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The syntheses of [ 2. 21 cyclophanes containing heteroaromatic nuclei have been previ- 

ously reported in the literature. ’ Among some of the common heteroaromatic nuclei which 

have been incor orated into the [ 2.21 cyclophane macrocycle are furan, 5 
6 !,6 

2, 3, 4, thiophene, 2, 6 

and pyrrdine. ’ However, except for the recent synthesis of NN’ -dimethyl[ 2. 2](2, 5) 

pyrrolophane (~b)y the literature is devoid of [ 2.2](2, 5)pyrrolophanes. Of special interest 

are those in which the nitrogen is unsubstituted. We now report the first synthesis of a 

series of mixed N-unsubstituted[ 2. 2](2, 5)pyrrolophaneq specifically[ 2. 2](2, 5)pyrrolopara- 

cyclophane (Ha), [ 2. 2](2, S)pyrrolo(l, 4)naphthalenophane(IIIa), and [ 2.2](2, 5)pyrrolofurano- 

phane(IVa). Our ultimate goal is the synthesis of the parent [ 2. 2](2, 5) pyrrolophane(Ia). 

In general, the synthetic scheme (see Scheme I) mvolves generating a y diketone (VI), 

from the appropriate furatiphane, (V), by acid hydrolysis in the absence of light and oxygen. 

The crystalline diketones are then cyclized to the pyrrolophanes by treatment with am- 
11 monia via a Paal-Knorr Reaction. This cyclization has previously been employed by Was- 

serman and Bailey’ in the preparation of lb. 
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We have also attempted the Paal-Knorr cyclization with methylamine and met with 

success in the preparation of IIb. Attempts to prepare IIIb and IVb, under the same con- 

ditions as those used for IIb, led to recovered starting material. 

Table I summarizes some of the physical and spectral data of the new compounds. 

The spectral data for VIb andl:Ic are consistent with the structure proposed. 3 Of particular 

interest are the NMR spectra of VIb and VIc, which indicate unrestricted conformational 

mobility in VIc and restricted mobility in VIb. Analysis of conformational changes in the 

above compounds will be published in a future communication. 

The assignment of structures to IIab,IIIa, and IVa is based on spectroscopic analy- 

sis. 3Y 49 ’ All four pyrrolophanes exhibit mass spectral patterns which are typical for the 

cyclophane structure, i. e. , a parent peak and major peaks corresponding to fragmentation 

of the molecule by cleavage of the two ethylene bridges. The band usually associated with 

transannular n-n interactions (244mp) in the ultraviolet spectra of [ 2.21 cyclophanes, l3 is 

only observed for IIIa; however, this band is sometimes not observed in [ 2.21 cyclophanes 

containing a five membered heterocyclic nucleus. 4 The presence of the pyrrole hydrogen is 

indicated by the sharp absorptions at ca. 3400cm -’ in the infrared spectra of all but Ilb. 

The NMR spectra of IIabJIIa, and IVa conclusively prove the cyclophane structure of 

these compounds. The benzenoid protons in IIa and IIb appeaioas a AA’ XX’ multiplet sug- 

gesting that the two rings are frozen parallel to one another, thus allowing one side of the 

benzene ring to encounter a greater portion of the shielding effects of the pyrrole ring. This 

is in sharp contrast to [ 2.2](2, 5) furanoparacyclophane(Va), which exhibits, in its room tem- 

perature spectrum, a singlet for the benzenoid protons 3Y l2 due to the rapid rotation of the 

furan nucleus. 

Of greatest interest and a fact which lends support to the above structures is the 

chemical shift of the pyrrole hydrogen. The chemical shift for this proton in 2, 5-dimethyl- 

pyrrole appears at 2.52~. 14, l5 In pyrrolophanes IVa, IIa, and IIIa, respectively, this ab- 

sorption appears at 3.6~, 5.07, and 6. 3~. l5 Additionally, the chemical shift of the N- 

methyl group in IIb appears 0.72ppm upfield from that observed m 1,2, 5-trimethylpyrrole. 16 

This data clearly indicates that the substituent on the nitrogen is positioned above an aro- 

matic plane and enjoys the increasing anisotropic shielding influence of the aromatic nu- 

clei. “, l8 This property is typical and consistent with the cyclophane structures proposed. 

Finally, the appearance of the /3-pyrrole protons in IIa, b and IIIa at ;h2emical shifts 

nearly identical to those m 2, 5-dimethylpyrrole and 1, 2, 5-trimethylpyrrole indicates a 

mimmum of transannular shieldmg by the parallel aromatic rings. In addition, the pyrrole 

protons in IVa appear at a chemical shift similar to that of the NN’ -dimethyl[ Zg2] (2, 5)pyr- 

rolophane previously assigned an anti-configuration by Wasserman and Bailey. These 

facts, coupled with the above noted significant upfield shifts of the nitrogen substituent,demon- 

skate that IIIa and IVa exist m the more stable anti-conformation. 4, 20 

Further studies on this series of pyrrolophanes as well as on the synthesis of Ia are 

presently in progress. We believe that this method of cyclophane preparation will prove 

useful in synthesizing thiophene and deuterated analogues of cyclophanes I-IV. 
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