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Efficient Synthesis of Unsaturated Seven-membered Rings by an Entropy/Strain 
Reduction Strategy: 2'7-Dihydro-I H-azepines, -oxepines, -thiepines, -1 H-phosphepine 
and 1,3-Cycloheptadienss 
James G. Walsh, Patrick J. Furlong and Declan G. Gilheany*t 
Department of Chemistry, St. Patricks College, Ma ynooth, Co. Kildare, Ireland 

Substituted (Z,Z)-l,6-dibromohexa-2,4-dienes, obtained from substituted catechols via the corresponding diols, react 
with primary amines, lithium sulfide, sodium phenylphosphide and malonic ester enolate under mild conditions to give 
efficient syntheses of 2,7-dihydro-1 H-azepines, 2,7-dihydrothiepines, 2,7-dihydro-1 H-phosphepine and 
cyclohepta-I ,3-dienes respectively while the precursor diols yield the 2,7-dihydrooxepines on treatment with 
to1 uene-p-su lfonyl chloride. 

Compounds containing medium and large rings are important 
theoretically,l synthetically2 and therapeutically3 but their 
synthesis has always been a challenging problem4 and remains 
a topic of current interest.4-7 Although many synthetic 
approaches to these molecules have been described including 
cycloaddition, cyclisation and rearrangement reactions ,2 
direct cycloaddition strategies are poorly represented despite 
the fact that often they are among the most logical disconnec- 
tions of the target molecules.7~8 This is undoubtedly because of 
the low yields usually associated with medium and large ring 
synthesis.2b.c A strategy which can be employed to overcome 
these low yields is the replacement of methylene groups in the 
acyclic chain by double or triple bonds. This has the effect of 
reducing the degrees of freedom in the chain and, if the 
appropriate double bond stereoisomer (e.g. 2 in the case of 
disubstituted alkene) can be used, a further entropy advantage 
can be gained because the ends of the chain are brought within 
reacting distance in certain conformations. Furthermore, if 
the multiple bonds are appropriately located they may also 
reduce or eliminate eclipsing and transannular steric interac- 
tions in the product. This concept is not new,g for example 
1,2-substituted benzene rings have long been used to similar 
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Scheme 1 Reagents and conditions: i, P ~ ( O A C ) ~ ,  MeOH, C7Hs, 25 "C, 
67-98% ; ii, diisobutylaluminium hydride, C7H8, 25 "C, 67-80'30 ; iii, 
PBr3, EtzO, 0 "C, 60-95% 

effect,lO but it appears to have been first stated explicitly and 
formalised by De~longchamps~ and successfully utilised by his 
group in the generation of ten- to fourteen-membered 
carbocycles by direct cyclisation of triple bond-containing 
chains without the need for high dilution techniques.5a There 
have also been a number of similar recent examples in 
heterocyclic synthesis .564  However there have been fewer 
examples of the use of double bonds,Sb probably because of 
the lack of routes to suitable starting materials.8b Therefore as 
an example of the power of this entropyhtrain reduction 
strategy we describe below an efficient route for the construc- 
tion of unsaturated seven-membered rings from appropriately 
substituted dienes. 

Table 1 shows the yields of carbocyclic and various 

Table 1 Yields of 2,7-dihydroheterepines and cyclohepta-l,3-dienes 
from reaction of (Z,Z)-1,6-dibromohexa-2,4-dienes with various 
nucleophiles 
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a A: HZNR-K2CO3-THF, room temp., Y = Br; B: LizS-neutral 
A1203-THF, room temp., Y = Br; C: BunLi-HMPA-MeC6H4SOzCl 
-Et20, room temp. Y = OH; D: Na2PPh-toluene-reflux-H202, 
Y = Br; E: HzC(COzMe)z-NaOMe-THF, room temp., Y = Br. 

Unoptimised, isolated after chromatographic purification, no other 
product formed, except where noted otherwise. Secondary enamine 
also formed. d The 1,l-dioxide previously reported (ref. 8a,b). Two 
other products also formed. f One other product also formed. 
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heterocyclic seven-membered rings$ resulting from reaction 
of substituted (Z,Z)-1,6-dibromohexa-2,4-dienes with various 
nucleophiles. All reactions were performed at room tempera- 
ture and with few exceptions yielded only one main product. 
The major exception was the tetrahaloazepine class which 
were formed along with side products identified as the 
halosubstituted enamines 1 [RI,R2,R3,R4 = C1, Br; R = Bun, 
PhCH2, (Me0)2CHCH2] produced by elimination reaction. 
The key to the success of this approach was the location of a 
readily available source of the all important (2,Z)-dienes. As 
is often the case, nature provided the key to a solution of 
laboratory problems. Thus, the enzyme pyrocatechase is 
known to oxidatively ring cleave catechols and o-quinones 
to give cis,cis-muconic acids11 and many model systems 
have been investigated in an attempt to reproduce the 
specificity of this reaction.12 Our initial investigations were 
with the CuLMeOH-pyridine system developed by Tsuji and 
Takayanagil2a because it has the potential to be completely 
specific for catechol intradiol ring-opening but difficulties with 
the substituted cases led us to the less specific but more 
practical lead tetraacetate system developed by Wiessler.13 
This results in the corresponding (2,Z)-diesters which can 
then be manipulated by standard room temperature reactions 
to give the required dibromides as shown in Scheme 1.8 Yields 
for each step in this sequence, which are all unoptimised, were 
excellent (>80%) except in the unsubstituted cases (60-70%) 
which are more prone to decomposition. 

Particular advantages of this route compared to all others 
are its brevity, the mild conditions, procedural simplicity, the 
ready availability of starting materials and the fact that there is 
built-in flexibility for further elaboration of the prodcut via the 
double bonds. The (2,Z)-diene dibromides also react with 
diamines to give the corresponding bisdihydroazepines 2 (n = 
1, 2) but with hydrazines they give the hydrazinium salts (e.g.  
3), which are to be expected15 if, as seems likely, the reaction 
mechanism proceeds by stepwise quaternisatioddehydrobro- 
mination. No reaction was observed under these conditions 
with aromatic amines, amides or urea, probably because of 
their relatively reduced nucleophilicity and work is ongoing to 
address this problem. 

We acknowledge financial support from the Irish Depart- 
ment of Education (J. G. W.), St. Patricks College, Maynooth 
(J. G. W.), Federation of Irish Chemical Industries (J. G .  W.) 
and BASF (P. J. F.). 
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Footnotes 
t Present address: Department of Chemistry, University College, 
Belfield, Dublin 4, Ireland. 
$ All compounds are previously unreported (except for one case 
noted) and gave satisfactory spectroscopic and elemental analyses. 
9 In all cases only one product was observed which was purified by 
short column chromatography. The stereochemistry of these precur- 
sors was confirmed by 1H NMR comparison with literature data.I4 We 
also note that these substituted (Z,Z)-dienes are useful for purposes 
other than ring construction e.g. as substrates in the Diels-Alder or 
Sharpless epoxidation reactions. 
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