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Polycyclic Chromam Via Novel Tricyclic-%phenyl4H-1,3,2- 
bt%lZOdiOxaborinS 

Abs8ract: l3i.v paper describes a stmig~rwa~ qnthusis of wmpkx polycplic chromans. l&y are prepared$vm me1 triqcgc-2- 
phuyl4H-l,3,2&w&k~&o rinrvhabicycllcon~~-~~htrrmsdiatag~mrrdinribr nnderWnno&sisorLew&acid 
condido~ The diomborins react with various ally1 trimei~lsihncs or with ethyl vi@ ether to give polyqvcl& chmnnms @er acid 
cycllza&a or dlnaly. 

There is a widespread occurrence of polycyclic chroman ring systems in natural products.’ They are 

found in plant pigments (anthocyanins and tlavones)? in constituents of hashish (tetrahydmcannabinol),’ in 

vitamin E’, as well as in coumarin and catechins Chroman fused ring systems have been synthesized using the 

inter- or intramolecular cyclixation of a dienophile with a reacrIve orthoquinone methide intesmediate generated 

in situ! A few general methods are presently available for ortltoquinone methide generation.’ 

We have developed the 2-phenyl-4H-l,3~-2_benzodioxaborin as a stable otthoquinone-methide pmcutsor 

and studied its reaction with various nucleophiles and dienophiles! As a complement to these methodologies, 

we now report the synthesis of novel uicyclic-2-phenyMH-1.3.2~benxodioxaborins and their use as starting 

materials for a stmightfonvard route to polyclic chtomans. 

The tricyclic benxodioxaborins starting materi& were prepared in an annulation reaction, heating a 

phenol bearing in the meta position an alkyl aldehyde of various chain lengths* with phenylboronic acid. The 

results ate SummMixe d in Table 1. In a typical experiment, 3-(3-hydroxyphenyl) butanal 0. phenylboronic 

acid (1.6 eq) and propanoic acid (0.3 eq) in toluene were refluxed for 18h with axeotropic removal of water to 

give 72% yield of the tetmlin dioxaborin 2 after chromatography. The results show that 5.6 and 7 membered 

rings were obtained in fair yields whiie the larger ring (8-10) were difficult to form. thus showing the limitation 

of the annulation reaction. In the case of the nine member ring, none of the desired dioxaborin was observed. 
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TABLE! I 

ANNULATION REACTION VIA THE FORMATION 
OF ZPHE~L~HD~~~-BENM)DIOXABOR 

la 5 45% 

lb 6 72% 

Ic 7 79% 

Id 8 15% 

le 9 

IT 10 

0% 

30% 

a) Ybld d isolated pmducta , characterized by ‘H NMR. IR and 

combustionanaiyaia. 

The tricyclic benzodio~ 1 were then tn?ated with various ally1 trimethylsilane derivatives in the 

presence of BF,-etherate. The ally1 himethylsilane reacts with the bicyclic orthcquinone-methick &zmed&e 

generated in situ from the dioxaborin to give the bicyclic phenol 2. Intramolecular cycli+.ion of the phenol 

on the olef. under trifluoroacetic acid condition gave the corresponding polycylic chroman ring systems. The 

results are summarized in Table 2. Typically, a mixture benzodioxaborizt a BF,-etherate (deq) and ally1 

trimethylsilane (4eq) in dicNoroe&ane was heated at 100°C in a heavy wall pyrex pressure bottle for lgh, to 

give a in 70% yield after chromatography. This compound was then cyclizd in ttiIluofoacet.ic acid overnight 

at room temperature to give polycyclic chroman 4 in 87% yield. The 2,2 substituted & aad 4r as well as the 

2.3~fused cyclopentyl &and & were prepand similarly in good yields. In the cyclizatiotl of a the secondary 

product a was obtained in a 1:2 product ratio with & in 67% combined yield. 
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67% 

so% 

a)Yieldofisdated proh%s, -by’HNMR,lRaud~d~ 

In a second key application, tricyck dioxaborins arc used as the p recursor of the corresponding bicyciic 

orth~one-methide. which undergoes a thermal [4+2] cycloaddition reaction with electron rich dknophiles 

giving a direct access to 2-substituted polycyclic chroman ring system. This is illustrated in Table 3 by the 

reaction of a and a with ethyl vinyl ether at 250°C. overnight, to give the conesponding P-ethoxy tricyclic 

chromans &, 7a aad 6b. 7b in 60% and 78% yield respectively. A 4: 1 ratio of trans to ci.s isomers was obtained 

in both cases. This trawkis product ratio probably results from an equilibration of the favored endo (kinetic) 

adduct under the harsh nxhon conditions, leading to the thermodynamic mixture of product~,‘~ 



slmsTaATEs In w?ocNJdrs YIIiLD * 

A )Yii# of iadated products, characterized by ‘H NMR,IR 

andlxmblmn9nrlyrh. 

In summary, we have presented a straightforward synthesis of complex polycyclic chroma& starting 

from a simple phenol substituted with an aldehyde, via novel tricyclic-2-phenyl_4H-13.2~b 

The use of an en01 ether in the cycloaddition reaction yields 24koxy chromans thus giving access to bumarin 

and ok ring systems. 
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