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Stable 4E-Dipyrrinones
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Abstract. Dipyrrinones formed by DBU and n-Bu,P-promoted condensation of 5-p-toluene-
sultonylpyrrolmoncs with pyrrole 2-aldehydes, gave high yields of product with predominantly the
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Introduction

The dipyrrinone chromophore (Fig. 1) is the major structural unit of bilirubin, a cytotoxic
tetrapyrrole which is produced copiously in normal human metabolism of hemes and is the yellow

13 Divvirinones give bilirubin its color and stereochemistrv. Through rota
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tions about a centra] CH,, to which two syn-Z-dipyrrinones are conjoined, bilirubin adopts prefer-
entially a shape that allows for considerable intramolecular hydrogen bonding with opposing
propionic acids.*” Such intramolecular hydrogen bondmg controls the conformatlon of bilirubin

in the crystal and in solution and dominates its
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near 400 nm (€ ~35 000L - mole ‘em ) assoc1ated ith the long axis polarized 7 -

*

excita-
tion of the 14mn-electron conjugated chromophore. ? The parent unsubstituted Z- and E-dipym'-
nones (Fig. 1) are essentially equi—energetic according to molecular mechanics calculations;
e the syn-Z ~2.4 kcal/mole more stable than
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crystaliography, NMR nuciear Overhauser effect (NOE) studies and molecular mechanics calcula-
tions to prefer clearly the Z-configuration when positions 3 and 7 are occupied by alkyl groups (by
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~13 kcal/mole with 3-CH, and 7—CH3).8 The most stable conformation of these substituted Z-
dipyrrinones is syn (sc or sp); whereas, the E-isomers are twisted out of planarity by steric repul-
sions between the C(3) and/or C(7) alkyl substituents and the opposing NH group. Such E-isomers

are typically generated phot gh

"l

mically from the Z-isomers, and they are unstable, reverting
rrinones of bilirubin, (Z - £) configurational inversion is the
key event in phototherapy for neonatal jaundice, as it dissociates intramolecular hydrogen bondmg,
freeing the polar groups. *2 This renders the pigment less hydrophobic and readily excreted across

the liver into bile without recourse to hepatic glucuronidation, an essential step in normal bilirubin
clearance.' %%
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Bilirubin
Figure 1. Naked unsubstituted dipyrrinones in their 4Z- and 4E- configurations. (4Z,152)-bilirubin-IXe (bilirubin),
which is composed of two Z-di pyrrirlongq each of which is intramolecularly hydrogen bonded 0 an opposing
propionic acid. Hydrogen bonds are indicated by hatched lines.

While most C-substituted E-dipyrrinones are less stable than their Z-isomers and are thus
usually not observed in the synthesis of dipyrrinones, recently Inomata and coworkers'> detected,

unexpectedly, what appeared to be mixtures of Z- and E-isomers in a Wlttlg-type symhesm of
dipyrrinones. Purported E-isomers were not isolated but converted to (Z) b

mixture with iodine. Their synthesis tended to avoid conditions in which E-dipyrrinones might

isomerize to (Z). Intrigued by the possibility of preparing E-dipyrrinones by synthesis (rather than
photochemically), we investigated the preparation of dipyrrinones 1-5.

R R’ R’
; 1 Et Me CO,Et
) R R 2 CH,CO,Me Me CO,Et
gl Ne 3 CH,CH,CO,Et Me CO,Et
SNNG e N7 R 4 Me CH,CH,CO,Et  CO,Et
H H
5

Me Et Me
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Results and Discussion

Synthesis. Dipyrrinones 1-5 were prepared by condensing tosyl-pyrrolinone 15 with pyrrole
aldehydes 6-10 using 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) and tri-n-butylphosphine as
13

o
catalysts ~ (Synthetic Scheme). The reaction proceeded smoothly and gave decent (57-75%) yields
of dipyrrinone, except for 5, which afforded only a 6% isolated yield. The precursors to 15 and

6-10 were tosylpyrrole 16 prepared by the Barton-Zard procedure using p-toluenesulfonylmethyl
isocyanide (TosMIC)™* and pyrroles 11-14. 318 The Jatter were smoothly oxidized to aldehydes

: : . ) . 19
6-9 in moderate yield (34-65%) using ceric ammonium nitrate (CAN) in acetic acid-water.
Pyrrole ldel. yde 10 was prepared by Vilsmeier formylation of kfv“fnpyrmlf' (17), as reported

Cé and the resultant
tosylpyrrole was solvolyzed in aq. TFA to afford 15. Analy31s of the initially-formed
dipyrrinone products indicated a preponderance of E-isomer in 1-4, ranging from 81-90% based
on isolated yields using radial chromatography to effect the separation of £- and Z-isomers. Crude

reaction product before se
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earlier.” Tosylpyrrole 16 ~ was brominated at the va

n showed barely traces of Z-isomer, indicating that the co nhno
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reaction is highly stereoselective for (£). This is consistent with the suggestion of Inomata et tal’
that the E-isomer is the kinetic product, as is known for phosphonium yiids.

Synthetic Scheme
\
) R R \ ) R R

= —
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15 6-10 1-5
R1 RZ R3
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In the case of kryptopyrromet
that the reaction is promoted when the pyrrole e-aldehyd
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than a methyl in stabilizing the E-configuration. In 1-4, thermal (£ - Z) isomerization is slow; in
5itis rapid. Repeated recrystallization of mainly (£)-1-4 at 70-75°C led to an increasing presence
of the Z-isomer, which crystallized more readily than (E).
Spectroscopic Characteristics. ¢ and 'H-NMR chemical shi
in Tables 1 and 2 for both CDCl, and (CD,),SO solvents. The specific assignments and correla-
tions were made on the basis of HMQC and HMBC correlation spectrosc:opy22 using pulsed field
gradient sequences. It will be shown in the following that there are characteristic differences in
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C and 'H-NMR chemical shifts that can be used to distinguish E- from Z- isomers of a given pair

W€ rCpo1t On ul€ UsSC O1I ri1q rij-niicicar

nd the E- and Z-diastereomers

rs of dipyrrinones 1-4 differ structurally
ond, ar

R spectroscopy. The dipyr-
rinone lactam and pyrrole NHs are easily distinguished from CH as being more deshielded.
Strong NOEs are found between the NHs in the minor dlastereomers, as is characteristic of a Z-
configuration, as illustrated in Figure 2 for (£)-3. On the other hand, the major isomers found in

the syntheses of 1-4 show no NOE between the NHs. Rather, one finds an NOE between the
- N nnd tha (YSYH and he etween t the (CYSYH “ndt a (7Y hyvdraoene a
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These NOEs are consistent with a nonplanar structure of the £-isomer, with considerable twisting
about the C(5)-C(6) bond: an ac-E-conformation. In contrast, the Z-diastereomers show strong
NOEs between the C(5)H and the C(3) ethyl as well as the C(7") hydrogens (B-CH, in 3), hence
the sp-Z- or sc-Z-conformation. The only isomer isolated in the synthesis of 5 gave NOEs consis-

tent with the 7Z_diacteranmer
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Figure 2. Important H{ H}-Homonuclear Overhauser effects found in (Z)-3 and (E)-3 are shown by curved,
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Assignments and Correlations. In addition to differing NOE behavior, E- and Z-dipyrrinones also
show characteristic differences in their "C-NMR spectra run in CDCI; and (CD;),SO solvents.
Since the type and position of the pyrrole ring B-substituents differ, data for those substituents are
not included in Table 1. Although the chemical shifts show some selective sensitivity toward

ty

diastereomers. (i) The lactam C=0O of an E-isomer is ~2 ppm more shielded than a (Z). (ii)
Lactam ring atoms 2 and 4 are typically more deshielded in the E-isomer than the (2): C(2) ~3-5
ppm more deshielded, C(4) an incredible ~5-8 ppm more deshielded. In contrast, C(3) is ~3 ppm
more shielded in the E-isomer than the (Z). (iii) Bridging carbon 5 is found to be ~5 ppm more

deshielded in the E-isomer than in the (Z). (iv) The pyrrole ring carbons are generally less
sensitive to (£/Z) stereochemistry, especially C(6) and C(8), with C(7) and C(9) being ~2 ppm

more shielded in the (£)-isomer than the (Z). (v) Differences in the C(9) substituent are relatively
small; whereas, more substantial differences (~1 ppm) can be found in the C(3) ethyl group, with
the CH, being generally more deshielded in the E-isomer and the CHQ belng more shielded.

o

Whe hnf suc ch di
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ifferences can be attributed to ineffective conjugation in the £-1somers due

severe twisting about the C(5)- C(6) bond is unclear but likely.
The largest dlﬁerences in the 'H-NMR spectra are found for the lactam and pyrrole NH
chemical shifts.” In the E-isomers, the lactam NH is ~0.9- 1.6 ppm more shielded than the pyrrole

in both CDCl, and (CD;),SO solvents. In the Z-isomers the lactam NH is also more shielded than
the pyrr rrole NH (~ﬂ 5 nprn\ in (CD,).SO. but 1in PDFI the nvrrnle NH is more shielded. The
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greater for the lactam NH than pyrrole NH. Table 2 indicates that a lactam NH is typicaily 1.1-1.7
ppm more shielded in the E-isomer than in the (Z) in CDCl;; in (CD;),SO it 18 0.5-0.7 ppm more
shielded. In contrast, the pyrrole NH is only ~0.2 ppm more deshielded in the E-isomer than in
the (2) in (CD,),S0O, and ~0.1 ppm more deshielded in CDCl,

i e Vb It Ghollibie LU 1.

There is also a strong concentration dependence on the NH chemical shifts (Fig. 3). In CDCl,
the pyrrole NH (at ~8.6 ppm) of (£)-3 changes only 0.24 ppm over the concentration range shown;
whereas, that of the Z-isomer (9.4-7.4 ppm) is far more sensitive and changes by ~2 ppm. In
contrast, the lactam NH chemical shift is about as sensitive to concentration in the Z-isomer

(~9.6-8.6 ppm) as in the E-isomer (~8.0-7.1 ppm) with an hamze Similar shlfts may

19U 7

o~

be found for the other d‘myu inones of this study (Table 2). nsitivity oncentration 1
1 PR B T 24 [ENSIVS FRRS SRS B wmmnina lhald s catline las,
tnougm to be due to a monomer-dimer equulorlum wiln ine aimer prbl S n€ia togeiner vy

intermolecular hydrogen bonds, as illustrated in Figure 4. The Z-diastereomer can be expected to
form a more stable dimer because of the greater number of hydrogen bonds than in the (E).
Consistent with thls thesis, onlv the lactam NH chemical shifts of the latter change significantly

between 2.5 x 107> and 10”* M concentration whereas, in the Z-isomer both the lactam and pyrrole

NH chemical shifts show a large concentration-depende
consistent with lactam to lactam dimerization of Figure 4.



nnnnn s 1 ~1 1N0OL

10876 5. E. Boiadjiev, D. A. Lighiner / Teirahedron 55 (1$99) 1087110886

Table 1. Comparison of Selected *C-NMR Chemical Shifts of 4E and 4Z-Dipyrrinones.*

Position 1E 1z 2E 27 3E 3Z 4E az 57
| CONH 170.41 | 172.72 | 170.49 | 172.74 | 170.44 | 172.74 | 170.42 | 172.67 | 171.84
171.96 | 174.23 | 171.60 | 174.01 | 171.64 | 174.19 | 172.09 | 174.29 | 174.03
) 130.95 | 127.25 | 131.15 | 126.64 | 131.06 | 12592 | 131.08 | 128.08 | 127.04
13235 1 127.41 | 13283 | 12768 | 13272 | 127.18 | 132.28 | 12822 | 126.85
- 8.17 8.07 8.16 8.07 8.18 8.06 8.16 8.08 8.04
- 8.60 827 8 60 8.29 8.61 8.29 8.50 8.27 8.49
3 14461 | 14750 | 144.64 | 147.65 | 144,56 | 147.59 | 144,58 | 147.43 | 147.14
14469 | 147.91 | 14472 | 147.77 | 144.59 | 14811 | 144.79 | 147.90 | 148.22
3 CH.CH 17.23 | 16.81 1833 | 17.06 | 18.44 | 17.09 | 1829 | 17.08 | 17.14
2 17.69 | 17.91 1899 | 17.88 | 19.08 | 17.91 1896 | 17.88 | 17.95
2 CH.CH 1287 | 1444 | 1284 | 1445 | 128 | 1396 | 14.19 | 1458 | 14.83
I 13.40 14.60 13.35 14.49 13.38 14.17 14.30 | 14.60 | 15.05
A 140.57 | 133.07 | 141.27 | 133.88 | 140.83 | 133.43 | 140.73 | 133.58 | 128.68
139.15 | 133.99 | 140.22 | 135.64 | 139.64 | 134.59 | 139.78 | 134.21 | 131.12
c 100.39 | 9550 | 99.63 | 9561 | 100.19 | 95.61 | 10038 | 9590 | 97.71
e 102.16 | 97.37 | 100.80 | 96.68 | 101.40 | 97.18 | 101.99 | 97.42 | 101.22
12728 | 12942 | 12878 | 12880 | 127.92 | 127.89 | 128.92 | 129.20 | 122.48
6 712805 | 13028 | 127.78 | 128.83 | 12698 | 12806 | 129.89 | 129.96 | 124.59
; 12522 | 125.43 | 118.33 | 120.87 | 121.92 | 125.77 | 118.60 | 122.12 | 121.80
126.35 | 126.74 | 11954 | 121.61 | 124.02 | 126.21 | 120.84 | 123.09 | 122.20
g 125.47 | 125.75 | 126.36 | 126.06 | 125.66 | 125.87 | 128.01 | 125.89 | 122.04
126.73 | 126.95 | 127.61 | 127.59 | 126.94 | 127.05 | 127.26 | 127.09 | 122.90
0 11824 | 12095 | 116.52 | 119.92 | 118.26 | 120.94 | 118.03 | 120.52 | 121.56
11939 | 121.78 | 117.88 | 11941 | 11952 | 121.81 | 119.11 | 121.53 | 122.16
o 160.74 | 160.78 | 160.67 | 160.69 | 160.68 | 160.73 | 160.36 | 160.35 | 10.87°
T 161.58 | 16144 | 161.42 | 161.35 | 161.43 | 161.36 | 161.15 | 160.96 | 11.48
5 5900 | 5948 | 5915 | 59.60 | 5978 | 59.83 | 59.67 | 59.73 —
o -CH, 6001 | 6010 | 6018 | 6027 | 6044 | 60.50 | 60.21 | 60.29 —
o3.CH 1437 | 1455 | 1436 | 14.43 | 1436 | 1446 | 14.03 | 14.22 —
T 1448 | 1446 | 1447 | 1444 | 1447 | 1455 | 14.18 | 14.3] —

“Values in 8, ppm downfield from (CH,),Si in (CD;),SO and CDCI; (values in italics) at 25°C. Assignments are
made from a combination of HMBC and HMQC correlation experiments. = 9-CH,



Table 2. Comparison of Selected '"H-NMR Chemical Shifts of 4 and 4Z-Dipyrrinones.”

Position 1E 17 2E 2Z 3E 3z 4F 4Z 57

9.80 10.53 9.84 10.48 9.83 10.49 9.84 10.38 9.73
7.33 9.04 8.27 941 7.51 9.23 7.55 9.24 {11.31

Purrole NH 1123 | 11.01 | 1146 | 1117 | 1131 | 11.05 | 11.37 | 11.12 | 1022
yrrote 862 | 841 | 913 | 908 | 871 | 870 | 872 | 866 | 1035
CH 1.76 1.79 1.76 1.79 1.76 1.80 1.76 1.79 1.77
i 1.93 1.95 1.90 1.93 1.93 1.94 1.93 1.95 1.95
3-CH.CH 2.31 2.51 2.10 2.51 2.10 2.52 2.14 2.51 2.49
23 2.43 2.52 2.24 2.52 2.27 2.54 2.28 2.53 2.55
0.95 1.09 0.68 1.08 0.69 1.10 0.64 1.09 1.07

3-CH,CH
273 1.05 1.18 0.89 1.18 0.94 1.19 0.91 1.18 1.17
o 6.07 5.92 6.02 5.97 6.08 5.98 6.02 5.93 5.92

J=C Il

6.14 5.97 6.17 5.99 6.19 6.06 6.10 5.96 6.15

4.18 4.26 4.19 427 4.18 4.26 4.18 425 2.16°
432 432 430 4.3] 431 4.31 4.32 432 2471

T.JL F.IL TV Tk T.o1 F.J1 .2 L T.IL

1.26 1.30 1.26 1.30 1.25 1.30 1.26 1.29 —
L 136 1.35 1.35 1.34 1.36 1.34 1.36 1.35 —

“Values in 6, ppm downfield from (CH,),Si in (CD,),SO and CDC/; (values in italics) at 25°C. ° 9-CH,.
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Figure 3. Partial '"H-NMR spectra showing concentration dependence in CDCl, solvent of the dipyrrinone

lactam and pyrrole NH chemical shifts o (E) (leﬁ) and (2)- 3 (right). The lactam NH is more shielded in (E)-
3, but more deshielded in (£)-3.
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UV-Visible Spectra. Z-Dipyrrinones are typically bright yellow compounds with an intense
absorption near 400 nm. >'%" The corresponding excitation of E-dipyrrinones is roughly half as
intense (see Fig. 5) and crystals of the E-isomers of this work are not as strongly yellow as the

corresponding Z-diastereomers. The E-isomer long wavelength A, is hypsochromically shifted
from that of the (Z) by ~20 nm, while the shorter wavelength 4, is bathochromically shifted.
Only small solvent shifts in the UV-vis spectra are detected over a w1de range of solvent polarity
(Table 3). Interestingly, the long wavelength band in (Z)-3 (or 1-4) is split, suggesting two
transitions not seen in the UV-vis svectra of (Z)-5, or (E)-3. In both the Z- and E-isomers of 1-4,
the shorter wavelength band near 260-280 nm is also split, but that was not detected in 5.

a8
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Slow (£ = Z) photoisomerlzatlon of (E)-2 was observed upon low intensity light irradiation
(370 nm monochromatic light from a 500 W tungsten-halogen lamp), as detected by '"H-NMR for
the appearance of a second set of signals corresponding to Z-isomer. With unfiltered light from
a 100 W mercury lamp, E ‘= Z photoisomerization was rapid, to a photoequilibrium, E:Z < 1:3.
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Table 3. UV-vis Data for Dipyrrinones (£)-3 and (2)-3
CO,Et CO,Et
H H
n E z
TS — /
(@] Z(Q\ N // <§/./NH HN\_(>
—
/ | \
CO,Et COzEt
Solvent e™* (A, nm) €™ (A, mm) €™ (A, nm) €™ (A, nm)
CHCI, 17,000 (377) 16,200 (278)™ 24,200 (402) 23,700 (259)
20,600 (262) 30,300 (382) 22,900 (254)Sh
THE 13,800 (364) 18,600 (273) 23,500 (399) 23,600 (258)
21,600 (261) 30,000 (378) 21,200 (252)Sh
CH;CO,Et 14,400 (362) 18,000 (273)5'n 24,500 (396) 23,900 (258)
21,300 (260) 31,100 (376)
CH;CN 14,500 (362) 17,900 (273) 21,900 (392)Sh 23,400 (257)
21,100 (260) 28,400 (374) 21,200 (251)"
CH,0H 15,000 (370) 19,500 (276) 27,500 (400) 25,000 (258)
22,100 (262) 32,400 (380) 22,200 (251)
(CH,4),SO 14,200 (367) 18,600 (276) 29,300 (405) 22,600 (261)
21,000 (263) 33,500 (383)
V RPN s LY o s
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E-Dipyrrinones are typically unstable with respect to their Z-isomers; yet, synthesis of dipyrri-

nones with electron-withdrawing groups at C(9), e.g., carboethoxy, appear to afford unusual sta-
bility to the E-diastereomers. The dipyrrinone-forming Wittig-type condensation reactions of this

1 PPN 1~ ats P ——

ArAant oo Alatla 13 R
COUILLICL ad tllC lbUldUIC l\lllCle pl UUULL Wlllb[l Ullly blUle Ccomnverts to kL)

X7

work give the E-diastere
On the other hand, when the electron-withdrawing C(9)-carboethoxy group is replaced by methyl
or hydrogen, only Z-isomers are isolated in dipyrrinone-forming reactions. The current studies
suggest that E-1somers of 10-oxo-bilirubin, a proposed metabolite formed in altemate pathways

I‘I\W\“I\DDI" f\p "“Ir\ Vs IY\‘VW;Y\I\Y‘\QG r'ad '\ﬂr‘\ﬂf\fﬂ ™ 0 1 FU "“{\f‘mh E_;nnmarn " f\fl\(\“\ﬂmlnﬂ]]‘l
VUILLIPUOSLVAUL UL LWU UL )’Ll 1HIULILD Lullivuwivu v a.il ‘\_/112, LOLLID LA 71DULLIVID yuutuuupuuuau all
during neonatal phototherapy, but they are known to be unstable and readily revert to Z.
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General Methods. Nuclear magnetic resonance spectra were obtained on a GE GN-300 or Varian
Unity Plus spectrometers operating at 'H frequency of 300 MHz or 500 MHz, respectively. Unless

otherwisge snecified. CDCI. solvent \xras used throuchout and chemical shifts were rgpnﬁed n o

PWVILIVAL, R A/R1y SULY VLI VY U U vUglIvUL GQiid vidviiliv LALA OGS VY Wi

ppm referenced to the residual CHCl, 'H signal at 7.26 ppm and CDCl, Be signal at 77 00 ppm.
A J-modulated spin-echo experiment (Attached Proton 7est) was used to obtain tne "L NMR
assignments. A double pulsed field gradients spin echo experiment was used for H{ H}—NOE

measurements.”  All ultraviolet-visible spectra were recorded on a Perkin-Elmer Lambda-12

spectrophotometer. Gas chromatography-mass spectrometry analyses were carried out on Hewlett-
Danbard SQONA ~nmillarm: aac ~lrmimamtmogrnmit 720 102 YD 1 Anlizmanm) asviim
racxarda JoYUAC p1u Y £as Cirorl mtugx apu \.)U i UD-1 \,muuux) equipped w it“‘ Hew tt-Pac‘ kard

silica gel IB-F plates (125 pm 1ayer). Radial chromatography was carried out on preparative layer
grade Merck silica gel PFW, with CaSO, binder using a Chromatotron (Harrison Research, Inc.,
Palo Alto, CA) with 1, 2, or 4 mm thick rotors. Melting points were determined on a Mel-Temp
capillary apparatus and are uncorrected. Combustion analyses were carried out by Desert
Analytics, Tucson, AZ.

The spectral data were obtained in spectral grade solvents (Aldrlch or Fischer). HPLC grade
solvents were dried and purified following standard procedures. 6

The starting compounds, ethyl 3,5-dimethyl-4-ethyl-1H-pyrrole-2-carboxylate ( 11),15 ethyl

Llido 1 Je

=t
-ty

yl-4-(2-ethoxycarbonyl)ethyl-1 H-pyrrole-2-carboxylate (13), ethyl 4,5-dimethyl-3-(2-
ethoxycarbonyl)ethyl—1H—pyrrole—2 -carboxylate(14), 8 4 ethyl-S-methyl-Satosyl -1,5-dihydro-
2H-pyrrol-2-one (15),” 3-ethyl-4-methyl-2-tosyl-1H-pyrrole (16), ~ 2,4-dimethyl-3-ethyl-1H-

17¢,27

pyrrole (17), were synthesized as previously described. The a-methyl groups of 11-14 were

oxidized to formyl groups using ceric ammonium nitrate as indicated below.

General procedure for synthesis of aldehydes 6-9. To a solution of 10 mmol a-methyipyrrole
(11-14) in 60 mL of THF cooled to 0°C, 60 mL of acetic acid, and 60 mL of H,0 was added at
once ceric (IV) ammonium nitrate (22.5 g, 41 mmol), and the mixture was stirred at 0°C for 1 h.
W... T ( 00 mL ) was added, and the product was extracted with CH,Cl, (4 x 70 mL). The
with H,O (3 x 100 mL), dried (anh. MgS0,), and filtered.

The solvent was evaporated under vacuum to afford the crude product, which was purified by
radial chromatography on silica gel and recrystallized (from EtOAc / hexane) to afford pure a-

formyl pyrrole.

Ethyl 4-ethyl-5-formyl-3-methyl-1H-pyrrole-2-carboxylate (6). Obtained in 58% yield. It had
P . ey s o D 281 I'\I\Df“z\ ll'l' s + —_— L d

mp 92-93°C (Lit. mp 87-89°C;™" lit. mp 90°C™"); "H-NMR: 6 1.20 (3H, ¢, J=7.6 Hz), 1.38 (3H,
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e &te yvluu‘,ll, ¥y 47, ik ulalllllcl fAIcuruncwiIvn JJ (1 454y vOUs a1 FRAVLOLS LV,
t TI=7 1 =) 220/2T &Y D T4 MT A~ T=T7 L IT-N AL OLT ~ T—T7 1 1T O ANV F1IT lam oY O 777 711T
LTI LML)y £ T\ DXLy D)y L ITTNLLL, Y, V0 M1L), 00 (L0, {, I /.1 112, Y 4L (1K1, 01.8), Y./ 7 (111,
AN 13/\_\7\'“ Al e 4 4 ~- PRV Y 4 o e P PPN - P P P s o o
s)ppm; LU-NMR: 095.45, 14.23,16.32, 16.70, 60.77, 124.56, 126.12, 129.33, 136.67, 160.92,
179.14 ppm; MS, m/z (rel abund.): 209 (M 74%), 180 (24%), 162 (45%), 148 (37%), 135

(100%) amu.

Ethyl 5-formyl-4-(methoxycarbonyl)methyl-3-methyl-1H-pyrrole-2-carboxylate (7). Ob-
tained in 59% yield. It had mp 91-92°C; 'H-.NMR: & 1.38 (3H,t,J=7.1 Hz), 2.31 (3H, s5), 3.71 (3H,
s), 4.36 (2H, q, J=7.1 Hz), 9.63 (1H, br.s), 9.78 (1H, s) ppm; “C-NMR: 6 9.76, 14.29, 29.32,
52.33,61.02, 124.42, 125.28, 127.37, 130.30, 160.76, 170.81, 179.49 ppm; MS, m/z (rel. abund.):

253 (M", 31%), 225 (40%), 194 (19%), 175 (19%), 166 (48%), 148 (100%), 120 (34%), 92 (19%)

Qiiiva.

Ethyl S-formyl-4-(2-ethoxycarbonyl)ethyl-3-methyl-1H-pyrrole-2-carboxylate (8). Obtained
in 65% yield. It had mp 61-62°C (lit. mp 62-63 °C>%); "TH-NMR: & 1.22 (3H, t, J=7.1 Hz), 1.37

(20T + LIy D20 /210 <\ D) K& /YL 4 —7 A LT\

T 1 N< (9
(3H, t,J=7.1 Hz), 2.30 (3H, s), 2.55 (2H, t, J=7.4 Hz), 3.05 (2H

.4HZ) 410 U n q,J—/ 1
Hz), 4.35 (2H, q, J=7.1 Hz), 9.51 (1H, br.s), 9.81 (1H, s) ppm; ~C-NMR: & 9.63, 13.99, 14.18,
18.67, 35.04, 60.46, 60.81, 124.44, 126.40, 129.86, 131.93, 160.82, 172.17, 179.69 ppm; MS, m/z
(rel. abund.): 281 (M", 47%), 253 (55%), 236 (40%), 207 (56%), 179 (61%), 162 (90%), 148
(100%), 134 (73%), 120 (50%) amu.

=
07
N
O‘\

Ethyl 5-formyl-3-(2-ethoxycarbonyl)ethyl-4-methyl-1H-pyrrole-2-carboxylate (9). Obtained
in 34% yield. It had mp 85-86°C; 'H-NMR: 8 1.23 (3H,t,J=7.1 Hz), 1.37 (3H, t,J=7.1 Hz), 2.33
(3H, s), 2.54 (2H, t, J=7.5, 8.1 Hz), 3.03 (2H, t, J=8.1, 7.5 Hz), 4.11 (2H, q, J=7.1 Hz), 4.35 (2H,

q, J=7.1 Hz), 9.54 (1H, br.s), 9.77 (1H, s) ppm; BC.NMR: & 8.29, 14.06, 14.10, 19.69, 34.52,
60.25,60.99, 124 .38, 129.53, 129.69, 130.02, 160.43, 172,78, 179.20 ppm; MS, m/z (rel. abund.)
281 (‘v’+', 34%), 236 (17%), 207 (100%), 194 (41%), 178 (34%), 167 (37%), 148 (41%) amu.
Anal. Calcd. for C,H,(NOg: (281.3):  C,59.77; H, 6.81; N, 4.98
Found: C, 59.71; H, 6.88; N, 5.20

1yl- s oxychloride (18.6 mL, 0.2 mol)
was added to cooled nitrogen-blanketed a nhydrouq dlmethylformamlde (15.5 mL, 0.2 mol) over
10 min. After stirring for 10 min at 0°C, to the solidified Vilsmeier complex was added 60 mL
of dry 1,2-dichloroethane followed by a solution of 12.5 g (0.1 mol) kryptopyrrole 17 in 70 mL

of 1,2-dichloroethane over 10 min. The mixture was warmed slowly (30 min) and then heated at

reflny far 1 h A fter coolino a solution of 62 5¢ of sodium acetate trihvdrate in 100 mL of H,O

AVAEILUN IVl 1 1hke 4L RAbWi WAN/N/ALIX b LLLLLLLLLLLLLLLL A WINSNAAwEAAA Sew =J 4
A 1 ab e ao hammtad Aé onfly e 2N 1 A frar rnanling tha aAanannce laver wac

was aadaeq, and tneé mixure was neattd 4ai ré1iux 10r ov Iiliil. ALK COULITE, UL aquiuus iaytl wads
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separated and extracted with CH,Cl, (2 x 50 mL). The combined organic extracts were washed
with H,O (3 x 100 mL), dried (Na,SO,) and filtered through a silica gel pad. The solvent was
evaporated under vacuum, and the resulting solid was recrystallized from ethanol/water to afford

11.84 g (78%) of aldehyde 10. It had mp 103-104°C (lit. mp 105-106°C,>"** lit. mp 108-
109° (“‘33\ H-NMR: § 1.05 (3H f I= 761]7\ 295 (3H q\ 72726 (3H c\ 27 IR (‘)H I 76 H2)

AN S LaTINAVAAN, U L VS \Saay PO ALy Lol \Siiy LS (SR Ry e d O\ Lk 2y feN LA,

9.45(1H,s),9.74 (1H, br.s) ppm; PC-NMR: 3 8. 65, 11 36, 15.00, 16.87, 124.76, 127 70, 132.44,

136.43 175.38 ppm; MS, m/z (rel. abund.): 151 (M", 42%), 136 (100%), 107 (8%) amu.

General procedure for the syntheses of dipyrrinones 1-5. To a mixture of 2 mmol of tosyl lactam
yd (6-10), 1.10 mL (44mmnl\nfm n-bu ] hosphin

(15), 2 mmol of the corresponding aldetl 10sphine
\=~7 el ~ r> o

and 20 mL of anhydrous THF under N, was slowly added a solution 6f 0.33 mL (2.2 mmol) of
DBU in 5 mL of THF. The mixture was stirred and protected from light for 6 h. It was diluted

with 150 mL of CH,Cl,, washed with 1% aq. HCI (70 mL), H,O (3 x 70 mL), dried (anh. MgSO,)
and filtered. The solvent was evaporated under vacuum, and the crude mixture was separated by
radial chromatography on silica gel, eluting with 1-3% of a gradient CH,OH in CH,Cl,. After

evaporation of the pure fractions, the polar E-isomer was recrystallized from ethyl acetate- hexane,
and the nonpolar Z-isomer, from methanol.

(E)-3,7-Diethyl-2,8-dimethyl-9-ethoxycarbonyl-1,10-dihydro-11H-dipyrrin-1-one[(£)-1]. The
polar isomer was obtained in 56% yield. It had mp 209-211°C; 'H.NMR: 6 0.96 (3H,t,J=7.6

i of v

ZY 105 (3H. t =76 HZ). 1.36 (3AH.t. J=7.1 HZ). 1.93 (3H.5). 2.31 (3H. s) ‘42(2H a J=7.6
Alb/, 1.UJ \JJA’ L, o I «\J llb}, T \_}AL, L, J I AL ], o7 7 \JLL, W)y L i \JAL’ u, et 9 \.1,
Hz), 2.43 (2H, q, J=7.6 Hz), 4.32 (21, q, J=7.1 Hz), 6.14 (1H, 8), 7.33 (1H, br.s), 8.62 (1H, br.s)
ppm; BCNMR: 6 8.60, 10.36, 13.40, 14.48, 15.23, 17.69, 19.10, 60.01, 102.16, 119.39, 126.35,

126.73, 128.05, 132.35, 139.15, 144.69, 161.58, 171.96 ppm.
Anal. Calcd. for C,H,,N,0,: (316.4): C, 68.33; H, 7.65; N, 8.85.

Found: C,68.11;H, 7.76; N, 8.80.
(2)-3,7-Diethyi-2,8-dimethyi-9-ethoxycarbonyi-1i,i0-dihydro-11H-dipyrrin-i-one[(Z)-1]. The
nonpolar isomer was obtained in 6% yield. It had mp 185-186°C; 'H-NMR: 6 1.10 (BH, t,J=7.6
Hz), 1.18 (3H, t, J=7.6 Hz), 1.35 (3H, t,J=7.1 Hz), 1.95 (3H, s), 2.30 (3H, 5), 2.51 (2H, q, J=7.6

Hz), 2.52 (2H, q, J=7.6 Hz), 4.32 (2H, q, J=7.1 Hz), 5.97 (1H, s), 8.41 (1H, br.s), 9.04 (1H, br.s)

13
ppm; “C-NMR: & 8.27, 10.29, 14.46, 14.60, 15.73, 17.53, 17.91, 60.10, 97.37, 121.78, 126.74,
12 6

6.95,127.41, 130.28, 133. 99 147. 91 161.44, 174.23 ppm.
Anal. Caled. for C,(H,,N,05: (316.4):  C,68.33; H, 7.65; N, 8.85.
Found: C,67.98; H, 7.62; N, 8.79.

5

(E)-3-Ethyl-2,8-dimethyl-9-ethoxycarbonyl-7-(methoxycarbonyl)methyl-1,1 0-dihydro-11H-
- ™ A1 1 : cirma ~iatimad t A0/ iald T laad e 18Q_160° 1!.]_
dlpyrrln—l-one [( )-Z]. '1he polar 1sOmer was 0otlained i 4 /7o yicid. it nad nip 107-10v L, 11
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Leleyel v, & 4 ancQivn oI (1777) 1V0/71—1U00U U80S
NMR: §0.89(3 t I=76H2)Y 12§/ ¢ T=7 1 >\ 1 QN LT o) 792 /LT ~ T—77 £ 1T\ 9 70
LNiVAX . \D1L, 4L, I/ U KR4y, L. O\, L, UL XL, LIV DI, D), L.40 \4DL, 4, )T /. VL), &.L7
(3H, s), 3.43 (2H, s), 3.65 (3H, s), 4.30 (2H, q, J=7.1 Hz), 6.17 (1H, s), 8.27 (1H, br.s), 9.13 (1H,
13
br.s) ppm; "C-NMR: 6 8.60, 10.55, 13.35, 14.47, 18.99, 30.19, 52.01, 60.18, 100.80, 117.88,

119.54, 127.61, 127.78, 132.83, 140.22, 144.72, 161.42, 171.60, 171.69 ppm.
Anal. Caled. for CgH,,N,O,: (360.4): C, 6332 H,6.71; N, 7.77.
Found: C, 63.05; H, 6.86; N, 7.69.

(£)-3-Ethyl-2,8-dimethyl-9-ethoxycarbonyl-7-(methoxycarbonyl)methyl-1,10-dihydro-11H-
dipyrrin-l-one [(Z2)-2]. The nonpolar isomer was obtained in 11% yield. It had mp 183-184°C;
'H-NMR: & 1. 18 (3H, t,J=7.6 Hz), 1.34 (3H, t, J=7.1 Hz), 1.93 (3H, s), 2.30 (3H, ), 2.51 (2H, q,

Vs

J1=7.6 Hz), 3.51 (2H, s), 3.70 (3H, s), 4.31 (2H, g, J=7.1 Hz), 5.99 (1H, s), 9.08 (1H, br.s), 9.41
o~ i e\rs Llul - ansd A A-A ul A\ \-/ R \J}, +e’ i A, \1, AAL/’ -t e ST \\LLL’ U/, ARV AW § \J»-l.l’ Ul-\)}, A i §
FT1TT lawe A\ cacasans 13f‘\T\ln, RO 1IN EN 1A AA 1A AN 177 0Q IN DT &N MY L'f\ﬂ’“’ NL £O 110 A1
(1, or.§) ppm; C-NMR! 0 6.2Y, 1U.DU, 14.44, 14,49, 1/7.88, 3U.57,52.23,00.2/, 96.08, 119.41,
121.61, 127.59, 127.68, 128.83, 135.64, 147.77, 161.35, 171.92, 174.01 ppm.
Anal. Caled. for C,(H,,N,0s: (360.4): C,63.32; H,6.71; N, 7.77.
Found: C, 63.24; H, 6.69; N, 7.83.
2 Déhwl Y Q dirvantherl nthavernavrhans, l- nnnnnnnnnnn MNathol 1 10 Ailhwrdsen 11 L7
\L)"J"I‘Jluyl"LqO'ullllClll‘yl‘7'Cl.llUAyLal UUllyl' \ Aybal IJUllJ’l}Cluyl-l,lU'ulllyul U=-111fI"-
an - o moim lix
dipyrrin-i-one [(£)-3]. The polar isomer was obtained in 50% yield. It had mp 160-162°C; H-

NMR: 6 0.94 (3H, t, J—7.6 Hz), 1.22 (3H, t, J=7.1 Hz), 1.36 (3H, t, J=7.1 Hz), 1.93 (3H, s), 2.27
(2H, q, J=7.6 Hz), 2.31 (3H, s), 2.43 (2H, t, J=7.5, 8.0 Hz), 2.75 (2H, t, J=8.0, 7.5 Hz), 409(2H
q,J=7.1 Hz), 4.31 (2H, q, J=7.1 Hz), 6.19 (111, s), 7.51 (1H, br.s), 8.71 (1H, br.s) ppm; BC.NMR
6 8.61, 10.43, 13.38, 14.16, 14.47,19.08, 19.90, 34.89, 60.09, 60.44, 101.40, 119.52, 124.02,

126.94, 126.98, 132.72, 139.64, 144.59, 161.43, 171.64, 172.82 ppm.
Anal. Caled. for C, H54N,O5: (388.4):  C, 64.93; H, 7.27; N, 7.21.
Found: C,64.75;H,7.17; N, 7.19.

(NALEFthvl.? Q. dimethvi-O_athavvecarhanvl-7-(2-athoavvearhonvlethvl-1 10.dihvdro-11H-
\.‘J’ -~ ‘J‘»uJ x "U u..l.y“l..’ a rd \I‘IIU“J wiAR MVIIJ L ‘- \v‘uvﬂ_y wesn uvll.J llUI.I.IJ A ’l AV “IIIJ AR W A ARAR
e 1 7 27 SR wis obtained in 7% vield. It had mp 147-148°C:
(l pyrrlﬂ-l -0ne | (£)- J_] nonpoiar lbUfnCl WwdS 0ODLl4dinea in /7o yicid. 1t L 1 14/-1940 L,

e i
"H-NMR: & 1.19 (3H, t, J=7.6 Hz), 1.22 (3H, t, J=7.1 Hz), 1.34 (3H, t, J=7.
2.30 (311, s), 2.46 (2H, t, J=7.4, 7.8 Hz), 2.53 (2H, q, J=7.6 Hz), 2.84 (2H, t, J=7.8, 7.4 Hz), 4.10
(2H, q, J=7.1 Hz), 4.31 (2H, q, J=7.1 Hz), 6.06 (1H, s), 8.70 (1H, br.s), 9.23 (1H, br.s) ppm; C-

NMR: 88.29, 1042, 14.17 14.46, 14.55, 17.91,19.71,35.26, 60.20, 60.50, 97.18, 121.81, 126 21,
05, 127.18, 128.06, 134.59, 148.11, 161.36, 172.91, 174.19 ppm
Anal. Caled. for Cp H,N,O5: (388.4):  C,64.93; H, 7.27; N, 7.21.
Found: C, 64.79; H, 7.27; N, 7.20.

!-8-(Z—ethoxycarb 1yl)ethyl-1,10-dihydro- 11H-
obtained in 59% yield. It had mp 152-153°C; 'H-
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UUUUU S LB ajie 1et it 30 (555 106/ 1—10066
NMDR: AN01 /1T ¢+ T=7TAT>) 1298 /2H ¢ T=7 1 ) 1 2A /2L ¢ T—=7 1 LI} 1 Q2 /21T <) D NN
NMIRD OV 0m, L, o=/.002), 1.2 5, L, a=/.1 11Zj), 1.00 (51, L o=/1 nZ), 1.95 {911, §), .UV
/ATY N M MO AT T oA o ~ fATYT i T_ O A o owT N T~ oATT
(3H, s), 2.28 (2H, q, J=7.6 Hz), 2.53 (ZH, t, J=7.6, 8.3 Hz), 3.04 (2H, t, J=8.3, 7.6 Hz), 4.12 (2

q,J=7.1 Hz), 4.32 (2H q,J=7.1 Hz), 6.10 (1H, s), 7.58 (1H, br.s), 8.72 (1H, br.s) ppm,; e NMR
6 8.50, 9.31, 13.29, 14.18, 14.30, 18.96, 20.72, 35.03, 60.17, 60.21, 101.99, 119.11, 120.84,
127.26, 129.89, 132.28, 139.78 144.79, 161.15, 172.09, 173.10 ppm.
Anal. Calcd. for C, H,4gN,O5: (388.4):  C,64.93; H,7.27; N, 7.21.
Found: C,664.68;H,7.42;N,7.17.

(£)-3-Ethyl-2,7-dimethyl-9-ethoxycarbonyl-8-(2-ethoxycarbonyl)ethyl-1,10-dihydro-11H-
dipyrrin-1-one [(Z)-4]. The nonpolar isomer was obtained in 9% yield. It had mp 190-191°C;

"TH-NMR: 6 1.18 (3H, t, J=7.6 Hz), 1.25 (3H, t, J=7.1 Hz), 1.35 (3H, t, J=7.1 Hz), 1.95 (3H, s),
-~ 1N /1Y ,.:\ N LN IITT T ’1['Yv~_\ N £ NI T 4 T—"7 =7 VIT=Y INAMNMIT 4 T0 D 7 77 IV A 1D
2.10(3n, 8), 2.52 (21, q, J=7.6 Hz), 2.53 (ZH, t, J=7.7, 8.3 Hz), 3.04 (20, t, J=8.3, 7.7 HZ), 4.15

; , 8.
(2H, q, J=7.1 Hz), 4.32 (2H, q, J=7.1 Hz), 5.96 (1H, s), 8.66 (1H, br.s), 9.24 (1H, br.s) ppm; "C-
NMR: & 8.27,9.22, 14.23, 14.31, 14.60, 17.88, 20.66, 34.96, 60.27, 60.29, 97.42, 121.53, 123.09,
127.09, 128.22, 129.96, 134.21, 147.90, 160.96, 173.23, 174.29 ppm.
Anal. Calcd. for C,,H,gN,Oq: (388.4):  C,64.93; H,7.27; N, 7.2
7.2

N e L F(CI(\U’71Q\T
rounda: L, 03,17, 11, /.10, IN,

(£)-3,8-Diethyl-2,7,9-trimethyl-1,10-dihydro-11 H-dipyrrin-1-one [(Z)-5, kryptopyrrometh-
enone] This isomer was obtained in 6% yield. It had mp 252-253°C (lit. mp 248-250°C, 170,34
50-251°C'*®); '"H-NMR: 6 1.07 (3H, t, J=7.6 Hz), 1.17 (3H, t, J=7.6 Hz), 1.95 (3H, s

—’

75

1M A I=76H2)Y 2422 &Y 285U A T=7TE6H2Y £ 15(1HH ¢ INAWE (TH
1 (411, {,0=/.017), £.9410r11, 5, 2.55 (L, 4, J=/7.0 014 ), V.10 (111, §5), LU.JJ {111,

\
1.31 (1H, br.s) ppm; "C-NMR: & 8.49, 9.50, 11.48, 15.05, 15.42, 17.44, 17.95, 101.22

o !
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