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Abstract: 4-Hydroxymethyl-2,4-pentadienoate was effectively synthesized and used for a 
synthetic entry to keto bridged bicyelo [n.3.1] alkanones and for the synthesis of a 12- 
membered maerodilide characterized by two t rans  double bonds, part of two vinylogous or- 
methylene lactone units. 

2,4-Pentadienoic esters 1, in which the C-4 methyl substituent is functionalized by a group (X) able to 

promote nucleophilic or electrophilic reactivity, are compounds of potential synthetic interest due to the 

presence of several reactive centers. We report a convenient approach to 1 and reveal the utility of such 

RO2C ~ 1  X 

compounds as building blocks in synthesis. 2 Preparation of I (X=Br), via allylic bromination of 4-methyl-2,4- 

pentadienoates, failed in our hands, the latter being unreactive towards NBS even under the drastic conditions 

used previously on structurally similar compounds. 3 

We have devised a short and convenient synthesis of the hydroxyester 5 starting from the readily 

Scheme 1 

t a~OEC" t BuO~C" II t-au02C ~ '  
 <5,R=H 7 

R=TBDMS " •  6, R=Ms 

aTBDMSCI, imidazole, DMF, RT, 88%; bBuLi (1.2 eq), THF, -78°C, 10 rain. then HMPA (1.1 eq), 
BrCH2CO2t-Bu (1.1 eq), 0.5h, -78°C, 85%; CTBAF, RT, lh, 89%; dCH2CI2, Et3N, DMAP (cat),MsCI, 0°C, 
0.5h, 91%, ephSO2Na,DMF, RT, 1.Sh, 80%. 

available hydroxysulfone 24 (Scheme 1). Protection as the silyl ether 3 was followed by alkylation with t-butyl 

bromoacetate to give 4 in excellent yield. Deprotection with tetrabutylammonium fluoride (TBAF) led to 

1333 



1334 

° 

8 

TABLE 

The synthesis of bicyclo In.3.1] alkanones 

~ ~ 0  ~ (I-I2 ~f" 
( C H  CO2t.B u t-BuO2C'CH2 '~  

9 10 

8 9(isolated yield) 10(isolated yield), endo:exo 

n=l  75% b 75% e, 86:14 

n=2 82% c 89% f, 100:0 

n=3 78% c 74% g, 60:40 h 

n=4 70% d 67% f, 60:40 h 

a.For general conditions see footnotes 6 and 7; b 5h, -78°C. c0.5h, -78°C then 1.5 h, -40°C; d 2h, -78°C; e _5 ° 
C, 15 min; f0°c  to RT, lh, g 0°C to RT, 25h; h Inseparable stereoisomeric mixture. 

concomitant sulfone elimination to afford (E)-4-hydroxymethyl-2,4-pentadienoate 5. 5 Further conversion to 

the mesylate 6 enabled its utilization as an effective building block for the construction of bicyclic keto bridged 

systems. Thus, lithium enolates of cycloalkanones (8, n=l-4), reacted readily with the mesylate 6 to afford 

products 9,5, 6 which underwent regioselective intramolecular conjugate addition under basic conditions 

(t-BuOK, t-BuOH-THF, 1:1) to give the bicyclo[n.3.1]alkanones 10 (Table).7, 8 The two-step sequence 8 -->10 

was also performed as a tandem process in one operation by adding t-BuOK in t-BuOH to the reaction mixture 

containing 9, but the overall yield by this procedure was lower (40%, for n=2). We assume that the first step 

(8 ---~9) involves a conjugate addition enhanced by the elimination of the mesylate group, rather than a SN2 or 

SN2' process. Indeed, 9 (n=2) could also be obtained by substituting mesylate 6 with sulfone 7, under identical 

conditions. 

The direction of attack of cycloalkanone enolates on 6 was independently confirmed by the preparation 

of the deuterated mesylate 6i via hydroxysulfone 2i: the ultimate product 9i was found to be deuterated 

exclusively in the vinyl group, as evidenced by IH NMR (Scheme 2). 

The endo-exo ratio for the side chain configuration, as established by help of IH NMR allylic coupling 

between the exocyclic methylene protons and the methine proton at the stereogenic center, was found to be 

dependent on the ring size of the cycloalkanone Ambiguities concerning the preferred conformation of larger 

ring size substituted cycloalkanones are possibly the cause for the lack of stereoselectivity in 10, when n=3 and 

n=49. This rapid synthetic entry to bicyclic bridged systems should be useful for the construction of terpenoids 

in which such units are prevalent 10 and can be utilized for the elaboration of larger rings by the excision of the 

keto bridge. 11 

Next, hydroxyester 5 was successfully utilized for the synthesis of the dilactone 16. (Scheme 3). The 

hydroxyl group in 5 was protected as the t-butyldiphenylsilyl ether (I 1) which was sufficiently resistant on 
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Scheme 2 

a u 
- CHO ~ CHDOH 

2i 

[~CHDOMs C~Li  USL. 
t-BuO2C / 

6i 9i 
a Jones reagent, 0°C; b NaBD4, CeCI 3 7H20 ' EtOH, 0°C; c See Scheme 1. 

c 

CO2t-Bu 

subsequent treatment with trifluoroacetic acid to afford 12. Esterification of the latter with the hydroxyester 5 

gave the dimeric ester 13. Cleavage of the t-butyl ester to give 14 was followed by the deprotection of the 

hydroxyl group affording the hydroxyacid 15, 5 which underwent smooth cyclization under Mitsunobu 

conditions 12 to provide (3E, 9E)-5,11-dimethylene-l,7-dioxacyclododeca-3,9-diene-2,8-dione (16). NMR 

spectral evidence indicates that the dilactone has a center of symmetry 13 with an unchanged conformation even 

at -80°C. Though models indicate the possibility o f s - c i s  or s-tram" conformations, the NOE data are consistent 

only with a s- trans  arrangement of the two diene moieties. 14. Scheme 3 

5 a  c 1,, TBDPS RO2C 
11, R =t-Bu 

b(12, R H 

t_BuO2C ~ O  
. TBDPS~.,~/ 

13 

b 
76% 

H02C R~~j~O e --- O ~ O  

14, R = TBDPS 1~ 
d(15, R=H 

aTBDPSCI (1.1 eq.), imidazole, DMF, 1.5 h 94%; bTFA(5 eq) CH2CI 2, RT, 16 h 72%; ¢5(1.1 eq), DCC (1.2 
eq), DMAP (10 tool %) CH2CI2, RT, 0.5 h, 70%; dTBAF (1.1 eq), THF, RT, 2h, 73%; eph3P (1.1 eq) DEAD 
(1.2 eq) THF, 1.5 h, RT, 81%. 



1336 

The structure of  16 is interesting by comprising two trans double bonds in a 12-membered ring and two 

vinylogous or-methylene lactone structural units, thus justifying further exploration of its biological and 

chemical properties. 15 
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