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Experimental Section

All reactions were carried out in oven-dried glassware under an inert atmosphere of nitrogen or argon.
Air- and moisture-sensitive compounds were introduced via syringe or cannula and weighed in a dry-box.
Reactions involving light sensitive compounds were carried out wrapped in foil. Melting points are
uncorrected and were measured on a Fisher-Jones melting point apparatus. 1H NMR spectra were
recorded at 500 MHz and are expressed as ppm downfield from. tetramethylsilane as an internal standard.

Z3-[5-(3E-Ethylidene-4R-methyl-S-oxo-pyrrolidin-z-ylidenemethyl)-Z-formyl-4-
methyl-1H-pyrrol-3-yl]-propionic acid methylester (10). A solution of 534 mg (1.22 mmol,
1.00 eq) of lactone 14 in 10 ml of freshly distilled THF was fitted with a dry icefacetone condenser,
cooled to -78 °C under argon, and treated dropwise with 10 mL of dry liquid NH,. After addition was
complete, the orange reaction solution was maintained at reflux (-33 °C) for 1.5 h, and then allowed to
warm slowly to rt to evaporate excess NH,. The remaining solution was concentrated to dryness under an
argon stream and without purification was disolved in 20 mL of CHCI,, treated with 44.3 mg (100 uL,
1.22 mmol, 1.00 eq) of 12 N HCl and stirred vigorously at rt under argon for 24 hr. The reaction mixture
was then partitioned between CH,CI, and ice cold NaH,PO,/Na,HPO, buffer (pH 7) and the aqueous
layer was extracted with 3 x 5 mL of CH,Cl,. The combined organic extracts were dried (Na,S0,),
filtered, concentrated under reduced pressure and chromatographed (silica gel; 30-60% EtOAc/pet ether) to
afford 383 mg (95 %) of 10. Recrystallization from EtOAc/pet ether afforded 10 as yellow-green needles,
mp 185-86 °C; [0L]28D - 6.47° (c =27.1, CHCl,); R; 0.50 (silica gel, 50% EtOAc/pet ether); UV-vis
(MeOH) A,,,nm (log €): 262 (4.05), 384 (4.40); IR (film) 3320, 1720, 1610, 1290 cm; 500 MHz 'H
NMR (CDCl,) & 1.42 (d, J = 7.5 Hz, 3H), 1.88 (d, J = 6.5 Hz, 3H), 2.07 (s, 3H), 2.59 (t, J = 8.0 Hz,
2H), 3.06 (t, J =7.5 Hz, 2H), 3.24 (q, J = 7.5 Hz, 1H), 3.67 (s, 1H), 5.76 (s, 1H), 6.26 (dq, J=7.5
Hz, J =2.0 Hz, 1H), 9.55 (s, 1H); 125 MHz NMR (CDCL,) § 9.21, 14.87, 16.38, 19.49, 35.82, 38.36,
51.90, 85.37, 120.47, 129.56, 135.88, 136.58, 136.67, 137.25, 172.97, 175.62, 180.29; Anal. Calcd
for C,;H,,N,0,: C, 65.44; H, 6.71; N, 8.48. Found: C, 65.33; H, 6.65; N, 8.39.

Pyrromethenone '“C,;-10. This material was prepared in 95% yield in identical fashion as for
pyrromethenone 10 above, employing 76 mg (0.17 mmol, 1.0 eq) of lactone C,,-14, and 3 mL of
condensed NH, in 3 mL of THF for 1.5 hr, then treated with 6.3 mg (14 pL, 0.17 mmol, 1.0 eq) of 12N
HClin 7 mL of CHCI, for 24 hr. Chromatography afforded 54 mg (95%) of '*C,,-10 as a yellow-green
solid, mp 184-85 °C; R, 0.50 (silica gel, 50% EtOAc/pet ethe_:r); UV-vis (MeOH) A, nm- (log €): 260
(4.02), 380 (4.45); IR (film) 3320, 1730, 1570, 1440 cm’'; 500 MHz 'H NMR (CDCL,) & 142 (d, J =
7.1 Hz, 3H), 1.88 (d, J = 7.3 Hz, 3H), 2.07 (s, 3H), 2.59 (t, J/ = 7.5 Hz, 2H), 3.06 (t, J=7.5 Hz,.2H),
3.24 (q, J = 7.7 Hz, 1H), 3.67 (s, 3H), 5.76 (s, 1H), 6.28 (dq, J = 7.3 Hz, J = 2.0 Hz, 1H), 9.51 d, J
= 174.5 Hz, 1H); 125 MHz “C NMR (CDCL,) § 9.22, 14.88, 16.38, 19.50, 35.79, 38.33, 5191,
85.31, 120.65, 121.16, 129.18, 129.78, 136.29, 136.54, 136.64, 137.51, 172.95, 175.04, 180.26.

Pyrromethenone ent-10. This material was prepared in 93% yield in identical fashion as for
pyrromethenone 10 above, employing 244 mg (0.555 mmol, 1.00 eq) of lactone ent-14 and 5 mL of
condensed NH, in 5 mL of THF for 1.5 hr, then treated with 20 mg (46 ul, 0.56 mmol, 1.0 eq) of 12 N
HCI for 24 hr. Chromatography afforded 171 mg (93%) of ent-10 as yellow/green solid, mp 185-186 °C;
[0]%, +6.49° (¢ = 17.9, CHCL,). IR and 'H NMR are identical to those of pyrromethenone 10.

Pyrromethenone ens-'*C,-10. This material was prepared in 91% yield in identical fashion as ent-
10 above, employing 102 mg (0.231 mmol, 1.00 eq) of lactone ent-"*C,, 14 and 3 mL condensed N H; in
3 mL of THF for 1.5 hr, then treated 8.5 mg (19 LLL, 0.23 mmol, 1.0 eq) of 12N HCI for 32 hr.
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Chromatography afforded 70 mg (91%) of ent-"C ,,-10 as yellow green solid, mp 184-85 °C; having IR
and 'H NMR that are identical to those of pyrromethenone C,-10.

3-[4-Methyl-5-(3-methyl-5-0x0-4-vinyl-1,5-dihydro-pyrrol-2-ylidenemethyl)-1H -
pyrrol-3-yl]-propionic acid methylester (11). A solution of 32 mg (0.065 mmol, 1.0 eq) of
selanylpyrromethenone 20 in 5.0 mL of dry THF was cooled to —78 °C and treated dropwise with a 0 °C
solution of 11 mg (0.065 mmol, 1.0 eq) of m-CPBA in 0.5 mL of dry THF. The resulting solution was
stirred at =78 C for 45 min, diluted with 50 mL of CH,Cl, and treated with K,HPO,/KOH buffer pH 12.
The frozen mixture was slowly warmed to 0°C and stirred for additional 2 hr, then partitioned between
CH,C1, and ice cold pH 12 K,HPO,/KOH buffer. The organic layer was washed with H,O, dried
(Na,SO,), filtered and concentrated under reduced pressure. The residue was purified by flash
chromatography (silca gel, 30:70 EtOAc/pet ether) to afford 19 mg (99%) of yellow solid, mp 152-53 °C;
R, 0.40 (30% EtOAc/pet ether); 500 MHz 'H NMR (CDCl,) § 2.17 (s, 3H), 2.23 (s, 3H), 2.58 (t, J =
7.3, 2H), 2.79 (t, J = 7.3 Hz, 2H), 3.70 (s, 3H), 5.48 (dd, /= 11.6 Hz, J = 2.4 Hz, 1H), 6.26 (s, 1H),
6.33 (dd, J = 17.46 Hz, J = 2.2 Hz, 1H), 6.62 (dd, /= 17.7 Hz, J = 11.5 Hz, 1H), 6.83 (d, /= 2.8
Hz), 10.31 (bs, INH), 11.00 (bs, INH); Anal. Calcd for C;H,,N,O,: C, 67.98; H, 6.71; N, 9.33.
Found: C, 67.92; H,6.67; N, 9.36.

3-(2-Formyl-5-iodo-4-methyl-1H-pyrrol-3-yl)-propionic acid methylester (**C-13).}
A solution of 266 mg (1.05 mmol, 1.00 eq) of 5-"C-Formyl-4-(2-methoxycarbonyl-ethyl)-3-methyl-1H-
pyrrole-2-carboxylic acid” in 20 mL of MeOH was treated with a solution of 605 mg (7.20 mmol, 6.5 eq)
of NaHCO; in 20 mL of H,O, stirred at rt for 20 min to which was added dropwise a solution of 267 mg
(1.05 mmol, 1.00 eq) of I, in 20 mL of MeOH. After addition was complete, the reaction mixture was
stirred at rt for an additional 2.5 hr, treated with ice cold 1.0 M Na,S,0, and partitioned between CH,Cl,
and ice cold NaHCO,. The aqueous phase was extracted with 2 x 25 mL CH,Cl, and the combined
organic extracts were dried (Na,SO,), filtered, concentrated under reduced pressure and chromatographed
(silica gel, 10-30 % EtOAc/ pet ether) to afford 314 mg (89%) of "’C- labeled iodopyrrole *C-13,' mp
92°C; R,0.45 (30% EtOAc/pet ether); 500 MHz 'H NMR (CDCl,) § 2.01 (s, 3H), 2.57 (t, J = 7.6, 2H),
3.06 (t, J =7.6, 2H), 9.43 (d, J = 176.2, 1H), 9.50 (bs, 1H); 125 MHz *C NMR (CDCl,) § 11.83,
19.75, 35.36, 52.10, 126.41, 132. 69, 133.43, 133.93, 172.83, 176.63.

3R-{5-[35-(1-Benzyloxy-ethyl)-4R-methyl-5-oxo-dihydro-furan-2-ylidenemethyl]-2-
formyl-4-me/thyl-1H-pyrr01-3-yl}-propionic acid methylester (14). A solution of 450 mg
(1.40 mmol, 1.00 eq) of iodopyrrole 13,' 380 mg (1.54 mmol, 1.10 eq) of alkyne acid 12, 162 mg
(0.140 mmol, 0.100 eq) of Pd(PPh,),, and 319 mg (1.40 mmol, 1.00 eq) of BnNEt,Cl in 11.0 mL of dry
CH,CN and 1.95 mL (14.0.mmol, 10.0 eq) of Et;N was degassed under argon for 10 min, and was then
subjected to 5 freeze-thaw cycles and covered with Argon. The mixture was heated to reflux (oil bath: 58
°C) for 18 hours, cooled to rt and solvent was removed under reduced pressure. The resulting dark brown
residue was partitioned between CH,Cl, and H,O, and the aqueous phase extracted with CH,Cl,. The
combined organic extracts were washed with brine, dried (Na,SO,), filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography (silica gel, 10-30% EtOAc/hexanes)
to afford 534 mg (87%) of enelactone 14° as a light yellow oil. R, 0.50 (50% EtOAc/pet ether); UV-vis
(MeOH) A .nm (log €): 212 nm (4.15); 340 nm (4.10); IR (film) 3270, 1810, 1730, 1640 cm™"; 500 MHz
'H NMR (CDCl,) 8 1.32 (d, J = 7.5 Hz, 3H), 1.38 (d, J = 6.0 Hz, 3H), 2.01 (s, 3H), 2.55 (t, J= 7.5
Hz, 2H), 3.00 (t, J = 7.5Hz, 1H), 3.59 (m, 1H), 3.68 (s, 3H), 4.64 (dd, J =103.5 Hz, J= 11.5 Hz,
2H), 6.38 (s, 1H), 7.30 (m, 4H), 9.46 (s, 1H), 10.80 (s, 1H); 125 MHz "C NMR (CDCl,) & 8.82,
16.88, 18.04, 19.43, 35.63, 39.98, 51.90; 53.24, 71.79, 75.38, 101.59, 120.53, 128.31, 128.40,
128.81, 129.07, 130.61, 133.17, 136.44, 151.35, 173.11, 176.10, 176.92; HRMS (FAB) Calcd for

(C,sH,o)NO, + H)([M + H]"): 440.2073; found 439.2073.
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Enelactone “C,;-14. This material was prepared in 84% yield in identical fashion as for enclactone
14 above, employing 150 mg (0.465 mmol, 1.00 eq) of "*C-13,' 127 mg (0.516 mol, 1.10 eq) of alkyne
acid 12, 54 mg (0.047 mmol, 0.10 eq) of Pd(PPh,),, and 106 mg (0.465 mmol, 1.00 eq) of BnNEt,Cl in

- 3.75 mL of dry CH,CN and 0.650 mL (4.7 mmol, 10 eq) of E;N for 18 hr. Chromatography afforded
173 mg (84%) of lactone 13C10-14 as a light yellow oil. R;0.50 (50% EtOAc/Petroleum Ether); UV-vis
(MeOH) A,,.nm (log €): 208 nm (4.12); 338 nm (4.08); (film) 3300, 1820, 1720, 1650 cm™; 500 MHz 'H
NMR (CDCl,):  1.35 (d, J = 7.5 Hz, 3H), 1.41 (d, J = 6.0 Hz, 3H), 2.03 (s, 3H), 2.58 (t, J = 8.0 Hz,
2H), 3.03 (t, J = 8.0 Hz, 2H), 3.62 (m, 1H), 3.70 (s, 3H), 4.67 (dd, J = 102.7 Hz, J = 12.1 Hz, 2H),
6.41 (s, 1H), 7.33 (m, 4H), 9.49 (d, J = 172.5 Hz, 1H), 10.84 (s, 1H); 125 MHz C NMR (CDCl,) &
8.76, 16.82, 17.90, 19.36, 35.55, 39.83, 51.81, 53.05, 71.69, 101.41, 120.44, 128.22, 128.31,
128.52, 29.25, 130.56, 133.11, 136.43, 151.36, 173.03, 176.06, 176.85.

Enelactone ent-14. This material was prepared in 88% yield in identical fashion as for enelactone 14
above, employing 450 mg (1.40 mmol, 1.0 eq) of iodopyrrole 13,' 380 mg (1.54 mmol, 1.10 eq) of
alkyne acid ent-12, 162 mg ( 0.140 mmol, 0.100 eq) of Pd(PPh,),, and 319 mg (1.40 mmol, 1.00 eq) of
BnNEyCl in 11.0 mL of dry CH,CN and 2.0 mL (14 mmol, 10 eq) of Et,N for 18 hours.
Chromatography afforded 539 mg (88%) of lactone ent-14 as a light yellow oil having IR and 'H NMR
identical to those of enelactone 14.

Enelactone ent'-">C,-14. This material was prepared in 84% yield in identical fashion as for
enclactone ent-14 above, employing 138 mg (0.428 mmol, 1.00 eq) of iodopyrrole '*C-13, 127 mg
(0.516 mmol, 1.20 eq) of alkyne acid 12, 50 mg (0.043 mmol, 0.10 eq) of Pd(PPh,),, and 98 mg (0.43
mmol, 1.0 eq) of BnNEt,Cl in 3.5 mL of dry CH,CN and 0.60 mL (4.3 mmol, 10 eq) of Et,N for 18 hr.
Chromatography afforded 159 mg (84%) of lactone '*C,~14. 500 MHz 'H NMR (CDCL) 8 1.33 (d, J =
7.5 Hz, 3H), 1.40 (d, J = 6.0 Hz, 3H), 2.01 (s, 3H), 2.57 (1, J = 8.0 Hz, 2H), 3.02 (t, J = 8.0 Hz, 2H),
3.60 (m, 1H), 3.68 (s, 3H), 4.67 (dd, J = 103 Hz, J =12.0 Hz, 2H), 6.38 (s, 1H), 7.31 (m, 4H), 9.47
(d, J = 172.7 Hz, 1H), 10.83 (s, 1H); IR and"*C NMR identical to those of enelactone PC,-14.

Pyrroloaldehyde *C-17.* 0.300 mL (290 mg, 3.88 mmol, 2.00 eq) of Me,N"CHO was cooled to
0°C and treated dropwise with 0.360 mL (590 mg, 3.86 mmol, 2.00 eq) of POCI, for 30 min. The
solution was diluted with 4. mL of CH,Cl,, warmed to rt and treated dropwise with a solution of 520 mg
(1.95 mmol, 1.00 eq) of 3—(2-Meth0xycarbonyl—ethyl)—4—methy1—lH—pyrrole—2-carboxylic acid rert-butyl
ester* in 5 mL of CH,CI,. The reaction solution was heated to reflux for 1 hr, then cooled to rt and diluted
with 20 mL of CH,Cl,. After cooling, the reaction was treated with 15 mL of pH 8 NaOH/H,O solution,
stirred at 1t for 2 hr, then partitioned between NaHCO,/H,0 and aqueous phase extracted with CH,CL,.
The combined organic extracts were dried (Na,SO,), filtered, concentrated under reduced pressure and
chromatographed (silica gel; 10-30 % EtOAc/pet ether) to yield 548 mg (95%) of pyrroloaldehyde "*C -
17*. mp 77-8°C; R, 0.40 (30% EtOAc/pet ether); (500 MHz 'H NMR (CDCL,) 6 1.59 (s, 9H), 2.33 (s,
3H), 2.56 (t, J = 7.8 Hz, 2H), 3.02 (t, J = 7.8 Hz, 2H), 3.68 (s, 3H), 9.42 (bs, 1H), 9.76 (d, J = 176
Hz, 1H).

Aldol adducts 19a-d.> A solution of 1.63g (5.52 mmol, 1.00 eq) of pyrroloaldehyde 17* in 40 mL
of dry CH,Cl, was cooled to -78 °C under Ar, and was treated dropwise with vigorous stirring with 1.05g
(607uL, 5.52 mmol, 1.00 eq) of TiCl,. The resulting orange/red suspension was stirred for an additional
15 min at -78 °C to ensure thorough mixing, and was then treated portionwise with a solution of 2.93g
(5.54 mmol, 1.00 eq) of silyloxypyrrole 18° in 30 mL of dry CH,Cl,. The resulting dark red solution
was stirred for an additional 10 min and was then quenched with sat’d NaHCO, at -78 °C, warmed to 0
°C, and extracted with CH,Cl,. The combined organic extracts were washed with H,O and brine, dried
(Na,SO,), concentrated under reduced pressure, and chromatographed (silica gel, 10% EtOAc/pet ether) to
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afford 1.81 g 19a, 170 mg 19b, 1.93 g 19¢ and 160 mg 19d (combined yield 4.07g, 97%) relative
stereochemistry not assigned.

Aldol aducts *C-19a-d. This material was prepared in 97% overal yield in identical fashion as for
aldol adducts 19a-19d, employing 140 mg (0.47 mmol, 1.0 eq) of formylpyrrole">C-17, 250 mg (0.47
mmol, 1.0 eq) of siloxypyrrole 18, 90 mg (52 uL, 0.47 mmol, 1.0 eq) of TiCl, in 5 mL of dry CH,Cl,
for 10 min. Chromatography afforded 104 mg *C-19a, 36 mg mixture *C-19a and "*C-19b, 132 mg
®C-19¢, and 10 mg “C-19d (combined yield 282 mg, 97%), relative stereochemistry not assigned.

Aldol aduct 194. Recrystallization from EtOAc/pet ether afforded 19a as a white solid, mp 106-7 °C;
R, 0.90 (silica gel, 30% EtOAc/pet ether); UV-vis (MeOH) A, nm (log €): 208 (4.24), 226 (4.23); 280
(4.13); IR (film): 3467, 1777, 1739, 1705 ecm’; 500 MHz 'H NMR (CDCL,) § 0.01 (s, 3H), 0.19 (s,
3H), 0.93 (s, 9H), 1.50 (s, 9H), 1.57 (s, 9H), 1.83 (s, 3H), 2.12 (s, 3H), 2.28 (m, 1H), 2.33-2.51 (m,
2H), 2.40 (t, J = 8.8 Hz, 2H), 2.65 (m, 1H), 2.82 (m, 1H), 2.96 (m, 1H), 3.65 (s, 3H), 4.53 (d, J =
3.9 Hz, 1H), 5.60 (d, J = 3.9 Hz, 1H), 7.22 (d, J = 8.6 Hz, 2H), 7.37 (d, J = 8.6 Hz), 8.49 (s, 1H);
125 MHz “C NMR (CDCL,) & -5.19, -4.88, 8.76, 15.21, 18.22, 20.81, 24.17, 24.59, 25.93, 28.35,
28.58, 35.25, 51.67, 67.23, 68.30, 81.10, 83.26, 117.80, 119.46, 128.21, 128.49, 129.19, 129.38,
132.93, 133.49, 133.55, 150.06, 153.45, 160.90, 168.10, 173.67; Anal. Calcd. for C,iH,,CIN,O,SeSi:
C, 56.82; H, 6.97; N, 3.39. Found: C, 57.07; H, 6.84; N 3.40; relative stereochemistry not assigned.

Aldol aduct °C,;-19a. Recrystallization from EtOAc/pet ether afforded *C,,-19a as a white solid,
mp 106-7 °C; R, 0.90 (silica gel, 30% EtOAc/pet ether); 500 MHz 'H NMR (CDCl,) 8 0.060 (s, 3H),
0.24 (s, 3H), 0.98 (s, 9H), 1.56 (s, 9H), 1.63 (s, 9H), 1.88 (s 3H), 2.17 (s, 3H), 2.33 (m, 1H), 2.46
(m, 4H), 2.70 (m, 1H), 2.87 (m, 1H), 3.01 (m, 1H), 3.71 (s, 3H), 4.58 (dd, J = 6.0 Hz, J =2.0 Hz,
1H), 5.65 (dd, J =148 Hz, J = 4.0 Hz, 1H), 7.27 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 8.54
(s, 1H); 125 MHz "’C NMR (CDCL,) & -5.14, -4.83, 8.82, 15.27, 18.27, 20.86, 24.23, 24.63, 25.98,
28.40, 28.63, 35.31, 51.74, 67.00, 68.34 (m, enriched meso-C), 81.17, 83.34, 117.84 (d, J = 21 Hz),
119.52, 128.25, 128.53, 129.01, 129.44, 132.98, 133.53, 133.60, 150.12, 153.54, 160.98, 168.18,
173.76; Anal. Caled. for C,;”CH,,CIN,O,SeSi: C, 56.87; H, 6.96: N, 3. 39. Found: C, 57.11; H, 6.89;
N, 3.28,; relative stereochemistry not assigned.

Aldol aduct 19b. Column chromatography afforded 19b as a clear gel: R, 0.80 (silica gel 30%
EtOAc/pet ether); UV-vis (MeOH) A, nm (log €): 208 (4.24), 224 (4.23); 272 (4 13); IR (film): 3480,
3470, 1780, 1740, 1710, 1680 cm’'; 500 MHz 'H NMR (CDCl,) § -0.02 (s, 3H), 0.03 (s, 3H), 0.87 (s,
9H), 1.31 (s, 3H), 1.56 (s, 9H), 1.61 (s, 9H), 2.14 (s, 3H), 2.52-2.65 (m, 2H), 2.56 (t, J = 7.8 Hz,
2H), 2.93-3.03 (m, 2H), 3.06 (m, 1H), 3.13 (m, 1H), 3.66 (s, 3h), 4.54 (br s, 1H), 5.59 (d, J=1.9
Hz, 1H), 7.22 (d, J = 8.9 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 8.77 (s, 1H); 125 MHz "*C NMR (CDCl,)
6 -5.08, -5.00, 9.50, 13.32, 18.25, 20.75, 24.85, 25.42, 25.99, 28.53, 28.69, 35.22, 51.68, 66.99 (2),
80.93, 83.41, 114.79, 118.20, 128.39, 129.41, 130.36, 130.41, 133.03, 133.44, 133.47, 150.19,
153.12, 160.54, 169.22, 173.82; Anal. Calcd. for C,,H,,CIN,O,SeSi: C, 56.82; H, 6.97; N, 3.39.
Found: C, 57.08; H, 6.82; N, 3.28; relative stereochemistry not assigned.

Aldol aduct 19¢. Recrystallization from EtOAc/pet ether afforded 19¢ as fine white needles, mp
150-51 °C; R, 0.40 (silica gel, 30% EtOAc/pet ether); UV-vis (MeOH) A, nm (log €): 228 (4.27); 278
(4.17); IR (film): 3418, 1757, 1728, 1680 cm™; 500 MHz 'H NMR (CDCl,) & 1.51 (s, 9H), 1.56 (s,
9H), 1.84 (s, 3H), 2.02 (s, 3H), 2.31 (m, 1H), 2.40 (t, J = 8.3 Hz, 2H), 2.48 (m, 2H), 2.74 (m, 1H),
2.85 (m, 1H), 2.93 (m, 1H), 3.67 (s, 3H), 4.32 (d, J = 2.9 Hz, 1H), 4.68 (d, J = 3.6 Hz, 1H), 5.59 (m,
1H), 7.23 (d, J = 8.8 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H); 125 MHz "C NMR (CDCl,) & 8.90, 14.67,
20.88, 24.49, 24.59, 28.28, 28.54, 35.23, 51.75, 67.36, 67.80, 81.60, 83.59, 117.73, 119.49,
128.19, 129.04, 129.42, 130.00, 133.01, 133.29, 133.51, 150.31, 153.79, 161.74, 168.38, 173.70;
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Anal. Calcd. For C,;;H,,CIN,O,Se: C, 55.82; H, 6.10; N, 3.94. Found: C, 56.05; H, 6. 09; N, 3.87,;
relative stereochemistry not assigned. '

Aldol aduct “C,,-19¢c. Recrystallization from EtOAc/pet ether afforded '*C,,-19¢ as fine white
needles, mp 150-51 °C; R, 0.40 (silica gel, 30% EtOAc/ pet ether); 500 MHz '"H NMR (CDCL,) 6 1.51 (s,
9H), 1.56 (s, 9H), 1.83 (s, 3H), 2.02 (s, 3H), 2.31 (m, 1H), 2.40 (t, J =8.0 Hz, 2H), 2.47 (m, 1H),
2.74 (m, 1H), 2.84 (m, 1H), 2.93 (m, 1H), 3.67 (s, 3H), 4.44 (bs, 1H), 4.68 (dd, J= 6.0 Hz, J = 2.5
Hz, 1H), 5.59 (ddd, J = 149 Hz, J = 6.0 Hz, J = 2.0 Hz, 1H), 7.22 (d, 8.8 Hz, 2H), 7.37 (d, J = 8.3

"Hz, 2H), 9.11 (bs, NH) ; 125 MHz "*C NMR (CDCl,) & 8.89, 14.68, 20.88, 24.48, 24.59, 28.27,
28.53, 35.22, 51.74, 67.69, 67.78 (m, enriched meso-C), 81.60, 83.56, 117.70 (d, J = 21 Hz), 119.47,
(d, J = 8 Hz), 128.19, 129.06 (d, J = 31 Hz), 129.42, 130.04 (d, J = 223 Hz), 133.00, 133.27 (d, J =5
Hz), 133.50, 150.28, 153.80 (d, J = 8 Hz), 161.78, 168.39, 173.70. Anal. Calcd. For
C,,”CH,,CIN,O,Se: C, 55.88; H, 6.09, N, 3.94 Found: C, 56.03, H, 6.15, N, 3.98; relative
stereochemistry not assigned.

Aldol aduct 19d. Column chrornatography afforded 19d as a pale yellow solid, mp 76-8 °C; R, =
0.35 (silica gel, 30% EtOAc/pet ether); UV-vis (MeOH) A__ nm (log €): 220 (4.32); 280 (4.32); IR (ﬁlm)
3420, 1760, 1730, 1680, 1660 cm™’; 500 MHz '"H NMR (CDCL,) § 1.39 (s, 3H), 1.56 (s, 9H), 1.58 (s,
9H), 2.05 (s, 3H), 2.51 (t, J = 8.4 Hz, 2H), 2.56 (t, J = 7.0 Hz, 2H), 2.88-3.08 (m, 4H), 3.66 (s, 3H),

- 4.63 (s, 1H), 4.72 (br s, 1H), 5.56 (s, 1H), 7.190 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H), 9.35
(s, 1H); 125 MHz C NMR (CDCl,) § 9.58, 13.31, 20.89, 24.78, 25.00, 28.45, 28.64, 35.33, 551.67,
66.60, 67.20, 81.43, 83.94, 114.92, 118.67, '128.27, 129.33, 129.82, 130.27, 132.97, 133.32,
133.40, 150.32, 152.96, 161.46, 169.40, 173.79; Anal. Calcd. For C,;H,;,CIN,O,Se; C, 55.82; H,
6.10; N, 3.94. Found: C, 55.95; H, 6.13; N, 3.98; relative stereochemistry not assigned.

3-(5-{4-[2-(4-Chlorophenylselanyl)ethyl]-3-methyl-5-0x0-1,5-dihydropyrrol-2-

ylidenemethyl}-4-methyl-1H-pyrrol-3-yl)-propionic - acid-methyl ester (20). A mixture
consisting of 1.00 g (1.21 mmol, 1.0 eq) of silanyloxypyrromethanes 19a and 19b and 860 mg (1.21
mmol, 1.00 eq) of hydroxypyrromethanes 19¢ and 19d was treated with 27.6 g (18.6 mL, 240 mmol,
100 eq) of neat TFA under Argon at 23 °C. The resulting deep red solution was kept at rt for 8 hours, and
was then partitioned between 50 mL of ice cold H,0O and 50 mL of CH,Cl,. The aqueous layer was
extracted with CH,Cl,, and the combined organic extracts were washed with 2 x 20 mL of H,O and sat’d
NaHCOQO,, dried over anhydrous Na,SO,, concentrated under reduced pressure and chromatographed
(silica gel, 30% EtOAc/pet ether) to afford 1.15 g (96%) of pyrromethenone 20 as a yellow-green solid.
Recrystallization from EtOAc/pet ether afforded 20 as yellow/green needles, mp 168-69 °C; R, 0.55 (silica
gel, 50% EtOAc/pet ether); UV-vis (MeOH) A_, nm (log €): 206 (4.16); 226 (4.02); 270 (3.85); 400
(4.44); IR (film) 3372, 1730, 1700, 1640, 1610 cm™; 500 MHz 'H NMR (CDCL,) 8 2.13 (s, 3H); 2.17
(s, 3H); 2.56 (t, J = 7.3 Hz, 2H); 2.78 (t, J = 7.3 Hz, 2H); 2.84 (t, J = 7.3 Hz, 2H); 3.20 (t, J = 7.3 Hz,
2H); 3.70 (s, 3H); 6.19 (s, 1H); 6.76 (d, J = 2.7 Hz, 1H); 7.13 (d, J = 8.6 Hz, 2H); 7.38 (d, / = 8.5 Hz,
2H); 10.34 (s, 1H); 11.01 (s, 1H); 125 MHz "C NMR (CDCL,) § 9.65, 10.24, 20.94, 25.10, 26.78,
35.01, 51.83; 102.57, 121.32, 123.18, 124.44, 124.59, 126.63, 128.53, 129.32, 129.51, 133.11,
133.95, 143.04, 173.63, 173.88; Anal. Calcd. for C,,H,,CIN,O,Se: C, 56.16; H, 5.12; N, 5.70. °
Found: C, 55.88; H, 5.11; N, 5.67.

Pyrromethenone '“C,.-20. This material was prepared in 85% vyield in identical fashion as for
pyrromethenone 20 in 85% yield, employing 200 mg (0.281mmol, 1.0 eq) of *C,.-19a in 3.20 mL
(28.1 mmol, 100 eq) of neat TFA for 8 hr. Chromatography afforded 117 mg (85%) of’
dipyrromethenone "*C,,-20 as a yellow green powder, mp 167-68°C, R, 0.55 (silica gel, 50% EtOAc/pet
ether); UV-vis MeOH) A_, nm (log €): 204 (4.14); 228 (3.98); 272 (3.80); 402 (4.43); IR (film) 3360,.

max

2900, 1740, 1610 cm''; 500 MHz 'H NMR (CDCl,) & 2.12 (s, 3H), 2.17 (s, 3H), 2.56 (t, J = 7.3 Hz,
5
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2H), 2.78 (t, J = 7.3 Hz, 2H), 2.83 (t, J = 7.3 Hz, 2H), 3.19 (t, J = 7.3 Hz, 2H), 3.70 (s, 3H), 6.18 (d,
J =153 Hz, 1H), 6.76 (d, J = 1.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 2H); 7.37 (d, J = 8.5 Hz), 10.39 (s,
1H), 11.07 (s, 1H); 125 MHz "*C NMR (CDClL,) 6 9.63 (d, J = 7.0 Hz), 10.20 (d, J = 4.0 Hz), 20.93,
25.08, 26. 75, 35.00, 51.80, 102.55 (m, enriched meso-C), 121.31 (d, J = 6.0 Hz), 123.14 d,J =145
Hz), 124.37 (d, J = 77 Hz), 124.63 (d, J = 216 Hz), 126.58 (d, J = 16 Hz), 128.53, 129.30, 129.43 (d,
J =321 Hz), 133.09, 133. 93, 143.90 (d, J =14 Hz), 173.61 (d, J = 20 Hz), 173.86.

3-[2-[5-(3E-Ethy1idene-4R-methyl-S-oxo-pyrrolidin-Z-ylidenemethyl)-3-(2-
methoxycarbonyl-ethyl)-4-methyl-1H-pyrrol-2-ylmethylene]-5-(4-(4-Chloro-
phenylselanyl-ethyl)-3-methyl-5-0x0-1,S-dihydro-pyrrol-2-ylidenemethyl)-4-methyl-
2H-pyrrol-3-yl]-propionic acid-methyl ester (22). A solution of 60 mg (0.12 mmol, 1.0 eq) of
selanylpyrromethenone 20 in 10 mL dry CH,Cl, and 6 mL dry MeOH under Argon atmosphere at rt was
treated with 122 pL. (0.12 mmol, 1.0 eq) of anhydrous 1.0 M HCI (diethyl ether) followed by dropwise
addition of a solution of 41 mg (0.12 mmol, 1.0 eq) of pyrromethenone 10 over 30 minutes. After
addition was complete, the reaction solution was stirred at rt for 24 hours then treated with an additional 61
ML (0.61 mmol, 0.50 eq) of 1.0 M HCl and stirred for an additional 8 hr. The reaction solution was
partitioned between CH,Cl, and ice cold pH 8 buffer and the aqueous layer extracted with CH,Cl,. The
combined organic extracts were washed with brine, dried (Na,SO,), concentrated under reduced pressure
and chromatographed (silica gel, 20-50% EtOAc/CCl,) to afford 75 mg (76%) of tetrapyrrole 22 as a
cobalt blue solid. Recrystallized from CHCl,/pet ether afforded 22 as deep cobalt blue crystals, mp 192-93
°C, R, 0.80 (silica gel, 50% EtOAc/CCl,); UV-vis (MeOH) A, (log €) 272 (4.34), 368 (4.58), 602
(4.06); IR (film) 3420, 1730, 1710, 1580 cm™; 500 MHz 'H NMR (CDCL,) 6 1.26 (d, J = 7.5 Hz, 3H),
1.86 (d, J =7.3 Hz, 3H), 2.03 (s, 3H), 2.07 (s, 3H), 2.13 (s, 3H), 2.55 (t, J = 7.6 Hz, 4H), 2.65 (m,
2H), 2.89 (t, J = 7.7 Hz, 2H), 2.93 (t, J = 7.5 Hz, 2H), 3.06 (m, 2H), 3.67 (s, 3H), 3.68 (s, 3H), 5.78
(s, 1H), 5.99 (s, 1H), 6.36 (dq, J = 6.7 Hz, J = 2.1 Hz, 1H), 6.59 (s, 1H), 7.19 (d, J = 8.5, 2H), 7.45
(d, /= 8.5 Hz, 2H); 125 MHz “C NMR (CDCL,) § 9.52, 10.31, 10.22, 15.15, 15.72, 19.93, 20.12,
25.15, 25.76, 35.42, 35.49, 38.13, 51.95 (2), 87.66, 97.47, 111.35, 123.28, 124.21, 128.92, 129.30,
129.32, 130.11, 131.39, 132.65, 132.82, 133.35, 133.51, 133.56, 135.97, 136.59, 142.12, 142.94,
145.95, 149.39, 166.25, 173.29, 173.39, 178.34; Anal. Calcd. for C, H,,CIN,OSe: C, 61.23; H, 5.64,
N, 6.97. Found: C, 61.39; H, 5.70; N, 6.91.

Tetrapyrrole ’C,.-22. This material was prepared in 73% yield in identical fashion as for 22,
employing 30 mg (0.061 mmol, 1.0 eq) of selanylpyrromethenone C5-20, 20 mg (0.061 mmol, 1.00
eq) of pyrromethenone 10, and 92 pL (0.092 mmol, 1.5 eq) of 1.0 M HCl (diethy] ether) in a solution of
5 mL CH,Cl, and 3 mL of MeOH for 30 hr. Chromatography afforded 36 mg (73%) of tetrapyrrole
'3C,5-22 as a cobalt blue powder, mp 192-92.5°C, R, 0.80 (silica gel, 50% EtOAc/CCl,); UV-vis
(MeOH) A, (log €) 272 (4.38), 368 (4.64), 608 (4.10); IR (film) 3330, 2850, 1730, 1600 cm’'; 500
MHz 'H NMR (CDCl,) 8 1.25 (d, J = 6.3 Hz, 3H), 1.87 (d J = 6.8 Hz, 3H), 2.03 (s, 3H), 2.07 (s, 3H),
2.13 (s, 3H), 2.56 (t, J = 7.8 Hz, 4H), 2.62 (m, 2H), 2.88 (t, J = 8.2 Hz, 2H), 2.93 (t, J = 8.15 Hz,
2H), 3.04 (m, 2H), 3.67 (s, 3H), 3.69 (s,3H), 5.77 (s, 1H), 5.98 (d, J = 160 Hz, 1H), 6.36 (dq, J =
7.5 Hz, J =2.3 Hz, 1H), 6.58 (s, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.44 (d, J =8.5 Hz, 2H). :

Tetrapyrrole °C,-22. This material was prepared in 75% yield as in 22, employing 22mg (0.045
mmol, 1.0 eq) of selanylpyrromethenone 20, 16 mg (0.048 mmol, 1.1 eq) of pyrromethenone '*C ,-10,
and 68 uL. (0.068 mmol, 1.5 eq) of 1.0 M HCI (diethyl ether) in a solution of 4.0 ml CH,Cl, and 2.5 mL
MeOH for 30 hours. Chromatography afforded 27 mg (75%) of tetrapyyrrole "*C,,-22 as cobalt blue
powder, mp 191.5-92°, R, 0.80 (silica gel, 50% EtOAc/CCl,); UV-vis (MeOH) Ao, (log €) 272 (4.40),
368 (4.74), 608 (4.12); IR (film) 3220, 2850, 1730, 1700 cm; 500 MHz '"H NMR (CDCL,) 6 1.25 (d,
1.1 Hz, 3H), 1.87 (d, J = 6.8 Hz, 3H), 2.04 (s, 3H), 2.08 (s, 3H), 2.14 (s, 3H), 5.77 (s, 1H), 5.99 (s6,
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1H), 6.36 (dq, J = 7.4 Hz, J = 2.1 Hz, 1H), 7.19 (d, J = 7.8 Hz, 2H), 7.45 (d, J =7.8 Hz, 2H).

3-[2-[5-(3E-Ethylidene-4S-methyl-5-oxo-pyrrolidin-2-ylidenemethyl)-3-(2-
methoxycarbonylethyl)-4-methyl-1H-pyrrol-2-ylmethylene]-5-(4-(4-Chloro-
phenylselanyl-ethyl)-3-methyl-5-o0x0-1,5-dihydro-pyrrol-2-ylidenemethyl)-4-methyl-
2H-pyrrol-3-yl]-propionic acid-methyl ester (ent-22). This material was prepared in 72% yield-
in identical fashion as for tetrapyrrole 22, employing 27 mg (0.055 mmol, 1.0 eq) of
selanylpyrromethenone 20, 18 mg (0.055 mmol, 1.0 eq) of pyrromethenone ent-10 and 83 uL (0.083
mmol, 1.5 eq) of 1.0 M HCl (diethyl ether) in a solution of 2 mL of CH,Cl, and 1 mL of MeOH for 30 hr.
Chromatography afforded 21 mg (72%) of ent-22 as cobalt blue powder, mp 192-93°C; IR (film) 3340,
2850, 1730, 1580 cm™'; IR and '"H NMR are identical to those of tetrapyrrole 22.

Tetrapyrrole "“C ;-ent-22. This material was prepared in 73% yield in identical fashion as for
tetrapyrrole 22, employing 30 mg (0.061 mmol, 1.0 eq) of pyrrolidenone “C,.-ent-20, 20 mg (0.061
mmol, 1.0 eq) of formylpyrrole 10, and 92 uL (0.092 mmol, 1.5 eq) of 1.0 M HCI in a solution of 5 mL
CH,Cl, and 3 mL of MeOH for 30 hr. Chromatography afforded 36 mg (73%) of tetrapyrrole '*C,,-22
as a cobalt blue powder, mp 192-92.5°C, having IR and 'H NMR identical those of tetrapyrrole BC,;-22.

Tetrapyrrole “C -ent-22. This material was prepared in 75% yield in identical fashion as for 22,
employing 22 mg (0.045 mmol, 1.0 eq) of pyrrolidencone 20, 16 mg (0.048 mmol, 1.1 eq) of
formylpyrrole "*C,j-ent-10, and68 pL (0.068 mmol, 1.5 eq) of 1.0 M HCl (diethy] ether) in a solution of
4.0 ml CH,Cl, and 2.5 mL. MeOH for 30 hours. Chromatography afforded 27 mg (75%) of tetrapyrrole
C,-22 as cobalt blue powder, mp 191. 5 192°C, having IR and 'H NMR identical to those of
tetrapyrrole C,,-22

4R-Phytochromobilin dimethylester (4). A solution of 37 mg (0.0 46 mmol, 1.0 eq) of
tetrapyrrole 22 in 15 mL of dry CH,Cl, was treated dropwise at -78°C under an Argon atmosphere with a
solution of 7.9 mg (0.046 mmol, 1.0 eq) of m-CPBA in 4 mL of dry CH,Cl,. After addition was
complete, the reaction mixture was stirred at -78°C for an additional 1.5 hr, diluted with 15 mL of
precooled CH,Cl, and treated with ice cold K,HPO,/KOH pH 12 buffer. The frozen mixture was slowly
warmed to 10°C and stirred for additional 2 hr, noting reaction progress by TLC (50% EtOAc/CCl,), then
partitioned between CH,Cl, and ice cold K,HPO,/KOH pH 12 buffer. The organic layer was washed with
brine, dried (Na,SO,), concentrated under reduced pressure, and then chromatographed (silica gel, 20-
50% EtOAc/CCl,) to afford 24 mg (84%) of 4R-phytochromobilin dimethylester 4 as a cobalt blue solid.
Recrystallized from CHCl,/Petroleum Ether afforded 4 as deep cobalt blue crystals, mp 180-81 °C (/it.}
mp 180°C); R, 0.75 (silica gel, 50% EtOAc/CCl,); UV-vis (MeOH) Aax (log €) 298 (4.30), 372 nm
(4.63), 602 (4.22); IR (film) 3340, 2850, 1730, 1680 cm™';-500 MHz 'H NMR (CDCl,) § 1.34 (d, J =
7.4 Hz, 3H), 1.89 (d, J = 7.3 Hz, 3H), 2.06 (s, 3H), 2.14 (s, 3H), 2.22 (s, 3H), 2.56 (t, J = 7.3 Hz,
4H), 2.91 (t, J = 7.8 Hz, 2H), 2.95 (t, J = 7.8 Hz, 2H), 3.13 (q, J =7.8 Hz, 1H), 3.67 (s, 3H), 3.69 (s,
3H), 542 (dd, J = 11.6 Hz, J/ = 2.1 Hz, 1H), 5.85 (s, 1H), 6.10 (s, 1H), 6.24 (dd, J = 17.5 Hz, J = 1.9
Hz, 1H), 6.40 (dq, J = 7.4 Hz, J = 1.8 Hz, 1H), 6.53 (dd, J = 17.6 Hz, J = 11.3 Hz, 1H), 6.64 (s, 1H);
Anal. Calcd. for C;;H,(N,O,: C, 68.61, H, 6.58, N, 9.14. Found: C, 68.73; H, 6.62; N, 9.02.

C ,-Phytochromobilin dimethylester -5. This material was prepared in 79 % yield in identical
fashion as for tetrapyrrole 4, employing 30 mg (0.037 mmol, 1.00) of tetrapyrrole '*C ,-22, and 6.4 mg
(0.037 mmol, 1.00 eq) of m-CPBA in 15 mL of CH,CI, for 5 hr. Chromatography afforded 18 mg
(79%) of tetrapyrrole '*C,5-5 as a cobalt colored powder, mp 179-80°C; R, 0.75 (silica gel, 50%
EtOAc/CCl,); UV-vis (MeOH) A (log €) 296 (4.23), 372 (4.49), 604 (4. 09) IR (film) 3330, 2860,
1730, 1700; 500 MHz 'H NMR (CDCl,) § 1.35 (d, J = 7.6 Hz, 3H), 1.90 (dd, J = 7.2 Hz, J = 0.9, 3H),
2.06 (s, 3H), 2.14 (s, 3H), 2.22 (s, 3H), 2.57 (t, J =7.4 Hz, 4H), 2.92 (t, J = 7.8 Hz, 2H), 2.96 (1, J =
7.6 Hz, 2H), 3.14 (q, J = 7.6 Hz, 1H), 3.68 (s, 3H), 3.69 (s, 3H), 5.42 (dd, J =11.5 Hz, J = 2.0 Hz,

‘ 7
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1H), 5.86 (s, 1H), 6.10 (d, J = 159 Hz, 1H), 6.25 (dd, J = 17.6 Hz, J = 2.0 Hz, 1H), 6.42 (dq, J = 7.3
Hz, J=2.2 Hz, 1H), 6.54 (dd J = 17.6 Hz, J = 11.5 Hz, 1H), 6.66 (s, 1H); 125 MHz C NMR
(CDCL,) § 97.4 (enriched °C,y)>

"*C,,-Phytochromobilin dimethylester 6. This material was prepared in 80 % yield in identical
fashion as for tetrapyrrole 4 employing 13 mg (0.016 mmol, 1.00) of tetrapyrrole PC-22, and 2.8 mg
(0.016 mmol, 1.0 eq) of m-CPBA in 3.0 mL of CH,C, for 5 hr. Chromatography afforded 8.0 mg
(80%) of tetrapyrrole "°C, -5 as a cobalt colored powder, mp 179-80°C; R 0.75 (silica gel, 50% CCl,);
UV-vis (MeOH) A_,, (log €) 296 (4.32), 372 (4.60), 600 (4.20); 500 MHz 'H NMR (CDCL,) & 1.35 (d, J
= 7.6 Hz, 3H), 1.90 (dd, 7.2 Hz, J = 1.0 Hz, 3H), 2.06 (s, 3H), 2.14 (s, 3H), 2.22 (s, 3H), 2.57 (t, J =
7.3 Hz, 4H), 2.92 (t, / = 7.8 Hz, 2H), 2.97 (t, J = 7.6 Hz, 2H), 3.14 (q, J = 7.6 Hz, 1H), 3.68 (s, 3H),
3.69 (s, 3H), 5.42 (d, J = 12.0 Hz, 5.86 (s, 1H), 6.10 (s, 1H), 6.25 (d, J = 18.1 Hz, 1H), 6.42 (dq, J
=7.2Hz, J= 14 Hz, 1H), 6.55 (dd, J = 179 Hz, J = 10.9 Hz, 1H), 6.65 (d, J = 156 Hz, 1H); 125
MHz "C NMR (CDCl,) § 111.1 (enriched C,,).}

Phytochromobilin dimethylester ent-4. This material was prepared in 85% yield in identical
fashion as for tetrapyrrole 4, employing 30 mg (0.037 mmol, 1.0) of tetrapyrrole ent-22, and 6.4 mg
(0.037 mmol, 1.0 eq) of m-CPBA in 7.0 mL of CH,Cl, for 5 hr. Chromatography afforded 20 mg (85%)
of tetrapyrrole ent-4 as a cobalt colored powder, mp 179-80°C; having IR and 'H NMR identical to those
of tetrapyrrole 4.

Phytochromobilin dimethylester '“C ;-ent-5. This material was prepared in 79 % yield in
identical fashion as for tetrapyrrole 4, employing 20 mg (0.025 mmol, 1.0) of tetrapyrrole °C,,-ent-22,
and 4.3 mg (0.025 mmol, 1.0 eq) of m-CPBA in 7.0 mL of CH,CI, for 5 hr. Chromatography afforded
12 mg (79 %) of tetrapyrrole '>C s-ent-5 as a cobalt colored powder mp 179-80°C; having IR and 'H
NMR identical to those of tetrapyrrole *C ,-5..
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