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Abstract: A seven step synthesis of the pentacyclic framework of 
xestquinone and halenaquinone is described beginning with 3- 
(hydroxyrnethy1)furan and 3-bromo-2-naphthoyl chloride utilizing, as 
the key step, a palladium catalyzed polyene cyclization. 

The pentacyclic polyketides halenaquinone (1) and xestoquinone 
(2) have been isolated from a variety of sea sponges1s2 and shown to 
possess antibioticla and cardiotoniclc activity, and to inhibit protein 
tyrosine kinases.3 To date, only one synthesis of halenaquinone4a and 
xestquinone4b have been reported; both ktarting from the optically 
pure Wieland-Miescher ketone. In addition, a formal total synthesis of 
xestoquinone using a furan ring transfer reaction as the key step,4c and 
an approach to both halenaquinone and xestoquinone requiring the 
synthesis of a 5a-methyl-2H-naphtho1[1,8-bclfuran have been 
reported.4d As part of our efforts to develop new strategies for the use 
of furan rings in synthesis,5 we describe herein a new approach towards 
the preparation of the pentacyclic framework of halenaquinone and 
xestquinone, which involves only seven steps from the readily 
available 3-(hydroxymethyl)furan. 

Since the palladium catalyzed polyene cyclization has been shown 
to be a useful synthetic reaction for the construction of two or more 
rings in one step,6 we examined the possibility of employing this 
reaction to build the pentacyclic carbon skeleton of halenaquinone and 
westquinone. Our retrosynthetic analysis using this reaction is 
illustrated in Scheme 1. Thus, functional group interconversions and 
concomitant cleavage of the C4-CS and C6-C19 bonds lead to the 
ketofuran 3, which, when cleaved at the C8-C9 bond, provided 3- 
bromo-2-naphthoyl chloride (4) and furan (5). Furan 5 could be 
prepared from 3-(hydroxymethy1)furan by employing our recently 
reported variation of the Susuki reaction in which a furyl-boronic acid 
is generated and used in siru.7 

I Halenaquinone R1+R2=0 
2 Xestoquinone R1=R2=H 

Scheme 1 

To test the feasibility of using a palladium catalyzed polyene 
cyclization in the presence of a furan ring, the two precursors 10 and 
11 were prepared as illustrated in Scheme 2. The t-butyldirnethylsilyl 
ether of 3-(hydroxymethyl)furan (6)  underwent a [1,4] O+C silyl 
migrationsd when treated with a mixture of n - B u L i i A  in THF at 
OOC to pmvide furan 7 in 87% yield. Furan 7 was then subjected to our 
modified Susuki reaction conditions7 Thus, treatment of furan 7 with 
2.2 equivalents of n-BuLi (DME, OOC) for 1 hour formed the C-4 anion 
of 7 exclusively. Trimethylborate (2 equiv.) was then added and after 
the solution was stirred for 1 hour at O°C, 2-bromopropene (1 equiv.), 
H20 (2 mL), and 3 mol% Pd(PPh3)4 were added and the reaction 

mixture heated to reflux for 4 hours. Normal workup provided furan 8 
in 84% yield. Swem oxidation8 (oxalyl chloride, DMSO, Et3N) of 
furan 8 followed by a Wittig reaction provided dienyl furan 9 in 65% 
yield over 2 steps. The C-5 lithiation of furan 9 proceeded smoothly by 
the addition of 1.5 equivalents of n-BuLi and 1.2 equivalents of HMPA 
to a solution of 9 at -78OC in THF. Treatment of the C-5 anion of 
furan 9 with either 2-bromobenzoyl chloride or 3-bromo-2-naphthoyl 
chloride9 provided ketones 10 (68%) and 11 (77%). respectively.1° 
With furans 10 and 11 in hand, palladium catalyzed polyene cyclization 
reactions were investigated. 

Conditions: a) TBDMSCI, imidazole, DMF (96%); b) n-BuLi, THF, HMPA, 
O°C (87%); c) 2.2 equiv. n-BuLi, DM€, OOC, I h; then add (MeO)@, OOC, 

I h; then add 10 mol % Pd(PPh3)4, H 2 0 ,  2-bromopropene. 80°c, 4h 
(85%); d) Swern [O] (75%); e) Ph3P=CH2. THF (87%); 1) 1.5 equiv. 

n-BuLi. HMPA. THF, -78°~ .  I h ;  then add 2-brornobenzoyl chloride (68%) 
or 3-bromo-2-naphthoyl chloride (77%). 

Scheme 2 

Treatment of bromide 10 with palladium acetate (10 mol%), 
triphenylphosphine (30 rnol%),ll aiethylamine (20 equiv.), and water 
(10 equiv.) in toluene at 100°C for 12 hours afforded a 4:l (by lH 
NMR) mixture of tetracyclic compounds 12 and 13 (Scheme 3). 
Compounds 12 and 13  were easily separated through a silica gel 
column (hexane:EtOAc, 20:l) and assigned their structures based on 
spectral data.12 The formation of the extremely strained tetracyclic 
furan 13 was surprising based on geometry optimized AM1 level 
calculations,l3 which indicated the AHf of furan 12 was 25.1 kcal/mole 
lower in energy than the AHf of furan 13. Since the final step involved 
in the formation of furans 12 and 13 is a syn-elimination of H-Pd-Br, 
which has been reported to be fast process,14 we conclude that the 4:l 
ratio of 1 2 1 3  is a kinetic ratio. 

Finally, furan 11, when treated with 10 mol% Pd(PPh3)4.in the 
presence of Et3N in toluene (lOO°C) for 12 hours, provided a 2:l ratio 
(by IH NMR) of pentacyclic furans 1415 and 1s16 in 74% yield 
(Scheme 3). We are currently attempting to optimize the yield of 
compound 14 by varing the reaction conditions or by changing the 
structure of precursor 11.17 

We have shown that the pentacyclic framework of halenaquinone 
and xestoquinone can be built in seven steps from 3- 
(hydroxymethy1)furan using a palladium catalyzed polyene cyclization 
as the key step. Application of this methodology to the synthesis of 
halenaquinone and xestoquinone will be the subject of future reports. 
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Abstract: Iminium salts bearing an a-CH group are efficiently depro- 
tonated with sodium trimethylsilanolate in a non-aqueous reaction me- 
dium. In this manner, little known a-alkinylenamines can be obtained 
from propyne iminium triflates. 

Alkali trimethylsilanolates have been recognized as hydroxide ion 
equivalents that are appreciably soluble even in some non-hydroxylic 
organic media. 1 In organic synthesis, they have been used so far mainly 
for the formation of anhydrous carboxylate salts from the corres- 
ponding esters,lT2 and to initiate certain polymerization reactions. The 
use of sodium trimethylsilanolate (NaOSiMe3) to promote elimination 
of MeOH from a B-methoxyketond suggests that this salt may also 
find wider use as a non-aqueous base. We report here that NaOSiMej 
is indeed an excellent reagent for the efficient a-deprotonation of 
main iminium salts to give the related enamines. 

Me\ Ph 
C-CH=C, A or NR, 

Me\ 
C-CiC-Ph 

OS02CF3 (- F3CS03H) @ F3CS03- ~5 . F3CS03- 

1 2 

A base that converts propyne iminium triflate 2 by a-deprotonation 
into a-alkinylenarnine 3 must fulfill two major requirements: (a) The 
deprotonation must be fast, since otherwise, already formed enamine 3 
undergoes nucleophilic addition to the precursor salt 2 with subsequent 
oligomerization. This postulate excludes tertiary amines as bases, 

which on the other hand can be applied to synthesize 2 from 3-trifloxy- 
propene iminium salt 1.4 (b) The nucleophilic properties of the base 
must not be competitive; for example, alkylation of the iminium group 
of 2 occurs with n-BuLi and !-BUL~,~ and morpholine undergoes con- 
jugate addition to 2 to form a vinamidinium salt.6 

We have now found that deprotonation of 2 by NaOSiMe3 is fast at 
room temperature, and that reaction of enamine 3 with precursor salt 2 
can be suppressed by slow addition of 2 to a solution of the base in 
acetonitrile. In an analogous manner, enamine 3 is obtained in 65 % 
yield when salt 1 is exposed to two equivalents of NaOSiMe3. Never- 
theless, the two-step sequence 1+2-+3 is preferable with respect to 
the overall yield, since 2 can be obtained quantitatively from 1 by sol- 
vent-free vacuum therm0l~sis.7 Although the nucleophilic properties of 
trialkylsilanolates are well documented, e.g. towards C S ~ , ~  me ta l -~1 ,~  
si-x,1° and p -x l1  (X = CI, F) bonds, no addition product of 
Me3SiO- to either 1 or 2 could be detected. 

Deprotonation of the semicyclic propyne iminium salts 4a-e12,13 in 
the same manner furnishes 2-alkinyl-4,5-dihydro-I-methylpyrroles 5a- 
d and 2-alkinyl-I-methyl-4,5,6,7-tetrahydroazepine 5e. respectively 
(see Table). It should be pointed out that a-alkinylenamines represent a 
barely known class of functiondied enamines. We are currently 
studying the utility of these compounds as synthetic building blocks, 
especially by addition and cycloaddition reactions to the electron-rich 
dduble bond, and will report-our results in due course. 

The last entry of the Table illustrates another advantageous aspect 
of iminium ion deprotonation with NaOSiMeg. We have previously 
reported that morpholinoindene 7 is obtained in 26 % yield, when 
iminium salt 6 is exposed to aqueous N ~ H C O ~ . ~  In contrast, treatment 
of 6 with NaOSiMe3 in CH3CN yields 7 in 85 % yield. Certainly, the 
low yield in the former case is due to partial hydrolysis of the enamine, 
whereas the use of NaOSiMej avoids the aqueous reaction medium 
and does not require aqueous workup of the reaction mixture. 
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