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Abstract: An efficient six-step synthesis of 6-iodo substituted iso-
coumarin 6 is presented, which is a suitable building block for the
preparation of rubromycin type compounds. Key transformations of
the sequence were achieved by directed ortho-lithiation, Horner–
Wadsworth–Emmons olefination and condensation processes. The
protected isocoumarin 7 was successfully employed in first Heck
and Sonogashira coupling reactions. 
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Natural products from the known rubromycin family1 dis-
play various biological activities. g-Rubromycin2 may
serve as a representative example for the remarkable mo-
lecular architecture consisting of a 5,6-spiroketal core
fused to hydroxynaphthoquinone and isocoumarin units
(Figure 1).

Figure 1

To date, only one total synthesis of a rubromycin com-
pound, namely heliquinomycinone, has been reported.3

Versatile building blocks for their syntheses thus remain
desirable targets.4 In this letter, we report a concise pre-
paration of a 6-iodo-substituted isocoumarin fragment de-
signed for insertion into rubromycin syntheses. We also
present first C,C-coupling reactions of our building block
with several substrates, which is planned to be a key step
in a future synthesis of rubromycin type compounds.

Our six-step protocol for the synthesis of the 6-iodo iso-
coumarin derivative 6 is depicted in Scheme 1. Vanillin
was first protected as TBS ether (97% yield), which fur-
nished an intermediate with two differentiated hydroxyl
groups. Its conversion into the 1,3-dioxane derivative 1
was performed under mild conditions using tetra-n-butyl-
ammonium tribromide as catalyst5 (82% yield). The di-

rected ortho-lithiation and carboxylation of acetal 1 was
optimized and finally performed with n-butyllithium in
cyclohexane.6 After 3 hours of metallation at ambient
temperature, methyl chloroformate was added and direct
deprotection of the crude carboxylation product provided
ester 27 in satisfactory 58% yield. The iodination of 2
proceeded smoothly using tetramethylammonium di-
chloroiodate8 as source of electrophilic iodine. Iodide 3
was formed regioselectively9 and in excellent 91% yield.
Enol ether 5 could be obtained from aldehyde 3 without
previous protection of the free hydroxyl group. Two
equivalents of NaHMDS were used in the Horner–
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Scheme 1 Reagents and conditions: a) TBSCl, Et3N, DMAP,
CH2Cl2, r.t., 24 h; b) 1,3-propanediol, n-Bu4NBr3, HC(OMe)3,
CH2Cl2, r.t., 2.5 h; c) i: 1.2 equiv n-BuLi, cyclohexane, r.t., 3 h; ii:
ClCO2Me, 0 °C → r.t., overnight; iii: 37% HCl (aq), KF, THF, r.t.,
6–24 h; d) Me4NICl2, NaHCO3, CH2Cl2, r.t., 4 h; e) 4, 2 equiv
NaHMDS, THF, –78 °C → r.t.; f) 47% HBr (aq):MeOH = 1:1, reflux,
12 h; g) BnBr, i-Pr2NEt, DMF, 65 °C, 24 h.
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Wadsworth–Emmons reaction of 3 with phosphonate 410

resulting in a 35:65 mixture of diastereoisomers (82%
yield), (Z)-5 being the major product.11

The acid-promoted intramolecular condensation of ortho-
carboxyl benzyl ketones or enol ether derivatives12 is a
key step in many isocoumarin syntheses. In the case of 5,
however, harsh conditions were required to achieve lac-
tone formation. Since the condensation under acidic con-
ditions may result in concomitant cleavage of the methyl
ester at C-3, various mixtures of acids and methanol were
applied. Finally, isocoumarin 6 was readily obtained
when 5 was refluxed in a 1:1 mixture of methanol and
concentrated aqueous HBr. The product 6 precipitated
from the mixture in 55–68% yield. The solid was very
poorly soluble and required no purification except wash-
ing and drying. We are confident that this method of con-
verting aldehyde 3 into isocoumarin 6 is convenient for
large-scale preparation. As subsequent step, isocoumarin
derivative 6 was converted into the benzyl ether 7 (81%
yield) previous to its use in coupling reactions.

According to our strategy, isocoumarin 7 should be in-
serted into rubromycin syntheses by means of palladium-
catalyzed coupling reactions with appropriately function-
alized naphthoquinone moieties. To prove this concept,
base-labile lactone 7 was employed in first Sonogashira13

and Heck14 reactions. The Sonogashira couplings were
carried out under standard conditions15 in DMF
(Scheme 2). Both phenylacetylene derivative 8 and 3-
methoxypropyne derivative 9 were cleanly obtained in
high yields (84% and 91%).

Scheme 2 Reagents and conditions: a) R-C≡CH, Pd(OAc)2, PPh3,
CuI, Et3N, DMF, r.t., 8 h.

Heck reactions of 7 with tert-butyl acrylate and 3-buten-
2-one proceeded smoothly, the latter being performed
under Jeffery’s mild conditions.16 The a,b-unsaturated
carbonyl compounds 10 and 1117 were isolated in 71%
and 91% yield, respectively (Scheme 3).

Scheme 3 Reagents and conditions: a) tert-Butyl acrylate,
Pd(OAc)2, PPh3, LiCl, Et3N, DMF, 85 °C, 8 h; b) 3-buten-2-one,
Pd(OAc)2, n-Bu4NCl, NaHCO3, DMF, r.t., 72 h.

In summary, we reported a robust protocol for the prepa-
ration of a 6-iodo isocoumarin building block very
suitable for rubromycin syntheses. The feasibility of
palladium-catalyzed couplings on the base-sensitive lac-
tone 7 was demonstrated, paving the way for our future
projects.
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