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General Information

All chemicals were purchased as reagent grade and used without further purification. Solvents
for purification (extraction and chromatography) were purchased as technical grade and
distilled on the rotary evaporator prior to use. For column chromatography Si02-60 (230-
400 mesh ASTM; Fluka) was used as stationary phase. Analytical thin layer chromatography
(TLC) was performed on aluminium foil pre-coated with Si02-60 F2s4 (Merck) and visualized
with a UV-lamp (254 nm) and KMnOyj solution. Concentration in vacuo was performed at ~10
mbar and 40 °C, drying at ~10 mbar and rt. NMR spectra were measured by the NMR service
of the Organisch-Chemisches Institut, Westfdlische Wilhelms-Universitit Miinster on a Bruker
AV300, Agilent DD2 500 or an Agilent DD2 600 spectrometer at rt. The resonance multiplicity
is abbreviated as: s (singlet), d (doublet), t (triplet), q (quadruplet), m (multiplet) and b (broad).
Assignments of unknown compounds are based on DEPT, COSY (HH and FF), HMBC, HSQC
and NOESY spectra. Melting points were measured on a Biichi B-545 melting-point apparatus
in open capillaries. IR spectra were recorded on a Perkin-Elmer 100 FT-IR spectrometer,
selected adsorption bands are reported in wavenumbers (cm™!) and intensities are reported as:
w (weak), m (medium), s (strong) and br (broad). High-resolution mass spectra (HR ESI) were
measured by the MS service of the Organisch-Chemisches Institut, Westfdlische Wilhelms-
Universitdt Miinster. Isomerisation and cyclisation reactions were performed utilising a
ACULED VHL (ACL01-SC-UUUU-E05-C01-L-0000) by LED Solutions (emission spectrum
see Figure 1). The forward current per chip was set to 350 mA, the resulting forward voltage
was 14 V while the resulting radiant flux was 1150 mW. Mechanistic investigations at 450 nm
were performed with a Winger WEPRB3-S1 Power LED Star royalblue (450 nm) 3 W
(emission spectrum see Figure 2). The forward current per chip was set to 700 mA, the resulting
forward voltage was 3.4 V while the resulting radiant flux was 3000 mW. The distance between
the reaction vessels and the UV-lamp was set at approximately 1 cm for all reactions. For a
detailed analysis of the absorption spectrum of (-)-riboflavin see photometric work by
Koziok.!

Typical Spectral Distribution (Ilr = 350 mA, Tg = 25°C)
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Figure 1 Emission spectrum of the utilized UV-lamp ACULED VHL (ACL01-SC-UUUU-E05-C01-L-0000) by LED Solutions.
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Figure 2 Emission spectrum of the utilized UV-lamp Winger WEPRB3-S1 Power LED Star royalblue (450 nm) 3W — 35Im by Winger.
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Experimental Section

Preparation of the starting materials

General Procedure A for the preparation of a,funsaturated esters

NaH (60% in mineral oil, 1.1 eq.) was dissolved in dry THF, the mixture was cooled to 0 °C,
triethylphosphonoacetate (1.05 eq.) was added dropwise to the solution before the resulting
solution was stirred for 1 hour at 0 °C. The specified aromatic ketone (1 eq.) was added to the
reaction mixture, before the mixture was stirred for 1 hour at 0 °C and subsequently being
gradually warmed to RT. The resulting mixture was stirred until full conversion (by TLC)
before water and Et,O were added. The organic phase was separated, the aqueous phase was
extracted with Et2O (3x), the combined organic phases were dried over MgSQOa, concentrated
in vacuo and purified by column chromatography (SiO», specified combination of Et,O/
pentane).

General Procedure B for the isomerisation of o,f-unsaturated esters

The specified «,f-unsaturated carbonyl compound (1 eg.) and (-)-riboflavin (0.05 eq.) were
dissolved in MeCN (0.7 M) before being stirred for 24 h under UV-light irradiation (402 nm).
The residual catalyst was removed by filtration through a SiO2-plug, subsequent elution of the
products with Et,O (5 mL), concentration in vacuo and purification by column chromatography
(SiO2, 2% Et20/n-pentane) yielded the desired product.

Ethyl (2)-3-fluoro-3-phenylacrylate, Ethyl (E)-3-phenylbut-2-enoate, Ethyl (E)-3-phenylpent-
2-enoate, Ethyl (E)-3-phenylhex-2-enoate, Ethyl (E)-3-(phenyl-ds)but-2-enoate, Ethyl (E)-3-
cyclopropyl-3-phenylacrylate, Ethyl (E)-3-(4-methoxyphenyl)pent-2-enoate, Ethyl (E)-3-(p-
tolyl)but-2-enoate, Ethyl (E)-3-(4-fluorophenyl)pent-2-enoate, Ethyl (E)-3-(4-
bromophenyl)but-2-enoate, Ethyl (E)-3-(4-(trifluoromethyl)phenyl)but-2-enoate, Ethyl (E)-3-
(3,4,5-trimethoxyphenyl)but-2-enoate and Ethyl (E)-3-(naphthalen-2-yl)but-2-enoate were
synthesized according to our previous work.[?

Ethyl (E)-3-(4-methoxyphenyl)acrylate (E-32)

Prepared according to General Procedure A, 4’-methoxyanisaldehyde

501 (136 mg, 1 mmol) was converted to E-32 in 24 hours yielding a
0o T E32 colourless oil (123 mg, 60%) after purification by column
chromatography (SiO2, 5% Et.O/n-pentane).

Rt = 0.83 (Et,0/n-pentane 2:8); *H NMR (400 MHz, CDCls): § = 7.64 (d, J = 15.9 Hz, 1H; H5),
7.53 — 7.43 (m, 2H; H7), 6.92 — 6.87 (m, 2H: H8), 6.31 (d, J = 16.0 Hz, 1H; H4), 4.25 (q,
J=7.1Hz, 2H; H2), 3.83 (s, 3H; H10), 1.33 (t, J = 7.1 Hz, 3H; H1) ppm; 13C NMR (101 MHz,
CDCls): §= 167.5 (C3), 1615 (C9), 144.4 (C5), 129.8 (C7), 127.4 (C6), 115.9 (C4), 114.5
(C8), 60.5 (C2), 55.5 (C10), 14.5 (C1) ppm: IR (ATR): © = 1701s, 1636m, 1604s, 1573w,
1515s, 1462w, 1423w, 1366w, 1250s, 1204m, 1167s, 1111w, 1096w, 130s, 980m, 826s, 806m,
768w cm; HR-ESI-MS: m/z: 229.0848 ([M+Na]*, calcd. for Ci2H1403Na®: 229.0835);
analytical data in agreement with the literature.l!
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Ethyl (2)-3-phenylbut-2-enoate (Z-33)

5 Prepared according to General Procedure B, (E)-3-phenylbut-2-enoate
8 Z33 | (190 mg, 1 mmol, E:Z >20:1) was converted to Z-33 in 24 hours yielding a
3 2 pale yellow oil (157 mg, 83%) after filtration over a SiO2-plug and
purification by column chromatography (SiO2, 2% Et>O/n-pentane).

Ri = 0.70 (Et.O/n-pentane 1:9); *H NMR (600 MHz, CDCls3): § = 7.37 — 7.28 (m, 3H; H9/10),
7.22 —7.18 (m, 2H. H8), 5.91 (q, J = 1.5 Hz, 1H; H4), 4.00 (g, J = 7.1 Hz, 2H; H2), 2.18 (d,
J=1.5Hz, 3H; H6), 1.08 (t, J = 7.1 Hz, 3H; H1) ppm; 33C NMR (151 MHz, CDCls): § = 165.9
(C3), 155.3 (C5), 140.9 (C7), 127.9 (C9), 127.7 (C10), 126.8 (C8), 117.8 (C4), 59.7 (C2), 27.1
(C6), 13.9 (C1) ppm; IR (ATR): b = 3058(w), 3023(w), 2974(w), 2937(w), 2903(w), 2878(w),
1724(s), 1705(s), 1639(m), 1601 (w), 1575(w), 1492(w), 1462(w), 1443(w), 1370(m), 1272(m),
1221(s), 1195(w), 1156(s), 1097(m), 1082(m), 1048(m), 976(w), 938(w), 908(w), 872(m),
768(m), 697(m) cm™*; HR-ESI-MS: m/z: 205.1214 ([M+H]", calcd. for C13H1602H*: 205.1223),
227.1039 ([M+Na]*, calcd. for CisHi60O2Na™: 227.1043), 431.2185 ([M2+Na]*, calcd. for
Ca6H3204Na: 431.2193); analytical data in agreement with the literature.

Ethyl (2)-3-phenylpent-2-enoate (Z-34)5!

7 Prepared according to General Procedure B, Ethyl (E)-3-phenylpent-2-

° . " za | enoate (201 mg, 1 mmol, E:Z >20:1) was converted to Z-34 in 24 hours

:i s : ) yielding a pale yellow oil (165 mg, 80%) after filtration over a SiO,-plug and
o”o">1| purification by column chromatography (SiOz, 2% EtO/n-pentane).

Ri = 0.18 (Et,O/n-pentane 1:9); *H NMR (600 MHz, CDCls): & =7.37 — 7.32 (m, 2H; H10),
7.32 — 7.29 (m, 1H; H11), 7.17 — 7.14 (m, 2H; H9), 5.87 (t, J = 1.4 Hz, 1H; H4), 3.99 (q,
J=7.1Hz, 2H; H2), 2.46 (qd, J = 7.4, 1.4 Hz, 2H; H6), 1.07 (t, J = 7.1 Hz, 3H; H1), 1.06 (t,
J=7.4Hz, 3H; H7) ppm; C NMR (151 MHz, CDCls): & = 166.3 (C3), 161.1 (C5), 140.6
(C8), 127.9 (C10), 127.6 (C8), 127.1 (C9), 116.5 (C4), 59.8 (C2), 33.5 (C6), 14.1 (C1), 12.2
(C7) ppm.; IR (ATR): © = 3058(w), 3023(W), 2974(w), 2937(w), 2903(w), 2878(w), 1724(s),
1705(s), 1639(m), 1601(w), 1575(w), 1492(w), 1462(w), 1443(w), 1370(m), 1272(m), 1221(s),
1195(w), 1156(s), 1097(m), 1082(m), 1048(m), 976(w), 938(w), 908(w), 872(m), 768(m),
697(m) cm; HR-ESI-MS: m/z: 205.1214 ([M+H]*, calcd. for CisHisO-H*: 205.1223),
227.1039 ([M+Na]*, calcd. for CisH1602Na*: 227.1043), 431.2185 ([M2+Na]*, calcd. for
C26H3204Na: 431.2193); analytical data in agreement with the literature.®!

Ethyl (2)-3-(phenyl-ds)but-2-enoate (Z-35)

D ° 235 | Prepared according to General Procedure B, Ethyl (E)-3-(phenyl-ds)but-2-
53 enoate (195 mg, 1 mmol, E:Z >20:1) was converted to Z-35 in 24 hours

D 8701 vyielding a colourless oil (158 mg, 81%) after filtration over a SiO,-plug and

purification by column chromatography (SiO2, 2% Et,O/n-pentane).

Rf = 0.34 (Et,O/n-pentane 1:9); *H NMR (600 MHz, CDCls): 8 =5.91 (q, J = 1.5 Hz, 1H; H4),
4.00 (q, J = 7.1 Hz, 2H; H2), 2.18 (d, J = 1.5 Hz, 3H; H6), 1.08 (t, J = 7.1 Hz, 3H; H1) ppm;
13C NMR (151 MHz, CDCls): § = 166.1 (C3), 155.4 (C5), 140.8 (C7), 131.8 (Car), 127.4 (q,
J=23.8 Hz; Car), 126.8 — 126.3 (M, Cay), 117.9 (C4), 59.9 (C2), 27.3 (C6), 14.1 (C1) ppm; IR
(ATR): © =2980(w), 2357(w), 2272(w), 1722(s), 1705(s), 1639(m), 1443(m), 1404(w),
1374(w), 1321(w), 1274(m), 1209(s), 1148(s), 1096(m), 1050(s), 1039(s), 957(w), 866(m),
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835(m), 775(w), 699(w) cm™; HR-ESI-MS: m/z: 196.1385 ([M+H]*, calcd. for C12HeO2DsH*:
196.1380), 218.1202 ([M+Na]*, calcd. for C12HsO,DsNa*: 218.1200), 413.2502 ([M2+Na]*,
calcd. for C22H1804D10Na™: 413.2507).

Ethyl (2)-3-(4-(trifluoromethyl)phenyl)but-2-enoate (Z-36)

TR Prepared according to General Procedure B, Ethyl (E)-3-(4-

O N (trifluoromethyl)phenyl)but-2-enoate (127 mg, 0.49 mmol, E:Z >20:1)

F.c0 oo 4| Wwas converted to Z-36 in 24 hours yielding a pale yellow oil (118 mg,

i 93%) after filtration over a SiOz-plug and purification by column
chromatography (SiOz, 2% Et.O/n-pentane).

R = 0.43 (Et,0/n-pentane 1:9); *H NMR (500 MHz, CDCls): § = 7.62 (ddt, J = 8.2, 1.6, 0.8 Hz,
2H; H9), 7.32 (dp, J = 8.2, 0.8 Hz, 2H; H8), 5.98 (q, J = 1.5 Hz, 1H; H4), 4.01 (q, J = 7.1 Hz,
2H: H2), 2.19 (d, J = 1.5 Hz, 3H; H6), 1.10 (t, J = 7.1 Hz, 3H; H1) ppm; *C NMR (126 MHz,
CDClIs): 6 = 165.4 (C3), 154.0 (C5), 144.7 (q, Jcr = 1.4 Hz, C7), 129.7 (q, Jcr = 32.5 Hz, C10),
127.2 (C8), 124.9 (q, Jcr = 3.8 Hz, C9) 124.1 (q, Jcr = 272.0 Hz, C11), 118.8 (C4), 60.0 (C2),
27.0 (C6), 13.9 (C1) ppm; °*F NMR (470 MHz, CDCls): § = -59.93 — -65.23 (m, 3F, F11) ppm;
IR (ATR): D = 2982(w), 2939(w), 1717(m), 1647(w), 1617(W), 1574(w), 1517(w), 1445(w),
1406(w), 1376(w), 1323(s), 1279(m), 1233(m), 1159(s), 1122(s), 1109(s), 1084(m), 1063(s),
1046(s), 1017(m), 955(w), 840(m), 781(w), 754(w), 727(w) cm™; HR-ESI-MS: m/z: 259.0944
([M+H]*, calcd. for C13H1302FsH*: 259.0940), 281.0763 ([M+Na]*, calcd. for C13H1302FsNa*:
281.0760).

General Procedure C for the preparation of o,funsaturated acids

The specified «,f-unsaturated ester (1 eq.) was dissolved in the appropriate amount of ethanol
and a 1 M solution of NaOH (2 eq.) was added before the reaction was stirred for 16 h at room
temperature. The resulting solution was acidified to pH 1 with 2 M aqueous HCI-solution and
the resulting precipitate was collected by filtration, washed with H>O and dried under high
vacuum. If necessary the product was purified by column chromatography (SiO2, 15%
Et.O/pentane).

(E)-3-phenylpent-2-enoic acid (E-17)

s, 3 2 Prepared according to General Procedure C, methyl cinnamate (325 mg,
° 2 """ 2 mmol) was converted to E-17 in 16 hours yielding a white solid (213 mg,
L TV

Rf = 0.13 (Et,O/n-pentane 3:7); M.p.: 133.8 — 134.2 °C; *H NMR (400 MHz, CD30D) & = 7.66
(d, J=16.0 Hz, 1H; H3), 7.58 (dd, J = 6.7, 2.9 Hz, 2H; H5), 7.44 — 7.33 (m, 3H; H6/7), 6.47
(d,J = 16.0 Hz, 1H; H2) ppm; 3C NMR (101 MHz, CDsOD) § = 170.3 (C1), 146.3 (C3), 135.8
(C4), 131.4 (C7), 130.0 (C6), 129.2, (C5) 119.4 (C2) ppm; IR (ATR): ¥ = 3059bw, 3025bw,
2828bw, 2591bw, 2519bw, 1675s, 1628s, 1578m, 1493m, 1420m, 1333m, 1313s, 1287s,
1221s, 1206m, 1176m, 1158m, 1093w, 1068w, 1027w, 1001w, 973m, 931s, 872s, 846m, 765s,
703s, 674s cm™; HR-ESI-MS: m/z: 171.0411 ([M+Na]", calcd. for CoHgO2Na™: 171.0422).
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(2)-3-Fluoro-3-phenylacrylic acid (E-18)

phenylacrylate (100 mg, 0.52 mmol) was converted to E-18 in 16 hours

w Prepared according to General Procedure C, ethyl (Z)-3-fluoro-3-
3 1OH
18 yielding a white solid (62 mg, 74%).

Rt = 0.30 (Et2O/n-pentane 3:7); M.p.: 157.3 — 157.5 °C; *H NMR (600 MHz, CDsOD) § = 7.76
—7.74 (m, 2H; H5), 7.58 — 7.51 (m, 1H; H7), 7.53 — 7.47 (m, 2H; H8), 6.07 (d, Jur = 34.2 Hz,
1H; H2) ppm; C NMR (151 MHz, CD3s0D) & = 167.8 (d, Jcr = 276.0 Hz; C3), 167.5 (d,
Jcr = 1.4 Hz; C1), 132.7 (C7), 131.9 (d, Jcr = 26.3 Hz; C4), 130.1 (d, Jcr = 2.0 Hz; C6), 126.7
(d, Jcr = 8.1 Hz; C5), 98.2 (d, Jcr = 7.1 Hz; C2) ppm; °F NMR (564 MHz, CD3;0D) & = -98.40
(d, Jur=34.2 Hz) ppm; IR (ATR): © =2904bw, 2697bw, 2567bw, 1702m, 1678s, 1631s,
583m, 1498m, 1453m, 1430m, 1416m, 1335s, 1312w, 1287s, 1210s, 1195s, 1098s, 1073w,
1059m, 1045w, 1030w, 1002w, 915s, 854m, 837s, 765s, 732w, 708m, 677s cm™*; HR-ESI-MS:
m/z: 189.0324 ([M+Na]*, calcd. for CoH7FO2Na*: 189.0328.

(E)-3-(4-Methoxyphenyl)acrylic acid (E-19)

Sy It Prepared according to General Procedure C, ethyl (F)-3-(4-
WOH methoxyphenyl)acrylate (500 mg, 2.4 mmol) was converted to E-19 in
E-19

Meo - i 16 hours yielding a white solid (341 mg, 80%).

Ri = 0.39 (Et,O/n-pentane 3:7); M.p.: 172.8-173.6°C; 'H NMR (400 MHz, DMSO-
de) 6 = 12.22 (s, 1H; CO2H), 7.63 (d, J = 8.8 Hz, 2H), 7.54 (d, J = 16.0 Hz, 1H; H3), 6.97 (d,
J=8.8 Hz, 2H; H6), 6.37 (d, J = 16.0 Hz, 1H; H2), 3.79 (s, 3H; H8) ppm; **C NMR (101 MHz,
DMSO-dg) 6 = 167.8 (C1), 160.9 (C7), 143.7 (C3), 129.9 (C5), 126.8 (C4), 116.5 (C2), 114.3
(C6), 55.3 (C8) ppm; IR (ATR): ¥ = 2975w, 2938w, 2844w, 2513w, 1671s, 1622m, 1596s,
1511m, 1458w, 1443m, 1430m, 1415m, 1314s, 1289m, 1253m, 1217m, 1192m, 1172m,
1107m, 1027s, 975s, 943s, 934s, 862m, 821s, 774m, 742m, 686m cm™; HR-ESI-MS: m/z:
201.0534 ([M+Na]*, calcd. for C10H1003Na*: 201.0522); analytical data in agreement with the
literature.®]

(E)-3-Phenylbut-2-enoic acid (E-20)

4

. o Prepared according to General Procedure C, ethyl (E)-3-phenylbut-2-enoate
! w OH| (489 mg, 2.6 mmol) was converted to E-20 in 16 hours yielding a white solid
E-20

8 - (344 mg, 82%).

Rt = 0.33 (Et2O/n-pentane 3:7); M.p.: 96.9 — 97.5 °C; 'H NMR (600 MHz, DMSO-ds) & = 7.56
752 (m, 2H: H6), 7.43 —7.37 (m, 3H: H7/8), 6.10 (q, J = 1.3 Hz, 1H; H2), 2.49 (d, J = 1.3 Hz,
3H; H4) ppm; *C NMR (151 MHz, DMSO-dg) & = 167.5 (C1), 153.7 (C3), 141.5 (C5), 129.0
(C8), 128.6 (C7), 126.2 (CB), 117.5 (C2), 17.24 (C4) ppm; IR (ATR): ¥ = 3059bw, 2901bw,
2743bw, 2674bw, 2596bw, 2535bw, 1672m, 1614m, 1575m, 1498w, 1450m, 1410m, 1371m,
1341m, 1281s, 1220s, 1196s, 1104s, 1072m, 1029w, 1012w, 1000w, 963w, 916s, 863s, 788w,
762s, 718s, 704s, 693s, 681s cm™; HR-ESI-MS: m/z: 161.0603 ([M-H], calcd. for C10HsO>":
161.0608), analytical data in agreement with the literature.[’]
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(2)-3-Phenylbut-2-enoic acid (Z-20)

o Prepared according to General Procedure C, ethyl (Z)-3-phenylbut-2-enoate
7 S B 2

. (157 mg, 0.8 mmol) was converted to Z-20 in 16 hours yielding a white solid
° o0 (102 mg, 82%).

Z-20

Ri=0.11 (Et;O/n-pentane 3:7); M.p.: 129.0-129.4°C; H NMR (600 MHz, DMSO-
de) 5 =11.87 (s, 1H; HAC), 7.35 — 7.26 (m, 3H; H7/8), 7.24 — 7.21 (m, 2H; H6), 5.89 (q,
J=14Hz, 1H; H2), 2.12 (d, J=1.4Hz, 3H; H4) ppm; 3C NMR (151 MHz, DMSO-
ds) 5 = 166.7 (C1), 153.0 (C3), 140.6 (C5), 127.7 (C7), 127.5 (C8), 127.0 (C6), 118.4 (C2),
26.5 (C4) ppm; IR (ATR): ® =1670s, 1636s, 1597m, 1493w, 1427s, 1400w, 1366w 1300m,
1265s, 1196s, 1180w, 1030m, 949m, 934m, 880m, 845w, 799w, 768s, 698s, 674m cm™; HR-
ESI-MS: m/z: 185.0561 ([M+Na]*, calcd. for CioH1002Na™: 185.0873), analytical data in
agreement with the literature.®!

(E)-3-Phenylpent-2-enoic acid (E-21)

. o Prepared according to General Procedure C, ethyl (E)-3-phenylbut-2-enoate
s AN (100 mg, 0.49 mmol) was converted to E£-21 in 16 hours yielding a white solid
o o (48.2 mg, 56%).

Ri = 0.57 (MeOH/CH,Cl, 1:9); M.p.: 90.1 — 91.1 °C; 'H NMR (600 MHz, CDs0D): § = 7.50 —
7.46 (m, 2H; H7), 7.43 — 7.35 (m, 3H; H8/9), 6.01 (s, 1H; H2), 3.13 (q, J = 7.5 Hz, 2H; H4),
1.05 (t, J = 7.5 Hz, 3H; H5) ppm; *C NMR (151 MHz, CDs0D): & = 170.1 (C1), 163.1 (C3),
1425 (C6), 129.9 (C9), 129.7 (C8), 127.8 (C7), 118.2 (C2), 25.0 (C4), 13.9 (C5) ppm; IR
(ATR): ©=2975(w), 2933(w), 2871(w), 2591(w), 1680(s), 1611(s), 1575(m), 1496(w),
1459(w), 1448(m), 1414(m), 1371(w), 1348(w), 1292(s), 1243(s), 1211(s), 1102(m), 1082(m),
1060(w), 1032(w), 1000(w), 933(s), 915(m), 888(m), 812(m), 771(s), 751(m), 735(m),
691(s) cm™; HR-ESI-MS: m/z: 199.0737 ([M+Na]*, calcd. for C11H120,Na*: 199.0730).

(2)-3-Phenylpent-2-enoic acid (Z-21)

. Prepared according to General Procedure C, ethyl (Z2)-3-phenylbut-2-enoate
L N (205 mg, 1.0 mmol) was converted to Z-21 in 16 hours yielding a white solid
o o (136.4 mg, 77%).

z-21

Ri = 0.37 (Et;O/n-pentane  3:7); M.p.. 90.7-91.9°C; 'H NMR (600 MHz, DMSO-
ds) 5 = 11.85 (s, 1H; CO2H), 7.34 — 7.31 (m, 2H; H8), 7.29 — 7.25 (m, 1H; H9), 7.18 — 7.14 (m,
2H: H7), 5.82 (t, J = 1.4 Hz, 1H; H2), 2.42 (qd, J = 7.4, 1.4 Hz, 2H; H4), 0.94 (t, J = 7.4 Hz,
3H; H5) ppm; C NMR (151 MHz, DMSO-ds): & = 166.8 (C1), 158.5 (C3), 140.0 (C6), 127.7
(C8), 127.3 (C9), 127.2 (C7), 117.0 (C2), 32.4 (C4), 12.1 (C5) ppm; IR (ATR): ¥ = 1678s,
1628s, 1489m, 1423m, 1312w, 1254s, 1192m, 1157w, 1053w, 1026w, 941m, 883s, 841w,
694s, 590w, 559w, 520m cm; HR-ESI-MS: m/z: 199.0737 ([M+Na]"*, calcd. for C11H1,0,Na":
199.0730).
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(E)-3-Phenylhex-2-enoic acid (E-22)

5
4

. o Prepared according to General Procedure C, ethyl (£)-3-phenylhex-2-enoate

s AN Aon| (341 mg, 1.6 mmol) was converted to E-22 in 16 hours yielding a white solid

10 E-22 (186 mg, 61%)

Ri = 0.24 (Et;O/n-pentane  3:7); M.p.: 91.7-92.4°C; 'H NMR (400 MHz, DMSO-
de) 8 =12.21 (s, 1H; COzH), 7.52 — 7.46 (m, 2H; H8), 7.44 — 7.35 (m, 3H; H9/10), 5.98 (s, 1H;
H2), 3.05 (t, J=7.4 Hz, 2H; H4), 1.33 (h, J=7.4 Hz, 2H; H5), 0.83 (t, J=7.4 Hz, 3H;
H6) ppm; 3C NMR (101 MHz, DMSO-ds) § = 167.2 (C1), 158.4 (C3), 140.6 (C5), 128.9
(C10), 128.6 (C9), 126.5 (C8), 118.2 (C2), 31.4 (C4), 21.7 (C5), 13.7 (C6) ppm; IR (ATR):
0 = 2963w, 2927w, 2878w, 1682s, 1606s, 1575m, 1497w, 1464w, 1449w, 1409m, 1377w,
1349w, 1339w, 1299m, 1281m, 1260m, 1228m, 1209s, 1191m, 1161w, 1088bs, 1016bs, 928m,
911m, 883s, 795s, 768s, 734m, 706s, 690s cm™*; HR-ESI-MS: m/z: 213.0890 ([M+Na]*, calcd.
for C12H1402Na™: 213.0891).

(E)-3-(Phenyl-d5)but-2-enoic acid (E-23)

0 Prepared according to General Procedure C, ethyl (E)-3-(phenyl-ds)but-2-
N2y oH| enoate (489 mg, 2.6 mmol) was converted to E-23 in 16 hours yielding a
D”s" D E23| white solid (344 mg, 82%).

Ri = 0.28 (Et,O/n-pentane  3:7); M.p.. 97.9-98.1°C; 'H NMR (600 MHz, DMSO-
ds) & = 12.22 (s, 1H; COzH), 6.10 (q, J = 1.4 Hz, 1H; H2), 2.49 (d, J = 1.3 Hz, 3H; H4) ppm;
13C NMR (151 MHz, DMSO-ds) § = 167.5 (C1), 153.6 (C3), 141.3 (C5), 128.6 (m, 1C; C8),
128.1 (m, 2C; C6/7), 125.7 (m, 2C; C6/7), 117.5 (C2), 17.2 (C4) ppm; IR (ATR): & = 2919bw,
2875bw, 2731bw, 2649bw, 2588bw, 1670s, 1612s, 1538m, 1437m, 1411m, 1389w, 1369w,
1349m, 1313m, 1259s, 1196s, 1050w, 1028w, 1006w, 960w, 914s, 866s, 837s, 823s, 765s,
718w, 692m cm; HR-ESI-MS: m/z: 166.0922 ([M-HT, calcd. for C10H4Ds027: 166.0922).

(2)-3-(Phenyl-d5)but-2-enoic acid (Z-23)

5 D ! Prepared according to General Procedure C, ethyl (Z)-3-(phenyl-ds)but-2-
. N, enoate (157.9 mg, 0.8 mmol) was converted to Z-23 in 16 hours yielding a

' oz_23oH white solid (108 mg, 83%).

D

Ri = 0.24 (Et;O/n-pentane 3:7); M.p.: 131.2-131.4°C; 'H NMR (600 MHz, DMSO-
ds) & = 11.86 (s, 1H; HAC), 5.89 (q, J = 1.4 Hz, 1H; H2), 2.12 (d, J = 1.4 Hz, 3H; H4) ppm; *C
NMR (151 MHz, DMSO-ds) 6 = 166.6 (C1), 152.9 (C3), 140.4 (C5), 127.5 — 126.3 (m; 5C,
C6-8), 118.4 (C2), 26.5 (C4) ppm; IR (ATR): b = 1670s, 1636s, 1397w, 1366w, 1300m, 1254s,
1177m, 1022m, 953m, 930m, 880m, 837m, 822w, 714m cm™; HR-ESI-MS: m/z: 190.0881
([M+Na]*, calcd. for C10HsDsO2Na*: 190.0887).

(E)-3-Cyclopropyl-3-phenylacrylic acid (E-24)

5 5

Prepared according to General Procedure C, ethyl (E)-3-cyclopropyl-3-
phenylacrylate (174 mg, 0.8 mmol) was converted to E-24 in 16 hours yielding
a white solid (64 mg, 43%).

0}

4
7

6\
s 3571 OH

9 E-24
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Ri = 0.33 (Et.O/n-pentane 3:7); M.p.: 133.1-133.7°C; H NMR (600 MHz, DMSO-
de) =7.37 — 7.32 (m, 3H; H8/9), 7.16 — 7.12 (m, 2H; H7), 5.64 (s, 1H; H2), 3.10 (tt,
J=8.4,5.3 Hz, 1H; H4), 0.88 — 0.82 (m, 2H; H5), 0.37 — 0.33 (m, 2H; H5) ppm; *C NMR
(151 MHz, DMSO-de) 6 = 167.4 (C1), 161.4 (C3), 138.3 (C6), 127.9 (C8), 127.8 (C9), 127.7
(C7),119.2 (C2), 12.9 (C4), 6.4 (C3) ppm; IR (ATR): © = 3061bw, 3016bw, 2901bw, 2780bw,
2740bw, 2696bw, 2620bw, 2565bw, 1673s, 1606s, 1594s, 1488m, 1444w, 1419m, 1371w,
1282s, 1215s, 1175m, 1160m, 1123w, 1073w, 1058w, 1033w, 998w, 972w, 919s, 885m, 874s,
847w, 814w, 785m, 866s, 723w, 700s cm™; HR-ESI-MS: m/z: 187.0765 ([M-HJ, calcd. for
C12H1102™: 187.0765); analytical data in agreement with the literature.[®

(E)-3-(4-Methoxyphenyl)pent-2-enoic acid (E-25)

o o Prepared according to General Procedure C, ethyl (F)-3-(4-
NS op| methoxyphenyl)pent-2-enoate (394 mg, 1.7 mmol) was converted to E-25
os £25 | 1in 16 hours yielding a white solid (230 mg, 66%).

Rf = 0.20 (Et,O/n-pentane 3:7); M.p.: 113.1-114.0°C; H NMR (600 MHz, DMSO-
de) 8 = 12.07 (s, 1H; COzH), 7.54 — 7.45 (m, 2H, H7), 6.98 — 6.94 (m, 2H; H8), 5.94 (s, 1H;
H2), 3.78 (s, 3H; H10), 3.04 (g, J=7.4 Hz, 2H; H4), 0.97 (t, J = 7.5 Hz, 3H; H5) ppm;
13C NMR (151 MHz, DMSO-ds) & = 167.3 (C1), 160.0 (C5), 159.6 (C3), 132.0 (C6), 127.9
(C7), 115.3 (C2), 114.1 (C8), 55.2 (C10), 22.7 (C4), 13.7 )C5) ppm; IR (ATR): & = 2965bw,
2937bw, 2874bw, 2840bw, 2752bw, 2694bw, 2581bw, 1677s, 1601s, 1568m, 1510m, 1458m,
1441m, 1419m, 1407m, 1369w, 1349w, 1316w, 1288s, 1256m, 1243m, 1206s, 1180s, 1151m,
1121m, 1102m, 1060w, 1033s, 926s, 881s, 832s, 805s, 738m, 724m, 682m cm'L; HR-ESI-MS:
m/z: 205.0884 ([M-H], calcd. for C12H1303" 205.0870).

(E)-3-(p-Tolyl)but-2-enoic acid (E-26)

4

. o Prepared according to General Procedure C, ethyl (£)-3-(p-tolyl)but-2-enoate
w OHl (549 mg, 1.7 mmol) was converted to £-26 in 16 hours yielding a white solid

i E26 | (335 mg, 66%).

Rt = 0.28 (Et.0/n-pentane 3:7); M.p.: 134.9 — 135.3 °C; *H NMR (400 MHz, CDsOD) § = 7.41
(d, J=8.0 Hz, 2H; H6), 7.20 (d, J=7.9 Hz, 2H; H7), 6.11 (g, J = 1.2 Hz, 1H; H2), 2.52 (d,
J=1.3Hz, 3H; H4), 2.35 (s, 3H; H9) ppm; *C NMR (101 MHz, CD30D) & = 170.3 (C1),
156.9 (C3), 140.5 (C5), 140.4 (C8), 130.2 (C7), 127.2 (C6), 117.3 (C2), 21.2 (C9), 18.0
(C4) ppm; IR (ATR): ¥ = 2913bw, 2749bw, 2675bw, 2596bw, 2537bw, 1683m, 1616s, 1605s,
1568m, 1514w, 1440m, 1401m, 1369w, 1344m, 1280s, 1225m, 1205s, 1192s, 1130w, 1075w,
1044w, 1015w, 967w, 926m, 867m, 827w, 810s, 760w, 735w, 685m cm™; HR-ESI-MS: m/z:
175.0719 ([M-H], calcd. for C11H11027: 175.0765).

(E)-3-(4-Fluorophenyl)pent-2-enoic acid (E-27)

Prepared according to General Procedure C, ethyl (£)-3-(4-
AN fluorophenyl)pent-2-enoate (394 mg, 1.8 mmol) was converted to £-27 in 16
hours yielding a white solid (230 mg, 66%).
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R = 0.30 (Et,O/n-pentane 3:7); M.p.: 113.1-114.0°C; 'H NMR (600 MHz, DMSO-
de) 6 =12.24 (s, 1H; CO2H), 7.60 — 7.53 (m, 2H; H7), 7.26 — 7.19 (m, 2H; H8), 5.95 (s, 1H;
H2), 3.04 (q, J=7.5Hz, 2H; H4), 0.95 (t, J=7.5 Hz, 3H; H5) ppm; ¥C NMR (151 MHz,
DMSO-ds) 6 = 167.1 (C1), 162.5 (d, Jcr = 246.2 Hz; C9), 158.8 (C3), 136.6 (d, Jcr = 3.1 Hz;
C6), 128.8 (d, Jcr = 8.3 Hz; C7), 117.4 (d, Jcr = 1.2 Hz; C2), 115.5 (d, Jcr = 21.4 Hz; C8), 23.1
(C4), 13.4 (C5) ppm; °F NMR (564 MHz, DMSO-dg) & =-113.02 (tt, Jur = 8.8, 5.5 Hz) ppm;
IR (ATR): ¥ = 2979bw, 2938bw, 2877bw, 2636bw, 2581bw, 2547bw, 1682s, 1666m, 1618s,
1602m, 1591m, 1508m, 1464w, 1447w,w 1418m, 1401w, 1379w, 1300m, 1245m, 1211s,
1163m, 1102w, 1066w, 1032w, 1013w, 950m, 931m, 880m, 834s, 818s, 745m, 719w,
687w cm™; HR-ESI-MS: m/z: 193.0666 ([M-H], calcd. for C11H1002F 193.0670).

(E)-3-(4-Bromophenyl)pent-2-enoic acid (E-28)

s 9 Prepared according to General Procedure C, ethyl (E)-3-(4-
;@MOH bromophenyl)but-2-enoate (718 mg, 2.7 mmol) was converted to E-28 in 16

Brs E28 | hours yielding a white solid (540 mg, 83%).

Rf = 0.13 (Et2O/n-pentane 3:7); M.p.: 147.8-148.4°C; *H NMR (600 MHz, DMSO-
de) 6 =12.30 (s, 1H; HAcid), 7.61 — 7.58 (m, 2H; H7), 7.53 — 7.48 (m, 2H; H6), 6.12 (q,
J=1.3Hz, 1H; H2), 2.46 (d, J=1.3 Hz, 3H; H4) ppm; *C NMR (151 MHz, DMSO-
de) 0 = 167.4 (C2), 152.2 (C3), 140.6 (C5), 131.5 (C7), 128.3 (C6), 122.4 (C8), 118.1 (C2),
17.0 (C4) ppm; IR (ATR): d = 2919w, 2528w, 1671s, 1617s, 1584m, 1563m, 1488w, 1435m,
1400m, 1375w, 1342w, 1282s, 1212s, 1123w, 1080m, 1005m, 925m, 874s, 817s, 739w,
717s cm; HR-ESI-MS: m/z: 238.9713 ([M-H], calcd. for C1oHgO2BI" 238.9713).

(E)-3-(4-(Trifluoromethyl)phenyl)but-2-enoic acid (E-29)

s 9 Prepared according to General Procedure C, ethyl (E)-3-(4-
WOH (trifluoromethyl)phenyl)but-2-enoate (593 mg, 2.3 mmol) was converted

R E29 1 to E-29 in 16 hours yielding a white solid (531 mg, 99%).

Rf = 0.33 (Et;O/n-pentane  3:7); M.p.: 120.1-121.6°C; 'H NMR (400 MHz, DMSO-
de) 6 =12.40 (s, 1H; CO2H), 7.73 (s, 4H; H6/7), 6.15 (s, 1H; H2), 2.47 (s, 3H; H4) ppm;
13C NMR (101 MHz, DMSO-dg) & = 167.2 (C1), 151.9 (C3), 145.5 (d, Jcr = 1.6 Hz; C5), 129.0
(9, Jcr = 31.9 Hz; C8), 127.0 (C6), 125.4 (q, Jcr = 3.7 Hz; C7), 124.0 (C9), 119.6 (C2), 17.1
(C4) ppm; °F NMR (282 MHz, DMSO-dg) § = -61.16 ppm; IR (ATR): ¥ = 2923bw, 2591bw,
1675s, 1619m, 1575w, 1441w, 1410w, 1379w, 1346w, 1320s, 1300m, 1280s, 1217m, 1165s,
1116s, 1081m, 1063s, 1013m, 925m, 878m, 835s, 761w, 705m cm™; HR-ESI-MS: m/z:
229.0490 ([M-HJ], calcd. for C11HgF302™ 229.0482); analytical data in agreement with the
literature.l’]

(2)-3-(4-(Trifluoromethyl)phenyl)but-2-enoic acid (Z-29)

4
6

Prepared according to General Procedure C, ethyl (2)-3-(4-
! N (trifluoromethyl)phenyl)but-2-enoate (184 mg, 0.7 mmol) was converted to
RS O OHl Z-29 in 16 hours yielding a white solid (128 mg, 80%).

Z-29

Rf = 0.22 (Et,O/n-pentane  3:7); M.p.: 130.9-131.9°C; H NMR (600 MHz, DMSO-
de) 5 = 12.04 (5, 1H; CO2H), 7.73 — 7.66 (m, 2H; H7), 7.43 (dp, J = 7.6, 0.9 Hz, 2H; H6), 5.98
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(q, J=15Hz, 1H; H2), 2.14 (d, J=1.5Hz, 3H; H4) ppm; 13C NMR (151 MHz, DMSO-
ds) 6 =166.2 (Cl1), 152.2 (C3), 145.22 (g, Jcr=1.3Hz; C5), 127.8 (C6), 127.8 (q,
Jcr = 31.7 Hz; C8), 124.7 (q, Jcr = 3.8 Hz; C7), 124.3 (q, Jcr = 272.0 Hz; C9), 119.5(C2), 26.2
(C4) ppm; °F NMR (564 MHz, DMSO-ds) § =-60.99 (g, Jcr = 0.7 Hz) ppm; IR (ATR):
0 = 2981bw, 2760bw, 2650bw, 2593bw, 1695s, 1635s, 1617m, 1574w, 1518w, 1445m, 1408m,
1373w, 1323s, 1291m, 1266s, 1190m, 1164s, 1122s, 1108s, 1084m, 1062s, 1026m, 1016m,
947m,871s, 839s, 752w, 741w, 724m, 709m cm™; HR-ESI-MS: m/z: 253.0446 ([M+Na]*,
calcd. for C11HoF3O2Na* 253.0452).

(E)-3-(3,4,5-Trimethoxyphenyl)but-2-enoic acid (E-30)

s 9 Prepared according to General Procedure C, ethyl (F)-3-(3,4,5-
MeO 5
o7 > oM trimethoxyphenyl)but-2-enoate (674 mg, 2.4 mmol) was converted to E-

MeOs E-301 30 in 16 hours yielding a white solid (521 mg, 86%).

OMe

Ri=0.11 (EtO/n-pentane 3:7); M.p.: 151.6-152.5°C; 'H NMR (600 MHz, DMSO-
de) 6 =12.17 (s, 1H; CO2H), 6.80 (s, 2H; H6), 6.12 (g, J = 1.3 Hz, 1H; H2), 3.82 (s, 6H; H9),
3.68 (s, 3H; H10), 2.48 (d, J = 1.3 Hz, 3H; H4) ppm; *C NMR (151 MHz, DMSO-ds) & = 167.6
(C1), 153.8 (C3), 152.7 (C8), 138.3 (C7), 137.2 (C5), 117.2 (C2), 103.9 (C6), 60.0 (C10), 56.0
(C9), 17.4 (C4) ppm; IR (ATR): ¥ = 3943bw, 2841bw, 2730bw, 2567bw, 1683m, 1664m,
1612m, 15778s, 1509m, 1468m, 1453m, 1411m, 1374w, 1336m, 1300m, 1248s, 1197m,
1172m, 1151w, 1121s, 1095m, 1034w, 1016w, 992s, 949m, 878m, 830s, 780m, 736w,
676w cmt; HR-ESI-MS: m/z: 251.0926 ([M+Na]*, calcd. for C13H1s0sNa* 251.0925).

(E)-3-(Naphthalen-2-yl)but-2-enoic acid (E-31)

o0 Prepared according to General Procedure C, ethyl (E)-3-(naphthalen-2-
OO > T oH yl)but-2-enoate (701 mg, 2.9 mmol) was converted to E-31 in 16 hours
T, " B3| yielding a white solid (521 mg, 85%).

Rt = 0.26 (Et.O/n-pentane 3:7); M.p.: 170.6 — 171.3 °C; *H NMR (400 MHz, CD30D) § = 8.02
(d, J=1.9 Hz, 1H; H14), 7.93 — 7.83 (m, 3H; H6/8/11), 7.64 (dd, J = 8.6, 2.0 Hz, 1H; H13),
7.50 (dt, J = 6.3, 3.4 Hz, 2H; H9/10), 6.29 (d, J = 1.7 Hz, 1H; H2), 2.66 (d, J = 1.4 Hz, 3H; H4)
ppm; 3C NMR (101 MHz, CDs0D) § = 170.2 (C1), 156.6 (C3), 140.6 (C5), 135.0 (C12), 134.7
(C7), 129.6 (C8), 129.2 (C11), 128.6 (C6), 127.8 (C9/10), 127.5 (C10), 126.9 (C14), 124.9
(C13), 118.6 (C2), 18.1 (C4) ppm; IR (ATR): ® = 3042bw, 2928bw, 2590bw, 1682s, 1603s,
1441m, 1410m, 1376w, 1351m, 1331m, 1283s, 1251s, 1209m, 1192s, 1171m, 1149m, 1130m,
1075w, 1014w, 969w, 952w, 917m, 863m, 852s, 812s, 775w, 747s, 679s cm™*; HR-ESI-MS:
m/z: 211.0745 ([M-H], calcd. for C14H1102" 211.0765).

General Procedure D for the cyclisation of a,f-unsaturated acids

The specified «a,f-unsaturated acid (0.1 mmol, 1 eq.) and (-)-riboflavin (1.9 mg, 0.005 mmol,
0.05 eq.) were dissolved in 0.75 mL MeCN and 0.75 mL MeOH. The flask was purged with
oxygen before being stirred for the specified time under UV-light irradiation (402 nm, Aculed
VHL UV LED, Radiant flux 1150 mW) and an oxygen atmosphere. If necessary further 0.05
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eq. of (-)-riboflavin were added every 12 h.The reaction solution was concentrated onto SiO>
and purified by CC (SiOz, 5 — 15% Et20/n-pentane).

2H-Chromen-2-one (1)

s i~ , | Prepared according to General Procedure D, E-17 (15mg, 0.1 mmol) was
7@;\@0 converted to 1 in 13.5 hours yielding a white solid (12 mg, 81%).

8 1

Rt = 0.34 (Et;O/n-pentane 3:7); M.p.: 65.1—66.6 °C; 'H NMR (500 MHz, CDCl3) § =7.71
(dd,J =9.5, 0.6 Hz, 1H; H3), 7.53 (ddd, J = 8.2, 7.3, 1.6 Hz, 1H; H7), 7.49 (dd, J = 7.7, 1.6 Hz,
1H; H5), 7.34 (ddt, J=8.4, 1.2, 0.6 Hz, 1H; H8), 7.28 (td, J = 7.5, 1.1 Hz, 1H; H6), 6.43 (d,
J =9.5 Hz, 1H; H2) ppm; C NMR (126 MHz, CDCl3) & = 160.9 (C1), 154.2 (C9), 143.5 (C3),
132.0 (C7), 128.0 (C5), 124.6 (C6), 119.0 (C4), 117.1 (C8), 116.9 (C2), ppm; IR (ATR):
© = 3058w, 3041w, 2970bw, 2902bw, 1698s, 1671s, 1619m, 1602s, 1562m, 1487w, 1452m,
1397m, 1278w, 1259m, 1229m, 1175m, 1120m, 1102m, 1029m, 995w, 952w, 931m, 917m,
892m, 870w, 826s, 752s, 729m, 687m cm™; HR-ESI-MS: m/z: 169.0260 ([M+Na]*, calcd. for
CoHsO2Na* 169.0260); analytical data in agreement with the literature.*”

4-Fluoro-2H-chromen-2-one (2)

Prepared according to General Procedure D, E-18 (16.6 mg, 0.1 mmol) was
converted to 2 in 48 hours yielding a white solid (10.3 mg, 63%).

3
6 XN 2
1

o
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m

7
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8 2

Rr = 0.46 (Et,O/n-pentane 3:7); M.p.: 68.6 — 69.4 °C; *H NMR (600 MHz, CD.Cl,) & = 7.75
(ddd, J=7.9, 1.6, 0.4 Hz, 1H; H5), 7.66 (ddd, J=8.8, 7.4, 1.6 Hz, 1H; H7), 7.42 — 7.35 (m,
2H; H6/8), 6.11 (d, J = 10.6 Hz, 1H; H2) ppm; *C NMR (151 MHz, CD,Cl2) & = 169.3 (d,
Jor = 279.7 Hz; C3), 161.9 (d, Jor = 21.5 Hz; C1), 154.3 (d, Jor = 9.1 Hz; C9), 134.1 (C7),
125.1 (C6), 122.7 (d, Jer = 3.8 Hz; C5), 117.4 (d, Jer = 4.3 Hz; C8), 114.1 (d, Jer = 22.0 Hz;
C4), 98.5 (d, Jor = 16.8 Hz: C2) ppm: 1°F NMR (564 MHz, CDCl2) § = -103.04 (dd, J = 10.5,
1.8 Hz) ppm; IR (ATR): © = 3099bw, 2988bw, 2901bw, 1752w, 1726s, 1689m, 1644s, 1605m,
1587m, 1571m, 1490m, 1454m, 1429w, 1412w, 1387s, 1325m, 1289w, 1275m, 1252w,
1209m, 1193m, 1173m, 1141m, 1080s, 1048m, 958w, 826s, 857s, 835s, 761s, 748s, 715m,
666m cm™; HR-ESI-MS: m/z: 187.0171 ([M+Na]*, calcd. for CoHsFO,Na" 187.0166);
analytical data in agreement with the literature.*!}

3-Fluoro-2H-chromen-2-one (3)

s A2 F| Prepared according to General Procedure D, a-fluorocinnamicacid (16.6 mg,
©\/I 0.1 mmol) was converted to 3 in 12 hours yielding a white solid (7 mg, 40%).

Rt = 0.44 (Et,O/n-pentane 3:7); M.p.: 156.9 — 157.4 °C; 'H NMR (600 MHz, CDCly) & = 7.54
(t, J=7.8Hz, 1H; H7), 7.51 (d, J=8.2 Hz, 1H; H5), 7.44 (d, J=8.9 Hz, 1H; 3), 7.38 (d,
J=8.4Hz, 1H; H8), 7.34 (t, J = 7.6 Hz, 1H; H6) ppm; *C NMR (151 MHz, CD,Cl,) § = 155.8
(C1; Obscured, by HMBC), 151.7 (d, Jcr = 2.2 Hz; C9), 147.0 (d, Jcr = 258.4 Hz; C2), 131.3
(d, Jcr = 2.9 Hz; C7), 128.4 (d, Jcr = 6.0 Hz; C5), 125.7 (C6) , 121.8 (d, Jcr = 16.5 Hz; C3),
118.7 (d, Jcr =5.4 Hz; C4), 117.1 (d, Jcr=1.4Hz; C8) ppm; °F NMR (564 MHz,
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CD2Cly) 6 =-131.0 (d, J=8.9Hz) ppm; IR (ATR): ¥ =3061bw, 3010bw, 1725bs, 1648s,
1621m, 1600m,1506w, 1490w, 1448m, 1375w, 132pw, 1308w, 1294s, 1259s, 1218m, 1178w,
1159m, 1123s, 1096bs, 1030m, 990w, 954s, 921s, 876w, 858m, 763s, 749s, 732s, 679m cm™;
HR-ESI-MS: m/z: 187.0176 ([M+Na]*, calcd. for CoHsFO2Na* 187.0166); analytical data in
agreement with the literature.[*?]

7-Methoxy-2H-chromen-2-one (4)

4 Prepared according to General Procedure D, E-19 (17.8 mg, 0.1 mmol) was
7 | converted to 4 in 6.5 hours yielding a white solid (14 mg, 77%).

Rf = 0.30 (Et,O/n-pentane 3:7); M.p.: 112.1 — 114.1 °C; *H NMR (600 MHz, CD:Cl,) & = 7.68
—7.62(d,J =9.5Hz, 1H; H3), 7.40 (dd, J = 8.6, 0.3 Hz, 1H; H5), 6.85 (dd, J = 8.6, 2.5 Hz, 1H;
H6), 6.83 (d, J = 2.4 Hz, 1H; H8), 6.20 (d, J = 9.5 Hz, 1H; H2), 3.87 (s, 3H; H10) ppm; *°C
NMR (151 MHz, CD:Cl») 6 =163.5 (C7), 161.4 (C1), 156.6 (C9), 143.9 (C3), 129.4 (C5),
113.6 (C2),113.2 (C4), 112.9 (C6), 101.3 (C8), 56.4 (C10) ppm; IR (ATR): ¥ = 3085w, 3051w,
3021w, 2936w, 1744w, 1703s, 1611s, 1586m, 1558m, 1506m, 1464m, 1452w, 1440w, 1424w,
1399m, 1352m, 1307w, 1282m, 1259w, 1232m, 1205m, 1185w, 1155m, 1123s, 1100m, 1024s,
980s, 892m, 838s, 825s, 760m, 750m, 686w cm™; HR-ESI-MS: m/z: 199.0375 ([M+Na]*,
calcd. for C1oHsOsNa* 199.0377); analytical data in agreement with the literature.**l

4-Methyl-2H-chromen-2-one (5)

o . s Prepared according to General Procedure D, E-20 (16.2 mg, 0.1 mmol) was
; = 21 converted to 5 in 24 hours yielding a white solid (13 mg, 82%).
10°0" "0

s 5

Ri = 0.21 (Et.0/n-pentane 3:7); M.p.: 75.3—76.5 °C; *H NMR (600 MHz, CD:Cl,) § = 7.64
(dd, J=8.4,1.6 Hz, 1H; H6), 7.55 (ddd, J=9.4, 6.8, 1.6 Hz, 1H; H8), 7.38 — 7.24 (m, 2H,;
H7/9), 6.26 (g, J = 1.4 Hz, 1H; H2), 2.44 (d, J = 1.3 Hz, 3H; H4) ppm; *C NMR (151 MHz,
CD2Cl») 6 =161.0 (C1), 154.2 (C10), 153.0 (C3), 132.2 (C8), 125.3 (C6), 124.6 (C7), 120.6
(C5), 117.4 (C9), 115.6 (C2), 19.0 (C4) ppm; IR (ATR): © = 3065w, 3040w, 2990w, 2957w,
2922w, 1715bs, 1684bs, 1628m, 1604bs, 1568m, 1491m, 1450s, 1432m, 1384s, 1368m,
1319m, 1276m, 1267m, 1252m, 1222m, 1184s, 1153m, 1135w, 1071m, 1036m, 1012w, 988w,
947w, 927s, 849s, 765s, 746s, 706s, 666s cm™*; HR-ESI-MS: m/z: 183.0419 ([M+Na]*, calcd.
for C10HsO2Na* 183.0417); analytical data in agreement with the literature.[*4!

4-Ethyl-2H-chromen-2-one (6)

Prepared according to General Procedure D, E-21 (17.6 mg, 0.1 mmol) was
converted to 6 in 24 hours yielding a white solid (15.5 mg, 90%).

Ri=0.15 (EtzO/n-pentane 1:9) M.p.: 66.06 — 67.3°C; *H NMR (600 MHz, CDCls): & = 7.65
(dd, J=7.9,15Hz, 1H; H10), 7.53 (ddd, J=86,7.3, 1.6 Hz, 1H; H9), 7.35 (dd,
J=8.3, 1.2 Hz, 1H; H7), 7.30 (ddd, J = 8.3, 7.3, 1.2 Hz, 1H; H8), 6.31 (t, J = 1.3 Hz, 1H; H2),
2.84 (qd, J = 7.4, 1.3 Hz, 2H; H4), 1.35 (t, J = 7.4 Hz, 3H; H11) ppm; 3C NMR (151 MHz,
CDCls): § = 157.3 (C1), 153.6 (C11), 131.5 (C9), 124.1 (C8), 124.1 (C10), 119.3 (C3), 117.3
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(C7), 113.1 (C2), 24.6 (C4), 12.1 (C5) ppm: IR (ATR): © = 3042(w), 2984(w), 2943(w),
2900(w), 1975(w), 1862(w), 1779(w), 1755(w), 1718(s), 1624(m), 1602(m), 1566(m),
1491(w), 1450(m), 1419(m), 1396(w), 1377(m), 1323(w), 1307(m), 1275(m), 1253(m),
1215(m), 1192(m), 1153(m), 1133(m), 1078(m), 1039(w), 993(w), 946(w), 931(m), 867(s),
843(m), 796(m), 756(s), 745(s), 703(m), and 667(m)cm™; HR-ESI-MS: m/z: 197.0583
([M+Na]", calcd. for C11H1002Na*: 197.0573), 371.1255 ([M2+Na]", calcd. for C22H200sNa*:
371.1254); analytical data in agreement with the literature.?!

4-Propyl-2H-chromen-2-one (7)

Prepared according to General Procedure D, E-22 (19.0 mg, 0.1 mmol) was
4 converted to 7 in 13.5 hours yielding a white solid (17.4 mg, 93%).

Rf = 0.38 (EtO/n-pentane 3:7); M.p.: 75.6 — 76.8 °C; *H NMR (400 MHz, CD,Cl,) § = 7.67
(dd, J=7.9, 1.6 Hz, 1H; H8), 7.53 (ddd, J=8.6, 7.2, 1.6 Hz, 1H; H10), 7.35 — 7.27 (m, 2H;
H9/11), 6.25 (t, J=1.2Hz, 1H; H2), 2.76 (td, J=7.4,12Hz, 2H; H4), 1.74 (dq,
J=14.8,7.4Hz, 2H; H5), 1.05 (t, J=7.3Hz, 3H; H6) ppm; 3C NMR (101 MHz,
CD:Cly) § = 161.2 (C1), 156.6 (C3), 154.4 (C12), 132.0 (C10), 125.0 (C8), 124.6 (C9), 120.0
(C7), 117.6 (C11), 114.5 (C2), 34.2 (C4), 22.0 (C5), 14.2 (C6) ppm; IR (ATR): & = 2962m,
2934w, 2877w, 1712s, 1620m, 1605s, 1565m, 1493w, 1465w, 1449s, 1414w, 1394m, 1377m,
1343m, 1320m, 1287w, 1259s, 1250s, 1217m, 1204w, 1180s, 1157s, 1129m, 1102m, 1078w,
1052w, 1038w, 987w, 954w, 932s, 895s, 855s, 841s, 776s, 751s, 701s, 678m cm™; HR-ESI-
MS: m/z: 211.0742 ([M+Na]", calcd. for C12H1202Na* 211.0730); analytical data in agreement
with the literature.[®]

4-Methyl-2H-chromen-2-one (8)

PPt Prepared according to General Procedure D, E-23 (16.7 mg, 0.1 mmol) was
8 % converted to 8in 24 hours yielding a white solid (12.8 mg, 77%).

Rt = 0.26 (Et2O/n-pentane 3:7); M.p.: 77.7 — 79.2 °C; *H NMR (600 MHz, CDCl,) & = 6.26 (q,
J=1.3 Hz, 1H; H4), 2.44 (d, J = 1.3 Hz, 3H; H4) ppm; °C NMR (151 MHz, CD.Cl,) § = 161.0
(C1), 154.2 (C10), 153.0 (C3), 132.2 (C8), 125.3 (C6), 124.6 (C7), 120.6 (C5), 117.4 (C9),
115.6 (C2), 19.0 (C4) ppm; IR (ATR): ¥ = 2955w, 1702bs, 1639m, 1619m, 1579s, 1545m,
1442m, 1364m, 1320m, 1253w, 1230w, 1215m, 1146s, 1062m, 1042w, 998m, 927m, 914m,
868m, 850s, 825m, 812s, 766m, 719m, 710w, 664w cm?; HR-ESI-MS: m/z: 187.0677
([M+Na]", calcd. for C10HsD4O2Na* 187.0668).

4-Cyclopropyl-2H-chromen-2-one (9)

CEN converted to 9 in 13.5 hours yielding a white solid (11.2 mg, 60%).

Qi%s Prepared according to General Procedure D, E-24 (18.8 mg, 0.1 mmol) was
9 10 10 10
9
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Rt = 0.27 (Et2O/n-pentane 3:7); M.p.: 101.9 — 105.1 °C; *H NMR (400 MHz, CD,Cl,) § = 7.96
(dd, J=8.0,1.5Hz, 1H; H7), 7.55 (ddt, J=7.8,59 1.6 Hz, 1H; H9), 7.34 (ddd,
J=9.4,7.9, 1.3 Hz, 2H; H8/10), 6.02 (d, J=1.1 Hz, 1H; H2), 2.13 (ttd, J=8.4,5.3, 1.1 Hz,
1H; H4), 1.20 — 1.09 (m, 2H; H5), 0.87 — 0.80 (m, 2H; H5) ppm; 3C NMR (101 MHz,
CD2Cl;) 6 =161.6 (C1), 158.2 (C3), 154.1 (C11), 132.1 (C9), 125.3 (C7), 124.6 (C8), 120.8
(C6), 117.4 (C10), 110.9 (C2), 12.5 (C4), 8.4 (C5/5%) ppm; IR (ATR): ¥ =2918w, 1703bs,
1610bs, 1558m, 1506m, 1463m, 1453m, 1439m, 1426w, 1399m, 1352m, 1306w,1282s, 1231s,
1205s, 1181m, 1169m, 1154m, 1123s, 1099m, 1024s, 980m, 952w, 892m, 844s, 838s, 825s,
773w, 760m, 750m, 697w, 686w cm™; HR-ESI-MS: m/z: 209.0590 ([M+Na]*, calcd. for
Ci12H1002Na* 209.0573) analytical data in agreement with the literature.[*®

4-Ethyl-7-methoxy-2H-chromen-2-one (10)

4 Prepared according to General Procedure D, E-25 (20.6 mg, 0.1 mmol) was
2 | converted to 10 in 12 hours yielding a white solid (17.9 mg, 88%).

Rt = 0.24 (Et;O/n-pentane 3:7); M.p.: 98.2 — 99.5 °C; *H NMR (400 MHz, CDCl,) & = 7.56 (d,
J=8.8 Hz, 1H; H7), 6.87 (dd, J = 8.8, 2.6 Hz, 1H; H8), 6.83 (d, J = 2.6 Hz, 1H; H10), 6.10 (t,
J=1.2 Hz, 1H; H2), 3.87 (s, 3H; H12), 2.78 (qd, J = 7.5, 1.2 Hz, 2H; H4), 1.30 (t, J = 7.4 Hz,
3H; H5) ppm; C NMR (101 MHz, CD.Cl,) § = 163.1 (C9), 161.8 (C1), 158.3 (C3), 156.1
(C11),125.8 (C7),113.5(C6), 112.5 (C8), 110.4 (C2), 101.5 (C10), 56.3 (C12), 25.3 (C4), 12.6
(C5) ppm; IR (ATR): ¥ = 3070w, 3009w, 2975w, 2944w, 2889w, 2844w, 1750m 1720bs,
1619s, 1565m, 1512m, 1493w, 1457m, 1431m, 1425m, 1405w, 1386m, 1332m, 1321m, 1291s,
1230m, 1212m, 1150s, 1081m, 1058w, 1027s, 975w, 954m, 882s, 873m, 857s, 814s, 786s,
749m, 719m, 704m cm?t; HR-ESI-MS: m/z: 227.0685 ([M+Na]*, calcd. for Ci2H1303Na*
227.0679).

4,7-Dimethyl-2H-chromen-2-one (11)

, 85 s Prepared according to General Procedure D, E-26 (17.6 mg, 0.1 mmol) was
8 3 converted to 11 in 13.5 hours yielding a white solid (10.5 mg, 61%).

Ri = 0.26 (Et20/n-pentane 3:7); M.p.: 128.0 — 129.7 °C; *H NMR (400 MHz, CD.Cly) § =7.51
(d, J = 8.4 Hz, 1H; H6), 7.20 — 7.09 (m, 2H; H7/9), 6.18 (q, J = 1.5 Hz, 1H; H2), 2.44 (s, 3H;
H11), 2.40 (d, J = 1.3 Hz, 3H: H4) ppm; 3C NMR (101 MHz, CD.Cl) & = 161.3 (C1), 154.2
(C10), 153.1 (C3), 143.5 (C8), 125.8 (C7), 124.9 (C6), 118.2 (C5), 117.5 (C9), 114.5 (C2), 21.9
(C11), 18.9 (C4) ppm: IR (ATR): © = 3055w, 2985w, 2948w, 2920w, 1767w, 1699bs, 1620bs,
1553m, 1509w, 1452w, 1434m, 1452w, 1392m, 1380s, 1369m, 1325m, 1292w, 1278m,
1263m, 1234m, 1191m, 1148s, 1066m, 1035m, 1019m, 961m, 944w, 876s, 806s, 792m, 750s,
714m, 704m, 678m cm?; HR-ESI-MS: m/z: 197.0576 ([M+Na]*, calcd. for Ci2H1303Na*
197.0578); analytical data in agreement with the literature.l*]
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4-Ethyl-7-fluoro-2H-chromen-2-one (12)

5

. Prepared according to General Procedure D, E-27 (19.4 mg, 0.1 mmol) was
ji:%i[ converted to 12 in 13.5 hours yielding a white solid (15.9 mg, 83%).
F 11°0" "0

10 12

Rt = 0.36 (Et2O/n-pentane 3:7); M.p.: 95.2 — 95.7 °C; *H NMR (600 MHz, CD2Cly) & = 7.68 —
7.60 (m, 1H; H7), 7.08 — 7.02 (m, 2H; H8/10), 6.22 (q, J=0.9 Hz, 1H; H2), 2.80 (qd,
J=7.4,1.3 Hz, 2H; H4), 1.32 (t, J=7.4 Hz, 3H; H5) ppm; *C NMR (151 MHz, CD,Cl,)
0 =164.2 (d, Jcr = 252.0 Hz; C9), 160.4 (C1), 157.0 (C3), 154.86 (d, Jcr =12.9 Hz; C11),
125.9 (d, Jcr = 10.2 Hz; C7), 116.1 (d, Jcr = 2.9 Hz; C6), 111.8 (d, Jcr = 22.5 Hz; C8), 111.8
(d, Jcr = 2.6 Hz; C2), 104.3 (d, Jcr = 25.4 Hz; C10), 24.7 (C4), 11.8 (C5) ppm; °F NMR
(564 MHz, CD2Cl») 6 =-107.53 — -107.64 (m) ppm; IR (ATR): © = 3100w, 2976w, 2946w,
2900bw, 1767w, 1755w, 1718bs, 1619bs, 1577m, 1504m, 1464n, 1457w, 1421m, 1407m,
1379s, 1333w, 1311m, 1271s, 1254m, 1221m, 1140m, 1118s, 1078s, 1051m, 987s, 951m, 870s,
842s, 835s, 791s, 745m, 721m, 695m, 978w cm™; HR-ESI-MS: m/z: 215.0482 ([M+Na]*,
calcd. for C11HoFO2Na* 215.0479).

7-Bromo-4-methyl-2H-chromen-2-one (13)

6 Prepared according to General Procedure D, E-28 (24.1 mg, 0.1 mmol) was
) . | converted to 13 in 24 hours yielding a white solid (16.0 mg, 67%)).

Ri = 0.21 (Et.O/n-pentane 3:7); M.p.: 134.1 — 134.5 °C; *H NMR (400 MHz, CD.Cly) § =7.51
(d, J=2.0 Hz, 1H; H9), 7.50 (d, J = 8.7 Hz, 1H; H6), 7.44 (dd, J = 8.5, 1.8 Hz, 1H; H7), 6.27
(0, J=1.3Hz, 1H; H2), 241 (d, J=1.3Hz, 3H; H4) ppm; BC NMR (101 MHz,
CD:Cl) 6 = 160.2 (C1), 154.4 (C10), 152.5 (C3), 128.0 (C7), 126.4 (C6), 125.8 (C8), 120.6
(C9), 119.7 (C5), 115.8 (C2), 19.0 (C4) ppm; IR (ATR): ¥ = 3084w, 3056m, 2917w, 1766m,
1736bs, 1682m, 1623m, 1594s, 1553m, 1493w, 1480m, 1436m, 1399m, 1382s, 1365m, 1319m,
1245s, 1190w, 1168s, 1143m, 1097w, 1080m, 1060m, 1036m, 1008m, 984w, 939s, 879s,
859m, 815s, 806s, 763s, 750s, 706s,680m cm™; HR-ESI-MS: m/z: 260.9523 ([M+Na]*, calcd.
for C1oH7BrO2Na* 260.9522).

4-Methyl-7-(trifluoromethyl)-2H-chromen-2-one (14)

6 Prepared according to General Procedure D, E-29 (23.01 mg, 0.1 mmol) was
6 . | converted to 14 in 48 hours yielding a white solid (9.2 mg, 41%).

Fs;C 5 10 o” "0
" 14

R = 0.22 (Et20/n-pentane 3:7); M.p.: 91.6 — 94.5 °C; *H NMR (600 MHz, CD:Cly) & = 7.76
(ddg, J=8.3,1.0,05Hz, 1H; H6), 7.59 (dp, J=1.9,0.6Hz, 1H; H9), 7.56 (ddg,
J=8.2,1.8,0.7 Hz, 1H; H7), 6.38 (q, J = 1.4 Hz, 1H; H2), 2.47 (d, J = 1.4 Hz, 3H; H4) ppm;
13 NMR (151 MHz, CD.Cly)§=160.0 (Cl) , 153.9 (C10), 152.0 (C3), 133.6 (q,
Jer = 33.3 Hz; C8), 126.3 (C6), 124.0 (q, Jor = 272.5 Hz; C11), 123.4 (C3), 121.2 (q,
Jor = 3.7 Hz; C7), 117.6 (C2), 114.8 (g, Jor = 4.1 Hz; C9), 19.00 (C4) ppm; °F NMR (564
MHz, CD,Cl,) & = -63.27 ppm; IR (ATR): & = 2969w, 2926w, 1744s, 1728s, 1633w, 1566w,
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1511w, 1493w, 1452w, 1442w, 1409m, 1394w, 1331s, 1320s, 1285w, 1270w, 1241s, 1188m,
1171s, 1152s, 1108s, 1084s, 1055s, 1035m, 1012s, 952s, 912s, 880s, 865s, 827s, 785m, 760m,
731s, 708s, 683m, 667m cm; HR-ESI-MS: m/z: 251.0293 ([M+Na]*, calcd. for C11H7F30,Na*
251.0290).

6,7,8-Trimethoxy-4-methyl-2H-chromen-2-one (15)

Moo, 7.8 3 ; Prepared according to General Procedure D, E-30 (25.5 mg, 0.1 mmol) was
"y N, | converted to 15 in 13.5 hours yielding a white solid (16.3 mg, 65%).

MeO™ 100" ~O

2 OMe 15
13

Ri = 0.06 (Et2O/n-pentane 3:7); M.p.:107.8 — 109.0 °C; *H NMR (400 MHz, CD,Cl,) § = 6.78
(s, 1H; H6), 6.18 (g, J = 1.0 Hz, 1H; H2), 3.98 (s, 3H; H13), 3.95 (s, 3H; H11), 3.89 (s, 3H;
H12), 2.40 (d, J = 1.2 Hz, 3H; H4) ppm; *C NMR (101 MHz, CD,Cl,) § = 160.9 (C1), 153.0
(C3),150.5 (C8), 146.4 (C7), 143.2 (C10), 141.7 (C9), 116.1 (C5), 114.3 (C2), 101.7 (C6), 62.3
(C13), 61.8 (C11), 56.9 (C12), 19.3 (C4) ppm; IR (ATR): © = 2950w, 2839w, 1717s, 1604w,
1568m, 1494m, 1456m, 1442m, 1416m, 1396s, 1378m, 1334w, 1282m, 1269m, 1247w,
1201m, 1183m, 1164w, 1124s, 1067s, 1031s, 1013m, 978m, 931m, 919m, 867w, 850m, 840m,
786w, 769w, 734w, 708w cmt; HR-ESI-MS: m/z: 273.0735 ([M+Na]*, calcd. for C13H140sNa*
273.0733).

4-Methyl-2H-benzo[H]chromen-2-one (16)

Prepared according to General Procedure D, E-31 (21.2 mg, 0.1 mmol) was
converted to 16 in 8 hours yielding a white solid (12.2 mg, 60%).

Rt = 0.28 (Et,O/n-pentane 3:7); M.p.:167.2 — 167.8 °C; *H NMR (400 MHz, CD,Cl) § = 8.55
— 8.49 (m, 1H; H12), 7.96 — 7.87 (m, 1H; H9), 7.74 (dd, J =8.9, 0.8 Hz, 1H; H6), 7.66 (t,
J=3.0 Hz, 2H; H10/11), 7.65 (t, J = 2.6 Hz, 1H; H7), 6.35 (q, J = 1.3 Hz, 1H; H2), 2.53 (d,
J=1.3 Hz, 3H; H4) ppm; **C NMR (101 MHz, CD:Cl,) § = 161.0 (C1), 154.1 (C3), 151.2
(C14),135.4 (C13), 129.1 (C10/12), 128.3 (C9), 127.6 (C10/12), 124.5 (C6), 123.7 (C8), 122.9
(C13), 121.2 (C7), 115.9 (C5), 114.9 (C2), 19.6 (C4) ppm; IR (ATR): ¥ = 3068w, 2988w,
2917w, 1707bs, 1638m, 1611m, 1598m, 1561m, 1505m, 1473m, 1433m, 1410w, 1375s,
1340m, 1293w, 1271w, 1238m, 1172m, 1158w, 1146m, 1096w, 1082s, 1037m, 1027m,
1017m, 965w 943s, 867m, 841s, 808s, 784m, 769w, 748s, 723m, 689m, 671m cm; HR-ESI-
MS: m/z: 233.0570 ([M+Na]", calcd. for C14H1002Na*™ 233.0573); analytical data in agreement
with the literature.[*4l
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Reaction Optimization

Table 1. Reaction Optimization.

Photocatalyst OH

) HOL /-

&JL Conditions iboflavin ’/O:}H 3-meth \/‘Humﬂav n
OH > [ I\ \] HyC. N /N\?O HyC. N /N\?O
o o) H;C]i\/L[N/LgNH H;C@EN%N\
Catalyst Yield
Substrate 4 Solvent
[%] [%]
(E)-21 5mol % a MeCN 300
(E)-21 5mol % a MeOH 370
(E)-21 5 mol % a DMSO < 100
MeCN/MeOH
(E)-21 5mol % a 61
(1:1)
MeCN/MeOH
(E)-21 5mol % a 510
(9:1)
MeCN/MeOH
(E)-21 5mol % a 46l
(7.5:2.5)
MeCN/EtOAc
(E)-21 5mol % a 370
(1:2)
MeCN/H20
(E)-21 5mol % a 2 411
(1:1)
MeCN/HFIP
(E)-21 5mol % a <300
(1:1)
MeCN/MeOH
(E)-21 5mol% b 360!
(1:2)
MeCN/MeOH
(2)-21 5mol% a 90
(1:1)
MeCN/MeOH
(E)-21 2x 5 mol% all
(1:1)

Standard reactions conditions: Reactions were performed with 0.1 mmol substrate (E:Z >20:1) at ambient temperature under
24 hours of UV-light irradiation (402 nm) and an oxygen atmosphere. [ Significant remaining Z-isomer detected on TLC. [!
Significant remaining E-isomer detected on TLC. [? Addition of a second portion (5 mol%) of the catalyst after 12h.
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Mechanistic Investigations

Reaction Progress Monitoring

The cyclization of E-21, Z-21, E-29 and Z-29 was performed according to general procedure D and
the conversion was monitored by HPLC analysis (Reprosil Chiral OM 5 um 250-4.6 mm column,
n-hexane/i-PrOH 85:15, 1.0 mL/min) of 0.1 mL samples taken from the same reaction solution after
every hour.

Retention times: E-lsomer (E-21) 7.18 min
Z-isomer (Z-21) 7.50 min
Product (6) 14.28 min

E-lIsomer (E-29) 7.22 min

Z-isomer (Z-29) 6.93 min
Product (14) 13.46 min

Figure 3 Reaction Progress Monitoring of the Cyclization of E-21.
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Figure 4 Reaction Progress Monitoring of the Cyclization of Z-21.
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Figure 5 Reaction Progress Monitoring of the Cyclization of E-29.
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Figure 6 Reaction Progress Monitoring of the Cyclization of Z-29.
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Additive Effects
Procedure for the cyclisation of E-21 and Z-21 under oxygen free conditions

E-210rZ-21(17.6 mg, 0.1 mmol, 1 eq.) and (-)-riboflavin (1.9 mg, 0.005 mmol, 0.05 eq.) were
dissolved in 0.75 mL degassed MeCN and 0.75 mL degassed MeOH (the solvents were
degassed by repeating the freeze pump degassing procedure 8 times) under argon in a flame
dried Schlenk tube. The resulting solution was stirred for 24 h under UV-light irradiation
(402 nm, Aculed VHL UV LED, Radiant flux 1150 mW) and an argon atmosphere with
addition of a second portion of (-)-ribofalvin after 12 hours in case of E-21. The mixture was
concentrated onto SiO., concentrated in vacuo and purified by column chromatography (SiO»,
5% Et20/n-pentane).

Yield starting from E-21: 1.4 mg (8%)
Yield starting from Z-21: 1.6 mg (9%)

Reaction Progress Monitoring of the cyclization of Z-21 after addition of 1 equivalent of
NaOMe or 1 equivalent of TFA

Z-21 (17.6 mg, 0.1 mmol, 1 eq.), NaOMe (5.4 mg, 0.1 mmol, 1 eq.) or TFA (8 pul, 0.1 mmol,
1 eq) and (-)-riboflavin (1.9 mg, 0.005 mmol, 0.05 eq.) were dissolved in 0.75 mL MeCN and
0.75 mL MeOH. The flask was purged with oxygen before being stirred for the specified time
under UV-light irradiation (402 nm, Aculed VHL UV LED, Radiant flux 1150 mW) and an
oxygen atmosphere. The conversion was monitored by HPLC analysis (Reprosil Chiral OM 5 um
250-4.6 mm column, n-hexane/i-PrOH 85:15, 1.0 mL/min) of 0.1 mL samples taken from the same
reaction solution after every hour.

Figure 7 Reaction Progress Monitoring of the Cyclization of Z-21 after Addition of 1 Equivalent NaOMe.
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Figure 8 Reaction Progress Monitoring of the Cyclization of Z-21 after Addition of 1 Equivalent TFA.
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Figure 9 Comparison of the Product Formation (6) under Standard Conditions and after Addition of NaOMe or
TFA (1 equivalent).
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Kinetic Isotope Effect
Reaction Progress Monitoring of the cyclization of Z-5 and Z-8

Z-20 (16.2 mg, 0.1 mmol, 1 eqg.) or Z-23 (16.7 mg, 0.1 mmol, 1 eq.) and (-)-riboflavin (1.9 mg,
0.005 mmol, 0.05 eq.) were dissolved in 0.75 mL MeCN and 0.75 mL MeOH. The flask was
purged with oxygen before being stirred for the specified time under UV-light irradiation
(402 nm, Aculed VHL UV LED, Radiant flux 1150 mW) and an oxygen atmosphere. The
conversion was monitored by HPLC analysis (Reprosil Chiral OM 5 um 250-4.6 mm column, n-
hexane/i-PrOH 85:15, 1.0 mL/min) of 0.1 mL samples taken from the same reaction solution after
every hour.

Retention times: E-isomer (E-23) 6.19 min
Z-isomer (Z-23) 6.40 min
Product (8) 12.44 min

E-isomer (E-20) 6.21 min
Z-isomer (Z-20) 6.31 min
Product (5) 12.33 min

The region of linear reaction progress between 0 and 5 hours was identified and the resulting slopes
were compared for the purpose of a Kinetic Isotope Effect investigation.

Figure 10 Comparison of the Product Formation between 0 - 5 hours starting from Z-20 and Z-23.
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The KIE was calculated according to the general equation (1) for Kinetic Isotope Effect
determination.

KIE =% =22-11040.06 1)

kp 171

The KIE margin of error was calculated by propagation of uncertainty of the slope margin of error.
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Additive Effect on the UV/Vis Absorption of (-)-Riboflavin

Measurement of UV/Vis Absorption
To 1 mL of a 20 uM solution of (-)-Riboflavin in a degassed mixture of MeCN and H20 (1:1)

in a 1.0cm quartz cuvette was added the specified amount of TFA. The corresponding
absorption spectra were measured on a Jasco Spectrophotometer V-650.

Figure 11 UV/Vis-Absorption of (-)-Riboflavin after addition of different equivalents of TFA.
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HPLC data for the Reaction Progress Monitoring

Compound:
(@]
N N0H
E-21
Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin-+
Compound:
Z-21
X
(o] OH
Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin-+
Compound:
6
X
O (@]
Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin-+
Compound:
(0]
X" oH
E-29

F3C

Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin+

DAD1 A, Sig=254,4 Ref=360,100 (MHIMAREIKE 2015-10-01 14-22-361JBM-5-154.0)
mAU 2
250

T4

' 6 ' ' 8 ' ' ' 10 ' ' 12 ' ' ' 1;1 ) 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

m R | === | ====m====- | =====--- |
1 7.175 BB 0.1376 2466.98096 272.56464 100.0000

DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-10-01 14-22-36\JBM-5-155.D)

o
g
e

8 10 14 16 18 min

12
Signal 1: DADl A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
- |- | === [—m— |- | === \
1 7.493 BV 0.1497 1170.39258 120.12€40 100.0000

DAD1 A, Sig=254,4 Ref=360,100 (MHMAREIKE 2015-10-D1 14-22-36\JBM-5-118.D)
mAU -

35

30

25

204

15

14.278

Peak RetTime Typs Width Lrea Height Lrea
i [min] [min] [mAU*=] [maU] %
————————— e Rl et ettt Bttt
1 14.278 BB 0.2720 684.54354 39.55940 100.0000

DAD1 A, Sig=254 .4 Ref=360,100 (MH\MAREIKE 2015-10-01 12-30-12\JBM-4-163.D)
mAU | &

300 7
250

7.22

ZOU—;
150 _
100 7
EU—:

04

. 8 8 .10 12 14 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %

1 7.224 BB 0.1521 3398.90381 335.90207 100.0000
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Compound:
Z-29
X
F5C 07 "OH
Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin+
Compound:
14
X
F3C (@) (0]

Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin-+

Compound:

Column: Chiracel OM
iPrOH : "Hexane: 15:85
1.0 mLmin-+

Compound:
D Z-23

D (o] OH
D D
Column: Chiracel OM

iPrOH : "Hexane: 15:85
1.0 mLmin+

DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-10-01 12-30-12\JBM-5-131-CF3.D)
mAU 2

693

80
so—f
40+
2]

o4

[ ] 10 12 14 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
t [min] [min] [MAU*s5] [mAU] %
____l _______ I____l _______ |====—=—=—= |=—=—====—- === ‘
1 €.939 BV 0.1417 915.25317 97.36€370 100.0000

DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-11-06 08-42-10WBM-5-111.D)

13481

Peak RetTime Typs Width Lrea Height Lrea
# [min] [min] mAlU*s [mATT] %
__________ e [
1 13.4¢l1 BB 0.2931 213.Z26706 11.4€l163 100.0000

mAU 8

i &
200
150
100

501

0+ -

6 8 10 12 14 16 18 min

Zignal 1: DAD1 &, 3ig=254,4 Ref=360,100

Peak RetTime Type Width Lrea Height Area
# [min] [min] [mAU*s] malr] =
——————————— e [l el B Al
1 €.192 BB 0.1608 2710.24072Z 253.45351 100.0000

DAD1 A, Sig=254,4 Ref=360,100 (MHIMAREIKE 2015-10-20 10-40-51\JBM-5-190-2.0)
mAU §
] b3
80
60|
40
20
0
8 10 12 14 16 18 min

[
Signal 1: DADl A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
[mAU*s] [mAU] %
B R | === | ===m=mmm | === !
1 ©.404 BB 0.1718 1100.95874 95.96358 100.0000

# [min] [min]

S28



Compound:

Column: Chiracel OM
iPrOH : "Hexane: 15:85

1.0 mLmin-+
Compound: °
" oH
E-20
Column: Chiracel OM
PrOH : "Hexane: 15:85
1.0 mLmin+
Compound:
Z-20
X
O OH

Column: Chiracel OM

iPrOH : "Hexane: 15:85
1.0 mLmin-~

Compound:

(3]

Column: Chiracel OM

iPrOH : Hexane: 15:85
1.0 mLmin-+

DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-10-20 10-40-51\JBM-5-58.0)
mAU 1

~
1 &
120 i

100—5
ao—f
60
10
20
04
é é 10 12 1‘4 16 1‘8 min
Signal 1: DADl R, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
+ [min] [min] [mAU*s] [mAU]

———— | |- ———==—- | == - |- - | -—-- !
1 12.447 BB 0.2457 2264.12866 143.738839 100.0000

mAU |

DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-10-20 08-27-41\JBM-5-13.0)
175

6213

150
125
100
75
505
25
0

6 é 10 12 1‘4 1‘5 1‘8 min
Signal 1: DADLl A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [MRU*5] [MAU]

____l _______ I____l _______ |\ === === |\ === = - |\ ————— == |
1 €.213 BB

0.1e43 2070.0109% 188.17360 100.0000

DAD1 A, Sig=254.4 Ref=360,100 (MH\MAREIKE 2015-10-20 10-40-51WJBM-5-191-Z.D)
mAU

§:313

6 é 10 12 14 1‘6 18 min
Signal 1: DAD1l A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
% [min] [min] [MAU*5] [mAU] %

il B | === === | ========—= | ========== | =====——= |
1 ©.313 BB 0.1e56 1395.27026

125.63¢684 100.0000
DAD1 A, Sig=254,4 Ref=360,100 (MH\MAREIKE 2015-10-20 10-40-51\JBM-5-20.D)
mAU | b
a0 7 i
mé
o]
20 —
o] e : ___—_—_—,
é a 1 12 14 16 1 min
Signal 1: DAD1l A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height LArea
b [min] [min] [mMAU*s] [mAU] %

el | ===l === R R | -————-- !
1 12.331 BB .2393 1628.42383 105.9432¢ 100.0000
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NMR-Spectra of Key Compounds

IH NMR (400 MHz, CDCls)
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IH NMR (500 MHz, CDCl3)
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IH NMR (400 MHz, CDsOD)
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IH NMR (600 MHz, CDs0OD)
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IH NMR (400 MHz, DMSO-ds)
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'H NMR (600 MHz, DMSO-ds)
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IH NMR (400 MHz, DMSO-ds)

jbm63_221015_299k_1h-full_1
jbm63_221015_299k_1h-full_1 L 550
dir: /mdata/gilmour/jbm63
500 MHz, probe: AutoX_DB, temp: 299 K [
500
450
SRR R ,
NN NN
I 400
350
300
250
200
MDYTTMONANANNS T HOQONNAIABONRNNRN OO NN N @ [
MmmmmmaMMMmMMmMmAaAAAAAAdNINNNNNNNS NS S S ]
NRNRNNNNNNRNNNNNNNNNNNNNNNNNNNNNNN NSNS v
AR NENENEAENE NN NN NN NN 3 150
i 828328 3
666666 o t
a
\W 2
100
5 50
e
o
| ) —
|
- Lo
T e d d I
- S o 51 S
— & = o L 50
T T T T T T T T T T T T T T T T T T T T T T T
12.0 11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
13
C NMR (101 MHz, DMSO-ds)
jbm63_221015_299k_13c_1
jbm63_221015_299k_13c_1 [
dir: /mdata/gilmour/jbm63 13
500 MHz, probe: AutoX_DB, temp: 299 K [
12
11
. L
3 k10
a
=
5 L
3
o -9
&a
-8
=7
-6
-5
Fa
N RS [
NI
Rl r3
N |
=y
~ <
< o -2
n © £ &
8 R 8 i ,
2 2 £l ‘
| \ i F1
i i |
] I L
‘ "J iy b by UMMM - O
F-1
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 70 60 50 40 30 20 10

920 80
f1 (ppm)

S39




400

Aisuaju|

300
200

100

€0'L N

'H NMR (600 MHz, CD3s0D)

S0+

90°L

e
e

m_mﬂ

SLe

G€'LN
9€L 1
9€'L
9€L
AW
L8,
8¢,
8e L}

8¢L 1
662
6L 1
662
6L
ov'L
ov'z
ov's
ov'L
1w
i
12
2vLA
2L

A
PARR\

Q.Zﬁ

—

8L
y

8yL
6v'L
S L

Tsoe

E66'T

Shift (ppm)

13C NMR (151 MHz, CD3;0D)

100

80

60

Ajisusyu|

k40

20
0o

06'€L ——3

206 —

61'8LL ——
10021~
59621~ R
e6'621 7
ey eyl ——3
21891 ———
80°02L ——

Shift (ppm)

T T
140 120

T
160

S40



1200
1100
1000

900
800
700
I 600
500
400

300

200

100
r-100

'H NMR (600 MHz, DMSO-ds)

o'
o'
e
wT
&'T
&'T
Lad4
Led4

9P-OSWQ 05T

38's
38's
38'S

9IT'L
9IT'L
9IT'L
9IT'L

-_ e
YAV
e
9r's
T
e
ze
87,
8z,
87 ]
8z ]
6z
67 |

6T’L
€L
€L
€L
€L
wL
wL
[4 A
€L
€L
€L
vEL
vEL

—Ah—"Fo

- =860

J €61

[ — ot

0T

SgTT \\J 00T

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

11.5

13C NMR (151 MHz, DMSO-ds)

12.0

o o o o =)
A I - <] o o o o o o =} o o 2
a B oy = & 5] S © It ¥ ] N - o ;
1 1 1 1 L 1 L 1 1 1 1 1 L 1 L 1 L 1 L 1

e —-=
 —
9P-OSWA Z5'6E
00°LTT ——
JAaq:
6Lzt W\
9zt
X .
> £0°0pT ————
[}
~N .

(SN2

o m.

- -0
R

' ¢ el

o o 2 N

x0T x

2, 2, 5 e

n9E ]

S5 3 15857 ——

= —~ O o

cos 5

™ @ g o

I} N

N N

SSE L 08'991 —————
P s

o © <

EEr 8

LS5 ©

70 60 50 40 30 20 10

80

0 140 130 120 110 100 920
f1 (ppm)
S41

15

160

170




10000

9000

- 8000

7000
6000

5000

4000

3000
2000
1000

'H NMR (400 MHz, DMSO-ds)

%0 /

ST1 l

80 Va

980

9P-OSWA 0S°C —

£0°e
SO'E —%— 01T
so'e
so'e
e

9€’L
9€’L
LEL
8EL
6E"

e =00'T
op'L |
ov'L |
'L
'L
'L
L
[\
L )f 66T
bb'L \ﬁ = 607
9L 7

L'l
e
8v'L ]
8v'L ]
6L
6v° ]
b2 ]
0s°L
0s°L
0S¢z
152
5L

L

1T — | 760

0.5

1.0

1.5

65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

7.0

95 9.0 85 80

10.0

B.0 12,5 12.0 11.5 11.0 10.5

13C NMR (101 MHz, DMSO-de)

09°0vT ——

Ep'8ST —

02491 —

o o o
(=] o o o o o o o o o o o
o o o o o o o o o o o o
— o o o o (=] o o o o =] —
- — [« 3] ~N o wn < m N — [=] )
1 1 1 1 1 1 1 1 1 " 1 " 1 1 1
89°€T ——
soTe— 3
3
Se'TE——
k1
-
1
3
2
H
3
H
b3
E
81'9TT —— =
0592t M
£9'82T =
sg8z1 W

W

"

Ml

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

170

S42



'H NMR (600 MHz, DMSO-ds)
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IH NMR (600 MHz, DMSO-ds)
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IH NMR (400 MHz, DMSO-ds)

€
T
|

t‘ 3,33 DMSO-d6

247
247

F 45000

40000

35000

30000

25000

20000

15000

10000

5000

R 2

T T T T T T T
13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5

13C NMR (101 MHz, DMSO-de)

 —1

39.52 DMSO-d6

1720

- 400000

I 350000

300000

250000

- 200000

L 150000

- 100000

- s0000

170 160 150 140 130 120

19F NMR (282 MHz, DMSO-ds)

6116

280

260

240

220

200

180

160

140

120

100

80

60

40

20

o

F-20

T T T T T T
-61.0 -61.5 -62.0 -62.5 -63.0 -63.5

f1(ppm)

T T T T T T T T T T
-56.0 -56.5 -57.0 -57.5 -58.0 -58.5 -59.0 -59.5 -60.0 -60.5

T
-64.0

T
-64.5

T
-65.0

T
-65.5

T
-66.0

T
-66.5

S50




'H NMR (600 MHz, DMSO-ds)

214
214
214
213

[
\;

2.50 DMS0-d6

=TZ00

1100

1000

o200

800

700

600

500

400

300

200

100

F-100

T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

0.0

13C NMR (151 MHz, DMSO-de)

166.21

1524

2.4

L110

F 100

L oo

8o

7o

6o

Fs0

L ao

F30

L 20

10

F-10

70 160 150 140 130 120 110 100

20 80
£1 (ppm)

19F NMR (564 MHz, DMSO-ds)

60.97
60.99
6099
60.99
60.99

[
t

- 60000

- 55000

- 50000

45000

40000

35000

{30000

25000

20000

15000

10000

5000

-5000

T T T T T T T T
40 30 20 10 o -10 -20 -30 -40 -50 -60 -70 -80

1 (ppm

T T T T T T T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
f1 (] D).

S5l
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IH NMR (400 MHz, CDsOD)
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IH NMR (600 MHz, CD2Cly)
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IH NMR (400 MHz, CD,Cl,)
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IH NMR (600 MHz, CD2Cly)
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IH NMR (400 MHz, CD.Cly)
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IH NMR (600 MHz, CD:Cl>)
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IH NMR (600 MHz, CD:Cl>)
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IH NMR (400 MHz, CD,Cl,)
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IH NMR (600 MHz, CD2Cly)
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'H NMR (400 MHz, CD,Cl>)
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