of the pathogen. ‘One such dlfference whlch can be

explo1ted is the metabolism of d1am1n0p1me11c ac1d (1)r>

R:rst d1scovered §Q‘1949’1950 and was. 1solated 1n11951 from 7

Cgkynebacterzum diptheriae ac1d hydrolysates.1 It” 1s now

?known to occur 1n the\peptldoglycan of probably all. gram-

~
negat1ve bacterxa and some gram-positive spec1es,2 -6 and :

~

such pathogens as Klebs1e11a pneumoﬁ1ae7, Leg1qpella” 3@#

pneumqphzlaa 9, Clostrxdlum botul1num10, Mycobacterihm

12

vtubércu1051s11; Mycobacterzum leprae 13

14,15
{

, Vibrio cholerae

«and R1ckett51a qu1ntana contain diaminopimelic acid in

_their cell walls. Peptxdoglycah is 5 net-like :polymer which
' givés bhcteriéi cell walls their figidi;y and prdtects thé
cell from lysis due to internal osmotic pressure.4 It |
~consists of glycan chains of alternating ﬁ—acetylglucqsaﬁine
g(GléSA;) and N-acetylmuramic acid (MurNAc) gésidues-linked
in a”ﬁ(1-4) manner;:tqlwhich are attabhgd peptide chains.
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In Escher1qhna coli and probably all other

( gram- negatxve\b{cter1a2, the pept1de chain is L- alanyl \ D--

glutamyl-(L) mg -Biam1nop1me1y1 D- alanyl D-alanine (Fxgure
\‘f/ ¢
1). Cross- l1nk1ng occurs betwben the dxstal D\center of the

N >

meso- d1am1nop1me1yl res1due of one cha1n and the penultxmate_
D-alanyl re51due of a%other chain w1th loss of the term1nal
D- alanine un:t to give the r1g1d pept1doglycan network
(Flgure 2). The degree to which cross-linking occurs varies

4 , %

. w1dely among s ”jes,“

In gram p051t1ve bacterla, the peptxde composition of
the peptidoglycan can.be qu1te different between specxes and
is used as a taxonom1c criterion. 16 However, in all cases

known, the stereochemlstry of the amino ac1ds in the

HO

ure Wl'Peptidogiycen mohome: of E. coli.
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- GIENAC
/ B .
, GlcNAc MurNAC .
]
. L"Ala~D-Glu
MU'NAC 4\
: GicNAc .
' 4 meso-DAP——
pAur-me ‘ y
GIcNAC meso- DAP —  D-Ala
.}\\\ ' .;\
—D-Ala ) R
. . * & N
e
- :
. \‘ v
" Figure 2. Crosslinking'in E. coli tidoglycan. ¢

s $v

tetrapeptide alternates L-D- L p.2r4

Short ol1gopebti§is

often, brxdge two monomers. b- Lyszne is frequently the \\\

I3

cross- 11nk1ng amino aczd althqugh other dlamlno acids, such'

17-20

as meso--and LL-diaminopimelic ac1d and 3- hydroxy—

diaminopimelic ac1d21 22 are observed as well

.

Db-Diaminopimelic acid has been fouhd in Bacillus,meggterium

cell walls 2%23725 o

Dxam1nop1mel¢6 ac1d is also an 1ntermed1ate in lysine’
26-35 36-46 The

-is shown in Figure 3. In,

bxosynthes1s in bacterxa and plants.

ibxosynthet1c pathway in E. ‘c01526;

many, 1f not all of the Bac1llus specxes, 1ntermed1ates are

31533

acetylated rather than succ1ny1ated Recently, a
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Dihydrodinicolinare' . . , .
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. . .

2---

H, NH, . . NH, 05, ~NH
LL-Diaminopimelic acid , LOOH

LL-N-Succinyl-2,6- diamxnopimellc
acid

Diaminopimelate
epimerase '

meso-Diaminopimelate

HOdC COOH aecarboxvlase COOH

NH,  NH,
c02

meso-Diaminopimelic e
acid L-Lysine
Yy “ . ¥

Figure 3. Lysine biosynthesis in E. coli. -

"modificatiop’of this'pathway has been observed in Bacillus

3
r
[
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, sphaericus.47,ln this bacteriom, L-tet hydgbdipicoliniﬂ

aoid is converted directly to meSo-diamfnopimelic'acid by

means of the enzyme meso- d1am1nop1me1ate p dehydro-

genase.48 51 This enzyme has i}so been fohnd in other - |,

43 :

- ‘ |
bacterial spec1es48 as well as in.soybean embryos and it

is tHought that Co:ynebactg&:gm glutamlcum may use both
27,52 The B. phaer1cu

enzyme is dimeric and hlghly spec1f1c for meso d1am1no-

pathways 1n its. lysine b1osynthé51s.

pimelic acid although the DD and LL isomers are

N . - B ) ﬂr . Co
) ' bt h ’ . .
inhibitors.?0 Thiol groups are present in the active site,

‘although these are not essent1a1 for cata1y51s.$1"
Ly D;am1hop1melate epimerase (EC'5.1.1.7): catalyses the

interconversion of the meso and LL'isomers of diaminopimelic

acid although the DD isomer 'is not a substf’ate.53
5

has been part1ally purified frog Bac1llus megater1um

"malze40 and has been pur1f1ed é%d characterlzed from E.

55

The enzyme
54

and

coli. The enzyme doesunot use pyrzdoxal phosphate as a

56

#. . cofactor, unlike many other amino acid racemases’”, but it

does contain an active site thiol roup which is necessary
for activity and may catalyse epimerization and hyQ;ogen

-exthange with the medium.55

v

Diaminopimelate decarboxylase (EC 4.1.1.20) catalyses

" the decarboxylation of meso-diaminopimelic acid at the

D-center to give L-lysine57 and has been isolated and
purified from several bacterlal28 34, 58-60\§nd

36,37,38, ,61-63

plant sources. It is the only p§nidoxal

phosphate dependent amino acid a-decarboxYIase.known_to‘act

[



A * .
‘on the D-center of an amino acid and to operate with

inversion of co‘nfiguration.“'65 It iS»specific for the meso
isomer of d1am1nop1me11c ac1d and although the DD and LL T
57

,1somers are neither substrates nor inhibitors™ ', lysine is a

competitive inhibitor. Pyridoxal phosphate and a free acélye

57

tsxte thiol group are requlred for activity. The gene

.encodlng thxs enzyme ‘in E. coli has been sequenced66 68 and

the correspond1ng amino ac1d sequence’ has thus been

1nferred.26

Diaminopimelic acid i5hnot metabolised in mammals, who
‘must ingest lysine in the d1et although recehtly, the E.

lcoll gene for diaminopimelate decarboxylase has been

*

successfully 1ncorporated into mammalian cells 1n cultufe.§9,

D1am1nop1me11c ac1d and small peptides conta1n1ng it are.

70,71

rapidly excreted from mammals and this amino acid is

used as 8 marker of bacter1al nitrogen in sheep and cattle

rumens.72_76 Rumlnants can live on 1y51nefdef1c1ent diets,

however, as ciliated protozoa in the rumen cancmake lysine

77-79

from bacterial diaminopimelic acid. As mammals

apparently do not have diaminopimelic acid-metabolising ,
enzymes, inhibitors of these-eniymeS'should shog/lftfl&\\\;’///
no tox1c1ty However, small mureln like p:py1des contaiming

d1am1nop1mel1c acid have been 1mpl1cated promoters of

slow-wave sleep BQ and 1mmunoadjuvan'cs§0 B1- 89 and
diaminopimelic acid 'itself is an antagonist of '
rreuroexcitatory amino acids in rat braingo’g1 and frog

spinal‘cord.gz



Analogues of diaminopimelic acid which inhibit these

enzymes should show antibacterial acfivityi In fact, .the
. ‘ . ' o\
naturally occur;ing dipeptide -antibioti¢ 2 contains the

a-hydroxymethyl analogue of diaminopimelic acid.93

{
)

oM ko coo
HOOC~ L NH H
T
CH,

NH, NH,
2

s
E -

ro. . .
94

Many antibiotics such as penicillins interfere with

 bacterial'celi wall sYntheéis and inlgl-cggi, diaminopimelic

95 . %7

. 4 "\
~acid deprivation causes cell lysis. Inhibitors of the

.Inhibitors of the decarboxylase will cause lysine

N\

deprivation which should be lethal, as lysine is involved, in

proteln synthesis as well as in peptldoglycan format1on in

many spec1es.5 Act1ve‘transport of exogenous lysme%-101

102 might bypass such blocks,, but thié

103

and diaminopimelate
transport might be inhibited Ey methylated amino acids.

The catalyt1c mechanlsm of pyr1doxa1 phosphate

56,104-106

dependent enzymes has been exten51vely studied and

‘is 1llustrated in Fxgure 4 for the case of decarboxylases

The cofactor occurs as an imine adduct with the e-amino-

56

group of an active site lysine residue”" and transimination

Y sime

occurs with the a-amino group of the amino acid

107

substrate. The protonated pyridine ring now acts as an

-~

eléctrqn sink and Eleavage of one of the three bonds to the



Figure 4. Mechanism of catalysis of py:idbxal phosphate
dependent decarboxylases.

amino acid a-carbon can occur to leave a carbanionic
intermediate. In the case of decarboxylases (Figurg 4), CO2
is lost, while for epimerases and transaminases, a-hydrogen

loss takes place. The intermediate then undergoes



reprotonation and transimination or hyd;olysis to release
the producf from the enzyme. Based on th}s, ourvsynthetic
targets as inhibitors of the decarboxylase are the
a;difluoromethyl (3), ﬁ-hydrqu (4) and N-amino (5)

analogues of diaminopimelic:acid.

’

, FF ‘ .
'OOC\'/\/?COOH O'OOC\r\/TCOOH "OOC\r\/rOOH
WM, H, NH, HOH NH, NM,

3 4 5

Several fluorinatéd amino acidjanalogues are known to

be enzyme-activated irreversible inhibitors or "suicide

108-114

substrates” of pyridoxal phosphate depehdenﬁyeﬁzymes

(Table 1): The mechanism by which these compounds inhibit

these enzymes has been proposed113

to be that shown in

- Figure SA. Once decarboxylation occurs, the anionic
intermediate can eliminate fluoride. The’reéultipg olefin
should be'quite eiecﬁrophilic and susceptible to attack by“a
nuqlebphilic group in the enzyme activé site. This leads to
" covalent binding of the substrate analogue to the enzyme,
blocking the épproach of the true substrate. An alternative

mechanism110

could involve. fransimination of the unsaturated
~amine-pyridoxal phosphéte adduct followed by éttack'of the
~nucleophilic enamine product on the'electrbphilic center of
the.cpfactor.'Thenresulting in@ibitot-pyridJ;aI phosphate

Complex may be tightly bound to thgfenzyme,-giviné
. . e P

—~=

Adrreversible inhibition (Figure?ssf.

(3
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Figure 5. Proposed mechanism of inactivation of pyr1doxal
phosphate dependent enzymes by fluorinated substrate
analogues. !
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' ‘Table 1.
dependent enzymes.

Comgound

p—FIuoroaianine

BB-Difluoroalanine

BBB-Trifluoroalanine ¥

a-FluoromethylDOPA

a-DifluoromethylDOPA
aiﬁluoromethylhistid
a-Fluoromethylornith

- j
~a-Difluoromethyl orn

a-Fluoromethylglutamic acid \

" e-Difluoromethylargi

a-Difluoromeihyllysi

.

N- Hydroxyamlno

12

Fluorinated inhibitors of pyrxdoxal phosphate

Epzyme Reference
Alanine racemase . 115
. Serine trans- 116,
hydroxymethylase
Alanine racemase 117
y-Cystathionase 118
B-Cystathionase 119
Tryptophanase 119
Tryptophan synthase 119
Threonine dehydrase 119°

"DOPA decarboxylase 120
DOPA decarboxylase 121
Aromatic L-amino 122,123
acid decarboxylase -

ine Histidine 124-129
decarboxylase

ine Ornithine 130

' decarboxylase ‘

ithine | Ornithine 131,132

' " decarboxylase -
Glutamate - . 133
decatboxylase _

nine Arginine G 134,135
decatboxylase ’

ne - Lysine decarboxylase, 136

»

acids are found in nature as components

of hydroxamate antibiotics, tumor 1nh1b1tors and

51derophores137 142

(
and asy1ntermed1ates in the biosynthesis

“\
\
|

\A



143-147 148

of cyanogenic glucosides in plants’ and insects,

RecenttyT N-hydroxyglutamic acid has been'ehovn to be an
{rreversible inhibitor of the pyridoxal pho:phate dependent
enzymes, glutamate decarboxylaée,'glutamate*alenine :
transaminase and glutamate- aspartate transaminase.“g The
proposed mechanism for. this inactivation -is shown in Fxgure
6. TQe N-hydroxy analogue adds to the pyridoxal phosphate 1n’
the active site of the enzyme to form a nitrone which is
more stable to hydfolysis than the ordinary aldimine
intermediate ' %° (Figure 4). The nitrone is tightly bound to
the enzyme and not released even on dialysis,‘thereby giving
essentially irreversible inhibition. ’
. Hydrazino analogues of amino acids have been known as
poteot competitive inhibitors of pyridoxal phosphaie
‘dependent enzymes for some time (Table 2). These may act by

forming hydrazone intesmediates (Figure 7) with the

pyridoxal phosphate which canpot decarboxylate and are less

.Figure 6. Proposed mechanism of inactivation of pyridoxal
phosphate dependent enzymes by N- hydroxyamxno ac1ds'



. _ 9 . ‘- | B ;14‘~

JTable 2. Hydraz1no analogues @f amino ac1ds as gnhzbltors of
 pyridoxdle hosphate dependent enzymes. '

“Compound's.” 'Enzzme . - Reference
N-Aminoaspartic acid ' * . Aspartate . 150
R T aminotransferase » . :
- N-Aminoornithine ' | L Ornithine = = = ' 151-153
S L . decarboxylase o :
o Ornithine-keto acid -, 151
S S . " ‘aminotransferase .
"NsAminohiStidine o ' Histidine _"“154 155,
K yo - decarboxylase o128 ,“ :
N- Amlnotryptophan ' . ~DOPA decarboxylase 156 -
N—Amlnophenylglanlne . ' Aromatic amino acid - = 157
: * 4+ decarboxylase » "
_-Amlnotyr051ne . Aromatic amino acid 1157
L , decarboxylase R oo
NZAminoDOPA ‘ Aromatic amino acid . 157 E

V'decarboxylase = , .

,,#guspeptible’to hYdroljsis than the'ordxnarysaldimine'
intermediates (Figure-é). Hydrazinq amino atid'énaloguesv
e have been found to imhibit bacterlal growth 58 Linatine, a

. J i .
d1pept1de 1solated from flax159,wh1ch-hasvbeen.shown to be a

\ ‘ . . . - '/-ﬁﬁ ’}-
" wide spectrum ant1bacter1al Oﬁ contains N-amino-D-proline* ’

© R_COOH

"Figure 7. Possible mechan1sm Qf 1nact1vat1on of pyrldoxal
phosphate dependent enzymes By hydraz1no analogues of am1no ,
. ‘ : ac1ds. :

A

-
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as its active component. This is t&g@%irst known natural,

ogcurrence of an a~hydrazino acid. '
B - ‘ ‘

oo

Linatine ,

15

Thgre is ample literature precédent to expect tha: the

‘térget diamfnopimelic aéid'analbgues 3, 4 and 5 may °be

-

“inhibitors of diaminopimela;e decarboxylase. To investigate

thisxfurther;‘these compounds were Synthesiied andﬁtested
. . . i

for inhibitory activi;y,againSt the~dé¢arboxy1ase:



I1. Results and DiseuSSioﬁl'

a-Difluoromethyldiaminopimeiic acid

In planning the synthesis of e-difluoromethyldiamino-

pihelic'acid (3), several preblems must.-be considered.

#

\rntroductlon of the d1fluoromethyl group may be ach1eved by
treating 52;v11th1ated anion of an appropr1ate N-benzylidene

amxno ester w1th chlerodifluoromethane by the method of. Bey

t lv16

However, as d1am1nop1me11c ac1d 1s symmetrlcal
some means of d1fferent1at1ng between the two ends must be

dev1sed to avoid reaction at both "The stereochemlstry of

y

the product is also important. meso-Dlamlnoplmelate

decarboxylase requires that the substrate dlam1nop1me11c

=

acid have the D or R conf1gurat1on at the end, tOwbe

'deca:boxylated wh1le the dlstal end must have the L or S

57 ‘ 161

‘configuration, Use of the anionic reaction to,1ntroduce

: \
the difluoromethyl group will make it difficuit to control
the stereochemistry at that szte, although this may not be
too 1mportant for 1nh1b1t1on of the enzyme 162 However,
control of stereochemlstry at:least at the distal end is

desirable to increase binding -of tbe'analogue to the .enzyme.

HOOC~

~ The syﬁtbesiso{ 3 can be approacbed in two ‘ways:

piecewise construction of the diaminopimelic acid skeleton

R

16 |
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. ¢t
/ / -

with introduction of a' difluoromethyl group at an

‘intermediate stage of the synthesis, or addition of a

difluoromethyl group‘to a suitably protectéd.diaminopimelic

proach can affbrd-régio— and stereo-

chemical control, but may involve more steps. The second

acid. The fir

approach has the advantages of simplicity and bfeviti, but.

because diaminopimelic acid is a symmetrical molecule, it

may be difficult to get reaﬁtion exclusiveiy at one gﬁdvand‘
Lattempté at monoprotection would be expected to g;ve lpw
| yields,‘Botﬁ approaches have. been cghsidered and'wili be
discussed. | ‘ .

Scheme 1 illustrates the first approaéh.

E4

‘ - .
Scheme 1

4 S0CI, . Meul = l~Tbr1' CH,00C

' ; - y. Heol ' : . pyridine, - “NH
“OOC\I/*‘/N\NHJHC' CH,00C — NHTs
B 4
. ) . H,HCI-
M, o _ H, HCI 2 HC) ‘

6 ) v

€

20 ' lo) : ' . ‘ o . . .
. i ) . / ‘| PhCuCl g
" CH- ﬁ— =T : ‘ S pyridine
" o . . !

[0} ‘ .
W ®
O.N — = Ns ,

T g ‘ NaH, NsCl

_ CH,00C

CH ,OOC /7. ’_____-—-—- T\/\~H"
\I/\V/\Y PHCONH '
PhCONH, . Ne o 8
.. 9 . . :
Commeréially-avéilable (Sigma) L-ornithine hydrochloride

163

“-gives the known methyl ester 6 on treatment with -thionyl

chloride in methanol. The more nucleophilic 5-amino groupT64

‘can be selectively modified with g-tdiuenesulfonyl chloride
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to givelthe"knoyn165'166 55-:osy1a£¢ 7'Qhose‘a-amino'group

ds readily benzoylated to give 8. Reaction with sodium
~h§dride and p-nitfobenzenesulfonyl chloride (NsCl) produces
the sulfonimide 9. The next proposed step is the treatment,

of 9 with potassium iodide by the method of DeChr1stopher et

167

_1 to give iodide 10 (equation 1),

¢ .

s . | : . M
Ns ' PhCONH o ) .

PHCONH \
e N .10

However' thzs reactlon requ1res prolonged heatlng in DMF &

e11m1natnon 1s a promlnent side reaction, even with przmary

167

sulfonlmldes ‘At thls p01nt,.more promlszng routes

commanded our attention and this approach was abandoned.

¥

‘A second aftempt involves the use of a ) -
1,3-difunctionalized propane unit which can be selectively

manlpulated at either terminus (Scheme 2). To this end, the

168 cyclxc acetal 11 waS'prepared by the procedurehof

170

known

169

Salmi’ and was reduced to the alcohol

171

12. This can be

172

13 and the chloride

.transformed to tosylate 14 was a

- minor (4%) s1de+prcduct in this reaction. Tosylate 13is

173 15 with ethereal -

readily converted to the iodide
' ' 174

'magnesiumviodidepby the method of Place et al. This

iodide can then be selectively elaborated further (Scheme 3).
_ \ : v



Scheme 2

‘ Coem
PhCHO, p-TsOM ’ L}\'I\(l‘}:
| | 12
? TaCl,
' pyridine
) /\/\o/\ Mglz TOON\O/\H\
a0 e B P ——— ‘ i
' 14 . 15 19
L
Scheme 3 : . ‘ ‘
| 1 MW, oMr o
Eo0C COORL 2 13 £00C O/A\ My 5% pare o GO0
¥ "' “———_—. ‘ wc . H
: AcNH N
. 16 . 18
= TsCl,
' pyridx_nev
oner, = B | ooc Mgl, COOE!
' * ,a OTs
CH,CO = A& R
‘ 19

' Treatment of -iodide 15 with the sodium salt of diethyl

acetamidomalonate 75'(16) gives benzyl ether 17 which is

debenzylated by hydrogenolysis to give thé:known‘alcohol1?6“

18.. Reaction with E-tblqenesulfonyl chio;idé gives toéylate

19 which is readily tranéférmed to'iodide.?o by magnesium

1od1de treatment, 174 It was hoped that reaction of 20 with

19
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e . e

77 (21)

the 11th1ated anion of ethyl N benzy11dene glycxnate
would result in the formation of alkylated product 22

v(equatxon 2).

- gtﬁgi (;CXDE' wa COOEt ‘ !
aooo:;»\/~\. o — aooq\kﬁ\/wT/cmxa

o : - §l‘ A  AeNH : eq. 2.
B | 20 22 NI .

L

*

However, a cbmplex’mixture resulted from this reaction and

no pure product could be isolated even after extensive

chromatography. . A sllghtly dszerent approach was attempted

"to overcome th1s d1ff1culty (Scheme 4).

‘Stheme 44 -

R a ' . 1. LDA, CHCIF, FF
EQOOC ’ : LDA, HMPA 'OOC’ ) . Etooc .
\] E H~\T/~s./*\%}/’\\,h 2. NaBH,CN . h
- > - , —_— : .
N1 2 'i ' N
‘ , 2 . : vf]
, o . 3 ‘ : 25

2 Ph
1 : "~ |1 silica pel .
2 PhCOCE, EtqN

EtOOC

'rhCONH _
. 24

!
!

" The 1ithiated anion of. ethyl N-benzylidene glycinate177



‘lA;;*wm;.;%‘ - 21

.(215 was alkylated with iodide 15 by the methodbf Stork et
al177 to g1ve 1m1ne 23 which vas transformed to benzamide 24
for characterization. As imines are relat1ve1y unstable and-
hydrolyse readily on silica ge1177, compound 23 was not
purified before the next reaction and this proved to be
foftunate. Previoqs_attemptevto carry out the difluoro-

y 161

methylation-reaction.by»thevmethod of Bey et al had been

‘unsuccessful. However, the trace of hexamethylpbosphofgmide
(HMPA) rema1n1ng in the Unpur1£1ed imine appeared to
catalyse the d1fluoromethy1at1on reactxon, although B y et
al 161 eeport that the presence of HMPA inhibits the
reaction ‘Theneeforward, a small amount (0.5%) of HMPA was
always added to the dlfluoromethylatlon reactxon m1xture
‘The product 1m1ne was immediately reduced to the benzylamlno

compounéd 25 with- sodlum cyanoborohydn1de 178

This sequence
did not" proceed cleanly, however, and several byproducts
were formed two of which could be isolated and 1dent1f1ed

'l-l)

as the dlalkylated der1vat1ve 26 and the butyl ester 27.

HN
1 2

S, . LH,CH,CH,CH,- = Bu

"The butyl eeter_27 probably arises from t:anSesterificationA

of 25 with lithium butoxide present as a contaminant in the

‘butyllithium used to prepare the lithium diisopropylamide.

179

The electron-withdrawing effect of fluorine' '~ makes this

-
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reaction more £ooi;e. R |

- With 25 in hand, the’plan was to prepare the terminal
1od1de by a sequence 51m11ar to that shown in Scheme 3
Before this was attempted, however, it appeared prudent to
further protect the benzylamino group to prevent.poss1ble
intramolecular cycliﬁatiqn at the iodide etége. However,'all
attempts to acetylate the amine (acetyl chlori?e/pyridine,
acetic anhydride/triethylamine,'aCetyl,chloride/ i
triethylamine, acetic anhydr1de/N -dimethylaminopyridine’,
‘ﬁand acetyl chlor1de/§L§~d1methylamin0pyridine) gave
Jprimarily recovered starting‘materiai or decomposition. It
seems that the amine,_being both secondary and adjacent to ;'
guaternary center, is too stetically hindered to attack the"
aqetylatingvagentﬂ The‘electron-withdrawing effect of the

~difluoromethyl group179

may also deErease the’nucleo—
phiiicity of the amine In this case, intfamolecular
cycl;zatlon may not be a problem An attempt was then made
to seﬁdttxvely hydrogenolyse the O- benzyl group of 25
(equatlon 3) since N-benzyl groups are generally more
dlfflcult to hydrogenolyse than O-benzyl groups in the

absence of acid catalysis. 180

However, a complex mixture of
products was obtained, none of which could be identified as

the desired alcohol 28.
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- RUF ' - ‘
' H,. 5% Pd/C ‘
y ; . .

~

At this point, further study required the preparation
of more 25 and bécause of the problems observed with the
route, it was abandoned.

A more Stereospgcific approach to the piece;wise
éssemblyuof 3 is illustrated in Scheme 5.

Schemé 5

CFUF

NH, ° NH, NRR

The distal carboxyl group of an optically pure L-glutamic
acid derivaiivevcan be modified to a leaving group. This can
then be reacted with the anion of an N-benzylidene glycinate

ester and difluoromethylated to give 3 which has the

required S stereochemistry at the distal site. Diprotection

of the amino group of the glutamic acid synthon is desirable
to avoid intramolecular cyclization and the oxazolone

group181 was chosen for this purpose. This is stable to

basic and acidic conditions, yet can be removed by

hydrogenolysis and gives fluorescent derivatives which are

. | COOR
WCMCOOH c— x/\/\r f— R’ooc\/\(COO“ .
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181

easily visualized by TLC. Reaction of commercially -

available (ngma) 5-ethyl L- glutamate (29) with the stable

cyclxc carbonate 30181

Guziec181 did not give themexpected'oxazolone 31 (eduation

o«

by the method of Sheehan and

4).

S

!tOOC COOH 1. M !! OH - DM} :
k PNV ’ E‘Ooc COOH ) i \}
‘ N I 2 R R 3Crm ) \(\r !
Ph N
29 ‘ :E:>=O eq. h
. o ‘ i

~

: LA S ’
Instead, intramolecular cyclf%at10n182 occurred under the
alkaline reactzon condltlons to give pyroglutam1c ac1d 183
(32). ' "”( ‘ //f/

OQCOOH
- H
- 32

4 .

To avoid this, 29 was reduced with lithium'bérohydride‘

184 15 give alcbhol 33'84

181

bx the meihod of Thompson et al
(Scheme 6). Alcohol 33 could be protected wlth 30 but it
cyclized upon trifluoroacetic acid treatment to give iactone
:34: Treatmeﬁt of 34 with.hydrogen bromide in ethanol '8°
gives the bromo ester 35.‘

| At this,péint, an N-benzylidene élycine ester was
needed for the alkylation. Because of the occurrence of

transesterification with the difluoromethyl compound 25, the



‘@ | /’v | A 1

i /

e /
Scheme 6" Limw,

\“/\T/COOH ' . /AN/\I/COON
29 ‘

\ . ' 130, oM

] C¥ ](?()()!|

HBr, EtOH

COOE! :

*, e

Agw B
. ph 0"

. 34

38 was chosen’ Thxs vould be far less

tert-butyl ester186

susceptible to nucleophilic attack and is read1ly removed

187

under acidic conditions, The preparation of 38 is

illustrated in Scheme 7.

Scheme 7
‘ Hy, 5% Pd/C : ; ),co0C
(CH,Cc00C 2 d/C cH,),co0c PRCHO (CH,)| \1
'HNWfO N NH, | Nih
!
, °\| 37 . 38
36 ) \ ' \

The known tert-butyl glycinate (37) was prepared via the

carbobenzyloxy derivative 36 by the method of Anderson and

187

Callahan. The benzylidene compound 38 was then made by

186

the procedure ‘of Ogur1 et al. In our hands, this materiul

proved unStable and was destroyed on dxstzllatxon contrary

to'the‘literature report.186 However, the fresh prepared

O



compound could be storeq in the refrigerator for several
weeks, With imine 38 in hand, the alkylation reaction'8®
could be attempted. Unfortpnately, the b}omide 35 d4id not
alkylate the lithiated aﬁion‘of 38 and only‘decomposition
was observed. To study this further, the aliylation of 38
with 1-bromopropane was attempted, but no alkylation was

observed. Since it appears that a better leaving group than

bromide is necéssary, the iodide 42~Gﬁ5'prepared (Séheme 8).

Scheme 8

o " TsCl
| H,S0, . Eton ‘ COOEt - ' pyridine COOE! °
o _ . Ho/\/\r ———— TOD/\/\(
T B '“I"
=o S > =
[ (o] Ph o , I

o
34 39

:tl l Hglz
C

af’\«/\r’°9°ﬂ | : - _;’A‘/ﬁ\f’

?

OOkt

\ A N N
o , ::IEOEFO Ph l0>=o
/ S 41 I 42

Opening of lactome-34 with ethanol under acidic
conditiong gives hydroxy ester 39 which reacts with
ﬁ—toluenesulfonyl'chloride to produce tosflate 40. The
chloride 41 is a minor (17%) side product. Treatment of 40
with magnesxum 1od1de1?4 affords the chromatograph123TT§
'pure but unstable iodide 42, Compound 42 decomposed rapidly,
espeqully vhen exposed to light, and after a few days in

the cold (4°C) and“da;k. decomposition could be detected.
A . .



Alkylation of imine 38 was again attempted with iodide 42,
but onlf decompdsition‘qu observed, probably dye to the
iﬁstability of both 38 and 42. Finally, the alkyldtion of'38
was tried with tosylate 40 but only start:ng tosylate and

‘4decomp051t1on products’ were observed This route was then

" . abandoned.

The approach of modifyiﬁg an‘existing diaminopimelic

acid skeleton was also considered (Scheme 9).

Scheme 9
SOC1., MeOH ) '
. , ) OOCH,
HOOC\r\/YCOOH L e CH uooc\r\/TC
N . H .H
NH, NH; ) e @
1 ‘ 43

PHCHO, NaBH

| CH.00C 0OCH, : CHDOC\.r\/YCOOCH‘
m ‘ * ' N NH,
& 45 jm | £ 44
Commercially av%ilabie (Sigma) diaminopimelic acid (1) (a
_ mixture. of all 1somers) was treatad wzth thionyl chlor1de

and methanol to give the known‘ed 183 dimethyl ester

dihyd:ochloride,{B. Reaction of 43 with one eguivalent each

of bénzaldehyde and,triethylamine was followed by reduction

in situ with sodium borohydride to give a mixture of the:'

desired monobenzylamine #4 (27%) and the dibenzyl compound

(45) (18%). It appears that the two reactive centers in 43

v
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are too widely . separated to have much 1nf1uence on each 1

other and llttle select1v1¢y is' observed between mono-‘and

7

'4d1protection.‘The monobenzylamlne 44 reacts w1th

benzaldehyde to glve 1m1ne 46 wh1ch was 1mmed1ate1y treated

161

w1th LDA and chlorod1fluorometh&ne in the presence of }

O.SXgHMPA~followed by sodium cyanoborohydride reduction»to:

give, the difluoromethyi compound'47‘in 3% yield (Scheme 10).

‘Schemej10 - o "'ﬁf - R -
CH DOCWOOCH, . PhCHO CH 00C 0OCH,
—_— s
g o W
| 44 e f 46 - 1
~ ’ a
"LDA, CHFIFZ
NaBH n.h o

"P;C)

VThe monobutyl ester 48 was also 1solated in 5% yxeld These

compounds were not very stable and repeated chromatography

]

was necessary to 1solate tﬁem from the complex react1on;

mixture. Aga;n,ythe transester;f1cat1on ppoblem Vas

Pl M oy
observid due to the. fluorzne 1nduced 1ncreased electro-
“‘phllxc ty 79 of the nearby ester. This may. account in parts ‘

for the large nuﬁher of products observed and the low:

)

&
stab111ty of compounds 47 and 48. To avo:d th1s problem the

‘more sterxcally h1ndered tert butyl ester 51 was used

L]
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(Schema 11),

Scheme 11

Hooo\T»\/xlrLOOH
NH, 1 | H; v .
' 1.\' . : ' ‘ »
PhCH20C0C1
NafH

i
¢ % isobutvlene.
) H S("“

HOOC\‘/\/\rCOOH C 2, B (CH, )‘COOCWOW‘CHu'A v .

O S
L? ‘ ij T o £:_50> \L
: 49 | : | .

H,, 5% Pd ¢

« - lf . ]

(CH, I)COOC\K\/YCOOC(ICH V) 2 CH , )‘COOC\(\/\(:OOC(CHJ ),

CQT(N . NH, , ' NH, NH ;
(s

Commerc1al d1am1nop1mel1c acid (1) was treated w1th
S
benzyl chloroformate and aqueous sodium hydrox1de by the

190

P

method of Wade et al

al to give the d1carbobenzyloxy
190 |

derivative 49; The meso isomer can be separated from the

racemate‘at this stage by recrysta tzation1$8'190 but, as

. stereochem1ca1 scrambllng will occur 1n the later stages of

1

the synthe51s, the mlxture of isomers was carr1ed through

91

The di-tert- bUtyl ester 51 was prepared-h}om 49 via thﬁﬁ

191‘?‘

N- protected ester 50. i course of the* hydrogenolysxs of
t

50 was very dependent on - batch of catalyst used and a

E small guantity (15%) of the monocarbobenzoxy derivative '52

could be isolated. This could be ifcreased to 30% by



\

performxng the hydrogenolyszs at a/mospher1c pressure and
monztorxng the formatlon of 52/by TLC. mhe di- tert-butyl N
ester 51 was treated w1th one equivalent of benzaldehyde,-

/
followed by sodlum cyanobotohydnde178

to glve both the
monobenzylamlne 53 (34%) and the dlbenzyl am1ne,54 (83%)

(Scheme 12).

Scheme 12 ' | )
’ tcnn;oop;T/\V/\T/coocmHn, 1 PhCHO (cnn&ooc\T/\(/\T/COOCWHﬂx::
‘ S o, ’ w, 2 NaRHyCK : | " N, f

1. PhCHO

L. e - ' | 2. b, cHCIF,
AT L ‘ ‘ |3 naBH N
N O 3
S ‘ ‘ v
PR o M- s , \ - RUF ,
xcuJpooc\T/\v/\T/coocmHn, o : (CH)COOC\ﬁr\v/:¥;C009mHQJ
+ ) A | . Ph
54 e 55
The monobenzyl compound 53 was treated wlth '

benzaldehyde, dlfluoromethylated161

and reduced‘to give
compound 55 in 26% yield. This is an 1mprovement ‘over the
)react1on with d1methy1 esﬁer 44, bga?the forﬁatlon of a
“number of unidentified sxde products is s%zll observed Low.
yields in both the monobenzylatxon and d1f1uoromethylat10n
steps and the length of the route prompted examination of
the diimine 56 which was, prepared from 51 ( cheme 13).
Compound 56 m1ght be expect%g to react with one

.
equ:valent of LDA to g1ve a monoanion whlch would react w1th
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Scheme 13

PhCHO

(CH, ),cooc\r\/.\‘/coocicn,), \
. NH, NH, o
51 _ ‘ o .
o ‘ ‘ 56

[ . . -1 LDA. CHCIF,

(CH ,),COOC A 0OC(CH, ),

|2 NaBM N

- : : S FUF
FUF FUF
\ : (CH,),C00C oociCH,,
(CHJ&OOCL{L\V/;}:COOCWHﬂI o : ' \T/\v,:{;;

£~H HNW ' . ' CH HN}
! 57 | | moss T

+

'chlorodifluoromethane to give predominantly the mono(di-
| ‘fluoromethyl) derivative 55. In pra‘c‘tice, both 55 !-) and

the bis(difluoromethyl) compound 57 (35%) were prodOed. Bey

et _g16‘ propose that this reaction prod@ids via the -

reactive diflgoroqarbéns (equations 5-6).

'

}-:(:FE ’ N | y ] . ‘ F: - F
R-,COOR | . " R.|COOR’
\T/ — ‘f"' _ eg. 5

NGO N
fh ,\l" ‘_ ) fh

. 58 _ 59
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f'_ .
‘,.H—C':-CI :CF,
FF F FNF
COOR’ . R COOR
Badh e ' eq. 6
“;%N “ i N
59 o 60 .

The difluorocarbene wh1ch mlght be 1n1t1ally produced by the

"Ect1on of the 1m1ne anion 58 or excess ‘LDA on chlorodi- b

fluoromethaneAcan react with anion 58 to give difluoroanion
§9. This can abétract‘a proton from another molecule,of
chlorodlfluoromethane ‘to generate product 60 and-

dzfluorocaﬁbene which can contxnue the chain prg;ess. The

presence_of the reagtive difluorocarbene may account for

" some of the many unidentified side products in this
el

.'_reéction Also, the‘anion 61 of compeuﬁd 55, once formed in
the reaction mlxture, may abstract a proton 1ntramolecular1y
rather than from a chlorodzfluoromethane molecule, toengei
anion 62 yhich.can lead to ;he bis(d1{}uoromethy}7'product

57 (equation 7).

o _ , v
H FOF /(‘ S CRUF .
(CH ,»,cooc\"/\/¥cooacwJ ', (CH .);cooc\%\/\\FcOOC(CH, ),
' g . ' ' ,
N ' [ N . . s
K' «ij» K QL‘ . eq. 7
. 61 . 62 . o [} '> (

—
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In the interest of shortening the route yet fUrther}

the intermediate difluoromethyl imines were
' 161,187 '

’

3 and 63 as mlxtures of stereo:somers. Compoqus 3 and 63

‘hydroiysed direcrly.to the‘difluoromethyl amino>a6ids.

could be separated and purified by ion exchange
chromatography -and vere. obtaxned 1n 15% and 9% overall

.~ yields respectlvely (equatlon 8).

" HOOC~_| OOH

(CH,)_,cooc\(\/'\‘/COOC‘CHJ‘. 1 LDA; CHCIY, T ‘ o o
. ’ —_—— . .
N Nﬁ , 2 ﬁBr, HOAL + ‘ . eq 8
Q . . 4 .
3 H,0
3 . FF
ﬁ P Hodc P roon'
- 56 \ ‘ - )
NH, NH,
63

N

P

Wlth thé'target dxfluoromethyl analogue 3 in hand teeting
Q
for rnh1b1t1on of esg-dlamlnoplmelate decarboxylase and

antréacterlal activity could be performed. These. results are
-

glven,ln section I11. , .
. : . é’;
. (Y /
N-Hydroxydiaminopimelic acid -
The syntheéis_bf N-hydroxyamino acids has been

accomplished by several methods'inciuaing.the reaction of

a-bromo acids or esters with sodium anti-benzaldox-

imate192-196, the'oxidatibn of amino'acids1g7’198;'and the

reduction of oximes of a-ketq)acids.149 193~ 200

The last
-approach was initially chosen for the synthe51s of

N-hydroxydiaminopimelic acid 4. It first appeared that
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enzymatic reaction of diaminopimelic acid il) with an amino
acid ox1dase or dehydrogenase would form the a keto acid 64

or 1ts correspondlng cyclic imine wh1ch could then react

178

with hydroxylamzne and sod1um cyanoborohydrlde byJAhmad‘s'

199

- procedure ’ to give ‘4 (Scheme 14).

t AN

Scheme 14
1. NH.20H .
2. NaBHJCPf

HOOC ‘ . C e0C - ‘
O ,\1/~\/j\r1009” > uooc\1/~\,~jT/COOH

NH, NH) . NH, )
64 v

1 |
HOOG\TA\/A7/£OOH
. S B NH, . NHOM .

Qmino.acids witn charged side groups, such as lysine,
giutamio ;cid and»aspartic acid are not good substrates for
.snake venom L-amlno acid oxidase (S1gma) or hog k1dney
D- amlno ac1d oxzdase (Slgma)zo_ and no- s1gn1f1cant H
conver51on was observed when d13m1nop1mel1c acid was treated

202

rwlth elther of these enzymes. Work reported that d1am1no-

- p1mel1c acid reacts even more slowly w1th snake venom
L-amino acid oxidase than does lysine. However,
meso-diaminopimelate-D-dehydrogenase from Bacillus

sghaerious‘}?.s1

& ) : : )
meso-1 at the D center to give 64 and has the advantage
50

specifically catalyses the oxidation of

'that, as the LL and .DD 1somers are not substrates , ‘the

'commercxally ava1lab1e mlxture of 1somers .can be used
[ 3

dxrectly. This" enzyme qu 1solated from B Qggeracu
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Dr. M.M. Palcic (Department of Food Science, Univdréitylbf

Albert4) and allowed to tea¢£ with dihminopimeliz_acid by

47

the procedure of White ‘with regeneration of the expensive.

NADP cofactor or, better; by the procedure of»Misoho et
§1.4$ Unreacted'diﬁmihppimelic acid was removed by ion

exchange chromatogréphy48

and the crude ninhxdrin-activg"
material was tFeated immed%ately wi;ﬁlhyéroxylaming

 'hydroch1oride;_The-onlyvisblated product, however, was
a4aminoadipic acid?03 (65). |

COOH
NH, |
65
i Theré'are‘two‘possible'explanations’for this. It ié_
known that a-keto acid oximgs are cohveffed to nitriles on

~warming in agueous solution and that the reaction is
04

’

ag:i_d-promoted2 (edhatioh 9).

"460he poséibility is that oxime 66 formed from a-keto acid 64
" was decarboxylated to a-amihoadipbnit:ile 67 and further

hydrolysed to 65 (equation 10).
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g

' - : COOH
HOOC ooH ______ sNC ‘ ‘
O \ ’ ) . . X ' v
. . 66 | 67 . o .eq. 10
‘ uax/~v{\r£°u‘ '

. NH,

65

However, it does not seem likely that hydrolysis of the

. n1tr11e to an ac1d would occur under the mild cond1t10ns

-

used (2 M hydrochloric acid, room temperature, 24 ‘h).
Nltrlles generally require stronger cond1t10ns for’

hydroly51s, such as heating with ‘concentrated acid or

205

base. For examﬁlé} the N-carbobenzyloxy derivative of

n1tr1le 67 reguired 25 h reflux in 4 M HCl for its

203

‘hydrolysis. An alternatlvevexplanatlon is that hydrogen

perox1de is generated in the enzym1c .system and reacts with

- 64 to give’ 65 directly (equatxon 11). R N
» O ‘
o ' H,0, : COOH
rooc COOoH . . 'Hax/SVAT/' : eq. . 11
H NH, :

~Mlsono et a1~§ have observed that the product of the’
dehydrogenase reactlon reacts with hydrogen peroxide to give

a-aminoadipic aczd. Th;s appears to be the more likely
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explanetion, as,u-aminoadipic acid was observed
chromatographically as the only ninhydrin-active product in
'anbther\dehydrogenase reaction mixture not treaéed with
Hydroxylam1ne; Addition of catalhse to the reactzon mixture
prevented the formatlon of a- §m1hoad1p1c acid. The reaction
was repeated, 1nc1ud1ng catalase in the m{xture to decompose
rény HYdrogen peroxide formed. Remgyal of the unreacted
dﬁaminopimelic acfd by ion exchaﬁqexchrdmatography48 gave.a
new n1nhydr1n active- mater:al which was 1ncubated with
hydroxylamxne hydrochlorxde and sodium cyanoborohydride. 193

It was hoped that any oxime formed would be reduced in situ
204

before decarboxylatxon could occur to the nitrile.
However, the only product isclated was piperidine-2,6--’
d1carboxy11c acid which was character1zed as its

hydrochlorlde salt206 (68). ' v | )

a-Keto acide 64 ex1sts in equilibrium thh its cyclxzed
form 69 (equatlon 12) and thls was apparently reduced before

oxime formation could occur.
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HOOC cooH o

4 \(\/Y : /Ej\ eq. 12
-—

_ ©ONW, _ HOOC”” NN~ "~COOH B

.64 ‘ . 69

.

“it appeafedranotﬁer Fpproach‘was necessary. The
‘oxiaation méthodology of Polonéki and Chimiak‘gB was chosen,
as the monoprotected éiamiﬁopimelic acid derivative 52 was
already available as a'mﬁxture of “isomers (Scheme 11). The

+

route followed is shown in Scheme 15,

Scheme 15 ”/f

(cH,),cO0C OOCICH,), (CH ),CO0C \ OOCICM,),
o 1 MeO-PhCHO
, , _MeQ-PhCHO

. NH . o NH NHOM
OYNH ‘ ; ‘ 2 RCO4H (70) Y '

_ o 3 NI 0M HCI [:? 1
52

Monoamine 52 was treated with p-methoxybenzaldehyde,
oxidized with monoperphthalfc acidzoe~(70) and deprotected
‘'vithout purification of intermediates to give hydroxylamine

71. Deprotection with hydrogen bromide in acetic acia'®’
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¥

‘ . L4
~.gave the chromatographically-pure‘g-hydroxyéiaminopimelic

acid 4 as a mixture of isomers which rapfdly reduced

Fehling's solutioh.‘gg'zo9 The results of testing of 4 for

decarboxylase inhibition and antibacterial activity are

i

- shown in section III. - o

!-Aminodiamihopimelic acid .
, . ' G
The synthesis of a-hydrazino carboxylic acids has been

accomplished by many methods, including the reaction of

a-halo acids with hydrazine?'07213

156,214

, the reduction of

hydrazones of a-keto acids

, the oxidative amination
215-218 ’

of amino acids and reaction of aldehydes with -

hydrazine and cyanide in a Strecker approach.219'229 '

Recently, an alternative methodology involving the attack of

lithium enolates on diaikyl azodicarboxylates to form.
a-hydrazino acids has been devéﬂoped in our laboratory.221

N

Since a-aminopimelic acid gbz)'is cpmmefcially available
(Sigma), anionic amination of a suitably protected
derivative of 72.would afford eé;y access to the N-amino-
diaminopimelic acid skeleton (§cheme 16).

. Treatment of 72 with benzyl chloroformate and sodium

222

hydroxide éivés the known carbobenzyloxy derivative 73 as

well as Ehe benzyl compound 74 as a side product. Compound

73 reacts with_paraformaldehyde by the method of Itoh223 to

give the oxazolidone 75. Treatment of 75 with diazomethane
224

or'methyl chloroformate and methanol gives methyl ester

76. However, attempts to quench the lithium anion of 76 with



Scheme 16

“ooc\’/\/\/c

NH, -

K

72

Ph(‘N ocoe l /
(2 (lN COOH
W

L? 73

HCHO, p-TsOM

40

"°°C\T2\;/\V,coon

76

COOCH,

dibenzyl azodicarboxylate or with acetic‘ac}d led oniy to

decomposition. Since the oxazolidone moiety of 76.appeared

too unstable to survive anion formation conditions, it was

removed by treatment with sodium hydroxide in agueous

THF.ZZS

e

Unfortunately, the methyl ester was also removed -

under these conditions and diacid 73 was isolated. To av01d

these d1£f1cu1t1es, the tert-butyl ester 77 was prepared as

this shopld be much less susceptible to basic hydrolysis

(Scheme 17).

Schéme 17

Mw
R

fool bm vlon'
LPRa) N OOCICH, ), Nn"l
_ -—2 0

\_N\fo‘

01 ' N
: 7 :

™

\r\/\/toocccu o,
f e

LY
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1

Treatment of acid 75 with isobutylene by the method of

223

1toh?23 gives the tert-butyl ester 77, although in poor

| yield (21%). The oxazolidone moiety is readily cleaved under

225

basic conditions to leave acid 78. However, an attempt to

form and quench the lithiated tr1an:on of 78 with dxbenzyl

azodicarboxylate falled g1v1ng only recovered starting

haterial.

. i R
It is known that the a-anions of acylated chiral.

oxazolidones 79 react efficiently and‘stereospecificallyz26

with many electrophiles including dibenzyl azodi-

221

carboxylate. In.aéapting this approach to the present

problgmv\siidg,axazoliéone wag chosen as this would give_tﬁe

- required R confxguratlon226

C oA

at the hydrazino center.

Preparatlon of the chiral oxazolidonezzs’227 82 was
écqomplishéd,by phosgene treatment of R-valinol 81;

available by reduction "of D-valinezze (80) (Scheme 18).

Scheme 18

’ ‘ "0

. NH, LiAlH, ‘ NH, OH cocl, : HNAO
’1}—COOH ———~———0 ;%F—j -— }.J
. 82

80 , 81
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R ,
Treatment of the ac1d chlorlde formed by reactlon of 75

I

w1th oxalyl chlor1<:1e229

with the lithium salt of 82 resulted

in the formation-of acyl oxazolidone 83 (equation 13).

f
-t

o] : T o . o
. ' , COOH 1 v (COtl), A s K ‘
,O)SN\/\ , 2 g g 0
L \__ 28 Bul.:

oj’ i l_ , H W

'Due'to the instability of the‘carbobenzyloxyoxazolidone

l‘mozety to base, 1t was‘thought prudent-to remove this and‘,

reprotect with a. dlfferent group before attemptlng anion

E

format1on. However, treatment of 83 w1th aqueous sodzum
225

hydroxide in THF oaused loss of both oxazol1done moxetles o

‘and gave d1ac1d 73. At thlS p01nt the use of the carbo-

3

benzyloxyoxazol1done was dlscont1nued
by
‘Since dlprotectlon of the amzno group of the a-amino-

p1mel1c acid skeleton is probably necessary to avoid

'1nterference of a nucleophllxc n1trogen atom in the

.[v‘
S

am1nat10n reactxon, the amino group was protected u51ng the

181 , to glve d1ac1d B4 (Scheme

229

method of Sheehan and Gu21ec

‘19) Treatment of 84 wlth oxalyl chlor1de followedvby

react1on ‘of the ‘crude dxac1d chlorlde with two equ1valenb§

vof the 11th1um salt -of 82 gave the dlastereomers BS‘QﬂE 86

whxch could be separated by flash chromatography 230

&.
~attempt tq_;dentzfy,these isomers, "(Scheme 20) both 85 and

o v

Inans

’

_——— ‘
N:_.O _ > 82, Bul N O . eq. 13



43
» . ' %
Scheme 19 Vs
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, 86 were separately treated with lithium benzyloxide226 to

give samples of the‘dibenzyl ester 87 with very low optical

rotat.ion valges. Upon hydrogenolysis of 87 derived from

either 85 or 86, a-amiﬁopimelic‘acid 72 was obtained which .
had eésentiaily no optical activity. It appeared that

4

_ racemization was occurring during the benzyloxide.treatment,. .

Y



. e

\

desplte‘the report of Evans et 3122§ that th1s can be done
w1th no-loss of stereOchem1cal 1ntegr1ty However the
oxazolone pnotecting group is very. bulky and can hlndor the
attack of benzyloxzde on: the adjacent carbonyl As the
'fpenzyl ester.1s slowly formed excess benzyloxzde is stfll
present in the mixture to catalyse racemization. Several
attempts to overcome this deprotection problem failed.
‘Hydrogenolys1s_of 86 gives the optrcally active am;ne
hydrocnloride 88 (equation k45 but attempts‘to nyerIYSé,the

acyl oxazolidones with agueous base gave mixtures of
4 T :

optically inactive products.

O , _
o 0 SN

T L 9 g .8 9 :

o )k/\/\/lj\u)ko _H.?_;.S_..jf’_(.‘___. ) : X N)ko )
S S o W N eq. 14
. }rtliu : A ' o \-—J}* NH,HCI /1>-T/ 3
" 86 - 8s , &

;.”’“ @

R N -

It seems that whgle basxc Hydrolyszs of an

.unsubstxtuted acyl oxazolldone such, ag 83 is fac11e, even a

&"»5 A &
'enough\for racem aflon and hydroly51s of the ch1ra1
2 Go6

oxazol:done 1tself
!‘

| $
groups of 86 w:th 11th1um benzylth1olate occurs rap1dly and

to occun, Cleavage of the oxazol1done

»cleanly to g:ve the dlthloester 89 (equation 15)

o~
P
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0 ')ok PhCH,S L ’
o w 0 ___,_______’ pth S eq . 15
L-'-/)\ Il N ’2/' : »I ; -
o : . Ph
L [ Ly F)
‘as S v .
. . E! 3 4
; f : "" "" .'1. 4
. ‘ f .

HoweQer bas1c hydrolysis of 89 was unexpettedly
slow and the 1solated diacid 84 was optlcally 1nact1ve
'(equatlon 16). An attempt to use 511ver ion-catalyzed

232 gave no hydroly51s product

hydrolys1s

3

" The identification of 85 and 86 was éventually
accompllshed by the preparatlon of material of known

stereochemlstry (Scheme 21).-L-a-Am1nop1me11c acid (91) was

‘prepared by the method of Wade et al190

190

via the acetamide

90 and was transformed to the oxazolone 92 by.the methbd

of Sheehan and GUZleC.181 Upon treatmént of the acid
.chloride of 92 Hlth the 11th1um salt of 82, 85 was- obtained.

No trace of the 1somer 86 tould be detected.
N

N § ~ NaOH HOOC~ - _COOH S
T phCH,S TNscHpp ———— Bl o
o - ; E .. . g o "y eq. 16

-



‘Scheme 21
HOOCWVCOOH
. KNH, 72 ' ) , B
a0, Nog (11 HOOQ® cylase 1 N C
' {- Q -N\_’ coon _?__._,_._¢ Hoo \,/WCOOH
o ACNH o - NH - -
: 90 . . 91
¢ N y
\ ! ] 30, DM
2. CF.COOH
2

Treatment of 85 with LDAQand dibenzyl azodlcarboxylate o

kg1ves the hydra21no der1vat1ve 93 (Scheme 22). Inter-
estlngly, 86 fails to react’ u;der theseuconditggns~andleaR‘
be reedvered frqm‘the‘reactiod'mixturer Compound 93 is |
traneformed'to dibenzyl ester 94,onn treatment with lithium

226. The bis(oxazolidone) 93 gives broad peaks in

‘benzylox1de
the NMR "~ due to the presence of rotomers, but on warming the
NMR solutxon in deuterotoluene to 100°C, sharp peaksrare
:§een, and the compéund appears >95% stereochemically pﬁrel,~
'However, the dibenzyl ester 94 shows no measurable~optical
_act1v1ty and is presumably a mixture of stereo1somers due to
base- catalysed ep1mer1zat10n by analogy with format1on of

. 37, Compound 85 also reacts w1th LDA and di- tert butyl

233

‘ azodxcarboxylate to give adduct 95 (Scheme. 23) which

.again appears stereochemacally clean by elevated temperature
NMR, o -
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However, when 95 is treated with lithium benzyloxide,
optically inactive 96‘is‘formed,;éivin§ no improvement.

Derivative 94 was then hydrogenolysed to give the

4?7



dihydrochloride salt of ﬁ-am%nodiaminopimelic,acid-g—as<a
- S ‘ X
mixture of sterecisomers (equation 17).

2

> n\cn LOOC~ OOCH,Ph H,, 5% P8/C « HOOC ooH eq .' 17
_———

ucsz ‘ . NH;HCI  NHNH,HC)
>=o- -
NHCB2 _ . 5 ,

» -.) )
Compound's wvhile apparently chromatograph1cally pure,

L
is very hygroscopzc and rap1dly becomes gummy on exposu to

air, Hydraz1nes are known to absobeO2 and water rapidly
234

from the air. Compound 5 was tested for inhibition of the

decarboxylase and antibacterial activity and the results are
e : : )
shown'in section III.
o,
a-Methyl Lysine
A meso-diaminopiﬁelate decarbéxYlase inhibitor will

prevent a pathogen from maklng its own ly51ne, but w1ll show

reduced effectlveness as an ant1b10t1c1hf the . pathogen can

1ngest 1y51ne from the exogenous pool. Methylated analogues

103

have been shown to.inhibit the active transport of amino

acids and, to thig’end, a-methyl lysine was prepared (Scheme

Q24). A ‘ . 7—‘>’ ) .

L-Lysine hydrochlofide (97) 'upon treatment with thiony}‘

235,236

chloride and methanol gives the known methyl ester

EaWn



Scheme 24
COOW: SOC1,. MeOH
‘ : —_—
NH)'HC‘ ~H7
- 97

98. The diimine 99'6’

a1'é!

iodide.237

100 ahd thé known

. .r,;v,\t/coou
NH, H,

Mild acid hydrolysis
238

NH,;HCI NH,HCI

a-methyl lysine (101)

PRCHO, Et 4N COOCH,

e e .

98 . : z? ,
99
1 LDA, CHyl
. 2wyt
. CH, - '
6 MHC! .

101

49

H,
~ COOCH,
NH,HCI  NH, MG ’

100

was prepared by the method of Bey et

161

_ : 5 ;
and its lithiated anion was alkylated with methyl
gives the methyl ester

is obtained by

further hydrolysis in refluxmglé,ﬂ' hydrochlorlc acid.

The a~methyl lysine was 'fested by Dr.

) a'w

M A, Plckard

39

(Department of Mlcroblologyr University of Alberta) for

" inhibition of lysrne transport

Bacillus sphaericus.

96-101

in Escherichia coli and

1

At concentrations 10- and 100-fold

larger than tﬁat of lysine, uptake of radiocactively labelled

lysine was inhibited 20-50% In both bacteria, but even at

concenl?ations eduimolar to that of lysine, uptake was not

. s1gn1f1cantly ‘inhibited.

239

.

kStereochgmistry of the~meso-Diaminopimelate DeEarboxylase

Reaction.

¢

In preparation'fbr the testing of the diaminopimelic

N o
acid analogues 3,

‘4,

and‘'5 as inhibitors of meso-



4

T

50

0

diaminopimelate decarboxylase, the enzyme was isolated: by .

‘Dr. M.M. Palcic (Department of . Food Science, University of

Alberta),ffom two sources: Bacillus sphaericus57 and wheat
37 |

ngerm (Triticum vulgaris). It had been reported64 that the

~enzyme from B. s Qhaericu catalfées the decarboxylation of

dlamxnop1me11c ac1d to ly51ne with an unusual 1nver51on of -
nfzguratlon, in contrast ‘to the retention mode observed

for 'all other pyridoxal phosphate dependent a-decarboxylases

56'104-106'240_249 This unique finding led us to

studied.
attempt fb-determine whether the enzyme from a éukaryqtic
sourée (yheat-germ) behaves in the same way, and to,confir%
the previous report,64" B

The determination of the stéreochemicél'coﬁrse of an
u-decarboxylaserﬁatalysed_reaétion is. generally performed so

that the prbduct is labelled at the.décarboxylation site

with two different isotopes of hydrogen, one of which comes .

from the solvent meﬂium‘to replace the depérting-carboxyl
group. The problem then becomes the determination of the

conf1gurat10n of this labelled methylene group. ThlS problem

56,104-105

has, been approached in several ways and usually

‘involves correlat1ng‘the product with a compoundyof known

stereochemistry by a series of enzymatic and chemical

reactions. This was the approach taken by Asada et al. 64‘NMRk

_ = ==
methods have also been used, including direct Th nMr%4! ang

'H NMR of camphanamide derivatives of the product amines

242-243,247

using europium shift reagents. Recently, a new

.. © . L TS
NMR"Téchnique for observing the position of deuterium in a

o



stereo@pecifically-deuterated methylene group has been

250, namely use of either selective or normal

1413 )

deyeioped

two-dimensional: C NMR shift correlatzon

spectroscopy2> | 254 with deuterium decoupling. This

technigue gas‘employed in'determininguthe stereochemical
. ‘ .

course of the B. sphaericus and wheat germ mesérdiamino-

pimelate decarboxylese reactions.
235 236

*

Methyl L- ly51nate 98 which was prepared from

\L lysine (97) by treatment with methanol and thionyl
. chloride was transformed to the. biscamphanamide 102 by

reaction with (—)-camﬁhanoyl chloriée (Scheme 25).

Scheme 25

’/\/\L/COOCH’
NH,"HCI  NH;"HCI
. ) (-)-campham‘)'l
socl,. y 98 \Chloride
. ) Hﬂ

1 (-)-camphanoyl- : H '
COOH chloride s\%\/\( g
N ‘ ’ . HN
NHHCI NH, 2 g% . o M ‘ 0
+ ) o
97 | | JZ L
» . 0 - o

Alternatively, L-lysine (97) can be treated with
'(-)-camphanoyl.chlo:ide by the procedure of Armarégo et
l255

was followed for the derivatisation of the deutet1um

COOMe

51

» followed by d1azomethane to give 102; this procedure



52
labelled compounds. Thg biscamphanamide was, chosen, as

256

prgéedent ~ showed thet”in such compounds, the

diastereotopic hydrogens on the/ﬁethylene group. adjacent to‘
ni;roéen give well-reéolyed 1H NMR signals in deuterobenzene
;olution.;As well;‘the signal due to the pro-S hydrogen is

' always downfield from that of the pro-R hydrogen. In
biscamphanamide‘102, the two diastereotopic hydrogens
resonate at & 3.26 and & 3.11 and these signals Eorrglate to

13

the C NMR signal which appears at § 38.8. The C-6

hetﬁylene portion of the 'H-'3

C shift correlation map of 102
is shown in Figure 8.% The 13C spectrum is shown along'tﬁe
ho;izbntal axis and the 'H spectrum, along thebvertical axis
(6 increasés right torleft).

Diaminopimelic acid (a mixture of DD, .LL and meso

isomers) was incubated with the B. sphaericus meso-diamino-
-pimelate decarbéxylase'in D,0 aﬁd thelresulting lysine was\
isolated and derivatised'with'camphanoyl chloride and
diazomethahe to give 103. Methyl camphanate257 (104) was

also isolated as a %yproduct.

O
I
Eﬂ =
3
£
s

NH
0O
COOCH, *4 0 :

104 103

-

*Reprinted with permission ‘from Biochemistry 24, 3263;3267,
copyright 1985, American Chemical Society.

i
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Figure 8. C-6 Methylene region of the shift correlatxon map
of 102. '

*The C- 6 methylene fegion of the deuterlum decoupled
? 3C shift correlation map of a mlxture of 103 and =

-

unlebelled\loztzs shown in Figure 9D Ae in Figure 8, the

| , : .
13C5’sp‘ectx_‘um is shown along the horizontal axis and the 1H

speétrum aldng‘the vertical axis. The downfield 13C signal
ari%es from C-6 ofAthe unlabelled 102vand correlates to both
proton szgnals, as in Fxgure 8. However C-6 bearing a

deuterlum from 103, resonates upfleld due to the

258-259

a—deqterlum iéotoﬁe effect. This signal correlatés to

only the most downfield proton resonance, corresponding to

-Hszseﬂat C-6. This gpows.that the pro-R position of the C-6

methylene group is occupied by deuterium, and inversion of

, *Repr1nted with perm1551on from BlOChOMJStry 24, 3263-3267,
cOpyr:ght 1985, American Chem1cal Society.

w
¢ ¢ »



Figure 9. C-6 Methylene regions of the deuterium detougf

shift correlation maps of 106 (A and B) and 103 (C aﬁd b
dlluted with 102,

confxgurat1on occurs.” in the decarboxylase

(!quat1on 18)

e 0

lg

HBODC

e

NH, H, NH, NH,
meso-Diaminopimelic acid L-Lysine

{

It is interesting to note that this 'H NMR signal &

'sllghtly upfield thh respect to the correspond1nv

»




. pimelic acid

-1-I

from the unlabelled compound. This may arise from a
deuterium induced B-isotope shift 260

To provzde confxrmatxon of this, [2,6- 2H ] d1amxno-

64 (105) vas prepared by the method of Fujihara

and Schowen26 as a mixture of isomers and 1ncubated with

the B. Qhaerxcu decarboxylaSe -~ Reaction of the meso
isomer gave lysine which was 1sblated and derzvat1sed to

give the biscamphanamide 106.

, ‘. ' :
A . ‘ ' H [
" S “ ' COOMo
: o [ - D ’
o moc\Jrv\'/cOOH ,
"~ NH,  NH, ,z ,Z T
105

‘. ' “i
3

'The deuterxum decoupled 1H-— C shift correlatxon map of

‘ad_lxture of 106 and ‘unlabelled 102 (Figure 9B) shows that

w

the 3C signal arising from the deuterated C-6 of 106 -

kcherrelates only to the upfield Hp signal, implying that the

pro-S position is now deuterated. This .confirms the results

of Asada'gi al64 that the B. §phaer1cus meso- dxamlnopxmelate
V.

decarboxylase reaction proceeds with 1mversxon of

confxguratlon

-

The decarboxylase isolated from wheat germ was

subjected to the same experiments. When incubated w~ith

® . ¢

diaminopimelic,acid in D,0, the resulting lysine gave

*

3t
S

compound 103 on derivatisation'ag before. This showed an

id%ntical_deUterfum decoupled 1H—13C shift correlation

. L
“

X
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e electron system of the complex

I 4

Tl gl e - | :/ . . e

. 7
! * adarey

spectrum (Flgure 9c) to that of the lys1ne b1scamphanam1de

“ob£a1ned from the B. sphaer1cus meso dlahnnop1melate . \f

oS
decarboxylase react1on (Flgure 9D). The complementary -

experlment, where1n [2 6 H ]- d1am1nopA?él1c ac1d 105 was
D

L3

& e
1ncubated w1th the wheat germ enzyme i
.

uh1ch was dﬁr1v5?15ed to b1scamphanam1de 106. The deuter1gm

2O gave ly51ne

decoupled 1HL C sh1ft cor elatlon spectrum of this (Flgure

" 9A) was 1dent1cal to that of the ly51ne blscamphanamlde

<

,_obtalned from the B. phagrlcu reactlon (F1gure 9B). The
'ftesults demonstrate that the. wheat germ meso dlamlnoplmelate

decarboxylase reactlon also proceeds w1th 1nvers1on of

. . B N . o -//__,-»-_

;confgguratzon. . S e : ~

.

\In many pyrldoxal phosphate dependent enzyme catalysed

react1on§ reaction oocurs on one face of the planar

pyr1doxal phosphateﬁfubstrate complex.?62'263 The bond to be

broken in the substrate 1s allgned perpendlcular to the‘

56,105,264 50 that effect1ve~.

»
orbatal overlap can occur. In the case of decarboxylaSes,'.

ay
g

thls 1s the C) COOH bond The 1ncom1ng proton is then
-

R expected to assume the same , p051t10n as -did the 1eav1ng -

A/<carboxyl fglvzng the re;\gtlon of conflguratlon observed

a W Ay
thh ‘most decarboxylaSes.s6 104, 105 Howéver thls cannot be

the case wath meso dlamlnoplmelate decarboxylase from e1ther

S

’ 4 .
sphaerlcus or wheat\ge;m as 1nver51on of conflgurat1on is

- observed, ~and the incomin proton must attach fzéthe face{

.;hbppbsite toitﬁitgfrom whzch the carboxyl group eparted

Y

e | - Q'



(Figure 10%). AN
Two explanations have béen.suggested.64?ﬂﬂ ”ihcoming

protoh‘may be donated from Exproup in‘the,ao;iVe éite on the
oppoSité side of the complex to that from whicg the carboxyl
group leaves and this group may be reprotonated by solvent |

later in the catalytzc pycle. Alternat1vely, a large

conformational change265 266 in the complex may occur to

expose pts opp051te face to solvent protons once the

carboxyl group has departed }n any case, the 51m1larity in -

“ !

/ . . :
the stereochemlcal course of the reaction of both the B.
/.

sphaerlcu and wheat germ meso dlamznoplmelate decarboxylase

1mp11es a 51m11ar1ty in therr mechanism. " It 1§/poss1ble that
: e ~ / .
these enzymes share a(commoﬁ»evolut1onary pathwavah1ch 1s .

N . ‘ : &3 rf ’
convergent to that of other «-decarboxylases.

v

“*Reprinted with perm1551on from Blochemxstry 24, 3263- 3267
copyrlght 1985 Amerlcan Chemical Soc1etyﬂ

A
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"Figure 10. Possible orientation of the ‘g ubstrate cofactor
complex in meso-diaminopimelate ecarboxylase.,'
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Enzyme Inhibition

\
¢
o

The testing a d kinetic studnes of dgam1nop1me11c acid

analogues 3, 4 and 5 were done in collaborat1on with Dr..

Q

M.M. Palcic. ./ a Lo O

OOH .nooq\r»\/aj/coou HOOG\TA\/AW/COOH'

HOOC
NH, ~ NH,  NH, NHOH NH, NHNH, .
N B : 4 : 5 @ o\

Asisays forvdirect competitive inhibition of
meso- d{am1nop1melate decarboxylase were performed by

mon//orlng the release of 14CO2 from [1, 7-14C]

s
s

- d1am1nop1me11c acid 1n thé presence and absence of the test

analogue.’ i nfe - dependent 1rrever51ble 1nh1b1tlon was also

studled by 1ncubat1ng the analogue with. enzyme and measurlng

121

-.any loss of activity after various time 1nte§§le.

e

Surpr151ngly, the h d1fluoromethyl analogue, (3) nbt

only was 1neffect1ve as a Su1c1de 1nh1b1tor but was not even
2

.a good compet1t1ve~1nh1b1tor. At a concentration of 0.6 mM

3'did not inhibit the wheat germ enzyme ‘and even at 10 mM

S concentratfons, nly 30~ 35% 1nh1b1t1on of the B phaerlcu

. %
‘enzyme was, obsetived. The bxs(dlfluoromethyl) analogue (63)

'had about the s me potency, 1nh1b1t1ng the B. _phaerlcus

enzyme 60% at a [concentration of 11 mM. Th1s is probably a
consequente of he strx;t ster1c requ1rements of

meso d1am1nop1mEIate decarboxylase Sznce even the DD and LL



isomers of diaminopimelic acig are neither sUbstrates‘nor
inhibitors of‘the enzyme57, it is l1ke1y that the
difluoromethyl group 1ntroduces too much steric bulk to
allow 3 to enter the active site. H' ‘_" f e
Both compounds 4 and ‘5 were strong 1nh1b1tors of
meso -diaminopimelate decarboxylase, however. The N- hydroxy
analogue 4 shows a K, value of 0.71 mM with the wheat germ
‘enzyme and 0.91 mM for the B. phaerlcu decarboxylase. In
the case of. the hydrazino. analogue 5, the K. value is 0.084
mM for the wheat germ enzyme and 0 10 mM for ‘the, B, T
sphaericus enzyme. The Ko values for dﬁam1nop1mel1c acxd are

37°

0.16 mM for the enzyme from’ wheat germ and 1.7 ﬁM for the

phgerlcu decarboxylase.57 Both 1nh1b1tors are

compet1t1ve and show no t1me dependent 1rrever51ble

. o

““thlbltlon. o 7 :
These analogues were also tested as inhibitors of

mesofdiaminopimelate-D—dehydrogenase. Assay of:eniyme
act1v1ty was performed by mon1tor1ng NADPH format1on
spectrophotometr1cally at. 340 nm. Both dlrect compet1t1ve
. and t1me dependent 1rreversxble 1nact1vat1on were stud1ed
\ as.in the case of the decarboxylase. Nelther 3 nor 4 caused

ﬂ
' any s1gn1f1cant 1nh1b1t10n of this enz\mexﬁand in a direct

competitive assay, § showed no actlv; y, e1ther. However, in

a prellmlnary experlment 5 d1d exhzb:t time- dependent‘

7 A\

. & .

s inhibition when 1ncubated w1th the epz¥me 1n %ge absence of
substrate and this 1nh1b1t1on was 510w1y reversed under the
assay cond1tlons. It'appear5>that 5 is a slow—bxnd1ng

vt ' " .
)



J - . ) 60

ihhfbitor‘of the enzyme and does-not compete effectively
w1Qh substrate for the act1ve 51te, but once in the active
S1te, 1s hard to dlsplace.;Further stud1es are in progress

nowrt0~1nvestlgate this behaV1our.
Y . )

%

‘

Ant1ba¢ter1a1 Activity ' \
The analogues 3 4 and 5 were tested for/antlbacterzal

act1v1ty by Dr. M. A Plckard The dlfluoromethyl analogue 3

v

/

-present at ;@ concentrat1on of 400 ug/mL (E. coli, Bac1llus
L

subt1lls,.and g;“ceﬁeus or on plates when applied on disks

did not'thrbxt ‘é@erlal growth in quu1d medlum when !

D

(20Q ug) (Arthrobacter,simplex,'Mlcrococcus roseus and M.

ST -
lysodeiktiGUS) Thzs is not unexpected in l1ght of the

enzyme 1nh1b1t10n results. Ne1ther the N- hydroxy analogue 4
‘nor the hydkaz1no analogue 5 showed growth 1nh1b1tory
. activity 1nacomplex nutraent.broth when tested at _ .

X

concentrat1ons of up to 100 ug/mL agalnst E. coli,>§;

7

i subt:l1s§ B cereus, E; megaterlum, Staphylococcus aureus o%;ﬁ/#

RS

Streptomxces ant1blot1cus. However, in defined medla, both 4
and 5 1nh1bnted the growth of.B megaterium 75% at |
concentratrons as® lOH‘aS 20 qg/mL and the growth of B.

o

subtilis aLmost completely at 500 ug/mL. E. coli and

Pseudomonas aeruginosa were not affected. The lack of effect
. e
in complex medla may be due. to bypass of the blockage of

lys1ne synthe51s by 1ngestlon of exogenous ly51ne. It is.

also possible that the analogues are not readxly 1ngested by

_the bacterla and therefore do not have a chance to exert an

r 2" !
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effect. This problem may be overcome by‘incofporating the
analogues into small peptides that can enter the bacteria

more readlly aﬁd be hydrolysed 1nszde the organism to .

release the potential ant1b10t1c.267 269 Payne and

267-269 '

;coworkers have suc¢gssfully used this.approach'to

 increase the antibacterial activity of aminooxy and
hydrazino analogues of amino acids. Further studies are in °

progress to prépare'and test such peptides. - - '



%

- Chapter 2.

Fast Atom Bombardment Mass Spectra

- of Nucleosides and Nucleotides
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uand ionization

. Introduction

Mass spectrometry possesses great potential as a

'technxque for study of blolog1ca1 mplecules because only

'small amounts q§ sample are requxred of mater1als which may
270

. be available only in minute quan&;tles. However,, in the

past, its use has been hindered by the involatility of large
polér molecules and by theirAsensitivity to the extreme

271

conditions needed to bring them into the gas phase, The

advent of milder desorptidnfionization methods, including

"fast atom bombardment, has solved this problem for many

types of naturally occurrlng(molecules.z72

Fast atom bombardment mass spedttometry (1“15513’/}«15)273—277
is a techdique whereby a stream of fast atoms (typically

argon'br';enon)‘impinges onto 'a solution of the sample to'bs
analysed in a 1iduid matrix such‘as glycerol. Volatilization

n278 of the anaiyte occurs and the resulting

' lons, e1ther Qositive 6r negative, can be detected in the
, AT

usual‘uay. The "sputtering" or desofption of the anaiyte

into the gas phase is most efficient when the fast atom beam

 strikes the surface of the glycerol at approximately a 20°

ahglen?79-282

Several rev1ews have been publlshed on the use
279-282 1

!
\ The study of nucleotldes by mass spectrometry ‘has been

of this techn1que.

fodlfflcult beCause ofkthe 1nvolat111ty and thermal

”desorpt1on

 :71nstab111ty of these compounds. However, recently, ‘other

283 289

soft" 1onlzat1on methods such as f1eld

290 294 295- 298

callforn1um-252 plasma desorpt1on

63
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299 304

[

secondary ion mass spectrometry , pulsed laser-induced

305 306

desorption and atmospher1c=pressure jonization mass !

spectrometry3°7 as well as pyrolys;s electron impact and
chemical ionization mass spectrometry308 313 Have been
applxed successfully in this area. These methods have also
, been used to study the adducts of nucleosides with™-

314 and dehydroretronecine.315

psoralens These reports
indicate that FAB MS should be a useful tool in the study of
nucleoszdes and nucleotldes, espec1a11y con51der1ng the -
-s1mpl1c1ty of the techn1que and the ease wlth wh1ch exlstlng

316 Not only

mass spectrometers are converted to its use.
miéht_moleculgt weiéht be routinely determined, but, if

. fragmentation of oligohucieoti‘dés oc_:curs‘ between the sugar‘
and phosphate residues ot the backbone,‘ééqdence information‘

mlght be obtained. Thls would provide a rapid alternatlve to

chemical and enzymatlc sequencing procedures.317 319 Also,
protected intermediates in the synthe51s of
ollgonucleot1de5320 mlght be analysed more easil 321, as

well as‘nucleosides andvnucleot;des'contalnlng unnatural

. ) ‘ .
base residues.322 :

Since this work was begdd several publications. havg

. appeared reporting ‘the use of FAB MS in the study of %ﬁw

323-330 331-332 Lucleosides and ﬁﬁ’

-nucleotides., Nucleoside adducts with carcmogens333 33 ,

335

free and protected

and chromium and cobalt comp%exes of

hucl_eoside.triphosphates336

‘cyclic nucleotides

have'also\peen studied by this

technidue. In collaboration with Dé: Ch»Tamm (Institute for

2 ;

‘,j ~



i ‘ | .'I( X . ) 65
Organlc Chem1stry, ﬁnxversxty of Basel) e decided to

1

1nvestxgate the use. of FAB MS as a tocl for the. L
character1zat10n of nucle051des and .nucleotides contaxnlng '
the cytos1ne analogues 2(1H) - pyrlmldlnone (M),

2(1H) - pyr1dlnone (ﬂ) and 4- am1no~2(1H) pyridinone'
(2) 337 340

In thevfollowingié&scussién,-the nomenclature Xp¥p...
wiil be used where X,‘Y, etc. are the'usuai nucleoside
symbols (A,.adeqesine; T, thymidine; U, pridﬁﬁe; C,

’ eytidihe} G, guanosine) énd p’represents'a phosphate group.
The nucleoside X is at the 5' end of the oligonucieotide. In
the case of protected nucleosides, ¢ represents a

" p- chloropheqyl group angd CE a cyanoethyl group.



o

‘correspondlng to the 3'-end nucleotide plus acC

_fragment. This pattetn was also noted by Crow e

11. Results and Discussioh
In preparation for -the study of these unnatural
nucleotides, several‘commercially-aeéilable (Sigma)
dinucleotides in both the ribo and deoxyribo series were

studied by negative ion FAB MS. Quasimolecular ion'(M-H-)

‘peaks were seen in each case, as well as those corresponding

to glycerol-solvated guasimolecular ions. The major mode of

*fragmentation is cleavage’of the sugar-phosphate linkages to

glve nucle051de monophosphate an1ons. Very little, if any

cleavage of the base- sugar bond was observed, in accord with

324 330

the results of Eagles et al , although Sindona et al

reported significant fragmentatiqp of the base. However, due

to the“high background below m/z 260: spectra werquenerellye

not recorded below this vaiue,fand thus any peaks due to

free base anions would not be observed. In‘hearly all cases,

fragmentation of the 5'-sugar residue- occurred, giving peeks

O
323

r‘fw

4
al

— ——

"This

'allows dxscr1m1nat10n between the 5'-end and 3'-end

‘nucleotides, and 1dent1f1cat1on of the direction of" the

sequence. This is illustrated in Fiéure 11 for the isomeric
dinucleotides ApC and CpA. ‘
Tr1nuc1eot1des were also examined by negatlve ion FAB -
MS. Aga1n,,quasxmolecular ions and glycerol—solvated‘quasx—'
molecular io?s were seen;'The;expected mono- and |

dinucleotide fragments, as well as the dzphosphorylated

central nucleosxde fragment unambxguously assign the
i3

66
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Figure 11. Negative ion FAB mass spectra of ApC and CpA.

{
-

sequence;,The representative spectrum of d(TpTpC) is shown

in Figure 12. The tetranucleotide d(TpTpTpTp) and the

e
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‘ (TpTpdC~H)~
100 834
80
80
« : '
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20 610’, ‘
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Figure 12. Negative ion FAB mass spectrum of d(TpTpC) .
)

pentanucleotide A(TpTpTpTpTp) also'give the expectéd
negative ion FAB spectra. Héwever peaks correspondjng to
f1sszon of the 5'-end sugar resxdue are very weak or absent

-

in these spectra, and there is no obvxous way to obtain

dxrectxonal information. Grotjahn et al328

report in their
study of one deca- and two octa- deoxyrxbonucleotldes that
the peaks correSpondxngﬂto fragments with a term1nal
5'-phosphat§ group were more. 1ntense than those w;th a
termznal 3'-phosphate group This m1ght arise é{gg\izg
expected preferred cleavage of a phosphate‘anxon from the
3ecohddry~3l?gdrbgn rathgr than-thé primary 5'-carbon of a
deoxyrxbose moxety. Howé;er, this was the case for only

-

three of” the trxnhcl\:txdes ve studied, namely, ApGpU, ApUpU

S
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69

and ApApU. For all otﬁers. the terminal 3'-phosphate |
O

fragments gave peaks as or more intense than those bearxng a,

325

terminal 5'-phosphate group. Panico et al also found no

correlation between peak 1ntensxt1es and position of
Q JO—
terminal phosphate groups in the1r study of deoxyribotetra~

'nucleotldes Thus, no direct way exxsts of- determxnxng the

/ .
dxrect1on of.a small ollgonucleot1de seqguence by negative

ion FAB MS,. Seleqﬁ@ve end modification may be necessary to
achieve thls.,\rf.{ P
P 4’ o a

The poSztxve 1onoFAB mass spectra of, ollgonucleotxdes
aﬂe not as’. useful as tﬁe negatzve ion spectra. Extensive

cat1pnxzétlon§by even traces of sodium 1ons occurs- and

' meanlngful peaks are often lost in thé; matr1x-der1ved

e

backgrouda Thzs A5 ul;ustrated fir d(TpA) 1n Figure 13. The

x‘,

. A
. rfragment peaks at 324 (d(Tp) 7 and ‘330 (d(pA) ) are quite

e 4 N w

‘ ﬁ1ntense an the negatxve ipn spectrum while the expected

k] :
correspomd!ng peaks at 323 ahd 332 are not seen above‘

.

backgrouna 1eve1 1n the posmtlve 1on spectrum. Since the

i 1 5

sequencecfragments are more llkely to" have € negat1ve
6’

‘charge, they would probably not be v151ble in, the pos1t1?e

ion spectra ‘in any case. Also, cat1onlzatlon by sodium

severe!y comp11cates the molecular. ion regxon~1n ‘the

- positive ion mode. This is illustrated further by the
‘positive ion spectra of ApApPAPApA and d(TpTpTpTpTpTp)

-~ (Figure 14). Little if any‘MH+lis observed while sodium-
b

containing ions are prominent. prev1ously reported288

positive 1on FAB mass spectrum of d(TprTprTpr) showed

v

.

PR



Wt i
L R E ® .
3 h v et
b ’ o > ,
s N ‘
¥ ! :
. N
N v ! s N ‘ P
‘ ' ) " .
' m b \J s
u. . N
AN
. .
Vi .
b b M-H 554

400 50 500 - 550 '600 650-

soo

¢ (M+2Na H)*
o . Do S - . } (M+~a)+‘
80 T o S ( S 578 .

«

(M+3Na~- 2H)*
1 622 .

L2500 300,. . 3.5"0‘ a0 450 "“‘500 ods0 600 650 -
Fzgure 4\3\ FAB mass spectra “of - d(Tp&) in negatwe (above)
- .ang p051t1ve (beLow) ion rﬂod—es. : R s
i ' ‘ - N ‘ ‘A'l
less, but st111 extens e, sbchum catwn1zat10n. Aubagn et

A .\ . . s ‘— . . \-_J
; ”61326 aleg dbserved much sodmm cat10n1zat10n and a h1pﬂ{ o

|
level of backgrounﬁ'\hmse in thelr p051t1ve ‘aon FAB mass~ oo

‘r R
» [ i

spectr% of arabanSe nucleotldes. TR RO
KR “ N -" f o » L e i S
. ?;‘,' l-“,-wg;‘f : RRIETE R T T e @ e ’

fap L& g . Y : I S t



. 3
. —
J ar"?'
. \\\“ -
" 100 o ‘ . . ‘ P 1907
! _] . ' / . MNa,;
, - RPN : - | MNag:
804 ] N ‘ - i - ' . } ‘953 MN.B
A - : - : ' 1975
60- ' L :
40| : ‘
- o ;
- 2B J '.’!
T F
O_Mrmullumqm LMJ,d,umehmhuﬂlr
_ . 1700 ) 1800
“ ‘ -4
‘ ‘.:\v‘_.1oo. . .' MN'QZ 1628 . ' . ‘ {; . o ) . ) . v . ) ‘ .
. ¢ . 1650 - - B A '
Bl | wNay S
9 MNa | bl oqer2
'50% 1606 |, fiNa,
40 . ‘ | | ,
N MH’ 1694 RS . T
20» 1584 AL JMNa'é‘ e SF L ) ; o
- Qr,.l JLI l.l iall‘. ‘ t, rxhll. 11-__[&?,1 % 1 A S
v 1soo .o V700! - A 2000 ~

: Figure 14 P051t1ve 1on mess spectra ‘of d(TprTprTpr)
' : " (above) and ApApApPApA (below)

Several'fully protected deoxyr1bonuc1eot1des337 were”
*qstud1ed by FAB MS and 1n all cases, lzttle if any quas1-
’fmolecula» ion’ (M HT) was observed. However, loss of the
‘cyanoethyl molety occurrea‘readlly,to give ‘a promlnent peak S
'-:at 54 daltons lower mass. Ulrlch et al33. observed 51m11¢r * 2»
‘behayzour in thelr negatlve 1on FAB mass spectra of" fully -
».protected dlnucieotxdes.'Loss of the p-chlorophenyl‘?nd 4”.“ff§
'hdlmethoxytr1tyl groups are also observed as. well an“i a ﬁi'°;

’h‘cfeavage of the base SUQar and phosphate sugar bonds: The ffﬂg

:;f fullyrprotgcted nucleotxde molecule does not have aﬁproton
o B R ‘
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- . . . ot ‘ ’ ‘
. . /o v N

whxch can be ea511y lost to leave a: stable negatlvely-

.chaqsfd fragmenb As a result, 1055 of one of the pxotectlng

W
groups is necessary to obtain.such a fragment. F1551on of

. the sugar ;e51due5£as was séen Ln-the case bf the free

vdinucleotides occﬁ%s and loSs of the base ﬁrotectingvgroup

1332

xs ‘6bserved in some cases. Grotjahn et a .“observed similar

fragmentatlons. The representatxve spettrum of fully

'

protected thymldxne 1s shown in Flgure 15 The extens on of
w L4
th1s technxque to qpnatural nucle051des and nucleotldes

could now be conszderad ‘ o , fﬁ ‘ -

xg..

e, nuc1e051des contalnlng the 2(1H) pyr1m1done (M),
A y.

- 2(1H) pyn1done (n nd 4 amino- 2(1H) pyrzdone (z) .

338 340

basts gave quasrmolecular ion (M H ) peaks and sho ed

spectrum of dﬂ (F1 ure 16) ThlS was also observed by C owl;e

323

7.et al- in the;r‘FKg)mass spectra o% natural nucle051 es.

¥/ v
In %he case of dM, a h1gh matrlx der1ved bé;kground maF .
‘1nt§%pretatxon of the spectrum dlfflcult. Many peaks at
hzgher mass than the quas1molecu1ar ion were cbserved due

to cluster:ng of the qua51moljou1arv;on w;th=mo1ecules§;f B
glyce%ol.or'ofe1tself B o R S R K

The 5'-mono- or trxphosphates of thesé\nuclews;des were 5

also studxed For - 5'-MP (Fxgure 17) a sxgn1£1cant'
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Flgure “15, Negatxve ion FAB mass specvrum of (DMTr)T¢(CE)

‘.

‘qﬁasimolecular ion‘peak'at 290’dal£ons was observed,.as vell
as fragment peaks at 195'((M-HB+1)f) and‘97”(ﬁ2P04_)}7A high
degreg of cluipgring of ‘the duaSimoleCUlar.ion with'>»

.glycerol H3PO4,'the 195 dalton fragment and 1tse1f

| - $

“occurred The h1ghest peak observed 1# the spectrum was '

_(M —H) :at 872 daltons, but th1s peak was - of quite low '
'“_1ntens1ty. For d4di- 5'-TP hoﬂéver, 11tt1e fragmentatxon was

A



100 -

80 -

fvobserved above the h1gh backgropndd It is. possib

]

L
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: s, . ! - *
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[

‘500

Le tjat low

solub111ty in the glycerol matrlx ¢aused a low 1nten51ty

specn:um% The sodlum bound qua51molecular 1on at 487 daltons

)

, -
- is v131ble as welg\as glycerol solvaméd qua51molecu1ar ions
) _

‘at 579 and 671 daltons.*

Sy

S

LY

£

3

/ r
*- D1nuc1eotides~conta1n1ng unnatural bases appear to

s

'behave\much like natural d1nuc1eotldes. For d(MpTXJ the

quas1molecu1ar ion at 515 daltons ((M-H)~ ) is observed as

3

-“d(MpC) was also studxed (Flgure 18)

we}l as the expected fragments at 291 (Mp )

321 (pT ) and ~

.

The expected

- '

377 ((pT + C3H 0)7). The Bk-protected monomethoxytrf?yl

of the expected faczle cleavage of the monomethoxytrltyl

-

‘fragmentatxons vere seen, but it is. 1ntbrest1ng that 11ttle
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<%,

~ ‘thus appear to behave quite 51m11arly to the natural

, bombardment ‘mass - spectrometry

15
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Negatlve ;on FAB mass spectrum of dnr-5'-MP,

o, . ’
.

group was observed While th1s cleavage was wrved by

. Grotjahn et al332 ~Ulr1ch et al331 dig not sw§ any loss of

Lt

uhls grodp in their study._ --C; s '
’ - T
Nucleosldes and nucleot1des conta1n1ng unnatural bases

compounds and lend themselves welﬁ to sgudy by fast atom

)

Lo
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Experimental . ~ e
. . . \:‘7’&}@," [
# General ,2»~ oo ‘ -
, e . . | L
<« All meltlng poxnts were determxned on a Fisher- Johns
) . ‘ . ‘s 5 E

caplllary‘ %1t1ng-p01nt apparatu!‘and are uncorrected

\
,$M§) vere recorded on AYE.I. MS- 50 (hxgh

":'. ,;q,id\

(\

- . an 1on121ng voltage of 70 ev. ProtOn NMR spectra ye&e ;rQ¢¥§, g
. recorded on Bruker WP-80 (80 MHz), Varzan HA-~ 100 (100 MHz)
#
Bruker WH 200 (200 MHz) and Bruker 400) (400 MHz)

1nstruments in.the spec?

,1ed deuterated solvent with tetra-

methy151lane (TMS ah deuterated sodlum 3- (tr1methyl-

. s;lyl)—l—propanesu‘ onate (TSP) as internal standards. 19F‘
B s . ) . . N
NMR wer€ recorded on Bruker WP-80 (75, 3 MHz) or ‘Bruker -
€ : .

HFX- 90 (84 7 MHz) spectrdheters w;th CFCl3 as an internal or\\\\
F"we;cternal s.andard 13C NMR were recorded h a Bruker WH 400

A ,
- (100 6 MHz) spectrometer w1th TMS as an iinternal standard.

T Opt:cal rotat1on measurements were recorded'on a . :
’Pq?"m, Perkln Elmer 141 polarlmeter us1ng a 1cm cell.
;7; :"' ‘ e‘Sll:ca ge&*%or column chromatography was Merck type 60:
70-230 mesh Edash chromafography was carr1ed out by the . .
~. metnod of St111 et al &9, using Merck type 60 sxl1ca gel,

230-400 mesh Commerc1a1 thin- layer chromatog;aphy (TLC)

' plates were silica, Merck 60F-254;»P1ates E%r preparative

TLC were 20 x 20, x 0.2 cm and-qere‘heated at 100°C for 1-2 h
]

. before use. S111ca gel for preparat:ve TLg'was Merck 60

PF254 or Merck 60 GF254 Spots were detected by absorptxon

. ‘ ; . . ) o ,“ ) ’)v

17 SR . . LY
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% of UV light o‘r 'sta'ining‘with iodine, ninhydri'n (amino
aci?s) bromocresol green spray (3c1ds) or sulfuric ac1d
» spray w1th charr1ng TLC of amino ac1ds was done on 1pntw

‘ exchange sheets

;Fbxlon 50x8, Na form) 1n 0.4 M sod1um
Pl RE ~

c1trate buffer‘._«rdén egchange chromatography employ&d

Bio- Rad AG SOW-XBﬁ;afﬁon exchange resin (50 100 mesh) or AG

’—xa anJQn»éxcgp ‘sgn (SOwﬂOO mesh) ' | -

aﬁ‘ 4'i-%be‘g%gergn: gragg solvgﬁts and Teagents were used directly

FA oy L
except for the £6 wing: ethyl acetate and Skellysolve B

(hexanes) were dq‘%ﬁ

d1$t1lled from s d. m*benzophenone under argon atmosphere-'

'led tetrahydrofurﬁn (THF) was

e r»v 7 B

ethanol and methanbl were dlstllledvfrom magne51um ‘under- N~

argon atmpikhprea dzlsopropylamxne was dlstllled from

?

calcxum'hydhpq‘;under argon atmosphere

\ ¢ Reactifrg d‘.ﬁ%?t?é C were cooled in ice-water; °

reactlons done a “78”Cawere cooled 1n dry ice- acetone.
§ ¥

.;. >

" Unless otherw15e no;ed.wsbfrrlng refers to the use of a

| Teflon aoated magnetic, bar.

-.o" »
) * -7
. . . .
<y N » X .. - —
‘e <« v ' - L ¢ .

r Engymat1c Stud1dsY

meso- D1am1nop1melate decarboxylase was 1solated from

"Bac1llus sphaerlcus IFO 3525 by Dr. M.M. Palcic, us1ng the

;o method described by Asada et al5 , and from wheat Qerm

T e

(Tr1t1cum vu;gar1s, Slgma) by the memhod of Mazells and

37 The specific’ act1v1t1es of these preparat;ons

L4

Creveling,

were- 16 units/mg and 0.017,units/mg respectively; Assays -

»~

v

v
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r

were perfofmed by measuring 14

co, evoluﬁion from.
[1, 7-14C]diamin0pi?elic acgd. The assay mixtures (in

SC1nt1llaﬂ§Pn vials) conthined 50 mM potadsium phosphate

buffer, PH 6. 8 1.2 mM dxamxnopimelxc acid, 0.25 uCi of -

- f.‘
[1, 7-1 C]dlam1nop1me11c ac1d 50 uM pyrldoxal phosphate, 1.2

mM ethylened1am1ne]etraacet1c acid (EDTA), 3.5 mM

dithioerythritol

mL. The caps of the viale contained a 1.5 x 1.5 cm piece of

T’tz)tand enzyme in a final volume of 0.86

fi;ternpapef impregnatedeith 20 uL of 1 M hyamine hydroxide

14

as a CO2 trapplng -agent. ’he reaction was initiated by

addition of enzyme, and the assay m1xture was incubated ae
25° C w1th shakxng for 20 m1nutes. Reactxon was termxnated By
add1t10n of 0.2 mL of 10% trlchloroacetlc aC1d and the vxals
were shaken for an add1t10nal 60 min to assure that 14C0§
evolution was complete. The filter paper was removed and
counted in 10 mL of ACS sc1nti11at1on cocﬁ%all on a Beckman‘

!

LS100C" sc1ntlllatlon counter. Assays were standardized with
an excess of enzyme to completely release and"trap CO2 from
sub;trate. One un1t is. deflned as the amount of enzyme
cataly51ng the - release of 1 u@pl of coz per min Und%r the'
above. condltlons. Protein concentratlons were estlmated _

using the Bio- Rad proteln assay, based on Bradford’ 5344

- method, u51ng bov1ne serum albumln as a standard ’

Aasays of enzyme 1nh1b1txoh were accompllshed as

descr1bed above except that test materxal wa’s 1nc1uded 1n‘

IRy

the mixture. Assays for time- dependent 1nh1b1txon vere -

carrxed out by 1ncubat1ng test materxal with enzyme at 30° C

Yo

*

-
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and withdrawing aliquots of this mixture. at‘d, 15 and 30

minutes 1ncubat1on t1me for assay by the above procedure.~

Controlxexperxments werefperformed 51mu1taneously.
mggg-Diaminopimelate-D-dehyd?ogenase was iselated from

Bacillus sphaericus I1FO 3525 by Dr. M. M. 'Palcic as described
49

?-

by Misono and Soda. The Spec1f1c actxvzty of ther

preparat1pm was 46 unlts/n% Assays were performed by ’
gt
ﬂ~mon1tor1ng NADPH §bsorbancezat '340 nm. The assay mixture (in

‘i
1

-3&1IQL cuvette) conta1ned 0.2 M.glycine“KCl buffer, pH 10.5,

2.5 mM diamingpimelic acid, 0.1 mM NADP® and enzyme i

final-vdlume of 0.90 mL. The mixtufe'was incubat,

and reaction was 1n1t1atedoby addlthgﬁof enzyme. hctlvzty
1

" was measured by the rate of increase of absorbance at 840

nm, using a Beckmann DU:B Uv-vzs1ble spectrophotometer. Oneg
) R « L ‘ ' 4 A :
N - .
unit of &nzyme catalyses the formation of 1 umol of NADPH

Fer min. _ . ‘ - . ‘

Assays of enzyme 1nh1b1t1on were carr1ed ut ;;N}

L

, descrlbed above,.except that:test material was included in.

the mixture.. Assays for time dependent inhibition wer

carried out by incubating enzyme, test materlal and- 0.8 mM-
»'NADP and w1thdraw1ng alzquots of thls mlxture for ‘assay as

descr1bed above. Control experxments were performed

sxmultaneously. S : . . -

Fast Atom;Bombardment Mass‘Sbec:ra
| 'tast.atom bombardmentgmass ;;eetra‘were recorded on a""

Kratos/A E.I. MS9 mass spectrometer with a mass range of

1400 daltons at an acceletat1ng voltage of 6 kV, and on a

-
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&

Kratos/A.E.1. MS50 mass épectrqmetef, with a mass range of
2300 dalt§ns:at an accelerating voltage of 6 kV. Both
‘instruments are fitted with saddle-field fast atom guns,tion
sou??!éihnd copper sample probes as previously desé?ibed.3z§
Spectra we:L recorded at a scan rate of 10 s/decade using a
~Kratos Dsss on-line. data system. Calibration of the data
system for a‘mass range of 1300 daltons or less was carried
out in the FAB mode for both positive and negative ions with
perfluorotfiheptyltriaziﬁé; Fombliﬁ was used.in the EI
p051tive ion mode when- mass rangesmgreater than 1300 daltons |
were requ1red S 1:~ . 7' \
Commercially available freé 6liggnucleotides (PL

B10chem1cals, Slgma,vAmersham) were used w1thout/pur1-

>f1cat10n or after ion exchange cthmatography oR AG sow-xe

;

ot .

T 4
-

N

: (H or NH4 form, 50-100 mesh, qu-Rad)‘g}{on DEAE- cellulosek

(Sigmé) with water 4nd 0.5 M ammonium'fcrméte (pH 6.5) or
QO S'Mnammo ia. Chromatbgrapﬁed samples were lyophiljsbd

under hxgh vacuum. Protected and unnatural nucleosxdes and

k4

nucleotxdes were preparqd in the laboratory of Dr C. Tamm,

‘337 340

A
as ptev1ously described. \Sample loading was 05qally '

about 20 wug of, nucleot1de.disspived in 2 u; of glyceror or .

sulfolanﬁ/-leéepol The. saddle flgl@ dlscharge was ca. 1~ﬁh"f§

RS
at 5 kV applied voltage us1ng %Fnon gas.t -_ g __/ T

.

i

o "'4\_" .’-f ..',:;',‘ . »' 1

NMR Spectra of Lysine Biscimphanamides 102, 103 and 106

Tu, 3¢ ang 'w-13

C shlft corre}at1on spectra vere '?w.é

recorded on a Bruker WH-400 spectrdneter. Typically,\Sb\Sq/,—r‘



. 'mg of labelled material (103 or 106) was diluted with 10%20 -
. ' L © e ‘
mg of unlebelléd 102 in 0.5 mL of CeDg containing TS and 15

drops df C6F6’in 5 mm tubes. Two-dimensional TH-13¢ shitt
Céfrelaﬁidn eiperiments with 2

250-253

H-decoupling used (19F lock oh

6 6) used l1terature pulse sequence; with the
J :

follpwzng;ppramgters: acquiSition time, 0.098‘5;;f7~14;6//

172{‘Hz;‘£2 3¢ 5208”Hz:,rela§a£ion delay- 3 s between. ~

A_ scans; 64-290 scans per'incremént* 1K FID's for 64 values of
’1' zero f1111n§-tp 512 points in f and 2K in fz, and line"
broadenxng—G 0 ‘ﬂﬂ 5.0 for f and f tespethvely.

* ¥ Methyl ornxthxnate»dxhydrochlotiQe163,ﬂ6) _

| A suspénsi&h of L-ornithine hYdroéhiogﬁdé (50 é 0.30
- mmol) én,m?thanol (500 mL) was’ 5t1rred at €%C while thionyl.
chlorlde (53 g, 0.45 mol) waf added dropwise. Dur1ng the“

| aﬁd1tlon,‘the soéﬁg dlssolved and the solution was st1rred

‘at room temperature for 78 h. Evaporation of the solvent in

123 ,

192-193° 8 (recrystall1zatlon from. methanol/etLer) (lit.

'/ m.p. 192-194 °C); IR (CHCla/MeOH ‘cast) 2900, 17¢5.cm”'; Tw
H . " ‘. .
. cﬁi

- vacuo left 64.6 g (99%) of 6 as a white solid, m.p,

\‘-

R (CD3DD 80 MHz) 6 4. 12 (m, 1H cH) 3 90 (s, ,;

S

\
2k

147 (MH ), 132 (Mﬂ cu3), 130 (MH J:NH3Y;'

3 . 'v A
4 ! -

ahthyl N -(p-tolylsulfonyl)ornxthxnate hydrochlorxde
(7) - | oy - , v

165,166

A



- v " ‘1
] i} . - a 3
. ! R N
o 1)
i ¢ .
A : -"c‘ ) .
h)‘ T

To a stxrred, cpoled (4 C) suspensxon ofﬂ?(z 0 g, 9.1
t mmol) 1n ‘chloroform (100 mL) uas added trxethylamxne (2.8 R
27 mmol) and Q-toluenesulfonyl chlorxde (1.7 g, 9.1 mmol).
St1rr1ng was contxnued at room temperature for 24 h and the
4 .

solvenm was evaporated»;n vacuo. The residue was partitioned -

between d1chloromethane (2'x 50 mL) and vater (50 mL) -

, 4
containing saturated aqueous potass1um bicarbonate (5 mL)
'The dxchloromethane extract was dr:ed (Nazso ) and )
concentrated under reduced pressure Th 1te solid residue

was dissolved in ether: (150 mL) and dlchlodomethane (80 mL)

] .
and hydrogen chlor1de gas was passed over ﬁhe surface of the

4

stirred, cooled (4°C) solutxon for 15, m1n.'After

concentration of ‘the solufion to ca. half its vélume, af

whi;g\ggj;daprecipitated and wes‘collecred by filtratzpu,,“'
This was identified as 7 (1. 99 g; 64%)\ m.p. 133-135°

(l\t 165 n. p 135-136°C); 1R (cuc1 »/MeOH gast ), 1745,/1330 '

-1

‘1160g m. ' ; H NMR‘(CDCI '100 MHZ) 6 8.50 Xbr s 3H NH ),

3
\ .

7.78 (@»J = 8 Hz, 2H; Ho,,tho to’ 30 ), /50 (8, J/nw
. 2H, HOr'thQ co‘cn’r G\io\(m m NH), A.35 (m | ,cH)_', 3. 78

(s, 3H, cooCH r,,2.95 (m,

\

_2.18 (m, 2H, CH,); MS (FAB), 601 o 7‘),,;3(;1~ H*) | 224 (M -
coou‘e/, NH') :

,;A.
why -

(Q MePhSO

Methyl g?*benzoyl-gs-(g-tolylsulionyl)prnithipetc (8)
Triethylamine (0361 9, 6.0 mmol) and benzoyl chlbride

(0 4219, 3.0 mmol) were added to a solutxon ot 7 (1.0-.g, 3. Of

—mmol ) in chlqroforn (50 mL). The, mzxtute/mag stxtred at room
. - . . ‘ . <

T

2, 40 (s ZH; PhCHg). "d -

“x : . . A
), . ;o ,



temperature'64 h, and was washed w1th saturated aqueous

potassxum b1carbonate (30 mL) The aqueous phase»was

!

extracted w1th chloroform (50 mL). and the comb1ned

— «

chloroform éxtracts were dr1ed (Naz O ) and concenrrated in -

o

. vacuo, to leave 1. 60 g (78% pur1ty) ‘of crudexd as a. wh1te

sol1d Most of ‘this was uSed thhout further pur1f1catlon,‘

Y
but a small sample was pur1f1ed by flash chromatography230
Ve (50% d1chloromethane/ethyl acetate) followed by ’f\- .

’recrystalllzatlon from et&yl acetate/hexane to g1Ve whlte
. needle

b ,
1160 cm~

m. p.'134 5 '§35° C; IR (CHCl ast) 1740 1640 1325,

v NMR (cnc13

, TH, CONH), 5.35 (t, J = 6 Hz, 1H, SO,NH), 4.78

80 MHz) & 7.50 (m, 9H,‘Ph), 6.95‘
(d,'J =8

’ ) o . <y A ' v
(dt, 3 = 7. Hz, 8 Hz;'1H cH),*3 73 (s, 3H, COOCH,), 2.98

\

6 Hz, 6 Hz, 1H, CHapH) 2.38 -(s, 3H, PhCH,),

(dt~'
2.1-2. 4 (m' 4H CH )i exact mass 404. 1383 (404 1406 calc.
for C20H24N2058T‘ Anal. Calc for C20H24N2055 C, 59 39 H,
5.98; N, 6.93; S, 7.93. Found C, 59.50; H, 5.98; N '6.72;
S 9 fi' ERREE ,; S !1" |
e v \ § , | . .
- Methyl N —benzoyl-N —(g-tolylsulfonyl)—ﬁ -(g-n1trophenyl-‘
’fsulfonyl)orn1th1nate (9) '_ . JEURE S w
Sod1um hydride (50% dlspers1on in 013 7b mg}'1 5 mmoll\ f?
- was washed with. THF (2 x5 mL) and resuspended in THF (5 mL)
IWIth st1rr1ng under argon atmosphere A solution of 8 (78% f
purlty, 0.50 g, 0.96 mmol) 1n THF (10 mL) -and methanol (0, 6 ’
mmol, 1.5 uL) were added and st1rr1ng was contlnued 30 min.
A solut1on of g-nxtrobenzenesulfonyl chlor1de (0.28 g, 1.3

‘e o o }\;\ ‘. N



| SRR L L Bﬁ\}' |
\.V,? mmol) in. THF (8 mL) was added and stzrr;ng was cont1nued at s

mL) vas’ added and the mlxture vas extracﬁed with dxchloro—
* methane (60 mL) The\d1chloromethahe ex&nact vas dried

(Na2 ) and concentrated in vacuo.ncolumn chromatography

/

(chloroform) of the res1due gavge: 516 mg (91%) of 9 as an
amorphous ‘s0lid; IR (CHCl3 cast) 1740 1650, 1530 1375

1350, 1165 c;\**\ 1, NMR (CDCL 200 MHz) § 8. 24 (d,‘J -9

, 3.
ﬁw?z, 23 H Ptho to N02)>\8 11 Kdi J = 9 Hz,kZH HOPthO to 802i
(Ns)),.7 81 (4, J 8 Hz, 2H Hortho to SO2 (Ts)) 7 74 (d

J =-8 Hz, 2H H Ptho to CH )/ 7,40 (m, 3H, Ph), 7.23 (m, 2H, "

CPhY, 6.71 (d, 3 = 7.5 Hz, TH, CONH), 4.77 (dt, ' = 7.5 Hz, 5

~

Hz, 1H’ CHCOOMe) 3. 76 (m,%g H COOCH CH N) 2. 4D/(s, 3H,‘

p

pth ), 1. 9 (m, 4H,. CH ), exace\ 55 589.1195 (589, 1189

| calc. for. C26 27 30952)/ Anal. Calc for C26H27N30952.YC,
R 52.96, H,'a.ez; 7.13; s, 10.87. Found: C, 53.34; H, 4.70% .

N, 6.98; S, 10.84. //

: /” o U

2= Phenyl 1 3- d1oxane 168 (11) '
' 169

L)

The procedUre of Sg'ltru was"fol»lovf:'ed. A 'mix'tpre“ ’o‘f" ‘
F"lbenzaldehyde (31'8 g, 0. 30‘mol) " 34propanediol (25 g,l0333'
mol) and Q-tdéuenesulfon1c ac1d (0 57 g, 3.0 mmol) in

benzene (506 mL) was heated at reflux for 6 h w1th

é

‘ azeotrop1c removal of water, The solvent vas evaporated in®
/

: vacuo td leave a pale yellow oxl wh1ch was crystall1zed from

",petroleum ether to yield 39.6,9 (80%) of 11 as large‘

/ : S . . o




‘colorless crystals m.p. ‘4e-46°C. (lxt.g
(CHCE

»wasﬁstirred under aréon-atmosphere at 4

2 h Aqueous/IO
‘separated The

concentrated 1

L

-1, ‘H NMR (cocl,, B0 MHz)‘5~7r40w(m,

3 cast) 1110 cm-

SH, Ph), .5.45 (s, 1H, CH) 4.00 (m, 4H, OCH, ), 2.20 (m, 1M,
Hyy Of CHy), 1.42 (m, dn,‘n eq Of CHy): exact mass 1640828
(164;0837:ca1c. for C10 20 )

3-qbn2yloxy 1--propanol170 (12)

The procedure of E11e1 et al 170 as‘-sed. A mlxture of
aluminum chioride (13.5 g, 0.101 mol) apd dry ether (100 mL)
. ) - 3 ; e, )

 for 40 mxn.

lethlum alumlnum hydrlde (0. 95 g, 25 mmol) was added as a

-

suspen51on in ether (28 mL) and st1rr1ng was contrnued for C
30 min. A solut1 n of 11 (8.2. g, 50 mmol) 1n ether (100 mL)
was added and’stlrr}ng was continued at" room temperature for

sulfurlc ac1d (100 mL) was added dropwise, -

.. with coollng of the mixture to_&?c, and the phases were

queous phase Was'waShed with’ether (3-x 50

: mL) and the .co b1ned ether extracts were dr1ed (K CO ) and

vacuo to‘)eave a pale yellow 11qu1d

i D1st11iat1on under reduced pressbre gave 4 93 g (59%) of 12

\\\\\\Q\P. 70-74°C (o 05 mm Hg) (11t.1

0y, p 110°C (0.5 mm Hg));

IR (GHC1, cast) 3400 {100' 1675 em™ s JH NMR (cpely, 80
| 3 > |
 MHz) §°7.23.(s, 5H, Ph), 4 42 (s, 2H PhCHz) 3.63 (t, J = 6
HZ, 2H, CHZOH) 383 (¢, 3 = 6 Hz, 2H, CH,0); 3.28 (s, H,

OH),1.78 (tt, J = 6Hz v = . 6Hz, 2H, CH;); exact ‘mass

166.0991 (166.0994 ¢alc. for £4oH 14022



(2.86 g, 36.0 mmol) anp g-toluenesulfonyl K

" washed w1th water (50 mL) and 10% aqueous potassi%m

vpur1f1catlon of 13 could be ‘achieved by flash

776 (&, 3 = 8 Hz, 23;'

” ‘2H H tho-to CH3)¢M‘H
’ _“,4.17 (£, 3= 6 nz,vaﬁ &k:b&s) 3.50 (t, 3 =6 Hz, 2H,

OCH,), 2. 40 (s, 3H, PhCH ) .93, (tt, J = 6 Hz, J - 6.Hz,

fzn CH ),_exqct mass 320 1085 (320 1082 cale. for, T

y

g , AR A . T : .
. .

k&” i ‘viiﬁjw L T

*u~m_ -pgngylp;y—l-propyl n-toluqnesglgonate171 (13)

171‘va mod1f1ed Pyrzdzne« ‘

or1de (2 52 g,

The procedure of Butler et al

13 2 mmol) were added to a stirred, cooled (4°C) solut1on ‘of

12 (2 0 g, 12 mmol) dn d1chloromethane (100 mL) and stxrrxng

_was coa$1nued Gﬂ/h a%—room temperature."The ‘mixture was.

bxcarbd!bta (40 mL), dried LNaZSO ). and concentrated in .

!
vacuo. The r@s:dual olly solxd was suspended 1n ether (70

\

| mL) and tneytemalnxng wh1te sol1d was flltered The f;ltrate

was concentrg%ed in. vacuo ‘to leave a clear. o1l Column ‘

"n

‘fchrOmatography (grad1ent elution wlth methanol/ chloroﬁorm)

gave 13 (2. 49 g,-65%) as an oil wh1ch crystallzzed on ‘
A

' standlng at xoom temperature, m. p 34- 35 C (115. -m, p

.37 C) ‘and 86 mg (4%) of a clear 011 which was 1dentnf1ed as

1- benzyloxy 3- chloropropane172 (14). Alternat1ve1y,

"chromatography230 (27% ethyl acetate/hexane) For 13° IR

(cHe1y gast) 1360,,1190 1180 cm ‘; "M NMR (cnc13, 80 MHz) b

§ils, s, ph), 4.40 (s, 2, PhcH,),

i

-

-1, 1

;C17H2004$) For 14 IR (CH2C12 cast) 1180 cm °; 'H NMR
~ (cbel,, 80 MHz) 5 7.29 (s, Wi, Ph), .50 (s, 2H, PhCH,),
3,65 (£, 0 = 6 Hz, 2H, CH,Cl), 3.59 (£, J = 6 Hz, 2#, CH,O),

o » ! o
’ . - e

R
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.2, 04 (tt. do= 6 Hz. J-n. 6 Hz, 2H,. CHZ). exact mass. 1&606193
“and jos-« be47 (186, 0625 ahd 184, 0655 cale. for 1ouncw‘)

(2]

1 Benzyloxy-B-xodopropane173 (15)

The procedure followed was that. of Place et al 4
Magd’;1u etal (1. 5 g, 60- mmol) and dry ether (50 mL) were’

4,\st1rred under lrgon atmosphere at room temp?rature while’

; 1od1ne (12, 7 g,}50 0 mmol) was added in portxons. As “'

‘add1t1on of yod1ne neared completzon, the mlxture began to

b011 and contlnued to do so for 1 h at wh1ch po:nt the
‘j'”brown color of 1od1ne had dzsappeared The greenish_ solutlon
‘was d:luted to .90 mL and a portion (20 mL 11,2 mmol of
MgI ) was transferred b; syr1nge to another flask under
argon atmosphere A solut1on of 13 (1.6 g, 5.0 mmol) in
- ether (7 mL) was . added and a yellow sol1d formed _ .
1mmed1ately, The mixture was st1rred at room temperature 35
"m1n and 1ce»nate% (10 mL) was added The aqueous phase was
‘a.separated and washed with ether (3 x 25 mL) and the yellow=
ether,extracts vere comblned»and washed w1th.5%\aqueou$ ,
Jsodiom thd%gulfate (10 ﬁt> toddecolorise. Drying (NaZSO‘) o?“
the ether extract and evaporatlon of the solvent in vacuo ‘_?
left 1.20 g- (87%) of 15; IR (CHCl, cast). 1100 em”'; ‘H NMR
(ngé§ 80 MHz) & 7. 28’ (s; 5H Ph) 4 43 (s, 2H, PhCH ), |
3750 (€, J = 6 Hz,.2H, CH,0), 3. 26 (t, J = 6 Hz, 2H, CH, 1),_-
2.05° (tt J ==6 Hz, 6 Hz, 2H, CH ), exact mass 276. 001# """

. (276 0011 calc. for C10 13 0) - < © .“ -

. y .
. - . T . . N
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.,,»xwau-thyl.(acotnmidq>(a-bonzyloxy- -propyl)ﬂalﬁhﬂf"T’V)

175

The procedpre\bg Dean and Rapoport wds used with

‘_slight mod1£1cetion. Sod1um hydrlde (50% in 011 0. 48 g,*lo
Mmol) was washed w;th THF (2 x5 mL) ﬁhder argon atmosphere,

. then vas suspeﬁdeg w1th st1rr1ng in, DMF (20 mL) Diethyl

[T S PO

acetemxdomalonate (2 17 g, 10 0 mmol) was added.and.therw

;mzxture was st:fred at room temperaturgafor 2 5 h St1rr1ng ‘

-was.dascontznuedwgnd the supgnnatant so;ut1on was

‘h

atmosphere conta1n1q§ 15 Q@ 51 g, 9. 09 mmol). The rema1n1ng

sol;d was, washed w1¥ ShF (5 mL) and the wash1ngs were

transferre 'fo the g%cond‘flask Thls mlxture was st1rred at

\’

room teﬁberaturepﬁQr 25 h, and was part1tloned between water'

(100 mL). #nd d:chloromethane (2 x 100 mL). The comb1ned di-

N

chloromethane exttacts ‘were dr1ed (Nazso ). and. conCentrated

- in'vacuo to leave a dark orange o1l Column }hromatography

(chloroform° Z%Umethanol/ chlorofo:m) gave‘2.65 g (80%) of

17 as a clear 011' IR (CHCl3 caSt) 1740, 1680'cm-1;‘1H NMR

'-(cnc1 80 MHz) & 7.28 (s, SH, Ph) 6. 80 (br s, 1H, NH),
‘4. 46 (s, 2H, PhCH, ), 4.23 (q, J = 7 Hz, 4H, CH cH ),.3.45

| ,(t, J = 6 Hz, 2H, CH 0) 2.42 (m, 2H, CH2C(COOEt) ), 2.00

\/CH3CH2), exact mass 365 1842 (365 1838 calc. for C19H27N0 )

. Found C 62 40 H, -7.08; N, 3. 57

(s, 3H CH3CO) T.7- 1. 4 {m, 2H,, CH ) 1.22 (t, 3 =7 Hz,

‘Anal. Calc. for C19 27N06. C, 62. 45 H 7 45; N, 3.83.

-

o : . o
4 : toe [

, Diethyl_(aéethniﬂor(S-Hydrox¥f1—ProPY1)malOnate176 (18)

I



e ° : v-‘ - 90

)

A, solution of 17 (1.0.g, 2.7 mmol) in ethyl acetate (50
mL) vas a ded to 5% palladium on charcoal (106 mg) which was
’premo1stened with ethyl acetate, The mxxture wae stirred
'under hydrpgen (atmospherlc pressure) for 20 h and the
catalyst vas removed by flltrat1on through a Celite pad.
Evaporat1on of the solvent 1nﬂvacuo gave a pale yellow 011
vwhxch was pur1f1ed bx flash chromatography230 (55%
acetone/hexane) to leave 18 as an 011 wh1ch crystall1zed at-..

“room témperature (661 mg, 89%), m.p. 77~ 78 5° C (ltt.176 m p.

m»—a—rc) IR (CHCl, cast) 3380 (br), 1740, 1660 cm -1y ‘H NMR

(eoely, BO MHz) & 7.07 (s, 1H, NH), 4.22 (q, J = 7 Hz, OH,

’ CH3CH ), 3. 55 (br t, J = 6 Hz, 2H, CH OH),«3 22 (br s, 1H,
'ot/), 2.35 (m, 2H, CH,C(COOEt) ), 2.02 (s, 3H, CH4C0), ‘
61 .15 (m 1ncorporat1ng t at 1.25, J = 7 Hz, BH CH,,

CH. CH ) exact mass 202, 1087 (202 1079 calc for CgHENO, (M

- COOEt)). . /

'Diethyl (acetamido)(3-[p-tolylsu1£onyloxy1—1—propy1)ﬁalouate'
(19). | |

. Awaolutioﬁ of 18 (636 mg}‘2;31tmmol) in dichioromethane
(25 mL) was stirred at-4°C while pyridine (0.5¢ g, 6.9 hmoi)
. and p- toluenesulfonyl chlorlde (0.48 g, 2.5° mmol) were .
added. St1rr1ng was continued at room temperature for 140 h

|
and the mlxture was washed with water (15 mL), dr1ed

s,

-

(Nazso ) and concentrated in vacuo to 1eave a yellow oil
wh1ch crystallized at room temperature. Pur1f1cat1on by

 flash chromatography230 (10% ethyl acetate/ dxchloromethane%



‘.CHZO); 2.44

yielded 610 mg (62%) 8t " as a white solid, m.p. o
102-103.5°C; IR (cnc13 cast) 1740, 1680, *1360, 1180 cm™'; 'H
NMR (coc13, 80 MHz) 5\7 .73 (d, 3 = 8 Hz, 2H, Hont ‘to,soz),
7.31 (8, 3 = 8 Hz, 2H, H ., to CHj); 6.76 (s, H, NH),
4.ﬁia(q, 7 He, 4H, cn 3CH,) ., 3. 98 (t, J = 6 Hz, 2H,
&’ﬁau CH3Ph), 2.5-2. 2 (m, 2H, CH, c(cooEt) ),

2,00 (s, 3H, CHyCO), 1.8-1.4 (m, 2H, CH,), J;;vv 4 fa 7

Hz, 6H, CH CH3), exact mass 429 1460 (429 1457 '

C1gH27 , -
N, 3.26; S,. 7.@6_. Found. C, 53 18; H, 6 39; N, 3. 42' S
7.23. . . | c
’ - L 1 T
Diethyl ( (ac’t;aidoT«3-iod;-1—propyl)malonate (20)

74 yas used. 'Magnesium

The procedure*of Place et al
metal (1.5 g, 60 mmol) was suspended in dry ether (100 mL)
and stlrred while iodine (12.7 g, 50 0 mmol) was added in

small port1ons. When the color of the iodine had dlsappeared¢

3(35 min), the solut1on (2.0-mL, . 1.0 mmd) of Mgl, ) was

-

~

trahsferred»tc ahother flask under argogratmosphere, and a

. solutioﬁ'of 19 (200 mg, 0.52‘mmol) in THF (5 mL) was added.

The m1xture was st1rred 4 h at room temperature, and ice
water (5 mL) was added The phases were separated and the .

aqueous phase was vashed with ether (3 x5 mL). The combined

“ether extracts were dr1ed (Na,S0,) and. concentrated in ggcuo

to leave 149 mg (78%) of chromatograph1cally pure 20 as a

viscous~o0il which sol1d1f1ed at room~temperature. A small

.‘analyticai sample was recystallized from ether/ light



92

petroleum to give needles, m. P 70*70 5° ;1IR”(CnC13 caaﬁ)wf?

1740, 1680 em '; 'H MR (cnc13, 80 MH2) b 6.84 (s, 'H, NH),

.47 (q, g =7 Hz, 4H, CH3CH2), 3 13 (t,] J = 7 Hz, 23, ‘
CH 1), 2.6-2.3 (m, 2H, CH,C(COOEt),), .2. opﬂr’”SR\«6H3co)

e

1.9-1.5 tw, 2H, CHy), 1.26 (t, J = 7 Hz, CHZCHa), exact mass

312.0088 (312 oosf calc. for c9H151N0g\(M\- COOEt)), Anal.
L Y

Calc. for C12 2& Nos. C 37.42; H 5. 23» N, 3 64. Found:. C,

'37.60; H, 5.26; Na-3, 76. . ' S

Ethyl N- benzy11deneg1yc1ﬁate177 (21) ’

. The proceduré used was that of Stork’et al. 177 A '
mixture of ethyl glyc1nate hydrochlor1de (10 1 g, 72.4
mmol), benzaldehyde (7.70 g, 72.4 mmol) *tr1ethylamine {14.5

g, 143 mmol) and magneszum sulfate (6 g) ‘in dichloromethane

. \

(150 mL) was stirred at room temperature 22 h. Moisture was |

excluded from the m1xture by means of a dry1ng ‘tube
conta1n1ng Drlerlte (calc1um ‘sulfate). The solvent was
removed by evaporatlon ‘in xgggg and the re51due was
‘partitioned between ether (100 mL) and water (100 mL). The

organic phase was washed with Saturated aqueous sodium

chloride (50 mL), dried (Na,S0,) and;codcentrated in vacuo’

to leave 11.3 g (82%) of 21 as a pale yellow liquid; IR

(CHCl, cast) 1745, 1647, 1187 cm .'; "h NMR. (CDC1,, 80 MHz) &

3’

8.22 (s, 1H, PhCH), 7.65 (m, 2H, Ph), 7./26 (m, 3H, Ph), 4.24

(s, 2H, CHZ) 4.07 (g, J = 7 Hz, 2H, CH CH3), 1.13 (t, J = 7

Hz, 3H, CH CH ): exact masé 191.0941 (191.0946 calc. for

~——

C11H 3N02)




lthyl ¥ kponayltgeneannno)-s-ben:yloxgpenteneete (23) .

The proceduie used was that of Stork et al.’77

mixture ‘ot diieopropylemine (0.53 g, 5.2 mmol), HMPA (977

mL) and THF (50 .mL) wea lt;rred &nd cooled to ~-78°C under‘

| argon atmosphere. Butj }lithxum (1 22 M in. hexane, 4.3 mL,

5.2 mmol).wes aéﬂed sléwly and 3tirring was cont1nued at

- -78°C for 15 min. . A solution of 21 (1.0 g, 5. 2 dmol) in THF 7
(8 mL) was added, i\llcwed by a solution of 15" (2”0 g, 5. P

mmol) in THF (8 mL).\The mixture vas allowed to warm to room

1
temperature and st1rr\mg was continued for 4.h. The solut1on

was part1txoned betwee$ ether (200 mL),qnd ice-cold 10%

“

agueous emmonz chlor;de (100 mL). The ether ‘extract was '
drxed (Na,50,) and concentrated in ggggg. The residue was

partxtioned between d1chloromethane (100 mL) and water (100
mL) and the dichloromethane extract vas dried (Na soa) and

concentrated in vacuo to leave crude 23 a3s an unstable

¢

‘orange oil (1.97 g). Th?s vas not purified further, but was

carried-on in further ;eactrons; IR (CHC1, caetf 1735, 1640,

1100 em~'; 'H NMR (cDC1,, 80 MHz) & B.22 (s, tH, PhCH=N),

3

7.73 (m, 2H, Ph), 7.30 (m, 8H, Ph), 4.46 (s, 2H, PhCH,),
4.8 (g, J = 7 Hz, 2Hy CH,CH,), 3.95 (m, 1H, choost), 3.48
(br t, '3 = 6 Hz, 2H, CH,0), 2,3-1.4 (m, 4H, cH\) 1.24 (t, J

= 7 Hz, 3H, CHZCH3), exact mass 339.1834 (339,1834'ca1c for
. ' . ’ | . ' -
C21Ha5N03) - n

[~
t

X < : - R
Ethyl 2-(benzamido)-5-benzyloxypentanocate (24)
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- Crudc 23 (2%0 mq.,cn.Ass mmol) vag loadod ont Ly column

ir e

of silica 901 (70-230 “mesh) nnd lutcd with h.uano. ‘then
ether to hydrolyue the imine. The uthor clunto vas ‘\\' .
“concentrated in g_gg_ to leave 110 mg of L pale bfbwn oil.
To a solution of this oil (S0 mg) in dichloromebhaﬁe (5“mn)
vas added triethylamine ( 36 mmol) and benzoyl ‘ B
chloride (50 mg, 0.36 mmol) and t;e mixture vas ltirrcd at “
room temperature fot 19 h. The’}daution vag washed with‘ |
‘  saturated agueous potassium b:carbqnate (5 mL). dried
(Na2504) and concentrated in vacuo. The resxdue vas purifiod
by colgmn chromatogrgphy“(CHCl3) to leave 79 mg (34% from
- 21) of 24 a8 a colorless 6}1; IR (CHC1, cast) 1,‘735’.'\1645,'» ;o
1100 cn™'; 'H NMR (CDC1,, 80'Mz) 8 8.2-6.8 (m, 11H, Ph, .
NH), 4.83 (m, 1H, CHCOOEt), 4.48 (s, 2H, Pth'; ), 4.22 (q, J
/7 Hz, 2H CH CH ), 3.51 (m, 2H CHZO) 2. 3,1.25 (m 4R
CH,), 1.28 (t, J = 7 Hz, 3H CHZCH3)° exact mas 355 1780

(355.1784 calc.: for Cy HogNOg ) . ,

25
Ethyl 2-benz;5amino—ngghzyloxy-z-(difluoromethyl)pcntancpto

~(25) |
.For whe initial part of this reaction, the procedure of

161

Bey g£ al was used with some modification. A mixture of

diisopropylgminé (0.60 g, 5.9 mmol) and THF (SpymL) was .
étirred‘and cooied tb.-7é°c under argon atmosphére vhile
butyllxth1um ¢1.6 M in hexane, 3.7 mL, 5.9 mmol) was added
slowly St1rr1qg was cont1nuedgat -78°C for 30 min, and L

solution of crude 23 (2.0'9,.ca. 5.9 mmol) in THF (8 mL) was

A
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k'lrgon inlet vas cloned while chloroditluoromethene qne vas

’Plleed repidly into the mixture untxl an attached balloon
hoqen to expend. The color of the mixture lightened- during
" the addition. Stirripg was continued at 40-50°c for. 65 min,
Aflnd the mfkture was partitioned between ether (200 mL) and
‘ loturated aqueous sodium chloride (100 mL). The ether
-,extract was dried (Nozso4) and concentrated in Yacuo to
loavo an oil (1.86 q) A portion of this (1.5'g) vas.
disgolved in methanol (10 mL) and sodxuq cyanoborohydrxde
(0.32 g, 5.1 mmol)Lond acetic acid (0.23 g9, 3. 9 mmol) were
ldded..?he mixture was s;1rred at room temperature for 46 h,
ino was then p&rtitioned between‘iox aqueous ootassium
b1¢arbonate (50 mL) and dzchlorometnane (2 x 50 mL) The h
.combxned organic extracts vere washed, wzth vater (50 mL),
dried (Na,SO,) and concentrated in vacuo. The residue was
fractionat&d by flosh.chronatography230 (20% ethfi
‘agetate/hexane) to afford M0 mg (30% from\31) of ‘25 as a
Colorlegs o0il, and 126 mg (7% from 21) of a :%aorless 0il
"1dentif1ed as ethyl 2- behzylamxno 5- benzyloxy 2-(3-benzyl-
. Oxy-1 -propyl)pentanoate (26) For 25; IR (CHC13kcast) 1735,
1100’cm LY NMR (cDC1,, 80 MHz) b 7.25 (s,vlon, Ph),”5.95

(t, J = 55 Hz, 1H, CHFz), 4.45 (s, 2H, PhCH,0), 4,23 (g, J =

7 Hz, 2H, CH,CH ), 3.82 (s, 2H, PhCH,N) , 3.45 (t, J = 6 Hz,

3 ,
2H, cHzo). 2.15-1.50.(m, SH, CH,, NH), 1.27 (t, J = 7 Hz, .

‘~“v3H CHZCH3),, %L NMR (CDC13, 75. 3 MHz) 8 -128 0 (ABx system,

JHF = 55 Hz,

> —

Fﬁ = 284 Hz); exact mass 391.1934 (391.1959 -

e B

b



A
calc, for c23H37P280 )3 Anal Calc.utor CagHa9FaNO4t €, ;3 R
67. 50; H, 6.95; N. 3. 58. Pound#'C, 67. ?B: H, 7.08; N. 3'35.
For Z6; IR (CHCl3 cast) 1725, ~1100'cm 1: H NMR (CDCls. Oojfn'”
MHz) & 7.25 (s, 15H, Ph), &.46 (t, 4H, PhCHZO). 4.16 (qth .
7 Mz, 2H, CH,CH,), 3.57 (s, 24, PhCH,N), 3.4¢ (br ¢, J v 6 .
Hz, 4H, CH,0), 2.0-1, ¢ (m, 9H; CHy, NH), 1.26 (t, J = + 7 Rz,
" 3H, CHch ); exact mass 488.2814 (488.2801 calc. tor |

C31H38No4 (M)- H)); Anal. Calc. for C31 39NO4: C, 76.04; H,
8.03; N, 2.86. Found: C, 76.01; H, 7.93; N, 2.87.

- In a separate hrepaiat1on, an oil which was identit:cd
a's ‘butyl 2-benzylamino- 5-benzyloxy-2- (dxfluoromethyl)-‘ 
pentanoate (27) vas 1solated in 10% yield from 21; IR (CHCl3
cast), 1235,‘1100 en'; "H NMR (CDC1,, 80 MHz) & 7. 30 (s,
10k, Ph), 5.97 (t, J = 56 Hz, 1H, CHF,), 4.47 (s, 24, .
PhCH,0), 4.20 (t, J =6 Hz, 2H, COOCH,), 3.83 (s, 2H,
PRCHN), 3.47 (t,’3 = 6 Hz, CH,0), 2.3-Q.8 (m, 12H, CHy,
'CH2 NH); '9F NMR (CDC1,, 75.3 MMz} 5 -127.9 (ABX systen,

J

= 56 Hz, JFF = 282 Hz); exact mass ’19 .2273 (419, 2272

HF
‘cale. for Co HyF,NO5); Anal. Calc. for Co Ry FoNOs: C,
68.71; H, 7.45; N, 3.34. Found: C, 68.96; H, 7.45; N, 3,15,
| | i B N |
'4,5 -Diphenyl=1, 3-di6xol~2-one181 (30)

The procedure followed was that of Sheehan and
‘GﬁZleC 181 To a stxrred mixture of benzo1n (0.50 mol, 106 é)
in benzene (400 mL) cooled to 4° C was added ﬁhosgene (0. 55
dBl, 54 g, 38 mL condensed at -78°C) by dxstzllatton When

addltxon vas complete, d1methylanxlxne (0.50 mol, 61 g) was
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B added slowly through\a dropp1ng funnel The mixture‘was

allowed to warm to. room temperature and st1rred 15 h then

;Ec#as cooled 1n 1ce and fxltered The f11trate was heated atv‘
reflux 3 h, and washed with 0. 5 M hydrochlorrc ac1d (250 mL)‘k

and water (250 mL). The organ1c extract vas’ dr1ed (Nastél"

~ -and eVaporated in vacuo. The re51dua1 blue 011 was agaln

.dissolved in benzene (250 mL) and washed with O, 5 M
h.hydro¢hlor1c ac1d (2 X 150 mL) and saturated aqueous sodlum .

'chlorxde (150 mL) . The organlc phase was drled (NaZSO )

evaporated under reduced pressure and(crystalllzed on

°(scratch1ng, from 95% ethanol to g1ve 70 6 g (59%) of 30 as

'colorless needles m.p. 75-75. 5° C (lit. 8% m. D. 75 76 c);

210

,(CHC13 cast) 1820 cm 3 H NMR (CDC13, 80 MHz) 8 7 50 (m);

exact mass 238 0630 (238 0630 calc. for C15H O )

. it

ﬁgepa’ati°ﬁ of 32 from reaction of s-ethY1~L-glutamate/129)w“

A w1th 30 o J;: SUREE DR : Ea =
The Procedure of Sheehan and Gu21ec181

a3

'm1xture of 5- ethyl L glutamate (29) (1 g, 10 mmol) and

was used, A

<

tetramethylammonlum hydrOX1de (20% in. me anol, 4. 6“9,-
,mmol)lwas evaporated under reduced pressure and the re51due/ 3

© was suspended in.DMF (10 mL) The dloxolone 30~(2 4 gf 10

v‘immol) was added and the mlxture\was st1rred 30 m1n "at. room

b',temperature Add1t1on of 2 M hydrochlorlc acid " (10 mL) and

“ethyl acetate (50 mL) was followed by washlng of the m1xture
'f,wlth water (3 x 40 mL) The organrc phase vas. dr;ed (Na SO )

'and evaporated 1n vacuo o g1ve 2.3 9 (96%) of 30 unchanged’

Ty



The'aneous'phaSedvas concentrated in-vacuo and the residue
was applled to an ion exchange column (AG 1-X8, 50-100 mesh,
_OH f%rm, 100 mL bed volume) and eluted wlth 1 M } ‘
hydrochlorlc acid to glve 58 g of a v1scous oil 1dent;f1ed
as cnude 5- oxopyrrolldlne 2= carboxyl1c €c1d (32). A small

amount of thls was recrystalllzed twlce from ethanol/ether

;tolgfve_32‘as‘alwh1te solid, m.p. 158- 159 C (l1t.183 m.p.

162-163°C); IR (MeOH cast) 3400, 3340, tJIO (br) cm ‘;"a

NMR (D,0, B0 MHz) & 4.45 {m 1H, CH), 2.45 (m, aH, CH };

;exadt mass 129.0425 (129;0426'calc. for C5H7NO )
~ .

a

— 5"

)-‘-Amxno 5- hydroxypentanoft ac1d184 (33) -

184

B The procedure of Thompson et al was used' L1th1um

bor hydrlde (0. 64 mol, 14 g) was added to a stlrred ,.‘ ;*a//
suspen51on of 5- ethyl L- glutamate (29) (0.16 mol, 28 g)'ly/ye:

THF (600 mL) ' The | m1xture was heated. at reflux for 18‘
then was cooled to 15 ¢ and 60% aqueous methanol (400/mL)
wvas added slowly The m1xture was - st1rred at room /"

emperature 2 h, acidified to pH 5 w1th glac1a1 acy t1c ac1d

A

and evaporated to dryness The re51dUe was. taken'up 1n~water‘

£

(100 mL) flltered and ac1d1f1ed tonH 2 w1th concentrated

hydrochlorlc}ac1d The prec1p1tate wh1ch formed was flltered

and the filtrate was concentrated»lg vacuo to ca. 50 mL

volume :and filtered again. The filtrate was applied to an

ion eXchange column'(AGSUW—xB 50—100 mesh H+ form, 425 mLt
bed volume) ‘and eluted with 2 M aqueous ammonia, The eluate
was evaporated under reduced pressure and the re51due vas

P

T

| e | . R 98
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recrya¢a1112é3 from water/methanol to glVe 6.5 g (31%) of 33

. as white crystals, m,p. 221°C (Q8ec.); [dT = +6,13°,. ¢ =

184

6:2, Hy0 (lit."" m.p. 216°C, [aly < +6.19°; , ¢ = 4, H0); IR.

(KBr) 3340, 3240, 1585 (br), 1525 cm l; 'H NMR (D,0, 400"
. MHz) § 3.79 (dd, J = 6 Hz, 7 Hz, 1H, CH), 3.68 (t, J = 6 Hz,
2H, CH,0H), 1.96 (m, 2H, CH,CH), 1.66 (m, 2H, CH.CH,OH); Ms

(FAB) 267 (M,H'), 134 (MH"),

(S) -2-(2- oxo~4 5 dxphenyl 1, 3 oxazol 3—y1) 5-pentanolxde
(34), ' |

R
<

The procedure of Sheehan and Guziec
I
-mixture of 33 (10 mmol 1. 3 g) and tetrame;h

hydroxzde (20% in methanol 10 mmol 4 6 g).wa

to dryness in vacuo. The SOlld res1due was s;, ended w1th e

| \ st1rr1ng in DMF (10 mL) and 30 (10 mmol 2. 4 g)wwas added

The‘m1xture was\Sti:red 30 min at room temperature and 2 M

’:hydrochlbric-acid (10 mL) and ethyl acetate (50 mL) were

added The m1xture was washed with water (3 k3 40 mL) and the :

3 A

“ . ’ . v
_ organ:c extract was - dr1ed (Na SO ) and concentrated under qgf‘

2
reduced pressure. The foamy re51due was dlssolved 1n
trifluorpacetic acid (10 mL), st}rred'Z h“at room

temﬁeratu;ep»and coneentrated in ggggg. The residnebwas

parti;ionedkbetween diehloronerhane'(40 ML) and~water-(2 x

15 mL). The dichlonemerhane‘extract_nas washed with

sarhrated'aéueous4sbdium Ehloride‘(15 mL), dried (Na Sb )

and evaporated to dryness The re51due was recrystalllzed

; from d1chloromethane/ethy1 acetate to glve . 70 9 (51%) of
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i’

34 as a white cristarline s01id, ‘m.p. 229-230°C; lal, ‘
~64.6°, ¢ = 1.3, CHCly; IR (CHyCl, cast) 1750, 1740 em -1, H
NMR (CDCl,, 200 MHz) & 7.54. (m ‘5H, Ph) 7.26 (m, 5H, Ph).
4.37 (m, 2H, CH,0), 4. zz (ad, 3= 7.5 Hz, 11.5 Hz, TH, CH),
2,52 (m, M, H-3_), 2. 14 (m, H, H-3,g). 1.95 (m, 2H,
‘CH CH,0) ;- exact mass 335. 1160 (335 1158 calc. 10:, - |
20 17N04),-Anal C‘lc. for C20H47N04. C 71, 63g H 5 fﬁ};:“
4.18. Found: C, 71. 53; H, 5.24; N, 4.04. - |
/

Ethyl (S) Si‘wfmo -2- (2 -oxo- 4 5 dxphenyl 1,3- oxazol~3 yl\-

:pentanoate (35) ‘

The procedure of Pl1en1nger185 was used1 Anhydrous
.~ ethanol. (10 mL) was satufated with hydrogen brom1de gas atb
4° C and 34'(1.0 g, 3.0 mmol) was added The mlxture was
~stirred at 4°C-for 18 h, and was pa&t1t1oned between water
(40 mL)- and dlchloromethane (50 mL). The dlchloromethane ,

extract was ‘washed" thh 10% aqueous pota551um b1carbonate

\solutlon (40 mk) and the baslc aqueous phase was extractecl'~ .

w1th dlchloromethane (2 x 50 mL) . The comb1ned d1chloro-

?
. methane extracts were drled (NaZSO ) and evaporated to.

dryness. The re51due was purlfled by flash chromatograp y 30
«+(20% ethyl acetate/hexane) to g1ve 1.25. g (94%) of 35/65 an

" bil; [a]ﬁ - -27. 3, c =1, 8, CH

1745 cm™'; 'H NMR (CDCl

Clz, IR (CHC1 cast) 1765,

2 3
3 200 MHz) 6:7.58 (m, 3H, Ph) .44
(m, 2H, PR),; 7.25 (s, sH, Ph), 4.26 (q, J = 7 Hz, 2H,

CH4CH,) 4.17 (dd, J = 6 Hz, 10 Hz, 1H, CH), 3.33 (dt, J = 1

. fj o
T . . v
- ] P
. | ,‘,
T . . o .

T ',I~ ‘160' PP AR 4
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.Mz, 8 Hz, 2H, €H,Br), 2.26 (m, 2, CHyCH), 1.87 '(m, 2H,
4 CHZCHZBr)1 1,32 (t, J = 7 Hz, 3H,”CH2CH33%Vékact.mass
$45.0714, 443.0726 (445.0712, 443.0732 calc. for '
.' “'lb ‘ SHL s ‘.-4
czggzznrnoq), Anq;. Calc. forngzﬂzznrﬂoﬁ.lC, §g,47,nﬁ,
4.99; N, 3.15; Br, 17.98. Found: C, 59.69; H,.4.93; Ji2.78;
Br, 18.01. o | i
e T D e NE | |
. tert-Butyl N-(benzyloxycarbong )glycinate187 (36) ‘ o
~ The modifiéa'procedﬁte'of' derson and Callahan187 vas

followed. Isobutylene gas was passed rapidly for 1 h.into.a .

L R SNL . o S i ,lw T’f}n
-~ mixture of N-(benzyloxycarbonyl)glycine (63 g, 0.30~m9%% and

W“—'l69 h, énd;was then washed Qith;o.é3 Ma ous pétassium

o , . _ JRENEE
sulfuric acid (3 mL) in die;Tbromethane (600 mL). The %
reaction mixture was stoppered, stirred at room temperature

. th : < B B é}:‘

".biéarbbnat?“(500 mL)'and saturated agueous sodium chloride
(200 mL). The organic phase was dried (Na2304);:;;\\\\§\: |

- .eyaporatéd,undérﬁredbced pressure to give 76.6 g (96%) ;;\36

LN

Y

as a‘éoiofleSS;pil}_IR (cHCl ca;t)53350, 1730f(br),i1525
em™ 'y "M NMR (¢DC1

3 . : . '
‘80 MHz) & 7.34 (s, 5H,’Ph), 5.38 (br s,

‘ 3’ .
‘1H, NH), 5.12 (s, 2H, PhCH,), 3.85 (d, J = 6 Hz, 2H, CH,),
”1,45'(sr~9H; C(bH3)3); exact mass 265.1319 (265.1314 palcf,

2‘,for CigHgNO ). 7 “ ' | x
. - : ; - . ' . 18 ‘ . “
tert~Butyl glycinate. = (37)
Thevprocédure of Anderson: and Callahan?e? was followed

with some modification. A 501utioh bf 36;(70'9,40526fmol))fn1

-, methanol (100 mL) was added to 5% palladium on Charcba; (2

101
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g) moxstened~with methanol The mzxture was shaken under

hydrogen at an 1n1t1al pressure of 48 ‘pss. i for 8. days ‘and
was fxltered through-a Celite pad and concentrated in vacuo.l
The re51due was d1st1lled _under reduced pressure to give

21,4 g (63%) of 37.as a colorless lxqu1d b p. 98-100°C at .

187

85 mm Hg (lit. b.p. 30°C at 2 mm Hg); IR (CHCl3 cast)

3350 (br), 1740, 1665, 1160 cm v ': TH NMR - (cnc13, 80 MHz) §
3.33 (s;*zn,'CHé),f1.48 (s, OH, c(CHé)g),/1.39 (s, 2H, NH,);

exact mass 131.0944 (131.0946 calc. for C6H13N02).

“
!

.r‘

tert- Butyl N-(benzylxdene)glycmate186 (38)
186

»

The procedure of Oguri - et al was followed w1th

slight " modlf1catlon A mrxture of 37 (1. 0 g, 7.6 mmol)
- benzaldehyde (0. 81 g, 7.6 mmol) and magneslum sulfate (1.0 -
g) in benzene (20'mL)_was st1rred 26 h at room eemperatureh

The mixture was filtered and the filtrate was ¢onbentrared)

in vacuo to leavev1.58 g (95%) of 38 as an unstable,
colorless, mobile 0il.. This was not purified further before

se. For 38: IR (CHCl. cast) 1730, 1645, 1370, 1155 cm~'; 'H

3

NMR (CDC1,, 80 MHz) & B.28 (br s, 1H, PhCH), 7.81 (m, 24,

3I
Ph), 7.40 (m, .3H, Ph) 4. 33 (s, 2H” CH,), 1. 50 (s, 9H

C(CH’) ), exact. mass 219. 1246 (219 1259 calc. for

C13H17NO )
Ethyl‘lS)-S-hydroiy-z—(z-oxo-4,Sfdiphenyl-l,3&0*&;01-3-y1)-‘

pentanoate (39)

®/
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NV

‘A mixture of‘ethanol~(50 mL),an sulfuric acid (1.8 g,

1.0 mL, 19 mmol) was'cooled to 4°C an 34 (4 2 g,“12 mmol)

w.“was added, but did not complet81y dissolve. This was stirred

10 min at 4° C and was then warmed to ro?m temperature and

7
.stlrred 1" h, chhloromethane (30 mL) wa# added to a1d

';@1ssolut1on and . st1rr1ng was contxnued at ‘Toom temperature‘

53 h. The mixture was part1t}oned between water (50 mL) and

d1chloromethane (50 mL). The organxc extract was washed w1thf

10% aqueous potass1um b1carbonate (30 mL), dried (Nazso )

and concentrated in vacuo to leave a colorless 011 Flash

'chromatography23° (30% ethyl acetate/ d1chloromethane) gave
~2.91 g (62%) of 39 as a colorless 0il and 0.37 g (9%) of:

recovered 34. For 39; [alj 2 -31. 7°,°c = 3.0, CHyCT,: IR

, cast) 3470 (br), 1760, 1750 cm™'; 'H NMm (CDC1,, 200

MHz) §.7.45 (m, 3H, Ph), 7.33 (m, 2H, Ph), 7.13 (m, SH, Ph),

4.17 (g, J = 7 Hz, 2H, CH,CH

3}, 4.10 (dd, J = 4.5, 10 Hz,

M, CH), 3.52 (t, J = 6.5 HEA2H, CH,OH), 2.15 (m, 2H, '~
CH,CH), 1.68 (br s, 1H, OH), 1.50 (m, 2H, CH,CH,OH), 1.23
ftw J = 7 Hz, BH, CH CH3): exact mass 381.1581 (381.1576

calc. for C22 23NO ); Anal.‘Calc. for C22H23N05 C, 69.28;

‘H, 6.08; N, 3.67. Found: C, 68.90; H, 6.08; N, 3.64.

.o

Ethyl (S) 5= (g-tolylsultonyloxy) 2-(2~ox0-4,5- d1pheny1 1 3--

oxazol- 3-y1)penxanoate (40) . | . n |
A mixture o£-39’(2 0 g, S 2 mmol), p-toluenesulfonyl

chlot1de (1. 1 g, 6 0. mmol) and 4- (d1methy1am1no)pyr1d1ne

(0 73 g, 6.0 mmol) in dlchloromethane (25 mL) was stxrred at

/\
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. P .
‘room temperature 42 h The mxxture vas poured into veter (25
mL), the aqueous phase was extracted with dzchloromethane .
(25 mL,) and the combxned organic phases vere dried (Nazso )
and evaggra\ed under reduced pressure, Flash
'chromatography23o (35% ethyl acetate/hexane) of the re51due
gave 1. 31 g (47%) of 40 as a colorless oil and 0.36 g 117%)
.<‘fof an oil/ 1dent1f1ed as ethyl (§)-5- chloro 2- (2 oxo-4, 5~
61pheny1—1 3-oxazol-3- yl)pentanoate (41). For 40' [a] -
'—12.3°, c = 1.3, CH2C12; IR,(CHCI3 cast) 1760,‘1360‘, 1175
em ' y NMR.(CDC13, 200 ﬁHz) 3 7.69'(6[ J = 8 Hz, 2H, |
Hoptho to 50,), 7.50 (4, J = 8 Hz, 2H, Hopthblto CHj),
7.5-7.1 (m, 10 H, Ph), 4.18 (3, J = 7 Hz, 2H, CH,CH;), 4.04
(aa, J =‘6Hz, 10 Hz, 1H, CHCoost), 3.92 (t, J = 6;ﬁé,‘2H,
| CH)OTs), 2.40 (s, 3H, CH, ), 2.06 (m, 2H, CH,CHCOOEt), 1.62
(m, 2H, CH CHZOTs) 1 22 (t, J = 7 Hz, 3H, CH CH35;‘exaCt
“mass 535.1665 (535.1665 calc. for C,gH,NO,S); Anal. Calc.
for C,gH,gNO;S:'C, 65.03; H, 5.46; N, 2.62; §, 5.99. Found:
€, 64.93; H, 5.54; N, 2.54; S, 5.64. For #1: [aly = -29.7°,

-1

€ = 1.2, CH,Cly; IR (CHCl, cast) 1760 cm '; JH NMR (cDel

3 3
200 MHz) & 7.48 (m, '3H, Ph), 7.35 (m, 2H, Ph), 7.16 (m, SH,
Ph), 4.20 (q, J = 7 Hz, 2H, CHyCHy), 4.11 (ad, J = 6'Hz, 9.5
2, 1H, CHCOOEt), 3.41 (t, J = 6.5 Hz, 2H, GH,Cl), 2.21 (m,
2H, CH,CHCOOEt), 1. 74 (m,” 2H,.CH,CH c15 1.26 ' (t, J = 7 Hz, -
“3H, CH,CH, ); exact mass 399, 1238 (399, 1237 calc. for

C,,H 22C1N04). Anel. Calc, for C22H22C1NO C, 66.08; H,

5.55; N, 3.50; Cl, 8.87. Found. C, 66.30; H, 5.61; N, 3.32;
. cl, 913, | | )



"mg (83%) of 42 as an unstable pale yeilow o1l- {a]D =
. =22.5°, ¢ = 4.4 CH Cl

.& . \}i ,‘ ‘ e - )05
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Ethyl (S)-S-iodo-z-(z—oxq%4,SFdiphqny{:1,3-oxazoi—3-yf)— |

pentanocate (42) |

To‘a‘stirfed suspensi%n of magnesium turnings (0.15 g,
6.2 mmol) in anhydrdus:ethér (10 mL) ¥as added iodine (1.3
g, 5.0 mﬁol)‘and the mixture was stirfgd'30 min at room
temperature, at which point tge color of the iodi;é'had
dxsappeared The magne51um iodide: solut1on (4.0 mL, 2.0

mmol) was transferred to another flask and a solut1on of. 40
. ‘

(0.52 g, 0.97 mmol) in ether (4 mL) was added. St1rr1ng was

continued 30‘min,~the reactibn was qﬁenched'byﬂfhe addition
of ice-water (10 mC) and the mixture waé extracted with

ether (5f§‘20 mL). The combined ether thracts were

F ]

decolorized by washing with 5% agueous de;um‘thlosulféte

(20 mL), dried (Na,S0,) and evaporated in vacuo to leave 397

o3 IR (CHC1; cast) 1765, 1745 cm™'; . 'H
NMR (CDCl,, 200 MHz) § 7.55 (m, 3H, Ph), 7.40 (m, 2H, Ph),

7.20 (m, SH, ‘Ph), 4.22 (g, J = 7 Hz, 2H, CH,CH,), 4.11 (44,

"J = 5.5, 10 Hz, 1H, CHCOOEt), 3.04 (dt, J = 1.5, 7 Hz, 2H,

CH,1), 2.16 (m, 2H, CH,CHCOOEt), 1.79 (m, 2H, CH,CH,I), 1.27
(t; J = 7 Hz, 3H, CH,CH,); exact mass 491.0598 (491.0594

“calc: for C,.H INO,) . ,‘-‘“‘ ' ' ¥

22722

Dxmethyl 2,6~ dxamlnoheptanedloate hydrochlonde‘.s8 189 (43)

A suspen51on of 2,6- d1am1noheptaned1o1c acid (1)

(ngma, mxxture of LL, DD and meso isomers) (10 g, 53 mmol)

in methanol (400 mL) was. st1rred at 4°C while thionyl



fﬁfm“ o T 0e
chlor:de (18.8 g, 158 mmol) was added dropwise. when;v
add1t1on was complete, all of the solid had d1ssolve¢ and
' stirrlng was continued 69 h at room temperature. Eva;oratxon
'of the solvent in vacuo and recrystallization of the;;esxdue -
from methanol/etﬁlr gave 9.6 Q (63%) of 4

m.p. 185-186°C'(1it:j8g m.p. 186-187°C);

- \ [
cast) 1745 cm '; 'H NMR (D,0, BO MHz) & 4.

3.88 (s, 6H, COOCH3), 2.2-1.4 (m, 6H, CHZ

‘(M2H+),‘219 (Mu*), 204 (vt - CHy), 142 (

.

Dimethyl 2-amino—6—(benzylamino)heptaned;pate”744)
Triethylaminé (1.7 g, 17 mmol) and bbnzaldehyde'(1.8 g,
17 mmol) were added to a solution of 43 (§.0 g, 17 mmol) fn
methénol (30 mL) and ﬁhe mixture was stirfed 2}huat room “
temperature. §odium borohydride (0.65 g, H? mmol) was added--
ané*stirrin? was continued for 2 h., Evaporation of the \

solvent in vacuo left a pale yellow residue which was

partitioned between dichloromethane (z_x‘50 mL) and 10%
équeous potassium bicarbonate (40 mL)L)Th? comSihed di-
chloromeﬁhane‘extracts were dried (Na2504)'énd cbncentrate&
in vacuo to leave a'palevyellow oil. Column éhromatograpﬁy
'brad1ent elution with methanol/chlq;pform) afforded 1. 44 g
(27%) of 44 as a pale yellow oil gﬁd 1. 2, g (18%) of a pale"
yellow o0il identified as d1meth§1 2,6‘pds(benzy1am1no)-
héptanédioate (45). For 44: IR (CHC%& cast) 1730 cmilb/ﬁf;‘

NMR (CDCl., 200 MHz) & 7.32 (m, SH, Ph), 3.82 (4, J = 12 Hz,

3'
1H, PhCHHN), 3.73 (s, 3H, COOCH,), 3.72 (s, 3H, COOCH,),
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3.61 (d, J = 12 Hz, 1H, PhCHAN), 3.45 (m, 1H, CHNH), 3.27 \ !

“(t, J = 6 Hz, 1H, CHNH,), 1.92 (br s, 3H, NH, NH,), 1.58 (m\
(6H,~CH2); exact mass 30b 1729 (308.1736 calc. for . Y

04); Anal, Calc; for C 2o4=‘c,.62.32; H, 7.84; \

C1gH24N ‘ 16124 ’
N, 9.08. Fognd: c, 62'1?;.H' 7.74; N, 8.89. For 45: IR - - f
(CHC1; cast) 1750 cm'1:31H NMR (CDC1,, 100 MHz) & 7. 34 (m,.

10H, Ph), 3.85 (d, J = 13 Hz, 2H, PhCHHN), 3.73 (s, 6H,

COOCH,), 3.63, (4, J = 13 Hz, 2H, PhCHHN), 3.27 (m, 2H, CH),
1.9-1.4 (m, BH, NH, CH,); exact mass 398.2201 (398.2206

1

calc. ior CogH3N,0,) 0 Anal, Calc. for C23H30N204. C, 69.32;
H, 7.59; N, 7.03. Fqund: C, 68.99} H, 7.64; N, 6.99.

o ’ \.\
Dimethy1 2¥benzylamino—6-(benzylideneamino)heptanediéate
46) R ‘
| -Benzaldehyde (0.17.9, 1.6 mmol) and aﬁhydrous‘magnesium
sulfate (0.5 g) wgfé added to a solution of 44 (0.50 g, 1.6
mmol) in diéhlbromgthane (10 mL) and the mixture was stirred
aﬁ room temperature for 22 h; Removal of the magnesium
sulfate'by.filtration and‘concentration of the filtrate in
vacuo left 565 mg (88%) of 46 as an unst;ble colorlesstoil.
This was not purified furgher before u5e. For 46: IR (CHCl3
cast) 1735, 1640 cm '; 'H NMR (CDCl,, 100 MHz) & 8.32 (s, .
'H, PhCH=N), 7.84 (m, 2H, Ph) 7.48 (m, 3H, Ph) 7.31 (s,
sn Ph), 4.00 (m, IH, CHN=), 3.76 (s, 3H, COOCH ), 3.82 (4,

J = 14 Hz, 1H, PhCHHN), 3. 6# (s, 3H, cooc7a), 3.62 (4, J =

\"\
14 Hz, 1H, PhCHHN), 3.28 (tc:m = 6 Hz, 1H, CHNH), 2 2-1.2. (m
incorporating,s at 1;93, 7H;wCH2, NH)} exact mass 396.2042

[
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(396.2049 calc. for C,43H,gN,0,).
Dimethyl 2,s-bis(boniylamino)-2~di£luoronothylhoptanoéiqpto
(47) | \‘

161

The'procedure of Bey et al vas followed, with'slight

modification, A stirred mixture of THF (10 mL),

| diisopropylamine (66 mg, 0.66 mmol) and HMPA (0.1 gL) was

éooied to -78°C under argon qtmosohere and butyllithium
(0.96 M in hexane, 0.69 mL, 0.66 mmol). was adqfed. Stxrring
was cont1nued at -78 C for 45 min and a solut1on of 46 (260
was warmed to 40°C, the argon inlet was cJosed qnd
chlorodifluoromethane gas vas passed rapidly into the
solut{on until an attached balloon expanded. The soIOtion,
whicﬁ\had ligﬁtened in color, was stirrgﬂ at 40-50°C for 1 h
/and saturated aqueous sodium chloride (20 mL) was added.
Exttactxon thh ether (2 x 50 mL), dry1ng of the ether
extract (Nazso ) and concentrat1on in ggggg gave a dark
yellow oil. This was d1s§olved in methanol (10 mL) and to
this solutiongwes‘eoéeEAQOdiom%Syanoborohxdrfde (76 mg, 1.2
mmol) and acetic acid (40 mg, 0:66 mmol). The mixture was
stirred 30 h at room temperature.and was then_partitioned'
between 10% agueous potassium bicarbonate (50 mL) and.di-"
chloramethane (2 x 50 mL). The combined dichloromethane
extracts were dr1ed (Nazso ) and concentrated in vacuo to

leave a pale yellow oil. Repeated chromatography (flash

chromatography 230 (5% methanol/dichloromethane), column



.
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)

“ﬁ‘chromitoqrapﬁy (5% methan91/dichloromcthane), flash
ccthmatégrayhy‘(Tax'ethyl hce;ate/diéhloromethane* 50% ethyl
acetate/dichloromethane) and preparative TLC (30% ethyl
acetate/hexane,’repeatéd) gave 10 mg (3%) of 47 and 15 mg
(5%) of 2-butyl 6-methy1 2,6~ bxs(benzYlamxno) 2-(difluoro-
methyl)heptanedxoate (48). For 47°‘IR\(CHC1 cast) 1735,
1250, 1200-cn'; 'WRMR (CDC1y, 200 MHz)  7.32 (m, 10H,
Ph), 5.95 (t, d = 54 Hz, H, cHa2 , 3. 84-3.58 (m, 10H,
PhCHzﬂ COOCHB), 3.27 (t, J = 6 Hz, 1H CH), 2.34 (br s, éH,

NH), 1.95-0.70 (m, 6H, CH,); '°F NMR (CDC1,, B4.7 MHz) 6

3l
= 281 Hz); exact mass

'+-130.3 (ABX system, J, . = 54 Hz, J

HF FF

448.2173I(448.2174 calec. for C24H30 2N O ). For 48: IR

(CHC1, cast)! 1730, 1250, 1200 em™'; "H NMR (CDC1,, 200 MHz)

3’

6 7.32 (m, 10H, Ph), 5.96 (t, J ="55 Hz, 1H, CHF,), 4.18 (m,

2H, éodéuz), 3.85-3.60 (m, 7H, PhCH, COOCH Yy, 3.27 (m, ™,

B 19

CH), 2.39 (br s, 2H, NH), 1.95-0. 70 (m, 6H, CH,); '°F NMR

* 55 Hz, Jou =

(CDC13, 84.7 MHz) 6 -130.3 (ABX system,'J FP

HF
282 Hz); exact mass 490.2641 (490.2643 calc. for.

C27H36F2720¢)'

2,6—Bis(bgnzyloxycarbonylamino)heptanedioic agid19° (49)

The procedure followed was that bf Wade et 1.190

A .

solution &6f 2,6- dxam1noheptaned1ozc 4c1d (1) (Sigma, mixture -

of'LL DD, and meso 1somers) (25 g, 0.13 mol) in 2 M aqueous
sodium hydroxide (325°mL) was §t1rred and pooled to 4°C ”
while benzyl chiorofofma£;“§61 g, 0.36 mol) was added
dropuisé over 30 min. Vigd}ous sfirring was continued at

TN

-

;_{ang

I

\,4
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room temperaturg for 2 h and the mixture vas extracted with
ethyl acethte'(éoo mL). The aqueous phase vas lciélﬁiod to
PH 1 with 4 M aqueous hydrochloric acid and‘was extfaotcd
‘with eth}l acetate (3 «x 250 mn).lThe etﬁyl acetate extracts
| were.combined, dried (Nazso') and concentrated in vacuo to .
leave 56.8 9 (95% crude yield) of 49 as a foam. This was
>95% pure by NMR and was used wi:hout turther put;tication.
For 49: IR (CHC13/MeOH cest)%1720, 1535 cm i: 1H NMR (CDCl
BD MHz) & 10.27 (br s, 2H, cooH) 7.30 (s, 10H, Ph) 5. ao

3'

(br s, 2H, NH), 5.09 (s. 4H, PhCHzo) 4.35 m, 2H, GHCOOH),
2,111 (m, 6H, CH ): exact mass  306. 1209 (306.1216 culc.

for C15H18N 05 (M - PhCH OCO OH)).

A small sample (5 g) of 49 vas recrystall1zed twice

>

"from ethyl acetate to give 1°51. g of white crystals, m. p

166-166.5°C (11t 190 m.p. 165.5°C for DD-LL mixture of

isomers). The'mother liquor from the first recrystallization

was evaporated in vacuo and the residue was recrystallized - .

.from chloroform to™leave a whxte solid, m.p. 124.5-126°C

“(1lit, 190 m.p. 123.5- 124.5 C.for meso isomer).

Bxs(tert butyl) 2,6- bxs(benzyloxycarbonylamxno)heptane-

191, f

gxoate (50)

The procedure followed wag that of Bricas et al. 191 A
5010t1on of 49 (9.2 g, 20 mmol) in dichloromethane (100 mL)
in a‘pqessure bottle was stirred and cooled to -78°C while
concentrated sulfuric écid (30 drpps) and_isobdéylené (90 mL

condensed at -78°C, ca. 950 mmol) were added. The bottle was

o

T
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o sealed and the mlxture st1rred at room temperature for 67 h. .

K3

| tThe cbe:rAm1xture was cooled to -78° Q and the bottle was

as Washed w1th 10% aqueous pota551um

T

openeofl,he mixture w

bicarbonate (100 mL) and the aqueous phase was extracted

‘iw1th d1chloromethane (2 x 50. mL) The‘comblned d1chloro-

methane extracts were dr1ed (NaZSO ) and concentrated in

"“vacuo to leave 10 8 g (94%) of 50 as a v1scous o1l Th1s waé\

';>95% pure by NMR and was ‘used wlthout further purlflcatlon,_r

‘but a small. analyt1cal ssmple was obta1ned by flash ,i

‘~;chromatography 230 (ethyl acetate) For 50 IR (CHC13vcast) . i

=1, 1

1725, 1525 cm”'; 'H NMR (CDCly, B0 MHz) 6 7. 34 (s, 10H, Ph),

3'
. 5., 30 (m, 2H, NH) 5% 10 (s, aH, PhCH ), 4.23 (m,. 2H, CH),

2. o 1.1 (m 1ncorporat1ng s at 1:44,.24H, CH,, YC(CH3)3)

x exact mass 514. 2318 (514. 2315 calc. for C,.H,,N,O, (M -

'v'Celak

L e

27 34 2 g
HB)) |

: vBis(tert-bUtyli»% ﬁ-diamineheptanedioatelg1 (51) o ;ﬁf&

A Hydrogenat1on at. 1 atm/pressure ’

A solut1on of 50 (8{55 g, 15,1 mmol) in methanol (75

;mL) was added to 5% palbadlum on carbon (1 g) whlch had been

!

ﬂ'premolstened w1th methanol The mlxture was stlrred under'
’ vhydrogen (atmospher1 presgure _at room. temperature for e

( .days. The catalyst W s reméved’ by flltratlon through a

. “® k .
pad and the solvent was evaporated from-the letrate :

lln vacuo to leave 4*5 g (98%) of 51 as. an 011' IR (CH

1H NMR (cuc1 80 MHz) 6§ 3.35

fcast) 1730, 1370, (eo em ;- -



P

§

o~

‘(m~,2H;'CH); 1.8- 1.1 (m 1ncorporat1ng s at 1 45 28H NHZ'
. e f w .

‘ Sy .
‘tC 9 C(CH3)3); exact mass 302. 9243 (302 2206 calc.‘f or

-,

C,5H3oN 2 04). . |

B~ Parr Hydrogenat1on

A 501ut1on of 51 (11.3 g, 19 9 mmol) in methanol (100

, mL) was aeded to 5% palladlum on carb%; (1 g, premo;stened

‘,pad,.folkowed by concentratlon‘of the filtrate in vac%g‘aave!

'a“paQe arOWn oil.‘This was~purified by column chrema;oggfmmy

w1th methanol) in a Parr bottle. The mlxture was. shaken’

-under hydrogen atmosphere (1n1t1al pressure 49 p.s. i) for

72 h Removal of the catalyst by f1ltrat1on through a Cellté

o~

) "(Florls11 60 100 mesh gradient elutlon with o

_ chloroform/methanol) to give 51 (2 49 g, 41%) (spectroscoplc

| data above) and an 011 1dent1f1ed as b1s(tert Butyl)

2-am;no~6-(benzyloxycarbonylamlno)heptaned1oate (52)_()»29va

g, 15%).. An analytical sampie of 52'was:purified'by;bulb to

‘bulb distillation (oven temperature 80-90°C, 0.05 mm Hg).

For 52: IR (CH,CL, cast) 1730, 1525, 1160 cm 'y 'H NMR

(cpel, 80 MHz) §.7.40 (s, 5H, Ph), 5748'(br,m,.in; NH) ,
5.15 (s, 2H, PhCH, ), &.47- (m,_1H CHNH) 3.30 (m, H,

CHNH ), 1.9-1.1 (m 1ncorporat1ng s at 1. 45, 26H,fNH2,,CH

C(CH ) ) . exact mass 436 2586 (436 2573 calc._ferv

C,oHaNS0.); Anal Calc

23"36N20%’ for Cz3“36 206t €+ 63.28; H, 8.31;

N, e 42 Found c 63.11; H, 8.33; N, 6. 22.

-
!
X \
%

Bis(tert—butyl) 2¥aminb?6fYbenzyiamino)heptaﬁedioate (53)‘

o2

Bt
T

L e
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Benzaldehyde (0 21 g, 2.0 mmol) was added to a solutxon‘
of 51 (0 59 ¢, 2.0 mmol) in toluene (150 mL) and the mixture
1was heated to reflux 16 h through a Soxhlet apparatus»d
tconta1n1ng a th1mble fllled w1th calc1um hydrlde Removal of
the solvenb in vacuo left a pale yellow oil, wh1ch was
dissolved in methanol (10 mL). Sodlum‘cyanoborohbdr1de (0.25 7
.9, 3. 9 mmol) and acetlc acid (0. 23 g, 3.9 mmol) were added,
| the mlﬁifre was . stlrred at room temperature for 72 h" and

was then partxtloned between 10% aqueous potasszum

5"

'b1carbonate (20 mL) and dichloromethane (3 x 25 mL) . Tnef'
- combined dichloromethane extracts were drled:(Na2504) and;
coneentrated in gggggr The residual‘oil\uasfpurifiedlby |
flash chromatography230 (10%'methanol/ethyl acetate) to give
53 (250 mg, 34%) as an oil and an d/}fidentit&ed as

ibls(tert butyl) 2, 6 bls(benzylam1no)heptaned1oate (54) (315
‘mg, 33%). For 53: IR (CHq13}cast)k1730,‘1370, 1150 em™'; 'H-

NMR (CDCl,, 80 MHz) &.7.32 (s, 5H, Ph), 3.88 (d, J = 14 Hz,|

3!
14, PhCHHN), 3.62 (4, ,J 14 Hz, 18, PhCHHN), 3.4-3.0 (m,
\\N, CHNH, CHNH ). 1.9-1.2 (m incorporating singlets at 1., 48

and 1.46, 27H, NH NH Hé,

22 36N O ) Anal Calc for C22H36N204

C, 67.32; H, 9.24; N, 7.14. Found: C, 67.45; H, 9.22; N,

cast) 1730, 1370, 1150 e’ HoR

C(CH3)3), exact mass 392.2673
(392.2675 calc. for C

1‘15*’p5r'54; IR (CHC,

. (CDCL. ao'MHz)'a 7.33 (s, 10H, Ph), 3.86 (d, J = 13 Hz, 2H,

3'
BhCHHN) , 3.62 (a, 3 =13 Hz, 2H, PhCHAN), 3.12 (m, 2H, CH),

1.9-1.1 (m 1ncorporat1ng s at 1 45 6H NH CH, ' C(CH3)3);

3

29742274
\_/

-exact mass 482 31&5 (482. 3145 calc. for C. H ‘N O ): Anal. .



' solvent was ev porated in vacuo and the re51due was

\

\\» T 11

~Calc. for C29H42 204.. c, 72, 17 H, 3.77;;N}v5.80.vFound:1C[

U
’:./ i,

 72.15; H, 8.82; N, 5.67. T LT :

1) 2,6fbis(ben;ylamino)-z-idifluoronethyl)-
(55) | B -
161Lwae used uith'some_

o

. The procedure of Bey et al

modifiCation for the first’part of this reaction.

'.Benzaldehyde {57 mg, 0.54 mmol) was added to a solution of

53 (212"mg, 0.540 mmol) in toluene (120 mL) and the maxture

was heate\\to reflux 8 h through a SOxhlet apparatus

dxsaolved in THF (7 mL). This was added to a mlxture of THF
(5 mL), HMPA (0.05 mL), d11sopr0pylam1ne (0.46 g, 4.5 mmol )

and butyllithium (1.5 M in hexane, 0.30 mL, 0.45 mmol) which

‘had been stirred at -78°C for 20Jmin under argon atmosphere.

" The resultlng orange solut10n was warmed to 40 C and the

«pem T

argon 1nlet ‘was closed whlle chlorod1f1uoromethane was
fu“passed rapidly 1nto the solut1on untll an attached ballgon
~began to expand The mlxture l1ghtened in color during the

| addition and stirring was cont1nued é!@\T h at 40-50°C.

Saturated aqueous sodium chloride (20 mL) was added and the

&

m1xture was extracted w1th ether (3 x 25 mL). The comblned

L

;ether extracts ‘were dried (NaZSO ) and the solvent wasf
‘removed in vacuo to leave & yellow oil. This was dzssolved
" in methanol (5 mL) and sodium cyanoborohydride (58’mg,-0.90

‘mmol) and acetic acid (54 mg, 0.90 mmol) were added. The
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Tm:xture was stirred at room temperature fo: 19 h and was

then pert1tioned between 10% aqueous potasszum b1cerbonate

(20 mL) and d1chloromethane (3 x 25 mL) The comb1ned d1-‘

-Chloromethane extracts were dr1ed (Na250 ) and concentrated
lg vacuo to leave a 'yellow 01;. Purification by column

'ehrdmatography'(SO% ethyl acetate/hexane) foilowed by»” .

i preparatxve TLC (20% ethyl acetate/hexane) left 62 mg (26%)

of 55 as an *1 &R (CHCl

1cm_J; TH) NMR (cpcl

3 cast) 1725 1370, 1250, 1155

3" ,
= 50 Hz, H, CHF,), 3.86 (d, J = 13 Hz, 1H, PhCHHN®), 3.83

(s, 2H, PhCHN?), 3.61 (4, J

1H, CH), 2.10 (br s, 2H, NH) 1 9-0.7 (m 1ncorporat1ng

"singlets*at 1.49 and 1.46, 24H CH, C(CH )3)b 9% NMR

C . \“"—
.(¢D€l3' 75.3 MHz) .8 -125. 3 (ABX system JHF 59 Hz, 5§r =
281 Hz); ' °C NMR (cnc13; 100.6 MH2) & 174.9, 169.8, 14

CF
67;3, 61.4, 52.3, 87.9, 34.0, 31.5, 28.5, 28.4, 19.6; exact

» mass 532 3114 (532. 3113 calc. for C30 a2 2N 0 ): Anel.iCale.

for C30H42F2N204. C, 67.65;'H, 7.953 N,;5.263 Found: C,

e . ,,.

N

. ?&Q&ert butyl) 2, 6 bxs(benzy11deneam1no)heptanedzoate (56)

Benzaldehyde (1.55 g, 14,1-mmol) was added to a

 solution 'of 51 (2.22 g, 7.34 mmel) in benzene (125 mL) and

the mixture was heated at reflux with aieotrqpic removal of

E Y . ) . B ’ ' R ‘ ‘ .
‘water for 2 h. Removal of the solvent in vacuo left 3.20 g
(92%) of 56 as a pale yellow waxy solid which was'used

13 Hz, 1H, PhCHHN ), 3 15 (m,

B0 MHz) b 7.30 (m, 10H, Ph), 5. 94N(t,'JN*

Q .
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L thhouﬁ further pur1f1catxon Redrystallxzation from heXane

gave an analytxcal sample, m. p. 94- 96°C; IR (CHCl3 cast)
1730, 1640, 1370, 1150.cm '; 'H NMR (CDCly, 8O MHz) & 8.5
(s, 2H, PhCH), 7.75 (m, 10H Ph) '3.88 (br‘t; 2H, éH).

2. 3 1.2 (m 1ncorporat1ng s at 1.46, 24H, ' CH, C(CH3)3):

_ exact mass 478 2838 (478 2832 cal¢. for 629H38N 0,): Anal.
Calc_.‘forl_C29H38N204 C, 72, 78 H, 8 00; N, 5.85.”Found:‘é,
"72.46: H, 7.90; N, 6.01.

Pfeparation of 55'from 56

A m1xtureLof THF (7 mL), HMPA. (6'1 mL) and |
_d1150propylam1ne (0 68 g, 6.7 mmol) was stirred at -178° c
,under argon atmosphere while butyllithium (1.38 M 1n hexane,”-
4.9 mL 6.7 mmpl) was added slowly The solut1on was st1rred
at -78° C for 30 min and avsolut1on of 56 (3.2 g, 6.7 mmol).
in THF (12 mL) was added “The dark.red—efange adlutioﬁ was
.warmed to 40°C and the argon 1n1et was closed whlle ‘ oL
dchlorod1fluoromethane was passed ripldly 1n£o the solution
until an attached balloon expanded. The m1xture was stlrredn'
‘at 40-50°C for 1 h‘ddring ;hich time its color lightened
apprec1ab1y The mlxture was partltloned between saturated ‘
agueous sod1um chloride (50 mL) .and dlchloromethane (3 x 50
mL) and the comblned dlchloromethane extracts vere dr1ed
(Na,S0,) and concentrated‘1n !gggg The re51dual oil-was
‘dissolved 1n methanol (15 mL) and sod1um cyanoborohydrlde
‘(1;1 g, 17 mmol) and acet1c acid (0..805 g, 13.4 mmol)"were
.~ added. The quture-was stirred at room temperatufe for 20 h,

Q
L)
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"~ and was. then ﬁartzt;oned between 10% aqueous potassium
bicarbonate (50 mL) and d1chloromethane (3 x 50 mL) . The
combined dxchloromethane extracts were drxed (Nazso ) and
concentrated in vacuo. tb leave '&n. orange oil. Column
e'chromatography (20% ethyl acetate/ hexane) gave 555 ‘mg (16%)
ofi::ifpectral ‘data g1ven above) and crude 57 (1., 23 g).

s -

port of this (0. 25 g) was pur1f1ed by preparat1ve TLC |

(10% ethyl acetate/ hexane) to leave an oil 1dent1f1ed as
bis(tert- butyl) 2,6~ b15(d1£1uoromethy1) 2,6~ b1s(benzyl-

' am1no)heptaned1oate (57) (0.22 g, 25%).‘For 57; IR (CH: C12

‘cast) 1730, 1370, 1250, 1160 cm™'; 'H NMR (CDCl,, BO MHz) &

3'
7.35 (m, 10H, Ph), 5.96 (t,"J = 56 Hz, 2H, CHF,), 3.83 (s, '
4H, PhCH,), 2/1 -0.9, (m incorpofat;ng,s’at 1.48, 26H, NH,

CH,, C(CH3)3) ‘9F NMR (CDCl,, 75.3 MHz), -128.0 (ABX
syStem, JHF

= 56; Hz,\ J

3’

- 56 Hz, Jg, = 282 Hz), -128.1 (ABX system J

| FF "HF
Fp = 282 Hz); exact mass 582 3086 (582 3081 calc.-
31Hg2F 4N 317427472°4°

H, 7.27; N, 4.81. Found. C, 64.28; H, 7.40; N, 4.92,

_for C 04){ Anal.‘Calc. for C H,.F,N.O C, 63.90;

2, 6—Diamino-2-(difiuoromethyl)heptanedioic‘acid (3)

-« A mixture of THF (6 mL) HMPA (0 1 mL) and |
d11sopropylam1ne (0 56 g, 5 5 mmol) was st1rred and cooled
" to -78° C under argon atmosphere vhile buty111th1um (1 38 M
in hexane, 4.0 mL 5.5 mmol) was added St1rr1ng was
‘continued at -78 C for 30 m1n and a solution of 56 (2 6 g,
'S 5 mmol) in THF (10 mL) was added. The dark orange solut1on

was warmed to 40°C and Ehehargon inlet was closed while

W ;
o
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| chlorod;fluoromethane was passed rap;dly into m?\e aolution
until an attached balloon began to expand. Stirring’ vas
continued at. 40-50°C for 1 h dur1ng which time the mxxture
lxghtened subStantxally in color. The solué%on was
part1t1oned between saturated aqueous sod1um chloride (50
~mL) and d1chloromethane (3 x 50 mL) and the combined di-
_chloromethane extracts were drzed (Nazso ) and concentrated

L& Con
in vacuo to leave an. orange oil (3.09 g). A major port1on ‘of

thxs (2.5 g) was dlssolved in. glac1a1 acetxe acid (10 mL) \
and added to cooled (4°C) glac1al acet1c acid (10 mL) “into -
lwhlch hydrogen bromlde gas had been passed for 5-10 m1n..The
mixture was immediately added to ice water (50 mL), then d1f
- chloromethane (50 mL) was added and the two-phase‘mixture -
-“Was‘Stirred vigorously at.room-temperature for 3 h' The
”phases were separated and the aqueous phase was washed thh
dlchloromethane (2 X 50 mL)~-Concentrat1on of the ag;eous
| phase in ggggg left an orange foam. Th1s ‘was appl1ed to a -
column of ion exchange resin (AG50W-X8, 50-100 mesh, '
form, 100 mL bed volume) and eluted‘w1th aqueOUS\{ M ammonia
followed by waterd’The combined nashings were concentrated:
in !gggg, reappl1ed to the column (regenerated in the H’
form) and eluted w1th a linear concentrat1on gradient of
‘aqueous hydrochloric acid (1 M -3 M. The‘fract1ons
collected were monitored by';on-exchange TLC (Fixion 50-X8
plates)’developed inio 4 M sodium citrate bufferi‘pﬁ 5l1)342

"and detected with ninhydrin spray. Concentrat1on in vacuo

Iy
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left 209 mg (19%) of 3 as a white solid, m.p. 223°C (dec.)
(R, = 0.64) and 156 mg (11%) of a solid identified as
2,6-bis(difluoromethyl)-2,6-diaminoheptanedioic acid (63)

(R; = 0.85). For 3; IR (KBr) 2900 (br), 1750 cm '; “'H NMR

(D,0,.80 MHz) & 6.47 (t, J = 54 Hz, 1H, CHF,), 4.16 (t, J =

19

7 Hz, 1H, CH), 2.35-1.25 (m, 6H, CH,); F‘NMR”(DZO, 75.3

MHz ) 5 -127.0 ppm, (ABX system JHF = 54 Hz, Jpp = 286 Hz);
MS (FAB) 481 (M,H'), 333 (M glycerol H'), 241 (Mu"), 178

(MH* - CO,, HF); Anal: Calc. for CgH 4 F 50, 2HCL- 0. 5 H,0:

2’ . 272V
C, 29.83; H, 5.32; N, 8,70. Found: C, 29.46; H, 5.24; N,
' 11

8.54, For 63; IR (KBr) 3000 (br), 1750 ¢m '; 'H NMR (D,0, 80

MHz) 5 6.45 (t, J = sévﬁ?, 2H, CHF,), 2.35-1.25 (m, 6H,
: 19 '
= 54 Hz, 3.

), 291 (MH™), 228 (Mu* - co

F NMR (D O 75.3 MHz) 6 -126.2 ppm (ABX system, Jup
= 290 Hz); MS (FAB) 581 (M2H+), 383 (M glycerol
20 HF}; Anal. Calc. for

'C9H14F4N204 0.5 HZO C, 36.13; H, 5.05; N, 9.36. Found: C,

36.22;: H, 4.91; N, 9.24.

CL N . ¥ : ‘ o ‘ -
deXEﬁjgn of 2,6-diaminoheptanedioic acid (1) with meso--
diaminopimelate-D-dehydrogenase |

Ay Wﬁthout catalase:

The procedure of whive??l was modified A mixture of
2,6- dxam1noheptaned101c ac1d (1) (Slgma, mixture of pD, LL
and meso 1somers) (0. 76 g, 0.40 mmol), NADP (Slgma) (50 mg,
“59‘lmol) phenazxne ethosulphate (10 mg, .30 umol)

f diChlorophenol1ndophenol (0.32 g, 1.0 mmol) and

(\-
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mesoFdiaminopfﬁélaté-D-aehYdrogenasé (1.6 dhitét in 0.40 mL
of 10 mM potass1n? phosphate buffer, pPH 7.4, contaxning 0. 1%
mercaptoethano ) in 0.25 M sodium carbonate buffer, pH 10.5
(100 mL) was allowed to stand at room temperature 43 h, with‘
intermittent addition of more dehydrogenase (4.0 units:
total)., The mixture was acidified to pH 1 with 5 ﬁ
hyd:ochloric acid aﬁd'gpplied to an ion exchange coiumn
(AG50W-X8, 50-100 mesh, H' form,'3 x 32 cm). Elution with _
0.2 M hydrochloric acid (500 mL) and 1 M hydrochlor1c acid
(1 L) gave a pale brown foam To this was added a solutlon
of hydfoxylamlne hydrochlorlde (0.28 g, 4.0 mmol) in 2 M
hydrodhlor1c acid (10 mL). The m1xppre was stirred 24 h at
» FOOm temperature and waS'thén applied to an ion eXchange, @
éolumn (AGSOW-xé ' 50-100 mesh, H' form 50 mL bed volume).
Elut1on with 2% aqueous ammonia gave 18 mg (11%) of a solid

identified as 2- am1noad1p1c ac1d203

(lit.203‘m.p. 203-204°C for the L-isomer); IR (KBr) 3420,

3100 (br), 1640, 1510 cm '; 'H NMR (D,0, = 7 Hz, 1H, CH),

(65), m.p. 195°C (dec.)

:2.51 (t, J = 8 Hz, 2H, CH,COOH), 2.05 (m, 2H, CH CHCOOH)
1.80 (m, 2H, CH,); MS (FAB) 162 (MH ).

B: With catalase:

- |
ot al*® yas used with

The procedure of Misono
modification. A mixture of 2,6-diaminoheptanedioic acid (1)

(sigma, mixture of DD, LL and meso isomers) (0.76 g, 0.40
*1 unit is defined as the amourr of enzyme which catalyses
the fgématxon of 1 umol of NADPH per min at pH 10.5 and
25°C. ,
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' mmol), NADP (Sigma) (0,84 g, 1.0 uhhql)w catelaae (51gma) (2
mg, 22,000 units)s end mego- diam1nopimelate D-dehydrogenase
(0.5 units in 0.40 mL of 10 mM potassium phosphate buffer,
pH 7. 4; containini30.1% mercaptoethanol) in 80 mM sodium .
carbonate buffer, pH 10. S (100 mL) was allowed to stand at
room temperature 136 h with 1nterm1ttent add1t1on of the
‘dehydrogenase (3.0 units total) and catalase (12 mg total)
The mixture was filtered thtough a Celite pad and then
through an Amicon PM10 leterl Th; £1ltrate was applred to
an ion exchange column (AGSOW-xgb 50-100 mesh, H* form, 200
mL bed volume) and eluted with 0,2 M hydrochloric acxd (500
mL) and 1 M hydrochloric acid (1 L). The nxnhydrxn-actlve
fractxons which did not contain d1am1nop1mel1c\ac1d were

‘comb1ned«a§d concentrated upder reduced pressure to ;1ve a
solid res1due. This ues dissolved in water (25 mL) and
hydroxylamine hydrochlori%e (81 mg, 1.2 mmol) was added. The
pH.oj the mixture was adjusted to 3 with.l‘M Eodium
hydroxide and sodium cyenoboronydride (79~mg, 1.3 ‘mmol) vas

added}-The mixture'was stirred at.room temperature 20 n,

acidified to pH 1'with'3 M hydrochloric acid and

concentrated to dryness in vacuo. The residue fas purified

by ion exchange chromatography (AGSOW X8, The form, 200 mL

bed volume, elution with 2% aqueous ammonia) to g1ve 91 mg

(52%) of piperidine-2,5-dicarboxylic acia?0® (68).

analytzcal sample of this was converted»tolthe hydrochloride

*1 unit is Yefined as the amount of enzyme wh1ch catalyses
ths decompoSat1on of 1 umol of H,0, per min at pH 7 and
25°C. o : ,
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 dp :
salt by tFeatment with 3 M hydrochleric acid and
crystall1zatzon from 95% ethanol to give a white solid, m. p.JVV'
286-28708 (1it.206 |

(br),1155, 1740 cm

m.p. 287-289°C); IR (KBr) 3400, 3200
'; "H NMR (D,0, 200 MHz) & 3.80 (m, 2H,
CHCOOH), 2.4-1.4 (m, 6H, CH,); MS (FAB) 174 (MH').

Monoperoxyphthalxc acxdzo8 (70)

208 was followed, with sl1ght

!

. The method of Payne
modification, Hydrogen peraxide (30%, 1. 8 g, 16 mmol) was
added to-& cooled (4°C), stlrred solut1on of sodlum

I

carbqna£e~(1.4 g, 13 mmol) in water (10 mL). Freshly

~ _
343 phthalic anhydride (2.0k9, 13 mmol) was

recrystallized
added and stirring was continued at‘4°C.fo; 30, min. The
mixture was acidified to pH 1 with 17% sulfuric éciq and
extractéd with ether (3 x 10 mL). The ether extract é;s\\
washed with 40; aqueous ammonium sulfate (2 x 10 mL) and -
dried (MgSO4) in'the refrigerator. Aliguots (1.0 mL) of this
solution were added to 20% potassium iodide (15 mL) and
after 16 min, the iodine generated was tﬁtrated with 0.10 M
so@iuﬁ thiosulfate. The concentration oftonoperoxyphthalic

acid was thus measured to be 0.40 M (92% _feld).

D1(tert butyl) 2- (benzyloxycarbonylam1no) 6-(hydroxy1am1no)-

heptanedxoate (1t

198 was fopllowed.

The procedure of Polonski and Chimiak
A mixture of 52 (1.3 g, 2.9 mﬁol),'g-methoxybentaldehydt’f

(0.40 g, 2.9 mmol) and anhydrous sodium sulfate (1.0 g) in

¥
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: dichloronothenow425 mL) was stirred 23 h at.room
temperature. The mixture was filtered and the filtrate
concentrated in vacuo. The residue was dissolved in ether
(10 mL) and an ethereal‘oolution of monoperoxyphthalic acif
(70) (0.40 M, 10 mL, 4.0 mmol)’was added. The mixture uaa
left to stand in the refrigerator ar 4°C for 4.5 h and was
concentrated under reduced pressure. The residue was taken
up in chloroform (ca. 20 mL) and. left;fsjh ‘at 4°C., After
‘filtration, the mixture-was concentratet in vacuo. The
'residue was dissolved in 95% tthanoll(10 mL) and
hydroxylamine hydrochloride (0.28 g, 4.0 mmol) was added.
The mixture was warmed gently to effect dissolution of the
hydroxylemine hydrochloride‘ond left 20 min at room |
temperature. After eraporation of the solvent in vacuo, the
residue was purified oy fi;Sh»chromatogrépnx230 (25% - ‘
ether/dichloromethanE° 60% ethyl acetate/hexanes)lto give
590 mg (45%) of 71 as a colorless oil; IR (CHCl3 cast) 3340,
1730 cm”'; W NMR (CDCl,, 200 MHz} & 7.33 (s, 5H, Ph) M5.48
(da, d‘=.8 Hz, 1H,<NH), 5.08 (s, 2H, PhCHzl, 4.23 (m, 1H,
CHNH) '3, 45 (m, 1H, _QHNHOH), 1.9-1.1 (m including‘singlets
at 1,47 and 1.44, 26H, C(CH3)3, CH&,fNHOHL; exocr‘mqss
452.2526 (452.2522 calc for C,;HyN.0.); Anal. Calc.: for
C23H36N207. C, 61.04; H, 8 02; N, 6.19, Found: C, 6'0.91; H,

7.84; N, 5 71

Z-Anino-s-(hydroxylanino)heptanedioic acid (4)
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if To a oooled (G‘C) solution of 71 (o 54 g, 1 2 mmol) in e
dglacial acetic acid (1 mﬁ) was added a satureted iolution of o
hydrogen bromide in acetic acid (1 mL). The m!xture vas. ;,‘&
eliowed to warm to room temperature and, after 20 min, vater

(5 mL) was added. Tne mixture was concentrated ip vacue and -

the residue wvas dxsso}ved in eoegxoacid (1 mL). The

solution was cooled to 4°C and hydrogen bromide was bubbled

‘ through for 5-10 min, After 20 min further at'4°c, vater (§ -

ﬂ mL") was added and the mixture was applied- to an ion exchrnqﬂﬂ,/
column (AGSOW-XB, 50-100 mesh, HJ form, 10 mL bed" volume\

and eluted with 2% ?queous'ammonia to give 171 mg (69%) of 4
'as an apparently cnromatographioally pure amorphous soiid_

which reduced Fehling's solution209

4630 (br) em '; 'H NMR (D,0, 200 MHz) & 3.76 (m, H, @

; IR (KBr) 3430 (br),

CHNHOH), 3.17 (m, 1H, CHNH,), 1.42 (m, 2H, CH,CHNHOH), 1.64
(m,.2H, CH,CHNH,), 1.46 (m, 2H, CH,); MS (FAB) 207 (Mih).

Z-Beniiloxycarbonyiamino)heptanedio&c acid222’(73)v

222 s ‘ot f

The procedure of Augustin was followed, with slxght

modification. A mixture of 2raminohebtanedioic acid (Sigma)
f10 g, 57 mmol) afta é M aguequs sodium hydroxide (240 mL)' '
nas stirred and cooled to 4°é while’benzyl chloroformate (12 .
,.g, 70 mmol) was added. Stirring was continued 22 h at room .
temperature and the m1xture§w;; washed thh ethyl acetate.

(100 mL). The aqueous phase vas brought to pH 2 thh

‘concentrated hydsochloriC‘acid and extracted with ethyl
T ‘ o,



7.(m; "@H7)' exact‘mass 265 1321 (265 1314 calc for'
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| acetate (2 X 100 mL) The ethyl acetate extract was dr@ed

(Na2504) and cqvgentrated 1n vacuo and the 011y reszdue was

‘/'crystall1zedvfrom ethyl-acetate/hexane to glve 4.2 g (24%)

of 73 as whlte crystals, m,p. 98- 99 (o} (llt 22 . P-

)

'-97-98 C) _The agueous phase, upon standing, " dep051ted 0!42 9

03%) of needles, m.p. 236 237° C 1dent1f1ed as 2- (benzy1—~

am1no)heptaned1o1cvac1d (74) For 73~ IR (CH Cl /MeOH cast)

3100 (br), 1710 (br} cm . 4 NMR (CpCly,
X b+ . !

s en COOH), 7.31 (sl‘snw»Pﬁ),”é,sdl(m, 1H, NH), 5.11 (s,
2H, PhCH ), ‘. 40 (m, 1H*‘CH) 2.34 (m, 2H, CH,COOH), 2.0-1.1
(m, 6H, CH,); exact mass 309.1209 (309.1212 calc. ‘for |

15H19NO ) For. 74' IR (KBr)-3690,‘3380 710 1630 1590
1,

8 en” ' H MR (D O/NaOD 80 MHz) § 7.32 (s, SH, Ph), 3. 95 (a,

J = 14suz, H, PhCHH), 3.75 (4, J = 14 Hz, TH'ﬂPhCHH) 3.25

n

"

" (t, J = 6 Hz, IH, CH), 2.07 (t, J

14719 2
7. 47 N, 4 94 F0und c, 59 05; H, 7.42; N, 4.94. .

- €, H19NO ); Anal. éalc for.C H NO -H,0: c 59, 35 H,

ﬁ@

5-(§~Be"zyldﬁyca’b°nyllSéoxo—1;3%6xazolidin?4ry1)éentan9ict/
~acid (75) f‘ B = » | > |

The}procedure of Itoh223

l.

(2\0 9, 67 mmoi) ‘and -p- toluenesulfon1c ac1d (0. 10 g, 0.53

mmol) were added to a st1rred suspen51on of 73 (7 0 g”v23

mmol) in benzehe (150 mL) The m1xture was heated at reflux Ll'

.l»;.

2.5 h and was cooled and extracted w1th 10% aqueous d

potassxum bzcarbonate (4 x 50 mL) The aqueous extract was,'

80 MHz) & 9. 92 (br

7 Hz, 2H cH coon) 1,40

was followed Paraformaldehyde‘
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'-rR (CH c1é cast; 3100 (br) 1800 1715 cm

S"fpentanoate (76) ,u':"f

A: W1th Dlazomethane

:‘.» ‘,i. R | ) ; 126

'aoxdlfxed to pH 1 w1th concentrated hydrochlorlc ac1d and

| extracted wifn ethyl acetate (2 X 100 mL). The ethyl acetate

“¥

extract was drled (Na SO ) and concentrated in vacgp. The

"re51due was purlfled by flash chromatography23o (ethyl
: acetate) to g1ve 6.60 g (89%) of 75 as a colorless 0il. Thls»

E was crystallized from ethyl acetate/hexanes- m p. 64-65° C~

‘f Y NMR (CDC13,

- 80 MHz) 5 9.85 (br s, 1H COOH), 7 37 (s, SH Ph) , 5,55 (4,

3 = 5Hz, M, OCHHN), 5, 25 d, 3 = 5 He, “iH, OCHHN) |’ 5122 (s

2H, PhCH ), 4 35 (t, J =5 nz,‘1H,_CHgy 2.35 (t, J = 7 Hz,
'"2H CH COOH) 094 (m, 2H, CH‘CH) -1A56n(mj\4H, éH2)7 exact

-mass 321,1209 (321 1212 calc, for <, H19NO )i Anal. Calc{

for C16H19 6° C[ 59 81; E;ns.gc,fﬂ 4, 36 Found c, 59 74

W, 5.97; N, 438,

:vMethyl 5 (3- benzyloxycarbonyl 5 oxo 1, 3 oxazol1dln-4—yl)?

An ethereal solut1on of dlazomethane was added to a

””1gvsolut1on of 75 (0 50 g, _ 6 mmo‘\ in ether (20 mL) unt1l a

‘v:‘fchromatography 30: (40% ethyl acetate/hexanes) to g1ve 0 41 g;v

i1n vacuo and the resxdue was purlfled by flash

'(79%) of 76 as a cq;o;less 0il; IR (CH.,Cl

‘;faznt yellow color pers1sted The solut1on was concentrated |

-
b

o€y cast) 1805 mzs .

-1 1

eml 'y H-NMR"(CbC13._BQ‘knz>v617;36;(5; 5H, Ph), 5. 53 (@, g
' = 5 Hz, 1H, OCHHN), 5.23 (d, J = 5 Hz, m,,ocnuu), 5.20 (s,

. [
N



| 2H, PhCH,), 4.33 (£, J = 5 Hz, 1M, CH), 3.66 (s, 3H,
COOCH,), 2.30 (t, <J = 7 Hz, 2H, CH cooMe), 1.94 (m, 2H,
(CH,CHY, 1.52 (m, 4H, CH,); exact mass 335.1369 (335.1369
calc. for C17 21NO )i Amal. Calc. for C17H21N06. c, 60.89;
H, 6.31; N, 4. 18" Found: €. 60, 69; H, 6.20; N, 4.01. |

.~ -

B: W1th Methyl Chloroformate |
| A solutlon of 75 (4.0 g, 12 mmolf in dichldfomethane
(100 mL§ was stlrred and cooled to 4°C whlle tr1ethylam1ne
(1 4 g,”14 mmol) and methyl chloroformate (1.3 g, 14 mmol)
wéfe added. The mlxture was stirred &t room: tempenature 1 h,
: methanol (1.6 g, 50 mmol) was added and st1rr1ng waS“
cont1nued 1 h The m1xture was washed w1th 10% agqueous .
apotasszum bxcarbonate (50 mL) and the aqueous phase was
Lg;tracted with dlchloromethane (50 mL) The comblned organicv
extracts were: d:léd (Nazso ) and evaporated in vacuo, and .
the residue %as taken up 1n methanol and cqncentrated again'
_;under reduced pressure. Flash, chromatograppy230 (40% ethyl L
B vacetate/hexane) of the. re51dLe gave 2. 22 g L53%) of 76

,(spectroscop;c data above)‘and further elution of-the-column‘
~with ethyl acetate gave 1.36 g (34%) of recovered 75.
. . _ , S s
§
,React1on of 76 w1th é)‘sochum hydx&de
“” To &»st1rred solut1on of 76 (0 16 g, 0.48 mmol) in THF
‘(\me) was added 1 M aqueous sod1um hydroxide (1 mL).
,Stirring was,CChtinued:30_§in at room temperature and the
' mixture:was partieioned‘between 0.5 M aqueeuslhydrdchloric

~ acid (5 mL) and dichloromethgne (2 x 10 mL). The.

[
=4
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“dlchloromethane extract vas drxed (Nazso4) and the’ solvent

- was evaporated in vacuo to leave 139 mg (94%) of- 73 as a
ecolorless 0il which solidified at room temperature., This was
spectroscop1cally and chromatographlcally 1dent1cal with

authentlc 73

tert-Butyl 5?(5€oxo—3-(benzyloxycarbonyl)-l,3foxazolidin;4—~
yl)pentanocate (77) = | o _h\ ' .,/»

223

The procedure followed was that of Itoh A solution

of 75 (1 0 g, 3.1 mmol) and’ sulfur1c ac1d (0 1 mL) in d1-
vchloromethane (20 mL) was cooled to -5-0°C, and 1sobutylene

gas was bubbled ‘into the solufion unt1l an 1ncrease in’

C

volume of 15-20 mL was observed. The mlxture was allowed to
stand at room temperature 24 h, and was then partltxoned

- between 10% agqueous potassium b1carbonate (10 nd di-

ey

. g .
chloromethane (15 mL). The organlc\phaSe was washed w;th

vwaterv(10 mL), dried (NaZSO ) and concentrated in vacuo.

0230

Flash chromatography of the res1due 430% ethyl

acetate/hexanes) gave 0. 25 g (21%) of 77 as a colorless 011

-1,1

IR (cnc13 cast) 1800, 1720 em™'; 'H NMR (CDCly, ‘80 Miz) &

30
17.37 (s, 5H, Ph), 5.54 (4, J = 5 Hz, 1H, OCHHN), 5.22 (4, J
=5 Hz, 1H, OCHHN),VVS.ZO (s, 2H, éhCH.'z), 4.»33' (t,qJ = 5 Hz,
1H, CH), 2.20 (t, J = 5 Hz, 2H, CH,CO0C(CH,) ), 2.1-1.1 (m
including s_at lr4l; jSH; CH , C(CH3)3l; exact'hass}378.1919
(378.1917 calc. for c20 ,6N0¢ (Mﬂi);f@nal._calcrfto:' e

- CyqHpNOg: C, 63,64; H, 7.21; N, 3.71. Found. C, 63.69; H,

7.28; N, 3.47.
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s | .
7 (tert Butyl) hydrogen 2- (benzyloxycarbonylamxno)heptane* |

dioate (7B) ¢ {

To a st1rred splut1on of 77 (0.18 g, 0.49 mmol) in THF
(2 mL) was added 1 M aguegus sodlum hydrox1de (1 mL).
Starring was contlnued at room temperature 30 m1n, the
égature was ac1d1f1ed to pPH 1 with 3 M hydrochlorlc ac1d and

&

’ *was then extracted w1th dlchloromethane (2 x 10 mL). The d1-

chloromethane extract was dlluted w1th ethyl acetate and °
extracted with 10% aqueous potasszum blcaﬁbonate (4 x 10 mL)
;fk. and the aqueous phase was ac1d1f1ed and extracted w1th ethyl
| acetate (6 x.20 mL) The ethyl acetate extract was dried
(Na2504) and concentrated‘ln vacuo to give 144 mg (BO%) of
78. .An analytical‘sample was recrystallized from ethyl "
\acetate/hexanes to give white crystals, m.p.89- 89 5 C°'IR

| 1,0

(CHCl cast) 3;30 1725 cm ; 'H NMR (CDCl 80 MHz) & 8 53

3. 3
b(br's, 1H, COOH),, 31 (s, 5H,,Ph), S.43.(br d, J = 6 Hz,

©H, NH),‘5.11 (s, 2H, éhCH ), 4.38 (m, 1H, CH), 2.20 (m, 2H,
CH~COOt—Bu)i 2 ,0-1.1 (m 1nclud1ng s at. 1.42 15 H, CH

) exact mass 320 1862 (320 1862 calc. for C18H26NO

c 62. 45 H, 7.45;

N';C(CH3)3

_(M - COOH)); Anal..Calc. for C o]

| 19H7N0g
N, 3.83. Found: C, 62.32; H, 7.73; N, 4.03_”

1

(R)-2-Amino- 3-methy1 1- butanol228 (81)
A mod1f1cat1on of the procedure of Hsuno et al228 was

followed A mixture of l1th1um alumlnum hydr1de (19 g, 0. 50 o

mol) and THF (1.5 L) was’ heated to reflux under argon

-.atmosphaai‘ﬁor 30 m1n, then D-vallne (35 g, 0 30 mol) was'



130

;added in small port1ons Heatlng of the m1xture at reflux i

was cont1nued~17 h then Celite (20 g) was added followed by
. water (20 mL), 10% aqueous sodium hydroxide (20 mL) and

water (60“nL). The m1xture was filtered and the solid was

- vashed with ethyl acetate (2 x 100 mL). The cvmblned

4

f1ltrates were concentrated in vgcuo and. the. esxdue was

dlst1lled under: reduced pressure to nge 21, 54 g (70%) of Bliﬁ‘ ‘

228

fvas a colorless 0il; b p.60- 63° C at 1.5 mm Hg (1it. b.p.

55-57°C 4t 2 mm Hg); [aly = -14.4° (neat) (1it.344 Lely

+14.6° (neat) for (S)flsomer):'IR (CHCl3

(br); 'H NMR (CDCl,, 200 MHz) & 3.65 (dd, J = 4, 10.5 Hz,

cast) 3200 ‘cm

1H, CHHOH), 3.31 (dd, J = 8.5, 10.5 Hz, 1H, CHHOH), 2.56

(ddd superimposed on a br s, J = 3.5, 6, G,S'ﬁz, 4H,,NH2,“

OH, CHNH,), 1.60 (dgg, J = 6.5, M5, 6.5 Hz, 1H, CH(CH,),),

. exact mass 104.1080 (104.1075 calc. for CgH,,NO (MH)) .

!
[

(R)-4- Isopropyl 1, 3—oxazol1d1n 2-one

0.92 (2 overlapping 4, J = 6.5, 6.5 Hz, 6 H, CH(CH3)2);

227 (82) |

' 4227

The modlfled procedure of Evans et al was“used; A

.solution of 81 (21 g, 0.20 mol) in toluene (600 mL) was
stirred and cooled to 4°C whlle phosgene (24 g, '0.24 mol)
was added by d1st111at10n. Tr1ethylam1ne (25 g, 0 24 mol)

. was, added and_the thlck slurry was heated at reflux 25 min.
Theﬂmlxture.was cooled to 4°C, flltered, and. the flltrate
was concentrated iglxgggé. Recrystallzzat1on of the residue
'frOm hexane gave 18.17 g (70%)_of Gz‘as colorless crystals,

m.p. 70-71°C, [aly = -14.2°. ¢ = 7.1, CHC13'§lir;221[m,p. .

1“.3.
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71-72°C, [a] = +14 8°, c = 7#0, CHCl for (S) 1somer)° IR

Kcnc15'cast) 3270, 1750, 1730, 1250 ca™'; 'W NMR (cpcl,, 200

3
Miz) b 7.26 (br s, 1H, NH), 4.47 (dd, J = 8.5, 8.5 Hz, 1H,
‘CHHO) 4.13 (dd, J ; 8.5, 6.5 Hz, H, CHHO), 3.66 (ddd, J =
M8.5 6.5, d}S'Hz,n1H .CHN) 1. 67 (dqq, J = 6 5, 6.5, 6. 5 Hz,
1H, CH(CH )2) 0.97 (2 overlapplng d, J = 6 5, 6.5 Hz, 6H,.
_ CH(CH3)2), exact mass 129, 0790 (129 0790 calc. for C6 11NO) :
‘3 (5 [3 Benzyloxycarbonyl 5- oxo-1, 3 oxazolxdin-4-y1]--
;pentanoyl) (4R)-4-xsopropy1 1 3-oxazolidin-2- one (83)
- The method of Engel and Justzzg’was used for the first
1bart of this reaction. Oxalyl chloride (1.0'9, 8.0'mmo;)’ﬁastt
'iraddgd'to a stirredo cooled\(4°C) solution'of'75;(0,63 g, 2.0

mnol) in benzene (5 mh) and the mixture was stirred 40 min

'ydat7room temperature. Concentration in vécUO’left 564 mg-

‘,(83%) of ‘the crude b15(ac1d chlor1de) A port1on of this

" (0.18 g, 0. 51 mmol) was d1ssolved in THF (2 mL) and added to.
"a stirred, cooled (4 C) mlxture of 62 (67 mg, 0.52 mmol) and
r.butyll1th1um (1.2 M in hexane, 0 43 mL, 0.51 mmol) in THF (5
mL) under;argon atmosphere. The react1on was quenched by
addition of Joxlaqueous ammonium chloride (2 mL) and the
‘nixtUre was extracted wfth dichioromethane (2 %20 mL), The
dlchloromethane extract was drled (Nazso ) and the solvent
evaporated in vacuo to leave 135 mg - (61%) of 83 as a
colorless oil; IR (cnc13 cast) 1800, 1780 <1710 em -1 ﬂn NMR
f (cocly, 80 Miz) § 7.38 t3, SH, Ph), 5. 55 (@ 3 =5 nz, W,

OCHHN), 5%25 (d J = 5 Hz, 1H, OCHHN) 5, 22 (s, 2H PhCH ),



sl

P . S 132
"”4 30 (m, 4H CH, CHN, CHZQ) 2. 95 (t, J = 8 Hz, 2H CH2CO)
2.38 (m, 1H, CH(CH3)2) 2 2 1.1 (m, 6H CHz), 0 89 (2

‘overlapping d, J = 7 Hz, 9 Hz, 6H, CH(CH3)2); exact mass

' 432, 1898 (432, 1898 calc. for C,,H,pN,0 .) Anal. Calc. for’
C 28 207 C, 61 10; OH 6.53; N .6 487 Found: C, 60.74; H,

6.15-; N, 6.20. P

Reactxon of 83 w1th sodium hydroxide -

To a stirred solut1on of 83 (96 mg, 0.22 mmol) in THF
v(2 mL) was added 1M aqueous sod1um hydrox1de (1 mL) »
'Stirring was continued 30 min at room temperature and the
mixture was brougnt to pH 1,by.addition of 3 M aqueousi‘
nYdrdchlqric acid and extracted'with dichloromethane'(2 x 10.
mL). The dichloromethane extract was dried (Nazso )Aand )
concentrated in “vacuo to leave 94 mg (quantxtat:ve recovery)
of a mixture of 73 and 62, spectroscop1cally (NMR) and

chromatographically identical wath authentic samples.

,2f(2-0xo-4,5-dipheny1—1,3;oxazol-3—y1)heptanedioic acid (8¢4)

181 was followed. A

The procedure of Sheehan and Guziec
mixture of 2- am1noheptaned101c ac1d (sigma) (7.0 9 40 mmol)
and tetramethylammon1um hydrox1de (20% in methanol 36° 9, 80
mmol) was concentrated to dryness under reduced pressure and

‘the res1due was suspended 1n DMF (40 mL) thh st1rr1ng " To
'Tdthls mxxture was added 30 (9 5 g, 40 mmol) and stzrr:ng was

'fcontlnued 40 min at room temperature. Aqueous 2 M.

hydrochlorlc ac1d was added and the m1xture vas . extractéd
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wi?h ethyl ecetate.(%.x'100 mL). The ethyl acetate extract
. was washed with water (3 x 30 mL), dried (Na,SO,) and
ooncentratedﬂin vacuo. The residue was dissolved in
tr1fluoroacet1c ‘acid (40 mL) and stirred 2 h at room"
temperature.-Afber evaporat:on of the trxfluoroacet1c aold
in ggggg, the residue was partitioned betweén dichloro-
‘methane (150 mL) .and water (3 x 30 mL)< The organic extract.‘
waS.d;1ed (Ne2504) andvconcentrated under reduced pressure,
CrYstallization‘of the residde_from ethyl acetate/hexenes
;gave 8.74 g (55%) of B84 as white crystals, m.pll1324132.5°c;

1.1

IR (CHCl, cast) 3000 (br), 1760,'1710 cm '; 'H NMR (CDCl,

3
200 MHz) & 10.63 (br s, 2H, COOH), 7.54 (m, 3H, Ph), 7.42

o
i

(M, 24, Ph), 7.20 (m, 5H, Ph), 4.18 (44, J = 4.5, 10.5 Hz,

1H, CH), 2.31 (m, 3H, CH,COOH, CHHCHCOOH), 2.03 (m, TH, \
. CHHCHCOOH) , 1.51 (m, 2H,VCH2CH2COOH),‘1.34 (m, 2H, CH,);
*”exact mass 395.1362l(395.13$@ calc. for CppHpNOg ); Anal.
Calc. for C,,H, NO.: C, 66.83; H, 5. 35; N, 3.54. Found c,
66.73; H, 5.31; N, 3.46. A .
R

3, 3'*[(25)*(2-oxo-4 5—dipheny1-f 3-oxazol-3-yl)heptane-

| dxoyfl bis- [(4R)-4-1sopropy1 1,3-oxazolidin-2-one] (85)

229

The procedure of Engel and Just was followed for the

’_‘f1rst part of this reactlon To a cooled (4“C) suspension of

84 (4.0 g, 10 mmol) in benzene”(?O mL) was added Oxalyl |
chlorzde (5.1 g, 40 mmol) and dlchloromethane (20 mL). The
'".,mxxture was allowed to warm to room temperature with

L

stlrglng 1.5 h,ﬂand wvas then concentrated in vacuo. The
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residue was added as a THF solution (15 mL) to a stirred,
cdoléd (4°C) mixture of 82 (2.6 g, 20 mmol)} butyllithium
(1.16 M in hexane, 17 mL, 20 mmol) and THF (50 mL) under.
argon atmosphere. The reaction‘was‘quenched by adéition of
50%‘aqueou5»émmonium Chlpride (20 mL) and the mixture was
extractéd-Qifh.dichloromethane‘(3.x”50 mL). The d}chlorot
methane extract wés dried (Né2SO4) and concentratéd under
reduced/prg§sure. The residue was fractionated by flash
oT chromatograﬁnfz3ov(50% ethyl acetate/hgxdnes) to give 2.56 g
| ‘(41%)‘of 85 as.a-colorless foam and 2.22 g (36%) of the
(2R)-i$oﬁér (Béfxas a colorless foaﬁ. For»éS: [a]D,t -11.4°,

,Cl,; TR (CHCl, cast) 1775, 1705 cm '; 'H NMR

"¢ = 4.5, CH

| (CDC1,, 200 MHz) 5 7.50 (m, 5 H, Ph), 7.20 (m, 5H,’Ph),'5.zg
(dd, J = 4, 10 Hz, 1H, CH), 4.43 (m, 2H, CHHO), 4.25 (m, 4H,
CHHO; CHN), 2.91 (m, 2H, CH,CO), 2.36 (m, 2H. CH(CH,),),
1.9% (m, 2H, CH,CHCO), 1.57 (m, 4K, CH,), 0.89 (t;, J = 7.5
Hz, 12 H, CH(CH3)2): exact mass'617.27A1 (617.2737 calc. for
'C34H33N3Oé;; Anal. Calc. fog C34H39N308:kc, §6.ii; H, 6.36;"
N, 6.80. Found: C, 66.29; H,"6.38; N, 6.51. For 86; [al; =

cast) 1780, 1700 cm ';

»

3

o .'|00.2°, c = 4.0, CH,Cl,: IR (CHCl
| 200 MHz) & 7.52 (m, 3H, Ph), 7.43 (m, 2H,

'y NMR (CDC1.,
¢ 3

Ph), 7.22 (m, SH, Ph), 5.19 (dd, J = 4, 10.5 Hz, 1H, CH),
4.41 (m, 2H, CHHO); -4.26 (m, 4H, CHHO, CHN), 2.92 (t, J =

. o ' - .
6,5 Hz, 2H, CH2CO), 2.45 (m, 2H, CH(CH3)2), 1.65 (m, 6H,

CHZ); O.BQ'(4 overlapéﬁng'd, J = 7 Hz, 12 H, CH(CH3)2)T
3

exact-maSs‘617.?726 (617.2737 calc. for C34H39N308); Anal.
Calc. for C34H39N308:.C, 6§.11;“H, 6.36;.N, 6.80. Found: C,
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56.'1?; H" 604‘6; N' 6.52'

Dibenzyl 2-(2-oxo-4,5-diphenyl-1,3-oxazol-3-yl)heptanedioate -
(87) | ‘ -

The modified procedure of Evans et al226

was»used. A
cooled (4°C) mixture of benzyl alcohol (71 mg,'0;66 mmol),
, bueyllithiuﬁ (1,16 M in hexane;'O.SG mi,‘0.65 mm&IB and THF
~.\(2"11"1[.) was added to‘a‘sxirred, cooled (4°C) solution of 85
(0.20 g, 0.32. mmol) in THF (5 mL) under argon atmosphere.
Stlrrxng was continyed 1 h at 4 C and the reaction was
.quenched by addition df 10% aqueous ammonium chloride (3
mL). Tﬂe mixture was extracted ;ith dichloromethéne (2 x 20
mL) and the dlchloromethane extract was dried (Nast ) and
concentrated §n ggggg. The residue was pur1f1ed by flash
chromatography230 (30% ethyl acetate/hexanes, 50% ethyl
acétate/hexanés) to give 80 mg (95%) of 82 and 146"mg (79%)
of 87 ;s a colorless oil; [aly = -1,4°,ic = 7.3,‘Ch2C12: IR
(CHC1, cast) 1760, 1740 cm '; 'H NMR (CDCl,, 80 MHz) & 7.32
S0H, Ph), 5.20 (s, 2H; PhCH,), 5.09 (s, 2H, PhCH,), 4.20
(dd, J = 6, 10 Hz, 1H, CH), 2.33 ’(t, J = 7 Hz, 2H, /
CH,COOCH,Ph), 1.50 (m, 6 H, cHé); exact mass 57 .2298

(575.2308 calc. for C ,NOG); Anal. Calc. for C36H33N061

36133
C, 75.11; H, 5.78; N, 2.43, Found: C, 75.07; H, 5.87; N,
2.43. | N

" The (2R34isomer (86) was treated in the same way to
" give a 63% yield of an oil chromatogrébhiéélly and

spectroscopically. identical with 87'except for its optica’l
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L]

2-Aminoheptanedioic acid (75)

A mixtdre of 87 (0.11 g, 0.18 mmol), 5% palladium on
charcoal (33 mg) and 3 M aqueous.hydrochlofﬁc acid (1,0 mL)
in megdanol (20 mL) was shaken under hydrogen (48 p.s.i.) 27
h at room temperature: The mixtufe,was filtered £hr6ugh a
Celite pad and the fi{trate was concentrated in vacuo. The
residue was purified by ioaf exchange chromatography //ﬁ

(AGSOW?XB, 50-100 mesh, H+‘form, 10 mL bed volume, eluted

with 2% aqueous ammonia) to give 25 mg (79%) of 72; no

measurable optical activity; IR (KBr) 3410, 3100 (br), 1630,l
1580 cm '; 'H NMR (D,0, 80 MHz) & 4.04 (t, J = 6 Hz, 1H,
CHCOOH), 2.43 (t, J = 7 Hz, 2H, CH,COOH), 1.96 (m, 2, .

CH,CHCOOH), 1.56 (m, 4H, CH,); MS (FAB) 176 (MH').

3'-[(2R)-2—amino-hep£am3dioy1l-bis[(4R)-4-isopropyl‘],3-jii“)
oxazolidin-2-one] hydrochlot:de (88) | . e

- A solution of 86 (0.50 g, 0.81 mmol) in methanol (50
mL) was added to 5% palladium on charcoal (0.10 g) moxstengd

with 3 M aqueous hydrochlor1c acid (0 3 mL). The mixture was '

'-shaken under hydrogen (46 p.s.i. ) for 94 h and was f1ltered

through a Celite pad The f11trate was concentrated and
ether was added to induce crysta111zat1on of 88 as white
needles, m.p. 167.5-168°C (169 mg). The mother liguor, Qn

concentration, gave a further 105 mg of 88 (total yield, 274 -

Mg, 78%); laly = <86.9°, ¢ = 1.2, CH,Cl,; IR (CHCl, cast)
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| 2940 (br), 1780, 1700, 1390, 1210%m”'; 'H NMR (CDCl,, 200

MHz) 5 8.90 (br s, 3H, NH,*), 5.21 (m, 1H, CHCO), 4.35 (m,
6H, cHﬁ,'cwzo), 300 (m, 2H, CH,CO), 2.59 (m, 1H, CH4gH3)2)}
2,38 (m,GIH.‘%g(Cﬁ3)2), 2.08 (m, 2H, CHZCHCO), 1.87 (m, 4H,
Cﬂz), 0.93 (m, 12H, CH(CH3)2); exact mass 397.2209 (397.2213
calc. for CigHy N O6 (free amine)); Anal. Calc. for

N,O - HCl- Hzo. c, 50. 49 H, 7.58; N, 9.30. Found: c,

Ci1gH31N30¢
50.61; H, 7.18; N, 9.33.

a
S§,5'-Dibenzyl 2-(2-oxo-4;5:diphenyl—1,3;ox52q1-3-y1)heptane—
dithioate (89) o .

" A solution of 86 (0 20 9, 0.32 mmol) in THF- (2 mL) was"
«added to a cooled (4°C), stirred mixture of benzyl thiol (80

mg, Q. 65 mmol) and butyll1th1um (1. 16 M in hexane, 0.56 miL,

<
0. 65 mmol) in THF (j)mL) under argon atmqsphere. Stlrrlng

was contlnued 15 mih at 4°C and the reactlon was quenched byu

addxtlon &f 10% agueous ammonium chlorlde (5 mL) ~ The’
mxxture was extracted with dlchloromethane (2 x 20 mL) and
the dxch;oromethane extract was dried (Na2504) and
concentrated in vacuo. The residue was purified by*flash
chromatography23o (20% ethyi acetate/hexanes) to give 171 mg
(88%) of 89 as.a colorless 0il; [aly =.+4. 3°, c = 5.8,
CH)Clp: IR (CHCly cast) 1760, 1685 cm "1 %w NMR (CDC1,, 200
MHz) & 7.34 (m, 20H, PH)," 4.14 (s, 2H, PhCHZS), 4.09 (m, 1H,
'CHCO) , 4.66 (S,‘2H,‘PhCHZS), 2.48 (t,‘J = B‘Hz, 2H, CHZCO)r
2.10 (m, 2H, CH,CHCO), 1.55 (CH,CH,CO), ‘1.28 (m, 2H, CH,);

\ exact - mass 607.1858 (607.1851 calc. for C3eHy3N0,S,) .
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Rﬂydrolysis of compound 89 \
To a stirred solution of 89 (0‘11 g, 0.18 mmol) in\
ether (2 mL) was added 10% aqueous potass1um bicarbonate \\
mL) ., ngorous stirring vas continued 40 mif and THF (2 mL) \\
‘wos‘added to aid miscibility, After 10 min further, ' M N\\
agueous eodium hydroxide (0.50 mL) was added. Stirring was |
. continped 18 h and 1M eqoeous socium hydroxide (0.50 mL)
wisvaddeﬁ. After ¢ h further, the mixture was extracted with
‘ether (2 x 10 mL). The agueous phase was acidified to 'pH 2-3

with 0.5 M aqueous hydrochlo acid and extracted with

ethyl acetate (2 x 10 mL), thyl acetate extract vas '

dried (Na,SO,) and concentd ) vacuo to leave 34 mg
-(48%) of optically-inactivess_, spectroscOpically and

chromatographically identical with authentic 8(.

£f(Acetamido)heocaneaioic acia'?0 (90)

The modified procedure of Wade et 91190 vas used. To a“
m{:EEke;gﬁfflaminpheptanedioic acid (sigma) (72) (iS 9, 86
mnol) and 2 M aqueoUS‘sodium hydroxide (100 mL) was added -
acetic aphydride (2.6 g, 94 Tmol) end 2 M agueous sodium
hydroxide (80 mL) in alternate portibns.‘The nixture was-
stirred 1.5 h at room temperature, ac1d1£1ed to pH 1, 5 with * >
.concentrated hydrochlorxc acid and was then concentrated in
‘_gsgg The resxdue was dzssolved in water and again
concenttated in ggggg. Extract1on of the- resxdue with
boiling acetone (150'&L) and concentrat1on of the acetone

\

extract under reduc?d pressure gave an oily reszdue whzch .

)
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_basycrystaliized !rom‘acetone/ether‘to give 14.1 g (75%) of

:V'fh96 as a white solid 'm‘p 105~107°c A‘snallkanalytical

.fiﬁample was recrystalllzed from acetone/ether, m p

ﬁlsolutlon of 90 (6 0 g,‘28 mmol) in’ water (240 mL) was

(217.0950 cale for C

_,flltrate was. concentrated 1n vacuo, the re51due was

108-108. 5 c (1it. 199 m, p 11-112° )} IR (CH,C1 /MeOH cast)

3100 (br) . 1720, 1620, 1550 cm™'; 'H NMR (D,0, BO MHz) &

4.35 (t, J = 7 Hz, TH, CH) 2.40 (t,¥vﬂ= 7 Hz, 2H, CH, coon)

2,02 (s, 3H, CH 3CONH) , 1. 6 (m, 6H cH2)4 exact mass 217.0947

oty 5NO ). u‘ c e -; . -

190

(S) 2- Am1noheptanedxoxc aq;d (91)v
v

“The mod1f1ed procedure of Wade et a1'%% vas usea. 2

%‘aqadjusted to pH 7-7.5. w1th 2 M aqueous 11th1um hydroxlde Hog

renal acylase~1 (Slgma) (0 50 g; 417 500 un1ts)* (EC
3.5.1. 14) was added and the mlxture was shaken 50 h at 39 C.

Charcdal (2 g) was added to the mlxture wh1ch was warmed to

v40 50°C and £1ltered through a Ce11te pad More charcoal (2

g) was added and the flltratlon process was repeated The

dlssolved 1n water (30 mL) and the pH was adjusted to 3-4
u%‘«”
with 3 M aqueous hydrochlorlc ec1d Concentratlon under
'(

reduced pressure, followed by addltaon of 95% ethanol (100 -

mL)’ 1nduced cryStall1zatlon of 0. 90 g (37%) of 91, m.p. ,
224 225°C; [aly = +17. 3%, ¢ £ 1.1, 5 M HEL (11t'*?° [ely = . ~

s21.5%, ¢ = 1, s MHCI); IR (KBr) 3420 (br), 3W/(br) S

)

* )

p—-'_—a.___.—-_-_.._-— r

*A unit is defined as. the amount of enzyme wh1ch hydrolyses'
1.0 umol of N- acetyl L- meth1on1ne per hour at pH 7.0 and
25 C.. . - : 3 SR

K
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v, % ‘ _ : ;

1690 (br) cm'*:h1H NMR (D,0, 80 MHz) & 3.7oi(m, 1H, CH),

!

2.23 (t, J = ] Hz, 2H, CH,COOH), 1.6 (m, 6H, CH,); MS (FAB)

"176 (MH )
. i)

o

-

(S)-2- (2- Oxo—4 5- d1pheny1 1, 3 oxazol 3- yl)heptanedzoxc acid

(92) l_ SR e

181

The procedure of Sheehan and Guz1ec was followed. A

ot mlxture of (S) 2- am1noheptaned1o1c ac1d (91) (0.53 g, 3.0
mmol)«and tetramethylammonlum hydroxide (20% in methanol,

2.8 g, 6. 0 mmol) was concentrated to dryness 1n vacuo. The
4

re51due was suspendsd in DMF (3 mL) and 30 (0. 72 g, 3.0 .
'Wmol) ‘'was added St1rr1ng was cont1wued 30 min at room

temperature and 2 M hydrochlorlc ac1d (5 mL) was added "The

{ .
m1xture was extracted w1th ethyl acetate (2 x 10 mL) and the -
I '

ertate extract was washed w1th water (3 X 3 mL) “

¢a2

e was dlssolved in tr1fluoroacet1c ac1d (3 mL) and

SO ) and concentrated under reduced pressure. The

stlrréd 2“h at room temperature After evaporatlon of the
o A
trlfluoroacetgc ac1d 1n vacuo, the residue was dissolved in

dlchxoromethane (l& mL) and washed wlth water (3 X 3 mL).

;e»dlchloromethane exgract was drled (Na2504)4and

v’concentrated under. reduced preSSure ‘'The residue was

'.pur1f1ed by flash chromatography230 (1% acetlc ac1d/ethyl
acetate) to nge 0.97 g (82%) of . 92 as a colorless foam,

Cl,; chromatograph1cally and

27127
wspectrOSCOplcally 1dent1ca1 w1th the racemlc matertal (84303

'[ajb'= ‘3106°, c = 4. 5 CH

- .‘- RE ,

o . L !
& v .o . o)
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,Alternatxve preparatlon of compound 85

229 wae used for the

The procedure of Engel and Just
.first part‘of this react1on..0xa1y1,chlorrde 10.26 g; 2.0
mmol) was added toda stﬁrred,<ooo;ed‘(§°c) mi*tcre of 92 |
"(0.20 g, OiSO‘mmoi),{benzene‘(3’nb) and dichloromethane (3
mL) andlstirring waS'continued 1.5 h at room temperatnre,y~

‘The mixture was concentrated in vacuo and the residue was

b‘idlssolved in THF (2 mL). This wqﬁ added'tq a‘stirred, cooled
Ay(4°C) mixture‘of 82 (d.r3‘g, 1.0'mnol);'butyllithihm (1.16 M
in hexane, 0.87 mL 1.0 mhol).and THF (5 mL). The reaction
nas‘quenched'by addition of 10% aqueous ammonium chioride (3

mL) and'thé‘mixthrerwas.extracted.thhodichloromethane (2 x
fZO'hL) The dichioromethane extract nas dried#kNaZSO )'and

the solvent evq?orated under reduced pressure. The re51due

230 (50% ethyl

vas fract1onated by flash chromatography
a’acetate/hexanes- 1%. acet1c ac1d/ethy1 acetate) to g1ve 45 mg

.(15%) of 85, 70 mg (54%) of recovered 82 and 1343mg (67%) of

. recovered 92. No trace of 86 could be detected 1n the

L3

“'reactron ‘mixture. All coﬂbounds vere spectroscoplcally and
‘_chromatographically 1den§1cal‘w1th autheht1c samples. ‘

. . ) .A - -
PR v

“4 2 b1§(ben!y&g@§carbonyl)hydraz1no) 6—-

:(2-%§o-4 5-§1qu'y1 1,3- oxazol 3- yl)heptanedxoyl]-bxs—

3, 3'-[(2R 6S) - z-'

rf(4R) 4- 150propy1- 1,3- oxazolxdln 2- one] (93)
. A cooled (78°C) mlxture of d1lsopropylam1ne (13 mg,
_0 13 mmol), butylllth1um (1. 16 M in hexane, 12 mL, 0.13

mmol) and THF‘(S'mL) was stirred under argon*afmosphece 30

-

2
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~min and 85 (83 mg, 0.13 mmol) was added as a THF solution (2

- mL). Dibenzyl azodicarboxylate (48 mg, 0.16 ﬁmol) was added

as a THF solution (2 mL) and the reaction was quenched by

‘ addition of 10% adueous ammonium chlofide (2 mL). The

“methane extract was dr;l

© 7 c, 65.56; H, 5.83; N, 7.65, Found c, 65.46; ,'5.70; N,

mixturelwas-allowed'to warm’to room temperatp:e'aﬁd vas -
}

extracted with dlchlggomethaq '(2‘x 20 mL). The dichloro-'
S

“6 ) and concentrated in vacuo

and the residue was pur1;1ed by flash chromatography230 (55%'
ethyl acetate/hexanes) "to g1ve 95 mg (80%) of 93 as a

colorless foam, [a]D = -14 o°,‘c = 7.7, CH,Cl,; IR (CHC1

2-27
-1, 1

3

~cast) 3380, 3320, 1780 1760, 1710 cm™'; 'H NMR (CDC1,, 200

MHz) 6§ 7.30 (m, 20H, PR, 7.08 (s, ™H, NH), 5.82 (m, H, i
6), 5. 21 (m, S5H, H-2L pthz)}_4.30‘1m, 6H, CHN, CH,0), ‘

. 2.33 (m, 2H, CH(CH ), ), 1.85 (m, 6H, CH.), 0;90 (m, 12H,

2
5075375 12

”CH(CH3)2) 'MS (FAB) 916 ()5 Anal, cale. for CpoHesNLO,

«

7.43. ,'g*’r

Yo

. ‘Dibenzyl 2-(1, 2;bis(beniylbxyc;fbooyl)hydiazinod-ﬁ-(z-oxo--

4,5- d1pheny1 1 3- -oxazol- 3 yl)heptanedxoate (94)

A cooled (4°C) mixture of benzyl alcohol (0.1 g, 1.0

‘mmol) and butylllth1um (1.16 M in hexane, 0. 79 mL, 0.92

S mmol) in THF (2 mL) was added to a stzrred, cooled (4°C)

,'solutlon of 93 (0.42 g, 0.46 mmol) in' THF (5 mL). Stirring

‘\‘..’f ~/'

"was continued 1 h at 4°C and 10% aqueous ammoniUm chloride

(3 mL) was added The m1xture ‘was extracted wlth dlchloro-

' methane (2 X 25 mL) and the d1chloromethane extract was

-
3
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‘dried (Na,50,) and concentrated'ig‘ggégg. The residue was
‘frectionated'by fiash.chromatqgrepny23o (30% ethyl’
acetate/hexanes; 50% ethyl aeetate/heianes) to‘give‘100 mg
(84%) of 82 and 289 mgl(72%) of 94 as a colorless oil; IR |
(cnd&s) cas€.3300, 1760, 1750 cm % 'H NMR (CDC1,, 200 Miz)
' 5.7.30 (m, 30H, Ph), 6.88 (s, 1H, NH), 5.16 (m, 6H, ‘PhCH,) ,
4.90" (m, 1H, H-6), 4.68 (s, 2H, phCHzooti, 4.12 (m,'1H;
H-2), 2.4-1. 5 (m, 6H, CH,); MS (E1) 873 (M"); Anal. Calc.
52”47”3010' ¢
71.54; H, 5.62; N, 4.45.

for C 71.46; H, 5.42; N, 4.81. Found: C, >

. o v o
3, 3-4r(2R‘65)—z-(i 2—bis(teft-bhtoxycarbon§1)hydrazino)‘-
- 6-(2-ox0-4,5- d1pheny1 1, 3—oxazol 3-y1)heptaned1oyl] bxs-‘ 

[(4R)-4—1sopropy1 -1, 3 oxa&oixdxn -2-cone], (95)

A mixture of d11soprqpylam1ne (80 mg, 0 81 mmol) and
butylllthlum (1 16 M in hexane, 0.70 mL, 045% mmol) in TH
(5 mL) was cooled,td -78°C and-stlrred.BOfm1n under argon
atmosnheret.hlsolution of 85‘(0 50 g, 0. BT'nmoi) in’THF (3
L) Qas“added followed by a solut1on of bis(tert-butyl)
a;od1carboxylate233 (prepared by L.A. Trlmble) (0.19 g, 0.81
| mmol) Ain THF (2 mL) The reaction was quenched by addltlon‘
'_of 10% aqueous mmonium: chlor1de (2 mL) and the m1xture ‘was
warmed to room t mperature and extracted Wlth d1chloro-
methane (2 x 25 mL). The dlchloromethane extract was drxed
- Na, SO ) and concentrated in vacuo. The re51due waslw
'fractlonated by flash chtomatography230 (50% ethyl
acetate/hexane§” 5% ether/dxchloromethane) t0vg1ve,1Q7'mg

¥
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(21%) of the starting mater1al 85 and 314 mg (46%) of 95 as

a colorless foam. For:95, [a]D,-11.2°f c =1, 2 CHZCIZ'

30 200,MHz)
'§'7.46 (m, 5H, Ph), 7.16 (m, 5H, Ph), 6.62 (br s, 1H, NH),

(CHC1, cast) 3390, 1780, 1710 em '; 'H NMR (cDC1

5,69 (m;iJH, H;5), 5.28 (m,'1H, H-2), 3.29 (m, 6H, CH,0,

CHN), 2.30 (m, 3H, CH(CH,),, CHHCH,), 1.82 (m, 5H, ‘CH,,

CHHCHZ): 1.42 (s, 1BH, C(CH3) ), 0.88 (m, 12H, CH(CHj),); MS
‘. + . ‘o : -o ' .

(E1) 8%7 (M'); Anal. Calc. for C44HS7N5012' 62.32; H( 6.78;

N, 8.26. Found: C, 62.05; H, 6.56; ,. 7.94.

o A |

g

e
Dibenzyl 2-[1,2-bis(gggg-butbeCa;bonyl5hydfazino]-6+(Z-e
oxo-4,5—dipﬁenyl—1 3-oxazol—3—y1)heptanedioate (96)

To. a cooled (4 C) stlrred mlxture of benzyl alcohol
. (0. 13 g, 1 2 mmol) and butyllithium (1 16 M in hexane, 1.0
~ mL, 1.2 mmol) in THF (2,mL) under argon atmosphere was added
a caéleé (4°C) solution of 95.(0.51 g, 0.60 mmol) in THF (2
‘mL). Stirring was’continued 1 h at 4°C and the reaction Qés
'quenched by addltlon of 10% aqueous ammon1um chlor1de (3

mL). The mixture was extracted with dlchloromethane (2 x 25

mL) and the dichloromethape extract was dried (NaZSO4)Aapd
cohcentgated under redﬁced bressure. The residue was.
purified 5& flash‘chromatography230'@30% ethyl
acetate/hexangs)Jto give 372 mg (77%) of 96 as a colorless.
- 0il; IR (CHCL; cast) 3330, 1760, 1745, 1710 cm”'; 'H NMR
(CDC1,, 200 MHz) & 7.30 (m, 20H, Ph), 6.39 (s, W, NH), 5.12

(m, 3H, H-6, PhCH,), 4.64¢ (s, 2H, PhCH,), 4.11 (m, H, H-2),



s

2.6-1. 0 (m 1ncludxng s1nglets at 1.40 and 1 35 , 24'H CH,,

46'51°3°10°
68.56; H,6.38; N, 5.21, Found: C, 68.55; H, 6.44; N, 4.69.

C(CH3)3), MS (EI) 805.(MH 5 ‘Anal. Calc for C,.H..N%..: C,

2-Am1no-6 hydrazxnoheptanedxo:c acxd d1hydrochlor1de (5)
A mixture of 94 (0.22 g, 0.26 mmol) 5% pallad1um on’
Lcharcoal (0,10 g) and 3 M hydrochloric ac1d (2 mL) in
methanol (20 mL) was shaken under hydrogen (47 p.s.i.) 24 h 
at room temperature and was then filtered through a Ce11te'
.pad The filtrate was concentrated in ggggg and- the re51due

was pur1f1ed by ion exchangelCQromatography (AG50w3=8,

50-100 mesh, Hf form, 10 mL bed volume, ‘eluted with 1 M |
hydtochiqric acid) to give 45 ﬁg>162%)_of 5 as an apparently
'chfbmatographieally'pure,hygros;opic foam; IR (KBr) 3430
(br), 3100 (br), 1730, 1620 cm '; 'H NMR (D,0, B0 MHz) &
e,ﬁ3 (m, TH, CHNHNH,), 3,88 (m-, 1H, CHNHZ), 2L2—1.1 (ﬁ, 6H,
‘MS (FAB) 242 (MH" + HC1) ;. Anal. Calc. for C4H,gN;0,
C, 25.54; H, 6.16; N, 11.17. Found: C, 25.73;

_CHZ);

. 2HC1* 3H,0- €O,
H, 6.50; N, 11.25.

Methyl L- lysxnate chhydrochlondez'S /236 (98)

A suspension of L-lys1ne hydrochloride (20 g; 0.11
mmol) in methanol (250 mL) was stirred.-and coqled to 4°C
. while thionyl chloride (20 g, 0.16.mmol) was added dropwise.
Stirring was continuedige h at rooq@temperatufe, ahd tﬁe

mixture was concentrated in vacuo to leave a Quantitative

+

“ !
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yieia‘(zé g) of 98 és.a'whife’solid,“ﬁ.p}”20$§C (dec.)
(1it.23% m.p. 212°C (dec.)); [a]b:=.;16.0°;'c - s.o.>uzo‘
(13¢.236 [a]) = +17.0°, ¢ = 5.0, H of? IR (CH ,C1, cast) 2940
(br), 1735 cm"; "H NMR (D,0, 80 MHz) & 4.22 (t, J » 6 Hz,
1H, CH), 3.90 (s, 3H, COOCH,), 3.08 (br t, J = 7 He, 2H,.
_cHZN),r2,2-1.3 (m, 6H, CH,); MS (FAB)‘155,(MCH3*); 161

(mut), 146 (M - CH,), 144 (MH* - NH;), B4 (M - COOCH,,

NH’3).‘ £ R B
N . . . . . ” . “‘ , Py
S~
Methol N2 NO—bi. ! : 161
ethyl N°,N -bis(benzylidene)lysinate (99)
The procedure of Be§.g£ al was used.161 To a suspension'

‘of 98 (S;O’g, 21 mmol} in dichloromethane (100 mL) was added
behialdehyde (4.519, 43 mmol) ahd.tfiethY1amine (4.3 g, 43
mﬁél); The'mixture was stirred 65 h at room'tempefature and,
was concentrated in'ggggg 'mhe”resiéue was suspended in
eﬁher'(!OQ mL), filtered” and the f:ltered sol1d was washed
swith ether (100 mL) . The filtrate was washed w1th vater (50
| mL;‘and sa;urﬁied aqueous sodium thorlde (50 mL), dried
(Nézso ) ‘and éoncentrated under ;educed pfessure to leave
6.4 g (89%) of 99 as a pale yellow 011' IR (CHCl3 ;ast)

-1, 1

1740, 1640 cm ; H NMR (CDCl 80 MHz) & 8.29 (br s, 2H,

3’
~ PhCH), 7.75 (m, 4H, Ph), 7.38 (m, 6H, Ph), 4.02 (t, J =7

i)

‘Wz, 1H, CH), 3.72 (s, 3H, COOCH,), 3.62 (t, J = 7 Hz, M,

CH N) 2 3-1.1 (m, 6H, CH ); exact mass 336 1832§(336 1838

calc. for C21H24N202)

, Methyl_2,64diamino-z-methylhéxanoate dihydrochloride (100)
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L

. . The procedure of Bey and Vevert237 was followed. A
: mixturevof diisbpropylaﬁipe (1.8 g, 18 mmol) in THF (100 mL)

4

was“stirred and cooled to -78°C under argon atmosphere whilé
butyllithium (1.38 M in hexane, 18 mmol, 13 mL) was added.
The mixfuré’was stirred at -78°C for 20 min, then 99 (6.0 g,
18'mmol)vwas,;ddéd as,a THF solution (15 mL), Methyi‘iodide
(7.6~g; 54 mmol) was‘added.and'the.mixture was allowed to
warm to réom"tempefature and to stir 4 h. The mixture was
partitionedvbetween water (50 mL5'and ether (2 x 50.mL), and
. the organic extract was‘driéd (Na2504)'and concentrated in

vacuo fo leave a pale orange oil identified és crude methyl

2,6-bis(benzylideneamino)-24methylhexanoaté; IR (CHCl3 cast)

1730, 1645 cm” '; 1HINMR-(cnc13,

PhCH), 7.70 (m, 4H, Ph), 7.41 (m, 6H, Ph), 3.63 (m

80 MHz) § 8.2% (s, 2H,

incorporating s at 3.70, SH, COOCH;, CH,N), 2.4-1.0 (m

incorporating s at 1.50, OH, CH;, CH,); exact mass 291.1857

(291.1862 calc for C M - COOCH3)). This was taken up
: A ’ :

20123N7
ip ether (50 mL) a%d 2 M hydrochloric -acid (50 mL), and'the
two-phasé mixture was stirred vigorously at roém temperature
for. 14 h. The phases were separated end the aqueous layer
was washed with ether (50 mL) and conéentrated under reduced
pressure to leave 4.05 g 991%) of 160’as a foam. A small |
énalytica; sample Qas recryétallizea from.methanol/ether in |
90% yield to give a white soliq; m.p. 174°C (dec); IR‘
(CH)Cl, cast) 2960 (br), 1745 cm '; 'H NMR (D,0, 80 MHz) b

3.90 (s, 3H, COOCH;), 3.06 (t,"J = 6 Hz, 2H, CH,N) 2.2-1.1

il
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(m incorporating s at 1.63, 9H, CH3, CHZ);‘MS (FAB) 349
(M,H%), 335 (MH" - CHj), 175 (MH'), 160 (MH™ - CH,), 98 (M

- COOCH,, NH3); Anal. Calc. for C.H,.N,O,-2HCl: C, 38.88; H,

| 8718°2"2
8.16; N, 11.33, Found: C, 38.94; H, B8.1B; N, 11.26.

\

S - . | |
J*f2,6—Diamino—2-méthy}hexanoic acid 23.8‘(101)

A mixture of 100 (3,9 g, 16 mmol) amd 6 M/aqueous J
hydrochloric égid (300 hL) vas heated at reflux for 18 h.
The solvent yés reﬁoqed uhdef,reduced pressure and the
resiéue was éhrifféd by ioﬁ exgﬁadéé chrbmatography
(AG50W-X8, 594100:mesh, H* foré, eluted with 1 M ammonia).
Recrystallithio; twice from méthanol/ether/QB% ethanol gave
1.51 g (59%) of 101 as a solid; m.p. 208-209°C (dec). A
Fmall sample waé transformed to the hjdrochl;ride salt by bj
treatment with 2 M hy@;ochlo;ic acid. Recrystaliiiation from
98% ethanol/ether left a white solid, m.p; 278-279°C (dec.)
(1it.238 m.p. 266°C for monohydrochloride}monohydraté); IR
1 (br); !

'

(KBr) 2909 (br), 1600 cm H NMR (D,0, 200 MHz).$§
. 2.,97 (t, J = 7 Hz, 2H,"CH2N),12.0-1.1 (m incorporating s at
1.37, 9H, CH,, CH,); MS (FAB).321 (M,H'), 161 (MH'), 98 (M -

COOH, NH3).

»
I

(2S)-Methyl 2,6-bis([(75,45)-4,7,7-trimethyl-3-oxo-2-oxa-
bicyelo[2.2.1]heptane-1-carbonyl]amino)hexanocate (102) .
To a cooled (4°C),‘stirred,suspension of 98 (0.20 g,

0.86 mmol) in dichloromethane (5 mL) was added

(-)-camphanoyl chloride (Aldgich) (0.56 g, 2.6 mmol) and
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(0.51 g, 5.0 mmol). Stirring was continued 2 h
at'4°c and 2 h at room temperature. The mixtu}e was washea"
with 10% agueous potassium blcarbonate (5 mL) and céé
agueous phabe was :}tracted w1th d1chloromethane (5 mL). The
‘combined dichloromethane extracts were dried (Na,SO,) and
concentrated‘ig vacuo, Purification 6tvthe residue bylflash
:chrqmatogfaphy23q (ethyl acetate) gave 316 mg (70%) of 102
2 2’
cast) 3370, 1790, 1740, 1670, 1530 cm ') ; 'H NMR

as a colorless'oil;‘[a]D = -16.8°, ¢ = 1.2, CH,Cl

(CHCl3

(CcDg, 400 MHz) § 7.30 (4, J = 8 Hz, 1H, NH), 6.78 (t, J = 6

Hz, 1H, NH), 4.73 (m, 1H, CH), 3.44 (s, 3H, COOCH3), 3.26

endo)' _
1.0-0,8 (65, 1BH, CHy); ' C

(m, 1H, Hs),'3.11 ?ﬁ,'lﬁ, HR), 2.45 (m, 2H,‘H-6’

1.9-1.2 (m, 12H, H-6'_ CH

X exo’ 2! |
NMR (C6D6' 100.6 MHz) & 177.7, 177.4, 172.0, 167.2, 166.9,
92:4, 92.2, 55,14, 55.11, 53,7, 53.6, 52.1, 51.9, 38.8,

31.7, 30.6, 29.4, 29.13, 29.07, 23.2, 16.72, 16.69, 16.60,

9.7; exact mass.520t2789 (520.2785 calc. ‘for C27 40 08)”

Anal, Calc.for C27H40N208: C, 62.29; H, 7.74; N, 5.18. ,
Found: C, 62.63; H, 7.73; N, 5.05.
Decarboxylation of 1 in‘Dzo to form [G-ZH]eL-Lysine.

This was'performed by Drt M.M. Palcic. In a tYpical ,

experiment 0.2 units of wheat germ or 1.4 units of B.

_phaer1cus meso diaminopimelate decarboxylase were dlssolved

in 10 mM potassium phosphate buffer, pD 6.8 (25 mL) (pbh is
the uncorrected pH meter readlng), containing 0.01%

2—mercaptoethanol and 0 1 mM pyridoxal phosphate. This

<
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solution was concentrated ;o 2-3 mL in an Amicon ultra-
filtfation cell equipped with a PM-10 membrane, then ot /
resuspended in fresh buffer (25 mL). After a second l s .
concentration, the enzyme solution was added to 20 mM ’
pota551um phosph&ee buffet, pD 6. 8 (50 mL), conta1n1ng ﬁﬁ
2,6~ dlamlnohebtaneéloxc acid (500 mg) (a m1xture of DD, LL |
;and meso isomers), from wh:ch exchangeable protons had been
replaced by deuferium through repeated evaporation and
'dissolution in Dzo; To this was added O.l mM pyriéoxal' ,
phosphate and 0.01% 2-mercaptoethanol and the reaction flask
was sealed‘and left at room temperature (26 c) for 100 h.
Ly51ne and unreacted 2,6- dlamxnoheptanedlo1c acid were

removed - from the enzyme by ultrafiltration and applxed to an
ion exchange column (AG SQW—XB, 100-200 mesh, H* fornﬁ 2 x

15 cm) equilibrated with water. The column was washed with
water, then 1 M HC1 to Separate 2,6~diaminoheptanedioic acid
fron lysine. Fractigne containing lysine (detectediby TLC on
Fixion 50X8 plates developed in 0.07 Masodium citrate

buffer, pH 5.1 and sprayed with ninhydrin) were comb1ned and

concentrated in vacuo. The res1due was used directly 1n the

derivatisation reaction.

[6— 23] (25)—Methyl 2,6-bis ([(15 45) 4,7,7- trxmethyl -3-oxo--

2-oxabicyclo[2.2.1]heptane-1- carbonyl]amxno)hexanoate (103)
The procedure followed was that of Armarego et al-255

m1xture of [6-2H)-L- lysine (from 1ncubat10n with the wheat

germ decarboxylase) (60 mg, 0.33 mmol); 2 M aqueous sod:um
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hydroxide (0.33 mL) and 3 M aqueous sodium hydfoxide (0.33

mL) was added to a splution of (-)-camphanoyl ghﬁgpride (0.23

g, 1.0 mmol) in toluene (0.33 mL). The mixture wes stirred 2
h at room temperature with intermittent addition of 2 M- B
sodxum hydroxxde to maxnta1n the gﬂ of the. qixture above 7.
The solut1on vas uashgd w;th dzchloromethane (2 mL), and the
agueous phase was acidified to pH 1 with 2 M. hydrochlorxc
acid and extracted with d1qploromethane (2 % 5 nL). The
second dichloromethane exp:acf ﬁas‘dried.(Na2504) and
concentretedfiﬂ géggg. Thetresidue-was dissolved in»eﬁher

- (10 mL) ana anlethereai solution of diazomethane was added
until a persistent yellow color wee'obserQed.iEvaporapkph of
the solvent in vacuo and pufification of the.fesidue byi
flash chromatography230 (70% ethyl acetate/he&anes) gave 50
mg (30%) of 103 as a colorle:s 0117 IR (CHC13 castf 3315

1790, 1745, 1670, 1530‘cm_ ;" NMR (CeDg, 400 Miz)

6 6’
1dent1cal to that of 102, except for the lpss °£7hhegi

multiplet at & 3. 11A(H ) The samples from both soﬂt&is

‘E '\‘

spectral and thromatograph1c 13C ‘NMR (C Dé%&150 S:MH A
‘ yzdentlcal to 'that of -102, except for the loss.oi t i
~at & 38.8 and the 1ntroduct1on of a triplet at ;

— = mass 521. 2844 (521. 2847 ;alc.\for C.oHqoDN.0 )»f <

278 3977278

chromatograph1c propertxes.

]

o
€

“~
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Also isolated was 76 mg (38& based on (=) ,camphanoyl
~chloride) of white crystals identified as (15.4$)Lmethy1'
4,7,7-tnimethyl—3-0xo-zréxabicyclo[2.2.1]heptané-1-

‘ car‘ﬁoxylatezs7

(104). .This was recrystallized from
benzene/hexane to give colorless needles, m p. 106°C, [“]b
-13.5°, ¢ = 2. 2, EtoH (1it.257 m.p. = 108.4-108.5°C, [a], =
-12.4°, ¢ = 2.17, EtOH); IR (CHCl, cast) 1780, 17251cm™'; W |
NMR (CDC13, 80 MHz) 6 3.87 (=m, éH, COOCHs), 2.7-1.5 (m, 4H,
CHy), 1.12 (s, 3H, CHy), 1.87 (s, 3H, CHy), 0.97 (s, 3H,

CH3);fexact mass 212.1050 (212.1049 calc. for C11H1604).

| | "
[2,Gizﬂzl—z,6-Diaminoheptanedipic acids‘ (105) -
The modified procedure of Fujihara and Schoweh261 vas

. ) [
. folloved. A mixture of 2,6-diaminoheptanedioic acid (Sigma,
o .
mixture of DD, LL and meso isomers) (5.0 g, g6 mmol),

potassiUm hydroxide (5.90 g, 105 dﬁ%l) and pyrldoxal

'hhydrochlorlde (0.53 g, 2.6 mmol) were dissolved@ in D O (25

2
»» mL) and the mixture was st1rred at room temperagnne for 9.5

.{.f. h. The D,0 was removed by lyophxlxzat1on anq/t e resxdue vas

dissolved in fresh DZO (35 mL). The mixtu f/was heated at =
reflux 2 h, cooled, and acidified to EH/gP:ith qohcentrateé

hydrochloric acid and 95% ethanol

s added until a
pérmanent cloudiness was observ d1fCooling and filtratién of

the m}xture §3elded 6.25 g a white solid which was

recrystallized from HZO/. %.EtOH to give 2.38 g (47%) of y

105, 90% deuterated by 'H NMR; IR (KBr) 3410, 3100 (br),

2800 (br); 1635, 1600, 1510 cm ‘; ‘H NMR (nzo 80 MHz) 6

il
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3. 93 (m, 0.2 H, CH), 1. 93*(m, 4H CH cn), 1. 63 (m, 2H, CH ) |

MS (FAB) 193 (MH Yo ' o
> ‘ L ﬁf“ ;A, e . \Y

Decarboxylat1on of 105 1h Hzo to [2,6- H ] -L-Lysine.

.o

Th:s was carrled out BY br. M/ -PaIC1c ‘A typical

| react;gn m%}ture cons1sted of* 0, 2 un1ts of wheat germ- or 1;4.

un1ts of gr 4phaer1cus meso-d1am1nop1melate decarboxyiase in -

'_.20 mM pota551um phos/hate buffer, pH 7. 0 (50 mL), conta1n1ng

0 01% 2—mercaptoethanol 0.1 mM pyrldoxal phosphate and

..-TLZ 6- H 1- 2 [ d1am1n8heptaned101c ac1d (105) (500 mg) Aftery

‘140 h at room temperature (26 C) 1y51he and 2, 6 dlamlno-a‘

'l»” heptanad101c ac1d were removed by ultraf11tratlon and

; (1067

xseparated by ion- ex;hange chromatography as descrlbed above
.\,{ N . N . R i ~, v[
‘(2 6~ H ] (25)—Methyl 2,6-bis( [(15 4s)- 4, 7,7= tr;methyl 3--

'" oxo0-2- oxabxcyd&o[z 2. 1]heptane 1- carbonyl]amlno)hexanoate

,6',L~VI‘ Y

.
A Ll

fv The procedure descrlbed for the preparat1on of the
"mongdeu;erated der1vat1ve was followed to give. ﬂ6 19% y1e1ds

$o£ the dldeuterated der1vat1ve 106 from [2,6- H ] L- 1y51ne‘~

e AR

naobtalned from 1nd\pat1on of 105 w1th both’ Bac1llUs‘l

- sphaerlcuswand wheat germ . decarbo lases. *he samples from
%J

7? and gﬁrbkg (Hg); 13c NMR (c D,

: adentlcal w1th each other' IR (CHCl

" 1670, 1530 cm”

~;both sources had spectral and chrOmatographlc propert1es .

. 8
\H NMR,(C_D 400 MHz) 1dent1ca1 to that of

‘102 _except for the loss of the multlplet at. & 4;73-(CH):"

,/100.6 MHE) identical to that -

cast) 3370 1790 1745 “,'»
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of 102, except for the loss of the sxgnals at 6 52.1 and L

38 8 and the 1ntroduct1on of tr1p1ets at 6

and 5 38.7; _ ..
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