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ABSTRACT | - CR
- : e, ' . : a

‘Mechanlstlc 1nfo tion has been obtained for

blologlcal cyc10propane fatty ac;d formatlon by L. plantarum.
-Deuterlum labelllng studles showed that when a methylene
bridge is constructed across the double bond of an oleflnlc
fatty acid, no scrambllng or loss of label occurs at the
vinylic or the allyilc p031t10n of the olefin. One of the
‘consequences o? these results is that any mechanism whereby | ‘p’.
the olefin 1§‘aptLVated at ‘the allyllc posmtlon has been
: conclusavely ruledvout, S Lo
- Up to 18% ofia-diwcyclopfopyl.fattynacid was formedl
in feedihgs usingfmethionine—methyledg.- It was shown thatt_
e#chigge-had not occurred at the-methionine'stage.- Exchange
I'of a protonated cyclopropane 1ntermedxate is postulated to

~ .-f‘
account for the’ productlon of dl-cyclopropyl product

An 1ntermolecular prlmary deuterlum 1sotope effect ‘\'//j
, cof'1.07 + 0.04 and .a mlnlmum 1ntramolecular prlmary deuterlum

isotope effect;of'3 2 % 0.5 .was measured for the protcn
 abstraction step. Thus, carbon-hydrogen bond cleavage is

not a rate-limiting step in the blologlcal cycloproPanatlon
ireactlon.; o

- A mechanism 1nvolV1ng methylatlon of an olef;n followed

by 1 3~proton ellmxnatlon is favoured for the blologlcal

formatlon of cyclopropane fatty acids. o

e
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tion reactlon, s. A 1.-1s able to methylate the weakly nucleo—

. GENERAL INTRODUCT'ION

Tha/bxosynthe51s of cyclopropane fatty a 1dsf1nvolva§
the constructlon of a methylene brldge across the cis doubfé
bond of an unsaturated precur!.r (1). - The nethylene group is
derzved from S—adenosyl-L—methlonlne (s A. M.) " wh1ch is known ¢ .

=

to donate an 1ntact methyl group to a varlety of blOlOgngl .

nucleophlles, such as thlols, phenols, amines and epo&s (2)
It is commonly held (3) that in the blologlcal cycloproPana- -

~

phlllc double bond, yielding an 1ntermed1ate carbonlum 1on,

which may lose a proton to form.the,cyclpprppane r1ng (Scheme 1).

Scheme 1 : - -, s -




While*this mechanism is attractive from many p01nts of view, .
.there'arerothef'possibilities. For‘example'\T' Cohen has

L

-hpostulated suiﬁur ylld formatlon, followed by transfer of
the methylene unlt to a metal such as’ copper, whlch may then

cyclopropanate the double bond ln a carben01d reactlon

(Scheme 2) (4). - . '“f'

| 'ﬁm@m2 ‘ '%f .;llﬁh. e

B /1 Another pOSSlblllty, which has not been prevxously
suggested, 1s allylic oxldatlon of the olefln to glve an

:u B‘%nsaturated ketone;, followed by Michael addltlon of a pre-'

‘formed sulfur ylld. The intermediate so~ obtalned could c014 |

Tlapse in the usual manner to yleld a cyclopropyl ketone which

'would have to be reduced to obtaln the desired product

) :7(Scheme 3) R ¢ A

.|_‘\

,A closely related variantron the above scheme involves‘“
r-oxldatlon to an allylmc alcohol whzch after sultable*derlvatl-"

. :'zatjon might. be attacked by a: sulfur ylid. Reductlon with

T;hydrlde-ion would glve'the cyclopropane'dlreétly (Schemef4).
- . Q_ - f ‘ . " T A. M " \-. [ B
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bond (see Scheme l) to form an alkene, which after methyl group

~oxidation and derlvatlzatlon, might be- attacked by hydride ion

at the double bond to YIEld the cyclopronane (Scheme 5)

Scheme 5
It was the purpose of this lnvestlgatlon to dlStlngUlSh
’ among the above mechanlstlc pOSSlbllltles.: In partzcular,

- the-technigques of . deuterlum labelling comblned with mass )
._spectrometry ahd nuclear magnetlc resonance were to be used

in order to check for loss of allylzc hydrogen from the ole-

finic substrate during cyclopropanatlon.. Furthermore,_it

.was-con51dered appropriate -to’ repeat earller labelling experl-

[ .
- - ’ -



ments which had shown that two deuterons from‘methionine-

1

| methvl—d3 were 1ncorporated into the cycloPropane fatty acid

YS), and that the unsaturated precursor, deuterlated at the: = ¢ -

vinyl p051tlons,_d1d not soffer loss of label-durlng-cyclopro-_

’panation (6). 1In neither experiment was the position of the.

o ‘ !
label in the biosynthetic product unambiguously determined

Also, 1t was not reported whether partial exchange had occurred

in the methlonine-methyl—d3 feeding; this 1nformatlon was

before or after carbon-carbon bond formation-.
. . OT afte 3 _ !

deemed important in deciding at what stage the deuteron (protoa}'

A

is lost in the biological cyclopropanation reaotion:-£:{mely,
- . : ; »
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o * HISTORICAL INTRODUCTIdN

A Cyclopropane fatty acids: Structure, distribution

faTe L

" and function

Cyclopropane fatty acids occur in mahy bacteria as
esters of cell membrane’phospholipids. ‘They have also heen.

found in some seed oile, alqng with the correépouding cyclo

opene fatty acids and in some ‘protozoa (7). Typical struec--

“tyres are shown in Figure 1. T ;

‘OH

Yy 9
T . x=7,yvy=17: dlhydrosterculzc ac1d ‘ ~
Y 7

x =5, y=7: 9 10-methy1enehexadecanolc acid ' -
. Figure‘l.';SQme typicalicycldproPane fatty ac;ds. - \JHL*;JK\L/\

Only in the case of lactobacxlllc acid. 1solatea from

Brucella melmten51s, has the absolute configuratlon of the-'

'cyc10propane -ring been shown ty be 1llR,12S (see ‘Figure l) (8)

Clrcumstantlal ev;dence po;nts*to dihydrosterculzc acid havzng
the same conflguratlon (9)

The prec1se bxochemlg\l role of the cyclopropyl fatty .



acids has ndtzbeeu'clearly dafiﬁed Some uncertalnty ists
in the llterature regardlng thé effect‘of cyclopropanat n .: >
on the phys;cal properties of the cis-olefinic fatty acid . | 3if
cootaining phospholioids; Recgntly, workers in this ‘area” = . fﬁl.
hava suggested that there ia, in‘fact,'Vory'iittle‘effect*

(10 11}. - An antloxldant role seems out of the questron 51nce
anaerobes and aerobes both possess. cycloPropane ac1ds._ That
cyclopropane format;on is- a means of disposing of axcess

S.A.M. is not in‘accordlwith the observation'that S'A'M levels
do not influence the rate of cycloPropane blosynthe51s (12).

All thlngs conSLdered, espec1ally the fact that cyclopropane
PhOSphOllpldS are not further metabollzed, it seems llkelyb
that the cyclopropyl group plays somg subtle’ structural role

Vln ‘the cell membrane.

B " Biosynthesis of cyclopropane fatty acids .

’Véry éoon aftEr'K; Hofmann isclated the first cYclo-
.propane fatty acld (1actobac1111c acid) in 1950 (13), the
flISt blogenetlc hypothe51s for 1ts formatlon 1n v1vo was o
'”put forward by E. Kosower (14) ' He reasoned that sultable ‘

. .%: -

silvius and MoEihaney have found‘tho.presence of the
cyclooropaoe grouo in the. fatty acid acyiasi&echains to cause.5 '
~only a slight increase: 13 orderlng of the phospholzpld bi- = |
-1ayer (11) . Cronan et al. falled to flnd any dlfference 1n

.the thermotroplc propertles of cyclopropane and cls—double

bond contalnlng phosphollplds (10).




8

ion of r;cznoletf acid, followed by solvoly51s,

chazn elonqatlon courd lead to the Cc-19 cyclo—
’ Apronane acxd (Scheme 6)

il

h : H3c‘\.bfig§1;ii’—____‘\ ,JL\\\ '
| ‘ - (cH)
. _;cnz)s ooyt ol OH
l. ATP | -
2. solvolysis =
| He __H O
< HC—(CH )W ),\\
(CH
o 27
. = ]
A - . | H
lfh . .
[ 14 l'l
+¢
~ ! J
H, H
v H C\ H’I \\H., 0 ‘
(CH) (CH)
. ze  OH
. ..;:échgme 5‘
o
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It is interestlng to note that although this hypothe51s

turned out to be 1ncorrect fB dld predlct ‘the correct p051tlon
» L W . o

of the cyclopropane rlng in 1actobacllllc acr&h(the complete

structure was determined in 1960) (15)

In 1957 Hofmann noted that the addition of cis-
1y

vaccenic acid (c1s-ll—octadecenolc acrd) to the bacterlal

growth medium stlmulated productlon of 1actobac1111c ac1d

-Furthermore, when the latter was supplied in the nedlum, no

vaccenic . acid was blosynthe51zed (16). The precursor role

of cis-vaccenic acid was confirmed by W. O'Leary who fed cis-
14

' vaccehic-l-ﬂﬁgﬁand oleic—l-l4c acid and obtained a C labelled

o closely, J H. Law and coworkers attempted to isolate the

cyclopropane acid ofﬁsimilar eoecific activity (17). Finally,

’

- it was unambiguogely shown by HOfmann that methionineéméth?l—

14,

specifically into_the methylene bridge of lactobacillic acid

"(18). ‘Thus, it seemed likely that a Cy unit was added acrosé

the

the‘cyclopropyl ring'of lactobacillic acid.

Enzymology of cycloprOpane'synthetase : : o

In order to study the cyclopropanatlon reactlon more
enzyme respon51ble-for this unlque transformatlon. Although.
they. dld not succeed, work w1th purlfled extracts revealed

some.useful information. Earller on, workrng with mutants

of Aerobacter aerogenes, 0 Leary had shown,thathS-adenosyl—L-‘

ouble bond of vaccenic acid to form,' in some unprecedented

C, and to a much lesser extent; formate—l4c, was incorPOratedl




- .

e

10

methionine was a more efficient'“metbyleoe)éonor“fthan_methioniﬁe .

(19).. Zalkin et al. coﬁfirmed‘this‘resultrby demonstrating

e

 that S.A.M. was necessary for cyclopropane formatign'to occur

in vitro. (20). 'N—Methyl~tetrahydr:gg2ate was inactive as a
"methylene‘donor“ (21) . . The next point to be_determined was

the nature of the olefinic eubstrate.' Free fatty acids were

.3

- .not cyclopropahated.. Phospholipids containing olefinic fatty

acids, such asfdioleyl.phosphatidyl ethanolamine, when dis-
oersed to forﬁ miceliar solgtions did act as substrates.: The
enzyme.woqid"acceot‘a variety_of phosphoiipids.exceot for
phoéphatidyr‘choline derivatives. Oleyi'sidechains'linkeo

to p051tlons 1 and 2 of glycerol 3-phosphate by non—hydrolyz—

able ether ‘bonds: were cyclopropanated show1ng that hydroly51s

. of phosphollplds to free fatty acids followed by cyclopropana“

tion and recondensatlon had not occurred in the previous ex—'

perlments (22). Thus, the cyclopropane synthetase catalyzed

: reactlon involves the 1nteractlon of phosphollpld mlcelles_

with a-protein in vivo, the reactlon probably takes place at
the-cell membrané’"§3) Recent work by Taylor and Cronan

showed that ‘the enzyme ‘can be stabilized by phospholipid

ve51c1es (24). N

The enzyme whlch Law studled was 1solated from

' clostrldlum butyricum and was unique in that although it did

cyclopropanate the beta fatty acid'chain,‘it preferred«to

Qreact with the fatty acid at the gamma position (25). Most -

cvclooropane-containing phospholibids which have been isolated

LY

~




11 ‘ -

-

from other sources haye: the cyclopropyl 51decha1n at- the beta ’;/
.poSltlon. Thls may simply be due to the fact that the<§f/ﬁ&\ ' .

cursor olefln is usually found at that 9051t10n. The naturally
o ~

occurring —glycerol phosphatldes are an absolute requlrement

for .the cyclopropane synthetase (22). Evidence from in v1vo

experlments points to the fact that only the 9,10- and the
11 l2-c1s octadecenoic fattv acids are cyclopropanated He;a—
Adecenoxc isomers have not been studled as thoroughly, although f_
llt ‘has been. shown that the 9, 10—1somer is strongly preferred
(26). Ohlrogge et al. have suggested that two separate enzymes
fmay exist; one which recognlzes the carboxyl end of the fatty
acid and the other the methyl end (27) ' ' o T
The other product of the cycloprooanatlon reactlon, s
S- adenosyl—L-homocystelne (S.A.H. ) acts as a strong 1nh1b1tor
‘of the enzymlc reactlon, ‘this seems to be a general feature_
of S.A.M. transmethylatlons.- In the crude extracts wzth whlchf
Law worked, S.A}Ht was_degraded hy S.A'H;'nucieosfdase to
adenine. andfrihosylhomocysteine (28i A summary of the lnfor—

-mation galned so far is presented in Flgure 2
N B . ,‘ —‘.E"\.

D Mechanisms of blologlcal cyclopropanatlon-

In 1963 J.H. Law and coworkers fed methlonlne—methyl—‘

d to E. c011 and lsolated a cyclopropane product whlch was
shown by mass soectrometry to be dldeuterated (5). On the

ba51s of this result, Law argued that blologlcal cyclopropana-

tlon mlght follow a course slmllar to E. Corey's newly dlscovered

<

[




:(CHZIT ’ | (CHZ)'T H Cxo/?\o

7,

O
~ (CH) NHy ~C

| iy O € ST
H o _Hng\éf( r%’lfi&cr-l& H

Piguke 2. The biological cyclopropanation reaction.

| synthetic reection (29), 1nvolv1ng the addltlon of a sulfur. '
ylidlfo the'deuble bond of an a, B—unsaturated ketone. The
analogy was.a poor one\51nce sulfur ylxds do not add to an

:ﬁnaétiveted doebierond such es is found 1n cis-vaccenic acid.

Eﬂ'Lederer, ih his 1964 revlew on C~alkylatlon (301, suggested
that the sulfonium ylid formed from S.A.M, might elther alpha

l:ellmlnate to yleld a free carbene,'capable of cyclopropanatxng

b an lsolated double bond, or, might attack a double bond polarized

- by an appropriately sxtua?/ﬁ enzyme groeg:tiheme 7)

The nature of the enzyme group ‘capable of acceptlng .

* electrons and’ redonatlng them was npt-deflned. At about' the



same time,’O'Leary.raiséd)th

Scheme . T .

2ssibility of there ‘being

discrete lntermedlates in the cyclopropanatlon reactlonr«al—
)

though he dld not give chemxcally reasonable mechanlsms for

'the1r formatlon (31) (Flgure 3). -

_Figuré 3.- Some bossiblelinterhedigtes igttbgdbioipgical

cyclopropanation reaction. =

- .



w (.
‘Law ruled out some of these suggestzons by feedlng _
-olelc aCLd-9 lo-d2 to L Elantar and 1solat1ng a blosynthetlc'

cyclopropyl product whlch he found had retalned the two deu-

terons 16).- He. also showed by a mass spectrometrlc method

that the'Q,QO—olefln was converted to the Bnlo-cyclopropane

. - : v ‘
and not to the 11,l2-isomer. as had been previous;y suggested

o S | ‘[ i " | . 25

(17).
' In 1964, R.C. Greene suggested ‘that a polarlzed double

bond mlght attack a methyl carbonlum 1on to yleld another"

-

carbonlum ion, whlch should "theoretlcally be able to displace

¢

a proton from the ‘entering methyl group (32) (Scheme 8). -

-

o, -

sonmen T a

Actually, the idea of an 1solated double bond attacklng
a "methyl catlon“ was apparently {}rst suggested\&n 1962 by -
A.J. Birch (33), who correctlv predlcted the origln of ethyl
51decha1ns in phytosterols as arlslng from a double methylar

tion proceqe, In 1969 Lederer prov1ded a unlfled theory of

-

= ¥
. ! N
L I v

. :l‘.)‘




whxch also leads to exomethylene ‘and” allyllc methyl group

. format;pn (34) (Scheme ). '~fﬂ;;":.”‘"“h . \\/f'.

+.+ 7 - scheme9

“n

The sulfur‘ylld proposal was rev;ved 1n 1974. by

', Cohen who con31dered a metal carbenoxd mechanlsm to be a ~-.

fﬁ likely p0551b111ty (4) (see Scheme 2)  He carrled out: model

studles to show‘that methyl sulfonlum salts could be eas;ly

deprotonated under mlld condltlons and that a sulfur Ylld
could cyclooropanate alkenes in the presence of copper salts. .

."f\.-. P
Slnce then?pno further suggest;ons about the mechanlsm ‘

- L

L of blologlcal cyclopropanatlon have been made in the llterature.

5
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. Although the regulatlon and blochemlcal role of cycIOpropane

fatty ac1d blosynthe515 has been studled no detalled mechanlstlcr‘

work has been reported for the last l3-years.

. - - . - . - -

[+
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'which will'inoorporate labelled precursors effioiently. The

. methyl-d

"and non-deuterlated methlonlne. By asse

. RESULTS AND DISCUSSION - . = N

A. INTRODUCTION

S

The study of the biological cyclopropanation reaction

using deuterium labelling techniques requires a'biologiealtsyetem;‘

.

‘_'use of ‘the micro—organism, Lactobac11lns plantarum, ATCC 8014

was found to be convenleht in.thls.regard. The growth medlum
for this . bacterium could be altefed. so that incorporation_of" 2

methyl-labelled metbioﬁine, or‘labelled]olefihic fatty aoide,‘

~into the cyclopropanelfatty acids, was esSentlally 00%.Hfsince _

‘theﬂorgahism,w}ll:oﬁclopropanate bothécis-ll,lz and.ois-9,10e

octadecehoic>acld (6); it was decided to prepare and feed the -~ Cor

‘,much more readily available, labelled 9, 10-isomer..

Meth:.onlne-methyl-d3 wae fed to the mxcro-organlsm to

determlne if removal of a deuteron to form-the methylene unit

- was réversxble or not- 1f it was, some dl and do cyclopropane'- R

e

product mlght accompany the expected d -species. Methxonlne— P

2 and methlonlne—methyl dl were prepared and used to

idetermlne the lntramolecular deuterium isotoPe effect for the

proton—abstractlon step. An 1ntermolecu1ar deuterlum 1sotope‘

"effect was measured by feedlng a l lm xtu e of trldeuterlo

lng the ev1dence

obtalned from. the above experlments, it wa hoped that a coherent

4

T O
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mechanistic picture of the blological cyclopropanatlon redction _
might be obtalned. N -

B. ~  SYNTHESIS OF DEUTERiATED FATTY ACIDS
iy -Methyl c15—9-octadecenoate-9 lo-d
. .
‘The two routes that were 1nvest1gated for the prepara—
tion of the tltle compound from readlly available methyl 9-
f_octadecynoate (35 36) are outlined 1n Scheme 10.
s 2. NaNH ANH3 S
S g.--saF/MeOH |
I , ' R ‘ e ) o
. ~ ‘ & ﬂ{\v//ﬁ\\wx;fggox’;;\ﬁrfj?Me
- , B\ Lindlors <
— /. .- Zﬁtolyst/hexane'
S N -"_cps‘cooo'
‘DT . BlOR)p o, -
+ regioisomer . |
R ~ Scheme 10 ° o ‘X



-

- -\h;_’):;) o | o _ .
sl _ R : )
Route A was 1nvest1gated flrst because 1t was anticipated that

pure c1s-olef1n would be obtalned w1thout scrambllng of the

label (37) - This 1ndeed turned out to be the case,‘although
the resultxng deuterlum content in the olefin was low (do, 3%;

30% d2, 67%)“ Use of non-labelled catecholborane and

ll
deuterlated acetic acid gave rise to a mono—deuterlated olefin

which was 90% d1 Thus, the catecholborane-B-d, prepared

“from BD3/THF, was probably only«partlally (75%) deuterated

.
at boron.

The desired compound was obtained, with high deuterium

- content (do; 1%:,&1,-3%; d2' 96%) and accompanied by_only traces

{2%) of the trans compound, when'pathwava was followed. The

use of’ ethyl acetate (38) or ethanol O-d as solvent led to an

olefln with lower d2 content (90 93%) and contalnlng more trans

v materlal (6-8%). It has been suggested that trace amounts of

ac1dic impurities catalySe lsomer;zatlon of the double bcnd

‘(39) ‘ The position of the double bond was not checked other

workers have found no shift of the double ‘bond when using

' Lindlar's catalyst (40) The tltle compound ‘was obtalned in
- 23%, overall-yleld from olelc acld The above method represents~
a substantial improvement/S;;r Gatalytic reductlon u51ng

'_qulnollne as a catalyst peison, where ca..}S%_dl-olefin-is pro-,f

duced'(4l}. [ _ : - o S - .; . o

il

. of the. deuterlum label Comparlson of ‘the 1H spectrum of methyl

Q-

Various NMR technlques were used to confirm the posztlon

”




?'were found.

Figure 4. LH NMR spectrum of methyl oleate.

k“

" 20

oleagg//nd methyl oleate-é lo-dzftﬁiguresf4 and 5, fespeotively)"v

o

showed that in the labelled material, only traces of v1ny1—

proton absorptlon -remained at § 5. 3, furthermore, the allyllc |
/ . .

resonance at 5§ 2. 0 had bepn converted into an unresolved trlplet

as expected. 1In the 13C NMR spectrunm, the 51gnal of the v1nyl

_carbon atoms at 130 ppm, present in the unlabelled analogue,

‘had disappeared (Flgures 6 and 7) An upfleld B isotope shift

(0.1 ppm, (42)) was observed at- the allyllc carbon atoms (see
Table 1, p. 32). In the H NMR spectrum (Flgure 8) only traces

of deuterlum at carbon atoms other than the vznyllc {8 5.3)

-

.
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(iii) Methyl cis-9-octadecenoate-8,8,11,11-d,

At the outset of this work, there was only one method
in the literature for the preparation of the title compound.

It 'invdlv’éd._-._ﬂgight steps and gave a produst containing 30%-of

the trans isomer (43). Accordingly, a more satisfactory method

was sought. The first attempt in this direction is ou'tlined in

Scheme 11. =~ ' U ;

o | ®,
o, t-BuO /t-Bu0-d
- | fluorenene /fluorenot

"H OH

‘j'. s %
.O%
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o : a

,The 9,10- dlol, obtained by basic permanganate ooxidation of
olelc ac1d (44), was subjected to racemlzatlon condltlons (45)
in the expectatlon that the 1ntermed1ate ketol would exchange.
Unfortunately, exchange at the 8,11 positions was not obServed
However, from the 9 lo-dlketone, a successful.eynthetlc route
to the title compound was developed (Scheme .12).. The 9; lO-
dlketone obtalﬁed by permanganate-acetlc anhydrlde oxrdatlo.
of oleic acid (46), underwent facile exchange at the 8,11 posr-
tions, at 65° C, in a mixed solvent system, generated by adding ‘
Dzo to acetyl chlorrde and acetlc ephydrmde.l Catalytlc reduc-.
tlon of the exchanged dlketone yrelded marnﬁg the ythro diol,
;whlch was freed from the threo isomer by- two rechCiallrzatlons
from ethyl’ acetate.' The predomlnant formation of erythro drol
mlght be explalned by postulatlng a ¢is-enediol 1ntermed1ate
. that undergoes c1s—hydrogenatlon of- the double bond. In con-
trast, reduction of the diketone usrng sodrum borohydride,
f“gave an excess of the threo diol; fractronatlon of the mixture
by cont;nuous extractron wrth ether, had been reported to
separate the two dlastereorsomerlc diols {(47). However, this
method could not be reproduced. A C R )

The deoxygenatron of the erythro diol was successfully‘
_carried out by usxng methyl orthoforma to generate the 1, 3-
‘ Hdloxalan, which was heated to elrminate CO2 and methanol-

partrally unmethylated acid served as a catalgwt for the de~

'composition (48) ' The title compound was thus obtarned in 20%

z
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6verall yield from oleic acid' ‘The stereochemlstry of the
double bond was determlned to be 100%-cis w1th1n experlmental
error and the dzstrlbutlon of deuterlum was measured to be.'

M
'-That all the. deuterlum was at the allyllc posztlons

‘was‘sﬁgwn by the following evidence- In the lH MR spectrum

“'ag follows. a4, 79.1%; &y, 15 1%; d2, 4.0%; dl, 1.44; d,, 0. 4%.'

(Flgure 9), the signal at § 2.0 present 1n the unlabelled com- -

H

pound, waslabsent. The 51gnal of the vinyl hydrogens had

"/sharpened into a 51nglet as.expepted. The szgnal assigned to

the %;lyllc carbon atom at 27.4 ppm 1n the unlabelled compound (Flg. 6)

had disappeared in the l3

(Flgure 10) and a B isotope ‘shift (0.2 ppm) was~observed for
.the sxgnalsAaSSLgned to the carbon atoms at C-7 and c-12 (see
Table 1, p. 32). Only one peak at § 1 8 was present in the 2y

2.

NMR spectrun (Flgure 11) as expected.

L3

7
R

C NMR spect;ym of the labelled materlal

- Tho
PPl
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e

13C chemical Shlfts of deuteriated and non-deuterlated ‘

Methyl 015 9*octadecenoates

CompoundJ ' P : . A '
: 1 2 Co 3 .
Ca - ' : .

174.3 = e

. 342 s34.2 34.3
. 252 O _" 25.2 . 25.2///
. 29.4 .- 20,4 20.4
29.4 . 29.4 "  . 29.4

F‘ 30,0 - %o

(o]
1
2
'
3
.
4
5
BN e T e2sd 20
7 |
8 "27.4 27.3 ABSENT
9 130.1 ABSENT '-"-13o¥1
10 130.2 ©  ABSENT  130.2
T o 27la . 213 | ABSENT
120 . 3do . 7 30000 20,80
I3 - 20.4 “ 29,4 29.4
14 20,4 .. 20,4 . 29.4
152904 0 2904 L 29.4
% ° . .. 32,2 - . 32,2 | 32.2
17 v - 2209 229 ¢ 2209
18 1402 7 142 143
19 . 514 _5153‘:'  51.6

(=) denotes peak of very IOW'lntenSLty.
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C. FEEDING EXPERIMENTS WITH LABELLED FATTY ACIDS

The two deuteriated fatty acids were fed to the micro-.

- organism at,a concentration of 0.06 mM on a 10 L scale. Ap-

4]

proxinateiy 5 mg of cyclopropane fatty acid were isolated in .
.. each experimenﬁ {representing a 2.5% conversion). ‘For_compatif
" son purposes, the Simmons—Smith'reaction (45) was‘empioyed to
_prepare deuteriated oyclobropanes froh the corresponding deu—
,‘teriatedlolefins. Examination of the synthetic and biocs nthetic
_zsamples by ms é;dicated that label was not lost in ei ef

-feeding experiment (Table 2).

bably caused by resxdual olefin fatty acid biosyntheSis.

" The. label in the biosynthetic product from both feeding;
experiments was located by NMR methods.- The ‘H NMR of methyl
dihydrosterculate is shown in Figure 12, The peaks.of interest‘

~are the.multiplet at 6 0 66 (3H) and the multiplet at & -0 26
1'(1H) These resonances have been'aSSigned by Longone and’ i
Miller (50) *The cis pr, tons at c-9 and c-10 and the brldge—
head proton trans to theftwo alkyl substituents resonate to—.ﬁ\
‘ gether‘at ca. 6 0.6 while'the bridgehead protqp cis to the |
2 alkyl‘gﬁggtituents is observed at ca. § —0 3. Specific"i
deuterium labelling at the bridgehead would unambiguously
1oonf1rm these assignments. In’f;E‘%H NMR spectI?m (Figure 13)

- of the biosynthetic cyclopropane derived from oleic acid-9,10-

d2, a pair of doublets (J ca. 4 Hz) at § 0.55 (1H) ‘and

- . . - ) -

= . . . . : . . -
.o . . ) ‘ .

i¥
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8 -0. 36 (lH} was observed aS'exoected | The 2H NMR spectrum of
the above. compound (Flgure 14) featured one sxgnal at 6 0.83
(Errors of t & 0 5 are not uncommon when an external reference
isdueed). Comparlson.of_the 13C NMR spectrum of the non-

-labelled and'bioSYnthetic'cyclopropane (Flgures 15 and 16)
showed that the spectrum of the latter compound lacked a .

| 51gna1 at 16.2 ppm (prevxously ass;gned by Batchelor et al.
(51) to C-9 and C- 10) ) Also, %s can be seen, from Table 5,

'p. 54, B isotope shifts were observed for tAe signals of the
adjacent methylenes at C-B and C-12 (0.2 ppm) and of the |
_bridgehead carbon atom at C -20 (0.2 ppm). On th bas;s of

the above evidence, it was concluded that scrambl of deu-

terlum had not occurred on blological cyclopropanatlon of olerc

" acid-9, lO—d2
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That no scrambllng of label had occurred in olezc

acid-8g, B 11, 11-d feed;ng was clear from the follow1ng spectro—

scopic data. The lH NMR spectrum of the blosynthetlc cyclopro—

- pane (Figure 17) revealed that the s;gnals of the cyclopropyl

protons were: not by duced in intensrty and further that the

apu;t;plet at 6§ 0/{66 was sharpened because of the absence oﬁ ‘

" hydrogen at C-8 and c-11: The-za NMR-spectrum'showed one

peak at & 1.3 as expected (Figure 18). The 3C NMR spectrum_ ;
of the blosynthetlc sample was 1dent1ca1 with that oﬁ a syn-‘

thetlc sample prepared by a Slmmons-Sm:th reactlon on methyl”

(
3oleate-8 8, 11 ll-d4 (Flgures 19 and 20) E
. e ‘
t: ‘ N
‘
. : : . [
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The implications of the above 'results ere the’ following:

1) Deuterium was not lostjfrom the vinyl p051tions during

the biological cycloproPanation reaction in accordance with

the‘results‘of Polacheck 35 al. (6). The fact that deuterium

‘scrambling did not.occur means that-if'the-carboniumjion
‘mechanism of Scheme 1 is correct, then the protonated cyclo-
propane intermediate does not equilibrate between -various

‘edge or corner protoneted.species {52) (see Scheme 13).

H H
:c, ot

?

S D
a® NG
.—Q‘i—.——— ,’G
—— r@ N0
?’/ ’.i_.'.. _..‘!.‘\\H

A ]

- g L~
. Scheme 13 : o

2} 5The'fact that deuterium was notfloet from the'ellylic?
u»pOSltlonS during cyclopropanation concluSively rules out
_r'any mechaniam where an. unsaturated centre is formed at these '

'carbon atoms’ (see Schemes 3-5).

=3

'o3) Thus, two mechanistic pOSSlbllltles for the cyclopropanation
oreaction remain, the carbonium ionfmechanism (Scheme l), and

:the carbenOid mechanism (Scheme 2) A clear chOice between

el
. .

'
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these tWOnalternatives on the basis of in vivo experiments
-would be difficult. Nevertheless, a series of experiments,

VdeSLQHEd to prOVide .more 1nformation on the cyclogropanation

reaction was carried out.

. D. METHIONINEAMﬁTéQL;d;.FEEDINGS' S s

- LfMethiOnine—methyl-dj (d3, 1v O 9%

do, 1.9%) was fed to the micro—organism under a variety of

~

conditions and the biosynthetic product was examined-by NMR.

95 8%; d 1. 4% >d.

_methods and by MS.
| _As.. expected deuterium label from methionine—methyl— 3.
d3 was. found only at the bridgehead carbonJatom., In the lH
NMR spectrum, ‘the signal present in the undeuteriated analogue
:Jat 8§ -0. 3 was absent and there . was a reduction in intensity.
.-of the szgnal at 5 0, 66 (Figure 21) The. H NMR-spectrum had
- two peaks of equal 1nten51ty at 3 0 42 and 8 —0 5 (Figure 22)
ACurve fitting and integration showed the peak int"hities to
be in the ratio of 49,4 r 2 to 50 5 & 2, indicating that the
ﬁgmonodeuterated spec;es amounting to 14 5% of the total sample

. (vide infra), Was equally 1abelled at both briﬁgehead pOSiticnsJ
. ia <

-HInspection of the c NMR spectrum (Figure 23) showed - that thef?pf
' ;deuteron appearing at 6§ 0. 42 was not present\atﬂthd or C-10. ‘
. since the signal attributed to these - carbons, although show1ng -
,fi,a B 1sotope Shlft of 0.2, ppm. (see Table 5, p. 54} was: not re-:anﬂ

aduced in intensxty._ The s;gnal aSSigned to the bridgEhead

.carbon atom in the undeuteriated compound was absent

84
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.feedlna experlment

- | 51 -

' By MS it Qas shown tha%:ij§{§hificant amount of dl- '

cyclopropane fatty acld accompanled the expected dz—specles.,

E The results are summarlzed 1n Table 3.

a 3~Cyclopropane fatty acid. Th;s was done by comparing the
M +-1/M ratio for synthetmc methyr lactobaczllate—19~d2 w1th
that of the methyl lactobac111ate derived from. methlonlne-
methyl-§3 The results of three ‘GC/MS runs are shownr inv
Table 4. o o

A d3—59ecies mlght have arisen by the mechanlsm

.shown in Scheme’ 14 The fact that such a sgféiengas not

-found is cons;stent with the observatlon that scrambllng

k]

'of the label was not detected in the olelc aCid\zi%o 5

-’ .
~
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s |
L. Ry =Ry =Ry =R =H (synthetic) o SN
2#; Rl.= D, R, =Ry = R, (b;o§yqthetic)
3. Ri = H, R, = D, Ry = m {?.ynthetic) |
4. .' Rl‘=.H, Rz';‘D'“Rj =;R4.= H (b;dsynthgtlg).
5. ‘R1”= R, = H, Ry =-34 = D-(blpéynphetlc)‘
(The l3C"<':he.m:i..cal shifts of methyl-dihydro rculate have béeﬁ‘_

assigned by Batchelor et al. (51).)
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E ° VARTATION OF. EXCHANGE AS A-FUNCTION OF CELL GROWTH

The:ﬁact that dldcyclopropane fatty acids were obtained
iﬁ'feedings with methionine;nethyl—d; (see Section D), meant
';hat-at scme'stage'in cyclopropane ring’biOSYnthésis, ad, or
dl:methvl'group‘species had been formed.- Since isotope effect

—

stuflies, using methionine, deuteriated at the® m?thyl group,

. were planned, an attempt was made to establish conditions where

loss of deuterium via exchange processes would be minimized

It had preViously been observed (Table 3) that. adding

leither Cis~vaccenic or oleic acrﬁ in lieu of biotin to the

(h).) ~This observation led.to the‘hys-theSis that the ex-

. tent of exchange increased with cell growth. A systematic

~.

- study. of cyclopropane fatty aCid biosyntheSis and extent of

= \L\/;::hanqe as a function of cell growth was carried out'gsee _l

j'was noted, even when cells were grown on the same medium (cfr”

;culture age as has been noted by other workers (53) he

Igure 24). A wide variation in the rate of cyclopropanation

Curves B and C}.’ In{general however, it can- be seen that-7

the percentage of cycloproPane fatty acids increases With

LA

;results of the large scale incubation, (Curve C) where the

cells were harvested at the pOints indicated on Figure 24 .

are presented in Table 6.
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‘. - =
‘7.‘“- | Table €. 4
analytlcal Data obtalned ‘for Cells Isolated at
. 13.5 and 24 h L .

L}V ’ B Cells:isdlated-' Celle‘isolated'

at 13.5'h - ~ at.24 h
PH of meéiﬁm at R e ‘ . “‘a' ' ‘.h
time of isolation, , T30 4.4
“time -of isolationu‘ - 210 o IQOL
Cell Yield . - i . S - o ;
(mg/100 mL of culture) Sz i
- Fatty Acmd L SRR ' |
- conteht (mg) 4-?‘, 20.7 .
%jCyeloﬁreﬁanegﬂ_- oL :i3
'Fatty Acid . . T T

‘Deuterlum conte £

R cycloproPane atty aczd? - : SR
8.8 ' 4.4
S , 7.3 11.3

o 83,9 - 84.3

% dl/%_§1\+-§'d2 o o 8.0 11.8

-

As was predlcted the dl-content of the cyclo 53 pane

_fatty ac;ds 1n the cells lsolated at early exponentlal phase‘-

'5113 5 h) was substantlally (50%) lower than that of .the cyclo-
i?propane fatty acids lgytﬁe_EEils lsolated at late exponent1al
_phase (24 h) One factor whlch mlght control the extent of~ '
.f{exchange 1s the pH of the hedlum whlch drops at a rate pro— i .
' o ;

”ttiportlonal to cell g;pwth. Thls hypothESlS was not tested

+

v

3
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:It did not appear feasible‘to elimihate the exchange
process entlrely 81nce even at early exponential phase, the

amount of dl-cycloprﬁbane fatty ac1d was=szzable (8. 0%)

AS;

W1ll be seen 1n Sectlon F this fact 1ntroduced some degree

of uncertainty lnto the 1ntramolecular 1sotope effect measure- :

ments. ‘Eff-
. X |
o ’ . Q - -
= ' v '
. . - -
~ 1,
L 3 -19(ex0) B
L | / (e'\do) .
N Lo 1
- N‘rww M“w 'wwww iy w. w- W\M W‘” “-% i
P s
., - Figure 25. 2H NMR Spectrum of methyl lactobac1llate 19-
‘ blosynthe51zed from methlonlne—methyl dl
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“F PRIM.ARY DEUTERIUIQ@OPE*EFFECT s'nUDI'Es S

' ; o R
Attention was .turned

- =
o <"
o “

tGpr-ime;y ég.ea’éiterit.im isot0pe effect '_

 ¢3

B AT



e

'1sqtope effect ‘for the proton abstractlon step in the cyclo—qg%

. species.)

(1) - -Intermolecular ISotope Effect Study

jmeasured to be: db, 51 6%--d1, 5. 9%- d

”ipterprétation

-studies as a means of 1nvest1gat1ng the mechanism of the blo-

logloal cyclopropanatlon reactlon. Because. of the tor51o-“

symmetry of the methyl group, both an 1ntra- and 1ntermolecular

e
R

”propanatlon reactlon, could be measured.’ (All hydrogens or ’

' 1sotopes of hydrogen on a methyl group are equlvalent to one K

another by virtue of ;otatlon. 2H NMR-of a dl—cyclopropane‘

. fatty acid'derlved from “methionzne-methyl-dl showed that the

lone- deuterlum occupled both brldgehead 9051tlons to the same

extent (see Flgu;e ?5)“7Thus, there had been no discrlmlna—

tion between-the two prochiral-hydtogens on a‘dl—methyl group

)

D

A 1l:1 mlxture of noniﬁeuterzated L-methlonlne and L= 5

"methlonlne-methyl d3 was fed o L. Elantar and the dlstrlbu—

"tlon in the resultlng blosynthetlc cyclopropane fatty ac1d .

27 42 5% . aAn 1nter-'
molecular prlmary deuterlum 1sot0pe effect, k /kD, was cal—'

culated from the followxng ratio: 51.6 % 1/(5 9t l + 42.6 t 1)

~

_effect means that proton—carbon bond cleavage 1s not a rate-

determlnlng step ln the cyclopropanatlon reactlon. (Thls

ssumes that blologlcal cyclopropanatlon does

“'not deplete the cell of S. A Mr., :.n v.gh:.ch case, no J.sotope

! ‘J

,ll;effeot wouldpbe‘obse;ved, ‘Thls assumptlon 15 probably correct,-

1.07%0. 04 'The lack of any 51gn1f1cant 1ntermolecular isotope

‘o

Q

0
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'~ gee Introduction, P- 12-)h

It is tempting to account for the negligible inter-

golecular isotope effect in terms of a carbonium ion mechanism -

~ (scheme 1) where deprotonation of a carbonium ion'in‘_rmediate

would be expected to be a more fac1le process tha‘ methyl
transfer t6’an—unact1vated double bond On the other ; nd,-

in the carbenoid mechanrsm (Scheme 2), formatlon of the non-
o

ﬂstablllzed“sulfur vlid would probably be slower than carben01d'

transfer and subsequent methylene transfer. Thls type of

'reasonlng has its limitations, 51nce.aspcleland has-poxnted

out£$54), substrate binding,. conformational changes, product -

release,-etc.t are often the'rate—limiting steps in an enzyme-

ycatalyzea‘reaction. If. thls were, in fact, so, then an 1nter—

molecular 1sotope effect on the deprotonatlon step would be .
pe]

iobscured krnetlcally._ The 51tuatlon would be greatly clarl- i
-f1ed if one could demonftrate that an 1ntermolecular 1sotope

: effect was operatlng in the carbon-Cj(bon bond for%htlon step

of the cyclopropanatlon reaction.
. _

The possrblllty that carbon proton bond cleavage qas,

- . in fact, rate-llmltlng but the isotope: effect 1ntrrn51cally

L 28

-1ow\for other mechanlstlc reasons (55) was ruled out bgbmea—

’surlng the. 1ntramolecular deuteraum lsotoﬁg é%fect* when - a -

methyl group spec1es whlch is mono=" or di—deuterated, is used;‘f'

for thlS purpose, an 1ntr1n51c 1sotope effect is obtalned

"whlch 1s 1ndependent of the degree to whlch proton (deuteron)

abstractlon‘from.theumethyl groupvls rate-llmltlng. Thls is

.o

i)



LT 62

f L ',because the reagent must “make ; ch01ce" between oé%erw;se
,Zequlvalent llgands and thls cho;ce w111 be dlrectly related
to kH/k It must be empha51zed'that thls ‘situation-is only
found‘for reactions” nt a group‘whereﬁtwo or more l;gands are
made eqnivalent by rotatienfwith reSpeet to a reagent poised

to.remove one of these ligands.

(II) .. Intramolecular Isotope Effect Studies . °

_ Three. feeding experiments were carried out simultaneously

to a;}pﬁzsetggr comparison of the data (e.f.vSection G). " The
results are recorded in Table 7. if{ R o . : |
Slnce the extent of exchange at the methyl group, in
the-'methlonlne—methyl'-dl and methlonlne—methyl-d feedlngs
.could not be determined, only a minimum 1ntramolecular isotope

3
effect was calculated. ‘This value_was calculated_to be

-

H/k L= 2(% dz/% 4, )-= 2(63.8 & 2/35.1 % 2) = 3. 6 + 0,2, for
the methlonlne—methyl d .feeding and k /k = %(% dl/% d ) ( :

| 4(86.5 ¢ 2/13 5% 2) 3.2 + 0.5, for the,methlonlne—methyl—dl
| ! %

-IIA for detalls of the calculation )

'?feediné}_ (See Appendlx'
Exchange in the methzonlne-;ethyl dl feedlng would be less .
' than in the methlonzne-methyl-—d2 feedlng and. thus the cal-
enlated kH(kD from the former'experlment would be more
accurate;“ Thisgtelne isl therefore, used inrthe f;llonl
;. discnseion. ?E{éthhe ekberiments of—goh} et al. (5), ig.;gh
' nposeibie_to extraet an intramq;eculé: tritium iSotope'effeet

of 5.3 for the‘hiolegical cyclopropanation reaction (see
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‘Appendix lIB} Applylng the Swain relatlonshlp (56) to the

-

y
kH/k obtalned 1n the methlonlne-methyl dl experlment, glves
1. 44 _

" an 1ntramolecular trltlum 1sotope effect of (3 2 i 0. 5)

-5.4 % 0 4, 1n ‘good agreement w1th*that obtained above.

An enzymic reactlon wh;ch has heen taken as the model
|
for blologlcal cyclopropane formation is the 1, 3—e11m1natlon

1.
- of a hydrogen to form cycloartenol (57) The stereochemlstry;

'of this reactlon has been studled using chlral methyl labelled :

J
oxldosqualene contalnxng 30% trltlum enrlchment to allow

+

hexamlnatlon of thelproduct by 3H hmxe (58) (see Scheme 15)

‘s'.cheme» 15

v

5 From the 1ntenszt1es of the trltlum nmr s;gnaf§7
correspondlng to the two trltlated products, 1t was poss;ble
- to calculate an 1ntramolecu1ar deuterlum 1sotope effect of '

2 8 + 0.2 whlch compares reasonably closely to the v%}ue of .
S . . . .

. e
By

o
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3.2 * 0.5 obtalned from the meth:.onlne—methyl—dl feedlng (see
.Appendlx IIC for the method ‘of calculatlon)
T It should be emphasized that the above correlatlon
. between 1ntramolecular isotope effects does not by 1tself rule
~out the carbenoid mechanism. Unfortunately, an 1ntramolecular

L

isotope. effect for blologlcal sulfur ylrd formatlon is nog

‘avallable for comparlson purposes.

R QUANTIFICATION OF . THE EXCHANGE PROCESS IN METHIONINE- |
' ' ME'I‘HYL—d FEE.‘DINGS

; The extent of exchange at the methyl group in the
méahlonlne-methyl d3 feedlngs could be calculated in the
‘.; .;r_jollow1ng manner: ' | |
i . In the feedlng us;ng methlonlne-methyl d; (Table 7,
hereafter referred to as exp. A), a d3-methyl group must have'h
. exchanged to g1ve a dz-methyl group which in turn mlght have |
‘exchanged to glve a dl and eventually a do-methyl group specles.
_In the feedlng u51ng methloqauige—methyl—d2 (Table 7 hefeafter ‘.
-referred to as exp. B), ‘a dzemethyl group nlght have 4"hanged
'_to glve a dl'and eventually a do-methyl group specles._ As—”

O

sumrng, for the,momspt, that the extent to whrch a d —methyl

2

- group exchanged was the same 1n both experlments A ‘and B,

~ then one can calculate the amount ofA?{clOpropyl product
derlved dlrectly or 1nd1rectly from uch a species ln exp. é..'

.Thus, assoclated wrth the 1. 5% of dl—product obtalned 1n_‘

' exp. A was a certarn amount of dz-product whmch also arose o

‘y..,.

. - j ~ . . N . . ) . . &
. . R .. . . - 8 . o . .
. - AR . . ’ . o . . s S
.- . R . : ' ’ N L ’

N\
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from a'dz-methyl sbecles. This amount can be calculated by

' taklng the ratic of the d coQ;ent obtalned ln experlments A

" and B and multlplylng this wvalue by the d conE%n; obtalned

number to the 4, and d, contént. obtained in .exp.

the total-amount of cyclopropane fatty dcig derive

in exp. g. This is (11. 5/35 1l x 63 8) = 20.9. .Adding this

L] -
0 A, gives

exchanged methyl group species. The® extent of this exchange

. was (205' +11.5 + 0. 8).= 33.28.

- ‘ .
However, the ‘extent of exchange of a 'd, -methyl group

- in exp. B may have been greater (never less) than in exp. é,

o
[

w e
o

:“1t was.con51dered approprlate to ;nvestlgate the,or;gln of the

~;"ldljspec;esIin.thejbiosynthesis of‘thefcyclopropane ring. .

The ratlo of- % dz/% d1 used in the above calculation mlght,

'therefore, be too low and thus the above calculated value for

L

the extent of exchange is a minimum value. Because. of thej
magnitude of the exchange phenomenon and‘the-fa;\\that similar - =

amounts of exchanged product had been observed before in the

-alkylgtlon of 1solated double bonds (see sectlon H, VII),

-

‘B THE ORIGIN OF d —CYCLOPROPANE FATTY ACIDS IN FEEDINGS

USING METHIONINE-METHYL d3

A number of p0551b1e mechanlsms for the productlon of
dl-cycloProPane fatty acids from exchanged methyl groups was . -
subjected to experlmental test. These are 115ted ‘below along

Wlth -a dlSCUSSlQn of the experlmental results.
-y . .

. §b'

v [ . -
s . . s ) . -
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LY

(I) ‘ The cyclopropyl fatty aC1ds mlght undergo hydrolytlc

[

..rlng flSSlon followed by rlng closure in a serles of separate

N ——
enzymic reactions (see Scheme lq).

regioisomer | - - 1 =D

Scheme 16

To test the above propos%l the two noﬁtlabelled L
l‘aloohols correspondlng to. those shown above were synthe51zed
by treatment. of methyl cis- 9 1o0- epoxyoctadecanoate with
CuLl{Me) The two reglolsomers were separated by ‘HPLC;
.1dent1f1ed by thelr MS hydrolyzed to .the correspondlng
'carboxyllc ac1d5, aﬁa admlnistered to L. Elantarum in lieu

of blotln. Nelther compoundpsupported growth, zIf conver51on‘?



. | [ 8.

*

. s ~ -
to dihydrosterculic'acid had occurred growth should have re-

This experlment dees not conclu51vely rule out pro-'
Ny

posal (I), since the two alcohols may not have been trans-
ported 1nto the cell thus preventrpg metabollsm of these

 compounds. o

In a separate experlment, the fatty ac1d fractlon

om blotln-grown cells waSachecKéd for the presence of polar
lntermedlates such as the above hydroxylated fatty ac1ds. _
This 'was done ‘by the comparlson of the caplllary GC chromato-
gram of an un51lylated fatty ac;d extract with that of a
s;lylated extract No SLgnlflcant dlfference between the

two traces was noted._ The search for 1ntermed1ates related

to cyclopropane fatty acxds was not pursged further.

c,.(II)-; A proﬁosal‘closely related:to‘the stogestloh presented."
B ‘above is that the cyclqpropyl compouhdsucould reAEFter;the
‘actrve site of cyclopropane synthetase and underg reversible .
frlng-openlng. Thls 1dea wqp tested by admlnlsterlng lacto-:

bacilllc acld-lQ-dz,'along with blotln to L. Blantar . (Blotln

- was 1hgluded in the medlum to allow de novo oleflnrc fatty

blosynthesls ‘to- occur, whlch 1n turn mlght 1nduce cyclo-
‘ prooa‘e synthetase productlon ) As can be seen from Table 8
the ﬁl—content of- rezsolated 1actobac1llrc acrd was the game

. -
3

as that of the materlal whlch was fed -“h
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. . Table 8

Deuterlum content of L@ctobacllln.c\Acz.d-lB-d2 e - }‘
1ncorporated into L p}g ;} } o i A :
Compound Admlnrstered | Compound Reisolated | .

o

% d 98 . . 89

o~

LE I
=

~

-The presence “of 9% of do—product showed that the addl— ‘

LY

‘tlon of synthetlc lactobacllllc aC1d did not completely

lnhlblt cyclopropane synthetase.

o

These results do not ;“ﬁﬁort proposals” (I) or III)

‘ as explanatlons for dl—cyclopropane fatty ac1d productlon.

-

{1II) The results do not T le outra thlrd p0551b111ty,

‘namely tha?ﬂthe brldgehead d 'methylene group- mlght undergo o r

S
.reversible rlng-openlng whll the cyclopropyl compound is

2 }Stlll on the actlve Slte of the enzyme. (Thls 1dea wrll be \/"

'-_given further consrderatron on p. 78. ) L : o

"_ (IV)C Another possrble pathway for dl—cyclopropane fatty

‘acid formatlon is via the 1ntermed1acy of methlonlne-methyl-

+

"dA

e Degradatlon of a dB—methyl group would lead to formal- ,-’}
"dehyde—dz formatlon, whlch mlght be: used to generate-methlonlne—

methyl d Subsequent blosynthe51s of S. A‘M.-methyl d2 - S ;iT,-
would then lead to a mlxture of d " and dl—cyclopropane fatty ;_ W .'#;

, .ac1ds.‘ Several pathways for the oxldatrve degradatlon of the

-
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© - methyl'éroup‘of methionine are diacussedbelow'tsee';éhemeo{?i.
-y . ’ N : - . ' L : ‘ - V - . . ’ N -

(a) r~s Pexoxldatlon of the dj—methyl group of methlonlne, _ 5___ﬁ’

‘followed by reductlon of the hydrogeroxy group would generate
a hem;thloacetal whrch would be. in equlllbrlum wzth form-'

- aldehyde-d2: - . : . |

e - - s .

-(b) " 8.A. M.—methyl—d3 mlght be hydrolyzed to fornypethanol—
id3 which, on. further oxldatlon, would glve formaldehyde-d
: RSP R , . O S
(c) . Oxidation‘of'a ﬁ%thylated metabolite.derived from -

_ S.A. M.-methyl-da, such as chollne (59} would also generate

“;forg?ldehyde-d _;-u Lo -l1¥ ) ' . r'
A serles °f experlments, deSLQned to test for the %

. * operat:.on of the var::.ous pathways outl:.ned above, was-: under- "

-~

(jtaken. Two methlonlne—methyl d3 feedzngs, o) e under anaefob;c
> " and *he under aerobic tondltxons, were carrzed‘out (Experlments

1 and 2 Table 9). In anofher“exPerlment, form 1dehyde-d2

(Exp. 3) along wzth L-meth:.onine-—methyl—d0 was admlnistered
. to the organzsm.f Two further %xperlmen 5 were performed in
f*whach non~1abe11ed formate was fed at 1.5 x (Exp. 4} and at'
;,.75 b4 (Exp. 5) the concentratzon of meth:.on:u.ne-methyi—d3 to-
the organlsm. Flnally, lntracellular methlonlne-was lsolated
_‘from the aerobzcally grown cells (Exp..l) and the bls~TMS
:derivatlve examlned hy GC/MS (Table 10) _?-‘ ' ‘
| ‘_ From exammnat;on of Tables 9 and lb, 1t 15 ev;dent'

LR

that de novo methlonlne blosynthe51s from formaldehyde—d
‘h_ B .dﬂ
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methlonlne contalne

other workers w

> - -. 74-. Looo.

is not involvedkin dl—cyclopropane fatty acid-formation.
o Removal of oxygen from the culture medlum -did not

reduce dl-cyclopropyl fatty acid formatlon (Exp. 1 -2).

' Neither formate or formaldehyde_was 1ncorporated into the

cyclopropaneffatty'aCid'(EXp; 3, 4, 5). Flnally, relsolated ;

no dl or. d2-5pec1es (within experlmental

error, Table 10) hese results are in accord with those of

ave found only low 1ncorporatlo§\of,"cl"

compounds 1nt040yclopropane fatty ac;ds (18).
' P . ‘ o

+

'

}(V) , n The precedlng experlments do not rule out the|knter-.

a

medlacy of tetrahydrofolate (T H.F.) compounds, bound to .an

enzyme surface (thus preventlng hlgh lncorporatlon of 'a one-

-carbon unit from the - culture medium) . - One mlght env;sage,

transfer of the methyl group from 5.A. M. to enzyme—bound

- T, H F., followed by an ox1datlon to generate 5 lO-methylene
N H. F. An olefln attacked by the meonlum 1on mlght generate

fa carbon;um 1on whlch mlght collapse by loss of the,g-G pro-5

'ton of H F. to form the cyclopropane rrng. Reductlon of

5 G—dehydro T.H. F. would complete the cycle (Scheme 18). 9'_p

=

‘ Reversrb111ty~of 5 10—methylene T. H F. formatlon would account
',for dl-cyclOpropane fatty ac;d productlon. However, a

serlous drawback to the above scheme is that there 1s no blo-‘

- -

:ll:chemlcal precedent for the methylat;on of T, H F. by S.A. M-

e

-
-

| tjvr).,'sxt is-possible.that S;A.M.-methylédé loses_deuterium

.
a3

PR
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e

‘ Scheme 18 k_

B .

‘:bY a 51mple exétggge process. Thié-eeems unlikely'for a" SRR

number of reasons. Flrstly, the rate of exchange lncreases
\J .

. with cell growth, whlle the pH«of the medlum lS constantly

decreaSLng, these condltléas are exactly opp051te to those

- .o

'”*reqolred for® exchahge of a methyl sulfonlum salt.; For example,

o

:NMR experlmenég have shoyn that S-methyl—methlonlne does not

':yl protons in neutral medlum. Secondly,

* 8. A M. —methyl?-3

.has been 1solated from yeast (Flelschmq\\

e T ,-}-’-‘ R LA Co
. ; . I T el . o - R .

<4
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";_Nof eubur1c01c ac1d—d2 (1) in Polyporus sulphureus and pachymlc

';acld—dz (2) in Daedalea ggerc;na from methzon;ne-methyl-d

76

Standard Brands, Inc. ) and - shown to have the same deuterrum
content within experlmental error, as that of . the methlonlne
from whlch it was blosynthes1zed (60) Thlrdly, natural pro~
ducts contalnlng methyl groups derlved from 5.A.M.-methyl- ,-' f‘

k4

d3 via 51mple methyl transfer to electron—rlch centres do

- not ‘contain any significant d2 or dl—spec1es (61 -68}.

(VII) ‘The only known cases where exchange at the methyl

groups has been documented are those 1nvolvzng the methylatlon

'of 1solated,doub1e bonds such as ‘in tuberculostearic acid or

ergostero; blosynthe51s (34 Scheme 19). Mercer et al. (69)

: have examrned the deuterlum content of 1nterged1ate 24 exo—
*methylene sterols derlved from methlonlneﬂmethyl d and have
ifound ‘that- thelr dl content 1s very smmllar to that of ergo-.

sterol for which thﬁ:r\\rve*as precursors (Scheme 20) The ]

- above authors attribute the presence of d —specles to rever-

-

tsrble hydrogenatlon of the exomethylene compounds and to

1 methlonlne degradatxon and resynthes;s. The former argument

was flrst put forward by Lederer (34) who cited the productlon

3

3
as examples offexomethylene formatlon occurrrng w1th very 'grj

i

11ttle exchange (% dl/(%d B3 %d,) —-2%) (Flgure 26).' Lederer

[y

jassumed that the above compounds were not metabolazed further

. .
e e e
- ~ B

] and concluded that the exchange process 1n ergosterol and

'_' tuberculostearate biosynthe31s took’ place by reversible“hyd

- . - ‘ ‘ © o /f~

Dew : L TN : R - - . .
T i R L. h . B i -y



‘ Tuberculostearlc acld (ll% d ) S o 'Ergostgrol (16-19% di) :

Scheme 19

-

Scheme 20 - ~_f'-:§ f‘
" The’ numbers 1n'barentheses represent % l/(% d SRS ) and are REREry
| Calculated from data in Refs. 34, 69, 759 {7:3_,ﬁ@ g o
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Figure 26. Euburidoic Acid and Pachymic Acid B \1.

P Y

Y

gepation of the“exomethylene intermediates.' Ho#ever, another

»

'1nterpretatlon is possrble in llghtyof the results presented

Y . |..

in thls thesxs, namely, that exchange 15 occufrlng at the
llnltzal carbonlum ion .stage (see Scheme l) by rever51ble
cyclopropane formatlon, as orrglnally suggested b;7P De Mayo
(34). The cases of euburicoic ac;d and pachymlc ac1d bio-

synthes;s clted abOVe, srmply demonstrate that the hydride

'Shlft 1ead1ng to. exomethylene formatlon can occur before re-.p.'

c.

~vers;ble cyclopropane formatlon takes place.‘

Sl Further support for the idea that exchange occurs at
' R Ay | - .

the inltral carbonxum ion stage, comes from an 1nvest1gat10n
of an. lnterestxng C-methylatlon of cls-vaccenlc acld (oxr a

derlvative of thls alkene), Wthh leads to a l: 1 mlxture of

ff'*7- and B—methylheptadecane (70).* A methionine-methyl- 3t

) feedlng was Carrled out with the blue—green alga,‘ Anabaena‘

varlabllas, and lt was stated that up to 20% of a d -species



L

L.
2

o

79 .

» -

4

accompanled the major ds-methyl products {71) . Although the

detamled mechanlsm ‘of thls methylatlon reactlon is not known,l

the presence of dzwspecies could be explalned by tranSLent

»?

cyclopropane formatlon‘after methyl transfer. It should be

\

. noted that no olef1n1c=1ntermed1ates have been found:

17
. ) .
~ cyclopropyl alkane has been detected in some: algae ‘species

acC

(72) Unfortunately, in other cases of "éa-methylatlon of

an zsolated double bond, 1t has not been poss‘ble to determrne

-

whether exchanged spe01es are present (e g., 73, 74)..r
One way of-testlng the hypothesrs that exuhange'might
be occurrlng via rever31ble cyclopropane rlng formatlon would

be to repeat the experlment of Altmann et al. (58r v1de

,1nfra, p 64) u81ng a trldeutero anstead of a chlral methyl- ‘

’

- oxldosqualene and 1ook1ng for dl-cycloartenol formatlon. Slnce

no methyl transfer is 1nvolved in this system, any exchange

that mlght occur, must have taken place by rever51ble cyclo-

- )

prbpane rlng formatxon.~

Another posszble explanatlon of d —exomethylene group .

is *that of Varenne et al. (75), who ra;sed the pos—.-

'~~srb111ty of revers;ble protonatlon of the exomethylene lnter—a

:‘medlate as mechanxsm for exchange. The operatlon of thls.k‘

-
-

rscheme in, yclopropane rlng blosyﬁthe51s (Scheme 21) was tested
lfor by feedlng a’ m;xture of 9- and lo- exomethylene-octadecan01c

ac;d to L.AElantar .

No apprec1able cyclopropane rlng forma- oo
itlon from these compounds was. observed

- i




. 8o
. ( l : | oW . : - ) D (DH}
L3 - % GDH) -
7N : 2 ,2 M shift |
/ \\ e - _ — .
7Y (e A -"_ = HI:, .&H
Scheme 21 ‘
(IX) From the above dﬁscussion,.it‘isfclear that this

author favours reversible cyclopropane fOrmation as the most
e

probable mechanlsm for the exchange process in cyclopropane

;rlng blosynthe31s and 1ndeed in all C-methylatlons of 1solated

w iy

- doublle .bonds. Yet, 1t is- Stlll possible to v1ew the blOSyntheSlS-

of cycl rdpanesfatty_aclds-as occurrlng via a methylenation
(carbenoifd) mechanism tather than a methylation (carbonium ion)
_Reveérsible sulfur ylid fbrmation in the former

case, ‘to methylene transfer would account very nlcely

'Zfor the exchange process. It would be dlfflcult to prove

. .thls experlmentally since exchanged S. A M. mlght not-readiL{;7

leave the enzyme actxve site.’ The only experlment whlch j'

would give the carben01d mechanxsm (and the above explanatlon

-~

: for exchange) some credence would be to show that cyclopropane h

synthetase 1s, 1n fact, a metalloenzyme. ThlS would requlre

e

extensive purlflcatlon of the enzyme, only very recently has__

any progress been made 1n this dlrectlon (24) ‘One plece of .

>

. evidence whlch suggests that cyclopropane synthetase is not a'

-

‘ \Tetalloenzyme 415 the fact that in early work with crude en— :

’

T
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zZyme preparatiens,_cyenide don was added to the exttacts to
prevent copper—cetalyzed deeomposition‘of S.A.M. (20);" _
mlght be-expected that " thls would have 1nh1b1ted cyclopropane'

-synthetase if 1t were, in fact, a. metalloenzyme {76}«

o A'MODEL FOR THE ACTIVE SITE oF CYCLoéROPANE SYNTHETASE

~In conc1u510n, an active sfte model for the blologlcal
'cyclopropanatlon reactlon w111 be presented As a startlng

,polnt the ideas of akhtar and Jones (77)'7Ts further developed

by Arlgonl (78), will be used. .The centrall 1dea ls that

-

electrophlllc addltlon of a methyl group to an lsolated double‘ |

) L N '%_
bond is lnltlated by an enzymic conformatlonal change whlch

separates the methyl sulfonlum catzon from its counterlon‘-

(see Scheme 22). Because of. the hydroPhoblc env1ronment of




o 7

82 . : o s‘-.

the active Si#e:'this'conformational change'makes S.A M. soi”:

‘potent a methyl donor hat the weakly nucleophlllc double bond

-

- is readily alkylated. tThe resul ant carbonlum ion can col-

_ 1apSe'in a"variety of ways. To form exomethylene compounds

(Scheme 22) a l 2—hydr1de Shlft occurs followed by proton

abstractlo y ‘the anronlc counter ion to generate an overall

_neutral state{ .0n the basis'of stereochemical studies (78), -

Ar1gon1 has postulated that the proton is removed from the

‘plane of the olefln, opposrte to that orlglnally occupled by’
S.A.M. Thus, the 1n1t1al\c<sformatlonal change must have

fbrought the ‘counter ion below the plane of the olefin.

The above arguments suggest that\a hydrophoblc pocket

r

‘i a. necessary condltlon for the methylatlon of Lsolated double

bonds to- occur. ThlS ldea recerves séme support from- the fact- -

that these reactlons occur only on long chaln fatty aclds or

-

'.sterol side chalns. 1t 15 known that these olefins resxde in

-

the hydrophoblc portlon of the cell membrane. Alscn the

Ih‘t:yclopropanatn.c:m reactlon, whenvcarrled out 1n v1tro, seems

to occur only when the substrate llplds are 1n the correct

-

‘mrfellar state (79) '“1;7.f-‘;. B o R -', SN

The mechanlitlc plcture outllned 1n Scheme 22 can’ "be -

extended to explarn‘why cyc%ppropane r;ng formataon is rever-':

.51ble (SCheme 23). i In- thlS reactlon, the base~wh;ch removes‘

the methgr“proton.must be on the same 51de of the dcuble bond

as 5. A M Thls m;ght be a neutral base (such as the e amlnc

group of iysrne) whrch, when protonated, serves as the counter‘
: . . A\ _ o S ‘ .

R X - .-







b

,ion for the'anionic group'in the'absence of S.A.M, - It is
.postulated that the anlonlc group is moved below the plane

\\Qf the olefln to generate the charge-separated state as is =~ .

I
,thought to occur in ergosterol blosynthes1s. In ﬁormlng-the'

cyclopropane rlng, it can be seen from Scheme 23 that another

charge—separated lon palr has been generated thus presentlng

=4
Asome drlvlng force for the reverse reactlon to occur as long

as the product remalns on the actlve 91te.1 The only other

' way of achleV1ng “charge neutrallzatlon" ls by forclng the -
'Nproduct to leave the actlve s;te and so-reform the"lntlmate
‘1on~pa1r"; Dl—Cyclopropane product mlght result after only
1"one openlng and reclosure of the cgclopropane rlng, 31nce if ‘.h-
-the basic group has two or more equlvalent hydrogens, then on’

!reoPenlng,,a dé-methyl group wlll result at least one tlme
'_out of two. The cyclopropane ring cleavage reactlon 1s an "':;,‘

/ 1mportant blochemlcal reactlon (80),.as many phytosterols-{‘
: - )
arlse by rlng openzng the 98 19~cyclopropane rlng. If the'

.y ! ‘,

hideas of Akhtar*and Jones (77) on blochemlcal hydrogenat;on

"ffe'of an isolated bond are correct, then thevoyclopropane r1ng

]

= n=gleavage reactzon should occgr by the mechanzsm shown 1n
. Scheme 23 i e., an unsolvated Bﬂ- group should be a powerful
- R R N

enough ac1d to reopen the ring.w The b1_‘

hemlcal rrng openlng

) obtusxfollol°(a 93 lB-cyclopr‘ l sterol)ﬂhas been carried

!

?;out in D20 and 51hce no deuterfum was 1ncorporated 1nto re-= f

' 1.; i . )

d.that the cleavage

;eactlon was not revers;ble (81).- A better b r rever-




- - ’ - = 1
l | | - 85.
T - ! <

- 31b111ty “would be to open obtusifoliol- 19-d in water and
_look for the presence of dl-spec1es in the product
Usang.the 1deas developed so-far, it is easy to see

_why tran51ent cyclopropane formatx6ﬁ mlght occur ln, for

=
e

example, lO—exomethyleneoctadecano;c ac1d blOSYﬂthGSlS (Scheme
©24), The essentlal dxfference between cyclopropane ring and

ﬂlexomethylene formatlon is- the hydrlde Shlft from C~10-to C-9

.1n the latter case. Thls might be induced by movement of the.

anionic group from C- 9 to C-~10, thus encouraging‘development

of p031t1ne‘charge at;C -10. Since the methyl group cannot
,mlgrate, because of sterlc hlndrance from the bas;c group,

‘a hydrlde shift from C 10 to° C-9 results. Thls has the ef--

_ fect of - forclng the methyl group down near the anionic group,
so as to allow proton abstractlon to ‘occur. The lmportant

’ p01nt to be madeils that before the hydride Shlft occurs,:
there is anv opportunlty for the carbonlum ion at C-9 to col-
lapse vaa qyclopropane rlng fornatlon, and so lead to exchange

LS

at the methyl group-d R -

'-\ﬁ- Based on the known sxmllarltles of the two enzymes )
respon51ble for dlhydrostercullc and lO-exomethyleneocta—
decanlc‘aC1d formatlon (82), one mlght also expect very simi-,
7lar actlve sate chlrallty in the two enzymes, i.e., C 9 and

-C-lo of/an oleyl substrate would bear the . same spat1a1 re--

-'latlonshlp to the bas;c _group (B) ' Th1 leads to the con-"

collapse of a carbon;um ion at C-9, If hls 1,3 llmlnat;on

.

’

-



T—BH~ . X7}

= ran

‘o e



87

goes with retéhtion of ébnfigufatidﬁf;E has-been;SuggésEed

'(58), then one‘cén make- a ptedictisn with respect to tﬂe out-
comé of a ch1ra1-methyl~methlon1ne feedlng experlment.‘ Thué,
startlng Wlth L-methlonlne, containing a chzral methﬁl group of
'the NgH configuratlon, one would expect to obtain a blosynthetlc
dlnydrosterculate naving an. endo“ deu&érium,and'an-Fexoﬁjtritium

on the bridgehead carbon {Scheme 25).

. B 5 :
S0 J?.m"m_.; . By
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' obtained on a Perkin Elmer 238 spectrophotometer.' Routine

' s = srnglet,

‘ ‘NMR work are listed rn fablegz .

EXPERIMENTAL
A. ' N\ General
. Melting points were recorded on a Kofler mlcro hot

stage apparatus and are uncorrected. Infrared spectra were"

1

A Bruker WH~90 or WPfSO F.T..spec

1l

E{NMR_spectra‘of smald samples ahd obtalnrng all- H and 13

’NMR‘spectra. all chemlcal shlfts are: reported wrth reference

to tetramethylsilane and are quoted 1n 6 values.'-The symbols-

doublet, t‘a trrplet, q = quartet and m -

Y

.Umultlplet are. used in reportlng spectra. Mass spectra were

H NMR spectra were recorded on a Varian E.M. 390, spectrometer.

ometer was’ used for recording

run elther(on a Consolidated Electrodynamrcs Corp. Model #21 llOB

mass’ spectrometer, at 70 ev usrng a drrect 1ntroductlon probe

‘Sr on_ a VG Micromass 7070 1nstrument at 70 ev usrng a G. C.

lnlet system.‘ The relevant 1nstrumental parameters for the

A varlety of chromat aphlc techniques were employed

Eﬁ’ /in thls work\ Thln ayer chromatography was performed u31ng

L 3

L

: Merck precoated glass plates w1th srllca gel 60 F—254 as sta-
' tionary phase. Vrsualizatron of fatty aCldS was accompllshed
'wrth the use of 12 vapour cr by spraylng wrth a l% solution

'of u-cyclodextrin in 30% ethanol followed by exposure to I

2

vapour. - _ “ | : . S

.

LA
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Gas-liguid chromatography of fatty acid methyl esters

and TMS derivatives of amino acids was performed using a Pye

h~Un1cam Serles 104 G.C. o; a Varian Model 3700 G.C., both equipped:

with a flame ionization detector; a varlety of packed columns

coated wrth polar and non-polar statlonary phases was employed.

Caplllary G C. was performed on the Varian Model 3700 Gc.C.,

using a supporfrcoated open tubular . (SCOT) OV-lOl column (100 m x

~

A Waters A. L C. 100 lquld chromatograph, equlpped with
a refractlve 1ndex detector, was used .for hlgh pressure lquld

chromatography of fatty acids. A reverse phase column (Partlsxl
0.D. S -2, Magnum 9, 50 cm x 9 4 mm I.D.) was used for both pre-

paratlve and analytlcal work.

]

e ION exchange chromatography was. carrled out, uSLng a

' Beckmau Model ﬁé? automatlc amino acld analyzer, equipped W1th
a 31ngle column (32 cm x 0, 9 em I.D, ), packed with Durrum . J
D. C -6A catlon exchange resin. Lo A .

 The micro—organism used in this study was. Lactobac;llus

‘ Blantar . ATCC 8014, obtalned from the Amerzcan Type Cultire /)j\
Collection, Rockville, Maryland, P,S.A. The organlsm was grown:f‘
_ atA37°c'in a Precision Thelco hot air incuhatOr audeaintaiued
as-a stab culture at 4°C in a'nutrienttagar medium prepared by
adding 2% .agar - to Lactobac;lll M.R.S. broth (lecoJ The biof

- chemical . and morphologlcal characterlstlcs of the organrsm

1were checked at the outset of this study and were found to be

o

in accord with those described in the literature. Cells_were S
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isolated by centrifuéation‘either at 3500 r.p.m. on an In-
ternatlonal Cllnlcal desk- top centrlfuge for small scale
experiments or at 5000 r. p.m..on a Beckman Model J-21 centrl—
fuge equlpped with a JAlO‘orTJAzo centrlfuge head, Cells

‘ _ ‘ ‘ .

were dried in a New Brunswick Sci. Co. Freezer dryer. .

¢ : ' .
B. Synthetic Experiments

(1) Methyl cis-9-octadecencate-9,10-d,
.9~Octadecyn01c ac1d - : r- ‘

-

Bromine (ca. 53 g) was added dropwrse to an ethereal '
solutlon (400 mL) of olelc acid (100 g, Flsher 95% grade},
at 0 5°C, untll a yellow-orange colour. pers;sted.‘ A few drops
of olelc acid were added to back titrate excess bromine. The
"dibromooctadecanoic adid, thue prepared, was stored'untll'
_nee?gd; o "f. ) . | ‘ $ . .

A 5 L, threé—necked,lr .b. flask was fltted w1th a«
gas’ 1niet tube, a mechan1cal strrrer and a cold finger ‘con-
denser charged w1th dry 1ce-1sopropanol. The flask was cooled
in dry ice and ammonla (1.9 L) was condensed into it over *

3 h " Ferric chlorlde (1. 6 g) was added to the v1gorously
stlrred solution 1n one portlon. Ten mlnutes later, sodlum
(3 g) was added, and the solutlon turned dark blue. Vlgorous
evolutlon of Hz was observed and after 1t had ceased the re-
-malnder of the sodlum (40 g) was ‘added in small pieces. Gray-
crystals of sodamide preczpltated out of solution after 1l h.

_ More ferric chlorlde (ca._lOO mg) was added untll the solutlon



.decanoic acid,.prepared‘above, was added via_a pressure-

4 1e1d), m.p. 45-46° C lit, ‘m, p. 46- 46 5°C (35).

92

was no longer blue. The ethereal solution of the dibromoocta-

~equalizing funnel in small portlons and the reaction mixture

A

stirred for a further 6 h, after whlch ammonlum'chlorlde (60 g)

was added to destroy excess sodamide. The ammonla was allowed

‘to evaporate overnight. Argon was contlnually passed over the

‘mixture during the following operations. Water (1,L) was

o s . -
added to the solid residue and the dark brown mixture heated
to 60°C to effect complete solutlon. Concéntrated hydzo-

chloric acxd (50 mL) was added to render the solutlon acidic.

" The sclution was cooled in an ice-bath before add1ng.500 mL "

of ether. The dark’b own ether gsolution was separated, 'washed‘
W1th water £2 X 600 mL) and‘?raed over arhydrous sodlum sulfate,
the ether was then evaporated to give a dark brown oil whlch
was dlssolved in petroleum ether (500 mL). This mlxture was .
flltered-through Celite to-remove a black precipitate, and

the solutlon concentrated to 300 mL and stored at 5°C overnlght.

A tan coloured Solld separated and was collected on a Buchner

,funnel.i%?he flltrate was concentrated to 150 ‘mL and .cooled to

yield a ‘second crop. Yet a third crop was obtalned by chllllng

the mother liquor. Recrystalllzatlon of the combrned SOlldS

fz/m—petroleum ether (350 mL). yielded llght tan crystals (38 9,
%

-1

ir (KBr disc): -“OH - a br. band centred at 3000 cm —, vc;o
Raman: vo:o 2226, 2299 cm L,
MS: ;m/e 280 (M I ' : ) T

»



H NMR (CDCl,):- 0.9 (3H,t,CH;CH,), 1.3 (228,m,CH,), 2.1 (4H,

m, CH.,-C=C-CH,), 2.3 (2H,t,CH.
== =2o et

2 2

br.,CO0H) .

COOH), 11.0 (1H,

130 NMR: ~ see Appendix IX.

’,

'fMethyl 9 octadecgnoate : S -
9~0ctadecyn01c acid (5.2 -and a 14% BF3/MeOH solution

(100 mL) were heated undef reflux for 0.5 h on a steam bath.
When the solutxon ‘had cooled, pet. ether (200 nL) and water'
(200 mL) were added and the mixture shaken in a,separatory
funnel; The pet. :ether layer was separated, evaporated and
a the yellowlsh liquid re51due (5.2 a) dlstllled at 130 C {0. 1
'mmHg) to yield methyl. 9-octadecynoate (4.3 g, 83% YLQIGJ as a
célourless liquld.- '7 L ‘ _ 'ﬁ . .f'_
MS: m/e 294 a* ), m/e 263 (M-MeO). A B
1 NMR (CDCL.)3" 3.65 (BH\}’EOOCH o £
H. P L c. analysms (Acetonltrlle/Ethyl Acetate (75 25), Flow

T

rate = 1. 5 ml/mln) showed no trace of methyl oleate.

_Catechol borane-B—dl o .,

An oven-drred, 250 mL r. b. flask ‘was- equlpped wrth a

stlrrlng bar and ; stopcock-controlled, septum-:nlet adapter )
and allowed to cool in an ice bath under ‘axgon, A 1 M solution
of BD3 in tetrahydrofuran (49 5 mL) was 1ntroduced V1a syrlnge.
Catechol (4 86 qg) whlch had prev;ously been drred 1n vacuo ’
‘over P,0g, was dlssolved in dry T. H.F. (10 mL)’ under argon and

thelsolutlon transferred slowlx>v1a a transfer needle to the

93 . S



“with the following spectral data:)

1

ir(£ilm):

b e .

" reaction vessel with stir;ing. ‘Stirring'was.contgnued at room

.. temperature for 30 min; after which the eaction mixture‘was

transferred via a needle to a vacuum dlstlllatlon apparatus.;

'sThe fractlon borlrng at 74° C’{96 mm Hg) ‘was’ collected The’
' colourless llqu1d (4 4 g, 81% yleld) was transferred 1mmed1ately
Cvia needle to & storage vessel equlpped with a stopcock-'

- controllegd, septum inlet-adapter and stored at -20°C over

drierite. (&n aﬁalogous preparation gave do-catechol borane

*

llB-NMR (nqtuxeferenced);(CDCl3): l signal- (d JBH = 195 Hz);

H NMR (neat): 7.3 (4H,m,arom.)., 4.

1(latter signal obse] hlgh R.F. only).
2685 cm™*

VB-H P vO*B.lés 1240, vc d ll?S, v
1 - .

745 cm”

C-H

MS: 120, 119 (4™ due to *'B, 8 isotopks (MS containea

extﬁaneous-peaks due to decomposltion of the sample).”

Methyl 9 E&swoctadecenoate—B or lO-—dl

All glassware and ‘needles were heated 1n an. oven over-‘
night'at 170°C. Methyl 9-octadecynoate (294 mg) was welghed
into a 5 mL r. b. flask, which was then fltted with a stopcock—

controlled septum inlet adapter.‘ Thehreactlon vessel was™ \ "

iflushed with argon. Catecholborane'(0.13 mLi was transferred .

via syrlnge to the reactzon vessel. The'ﬁixture was stirred
at ZO.C and‘monltored.v1a G.L.C- (3% 0V-l7 on llO 120 mesh

Anakrom ABS, glass column, 4 mm I.D. x 7',.T = 291°C, Flow

1

{1H,bd. g,J =190 Hz,B-H),

“]}jr



o5 - :

rate:- 40 mh/mina .l o _ T

_ The reactlon was essentrally complete after 22 h. Acetic

nalysis. The reactlon mzxture was poured onto zce
water and extracted wrth pet ether and wd%hed three times ™~
w1th 5% KOH, once wrth 5% HC1, drled over anhydrous sodxum :

sulfate and the petroleum ether evaporated. The colourless ,‘

resrdue was examined. by lH NMR and mass spectrometry in oxder
-to assay ‘its deuterlum,content. o T L: : 3
‘lH NMR (CbClB)i -ratio of uethyl-eeter'prOtons (8§ 3.65) to

| ‘ - " vinyl protons'xﬁ 5.3) was 2.8:1} Product was = d_t-‘

«93% monode erated ‘at the V1nyl pos;tlons.”

;MS:' By examlnatlon of the int nsrties of ions at m/e 297 (M :d )

and m/e 296'(M :d e followrng dlstrlbutlon of deuterlum

(1

o was calculated. d 90%; d 10%.

1’ 0’ ;
. G L c. analysrs of the product (15% 0V-275 on Chromosorb P,T = = 220°C,
AW, DCMS (100/200), 20°, x 1/8", S.S. ) showed no trace of trans-

9410folefrn. B

Methyl 9-crs—octadecenoate—9 lo-d2 . \\; ) -}1 e '_} S

-

The procedure used for the preparatlon of the. t1t1e com—: .

: ‘pound was identzcal wrth that descrlbed above except for the

use of catechol borane—B-dl prepared from BD3 (vrde rnfra)

[N

Analysis by MS showed that the deuterated oleflnlc product
'had ‘the followrng-deuterlum content:“'d2,167%, dlf 30%, dO' 3%. .

~

4!




‘_Catalytlc reductlon of‘methyl 9-optadecynoate A

. f
. o Llndlar's catalyst was prepared rn the followrng manner.

' calclum -carbonate (1 25 g) was plated 1n a two:;:jfed)SO mL
r.b. flask followed by D20 (10 mL, 99 95% deut ated) The )

F

. flask was attached to a hydrogenatlon apparatus V1aua reflux N

condenser. The' apparatus was flushed: w1th argon. Palladzum

dlchlorlde (195 mg) was dlssolved 1n‘020 (1.1 mL) contalnrng
| DCl (0,1 mL) and the red’ solutlon added via- syrlnge to the
calc1um carbonate suspens1on. The mlxture was’ stirred-for 5
min. at room temperature and 10 min at 80 C, whereupon the ap-"
paratus was evacuated and fllled w1th deuterlum gas (D l. The

flushing, procedure was repeated twlce after. whlchrthe solutlon—‘

‘was stlrred and- the absorption of D, at atmospherlc pressure

»2
was monltored When D2 absorptlon had stopped (20 mL), the .

‘now grEy suspenSLOn was flltered and resuspended 1n D2

and a solutzon of lead dlacetate (125 mg) 1n‘D 0 (2 D mL) was -

- added’ under-argon. The mlxture was stlrred at room temperature

0 (12 5 mL)

r

for 10 min and’ at‘lOO c for 40 mln..‘The catalyst was’ then

E filtered, washed wrth D. 50 anﬂ drled over P205 zn XEEEQ-A;;'
The reduction of methyl 9—octadecynoate was. perfofmed

- using deuterlum gas at room temperature. The data obtalned

‘for the three experlments performed are summarlzed 1n Table 12

- below. Cls/trans ratios were determlned elther by G.L. C.
LI
:(see7p. 95 ) or H. P L. C..(see p.‘907 -moblle phaSe';‘acetoé- )

nltrlle (75)/ethylacetate (25), F. R.u— 1. 6 ml/mln) The . _"'_ S

P 2
sample prepared in hexane was: chetked by 13C, lH, and’ 2H NMR

=

P
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atons.

(II): Methyl cis~9~octadecenoate-8 8,11,11-d,

Erythro—9 lo-dlhydroxyoctadeoanolc acrd
LA
01810 aci (95% Flsher, lO g) was dlssolved in water;'

. .!-

.
(200 mL) contalnlng potassrum hydroxlde {5 g) 'The.mlxture was -

heated on a steam bath and a further portlon of potassrym

hydrorlde (5 gl was added with’ stlrrlng The température was

wf lowered to 5 C, by-addltlon of crushed zce (l75‘g) ' Fihely

powdered potaSSLum permanganate (10’ g) was 1ntroduced -and the;

reactlon allowed to proceed w1th stlrrlng for 10 mln.' Sulfurous

ac1d was added untml decolourdzatlon'occurred Ac;dlflcatlon T

of the mlxture wlth conc._hydrochlorlc acrd gave a whlte pre~

clpltate that was collected dlSSOlVed in hot ethanol (100 mL)

_ and flltered.", o - T '?{ t o 1 | ?'

The flltrate, on coollng, ylelded crude dlol (5 g)

(m p. 123 124 C) A further recrystalllzatlon from ethanol/ben—"'

i
zene ylelded pure erythro dlol, m. p. 132 C, llt. m. p. 132° (44)-.

H'NMR (DMSO-a\): 0. 85. (3u,t, CH -CH-),'l 25 {(26H,m CHy) s 2.25

23
e (2H,t CH coo),.3 15 (2H,m CHOH), 3.5 (2H OH)
13 |

C NMR:"(see;fﬁpendlx I) ol ‘ ) o p' 2‘ o

: Attempted deuterlum exc%ange of erythro-g lo—dlhydroxyocta-

e

o

decan01c ac1d ? ' g - S -7,f ot e

- o VoL ‘ _
N Potassrum meta% (2.78 g)'was dissolved in tert—butyl

alcohol O—d (25. 5 g) &he alkoxlde solutlon was added to the

' _'o"‘ .



. “, B - 99
"dihydr3§y'acid (158 mg) along with fluorenohe (5-mg) and‘
fluorenol (10 mg) The mixture was heated in a sealed tube at

180 C for 24 h. The reddlsh-brown reactlon mlxture was ac1d1-

'fled w1th 5% HCl excess alcohol evaporated and the d101 ex-
{9

ntracted with ether.. The dlhydroxy ac1d was 1solated by prep.

| T.L.C. (108 Meoa/caclgq ‘and,a, e mir of the sample vas zun.

‘_No reductlon in- 1nten51ty of the 51gnal ass;gned to the ‘carbon c

-atoms. alpha to the hydroxy- functlons was observed (The 51g—

‘hal a551gned to the carbon atom alpha to the carboxyl group

had dlsappeared,)a

9, lO—Dloxooctadecanolc acld

Oleic ac1d (88 g, 95%, Flsher) was dlssolved in acetlc o

-

anhydrlde (1 L) in'a- 5 L, 3-necked, r. b. flask ,;atted Wlth a
'g mechanlcal st;rrer._ The mixture was cooled in an lce—salt
bath to -5 c. Pulver;zad pota551um permanganate (251 g) was
-,dadded over a perlod of 1 h with stlrrlng, keeplng the tempera- t
ture below 5 c. Stlrrlng was contlnued for, another 30 mln. |
a 2 l (v/v) ethyl: acetate/hexane maxture (l 5 L), prevxously
“COQ}ed to -10°C, was added to the reaction mixture. Sodxum
Ablsulflte (100 g) was dlssolved in water (0. 5 L), mixed with

}
saturated sodlum chlorlde solutlon (0 5 L) and chilled to -5° C,

before addlng to the reactlon vessel. The resultlng dark llquld

: Was pdured 1nto a large separatory funnel and the’ aqueous layer o

\drawn off. The organlc layer was washed once.more ‘with cold

:-4 blsulflte solutlon to render 1t~yellow and’ washed several more -

-




- give 9 10 dloxooctadecan01c ac1d as yellow plates (30 g, 34%

100 - B -

times with:water. The solvents were removed in a rotary,evaporator oY
- <>
at 60°C along Wlth excess acetlc anhydrlde. The yellow re51~

-

'dual oil was: dxssolved 1n Pyridine (ca. 50 mL) and cooled in

-

- an ice bath. Water was carefully added to hydrolyze the fatty,

acid‘anhydride. The solutlon was stlrred overnlght at_room_

L2k}
temperature to. complete the hydroly51s. Ether (2 L) was
7 added and the- pyrldlhe-removed by washing severalntimes With
dilute hydrochloridféoid; The ether was removed -in vacuo

and the re51due recrystalllzed from '95% ethanol (l L) to
N

'
- - - -

yield), m.p. 31J°c 1it. m.p. 85°C (46) .

1r nuR (encly) : 9 (3H,t,CH,CH s 1.2 (26H,m,CH,), 2. 35 (21—1,
o t.,cg_zcoqgafz.'/ (4H,t,CH,C0CO ), ,;1.0 (e, .
o .cdog). o e i

ir (CDClg): v 3000 cmj' ' Veg 2915; l‘2060‘cm"-l, vemg 1710 em L.

OH
MS: m/e 312 (M ) mAe 169 (M*CH3-(CH ) -CO), m/e 141 (furthar

loss of CO)..

9,10~ Dloxooctadecan01o acid-8, 8 11 11- d

. | Acetlc anhydride, dlstllled through glass hellces (102 g),
was placed in a three-necked 500 ml, r. b flask fitted w1th a
reflux condenserzand an addltlon funnel.h Deeterlum oxlde
(99.§%jD; 40,0 g) was added and the reaction miature'stirted ' .1‘.f e
and heated'until‘an exotherhic'teaction set in at which poiht |

'heatln ‘was halted. When the- hydroly31s was' complete, the L
ﬂask Wy s cooled in ice and acetyl chlorlde (19 6 g) was added

.
fid .



of theoretical). The white.solid_which hadlprécipitated out

.of sélution was dissolved'by adding'acetone and the solution

f

101 -

slowly.*‘The’final-mixture qontained acetic acid-0-

D40 (o 75 moles), DCl (o 25 mole). 9 -10-Dibxcoé:tad

-acld (7. 8 g) was added and the mzxture heated to 65 c for 0.5 h.

The solvent was removed in vacuo and the exchang§ reneated

once more w1th fresh medlum. After workup, lH NMR showed

‘that the intensity of the eignal at 2.7 ppm had been greatly

reduced. The sample (7.8 g) was dried in vacuo to remove traces

of DCl-and D,0, and used directly in the next step. :

9,10-Dihydroxyoctadecanoic acid

Platinum oxide (500 mg), suspended in acet;cuac1d

(10 mL) in a 250 mL r b. flask, was prehydrogenated, after

. which the tetradeutero diketone (7.8 g) prepared above was:

.?dded in acetic acid (50 mL) and the hydrogenation allowedQ-,t‘»;;;i_:J
" to éfoceed over 22'h.: 1,090 mL of Hydrogen was absorbed (97

X

i was filtered from the catalyst. The solvents were'femoved

“in vacuo and an allquot of .the- res;due (m p. 115 C)} was methy—

lated with diazomethane and analyzed via borlc acxd lmpregnated
silica gei.T.L.q (mob;ie phase 60/40 ether/pet. ether, the

T.L.C. platee'were‘prepared by spraying Merck silica gel
- : ‘ .

_plates with a saturated-methanolic bbric acid soluﬁién) ‘This

analys;s showed that the major product was the erythro diol

by.comparlson‘w1th an authentlc-sample. Two‘recrystalllzatlons

‘from ethyl acetate ylelded pure erythro lel 5 g, m.p. 126-128° c,

llt m. p. 132 C (44)
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'Methyl cis-9-octadecenocate-8,8,11,11- d R

Erythro 9 10-d1hydroxyoctadecanomc acxd-a 8, 11 ll-d4 -

(5 g) was heated w1th methyl orthoformate (6 mL) under argon

at 90°C for 0. 5 h. Excess methyl orthoformate was. evaporated
and the resultlng l 3-dloxa1an heated at 160 C for 4.75 h at
whlch tlme, the evolution of carbon droxlde had ceased.. The
product-pas shown by T.L.C. to be mainly OlElc acid, accom- {
panied by some methyl oleate. The product was treated Wlth

_ diazomethane‘to‘convert_the acid to its methyl ester which

was isoiated by dissolving the crude product in chilled hexane
_and‘centrifuging'to remove.auiarge amounthof gelatinousjpre-At
cipitate. Removal of the soivent gave a'residue'of'B 9 g. -

:dopen column chromatography u51ng Merck T.L. c. 5111ca gel (100 g) l
and elution Wlth ether/hexane (2:23) yrelded the pure tltle

~ compound. G.L.C..analys1s (c.f. ‘p.  95) showed . the product

to. be the'stereochemically pure cis-olefin. Analysis of the

1H, 2H andpl3c NHR spectra showed that the label was exclusavely

at the allylic posxtlons. *Analysls of the product by MS
showed that 1t had the follow1ng deuterlum content. 4,-79.1%}

‘d3, 15. 1% dz 4.0%,~d1, 1.4%; dé;-0.4%.

Reductlon of 9, lO-dloxooctadecanOLc ac1d w1th Sodlum Borohydrlde
L 9, 10 Dloxooctadecan01c ac;d (5 g} was dlSSOlVed 1n
: methanol (300 mL) and treated wrth sodium borohydrlde (5 q)
in small amounts over 10 min: The colourless solutlon was

stirred at room temperature for an adﬁltlonal 3 h. Water

.o~ R .
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IZOO mL) . was added'and-the solution epidified with acetic -

. acid to’ yleld a white precxpltate {5 g). which was filtered.

)

off. The whlte solid was extracted in a Soxhlet extractor

w1th ether. Both the ether sdldble and the ether 1nsolub1e

fraction were shown by boric acid-T.L. c., to contaln an ex-

cess of the threo diol. Both fractions after recrystalllzation
from ethyl acetate melted‘at‘93ac.' M.p. of the pure‘threofdipl

'is 93°C (47).

'(IIi) ‘Miscellaneous Preparations -

Methyl cis-— 9 lo-epoxyoctadecanooate .

“; Methyl cis~ 9—octadecenoate (10 g), was dlssolved in

-methylene chloride (100 mlL) and the solution cooled in an , .

ice bath at 0°C. m-Chloroperbenzo;c ‘acid . (90%, 7 g) in methy—

lene\ohloride (100 nk) was added droPWLse with stirring.

-

After 0.75 h, a white precipitate had’ formed and the -reaction

- was judged to @é\}}omplete by lH NMR exam:Lnatlon of an al].quot 7

of the reaction mixture. The methylene chloride solutloni
was warmed and washed w1th 5% sodlum bicarbonate and 10%

sodlum sulfate. Evaporatlon of the solvent ylelded a colourless

[

. oild (10 3 g, 98% YIQld).
1

H NMR (CDCl ) 2 9 (2H,m C-9H,C-10H) .

’ MS: m/e 312 (M Y, m/e 280 (M~-CH OH), m/e 139 (M—C8H17),

‘-m/e 155 (u-(cnz)7cooca )



[

of-argon. Dlmethjlsulflde (10 mL) and ether (15 mL) were

" Total YlEld. ?7%, EETE T ‘;m‘,

104 R

Methyl 9-methyl~lO-hydrcryoctadecanoate and methyl lo-methyl-_ _'

-t

QéhydrOxyoctadecanoate

.

Cuprous lodlde (1.07 qg) was‘dlssolved in dlmethylsul—
fide (4 mL) and the resulting pale yellow solutlon was flltered
through glass wool from a. black preclpltate, into a’ three-
necked 100 mL, r.b. flask, eqUIpped with two rubber septa and-

a gas lnlet adapter leadlng to a mercury bubbler and a source

added and the flask cooled in an ice bath before flushlng

v 1
with argon. Methyl lithium (1.7 M in ether, 6 3 mL) was |
added via syringe. until the initial brlght yellow preC1p1tatei

had dissolved; Methyl cis-9,lO—epokyoctadecanoate-(835 mg)

1n ether (10 mL) was added to the reactlon flask. The reaction .

mixture was stirred at 0°C for 13 h. Aan ammonium hydrox1de/am--

~ monium chlori@e.buffer'solution, pH 8} was_added and the blue i

%

- solution extxacted with ether. The excess dimethyl sulfide

was removed in vacuo ‘and theﬂorganlc layer was washed with

buffer until colourless. The etherlwas removed in vacuo'and

[

_the re51due chromatographed uszng reverse phase H.P.L.C. {cf. - i

p. 90) The two major components were isolated in the folm * . .

-low;ng manper° elutlon of the-crude mixture wrth aceto-
nltrlle/water (90:10) ylelded the faster movrng component’
. {(compound #1) in pure form (120 mg) N Rechromatographlng the

"second component using methanol/water (95 5) as moblle phase

was necessary to obtaln CQmpound #2 in a pure state (120 mg)

:h-.
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(20 mg). The fatty acids were checked by T.L.C. and .
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Both compounds had ‘identical l"H and 13CjNMR end ir
. ‘ - » . .
' spectra; | . '
1H RMR (cDCly):c 3.5 (lH,m,CHOH), 0.8 (6H,m, /CH,CH, and CH3—CH—)
_'lBC NMR: (see Appendix I) B )
s v -1 -1 S
ir (CDC13). Vop 3650 cm * Vesg 1745 cm . ,

.o

The compounds were identif%ed on the basis of the
fragmentatlon pattern in the;r masss pectra. _
MS: Compognd #l: m/e 328 (M Y, m/e 297 (M—Cﬁ 0), m/e 215
;- : {M- d9H17’: m/e 186 (M- CHB{CH2)7COH, Base.pk),t
_ o m/e'143;;Mjnc}cné)axcaé)7-co2cnii |
. Compound #2: ;m/e 328 fM+},‘m/e7297 (M-CH, 0), m/e 187
(M CH3 (CHZ)7 C{H)CH ) . m/e 155 (loss of
MeOH from ion at m7e base pk).

Based on the above’ ev1dence, compound #1 was a551gned

i

‘the structure, methyl 9-methyl- 10- hydroxyoctadecanoate and

compound #2 the structure, methyl lo—methyl 9-hydrdkyocta-

ff/(H\STQ\decanoate. On the basis of the method of prepa;atlon, it was

assumed that both compounds had the threo conflguratlon at
C-9 and C-10. ‘\_

Hydroly51s of the ester functlon of each compound (25 mg)
was accompllshed by heatlng them under requx 1n a 50% ethanol-

water {2 mp) solution contaznlng potassium hydrox;de (200 mg)

'for 0. 5 h. The: ethanol was removed in vacuo and. water (5 mL)

-added The acids were extracted with ether, dried over sodlum

il

sulfete,,and the,ether-removed.ig vacuo to y;eld‘the ac1ds'

lH NMR
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'octadecanoate
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and found to be free of traces of the ester.-

~

&£

‘Methyl 9-oxooctadecanoate and Methyl -10-oxooctadecancate

| 'Methyl c1549,ld—epoxyoctadecanoate (2.0 g)'and_boron
tritluoride dietherate.(2482 gm) were dissolved in-1,4édioxan“ )
(100 mL)‘andjthe eixture refluxed at 115°C for 3 h.’ The solu- .
tion was cooled and poured 1ntq behzene (80 mL) and washed 10
tlmes with water (300 mL) The benzene layer was dried over

anhydrqus sodlum ‘sulfate before remov;ng the benzene in vacuo.

The residual yeilow;sh oil (1. 9 g) crystallized on standing

(67% yleld) Reverse phase H P.L.C. u51ng acetonltrlle/ethyl

>

acetate (75/25) showed essentlally an equimolar 2 component

mlxture ‘which was only sllghtly resolved on a Magnum 9,

r

Part1511 ODS~2 column. . ‘ P

1y wur (epe1y): 2.4 {4H;t,(cg2)2c;o).
: _ : _3,

’

Methyl - 9-exomethyleneoctadecanoate and Methyl lo-exomethylene-j

B ' Tt e
LA :

Sodlum hydrzde (0.5 g, 50% 011 disperSLOn) was welghed

1nto a three—necked, 100 mL r.b. flask, flttEd w1th two

v,rubber septa, a stlrrlng bar and a reflux condenser equlpped L

w;th a 3-way stopcock—controlled|gas 1nlet adapter.. .The sodlum :
hydride was washed several txmes w1th n-pentane and the system

evacuated and refilled with argon several tlmes. Dlmethylsul--

: foxlde (dried over sodlum hydrlde, 5 ml) was added via syrlnge.:

H;The mixture was stlrred and heated at 80 c untll hydrogen evolu—

tion ceased (A yellowzsh-green preclpltate had formed )

“
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Methyl triphenyl phos'phonium bronllde (3.6 g) was dissolved in
dry dimethyl sulfoxlde-(lo mL) under argon and'the selution
transferred via syrlnge to the cooled dlnsyl anlon solutlon.
.The solutlon turned red lmmedlately. After 0.5 h, 6 mL of
Tfthe above splutlon :was added to a 1:1 mlxture of methyl 9—oxo—

'octadecanoate and methyl lO-oxooctadecanoate in dlmethylsul—

L]

ffoxlde (ZUmLa under argon.~ The solution was warmed slightly
-dto ensure dlssolutlon of the esters and the mlxture stlrred

for 20 h. The still, reddlsh solutlon was quenched with water
(100 mL) and extractea thh pentane (3 x 100 mL) The pen-

~ tane layer was washed with water/dlmethylsulfoxlde (l I, 30 mL),
then w1th water (lOO_mL), and f;nally dried over anhydrous
sodlum sulfate. The re51due obtalned upon evaporatlon~was
examlned by reverse phase "He P L C.Ifﬁ/3£on1trlle/EtOAC 75¢ 25)

and shown to be free from traces of startxng material.” A

£

small allquot of the mlxture was Lsolated by H.P.L. c._(samel

&

' mobile phase as above} to remove traces Jof tr:.phenylphosphine
'goxxde._ Separatlon of the t&p reglolsom ric exomethylene com-
-pounds was not possible using the above H. P. L c. conditions.

1y NMR (cnc1 Y 2.0 (4H,n cnza-c-cnz), 4.6 (2m,brd s, cr =€)

C NMR (CDCl ) _(see Appendlx I). - _“

1750 emL, v, 1650 en”l. -

C 0

.‘ar (cc1 ): Ve=

L.

'_Preparatidn of methyl cis-9 l0~methyleneoctadecaneate

. Zlnc dust (400 mg, Analar B.D.H. ) was suspended in’

¥
boilzng acetlc ac1d in a 10 mL r.b. flask The mixture was -

.stlrred-for 1 mln, cuprlc dlacetate (80 mg) 1n bOlllng acetlc- o

e -
.
P
3 u

S . - . . £

. N . \.‘ . ] - .. . - . - \".‘:I-.- |
A _ . [ o

i
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acid .(2 mL) was added and stirring téntinued for ca. 3 min

uptil the blue solution had been completely decolourized.' The

_'red—brown zinc-copper couple was washed with acetic acid ‘ ¢

(5 x 3 mL) and ether (5 x 3 mL).. Ether (1 mk) was then added,

 followed by diiodomethane (2.5 g) and methyl cls-9-octadecenoate\
r(lOO'mg) in ether (4 mL). 5,reflux condenser was fitted to the

flask and the system flushed with argon. The- etheszolution'

was warmed to initiate the’ reactlon and after ah 1n1t1a1 exo— o

'3

,thermlc reaction’ had subsxded “the solutzdh“was heated under

Y

reflux for 24 h, under argon, at an 011 bath temperature of
55 C. (After 12 h, ether (2 mL) ‘was added to replace that
1ost by evaporatlon ) Pyrldlne and ether were added‘to the

cooled reaction.mixture until-a white precipitate ceased to

. form. The mixture was flltered and the soldds washed with -

ether., The yellow re51due, obtalned by evaporatlon of the

“ether, was placed under hlgh vacuum (0. hl mm Hg) and excess.
'“’.pyrldine and dllodomethane removed The re51dual o;l was taken

©up Lﬂ hexane and - flltered through glass wool to remove an orange

Solld ' Reverse phase H P.L.C. analys;s (Acetonztrlle/ethyl
acetate 75/25) showed essentlally one<peak a551gned to the_

cyclopropane compound. \

;_.1 . . - - ‘ T

H NMR: see p. 36, : _ S L .

C‘NMR'n‘see p‘ 39. "*f'_'_."j o T

'~Ms:' m/e 310 (M ), m/e 278 (m-CH 30H)

-1

1015 cm due to the cyclopropyl group,

L

C-C

\
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Preparation of L-methionine-methyl-dl ‘ - _ o oo k;

SfBenzyl-L-homocystein (0.5 g) was weighed into'a

100 mL three-necked,'r b. flask which was then fltted w1th a
cold flnger condenser, a gas 1nlet tube and a rubber septun
Both the condenser and the gas lnlet tube were guarded by -f |
dln—llne potassmum hydroxlde drylng tubes.[ The flask was cooled l‘i."‘
in a dry . 1ce-aceton1tr;le bath and the/condenser was charged

w1th a dry 1ce—aceton1tr11e slurry.f Ammonla (15 mL) was con-
_densed.;nto the flask and the solutlon stlrred to dlssolve the ‘ 3 ¥
"4ben2yl—L-homocysteine. Small pleces of sod;um were added
to the mixture until the sol@?lon remalned dark blue for a
'few minutes. At this poznt,,the mlxture.had_a.turbld, white’
;appeérance. f _ -";“j“l_ R . :. '.a,;
L eﬂf Methyl 1od1de dl.(lSO uL) ~was added via syrlnge, the

.
stirred for 10 min, and the ammonia allowed to evaporate

thQ'r ing the condenser. Wat r (S was added to dlSSOlVe o

'the whlte solid. and the pH of the solution was adjusted w1th _
ydrlodlc acid (47“) untll it was . acrdlc to lltmus but alkaILne

ri;)Congo red, Toluene and a few ml of water were reqoved in

Vacuo. 30111ng ethanol (30 mL) was added to the

the solutlon‘allowed to stand overnlght‘at 5°c.
whlte solld whg&h separated, ‘was letered, wash- .
ethanol and ether, and drxed to constant welght (Z*Q\Egp 80%

. 'yield) in vacuo over P2°5' ' -
nmr (020) 2.1 (4H,m, ancnmnz)co B + % Y, 2.6 (2H,m,
| o CH2—S), 3. 8 (13 t Nuzcn-cooa) | '

-



®

110

From analysis of the blS TMS derlvatlve of the tltle compound .
“at m/e 293 (M ,d ) ‘and m/e 294 (M A4 ), the follow1ng deuterlum ,

'content was' qalculated. dl' 97% do, 3%. i

: Preparatlon of L-methlonine-methyl—d2

I

. The title compound was prepared by.a method ldentlcal

-with that described above, except for the use of methyl 1od1de-d2

‘ 1 NMR (D;0): 2 1 (3H.m CH CH(NHZ}COOH,CHD S).‘

_MS#' By a sim;lar analysxs to that described above, the folw

. R » ) .0‘.-'
eon s lowlng deuterlum content'vas calculated. 96 7% R

al, 2.7%; do,'lﬂs%.jay.u

, Preparatxon of a 0.1% Dldeutero-fdrm ldehyde solutzon

-

- K; ; g: Paraformaldehyde-dz (a generO;é\Glft of Prof.:D. Moule)

‘(3 75 mg) was suspended in water (4 mL) and heatedhunder reflux
for-15 mi:::at which time the white Bolid had dlsappeared._ lhe _

a‘reactmon xture was washed into a 10 mL Erlenmeyer flask,'_f‘ -

'ldmedone (10% w/v in 95% ethanol, O.g mL) addedfénd the solu-

' tlon allowed to stand overnlght.' The white preczpltate was

| collected in a Buchner funnel and we;gheﬂ after dry mg in gggug.-
Theoretical yield. 38!7 mg, Actual y1eld°' 35 .4 mg. e product
.showed one uv active spot on silica gel T L. C.I(IOO% chloroform)
correspondlng to an . authentic sample of the bis dlmedone deri- - B
vatxve of formaldehyde. :‘ , _ - | -

'13 NMR (CDCl )z 1.1 {12 s,c (cn3)2), 2 3 (8 s cnz-c=0}\~_ .

- - The 51gnal at 6 3 2 assigned to cgz-c—C(OH) in the non—deuterated

[ . .
.compound‘was m1551ng ‘as expected.‘ T S
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| c. "Biosynthetic'Experimentsl7

m E@.@.}e'
The’ basal media used in the feedxng experlments ‘were
f elther Medlum A or Medium B; their compos;tlons are 115t8d

_below.

edlum A (1 1L) R e .

o 7~1' ' ,l, - Constltuent e 'Amount

acto-Blotln Assay Medlum (pifco) . o ‘h“37 5 g

-fd i\V1tamIn-Free .Casein Hydrolyzate solutmon ‘ 50. 0 mL

- Medidh B (LL) ¢ -
' Constituent
’ ) & ) ‘. ' . ) e o -
: sodium’citrate - - . :
' Sodium acetate . o
¥ R _ ‘ _ .
; | Aximonium chloride ™ [
T:-Potassxum hydrogen phosphate e, PR
. Salts solutlon A T . _
- 'fBaqe soluthpfgw,e' . i .

. ‘lBaSefsolution c |
Vitamin3§elution D - : o f/i
L-alanlne“-' L L o »‘eﬂ- ,
'DL aspartlc acid i '

-argznlne hﬁdrochlorzde "ﬁ
f.L—ly51ne hydrochlorlde monohydrate-'
' . Leisoleucine - - - T ST o 0.1 g
" ” ' . - ; N 1 : '
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N .. . comstituent .- .. ¢ . Amount -

L-leucine _ - . - ¢ AT o 0.

. -+ DL-phénylalamine - ~~ - .77 ot 9.2

St ~ ' CoE ) T . S
- Leproline- . . s o5 T 00
. \ -~ DL-threonine ~ - 7. s S .2

. Levaline o AP 1 |

. DL tryptophan . R . N <7 ;0;?
3 “‘DL—serlne R S - T SO 7
\ f\\\ —tyrosmne Lo T s ::ﬁ\;'”b'. .ﬂn_i

- - . -

—cystlne‘”-

L c o :
. Glyclne' : N
"ff'Salfs‘solutibn‘;fiéSO-mL) ;e~ ]

. , . Magneslum sulfate heptahydrate

Ferrous _sulfate heptahydrate

Sodium ¢ loride . .
N ) Manganese sulfate heptahydrate B S _ | m2.0 g
Base solutlon B (100 mL)

.ﬁdEni“e sﬁlfate;- T | o ' 0.1 ¢

.. Vracil . . N I I
: o R SR T |

! q g q .\

']
‘..J
oo\q a:

Constltuent = .~ 7 v, Amount

L . ] Constltuent s ' - Amount

Ganine hydrochloride T o : 0.1 g

B " . e R . EEEE .
) dfr, '_;,' o Base solutlon C'(lOO mL) , . o - T Lo

;". S - _' Lo o Constituept- ' | S 'Amount

" ""_ © Xanthine - T T -‘0;1'35 '

) ; S e €
) e R . .
o - . '
. . R . .
~ 3 : . <
- v . .
L) . S
[ " "
e e ey . PRI o e =

N
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~adjusted to 6.8 with lM KOH. .

. anh. sodlum sulfate.' Upon evaporatlon of th ethe
{fatty ac1ds were methylated w1th a freshly prepared'

solutlon of dlazomethane. The methyl esters ‘were drled

113. .

'Vitamih soluti;n.D (1 L) i ‘T'h‘ 7 ' Amount
*' - Thiamine o . i'?';, = - ,,'. -100.0 mg
. mioflavin . . 7 . 100.0 g
PYridoxal - S .'. | ‘- , | | 20.0,mg
Calcium.pantothenate L . - ' L 1oo.p'ﬁ§-
Niacin B N L_' s | '.~i' e 100.dAmgh
~p—Aminobenzoic'aeid . | S o ‘ 20.0 mg
Folic acide . o : o | 1.0 mg
- © .2m HC1 : o

\ ) _ N

—Tyrosrne and L—cystrne were flrst dlssolved in the
minimum amount of .2M HCl. The resulting solution was diluted °
and the other components were then  added. Base solution B
was made up w1th the aid of -1 M  HCI. ‘Base solution C
was made up in’ 1M NH4OH. The flnal pH of the medlum was-

“(II) - Extractlon of Mlcroblal Cells and Isolation of Fatty Ac1ds

R
v

_Procedure {(a): Large Scale Experlments (16)

' MlCIOblal cells (0.5 - 1.0 g,‘dry.wgt ) ‘were placed

in a 100 mL r.b. flask and heated under reflux, under argon,'

‘for 5 h, u51ng ‘a hydrolysrs mlxture containing pota331um -

\D

hydrox1de (2.25 g) dlssolved in 63% ethanol (47 5mL). The

-ethanol was removed rh vacuo, after the hydrolysxs was complete,'
fand the basic re51due washed once with ether (25 mL) a then
3'ac1d1f1ed to Congo red w;th 50% sulfur;c aCLd The fa y f

; acxds vere extracted with ether (4 X 20 mL) and the ether 3 f

layer was: washed with water {2 x 20 mL) and-

drred over

O
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';PZO5 in gaggg before chromatography on aireVerse phase H.P. L. C.,
column was performed (Acetonatrlle/Ethyl acetate (75 25), Flow
'rate, 1. 6 mL/mrn) The retention tlmes-of the three'major
fatty a01ds in the extract ‘were as follows. methyl cis-
:vaccenate (43 mrn), methyl palmltate {46 min) . and methyl

lactobacrllate (50 mln). Base line resolutlon was obtained *

for thlS mlxture, when the above condltlons were employed

Procedure (b): Extraction of cells for growth curve studies (27)

Allquots of the. mlcrobral culture (10 mL) were centri-
“fuged, and the cell‘pellet was stored at,-60°C. The cells
were brought to 50 C andza chloroform/methanol {2: l) mlxture

was added ko the cell pellet. The mixture was sonlcated for

LRy

_30 sec and allowed to stand for 15 min. A 0 1M sodlum chlorlde .

-

. in. 0 l M hydrochlorrc acid solutlon (L mL) was added and the

‘ blphasrc mlxture ‘was agltatedﬂusrng a desk-top test tube

: mlxer. The two phases were separatgd by centrlfugatlon at |
3500 ‘T p.m. for 10 min.’ The lower layer was carefully removed !
with a plpette and transferred to a 25 nL r. b flask and the

Chloroform evaporated’ at'35°C. Sodlum (300 mg) was dlSSOlved

in methanol (25 mL) ‘and an allquot (2 mL) of the resultlng

0.5 M solutlon was added to the extract. The methanoly51s

was allowed to proceed for 15 m1n at room temperature.- Hexane ;:;

‘(4 mL} was then added, W1th shaklng, followed by 3 M sulfurlc

acid (0 2 mL) and water (4 mL}. The two phases were poured

Y

1nto a 15 mL centrlfuge tube and the top layer removed Vla
Lo 3 -, ' 'f’. \, . ‘ o

U
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'evagorated.under argon and the residue taken up in n-pentane

W

‘vested, washed thh 0. 85% sallne several tlmes, and reSus—
3 .

Y

| R |
R Co oous L T e

plpette and passed through sodium blcarbonate/sodlum sulfate

(1: 2) 1nto another 15 mL centrlfuge tube. The hexanejwas .

(lO.ul). Ahhaliquot (1 ul) was injected onto'a G.C..column

(7 x 2 mm I.D., glass}‘lZ% DEGS on Gas chrom Q (80/110).,°
. ) . ) ) . ‘..’_7' .
-1sothermal at 170°C). Peak areas were measured by triangula-

tlonf

. (IIT). 'Feedino Experiments ‘ . : R :
e ~In most of the feedlng experlments o,bé:;;;crlbed,

¥

a freshly grown 1noculum was usedl/ One or more culture tubes

_:contalnlng M. R S. Broth (leco, 10 mL) was'lnoculated from a- .+

-stock stab culture. After 24 h of growth, the cellsawere har-

Apended in sal;ne (10 mL for each culture tube)

'(é) Cls—9—octadecen01c ac1d—9 lO-d2 feedlng

(b) ClS 9—octadecen01c ac1d-8 8, ll 11- d feedlng

The same protocol was used for experlments (a) and (b).

The 1abe11ed fatty aczds {200 mg) in 95% ethanol {1 ml) were’

'added to autoclaved basal medrum A (lo0. L) contalnlng Tween 40

. 4, .

-(10 g) Two culture tubes contalnlng the complete medium

(10 mL)awere 1noculated WLth a sallne oell suspen51on (0 05 mL),
and the cultires allowed to grow for 24 h.‘ The resultlng
culture (4 mL) ‘was used to 1nocu1ate 3 x 500 L Erlenmeyer

flasks contalnlng 1dent1cal medlum (150 mL) After 24 h of

'growth. each culture was used to 1noculate 1dent1cal medium

[

L
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" (3.25 L)} each contained in 3 x.S L culture flasks. Growth

-ﬁas=allewed to continue for 36. h, after which the.cells.were ,

harvested and the fatty acids extracted The tetal amouht

of fatty ac1ds obtained in the dleic ac1d 9 10~ d feedlng
\\~Was 18 mg. The relatlve proportlons of the three major 7
fatty acids.were-' oleic ac1d (Cls), 8% palmltlc acid (cls),-
‘55%- dlhydrostercullc ac;d (919), %. The total fatty ac1ds f

ouhted to 10 mg in the olelc acid-8,8,11, 11 a, feedlng. S .

4
The elative propotglons of the three fatty acids were:

C -1

18’ 16 | .
from the chromatograms of the preparative ‘H.P.L.C. runs,

. 43%, le' 45%, The above data were derived

-

using standard samples for calibration purposes.

Ae) Feeding experiments'dsing 9—methyl-lO—hydfoxyoctadecanoic. o

ac1d and lQ-methyl- 9 hydroxyoctadecan01c ac;d.

.

The tltle compounds (2 mg) in 95% ethanol (l mL)
were added separately to autoclaved medium A (100 mL) con- -
talnlng Tween 40 to make a flnal concentratlon of 20 mg/L ~

(acid) and 1 g/L (Tween) Several culture tubes centalnlng-

iy

the above fatty acld-medium (lb mL) and a similar medium
contalning olelc acld (20 mg/L) were 1noculated w1th a sallne ;

‘ cell.suspenSLOn (0 05 mL).' After 48 h, essentlally no growth

)

had eccurred in- the hydroxyaC1d contalnlng media,’ whlle good - .

: growth was obtalned w1th the‘olelc acld'contalnlng medlum.

"(d) Feed1ng experlments uszng a l: l mlxture of 9—exomethy1ene-

octadecano;c acld and 10—exomethyleneoctadecanoxc acid

The title compounds were added along wlth Tween 40 to
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Medium A to make a final concentration of 15 mg/ﬁ Jacid)
and 1 g/L {Tweenl f After autoclavrng, thls medlum along

with an oleic acid contalnlng medium (20 mg/L) was inoculated

1

in the usual manner. Good growth was obtained in both cases

"after 24 'h, and the cells were harvestéd and the fatty acids

fatty acid were:

extracted. G. C analy515 of the methyl esters (l10' x 1/8" -

- I. D., S.5., 3% OV 225 on Chrom W-HP (80/100), lsothermal

analysis at 190 C) showed that no apprecrable cyclopropane

]

fatty acid productlon had occurred although the exomethylene

compounds were‘incorporated into the lipid fraction.

. . . Jﬁ.

(e) Methlonlne-methyl—d and biotin feedlng

———

A fllter sterlllzed solutlon of meth:.on:.ne-methyl--d3

D

B was added along wrth blotln to ‘autoclaved rmedium B “to make

a flnal concentratlon of 100 mg/L (methlonlne) ‘#nd 10 ug/L
(blotln) T;e complete medlum (10 mL) was 1noculated from a'
stab culture._ After 24 h of growth aliquots of this culture
(0.1 mL) were used to 1nocu1ate the same medlum (5 x 10 mL)
After 24 h of growth, each culture was used to inoculate.

identical medlum in 5 x 500 mL Erlenmeyer flasks (200 nL each).

 After 36. h, only 2 flasks had grown out properly. The reason

" for this was not determined. The cells from all flasks_were

harvested and the fatty acids extracted. . The total fatty
acids amounted to 5.0 mg. ' The relatlve proportlons of each

1ls, C

) Claf 16, 48% Clg, 4ll%.'
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_relatlve pr0portlon of each fatty a01d was: CiB' 7%; C

| 36%; Cpg, 578

118 | 7 | ;//;

(£) Meth10n1ne-methy1 d and cleic dcid feeding

Methlonlne—methyl d3 (120 mg, fllter sterllrzed) was
added to autoclaved medlum B (l.2£;;h35nta1n1ng oleic ac1dgj?

(24 mg).and Tween 40 (2.2 g}. The complete:mediuh (16 x 10 ..

mL) was inoculated with a saline celi_susbension (0.05 mL) .

After 24 h, these eultures-(2-x 10 mL) were used to inoculate

each of 8 x 500 mL Erlenmeyer flasks containing identical

4.

medium (125 mL each). "The cells were‘qarvested after 24 h
of growth and the fatty acids extracted. The total fatty

acid content of the cells was 20'mg. The relative proportion

of each fatty aeid was:- CIB' 7%, Cls' 54%; 919, 39%.

-

(g) -MeEhionine-methyl-d and biotin feeding

Methlonlne-methyl-d3 (100 mg) was added to. medlum B

‘(1015 mL) along w1th biotin (10 ug) After filter steriliza-

»tion, the complete medium (14 x 10 mL) was inoeulated with a

saline cell suspen510n (0.05 mL) and allowed ‘to grow ‘for 24 h.

The resulting cultures (2 x 10 mL) were used to inoculate

7 x 250 mL Erlenmeyer flasks .containing 1dent1¢al medlum

(25 mL). 24 h later, 3 flasks were harvested and after

64 h, the_remalning‘flasks were harvested and.the fatty '

acids extracted. The cells'from the 24 h celture contained'

5.3 mg of‘totalifattyaacid. The relatlve proportlon of each

‘fatty acid'was qla,gasfrcls,_38%, C19' 54%. The cells from

. the 64 h culture contained'B 6 ﬁg.of'total'fattyfacid.. The

i

16’ -

.0

-
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(h} Feeding experiﬁents ﬁeing methionine—methyl—d,'end

either biotin, oleic .acid or cis-vaccenic acid

Basal medium B (2 L) wad prepared_end.to 1600 mL -
was added‘?ween 40'(i;6 g) and to thé‘remainihg 400 mL was
. added biotin (4.0 ﬁg)ii The medza‘were distributed among.
_200 culturg’tubes in 10 mL portlons, and then autoclaved

;
Cls-vaccenlc abid (16 mg) in 95% ethahol (1 mL) was added

in equal portlons é! -80° culture tubes contalnlng the Tween

i40 containing medlum. The same.procedure was carrled out

. using oleic.acid.3 L::I;!ethionine-methyl-d3 (210 mgiin 21 mL

‘ of-weter)kwas filter eteriiized'separately and 0.1 mL.ali*

| quots;were added”aeeptically to each cdltﬁre tube. Each
cuiture tube was then inoculated‘with~a saline cell suspen-
"sion (0.05.m£ .a Klett reading of 360 was recorded tof this
'inoculumj After. 24 h, good growth was obtained 1n the blo-nw

~

tln—contalnlng medlum, but only poor growth resulted in both

fatty ac1d-cohta1n1ng medla.  The cells were harvested)and
.the fatty acids extracted The total amount of fatty acids
,obtalned from the cells grown on biotin was- 9 7 mg (Cla, 40%;._
| 15, 37%; Clg, 23%); from the cells grown on olexc acid,

5.0 mg (ClB' 21%; Cls' 53% 019' 26%), from the cells grown

on vaccenic acid, 10.3 mg (pla” 35%,.C16, 53%, c 12%).

19°

= (1) Lactobac1lllc ac:.d--19-d2 and blotln feedlng

Synthetic lactobacxlllc ac1d-19—d (10 mg), Tween 40

(0.5 g) .and biotin (5 ug) were added to medium B (500 mi) .

ii
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fhe flnal medlum was dlstrlbuted in 10 mL portlons among
50 culture tubes and autoclaved. One culture tube was ino-
culated with a salqu cell suspen51on (0.05 mL) and allowed
h‘to grow for 24 h. The resulting cells weré then harvested
washed w1th sallne (2 x 10 mL) and after suspenseon in sallne‘
(10 mL), a 0.5 mL allquot was used to lnoculate the remglnlng
49 culture tubes. After 22 h of growth the cells were har-
l

vested and the fatty acid (17 mg) extracted. The proportlon

of each fatty ac1d was:_ lB' 2% ClG' 62% cl9' 36%,.

S
- Lot e

= (3) Fatty aq;d~composzt10n vé. Growth curve]study (medium . A)

‘// © A fatty acid comp031tlon VS. growth study was- carrled
_ out uSLng Medlum A (600 mL) , supplemented wi h blotln (6 0 ug)
;The PH of the medium was adjusted to neutra lty‘j;om 5.4 with
‘_ KOH. The medlum was placed in- 4 x 250 mL _lenmeyer flasks
(145 nmL each) after filter sterlllzatlon..

‘pension (1 mL, Klett reading, 415) was use to 1noculate each

.flask) . At‘regular time 1ntervdls, 4 x 2.5 mL_al;quots were -

w1thdrawn from each flask. Two aliquots were combined to
.glve 2 turbldlty measurements and all 4 al;quots were com~ .
blned to glve an average‘p% readlng.' The- fatty acxds were .

“extracted.accordlng to procedure II(b}.

L(k) 'Fatty ac1d compos;tLOn vS. Growth curve study (Medium B)
Methlonlne-methyl d3 (14.5 mg) and biotin (l 45 ug)

.
" .
¢

A: salfhe cell sus-‘




. was 4 7 mg (Cla, 1%- c

O

: a2

- b

'sterllfﬁed lnto a 250 mL ErIenmeyer flask. An aliquot (10 nL)

of the above medlum, 1thout methlonlne, was fllter sterllrzed

,separately into a culture tube._ A sallne cell suspensron'

(lvgi, Klett readlng of 475) was used to rnoculate the flakk
and another allquot (0 07 mL) of the :same. suspen51on used to
1noculate thg culture tube. Growth was monltored by with~-
drawxhg 5 or 10 mE ‘aliquots and measurlng pH and turbldlty.

No growth occurred ln,the 10 mL culture.

(1)- Large scale version of Experlment (k)

Methlonlne—methyl-d3 (225 mg) and blotln (22. 7 ug)
were added to medlum B (2. 25 L) After fllter sterlllzatlon,

the medlum was dlstrlbuted in 145 mL portions among 15 250 mL"

, Erlenmeyer flasks.‘ The flasks were lnoculated with a. sallne'

cell susPension (lymL, Klett-readlng of 490). At 13.5 h,

51x £lasks were harvested, after measuring pH and turbrdlty.
The cells were drled and welghed (598 mg) and the fatty acids
extracted by procedure II(a) ' The total fatty acld content
378; C. o, 128). At 24 h, the same

16’ 19'

_procedure was . carrled out Wlth another 4 flasks. The total

fatty ac1d content was 20 7 mg from 721 mg of cells (clB’ 27%
ch' 41%; c19' 32%). The remaining flasks d1d not grow out N

well and the contents were dlscarded.

4

. {m) Intermolecular Isotope Effect Study

L-Methlonlne (49.475 myg) , L-methlonlne-methyl-d3 (49 460

- mg) and blotln (10 ug) were dlssolved in medlum B (1 L) The.




D

was 9.3 g (clB' 9% ClG' 34%

'added to Flasks D and E. Flasks A

. : 122
complete medium, after fllter sterlllzatlon, was d;strlbuted

among 14 culture tubes (10 mL each)’ and among 7 x 250 mi,

Erlenmeyer flasks (125 mL each) A sallne cell suspenSLOn

(0. 05 mL) was used to inoculate each of 14 cultnre tubes._

c “t
After 24 h of growth, the resultlng cultures (2 X - 10 mL each)

were used to lnoculate each of the 250 mL flasks. Thegcells

: were allowed to grow for 24 h, after whlch'they‘were harveSted

and the fatty acids extracted. The total fatty 301d content

-

19, 57%).

Medlum B-(2 L) contalnlng biotin (20 %g)ﬁwas supple~

mented Wlth the components llsted below, fllter sterlllzed

and dlstrlbuted in 145 mL portlons among 12 x’ 250 mL ‘Erlen-

N meyer flasks’ (Al A5, Bl B, Cl, Cyl. . 130 mL of Medium was

1™ 5 contained methlonxne-

: methyl- é (14 5 mg each), flasks Bl-B5 contained methlonlne--

-methyl dl (14 5 mg each) ; flasks, l' C2 contalne methlonlne—_

methyl-d (14 5 mg each); flask D contained methlonlne-methyl-

dj (13.0 mg) and sodlum formate (4 0 mg), flask E contalned

.methlonlne-methyl-d3 (6.5 mg) and sodlum formate (4.0 mg)

Each of the above flasks was lnoculated w;th a sallne cell

suspen51on (l 0 mL, Klett readlng of 400) Growth was moni-

{n) Intramolecular Isotope Effects and Methlonlne/Formate Feedlngs

tored by measurlng the pH of 5 mL aliquots. After 29'h of h”"l_

growth, flasks Al—A4, Bl B4, Cl' C2 and flask E were harvested,

,the cells drled and welghed and the fatty ac1ds extracted

..—' ‘ - ‘ .-. | J | . )

ke

-
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'experimentfare listed in Table 13. \): . o - o

"tetrahydrofollc acid and 2-th10ethanol (30.5 mg). a.

T

123 Tk

-

-'After 48 h of growth, the same procedure was carried out

with Flasks Ay, Bg and D. The analytical data of the above-

(o) Formaldehyde-d, Feeding l_@

Formaldehyde-d, (3.75 mg) in wdater mL) was pre-

'pared by the orocedure outllned on p 110, a d Q}Vlded lntc;;

two. equal portlons. To one .was added an equ olar mixture of

drops:'

of 5N NaOH were added to effect complete solutlon. The

R

‘_other portlon was used without further modlflcatron. ‘The ,

contents of" each feedlng solutlon were, added to medlum B

(100 mk eachJ, whlch also contalned L—methlon;ne (lD mg) and

‘blot;n (1 ug).' The media were! fllte sterlllzed and placed

in- 250 mL Erlenmeyer'flasks._ A sallne cell suspen510n~(0.7 mL)

was used to inoculate the 2 flasks. :After Bb'h,'ho growth

Tl had occurred in the tetrahydrofollc ac1d-conta1n1ng medlum

- L

‘- {final pH was 6.8) while. substantlal growth had occurred 1n _

‘the formaldehyde—contarnlng medium (flnal pH was 4.0). The

cells in the latter flask were drled, weighed {55 mg) and

the fatty acids (1.3 ‘mg) extracted). ‘Claf l3%,,c16' 458; |

a28.) .

1

{p) Methionine-methyl—dﬁ Feeding under Aerobic and hnaerbbic‘7 .

L

condltlons g

" Medium B .(1. 65 L), contalnlng blotln (l 7 .ug) and

methion:.ne—methyl-d3 (165 mg), was fllter sterlllzed and dls-, N

o’
[N

"~
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" tributed amorg 11 x ,250'mlL Erlenmeyer flasks (150 mL each).

_growth under aeroblc condrtlons.

. cultures-were grown for 48 h, afg

'-C

IV Isolation of Methionine

. 125 |

¢

A saline'cell suspension (l mL) was used to-inoculate'eaéh'

_Hflask Three flasks were fltted Wlth 2-hole rubber stoppers

and sterlle argon passed through the medlum for 0.5 h. The

'remalnlng flasks were fltted w1th dlSposable plugs to allow

which the. anaeroblcally
'J‘

Ecry

grown cells were harvested drled, welghed (542 mg) and ex-

tracted to obtarn/the,fatty ac1ds (9. 5 mg, 18’ 28%: 'C 167 333,_
C e ' . N . . :
| 19, 34%)

‘ : : L . .
To lsolate the methlonlne from the aeroblcally grown

'cells, the folloW1ng procedure was used.. The cells were

washed w1th water (2 x 150 mL), andCresuspended in. water e

(50 mL) rn ar.b. flask The mlxture was heated to bolllng

over 0. 5 h and kept at’ 100 c for a further 10 mln, wlth

‘stirrlng. The mlxture was cooled and centr;fuged to obtain

&

‘a'pale yellow supernatant.~ The“cells were drred, welghed

{994 mg) .and extracted to obtaln the fatty ac1ds (9 5 mg,

29%; cls' 35% C19' 36%) . The supernatant was reduced

18’

1n volume to 10 mL and an allquot (100 ul) subjected to
_automatlc amino acld analys;s to determlne the methlonlne

' present.

e L o . e

| Automatlc amlno acld analysms showed that there were
1950 ug of methlonlne present in the 10 mL extract of

- - .. L)

e anaeroblc and aerpblc -

t!
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P
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994 mg of dry cells. Thns, the'intrecellular-pool'of-methionine R 1
D |

" was 0.65 umole,per 100 mg of dry cell welght. TO'enfaliquot

oyt

oﬁ,the extract (2.5 mL) was adegﬁ sulfosallcyllc ac;d to pre- o

: Thetsample was L
r

B .concentrated to" 500 ul flltered through a 20 um Mllllpore ';‘ e

c1p1tate the proteln present in the sample.

B fllter and- ca. 0. l ucurle of methzon1ne-methyl-l4c (Z,ug) was

The sample was 1njected onto the automatlc amino ac1d‘J -

analyzer a the-effluent collected.at.thedgplumn EXlt.ln

~ T 2 5 mL fractlons, usxng a Gllson automatlc fractlon collector.- .

- _‘

| R " Each fractlon was checked for radloact1v1ty by countlng an

allquot (50 ul) Wthh had been dlssolved in A.C. S. aquéous ﬁ“”

L countlng sczntll;ant. The elutlon proflle lS shown 1n j-'
* * ) . 0ot ./ ' ,
. : [EY . - . ‘ - . .
Figure 27, - ' - . e
» 3
3 ' = -
B S ) s
- ‘\“ . : 1

Cpm -
1'x'102

[
&

Time (mln) ;? ‘_ :‘li, e_"u s

K

"-Fignren27.

: Isolat:on of MethlonlneOfrom

Autometic hmino'acid Analyze:

.
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. ‘ S o ' & .
It can be'seengthat all of the radicactivity was con- _

4

v . L
148 min. | _— -

tained in 3-fractions,-collected at a retention time of ca. .

o

‘Theuthree fractions were indiuidually,cleaned up to
remote lithium citrate_huffer. The'procedure used was ‘as
folchS. Dowex 1 x8 =« 200 (100 200 mesh) 1on exchange re51n
I6 g) ‘'was® washed w1th 2M - NaOH (50 mL) by stlrrlng for 15 mln,

flltered and washed with water. (100 mL). -(All water used in

. this procedure was delonlzed and passed through a charcoal

ﬁilter;I The process was. repeated with-z.SM-Hcl and the cycle_"'

,repeated once‘more.‘ Two more cycles were carrled out wrth ”

i

warm 2M . WaOH (50 C) and 2M acetlc ac1d The resin was thenﬂ‘

suspended in water and a l 4 cm x 7.cm column made up. The

: column was washed W1th 2M YaOH at 45 C (25 mL) (The NaOH

- solugaon was made up in C02-free water and the washlng pro—'u

cedure was carrled out under a KOH drylng tube. ) The column

. was washed w1th water (20 mL) until the pH of the effluent

-was ca., 7. 0. The 2 5 mL fractlon contalnrng methlonlne and

-

buf was, then placed on the column and the, column washed

< b . |

with water (20 mL) untll the effluent was neutral Acetlc
RAL

acad (1'M) was added to elute the methlonlne and one 50 i

fractlon collected The column was regenerated by washlng

anxh lM HCl (é% mL) and then water (20 mL).' The 3 methlonlne—

" contalnlng £ractlons were evaporated made‘up to 2 0 mL 1n

‘water and an: allquot (10 ul) counted. It 1s evzdent from

Table 14 that all the radloactlvxty had been recovered from

}the‘column. S u.' S ;."

LS4
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- By T.L.C. (?0%'ethanol, ninhydrin spray detectdon)q

it was estimated-that only l—lQ/h of methiorine was present

~in-all the ffactions’combined. Thi.'wanabout‘zsﬁ 1ess than -
ant1c1pated and may have been caused by decomposrtlon of

methlonlne 1n the extract whlch had been kept in the dark

[

LTI

‘for 4 months- at 5°C.
| | Fractlon B was evaporated under nltrogen in a 2.0 mL
reactivial Wthh had preV1ously been treated w1th a 5% dlmethyl-
.dlchlor051}ane in toluene solutlon to render,the surfaceﬂhydro—
ghobic;_ The sample was dried-ig ggégg for_several"hours.. A
mixture‘of acetonitrile/BSTFA (l:d, 100 yL) was added via
.eyringe and the mixture heated at‘100°c for lo min andlthe'
.sample analyzed by GC/MS u51ng the followlng GC condlglons.

' 3% OV-1 on Gas, Chrom Q (110/120) ;6" x 2 mm I.D., glass, tem-'

wj.perature programmed from 50° C -250°C at 10°/m1n. The M—117

-ion (loss of carb051lox;§'from the blS TMS der1vat1ve of
methlonlne was monltored at m/e 176- 179 and the deuterlumA 'rﬁ‘

content calculated from the ion antenSLtles.;

D. . Estlmatlon of Deuterium Content by Mass Spectrometry

(I) ) Inltlally a CEC Model #Zl-llOB double focussrng mass

'-Ispectrometer at 70 evlwas used. For determlnrng the deuterium -

)

content of. fatty and methyl esters, approxlmately 500 ug of

. sample_were requrred and a source temperature of not less

-

; than 100 C was necessary, in order to obtaln an xon beam of

.SﬂfflClent 1nten91ty anq duratlon. Durlng the 1atter part of

‘.O.'

2]
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. .

”thls work, a V. G. Mlcromass 7070F double—focu351ng 1nstrument

-
.,

at 70 ew ‘and coupled to a Varlan model 3700 GC, was used - Ap-

proxlmately 1 ug of sample‘was lnjected onto the approprlate

&

GC column and the appearance of the sample monltored on an

OSClllOSCOQe display. The ions were repetitively scanned

once per second throughout the entire GC peak.

IT Source of*Errorzl

-

K., Blemann (83) has provzded a thorough dlscu551on of

'_the p0551b1e sources of error 1n measurlng isotope content

by MS. .Thoiggof partlcular relevance to this work are Eas—

cussed below.p‘

a): M+ 1 peaks due to 1on—molecule collisions were a serlous

.

: 1)
problem in the MS of the olefinic and cyclopropyl fatty acid

-

<

_methyl esters; at higher pressures, th se.compoundsAgave ap—

-precrable M +1 peaks (10% of My The calibration-spectra .

,of the non-labelled compounds were run*at approx;mately the

o

. same, sample ‘pressures ‘as the labelled materlals, and a -

M + 1/M ratlo of O.QE and M + 2/M ratro of 0.05 was use&\

.for calculatlng deuterlum contents of compounds run on. the-

'famrly constant,oas_;ong

- observed ialheiﬁas_p.235 + 0. 01)

CEC 1nstrument. In the GC/MS method the M+ 1 peak was

s <1 ug o ample was used (e g.,

ethyl esters, the theoretlcal

170 is . 0 22298 (84) &he

for‘the ¢19 cycloprop&l

M.+:1/M+ ratio due-.to l?c,

‘1
St

b) .Chanées in.sample:pressure durlng'scannipg.oﬁ the ions,.

- . - . ! ' . -
-
.

-
[
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might lead to consrderable exror. The'CEC'instrument has a

slow scan speed and thus it was important that a constant '

" sample vapour pres e establlshed before scanning. In N

the‘GC/MS:method, he scan rate was fast enough to accomo— T
- date the change in ion beam lntenSLty during elutlon of the;i |

"GC peak.- Thls was conﬁlrmed by running- thelsame sample twlce

-and comparlng the total 1on intensity cbfalned by scaéglng |

the 10ns of 1nterest up the mass scale and the results .obtained’
'by scannlng down the mass - scale.‘ For a deuterated cyclopropyl -”‘
compound, scannzng down gave the followzng ion intensities:

M (100), M +1 (34.8), M + 2 (86.1): Scanning.up gave the

followlng 1on 1nten51t1es- hM* (100), M + 1 (35.5), M + 2
(86. l)n Thus, the results are . certalnly within experlmental
error, estlmated to be i 'l for any measured lnten51ty..

c) Unsaturated and- cyclopropyl fatty acrd methyl esters
gave,rlse to-small M—l (2% of M. and’ M-2 ‘(4% of Mr)

"peaks-which could nbt‘be’reduced in lntensity by lowering
the. electron energy. They probably arise. byAthe follcwing
'pathway (see Scheme 26, the or1g1n of the M—31 - M-32 and

M-33 peaks are also shown). ' o -

‘The cyclopropyl fatty acld methyl esters r;ng cleave

and rearrange to give mass spectra ;dentlcal w1th those of

unsaturated fatty acid methyl esters except for the addl-l

tlonal methylene unlt (49) The M-1 and M-2: peaks were

corrected for ln the calculatlon of deuterlum content (v1de-

1nfra).‘-The M~1 and M-2 peak lntensrtxes var;ed somewhat .
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w1th ‘source temperature, so 1t was important that the: call—

bratlon compound be run at. dame temperature as .the .-

labelled compounds.

<

d) Finally. another‘source w; erxor,‘imnortant only:in the
. GC/Ms work, was 1sotoplc.fractionation.oﬁ the_sample on t?é’

GC column. Thus, the entire GC peak was sdanneﬁ-ane'theJ
peak 1nten51t1es 1ntegrated to obtaln .an accurate. assessment ‘.I:"
of deuterium content. The fkactlonatlon of a deutero-labelled
chloéropyl fatty apld methyl ester 1s‘demonstrated in Figure 28-

_ Qﬁ-

~ 7' . - ) : ‘//J @
o H  H- ./ .0
N/ e 5(«4
c:-|3-l---(cri2]1 — C==C—CH, —(CH,) — | ocn3 _(.m)
L A _‘ o H - H @
_;5__-_‘"—_:"c7_——-c‘—CH-—-r(CH2) —C-— OCH3 S—-—C—-C—CHa—-{CHz) —C=0
o SR (m-n | -Ql ) (m=31)
5.'— C=C- /c c\ {CHZ c-—OCH3 ,(—-c—'c ﬁH —(CH,) - -c 0
SRR PR tme2) ' (m-32)
| ' -H*
H . on ' e
- : . ‘ ~ 7 -
. LT ‘f—e-—‘c C— c—c\—(cu )T,"C-O
I RN _ .. Scheme 26! S ("‘4§3)
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‘Figure 28. Fractionation of dideuterio and non-labelled -~ :
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MS of labelled oclefinic fatty ac;d methyl esters, regardless

of the p051tlon of the double bond The distribution of
deuterium could be calculated by solv1ng two sets of. s;mul-'
taneous eéuatlons, one for the mt ion, and one for the' M-32
ion (the\coefficiente were determined from the MS of a calif
bration (non—labelled) compound) . _

For the analysis of the M ion; thedfollowinqjedﬁa-

tions were solved: . . S S S

!

100 4, + 1.5d, + 3.04, ‘= . Intensity at m/e 310
28 d, +.100d; + ’l.5d, = Intensity at m/e 311

5.0 d, + 284, + 100d, Intensity at m/e 312
The following three simultaneoue.equatiohs.were
solved for the analysis of the.M?32 ion:

100 4, _+ 34, + 04, = Intensity at m/e 278
. . L _ _ i : ¥

[F 50 g + 100 d, + 5d, = Intensity at m/e 279
' ia d, + 504, + 1004, ='Intensity at m/e 280

<

The three 51multaneous equatlons were solved u51ng a

.l

'-Texas Instrument Programmable 58-C calculator._ The. calculated

- — Fu

deuterlum content from analyszs of the ut and M-32 1ons l.ﬁﬁ-ﬂ

.‘agreed to w1th1n * 1% for each deuterated species eﬁpressed \

as a percent. Runnlng the same compound on the: CEC and VG 7070

mass spectrometer, ylelded the same (Wlthln experlmental error}

/
calculated deuterlum content*ﬁ on. the CEC, d. 7 79 9%, d1 16 0%

[



 for the use of methvlene-lodlde-dz (dz, 98%; dl, 2%, do, 0%).

o
. The 1nten31t1es of the M 1ons and the M-32 ions of both !

135

a 79. 9% da. 15.9%; dys 4.2%.

or 4-1%; on the qc»7b7o; dy.

- IV Deuterium Content of Cyclopropyl Fatty Acid Methyl

Esters, Labelled at C-19

| Of partlcular lmportance in this work, was the analy51s
- .
of methyl dihydrosterculate;and methyl lactoba011late, deu—‘

te:iated_in the bridgehead position. In particular; an accurate

.assessment of the dl content in tHese samples-was'required.

To thls end, synthetic dlhydrosterculate—lS—dz was prepared

- by a procedure 1dent1cal with that.outllned ‘on p. 107, except-:

——

-

‘1abelled and non-labelled methyl\dlhydrosterculate are out-

'Jllned 4in Table 15. : N _:. e S ‘ k 4

Table 15 o

'’ Ion Inten51t1es of Methyl Dlhydrosterculate-d and

1 Methyl- Dlhydrosterculate-d0
_ , .195d2 Fatty Acid - - d0 Fatty Ac;d
ot ©1.00 oo
M"l = . T 4-5 ‘ ' . - . 1.5 ~-
M-2 30 . 300 L .
;o m-31 - 48 - 50
M-32 - 100 - o 100
M-33 7.8 . 1.0

The increase in the M-1 ion intensity of-the 15—d.2J
compound can ‘be accounted for (w1th1n experlmental error}
y the dl content of the CD212 used to prepare this compound.

S

R
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~

However, the 1ncrease in the M-33 ion lntenSLty arises from -

'both the above mentxoned factor and also by random loss of
deuterium in 11eu of hydrogen from the M=-31 ion (5. 7%,_

neglecting lsotope effects).

.
e

qq
3

3



SUMMARY

El

The work presented in this thesis provides mechanietlc

info;mation on the ﬁiosynthesis'of cyclopropane fatty acids.

" - Efficient methods wereudeveIOped-for the preparation of'oleio

~acid-9, 1o-d and oleic acid-8,8, 11,11-d, with h:.gh stereo~

chemlcal purlty and hlgh deuterlum content. When these labelled

'oleflns were cycloPropanated by L.~ Elantar . Do scrambllng

or loss of label occurred. .One of the 1mp11catlons of these‘

results is that blologlcalAcyc10propanation does-not lnvolvef

actlvatlon of the ‘olefin at the allyllc posmtlon. |
Admlnlstratlon of methlonlne-methyl-d3 to L. Elantarnm |

resulted‘ln a mlxture of dl- and dz-cyclopropane fatty acid;

Wlth all .the deuterium at .the brldgehead carbon.J-The-amount

of. d’zmaterlal was shown to increase Wlth cell growth. It
was also shown that the 51ngle deuteron in the dl—spec1es _
occupled the exo and endo brldgehead pOSItlonS to the same
extent. |

By comparlng the deuterlum contents of cycloproPyl

fatty ac1ds derlved from meth10n1ne-methyl—d2 with that from _5

methlon;ne-methyl-d3,‘1t-oould.be calculated that at least

_oneéthird of the cycloproéyl‘product was derived from: a d24 L

' methyl'species in the latter experiment. -

The orlgln of thlS d. —methyl specxes was studled

&

-_‘extensxvely. It was. determlned that the cyclopropyl compound |

- :_L37 -l

o
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does'not'undergo reuersible ring_fiSsion once it leavesothe
active site of'cyclopropaneHsynthetase.' Exchange at the
methionine stage was ruled out by show1ng that one-carbon
unlts such as formaldehyde 'and formate are not lncorporated
1nto the cyclopropane ring to any appreczable extent also,
‘methlonlne—methyl-dB was relsolated from the bacterlal 1ntra-
'cellular pool and shown to be dev01d of dl or d2—5pec1es.-‘:_
Thus, 1t was concluded that_the exchange process was probably
occurrlng on the actlve szte of the enzyme, by reversmble"h
'cyclopropane rlng formatzon. The results of thlS work suggest

i‘that the exchange Wthh has been observed before in other

methylatlons of lsolated double .bonds “is occurrzng by the same
Iv .

-mechanlsm."

An 1ntermolecu1ar prrmary deuterzum 1sotope effect

i 0. 04 was measured for the proton abstractlon step
1n yclopropane formatlon. Thls result was 1nterpreted to

mean that proton abstractzon 1s not the rate llmltlng process

-,

'1n thlS reactlon.f A minrmum intramolecular prlmary deuterlum

asotope effect usxng meth:.on:.ne—methyl—d1 was measured to be }"

4

3.2 E 0 5 in’ falr agreement wa'

'thecisotope ef ect (2 8 i 0. 2)
obtalned forhc§gloartenol format on, a reac"on 1nvolv1ng a |
;1 l 3-e11m1natlon process to form a cyclopropane rlng. ‘

| I model fo ‘the actlve slte of cycloPropane synthe-'

_ tase 1s presented in order to account for the reverszblllty

of cyclopropane rlng formatlon. -on’ the ba51s of the above ]E S

tresults, 1t lS belleved that the mechanlsm of'the blologacal
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. ) . ' . : . ‘: A Lo - . . ‘ .. . A
cyclopropanation reaction involves a methyl. transf_er
oléfin followad by; a 1,3-proton elimination step.
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APPENDIX II

A CALCULATION OF PRIMARY INTRAMOLECULAR DEUTERIUM ISOTOPE

L

EFFECTS

For the’ 1oss of one hydrogen (deuteron) from a methyl—d1

- group, the follow1ng kinetic scheme obtarns (Scheme 27).‘

oo <
T KD = -,CHa—Y
. » . e .
Scheme 27 - R ,
The rate_spf 4, and d ‘cyclopropane fomat.":idn is given bf(

“afa,] . - o : ,(
=t 2kH[CH2D-XJ . n \ . ‘ ]

_d—{'.—— kDECH'ZD-X]' : . ' . : . 'l - _.'

-

e . \‘.'

--'Taking the- rat:.o of the rates, ylelde the express:.on for

the 1ntramolecular deutern.um J.sotope effect.

d[dl .

'\.\,

O
(=)
)

=0

"‘."'Rearrang.ing, . F-_.T(Td_)- o o
) o L D A 0 ‘
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*  For the conversion of a,mej:hyl--d2 group into a methylene

‘ group, the fdilowing‘hinetic schemehobtains-(SCheme 28) :

SN-T3

P

o

and- meth10n1ne—methyl—l4c in the ratlowof 0 427 to 1. They

S -CD,—Y

QHD%4X'

£

2K CHD-Y.
3 . Scheme 28 .
The rate of-di and dl cyclqpropane‘formation:is‘given by

‘ala,] T
£ = 'k [CHD -X] . e ‘H- = -
~d[d1]

1

ZEbECHszX]3

Takiné the ratio of the rates, integrating’and rearranging
ylelds the expre531on for the 1ntramolecular deuterlum lsotOpe

-]
-

effect.'- R
. ~
a g :
1y ‘ )
“ ‘\ka:k2(3 d,) | -
T!ius,-. _E“ = <--—---—--—-.‘:j % dl

B CALCULATION OF THE INTRAMOLECULAR TRITIUM°ISOTOPE EFFECT

) FROM THE WORK OF POHL ET AL. (5)

- :
The above workers fed a mlxture of methlon1n°-methy1—3H,

2

3,, ,14

' 1solated a blosynthetic cyclopropane whzch had a H/ c :atlo‘"
of 0 39 to 1 The followlng klnetlc scheme applxes 1f there

h 15 no. 1ntermoleczlag lsotope effect (Scheme 29)

_.-3 C T,

e . .
.o . . . - . . -
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KH-"""CH Yy
CH;—X —
S CHTmx <
o B/ T epry
) i " Scheme 29 - ‘
: touT) T ‘ d[(CH )]
Thus ii—[-(%:t—ﬂ-?-,)—] = 2k,[cH T-X] and ——2— kT[CH T—x]

Using s1m11ar arithmetic’ manlpulatlons as in Appendlx IIA, one

k. - :
: : H _ 3(CHT)' _ 0.39 . 1 =
arraves at‘an_expressron_foi.r—; '2%(CH2};’ 0. 037 b 4 5 3.

Cn

c . CALCULATION OF THE INTRAMOLECULAR DEUTERIUM ISOTOPE

EFFECT FROM THE WORK OF ALTMANN ET AL (58)

The above workers fed chlral-methyl labelled oxldosqualene,
(80% (R)—methyl and 20% (S)-methyl) Whlch when cycllzed gaveL
'?the follow1ng dlstrlbutlon of products (see 5cheme 30 ‘the -
“_f;gures in parentheses represent, 3H nmx lntensatles and the
;chemlcal Shlft in ppm) Qﬁi; ;1; ; "bll;«}.” ‘

The value of X could ‘be- calculated by assumlng 1dent1cal

. rates of formatlon of compounds 2 and 4 Slnce the (R)-methyl_‘f"

A

‘compound was. present at four tzmes the concentratlon of the

1_(SJ-methyl compound then X ;_l A6

: butlon of compound 1 to the 1nten51ty of the s;gnal at 0. 168
:_ppm was 4 64 - 0 365 = 4 275 (thlS represents an error of

7% from the expected value of 4., 0)’ By takzng the ratlos

42275

4 %.0 365- Thus,‘the contrl—-“

‘T48° 2. 93 nd 6”33? = 2 74 one arrlves at an avenage 1ntra—31--;‘

"-molecular deuterlum lsotope effect of 2. 84 + 0.2. B

to
-
I



o

3
-~

(1, 0.456)

. * -
.2

. {x, b.168)

: Scheme‘BO;. s

x S : ‘ o S o S ‘ .
- Tritium nmr ._signals‘_due-to compQunds % and é-we're not r:esolved.

'|. . * -

(B



1.

10.-

11.

12 .

Blophys. Acta 348, 63 (1974)

- . 146

REFERENCES

J.H. Law. Acc. Chenm. Res.-i, 199 (1971). ‘\;///’“
F. Saivatoré, E. Eofek~ v. Zappla, H.G. Wzlllams—Ashman,
and F. Schlenk Eds.,."The Blochemlstry of Adenosyl-

methlonlne". Columbla Unlver51ty Pre s, Irvﬂngton-on—

E. Lederer, 1b1d., p.'é9.

T Cohen, G. Herman, T M. Chapman, and D . Kuhn. J. 2m.

‘Chem. SOC. 96, 5627 (1974).

-

”‘S Pohl J.H. Law, and R. Ryhage. ‘Biochim. Biophys.

Acta 70, 583 (1963)

J. W Polacheck B.E. Tropp, J H. Law, and J. A Mc0105key.,

J. Biol, Chem. 241, 3362 (1966)” : o
. e N
W.HW. dhristie. TOplCS ln Llpld Chemlstry. Vol l

T4

Edlted by F. D Gunstone. ‘John Wlley and Sons, New York
1970, o do

J F Tocanne~ Tetrahedron 28, 363 (1972) _

I. Yano, L. J Morrms, B. W. NlChOlS, and A. T James. ’
Llplds 7 30 (1972) | o | . _
J.E. Cronan, Jr., R. Reed F. R Taylor, and M.B. Jackson. L
7. Bact. 138, 118 (1979) o | |

-J R. SllVlus and R.N. McElhaney.-,Chem;'Phys; Liﬁids:

25 125 (1979)

n -

J. E Cronan, Jr., W Do Nunn, and T G Batchelor.. Biochim.

*




O

I VR e

-

" 13. K. Hofmann and R.A. Lucas. J. Am. Chem. Soc. 72, 4328
{1950) . i - . -

"l4, E. Kosower. ‘Sciéncelilg, 605 (1951). _
15, B. Gravgp-and G.A\—Jeff;ey. J. Am. Chem. Soq. 80,
3858 (1960). £ |
16. K. Hofmann, D. B..Héﬁis, énd cC. Panbg. J. Biol.'éhem."

| 228, 349 (1957).  3‘ o L o
17. ;W.M. o' Leary. J. Bact..77q'367 tl959). |
18. T.Y. Liu and K. Hofmann. .Bipcheﬁiétry 1, 189 (1962). &
‘19;.'W.M: O'Leary. J. Bact. 84 967 (1962).
20. ﬁ. Ealkin, J.H.'Law; and'H.‘Goidfine.: J.'Biol; dﬁém.‘q
238, 1242 (1963). . |
,21._lA. Chung and J.H. Law. 'Biochémistry 3,‘967'(1964).
22.  P. J._Thomas and Ja H. Law. J Blol Chem. 241, 501%;(1966)

23.° G.s. Co ,.E. Thomas, H.R. Kaback, and H. Wélssbach.

Arch; B' hem. BlOphys. 158, 667 (1973)

-

N'.
XS
e

- F.R. Taylor and J.E. Cronan, Jr. Blochemlstry 18, 3292

(1979): | '_‘, T G
25:.\J.G. Hlldebrand and J.H. Laﬁ;; Biocheﬁisf?y'g, i30§ (1964).
) 26. ¢L~A Marlnarl, .Goldflne,‘and C. Panos.: Biqchemistry"

a3, 1978 (1974). I s
27, :J B. Ohlrogge, F.D. Gu;stone, I.A. Ismall, and W. E M, ¢
R Lands.‘ Blochem. Blophys. Acta. 431, 237 (1975) | '
28.; A E. Chung and J. H. Law. Blochemlstry 3, 1939 (1964)
29. E J. Corey ani/fnyhaykovsky. J. Am Chem Soc. 84,

Y

_"357 (1952).

|. ) ¥ ..



[

30.

"‘31-

32.

33,

34'. .

.35,

39..

40.

s

41.

42"

43,

.

: ".149'

»

"E. Lederer.. Biochem. J. 93, 449 (1964)

W M:- O Leary,'"Transmethylation and Methlonlne Bio-

b

,syntheszs K EdltEd by S. Shaplro and F ‘Schlenck.

' University of Chxcago Press, Chlcago, p. 100.

R.C- Greeneh, 1b:|.d., D 105.

A J. Berh, Chemlcal Plant Taxonomy.-

g Academlc Press, New York (1963)

-

r P 141.

E. Lederer. Quart. Rev. 23 453 (1969), s

: . v o : - : '
N.A. Khan, F.E. Deatherage, and‘J.B. Brown. Organic

L o . .
‘Syntheses. Vol. 37, Edited by

' Sons, N.Y. (1957), P "7?T :

AL.D. Metcalfe and. A. A. schmitz.
H.C. Bréwn and.S-K. Gupta._ J.

o

(1975).

Academlc Press, Inc.,‘New York:

M. Frelfelder. Practlcal Catalytrc Hydrogenatlon.

and Sons, Inc., New York (1971)
B W. Baker, "R. P. Llnstead, and
Soc., 2218 (1955).

J. Cason, J. Wiiey and

=

Anal. Chem..33, 363 (1961).

4

-
[}

(1955), P- 200. S

-

’ p. 120.

B C. L Weedon.' J. Chem.

yo

E.A.jEmken. Fatty Ac1ds and Glycer;des. Edited by

ol : 7 ‘
"A. Kuksis. Plenum Press, New York (1978) , p. 83.

R.A. Bell, CiL. Chan and B.G. Sayer.' J. Chem. Soc., .

Chem. Commun., 67. (1972)

W.J. Dejarlals and E.A. Emkefh

Lipids 11, 594 (1976).

Am. Chem. Soc. 97, 5249 .

‘ R..Raphael Acetylenlc Compounds ;n Organlc Chemlstry.

.

Edlted by T. Swaln,

J. Wiley

(e



o T 149
44. 3.C. Traynard. Bull. Soc. Chim. Fr., 324 (1952).

45.° W. von E. Doering and‘T.C. Ascher. J. Am, Chem;.Soé.

71, 838 (1949).°
46. H.p.'&enseﬁ and ‘K.B. Sharplus. J. Org. Chem: gg;-
2314 (1974). R | 7
47, W.A. Cramp, F J. Jullettl, J. F McGhle, B.L. Rao, and-
 W.A. Ross. J. Chem. Soc., 4257 (1960).
48. T. Hiyamé apd-H. Nozaki. Bu;l.'Chem. Soc. Jpn. iﬁ}
| 2248 (1972): R | o
49. W W. Chrlstle and R.T. Holman. Llplds 1 176 (1966)
'50. -D.T. Longone and A.H. Miller. J.ucpem. Soc. Chem.
. commun., 447 (1967{ | - ' |
“51. 'J G. Batchelor, R. J. Cushly,‘and J.H. Prestegard. 5. S
Org. Chem. 39, 1698 (1974). | |
52;. M. Sapnders, P, Vogel E. L. Haqen, and J. Rosenfeld .
Acc. Chenm.. Res. s, 53 (1973) | LA
53, - L.A. Halper and S.J. Norton. Bioéhem.,BiopﬁYs; Res.
Commun. 62, 683 (1978). .. - o
54. . W.Ws Cleland. Acc. Chem. Res. 8, 145 (1975).
55, F.H. Westheimer: Chém. Rev. 61, 265 (1961). |
ASG. cC. G. Swaln, E C. StiVers, J P. Reuwer, Jr., and L.J. Schaad.
B Am Chem. Soc. ao, 5885 (1958) .- | '

-

.'57; "Suggested to thls author. by D. Arlgonl._”
A - 3

“58.“L J. Altman, C Y. Han, A. Bertollno, G. Handy, D. Laungman;,
' ;W. Muller, S. Schwartz, D. Shanker, W. H. de Wolf, F. Yang.

7. Am, Chem. Soc. 100, 5\3235 (1978)



150

59. . A. Meister. Biochemistfy of the Amino. Acids.-‘Second
- Edition, Vo% II Academlc Press New York (1965), p- 658.

60.  M.F. Hega21%‘R ST, Borchardt, and R.L. Schowen. J. 2m.

T )

Chem. soc. 101, 4359 (1979) I o
6l.a_E B. Keller, J R. Rachele, and V. -du.Vigneaud., J. Bioi.
- Chem. 177, 733 (1949)

L4

~62. F. Schlenk. Progress in the Chemlstry ogxﬁatural Products.
‘ ~
Vol. 23. Edited by L. Z echmelster, Sprlnger—Verlag,.
Y. “(1965), p. 61, . o

63. F. Schlenk. Transmethylatlen and Methlonlne Blosynthe51s.

-~

OB- Cltcf p. 59, . ‘ .
64. H. Pape, R. Schmld, H. Grlsebach and H.’Achenbach. ‘ry;ﬂ'
Bur. J. Blochem.,la 479 (1969) Lo ‘.,‘y'

65. _G. Jauregulberry, G. Farrugla—Fougerouse, H. Audler,

nd E. Lederer. C. R Hebd Seances Acad. Sci., Sery

259, 3&08 11964).‘

'

66. B. E. Tropp, J.H. Law, dnd J.M. Hayes. ' Biochemistry 3,

1837 . (1264) . |
| elfall:, Biochlm. Biophys.’ Acta 280, 472 (1972)
fant, G.. Farrugzzfsand E. Lederer., Cy R Hebd
ces,_Acad. Sci., r. D 268 1896 (1969)
'~E.I.:Mercer and S.M. Russell. Phytochemlstry 14,

445 (1975) . o

- g)' {70_ J. Han, H.W.S. Chan, and M.Jcalv1n. 3. - Am. Chem Soc.

91, 5156 (lQGBT



CAT

71, °
72.

) 73 -.

W, Youngblood M Blumer, R.L. Guillard and F. Fiore.‘

= 151,

S‘W'G"Fehler and R.J. Light. Biochemistry 9, 418 (1970).

]

Mar. BlOl. (Berlin) 8, 190 (1971)

G. Jaureguiberry, M. Lenfant ‘B. C Das, and E. Lederer.

L Tetrahedron. Suppl 8, Part I 27 (1966)

74.

N.W. Withers, R.C. - Tuttle, L.J. Goud, and T W, Goodwin.

‘t Phytochemistry 18, ‘71 (1979).

75.

76. :

77,
8.

 .59.

82.

83.

AHJ. Varepne, Jd. Polonsky, N.'Cagnoli;Bellavita?'an& Paolo’

 Ceccherelli. Biochimie 53, 261 (1971).

B.L. Vallee and W.E.C. Wacher. The Proteins, Composition,

".Structure and function." Second edition, Vol. 4, Edited

by - Hans Neurath, Academic Press, New York (1970), pP. 133

M. Akhtar‘and C. Jones. Tetrahedron 34 813 (1978)

'b. Arigoni.. Stereochemical Studies on Biological Alkyla-'

tion Reacfions. .Lecture preSented at the Univer31ty of
‘Waterloo, Waterloo, Ontario, Canada, November 23 1978

'E H. Cordes and Carlos Gittler. Progress in Bioorganic

Chemistry.« Vol 2 Edited by E T. Kaiser and F J. Kezdy.
Je Wiley and Sons, N. Y. (1973), p. 1.0

E. Caspi ‘and. J Sliwowski. J. Am._Chem.‘SOC. 917, 5032

s, ”i T U TR

. *
a

~A. Rahier, P. Benveniste End'L. Cattea. J. Chem.-Soc., .

. Chem, -Commun. , 287, (1976) L4

Y. Akamatsu and J.H. Law. J. Biol Chem. 245 701 (1970). s

_-K:“Biemahn. Mass Spectrometry Organic Chemical Applications.

3McGraw%Hill New York “N. Y., 1962, p.-204 .f' ke f‘,- o

i



84.

152

J.H. Beynon and A.E. Williams. Mass and Abundance

Tables for Use in Mass Spectrometry. Elsevier, Amsterdam' .

© 1963,
A
_ —
.9
LI
4 “»
’L .
i
3 .
‘,.",'

- .
'X;f '
.





