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"With the eiCeptien of music; we have been

thlnk of patterns as flxed affalrs.

.that way, but,  of course,

all nonsense...
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trained to

It's easier and lazler

The right way to

begin to think of the pattern which connects, is .to thlnk of

a dance of 1nteract1ng parts, pegged down by Yarlous sorts

-of... limits."
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‘Gregory Bateson; 1978.
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TATS thesis ihrdivided into two parts.

. Part li‘ The synthﬂsis of serine stereospecrfically labelled

"at the C-3 position.

‘Apprqaches to %Pe chem1éal synthesis of serine

stefeogpgpifically laﬂelled ~at C-3, using catalytic

hydrogenation of dehydnoser1ne~ precursors, were examined.

Attempts to prepafe the cyclic  substrate, - 4-. '

(methoxycarbonyl) -1, 3 oxazolln 2~one (7), by oxidation of 4-

(methoxycarbonyl) -1,3-oxazolid- 2-one (1), modification of .

¥ 4
4—(acetoxymethy1)-1,3-oxazolin-2~one (10) or oxidation of

N-(phenoxycarbonyl)serine methyl ester | (5) 'were

unsuccessful. Acyclic dehydroserine precursors pijigpted’at.

the carboxyl group (R} = Me, Bn, Et)f nitrogen fuvctiénality
(Ro - Pt, Bn-Aq, Ac, TFA) and hydroxyi moiety of the enol
tautomer (R4 = Me, Ac) 36, 38}'412J42, 43, 44, 45, 46, 47,
51 and 55 were synthesized by . formylation of 'N—ééylated
glycine esters 23, 28, 24, 26, 25, 27, 29 followed by enol
- derivitization. Catalytic hydrogenation with deuteriuﬁ gas
of 36, 55 and 43_{31 = QH3, H, Et; Ry = TFA Ac, Ac-Bn; Ry =
CHj, respectivefy) gave serine_éerivatives, which could be
deprotected to form serine labelled at Cc-3. None of the

synthetic routes developed, however, are completely

satisfactory throughout the total synthetic sequence.

vi
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i Compound 55 was found to be the most des1rable grecursor for :

LA
.
-

)

‘< future.. synthetlc study. R

"h - .
.
W

.

COzBa b - Copm D, H ° COH
‘-‘:—’—’ . f—= \ ! :" D’", ws) (i )

NHAc ' /,Meb ' NHAc MeD . NHAC \
. ' - 55 A . .

[+

(28.3R)- & (2RIS)

.

.
Pgrt 2. The st:.\dy of biosynthesis uéﬁin‘g’ stablev .'is.o'tppe4 ‘NMR
techniques. - o e .

“Multiple oxygen-18 .labellin‘g of ‘acétals indu_ced
chemicaql shift changes (isotope shifts) in the 1,3C—n.m.r_.‘
§pectr;. “These shift-s are proportional to ﬁhe number of
atoms isotopically substituted. k_)_y"-o.xyg'en-‘lB. A two-bond
carbon-oxygen isotope shift (8 .vshift) wasun‘a‘lso observed

which had similar properties. The biosynthetic origin of

oxygen atoms and the mechanism of lactone formation of

N - ;
andibenin B (from Aspergillus .varicolor), multicolic acid, -

multicolanic acid and multicolosic acid (from Penicillium

multicolor) were investigated by incorporation,of 18p-

labelled precursors and 1nspect10n of the 13C -n.m.r. spectra
for isotope shifts. A Spin Echo Fourier Tranform (SEFT)
pulse sequence was used to simplify spectra in which two .

bond carbon couplings obscured the isotope shift:'.\ Initial’

investigation of mevinolin .biosynthesis by Aspefgillus

-

<>

Q&

5 ovii



. terreus ,involVed 1h- and 13C-n m.r. {spectral ass1gnmenth"”
u51ng homo-L and hetero-nuclear decoupllng.. a mod;flec splng
tzecho pulse sequence "(CARP?EI)’ ~ gave | the:_‘ carbon

multiplicities. All unknown carbon -signals were assigned . -

‘with

pdouble quantum coherence (2D-INADEQUATE) ‘n.m.r.
. . L . .
_ . ¥ .
exp on mevinolin enriched with carbon-13. ~ 'This
assig
# _ | o
Distortionless Enhanced g@larization Transfer (DEPT) n.m.r.

ent was . confirmed by two-dimensional’ selective

experiments which'~corre4ite 4 ana 13¢ chémica) shift in
separate plots for methine, methylene, and methyl groups.

Addition of 13c, ?80 and 2H labelled precufsors'to cultures

of A. terreus produced 1sotop1ca11y enriched mevinol}n
samples. Examination of the n.m.r. spectra for enrichments
(13C),‘ a- 1sotope shlfts (180), Bwlsotope shifts (2H), and
-double guantum coherence (adJacent 13C'atoms) showed that
mevinolin is derived from two chains of intact acetate units
and two methyl groups from methionine. One chain consists
of nine acetate units 11nked together in a head to tail
manner bearlng one methyl groupp The 2—methylbutyryl side
chain is derlved from two acetate units and the other methyl

‘group.

vii~i /



hﬁThe author w1shes to thank the*following people. S
B N . ’ S0 -
befessor John C. Vederas for his patlence, enthuslasm E

'and gu1dance througﬁ\thls degree. " S

Dr, - T.&.‘-S1mpson and, Dr. JéS.E. Holkerf.fpr their‘ f
cdliaboration on andibehinv B 'ehd_ the%-xétr65£c51a¢i&§{;
reSpectlvely. a | |

_Dr; T.T. Nakashlma and his assoc1ates in the hlgh fleld"
NMR 1eboratory 4for their _help ;n ob;alnlng ‘the spegtraj
described in this thesis. o L‘ ' .~ e :

Laurie yeOre and Jacki Jorgensen for the prepafatieh;ef
this thesis. - X S

The‘Departﬁeﬁt of Chemistry for financiéiwsepporﬁ.ﬁ

M§ colleagues and - friends for theirﬁehggestions_over

' the last four years. | - - Lo



. . Ny
‘4“ - :
! ' .. TABLE OF CONTENTS = .
- :
= I' ) ,‘ - .o

Abbrevlatlbns..0.00....0...00...u".....ltl...‘....l‘tu

‘p Part 1. The synthe51s of ‘'serine stereospec1flcally

labelled atc3..0....-.0...0-.0o-.otlu.o'.lco‘

N .
-

Introduct1on..............;..;.........ﬂ........
‘A. Biological Background of Serlne and
.Dehydro+alan1ne........,...............ﬂ...
" B. Syﬁ%heses of Serine Stereospec1f1cally
Labelled at C—3...;.;........;.;........,..

SynthPtlc Approach to Serine Stereospec1f1cally
Labelled at c- 3..................;i,....ff.
A. An O&azolone Approach to’ Serlne......;;;
| (1) V1a Oxazolldones....................

, tii) Vvia Oxazollnones..............;....
'(111) Via 0x1dat10n.............{,..}.f.

B. Acycllc Approach to Serine Synthe81s....

1. Carboxyl and Amino Group Protection.....

LS

2. Preparation of 3-Oxoalanine Derivatives by

ConAdenSatioN... cscesesoscensccesscssosoasnocsss

3. Protection of the Enol of 3-Oxoalanine

DerivativVesSeeeeeeeeeeesosrsasossansenscsses

4. Hydrogenation of Dehydroserine Derivatives.

»

5. Deprotection’ of Serine Derivatives.........

6. Preparation of Unlahkelled Intermediates

.11
137
.15
.20
.22
.23

.25

.27

. .30

«35

- 38

. «41



PR

Y- S
TABLE OF CONTENTS

Summary 0.. . o o o b0 oo d K P .o o. . oo . e --.a 'olub -0 e o0 o"‘; . '000- '. 043 o

- ) s o . .‘-_ . L

',,PI’\GE""‘

.

'?"Experimentaloooooo.nooooooooaaonoooo.loacoc;o‘.o.o‘cao..46

- ‘. . ) - N a

Y

‘Aheferences (Part 1)......ll.Il....“...l...‘......'..'91

Appendlx.........l..‘....‘..;.......‘....‘l‘....l..\......100

u/

ﬁart 2. The study of biosynthe51s u51ng stable isotope

o

NMR technlqueS-0.0'0.0000..‘.00lt.0.....0‘..0.-.000...117

By

1 4

.Introductlon-.....-...........t.....o-.....;......-..118

OxygendlB Isotope Shifts in 13-C NMR Studles w1th

~

Acetals....Q...O..I..‘_.O.‘.."..l......'..l’;..l.
;Blosynthe51s of Tetronlc Ac1d Derlvatlves..ﬁ
BlOSY,ntheSIS Of MeVlrI\Olln....‘-r..-..../o .v..l.'.
Experlmental.....ll....C......;..'/I/:IOOIO"OI.....

Preparatlon of Labelled Dlols and Acetals...

Blosynthes1s of Tetronlc AC1ds..............

Biosynthesis of Mevinolin from Asperglllus

'tﬁ_r._xf_ll_s‘anoo'o’;ocoouooo.;.c..‘uoo’o.not.o:oolo
References. (Part 2)ieeicedoeerstnansiscnca s
Appendix II ‘...’....-..".‘l....'.}..-b....’..:»..:,.‘..‘...

-~

xi

Blosynthetlc Studles on- Andlbenln Becesaieosns

L

e .160\
'l,467f

..159

-o121 '

..1271

..132 '

F-l38”

--154
++155 -,
bf*f‘

..178



PART 1

Table

Table

" PART 2

Table
Table
Table

Table

Tahle

Tablr

Tahle

1

2

2

Bal

" LIST OF TABLES

PAGE

Summary of Acyclic Approaqh to Serine
stereospecifically labelled at C-3..cieeeeessscedd

Reductions of protected phthalimido:derivatives

(AL R A e voo--v'-"--o--o.....n;--.c'---oc'0076

Isotope shift result- for labelled acetals.....124

Isotope shift resultc €rom andibenin B.........130

|
Tsotope «hift resylts from the tetronic
. )
Aacids. - v iiaene s e e - e e 5.
Vielde Obtaired . . .... e e Ce. 163

Carbon-13 Frrichront Pats An Tabel]led
Compounds. . ... . ... e e e e "G

Tentope Shift~ of Mevinclin Ohtained After
R T - '

Incorpor~tiop ~f ° Aiom [ -, ”7]armtnt¢
(e . . ... e e e e e e e e, 165
1 . . .

C NMHIMR Data Mot inalin (17Y Prrived from

v

Aigm 1 o ~tal . . 16¢

-



FIGURE

Part 1I.

LIST OF FIGURES.

PAGE

X-ray Structure of 2-(N-phthalimido)-3-methoxy-2-
propenoic acid phenylmethyl ester (42)..........33

~

>

100 MHz 13c-n.m.r. spedtrum’pf C(2) of a
mixture of un-, mono- and di-[lsollabelled‘ac?ta;""

- of cyclohexanone (22 and 3@)eevecerencnscanasssl25

100 MHz 13C-n.m.r. spectrum for C(4) and C(5) in a
mixture of 2b, 3b and unlabelled compouhd shéwing
P L SRS §) -
100 MHz 13C-n.m.r. spectrum of methyl O-methyl
multicolanate (11) at 164.6 ppm (C-11) in normal
acquisition mode and SEFT acquisition mode.....137
400 MHz Proton n.m.r. spectrum of mevinolin

(0=10 PPM)teeveeeernnnnnceonnassnsaensnssnseassldl
100 MHz l3q—n.m.r. spectrum of mevinolin

(0-250 ppmi..........,.3,......,...............142
100 MH% 13C-n.m.r. CARPPET spectrum .of |
MeVinolin (0=250 PPM) e ereonnnreeonsssaaneasessld2
2D-INADEQUATE spectrum between 40 and.70 ppm of
mevinolin enriched with sodium 13C and 24 from
labélled~[1,2—13C2]acetate.............1,,...J.144
100 MHz 13C-n.m.r. spectrum of C(2) of mevinolin
énriched with sodium [1-13c, 2H3]acetate.......149
2D-Selective DEPT plots obtained correlating

CH, CH, and CHy carbon signals with the  ~

proton epertrum, respectively.........evee.sfesc152



LIST OF PLATES

PAGE

-

Aspergillus terreus cultures after four days'

growth in medium B...veeeceoecenosennnsenceassaalbl

Extraction of mevinolin with ethyl acetate from

fermentation Droth.. ... ee et eeeenaancennsnaeslbl

-



Me
"Et
Bn
Ph
Bz
Ac

Pt

PLP
LHMDS
LICA
Con
SEFT

?D -TNADEQUATE

DEPT

CARPPET

ABBREVIATIONS
methyl
ethyl

phenylmethyl

. phenyl

benzoyl
acetyl

phthalimido (see n@te below)

'trifluoroacetyi

chlorosulphonyl isocyanate

thin layer chromatography

meta~chloroperbenzoic acid.

nuclear magnetic resonance

infrared

py}idoigl phosphate

lithium hexamethyldisilaziae

lithium N-cyclohexyl-N-isopropyl amide
Coenzyme A

Spin Echo Fbur;er Transform
Two-dimensional Incredible Natural
Abundance Double Ouantﬁm Transfer
Experiment |

Distorgionieés Enhanced Polarization

Transfer -

Carbon Parity Partitioning by Echo Technigue

Xv



DMB
DNP .
NOE

HMG-CoOA

é,4-dimethoxybehzoyl
2,4-dinitrophenyl

Nuclear Overhauser Enhancement
3-hydroxy—3-methyiglutaryl cden;yme A

reductase *

Note: The naming of the 1,3-dihydro-1,3-dioxo-2H-isoindol-
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2-yl (Chem. Abstracts name) group fgf;gglaced by phthalimido

(IUPAC name) throuéhout this thesis for simplicity.
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PART 1
The Synthesis of Serine Stereospecifically

Labelled at C-3.
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" INTRODUCTION '

A. B1ol ogical Backgr ound of Serxne and Dehydroalanine.
P

Serine is one of the twenty commonly occurrlng amino
acids. It has a hydrgxymethyl side chaln‘khlch renders

it a hydrophilic and a polar amino acid.1

- Apart from imparting the requifed backbone into protein

structure, amino acids are involved in a variety of

biochemical functions.
In addition to ;%e role played by serine in the serine
proteases the control  of visioh may be regulated by

phosphory®ation of the hydroxyl group of serine residues at

the C-terminal end of the rhodopsin.z'3

Serine is also a: substrate in a large number of

-

pyridoxal phosphate (PLP) catalyzed rgactions.4 These are

1
divided into three groups:
& 1. a,B—Cleavage.5'6'7

The enzyme serine hydroxymethYltrahsferase8 (EC
2.1.2.1) cleaves the 2,3-carbon bond of serine with the
formation of glycine and formaldehydé.“l.’'6 The
forggidehyde produced acts as the one-carbon donor in the
hiosynthesis of purines. ~This process ‘is mediéted'by the
coenzymer tetrahydrofolate, and blologlcally controls théW“

,glnterconvers1on of serlne and glyc1ne.9 The cleavage (eqn

*i? i o - LR T 0 A
1) is shown below ‘as an exampl . of a B~cléa&age.
CRE Ay TITNNTINEY: W

{— - o e




:}_(.:i’ ..:J\ﬁ:"" . ,Y.. lrco,u | . rzoj" , -rn:

N [ ] — . 20
e ) — — | ’
L oo/\&" U G Y
. N NJ ' : N
. on AN L 3
»0 3 N , N - . u . L] , e [
>, : PLP-BOUND SERINE N ' . S '
PYRIDOR AL )
emosPNATE  Mup (eqn . 1)

2, B-Replacement (displacement ai,the hydroxyl group

of se‘r:in»e).lo'll'12 co ‘ | S R
The enzynme tryptophan ' synthefése‘ (EC 4.2.1.20)
catalyzes the feplacement of the hydroxyl group of.seriﬁe by
an indole equivalent, to yield'tryptophan witﬂhretention of
configuratioh#* Tﬁis feaction proceeds thrqugh a .PLP-bound
i dehydroaianine'.unit derived from//Ekmcbcwﬁd serine by

elimination of water. This example of a iB-replacement

\\

reaction .is shown in egn. 2.

\‘/co’n ,\.r /\( ey

PAL

o /_( . /\r N : ’ ;
W e e e

) W

‘,/

In W ook ea L ~
|

(egn. 2)

3. o, B‘—elimination.ll'13

The enzyme serine dehydrase (EC 4.2.1.13) catalyzes the

ey

conversion of serine to pyruvic acid. The initial
elimination of water from - serine - gives a bound
\ Voot . - B ‘ i
~

° : e et ' .

!



& , 4
dehydroalanine unit asaindicated in egn. 3. Tautomerization

and hydrolysxs gives pyruvic acid, amrmonia and pyrldoxal

phosphate. Th1s is an example of a, 8- e11m1nat10n.

./_(:of' “‘” ¢ ﬁ,co,u \rc'o'n ‘ s Y°|u
]

I " ~e e Tl

PLP-BOUND SERME
PYRIDOR AL
-

PROSPHATE [0 3)

TheTT;Ebucrence of dehydroalanine is not limited to
intermediates in PLP processes. . Dehydroalanine units have "
been isolated in several natural produ_cts,lt"27 such as

28

berninamycin (egqn. 4), where seven dehydroalanines are

present. Lanthlonlne residues are often found in the same

18,20 These are

molecule as dehydroalanlne residues.
probably/)formed by a Michael type addition to the

dehydroéﬁanihe moiety by cysteine.




Gross has nsuggestedzo that the _te#minalv ahiaé"ﬁnits _I'

observed in specific pebfides‘may-originéée f*om hydrolysis
of dehydroalanine units (egn. 5).20 This may be the process
by thdhxsomekpyruvate dependent bacterial decarboleasea

‘such _as histidine -deéaboxylase - (EC ‘4.1.1.22$ are

.activated.29'3° The hydrolysis also yiéldsna peptide with a ™

modified amino terminus. “

R/Yn\n/cozn& ’ R/\'{NH.‘; R \'A/CO?R

(ean. 5) ‘ ‘Terminal Amide Pyruvyl - Enzyme .

Vo
Q

Additionally, dehydroamino acids ‘have been synfhesizéd

as chiral amino acid  synthons, as .vpreCUrsbrs to ¢

B-substituted amino acids, and for inéertion into

biologically. active peptides.14'16'25'31'39.h ‘ ‘This_

*

substitutian of a dehydroalanine imoiety into a péptide

o
N

affords additional hydrophobicity, introduces'é sp2 cent;g
into the" bdlypeptide backbone, and adds' én"velectrophilié
centre where modification can occur. | )
The stereochemistry’ and .Qechﬁnism' of fqrhatioh' of
dehydfoalanine is unknown. - Rinehart has determined thatl
serine is a precursor of dehydrbalaniﬁe,in berninamycin.28

Its formation from serine can take place, in principle, by

-

~u



.;:\“

‘either syn- or anti- elimination of water (egn. 6).490 since

P

~———dehydroalanine itself is unstable, this presumably takes

place after incorporation of serine into the peptides.

. Z=isomer

- E-isomer

A

Incorporation of (2§,3§)r[3-3Hi]—sérine " into  the
peptide followed by an anti-elimination of Qater would give
ﬂ$ g_dehyd;oalanine unit. Alternatively, a s'h—eliminatioé
of water woulqA yield an E dehydroalanine residue. The
T$£éféochemic§l anaiysis could be accomplished "as. shown in
eqn'?, Cié hydrodeﬁation4l of the 2 isomer with deﬁterium'

gas would result in a\(2§J3§)- and (25,3S)-enantiomeric pair

N9 R

CAT,

Resolve

xZ




B,

of lapéliéé éianine residues. The (2§,3§}{1§belled alanine
wéuld fﬁeﬁ;be isolated by hydrolysis dfffhe'péptidé to give
the rJEeﬁic mixture followed by enzjmatic resolution Qf the
N-acetyl amino acid.42-44 The.'enzymatic  reséluzjonl
. .selectively deaqéinates the (25) EjéCetylalaﬁiﬁg;v'Ih 6fder
to estéblishnﬁhe chirality of the meﬁhyl grdﬁé;éf'fhe 2§f:'
vJalanine' obtaihéd (38 in ‘this case), Kuhn-Roth ‘oxidationﬂr
would give acetic acid with an S configuration ih the methyl
group. The acetic.acid chirality canhbe determined using
the methodology o§'Cornfofth andfkfigoni.45-49 _Therefore,
iz.'an "anti-elimination 1is involved in théﬂuformation - of
dehydroalanine moieties ffom (2§J33)—éerine;‘:$¢etic acid
with én §_configuration$would be obtained.

Uéing the saﬁe §¢rine precursor, akpgzﬁ}eliﬁinatibn.
would'giQe an E_dehydroé}gnine uniﬁ. "Reduction would give
(28,3R)- and (2R,3S)-labelled alanines which would result. in
acetic acid with an_g_cowfigﬁfation, affer degrébation ahd
analysisl. . | '

The wunavailability Qf thi$ precursor has hindered
studies of this type. This thesis examines a nufwber of
apprqaches to developing a wuseful synthesisjfg% serine
stereospecifiéally labelled at C-3.

kY



o B.' Syntheses of Setiﬁe'Stéteogpecifica;Ly.Lahgiied at C-3.
There are two basic - requi:pmentégf'»for a
stereospecifically labelled serine é}nthégis;; a high

stereochemical purity (>95%) and a good overall yield. Four

syntheses'were,reported before the initiation of this thesis

work. Two . do not contain deﬁails J;. yields or
stereochemiéain purity and two additional>\ syntheses have
recently been published. TheseA'major~7Lpproéches: are
discussed below. s |

1); ‘Floss and coworkers developed an eﬁzyhétic
syntheéis (e&n; g) of stéreospecifically tritiated samples

i .

of L-serine from [1—3H]glu66§é and [1-3H]mannose.50:51 The
stéréochehicalv phrity ‘of. these .samples was high (>98%);
however, the nature of the enzymatic synthesis prodtces only

micromnle amounts of labelled compouhd.

b COOH _
3 , : - . ) ’

”\’o . Giycoltic = HO”\ H - EColl - NH ,
HoH::f‘)H Enzymes \ 3H extract ) 3H  Phosphatase

H—1—OH

I§ (?R,38)-3-P-3 =34 (2R 385)-3-P-[3- *H (2R, 35) 13— 3H)
. O.H . Gilycerate / Serine Serine

D=3 : .

Glucose (egn. 8) <

2) Walsh ~and co-workers established a chemical
synthesis (egqn. 9) from labelled, acrylic ”ac;d.52a ‘V.A
bromohydrin reactién fixes the reiativexgtefeoéhemisfry at
the 2 and 3 positions. ﬁéaction of the bromide with ammonia

and subsequent deprotection gives ‘serine. Walsh suggested



-

”that the d1Sp1acment or bromohydrin reaction introduces a

-

loss of stereochem1ca1 pur1ty‘ at the 2 pos1t1oni An 80%
N .
enant10mer1c excess’ of (2S 3R) [3—2H1]serine was. obtained.._

The overall yleld was '55% over 6 steps from monopotassiumq’}

e ).

acetylene dxcarboxylate.

= - . B . : e

_ H . i:OzH : MeO . LN
] = o, - [ _:3_. M UL
—— 2 .* . MCON . AD’ co
.. L. ] o - R ‘ 02 H-
(egn. 9) . //éua
L . MeO COH .
’ L‘_s.; ‘5‘*—-——- _H‘“H”H‘ ‘ ‘ . ‘
P NHg S

~ : .
e

f3); Slieker "and Benkovic. have recently_ published a
modification of the above synthesis.>3 The labelled methyln

acrylate was converted to the bromohydrin ]eanIO)i Thkg'

was transformed to L-serine by treatment w1th sodium az1de,

catalytic reduction, hydrolysis and enzymatic resolutlon in’

v

a yield of 20%. The enantiomeric excess was 88%,

B : - O.Me
con.J S H : cQzM. i . . H P coz
D BrOM NaN3 \ f ‘ .
\ / ——— D H = D\ W

/ ' . B HO. N3 . -

H . KO

S
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»4)4 Young and co-workers recently reported a different

aapprdaéh (egn. 11) to the Synthesis of labelled serine,>4

Labelled agpértic acid isﬁconverted to labelled serine ove;

five steps in 84 yield. The crucial step 1involves la
5

Baeyer-Villiger reaction to introduce oxygen at the

3~-position.

€O,
H CO2H H:-p 2Me
s, o
. )*"-0 HNTEA
CO?H NH2
(egn. 11)

Although a detailed stereochemicgl analysis is not reported,
the enantiomeric excess ié ﬁ]éimpd to be very high,

5). Stetter reported a syngg;ZES of DL-serine from the
condenséfion of ethyl hippurate and ethyl formate followed

by amalgsm reduction of the intermediate and wnrkup.szp

Kainosho =nd en-werbere prepared deuterated serine in an

analognue mianner u=ing catpalytic deutrration of the
. . 5N, R . .
intermediate Anyuh e beond (oqn. 12) .- The yle]d nr
“ravrpnaoher Pt maviby de not oot e
c O, vy CcO,Fy HO Coy'-’
NaOE! A\ / D~ \ /
U 4 / . ' 'STIS e
\I Voo L N A
AFLNL: 1 '-JHB, " LARNT IRt
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6). ‘Deuterated serine has also‘been-pfepared from 1s-
[1-2H] 2-pheny1ethanol over seven steps in 15% yleld w1th no
apparent loss of stEreochemxcal pur1ty (egn. 13). 526 The
synthesis of the alcohol 1is complicated by a microbial

transformation. .

D CO,H
s OH MDD 11
, —_— — —»
k) ' : . HO NH)
D H, ‘ N )
(egqrni. 13)

These syntheses have allowed progress tb,be made in theu
understanding of PLP dependent proc’:'_esses4 and in the
elucidation of the biosynthesis of norcardicin.55'56

~

SYNTHETIC APPROACH TO SERINE STEREOSPECIFICALLY LABELLED AT

C-3.

Serine stereospec1facally }aheLled -at ..the, C=3. pos;t1on,~~,<~

has -twa . chlral _centres. _ Our general approach t6 the -

- - .
~ ~ . P

: P - v -
~ -

“eynthesis ‘is  to "Eix the relative stereochemlstry of the 2 :

and 3 positioné via a single chemical step and” in &
étereosbécﬁfiéhméﬁﬁérilédq._}45; Since the'zfpbsitionvééhf.
he distinguished eﬁzymatiéally, the enantiémers produced are
separable té give L-serine carrying a Stereqchemically'pure

label at C-3. Our methodology relies on stereospecific

-

hydrogenation of a protected-"dehydroserine® precursor, . .. .

- R R, S e e
. . v toe S R P R SR
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. ' .
o  cor o
N . R
CAT . Deprotect v h M
/ \ © RO NHR HO NH,
RO NRR
(egn. 14)

'

This approach has been used to prepare other labelled amino

57

acids, 1including cysteine. . Two main stratedgies were

“investigated; one employs cyclic oxazolinone precursors,

whereas the other uses acyclic intermediates. Both

syntheses 'depend upon the ability- 'to  prepare -a 'suitable
precursor (egn. 15) with the following features:

s

a) An ester group easily deprotected without racemization.

b) A. suitable. protecting group..bn‘hnitfpganveasily~~

convertible to tﬁé “§facetyl _derjvaﬁiveh'touléjlﬁw“.<

‘enzymatic resolution.

c) An . enol protecting group stahle to reduction
{

conditions and easily removable.

A) A double bond with a known single germetry.

. o)

W oww
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-~

L] .
~

ﬁ /
ANV
oﬁ
s '\
(egn. 15)

Introduction of label into the vinyl proton position
before hydrogenation. or reduction of the uniabelled double
bond with labelled hydrogen would give rise to the required

- label -at the .3 position-of serine.

'-"A 7'7'1:;6‘ oxé'zblo'ne‘ Approach to Serine.

'/- » The 4- (ethoxycarbonyl) 1, 3—oxazolln ~2-one (eqn. 16) has

s

the necessary requ1rements as a dehydroserlne precursor. ”It
"has‘peen,prepared by.ﬁqlsgen, in 2% yield, as a side product

from phbtdaddition-studies.58

Cc.HOC
257N\, «

3 jﬁ (egqn. 16)
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The general approaches to the synthesis of 4-oxazolin-

2-ones have been rev?kyed,and are outlined beluw.59

1. From cyclic carbonates. 60

N — W

o o uN\"/P
Y 4
This method was not considered applicable, since

. - ~ ©, .
regioselectivity could be poor in the monosubstituted case.

'2. From carbamate derivatives. >

Hn - a>:\

PhN (o] PhN (]
o 24

Et0

This approach has heen investigated with few favourable

results.

3. From a-hydroxyketone derivatives.®6l

R ' R ‘
o/ «OH ‘ NN—*-O
N
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(e

This was oonsidered~a.viablé approach and was utilized’

>

‘at a later stage.
4. From oxazolidones.

.3—_\ __—’ nh

HN' o HN . O

The parent compound (R=H) (egn. 17) was recently:

prepared by dehydrohalogenation of 4-chloro-1,3-oxazolid-2-

one. 52 In addition, the catalytic hydrogenation‘ of the

double bond was described. This approach was the first to .

be investigated.

(ol

8:
HN 0 = HN- O_

(egn. 17)

(i) Via Oxazolidones

The introduction of a substituent into the 2-position

of acyclic amino acids has .been ;achieyad;.by 'several

methods 31,63,64 For example, .an. amlng acid Can be converted

\ .

“to the 2-subst1tuted compound by N~halogenat40n, eltmlnatloh‘f

e

’“ﬁ}{ﬁorthe N—acyl rm1ne and attackhbyea nucléophlle (eqn. 18)«jiﬁio‘



_HFurther e11m1nation or rearrangenent can occur to produce A

" e et g

-

jéofd N %11 @ttempts to execute r1ng closure w1th phosgene-

"

i’

(eqp;IIBY

resulted ‘fn-a: fallure to produce the desxréd compound

, N chlorlnatlon and ellmlhafion to g1ve the oxazollnone 7

o

2T

COzH

..'.coza ‘

O

The chemistry of 2-oxazolidones has been extensively -

reviewed by Swern.%® The most praotical method’to prepéré 1

67

appearedvto be tbe ring formation by -5-exo closure onto an

activated carbamate (eqgn. 197. . ‘
c“s_
cof? '/z
“ N
r//L\go — n 1 — o ?
°

o
- <
" ¢A£o °

/ (eqn. 19)

4

. Japanese workers have reported the synthesis of serine

derived oxazolidones utilizing phosgene.68"69 )

Serine. methyl ester hydrochlorlde (2) was prepared by

.' - ¢

? -

ﬂ A }..

L P A > “ -

68, 69

'A.

NE. e
e

\\g/ \ﬁ;n t

,dehydroam1no ac1d 31 65 - Our initial strategy was to prepare,,Jﬁ.

Qg*ﬁhghi~oxazol1done - l,~ iaﬁo .'sub3ect this compound ko

wr # sz

fm

!

' ~ester1f1eat10n Voﬁ”‘ser1ne u51ng methanollc~ hydroehlorlc; L

P ASe gt
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: C%Mo . o ‘ M
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“Ine activates methorycarbonyl’ 3 (phenyinetHory)earbonyl 4 <

"':an:d‘,.p.)j:eno‘xyc'arbdr'\yi 5 grethanes' were pfjepa'redv by reaction of

o

P oLt

0 S

serine methyl  ester »hydrdéhldtidé (2) énd'f&ﬁefjféspéctiVef3vf7:”

chloroformates in excess of 70%° yield. o S e
Ring °~ closure attempts -on the methoxycarbonyl and Y

(ph‘enylmethoxy)carbonyl‘ compounds (3 anci' 4, resgectively). )

‘uvnder mi’ld - basic conditipns (triethylamine) ygave. no.

reaction, ‘w-hi];e'“'strongexj basic conditions (sodium, methoxide)
.resulted in '. the . dééompo”sition of starting material.
\\N"r"eatme.n“t of the phendxycarbohyl carbamaten 5 un‘d'érA miid

conditions  (triethylamine in dichlorompthane)" | >gave

q;antitative conversign to 1. |

‘cOMe i CHL0Q
Swd HN_I{‘ g 1 HN_ O
- 5 O. e \o‘/

/ A R I AN “‘M“ R .



CO Me-
LR W
- -4 €0y  (eqnf 20)
Many o attempts t purlfy *the "ptbduct ‘neeulted-‘ in

- decomp051txon, but 95% pure' oxazolldone ‘1 was _finally

obtained in 45% y1eld by steam dlstlllatlon ito. femove

3

neut;a}. gx;ractlon‘ of the residue.  The

" " phenol)’

1nstab111ty of 1 may',result,.from ,eliminetion of . carbon

,ledee to glve (egqn. 20) an’ amino a?kylic ester followed by
polymerization. A

O Me

v 'c’":nozc"v . anbc .”‘

i

HN 0 .__—>

0\

| .7.

of the .oxazolidone 1 to the
4—(methoxycarbonyl)-2-methoxy41,3—oxazdlid—2—one (6) was
o . 5 ) ‘ .
attempted using Baldwin's procedure.64 - The reaction

~J ; ~
utilizes t-butyl hypdchlorite in methanol in the presence\of

e

sodium borate. It is suggested (egn. 21) that the nitrogen

undergoes chl

N-acyl imine.®f"

tion followed by ellmlnatlon to give the

The N- acyl imine is attaqked by methanol to

, B

.. EHPE - eHP OO, o iz e T
2 }i_—\ M.DH ’»4_\ " >=___n\ S
oY -
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“—produce the armethoxy der1vat1ve 6.64 The“ ovaolfnohefﬂ7
: would be .obtalned by gllmination -of- methaﬁol from :6;‘

-;However, react1on under these condltlons falled- to “glveV
‘either 6 or 7 and resulted .in complete decomp051t1on of the

oxazolidone 1. ‘ ' _ . ’ S

The 1ntermed1ate N-chlorooxazoixdone 8 was prepared in

- A VRN -
AT, 3

i quantltative y1e1d by -reaction of~ the 108?2011d°“e"W1§b1hM:‘
t-butyl hypochlorlte .in-p a__'non-nucleophiiic‘ solvent,
dlchloromethanes____All’ attémpts to’ dehydrohalogenate th1s”

compound resulted in reversal to oxazol1doqe | 1«
. S o~

Interestlngly,' reactlon iof 8 with potass&um‘pt_butoxide

j produced t-butyl hypochlorite. " These observations are in

~

accord w1th those published by Olsen.®> The acycllc case

v,

(eqn. 22) gives 80% of the dehydroalanlne compound and 20%

reversal to’ startlng materlal 65 Th1s behav1our of N-chloro ‘.

g ‘compounds has also_been confxrmed by Bach 70 - o p_;
COzMe ' Q.s_vw _)poiﬁi{7‘ T o cozu-jf o
- s e (R — = 80%
~ o \ T 4 -
ACNH - AcN-CI : AcNH
o
an. 22
tean ) COxMe -
’ | __4< .. 20%
Yy S 3.,._ - AcNH IR

The Efchloro compound 8, coqspfgznedras‘a‘five-mémheted, -

ring, appafehtly_;_favours*,“behauiout”,_as a_:“positiveg
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chlorinating agent (eqn. 23)Qover‘g1imination to an ﬁfaoylj

The .instability of 1 and the inability to oxidize the

ring system to an ~oxazolinéne 1led to an’ alternative

approach.

(ii) Via Oxazolinones =~ -

There are several _examples in the literature of the

o o -

- substltuted oxazollnone “ring system. 1 72 This

.altornatlve approach 1nvolves~synthe51s of a.l, 3 oxazolln—Z—ZL;

o, ¢ - v

| »one w1th a protected hydroxymethyl group at C 4 followed by

side chaln ox}datlon (eqn. 24)

0
4 5 R — ’
no/»-_—_-.-\ [0) : . -
HN o1 "'f
\g{ : | (eqn. 24)
The l—acetoxy—3—hydroxy-2—propanone (9) seemed
L su1tab1e precursor ‘for - the oxazollnone "1b;i" The ,—~-»-.

acetoxymethyl side cha1n would be modlfled to - the desfred

7

oxazollnone 7.

a
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Compound 9 was prepared by a litersture procedure.’3 The
chlorop{opanedlol 11 was protected as- the ace£al‘;using
2 2- dlmethoxypropane 12 and dehydrohalogenated to the alkene
13 with potassium hydroxide. Compound 13 was treated withz;
lead tetraacetateb to give. the 'diaéetéte' 14 .which was
hydrolyzed in aqueous cacetic acid to yield the desired

acetoxy ccmpoundnB 1n—28% overall Y1eld;wﬂuF;fﬁ;;jw T e

/YON ——

a0 NP0 T a0

Compound 9~was converted direcély to the oxazolinone 10
using_two different methods. In an attempt to prepare the
prima;y urethane 15,72'74 9 was transfofmeg'to 10 in 14%
yield by ‘treatment 'w1th trlfluoroacetlc acid .and Sodium

”iQOCyéhate. ‘ ‘zgél maJor product.,waslithéA'éiioéﬁ;n;été 16

bbta}nedfih.43%vyield.' No pfimary urethane lSrwas‘isolated

.y
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from this reaction. The second rohte employed

chlorosulphonyl isoqianate which has been dsed to conyert

S
LN

5B
02 it g B

" hydroxyketones into 3-oxa‘zolin-2-ones.75'7l6 Treatment of 9
with chlorosulphonyl isocyanate followed by heating in
acetic acid gabel varying yields of 10 (10-50%) due to

extensive formation of side products.

The hydrolysis of 10 to the alcohol 17 . was not
‘successful,unden'é*NariéEY‘of conditions.  The length of

'ithis ?dhte:agd poor .yields discouraged further efforts.

*
. ’ . . HN [o]

.Y

(i1i) Via Oxidation

« : B '
Oxidation of the hydroxymethyl side chain Af the serine

derivative 5 would give the 3-oxoalanine derifative 18.77.7%
Ring closure of 18 would produce ‘the desired oxazolone 10.
- .

All attémpts to oxidize 5 produced 19. Compound 19 would be

formed by B-elimination (path.b) of the oxygen

- .
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functionality. It would appear that path b is preferred
over a pathway leadlng, to 18 ‘(path a) under o;deslng
conditions. : .‘ : ' .

Because of the difficulty of synﬁhesizing the desiree
ring system the research was re-orientated towards rhe
acyclic approach described in the next se‘.lon.

el
N 4

B. ACYCLIC APPROACH TO SERINE SYNTHESIS.

Considerations for the preparation' of a suitable

"

acyclic dehydroserine: precursor (eqgn. 25) are similar to

those for an oxazolinone intermediate.



The acyclic approach does have the potential of producing 2
and. E diastereoisomers which would have to be separated
before reduction. A general strategy emplbying a 17

dehydrnserine intermediate is outlined below (egn. 26).

°
cq,n CO," condensation )JYCO,n
r el r el (4]

m" NR R NAR R

T.
WD - " — o TN M.
o
7 ¢
D\;- cn
whn o cc
e M
. vo
D . R
M (4 P oa, cFryur
) {'D
" (YRS
T _ {egqn. 2

9
® -

Proftected OYYCiLE‘d°'i\"*‘ & can be- formylated in A

T“laisen. reac! ’»n  te ai e 1 hendlavi e derivati es
G Ty e ~7VQ", ) onAe . Cop e e e
rnalda O A Are rare v \1¢
L

Al

R

.w,




few eié@gl%g,h of stable penaldates

25

.. o

wagheir gése'of polymerization andhdecbmposition,79fal but a

. are - known,’9783
FLE I S N R RF R N ] - e P e e

uPrdgec;ion of the l,3-dicarb6nyl system on oxygen is well

g PR . . .
established. It "seemed reasonable to expect the protection

to occur- on the aldehyde “oxygén.34 - -This 'reaction could
produce' diastereoisomers which would have to be
distinguisﬁed and separated. Reduction of ‘dehydroamino acid

systems Lsing chiral rhodium reage-.nt:ses'87 often leads to a

. \/9§ng degree of chiral induction,8%:87 byt ho cases have

been reported where the precursor bears a SeEond
heteroatoﬁ; After rgduction of the double'bond, thé removal-
of protecting groups to give N-acetylserine must be achigyéd_
without epihérisation at C-2 or C4§L Stéreoseieéti§e
enzymatic deacetylation would - prdduce 28, BBjsérine
stereospecifically labelled by deuterium -at C-3.

The inéependent stages of this synthesis are freated
separately in the following discussion. Its overall
effectiveness by varionus possihie routes is considered in

the encceeding summary eection.

1. Carboxyl and Amino Group Protection.

Protection on the carboxyl and amino functionalities is

o

found to play a pivotal role in .the outcome of various

rearticone in thie synthesis.
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26

3

V-The ethyl,'phenylmethyl and methyl esters of glycine |
hydrochioride (20, 21 and 22, respectively) were obtained
cdmméfciai&f or  prepared ;bQ ‘treatment - of ~glycine with

thionyl chloride ana the cor;esponding alcohol.
é}ve different \amino protecting groups were ~used.
Reaction of glycine ethyl ester hydrbchioride {20) Qith
- benzoyl chloride (BzCl) and triethylamine producéd ethyl
hippurate (23).88 The phthalimido (Pt) compounds 24 and 25
we;e prepared by heating. the corresponding ester 21 or 22
with phthalic anhydride and triéthylamine in toluene with

4
azeotropic removal of water.B89 "

1

)
co, co
— (.
W)
NH) .‘"2‘!3
) R'" RZ2 g
R
23 ,
20 Et £t Bz -
2 8n 24 Me Pt -
22 Me 25 Bn Pt -

26 Me TFA W

27 Bn Ac H
28 Et Ac Bn
29 8n Ac Bn

30 Et H Bn

The trifluoroacetyl (TFA) and acetyl (Ac) compounds 26 and

27 were generated in 95% and 53% yjeld by reaction of 22 or




21 with trifluoroacetyl 6r acetyl chloride,

'respectively.88

<29 were’ syntheslzed by 1n1t1a1 conver51on of- the estérs 20

N-acetyl-N- (phenylmethyl) compounds 28 and"

and 21 to the N-(phenylmethyl) compounds 30 and 31,

respectlvely, by reaction with benzaldehyde, followed by

-1 T

reductlon w1th sodium borthdride in methanol. The:

N-(phenylmethyl) compounds 30 and 31 were converted to 28
and 29 by treatment with acetyl chloride and triethylamine
in dichloromethane at 0°C. The overall yields of 28 and 29

were .75 and 62%, respectively.

2, Preparétion of 3-oxoalanine Derivatives by Condensation
Condenéation,of ghe pfote@ted glyéine derivatives with
formylating "agents proved to be a crucial step in the
synthesis. The few exampleseo'al'83 of this reaction (egn.
27) utilize formate esters in the presence of an alkoxide
base. Compound 32 was prepared using sodium ethoxide and

80,81 the yield was .14% and the product was

ethyl formate,
extremely unstable; 79781 the decomposition produced ethyl

henzoate.

o COLR! R R2 R3
o .

E

H NRZRI ! _el H‘ . MeO OMe
R P —

bMB =
E! DMB H .
R= akyl .
. - Et ftormyt H
“ ' (egqn. 27)

T B o
-
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The,—known phthallmldo compounds82 83 33 and 34 were

prepared, using pota551um t butoxide as- the base, 1n good

PR s -~ s ».:n:«,.gy,o~.t 9"'(?"‘4)0'\ Nro e @ = -, © o - gy e e W e

o v LY A X .- ,('uuurl"_’,;-" PR S
yxelds (570%) In contrast to 32, these mater1als were
found to'be stable crystalline compounds . as described,82/83
T T . A - .
COo.R s 0N R
1
R - NR'RJ
R'" RZ R3 | R' R? A3
e . :

23 Et Bz - 32 Et Bz ™

26 Me P - S a3 e Pt -

25 Bn Pt - 34 Bn Pt -

26 Me - TFA H 35 Me TFA H

l 27 an Ac T H 37 B8n Ac H /

28 E! Ac  Bn 38 Et AC  Bn

The previously unreported E;trifluoroacetyl derivative T
35 was produced in iow yield by reaction of methyl formate
and N-(trifluoroacetyl)glycine methyl ester (26) in the

presence of lithium 1,1,1,3,3,3-hexamethyldisilazide
(LHMDS )20, 91 .at  =30°cC. Since the amide proton of an

N-trifluoroacetyl group is more acidic than .that of an

N-arylamide it has ‘@ much greater tendency to gquench the
érequired base, Ad excess of strong base, such as LHMDS,
appears to be necessary fo ‘form the dianion for the
condensation step. Because of the previously observed
instabhility of 3—oﬁpalanine amide esters bearing an .amide

preton (e.g. 32), compdu#d 35 was converted directly to the

T
/ N

e . AN i
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encountered w1th the" react1on 15 decomp051t10n . Of” ethylu

_ presence of the N-acetyl group appears to hlnderw the"

29

O-methyl enol ether 36. with d1azomethane (see belOW)..'The~pf"“'

‘overall y1e1d of 36 from 26 was 22%. Analogously, 27 ‘was -

. ey e > o > - .

transformed té""37 usxng ‘ﬁithium '.N-ysopropyI-N-cyclo-inn

e, e, o~

hexylamide (LICA) and benzyl formate; Alkylation of 37 gave

38 in 14% overall y1eld. One of the major problems

formate to . carbon monoxlde by strong amlde base. _.Carbon

monoxide . wasa,shownv to ‘be evolved dur1ng “the feact1on ‘by

ae
©

subjecting Aa_ gas sample to a” 0.5% solubaon of PdClz

water.: A posxtlve test fog carbon monox1de was. dep051tion'“fb'f“
. Of black pallad1um metal., Similar observatlons were'vm

) - 4 2 e ' Ar'.,. :’;"."‘,;. % f“‘ﬁ v vor.

reported by Erlenmeyer in 1904.81 ~., Formate ‘esters . also .. ..

undergo a—proton exchangegovgz‘ in the presence of strong

Basegs In ‘order to-~achieve satisfaotory~oondensatlon,‘these

resprts “indicate that-. fdiprbtection‘ on.laﬁftrogen# 145“
required ”Thus rédction‘of the N—(phenylmethyl) compound 28 @@T”
with potassium t- -butoxide and the ethyl formate ester gave
39. Despite the low initial yield, subjecting the crude
reaction mixture to initial reaction conditionsg.Several.

times gave 39 in a y1e1d of 68% as -a stable compound. The

reaction because it could quench the base.‘“ The -

N-[(phenylmethoxy)carbonyl] compound 40 has been reported‘tO'

condense more effectively with formate esters than is

apparent with the N-acetyl compound 28.91  1n the presence

M



'Of dq-methyl formate the condensatlon reactlon glves a hlgh

-y

T e

, no.EXChangeable.hydroéeqs,

o

1ncorporat1on -of - deuterlum 1nto the N acetyl methyl group

demonstratlng ‘the formation of an- an1on at thlS-pOSLtlon.

T 4 o
s .
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3 - . g -
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~ 2 & - ry ; MR L e el

COzt" R ‘ ‘.:.."’

Ph'\/.N \g/o \/’h

In summary, - the condensation reaction gives higher -

yields if fﬁe'ﬁiﬁféden is diprotected with groups containing

"
-

x e : , s,

3. Protection of the Enol of 3-Oxoalanine  Derivatives.
| Hav1ng ‘obtained the requlred 3-oxoalanine compounds, it
was.necessary to protect the enol tautomer to generate the
precursorﬁ for reduction to a sgrine derivative.  This
protection,had to meet the following requirements:‘ |
* Protection must act exciusively on the formyl oxygen.
* Thé‘protecﬁindlgroup ﬁust be easily ;emoved, without
epme(isation,‘after introduction of the label.
.If a mlxture of‘dlastereomers is produced these must
.be separable.
The, protecting. group must have minimum steric bulk and
ailow'access:zf a reduéing.;gent o the d¢0bie,bond;‘
* The profecting 'gfgup must wifhstand the rféduétign

conditions.




The - methyl ‘enol ether- the acetoxy enol ester were

'eonsxdered the. most deszrable derxvatives., The ac1dity of“

the. enol94 due to extended . con;ugatlon al{ows alkylatlongsa

by dlazomethane 1n ether‘ 1n the~ presence of a catalytlc

.....

Ranount of hydrofluoroborlc acid. 94, 96 ' com ounds 36, 38 41-

. - S L . e - -

43 wvere prepared u51ng thls method in . excellent yields (>

90%). 1
- o - Ly
R e
WRTR e o né%3f/
= \ —_
R' R2 g3 R'" RZ 'R3 R4
33  Me Pt - . 41 Me.. Pt -  Me .

34 Bn Pt - v a2 En P o Me

35 Me TFA W . 36 Me TFA H - Me

] 37. Bn  Ac H 38 B ac W Me

33 E Ac Bn ' ‘ a3 E' Ac B Me

45 Me Pt - A

Generally, the Z_ isomers were the gqnly ‘produEts}

however, the 2 enol .ether 41 was obtained with 5% . of 1ts E

P B

isomer 44, These were separated by chromatogr phy and
d15t1ngu1shed by dlfferent chemlcal shlfts for the rv1nyl
proton. The isomer later shown to: have the Z conflgurat1on
has the vinyl hydrogen s1gnal ‘at -a hlgher chem1ca1 sh1ft 1n‘

the 1H—n;m.r.,;spectrum.than that of the other'lsOmer;95

[P

,?



s L. J32...
CH,0 .
) _vooacna
- 43 :
- N
.0 o

‘fThe geometry of the double bond was’ determlned by . X- ray~~j
crys{allography aﬁd' was conflrmed by ndéié;r ‘bverhauser»
‘enhancement (NOE) experiments. Tho NOE experiments g{ve the
following 1nformat1on, In‘oheucaseﬂoﬁlfhe,gjjsomeq ﬁi the -

vinyl hydrogen and the methyl ester hydrogéns are close
~enough that irradiotion at the chemical shift of the ;;tﬁyl
ester 'gives an increosé of inteosity at the vinyl proton
- signal. Ihothe‘g_isomef 44ltheovinyl proton ind ésté: ére
not close ehoogh Afor‘.a‘ direct {ehhahcement; 'hodoverf
irradiation of the methyl group causes a deorease  in
1nten51ty of the v1nyl proton signal (eqo. ‘28). ~ This is
caused by a transfer of magnetization from the irradiated
methyl group to the v1nyl proton by the methoxy group. |

The structural 1nformat10n obtalned from the X-ray data
(see Appendlx 1) confl;med the assxgnments of the double
"bond (Fig. lf. Iﬁtorestingly the p}é;; defined by the enol
zethef—ester atoms_ahd the plane Qéfined by thé pthalimido
ring in the Z isomer 42 has a‘torsion‘angle (¢) between 70°
:ahd 80°. These two m systems are therefore aligned such

that the pthalimido ring is out of the plane of the enol

ether double bond and is nearly orthogonal to it.
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FIGURLC#*1l: X—ray Structure of 2-(_lg_—phthalimido)‘—3-methoxy-‘-'
. -7 2-propenqic phenylmethyl ester (42).
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( -ve).NO'E (+ve)NOE . E : -
H 0 H ‘
_ Chy . .v¢ f H %
e | CO,CHy PN COCH,
" |RRADIATION
/ . o ' ...~ (egn. 28)

Treatment of 33. with ‘allyl acetate under acidic

conditions gave mixtures of Z and E_écetoxy enol ésters 45

and 46 (the E isomer is favoured). However, 33 was.
converted exclusively to the 2 isomer 45 l’JsingA triethylamine
and acetyl chloride. 9’ S'imilarly., 34 was c;onve'rted to 47.
Unde;: bagic condi-ti.ons, t.he enol may bé deprotonated to the
enoldte. A" Z configuration al;éws the 1largest distance

hetween ‘the enolate oxygen and the ester carbonyl to be

obtained. Under acidic .conditions the preference for the E

isomer may result from complexation of the enol proton by

the ester carhonyl group.




. 4. Hyd;gggnétion 6f'Dehydroséiineﬁberivatives.

‘4

) . ‘ . ‘ . . . Ii - . . f "‘~‘
The primé;y consideration in the reduction of the

ndoub;e . bond’ of. ’debydfoserine .oderiva;ivés? is that 
hydrogenation“is completely‘stereOSelective";nd‘ﬁrqceed iﬁ
h“igh yield. g:_i_gi‘a_:ddif.iqn ofi h‘yd.:_'ogéh ig 'f‘a,'vouredkusi‘ng'
.rhodiﬁm. éé a cathlyép.g8 There is_ EISO. cOhSiderablé
interest in the ‘reduction of unsaturagzxaaminO-acids using
_ghiral‘.rhodium céia1y5t5;85'87_, These reductions proceed
iquicﬁly with'a‘high.degree of enantioselectivity (}95%{.ini.
many cases. The‘.piésence véf-ban.Léle?£r0n1~withdra§ing
substituent favoufs reduction of the .doﬁble “bond.86
Recently, Lhe'_stereoselectiqe” reduction. ofﬂ-3-a¢etoxy-27

butenoic acid ethyl ester has been described using rhodium

catalyst (egn. 29).99

% 3 R
. o
__ Et Rh ong CO2£t
AcO D2 AcO N w
— (eqn. 29)

All attempts to hydrogenate the enéi ether double bond
of 41  were unsuccess}ul. Hyd;ogenations with—vrhodium
catalysts gave .only reduction of the aromafic ring to givd(/
48. ?alladium hydgogenolysis of 42 gave the free acid
49.100 'Hydrogenation of 49 over Rh on Al,03:at 45 psi gave

a mixture of A48 and S50 after eswerification with



diazomethane. : : . "

-
-
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Mgramination.of the X-ray structure suggests the primary
reasbn'for lack of redﬁcfign of the enol ether double bond
may be steric h.iﬁdrance caused by the phﬁhalimido.group which
may prevent access of the. i}kene to the- surface of the

catalyst. Hydrogenolysis of 47 gave the free acid 51.

Catalytic reduction of .51 gave only a complex mixture of

compounds. . The problem of steric interaction could be
avoided .using . dehydroserine - derivatives  which bear
monoprotection on nitrogen. This increases the access of

catalytic surface to the enol ether double bhond.

Rhodium on carbon catalyzed efficient hydrogenation of
the N-trifluoroacetyl compound 36.° However, the product 52
underwent a,B-elimination with further reduction ton (he
alanine derivative 53.3113 This problem was circumvented by
.the addition of A catalytic amount of triethylamine to ‘he
reaction mixture. This allowed guantitative conver=inn of
36 to the serine derivative 52.

The pliminafit“\ of methanal may ha favenred hecnaace of

A
™catalysis by the N-'vifluareacetyl amide provon The



‘addition of tfiethylamine reduces'ihé aciqitj of'thé medium
;nd hinders protonation of the méthoxy group.i Thé reduction
%ﬁf 36 using deutefium ggs under identical condit{ohs gave
vﬁhe desired deuterated :se}in%’ aerivative 54 ‘as a siﬁgiei-
“diastéreoisqmer;. . |
_Thé | N-acetyl phenylmethy; "~es£er‘ . 38 ;‘wés“
hydrogenolyzedl00 using ‘palladium on \charcoal - to thg
corresponding acid 55. . This gavg some premétureAreduéﬁiaﬁ

of the double bond. The. redubﬁion was. completed using

rhodium on caggon to produce the serine derivative .56.. No
R [ . < . : ) . ’ . -

elimination was observed in this case. Analogous reduction

“

of 38 with deuterium gas gave the desired p}bduct 57 as a

single diastereoisomer.

-
<

CHP NHR2

R R2 R3 R'  R? K,

‘7 a6 Me TFA H 52 Me TFA H
. . v Toasy

43 £ Ac  @n 54 Me JFA D

& ' H Ae 56 H Ac H

57 H Ac D

58 Ef Ac D

\
¢ ’ . . . .
Unfortunately, the dehydroserine precursors bearing

.

sinq1a/ prote«ting group on nitrogen, required for facife

N\
hydrwqenkriﬁn. ~ould not be prepared directly in NI}

% RN

ettty
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»

vyield.' ~ The cpndgnsation' sLep to form_-3;oxoalandne

Trg' >

i : - ‘ v
derivatives (penaldates) proceeds well only if there 1is no

émide protbn.< To Jdvercome this probleﬁ the N-acetyl-N-
(phenylmethyi) éémpound 43 was prepared,'and‘was sﬁsjectéd
‘to a variety of hydrogenation conditions.101 " The femqval of
the N-(phenylmethyl) group was extremely sensitive to
reactipn_conditions.¥92'103 The ;ntrdducéién of acid into
the reaétién ﬁixture —aided the removal of the pfotecfinq
group,lo1 but it cagsed elimination and epimerisation of ‘he
degired prodbct 58. Compound 58 was isolated in a sinrqle
cése in 86% yield with‘no apparenthfacemization.

The ability to introduce label into dehydroserine
“derivatives in a stereoselective manner demonstrates the
viability of this approach. HoweQer, the requirement for a
trisubstituted nitrogen for efficient formation of

3-oxoalanine derivatives and for a disubstituted nitrogen

for reduction increases the numher of steps and lewers the

M

nvr‘xra1 1l \, ARG

5. Deprotection of serjne derivative:.

At this stan®e of the synthes s we have ecsontially

develnped three compounds ~apable  of Aacting ae anvyine

preCU(snrc 54, 57. and 58,
1, . X - ’
Tt had bheer <hovn that N-t-butoxycarbonyl protected

acid estora vtV claaved to the corregponding Aaring

.
-
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actds using bordn' stribromide. ,104"196_ 'I‘re'atmervxt-_" of | chnpound
52 - with boron tribromidglos‘ ~ gave ‘__tj_-(tr,i'fluorp-
-~ acetyl)serinel®7 89 in 60% yield and the dehydrdala’-ﬁine

derivative 60\resu1ting fro'm.ve‘limination of wéter.1075108

: . 1 /
" o2r! . H CO,R - COzH
Hyo -uNA" —_— H:"' M,
R0 2 N
cup NHR2 . NHR . HNTFA o
60 .
1 2 PN
RORT M R'  R2 4, g ,
!
52 Me TfA H 89 H  TFA H H
54 Me TFA D 61 M YA D "
56 H Ac  H
62 H H D Me
57 H Ac D
58 Et Ac D

SimilYar _treatment of the.deuterate‘d serine'd'eriva,ti‘ve' gave
deuﬂ%}afed E;(t?ifluoroacetyl)serine.’61; The. déﬁ€e£5%ed:
pr‘oduct 61 Was'llanalyzed using proton n.m.r. Thel"geminal
protons at C-3 abf the correspond’ing 28 unlabel—ied compound -
are part éf an ABX systen ahd show chemical shifts at£ '4.21
ppm for the pro-R hyaroggn and 4.06 ppm for ~the\'pro%§
hydrogen. The racerr}ic"compound '.61 sthed that 88% of the
signal. 'for the proton at C-3. was in the position
corresponding to pro~-R for the 28 isom.érv and 12% of the
signal was in the opéosite configuration. These® results
indicate 12% epiméfizatipn had,'_ocqurred.at C-2 .during the:

deprotection,



4d

Thé inabi}ity to remove the pfotecting groups on
E;trifonroacétYl' ester 54 withéut epimefisation led to
similar “trials on ‘the N-acetyl  acid 57. This compound
carries no acid protection, and is éﬁitable for enzymatic

‘ reéolution Téee beléw). The N-acetyl es£er 58 was converted
to the corresponding acid 57 .in 98% yield by hydrolysis with
one edﬁivalent of lithium hydroxide109 and purified by ion-
excﬁange chromatography. No epimerisation was observed as

indicated by l4-n.m.r. -

CO,H foh”
. ————
/ L " MO NH2

NH.,
CHO 2
' ea .
63
1 .N-Acetyl-O-methylserine 5#12 jg a substrate for

enzymatic  resolution wusing hog kidney acylase I (EC
3,5.1.4).110 " This enzyme selectively hydrolyses'the L(2S)
isomer Nof racemic 57 at a more rapid raﬁe than. the D(2R)
isomer to give 'L(2§333)—[2,3—2H2]j97méthy1serine (62)
directly. Boron tribromidé is an® excellent reagent for
ether c]eavaq9104']o6 hecause it selectively attacks less
hinderad centres (e.g.. methyl) at a Faster rate than
\secondary centres. O-Methylserine (63) was converted to
Dl.-serine (64) in 97% yield with no a,BFé]imiqatioﬁ or

1

hromide formation, The onverall effectiveness of the "total
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‘- synthesis procedure is discussed in the summary section.

6. Preparation. of Unlabelled Intermediates

A number of key cbmpounds - were synthesizeQ in
unlabélled form by alternative routes to’provide proof of
structure and to generate large quantitiés of intermediateé
for maximization of yields. '

| Unlabeiled O-methylserine 63 has. been prepared fﬁyr
methyiatiénnéf.E;phthal;midOSerine éﬁ-nitrophgnYI ester with
diazomethane.ll; An alternative route which did not r;;uire
large amounts of diazomethane was developed for efficient
‘large.scalé production. Serine methyl' ester hydrochloride
(2) was converted to the bisftrifluorbacetyl cémpound\GS
with - an excess of trifluorcacetic anhydride.‘ - The
O-trifluorocacetyl group wasAclgaved under aqueéﬁs condjtions
to N-(trifluorocacetyl)serine methyl ester 66 in j80%<_i~yi\\§d.
Compouﬁd 66 was alkylatéd using iodomethane ahd silver oxide
to form the corresponding O-methyl compound 52 “in  >99%
yield. Hydrolysis of 52 using lithium ﬁydroxide produced 63
in >99% yie’!d.lo9 Compound 63 was converted to E;atetyifgf
methyiserine- 56, by a modified literature procedure,112
using acetic anhydride in 95% yield. The overall‘yield frdm
serine methyl ester was 76%. This synthesis efficieﬁtly

provided three unlabelled intermediates wutilized 'in our

study: N-(trifluoroacetyl)-O-methylserine methyl - ester:
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a
o ..
CO, Me CO Me - cogMe’
— | e——
HO —  NH;CI TFAO HNTFA HO HNTFA
- 2 65 ' 66
CO,Me ‘ CO,H
—
CHD HNTFA CHO NH
52 . 63
Co,Me COzMe COxH
———mii
N'J‘sc' NHTEA CHO HNAc |
53 \ . 56
COgH CO28Bn CO,Bn
{ . .
HO'  HNAc ———/HO,  HNac CHP  HNAc

67 68

oM o CoH
/—‘( T Ho/——S’

HO NH, NTFA
59



‘13
(52), ﬁ;ﬁcétylfgjmethyiserine'(Sé) and;gfmethilgggine_ﬂ63).
| Alﬁernaiively, E;acetylﬁgjmethyiserine 56 was'prepated“
in the foliowingﬁnanner.‘.ﬁ;écetylserine Qas estérified with
benzyl bromide in ghe presence of triethylaminé ;to"give
compound 67 in 45% yield,lll ~which was O-alkylated u'sing
iodomethane‘ and silver .oxide Eo give compdﬁnd _68.‘in 50%
yield. Hydrogenolysis of 68 using palladium oﬁ charcoal
'afforded E;acetyfigf_e ylserine (56) in 75% yield. Large
amounts of E;(t;ifluoroatetyl)serine’(59) were.prepafeq;by
reaéﬁ}dn of serine methyl trifluoroacetape and E#E)ﬁj,g}-
tetraméthylguanidine' using a modified“:';iiteratuté 
procedu;e;loj‘ i <

An authentic sample  of E;(trifluoroacetyl)alahine
'(53)113 was prepared by, réaction .of alan&ne <methyl estéf

. hydrochloride and trifluoroacetic anhydride.

- SUMMARY OF ACYCLIC APPROACH TO STEREOSPECIFICALLY LABELLED
SERINE. ' | |

) BN )
The results obtained are summarized in T&ble.1~ The results
indicate that each route contains an‘unsatiéfactory'reaction
4during the multistep synthesié. In general, a full?
substituted nitrogen (4},.49, 45, and 43) gives excelléﬁt
yields of&  the oy dehydroserine precursor; howeyer,

Y .
hydrogenation .of the double bond is either ineffective or
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reéults in decomposition. A 31ngle protecting group on;'

‘nitrogen (55 ‘and  36) is necessary for the eff1c1ent-"

'hydrdgenation of the dOublé bond ; howevet, the qondensgtlon

step .gives §ields of-ieSs thén 25%. In order to éttéin a
: b . [ .
high overall yield alternat1Ve methods for the synthesls of-

.55 are currently under 1nvestlgat10n 1n our laboratory.'

~L.

w



-used:

-Exceptvwhete stated otherwlse, the following pfocedures were

SO'V
~\

%Qtﬂgﬁgffe dried by 'alstlllatlon under static

argon = - atmosphqﬁe. with : the }i JBglcgte x:,teagents
‘) ‘ .

tetrahydrofuran, ethyl etﬁeY benzene,.and tolu%é (sbdium/

benzophenone); ethanol and methanol (magnesxum ang 1od1ne)/

E;butyl.alcohol (sodium) ;. ethyl ﬁormate,-methyl formate:andr

L,(s N . w ' - M . ‘ i 53
~benzyl formate (phosphorus pentoxide). The following
!rebgénts'uwere dried before use: Thionyl chioride and,

chlorosulphonyl 1socyanate (dlstlllatlon),b trlethylamlne,

!N,N'-disopropylamlne, N- cyclohexyl N isopropylamlne, and'

N,N, N’ hexameth91d151lazane-, (distilled from - calcium

hydride); boron tribromide in dichloromethane (copper dust,
calcium sulphate). Diazomethane was‘prepared by the Diazald

method114

(potassium hydro*ide). Exéerimgnts requiring aﬁ
inert dry atmosphere were done under a slight positive
pressure - of argon- inl glassware dried at 140°C foff‘fwé
hours. Reagents were adaed by syringe using a Sage syringe
pump. Thermolab cooling - baths (0-10°C) or IKA constant
temperature baths (25-300°C) were wused where possibie.
Cgmméréial thin 1layer chromatography Q}lc) plates. used
silica gel (Merck 60F-254). Plates for preparative layer
chromatography weré 20 cm by 20 cm by 1 mm: silica.gel was

either Merck 60-PF-254 or Whatman PF254 with a 2 cm

preadsorbant layer. UV active spots were detected at
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254 nm. _Compounds were gaditionally. detécted by VSpréyiﬁg:

with one of the following reagenté and heatingi . 10%’~-

ninhydrin in acetéhe, 5% N, N dlmethylamlnobenzaldehyde 1n a
2

10:90 mixture of concentrated hydrochlorlc -acid and
methanol,. 10% phosphomolybdic "acid  in ethanol or 1%

o

bromocresol green in ethanol. Silita gel for - column

chromatography was Merck type .60 (70-230 mesh). Silica gél"4.

for flash chromatography was either Mérck'type 60 (230-400

~

mesh) ~ or Whatman LPS—2 (300-400 mesh). Hydrogénation

catalysts were removed by flltratlon through a small bed of

:)
¥

.cellte. Solvents weren?%mozég\;: vacuo at 30°c on a Buchl -

rotary evaporator,‘:-Samples we ‘dried,where poss;ble at
52°C in a Abderhaldén vacuum drying abparafus‘ét a pressure

of 0.05 mm of Hg in the presence of phoépﬁorus pentoxide.

. Nuclear magnetic resonance (n.m.r.) spectra were obtained on

the Bruker WP80 (continuous wave mode), Varian QHA-IOO,
Bruker WH200 or Bruker_,WH4QQ (Fourier transforﬁ _mode)‘
spectrometers with tetfahethfigﬁlapéEHYTMS) as an 1nternal;}‘
standafd, Fourier transforh iffraréd (FT-IR) spectra were

collected' on a Nicolet 7i§9 FT syétem, whereas normal
infrared (IR) spectra were acquired on a Perkin-Elmer 337
inf;ared;spectrometer., The X-ray data wés procured on an
Enraf-Nonius CADAF diffractometer. Microanalyses were done
using a Perkin Elmer 240 CHN analyser. High resolution masé

spectra were obtained on a Kratos A.E.I. MS50 in the
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.
elécﬁfop ‘impact (70 eV) 3 mode, and where this was not
possiﬁié, in ‘thé chemical ioﬁization (CI) mode; Mélting
points weré‘ﬁékén by the capillary method using a Thomas
Hoover capillary melting point apparétus;

Preparation of serine methyl ester. hydrochlqgride (2).

A solgtiqn of methanolic hydrogen chloride was prepared by
the addition 'of HC1 gaé/to 100 mL of methghoi below;30°C.
Thé solution was'cooled to 1°C befofe the addition of 5.0 g
(0.047 mol) of serine. The reaction mixture was allowea to
warm- to; room ﬁémperature. ;HE\~655 stirred fof 16 h.
Concentration of the reaction mixture ih vacuo in the
presence of toluqu, pfoduced 6.83 g of 2 as white grystals
(yield 92%).(mpf 126°C).

FT-IR (KBr disc) 3000 brp 1730 cm~l; NMR (D,0, 80 MHz) s
3.90 (s, 3H, CH30), 4.00 (m, 2H, CH,0), 4.25 (m, lHy CHN).

Preparation of Effméthoxycarbonyl)serine methyl ester (3).

A solution containing 1.00 .g  of " serine methyl ester

hydrochloride (2) (6.4 mmol) and 1.80 mL of triethylamine

(12.9 mmol) "in 125 mL of chlornfnrm was stirred at 5°C. A

solution containing 0.50 ml. of methyl chloroformate (6.5

mmol)  in 125 mL of chloroform was added_ovef a 30 minute

period and the resulting solution was stirred for 1 h. The

reaction mixture was washed with 20 mL of* 1 M aqueous

hydrochloric acid, 50 hL of agqueous séturated sodium

chloride, dried over sodium sulphate, filtered and
' . e

concentrated to give 0.82 g of ¥ ~= an o0il (yield 72%).

'

=4
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FT-IR (£ilm) 3500, 3400, 1820-1740 cm™l; NMR (CDClj, 80 MHz)
§ 3.72 (s, 3H, CH30CON), 3.80 (s, 3H, CH30,C), 4.02 (m, 2H,
CHp0), 4.32 (m, 1H, CHN), 6.2 (br, s, lH, NH). ,Exact mass

calculated for CgHyjN Og: 177.0637. -Found: 177.0637,

Preparation of N-((phenylmethoxy)carbonyl)serine hethyll;

ester (4).

A solution containing 1.55 9 of serine methyl ester
hydrochloride (2) (10.0 mmol) in 15 mL of 30% agueous
potassium hydrogen carbonate was cooled to 5°C. . A solution

containing 2.0 mL of benzyl chloroformate (14.0 mmol) in

15.0 mL of chloroform and 0.50 mL of pyridine (6.2 mmol) was 

added and the reaction mixture was stirred for 16 h.‘ The

aqueous layer was .separated and extracted with 90 mL of

ethyl acetate. The orgahié extracts were combined, driedf

over sodium sulphate, filtered and ' concentrated in vacuo -

giving 1.77 g of 4 as a yellow o0il (yield 70%). - s

FT-TR (film) 3600, 3400, 1740, 1720 cm~l; NMR_(CcDCl;, 80-

N\

MHz) 6 2.85 (br s, 1H, OH) 3.77 (s, 3H, CH30), 3.%0 (m, 2H, .

CH0}, 4.32 (m, 1H, CHN), 5.13 (s, 2H, ArCHp), 5.85 (br d, J
= 10 Hz, 1H, NH) 7.1-7.4 ‘(m, 5H, ArH). Exact mass
calculated for CjH sNOgi 253.0950. Found: 253.0950.

Preparation of E;(phenoxycarbohyi)Séane methYl'ester (5).

A solution COntaining 3.14 g of ’serine methyl ester

hydrochloride (2) (20.2 mmol) and 5.90 mL of triethylamine.

(42.3 mmol) in 100 mL of dichloromethane was cooled to

VL
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A

.

5°C. A solution.containing 2.4 mL of phenyl chloroformate,

e

(21.0 mmol) in 30 mL of dichloromethane was added dropwise
over a 30 minute period. The reaction miktcre was stirred
for a further  hour. Thc product was isolated by
chromatography on siiica gel (3 cm by 30 cm) using 10% éthyl
- ccetate" in hexane. Fractions containing product were
concentrated to produce 3.80 g of 5 as a colourless oil
Wthh crystallized below 5°C (yield 84%). - o
FT-IR (film) 3400, 1720 cm~l; NMR (CDCly, 100 MHz) & 3.79
(s, 3H, CH30), 4.0l (br s, 2H, CHy0), 4.49 (m, 1H, CHN),,
5.30 (s, 1H, OH) 6‘.03 (br d. 1H, NH), 7.0-—7:54 (m, 5H,”"
ArH). Exact méss Ca{cnlatéd for Cj1H;3NOg: 239.0794,
Found: 239.0789. “

ﬁIkeparatioébo;~4—(methoxycorbopyllfledoxazolid-2—one ().
‘A solution coataining¢ 3.66 g of ﬂr(phenoxycarbonyl)serine
methy] estertis) (15.3 mmol) and 4.30 mL of trlethy]amlne
(31. O mgpl) in ié0 ml. of dichlorométhane was refluxed for
8 h aﬁThg reaction mixture was concentrated in_ vacuo an? the

pheﬁﬁl .produced .was rem-ved by steam distillation. The

. 3 ) - , .
aquebus residue was extracted with 50 mI ~f othyl acetate.

c7

The %rqanic extract was dried cueyr andinem aulphate, filtered
and concentrated, to give ].0{ g 0f 1 me a yallow ~il fyi~1A
;45%). ”Analysic b?vn.m.r. indicared "% phepe! remained as an
impurity. This camponnd wam ban vnatlabhle . b purifiad

further,
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FT-IR (film) 1770, 1740 cm™l; NMR (CDC1l;, 80 MHz) & 3.82 (s,

Preparation of_§jchlqro-4—(methbkycarbonyl)—l,3-o£dzolid-2;

: ,_,/ P ; | 51
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3H, CH30), 4.4-4.7 (m, 3H, CHN, CH,0) -6.75 (br s, lH, NH).
, =N ) \

Exact .maég' calculated for 'C559N04: '.’145.0375. Found:
145.0374.

RS

any

I8

{7

one (8).

A suspension containing 76.6 mg of_9$% 4-}methoxféarbonyl)4'
1,3-oxazolid-2-one (1) (0.525 mmol ) and.C0.0 mg of sodium
bicarbonatea (D.744 mmol) in 10,0 mL of dichloromethane was
cooled tp 0°C and light was.éxcludéd. A 091 mL.aliquot of .
freshly prepared lt~butyl, hypochlofite was ~added and the_

reaction mixture was stirred for 18 h. The reaction mixtyre"

was filtered and was concentrated to produce 96.1 mg of 8 as

nv:wd light yéllow nil (yield >98%). Combound 8 was susceptible

to dc ompacition and no furthé?’attempt at purification was’
made . :“.

FT-IR (film) 1790, 1750 cm™l; NMR (cDCly, 80 MH7) & 3.80 (s,
IH, cgqﬁ), 4.2-4.8 (m, 3H, CHN, CH,0).

Preparation _of 471thqrgmgphx;)ng2-dimethji—l}3-dioxolane

{12).

(3

" soIation containing 90.0 g of 3-chloro-1,2-propanediol

(V1) (9, R4 me1), 160.5 g of 2,2—diﬁethoxypfopane (1.30 mol)
and 1.0 g of 4'~%othy1henzene sulphonate monoﬁydrate i5{3'
mmall din 600 ml, ~f henzene was refluxed with the removal of
t s wwhﬁannlmhenzene _aze - Yrope a; 56°C, After 20 h;. nol

t



furtherlazeotrope was obtained. The reaction mixture waé
washed with 50 mL of 5% aqueous sodium bicarbonate and 50 mL
of. aqugougn saturated sodium chloride. | The product was
obtained by fraztional distillation to give 106.2 g of 12
(Bp. 152-156°C) (yield 86%).

FT-IR (film) 1040, 780 cm'l;LNMR (CDC13; 80 MHz) 6 1.38 (s,
3H, CH3), 1.41 (s, 3H, CHj), 3.3-3.7 (m, 2H, CH,0), 3.8-4.4
(m, 3H, CH,Cl, CHO). Exact mass calculated for CgH11C1045:
. 150.,0448. Found: 150.0415. “ |

Preparation of 4—ﬁethylenef2,2—dimethyl—1f3—dioxolane (13).

The preparation ~f the title compound 13 was carried "out,
according to the procedure in the literature,73 by the
dehydrochlorination of 4—ch10romethy1—2,2—dimethyl~i,3—
dioxolane (12). A reaction time of 5 days was employed to
convert 120.0 g (0.797 mol) of 12 to 40.2 g of 13 (yield
45%), |

, /7
FT-TR (7ilm) 1066, 1372, 745 =m ), NMR (CDC1y, 80 MHM) &
1.45 (s. 6H, CHy' 3.81 (m, 1H, vi'vlji),‘ﬁ 27 Am, 1R,
viny‘:H‘, 1.40 (m, 9OH CH,0). Exact maes ":\*'\14'”]2'0(-1 fAry
CeH1002¢ 114.0A871 . Found: 114.0674.
Prepakation of 4:ar°lt9¥\':4_~ (acetoxymethyl)=-2,2-dimethy1-1,3-
dioxolane (14). |
The title cempornd 14 wae prepared as descrihed in the
1ir»rarur°,73 by rregtmenf “f d-methylene-2,2-dimethyl-1, 3~
diovoleane (13) with lead tetraacetate. Usigg this procedure

1.64 g (0.014 mal) of 13 g~'a 1 93 g of 14 (yield 75%).
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FT-IR (£ilh) 1734 .1067 cih'l NMR (CDC13, 80 MHz) 6 1.38 (s,‘_" |

3H, CH3), 1.41 (s, 3H, CH3), 2. os (s, 6H, c__3co). 4. 20 (d,_J_T'

10 Hz, 1H, CHO), 4.30 (d, J = 10 Hz, 1H, CHO), 4.63 (s,
2H, CH,0). Exact mass calculated for GIOH1606’-;232'0947°
Found: +232.0952. S 2

Pfepafation of l—aéeioxy33rnydrogy-2-p;opanoné‘(95.

The preparation of the ﬁitle ‘compéund was | acﬁié#éd as
described in the 11terature,73 by hydroly81s of 4-acetoxy -4-
(acetoxymethyl) -2, 2-d1methy1 i 3- dloxolane (14). 051ng thls
procedure 36.3 g (0.156.p91) of 14 gave 19.7 g of 9 (yield
96%). | |
FT-IR (film) 3450; ‘1740 cm‘}., NMR (CDC13, 80 MHz ) 6 2,12 (s,
3H, CH3CO), 3.22 «(br s, 1lH, OH),.4.27 (s, 2H, c_JOH), 4.71
(s, 2H, QEQOCO)J Exact mass calculated for  C5H804§¢‘
132,0423, Found: 132.9411.

Preparation of 4—(acetoxymethyl)—l,3-oxazdiin—2-one (10)

X . : %
A solution containing 1.73 mL ‘of freshly distilled

ks
"

chlofosulphonyl isocyanate (19.8 mmol) in 25 mL.;of
chloroform was stirred and cooied to -60°C. EA‘ solution*F
containing 1.31 g of l—acetoxy—3-hydtoxy-2-propanone (9)

(10.0 mmol) in 25 mi of dichloromethane was added to the
stirred soluﬁion' while the temperature was maintained 'gt ' 3
-60°C The reaction mixtﬁre was stirred fof.8 h at 760°C
durlng which time a white prec1p1tate formed. ‘ihe'éolvent‘

.
was removed in vacuo at room temperature before the addition

-
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of 60 mL of acetic ac1d (107 mmol ). Tﬁis Qas followed by
the'addqtlon of 5.1 g of sodium acetate (6.2 mmol) ia 5 mL
of water and the (solution. was stirred vigorously. The.
solution wagﬂheated at 125°C until a precipitate formed.
The ’reagtion mixture was filteted' and the filtrate was
neutralﬁzed;with'IO% aqueous potassium carbonate solution.
The aqerus solution was extracted Qith 1 L of chloroferm{
saturated with sedium ch&oride and extracted with 1 I-of
ethyl acetate. The organicvextracts were combined, dried
over sodium sulphate, and concentrat%d to' give 861 mg of
residue. The‘;;gau\t was obtalned’by %pfumn chroﬂS’ography
on silica gel (2 icm, by '25_ cm) using ethyl acetate.

iad

rFractlons contalnlng product were combined and concentrated
y1eld1ng 400 mg of 10 as a yellow semicrystalline solld
’(y1e1d725%). |
(10) .

FT-IR (film) 3400 br, 1740 1710 cm~l; NMR (CDCl;, 80 MHz) &
2.14 (s, 3H, CE3CO), 4.79 (4; J = 1 Hz, 2H, CH,0CO), 6.80
(br s, 1H, wvinyl-H), 8.00 (br s, 1H, NH). Exact mass
calculated for CgH9NO4: 157.0355. Found: 157.0375,

Preparation of 4-(acetoxymethyl)-1,3-oxazolin~2-one (10)

from reaction of 9 with sodium isocyanate.

A mixtugg of 1.60 g of sodium isocyanate (24.6 mmol) and 413
mg of l-acetoxy-3-hydroxy-2-prppanone (9) (3.13 mnmol)  in

10.% ml. of dichloromethane was stirred at 80 rpm and 10.0 mL
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of trifluorocacetic acid (130 mmol) was added,';After 48 h,

‘the reaction mixture was filteréd and the cbncentrated'in

vgéuo to yield 236 mg of the allothanoate 16 (yield 43%).

The residue was dissolvgd in»20.p mL of‘waterpanﬁ_extraéted
with 50 nL of dichloromethane. JThé solution wég dried over
sodium sulphate, filtered and concentrétea to yield 68 mg of
10 (yield 14%) with spectr&l and chrométggféphic properties

identical to those of X0 obtained by treatment of 9 with

chlorosulphonyl isocyanate.

For (16): IR (cast) 3400 br, 1740 br cm~l; NMR (CDClj, 80
MHz) & 7.21 (br s, 3H, NH), 5.05 (s, 2H, CH,), 4.80 (s, 2H,
CHy), 2.12 (s, 3H, CH3CO). |

Preparation of 2-(N-(phenoxycarbonyl)amino)propenoic acid

methyﬁ ester (19).

t

A solution containing 88.0 mg of N-{phenoxycarbonyl)serine
methyl ester (5) (0.368 mmol), 0.6 mL of dimethyl sulphoxide

(0.379 mmol), 0.226 g of N,N'-dicyclohexylcarbodiimide (1.09

mmol), 0.30 mL of pyridine (0.98 mmol) and 0.30 mL of‘

trifluoroacetic acid (3.89 mmol) was stirred for 32 h. The
reaction mixture was diluted with 10 mL of ethyl acetate,
filtered, dried over sodium sulphate, filtered | and
concentrated in vacuo. Column chromatbgraphy on silica gel
(1 cm by 10 cm) using ethyl acetate gave 76 mg of 19 as aﬁ

0il (yield 93%).

k]
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NMR (CDClj, 80 MHz) #7.0-7.25 (s, 6H, ArH, NH), 6.25 (br s,

2H, vinyl-H), 5.85 (br s, 1H, vinyl-H), 3.93 (s, 3H; CH3).

Preparation of_E;(phenylcarbonyl)glycine’ethyl ester (23).

A solution containing“,ll.a' nL Kb.lll moi)a-of beézoyl
chloride in"25 mL of dichloromethane was added to a stirfed“
solution 'coﬁtaining 14.64 g of glycine ethyl ester
hydroéhloride 20 (0.105 mol) And 29.2 mL of triethylamine
(0.209 .mol) in 190 mL of dichloromethane at 5°C oya&\an 80
min period. After 3 h, the solution was washed with 150 mL
of 5% aqueous sodium bic;rbonate, and with 125 mL of aqueous
saturated sodiuh. cﬁloridb, and was dried over sodium
sulbhate. Tﬁe soiutioh was filtered and solvent was removed
in vacuo to give 19,2‘gaqf 23.as a white crystalline product
(yield 848) (m.p. 56-57°C).

FT-IR (cast) 3340; 3000; 1750, 1640, 1530 cm™1; NMR (CDCly,, .
80 MHz) 6 7.80 (m, 2H, ArH), 7.47 (m, 3H, ArH), 7.00 (br s,
1H, NH), 4.25 (m, 4H, CH,N, CHCH3), 1.32 (t, J = 9.0 Hz,
3H, CH,oCH3 ). Exaét mass calculated for C11H13NO3:
207.0895. Found: 207.0895. Anal. Caled for Cy1H13NO3: €,
63.77; H, 6.75; N, 6.32. Found: C, 63.55; H, 6.26; N,
6.70. |

Preparation of N-(phthalimido)glycine methyl ester (24).

In analogy to the preparation of 25, 87.8 g of glycine

methyl ester hydrochloride was c¢onverted to 123 g of .24

A
(yield 94%) (mp. 112.5-113°C).




FT-IR (film) 3000, 1775, 1750, 1725 cm~l; NMR (CDClj, 80
MHz) & 3.76 (s, 3H, CH30,C), 4.50 (s, 2H, CH,N), 7.6-8.0 (m,
4H, ArH). Exact mass calculated for Cj;;HgNO4: . 219.0532,.

Found: 219.0530.

Preparation of N- (phtha,_l‘imido.) glycine phenylmethyl ester

s

(25).~
A s_,olution coptaining 20.0 g of glycine p'henylme’t'hyi ester
4“‘."'?{1{;éthylbenzene sulph;)nate (0.06 méles), an'd 1‘00_va~ of
‘toluene was . combined with 11.1 nL of triethylamine.. The
reaction mixture was stirred for 15 minutes be.-éb_re the
addition of 8.80 g of phthalic anhydride (d;oe'moiéé)i. The

action mixture was refluxed for 3 h with a‘z'e,OIt;rOpic

removal o

oled ¥o 5°C, and maintained ,-"at this

temperature (for 16 h. A criystalline mass (tri-ethylammdnium

4'-methylbenzype onate) was obtained which was removed

by filtration and waqhed with toluene. The filtrate was

conéentrated in_vacuo \a“t 50°C to yield a colourless oil.

This oil was stored for 12 h at 0°C yielding 21.4 g. 25 a.
. . o

crystalli‘ne solid. This product ‘was recrystaili‘zed from
ethahol/water to give 14.4 g of pﬁre white crystalline 25
(yield 80%) (mp. 105.5-106°C). '

FT-IR (film) 1770, 1735, 1720, 1420 cm~l; NMR (CD¢13, 40ﬁ0
MHz) 6 4.50 (s, 2H, CHN), 5.22 (s, 2H, CHy0), 7.40 (m, 5H,
Art),” 7.80 (m, 2H, ArH), 7.89 (m, 2H, AYH). Exact mass

.calculated for CjqHj3NO4: 295.0844. Found: 295.0851.



Preparation oflﬂf(trifluoroaqetquglycinehmethyl,esterm

(26).

-~

A solution - containing 50;0 gl of glyéine »meﬁhyl ester
Ahydrochloride (0.46 mol) (22), 100 ‘mL of trifludfoécetic
anhydride (0.70 mol) and 100 vaéﬁ dhiofoform was stirréd
for 1 h. The reaction mixture was concentrated in vacuo in
the presence‘of‘toluéne td'yisld 72.5 g of a yeilow oil.
This yellow oil was distilléd (0.1 mﬁ of Hg, 68°-70°C) to
yield 7Q.l g of 26 as a colourless liquid (yield 95%).

FT-IR (£#8m) 3300, 1760, 1720, 1170 em~1; R (CDCl3, 209
MHz) 6 7.26 (br s, 1H, NH), 4.15‘-(d,v J = 6.0 Hz, 2H, CHoNJ
3.80 (s, 3H, CHj). Exéct mass calculated for CgHgF3NO3:
185.0300. ‘'Found: 185.,0296. Rnal. Calcd fdr C5H6F3NO3=w c,
32.45; H, 3.27; N, 7.56. Foﬁnd: C, 31.56; H;‘ 3.40; N,

7.49.

L

’

Preparation of_Ejacetylglycine‘phenylmethyl ester (27).

. ) : \ -
A solution cOntafqing 90.8 g of glycine ph?nylmethyl.ester

4'-methylbenzenesulphonate (0.216 ~mol) aRd 70.0 mL of

.~

triethylamine (0.47 mol) in 300 mL of chloroform was cooled -

-

to 5°C. This was fo‘llowed by-‘the ‘addition of 30 mL of
acetyl chloride (0.42 mol) over a 1 h period. After one
hour, the reaction mixture was washed with 300 mL of aqueoué
5% sodium bicarbonate solution. The 6rganic layer was
separated and the aqueous layer was extracted with 300 mL of

chloroform. The combined organic extracts were dried over

2
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sodiuﬁ:eulphate'for 12 h. The Orgenic extreCt»was filtered,
concentrated and dlStllled (147 150°C, 2 mm of Hg) to g1ve a

yellow o0il which was contamlnated w1th trlethylammonlum

‘chloride, which was removed by dlssolv1ng the,ogl'ln 200 mL-

of dichloromkthane and washing with 100 mL of 5% équeous

sodium biqprbonate ‘solution.’ The organic layer was

separated, filtered, dried and conCentrated. _Tﬁe resulﬁing

0il was triturated with petroleumAetherfénd'dried for fourif

days to give 32.0 g of 27 as a'liéht yellow sol’ﬁi(yield
71%) (mp. 36-37°C).

-
’

FT-IR (f£ilm) 3300 br, 1750, 1660 cm™l; NMR (cpcly, 80 MHZ) 8

7.32 (m, 5H, ArH), 6.71 (br s, 1H, NH), 5 23 (s, 2H, Arc_z)

mass calculated for C11H13N03. 207.0895. Found: 207. 0900

Preparatlon of N- acetyl-N (phenylmethyl)glyc1ne ethyl ester

(28).

A solutlon contalnlng 11.0 mL of acetyl chloride {0.15 mol)
in 40 mL of dichloromethane was' added to a solutlon
containing>20 g of E;(phenjlmethyl)glycine ethyl ester (30)
(0.104 mol) and 15.0-mL of triethylamine (0.107 mol) in 100
mL -of dichloromethane at 5°C over a 30 minlpefiod.' The
solution7Qas warmed to'rqom‘tempe;eture end'stirred for 12
h. The reaction mixtufe was washed withh 400 ﬁL of :5%

aqueous sodium bicarbonate solution followed by éxtraction

of the aqueous layer with 100~ mL of ether. The organic_
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extract was dried over sodium sulphate, 'filtered and

' concentrated to produce 35 g of crude yellow product. Thia

was purlfled further by chromatography (3 gon a. 5 cm by 15
cm column) on flash 5111ca gel using ether. Fractions
contalnlhg product were concentrated to grqe 2.05 g of 28 as

/

a colourless s oil (yleld 84%), , {

FT-IR (£ilm) 2980, 1730, 2660 cm™l; NMR (CDCl3, 80 MHz) 5

7.2-7.4 (m, 5H, ArH), 4.05 (s, 2H, CHoN), 4,61 (s, 2H,
ArCHp), 4.1 (q, J = 7 Hz, 2H, CHpCH3), 2.21 (s, 3K, CH3CO),
S 1.32 (t, J ‘= 7 Hz, 3H, Qﬂ3); Exact mass calculated&for

7

Cy3H1qNO3: ~ 235.1208. Found: 235.1202. Anal. calca for
. v— - . . .

Cy3H1qNO3: C, 66.36; H, 7.28; N, 5.95. Found: C, .65.52;

\

H, 7.37; N, 5.87,

+

Preparation of Ejacetylfﬁf(phenylmethyl)glycine phenylmethyl

ester1(29).

¢

The title compound 29 was prepared in an analogous manner to

_the"preparation of _gfacetyljgj(phenylmethyl)glycine ethyl

ester (28).1 ,
FT-IR (film 3000, 1750, - 1655, 1180 cm~l; NMR (CDElz, 200
MHz) & 7.32 (m, 10H, ArH), 5.12 (s, 2H, ArCHp) 4.54 (s, 2H,

‘

ArCH,), 4.1, 3.9 (s, 2H, CH,N rotamers), 2.20, 2.08 (s, 3H,

CH3CO rotamers). Exact mass calculated for C)gHjgNO3:

297.1365. Found: 297.1373. Anal. Calcd for CygHjgNO3: C,
72.70; H, 6.44; N, 4.71. Found: C, 72.74; H, 6.41; N,

5.03.
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Preparation of_§f(phenylmephylfglyéine ethyl»ester'(30).

E;(Phenylmethylfglycine”ethyl'éster (30) was prepared in ah_'

analogous manner to 31 by éonvergion of 60.0 g (0,43 mol) of .

glycine ethyl ester hydrochloride to give 32.5 g of pure 30.

(yield 40%) after distillation (8 mm of Hg, 135-139°C).

FT-IR (f£ilm) 2920, 1750, 1660 cm™!; NMR (CDCly, 80 MHz) &

7.2=7.4 (m, SH, ArH), 4.21.(q, J = 7 Hz, 2H, CHy), 3.85 (B,="+"

2H, ArCH,), 3.35 (br s, 2H, CH,N), 2.20 (br s, 1H, NH), 1.82

P

C11H15NOp: 193.1103. ‘round: 193.1105.

(¢, J = 1 Hz,“3H, CH3); ‘fggact"mass qaléuiated "for

Preparation of E;(phenylmethyl)glycine'phenyihethyi‘esgér

;

(31).

A solution contaihiﬁg 32.0 g. of giycine phehylmefhjl ester
4*-methylbenzenesulphonate (0.10 . mol), 50 L of , dry
methanol, 25 mL of t'r‘iethylam»ine (0.18 mol) . and 10 ‘mL‘ of
freshly,diStilled peniﬁldéhyde (0.10 mol) was Stirfed for 55
minuteé. éoiution wasm'cohblete .after 10 minutes. The

reaction mixture was treated carefully with 7.5 g of -sodium

borohydri'de (0.2 mol), with the evolution of hydrogen gas

_and was stirred for 2.5 h. The reaction mixture was poured'

into 100 mL of a 5% aqueous sodium bicarbonate solution,

» . .

LY . . .
extracted with 250 mL of ethyl acetate, dried over sodium
sulphate and concentrated in_ vacuo to yield a cloudy'oil;

This Qil was dissolved in 1000 mL of dichlorométhane_and
—_— RN . ’ ‘ .

ether was added until, precipitation occurred. The solution

L4



was fiitered and coﬂcentléted\ ". &aCUO'Lgiviﬁg— 30. 2 'g éf
crude product. The product was purlfled by chro??tography
on flash 5111ca gel (1.6 g on 5 cm by 15 cm column) u31ng’r
10% ethyl acetate in dlchloromethane. Fractions ceptaining

product were concentrated in ‘vacuo to give 0.91 g 531 as a'
.light yellow oil (Yield 74%).

FT-IR ffilm) br 3300, 3000, 1740 cm-l; NMR (CDC13, 80 MHz) &

7.40 (m; 5H, A;g),’5}24 (s, 2H, ArC_z). 3.47 (s, 2H, c_2N),
3.79 (s, 2H, ArCH;N), 2.40 (br s, 1H, NH). Exact mass
calculated for C16H17N02: '255.1259. 'Fqund:_ 255.1265.

Preparationvof.ﬂj(phehylcarbonyl)—3foxoalanine éthyl ester -

(32)

A soluﬁion of sogium‘ethdxidej prepaféd by the édditiqn of
5.71 g of sodium (0.248 mol) to 120 mL, of dry ethanol at
room temperature §Ver 1.5 h, was combinéd with 20,0 mL of
éthyl formate (0.262 mol) and was stirred for 1 h. A
solution contéining lQ.? g of N-(phenylcarbonyl)glycine
ethyl ester (23) (0.0914 mol) in 100 mL of ethanol was added
and the reaction mixture was‘stirred for 56\h. The solution
was concentrated. in vacuo in the presence of 100 ml. of
benzene. The resulting solid was addéd to 400 mL of iqe
water confaining 25 mL of aquéous 12 N hydrochloric acid and
260 mL of chloroform. The organic layer was separated and
the aqueous layer extracted with 450 mL d# c%léroform. The

combined organic extracts were washed with 20 mL of aqueous

- | St | $
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saturated sodium chloride and dried for 1 h over sodium-

sulphate. - The solution was filtered and concentrated in

vacuo to yield 12,g;.of’crude‘product'which was'shoﬁﬁibygf

‘n.m.r.. to contain two major prbducts; 32: and ethyi
benzoate. Compouhd'32>was obtained by chromatography?of 11
g of m;térial‘on flésh'silica.gel (5 cm‘by 15 cm) using 5%
rethyl acetate in toluene. Fractions contéining pfpduct!were,
- rechromatdgraphéd,A combined and’ concentrated in vacuo to
give 1,65 g of 32 aé a.célourless oil (yield 14%5. Cohpound
32 wasifqund to bé unstéble deéomposin§ to ethy; benzoate
and unidentified prbduc;s within 12 h. | |
FT-TR (£ilm) 3300, 1730 cm™l; NMR (CDCl3, 80 MHz) & 1.30 (t,
J = 7.5 Hz, 3H; CH3), 4.12 (q, J = 7.5 Hz, 2H, CHp), 7.3 (m,
4H, ArH, vinyl-H), 7.1‘7» (m, 2H, ArH), 8.41 (br, s, 1H, NH),
12,1 (d,'Jb= 14,0 Hz, 1H, Qﬂj.

3

AfPreparation’of N-(phthalimido)-3-oxoalanine methyl ester

33).

A solution containing 47.03 g of N-(phthalimido)glycine
methyl ester (24) (0:22 moles) in 250 mL of.metﬁyd foightg
(4.00 mol) (driéd'over phosphorus pentoxide) was cooled to
5°C to-giQe a white stpehsion. Then, over a 1 h period,

1‘,220 mL of a 1 M solution bf‘potassium»ijbutoxide (prepared
by. dissolving

tetrahydrofuran)_in tetrahydrofuran were added. The yellow
3 ‘ _

-

mixture was kept at 5°C for 36 h. Ihe reaction mixture was

\

freshly  sublimed potassium t-butoxide in

N

°

T
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queqc@ed at 0°C by the addition of 10 mL of glaciai écétic
acid 6178 mmol) in'250’mL(of'dry benzené.’ After 30 min, the
feactioﬁ mixture was added 'gb 250 mL. of 0.5 M‘ agueous
hydrochloric acid and extracted with 4 L of benzene. The
combined benzene extracts Qere‘ conééntrated‘ in. _vacuo to
yielé 41.0 g cﬁ 33 white fluérescent compouﬁd (yield 77%)
(mp.’ 140-142°C).. | SRR
FT-IR (film{ 1790, 1720, 1680, 1640, 1410, 3200 cﬁ“l; NMR
(CDCly, 200 MHz) 6 3.81 (s, 3H, CH30;C), 7.32 (br s, 1H,
vinyl-H), 7.5-8.0 (m, 4H, ArH), 11.5.(br, 4, J = 15.0 Wz,
14, OH). Exact méss calculated for Cj,HgNOg: 1 247.0481.
Found: - 247.0478. Anal. Calcd‘for Cy,HgNOg: c, 58.30: H,
3.6% N, 5.67. Found: C, 58.24; H, 3.71; N, 5.55.

£ _
Preparation of E;(phthalimido)—3—oxoalanine phenylmethyl

ester (34).

' The synthesis'of 34 was done uéing the procedure described
for the corresponding methyl ester 33 with the replaceﬁont
of methyl formate by benzyl Eormaép to give 26.1 g of 4 as
a yellow crys;alliné' product from 30.0 g (0.101 mal) of
starting‘ materéal» 25 f(yielda 80%) (mp. 136.5-13R"C) _FT~IR
(£ilm) 1790, 1720 em™l: NMP (CPC13, 200 MHz) & 5.20 (s, 1H),
5.38 (s, 28B), 7.2-7.4 (m, W), 7,85-7.95 (m, 2%). Exact
mass calculated for CjygHjaNfg: 323.0794. Found: 323.0794.
Anal. Calecd for O gHy3NQOg: C! fA.BT7: W, 4,05, W, 4,33

Found: €, 67.09: W, 4.,27: N, 4.,27. \
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Preparation ofvﬁj(t:ifluoroacetyl)-3ﬁoxoalahine methyl ester

(35). -

A solution conﬁaiging&'ﬂeoilmL of . i,l,l,3,3,3-hexamethylf
disilazane (3% mmol) i6 dry ;é;rahydrnfuran was cgooled to
-30°C. The'émidé base Qés"pfgéared by the;addition of 22.0
mL of 0.77 M n-butyl lithiﬁnl?in hexane over a 30 lninute‘
period. The solutieén wés stifrédjfor 1 h. After cooling
. the solution to —78;C, a soluti@n'coﬁté}hing 1.5% g.ofjﬂ;
(triflunrnacetyl)glycine methyl ester.(26) (8.2 mmol) “in 250
ml. of dry tetrahydrofuran'wae added over a 20 min period and
the résultinq solutinn was stirred for 1 h. A solution
containing 2.0 mL of mpéhyl formate (32 mmnl) was added ove£
“a 25 m}ﬁ/period,-to form a white precipitate. The solution
was w;rméd to ~30°C and was maintained within 10°C of this
température for SNh, before it was maintained ~at 5°C fof 12.
h. rThe solution was cooled to -65°C and 5 mL of glacial
acetic acid (87 mmol) in 15 mlL of tetriﬁydrﬂfuran were
added. A white precipitate formed4 as the reaction mixture
was stirred for 20 minutes. Th~ solution was poured into 80
mL of 1 N aquemus hydrochloric acid and was extracted with
300 »I. of chlar~form, The‘solntidn was Aried over sodium
qulph;te, filtered and concentrated in vacuo in théaﬁ?gsence
of toluene to give 1.62 g of cguﬂe .35. Because of its
instability, no attempt was made to isolate pure 35;

hnwever, analysis by n.m.r, indicated the presence of 35.

-
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s

v ™ .
This crude product . was difectly alkylated to form the

cbrresponding‘enol ether 36.

Preparation of Egi-(g:acetyiamino)f3~methoxypropenoic acid

L~

pheqylmethyl ester (38).

A solution of lithium cyclohexylisopropylamide’ was prepared

-7

by the dropwise addition ofv50.0 mL of 1.2 M n-butyl lithiUm
in hexgne (60.0 mmol) to 10.0 mL of Eydsopropylfﬁjcyclo—
hexylamine'(%BQO mmol ) %n 1560 mL of dry tetrahydrofuran at
-78°C, The resulting solution was stirred for 1 h at ﬁhié3
temperature, before. the addition of 8.6 g of TMEDA (74.0
mmol ). : A"solﬁtion _contaih{ﬁg 2.0 g of _ﬁ;acetylglycine
ﬁhenylmethyl ester (27) (9.6 mmol)' in 10 mL of
tetribydrof;ran- was added drdpwiée over a 20 min period.
The reécbion mixture was stirred'forl40 min to,fdém a deep
orange 'solution. 'Thé anion was then quenoﬁedmfby the
aadition of 20 mL of methyi formate (325 mmol) to give a
yellow solution. A solution containing 10 mL of glaéial
acetic acid (175 mmol) in 30 mL of tetrahydrofuran was added
- after 45 min and was 'stirr;d for a furﬁher- 15 miny The
reaction mixture was poured into 140 mL ~f 1 N aqﬁeous
hydrochlorjc acid and extracted with 300 mL of chloroform.
The organic extract was dried over sgdium sulphat?, f#{teégdv
:and concentrated in vacuo to give 2.51 g of crudeapfogugt as

an orange oil. This material was dissolved in ether,

filtered and treated with excess diazomethane solution in



the presence of 0.05 mL of 50% agqueous hydtofluoroborib""

acid. After st1rr1ng far 1 h, the solutlon was concentrated

in vacuo. | The dedired prodfct ~ was separated by

‘chromatography on flash Sflica gei.(2 cm by 15 cm) uSlng 10%
ether in dichloromethane. Ffactions coﬁtain&hg”prOSuct w;?é

concentrated in vacuo to give 160 mg of 38 as a cdloufléss

oil'(yield 14%). | |
FT-IR (£ilm) 3300, 2900, 1740, 1710, 1250, 1120 cm~l; NMR

(CDCl3, 200 MHz) & 7.38 (m, SH,HArE), 7.35 (s, 1H, vinylfﬂjlr
6.75 (s, 1H, NH), 5.20 (s, 2H, Arqgéj, 3,81 (s, 3H, pg3oi,

2.10 (s, 3H, CH3CO). Exa&t mass calculated for Cy4H15NO4:

249.1001. Found: 249.1005. Anai. Calcd for CiaHysNOg:  C

62.64; H, 6.07; N, 5.62. Found: C, 62.61; H, 6.12; N,
5.32. | | |

Preparation of E;acetylfﬁj(phenglmethylt—3—oxoalanine ethyl

L)

- ester (39).

s ©

A solution éontaining 2.28 g '(9.70 mmol) of’_ﬂfacetyifgj“’
‘.(pgﬁpylmethyl)glyc1ne ethyl.ester (28) in 12.0 mL (148.mmol)
of ethyl formate was cooled to 5°C. Over a perfod of>1 h,
14.0 mL (10.8 mmol) of O. 77 M potasélum t- butoxide in
tetrahydrofuran were_added tQ form @ orange solution. The
feaction mixture was stirreq for 48-h-wi€ﬁ the evolﬁtion'of
carbon monoxide.' The reaction was guenched syfthe adaitioﬁ
of a solution of 1.0 mL of acetic acid in 9 mL of.beﬁzene.
“ v AR

A- white precipitate was formed. -After the reaction mixture

a
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\
was spirﬁed‘fot 5 min, it wasopouréd into 50.0 mL of l.M
i équeous hydfochiorié aeid. fﬁe solution was_extfacted with
200 mL of ’ethyl acetate, dried over sodium. sulphate_ and
concentrated iﬁ vacuo With.toluene to give 3.1 g of crude
préduct. N.m.r. analysis showed that the s;arting,maéerial
had undergone 30% cdnversiqn*to'p;oduct} The cru?e froduct
waé 5ubjeCted“M£p' the initial réaction qénditions ‘for an
addiﬁioh&f'Zé'h. This' step was fepeafed)3 times to gise

A

conversion to 80% of 39. Work up 'gégé -2.21 g of crude
product. Thg ,product was - isolated by chromatogrgpﬁyi on
-silica gel (500 mg on a 3 cm by 30 cm column)_using.ethyl
aceééte. Fractions containing product were concentrated to
produce 394 mg of 39 as a colourless oil (68% yield) which
was_crystaliized by dissolving in a minimum amount of ether
at 5°6'(mp. 94-96°C). Compound 39 e#ists as an enol-keto
tautomer. Integral Qalues’are given in the n.m.r. relative
to the acetyl peak.

FT-IR (film) 3000, 1710, 1400, 1220 cm‘l;.NMR (CDC13,0200
MHz) 6 1,20 (t, 2.2H), 1.30 (t, 0.8H), 2.02 (s, 3H, CH3CO),
4.0—4.3/(m, 2ﬁ); 4.75 (m, 1.5H), 5.25 (d(kJ“ = 10.0 Hz,
0.4H), 6.85 (s, 0.2H), 7.2-7.4 (m, 5.2H), 7.75 (m, O0.8H),
11.3 - (br ‘s;kll,ZH). Exact mass calculated for C14H17NOg:
263.1157. Found: 263.1155, Aﬁal.;Célcd for Cy4H}7NO4: C,-

63.87; H, 6.51; N, 5.32. Found: C, 63.25; H, 6.56; N

r
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Preparatlon of Z- 2 (N-phthallmldo) 3-methoxypropen01c acid

methyl ester (41) and 1ts E’ 1soner (44).

A solutlon conta1n1ng 5.0 g (20 mmol) of N (phthallmldoL-3-
oxoalanlne 'methyl ester (35),v 0.5 mL ;of ;1%7-aqueous
hydrofluoroborlc acid and 300 mL of ether wasivcooled to
0°c. The reactlon m1xture was treated with- a solutlon of
dlazometh in ether until ,a( clear yellow colour

persisted. It was then warmed to r00m temperature and was

stirred .,

J"haa' The mlxture Was' flltered “and . was’
ed to yleld 5 1l g of a yellow. SOlld. 1’% products

were separated by chromatOQraphy on 5111ca gel (5 cm by 45 -

”cm) using 32% ethyl acetate in chloroform followed by .

gradient - ‘elution to 160% ethyl acetate.‘ . FractlonS'
containing each ~product were concentrated in vacuo- to g1ve
4.91 g of 41 (yield 95%) and 150 .mg of 44 (yleld 0 6%)

For 44: (mp. 185- -190°C) : N

- FT-IR (film) 1780, 1760, 1720, 1675, 1650 cm~1; NMR (coc13,

200 MHz) & 3.71 (s, 3H, CH30,C),. 4.02 (s, 3H, c_30), 6.82

(s, 1H, vinyl-H), 7.75 (m,.2H, ArH), 7.90 (m, 2H, ArH).

Exact: mass calculated for C13H11NOs:  261.0637. © Found:

1261.0634. Anal. Calcd for Cy3H)YNOs: €, 59.77; H, 4.24; N,

. 3.36. Found: C, 59.64; H, 4.33; N, 5.44.

For 41: (mp. 140-142°C)

FT-IR (film) 1790, 1721, 1650 cm™!; NMR (CDC13, 200 MHZ) &

3.62 (S, 3H, C_H_30)' 3-78 (S' 3H, CHJOZC)" 7.5"’-8.9 (m, 6H

.

\
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. phenyl methyl kster (42).

,\\;/,.,

70

ArH, ‘vinyl-l-l_)Q Exact fss calculated for C.13H_11N05:
| 261.0637. Found: 261.0632. Anal. Calcd. for Cj3H};NOs:

C, 59.77; H, 4.24; |, 5.36. Found: C, 59.70; H, 4.21; N,

5.26.. e

Preparat ion of '}_?_42'-.‘(1‘1_"-phthalimido) 43-—méthokypropeh,oic acid

o

s

A solution containing 1.02 g (3.15 mmol) of 34 was converted

‘to 42 by treatment with diazomethane in ether in analogy to

the 'prepa\ra‘tion of 41, After chromatography, 0.93 g of 42
was obtained (yield 87%) (mp. 116-117°C).

FT-IR (£ilm) 1790, 1760, 1720, 1650 cm~l; NMR (CDCly, 200

MHz), '3.89 (s, 3H, CH30), 5.21 (s, 2H, ArCHp), 7.32 (m, 5H,

{

‘ArH), 7.71 (m, 3H, ArH, vinyl-H), 7.87 (m, 2H, ArH)., Exact

mass calcu]_af_ed . for. CQHSN'O.S: 337.0950, F?Uﬂd: 337..-09‘53.

Anal. ‘Calcd for CgHgNOg: . C, " 67.65; H, 4.48; N, 4.15.

Found: C, 67.58; H, 4.50; N, 4.11.

Preparation of ZjZ—(ﬁ:phthalimido)43-methoxypropenoic'acid

(49).

A solutio%- 'cohtaining 1.48 g (4.39 mmo1l ) of

2:24(§fphthalimido)-3—methoxypropénoic- acid phenyimetﬁyl

eSter (42) in 15 mL of chlbroform was added to a suspension
contaiﬁing 20 mg' of 5% palladium on carbon.in 20 mL of

methanol which had been prehydrogenated at 1 atmosphere of

"hydrogen for 40 min. The resulting suspension was stirred

~under an aﬁmosphere of hydrogen for 4 days. The sqution

L
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o . . . X _._»va‘.

was- flltered through Cellte and was concentrated in. vacuo

produc1ng 1.01 g of 49 as a wh1te crystalllne solld (yleldr

v

FT-IR (cast) 4000-2900, #¥790, 1760, 1670, 1640 em™l; muR-

. ‘ . . ’ _
(cocis, 20q MHZ)KG 3.89 (s, 3a, c_30), 7.70 (m, 2H, ArH),
7.79(sy 1H, vin 1-H), 7, 35 (m, "2H, ArH). éi,et mass

1 . v,\ '
»/247.0475.

cal_“*ated for C12H§N05- 247.0481.  Found:,

Found: C, 58.29; H, 3.68; N, 5,50,
| : | N '
Preparation of ZhZ—{N—trifluop6acetyl)a;}ho—3—methoky"

-propen01c ac1d methyl ester (36).

A solution conta1n1ng 1. 60 g of crude 35 in 50 mL of ether‘r‘

was flltered and was cooled to 10°C. After the addlthn-ofi‘

0.02 mL aqueous 50% hYdrof1u0roboric acid, a 30 mL solutibn

.-

,of d1azomethane in ether was added over a 2 hour period with

the format1on of a new spot on tlc at Rf = 0.8 (EtOAc). The

solvent was removed in_vacuo and the re51due chromatographed'

upon- flash s111ca gel (15 cm - by 3 cm) us1ng 8% ethyl ‘acetate -

in hexane. Fgactlons conta1n1ng product were concentrated
in  vacuo glvxng 252 mg 'of. pure 36 f (yleld 14%)
Additionalf

L

ester (26) were obtalned. R o

FT-IR
(CDél3:

, 600 - mg of iN (trlfluoroacetyl)gly01ne methyl"

film) 3300, 1730, 1660, 1530, 1260, 1160 .cm~l; NMR

400 MHz) § 7.32 (br s, lH, NH), 7.42 (s, 1H, vinyl-

-



H), '3.95 (s, 3H, CH3CO), 3.78 (s, 3H, CH30). Exact mass
calculated for CHgF 3NOy ~ 227.0405.  Found:  227.0400.
Anal. Calcd for CyHgF3NO4: '~ C, 37.01; H, 3.55; N, 6.18.

r

Found. C, 36 83; u, 3.53; N, 6.20.

Preparat1on of Z- 2 (N-acetyl-N (phenylmethyl)amlno 3-methoxy

propen01c ethyl ester (43).

A solution contalnlng 300 mg of N-acetyl-N—(phenylmethyl) 3~
'loxoalanine ethyl ester 39 (1. 08 mmol) and - ~0.05 mL of 50%
hydrofluoroborlc acid in 100 mL of ether was tltrated w1th a
:sq};tlon oﬁ diazomethane in ether in 10 mL portlons., After
addition .of 110 mL ef“diaiomethane solﬁtien; the conversion
tbhéfoduct was complete.  The reaction mixture was stiffed
for 1 h, ceneegtrated in vach;'end-flash thomatoérabﬂv _ ‘
of the residue on silica gélﬂ(z cm by 15 cm) using 6%>ethef
in * dichlorometHKane. 3 Fractiens containing proﬁuct' were
concentrated in yacuo o produce 30L 'mg ‘of 43 'as} a !
tolouriess;oil.(yield 98%)% | | . | .,'

" FT-IR +(film) 2900, 1710, 1660, 1260'cm‘1;tNMk (55c13, 200
MHz) 6 7:25 (m, 6H, ArH, vinyl-H), 4.91 (d, J = 15 Hz, 1H,
ArCH), 4.35 (d, J = 15 Hz, 1, Arci), -4.13 (q, J = 7.5 hz, -
2H, CH,CH3), 3.72 (s, 3H, cg3b), 2.05 (s, 3H, CH3CO), 1.25

B P
(t, J = 7.5.Hz, 3H, CH3CHp). Exact mass calculated for
c15H19N04E ;277.1314.. "Found: 277 1315 Anal Calcd for
Ci5H19N642° C, 64.97; H, 6.91; N, 5.05. Found:- 'C, 64.77;
H, 7.02; N, 5,43, | |
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Preparatlon of z 2 (N-phthalimldo)am1no-3-acetoxypropen01c

_ e R
acid methyl ester (45) and its E isomer (46) o .,gv"l, >

A solut1€n conta1n1ng 1, 32 g of N-(phthallmldo) 3—oxoa1an1ne
methyl-ester (33) (5.3 mmol), 0. 60 g of allyl acetate (0 60
mmol) and 128 mg of- 4'—methylbenzenesulphonlc ac1d in 100 mL - :
of benzene was refluxed with the removal of acetone for‘
1 h.  The solutlon ‘was washed - with 25 mL of 5% aqueous
saturated sodlum b1carbonate and drled over H sodlunv
Sulphate. Concentratlon in ‘'vacuo gave 1,50 g of 45 and 46
as a colourless 011.. The n.m.r. ana1y51s on thlS compound
showed it to be a 60:40 mixture of E/2Z isomers. |
NMR (CDC13. 80 MHz ) 6 2.26_(5._3H, E:iSomer), 2.70:(s,;3ﬁ,
2z-isomer), 3.75 (s, 3H, 2-isomer), 3.80 (s, 3H, E;isomer);
7.7-8.0 (m, O9H, ArH, Ejisomer-vinyl—H), 8.65;.(s,v’1H,

Z-isomer-vinyl-H).

Preparation of Z-2~(N-phthalimido)-3-acetoxypropenoic -

ac1d methzl ester (45) uslégvacetyl chloride.

A solutlon containlng 1. 55 g of 2- (N phthallmldo) 3—‘

- -~

oxoalanind methyl ester (33) (6.3 mmol) 1.0"mL ot~

trlethylamlne (7 0 nmol) ‘; 100 mL of chloroform was cooled _"
‘to 0°C. To thls cooled 801ut1on, 0.50 mL of acetyl chlorldef
(7 0 mmol) was added dropwise over a 30 m1n perlod to form a .
yellow—brown prec1p1tate‘ #fter an add1t1ona1 30 m1n, the
mixture was washed with 100 ‘mL ofr 5% aqueous sodLuml

bicarbonate solution, drled over sodlum sulphate, fxltered .

N ) w



and coneentrated' g."vacuo to g1ve a 11ght yellow 011.“
ﬁ.m;r. analysis showed thxs to contaln only the crud€‘z-A
isomer 45. Chromatograpﬁ on §111ca gel (2«cm ‘by. 30 cm)
usihg ethyl acetate gave_l.ﬁz g of 45 as a eo}odrless.oiit
(yield 89%), | ‘

FTIR (£i1m) 3000, 1720 cm™l; NMR (cocly, 80 MHz). & 2.22 (s,
3H, CH3CO), 3.71. (s, 3H, Q_302C), 7.4-8.0 (m, 4n, ArH), 8. 62
(s, 1H,. V1nyIf§). ‘Exact mass calculated for. Cj4H)NOg:

"289.0586.A Found. 289.0582,

Preparation of 2-2-(N-phthalimido)-3-acetoxypropenoic aciad-

‘phenylmethyl ester (47).

Using the procedure described. for thé methyl¢compound 45,
0.81 g of 2- (N- phthallmlqd—B-oxoalanlne phenylmethyl ester
(34) (2.5 mmol) was converted to 0.79 g of 47 (y;eld 86%).

FT-IR (£ilm) 3000, 1725 cm~l; NMR (CDCl3, 80 MHz) sxz.zs (s,
" 3H, C§3CQ);:5.35 (sr 2H, CHoAr), 7.35 (i, SH, Arﬁ):;7ik-8;l
(m, 4H, ‘ArH), 8.70 (s, 1H, vinyl-H). Exdct mass calculated

for CygHysNOg: 365.0899. Found 365.0899.

Preparation of zfz-%gyjhthalimido)-3fac§toxypropéhoiC'acid

(51)L
A suspen51on contalnlng 0. 71 g of the phenylmethyl ester 47 .
(2. 0 mmol) and 70 mg- of 5% palladium on charcoal in 50 mL of
ethyl acetate was stirred in the presence of hydrogen gas at’

atmOSpherlc pressure. After 4 h, the reaction mixture was

conCentrated to g1ve 0.52 g of pure 51 (yleld 98%) (mb; 139—
140°c). B
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L

FT-IR (cagt) 13100 br, 1710, 1740 om “1;, NMR (00013, 400 ) Miz)
s 2. @1 (s, 3H, CH3CO); 7.80 (m, 28, ArH), 7.94 (m, 28, ArH),

8. 74 v(s; _lH,«_vlnyI -H). 'Unable to obtaln M+ peak using
o T 7’ .
“‘electron impact or chemical Ionlzatlon. o
; ?
Reductlons of N—phtha11m1do dehydroserxne derlvatlves.

Preparatlon of 48 and 50 from 2-2- (thhthallm1do) 3-methoxy

propeno1c acid (51).

'

All reactions were carrled out .on a ratu: d' 1.0 mmol of’“
~either 50 or 51 as a SMbstrate ;o-20~mL of methanol. A
weight of catalyst 58 of that of the substrate was

employedﬂ ' Work up employed 81mple filtrationsd through

'Celite. ngh f1eld (200 MHz or *MHz)in.m.r. analysideas
. Theiq$GUCtions on 51 -

were worked up’ by flltratlon and concentratlon to glve a'

used to determlne the product rati

crude o1l._LThe ac1d5'fo;med from,this peactlon were trea;ed i
with dlazomeéhahe:for conversion to their uethyl esters‘and.
were separated by -cﬁromatogrephy; ’ ﬁsind -thisi procedure
‘feduction with Rh on C“gave 53%.of 48, end reducﬁion wftﬁ Rﬁﬁ

on C gave 40% of 48 and 25% of 50 (see Table 2).
]

B T MU D A UL

'Eor : 2 (1 3- d;oxooctahydro-Z 1501ndol 2-yl) 3—methoxy‘_o-

pen01c acid methyl ester: (48)

2

FT-IR (film) 2940, 1785, 1720 1655 cm™l; NMR (coc13, 200

MHz) & 1.49 -(m, 4H), 1.83 (m, 1), 1.95 (m, 2H), 3.72 (s,

‘ B 3 . " . . , ‘ :‘



-

TABLE

2

Reductions of .protect‘ed phthalimido derivatives

Catalyst

6Ti3f

Compo‘gnd " Pressure ' Resqlt;
No.. (Days) '
» 3 ' .
a1 (P3P )3RhC1 4 1 atm no rxn
41 - Rh on Al,0, 7 45 psi 48
a1 v PdonC | 4 1 atm. no rxn
49 P4 on‘C | 4 1 atm no rxn
49 Pt(52 4 45 psi no m;n
49° Rh on C 4 45 psi /48
49 Rh on Al303 4 45 psi 48 + 50
49 (P )thC..l 4 1 a(;m no: rxn .
49 > RaNi ‘ 4 1 atm no rxn*
’ i )
All .thae above react;.ions were carried out in m)thanol u/sing

similar mole Ci)ncentrations.\k

esults from J.G. Hill.

[

v
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34), 3.89 (s, 3H), 7.50 (s, 1H). Exact mass calculated for

¢

C13H17NOs:  267.1107.. Found: 267.1108. Anal, Caled for

/" . e .
"’ 6.25; N, 4.79.

~

oA

For - 2{(l,3—dioxooctahydfo—2ﬂ-isdind61-2—yl)-3-methox&pr07

panoic acid methyl ester: (50) N

FT-IR (f£ilm) 2940, 2840, 1750, 1710 cm~l; NMR (CDClj, 200
MHz) & 1.45 (m, 4a,~cu),‘?lso (m, 4H), 2.89 (m, 2H),;3,35?
(s, 3H), 3.77 (s, 34), 3.91 (m, 1H), 4.08 (m, 1H, CHO), 5.00 "
(m, 1H). Exact mass calculated for 613H19ﬁ05: 269.1263.
Found: 2691275, | |

- Preparation of

€

E;(trifluoroacetyl)ﬁg;methylserihe methyl

ester LSZ).

o A'suqunsidﬁ of 20 mg of 5% rhodium on carbon in 6 mL of
eiher Qas'stirred_ynder aﬁ atmosphere of*hydrogen gas, for
16 .h. A solution containing 40 mg’ g;[g:(trif1uofg;

"acetyl)aminol]-3-methoxypropenoic acid mathyl ester (36)
(0.17 mmol) and 0.005 mL of triethylamine! (0.03 mmol) in 4
mL of ether was added. " The ;egction’mixturé was.stirred for
3.5 h under an atmosphére pf_ hydrigen gas, filtered and
concentrated in vaéuo to giYe 3é'mg of 52 as a 6010urles§
0il (yie;d 958), . | | . B

,  FT-IR (cast) 3300, 1750, 1720, 1550, 1260, 1220 cm~l; NHRy

(CDC1a, 200 MHz) & 7.45 '(m, 1H, NH), 4.78 (m, 1H), 3.81" (s,
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4.0, 10.0 w4z, lH),' Exact mass Ealoblated for,C7HlesNO4:
229.0562,  Found:  229.0561. | Anal. Calcd for CyH)gF3NO4:
C, 36.69; H, 6.11; N, 4.40. Found: C, 36.90; H, 6.08; N,
4. 40. | |

Preparation of a racemic mixture of (2R,38)- and (2S,3R)-

[2,3—2H2]fgf(trifldotoacetyl)ﬁgjmetHYISerine méthyl

ester (54).

In an analogous manner to thé preparation of 57, 200 mg
(0.88 mmoi) of 2-(§;trifluoroacet§l)amino-3-methoxypropenoic
écid methyl ester. (36) was\catalyticélly hydrogénated using
deuteyiunv gas (99.5% pufity) .to yield 185 mg of 54 as (a
colougless oil (Yield 93%), ' o

FI-IR (cast) 3200, 1750 cm™1; NMR (-éDé13, 200 MHz) & 3.83
(br s, 1H, CHD), 3.81 (s, 3H,:c5360),‘3,32 (s, 3H, CH30),
7;04 (br s, 1H,‘N§). _Exact mass qalcdiated.for C7§8D2F$NO4:
231.0685. ' Found: 231.0669.

Préﬁaration of_§;acétylﬁgjmethylserine (S6l;

23 L , :
A solution containing 10 -mg of 5% palladium on charcoal in

10 mk of cethyl acefate was . stirred ‘far «1 h under an

atmosphere QEKHQnggen. A -solution containing 20 mg of 2-
,\ . N .

(N-acetylamino)-3-methaxypropenoic acid phenylmethyl ester

(38) (0.091 mmQl) in 4 mL of ethyl acetate was added. After

béing stirred for 3 h under an athosphere of hydrogen the

v

_ester 38 had been completely hydrogenoiised (tlc: Rf = 0.4

(EtOAc)). The reaction mixture was filtered through celite



.and concentrated and adaed lto_‘,a' su,sfpeneion of 5 mg of 5%

rhodium on Carbono,l 5 mL of ethér an'd""S“”mL; :of'_"‘v"ethyi
ecetate. The reactien mixture wes stirred ﬁdr 1 ./5 h '\..in.‘de’r' :
-an .atmosph:re_ *of --ﬁydroge_n flltered th?‘oug'hl cel;ite.» and
c“oneentra_ted in . vacuo to. give 12 mg of 56_as a white

FT-IR (cast) 3320, 2900, br 1730, 1640, 1580, 1120 cm~l; NMR

G

(CDCly, 400 MHz) & 6.82 (d, J = 8.0 Hz, 1H, NH), 4.75 (m,
14, CHN), 3.85 (dd, J = 9.0, 3.0 Hz, 1H, CHOCH3), 3.65 (dd,

J = 9.0, 4.0 Hz, 1A, cuoca3), 3.43 (s, 3H, CH3OCH,), 2.1 (s,

LY

3H, C_—;CO) Exact mass calculated . for C5H11N0-4. )

>

161.0688. 1Found¢.~"«

&61,0657 Anal. Caled for~c6ﬁlino4a ;C,e'
~8.70. Found: + C, 45.10, H, 6.‘_38; Ni{
L -~ o

Preparation of a racemic mixture of’ (2R,3S)- and (2S,3R) -

{2.3—2H2];N-_ﬁetyl-O—methy'Iserin-e 57 from 38. " A

-

‘The preparat10n of 57 was ca\rrled out in’ ‘an fnalogous manner
as for‘ 56, under an, atmosphere of deuterlui!P gas. - This
procedure gave ‘ 29 mg (0.,_15~ }nmol)_'vof 57 from 18- mg of- 36
(yield 97%). | T _
E‘T—-IR (cast) 3320, 2900 br, 1730, &0 1580, 1120 érp*%ﬁ; NMR
(D20, 400 MHz) § 3.85 (br S, 1'H, CHDOCH3), 3.43 (s, '3H‘,‘
Cl?.OC“H); 2.1 (s, .3H, C§3C0). | Exact mass calculated for

CgHgDNO4: 163.0811. Found: 163.0755.
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Preparation of a racemic mixture of (2R,38)- énd (2s8,3R) -

[2,3—2H2]jﬁfacetylfgfmethylserine ethyl ester (58).

A solution containing 700 mg ogta 60:40 mixture of 43 and 28

was subjected to\pata]vtic deuteration in 110 mL of ethyl

acetate and 100 mg of 5% palladium on carbon for 2 days.
’ o O

N.m.r. onglysis showed 20% conversion to product had

S ncruy ad The nil was resubje~ted to deuteration conditions
i

using S0 mt. of ethyl aretate, 0.1 mL of acetic ‘acid and- 100
mg of A1)V dium catalyst . The reaction mixture was stirred
fay 24 W, R~mnaval of arlvent gave 440 mg an inseparable

mivture of %R and N-acetylglycine ethyl ester was obtained
(yield RA%). N m.r. analysis showed complete conversion of
ctarting m-oterial to product had  been a~hieved without

elimingticnn »r racemisaztion
8

MR (Ch(la' 200 MH7) & 7.74 (m. YH, NH), 4.15 (2H, CH,CH3),
3.76 (Y <, 1H. CHDPUWN), 3.34 (-, 3H, QHBOT;P). 2.02 (s, 3H,
~ )

LIS R | ' (v THLTHS ) Fyart ma e mlated o

Tl Nty T, 1240 FoneAds 191.1124,
Vranaration ~f (2R,38)~ and (2§,3§‘“[2'7“2”2]fp“

(tri'lunnroace yl)serina (61).

Thi v v e prop v e in an identical mrnner to 59 from

A
~J
v

Vo ter o ahtrired from 75 mg ~f 6] (yielAd

’,]‘i"’ velatiyve v+ MH r.w‘ua]_ Yy one



ET-IR (film) 3100 br, 1750 cm™1; NMR (cbc13, 400 MHz) 7.24

(s, 1H, NH), 4.82 (m, 0.1 H, CHN), 4.21 (br s, 0.88 H, CHD),

4.06 (0.12H, CHD) .2.62 (br s, 1H, OH). 'Exact mass

calculated for CgHyD,F3NO3: 187.0423. Found: 187.042]

[2{5:;;;]fﬁjacetylfgfméthylserine from (58).

. — e ————————————

A éBiution containing 100 mg of a 60:40 mixture of &8 and
N—acetylglycinc_ethyi est~r in I mL of tokr;CyFrofuran, was
cooled to 5°C. A 6.30 m aliquot of 0.095 M a;upojs lithium
hydroxide solution w;9 added and the reoaction mixture
stirred at 5°C f~r 24. h. The praoduct wags jenlated ag the
lTithium salt h? removal of t+he tetrahydrofuran in vacuo.
followed hy lyophilizatinn nf the .aé;nmm!-‘, snlutinn * v civye
82 mo ~f a 60:40 —ixture of 57 #r ¢ M- cecetylglyrine URCR I B
08%) . Coampernd BT he e S P Ly ey T
preparad from 38,

Preparati~n of (25,333 [?,3-7H2i-95m~thy]qerin¢ (62) hy

enzymatic resolurij n ~F (G APYan B T R L N

mrthy Iserine (57l~

A0 mg N 3 (AN BANEERTR RV B £ S7 v S~ ]‘\' LU e ey
by v 21y req g b Wy kT ey -0 ~ ! v e Ve LRI I K
[N : .
Titemy o) ooy ! Teotat gy o Vi z ra ) "Q(’I\ ‘ oo \

"‘”Iv i oy Py ooy oy ¢ o) . ¥ N oy N . v ! ’ o
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v 4 *u
NMR (Dy0,. 400 MHz) 3.%0 (br s, 1H, cHDOH), 3.49 (s, 3H,

OCH3) . - - 4

é¢ Preparation of unlabelled DL-serine (64).

A solution contéining 1.0 g of O-methylserine (63)_,(8.4
mmoi) in 20 wmL of dichloromethane was stirred- fogv 5
mjinutes. A 30 mL aliquot of 1 M boron tribromide (30.0
mmol) in dichlorémothane was added dropwise to the reaction:%z
mixture and was stirred for 3 days. ’ The reaction was
quehched by the aé;ition of 50 mL of water, and a vigourous
evolution of'gés (presumably HBr) Qés obsérvéd. This  two
phase system was stirred for 30 min. The phases were
separated, and the organic layer was washed with a further'
50 »m1 of waqu. The aqueous phase was concentrated and

applied to an ion-exchange column containing AG50-X8(H™")

resin (1 cm by 20 cm) in the proton form,. After washing the

anloeme iy h 300 ml, water, the product was eluted wit? 150 mL
nf 0.4 1" pyridinium  acetata. The fractions containing
nredus ey e ly-philiend, nentralized  and crystallized
lglwm) ' rroduce 0 RS g of 4 ase a3 golid (yvislAa ©°7%) with
apactral py pertisa ident i~al to T‘T,.‘-gerinp,

n ce VYat yer Ceb iy 4. 1) 3 of serine yngfhyi ogter

hy v~ T 2 B P L N G LR T2 IR Mot Af ~hloroform and 4.0
1

. : ‘ N ‘0T ' yymel) wa~ refluxed for

[ Coov oy "j"’\ ..,]‘VD.,..—\ (R
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concentrated in vacuo{td_givq a colourleés'oil containing

Eiggbis-(trifluoroacetyl)éefing methyl ester (65). Compound
65 was dissolved in water and extracted with 400 mL of ethyl
acetate. The organic layer was dried over sodium sulphate,

filtered and concentrated to give 5.33 g  of 66 as, a

colourless oil (yield 80%).
For Eigfbis(triEIUOroaéetyl)serine methyl ester (65):«

. . ‘ s . T \v
FT-TR (film) 3400, 1760 cm™!; NMR (CDCl3, .80 -MHz) & 7.40

(br, s, 1H, NH), 4.91 (m, 1H, CHN), 4.75 (m, 2H, CH,0), 3.81
(s, 3H, CH30). N ‘ J | '
For E;(trifluoroacetyl)serihe metﬁyl esteé%(GG):

FT-IR (film) 3}00 br, 1750, 1720 cm'l; NMR (Cébl3, BO-Mﬁz) 8

7.70 (br s, 1lH, NH), 4.82 (m, 1lH, CHN), 4.05 (dd, J = 1l1l.5,

4.0 Wz, 1H, CHOCH3) 4.30, (br s, 1H, OH), 4.21 {(dd, J =

11.5, 3.5 Hz, .1lH, CHOCH3) . Exact mass calculated for

CeHgFaNO4: 215.0405. Found: 215.0402. *

Preparation of N-(trifluorocacetyl)-O-methylserine methyl

o ———

ester (52) from 66. b

h “nny
A solvtien cantaining 5.23 g of N (tviflucroacetyl)serine
mothyl e-*re- (R6) (24.3 mmol) ip 200 F\f ehlnrofaorm wae

»

~ombineAd o 1 1.80 3 of ailver ovide (84,7 mma!'), The
roactirn f1 ek v e merled yith a yphher ~apntum anpd 10 mlL of
[ERA EETUTEL R Yol e 1Y were added, The anlJution was &t irrc.id

fgov ot e feem o Vigl g an precipitota. Wfehe 71 b

gy - E T ! e ' i R
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contained only 40% product. This oil was combined with 1.61 ™.
g of silver oxide (69.4 mmol), 200 mL of chloroform and ‘10,0

] AN :
mL of io?omethane (161, mmol). After 23 h, the solution was

Afi;tered}‘ concentrated and decolourized with  charcoal to

yield 5.6.g of pure 52 as a colourless oil (yield >99%),
- which possessed identical properties to those of 52 obtained

“from 36. " .

Preparation of O-methyl-serine (63).

A solution containing 5.60 g of N-(trifluoroacetyl)-0-

methylserine methyl ester (52) (24.4 mmol), 60 ‘mL of

tegrahydrofuran and 60.0 mL of 0.95 M aquéo;s ;lithiuh
hy;roxide (57.0 mmol) 'was stirred Hforf;ZI'daysﬁ at room
tempgrature: The solution was concentrated in vacuo at 50°C
in the presence of toLpeﬁe to Yield a semi;olia. 'Thié'was
dissolved in a minimum ahownt of-waterhand ﬁi;céd onn av15
cm by 5 cm AgSO—Xé(”') ‘ion éxchange column (prepared by

€

eluting with 1 M“HCI, water, 1 M NaOH, waﬁer, ] M HCl and
f : -

water with pH eqrilibration at each stage). The product was
.élnted from the Hodumn using 0.40 M pyridinium acetate.
Fractions(/'contaiﬁing product v(ﬁ}nhydrin active) . were
lyophfiiseg, neutralized. and cryéta}ifzéd (EtOH-H,0) te
yield ¢.50 gmof.(63) as a crystalline sdlid Tyield >99%).

%‘T-IP (cast) 2980 br, 15720, 1410 cm™ L, NMR. (P00, 200 MHz) 6
4.0 (v, 7 - 3.8 Hr, ¥H, CHN), 3.9} (m; 2H, CH,0), 3.52 (s,

L
,K

3, CH40).
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Preparatiom of N-acetyl-O-methylserine (56). Lo .
A solution containing 121 mg of Qjmethyrserfne (63) (1.92

mmor), 2.0 mL of water and 2.0 mL of acetic anhydride (21
ﬁmoi) was stirred for 2 h. Heat wasvzéolved duging the
ffrsg 30 minutes of the reaction. Eheugéactign mixture was
cooled to 5°C .for 15 h. The gélveqt was rghoved by
lyophilisation to give 155 mg of (36) as a yellow
crystalline product (yiqld 95%) = which had identical
pfoperﬁies to 56 obtained from 38. “

'FT-IR (cast) 3320, 2900”br, (730, 1640, 1580, 1120 cm™}; NMR
(bzb, 400 MHz§ 5 6.82 (d, J - 8.0 Hz. 1H, Ng): 4.75 (m, 1H,
CHN),. 3.85 (Ad, J = 9.0, 3.0 W= 14, PHQCHSY,?3,65 (dd, J =
a.0, ¢4." Mz, 1H, CHOCHY, 3.43 (s, 3H, CH30CHy ), 251 (s, 3H,
CH3C0) . Fxact mass calculated for C6H11§o4: \w161,06883
Found: 161.0693. o o

. N ‘t
i . K

Preparation of N-acetyl serine phenylmethyl éstgr (67).
P = g > phony meshy. ester 20

A solution containing 1.00 g »f N aretyleerine (6.8 mmol),
1.12 mI ~f triethylamine (8,0 mmol) and 0 81 ml, (6.8 mmol)
~f 1-(bromowathy 1t nzene was rafluxed for S h. ANftar & h,

an adAdit i ﬂlsn" Vor 00wl af 1 (hramamethy Y Yhanzene (R, 4 mmel)

-

Aand 1,00 ml o f Fyiet hylamine (7.2 vwmol) vere added, Thie
procags wae repeated aft - a further ¥ h Aftar a total
reflinay tim: of 24 h, W rpactios mivtnre was roncent rated

PN
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flltratlon through a sﬁllca gel pad kz cm by 1 cmi The

f1ftrate was coﬁcentrated in, the presence of toluene in
4

vacuo to a yellow oil. 'The re51due was dissolved in 200 mL
—_——

of ethyl acetate and a layer of 100 mL of hexane was placed

P

on the surface of the solutlon and cooled at 5°C for 15 h to

produce

W

long wh1te crystals, The crystal§ were f1ltered,
Qashed with hexane and dried 1n vacuum to give 0,77 g of
pure 67 (yield 45%) (mp. 69-70°C).
FT-IR (filmy 3300 br, 1745, 1650 cm'l; NMR (cbCly, 460 MHz)
§ 6.52 (br 4, J = 7.0 Hz, 1H, NH), 7.4 (m, SH, ArH), 5.25
(s, "2, cgécd), 4.85 (A4, Jpy = 7.0, 3.7 Hz, 1k, CHN), 4.05
(dd, 9 - 3.2, 10.5 Wz, 1H, CHOH), 3.96 (dd, J = 4.0, 10.5
Hz, [1H, CHOH), 2.62 (br s, 14, OH), 2.12 (s, 3H, CHzcO).
FExact mass ‘calerulated for C12H1gNO, 237.1001, Found:
237.1004.  Anal. Calcd for Cy,H gNO4: C, 60.75; H, 6.37; N,
5.907° Found: cC, 60.54; H, 6.31; N, 5.88.; )
Preparatioh of:E;acetyljg—methyl—serine‘phenyloethyl ester
(68) . o

A st ion containing " 30 g of N-acetylaerine phenylmethy)
ester (67) (1,26 mmal), 0.40 g of silver oxide (1.73 mmol)
and 0 ml. ~f dichloromethane was sealed from the atmosphere
with a Ivu"'f"‘ emptrum, The reaction mivtyre was stirred and
0.1 mI  f }ndwmorhano (V.6 mmol) wae added ﬂvia syringe.
Nver » twe -day pergﬂ”, four aligunts of iodomethane vere

Sl ad (DR T o WY The yoaart {ion mivtyuyre waea Filtored »nA
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concentrated to an oil, - Only 15% conversion to product was
"observed. The oil was recombined with 2.g of silver oxide
(8.65 mmol), 1.50 mL of jodomethane (24.0 mmol) and 2 mL of

’

., . ,
DMF. After a further 2 h, an additional 0.20 mL. of

rs
S

jodomethane ‘(2.5 mmol) were added. After 30 nin, the
reaction mixture wasﬁﬁiltered‘And concentrated in vacuo.

The desired‘proéﬁct was obtained by chromatography on
flash silica 'gel (2 cm by 15 - cm) using ether as eluant.
Fractions containing product were concentrated to give 160
mg of 68 as white crystale (yield 50%) (mp. 60-61°C).

FT-TP (£11m) 3300, 1740, 1660, 1200 em™l; NMR (CPC1,, 200
MHz) 6§ 6.51 (br 4, J = 8.0 Hz, 1H, NH), 5.30 (4, J - 12.0
Hz, 1W, ArCH), 5.20 (d, 7 = 12.0 Hz, 14, ArcH). 4.8 (m, Ty

N .

= 8.0, 3.7 Hz, 14, CHMY, ¥ 85 (4, 1 - 4.0, 10O Hz, 1H,

CHO(‘H3), 3.F2 (A4, 8, 1 N0 e 1, CHOCHL)), 3,30 (=,
N\

3H, CHyOCH,'. 2.9V (- W, CH, “yxa ot omece ooz e dated foy

L]QH17N”4? 201 Ve LENERTYS I (?v-:]"|q' Aread SN

Aty Ne e CL T e e s o

H, 6,78: N, S A5,

Preparation »f N-acety] O-re!'hy’ =e2vine (5€) from 68 .

A enlutimn cantainiag L' e ot Nopeet V(0 el Yee ine
pheny 'mot! ) ratay (69) too BN LU 100 ™y iy oY
r\;;] Vv EERY har~onal arnved ! ml. v ot i‘\ M Aaret:te R Xal

striry 24 . Yes v oAt 'vg;phavv f LI Y [ 1 v"j':n sy The
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‘concentrated in vacuo fo give 70 mg 56 as a white
crystailine product {(yield 75%) (mp. 109-109.5°C). The
product .-was identical to 56 prepared by acetylation of o-

methylserine 63.

Preparation of E;(trifluordéqgtyl)-serine (59) from
DL-serine. |

Over a 15 minute period, 1.725 g of E,ﬁjﬂf,gf-tetfaj
methylguanidine {15.0 mmol) was addeq dropwise to a solution
at 5°C cohtain;ng 1.05 g of DL-serine (10.0 mmol) in 6.41 g
of methyl trifluorbacetate (50.0 mmol). After 1 h,
concentrated hydfoéhloric acid was added dropwise until the
reac*i;n mixture became acidic. The solution was diluted

with 20 ml. of water and the aqueous phase was, extracted with

SO0 ml. ~f athyl acetate, The organic extracts were
combined,  dried  over magnesium sulphate, filtered and
concentrated  in_ vacuo. The product was 1isolated by

v

“hyamatagraphy on silica gel (35 eom by 3 c¢m) using 20%

0

neetic acid in erhyl  3cetate  as  eluant. Fractions
containing  preduct  were  concentrated in_ vacuo in  the
rresen o of tolaene to give 1.93 g of 59 as a céTBUfi;ss oil
(yield O05%)

F' TR (fi1m) 2100 br, 1750. 1720 cm '; NMR (CDCly, 200 MHz)
f1 7T by s, IHW, OW) 7,24 (s, 1H, NH), 4.82 (m, 1M, CHN),
4.07 (44 3 - 11,5, 4 0 Hz, 1H, CHOCH3), 4.21 (44, J = 11.5,
.5z, WML, CHOCES,)Y  2.12° (br s, 1B, OH). Exact massg

ThNab e oy CoWoT GNO, - JRS.0249.  Found: 185, 02€)
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Preparation'cf.ﬁj(trifonroacéEyl)serihe (59) from 52. o

A solution containing 96.2 mg of _gj(tflfluorOACetyl)fgj
methylserine methyl ester (52) (0:42 mmol) in 8 mL of dry

dichloromethane was cooled to 3°C, A 0.8 mL aliquot of 1M

boro ‘'ibromide in dichloromethane was added and the
, . .
as stlrred at 5°C for 1.5 h. %he .reaction was
quenched by the addltlon of 5 mL of aqueouslsaturated sodlum
chloride and 30 mL of ethyl acetate. The orga ic.layer was
separated and the aqueous layer washed with'30 L of ethyl
“acetate. The organic extracts were combined and dried over
sodium sulphate. The organie extrart was filtered and was
~oncentrated to give 55 mg of crude product which was
purified by chromatography on flash silica gel (1 cm by 15

cm) asing 30% methanol and 0.25% acetic acid in ether.

. s 2 .
Fractions confaining product were concen'yated to give A0 mg

of 59 as a light yellow ®il (yield =2%) —hich had identical
properties to 59 obtained from DL =serine. N emall amount (°
mg) of y'(friflunroacetfl)dehydroa]nn’no (RO) v~ P Vb Y

For N-(tvifluoroacetyl)dehydrnalarire (60):
FT-TR (film) 3200, 1715 cm'l; NMR (0D ], 200 Mu=)Y 12 0 (hy
<, 1M, OH), 8.51 (s, 1H, NH), 6.3 (kv <. TH, vins1 H), 6.9°

(hr s, 17 wviawy) ®H), Exact mase caloplated (o CoHg' N7y

]Q'\ ’Wl't AT |u]'0‘3?
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Preparation ofJgf(trifluoroace;yl)alagihe me:hyl‘estqgf(53)

— 0

ar

from alanine methyl ester“hydrochloride.

-—

A solution congaining 502 mg. of a}gnine methyl esﬁer
hydrochloride (2.52 ﬁﬁol)n in 25;0 mL of trifluofdaéetic_
anhydride (177 mmol).was~refluxéd for 1.5 h."Aﬁter removal
of the sol#entnin vacdo, 710 mg of 77 was obtained aé a
‘colourless oil (yield 99%). | |

"FT-IR (£ilm) 3320 br, 1750, 1720, 1160 cm~}; NMR (CDCly, 80
MHz) & 7.20 (br s, 1H, NH), 4.6 (br q, J = s.d Hz, 1H, cji_-ik_r), °
3.82 (s, 3H, CH30,C), 1.51 (d, J = 8.0 Hz, 3H, cggqn).
Exact mass calculated for CgHgF3NO3:  199.0456. . Fo@nd:

&

199,0469.
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EXPERIMENTAL
&
Data Collectfon
A clear crystal of OgNCygH;s was mounted in a

non-;petific orientation on aQ'EnraF—Nonius CAD4 automated
diffractometer. All intensity measurements were performed
using Mo K« radiation () = 0.71073 A) with a graphite crys-

tal, incident beam monochromator

The auto&géic peak search and reFlecfion indexing pro-
grams 1 ;n'conJunction with a cell reduction pfogram showed
the crystal to be monoclinic end from the systematic ab-
sences of"

hOl, - h+) odd.

OkO. k odd

the tcpare grovp was determined to hr 'O v san alternntbiioar

ertting of P2, '~ (No 14 %

\.
Cell conrtant~s were nh’a"%d:fvom A least spuares re -
finement of the «2tting angles of 18 veflectinmneg in the
vange 12 <287 27" 'he srinne cryst=) prramelers arc gi-~n

in Table 1

101



The intensity data were collec%ed at room temperature
using an w-26 'scan ranging in s;eed from 6.7 ta 1.1 dég/min
(in omé?a). The variable scan rate was chosep to give
o(I)/1 £ 0.02 wﬁthin a time limit of 75 s in order to achi-
eve improved cobnting statistics for both intense and weak
réFlections in ; minimuﬁ time. The scan range'and aperture
width were determined as a function of ® to compensate for
the o, "3 wavelength dispersion:

nmega scan width(deh) =.o.75 + 0 35tan(9)
apertbue Qidth(mm) = 2 00 + 0.50tan(6)

3

Backgrounds for the peaks were measured by extending

S .
the scan 25% on either side of the calculated range to give

a peak to background counting time of 2:1. Intensity meas-—

urements were made out to a maximum 20 of 50. 00 deg. There
were'a reflections which were chosen as standard reflections
and these were Temeasvured every 60 min of exposure time to

kheck on crystal and electronic stability over the course of

data collection. The maximum, minimum and mean change in
A\

intengity of these ctardards over the cource of data collec-
Fimn was 4 4 0 1. and 0O 2 %, respectively

Naty Redurtion

-

A total of 051 reflections were tollected and these

/
wera o' rected for laret-. polavization and barkg'~vnd ef-

102



. _ 103
fects according to the following formulae: '

1 = SR(SC-R#B)7 Lp

o2 (1)={ SR(SC+RZB) + (pI)2}/ LpZ2

where Sﬁ ;slthe scan rate, SC is the total scan count. R s
the ra;io of scan timr to,background tfme,‘B is the total
backgfound ctount, p is a Facfor to down weight intense re-
Flections (chosen as 0. 040 in this expefiment) and Lp is the
.Lorentz and polérizat;on correction ferm. After ve jecting
anq—sgstematicallq absent and symmetry equivalent data there

were 2936 uninue reflertiong which weve ysed for the stryc—

ture enlution and refinement

i
Structure Snrlution and Pelfinement 3

The structure was splved using the direct methods pro
gram MULTAN 4 which gave the po-itipna) parameters for all

‘the non-H atnams

RFefirement nof atoms - parameters was carried put by
veivg  full o oaateo v T " rquares techniques an Fo minimiring

the funetien

Fw(!Fr' 'Feln”

[

where !Fn! and !'Fc' ave ‘he rhgerved and calculated struc--



104
ture factor amplitudes respectIVQlu. and the we. ghtzng fac~ :

tor w is given by - \\\\ " i

w=4Fo02/02(Fo02)
The neutral atom scattering factors were calculated from the
analytical expression for the scattering factor curves §.
The £/ and £" components of anomalous dispersion & were infj'

~luded in the calculations for all non—hydrogen atoms.

The contributione to the structure factors from the
fifteen H atome were inrluded in the calculations with these
atome fived at their <calculated positions. assuming' an A'/
L »
“ideal’ neometry ( Csp? or Csp3 hgbridization. the

non-methyl ‘s having C=H '=0. 95 A and the methyl H atoms

having 'C-H ~1.05 A ) and fixed isotrepic thermal parameters

rf 5 0 A%
\
In the fina) rycle 131 parameters ‘ere refined wusing
1003 observatinngs havineg T 2 2 0w ' 1) The finnd agroemeﬁt
o \ '
(r-%ov'- ey

Ry = T iFe!-lFct /T !Fn!l = 0O 054, ond

R, =(Xwl!Fo!~iIFc!)7/TwFp2)08= 0O 04L&

n

T"r Ya-pect shift in any pavamrtery was 0.02 times'its weti--
\
{
- S
\

f



mateq standard deviation and the error in an observation of

unit weight was 2.06 e.  The highest peak in the final

difference Fourier was 0. 28(5) eA-3. An analysis of R, in
N , _

terms of Fo, A-1sin®, and varirvs combinations of Mi*)1r- &r.

dices showed no vunusual trendr
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The diffractometer programs . are those suppfied by
Enraf-Nonius for operating the CAD4Ff@i¢Fractometer. N

"International Tables for X-Ray Crgstallograéhy". Kynoch
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Table of Evperimental Details

A Crystal Data

DegNCyoHy g

Fu - 337,30

-

Monorlinic sprce grour F7y on

Gt () - 24 715 (1Y c v T

A = 10

- 1&70 7 - A
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o Table of Experimental Details )
B. Intensity Measurements
& o v , e
Radiation’ Mo Ka (X = 0.71023 A)
Monochromator: . lncidentvbeam; graphite crystal
Take~off angle: 2. 45 deg
Detertor apervture: 2. 00 + 0.50tan(6) mm horizontal:
.\429 mm v;rﬁical
Crystal-to-detertor digténce: 205 mm
Scan type’ w;éev
Gcan rate: 6.7 — 1.1 deg/min
Sran width' 0.75 + O.35tan(§) deg
Data collertion 26 limit 50. 00 deg
Pellertione measured: 2936 uniqué. 1003 ;ith 1> 3 00(I)

®

ro. : Vinng apr]iﬂd None
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Atom 1 Atom 2 Atom 3 Atom 4  .Angle
C(9)  C(10)  0(3)r  C(11) =-174.4 - |
C(10) C(9)  C(1R) 0(4)  =-163.2
c(7) N C(9) - C(10) -108.7
cs) N C(9) C(10) 77. 9
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PART 2.
THE STUDY OF RTOSYNTHESIS USING STARLE TSQTOPE

Ce NMR TECHNIQUES
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< INTRGDUCTION

Metabolism prqoduces a wide variety of ﬁaturai
products. The biochemical origin of these haterials angnthe
Wﬁééhéﬁiéhsw}byq whiéh:~they’:are':tfansformed”.afé;'ﬁﬁé"ﬁéﬂdfim
objectives of biosynthetic study.! .Primary metébélitesware.,
natugal products_ ubiquitous in nature whereas éeéondary
metaholites are compounds found to occur in only a limited
number of organisms,? Seéondaryvmetabolites can‘be.dividedﬂ
into several groups on the basis of ;heir biological
origin. Pdlyketides and fatty acids are derived froh
acetyl =CHA" métabolxsm by related :pathways.. R tfiﬁw'li %

Lynen and Cornforth showed that fatty acids are
produced by the contlnuous 11nkage of a two-carbon unit from
_aceryl— CoA.3} : Fatty ac1d b}osynthe51s .occﬁrsu;pnh the,
.>mu1tisuhunit enzyme cééplek, fatty  acid\’syngigtase (egn..
.i), Inipially,gacety;~CoAmis;qaerxy1a£§amﬁywbapponAdiéxidé. L
to form. maldny1~CoA, a .thioegter‘ anion equivalent,’ which
condenses with. a two carbon fragment derived from another
unit of acetyl-CoA with the loss of carbon dioxide to form a
g-ketobutyryl thioester. The original “acetate"™ units from
aceryl CoA are thereby finkedA in a head to tail manner.
The 8~kef6 éroup.ié reduced to the R hydroxy der1vat1ve.

Syn-elimination of wafer occurs followed by Mlchael addition

~f a hydrid~ from NADPH t~ the unsaturated system. The
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produét is an enzyme-bound saturated thioester.;_The cyéie
of reactions 1is repeated with the continuous addition of
"acetate" units by further condensation of malonyl—CbA ontd
the growing chain. Commonly seQen or eight "acetate" units
=%r0m malonyl1-CoA are attached to the starter unit kderivéd
divectly from acetyl CoA) before the fatﬁy acid (Cyg or Cyg)
is released from the enzyme complex, v " -
T the 1950’'s Rirch expanded the hypothesi; of Collie
(1893) and proposed that ponlyketides are formed by a‘p;ocess
analogous to that for fatty acids.?r® Failure of complete
reduction before the next two carbon fragment is addgd can
reault in inéﬁrpmv»bion ~F carbonylﬁihydroxyl or dnuble bond
functianality intn 'the growing chain. The fnncfionalizea_
~hajr can then r1eact further, Little direct e&idonce for
fnvﬂ intermediat o wae present since these species are
;nvywn bagnd  and 'rpuairnr§.7 A consequence of the Birch-
Colli~ hypnthegig j= that the navhmn»nxyuén hb~nds of aretate

wonla e ey Yed to he dncorpor ated Adjvectly inte the final

et aheli va, The incvy yati 0 ~fF carb-n and oxygen labels
A e Oy oearn RIS N R SRR R nedd hr= heen
v, retrat ad (agn. 2). 71

Thic Yhae!  syyeeenta reenlts which demonstratre the use
af Mg e ey AT O3 v1tde evidene fnr the Tjr-h”

Viognr o 0 SLEE vrobleme,
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Oxygen-18 'has ‘a nuclear spin of-_zero' and cannot be
“bbééfyed di;ectly by n.m.r. However, Qxygén-lB iéétopic
_substitution has tne6x4oun® to ~cause, an upfield shift -in’
thewléc—n,m.r. §ignals8 of directly attached carbon atoms in

w
agreement wiih*‘theqrgticél predictions.9 An oxygen-18
igktone shift has been detected with other nudIéi;lo but the
small .size of this carbon-oxygen shift (0.01 to 0.06 ppm)
meant ‘that i+ was unohservahle until the developmeﬁt of high
fielA n.m.r. spectrometers. This isotope shift provides an
easy non-degradative method for determining the location and

'

extant of ovygen lahel in complex oxygenated. compounds.ll_

Tt "4 mathnad has heern used in metabolic and mechanistic
. S .
"ee!? and as a sStructural probe.13

in"e the acetal strunture is found in many natural

, . I3
gneh ar afllar.! n\14 and averuflnl'“, (eqn. 3)
PRI AVERIFIN
(egn. 3)
th: affe vt of altiple ~vygen R aeybserituticon on the isntope
R R L ot at oy ot ame vas e amined,
i . . . 1.2 yeye - opr=2rved by small s~ale

' v - S neapananpe A
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cyclohexanone.F6 The required dilabelled ethylene glycol
. ” Q

(4) was prepared by exchange of oxalic acid with [IBO]

waterl? followed by reduction of the dried acid with

I S S oy -

diborane.18 Monolahelledvefhylene

glycol (5) was obtained
by acidic hydrolysis of ethylene oxide in the presence of
oxygen—-18 water,lg‘ The monolabelled 1,3-propanediol (6) was

generated by the displacement of J=hromo-3-hydroxy-propane

with oxygen-18 1labelled gndinm aroratae, 20 Hydr nlyeis
3y
yielded the diol. 2"
N6 e\ s T,
®0 o) 0O o 0 0o
H H H H RH H —-
N, P .
( \l ‘A r ] e » "B aber
80 o e 0
. N
CeHra " [/’ 1
5" 4
/. \ n()[ \O o / \ o
® s b4 &
n\_.- © S O‘\/
“AHia " [ 1 J ‘a9 “a'lg
/A A —
® d w ! \ e PY / L)
O N
: ~ 2 13 o A
. ‘.\./ \‘-'"
CgHiq” Y Y ‘ Cata ‘g0
" ( IR !



. The isotope shifts were measured by observation of 13¢

signals at 100 MHz. These results are listed in Table 1.

TABLE 1. ISOTOPE SHIFTS OF OXYGEN-18 LABELLED ACETALS

G
fgotope Shiftb
ppm x 100

Compound No. c(2) C(4) c(5) C(6)
(la) 2.1 - - 2,0
(1b) 2.6 - - 2.2
(2a) 2.3 0.8 2.0 -
(2b) 2.8 o 2.3 -
(2¢) 2.7 0.6 2.1 -
(3a) 4.6 2.8 .C -
{3b) 5.6 2.9 c -
(3r) 5.5 2.8 c -

e — = s . et — —— —_———

"Shifts are * 0.1 (ppm x 100). ball shifts are upfield.
“¢(4) and C(5) are identical bhecause of symmetry. Ratios

were canfirmed by mass spectroscopy.
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- The results indicate that replacement of a hydrogen by
an alkyl group at the acetal carbon causes an 1ncrease in

-the magnabude-oﬁ the 1sotope»sh1ft~ﬁoThls has been therved

a

with alcohols and esters,Sir8d,8h

Risley and Van Etten have shown that for ortho-
carbonates -and orthoesters. sequential. replacement .of ,1607.
atoms by 180-atoms causes the isotope shift to increase in

an additive manner (i.e. an orthoester containing two 18g-

atoms and one 16g-atom will show an isotope shift at the
central carbon that, is twice as large as the ,similar
orthoester containing one 18p-atom and two 16O-atoms).8d
‘The preeent study shows that this additivity is also seen in
acetals. The shifts at C(2) of the dilabelled acetal
compounds (3a-c) eie twice the 1isotope shifts that are
observed in the monolabelled compounds (2a-c) (Fig.ul).

13C160160

1
3C1Qf80

181
1%:%750

2.5H:

[S— L - J R R

12

Fig- V. 100 MHzZ C-n.m.y. spectrum of (2) of a miwture of
un=, mone and di ("®0)1abelled acetal of cyclnbhevanone (2b

and 3b). i

Y
N P S S
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These shifts are referred to" as alpha shlfts becaueejthe”

1sotope is d1rect1y attached to the carbon atom observed in

the }3C -n.m. r,aspectrum. Isotope sh1fts are also induced - -

e W @ w

through two ‘bonds” at the carbon atom beta te -the . "isofopé. T

substitution.8P/1  This effect is normally obscured except

in, favourable cases.ai The isotope shifts observed for C(4)

~and C(S) of acetals 2b and 3b demqnstrate this effect (Flg.:f~'*

o,
PR TR .

[

2). e ‘ A

G wens Ly Naens | T .

“n “n Gisppm . ° A
: at .

Fig. 2. 100 MHz 13¢c-n.m.r. spectrum forﬂC(4) and C(5) in a
mixture of Zh, 3b and unlabelled compound showing B—shiftet
Four peaks are observed at 64 ppm in a mixture of 2b, 3b and y
unlabelled compound. The large,intense dowhfield;siohélmis
due to completely unlabhelled haterial; the next uupfield‘
signal is due to a beta isotope‘shift (13c-c-180); the hext

signal is an alpha shift due to compound 2b where the
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isotope .is directly. attached to 'the observed carbon
(13C-18O) and f1na11y the most upf1e1d peak is due to the
comblnatxon of an alpha and a beta Shlft on the observed

tarbon fnom the dlsubstltuted mater1a1 3b (180-13C C-180)

% L3 ° o e o . o

It can be seen from the data that beta shifts "are addltlve'
in the same manner as the alpha shifts.

‘This work also supports the observation that a 1lone

_pair of electrons adjaéeht to the oxygen-18 substituted

o carbontreduces_the i'sotopefshift.Sd'8h 1f this lone pair is

conjugated with ‘an electron-withdrawing group an increase in
1sotope Shlft is observed
The use of this technique in biosynthetic studies for

the determination of oxygen labelling in secondary

" metabolites will now be described.

BIOSYNTHETIC STUDIES ON ANDIBENIN B, 2l

-
Andibenin B (egn. 4 is a major " fungal metabolite

22

produced by Aspergillus variecolor. The origin of the

carbon atoms from acetate and the S-methyl group of
methionine has bgen determined by Holker and Simpson.22 The
arrangement of&;ntact acetate units incorporated into this
metaboiate was established by incorporation of

doubiy label]ed‘ [T;2~13C2]atetate.m- This provided evidence
for the wunusual mixed biosynthesis: (egn.5). bimethyl

nrsellinic acid has also been shown to be a precursor.



"ANDIBENIN B - R
SR ;(eqn; 4)

. |

! - - . @
- o . e = e

It is proposed that"‘the‘"initial tondensation  takes
place between dimethyl orsellinic acid (a polyketide bearing
.two methyl groups from methionine) and a Sesquiterpene, such

as farnesyl pyrophosphété (avp01Yi55brehe).2za

® O from Acelyl CoA

(eqn..S)

. ) ” O from Atmospheric Oxygen
The initially condensed product can undergo, .further

oxidation and rearrangément to yield andibenin B. . The
partial  isoprene origin accounts for its steroidal-type

appearance,



~Oxygen labelling studies can pfovidé' a  clearer

‘

_understanding of the mechanistic details involved in the N

;formatxon of the unusual r1ng system of andibenin B, and

confirm its mlxed origin. Slnce 13C -n.m.r. Spectroscopy
allows rapid 1identification of ‘labelled sites in small

‘quantities of metabolites,23'32 its- use in the location of

oxygen=18 by -induced isotope shift  appeared to be an ideal

technique.

k]

- Andibenin B was produced from A. variecolor in the

. .

presence"of Jsodihﬁ' [i;13c; '1802f$cetate. | In a separate
experiment the fungus was gfown in an atmosphere of'oxygen—
18 gas with an ﬁnﬁabelled éarbon sou;ce. The results are
listed in Table 2. ' ' o

.On the bas1s of the proposed blosynthe51s (éqnu Si,
ongen.label from acetate would incorporate into.diméthyl
orsellinic aéid. \qNo. incorporation from acetate wbuld be
possible into the reduced polyisoprene. ‘Since the extent of

acetate incorporation is low (3%), any cleavage of oxygen~19

from labelled precursor will dilute the label and an isotope

shift would not be detectable (due to low intensity). This

implies that for an "acetate" isotope shift to be ohserved
the carbon-oxygen bond must remain intact throughout the
biosynthesis. The results show that the retention of label

from sodium ll~13C, 18Ozlacetate throughout the remaining
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TABLE 2

Isotope Shifts of andibenin B after incorpo’ttion‘bf sodium

“f1-13C, 1802]_acetate and [1802] ‘gas.

~_« catbon  Shift Isotope . . Isotope".
No. (ppm) shift  Ratio
Dpm x 100) ‘ 16.0:1'80
3* 164.2 C o 5.0% 32:68 |
a* . 85,3 4.2% 34: 66
10* 77.2 - 3,2% 32:68
1t* 68,7 _ 2.9% - 26:74
’ L
4 . 213.9 5.0 .- 13:17
8" . 167.4 i . 1.6;3.5 85:7.5:8

g  167.4 3. 5% 32:68

¢

*Labelled by 180, gas.

steps gives oxygen-18 at C-4' and at both oxygens attached
to C-8'. These results provide evidence for the Birch
hypothesis since oxygen 1label from acetate is introduced

into the final metabolite. Oﬁygen—IB originating from
s , . , .
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e
A

atmospheric oxidation is found‘at c-3, C-4, C;lb,‘C-B' and
‘.C4I"(£he laCtone'ring oxygen). '~ The alkoxy oxygen in thé
five-membered lactone ring could arise from acetate &y
attack of carboxylate on a leaving group at C-1' (path a)
(eqn. 6). Alternétively, aerobic oxidation at C-1' followed™
by lactonization involving attack of the C-1' oxygen onto
the carboxylate4carbonyl would give@én alkoxy oxygen in the
lactone ring arising from the atmosphere (path bf. Tf path

a operates two isotope shifts would be observed at C-8'-
after: t1802]acetate incofporétion, a large shift from
molecules containing label in the carbonyl oxygen and a
.smaller shift from molecules incorporating label into the

alkoxy carbon. 1If Qath.b;operates an isotope shift would bhe

observed at c-1' and (C-§° after the oxygen—-18 gas
experiment. ’ The. results indicate both paths are
operative. Because the level of oxyger-18 at C-1' |is

‘comparable to that+ a* other labelled sites, it appears that
the major portion f andibenin B is formed by path b, ard a

-

minor ammun' may be fermed by ving opening -t -

e

formati~n by path a.

Peth 2 -
1

(.
8

———

(egm. 6)

Path b

e -
]

—
Y
-




- ' ) . . ' . - V’>1u3214“

i

iAﬁoﬁhér example of the fse of oxygen labelling to

.-

o . o o .
determine the mechanism of ring gglosure is considered in the

next section.

BIOSYNTHESIS OF TETRONIC ACID DERIVATIVES.2>

The tetronic acid derivatives, multicolanic (7),
multicolosic (8) and multicolic (9) acids, were isolated

in 1974 from strains of Penicillium multicolor.zﬁ.

~

Carbon labelling studies gave the origin of all the
carbon atoms present in tﬁese’ metabolites,.26a It was

proposed that a bhexaketide chain-tyclizes to a resorcinol

derivative (egn 7). 262
"xo s 3 $ 7.. 14
X 6 1
0£:; 4 ] 10
t Drp - NO2
NO»
X R X R
7 OM Me 10 Me Me
AW CO,H 1" Me COyMe
v 15 Me  CHyOH

v3 Me  CH0Dnp

This aromatic compound apparently undergoes oxidative
decarboxylation and ring cleavage to a diacid. Rotatirn of

-

the diacid and ring rlosure preduces 4£hé tetronic acide.
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The ring closure by one of two routes seemed likely
(eqn. 8). Path a 1mpllcates a dlsplacement on an activated

carboxyl by an enol oxygen., This pathway leaves the C-4

1

oxygen bond intact. Since C-4 of the tetronic ac‘i‘d‘ is

derived from C-1 of acetate, the 1ncorporat10n of sod1um

(1-13, 18, ]anerare would give rise to an isotope shift at

!

the 13¢ n.m.r. signal of C-4. This assumés that acetate

oxygens would bhe incorporated in agreement with -the ‘Birch

4
hyrnnthesisg,

——— " 8 0 Path »

Path b

feaqgn 8)

I&Tg? 3;1 velv. cing clocare oo 1A peens By pAth b This
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LAY
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» - TABLE 3.

)

———— e e -— - - o e P

Isotope Shift Results of Methyl O—methjlmulticolana*a (10),
Dimethyl " O-methylmnltirnlosate (11) and Methyl
O-methylmulticolate 2,4 dinitrophenyl ether (13).

'”No. SQif;"w' ;ﬁot;;; Shit’t{mw Tsotope Raf:m
(ppm) frrmo % 100) 164,180
rrey) 1 1/ -

i 168 R

1 151.1 1.0 50, A

] 164 6 I S a0, -

| 160.°

3 168,

4 150, 4 )

\ 17>.0

' LI y !

) 1¢1 .5

? ;ﬁ(! 2]

) TETREE . o

{ 1
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'[1—13C, laazlacétate were meﬁhylated to form\IO, 11 and 12
which are more easily putifiéd. " ” \ |

The 13C-n.m.r. éata was obtaimed on methyl derivatives
10 anq 11; however, phrénwthylQfmethylmulticblate (12) could
not be obtained for analvsis. This compound was converted to
its 2,4-dinitrophenyl ether 13 by‘treatmént with Sanger's
reagent (2,4—-dinitrofluorobeﬁzene);27 Compound 13 wés
purified on preparative layer éhromatogréphy before spectral
ﬂv\alysi’s. | |

Iﬁ addition to this”problem, the isotope shifts .were
obescured. by the presence of long range> garbon—canggn
éoupliné (2~hond) caused by multiéle carbon-13 ;enrichmeﬁt
into the same mq]ecule.]lb'llc The coupled signaisuwere
reduced to the base line by applying the spin echo Fourier

transform technique (SEFT) which inverts uncoupled singleté,

but,  phase® modulates the coupled signa-l's.llb'c'28 - This
allowed *he isotope shifts (Fig. 3) to be measured and
nhserved without interference. Theea results (Table 3)

indicare  that rh; C -4 carbqn"ﬁwygen bond remains intact
vhrnhgh al :ropé of the bioéynthpais.from-acetate to the
tetronic  aerid Aerjvatives 7, 8 and 9. Therefore ring
~lnenye miret cocunry hy a mechanism resemhling path a (enol
attack oo the carbonyl oxygen) rather than path b. In
additieon, the labelling pattern is consistent with the Birch

h'ypothef'-is'1 and the proponsed gereral biosvnthetic sequence
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BIOSYNTHESIS OF MEVINOLIN.

-

Recent reports have appeared on the isolation of the

tricyclic compounds, mevinolin (13),29 compécfin (14)30 ang

the 4a,5-dihydro derivatives.31

Mevinolin Compéctin

Mevinolin is a fungal metabolite isolated from

Aspergillus terreus3? and is similar to compactin, except

that it contains a methyl group at the 6-position. Both the
lactone ring form and the open hydroxy acid form are

produced by A. terreus. ~ These metabolites have been

isolated as part:of screening for compbunds Qseful in the
tr=atment of heart disease.33/34 Mevinolin is very potent
in lowering the plasma cholesterol level33,34 in maﬁmals,v
including man (hypocholesterolemic agent). The presence of

the methyl aqroup at ©-6 increases the potency by a factor of

th‘oe.?? ‘ -

~

These compounds ~competitively inhibit 3~hydroxy-3-

methylalutary}-CoA reductase ({HMG-CoA reductase, EC

t

™
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1.1.1.34), which is the rate controlling enzyme in the in
xi!g.syntﬁesis of cholesterol. Since the enzyme converts
3-hydroxy—3—methYIgluta§YI-Co§ to mevalonic Acid,' the
inhibition may occur because the open hydroxy ;cid, of
mevinolin is a structural analogue of mevalonic acid (egn.
9). These compounds also inhibit production of other
isoprene—aerived natural products.35

COS-Enz

HMG CoA

reductase

COzH

-—

CHOLESTEROL

MEVINOLIN  IN //ﬁ\\I//u\\

FREE ACID FORM

(egqn. 9)

Although these compounds may not prove to be clinically

useful, they have been increasingly used to study the role

of HMG-CoA reductase in cholesterol regulation.33'34'36

The search for more active compounds has resulted in

-

synthetic approaches37 to these molecules and four total

syntheses of compactin have been repor*ed.38 Structural

, . L ) 9
modifications have alsn heen studigd.”
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The unusual bicyclic& .ring system attracted. our
attention from a biosynthetic perspective.4°
A complete assignment of the l4-n.m.r. and 13c-n.m.r.

tudy using

spectra is required to carry out a biosynthetic

d4table iéotopes. The pfotoﬁ n.m.r. spectrum of mevinolin
was therefore assigned using hoﬁo uclear decoubling :and
chemical shift analogy.41 ‘The high flield region (1.0 to 3.5
ppm) contains ‘a large.numbeerf overTapping signals (Fig.

4). This complexity in the proton n.m.r. is apparent in

y;he 13C-spectrum (Fig. 5). 'The methyl, methylene and

éethine region has a high concentration of carbon signalé in

the 10 to 50 ppm range.

The multiplicities of the carbon signals (Fig. 6) were
determined using a CARPPET pulse sequence.42 Selective
heteronuclear decoubling of protons gave unambiéuous
assignments to the low field vinyl and #lkoxy' carbog
signals, but a definite assignment could not be obtained for
the high field region.

A complete assignment was 'made by obtainind’ a
2D-INADEQUATE spectrum.43' This specérum gives rise to-
signals based on adjacent 13c-nuclei (adjacent 13¢ nuclei
have identical double gquantum ‘transitions). Using this
method the chemical shift of all unassigned carbons could be

obtained because of the adjacent nature of unassigned

carbons to assigned carbohs. The major drawback with this
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FIGURE 4: 400 MHz Proton n.m.r. spectrum of mevinolin

(0-10 ppm) .



FIGURE. 5:

PIGURE 6:

100.16 MHz 13C-n.m.r. spéctrum 6f'mevinolin

(0-250 ppm) .
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100.16 MHz ~~C-n.m.r. CARPPET spectrum of

mevinolin (0-250 ppm).

142



L)
. €0 the biosynthetic chen1st. The pr?blem wa

[U—13C]g1ucose45 to ralse the 13c level in r1bof1av1n.

@l

143
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~T

technique tvis_‘-its dependence on the abundance of

y

adJacent 13C nucle1 (0.011% at natural abundance). This

..'m—c:a

problem @ag Séﬁagrcumvented u51ng large amounts of compound

(ca. 1 g) Tﬁisqamount of materlaL xs g%njgg!"“unavallable,

ovdrcome by
1ncrea51ng the intensity of carbon 13 coupleéﬁ signals in
mevinolin. Incorporatlon of . godlum {1 2= 13C2]acetate'1nto

%4

mevinolin by A. terreus ralsed the level of adJacent carbon-‘

13 nuclei up to 2% (an increase of 100-fold). The

‘2D—1NADEQUATE spectrum that, was obtained on 50 'mg of

enriched materiai permitted “a ‘eoﬁp1ete a531gnment of
the 13Cc-n.m.r. épectrum (Fig; 7). A similar strategy has
been recently reported by Floss and - Bacher - using
| .44

Once the spectral a551gnments were complete, the orlgln
pf carbon atoms was determlned. Mev1n011n was-— 1solated
after separate riheorporations of sodium [1—13C}acetate,
sodium [2—13C]aCetate and [methzl—13C]methionine. These

three experiments show that all carbon atoms originate from

‘acetate except for Cc-6 and c-2 which come from

methionine. The preservation of the garbon-carbon bonds of
the acetate units was obtained from the 2D-INADEQUATFE

spectrum of mevinolin derived from [1,2~13C2]acetate.

,Normally measurement of 13¢-13¢ coupling constants is used

in such experiments;46 however, the doubly labelled meviolin
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15 possessed multiple 1labelled-acetate units in the same

”moiécﬁle which led to long range coupling. This made normal

measurement - of J difficult. The 2D-INADEQUATE
13c-13¢
experiment -"is advantageous in this'respect since valueSIOf
J 4are not required.
13c-13¢ “ )

The results show that the main ‘portion of mevinolin
¢

consists of nine intact acetate units (egn. 10),- bearing a
-
methyl group derjved from methionine at C-6. The 2-

methylbutyryl side’ chain is constructed analogously and

consists of two acetate units and one carbon from methionine

N
at the 2-position. This eliminates propionate48 or

isoleuoine47ﬁas possible-precursors.

-]

The fate of acetatg carbon-oxygen bonds was determined
by incorporation oﬁ oodium [1—11C, 1802]acetéte, and !3c-
n.m.r. spectral aoalysis of the resulting moxinolin using
the SEFT technique. Excellent incorporatioo of 13¢ 1abel
was clearly detected, ho&ever, only a singlo isotope shift
at C-1' was observed. The leval of o¥ygen lahel at C-11, C-
13, and C-15 was lnsé than 5% ~f the carbon-13 1aﬁn]1ing.
This loss of oxygen may arise from colvent exchange dvrving
the biosynthesis ard is currently under iJjnvestigatinn, Tt
is intereéting to note that the stereochemigtry of  alld
sinaly bonded oxygene at carbons derived from ¢ 1 ~r Acetate

ie that which wruld he obtained by failure of " he

~1limination «tep in fat bioeynthe=is.
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The biosynthetic fate of carbon—hydrbgen bonds 'has not

been easy to determine»untillrecently. The line-broaliened
signals and small spectral width characteristic of deuterium

n.m.r.23

have not made this technique ponpular for the
investigation of complex compounds. Alpha substitutioh of
deuterium on a carbon-13 atom causes » large isotope shift
to be observed in the carbon ‘13 n.m.r. spectrum.23'49 This
detection 'is complicated by the appearance of fhe carbor

o
signal as a bromadened triplet due to quadrupnlar relaxatinon,

coupling (ca. 20-40 Hz), and reduced MNOR, These effects

: . . . : . !
decrease the observed signal intensity and complicata the

spectrum with- many additional sigrale unless hread band

,
deuterium decoupling s erplnyed, Sucl an  evperima=nt
requires’ a triple ree noance nom v rrobhe it h A Fluee fng
N oy -
v E r
1Ak, a

Peéé_n’tly , = teorhnique (Y Aot - n inj_nq the - o~ f

. . . s .5
thrmOpng s d"' ey "“.Osyn'.'h“" i » (O T e S ere) "V
:‘»Wﬁ AP CL . . \ : o

.&%tau’w N . i Donter v cnthat 3 v s D ! Tahol
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s Bives an  aatepically U Efrad o abe . mt oy Thes oon
XYy Jen | R bet fnot pe mbie e b SRR Voo ch ey ~q
er\sz\l(] ~f the nwnlonsballed ~fan VY, vhe IR R e A SR L Z0E T ST T PN
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the 13c-c-D bonds must remain intact for the isotope, shift
¢ . ’ ;

to be observed (unless a 1,3-migration occurs) the deuterium

atom must}be_incorporated at the C-2 position of ‘the intact .

n—

acetate. unit. Stothers- has used this approach to study 1,2

o

migration of hydrbgons.sog

This technique was- used to determine the fate D

-

carbon-hydrogen bonds during mevinolin ,biosynﬁhesis.

Tnenrporation of sodium [1*13C}7H3]acetate and examination

»

nf the carhon p.m.r. spectrum for B-shifts showed high

deuterinm retention at all expected sites except at €-3 and

_ =

at C-6. Singe compactin bears no methyl group at C-6 the
incorporati- o of the game precursor may providg - an
intereering result. The signals at C-2 and C-4' are

b

compraed f faur peaks resulting from CD3, CDyH, "and CDHj
Ve t .

incorporation (Fig. 8) into the '2'-methyl group. The ratios

~f these peaks indicate high retention of all three

“

dentryinme Thie eonfirme thd role of these units as the

sbtarter a‘o- )l uni'a of the pnlvketide‘ chains S\'n(:'Q tf;ey are
the only ot chaiarbed te malonyl-CoA with loss of 6ne
hydrogen. "hie vera o wae s~ppor£ed hy the 2H-n.m.r.
cpertrum  Af macinglic dari a4 from =odium  [ZHj)acetate.
Puamiinatijiope o f the 4% 12l Ying regults and the
~toyrenchomiatyy at - R/, 2" and €. 6 enggest that =~
cinale  dograrivm 3¢ lv2ys  necuning the same relative

istry on ! . teq paly' tids ' in. Raecently,
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new n.m!f, pulse - techniques have allowed deuterium’ directly
attached ‘to carbon to bé observed by polarization .

51 Such  approaches are  currently under

transfer.
“investigation in our 1laboratory using samp1es{of mevinolin
derived from sodium [2-13c, 2H3]acetaEea . i"

The results obtained so fafilsupport‘ b{ogenesié of
mevinolin either by a Diels-Alder i reactfbﬁ ' Of 'a
polyunsatutated C-18 - fatty acid,  or“_by. a 'series of
intramolecylar condensations of awpolyketide,Precursor (egn
11). Either route could give. a single intermediate which
would be transformed to mevinolin after methylation, or
ronverted to compactin directly.

Tnitial difficulty in edetermining tﬁe 13c-n.m.r.
a<gigﬁﬁent for mevinolin ehcouraged the eXaanation of the
carhoh—proton correlation spectfum.52 The cbmﬁlexity ana .
signal'overlaﬁ of the carbog and pfoton n.m.r. spectra of
mevinnliﬁ hinders assignment by this %wthod. However, a
technique  far correlating caﬁbon signals of speci&}c
multiplicity with the proton signals has béen‘developed53a.
and applied to cholesterol. 3P  This technique#is known as é
2D =°lec£ive 'DBPT correlation, Thrée spectral plots are
~btained (Fig. 9): one for methine (CH) signals, one for
mmrﬁylene (PHé\ re~onances and one for méthQI (CH3) peaks.

Tn each case, the proton chemical shift (0 to 2.5 ppm) is

r1ottad ~n the vertisal axis against the carbon chemical
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1H — Chemical shitt

FIGURE 9:

13C = Chemical sh;¢t

CH
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]

CHy
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2D-Selective BEPT plots obtained correlating

CH, CH, agd CH, carbon signals with the proton /

spectrum, respectively.
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shift (10 to 50 ppm) on the horizdntal axis in the fdrm of .a
contour plot. ;ze CH3 plot illustrates the large degrée of
separatibn of overlaéping _proton signals that can be
achieved by this method. Further modif}catipns. of this
technique are being‘developed‘to.deérease the line width of
signaié.oh ﬁhe proton axis and to suppress "break—through“
signals (demonstrated by a CH3 signal of low intensity in
the CH; plot). It should also be noted that the CHj
spectrgm gives rise to  two signals where tw§ nethy1ene
protons are of differing chemical shift. The determination
of the stereochemiséry of deuterium and the assignment of
large complex mbiecuies by such techniques 1is presently

under study in our laboratory.



EXPERIMENTAL

"The general experimental procedures described in Part 1

were employed along with the following additional’

techniqueé.

Fermentations of Aspergillus terreus were done in
A

New Brunswick Psychrotherm G-25 shakers using conical flasks

which were sealed with cotton batten or foam plugs using
aseptic technigue. All media was sterilized for 20 minutes

in an autoclave at 120°C. Diluted precursors. were

administered, using a Hamilton 1 mL Syringeu(sterilized with

ethanol), through the plug on each ‘flask} Constant

temperature was employed forlfermentations. VisualizationA

-§

of silica tlc plates was accomplished using ultraviolet fUV)'

for mevinolin from A. terreus and for tetronic acids from P.

multicolor projects. A solution  of N,N-diméthyl-

‘aminobenzaldehyde‘ in ©90:10 methanoi—concent;ated
hydrochloric acid spray was used for tlc‘visualizétion of
aceta}s. ‘ ~ _ ' -
Carbon-13 spectra were ébtained on the Brg&ef WH-400
cryospectrometer unless otherwise ind?cated;xaxfsbectral
widths and windows were adjusted in all expansiohs to gibg a
resolution.of < 1 Hz per point. All full spectra were.fun

using a 32K data block over 250 ppm and .employing

tetramethylsilane as an internal standard in deuterated

154
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chloroform. . All n.m.r. samples‘ were fil;efed* &hfough’ a
cotton plug directly 1ntoza.5bmm thiﬁ—waliedlﬁ.m.r. tube.
Each sample was allowe@‘to'equilibrate=to probg ﬁemperature
for'BO minutes. A 5 mmkcarbon probe with;an internal lock
on deuterium was eﬁployed in éll cases., .

Pulse sequences and delay times are given in appendix
1. Isotope ratios were obtained by expansion of signals to
0.5 Hz /cm plét on paper foi&owed by peak area analysis on a
DuPont curve resolver. Two-dimensional vspectrg were

<

transformed on an' Aspect 2000 computer using the Bruker
DISNEWP program to allow zerofilling in both directions.

Labelled precursors such as (18o}water, [1801gas, and sodium
(13clacetate were purchased from Cambridge Isotopes

. »
(Cambridge, Massachusetts).

PREPARATION OF LABELLED DIOLS AND ACETALS

Preparation of [1,2-1802]ethylene glycol (4)

. [180)]water (0.9 mL, .97% ‘isotopic .purity) arid dry
benzene (20 mL) were added to anhydrous oxalic acid (275'mg,
3 mmel) under an inert atmosphere. The mixture was refluxed
for 18 h with the dissolution of oxalic acid. The water was
’thén recovered using a Dean-Stark apparatus and the benzene
was removed by distillation (1 atm).. After drying under

vacuum (0.1 mm of Hg), a quéntitative yield of anhydrous
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okalic acid was obtained. - Tetrahydrofuran (10 mL) was added’_
~1to the anhydrous [1804]oxa11c acid (3 mmol) under an inert
atmosphere. The, solutlon\.was cooﬂed to 0°C and freshly
prepared 1 M diborane in tetrahydrofuran (10 mL)18 was added(
dropwise over 20 min. The solution was warmed to 20°C. A 4
white prec1p1tate formed w1th1n 30 min. Afer 12 h.a 1:1
solutlon of water/tetrahydrofuran was added dropw1se untll
hydrogen evolution ceased. AnhydrOMS potassium carbonate
was 'added until the format{ohgrof ethyleﬁs?:glycol was -
observed by tlc (THF). The solid residue was removed by
fi?tration‘and was extracted with dry tetrahydrofuran (éix
10 mL). Concentrition under reduced pressure gave a'viscous
liquid. Distillation at . 196°C ‘yielded [1,2-180;)ethylene
glycol (4) (180 mg,‘94%) with the expected chromatographic
and spectrali‘properties. - 'Mass Iepectrum; ‘m/e (relativeﬁ

intensity) 66 (32), 64 (48), 62 (20).

Preparation of [180]acetals

The corresponding ketone (0.5 mmol) in benzene (25 mL)

was added to the appropriate diol (0.5 mmol ,to 1.5 mmo1l )

"under an inert atmosphere. The solution was refldxed and
the water was continuously r mbved using a Soxhlet extractor
containing calcium hydride luntil tlc _showed ‘the complete
disappearance of ‘ketone h to 18 h). The solution was

washed with -1 M potagsium carbonate (10 mL) and was back
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extrécted'withlchloroform (2 x 10 mL). The combined organic
extracts were dried over sodiuf sulphate; Concentration
under reduced pressure yielded the acetal (50-90%). The

acetals showed the 'expééted chromatographic and spectral

.prxoperties.

2,2-Dibutyl-1,3-[180;]dioxalane (3c)

2,2—Dibuty1-1,3—[1802]diox§iane (3c) Qas 'prep;reql as
described above using [1,2—1802]—ethylene glycol (1.5 mmol)
and 5-nonanone (0.5 mmol). The solution was refluxed for 18
h to give 86 mg of 3¢ (§1§) as a liquid. NMR (ch13)~5 0.9
(t, 6H}Y, 1.15-1.75 (m, 12H), 3.9 (s, 4H); mass spectrum m/e

(relative intensity) 133 (31), 131 (48), 1129 (20). CAS.

/ -

.
l,5-[1801Dioxoaspiro[5,6]undecane (1b).

1,5—l180]Dioxoaspiro[5,6]undecané (1b) was prepared as
described above using [1f180]—1,3-propanediol (1 mmol) and
cyclohe*anone (0.5 mmols. The Solution was yefluxed for‘12
h to give 71 mg (70%) of 1b as a liquid. NMR (CDCl3) & 1.2-
2.0 (m, 12H), 3.88 *(t, 4H); mass spectrum, m/e (relative

intensity) 158 (31), 156 (69). CAS. reg. no. 780-93-8,



S A S U U S USRI CSVSIUY YOSt NG WY ST P SURT S

[3

1,4- [1802]D10xoasp1r0[4 S]decane (3b)

T

A

l 4- [1802]D10xoasp1ro[4 Sldecane (3b) was prepared as

descrlbed above us1ng [1,2-1802] ethylene glycol (l_mmol)

and cyclohexanone (0. 7 mmol). The solution was;refluxed‘for'

6 h to give 83.mg (77%) of 3b as a liquld. NMR (cocly) &

1.3-1.8 (m, 10 H), 3. 9 (s, 4H),‘mass spectrum, m/e (relatlve

§??7‘

intensity) 146 (20), 144 (40), ;42_(40). cAs reg,ﬁng.
10-6. -

Z

T 1 8 \
2-Hexyl-1,3-[*"0j5]dioxolane (3c)

2-Hexyl-1,3-[180,]dioxolane  (3c) was prepared as
described above using [1,2—1802] ethylene glycol (1.5 mmol)

and heptaldehyde (0.5 mmol). The solution.waS’refluxed for

6 h to give 80 mg (90%) of 3¢ as a liquid. NMR (CDCl3) &

0.85 (t, 3H), 1.0-1.75 (m, 10H),. 3.50-4.05 (m, 4H), 4.85 (t,

1H); masSs spectrunm, m/g (relative intensity) 161 (31), 159

' (48), 157 (20). CAS reg. no. 1708-34-5.

2—Hexyl—1,3—[1801dioxane (la)

2—Hexyl-l,3—[180]dioxane (1a) was prepared as described
above - using (1-180]1-1,3-propanediol (1 mmo1l ) and

heptaldehydé (0.5 mmol). The ‘solution was refluied for 17 h

"to give 45 mg (50%)of la as a liquid. NMR (CDCl3) & 0.9 (t,

>~

3H), 1.1-1.8 (m, 12H), 3.5-4.2 (m, 4H), 4.4 (t, 1lH); mass

spectrum, m/e (relatlve 1nten51ty) 173 (30), 171 (70)

(N



BIOSYNTHESIS OF TETRONIC ACIDS :

Preparation of Méthyljgjmethylmu1ticolate—2,l-dinitro
' >

phenylether (13).

A 5 fm n‘.\m.r. tube containing 10.0 mg ‘.058 mmol) of
é,47dinitrof1uorobénzene, 12,0 mg of (0.042 mmol) impure
methyl-O-methylmulticolate and 0.020 mL (0.14 mmol) of
triethylamine' in 0.32 mL of deuterodichloromethane was
prebared. The reaction mixture was left in the ‘dark at room
temperature and checkeq,periodically by 1H-n.m.r, at 200 Mz
and by tlc. After six days, the réaction was 'cﬁmplete.
Compound 13 was purified by chromatography on a 20 cm by 20
cm by 2 mm silicAd gel plate™ using 3% éﬁhyl acetate in

»

éhloroform. Frution of the si%ica gel with '250 mL of
dichloromethane and removal of solvent in vacuo gave 9 mg »f
13 as a white crystalline solid (yield 46%),.

NMR (CDC14, f%O MHz) § 8.66 (4, 7 - 4.0 H=z, 1H, Aiﬂ)” 8.45
(dd, Y ="4.0, 10,0 -H», 1H, ArH), 7.05 (4, J = 10.0 Hz, 1H,
AriY, 4.80 (s, 1H, vinyl-H), 4,15 (t, J = &.0 Hz, 74, CH,
. OAY) 4,05 (‘s, W, CH3 "), 31.70 (=, 3H, CHy OCOY. 2 S0 (m,
ZH: QE2’Viny1)' 1.9 (m, 2H, CEzCH2OAr\, 1.5% (m, 4H, vinyl-
CHoCHoCHy ) - Exact mass calc for 19H2gN20 ¢ 436,11,
Found: 436,11. 2,4-Dinitrophennl fragmentation observed at

184.0120 (Fragmentation pattern ‘Fbﬁﬂke“ on 2,4-dinitro-

phen\/\O*“\" other) ~nantained no ov. 'Y adjarmant neagk. RF

. ¢
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= 0.9 in 3% Fthy; acetate in chloroform. 13C-n.m;r;f(CbC13.

400 MHz) & 161.5 (gl), 110.0 (C2), 168.3 (C3), 150.7i(c4),

23.3 (C5), 29.2 (C6), '25.4 (C7), 28.3 (C8), 70,4f(09),,101.5“

(C 10), 164.4 (C 11), 59.8 (C3-Me0), 52.2 (C 11-Me0), 156.7

(C 1'), 134.0 (c2'), 121,8 (C3'), 147.0 (ca'), 129.0 (¢5'),

[N

114.3 (C6').

BIOSYNTHESIS OF MEVINOLIN FROM'ASPERIGILLUS TERREUS

Fermentation of Aspergillus Terreus

Aspergillus terreus ATCC 20542 was grown as
S

described?2P with the following modifications. Twelve day,n
~old agar slants were used to innoculaté 500 mL Erlenmeyer
' flasks containing 100 mL of sterile medium A (appendix Ii)
which were incubated on a rotary shaker (180 rpm) for
48 h., Each flask was partitioned acraoss six similar flasks"
containing sterile medivm B (plate 1) (appendix.II). Eécﬁ
flask was injected with 1.0 mL of amueous labelled sodium
acetate solution (1.0 g/18 mL) every 24 h for tkree days.
Afror a fnrthe£ 24 h, extraction (plate 2) and pééification
as  desarihed?9b gave pure meyinolin whose - spectral ‘and
physical properties were compared to an authbentic unlabelled
sampY" (Merck Sharp. Dohme).

PT-IP (figm) 3200, 1725, 1280 cm~l; NMR (DC14, 400 MHz) §

s

n.g0 (v, J = 8.0 Hz. 1, H-4'), 0,91 (A, 1 = 7.0 Hz, 3H, 2-

y
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Me), 1.08 (d, J = 8.0 Hz, 3H, 6-Me), 1.12 (4, J .= é.o Hz,
34, 2'-Me), 1.30 (m, 1H, Ha-10), 1.35-1.40 (m, 3H, H-9, Ha-
3'), 1.5-1.75 (m, 1H, Hb-3', H-1, Ha-12), 1.8-2.0 (m, 4H,
Hbh-10, Hb-12, H-7j:'2.16 (hv =. 1H, OH), 2.2¢ (dd, J = 12.0,
3.0 Hz, 1W, H-8a), 2.3-2.4 (m, 2H, H-2, H-2'). 2.45 (m, 1lH,
H-€), 2.62 (m, J = 13;@4, 2 Hz, 1H, Hb-14), 2.74 (dd, J =
1.9, 5 9 Hz. 1, Ha—iés,‘4.38 (m, J - & Hz, 1H, W-12), 4.62
(o, IH, 9 1Y, 540 (q,%J:?~3.0 th‘lﬂ, H-8), 5.54 (m, 1H,
H5), 5 0 (A3, J = 10,0, é.ofﬂz, 1H, H-;;. 6.00 (d, J =
10.0 H=~ 'H, H—-4). Exact xt;‘ass calculated for C24H3605=_".u'

404,25, Found: 40475,

.Q.al—;? ohbvained Frow 2-D INADEQUATE experiment on c\ompgg‘@'
19) . |

Paiisd signals were nhrained ar:  30.7 (C 2) and 13.9
(2-r1g): 77.S (0 €) and 32.8 (C 7): 68,0 (C8) and'37.4,(c
Ral: 36 7 (T 1) and 24, (C 9); 33.0 (C 10) and 75.7 (C 11);

TEOT AT 2) Aand £ & 0 Ve 26.8 (C-?') and 11.7 (C 4'),

(e 18y, e e t 2, oY andg (7'—CH3) Wy

VSR SRS ' "'P‘:nQ*



5 | ' | 163

Table 4. '
o R ‘
Yields Obtained
Compbuﬁd  Sodium acetate Fermentation Yield
No. g Incorporated Size (Isolaéed)
N - c X s
- g
(13) - pI-13c) ‘ 600 mL® 17 mg
(14) [2-13cy 7 /800 nL 11 mg
v (18- (1,2-13¢,) / 900 mL 56 mg
(16) f2H4) 7 900 mL 50 mg
(17) (1-13c,2u,4) - 500 ml. 20 mg
(18) (1-13¢c,180,. 600 ml. 26 mg
(19) (2-13c,%u4] - 600 mL 22 mg
Non-acetate incorporatdons
(200 [13C]methy1 methionirc: © 600 mL 8 mg

(21) 18% hZO ip me om0 1000 mL 10 mqg



Table 5.. ‘ - , ' —

Carbon-13 Enrichment Data on Labelled Compounds .
T '

-
. -

Carbon Shift  (13)  (14) (20)  (17)
(ppm) | ' ' B
. I
1 36.7 - 2.4 - -
2 30.7 4.1 - - 5.1
3 133.1 - 3.1 - -
4 128.4 3.3 © - . 5.8
5 129.6 3.0 - A
6 27.5 - 5,2 —- -
7 32.8 3.2 - - 6.2
8 68.0 - 1.4 - -
2 24.3 4.1 - - 3.6
10 33.0 - 2.2 - =
11 75.7 4.6 - - 4.0
12 36.2 - 2.4 - -
13 62.6 7.7 - - 4.5
14 38.7 - 3.4 . - . -
15 170.7 - 2.8 O - 2.8
1 176.9 2.4 - - 5.6
2 41.6 - 2.9 - - =
3. 26.8 4.4 - - 6.5
4" 11.7 - - 2.9 - -
2"-CHy  16.3 - - . 45 -
f-CHy  22.9 - - .29 -
sa 131.6 - 4.4 - -
8a 37.4 4.6 - =" =

2-CHy - 13.9 - 2.3 - -

a
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Compound (15) gave enrichment (0.5-2%) of 13C at all sites

except 6~CHj3 and- 2'-CHj.

Table 6 .

Isotope Shifts of Mevinolin Obtained after Incorporation of

Sodium n-13c, 1802]acetate (18). /
No. Shift - Isotope Shift' 1Isotope Ratio Carbon-13
! (ppm) (ppm x 100) 160:186 enrichment
8 68.0 - - -
11 75.7 - ) - 3.4
13 62.6 - . - 7.1
'15 170.7 = - 2.1
1t 176.9 3.75 85:15 9
P
/" B
Y
/
| -
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13c-NMR' Data of Mevinolih (17)*Derivéd.frbm.deipm’[l}l3C,
2H3lacetate. | | e o
Carbon 25:1Ha Aﬁfppm)b::.
< . i
24:76 1 S  .“
3 76:8:8:8C S S
0:100 : , :
g . N S s . T
o & - .
0:100
45:55 R A
."+0,013" o
' . -0.096
N - 80:20 S
50:50 o
- ~0.12
-t 50:50 y oo
+0.04
+0.018
75:25 '

+76:8:8:8C

~0.21,-0.14,-0,071C.
a) Rétio of carbon peak

b) B-isotopé shifts due

areas for B-isotope shifted signals.
to 2H.
c) CD3:CHD,:CHyD:CH3.
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APPENDIX .1 o a o ;

Pulse seggences used in the acquisition of sﬁectra_aré
lisjed below with corresponding parameters. ‘“

1. No7mal agquisition:

;Z E . . i
2BB ; for carbon-13 .
o G0= 2 . 4 (3
EXIT "
LB is set to the Hz/Pt. ‘ ! §

L

2. Carbon Parity . Partitioning by Echo Tedinique

(CARPPET) CARPPET PULSE SEQUENCE

130 900 1100 — v — 900 2450 900 — 1 — FID(t,)
Pl P2 D2 Pl P3 Pl , D2 % (Dl)
oy Decoupler on : decoupler off decqupler-qp

BB . DO ' BB

. b

i
2

CARPPET PULSE PROGRAM for ASPECT 2000 (DISNMRP)

1 ZE K
i «.‘
2 BB
A IS
3 (Dl Pl: A P2: A A3 D2)
4 (P] TH4 P3 P) PH4 D2)DN
j

5 GO ~ 3 BR L /

Pl; 90° carbon pulse



T . . 3 . « DR ‘ . , o ) " .
L ¢ e ARRETTE S £ L ' RS s o L
S A - R 1

o

BN . , q ‘\\.;"'d! S ) e
P2y 110°»carbon pulse E : ..

- ?37 245° carbon pulse ;

T S
L3

D1; Relaxatlon delay (3 4 s)

;

‘_ D23 1/JC H 0,007 é»for carbon-proton system

~ : J . e . "}i .
' : ; ‘ o o g .
3. _p1n Echo Fqurier Transform (SEFT) ) '
SEFT PULSE SEQUENCE . " - .
«. 13 C: 90° - t-180° - .t = FID(tp) |
Pl , D2 P2 D2 (p1): -
SEET PULSE PROGRAM FOR ASPECT 2000 (DISNMRP). :
. o e
5 ZE
2BB . o | T
Dl ; carbon relqiation delay (3-10 s)
e ¢ Pl ; a 90° cérbon.pulse L s R 2
~ . . w v .’ B o .
D2 ; Delay =],/ZJcc for carbon-carbon system . VR
(0.111-0..090-S) ~ |
P2 ; a 180° iefocusing“harbon pulse.
- D2
Go=3 .. . . 4 ” )
. ] - v : L .
. EXIT o Z‘v B : .
w' ’ ) : v}
8 ’
4, 2D- INADEQUATE (Incredlble Natural Abundanco DoublE
QUAtum Trans{er Exper1ment ) L . ﬁ
2D-INADEQUATE PULSE SBQUENCE - .

13c, - g0° - t -,180° - T ='90°{= t; = 90°FID(ty)

PL- D2 PZ D2 Pl ﬁ‘ob PL DL




v . .
3¢, 90e '« ]f1§0° -t - 45°90° - t;.- 90°FID(t,)
~»1 b2 »2 b2 331 D PL D1
;D*IN DEQUATEjfaLéé édekAM FOR ASPECT 2000 (DISNMRP) °
. % 4
LS - 9
2 D1 BB S1 .. - S
3 D4. S2 | g
4 Pl PH1 D2} , » ' "iP
5 (P2 pﬁz D2) | -
6 . (PL PH3 D5) ¢ \
7 1o TO6, TIMES I ;
8 Pl PH4 p
9 60 = 2 PHS
10 Dl BB Sl % A X
11 b4 s . ; o - ?
J 12 (P1 PH1 D2) - h
13 (P2 PH2 D2) N
14  (P3 PH6 D3)
15 (Pl ng D5)*
16 L0 TO 15, TIMES &
17 Pl PHA4
18 60 = 10 PH7 \
19 IPHA
20 LO TO 2, TIMES 4 b
21  WR FN-SER

agd
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o S :
4 P : =3
. o S 4 ' . :
- L .
, 8 . " I “ ',;v\‘. . 183
‘r,gr . 7 - v
o . K N 5
. 7 o .

Lo - 'n&{* "‘r::,:- o :?’b’ " . o - 3 5
2 IN=1 . " - e : . .
: . 739 P T LT - S
T 247 DO 8 Lo L
- 4 - o . . oo . . " . L
: . ..‘ . ‘ . % g s g c . N 3 )
25 .. EXIT - L ﬂ L
. R o "’nj‘; 1”;,}7!‘ «
PH1 A0 . , ) .
R ! g - . o
PH2 = ‘AOA2 " - s , s
o . S ST U & ) .;‘4.\‘9 . Lot ST
> . PH3 =-m0" :
] 'A0 A0 AI“Al A2 A2: A3 A3 -
' . <

RO RO .R3 R3 ‘R2 R2 Rl Rl

3
R

Rl Rl RO RO R3. R3 R2 R2 R

/Pl, P2 and B3 are 90°, 180°, .and 45° cairbon pulses.

respectively. L a “",. B

~

\c

Dl is the recycle deléy (5.0 s);

D2 is 1/4J where J .igl the mean carbon-carbon 'coupling
constant (J = 40 Hz). . g o o

DF is the initial time delay and ig set to 0.000005 s,

D4 is an additional delay tovraise powgr.levels and is set
to .0:010 s, ,

The 2D—INADEOUATE was obtained on a 70 pém sweep widiﬁ'
covering the regién from 10 to 80 ppm,

D5 = IN = 0.5/5W is the ‘increment.
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5.'_12D‘-selectvive Distortionless Bnhén'cement by»Polar'iza‘tion

_ . N .
rransfer  (DEPT) C o~

14 . v ) '
a

2D-Selective DEPT PULSE SEQUENCE

'e
-

'r: o900 (p1) ¢ . 1800 (P2) ey (P4) decouple
o ' ) , ‘
| t1 tl T ) T ‘ kr '
13, 0 0 : 0 fog 0. ‘
c: 900 (p7) 1802(P6) - 900 GES) 1800 (P6) FID(t,)

4

-

r

L

» ’
2D-Selective DEPT PULSE PROGRAM FOR ASPECT 2000 (FP810515).

oy = 30° oy = 90° ° . ey = 150°
1 ZE ' 11 2E . 22 ZE
2 D1S1DO 12 D3S2CW 23 D3S2CW
3 (P1IPH1D@):DP7PH7 13 DIS;DO 24 D1S1pO
4 (P6PH6DY) | 14 (P1PH1D@):DP7PH7 25 (PlPH1Df@):DP7PH?
5 D2 | 15 (P6PH6D@) 26 (Peéaeng),
"6 (P2PH2D2):DP5PH5 16 D2 - 27:D2

v

7 (P3 PH3 D3):D P6 PH6 17 (P2 PH2D2);DP5PH5.28 (P1PH1D2);DP5PH5

8 GO = 2 BB 18 (P4 PH3 D2)DP6PH6 29 (P8 PH3 D2)DP6PHI(
9 WR FNjo.SER 19 GO = 13 BB 30 GO = 24 BB
10 IF FN30.SER 20 WR FN90.SER 3%”WR~FN135.SER
| 21 IF FN90.SER 32 IF FN135.SER
PHl = B PH5 = Af | 33 IN 1

i

PH2 = B PH6 = Af 34 DO

PH3

1

Bl pH7

Af 35 EXIT
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o

‘D@ = Incremented time delay (1/4 1H SW) and set to 5 us '
b L :

"1n1t1ally.

, .

RY

Recycle delay for carbon proton system (1 85) (tz)._

Dy = delay for carbon—proton system\g\ZiJc e 0. 00388 s for _
. Je-g F 174 Hz.l(T). “ , | :
" Linear combinations of these FID's are used ta obtain'the,;

CH3, CH; and CH data.
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APPENDIX 1T

‘ L Vo o o . ‘
Medium A, wused in ‘the production of - mevinolin, ' is

composed of: _ ' o ' _ ¥
‘ AVER

5 g of corn steep liquor.

40 g of tomato paste.

10 g of oat flour.

10 g of dgxtpose.

10 g of qéxtrose

10 mL of a trace element solution (composition: l.g of
iron(III) suiphatef heptahyﬁréte, l g of manganese»:OII);
sulphate tetrahydrate, 25 mg of copper‘ (Ii) chloride_

dihydrate, 100 mg of calcium chloride dihydratef 56 mg otf



. o - " o 3 ,1,‘_85;

U U

bor‘i’c" acid, 19 mg of f(Na;,)'Gm'o*-,o“-mo,»a.nd' 250 mg of zinc

-

sulphate heptahydrate perJl1tre).
' in luL of triply d1st111ed water at a pH of '6.80. )
Medium B, u k- in the productidn ‘of mevinolin, is
. . S .
: )

composed of: \

45g of dextros .

.24 g of peptonised milk.

2.5 mg of yeast extract

2.5 mL of polyethylene glycol P2000.
in 1 L of triply distilled water at pH 7.4.
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