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Summary: Tetrakisdehydro[14]annuleno[14]annulene consisting of 'acetylene-cumulene' bisdehydro- 
[14]annulene and Sondheimer's bisdehydro[14]annulene has been synthesized. I t  was found that 
a strong d ia t rop ic i t y  was observed in the 'acetylene-cumulene' bisdehydro[14]annulene moiety, 
whereas d ia t rop ic i t y  of another bisdehydro[14]annulene moiety shows marked decrease comparable 
with that of naphthobisdehydro[14]annulene synthesized by Sondheimer. 

Since the independent preparation of two types of annulenoannulenes in 1975 by Cresp and 

Sondheimer z) and by our group, 2) the studies on annulenoannulenes have been developed mainly 

along with these l ines,  i .e . ,  several kind of ortho-fused tetramethyltetrakisdehydroannuleno- 

annulenes (e.g., ~) and a number of annulenoannulenes having Csp-Csp l inkage as the common bond 

(e.g.,  ~) have been prepared and the i r  properties were studied. 3) 

Tetramethyltetrakisdehydro[14]annuleno[14]annulene (~) synthesized by Cresp and Sondheimer 

showed marked decrease of d ia t rop i c i t y  as compared with monocyclic bisdehydro[14]annulene (~). 

On the other hand, tetra-t-butyltr isdehydro[14]annuleno[14]annulene (~)3a) consisting of two 

'acetylene-cumulene' bisdehydro[14]annulenes (~)4) was concluded to be a highly delocalized 

system on the basis of the spectroscopi~ ) and X-ray analysis.  6) 

In order to c l a r i f y  the ef fect  of d i f fe ren t  mode of annelation between ~ and 4' we have syn. 

thesized tetrakisdehydro[14]annuleno[14]annulene (k) consisting of our bisdehydro[14]annulene 

and Sondheimer's. In addit ion, we might expect to estimate the resonance energy of 'acetylene- 

cumulene' bisdehydro[14]annulene (~), since fusion of a d iat ropic r ing with a [4n+2]annulene 

exerts character is t ic  ef fects on both rings according to the i r  re la t i ve  s t a b i l i t i e s .  3g) 

The synthesis of the tetrakisdehydro[14]annuleno[14]annulene (~) was carried out by the 

reaction sequence outl ined in Scheme. Treatment of 67) with 2N HCl in THF at room temperature 

for 4 hrs resulted in a mixture of the dialdehyde (~) and the hemiacetal (~). The dialdehyde 
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(~)8) could be isolated by dehydration of the hemiacetal (~) (by column chromatography on s i l i ca  

gel) .  The Witt ig-Horner reaction of the mixture of ~ and ~ with the carbanion derived from t r i -  

methyl phosphonoacetate afforded the d iester  (~)9) in 43% y ie ld  based on ~. Reduction of ~ with 

diisobutylaluminum hydride gave the diol  ( ~ ,  83%),lO) which was oxidized with BaMn0411) to give 

the dialdehyde (]v~, 81%)'12) Grignard reaction of ] ~ w i t h  magnesium der ivat ive of 3-bromo-l- 

butyne afforded the diol (~ ) ,13 )  which was converted into the b icyc l ic  glycol (~z3) by oxidat ive 

coupling with copper( l l )  acetate in DMF. The crude b icyc l ic  glycol ( ~ )  was treated successively 

with methanesulfonyl chlor ide-t r iethylamine and with DBU to give the desired tetrakisdehydro[14]- 

annuleno[14]annulene (~) in 10% y ie ld  based on )~. A small amount of a dark purple c rys ta l l ine  

sol id was obtained as a by-product, to which the structure of monodehydrated compound ( ~ )  was 

assigned on the basis of the spectral data. 14) Reaction o f ~ w i t h  methanesulfonyl chlor ide- 

tr iethylamine followed by the treatment with DBU yielded ~ in 51% y ie ld .  
R 
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Scheme 

The tetrakisdehydro[14]annuleno[14]annulene (~) was found to be unstable to l i gh t  and atmos- 

pheric oxygen, and decomposed gradually during the evaporation i n  vaouo. Therefore, ~ was iso- 

lated by column chromatography at -30°C followed by concentration at low temperature and crys- 

t a l l i z a t i o n  at -78°C. The annulenoannulene (~) was obtained as dark reddish brown crysta ls ,  

Mass (m/e) 524 (M+); ES: I ~ F  (c) 230 sh (27000), 263 sh (19000), 297 sh (24000), 312 (40000), max 
358 sh (46000), 389 (54000), 407 (54000), 528 (16000), 559 (16000), 676 (690) nm. The IH NMR 

parameters of ~ are summarized in Table. 

As shown in Table, the strong d ia t rop ic i t y  was observed in the A-ring ( t r i - t - bu t y l b i sde -  

hydro[14]annulene moiety) being comparable with that of the monocyclic bisdehydro[14]annulene 

(~, A% = 13.81). On the contrary, a marked suppression of the d ia t rop ic i t y  of the B-ring (d i -  

methylbisdehydro[14]annulene moiety) was observed being comparable with that of naphtho[ l ,2 - i ] -  

5,14-dimethyl-l ,3-bisdehydro[14]annulene (]~).14) I t  has been demonstrated that the magnitude of 
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Table. IH NMR Parameters of ~ (CS 2, -60°C, T-values). 

At (%a-Tb) = 12.79 H a 12.99 d, j=14.0 H b 0.20 d, J=14.0 

A-ring AT (Td-T e) = 12.19 H d 13.25 dd, J=12.0, 13.5 H c 1.08 d, J=13.5 
t-Bu 8.11 s, 8.17 s, 8.20 s H e 1.06 d, J=12.0 

Hf 4.85 d, J=16.0 Hg 2.19 dd, J=7.5, 16.0 

B-ring At (Tf-Tg) = 2.66 H k 4.72 d, J=15.5 H h 2.74 d, J:7.5 

At (~k-Tj) = 3.22 Me 7.49 s, 7.53 s H i 2.65 d, J=8.5 
Hj 1.50 dd, J=8.5, 15.5 

suppression of d ia t rop i c i t y  of annulene moiety annelated with benzenoids or annulenes is propor- 

t ional  to the resonance energy of the benzenoid or annulene system. I t  has also been shown that 

less diatropic annulene ring suffers more suppression on fusion with benzenoid or other annulene 

as compared with more strongly d iat ropic  annulene moiety. 3f'3g) The At-values of ~ shows that 

the B-ring has considerably local ized structure as compared with the rather delocalized A-ring. 

The coupling constants of v ic ina l  hydrogens give concordant resul ts ,  i . e . ,  the small dif ference 

in the coupling constants (Jab' Jcd and Jde ) indicates that the A-ring should be highly delocal- 

ized, whereas the coupling constants (Jfg, Jgh' J i j  and Jjk ) re f lec t  the marked bond a l ternat ion 

of the B-ring. Furthermore, the s te r i c  repulsion between H b and Hj in ~ seems to be an important 

factor,  which may tw is t  the B-ring reducing i t s  d ia t rop i c i t y .  Therefore, the marked decrease of  

d ia t rop ic i t y  of ~ re la t i ve  to ~ may be a t t r ibu tab le  to the small resonance energy and probably to 

the s ter ic  repulsion between outer protons in ~. 

IH NMR parameters and At-values of naphtho[ l ,2- i ] -5,14-dimethyl - I  ,3-bisdehydro[14]annulene 

( ~ )  shows a marked decrease of d ia t rop i c i t y  in the annulene r ing. Addi t iona l ly ,  s te r ic  repul- 

sion between H b, and H d may play an important role in the reduction of d ia t rop i c i t y ,  since the 

naphthalene ring is r i g i d  and planar. The geometry of H b, and H d in ~,  is s imi la r  to that of 

H b and Hj in ~. Although i t  is d i f f i c u l t  to estimate the extent of the s ter ic  factor,  loss of 

p lanar i ty  of ~ seems to be nearly the same as that of ~. The d ia t rop i c i t y  of the B-ring of 

is s l i gh t l y  larger than that of ~5. Therefore, the bisdehydro[14]annulene (~) and naphthalene 

(fused at 1,2-posit ions) exerts nearly the same ef fect  on the dimethylbisdehydro[14]annulene r ing.  

The relat ionship between the resonance energies and ring current in [4n+2]annulenes has been 

reported by Haddon 15) and by Aihara. z6) The small AT-values of the dimethylbisdehydro[14]- 

annulene moiety in both ~ and ~ seem to indicate f a i r l y  large resonance energy of the bisdehydro- 

[14]annulene (~) being comparable with that of a naphthalene ring (annelation of naphthalene seems 

to have an e f fec t  consistent with the energy required to convert naphthalene into dihydro- 
naphthalene), zT) 

I t  is premature to deduce conclusion from the 

c At (Tc-~ a) = 1.97 above-mentioned resul ts ,  but the difference in the 

~ ' ~ / I I ~ I d b  At (~C,-Ta,) = 1.80 mode of fusion seems not to be the main cause of 
¢ / k . ~  !§ marked dif ference of d ia t rop i c i t y  between ~ and ~. 
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