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Acyclic Butadiene-Iron Tricarbonyl Complexes in Organic Synthesis

René Grée

Laboratoire de Chimie Organique Biologique, Unité associ¢e CNRS n” 704, Ecole Nationale Supéricure de Chimie de Rennes, Avenue du Général

Leclerc, 35700 Rennes-Beaulieu, France

The synthetic uses of acyclic butadiene-iron tricarbonyl complexes are
reviewed. The main advantages of these organometallic reagents inclu-
de their easy access (even in chiral form), the efficiency of the Fe(CO),
moiely in protecting 1,3-dienes, and its use as a stereodirecting group in
various types of reactions. Furthermore, these complexes lead to many
polyfunctionalized, eventually optically active, dienes which are them-
selves of much current interest in organic synthesis.
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1. Introduction

Butadiene-iron tricarbonyl complexes have been known for
more than 50 years,' but it is only recently that organic
chemists have become interested in the possible use of such
organometallic complexes in synthesis. The purpose of this
review is to describe the progress that has recently been made in
the use of acyclic butadiene-iron tricarbonyl complexes in
organic synthesis. The complexes obtained from cyclic deriva-
tives such as cyclohexadienes® or tropone,® for instance, and
also bismethylene exocyclic systems* will not be included in this
review.

Although the general principles and background of the use of
transition metal complexes in synthesis have alrcady been
described,® 7 it is worth while pointing out, briefly, the main
advantages of the butadiene-iron tricarbonyl complexes. since
these compounds are remarkably versatile organometallic
intermediates:

— These complexes are easily accessible, even on a large scale
(10100 g), usually starting from inexpensive reagents:® further-
more. they may be handled under standard laboratory
conditions.

- They can stabilize, in complexed form, very unstable mole-
cules:” for instance, two examples that will be described later are
dienes bearing electron withdrawing groups in the 2-position
and pentadienyl cations.

- They can be obtained in optically active form'® and, thus, are
useful in the synthesis of chiral compounds.

- The butadiene-iron tricarbonyl moiety itself. being stable
towards a large variety of chemical reagents, can be utilized to
protect, temporarily and very efficiently in a selective fashion,
two conjugated double bonds.

- Finally, it is usually possible to carry out the decom plexation
reaction under very mild conditions, thus giving an interesting
entry into polyfunctionalized, eventually chiral, dienes, which
are of much current interest in organic synthesis.

The preparation and the spectral properties of these complexes
have been described in a recent book '® and will not be discussed

here. Much attention has recently been paid to asymmetric
synthesis, so aspects relating to the chirality of these complexes
will be considered first. Reactions in which the organometallic
part of the molecule is directly involved will be examined next.
and finally, consideration will be given to reactions in which the
organometallic moiety mainly acts as a protecting and stercodi-
recting group.

2. Preparation and Properties of Chiral Acyclic
Butadiene—Iron Tricarbonyl Complexes

Complexes of the general type 1 and 1" are chiral (except if
R' = R?* and R? = H) and are accessible in optically active
form.'!
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Table 1 indicates the derivatives that have been resolved by
classical methods using either fractional crystallization or
chromatography of diastereoisomeric mixtures.

Table 1. The Chiral Butadiene - Iron Tricarbonyl Complexes Obtained
by Resolution

Compound  R! R? R?

Method* Ref.

2 CH, H CO,H A 12

3 H H CO,H A 12

4 CH, H CHO A 12
B 14

5 CO,Me H CHO A 16
A 17

6 H CHO H B 15

7 CHO B 16

H H

* Mecthod A: fractional crystallization of diastereoisomers.
Method B: chromatographic separation of diastereoisomers.
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The resolution of acids 2 and 3 was achieved by separation of

their a-methylbenzylamine salts.’? In the case of 2 the optical
purity of the corresponding methyl ester was determined by
NMR.!?

The resolution of 4 was first performed via fractional crystalli-
zation of the corresponding pyrrolidinium salts having d-
camphor sulfonate'? as the optically active anion. More re-
cently a very efficient method, using chromatographic separ-
ation of the diastereoisomers of the chiral semi-oxamazones 8
and 9 has been described.'*

This method was later extended to the 2-formylcomplex 6'° and
to the monosubstituted derivative 7.'® In each case excellent
optical purity was achicved for these compounds.

{COJ;
Fe
’H X H ES
(l‘)—4 —— H3C / \ /R + ch_//_l_\\fﬁ /R
‘N—N Fe N--N
H (COMy H
8 9
Fe(CO) J
Hsc— NecHo s N\eno
Fe(COly
(+)-4 (-)-4
o 4
p* = A NxPh
1
0 ~L}:H3

The bifunctional derivative (+)-§ was first obtained via frac-
tional crystallization of the brucine salt of acid 10,7 but a more
direct route, via the diastereoisomeric oxazolidines 11 and 12,
which gives the complexes(+)-5 and (-)-5 in optically pure form
and in excellent overall yield, was later introduced.'®

HOZC—//;;\\-CH(OMe)z

(COK3
10
{CO)4
Fe Ph Ph
] 0 0
LiEen, /TN H /AR H
*)- — 3 5e
®)-5 15 R /thCH:; *E ZF{FE“'".?<N CHj
H3C H (COH H3CI H
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(CO) |
Fe
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(CO):
(+)-5
(-)-5
£2C0,Me

A different strategy has been described recently in the case of the
methyl sorbate complex (R' = CH;; R? = H; R* = CO,Me).
The chirality transfer from several optically active
butadiene-iron tricarbonyl complexes to this diene gives the
desired compound, but only in relatively low yields (<50 %)
and with small ee’s (< 19%)."°

All the chiral complexes in Table 1 bear functionalities and can,
thus, be used for the preparation of other derivatives. Table 2
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gives examples of the chiral compounds that have been prepared
in such a way and some of them have proved to be useful
intermediates in organic synthesis; 14 and 18 for instance were
used in the enantiospecific synthesis of hemicaronaldehydes, and
17 in the preparation of (-)-verbenalol, as described later.

Table 2. Optically Active Butadiene
Prepared by Synthesis

[ron Tricarbonyl Complexes

Com- R! R? R? Ref.
pound

13 CH, H  COCH, 12
14  CH, H  CH=CHCO,Me (E and Z) 14
15 CO,Me H  CH=CHCO,Me (E) 17
16 COMe H  CH=C(CO,Me), 13

0
g . N o)
17 CO,Me H :(\ oxma 20
M0 CHs
0
18 CO,Mc H  CH=CCH,}; 21
19 CO,Me H  CHOHYCH; 22
20  CO,Me i  CH(OH)CH.* 23
20 H H  CH, 16
22 CH, H  COCH, 16
23 CH, H  COCH,CH, 16
24 CH, H  CO(CH,);CO,Me i6
25 CH, H  CH,C(OH)Ph 16
26 CH, H  CH,C(OH)CH,CH, 16
27 CH, H  CH(OH)(CH,),CO,Me 16
0
8 cu, 0o pX 16
\_/

* Derivative with a E,Z-configuration of the complexed dienyl system.

A knowledge of the absolute configuration of the starting
material and the conditions for its racemization are two impor-
tant factors that must be studied before designing the synthesis
of chiral derivatives. Complex 5 appears to be the only example
where the absolute configuration has been established unam-
biguously; the X-ray diffraction analysis of 11 gives a 25,5R
configuration for this compound and also for the corresponding
aldehyde (+)-5.'#

A preliminary study of the circular dichroism of some
butadiene-iron tricarbonyl complexes suggested that the sign
and the magnitude of the d-d transition at long wavelengths
could be related to the absolute configuration of these com-
pounds.'? This is a point that has to be estublished on more
examples and where progress might be expected in the near
future, since many chiral complexes are now casily accessible.

Thermal racemization has been studied in the case of 5 and 15.
The measured rates were 2.37x 107+ min ' and 2.70x 10" *
min~! at 119.4°C giving 4G close to 130 kJ - mole™ '.'7 This
signifies that the upper temperature limit for the use of these
complexes in asymmetric synthesis is around 90-100°C.

3. Reactions Occurring on the Organometallic Moiety
3.1. Reactions with Electrophiles

Tt is well known that butadiene-iron tricarbonyl complexes are
reactive towards electrophiles.?* Friedel-Crafts type reactions,
which give synthetically useful functionalization of the diene
system, have been the most thoroughly studied. An example is
its use as the key step in the stereospecific synthesis of several
insect pheromones 29.%*
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/) R N\_icH,), CH. 0AC
Fe
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a R=H, n=7 b R=CH,CH,, n=7; ¢
d: R #2 CHL(CH,),. n= K

R = CH,, n=6;

The reaction mechanism involves an electrophilic attack of the
complex at the terminal position to give cation 30; such cations
have been isolated and characterized by X-ray crystallography
in a few cases.2® The primary product on deprotonation is the
complexed dienone 31, which has the anii stereochemistry. This
may be isolated in good stereochemical purity, although it is
readily converted 1o its syn isomer 32 under basic, acidic, or
thermal conditions.?”

R? R3 ot R2 R *
1 *i A\’g{; _
R*—%;;\< - R' ACl;  ——=
0)3 (CORFe RJ
1 30
R? RS R R}
. - 0
R‘;_,}/‘ N R— /Fle\
(COJ3Fe R oy R
31 32

The following are the main characteristics of the reaction:

- The presence of the iron-carbonyl moiety facilitates the
Friedel-Crafts reaction. However, it has been found that it is not
due to an “activation” by the complex, but more to a “control”
of the reaction, since uncomplexed dienes are usually poly-
merized under these reaction conditions.?® Furthermore, in one
case the electrophilic reaction occurred preferentially on free
20
carbon-carbon double bonds.?

~ The reaction occurs without racemization.!® It always occurs
on the terminal non-substituted carbon, mainly for steric
reasoens.

- The substituents in positions 2 and 3 have usually relatively
small effects on the regioselectivity of the reaction.?®* Electron-
withdrawing groups deactivate the complex and inhibit the
reaction.”® However, it has been found recently that a second
acylation is possible, under different reaction conditions, with
complexes bearing silyl3® and even carbon®' substituents at
position 2. This yields interesting 2,4-diene-1,6-diones such as
33, which are difficult to prepare by other methods. This route is
also useful for the synthesis of 2-acyl-3-cyclopentenols 34 by a
reductive photodecomplexation procedure.®’ Other electro-
philes have been used, and it is interesting to note that formyla-
tion of diene -Fe(CO); complexes proceeds only in modest
yichls using dichloromethyl methyl ether/aluminum trichlori-
de.??

H3C
N0

HsC OH

HyC H
34

a: R = SiEty, R? = H; b: R' = H, R? = CHj ¢ R' = R? = CH,
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A new synthesis ol polysubstituted 2-cyclopenten-1-ones. by
reaction of butadicne- iron tricarbonyl complexes with alumi-
num trichloride eventually under carbon monoxide pressure,
has been described recently.!® I[n the case of the acyclic deriva-
tives. however, the yields are relatively low and drastic reaction
conditions are usually necessary.*®

The protonation of butadiene--iron tricarbonyl complexes leads
to m-allylic derivatives. whose structures have been studied in
detail.** However, these compounds have not been used exten-
sively in organic synthesis.

3.2. Pentadienyl-Iron Tricarbonyl Cations

It is well known that the complexation by Fe(CO), strongly
stabilizes conjugated pentadienyl cations. The derivative 36. for
instance, is not only easily accessible from the complex 35, but
is even stable in water.** The cyclohexadienyl complexes have
found many applications in synthesis.>

(Nl PhyCHBET
oo T
Fe

(CO)

35

In the acyelic series, although somewhat less stable. the corre-
sponding cations are also usually isolable compounds. In this
case, the stereochemical problem is more complex due to the
fact that two different forms, “cisoid” 37a or “transoid”™ 37b
need to be considered both from the structural and the reactiv-
ity point of view.

Fe
{CO}, (CO)4
37a 37b

Furthermore, for each of them, depending upor the nature and
position of substituents, cis and rrans derivatives can exist. Ttis.
then, not surprising that much work has been devoted to these
cations in order to establish their structures®® and study their
reactivity towards nucleophiles. Only the most significant as-
pects from the synthetic point of view will be considered here.

The cations are usually prepared by reaction of ilcohols such as
38a or 38b with strong acids (HCIO, or HBF,) in acetic
anhydride followed by addition of anhydrous ether. These
crystalline cations react with various nucleophiles giving adducts
of the type 39 or 40 or mixtures of both.

N
LOHCWGAGO [T H:*‘T"J;;\_T\"H
oo ether (Co)j CH:=
X 21\ ) 3Ny
HBC 4Fe -..R'/ 39
Co R
38 /// N
JFe ‘ Nu
|L.H'1,
40

a: RY = CHjy, R? = OH; b: R? = OH, R = CH,
Nucleophiles = ROH. RNII,, PR;, R,Cd, electron-rich aromatics.
hydride donors
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The nature of the nucleophile has a strong influence upon the
reaction pathway: water, alcohols,*® and electron-rich aromatic
compounds®” give rise exclusively to the £ E derivatives 39,
while phosphines®® and organocadmium reagents.*” lead only
to the E,Z complexes 40. Reduction is strongly dependent on
the hydride donor. Sodium cyanoborohydride yields complex
40,***! whereas lithium ethoxyborohydride*® gives E.E deriva-
tives 39. In the case of amines, the result depends upon their
pK:*? strongly basic amines give the complexes 40, while the
arylamines with pK between 10 and 13 lead to the E,E com-
pounds 39. Aniline and p-toluidine lead to mixture of both 39
and 40.

It is important to note that in each case the reaction is
stereoselective and gives only one diastercoisomer in both type
39 and 40 derivatives.

The nature of the substituents on the diene*® aiso has an
important effect on the reaction pathway. Under the same
conditions as described for 38, complex 41 gives almost exclu-
sively (95 % stereoselectivity) 42,2% instead of the E.E complex
obtained from 38.

R]
MeO,C-#INA L Me0,c7/ N\ o
(CO);g R? (C0)3Fe C
H ey
41 42

a: R' = CH;, R? = OH; b: R! = OH, R* = CH,

This reaction, performed with optically active derivatives, es-
tablished for the first time that acyclic pentadienyl cations
complexed to Fe(CO), could be used in a chiral form.

The synthetic applications of such isolated cations are parti-
cularly useful for carbon-heteroatom bond formation, but there
are considerable limitations with regard to C-C bond forma-
tion.** A recent development involves the in situ use of iron-
tricarbonyl cations.* The reaction of acetates 43 with nucleo-
philes in the presence of a Lewis acid leads directly, and
stereospecifically, to the desired compound 44. In agreement
with the pioneering studies of Clinton and Lillya on the
solvolysis of dinitrobenzoates,** this reaction occurs with reten-
tion of configuration. Allyl silanes, trialkylaluminums, and enol
silyl ethers have all been successfully used as nucleophiles in the
synthesis of type 44 derivatives.

OAc nucleaphile Nu
Lewis acid .
Hye /I N Lo H3C@\7/“R’
{CO)y R2 {CO)3 R2
43 44

aR'=H R*=CH,;h R =CH;,R*=H

3.3. Reactions with Nucelophiles

The reaction of butadicne-iron tricarbonyl complexes with
nucleophiles has not been so well studied as the addition of
electrophiles. The reaction of complex 45 with anion 46 gives a
mixture of olefins 47.%7

Detailed mechanistic studies, including deuterium labelling
experiments, have been performed on this reaction and indicate
the formation of n3-allylic complexes and that transient fer-
racvclobutanes are formed as intermediates.*® If the addition

SYNTHESIS

of the nucleophilic is carried out in the presence of carbon
monoxide (1.5 atm), cyclopentanones 49 or aldehydes 50 are
obtained.

1 RLI
(46) R R R
R ;
mee Eo S
Fe /= / -/
€8), HiC  CHy HsC CHy =
45 47a 47b 47c 47d
R = Ci{CH3),CN
/J\Ri YR ORL R R
, 2. HY —
/F‘e\ RE —— 2 and/or Rg./CgHO
(CO)3
0
48 49 50

The reaction pathway adopted depends, strongly, upon the
nature of the complex 48: cyclopentanone formation is efficient
only with monosubstituted derivatives (R' or R? = H), while
for the sterically more hindered complexes (R!, R? = alkyls)
aldehydes 50 are obtained.*®

The main limitation of these reactions lies in the nature of the
nucleophile and only some stabilized carbanions (a-cyano or
carbethoxy, cyanohydrins or dithianes, for instance) appear to
be synthetically useful. Simple organomagnesium and organo-
lithium reagents show a tendency to attack at the carbon
monoxide ligand*” as has been clearly established in the case of
aryllithium derivatives: after trapping of the acylmetalate inter-
mediates with Meerwein’s salt, carbene type complexes 51 or 52
were obtained.*®

1. Arli

S
e\ y e <V CO
/Fle\ 2Eu0E = < ,..\Fe< or
N co
(CO)q At OEt
45 51

3.4. Miscellaneous Reactions

In contrast to the complexed pentadienyl cations, little is
known about carbanions that are adjacent to the
butadiene-iron tricarbonyl moiety. Attempts to use stabilized
anions derived from 53°!' or 54%2 failed irrespective of the
temperature, the base, or the electrophile employed.

S- CN
H3C‘//§e\_< > MeO;C—j;_e\——\/
€CO; = (CO);  OSiMey
53 54

In most cases decomposition and decomplexations occurred.
More successful were reactions with carbanionic species at
position 2 of the complex. Metalation of 55 leads to stable
anion, which, depending upon the ¢lectrophile, gives 56 or 57.
Alkyl and allyl halides give the butadienyl derivatives 56 and
aldehydes lead to the complexes 57 of the trimethylenemethane
type.*!
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R! = CH,, CH,CH =CHy; R* = Ph, CH = C(CH,),. CH(CH ),

Sumilar preblems of rearrangement to a trimethylenemethane
derivative have been observed with the isoprene anion equiva-
lent 58; however, a careful choice of the reaction conditions
resulted in the formation of the desired compounds 59 or 60.5*

RiX //—;—\<-R‘

Fe
(CO)
M 59
M=
Fe OH
e e
RZCHO
58 e )
7 |\ R
Fe
{COJ3
M= Li, ZnBi 60

The role of the metal is very important, and the zinc derivative
appears particularly useful in terms of stability and reactivity.
This approach has allowed a very short synthesis, in racemic
form, of the pheromones 61 and 62.%3

OH OH

ey

\ N

61 62

Itis interesting to note that no enolate linked to a butadiene -iron
tricarbonyl complex has been described,** in spite of the
numerous publications dealing with acyclic stereocontrol using
aldol type condensations. Thus, the preparation and the poten-
tial use of such species in stereoselective synthesis remains an
open guestion.

The decomplexation reaction is usually achieved with good
chemoselectivity using oxidizing reagents. However an interest-
ing new method has recently been reported. UV irradiation in
acetic acid of complexes bearing electron-withdrawing substitu-
ents, such as 63, occurs cleanly to give 64 of exclusive £
configuration in an unusual 1,4-reduction process.”* 1t has been
established, using cvclic models, that the two hydrogen atoms
are added in a c¢iy manner.

\ CH;CO,H HsC
e I N\ccome 2o =
(C’:g) \—20,Me
633 64
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4. The Organometallic Complex as a Protecting and
Stereodirecting Group

4.1. Reaction of Nucleophiles with Carbonyl Derivatives

A large variety of organometallic nucleophiles have been
reacted with butadienc-iron tricarbonyl complexes bearing an
aldehyde function. The reaction is quite general and leads in
almost every case, in good overall yield, to a mixture of the -
ex0°® 65 and the y-endo 66 alcohols. These diastereoisomers
are usually very casily separated by chromatography, and in
two cases, their stereochemistry has been established unam-
biguously by X-Ray crystallography.®”-%%

5

OH R¢
SR SR WA\
Fe Fe A Fe O
{CO) (CO)3 R= {CO):
4 R CHy 65 66
S Rl 00Me

R23ndM, see Table3

Table 3. Reaction of Organometallic Nucleophiles with Complexes 4

and §
R! R*M Yicld 65/66 Ref.
((,)r’ol
CO,Me  CH,Mgl 80 60:40 59,22
CO,Me  CH,Li 85 g):20 S0
CH, CH, Mgl 57 53:47 60
CO,M¢  PhLi 94 66:34 59
CH, PhMgBr o 75:25 60
CO,Me  EtO,CCH,Li 88 86:14 50
CO,Me  1-BuO,CCH,Li 94 66:34 6l
CO,Me  PhSCH,Li 88 72:28 89
CO;Me  CH(CH.),C=CLi 9%  70:30 62
CO,Me  LiO,C(Cll,),C=CLi 42 60:40 S
CO,Me  BrMgO(CH,,),C=CMgBr 87 70:30 9
CO,Me  CH,Ti(OPr-i), 94 25:75 59
CO,Me  “HC=CCH,Al, ,Br” 94 25:75 59
COMe  “CH,=C=C(AL,Br)(CH,),CH,” 80  43:57 39
R H R OH
CHO /_<\ ¢
I\ /2 N\ A
Fe Fe Fe
(COM (CO)3 (CO);_X
6 67 68

Fand M, see Table 4

Table 4. Reaction of Organometallic Nucleophiles with Complex 6'7

RM Yield (%) Diastercoselectivity®
CH Mgl 97 63: 137

PhMgBr 8% 50:50

i-PrMgBr 80 63:37

CH,Li 9% %0 : 20
CH,Li(LiBr) RS 91:9

n-Bult 90 92:8
CH,TiOPr-i), 100 4258

<10 >0

(CH,),CuLi 40

* The stercochemistry of the resulting alcohols (67 or 68) has not been
definitely established.'® The numbers correspond to the ratios of the
more polar to the less polar diastereoisomer (easily separated by
chromatography).
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The diastereoselectivity of the reaction has been studied in
detail using complexes 4, 5, and 6, and representative examples
are given in Tables 3 and 4.

With Grignard reagents the reaction shows a low selectivity,
but it is more selective with lithium derivatives, especially
methyllithium-lithium bromide complex. Nucleophiles derived
from second-row metals (Ti, Cu, Al) exhibit an inversion of the
diastereoselectivity. Interestingly, similar results have been ob-
tained in the case of the E,Z-dienyl complex 69 during the
formation of alcohols 20a and 20b on reaction with various
crganometallics.®?

MeOon_\ Me0,C—7/ \
(coFe (CO)3Fe /\
69 20 a R'= OH,R?= CHg

b R'= CHy, R% OM

The addition of the allenyl silane 70°° is also noteworthy.
Reaction of 70 with the complex 4 in the presence of
titanium(IV) chloride gives, exclusively (in 65% yield), the
w-endo derivative 71.5¢

CrHy

== (70)
o SiMes
MeOzC_//F_l\\_CHO .
e
{CO)y
-=—CsHy
4 Meochr\\i/: !
T Fe H
(CO); OH
71

This compound is useful for the preparation, in a chiral form,
of a key intermediate in the synthesis of leukotriens B, (72). 66

MeO;C
\\:_
L\K S
t- BuPh,SiO
72

The diastereoselectivity of these reactions appears o be highly
dependent upon the temperature, the nature of the metal, and
the assistance, or not, of electrophiles. All these factors in-
fluence the conformer population of the aldehyde group; if it is
assumed that the nucleophile reacts only on the face opposite
to the bulky Fe(CO), moiety, then the s-cis conformer leads to
the y-exo derivative and the s-trans gives the y-endo product.

Nu
0
/xm‘i/( . }]/
(COlsFe N (CO)4Fe -H
Yexo
Nu " N
NU
//\\ — ﬁ?\}{ )
(coisFe /' Ny (conFe 4 H
Yendo

SYNTHESIS

However, it has been suggested that for the copper and titanate
derivatives the reaction could occur “endo™ through additien
to iron or to a carbonyl ligand.'® Thus, more work has to he
carried out on these reactions in order to obtain a clear picture
of the dctailed reaction pathway.

The reactions of the corresponding complexed ketones are much

less common. Reduction of 22%¢ and 24'¢ is stereospecific and
leads exclusively to the y-endo isomers 73 and 27.

Rl
H}C‘@‘COR‘ ’C_//—l-\H/NRZ
e
{CO); {0k CH
22 R':=CHy 25 R'= CHs, RZzPh
23 R)i=Ft 26 R':Ft,R3:CH;

27 R'=
73 R'=0CHs, R%: H

24 R (CHp)00,Me (CH2}200,Me, RZzH

Similar results were obtained during the addition of organolith-
jum reagents giving only 25 starting from 22, and 26 from 23.'¢
This stercospecificity has been attributed to a preferred s-cis
conformation of the complexed dicnones and reaction of the
nucleophiles anti to Fe(CO),.%°

The key feature of these reactions is that it is possible, starting
from an optically active complex, to control the absolute
configuration at the secondary or tertiary alcohol carbon atom.
This gives, after decomplexation, dienes bearing chiral substitu-
ents of predictable absolute configuration. Due to the presence
of the alcohol function a careful choice of the decomplexation
reagent has to be made. Ce(NH,),(NO,), in methanol,***?
hydrogen peroxide under basic conditions,'® and interestingly,
3-chloroperoxybenzoic acid'® prove to be efficient. but with
trimethylamine-N-oxide, complex mixtures containing ketonic
derivatives were obtained.”® Most importantly no racemization
could be detected during these decomplexations, since com-
pounds with optical purities higher than 95% were usually
obtained. Representative examples of such dienes are given in
Table 5.

R\/ s = R2
RiD™ R3
- 81

R, see Table &

Table 5. Optically Active Dienes Prepared via Their Tron-Tricarbonyl

Complexes

Com- R' R* R® R* Ref.
pound

74 CO,Me  CH, H H 22
75 CO,Me CH, o Cl, 2
76 CO,Me  CH, H H* 2
77 CO,Me CH, H  COCH,CO,Et 67
78  CH, CH, Ph H 16
79  CH, CH,CH, CH, H 16
80 CH, (CH,),CO,H  H  H 16

3]
81 CH, 3{\ H H 16

vy ).
N

4 Diene with an £, Z configurat:on.

These functionalized dienes are themselves useful intermediates
in organic synthesis, as it has alrcady been demonstrated in
several examples.
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Ozonolytic cleavage of the diene leads to formyl derivatives.
Thus, starting from 78 and 79 optically active o-hydroxy- and
a-alkoxy aldehydes 82 and 83 were obtained.'® Interestingly, in
the presence of pyridine only a partial ozonolysis was observed

and chiral enal 84 was obtained from diene 81.'°
H - CHo
R'__CHO O\}ﬁ\
RZXOR3 o)\/
82 [': CHy, RZ: Pr R H 84

83 R': Et, R CH;,R¥: CH,PH

These organometallic complexes also offer a unigue opportunity
to control the relative (and, possibly, the absolute) configuration
and the 1 and 6 position of a conjugated diene. as has been
shown, for instance, in the case of 90 and 91.%® The complex 85,
easily obtained from 4. is transformed into the aldehyde 87 via
the alcohol 86. After addition of the methyl Grignard, separa-
tion of the diastereoisomers and protection of the alcohols, the
bis c¢thers 88 and 89 arc obtained. The structure of these
compounds has been unambiguously established by NMR
utilizing the high symmetry of 88. After decomplexation, the
corresponding dienes 90 and 91 were used to test the coopera-
tivity principle during Diels-Alder cycloadditions.®*

OMe OMe
Fe H Fe il
(CO) CH3 R? {COl CHy
85 Rr: COMe 88 R': OMe, R2:=
86 R - CHyOH 89 R': g RZ: )r
87 R = CHO
R H
R2X9\4\}<CH3
A
90 R': OMe,R?= CHy

91 R': (Hy,R%: OMe

The organometallic complex proved to be a useful protecting
group in the synthesis of chlorohydrin 92 and cpoxide 93.¢°
The reaction of chloromethyllithium with 94 gave only a low
yield of 92, but a similar reaction with 4 provided a 76 % yield
of the complexes 95 and 96, which are easily separated by
chromatography.

0

MeO;C/\\\/\\X\/Cl Meozc/i\/:i\/‘,‘l
92 93
OH
Meo;c’“\\/”\i\/CHo MeOZC—//;r\\— Q-R
94 (COeh, R:
95 Rz CHCL, B2z ks
96 R'=H, RZ:11 1,0

After decomplexation of 95 and 96, the chlorohydrin 92 was
smoothly converted into the epoxide 93. In contrast, the com-
plexed chlorohydrins 95 and 96 proved to be particularly
reluctant to cyclization: irrespective of the reaction conditions
used, only the starting material was recovered. In fact, it is
interesting to point out that no example of epoxide of general
structure 97 has been described to date.”®
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R/N4

(COL
97

Such derivatives would be of much interest, because they are
close to the basic skeleton of some natural products (leukotrienc
A, for instance,”’ and also because the organometallic moiety
should modify the regio- and stereoselectivity of the ring
opening of the epoxide. The synthesis and stability of type 97
epoxide remains, then, an open question.

The presence, after decomplexation. of the diene unit also offers
attractive possibilities for intramolecular teactions. Thus,
the diene 98, obtained by decomplexation of 65 or 66
(R' = CO,Me,R* = CH,CO,Bu-f), is the starting material for
a new indolizidine synthesis.®! It is first transformed, in several
steps, into the azide 99. which is then reduced under mild and
chemoselective conditions (Ph,P, H,0, room temperature)’ to
the amine 100.

H R R

MeOC&AKR

98 R=¢
99 R=CipCHalg
100 R0y

101 Ri=04: R2:p4
102 R':x Rz 0H

Cryl,Bu-#

This intermediate first undergoes a 1,6-Michael-type addition,
and then a scecond cyclization on the ester group to give
the indolizidines 101 and 102 with good stereoselectivity
(101,102 = 0:20). In this reaction the organometallic complex
plays a key role. First, starting from the corresponding chiral
derivative, it would afford a possible control of the absolute
configuration of the secondary alcohol functionality in 98, and
secondly, it directly introduces the electrophilic diene necessary
for the intramolecular addition. The indolizidines 101 and 102
appear to be interesting starting materials for the synthesis of
several alkaloids.

A similar 1,6-Michael-type addition is obscrved with the
malonic ester derivative 103. Reaction with DBU! in acetonitrile
leads, with a high diastereoselectivity, to the lactone 105 (in
racemic form).®”

H CH3
MeO- P/\/\/<CH, Me0,C X 0
103 R=- C0CH 006t Hy" N0
104 «- COCINGICH 105 CO)Et

On the other hand, the intramolecular carbene tvpe reaction of
104 in the presence of copper powder shows no selectivity in
giving a 1:1 mixture of the racemic electrophilic” cyclopro-
panes 106 and 107.7

HR‘ R
MeO,C %3\0 '
KoY

Et0,C O

106 RicHy, R-ii
107 R:H.R¥:CHa
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Intramolecular Diels-Alder cycloadditions” have also been
described. The diene 108 reacts with maleic anhydride to give,
after esterification, a 1 : 1 mixture of lactones 110 and 111, which
were separated by chromatography.

1. =

M \(, — HH CHx
RN ey — ST A0
MeO;C' H Me0,C H )
108 Rr:-CH; 0
109 R CH,05iPh;Bu-t 110 1M

The epoxidation of 110 is highly stereoselective giving a 95:5
mixture of 112 and 113. The reaction is stereospecific in the case
of 111, giving only 114.7° Diene 109 gave the same intra-
molecular Diels-Alder and epoxidation sequence.”® These reac-
tions were until now done only in racemic form; however, it
appears that starting from an optically active complex, it would
be possible to control in a short sequence seven asymmetric
carbon atoms in these highly functionalized molecules.

In conclusion, because of the easy access to different chiral

butadiene—iron tricarbonyl complexes and the large variety of

substituents that can be introduced by nucleophilic reactions,
this approach affords a general entry into optically active and
polyfunctionalized dienes, which are extremely useful building
blocks in organic synthesis.

4.2. Regioselective Synthesis of Complexed Linear Polyenes

The presence in the same molecule of both “free” double bonds
and a 1,3-diene temporarily protected as an iron tricarbonyl
complex also offers excellent opportunities in organic synthesis,
as will be described later. However, the regioselective prepa-
ration and the thermal stability of such molecules must be
considered before describing their use in synthesis.

The direct complexation of trienes or higher polyenes does not
appear to be very useful. Mixtures of positional isomers are
commonly obtained, and in some cases, isomerism caused by the
complexing agent and formation of polynuclear complexes (with
two or more iron atoms) have also been observed.”®

The best approach is, thus, to use an olefination procedure. The
Wittig-type reaction of complexed aldehydes with phosphoranes

Phafy
CHa
thCHO ______.1_7 ph—//—[—\\-\ /= o
&S (CO; \ /"
115 116
PhylP=,
c—/ N\ /FIXCHO P
= (coy
17 H?,C‘<: ‘/—\'\
Ph
(COH

118

SYNTHESIS

is efficient and occurs without bond-shift isomerization: com-
plex 115, for instance, gives only 116, and 117 leads exclusively to
118.77 Stabilized'”-'® and non-stabilized phosphoranes as well
as phosphonate carbanions'® have been used in this type of
reaction.

The inverse reaction, i.e. addition of complexed phosphoranes
or phosphonate carbanions to aldehydes, has also recently been
described. The stable ylide 119 reacts with 4 to give a mixture

(E/Z = 3) of olefins 120.%®
et [Ny AN
{CO)s PPhy (CO) Fe
119 (COl3
120

A systematic study has been carried out on the synthesis and
reactivity of phosphonate 121.7° Condensation with various
aldehydes gave the corresponding olefins 122 (exclusively E) in

good to excellent yields.
\ R

CH3(CH2)3//F—| \\\‘
(C 0)3

(08)3 ﬁ(OMe)z
122

121

R = Ph, 4-MeOC,H,. (CI1,),CH,, CH=CH(CH,),CH, (E).
CH =CHCH =CH(CH,),CH, (E.)

Sterically hindered aldehydes and ketones, however, do not
react with 121. Experiments with 1-?H-hexanal excluded any
bond shift during this reaction.

Cope-Knoevenagel condensations also gave the expected olefins
without isomerization.'82%-80 A different result, however, was
obtained recently in the synthesis of several triene complexes.®”
The reaction of aldehyde 4 with acetone under strongly basic
conditions does not give the expected compound 123, but the
bond shift isomer 124a instead.

H 3C mn_

(C0)3
123

ij/T\\R
Fe
(CO)y
124

\\_R H‘}C—//

a: R = COCH,; b: R =- CN; e: R = CO,Et

In the same way, LiCH,CN and LiCH,CO,Et also lead to type
124 derivatives. By analogy with the mechanism proposed for
the syn-anti isomerization of the butadiene-iron tricarbonyl
complexes,?” the first step in the reaction giving this bond
shift could be the addition of the nucleophile to the iron.
Isomerism has alsc been catalyzed by a Lewis acid. Complex
125 is smoothly converted info 126 on treatment with
ether -borontrifluoride complex.®!

£0gMe CO;Me
//|‘\< /,7—\<\_‘/Fe(CC)g
Fe
{CO)s
125 126

Thus, the structure of the complexed polyenes must be care-
fully established in cach case, especially when strong nucleo-
philes or electrophiles are used.
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The thermal bond shift of several polyene-iron tricarbonyl
complexes has also been studied.”® An activation energy of
138kJ -mole™! was measured for the transformation
116 <2 118.%% Similar results were obtained in the case of 127
and 128 and it was established on these models that racemi-
zation [(-)-15-(+)-15] is 2.6 times slower than the bond
shift.!”

MeOgC—//;i\\‘\\

N
/Fl N coR

\_ Y e
(CO)3 COzR Me0,C — {CON
127 R=CD; 128
15 R=Me

Interestingly, it was also observed, recently, that the cis-trans
isomerization of double bonds vicinal to the organometallic
complex (i.e. 1295130) occurs before the bond shift
(130 < 131).78

/
o TN\
(CO):;FE N

chﬁ\\—\\‘

Fe COR
ROC (CO)
129 130
/ /I_I N_cor
—= K e
3 (€Ol
131

a: R == OMe; b: R = Ph

Thus, many polyenes, selectively. complexed in the desired
position, are now casily accessible by any of these routes.

4.3. Reactions on the Uncoordinated Double Bonds in the Iron Tricar-
bonyl Complexes of Polyenes

4.3.1. Cycloadditions
2+ I Carbenes

Dichlorocarbene addition to tricarbonyl complexes of polyenes
have been described. The complex of myrcene, for instance,
leads to 132;®3 similarly, under phase-transfer-catalytic con-
ditions, complex 18 gives the substituted cyclopropane
133.18.84

cl
Gl Crs
NChy
) a .
2 Me0,C4/ [ N_«T”
{fe Fe ~CHa
{C0K €O ¢y,
132 133

The carbene from methyl diazoacetate also reacts with (-)-18 to
give a 1:1 mixture of cyclopropanes 134a and 134b, which
were separated by chromatography.

H R H K
Meofc—//g\ R OHC R
€
HyC” CH
(CO)3H3(: s 3 3
134 135

a:R' = CO,Me, R? = H; b: R! == I, R? = CO,Me
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After decomplexation and ozonolysis, optically pure hemica-
ronaldehydes 135 are obtained.?! It is important to note that
for these cyclopropanations, as well as for many of the follow-
ing reactions, only one diastereoisomer is obtained at the C-C
bond vicinal 1o the orgunometallic complex.

Correlation between the absolute configuration (2R,55) of the
starting complex (-)-18 and that of the product hemicaronalde-
hydes (35) implies an attack of the carbene anti to the Fe(CO);,
if an s-rrans configuration is assumed at the ('5-C, position,
as indicated.

H carbene
AN ——— 135
Me0,C REe %0 \\__CHy
{CO)
HiC
(-1-18

Although the Simmons -Smith reagent adds to the cyclohepta-
triene-iron tricarbonyl complex,®® it does not react with the

hexatriene 136.%°
7|\

{CO)4
136

No nitrene addition on polyene-iron carbonyl complexes has yet
been reported.

24 2: Ketene or Electrophilic Olefin

Only two examples of such reactions have been described. The
cycloaddition of phthalimidoketene, generated ix sizu, with imine
137 gives the B-lactam 138 (52 % yield)®” and the polar addition
of tetracyanoethylene(TCNE) to complexes 129 leads to cyclo-
butanes 139.78

7 H
W/ Fie\ N Meozc—_//;le&‘ e Pht
o) N (CO): \‘I
3 Ar A 0
137 138
(QM&
Ars - </> -OMe . it

Although the stereochemistry of these adducts has not been fully
established, it is interesting to note that in each case only one
diastereoisomer has been obtained.

NC_ CN
/T CN

Fe Y CN
(€Ol CH3

ROC

139
a: R = OMg; b: R = Ph

3+ 2: 1,3-Dipolar Cycloadditions

The use of temporarily protected polyenes has proven to be
very fruitful in this type of cycloaddition. Reaction of diazo-
methane with (-)-16 leads exclusively to pyrazoline 140, which
on reaction with Ce(NH,),(NO,),s gave the cyclopropane 141
directly.!8-88
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Me0,C /l\ MeO')C—/—\——I
&5, come o TScoMe
3 0, Me (CC); COMe
-1-16 140
H
! H
/i HOC™T2
/[ Me0,C COMe A
Me0,C MeO,C (,OzMe
141 142

After ozonolysis, the optically pure derivative 142 was ob-
tained. In agreement with the stereochemical outcome previ-
ously discussed, the 25 absolute configuration of 142 indicates
an addition of diazomethane anti to Fe(CO);.

Cycloaddition of 2-diazopropane with complexes {£)-14 and
(Z)-14 is also the key step in a chiral synthesis of hemicaronal-
dehydes.'* Reaction of the diazocompound with (4-)-(E)-14%°
leads to the pyrazolines 143a and 143b (diastereoisomers at the
C5—C, bond), together with some A2-pyrazoline 144. Thermoly-
sis of 143a and 143b gave the cyclopropanes 145a and 145b,
respectively.

CN CH3
chj/l_\\_\‘ _hc_/—‘\\._l \<CH3
Fe  \ COsMe Fe H ~C0Me
(CO)3 (COB H
(E)-14 143a,b
CHy
H3C—|-NH H3C-.
Rye—/ |\ H3C—//_|_\\—ﬁ
Fe COvMe
(€0);;  CO,Me fCO)J
144 145a.b
After decomplexation and ozonolysis pure (1R3R)-

hemicaronaldehyde was obtained.'* The same approach was
used starting from (7Z)-14: 2-diazopropane cycloaddition gave
pyrazoline 146 (only one diastercoisomer) together with some
A%-pyrazoline 144.

WA\ gcjr\\
e Fe
(CO)B CO;Me (CO)} CO”Me
(Z)-145 146
CH3
/—H%\/H
TN B\ \
HC I NN,
{CO)s
147

Thermolysis of 146 gave a mixture of cyclopropanes 147 and
145b, which were separated by chromatography. Decomplex-
ation of 147, followed by ozonolysis. gave optically pure
(15.3R)-hemicaronaldehyde."*

An important point to consider here is the diastereoselectivity of

the cycloaddition. The reaction is only stereoselective in the case
of (E)-14, but stereospecific for (Z)-14. This has been ration-
alized in terms of conformational equilibria.**"

SYNTHESIS

Diazo \
Diazo
Co
chf/_l\¥ / e — Hch/T\\ V¢ >Me
Fe  \ZcoMe
{CO)3 (CO)?
(E£)-14
Diazo MeO,C
e s NS
e
(CO); COMe (CO);
(Z)-14

For (E)-14, the difference in energy between the two conformers
is not large enough, and 2-diazopropane can react anti to
Fe(CO), on both conformers to give a diastereoisomeric mixture
of pyrazolines 143a and 143b. For (Z)-14, the equilibrium lies
very much to the left.and the cycloaddition occurs only on this
conformer giving a single pyrazoline 146.

Similar results have been obtained in the case of 125, which has a
“free” double bond with an E configuration.

In this case 2-diazopropane gave a 4:1 mixture of pyrazolines
1482a and 148b, whose thermolysis afforded the corresponding
cyclopropanes 149.'7

An azomethine ylide, obtained by thermal ring opening of
aziridine 150, has zlso been added. Reaction with complex 16
leads to two pyrrolidines 151a and 151b.*” The stereochemistry

of these compounds, however, could not be established
unambiguously.
Ph
i H ElOZC r\"
H"!\_}‘*CO?H 7 >—Ph
N me0.c—4 |
Fe \COQMG
Ph CO;y  CC:Me
150 151a.b

Finally, nitrones 152 are examples of 1,3-dipoles directly linked
to a butadiene-iron tricarbonyl complex.’®

Me0,C ™ 1
H.,E:
Meoz(:—//—l\ Meogcj’:l*\ N
‘N R e \
(c0), ok
152 153

a: R = CHj; b: R = Ph

Reaction with methyl crotonate gave isoxazolidine 153 whose
stereochemistry (established by X-Ray analysis®” is again in
agreement with an addition of the dipolarophile anti to
Fe(CO),. Cycloadditions of 152 with dimethyl fumarate have
also been reported.”®
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It should be noted that no examples of Diels-Alder or hetero-
Diels- Alder reactions on complexed acyclic polyenes have been
described, only unsuccessful attempts having been reported.®®
This may be due eventually to the fact that high temperatures are
often necessary for these cycloadditions. Although the possi-
bility of Lewis acid catalysis exists for this reaction, aluminum
trichloride, for instance, is known to react directly with the
Fe(CO); moiety.”! thus probably rendering this route
impracticable.

Various butadiene- iron tricarbonyl complexes react with a2’
dibromoketones to give cycloheptenones of the type 154 in a
4 + 3 cyclocoupling condensation.”?

R3 R R! 0 R!
\__< 2 2
Fe =
{CO) R3 R

RYURE 53 Rh gee Ref, 972

4.3.2. Nucleophilic Additions

Addition of the suifur ylide 155 to complex (-)-16 gives a 45: 55
mixture of cyclopropanes 156a and 156b, which were separated
by chromatography.

R2
Me,Ss CHCOZ f LOGMe
MeOy( j/—l_\\__>— — . b0 7C‘m COMe
X COMe {‘F‘
€Ok h,me o
(-)-16 156
~ HoTS N ['Q" y

R’ CO,Me, R? = H; b: R = H, R% = CO,Me

After decomplexation and ozonolysis, optically pure form yley-
clopropanes 157 were obtained.'® The (25,35) configuration
established in the case of 157b is again in agreement with
addition of the ylide anti to Fe(CO),.%7

The 1,4-addition of methyl Grignard to complex (-)-17 is also
stereospecific anti to Fe(CO),, giving enantiomerically pure
complex 158.

(-)- 158
HO H CHs }ﬁ H CHs
0 > 07 N
X K\(
Me0,C 7 O Meo,C 1 O
159 160
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This reaction efficiently controls the absolute configuration ot
the carbon atom vicinal to the butadiene-iron tricarbonyl
moiety. It is the first step in the total synthesis of (-)-verbenalol
159 and (-)-epiverbenalol 160.%°

A 1.4-addition of the nitromethane anion was also observed in
the case of complex 161 giving adduct 162.%°

NO;
HyC m HEC_/FE \\_<
\no ¢ NO
&, e (COis ?

161 162

The asymmetric induction in the synthesis of pyrazolines carry-
ing butadiene-iron tricarbonyl substituents has also been
studied.”?

_/ ( NH;NHQ R
Pn/ I_\_< . Ph—/’ N
_ f \_(N:,(\
(O, . 0 ac
163 164
1. NHNH, R
ey N o 2 Acz0 on TN {\\ and
Fe N\ NNeae
{CO)2 LO)z
165 166

R = ferrscenyl

Better diastereoselectivity was found during the formation of
166, where the asymmetric carbon is closer to the Fe(CO),
moiety.

4.3.3. Miscellaneous Reactions

[ron tricarbonyl is an efficient protecting group for a diene
system during remote hydrogenation of double or triple bonds.
It has been used, for example, in the selective hvdrogenation of
a side-chain double bond in a complexed steroid.®* The same
methodology was recently followed in the synthesis of a tritium
labelled hydroprene with high specific activity.

Homogeneous tritiation of 167 using a three-fold molecular
excess of Wilkinson catalyst gave 168 in 93% yield; after
decomplexation, the desired labelled insect growth regulator was
obtained.”®

4

\_-\ S S/
\_\~//_|\\Co75t SN r\—CO:l:t
mq (CO)
167 168

[t is interesting to note that for reduction of double bonds
homogeneous catalysts are necessary, since reduction of several
polyenic complexes were unsuccessful using Pt or Pd on
charcoal.”* ~*® Complexes 169a and 169b appeur to be the only
known exceptions probably due to the allylic alcohol function.
Reduction of the double bond was carried out using platinum
and hydrogen (5 bar), giving 170a and 170b. These complexes
were intermediates for the preparation (in racemic form) of
indolizidines 171.%!
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MO,/ TN R veoc# N\ R
Fe _\_7Z“‘H Fe \f
(COJs | (COly H
R¢ H R2
169 ) 170
\L?
Erf “RE
o RE
171

a R!'=H, R? = OH; bt R! = OH, R2= H; & R? = CH,, R* = H;
& R = H, R* = CH,

On the other hand, semihydrogenation of triple bonds is

usually very efficient using heterogeneous catalysts. Reaction of

complexes 172 with hydrogen in the presence of palladium on
charcoal stops cleanly at the Z olefinic systems 173, irrespective
of the y-exe or iy-endo stereochemistry of the starting

complex.** 62
/N .

VS o
Meogcf/ge\\{-ﬂz MeO,C /Fl‘e /e —
(CO); R (€Ol R
72 173

a:R!'=H, R? = OH, R? = OH; b: R' = OH, R?=H, R*= OH;
¢ R!=H, R? = OH, R? = CH,; d: R' = OH, R?=H, R*=CH,

The synthesis of the leukotriene B, precursor 71 required semi-
reduction of alkyne 71:%¢ this could not be done using Lindlar
catalyst, but it was achieved, in a very good yield, using Nickel
P2 catalyst.””

zZ=—(CH2),CH=
MeOZCj M CH4{CH;),
{CO)y OH /
n MeOQC—//;Ie\"(\:
(COs) OH
174

Diimide reduction of the free double bond was also achieved in
the case of complex 175, albeit in a relatively low yield
(23%).°¢ The same complex reacted with diborane to give,
after treatment with methanol, adduct 176.%°

(MeO)zB)_ ~ <
7N /T\(
Fe Fe
(COMN (COM
175 176

Hydroboration of complexes 136 and 177 yielded, regiospecifi-
cally, alcohols 178 and 179.8¢-°%

© BaHg
2. Ha(p OHT
——-

N l\—\
Fe OH

(CO3 (CO)3
136 R:F 178 R-H
177 R:=CHs 179 R=CHs

SYNTHESIS

Surprising results were obtained in the case of complex 180,
where, depending upon the reaction conditions, either the
reduced derivative 181 or a mixture of 181 along with the

alcohols 182 and 183 was isolated.!*
~ r(f<
71N\
Fe

me

Fe
(O3 (COl:
180 181
§o <
7N //T\<—(°H
Fe Fe
(COMy (CO)
182 183

Of particular interest is the fact that, for all these hydrobor-
ations. an oxidative work-up (H,0,/”OH) could be used with-
out decomplexation.

Two other reagents, which proved to be compatible with the iron
carbonyl moiety, are noteworthy because of their synthetic
value. Osmylation of compiexes 136 or 184 gave the correspond-
ing glycols 185 and 186.%°

R R
)/T\" 71\ o
R N R
FQ. »R Fe -OH
(or (€0 R g

136 R:=H 185 R:H
184 R-CHy 186 R:(H;

This reaction was successfully applied in the preparation of
glycols 188 and 189.%°

OH

H
e/ N\ 00 AN
Fe N\ 5 2
&S, (COl3 “H
3 (CH2):C0:Me (CH2},COMe
(Z)-187 188
* OH
R.A’T\L\\_ ﬁ O e INA ehcome
(C%e)s {CH3)3COzMe {COk ~H
~ HO
(E£)-187 189a,b

R=CHy0SIPh Bu-¢

In agreement with the results previously described during the 2-
diazopropane cycloaddition with complexes (Z)-14 and (E)-14,
the osmylation of (Z)-187 is stercospecific and leads only to
glycol 188 by reaction of 050, anti to Fe(CO);. However,
reaction of (E)-187 is only highly stereoselective, giving a
mixture (ca. 90:10) of glycols 189a and 189b diastereoisomeric
at the Cs Cq bond.”” The glycols 188 and 189 are key intermedi-
ates for the stereoselective synthesis of 5,6-DiHETES, which are
leukotriene A, metabolites.’®”
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The Sharpless method of epoxidation [ VO(acac), + i-BuOOH]
is also compatible with the butadiene-iron tricarbonyl
complexes.'°!

R? , . R
MeO C—//—'\ e MeO C_//T\\ R
2 Fe o2 Fe ®
Ccon |/ (CO)3 0
CHy(CHY) CH3(CH)3

173 [ o4 Rz H, Rzr OH
d R'= OH,R%: H

190¢ R':H,R2% OH
d R':OH,R%: H

Reaction with allylic alcohols 173¢ or 173d gave epoxides 190¢
and 190d in excelient overall yields; in each case a 3: 2 mixture of
diastereoisomers at C4-C, was obtained.®® Thesc compounds
appear to be interesting models in studying the influence of the
organometallic moiety on the regio- and stereoselectivity of the
epoxide ring opening.

5. Conclusion

Acyclic butadiene-iron tricarbonyl complexes are easily ac-
cessible and versatile organometallics. The high stability of the
Fe(CO); moiety towards many chemical reagents makes it
particularly useful as a protecting group for 1,3-dienes. Being
very bulky, Fe(CO); is also a good stereodirecting group; the
diastereoselectivity of the reactions depending essentially upon
the structure and the conformational properties of the starting
complexes.

The main points can be summarized as follows: for type A and
type B aldehydes, nucleophilic addition gives, in almost every
case, & mixture of two diastereoisomers casily scparated by
chromatography, whilst reactions of type C ketones are
stereospecific.

CHO
R R
AT o AT RUTN o2
Fe Fe [Fe
(CCl3 (CO)4 {CO)3
A B C

In the case of complexes bearing free double bonds, the results
are strongly dependent upon the terminal substituents. The
reactions are stereospecific in type D and F complexes, but only
stereoselective for the type E derivatives.

Rl R —
R TN\ m N\
Fe N\ g7 Fe \_R2 Fe N
€Ol €O (€0 ¢
D E F

Addition of nucleophiles to type G pentadienyl cations is also
found to be stereospecific at the newly created asymmetric
centre, whatever the £,.7 or the E,E configuration of the
butadienyl-iron tricarbonyl complexes obtained.

Finally, these complexes offer an unique opportunity of prepar-
ing 1,3-dienes of various types by controlling not only the nature
of the substituents, but also, often in a predictible fashion, the
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stereochemistry of the asymmetric centers. Some of these dienes
have already proved to be useful intermediates in organic
synthesis, and it is to be expected that these acyclic
butadiene-iron tricarbonyl complexes will find many more
applications in the future.

Addenda

Two other complexes have been obtained in pure chiral form:
the 2-cthoxycarbonyl derivative 191 has been resolved using pig
liver esterase, and its absolute configuration was unambiguous-
ly established by X-Ray analysis.!??

FO:E! BuPh,SI0
- t-Bu pall K
b N\ _cho
Fe Fe
{CO)3 (CO:.
191 192

The bifunctional complex 192 has also been resolved via the
formation of distereoisomeric imidazolidines;'"* in the case of
(+)-192, the absolute configuration could be established by
correlation with the (25,5R) complex (+)-5.'%*

The chiral complex of sorbic acid (—)-2 proved te be also itself an
efficient resolving agent for some allylic alcohols. which are
useful precursors of fatty acid metabolites.'%*

Several studies have dealt with the synthetic uses of complexed
pentadienyl cations. Alkynyl nucleophiles react exclusively at
the non-substituted terminus to afford (i*-irans, cis-1,3.6-
dienyne)Fe(CO); complexes, which appear as interesting inter-
mediates in the field of icosanoids.'°® Different results, however,
were obtained with cations derived from 41: phosphorus nu-
cleophiles'®” and also malonic anions!®® lead, at least in part. to
a-7 allyl derivatives through reaction on a non-terminal atom of
the complexed cation.

Finally, it is interesting to point out that type 97 epoxides have
been prepared recently for the first time in Franck-Neumann's
group.'®
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