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Utility of Diene-Tricarbonyliron Complexes as Mobile Chiral Auxiliaries: Highly 
Diastereoselective 1,5-Nucleophilic Substitution with 1,Z-Migration of the Fe(C0)3 
Moiety 
Yoshiji Takemoto, Naoki Yoshikawa and Chuzo lwata 
Faculty of Pharmaceutical Sciences, Osaka University, 1-6 Yamada-Oka, Suita, Osaka 565, Japan 

0-Acyl or 0-phosphoryl cyanohydrin derivatives of the tricarbonyliron complex of hexa-2,4-dienal undergo regio- 
and stereo-selective 1,5-substitution reactions with several heteroatomic nucleophiles giving, with migration of the 
Fe(C0)3 group, predominantly either (€,E)- or (€,a- products by appropriate selection of solvent and acid catalyst. 

Over the past decade, y5-dienyl tricarbonyliron(+ 1) cation 
complexes have proved extremely useful as intermediates in 
organic synthesis and highly diastereoselective addition reac- 
tions to the y5 -cation complexes are well documented.' 
Although U-shaped cation complexes A are conveniently 
generated from the corresponding alcohol or acetate complexes 
I, they are well-known to react with various nucleophiles in a 
stereoselective but non-regioselective manner, giving rise to 
four possible regiochemical isomers 11-V in ratios depending 
on the electronic and steric effects of the RI, R2 and R3 groups, 
even without considering the stereochemistry (Scheme 1).2 
Recently, two groups have reported the regio- and stereo- 
specific nucleophilic substitutions via S-shaped cation com- 
plexes B, which open a route for (E,E)- 1,l -substituted adducts 
IV.3 However, there is still the serious problem of how to obtain 
the other type of isomers 11, I11 and V predominantly. In 
particular, in view of an iterative chiral induction4 with the aid 
of the iron-tricarbonyl moiety, the (E,E)- and (E,Z)-l,5-substi- 
tuted adducts I1 and I11 are very promising intermediates, 
because in these products 1,2-migration of the Fe(C0)3 in 
pentadienyl cations should occur. In the course of our studies on 
diene-iron complexes,5 we became interested in the cyanohy- 
drin derivatives 2 and 3 for the following reasons: (i) 
nucleophiles would predominantly attack the C-5 position of the 
cation complex A, owing to an electronic effect of the nitrile 
group;6 (ii) the resulting nitriles 4 and 5 could be converted 
easily into aldehydes, from which another cyanohydrin would 
be prepared for the second manipulation (Scheme 2). Conse- 
quently, we wish to report here some regio- and diastereo- 
selective 1,5-substitution reactions of the cyanohydrin deriva- 

B 
\Nu 

tives 2 and 3 into the (E,E)- and (E,Z)-1,5-substituted adducts 4 
and 5 along with concurrent migration of the Fe(C0)3 group. 

At first, we studied the effect of the leaving groups (LG) of 
the cyanohydrin derivatives 2 and 3. The cyan0 esters 2a-c and 
3a-c were prepared from the racemic aldehyde complex 1 7  in 
three steps: (i) Me3SiCN, ZnCl2, CH2Cl2; (ii) 10% HCl, MeOH; 
(iii) acetic anhydride or 3,5-dinitrobenzoyl (3,5-DNB) chloride 
or 2,4,6-trichlorobenzoyl (2,4,6-TCB) chloride, pyridine, 
CH2C12; yields:-/- 45 (2a), 45 (3a); 78 (2b + 3b); 38 (2c), 40% 
(3c). The cyanophosphates 2d$ and 3d$ were obtained from 1 
and diethyl phosphorocyanidate (DEP-CN) according to the 
reported procedure.* 

A number of substitution reactions of 2 and 3 were examined 
using a variety of Brgnsted acids and acidic ion-exchange resins 
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Scheme 2 Utility of the iron-tricarbonyl complex as a mobile chiral 
ligand 

Me-0:: + 

F~(CO), CN F ~ ( C O ) ~  CN 

2a-d: polar Nu, ,, 3a-d: less polar 

Me" 
(E, E )  -4A-F (€,Z)-SA-F 

LG Nu1 
a Ac A OMe 

c 2,4,6-TCB C OPri 
d DEP D O h  

E SPh 
F N3 

b 3,5-DNB B OEt 

Scheme 1 



J. CHEM. SOC., CHEM. COMMUN., 1995 

in MeOH, resulting in low to moderate yields of the substituted 
product, depending on the leaving groups (Table 1). In all cases 
except for runs 2 and 7, only one diastereoisomeric 1,5-substi- 
tuted product 4AT could be observed by 500 MHz 1H NMR 
analysis. Table 1 indicates that 3,5-DNB, 2,4,6-TCB, and DEP 
are good leaving groups for the substitution reaction because 
both of their diastereoisomers, 2b-d and 3b-d, show the same 
reactivity, leading to the same product 4At irrespective of the 
chirality of the starting materials. Furthermore, we are inter- 
ested in the different result of run 7, in which both 4At and 5A-f- 
formed. In order to explain the generation of 5A, the mixture of 
4A and 5A obtained in run 7 was heated at 60 "C in MeOH in 
the presence of Dowex 50W, giving 4At as a single product in 
91% yield (cf. run 8). This indicates that the (E,E)-isomer 4A is 
a thermodynamically controlled product under the reaction 
conditions. 

Next, expecting a diastereoselective preparation of (E,Z)- 
isomer 5, we directed our attention to the reactivity of the 
cyanophosphates 2d and 3d, for which substitution proceeds at 
room temperature. After many experiments with various 
solvents and Lewis acids, we found that the LiC104-catalysed 
substitution of 2d and 3d in diethyl ether in the presence of 10 
equiv. of nucleophiles gave a better results (Table 2). In these 
reactions, (E,Z)-isomers 5A and BT bearing an oxygen atom 
could be always obtained as major isomers (d.e. 66-68% in runs 
1 and 2), and isomers 5E and FT bearing sulfur and nitrogen 
atoms were produced exclusively when benzenethiol and 
trimethylsilyl azide (TMSN?) were used as nucleophiles (runs 3 
and 4). Fortunately, we finally found that treatment of a mixture 

Table 1 Reaction of the cyan0 esters 2a-d and 3a-d in MeOH under acidic 
conditions (Nu1 = OMe) 

Yield [4A : 5A]a 
Run Substrate Reaction conditions (d.e.[%])" 

1 2a 
2 3a 
3 2b 
4 2c 
5 2c 
6 3c 
7 2d 
8 2d 

Dowex 50W, reflux, 48 h 
Dowex 50W, reflux, 48 h 
Nafion NR-50, 60 "C, 6 h 
Nafion NR-50, 60 "C, 4 h 

Nafion NR-50, 60 "C, 10 h 
HBF4 room temp., 6 h 
Nafion NR-50, 60 OC, 24 h 

HBFS, 60 "C, 24 h 

23 [4A only] (0-50) 
0 
50 [4A only] (>98) 
43 [4A only] (>98) 
5 1 [4A only] ( > 98) 
52 [4A only] (> 98) 
53 [40: 601 (>  98) 
61 [4A only] ( > 98) 

(1 Determined by 500 MHz 'H NMR. 

Table 2 Reaction of cyanophosphates 2d and 3d with various nucleophiles 
with Lewis acid catalysis 

Nucleophile 
Reaction (Nu'H or Yidd (%) Ratio 

Run conditions0 NulTMS) (d.e. 4 :  5 b  

1 A 
2 A 
3 A 
4 A 
5 B 
6 B 
7 B 
8 B 

MeOH 
EtOH 
PhSH 

MeOH 
EtOH 
PriOH 
BnOH 

TMSN3 

51 (>95) 
53 (>95) 
39 ( >  95) 
60 (>  95) 
48 ( >95) 
54 ( > 95) 
45 (> 95) 
39 (>95) 

16: 84 
17: 83 

<2 :  >98 
<2 :  >98 
<2 :  >98 
< 2 :  >98 

4 :  96 
< 2 :  >98 

a A: LiC104 (1.1 equiv.) and nucleophile (10 equiv.) were kept in diethyl 
ether at room temp. for 16 h. B: BF,.Et20 (0.1 equiv.) and nucleophile (10 
equiv.) were kept in THF at 0 "C for 5 h. b Determined by 500 MHz IH 
NMR . 

of 2d/3d and several alcohols with a catalytic amount of 
BF3.0Et2 in THF at 0 "C leads to the exclusive formation of the 
(E,Z)-isomers SA-Dt in yields comparable with those of the 
LiC104-catalysed reaction, while in run 7 a small amount of 
4Ct could be detected (runs 5-8).§ 

In conclusion, we have established the highly regio- and 
stereo-selective 1,5-substitution reactions of the cyanohydrin 
derivatives 2 and 3, giving (E,E)-isomers 4At and (E,Z)- 
isomers SA-Ft with concurrent migration of the Fe(C0)3 
group. 
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Footnotes 
i- The relative stereochemistry of 2 and 3 was estimated by R f  values 
according to Clinton and Lillya's report.9 That of 4 and 5 was also 
elucidated from the reported examples1 and the reaction mechanism. 
$ Due to the instability of 2d and 3d towards column chromatography, these 
compounds were used as a diastereomixture (2d : 3d = 2 : 3 or 3 : 2) without 
purification. 
3 At this stage, the reason why these two reaction conditions gave only the 
(E,Z)-isomer 5 is not clear but, owing to the mild Lewis acidity of LiC104 
and the strong coordination ability of THF to BF,.0Et2, the Z to E 
isomerization of 5 into 4 might be supressed effectively. 
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