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1. General information

Al l reagents and solvents were used as received wit
solvents were bouglhQl i oma ri gsehae rAl&erdigcnht f f appl i cabl «
ar gon atTmeocshpnhiecrael. sol vents were bought from VWR I nte

Phot ocaGalldtand wkDRAZPFBEN ared accordild&l deh@agiuubl i s
were prepatedaapaudid dishi@ids pasoackeldeurseyri nges were pur cl
Specialist. Product i sol asi bRe@bE| Q¥&il Ba unteadmartaincuaall 11
BiotageE | solation Fo®iirl, ioh B0 odg ahle &s ISPNA Ry gsefa t600g r
50 €1 &irman MaNahgeerle ywas u-pbhdsfoc hr elvhed sagirad pylsyi su sviarsg p e r
ca on aluminum foils-ATHE)rIwattens v(iFRu5%4,i zRup olnc a |

Si |

(254 nm and 365 nm) or appropriate TLC staini'hlg (ce:
(400 ™MElzjyl01'™MHRMR (376 MHz) spectra were recorded
temperature using a BrukKeNMRV4pP@cor aaaBerukepoAY2Q@O.i
downfield rgl7at2icapdt@INMREctra are reportz¢d7id6ppmmb)
unl ess stated otherwise. The following abbreviati on
singlet), s (singlet), d (doublet), t (triplet), q
doubl ep)e ddubptet), tt (tripletarcef rterpiopltetds)i.n Qeuplzi
processed using the MestReNova 14.1.0 sofugwacempack:za
with the chrNMRPWMMRNd rom | iterature. High resol uti
on A A cac uTOF {TAQO00LMS Mass (sEddatpridoimie s espectra were recor
beam spectrophot ®dn@tequiShp ench dwiut NS Od enumb)e,r i au mh d laongpe N
900 nm) and a phot omulHPILEI iaenral (ylda ma metrseu pRI X &)r.me d
equi pped with a diode array dehttcolbr moécihd Dogm aa bodggr caiopthu
20AD); Aut o3@mp; eDi ¢ k¢ LAr-MagA)XetC@alt omhO(ASPEON D eCgrdds s e r
20AThe names of al/l products were generated using t
package

F

otrh e p h o tboacthcehmiecxaphedr i-angfednltesmodp)r3iDnt ede d L &AD i nternal |
al umi nunme guwiipgp exsdp dvBiBbhi ica PelAi) d s er vi nganads |vainaplash ol adled e |
(see section 4 for details).



2. SupplementaryFigures of Starting Materials
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3. Synthesis of Starting Materiak

31Synt roddgit s i fl uoromet hyl ) benzenesul fonohyd

F3;C
@\ O
1
$o

H2N,NH

Hydrazine hydrate (108 mmol, 5.3 mL, 3 equiv.) was added dropwise to a solution- of 4
(trifluoromethyl)benzenesulfonyl chloride (36 mmol, 8.81 g) in 180 mL of THF'atdnd stirred for 30 minutes

at the same temperature. The reaction mixture was then diluted with ethyl acetate and washed five times with brine.
The organic layer was dried over 188, filtered and the solvent was removed under reduced pressure to afford
thedesired compound as a white soB20 g, 34.0 mmol., 95% yield).

'H NMR (500 MHz, DMSQds) U 8. 6 7 ( hls 8.3 Hz,2}), 7.98 (d1& 8.3 Hz,d2H), 4.29Ks, 2H).
13C NMR (126 MHz, DMSOds) U 132.2 (9,55 32.2 Hz),128.7,1262 (q,J = 3.8 Hz),123.6 (1, J = 272.8
Hz).

19 NMR (470 MHz, DMSOds) -61.77.

HRMS (ESI+) (m/z): [M+H] calcd. forC7H7FsN202S, 241.0259 found:241.0269

3.2Sy nt hodesti hsy | g-de ok yterdtfd uor omet hyl phenyl S
2a

i

Etozc)
To a 0.3 M(soi btuonomethyl )benzenesul f on odwyedtrhaazni odle,
et hyl gl yoxylate (50% sol n. toluene, 1.02 g, 1.02 1
mi xture was stirred for 1.5 h, then the solvent was
Pent&mndédyl Acetate 10:1 and isolated adha whiotecsbl i
extended to (A0 ooyﬁlmbﬂastcdaaiaeaatumnaccordé“rice with it

MH2i CBCP1{)J= 8 1Hz,d,2H)8 HRzB8 2H), 6= 87 (s,
Hz, 2H)J= 17. 3z ,( t3,H) .

1€ NMRLO1 MHZU CO®CI 8, fd4.33 HB)B,. 5129.J2, 41M8)6J=12362
273 Hz), 62.2, 14.0.

1 NMR 82 MH2U-6EDLS.
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T
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o

33Genepradc e(d@Rfledr t he prde(ptarriaftliuodrecodeeuntefyd ny |
hydr azompeo @ h2dos

To a s usap(etnrsiifolnuoorfomet hyl ) lfdnDeragauulvi Qnomy e daaindd ( (
aldehyde (1.0 equiv.) was added portionwise dmld the
hours. I n case a solid crashed mpantaamfle dthéeedoltotadbhor
argul fonyl.hyRoraztomese compounds that did not precip

pressure and the obtaipeeande sofiiddlt evlmsd warsdhedr iwed hto
sulfonylﬁyd akbnedwingemeppd f @oshg e esleCcitdcrdvmr actkatiazat i
Al i phatic ulZp@mvelr eHypdregpaoreasaliint earcactour deachpenes @ ebd wvi ¢ h o
further [puriflcation.
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34Geneprad ce(d@Pt2dr t he prMpRRedao xo nAcotfil dley E st

lahaf
Tovagogtoiursring soluti2o@0nonfolcg @r ke4dkiyrva t¢h yalcamdi fopyri di n
andhWNdroxypht hal iin@H€Ce( O.13NQMP&G wsiowp.r)opy (Do di ) miwdes a
dr op.wimheertehaec t i on sniiixrtruerde owaesr ni g hltp oant croonopimheettm inpie,u A ¢ U
filtered awas trheemosvoel dv eunrid ePru rrief dvuccaet ds ophriecsas ugreel. c ol u mn
af feodr tdiee s ipr @ diFuocrt a l | n e wldgocxeaesptoerrtse dd @  Acsheacrt d otrkatia at i
RAES ¢l z'Wer e prepacetdbidtaemrca®t ure procedures.



4. Reaction setup

4 vials photreraggdaeoedr a( UEB®e University of Amsterdam
Four rrswacéeibnradiating simultaneously using t4beé ph o
nm was used as LED | amp, wharedDtdWCd aamp poasti ti e nwds |
reactor. Thepawae mpl aeleidgehbte hai hmbde tUd¥amrg yd lilc dur ati on o

Suppl emeing arePhlot or ed ddeptri miszat fem and scope



4 vials phbtmmelacdowal e) used at the University of An
Thev and3dnlL wiqauli pped wi twa sa isrtuisrdripignige Hbearph ot or eact or
40W Kessi-4d56RIOwas used as LED | amp, whi3loevAtChaat e mp
positioned under theup evaaxd opl a Fldicg Hate Isseimide Hdlifa masgeyt & | L

dur ati on o4vitahles rceaanc th doainreroadilsaprecd d 8 © thiu mimtoyo ns caa I pee r
reabaer s

Suppl emeing@rePhot orugpa awtserdmehetr scal e

6vi al s phdtl arcedBatgawagf i n Aot &2egbietcey, ( SE) .
Reactfioong he On Resin Photocheim cAadt rheSfegnoekcdas e ptgi d ehse
photoreactor described4bDel ow. wAs40¥%eHeasi LEPR1 ammp,
mai ntained below 30 AC via a fan -ppsiwabsopéadcleidgihbte hi
shielding ambeduraatriydn coff orhelreacti on.

Suppl emeing @P§ot or eagtwsedeftor optoif mithaet iL®SF ardid Pepadpe
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5. Optimization

51Pr el i mitntasoypt t HemGl ogati on reaction

CF,
FiC
\©\o 4CzIPN cat.
é’zo Base 0=$=0
OH ! \NZ. » HN.
D‘\( N Sol t(CH/EI DMF)' e
olven 2Cl> or
N © Oﬁ} (0.1 M) 456 nm, 12 h moa
Boc N o
OEt *Boc
1 (1.0 equiv) 2 (2.0 equiv) int-a
Preliminary eféwatdswareedoxenéeetdr al decarboxyl atiwv
From thisostbdgewet he 2wntbmpabibieli syiof necessary
occur. Thus, we t herneascttairvtietdy ionfv erseadogxatd mntgi vieheest er ¢

the presence of a base.
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Supplementary Table 1 First PCs screening2.0 equiv.2a).

CF3

FsC
O
\©\ 3 PC xx mol% Q
S=o 0=S=0

HE (1.5 equiv.)

PN [{]H - HE TEA (3 equiv. EQ—OB
Q—« |N, CH,Cl, (0.1 M), 456 nm, 12 h *NH EXOH (0.1 M) N
\
\ O O Oﬁ) moa 80°C. 1h boc
Boc
OEt N o

Boc
1a (1.0 equiv) 2a (2.0 equiv) int-a 3
PC Variations Yield of 32
Ru(bpy)s(PFg)2 1 mol% 65%

Ru(bpy)s(PFg), 1 mol% 2.0 equiv. 1a, 1.0 equiv. 2a 44%

Ru(bpy)3(PFg)2 1 mol% 2.0 equiv. HE 67%
Ir(ppy)3 1 mol% 30%
4CzIPN 5 mol% 64%

3DPA,FBN 5 mol% 54%
Eosin-Y(Na); 10 mol% 81%
Eosin-Y(Na), 5 mol% 70%

No PC n.d
No PC 390 nm 40%

Reaction conditions: 1a, 2a, HE and PC in 2 mL of dichloromethane (0.1 M) as indicated.
aDetermined via 'H NMR using trichloroethylene as external standard.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

EYNa, 4CzIPN 3DPA2FBN Ru(bpy);(PFe),

S12



(@)
N O O

\
Boc

1a (1.0 equiv)

Supplementary Table2. Solvent Screenin{P.0 equiv.2a)

CF;
FiC
(0]
\©\//_ PC xx mol% 0=5=0
$=0 HE (1.5 equiv.) i TEA (3 equiv.)
NH > HN<H — 5
|N Solvent (0.1 M), 456 nm, 12 h OEt EtOH (0.1 M)
¥ 80°C,1h
N, O
OFt Boc
2a (2.0 equiv) int-a
PC Photo Solvent Cleavage Solvent Yield of 32
Eosin-Y(Na), 10 mol% CH,Cl, EtOH 81%
Eosin-Y(Na), 10 mol% EtOH EtOH messy crude
Eosin-Y(Na), 10 mol% DMF EtOH messy crude
Eosin-Y(Na), 10 mol% MeCN EtOH messy crude
Ru(bpy)3(PFg)2 1 mol% MeCN EtOH messy crude
Ru(bpy)3(PFg)2 1 mol% TFT EtOH 64%
Ru(bpy)3(PFg)2 1 mol% DMF EtOH 1%
Ru(bpy)s(PFg)2 1 mol% DMF EtOH:DMF 1:1 (0.05 M) 63%

Reaction conditions: 1a, 2a, HE and PC in 2 mL of indicated solvent (0.1 M).
aDetermined via 'H NMR using trichloroethylene as external standard.
Cleavage conditions: Solvent switch to EtOH (0.1 M), TEA (3 equiv.), 80 °C.

O

EQ—OEt

N
\
Boc

S13



Suppl ement3zArdyd i Taibolnea( 2 .S@ r2ehg umii n.g

CF;

O_ EYNa, 10 mol% 0=S8=0 (0]
0=-N ; HE (1.5 equiv.) ! TEA (3 equiv.) OEt
N
Solvent (0.1 M), 456 nm, 12 h EtOH (0.1 M) N
! 0 0 Oﬁ) moa 80°C, 1h Boc
oc NS

OEt *Boc
1a (1.0 equiv) 2a (2.0 equiv) int-a 3
Photo Solvent Additive Yield of 32

DCE - 54%
Toluene - 68%

THF - traces

Acetone - 25%P

DCM - 90%P°
DCM TFA 20 mol% 90%
DCM HFIP 20 mol% 84%

Reaction conditions: 1a, 2a, HE and PC in 2 mL of indicated solvent (0.1 M).
aDetermined via 'H NMR using trichloroethylene as external standard.
b1 equiv. 2a. °Buthanol was used for the cleavage.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

Supplementary Table4. Additional PG screening (1.0 equia)

FsC
(0]
\©\9_ PC xx mol% I Q
O=N E;O HE (1.5 equiv.) R O;E-O TEA (3 equiv.) M—OEt
. > N —_—
D‘\( N CH,Cl, (0.1 M), 456 nm, 12 h NH N

EtOH (0.1 M)

Yoo © © N OEt 80°C,1h Boc
Boc
OEt N, O
Boc
1a (1.0 equiv) 2a (1.0 equiv) int-a 3
PC Yield of 3°

Ru(bpy)s(PFg)2 1 mol% 66%

4CzIPN 5 mol% 61%

3DPA,FBN 5 mol% 53%

EYH, 10 mol% 75%

EYNajy 10 mol% 90%

Reaction conditions: 1a, 2a, HE and PC in 2 mL of dichloromethane (0.1 M).
Determined via 'H NMR using trichloroethylene as external standard.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

Sl 4



O
N O O

1a (1.0 equiv)

FsC
\©\ 9 EYNaj, 10 mol%
S=o =0

Suppl ementbar Redabteve quenchers screeni

CF3

: Reductive quenchers (1.5 equiv.) ~ O=9 TEA (3 equiv.)
-NH > HN. —_—
|N CH,Cl, (0.1 M), 456 nm, 12 h NH EtOH (0.1 M)
Oﬁ) OEt 80°C,1h
OEt N, O
Boc
2a (1.0 equiv) int-a
Reductive quenchers Yield of 32
DABCO n.d.
Tetramethylguanidine n.d.
DIPEA n.d.
without HE n.d.
HE 90%

Reaction conditions: 1a, 2a, Reductive Quenchers and PC in 2 mL of dichloromethane (0.1 M).

aDetermined via "H NMR using trichloroethylene as external standard.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

1,4-Diazabicyclo[2.2.2]octane Tetramethylguanidine N,N-Diisopropylethylamine

N JN]:' Me Me
Med .Me
E( j N N Me\vaMe
N 1 1
Me Me Me

(DABCO) (DIPEA)

@)

EQ—OEt

N
\
Boc

S15
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Supplementary Table6. Solvent Screening

CF,
FsC
o \@\9
§=O EYNa, 10 mol%
O-N NH HE (1.5 equiv.) 0=5=0 TEA (3 equiv.)
N > -3 _—
m | Solvent (0.1 M), 456 nm, 12 h HN‘NH EtOH (0.1 M)
N O O 80°C,1h.
Boc
F3C
3 N,
Boc CF3
1a (1.0 equiv.) 2c (1.0 equiv.) int-b

Solvent Yield of 45°
Acetone 43%
EtOAc 37%
MeCN 50%
Toluene 21%
CH,Cl, 57%
CHCl; + 20 equiv. H,0 56%
CH,Cl, + 50 equiv. H,O 56%
CH,Cl; (no degass) 54%

Reaction conditions: 1a, 2c, HE and EYNa, in 2 mL of indicated solvent (0.1 M).
@Determined via GC-FID calibration curve using dodecane as external standard.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

N
\
Boc

45

CF;

S16



(o]
N 0 o

1a (1.0 equiv.)

Suppl ement7aArdyd i Ttai bol nea | Screeni
CF,
Fs;C
3 \©\ o
n
?:O EYNa, xx mol%
NH HE 1.5 equiv. 0=5=0 TEA 3 equiv.
N > na
| CH,Cl, (0.1 M), 456 nm, 12 h HN‘NH EtOH (0.1 M)
80°C,1h.
FsC
3 N\
Boc CF;
2c (1.0 equiv.) int-b
Catalyst Loading Variations Yield of 452

10 mol% - 57%
10 mol% EYH, was used 55%
10 mol% EYH, and 2b were used 61%
10 mol% green light 525 nm 57%
10 mol% 0.05 M DCM 58%
20 mol% - 45%
10 mol% 2 equiv. RAE 1a 52%
20 mol% 2 equiv. RAE 1a 58%
10 mol% RAE 1a-4Cl was used 44%
10 mol% 1 equiv. HE 46%
10 mol% 2 equiv. HE 38%
10 mol% (L)-Boc-Phe-OH (1 equiv.) as additive 50%
10 mol% hydrazone 2p was used 25%
10 mol% 2 equiv. 1a, hydrazone 2p was used 50%

Reaction conditions: 1a, 2c, HE and EYNa, in 2 mL of indicated solvent (0.1 M).
@Determined via GC-FID calibration curve using dodecane as external standard.
Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.

o G

O O
' 1
o] §=o S
O-N NH N/N
O c |
N 00 ¢
Boc
NC

1a-4Cl 2b 2p

ng.

Boc

45

CF3

S17
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I n oredkeprda mtdo met hodol ogy to the | ate stage functional
we set to explopeotikeetedmpant hlei lpictoyl sac ol

Suppl ement8aSreyn sTiathilvei t y Assess meReacotfi anhe C1 Ho mc
CF3

FsC EYNa, 10 mol%
o) 9 HE (1.5 equiv.) 1 0
S=o Additive (1 equiv.) 0=$=0 TEA (3 equiv.) OEt
O-N ! 5 HN. _
CH,Cl, (0.1 M) EtOH (0.1 M) N
| oGl
N\B 0 o Oﬁ) Blue Box (456 nm), 12h O)\H/OE‘ 80°C, 1h. Boc
oC
N, O

OEt N

Boc
1a (1.0 equiv) 2a (1.0 equiv) int-a 3
conversion 1 Additive Yield of 3
100% none 91%
100% Boc-Ph-OH 95%
100% Fmoc-Ph-OH 95%
100% Fmoc-Ala-OH 90%
100% Fmoc-Lys(Boc)-OH 93%
100% Fmoc-Arg(Pbf)-OH 70%
100% Fmoc-Trp(Boc)-OH 88%
100% Fmoc-Cys(Trt)-OH 77%
100% Fmoc-Met-OH 82%
100% Fmoc-Lys(Boc)-OH 93%
100% Fmoc-Hyst(Trt)-OH 75%

Reaction conditions: 1a (0.3 mmol, 1 equiv.), 2a (0.33 mmol, 1.1 equiv.), Hantzsch (1.5 equiv.),
Additive (1.0 equiv.) and PC in 3 mL CH,Cl, (0.1 M).
"H NMR (trichloroethylene external standard).

I n the specifi-prowectoptdedmiono &Bmbds bearing fully pr

and |l ow price. Despite Fmoc removal was envisioned
assessment twas heocewmplacabi |l ity of the functional gr
active, could disrupt the desired reactivity.
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6. General procedure 3 (GP3): Photochemical radical addition to
benzenesulfonyl hydrazones and subsequent fragmentation of the
benzenesulfonyl hydrazide

[N}

typical ex perriiement7, mio vamal oegumni pped wh t h a
| uou lofrhayridyriyalz30 8 e mt6 | ,, 1r eedqouxi vagt i ve. equian) s 8B O

—_ —h

4 0mgd, 50 mmo |l a nELY.N#2 Bmggdd vimd |l %) . and the vial was se
deantd yd edyiacshsleadr o metwaade e (| 3 panttnors pM e rTeh e( Ov.ila IM)wa

— o~ =
o
D QO

and irradiated (faethet tliROnmphet bempmradblureew

o= o

C during the course of the reaction.

he vial was removed from &Wwap pundeerd hreendi uccael d rpe
btained crude mixture was t hwans daidsdseod Ov(e® i ne q3u i
and the vial wa&8@lhalcheed riemcan omi Imikkxatuhr e was <co
removed unddmher ®obu@ae cheplr €es sidree was dil uted with
combined organiNeSGayerlaereadet bedsiobtdentemwas r emovVe
crude reaction mixture was then purified by fl a:

SwT o

t

o i LS N ) B s

ﬁlm (¢
~

d
A
t

HHsgHddr oo~ —
o-

oS 9Q
® DO W’

7. Solid Phase Synthesis of Peptides and Purification

el o

e peptides were syrhtalses ipzeepd i diea shhmadhesobi d&isi ng a
tomated peptide synthesizer. Peipd s e e( BRNPSn t bAenlsa@ sy t w e
PLKS was performed &IPLL Waytseresm AcPgDuAi,t sampl e manag
en modules) and Waters SQD2 mass spectrometer wusin
Ojeml1.5%0 1T 2.1 mm at a flow rate of 0.5 mL/ min at

l'inear gradient 0of+t nmdbinM fpohransiec. a&AciHd , 1 mM amm
a
-3

Z

cet o ©86f be~kHV + 10 mM formic acid, 1 mM farnomoni a
5Mm.
gh resolutobnt mas pus(pRMI)a preertd sdims¢gWad etre dSSynapt G2

INW>HO Y
o w <

Mass Spec€ol amptiery UPLC CSH C19 Anmp@r iminck e .sliMovimj | & .
ammonium formate, 10 mM for n@ c( AAciadn,d OMeOCIN % BTI)F A ,r epsHo=
0.5 mL/ min. Purity: Rel ative absorbance at 214 nm.

Water was purified using a Millipore MilliQ water p

Fmoc .FMB&8mi no acids wer e-lpprecxh d snd b rfnrad m oGhlad m-c h amicn , v
protect tAcng:(-@BHMJ ¢Arsonc(-OH t ) FAvsopc( O@ BB,u ) FGQryosc(-OH .t ) FGhonc(-Tr t )
OH, FGiouc( G@ HB,u ) FHnosc(-OH ,t ) FLnyosc( Bblc ) FBec (-OB,u) Finhorc(-OB u)
FmoTer p(-Bél¢) Flnyorc(-OBamd FNMPh-@H Oxy maa s pur chaseldmpferxom

| nrtreat i onal , Il nc. , DIAR EHHAAecehdli €1 a€hydoimd &i wyana pur chas
Peptide synthesis
Gener al Protocol f SPPS. Thepbhbapti deptindee That he

o
t hen a sfsod nhboheetdh gadn dA
being cleaved from h eme € bChadn,d dreupridtieecdt.ed according
Met hY'od Aut omat ed Fmo SPPS, BaotameEeHnmttcabwaveApspt
Rink Amide MBHA resin (final CIHHG& doirn gl 00.nvi7n nanmodl /tgh)e nw
dr aiTnheed .FrpaootNcti ng group was remowxenmi nvi taht 2rOd®o mp i tpeem
The ami 4 eduEs0) ved2M)n wizMFE (rC.p e atleld@eqitvoiNtH2MJ wi t h
an@XYM@eqgi)v DMHKO .M) 4a0t defgotréné Vas hi ng of théeresumppbdagw
was pewfi €&h@dad . DMSTCh & 9r:elsi n was €HOE2 Ixy )Swansthed wi t h
Met hod D: Acetyl ation Adft etrhea hNe tfernmiln a&lmopco sdietpiroont.e ¢ t
CHC${(2 x )anmL d.r aA nseodN MPda coent iod :a nzh,y6d iQudtdi A5 meey added t o
resin and stirredOatn rboeofno rtee mpheer ami uxrteu rfeorwas dr ai ned
and the resin wa&s xwasdw@i(Bvix B5. DiF (

Met hod E: Cl eavaghlaifnm odne pAre cstioehduts ii abre. DOD/TT IFOB 2 & &1180r b :
mL) was added to the dry resin. The PR2hlRld iromsim Xxwas ¢
with2TKA . anmdL t he TFAiIisolhufilaskcahldecoeadentrated ur

r
N-themmi nal wace tpyelrd toir omeedt hBolode bo dé n g
t
c
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the total volume. Thae soldtdoertWwsgt €hbéerpolhedpreci
the crude peptide waswdtyerphili zed from acetonitrile
Gener al met hod for All oc deprotection
Threesinpbepunde was suspeGiffed!| owednbydt bes afdgt)von o
and BPJ(O. 25)veaqnd t he suspension was shaken for 1 |
addition of fresh reagendrsai MMdadshaaed (3 ixh@GH prE3VED ( vy |
5 mL

Coupl i Pg-0Afl UK A

A solut-Po@AI@fFAH (10.0 equiv.), PRERAOR 201 @. Ce qaud wi. §. )i r
concentration 0.1 M) was added to the drreasiinned(slaadd e q
with DMF (5CHC{@5mk) 3 amd) .

Purification

Reverse plh&ssemdBEzG PreparatDyYppopLCHMBt Neyet ad@EA: i Me CN
HXO)Col umnpa$Stki @nSCL1 X25D0@anl. | ect ed Ifyroapchttiidoirefaidomr el t he
peptide.

Synt hetet o ReRdt i de

O\I,Me O\I,Me
Iterative d(PPhg)y, PhSiH3
Fmoc-SPPS DCM, ,1 1h
FmocHN-. - 5
12 steps

rink amide 0 rink amide O rink amide

PO

Suppl ementé4fBynfFbéeipdiode



Synt hetet o ReRit i de

Me Me,
Me OO Me OOH
Iterative N—\ /k h Pd(PPhg), PhSiH; N\=\ )<
Fmoc-SPPS I DCM, tt, 1h i 2 g
Fmooin-) — H\)L \)L H\_)LN—. —> AN H\_)LN H\_)LH H\_)LN—.
14 steps 0 Me o < o < 0 Me
rink amide )<Me )O<Me
Me' Me )O<Me Me' Me )O<Me
Me Me Me’ Me
o]
=
O)Lo/\/ PyBOP, DIPEA,
NH, ® © DMF, rt, 3h
L-Proline TFA

OH ]

=
o=,
e ’\D e O, '\D
N—\ /‘(M g o Pd(PPhg),, PhSiH3 o Nf\N)Z"\\A"e o
DCM, rt, 1h
AcHN \)L \)L I N\M)LN_. - ACHN H\_:)LH I H\E)L ) H\M{LH—.

N
(o) \O
Me Me
P1 )< [e] Me Me)<Me o Me
Me)<Me Me)<Me
Suppl ementaBynFbgaspepti de
3: UV Detector: TAC: Wavelength Range: (210 - 350) 4.567e+1
Range: 4.62le+l
(2)
80%
4.0e+l 3.35

AU

L BRI e B e a  m T T Time
2.00 4.00 6.00 8.00 10.00

Suppl emeing &r gUPMMSC Tr ace -bbundecr edBmylepzdedd ebylcl eavage of a f
by treatment with TFA/ DODT/ Wat &€ro/nTIli $ B@BG:% B. D:vezd. 8:0 i nV/



Synt hetet o ReR2t i

Me Me
Me. o, Me Me. 0o, Me
o Me o Me
ol ol
MS\T’EME HNaNH  Me Rink Amide ME\""‘}ME HNaLNH Me " Rink Amide
® iN—0 Pd(PPhy),, PhSiH; M © HN—@
. N,\ k""e NH CH,Cly, t, h © Ve N“Nlm " e
Fmoc-SPPS §¢NH ° o o o o o §,NH
o) o AcHN\)L \)L H\)L N\)Lu/\n,ﬁ\)L son I IC AL R N\)LN/\H,N\)LN
rink amide 20 stops Q 0/: oo/: L T Tz 2T Q
g g NBDC Me Me /( NBoc
)< . Me*mz Me)<Me Me)<Me HO" o
NHBDC NHBoc
Q
CHLOM ‘ PyBOP, DIPEA,
NH, @ © DIF, 1t, 3h
L-Proline  TFA
Me Me
Me o Me Me. o, Me
0\\5; Me °¢‘§ Me
Me ? Me
Me. Me HN, NH Me Rink Amide Me. Me HN, NH Me Rink Amide
\!)/ Me N M)e<Me NH e e T N )(Me NH © HN—0
=\ ve o N Pd(PPhg), PhSiHs ’\ 0
o Q o Q o Q %’NH CH,Cl, tt, 1h §’NH
PSS EN e M, ML ) AcHN\)L \)L N\)L N\)L N\)L
IR SARSARNE: YYD WY
e Me [~ “NBoc Me Me ~ NBoc
M*Me Me)<Me @ 0 )< Me)<M N
0 NHBoc NHBec
P2 "o 4f
SupplementasSyntFbgsespepti de
3: UV Detector: TAC: Wavelength Range: (220 - 350) (5) 5.367e+l
71% Range: 5.48le+l
2.66

5.0e+l

4.0e+l

3.0e+l

AU

2.0e+l

1l.0e+l

0.50 1.00
Supp!l emEeing @mrgUPMSC Tr ac e
by treatment with

T
1.50

Time

" 2.00
bbundecr

TFA/ DODT/ Wat €Cro/n™Ili $ i 00G::

T
2.50

S

400

350
a flAmegleypze ddebyy cl eav
4486 n

"3.00
age of
02 .45:

a
% ,B



7.1Gener al Rir o cGBMunrt eh eRxeidso xo fAct i ve ols tRerss n( RA

The -beshnd pembli thgy dd o0 y p {INHPI i)y mi(®Be8 mg, 0.6 mmol, 20.

mg, O0.06 mmol, 2.0 equiv.) were added @GLqg tOhe tmmlfr

equi v.) i n-5dr mMDMBNn¢@Btrati on-beund peppéede)t washeit

syringe containing the solids. The syringe containi:!

Tefl ohotaped in a plastic casing. Then was placed i

stkeer at the indicated temperatdr aiamaed tzthte. rTetse na omaisv
X 5 mL) .

SupplementatGyapipgoed diuor t he synthesis of redox active ester:



7.2GenePradc e bu(rGdH On r edhion ochemi cal r aAdriycla l
Sul f dHgdl azoamezb

After the @GPB4#4 Matd oumsEtmpegppt i de was subjected to the
purification. Af @reorl  drlyienqo,i vt. Heenwadvsdtng da(nFTedrali pwidadlt o i t
stirrinfgdemarn fl uor oretdhry2zgod 2 9 omgdho BdOq u,iHa n} £s c@®@3 4

mg, 135 Omol ,EYA&5 .ngQu iOmo) ,a@eé Beegaded. The9 0l &df was
drGHCtwer e added (33 mM concentration in respect to t
Box photochemicaldfpeather SeEeaepe Betniobse).

Suppl ement A0CGr afpilgrucraele dupéd ot oc hteimeé c al step on resin



7.3Gener al B @Y. eClkavageesof the Alkylated Sulfonyl Hydrazidelintermediate
on Resin

Then, the suspenshomndopépti ndiegiwa bet ¢ e s direapn theedllg s b e a
wi DMF (5 x QGHChmLY »=and mL). After drying the r®®Ldn, it
(1:1 v:v) s-DMBtwas atid&d OH33 mM final concentdtati on
9 equibnol )270The tube was cl osed hamdCdaBgirteactse.d Noenx ta, otr
was transferred to a warsi tdtwearsdnde cgsrywMiEFrhd &, xa BdCHCH e amals
(5 x 3 mL ) . T

TFA/ DODT/ Water/

M
[0)
r
action was analyzed by cleavag
90: 2.5: PPLMSS5, v/v) for 1 h at

e r
I

A(‘D

Suppl ement A1Gr afilpgrurade ducé eaomgehst ep on resin.



740pt i miahtdmasi n phot oc hepiecpatli daelsk yl at i on
First round of oo-petsipme zad h a niyad dalopr dopatPi0d e
Suppl ement9aFriyr stabrloeund of reaction screeni
NHPI (20 equiv.), DMAP (2 equiv.) EYNa, X mol%
DIC (20 equiv.) HE Y equiv. TEA (9 equiv.)
HN N\)j\ J\[rk]_‘ = 2a Z Equiv. H\)L J\[rn_.
Dry DMF (50 mM) CH,Cl, (Z M) EtOH-DMF (1:1)
Ao O rink amide 2n,37°C Blue Box (456 nm), 50 mM, 8002
30°C,12h
O OH
0.05 mmol ol
Entry conversion Concentration EYNa, % HE Equiv. 2a Equiv. Product (peak 5) Aspartimide (cyclization) (peak 2)
1 100% 100 mM 10 15 1 traces 70%
2 100% 50 mM 20 3 2 10% 50%
3 100% 33mMm 30 4.5 3 20% 34%
4 100% 33 mM 10 15 1 10% 48%
5 100% 25 mM 30 4.5 3 18% 53%
3: UV Detector: TIC (2) 1.015e+1
34% Range: 1.076e+l
1.61
l1.0e+1
E 5
sol @ | ©
3 26% 2.38
6.0 1.54 '
2 E
4.04
2.04
0.0 A ; 'ﬁ.l Mot Ao
..J\.h?'r.\".l..| ———7—————— Time
2.00 4.00
Suppl emeing @2 UPMSC Tr &End remfaByzed by cl eavage of a fraction
TFA/ DODT/ Water/ TvEv()(9@Oo€ad8htl@ewb®tB(over 4 min).

Opti mi z aton-cers iad @ott hewteg mt hesi s

The optimization repo
Thus, we envisioned t
or from inadequate re
formation of RAE inte

ted abovecaoauwlvee an etd
at the formation of
ction conditions
medi at e.

side

I

C

hdratc ommlee tf
t he

ofont hhioswaarcdt it\



Suppl ementldlORgddabheti ve

O\'\F:Me

NHPI (20 equiv.), DMAP (2 equiv.)

ester

op

%wg e

[ DIC (20 equiv.)
A \)L Jﬁfno
\ Dry DMF (X mM)
Ac O rink amide  Time (h), Temperature (°C) nnkam
07 oH o o
OHO
Entry conversion Concentration Time (h) Temperature (°C)  Product (peak 5) Aspartimide (peak 3)
1 100% 100 mM 2h 37 40% 50%
2 100% 50 mM 2h 37 50% 42%
3 100% 33mM 2h 37 62% 32%
4 100% 25 mM 2h 37 74% 17%
5 100% 25 mM 1.5 37 84% 4%
6 100% 25 mM 15 20 20% 8%
3: UV Detector: TIC 3.888e+l 1: MS E
Range: 3.954e+l
(5)
] 84%
3 2.79
3.0e+1-
E 2. Oo+1—; e
1.0e+1] (6)
. (2) (3) 25
3 6% %
] 1.61 3.04
0.70 " 1 (’
0.04 B == == Time
2.00 4.00
Suppl emeing @B UPMSC Tr ac eb.AnfalBnzterdy by cl eavalgead
TFA/ DODT/ Water/ TI'S (90:C@né8itRobs: 5(

Second

e

0.05 mmol

round

O\|, Me

of

Suppl ementladgc dmthiinel of

EY(Na), X mol%

react.i

on-fetsipmo zadc h@mkiyadlt i me PO or

on

timizati on

ide

ay frracdat men tc
506r %1Bhowaer

< B

»
peptide

screening.

M
O\FMe

NHPI (20 equiv.), DMAP (2 equiv.) HE Y equiv. . Me
H DIC (20 equiv.) 2a Equiv. TEA (9 equiv.) N\i N\)i Me "
*rr ® oy Yy oy @
Dry DMF (25 mM) CH,Cl, (33 mM) EtOH-DMF (1:1) Ac O 3 o
rink amide 2h, 37°C Blue Box (456 nm), 30 mM, 80°C, 2 h
30°C,12h OEt
O OH ]
[e]
Entry conversion 1 EYNa, % HE equiv. 2a equiv. Product (peak 5)  Aspartimide (peak 2)
1 100% 10 1.5 1 4% 60%
2 100% 20 3 2 18% 35%
3 100% 30 4.5 3 26% 20%
4 100% 40 75 4 22% 27%




3: UV Detector:
3.0
2.05
E (1)
1.04 27%
0.70
0.0

TIC (5)
26%
2.13

3.173 ¢

Range: 3.795

h«h,r

W n\ﬂ i 4h n
A

r Time

T T
1.00 2.00

3.

00

4.00

Suppl emeing @ UPMSC Tr ac e AnfalBmnzterdy b3y. c |

TFA/ DODT/ Water/ TI1 S

e

(90: C@n8itRkob

avage
s: 5(1

0
0/

f
vy

a

f
50

r
r

ction
1Bhoate

X

Despite the improvedonditions for the activation step (formation of the redox active ester), the reaction yield could
not be further improved and beside aspartimifiapplementary Figure 14eak?2) and the desired product
(Supplementary Figure 1peak5), the major side product observed was the decarboxylative reduction of peptide

PO (Supplementary Figure 1geak4) in 17%.

C
r



At t e mptonrefs beanhzy | ageipd ® Aef

EY(Na); 30 mol%
NHPI (20 equiv.), DMAP (2 equiv.) Hantzsch Ester 4.5 equiv. TEA 9 equiv.
H\)L \)L H DIC (20 equiv.) Hydrazone 3 equiv. H\)L \)]\ H
)\lf Dry DMF (50 mMol) CH,Ol, (2 M) )\[f o

. EtOH-DMF (1:1
rink amide 2h, 37°C Blue Box (456 nm), 30 mM, 80° c 2 h
30°C, 12h

'OH

0.05 mmol CN

Suppl ement ABFyailirgdusrien benzylPOti on of peptide

I'n Iine with what observed duringUamenscapedefdeheiv:
competent substrate in tORABehizdy |l mdti oaf fporod oaony , des
aspadet if mir mati on and reduced product were observed.



Opti mi zaton-cers aantf i ¢ dtephoont oacrhdd rkiyd aalt i onP1or peptide

o
OH N\g

oh, 8 4,, o

N N
$ N‘t Bug N‘t Bu
[0} NHPI (20 equiv.), DMAP (2 equiv.) o)
P \RPIR _ DoG@eww) \)L H\)L
5 e W @
)<Me )<Me

DWDMFwomM
2h, 37 °C

O

O
0.03 mmol Me/{\Me Me/{\Me

Me peak 3 Me

Suppl ement A60nr Esgorachtli vati on of

For t hedepn oleidnecontPali nchgampepeéedde active & ptedk for
Supplement daryd Frngueewd St dmit ect ed, even at higher cor

3: UV Detector: TIC (3 8.7% e+l
74% Range: 8.86e+l
2.23
8.0e+1l
6.0e+l
2
< 4.0e+1 (5)
12%
2.52
(1)
2.0e+1 35
0.96 l
0.0L .ﬁﬁr# SRR e %“T?Lff_iTimﬂ
2.00 4.00

Suppl eméeing @ g URPMMSC Tr acadef RAE synthesi Andbyzpepbydel Padvagere
resin beads by treatment with TFA/ DO®DAMdMWat ensTI §10900 305%



Optimi zatoncersplindt o dlead nkiydaalt i onP1or

Suppl ementla20pt Tenbkati on

OH
oh,

D

= ©
X LR \m_gaugn i
ouoz)Luo\g)Lu }fu-‘

NHPI (20 equiv.), DMAP (2 equiv.)

(456 nm), 30 °C, 12 h

peptide

f®X the
O,
HE Y equiv.
EYNa; x mol%
2a Z equiv. N2\
CH,Cl, (33 mM)

DIC (20 equiv.)
wash and dry then  =———
o ° el gr’:AZSPCMM) EtOH-DMF (33 mM), TEA (9 equiv.) s o ©
Me/km: 0 ’ 8o°c, éh V Me/km: 0
Me/'j;eMe Me/’\{A:Me
Entry conversion EYNa, % HE equiv. 2a equiv. Yield
1 100% 10 1.5 1 1%
2 100% 20 3 2 32%
3 100% 30 4.5 3 63%
4 100% 10 45 3 42%
5 100% 30 1.5 3 29%
(5) 1.407e+1 1:
63% Range: 1l.57e+l
1.84
1.25e+1
1.0e+l
7.5
] o
5.0 (6)
w @ |t
2.5 8% 6% :
0.69 1.13
0-00 A |
—— T e ey Time
2.00 4.00
Suppl emeing @r ¢ UPRMSC Tr ac e AnfalBmnzterdy b3y. cl eavage of
TFA/ DODT/ Water/ TI'S (90:C@né8itRobs:5(10/vd

0, N
~, N=tBu
IS0 SENSEN
o7l T N I N ﬁeﬁﬂ.

al kyl ati on

OEt



75L,at e Stage Functional i zatCihanaoferPiezpattiidbas

Q,

OH OnMe
HE 4.5 equiv.
9
/o

D
EYNay 30 mol%
S N-'B” )  CH,Cl, (33 mM), X NH
NHPI (20 equiv.), DMAP (2 equiv.) TFA/DODT/H,O/TIS 0
\)L \)L DIC (20 equiv.) (456 nm), 30 °C, 12 h 90/2.5/2.5/5 \)L
_‘ e ——— then ———g— —— 3 NH,
E

e \CL
o

Dry DMF (50 mM)
2h, 37°C EtOH-DMF (33 mM), TEA (9 equiv.)

P1 Me/{\Me 5

Me

OEt
2a

3.0 equiv.

Suppl ement 295y nRihgtu®ies o f

ptSi9ees pr epaeneod osnc ad eB Ofurnodm sRibssitnt atwieng ge@®RA and pro
e synthesis of theGBborespendhogofRRAEabyptiresahkyl a
for the ther mal cl eavage offt etrheclaelakvyal gaet efdr osnu | ff o
e itation, the crupdbapefibhtide@éawas pfureipfairad 0/, rLeCy
nt system: A: 2086 8nd oB: % 808 OB A dii eInGhi o) eand
| i zed 5t2%s ad ffolreudf |fH%ed puidBidteecell & u |l atheed ofrriagm nal r es

HRMS$ ESI +) (2mleal c CMeNi @124 67 .2 2f7ah6r7d :2 2 7 4

3: UV Detector: TAC: Wavelength Range: (210 - 350) 3.894e+1
Range: 3.94%e+l

(2)
74%
3.07
3.0e+l
3 2.0e+l
1.0e+l
0.0 T e e e e e Time
2.00 4.00 6.00 8.00 10.00
Suppl eméing @addp)UPL-KAS Tr aceroflet heac(tpirootdadittxerurfeuConail tiavrmage (1
50 % B oveowiWBbLKSE nJrace of5Pahee( ppCainfli ¢ladt®navher@(Nd /6 0 %9mMi n ;
605%L0 )nin



OH

HE 4.5 equiv.
EYNa, 30 mol%

=~ N‘fBU NHPI (20 equiv.), DMAP (2 equiv)  C12C2 B3 mM). - reapopT/H,0mIS
DIC (20 equiv.) (456 nm), 30 °C, 12 h 90/2.5/2.5/5
\)L JL —_— then —— —— 5 A
@ Dry DMF (50 mMol)
2h,37°C
*Me

EtOH-DMF (33 mM), TEA (9 equiv.)
80 °C, 2h

,{\ 60
Me” | "Me

3.0 equiv.

Suppl ement 21Syy nRihgéusries

of

CN

/QE JL g 1A,

OH

GP

rL eCv

res

PeptbiGdaes pr epaeneod osnc aa eB 6f urnodm sRudbssitnt atweng ge@R4 aflorpr
the synthesis of the corresponding RAE on resin,
GP6 for the ther mal cleavagefMér tdleeaviakgyed at eadm stuh
precipitation, the crupdbapegibhtd @awau Pureipfairad 0b/ye,
(solvent system: A: MX® B nfdorB%b 6@ rBFA dii eIn@hi my eand
l yophili zed 60as ad ffolruf (yoioilitd @edec edlatl u lda theed ofrri aggm n a |
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LN Melime @ 0
"'FO NHBoc HN NH,
HO HE 4.5 equiv.
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Slabeaivy . 6SBrm DG 120 oo s AHN\)L \)LJ{,(N\)L J;f (‘E JiwL n\)L
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3.0 equiv.

Suppl ement 28383y nRihgéudries of

0

NC

ptéidMees pr epaceneod can ea f-B@Ound esRiZnet r atwvieng ge®@R4 aflorpr
e synthesis of the corresponding RAE on resin, GP
6 for the ther mal cleavagefMmér tdlee aaviakgyel at radm st
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8. Mechanistic investigation

8l1UWiGharacteri zati on

——— 4CF3 sulfonyl hydrazone 2c
—— Glyoxalate sulfonyl hydrazone 2a
——HE

——— (S)-Proline RAE 1a
Dichloromethane 5-8E-05 M

1,0 H

Absorbance

0,0

T T T T T T T T
300 350 400 450 500
Wavelength (nm)
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2,0

—— Alkylation 1a with 2¢ (EYNa2)j

- F5C.

1,5 o s \©\ .
1
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o N
]

()] N o) /@)
(&] Boc a c
% 1 o 2
o 1,04 H H @
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Suppl ement 29 yAlFrs gupti on
EWaas PC. The spectrum was recorded in
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82TEMPO Radical Trapping

CF3

FsC
¢} 0 . M
\©\él_o o EYNa, 10 mol% Q MZ
- "7 Me J Me HE (1.5 equiv. . TEA (3 equiv. OEt N
N N NH doeal) , o=p=o  TEAGeay O} g e

N
N Me Me CH,Clp (0.1 M), 456 nm, 12h  HN. E{OH (0.1 M) N Q‘ Me
N O O o) NH v

80°C,1h v
Eoc OEt Boc Boc
OEt
N (0]

“Boc
1a (1.0 equiv.) 2a (2.0 equiv.) (3.0 equiv.) int-a 3(n.d.) 61 (327.2659 [M+H]*
found in ESI*)

To an-dovem 7 mL vial equi ppeldq B0i0t hmneo@ g t1,idkgr () .n3g0 Ob anmm ow e
1.0 eHauwitvEs)c(dlr. 5 &4 010 . Mod YHEMPO (3. 0tdguivv.a) amd sea
rubber sept unrarSd bdesglacshsidodr o,me wwha o @ e d 3ramhdogors per e (0.
The vial was stirred and irr(8deatstedeliz2nrhifhe UE@ppha
mai nt ai A edluati n3y0 t he c ofthresne dafh et hveé arl e awatsi oneemoved f
and the sovhpemmderdsr educed pressure. The obtained

et hanol (wadg MIcee@EA3 )0 and the vial Maelhghacedaich i a
mi xture was cooled to rt and t helhseolovwd mtvawadd icrr aurilaevde
di et hyl ether andThvaeamhededi bhgdadniMc HICHag @r sf iwetreer eddr i ae
solvent was r emovedT huenideariu dree druecaeadt iponre lspizidtdMR e wwa 8 ¢
trichloroethyl emenEl&E8RM&t ernal standard



83Radi cal Clock Experi ment

CF3;

Fs;C
(0] (0]
(o] é"O EYNa,; 10 mol%
N T HE (1.5 equiv.) TEA (3 equiv. ;
(o) NH » 0=S=0
)\ N CHCl, (0.1 M), 456 nm, 12h 1 EtOH (0.1 M)
I O?) N 80°C,1h

OEt

62 (1.0 equiv) 2a (1.0 equiv) int 63:64 = 10:1 (GC-MS)

To an-dovem 7 mL vial equi ppe6dd @i0Ot hmmeo# g t1,idxgr0) .n3g0 Ob armm ow

1.0 eqantvzBE9 ¢t eiH 5 e&Egrdid0. moakdlhe vi al was sealed wit
Subsegdeynwtbhgyd degassed diboehllderdo matdieasgh  r3e mL). 1 M) .
stirred and irradiated (faet et tliROmphet bempmrablureew
at 30 AC during t hlehemqurtshee ovfi atl h ewarse arcetmioovre.d from t
solvent was evaporated under reduced pressurheanollhe
(0.1 Myas T&Eddded (3.0 equiv.) and'Cff lleh. Tvhiealr ewad i plna and &
cooled to rt and the solvedthewadadbtrae meded rwmee warse adlu c
and washed with 1 M HCI . The cbhathd néddl begedi anlday é
removed under rTehdduicreadl u e e s ®@arce i oann a miy x BHIN MR auassi n g
trichloroethyl emen@@MS external standard
TIC

44 256,714 =S

=

=

ol W \

Suppl ement 39 YGFEirguee of t(hfeorcmaGdhent ecafct i on
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9. Scaleup procedure for compounds 3and 28

91Scaudpe i n Batch

Suppl ementla3sgupfsob|l esecal e up in batch

Q FsC
3 \©\ 0 EYNa, 10 mol% R
C . .
$5 HE (1.5 equiv.) 0=8=0 TEA (3 equiv.) E>_/
N

O-N =
> _—
m H CH,Cl, (0.1 M), 456 nm, 12h HN EtOH (0.1 M) N
I 2vi2 \U. ’ ) ~ . \
N‘Boc 0 0 JN N 80 °C , 1h. Boc
R R
N\
1a (X mmol) 2a or 2b (1.0 equiv.) Boc 3o0r28
R Set-Up Temperature Yield Scale
-CO,Et A 35°C 65% 1 mmol
-CO,Et B 30°C 65% 1 mmol
-CO,Et B 35°C 40%" 4 mmol®
-4CN(Ph) A 35°C 67% 1 mmol

2Determined via '"H NMR using trichloroethylene as external standard.
blsolated after column chromatography

SupplementatyPFrogoeemi easled for thleskicp.! A( rdpgtptnB bat ch



92Scaudpe CGomt i nFl 0o ws

Sel ect edOEtnit mio#asttidlden C1 Homol ogation in FIl ow

I n a typical expkrriiement, miLo vamal oegnuni pped wh t h a
(trifluor ormegtdhywlzgdheltPo nnymo | , ,1147 @ g hdpy .nymo |l , MHafOt egqahv.
Est @&@®6ng ,300 mmol , 1.5 equiPC(l) moold%tlh)enailnidd i tchaet ewdi al was

rubber septunrdrySuamnsge dreagmsisyeldd ds abnideeas phh d rceore espondi
solution was ftiakgeenn allpl ywi tthhea ssyy i nge was mounted on

Vapouriledd BVYui ppebd=4Gme bBEDW) ( for the required res
coll ected i+#o0at DN iMmllhaesro,untdhe sol vent was evaporated
crude mixture2mia s fdiesshalnweds(i0addew) ,( 3TLECA equi v. ) and
oi l b aOf tolhaTth e8 0r eacti on mi xture was cooled to rt and
The obtained crude was diluted with diethyl ether a
dri edNas@erfiltered and the solventTheRasauedmovedctnodar
waanal yZeNiIMRiwsi hghl oroethyl ene as external standard

Supplementary Table14. Optimization of the C1 Homologation in flow.

CF3

!,

(0}

- TEA (3 equiv.) (Q—OEt
= 5
EtOH (0.1 M)

[

|

XXXXXX

N
N 00 Oﬁ.) PC (1 or 10 mol%) NH  “o0c 1h !
Boc ) : Boc
OEt HE (1.5 equiv.), Solvent (X M) OEt
Vapourtec, (I =450 nm) N o
1 (0.2 mmol) 2 (1.0 equiv) PFA, ID: 0.8 mm, V = 3.3 mL *Boc 3
Y mL/min, t. = Z min
PC Solvent Concentration T Yield of 32
EYNa, DCM 0.1 M 10 min not soluble
EYNa, DCM 0.05M 10 min not soluble
EYH, DCM 0.05 M 10 min not soluble
EYH, DCM:DMSO (3:1) 0.1 M 10 min messy crude
EYH, DCM:THF (1:1) 0.1 M 10 min messy crude
EYH, DCM:Acetone (8:1) 0.05 M 10 min 45%
EYH, DCM:Acetone (1:1) 0.05M 10 min messy crude
Ru(bpy)s(PFg)2 1 mol% DMF 0.1 M 2.5 min <10%P
Ru(bpy)3(PFg)2 1 mol% DMF 0.1 M 8 min 50%
Ru(bpy)s(PFg)2 1 mol% DMF 0.1 M 15 min <10%?P
Ru(bpy)s(PFg)2 1 mol% DMF:EtOH (1:1) 0.1 M 8 min 40%°
Ru(bpy)3(PFg)2 1 mol% DCM:Acetone (1:1) 0.1 M 8 min not soluble
Ru(bpy)s(PFg)2 1 mol% DCM:Acetone (1:1) 0.05 M 8 min 65%

Reaction conditions: 1a, 2¢, HE and EYNa, in 2 mL of indicated solvent (0.1 M). 2Determined via "H NMR using trichloroethylene as
external standard. Cleavage conditions: Solvent switch to Ethanol (0.1 M), TEA (3 equiv.), 80 °C.
bCleavage conditions: DMF:EtOH (0.05 M), TEA (3 equiv.), 80 °C. °Cleavage conditions: DMF:EtOH (0.1 M), TEA (3 equiv.), 80 °C.



Scalpdmmodf) Compound 3 in FIl ow

An oven dried 250 mL Schlenk flask, 4€quippedrwimeh ha |
hydr &2zt n 8§ 9 .ndbmo | , 1l Guiddtipol 4 1 .h0anretqzusigvh @smdreal , 1. 5
equi VRY( a(pRB3 4 @ mmqgl modr®ag sealed with a r ublbyerangdenp
degas s@&® CiHL )ac eatn@dh emL ) wer e ad daetdmousnpdheerr en Ot Bdr cpgr éenptair en
(both the solvents were sparged Twiet s oliuttri @mghe wafsort ax
ymoogéed on a syringe pumpl5a0n de gpuui sphpeetd 40m ge & .0BVIAS
or the required residenz@®@LlLt irngewon dTdke foluad | ow was
, the solvent was evaporated under reduced pres
noli n( Caelff uNsped with BEAN@S|l addednd® veeswedi pl pcand
r o stirri B@PCi adhrutpohnéat éd at o,steSewep slchrmemtkarlyi nkei
Thhte) reaction mixture was cooled topresBramdobhthai €
e h diethyl ether and washed wi!

cru was diluted wit

NaS@ filtered and the sol ventThwa sr erseudaivdeide alsn\ipea frlea
chromatography on sili3®alpeto(BRénhbadet Behyingpttidbiet ataes
i el d)

Suppl ement &z ¥ eAhtoytuorceh e mi cCalho neotl eopg ad fi (4thh evVm peluow ¢.c r e a
(ri ghte) mab wsd g b(adt0g h

=



10. Characterization data of synthesized compound

101 Char acterdguwlaftdamyn oh®ydr-2@d&knes 2d

F3C©\

CN N°
o
N'-(2-cyanobenzylidened-(trifluoromethyl)benzenesulfonohydrazidéd). Prepared according to GP1 using 4

(trifluoromethyl)benzenesulfonohydrazide (480 mg, 2.0 mrd equiv.) and-2ormylbenzonitrile (262 mg, 2.0
mmol, 1.0 equiv.)Isolated as a pale brown solid after filtration (1.53 mmol, 77% yield).

o

Z=-N=~,
I 1o

H NMR (400 MHz,DMSQde) U 12.29 (s, 1HJ)s8.28z 2H), 8.01s(d) = 8.2Hp, 2H)8 . 1 3
7.87 (ddJ=7.9, 4.1 Hz, 2H), 7.73 (§,= 7.7 Hz, 1H), 7.58 () = 7.6 Hz, 1H).

13C NMR (101 MHz, DMSQOds) U 143.3, 142.832135 (%2 . BRE12P3.25335. 5,
(= 3. 726M2 P 3. ¥= (297,3 .106.9H¥0)3,

19F NMR (282 MHz,DMSO-ds) -56.98.

HRMS (ESI+) (m/z): [M+H] calcd. for GsH10F3sN30.S, 354.0524; found: 354.0515.

CN
N'-(3-cyanobenzylidened-(trifluoromethyl)benzenesulfonohydrazidée). Prepared according to GP1 using 4
(trifluoromethyl)benzenesulfonohydrazide (480 mg, 2.0 mrd equiv.) and-Bormylbenzonitrile (262 mg, 2.0
mmol, 1.0 equiv.). Isolated as a white solid after filtration (600 mg, 85% yield).

IH NMR (400 MHz,DMSO-d) 1i112.06 (s, 1H), 8.13 (d,= 8.2 Hz, 2H), 8.00 (dd] = 5.6, 2.8 Hz, 4H), 7.92 (dt,
J=8.0, 1.4 Hz, 1H), 7.84 (di,= 7.9, 1.4 Hz, 1H), 7.59 (§,= 7.8 Hz, 1H).

13C NMR (101 MHz,DMSO-dg) Ui 145.7, 142.7, 134.7, 1335,3 2 . 8= (2 ., #30.8J ¥3D.6, 130.1, 128.2,
126. 8= (30.,9 Hz)ys 223.188.3KiP),

9F NMR (282 MHz,DMSO-dg) 11 -61.76.

HRMS (FD+) (m/z): [M]* calcd. for GsH1gFsN30,S, 353.0446; found: 353.0436.

N'-(4-cyano2-fluorobenzylidene}-(trifluoromethyl)benzenesulfonohydrazidéf). Prepared according to GP1
using 4(trifluoromethyl)benzenesulfonohydrazide (480 mg, 2.0 mma&l0 equiv.) and -Buoro-4-
formylbenzonitrile (298 g, 2.0 mmol, 1.0 equiigolated as a white solid after filtration (620 g, 84% yield).

IH NMR (300 MHz,DMSO-ds) & 12. 05 i §0F (m, 3HH$.05 7.84.(r, ZH), 7.55 (1] = 9.0 Hz, 1H).
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13C NMR (101 MHz,DMSO-dg) 116 3 . d= (2d5,9,124.8H42)71 3 3 . &= (9., 11 3r2z )8= (3g2. 3
Hz 13241 32(.d 3. 42883126 .5 (3q.,828z ¥ (27,2 19 7HB (2d,. P35z ) ,
100. 3= (1d6,..0 Hz)

19F NMR (282 MHz,DMSO-de)  -61.73,-106.35.

HRMS (ESI+) (m/z): [M+H] calcd. for GsHeFaNsO2S, 372.0430; found: 372.0426.

F3C
@ o
1
S=0

U
NH
IN

N

~,
Me0,C” N

methyl  (E}5-((2-((4-(trifluoromethyl)phenyl)sulfonyl)hydrazineylidene)methyl)picolinate (2k).  Prepared
according to GP1 using@rifluoromethyl)benzenesulfonohydrazide (360 mg, 1.5 mmol, 1.0 equiv.) and riethyl
formylpicolinate (248 mg, 1.5 mmol, 1.0 equivgolated as a white solid after filtration (535 mg, 92% vyield).

IHNMR (500 MHz,DMSO-ds) U 12. 25 ( b=s2,1HA HH), 8.218.9B(®, 7K)d3,87 (s, 3H).

13C NMR (126 MHz,DMSO-ds) U 164 . 7, 148. 434.6132.9(qB=32.5Hr}¥1323, 12824 2. 6,
126.6 (gJ = 3.8 Hz), 124.9, 123.4 (d,= 272.9 Hz), 52.5.

19 NMR (470 MHz,DMSO-ds) -61.78.

HRMS (ESI+) (m/z): [M+H] calcd. for GsH12F3N304S, 388.0579; found: 388.0571.

~N

N'-((4-bromopyridin-2-yl)methylene}4-(trifluoromethyl)benzenesulfonohydrazid€?l). Prepared according to
GP1 using Atrifluoromethylbenzenesulfonohydrazide (480 mg, 2.0 mmol, 1.0 equiv.) and 4
bromopicolinaldehyde (372 mg, 2.0 mmol, 1.0 equig9lated as a pale pink solid after filtration (432 mg, 53%
yield).

IHNMR (400 MHz,DMSO-ds) U 12. 31 (Js5.3HzHM),8.18(dl4 8.2 Hz,2H), 8.02 (d]=8.3

Hz, 2H), 7.93 (s, 1H), 7.88 (d= 1.9 Hz, 1H), 7.67 (dd] = 5.3, 2.0 Hz, 1H).

3C NMR (101 MHz,DMSO-dsg) U 153.6, 150. §,J=135) ®B2.8#1282 1283263219
(= 3. 8238g)Ys 273125 Hz

19F NMR (282 MHz,DMSO-ds) -61..76.

HRMS (ESI+) (m/z): [M+H] calcd. for GsHoBriFsNsO.S, 409.9609; found: 409.9593.

( ENY( (c2h | -6r odopByli dmat-#{ytl einfel)uor omet hyl )benzZmesul f
Prepared accordqitmg ftlwmo@PIned hiyng benzenesul fonohydr
andc hl-#irmdoni cotinal dehyde (401 mg, 1.5 mmol , 1.0
(624 mg, 85% yield).



IH NMR (400 MHz,DMSO-d)) U 12. 33 (Js 8.3 Hz,}2H), 8.08(d] £ .9 Hz,&2H), 8.00 7.93 (m,

3H).

13C NMR (101 MHz,DMSO-dg) U 149. 5, 148. 3, 1345326z, 131.8 2288 1266@4. 4,
J=4Hz), 123.4 ()= 273 Hz). 111.6.

197 NMR (282 MHz,DMSO-d) Ui -61.70.

HRM$ ESI +) (mkta)cd{bMHEN,, 489.9101; found: 489.9100

102 Char act erNHRIt ieosnt eorfs 1 c -1 alfe , 1f, 1t , lu

Cy o0

1-(tert-butyl) 2-(1,3-dioxoisoindolin-2-yl) (S)}indoline-1,2-dicarboxylate(1c). Prepared according to GP2 from
(S)1-(tertbutoxycarbonyl)indoline-carboxylic acid (526 mg, 2.0 mmol, 1.0 equivhiroxyisoindolinel,3

dione (326 mg, 2 mmol, 1.0 equiv.), Ndimethylpyridind-amine (24.4 mg, 0.2 mmol, 0.1 equivand

dii sopropyl methanediimine (313 ¢L, 2.0 mmol, 1.0 eql
(from Heptane to Heptane:Ethyl Acetate 3:1) to afford the product as asehd€768 mg, 94% yield).

IH NMR (500 MHz, CDC¥) U i 7.789n8 5H), 7.32 7.19 (m, 2H), 7.03 (] = 7.5 Hz,1H), 5.26 (dd,J = 11.8,

4.5 Hz, 1H), 3.77 (dd] = 16.8, 11.8 Hz, 1H), 3.57 (dd= 16.9, 4.6 Hz, 1H), 1.65 (s, 9H).

1& NMRG6MHz, CDCY) U 168.5, 161.7, 151.2, 142.2, 135.0, 1
82.8, 58.5, 33.1, 28.1.

HRMS$ ESI +) (nmka) cdfriie)s 00 .1 4f0@w0nd 0 1

0O O O'Bu

-
N=-O NHBoc

o

1, 3-dioxoisoindolin2-yl (S)2-((tert-butoxycarbonyl)amino)3-(thiophen-2-yl)propanoate (1e). Prepared

according to GP2 from-@-(tertbutoxy)phenyB2-((tert-butoxycarbonyl)amino)propanoic acid (1.69 g, 5.0 mmol,

1.0 equiv.), Zhydroxyisoindolinel,3-dione (816 mg, 5.0 mmol, 1.0 equiv.), Neiimethylpyridin4-amine (61.1
mg,0.5mmol,0.1equiv. and dii sopropyl methanediimine (783 ¢L, &
chromatography on silica gel (from Pent&tthyl Acetate20:1 to 3:1) to afford the product as a white solid (1.95

g, 81% yield).

'H NMR (400 MHz, CDC$) U 7 J8R5, 3.1dHd,,2H), 7.78 (dd,= 5.5, 3.1 Hz, 2H), 7.20 (d,= 8.4 Hz,

2H), 6.95 (dJ = 8.5 Hz, 2H), 5.08 4.57 (m, 2H), 3.38 3.03 (m, 2H), 1.41 (s, 9H), 1.32 (s, 9H).
BCNMR (101 MHz,CDC}) U 168.8, 161.5, 154.8, 134.9, 130.3, 1
28.9, 28.3.

HRMS (ESI+) (m/z): [M+H] calcd. for GeHszoN2O7, 483.2131; found: 483.2134.

S

{ 3o
@E:iN-O NHBoc
6}

1, 3dioxoisoindolin2-yl (S)}2-((tert-butoxycarbonyl)aminoj3-(thiophen-2-yl)propanoate (1f). Prepared
according to GP2 from (&-((tertbutoxycarbonyl)amine}-(thiophen2-yl)propanoic acid (543 mg, 2.0 mmol,

1.0 equiv.), Zhydroxyisoindolinel,3-dione (326 mg, 2.0 mmol, 1.0 equiv.), Neiimethylpyridind-amine (24.4

mg, 0.2 mmol, 0.1 equiv.)dn di i sopropyl met hanediimine (313 ¢L, 2.0
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chromatography on silica gel (from Pentdtthyl Acetatel0:1 to 2:1) to afford the product as a white solid (566
mg, 68% vyield).

IH NMR (400 MHz, CDC}) 4 7 J8%55, 3.1dHa,,2H), 7.78 (dd,= 5.6, 3.1 Hz, 2H), 7.20 (d,= 5.1 Hz,

1H), 7.07 (dJ= 3.5 Hz, 1H), 6.98 (ddl= 5.2, 3.5 Hz, 1H), 5.2 4.61 (m, 2H), 3.6% 3.23 (m, 2H), 1.44 (s, 9H).

3C NMR (101 MHz,CDC}) U 168. 3, 161. 5, 154. 7, 136. 1, 135. 0,
32.4,28.3.

HRMS Failed to find thanass due to instability of the NHPI redox active ester.

Nagv

1,3-dioxoisoindolin2-yl (tert-butoxycarbonyljL-methionytL-prolinate (1t). Prepared according to GP2 from
(tertbutoxycarbonyBL -phenylalanyL -prolineproline(1.14 g, 1.0 mmol, 1.0 equiv.);t%droxyisoindolinel,3

dione (163 mg, 1.0 mmol, 1.0 equiv.), Nginethylpyridin4-amine (12.2 mg, 0.1 mmol, 0.1 equiv.) and
diisopropyl methanediimine (157 €L, 1.0 mmorsilicadgel 0 e g1
(Dichloromethane:MeOH 95:5 to 90:10) to afford the product as a white solid (238 mg, 47% yield).

'H NMR (400 MHz, CDC}) U 7 J3%5, 3.1Hd, 2H), 7.26 7.20 (m, 2H), 6.72 6.57 (m, 5H), 4.84 (d]

= 8.9 Hz, 1H), 4.30 (ddl = 8.6, 4.6 Hz, 1H), 4.08 @,= 7.8 Hz, 1H), 3.05 (df] = 9.8, 7.3 Hz, 1H), 2.517 2.45 (m,

2H), 2.39 (ddJ = 13.6, 6.3 Hz, 1H), 1.861.63 (m, 2H), 1.50 1.38 (m, 2H), 0.84 (s, 9H).

BC NMR (101 MHz,CDC}) G4 171.2, 168.4, 161.7, 155.4, 136. 3,
57.1, 53.6, 46.8, 39.29.5,28.5, 25.1.

HRMS (ESI+) (m/z): [M+H] calcd. for G/H29NzO7, 508.2084; found508.2081

1,3-dioxoisoindolin2-yl (tert-butoxycarbonyBL-methionytL-prolinate (1u). Prepared according t@P2 from
(tertbutoxycarbonyBL -methionytL-proline (1.14 g, 3.3 mmol, 1.0 equiv.);8/droxyisoindolinel,3-dione (537

mg, 3.3 mmol, 1.0 equiv.), N:imethylpyridind-amine (40.2 mg, 0.33 mmol, 0.1 equiv.) and

dii sopropyl methanediimine (510 L, 3.3 mmorsilicagel 0O e g1
(gradient from Dichloromethane:MeOH 100:0 to 98:2) to afford the product as a yellow solid (924 mg, 57% yield).

'H NMR (400 MHz, CDC$) U 7 J8 %5, 3.1dHd,,2H), 7.78 (dd,= 5.5, 3.1 Hz, 2H), 5.41 (d,= 8.9 Hz,

1H), 4.89 (dd,]) = 8.6, 4.8 Hz, 1H), 4.684.56 (m, 1H), 3.89 3.71 (m, 2H), 2.56 (J = 7.2 Hz, 2H), 2.49 2.28

(m, 2H), 2.27 2.07 (m, 2H), 2.06 (s, 3H), 2.051.96 (m, 1H), 1.94 1.81 (m, 1H), 1.41 (s, 9H).

3C NMR (101 MHz,CDC¥ 4 17 1. 3,15576184.%129.00 B4.1, 80,0, 57.0, 51.0, 47.1, 32.4, 29.9,
29.4,28.4,25.2,15.7.

HRMS (ESI+) (m/z): [M+H] calcd. for GaH2aN307S, 492.1804; found: 492.1794.

O O NBoc

o}
1,4di-tert-butyl 2-(1,3-dioxoisoindolin2-yl) piperazinel,2,4tricarboxylate (1ab). Prepared according tGP2

from 1,4bis(tertbutoxycarbonyl)piperazing-carboxylic acid (1.35 g, 4.1 mmol, 1.0 equiv.),- 2
hydroxyisoindolinel,3-dione (667 mg, 4.1 mmol, 1.0 equiv.), Nehimethylpyridin4-amine (50.0 mg, 0.41 mmol,
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0.1 equi v.) and dii sopropyl methanedi i mine (633 e L
chromatography on silica gel (gradient Dichloromethane:Diethyl Ether) to afford the product (mixture of rotamers)
as a white solid (856 mg, 44% yield).

IH NMR (400 MHz, CDCH)u7 . 8. 8nl, (ZZH)BZA. 73 ( BR21& £ Yrotameric m, 1HY . 7 9
4. 54 (4251 3¥EH(N,,2H)3 . BF. 12 ( m,i22H)9, (3n,1DL H)0, (Im,541 8H) .
3C NMR (101 MHz,CDCY§) U & ¥6.9 (ibtameric signals), 161.3, 158.0.54.7 (rotameric signals), 154.2,
134.9, 129.0, 124.0, 81.9, 80.8, 5&752.4 (rotameric signals), 44& 43.4 (rotameric signals), 42& 41.7
(rotameric signals), 40.4, 28.3, 28.1.

HRMS (ESI+) (m/z): [M+H] calcd. for GsH29N3zOs, 476.2033; found: 476.2036.

¢ 550
@E:iN-O BocN
0
2-(tert-butyl) 3-(1,3-dioxoisoindolin2-yl) (S)3,4-dihydroisoquinoline2,3(1H)dicarboxylate (1ac). Prepared
according toGP2from (S)2-(tertbutoxycarbonyh1,2,3,4tetrahydroisoquinoling-carboxylic acid (1.14 g, 4.1
mmol, 1.0 equiv.), 2hydroxyisoindolinel,3-dione (667 mg, 4.1 mmol, 1.0 equiv.), Neinethylpyridin4-amine
(50.0 mg, 0.41 mmol, 0.1 equiv.) and diisopropyinftea nedi i mi ne (633 €L, 4.1 mmol ,

column chromatography on silica gel (gradient Dichloromethandtfi&ther) to afford the product (mixture of
rotamers) as a white solid (814 mg, 47% yield).

'HNMR (400 MHz,CDC#) U i 7.788n8 2H), 7.78 7.69 (m, 2H), 7.38 7.10 (m, 4H), 5.54 5.10 (rotameric
t, Jminor = 4.8 HZ,Jmajor = 5.7 Hz, 1H), 4.81 4.58 (m, 2H), 3.4% 3.27 (m, 2H), 1.57 1.52 (m, 9H).

13C NMR (101 MHz, CDC}) U & @68.3 @otameric signals), 1618 161.5 (rotameric signals), 1558
154.5 (rotameric signals), 1348 134.8 (rotameric signals), 134& 132.8 (rotameric signals), 131& 131.2
(rotameric signals), 129.8 128.8 (rotameric signals), 128.0, 12&5127.2 (rotameric signals), 1278 127.1
(rotameric signals), 126.& 126.3 (rotameric signals), 124.0, 82081.4 (rotameric signals), 53& 51.6
(rotameric signals), 44.& 44.1 (rotameric signals), 32& 31.5 (rotameric signals), 28& 28.3 (rotameric
signals).

HRMS Failed to find the mass due to instability of the NHPI redox active ester.

o)
o H

; £SO

O _OLN

>

O H

2-(tert-butyl)  3-(1,3-dioxoisoindolin2-yl) (1R,3S,4SR-azabicyclo[2.2.1]heptand,3-dicarboxylate (1ad).
Prepared according @8P2from (1R,3S,4SP-(tert Butoxycarbonyh2-azabicyclo[2.2.1]heptar®carboxylic acid
(.00 g, 4.1 mmol, 1.0 equiv.),-l®&droxyisoindolinel,3-dione (667 mg, 4.1 mmol, 1.0 equiv.), N,N
dimethylpyridin4-amine (50.0 mg, 0.41 mmol, 0.1 equiv.) and diisopropye t hanedi i mi ne (633 ¢

equiv.). Purified via flash column chromatography on silica gel (gradient DichldnameDiethyl Ether) to afford
the product (mixture of rotamers) as a pale brown solid (1.33 mg, 83% yield).

'H NMR (400 MHz, CDC4) U 1 7.839(rh, 2H), 7.82 7.73 (m, 2H), 4.4& 4.24 (rotameric s, 1H), 4.22

4.10 (rotameric s, 1H), 3.052.97 (m, 1H)2 . 0 6. 96 ( 192 17H()n, 2H), 1.74 1.51 (m, 2H), 1.4&

1. &ddameric s, 9H), 1.4% 1.33 (m, 1H).

3C NMR (101 MHz, CDC}) U & @67.5 @otameric signals), 1618 161.7 (rotameric signals), 15481
153.0 (rotameric signals), 1348 134.8 (rotameric signals), 12981 129.0 (rotameric signals), 124& 124.0
(rotameric signals), 81.& 80.4 (rotameric signals), 62& 62.2 (rotameric signals), 57& 56.5 (rotameric
signals), 43.& 42.7 (rotameric signals), 358 35.1 (rotameric signals), 308 30.3 (rotameric signals), 28&%

28.3 (rotameric signals), 28827.7 (rotameric signals).

HRMS (ESI+) (m/z): [M+H] calcd. for GoH22N2Oe, 387.1556; found: 387.1554.



1,3-dioxoisoindolin-2-yl 1-((tert-butoxycarbonyl)amino)cyclohexang-carboxylate(lae). Prepared according to

GP2 from 1-((tertbutoxycarbonylamino)cyclohexané-carboxylic acid (1.00 g, 4.1 mmol, 1.0 equiv.), 2
hydroxyisoindolinel,3-dione (667 mg, 4.1 mmol, 1.0 equiv.), Ndimethylpyridin4-amine (50.0 mg, 0.41 mmol,

0.1 equi v.) and dii sopropyl met han euifiied mia flash cOllend 3 €L
chromatography on silica gel (gradient Dichloromethane:Diethyl Ether) to afford the product as a white solid (1.12
g, 70% yield).

'H NMR (400 MHz, CDC$) U 7 J8 %5, 3.1dHd,,2H), 7.76 (dd,= 5.5, 3.1 Hz, 2H), 4.94 (s, 1H), 2.20

2.02 (m, 4H), 1.77 1.64 (m, 2H), 1.64 1.55 (m, 2H), 1.51 (9H), 1.461 1.32 (m, 1H).

3C NMR (101 MHz,CDC} & 170.8, 161.9, 154.5, 134.7, 129.2, 1
HRMS (ESI+) (m/z): [M+H] calcd. for GoH24N20s, 389.1713; found: 389.1705.

/)
O O
G-
N-O NHBoc
¢}

1,3-dioxoisoindolin2-yl (S)2-((tert-butoxycarbonyl)amino)penti-enoate(1af). Prepared according to GP2 from
(S)2-((tertbutoxycarbonylamino)pen#-enoic acid (431 mg, 2.0 mmol, 1.0 equiv.)hyroxyisoindolinel,3

dione (326 mg, 2 mmol, 1.0 equiv.), Ngimethylpyridin4-amine (24.4 mg, 0.2 mmol, 0.1 equiv.) and
diisopropyl methanedi i mi ne ( 31 3ashecdlumn ¢hroriatograpbylon silidagdd e gt
(from Heptane to Heptane:Ethyl Acetate 6:1) to afford the prqduigture of rotamersas a white solid (504 mg,

70% yield).

'H NMR (500 MHz,CDC}) U 7 J835, 3.1cHd, 2H), 7.79 (dd,= 5.5, 3.1 Hz, 2H), 5.92 5.80& 5.781

5.69 (rotameric m, 1H%.851 4.77 (m, 4H)2.767 2.70& 2.637 2.47 fotamericm, 2H), 1.547 1.36 (m,9H).

3C NMR (126 MHz, CDC}) U 168. 88, 161. 60, 154. 93, 134.8072, 131
(rotameric signals)2.77& 51.45(rotameric signals)36.98& 36.33(rotameric signalsy8.38& 28.12(rotameric

signals)

HRMS Failed to find the mass due to instability of the NHPI redox active ester.

103 Characterdamnpd®mé o(fCl homol ogati on)

o)

D_}—OEt
N

‘BOC
tebutyRth-Bayoet hyl )-Ipcyarrrbool ki gBiratgear ed acc orldiln0g8 tnog ,G PO3.
mmo | , 1.0 2&®u7i vmg), an.d3 mmol , 1.0 equiv.). Purified
(Pentane: Et hyl Acetat(ani«Q:ul)e ®wd afot aimkeris@espooduc¢ B2

Characterization dhtael*Aaeuiea. accordance with

IH NMR (400 MHz, CDCY) & 4J=172 HZ, 8H), 3.42 3.23 (m, 2H), 3.01 2.70 (m, 1H), 2.28 (dd] =

15.0, 9.9 Hz, 1H), 2.10.1.96 (m, 1H), 1.88 1.67 (m, 3H), 1.45 (s, 9H), 1.24 {t= 7.1 Hz, 3H).

1€ NMROLMHz,CDC}) U 171.7&7946n0dameBibM@>5, =L gh&468)r ot amer i c
Si gn3b& IB.7(r ot asnmegrnidckh& 30.6( r ot a me r,i2&6, 2368922.8(I rsgt amer,i ¢ S |
14.3.



e}

N

‘Boc
tebutyR2thBayoet hyl ))lpiapbdbokdghPrerpar ed
mmo | , 1.0 2&®u7i vmg), aon.d3 mmol , 1.0 eq
(from Pentane: Ethyl Acetate 40:1 to

corlddi hlg2 tmg ,GPGB.
iv. ). Purified
5:1) to afford
Characterization data e in accordance with I|iteras
IH NMR (500 MHz, CDC¥) U 4J.=8.8 Hz( 18), 4.10 (q] = 7.1 Hz, 2H), 3.97 (d] = 13.2 Hz, 1H), 2.76 (t,
J=13.3 Hz, 1H), 17 2.49(m, 2H), 1.61 (dJ = 12.2 Hz, 4H), 1.54 1.35 (m, 11H), 1.23 (] = 7.1 Hz, 3H).
1€ N MR6 MHz, CDC)) a 171.5, 15 439.8,35.4, 285, 8.3, 2%40196,14.4 8 . 0,

@)

N

‘BOC
tebut k2th-Bayoet hy l-DeciamdolXipPeatpar ed accordd g3t mgGPB.
mmol , 1.0 2¢&du7i vmg, aon.d3 mmol , 1.0 equiv.). Purified
(from Pentane: Ethyl Acetate 20:1 to 10:1) to afford

IH NMR (500 MHz, CDCY) U 1 7.33§, 1H), 7.19 7.10 (m, 2H), 6.94 (t) = 7.5 Hz, 1H), 4.86 4.68 (m,

1H), 4.16i 4.05 (m, 2H), 3.40 (ddl= 16.4, 9.7 Hz, 1H), 2.94.2.77 (m, 2H), 2.51 (dd = 15.2, 9.9 Hz, 1H), 1.57

(s, 9H), 1.22 (t) = 7.1 Hz, 3H).

1€ N MR6 MHz, CDC}) a 171. 2, 152. 1, 141. 8, 129. 8, 127. 6, 1
28.6, 14.3.

HRM$ GEI +) (m/*zrl cdMbHM@r 30W5. 1627; found: 305.1640.

O,
OEt

BocHN
ethyl 3((tert-butoxycarbonyl)amino¥-phenylbutanoatg6). Prepared according to GP3 frald (123 mg, 0.3
mmol, 1.0 equiv.) an@a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel
(gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a white solid (60 mg, 65% yield).

Characterization data [Bte in accordance with [|itera:
IH NMR (400 MHz, CDCH) U 7 ddRJ= 8., 6.6 Hz, 2H), 7.2 7.15 (m, 3H), 5.05 (s, 1H} . 2. 09 ( m,

3 B, 2.91 (dJ = 6.6 Hz, 1H), 2.81 (ddl = 13.4, 7.6 Hz, 1H), 2.46 (qd= 15.8, 5.7 Hz, 2H), 1.40 (s, 9H), 1.26 (t,

J=17.2 Hz, 3H).

1€ NMR101 MH3U <CLDCI 8, 155. 2, 137. 9, 129. 5, 128. 6, 12



O OEt

Me—K

Me Me BocHN
ethyl 4-(4-(tert-butoxy)phenyl)3-((tert-butoxycarbonyl)amino)butanoatér). Prepared according to GP3 frdra
(145 mg, 0.3 mmol, 1.0 equiv.) aBd (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography
on silica gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10)) to afford the product as a white solid (64 mg, 56%
yield).

IH NMR (400 MHz, CDC§) U i 7.02@n, 2H), 6.94 6.86 (m, 2H), 5.14 4.84 (m, 1H), 4.18 4.08 (m, 3H),

2.901 2.69 (m, 2H), 2.48 (dd} = 15.7, 5.5 Hz, 1H), 2.40 (dd= 15.7, 5.9 Hz, 1H), 1.39 (s, 9H),31 (s, 9H)1.25

(t, J= 7.1 Hz, 3H).

1& NMRLO1 MHZyi CDCIS8, 155.2, 154.1, 132.7, 129.9, 1:
28.5, 14.3.

HRM$ ESI +) (m/z): }idNB] +38@l 2437 foffo€nd: 380.2428.

S, o)
| / OEt
BocHN
ethyl 3((tert-butoxycarbonyJamino)-4-(thiophen2-yl)butanoate(8). Prepared according to GP3 frdri(125 mg,
0.3 mmol, 1.0 equiv.) angia (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica
gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a colorless oil (32 mg, 34% vyield)

IH NMR (400 MHz, CDC}) U 7 J4 %1, 1.2cHd, 1H), 6.93 (dd,= 5.2, 3.4 Hz, 1H), 6.82 (dd,= 3.5, 1.0

Hz, 1H), 5.2 4.85 (m, 1H), 4.21 4.09 (m, 3H), 3.21 2.96 (m, 2H), 2.58 2.42 (m, 3H), 1.42 (9H), 1.26 (t,

J=7.2 Hz,3H).

1€ NMR1I01 MH24U <CDCI 6, 155. 2, 139. 7, 127. 1, 11246.. 3., 12
HRMS ESI +) (m/z): [#MNBS+ 2h4cH4260rf €und: 314. 1429

Ph

\—o 0
OEt
o)
BocHN
1-benzegtl hypl thaurttox ycar bonyl ) a(mMdPmce)ppaea retda naecdci oorbdii gl tmg ,GF
0.3 mmol, 12409 ®qmg,v.Q. anmdmol , 1.0 equi vVv.). Purified

(from Pentane: Ethyl Acetate 60:1 to 20:1) to afford

IH NMR (400 MHz, CDC¥) Ui 7 7.323n9, 5H), 5.39 5.25 (m, 1H), 5.12 (s, 2H), 4.404.29 (m, 1H), 4.12 (q,
J=7.1Hz, 2H), 2.80 2.53 (m, 4H), 1.42 (s, 9H), 1.24 }t= 7.1 Hz, 3H).

1€ N MRO1 MHz, CDC}) a 171. 3, 171. 2, 155. 1, bR 445,,38.82,8 . 7,
285, 14.3.

HRM$ ESI +) (mkta) cdipiv@8)y ¥66.1917; found: 366.1929

Me=S 0)
OEt

BocHN
ethyl 3((tert-butoxycarbonyl)amino)s-(methylthio)pentanoat€10). Prepared according to GP3 frdin(118 mg,
0.3 mmol, 1.0 equiv.) an#a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica
gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a colorless oil (42 mg, 48% yield).

IH NMR (400 MHz, CDC}) U i B.70Xn6, 1H), 4.11 (q] = 7.1 Hz, 2H), 4.06 3.89 (m, 1H), 2.59 2.41 (m,

4H), 2.06 (s, 3H), 1.86 1.70 (m, 2H), 1.40 (s, 9H), 1.23 §t= 7.1 Hz, 3H).

'€ NMR1I01 MH2U ZILDCI 6, 155. 4, 34924, 36087, 28740, 15962,
HRMS ESI +) (m/ z): [1MNIB], + 3dal. ddt.02f,of o@Qnd: 314.1400.



MeO,
Me OEt

BocHN
ethyl 3((tert-butoxycarbonyl)amino}-methylpentanoat€11). Prepared according to GP3 frdm(109 mg, 0.3
mmol, 1.0 equiv.) an@a(97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel
(gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a colorless oil (44 mg, 56% yield).

H NMR (400 MHz, CDC#) U  4J=8.7 Hz( 1H), 4.11 (q] = 7.1 Hz, 2H), 3.80 3.68 (m, 1H), 2.53 2.37

(m, 2H), 1.84i 1.71 (mJ = 7.8, 7.0 Hz, 1H), 1.40 (s, 9H), 1.23Jt 7.1 Hz, 3H), 0.89 (d] = 6.8 Hz, 6H).

1€ NMR101 MH3U CDZI 09 6W55.,6,53. 1, 37.5, .32.0, 28. 5, 1
HRM$ FI +) (‘m/az kxdof.¥@@r 269.1784; found: 259.1785

O,
Me OEt

BocHN
ethyl 3((tert-butoxycarbonyl)amino)butanoatél2). Prepared according to GP3 frdijn (100 mg, 0.3 mmol, 1.0
equiv.) and?a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient
from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a colorless oil (38 mg, 55% yield).

Characterization data [te in accordance with [|itera
H NMR (400 MHz, CDC}) G 4. 94 ( §=7.11H4,)2H), 405 (& QH),(2.§32.37 (m, 2H), 1.40 (s,

9H), 1.22 (tJ = 7.1 Hz, 3H), 1.17 (d] = 6.7 Hz, 3H).

1€ NMR101 MH3iU CAOBGIS6.,2, 79. 3, 60. 5, 43.6, 40. 9, 28. 5,

o)
OEt
BocHN
et hy | thaurttoxycar bonyl )(alnPmeop preodp aaonadredi nNég nmmgo, GP.33 fmnoc
equi v2y 9andng, 0.3 mmol , 1.0 equiv.). Purified via

Pentane: Ethyl Acetate 10:1 to 5:1) to afford the pr

Characterization data [Pl in accordance with Iitera:
IH NMR (400 MHz, CDC}¥) 0 5. 03 (8s57.1HHPH), 3.837.(t11=86.1Hng 2H), 2.49 () = 6.1 Hz,

2H), 1.42 (s, 9H), 1.25 (§,= 7.1 Hz, 3H).

1€ NMB1MHz,CDCYH) U 172. 6, 155. 9, 79. 4, 60. 7, 36. 2, 34. 8

0}
OEt

NHBoc
et hy ¥ (2baurttoxycarbonyl )amino)cy(cCl®peppyed agectatldicaghbt
(104 mg, 0.3 mrA&I97 1mg0, e0g.u3i vmmolandl. 0 equiv. ). Purif
silica gel (Pentane: Et hyl Acetate 10:1) to afford t|
'HNMR "HNMR (500 MHz,CDCJ) U 5. 23 ( 3=7.1H#I2H), 2.833.(s12H), 1.44 (s, 9H), 1.25(t,
= 7.1 Hz, 3H), 0.89 0.80 (m, 2H), 0.74 0.63 (M, 2H).
1€ NMR6MHz,CDCY) UG 172.2, 155.7, 79.5, 60.5, 41.3, 30.1
HRM$ GEI +) (m/*zal cdMbi@r 243. 142774138 f4ound:

0,
OEt

NHBoc
ethyl 2(1-((tert-butoxycarbonyl)amino)cyclobutyl)acetafé5). Prepared according to GP3 frdm (108 mg, 0.3
mmol, 1.0 equiv.) an@a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel
(gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a colorless oil (45 mg, 58% yield).

S51



HNMR (400 MHz, CDC§) & 5. 04 ( 3=7.1 HAHJH), 2.81 (s1261), 4.362,20 (m, 2H), 2.17 2.06

(m, 2H), 1.99' 1.84 (m, 1H), 1.84 1.71 (m, 1H), 1.40 (s, 9H), 1.23 Jt= 7.1 Hz, 3H).

1€ NMR101 MH2U <CLDCI 6, 154. 5, 79. 2, 60. 3, 54. 4, 41. 6,
HRMS ESI +) (m/ z): [1MNB] 280allé@5;fdroud@d: 280.1529.

(@)

NHBoc
et h¢ L (2baurttoxycar bonyl ) ami(nld®)ceypcal roehde xaycl c)oadcddetindgt7 et rng ,G P(B.
mmo | , 1.0 2&®u7i vmg), aon.d3 mmol , 1.0 equiv.). Purified
(from Pentane: Ethyl Acetate 40:1 to 20:1) to afford

IHNMR (400 MHz, CDCY) U 4. 49 ( 357.1HH2H), 2.22.(S02H), 2.05 (dbl= 11.1, 5.2 Hz, 2H),
1.561 1.38 (m, 16H), 1.23 (f] = 7.1 Hz, 4H).
1€ NMRL1MHz,CDCYH) & 171. 4,

154.7, 79.0, 60.2, 53.5, 42.8
HRM$ ESI +) (mkta)cd{sMR@} 2C3 6.

2018; found: 286.2011

)

OEt
Boc—=N

tert-butyl 4-(2-ethoxy-2-oxoethyl)piperidinel-carboxylate(17). Prepared according to GP3 frdm (112 mg, 0.3
mmol, 1.0 equiv.) an@a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel
(gradient from Pentane:Ethyl Acetate 100:0 to 90:10) to afford the product as a pale yellow oil (34 mg, 42% yield).

Characterization data [fle in accordance with |itera:
IHNMR (400 MHz, CDC4) U 4J.=TX.0Hz(4pl), 2.69 (1= 12.6 Hz, 2H), 2.20 (dl= 7.1 Hz, 2H), 1.90 (itt,

J=11.1, 7.2, 3.7 Hz, 1H), 1.701.61 (m, 2H), 1.42 (d] = 0.9 Hz, 9H), 1.23 ()= 7.1, 3H), 1.13 (qd] = 12.4,

4.3 Hz, 2H).

1€ NMR101 MH3U CLDEZI 5, 154. 9, 79. 4, 60. 4, 43,8, 41. 2,

)

N

Boc”
tert-butyl 3-(2-ethoxy-2-oxoethyl)piperidinel-carboxylate(18). Prepared according to GP3 frdm (112 mg, 0.3
mmol, 1.0 equiv.) an@a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel
(gradient from Pentane:Ethyl Acetate 100:0 to 90:10) to afford the product as a pale yellow oil (50 mg, 62% yield).

IH NMR (400 MHz, CDC}) 0 4J=T77.2 Hz 2H), 4.0% 3.70 (m, 2H), 2.90 2.73 (m, 1H), 2.74 2.40 (br

m, 1H), 2.23 (ddJ = 15.1, 7.0 Hz, 1H), 2.14 (dd,= 15.1, 7.3 Hz, 1H), 2.04 1.88 (m, 1H), 1.87 1.76 (m, 1H),

1.687 1.56 (m, 1H), 1.42 (s, 10H), 1.24 7.1 Hz,3H)1 . 211. 09 ( m, 1H)

1€ NMRLO1 MH3UG CTDZI! 3, 154. 9, 79. 5, 60. 5, 49 . 4, 43. 9,
1784; found: 271.

HRM$ FI +) (‘m/az kcdi.H¥@,r 2C7 1. 1781.
0
OEt
o
ethy#dxdcycl ohdXPAPa)RBaptaer ed accolg@i8bgngt,o 0GRB3 ninrod m
andg 97 mg, 0.3 mmol, 1.0 equiv.). Purified via flash
12:1) to afford the product as a colorless oil (27

IH NMR (400 MHz, CDCY) U 4J.=T7.% Hz( 28l), 2.38 (dd] = 8.8, 4.6 Hz, 4H), 2.382.22 (m, 3H), 2.12

2.05 (m, 2H), 1.54 1.43 (m, 2H), 1.29 1.21 (m,3H).

& NME1MHz,CDCY) U 211.4, 172.5, 60.6, 40.7, 40.4, 33.2
S5 2



HRMS$ GEI +) (méal cdriMdorl&4. 1004, I ouN.d :

(@)

ethyl 4phenylbutanoatg20). Prepared according to GP3 frdig (88.6 mg, 0.3 mmol, 1.0 equiv.) agd (97.3
mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient from Pentane:Ethyl
Acetate 100:0 to 95:5) to afford the product as a colorless oil (20 mg, 35% yield).

Characterization data [Bfle in accordance with |iteras
IH NMR (400 MHz, CDC}) U 7 7.263m@, 2H), 7.24 7.14 (m, 3H), 4.13 (g] = 7.1 Hz, 2H), 2.70 2.59 (m,

2H), 2.32 (tJ= 7.5 Hz, 2H), 1.96 (p] = 7.6 Hz, 2H), 1.26 ({} = 7.2 Hz, 3H).

BCNMR (101 MHz,CDCY) U 17 3. 7,12854126.1660.4, B3833.8, 26.7, 14.4.

(0]
Mey—OEt
Boc—=N

tert-butyl 4-(2-ethoxy2-oxoethyl}4-methylpiperidinel-carboxylate (21). Prepared according to GP3 froin

(117 mg, 0.3 mmol, 1.0 equiv.) and ®7.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography

on silica gel (gradient from Pentane:Ethyl Acetate 100:0 to 95:5) to afford the product as a colorless oil (26 mg, 30%
yield).

'H NMR (400 MHz, CDC$) U 4J=7.1 Hz( 2H), 3.49 (ddd, = 13.7, 6.7, 4.1 Hz, 2H), 3.29 (ddb}= 13.7,

8.5, 3.8 Hz, 2H), 2.25 (s, 2H), 17. 154% (m, 2H), 1.44 (s, 9H), 1.431.35 (m, 2H),1.25 (t,J = 7.1 Hz, 3H),

1.07 (s, 3H).

'€ NMR1I01 MH2y TLpLCI8, 155.39.89.36.860.21.85.88.6, 24
HRM$ ESI +) (m/z): |[WMNB] +28&al2@18;f offond: 286.2015.

(0)

E_}loa

ethyl (adamantanl-yl)acetate(22). Prepared according to GP3 frdm(97.6 mg, 0.3 mmol, 1.0 equiv.) an@a
(97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient from
Pentane:Ethyl Acetate 100:0 to 95:5) to afford the product as a colorless oil (33 mg, 50% yield).

Characterization data [Pl in accordance with [Iitera:
IH NMR (400 MHz, CDC}) 0 4J=I7Q HZ4, 2H), 2.05 (s, 2H), 1.991.92 (m, 3H), 1.74 1.57 (m, 12H),

1.25 (t,J= 7.1 Hz, 3H).

BCNMR (101MHz,CDCY) U 172. 0, 59. 9 28818151, 42 .5, 36. 9, 32.9,

o

{ Y Pox:

N

(0]
NHBoc

et hy [ thaurttoxycarbonyl Y@QRRP mep preocd anmad dliSnay ,t @ . GP Innmforl g
equamdd mg, 0. 3 mmoRuyr ilf ilecd qwiiav.f)l ash col (Pem tcihirdoyntat c
Acetda)l et o affor dwhihtee(dpInghia yt i erlgatijpof23 was determined vitH NMR

to be> 20:1.

IH NMR (400 MHz, CDCY) & i 7.1218, 5H), 5.30 (d] = 9.0 Hz, 1H), 4.52 4.41 (m, 1H), 4.20 (ddf] =

10.2, 6.9, 3.2 Hz, 1H), 4.093.98 (m, 2H), 3.34 3.23 (m, 1H), 2.99 2.82 (M, 3H), 2.46 (di]= 9.8, 7.1 Hz, 1H),
2.16 (ddJ = 15.5, 9.9 Hz, 1H), 1.761.49 (m, 3H), 1.35 (s, 9H), 1.261.09 (m, 4H).

13C NMR (101 MHz, CDC) U 1 72 1582, 13667 129.5, 128.5, I, 79.7, 606, 543, 539, 466, 402,
37.4,29.8, 28.4, 28, 143.

HRM$ ESI +) (nmka) cdfbV@8f €05.2389; found: 405.2380.

S53



A OEt

NHBoc
ethyl 2(1-((tert-butoxycarbonyl)L-methionyl)pyrrolidin-2-yl)acetate(24). Prepared according to GP3 fraln
(148 mg, 0.3 mmol, 1.0 equiv.) aBd (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography
on silica gel (gradient from Pentane:Ethyl Acetate 80:20 to 60:40) to afford the two diastereomers as an inseparable
mixture as a colorless oil (49 mg, 42% yieldly. ratio of24 was determined vitH NMR to be 3:1.

'H NMR (400 MHz, CDC$) U &55.33(liastereomeric d,= 8.8, 1H), 4.56 4.46 (m, 1H), 4.45 4.32 (m,
1H), 4.20i 4.03 (m, 2H), 3.73 3.63 (m, 1H), 3.58 3.41 (m, 1H), 2.9%& 2.81 (diastereomeric dd,= 15.4, 3.7
Hz, 1H), 2.59 2.48 (m, 2H), 2.4%& 2.29 (diastereomeric dd,= 15.5, 9.8 Hz, 1H), 2.08& 2 (didstereomeric
s, 3H), 2.09 1.86 (m, 4H), 1.86 1.74 (m, 2H), 1.4& 1 (diastereomeric s, 9H), 1.23 (diastereomerdct,7.1
Hz, 3H).

13C NMR (101 MHz, CDC}) U & ¥71.3 @iastereomeric signals), 178.6170.3 (diastereomeric signals),
155.6, 79.8, 60.8 60.6 (diastereomeric signals), 54.664.3 (diastereomeric signals), 5&41.3 (diastereomeric
signals), 47.& 46.8 (diastereomeric signals), 3&637.5 (diastereomeric signals), 3&132.7 (diastereomeric
signals), 30.3& 30.2 (diastereomeric signals), 308 29.9 (diastereomeric signals), 28.4, 24&323.8
(diastereomeric signals), 158815.8 (diastereomeric signals), 14.3.

HRM$ ESI +) (mta) cd{kiyVpEp3&9. 2110; found: 389.2111.

H ] (6]

ethyl 6((3aS,4S,6aRp-oxohexahydrelH-thieno[3,4d]imidazot4-yl)hexanoate (25). Prepared according to

GP3 fromlv (117 mg, 0.3 mmol, 1.0 equiv.) a@a (97.3 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (gradient from Dichloromethane:Methanol 98:2 to 95:5) to afford the product as a
pale yellow oil (29 mg, 34% yield).

IHNMR (400MHz,CDCY) U 5. 94 (s, 1H)JI=78,568z IHs4384.25) m, 1H),4.219 ( d d
(q,J = 7.1 Hz, 2H), 3.20 3.08 (m, 1H), 2.95 2.85 (m, 1H)2 . 7 20=( d 2 . 8 228 (1,J=17H Hz, 2H),

1.771 1.54 (m, 4H), 1.48 1.30 (m, 4H), 1.24 () = 7.1 Hz, 3H).

BCNMR (101MHz,CDCY) & 174.0, 163.9, 62.2, 60.5, 60.3, 55.0
HRM$ ESI +) (nikta)cdibMep, C287.1429; found: 287.1423.

ethyl (enoxolone)acetaté26). Prepared according to GP3 frdm (123 mg, 0.2 mmol, 1.0 equiv.) a@d (65 mg,

0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient from Pentane:Ethyl Acetate
90:10 to 80:20) to afford the product with a minor aromatic impurity. Further purification via repfexrse column
chromatrography(gradient from Acetonitrile:Water 50:50 to 80:20) followed by extraction with ethyl acetate
yielded the pure product as an inseparable mixture as a white solid (31 mg, 30%(dyield}io of 26 was
determined vidH NMR to be 2.5:1.

IHNMR (400 MHz,CDC§) U 5. 58 ( $=7.2HH BH), 3.22.(dHe 10(805,5 Hz, 1H), 2.77 (di,=

13.5, 3.6 Hz, 1H), 2.32 (s, 1H), 2.2a..99 (m, 5H), 1.94 1.74 (m, 2H), 1.72 1.53 (m, 3H), 1.53 1.37 (m, 4H),

1.35 (s, 3H), 1.34 1.27 (m, 3H), 1.27 1.21 (m, 4H), 1.21 1.14 (m, 2H)1 . 1 4. 10 ( 1027 0SB,

6H), 0.971 0.92 (m, 1H), 0.90i 0.83 (m, 3H), 0.79 (s, 3H), 0.720.64 (m, 1H).

BCNMR (10LMHz,CDC§ 4 200.4, 171.9, 170.0, 128.5, 78.9, 61
37.2,36.0, 34.1, 32.9, 32.5, 32.2, 29.8, 28.7, 28.2, 27.4, 26.5236521.7, 18.8, 17.6, 16.5, 15.7, 14.5.
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HRM$ FI +) (‘m/faz xdsbs®or512. 3866; found: 512.3857.

104 Characterdamnpd®®ddBso { al kyl ati on)

CN

N
éOC

tert-butyl 2-(4-cyanobenzyl)azetidiné-carboxylate(27). Prepared according to GP3 frdaa (104 mg, 0.3 mmol,

1.0 equiv.) an@b (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient

from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a white solid (33 mg, 40% vyield).

IH NMR (400 MHz, CDCY) & 7J.=8.91, QHy 7.30 (dJ = 8.11, 2H), 4.48 4.36 (m, 1H), 3.79 (td] = 8.8,

6.7 Hz, 1H), 3.61 (td) = 8.8, 5.2 Hz, 1H), 3.18 (dd,= 13.6, 4.2 Hz, 1H), 3.02 (dd= 13.6, 8.0 Hz, 1H), 2.28

2.10 (m, 1H), 1.90 1.77 (m, 1H), 1.44 (s, 9H).

BCNMR (101 MHz,CDCY§) U4 156.5, 143.3, 132.3, 130.4, 119.1, 1
HRM$ ESI +) (mkta)cdisMi€f Z73. 16073. Ifeolubn.d:

CN

N

Boc
tebuty#yanobenzyilrpybo@ghPdepared accoldil®®@ g, GP3 3f 1
1.0 equZbflP6amg, 0.3 mmol , 1.0 equiv.). Purified v
(Pentane: Et hyl Acet at(nixtuleofrolajnershse af tot dori esspooduc¢t6

Characterization data [lfle in accordance with |iteras
H NMR4AOO MHRU TDEWHE (RH)7.2536m,i32H)7, (4n, 12 H)0, (3an,4 B H
2.72.56 (m'|'1lHS)8 (Im, 913 H5)8, (Im,66LH), 1.48 (s, O9H).

1€ NMR1O1 Ha I CRAE574r 6t §d mer i c s&llg4n4aI63)(rolt4a5me0r&|c S

132.2 (rotamekil80sBgabsphpmeltBO. 4&gAabsrolatmet|j cls0
46 .84826. 43 (rotame&d@. si@matlasme RiZ2&A . Di dmaltamer BG& Gi gna
22.8 (rotameric signals).

CN

N
Boc

tert-butyl 2-(4-cyanobenzyl)piperiding.-carboxylate(29). Prepared according to GP3 frdin (112 mg, 0.3 mmol,

1.0 equiv.) an@b (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient

from Pentane:Ethyl Acetate 96:4 to 90:10) to afford the product as a white solid (48 mg, 53% vyield).

IH NMR (400 MHz, CDC}) U 7J=85 Hz 2H), 7.28 (d] = 7.7 Hz, 2H), 4.44 (s, 1H), 4.04 (s, 1H), 2.99
(dd,J = 13.3, 8.2 Hz, 1H), 2.87 (td= 13.2, 2.6 Hz, 1H), 2.77 (dd= 13.4, 7.2 Hz, 1H), 1.781.36 (m, 6H), 1.29

(s, 9H).

13C NMR (101 MHz, CDC¥) a 154. 8, 145. 3, 132. 2, 130. 2, 119. 1,
19.1.

HRM$ ESI +) (nmta) cdfbvi@&)y 01.1916; found: 301.1928.



Boc
di-tert-butyl 2-((5-bromopyridin-3-yl)methyl)piperazinel,4-dicarboxylate(30). Prepared according to GP3 from
lab (95.1 mg, 0.2 mmol, 1.0 equiv.) artb (81.6 mg, 0.2 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (gradient from Pentane:Ethyl Acetate 90:10 to 70:30) to afford the product (mixture
of rotamers) as a white soli@gmg, 40% yield).

'HNMR (400 MHz,CDC}) U 8. 54 (s, 1iH/)58 (mBLH)349%53 8.68 (m, 4HH 3.14 2.89 (18,5

1H), 2.91 (ddJ = 13.6, 3.9 Hz, 1H), 2.862.68 (m, 3H), 1.48 (s, 9H), 1.40 (s, 9H).m

BCNMR (101 MHz,CDC§) U0 155.1, 154.4, 149.2, 14&51%(rotaihei® . 5,
signals) 45.0& 42.9(rotameric signals)39.8& 38.5(rotameric signals)32.6 29.8, 28.5, 28.4.

HRM$ ESI +) (mtca) cdibvVrie®s, C456. 1498; found: 456.1493.

CN

()
QL

‘BOC
tert-butyl 2-(4-cyanobenzyl)indolinel-carboxylate(31). Prepared according to GP3 frdm (123 mg, 0.3 mmol,
1.0 equiv.) an@b (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient
from Pentane:Ethyl Acetate 98:2 to 85:15) to afford the product as a pale yellow oil (50 mg, 50% yield).

H NMR (400 MHz, CDCY) U 1 7.409bt s, 1H), 7.58 (d,= 7.9 Hz, 2H), 7.32 (d] = 7.8 Hz, 2H), 7.17 (1]

= 7.7 Hz, 1H), 7.11 (d] = 7.4 Hz, 1H), 6.94 (] = 7.4 Hz, 1H), 4.65 (s, 1H), 3.23 = 13.2 Hz, 1H), 3.15 (dd},
=16.2, 9.4 Hz, 1H), 2.77 2.63 (m, 2H), 1.57 (s, 9H).

13C NMR (101 MHz, CDC}) a 152. 2, 143. 6, 141. 7, 132. 3, 130. 4,
81.4,60.1, 40.5, 32.7, 28.5.

HRM$ ESI +) (nmkta) cdivMk&)y ¥35.1760; found: 335.1750.

Q C N

Boc
tert-butyl 3-(4-cyanobenzyh3,4-dihydroisoquinoline2(1H)-carboxylate(32). Prepared according to GP3 from
lac (127 mg, 0.3 mmol, 1.0 equiv.) arzb (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (gradient from Pentane:Ethyl Acetate 100:0 to 80:20) to afford the product (mixture
of rotamers) as a white solid (56 mg, 54% yield).

'H NMR (400 MHz, CDC}¥) U i 7.53§m, 2H), 7.30 7.07 (m, 6H), 4.86 4.49 (m, 2H), 4.34 (br 1= 13.7
Hz, 1H), 3.00 (ddJ = 15.9, 5.5 Hz, 1H), 2.83 (dd= 13.4, 7.3 Hz, 1H), 2.642.52 (m, 2H), 1.47 1.37 (m, 9H).
C NMR (101 MHz,CDC#) U & Bb4.6(r@tameric signals)l44.6, 132.8, 132.6, 132.3, 130.1, 129.829.0
(rotameric signals)127.0, 126.7, 126.8 126.3(rotameric signals)119.0, 110.3, 80.1, 51& 50.1 (rotameric
signals) 43.7& 43.1(rotameric signals)39.1& 38.5(rotameric signals)32.8& 32.1(rotameric signals)28.4.
HRM$ FD+) ( ht/azl)c dopHNfpOy13 4@ . 1838; found: 348.1835.

CN
o \H

Boc



tebut yl -F(14Ry &89 bxanzzaybli)c y c | o [2X.a2 .blo]xhpdiitteegneer ed accor dir
fram¢@l116 mg, 0.3 mmahb(,14T. Omge q wli.v3. ) mnaonld, 1.0 equiv.

chromatography on silica gel ( f r o nhePRve rdiastere@merk ashap |
inseparable mixturas a col or | es s . ratio 6f838vasmeierminéd7vitk! NMR & bbed2)5:1.

'H NMR (400 MHz, CDC4) U i 7.52M, 2H), 7.34& 7.27 (diastereomeric d,= 7.9 Hz, 2H), 4.21 4.18&
4.117 4.06 (diastereomeric m, 1H), 3.893.15 (diastereomeric dd,= 13.2, 3.3 Hz, 1H), 3.30 3.22 (m, 1H),
2.501 2.40 (m, 1H), 2.21 2.14 (m, 1H), 1.83 1.52 (m, 4H), 1.4% 1.47 (diastereomeric s, 9H), 1.28.19 (m,
2H).

3C NMR (101 MHz, CDC}) U & 558.6 (@liastereomeric signals), 148.2145.1 (diastereomeric signals),
132.4& 132.3 (diastereomeric signals), 13@.3130.1 (diastereomeric signals), 118.2119.0 (diastereomeric
signals), 110.& 110.1 (diastereomeric signals), 78.79.4 (diastereomeric signals), 68.65.6 (diastereomeric
signals), 58.& 57.2 (diastereomeric signals), 4&740.1 (diastereomeric signals), 4&039.4 (diastereomeric
signals), 34. % 33.9 (diastereomeric signals), 3@&429.9 (diasereomeric signals), 28& 28.7 (diastereomeric
signals), 27.& 27.7(diastereomeric signals).

HRM$ ESI +) (nmkta) cd{bMi@) ¥13.1916; found: 313.1912.

CN

NHBoc
tebut y(l€ yyalnobenzyl )cycl(8@pPreppredankcamaddeldg tmyg
1.0 eqribhvi Q6 amd, 0.3 mmol , 1.0 equiv.). Pu
Pentane: Et hyl Acetate 40:1 to 15:1) to aff

o -
—_ -
o —

IH NMR (500 MHz, CDCY) 0 7J=8.9 Hz( 2H), 7.29 (d] = 8.0 Hz, 2H), 4.75 4.48 (m, 1H), 2.95 2.79
(m, 2H), 1.47 1.36 (m, 9H), 0.83 0.74 (m, 4H).
BCNMR (126 MHz,CDCY§) U 155.5, 145. 1,

132. 341,283,038, 119.
HRMS$ GEI +) (m/*zhal cdMbipy ZT72.1525; 1

: found: 27 2.

CN

NHBoc
tert-butyl (1-(4-cyanobenzyl)cyclobutyl)carbama(85). Prepared according to GP3 frdm (108 mg, 0.3 mmol,
1.0 equiv.) an@b (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient
from Pentane:Ethyl Acetate 100:0 to 70:30) to afford the product as a white solid (27 mg, 31% yield).

IH NMR (400 MHz, CDC§) U  7J=B20 Hz,®H), 7.25 (d] = 8.20 Hz, 2H), 4.46 (s, 1H), 3.298.03 (m,
2H), 2.22i 2.09 (m, 2H), 2.09 1.92 (m, 3H), 1.92 1.77 (m, 1H), 1.46 (s, 9H).

BCNMR (101MHz,CDCY) & 154.3, 144. 1, 1315699426 33310286 151119 . 1,
HRM$ FI +) (‘m/az)xcdibMDy Z£86. 1681; found: 286. 1676.

CN

NHBoc
tert-butyl (1-(4-cyanobenzyl)cyclohexyl)carbamaf®6). Prepared according to GP3 frdme(117 mg, 0.3 mmol,
1.0 equiv.) an@b (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient
from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product as a white solid (34 mg, 36% vyield).

IH NMR (400 MHz, CDC¥) U i 7.50%d7) = 8.1 Hz, 2H), 7.23 (d] = 8.1 Hz, 2H), 4.05 (s, 1H), 3.05 (s, 2H),

1.89 (d,J = 12.1 Hz, 2H), 1.64 1.50 (m, 3H), 1.46 (s, 9H), 1.431.17 (m, 5H).

BCNMR (101MHz,CDCY) & 154.5, 143.8, 131.6, 131.4, 119.2,
S5 7
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HRM$ FD+) (h/al)c difNp@,r E15. 2073; found: 315.2065.

CN
\

BocHN
t ebut y(I4€ y(aln o p h edreyrt-y) Ipl)ecnar (bamMa.epared accorldafriid 8t angGP D .
mmo | , 1. 02fgqwibv.mMg,an0d. 3 mmol , 1.0 equiv.). Purified
(from Pentane: Ethyl Acetate 30:1 to 10:1) to afford

IH NMR (500 MHz, CDCY) &  7J=5.8 Hz( 2H), 7.30 (d] = 7.8 Hz, 2H), 5.83 5.71 (m, 1H), 5.16 5.07
(m, 2H), 4.461 4.32 (m, 1H), 4.01 3.82 (m, 1H), 2.86 2.81 (m, 2H), 2.24 (df] = 13.3, 6.4 Hz, 1H), 2.13 (dl,
= 14.4, 7.3 Hz, 1H), 1.37 (s, 9H).

BCNMR (126 MHz,CDC¥) G 155. 3, 144. 2,

133. 9 796153.@ 412,383, 2804. 3, 1
HRMS GEI +) (m/*zhi cdMbMDyr Z86. 168

1; found: 286.1686.

CN

Me=S

BocHN
tert-butyl (1-(4-cyanophenyB4-(methylthigbutan-2-yl)carbamate(38). Prepared according to GP3 frdr (118
mg, 0.3 mmol, 1.0 equiv.) arzb (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on
silica gel (gradient from Pentane:Ethyl Acetate 100:0 to 70:30) to afford the product as a white solid (26 mg, 27%
yield).

IH NMR (400 MHz, CDCY) U 7J=B8 Hz 2H), 7.30 (d] = 8.0 Hz, 2H), 4.44 4.29 (m, 1H), 4.0 3.84
(br s, 1H), 2.85 (dJ = 6.8 Hz, 2H), 2.63 2.44 (m, 2H), 2.06 (s, 3H), 1.841.71 (m, 1H), 1.71 1.57 (m, 1H),
1.38 (s, 9H).

13C NMR (101 MHz,CDCY) & 155. 4,

144.0, 132.3, 130.3, .0, 1
HRMS$ FD+) ( ht/azl)c d.fH:NE©G.8, C3

4 4 119
20.1558; found: 320.1547.

Q@

Me Me BocHN

t ebut y(I4 t(-Blut o x y »3( hteynaynlo)p h e n-3:y I) )pa aorple@®a.e par ed accor dir
fraom 145 mg, 0.3 mma@lb(,1016. Omge quG.v3 ) mmmld, 1.0 equiv.)
chromatography on silica gel (Pentane: Ethyl Acetate
yield).

H NMR4A0OO MHR2U TOES §. Hz, J2HB, 37H27 Jedlg, 47H@S5 ed),
J= 8.4 Hz, 2H),'|'4.40135((ns,13ﬁ)-|)L 328826(ddHz 6. BHHz,2 3H3 , (
18H) .

1€ NMR101 MH20O0 CbEIl 2, 154. 2, 144. 4, 132. 5, 132. 2, 1

52. 6, 40. 9, 40. 2, 28. 9, 28. 4.
HRM$ ESI +) (nmta) cdfbvih@) £09.2491; found: 409.2490.

CN

Ph
0o

o
BocHN
benzyl 3((tert-butoxycarbonyl)amino}-(4-cyanophenyl)butanoat€40). Prepared according to GP3 frohg
(140 mg, 0.3 mmol, 1.0 equiv.) ab (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography
S5 8



on silica gel (gradient from Cyclohexane:Ethyl Acetate 100:0 to 80:20) to afford the product as a white solid (67
mg, 57% vyield).

'H NMR (400 MHz, CDC4) U 7J=8.4 Hz( 2aH), 7.43 7.30 (m, 5H), 7.24 (d] = 8.1 Hz, 2H), 5.24 5.00

(m, 3H), 4.24i 4.06 (m, 1H), 2.95 (ddl = 13.6, 7.4 Hz, 1H), 2.85 (dd,= 13.4, 7.0 Hz, 1H), 2.58 (dd,= 16.1,

5.5 Hz, 1H), 2.49 (dd] = 16.1, 5.5 Hz, 1H), 1.37 (s, 9H).

C NMR (101 MHz,CDC}) 4 171.3, 155.1, 143.7, 135.6, 132. 4,
66.8, 48.6, 40.6, 37.9, 28.4.

HRMS (ESI+) (m/z): [M+H] calcd. for GsH2eN204, 395.1971; found: 395.1995.

o S\N/\/Me
\_O K/Me
o)
BocHN
benzy( thBrttox y car b-¢n4 N)JE mirrmo@)y | sul f amo y I4)Pyrheepnayrle)db ua cacnco
to GPAdflrdolm mg, 0.3 mnmol 1472 .M0g,eq@.i ¥. Mmmaihd 1.0 equi v.
chromatography on silica gel (from Hexane: Et2dmgl, Acet
45% yield).

IH NMR4OO MH2U TODES §. 1 Hzj72HI,( M.i4DR)1L, (7m,242 )9, (5m,2
3H), i3.@%2 (m,i3LH)1l, (3m,I2418)2, (3m,012J) ,162.157 5(did,dz, 1H)
16.1, 5.6 HZs NH)1, 17586 Hat,h 4k) 7.4 H¥ ,( $,H)AH), 0. 86
1& NMRLO1 MHz@§ CPCl 4, 155.1, 142.8, 138.6, 135.7, 1:
50.2, 40.2, 37.8, 29.8, 28.5, 22.2, 11.3.

HRM$ ESI +) ( mkta) c dikviep 5 T3 . ;2 68GWLEB6 7 1

CO,Me

N
‘BOC

tert-butyl 2-(4-(methoxycarbonyl)benzyl)pyrrolidind-carboxylate(42). Prepared according to GP3 frdra (108

mg, 0.3 mmol, 1.0 equiv.) arfj (116 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on

silica gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product (mixture of rotamers) as a

colorless oil (45 mg, 47% yield).

Characterization data [@Ple in accordance with litera
'HNMR (400 MHz, CDC}) U 7J=9.B Hz(28), 7.25 (q] = 7.5 Hz, 2H), 4.11 3.92 (m, 1H), 3.89 (s, 3H),

3.431 3.22 (m, 2H), 3.22 3.03 (m, 1H), 2.69 2.55 (m, 1H), 1.85 1.59 (m, 4H), 1.49 (s, 9H).

3C NMR (101 MHz,CDC}) U 167. 2, 184296 ¢ ol dhe B), RARHAPB@I0os amer i c
si gnled.48 1282(r ot ame r,irx6& 93¢ nat ajne r,b&7& 8585 nat ame r,bXl, si gne
46.9& 46.4( r ot ame r,40c8& 898 nat ajne r,2X8, 28.V,83Wa2L.8()r ot asmegrniac s)

CN

N
‘BOC

tert-butyl 2-(4-cyano-2-fluorobenzyl)pyrrolidine 1-carboxylate(43). Prepared according to GP3 frda (108 mg,

0.3 mmol, 1.0 equiv.) angf (111 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica

gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product (mixture of rotamers) as a white solid

(50 mg, 55% vyield).



'H NMR (300 MHz, CDC}) U 7 7.30%n6, 2H), 7.18 7.06 (m, 1H), 4.07 3.80 (m, 1H), 3.53 3.16 (m, 2H),

3.04 (t,J=15.8 Hz, 1H), 2.74 2.45 (m, 1H), 1.93 1.53 (m, 4H), 1.47 (s, 9H).

3C NMR (75 MHz, CDC}) 16 2. 0= (57,1347 8% . 4= (3., 8136t27z1B84.0, 116.5, 114.1,
101.4,79.&79.6( r ot ame r,b85& 88i4dgnatl a ne r, 46c0& 46i5g Nnatl a e r,BAB& 88i7gnal s
(rotamer,Rx9& 893G nat ajne r,2&7, 28.&&PA& Ir )t amer.i ¢ signal s)

%F NMR (282 MHz, CDC}) -110.1& -110.5 (rotameric signals).

HRMS (ESI+) (m/z): [M+H] calcd. for G7H21FN2O», 305.1665; found: 305.1661.

D_QCN

N

‘BOC
tert-butyl 2-(3-cyanobenzyl)pyrrolidinel-carboxylate(44).Prepared according to GP3 frda(108 mg, 0.3 mmol,
1.0 equiv.) an@e (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel (gradient
from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product (mixture of rotamers) as a pale yellow oil (43 mg,
50% yield).

Characterization data are in accordance with literattire.

'H NMR (400 MHz, CDC}) U i 7.30%n8 4H), 4.05 3.83 (m, 1H), 3.47 3.18 (m, 2H), 3.17 2.95 (m, 1H),

2.72i 2.50 (m, 1H), 1.86 1.53 (m,4H), 1.47 (s, 9H).

3CNMR (101 MHz,CDC}) U & BH45( 7% ot ame r,il40.8,434.&1l0(sr) ot ame r,138.1si gna
& 1329( r ot ame r,il30.1,d29¢&n139.2¢ ¥ ot a me r,il19.0,d12@&n1424¢ ¥y ot amer,i ¢ Si |
79.7& 795( r ot ame r,i586&58.3(nmraoltsayme r,i46.9&46.4h(nraocltsa)me r,i4@.4&39.4 nal s)
(rot amer,2x9& 292 nat ane r,2&7, 28.8PA&H Ir o)t amer.i c signal s)

Sogt

N
‘BOC

tert-butyl 2-(2-cyanobenzyl)pyrrolidinel-carboxylateacetat€45). Prepared according to GP3 frdma (108 mg,

0.3 mmol, 1.0 equiv.) anad (106 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica

gel (gradient from Pentane:Ethyl Acetate 98:2 to 90:10) to afford the product (mixture of rotamers) as a white solid

(30 mg, 35% yield).

IH NMR (400 MHz, CDC§) U 7J=8.4Hz(1H), 7.52 (td] = 7.6, 1.3 Hz, 1H), 7.4B7.27 (m, 2H), 4.16

4.06 (m, 1H), 3.49 3.05 (m, 3H), 2.94 (dd = 13.3, 8.3 Hz, 1H), 1.9i7 1.67 (m, 4H), 1.42 (rotameric s, 9H).

13CNMR (101 MHz,CDCY) U & B46(F ot ame r,148.58s14340 B b & & me r,132.9,432.§nal s)
130.8,127.®& 126.8( r ot a me r,118.4,413.&118B.B(sr)ot a me r,r96& 8i3gmatl ammer,i ¢ si
58.7& 58.4( r ot ame r,i48.8&46.3(nraoltsa)me r,i38.9&s38.y(nraoltsa)me r,i3€.3&L9. 4 nal s)
(rot amer,R2&6, 28.RPAaA&K(Irso)t ameri c signal s)

HRMS (ESI+) (m/z): [M+H] calcd. for G/H22N20, 287.1760; found: 287.1752.

CF3

N
\
Boc

tebutyfM4t2ifl uor omet hyl-c)abrebnozxyd BPdptgep a ok d daoeorlddf D@8 t o

mg , 0.3 mmol ,2d11D0D9 emqai,i vO) 3 ammol , 1.0 equiv.). Purif
silica gel (Pentane: Et hyl Acetate 30:1) to afford t|
Characterization data [@rfle in accordance with |litera:

IH NMR (400 MHz, CDC}) U 7J=8.8 Hz({ 2H), 7.32 7.26 (m, 2H), 4.02 3.98 (m, 1H), 3.40 3.24 (m,
2H), 3.18i 3.07 (m, 1H), 2.63 (ddl = 13.0, 9.1 Hz, 1H), 1.871.60 (m, 4H), 1.49 (s, 9H).



1€ NMRLO1 MHR2ULSCHDCH,qJ=E42. Hz(), 129.93 H2BJ=71R§H#) ,( ql 2.
()= 273 Hz), 79.5, 58.6, 46.7, 40.4, 29.6, 28.7, 23
1t NMR 82 MH2U-6ZDCI

tert-butyl 3-(3,5-dichlorobenzyh}3,4-dihydroisoquinoline2(1H)-carboxylate (47). Prepared according to GP3
from lac (127 mg, 0.3 mmol, 1.0 equiv.) arfj (119 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (Pentane:Ethyl Acetate 4:1) to afford the product with a minor impurity. Further
purification via a second flash column chromatography on silica gel (Dichloromethalu&dythe pure product
(mixture of rotamers) as a colorless oil (47 mg, 40% yield).

IHNMR (400 MHz,CDC}) 4 7. 37 1(7.40(m,BHY,)7,03 683 @51H), 4.98 4.68 (m, 2H), 4.38 (d,

J=17.3 Hz, 1H), 3.07 (dd = 16.2, 5.6 Hz, 1H), 2.842.70 (m, 2H), 2.66 (dd] = 15.9, 2.1 Hz, 1H), 1.47 1.26

(m, 9H).

3C NMR (101 MHz,CDC$) U0 154.8, 135.4, 135.3, 133.1, 132.7,
49.3& 490( r ot ame r,i486&AR.Y(nraoltsa)me r,i3€.1&s35.3(nraoltsayme r,i385&3R.@ nal s)
(rotamer,R&3. si gnal s)

HRMS (ESI+) (m/z): [M+H] calcd. for GiH23CI2NO2, 392.1184; found: 392179.

Br

N
‘BOC
zy Fcpmy rbroofIvlilGBriteegar ed accordan@d 8t ongGP D .

tebut yHhrd2moben
€ dqdaidOov.mg,amwd 3 mmol , 1.0 equiv.). Purified
hy

mmo | , 1.02
(Pentane: Et I Acetate 40:1) to affor@mg,/e3ypreddldct (|
Characterization dht aelglfeurea. accordance with
IH NMR (400 MHz, CDC§) U  7J=3.9 Hz( aH), 7.10 6.99 (m, 2H), 4.03 3.88 (m, 1H), 3.43 3.22 (m,
2H), 3.15i 2.91 (m, 1H), 2.52 (d] = 12.3 Hz, 1H), 1.84 1.61 (m, 4H), 1.49 (s, 9H).
3C NMR (101 MHz, CDC¥) 0 1383 .1%H6& 1314(r ot a me r,ildl.2,s12® TB5&s79.3
(rot amer,b&7, 48.8A0.H Ir0)t ame r,4c1& 89.1g nat 8 )ne r, X8, 28.V,@®&aA2.8 )
(rotamer.ic signal s)

CO,Me

W

N
‘BOC

met hy@d(itebut oxycarbo#yl ) mgt hpl()4dBiyoeoptairneadt eaccol dil®@ t o

mg , 0.3 mmol ,2kl1D6 emag, vO) 3 amool , 1.0 equiv.). Puri f

silica gel (Pentane: Ethy(mAzgettateab: aptamens pesdoth

yield).

H NMR (500 MHz, CDC}) 0 8J=9.7 Hz( 1dH), 8.02 (d] = 8.0 Hz, 1H), 7.68 7.53 (m, 1H), 4.0% 3.86
(m, 4H), 3.411 3.13 (m, 2H), 3.13 3.00 (m, 1H), 2.8% 2.58 (m, 1H), 1.84 1.50 (m, 4H), 1.44 (s, 9H).
BCNMR (126 MHz,CDCf) U 16 5&184,4r b3 4.mér ),150.%5 146. B 246.8r ot amer ), C
138.7,138.% 137.7(r ot amer ), £24.9, Vv9g&n7®.b(s 0t a me r ), 68.4& 7P @t a mer ), C
52.9,46.% 46.4(r ot amer ),88.0&8 B6gfm @t @« me r ), 80.0& 29Pfn @It & me 1y 2B6,23.6
& 228(r ot amer).c signal s
HRM$ GEI +) (m/*zal cdMb KD,y T20. 1736; found: 320.1734.
S6 1

sig
sig



I\/N

Cl
N

\
Boc

tebuty k22l -46-ir @odopByli dimat hyl-lpgrbhbogtgBre@ared according
la( 108 mg, 0.3 mmo2m( 1870 mgquilOv..3 namod |, 1.0 equiv.)
chromatography on silica gel (Pe(hmiaxnteu rkEe hayfl aAcdeest et rels
oi l (40 mg, 32% yield).

H NMR400O MH2U0 ©T©TDODE6Q 2H) j44458( m,i3LH)7, (3m,523H)0, (3n,05L H
2.12.02 (m,i11H)1, (Im, 92 H)3, (Im,7BLH)5 (Im,329H) .

'€ NMR101 MHz0O aba@l 5, 151&1370@t7rdrmer il3 7s i4g rkallls3).,7 13
(rotameri d, si&pAAI8s )(,r oTAmer i 4. dndlrot,amed.i®T, s4J.n&Axl s
22.9 (rotameric signals).

HRM$ ESI +) (nmkta) cdi{bMEHION C422. 0336; found: 422.0327.

Br.

tert-butyl 3-((5-bromopyridin-3-yl)methyl}3,4-dihydroisoquinoline2(1H)-carboxylate(51). Prepared according

to GP3 fromlac(127 mg, 0.3 mmol, 1.0 equiv.) a@d (122 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (gradient from Pentane:Ethyl Acetate 100:0 to 70:30) to afford the product (mixture
of rotamers) as a white solid (50 mg, 41% yield).

'H NMR (400 MHz, CDC§) i 8 5,8H), 89 821 (m,1H)7 . V7. 50 ( AR5 70H(n, 2H), 7.19

7.08 (m, 2H), 4.88 4.49 (m, 2H), 4.32 (d] = 17.0 Hz, 1H), 3.02 (dl = 15.7 Hz, 1H), 2.73 (dd = 13.8, 7.4 Hz,

1H), 2.62 (ddJ=15.9,2.2Hz,1HR? . 5B. 4 6 ( Im6i 1BH(N, 9H).

C NMR (101 MHz,CDC¥) U & 5545(& ot a me r,il49.0,9483,12013,513682136.1( r ot amer i ¢
si gnld82.861932.% 1322( r ot ame r,129.38612900 a b $ A me r,127.1,446.§,1268 426.3

(rot amer,il20.7,80.3 B1a® 49.9( r ot a me r,i488&AB.@(nraoltsayme r,i36.8&s36.gnal s)
(rot amer,Bx9& 821 nat ajner,R2&5. si gnal s)

HRMS (ESI+) (m/z): [M+H] calcd. for GoH23BrN2O,, 405.1003; found: 405.1003.

tebut Icc2Bl or o-Bwlir ) Me3tndddy hy dr o i s2o(qluHamr dloixmpedPrtegpar ed acco
to GP3Iafct®dm mg, 0.3 mmdl1,09a.Mg,eqlu.id.phmalnd 1.0 equi v.
chromatography on silica gel ( Pe(nmiaxnteu rEet hay$l aAccteet i@ rels
oi l (54 mg, 50% yield).

IH NMR (400 MHz, CDC#) U i 8.213n8, 1H), 7.57 7.28 (m, 1H), 7.25 7.10 (m, 5H), 4.98 4.64 (m, 2H),

4.37 (d,J=17.3 Hz, 1H), 3.21 2.99 (m, 1H), 2.86 2.59 (m, 3H), 1.42 1.16 (m, 9H).

C NMR (101 MHz,CDG) U & 554.5(8 ot a me r,i149.0,9448F,M13013,s136&2136.1( r ot amer i c
Si gnld2.8932.% 132.2( r ot ame r,i129.38s129Y00 a b $ p me r,127.1,426.8,12618 §26.3

(rot amer,il20.7,80.3 B1a® 49.9( r ot ame r,i488&AB.@(nraoltsayme r,i36.8&s36. g nal s)
(rotamer,Bx9&82.1¢gnat amer,2&5. si gnal s)
HRM$ ESI +) (mca) cdifvMeEle®d, C359. 152151L6o0ound: 359.1



Br,

\
Boc

t ebut WItbdr20 mo p-2y li dment hyl -lpgrhboX pl@Prreepar ed accortfiang t
(108 mg, 0.3 mn2o(11,221 .ndg ,e qOu.i3v.mmaaln,d 1. 0 equi v.) . Pur i
on silica gel (from Pentane: Et lnjxture Afcommineashe a20cdl ool B
(49 mg, 48% yield).

'H NMR (400 MHz, CDC}¥) U 8J.=3.4 Hz( 14H), 7.47 7.27 (m, 1H), 4.12 (dd} = 9.1, 4.7 Hz, 1H), 3.5B

3.12 (m, 4H), 2.90 2.67 (m, 1H), 1.86 1.70 (m, 4H), 1.46 (s, 9H).

3C NMR (101 MHz,CDC}) U 161.3, 154.6, 150.0, 138418 ofidameR| c:
Si gn3B&29.4(r ot amer ), 28.72B.@ R290(rsot amer ).c s nal s

HRM$ ESI +) (nmta) cd{fvMBie®, C265. 1916; found: 165.1914.

N
‘BOC

tert-butyl 2-(3-phenylpropyl)pyrrolidinel-carboxylate(54). Prepared according to GP3 froba (216 mg, 0.6

mmol, 2.0 equiv.) an@p (107 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on silica gel

(Pentane:Ethyl Acetate10:1) to afford the product (mixture of rotamers) as a colorless oil (43 mg, 50% yield).

Characterization data are in accordance with liter&ire.

IH NMR (400 MHz, CDC}) U 71 7.233m, 2H), 7.21 7.13 (m, 3H), 3.70 (s, 1H), 3.483.17 (m, 2H), 2.62 (q,

J=9.8 Hz, 2H), 1.93 1.70 (m, 4H), 1.66 1.52 (m, 3H), 1.52 1.31 (m, 10H).

13C NMR (101 MHz, CDCY¥) 0 154& 1825(1 42 adne r,ila8.54284,M2518,579.0, 57.3, 48.6

46.2( r ot ame r,B6l, F.BBAH Ir0)t amer,BB8&sRP§n 8l ¢y ot ad%Te28.2,83.8 i gn al
23 rotamer.ic signal s)

CN

N
‘BOC

tert-butyl 2-(3-(4-cyanophenyl)propyl)pyrrolidinel-carboxylate(55). Prepared according to GP3 frata (216

mg, 0.6 mmol, 2.0 equiv.) arz] (114 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography on

silica gel (gradient from Pentane:Ethyl Acetate 90:10 to 70:30) to afford the product (mixture of rotamers) as a

colorless oil (38 mg, 40% yield).

IH NMR (300 MHz, CDC}) 0 7J=5.9 Hz( aH), 7.26 (d] = 8.0 Hz, 2H), 3.89 3.58 (m, 1H), 3.48 3.18

(m, 2H), 2.76" 2.60 (m, 2H), 1.99 1.71 (m, 4H), 1.65 1.50 (m, 3H), 1.49 1.29 (m, 10H).

13C NMR (101 MHz, CDC}) U 15 4&188.2( . d 8 a fe r,il32.2,29@,n&a92s1P9.7, 79.1, 57.1,

46.5& 46.2( r ot ame r,B&2, B.EBPAK Irso)t a me r,iBC9& 80.1g m @k & me r,i2&6, 280 gn a |l s
&277(r ot amer,R2x9& 832 nat amer.i ¢ signal s)

HRMS (ESI+) (m/z): [M+H] calcd. for GoH26N20O2, 314.1994; found: 314.2003.



tert-butyl 2-(2-(1-(phenylsulfonyl)piperidinr4-yl)ethyl)pyrrolidine-1-carboxylate(56). Prepared according to GP3

from 1a (216 mg, 0.6 mmol, 2.0 equiv.) arjt (147 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column
chromatography on silica gel (gradient from Pentane:Ethyl Acetate 10:1 to 4:1) to afford the product as a pale
yellow solid (48 mg, 38% vyield).

'H NMR (400 MHz, CDC4$) U 1 7.707n8 2H), 7.61 7.55 (m, 1H), 7.51 (ddl= 8.3, 6.6 Hz, 2H), 3.883.55

(m, 3H), 3.44 3.17 (m, 2H), 2.21 (td]= 11.8, 2.6 Hz, 2H), 1.9i71.50 (m, 7H), 1.42 (s, 9H), 1.341.04 (m, 6H).

3C NMR (101 MHz,CDCY) G 154.7, 136.3, 132.7, 129.0, &3157. 7,
(rot amer,Blcl&80.7g nat ajne r,R2x9, 28.7V,338a2B.8()r ot amer.i ¢ signal s)
HRMS (ESI+) (m/z): [M+H] calcd. for GoHzaN204S, 423.2318; found: 423.2315.

Boc

tebut B HRet hyl2iydnnpm opy l-}payrrirof bltPirtmep ar ed accordang t
(216 mg, 0.6 mnogll0& .mMg,equ.idy.pmalnd 1.0 equiv. ). Puri
on silica gel (from Hexane: Ethyl Acetate 30:1 to 10:

!H NMR (400 MHz,CDC#) G 5. 8 3 i(3.67,(m,2HY,)3.40 322 (852H), 2.57 (gl = 6.9 Hz, 2H), 2.24

(s, 3H), 1.94 1.72 (m, 3H), 1.68 1.54 (m, 4H), 1.44 (s, 9H), 1.411.24 (m, 1H).

1€ N MR1MHz, CDCY) a4 154. 8, 154. 5, 150. 3, 105. 9, 105. 4, 7
13.6.

HRM$ ESI +) (mkta) cdiHVMR@Y 20©84. 2069; found: 294.2067

Ph

Boc
tert-butyl 2-(3-(4,5-diphenyloxazol2-yl)propyl)pyrrolidine-1-carboxylate(58). Prepared according to GP3 from
1la(216 mg, 0.6 mmol, 1.0 equiv.) agtl(150 mg, 0.3 mmol, 1.0 equiv.). Purified via flash column chromatography
on silica gel (gradient from Pentane:Ethyl Acetate 20:1 to 4:10) to afford the product (mixture of rotamers) as a
colorless oil (28 mg, 22% vyield).

H NMR (400 MHz, CDC4) U i 7.606n6, 2H), 7.60 7.54 (m, 2H), 7.42 7.26 (m, 6H), 3.93 3.67 (m, 1H),

3.481 3.23 (m, 2H), 2.92 2.78 (m, 2H), 2.04 1.75 (m, 6H), 1.75 1.65 (m, 1H), 1.51 1.35 (m, 10H).

'€ NMR1I0O1 MH3y TC®Z%!5, 154.8, 145.3, 135.2, 132.7, 12
79&29 (6ot amer,i c57s.ilg,n8a88s()B ot &8 me b,i c30s.i9,na28s.)7, 28. 4, 2.
HRMS (ESI+) (m/z): [M+H] calcd. for G/H32N2Os, 433.2491 found:433.2493
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