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1.Suppl ementary Met hods

1. Adener al i nformati on

Regeahd consAlmabdeasgent s baonudg hsto | fvreonnt sS iwgemrae Al
Fl urg¥Wemlnternati eamabednds Pi apoalsadde syrincg
purchased from Laboratory @luass aSpeedc ifaloins tC.h e
mod el Fusi oMMl RO@apolbimbr gpf ltwibdanmgd fBadc k n®s e s s
Regul at owergeBPRhased from | DERKr oHleuacltt hi s& | &d ii
performed msainluiat &y( P660rn§gautl obveCtlaEcBil dtyageE | s
Four ,Biwittahge E -SSAN&®B OKR fl ash chromatography ¢
was perfor med usi ng Si lplcat esn (&12bmMi, nuSd Lfl €
visualization wunder ul travi ol et TILICghstt a(i 25 4 ¢
(pot asxirmma n aceataamonimnoimy bdat e) .

NMR spectHo6d406pyMHz € @DBz Mélz) 7°P NHZ2)L MHz)
and (128 MHz opecotér aMHeelr e recorded unl ess s
temperature using a BruKeNMRVd4dpOcbraaaBeukep
per mil Idioown f(ipegdnd) r e(l 7a.t 4 Groep p@IX TDL2a pp i) | |

NMR spectra are repors( @@p.pinm)r p@iHh 58 e Bawipamgs t o
stated otrmelrtwii gslei.ciTthiees of si gn aabsb raervei adteisoings
(singlet), d (doublet), t (triplet),doub(leuar
of triplets), tdr(tplieppedbdoftddphhldétst s),, doubl
gdguwartet )ofCawplbilred caomgsdratnegds i(n hertz (Hz)
processed using the Mest ReopNomwau clt 4 swefrtewarhe rpe
comparing to tHheNMROrMNMR g dNMB g h t hose dawai | a
l'iterature.

Mel ti ngMepdiimtg points were measutrbebds uaspipnag aa ul
Mass specHirgomsedlryti on mass spectra (HRMS) wel
JMS100LP Mass (SJELt r dmegtear) .

UWIis specWVWViisscoppectra werse nhpge &bouredtexds pveict h
equi pped with2800X0e aemc al £8D camera as a det
were performed in a quaForz gqguaetum yYoelk dcmee
doubl e beam spectrophotometer Shimad3B3b0UV270
nm), a hal ogtkh dmmpand 3@ photomultiplier (Ha
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1 . Reactor design

1. FD reactor

Foal | bat ch aehxpeneimepe@tnst & Owarse aacdtoofrhed r eact or
designed to fit reaction vi IRL 6D dlsieo B®® € qu
or A6 The reactor was designed in Adobe 1 nv
(1@énl 12nm) i s designed to host up to 8 react.
cenSepp(emEeing @)y a( $SWNON;DCEVY B38x50x15 Vapo
is mounted on the bottThhre ®foxt hes rdeasdctgmre df avi
the air flow to escape the reaoud3a0d k e
(Suppl emeing @Br)¢,¢, as measured by an external th
underneath the | amp and refl ebbdosogdeéeleegpbhtot or
di str iSuptpil @ mie h¢g &ar)g. Finally, theuptpilrermiemg aply
FiguD)e was added to fix the system on a stir
Supp!l emEing &arn)g. It also spaces the reflector
air flow from the top to the bottom of the

reflective tape. An over vi eSw popfl etniieen g dsrsye mb | e

Suppl emEngdrGverview -pfinthed. BDed c¢tdordesi gned t o |
reactions vialdaamwd i moltdhet tenKkessi IB) body of th
coated with reflective tape; D) adapter for sti



CopyrPbbtoi fidueAetdo nHallroacidsefteerr obcyy cNLi gaCadbBaoeyl Ra
for CQq(sspm@3) Bonod bFyo romart igornou g Ci 8 Y.l #cé8nsed under

W "
ey Aty )

Supp!l emeing @akhegsembl edircagauateoro.f the assembled reac
| amMper=@ 5mCopyr Pgbt oi Aduehetdo nH allrcagaesefteerr obcyy cN i ¢ Car
Ligated Boryl TR&dpB8al 8ohodrbFG (osuar8 Jgonmou@Ci BY. |l 4 c@ens

For kinetithexpPpEGrmenébrcwas used: t htehenly
classic UFO .r elanc tpoadnnteiwc Ut lihagr h o it i @4 s rr eaanddt @ o n 8
holds the Kessi.l Thansp densitghreswdeanttweatdle d opr o
alignment eof o RPKREBIPdLr(él ggamppped with the Himeat
experienced theSgpmee p@iodg &mgnc sf was found to
to avoid reproducibility issues.

Suppl emeing@P&cture of the | irceafcdrorthe UFO kinet:i


https://pubs.acs.org/doi/10.1021/jacs.2c10444
https://pubs.acs.org/doi/10.1021/jacs.2c10444
https://creativecommons.org/licenses/by/4.0/
https://pubs.acs.org/doi/10.1021/jacs.2c10444
https://pubs.acs.org/doi/10.1021/jacs.2c10444
https://creativecommons.org/licenses/by/4.0/

1. Fl2zrwadtUdd ow)

For falkemMperi ments aprhionnteenda dree a c3{Burp pwameatdapy
FigdrelTled teactorl|l tdnédiost st eenaKessordt | armpund
aPFA t 0Ohi8ngnm i nnesoidfSampt emEngdmyg dd |l e f an

( SUNON DCL¢fter 24 V; 50x50x15 Vapo ROHS) i s
coolTihnegicsonisler c g t i inpal raasctaSc pp o @ yneing @r & pwhitt h
holes to allow the air flow to escape the
30133 A€ditional details on the reactor will

Suppl eméeing &y er vi ew -prfi nthexde 3fblteodd v er al Imiddeact or ;
inside of t hea mhboa adttdhoer (Keigoani I bleap dgemait er body, i nt e
coated with. fAmintecbamelrdi@tpemkeep thetdeimpeandun
30133 AC

1. B.BO3r i netteudp sc hec k I(ivg dte iimtfermgi ty

The reactor was desi ghlead s et A odben dinsvtent ofr tz
belasw Part APamids Atare sBoc ket (fPRrL618BRas Eads si |

t hi s Twer Ichaavsi tay coni c all asdmanp as nsitairtdgne ¢ iu it geel f
being in a specific posiThiengeasantipepgsrapra
bet ween the | ampaains Bt he ¢$oghket pdesietrisdurend i igin
a waw htehastensor Pats Ahanawi Bdowi p together tt
Suppl emeing &nrTghe entwapger isretteud | nwiPLA &n | BMme n e
Model S3
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Embedded
magnets

Part A \ \ Part B

Fixed distance

Suppl emeing@B8& r i nt ed Isiegthutp ifnotirensi ty contr ol

Part B of the reactor sheéewaCitabtove sasckettpd ar
Part Celamd toget her t hanksi miol @amlby dtde dwhmatg nseh
A an@uBpl emEng@rgThe entire setup was print
Ulti maker Model S3.
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1.GBharts of starting material s

1. DI EFfIins

Suppl ement Z20lyeffigsresed as starting materials fo

1. Ardtomi de

B :
Br ' Br o 2 CN
MeO,C MeO,C o" /©:I</O B /©/
: MeO,C 2 Br r
Br
2a 2b 2c 2d 2e 2f
B B
O> r r Br cl N B
Br = | P
Br o +o 5 pinB F \ S NG N
2g 2h 2i 2j 2k 2|
Br Br
(o) Br B
e} Br r
g N A\ A
O OIS @3 T m
p FsC” N P N \ NN
Br” N N H Ts
2m 2n 20 2p 2q 2r
BN B B Br
\EI\\N "NAN-N "NAN= QA N S
P N' \\ N / >_<\/N />—Br
N X X-N-N EtO & N
2s 2t 2u 2v 2w

Suppl ement @Ayy IFi guo mi alreysl useuwntasr parts in this w
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1. & @B8rting materials

Synthesi:s of ol efin

Gener al pr:ocoetduar e i rlamd, -bort ¢ wmMme d fl ask W a s
Methyl triphenyl flh ds pehgi Gumo Gipddi d desrbtumo x i de
Q.5 eqaulisTnmobnhydirHFB0S( mbLydeMhdrmhe sobhutdebgpdef
or kéthomoela 0O mL)wlaldgF o p.wi Slhee reacti on mi xture w
rt 6f0oirn and was tdhieent hdyillTubteehds owiutthi on was f i | f

silica gel and the filtrate was concentrated
chromat ogratpohyafofrorli Q he title compound. Al
with the |iterature.

(8S, 9S,-2@st, HdByet Hythet hy1 e®he9, 11,012,114, 15, 16, 1
decahfldryoc| opent al] a] pfempolugvdenseyQtlhesi zed f ¢
procedure reporfted in the l|literature.

'H NMR (300 3MHZz7,d2®B QP Iz ,1 Hz, 1K)y, 9614233 (dd,
Hz, 1H) J=636Bz,(ddHF8 4dmE692H) ,T1B. 78 ((m,i ZBH)),,

2. 47 (m,72LH)6 (2m,413.H)1, (2m,0 12.H)6, (1m,§ 8.H)8, (1m,67
6H), 0.88 NWR @HY .HMHzl6LDLl 157.6, 138.2, 133
101.0, 55.3, 53.6, 44.5, 44.2,SpB8cOros8d6oPi c3

are in accordance with the literature.

-
_N
Boc

t eBut wli ndy | pi-peear bdd myelCeotmep ofuiwod)s. s y nft dilelsao wiendg
the GP1.

'H NMR (300 3MHz5,dd@DQ117X2Hz10kHz6 Hz, T2HPO 5.0
(m, 2H)J=413P8HZA,d,2H)L,L3 2HZ7,3 22H)1, (2m,1 9L H)2, (Im,7 3
2H), 1.45 (sh= 9AR)LHzY. HZE( RMR. (75 H#Hz158EDC)
142. 8, 113. 1, 79. 4S5 pedc3t.r90,s cHP.i &, dRlt.a5,arx8.i6n

|l itefature.
M
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4 -Bi met hyll, domiaevh €Eo Mfpolwwds sy nftdlelsowiedg t he GP
'H NMR (300 3MHz6 dB@BCI17, 11, 4 5HB,0 XH) j 15H)92 !
5.01 (m, 2H) 104. 27 He2dQ@M®H)( m,2i.121)5 (Im,813H), 1
2H), 1.6& NNMR @HH HPHzL,3LDLTl 139.7, 133.6, 133
125. 6, 124. 1, 124. 0, 114. 7, 114.5, 40. 0, 3

Spectroscopic data are % n accordance with th
SETO
S
K

(3aR, 5R, 5a5, B-&B,rBaonk®yY hyy | t e-6 Hmihsy(d[rlo, 3]-di oxol o
b:4d] pyrdg €ompolwwads synthesized foll owing a
litefature.

H NMR (300 3)MH®B1.50Q88 1 (1 H) ,J=5558Hz(dAH23 6ma32H)
4. 62h€d8 HEz,2 Hz, T28HRS6 4 m352)H ,8 +2,3 Hdd, 1H)
1.54 (s, 3H), 1.4T (&R B8HRDb, MHzIABCOPE] aHY. S5,
108. 6, 96. 6, 73. 6, 71. 0SpéOt bps6Opileg aAat &8, ar
with the |iterature.

(3S,8S,9S, 10R,01-@ Syeltdhdy, pIr-bepiR-y + )

2,3,4,7,8,9, 10 ,tlelt, rla2d ett3echyydd rvop e h 6 a Ll @83lydhenant h
acet(d)tCco mpoilxwds synthesized following a proce
H NMR (300 3MHZ5/.54CBnC| (LH) 4. 8288 m, i 41H6)8, (4m,7 41 H)
4.64.53 (m,i2l.H)7 (2m,382H), i2.98 (m®m,il13.H)6 (2m,97
11H), 1.76711s07 3HM, 4HR9IiQ.032 (m, B3H)E a.bB9
NMR (75 Mpua, 1COCYVT, 145. 8, 139. 8, 122. 7, 110.
38. 3, 37. 2, 36. 8, 32. 3, 32.0, 2pe Ot r ®&Hc bpi 2 -

are in accordance with the Iliterature.
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1.Clpti miozfatrieoancti on conditions

1. ODpr i mization of wionki ¢t loylsp hborameacCti on
The optimization of the reaction cotndii ¢t loynls
bor élmpe omda toh-pt oo b e(dx odhibwme t h-gt hvl b Bn zola.tle

mmol s c3depl(sBamptpd reyiamlicer y

Il n a 7 mL vial eqad ppmmdly)weme q O aav ckrgdevgsiadyg. ) ,
Il i gaemgdui(vt he aemadseocémal wet e dil sn@loved he chose
solvehbhe waxtuori catedofobtadnmanbtreght gree
bubbl ed( Wi mhh¥mMgbel mL of a 1.0 M)walsutaidar di. n
Thmi xtunerwadlsoat edhe i wdbdGtK&Ed st iawdl &upf, ul |

i nt ensfiary t he irnelddFiOr erde(adctao@p | e mENng & Af t er

i rradthda i 9@lrveemotv endlae cr ude BtaGAGd sfpielhtdede d nt
a short silica pttoagr éeasmdvid®asbbuenpi ptahket € e mo
sampl e was HNMMRODZGGHBwasa external standard)

Screening ofd photocatal yst

Suppl emamit @ Screeni ngsof photocatal yst
Q 456 nm (100%)

Br PC (5 mol%) Et
H . o,
MeO,C NiCl,-glyme (10 mol%) Me0,C

dtbbpy (10 mol%)
2,6-lutidine (2 equiv.) 3

1a 2a
1 equiv. 0.1 mmol CH3CN (1 mL), 12 h
Entry Phcadaol y s Yield (
PC1 23
PC2 8 2
PC3 93
PCA4 8 7
PC1: Mes-AcrCIO, PC2: (Ir[dF(CF3)ppy]a(dtbpy))PFg PC3: 4CzIPN PC4: Fluorescein

2¥i el ds detHeNMHCHBda sbyext er nal standard.

S13



Screening of solvent

Suppl emam2t & Sxreenismmg of sol vent

Q 456 nm (100%)

4CzIPN (5 mol%)

Br
Et;B + /©/
MeO,C NiCly-glyme (10 mol%)

dtbbpy (10 mol%)

o8
M302C

1a 2a 2,6-lutidine (2 equiv.) 3
1 equiv. 0.1 mmol solvent (1 mL), 12 h
Entry Solvent Yield (
1 CHCN 93
2 CHOH 86
3 CHC# 6 3
4 THF 80
5 Et OAc 88
6 CHCN/ DMSO 60
7 CHCN/:®I( 10 e 85
8 Anhydr eCuNs 83
Yi el ds detHeNMR,nBBH sbyext ernal s

Screermiamge of
Suppl emamdt & Screkeaseag of

Q 456 nm (100%)
4CzIPN (5 mol%)

Br
Et;B + /©/
MeO,C NiCl,-glyme (10 mol%)

dtbbpy (10 mol%)
base (2 equiv.)

tandard

o8
Mec)zC

tandard

1a 2a 3
1 equiv. 0.1 mmol CH3CN (1 mL), 12h
Entr Base Yield (
1 Pyridine 30
2 E 4N 23
3 DMA P 6 3
4 CsCQ 83
5 KsP @ 85
6 2 -6t i di ne 93
7 2 -l6ut i(dli. e eq 81
Yi el ds de tHeNMR,nB3H sbyext ernal s
Screemianlgelodaced | i gands
Suppl emamit &Sy r ed rcilsrdu aaefé i gand

Q 456 nm (100%)
4CzIPN (5 mol%)

Br
v ST
N' 0,
MeO,C [Ni] (10 mol%)

ligand (10 mol%)
2,6-lutidine (2 equiv.)

o8
MeOZC

1a 2a 3
1 equiv. 0.1 mmol CH3CN (1 mL), 12 h
Entry NI Yield (
1 Ni Bgl y,mé 90
2 Ni( a cd ) 93

Sl 4



3 Ni @l yime 93
4 Ni @l vy, b 76
o/
z /l
A \Nl /OI\ \N
I/N 2
L1 L3

°Yi el ds deNMRmMiBEdE kwt ernal standard

Screeniermgttioroen and catalyst | oading

Suppl emamd &Screeat agy 9f rle@atdiiman. and
Q 456 nm (100%)

Br 4CzIPN (5 mol%) Et
P ’ /©/ g /©
A o
MeO,C NiCl,-glyme (10 mol%) Me0,C

dtbbpy (10 mol%)
1a 2a 2,6-lutidine (2 equiv.) 3
CH3CN (1 mL), time

1 equiv. 0.1 mmol
Ent Vaiation from conc Yield
1 3 h 92
2 4Cz I (PN mdli %Wl yanredit bbpy mol 8 2

Yi el ds detHeNMR , nBPH sbyext ernal standard

Cont pelr igment

Suppl emam @oryt r ol ®Xxperi ment
Q 456 nm (100%)

Br 4CzIPN (5 mol%) Et
o ' /©/ g @
H . o,
MeO,C NiCl,-glyme (10 mol%) Me0,C

dtbbpy (10 mol%)
1a 2a 2,6-lutidine (2 equiv.) 3
CH3CN (1 mL), 3h

1 equiv. 0.1 mmol

Entr Variation frc Yield (
1 Wi t hPoQu3t n.d.
2 Wi t hloiugta nd 6

3 Wi t hboaust e 8

4 Wi t hNoiugyll yanreddt bt n. d.
5 Wit hout | i n. d.
6 Wit hout | i gh n. d
7 No |ight a°%d 7
8 Under Air 39 %
9 0. 83ul a. 33%
10 BuB(£H)st dad n. d

Yi el ds detHeNMR , nBPEH sbyext ernal standard

S15



1. OpRi mi zation of r®baccrta boinc yccolnad[i-BtB Bo)nls] mwa nt ahn e
The optimization of the reaction cormdiktyilons
9BBNSIwi mmlet h-ptr odhobedgoanodomagtihvephénoxypropyl )be
B2 on a 0.1 Sunpp!| esBarptpd reyeaditlEy .y

Q 456 nm (100%)
9-BBN (1 equiv.) Ph conditions \/\O’Ph
Phag N ————> 07 "oseN >
THF, 0 °C 2a (0.1 mmol) MeO,C
1h S1 32

1 equiv.

Synth&83%8is of

Silwas prwiparleydraocbcoorradtiinogn troe paoirgrewb e dhfine er at
parti2c unhlL®BBfN soil mt TOBLASE, 1. O mmol , wdraodd dee@ui v. )
fl admei ed Schl enki fh as ksate d0i(ip mwegedbaaa(hpl @ f mmo |
1. 0 ewjausi va.d)d epdwinseea.t Afrtoer addi ti am,d tthe ireceaech
was sati rmeam temper at ur ewafso rmolviifedhNMBd alrhce irte &
wad consideredohiveirshed wheurdghelreftihmanw®$ %.

Il n a 7 mL vial eq2d@pdd mmiotelqpa had resig cikwe.l) ,s a
|l i gaeduilva4alz I(®hdl %) were dissolved in 1.0 mL
mi xture was sonicated for 10 minutes to obta
N2( 1 mi n)t;heh adalsie oo ®4# ssoddl ut i on in THF) was addc¢
irradiated for the indicatzhndB6é mal Wi timtansd0
required time 1| Bulplpeé etheidg Be. g cAfotrer( sierer adi at i ¢
was removed, the crude was suspended in Et O/
Pasteur pipette to remove solids. The sol ver
H.NMR ( GDQGBWas external standard).

Screening od different base

Suppl emamt & Sxreening of different base
Q 456 nm (100%)

Br 4CzIPN (5 mol%) ~_~-Ph
Phoo~~open /©/ > O 0
N A 0
MeO,C NiCl,-glyme (10 mol%) MeO,C
32

dtbbpy (10 mol%)
s1 2a base (2 equiv.)
CH3CN (0.1 M), 3h

1 equiv. 0.1 mmol
Ent Base Yield
1 2 -6t i din 5
2 KsP @ 8

S16



3 py ri di ne

13
4 DMAP 30
5

5 2pi col i n

aYi el ds detH&NMRI, nBHEH sbye xt er n

Screening of different sol

a l

vent

standard.

Suppl emamd &Sxreening of different solvent

Q 456 nm (100%)

Br 4CzIPN (5 mol%) _Ph
Phi AN * > \/\O
(0] 9-BBN NiCl,-glyme (10 mol%)
MeO,C MeO,C

dtbbpy (10 mol%)
DMAP (2 equiv.)

S1 2a
1 equiv. 0.1 mmol solvent (0.1 M), 3 h

Ent Solvent Yield
1 THF n. d.
2 Di oxane n. d.
3 CHC# 5
4 CHOH 31
5 CHCN 30

AYi el ds deilH&NMVRI, nBOHE sbye xt er nal

Screasniotdhi otmetri c r a

32

standard.

Suppl emamd &rSxcreeni ngtsot ochi ometric ra

Q 456 nm (100%)

. . Br 4CzIPN (5 mol%) NP
SACTNOYN
O 9-BBN NiCl,-glyme (10 mol%)
MeO,C MeO,C

dtbbpy (10 mol%)
DMAP (2 equiv.)

S1 2a
1 equiv. 0.1 mmol CH3OH (0.1 M), 3 h
Ent S1 Yield
1 1.0 equi 31
2 1.5 equi 43
3 2.0 equi 6 3
4 2.5 equi 60
AYi el ds deiH&ANMRI, nBOH sbye xt er nal

Cotnr ol esperi ment

Suppl emamliGergontrols experi ment

Q 456 nm (100%)

32

standard.

Br 4CzIPN (5 mol%) _Ph
Pho AN + > \/\O
0 9-BBN NiCl,-glyme (10 mol%)
MeO,C MeO,C
32

dtbbpy (10 mol%)
DMAP (2 equiv.)

S1 2a
2 equiv. 0.1 mmol CH30H (0.1 M), 3 h
Entr Variation frc Yi | 8 (
1 Wi t hPoQu3t n. d.
2 Wi t hout b a n. d.
3 Wi t hNoiugyll yanreddt bt n. d.

S17



4 Wi t hdotubtb py 4 4
5 No | ight a°%d n. d.
aYi el ds delH&NMRi, nBxEH sbye xt ernal standard.

1. 4ABj ust ment of rveiatcth @ ®ab i ccoyncd iot[ idBASH) Drnonar
cont i-fnluow s

Optiizmati on of hydroboration:

X .

0.5 M in anhydrous THF

"H NMR analysis
to check conversion
9-BBN of olefin

0.5Min THF

Suppl ement%@Set g gwsed for the optimizatiion of th

Sol ut (HebiPi AONn® M in anhydrous THF)
Solut:-Boar &8bi cycl o[ 3. 3. 1] nonane solution (0.5
Sol uAiaoBwerteaken up with plastitow®gyingsgepump
The ssweireegrenected to P®A 8c anpm |ilnanrayr H teld Baiinmepgh ie d )
f esave rpeu mped het tawvemse connect end xapidal ocaw BPdECEUKg hT

a PFA .t Dhiffgegrent residence times werlte sar een
detail, the cr uden waMRadbidrbeechtelcyk ecdo It HHeedNtldBch v e 1 <
ResuldmovwBuep pl ermeamt a&ar i 1.

Suppl enmamiiler@pti mi zati on in fl ow.
Ent fr/mL m frefmL m Vad mL t/ mi Conl( %)
1 1

1 004 00 4 0. 8 10 Trace

2 0.01: 0.01: 0.8 30 79

3 0.02 0.02 2.5 6 0 99
aConversion MHNMRL mi nbt ey etxhemrenal standar d.

Optimizati on iof fplhow or eacti on

S18



1:2a 2:1, 4CzIPN (2 mol%), A = 456 nm
NiCl, glyme (5 mol%), dtbbpy (5 mol%)
1t DMAP (2 equiv.), CH3OH/THF (3:2, 0.1 M)

0.5 M in anhydrous THF

A

9-BBN
0.5Min THF

Suppl ementla0Set Bipgused for the optimizat.ion of ¢t

Solut (-ebi#Pi Aene (0.5 M in anhydrous THF);

Sol ut:i-B9mr 8bi cycl o[ 3. 3. 1] nonane solution (0.5
Sol uC:2 ¢On.nimo | 5 Bi) £l y(mreo | %)d tanfdmy IP)C.&hmo | %)

andgtd met hyl ami(rR2o peyg@airdd neii SGHROIHVEHF ( 82).T h M,
reacti owadedass edimnwint)h N

Sol utAiaoBwer e taken up with plastic syringes
The syringes were connected to PFA capillary
feeds were pumped: the two sni xe a nhsonubedroeu gcho nn
a Porodtl room t(e/BpEFmbl adiu rOe. OthR'h et 6 0. Trhien)out f 1 ow
of this reactor was merged whéhcambithed ftfead
fl owed t WHF o@@uhp ptlheemEing @&)r e qui pped with a 4.5
(0.8 mm intandabh HegasehdFamp WWen the syringe
emphg@HCN waagsalionaded into a syringe and injec
end of the rAddcctroreridm,lavtditasskas removed, the
Et OAc and filtered through a short silica pl
was removed and t heHNMRp ( €D@hka sa rexltyezenda lv isa a
Resuldmova8uep pl e Bairptpd reyiiait2aer y
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Suppl emami2®cyeening the condition of photoreact:i

Q 456 nm (100%)

Br 4CzIPN (5 mol%) Alk
.
MeO,C i

NiCl,-glyme (10 mol%)

XX 2a dtbbpy (10 mol%) zz
2 equiv. 0.1 mmol DMAP (2 equiv.)
CH30OH/THF (0.1 M, 6:4), n min
Ent Variation from Vo mL t/l mi Yi ed @ %
1 none 1.9 20 70
2 none 4. 5 4 8 77
3 2 moPIC8 5 modg% yNiedlk 4.5 48 8 6

1. Ad4d ust ment of reactbomnalce f@irt iciomd wwiutohu st r i
(;)450nm

Br 4CzIPN (5 mol%) Et
w - O _@m ., O
MeO,C ~ MeO,C

Vapourtec (60 W, 3.3 mL)
NiCly glyme (10 mol%) 3

1a 2a
1 equiv. 0.1 mmol dtbbpy (10 mol%)
2,6-lutidine (2 equiv.)
CH3CN (0.1 M), n min
Entr Vari aticomdfitromn¢«tr/ mi Yi e3l( &)

1 none 20 76

2 none 10 70

3 2 maoPICB8 5 modg% yNie®lbpy 10 8 6

S2 0



1.5 Gener al procedures (GPs) for prepeée

1.5.1 GP2: batch conditi omesr ameg h commerci al
A GEN (0.1 M) solution 2Z(oOntbaimmegllgy méNeaGad yd t Il
(10 mBC®D, mol %} uandizneb6 (2 equiv.) was prepa
with a screw cap and a stirring bar. The sol
bubbl ed( Wi mhnN. Triethyl blogrlanmL,( 01.50 Me g ui WH.e)x
Then the solution was i rr adSuppelde nbeyn ga@daggpt i n

equi pped withaapdg niM&Kdudill intensity) for 3
coll ected, solvent was removed under reduced
chromatography on silica gel to provide the

1.5.2 GP3 (MethodvAgr: hyatobocandioBfhHH ofis ol ef i n
Step 1: Hydrdbomizsaot aBHon in THF (1 M, -1.1 mm
dried Schlenk fl ask edi(pipceed bwaitthh) .a Tshtei rorlienfg
added neat dropwise. After addition, the 1ice
room temperature for 1 hoWNMRTWiet heattaoy wal
(I'n case of solid ol efi ndr,i ¢d eScshulbesrt kr aftlea snka st
at mosphere and di smohmedntusohgahbhhgdmBHs miHF.
was added °Q,r oapfwtiesre wahti ch t he col d bath was r ¢

for 1 h at room temperature.)

Step 2: PhotorAeG&NiIi 0. $SoMutsoihut i on X dOntsai ni
mmol ) 2gINyin€@d and dt bPQPYIS5 (md! %) lu&Niddi 2Hh,e6 (2 equ

prepared in a 7 mL vial equipped with a scr e
until fully homogenegws mamd .t MAd rk yd u tblolr each ew if tr
1(1 equi v.) was added. Then the solution wa
Suppl emeing @2agui pped with a& 40n4W 6KfewslIsli |i ntaenps i
h . The solvent was removed under reduced pr
chromatography on silica gel to provide the

1.5.3 GP4 (MethodvBa: hbdtobocan#B®dBiNi ohsol efin
Step 1: Hy @r onlh eBdBdN i%oonl.ut i on in THF (0.5 M, 1
added t-draet@d!l S8mkl enk fl ask edfui(dped bvwitthh .a Tg

(1.0 mmol , 1.0 equiv.) was added neat dropwi

S21



the reaction was stirred at room temiHer at ur
NMR without any purification. (I'n case of s
dried Schlenk flask under a nitrogen at mosph
anhydrous TBBN Wesacadd®f8C,dradfpveirs ewhatch the «

removed. The solution was left stirring for

Step 2: PhotorAeG&NiIi 0. $oMutsoihuti on X dOntsai ni
mmol ) pgINyn€d and dt bPbQBy5 (Mol Ugo Intdh y4l ami nopyr i
equiv.) was prepared in a 7 mL vial equipped
sonicated until fully di s(soI|mierd) .anAll kyhle nb omraas
1 (inl(THFequiv.) was added. Then the sol uti
showsuppl emEng@egui pped with aa46 nwb K efsuslill
intensity) for 3 h. The solvent was removed

via column chromatography on silica gel to p

1.5.4 GP5: conti nuoeBuBN,f Ibolw ec olnidgihtti o(nd4s5 6wintnn) 9

1:2a 2:1, 4CzIPN (2 mol%), A = 456 nm
NiCl, glyme (5 mol%), dtbbpy (5 mol%)
DMAP (2 equiv.), CH3OH/THF (3:2, 0.1 M)

Olefin
0.5 M in anhydrous THF

= Q
A o mmm
SanN
: (L
9-BBN
0.5Min THF

Suppl ementlalSkeFchuoé the setup used for GP5

SolutiobefAn (0.5 M in anhydrous THF);

Sol ut:i-BOGmr &8bi cycl o[ 3. 3. 1] nonane solution (0.5
Solu€kdmm. 0O mmolNi £IL $Mmangpgl %, 0. 05 mmol , 11 n
mo | %, 0. 05 mmoPC3( 23 .ol ag) ,0. 02 mmo |-, 15. |
di methyl aminopyridine (2 equiv.yvyoRumebiic28h
then di sssOHNEBHF Th&:CH)e.acti on sol uti®nmiwa)s. deg

S2 2



Sol uAaoBlwer e taken up with plastic syringes
at 0. 02 AamBlweni en . mi x ed bnyi xmeera nasn do ff laowled t hr ou
3.8 mL) reactor (PFA capillary tubing, 0.8 m
to 60 or 90 minutes rCanvsaisd ermamd itniemde )(.f | Menx tr,atse
via plastic syringe before entering an UFI o\
rate: 0.0945 mL/ min

empty, #&L£LiNawasCHoaded into a syringe and inje

, correspemditihge tsyr4 & gmi m

the reactor i n a flask. The <crude was con
Et OA®L. HThe combined organic | ayers swefiel war |
and evaporated. The c¢crude was purified via

Et hyl Acetate) to afford the product.
1.5. 5uBcfadre t he sy mtdhre sd esnftdifomwcounp ound

1:2a 2:1, 4CzIPN (2 mol%), 1 = 456 nm

NiCl, glyme (5 mol%), dtbbpy (5 mol%)
DMAP (2 equiv.), CH3OH/THF (3:2, 0.1 M)

0.5 M in anhydrous THF

9-BBN
0.5Min THF

Suppl ement h2Sk eRicchurod t he setppofisedmpountthéddscal
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(e “

L ] n »

— e Iy ——

6 Hl‘léz i 4 S 6 |
Syinge - 7 8 gk
Suppl ement B8Py cRigwrree set up -upedf foomphendcad e

Soluti(oebpPiAene (0.5 M in anhydrous THF) ;
Sol ut:i-B9mr 8bi cycl o[ 3. 3. 1] nonane solution (0.5

Sol uC:2425 mmoNj &pl.yfm=sg mol %, 1. 3 mmol , 0. 27 g)
1.3 mmolBRQ 2. 3nd1 @), , 0.5 mdniomet By B&mignhopydi di ne
mmol , 6.1 g) wasvplematedci hl as BBH/t Tnkkh (d6 :s4&)

The reaction solution be trmpundghamwr ad gtas sa n$Hc
The s AlanmtBiwvars taken up with a®@E mpaanttidghoin sy
pump. The syringe was connected to a 2.5 mL
di ameter). The I iquid feed was pumped into t
to 60 minutes residenca twwimded) UfThhey Ireagt was
sol uGwaosn pumped via plastic syringe into 4.5
total flow rate: 0.0945 mL/ md nt,i me)r.r eWWhpeom dti hne
was fully ex@pltwasagga@aanded@Hi nto a syringe and



the end of the r esac=t ndnb 61 ADuapVpfl learEeln.g dw g a sv  (

used. The solutions were coll e©tadd Eh®©AcreT
|l ayers were separated and the aqueous | ayer
organic | ayers was washedf iwlittdér bandeevaporeat
purified via column chromatography on silica

product as4dq®dl. Burgl,e sy %) i. |

S2 5



2. Supplementary Discussion

2. Mechanistic investigation

2. PrlB miemvaalyuati on of reaction profile
Before cankliurme¢toficdnestd eldyr eacf amaah eat wrereitnte is a |
determinaheowasac pieouinodenpetd mi zed Swerpdietmecntsar
Suppl ermmamid &reypt rayn d mom ittiomes d

Thus,ai5 mL volumet2dd®d. fINidMPIK y(m&0 s mdtuld) iph of

mol %), and 4CzI PN (5 moitCHW) wWahse pm pgamred wiars s
10 minutes to obtain a- bti dhneg(addedeeqs oavnud) itah
solution was dil gaNelch et os oM ault u men wiatsh vGHamh sf er

equi pped with a stirring bar and a screw cap
(1 min)lgdnd®d tMhem hexanes, 0.1 mL each, 1 eq
the septum. The solutions wer e ndngreafduilalt eidn tweil
in the UFO KSunpeptliecndeinngedafaptroori @ g 30, 60andid 12

worked up as described in the reaction optin
100
[ ] - L
80 —
. 60 -
R
©
@40—
>
20
04 =
(I) ZIO ‘ 4|0 ' 6IO ' SIO I 160 1éO
Time (min)

Suppl emeEingéamdlgi neti cTipmeofpl ef elhet odbdlanhieiawerdar
optimized conditions.

Given the respupl smsimgledneni nr der t o keep, conve
we perdwmr memi ti al ratessietgsr oment s aidnat hen

S2 6



2. Kizaetics

With the opti mizied hSardptl (e ofemdtpa megni et hIoareyn t r y
1), the kineti esneoorfi thotked MRwa cChB pansg xwt esrtnaanid ar d .
Each reaction -28% sc onownerntoiremd to O

I ni ti al rates evaluati 2ma HW5mLwal ymaegel o f task
mM,100 mM, 014250 v &l y@de moditd% Py mo,l %zdl P N

Gmol ere diiaoo@dHCNd he mi xture was sonicated f
a bright gmreexetd, ust2a,ldu tnieon;2 aogdswoh@twas avadedi
vol ume 3@Nt hl h@H s otl rua n soffieawraesdli @lgps i pped with a
bar and &lsobLewtca@psol uti ons( Wwemien b il §lb.n@ dt e
M in hexaembh, )Wasqaddesdg rwihtgl® uagh tThe d<eé mtadm
conceonsb R atr6e8 mM, dHnMnh,Br6M, r es pEkltd i vell ywt.i ons
irrawi ahed 40 VW Kerdshiol f U lalmmihrfet elhFsQ tkyi)hetr i ¢ s 1
the indicated time and ewaotptoidmisppathismomescri be

20 4

20+ '

o
1

68 mM
91 mM
114 mM
136 mM

Product (mM)
L )
Initial rates (mM min™")

4 preon
@
1

T T T T T 0 T T T T
0.0 0.5 1.0 1.5 2.0 50 75 100 125 150

Time (min) [2a] (mM)

Suppl ement AslymiRiiggur ¢ ates at different concentr a:

I niti al rates evaluati oha blgh velr yv onlgu ndater icco nf
O 2M) Ni &gll y(me0 maot Bhp® mol %) , andwé&£Cezel BENsED I m
i BomMeCN. The mi xture was sonicated for 10 mi

next-huti, i ne (2 agdi vhep wasuaddedwassCMHi |l ut ec
Al i quotssolouteitobni srtamesd rewvd adils equi pped with a
screwdXapedchorrespondi g, tohe&. dommbi owms$ wer
N2(1 min)ldgalnd tvheamElhex®Peddd 540 was added wi t
aHami | t on hgyrnigmgdFh emad d pyt, ume:@N WdegaeaddedCH a

S2 7



tot al vol ume for T®Rhe hfirrealctadc dama arf tt rice8t iedhivhbsy eo f
91 mM, 114 mM Tohre 1s306l umtM ons wer e irsadi 466d
nm, full intensity) in the UFO kinetics reac

in the optimization of reaction conditions.

20 4
20+

o
1

68 mM
91 mM
114 mM
136 mM

Product (mM)
=
Initial rates (mM min™")

4ponm
o
1

T T T T T T T T T
0.0 05 1.0 15 20 50 75 100 125 150
Time (min) [1a] (mM)

Suppl ement hlymiRiiggdr ¢ ates at different concentr a:

Il nitial rates eval uat i P pléudtyt dviammreya n5g ntLh ev ocl ounnte
24 0. INiMYll y(meO metl BO LY mol %), andwdCel 8Ns 6| m
in sodd&dN. CHhe msabhucetewdsfor 10 minutes to ot
next-, utili :m emN, 2P mM, o 2v@aG mMded and the
diluted to aENLumédiwi tstol @i on -vwaasl sa dedgeudi ptpoe df
stirring barl aammdaah}cretwecap! (¢ Dbnmi wer eamdb
14d41.0 M i0. hembphespqway . addedittngd®ligh t he se
The final c @nléetniadian d He@MABAM2 0dM 8 REAM.

Theol utions were irradiesat=eddmtnwe thl b 40t &n Keb g
kinetics reactor for the indicated time and

reaction conditions.
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20

20

w
1

15 A

e
= IS
£ 2
G 104 ~
S | o 104 = . - .
© L
2 ©
5 ] = 159 mM ©
e 182mM E 54
A 204 mM =
0 . v 227 mM
T T T T T D T T T T 1
0.0 05 1.0 15 2.0 150 175 200 225 250
Time (min) [2,6-lutidine] (mM)

Suppl ement a7IymiRiigagdr ¢ at es at di flfuedriednthneconcentr a:

I ni ti al rates evaluation by Ilvrergi mgmlt hweolcwomae
2d 0. INiMpl] y(me0 mot Bhp® mol %), lamiv,4 Qz I5SPNnM, 5
o7r5mMwer e diisnsoslos@ddl. CHhe mi xture was soni cat
obtain a bright druetemisaaluupwaiso na d dneedx ta, n d2 ,t6h e
diluted to bl umki wi ¢ 0la@Hstifce nfroswdrs a1 smlequi pped
a stirring bar and a screw cap (21 1mlmi@ach)an
theg1. 0 M in hexanes; 0.1 mL each, 1 equivVv.)
The final Cc dCe ¢ariNy att Do add 4 .M 6tn8M. The

solutions were irradiatedndwbibt hulal 4i0n tWe rKeistsy )
kinetics reactor for the indicated time and

react iian ocnhosn d

25 1 154
n
Y
20 A s
[ ] ] ‘Tc
—_ = i [ ]
< 454 E 10 .
[S ’ = .
~— ] e
g Y
3
g 2 i)
o v © =
o 5 s - = 09mM _E 51
v e 23mM =
A 45mM -
v 68mM
04 =
T T T T T T T T T 1 D T T T T T T T 1
00 05 10 15 20 25 30 35 40 45 0 1 2 3 4 5 6 7 8
Time (min) [4CzIPN] (mM)

Suppl ement B8lymiRiiggdr ¢ ates at different concentr a:
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I ni ti al rates evaluatiohnbgp Bamyi & ODuthetMhi gt
Ni &gl y(m0 mot Boh g9 mol %) , and wleCzI| RINi 9(s5oslamaedd %)
CHCN. The mixture was sonicated for 10- minut
l utidine (2 equiv.) was added a@N.thkbi sosal u:
was transfer-vedl soeffloupp&@dmiwi th a stirring &
the solutions welr emibru)b,b {alrddOwtiNMt eéinnN hex anes; 0
equiv.) was added with a syringe thhoaghlOthe
W Kessia = m@mdmpb6 25%, 50%, 75% and 100% intensi
for the indicated time and worked up as des«
Thlkeinear variation i n | ilgihgth ti(Ewteeeneshi tS/P-5wabs 2Zvoe
energi émeavenr)wi t h skheupDSupwn emeing &r g

45 5 12

40 - n 25%
* 50% v 10 4 =
35 1 A 75% =
" v 100% E
—_ 1 B_
s v
ézs- “ % .
§ =- . “ ) g’
2 154 ° S L]
o A - 5 4
10 v L [ -E [
5 - : - T 24
04 =
T T T T T D T T T T T 1
0 1 2 3 4 0 20 40 60 80 100 120
Time (min) Light intensity (%)
Suppl ement A9IyWnmiRiiggdur ¢ ates at different | ight int
Il nitial rates evaluati din@Hyw mdam ya n5g nlh ev oclounntce

2a 0. INiMpll vy (e mM, 5 mNhb,rl 51 Omdiba Mb fepgyu i mon iac k etlo

chl gri caend 54 0l P s( prepadC&dNd Tmesomet@lHe was
10 minutes to obtain a-lbtigdghneg(@ermrqgsohud)i o
solution was dil e&&Ned Ttha sv cslod nue i wint hwaGHatl rsa n s |
equi pped with a stirring bar and a screw cap
(1 min),laqahd0 tMeinn hexanes; 0.1 mL each, 1
through the septum. thTeh enifd knealr eccadmfcd @@ rodtei on s
mM9. nM d&@BmB. The solutions were | royr adn4ehtbed wi
full intensity) in the UFO kinetics reactor

the optimization of reaction conditions.



25 4 15 4

= 1.8mM .
204 ® 45mM i
A 91mM v ‘:“
v 13.6mM £ =
— ) £ 10 n
= 15 =
£ X =
= £
5 v e
3 101 z o
o . ©
o — 54
4]
5 ‘ " =
n ] E n
0+ [ ]
T T T T T 1 D T T T T 1
0.0 0.5 1.0 1.5 2.0 25 0 3 6 9 12 15
Time (min) [Ni] (mM)

Suppl ement 2a0lymiRiiggdr ¢ ates at diff.erent concentr a:
Ta k en alunodgeert hoeprt,i mjt zZvee@da ctoina@de t ©otbodwo®r der, i n ar

2 -l6ut i dian&kyandomoaeever, we undewmnusitsoa ch- tah apth o

l'imited regi me.
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2. Ha3nmett pl ot
A Hammett plot was also built to investigate

on the coursdammetthevalkaestinoemrlei’ttearkaetnu rfer.om

I n a 5 mL valhemethrnise nf laa gRiMbF pmeE@ emat B p y
10 mol %), and 4CzI PN (5 #€N.%Thweeme xdius £0 lwaes

-~

or 10 minutes to obtaisfhuailiinght({ 2gegemnvs ol w
olution was dil e&&Ned Ttha sv cslod nug i wint hwa@Hatl rsan s f
gui pped with a stirring bar and a screw cap
1 min),laqahd0 tMeinn hexanes; 0.1 mL each, 1
hrough the oapt wmreThe radl att ied wintdth 6al 0400% W
ntensity) in the UFO kinetics reactor for t

—~ ~ O wn

optimizati on ofEarceha crtei aocnt icoonn é20%t sic@mosn.e it oir erd. t

304 3.0
25+ 2.5
n u
20 1 204 . 4-coome 4-CN
= 4-Ph
> | A m
~ 154 b 4 o
o g 015+
2 A =
> 104 4 -
Y = CN [ B
5 = e COOMe 4-OMe
v A
v Ph 054
od 4 4 OMe
T T T T 1 00 T T T T T 1
0 2 4 6 8 0.4 02 0.0 0.2 0.4 0.6 0.8
Time (min) Hammett (o)

Suppl ement 2atilymiRiiggdr ¢ ates with different aryl br

Thseeesulwt fashohe reaction proceeds prtocsdaamdd at
s mootihlwy,tel ecewirtohnd rsaumd sntgi t uent s onThihse iasr o ma
accor danpcheodwimirhe ead me, where tsolcdpyenodos ohet
amounts of pDottome abcontrhbazdynasvvnlegt et eegntro®nar
the reacti oneagiliogeofadbdewve) seaowi bnmited by one
t he wwiadkelyti c cypegidat mepet addkelipyn as report
Bal ISM coWpling.



2. uantum Yield measurement

Determination of | i Tghhet pirnatceendsuirtey raeep o436 dnnm
follYwedarat iOc uls5arM sol ution of ferrioxalate

potassium ferrioxalate h ySdr a tAe biur f 10e dmLs od f
phenant hroline was prepared by dissolving b5
acetate in 58@mLBwtfh Osdl M itbns wer e stored i
photon flux of the spectrophot oeepelearc,e d2 .iOn ne
cuvette and hier rtaidmea tieadd®i {46 ne dwibtel ss;avmoems | it v
at 10THe nexperi ment was performed twice with
A andfBer irradiation, O0.35 mL of the phenai
The solution was then allowed to rest for 1

to the phenanthroline. The absor bmanchAe noofn t F

irradiated sample was al so prepared and the

Consumption of ferByioxaqltahteh watpu s tli0® yi el d
avail dbFl Ao r = &n @ 8f ,an avOBadagen 1f LBE "f

coubd estt?y mat ed.

Suppl ementarMedabd ements for the determination o

Sampl Irradiatic [ Pg, mmo |l 2*F mol 2*F  Photon flux (E/s)
A 10 4 . 580 1.08L1 1.06€8L 1.16L10
B 30 1. 27L 3.000L1 3.00L 1.0%L10

Aver a 1. 1%A10

Det er mi mn &geu eomt wrh ny iae 15d :mL v @lgduOmelNiMpt| yf(eDs k ,

mol WYy bbp® mol %), andwdiCel PiNng Sloxéld @Hhe mi xtu
was sonicated for 10 minutes -tot oditqaud (.2 lwrais
added and the solution 3N dnLl wtfe dt htios vsooll uu
t ransfafrlrueodr etsoc eengcuei pcpuevde twiet h saeptTamr snbubBaor
walsubbl edmwiin)h, Nagd.tOh&Mnin hexanes; 1 equiv.)
through the sevaisumadTlae eslo Ifowtr=i n2Znblevi(t7h2 0aOn se)mi as
slit widthhetr €labc tOi emmMm.was processed as descr i
Prodduvats obthi WNAWVRY ng2 .dZ0moll)n 7B800BCE wer e

emitted by Qhueanlyiivephhd waosures£t%.mated t o be 2

This value shows th'&Ntl'dywhet h er amaueideabtf ki rcg yeenlte.

S3 3



2. Ch®mgoaahcehxipreg i ment s

Chemical

|l n -mL 7vi al

guenching

experi ments

wi t h

BHT

equi pped Owil hdMnmagl b)g,(MmeQv mdatiplsd) h 9

mol %), and 4 GwelrPeN a(o5d endld IsBMWAN(dd BHT (0.5 mmol
5 equi v. 110 myge miaxt wmrded ewdasandoni cated for 1
green Sbluspbpbbubbhed(@wimihn )N Oh.elncel, of a 1. 0
in THF, 1 equiv.) was added. The mixture was:s

Kessila | amgnb,§q
Suppl emé&ngarg After [

suspended i

The

external

Suppl ement 220h efiigcuwarle quenching

sol vent

Et;B

1a, 1 equiv.

n

full

Et OAc

wa s

: _CO,Me
+
Br

2a, 0.1 mmol

i nt ensinmey )i nf otrh et heF O ergeua

and fi

removed

standard) .

optimized conditions

rrad.i

ation

|l tered

aMHdNMRh € GOEBIPA =

BHT (5 equiv.)

Me
Me Me

BHT OH

Me

M
Mee

Me

, t he
through

/@COZMG
Et

3, 85%

experiments

sol ver
a sh

wa s

wi t h



CHy

H,C

CHZBr2
< a
i o
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

Suppl eméeing @28&h e mi ¢ al guenching érk peMR neepoef csttrivient h
crusleequi vCDGF MBgals, external standard)

Si mi ltahrdoyn,c hoeimi cal quen cweirneg peekr gfeomimeednt s
Suppl emeing @y g

CO,Me CO,Me
" BusB . /@/ Table S5, Entry 1 . /@/
Br Bu

BHT (2 equiv.)

1 equiv. 2a, 0.1 mmol 82%

CO;Me Table S5, Entry 1* CO,Me
2) (CsHg)sB + -
Br BHT (2 equiv.) CeHg

1 equiv. 2a, 0.1 mmol 29, 74%

prepared via
GP3, step 1
(vide infra)

o 05BN COMe Table S9, Entry 3 COMe
3) PN ¥ >
Br BHT (2 equiv.) R

1 equiv. 2a, 0.1 mmol 32, 70%

prepared via
GP4, step 1
(vide infra)

\

Suppl emeing@d@uenching e*spéwviemeéent §HF



| no dadethehBBWEtr.eacti on

Chemical quenching experiments with TEMPO

| n -mL 7vi al equi pped Owilt hmnagglb)g, meNv (GlA p mMol ®) , d
mol %), and 4CzI PN (5 mol %):CNe(é& msdiyedTEMBOM (
equiv.) was added. The( $omunb)lpgnth.ela sralp udfb | & d1
solution in THF, 1 equi v. ) washocaudtdde da 4Th eW nK e

l amp Andy6 full intensity) for t hSeuprpd geunernedarty
Fi g@r.e After i1rradiation, the solvent was re
filtered through a short silica plug in a F

removed and the saliiNMBR (@B CBidnasl| yezxetde rwiad st a
HRMS (ESI) m/HzNG:al[duw 6f dfrd5@;d 86 . 186 1.

TEMPO
o
i
AEN/\'L
LC.’
CO,Me optimized conditions COyMe N
FiB " /©/ TEMPO (2 or 1 equiv.) /©/ *
Br (2 or 1 equiv.) Et

1a, 1 equiv. 2a, 0.1 mmol 2 equiv. TEMPO: 3, nd 63%

1equiv. TEMPO: 3. 33% 35%
=
5]
NS [{<]
Qo0 N
B o~
N |

1/5\5
o | g
P \S}Hs
o LY
o o S 2
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4’5 40 3’5 30 2.5 2.0 1.5 10 0.

£1 (ppm)



Supp Nt 285Ch eFmigcuarle quenching expre¥i MERt s with
spec

| eme
trum for que2ncehgiunigy.eQIPF@ITiBMEPE, £ XxXtEernal stand:

u
p
| n -mL 7vi al equi pped Owil hmnagglb)g, meNv (GlA p mMol ®) , d

mol %), and 4CzI PN (5 mol %xCNve(rle nald)d.e dT EaMiRIO d(i z
was added. The sol gl omi w)da;g§ GhaelrbddLe &b fwiat L . N |

in THF, 1 equiv.) was added. The mixture was
reaction, the solvent was removed, the crude
short silica pl ugemnmon ea shd sitdesur Tphiep estotl ev etnad  wa

was anaflfHyNMRI (V@DaCITher e P\GES mom TEMdeMNMR and



2. El@ctron Paramagneti c Resonance experi ment
To gain further insight ciomtowaWEeWXeamdnEBR ae e
temperature (10 K). As glassing solvent is requi
in a mixture of butyronitril®% &NnWR aekeétenimitiale:t

optimized(7&o.#iivti ingn<sonfirmed the similar operat
system, we measured the EPR spectrum prior to ir
i nsi-feunagJEPR tube, the catalytic(kKeéexdsgiurePWBGOL
intensity) for 30 seconds and then frozen in |ioc

to the EPR which proviS8epptemEnhgldirigwbhgclkpecac
Simul ation of the spectrum to two doubl et cCompc
0 s2.002 and a reartley eax igeakd i 2naal @3Iwi2tIh2o3 r2e. s0o4l 7v] e. d
hyperfine coupling was obsetrpveeadk ) biuntditchaet eldi ntehwei
unresolved coupling, therefore the isotlfTdhiei c si

gval ues for the axial signmdr arhaNiredstyi ecnd te3h itnhd s
16

g-value
2.6 2.4 2.2 2 1.8

T T T T T T T T T

dXx"/dB

VAN

i

—— Simulated Ni
—— Simulated 4CzIPN™™
Experimental

260 280 300 320 340 360 380 400
Field (mT)
Suppl eméeing @26PReasur edWnBand EPR spectrum of ¢
5:1 EBHCMWM:at 10 K, after 30 s irradiation wit
spectrum (bl ack)forsiamphdiamdg¢gbpeaecr Gml/ 2, g
simul ated spectrum 4Czd PNO2Z)adi cal (red, S=



2. Experiments with the Nickel compl ex
Notlry solvents were &either pourr cdhraised Wwiya c ot

pr oc eansfudss e qdueegnatslisdyahfcer ez @phaw met hod

6.71 Synt hasMic oonip | e

Br

Bu 'Bu
7\ - B 7]
=N }\l / By 'Bu MeO,C By Bu
7, «F 1.0 equiv. 78\ - 10 equiv. —
S : = % oW
2 (THF), 12 h, rt N, N
Ni Nil
S N
S& /<; Br
- - MeO,C

The title complex was prepared as described

6.7.2 St oi c hi o nmee nrtisiieictphelIr e x

A f l-darmeend Sciill ask equi pped winhwhalParFdge ¢ owit tel
the &t gmp®eéx mn@mo,l. 0 pugnudiewo Nnt erfl ow and cycl
The compl ex was QHCNsidltee av-hiudl s IPHBOANO I , 2.0

equi vankl1(BMi hex @@ 100mol , 1)0weqei @heedBchl en
flask was wrappeddi hhel uemmaoumohowhs Thtei rr ed
sol vent wiams vedawoeedr ude was suspended in EtC
silica plug in a Pasteur pipettien tvearcdieomd ee

sampl e was 'HaNMR y(z@DiGBWas external standard).

Bu Bu
N
=N, N
"Ni'\' + Et3;B CO,Me
\Br 2,6-lutidine (2 equiv) /©/
CH3CN, rt, time Et
MeO,C
50 umol 1a 3

1 equiv.

Ti meh) H-NMRYi el d

0.5 19
1.5 29
3 4 2



673 Cat al ytic exbpeamprdeent s with Ni

A f l-darmeed 5 1l aS&khleggmuk pped with a PTFE coate
the depympNExmg2 5300maln®g 0. 05 ummdaic)o Wnt er fl ow
and cycl edntdhere.d% t mOMNaGHa @ diend Stchhel-felnaké kK er war d s
2 d6utidine (12 OL, 1a¢B® (Omod ,M2i.m tegudmne, S0hd
equi v.) wer e afdldedk W& Wwcapeeadk in al umi num
stirred for the indicatiend viaciiboe Thadeolvasntu
Et OAc and filtered through a short silica pl
was r eimmo vveadcdi ot he sampl éH-WMR @@DOGBHasdextar nal
standard) .

By 'Bu
7N
=N, N
“Nil
AN
Br
o MeO,C
2 (10 mol%) CO,Me
Et;B + OMe
2,6-lutidine (2 equiv)
Br CHaCN, time Et
1a 2a 3
50 umol 1.0 equiv.
Ti me IH-NMR Yi el c
0.5 2
1.5 4
3 4




2. Ex®eri meftCODWI t h Ni
Three control experiments were plsrpfearimed iinn t

reacti on.

1. Af | admreive da | was taken to a1l onvéih®Paxndvher e
dt bbpy (wWal0s nweigatedal was removed 5 rmim ¢t |
dr y sCQl\Hewaed deerdd t h emr e smafsé ktegpif olirSn gmi n at r o
t emper aat veteen tmanef lddame d vial equiappeduwi doh
oRd0. 1 namdll-lput i di neva(s2 peipbpiab .ehll 3Cd\fNye x G H
the swhadded wvnab whehl1HiO.domidl eo¥. a 1. 0 |
i hexank evausi ad)déde misxktiurree dwadtsomr od mh dwermper .
Af treeragt itdm cwaisteamdlalse descr i bleddn@malSezed owni
H.NMR ( gDQBWMas external standard).

(0]
Ni(COD), (10 mol%)
EtsB  + OMe > 3, traces
dtbbpy (10 mol%)
Br 2,6-lutidine (2 equiv)

1a 2a CH3CN, 3 h
1 equiv. 0.1 mmol

2. A f |l-darmeed vi al was taken 1(ol0Oa ngollo%,e b3 xmagwl
dt bbp9 mol %) was weighted. The vial was r

dr y3C®\H wer e added and the resulting mixtur
temperatur e. | n t-chrei entk amita lmee g uinp pae d | vainteh
o4 0.1 mmo-l ytaddn2, 62 equi v.) uCdls ppPNeexpar €
the solution was addedl&@®td tmhe ovi al 1wiOt t
in hexane, 1 equiv.) was addedWithha Kez®5.l
l amp H456ulnl i nt ens.i tAyff)t eirn rae altFtQ ornegda ctthoer r
as descri bedanidn aSeadt NMRI (VGRCBHWas external
standard) .

Q 456 nm (100%)
f Ni(COD), (10 mol%)
Et;B + /©)kOMe 3, nd
dtbbpy (10 mol%)
Br 2,6-lutidine (2 equiv)
1a 2a CH3CN, 3 h

1 equiv. 0.1 mmol

3. A f |-darmeed vi al was t aklNer Ca&l)0a ngoll oW, e b3 xmgw)l
dt bbpy (10 mol %) was weighted. The vial w
dr ysC®\H wer e added and the resulting mixtur

A1l



temperatur e. | n tchrei etk amita lmee g uinp pae d | vainteh
oRgd 0.1 mmModt)i,di2zne (2 equiv.) and, 4CzI1 PN
mL drs3NCHNext, the solution was lagd@.ed i nt
mL of a 1.0 M solution Tihre hmxdmue,e lwaequirwu

3 hours with a Kessil | amp (Mf56ernm,e afcutlilor
reaction was handl elsadad deakHNMR dv@aClSec
CHBsas external standard).

Q 456 nm (100%)

o .
Ni(COD), (10 mol%)
Et;B + OMe 3,77%
4CzIPN (5 mol%)
Br dtbbpy (10 mol%)

1a 2a 2,6-lutidine (2 equiv)
1 equiv. 0.1 mmol CH3CN, 3 h




2. 1Ligygand effect

Step 1: Hydrioboorga®BiHohi oh MithmoHBafiWded t-o a f |
dried Schlenk flask ed@i(piped bvdi(H)..8 smol )i we
added neat dropwise. After addition, the 1ice

room temperature for 1 hoWNMRTWiet heattaoyn wal

Step 2: PhotorAeG&NiIi 0. $oMuts @hwt yblo o n( e tSai ni
mmo INi, &l vy me d 14 ,-d-iNjeb u t2y,{@INp y)rartd 2( 6-d6 Nje-2 h¥ Nj

di py(ldymBCB®>», mol %}uandizne6 (2 equiv.) was pi
equi pped with a screw cap and a stirring bar
then was bubbDIl mdn)wi tAl NyL( boequiev . () nwad8HFadde
solution was irradiatedSuwbyp lasdniprt ¢ @egg uti hpep esde t
with a 40 VW Kes4agd f ulampi ((tweilnthi oy ) 1 688h Thweht h

solutions were coll ected, sol vent was remov
purified via column chromatography on silica
PhMBAIkz 4CzIPN (5 mol%) AN e
3 + 2a f o:
S2 NiCl, glyme (10 mol%)

0.5 mmol L, orL,(10 mol%)

1 equiv. 2,6-lutidine (2 equiv.)
t, 3 or 16 h, CHCN CO,Me
fBu — L, 53% 1% 4%
~ -
LNF—BU TS L, 1% n.d. 39%
N=
L1 L2

Suppl ement 2ATEMf fRicgurod t he nibalkaelc hleidg.asred ecxn ilviinega



2. 1@ompl exation studies

I n order to check for the 2c¢c-lbmpi & e ideerci adfe dt
monitor the chemical shift:Baf Atohnet rhwebt e repeyad le
t he same e xoptelteenmiesnt b avs ¢ & s uedh mest hpyyl raind inmoep yan

Thums,ailramd NaMRdtwheder | newot saotlnuas pohnesr ewer e

1. 2 -l6ut i dZLnOe. ( MmMmwas diGRRNI (&d@ 0i n

2. 2 l6ut i delnje 0(.112 mnrB1() 0O aMds &t ut L 648 ,i nO . he xmamod s)
was di ssedN4@L)Y n CD

. pyri8Lne O0(1 mmol) wi&N {d&H§Hol ved i n CD

4. pyri 8dlkne 0( 1 mnroI()1.ahdM Ego | Uud &Glo,n 4 .n]l hmmelnes
di ssol :eNd (shQ @D

5. DMAP nfidd20. 1 mmol ) waGN d(i&dsQsQol ved i n CD

6. DMAP md20.1 mmBl { 1la6dMEsol W@ &o,n G.nl hmmelnes
di ssol :eNd (shQ @D

E#B + DMAP M M .
/ AN

DMAP W‘ |
|

(6]

EsB + pyri m

—_—

pyridi

\AA_JN ’

EsB +-la,t6 d

| L
2 A6ut i Anll Jﬂ ]

02 98 94 90 86 82 78 74 70 66 62 58 54 50
f1 (ppm)

Supplement28p@pi gunei onH sNMRIi es vi a



Al t hough
considerabl e

f ormati on

2 -l6ut i di ne.

We al so

occurred only
EiBi n 3CND
EsB DMAP i38NC
EB + pymisLidne
EiB + -l A1,t 6i chi (CTHD

S U—

wi t h

changes

old a me Lppawirs

n

t he

chemical

100 90

Supplement2a9 pahpi gunei orBsKNMRBRi es

80 70 60 50 40

30

20 10
f1 (ppm)

0

-10

-20

-30

Vi

-40

a

-50

t hesBBadiddi nobobnabfekEtthduthdmneal

i $hi

shifts

but

@aacd wWr r ed whn cthh & sl antotte rt |

monitoredBNMB ovdhmmglhe xatnifom meidat hat b
pyri-dtunhedand. DMAP,

no



2. 1Dldomposition of the PC

4CzI1I PN was stabl e owpda miozavedd,atdii canvi  amd nuangdeedr t o
i sol agtueant tatfiteeerl y mn chr omat g napohnye ofoweuer
experiwmenbosicetdenhwe omittdeédstheermiompelIsidatoa

We decided to get inByghswngnwechrsosspbeygome

Al l spiecplrayewer belrewosCtled sohv €t cutof f: 19
cuvettes (optwictahl tphaet hDuelt t@am)i nst r umiemd (se
monochrsemat er were set as 5 nwmi &hd slt bngns swa & cht r
an integfati ohet C0f® OSalhest.a ons were prepared
Tefl onOfédnht ddres of e datnbadbl@yoil 1t i WinE@ pe edi ssol vir
Ni &l ymeadt bb(ply:iln zCMi n a Vvolumedrisonifdatsiknga

homoge@®leDumi n)

FirsdhsorptaodCslpPNd4M i nsCRH Mid@ b)pob®y10 mM i n

CHCNAal owveer e , thammbsor pti ona sihwekh(lnaddnmnp nt)ur e o f
4CzI PN (S5NimMppb@pPHO mM):Chvas r eCTbleatetder spect
shewddiathisorslfamae i s the sum of the amdor ban
ndhisotf ground sshba&t eveiemt ¢ thaBcytt wwawnopp e anige s .he set
Suppl emeEing@aegqui pped wiieh mm K(efsislill hient en ¢ ietry )s
was irradiatedhfoged mhnthe: absorpCbohrepec
experiments showed ishattabhe plponhodatraldy satt i |
components ienxctelpldga r eacti on,

1.5 5

e Ni(dtbbipy )CI, 107 M in CH,CN

——4CzIPN 5*107 M + Ni{dtbbpy)CI, 10° Min CH,CN

—  4CzIPN 5*10° M + Ni(dtbbpy)Cl, 10° M in CH,CN, 1 min @ 456 nm
= 4CzIPN 1.14°10° M in CH,CN

1.0

0.5 1

Absorbance [arb. units]

0.0 1 T T T T T T T T T T T T T T T 1
200 300 400 500 600 700 800 900 1000
Wavelength [nm]




Suppl ement 20 yW¥bsganal ysis of the micxotmprle xo fb edf @zl
and after irradiation.

Il n wheth, a mMAQzIluP M g8rM M 1a0n0d , MM es pedt.iev.eloyper a
condi)t wamss i r rtahdei asteetduPwiptpHoevme ingnée ggui pped wi tF

Kessil 456 nrmha@aobmpoat enent wicctuhe eglhot ocat a
2.5 ——4CzIPN 5*10° M + Et3B 107 M in CH,CN, 90 sec @ 456 nm
——4CzIPN 5*10° M + Et3B 10" M in CH,CN, 60 sec @ 456 nm
4CzIPN 5*10° M + Et3B 107" M in CH,CN, 30 sec @ 456 nm
4CzIPN 5710° M + Et3B 10" M in CH,CN, 0 sec @ 456 nm
‘D 2.0
c
=1 L
_9‘ sl
°, 1.5
@
[$)
c
@
2 1.0
[e]
W
0
<C
0.5
0.0+ T T T T T T 1
400 600 800 1000

Wavelength [nm]

Suppl ement 2t yW¥Fbsgana
i rradi

3 |l ysis of a sBnilkdafuaree odn &t Cafl tPe\
ati ol OM[, 421 PN] e

I
d GGuibv. ) .

|l ntrigued by this observation, an d&»pdereitment
appreciate the f eathemesa anfi xtthie laam@sALzd PNs ,a
mM,r especitn w@Mwa)s i rradiated unfdoerr astiemsitihar o
bl eaohi ndhe phot ocatNothahgevasef ob bnearse eodbosneor pvheoc

before irradiation.



2.5 - ——4CzIPN 10 M + Et3B 2*10® M in CH,CN, 0 sec @ 456 nm
4CzIPN 10* M + Et3B 2*10° M in CH,CN, 10 min in the dark

4CzIPN 10* M + Et3B 2*10° M in CH,CN, 120 sec @ 456 nm

- N
[} o
1 |

Absorbance [arb. units]
5
1

0.5

0.0 T T T T T T T T v T ¥ T : 1
200 250 300 350 400 450 500 550
Wavelength [nm]

nal i of a 3Bni xd fua ree od n 4 Cafl tPa
éM,c sintd i2t0i emwu:i v[ 4 Cz 1 PN] = 10

(72)

HRMS anal ystild erceyvaenaalteidve et hyl atoicocrurofedt e o
irradi &t somi | ar photochemical transformati on
Koni g ok €«ros and was explained via the forr
quenching of the ¥EBhiys satmedyy hdbd maerad tad gyts¢gs t h
al kyl radicals from al kyl boranes. Al ong thi
our model reaction conditions: the photocat a
i ndi chaatti ntghet decomposition patlbwaycdesesr iabea
ext.#hceaen be explained by a very effective t

compl ex on t h3 owanattioonpr oduct
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Acqg. Data Name: JD-255-2-A_21
Creation Parameters: Average(MS Time:0.75..0.79)

Experiment Date: 15/12/2023 12:41:17
lonization Mede: FD+{eiFi)

x10°  Intensity (10757)
791.3089
10
: 792.3100
54
: _793.3154
—— e L et —
7700 780.0 790.0 £00.0 810.0 8200 830.0
miz
Formula: C57H37N5 Addition/Desorption lon: Mone
Mono Isotopic Mass: 791.3048350 Charge Number: 1
Intensity (%)
100 7013040
50 -
0 T T T T T T T T T JLI‘LJLIA T T T T T T T T T T T T T T
770.0 780.0 790.0 800.0 B10.0 8200 830.0
mz
ppl ement 23 yHRM8uareal ysi s showing the
radiation of a sBixture of 4CzI PN and Et

occurrenc



2.HARedox potential of PCs

Il n order to better under stlanndd t4hCez InPaN, u rwee opfe
t he model reaction under optimized conditio
E(PPQs and triplet energies to identify poss
the chart below and displayed in the graph b

Q 456 nm

Me O (e}
k ~ 4CzIPN (5 mol%)
B Me + OMe > OMe
) NiCl, glyme (10 mol%) Mev©)\
Me Br dtbpy (10 mol%)

1a 2a lutidine (2 equiv) PC Yield E*oq Eq
1 equiv. 0.1 mmol CH3CN, 12 h

4CzIPN 93% 1.35V 60 kcal/mol
MesAcr 23% 2.06V 45 kcal/mol

Ir(df-CF3) 82% 1.21V 62 kcal/mol
Ir(ppy)s 21% 0.13V 58 kcal/mol
Ir(4,4'CF3) 13% 0.74V 39 kcal/mol
thioxanthone 58% 1.18 V 65 kcal/mol

E*red
0.1 0.3 0.5 0.7 0.9 1.1 1.3 15

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

35 40 45 50 55 60 65 70

ET

Yield

Suppl ement 24 yRéEsgure for the model reaction obt a
correl

I
elation with triplet energy and redox potent
We foundonthaltatai on can be observed with both
we refrain from asserting confidence in cat

el ectron t rtarnispfleert oernetrrgiypltertansf erxciOuedl| shdt
of the photocatal yst i's boedumet itvoel dye | g weenrc hae

l ntriguingly, sphecedonxt siaacfi oonutodr al kyl bor ane

propos&ad (tdw!foxiThamst | ends credibility to the
investigations in our | aboratories appear tc
be disseminated in due cour se.



2. .3Emi ssion quenchinbuekgenements with 2,6
To f wrrtotvbkeat t he photocat aHysti diisnenotweq uwWemmome
the Il uminescence of the photocatalyst was nc
of -2y t6i TdhiuBse,mla ol Mt sol uti on o€EN4@as$s PPNui ni €Ha
cuvdtlt amib-bubbl ed for 10 minutes; the cuvett
Then, an emission spectrum was taken with
bandwi dth: 5 nm, i ntegr at2i-lbat t dimee Wadsaddaed
eL) and the emission spectrum was taken agai
obserSwedp | emEng8Bdrhg which suggests that t he b
photocatal yst.

6000 — -« +4CZIPN 114710

4CZIPN 1.14710°*
4CzIPN 1.14710°*

4000

Intensity

2000

0

T T T T T T T T T S |
400 500 600 700 800 900
Wavelength [nm]

Suppl emé&ngadrS5d. umi nescence quenchl wmtgi. dsiep e e § mevi tt d
conditions: APMCEZ h6BH( 21mlL¥. Spectra reported: ac
2 -leuti di ne. Solutions were degassed for 10 minu:
solution), ex@36m, nimpt baddws dt h: 5

2.04 Supplementary discussion on the mechani
Il n the main text, we have proposed a scenar
photocatalyst via reductive quenching: this
val ehdpeNcii es to 'igetnemrmaedi aat eNi Ensuing oxida
elimination and-f oenohéxdp eNbine sofy itenled sl atshe pr odu
catalytic cycl e.

An alternative spemariso fwherte unlerNioes oxi da
NI‘Br complex can also be conceived; however
experi mentFs gdl€Cewnd ni detail, while transmet al

smoothly proceed in the daFrikgdi€Ce & xPpteoai anleind m:

SS1



ni ckel catalytic cycl e i sstrégtg dctl eo seexdp ebryi nmeemn t
Thus, our results indicate that the photocat
catalytic cycle, as we proposed in the main
Anot her possible YA emnardiead giose so me i wihaeriev eNiadd i
to gi vNdBan shB)ci efshe( | atter speacdideesd itsr ainnsvioelt vae
just like in traditional SWNBI keao®@podoreIXhi(s o
complex slowly undergoes réddpectios. eThimé nat e
promoted wunder photocatalytic conditions: t
induced reducti D oelyimiinhtti b de ®imrsepdecalelsy |

E14 21.2Phe | atter species is then reduced by
that this scenario, although intriguing, doe
in the <control experi ments with OJEMBD &ahd
photocatal yst. Mor eover, FeixgpdeGei cn@ennot i commda

oxidative %ddition by Ni

7 Alk.__R
o N ?
R

/—> ,!“u—N
= Br %\
N

S/oW ,!“u N

\ Alk
4CzIPN —— O —
4CzIPN*

4CZIPN

|—N
> N|”' -N
> Ak
._ F D

N Alk

LTy
=

Suppl ement &6 yAIFi guma&t i ve mechanistic scenario.



2. CGhariacatron dat a

N

0
Met hydt h4 | be(nZ)o®trepar ed az c oR Wriinfgi etdo b@P f | a
chromatograpPgnomanei |l Dc & 0 4Yd DBOMetOh aamfef or d t he
asol owri e gs8%)H7 NMR ( 300 MHB.70@HTI 2 H) 7. 2233

(m, 2H), 3.92= (8 , HBH)JIH)28 7THZG HRMR . ( 75 HMHz, CLC
a 167. 3, 18P, 812820.82CPr, 123peéEct 5@s Ogpi20 . d

accordance wPth the literature.
0

o

Met hydt hy 1l benzPragpar(e4) .acor ®Piumg f iteod Gy fla
chromatography on silica gYel8O0j:P&0nt ahtor ®i the
as col o®Biged Ve Ho iINNMR( ( 400 3MiHz7 s 8CDICH) 7. §m 8

1H) , 17..322H) m, 33H9 1 @95B61zZHqQ, 1J=83KHEz3HIL,E NMR
(101 MH2uU T®&®TI 5, 144. 6, 132. 7, 130.BRM329. 1,
(El') m/ z1:®4c df Mdatr. ;08f3d@wemd :0 8 46

O
O/

Met hydt h¥ 1| be(f.zPrag par ed a GRoOR Wriinfgi etdo by fl ast
chromatograpiPenamtnkey !l i B8Be gaol ea(f f or ¢ ol bearrpresecd!
0idang4»)H NMR (300 MHZ7,d8BBGB Itz 2 Hz, 1H), 7.
h= B 2 Hz, TITHRS8 Tm331WH B57 .12 Hz(,dd,H), 3.92 (
(g7 8 Hz, 2H),8 HZAE7 BMR. (75 H#HEZ68.CDClI146. 1,

130. 6, 130. 3, 129. Spekr25.0&8cop2cO0Oda2da. arel6.n

l i te%%atur e.
] :
\/@)LO\\

(1R, 2-3i, dRp r5oney Ihy | cycétoelxly & n6zZRoraetpear ed accor d
GR.Purified by flash column chromatography ol



af ford t hceo |lporuridilu2etiss8 8 H NMR (400 3NiHZ7].79COT |

(m, 2H)J=78 1Hz ,(d2¥ ,114,. 844 HztJE,1H)Hz 2T AP F q2. 0
(m, 1H),J=17883(pBd1l. @Bl) 215)3.16 ¥) 2H) ,J=1.816Hz(t,
3H), i0.98 ( m8i .HYB7H)0,. 80JF 17 (HMZE BMR. (101 MHz
CDQ@Iu 166. 3, @@)9.1628 .1629%€.)1824/..MP, 47. 4, 41.1, 34
23.8, 22. 2, RRMI, ( AB). 7m/ &bOdl. JMgBoR20E9; f ou

288.2091.
0

Sou
S5Et hyl i sobkenh3ddfewrPaerpar ed ac2cPourdiifnigedt ob yGPf | as
chromatography on silica gel (Pentane: Et hyl
colowrille {56 HNgNMRB 9 Q0 3NiHZ7,d J&D&I Hz, TITHR7 7.3
(m, 2H), 5.25J=(s8 HZH) ,2H). 766. (24 , Nt9RI) (75 MHz,
CDGIG 171.2, 151.5, 147.2, 129. HRMS25.F4, I3
cal cdbHier £LM§2. 0681; found: 162.0674.

Son
4Et hyl ben@.dnmietprairleed GRPor dif ngdt bghf bamahogolpim
on si IPiema ageel: (B5Shyt oAaéf ardot berrifilechdglort t as
H NMRROO MH2U TUDEWY @EH)7.2634m, 2H)8 Hz,7 22 H)q
1.26=(8, HZENB®R) (75 MBp#, 1¢DCRPQ) 1328L7119. 2,
109.5, Bpertrbscbpic data are 2Pn accordance

O
5Et hyl benzo[ d] [Plr,e3p|adrieodx od @2 &®ndd)ii.i g et o b 5P f | as|
chromatography on silica gel c(oll0o0u% (I Ré&nstmapniel)
40%H. NMR (300 3MHz6i.67BT| (2H)I6. 6268 m, 1H), 5.9
2.59=(8,Hz, JH)8 HZLINKR.,(75 HMHz14TD&,| 145. 5,
120. 5, 108. 6, 10BRKES (@PI0) 8m/A@®X: &8 | [cMB Of ®16 8C ;

f ound: 150. 0686.
SJOT

5

1-Et h4(lhexyl oxy) bRmaerarece d 19z PBPudi higed obyGPf Il as
chromatography on silica gel c(ollOo0u% (I Feenstmapniel)

S5 4



42%H. NMR (400 oMHz7,d @D @& Hz, iBHB2 6m892H), 3.
7 Hz, 2H)=, 82.H6z2 i(20HY 5 ( m852H) 7 JEz 48 Hzt t 2H) ,

il1.33 (m, a+H)8 Hz 25IHPO ChYPOINMR .(101 sMHz, CD
157.3, 136.3, 128.8 (2C), 114.5 (2C), 68.2

Spectroscopic data are2fn accordance with th

O
2-(Et hyl pheayb) 5ametadhiyixabdlridPlreerpear ed GRcor din
Purified by fl ash col unkPrendharnoema tESgrydtpoAya édf re irs
the prodlucwmria®gss5%etH NMR (300 NiIAzBBCHITI 2H) ,
7.8B0.22 (m, 2#+H)8 Rz, 712H), 113387 (6W, NaMR) . 75. 3
MHz, gWDICI7. 8, C1l351Q7( & 2(@«C.)2., 08 .4Eh®9 si gnal ¢
t hUB-carbon was 'BoNMRbEO6V MHAIILCOHEI roscopi c d
in accordance?Wwith the I|literature.

Cl

e
2Ch | eled Rl Il uor obenRreepear(el )ac2zcorditmgct ed GRi t |
et heremnded solvent car)eCfHBE( &7 .(rmgluc35 i L Vc
was addNWR yield: 88%. Purified by flash col
Pentane) to afford the product mHxNWMRe (®00h
MHz, £DCTi.724m8 (1H)p. 909 m, 2H)7. & .HzA, JHH), 1.
7.6 HZE BMR. (75 N#Hz156€FEI1246 Hz)J)= ¥B4MHzI ,(d,29
(2C), D2775Hty,J=124. Hz()d, =8 .11 'Hz)MB (282 MHz
CDQI-120 HRMS (Fl ) mgHeCltFal[@8d 8f 62 9€; found: 15

~CN

~
4Et hyl t hi2zophboegiltRyielpear ed a 2cPourrdifngedt cdbyGH | as
chromatography on silica9dedtqdPahtane: t De c |
colour(4essmpHI aNGveR) .( 300 JMHz7i. 747G 1H)I,7. 21722
(m, 1H) J=286KHz,(q2H) .8 HZES5 B(MR,. (75 N#Hz14EDE)
138. 1, 127. 1, 11ARMS (@(BB) 6 M/7Z2Z8E3|[MBZf O 9 Q;
found: 137.0295.



L

NC N
5Et hyl picolinPmepanéd dde@)Pdr nfyi etdo bGP f | ash
chromatography on sili 8®:)@é&lo (aPfefnotradn et:ghheE t phryc

yel bow (32 HngNMR 8(¥®00 3MHAB,t &SDIHz, TITHF6 Tmpe9
2H), 22=78 Hg, 2H) B8 HZEZS8RKMR, (75 HMHz15TDZ| 143
136. 1, 131. 3, 128. 3, 117.6, 284 [ Mp2. 868HRM
found: 132.0681.

2-Et h-§-( met hy |l sul f olnpyRr)eppyariedd nac2(®mudi mg edobywPf
column chromatography on i5li2Ga Yg el0: (@ efnotradn
produdtghasoy el ( 8% HngNMR 1(¥%3 Q0 3)MiHz8,da®B GB =

1Hz, 1H) h=88682( #Hd, 1) ,8 M™Mz33 1(H),, 3JIH68 ( s,
Hz, 2H)J= 8B. HEEC(WNMR. (75 HPHz16<LTDLT,] 148.2, 135.
45.0, 3HRMS @BL).mgHzNO@S | c[dMdf50105Q@0; found: 18

Nl/ﬁ/\
F3C)\ N?

5Et h/(lt ri fl uor omet hyRr)epari ed da ecRePu(rdii fnige d ob yG Pf
column chromatography on 9ilhi9¢ta géfo(Benhan
col owriBéasis B)H NMRIOO MH2I8.CBLI (2H) ,J=287Hz( q,
2H), 1=38 H'E BMNMR. (75 NHzZ1IS5TDEI (34. 87( H,z) ,
139.2, 1292883 Hg) 'F2RMR, ( 282 gNiHz0, HEWME| ( F1 )
m/ z calbHFNSf ofMLC6. 0561; found: 176.05609.

®
N
5Et hyl gu{ b®yepared ac””dcardifngedt dyGR | ash col um
on silica gel (Pentane : Dichl 80omét Ya@é®: 30:
af f ord t hdee |pirgoudeuscchesnatmgsitd IMNOPR) .( 4 0 0 3NIH B8,d 8®D ¢ |

h= 4 Hz 2 Hz, 1b)yF, 98H2%® Hkd, 1) 9 Hz96 1HIJG, 7.

Ji= 9 BHz,7 Hz, TZTHB3 Tmé22H)8 Bz 0728 Hz35 3HY,



'€ NMR (101 3MiHz1,49CD®CI 148. 8, 140. 7, 132. 1, 1c

25. 3,Splese.t2rroscopic data are ?2Pn accordance wi

N\

N
4Et hiyHi nddBBer épared accQbPardifmgdt oyGPIl ash col unm
on silica gel (PEnitaon ea:f fotrhdyolt blecricftag8cllor t a s
'H NMR (300 3MHZz8sQ®DICH) 7. 6 3Gm, i 73.H)2, (7m,G91H) ,
6. 63 ( m, DH) 8 Blz052XY .8 1HZ4PB BMR. (75 NHz, CDC
136.7, 135. 8, 127. 1, 123. 6, 122. 3, 118. 2, 1 (
CitliN: [M5.0891; found: 145.0899.

RS
N

\
5Et hiymet Hydl ndo9) Br éfpared ac’co®Hli ag Soalr Ge€mted by
flash column chromatography98n2sil PbagagélrdP
pr oduocetl | agswt 50 imig H 6N2WR) .( 300 MiHZz7i.7608®€1 (1 H), 7. 3
i7.33 (m, 1B ,8 2,2 HAdd,iTHP9 T6M1B8IHI dHz,
=1 Hz,3.18H6) ,( s, J¥HB, HZ.,8RDH) P, HZE3IRMR, (75 MHz,

CDGIuU 135. 4, 135. 3, 128. 9, 128. 8, HRMS 2(,FI119.
m/ z cahddN"fddvge. 1048; found: 159.1056.

Pﬁﬁ
I,N

N \
Ts

4Et hiytloslyHpbyrrobdpyr 2PiPreep@ared aczPBudi hged oby
flash column chromatography96n5sil pbaagélordP
prodddtghas yllI3®dw mgo!l i8d %) °C. NMRO9BH 380 130MHz2 C|
04 8d34A § Hz, TTHYP9 8mp92+H)4 Hz ,6BIHMWE Tm242H),
(D= 5 Hz, 1H&) 4 61z60 149 ,8 Hz79 2Hq, 2)J=3 B (Hxz, 3l
3HYE NMR (75 ®NMHzl4TDZ) 146.7, 146)2,128501(2
125.5, 122.16,127.86, 13396, HRMENLOSSI| ] MmHZ ca
301.1005; found: 301.1006.



5Et hiyHpyr az od Jod y3r,i2t)iPreep@r ed ac2zorfdHmgad os dGIPv
Purified by flash column chr omat8o®0 ayp h5s0 :0:m0 s
to afford Itihghtpryedldléead wgsna Ip7TEd.'1H NMR (300 MHz
CDQ@IU 13s.,411H) ,J=8258z(dLH), 18..880 ((sm, 1IHH), R.. <
8 Hz, 2H)= 81.1BZE (BMR. (75 N#Hz1l5CDC| 149.8, 13
128.6, 115.4, 26. 2, 1eHNt. [HRIWS. O 7F96); nf/ozu ncda:l c

-N
A¢E
\ —

6-Et hyl pyr-akpyo[{dPBepé&eed . ac2chourdiifnige d ob yGPf | as
chromatography on sil i9d0a) 1gded 4 fPfeart caanteh e rEft ehg/d |
0i(153 mgH MMWMR .(300 3MHz8.820BE| (1 H) ,J=7.28 Hz(,d ,1H)
7.420h€d9 Lz 1 Hz, 1bB)F, 96252 (Hdzd, 1), 26H43 ( d
= 1 Hz, 1H)=, 82kH&21 (Hx, 2J&) .8 HZES5 BMR,. (75 MHz,
cbgu 141.3, 138.8, 127.7, 1RARMS8, (ERH». M/ z1t @l
CoHi N> [IM 6. 0844; found: 146.0847.

7 =
5Et hyl pyr-akpyVyo[dPBep&28dyd . ac2cPourdiifnige d ob yGPf | as
chromatography on sil i9c0a) 1gded 4 fPfeart caanteh e rEft ehg/d |
0i(150 mg!H eNawWR) .( 400 MIHAB,d3ISDEI Hz, 1J&) 2 Hz90 1HJ,
7.8B0.26 (m, WU ,7 bHz(53 KWdd, 1H) ,2 &#Hz39 10,8 2. 65
Hz, 2H)J=182HZCtBMR. (101 MHzL,42COGI 140. 4, 13
115. 0, 113. 3,HPNS 8(, EI12)8 . B/ Hi#ta I9cM4 6f. Or8 4@ ; f ou

146. 0846.
=P

/—O
Et hy-¢t hay | i miad gpzya{2-tda nbeo x y | PtreepdR2dd . acor di ng
CHCN/ DMSO = Pwuz2i(f5 endL )b,y fl ash col umn chr omat

Et hyl Acetate 50:56p! bar h(E566s rndgo, t hSel UIE 't dnu. cpt.  as
NMR (400 MHiz 8dDBCI Hz, 1BF, 704968 Hdd, 1H), 7.
h= 2 XkHz1 Hz, 1b)yF, 76H4&4L Hkd, 1) ,7 Hz36 2H9, 2.
h= 8 bz, 1 Hz, 2H),7 Hz353H),8 HZEIOBMR, (101 MHz
cCb@Gu 163.4, 145.8, 143.1, 136.7, 12bRMS 116.
(El') m/ z 1h&dOg:d [fMI8.A055; found: 218.1048.

S5 8



L

22Et hy |l benzo[2dh].Rrha pazrod e &g c QoRuriinfgi edo b@P f | ast
chromatography on EshAdect&ad gelt o( Paefnftoarnde : t he |
deliques“42ngb BBl NMR (4COGMHz7,d97 § Hz, 1H),

(= 8 Hz, TZHWL Tm47 UH) ,8 z3 ¥ Kz d, 1H) ,8 3HzL5 (
2H), D48 Hd£€ BMR. (101 gMiHzZL,73CDGI 153.4, 135.:
122.63, 121Sp6ect2r7o.s9c,0pli3c. 9d.at a are 2fn accordal

Met hyhenyl pr op y2p)Phrermpzacd eetde P B o r MierRiuatd of A )e d
by flash column chromatbDigecalphryoneay Ba8 T A5 gel
af ford t hlei gphrto dyi@dtty & o i NMR ( 300 3)NiHBj. 703D LT |
(M H), 7h=83Hzlzl ,Hz, 2iH). 117 (5 5H),iB3.964 (m,
2H), 2Xx8BHgMH=7, Hz, 1H)= 71 .BAC (BUIMR. (75 HHz, CC
ad 167.1, 144qR3, 12AECP2R8CREP2AB.7920C)126. 2, 51.9,
41.7,Sp2elc.t3r.oscopic data are ?n accordance wi

Met hy® 44 vuorophenyl ) Rry®pelpabendz &PBe ( Me.hbotdoA
Purified by flash col urmendhrnemat Egrhatdd yacfarnoad
the producar(Tmgs %p'H|I NMR ( 4 COGMNHZ.79.48w7 (2 H) ,
7.12.03 (m,i64H)9, (M,98H), 3I=89% Hzg, T2HBL1L B mO3
2H), 1U=2% HAE RNMR. (101 3)MHG 71 &1dCH= (2 4 41 4H6z2.) 1,,
149(.d= 3 1H2Z9.,6 (2C)lL28.284 3 dR228115. U6 ¢d,

Hz )25C2. 1, 45.3F MNR1( 324 ;)MHA,7H@MSI (El) m/z ¢
forih® Q. [M]2.;12fl®urml2d:1215

COOCH;
o A T

Met MYy R hl-@met hyl pr opy2BPhremacdetde P80 Memh hodo A
Purified by flash column chromat 8§@¥ap®Hy on s
to aff or d ctohleo upr(l&e@susongoliHal NWVER) .( 3 0 0 3)MIH Bj.70.ADIT |



(m, 2H)7. 272 3(Im, 2H), i3.3%@ (m®, 23H),13BL#W27 (dd,
Hz, 1H),h=2.53Hzd Hz, 1H¥, 72425 Hgt, 1H), 1.0
7 Hz,'®3HWMR (75 NEz16IABC|5,(R)2928C3128.3, 52.
50.2, 40.HRMS7(RBIL) 1MiECtD JM|BoO761 ;. OF705u7nd:

Met hxlycd opent 2PPerpaatd GEPB8o( dMepbhotde@)2: THF
solverturidierd by flash column chromatograph:
98:2) to affooldout h(e7e3p snogold caN3avem)s.( 3 00 3MH z7,. 9®DCI
i7.91 (m,i72H)6 (/m,332H), i2.89 (®=,i711BH)Y9 (2m,182H)
1. 819. 516H} &, NMR (75 HMHz1l 6 TDL,| (1IH)2.13,7 . 172T)1727 . 2
52.0, 4620Q),252@pectroscopic data are ?Pn accor

Met hxlycd4d ohexy3 BbRernezpoaarteed (&P 8 0 ( Me,h gt h, st e
2: .Burmi fied by flash column chromatography o
afford t heo lpauwrdi3ecsngg®isiHl NMR ( 300 3MiH z8,i. 704D G |

(m, 2HN7. 273 3(2m, 2H)672348ml ((&)i,13.#)09 7(2m, i 5H) ,
1. 15H{§®, NMR (101 3)MHA67CRCI (1532 3L B6.2€)82. 0,
44.8,(2x)2B2@B)2Bpdctroscopic data are ?Pn accor

COOCHS,
HsC -

Minor
Met hyl -(((8S,9S, 113nketldSsand@ 7V Ry 18, 9, 11, 12- 13, 14
decah@ldryoc| opent al[ all]phemanhywlr plbenzoat e- (31)
(((8S, 9SS, ke, tlhddSndt7iBy 18, 9, 11, 12-de8abgidt s, 16, 1
cyclopent af@ljphermanbhynwl ) bePPzepte edl 3 A&PBr di ng
( Met h,od0 .A25 mmral THdalaeRuxfolf vedt by fl ash col unm
on silica gel (Pentane Et wyhii t &¢C &t0d thgl, 9 8 3 %)
dr 3:1, BH sNMMR 7(3499)0. sMiHz8. 70C1&E | 2 H, mi xTu2%2), 7



(m, 2H, miixt@abe) m, 71H76mirtt ¢gme) LHEGOEME AL ¢ me) ,
1H, mixture), 3.938.(78, (&H, 3Mi2maaeume33 B3. @O
2.bZ.18 ( m, SHi1mBXt 0me) SHZ1 @At 0me) 7HL. d xt
(s, 0.8H, minor) !CTCONMR (501 2MRH,6 7@BB¢lo r1)5.7 . 6,
148. 3, 148.0, 138.2, 133.0, 132.9, 129.7, 12
111.5, 55.3, 54.8B, /2.2, 452.9, 453.8, 43.9, 3¢
30.1, 30.0, 28.5, 28.4, 27.9HRMB7.(EJ )26n/ &, cad
Coblss": [M]8.2508; found: 418.2494.

COOCHS;
©/O\/\/©/

Met hy® henoxypropyl PbepanatecP8adij Me.tPtpotld B d
by flash column chromatographyd5bhtei lafd@r de
produwdt tet S Img, 59%BCH MNMR J#AOD0INH 7. 78CDI |

(m, 2H)7,. 12. A2m, &H)HzI618H#Hz(t L Hh=8H2F2 Hdt ,
2H), 3JI=86 Hr, 2H), 3.WBHZR77 3H), 2AH) 657 d@q
2H}E NMR (101 3MHz,67COGI 159.C0, U&LAP..5, (12X9., 8 1f
128.0, 120.8, 114.6 KRS, (®BI6). 6m/i1D8l EM]2f 6«
270.1256; found: 270.1265.

COOCH;
\H/O\/\/\/@

0

Met hyflcdet oxypentSBP)rbeepnazroeadt e&s® @ o ( dMie tPjuad of B )e d
by flash column chromatography @d®n toi laifdardge
pr oduwotl oalsi lq@dmigs 8%)H NMR ( 300 3)MHBi.70CERH | |,

7.2B. 202H) m, 43=057,2Ht)z,, 33H9Q (296 78 ZHtz,, 23HO)3 ( s,
1. 7VHB. 604H0) m, ill..B8HA2H)'™EC, NMR (75 HN#Hz]17CDE] 167. 3,
129.8 (2C), 128.6 (2C), 127. 9HRMHA .(5FI )52m/lz, ct
f ofsH2 @4 [ M26 4. ;1 3f6@ud .1 36 2

/OW

8

o

COOCH;4

Met hy Itrielt h-@ o)k oundecyl 3 oRernezpoaarteed (d&dcto r(dMernt gh otdo
B)Purified by flash column chromatoy®:afhy on
95) Stfof or d t hceo | poruor(l @cstegaosi Tr@d.@~°€2H NMR (400 MHz

S6 1



CDGIU 7i79.800 (2H),J=7.823Hz(,d,23H), 33HHG ([(2B.6D
(MeH) , 21=2 98 iz, i1..6BIH) m, 1 .9 =8H8Z{Ji=04, HzR)LE

NMR (101 MWz, l7@DGI, 1671Q}, 128EH627129.82.1, 5
34.2, 31.3, 2926€)229BRMS3S39ED) M%#4al EM] for
334.2144; found: 334.2154.

L

(@]

/\o)\/\©\
COOCH;

Met hyB-dB8et hoxypropyP)bébparzedt @P ¢ 86 Me,ngottleoB) 1 :
4 Purified by flash column chromat 8gts pphyg on
af ford t hceo lporuvorqhudogsis a@@I%o) MR ( 30 0CMMHz 7i.7TH 7

(m, 2H)7,. 279. I7m, 2P=H)6, Hz.,4 41 H)t,,7iB.. &HH (2sK)i,3 H3)., 3
3.8 2H)7Z. 65 (Im,9mH)1, (m, 2H)7 HZfL4BIMR.,( 75
MHz , CQ\j167. 7, 148.9, 130.4 (2C), 129.6 (2C),
15. 7 HRMS) .( El') mh#20£:al [cAg 6f.adlr5 16 6f A6RO:

O/\/O/COOCH3

Met Iy ycl ohexyl et3lbPF ppbaneda&Pd4 (¢ Me.n gpuwroiBf)i e d
by flash column chromatography on silica ge
product as col ouriHe NMRoi( 300 1aMH z7An GORDTO R)H )
7.2P.18 (m, 2H), i3.80 (m,il132H)8 (2m,F25.H)5 (1m,56
2H) , 711.688 (m,i®.H)L (I0o2MR .(75 MNHz1l6TDEZ| 148
129.7 (2C), 128.4 (2C), 127.6,262dRMNS GPEI0), :
m/ z cahlheéd"f of MB. 1620; found: 246.1619.

Met hyplhedh et hy I(DYePrrzeopaatree d &€ do( MetPpotddB)ed by f
column chromatography on silica gel (Pent ance
colour(l&GsmpkPldBUeds al so synthesized in 86%
adopt b(ny. &PmML reactor have been used for stej
ti mel) NMR (300 3MHz8i.70G3E!| (2H),7.243¢m, 7H), 3.9



3.05.92 (', NMR) (75 HHzl6TDT] 147L3, 128LCY3, 1:
128.26C)128C5128.1, 126.3pebRrascapBi 6, da8Tabar

with thée&?literature.

‘\/\/”COOCH3

Met h B henyl pr op y3B)Phemzaa eetde &FP d o  MenRjuatdof B )e d
by flash column chromatographyo8pmRtei laifé@r de
pr oduccotl oausr | €& smg IHI 7NIMR) .( 300 3MHz8i 70CIEnG| (2 H) ,
7.8B5.14 (m, 7H), 34=91 50%ksHz83HY, i2H® QWENG62H).
NMR (75 Mpa,l&DCB8, 148.CQ, u1LLB.5H, (RX9.8 1228B. 6
127.9, 126.0, 5p.elc,t r305s.c60,mi3chcdsaptr aB@arde Wi t h t

0

O/

o\n/N

T

teBut y{ 4 Met hoxycarbonyl ) plitamdtokyliPapcepepbr didne
accor GiPdg (MePlhod fBed by fl ash column chr omat
Et hyl Acetate: 70:30, secoddG®NI(umnl %viFtohr nmiecv
50: 50 Y 20:80) to affor @ mgWeh).Pr odBweds asl scoo |
synthesized in 73% yi elbd 2af5st erL irsa@lcdtoiro m alvye
step 1, correspondi ng?H dNMROMBIOOULL CTI.7TRE6denc
(m, 2H)7,. 174. A4m,i3219)7, (4m,1 L H) , i B..B15 ((ms,, BH), L.
h= 14»rHz3 Hz, T2H®8 (m592H),in. 22 ((m,i 1l0HHL,, ...
(m, 2H)NMR (75 MNBHEHzl6TDCI 154.@),, 114288 .13 (120®).,7
79. 2, 52. 0, 44.0 (2C), 37 .HWRMS35(.m0O) 3n8/.z0, c a3l
CHNQ: [3W7.;2009@BwWnrd 2102

COZMe
BocHN\/\/©/

Met hy Bt(dbut oxycarbonyl ) amidn0Od)r.erpap eld) hercoo ati e
(Met hadarB)ied by flash column chromatogr aph)
955 to affordot ber(plelss unoghl aNsE@Ro) (300 MIHZ,. 9®DC|
i7.91 (m,i721)1, (MMm,2&H), 4.55 (Js, 71HRPH)B. 2060 s



= 9 JHz7 Hz, i2HY8 (m882HIE NMR 4 7(5s ,HHzH)6.TDL
156. 1, 14(72Q3), 101205 228.1, 79.4, 52.13Cy0.3,
Spectroscopic data are 3*'n accordance with th

Met hylno4d pholi nopropyP)bpazedt acc¢drnding to C
Purified by flash column chromat ogr9a6pghdt oon s
afford the prodifl6tt Smdg H i MR (y4dd oMiHz= 17C DOC7l
7.88 (m,i72H)7, (M,22RH) , 1 3B..85 ((ms,,i 243H)B,, (H, 7712 H) ,
(th= 4 XMz .7 Hz, i2HP8 2 m37122H)5 (€ 8N2MR) .( 101 MHz
CDQ@GIuU 167. 2, (@(@&)7.16280aR192.78.(2,C)6B. 12LCHB2.70, 33.
27 HRMES(I ) m/ z 1EaNOL:d {fHib26 4 C1 5906 Hd16Q1

COzMe

0
HN
o
teBut yH 4 et hoxycarbonyl }ghe rbylx)yd yartPeo ¢ p(aki2e) e
according to , GtPdp (Methefll BY Pueattednbyofl &s

chromatography on silica gel (Pentane : Et h
phase -@1@EN HO. 1% Formic acid) 50:50 Y 20:80)
oil (91 YgNMBO@I 00 MHz7i PGB! (2H)iI,7. 2028 m, 2H)

3.82 (s,i3318P, (3, VA.HHY5 (3m,581.H)0, (3m,3 W.HY5 (2m,25
1H) , 11.88 (m, 1HlE NMRO( ({81 3NIH21,66CDBGlI 154. 5,
130.0 (2C), 128.8, 127.2 (2C), HRMS ,( B532.)1,m/E
cal cdiHbpNAC [ M+N22§ . ;1 51 83u2n8d.:.1S5p2e6ct r oscopi ¢ dat
accordance wifth the literature.
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Purified by flash column chromat o®3r5&8)p htyo on
afford t heeo lpaurd st smasiHI SNOVMR) .( 30 0 3MiH z8,i. 702D § |

(m, 2H)7,. 278. I 7m, i 42 H)0, (4m,1 8:H) 8 IJ44+zQ47 Hzdt ,1H), 3.
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J= 8 Hz, 1H), 3.J9=1 9(kHz BHHz, 31FFBHZAIALE) (p2. 4¢
2.33 (nmQnnHIM PH) NMR (75 MNEBHz16TDC| @@)8.6, 1
128. 6,227 44 6, 68. 6SpeGRt 2osddpile @At B.are ir
liteY2ature.
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Met hyH ( (A S 6288 M8} hyl bi cy c2-yol[)3melt. hly] I h)éddet nazno at e
Prepared &Pd4of Me.nghpuwroiBf)i ed by flash col umn c|
(Pentane : 9E8hyltoAaéfard thelpPmeUdl)dtr oaducdol c
40was also synthesized in 86%(\Yi&l dnLafrtearctios
been used for step 1, correldpNMBi 400 gMiEBD, mC|
a 717979, (2H) ,J=7 .80Hz(,d,2H), 1i32.8696 ((sm, T 2HP 3 22 .7:
(m, 2H)HL. 727. O(Om, i 15.HH8 (Im,6 01 H) , 1. 19 (&= 130H) , 1
Hz, H)NMR (101 3MHz1,67CRCl| (@)7. B22ARBV2HB. 7, 52.
45.3, 43.5, 43.1, 41.5,HRBMEI8], m/3z 8agdd8d 2f, 0r2 6
[ MR 7 2.1 7fT®urRd .17 8 3
COOCH3

Met hyl-( (B4 (-&met hyl c-$edl-phepropyl Y#5penPoapar ed

accor G¢iPdg ( Me.t hPur iBf)i ed by fl ash column chrom
Ethyl A&e2 aYed®b: @afford the product asHcolour
NMR (300 MHiz 8i.70D2BY (RH)7.1728m,i521)3, (51,43 H) ,
(s, 3H) J1=218B3HEYdHz, 1H)s R3IIZHFz9(MHdkzdg Hz, 1H)
2.1D.58 (m,i19.H)1, (1m,532)3 ,7 0HZ7Z,2 HILE, BMR. (75

MHz , gbhClLe67. 3, 147. 8, 147. 8, 1348 ,2,12113.40,2,1 2
52. 1, 41. 0, 40. 8, 39. 7, 39. 5, 38. 3, 38. 2, 3
HRMS ( FD) m/ith»al W] F.or77T6; found: 272.1774.
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Met h4(l4-d Bmet hyBl-dviodml ) bengbp Prepdr ed aGBoérding
(Met hodstBgpB Burified by flash column chr omai
Dichl or @r2ept htaoneaf f ord t he (Brioghude)ttH aNsMRc o(l 300ulr |
MHz, gDC8i.79 @n2H) , 817.. 2m2H) 20%.. ml 1H)I,5. T3

1H) , 33H9Q7 4., 6M2H) , 7i2.. mH2H) , T2.. D1B4H() m, i1l.. B
(mH) , 1in.. @83H) , m2B)3E (NMR (75 HMiHz67 . ADCI167. 3,
136.4, 136.4, 131.8, 131.5, 129.8, 129.7, 12
52.1, 39. 8, 36. 5, 36. 3, 32. 1, 29. 8, 29. 6, 2
HRMS (EIl) mh#20¢:al [cAg 6f. glrof3@WBBd :1 938 and 286. 19.
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Met hyl (2 (BaR,5R, 525282 7&mR)t hy-bHet r ahy
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(Met hodstBgdpewdsn adaed tdamme d Scahdinks dllvaesk i n 0
anhydr oSsb STHdFaRBN |l was addedCRuopWwised aday 01 as
chromatography on silica gel (Pentane : Et
colourless oil H7 NMRg ,( 3DD%NIHIS). 70HEL 22 H) , 7. 3
i7.23 (m, 24H)5 1z ,541 B, 84453 4L MHkd, 1B)yr, 54H27 (
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1.32 (s,(sGHBHNMR2g75 HNMHzl16TDZ| 1GH)7,. 51,2 81.299 .(82
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yl ) propyl4)Parerpeaateced (@P40¢ Me,sly2®loB) i n was adde
a fildamed Schlenk flask and dissolveBBNnNn 0. 2
was added eCrsotpevpi. @dnosit a RaT torde a cntiixotvmaise r adi at ed
3 thheremoved esxolrvaecnt ,wi t,hdr ety |SWec ¢ tiNdatt € r e d
concentrated undarr ifeccuc edd drleasshurcen.l umn chr
(Pentane : &% htyd aAfcfedrad et:he o l®ddgdto, a & ric)d.l our
H NMR (400 MHZz7).79G®E | 2 H) 7. 1420 m9i52H), 15H)3,
4635. 563 1H), 3.86 &Iis, H3X33 Hz ,901iR)d,A32H()3

2. 5. 07 (m,T11H)9%Hj2n,0N3. FB2H{) m,ill.. BBE8H) m,iD.. BB
(mH), 0J786 (Hz, 3H)!€ ONMR ((1s0,1 IMHzl, 70CDBGI 167
147. 4, 1G868CyLea@wl.25v.6, 122.6, 73.9, 56.8, 56
38.6, 38.2,(3C)29. B6.857. 81.2324. 4 HRMS. 5,EI121 .n0,z
cal c sbfe®r LLMCOOFH432.302@WBRA1 S8

0]
SsPU SR
O/B

Met hdy( I8 4, 4t ,e5 ,r5a rieg t3hiyd x ab-8dy lo) pmopy l(9bRmemar ed

accordiGPgt t(dMet, hod. O0B) exqqluk wiPuonn dn e d by fl ash
chromatography on silida&oyeb) btPe nafafner d tEh ey
colour FFéanggg %pIiHI NMR (300 3MHZz7i.79®8g| (LH)I,7. 1825

(m, 1H), 3.87JHs9, 2MH)Hz ,2=16H8) ,Hdld.,712H)(,p,1. 22 ( s
J= 8 HZ€ NMR. (75 MHzie6TDX| 148.3, 129.6, 128.
25. 8, Th2e4 .s9.gbBdamlhion hwas 'BoNMBb 86 VHHB3 9CDCI

Spectroscopic data are *Pn accordance with th

Met hy K 44dcetami dophenyl pPprPropyplay een acat@ddé ng t
[T r (9 HPE@E@H bpJpd AL moditbr%o)moac €t0Dari mimbeé ) ash®d boro
(2.0 equiv),Tmbegbaaddedat oegui pped with a ma
1 mL DMF. Morpholine (1.5 e\Ndu@llvym=avansola dW)e dan
dt bbpy mol %) were added and dissolved in 1 r
seconds and heated @@hprwaridk &aocléelr AGr é e s

Bot h mi Xtur es wer e combi ned and theUF®sul ti
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reatoo.rl€ hmi xture was poured into brine and
combined organic ph3@eAfwenre fdditedtowvear, N&ae
under reduced pressure and the residuéi wasg
(Pentane : S5EOhYyt oAcadtf @arel: t hes op(FIIgEBEmM.aps. c ol «
1007Z09C.*H NMR (400 3MiHZ7,d9&DQI| Hz, 2H), 7J=488 (s,
Hz, 2H) J=782Bz(d2H) ,8 7Hz1,0 2(H),, 3J9H08 (Hz, 3HH)
2.59=(8, Hz, 2H), 2J%258( 8ZE3AMMR. 1194 MMz, CD
168.5, 167.3, 1472Z)1238DpDR3ARBI2 P.,(921C1%228. 12,
35.4, 34.BRMS2(EIL) 2it6 NOal c[dMifla rl 5€dBulrd 1512

O ..

Met hkphenyl propy38) Beapganaee HESo r( dMiesdt ceiho A2):

6 ,-6iNme-2 h&iNpyr i dyl 1&8srhli.f g@awedby fl ash col umn cl
gel (Pent ane9b, SStedoyoln BMeme taantee ;@ D i8dh)I2ddr co naeft f hoarn
the product &3dngd 6)ror2rOl): &Hs sSNMRi |I( 3(0 0 3MiH z8i. 0D C |
7.96 (m,i72H)97H(BN.,. ®2&. 86 (3n, 9 BH(.,s, 2J4 47 Rz,
0.99=(7 3¢ NMR (75 N#Hz1l6TDC| 150(.@), 112484 .63,
(2C)128. @2CcnNreaaP126. 4, 53. 3Spebc2t.rlo,s co.ic, dlaA

accordance w4 h the literature.



2 MMRs pectr a

ST
Ay
cm.ﬁ\

89°¢C
0L¢

9L'C

N
D
on

STl
0L’

AN
108”7

CHy

e

(0]

3
'H NMR (300 MHz, CDCl3)

FIT'g

Feo'e

FLO'E

50

F00'7 3

8.5

9.0

0 9.5

6C°'ST—

€0°6¢—

007¢S—

€0d0 9T°LL—

f1 (ppm)

96°/¢CT

VN.NNHV
mm.mwﬁ\

18°6vT—

9C’'[9T—

CH;

(e}
2
H,C

3
3C NMR (75 MHz, CDCl;)

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

720 60 50 40 30 20 10

80

f1 (ppm)

S6 9



Il

€A 97°L
€e/
5€°/]
9€°L1
8e/
8e/
657
obL W
owi
WL
v8'L ﬁ
58/
58/
98°/]
98/
B.L
68,

H,C

4
'H NMR (400 MHz, CDCl5)

A JU

=6b'¢

£00°¢

=00°€L

rS6'T
196'0
“6°0

90 85 80 75 70 65 60 55 50 45 40 35

0 9.5

f1 (ppm)

19°'5T—

8'8¢—

8T°¢S—

€0d0 9T°LL—

80°L2T
Lrser|
71621
62°0£1/
0L'ZET

€9bbT—

8v /9T~

~CH

H,C

4
13C NMR (101 MHz, CDCl5)

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 50 40 30 20 10

80

f1 (ppm)

S7 0



vCT
NN.HW
6C'T

1L
T€L
L
&L
S
S¥'L

8¥'L
98,
(8L
68°L
06’

_CHs

5
'H NMR (300 MHz, CDCl3)

H,C

FIT°g

F00'7

£86'C

L€0'Z

*00°T
¥86°0

90 85 80 75 70 65 60 55 50 45 40 35

0 9.5

f1 (ppm)

86'ST—

S9°/C—
L6'1S—

€0 91°LL—

1L°STT
Q.mﬁ#
0€°0€T
z9°0e1/
1121

T 9bT—

0€'89T—

H,C

22CHg

5
13C NMR (75 MHz, CDCl;)

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

720 60 50 40 30 20 10

80

f1 (ppm)

S71



00y
2,0,
18°0y
£8°01
96°01
L0'T
pT'T
9r'T
8T'T

=~/ Fr—

297
e
8%
8
€8
s8'h
98
(8%

LA YWAN
0cL”

AN
1627

G

5

W
o

H,C

CHy

HaC

L0

= 472"l

—=180'C

6
1H NMR (400 MHz, CDCls)

“pTg
A%
i 16T
190°T
50’1
€07

——e== 20T

— e

007

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

0 9.5

f1 (ppm)

£H'ST
mo.ﬁ/
8807
D.NNV
wn.mmm
19°9¢
90°6C \
GS'1E
LY'PE \
47 \
b Ly

SOVl
€0ad 91°LL”

Nm.mmﬁ/
mv.wNﬂM
18°6¢CT

9'6bT—

S99~

CHs

[S NN

:

o
o"
HC
6
13C NMR (101 MHz, CDCl,)

HC

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

720 60 50 40 30 20 10

80

f1 (ppm)

S7 2



€CT
wN.HW
6C'T

eLe
vm.N\
LLC
mm.m\

SC5—

0€" L
0€'L
0€" 1
0€° L
1€ L4
[4A
e L
ze ]
vm.&
WA
$EL
SE/
SLLA
8/’

=

HC

7
H NMR (300 MHz, CDCl5)

e
(9]
i
(4]

F§0¢

=00'¢

FT0°¢
FE0'T

35

4.0

45

5.0

5.5

6.0

7.0

8.5

9.0

0 9.5

f1 (ppm)

€EIST—

9¢.6¢—

0S°69—
€DAd 9T LL—

T TLT
bTETT~
:V.mNQ
TANTA

0T LbT~
18" TST-

oL TLT—

HC

7
3C NMR (75 MHz, CDCl;)

| ‘ .lt

T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

10

f1 (ppm)

S7 3



€CT
wN.ﬁW
8C'T

89°C
0LC

SLC

LCL

mm.mV
YS' L7
mm.m\

H:C

8
'H NMR (300 MHz, CDCl;)

FbS'T

Foo'T

£00'T
=10'1

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

0 9.5

f1 (ppm)

SO'ST—

60°6¢—

€10d0 9T°LL—

056017
07611~
e 8eTy
8T'ZET

S8'6bT—

8
13C NMR (75 MHz, CDCl5)

HiC

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 50 40 30 20 10

80

f1 (ppm)

S7 4



765
¥6's”
€99
899
%.ov
LL9

€10ad 92—

Mwmo.m

——== 1007
—=F96°1,
= 7107
[} hrns
7N, 8 10g
d -
E= L
~
W t
4 +
T F

40 35

50 45
f1 (ppm)

90 85 80 75 70 65 6.0 55

0 9.5

1191

08'8¢—

€0d0 9T°LL—

€8°00T~
€2'80T
95°80T~

$S0CT—
9€"8ET~

€9°GPT
PO LPT—

HC

9
3C NMR (75 MHz, CDCls)

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

70 60 50 40 30 20 10

80

f1 (ppm)

S75



16°0
660
€T
ST
9’1
pE'T
w1
#.L
€517
L1
$8'T
65°C
192

S9ie

S6°€
om.mv
86°C

48'9
88'9\
T/~
S1'LY

€0aD 97°L

|1l

CHy

3

Hsc/\/\/\o
10
'H NMR (400 MHz, CDCl5)
o

/9T
/SO°€

FCEY

a1z
602

FEO0'C

£60°¢

=00°¢
=00°¢

35

4.0

45

55 5.0

6.0

7.0

8.5

9.0

0 9.5

f1 (ppm)

8T'bT
862
L2ety
16°ST\
Ly
L6t
9L°TE

ST'89—
€10d0 9T°LL—

0SPIT—

8/'8¢T—
0€9€T—

eE LS—

CH,

he” N0

10
13C NMR (101 MHz, CDCl5)

210 200 190 180 170 160 150 140 130 120 110 100 90

-10

720 60 50 40 30 20 10

80

f1 (ppm)

S7 6



7.80
7.80
7.78
7.78
7.27
7.27
7.25
725
2.74
2.72
2.69
2.67
1.38
1.31
1.29
1.28

CHy
HC By

H,C |
o

HC Chs

11
*H NMR (300 MHz, CDCl;)

LM
% - il iy
—
0w ™ o 0
a o = n S
; . . ; — ; : : . : . - — : I | .
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
[s2]
[®)
=)
) + © O
@ S ) N o
~ N S = N |6} 0
< M N o N o | 1B
T T p 2l Ve

CHy
HC oy

HC I
o

HC CHs

11
13C NMR (75 MHz, CDCl5)

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

S7 7



8I'LE—

CH,

HC o
HBCJS(
H.c CH:

11

118 NMR (96 MHz, CDCls)

-200

T
€

-2

-150

-100

-50

50

100

150

200

50

f1 (ppm)

0T
NNAW
SCT

LS°C
6S°¢C

$9°C

20°L
€01
€0'L
S0°L
S0°L
90°L1
907/
0T'L
0T'L
0z'L
E.L
Ve L
wL
€L
€L
cz/]
ez
ve'L
€0aD 92°L

—

Cl

Br

cl

HC

12
'H NMR (300 MHz, CDCl5)

=0T'g

|

—
== 00T

0.5

1.0

1.5

2.5

4.0

45

5.0

7.0

75

8.0

f1 (ppm)

S7 8



©

QO

[a)
NWO OHON®QN O
v NGy LN N SN ©° X Q2D
O HHDNN OO = e vin
A NN~ — ~ BT Rs)
N o = SN By | | ~

Cl Br Cl
F F
12
13C NMR (75 MHz, CDCl5)

U ’ fi

210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

70 60 50 40 30 20 10 O -10

X -

—-120.52

Cl Br Cl
Hsc/\C[ \C[
F F
12
15F NMR (282 MHz, CDCl)

0 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -22
f1 (ppm)

S7 9



NNA/

2T

1

c9C
$97¢

69°¢C

6T,
0L
0cL
0cL
HNN\
€10dd 9¢’L
YL
Sb'L
L
VAA

S
S
13
*H NMR (300 MHz, CDCls)

\

H,C

£80°¢

00T
=00'T

40 35 30 25 206 15 10

50 45
f1 (ppm)

85 80 75 70 65 6.0 55

9.0

0 9.5

[k 4%
1€€Cc—

€0d0 9T°LL—

-10

10

20

30

50 40

60

70

HiC

; 0 80
f1 (ppm)
S8 0

210 200 190 180 170 160 150 140 130 120 110 100 90

13
13C NMR (75 MHz, CDCl5)




(444§
¥l
ST'1
8C'T
0€'T

=

0L7C
eLiC

LLiC

€10ad 97°L
86/
86/
65,
65°L
29°L
79'[1
€92
VA |
592
99'4
no.&
89/
¥5'8
mm.wv
55'8

CHs

/N,

Z

N

14
1H NMR (300 MHz, CDCl5)

Fot1’g

F00'2

[86'1

Fs6'or

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

9.5

f1 (ppm)

[4: 245

LE9E—

€0d0 9T°LL—

VAT A Y

16821
ee1e1”
eroer/
LT
£ TET~

CHs

N

Z

N

14
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'H NMR (300 MHz, CDCl;)
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13C NMR (75 MHz, CDCl5)
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19F NMR (282 MHz, CDCl3)
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