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Highlights

. Method for the reduction ef—keto ethers amines and sulfides at room temperating visible
light and an Ir(lll) photocatalyst.

. Reactions run in ethanol with minimal additivedoays.

. Lignin model substrates containing fke0—4 motif were reduced in fair to good yields.



Abstract
Visible light-mediated photoredox catalysigleles the chemoselective reduction of activatebarar

heteroatom bonds as a function of reduction paéeniihe expansion of the scope of C—X bond
reductions towards less activated motifs, suchlerg, amines and sulfides, is important to botfaoic
synthesis and macromolecular degradation methoélg@went. In the present report, exploration of
photoredox catalysis in alcoholic solvents mediatatbcrease in the super-stoichiometric userIEt
and HCQH in the reduction ofui—keto ethers, amines and sulfides. Additionallythe absence of
fragmentation, C—C bond formation was affordedgsstjng an intermediate ketyl radicals are pregent

these transformations.



1. Introduction
Photoredox catalysis has emerged as a premier thdtroselective radical generation by single

electron transfer (SET) [1]. In this mode of casady reactivity is enabled through the photophysica
excitation of a metal or organic dye photosensitinéhich can subsequently participate in bimolecula
electron transfer in the excited state [2]. Visilight mediated photocatalysis has mitigated theahds
and environmental incompatibility of radical chetnjsconducted with tin reagents and organic radical
initiators [3]. While a number of functionalitiesabe been reduced using photoredox catalysis [1],
reductions of less labile carbon—heteroatom bondscluding ethers, amines and sulfides — are less
prevalent in the literature. These motifs compaskrge portion of organic functional groups, aisd a
such, represent a challenging goal to engage fqlicapions in small molecule synthesis and
macromolecular degradation.

One such macromolecule that can benefit from gweldpment of reduction chemistry is lignin. This
biopolymer comprises about 30-40% of plant biomass, is largely discarded as a waste product in the
paper pulping industry due to the irregular arylegtpolymeric composition that is highly resistamt
chemical degradation [4]. Recently, methods utiizihomogenous transition metal catalysis for the
activation of the C-O bonds in lignin biomass hdeen described [5]. Yet, identifying scalable,
chemically efficient reactions for the selectivgdimerization of lignin into valuable aromatic prets
remains the central challenge of emerging techriesog

Recently, we disclosed an approach leveraging photx catalysis for the chemoselective reduction
of the most prominent polymeric linkage in lignthe p—O—4 motif Figure 1, A-B) [6]. This protocol
consisted of a stoichiometric oxidation followeddyphotocatalytic reduction to selectively cledvep—
O—4 bond in a number of model lignin substratess fiethod was selective in the presence-biydroxy
groups as well as unprotected phenols. Based upercdarrent mechanistic understanding of ketyl

chemistry, we proposed a mechanism for the photoreeductive cleavagd-{gure 1) whereby a ketone



substrate X) is first reduced by an Ir(ll) species generatemnf a reductive quenching event with a
tertiary amine. Fragmentation ®fabout the G-O (red) bond affords an acetophenone radical and, after
protonation, guaiacolj. Finally, the acetophenone radical can be redbgemh H-atom transfer process
[71.

Despite the success of this reaction, therssfpéchiometric use dPrL,NEt and HCGH was thought
to be a prohibiting factor in developing scale-upple&cations. In this report, we describe our
advancements in understanding the photochemicaiadation of model lignin substrates, as well as

describe the adaptation of this reductive cleavagthod foro—keto amines and sulfideBi¢ure 1, C).

A) First Generation Approach
Visible Light Mediated Reduction

TEMPO Oxidation 1 mol % Ir(l1)
OMe 3 equiv. 'ProNEt

o (e} OMe
1.05 equiv. X
[4 -AcNH- TEMPO]BF4 %O 3 equiv. HCO,H , Ho
RO Bl — > RO g 4
silica, DCM, RT OH visible light, MeCN, RT OH
dimeric model lignin

B) Proposed Mechanism

l\lfz
Ir(III R
NR; _ NR3
Me . o) ome 7 L o OMe
Ir Ir(II) R R
" O. HO.
> +
OH OH
3ot . N 3 4
anionic ketyl radical '\IlkRz
2 R
C) Second Generation Reduction
1 mol % Ir(lll)

2 equiv. 'Pr,NEt o OMe

O OMe .
0. 1 equiv. HCO,H HO
RO i > RO o+ 4
OH visible light, EtOH, RT OH
(0]
same conditions ©)‘\ + HzN\©
generally ©)K/ \©

(0]

Y=N,S S
same condmons + \©

Figure 1: Ketone Reduction-Fragmentation Aproach fo e—heteroatom cleavage.
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2. Results and Discussion (A) Sm(ll) reductants (Molander) ;
2.1 Reaction design: L %P 2equvsm, L a N,
= W .
In order to affect the reduction é’ 5 rrrmeon o6 é’ | ¢ =)
(Smily =-1.97 V vs. SCE) e Q
' 2!

of unstrained C-O, C-N and C—&)pyrene Photoredox (Hasegawa) BoMAP

2 mol % BDMAP o]

MeCN, Visible Light

bonds, we targeted a reduction- _ 2 equivamine § 2
4equwAcOH OH
DMF, 360 nm, 23°C N P
fragmentation approach. Previous (BDMAP =-2.4 V vs. SCE) ! \ /
. (C) Ru(bpy)** Photoredox (Fensterbank, Ollivier) :
reports suggested the direct
Ts 5 mol % Ru(bpy);Cl
A o N 1.1 equiv HantzschaEszter g AT
reduction of G,-O bonds (kq= — ph)l\?\ph -  m Ph ; Ru(bpyhv

(Ru(bpy); (1) = 1.33 V vs. SCE) H

2.23 V vs SCE [8]) is thermodynamically unfavorable usingdlly(or Ru(ll) based p:)hotocatalysts, thus a
method targeting an initial carbonyl reduction.{E —2.10 vs SCE [9]) seemed more feasible. This
approach has been meaningfully demonstrated by dela with Sm(ll) reductants [10], followed by
Hasegawa [11] and Olivier [12] with photoredox tggts Figure 2). For both Molander and Hasegawa,
the effective reductants were very reducing and,aasesult, engaged aliphatic ketones to afford
fragmentation products in high yields. More recgn®Olivier's example demonstrated phenyl ketone
substituted aziridines are privileged substrategpfmtoredox catalysis to induce fragmentationpitresl

by these reports, single electron transfer catdlymelr(ll) reductants provided similar reactivitythep—
O—4 lignin substratesl) which contained an unstrainegketo ether motifgigure 1). In this case, the
reaction efficiency correlated well with the pKf the fragmenting group, and this methodology was

effective for model lignin substrates in which fregmenting group was guaiacd) (



OMe @]

/@)"bo /@)L In order to address the excess of terminal
CHy
MeO 1 mol % [Ir(ppy)2(dtbbpy)]PFg Ve

6 Additives - , reductant additives, we targeted using

EtO,C.__CO,Et Solvent, rt, 4 W Blue = Et0,C._CO,Et ] o )
T LED.12h 7 alcoholic solvents for an additional function
o
Yield* H HSRE
Entry Substrate Additive Solvent (isolated) Of termlnal H-atom donors [13] An Inltlal
1 €' none MeOH 5% . .
2 6 none EtOH 67% screening of alcoholic and ether solvents as
3 6 none 'ProH 46%
ST, L none .. ™ A H-atom donors revealed ethanol as a
5 6 none EtOH 0%
6 6 'Pr,NEt (50 mol %) EtOH 37% . . .
. g e - competent solvent in the debromination of
2 o
8 6 'ProNEt (2 equiv) EtOH 82%
: / PLNEt@ea) pon T diethyloromomalonate [14] HFigure 3,
HCOZH (1 equiv) (72%)
' M ol ko o 0% entries 1-4. Despite observing good
11 6 guaiacol (100 mol %) EtOH 0%
12 5} no photocatalyst EtOH 0% . i
13 6 SR EtOH 0% conversions of diethyloromomalonate, the

* yield quantified by GC-MS
reduction of model lignirb failed to convert

under the same reaction conditiorisg(re 3, entry 5. This could be overcome by the addition of
'PLNELt; yet complete consumption of starting matewals not observed in a 12-hour reaction period
(Figure 3, entry 6-8. Additional time did not reveal further startimgaterial consumption. Upon the
addition of formic acid, full consumption of theaging material in 12 hours was observed. Taken
together, these results suggested the reductivechirgy cycle which engaged the amine as the electro
and H-atom source was the most prominent processever, the use of ethanol could promote the
reductive fragmentation d, likely by facilitating Br@nsted acid activatioetter than in acetonitrile did

in the first generation conditions. Additionallyrdhsted acid activation by weakly acidic guaiagdlrbt
promote reactivity in the same manner as formid.atiastly, control experiments proved light and

photocatalyst were necessary for this transformdtid].

2.2 Reaction Scope
The optimized conditiond{gure 3, entry 11) proved effective in the reductive fragmentatidn o
model lignin substrate8, 9, and10 (Table 1). While the measured reduction potentials of ezfdhese

substrates were nearly identical, —1.77 V vs. S@#, [full consumption oB, 9, and10 occurred over



different reaction times 8 reduced in 24 hour® in 48 and10 in 60 hours. This suggested that the
overall fragmentation process was kinetically fabrin the least alkoxy substituted aryl ketone
substrates. Isolation of the reduced lignin fragimd®g, 9a, 108 was afforded in moderate to low yield,
suggesting the required reaction time for full twt@r material consumption was also allowing for
additional product reactivity and degradatiomterestingly, substratél, was isolated in high yield,
implicating thep—hydroxy motif of8, 9 and10, to be a promoter of further reactivity. More hiba this
protocol was effective in fragmenting benzyloxyaté¢hyde 12) and chalcone epoxidely). The
reduction ofl2 was only possible in acetonitrile solvent; we spate this reactivity difference is due to

the formation of an acetal @2 in the alcoholic solvents.

Ir(ppy)2(dtbbpy)PFg (1 mol %)
2 equiv 'PryNEt,

(o] 1 equiv HCO,H o
* O¢ > + HO¢
1 2 2
@JK/‘ g EtOH, 4 W Blue LED, ®JLCH3 B
RT, 12-60h
0 OMe
T o OMe g oo e ° OMe 9 Meo o) 10
m \@ 0 34% & m \@ 029% : 0 30%
56% 49% 51%
MeO OH ° Meo OH ° Bno OH ’
OMe

o) OMe o o

11 12 13
<0 072% HJ\»‘{O oOND " o51%
95% 55% o
MeO

Table 1 Substrate Scope of Ether Bluction

While investigating a broader reduction scdpe,developed reaction conditions redueekieto
amines in good yields (
Table 2). Substrate47 and18 converted quickly (6-12 hours) to the fragmenteztipcts, while substrate
16 needed a significantly longer reaction time (>24iis). In addition to amines;-keto sulfides were
efficiently reduced without prior oxidation to sokides or sulfones. In these reductions, the sulfur

fragment was isolated as the disulfide rather tha@hmercaptan. One possibility for disulfide forroat

" Yields isolated for substrat8s9, 10 were isolated in 85-90% yield when reacted undeffitst generation
conditions (see Fig 1 (A)).



occurs via fragmentation to generate a thiyl rddical acetophenone enolate, whereby two thiyl edslic
combine to form a disulfide. Additionally, similao the ether and amine reductions, an anionic
thiophenol species could be generated which latgigipates in a separate oxidation event to affbed
disulfide species. Importantly, neither thiophenot disulfide mediated—heteroatom fragmentations
were observed as a background reaction.

0 H 1 mol % Ir(ppy).(dtbbpy)PFg o]
@K}‘N,Rz 2 equiv of DIPEA
' 1 equiv of HCO,H CH;
0 /ﬁ\—" Q
2
xS<ga  EtOH, 4 W Blue LED, @”\ + &SR
@K{ g i, 12-48 h CHs :

@*@*@*@*‘

16 051% © 94% 17 043% © 50% 18 053% © 83% 19 055%
o 0 0 o
©)‘\J“ \© /©)K/“SPh Ph)l\/\s\@ /@)J\,“SPh
MeO OMe FyC
21 090% © 31% 22 066% © 21% 23 045% © 75% 24 072%© 42%
0 o o o
sen o M cl . s
HsC' CH,
25 083% © 57% 21 052% © 31% 21 037% 10% 21 036% © 25%
o 9
: s D)‘\ASJ
Ph Ph
26 084%© 25% 26 063% © 36%

Table 2: Substrate Scope of Amine and Sulfide Redtions

Overall, sulfide substrates containing elatinothdrawing arene substituent84{26) fragmented
efficiently, to afford moderate to good yields bétreduction products. Conversely, substrafe23 were
sluggish to reduce, but cleanly afforded the fragpakion products. Substrat@y and 28 were the
slowest to reduce, and did not fully convert afezcting for more than 48 hours. Lastly, in cortttaghe
equivalent ether and amine substrates, the alkiytlss (29, 30) cleanly fragmented without any detected

pinacol product formation. Substra8® was sensitive to the addition of formic acid, tmeanly



fragmented with only 1 equivalent &f,NEt. These results highlight that efficient reduettleavage of
a—keto sulfides can be achieved through photoredtysis.

In addition to the observed fragmentation tigdy, selected substrates exhibited pinacol ciogpl
exclusively. This was first observed for substratésand 15 (Table 3), whereby the products4a and
15awere afforded in low yields. Reactivity for fragntation or pinacol coupling is hypothesized to be
due to the stability of the intermediate ketyl spedalanced with the electronic influence of bibté
phenyl and oxygen substituent&adure 4). For substrate8-11, fragmentation products were afforded as
guaiacol is weakly basic and a good leaving gré@ybstratesl 3-15 containa—hydroxy or alky-ether
substituents which disfavor fragmentation from Ke¢yl intermediate due to the higher basicity o th
alcohol fragments. With this slow fragmentationpstthe ketyl intermediate can be stabilized by the
protic solvent, allowing for a lifetime long enough form the pinacol products. The apparent outier
this trend, substraté2, fragments because the intermediate ketyl spesi¢so unstable and forces
fragmentation before pinacol coupling can occuipdnantly, the fragmentation a2 was only possible
in acetonitrile; fragmentation was not observedethanol as the diethylacetal was hypothesized to
prevent reactivity. Overall, similar ketyl C—C boridrming processes have been demonstrated by
Knowles [15] and Rueping [16], whereby the C—-C bfarchation is affected by an initial single electro

reduction of a phenyl ketone or aldehyde.

@, Fast )oJ\ HO Reduction )o]\
WO e ——™ R7 CH; R, — ™ R{ CH
Fragmentation

HO OH
Ph Ph
HO OH

Slow

Fragmentation
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Ir(ppy)a(dtbbpy)PFg (1 mol %)
2 equiv 'Pr;NEt,
o 1 equiv HCO,H HO OH HO OH

R1JJ\.)‘X‘R2 - Phﬁph + Phﬁ_%h *Re
: EtOH, 4 W Blue LED, RoX XR, Ry X
RT, 12-60h
X=0,N
Substrate Products

HO OH

o]
OH Ph Ph
HO OH
14

(14a) 11%
mixture of isomers

ps

o HO OH
0 A
BnO OBn
15 (15a) 31%
mixture of isomers
HO OH
Yo Sas
NS N N
O\) k/O
19 (19¢) 68% mixture of isomers
*MeCN solvent
04 -CH;3 HO OH
1 N Bh PhjL %Ph Ph
N E‘
Ac Ac
20 (20c) 8% mixture of isomers

Table 3: Pinacol Products

3. Conclusions
The continued development of mild and seleatardon—heteroatom bond reductions is critical fiihb

synthesis and biomass conversion processes. Usingilgaphotocatalyst, we have demonstrated the
reduction of a variety of unstrainad-keto ethers, amines and sulfides using decreasedirds of
terminal reductants. This demonstrates progresartismhe minimization of reagent stoichiometry, one
of the implicit goals of catalytic biomass valotipa. Lastly, a radical pathway for C—C bond forioat
by ketyl dimerization was demonstrated, and appiealbe highly influenced by substrate electronitg a
reaction conditions, both of which we are currembestigating.

4. Experimental

4.1 General Information:

All other chemicals were used as received. Reastimre monitored by TLC and visualized with
a dual short wave/long wave UV lamp. Column flaslomatography was performed using 230-400
mesh silica gel or via automated column chromatagraPreparative TLC purifications were run on
silica plates of 1000 um thickness. NMR spectraewecorded on Varian MR400, Varian Inova 500,

11



Varian Vnmrs 500, or Varian Vnmrs 700 spectromet&hemical shifts foHNMR were reported as

, pattspeemiliban, relative to the signal of CH@Gt 7.27 ppm. Chemical shifts fSCNMR were
reported as, pattspeemntiilibanralatativeotchehe center lingrsl of the CDClltriplet at 77.16 ppm.
Chemical shifts for*FNMR were reported as, patts peermiiliban, raktativaotah¢hsigaignalf of a
trifluorotoluene internal standard at —63.72 ppre Bbbreviations s, br. s, d, dd, br. d, ddd, krq,

g, gi, m, and br. m stand for the resonance miugttplsinglet, broad singlet, doublet, doublet of
doublets, broad doublet, doublet of doublet of detsh triplet, quartet, broad quartet, quintet,
multiplet and broad multiplet, respectively. IR sja were recorded on a Perkin-Elmer Spectrum BX
FT-IR spectrometer fitted with an ATR accessory.skla&Spectra were recorded at the Mass
Spectrometry Facility at the Department of Chemistrthe University of Michigan in Ann Arbor,
MI on an Agilent Q-TOF HPCL-MS with ESI high resbbn mass spectrometer. Gas
Chromatography yields were run on a Shimadzu GCQIPR010 SE with an Rx1 5sil MS column.
Yields were calculated based on linear calibratiorve of 4-methoxyacetophenone. Electrochemical
data was collected on a CHI600E potentiostat vhighaccompanying CH Instruments software. LED
lights and the requisite power box and cables wmnmehased from Creative Lighting Solutions
(http://www.creativelightings.com) with the follomg item codes: CL-FRS5050-12WP-12V (4.4W
blue LED light strip), CL-FRS5050WPDD-5M- 12V-BL ZAWW LED strip), CL-PS94670-25W (25
W power supply), CL-PS16020-150W (150 W power syppLL-PC6FT-PCW (power cord), CL-
TERMBL-5P (terminal block).

Unless stated otherwise, all reactions were rua br® mmol scale in a 2 or 4 dram vial equipped
with stir bar and cap. One 4w LED strip was wrapjmed circle around the reaction with the reaction
about 3-4 inches from the light source. At thidatise the temperature of the reactions did not
exceed 35 °C.

Preparation of Starting Materials:
4.1.1 Phenylethanone Amines: 2-bromoacetophenafigy(2.0.05 mmol) and ethanol (50 mL, 0.2

M in starting material) were added to a dry rountbin flask equipped with a magnetic stir
bar. Aniline (1.83 mL, 20.10 mmol, 2 eq.) was addidp-wise, as a white precipitant
formed immediately upon addition. This was allowedstir for 3 hours, upon which the
solution was filtered, concentratédvacuqg and recrystallized using ethanol.

4.1.1.1 1-phenyl-2-(phenylamino)ethan-1-one (264 NMR (400 MHz, CDC)) 8.03((H,J}==73.3
Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.53 (t, J = AZ, 2H), 7.31 - 7.22 (m, 3H), 6.81 (t,J=7.6
Hz, 3H), 4.67 (s, 2H)’C NMR (176 MHz, CDC|) 19498,1146.95]34320893188,369139.37,
128.88, 127.75, 117.94, 113.13, 50.4R. (neat) 3410.9, 1686.3, 1601.9, 1508.4, 1444.8,
1356.9, 1321.6, 1261.8, 1219.9, 1178.8, 1147.7,88844, 743.6, 684.2, 663HRMS (m/z)
—212.1070 [M+H]. R, (7:3 Hexanes:EtOAc) = 0.64

4.1.1.2 4-methy-N-(2-oxo-2-phenylethyl)-N-phenylbenzenesathide (17) -H NMR (700 MHz,
CDCl) 7.95(tdJ=8.2,1.1 Hz, 2H), 7.60 (d,= 7.4 Hz, 1H), 7.59 — 7.55 (m, 2H), 7.47 (t,
J=7.8Hz, 2H), 7.32 - 7.23 (m, 5H (2+8)erlap with CHC)), 7.18 — 7.14 (m, 2H), 5.05 (s,
2H), 2.44 (s, 3H):°C NMR (176 MHz, CDC|) 19887, 143.86, 139.74, 135.61, 135.06,
133.78, 129.53, 129.22, 128.86, 128.85, 128.39,182877.34, , 76.98, 57.78, 21.1R
(neat): 3061.9, 2917.1, 1707.2, 1595.3, 1491.8, 1447.451331364.6, 1305.8, 1291.6,
1212.6, 1184.4, 1103.8, 1089.9, 1029.7, 1011.60.40®80.1, 881.8, 935.3, 912.4, 809.2,
768.2, 755.0, 768.2, 729.9, 667.0, 69ARMS (m/z)= 366.1158 [M+H].
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4.1.2 Phenylethanone Sulfides: Prepare a solutidhial and base ethanol solution, 0.2 M with
respect to the thiol. Allow for equilibration andading for 30 minutes. Separately, prepare a
solution of 2-bromoacetophenone in ethanol, and albvly to the reaction. Allow
appropriate time for reaction. Quench the reactidh an equimolar amount of acid, and
then precipitate the product by adding a large &xcef water. Crude crystals can be
recrystallized in MeOH-FD.

4.1.2.11-phenyl-2-(phenylthio)ethan-1-one (21)'H NMR (700 MHz, CDC)) 7.96
(dd, J = 8.4, 1.2 Hz, 2H), 7.96 (dd, J = 8.4, 1.2, RH), 7.60 (ddt, J = 8.6, 7.2,
1.2 Hz, 1H), 7.48 (dd, J = 8.1, 7.4 Hz, 2H), 7.4238 (m, 2H), 7.32 — 7.28 (m,
2H), 7.26 — 7.21 (m, 1H), 4.29 (s, 2HYC NMR (176 MHz, CDC|) 13347,
130.52, 129.05, 128.67, 128.67, 127.11, 4HRMS (m/z) = 229.0682 [M+H]+.
IR (neat) 3074.1, 1668.8, 1596, 1578.4, 1479.2, 1944416.1, 1273.2, 1185.8,
1133.9, 1072.5, 1011.2, 941.7, 898, 804.3, 740.52,766.6, 648.1, 614.1 Rf
(EtOAc/Hexanes (1:5)) = 0.50

4.1.2.2 1-(4-methoxyphenyl)-2-(phenylthio)ethan-1-one 22) NMR (500 MHz, CDCJ]) 7.98 —
7.91 (m, 2H), 7.43 — 7.37 (m, 2H), 7.32 — 7.27 2#d), 7.25 — 7.20 (m, 1H), 6.97 — 6.92 (m,
2H), 4.25 (s, 2H), 3.89 (s, 3H)C NMR (176 MHz, CDC) 19248, 1683.46]3R%03,
131.02, 130.34, 129.00, 128.37, 126.94, 113.834%540.95.IR (neat) 1658.2, 1601.4,
1572, 1508.6, 1480.4, 1420.3, 1436.7, 1395.9, B31262.6, 1199.9, 1173.8, 1023.7, 991.6,
817.8, 734.3, 690, 633.HRMS (m/z) 259.0682 [M+H]4R, (EtOAc/Hexanes 1:5) 0.55.

4.1.2.3 2-((4-methoxyphenyl)thio)-1-phenylethamg-23)-'H NMR (500 MHz, CDC)) 7.938((,
J =7.8 Hz, 2H), 7.57 (d, J = 7.3 Hz, 1H), 7.47)(t 7.6 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H),
6.83 (d, J = 8.6 Hz, 2H), 4.14 (s, 2H), 3.80 (s).3{€ NMR (176 MHz, CDC]) 19429(£3),
159.73 (s), 135.45 (s), 134.65 (s), 133.29 (s),6888), 130.48 (s), 128.94 (s), 128.65 (d, J =
18.3 Hz), 126.30 (s), 124.52 (s), 114.82 (s), 134d J = 18.7 Hz), 77.18 (s), 76.99 (s),
76.81 (s), 55.29 (s), 42.79 (3R (neat) 2937.2, 2835.3, 1674.0, 1591.1, 1492.311746
1447.4, 1406.0, 1274.1, 1242.8, 1196.2, 1172.83.5131104.0, 1075.9, 1027.9, 1014.0,
1075.9, 1027.9, 1014.0, 825.8, 798.3, 748.4, 7ERB,9.HRMS (m/z): 259.0788 [M+H]+.

4.1.2.4 2-(phenylthio)-1-(4-(trifluoromethyl)phenyl)etharebe (24) -H NMR (700 MHz, CDC))
8.04 (d,J = 8.1 Hz, 15H), 7.74 (d] = 8.1 Hz, 15H), 7.41 — 7.36 (m, 14H), 7.30 (ddl¢, 6.6,
2.4, 0.8 Hz, 14H), 7.28 (8,= 1.3 Hz, 3H), 7.27 — 7.25 (m, 4H), 4.26 (s, 16fQ.NMR (176
MHz, CDCL) 193188 (s), 138.21(s), 135.08(s13480((q) = 32.8 Hz), 134.70 (s), 134.52
(s), 134.10 (s), 131.18 (s), 129.35 (s), 129.211(8%.98 (s), 125.88 (d,= 3.7 Hz), 123.65
(q,J = 272.7 Hz), 121.33 (s), 41.42 (§F NMR (471 MHz, CDC]) ppm = —64.17 (s, 3 F)
IR (neat)2896.7, 1679.3, 1580.0, 1511.7, 1482.4, 1438.69.%401393.0, 1326.1, 1311.2,
1311.2, 1285.7, 1195.7, 1162.8, 1111.1, 1065.16.P02015.1, 992.4, 964.0, 900.1, 854.4,
839.0, 825.5, 739.9, 701.1, 68%HERMS (m/z)= 297.055M+H]". R,(9:1 Hexanes:EtOAc)
= 0.36 (stains light green in vanillin)

4.1.2.5 1-(naphthalen-2-yl)-2-(phenylthio)ethan-1-one (254 NMR (700 MHz, CDCJ) 844 ((s,
1H), 8.02 (dd, J = 8.6, 1.6 Hz, 1H), 7.96 — 7.86 8#d), 7.63 (t, J = 7.4 Hz, 1H), 7.57 (t, J =
7.5 Hz, 1H), 7.43 (d, J = 7.5 Hz, 2H), 7.30 (t, 4.5 Hz, 2H), 7.25 (t, J = 7.3 Hz, 1H), 4.41
(s, 2H).”C NMR (176 MHz, CDC)) 1942, 133%66] 31395953182, 852 182.58).4380.87,
130.73, 129.79, 129.25, 128.88, 128.73, 127.94,3827127.02, 124.36, 41.5&R (neat)
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3073.2, 3048.4, 2952.3, 2898.7, 2898.7, 1676.027621581.6, 1505.9, 1478.8, 1466.1,
1436.0, 1389.7, 1355.9. 1293.9, 1271.1, 1244.545]161124.3, 1093.9, 1070.5, 1024.1,
1024.1, 984.5, 972, 944.7, 925.8, 890.3, 864.5,181167.9, 748.6, 727.7, 685HARMS
(m/z) 301.0658 [M+N4. R, (9:1 Hexanes:EtOAc) = 0.32

4.1.2.6 2-((3-chlorophenyl)thio)-1-phenylethan-1-one (26)-NMR (700 MHz, CDC|) 7.9& (i,
J=8.4,1.2Hz 1H), 7.61 (ddd, J = 2.4, 1.8,Hz21H), 7.52 — 7.47 (m, 1H), 7.38 (t, J = 1.6
Hz, 1H), 7.27 (m, 1 Hyverlap with chloroform7.22 (t, J = 7.5 Hz, 1H), 7.21 — 7.19 (m, 1H),
4.32 (s, 1H)*C NMR (126 MHz, CDC]) 198772, 137.10, 135.41, 133.82, 130.21, 129.80,
128.92, 128.80, 128.16, 127.24, 41.(QR. (neat) 3052.3, 2943.0, 2913.8, 1686.2, 1593.2,
1573.4, 1561.6, 1561.6, 1464.3, 1445.8, 1404.12.8381382.3, 1322.5, 1308.1, 1288.9,
1196.9, 1180.2, 1116.2, 1086.1, 1086.1, 1077.56.002099.3, 980.0, 884.0, 884, 871.3,
775.7, 765.0, 751.5, 687.0, 680HRMS (m/z): 263.0292 [M+H]. R, (9:1 Hexanes:EtOAc)
=0.33

4.1.2.7 ((2-fluorophenyl)thio)-1-phenylethan-1-one (27H-NMR (700 MHz, CDC]) 7.96 (dd, J =
8.4, 1.2 Hz, 1H), 7.61 (tt, J = 7.41, 1.21 Hz, 1HR1 — 7.48 (m, 1H), 7.38 (t, J = 1.6 Hz,
1H), 7.27(dt, J = 7.48,1.57 Hz, 1dverlap with CDC)), 7.22 (t, J = 7.5 Hz, 1H), 7.21 - 7.19
(m, 1H) , 4.32 (s, 2H)’C NMR (126 MHz, CDC]) 193%8(£3)662717d(d,J 24@468H)Hz), ,
135.52 (s), 134.05 (s), 134.04 (s), 133.65 (s),929d, J = 8.0 Hz), 128.80 (d, J = 9.5 Hz),
124.74 (d, J = 3.8 Hz), 121.33 (d, J = 17.6 Hz{.Q2 (d, J = 22.5 Hz), 40.51 (sF NMR
(471 MHz, CDC]) -109.06 (dddJ = 9.4, 7.5, 5.5 Hz)IR (neat)3070.3, 2947.6, 2911.4,
1679.9, 1593.5, 1578.8, 1565.6, 1465.8, 1445.97539317.6, 1284.4, 1261.9, 1220.1,
1191.4, 1180.6, 1160.0, 1123.1, 1070.2, 1031.3,49983.7, 927.8, 888.2, 852.9, 826.9,
806.3, 806.3, 743.3, 687.4, 678.#4RMS (m/z) = 269.0407 [M+ N&g. R, (9:1
Hexanes:EtOAc) = 0.40

4.1.2.8 2-methyl-1-phenyl-2-(phenylthio)propan-1-one (281 NMR (700 MHz, CDC)) 8.25((,
J =8.4 Hz, 2H), 7.54 (td, J = 7.7, 1.0 Hz, 1HX%67(t, J = 7.7 Hz, 2H), 7.38 — 7.32 (m, 3H),
7.32 - 7.24 (m, 2Hpverlap with CHC)), 1.57 (s, 6H):"C NMR (176 MHz, CDCJ]) 20L2ZD
(s), 137.90 (s), 137.16 (s), 132.49 (s), 131.7813D.48 (s), 130.16 (s), 129.59 (s), 128.84
(S), 55.67 (s), 27.59 (s)R (neat) : 3060.3, 2967.4, 2928.0, 1665.8, 1595.8415 1473.5,
1460.9, 1438.7, 1383.5, 1364.5, 1304.0, 1259.77.B151118.8, 1088.3, 1068.0, 1024.9,
1002.0, 975.5, 881.6, 792.4, 750.0, 732.1, 702RMS (m/z)= 257.0994 [M+H] R (9.5:0.5
Hexanes:EtOAc) = 0.42

4.1.2.9 2-(phenylthio)-2,3-dihydro-1H-inden-1-one (29+NMR (700 MHz, CDC]) ppim 3183
(dd,J=17.54, 3.75 Hz, 8 H) 3.63 (dds17.71, 7.66 Hz, 9 H) 4.08 (dd7.83, 3.75 Hz, 8 H)
7.21-7.30(m, 29 H) 7.34 - 7.42 (m, 15 H) 7.4452 (m, 15 H) 7.54 - 7.67 (m, 9 H) 7.78 (d,
J=7.66 Hz, 7 H)."C NMR (176 MHz, CDC|) ppm34789, 50.34, 124.58, 126.29, 127.12,
127.46, 127.67, 127.84, 128.95, 132.30, 133.28,2633.35.43, 152.06, 202.2R (neat)
3058.7, 2906.7, 1763.5, 1721.7, 1602.1, 1580.32.160580.3, 1481.7, 1470.7, 1437.9,
1419.7, 1325.4, 1299.4, 1273.8, 1205.8, 1185.63.6171146.0, 1087.8, 1020.8, 1008.1,
957.1, 892.4, 849.7, 792.9, 780.4, 740.6, 729.8,0/689.5.HRMS (m/z2) = 241.0682
[M+H'] R, (9:1 Hexanes:EtOAc)9.46

4.1.2.102-(benzylthio)-1-phenylethan-1-one (38 NMR (500 MHz, CDC)) ppim B657({s2 2MH)
3.76 (s, 2 H) 7.17 - 7.28 (m, 2 H) 7.32)47.46 Hz, 2 H) 7.34 - 7.38 (m, 2 H) 7.43 - 7.49 (m,
2 H) 7.52 - 7.60 (m, 1 H) 7.93 (d=8.07 Hz, 2 H)°C NMR (176 MHz, CDCJ): 194D,
137.26, 135.36, 133.32, 129.26, 128.68, 128.64,5p28127.22, 36.06, 35.82R (neat):
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1670.2, 1595.7, 1449.8, 1394.7, 1292.3, 1197.4,809651.1, 685.3, 638.4, 552.6, 536.0,
526.3, 497.6, 480.1, 447.3, 417.9, 41BIBRMS (m/2 = 265.0658 [M+N4.

4.1.2.11-([1,1"-biphenyl]-4-yl)-2-(phenethylthio)ethan-he (31)-'H NMR (700 MHz, CDCJ)
ppm‘H NMR (700 MHz, CDC)) 8.06 ((4,J3==88.41H212HY. 70 1@, (H=XB= 814, PiH),ZHE4
(dd, J =8.2, 1.1 Hz, 2H), 7.49 (t, J = 7.7 Hz, 2ZH%2 (t, J = 7.4 Hz, 1H), 7.30 (dd, J = 9.5,
5.7 Hz, 2H), 7.22 (dd, J = 7.2, 5.3 Hz, 3H), 3.842H), 2.93 (dd, J = 8.9, 6.4 Hz, 2H), 2.89 —
2.83 (m, 2H).“C NMR (176 MHz, CDC]) ppm [IBRCNWRR( (13 VA zc&ds)3) 194 166(£3),
146.22 (s), 140.22 (s), 139.95 (s), 133.96 (s),329s), 129.12 (s), 128.73 (s), 128.63 (s),
128.45 (s), 127.48 (s), 127.43 (s), 126.57 (sRB{s), 35.72 (s), 33.79 (3R (neat):2914.2,
2139.9, 2183.1, 2172.7, 2066.2, 1977.0, 2017.39971955.0, 1660.3, 1599.9, 1560.5,
1485.1, 1452.8, 1419.8, 1310.9, 1288.9, 1270.145201139.5, 1159.9, 1072.8, 1034.3,
1002.6, 927.7 855.8, 845.8, 714.5, 698.5, 988.7,%4633.9, 609.3, 615.0, 620.1, 604.0
HRMS (m/2 = 333.1308 [M+H]. R, (9:1 Hexanes:EtOAc)0.55 (brown in anisaldehdye
stain).

4.2 General Reaction Procedure:

Phenyl ketone (0.50 mmol — 1.0 mmol) was addedrtmuad bottom or 4 dram vial witRLNEt
(2 equiv.), HCCH (1 equiv.) and photocatalyst [Ir(pp§dtbbpy)PH (1 mol %). These reactants were
diluted in EtOH (5 mL, 0.20 M in starting materiafnd irradiated by 1x4W Blue LED strip until
reaction completion (6-96 hours). At this point #teanol was removed vacuq and the resulting
oil was diluted in water and extracted with ethgétte. The organic portion was washed with 4 N
HCI(aq), saturated sodium bicarbonate solution, brinefaradly dried with NgSO,, after which it was
concentrated to an oil. If the starting materialtetned acetophenone as the phenacyl fragment, 1 eq
of PhTMS was added to the oil and the mixture whgetl in CDC|. This was analyzed viel NMR
to obtain an accurate acetophenone yield. If tagisgy material yields an acetophenone derivative
heavier than acetophenone, then the PhTMS stazdsiali step was omitted. After which the crude
reaction was purified by Si@hromatography to afford the fragmentation prosluct

4.2.1 2,3-diphenylbutane-1,2,3,4-tetraol (14cH NMR (500 MHz, CDC)) (1.4:1 racemic:meso)
7.38 — 7.28 (m, 3H), 7.26 — 7.16 (m, 3H), 6.991b8, 6.98 (bs, 1H), 4.22 (d, J = 11.7 Hz,
1H), 3.98 (dd, J = 28.3, 11.8 Hz, 2 H), 3.52 (&5 11.8 Hz, 1H).”C NMR (126 MHz,
CDCl) 14053, 13994485 2R@303,27182,8R71TA7.127.427162, 28 177100 8@QR57973h55,
66.47, 66.32IR (neat): 3379.4, 2946.3, 2246.0, 1956.1, 1601.225} 1446.3, 1384.2,
1184.8,1119.3, 1066.0, 1051.7, 953.3, 906.8, 8465.8, 729.1, 702.4, 645.0, 620.8, 611.2.
HRMS (m/z) = 292.2268

4.2.2 1,4-bis(benzyloxy)-2,3-diphenylbutane-2,3-diol {15844 NMR (500 MHz, CDC)) 7.3% —
7.28 (m, 3H), 7.26 — 7.18 (m, 5H), 7.17 — 7.12 2iH), 4.42 (q, J = 11.9 Hz, 2H), 4.05 (d, J =
9.7 Hz, 1H), 3.89 (s, 1H), 3.77 (t, J = 12.6 Hz)1fC NMR (176 MHz, CDC)) 14127,
137.77, 128.48, 127.97, 127.88, 127.38, 127.18,0R2779.30, 74.71, 73.71TR(neat) =
3548.0, 1495.1, 1446.3, 1403.8, 1359.9, 1301.622251208.2, 1127.6, 1101.4, 1066.4,
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1048.8, 1034.2, 914.6, 818.6, 738.5, 703.1, 61408,2, 582.1, 558.8, 545.1, 536.3, 528.8,
512.9, 505.8, 501.9, 487.1, 480.3, 46739, 452 .3, 7AHRMS (m/2 = 477.2036 [M+Ng

4.2.3 N,N'-(2,3-dihydroxy-2,3-diphenylbutane-1,4-diyl(blsphenylacetamide) (20c) ‘H NMR
(700 MHz, (CD),SO) [meso:racemic (1:2) 7.22({,J = 7.1 Hz, 2H), 7.19 (1) = 7.0 Hz,
2H), 7.17 - 7.13 (m, 2H), 6.88 = 7.1 Hz, 1H), 6.60 (s, 1H), 6.43 (s, 2H), 4.95)d 14.5
Hz, 1H), 4.39 — 4.30 (m, 1H), 3.95 @@= 14.6 Hz, 2H), 3.82 (d] = 14.6 Hz, 2H), 1.59 (s,
3H), 1.46 (s, 6H):°C NMR (126 MHz, (CD),SO) 185%1,1383841 T4/@16174.36,36415314.31,
144.71, 142.07, 141.67, 129.26, 127.90, 127.75,627127.37, 127.00, 126.55, 126.21,
87.38, 82.15, 81.14, 58.31, 58.10, 22.98, 22.1B. (neat): 3224.1 (broad OH), 3054.6,
1624.9, 1591.9, 1494.4, 14435, 1397.8, 1354.184291241.3, 1176.1, 1116.6,1068.4,
1019.7, 784.0, 741.2, 884.0, 843.8, 765.9, 74628,17 695.8, 635.5, 623.9, 608.7, 558.9,
551.9, 526.6, 502.4, 491.2, 484.4, 477.9, 467.8,314436.4, 421.3, 411.BIRMS (m/2 =
509.2435 [M+H].

4.2.4 1-(4-(benzyloxy)-3,5-dimethoxyphenyl)-3-hydroxyprefi-one (10a)™H NMR (500 MHz,
CDCly): 6 7.47 (d, J = 7.2 Hz, 2H), 7.36-7.29 (m, 3H), 7(812H), 5.12 (s, 2H), 4.04 (t,
J=5.3 Hz, 2H), 3.89 (s, 6H), 3.21 (t, J=5.3 Hz) 2C NMR (126 MHz, CDCl) = 199.45,
153.62, 141.98, 137.40, 132.21, 128.57, 128.37,2P28105.75, 75.18, 58.38, 56.4R
(neat) 2929.3, 1675.1, 1585.9, 1455.0, 1413.9, 13205781 1126.7, 700.8RMS (m/z) =
317.1381 [M+1] Rs: 0.21 (7:3 EtOAc:Hexanes)
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