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Abstract - Chromium(II1) promoted oxidative cyclization reactions of a,c- 

biladiene hydrobromides bearing bulky 1- and 19-substituents to give macrocyclic 

products are partially reversible; depending upon the reaction temperature, kinetic 

or thermodynamic products are formed and identified. 

One of the most useful and generalized procedures for the preparation of porphyrins involves the oxidative 

cyclization of 1,19-dimethyl-a,c-biladiene salts. First discovered by Johnson and Kay in 1961,l cyclizations of 

tetrapyrrolic substrates (1) to porphyrins (2) have evolved considerably2 in recent years. Though a variety of 

metal oxidants3 and even anodic oxidation4 have been investigated, copper(I1) has historically been the preferred 

oxidant for cyclizations; however, the harsh conditions for subsequent metal removal ( H 2 S O n A  for copper) 

have limited its usefulness. One of the more useful metallic catalysts has been chromium(111)~ which has the 

advantage that it yields metal-free porphyrins. When nickel(I1) and cobalt(I1) were used as alternative oxidizing 

agents, metallated tetradehydrocorrin salts were formed.6 Although much work has been devoted to cyclization 

methodologies, little work has been centered on mechanistic studies involving isolated intermediates from 

cyclizations of a,c-biladiene salts. 

Investigations of the mechanistic pathway for a,c-biladiene cyclizations have been of recent interest in our group. 

In our study of elecuochemical cyclization of decamethly-a,c-biladiene (I), we discovered a "valley" intermediate 

(3), which allowed us to propose a mechanistic pathway for the ~~clization.4 This mechanism was generalized to 

5 Dedicated to Professor Alan R. Katritzky, FRS, on the occasion of his 65th birthday. 
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copper(I1) promoted cyclizations by isolating copper(l1) "valley" intermediates from a,c-biladienes with bulky 

1,19-substituents. Clezy has made broadly similar observations in the copper(I1) promoted cyclizations of b- 

b i ~ e n e s . ~ . ~  

When groups such as ethoxy- 

carbonylmethyl, which are chemically 
15 

-N -N HN more reactive than methyl, were 
\ ;. Me \ . Me 

Me Me Me attached to either the 1- or 19- 
1 2 3 positions, subsequent cyclizations of 

the resulting a,c-biladienes copper(l1) acetate afforded a variety of copper "valley" intermediates as well as 

hom0~orph~rins.8 As a result, we decided to explore metal catalyzed cyclization of such reactive apbiladienes 

more closely. Using a modification of the chromium(l1l) catalyzed cyclization methodology developed by Boschi 

era/.,-' we have investigated the cyclization of several unsymmetrical apbiladienes to produce free base "valley" 

intermediates; our results lead directly to important wnclusions regarding the relative reactivities of substituents in 

the 1- and 19- positions of the a,c-biladiene substrates. 

Use of 1,19-disubstituted a,c-biladiene salts 

bearing identical 1- and 19-substituents must 

obviously lead to a single "valley" 

intermediate, but if two different 1- and 19- 

5 4 6 substituents in the apbiladiene (4) are used, 

then depending upon kinetic and thermodynamic properties, two products (5 and 6) are possible. Using standard 

methodology from dipyromethanes and tripymenes,9 we therefore prepared several symmetrical as well as 

unsymmetrical 1,19-disubstituted a,c-biladiene salts, as shown in Table 1. The reactive R groups we chose to 

occupy the 1- and 19-positions were ethoxycarbonylmethyl (AEE) and p-tolylmethyl (PX); obviously, for 

mechanistic purposes each 1- and 19- R group must possess a methylene group which will eventually provide the 

bridging carbon atom on the products. Since the cyclization is oxidative, any observed interconversion of 5 and 

6 is not strictly reversible via the a,c-biladiene (4); reversibility can only apply to the stages following the initial 

metal promoted oxidation. For the cyclizations, we subjected the each substrate to cyclization at an appropriate 

temperature in either DMF or aqueous ethanol with chromium(I11) acetate hydroxide and either hiethylamine or 

sodium acetate, respectively, as also shown in Table 1. The reactions were monitored by spectrophotometty and 

deemed complete upon dissapearance of one of the characteristic apbiladiene peaks (h = 520 nm). 
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Cyclization of l-methoxycarbonylethy1-2,3,7,8,12,13,17,18,19-nonamethyl-a,c-biladiene dihydrobromide (1- 

AEE.19-Me) (7) at room temperature or at 80'C in aqueous ethanol afforded 20-ethoxycarbonyl- 

1,2,3,7,8,12,13,17,1X-nonamethyl-1,20-dihydroporphyrin (a), with the methyl occupying the "valley" position, 

in yields as high as 67%. When the experiment was repeated at 140'C in DMF, the product (9) was obtained 

(30%) in which an AEE instead occupied the "valley" position. Cyclization of the (1-PMEJ9-Me) substrate (10) 

at 1 W C  gave only the product (11) (14%) with the PME in the "valley" position . 

Table 1: Structures of a,c-biladienes studied, along with reaction conditions and products. 

a.c-Biladiene I Reaction Conditions I Productrsl , . 
Compound R1 R19 ITemp.(T) Solvent I Compound R1 ~ 2 0  Yield(%) 

7 AEE Mc 80 ao E~OH I 8 Me COlEt 67 
140 DMF 

1 0  PME Me 140 DMF 

1 2  AEE PME 23 aqEtOH 
80 aq EtOH 

100 DMF 

1 5  PX PX 100 DMF 

Upon cyclizing the I-AEE,19-PME-a,c-biladiene substrate (12) at room temperature in buffered ethanol, the 

product (13) with the PME in the "valley" position was obtained exclusively (51%). However, at 80'C not only 

13 (24%) but also the previously characterizedx homoporphyrin (14) (15%) was obtained. At 140'C in DMF the 

homoporphyrin (14) was obtained exclusively. 

The symmetrical di-PX substrate (IS) was easily cyclized at 100'C in DMF to give the desired "valley" product 

- 
9 AEE H 30 

11 PME H 14 

1 3  PME C o s t  51 
1 3  PME CO2Et 24 
14 (homoporphyrin) 15 
14 (homoporphyrin) 16 

1 6  PX p-CgHqMe 50 

1 7 '  PX Me 140 DMF 
100 DMF 

1 9  PX PME 100 DMF 

2 1 PX AEE 0 aq EtOH 

(16) (50%) from which the products following were compared to determine their regiochemistry. Using the same 

protocol, the 1-PX.19-Me substrate (17) was cyclized to give exclusively the product (18) (51%) with the methyl 

1 8  Me p-CgHqMe 51 
18 Me p-CgHqMe 40 

2 0  PME p-CgHqMe 13 

2 2  PX C o s t  40 
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in the "valley" position; the regiochemistry was confirmed using proton nmr spectroscopy, with particular 

emphasis on the characteristic phenyl region between 6.5 and 8.0 ppm, where the chemical shift differences 

between "valley" and bridging phenyl protons are diagnostic (Figure I). The bridging proton at 3.5 ppm, 

appearing at a chemical shift similar to that proton in 16, established the smcture beyond doubt. Heating 17 at 

140'C afforded the same product. The 1-PX.19-PME substrate (19) was then cyclized. As could be predicted 

based on the previous results above, only one isomer was formed, that being the one [20 (13%)] in which the 

PME was in the "valley" position. At 140'C mostly decomposition was observed. When cyclization was 

attempted on the 1-PXJ9-AEE substrate (21) large amounts of side products were obtained at all temperatures 

except at O'C (or below) using the aqueous ethanol method, the exclusive product (22) (40%), had the PX in the 

"valley" position. 

8 

s - 
CO.Et W2E1 

Scheme 1: Proposed mechanism for conversion of kinetic product (8) 
from cyclization of apbiladiene salt (7) into thermodynamic product (9). 

In all cases, it is possible to predict the structure of the kinetic product In general, where either the AEE or PX is 

utilized, stabilization of the intermediate species causes this moiety to preferentially provide the bridging carbon. 

In the case of the kinetic 1-AEE,19-Me product (8) where the ester is attached to the bridging carbon, an en01 

(23) can form as shown in Scheme 1, breaking the macrocycle, and irreversibly either isomerizing to the 

thermodynamic "valley" AEE compound (9) or as in the case of compound (13). forming the thermodynamically 

favored homoporphyrin (14) after further oxidation. When the PX takes the bridging position, as in 18, an enol 

intermediate similar to 2 3  is not an option; therefore once the most kinetically stable isomer is formed, the 

structure is irreversibly locked. Steric congestion must play a role in determing the structure for compounds such 
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Figure 1: Phenyl region in the 300 MHz proton nmr spectra, in CDCI3, of  A, PXIp-C4H4Me "valley" 
compound (16); B, PMEIp-C4H4Me "'valley" compound (20); C, PX/C@Et "valley" compound (22); andD, 
Melp-C&Me "valley" compound (18). The peak at about 7.25 ppm in each spectrum is assigned to residual 
CmI3 in the solvent. 
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as 11. From the above discussion, we can conclude that the propensity for 1- or 19-substituents to provide the 

macrocyclic bridging carbon in the metal assisted cyclization of 1,19-disubstituted apbiladienes is: 

-CHzCOzEt > -PX > -Me > -CHzCHzCOzMe 
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