
Cl7 

Journal of Organometallic Chemistry, 285 (1985) Cl74320 
Elsevier Sequoia S.A., Lausanne - Printed in Tbe Netherlands 

preliminary communication 

NATURAL PRODUCT SYNTHESIS USING r-ALLYLTRICARBONYLIRON 
LACTONE COMPLEXES: SYNTHESIS OF PARASORBIC ACID, THE 
CARPENTER BEE PHEROMONE AND MALYNGOLIDE 

AVERIL M. HORTON and STEVEN V. LEY* 

Department of Chemistry, Imperial College, London SW7 2AY (Great Britain) 

(Received October 22nd, 1984) 

Reparation of three S -1actonic natural products, parasorbic acid, the 
carpenter bee pheromone and malyngolide has been achieved from n-allyltri- 
carbonyliron la&one complexes as the key synthetic intermediates. 

r-Allyltricarbonyliron la&one complexes have been used as novel precursors 
for the preparation of both P-la&ones [l] and lactams [ 21. We [ 31 and others 
[ 41 have also shown, in a limited number of examples, that these complexes 
may be exhaustively carbonylated to the S -la&ones. Since these iron complexes 
can now be conveniently prepared from vinyl epoxides using either Fe, ( CO)9 in 
benzene under ultrasonic conditions or from Fe, (CO), in tetrahydrofuran solu- 
tion [ 51, it was attractive to extend the method to S -1actone natural product 
synthesis. Here we describe routes to three such compounds. 

The first of these was parasorbic acid (1) a natural 6 -la&one isolated from the 
tree Sorbus acucuparia [ 61. This was achieved by epoxidation of penta-1,8diene 
with peracetic acid which gave an’inseparable mixture of epoxides 2 and 3 in a 
3/l ratio. Attempts to improve this ratio by using other peracids showed no 
noticeable advantage. Reaction of the crude epoxides with Fez ( CO)9 in THF 
gave a mixture of n-allyltricarbonyliron la&one complexes, 4 and 5, in 32 and 
10% overall yield respectively, which were separable by silica gel chromatog 
raphy. The structural assignment for these complexes follows from their high 
field ‘H NMR spectra which are fully in accord with similar compounds [ 11. 
Carbonylation of the complex 4 gave directly parasorbic acid 1 in 73% isolated 
yield (Scheme 1). 

Similarly, epoxidation of hexa-2,4diene with buffered peracetic acid gave the 
vinyl epoxide 6. Reaction of 6 with Fez ( CO)9 under ultrasonic conditions gave 
a separable 4/l mixture of the two n-allyltricarbonyliron complexes 7 and 8 in 
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(1) 
SCHEME 1. (a) MeCO,H, Na,CO,. CH,Cl,, -6°C: (b) Fe,GO),. THF; (c) CO, 80 atm. 196°C. 4 h. benzene. 

55% combined yield. The structural assignments of 7 and 8 again follow both 
from careful analysis of their high field ‘H NMR spectra and independent single 
crystal X-ray structure determinations *. Treatment of 7 or 8 individually or as a 
mixture, with carbon monoxide gave an identical l/l diastereoisomeric mixture 
of unsaturated S-la&ones 9 (89%). This observation indicates that the la&one 
complexes undergo isomerisation under the reaction conditions. Hydrogenation 
of 9 using a Pd/C catalyst gave a l/l mixture of the carpenter bee pheromone 
(10) and the trans-isomer 11 in 92% combined yield (Scheme 2). These two 6 - 
lactones are separable by preparative GLC methods. The spectroscopic data for 
10 are entirely consistent with previously reported data for the natural products 
isolated from the mandibular glands of the male bee Xy Zocopa hirsutissima [ 71. 

Finally, synthesis of the unusual 6 -la&one antibacterial agent malyngolide 
(12) was investigated. Malyngolide was first isolated from methanol extracts of 
an Hawaiian marine blue-green algae Lyngbya majuscuZa [ 81 and has been the 
subject of several synthetic studies [9]. Condensation of the anion derived from 

SCHEME 2. 0%) MeCO,H. Na,CO,. CH,Cl,. 0°C; (b) Fe,(CO),, benzene, ))) 1 h: (c) CO, 200 atm. 90°C. 
24 h. (d) H,. Pd/C. EtOAc. 

*We thank Dr. D.J. Williams, ImperIaI College, for there remultd. 
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SCHEME 3. (a) KHSO,, tolu~a. A. 48 h: then DBU, RT, 24 h, then LIAIH, In ether added at 0°C; 
(b) BuOOH, VO(acac), benzene, A, 10 mbx; (c) Fe,(CO),. THF; (d) CO. 300 atm, 90°C. 24 h; (e> ~O,IfI, 
MeOH; (i) LDA. -73’ Ii+ work-up [9d] affords a 9/4 ratio 13/l@. 

methylund~~oa~ with croton~d~yde gave a diastereoisomeric mixture of 
alcohols 13 in 88% yield. Dehydration of the alcohols.13 was not straight- 
forward and required a one-pot sequence involving initial warming in toluene 
with potassium bisulphate followed by isomerisation with DBU at room tempera- 
ture and reductive work-up with ethereal lithium ~urn~urn hydride to give the 
alcohol 14 in 71% overall yield. Directed epoxidation of the proximal double 
bond in 14 was achieved using tBuOOH/VO(acac), in 88% yield to give (15). 
Reaction with Fe, (CO)9 in THF gave a mixture of tricarbonyliron la&one com- 
plexes 16 (71%). Sep~tion of these complexes was possible but was unneces- 
sary in the light of the previously noted isomerisation which occurred on 
carbonylation. It should also be noted that protection of the primary alcohol 
during the formation of the iron complexes was not necessary. Carbonylation of 
16 using carbon monoxide at 90°C gave a separable mixture of diastereoisomeric 
6-la&ones 17 and 18 in 74% combined yield. Hydrogenation of 18 using Adams’ 
catalyst gave a 79% yield of malyngolide 12 which was identical in all respects to 
the previously synthesised material [ 91. Similarly reduction of 17 gave the alter- 
native isomer 19 (86%) which had previously been shown to be partially con- 
vertible to malyngolide on treatment with LDA [9d] (Scheme 3). The overall 
yield of malyngolide by this route from methylundecsnoate is 11%. 

The above syntheses demonstrate that ~-~yl~c~~ny~n la&one com- 
plexes can be used as viable intermediates for natural product synthesis. 

We thank the SERC for a Research Studentship (A.M.H.). 
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