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Abstract:- A series of alkenyl epoxides were converted into their corresponding n-allyltri- 

carbonyliron lactone complexes byeithertreatment with tetrahydrofuran solutions of Fe2(C0)9 

at room temperature, or in hydrocarbon solvents with Fe2(C0)9 under ultrasonification 

conditions. The new routes constitute convenient practical alternatives to presently 

existing methodology. 

n-Allyltricarbonyliron lactone ccmple*s 

have been shown to be useful precursors for 

the synthesis of lactones and lactams. For 

example, oxidation of these species with 

ceric ammonium nitrate leads predominantly 

to alkenyl substituted 6-lactones.' whilst 

exhaustive carbonylation affords 6-lactones2 

Treatment of these lactone complexes with 

amines in the presence of Lewis acids, gives 

the corresponding lactam canplexes by an 

SK' like mechanism. These upon oxidation 

with Ce(IV) provide a novel route to 6-lac- 

tams .j a structural unit c-n to many 

important antibiotics (Scheme). 

n-Allyltricarbonyliron lactonc complexes 

are prepared by treatment of alkenyl epoxides 

with coordinatively unsaturated iron carbonyl 

species, generated under thermal or photo- 

chemical conditions. 4 The thermal reactions 

however, are not amenable to more sensitive 

or complex substrates,2b while the photo- 

chemical route inevitably involves high 

dilutions and use of the volatile and toxic 

pentacarbonylirnr,(Fe(CO)S). 

C a 1 Ce 

RnoR>R’ 

Scheme 
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k4 
(1) ---___--__ $ye ) fi+ --------- yJ 

(4 = , R=Ph 

(3) R*=hle , d=Ph (4 

(4 d= Ph , It={-Napth (14) 
(5) ---------- &Me , ~=“CeH13 ------- (15) 

Alternatively these complexes can be prepared 

by a less general method and in low yield fran 

1,4-dihydroxybut-2-enes, l,Ghydroxyaminobut- 

2:enes or oxazines.5 Clearly these 

reaction conditions are unsatisfactory for 

large scale synthesis, therefore new and 

convenient methods of preparation are 

required if these complexes are to find more 

general synthetic use. Here we report upon 

two new methods which we believe satisfy 

these criteria. 

The first of these involves the use of 

nonacarbonyl diiron (Fe2(C0)g), an orange 

crystalline and easily handled solid, in 

tetrahydrofuran solution. Dissolution of 

Fe2(C0)g in tetrahydrofuran is known 6 to 

produce solutions which are thought to 

contain the carbonyl complex, Fe(CO)4sTHF. It 

is not unreasonable to expect that these 

solutions would react with alkenyl epoxides 

to give the corresponding n-allyltrlcarbonyl- 

iron lactone complexes. This indeed was 

found to be the case. The alkenyl epoxides 
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(1) to (8) were smoothly converted to the be prepared by a variety of methods involv- 

iron caaplexes (11) to (18) in moderate to ing selective epoxidation of dienes,' methyl- 

excellent yields upon reaction at roan enation of enones or enals using dimethyl- 

'temperature (Table). sulphonium methylidea, or fran carbonyl 

Table: Reaction of AlkengZ Qmzidee tith Fe2(Co)s. 

) Method A: Fe2(C0)9 in THF; Method B: Feg(C0) 9 in benzene or ether under ultrasonificatiol 

) This epoxide failed to react using method B. 

) This epoxide was not studied under method A conditions. 

During these reactions it was noticed that compounds using arsoniun ylides. 9 

the initially red coloured solutions turned The reaction conditions using Fe2(C0)9/ 

green on canpletion of reaction,presumably THF were satisfactory for most substrates, 

due to formation of Fe3(C0),g. Attempted however a complimentary process was also 

reaction with Fe3(C0),2 or Fe(CO)g in THF, investigated which would allow reaction at 

failed to afford tbe complexes with alkenyl room temperature in hydrocarbon solvents 

epoxides. The starting alkenyl epoxides can such as benzene, hexane. petroleum ether etc., 
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but still using Fe2(C0)9 as the convenient 

source of carbonyliron species. As the 

alkenyl epoxides failed to react with 

Fe2(C0)9 alone in these solvents (over a 

period of up to two weeks), we subjected 

the reaction mixtures to ultrasonification 

using a Semat 80 Watt, 50 kHz ultrasonic 

bath. Under these conditions it was now 

possible to readily convert the alkenyl 

epoxides (1) - (7) and (9) - (10) to the 

corresponding complexes (11) - (17) and (19)- 

(20) in a synthetically acceptable fashion 

(Table). The use of ultrasonification 

methods in chemistry is of considerable 

current interest 
10 

and reactions of metal 

carbonyls under these conditions has proved 

particularly topical. 11.12 

The reaction is carried out in suba- 

sealed round bottaned flask immersed in the 

ultrasonic bath, until disappearance of 

Fe2(CO)g. or t.1.c. indicates the reaction 

to be complete. The product was isolated by 

filtration using a 'Celite' pad, followed 

by chromatography on a silica gel column or 

recrystallisation. With volatile alkenyl 

epoxides, it was expedient to use an excess 

of the epoxide over Fe2(C0)g in order to 

ensure high yields of complex. 

In control reactions, neither Fe(C0)5 

nor Fe3(C0)12 in hydrocarbon solvents were 

found to react with alkenyl epoxides under 

sonochemical conditions. Exposure of 

Fe2(C0)g alone to ultrasonification gave 

Fe(C0)5. precipitated elemental iron and 

carbon monoxide. Oienes in the presence of 

Fe2(C0)g failed to afford complexes under 

similar reaction conditions, though in a 

separate experiment, 

canplexes were shown 

sonochemical method. 

tricarbonyliron diene 

to be stable to the 

On the other hand the 

n-allyltricarbonyliron lactone complexes were 

slowly decomposed in benzene solution under 

prolonged ultrasonification (= 25% decompos- 

ition after 18 h). 

These results strongly suggest that the 

conclusions presented by Suslick12 on related 

systems are highly debatable, and that alter- 

native pathways could be operating during 

these sonochemical procedures. Clearly more 

work is required to properly define possible 

reactive intermediates and the effect of 

varying reaction conditions. 

Nevertheless, we believe that above 

procedures constitute practically useful 

methods for the preparation of n-allyltricar- 

bonyliron lactone complexes, further uses of 

which will be reported in detail later. 

EXPERIMENTAL 

Melting points were determined using a 
Kofler hot-staae aooaratus and are uncorr- 
ected. IR spectra'were recorded with a 
Perkin-Elmer 298 spectrometer for solutions 
in CHC13 unless otherwise stated. 'H MR 
spectra were recorded at 60 MHz using a 
Varian EM 360A. or at 250 MHz using a Bruker 
WH250 spectrometer, for solutions in 
deuteriochlorofonn with tetramethvlsilane as 
internal standard. Mass spectra were obtained 
using a V.G. Micrcmass 7070 8 spectrometer. 
Solvents were dried using standard methods. 
Chromatography was performed on MN-Silica gel 
60 (230-400 mesh) under pressure. 

General Proosdure for the Preparation of 
n-Allultricarbonuliron La&one Com~tex~e 
ueing"Fe (CO) in Tetrahydrofiran.'Fe (CO)g 
was adde8 to P stirred solution of th 8 
alkenyl epoxide in THF. Upon formation of a 
green solution (or canplete dissolution of 
Fe (CO) ), solvent was removed under reduced 
pr8ssurs. The residue was dissolved in the 
minimum quantity of benzene and eluted 
through a short column of silica gel with 
benzene-ether to afford the pure ferrilactone 
camp ex. 
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2-4-n3-(l-Forn@oxy-2-methylbut-3-en-2ylato) 
tr&arkyZira fill. To a solution of (1) 
(2.59, 0,03mol) in THF (75ml) was added 
Fez(COf9 (9.29, 0.03~1). Work up after 
0.75 h as above and elution of the column 
with 20% ether-benzene gave the complex (11) 
(7.09, 94%) m.p. IOloC, identigal to the 
previously prepared compound. 

2-4-~3-(l-Formytoxy-4-phenyZbz&-3-en-2-yZatol 
tricarbonyliron 112). To a solution of (2) 
(0.299, 2.@mul) in THF (3&l) was added 
Fe2(CO)g (0.62g, 1.7mnol). After 0.5 h, 
work up in the usual manner and elution of 
the column with 25% ether-benzene gave the 
complex (12) (0.539, loo%), m.p. >12oOC 
(decomp.); IR 2080, 2030, 1665 and 984 cm-l; 
r#R 64.05 fltt. dd. J = 12.5. 5.5 Hr. H-1). 
4.17 (lti, dd,-J =-12.5, 1.5-Hz, H-lj, 4.jIf 
Illi. ddd. J = 7.5, 5.5. 1.5 Hz. H-21, 4.82 
(1H; d, j = 12.5 iiZ, HL4), 5.62 (lH;-dd, J = 
12.5, 7.5 Hz, H-3), and 7.28-7.42 (5H, m, Ph) 
(Found: C, 53.76; H, 3.21%. C14tl10Fe05 
requires C, 53.54; H, 3.21%). 

2-4-~3-~l-FornqjZoxy-2methyZ-4-phen~tbut-3- 
en-2-yZatol tricarbonytiron (131. To the 
epoxide (3) (1OOmg. 0.621m~l) in THF (2Oml) 
was added Fe2(CO) (35@ng, 0.96mnol). After 
2 h, work up as above gave the complex (13) 
(13Omg, 64%)sm.p. 15OoC; IR 3020, 2920, 2070, 
2000, 1710, 1655, 1596, 1440 and 970 cm-l; 
FMR 61.45 (3H, s. Me), 3.38 (ltt, d, J 
12.4tiz. H-l), 3.57 (lH, d, JA = 12.4fl!,=H-1) 
4.67 (lH, d, J = 12.4 tiz, H-3 B , 4.98 (lH, d, 
J= 12.4 Hz, H-4), and 7.08 (5H, s, Ph) 

~~~~~~sc~c~5;~~~l~~~~~~~~~%~~~H1205Fe 

2-4-n3-fl-FonnyZoxy-2-phenyt-P-nupthyZbut-3- 
en-2-yZutoftricarbonyEircm (141. TO a 
solution of (4) (1Otig. 0.371m101) in THF 
(2Qnl) was added Fe2(CO)g (ZOOng, 0.56mnol). 
After 2 h. work UD as above gave the canolex 
(14) (96m4, 59%),'m.p. 146-96C (decomp.); 
IR 3060._2930. 2080. 2020. 1720. 1690 and 
1600 ~~';~R-~4.4O-~lH~ 4. JAB= 10 HZ, 

't&4-tf"$;.,$ ",&)= ~,;z$-l~. :_1",2 

Hz,'H-i), 7.25 (5ii. s, ;h): and 7I3018.05 
(7H, m. napth). 

2-4-~3-il-FomnyZoxy-2-methyZdec-3-en-2-yZatoI 
tricarbonytiron 1~5/. A solution of (5) 
(195mg, 1.16tmtol) in THF (22ml) with Fe2(C0)g 
(0.439, 1.2mnol) was stirred for 0.75 h. 
Work up as above and elution with 15% ether- 
benzene gave the complex (15) (211mg. 56%) as 
an oil, IR 2930, 2860, 2080, 2030, 2010, 1665, 
1460, 1385 and 985 cm-l; NR SO.98 (3H. t, 
J = 6.7 Hz, IO-Me), 1.20-1.78 (9H, in), 1.97 

, s, 2-Me), 2.22 (lH, ddd. J = 13.2, 8.4, 
ct: Hz, H-6). 3.75 (lH, ddd, J = 11.9, 8.4, 
4.8 Hz, H-4), 3.85 (lH, dd, J = 12.0, 1.1 Hz, 
H-l), 4.08 (lH, d, J = 12.0 Hz, H-l), and 
4.71 (lH, d, J = 11.9 Hz, H-3) (Found: C, 
52.05; H, 5.94%. C14H20Fe05 requires C, 51.87; 
H, 6.22%). 

2-4-r?-(2,3-Dimethy&l-fonnytoxjjbut-3-en-2- 
yZatoltricarbonyZiron (161. To the alkenyl 
epoxide (6) (5&g, O.Sln~nol) in THF (2(hl) 

was added Fe 
Work up as g 

(CO)g (27&g, 0.7-l). 
a ove after 2 h gave the complex 

(16) (Slmg, 42%)pm.p. 104oC, idfntical to 
the previous prepared c~pound. 

2-4-n3- {l-BenzyZoxymethyZ-l-formytoxypent-3- 
en-2-y&z&f tricarbonytiron (17f. TO the 
epoxide (7) (50ng. 0.25mnol) in THF (2ml) 
was added Fe2(CO) (135mg, 0.37mnol). After 
2 h, work up as a ove gave the complexes (17) tl 
(31mg, 34%b as a mixture of isomers at C-l, 
m.p. 64-65 C; IR 3 20, 2950, 2850, 2070, 
2005 and 1667 an' ? ; NMR 61.83 (3H. d, J = 
5.6 Hz, 4-Me), 3.53 (2H, m, C$OBn), 4.07 
(lH, m, H-4). 4.40 (lH, dd, J = 10.3, 4.5 
Hz, H-3). 4.57 (4ti, m, PhCH ,H-2, H-l) and 
7.34 (5H, s. Ph) (Found: C, 3 5.10; H 4.35%. 
C17H16Fe06 requires C, 54.87; H, 4.34%). 

Preparation of 2-4-n3-f5-Fontlytoxy-5-h_udroxy- 
methyZtetradec-3-en-4-ytatoltricarbonyZiron 
(18). To a solution of (8) (1Otig. 0.47mnol) 
in THF (2Oml) was added Fe2(CO)g (227m9, 
(0.63nmol). After 0.5 h, work up as above 
gave the complexes (18) as a mixture of 
isuners at C-5, (lOOmg, 71%),m.p. 95 -9[?OC; 
IR 2960, 2940, 2875, 2860, 2090, 2030 and 
1655 cm-l; FPtR ~0.87 (3H, br t, J = 7.6 Hz, 
15-Me), 1.15-1.80 (17H, m), 1.56 (lH, br s. 
OH), 1.87 (3H, d, J = 6.4 Hz, l-Me) 3.64 
(2H, m, 6-CH ) 4.10 (lH, dq, J = 11.9,6.4 
Hz, H-2). 4380". d, J = 7.6 Hz, H-4), and 
4.67 (lH, dd. J = 11.9.7.6 Hz, H-3) (Found: 
C, 55.54; H, 6.94%. ClgH2806Fe requires C, 
55.90; H, 6.91%). 

GeneraI Procedure for the Br‘eparation of 
n-kllyltricarbonyliron ketone CompZexes 
wing UZtmsonification. A solution of the 
alkenyl epoxide in an inert solvent (usually 
benzene) with Fe2(COjg was subjected to 
ultrasonification until dissolution of the 
iron carbonyl occured (0.5 - 5 h). Filtrat- 
ion of the mixture through a pad of 'Celite' 
and removal of the solvent under reduced 
nressure ltakina care not to heat the r ---~ \ 

solution above ;oom t~perature), gave a 
residue which was ourified by column chranat- 
o$aphy and/or recrystallisation to give 
the ferrilactone complex. 

2-4-~3-(1-FormyZ#xy-2-methyZbwt-3-en-2-yZato~ 
tricarbonyliron (111. A solution of 
isoprene epoxide (1) (29, 23.6mmol) in 
benzene (8ORnl) containing Fe2(CO)g (2.99, 
7.9mnol) was reacted ultrasonically for 5 h. 
Work up gave the complex (11) (1.59, 76%) 
(based on Fe 

-6 
(CO)g)identical in all respects 

to the previ usly prepared material. 
Conducting the reaction on a smaller scale 
gave an improved (90%) yield. 

2-4-~3-(l-P’ormyZos~-4-pherlgrZ-b~ct-3-en-2- 
yZatoftricarbon~Zi>on 11.2). The epoxide (2) 
(0.679, 4.6mnol) in ether (5Oml) containing 
Fe2jCO) 

3 
(1.66g, 4.61m101) was reacted ultra- 

sonicat y for 0.6 h. Work Up gave the com- 
plex (12) (0.989, 6&?X) identical to the 
material prepared above. 

2-4-n3-(I-FozwyZoxg-2-methyl-4-phenyZbut-3- 
en-2-yZato;trietirtorryZ~rJn 1’13). A solution 
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of the epoxide (3) (10&g, 0.62mnol) in 
benzene (20nl) containing Fe (CO) (35@ag. 
0.96mrol) was reacted ultras g* 9 nica ly for 
0.6 h. Work up gave the complex (13) (128m9. 
63%) identical to the material prepared above. 

2-4-~3-(1-Fonnyloxy-2-phenyl-4-napthylbut-3- 
en-2-ylato)tricarbonyZiron (14). A solution 
of the epoxide (4) (lOQng, 0.371maol) in 
benzene (20ml) containing Fe2(CO) (2OOmg, 
0.5-l) was reacted ultrasonica ly for 5 h. 9 
Work up gave the complex (14) (10&g. 65%). 
identical to the material prepared above. 

2-4-q3-ll-Formyloxy-2methyZdec3-en-2-ykzti) 
tricarbonyliron 115). A solution of the 
epoxide (5) (131~. 0.7Bmnol) in benzene 
(35ml) containing Fe2(CO)9 (0.289, O.-l) 
was reacted ultrasonically for 1.2 h. Work 
up gave the complex (15) (166mg. 66%) 
identical to that prepared above. 

2-4-n3-/2,3-&ethyl-I-forwtyloxy-but-3-a-2- 
ylato)tricarborqlimn (IS). A solution of the 
eooxide (6) (15Oma. 0.5lmnol~ in benzene 
(i&111) c&taining-Fe2(CO)g (27&ng. 0.76mnol) 
was reacted ultrasonically for 1 h. Work up 
gave the complex (16) (56mg, 44%). identical 
to fhat prepared previously. 

2-4-n3-(l-BezzyLoxymethyl-I-formyloxypent-3- 
en-2qZatol trix.rbony2iron (17). A solution 
of the epoxide (7) (S&as. 0.2-l) in 
benzene (20ml) containing Fe2(CO) (135mg, 
0.36mnol) was reacted ultrasonica s ly for 5 h. 
Work up gave the complex (17) (73mg, 79%) 
identical to the previously prepared 
material. 

2-4-~3-(CycZohex-3-en-2-ykztol-l-oxycarbonyZr 
tricarbonyliron 119). The epoxide (9) 
(43Bmg. S.(hnol) in benzene (6Cknl) with 
Fe2(CO) 
sonical 9 

(1.829, 5.01mnol) was reacted ultra- 
y for 1.5 h. Work up gave the complex 

I:?! (j48mgd 34%). m.p. 740C (decanp.) 
I . c 80 C);IR 2900, 2100. 1990, 1650, 

1460, 1375, 1340. 1325. 1060, 1010, 995 and 
and 975 cm-l; FMR'61.10-1.37 (lH, m), 1.48- 
1.73 (lH, m); 2.18 (1H. ddd. J = 18. 11.5. 
5.5 H;, H-5i3), 2.44‘(lH, ddhd, J = i8. 6.5, 
6.5, 1 Hz. H-5a). 4.52 (1H. dm. J = 7 Hz. H- 
1). 4.70 (lH, d;ld, J = 6.5; 5.5, 2 Hz. H-4), 
5.44 (lH, dd, J = 6.5, 6.5 Hz, H-3), and 5.75 
(lH, ddd, J = 7, 6.5, 2 Hz, H-2). 

2-4-~3-Spiro(cycbhexune-l,l ‘-but-3-en-2- 
ylatol-I-oxycarbonyltricarbonyliron (201. A 
solution of the epoxide (10) (293mg. 2.-l) 
in benzene (SQnl) containing Fe2(CO) 
2.4mmol) was reacted ultrasonically 8 

(0.869, 
or 1.5 

h. Work up gave the canplex (20) (333mg. 50%) 
m.p. 96OC (deccmp.) identical to the 
previously prepared material.' 
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