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Abstmct: Methyl xanthobilirubinate (1) and methyl neoxanthobilirubinate (2) self associate, as seen by 
2D-NOE NiUR, to form hydrogen-bonded dimers in CDCl,. Association constants K,=25,000 (1) and 
12,000 M-’ (2) at 22°C are derived from analysis of concentration-dependent N-H chemical shifts. 

(42,152)-Bilirubin-Ma, the yellow pigment of jaundice’~2 is a dicarboxylic acid composed of two 

dipyninones conjoined by a -CH*- group at C(10). Rotating the dipyrrinones about the -CH2- group brings 

their lactam and pyrrole N-H groups into sufficiently close proximity to the propionic CqH groups for 

conformation-stabilizing hydrogen bonding. In solvents, such as (CH&SO, which act as strong hydrogen 

bond acceptors, solvent molecules bind competitively to the N-H groups, displacing the C!%H groups from 

direct intramolecular hydrogen bonding. When the propionic acid groups are esterified or relocated away 

from the center of the molecule, or replaced by alkyls, intramolecular hydrogen bonding is also considerably 

weakened, and in non-hydrogen bonding solvents the dipyrrinone components tend to hydrogen bond inter- 

molecularly, 3*4 The emerging picture for bilirubin and its derivatives and analogs is thus one where 

dipyrrinone hydrogen bonding, either intramolecular or intermolecular or with solvent, plays a major role in 

determining pigment shape and state of aggregation, as well as solution and spectroscopic properties.~ 

H H H H 

BILIRUBIN 
(Linear Representation) 

Dipyrrinone models equivalent to one-half of bilirubin are known to participate in hydrogen bonding: 

intermolecularly, in non-polar solvents such as chloroform; to solvent, in dimethylsulfoxide (Figure 1).3*4*7p8 
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Such hydrogen bonding has been detected by and analyxed from N-H chemical shifts in the 1H-NMR.4P5 The 

intermolecular hydrogen bonding is extensive, incorporating amk&am& hydrogen bonds between the lactam 

groups as well as those between pyrrole N-H and lactam catbon~l.~-’ This unique network of four hydrogen 

bonds is apparently the major contributor to the large self-association constant (K,, = 1700 M’ at 37°C in 

CHCl$ de&mined by vapor phase osmometry, because KA is reduced by a factor of - ld in dipyrrinones 

where only the lactam amide-amide hydrogen bonding is possible (as in dipyrrinones with the pyrrole nitrogen 

methylated).3~10 In view of the importance of hydrogen bonding in dipyninones and bilirubin analogs, we 

present (i) our results on the detection of self-association in xanthobiliibic acid methyl ester (1) and 

neoxanthobilirubic acid methyl ester (2) (Figure 2) by NOE NMR measurements, and (ii) an NMR method 

for de&mining the selfdimeriration association constants (K,,). 

FIGUIW 1. (Left) lnterm&cularly hydrogen-bonde FIGURE 2. Methyl xanthobilhubiie (1, 
dipyrrhmne dhner. (Right) Dipyrrinone hydrogen-bonded 
to dhnethylsulfoxide. 

R=CH,); methyl neoxanthobilirubi (2, 
R=H). 

IUISULTS AND DISCUSSION 

2-D NOB cOm?~ns. The 2D homonuclear NOE spectra of CDCl, solutions of 1 and 2 are shown 

in Figures 3 and 4. The~strong NOE’s seen between the pyrrole and lactam N-H’s near 6- 10.4 and 11.3, 

respectively, and between the hydrogen at C(5) (a- 6.2) and the neighboring hydrogens at C(3l) (fi- 2.6) and , 

C(7r) (s-2.2) are consistent with the pigment adopting a Z-configuration double bond at C(4) and with the 

pyrrole and lactam NH groups oriented in a ryrr periplanar or clinal conformation, as expected from earlier 

w~rk.~*~*~ Surprisingly perhaps, yet another NOE can be seen, a moderate NOE between the C(2) (S = 1.98) 

and C(9) (6-2.4) methyl groups of 1 (2% NOE) and between the C(2) methyl (a= 1.98) and C(9) hydrogen 

(6= 6.8) of 2 (0.5% NOE). The large distances between these groups in 1 and in 2 preclude an intru- 

molecular mechanism for the NOE, which ,can beat be explained as emanating from an intermolecular 

mechanism where the relevant CH3 group and other hydrogens are brought into close spatial proximity 

through a dimeric structure (Figure 4) proposed in previous work on dipyrrinone ‘H-NMR chemical shifts3*4** 

and supported by vapor phase osmometry.3*10 The intermolecular NOE vanishes in (CD3)$0, a solvent 

which is known to disrupt dipyrrinone dimers, and is replaced by NOES between the pyrrole and lactam N-Hs 

and the small, residual methyl C-H’s of incompletely deutemted (CD&SO solvent; however, the NOES of 

intramolecular origin persist. The overall picture is consistent with the two cases formulated earlier: in non- 

hydrogen bonding solvents, dipyrrinones prefer to associate as hydrogen-bonded dimers; in dimetbylsulfoxide, 

dipyrrinones exist as monomers that are hydrogen-bonded to solvent.314S7-10 The presently reported 

intermolecular NOE measurements thus provide the first direct experimental observation of both cases. 
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FIGURE 3. 2D-NOE plots for 1 in CDCI, at 21°C. 
Concentrations were 2.6 x lo-* M. 
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FIGURE 4. 2D-NOE plots for 2 in CDCI, at 21°C. 
Concentrations were 5.2 x lo-* M. 

Ckputing Kk Dipyrrinone self-association in non-polar solvents has been assessed qualitatively by 

examining the N-H chemical ~hifts~*~ and quantitatively through vapor phase osmometry to determine the 

average molecular weight and K,,.3v10 The sensitivity of the N-H chemical shifts (60~s, Table 1) to hydrogen 

bonding from selfdimerization provides an alternative way to determine Kk Either the lactam N-H or the 

pyrrole N-H signals may be used, but we found the latter to be more reliable because they are sharper, and 

thus a,,,, can be measured with more accuracy and less difficulty at the lowest sample concentrations. ‘t 

For the equilibrium 2M 2 D, the self-association, KA, constant is described by: 

(1) 

where the sum of monomer (M) and dimer (D) speck is the initial concentration, No 

No = M + 21Dl. (2) 

The observed N-H chemical shift, SO,,,, is defined as (3) or (4) 

(3) 
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6 ohs = %i + @D - %.d . (1 - M 1 , 
MO 

where S, and S, are the chemical shifts of the monomer and dimer, respectively, and 2p]/l’IvQ, or (1 - 

N/M,-,) is the mole fraction of dimer. Expressing equations (3) and (4) in terms of [D] and tIvfj, respec- 

tively, then substituting into equation (1) gives an expression for KA in terms of IjvIb, S,,, S, and $ - as 

seen in equation (5) or its logarithmic expression (6): 

K 

A 
= @D - %l)@obs - &d 

2 @D - %bb2 MO 

2 

log@D - &i) 
+ log K, + log [Mu = log@&, - &) - 2 log& - &,3 (6) 

A plot of the right side of equation (6) vs log m should give a straight line with intercept equal to log KA 

+ log 2 - log ($-&). 

Thus, in order to compute KA, one must know h and S, wlth good accuracy. When KA is large, it 

is generally easier to extrapolate to an accurate value of S, than to S, because for the latter, the NMR 

measurement must be carried out at very high dilution, where instrument sensitivity can be the limiting factor. 

This is illustrated by the data of Table 1 and in Figure 5, where the chemical shifts of the pyrrole N-H (&$,& 

are plotted as a function of sample concentration (No) in CDCl, and (CDCQ2 solvents (in which the 

pigments have the same behavior). At the highest concentrations of dipyrrinone, &,s reaches a plateau near 

6 = 10.4 and 6 = 10.5 for the pyrrole N-H of 1 and 2, respectively. At these concentrations the pigment 

is essentially completely dimerlxed. Similarly, for the lactam N-H, &,, reaches a plateau near 8 = 11.3 and 

6 = 11.1 for 1 and 2, respectively. In each case, the plateau value of &,t,, approaches S,, the N-H chemical 

shift for the pure dimer, D, and as the dipyrrinone concentrations drop, &,, approaches h, the N-H chemical 

shift of the pure monomer, M. Clearly (see Figure 5), extrapolating &b, to S, in the limit l?vfJu -, 0 is more 

difficult than extrapolating to 8,,, to $ in the high concentration limit. 
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FIGURE 5. Plots of pyrrole and lactam N-H chemical shifts in CDCI, and (CDC& at 22°C vs dipyrrinone concentra- 
tion for [left] methyl xanthobilirubiie (1) and [right] methyl neoxanthobilirubinate (2). 
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TABLE 1. Influence of Methyl Xanthobilirubiite (1) and Methyl Neoxanthobilirubinate (2) Concentration on 
Pyrrole end Lactam N-H Chemical Shifta (S,.) in CDCl, at 22’C.” 

Dipyrrinone 
Cont. (M) 

0.250 

0.125 

6.25 x 1Cr2 

3.125 x lW2 

Methyl Xanthobilirubinate (1) 

Lactam N-H Pyrrole N-H 

11.357 10.410 

11.344 10.401 

11.327 10.390 

11.301 10.373 

Methyl Neoxanrhobiliibii (2) 

Lactam N-H Pyrrole N-H 

11.100 10.531 

11.082 10.517 

11.050 10.494 

11.004 10.462 

I 1.563 x lo-2 I 11.266 I 10.350 I 10.938 I 10.418 -1 
7.812 x l@ 11.219 10.320 10.842 10.3% 

3.906 x lo-3 11.152 10.277 10.711 10.271 

1.953 x 10-3 11.061 10.218 10.525 10.151 

9.766 x lti 10.933 10.136 10.291 9.997 

4.883 x lti 10.765 10.048 9.970 9.783 

2.441 x lti 10.542’ 9.891b 9.532b 9.532 

1.808 x 104 10.371 9.700 9.2ood 9.lood 

9.039 x U_+ 10.2W 9.535= c,c 8.843cJe 

a N-H chemical shifts in 6 ppm downfield from (CH,)$i at UK) and 500 MHz. 
MHZ. c Limits of sensitivity at 500 MHz. d 1.680 x 104 A4 pigment. 

b Limits of sensitivity at 300 
’ 8.402 x W5 M pigment. 

Extrapolation to $ is achieved as follows. Rewriting equation (2) to solve for [D] then substituting for 

[D] in equation (I) and solving for N in the resulting quadratic equation gives the expression: 

N = (1 + 8K, lMlo)‘n -1 (7) 
4KA 

Simplifying equation (4) gives: 

(8) 

The expression for M in equation (7) is substituted for M in equation (8) to provide equation (9), an 

expreSsion for b&s in term Of b, b, KA and IM],. 

s,, = $ - ($ - b) . 0 + 8KA Md 112 - 1 

4% wb 
(9) 
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FIGURE 6. Plots of pyrrok and lactam N-H S,, vs [M),jln for extrapoktlng S,, to b at large values of [h4& 
(Table 1, Figure 5) for the pyrrole N-H of dlpytinones 1 and 2 ln CDCl, and (C!DC!la)a solvent at 22°C. Inthe limit 
rMl(jin -, 0, 6,‘ -D s,. 

&rrtx@&on to 6, can be accomplished at the lowest reasonable temperature and in the limit of high 

No, i.e., when 8 KA MO ~1. Then the expression ((1 + 8 KA Mo)‘” -1) approaches (8 KA Mc)ln, 

and equation (9) may he rewritten as: 

6 ohs - $ - @I, - Q (2 K,)-- lMlijl’* (10) 

A plot (Figure 6) of the experimental pyrrole N-H S,,, vs jjM&l’* in CDCls or (CDCQ2 at 22°C for the 

largest values of MO (Table l), where the curves of Figure 5 start to tlatten out, are found by a least squares 

procedure to fit the line S,,, =10.430 - 0.00996 No”* for 1, and &,=10.569 - 

0.0186 lJvf&‘” for 2. Within the constraints $ - S, = 0.00996 (2Kd1’* for 1 and 

$ - S, = 0.0186 (2KJ’O for 2, the extrapolated pyrrole N-H chemical shift of the 

pure dimer is thus 6,= 10.430 for 1 and $=10.569 for 2. Similarly, plots of the 

lactam N-H Sob, vs miln (Figure 5) in the limit of highest MO gives straight lines: 

6=11.387 - 0.0150 lJvI&jln for 1 and &,,=11.151 - 0.0252 MO”‘* for 2. Thus the 

extrapola~lactam$forthepuredimeris6~=11.387for1~d6~=11.151for2. 

The pyrrole and la&am N-H S, values for 1 may be compared with those extrap- 

olated for two dipyrrinones closely related to 1, methyl ~xanthobilirubinate (3) and 

kryptopyrromethenone (4). Using the same extrapolation method, $ pyrrole N-H is 

found to be 10.425 for 3 and 10.437 for 4. The pyrrole and lactam N-H values of 3 

and 4 are quite close to those of 1, and similar to those of 2. 

I 

3 

Extmpohtion to SM can be accomplished in the limit of high dilution and/or high temperature. Plots 

Of %b, vs MO (Figure 5) show a very steep convergence of &,, toward S, as F11, approaches zero. A plot 

Of log tl%lc vr ‘&,, should provide the needed scale expansion in the critical region of high dilution. The 

shape of such plots and the difficulties inherent in extrapolating S,,b, to S, in the region of high dilution is 

revealed in a series of theoretical curves (Figure 7) relating a computed &,b, to log MO for different sets 

of S, and KA values and a fixed S, ($ = 10.430 for N-H of 1). The plots of Figure 7 reveal the sensitivity 

of &,, to KA and, in particular, the difficulty of extrapolating &,, to S, when KA is large. Thus, for larger 
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KA valm the plots arc steeper, and one must go to higher dilution to reach the foot of the curve where S,, 

vsIM]oapproachesahorlxontaIIineandwhcrcb~+~. 
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FIGURE 7. Theoretical plots of computed So,,, vs log [Ml0 at 22°C for a given value of $ (10.430 ppm, pyrrole 
N-H of 1). The computed values of 6,, come from solving equation (8) for each value of [Ml,-, (e.g. Table 1). 

(0 9.3 - 
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FIGURE 8. Theoretical plots of computed 15,. vs log [Ml0 for fued &, (8. I ppm) and &, (10.430 ppm) at 22”, 60” 
and 120 “C, where K, takes on values 24,800, 1,500 and 20 M’, respectively. 

The behavior of the curves of Figure 7 with changing KA also suggests that at higher temperatures, 

where KA becomes reduced, extrapolating of sobs to S, should become easier. Support for this notion may 

be found in the curves of Figure 8 which relate computed S,,, vs log m for KA at 22”, 60” and 120°C for 

constant $ (10.430 ppm) and b (8.1). l2 The plots show that a curve taken from Figure 7 (A, KA= 

24,800, i&= 8.1) at 22” starts its ascent at much lower monomer concentration than curves at higher 

temperatures. Thus, the higher temperature curves have a longer and flatter foot at low M. As expected, 

6 ,,,,* -B S, at higher MO, and thus it is clearly easier to determine S, (extrapolate &,, to b) in the limit 

MO --, 0 at high temperatures (where K, is smaller). 

Unfortunately, the relatively low boiling point of CDCla (- 61 “C) thwarted our attempts to find S, by 

lowering KA. So we turned to a higher boiling (bp 147°C) solvent, (CDCQ,, with solvation pmperties much 

like CDCls for measurements at higher temperatures, up to 120°C. It may he noted that plots of experimental 

6,, vs MO for 1 and 2 (Figures 5 and 6) at 22°C in these two solvents are identical. And as shown in 
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Figure 9, plots of experimental S,,, vs log Mu for 1 in CDCI, and (CDCl.& are identical, within experimen- 

tal error, over the measurable range of M. at 60°C (see Table 2). Consequently, we feel comfortable using 

b, $ data from (CDCQ and CDCl, interchangeably. The plots of Figure 9 clearly indicate the tempera- 

ture effect on the monomer 2 dimes equilibrium of 1: for a given Mo, M increases as the temperature 

TABLE 2. Similarity of Pvrole and Lactam N-H Chemical Shifts (&,.A iu (a) (CDCIA and fbj CDCl, Solvents. 
Dipyrriuone 1 

C0nceMrati0x.l (M) 

0.000786076 
O.am778797 

Pyrrole C!hemicai shift @pm) at 
60°C (a) 120°C (a) 60°C @) 

9.588 8.395 
9 677 

Lactam Chemical shift @pm) at 
60°C (a) 120°C (a) 60°C @) 

10.103 8.218 
in 733 

0.000155775 8.960 9.164 
0.000135317 8.%1 9.092 
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increases and hence 6, decreases and approaches a limiting value &). At 120°C the experimental points 

begin to approach, then fall on, a horizontal line near 8=8.1. Figure 9 also ilhrstrates the difficulty in 

extrapolating S,, to S, at lower tempemhues where the equilib~um favors dimer. At 22°C the measureable 

sobs at the limit of instrument (500 M-Ix NMR) sensitivity is still far from S, and hence far from the flat 

region of the curve where b can be extrapolated most reliably. 

6 obs 6 obs 

FIGURE 9. Experimental points (&,, vs No) for the pyrrole (left) and lactam (right) N-H of 1 at 22” and 60°C 
in CDCls and at 60” and 120°C in (CDC&. The limes are the computed curves for a,, vs [Ml, when S, = 8.1, 
Su 10.43 and is 24,800 at 22”, 1,500 at 60” and 20 at 12O’C. Tha im is an expansion of the i5,, vs [Ml0 plot 
at low sample concentration. At 22”C, the two points below log fM4 = -3.6 were determined at 500 MHz and 
represent the sensitivity limits for the instrument for detecting the pyrrole N-H of 1. 

Reassuringly, the experimental points of Figure 9 fall on the theoretical curves relating computed S,,, 

to log No for &= 8.1, 6,=10.430 and KA values for 22”, 60” and 120°C. Plots and curves similar to 

those of Figure 9 are found for the lactam N-H of 1 (Figure! 9) and for the pyrrole and lactam N-H’s of 2. 

Again, since 1 and 2 have large KA values at 22°C and the dilution required for Sot,, + S, is outside the 

range of even the highest field NMR instruments, we plot experimental &,, vs log MO at 120°C in (CDCl& 

solvent in order to extrapolate S,,, to &. The extrapolated S, values for the pyrrole N-H chemical shifts 

of 1 and 2 are 8.10 and 7.75 ppm, respectively. And the extrapolated S, values for the lactam N-H chemical 

shifts of 1 and 2 are 7.75 and 7.00 ppm, respectively. 

Extmpolation to KA can be achieved from the variation of Sot,, with MO expressed in equation (6). 

Thus, using the experimental data of Table 1 and the extrapolated values for S, and &, plots of the right side 

of equation (6), viz. {log(60t,s-&) - 2 log@,-Z&s)) vs log m gives straight lmes (Figure 10) with slope= 1 

and intercepts equal to {log 2/(9-b) + log KA}. From the intercept, KA at 22°C may be calculated for 

1 and 2. The discrepancy between the KA values derived from Sot,, for the pyrrole and lactam N-H (Table 

1) is probably related to a greater inaccuracy in determinmg S,, for the broader lactam N-H resonance. We 

estimate (based on reproducibility) that our K,, values are only good to f 10%) and the vahtes derived from 

S,,,, for lactam N-H resonances at 22°C may have a greater error; however, some measurements gave results 

within 3-496 of each other. 
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FIGURB 10. Plots of log@&, - u - 2 log&, - S,,) vs lo8 [Ml0 for t& pyrrole and lactam N-H signals of dlpyrrl- 
nones 1 and 2 in CDCls solvent at 22°C. The values of S, and 8, are from FQures 5 and 8, respectively; &,, and 
No are from Table 1. The best fit 111 for the pyrrole N-Hs have intercepts = 4.327 and 3.919 for 1 and 2, 
respectively; hence KA = 24,800 M’ for 1 and 11,708 M’ for 2. The best fit lines for the lactam N-J!& have 
intercepts 4.193 and 3.879 for 1 and 2, respectively; hence KA = 28,600 M’ for 1 and 15,700 M’ for 2. 

Similar plots for So,, vs MO determined at 37” and 52” gave straight line plots similar to those of Fig- 

ure 10 when the same extrapolated S, and $ val~es’~ were used in equation (6). These are summarized in 

Table 3 along with thermodynamic parameters for the monomer 2 dimer association equilibrium determined 

in the usual way. It is satisfying to note that the extrapolated KA for 1 at 37°C corresponds reasonably well 

to value (1700 M’) dekrmined by vapor phase osmometry in CIX!1s.3~10 Interestingly, the KA for 2 is smal- 

ler than that of 1 by a factor of - 40%. The C(9) CHs of 1 apparently exerts no non-bonded steric destabill- 

ration in the dimer and even appears to exert a greater stabilizing influence than a hydrogen at C(9). The 

reasons for this are unclear; however, molecular dynamics cakulations (SYBYL, Evans & Sutherland ESV- 

lO+ workstation) on the relative stability of the dimer vs two monomers indicates that the dimer of 1 is rela- 

tively more stable (2 Wmole) than that of 2 - in good agreement with the differences in experimental 

AH& values for 1 and 2. 

TABLE 3. Summary of KA Values for the Monomer 2 Dimer Equilibrium of Dipyrrlnones 1 and 2 in CDCls 
or (CDCl.& at 22’, 37O and 52°C as Determined from Extrapolated Pyrrole and Lactam N-H Chemical Shifts 
for Pure Monomer @&,,t) and Dimer (S,). Thermodynamic Parameters for the Equilibrium (AG&, AH&,, Ash) 
are Determined from the Temperature Dependence of Kk 
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SUMMARY 

Self-association of dipyrrinones can be detected by lH-NMR NOE. The dimerixation association 

constant (HA) can be de&mined from an analysis of NMP chemical shifts of the pyrrole and lactam N-H. 

First, N-H chemical shift vahtes for the pure dimer (w and pure monomer (b) are obtained by extrapolation 

methods. Then, these parameters and experimentallydekrmined N-H chemical shifts (&,d for a range of 

dipyrrinone concentrations (Mo) are plotted in equation (6) to extrapolate KAs. The extrapolated data for 

the dipyrrinones of this study are summarked in Table 4. 

TABLE 4. Extrapolated values oft+,, S, and K,, fur Dipyrrinones 14 in CDCl, at 22°C. 

%I (Dime-r) mm b (Monomer) ppm 
Dipyr- 

KA (M’) Determined from 

rinone Pyrrole N-H MN-H Pyrrole N-H -N-H mle N-H Lactam N-H 

1 10.43 11.39 8.10 7.75 24,800 28,600 

2 10.56 11.15 7.75 7.00 11,700 15,700 

3 10.43 11.40 8.10” 7.75O 23,000 24,000 

4 10.44 11.42 8.100 7.7P 23,000 22,000 

n Assumed from the data for 1. 

EXPERIMENTAL PART 

All NMR spectra were run on a GE QE-300 FI spectrometer in either deutcriochloroform (99.9% d,) 
or dimethylsulfoxide-de (99.9% d& both from Aldrich. Infrared spectra were run on a P&in-Elmer 1610 
FT-IR spec&ophotometer. All W-visible absorption spectra were run on a Perkin-Elmer model 3840 diode 
array instrument. Analytical thin layer chromatography (tic) was carried out on J.T. Baker silica gel lB-F 
plates (125 c layer). Column chromatography was carried out on 32-63 p activated silica gel for medium 
pressure chromatography (hi. Woelm). High performance liquid chromatographic (HPLC) analyses used a 
detector set at 410 nm and a Ekckman-Altex Ultrasphere-IP 5 pm C-18 ODS column (25 x 0.46 cm), with 
a Beckman ODS precolumn (4.5 x 0.46 cm) and a flow of 0.75 ml/minute of 0.1 M di-n-octylamine acetate 
in 5% aq. methanol as eluent. Pentane-2,4-dione, ethyl ace&acetate, ethyl acrylate, acetic acid, ethyl acetate, 
benzene, acetone and hexane were from Aldrich. Spectral grade methanol, chloroform, benzene and dime- 
thylsulfoxide were from Fisher. Methanol (HPLC grade) was from Fisher. 

Methyl Xanthobiibinate (1) was prepared and purified as described previo~sly,‘~ in 72% yield. It had, 
m.p. 215-217°C (Lit.13 mp 217-220°C) 
W-vis: X,, 406, E 34,000 (CHCI,); &,,, 411, e 37,700 (CH301-I); &, 412, E 34,400 (DMSO). 
IR (film): Y = 3346, 3161,2965, 1736, 1676, 1632, 1267, 1175 cm-‘. 
‘H-NMR (CDC13/TMS) 8: 1.17 (t,3H,7.5 Hz), 1.94 (s,3H), 2.14 (s,3H), 2.41 (s,3H), 2.46 (t,2H, J= 

7.2Hz), 2.54(q,2H,J=7.5Hz), 2.74 (t,2H,J=7.2Hz), 3.68(s,3H), 6.13 (s,lH), 10.41 (s,lH), 11.36(s,lH) 
mm. 

‘3C-NMR (CDC13/TMS) 6: 8.53(q), 9.60(q), 11.57(q), 15.08(q), 17.96(t), 19.88(t), 35.13(t), 51.56(q), 
101.04(d), 119.03(s), 122.40(s), 122.43(s), 124.57(s), 127.10(s), 131.65(s), 148.29(s), 173.59(s), 173.92(s). 

Methyl Neoxantbobilimbinate (2) was prepared from 1 as follows. 
Methyl xanthobilirubinatc (1) was converted smoothly in one step to mesobiliverdm-XI&x dimethyl 

esterl” via and oxidative self-cou ling reaction, as reported previously. Scission of the verdin was accom- 
plished as described by Manitto 1P for biliverdin-IXa dimethyl ester. Thus, thiobarbituric acid (50 mg) was 
added to a stirred solution of mesobiliverdin-XI& dimethyl ester (140 mg, 0.23 mmol) dissolved in ethyl 
acetate (300 mL). The reaction was carried out in the dark at room temperature under nitrogen. After 6 
hours, the solvent was removed (roto-vap) and the residue was redissolved in a minimal amount of hot 
chloroform. A volume of hexane (equal to 10 x the volume of chloroform) was added and a violet precipitate 
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was removed by filtration, leaving a yellow solution containing 2. The solvent was then evaporated and the 
residue was taken up in a minimum volume of chloroform. 

m.p. 170-172°C (Lit.ta mp 174°C) 
The precipitation cycle was repeated three times. 

UV-vis: &,_ 388 nm, e 29,008 (CHCls); &,x 395 nm, E 27,500 (CHaOH); L 390 nm, E 31,000 
(DMSO). 

IR (KBr) Y: 3366, 3147, 2973, 1227, 1654, 1619, 1278, 1256, 1170,984, 812, 706 cm. 
‘H-NMR (CDCl$TMS) 6: 1.160 (t,3H,J=7.5 Hz), 1.927 (s,3H), 2.124 (s,3H), 2.555 (q,2H,J=7.5 

Hz), 2.565 (t,2H,J=7.2 Hz), 2.763 (t,2H,J=7.2 Hz), 3.667 (s,3H), 6.120 (s,lH), 6.806 (d,lH,J=1.5 Hz) 
10.285 @s,lH), 10.733 @s,lH) ppm. 

13C-NMR (CDC13/TMS) 6: 8.09(q), 9.40(q), 14.91(q), 17.98(t), 20.76(t), 34.88(t), 51.56(q), 101.06(d), 
120.65(d), 122.70(s), 123.44(s), 123.45(s), 124.46(s), 128.62(s), 148.49(s), 173.71(s), 174.33(s) ppm. 
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