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. BBSTRACT

Y ' A.study was.unde;taken-td’inuestigate.the feasibility

. of using'isoprene iron tricarbonyl qs'a,masked'form of

’

isoprene. In this investigation it. s shown that the
[ - v 4 .

-

‘complex”could.be»déprotonated at -78°C by the use of the

base 11th1um 2, 2 6,6- tetraMethylplperldlde in conjunction:
. l

wath hexamethylphosphoramlde (HMPA) = The resultlng anion
" was” shdwn to react with a variety of electrophlles to
x produce new iron tr1carbony1 complexes. Treatment of

,bhese complexes with elther ceric ammonlum nltrate or tr1-
Y

methylamlne N-oxlde as ox1danf>s1 resulted in

decomplexatlon to produce the conrespondlng 1soprene

derlvatlves. ' .

Fipally, it was also discovered that-the isoprene
ironjtricarbonyl anion undergoes an isomerisation on
- - 2 ‘ . ‘ s . U ' ) . . .
warmfng fromﬂ—78°C to room temperature to-glve,-after

hydrolys1s, the isomeric and structurally 1nberest1ng —_

complex (methyltrlmethylenemethane)1ron trlcarbonyl.r
\ :



8

ACKNOWLEDGEMENTS

’ A} . - . VA
st ‘ ’ ] I‘} e . LN
4 ' "‘ ’

I would-l ke to express my gratltude to Professor

John Hooz for h;w

,gu1dance and superv151on during the

course oP'"

t

_"%gam and' R.

Swlndlthfst, and Dr-. A. Hogdg, and their respectlve '
staffs, for the determ1nat1on of the spectra.

A | would also like to thank' Dr. J. Takats fOr his

help in the 1dent1f1cat10n of the methyltrlmethylene-

methane’ complex. Drs. P, McAdamyX B. Mullah and S. Wnuk, .

for their helpfultadvice during the course of these

-

Texberiments. Miss A Wiseman for the typlng of thls

manuscrlpt.

Thanks go to the Unlver51ty of Alberta for funding

this' work in the form of a teachlng/research

L3

C oo T
assistantship. -t

And finally I would lige to thank my family and
friends without whose support this work would not have

been accomplished. ‘. »

(9



TABLE OF CONTENTS

CHAPTER =~ ' PAGE

1. INTRODUCT‘IONI.‘,."‘.......‘...‘\@UC‘OCUI‘...‘.....b'." 1
. & '

“~ ' .
2. DIScussloN.‘......'.......'.....'.‘.......l.....‘.. 32

\

’ A

3“0 EXPERIM‘BNTAL..'l.‘"..'l.Q..‘0...‘.“....l..‘...l.{ 57

’ ( . e
RERKKR

N

3

REFERENCES-‘...‘......!l..‘O.Q..0.0.....’...0...0l..ll..' 79

@

e~

1) T H . .6



LIST OF TABLES g
. a ' " 5 ' : ' ' a

. | \ y

. i ) ’
1. Reaction of Isoprene Iron Tricarbonyl with

Elec‘trophiles:.-.;o..;..ll...l’l..l'l..l......'l‘ 52
. . 4~
2. Oxidation of Iron Tricarbonyl ComplexeS........ . 53
[
’
- &
B : -
. . -
"ﬁ .
0 - .

. o '
. S viii __ g/



INTRODUCTION

The isoprqpe unit 1 ié an importaht.congtituent of a
number of natural products including éxamplgs such as the
sesquiterpene aldehyde B-sinesal 2"(isolated frﬁm the
Chinese orange, Citrus sinensus L. by i}%vens and -

coworkers,1 and subsequently synthesised by a* number of

groupsz),

2

myrcene 3, a monoterpene found in a vaflety of plants,3
‘ and the terpene alcohols 2-methy1 6-methy1ene 7-octen-4-
ol, 4, and 2-methy1-6—methylene-2,7-octad1en-4—ol, 5, two

v

of the major components of the sex attractant/aggregation

-

pheromone of the male bark bettle, Ips Con L_xsus.4




»-

This makes the functionalisation of isoprené, 6, via
deprotonation of the methyl group and reaction with

electrophileé a worthwhile synthetic target.

s

s . \\\/;H\\
. ) . " = CHj;

The synthetic problem is madexmoré challenging by’ the

féct that the normal reaction of isoprene with various
organolithium cbmpounds does not resdlt in deprotonation
but rather in polymerisation, which arises from the .

lithium reagent'acting as a nucleophile rather than' a 7
base. Nucleophilic addition to thgvdieﬁg produces a ﬁew,
organolithium speciss, which in turn can add to a second

molecule of diene, ultimately leadind to oligomerisa-

tion. The modes of addition of ofganolithium compounds -
; .

# (RLi) to isoprene are given in Schewe I.
Much work has been dﬁne on these &odeé of addition in
an attempt to,fiqd the conditions necessary to bring aBout
repeated cis-1,4-addition since the resulting cis-polymers __
- e
) have'propertieS'resembling'those of natqfal rubber. The
type of addition faVoured appears ‘to depend upon the

organolithium used and the solvent. For example, th$



N . .
¥ /.
CH
| ? ' H,C H
LiCHy— C—CH=CH, . BN ¢
: - LICH; CH,R
"R
‘\\;L2 _ /;" :
L " CH, cis-1,4
[ “ . \
HaC==C— CH=CH, o /
‘3,4 / \tréns-1 4 '
CHs ' c © o MC CH,R
HaC=C~ CH- CH,R Lichs y -
Lo e -
B Scheme |

L . - \

reaction of n-butyllithium with isoprene in cyclohexane
N s )

pfoduées mainly cis-l,4-addition, whereas changing the
éolvent to tet}ahydréfuran results in products from the
~other three médes of addition, but no cis~1,4-addition.

A number of synthetic¢ schemes have been devised to
circumvent the gplymerisation problems. In one approa.ch6
the isoprene moiety is formed in a step;ise fashion via é
Wittig regction on a suitably substituted aldehyde or

\ .
ketone, wh¥reas in others, techniques have been developed
for the intact incérporation of the isoprene unit. The
latter will be discuséed in more detail below. Others

still,7 par;icularly in regard to the chiral synthesis of

4 and 5, have used totally different approaches although

4

A
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A )
these tend not to be of general synthetic use' as. a method

-

to inoorporate the diene uhit..

~ +In-1968 Sllversteln and coworkers8 publlshed detalls
)
of the syﬁéhe51s of the terpene alcohols 4 and 5 whlch

) ‘they had 1solated ear11er.4 Thelr attempts centred on the

“use of 2- bromomethylbutadlene 7 as an 1soprqne syhthet1c‘\
equxvalent; Thls-compound, a common synthetlc equ1valent

1n a number of: papers;~Was flrst synthe51sed by 'Krug and

2 ’Yeng v1a 3- methyl 2 5 dlhydro-thlophene -1,1- d10x1de, 8

(formed from 1soprene and sulphur\dloxldelo), reaction "of

4

v the 1atten;w1th N-bromosucc1n1M1de (NBS), and pyroly51s of

7 the resulting 3- bromomethyl -2,5- d1hydroth10phene -1, 1+

/ ledee, 9r tog77(e1.- ).’
‘ y

7

. 3 N o
¢

Oy

e F( . F«

. o (84%) SOz ‘ (38%) soz § (30%)
o . ' R a .

(Improved y1e1ds for the bromlnatlon (66%) and thermoly51sg

(60 75%) have subsequently been reported 11)

. It was 1n1t1ally hoped that 7 could be converted intec

the organollthﬂég or the Gr1gnard reagent, aqd then
reacted w1th 1sova1eraldehyde.to produce 4. Thls was
unéhCCessful however, g@d no detalls are glven of . what

products‘dld result from the reactlon of 7 w1th e1ther



e

.

lithium or\magnesium., As a result, the authors use » as

the electroph111c component of the synthesis, anq/reacted ’

it w1th the anion of 2nlsobuty1 -1,3- -dithiane lq/ an

.

ts B

actlvated form of 1sova1eraldehyde. This was/followej by

'removal of the protect1ng,gnoup and réductlgn of the

AN

resuIt1ng ketone 11 to 4 as.outlined in eq 2. .

’

*The formation‘of an organometallic‘compound from 7,
*

-and 1§§ GSe 1n the synth\51s of 4, was accompl1shed by

£

Katzenellenbogen and Le.nox,l2 u51ng ‘two procedures. The
first 1nvolved the in s1t& generatlon of the organolithium
1ntermed1ate via reactlon of 2- (me31toyloxymethy1) -1, 3=

T

butadlene 12 (prepared from the correspondlng alcohol, 1n

' turn produced from 713y with lithlum in tetrahydrofuran

the presence of 1SOValeraldehyde 13 to g1ve ‘4 in 10% yiel

Vo N

e o . | . . . L f

L



(3)

_ The second procedure used the in situ generatlon of an.

t

organ021nc spe01es 1n a "Reformatswy type procedure v1a

/
Thls latter method Was

2% yleld.'

pheromone;_5;-via,react40n of 7-with z1nc‘and 3—methyl—2—
- v ' M' . -‘ B ' ’ )

butenal:14 (eq. 4?._' '}77' - ‘ ; ;‘. ] )
CvzmemE
\\V/JL\V/ /JL\&Qéﬁ\_ 20
3 (65%) ) )

9

The reaction isvalso successful for the condensation '

¢

of allyllc bromldes (of wh1ch 7 ig a member) with
organon1tr11es, andcnis_been used by Rousseau and- Drouln15
to produce a varrety of ketones containing thé 1spprene
funct;onallty, 1nclud1ng the precursors to 4tand 5. “The

FN ) . R o - . '.—"-

3
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, .
react10n can be carried out either with the sulphur

,leXIdQ adduct of 2-bromomethy1 1 3- butad1ene 9 (eq 5),
or with 2-bromomethxl-1.3-bqtad1ene'7, itself (eq. .6), .
although the formerhresulgs in "mixture of products, “of

- which the desired product is only the»minor component.

P

9 _— . ¢2030% 80-70% '
‘ o | . r. 7z o . .
X TN
. c,‘ . . >- ’
Bt o 72 L .o
. r 1.2n (Ag) . gt O
% : ‘. . 2' NH4C| ‘ | | 'Vv (6)
) * _Br + R—C=N — ‘
g St ReEN — e N R
g - ) . 7085%

v

‘An alternatlve apprggeh to the d1ene problem has been
developed by Wilson and coworkers16 utlllslng methylcyclo-
butene, 15, as an isoprene synthetlc equlvalent. This
molecule possesses the requisite number of . carbon atoms,
and cyclobutenesvare;known.tqgundergo the?mal ring opening
to give'1,3rdiehes. 'MethylcyelobuteneIIS‘was deprotonated
hsihg;n-butylli%hiﬁﬁ/petfemethyiethylenediamihe (TMEDA), |
and then reacted with a vaLie;y of electrophiles accohding

‘to-eg. 7., g o o - : ;‘ S

> _-
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ke 1. nBuL i/ TMEDA- - ~NE 7
2.E* T ‘ *

Fo
A
-
L

=";)

Thie_heihod sufferea'gfem theﬁdrawback that two p?oduéts
wereeptoﬂﬁced, and of these the undesired’ idomer 17, ,
tended to predomlnate. Altho;gh the reactlon conditions
(solvent andltemperature) couldnﬁéqmanipulaegq te éa;ouy
formatioe of_ieomer‘16,.the‘best;ratio’achievedQae dbly
gbout’Z:l andﬁoften;this was done at the'expense of the’

>overa11=yie1d. A‘subsequent ﬁodifiéation17 to this
procedure employed tin and 5111con chemlstry in which the

N

-electrobhlles were chlorotrlmethylstannane and chlorotrl-

\

'methy151lane, respectf%ely (eq 8).

’\.}

HG 1. nButi/TMEDA , E . . P |
1 e = L A (8

13 - E- Me,SnCI (85%) 80 e
ol | E=Me;S(CI(15%) 20 B \

.>&/<



Compound 16 (E = siﬁe3) was separated from compound 17 (E
;fSiMe3) by distillation at atmospheric preésure, andi
under these conditions the former underwent ring
opening.‘ In thls way pure 17 «(E- =.S5iMe;) was obtained,
andfutilised,in subsequent. Lewis. acid (T1C14) catalysed

reactions with electrophlles, includ;ng the preparation,

after ring opening, of pheromone alcohol 4 (eq. 9).

. B e . .

&

: . “oH
/ o Ticl, - - - 150°C
. H . (86%) K o (100%) HO

SiMex o e

Fead

_£9)

Another approach to thas problem, utlllsing silicon
chemistry, was reported by Sakurai and cowor!kers18 who«..j
mployed 2-tr1methy151ly1metHy1 -1, 3- butadiene 18~as arf_'-.""‘-"j
.soprene anion synthetic equlvaient. This " compound is ~
formed v1a-reaction of 2-chloro~1 3- butadiene -
(chloroprene) 19 with the Grignard reagent .20 formed from

chloromethyltrimethylsilane under the influence of a S

Qnickel(II)icatalyst (eq. 10)

r »

‘ . : ‘ |
: \/u\ . : NI[Ph,P(CH,)3PPh,|Cl, \)L
’ i | : ' - :
R ot MeaséH?MgC 4 P X CHySiMes

(10)

. 19. . R 2Q . ‘ . - ) o "15.‘

- .c»' ,j',.'



‘starting materlal in another route19 to tHe incorporatlon

A

M v

Compound 18 was reacted w1th acid chlorides, acetals, and.

| aldehydes under Lewis acid (T1C14) catalysis to produce a

//eries of isoprenylated products, including the-pheromone )
alcohols 4 and 5. o ;r“i e & |

2-Chloro—1 3 butad1ene 19 was also used ‘as the . ’

of the l 3- dlene m01‘ty. “From this compound was prepared

the correspondlng Grlgnard reagent, 2-(1, 3- butadlenyl)mag—

O

~hesium chloride 21, which was reacted with a variety of.

-

ketones, aldehydes and epoxides. Reactions‘with the first

“two types of substrate resulted 1n“a mlxture of products

(eq. ll) qwlth the ratio being dependent on. the sterlc

¥,

size of the substrate (e.g. if R1=and/or”R2'are bulky
N : C, . . -
groups the'allene product’ 23 is formed, while for most

aldehydes (except Rl = Ph),vthe product distribution is

. _reberSEd).'_The_reaction of 21 with epoxides. gave tqe

corresponding 1,3-dienyl alcohols in moderate to good .
yields (eq. 12).

) . . . . .
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LA ¢
r
T + x
., RI-El, R%H 4 7%
1 r AT o - - '
. R =H,R =H \ o : 50% ¥ . ¢ *
‘Although 21 is a bdtadiene anion synthon;)pather than
.+ an isoprene anion syn;hdn,’by suitable’ choice of . .
electrophile similar products can be obtained from 21 as .
. - ’ - v 2 'y
«were obtained via the aforementioned synthom, as'evidencéd S
_ _ ) - ) Yoo
by the synthesis of pheromone 4 (eg. 13). :
] . L e
A ' . D e
% ~g Y x >MgCl 72% - -
_ N 21 . .
/ SR
L ]
v 7 . - ' - )
The reaction of organohetallic 21 with various alkyi,
aryl, and vinyl halides undef the catalysis of Li,CuCly,”
s : L :
{eq. 14), has also been shown by Nunomoto and"'cowo_rkersz0
" to result in butadiene derivatives (i.e.’ isoprene -
_ . N .

derivatives) in moderate to good yiélds. : »

. ° - .
. = ¢ . -
N -



A | M2

4

~\\,//”:; | 4 LpCuCle . . '

: RX —— ) MgGiIX

x  Mgct 4+ — . At 9 . (14)
21 < ’

{ . :
- \ - .
1, 3—Diepyi compounds have also been prepated.via the

'.Claxsen rearrangement of alleni¢ ethers 22 produced by the

.

reactlon of alle@lc alcohols 23 with- methyl orthoacetate

21 ° .
as outlined in eq. 15,21 ‘
‘ ‘ e ‘ ) ; R '
. R? T R’ y ! i g . ) ’
. CH,C(OCHy),, ‘ i . )\ ‘
.%_- B \K/ ) '
" RY o OH reflux, EXCOOH (cat) - R ><0 ' %
| - ' Chy0” > OCH; ‘

23

AR =R2=RI=H
b.R'= H,R% = R3=CHj, . _
- ¢R'=CH; ,RZ=R% =H ‘ . (15)

.This method has been used to prepare the pheromone ,
alcohols 4 and 5 by thé,react1on of aldehyde 25 (produced

via diisobutylaluminum hydrlde reductlon of 24a) with

v



4

(16)

. ‘ /l\,MgBr
: = 4
THF '
Phosphate estérs of a—allenlc alcohols 26 can also be

used to prepare 1,3- dienes via reactlon with Grignard

reagents (eq.;17)z32 ,“‘ e
0 ' L S B
J ,’ . L] |
: . RMgX (1.2 eq 3
Ne=- 0 . /==<_ (17)
é\_ O—P(OEt), THF, -25°C R — ‘
‘Zﬁ. '.‘

4 L4
{ . .

" Our first approaeh to the~*isoprene'anion problem

centred upon the su%phur dioxide adduct of isoprene, .3- -

-»

methyl-z,5—d1hydroth10phene-1,l—dloxlde, 8 (also known as

, 3-methylz3-sulpholene), as 4 masked 'form of'isoprepe. The

13

idea was to detg;mine if the "trlanlon 27 (or equivalent)‘

could be formed éﬁ//then reacted wkfh various electro-

philes (eq. 18). R

& - : .



" CH3
’ ﬁ ~ RLi(3eq)
SO,
8 ZZ'¢- 28

It was hoped, by analogy with alkylation—of the
dianion of B-ketoesters,23-that if Qhe "trianién" was
formed (trianions of-polyketoneé have been formed23?),

prefefential‘attack of the‘electrophile should occur at
1

the most basic position, resulting in compounds ofvthe

type indicated, 28. The corresponding substituted

isoprene derivative should then be available by thermal.
ethusién of sulphur digxide. A number of organolithium .
5éses were tried, including n-, sec- and t-butyllithium,
meéthyllithium, and lithium tetfamethYIpiperidide.(all.with

ahd without hexamethylphosphorémide), but none could be
-~ - A ) y »
found to accomplish our goal. Instead, all attempts'’

resulted in dark reaction mixtures, ;oss‘of the vinyl

:signal in the 4 nmr (a phenomenon also noted by Ta-shue

Cho énd ?oworkersz4), and polymerisation, possibly viqﬁ
ol

route indicated (eq. 19).

14
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CHy V ) CH; ’ k -
. RM ﬂt - d
l ; .é? ; _ ‘ polymers .
SOz ¥ ,(;.4302/\(\ ~aMeli (19)

02 MaliorMgX \'S
qg o CHs

aa ks

\

1

it should be noted that alkylation of the monoanioﬁ
can be successfully achieved if the anidn is generated in
the presence of the alkylating agent.“'?s "Also, by. use
of a Grigmard reagént in plaqe of an organolithium
compoﬁnﬁ, the ring opened product can be isolated as its
magnesium sait 29 (M = MgBr).26 ‘Towards the end df this

approach a paper‘appeared27 in ‘which the lifetime of the

monoanion (generated using'g;butyllithium/HMPA) was

studied. It was reported that this anion was sEable

" toward ring .opening fbr up to 15 minutes when generated at

-105°C, and could bg successfully alkylated under these

conditiqns. One final attempt~was made to generate'the

"trianion" undef these lo; temperature ebnditions bu£ this
v

again proved unsuccessful and this approach was then

abandoned. ’

Our second approach to the problem centred on thé use
. L 4
of trféarbonyl(Z-methyl-l,3-butadiene)iron (commonly

referred to as isoprene iron tricarbonyl) 30 as a masked



form of isoprene. R

‘ N
(CO)SFe/
\ s

.o

Complexes of this type are commoqu\formed via
reackion of the diene'with either iron pentacarbonyl
(Fe(CO)g), diiron noﬂécarbonyl (Fez(CO)g) or triiron
ﬁodecacarbonjlI(Fe3(CQ)12). "The reaction presumably
.invoives the reactive interquiate species Fe(CO)4
attacking one bond of the_diene,‘with subsequent
intramolecular attack by the othér double bond and loss of
carbon;monoxide to form the n4-coordinated species (Scheme

//,/A

Fe(CO)s , Fez(CO)g, O;r Fea(COH% hvora ——-’EG(CO)4 ]

e | Z
+ Fe(CO)y ——— /(\QCO)J
/

A ‘
Fe(CO), —— ;’FB(CO)a .
\ .

-~

11)..

“ N\

Scheme 1l

- 16



These compounds, while important in their own right,

are- of particular interest to organic chemists because of

the profound effect that bonding to a metal atom has on
the chemical properties of the organic segment. Some of
these effects and their use in organig\chemistry are
described below as weli as some methods that have been
used to prepare theSe complexes.

The first acye{\c diene iron tricarbonyl complex was

‘prepared in 1930 B?\£e1h1en and coworkers28 via the high

temperature reaction of butadiene and Fe(CO)g in a

pressure vessel. Fe(CO)g ts the least reactive of the

17

common‘three iron carbonyl species, and a high (130-150°CQ~ .

"reaction temperature is necessary (presumably to generate

the required Fe(CO)A). Reihlen and coworkers also
investigated the reaction bf isoprene yith Fe (CO)g Qﬁder
the same cénditions; Lowever, althougﬁ the productﬁ~ (
obtalned was given the formula (C5H8)2Fe(CO)3 on the basis

of- combustlon analys1s, no structure was assigned. No

further work (apart from a ls patent\applgcationzg) was

done in this area uﬁtil 1958 when Hallam and Pauson30

T

repeated Reihlen's work on butadiene, and soon after,

31 repeated the Reihlen isoprene

Stone and coworkers
. M . Y .
experiment. Fol ing Reihlen's procedure Stone and

coworkers successfully prépared the complex (CSHB)Fe(c0)3
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and specuiated that thisvwas indeed the same matefial"-

_'Reinlenvhad‘prepaiedein 1930 hut;that it. was contaminated

by some side product-pfoquced‘by Diels-Kldef’qimesisatiOn

" of isoprene 6 qu; 20).

&

2

Y

: ) . . ' . “ ” ' a \
As well as repeating the thermalueXperiment'of Reihlen,

Stone and coworkers also prepared complex 30 via the

’photOChemical reactien (sun lamp) of.isoprene-and

Fe(CO). "Although'the yield was ;@ﬁy(l%), this technique

has more recently become a ra;her general one since the
-

ylelds have been much 1mproved by use. of more: eff1c1ent

18

ultrav1olet light- sources. For example, the’ photochemlcali

preparatlon of the butadlene complex may now be:

accompllshed in 65% yleld.32 : | : R

The hlgh temperature (sealed tube) reaction of

. Fr Fe(CO)S w1th dlenes has also been 1mproved by carrying out

.
the reactlon in an open- system merely by reflux1ng ‘the

N d1ene and Fe (CO)g in peroxlde free d1-n-buty1 ether.33\

The: openlsystem has the pdvantage of allow1ng the ﬁarbon

Pa
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monoxlde produced to escape 1rrever51b1y, ‘thus shifting-

‘the reactlon eqylllbrlum to the product s1de. 0bv1ously ‘ ‘

PR

. for this method to be successful the d1eng itself should

be thermaély stable at these high temperatures, "if not, ':;
then either the aforementloned photochem1cal reactlon may )

be employed, or a dlfferent iron carbonyl, spec1es can be

u<ed. For eximple, Fe3(CO)12 can be used to form d1ene

complexes umder milde. .o ditions than Fe(Cdis, usually 5y. ‘;:;j
reflUxinb.the diene « d * ;(COYy5 in k;e’nzene.u"34 Milder
conddtidns still are needed for reactions involving ~
.Feé(Colg,-which will produce d@ene'complexes at_ggL-SO;
60°C, thekconditio%s varYing from. complex to c%mplex. "The -
latter is- also the spec;es usually employed to prepare'n4-

~

‘ heterodlene complexes (eq. Zf\ 35 :
R . ' R

4

toluene, 60°C

/
—— (CO);Fe
45hr . (COsFe,

Such complexes, particularly (benzylidene-acetone)iron
tricarbonyl‘31 (R = H) have been used as Fe(C0)3 transfer
'reagents to produce other d1ene iron carbonyl complexes

.whlch could 'not be produced,vaa the thermal or
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phot’qchcal prOcessé_s due. to the sensitivity ofsﬁhq :
ligand’to the reactlon conditions, eg. the production of

tricarbonyi(8,8-dipheny1heptafulvene)iron 32 (eq.,22).36-

-toluene, 50°C, 6h
4

'

CH3 - 70%

Pérﬁaps'the mqsg;interéstind appiipatiOn of
‘heterodfene°complexes‘lieé in the preparation of optically
actiyeﬂdiepe_éomplexes, an area investigated by Birth‘and‘
‘eoworkers’37kwﬁ;waeparedvchirééyhéterodiéne cdmpiexes\
using dienones such as f+)—puie§one,'33,‘and {-)-38-
‘Kacgtyloxy)pregha—é,;G-dieh—20~0ne, 34. 'Thése qucieé
yere'gmpioyed as transfe;‘readents-to'preparefcﬁiralQ

cyclohexadiene complexes, although only'ih ﬁoderate

enantiomeric excess (the highest was 43% using 34):

e

20



aluminum hydride reduction.

1 . 7

Another method for preparing diene iren caernyl ®

complexes was developed by Shvo'and Hazum38 and involves

o

generation of the presumed Fe(CO)4 xntermedlate by

reaction of trimethylamihe N- -oxide (Me3NO) wlth Fe(Co)s in

~

the presence of the diene. ‘er reactlon is extremely
. A
rapid gnd is approximately 50%.comp}ete upon complete

addition of :the Fe(CO)S; and is then completed by

-, S c :
.refluxing the reaction mixture for one hol®.
§ j’«\ Y K X

¥ -

'‘As meritioned previously, it ié'for’their ability to

'modlfy the chemlcql behav1our of d1enes that these

\complexes are of interest to organic cheml&ts. These

.

'changes were flrst 1nve&tlgated by Hallam and Pauﬁon30 for

o =N

the butafliene complex. They found that the complex was

unaffected by hydrogén*in-tha—prgsence of Adam's catalyst

't(platinum oxide), .conditions wlfich would'isrmaily bring

. about the ‘reduction of butédiene{ Likewise the complex

did pot undergo a,Diefs-Alder reaction with maleic
anhydride even after refluxing in benzene for 48 hours,
&> . 4 ' ' L
[ . . L ’ .
and Was only slightly affected by ozonolysis and lithium

K

\

o Thls 1nertness to hydrogenatlon was exp101ted by

Barton and coworkers39.as~a_means of protectlng the dlene'

A _ . D a
;,functlonallty in ergosterylbenzoateé 35 (R = PhCO) while

the doubie bond in the side chain was hydfogenated (eq.
f-) : B u .

23).

N ' ———
3 /

21

T



“ Hy-P10,, EIDAC
. PhCH,SiHMe, (cat)
RO ' \$ﬂCOh ,Js o

94%
T N

\
\ 9

Evans apd coworkérs4q also dehoq§tra£ed_that'in
‘ complex'35p(§ = CH3CO) the coordinated éféﬁE—FekCO)3 unit
" was uhéffected by‘treatment with" osmium éeﬁroxide; and
.oxidatidn occurred exéﬁusiveiy at the ;ide chain double

" bond to produéeidiql 3¢ 8?% yield (eq. 24). ..

&

v

~ 0sO,, pyridine

24h

J !

°

.-8imilarlyp.-reaction of 35 (R'= COCH3) with diborane,

foklowed by workup with alk@line‘hydragen pe{oxide left

tbé diene F;kCO)B unit intact, and‘produced é mi#ture of

alcoholé at\tﬁe side chain doggie bond plus some feduct%on
" of the estér fdnctionélity. . B 3 a .

- Another intergsting featﬁie“bf'dieneacomplex.}s is

-



L

e

‘that due to tﬁe‘crowded nature of theltop () face of. the

-

steroid, the‘iron‘carponyl moiety 8 located exclusively

~

on the underside of the molecule nd has an éffect'bn the
chemlstry of the nearby 3 p051t10n. Barton and Patin41
:were thus able to ‘bring about selectlve reductlon of the
ketone complex 37 (produced via N chlorosucc1n1m1de/d1-
methyl sulphide oxidation of 35 (R = H)), from the top
‘face using the bulky reducing agemt lithium hydridotri—tﬁ
butoxyaluminate (fiAlH(stu)3), to give the previously
. oy

unknown‘epimeric alcohol complex, tricarbopyl(epier-,'p y

gosterol[iron, 38, in 92% yield-(eq. 25).

LiAIH(O'Bu),

92%

The steric bulk of-the Fe(CO)j unit also has an

" effect on the rate of acetylation of 35 (R = H) and 38,'

with the former being completely acetylated in one hour at

I

7 room temperature, wh11e ‘the 1atter was unaffected.
The Fe(CO)3 moiety is also unaffected’ ‘by carbenes as
evidenced by the formation of the cyclopropyl derivatives

. 1.

rd

of myrceneirogtricarbony} 39 (eq. 26) and cycloheptd—‘

. . f~1

-~
>

(25)

23
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: r

CHCl, KOtBU . .
55% (26)
o X

m '

J o
. )
CHCl, KOBU .
38% {27)

©

Complex 39 also undergoes selective acetylatlon at .

’

the s1de chaln double bond under mild- Frledel -Crafts

condltlons43
plexes can ‘be achieved falrly readlly44 (see Scheme III)

The ablllty to brlng ‘about acetylatlon of the

rs

ﬁuncomplexed double bond of- a trlehe system has been useib

in conJunction w1th the stab111ty of the Fe(C0)3 moiety to
dlazoalkanes, in the synthe51s of the natural products B-

Thu3ap11c1n 41 and Bwbolabrln 42 (Scheme III) 45

o

e’

%

24

even though acetylatlon of d1ene Fe(CO)3 com-



(CHyRCN,
85%
FG(CO)a
S ' )
." g
1. 3060;3000 .

2: K,CO4/ EtOH, A

\//

Fe(CO)y

t

i ' e '
LI Scheme il

Complexatlon to a metal atom also hds the ab111ty to

stab1llse otherw1se highly reactive or unstable species,

&

thus allowing study and chem: *' m.*'fication of them
(e.g.wcycpheptatriene éhiCﬂ, - .rbutadiene and tri-
hmethylenemethane) “

1 Although cYclbheptatrie:« le revy dlffxcult to

. deprotonate (as evidenced. by its high pK of 3646) the~
‘correSpondlng Fe(CO)3 complex 40 readily undergoes ’,' ;

deuterlum exchange (10% NaOMe-MeOD, rt, 1 h) to produce
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U a )
‘43,47 and can be dep:oionated b} a.variety.of bases, eg..
~ KOtBu, 42 KH48 to produce the brigHE'Fed anion 44 (éq.
'28). " The pK, of complex 40 has been est1mated to be 20; ;42
thus, complexatlon,brlngs about a 1016 fold 1ncrease in
. . p -

acidity.

H, H

10 % NaOMe / MeOD

; 44
Sihilarly the highlywréacti9e~species cyclobutadiene,

-
£

45, has beenfspapiliSed as. the irond carbbnyl complex, 46

/
- | I

VT Y

i

(eq. 29),49 ‘and numerous derivatives heve been obtained

Y —
¢



——e—C! \Fe,(CO)q, pentane o
m:& 30°C, 2h = Iil . (29)

<)\_.» ' L a0%) - Fe(CO) - -
, " ) .

(Schem IV),50 agaln attestlng to tpe stab111ty of the J

Fe(CO)*3 mmety towards a large varlety .of chemlcal

peagents and reaction conditions. ° .
E ‘ .
ot ) To) R “OH . o
[
oL 'CHO
* BH, . MeMgBr I
Fe(CO)3 . Feo)y - Fe(CO); °
BH,
CH,OH
4
Lo}
Fe(CO)3 o

Fe(cOla  { \ . Fetcoy
Ok AL |
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Finally, the structurally interesting compound

trlmethylenemethane (TMM) 47 (R = H) and its derivatxves

e

}’“;//‘ ™ R‘\;;;zéiiiCHz ‘ ) .

‘ CHaz

‘have also been stabilised using an iron tricarbonyl,
‘group. The parent complex 48 (R = H) was first reported-
¥n 1966°1 by the reaction of excess e>(C0)g with 3-

L4

chloro—(z;chloq?methyl)ﬁropene 49 (glq. 30). L

A R ‘
: . N ' . ‘ .
R c Et,0, ft, 12h R. .= C
==( '+ FefCO) — —_— TEEC L
CI 300/0 ' '~s » ( 3&)
) . . Fe(CO),
\ ' “
\ . . ®, )
52 .

8. A

X-ray studies®? of complex 48 (R = H) have shown that the
organic ligand is not planar but slightly bent at the.
centre with the iron dtom located nearest the central %,
carbon atom and équidistant from the othér three -
carbons. The equivalency of these tﬁ}ee oarbons; and the
six protons attached to themi.is demqqstrated by the sharp

Y
R N

singlet in the proton nmr spectrum}\)ﬁumgroug other



TMM-F (CO) 3 cComplexes have been feported suBsequently‘(ay
review on the subjec§§3 lists at least 66 cohpounds of

- this type),‘énd sohe have even gound us; as starting
materials in organic'syntheses,_eg. préparation of

chrysanthemates (Scheme V).4%3

CO,Me
 Fe(CO), !
(CHy),CN, A /_- COMe
——— ——— 4
N,
* Y
H4
thﬂH
CO,Me

t. prepared from the corresponding alcohol complex by MnO, oxudation. (54)

*. reductive photodecomplextation (5)

Scheme V.

It should also be noted. that methyltrimethylenemethane-
Fe(CO)3, 48 (R =5CH3), and isbpreneéFe(C0)3. 30, are

. -
structural isomers and have been shown to be non-



S

—_ interéonvertible #h heating up to 180°c>6 {eq. 31).

s

180 °C

‘ CHa
H3C s ' :
== (COhFi (31)
. DN | pZ |

Fe(CO):;

\
\
|

For these complexes to be of use to thg organic
chemist a means must be available for the removal of the

iron tricarbonyl functionality without alteration of the

organic ligand. Several such methods exist and these" are

now briefly described. Among the earliest oxidizing
agents used were femgic(III) chloride and ceric ammoniqg
nitrate (CAN),>7 and these are effect%ye in most cases
provided the free ligand is not particulérly sensitive to
the slightly acidic oxidation conditions. A milder. \
technique using trimethylamine N-oxide was reported in /
1974fby éhvo and HaZum,58 and has found extensive use
since then. Birch and Kelly recently reported59 that
ligand replacement (usually with phosphorous ligands) is
posSiblé using_Me3NO£_ Another ligand substitution/ox-

idation techniéde using alkaline hydrogen peroxide

(H,0,/NaCH) was reported in 1979 by Davies®? and again in

61

1983 by Franck-Neumann. By controlling the amount of

oy 5,

30

g
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reagent, stepwise replacement of carbon monoxide ligands

by other ligands, eg. PPhj, P(OMe)360 can be

aécomplished. 1f a large exeess of H,0,/NaOH is used,
- L J

complete removal of the iron carbonyl moiety can'be

achieved and the tesults (75—95%,yie1ds)61 are comparable
to those using Me3NO. A variety of other reagents have

been hsed, eg. pyridinium chlorochromate,62 cobper(II)

42

chloride®“, etc., although not as extensively as FeCljy,

N .
CAN and Me3NO. No ‘particular reagent is universally

applicableﬂ‘and the fcoftqgt" one to use, plus the right
\axidation conditions, is usually determined empirically.
During the course 6f this study the éirect‘
metallatiop of isoprene was recently reported62a using the
spe;ialised base combination lithium tetramethyl-
piperidide-potassium tertiary butoxide. Nevertheless,
this technique is intrinsically incapabie of effecting
chiral synthesis, which in principle is available b; using

transition metal complexes of (prochiral)~unsymmetric-

gienes.



'
. N

¥
J DISCUSSION

‘The_atartidg coﬁplex, tricarbdnyl(zfmeth§1—1}3-
butadiene)irOh,sﬁo (cpmmoniypcalled isoprene irop‘trir-
carbdnyl);vwas prepaped via the thermal*reaction of -
nonacarbonyldllron (Fez(CO)g) with 1soprene (eq. 32) u51ng
a modlflcat10n63 of the procedure of Dauben and

g Lorber.64 Previous usé of their proceduré in our group

ey Lo

o

@
e

.COl 1+ < e —= (CO)sFe |
Rtiateied f X NCH, 20h, argon (0% \J (32)

'»had preduged thekdesifed‘COmplex in“ohly low yields (ggig

20336%),ﬁahd asna fesult,.a numbe r of~changes were

made, 63 Tetrahydrofuran (THF) was used in place of

d1ethyl ether (in order to allow a hlgher reac¢tion

temperature), the reactlon time was 1ncreased from five’tb'
-fgé;_twenty hours, a large €xcess of isoprene was employed N
- and flnally 1t was emplrxcally determlned that the yield
"was 1mproved by 1ncreas1ng 1he volume of solvent used,

good results be1ng obtalned with a concentration of

L . ) S A

32
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dapproiimately 0.06N with.respectﬂto Fez(cofg._ Even using‘
| this modified - -procedure, however, several of the early |
attempts resulted in only low ylelds {ca. 20%), and
'unde51red side products. It was then found that the
» products were hlghly dependent upgn the order in whxch the
_reagents were mixed. If Fez(CO)jas added to THF at room
temperature, followed by 1soprene, and the react1on
contlnued in the normal manner, the Yesired complex 30 was
L'produced in only low yleld (ca. 20%), and the maJor"'

- product was an unidentified dark green oil. However, if

1soprene was dlssolved in THF, and the resultlng solution

warmed to the reactlon temperature (50- SS°C), followed by

“addition of the Fez(CO)g, 30 was produced in good yield
(59%).’ Cotton and Troupss‘have in fact shown that
Fe,;(CO)gq reacts with‘THF at 23°C under.argon, but no

products could be identified ("a...sample of diiron

33

nonacarbonyl...stirred with 100 mL dry THF at 23°C under a .

flow of argon gas...acquirEd an orangeﬁyellow colour
lmmedlately and then slowly (over a one hour period) .

changed to a deep red. IR spectra taken durlng th;s

‘reaction sequence,were very‘complex in the carbonyl

:-stretchlng reglon (210035700 cm'l) ‘and have not been
1nterpreted "65) ' : .

38pwas also briefly

~Thepprocedure of Shvo and Hazum
- investigated, in which the reactive Fe(C0)4=intermediate

’



-

.

is produced by reactlon oi{irjmethylamlne N- oxide w1th

"Fe(CO)g, and ‘the’ 1ntermed1 te fis "internally"” trqpped by

.
« .

2

_ J. : ;
the -double bond (eq. 33?. This procedure -did prov1de the

+CO0,

| - \)L< SN CHo
. | - CHy |
Fo(CO); + MoNO ——== [F8(CO)) —e (C%Fg +MeN+CO -+ (33)

3

desired complex 30 in somewhat lower yield (41%) than the

Fez(COjg route, and aiso suffered from the same problems
> w1th by- products. It d1d however, have the'advahtage of
,requlrlng a much shorter reactlon tlme (ca. two hours)
compared to the other procedure. | (

The base’ used for deprotonat1on of 30 was lithium
5:2,6<fftetramethylp}per1d1de (LlTMP),.generated by
réaction df;n—butullithium with 2,2,6, 6-tetramethyl-

perldlne (%MP)\ln the presence of hexamethylphosphor—

amide (HMPA) (10% v/v in THF).®3 . The n-BuLi, TMP and HMPA

- were mixed in THF at —79°C.forz3b minutes, after,which

')

time a solutlon of 30 in THF was added ‘over a period of 30

=3

Vﬁmlnutes. The resu1t1ng solution was stirred for a further.

30 ﬁinutes to ensure deprotonatJOn of the complex before
the electrophile was added, then the solution was allowed

-

A d
%

@,Q



to-warm to room temperature overnight.

, ' The products from these reactiéns were ident

. " the basis of their proton (1) nmr, infrared apd mass
‘ ' 0 ) El

spectra which, in the case of (n4-diene)iron tricar

complexes, are all parélcularly ﬁistiﬁctive.édzpe 1

of - the compléxés'share the following features: (i) a
broad one hydrogen triplet (J'= 8 'Hz) in the region 55.1-
P~ |

5.&,’cortesponding to H2, 50; (ii) a brbad (someﬁimes~

| § \' C2 |
; H ’ ~1

& | He

S

B

* - . ‘ e ;
The numbering of this carbon atom varies depending on the

nature of R

'fesdlved)'signal at_sgL 61.8'£epresentingvHSB, in
conjunction with a dpubléteof dbublets'gg = 7 and 2.3 Hz)
~at ca. 61.7 for Hlpg (the "outer protonS")} (1ii) a . similar
set of signalsgfurthér priéld.atiggkjéo.j-and 60fb§-(J =

9 and 2.3 Hz) for H5, and HlAytespectiVeiy‘(the'-inner.

protons™). The dramatic upfield shift of the latter,

3s

(f;‘i’

P



. \ ' ) .
compared to their corresponding .positions in the 14 nmr
oo : ' _ K B \
.spectra of the free dienes (cal 65.8) is believed to be

caused by their proximity to the iron atom. 66 ‘

The infrared spectra of tgé éomplexes-arg dominated
by the signalszor the caibohyl (C=0) ligands. These
appear as a sharp signal at EE;_ZOSQ cm;l'and a broader
signal (sometimes resolved) at ca. 1970 cm~1; the former
corresponds to the symmetrical stretching of the C=0
| iigands and the latter to the unsymmetrical stretching.
Other sigﬁals are usua;ly_much weaker but caﬁ occasionally
be used  for Strpcture confirmation. ) o

' The mass speétra-are also'highly distinctive, with
peaks resulting ffom‘the sequential loss of carbon
monoxide from tﬁe holecular ion,'uéually eéding up with a-
base peak corresponding to mM*-3co. If the‘ionisation
epergy is sufficiently high the Iattéf‘peak fragments
further.” In all the complexes the charge tends to reside ~
on the fragment .containing the iron a£om due to its low
ionisation potential (7.87 eV67),fand anrabUﬁdant ffagment
corfesponding to'ﬁ/e 56 (Fe) is .often found in‘the high
'energyISpectran |

Using the a{§rémentioned technique tﬁe anion of.30
was generated and reécted with benzyl bromideth,prédhCe

tricarbonyl(l;2,3;6-n-3-methylene-S—phenyl-l-penténe)iron

51, in 59% yield (eq. 34).



: CHs - ‘ Ph
HS‘CQCH:; ' B % PhEH,Br . F7\ _
' HMPA + (CO)sFe - (CO)sFe
Hoe” N o, 7 aecen T X (34)

Li
21

With this complex -in hamd its oxidation to the free

1,3-diene was investigated.“ The first oxidant studied‘was

-

trimethylamine N- ox1de (Me3NO), the reagent developed by

58

shvo- and Hazunm. Thls material is commer01ally available

as 1ts dihydrate (Aldrlch) and although some groups have

68

used it in thls form,°® it was felt that its act1v1ty

a,

would be increased by removing the water of

37

2l

crystallisation:. This was achleved by refluxlng the 5011d :

.with dry toluene®9

1n a Dean Stark apparatus, then
recrjstallisation of the resultlng solid from dry ethyl
acetate. The oxidation technique involved'heating (50~ .

55°C) the complex in a dry aprotic solvent (both THF and

toluene were used), with a large excess (14-15 equivalents

of'Me3NO for several hours until TLC and/or infrared
analy51s (d1sappearance of C=0 51gnafs) 1nd1cated that the
reactlon was aamplete. ‘The onset of the reaction is
accompanied by an evqlution of gas (Me3N and CO,, eq. 35)}

and. this phenomenon.has been used’ by Birch68

3



| 4

A o
NO — diene + MeN + CO,

(diene)Fe(CO)z + Meg . "
A + "iron compounds

(35)
to detefmine,teaCtyon temperatures for oxidations using
this réagent. It should however beznoged tha; thé gas1.
eQélution is notAquantitat‘ive.58

After workup‘and'pur;ficatidn (see Experimental), the
free l,j—dienes were characterised by their 4 nmr
spectra,.infrared’specpra, eleméntal'analyses aﬁd/of high
resoiu;ion mass spectra. The iH nmr\of‘the free dienés,
likeAﬁhose of thé compiéxes, have a number of |

characteristic signals including: (i) a one hydrogen

n

doublet of doublets (J 18 and 11 é;) at ca. 66.4 o
cofr;spOnding to H2, 52; (ii) a one hydrogen doublet (J.é
18 Hz) at ca. 65.3 for HlA;‘v(iii) a one hydrogen doublet
(J = 11 Hz) and two broad one hydrogen singiets_ak ca.

65.0 for Hly, H5, and H5p respectively.

7

*Numbering varies depending on R.



fhe infrared speétra of the free dienes ﬁave two sets
'.of signals in éommoni (i)qabso?ptions at“ca.zlﬁso and
1600 cm™?! resulting from C-C stretching, and (11)
absorptlons at ca. 990 and 897 cm -1 for C-H out-of-plane
deformatlons.70
‘ Using the aforementioned technique coﬁplex 51.was
"oxidised to provide ; pale‘yellow oil (558) which was

purified by flash chromatography (silica/toluene) to

affofd‘the knowﬁ coﬁpQund6b'71 3—methy1ene-5-phény1—1-

pentene 53 (45%). \\V/JL\V//;\ .
| . o NN Ph

83

The ox1dant ceric ammonium nitrate (CAN) was also
1nvest1gated 51nce thls reagent had proven successful for
several acyclic dlenes";n which Me3NO had prqxﬁn

unsatisfactory;72 The method employed was that of Greé
72

3

and coworkers, and involved reactlon of the dlene
Fe(CO)3 complex w1th CAN in methanol at -15°C%+ The

addition of CAN in methahol_soﬁﬁtfsn (4-5 mole

‘39

equivalents) to a solution of the diene-Fe(CO)3 complex in

methanol’ produces an immediate evolution of gas and the
oxidations-wete monitored by measuring the volume of gas
(in this case the reaction is quantitative producihg’3

moles of carbon monoxide for each mole of diene Fe(CO),



73y,

dv

complex

U;ing this proc;duré)thé,oxidation of éomplex 51
~resulted in a %rudg oil (87%) which was homogeneous by TLC
analysis‘(silica/SkellyJB), however pufification resulted
in the isolatjon of 53 (spectroscopically identical with
that obtained previqqsly) in only 40% yield. WasheS‘Df
the chromatography columh with.moré polar_solVent‘systems
(ether and ethyl.ace£at€).did not result in isolation of
any other idegtifiable products.

The anion of 30_was genetated in the same manner and
reacted with 1—bfomo—4-chlorobutane §n an attempt at
differentiatiop between the two leaving groups.
Examination of thé product by mass spectroscopy.indic3ted
that the ?hloro'complex 54 (M+k= 298 for Ci2H1535C1FeO3‘
with a satellite at m/$\300 for Ci2H1537C1Fé03, ratio ca.

3:1), Las the only product formed, although the‘yiéld‘was'

N —_ iﬂ. ' A

.disaﬁEpihtingly low (38%). In an attempt to improve the
yield, l-bromo-4-chlorobutane was converted to l-chloro-4-
iodobu;ane in B2% yield via Finkelstein exchange with

. sodium iodide.’4 The reaction of this electrophile with

40



/

signal at ca. 60 for the trimethylsilyl functionality,

derivative (triplet at ca. 65.2) and showed a strong

L]
. L
[y Y

N | . . ,; ﬂ .
30 improved the yield of '54 to 51% along with .the recovery

of unreacted starting material (26%)..
0x1dat10n of this complex with CAN in methanol

o~ -

resulted in a pale yellow o0il (75%) whose infrared’
speet:Lm indicated a complete absence ofgcarbonyl
signels. The high resolutioﬁ mass spectrum indicated a
molecular weight of 158.0868 (calcd. for CoH,s35Cl:
158.0862). Purification by flash chromatography
(5111ca/Skelly B) prov1ded 8—chloro-3 methylene l-octene

55 in 43% y1eld é

'Reaction of the anion with chlorotrimethylsilane

- resulted in the isolation of an 6range-bfown oil (82%l but

attempted:purification by flash chromatography
(silica/Skelly B) led to'only$51% recovery of materi;l.(

The main fraction was an (n4-diene)iron tricarbonyl

the expected trimethylsilyl derivatiwe 56 could only be
obtained in 2% yield.
This pebr result, coupledzwith‘the low yield from the

reaction wlth l—bromo-4*chlorobutene, prompted a brief

g

41




p Si(CH3)a

(CO)3Fe _
> -

a6

-

study of several feaction variables cehtering on the

generation of LiTMP. An examination of,the’literatpre75
indicated that the base could be prepared via react&én of
TMP with eithéY methyllithium or p-butyllithium but that

the forﬁer, for some unexplained reason, gave better
results.. Methyllithiuh reacts wigh.TMP félatively slowly
, . .
at lower £emperatures, and LiTMP is best;p;gpared_at room
temperature.‘ - | .
Consequ;ntly we, generated LiTMP ;t room temperature
using methyilithium. A quantitativefmeﬁsrre Lf base

formation was also possible by colygction of the methane

evolved in a gas burette. The resultinglLiTMR,was.then

L

cooled to -78°C, followed by the addition @fkﬂphﬁ‘(IO% v/v

in ether).

. ' U L YN ,
solution og/BO in igher was QQQ;H over a

. 8 : _ :
period of 30\minutes, stirred foy a further 30 minutes,

and then reacted mith aq_elecbfdéhilg. " Using this

-

procedure the 'yield of thelbenzylatipn-pro?;z{/;afimbpoved

- ~.

to ca. 70%; the reaction with 1-bromo—4—éhlorobutane
produced complex Slain an improbed’yield of 54% (along

. with recovery of starting material (21%)), and the reaction

'
L]
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of 30 with chlorotrimethylsilane produced complex 56/ (55%)
although'technidal difficulties were encountered in

completely separating 56 from unreacted 30.

2

In view of these resuifs,this method was adopted as a
. . f L .
"standard" procedure for the generation of the anion of

30, and the scope of the reaction was investiqated using -a

variety of electrophiles. fJ

\

The result of the reaction of 30 with&}—iodoheptane

~

presented. similar separation problems £6 those encountered
in the chlorotrimethylsilane reaction.  The crude mixture

of unreacted 30, l-iodoheptane, and the desired product .

-~ “

57, could only be partiaily separated by flash

+

'chromatography.

Thé Yigld of complexV57 was defermined by nmr analysis to
be 57%, along with 6%-unreactedi39 and 7% l-iodoheptane.
Instead‘of~fhrther‘sepagatibn at this stage, the mixture
was oxidised with CAN in methanol to give a>crude.mixtp;g
containing i:iodqheptane and 3-methylene—1—undecene 58.
This could be separated by column chromatography isilica.
gél-silverunitrate; 2% ether:Skelly B); to provide 58 in
- -

?80%”yield. The;structure of 58 was canfirmed by the
v - ‘

following i ! ' A

!
[



‘spectral data: doiecular weight 166.1721 (calcd. for
C1.2‘H22:v 166.1722); 1H nmr speclt'run‘l (400 MHz, CDCl3) 66.35
(d of 4, J = 18 and 11 Hz, 1lH, H2), 5.22 (doublet of

- triplets, J = 18 and 0.8 Hz, 1H, Hl,), 5.04 (d of d, J =
11 and O.é Hz,, 1H, Hlg), 4.99 (br s, 1H), 4.98 (br s, 1H.v
H12,5), 2.20 (t, J = 8 Hz, 2H, H4), 1.48 (br m, 2H), 1.30

a

(br m, 10H, (5525”5)' 0.90 (m, 3H, CH3).

76‘feported the use of

In 1965 Schaap and coworters
paraformaldehyde as a substitute for the experimehtally
difficult to handle formaldehyde, in the conversion of
organolithium compounds into the‘corresbondingjprimary
alcoﬁols in godd yields. Cons' uvently the reaction of the
anfon of 30 with thie eleé¢trophile was‘inGbstigated.

Solid ggraﬂggpaldehyde was added ‘to the solution of anion
of 30 in ether/HMPA at -78°C and the mixture then warmed
to room temperature. The crude product, a yellow erange
018 (99%) was pur1f1ed by flash chromatography
(5111ca/Skelly B, followed by SkellyB: ether (1:1)) to give
‘the;des1red alcohol complex 59, albelt only in low y1eld

rp—

(32%), along with unreacted startlng material (11%)

~,

: : oo ‘ : =
Y AN ‘ ., .
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The reaction of the anion of 30 with ‘benzaldehyde was
also investigated. Flash chromatography (silica/toluene)
of the crude product for this reaction resulted #n four
:distingt fractions which were shown to contain, in order
of elution, unreacted starting material (27%), a trace
amount (4%) of a pale yellow solid .identified by ;ii ly
nmr spectrum as 60 (;H nmr spectrum (400 MHz, CDC14) _68.07
(m, 2H, Ph), 7.59 (m, 1H, Ph), 7.49 (t, 2H, Ph), 5.37 (t,

.3 = 8 Hz, 1H, H2), (d, J = 16 Hz, 1H, H5), 3.88 (d, J

= 16 Hz, 1H, H4), 1.84 (d of 4, J = 2.5 and 1.5 Hz, 1H,

45

H6g), 1.78 (d of 4, J = 7 and 2.5 Hz, 1H, Hlgl, 0.48 (d of

d, J = 3 and 1 Hz, 1lHH p), 0.26 (d of d, J = 9 and 2.5
Hz, 1H, HlA), resubtlng from dehydration of 61), recovered

benzaldehyde (33%), and the desired product 61 (38%).

, , on “S\ ‘
N cowre!
(CO)3 Fe : \/ OH .
+
. 60 g1

Although the latter appeared as a single spot in several

TLC systems the 1H nmr spectrum d1sp1ayed two very similar

Jsets of slgnals in a ratio of 3:2. The reaction was
; )

]
\ @ ek
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:repeated.twice, and_the'yield]of 61 could bebincreased to
BS%Yusfng‘a'ionger reaction‘time'(ca.;is hours'atﬂ b
--78°C) On each occasion however, the ratio of the
aforement1oned nmr 51gnals was the. same. It is believed
}that each set of signals: belongs to one of the
~d1asteromér1c alcohols pOSSlble for 61.

| Oxxdatlon of this complex wlth Me3NO ylelded an
orange 011 whlch was purlfled by flash chromatography to
prov1de §“37% yleld of 3 -methyléne-5-phenyl-penten-5- -ol,
v62, with no ‘other identifiable produc_ts.~ Oxidation with
i CAN in methanol yielded the crude alcohoi 62 in 93% -

yield. -Its identity was confirmed by high resolution mass -

spectrosco@y 174.1043 (calcd. Cy,oH140: 174.1045)’and‘by

1ts 1H nmr spectrum.

¢
=

carbon

ledee to produce carboxyllc acyds is- often'employed )
synthesls. However, to obtaln good. y1e1ds it 1s lmPOrtant Lo

that the carbon dioxide is present in excess
E 7

the course of reaction (faglure to do so can result 1n,;
ketone and tertiary a§§ihol formatxon v1a furbher reactlon x
of the organometallic).7z -This is normally aohleved by i

™~
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addjing the organollthlum to crushed dry ice or to a slurry
of dry ice in a solvent. In this manner, addition of the
ariion of 30 to a slurry of dry ice 1n dlethyl ether

produced the carpoxyllc acid complex 63 in 89% yield after

recrystallisation from ether/Skelly B (lzlf,

*

» COzH
(CO)sFe 2

g3
Oxidation of this complex with CAN resulted in a

4 v ) !

’grude product which TLC ana1y51s 1nd1cated was

homogeneous. However attempted purification of'.this &
vmaterlal resulted inks,prodUCt.uhich’had an extremely

complex 1y nmr and‘mass‘spectre, and could not be »
.identified.. Oxidation of k3 with Me3NO also proved
,ééﬁ§UCcessful, with‘the spectra (ir, nur) of the crude
wreaction mixture being'extremely complex. |

©° The reaction of organollthlum compounds with ac1d
chlorldes can in pr1n01ple be used to produce ketonesl ln

practlse, however, the reaction must again be carefully

controlled -to prevent the product ketone from reactlng

"

with further or%anol1th1um to form the tertlary alcohol.

The normal procedure was modified and the anlon was

,) ’.

gradually added via double ended needle, to én excess jS
’:}-, 3 ;
mole equ1valents) of acetyl chl ride 1n ‘ether at -78°C.‘,

. . 7
N i {
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')The resulting mixture was kep£ at -78°C and monitored by
TLC,'then'quenched'with water when all the starting
material had been consumed (2 hours). This produced

ketone -64 in 40% yield.

- _(cthi/J :
v o . 7
| | g4 -
Attempts at oxidation of 64 with either Me3;NO or CAN were
unsuccessful and produéed,products with Eomplex,

uﬁinterpretable 14 nmr and mass spectra.

‘ Otgerlleés reactive electrophiles such as ethyl

benzdaté, benzonitrile and N,N-dimethylacetamide were al
_explored as substrates but in no-case was ,there p:o&uc

any identifiable.ketone complexes (as evidenced by the
lack of a signal'qt ca; 1720 cm',-1 in the infrared spectra

Triy

of - the crude products). However, a new compound was

- isolated in moderate yield (53%) during the feactidn of 30 .

L‘wigh‘N,N—dimethyiaceiamide{ The,iﬁfrared spectrum, whi;e ’
shoﬁ%ng'no signal at ca: 1720 cm™! did display sfgnals at -

“"5%@5 and 1980 cm™! tYﬁiéal_of an iron cé;bonyl'comple#._

| The ;H nmr spectrum was unlike that of any_bf the igoprehe
ébmplekes=prepared previously,.and ;howed the following
signals: '63.01.(db€gﬁe; of quartets, J = 6.9 and‘z.i Hz,
1H), 2.48 (d, = 4.4 Hz, 1H), 2.09 (4, J = 2.2 Hz, 1H),

1.69 (s, 1H), 1.55 (d, J = 4.4 Hz, 1H) and 1.28 (d, J =

«
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'suggest1ng that the compound was possibly a structural

. isomer of 30. ‘TheAspectrumualso showed three distinct

[

S L

" 6.9 Hz, 3H) The 13C nmr spectrum showed signals for five

dlfferent carbon atoms at 6104, 73, 52, 50 and 15,

v

_ signals for the carbonyl ligands at 6212.0, 211.5 and

211.0, indicating a fairly high barrier to rotation of the
carbonyl ligands. - The latter is not the case for typlcal

(n —dlene)Fe(CO)3 complexes where only ene carbonyl is

seen. 78

“On this basis a trlmethylenemethane structure 48

T

(R = CH3) was aSSigned. Compounds@ﬁ this type a_re known

Fo(OO)a

L]

to be Sufficiently rlgld” to display three carbonyl
51gnals in their 13C spectra,79 and to have d15t1nct1ye,'

simple 8 nmr spectra due to the limited amoungﬂef

fceupling‘between the protons, long range W coupling being
“the only type seen.80 ‘Confirmation of the structure was

provided By a comparison with the reported 1y nmr, and

infrared spectra:®% §3.14 (#2), 2.51 (86),,2.11 (H5),’

1.77 (B4), 1.63 (H3), JH?HS.? 2.5 Hz and JH3H6 =.4}S Hz;

infrared 2058 and 1979»cm’1_(CEO). 2

"

The possible therma& isomerisation of (isoprene)iron

4

tr1carbony1 to (methyltrlmethylenemethane)iron

e
\

-tr;carbonyl, and vice versa, was’ investigated by “Aumann
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.

toa U .

and cowor-kers,s6 and was found not to;eccur eveh upon
.heating to 180°C'(eq§f31). However, formation of  the
isoprene Fe(CO)s (or MTMMFe(CQ)3) anion (or cation) may 'in
principle allow the ;ieomqrisatiqn" to occur via‘a formal
redistribution of electronef and a slight "migration" of
" the iren‘atom from a position under the eentrel carbon

- : ~ 55

~ atop~in 48 to a position“midvayrbetween‘carbon atoms 2 and

3 in compound 30 (eq. 38).
‘ . - _CHZ- '

Y a8 |

In order to investigate the relationship between the
anion of complex 48 and that of complex.30,.the latter was
generated in the usual manner, and the resultlng solutlon
divided into two altquots. One portlon was quenched with
water at —78°C, whereas the other was warmed to room
temperature prior to being-quenched. Dur1ng the warm-up
‘ per1od the latter underwent a series of colour changes
from lemon-yellow ( 78°C) through orange-yellow,»finally
attaining a deep orange -red colour at room temperature.

The product from the "-78°C quench" was 30 (55%) and that
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from the "room temperature quench" was 48 (32%), although

_nmr integration showed the latter contained ca. 8% of 30.

s

An attempt was made to determine if an alkylated
derivative of 48 could be obtained by generating the anion
of 30, warﬁing it to room température, then treating it |

~with methyl iodide. HoweQer'none 6f the desired
(ethyltrimeﬁhyleqeméthane)iron tricarbonyl-éould'be
detected - the only identifiable product, after reduced .
pressﬁre aistillatipn;of the crudé ﬁixtﬁre, was a small
amount (<lb%) of (methyl;rimethylenemethane)itan
. , \

tricarbonyl.

Thezyesults described above for the reactiQn of 30
with electrophiles are §Gmmarised in Table 1 and the .
results of tﬁe oxidation 6f the (ﬁ4—diene)iron t;icarsonyly
“complekes are éummariséd in Table 2.
.In'conclusion it has 5een sﬁown that formation of the
isopfene iéon tricarbﬁnyi complex aliows deprotonatiop of
the isoprene moiéty to occdr without polymerisation, and
that the anion of the thplex reac£5'with a variety of
electrophiles to produce,hew iron~tricarbonylbcompléxes in
moderate to good yields.: From these.complexes the‘free
dienes can bébobtaineGIVia oxidatfve'décomplexatiéh using a
%eithef.ceriJ’ammdnium>pitrate or trimethyl;mine N?cxidem
AlthOugh‘the yiéld§ for‘thé latﬁer'are-low at ptésent,:ﬁt

" is hoped that future experimentation will provide these



" JABLE 1. ‘
REACTION OF (ISOPRENE) IRON TRICARBONYL WITH ELECTROPHILES
ELECTROPHILE ‘ PRODUCT YIELD *
. Ph
PhCH,Br * T (CO),Fe _ 0%t
a1
: : o cl
Ci ‘ .
B'/\/\/ (CO)aj/Y\A ) 5-4 %
. oM
sicHys ¥
(CH3),SICI (cO)aFD/ 55% b
L : .56 .
' L3
AR \ L]
PhCHO r. (CO)aFe 85% ©
ﬁ-l,
P e Ul (CO)3FDW_ 57%b
-7 '
X COH.
co, (CO),Fe 89%
4 6 N
OH
{(CH,0), (CO)3>/\/ : 32%
- 59
e , CHy
CH,COC! (Co)aa/\“/ | —
a O
’ ed -
: CH, _
H,0 -78°%C (CO)aFB/ | 55%
' 20
CH;
H,0  room temp. (CO) :"F’L 29% b
48
CH,CON(CH,), 48 " 53%
isolaled yield.

b Yield from NMR lmogratlon.‘
€. 3.2 mixture of isomers.

4
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dienes in better yields. . If this can be achieJed, this
metﬁod, because of its brevity and easy availability of
starting materials, offers a valuable alternativé to.
current multistep procedures. =
This method also has the advantage of proQiding the
possibility of chiral synthesis. For example,
complexation of an unsymmetrical (prochiral) diene to a
transit@on metal prodﬁces a r;%emic mixture of two
..enantiomers. While no simple means exists for ;he‘ ‘

resolution of- such a racemic mixture, some prior work of

‘Birch37 has indicated that chiral 30 might be available

i

CHy | Chsq
Co. r——< co - CO. CcO
. /‘ Fle \/ 1. >\:Ie—\/

co - co

30
(via chirality transfer) using the reaction of suitable™’
optically active heterodiene-Fe(CO)3 complexes with

isoprene, egq.
Prochiral Diene + (Chiral Auxiliary)Fe(CO)y » N\

(Chiral Diene)Fe(CO)3 + Auxiliary

The interesting possibility exists, then, that



deprotonétioﬁ,of chiral 30 and subsequent alkylation could

produce optically.active iéoprenoids:by chiral'induction.
The desiénwof this method also offers other

possibilities to be explored, For example, Howell and

Thomas8! have reported that substitution of one. of the

55

»”

carbon monoxide ligands in a (1,3-cyclohexadiene)iron tri-

carbonyl complex with‘the-chiral_monodentafe phosphorous
lﬂgand neomenthyldiphenyl phosphine 65, led to modest
chiral induction. ‘

-

CHg'l'-- iPr

PPh,

Substitution of carbonyl ligands with mondodentate
phgsphbrous ligands can be relwntively easily'achieved by
treatment with Me3NO, and Birch has reported>®? the
replacement of a carbon monoxide ligand with 65 in 68%
yield using this procedure. An alternative would be to
use the teéhnique of Daviessp (H,0,/NaOH) to replace two
of the carbonyl ligands with one of the many chiral
bidentate phosphorqus iigands developed in the field of

chiral catalytic hydrogenation (eg. (+) CAMPHOS = (+) - .

(1R,3S) --1,2,2-trimethyl-1,3-bis(diphenylphosphino-

methyl)cyclopentane, 66 and (-)-DIOP = (-)-2,3-0-iso
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CH,PPh,

CH,PPh,

86

propylidenefz,3-dihydroxy—1,4-bis(diphenylphosphino)butahe
67). By judicious choice of reagent, it may be possible
to prepare suitable optica&éy acﬁive derivatives for study

(eq. 39) of chiral induction. ‘

H,0, / NaOH
[RoP (CH,),PR,)

*= chiral

Finally, it has also been shown that the anion of the
iSOprene'cqmplex‘uhdergoes an interconversion on warming
from -78°C td roém temperature to produce, afterp
hydfolysis, the isomeric complex (methyltriméthylene-
methane)iron tricarbonyl. It remains for future work to
investigate'this phenomenon in greater detail in achiral,-
and possibly chiral form. The consequences of such a
study would be of interest, bogh from the standpoint of

structure and synthesis.



/7

EXPBRIM@QIAL

General Procedures : .

-

Nuclear magnetic resonance (nmr) spectra”yére run on
a Bruker WP-80, Bruker WH-200, Bruker AM-300 or Bruker
WH;4OO sp;ctrometérs (as indicated), using deuterated
chloroform (CDCl3), and tetramethylsilane (TMS) as an
internal standard. C(hemical shifts -are reported as §

values in parts pe: million downfield_ffbm-TMS; followed

by $he multiplicity, coupling cons

in Hertz, number
of hydrogeﬁs and signal assignment. T ‘ following
abbreviations are used in the text: s = singlet; d =
doubleﬁ, t = triplet, d of d = doublet/of ddﬁﬁlets, m =
multiplet, br = broad. HA anquBgrefer, respectively, to
the inner and outer protpns of the diene unit as outlined
in the Discussion (see pade 35), and typified by structure
50.
Infrared spectra (ir) were recorded on a Nicolet 7199

FTIR in the manner indicated. The following abbreviations
are used: s = strong, m = medium, w = weak, sh = ghoulder.

"Low resolution mass spectfa of the iron Eomplexes
were recorded on an AEI MS12, and exact mass measurements
qb a'Kratos MS50 spectrometer. Both are reported as,m/e<
(relative intensity).

.,
P—

57 ' ¢
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Analyses wefe performed by the Miérbanalytiqal
Labqraﬁbry of %his department. d
Melting“points were measured on a Reichert hot stage
apparatus and are uncorrected. |
Commercial methyllithium in d1ethy1 ebher (Aldrlch),

was standardised by tltration using . d1phenylacet1c acid as

an 1nd1cator.82

All reactions involving-the tricar yl(diene)iron

complexes were .performed under argon, usi andard

techniques.83 Glastare was oven—dfied at 140°

“

several hours. All solvenbs we?e dlst1lled under argon

for

'(purxfled further by passag¥ ﬁhr@qgh a toxgr ég r%ﬁqced -

vbenzophenone added,
* Skellysolve B were d¥s

2,2,6,6- tetraméthylp"ﬁp

}"ﬁ
hydrox1de pellets, f;hﬁeﬁed» and dlstllled at atmospherlc

pressure,’> then stpf:

~?r1methy1am1ne oxi%

the azeotropxc rem#w

,&

'by recrystall1sat1

All electrophiles:

—
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Flash chromatography was performed using MN Silica

Gel 60 minus 200 mesh ASTM (Macherey Nagel and Co.),
according to the technlqu//of Still 85  Thin layer
chromatography (TLC) was carried out using precoated Merck
Silica Gel 60 F254 plates. Compounds were visuali;ed by

ultraviolet light and/or iodihe vapour. Alumina (II) v

refers to aluminum oxide Brockmann activity (II)

adiene)iron
fiask was

oven-dried, capped wi%th rubber septa and cooled under a-
I Y i

stream of argon. One litre of freshly distilled *

manufactured by British Drug House (BDH).

Preparaqgon of Tricarbonyl(2-methyl-1,3-but

i Method A:63 A 2 litre 3-neck round bo

tetrahydrofuran (THF) was transferred to the flask via
double ended needle from a solvent still; followed by 70

mL (700 mmol) of freshly distilled isoprene. The flask

was then fitted with a water condenser topped by a dryyice
condenser, a magnetic stirring bar and,a thermometer. The
sdlution was slowly warmed, with stirring, to 50-55°
zinternalutemperaturej, the remaining rubber septum wads g
replaced with a Schlenk tube containing 23579 ¢ (65.3 F
mmol) diiron nonocarbonyl whi#ch was added to the ' |
solution. The mixture was kept at this temperature for. 20

hours, then cooled to room temperature, filtered, and
. : N . b :

" evaporated in vacuo using a rotary evaporator (water
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’QSpirator)~ The‘resulting’dark ‘orange-brown oil was »
'chromatograohed over alumina (II), eluting with |
Skellysolve’B, then dlstllled to yleld trxcarbonyl(z—b
Hmethyl 1 3~ butad1ene)1ron 30 (8 01 g,’59%), as an orange‘
:oil bp 63-65°C (6.5 torr); 86 lg nmy (400 MHz, coc13) 55.28
(t, J = 8 Hz, 1H, H3), 2. 1; (s, 3H, CH3),.1 84 (t, J = 1.5 -
Hz, 1H, HlB),-l.GS (d of:d,»J = 7 and 2.4>Hz, 1H, H4g),

¥

0.32 (d of d, J =,1.5 and 0.8 Hz, 1H, Hlp), 0.05° (d of d,

3
J'3_9'and‘ .4 Wz, 1H, Hp) 13¢ hmr (75.5 Miiz, cDClj)
_5211.59; 103f31, 84.77, 43.90, 38.05, 22.90; I® (liquid ;
£ilh) 2058 (s), 1990 (s), 1966 (s) cm'lJ.MS,'m/e’xrelatlve f
'imtepsity).zoé(43y M+§{for'C8H8FeO3+), 180(36),+152(24),
124(190),‘ioal5i,'96(14),'84(11), 82(20),}56(65).‘ .
Hethod Bi A slurry of 6. 24 g (82;8 mmol) anhydrous
trlmethylamlne ox1de ‘in 60 mL dry THF was placed 1n a 100

&

mL 3-neck R.B. flask equ1pped with an. add1t10n funnel,
. - AV e »
‘magnetlc st1rr1ng bar, septum 1nlet, and'a dry~1ce

<

'condenser with an outlet to a m1nera1 011 bubbler. The . ,‘

ﬁ_'mlxture was cooled to —78°C and 2 1 mL (51 mmol) freshly 'fwip
’dlstllled lsoprene were added via syrlnge, followed by the.

d,dropw15 - d1t1on, w1th st1rr1ng, of 5.4 mL (ﬂﬁfnmol) iron

| pentacanbonyli When the addltlon was complete the coollng= .

bath was removed and the solutlon was warmed to room

temperature over a perlod of 1 h, followed by one hour of

reflux. - The solution was cooled to_room temperature,

" . . . - . .
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filtered, , @ncentrated on a rotary e;>horator. The
resulting Pas purified by flash:chrohatography

(eilica/Skelly B), to yield tricarbonyl(Z-methyl-l,3— |
butadiene)idon 30 (1.75 g, 41%) with spegtral properties
identical_to those of the material obtained-via method A.
vGeneral‘Procedure for:the Generation of the Anion of
Tricarbonyl(2-methylél,3-bptadiene)iron,Aand its Reaetion
with Benzyl Bromide: | | |
. .Into an oveh—dried lOO.mp'geneok R.B. flast, equipped
with an addition fuhhel, seotum inlet,'low temperature
thermometer, and magnet1c stlrrlng bar, was placed dé?
_dlethyl ether (36 mL). To thls§yas added 2,2,6, 6 -tetra-,
methylplper1d1ne (0.58 mL, 3. 4 mmol), followed by a
solution of methylllthlum in dlethyl ether (2 4 mL,‘3 6
mmol). The solutlon was stlrredwat room temperature unt1l
‘methane evolutlon ceased (approxlmately 10 m1n), ‘and then

v

cooled to -60°C (internal temperature), at which point

_hexamethylphosphoramlde (HMPA) (4 mL, 10% v/v ‘with respect .

¥

: to ether), was added. To this solution of lithium
2,2,6,GTtetramethylplperidide/HMPA‘was introduced
.tricarbonyl(2—methyl-l,3-butadiene)iron'(628 mg,l3.62
mmol) in ether (5 mL) over a period of 30 m1n, and the
"Tunnel rlnsed w1th_ether (5 mL) Thxs solutlon«was

iy

‘st1rred fbr‘a further 30 m1n after whlch time benzyl

LIRS N4 . P
R x . oL v



bromide (0.57 mL, 4.8 mmol) was added. The reaction
‘mixture was stirred for.oﬁe ﬁour at‘—78°C, then allowed'to'
| warm~to room,températore overnight, This soigtion wds;
poured into brine, thevetﬁer layertﬁas separeted, and the
aqueous layer extracted with Skelly B (4x50 mL) Theo

.comblned ether Skelly B extract was succe551ve1y washed

i

with water (ZSVmL), then brine (25 mL), drled'over ’ ‘ ?@;_
’ o 3z

anhydrous magnes Hum sulphate, and concentrated’on a rotary

evaporator (water asplrator, bath temperature

-~

approximately 30 C). The result1ng oil was pur1f1ed by

'flash chromatography (s111ca/Ske11y B) to glve, “in order

of elution, recovered starting material (62 mg, iO%), and
prcoduct (707 mg,_79%) The nmr spectrum of the iatter
showed® it to 'be 11% benzyl bromlde ‘and 89% de51red

'product. The overall y1e1d of trlcarbonyltl 2¢ 3, 6- -n- 3-
‘methylene4§§%henyl 1~pentene)1ron 51 was: 70%. 1y nmra(ZOQﬂl
MHz, CDC13) 57.28 (m, SH, Ph ¥, S 20 (t, J = 8 Hz, ld,

H2), 3. 00 (m, 2H,_-CH& )+»2.65 (m, 2H, -CHjy-), l 80 (brs,
1H, HGB), 1.68 (d.of d, J = 7 and 2.5 Hz, IH, Hlp), 0.29 - -
(d, J = 1.5 Hz, 1H, HGA), 0.10 (d of d, J = 9 and 2.5 Hz,
1H, HIA), IR (liquid fllm) 2046 (s), 1963 (s) cm -1, Mg m/e
»(relatlve 1ntens1ty) 298(3), Mt (for C15H14Fe03 ), 270(3),
242(4), 214(100), 1§8(2), 91(18), 65(3), 56(14), 3?(2).



| Reaction of qOmplex 30;Vith41-Brono-4-ohlorobhtane}‘

- ‘Tha anion of the starting complex was génerated aaﬂ
descrlbed above from 2 2,6,6-TMP (0. 81 mL, 4.8 mmol),
methy111th1um (3.2 mL, 4.8 mmol), and-30 (652 mg, 3.1
‘mmo;)._ 1-Bromo-4- chlorobutane,(0.64 mL, 5.6 mmo;) was
introduced. via syringo, and_tﬁo solution stirred for 35
‘min at'-GGfC (internal temperature), thén warﬁed*to room -
'temperature and stirred for a further 45 min.\ The
reactlon*was quenched with brl%eu the layers separated, |

and' the aqueous layer extracted with Skelly B. ‘The

'comblned ether—Skelly B extract was success1ve1y waShed'

‘with water, then br1ne, drled over magnesium sulphate and'

fconcentrated on a rotary evaporator. The resu1t1ng crude
oil was purlﬁled by flash chromatography (silica/Skeliy‘
B), to yleld startlng material (136 mg, 21%),Aand tr1—
carbonyl(l 2,3,9-n-8- chloro—3-methylene 1- octene)ern 54
'.(497”mgt\54%); ‘o nmr (400 anf coc13) 85.24 (t, J = 8 ‘
Hz, 1H, H2),‘3,54 (t, J = 6.5 Hz, 2H, —CH2 ), 2.38 (m, 1H,

He), 2 25 (m, 14, ‘H4), 1.68 (m, 8H, HS, 6,7, 1B, 950

[exgan51on 1078 (t, J = 2 Hz, H9g), 1.65 (d of d, J = 7

an%g? . 1H, HlB)i, 0.26 (d, 3'= 2 Hz, 1K, H9,), 0,05 (d
2of&d J =9 aq& 2 Hz, 1H, HlA), IR (CDC13 cast) 2047 (s),
1985 (s)—cm 1, 'Ms ‘m/e (relatlve 1nten51ty) 300(7) M* (for
C12H1537C%£?03 ), 208(20) M (for Cr2H1535C1FeO3+) a
‘270(12), 242(43), 214(100), 178(160)' 158(27): 124(31):
91(51), 56(95).
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Reaction of Complex 30 with ChIorotrimethylsilane:
Metallatlon of the parent complex ‘was accomplished in
the manner preV1ously descrlbed u51ng 2,2,6,6-TMP (0.64
mL, 3. 8 mmol), metbylllthlum (2.5 nL, 3. 8 mmol), and
coﬁplex 30 (658 mg, 3 2 mmol) A’ solut1on of chlorotri-

~methylsilane (0. 60 mL, 4.8 mmol) 1n,ether (5 mL) was added

64

and the resulting solutlon stirred for 45 min at -78°C and

then allowed to warm to room temperature overnight.
Workup of the reaction was as descrlbed 1n the general
procedure. The yellow oil obtalned was partlally pur1f1ed

by fractional bulb-to- bulb dlstlllatlon (using two

- »~receiver bulbs) : ThlS technlque ylelded two fractions, A,

178 mg bp 58-62°C (11 torr) and B.PB%y mg bp 68- 75°C (11
dorr). Fraction A (by nmr) was.fb% startlng materlal, 90%
tricarbonyl(1,2»3,S—nf3—methy1ene-4—tr;methyls1h&1butene)—
ironAso; fraction B was pure.56., The.OVerall yield;of 56
was 55%. . lH nmr (200 ﬁHz,'CDc13) 55.14 (t, J = 8.Hz, 1H,

- H2), 2,02 (4, J =13 Hz, 1H, H4);'1.75 (t;_J'= 2 Hz, 1H, |
AHSB), 1.65 (d of d, J = 7 and 2 Hz, 1lH, aiB),'I;63 (d, J =
13 Hz, 1H, H4), 0.29 (d of 4, J = 2 and 1 Hz, 1H, HSp),
0.13 (s, 8H, (CH3)381), O. 06 (4 of d, 3 = 9 and 2 Hz, 1H,
H1p)i IR (CDCl3 cast) 2017 (s), 1965 (s} on 1 s m/e
(relative intensity) 280(14) ME(for C11H16Fe8103 )

'a252(13), 224(35),'196(100), 73(16), 56(12).

¢
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Reaction of Complex 30 with Benzaldehyde:
The anion was generated from complex ‘30 (549 mgﬁ 236ﬂ
B mmol), 2,2,6,6-TMP (0.55 mL, 3 3. mmol), ‘and methyll;thlum
(2.1 mL, 3:3 mmol) in the manner'preQiously’described.
:Benzaldehfde‘(o.do mL, 4.0 mmol) was added via syrinoe at
—78°C. Thelsolution was stir;ed at Ehié température’for
one hour and then Warmed‘to room temperaturé-and quenchéd
with brine. Thgoreéction mixture was they worked up in
" the usualyménner;using ether for the éXtractiqn of the
aqueOus phaso in place of Skelif B. "The résidue
“remalnlng, ofter concentration (rotary evaporaﬁor) Qas
purified by flash chromatography (3111ca/toluene) to
yield, in order of elution, unreacted startlng_materlal
‘(150:mg,‘27%), tricarbonyl(1,2,3,e-n;3—methy1ene-5¥pheny1—
1,4—pentadiene)iron; 60 (29 mg, 4%), a pale yellow solid
(ﬁp:98?lOQ°C),' 14 nmr (400 MHz; CDCl3) §8.01 (m, 2H),
7.59 (m, 1H) aod;7.49 (t, 2H,. Ph), 5.37 (t, J = 8.Hz, 1H,
K2), 4.10 (d, J = 16 Kz, 1, HS), 3.88 (d, J = 16 Hz, 1H,
H45,'l 84 (d'of d, J = 2.5 and 1. 5. Hz, IH, HGB), 1.78, (d

of dy J =7 and 2.5 Hz, 1H, HI, ; 0.48 (d of d, J =3 and

1 Hz, 1H, H6a), 0.26 (d of 4, J ¢ 9 and 2.5 Hz, 1H, H1p); -

' benzaldehyde (140 mg, 33%), and impure alcohol. The

by flasb chromatography (s111ca/40%

'latter?was puri

_ethebzs
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_,5¥phenyl—i-penten-5-ol)iron, 61 (318 mg, 38%) as a mixture

of isomers (approximatelyv3:2).' 1H«hmr'(400 ﬁHz,‘CDClé)

©67.31 (m, S5H, Ph), 5.31 (t, J = 8 Hz, 0.3H, H2), 5.14 (t,

= 2 Hz, 0.4H, H6A), 0.12 (d of-d, J = 9 and 2.5 Hz, o 4H,'

J.= 8 Hz, 0.7H, H2), 4.97 and 4.92 (doublét of multiplets,
1H, H5), 2.84 (m, 1H, H4), 2.67 (m, 0.6H, H4) and 2.46 (m,

8]

0.4H, H4), 2.21 (d, J = 3 Hz, 1H, OH), 1.78 (t, J = 2 Hz,

0.6H, Hég); 1.74 and 1.71 (t + d of 4, J = 2 Hz and J'= 7

and 2.5 Hz, 0. 8H, Hég- + Hlg), 1. 61 (d of d, J = 7 and 2.5

HI,), 0.05 (d of d, J.= 9 and 2.5 Hz, 0. 6H, Hlp); Iy nmr

(D20 exchange) 64.97 (d of d, J = 14 and-11 Hz), 4 92 (d

of 4, J = 17 5 and 8. 5 Hz),‘l3c nmr (100 MHz, acetone—ds)w

5212.82 (C =0), 145 73 (Cy',.Ph), 128 94, 128 90,. 127 96,

127.02, 126.86 (Cya_gs, Ph), 104.79 (c3), 87.82, 87a00-

_ previousmmanner. £Pis yxe}ded,pa

”lnreacted

(C2), 75.76, 75054 (C5), 49.27, 48.78, 45, 50, 39.28 (C°

and c6), 30.37, 30.19 (c4), IR (film) 334 (broad, w), 2049
(), 1963 (s), 1040 (w), 755 (w), 701 (W) cm =1, Ms m/e
(relatlve 1nten51ty) 314(0 2) mt (for C15H14Fe04), 286(5)9
258(4), 230(100), 212(34), 56(23)

LI The reactlon was repeated w1th the solutlon of the

anion and benzaldehyde be1ng kept

then warmed to room temperatuxe an;

(gtanting material (7& m
e ‘
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85%) in the same ratio of isomers (by nmr) as previously

observed.

' ™

Reaction of Complex 30 with 1-Iodoheptane:

1-Iodoheptane (0.45 mL, 2.8 mmol) was added via
syringe to a solution of the anion of 30 (573 mg, 2.75 2
mmol) inrethér/HMPA't4Q mL). AThe resuitiﬁg solution was

stirred for one,hour at -78°C, then warmed to room

"temperature and left overnight. The'reactidn mixture was

poured into ice- cold water (150 mL), followed by workup in

~ the usual manner (extractlon with Skelly B). The

resultlng crude oil was pur1f1ed by flash chromatography
(5111ca/Ske11y B) into two fractlons. The first (386 mg),
was shown by nmr to be a mlxture.of l-iodohéptane (7%) and

prodhct (93%), and the second (177'ﬁg) was 71% product,

21% starting complex and 8% 1-iodoheptane. ‘The overall

.yield (by nmr(intégration) of'tricarbohyl(l,2,3,12—n—3—

methylene—l-undeéene)iron, 57, was (483 mg, 57%). 1y nmr .
(400 MHz, CDCly) 65.22 (t, J = 8 Hz, 1H, H2), 2.30 (m, 2H,
7 -

H4), 1.80 (t, J = 2.5 Hz, 1H, H12g), 1.66 (d of d, J
and 2.5 Hz, 1H, Hlp), '1.42 and 1232 (m, 128, H5+10), 0.90
(¢, 3 = 7.5 Hz, 1H, H11), 0.28 (d, J = 1.5 Hz, 1H, H12,),

0.06 (d of d, J = 9 and 2.5‘Hz, 1H, Hlp); IR.(neat film)

12949 (sh), 2928 (m), 2847 (m), 2049 (s), 1970 (s) em™1; Ms

m/e (relative intensity) 306(15) M* (for CygHy,Fed3j,
-, . ) ) .:\

~

P



124(75), 561100).

" Reaction of Complex 30 with Carb

. acidified with 1N HC1 until the aqg@ggs layer had a pH of .

1278(8), 250(7), 222(96), 166(10),

152(49), 13

Dioxide:

Tﬁe anion of. complex 30 (866 wg, 4.16 mmol) was

generated as before using 54 mL of ether and—6 mL of HMPA

‘as the solvent system. After stirring for 30 min at -78°C

the solution was added via double ended needle to -a slurry
of dry ice/ether in a 1 L R:B. flask, fitted with a rubber

septum and a large gauge needle outlet to a mineral oil

~ bubbler.. The mixture was allowed to warm to room

tempepd&ure overnight with the carbon dioxide escaping-

through the bubbler. ' Ice cold water (100 mL) was added,

followed by the addition of concentrated hydfochloric»acid.

(0. 34 mL, 4.2 mmol) in water (1 mL). - The mixture was then

68 .

2 (thlS is best performed w1th the mxxture in a separatory

funnel). The 'ether layer was separated, and the agueous

fraction extracted further with ether (3Xf5-mL) - The

‘combihed ether extract ggp succe551vely washed with water

(50 mL), brlne\jso mL),ﬁ%%d dried over MgSO4. The ether

L4

was removed on a rotarﬁ?evaporator to give a crude pale

) &
yellow‘solld Thlﬁ,was recrystallised from ether Skebly B
(1:1) to y1e1d tr1carbony1(3 6 4, S-n 3-methy1ene -4-

penten01c acid)iron 63 (929 mg, 89%) ast¥pale yellow



soIid, mp 75-77°C. 14 nmr (400 MHz, CDC13) 69.37\(very
broad s, 1H, CO,H), 5.42 (t, J = 8 HZ 1H, H4), 3.48 (d, J

ms Hz, 1H, H2), 3.27 (4, J = 16 Hz, 1H, H2),‘1.85 (brs,
14, H6p), 1.77 (d of d, J =7 and 2.5 Hz, 1B, HSp), 0.39
(brd, J = 2.3 Hz, 1H, H6,), 0. 19 (d of d, J = /9 and 2.5
Hz, 1H H55); IR-(CHCl3 cast) 3239-2525 (s), 2062 (8), -
1989- 1953 (s), 1710 (s), 1412 (m) cm™1; ms n/e (relative
intensit;) 244(14) M*-co (Mt for C9H8Fe05 abéent),'
196(54), 168(84), 140(100), 122(37), 84(32)J 56(98),
28(98).

Reaction of Complex 30 with Paraformaldehyde:

’ A solutlon of the anion of 30 (603 mg, 2.90 mmol) was
formed as before SOlld paraformaldehyde (0.44 g, 14.7
\'mmol) was added and the mixture stirred for 2 hours at
-78°C, then warmed to room temperature and left stirring
overnight. The reaction mlxture was poured into saturatgd
‘ammonlum chlorlde (200 mL) then worked up in the ‘usual
manher (extraction with ether) The crude orange—yellow
0il was purified by flash chromatography, eluting with
 Skelly B followed by ether-Skelly B (1:1). This resulted
'ih recovered starting material (65 mg, 11%), ahd tri-
carbonyl(1,2, 3'6-ni3~methylene-l-penten-s-ol)iron 59 (220
mg, 32%). lH nmr (400 MHz, CDC13) 65.38 (t, J= 8 Hz, 1H,
H2), 3. 96 (m, 2H, CHjy), 2. 68 (m, 1H, H4),- 2 48 (m, 1H,
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H4), 1.83 (t, J = 2 Hz, 1H, Hég), 1.72 (d of d, J = 7 and
2.5 Hz, 1H, HIB),.I.GS (brs, 1H, OH), 0.31 (4, J = 2 Hz,
1H, H6p), 0.11 (d of d, J = 9 and 2.5 Hz, 1H, H1p); IR
(neat film) 3340 (m, broad), 2055 (s), 1971 (s), 1050 (m),
1030 (sh) cm'l; MS m/e (rela?ive intensity) 238 (2) m*
(for CgHygFeO,), 210(7), 182(13), 154(43), 136(7),
126(30), 108(57), 84(38), 56(100).
Reaction of Complex 30 with Acetyl Chloride:

A solution of the anion of complex 30 (827 mg, 3.98.
rol) in ether /HMPA (54 mL:6 mL) was addedc;ia double
. ended needle to a sblutipn of acetyl chloride (0.85 mL, 12
mmol) in ether (5 mL), in a 100 mL R.B. flask fitted with
a.rubber sebtum, at -78°C. The reaction was monitored by
TLC (silica/toluene) which'indicated-cbmplete consumption
of 30 in 2 houy ; then the regctionvmixturg was poured.
into ?rine (250 mL). The layers were separated, and the
aqueous layer extractéd with ether (3x50 mL). The
combined ether extfact was washed with saturated sodium
hydrogen carbonatej(SO mL), then water (50 mL), and dried’
over MgSO4. .The sqlvent>was removéd on a rotary
evaporator and the crude 6il purified bjif}ash
\chromaéography (silica/SkellyB:etherI(2:1));td iield
‘tricarbonyl(4,7,5,6-n-4—m thylene-S—héxen-Z—one)ironv64

e

(395 mg, 40%). !4 nmr 4400 MHz, CDCl3) 85.33 (t, J = 8



—

| >
Hz, 1H, H5), 3.56 (d, J = 16 Hz, 1H, H3), B.28 (4, J = 16

Hz, 1H, H3), 2.31 (s, 3H, CH3), 1.78 (t, J = 2 Hz, 1,
H7g), 1.77 (d of d, J = 7 and 2.5 Hz, 1H, Hég), 0.41 (d, J
= 2 Hz, 1H, H7,), 0.22 (d of 4, J.g 9 and 2.5 Hz, 1lH,
HEp): IR (CHyCl, cast) 2050 (s), 1967 (s), 1720 (m) cm~1;

. [ '
MS m/e (relative intensity) 250(13) M* (for CygHooFe0y),

222(12), 194(34), 166(100), S5(46). -/

‘ ‘ | N ~ ) /
Reaction of Comp&gx 30 with N,N-Dimethylacetamide:

The anion of complex 30 (543 mg, 2.6 mmol) was
prepared asibefore. N,N~Dimethylacet§mide (0.36 mL, 3.9
mmol) was,added at_-78°é, the mixtu¥§ warmed totsoom
tempe:atyre overnight, then’cooled to 0°C and quenched
with’séttratéd ammonium chloride'(ZS mL). The layers were
separated and the aqueous layer extracted with Skelly B
(3x5b mL). The tomzined orgaﬁic.extréct was éuccessively
washed with 1N hyaréchloric acid (50 mL),'water'(so mL),
saturated spdium hydUOgen carbonate (50 mL) , water (50

~mL), and brine (50 mL), then drled over magnesiym
sulphater and concentrated (rotary evaporator) to yield

'trlcarbonyl(methyltr1methylenemethane)1ron 48 (342 mg,

53%). Yellowmo1l bp ca. 50°C (8 torr). IH nmr (300 MHz,

CDCl3) 63.01 (d of quartets, J =6.9 and 2.2 Hz, 1lH), 2.481

(d, 3 = 4.4 Hz, 1H), 2.09 (d, J = 2.2 Hz, 1H), 1.69 (s,
1), 1.55 (d, J = 4.4 Hz, 1H), 1.28 (d, J = 6.9 Hz, 3H);

¥

71

v



72

e

. N L
N )
* “
8,
[T “t

N VTS AU e
oy ! ' t'.1 e '
o .
R
Y

a

13¢ mnr (75.5%z, CDCl3) 6212.08, 211.54, 211.01; 103.99,
)}}(167 55.33}‘50.28, 15.03; IR (neat film) 2055 (s), 1980
(s) em™1; Ms m/e{(rélative intensity) 204 (4) MY (for
CgHigFeOy), 180(0.6), 152(2.3), 124(100), 56(67).

] _ &
O;idation of Triqatbonyl(diene)iron Complexes_%Genefal
Procedures), as Illustrated by the»Reaction—of Complex Si:

Two oxidants were used, trimethylamine oxide and
ceric ammonium nitrate. :

Method A (Ttimethylaﬁine oxide):N)Complex"gl (3584mg,
1.34 mmol) was dissolved in THF (30 mL), anhydrous
trimethylaminé oxide (1.052 g, 14.00 mmol) was added, and
the slurry heéted<to 50-55°C (internal temperature). The
mixture was—kept at this ;eﬁperatqre, d;der argon, for 15
h, then cooled to room temperéture and filt;red.  The
filtrate was successively washed with water, then brine,
dried over magnesium sulphate, and concentrated (rotary
evapo%ator). The crude oil was purified by flash
chrométogfaphy (silica/toluene), to yield 3-methylene—5—‘
phenyl-l-pentene 53 (95 mg, 45%). lH sfhc (400 MHz, CDCls)

18 and 11

67.29 (m, 2H), 7.21 (m, 3H), 6.40 (d of d, J

L}

Hz, 1H), 5.28 (d, J = 18 Hz, 1H), 5.04 (m, J = 11 Hz, 3H),
2.81 (m, 2H), 2.52 (m, 2H); IR (CHClj cast) 3080-3020 (m),
12980-2860 (m), 1600 (m), 1500 (m), 990 (m), 897 (s), 745 . °

(m) 698 (s) em=l; MS-m/e (relative intensity) 158(30),

- .



.
~ -

91(100), 65(12); calcd. for Cy,Hy, 158.1096, found
158.1098. Anal. Calcd for Cy,Hy,: C, 91.08; H, 8.92.
Found: C, 91.07; H, B.98.

Method B (Ceric Ammorfium Nitrate (CAN)): Complex 51 :

(674 mg, 2.26 mmol) was d1ssolved in methanol (10 mL), the

solutlon cooled to -16°C, us1ng a l- octanol/dry—1ce
cooling bath, and a solution of 'CAN (2.5 g, 4.6 mmol) in
methanol (20_mL) added dropwisg with stirring. The
progress of the ox1dat10n was monitored by collecting the
carbon monoxide evolved in a gas burette. When the
:addltlon was complete 73% of the theoretxcal volume was ;
%1berated and so a further two mole equlvalents of
dCAN/MeOH were added. The final volume collected was 95%
of thektheoretical amount. The coolhﬁégbath was removed
and the solution warmed to ‘room temperature. The methanol
was removed (rotary evaporator) and the residue taken up
in water (100 mL) This aqueous solution was extracted
with ether (3x50 mL), and the ether washed ‘with brine (50
mL), ‘'dried over magne51um sulphate and concentrated‘
(rotary evaporator) The crude oil (310 mg, 8'@) was
purified by flash chromatography (5111ca/Ske11y B) to
yield 53 (143 mg, 40%) identical to that obtatfed via

method A.

-
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Oxidatfbn of Complex 54:
oy

V,- Cbmplex 54 (403 mg, 1 35 mmol) was oxudxsed u51ng

CAN/MeOH as.descrxbed above. The y1eld after workup was

»-16Q mg (75%)-” Thls pale yellow 011 was pur1f1ed v1a flash

chromatography (5111ca/Ske11y B) to give 8-chloro—3~
-

methylene l—octene 5% (92 mg, 43%) lH nmr»(400 MHz,

coc13) 56.37 (d of 'd, J = 18 and 11 Hz, -1H), 5.22 {(d of 4,

s o B
J = 18 and 0 5 Hz,.lH), 5. 06 (d, J = ll Hz, 1H),—5.03-

7 Hz,‘ZH), 2.22

(brs, lH),'4 99 (brs, 1H), 3. 54 (t, ﬂﬁ,,~

~(brt, J =7 Hz, 2H)? 1.80 (qu1ntet J 7 Hz, ZH), 1.50

oy -

- Lm, SH), IR (CDC13 cast) 2932 (m), 2860° (w), 1633 (s), 855

(m) em™1; MS m/e (relatlve 1nten51ty) 160(4), TSB(S),

'>109(5). 95(14), 81(16), 68(100), 67(34), 53(14); Calcd-'m.

for c9H153@c& 160. 0833, found 160.0840, calcd. for -

- C9H1535Cl 158.0862, found 158. 0868. R R ,,

¢

-

0x1dat1on of Complex 57

Complex357 (175 mg, 0. 59 me]) was 0x1dlsed w1th CAN ,

k
Sin- thP usual manner. The crud o1l was purlfled by column

‘ chromatography uslng stllca gel/;llv;r nltrate and eluting

)

WlthfZ% ether: Skelly B.' Thls ylelded 3-methy1ene 1—‘

" undecene 58 (78 mg, 80%) as a colourless oil. lg. :nmr (4Qp

)

?«9f d, J“=-11 and 0.8 Hz, 1H), 4. 99 (brs, 1), 4.98 (brs, |

v

¥

MHz, CDC13) 56 35 (d of d, J = 18 and 11 Hz, 1H), 5. 22
(doqblet of tr;plets, J = 18 and, 0. 5 0.8 Hz, lH), 5. 04 (d

|

o
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C1H), 2.20(t, J = 8 Hz, 2H); 1.48 (brm, 2H), 1.30 (brm,
10H), 0 90 (m; 3H); IR (neat fllm) 2960 (sh), 2927 (8), »
2855 (s), 1640 (m), 1600 (m), 990 (n), 905 (sh), 890 (m)
cm 1; MS m/e (relatlve 1nten51ty) 166(46), 139(7), 123(7),

109(21), 98(12), 95(42), 81(60), 68(100) /f7(47), 57(43),

53(14); caled.’ €or . c1%322 1?6 332, found/266.1721. .. .o
. L Oa, . ,;\ Lo
| ‘ ." t:’”_'-;" ST
Oxidation of Complex 61: oo ' '
Lo : , “re e
& _ A solutlon of complex 61 - (370 mg, 1.18 mmol) in THF \\;
{

(5 gﬂd was added te: a cooled % 16°C) sgurry of CAN (2.64 W‘

~"g, 4 81 mmol) in THF (20 mL) After the add1t1on was“

_complete the’ cooling.bat was removéd and the mlxture

*warmed to room temperature. The«reactlon mixture was -

-

.pjlltered, the SOlld washad with THF and the wash1ngs added *
& : .

é'*ﬂ3% the filtv ﬁé The solvengrwas removedd(rotary

'.evaporator), brine (50 mL) .was added, and the solution

N

extraqted with ether (3x25 mL). uThe‘QOMbined extracts

were Sdccessively washedéwith water (2x5 mL), then brine

N ‘ l e ' N SR
(2x5 mL),Udried with sodium sulphate and concentraté@\
,‘t-'

(rotary evaporator\\ The crude 011 was pur1f1ed by flash
L\//4chromat:ography (5111ca/40% ether Skelly B) to yleld 3-
| methyleneps—phenyl l-penten 5—01, 62 (68 mg, 23%)., 1H-nmr";
(400 MHz, CDC13) 67 32 ag 7 24 (d of mu Ttiplets, SH),
; C ﬁ‘ﬁ@m
6. 39 (d of d, J ='18 and gT Hz, HH;f, B}ﬂ(ﬁ, J ] 18 Hz,
. 4o &
1H), 5 15 ¢m, 1), 5.12 (d; mx M& (brSr, ), 4.82 (a~

o ;\ _
-~ of d, J=9 and 4 Hz, IH)'$@ Zpﬁ(d of d, J = 14 and 4 Hz,v-'




1), 2. 56 <a'of d, 3= 14 and 9 Hz, 1H), 2.06 (brs, 1Hi;,”
IR (CHC13 cast) 3420 (m, br), 3080 (m), 306 (Sh), 3020
(m), 3000 (sh}), 2920 (m), 1630 (w). 1590 (m), 1490 (m),
1450 (m),. 1055 (m), 990 (m), 901 (s), 757 (gd, 700 (s)
:cm'l; MS m/e (relatlve 1nten51ty)174(0 8), }56(1i1),
‘-107({00); calcd. for C12H140 174.1045, found.l74.1039;
Anal. ca;ca for CigHyg: C, 82.72; H, 8.10. Found: C,
81.95¢ H, {;99. | | ;
Oiidation ofgpomplex éi QithﬁTrimethylamine Oxide: ;:
Complexpol (1-10 g, 3. SO’mmol)vand trimethylamine
a X
ox1de (3.9 g, 53 ggol) in iﬁf (100 mL) were st1rred at

“c

room temperature for one hour and’ then heated to*54°C

<

N

_where it was kept for 3 hOurs (untll gas evolutlon
" ceased) . 'The - ,lurry was cooled to room temperature,
‘flltered, and the THF removed (rotary iyaporator) ﬂThe
' re51due was taken up in water (100 mL) and fﬁ}z%cted with

a
ether (3x30 mL) ' The combined ether extracts were '

[N .
suq5e551vely washed with water (10 mL), 'hen'brine (10

\_ mL), drled—over magneg/um sulphate and concentrated i

»_(rotary evaporator) to yleld an orange oll (505 mg,
83%). Th1E 011 was purlfled by flash chromatography
A(5111ca/30% ether Skel@y B) to- yleld 62 (105 mgp 17%),.

ident1cal with that obta%ned via CAN.oxidation.,
7. RO



Reaction of the Isoprene .Anion Complex with Water at -78°C

&

e

- and Room-Temperature: ,
-vThe anion complex of 30 was generated by the addition _h
of 30 (64 mg, 3.11 mmol) in 10 mL ether, to a solutlon.of_
L1TMP (4:4 mL, 4.7 mmol) in 54 mL ether and 6'mL HMPA’at_ /
" =78°C as before. A p?rtion (38 mt).of‘thls.solutdon was ', /
“removed via double ended needle 1nto a septum capped |

b PSP

. measurlng cyllnder and allowed to warm to room temperature

=

%‘ over a period of 2 hours durlng whhch time the colour

?ﬂ\changed‘from lemon yellow. (-78°C) to orange-yellow, to
-orange-ted (room temperature). .After.reachlng room o ;“
temperature the aliquot_was QUenched with water (100‘mL) ‘

' and the layers separated.' Thi aqueous layer was extracted
w1th Skelly B’ §3x50 mL), the c%mbinedtorganic extract
washed w1th 0,1N HC1 (25 mL) tor ovemany:TMP, then ’{

washed succes51vely w;th water {25 ' SOdium'hydrogbn'

rcarbonate'LZS mL)land brinei(zs mL) drled\over ‘anhydrous
magne51um sulphate and concentrated on a rotary evaporator
to yleld-an orange oil (234 mg-, 72%) TLC (s111ca/5ke11y

B) showed thls to be two spots plus some baseline materlal
and th1s oil was pur1f1ed by flash‘chromatography

| (5111ca/Skelly B)’to yield 48 (104 mg, 32%) as a yellow
L or}*' 14 nmir showed the presence of 30 (8% )il th1sA01lga

The rema1n1ng 37 mL of the anion solutlon at -’

w;s quenched w1th water: (100 mL), then warmed to roo'

R ’ o’ .-



temperature and'wdrked‘up in thé same manner as the first

a11quot, to yleld an orange oil (220 mg, 69%) . This oil ;

was pur1fied by flash chromqtography (3111ca/Ske11y B). to

yield 30 (176 mg, 55%) as a yellow oil.

)

13

78 |
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, \ Aquatic species in the nea.rshore environrnent may be exposed to petroleurn derived

. pollutants Certain of these'pollutan‘ts may be bio-éccumulated by\he organlsms and can

~often 1mpart an offensrve odour to the flSh ﬂesh Rambow trout (Salmo gazrdnerz) were |

| exposed to benzothtophene and drbenzothrophene, to determme if they could readrly'
accumulate 3\d depurate these chem.tcals, and to look for- evrdence of metabolrsm Muscle
hver, and brle samples were extracted in the laboratory and analysed for parent compound
by gas &hromatography, using: both flame ionization and flame photometnc deteo@rs

A
Extracts weré further denvmzed Jin the search for metabolttes 1n addmon rarnbow trout:

ﬂ
) were exposed to varymg concentratrons of benzotbrophene and a sensory evaluatron was .

\

.- performed on the resultmg flesh. Sensory experrments were focused on benzothrophene as

~— itwas suspected of havmg a low odouf threshold in flSh Exposed flesh was compared!

4
‘with fortified flesh, to,ascertam if there was .a diffefence- between the two. -
. ) L . ¢ ) . v
N o . .

J o The results mdxcate that benzothrophene and drbenzothtophene are readrly

bidconcengrated by rainbow trout, with the greatest accumulation bcrng found in the liver.
Exposure/depuratron expenments demonstrated that after 65h depuration, srgnrflcant‘

* dmounts of both ¢hemicals could still be found in the- trssues exarined. Although no ‘

L4
A}

metabolltes of either compound were found w1th the methods employed further research

~q
-~

" is needed in order to confirm or deny the lack of metabolrtes

3 - "
o 7 : o .

o Experiments with the sensory panel confirmed that: (i) benzothiophene had
a very low detectable threshold for exposed fish and (ii) panehsts had a preferencecfor |
exposed over fortlfred flesh Fish exposed to benzothlophene were found 1o be

srgmflcantly more: tamted than \hose fomfredawnth the chemical. The rydlan odour,

¢
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threshold value was found to be 0.01 mg/kg This was the lowest conccntrauon pmsented
(Y 1
‘to the panchsts therefore it is suspected fhat the actual odour threshold. could bc lowcr

f.
{ -
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1. Introduction and Problem Statemen€

k)
\

Orl dxscharged to rivers can have deleterrous effects upen aquatlc orgamsms Of ‘
pamcular concem is that portion: of -0il whtch Is soluble in water The concentratlon and

" composmon of hydrocarbons in the aqueous phase i drfferent from the parent oil as more
. soluble components, such as aromatms are concentrated’ there ﬂThrs fraction can achreve
‘ mttmate contact with fish and other pelagtc organisms and it is not removed by gravity oil

Separatron devrces (Brrkholz et al 1987) o ‘ o \ )

.In January, 1982 a fire and serfts of i equrpment faxlures at the Suncor oil sands.

plant north{:'of Ft lMcMurray, Alberta resulted in a sprll of coker distillate fractioris

. e . '
- g 0 -

Subsequent analysrs on. flSh (walleye) taken Erom the Athabasca River, by
Wellrngton Environmental (1983 c1ted rg[rudey and Nelson 1986) 1nd1cated the
presgnce of alrphatxcs poly*ﬁlc aromatic hydrocarbons (PAH) and polycychc aromatrc"
sulphur hydrocarbons (PASH) in the fish flesh. These contaminants can pose’

" environmental problems at very Tow concentratlons Bloaccumulatxon can lead to much, ‘
hrgher concentradons of some contaminants, m fish tissue than found in water (Eastmond et
al. 1984) Many of these- contammants cause ta'ste and odour problems in water at

, extremely low concentratmns (Zoeteman et al 1971) .

Birkholz et al. (1987) charact‘enaed the spllled ail from the Suncor plant. «Alkylated

benzenes alkylated benzothrophenes and alkylated drbenzothlophenes were identiffed and

LN A ' L ‘ ) e
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confirmed. Studtes have shown that the PASH may be the most persnstent ‘of the

polycycllc aromatic hydrocarbons:i in the envuonment (Lee etal., 1972) and they have been
found to bloconcentrate in fish and shellfish (Ogata et al 1977, Ogata and Miyake, 1980; '
and Ogata and Fujxsawa, 1983). '

-
-

Addltlonal work by Wellmgton Envxronmental matched spemﬁc compounds found '

R aaimad

in the tissue with those 1denttfted in the Suncor waste oil. Although PAH and PASH were.

- contained in the nted fish from the Athabasca Rtver dlrect correspondence bctween :

-

identified compounds and those prtmanly responsxble for the sensory taint was no\t g
established. There is very little known about yvhtch contamninarnts and what‘quantttlcs are
néCessary to impaft an offensive" odour/taste to fish, or indeed to what extent they
btoconcentratc The PASH have been labelled as a possible major sourde of tainting in fish
(Connell and Miller, 1981) but there is no experiméntal cv1dence to prove this.

- Consequently, there i is a'need to explore the nagure of these contaminants which arise from
the petroleum industry. SN . o ' o

) ¢ S
N . "

Thig pafﬁculaf t'esearch was designed to determine:

3

xif certam PASH, namely benzothlophene and dibenzothiophene readtly
accumulate in ftsh tissue, -

l

.~ f fish can r'cadilyldcpuxfate thcse compounds after e;tposure..
f * at u/hat level"benzothiophqne imparts an offensive odour (ta_int),-to the fish.
* if there is any sensorS' difi’erence between fish flesh from fish exposed to
benzothxophene in water and those sptked with bcnzothxophene after processing.

R there is any ev1dence of metabohsm for etther of these chermcals s e



2. Literature Review

2.1‘ Oil Tainting groblem» : _
_ ' . R
Tamtmg of commercnal specres of fish crustaceans ofsters and muscles by -
petroleum products has been extenswely reported in thevltterature (Fetterolf, 1964 Connell |
- 1974; Connell and Miller, 1980; Mo;ohtro, 1983;. and/Hrudey and Nelson 1986) Most
of the tainting in the flesh of fish i 1s due to the activities of the petroleum and chemrcalﬂ.
industries (Nttta 1970, cited in Motohiro, 1974) Connell and M111er(1981)report that the
: tamt whtch is associited wrth petro.wm in aquatac specres is due to an extremely complex
nuxture of substant:es \assouated thh petroleum oil. They suggest that if fish ingest
petroleum prodt.cts, the'c lS a p0551b111ty that tamtmg wrll occur. In addmon low levels of |
dlssolved petroleum hydrocarbons in the water soluble fractlon can be absorbed mto
muscle txssue of aqt(attc organisms and impart a tmnt to them Thus tamtmg can occur
through adsorption of dtssolved components from the water through ‘the gills (Lee, et al
1972, 1976; Varanasr et al., 1979 Roubal, er al., 1977 and Sanborn and Malms 1977) _
and adsorptron of the drssolqu component through the skm (Varanasi, er al l978)
‘- ’Although" there are umerpous references on ‘the occurrence ol tainting due to .
petroleum and petroleum products, there is httle reported -on the specrfrc causatlve

compounds ‘Stansby. (1978) reports this area of research as being most neglected and

recommends furthex research. Motohtro (1983) corroborates thts v1ew suggestmg that

o

- addxttonal research is requtred on the behavior in'vivo and the biochemical reaction

between petroleum compounds and hvmg ttssues in vm'o with reflerence to tainting of fish

_ﬂesh,/ _ SR



. Connell and Mrllcr (198 1) report hlgh sensmvxty of the olfactory system to sulphur<
compounds They suggest that such minor components of a petrolcurq substance may be

major contributors to its aroma. Hrudey and Nelson (1986) reponed that tamtcd fish from

the Athabasca River contamed both PAH and PASH; but the causatlve compound(s)

prlmanly responbele for the taint was not 1dent1fxed While there are few reports in the
literature on specific PAH 1mpart1ng an offensive odour to fish, there are even less (if any)

on PASH. It'is for this reason that PASH are specxﬁcally dealt with-in this report.

22 ,Sourceﬁ of PASH in the Environment:

\
3

' 4 n g
Crude petroleum and. most- refined petroleum products are extremely complex

v

- mixtures- of thousands of or;amc compounds (Neff, 1979). Hydrocarbons arc most
abundant, usually representmg more than 75% of the wexght of the onl (Jones et al 1997).
‘The remamder is made up primarily- of various sulphur mtrogen -and dxygen contammg
organic compounds PASH mclude such compounds as benzothlophenc and
_ dlbenzothlophene Unfortunatel.y, PASH compnses an mcrqubly complex nuxturc of
fmdxvrdual specific compounds For example lehxol& e( al (1986.),=prc;:m.ed structures
,for 62 dlfferent sulphur heterocycles (presented in Pigune ‘1) yulixch could occur in .

petroleum Thrs lrst did not mclude any of the many alkyl subsututed componcnts which

occur If the latter, which are known: to exrst in petroleum were considered, thc tofal

_ number of possrble PASH compounds becomes very large.
‘\‘D

~—
&

The composition of petrolcum products is dcpendent upon the raw source (crude

dil, coal shale oil, etc.) the degree of chemical modnflcatlon (such as crackmg) and the

physical separatlon method employed. Coleman er al. (1973, 1984) studied the
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~

composition of the water seluble fractions (WSF) of certam petroleum products namely\
gasolmc, kerosene and No. 2 Fuel oil. The WSF was chosen in ordér to answer the
question as to which components are likely to ‘enter thc dnnkmg watcr supphes It was.
shown that for all three fuels, aromancs compnsed 50% or less of the weight of the product.
when analyzed du'cctly HoweVer in each case aromatics compnsed >93% by wegght of
_the water-soluble fraction. Of the total aromanc content, PASH were found to represent

',

between 3and lS%by wexght

-

e
<

. R .
- b
.
i e » -
. ' . .
0 l . . . Ao
M .
.
.
\ .

. The orgamc mattcr in coal consxsts largely ofa macromolecular material of complex
-\'

and varlable composmon .A large number of complex " PAH and heteroaromatlc

i compounds are formed when coal‘Ys pyrolyzed (Eaton er al 1978 and Pos,t&on & Purdy,

1986). However, it is dlffrcult to relate the products formed in thxs way to the ongmal
structure -of coal. According to Neff (1979), 70 to 75% of the carbon present in
" bituminous coal is aromatic. PASHur"nay comprise from 0.2 to 12% of the total aromatic

-

carbon content.

o ' : .
223 PASH inbii -
Selucky é't al (1977) performed a detalled analysxs on Athabasca bitumen. The _-
‘bitumen analysed was separated into two groups: saturates and unsaturates ’l‘he latter was ‘
separated mSo mono-, dl; and polyunsaturates TFhe polyaromatxcs (which contain thc
PASH series) were found to contam 7.07% by weigh sulphur compounds. The mono- and
dl- aroma_trcs were found to contain 0.26 and 2.94% sulphur bcontent by weight. Mass

[§
N\
£

@ . N



- spectral analysis of the polyaromatic fraction suggcsted‘that about 12% of the total sulphur

content was of the benzothiophene series. o

R ) ,
Hrudcy & Nelson (1986) found the data Base on characterization of the oil sands
" wastcwaters to be lxmntcd Wastewater characterization indicated a vanety of alkylated
aromaucs and«hetcrocyche compounds with substantial quantities ‘of sulphur. compounds.
erkholz et al. (1987) characterized the water soluble components: of an oil sandy
wastewater obtalned from the Suncor plant in Ft. McMurray. A omatrc .compounds
predominated with alkylatcd-’dibenzothiophenes being positiyely identified and confirrned

The resuhs suggest that C-C3 Menzothxophencs are lxkely present in the water soluble
“racti ' ' . T
_ ae on. o . ~__ . 2

Strosher & Peak (1976) found that tailings pond dyke dra:gage from the Great
Canadxan Oil Sands (now Suncor) plant contained 100 to 120 mg/L of total organic carbon. .
- The total orgamc carbon contamed 69% extractable carbon, which was mainly oxygenated
. compounds (92%) These oxygenated compounds were found to con&;n 5.3% sulphur '
~ ~compounds. Withir the upgradmg plant wastewater, Strosher & Peake found an average
of 36 mg/L of total orgamc “carbon. Thxst total organic carbon was found to contain 42%
extractablc carbon. The cxtractable carbon was found to contaln 17%’ organic sulphur'
compounds. Among compounds tentatively ldenufled in the upgradxng“plant wastewater
were benzothiophenes and dibenzod:lioph'enes. L _ -
Ata later stage- Strosher and: Peike (1979) found the upgrpding plant Wastewater
contained 47% extractable carbon for an average of 36 mg/L of organic carbon, The

extractable carbon was found to comam 24% orgamc sulphur compounds Wthh were
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mainly substituted benzothiophenes. Although this number differs from the 1976
findings, Hmdcy{)ﬁ& Nelson (1986) are not surpriséd at the scale of variation because of the

slarge portion of , ganic matter which cannot be accounted for.

SH in fish species. Certain authors have demonstrated that fish

s ond er al., 1984; and Ogata and Fujisawa, 1983) but they have

made no connection between uptake and subsequent tainting.

Ogata et al. (1977) demonstrated that eels reared in crude oil accumulate organic”
sulphur_compounds. Ogata and Miyake (1978, 1980) characterized these sulphur
compounds as being alkylated benzothiophenes. Ogata and Fujisawa (1983) found

M accumulation .of alkylated dibenzothiophenes (Cj to C3) to tissue concentrations of 6 and 9

- ’ )
ppb in oyster and mussel respectively. These correspond to bioconcentration factors from

1845 to 28500* '

. : }
Motohiro (1983) cites Yoshida and Uezuieu (1961) and Kaneda and Yasumoto

1(1974) as reporting sulphur compounds to.be found in tainted fish. Wellington (1_983)

reported PASH ranging from 30 to 1500 ppbin tainted Walleye from the Athabasca River.
) : Ct :

. | Connell 'amd 'Miller (1981) suggest sulphur compounds mé)i be a major contributor

fo the aroma of petroleum. GESAMP {cited in Connell and Millgr, 1981) report

dibcniothiophcnes as beipg one major tair{t‘ing com‘p_'onent, in éddition to several other

L4

classes of compounds.

P
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b konen (1982) mcasurcd a range of parts per nullnon

Paasivirta er al. (1981) #
concentrations of alkyl dx,pcnzothlophencs in fish and muscle, from the Baltic. They found

a good correlanon between total oxl residues and the alkyl dxbcnzothlophcncs

et al: (1982) analyzed catfish in the vicinity of a coking plant outfall for

PAH and PASH. Parts per million concentrations of specific,compounds were found from

cach class. The authors presented the argument that 'PASH would- be of greater
environmental significance than PAH, owing to their higher water solubilities. Structures,
solubilities and octanol/water partition coefficients of the specific compounds are psesgnted

o )

in Table 1. o -

Eastmond er al=(1984) compaxjed‘a series of PASH and their sté:n'cally and
structurally similar PAH for bioconccntratibn climination and toxicity in Daphnia mugna
Benzothiophene was compared to naphthalene, d1benzothxophcnc with phenanthrene and’
bcnzo(b)naptha [2,1- d]thlophcne with chrysene. Their rcsults are summanzed in Table 2.

These suggcst a greater degree of _bxoconccn.tranon for the PASH than for the PAH. There

was no obvious trend for observed elimination differences between PASH and PAH. The

PASH-were generally more toxic than their analogous PAH.

Vassilaros et al. (1982) and Vandermeulen (1981) cited.in Eastmond er al. (1984),
indicated that, PASH associated with oil spills may be depurated more slowly than their
PAH analogues and are more resistant to microbial degradation. "Thgre is no evidence in

the literature of uptgke 'and;climihation of PASH by fish as related to tainﬁng problems.

M
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PASH may reach the aquatic environment by various réutcs including: combustion
or §pillagc of fossil fuels; industrial and domestic wastewater discharges; runoff from land:
an;i atmospheric fallout. Crude oil and distillate products entering the aquatic environment
each year from material and anthropogenic sources was estimated by the National Academy
of Sciences (1973, cited by Neff, 19?9) to be approximasely 6.1 million metric tons per

year. Neff, assuming a mean concentration of 2.8% PAH in crude oil, estimated that 1.7

12°

L

million tons of PAH are entering aquatic systems each year from all sources. Of course, -

PASH would be some fiaction of that cstimaé?

Very little is known about the amounts of PASH entering the aquatic environment’

each year. Although estimates have been done for PAH, they cannot be reliably transferred

to PASH.
t‘\/

Metabolism of PASH: ~

A dctailcc; knowledge of the metabolism of PAH ) aquatié ’spccics is essential to
assessing the conseqqcnccs.of petroleun po[lution. The mixed function oxygenase (MFO)
system is an enzyme system which responds readily to the presence of foreign chemicals
(Malins, 1977; Varanasi, 1L979). There are numerous’studies in the literature dcta'iling the
activation of the MFO's by PAH, but there have been no studies on the metabolism of

PASH.
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Owing to ‘a.lack of such research PAH analogues must be reviewed in order.to-

| _obtam "an mdlcatmn of the p0551ble metaboltc pathways of the correspondmg PASH“' The

13

e limxtatrons of such a companson must be stressed PASH do not necessanly follow the’ -

.same pathways as PAH. For'the purpose of this revrew naphthalene has been chosen as

| the PAH analogue to benzothxophene

MFO enzymes .which are NADPH dependent, catalyzeﬂ5 the mtroductlon of oxygen

'mto the aromatrc nucler (Malms, 1979) Thg enzyme system is vanously known as
"cytochrome P450 dependent MFO, oxygenases aryl hydrocarbOn hydroxylases (AHH) or
drug metabohzmg system The MFO system is located in the hver and sometunes in other

B organs such as the spleen (Nefb}l979 Within the cell 1t is locahzed pnmanly m »

¢

'_ kassocxatlon with the endoplasmlc reUCulum (Andersson and Forlm 1985) and. consrsts of ‘

| \cytochrome reductase a phosphohprd and the heme protem called cytochrome P448 or

-

' several components mcludmg a mcot1r1ram1de ademne dmucleonde phosphate (NADPH)-

P450. Thege components functton aé%rl electron transport system when combmed wi h_

NADPH asa source of reducrﬂg power molecular oxygen and an appropnate substrate

such as PAH (Neff 1979) Neff reports “that such a system catalyzes the mcorporatxon of

.'_one atom of molecular oltygen into water and one atom mto the substrate. The general

reactron mvolved is as follows R - o )

s

" RH + NADPH + O + H* --->NADP* +H0 +ROH

Y
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The oxygenases are beheved to account for the formanon of vrrtually all the primary
. metabolrc products of aromatrc hydrocarbon degradatmn (Von Hofe & Pufer, 1986) 'I’he

presence of this xenobrottc btotransformatton enzyme system in frsh 1s now well

Ny estabhshed (Lech 1973, Lech and Bend 1980 Andersson and’ Forlm 1985 and Otkan

and ﬁ(unnamo Ojalo 1987) Recently, electrophlltc 1ntermedtates (such as the epoxtde’ u
group) in the formatron of ?he hydroxy denvatxves, have been v1ewcd thh mterest
g(Andersson and Forlm 1985; and Oikari and KunnammOJalo 1987) Reacnons mvolvmg
the conjugation of epoxides and phenols wrth water soluble substances gtve rise to
‘mercaptunc acxd dertvatrves glucuromdes sulphates and glybosrdes in liver and kxdney

1(Lech and Bend, 1980 and Andersson & Forlm 1985)

Collier - al. - 378) ana Bend et al. (1979) havestown that m@'t‘abomes of
several aromatlc hyarocarbons excreted into the btle are hydroxylated ; and glucuromdated°
products whereas sulphates a?e present m very low amou.nts or absent. These reports - |

: mdtcate that‘l’oretgn compounds such’as BaP and naphthalene m ﬁsh are metabohzed via
‘sequennal enzyme systems in the liver and that conjugated xenobtoucs are the cndproducts '
of xenobton},\blouansformauon ,. |
&LMﬂamhmf_nanhthalm .

 Studies with naphthalene may be of some help in trying to tdenttfy metabolttes of
PASH, 'as they may follow the same or similar pathways of metabollc degradauon

» However further research is t;equu‘ed specrflcally in the area of developmg new analyncal _' X '._‘ ;

_,?techmques for 1dent1fymg PASH metabolltes Lee et. al (1972) studted the uptake and» > |
‘metaboltsm of 14C naphthalene in three- species of marine fnsh Thcy found that the v =
compound was metaboltzed in the liver and subsequently deposxted in the btle a major

. storage site.of hydrocarbon metabolltes In all tissues lhe major compound after 48h of

cxposure was found to be 1,2- drhydro-l 2- dthydroxynaphthalene
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Malins et al (1979)exposed S. gaz’rdneri ‘to radiolabeled naphthalene. Isolation of
~metabolites from the liver reswlted m the 1denuf1cauon of two non- con_]ugates (1- naptho'l
and 1,2- drhydro-l 2- drhydroxynaphthalene) and three conjugates (1 napthyl glucuromc
v .

, acid, 1-napthyl sulphate and 1-napthy1 glucoside). Major components of ‘the metabolite

fractions were 1,2-dihydro-1,2-dihydroxynaphthalene and glucuronic acid derivitives.

Krahn er. ‘- al . (1986) force fed; rain_bow trout‘gelatin _capsules containing .
'naphth:alene "~Metabolites u/ere dctermined usingifPLC/UVF As such, no atterr‘lpts were
made to identify 1,2- dthydro-l 2- dthydroxynaphthalene Stnce 1t docs not ﬂuorece strongly
The btle was exammea and one non conjugate (1- napthol) and two conjugated metabol;tes

(l napthyl glucuromde and- l-napthyl sulphate) were tdenttfted

AN -

3 ' s ‘* \
Varanasr et al. (1978 1979 l982a and 1982b) and Varanasr and Gmur (1980

1981) carned out numerous expenments on the metaboltsm of naphthalene in aquatrc
s‘pecres ‘Varanasi ef al. (l979) force fed juvenile starry ﬂounder and rock sole naphthalene
dissolved in, salmon oil. They reported hrgh concentrattons of naphthalene and its -
: metabolrc products 24h after the force feeding co?nmenced in starry gounder with -
ma&umum conce%gtratrons bcmg reached at 48h. Stgmftcantly greater amounts of

) naphthalene and its. metabolrtes were found in rock sole

'In the bile of both flSh gluctu'omc acid con_]ugates were the major metabohtes
- Small dmounts of mcrcapturrc aCld derrvatrves were present also NQn conjugated :
‘ metabolrtes, such as 1 and 2- naphthols and 1,2- dthydro 1,2 dihydroxynaphthalene
| consumted lcss than lO% of the total extracted metabolrtcs In the livers of both fish, 1,2-
dlhydro 1, 2 dthydroxynaphthalene was the major metabolltc (38.7% for rock sole and
41 5% for starry ﬂounder) at 24h after feedmg Consrderable proportrons (31.9%) of
conjugates (eg. glucuromdes mercapturtc acrds glucosrdes/sulp‘tates) were also found in &
the lrver of rock sole, whereas’ metabolites in stany flounder were maml_y non-copjugated
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(76.7%). However, with time, there was an increase. of conjugated metabolltés found in

the liver. Varanasi & Gmur (1981) found that glucuromdes were the majar metabohtcs of

naphthalene in liver of English sole. On hydrolxsmg “these glucuromdes the authors

revealed that a large propomon (70%) was the l 2- dlhyd,ro 1 2 dthydroxynaphthalcnd
This was’ the maJor metabolxte found in the lwer of rock sole in the preceedmg study, by

-,.Varanas1etal(1979) R A

~o

‘metabolites tlirouglt the skin of fish. The skin is a- pn’mary site of contact with

environmental pollutants and had been largely overlooked in studies concemmg the fate of -

petroleum in. aquatlc orgamSmg Rambow trout were exposed to naphthalenc thrgugh:

force feeding, vxa m_]ectlon and water immersion studies. The authors. found that
g
@gardless of mode of exposure the skin accumulated sngmf:cant concentrauo of .

naphthalene and its metabolttes ‘l’he results also indicated tha \}* smular to the lwer the skin-

L4
I

 has the ability to preferentlally retain metalfohtes . e o

Varanasi et al. (1978)~studlied the uptake and release of naphthalene and .it§,
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Bcnzothtophcnc and dtbcnzothlophcne were obtamcd from Ftsher Screnttftc '

Company Punty was conﬁrmed to be 98% usmg ‘GC/FID and GCMS. Celite, ﬂonsd

sodtum bncarbonatc (sohd), acetic anhydride (97%)» anhydrous sodium sulfate, '

phosphorlc acid (85%), ammomum hydrox1dc (30%) and pcstrcxdc gradc solvents \

" (chloroform methylene chloride, methanol and hcxanc) were also obtained from Fisher

Scientific? The anhydrous sodlum sulphate and celtte were purified by soxhlet extractlon

3

‘ usmg mcthylene chlonde for 12 hours Followmg extracnon the solvent was evaporated A

_ina vacuum fume hood and the matenals then stored ina qonvectlon oven maintained at
130 oC, until required. \ : . . .. K

3 )

-Ammonium phosphate buffer (pH 6.5) was p‘rcpéred by adding 1.0 mL of

phesphoric acid to'l L = .r7anic free :watcr-and titrating to pH 6.5 by dropwise addition of

6o

ammonium hydroxido (30%). - Potassium pho‘sphate buffer (pH 7.0) vvas"p_rep'ared by

~ titrating 50 mL of _0.1 M potassium dihydrogen orthophosphate (obtained from Fisher
'Scicntific.) with‘O. 1 M sodium hydroxide (Fisher grade) to p‘h 7.0. Ac’etate‘buffer (0.2M)
was '_preparcd titrating 50 mL of 0.2 M ucotic' acid with 02 M sodium ;cetate to pH 5.0.
Acotatc buffer (2.0 M) was orcpared by titfating 50 mL of 2.0 M acetic acid with 2.0 M
*~sodium acetate to pH 5.0.

Q N X {

{

- fa-Napthyl-b-D-glucuromc acxd and glucui‘onidase (containing sulphatase activity) B

were 5btzri‘néd from Sigma chemical eompany.’ The b-glucuronidasg solution (Sigma,
G.8132) was prepared by dissolving 10-12 mg of the enzyme in 500 mL of 0.2 M acetate

‘buffer. 100 mL of this solution gave approxi'matefy 2000 units of enzymatic activity.

bl

7e.
S
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~ Organic free water was: obtamed by passmg drsnlled water through a trace orgamc removal

Y

cartndge (Millipore Corp.).
@

-

' Rainbc;w t were obtamed from the Albcrta Environmental Centre, chrcvrllc. .
Alberta. They av;ed 150-300 g m welght and 200 300mm in length. The fish were hcld

ina 1400 L fibreglass tank, at an average tempeyature of 11 OC, The tarik was aerated’ },vrth,;ﬁ

the aid of three aquarium size air diffuser stone's While in the holding tank, the trout were \.) M
fed a dret of pellet food. A diurnal cycle of 8 h lrght and 16 h dark was’ obscrvcd

througﬁout the expenments »

32 Equipment: o,

{ * ) [N
- A

y |
Gas chromatography was pcrformed usmg a Varian -(model 3500) GC and ..a

» Hewlett-Packard (model 5880) GC. The Varian 3500 instrument was equnpped wnh a

:
flame photometric detectot, a model 1077 Grob type sp}rt/sphtless injector (opcratcd in the

splitles’s mode)‘ and a model 600 data system.: The columh used was a 30 m' X 0. 32 mm
(1. d) fused silica, wall- coatcd DB 5 obtained from J&W Scxennfxc Inc.. Thc carrier gas .
‘was hehum and the temperaturc increased from 40 to 280 °C at 10 °C/mm bcgmmng I
min. after mjectmn. The oven temp was maintained at 280 °C for 10 min. and the .dctcctor‘
. termperature maintained at 300 OC., - |
. 'S
- The H-P model 5880 was equipped with a model 1883B Grob’typ:: snplit([;plnitlcs_s
injector system (o;rergted in the splitléess mode), ﬂaﬂme ionization dctcctér, model 7672A
autesampler and Ievéffodr data pirocessing capability. It contzrincd a30m X0.32 mm id.
'fused silica, wall-coated, DB- 1301 capillary column,t obtamcd from J&W Scientific Inc..
The carrier gas \ was hehum and the tcmperature mcreased from 40 to 280 °C at 10 °C/mm "

V begmmng I min. after injection. . The oven tcmperature was mamtamcd at 280 oC for 20



)
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min. and the injector and detector temperature were maintained at 270 ©C and 300 °C
' . a4
respectively.

5 N

Substances were cgrfirmed usj{ng a‘HP model 597b quadrupole vmass spectrometer
mterfaced with-a HP model 5980 GC. Thls GC was equtpped w1th a model 1883B Grob .
type splisplitless mjector (operated in the splttless mode) and a12.5m X 0.2 mm (1 d.)
fused silica, wall-coated, HP 1: capillary column "“The carner gas was hellum and the

temperature increased from 40 to 300 OC at lO oC/min. beginning 1 min. after injection.,

The dven temperature was mamtaul'ed at 300°C for 8 min. and the: mjector mamtamed at

. 2500C, The data system was a HP model 5997 w1th ‘data acqursmon begmmng 2 min.

&
AN

after i mjecnon Mass spectral scans were obtamed every 1.36 second;
. .

The HPLC (ngh Performance quuid Chromatograph) Waters Chromatography

19

Division system consisted of the following units: two model 6000A pumps, a{Waters ‘

_ automated gradtent controller a model 680" solvent programmer, 3 model 710B

‘autosampler a model 450 vanable wavelength d;tector and a Hewlett-m

L]

3388A mtegrator for recordmg and mtegratmg chromatograms Separations were -

performed using a 15 cm-X 4.6 mm i.d. Supelcosﬂ LC PAH colymn, frit size § um

~(Supelco Inc.). Analysrs was performed in the 1socrat1c mode using a solutxon of

’acetomtnle (70%) and ammomum phosphate buffer pH 6.5 (30%) 'I'he flow rdte was-

mamtamed at3.0 mL/rnm and absorbance waswet at 233 nm.

'

o . . D

-

L . )
The soxlllét.,exn'actton apparatus consrsted of a soxhlet extractor, Fnednch _

-

Inc. Extracuon thtmbles (45 mm X 130 mm frit, porosity 40 u) were obtamed from John

Svientific Inc. The six soxhlet extractors were mounted-l_n an electrothermal extraction

© ' 1
Q

condensor and a 300 mL round bottomed flask obtametd} from Kontes Sc1ent1f1c Glassware



v

assembly Q’lshcr Scnentxfxc) Wthh consisted of electrothennal heaters and 'the necessary

support appa.rz}(us to mbunt, th/e soxhlet apparatus

& .
LI . L Y

e

; The nitrogen evaporator used was a Meyer Organomatlon model III. The water
| bath gmployed with this evaporat’or unit was mamtamed at 50°C.. The electric 'shaker used -
was a Buhett, model 75 wnst actxon shaker. The polytron was obtained from Bnniman
mstrpments, a l{memane_a type PTIQ-BS. ) The centrifuge employed was~a\model CL

obtained from Intemational Equipment Co (LE.C.).

3.3 Fish Exposure Facilities and Procedures: -

. L4
i () . N . a * ’ . ' r
. AN . . - ,

Fish exposure methodo{l%xes were initially assessed m,the Department of Zoology,
University of Alberta The reSponse of rainbow W _trout to various dnfferent parameters was
quantified. * C ’ 'Klt N
_ Fish of similar size in the same aquaria were compatible’ However' whena large
i and a small ‘ﬁsh were placed together aggresswe behavior was observed. ,The smaller fish. ~
was unable to protect 1tself and incurred substantial ’s:}perﬁcxal injuries'as a rcsult (I‘hus @{1‘
'addmon to allowing 1 L of water for every 5- 7 g of fish weight, slrmlar sized fish were: -~ -

- always placed together in the same aquanum, to reduce this stress assoc1ated with the

)

aggressive behavior. e , 4
In these preliminary Stac P pen svels in non-aerated tanks were carefully

' monitored and the response o: rzin7ow trout noted. .Fish became visibly stressed around . .
4.7 mg/L dissolved oxygen and-vc)i» - * - 4.0 mg/L death was imminent. Dissolved

oxygen levels, therefore, were never allowed to drop below 4.0 mg/L at any time during -

A —
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the exposure experiments. Although this level was reacned on two occasions only, the
Water. was re-aerated to bring D.O. levels back up to 7.0 mg/L or better. A water

_ te;nperatu_re of 12 °C was maintained in the explysure tanks and appeared to be an adequate

v

temperature for'‘the trout as well

* m—

/ ~
o

Little was réported in the literatyre regaiding the toxicity Qf PASH “to fish,
Therefore, LC50 s for benzothlophene and dnbenzothxophene were determmed and
esumatcd as 8.0and 5 mg/L respectively. ‘fhe expenmental meothod for deterrmmng the
LC50's consisted of exposmg a number of fish (g fish with 2. per tank) to varyjgg

concenttations of the chen‘l\xcal rangmg from 0.01 mg/L to 10 mg/L. Th¢ LCS0 was

defmed as that concentrapon where >50% resgonded (dxed) ina specified time period (8 h).

From these experiments a concentranon of 1 mg/L was chosen for exposur% and «

exposure/depuratlon studies for both the bcnzothxophene and dxbenzothlophene.- Th,ns

choice was based on the LC50 findfn'g‘g.; 1 mg/L would not likely kill the trout for.the -

’

exposure period contemplated. S >
) | ' [y
Trial e’i(perirnents‘ were also run to determine the extent of Joss of the chemicals
from the exposure tank due to factors suchas volatilization and adsorption to the liner bags.
~ In order'tq obtain‘f{n_e desd;ed concentration in water, it was necessary to add the chemicals
disusolved.in water soluble solve‘nté.: metha'no.l for Bengothiophene and acetone for
' dibenzpfniobhene. - . |

~

—

Logxs’ncal prohlems, such as how to add the chemicdls to the water, were also
worked out at this ume When added dn;ectly w1th no solvent and ne mixing, very low

. concentrations of ch

'cals were found \n the water, However, with the aldof a hand held

rotary mixer and the arneLsolvents mentioned above, the desired concentrations could be
e .;\ . -

obtained during the ini haseso\ftiwe experiments at least.
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~ Overall the initial cxpcnmenq provcd valuable in Lhc development of the cxposurc

R}

e minimum of time.

- J /

- V4 e

A 1400 L circular fibre glass tank was used to maintain fish stocks for equﬁmentél
;)urpooes (Figuro 2?). Water within the tank was maintained throug\h a combination oT
| rccirculation (:vith filtratioﬁ and cooling)‘and fre'sh water inpat. Organic- ang chloriﬁc free
water was prov1ded ;b& runnmg available tap water through two 1.2 m long X 10 cm
diameter granular activated carbon columns This treated water was allowcd to flow into
the holding tank at an gverage rate of 1.5 L/min., - An ovcrﬂow was providcc_l at the

_ .op;ﬁi‘tc end of the tank to allow drainage.

: v
The tank water wis continuall)‘,clcgned and cooled through a recirculation system

(Figure 2). Water was pumped from the bottom of the holding tank through a sediment

trap (fo.r largé particle: removal) followed by a fine mesh cloth filter (25 mm po{ycstcr) fora

more thorough olcanup., The water Was finally' passed through a rcfrigcration unit

~(Coardley Broadview ModchRZ 10) and coolgd to a temperature of 8-9 OC prior to re-entry
‘(along with the fresh watcr) into the holding tank.

~NC

’

Water temperature, d};SOIVCd oxygen and pH \%re monitored connnuously using a
Yel ow Spnngs Instrument(Y S.L), model 310 stsolvcd oxygcn/tempcraturc meter and
an Fisher model 805 MP pH/MYV meter. Fxltcred, freshwater, was checked biweekly for

: “ /
free chlorine using the DPD (N,N-Diethyl-p-phenyl-engdiamine) colourmetric method (

methodology As a result, the actual-cxposure/depuranqn studies were run smoothly and in
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APHA, 1986). In addition, the filtration unit was removed and thoroughly cleaned once a

week.

r'.

A .
Fish were fed a diet of large pcllet foad approximatcly 50 g/day/tank. The top of

thc holdirig tank was covered with a screen to prevent ﬁsh from jumping out. A diurnal

pcnodlclty of 8 h light/16 h dark was maintained through artificial hghung (

]

The exposure set-up consisted of seven glass aquaria (68 L capacity). These
aquaria were placed within a cooling bath unit. The cooling water circulated around thc
bottom 8 cm' of each aquarium (Figure 2) mamtammg the temperature of the aquanum

water between 11-13 °C The coohqg water itself was kept at 6-8 OC by circulation
| through a rcfngeraUOn umt The aquaria were lined with polyethylene plastic liner bags of
6 mil. thickness. This prevented adsorpuon’of the exposure chemicals onto the silicone

joints and glass of the aquarium. Fresﬂ' liners were used for each experiment.
~ o/

Static 8 h exposures were conducted in the aquaria, filled with 50 L of carbon
filtered water. The exposure ;compounds of interest were benzothiophene and

dibenzothiophene. Fish ranged from 200 to 350 g in weight and 150 to 300 mm in length.

Prior to an cxposuré, two fish were placed in each aquarium for a minimﬁm period
of 48 h accltmatization (to the aquarium environment). Aeration was provided with
- diffuser stones and the fish were fed pellets. Feeding was terminated 24 h prior to
‘exposure. Separate aquaria were prepared for the exposures. Fresﬁ water withinA_thc

\ .
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exposure aquaria wa§ aerated with pure oxygen for a pcriod about 100 15 minutgs
(raising D.O. to 216 mg/L). Prior to the commencement of the exposure aeration was
terminated and the required amount of chemical was then mixed into the aquarium water
using a rotary lab.-mixer. The fish (2) were then transferred from their acclimatization
aquaria into designated exposure aquaria to begin the exposure. The aquaria were not
acrated during the experiment unless the D.O. level fell below 3.7 mg/L (point of visible
Strcss). Watc; samples were taken at equal intervals from each aquarium during an

exposure and stored in teflon sealed vials at 4 OC until analysis could be performed.

\

\

-

An exposure concentration of 1.0 mg/L (+/- 6.25 mg/L) was used for each of
benzothiophene and dibf:nzothiophcnc for a period of 8-9 hrs (refer to Figures 11 to 16).
Physical and chemical propcrtigs of both benzothiophene and dibenzothiophene are
.prcscntcd in Table 2a. For the .purpose of exposurc/deburation ‘cx\pcriments fish wefe

gmovcd from the exposure tanks after 8 h and placed in "d€puration” aquana filled with

\
)
!

fresh water, for a period of 65 h. ‘ : -~
At the end of each experiment, the fish were sacrificed by a blow to the base of the

skull. Wet weight and lengths were measured immcdiately. Each fishmwas then fillétted
and all organs individually weighed; muscle, head, viscera, skin ;nd bor>es and liver. Bile
was also extracted (usmg a 10cc syringe ﬁtted wuh a 16 gauge, 15 mmneedle) from the

gall bladder and frozen in micro-centrifuge vials (-80 °C) until required for analysis.

25
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Table 2a. Physical and chemical-properties of benzothiophene and dibenzothiophene.

»

Compound Melting Boilinf Solubility in Molecular
. ~Point (°C)  Point (°C) water @ 20 (°C) Weight
Benzothiophene 32 221 - 113 mg/L 134
Dibenzothiophene 99-100 332 17 mg/L 184
\ o . ' |
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Slr/ ce benzothrophene and dtbenzothlophene had low solublhtles in water 1t wa
- necessary to dissolve them in ethanol and acetone (pest1c1de grade) rés‘pectrvely An equal
volume of either ethanol or acetoné was slmtlarly added to the control tank Water samples "

'were taken from the aquana at regular mtervals throughout the expenment

Analysxs -for dxbenzothxophene and benzoth1ophene in water for trout exposure was
-performed by hrgh pressure reverse phase llquld chromatography (HPLC) Analysrs was
performed isocratically usmg acetomtnle (76%5‘/ammomum phosphate buffer (pH 6.5,
30%). Volume Injectlon volume was’ mamtamed at 15 ;,t.L Quanutanon was performed by
X the external standard method w1th benzothlophene and dxbenzothxopl;ne stock solutions as
the external standard Area counts obtamed for the water samples were compared to the

¥

: extemal standard
3;4:] E_[g‘ QaﬁllQﬂ . . - ) . : '\.\

" Fish ?nuscle was prepared accordmg to the method of Benvrlle and Tindle (1970)
Whole frozen ftllets were drced into preces usmg a kmfe and mallet These were then ,
| placed in a Warmg blender along with 1.5 nmes as much dry ice. The mixture was then
_ pulvenzed toa fine powder, The pulve‘rlzed mixture was then placed in a,glass beaker “
labelled and sealed with alummum It was stored at 80 °C until requrred (8 h minimum

storage, to, allow the dry ice to subllme)

~
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~ For the ks‘o.‘xhlet extraction pra'cedure, 20 g of the thawed powder was vlgOrouely

mixed with 80 g of anhydroussodium sulphate and then packed into a glass thimble (see

also Stalhng etal., 1972) The thrmble contained approxrmately 2 cm of extracted celite at

the bottom The m1xture was extracted w1th 280 mL methylene chlonde for a minimum of
5 h Followmg soxhlet extractton the extract was placed in a refngerator at "4 OC, until

requrred All samples were clearly labelled accordmg toa pre ananged codmg system.

342 Gel Permeation Columns: ’ ."/ - ‘ . " ‘

Clean-up Of the fish extract followed the method .of Hessleberg and Johnson
'(1972) using gel permeatton chromatography (GPC) followed by-a florisil partmomng
* step. Stallmg et al (1972) found GPC to be an effective and reproducrble technique for

removmg hpxds from fish extracts Rambow trout has a high fat content of about 7- lO% of

body weight, therefore GPC WFS consrdered a suitable techmque for  removal of the fat L,

'Mulder and Buytynhuys (1970) revxewed appltcatrons of gel- permeatron to orgamc
compounds and reported separauons of a w1de range of molecules using bno beads and
various’ orgamc solvents; benzothlophene and dlbenzothlophene both fall within tHs
molecular range. ,Both these chemicals, having molecular weights between 130 and 200

are 'readily., separated from lipids, which have molecular weights;b'etween 600 and lSOO.

. The chromatographic column (Figure 33 was prepared by inseru"n“‘g a small amount

of glass wool in the bottom of a750 mm X 19 mm i.d. glass column and packing with bio- |

beads, SX-3, swollen with elution solvent (Methylene Chlon'de:Hexane, 1:1). *he column -

was packed by tapping”with a glass rod. Tightness of packing and:sample texture
determined the solvent flow rate during extraction: (Hesselberg and Johnson, 1572).," The

~ column was topped with 2.5 ¢m-of sea sand for removal of larger lipid particles. A

-

T
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Figure 3. Gel permeation column.
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graphlcal representation of the gel permeauon ch;omatographxc column is presented in

2

Figure 3.
QDSJ.LCQlu__uL ) ‘ "4 . : .
o ' 4 -
o .
o . Florisil columns (Fxgure 4) were prepared by activating 10 g (accurately weighed)

of 60-80 mesh ﬂonsxl (Fisher) for Mt 650 florisil was then deactlvated by the:
addition- of 5% or 10% delomzed water (i.e. 5% water/95% ﬂonsxl) When not in use, the

florisil was stored in scmnllé’ﬂon vials and sealed with teflon tape. Luring an\exn‘actxon a

small amount of glass wool was placed in the bottom of a 400 mm X 19 mm i.d. glass B

column and then wet pacl{sed‘thh_ deactxvated florisil us\n’g hexane as solvent.  All
glussware was rins-ed with, h“‘exane prior to use. “The florisil was packed ‘witﬂ\the aid of a
‘ glgss rod so as to cnsure fhe abSence of air. A 2. 5 cm layer of sodxum sulphate was placed
\ on to e column so as to remove any water: Thc hexane level was dropped to within 2 |
‘mm !odxum sulphate layer The column was then ready for the extract to be cleaned. '

4.4 Tiss. -

The tissue extraCt (280 mL from the soxhlet procedure) was then placed into a 300

mL Kuderna-Danish (K.D.) evap_orative ‘coucentrator, (refer to Figure 5) and concentrated - -
down to 4 mL. The 300 mL apparatus was then rinsed 3 times with 2 mL of ‘of DCM, for
a total of 10 mL of sotvent and extract in the Mills tube. This 10 mL was Athe“n
: qutmtitatively transferred to the head of the GPC coluﬁmn ‘(previousiy flushed with 100 mL

of 50:50 DCM: Hexane) and allowed to-run through the column until the extract was within -
1-2 mm of the sea sand The ‘Mills tube was replaced on the K D. apparatus and the walls

- rinsed with 5X 2 mL of DCM ThlS 10 mL was again run through the GPC column to
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with 1-2 mm of tho sand. A 250 mL addition funnel was then placed on top of the column
: (sco Figure 3) and filled with 230 mL of 50:50 DCM:Hexane for elution. The first 80 mL
collected was discarded as waste and the next 80 mL rétained as sample in a 125 mL found .
bottom flask. | , '

4 1

-

The 80 mL of tluate retained was then concentrated down to about 4 ‘mL using
clean K’D glassware The glass wall of the conccntranng ﬂask was rmsed with 3X2 mL
of DCM, for a total of 10 mL in the Mills Tube. This 10 mL was then quanntanvely
transferred to the florisil column and eluted to within 2 mm of the sodium sulphate (this*
step was repcated agam with a3X2mL rmsmg of the mills tube). The florisil column ‘was
then eluted w1th 40 mL of hexane and drained to within 2 mm of the sodxum sulphate All

of the extract was collected and transferred toa 25 mL K. D apparatus.

- The eluate was conccntrated down to 2 mL and the apparatus rinsed with 3X2 mL’
hexane. This 8 mL was then transferrcd to a 15 mL centrifuge tube, in addmon to 2X2 mL
of hcxanc rinse from the Mills tube. This final extract was concemrated to 1 mL3 wrth the
aid of a Model II Ni itrogen Evaporator.

The tissue éxtract. was analysed dor benzothiophene and dibenzothiophene by
GC/FID and GC/FPD using a HP model 5880 and Varian model 3500 GC respéctively.
35 Liver Sample Preparation:

- All liver samples were analyzed for benzothiophene and dibcnzothiophenc using a

modrflcatlon of the method of Varanasr etal. ( 1982a) Potassiym phosphate buffer (pH
7.0) was used instead of salmc Frozen liver (2-4 g) was thawed and transferrcd to a 50

mL ccnmfuge tube with 4 mL of potassium-phosphate buffer (pH 7.0). The mixture was



VoL ,

.
® ¢

homogenized with a polytron (Bﬁkman indruments) for gpproximately 1 min.. The
" polytron probe was then washed with 5X2 mL methanm into the centnfuge tube.
Chloroform (5 mL) was. then added and the nuxture vortexed for 1 min. This step was
repeated followed by the addition of 5 mL of organic-free water. The mixture was
vortexed for 1 mivn.vand then centrifuged at 2000 rpm for 5 min. (Centrifuge Model C.L.
(I.C.S.l. ;\ftcr,centrifuging, there was ,'thr.ee di‘stincl layers: an upper lwater layer, middle
solids layer and a lower ch‘léroform/methdnol layer. The lower Chloroform/rnethanol layer
was removed and dried through a 10 g sodium sulphate column and collected ina 50 mL
centnfuge tube. The aqueous/sohds layer was then extracted with 10 mL chloroform and
vortexed for 1 min. The lower chloroform layer was removed and dned through the
sodium sulphate column The extract was then concentrated tol mL on the N-evaporator
as the fmal step in preparatlon for analysﬂs by GC. The aqueous poan was saved for

further analy51s

The aqueous-methanol phase of the liver extraction (with protein removed by

centn’fugation) was evaporated to 6 mL with the nitrogen evaporator and made upto 0.2M

in acetate, buffered at pH 50. It was incubated with 2000 units of b-glucuronidase
(contalning sulphatase activity) for 4h at 370C follo\vyiq the procedure of Ya}anasi et al.

(1982a).

Following hydrolysis, the solution was extracted with 10 mL methanol and .

vortexed for 1 min. This was followed by 2X5 mL chloroform with vortexing and 5 mL

organic free water. The lower chloroform-methanol layer was»dried thro'ugll al0g sodium

sulphate column and collected in a clean 50 mL centrifuge tube. A further extraction with.

10 mL chloroform was performed, the lower layer dried through the sodium sulphate

34
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column and the resulting 35 mL of extract concentrated to 1.0 mL with the aid of a N-evap.

It was then analysed on a Varian model 3500 GC, with FPD detector.
6.1 Enzymatic hydralysis of b o , L

e Bile samples were analysed for conjugat;d mctabolités by the follow'ihg rﬁ'ethod:_ 2
an aliquot (;f bile (100 mL) was placed'into a 15 mL centrifuge tube and diss,oxl“v“f‘:d in0.5 |
mL of a 0.2M acetate buffer. This mixture was incubated together with 2060 units of b- _

' glucuronidase (ciissolve“d in 0.1 mL\of the acetate buffer) for 2 h at 37°C, in a sh;ﬂ(ing —

incubator.

After enzyme treatment, the solution was extracted with chloroform-methanol
according to the following procedure:

-2.5 mL of methanol and 1.25 mL of chloroform were added to the solution and

P

vortexed for 1 minute.

-an additional 1.25 mL of chloroform was added to the vessel and vwortexed for 1

-

“min., followed by 1.25 mL of organic free water witﬁﬁoﬁexingr _
lJyl er was

-two layers are formed; the bottom phase being chloroform. This low.
removed and dried by passage through a 1 g sodium sulphate column and collected

in a S mL calibrated centrifuge tube.

‘the remaining aqueous phase (upper layer) was further extracted  with an

E additional 2 mL of chloroform, vortexed and .the lower layer dried through the

sodium sulphate column as before.
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-the combined extracts were'concentrated down“o 1.0 mL: on the Nitrogen-

36

Evéporator and the extract analysed onthe Vm:ian model 3500 GC'. with FPD.

-parent compounds found in extracts were quantified using acenapthene as an

internal standard, ‘ A .
@ o .
3 5 2 E ] . t ] l] . )
- A . . . - /
2

-« Enzymatically hydrolyz%d and extracted .bile samples were acctyla{ed according to
the procedure of Hargesheimer er. al (1981). The bile (lbO mL) was placed in a 25
mL centrifugé tube, along wi;h 4 mL demineralized water and vortex for 1 min. Solid
sodium bicarbonate was slowly added until there was an excess of sodium bicarboqate and
the evolution of carbon dibxide ceased. Th{s solution was then extracted with 3X2mL (;f )
" chloroform and th)e chlorofon_n' llayer’ .’dﬁ'ed through a sodium sulphate cqlumn'.' The
résulting extract was coqcentrated to | mL on the niAtrogcn‘ cvaporitor. The sample was

analysed on the HP model 5880 GC/FID and the Varian-model 3500 GC/FPD.

N

Cattstic hydrolysis of bile was performed in the seafch fqr first ;:ass rﬁetabol_itcs-.‘
Aliquots of bile (100 mL) were placed ina 15 mL centﬁfuge tube along v;/ith 1'mL of 6N
sodium h);droxide. ~This. mixture was ‘vortexed for 1 min. ;md then extracted with
chlérofoﬁn and methanol according to the procedurgGutlinedin pp. . Thc.fina] ciga&t “
was analyzed using GCh‘/FPD; ~‘ ‘

H




3.7 Tainting Potential of Benzothiophene:

f ‘ .

.

All test were performedin an odour-free room located in the Department of Food

Science , in the University of Alberta. This sensory testing laboratory was equipped with

individual booths and red lights to dngUISC possible color dxfferences between samples as ’

outlined in ASTM (1986). A constant temperature of 219C and a relanve humidity of
. approxnmately 50% was maintained. The panel booth design followed the guldelmes as set
outin ASTM (1986) as d1d the plan of the sensory testing laboratory Panelists were given
tap-water’ and dxlute lemon solution as nnsmg material and unsalted soda crack’ers (as
“outlined by Iredale and York, 1976) were provided to allow the Judges to clear the prcvxous
sample from their palates before contmumg Glassware was cleaned with hot soapy water

and rinsed several times thh fresh water. Samples were kept warm in a glass 2L beaker
4 ~

filled with water placed on top of a hot plate. Napkins and miniature garbage bags wege

supplled to each panehst. Equipment used in testing was stored in the odour-free room and

used only for these testy as outlmed by Alexander er at, 1982. All samples were prepared

\ .
in a sample preparation‘area connected to the sensory lab by a cupboard deor pass-through.
/ ) L~ ¢ ' LY
i ! : E‘bm. s- . .
.‘4/‘\ o R .

An ethics comn‘httee was set up in the UmyKénsxt} of Alberta to review the research

&

pl’OjCC[S of three graduale students (including thxs pfO_]CC[) usmg humans as sensory

gumea pigs". Prior to any-. sensory analysis, statements on the conduct of the tests were
- ‘,’J LS

. " examined and approved by this committee. ‘The ‘statements assured that:
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- the individual panclisf§ were thoroughly instruc‘tcd on techniques they
were to employ. |
- the panelists were supervised to preclude consumption of the fish. Any
deviatibns from this policy by panelis”ts were to be documented in
writing, . | ' ‘ '
- there were. procedures to abort the test if a panelisf complained of any
discomfort, Y

“re werc procedures jo ensure prompt medxcal action should the

latter occur.

i -

\

r~

3.7.3 Panelists:

— :
Judges chosen for the study were picked from an original group of 27 people on

their ability to be consistent organoleptically and to identify an "off-flavor” in fish.. The
pam;lists ranged in ages from 20 to 39 and the majority were graduate and undergraduate \ :

_students at the University of Alberta. Each selected judge signed a waiver and release form

,,prior to the sensory analysis of experimental fish. A copy of this release and waiver is
supplicd in Appendix 1. In adHition, all panelists comblctcd a personal medical information

document, to ensure the researchers that no mcdxcal complications would interfere with the

’ sensory ax'alysm A copy of this form is supplied in Flgure 6. Each panelist was ‘

thoroughly mstructed on the techniques employed and was supcrv:scd during the actual

,procedure.

-3.7.4 SQ[ani[!g‘a[ld training tests . LE

All panelists were carefully screerfed and trained prior to the actual sensory

evaluations as outlined by Jellinek, 1985. The work involved in'screening and training the

”

%
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PERSONAL HISTORY

Name: .

Address S A~ S .

Telephone:

Age: ' Sex:
[} . [ . ’\

Do you have any history of cardiac or respiratory ailments? (Yes or No)

If yes, please provide details below: ’ . ,

Do you have any allergies? (Yes or No)
4 4 ' ,
If yes, pleés\e provide details below

L

. i‘ ;l o ) . - ’ I

> : [ Y

Were you ever a habitual smoker of clgarettes? (Yes'or No)

If yes, when,-approximately, did you quit?

Figure 6. Personal medical history form.

LI : —~—
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;
panelists was shared by two other graduatc studcnts The screening process consnstqd of

two phases: the first phasq measured both the ability of each panelist to dxstmgulsh the four w

ey

basic tastes of swc?,sour, bitter and salty (JeHinek, 1985 and Piggott, 1984) (Table 3)*’M

'\-w

- and to distinguish and describe familiar odours (Tablc 4) as outlined by Amcnnc, et ae“!

(1963). The second phase consisted of a series of tests in which two actual ﬁsh sarﬁglcs !

[

vA!

W

?—3{ ’4
jBf

oMy
,‘..\n,,

were compared and the panelist was asked to determine which samplc was more "ta"(mgfj" Y
b ,‘ ¥ s
This was a forced-choice procediire, dnsa.llowmg a "no- dnft'erencc" response. Thb winted

sample was fortified :mth naphthalene In the s::cond phase of panel scssxons, cach judge
tasted seven pairs of samples (Flgure 7), each pair cvaluated consisted of one sample of the
"untainted"” fish and one of the "tainted" fish. The samples were all coded according to the
randomized design . Questionaires for the screening tesgg,are supplied in Appcndix/~2. A
The 11 selected panelists (out of an original group of 27) were chdsen because §f thcir ’-
ability to con§istcntly di;criminatc the‘different tastes and odours, as well as their high,
scoring of correct responses. The selected panelists were then required to go th%\"‘"“ &
training sessions to familiarize them with the particular tcstmg*)ccdurc and the mcdxu(\ )

| being investigated. '

j a
w Thc procedure used was a modmcanon of the quantitative dcscnpnvc analysis of
Stone e: al. (1974) and Lockhart etal. (1986) Each panelist was presented with elght pairs
of coded sample\s. Panelxsts were asked to record their response to cach sample by placing
a check mark inside a "ratin'é box" which {anspondé‘d te the ihtcnbity of the off-flavor in
the sample. (refer to sample quesdonai;m Figure 8). These responses were later convcrtcd
to numerical scores using a tcmplate Each samplezwas cvaluatcd 3 times by each panelist.

»
Mean scqres of fomfxed and exposed fish are ngcn in Table 14 in section 4.6.2.

N | S / 



Table’3l Listof suggeé;c_d éorripoun‘ds for taste standards.

Sweet _

&

gluccse -

‘Sucrose .

Almonds- - '
Lactose

Q.

- Sour

acetic acid
- Citric acid #
< Malic acid

Salt

- NaCl
- NH4Ct
- MgCly - -

Birter

Caffeine

" Nicotine

Quinine -

’_-41
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Table 4. List of suggcstedstanAdérds' for odors. The list }llas been cofnpile“d frém Jellinek,

—~

1985. and Piggott; 1984.

Odor S - Standard
" Bitter L ~ Quinine
Earthy .- . Geosmin
Chlorinous S ~- -Na-Hyppchlori;e, Bleach -
M Onion < ) -. Isopropylmercaptan
Medicinal | " lodine
Model paint S Methyl-isobutylketone
Cloves/spicy - - - | ~ Cloves
seapy . ‘Soap . .- |
~ Grassy/rotten nuts , Hexanal P .
Moth balls ‘ - N _ Naphthalene o '
Sweet : .~ Vanilla
Sweet -. ' Almonds ‘ | -
Sweet , | L Nonal &
©Model gh?e\ - ‘ Toluene
Fishy _ Tuna

Oily o o " Oil sands effluent
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SCREENING TEST FOR FISH TAINTING

NAMEL - pATE_

Seven pairs of coded samples are provided. Each of these foil packets
--contains a sample of fish. Some samples have been artificially "tainted”

. With varying concentrations of a common household substance (math balls).
* Other samples are untainted. : . ‘

‘To evaluate the.samples, tear off the end of the foil packet and open It as

‘much as possible. Sniff each pair of samples separately and in the 'Qrder

Indicated. Cdrcle-the sample within.each pair which Is most tainted: After

you have completed your evaluation, close each packet by folding over the
~open end. , _ ' : .

’

. Rinse your mouth with the lemon water provided and take a b
after smeliing each sample pair. Wait approximately 15'

" sample palrs. - S o
| ~g;alr - | ‘Sa'mples'"f |
* . 320 332
o2 LAl _a78
' .3 _I54 __lg_/_b__
4 »‘/S{/‘ : ,L‘.LZ___
6 2R3 | 3:5’

"
&

Figure 7, (Quest.onaire for phase 2 of screening process.
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FISH FLESH SENSORY EVALUATION RUN #2
NAME ' - . DATE
Emaw'omnm\nmu mmv-’wwauun_lmm-‘mm
e wcoas w4 arahesgrare. oo it o Sarnpi ot o Pa o 0
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ncicated 1§ 8 1asle GOl e dusected by S0NS. YOU 878 MEGUETIS] 10 180 the SATDAS by pLICING |
" your MORR KXY arnately 20 se0orcs. Plaass expeciorste | sher M time Vumuu-uudm
10 swelow he wlhin sach wiuch g mosl Larded  Evaluae e degres of Leey
of the 3ATOle by witen e AOOOprSe (lun?hb-l rae O wtn
T BTN water 30 ke & Die Of Crackar SReY pveluanng each paF of 1ampies  Wal DR ATy
19 $0CONGS Detween
Pair No. ‘ Samples : ) Degree of Taint
: g , | —
N erampie e : . “2;‘.'!'{“_ dotectante ”:'.‘:'E
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Frozen flesh was thawed in cold running water (while still in vacuum sealed bags) -

’ a‘nd' ground in a Waring blénder. The minced flesh was lortiﬁed with the required amount

of chemical dissolved in ethanol (95%-ethanol, 5% water; Fisher grade). The desired

-

amount was calculated on a mg’kg basis and stock solutions were prepared. For example,

from a\‘-lOOO ppm stock solution of benz'o-thiophene‘ in ethanol, 5X200 pL aliquots were

added to 1000 g of fish flésh to obtain a 1 ppm sam"ple Each 200 pL was added
separately. and then blended in the stamless steel Waring blender to obtam as homogeneous_

R
a sample as possrble An equal amount of ethanol was added to the control samples as was :

used above for dlssolvmg the benzothiophene.

.

ln the case of exposed flesh, fish were expo'sed to varying c'oncentrations in aquaria _.
(Sectton 3. 3 4). The concentrations used were 0.01, 0. 03, 0.08, 0.5 and 1 ppm. The fish

were exposed under static c@druons in a aon- aerated tank for 8 h. They were then killed -

by a blow to the base of the skull, evrscerated washed in dlStlllCd water and the fillets

45

vacuum sealed and frozen at “20 ©C until requrred Water samples were not taken during '

.these expenments as we were only mterested in flesh concentration. - Analysis of the ﬂesh

by GC/FPD indicated that these samples needed to be diluted with control fish flesh to give

an actual concentratlon of 0. 03 0. 08 0.5 and l 0 ppm. Exposed flesh was diluted wrth

control flesh by mixing both together in the Waring blender, until the requlred

concentratron was obtained (as determined by GC/FID analyses of the samples) This

| procedure was necessary for all but the O 01 ppm concentration, as samples of exposed A

fish-were avarlable whrch contamed a level of 0.01. ppm. Fmally, an equal amount of

ethanol was added to the exposed fish as to the fortified frsh in order to nullify any

T
\.



discrepancies caused by the ethanol: All prepared ﬂesh was re-analyzed by G.C/F.ID.

pnor tO SCI{SOl'y evaluation to cnsure the correct concentration.

- k‘ ‘. ) ati

Individual sarhples for sensory analysis were prepared according to the procedure

16

of Iredale and York (1976) and Lockhart, er al. (1986). 'For each sample, a iS g portion |

was wrapped in aluminum foil and the aluminum coded with a wax pencil for identification
-during sensory analysis. Each pair of samples was individually vacuum sealed, labelled
“and frozen. Eight pa‘irswere placed in one larger bag and frozen until required.

v

| For presentation, the wrapped, coded samples 8 pairs) were heated in water at 60
OC for 10 minutes and served in'a beaker of water ona wa.rrmng plate. The panelists were
instructed to open each sachet containing one paLr and to compare the two samples A copy

of the quesuonaxre is provxded in Figure 8.



4. Results
. Q
4.1 Quality Controi:

Poruons of USsue (muscle and liver) were obtained from control fish and analyzed
before and after fortification with benzothrophene and dxbenzothlophene Recovery of -
benzothrophene 4nd dlbenzothlophene from fOI'tlflCd tlsf*xe (hver and muscle) is

.summanzed in Tables .5 and 6. From these results it is apparent tHat acceptable levels of
both benzothlophene and dlbenzothlo‘hene were obtained from fortified fish tissue. The
. chromatograms of the liver samples indicated a large co-eluuon of biogenic matenal
(Figure 9); however the level of thrg\mterference was not so hlgh as to warrant further

sample cleanup t

The efficiency of the enzymatic hydrolysis was tested by hydrolyzirig
replicate aqueous solution of a-Napthyl-B-D-glucuronic acid (200 Bg/mL) and extracting |
and analyzing the re_éulting i_olution for 1~nap.thol by GC/FID. The hydrolysls was found
to be greeter than' 95% effective. The efficiency of the GPC columns was tested by eluling |
the columns w1th 1 mL of standard solutions of benzotmophene and dlbenzothlophene (100
pg/mL) and analyzing the eluates for percent recovery. Figure 10 depxcts the
chromatograms ol_)tamed from the standard as compared to the quality control. Recovery -

efficiency was found to be 98%.

Analysrs of tissue (muscle and liver) as well as bxle was performed on both

whereas the latter was used to quannfy amaounts because the lme&c res‘ponse of the -
GC/FTD being independent of the shape of the peak , is. more favorable to use in

quannfymg amounts. - The FPD when used i in the sulphur mode is 1nherently non- lmear

. "Ii,’
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Table 5: Recovery of benzothiophene from fortified fish tiss}u'c for the purpose of
quality control. '

Tissue Replicate Analysis. Fortification Level Mean Recovery

(Hg/g) . benzo (%) ' ! 5

. Muscle : / 3 1.0 @ 97 .

Liver 2 . 45 , 90
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Table 6: Recovery of dibenzothiophene from fortified fish tissue for the purpoSc of

quality control.
Tissue. Replicate Analysis Fortification Level - Mean Recovery
' (Leglg) .. benzo (%)
Muscle 3 1.0 | 97

Liver - ‘ 2 40 93
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(Attar et al., 1977, Bowmg\nn and Benoza, 1968) as a result both the maximum height and
the area will be a func_tiori‘of the shape of the peak resulting in large errors,

. * .'l'

4.2 Benzothiophene and Dibenmthiopheﬁein Water: :
The average cbnccn(ég&bns Qt' ﬁnmthioéhcnc and dibenzothiophene in, wat;r. as
determined by HPLC, were 0.7 and f?%mg/L respectively. Water samples were taken at
regular intervals during the exposures. There was a siéniﬁcant drop in concentration from‘»
the staﬁ to the finish of the experiment in both cases (by as much as 50% in thc,casc of
somne tanks, see FiéurZs 11 to 16). This drop in concentration is results from the vdlatility
and low solubility of both compounds. Water solubilities for bcnzot‘hiophcnc. and
dibenzo‘thioph'ene are 113 and, 1.7 mg/L respectively. Additional losses of the chcrﬁical
may have :xcurred through adsorption of the chemicals onto the polye.thylenc liners of the

aquaria. The most dramatic decréase occurs in the first three hours; thereafter the

4

; Lﬂ Table 7 illustrates the tissue distribution of fish exposed to benzothiophene. Table
8 1Mustrates the tissue distribution of exposed fish followed by 65 h depurtion. Fish

exposed to benzothiophene in water readily accumulated the chemical, but they can

depurate this substance to a large extent after 65 h in fresh water. Mean bioconcentration

factors were determined to be 37, 45 and 29 for the muscle, liver and bile respectively.
These were calculated by cfividing the mmean tissue concentration by the mean exposure

concentration.

b2

L}
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Table 7. Distribution of bcnzothiiiphene in exposed fish (no dcpuraiibn). '

 Replicate # - | T - 2 ' 3
Exposure time m .8 ' 8 .8
Mean Exposure | T ' | | o
concentration (mg/L) 0.67 | 081 0.55 "
Conc. Range-(ing/L) 099050 1123064 T 0.78-0.54
Lengthof fish (mm) 272 | 2 M
Weight of fish (g) 254 - 163 | 261
Muscle weight (@) - 139 ' -89 133
Musc{econc. (He/g) 7 187 306 - . 26.3
Liver weight (g) ’ . 29 . 2.4' 40 -
" Liver conc. (Hg/g)" 243 o362 310

Bile conc. (ug/g)"‘ . 5.4+ 103 3.9

* The quantxnes of benzothxophene found in the liver were from direct cMofo;'.o'rm methanol
extraction. Treatment of the liver sample thh B- glucuromdase mdlcated an absence of the
parent compound. : |
** The represents the concentration found in the bile after enzymauc hydrolysxs followed
by chloroform methanol extraction:. - ‘

"+ This particular extract evaporated ts dryncss in the v1al before analysxs thus the residue
. was diluted with 50 mL of chlorofgun prior to ana1y51s This value, therefore represents a
conservative esumate of the actuq,’l cono?gdntranon ' | ¢

a
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Table 8. Distribution of Beniothiophene in fish with 65h depuration.

Replicate # : L1 g ;’% “»0 3
" Exposuretime (h) - 8 “ ' 8 ‘2! Ly
concentration (mg/L) 0.67 081 ¥ L, OS5
Conc. Range (mg/L) - . 0.99:0.50 ‘ 1.23-0.64 0.78-0:54
Length of fish (mm) 256, w2 290
Weight of fish (g) 217 | BU 300
" Muscle weight (g) 103 S 89 ) 121
Muscle conc. (Mlg/g) 225 _ 1.6 409
Liver weight (g) 3.0 _ 2.6 : 45
Liverconc. (Lg/g)" 2.5 1.7 | 13
Bile conc. .(ug/g)** ‘ 0 : ' 0 .0

I~

* This value represents that concentration found in the bile after enzymatlc hydrolysxs
followed by chloroform methanol extracﬂon

)

** This value represents that concentration found in the lwer after direct extraction (no

enzyme treatment)

b
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Evidently the hver bioconcentrates benzothiophene to the greatest extent. One liver

chromatogram obtained from a fxsh exposed.to the hydrocarbon, is presented in Figure 17
‘The concentration in the liver dropped from 31.1 pg/g to 1.8 ug/g following depuration
and that of the muscle dropped from an average of 25.2 [g/g to 2.8 pg/g, There was no

evidence of the'parent compound in the bile after depuration, whereas levels immediately \

| after exposure averaged 6.5 ug/g Chromatograms of blle and flesh from fish exposed to

61

benzothrophene (m addition to controls) are presented in Frgures 18 and 19. The parent N

_compound is eluted from the column at 10.11 mins. Parent compound opsewed in livers
and bile of these fish, were positively ide‘ntified*usingh GC/FID in conjunction with
GC/MS. The total ion chromatogram of one fish sample is given in Figu're 20. The
spectrum appearing at 8.18 min. was identi_fied as the parent c'ornpOund,"because the
observed speetrum'and retention time matched that observed for reference material. The
netentlon time on the GC/MS differs from that of the GC/FID because the columns in both

are dxssnmlar, temperature programnung is also drfferent in both these GCs

»

. -

D_espite depuratian, detectable levels ‘Tof the'chernica_l were present in the muscle and

* liver. Mean concentrations in both were determined to he 559 and 1.8 ug/g respectivety. ’

©

. Frorp these resuutt‘._s,::it\womd appear that benzothiophene is eliminated to a large extent (89-

100%) ? from muscle, liver and bile.

. N ! \ )
432 Metabolism studies ;: benzothiaphene:
Liver and bile from fish exposed‘to benzothiophene were anaI);zed for evidence of

. metaboltsm Both tissues were enzymancally hydrolyzed usmg glucuromdase solunon

drol ysis; a ‘chloroform methanol cxtracnon

contammg sulphatase activity.. Foll /dr

_ 'fﬁ was performed (refer to methods

. 'parent com@und only w: :
S N
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 caustic hydrolysis was also performed on bile samples in search of metabolites, but none
were found. Onc possnblc pathway for the mobilization of bcnzothxophcm is rcprcscntcd

in anure 21 Howcvcr, no gluCuromdc conjugates could be detected by analysis.

¥
i
_ Q
4.4.1 Accumulation and elimination studies.

Table 9 illustrates the tissue distribution observed for fish exposed to
dibenzo’thiophene. Table 10 illustrates the tissue distribution of exposed fish followed by

65 h depuration.  Table 11 shows that rainbow tro n rea‘dily accumulate

dibenzothiophene in muscle and liver. Me%m bioconcentration factors were 43 and 32 for
muscie and liver respectively. Mean concentrations. in thc.musc‘lc and liver were 23 and
18.5 mg/g respectively. Chromatograms' of liver and flesh from fish exposed to
'dibenzbthiophene are prescnteci in Figures 22 and 23. They are compared to control
samples. As can be seen from thésc?gures,. the parent compound is eluted from the
" column at 17.798 mms The parent hydrocarbon was positivély idcndf{cd u‘sing G.C./MS
in conjuﬁction with GC/FID. Sténdards of benzothiobhene were used to positively identify
the chemical in CC/FID, whereas a comparison with library references was used on the
mass spectrometer. An example of one total ion chromatogram is presented in Figure 24.
The spectrum appearing at 15.403 min. was co;rqlated with the parent compound, as it
milliched librarysteference material.

Both an ehzymatic hydrolysis and. a ..caustic_ hydrolysis were pcrforfncd orj the bilc
in search of parent conpbund. There was n;J evidenice.of the parent cohmund in the bile. |
’I’hxs“’i/ould lcéd one to suspect that the chemical had pdssibly been mqtébolizcd in the liver

prior to deposition in the bile.
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' In this scheme benzothiophene is converted to the epoxide via the cytochrome .= =
P450 enzyme system and converted to the monohydric alcohol followed by . “ " !
an additional reaction of the molecule: glucuronic acid is incorporated into the PR PP
molecule. This compound is then enzymatically hydrolysed in the laboratory - -\
with glucuronidase in order to identify the alcohol by GC-FID. However,no . - =
standard was available in the laboratory for comparison and this compound®
was not identiffed. ",
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" ‘ ® Table 9.'Distribution of dibcnzothigphcnc in exposed fish (no depuration). , .
Replicaw # B 1 2 3
Exposure time (h) ‘ 8 ’ " 8 y ~ 8
Mean Exposure . . .
concentration (mg/L) . 0.53 0.56 - 049 -
Conc. Rarge (mg/L) * 0.86.0.43 086.0.27 . 081049
Length of fish (mm) 36 ’ 195 27
Weight of fish (g) C162 4 102 ’ C43
~  Muscle weight (g) 81 ’ 45 73
Muscleconc. (ug/g) 266 “ 24.0 18.2 )
Liver weight (g)* 3.1 2.5- 1.6
. Liver conc. (Hg/g)* 13.8 189 L 230
Bile conc. (Mg/g)** 0 , L0 ‘ 0
* This conceatration represent that found in the liver after direct extraction (ng enzyme ’}_\

trea_tment).)
< ** This concentration represents that found in the bile after enzymatic hydrolysis followed )
by chloroform methanol extraction. | ‘ - /

(]
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Table 10. Dis&lbution of dlbenzotlirio_ph’ene in e‘xpose‘dfish with 65h depuration. ,
Rephcate# ' . 1 S N 2 L 3 °
‘Exposure time (h) v 8 ' ' 8 .8
'~ Mean Exposure e L o . L
'coneentrauon (mg/_L) . é‘ 0.53 4 (!.56 ‘ ‘ 0.49
Conic. Range (mg/L) .~ 086:042 -~ 086:0,27  0.81-0.49
Lenghofflsh (mm) 27, 24 .21
Wejghtof fish(g) . 232 T 2s6
A Muscle we'ght (®) 72 . - g 144 “ ( 7
Musdeconc, (ugle) . 0.5 RTE I 88
4 leeryverght—(g) S 50 | o 54 o 1.3
jLivef'\gonc:(ng/g)*._ o188 7 23 PR & A N
Bueconc (ugA/g)tt g o o P 0 | " -

* 'I'hrs concentratlon represent that found in the lrver after dll’E!Ct extractrona (no enzyme
o treatment). Enzymauoehydrolysrs was pertormed on the liver sample, but mdrcated an
absence of parent compound ‘ ’

Ao ’I’hrs concentrauon represents that found in the blle after enzymath hydrolysrs followed

by. chloroform methanol extractron o
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Table 11. Bi_oconcentﬁtiqn féc;oréf fomnzothiophené,‘and dibcnz'othi_ophgne in muscle,
: liver and bile of exposed fish. These were calculated by dividing the mean;
water conéentratiqn by the mean tissue and bile concentrations. "

Compound o ~ “Bio-Concentration Factors , L .
Muscle "~ Liver * Bile . ,&
: . T T i
L 1 28 . 36 . -8
Benzothiophene 2 38 45 o 13
3 48 56 . . 17
o 1oso T e -
Dibenzothiophene 2. 43~ 344 »ov-
. . - ", '03 e V‘* . o ﬂ‘-l B ) . T . »
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Although rainbow trout 'caﬁeadily accumulate dibenzothiophenc in-muscle and
liver thh an average of 23 and 18 5 He/g respcctlvely, they are slow todepuratc the same

compound. After 65'h of dcpuratxon the fish contamed an average of 104 and 14 3ugg
. Q 4

A

it

In muscle and llver USSUC resﬁpectlvely These levels of chemtcal are quxte high, -

considering the fish were in freNater for 65 h. Such high levels of the compound

tion, mdxcate the fish had some dtfﬁculty mobrltzmg dtbenzothxophene

followm’ depgr

. L -,’_\»

ppears to-be more persrstent than benzo&ophene in the tissues of
. ‘“U ‘

EE
V.

P .
L3

vaer and btle samples from flsh exposed to dlbenzothtophene were exammed for

.

the prcsence of metabolxtes Neither pnmary nor secondary metabolxtes were found.

. However,’in the case of one depurated liver, there .were a number of unidentified peaks

"!\‘.’

: which appeared on the GC/FPD and GC/FID Chromatograms, approximately 4 minutes |
after the parent compound peak (Flgure 25) This parn'ar extract was then run -on
GC/MS in order to try and identify these peaks However the relevant spectra did not

.' match any reference library compounds. The extract was then run (wrth the help of the

staff chenust) Ol[l a high resolution mass spectrothlctcr (VG Model 7070) and the spectra

were determined to be fattyacrds_ and glycerols. _There was no evidence of métabolites.
C : ) ‘ \ v - '

On analy51s of bile samples neither parent compound wer metabolttes were found

Whtle the fxsh were in’ fresh water for depuratton studies, they were fed (and observed to

:veat) pellet food. We can assume therefore that dtgestton occurred, resultmg in productlon'

~ and flow of brlee As such it is. surpnsmg that no dctectable lcvel&@dxbehiothrophene

Q
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were found in the bile, given that the related compound, benzothiophene, was found in

“ample qﬁantit.ies in the bile of similarly exposed fish. - &

) Drbenzothrophene may be metabohzed but no evrdence of this was founii
comparison to benzothrophene drbenzothrophene 1s accumulated'to a similar extent in both'
liver.and muscle trssue, but is ehmrnated more slowly Following depuratlon in both
cases, the muscle contamed an average of 2 9 Hg/g in the case of benzothiophene and 10 2
ug/g in the case of drbenzothrophene It-appears that fish can ehmmate benzothrophene
‘more raprdly than they can drbenzothxophene This may result from dxbenzothropheng .

havlng a hargﬁ'er octarrpl wate;;iartrtrzn ’cc;ifﬁaclent (mor;e? Il?j:hlllc) th@ benzordfvgy pl:g:cé SR

o Hév\’%ver this is unhkqu an explanatlorr for the "all or nothing" results obtamed The

reason is more likely to be an analytrcal problem in ﬁndmg the metabolites. Y

4.5 Bioconcentration of benzothiophene and dibenzothiophene. ’

,’ e

g b ;
> 4 : ]
Broconcentratron factors (BCF) for benzothrophene and dlbenzothlophen; in frﬁp !

‘t 'e muscle and liver of rarnbow trout. However there was 0o evidence of drbenzothrophehc
eing bioconcéntrated in the bile, v?hereas benzothiophene exhrbrted a mean BCF of 9
_ {One possrble explanatron for this is that the ﬁsh may have had more difficulty in mobrlmng”’ »
: dibenzothiophene i ih the liver and subsequemly deposmng it inthe bile, than they drd with
benzothiophene. Altemauvely, analyncal techniques for R?\'ecovery of PASH from fish
tissues may be lackmg and requrre furrher development.
The results reported in Table 12 were used to determine adchtional BCFs of g

_,) h‘enz_othiophene. BCFs in this flesh ranged from 10 to 500- With such a scatter of

4



- Table 12 Tissue concentrations for fish exposed to benzothiophene. - .

Exposure Concentration (mgiL)* * Flesh Concentration (mg/Kg) e

0.01 ?‘ 0.01 | f |

0.08 " o 47
0.5 | 62 . \
1.0 : 84 e '

P

~* This value is based on the amount of chcmlcal added to Lh&/atcr
** The 15.samples from each concentranon were pooled together by means of a Warmg a
blender. Analyses were performed on these pooled samplés using GC/FID.

s P
n”'”



’ ‘ . : 8 .
Table 12a. Exposed flesh as prepared for sensory evaluation panel.

‘ Flesh Coneeniration (iﬁblkg) *

0.01
' 0043
0.093
0.54
1,04

©

-

* The exposed flesh was mixed with control flesh in order to'%btain the desired

concentration. : _ L ) _ . o i

-~
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9
._Table 12b. TISSUC concentration for ﬁsh fortified with benzothiophene, This flesh was

fortified for the purpose of $ensory evaluation only S .
Target Fortification Level (mgiKg) : Flesh Concentration (mg/Kg) *
0.01 _ 0.021
003 - ‘ 0.034
0.08 ‘ 0.086
05 ' - 061 -

1.0 ] . 108 X
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chemical in fish.w

4.6 Sensory Evaluation: o “‘ . ‘ .
4,6.1 Taste threshold: ” . ‘,«.'-ipt&s a

Individual taste and odour thresholds were determined by panelists who made a
judgement as to the least detectable concentration of benzothiophqric that they could

' recognize correctly (Jelliﬁek, 1985). Correct responses are taken to be those, above which

panelists do not mistakenly identify the contrdl;zi"s having a taint. There were three

controls interspersed among the eight pairs. .

N

N L@
. S |
B

) " The sensory threshold determination was carried out with figorous environmental

and procedural controls as outlined in ASTM (1979). The median taste/odo%ghresho;d N

.80

PR . I

was determined as the lowest concentration where >50% of the population detected a
g -

correot respo}se'and was found to be 0.01 ppm. The gcomeﬁjic mean odour thresholds

w!rfgalculatedwfor each panelist. Table 13 gives the individual, individual mean and group
S TR S

mean threshold values. There was no distiriction made between taste and odour u(yésholds,

as it has been demonstrated that these two senses are inter-related. The combination of the
two senses was used for the sensory evaluations. B ’ .

&«

N -
. -

For each replicate evaluation,
-of exposed or fortified;yersus co wols JE e, tareuliBairsswhare.

‘ _in;:llided. These charts demons;rf

~‘?:'W‘ BFT)

| cbnuiolé at all values, with the pd¥cent

bar ,charts we;e;éonStruaied-dePig'ﬁng 4he -% rcs[;ohfscj
IS L s . A . . .

+ s
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Tablc 13: IndiviQual, mdmdual mean anq group,qlean th,rcshqlds (all,calculatcd means are

geomctnc) ; : .5;‘ :
Panelist * sis <" MeanTndividial Threshold
4 ‘ ‘ (Geometric Mean) -
3 " (pem)
Indtw ; :Jl}is (ppmA |
1 . 0.0 o .. 0.067 i
2 \ 0.01 0.01 C 0.01
3 IS \ 001 0.08 0.01 YY)
4 0.01 001 - 001 " 001
5 0.01 0.01 , 0.01 B 0.01
6 0.01 008 0.8 ' 0.04
"7 0.5 0.03 0.5 . 020
"8 0.01 0.01 0.01 o 0.01,
9 001 001 0.01 o0 .
10 003 0.5 } 0.01 005 ,
11 0.03 j. oot . o008 % 003 g -
Geometric ' Q- , : ‘
Group mean 0.02 0.03 003 004 T a
. . . 0'02"* .

* Total Group-Mean Threshold

e Recalculated group mean
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thrcshold was thus dctcmuncd to be 0.01 mg/kg These charts are d;prctcd in Flgures 26

to 28, ,

-

v The individual mean thresholds ranged from 0.01 mg/kg to 0.20 mg’/kx
(geometric means, refer to Table 13). Note the large differences bctwccn these vafues for
mdrvrdual panelists. There are three Judges in parncular who devrate consrderably from
the rest of the group. On checking the raw data it was noticed tha_t these particular panelists
repégtedly identified the controls as having an "off-flavour" and were inconsigtent from
session to session. Thresholds obtained fr.om these panclist§ ineach of the three replicates
were plotted (Figures 29 and 30) and compared with thqir gcome'tric means. Each of the
three exhrbn;d at least one rcphcanon greater than four times or lcss than one quartcr times
(z4X or <l/4X) his/her geometric mean. Accordmg to Roscn et. al (1962) and Hamilton™
et. al (1978) a giten panelrst should dlsnngursh concentrations which differ by a factor of
two (2X or >1/2X) it was our decrsron to use twice their factor of two as a safety
measure. This is- suffrcrent criterion for rejecting panehsts Conscqucntly the results of

e

the particular panelists in question were 1gnored.

A new group mean threshold was calculated based on the rcmaining 8. panelists. -

This new group mean threshold was detcrmmed to be 0.02 mg/kg as opposcd to the old" -
value of 0. 94 mg/kg ¢ The geomemc mean threshold value of O 02 mg/kg is more in |
keeping w1th,Lhe Bre:dxan threshold value of 0.01 mg/kg. Since 0.01 mg/kg 1{ the fpwcst '
. - . .

gonccntratidn‘prés'ented Jo the pand‘istvs, we can safely assume that the actual thrcsh01d

P

concentration for b'e‘nzot'hioplu:neil 01 mg/kg orless. \ i

i



