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Abstmct. The charactenstz thermodynamsally-favored mtramolecularly hydrogen-bonded 
conformation adopted by bilirubin pigments 1s destabihxed by substituting methyl groups on the 
C(l0) central methylene These methyl groups Impose conformation-destabilizing methyl-methy- 
lene non-bonded sterlc interactIons with the propionIc acid &CH2 groups at C(8) and C(12) when 
the propiomc acids are engaged m mtramolecular hydrogen bonding with the opposing dlpyrn- 
nones Amphlphlhc lOJO-dlmethylbibrubms (1) and (2) are found to be more polar, but also 
more soluble than the parents (3) and (4) m organic solvents, yet, ‘H-NhIR !&u&es In non-polar 
solvents m&ate that a deformed but folded, mtramolecularly hydrogen-bonded conformation IS 
retamed The &methyl esters of lO,lO-cbmethylb~hrub~ns 1 and 2 did not exlubit the typical 
strong tendency of bihrubm &methyl esters to form mtermolecular hydrogen bonds m non-polar 
solvents such as chloroform and benzene 

INTRODUCTION 

In normal human metabobsm -300 mg/day/mdlvldual of blrubm-Ma (Rgure l), the yellow- 

orange cytotoxlc Pigment of Jaundice, is produced and excreted L2 Despite its rmphcahon in a diverse 

array of protem bmdmg situations involved in its transport and metabohsm,3*4 the conformation of the 

pigment m solution, or when bound to proteins or m lqnd matrices IS incompletely understood However, 

it is becommg increasingly clear that b&r&m exhibits a special tendency to adopt a ndge-hle conformation 

which 1s further stabilized by intramolecular hydrogen bondmg (Figure 1) WIO It 1s apparently m this pre- 

orgamzed structure that btirubm 1s able to cross several selechve physiologic barners the placenta (which 

1s important m fetal metabolism) and the blood-bram barner (which leads to u-reversible neurologic dam- 

age), but not others. the hver and the lodneys (wluch are tbe normal selechve bamers for Urutun ebnuna- 

tion and hence detoxificahon) ‘-W The ability to form mtramolecular hydrogen bonds is thus an important 

determmant of conformation stabkahon as well as the pigment’s unusual polanty and solubd~ty properhes, 

all of which have important imphcahons for biological funchon. 

COlkhVely, three structural elements appear to have a dommahng effect on the shape of Wrubm 

(1) two chpymnone chromophores, each m a syn-penplanar conformation with Z-configuration C=C bonds 
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FIGURE 1. (a) Lmear representations of (a) (4Z,lSZ)-blhrubm-IXar and (b) 10, lO-dlmethylbrluubm ana- 
logs (1 and 2) and therr parent rubms (3 and 4) (c) Rtdge-ttle mtramolecularly hydrogen-bonded bthrubm 
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1. R’=R*=CH, 
3. R1=H, R*=CH, 

2. R’=CHs, R*=CH,CH, 
4. R’=H, R*=CH,CH, 

at C(4) and C(15); (11) an sp3 carbon at C(lO), whrch constrams the molecule to bend m the middle and 

allows the two drpymnone chromophores to rotate mdependently about the C(9)-C(10) and C(lO)-C-(11) 

single bonds, and (ru) two propiomc acid groups, located at C(8) and C(12), which can form mtramolecular 

hydrogen bonds wrth the pyrrole and lactam functions 111 the opposite half of the molecule (Frgure lc). 

Sequestration of the carboxyhc acids through mtramolecular hydrogen bondmg lowers their acidity, mcreas- 

es the hpophtlrcny of the pigment and renders it unexcretable 111 normal metabohsm, except by glucuromda- 

tion Structural modifications whtch do not mterfere wrth this umque abrlrty, z e , reduchon of vmyl groups 

to ethyl or mterchangmg methyl and vmyl or ethyl groups at C(2)/C(3) or C( 17)/C( 18), e g., mesobrhrubm- 

XIIIor, afford brhrubm analogs with simtlar solubrhty propertres soluble m chloroform, msoluble m 

methanol, Insoluble m dtlute aqueous bnzarbonate Isomers that do not have their propionic acid groups 

located at C(8) and C(12), e g , mesobrhrubm-IVa, are known to have very different solubllrty properties 

insoluble m chloroform, soluble in methanol and soluble m dilute aqueous brcarbonate However, there are 

more subtle modrficatrons whtch mtght be expected to disengage intramolecular hydrogen bonding wtthout 

relocatmg the propromc acid groups These seemmgly mmor perturbations, created by mtramolecular steric 

buttressmg, might also be expected to exert a major influence on conformatron and hence the proper&s of 

the ptgment In the followmg we describe syntheses of two C(lO)-drmethyl bihrubm analogs, lO,lO-drme- 

thylglaucorubm (1) and 10, RI&methyl-2,18dtethylmesobkubm-XI& (2) and compare their propertres to 

those of their newly synthesized parent, bihrubm analogs, (3) and (4) (Ftgure 1) 
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FTGURE 2. Syntheses 
of gem&methyl&pyr- 
rylmethanes accordmg 
to (a) Fischerlti and 
(b) Smith 12b (c) Pro- 
posed couphng of an Q- 
unsubshtuted genenc 
dlpyrrmone to give a 
10, IWmethylbkubm 
analog 
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FIGURE 3. Conversion of methyl xanthob&rubmate mto methyl neoxanthob&rubmate WI mcsobtiverdii 
XIIIar &methyl ester. 

SYNTHESIS 

Our meal approach toward the synthesis of a lO,lO-dlmethyl analog of blluubm was based on the 

precedence, albeit limited, for couplmg ar-unsubshtuted pyrroles with acetone to form gem~mcthyl&pyrryl 

methanes (Figure 2a and b) l2 Given a smtable a-unsub&tuted dlpyrrmone, It seemed reasonable to assume 

that condensahon with acetone would afford the desired tetrapyrmle (Figure 2c) At that time the most 

readily avadable cu-unsubstituted dlpyrrmone was methyl neoxanthoblhrubmate, which was obtamed by 

treatment of mesobfilverdm-XI& &methyl ester w~tb thmbarb~tunc acid accordmg to the procedure of 

Mamtto and Monh (Figure 3) l3 Preparahon of the verdm can be aclueved by oxidative couplmg of methyl 

xanthobllrrubmate (avalable m a IO-step total synthes~)‘~ or from catalyhc hydrogenation then omdation 

and ester&Won of blhrubm-XIIIar (aviulable from bduubm-IX@ Smce the verdm gives only one eqm- 
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valent of methyl neoxanthobrhrubmate (the second IS a covalent adduct with throbarbmn~c acrd), thus proce- 

dure can be seen as mefficrent way to convert methylxanthobrlirubmate mto methyl neoxanthobilrrubmate. 

A more direct route was seen as a mod&ahon of the tinal couplmg step m the synthesis of methyl xantho- 

brhrubmate14 (Frgure 4a) usmg opsopyrrole, its ethyl ester (17) or its trmarboxylic acid precursor (19) as 

the rrght half. Surprrsmgly, however, the startmg mater& were recovered unchanged. Desprte thus dtsap- 

pomtment, a new modrficatron of the syntheses of 20 was achieved by condensmg ethyl 4-acetyld-oxohex- 

anoate’” wrth drethyl oxrmmomalonate16 (rather than mtrosated ethyl aMoacetate)148, raising the ymld from 

- 50% to -75%. And an improved syntheses of opsopyrrole ethyl ester (17) was devmed, overcommg the 

drfficultms assocrated wrth the high temperature (autoclave) double decarboxylatron of tnacrd 19. Following 

highly selecttve esterrticatron of 19 using ethyl orthoformate (givmg essentially exclusrvely 18), the monoes- 

ter (18) was smoothly converted to opsopyrrole ethyl ester (17) m an overall 81% yreld from 19 durmg 

(Kugelrohr) drshllatton at 2 mm Hg. 7711s modrticatron 1s much more efficrent and convement than the 

Fischer procedure used recently l7 
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FIGURE 4. (a) Final couplmg step m the syntheses 14a of methyl xanthobkubmate (b)-(e) Opsopyrrole 

Consequently, we dmected our attentron to the base-catalyzed conden- 

sahon of a pyrrole cr-aldehyde wrth a pyrrolenone” as a more direct total 

syntheses of ol-unsubstmned drpyrrmones 7 and 8, which differ from methyl 
oJ=&-&~“‘“i 

neoxanthob&rubmate only by having ather two methyl 8-subshtuents m the H H 

1aCtam Mg (7) or two ethyl &substrtuents (8). The per-fl-methyhikd analog 7 R=CH3 

was prepared by a srmrlar route. As outlmed m the Synthetrc Scheme, the 
8 R=CH2CH, 

key step m the drpyrrmone (7 and 8) syntheses 1s base-catalyzed condensatron 

of (the rrght half) pyrrole or-aldehyde 15 with the appropnate (left half) pyrrolmone, erther 9 or 10 The 

yrelds m thrs step are typrcally qmte hrgh, e.g ,90% yreld of 7 on a lo-gram scale from 9 and 15 The 

rmportant mtermedii (15) was formed m a Vdsmerer reactron17 on opsopyrrole ethyl ester (17) along wrth 

rts Isomer (16) and separated by crystallw.atmn. Although the Vrlsmeier reactron gave an 80% yreld of a 

4.1 rmxture of 15 16, the mayor isomer (15) IS much less soluble m methanol (less polar due to mtramolecu- 

lar hydrogen bonding between the C02H and CHO groups?) This facrlrtated removing the minor isomer 

(16) by washmg or crystalltzatron 

and rts synthetrc precursors 
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19 R=H II I 

“(CH3)&(OCH@!F3CO~H, ‘CH201HC1, %arbonyldnmniaxole, then CHsOH, d KOH/CHsOH, cH20z, 
?NaOH, then HCl, A; Wlsmerer, hA, drshl, ‘HC(OCH,CH3),/CF3CO~H, ‘SO&l,, then NaOH 

The final step, convertmg an ar-unsubshtuted drpymnone to a lO,lO-drmethylbrhrubm, proved trtcky 

Treatmg methyl neoxanthobduubmate (or the methyl ester of 7) m acetone solvent wrth acid (p-toluenesul- 

fomc acid, tnfluoroaceac acid (TFA) gave no tetrapyrrole, only the or-rsopropenyl denvahve. The latter 

would not undergo further (acrd-catalyxed) reactron with starting dtpymnone. Even when the reactant was 

changed to 2,2-&methoxypropane and the solvent changed to TFA, the same result obtamed However, 



2190 M XmandD A LIGHTNER 

when drpyrrmone acrd 7 was reacted wrth 2,2dimethoxypropane in ‘IFA for 5 mmutes, followed by 
quenchmg m ice water, a new yellow product was obtamed along wtth unreacted startmg dtpyrrinone. It 

was much less polar than startmg hpyrrmone acid, soluble in chloroform and extractable from chloroform 

into 5 96 aqueous sodmm bmarbonate The structure was confirmed as the desrred 10, lO-drmethylbrliibin 

analog (1 or 2) by spectroscoprc methods Reaction of 7 wrth 38% aq. formaldehyde m cont. hydrochlonc 

acid for 5 mmutes led smoothly to brhNbin analog 3, glaucorubin, which is also less polar than startmg 

drpyrrmone. Sumlarly, reaction of 8 wrth 2,2drmethoxypropane in TFA gave 10,lOdrmethyl brliNbin 

analog 2, and reachon wrth formaldehyde gave brhrubm analog 4 

En route to thrs collectron of tetrapyrroles, we rmproved the yrelds of several synthetrc mtermedrates 

Ester 13 was prepared m an rmproved yreld, then rt was sapomtied, dned and decarboxylated durmg distrl- 

latron (Rugelrohr) under a water asprrator pressure at 180°C to afford pure crystalhne 3,4drmethyl pyrrole 

(11) m 89% yreld. Ox&&on of 11 to pyrrolinone 9 (or 12 to 10) was rmproved by usmg a short reflux 

trme m pyndme-methanol (15 1) wrth excess 30% hydrogen peroxrde to afford product m 90% rsolated 

yreld. 

A duect route to the preparatron of drmethyl ester (5) by treatmg the methyl ester of 7 wrth 2,2- 

drmethoxypropane and various acrd catalysts was unsuccessful The couplmg reactton was confirmed to 

stop at an mtermedrate stage, where the free ar-posttron is subshtuted by an rsopropenyl group. However, 

the estenficahon of Nbm was smoothly accomphshed by achvahon of the acrd funChOnal group with 

carbonyl Qumdazole then treatment with methanol. l9 The correspondmg drmethyl ester (6) of (3) was also 

prepared m a sumlar way 

RRSULTS AND DISCUSSION 

Consrstent wrth their C(10) gem-dtmethyl structures and m contrast to brlmNbm, 1 and 2 are not 

scnsihve to oxrdahon to verdms Consequently, they are easrly handled and punfied They also differ 111 

solubihty properties from then patent pigments (3 and 4), whrch exhibit properties typmal of brhrubm and 

mesobrhrubm XIII. Stgmficantly, 1 and 2 are soluble m methanol, but 3 and 4 are msoluble, 1 and 2 are 

soluble m 5% aq sodmm bmarbonate, but 3 and 4 are msoluble; and, although 1, 2, 3 and 4 are all soluble 

m chloroform, the solubrhty of 1 and 2 1s about 10 umes greater than thetr correspondmg parents, 3 and 4 

The behavior of 1 and 2 is currous because they appear to be more polar than therr parents m the reverse 

phase HPLC chromatography system developed by McDonagh** (0.1 M dr-n-octylamme acetate, in metha- 

nol, pH 7 7, 3% H,O) Thus, although 1 (retentron trme 5 72 mm) moves 2 mm slower than its drpym- 

none precursor (9) as expected, rt moves 2 mm. faster than its parent (3), whrch exhrbrts a retenhon hme 

(7 65 mm) charactenshc of mtramolecularly hydrogen bonded brhNbms The results suggest that amphr- 

phthc pigments 1 and 2 possess structures different from 3 and 4. 

The consutuhonal structures of the C(10) gem-drmethylbihrubm analogs are consistent with therr 

13C-NMR (Table 1) Thus, for 10, lO-dtmethylglaucoNbm (1) and its 2,3,17,l&tetraethyl analog (2) and 

the dimethyl ester of 1 Q, one finds the expected carbon chemical shifts of nng carbon and &subshtuents 

of the parent glaucorubin (3), the addrhonal CH3 resonances near 6=29 for the gemdrmethyls attached to 

C( lo), and a deshreldmg of C(10) from 6 24 to 6 = 37 The spectra are m complete accord wrth our ex- 

pectations for the assrgned structures (Ftgure 1). In CDCl, solvent the r3C-NMR spectra of 1, 2 and 5 

were also very similar; however, in thts solvent the quaternary C(10) resonance IS shrfted to 8142 m the 
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Table 1. *3C-NMR Chenucal Shtfts and Assignments for 10,10,Dunethylglaucorubn1(1), Glaucorubtn (3), DI- 
methyl Esters Q and (6) and lO, lO-Dunethyl-2,l&drethylmesobrluubtnXIIItx (2) m (CDs)$CP 

Run at 2 5 x lo-* M concentratton of ptgrnent at 22°C with chemtcal shafts recorded in ppm downtield from 
(CH,)& Multtplrcites are determmed by the AFT method D Superscrtpts refer tn carbons m the p-substnuent 
chauts, e g 2’ IS the first carbon attached to rmg carbon C(2) 

acids but remams near 6= 36 tn the dtmethyl ester We surmtse that the deshreldmg 1s assoetated wtth the 

formatton of mtramoleeular hydrogen bonds m 1 and 2 (but not m their drmethyl esters) In support of thts, 

the analog of 1 wdh methyl groups at all pyrrole &tostttons has 6= 36 for C(10) m the 13C-NMR rn 

CDCl, In contrast, no srmrlarly large shift IS observed m the parent acid (3) and rts drmethyl ester (4). 

More dtrect evrdence for (conformatrondetermmmg) uttramoleeular hydrogen bonding comes from ‘H- 

NMR spectroscopy 

‘H-NMR spectroscopy clearly reveals mtramokeular hydrogen bondtng between the COzH and 

lactam -NH-C=0 groups m the new brltrubms m CDCls, a solvent that preserves mtramoleeular hydrogen 

bondmg8*22 (Table 2) Although the C02H and laetam NH resonant are stgnifkantly deshtelded due to 
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hydrogen bondmg, the ‘I+NMR spectra of 1 and 3 or 2 and 4 also show tmportant Qfferences m the NH 

region As expected, both the lactam and pyrrole NH resonances of 3 and 4 are at almost the same cherm- 

cal shift as those of mesobihrubm-XI& (6 10 61 and 9.15), whtch is thought to adopt the ridge-ttle mtra- 

molecularly hydrogen bonded conformatton (ptgure 1). In contrast, the gem-dtmethyl analogs (1) and (2) 

lactam N-H resonances are more strongly deshmlded, fallmg at the lowest field observed among all known 

rubm acids and the pyrrole N-H signals of 1 and 2 fall at the highest field (6 8 91-8.94) observed. The data 

for 1 and 2 suggest stronger hydrogen bonding between the CO$I and the lactam -NH-C=0 and leas effec- 

ttve mtramolecular hydrogen bonding to the pyrrole N-H Presmnably, stertc mterachons between the gem 

dimethyls at C(10) cause flattemng of the ndge-ttle conformatton and loosenmg of the mtramolecular 

hydrogen bondmg matrix, forcmg the proptonic CO$-I group to disengage from the pyrrole N-H somewhat 

In this more opened rtdge-ttle conformatton, the proptomc acid groups engage m stronger hydrogen bonds 

wtth the lactam C=O and NH groups, leadmg to stronger deshteldmg m both lactam NH signal and m the 

C02H signal, cf3 and 4. On the basts of the data, we suggest that l-4 have a conformahon m chloroform 

similar to that shown for brltrubm m Figure 1, but the conformahons of 1 and 2 differ from 3 and 4 m 

tending to have a more open ndge-ttle shape. 

TABLE 2 ‘H-NMR Chemwl Shifts, Mult~plphc~~es and Assignments for lO,lO-Dlmethylglaucorubm (1). lO,lO- 
DImethyl-2,18dtethylmesobthrubm-Xl% (2), Glaucorubm (3) and 2,18-Diethylmesobdlrubm-XI& (4) in 
CDCl, a 

* Run at 4 x 10e3 M concentration of pigment at 22’C with chemical shifts recorded m ppm downfield from 
UW4S~ bJ=75Hz 

The ‘H-NMR data m CDCl, may be compared wtth those m (CD&SO (Table 3). The spectra of 

(l), (3) and their 2,3,17,18-tetraethyl analogs (2) and (4) are essenttally tdenttcal, Qffenng stgmficantly 

only m that the 1O,lOdrmethyl pigments exhibit new methyl resonances at 1 73 6, which replace the 
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charactenstic C(10) CH2 signals at 3.95 d (cfl and 3,2 and 4). In (CD&SO, the NH and C&H chenucal 

shifts are governed by assocmtion with the solvent. 21 The somewhat shielded NH chenucal WIs of 1 and 

2 relative to 3 and 4 suggest weaker hydrogen bonds to sulfoxlde m the former, possibly as a result of an 

altered conformahon due to the gem-&methyl effect Since the conformabon of bhubm m (CD&SO 1s 

believed to be one where the proplomc acid residues are bed to bound solvent molecules with loose but 

unspecified hydrogen-bondmg, 8g22*z the conformation of 1 and 2 may be slmti These observahons are 

fully consistent with the constitutional structural differences concluded by 13C-NMR spectroscopy 

TABLE 3 ‘H-NMR Chemical Shifts, Multlphcltles and Assignments for lO,lO-Dlmethylglaucorubm (l), Glauco- 
rubm (3), lO,lO-Dimethyl-2,18ddlethylmesoblhrubm-XIIIa (2) and 2,18-D1ethylmesob1hrubmXIII~ (4) in 
(CD&SO ’ 

0 Run at 4 x 10” M concentration of ptgment at 22°C with chemuxl shifts recorded in ppm downfield from 

(CH@ b .I=7 8Hz CJ=75Hz dCH3m1and2,CH2m3and4 

Information on conformation of the dlmethyl esters can be extracted from their ‘H-NMR spectra 

The chemical shifts of Table 4 reveal significant differences between dlmethyl 10, lo-dlmethylglaucorubmate 

(5) and dlmethyl glaucorubmate (6) In parhcular, the NH resonances of 5 are more shielded than those of 

Its parent 6 m CDCI, and (CD3)2SO, suggestmg different conformations Ester 6 exhlblts pyrrole and 

lactam N-H chemical shifts typical of mesobdlrubm-XI& dlmethyl ester (6= 10 28 and 10 21, CDC13), 

and since the latter 1s known to self-associate through zntermolecularly hydrogen bonds and adopt a porphy- 

nn-hke conformatton m non-polar solvents,’ we assume that 6 does hkewlse In contrast, ester 5 has 

slgmficantly more shlelded NH resonances than 6 Thus it would seem that the two methyl groups at C(10) 

defeat the ability of 5 to @clpate as easily in intermolecular hydrogen-bonding, presumably by altermg 

the conformation of the gem-dlmethyl rubm ester relative to the parent 
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TABLE 4 ‘H-NMR Chermcal Shifts and Assignments for the Dlmethyl Esters of lO,lO-Dunethylglaucorubm and 
Glauuxubm (5) and (6) in CDCl, solvents a 

* Run at 4 x 10s3 M concentration of pigment at 22°C with chemical shifts recorded m ppm downfield from 
W314S1 bJ=75Hz 

Further evidence on the questzon of zzzfermolecularly H-bonded dzmenc conformahons m esters 5 and 

6 comes from solventdependent UV-vzszble spectra (Table 5) Smpnsmgly, but as found for the gem- 

dlmethyl parent aced (l), the UV-vzszble spectral X mnx of ester 5 changes lzttle 111 gomg from non-polar to 

polar solvents, e g., from benzene to chloroform to methanol to dzmethylsulfoxzde Thzs behavzor was 

unexpected and contrasts with the more normal solvent dependence of ester 6, wluch zs quote s~rmlar to that 

TABLE 5. UV-Vnlble Spectmscoplc Data [E- (km)] for lO,lO-Dlmethylglaucorubm (l), Glaucorubm (3) and 
Theu DImethyl Esters (5) and (a) 
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of mesobfirubm-XI& &methyl ester, an ester which prefers to dlmenze through zntermolecular hydrogen 

bondmg m non-polar solvents such as benzene and chloroform whde remammg monomenc in polar solvents 

such as methanol and d1methyl sulfoxide. On the basks of exciton couplmg analyses,” the pigment structure 

1n the Qmer 1s thought to be porphyrm-like, and m the monomer more open, as 1n a ndge-tie conforma- 

hon The data of Table 5 suggest that the C(10) gem-dimethyl discourages easy (assocmtw-e) d1mer forma- 

hon m 5, leavmg monomenc, possibly weakly intramolecularly hydrogen bonded conformahons m non- 

polar solvents, consistent ~rlth earher molecular modellmg analyses of bduub1n dimethyl ester ’ 

CONCLUDING COMMENTS 

For the first time b1hrub1n denvatives have been synthesized with a gem-dimethyl group at C(l0) 

Addition of the methyl groups introduces an internal stenc buttressing at the propionic acid chams that 

somewhat destabtizes the ongmal mtramolecularly hydrogen bonded ndge-tile conformahon, rendermg 

gem-dimethyl congeners 1 and 2 amph1ph111c, more soluble 1n both polar and non-polar organic solvents 

than the parent pigments 3 and 4 or blhrubm, and also more soluble m dilute bicarbonate. These results are 

important because they reveal a new way to alter the sterahem1stry and hence the solution proper&s of 

intramolecularly hydrogen-bonded b111rub1n pigments by Jud1clously targetmg remote substitution. They also 

provide new blrub1n pigments, of which there are no verd1n analogs, for use in estabhshing the role of 

hydrogen-bonding 1n protein binding, transport and metabolism studies 

EXPERIMENTAL 

General Procedures All ultraviolet-visible spectra were recorded on a Perkm-Elmer 3840 diode array or 
Gary 219 spectrophotometer, and all circular drchrolsm (CD) spectra were recorded on a Jasco J-600 
instrument Nuclear magnetic resonance (NMR) spectra were determined on a GE QE-300 300-MHz 
spectrometer 1n CDCI, solvent (unless othemse specified) and reported in 6 ppm downfield from (CH3)4S1 
Meltmg points were determined on a Mel-Temp capillary apparatus and are uncorrected Combustion 
analyses were camed out by Desert Analytics, Tucson, AZ Analytical thin layer chromatography was 
carned out on J.T Baker silica gel IB-F plates (125 p layers) Flash column chromatography was carned 
out using Woelm s111ca gel F, thin layer chromatography grade Radial chromatography was camed out on 
Merck Silica gel PF-254 with &SO, preparative thin layer grade, using Chromatotron (Harnson Research, 
Inc , Palo Alto, CA) HPLC analyses were camed out on a Perkm-Elmer Senes 4 high performance liquid 
chromatograph with an LC-95 UV-visible spectrophotometnc detector (set at 410 nm) equipped with a 
Beckman-Altex ultrasphere-IP 5 pm C-18 ODS column (25 x 0 46 cm) and a Beckman ODS precolumn (4 5 
x 0 46 cm) The flow rate was 1 0 ml/minute, and the elut1on solvent was 0 1 M d1-n-octylamme acetate 
1n 3% aqueous methanol (pH 7 7, 31°C). 

Spectral data were obtamed in spectral grade solvents (Aldnch or Fisher). 2-Butanone, ethyl for- 
mate, dlethylmalonate, sulfuryl chloride, tnfluoroacetic acid, 38% aq formaldehyde, acetic acid, tetrahy- 
drofuran, N,N-dlmethylformamlde, phosphorous oxychlonde, acetomtnle, and d1methylsulfox1de were from 
Aldnch Tetrahydrofuran was dned by d1shllat1on from sodium 

2-Carhoethoxy3,4-dimethyl-lZf-pyrrole (13). Forty-six grams (2.0 g atoms) of freshly cut sodium was 
added to a solution of 150 g (2 08 moles) of methyl ethyl ketone and 150 g (1 97 moles) of ethyl formate 1n 
anhydrous ether (2 L) with mechanical st1mng over a penod of 4 hours, durmg which hme the mixture was 
ch1lled 1n an ice-salt bath The mixture was then stirred for 14 hours at room temperature The solvent 
was evaporated and to the residue (sodmm salt of 2-methyl-3-oxobutyraldehyde) was added glacml acetic 
acid (870 mL), anhydrous sodium acetate (240 g), and d1ethyloximinomalonate (285 g, 1 51 moles). The 
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mixture was heated to 9O”C, then wnc dust (310 g, 4 74 g-atoms) was added m small porttons such that the 
pot temperature of the reaction can be controlled between 95100°C by air coolmg. After the addition of 
zmc, the reactron mixture was heated at reflux for two hours The resulting hot, hght brown liquid was 
poured into 2 L of me water and allowed to stand m the cold room overnight The shghtly yellow precipi- 
tate was collected by filtration, washed with water and dried by suction. The crude solid was dissolved in 
hot hexane-ethyl acetate and cooled to give 13 1 g of hght yellow crystallme pyrrole (8) m 5 1% yield It 
had mp 91-92°C (Lit.13(*) 
1675, 1660, 1465 cm-r, t 

mp 90-91°C); IR (deposition from CH2C12) v 3320, 2925, 1732, 1720, 1695, 
H-NMR & 1.32 (t, 3H, J=7 2 Hz), 2.01 (s, 3H), 2 24 (s, 3H), 4 28 (q, 2H, 

J=7 2 Hz), 6 64 (s, lH), 8.71 (broad, NH) ppm, 13C-NMR 8: 9 85 (q), 10 21 (q), 14.50 (q), 59 75 (q), 
119.34 (d), 120 05 (s), 120 55 (s), 126.53 (s), 161 75 (s) ppm 

3,4-Diiethyl-lH-pyrrole (11). Pyrrole 13 (20 g, 120 mmole) was suspended m 20 mL of 95% ethanol 
and 15 g of sodium hydroxide in 150 mL water, and the mixture was heated at reflux for 3 hours The 
resulting yellowish solution was evaporated to remove the alcohol, then the remauung soluhon was Qluted 
to 200 mL with water and acidified with 28 mL of acetic acid under cooling to give a white precipitate 
The fine whrte sohd was collected, washed with water, dried and decarboxylated dunng dishllatron at 
180°C in a Kugelrohr apparatus at water aspirator pressure to give crystallme 3,4-dtmethylpyrrole, mp 30- 
31°C (Llt.13 mp 30-31”C), 10 2 g, 89% yield 

‘3C-lUMR 6 
It had ‘H-NMR (CDC13) 6 2 03 (s, 6H), 6 52 (d, 2H, 

J=2 4 Hz), 7 76 (broad, NH) ppm; 9 94 (q), 115 81 (d), 118 18 (s) ppm 

3,4-Dimcthyl-3-pyrrolin-2-one (9). 3,CDimethylpyrrole (11) (9 5 g, 0 1 mole) m 15 mL of dry pyndme 
and 1 mL of methanol contauung 15 NL of 30% H202 was heated carefully at gentle reflux for 10 mm 
Then another 5 mL of 30% H,Oa was added and heahng was conhnued at reflux for 15 mm more. At this 
hme, almost all of the starting pyrrole had been converted to oxopyrrole, as confirmed by GC-MS The 
solvents were evaporated at 5O”C, affording yellowish oily product The oily residue was taken up m 100 
mL of dichloromethane, was washed with water (50 mL x 4), dried and evaporated, leavmg a shghtly 
yellow solid after coolmg, 10 8 g of dried oxopyrrole m the yield of 95% 
sufficient purity for the next step It had mp 93-95°C 

l!F 
l3 no mp reported), 

This crude product was of 
‘H-NMR d 1 74 (s, 3H), 

1 94 (s, 3H), 3.77 (s, 2I-Q 7.65 @road, NH) ppm, C-NMR 6. 8 18 (q), 13 25 (q), 50 29 (t), 128 30 
(s), 149 35 (s), 176 80 (s) ppm 

2,~Dimethyl-S-(ethoxycarbonya-1H-p~o~~pro~oic acid ethyl ester (20). To a 5 L three-neck 
round bottom flask equr 

P 
with a mechanical stirrer, dropping funnel and thermometer, were added ethyl 

4-acetyl-5-oxohexanoate (84 g, 0.42 mole), diethyloximmomalonate16 (83 g, 0 43 mole), anhydrous 
sodium acetate (105 g, 1 28 mole) and 425 mL glacial acehc acid. The mixture was heated to 9O”C, then 
zinc dust (93 g, 1 43 g-atom) was added in small portions to the vigorously stirred soluhon such that the pot 
temperature &d not exceed 100°C (controlled by atr cooling). When the zinc had been added completely, 
the reachon mrxture was heated with shrrmg to reflux for two hours. The hot, light brown liquid was 
poured mto 2 L of ice water and allowed to stand in the cold room overnight The resulhng white precipi- 
tate was collected by filtrahon and washed with water; then it was dissolved in dichloromethane and filtered 
The clear and dned soluhon was evaporated to remove the solvent under vacuum to afford 83 g of fairly 
pure white product m 75% yield It had mp 72-73°C (Lit.14 mp 72-73”C), ‘H-NMR 6 1 18 (t, 3H, 
J=7.2 Hz), 1 31 (t, 3H, J=7.2 Hz), 2.18 (s, 3H), 2.22 (s, 3H), 2 38 (t, 2H, J=7 0 Hz), 2 68 (t, 2H, 
J=7 0 Hz), 4.08 (q, 2H, J=7 2 Hz), 4 26 (q, 2H, J=7 2 Hz), 7 86 (broad, NH) ppm, 13C-NMR 6 10 58 
(q), 11 18 (q), 14 15 (q), 14 50 (q), 19 55 (t), 36 15 (t), 60 00 (t), 60 39 (t), 116 83 (s), 119 88 (s), 126 59 
(s), 130 88 (s), 162 05 (s), 173.00 (s) ppm 

QMethyE2,5-dlcarboxy-l~-pyrrole-3-propanoic acid (19). To a solution of pyrrole die&r 20 (26 7 g, 
0 1 mole) m dry tetrahydrofumn (200 mL) was added freshly dishlled sulfuryl chloride (40 5 g, 0 3 mole) 
dropwise at -15°C with shmng durmg 1 hour, giving a clear yellow soluhon Stimng was continued for 1 
hour more at -15°C and then for 4 hours at 0°C The reachon KIluhOn was treated with 60 mL of water at 
0-5°C and allowed to stand at room temperature overnight under vigorous shmng The solvent was re- 
moved under vacuum and the pale yellow precipitate was collected by filtration and washed with water 
The crude product was dmctly suspended m 10% aqueous sodium hydroxide solution (80 mL), and the 
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mrxture was heated at reflux for 3 hours. The cooled brown solutron was acuhtied wrth concentrated 
hydrochlonc acrd to pH 3, and the resulting pn%pitate was filtez’ed and dned to gwe 21 g tnacld- 

P 
yrrole 

(19) meld 90%). It had mp 166°C (dec.). IR (KBr film) Y: 3365, 2958, 1671, 1655, 1527 cm- ; ‘H- 
NMR (CD&SO) b. 2.13 (s, 3H), 2.20 (t, 2H, J=7.2 Hz), 2.75 (t, 2H, Jz7.2 Hz), 10.72 (broad, NH), 
12 00 (broad, COOH) ppm. 13C-NMR (CD3)$O) 8: 10.14 (q), 20 31 (t), 35.16 (t), 122.78 (s), 125 64 
(s), 129.16 (s), 162.68 (s), 174 56 (s) ppm 

2,5-Dica~oxy-3-methyEl~-pyfiole-4propano~ acid ethyl ester (18). To pyrrole tnacld 12 (31 g, 0 12 
mole) m 150 mL of absolute ethanol was added 15 mL of tnfluoroacetrc acid wrth shmng. The mixture 
was sbrred overmght; then 18 mL of triethyl orthoformate was added to the reactron and strrrmg was 
contmued for 48 hours at room temperature The solvent was evaporated to grve a red colored powder of 
the expected product m 97%. It had mp 210°C (dec ); IR (ICBr film) Y 3365, 1676, 1580, 1525 cm-‘, 
‘H-NMR 6 1 35 (t, 3H, J=7 2 Hz), 2 39 (s, 3H), 2.73 (t, 2H, J=7 5), 3 19 (t, 2H, J=7.5 Hz), 4 29 (q, 
2H, J=7.2 Hz), 9.81 @road, NH) ppm; 13C-NMR 6 9.50 (q), 13.29 (q), 19.94 (t), 34.70 (t), 62 92 (t), 
121 62 (s), 121.95 (s), 130.46 (s), 131.91 (s), 165.70 (s), 166 13 (s), 177.45 (s) ppm. The compound was 
unstable and was used &rectly m the next step. 

Ethyl4methyl-lH-pyrrole-3-propanoate (17). Dccarboxyla~vedlsblla~on of pyrrole monoester dracrd 18 
(18 7 g, 0.07 mole) was carried out m a kugelrohr apparatus at 180°C under a vacuum of 2 mm Hg dunng 
5 hours This gave 10.2 g of liquid pyrrole product 81% yield It had bp 150-152Wl mm Hg (Lrt.16 bp 
lOO-lOl”C/O 04 mm Hg); IR (depositron from CH&12) Y 1725, 1686 cm-‘; ‘H-NMR 6 1 29 (t, 3H, 
J=7.2 Hz), 2.09 (s, 3H), 2.61 (t, 2H, J=7 5 Hz), 2.81 (t, 2H, J=7 5 Hz), 4 14 (q, 2H, J=7 2 Hz), 6 53 
(d, 2H, J=2.5 Hz), 8 01 (broad, NH) ppm; 13C-NMR 6. 10 67 (q), 14.89 (q), 21 48 (t), 35.86 (t), 60 97 
(t), 115.80 (d), 116.53 (d), 118 00 (s), 122 02 (s), 174 36 (s) ppm 

SFo~yl-Qmethyl-1%pyrrole-3-propanoic acid (15). Opsopyrrole ethyl ester (17) (10 g, 55 mmole) m 
200 mL of dry absolute dmthyl ether contammg 5 g of N,N-drmethylformamrde was added 10 g of posphor- 
ous oxychlonde (POC13) dropwrse wrth contmuous strmng and coolmg The reactron nuxture was kept at 
room temperature overnight. Then the solvent was evaporated, leaving a dark oily product. To this was 
first added 120 mL of water, then 16 g of sodmm hydroxrde m 50 mL water under coolmg The resultmg 
mixture was heated almost to reflux for 30 mm, then carefully acrdrtied with concentrated hydrochlorrc acid 
at 0°C. The yellowrsh crystalhne precipitate was collected and dned to give 8 1 g of product, 81% yreld 
‘H-NMR showed that the product contamed both the 5-formyl isomer (15) and the 2-formyl isomer (16) m 
4 1 raho The predommant, more crystallme 5-formyl isomer was separated read11 and with excellent 
recovery recrystallrxahon m methanol It had mp 151-153°C (Lit ” mp 154-155”C), r H-NMR 6 2 37 (s, 
3H), 2 73 (t, 2H, J=7 2 Hz), 2 84 (t, 2H, J=7.2 Hz), 7.26 (s, lH), 9 20 (s, lH), 10.32 (broad, NH) ppm, 
i3C-NMR 6. 8 82 (q), 19 36 (t), 34 15 (t), 125 69 (d), 128 74 (s), 131 35 (s), 138 58 (s), 176 59 (s), 
180 16 (d) ppm The 2-formyl isomer (16) had mp 125-126°C (Lit I6 mp 125”(Z), ‘H-NMR 6 2 06 (s, 
3H), 2 78 (t, 2H, J=7 5 Hz), 3 06 (t, 3H, J-7 5 Hz), 6 94 (s, H-I), 9.45 (s, lH), 9 89 (broad, NH) ppm 

3-Methylneoxanthobikubic acid (7). To a SoluhOn of 5-formyl-4-methylpyrrole-3-propromc acid (15) (7 4 
g, 40.6 mmole) and 3,4drmethylpyrrohn-2-one (7) (5 4 g, 48 8 mmole) m 15 mL of methanol was added 
sodium hydroxrde (21 g in 74 mL water) soluhon at room temperature The reachon mrxture was shrred 
overnight (a precrprtate formed after about 2 hours), and the alcohol was evaporated to leave a yellow 
aqueous soluhon This was diluted to 250 mL wrth water and acrdrtied wrth 25 mL of acehc acid in an ice 
water bath to afford a fine yellow precmrtate, which was filtered, washed with water and dned to give 10 1 
g (90% yield) of farrly pure 3-nor-neo-XBR acrd (7) It had mp 245-247”C, IR (KBr film) Y 3345, 3125, 
2910, 1615 W/W: ES = 27,000 CH30H, ET;; = 30,000 (CH,),SO); ‘H-N&JR 6 1 96 (s, 3H), 2 21 
(s, 3H), 2.23 (s, 3H), 2 70 (t, 2H, J=7 2 Hz), 2.80 (t, 2H, J=7 2 Hz), 6 65 (s, lH), 7 02 (s, lH), 9 54 
@road, NH), 1198 (broad, NH) ppm 13C-NMR 6: 7 82 (q), 9 56 (q), 10 11 (q), 20 13 (t), 34 44 (t), 
109 54 (d), 121.40 (d), 123 81 (s), 124 25 (s), 125.36 (s), 127 83 (s), 129.45 (s), 145 82 (s), 172 22 (s), 
179 98 (s) ppm The compound was analyzed (96 C, H, IV) as its methyl ester 

Methyl 3-methylneoxanthobibiite. Excess etheral dlazomethane was added to 3-methyl-neoXBR acid 
(7) (50 mg, 0 18 mmole) suspended m 10 mL of methanol The mixture was shrred for 1 hour after whrch 
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the solvent was allowed to evaporate. The residue was dissolved m 5 mL of dn$loromethane and passed 
through a short column of sthca gel (Woelm TLC grade F-DC 35/41, 18% water), elutmg wrth hchlorome- 
thane This procedure gave 44.6 mg (85% yield) of very pure methyl ester product. It had mp 195197°C; 
IR (deposmon from CH&12) Y: 3325, 1675, 1645, 1455, 1265 cm-‘. UV/vls: B’$E = 29,500 (CHCls); 
eT!$ = 27,500 (t&OH); ET$ = 31,080 ((CH&SO); ‘H-NMR b: 1.94 (s, 3H), 2.12 (s, 3H), 2.14 (s, 
3H), 2.58 (t, 2H, J=7.2 Hz), 2.78 (t, 2H, J=7 2 Hz), 3.68 (s, 3H), 6.12 (s, lH), 6 82 (s, HI), 10.32 
@road, NH), 10.68 (broad, NH) ppm, ‘H-NMR ((CD&SO) 6. 1 74 (s, 3H), 1.97 (s, 3H), 2.00 (s, 3H), 
2 46 (t, 2H, J=7.2 Hz), 2 68 (t, 2H, J=7.2 Hz), 3 55 (s, 3H), 5.92 (s, H-I), 6.76 (s, H-l), 9 66 (s, HI), 
10.48 (s, HI); 13C-NMR & 8 18 (q), 9.31 (q), 9.84 (q), 20 72 (t), 34.81 (t), 51.52 (q), 101.02 (d), 
120 52 (d), 122.54 (s), 123.25 (s), 124.16 (s), 124 36 (s), 129.72 (s), 142.39 (s), 173.70 (s), 174 15 (s) 
ppm. Anal Calcd for C1eH2&03 (288) C, 66 67, H, 6.94, N, 9.72 Found C, 66 95; H, 6.97, N, 
9 64. 

lO,l~Dimethyl-3,17-bis-nor-mesobillrubi (lO,lO-Dimethylglauco~Wm) (1). To a mixture of 3 g 
(10 9 mmole) of 3-methyl-neo-XBR (7) and 1.1 g (10 6 mmole) of 2,2dimethoxypropane was added cold 
(OY) tnfluoroacettc acid TFA (20 mL) wrth vigorous stnnng After 5 minutes, 500 mL of ice cold water 
was added to the reactton nuxture The yellow precipnate was collected by filtrahon, washed with water 
and dried by suction. The collected yellow prectpltate was washed with dichloromethane (5 x 40 mL), and 
the yellow soluhon of hchloromethane was combmed and saved The residue which was not dissolved 
(starhng prgment) weighed about 2.1 g This was treated with 750 mg of 2,2&methoxypropane and 15 mL 
of cold TFA for 5 nunutes, followed by the same treatment as above, which allowed for a rough separanon 
of product and recovery of unreacted starting material. The cycle was repeated twice more. The yellow 
dlchloromethane washmgs were combined and evaporated to dryness The yellowish residue was dissolved 
m 200 mL of dichloromethane and allowed to pass a flash column (Woelm TLC grade F-DC 35/41 sthca 
gel with 18% of water), elutmg with dichloromethane, to afford 835 mg of pure 10, lOdrmethylglaucorubm 
(1) after solvent evaporation and drymg The yield was 4196, based on recovery of 1 1 g of dark startmg 
material. The new pigment (1) had rng 210°C (dec); IR (deposmon from CH$12) Y. 3445, 2978, 1705, 
1694, 1677, 1640, 1615, 159Ocm-‘, C-NMR and ‘H-NMR in Tables 1, 2 and 3 and UV-vis in Table 5. 
And. Calcd for C,,H.&$O~ (588) C, 67 35, H, 6.80; N, 9 52. Found C, 67 13; H, 6.96, N, 9 31 

3,17-Bis-nor-mesobilirubin-Xma (Glaucorulam) (3). 3-Nor-neo-XBR (7) (1 g, 3.65 mmole) and 38% aq 
formaldehyde (4 mL) was treated with concentrated hydrochlonc acid (3 mL) under vigorous shmng at 
room temperature for only 5 minutes, then 500 mL of ice cold water was added to quench the reachon A 
greenish prectpnate was collected by filtrahon and washed wrth methanol to gave a crude yellowrsh product, 
whtch was recrystallized 111 from CHCl,-CH,OH to give 500 mg (49% yield) of fatrly pure glaucorubtn 
It had mp 320-322°C; IR (depositton from CH,C!ld Y 3420, 3260, 2965, 1703, 1685, 1630 cm“; 1 

3) 
’ C- 

NMR and ‘H-NMR m Tables 1, 2 and 3 and UV-vls in Table 5 Ad. Calcd for C31H3eN40a (560) C, 
66 43, H, 6.43; N,lO 00 Found. C, 66.04, H, 6 38, N, 10 07 

lO,lO-Diiethylglauco~l~m dimethyl ester (5). lO,lO-Dimethylglaucorubm (1) (100 mg, 0 170 mmole) 
was dissolved m 25 mL of dry (CH,),SO The mixture was heated at 40°C under a nitrogen atmosphere 
for 3 hours; then 20 mL of methanol was added, and the reachon was mamtamed under continuous stirring 
at the same temperature for 2 hours more The mixture was poured into 100 mL water and extracted wtth 
dlchloromethane (50 mL x 3). The combmed organic phase was wash& wrth 5% aq NaHCOs, dned and 
evaporated to dryness This gave pure dtmethyl ester 3, 104 mg (99% yield) It had mp 218-22O”C, IR 
(depositron from CH.$&) Y. 3345,2928, 2855, 1736, 1655, 1643, 1634 cm-‘, 13C-NMR and ‘H-NMR in 
Tables 1, 2 and 3 and UV-vu m Table 5. And. Calcd for Cs5;H44N406 (616) C, 68 18; H, 7 14, N, 
9 09 Found C, 68.17; H, 7 32, N, 9 12 

Glaucorubiu dimethyl ester (6). By the same procedure described for the preparanon of 5, 100 mg (0 178 
mmole) of glaucorubm (3) was converted quanhtanvely into tts dtmeth 

1 Y 
1 ester (4). It had mp 245-247°C 

IR (depositton from CH&$) v’ 3350, 2935, 1743, 1660, 1630 cm“, C-NMR and ‘H-NMR in Tables 1, 
2 and 3 and UV-vrs m Table 5 Anal. Calcd for CssH.#~06 (588) C, 67.35, H, 6 80, N, 9 50 Found 
C, 67 34, H, 7 08; N, 9 10 
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2-Ethylxanthobilirubic acid (8). To a solutum of 3.5 g (19 3 mmoles) of S-formyl-4-methylpyrrole-3- 
proptomc acrd (15) and 3.4 8 (25 mmoles) of crude 3,4_diethylpyrrolm-2-one (10)” m 8 mL of CHsOH 
was added 10 g (178 mmoles) of KOH m 30 mL of Hz0 at room temperature. The reactton was surred 
overmght at room temperature. (A yellow premprtate was formed after about 1 hour of strrrmg ) The 
alcohol m the reachon nuxture was evaporated and 100 mL of Hz0 was added to drlute the sohmon. Then 
12 mL of acetic acid was used to acrdrfy the basic reachon mrxture, wrth coolmg rn an ice bath The 
resultant yellow precipitate was flltered, washed wrth water, and dried to give 5.1 g (88% yreld) of 8 It 
had mp 234-235°C; UV-vrs: e!JE = 27,500 (CHsOH), em = 29,500 ((CH&SO); IR (KBr film) Y 
3345, 3125, 2910, 1615 cm“; r H-NMR (CDCls) 6 1 20 (m, 6H), 2.51 (m, SH), 6 65 (s, H-I), 7 02 (s, 
HI), 9.54 (broad, NH), 1198 (broad, NH) ppm An analyucal sample was obtamed m the form of the 
correspondmg methyl ester C1sH24N20s followrng treatment of (8) wrth an excess amount of draxomethane, 
as described for the preparahon of the methyl ester of (7) And Calcd for C1sH24N20s (316): C, 68 32, 
H, 7 65, N, 8.86 Found: C, 68 07; H, 7.43, N, 8 70. 

Methyl 2-Etbylxanthobilirubinate. Reaction wrth draxomethane, as wrth 7, 
f 

ave the desired methyl ester 
It had mp 187-190°C; IR (deposrhon from CH+J Y: 3328, 1675, 1645 cm- , ‘H-NMR 6. 1.19 (m, 6H), 
2 15 (s, 3H), 2 41 (q, 4H), 2 58 (m, SH), 2 79 (q, 4H), 3.68 (s, 3H), 6 15 (s, H-I), 6.81 (s, lH), 10 46 
(broad, NH), 11 05 (broad, NH) ppm And Calcd for C1sH24N20s (316). C, 68 32; H, 7 65, N, 8.86 
Found. C, 68.07, H, 7.43; N, 8 70 

10,10-Dimetby1-2,18-diethyiethylmesobilirubin-XIII~ (2). To a mixture of 2-ethyl XBR (8) (250 mg, 0 8 
mmole) and 2,2-Qmethoxypropane (85 mg, 1 eqmv ) was added cold (0°C) trrfluoroacettc acrd (1 5 mL) 
under vrgorous strrrmg After 5 mm of shrrmg, 50 mL of rce cold water was added to quench the reachon 
The resulhng yellow precrprtate was collected, dned and allowed to pass a flash column of srhca gel 
(Woelm TLC grade F-DC 35/41, 18% water) wrth the eluhon of CH2Clz to grve 21 mg (8% yreld) of a 
non-polar pigment, 10, IOdrmethyl-2,18drethylmesobduubm-XI& (2). It had mp 210°C (dec); IR (deposr- 
hOn from CH#&) Y 3445, 2975, 1705, 1695, 1677, 1640, 1615, 1585 cm-‘; UV-vrs: eT% = 51,000 
(CHCl,), ~7;; = 42,500 (CH30H), a4= max = 57,500 ((CHs)#O); t3C-NMR m Table 1; ‘H-NMR rn Tables 
2 and 3 And. Calcd for C3,H4sN40a (664) C, 68.91, H, 7 51; N, 8 69 Found. C, 68 66, H, 7 53, 
N, 8 71. 

2,18-Diethylmesoblllrubln-XIlIa+ (4). Method A: Treatment of 250 mg (0 8 mmole) 2-ethyl XBR (8) and 
0 5 mL of 38% aq formaldehyde wrth 1 mL of concentrated hydrochlonc acrd under vrgorous shmng for 
5 mm at room temperature, followed by quenchmg wrth me water gave a greenish precrprtate. The precipr- 
tate was collected by f&muon and washed wrth cold methanol The resultmg dark yellow sohd resrdue was 
drssolved rn CH,Cl, and flash chromatographed through a column of sthca gel (TLC grade, 18% water), 
elutmg with CH,Cl, to afford 39 mg (16% yreld) of pure 2,18-drethylmesobrhrubm-XI& (2). 

2-Ethyl XBR (8) (250 mg, 0 8 mmole), drmethoxymethane (300 mg, 3 2 mmoles) and p- Method B 
toluenesulfomc acid monohydrate (100 mg) were dissolved m 5 mL drchloromethane and surred for 12 
hours at rcom temperature. The resulhng yellowrsh soluhon was passed by flash chromatography through 
a column of srhca gel (TLC grade, 18% water) eluhng wrth CH&l, to grve 72 mg (30% yreld) of pure 
2,18-drethylmesobrhrubm-XI& (2) (yreld 30%) It had mp > 300°C (dec), IR (deposrhon from CH$ld 
Y 3420, 3260, 2965, 1703, 1685, 1630 cm-‘, UV-vrs ~7;; = 58,500 (CHC13), max = 58,000 
((CH3)#O), 13C-NMR m Table 1; ‘H-NMR in Tables 2 and 3 Anal Calcd for C3sH,+$4& (616): C, 
68 18, H, 7 14; N, 9 09 Found C, 68 12, H, 7 22, N, 8 69 
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