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hh8tract - The el.ctrochemrcs: reductron Of a- 5(lHl-pyrromsthenoner and 
5-sryl7ethyle”e-3-pyrrol~n-Z-O”08 L” dim.thylCornwn~de (C44F) has bean 
studied by polsroqraphy and by 1d~“tlf~cstio” ot thalr elactrochmacsl 
reduct~o” products. the reduction proce.8s. obaervad depend on the prsaence 
on the type of supporting l lectrolyta. LlClO, or tacraethyl .3llxl”” rum 
perchlorete (TEAPI and. when TBAP ia u8.d. they al80 depend on the pre.a”ca 
of *ator. Polaroqrsphic cur”as ahow two monoelectronic dlfluaron wave* I” 
szhydrous WF both with LlClO, end with TEAP. The raactro” producta Lrom 
lZ~-~.4-d~nothyl-5-I~4-nethylphe”yi~~thyl~”sl-~-pyrroll”-2-o”s and t roll 
~21-2.-[0.4-d~nethyl-5-oxo-~-pyrrol~”-2-yl~ - zw,Chyle”el-lH-pyrrole Cor the 
elcctro!y8l~ at controlled potential8 and undar dxlferent experimental 
conditions txvo boon isolated and rdantlfrad.1” all came8 a 8tereOsOI.Ct~Ve 
roductxva dimcrlratlon occurs but. at second wave potentxala, the reductlo” 
compounds correapondrnq to the hydroqenstro” of the .xocycllc double bond 
are also formcd. The electrolysis yields can be opcimxrsd x” order to make 
Che procas~ nynthaticslly useful. 

The electrochemical behavlour of bile piQnents and thetr partial models (e.g.pyrromethenones 

or pyrromethenes) has not been as widely studied as the electrochemistry of the cyclic pyrrole 

piqwnts. Much of the published work in linear tetrapyrrolic systems 1s concerned with the rubin 

structure or with the interconversion betueen the rubin and the verdin structures2. The anodic 

oxidation of pyrromethenones and pyrromethenes has been studied by Falk3. The cathodic reduction 

of pyrromethenones was studied in a Ph.D. Thesis4. but the results have been only partially 

published in a reviewsa: these results showed that among the electrochemical reduction products of 

isoneoxanthobilirubic acid methyl ester [S(lH)-2,2'-pyrroncthenonel, the compound reduced at the 

exocyclic double bond was detected. 

In this work. we report our results from the polarographic study in dimethylformamide (CM) of 

3.4-dimethyl-5-arylmethylene-3-pyrrolIn-2-ones (1) and of some pyrromethenones (2-6) lacking vinyl -- 
groups. Ue also describe the products obtained by electrochemical reduct(on of (Z)-3,4-dimethyl- 

-5-[(4-phenyl)methylene]-3-pyrrolin-2-one (la) and of (2)-2-[(3.4-dlmethyl-5-oxo-3-pyrrolin-2- 

-yl)methylene]-lH-pyrrole (2). 

RESULTS AND DISCUSSION 

Polarographx- The d.c. polarographlc curves of 5*10-4 M solutions in anhydrous DW of the 

compounds 2-a. 2-6 show, -- when LiClO4 is used as supporting electrolyte, the presence of two 

waves whose half-nave potentials (Ei) and diffusion intensities (id) are indicated in table 1 . 

A.c. phase senslttve polarography confirms the existence of two peaks corresponding to these two 

uaves. The last are d(ffusion controlled, as proven by their good agreement with the llkovlc 

equation. Accurate coulometric measurements (see below) on the first wave show it to be 
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below). The psra brono derivative 2 presents a two electron wave (determined from coulometrrc 

measurements): the analyis of its electrochemical reduction products indicates that, besides the 

fonatlon of reductive diners as from &and 1 (see below), the reduction to lb is also important. - 

Table 1 shows how alkylation on the carbon atoms of the pyrromethenone pyrrole ring makes the 

compound more difficult to reduce, as expected.The pyrromethenone 2 has half-wave ootentials 

closer to those of the arylanalogs 2 than the pyrrmthenones 2_, 2, 5, and ddo; this agrees urth 

the known effect of the alkoxycarbonyl group on the reactiv?ty of the pyrromethenone skeleton'. 

The id observed at the first wave for 2, l&, s, d, lf_, and 1 is lower than that for 3, &, 

1. 2. and 5, whtch can be related to the larger capability of the latter compounds to hydrogen 

bond and consequently, to their distinct interaction with the solvent (On:). 

Semllogarithmic plots (E 5. log i/id-i) indicate that the shapes of the waves do not 

correspond to what can be expected for a simple monoelectronic processl. By analogy with the 

electrochemistry of other unsaturated systems. the process is probably irreversible, I.e. electron 

transfer followed by very rapid reactlons. This behaviour is shown and discussed later on the 

light of the isolated electrochemical reduction products. 

Linear free-energy relattonships are not very meaningful in the discussion of the sobstituent 

effects on El values, because the last are not only function of the charge transfer step but also 

of the irreversible chemical reaction which follows it. However, in our case we think that the 

analysis of such a relationship, together with the study of the structure of the electrolysis 

reduction products is useful to get an additional information about the reaction pathway. Fjg. 1 

shows the plot of log Ei/Ei against the unbiased substltuent constant9 0;. The Oh substituted 

compound remains out of the line defined by the other groups, regardless of the e substituent 

constant chosen. This behaviour of k cannot be attributed to the influence of the phenolic 

hydroxyl group on the acidity of the medium, because the polarography of 5 under the conditinns 

of table 1 but with addition of an equimolecular amount of phenol gives half-wave potentials which 

differ only on the second decimal place from the values of table 1. Ue attribute the behaviour of 

le to a reaction pathway different from that of the rest of the series (3 - 3, 3 - l&). and - 

which will be explained below taking account of the results just discussed and of the electrolysis 

experiments. 

The Cl/2 in anhydrous DW are more cathodic when TEAP is used as supporting electrolyte as 

compared to LiCl04. but the diffusion intensities are nearly the same in both cases [e.g. for & 

with 0.1 kl TEAP and conditions of table 1, the values are 1.88 V(0.59uA) and 2.22 V(O.95 bA)l. 

however, in the case of TEAP the observed electrochemtcal processes strongly depend on the 

presence of even traces of water. The figures 2a and 2b show the waves relative to la obtained at - 
different water concentrations. Uith LiClOq no different polarograms were obtained after water 

addrtion; only at high water concentrations ( '4 R) a small variation on the first wave El/2 and 

on id was observed (see fig. 2a). Ulth TEAP a decrease of the first wave reduction potentials (' 1 

R H20) and a progressive decrease of the second wave El/2 ( ‘5. 10-2 M ti20) was observed. UIth the 

last electrolyte. it is even more significant that the water addition produces a new wave between 

the original two; this new wave substitutes progressively the second one (see fig. ?a). Yith 

LiClOq the reaction products isolated from the electrochemical reduction are princtpally the 

lithium carboxamfdure salts (see below); tn good solvating aprotic solvents these salts are 

relatively stable towards hydrolysts, as we had prevfously observed on the reaction products from 

the nucleophilic attack of cyanide ion to 5-ylidene-S-pyrrolin-z-one systems9 

Clectrochaical Reduction Products - The results discussed in this section were obtained from 

the observation, at first and second waves, of the influence of supporting electrolyte (LlClOa or 

TEAP), water concentration (zero or 0.55 H), and substrate concentration (1.10-2 M or 5.10-2 H) 

following a factorial experiment design. Furthermore, experiments on the influence of acidity and 

of larger water concentration were carried out in order to attain higher yields of compounds Land 

S. Under some of these experimental conditions, additional accurate coulometric ncasurements were 

obtained to correlate the yields of 1 with those of S and 9. Table ? show the ytelds from some 

typical experiments. 
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a 2 - EffOCC of water addition on the polaroqrsms of la in 3((k’ (same wparlmentsl conditrona aa 

I” the table 1). a, with TCAP 0.5 nol.dn-‘. br with L,zO, 0.5 ,nol.dm-‘. uater cOlxe”trat~O”: 11 

anhydrous nodrun, II) 5.10- . III) 5.0.10-l 2 fV) 9.8.10-l. V) 3.73. VI) 6.55 no?*dm-‘. 

8 9 
b R = z-~~J,J 

I 

Table 2 - Y~e:ds -_ 

ELtCTROLYSIS 

POTCNTIAL AT 

resultlnq from some characteristic experiment8 on the cathodic 

rcdcction 01 & or 1 (ae* l xporrmsntal part). 

SUPPORT1 NG WATER SUBSTRATE YIELD (N) 

ELFCTWOLYTE CONCCNTWATION CONCENTRATION 7 

(mo:~dm-3) (mol.dm-‘I 
- e*s s 9 

LICIO, _---_ 5.10-J 5 95 52 0 

Tt:AP _---_ 1.10-2 14 86 0 86 

L iCL0, a.5 5.10-2 0 100 64 16 

LlClO, __.__a1 1.10-2 92 a 8 0 

llClO( 8.5 s.10-~ 4 96 80 16 

u..d Inataad of water (phenol concentration 18 0.5 mol.&n.‘). 

The electrochemical reduction of 3 and 2 at substrate concentrations between 1.10-2 and - 

5.10-2 M (20 - 40 ml of OWF solutions within a 50 ml electrolysis cell) affords only the 

respective reductive dlmers 8 and 2 at potentials corresponding to the plateau of the first wave. - 

and the same dimers S and 2 plus the compound 1 (corresponding to the reduction of the exocycllc 

double bond) &en the potential is malntalned at the plateau of the second wave. The relative 

amounts of these three corrpounds depend principally on whether LIClO4 or TEAP are used as 

electrolyte, It is also determined by the presence of water. The yields of 7 however are low (< 15 

X) except when the proton acttvlty in the medium is markedly increased. e.g. by phenol addition to 
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0.5 34 concentration (see table 2). 

The formatton of dimerizatlon products (S and 2) indicates that the exocyclic double bond of 

pyrromethenones and their arylanalogs can react as an olefln substituted with electron-wlthdraning 

groups; thfs type of olefin is know to yield the corresponding electrohydrodi~rization 

compoundlO. 

Accurate coulometric measurements at the plateau of the first wave using TEAP as the 

supporting electrolyte show an important resldual current. The analysis of the final products 

lndlcates permanent formatton of the starting material from the electrochemical reduction product. 

This is attributed to the well documented process of Catalyttc current” illustrated ds 

foltows”b: 

Substrate + e- --w Substrate‘ 

Subst.- * ItqN’-Subst. * Et3N l l/2 C7hb * l/2 C7H4 

In our case. the above sequence equilibrdtes dt 51 X of initial product (l-10-7 H b, 0.1 U TEAP 

in anhydrous CM).Yith LiClOq the dimerirdtion dt the first wave is quantitative, in agreement 

with the coulometric measurements performed. The coulometric measurements at the second wave dre 

also in accord with the yields of dimers 8 and 2, and reduced compound 7. 

The dimers g and & dre highly insoluble in all solvents assayed (e.g. H70, CH3OH, CHC13, 

w) dnd could Only be solubllized in strong dCidS. & is isolated ds d single diastereoisomer and 

gas d 7:3 mixture of two didstereoisomers. asing L1ClOq ds supporting electrolyte, 8 (5 obtained 

orinCipd3ly dS a mixture of its lithiun carboxamidure salts; the amount of these salts is 

significdntly reduced by the addition of water. A careful observation of the electrolytic process 

shows the highly insoluble dimer to be formed during the first stages dnd under all experimental 

conditions; however, depending on these experimental conditions the amount of the precipttate g 
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diminishes with time (In some cases it even dlssappears). The same erperlmental condltlons are 

responsible for the varlatton of the ratto between the two diners In favour of 9, as well as for 

the higher basicity of the medium owed to the carboxamldure anions formed as the final reaction 

products. Addltion of water in high concentration both at first and second wave conditions 

increases the yields of 8, but not the ylelds of total dlmer (8 l 2); water addition decreases the 

bastclty of the medium. Our conclusion 1s that 2 is formed from S by base-catalyzed tautonerlsm. 

At the first wave. the Substrate concentrdt(on has no influence upon the dimer formdtlon. At 

the second wdve, the Substrate concentration seems to slightly decrease the ratlo of reduced 

compound (7) to total diner (, l 2). 

At the pldtedu of the first wave, the formation of the dimer 2 is the only detectable 

eleCtrOChe!IIiCdl redCtiOn; however, the POldrOgrdphiC results do not agree with d Simple reaction 

scheme. The reactlon IIbPChdniSIII from the rddlcal anion (resulting when the substrate acquires one 

electron) to the dlmer requires d prototropic pathway : the results suggest thdt In aprotic medfd 

the proton comes from the substrate ldctam hydrogen except when the substrate ContdinS d more 

acidic hydrogen (as in the cdse of 2). Fig.3 shows the IIMXhdnlSIII proposed for the early steps of 

the process dt the first wdve potential. A Stdblllling effect of the llth(un cation on the 

cdrboxdmidure salt would explain the different results with lithium ds compared to the atmnonium 

cat ion; the Stabilizing effect of lithium CdtiOn on cdrbanions dnd fts use for synthetical 

applications is described in the literature ‘5. More work is in progress to elucidate between the 

possible dlmeriratlon mechanisms at the first wave. 

The fig. 4 shows the possible WChdniSmS for the processes at second wave potentials. The 

presence of water fdvours the reactjon pdthwdys through protonated species. That would explain the 

new wdve that appears after water ddditlon using TEAP ds the supporting electrolyte. A strong 

increase of the proton activity is responsible for production of 7 as the more important process. - 

The dimerizdtion occurs through the nucleophilic dttdCk of either r or z- (see Fig. 4) to the 

bridge carbon dtom of the Substrate. for this is the most reactive position In such a reactionlo. 

Ue must emphasize here thdt these dlmerizdtion processes both dt first and at second wdve dre 

highly stereoselective: the unique dlastereoisomer of & obtalned dnd the two diastereolsomers of 

& show by lH-Nn\ and 13C-WW dn internal symmetry element and dn g conformation between the two 

hydrogens of the bridge carbon atoms: Drelding and space-fflllng molecular models of the four 

possible didstereoisomers hdvlng an lnterndl synmnztry element show how the two meso forms are 

clearly the ones with lower steric hindrance. Ye attribute the configuration of the obtained 

dlastereoisomers of 8 to these meso forms. 

Acknwlodgmonta - we are 9ratcfL.l to Dr. n. Fellr for the NMR mc+a~“reun~nts. Part of this work 

received a grant (0345/811 of the CAICYT. 

KXPERIWENTAL 

nelrrng points were detar2lned on a Kollor-RoIchert mlcrohot stage apparatus. UVlVlS spectra 

Ye18 recorded on a PerkIn-Elmr Lambda 5 ~nrtrunant. III spectra were recorded on d Perkin-Elmer 

681 apectromstsr. Ha88 spectra (MS) on a Howlott-Packard 5700-A &nstrument. lH-Nlr(R spectra wer. 

detemlnad on a Perkin-Elmer R-12A (60 Whirl or on a Varxdn XL 200 (200 I4Hzl instrument. 13C-NMR 
spot t Cd were datermlned vlth the Varlbn XI. 200 spectrometer. High pra”sura I,quld chromatography 
i HPLC 1 ~a8 carried out on Radial Pak all~ca columns rich a Watora double pump (2 ml.nln-lluslnq a 

vsrlsble ravslcnqth detector 5 FA 339: l omlpreparst~ve HPLC (PHPLCI was achlevsd by r~pctltlv. 

ln3ectlan uslnq the 8anm syatam and condltlons aa for snslytrcal HPLC. 

w.rcury “aa chmlcally purified brfor. bolnq doubly drstlll~d . O~rethylformamlda (IMP) “a# 

anhydrous and p.a. qualrty. blator was tr~d~~tllled. Anhydrous LlC104 was obtalned13 from p.a. 
I.lC104.3H20. Anhydrous tctrsethyl amnonlum parchlorate (TEAPI was obtaIned” from polaroqraphrc 

qusllty TEAP. the preparation and properclam of rho follorlng ccmpoundr are descrlbad ID the 

Iltsraturcz ,15, ~16. el’, 5”. &la, ,IR, &‘9. fil0. 120. 16, 121, )22. 56. 

PoIaroqraphIc W&l#UrMCnt8 - Polsroqrama have baen csrraed out with bn AN1 471 multlpolarograph 

and a Tacus8al knock (GCMS-HP 031. All mob#uranenta were made at 25 l 0.1’ In a thcrmostab~llred 

three-electrode c-11 of 25 ml. Dry nxtrogen. saturated with rolvant “apours. “ae. usad to daareate 

the solutions before a11 cxperlments, and than ,t was bubbled through the CO11 dur in9 the 
measurment. Iho roferonce electrode “as l aturatod calm01 electrode (SCEI separated from the 

solution by d salt brldqe (Lu991n caplllsry) wtth the used supportIng electrolyte. Thm aurlllary 

slectrode w.zra a plstlnom sheet lrmneraed In d solution of the supportrnq electrolyte. and neparated 

from the solution to be lnvostlqstod by a l lnterod glass. The uorklng electrode “a# d Metrohm EA 
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671 capillary (mercury flow - 0.95 mq.s-l at 50 cm). th. result, of the table 1 “ere obtslnad bt 2 

l drop time. mercury flow 0.95 mg.s-*, 5.10-’ I4 #olutrons II? anhydrous DWF 0.1 I( LxClO,. 

Electrolytes and Coulomotr~c I(eaaurementa - Clsctrolya~s at constant potent181 “aa carried out by 

me.¶ns of a Potant~oatet Am.1 555 A. The progress of the react&on “a. followed by plottlnq the 

,ntens~ty z the reaction t&ma. Experlnrnts have bean performed in a 50 ml thsrnostab~l~zed call 

(25.1-j. the anode and the cathode compsrtnents being separated by d double sintared glass. The 

working electrode “a. a mercury pool m8gnet~celly stirred. The reference and auxrl~ary e:cctrodos 

are the same. as 1” polaroqraphLc .xperlm.nt.. Nltroqen saturated rlth solvent “apour. “as bubbl@d 

through the solution 20 minutes before and during the alectrolys~s. The enounts 01 so:utlon wore 

of the order of 20 - 40 ml of l’lO- 2 - 5.10-2 n “ubstrbto 1100 - 200 mg subatratel ualnq n 0.1 14 

so1utron of aupport1ng electrolyte. The applied elcctrolysls potentrals were determIned (ram a 

polsrogram of the solution. 

The coulomatrlc messurrnents “err, csrrlad out an an analogous but smaller call 115 nl) rlth 

10 rri of l’10e2 ti c.ubstrate solution. In fhls case an integrator Amel 721 “6” used to measure the 

chsrqs. 

At the end of the reaction. th. UlF solution “as fl?tcred to Beparste 82 or @. The LIltrate 

-as rotoevaporated (011 pump vacuums. Water “aa added to the solid residue. and the rcsu1t1ng 

solution “aa extr8ct.d repeatedly with CHCl,. The organic phase was washed rlth water. drlcd with 

Nd2S0, and evaporated. The residue was separated in fractions by column chronstography (10 cm x 1 

cm) In s11xca goI (60 F. 200 - 400 nosh. Msrckl. Elutlon from low to >lgh polarIcy I benzene. 
OKI). et!mr and CHCl,/CH,OH 0011)l allowed the ssymration of rho @lectrochem,cal reduction 

products. The henrene nnd chloroform Irsctlons contained smnll amounts ot non-polar ,mp”rltles. 

The start1nq matar1s1 & and th* roducod compound 2 “era eluted II? Ike ether trsct1on. The 

CHCl,/CH,OH fractior. contarncd th. d~ae.tereo~somars o( e or 1. _ 7b and the d~asteroo~sot-wra of 9b. - 

).(-UIMthyl-5-(~4-methylphanyl~~thy1I-3-pyrrol~n-l-on. lljl. Obtaxned 6s Indlcatsd above. trolll 

the ether frsctlon of th. column chromatography. Yxthout acid addatlon thf elocrrolys~s at the 

second “avo affords yield8 lower than 17 4. Addltxon of phenol (0.1 HI 1ncredse8 the yield to 92 \ 

(asa table 21. 

3.p. 1’36 - 141’. 

lH-NWR ICCC13. 6. 200nHZ~, ‘7.05 (center of aromatlc M’BR’ l yatam), 5.76 (broad s. NH). 4.04 (m. 

JAk’10.6 HZ. Jnx-4.0 Hz. C5-Ml. 3.16 (dd. JA,,.13.2 Hr. J,,,K-4.0 Hz. ArCHA-CH?o. 2.35 ldd. JAM”].’ 

HZ. JAK-10.6 Hr. Ar-CHn-HAI, 2.32 (a. ArCH,l, 1.96 (tn. CH3-41. 1.79 lm, CH3-31. 

IR (KBr), 3210. 1680. 770 w-l. 

UV/VIS ( xso-octane): A- 211 (169001. 219 (154001 nm ( C I. 
nsS(m/o. 70 aVI: 215 (PI*, 10 aI. 110 07). 105 (100). 91 (10). 82 (12). 79 III). 67 (17). 

Anal. talc. for Cl4H,7N01 C 78.10. H 7.96. N 6.50. Found I C ‘71.92. H 8.15. N 6.40 4. 

3_4-U~mathyl-5-[(2-pyrrolyl)net~1-3-pyrrolIn-2-ona (2,. Obtained as lndlcstcd aboY@ trm ‘he 

CHC13/CH30H fraction of the column chromatoqraphy followed by PHPLC lsce below Lor 9&l. 

ll.p. 111-111’. 

‘H-NW (CIX13, 6, 200 Wir): 8.70 (broad s, NH), 6.74 (broad II. NH). 6.68. 6.13. and 5.96 (3. 

pyrro11c CM). 4.08 (rl. JAK-8.8 Mr. 3°K’3.2 Mr. H-C51, 3.16 (dd. JAY-14.7 Hr. J*K-3.2 Hr. AK-CtlA- 

H?o. 2.55 (dd, JAM-14.7 Nr. JAK-8.8 Hr. Ar-Cl$,-HAI. 1.97 (m. CH,-0. 1.?7 (III. CH3-31. 

1RlKBrll 3300. 1690, 715 cm-l. 

UV/VIS ICH3OHI: A- 220 (71001 nm I C 1. 

MS (m/e. 70 ev11 190 (rl’. 2 0. 145 01. 110 (71. 82 (15). 60 1100). 

Anal. talc. for C11H14N201 C 69.45, H 7.42, N 14.72. Found! C 69.29, H 7.57. N 14.58 4. 

~,2-B~s~4~-Wethylphenyl~-l,2-8~s~3,4-d~~thyl-5-oxo-3-pyrrolln-2-yl~~th~n~ (%I. Obtained as 

Indicated above from I&. by flltratlon of the electrolyala solutron. The presence of the llthlum 

carboxanldures “6~ allm~nstcd by contact with 1 N HCl. The washed and dried obtained powder 1%) 
1ll insoluble rn wat.r and in all polar and non-polar assayed solvents. Solubrl:rat~on of 8a can - 
only be achlovsd 1” strong acids. 

8s does not melt below 350’. 

r;;-NtlR ICDCl,/TFA(80/20), 6, 200 WHrl: 6.87 (centor of dromat,c M’BB’ system. JAB-8 Hz), 4.94 

(broad s, NC-HI. 3.84 (broad s. Ar-CH), 2.17 (broad s. AC-CM3 and CH3-3’). 1.56 (broad s, CH3-4’1. 

BY observation of the l 1gna1 at 3.84 of a so1ut1on 0.5 n Of fi in CDCl3ltFA(901 101 the 13C 

sate1 Ito pcakr “era detected. shoving a 13C-13C coupl1n9 con#tsnt of 130 Hr and a coup1 1ng 

con*tant for ArCH-CHAr of 12-14 Hz. which means an 9 confor?nation of thelo t”o hydrogana. For 

this measurune”t. 80’ pulse of 6 a. acqulsltlon Cllw Of 3 s. 1000 sccumr1st10ns. and double 

roclslon with floating pornt “.re used. 

p3C-N,R [CDC:3/TFA(80/20), 6. 50.3 Hz), 178.6 (CO). 160.5. 157.8. 131.0, 129.1. 127.59, dnd 127.57 

(quaternary c atom*). 64.5 (HCN), 46.5 (A;-CM), 20.7 (AC-CH3). 12.4 (CH3-3’1, 7.3 (CIO-4’). 

1R o(Br11 3205. 1685. 770 cm-l. 

nS in/o. 70 cv): 428 (I4’. 25 I). 413 (1). 427 (11, 399 (11, 385 (1). 371 (11. 356 (7). 336 (21. 

323 (5). 318 (15). 302 (1’11. 289 15). 274 (101, 220 (1001. 214 (23). 213 1261. 208 112). 205 (20). 

193 (8). 178 (10). 177 (9). 149 (51. 110 (461, 105 (40). 

Anal. talc. for C2BH32N202~ C 78.47. H 7.53, N 6.54. Found! C 78.06. H 7.55. N 6.52 1 

l,2-U1~~2-Pyrrolyl~-1 2-B~a~3,4-dlm.thyl-5-oro-3-py -_ rrolin-2-yl)-.ch.¶n~ IL&,. Obtalnad from 2 ae 

xndlcsted above by tlltrstlon 01 tha l lectrolysi~ solution. The ramhad (DHP and benxenel and dried 

powder (8&b) 1s Ansoluble in wat.r and in all polar and nOn-pola? orgen1c l olventa tried. 

Solubrllrst,on of @ can only ba achiwed “.ing conc.ntrate strong aclda. 
e does not melt below 350’. 

The anslya~r of @ by N!4R Indrcstea th. pr..e”ce of two dlsmtereo1wm.r~ in the rat10 713 I the 

data wr,tten fxrst in oath of the following pslra of chanlcdl #hIlta (both for ‘H-IWR and 13C-NMR 

spectra) corrwponda to tha x.-r in hlghor concentration. 
‘H-NM ICDCl3/TFA~90/10). 6. 200 IWZJI 6.68. 6.14, and 5.99 (m. pyrrolo CH of the two 

d,sstsr.olsom.rsl, 4.06 and 4.52 (broad . . NC-H). 3.67 and 3.84 (broad . . Ar-CH). 1.95 and 2.00 
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(broad s. CN,-4’1, 1.61 and I.62 (broad s, CH,-3’1. 

1’C-NHR ICDCl,/TFA(90:101. 6, 50.3 HHrlz 178.3 and 177.6 ICOI, 159.3 and 156.2, 127.2 and 128.6, 

123.9 and 123.9. 118.5 and 118.5. 109.5 and 109.5. and 107.1 and 107.1 f~uatcrnary C atonsl. 65.0 

and 65.7 (CNN). 44.40 and 44.57 (Ar-CH). 

IR (Kllr)~ 3360. 1675. 730 cm-‘. 

12.16 and 12.56 ICH3-3’). 7.58 and 7.94 (C)O-4’). 

NS (r/e. 70 &II 178 (PI’, 3 tl, 311 (51. 268 1211, 220 115). 189 (47). 158 (1001. 

An.¶l. talc. for C24H26N4D2: C 71.62, H 6.51. N 13.92. Found, C 71.05, H 6.70. N 14.02 ,. 

l.2-BIs-~4-r(sthylphen~)-l-l3.4-d~methy1-5-oxo-2-py --- --- rrolyl-2-yl)-2-O 4-dimeth&5-oxo-3-py -A--- - rro1 In- 

-I-yl)ethane (%I. ObtaIned from h, a8 it 18 Indicated above. I” the CHC13/CH30H fraction of the 
column chromatography. _ Pa 18 thus obtained as a mixtu:o of several dlaster*oi.somora. which were 

ldcntllled by spectrooetric analysis of the two fractions obtalnad from PNPLC ICHC13/CH3CN/CN3OH 

l78121:l)l. l’>e llrst froctlon coctdlns a pure d~astoroolsonmr and :he second fraction - tho ma;or 

o”e - 18 a mixture of dia#teraoloocurs (~~ioly two) whoaa NWR, IR, UVIVIS. and H spectra were also 

Intmrpreted. Th@ data for the pure dlastereoisomsr of e are :?.a I”llovlnq. 

Product does not colt below 350’. 

‘H-NMR (CDCI3. 6, 200 l4Hzl: 9.15 (broad s, NH). 1.02 (broad s. center 01 one aro.matic M’BB’ 

system), 6.97 (center of one aromatic M’BH’ system, JAB.8 Hz), 5.18 (broad s. NH). 4.07 (broad 8, 

NCHI. 4.04 (d. J-12.4 lit. ArCHI. 3.98 Id. J-12.4 Hr. ArCNl, 3.18 Lg. J-7.2 Hz, CCCN ) , 2.20 1s. 

ArCH3). 2.18 (8, ArCIt)), 2.10 (broad s. 00-3 ,j’-pyrrol,none rlr.91, 1.67 (broad . . CH3-4’ A’- 

pyrr0llnone r1n91, 1.16 (d, J-7.2 Hz. c)i,-d’ AZ-pyrr”ll”o”e ring), 1.07 (broad s. CH3-3” L2- 

pyrro11nono ring). 

IW (WBrl, 3JOO. l?OO, 1680 cm-l. 

MS (In/O. 10 eV): 428 (W’, 8 8). 265 (11, 264 (41, 216 113). 220 (1001. 164 117). 149 (291. 

Anal. talc. for C>gH32N,021 C 18.47. H 1.5J. N 6.54. Found, C 78.35. H 7.25, N 6.40 8. 

1,2-B~s-(2-pyrrolyl)-1~~4-drmoth~1-5-oxo-2-pyrroI~n-Z-y;~-2-O.4-d:mothyl-5-oxo-3-pyrrol~n-Z- .- - 
-y1 lothane (pbl. Obtained fron s a8 rndlcated above. I” the CHCl3ICN3OH fractron of the COiwlln 

chromatography. The obtair.ad 9b IS a cosp1ex mlxfure of d~astereolsomers. - idantif led by 

spcctrwnetr1c annlyals “f the four fractions noparatod by proparativc HPLC [CNCl,/CN3CN/CH,OH 

L76/20/01. Tnc first ! racc1on contains 7b and the other three fractions WIIP dlastereomerlc 

mixtures of 9b. The last 

lH-NNR IClXl; 6. 

fraction contains pzncipaliy one dlastereo:swe:. Its data are: 
200 MHZ): 8.25-9.09 IIn, 4 H. NH). 6.70-6.41 (3, .’ !I. Pyrrol. CH), 6.18-5.78 

(m. 4H. pyrrolc CH). 4.05-1.60 I-I, 3 N, NCN and ArCH-CH-AC). 1.99 (broad s. 3 H. CH,-3’ ,jJ- 

pyrro:1nons rIngI. 1.77 (broad s. 3 !i. CN,-4’ 23-pyrrol~“““a rIr.9). 1.50 (8. 

pyrro:lno”e t1n9). 1.17 Id. J-7.6 Nz. J N. CH3-4” A2-pyrrol,“o”c r::w). 

3 N. CH3-3”‘. A’- 

IR IKUrl, 3300, 1695. 1670 cm-l. 

MS lm/a, 70 ev): 378 In*. 1 Il. !ragncntatio~ according to tp.e proposed structure (analogous to 

the fragmentarlon of %I. 
Anal. talc. for C24H26N4028 C 71.62, H 6.51. N 13.92. Found: C 71.15, II 6.81. N 13.85 8. 
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