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S1Experimental i general comments

NMR spectra were recorded on a Varian Mercury Plus 300 (299.97 MHZHp#75.44 MHz

for 1*C, and 282.23 MHz fol°F) or Agilent 406MR DDR2 (399.94 MH for *H and 100.58

MHz for 3C) at 298 K unless otherwise indicated. Chemical skiifise given in ppm, using
residual solvent or tetramethylsilane as an internal standard. Coupling codstentsported

in Hz. UV-VIS spectrawere recorded on a Varidary 50 spectrophotometéiluorescence
spectrawere recorded on Varian Cary Eclipse. Higisolutionmass spectravere obtained

on QTof Micro (Waters), equipped with a quadrupole and TOF analyzers and MCP detector.
TLC analyses were carried out on a Bdufolien Kieselgel 60 F254 (Merck). Preparative
column chromatography separations were performed on a silica gel Kieselgel 60.0630

mm (Merck). Melting points were measured on a Boetius melting point apparatus and are
uncorrectedQuantum yields of photocatalytic esterifications were measured by ferrioxalate
actinometer. Concentration of hydrogen peroxide in reaction mixtures was measured by
iodometry?

Starting materials, reagents and substratesvere obtained from commercial suppliers and
used without further purificationThe solvents were purified and dried using standard
procedires® Riboflavin tetraacetate3),** diacylhydrazines2 (ref.)® and azocompoundslc
and1d (ref.”) were prepared according to previously reported procedures. $fid&ra of the
prepared compoundse in agreement with previously reported data.

1'S. L. Murov, I. Carmichael, G. L. Huglandbook of Photochemistrg. Edition, New York1993

2R. D. Mair, A. J. GraupneAnal. Chem1964 36, 194i 204.

®D. D. Perrin, W. L. F. APurification of Laboratory Chemicals, 4th EdlIsevier Science Ltd., Oxford, 1996.
“Nevesell, T.; Svobodovg, E. ; AdC BymtH. €d&ta016 368 1654Si kor s ki ,
® Schmaderer, Het al.,Adv. Synth. CataR009 351, 163174.

® Matveeva, E.D., et alGhem. Heterocycl. Comp@00Q 36(10),11491153.
"Menard, F., C.F. Weise, and M. LauteBsg. Lett.2007, 9(26),53655367.
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S2Experimental i Synthetic procedures

2',3',4' 5'-Tetraacetylriboflavin ~ (3b): Prepared according to o

described procedufe'H NMR (600 MHz,CDCl;) & 8. 38 ( $s [1H), 8.

(s, 1H), 7.56 (s, 1H), 5.67 (d,= 8.4 Hz, 2H), 5.46 (s, 2H), 5.41 (idl, OAc

= 6.1, 3.0 Hz, ), 4.43 (ddJ = 12.4, 2.8 Hz, 1H), 4.24 (dd,= 12.4, AcO

5.8 Hz, 1H), 2.57 (s, 4H), 2.45 (s, 4H), 2.28 (s, 3H), 2.21 (s, 3H), 2 N N0
(s, 3H), 1.76 (s, 3H), 1.58 (s, 3HYC NMR (151 MHz, CDCL) %[N/L(NH
170.7, 170.4, 170.0, 159.4, 154.4, 150.9, 148.3, 137.2, 13828 I

133.2, 131.4, 115.7, 70.%89.6, 69.2, 62.1, 45.2, 21.€@1.2, 21.0,
20.86, 20.5, 19.6

3-Benzyl2',3',4'5'-tetraacetylriboflavin (3c): 3b (1.1 mmol), benzylalcohol (1 mmol) and
triphenylphosphine (2 mmol) werdkssolved inCH;CN (60 mL) under itrogen atmosphere
ThenDIAD (2 mmol) was added dropwisand themixture was mixed 24 ht RT.After the
reaction mixture was evaporatadd theresidue was purified by flasthromatography (silica
gel, DCM/CH3OH, 20:]) to give producBc (0,419, 63 %)as yellow solidm.p: 909 2 ;A C
NMR (600 MHz, CDC}) 0 8 2H),@.57f 8.51 (n1, 2H), 7.37 7.19 (m, H), 5.64 (d, J
= 7.6 Hz, 2H), 5.48 5.36 (m, H), 5.26 (s, 2H), 5.08 4.61 (m, AcO

2H), 4.42 (dd, J = 12.3, 2.8 Hz, 1H), 4.24 (dd, J = 12.4, 5,8 HZ

1H), 2.54 ¢, 3H), 2.43 (s, 3H), 2.28 (sH} 2.20 (s,3H), 2.06 OAc

(s, 3H), 1.70 (s, B); °C NMR (151 MHz, CDG)) U ,1 7A@~

170.4, 170.0, 169,8160.0, 155.4, 149,2147.6, 136.7, 135,7 N /NYO

134.8, 133.0, 131,3115.5, 70.6, 69,162.0, 44.7, 28.821.5, ;@:NJV\WN\Q
21.2 20.9 20.8, 20.5, 19.6HRMS (ESI) calcd for G,H34N4010

(IM+Na]") 657.21671, found 657.21655.

3-Methyl-2',3",4',5'-tetraacetylriboflavin (3d): 3b (1 mmol) was dissolved in DMF (80 ml)
and KCO; (10 mmol)was added Methyl jodide (10 mmol)was added mpwiseand the
mixture wasstirred 24 at RT. Afterevaporation of solvent€CHCk (50 nlL) was addecnd
the mixture wasvashedwith water(3 x 50 ml) The organic phase was driaith NaaSO,
and fltered. The solvent was evaporateahd the residue was pufied by flash
chromatography (silica gel, CHECH;OH, 50:1) to give product3d
(0.4 g, 72%) as a orange solid. jl = 182A C  { 182AfC.JH.NMR
(600 MHz, CDC})) U0 8. 02 (s, 1 H)5.60 (M,.18)3 AQLs~oad H)
5.527 5.34 (m, 2H), 5.24 4.64 (m,2H), 4.42 (dd, J = 12.4, 2.8 Hz,

AcO

AcO
1H), 4.24 (dd, J = 12.4, 5.8 Hz, 1H), 3.48 (s, 3H), 2.54 (s, 3H), 2.43 (s
3H), 2.29 (s, 3H), 2.21 (s, 3H), 2.07 (s, 3H), 1.72 (s, 3fQ;NMR Y
(151 MHz, CDC}) © 170.7, 170.4, 170.0 e 8

147.6, 1367, 135.7, 134.8, 133.0, 131.3, 115.5, 70.6, 69.1, 62.0, 44.7, O
28.8, 21.5, 21.2, 20.9, 20.8, 20.5, 19HRMS (APCI) calcd for GgHzoN4O ([M+H])
559.20347 found559.20329

8 Schmaderer, H., et alAdv.SynthCatal, 2009 351(1-2), 163174.
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General procedureof preparation of hydrazines 2 (according to ref):

Alkyl chloroformate (0.05 mol) was added dropwise with stirring to a solution of hydrazine
hydrate (1.37 g, 23.5 mmol) in ethanol (15
alkyl chloroformate, a solution of N&G0; (2.65 g, 25 mmol) in water (20 ml)as added and

then second half of alkyl chloroformateas added dropwise. The mixture was stirred 30 min

at 2 Dhe preipitate was then filtered, washed with water (15 ml) and ethanol (10 ml) and

dried to give2.

Diethyl hydrazine-1,2-dicarboxylate (2a): White solid (yield 65 %) M. p . = 131 AcC
131-1 3 2 ; ' SNIR (400 MHz,CDCl;) 689 (s, 2H), 4.20 (g, J = H 9

7.1 Hz, 4H), 1.27 (t, J = 7.1 Hz, 6H); GNMR (101 MHz, CDd) \/OTN\NJ\O/\

U 589, 62.4, 14.5HRMS (ESI) calcd for GH12N,O4 ([M+Na]™) o M

199.06893, fond 199.06911.

Diisopropy! hydrazine-1,2-dicarboxylate (2b): White solid (yield 33 %) M.p. =1061 08 AC
(ref?1071 0 8 ;A E@YR (300 MHz, CDC)) & 6. 32 (s, ,;Hi, 4. 98
(hept, J= 6.3 Hz, 1H), 1.26 (d, 7:'°C NMR (101 MHz, CDG)) ETOTN\N OJ\

156.5, 70.2, 22;1HRMS (ESI) calcd for GH1eNoO4 ([M+Na]™) o H

227.10029, found 227.10023

Di-tert-butyl hydrazine-1,2-dicarboxylate (2c): Prepared according to described
procedure”’ White solid (yield 40 %)M. p . = 12121:12C (r gf o

A C3H NMR (400 MHz, CDCY) 0 6 1H),91.47 (b, OH)*C \koTN\NJ\OK
NMR (101 MHz, CDC§)  $6.9,181.7, 28.3HRMS (ESI) calcd for o H

C10H20N204 ([M+Na]™) 255.13153, found 255.13181.

Dibenzyl hydrazine-1,2-dicarboxylate (2d): White solid(yield 70%),M. p. = 186 AC ([
106 . 5'H AMR (400 MHz, MCN) U -7.256m,

5H), 7.06 (br 1H), 5.12 (s, Bl); **C NMR (101 MHz, cgen) H j\

0 755137.5,129.512.1, 128.9, 67.%IRMS (ESI) calcd OTN\M o/\©

for C16H16N204 ([M+Na]") 323.10023, found 323.1066 o

General procedureof preparation of azocompounds 1

Hydrazne (2c or 2d; 0.7 mmol) and anhydrous pyridine (1.6 mmol) were dissolved in DCM

(20 ml)underNat mosphere and the mixture was <cool ed
DCM (6 ml) was added dropwise and the mixture atased for90 min. AfterDCM (50 m)

was added and the mixture was wasivth 1M HCI (2 x 15 ml) sat. NaHCQ@(2 x 15 ml)

H,0 (15 mL) and bring(15 mL). The organic phase was driadth MgSO, and filtered. The

solvent was removed under reduced pressugeve 1c-d as a yellow solid.

Di-tert-butyl azodicarboxylate (1c): Yellow solid (yield 92%); *H o)
NMR (400 MHz, CDClL) U2 (4 .918) *C NMR (101 MHz, \i/OTN\\N)kok
o)

° Hughes, D.L. and R.A. Reamed,. Org. Chem.1996, 61(9), 29672971.
%1 ing, K.B. and A.D. SmithChem. Comm.ur2011, 47(1), 373375.
1 Kenner, G.W. and R.J. StedmanChem. Soc1952 20832094.
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CDC|3) 59.4,]87.0, 27 .9HRMS calcd fOI’(ESD C10H18N204 ([M+Na]+) 253.11610, found
253.11588.

Dibenzyl azodicarboxylate(1d): Yellow solid (yield90 %);
'H NMR (400 MHz, CRCN) 8171 7.37 (m, 5H), 5.45 (s, o ne U

2H); C NMR (101 MHz, CQCN)  1i1.1,1185.1, 130.1 o O©
129.8, 129.8, 71.9HRMS (APC|) calcd for GeH14N204

(M%) 298.09601, found 298.09591

General procedureof preparation of chiral esters(standards)

3,5-dinitrobenzoic acid4h) or 3-nitrobenzoic acid4a) (1.2 mmol),1-phenylethanol5I) or
ethyl lactateg(5m) (1 mmol) DCC (1.5 mmol)andDMAP (0.1 mmol) weredissolved indry
CHsCN (10 niL) and themixture wasstirred for 24 at RT. After the reaction mixture was
evaporatedthe residue was purified by flaskbhromatography (silica geHexanéEtOAc,
10:1) to givetheproduct

(R)- and (S)-1-Phenylethyl 3nitrobenzoate (6r): Yield 90 % (0.24 g, 0.9nmol) for R)-

and89 % (0,24 g0.89mmol) for (9. Yellowish oil; *H NMR (400 MHz, CDC}) & 18 .

8.81 (m,1H), 8.48i 8.25 (m, 2H), 7.68 7.62 (m, 1H), 7.49 7.43 (m, 2H), 7.42 7.36 (m,
2H), 7.36i 7.30 (m, 1H), 6.18 (q) = 6.6 Hz, 1H), 1.72 (d) = 6.6 Hz, 3H);*C NMR (101
MHz, CDClL) U ,148.3,.141.1, 135,513.4, 129.7, 128,8128.4, 127.5, 126,3124.7,
74.3, 22.4HRMS (APCI) calcd for GsH13NO4 ([M] 7) 271.08501 found Z71.08503 For (R)-
[ & = -44.7A c ©@.38Q CHCL), purity by HPLC 99%: For - [ W% = 42.1A ¢ (.329
CHCly), purity by HPLC 100%.

Ethyl (S)- and (R)-2-((3,5-dinitrobenzoyl)oxy) propionate (69): Yield 88 % (0.275 g, 0.88
mmol) for R)- and91 % (0.284 g, 0.9inmol) for (). White solid, m.p:92-93 AC; 'H NMR
(400 MHz,CDClz) 0 = J&2.21), 9.20 (dJ=2.1, 2H), 5.41 (g) = 7.1, 1H), 4.27
(9, =7.1, 2H), 1.72 (dJ = 7.1, 3H), 1.31 (tJ = 7.1, 3H);"*C NMR (101 MHz, CDGJ) ii
169.8, 162.1, 148.8, 133.4, 129R28, 71.0, 62.117.1, 14.3 HRMS (APCI) calcd for
C1oH12N20g ([M]1) 31205978, found 3125991 For R)- [ @ =-10 . 4£A.214 CHCH),
purity by HPLC 100%; For ©)-[ @*f=8 . 2 @341 CHCE), purity by HPLC 9%%.

98



S3Experimental i Photocatalytic esterification

General procedure for photocatalytic esterification under Mitsunobu reaction
conditions

Preliminary experimentson esterification

A mixture of benzyhklcohol (5a, 0.1 mmol), 3-nitrobenzoic acid(4a, 0.180 mmol),
triphenylphosphineQ.30mmol), diisopropyl hydrazinel,2-dicarboxylatg(2b) or DIAD (1b)
(0.0150 mmol), catalyst (3b-d, 7 or 8, 0.0150 mmol) in the presenceor absence of
phenylsilane (0.30 mmol) and activatsts 4 ; (150 mg) in CHCN (2 mL was bubbled
with oxygen (2 min) and thewasst i r r ed &t0 P2AC AiChal@n under
irradiationwith blue LEDs (450 nm, 1 W LED) for 24 houffer details about experimental
setup, see S14Then,the reaction mixture wafiitered andthe solvent wagvaporatedThe
conversion wasletermined byH NMR.

Esterification on preparative scale
Method A

A mixture ofalcohol (5a-m, 0.15 mmol), nucleophile(4a-h, or phthalimide 0.180mmol),
triphenylphosphine0(30 mmol), DIAD (1b, 0.0150 mmol), TARF?-CHs (3d, 0.0150 mmol)
and activatedMS 4 ; (150 mg) in CHCN (2 nm_) was bubbled with oxyge(2 min)andthen
wasstirredat 25A C  u n,dbealloon) @nderirradiaion with blue LEDs (450 nm, 1 W LED)
for 24 hours(for details about experimental setup, see SAdier irradiation,the reaction
mixture wasfiltered andthe solvent wasvaporated The rasidue waspurified by flash
chromatography (silica geh-hexane/EtOAc, 2Q or CHCE) to givethe product.

Method B

A mixture of alcohol (5am, 0.1% mmo), nucleophile(4a-h, or phthalimide0.180 mmol),
triphenylphosphine Q.30 mmol), diisopropyl hydrazind,2-dicarboxylate (2b, 0.0150

mmol), TARF*-CHs (3d, 0.0150 mmol), phenylsilane (0.30 mmol) and activatd® 4 ; (150

mg) in CHCN (2 L) was bubbled with oxyge(?2 min)andthenwash e at ed at 50 AC
O, (balloon under irradiatiorwith blue LEDs (450 nm, 1 WLED) for 24 hours(for details

about experimental setup, see SI#)en,the reaction mixture wasltered andthe solvent

was evaporated The raidue was purified by flashchromatography (silica geln-
hexane/EtOAc, 2Q or CHCE) to givethe product.

Benzyl 3nitrobenzoate (6a): Yellowish oil; *H NMR (400 MHz, CDC})) a 71 8.879(r,
1H), 8.45i 8.36 (m, 2H), 7.66 (dd] = 12.0, 4.2 Hz, 1H), B0i 7.34 0

(m, 5H), 5.42 (s, 2H)*C NMR (101 MHz, CDG)) U 16 4. & 4,
135.5, 135.4, 132.1, 129.8, 128.28.8 128.6, 127.6, 124.8, 67.8 4\®
HRMS (APCI) calcd for G4H1INO, ([M]") 257.06936, found NO,

257.06924.



4-Chlorobenzyl 3-nitrobenzoate (6b): White solid, m.p:85-87 AC; 'H NMR (400 MHz,
CDClL) U 8J=81B Hi, LH), 8.43 (ddd] = 8.2, 2.2, 0.9 Hz, .

1H), 8.407 8.36 (m, 1H), 7.66 (t) = 8.0 Hz, 1H), 4571 7.35 (m,

4H), 5.38 (s, 2H)*C NMR (101 MHz, CDC)) G 164 . “9/4\@,
135.5, 134.8, 133,9131.9, 130.1, 129.9, 129.1, 127.8, 124.8, 7.0 i

HRMS (APCI) calcd for G4HiCINOs ((M]*) 291.03038, found °2
29103055.

4-Nitrobenzyl 3-nitrobenzoate (6¢): White solid, m.p: 142143 AC: 'H NMR (400 MHz,
CDCl;) U 1 8.849mM, 1H), 8.50 8.43 (m, 1H), 8.43 8.38 (m, o

1H), 8.27 (d,J = 8.6 Hz, 2H), 7.70 (;M1H), 7.63 (dJ = 8.6 Hz,

2H), 5.52 (s, 2H),'13C NMR (101 MHz, CDCl) U4 164 ,)‘\(1/4\©§ ,
148.1, 142.5, 135.5, 131.4, 130.0, 128.9, 128.0, 12282, 66.2 NO,

HRMS (APCI) calcd for G4H:10N20s ([M]¥) 302.04996, found NO,
302.04969.

4-(Trifluorm ethyl)benzyl 3nitrobenzoate (6d): White solid, m.p:72-73 AC; *H NMR (400
MHz, CDCk) U i ®.8%9(®, 1H), 8.48 8.37 (m, 2H), 7.74

7.64 (m, 3H), 7.58 (d] = 8.1 Hz, 2H), 5.47 (s,H); *C NMR (101 i

MHz, cdck) U 1184, 139.3, 13551316, 131.1, 129.9, 0/\©
128.6, 127.9, 125.9q, J = 3.8 Hz), 24.8, 122.7, 66;8HRMS CFs
(+EI) caled for GsH1oFsNO, ([M] *) 325,0582, found325.05697 NO,

4-Methylbenzyl 3-nitrobenzoate (66): Yellowish oil; *H NMR (400 MHz, CDC))
i8.92-8.79 (m, 1H), 8.43 8.36 (m, M), 7.677 7.61 (m, 1H),

7.36 (d,J=8.0 Hz, 2H), 7.22 (d] = 7.8 Hz, 2H)5.38 (s,2H), 2.38

(s, 3H):,®C NMR (101 MHz, CDG) i 164 .5, 148 . 3/3\@[, 135. 5
132.4, 132.1, 129.7, 129.%288, 127.6, 124.8, 67.7, 21.BIRMS CH,

(APCI) calcd for GsHi3NOy4 ([M] *) 271.08501, found 271.08502. N©:

0

4-Methoxybenzyl 3nitrobenzoate (6f): Whitesolid, m.p: 757 7 % GIMR (300 MHz,
CDClk) U 7 8.739m6, 1H), 8.48 8.27 (m, 2H), 7.64 (1 = o
8.0 Hz, 1H), 7.44 7.38 (m, 2H), 6.96 6.90 (m, 2H), 5.35 (s,

2H), 3.83 (s, 3H)'*C NMR (101 MHz,CDG)) U 164 . 5 1 66\.©\
148.4, 135.5, 132.2, 130.629.7, 127.5, 127.5, 124.8, 114.2, OCH
67.7, 55.5; HRMSAPCI) calcd for GsHasNOs ([M] )

287.08053, found 287.08024.



3-Chlorobenzyl 3-nitrobenzoate (6g): Yellowish oil; *H NMR (400 MHz, CDCY) a 18. 96
8.79 (m, 1H), 8.56 8.25 (m, 2H), 7.67 (tJ= 8.0 Hz,1H), 7.45 (s, 1H), o

73871 7.31 (m, 3H), 5.39 (s, 2H}*C NMR (101 MHz, cdg) U 1 ,

148.3 137.2, 135.4, 134,6131.6, 130.1, 129,7128.8, 128.5, 127.6 /\Q

126.5, 124.7, 66.7HRMS (APCI) calcd for @H1oCINOs; ([M]7) NO,
291.03038, found 291.03067

Cl

2-Chlorobenzyl 3-nitrobenzoate (6h): White solid, m.p: 7172 A C'H NMR (400 MHz,
CDCl;) 0 718.879M, 1H), 8.4% 8.37 (m,2H), 7.69i 7.63 (m, 1H), o

7.53i 7.41 (m, 2H), B6i 7.28 (m, 2H), 5.52 (s,H); *C NMR (101 o

MHz, CDCk) U 16 4 13.6, 13424183.14131.8, 130.5, 130,2 /:©
120.9, 129.8, 652HRMS (APCI) caled for GHiCINO, (IM]") [ c
291.03038, found 291.03053

Phenethyl 3nitrobenzoate (6i): Yellowish oil; *H NMR (400 MHz, CDC}) a 71872 2
(m, 1H), 8.44i 8.39 (m, 1H), 8.35 8.29 (m, 1H) 7.68i 7.60 (m, o

1H), 7.38i 7.27 (m, 5H), 4.60 (t, J = 7.0 Hz, 2H), 3.12 (t, J = 7.0 Hz N@
2H); *C NMR (101 MHz, CDGJ) U 5,1485,.137.5, 135.4, 132. ©

129.8, 129.1, 128,81275, 127.0, 124.7, 66.5, 35.8IRMS (APCI)

calcd for GsH1aNOy4 ([M] *) 271.8501, found 271.08500. NO,

Octyl 3-nitrobenzoate (6k): Yellowish oil; *"H NMR (400 MHz,CDCl;) U 8. 86 (s, 11
(dd, J =17.1, 8.0 Hz, 2H), 7.66 (t, J = 8.0 Hz, 1H), 4.38 (t, J = 6.7 Hz, 2H), o

1.927 1.62 (m, 2H), 1.66 1.10 (m, 10H), 0.88 (mB8H); **C NMR (101 o Gt

MHz,cdck) U 164.7, 148. 4, ,12A.3 745 66.3, 4, 129.7,
31.9, 29.4293, 28.8, 26.1, 22.8, 14.BIRMS (APCI) calcd forC;5H21NO;4

: NO,
([M]") 279.14761, found 279.14750

4-Chlorobenzyl 4-nitrobenzoate (61): Yellowish solid, m.p: 1101 11 AC; 1H NMR
MHz, CDCL) O 71 8.263(3, 2H), 8.26 8.20 (m, 2H), 7.43 o

i 7.36 (m, 4H), 5.38 (s, 2H); 13C NMR (101 MHz, CRCI U O)%

164.56 150.8, 135.4, 134,8133.8, 131.0, 130,0129.1, 123.8, /\©\

67.0 HRMS (APCI) caled for C14H10CINO4 ([M]) ©O=N cl
291.03@8, found 291.03046.

4-Chlorobenzyl benzoate(6m): Yellowish oil; *H NMR (400 MHz, CDC}) a 18.03L 0
(m, 2H), 7.61i 7.52 (m, ), 7.491 7.33 (m, 4H), 5.32 (d) = 5.6 o

Hz, 2H);**C NMR (101 MHz, CDGJ) u ,1%8.5, 1.1, 133.1 o

129.9, 129.7, 12®, 128.8 128.4, 65.9 HRMS (APCI) calcd for m
C1H11CIO, ([M] 1) 246.04421 found246.04544 c



4-Chlorobenzyl 2-phenylacetate (6n): Yellowish oil '"H NMR (400 MHz, CDGC))

U7.94-6.94 (m, 9H), 5.10 (s, 2H), 3.67 (s, 2H¥C NMR (101 o
MHz, CDCk) U ,13.5 1.2, 133.9, 129.612.4, 128.9, Q\)%

128.8, 127.3, 65.9, 41.FHRMS (APCI) calcd for CisH1sClO, /\@L
(IM]") 260.05986found260.06006 c

4-chlorobenzyl 2methyl-2-phenylpropanoate (60): Yellowish oil; *H NMR (400 MHz,

CDCl) U 1 7.303m, 4H), 7.28 7.23 (m, 3), 7.13i 7.09 (m, o

2H), 5.06 (s, Bl), 1.60 (s,6H); *C NMR (101 MHz, CDCL)

l176.49, 144.4134.8, 133.9, 129.2128.7, 128.5, 126,9125.8, 0/\©
Cl

65.7, 46.7, 26.5

4-chlorobenzyl 3phenylpropanoate(6p): Yellowish oil;*H NMR (400 MHz, cda)) U5 7 .

7.27(m, 4H), 7.25i 7.17 (m,5H), 5.08 (s, B), 2.98 (t,J = 7.7

O
Hz, 2H), 2.70 (t,J = 9.1, 6.4 Hz, 2H)*C NMR (101 MHz,
CDCl)  2.7,140.4, 134 513.2, 129.7, 128,8128.6, 128.4, Om
126.4 65.5, 35.9, 31,0HRMS (+El) calcd for GgH1sClO, cl

(IM]*) 256.06494, found 256.06670.

4-chlorobenzyl hexanoate (6q): Colorless oij*H NMR (400 MHz, CDC{) U i 7.313r,
2H), 7.31i 7.26 (m, 2H), 5.07 (s,H), 2.34 (t,J = 7.6 Hz, 2H), 1.78 o
i 1.49 (m, 2H), 1.40 1.20 (m, #), 0.88 (t,J = 7.0 Hz, 3H; °C

NMR ¥ CSH”)J\O
(101 MHz, CDC)) U 17 3 13.2, 129.3, 428.865.4,
34.4, 31.4 24.8, 22.4, 140HRMS (+E) calcd for GsH:7ClO, cl
(IM]") 240.09171, found 2409134

(S)-1-Phenylethyl 3nitrobenzoate (6r): Yellowish oil; *H NMR (400 MHz, CDC))
118.98- 8.81(m, 1H), 8.48i 8.25 (m, 2H), 7.68 7.62 (m, 1H), 7.49

7.43 (m, 2H), 7.42 7.36 (m, 2H), 7.36 7.30 (m, 1H), 6.18 (g = 6.6 o

Hz, 1H), 1.72 (dJ = 6.6 Hz, 3H)°C NMR (101 MHz, CDG)) U ,1(6 3 @J\©
148.4, 141.1, 135,512.4, 129.7, 128,8128.4, 127.5,126.3 124.7,

74.3, 22.4HRMS (APCI) calcd for GsH1sNOg4 ([M] *) 271.08501found ~ NO:

271.08503

(R)-1-Phenylethyl 3nitrobenzoate (6r): Yellowish oil *H NMR (400 MHz, CDGC})
18.98-8.81 (m, 1H), 8.48 8.25 (m, H), 7.68i 7.62 (m, 1H), 7.49 o -

7.43 (m,2H), 7.42i 7.36 (m, 2H), 7.36 7.30 (m, 1H), 6.18 (g] = 6.6 ,)\o -

Hz, 1H), 1.72 (dJ = 6.6 Hz, 3H)*C NMR (101 MHz, CDGJ) t8.9,1 /\©
148.4, 141.1135.5 13.4, 129.7, 128,8128.4, 127.5, 126,3124.7,

74.3, 22.4HRMS (APCI) calcd for GsH13NO, ([M] ) 271.08501 found
271.08502
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Ethyl (R)-2-((3,5-dinitrobenzoyl)oxy) propionate (6s): White solid, m.p: 92-93 AC;
'H NMR (400 MHz,CDCl)) U = J& 2.2 &H), 0.20,(d) = o O O
2.1, 2H), 541 (@) = 7.1, 1H), 4.27 (q) = 7.1, 2H), L.72 (d) = I
7.1, 3H), 131 (t, J = 7.1, 3H); *C NMR (101 MHz, CDG)) i o

169.8, 162.11488, 133.4, 129.81228, 71.0, 62.1, 17.1, 14.3

HRMS (APCI) calcd for GoHiN2Og ([M]*) 312.05978, found NO,

31205991

Ethyl (S)-2-((3,5-dinitrobenzoyl)oxy) propionate (6s): White solid, m.p: 92-93 AC;
'H NMR (400 MHz,CDCl) U = J& 2.2 6H), 0.20,(d) = 0O~
2.1, 2H), 5.41 () = 7.1, 1H), 427 (@) = 7.1, 2H), 1.72 () = _ o T
7.1, 3H), 1.31 (tJ = 7.1, 3H); *C NMR (101 MHz, CDG) & ° o
169.8, 162.1, 148.8, 133.4, 12928, 71.0, 62.117.1, 14.3

HRMS (APCI) calcd for CioH1oN2Og ([M]F) 312.05978, found NO,

31205991

N-(4-Chlorobenzyl)-phthalimide (9): White solid, m.p: 1101 2 0 'tA BMR (400 MHz,
CDCl;) 4 17.818(®, 2H), 7.75 7.68 (m, M), 7.37 (d,J= 8.4 o)

Hz, 2H), 7.28 (d) = 8.1 Hz, 2H), 4.81 (s, 2H}?C NMR (101 MHz, N

CDCly) a 168. 1, 135. 0, 134. 2, 1
HRMS (APCI) calcd for CysH1oCINO, ([M]") 271.04055 found
271.04187.
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A HPLC analysis of products (6i, 6k) of stereselective esterifiation

Analysis were performed oAgilent 1100 series (Agilent Technologies$ing Chiral Art
Amylose Ccolumn heptae/isoprogyl alcohol9:1, flow 0,7 mL/min, tenp.1 5  det@ction
at254 nm

rac-1-phenylethyl 3nitrobenzoatérac-6r)

mA
20]
17]
15]
121

10]

i J Uk

C ‘ ‘ E 1 1 2 2 ‘ ‘ ‘ ‘ mi
# Time Area Height Width Area% Symmetry
1 9.787 2716 218 0.1914 50.061 0.911
2 11.012 2709.4 190.1 0.2203 49.939 0.928

(9-1-phenylethyl 3nitrobenzoaté(S)-6r)

mA

0|

AN

AT

207|

T T T T T
C [ 1 1 2 2

# Time Area Height Width Area% Symmetry

1 11.@e7 2709.4 190.1 0.2203 100 0.928
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(R)-1-phenylethyl 3nitrobenzoat€(R)-6r)

mA|

5

A0

20

207

100

# Time Area Height Width Area%
1 9.801 7223.7 574.5 0.1947 99.021
2 11.032 72.5 5.2 0.2046 0.979
Results in Table 3(main text)
(R)-6r (MethodA)

Nn7

, [\

AN ‘

By \

" |

an / \

20 ‘

| |
10 ‘
{ | Y A

# Time Area Height Width Area%
1 9.869 10041.1 780 0.1982 98.295
2 11.162 174.2 11.9 0.2229 1.705

12

Symmetry
0.902

0.915

Symmetry
0.847

0.891



(R)-6r (MethodB)

Ninr]

210y
70
RMY]
L)l
AM]
2]
207]

107]

r

T T T T T T T T
sl 2 [ 7 1 12 1 17

# Time Area Height Width Area% Symmetry
1 9.805 11066.8 858.5 0.2149 99.016 0.855
2 11.082 181.3 13.3 0.2268 0.984 0.837

(R)-6r (MethodB i in the absence &)

[
20 ‘
157
104 H
5 |
| | I
/\ Jl | \/\\
0 IAHWM/VWW\MWW"'WJ‘ s i — LV“MJJ\‘\WLJ\:MmM,WJ—-'"Mmm/wwmmwxmmw‘p’w
N A N A A R R T
# Time Area Height Width Area% Symmetry
1 9.726 367.9 2587 0.2215 98.882 0.8A
2 11.137 418 2.9 0.151 1118 1.32

13



(9-6r (MethodA)

Nor]
507 /\
r
40 )
a0] ’
|
207 \
|
1o 1
||
( ST A U
C > £ 7 R S T
# Time Area Height Width Area% Symmetry
1 9.858 94.2 7.1 0.1832 1.070 0.719
2 11.134 8709.3 593.9 0.2251 98.930 0.875

(9-6r (MethodB)

Not
o5 W

15| ‘

¢ 2 c 7 1 12 1 17 P

# Time Area Height Width Area% Symmetry
1 9.86 32.8 2.8 0.1501 0.873 1.342

2 11.124 3727.9 256.7 0.2214 99.127 0.884
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Ethyl (rac)-2-((3,5-dinitrobenzoyl)oxy) propionatérac)-6s)

mAl
160

140

120

106

80

60

401

20

60

# Time Area Height Width Area% Symmetry
1 21.121 5203.4 161.8 0.4653 48.547 0.742
2 24.915 5601.9 103.4 0.9031 51.453 0.351
Ethyl (R)-2-((3,5-dinitrobenzoyl)oxy) propionatéR)-6s)
300
250 ‘
2004 ‘
1504 ‘
100, ‘
507 ‘ ~|
(e e —-Ar———-—-“l—\l'\h-m S ——
# Time Area Height Width Area% Symmetry
1 19.676 10251.1 332.1 0.4661 100 0.704
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Ethyl (9-2-((3,5-dinitrobenzoyl)oxy) propionatéS)-6s))

175
150 ‘
\
1251 \
\
100]

75] \

|
504

25 ‘ "\

|
R P N _
0 1‘0 éO 3|0 JO 5;0 mi
# Time Area Height Width Area% Symmetry
1 19.868 131.4 4.5 0.3642 1.156 1.034
2 23.569 11192.5 194.3 0.9601 98844 0.3
Results in Table 3(main text)
(9-6s (MethodA)
1006, ﬂ|
\
|
80 ‘
\
60+ \
|
|
40 \
~N
201 \\
f A
o i ‘/\WL;J _
# Time Area Height Width Area% Symmetry
1 19.854 86.1 2.6 0.5457 1.402 0.788
2 23.925 6052.3 109.1 0.9246 98.594 0.36
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(9-6s (MethodB)

mAl
1007

J |

607 \

A \ . } \W.%
e LSS A WIS A .,
# Time Area Height Width Area% Symmetry
1 19.878 143.3 4.5 0.5352 2.216 0.972
2 23.983 5600.7 100.6 0.9278 97.784 0.344
(R)-6s (MethodA)
i |
100 ‘
|
501 m
-
o NN
# Time Area Height Width Area% Symmetry
1 19.678 9273.5 299 0.4699 98.331 0.703
2 23.602 157.4 4.4 0.4271 1.669 1.119
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(R)-6s (MethodB)

mAl

200] H
175] ‘
150 ‘
125 ‘
106| ‘

75 |

50q ‘

257 ||

[N S il } \\_M —
# Time Area Height Width Area% Symmetry
1 19.711 6484.1 212.8 0.4555 96.851 0.751
2 25.014 210.8 2.7 1.5865 3.149 1.359

18



S5 'H and *C NMR spectra of 1 and 2

Di-tert-butyl azodicarboxylate (1c):
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Dibenzylazadicarboxylate (1d)
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Diethyl hydrazine-1,2-dicarboxylate (2a):
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Diisopropy! hydrazine-1,2-dicarboxylate (2b):
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Di-tert-butyl hydrazine-1,2-dicarboxylate (20):
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Dibenzyl hydrazine-1,2-dicarboxylate (2d)
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S6 'H and *C NMR spectra of 3

2',3',4' 5'-tetraacetylriboflavin (3b)
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3-Benzylt2',3',4' 5'-tetraacetylriboflavin (3¢)

3800

3600

3400
3200

3000
2800
2600

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

200
0

r-200

€E'T
€E'T
PET
PET
SE'T
LT —

107~
807 —
e —
ogz"
bz
st

ST
97t
Ty
87 |
Laa
bbb |
9’
o'y |
0Lt |
23
96
16
86'% |
66'%
S.m)\F
108
8's
:\m//
s \w
'S 7
s
'S
£v's
s

—

L9'S
€TL

AcO

LLUULL | I

20T
Feo1
H\ﬁmA

TO.N

TNAN
Foot

Free
Foot

1.0 0.5 0.0

1.5

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

10.5

f1 (ppm)

[ ¢1tuvy
20000

19000

18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000
6000
5000
4000
3000
2000
1000

r-1000

9561
£€¥°0C
80T
$6'0C

o1z
SS'TZ
202z
17T

SLvb~
175y~

1079 —
51'69
£9'69 W
65°0L
S6'9L

9T'LL N

LELL

L6'PST —
9L'6ST —
T10°04T L

0b'0LT —F
€4°0LT /

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

20

26



3-Methyl-2',3',4"5'-tetraacetylriboflavin (3d)
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S7 'H and *C NMR spectra of 6
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4-Chlorobenzyl 3-nitrobenzoate (6b)
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itrobenzoate (6¢C)
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4-(Trifluoromethyl) benzyl 3-nitrobenzoate (6d)
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4-Methylbenzyl 3-nitrobenzoate (6€)
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4-(Methoxy)benzyl 3nitrobenzoate (6f)
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3-chlorobenzyl 3-nitrobenzoate (69)
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2-chlorobenzyl 3nitrobenzoate (6h)
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Octyl 3-nitrobenzoate (6k)
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4-Chlorobenzyl 4-nitrobenzoate (6l)
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4-Chlorobenzyl benzoatg(6m)
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4-Chlorobenzyl 2-phenylacetate(6n)
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4-chlorobenzyl 2methyl-2-phenylpropanoate(60)
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4-chlorobenzyl 3phenylpropanoate(6p)
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4-chlorobenzyl hexanoate (6q)
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(R)-1-Phenylethyl 3nitrobenzoate (6r)
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(S)-1-Phenylethyl 3-nitrobenzoate (6r)
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Ethyl (S)-2-((3,5-dinitrobenzoyl)oxy) propionate (6s)
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Ethyl (R)-2-((3,5-dinitrobenzoyl)oxy) propionate (6S)
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S8Photoaxidation of acylhydrazines2 with 3
Photooxidation of 2 with 3bi solvent screening

A mixture ofhydrazine2 (c(2) = 13 10> M), flavin 3b (c(3b) = 5 10 M), and alternatively of
HBF; (c(HBF,) = 510 M) in deuterated solverf2 mL) was bubbled with oxygen (@in)
and thenstirredfor 24 hoursat 2 5 A £(ballooiunder ir@diation with blue LEDs
(450 nm, 1 W LED)Reaction mixture was analysed ¥y NMR.

Table.Photooxidation o2 with 3d i solvent screening

)OJ\ H o, 05eadb Q N or
RO N/ \[r solvent, 450 nm, RO N T
2 o) 0,, 24 h, 25°C 1 0
Solverts R
Et iPr tBu Bn
CDsCN 18 21 39 35
CDsCN + HBR, | quant. - - quant.
Chlofoform- d; 44 - - 48
DMSO- ds 0’ ' - 0°
Nitromethane ds 13 - - 53
Nitrobenzene ds 0 - - traces
DMF - d; 0 - - 0
THF - dg 0 - - 9

[@ ¢(2) = 1310° M, c(catalyst3b) =53 10 M; [P’ HBF4 was added (1 equiv. relative to the
substrate to simulate acidic conditions during esterificatfomidationof solvent to
dimethylsulfone
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Photooxidation of 2a with 3d i semipreparative experiments

A mixture of hydrazine2a (0.01 mmol), flavin 3d (0.001 or 0.005 mmol), and of HBR
(0.0150 mmo) in CDsCN (2 mL) was bubbled with oxygen (2 min) and th&rred for 24
hoursat 25 A g(balloorl under ifadiation with blue LEDs (450 nm, 1 W LED).
Reaction mixture was analyséry *H NMR. Alternatively, after evaporation of solvents,
crude producta was purified byflash chromatographfsee Figure below).

i H 0.1-0.5eq.3d )OL N ocH.CH
_N__OCH,CH —_— 2 2CH3
HaCH,CO™ °N O?T® cpoNHer,  MeCHCOT N hil
2a O 450 nm, Oy, 1a O
24 h,25°C

T
[

T T T T T T T T T T
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

Red: oxidation with 25% d3d followed by flash chromagraphyto removeflavin 3d and
products of its decomposition

Black: oxidation with25% of 3d; impurities are mainly products of flavBd decomposition

Blue: la
Green:2a
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MS spectrum of fotooxidation of 2a with 3d

HRMS (APCI) calcd for @H10N204 ([M] ") 174.06461 found 17406424

362_Marz_APCIneg_ox_DEAD_prep_1 #62-64 RT: 0.95-0.98 AV: 3 NL: 3.32E5
T: FTMS - ¢ APCl corona Full ms [100.00-1500.00]
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S9 Preliminary screening of the reaction conditions

Preliminary screening ofsolvents?

0 o)
HO 0.1 eq.2b
OH 2 eq. PPhs @)
©)‘\ * 0.1 eq. 3b, /\©
NO, solvent NO,
Entry Solvent Conversionof
ester/aldehyde
[%]

1 CH;CN 59/1

2 acetone 30/10

3 Ethyl-acetate -/-

4 Toluene 50/2

5 THF 10/-

6 CHCl; 34/10"

7 DMF 5/-

& n(58) = 0.15 mmoln(4a) = 0.18 mmoln(3b) = 0.015 mmoln(PPh) = 0.3 mmolMS 4
(150mg)n(2b) = 0. 015 mmo IOz 2448 04 vnconvesich®f A C;
benzylchloride
Preliminary screening of amounts of reagent¥
Equivalents of reagents d
Entry Acid Alcohol  Hydrazine PPhs Cat. Conv.

1 12 1 0.1 2 0.1 48
2 1.2 1 0.1 2 0.1 45"
3 12 1 0.1 2 0.2 55
4 2.4 1 0.1 2 0.1 36
5 12 1 0.1 4 0.1 51
6 12 1 1 2 0.1 49
7 1 2 0.1 2 0.1 42
8 12 1 0.1 2 0.1 61
9 1.2 1 0.1 2 0.1 709

[@ h(5a) = 0.15 mmoln(4a) = 0.18 mmoln(3b) = 0.015 mmoln(PPh) = 0.3 mmolMS 4
(150 mg);2 ml CHCN; n(2b) = 0.015mmol; 4 50 nm; 2B2xMS4;;%amlih;
CH3CN; ¥ 0.5ml CH:CN; ¥ determined byH NMR.
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S10Blank experiments

Blank experimentsfor photacatalytic esterification undeMitsunobureactionconditionsin
the presenceq) or absence) of catalyst3d, PPh;, light or molecular sieve’!

Entry Cat.(3d) PPh Light!® MS 4 j Conversioff
24 h[%]

1 - 9 9 9 0

2 9 - 9 9 0

3 9 9 - 9 0

4 9 9 9 - 0

5 9 9 9 9 6419 (999)

2 h(58) = 0.15 mmoln(4a) = 0.18 mmoln(2b) = 0.015 mmoln(3d) = 0.015 mmol;

n(PPh) = 0.3 mmol;4 i MS (150 mg);2 ml CHCN; O,; ! 455 nm;© Determined

by *H NMR; @ methodA: t = 2 5 n(18)G;0.015 mmol!® methodB:t= 50 AC;
n(2b) = 0.015 mmoln(PhSiH;) = 0.3 mmol.
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