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Abstract: Tk utility of cyclopcnta[b]pyrroles in porphyrin syntksis has been reinvestigated. A 6- 
oxocyclopenta[b&yrrole 18 was prepared by cyclization of tk propanoyl chloride sidechain of an a-tutsubstituted pyrrole 
17d in the presence of tin(N) chloride. Subsequent reduction with sodium borohydride @o&d tk corresponding Qhydrov 
cotnpound 1% and jiutkr acid catalysed condensation with a-umsubstituted pyrroles 114 and Ilb gave tk twvel6- 
pyrrolylcyclopenta[b]pyrroles 22a and 22) in excellent yields. Attempts to prepare deoxophylloetythroetioporphyrin 
(DPEP: 2). a wi&zspreadsedbnentary porphyrin molectdar@sil,l,from tkse dipyrrolic intermediates tuing tk m’pyrrene-w- 
biladiene route were unsacces@d. However, tk syntksis of three related meso$-ethano rphyrins wing tk MacDonald 
condensation was successjidly carried out in modcrate to good yields. Retendon of an s$ hybridized carbon bridge at tk 
cyclopentene ring fkion site @he intermediaq opt chain tempywoks appears to be crucial during wtacrocyclefomtation, 
as this dbninisks tk steric repulsion ktween tk peripheral sub&tents Md the carbocyclic ring. 

Alfred Treibs first noted the presence of metalloporphyrins in petroleum, oil shales, coal and other 

organic-rich sedimentary materials nearly sixty years ago. 3.4 He tentatively identified two major 

metalloporphyrins, the vanadyl chelates of etioporphyrin-III (la) and deoxophylloerythmetioporphyrin @PEP, 

Z), and proposed5 that these geological pigments were degradation products from heme and chlorophyll-a, 

respectively. In the 1960’s, mass spectrometric studies reveahede that complex mixtures of metalloporphyrins 

were in fact present in organic sediments, although two major series of porphyrins apparently related to 

etioporphyrin-III and DPBP were evident. Both DPEP7 and etioporphyrin-IIfi have now been isolated from oil 

shales and unambiguously characterized by nOe difference proton NMR spectroscopy, but many other 

structures including 3-6 have also been identified. g-11 It should be noted that all naturally occurring 

tetrapyrroles, including all of the fully characterized sedimentary porphyrins, are structurally related to 

etioporphyrin-III and the type I, I1 and IV isomers of etioporphyrin (lb, lc and Id, respectively) have not been 

identified in any geological samples. This lends considerable support to the notion that sedimentary porphyrins 

are the remnants of biological pigments. 

4159 
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Sedimentary porphyrins are generally known as geoporphyrins or petroporphyrins. In oil shales and 

petroleum, they occur almost exclusively as the nickel or vanadyl complexes, although metal-free porphytins,12 

iron porphyrins13 and copper(II) porphyrins14 have also been noted. Complex mixtures of etioporphyrins and 

cycloalkanoporphyrins of diverse structural types (e.g., 2-6) are found in these deposits and the vast majority of 

these tetrapyrroles appear to be derived from plant, algal, or bacterial chlorophylls. In contrast, immatum coals 

and lignites contain mostly polyalkyl- or et&type porphytinsl~ and this suggests that coal porphyrins originated 

primarily from bacterial hemes, rather than the chlorophylls. Imn,ls gallium,1s-17 manganese,17 and metal-free 

porphyrins have all been detected in these materials. 

Synthetic samples of petroporphyrins are of value in the unambiguous identification of these natural 

products, and in the development of new analytical techniques (spectrophotometric, mass spectral, HPLC, etc.). 

We have investigated the synthesis of cycloalkanoporphyrins of geochemical signiflcance.l*-24 Our early 

studies were directed towards the synthesis of porphyrins with six-, seven- and eight- membered exocyclic rings 

and this work led to the total synthesis of petroporphyrins 3a, 3b, 21a 4a and 4b.23 We have now extended 

these investigations to the synthesis of porphyrins with five-membered exocyclic rings and in this paper we 

report our initial studies in this area. 

The first synthesis of DPEP was reported by Fischer and Hofmann in 1935258 and involved the fusion of 

two pyrromethene units in a succinic acid melt. Very low yields of the meso,@ethanopotphyrin system were 

obtained in these and telated2!b early studies. In subsequent work, three different strategies were investigated 

for the synthesis of DPEP: (1) Partial synthesis from naturally occurring chlomphylls;~ (2) Total synthesis, 

where the exocyclic ring is introduced subsequent to porphyrin formation;27*2* and (3) formation of the 

porphyrin macrocycle from tetrapyrrolic intermediates that already incotporate the carbocyclic ring.*&2‘t~g The 

first approach is limited by the structure, and availability, of the initial chlorophyll. Overall yields in many of 
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these studies were also low, but this was primarily due to the difficulties encountered in carrying out tbe 

decarboxylation of the pmpionic acid sklechain. ‘Ibe recent introduction of l,5,7-trlazabicyclo[s.4.Oldec-5-ene 

as a reaction medium for this transformations appears to have ovemome this problem None-the-less, partial 

synthesis remains a relatively inflexible approach that can only be applied to a limited number of porphyrin 

molecular fossils. 

The introduction of the exocyclic ring subsequent to porphyrin formation has been the subject of many 

investigations27e2* but multiple synthetic steps are usually necessary and this approach tends to be rather 

inefficient. The most effective version of the second strategy involves the cyclization of vinylic porphyrins.28 

However, when one considers that the vinyl moiety must be lntmduced subsequent to porphyrin formation, and 

that yields in the cyclization step are typically in the range of 25-4046, overall yields are far from ideal. 

Adaptation of this method to the synthesis of molecular fossils derived from chlorophyll-c mqdred the use of 

protective groups and this further lowered tbe overall yields to 6% from the first formed porphyrin.28b 

Me 

Me 

1. HI/AcOH 

2. 101 
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R = CO$&,OMe 

9 a. R = CO.&H.,OM~ R’ = CH=NH.HCl 

Scheme 1 
b. R = CO.&H,OMe; R’ = CHO 

Prior to our studies, only one example of the third strategy had been reported. In this “classic” synthesis 

of DPEP,29 a dipyrrylmethane 7 that incorporated a cyclopentanone ring was condensed with 8 in the presence 

of phosphorus oxychloride to give the b-bilene 9a (Scheme 1). Hydrolysis of the imine salt afforded the fotmyl 

b-bilene 9b, which underwent cyclization in the presence of 2.5% hydroiodic acid in acetic acid to give DPEP. 

Unfortunately, the yield in the final step was only 6%. and this was attributed to a deleterious steric interaction 

due to the presence of the carbocyclic ring. However, if a three-fold increase in the yield for this cyclization 

were possible, this would offer a mute to DPEP and related petroporphyrins that was superior to any currently 

available synthetic methodology . With this in mind, we have reinvestigated the utility of cyclopenta[b]pymAes 

in the synthesis of porphyrins. 
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One of the most versatile methods for porphyrin synthesis is the tripytrene-a,c-biladiene appmach.31 In 

Scheme 2, a retrosynthetic analysis for DPEP is given and the four pynolic units that were needed in this type of 

synthetic strategy are shown. Pyrroles 11-13 were prep& by known literature methods32-34 and the 

cyclopenta~]pyrrole was synthesized in six steps fmm pyrrole 14 (Scheme 3). Pyrmle 1435 was treated with 

3.1 equivalents of sulfuryl chloride and subsequent hydrolysis with aqueous sodium acetate gave the carboxylic 

acid IS. Treatment with iodine-potassium iodide induced an iodinative decarboxylation to give the iodopyrmle 

16 and hydrogenolysis over Adam’s catalyst afforded the a-free pyrrole 17a. Selective hydrolysis of the 

methyl ester was effected by treating 17a with dilute aqueous hydrochloric acid in refluxing acetone to give the 

corresponding carboxylic acid 17b in excellent yield. Attempts to cyclize the propionic acid sidechain in 

polyphosphoric acid to give 18 were not successful. At lower temperatures (6CPC) no reaction occurted but at 

slightly higher v decotq&on took place rather than cyclization, presumably due to the acid labiity 

of the benzyl ester. Hence, milder conditions were sought for the cycliin reaction. The 3-pyrrolylpropanoic 

acid 17b was converted to the corresponding potassium salt 17c and further treatment with oxalyl chloride 

yielded the acyl chloride 17d. Cyclization in the presence of tin(IV) chloride gave the required 6- 

oxocyclopenta[b]pyrrole 18. Reduction with sodium borohydride then gave the related alcohol 10. An a- 

unsubstituted pynole lla was required as the second subunit corresponding to the lower half of DPEP and this 

was prepared in three steps from rerr-butyl4-ethyl-3.5-dimethylpyrrole-2-carboxylate (19a).36 Pyrrole 19a 

(Scheme 4) was treated with sulfuryl chloride in the presence of potassium carbonate and anhydrous ether and 

subsequent hydrolysis gave the carboxylic acid 201~ Iodinative decarboxylation yielded the iodopyrrole 21a 

and subsequent treatment with hydrogen over platinum oxide gave the S-unsubstituted pyrrole lla. Pyrrole 

lla condensed with hydroxycyclopenta~]pyrrole 10 in the presence of p-toluenesulfonic acid in acetic acid to 

give the important intermediary dipyrrole 22a in good yield (Scheme 5). 

10 18 
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16 
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I 

17 a. R=OMe 
b. R=OH 
c. R=OK 
d. R=Cl Scheme 3 
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Hydrogenolysis of the benzyl ester over 10% palladium-charcoal gave the corresponding 

pyrrolylcyclopenta[b]pyrrole carboxylic acid 23 and subsequent condensation with pyrrole aldehyde 13 in the 

presence of p-toluenesulfonic acid, followed by brief treatment with hydrogen bromide, gave the ttipyrrene 24 

(Scheme 6). Cleavage and decarboxylation of the rerf-butyl ester with trifluoroacetic acid, followed by 

condensation with formylpyrmle 12 in the presence of hydrobromic acid then gave the a.c-biladiene 25. All 

that remained was to cyclize the a,c-biladiene 25 to give DPEP. However, this proved to be impossible to 

implement. A variety of reagents were investigated including copper0 chloride/dimethylf~rmamide, copper0 

acetate/pyridine,24*37 silver iodate/zinc acetate/dimethylformamide3* and potassium chromate/zinc 

acetateAlimethylformamide3a but only trace amounts of impure porphyrin was formed in each case. The a,c- 

biladiene appeared to be fairly unstable in solution, possibly due in part to ring strain induced by the presence of 

the cyclopentene ring. The steric interaction between the five-membered carbocyclic ring and the adjacent ethyl 

substituent probably inhibited cyclization and rapid decomposition presumably ensued 

We briefly also considered the possibility of cyclizing a,c-biladienes with terminal carbocyclic rings to 

form cycloalkanoporphyrins. Professor K.M. Smith and coworkers have reported the cyclization of a,c- 

biladienes with terminal ethyl substituents to give meso-methylporphyrins3g~40 and a similar approach to 

meso&ethanoporphyrins seemed to be potentially viable. Treatment of tripyrrene 26 with trifluoroacetic acid, 

followed by reaction with 27a or 27b in the presence of HBr gave the a,c-biladienes 2Sa and 28b, respectively 

(Scheme 7). The ethanotetrapyrmle 28b was somewhat impure by NMR spectroscopy and this appeared to be 

due to the diminished stability of this compound. In our hands, both of these a,c-biladiene systems failed to 

cyclize to give useful quantities of porphyrin and this approach to meso$-ethanoporphyrins has also been 

abandoned. We should add, however, that the cyclization of an a,c-biladiene with two terminal six-membered 
carbocyclic rings has been noted41 and it may yet be possible to prepare me@-ethanoporphyrins by this 

approach. On the other hand, it was recently reported42 that cyclizations of b-bilenes with single terminating 

carbocyclic rings gave very poor yields of porphyrin products. The apparent decreased stability of a,c- 

biladienes that incorporate five-membered exocyclic rings further negates the potential application of this 

methodology. 
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We also investigated the formation of meso&ethanoporphyrlns 31 by the MacDonald condensation43 

(Scheme 8). Treatment of dipyrrole 23 with trlfluomacetlc acid and further condensation with dlpyrrylmethane 

dialdehyde 300 in the presence of the acid catalyst p-toluenesulfonlc acid, followed by addition of zinc acetate 

and air oxidation, gave low, somewhat variable yields of 319. The low yield appears to be due. to the 

unexpected stability of the zert-butyl ester towards cleavage under acidic conditions. To overcome this 

difficulty, a related dlpyrrole 22b was prepared in good yield by the acid catalyzed condensation of 

hydroxycyclopenta[b]pyrrole 10 with a-free pyrrole llb (Scheme 5). Hydrogenolysis of the benxyl esters 

over 10% palladium-chatcoal gave the corresponding dlcarboxylic acid 29s. Condensation of 29a with the 

diformyldipyrrylmethane 3Oa ln the presence of p-toluenesulfonic acid, followed by alr oxidation as before, 

gave cycloalkanoporphyrln 31a in 19% yield. Porphyrin 31a is formally a type II isomer of DPBP, since the 

peripheral methyl and ethyl substituents are arranged in the same sequence as in etioporphyrin-II (1~). 

Condensation of 29a with the dialdehyde 30b gave the related type II porphyrin 31b in 18% yield. The l3- 

unsubstituted dipyrrole 29b44 condensed with 3Oa to give porphyrin 31c in inferior, rather variable yields (S- 

12%). The absence of a bsubstituent in 29b reduces the reactivity of the pyrrole nucleus towards electrophilic 

substitution and this may be a factor in producing the relatively poor yields observed in this case. However. 

dipyrmle 29b was also somewhat unstable (attempts to recrystallize the compound led to decomposition) and it 

seems likely that rapid decomposition took place before macrocyclic ring closure could occur. 

The yields obtained in the synthesis of 31a and 31b are competitive with the best available syntheses of 

meso$-ethanoporphytins, although it should be noted that the MacDonald condensation is restricted by 

symmetry constraints, as one of the condensing dipyrrole units must be symmetrical or isomers result. Hence, 

DPEP itself cannot be prepared in this way. However, the results suggest that a stepwise variation on the 

MacDonald condensation (i.e., the b-bilene route@) should be effective in the synthesis of meso$- 

ethanopetroporphyrins and this possibility is presently under investigation. 

The efficacy of porphyrin formation in the MacDonald condensation (Scheme 8) contrasts with the low 

yields obtained in the b-bllene cyclixation 29 shown in Scheme 1 and the attempted a,c-biladiene cyclizations 

(Scheme 6). In the cycliitlon of a,c-biladienes, a fully conjugated bilatriene 32a is believed to be formed as as 

an early intermediate46 and it is noteable that the bridging carbon in coqomdng the five-membered exocyclic ring 

is sp* hybridized. In intermediates 9 (Scheme 1) and 32a, the cyclopentene ring is held in the same plane as the 

adjacent ethyl substituent and steric interference is likely to be severe. It is also possible that geometrical 

isomers such as 32b will be formed under these circumstances, and structures of this type would be unlikely to 

give porphyrin products. By contrast, the probable intermediate in the MacDonald cyclixation (Structure 33) 

retains an sp3 hybrid&d carbon bridge at the site of the carbocyclic ring and this undoubtably relieves much of 

the steric congestion that is associated with structures 9 and 32. Hence, the deleterious influence of the 

carbocyclic ring is much reduced and this leads to the respectable yields observed in our studies. We am 

currently investigating the extension of this work to the synthesis of totally unsymmetrical meso$- 

ethanoporphyrins and the results from these studies will be reported in due course. 

EXPERIMENTAL 
Sulfwyl chkakicand oxalyl chloride wexe freshly distikd prior to use. Tii@V) cl&aide, triflm acid, bmmyl c&ride, 

pni@oben~~yl chloride. NNdimcthylfamamide and 3096 hydrogen bromide in acetic acid were purchased fmm Aldrich Ckmii 
Co. and wire used without huther pmification. Melting points were determined on a Thomas HOOVCZ capillny meking pint 
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Me 

Me it 
32a 

-=-la= tmcomcted. Hy~waecatrkdoutonaParbydmgenataat30-4Opsi. IRspectrawmemconkdona 
Peskia-Elma 710B Borapwkin-Elmrsl6OOSerksPT-lRSpec_. WspectmweredMnedonaBeckmmmDU- 
4Oapecv. NMRspectmweremawdedonaHkbi-PwkinBlmerR2AB6OMHxnmrspectrometa OraVarianGemini- 
3OOmnrspectmmeter. Massspectral~inationswaemadeattheMidwestcentaforMassSpectrometryattbcUnivasityof 
Nekaska-Lincoln with partial slpporr by the Natkuud !&ace paradetim. Biology Divisioo (Gram No. DlRXH7262). Elemental 
analyses were obmioed fiwn Micro-Anelysis. Inc.. Wilmingtoo, DE 19808. 

5-Benzyloxycarbonyl~I-me~yl-3-(2-r,tLo Acid (15). 
Subyl chloride (59.8 ml) was added dmpwiac to a stirred mob&n of benxyl35dim&yl+2-methoxycmbonyleUky1)py1~ol~ 

2-carboxylate35 (71.29 g) in e&es (1120 ml), maintaioing the tempuatlue at#pc Ihloughout. The rexulting solution was stitred 
foraoadditioMltwodaysatmomtml~. lbeethKwasmnovedlmdcXzcdlmXdpressmeandthemultingaangeoildissolved 
indioxane(56oml). Amixtunof~umacetateeihydrate(224g)inwata(280ml)wa9addcdtomesolution,endthestimd 
mixtmewasheatedat70eCfor1.5houm. ThemixtufewasaUowedto8mndatroom mmpsammovemighL lltemixtumwas 
exh‘actedwitherha(3x25oml)andthecombinad#hala~exeadedwithsodiumb~sdutioa(lo9b;4x5ooml). The 
combined aqueous solutiom = acidified with -@ated hydrochloric acid, while main&t@ the tempaatum beIow 10eC. Ihe 
resultingwhite~~~filtereawashadscveraltimcs~~hotwetaanddriedinwcuo. Recrysta8ixuionfmmchlol0fofm- 
peadeum ether (60-800) gave them carboxylii acid as a white pow& (49.55 * 63%), mp 149-15loC (litP7 mp 149-15Bc). 
IR (Nujol mull): v 3181 (NH SII.), 3050 (st, br, OH str.), 1733 (st, C=O str.) cm- F : lH Nh4R (CDCl3): 8 2.31 (3H, s. pynole- 
CH3), 2.55 (w, t, J = 7.7 Hz, pynolecH2). 3.07 (2H. f J = 7.7 Hz. CH2CO), 3.67 (3H, s, OCH3). 5.34 (2H. s. CH2Ph). 7.3- 
7.45 (5H. m. Ph). 9.63 (lH, br, NH), 11.3 (lH, vb. OH); 13c NMR (cDcl3): 6 10.02 @yrrole-CH3). 20.02 (4-CHz). 34.41 
(CHzCO), 51.67 (OCH3). 66.61 (CH2ph). 120.83, 122.70. 127.43. 128.40 (o-Ph), 128.47 (p-W), 128.67 (m-Ph), 131.49, 135.54 
@h-C&I, 160.59 (C@Bn), 165.31 (C@H), 173.50 (alipbatic ester GO). 

5-BeazyloxycarbonyI-3-etbyl-4-methylpyrrole-2-~rboxyllc Acid (20b). 
The title cotnpom~I was psepamd from bauy14uhyl-3.5dbnethylpyrm~2~iwboxy~~~ (40.0 g) by the pmcedure detailed 

above. RccrystaUix&o from ethanol-water gave 28b as a white powder (30.5 g; 68%). mp 162-164oC (lit. mp47 165-166oc). 
JR (nujol mull): v 3310 (NH str.), 1702.1663 (2 x C=O str.) cm- l; lH NMR (CDC13): 8 1.11 (3H, t, J = 7.5 Hz, CH2CX3). 
2.30 (3H, 8, pynale-CH3), 2.77 (2H. q, J = 7.5 Hz. pynvle-CH2). 5.34 (ZH, s, OCH2Ph), 7.3-7.45 (5H, m. Ph), 9.48 (I& br, 
NH), 11.4 (1H. vb. OH); 13C NMR (CDC13): 6 9.90 @yrrole_cH3). 14.92 (CH2CH3). 17.90 (pyrrole-CHz). 66.49 (OCH2). 
12KQl22.66.127.04, 128.38 (o-Ph), 128.44 (pph). 128.68 (m-Ph). 135.72 (Ph Cd, 160.67 (ester GO). 165.% (CD2H). 

5-lert-Butoxycarbonyl-3-etbyl-4-methylpyrrole-2-carboxy~ic Acid (2Oa). 
sul 

lz 
1 c&ride (32.0 g; 19.0 mL) was added dmpwise to a stirted mixture of terr-butyl 4etbyl-3.5-dimethylpyrrole2- 

carbony ~(l7.0g)andpotrssium~(~.og)inetha(llU)mL),mainrai”ingmetanpaannemU)OClhroughwt The 
resultingmixtlrnwasstimdforanadditional24ketroomtempaature. Theetherwasremovedmukreducedpxessure.andthe 
nsulting red oil dissolved in dioxane (255 ml). A 10% sqo#nu, sodimn biite solution (255 mL) WBS added and the vigorously 
stirred mixture heated at 70eC for 40 min. Tbe mixture was extracted with ether (3 x 100 ml). and the combined e&r layers 
extmcted with sodimn m solution (5% 3 x 100 mL). The combined aqueous solutions were acidifti with concentrated 
hydrochloric acid, while main&ing the tempemttue below 1ooC. The resulting precipitate was filmed. washed sevesal time-s with 
water and dried in wzcuo. Recrystallizatjon from chloroform-pebolcum ether (6o-soo) gave the pyrrok auboxylic acid as a white 
powder (12.5 g; 65%). mp 207-208T (Et.49 mp 215-216T); IR (nujol mull): v 3295 (NH str.), 1669 (C=O str.) cm-l; tH 
NMR (CDc13): 8 1.10 (3H. t, J = 7.5 Hz, CH2CH3). 1.57 (9H, s, ‘Bu). 2.26 (3H. s, pyrroleXH3). 2.76 (2H. q. J = 7.5 Hz. 
pyrrole-CH2). 9.36 (1H. br, NH); 13C NMR (CDCl3): 8 9.88 @yrrole-CH3). 15.11 (CH2CH3), 17.78 @yrrole-CHZ), 28.38 
@u). 81.37 (-C(CH3h). 120.81. 122.83, 125.67. 133.72. 160.43 (ester GO). 163.01 (C@H). 

Benzyl 5-Iodo-4-(2-aethoxycarbonylethyl)-3-methylpyrroie-2-carboxylate (16). 
A soltioo of eodium b&&mete (38.3 g) io weter (374 ml) was added to a solution of 5-benxyloxycxrbonyl4-methyl-3_(2- 

methoxycarbonyletbyl)pyrmle-2+,arboxylii a&d (49.55 g) in methand and the resulting mixtum Gas heated On a WUabath to 
6OT. A~l~ofiodine(37~g)and~amiodidc(57.40g)in~(l500mL)wasadded~toxstimdmixturc 
over a period of 1 hr. while maintaining the reaction tempemture at 60-65OC. md stirring was continued for a further 1 hr. The 
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NMR (CDc13): 8 2.33 (3H. s. pymhC?I3). 244 (2H. f J = 7.9 Hz. -2). 271 @I, f I = 7.9 Hz. CH2CO). 3.68 (3H. 
s, 0cH3). 5.31 (2H. s. C&P@, 7.3-7.45 (5H. m, Ph), 9.1 (1H. br, NH); 13C NMR (CDC13): 8 10.91 (pytroleCH3). 22.07 

@ywle-0.34.31 (CH2CO). 51.67 (OCH3), 66.02 (CH2Ph). 734 (C-3). 123.69.127.18.128.27 (o- xnd p Ph), 128.61 (m- 
ph). 136.04 @‘h Cd. 160.24 @~rroleGO). 173.10 (aIipIxuic ester C-o). 

Benxyl 4-BthyI-S-iodo-3-rethylpyrrole-2~xrboxy~k (21b). 
- ~~~~~~-3~yl~-~yl~~2~y~ acid (13.50 g) by the prwedme demiled above. 

RW mdopynW aa a white pow&r (15.95 g: 92%). mp 112-113oC et.50 mp 112.5-113°C). 
IR (Nujol mull): v 3214 (NH SW.). 1665 (C=O tar.) cm- l; lH NMR (CDCl3): 6 1.04 (3H. t, J = 7.5 I-Ix. CH2CYf3). 2.32 (3H. 

s. wrr0lca3). 2.38 (w, q. J = 7.5 Hz. pymAeCH2). 5.32 (2H. s. OCH2Ph). 7.3-7.45 (5H. m. Ph), 9.05 (1H. br, NH); 13C 
NMR (CDCl3): 6 10.87 @yrrolccH3). 14.74 (CH2CH3). 20.00 @yrrok-CH2). 65.93 (OCHZ). 72.89 (C-5). 123.50. 126.88. 
128.23 (o- end p ph), 128.60 (m-Ph). 132.38.13620 (Ph Cd. 160.20 (C=O). 

terl-Rotyl 4-Ethyl-5-iodo-3-metbylpyrrole-2-carboxylate (21a). 
h@ from 5-~e~f-Ru~xycarbaryI-3cthyl-4-methyl~~2~xy~ acid (6.7 g) by the prooedun described for 16. 

Recr~mon from ethanol gave the Mopyrrole as white oeedles (7.1 g: 80%). mp 119-124PC (lit.51 mp 123-124eC). IR 
(nujol mull): v 3295 (NH se.). 1669 (GO se.) cm- l; lH NMR (CDCl3): 8 1.04 (3H. t, J = 7.5 Hz. CH2CJf3). 1.57 (9H, s, ‘Bu), 

2.29 (3H. s. pynole-CH3). 2.37 (2H. q, J = 7.5 Hz, pyn&-CH2), 9.0 (lH, br. NH); ‘3C NMR (CLXTl3): 8 10.81 @yrroleCH3), 

14.79 (CH2CH3). 2MJ2 @yrrolccHz), 28.51 CBu). 71.42 (C-5). 80.92 (-C(CH3)3). 125.15,125.48.132.05.160.20 (GO). 

Beazyl 4-~2-Methoxycxrbonyletbyl)-3-metbylpyrrole-2-carboxylate (17x). 
Benzyl 5-iodo-4-(2-methoxycarbcmylethyl)-3-med&yrrole-2-carboxylate (16; 58.5 g), enhydrous sodium acetate (19.5 g), 

platinum oxide (180 md and ethaool(210 mL) went placed in a hydrogenation vessel and the mixture wes shaken under en 
a~~ofhydrogtnatrooAltempenmueand3Otifor24hr. ‘l’hemixturewasfilte&toremo~thecatalystandevapmakd 
mb&ucedV. Thcresidue~~upinChl~~,waPhedwithwater.driedmer~umsulfar+andev~ona 
rotarY evaparatOr to give the a-m&Muted pyrrole (38.7 g; 92%) es a pale yellow oil (lit.49 mp 41-42oc). IR (neat): v 3329 
(NH se.), 1734 Wphatic ester G=O so.), 1685 (pyrrole C=O stf.) cm- l; ‘H NMR (CDCl3): 6 2.30 (3H. s, pyrrole-CH$, 2.53 
(2H. t, J = 7.6 Hz). 2.75 (2H, t, J = 7.6 Hz) (CH$H2), 3.66 (3H, s, OCH3). 5.30 (W. s, CHzPh), 6.68 (1H. d, J = 2.7 Hz, 
pyrrole-H), 7.3-7.45 (5H. m. Ph). 8.85 (1H. br, NH); 13C NMR (CDC13): 8 10.31 @yrroie_CH3), 20.41 @yrrole-CHi), 34.73 
(CH2’V. 51.58 WCH3). 65.70 (CH2Ph). 119.15. 120.00 (C-2 and C-5). 123.86 (C-4). 126.45 (C-3). 128.14 (o- and p- oh), 
128.57 (m-Ph), 136.37 (Ph CT&. 161.31 @ytrole-C=O), 173.52 (eliphatic ester GO). 

Ben@ 4-Ethyl-3-metbylpyrrole-2-carboxylate (llb). 
Prepared by the foregoing proc&re from benzyl 4-ethyl-5-iodo-3-methylpyrrole-2carboxylate (Zlb; 30.7 g). Upon 

evaporation of the solvent, the 5-unsubsti~ pyrroie (19.6 g; 97%) was isolated as a pale yellow oil (lk50 mp 31-32oc). IR 
(nujol mull): v 3326 (NH SE), 1675 (0 sir.) cm- ‘; lH NMR (CDCl3): 8 1.16 (3H. t. J = 7.5 Hz, CH$H3), 2.30 (3H, s, 
Wrrole-CH3). 2.43 (2H. q. J = 7.5 H~pym&-CH2), 5.30 (2H, s. OCHzPh). 6.67 (1H. d, J = 2.8 Hz. 5-H). 7.3-7.45 (5H. m, Ph), 
8.75 (1H. LX, NH): 13C NMR (CDCl3): 8 10.33 @y~role-CH3). 14.57 (CH2CH3). 18.25 (pyrrole-CHZ). 65.63 (OCHZ). 119.03 
(C-2). 119.40 (C-5). 126.43 (C-3). 127.71 (C-4). 128.11 (o- end p Ph), 128.58 (m-Ph). 136.53 (Ph C,& 161.47 (GO). 

lerl-Butyl 4-Ethyl-3-metbylpyrrole-2-crrboxylate (11s). 
Hydrogenolysis of ~ert-butyl4-ethyl-5-iod~3-methylpyrrole2-carboxylate (21s; 12.50 g) by the procedure d&led for 178 

gave the title compound as a pale yellow oil that solidiliul on standing (7.53 g; 95%). A sample was recrystakcd from ethanol to 
give white needles, mp 92-93oC (Iits* mp loO-lO1°C). IR (nujol mull): v 3319 (NH SW.), 1668 (GO str.) cm-l; lH NMR 
(CDCl3): 8 1.16 (3H. 1, J = 7.5 Hz, CH2CH3), 1.56 (9H. s, ‘Bu). 2.26 (3H, s, pyrrole-CHg). 2.42 (ZH, q. J = 7.5 Hz, pytroie- 
CHZ). 6.63 (IH, d. J = 2.6 Hz. 5-H). 8.9 (1H. br, NH); 13C NMR (CDCl3): 8 10.26 (pyrrole-CH3). 14.64 (CH2CH3). 18.28 
(Pyrrole-CHi). 28.53 @II). 80.40 (-C(CH3)3), 118.46 (C-5), 120.60 (C-2). 124.90 (C-3). 127.38 (C-4). 161.52 (GO). 

Anal. talc. for C12H19NO2: C, 68.87; H. 9.15; N. 6.69. Found: C. 68.91; H. 8.67; N, 6.67. 

3-~5-BenrYloxycarbonyl-4-metbyl-3-pyrrolyl)propanoic Acid (17b). 
A mixture of coocentmted hydrochloric acid (39 mL) and water (736 mL) was added to a solution of benzyl 4-(2- 

methoxycarbonyletbyl)-33nethylWrmle_2cnbo (38.7 9) in acetone (774 mL), and the resultiog mixttue wm stirred utuk 
l’efluXfOr3hr. Themixture~ascooledtorormtanperature,polnerlinto~(4L)andamilLypinlrpncipitatef~~ The 
mixtWewastmo&oVd toaspmamtyhonelaodcxtractedwithetherQx200mL). Thccombinedethe&lsolutionswacexeacted 
with 5% sodium bicarbonate solution (3 x u)o mL), and the aqueous solutions cooled to 5T and neutralized with concentrated 
hydrochloric acid. The resulting precipitate wtu fdtered, washed with liberal quantities of ww and dried irr vocue to give the 
ChxYEc acid m a white powder (33.67 8; 91%). mp 112-112.5OC. IR (nujol mull): v 3316 (NH se.). 3066 (it, br, OH SW.), 
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1728 (St. cntboxylic ucid cm0 se.). 1678 (st, pynok Go se.) cm- 1; *II NMR (CDCl3): 8 229 (3H. s. pytxokCH3), 2.58 (2H. 
t, J = 7.3 I-Ix). 2.76 @Il. t, J = 7.3 Hz) (CH2CIiz). 5.30 @I-I. s. CHzph), 6.71 (HI. 6 J I 2.5 Hz. 5-H). 7.3-7.45 (HI. m. Fh), 9.2 
(1H. br, NH), 11.0 (1H. vb, COZH); 13C NMR (CDCl3): 8 10.37 @trokCH3). 20.16 @yu&-CH2), 34.55 (CH2CO). 65.88 
(CH2Fh), 119.11. 120.54 (C-2.5), 123.48 (C-4). 126.52 (C-3), 128.13 (o- mtd p- Fh), 128.56 (m-Fh). 136.23 (Fh C,a). 161.79 
(esta C=o), 178.38 (Co2H). 

Anal. Cuk. for C,&I17NO4.‘/4H20: C, 65.84: H. 6.05; N, 4.80. Fotmdz C, 65.74; H, 6.00; N. 5.07. 

Benzyl 3-MetLyl-6-oxoeyclopen~[b]pyrrolc-2-carboxy~te (18). 
The folegoing mh? CarboXylic aCid (0.25 g) WUI dissohd ia methad (5 m=) end the m&uIE e With ollc 

equivnlentofpot&umh@oxide(o.O98g)inmedmnol(5mL). lltemiventwnstmtmvedtmdermducedpmeuuenndtheteshiue 
driedovemightiuvucuo. ~~~potasaiMlsllltwassmpendtdindrytducnc(1omL)andMolylchhridc(o.11g)intoluene 
(0.5mL)wasnddedtotbestirmdmixtute. TberesuitingmixtumwnsstitmdftuafuttbK3hetromttuupetutum Afkrthistime, 
5Qopsoftin~chlaridewasaddadandthtrercti~mixtunwe9s~forahahalIrr. Theorgenicaobttionweswt~hed 
successively with 5% hydmchlok acid, wnter, 5% sodium bkbonme solutitm end wetex. The yellow @ solution wns dtied 
overmngnesiumsulfetenndthesdventtemovedun&rreducedpressum. TbetesiduewesmcrysmBkdffommedmnoltogivethe 
hetone as white crystals (0.101 8; 43%). mp 161-162oC. IR (nujol ma): v 3178 (NH str.), 1668 (C& str.) Cd; lH NMR 
(CDCl3): 8 2.32 (3H. s. pyrroleCH3). 2.80 (2H. m), 2.88 (2H. m) (CH2CHZ). 5.35 (2H. s, CHzph), 7.3-7.45 (5H, m, Fh), 9.4 
(lH, br. NH); 13C NMR (CDCl3): 8 10.60. 19.39. 41.28, 66.69, 123.22. 128.32. 128.48. 128.68, 129.31, 135.07. 135.48, 
151.49. 161.38. 193.37. 

Anal. Cek. for C1eHt5N03.1/4H20: C, 70.18; H. 5.72, N. 5.12. Fouud, C. 70.12; H. 5.62 N. 5.43. 

Benayl 6-Hydroxy-3-metb~lcyctopen~[b]pyrrole-2-carboxylote (10). 
A mixtme of pyrmle ketone 18 (0.85 8) and 95% ethanol (34 mL) wwe heated until the solid ma&al had all dissolved end 

then cooled to room tempenuufe to give n fine suspension. Sodium bomhydride (0.70 8) was i&cd and the mixtum swirled for 10 
min. At thii stege the pyrrole dissolved end a noticeebly exothcuuic ma&on tooh place. Water (17 mL) was then ndded end the 
mixturewa9hcetedtoiurboilmgpointonaaeambath. Anadditional34mLofwatawasaddedandthemixhncwas~~to 
cool to mom tempemture. end then chilled in ice. The resulting pmcipitate wns finwed end dried in wacuo. Rmystsllizaton from 
ethanol-water geve the pyrtoIe alcohol es white needks (0.70 g; 82%), mp 107.108eC. IR (nujol mull): 3297 (OH str.). 3185 (NH 
str.), 1677 (C=C stt.) cm-l; 1~ NMR (CDC13): 8 1.7 (HI, OH), 2.28 (3H, s, pyiroleCH3). 2.15-2.3 (1H. m), 2.4-2.52 (lH, 
m). 2.65-2.9 (2H. m) (CH2tX2), 5.1 (1H. m, CHOH), 5.30 (2H. s. CH2ph), 7.3-7.45 (5H. m, Ph), 8.8 (lH, la, NH). 

Anal. Calc. for C1,jH17N03.‘/8H20: C. 70.25; H. 6.35; N, 5.12. Found: 70.16; H. 6.25; N, 5.28. 

Beazyl 6-(5-fert-Butoxycarbonyl-3-etbyl-4-metbyl-2-pyrrolyl)-3-methylcyclopenta[b]pyrrole-2-carboxylete 
(22a). 

Beaxyl ahydroxy-3-melhylcuclopenta[blWnolc-2car (la: 4.00 g) and rcrr-buty~4-&yl-3-methy~lM-arboxylxte 
(Ila; 3.08 g) were dissolved in glecii acetic acid (110 ntL). pToluenesuIfonic acid (180 mg) was ndded end the fesubing mixture 
stirred at mom tempemtum for 90 min. The datk solution wes diluted with chlotoform. washed with wntu (500 mL) end the 
uq~e0u.x solutions beck extracted with chlotofotm. The combined organic phases wem washed with 10% sodium bii 
solutirm end evaporated mtder mduced pressum. The dnk residue w&9 chtomum8mphed on silica. eluting with dkhl~ethane. 
RecrystnBii from ethanol gave a white solid (4.% 8; 73%): mp 135-136oC. EI MS: m/e (Rehitive intensity) 462 (I@, 
51%). 406 (31%), 377 (83%). 315 (20%). 271(37%), 178 (48). 91 (100%); HR MS c&d. for C28H34N204: 462.25292. Found: 
462.25012. IR (nujol mull): v 3238 (NH se.), 1658 (C=C str.), 1649 (C=O su.) cm-l; 1H NMR (CDC13): 8 1.05 (3H. t, J = 

7.5 Hx, fH2CH3). 1.49 (9H. s. rBu), 2.21 (3H. s), 2.30 (3H. s) (2 x pytvole-CH3). 2.38 (2I-I. q. J = 7.5 Hz, CH2CH3). 2.25 (IH. 
m), 2.5-2.9 (3H. m) (ring-CH2CH2). 4.33 (lH, t. J = 7.4 Hz, bridge-CH), 5.16526 (2H. AB quarte.t, OCHZ), 7.3-7.4 (5H, m. 

I’h), 8.5 (1H. br). 9.1 (lH, br) (2 x NH). 13C NMR (CDCl3): 8 10.45. 11.71, 16.11, 17.14, 23.2Q28.48, 35.88, 39.14.65.47, 
80.29. 117.94. 122.47. 123.58, 123.80. 125.52. 127.96, 128.05. 128.47, 130.90. 133.28, 136.49, 140.19, 161.35, 161.55. 

Anid. Chk. for C28H34N204: C. 72.69; H, 7.42; N. 6.06. Found C, 72.64; H. 7.49; N, 6.04. 

Beaxyl 6-(5-Beazyloxycsrbonyl-3-ethyl-4-methyl-2-pyrrolyl)-3-methylcyclopenta[b]pyrrole-2-crrboxylate 
f22b1. 

‘Ihe title compound wes pmpnred from benxyl6-hydmxy-3-methylcyclcpenm~]pyuoI~2-cnrboxyhtte (lo; 1.00 g) end benzyl 
4-ethyl-3-methylpyuole-2-cntboxylnte (lib; 0.90 g) by the pmcedwe described above. Recrystallixation from ethanol gave the 
diPyrrOle as white crystals (1.32 g; 72%). mp 149-156C. EI MS: m/e (Relative intensity): 4% @I+, 49%). 467 (34%), 405 
(29%). 359 (23%). 297 (14%). 268 (10%). 91 (100%); HR MS c&d. for C31H32N204: 496.23636. Found 496.23474. lH 
NMR (Cm3): 8 1.06 (3H. t, J = 7.4 Hz, CH2CH3), 2.27 (3H. s). 2.30 (3H. s) (2 x pyttole_CH3), 2.41 (2H. q. J = 7.4 I-Ix. 
CH2CH3h 2.2-2.3 (1H. m), 2.5-2.75 (2I-I. m). 2.75-2.9 (lH, m) (ring-CH2CHZ). 4.34 (1H. t, bridge-CH). 5.25 (4H. s, 2 x 
OCH2). 7.3-7.4 (1OH. m. 2 x Fh), 8.49 (1H. br). 8.76 (1H. br) (2 x NH). 13C NMR (CDCl3): 8 10.55, 11.64. 16.10. 17.09, 
23.23. 35.83. 39.09. 65.52. 65.57. 117.45. 122.51. 123.85. 124.07. 127.03, 128.00. 
139.92,161.33.161:45. . . 

128.50. 131.07. 134.21, 136.43, 136.54, 

Anal. cak. for C3tH32N204: C, 74.96; H, 6.51; N. 5.64. Found C. 74.63; H, 6.38; N, 5.65. 
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6-(terf-Botorycarboayl-5-cthgl-4-metbyl-2-pyrrolyl)-3-metkylcyclopente[b]pyrrole-2-cerboxyllc Acid (23). 
Benzyl~(5-te~-~x~yl-3~yl4~yl-2-~yl~3-m~yk~~~~~2~y~ (22X 1.00 g) ad 

eiethvlamine(33~)wae~inPcaoncOmL)9dDhcadinrh~ves&l. Theairwimfluabedoutwith 
ttiu0& snd ios p8iihhim (2ABrnd)~~.Ths~~~~~undaParrmorphaeofhy~~mom 
tempemtun?aad3Opaifar12lK. llteerplystwasfiltaedoliaudtbeadw!atmmovedundc!zleducedpremum. Tberexiduewas 
takalupin346aqueous momoniaxoluduo. ~crtalystwarrwrrhedwith39Mlmonia~~mdtbevpcopssolutiohJwac 
combined. Themixrure~coohdtoODCinan~~radneu~withglacisl~acidrrmintliniagtheccm~ 
below5ocdmn@oU Tbensulting~~~mmed~withlibarlpuantitiesofwatera,nmoverlleacesofacaic 
acid and dried in wicuo ovanigbt to give the dipynok cpboxylk acid as a wbite puwder (2.21 B; 94%). mp 120-122eC. IR (nujol 
mull): v 3245 (NH xu.). 2980 (vb. OH a&.), 1661 (C=O au.) cm- 1; tH NMR (CDCl3): 6 1.07 (3H. t, J = 7.4 Hz. C&CH3). 

1.53 (9I-L a, tB~). 2.24 (3H. s). 2.27 (38 a) (2 x pyrrole-CH3). 2.41 @I. q. Cff2CH3). 2.3 (lH, m), 2.5-29 (3H. m) (ring- 
CH&Xz), 4.35 (1H. t, brk@CH). 8.6 (1H. IV), 8.8 (IH, br) (2 x NH). 

Anal. Cak. for C21H2gN204: C. 67.71; H. 7.59; N, 7.52. Found: C. 67.99; H. 7.58; N, 7.24. 

6-(5-Csrboxy-3-etbyl-4-methyl-2-pyrrolyl)-3-metbylcyclopenta[b]pyrrole-2-carboxylic Acid (298). 
Fmpamd from benxyl 6-(5-bwuylox~yl-3-e&yl4metbyl-2-~yl)-3-metbykycbpmtaM~e2uuboxylate (Zza; 

1.00 g) by the procedure &tailed above. The dic&oxylk acid was iaolatul as an off-white puwder (0.60 & 94%). mp 119oc. dec. 
lH NMR (da-DM80-CDCl3): 8 1.07 (3H. t, CHfl3), 2.29 (3H. 8). 231(3H. s) (2 x pyrrole-CH3). 2.3-2.9 (6H. m, CH2CH2 
and C&CH3). 4.35 (1H. t, Mdge-CH). 8.50 (1H. br), 9.01 (1H. br) (2 x NH). 

Anal. hk. for C17H2&04: C. 64.53; H. 6.38; N, 8.86. Found: 64.37; H. 6.41; N. 8.30. 

3-Metbyl-4,5,6,7-tetrPbydro-l~-indole-2-carboxaldebyde (2711). 
Ethyl 3-me~yl-4.5.6.7-~y~l~-~dolc-2~~xy~~ts was dissolved in methanol (50 mL). a solutim of potassium 

hydroxide (25.0 g) in water (100 mL) was added and tbe resulting mixhue stirred under retlux for 3 hr. On cooling, flaky lustrous 
crystalsoftbepotamiumsaltwerefozmed Thecontcnaofthcflaskwwcpouredintoa500mL~~mcycrflaslraadcookdto 
OOC. The Solution was aeuUali& with 3M hydmcblork acid. keeping tbe tempemture below 5oC. The resulting @pitate was 
Mtered,wasbedwitbliberalqmmtitk3ofwaterto xemove a8 m of acid and dried in V(ICUO ove&ht to give 3-methyl-4,5,6,7- 
tetmby~lH-indole2-ca~buxylk acid BS a pale pink solid (8.6 g; quamimdve). 

The fomgoin8 carboxylic acid (8.6 g) was disxolved in triflu~tic acid (50 mL) and stirred at 4ooc for 10 min. ‘Ibe 
mixture was poured into i&water and a white precipitate formed Tbe mixture was extracted with chloroform. washed with 5% 
sodium bii sol&m and water, and dried over magnesium sulfate. On evaporation, 3-methyl-4J.6,7-teaahyQo-1H-inQle 
was obtained as a pale yellow solid in quantitative yield. lH NMR (CDC13): 8 1.76 (4H. m. CH2(CH2)2CH& 1.98 (3H, s, 
pyrrole_CH3), 2.3-2.7 (4H. m, 4.7-CHi). 6.36 (IH. 2-H). 7.4 (lH, br. NH). 

The residue was dissolved in N,Ndimed~ylfamamide (74 mL) and co&d to Ooc. A solution of p-nitmbenxoyl chloride (11.3 
g) in N,Ndimetbylfotmamide (12 mL) wax added dropwise to the stined solution, maintaining the temperature of tbe reactioo 
mixture below 5oC tluougbout. Once the addition wm complete, the mixture was atifmd for I5 min. Anhydnxu etbcx (2QOmL) 
wasackkdaodthemixtmewasalbwedtostaodforl5min. TbemsultingyeUowprecipitatewasfilte&offandwasbe4lwellwitb 
ether. The solid was taken up in ethanol (105 mL) and stirred with potassium carhate (11.0 g) in water (I05 OIL) at 7ooC for 15 
min. The resulting yellow solution was puured into a mixtum of ausbed ice and water (700 mL) sod a pale. yellow pacipitate 
formed immediately. Tbe precipitate was filth and nzuysmllized from 95% ethanol to give the title alde.hyde as yelluw needles 
(5.66 g; 72%). mp 170-171°C (Us2 mp 17ooC). IR (nujol mull): v 3226 (NH SK), 1626 (0 SII.) cm-l; tH NMR 
(CDCl3): 8 1.77 (4H. m. CH#H2)2CH2). 2.22 (3H, s. pynde-CH3). 2.49 (2H, m, 4-CH2). 2.64 (2H. m, 7-CH2), 9.46 (1H. 
s. CHO), 10.3 (lH, br. NH): 13C NMR (CDCl3): 8 8.60.24X81.22.64,23.05, 120.48. 128.20, 131.44. 138.76. 175.69. 

3-Methylcyclopento[b]pyrrole-2-carboxaldebyde 27b). 
Ethyl 3-methylcyclopen~]~leP[bIWrrole-2-carboxylar~ 5 2 (1.00 g) WBS refluxed for 45 min. with 1.00 g of sodium hydmxide in 

~yleneglycol(lOmL). Thccloudyycllowmixulrewa9dispastdbetweenhexaneandwater.drcaq~~~~extracDedwim 
hexaneandthecombinedarganicsolud~waewaohedwithwataanddriedovasodiumsulfrue. lltesolventwa~evaporatedunda 
reduoed pressure to give a yellow oil: lH NMR (CDCl3): 8 2.01 (3H, a, pyrrole-CH3), 2.3-2.7 (6H. m. (CH&& 6.34 (lH, 2-H). 
7.35 (lH, br, NH). ‘Ibe residual oil was taken up in N,N-dimetbylformami& (3 mL) and coded to Ooc in am ice-salt bath Beoxoyl 
cNoride(1mL)wapaddeddropwise,mpintainingthetemperaturcbelow5oC. Wbentbetempmmuebaddmppedto-5oC,tbeaalt 
i~bathwPsremovedendtbemixMt~~forafutthtr15min. Tdume(lOmL)wasaddedandthemixturewaacooMina 
~t-kebatbfOrlbf. ThedarlrmixMcwasfil~toaivcabuffcoloredadidwhichwaswasbedwith~nadditiooalOmLofcold 

temptrahuc OVa@&. The mixture k coded in at ke bath aotl BRaed to give a yellow-brown did. RecrysU&tion from 
ethanol-water gave the wnob aMebyde aa snle ydlow needks (0.41 g; 53%). mp 134-134.5oC. lR (eujol mull> v 3200 @lH 
am.). 1625 (0 atr.) cm-t; lH NMFt (CD@): 8 226 (3H. s. pyrrole-CH3). 2.44 (2H. m. CH$&CHZ), 256 (2H. t, J = 6.7 
Hz, 4-CH2). 2.71 (2H. f J = 7.1 Hz. 6-CH2). 9.0 (lH, br, NH). 9.42 (1H. s. CHO): t3C NMR (CDC13): 8 9.72.23.37.25.20. 
28.91, 128.16. 130.96. 133.27. 147.34. 175.75. 

Anal. talc. for C~HIINO: C. 72.45; H. 7.43; N, 9.39. Found: 72.03; H. 7.21; N. 9.51. 
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1-lert-Bntoxycsrbo~pl-S,7-etbano-3,12-diethyl-2,8,13,14-tctrrmctbyI-5,16-dibydrotrip~rin Hydrobromide 
(24). 

tmcesofwaterandby&obm&ncid. Asecoadpatimoftolume(mL)wasadrkdandtbesolutton~‘fhemciduewas 
raLenupinaminimPlPnoontofcthaand(he~~cooledimuricekthtoinitiuea ThemsultingprbcipiEatc 
wsistiltaedandwrsb#lwith~~~~~~h~~*~~~~~a~~(l.~8;74%).rnp180- 
182“C. W/F% (CHC13): &mu (log10 E) 495 (4.76) mn. III NMR (CDcI3): 8 1.10 (3H. t). 1.18 (3H. t) (2 x CH2C!f3), 
1.53 (9H, s. &I), 1.98 (3H. s). 2.21 (3H. s). 2.31 (3H. s), 2.61 (3H. s) (4 x pyrtoleCH3), 2.2-2.5 (8H, m, CH2CH2 and 2 x 
C&CH3), 4.71 (1H. m, bridge-o, 7.01 (lH, s. =CH-). 8.4 (1H. b, NH), 13.0 (2H. br, NH). 

Anal. talc. for C29H40BrN3O2: C. 64.18; H. 7.44; N. 7.74. pound: C, 63.88: H. 7.25; N. 7.68. 

l-tert-Bntoxyc~rbonyl-3,7,13-trictbyi-2,8,12,14-tetr8metbyl-S,l6-dibydrotripyrrin Hydrobromide (26). 
Regamd-fmm ~~~~~yi-3~~i~,~~y~~~~~~y~ scids3 (La) g) and 4-ethyL 

3,Sdimetbylpyrmle2carboxaldeh yde(12;0.81g)bythepmcedmedesuibedabove. Tbeuipyweuecrysmllizedfmmanbydtous 
ether as bright orange crysuds (2.20 g; 76%), mp 193-194oC; W/Vii (CHCi3): I.,,,,, 497 (4.90) nm. lH NMB (CDCl3): 8 
l.Ol(3H. 1). 1.04 (3H, 1). 1.09 (3H, t) (3 x CH@f3), 1.57 (9H. s, ‘Bu), 2.25 (6H, s), 2.28 (3H, s) (2,8,12CH3). 2.4-2.5 (61-l. m, 
3 X C&CH3)), 2.68 (3H. 8, 14-cH3). 4.30 (W, 1. brid@-cHz). 7.06 (lH, 8, -c!b), 10.15 (1H. br, NH). 13.05 (2H, t 2 x NH). 

Anal. cab for C&I42BrN802: C. 63.96; H, 7.V; N, 7.72. Fomub C. 64.w; H, 7.66; N, 7.60. 

8,lO-Ethano-3,12,18-trietbyl-1,2,7,13,17,19-hexrmetbyl-lO,23-dihydrobilin Dihydrobromide (25). 
Tripymme 24 (670 mg) was dissolved in uiOuomacetic acid (4 mL.) and stimxl st mom tempwatum for!5 min. 4-Ethyl-3,5- 

dimetbylpywole2~xaldebyde (1% 188 mg) in methanol (17 nL) was added to the stiuedsolution. imme&& y followed by the 
addition of hydrogen bromi& in acetic acid (31%; 3.4 mJ.). and the resulting mixtum was stined at room mmpemmm for 30 min. 
Ether(134mL~waraddedaowlyovcrJeMal~andme~wasatimdforanadditional2hr. Tbemixtumwascooledin 
anicebathandthtresoltinepncipitete~filtaedmdwarhedwithematogivetbcaF-bitadiene~onoraage-bnrwnsolidwitba 
green sheen (651 mg; 86%). mp ~3~. W/Vii (CHC13): kntsv 464.519 mu. QI NMB (CDCl3): 8 1.04 (3H, t). 108 
(3H. t). 1.16 (3H, t) (3 x CHgCH3), 1.95 (3H, s. 2-CH3), 2.24 QH. s), 2.30 (3H. s) (7.13-CH3). 2.32 (3H, s). 2.1-3.1 (1OH. m, 
CH2CH2 snd 3 x C&CH3). 2.55 (3H. s). 2.63 (3H, s) (1,19CH3), 5.u) (1H. t, bridge-CH). 7.01 (lH, s). 7.12 (lH, s) (2 x =CH), 
12.4 (lH, br). 12.9 (1H. lx), 13.1 (2H. br) (4 x NH). 

1,2-Butsno-8,12,18-trietky1-3,7,13,17-te~8methyl-10,23-dihydrobii1n Dibydrobromide (28a). 
prepcned by the pocedure &aikd abovo fmn 3-m~byl+5,6J-te~ehydn~-lKndol~2~ (27lK0.15g)and1- 

~e~~-~~y~yl-3;7.13-hrietbyl-2,8~12,l~~yl-5~1~~~ hydmbromide (26; 0.50 g). The title e,c-biladiene 
was Mated as a red-brown solid (0.51 g; 82%). mp GOOV, *S4 W/Vis (CHCl3): I,,,= 460,530 mu. ‘H NMB (CDCl3): 8 
0.63 (6H. 2 ovetkpping triplets, E.l2CH2C&). 1.09 (3H, t, l8CH2CH3). 1.82 (4H. m, CH2(CIf2)$Hz). 2.23 (6H, s). 2.26 
(3H. s). 2.30 (3H, s) (3,7.13.17-CH3). 24-2.6 (EH, m, 4 x 8-CHZ), 2.71 (3H, s. 19-CH3). 3.15 (2H, m, l-CHz), 5.18 (2H. s, 
bridge-CH$. 7.10 (lH, s)). 7.11 (lH, s) (2 x =CH-), 13.16 (3H. br), 13.19 (Hi. br) (4 x NH). 

Anal. cnlc. for C34H&~N4.~/3Hfl: C, 59.83; H. 6.99; N, 8.u). Fouudz C. 59.78: H, 6.80; N, 7.97. 

3,5-Ethmo-7,13,17-triethyl-2,8,12,18-tetramethylporphyrin (31a). 
A solution of ptolumemlfonic acid monobydmte (450 mg) in methanol (7.5 mL) was added to a stined mixture of 6(5- 

carboxy-3~~~-myl-2-~lyl)-3-~yk~l~m~J~k-2~x~ acid (2%; 250 mg) and 3,3’-di&y1_4#dimethy1- 
2.2’~dipyqimethan~5,5’-dkarboxaldcby& (3011; 215 mg) in dichiommetbane (75 mL) and methanol (7.5 mL). Afux a few 
minutes, a deq orange-red sohuion was formed. Tbe mixture was sdncd ovemigbt in the dark ut room tempemtuux et this point 
spectral exsminution &owed nbsotu6on.s st b 410.456.495 nm. A sntum@d solution of zinc acewe in meUmnol(8 mL) was 
addcdandtheresuMngmixtwesthredetroomtcmpcmtufefor2days. Spoctndexaminationshowe4Ubedew4opmentofenintense 
8ont txmd at bmu 403 nm. The mixtum was evaporated to dryness under nzduced pressure nnd taken up in 5% sultinic acid- 
methanol. TbetesultingmixtumwaspertitioaedbetweenchIotofamandwater. Tbetwolayerswemqamtedandtbequeous 
phgsewaSrtexttwXedwitbcblaoform. ~comMnadorganicaoluthnswaewsshedwithwatQ.396aqumusammoniasolutioaand 
water,undevaporatedtodrynessonarotaryevapcmtor. Tberesiduewas~ on grade 3 &mitt& eluting witb 
dkblorom~dtane. The colomd fmctions wete eqomted nnd ftutber pmified by cbtomatogmpby on a grade 3 &unina column, 
elutiagwithdichbranahane.andtbemaptradbrfrom~~~~~3la~ 
purplecrystals (69mg; 19%). mp>3oooC. EIMS: m/e(Belative &nmdnmx) 476 (M+. loon;), 461(14%); HB MS c&d for 
C32HxN.t: 476.29428. Found: 476.29296. W/Vis (CHC13): &,,= (loglo E) 401 (5.34). 500 (4.18). 535 (3.59). 564 (3.77). 
616 (3.75) ML lH NMR (CDC13): 8 -3.7 (lH, br), -3.0 (lH, br) (2 x NH), 1.79 (3H, t). 1.85 (3H. t). 1.89 (3H, t) (3 x 
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CHZCff3), 3.57 (3% S). 359 (3H. S), 3.68 (3H, S), 3.70 (3% S) (4 x pO1ph~3). 4.04 (8H. m. 4 x @-CH’L). 5.46 (2H. m, 
meso-CHZ). 10.00 (1H. s), lo.02 (1H. s), 10.07 (1H. s) (3 x -IQ 

3~5-Eth~ao-7-cthyl-13,17-bis-(2-mcthoxye~rbonylctky1)-2,8,l2,18-tctr~mctbylporphyrin (31b). 
prepared fmm ~(scuboay-3~14~1-2-~y1-2-Wrrdyl)-3-me ~jpyrrol~2~1rboxylic acid (2l& 250 mg) and 

3,~-bis(2-~x~y~yl~,~~yl-2~~~5~~ y&OOb;302mg)bythckxocebegiven 
above. except that the crude poqhyrin was treated with 5% sbdforie acid-metbanol overnight to allow reeste&ioo of the 
pmpiooate sidechahu. Reaysrallization from dichbrome&anemethanol gave the title paphyrin a9 putpIe crystals (79 mg; 18%). 
mp 237-238.5OC. FAB MS: m/e 593 (m+H]+); HR MS c&cd. for C36H4fl404 + H: 593.31303. pouad: 593.31043. 
UV/vis (CHCl3): &x (log10 E) 402 (5.35). 501 (4.20). 535 (3.58), 565 (3.80). 618 (3.76) om. lH NMR (CDC13): 6 -3.7 
(1H. br), -2.9 (1H. br) (2 x NH). 1.78 (3H. t, J = 7.6 Hz. CH2CH3), 3.25-3.34 (4H. m, 2 x CH2CG). 3.60 (6H, s). 3.66 (3H. s), 
3.69 (6H, s). 3.71 (3H, s) (4 x porphyrin-CH3 and 2 x GCH3). 4.08-4.14 (4H, m. 3,7-CH2), 4.36 (2H. t), 4.50 (2H. t) (2 x 
CfWHSOzMe). 5.45 (2H, m. meso-CHi), 10.02 (lH, s), 10.03 (1H. s), 10.08 (1H. s) (3 x meso-II). 

3,S-Ethano-13,l7-dietbyI-2,8,12,18-tetrametbylporpbyrin (31~). 
Bet@ 6(5-benzyloxycarbonyl~-~yl-~~lyl)- (0.30 g) and hidylamine 

(lOdrops)waedissolv~inethanal(l50mL)andplacedinahy~veasel. Theairws9fla&edoutwith~nandlO% 
@adim&hae=l(5Omg)wasadded.The mixtunWZi¶sbshnlllMk~lrmoephacdhydrogenat~tanpaatllre and3Opsifar 
12br. Thecatalyslws9fdtaedoff~theadveDt~ovedm-arotsryevaporolor maintainingthetempezatmeoftbewaterbath 
below 35oC. The oily reakloe was ated with 3,~-diethyi-o,4’~~~2~~~-5~~~~& (Xta; 165 mg) 
under the conditions detsiled for the peparation of 31~. Recryw from chloroform-methanol gave 3lc as pmpk crystals 
(30 mg; 12%). mp >3oo0c. BI M& m/e (Rclativc abundance) 448 (M+, loo%), 433 (15%); HR MS c&d. for C3&2N4: 
448.26296. Found: 448.26153. UV/Vis (CRCl3): k,,,- (bgl0.E) 401 (5.31), 499 (4.15). 534 (3.55). 564 (3.74). 617 (3.73) 
mn. ‘H NMR (CDCl3): 8 -3.4 (lH, br), -2.7 (lH, br) (2 x NH), 1.85 (3H, t). 1.88 (3H. t) (2 x CH2CH3), 3.56 (6H, s). 3.66 
(3H, s). 3.80 (3H. S) (4 x porphyrinCH$, 4.02 (2H, q), 4.15 (2H, q) (2 x C&CH3). 4.11 (2H, m. 3-CH2). 5.36 (2H, m, meso- 
CH2). 9.11 (lH, S, B-H). 9.93 (1H. s), 10.02 (lH, s), 10.07 (IH, s) (3 x meso-H). 
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