creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

o
@

ok
Tor

r

ol
ol

Transition Metal-Free Base-Mediated

C-N Bond Formation with Organoazides

= E7| {7y

OoF
Lo

=[x

jol

=

o)
4Ir
o

R4

K

Organoazides

2023E 2¥

@._
jol

E

jor
——

Ofu

o 7 2



Transition Metal-Free Base-Mediated

C-N Bond Formation with Organoazides

Ho| S£0| =X 42 AH7| oj7y

OrganoazidesS AM&% EHAEHA AT dd 4§48

ANz 28 4 %

e | =1

20224 12¢

0] =22 UBAMA SQ=202 X=T

re
HA
oot

0| T Q0| oML Q2T

20234 1¢



User




C-N bond= C-C bond?t 20 3tet=0| 7IE =5tA EX|ot=

2% & otHo|H, o7 2

19
il
Hg
0z
=t
A
Ral
|
-

%
Ot
rir
A
fo
Y
o
o
il

C-N bondE ¥t 9H T alcoholE AEPH HHEL2 HEE
amine 7|&E A%t transition metal O§7H N-alkylation EHSE0

ZSHEICE Transition metal2 CHYSH HHSS Di7fE = Ues HM=

o

AMEEXITE olfEe

1

Y IPEOIME FEA R oPHA BB

0
I}

oY = AL
Ol transition metal® ETISIX| U= MEL THAEo| J4t0|

2ast JE0AM, 7[ESl f

—

olo
HT
)
=
rx
rn
<
D
@
=
@
>
o
(@]
o
>
o
O
-

Verley(MPV) type reduction #t&&=0| %2 EIEACE MPV type

o
—

2
2
=
=
1o
Ol
10
At
=
mujn

reduction HYF2E transition metal® ETS

AMESIX| %O &2 chemoselectivityS 7HX|= ZHO0| QUCH opx|ot
MPV type reductiong &% C-N bond formation 82| 7|&HZ
HEE amined| ZoHE|0] OO, azideS EEsh HHH2 OFE HIE

HE7b QACE,
et 2 AR AME transition metalO] ZEEHE|X| &2, potassium
base Tt A|YSZ O§7HE|= azide2t alcohol®| C-N bond & &S

JHLSISLE Transition metal E0j7F $@st= HSEDH= CH2AH O

e
olo
rlo

TheohA =HIE = A4, ORI JE FME =HISH RHotx



Elc}

—

A4

HojAM  ZHEOl UACE CH¥et HE7|E Zdtes 7IES

rir

A8otol 839l HE HelE BAMoL, S8 Fxo 4elgd=E

FEHMQ| C-N bond &4 Ht3 EDH +=AHSIRACE Mechanistic studys=

KOtBu®t alcohol EM dIOIA azide?t amineQZE ALY EHZO
HAlEE EECE WEE amine2 alcohol?] 4tat HEHQ! aldehyde2f
imine S7HHE dd3t 2, potassiumO| O7{St= MPV-type F2

0|53 WSS S¢f A0 C-N bondE ENE £ Ut

i
%

+20l53 IHHA hydroxyl groupl 22 alcohol® o-27F

F20| : C-N bond formation, Transition-metal free, KOtBu, Azide,

Alcohol

st B - 2021-22187

ii A =



T ettt sttt s st e ae s ettt e e e s ae s s s s s e e e nne i
B Kl ettt sttt s s s bbb bRt st e tanes i
FIQUIE TS ..ttt ssass s e s sss s ssass s s sss s ssassssssssssssssssssssanes v
SChEmMeE T5E ...ttt sese e s s s s s s se e s s s s s s se e seeanenes vi
Table S S ...ttt bbb b se e nen vii
| D [ OO 1
1. 9I%E0| =M 5t= Secondary U Tertiary amine X ................. 1
2. 7|&0] E1E Secondary amine?| B ..., 2
3. Secondary amine T+Z= C-N bond2| M22 & H2f.. ... 8
LI, B B s s s s ssses 10
1. BES TG E[HZB.......oeeeeeeeeeeeeeeses sttt s ssessessessesaens 10
1.1, RI| B R B et aesaeaes 10
1.2. Alkali metal base B ...t 11
1.3. 288 HEZ O A ...eeeeeeeeeeeeseseseseseasenens 14

2. ZI— B B ettt 16
2.1. AlcOhOl Z|T—L| BHR . eerccccncnensesessessessessesscscnes 16
2.2. Azide 7| O] BHR|...eeeeeeeeeeeeteeteee ettt s st s sessens 18

3. BES TITH Tttt sessaens 21
3.1, F& O FZF TP ZHQL...eeeerereeseesesesesseessssssassnenees 21
3.2. 2iC|Z 8BS AE HIH| HE ... 23
3.3. Potassium2| HTE BHOl ...t sessens 25
3.4. 2 0|53} apPHof| Ho{st= alcohol?| =2 Q... 26
3.5. HES TITHEG| HI Q.o aes s aes s assesaans 28
11 S R 30




(V= - TS 31
1o 2l B ettt nees 32
2. Secondary amine2| BHA ...t snnaes 39

2.1, YHPE QL BHERH ....oeeceecretnscasesasesssscssessasessssssssessessans 39
2.2. 2E|¥ stgE2 M HIO[E: alcohol 7|” HY ... 39
23. 22lE =2 H4EH O|O|E: azide 7|” HR..oennne.n. 68
3. HEG T[T BT ercneceetnscnssessessesessstasessesesssssaasessasesssstens 80
3.1. Amine FZHHC] QU ......oececenecnrsennanecsssessasesssasesnes 80
3.2. Carbonyl ZSZHH|Q] ZQL..........ecceccnncncnncnenanens 82
3.3. Radical clock experiment...........cocceoeeeereereeneereereeseeseerceeeseeeeneenes 84
3.4. Deuterium-labeling experiment ..........c.ccoveviivnvinnnvnnnnnncnncnne. 87

V. BEIE e eseeeeseeessssesssssesssnsese 89

VL B e snrrrneeee 94

VII. ADSEract....... e essssasssnees 150

v



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure S1.
Figure S2.

Figure S3.

Figure 55

rr

Secondary Y tertiary amine =& ZE§stn Y
op2 ax

E3%t C-N bond &0 AlEE|=

+2 0|53 g2
| S0E

transition meta

Ht20f Aui$t aliphatic azide 7|&E

o
o
Hl
oot
H
T
olo
N
g

MPV-type 2 0|53 1t
At

=alet 1€'2] NMR 2HEH
=2|gt 2ae'?] NMR 2HEH

22|¢ d-3eb2] NMR 2HEH

20

29

81

83

88



Scheme 1.

Scheme 2.

Scheme 3.

Scheme 4.

Scheme 5.

Scheme 6.

Scheme 7.

Scheme 8.

Scheme 9.

Scheme 10.

Scheme 11.

Scheme 22

Hydrogen sourceE Al83li= secondary aminel|
gdd

Meerwein-Poondorf-Verley (MPV) reductioni}

Oppenauer oxidation 1Fd
Alkali metal baseg A& MPV-type2| C-C bond

Y A7

Alkali metal baseE A% MPV-type2| C-N bond
g A7

Azide®l alcoholE 7|EHE 3l secondary aminel|
Mz2 gd 5

Aminel} carbonyl S7HH[2| =l

T4 0|F mELY} gl oA HS
2C|E g Z= HjN A

18-crown-6 ether§ A% potassium HH &%
T4 0|S2 20| Fojst= a0 =l

Deuterium-labeling experiment

Vi

©

21

23

24

25

27

28



Mr
or

Table

11

Table 1.

13

S

Alkali metal base

Table 2.

15

17

Alcohol 7|

Table 4.

19

Azide 7|E <l

Table 5.

Vil



I.AM &

[ —

1. oI%EN =XH5t= Secondary U Tertiary
amine T+X

C-N bond= C-C bond2t HE0 7t EEAHo=z EXSt= et
Ago|H, o¥FE = MHMEAE HRS oy Ig=Eo Fa =42

&

O|2£ 8% ZAYO|CH! Secondary &2 tertiary amine 71x= CHF
del gd2 M= 4 Ao IRt Jgg¥s o= F=xO|Ch oA
O|R0|A secondary 5! tertiary amine2 pharmaceutical industryOilA]
X&EHe 2dE M e Fx2, AMIK] B2 29f=F0] WY
AMEE[D RQUCH2 O A2 dihydrofolate reductase inhibitor®!

Trimetrexate?, loopZl O|'=X|Ql Furosemide?, ZISHHE X2 Ambroxol’,

ZaE ME  ZEAQ  Bepridil®, CHAIEZ  ZAXQ Raltitrexed’,

Ok

ttatz|of X|2 X2 Primaquine®, multi-kinase inhibitor®l Pexidartinib®,

0

0|'

FS| AEFRIN| Q1 Antazoline™ S0| RUACEH (Figure 1).
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Secondary amine T+Z2| C-N bondE HAMs}7

M= reductive
amination 0| 7} 29| AFEEICL? sp? EfAE ZSStE carbonyl

2IetE2 oA AIESEY amine TIEHA|QF condensation IHEE X imine

gt22 "HSHA ECh Ol sodium borohydride =22  sodium

cyanoborohydride & borohydride AI¥2| hydride sourceOf 2|%t



reduction IHS HX secondary amine MH=ES S = U0t

(Scheme 1a)" 2L} sp? EAE EBS=  carbonyl 3HtE2
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Scheme 1. Hydrogen sourceE At&3t= secondary aminel| gd'H

(a) Reductive amination® &% secondary amine &g &, (b) Transition metal

Z0iE 28T +2 0|F=t HH3.

(a) Conventional way to synthesize secondary amines: Reductive amination

R ; _R'
R0 + HyN-R', - H,0 RAN’R‘ Borohydride RAN
condensation reduction H

from sp? carbon

(b) Transition metal catalyst: Transfer hydrogenation method
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R \O ANy
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condensation (X=CH, N)



o|g{st CtEe F237| dl sp* EtAE JIF alcoholS HHSEE
A+&3t= secondary amine EHE0| Ch= EIOEO RCE 1 F
SHLIE =4 O|&%t YH30| BEO| H|QE|0of 2t transition metalO
O[5t alcohol®| oxidation, XISHH|2F2| condensation, metal-hydrogen
complexd| 2|t reduction®Z secondary amine +XE HgstA ElCt

(Scheme 1b).
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dgLt 8 AFRE=  transition metal Z0j= 7+240| H[M

metalO| ™S HAHEX| 2ot oeFE0| TRY = ULCL Hof U=
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AlcoholZt carbonyl 3tgtE2 transition metalO| OtHl %9 EX|
SIIME  Z+2ZE oxidationZt  reduction® HE = UCL &0
coordination?t alcoholOAM  a-RIX[Q] A7t  carbonyl FIEE
O|sstH =4 O|z2t 10| ZIMEICE Carbonyl 2tet=2 ZHEOAM
alcohol2 reductionk|l= IFE4E MPV reductionO|2t 31, alcoholO|

carbonyl SI2HEZ oxidation=|= MPV reduction®| ¥Ht-8E Oppenauer

oxidationO|2} $Ct (Scheme 2). O] &= EIE2 7|2X9l §7| H-SO|X}
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Scheme 2. Meerwein-Ponndorf-Verley (MPV) reductiondt Oppenauer
oxidation 1+
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AHE3H0] C-C H C-N bond& &dSICt. Xu &2 primary alcohollt
secondary alcohol& carbonyl =012} KOH Z# SHo|AM  EHSA|H
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Scheme 3. Alkali metal baseE At&%t MPV-type2| C-C bond & ¢+
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3. Secondary amine #ZX C-N bond2| MEZ

225 secondary amineg dSte=  7HERStD HEsE EEEZ

MPV-typel| Bt&E HASH7| fISHM= alcoholO| HSdt= +=4E
MEHtS £ QlE hydrogen acceptors ZRZ $HCt [M2tA hydrogen
acceptor2 & 7ts5%t azideE 7|EZ 510, in situR amine SZHAM|I7t
HEE=28 HASRACE.  SA0  hydrogen  donor®!  alcohol2

oxidation® MM aldehyde ZHIHE HMBECL F BIUA

rir

condensation|0f imineO| |11, MPV reduction® &3l secondary
amine2 ¥Mg £ UL} (Scheme 5). 0|2 E3H aminelf Ztz|0| QUH

71Z9 71 HRlIE aminel| TN Ql azideZ =2ty 4 ACL



Scheme 5. Azide2} alcohol& 7|EZE St= secondary aminel| MZ2
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1. 98 79| %|=3}
1.1. 27| 88 =7 &AM

HY x7| 7|2ZM azidobenzene 1aS 37 HI2EZ MHHD
HS 2O§= 05 mL2| toluenel E, HES A|ZtL 24A|7to 2 D H™HSIAULCT,
ESH MPV-typell 4 0|E3 IFYOIM 7hE o] ZEE KOHE
221Ut 1a2t 2822 alcohol 2aS 122FC| KOH =X oHoj|A

130 °COA EFESA|Z|H AZFO| imine MMHE 4

Q

Q

i
ne
mjo
N
£Q
$Q
_I'_l_

(Table 1, entry 1). SEE 3} secondary amine T+X2| 3aaS 27|
2 KOHE 28&2=2 &0/ &5 150 “CTHK| =S M A9
3aaS Ol £ QRALCH (Table 1, entries 2-3). =0t A= 4aal
reductiong O |Z5t7| 2/ hydrogen donor@l 2ag 47X

=0 E/UAD, 98%°| =2 FEE

rio

ot

i

MEAROZ of

L =1

mjo

MHd= 3aa

rir

2 UARULt (Table 1, entries 4-5).
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Table 1. =7| H& =7

Ns _ Base /J:::] “ /[:::]
©/ /©/\ PhMe (05 L) /©/\H +/©/\N
1a 2a 3aa 4aa
(0.5M in MTBE)

yield? (%)
entry (etc;isii}/.) (eqzuazv.) T (°C) 3aa 4aa
1 KOH (1.0) 2.0 130 - 20
2 KOH (2.0) 2.0 130 - 50
3 KOH (2.0) 2.0 150 15 57
4 KOH (2.0) 3.0 150 48 45
5 KOH (2.0) 4.0 150 98 (97) trace

Reaction condition: 1a (0.1 mmol), 2a (0.2-0.4 mmol), base (0.1-0.2 mmol), PhMe (0.5
mL) in a sealed tube under argon, 24 h. ®NMR yields were determined from 1H NMR
analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.
Yields in parenthesis are for the isolated products.

1.2. Alkali metal base &M

71 o HHE =S THICZ basel| TR ME HI39

Agsel MENS PMSIYUCE (Table 2). S 481 My
HOFAE KOH CiAl CHE alkali metal2 E&3tE hydroxide A9
base®l NaOH, LIOHE ArESHEUCL dHEdE 3aac E HdEA
ULt (Table 2, entries 2-3). Hydroxide A EELC}t basicity?t <st

11 2 : «



carbonate A€ base®! Na,CO; K,CO;2t Cs,COs (Table 2, entries 4-6) 5
phosphate A€2| K;PO,H,O (Table 2, entry 7) EE?t H3Z #H

XISHA|Z|X| Z8LACE Sodium alkoxide HEHC| NaOMe?2} NaO#Bu EETH

Ol

_

N

0

5t =88 HOFCt (Table 2, entries 8-9). HFH, potassium

alkoxide®! KOBuE AtEI}MZ W= KOHE AFE}UE At H[AS

oot F2 e UHYEez JASt:E YE=E 3aas 2= + UUM

(Table 2, entry 10).

Z2 ZAME EOE KOMBu2l KOH 2% potassiums e

baseO|D, hydroxide % alkoxide A E2| baseO|Al CHE alkali metalOf

LAt mEtq Ty S Fdgs E2 7 Us KOBusS

Z|&O| base2 MMBIRILCE

12 ':l-"i . m .



Table 2. Alkali metal base EtM Gl *| X3}

. 0. 0
PhMe (o 5 mL) H

1a 2a 3aa 4aa
(0.5M in MTBE)

yield? (%)
entry (et()qisi(\a/.) (eqzuaiv.) T (°C) 3aa 4aa
1 KOH (2.0) 4.0 150 98 (97) trace
2 NaOH (2.0) 4.0 150 9 45
3 LiOH (2.0) 4.0 150 - 24
4 Na,COs3 (2.0) 4.0 150 - trace
5 K2COs3 (2.0) 4.0 150 - 11
6 Cs>CO;3 (2.0) 4.0 150 - 18
7 K3PO4-H,0 (2.0) 4.0 150 - 14
8 NaOMe (2.0) 4.0 150 trace 43
9 NaOtBu (2.0) 4.0 150 25 41
10 KOtBu (2.0) 4.0 150 99 (99) trace

Reaction condition: 1a (0.1 mmol), 2a (0.4 mmol), base (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h. ®NMR yields were determined from *H NMR analysis of the
crude reaction mixture using dimethyl sulfone as the internal standard. Yields in parenthesis

are for the isolated products.

3 ey 211
13 -":lx_i ""l"l'll I



FOISIRICH (Table 3). Table 32

A baseZ KOBuE

IT

oF
entry 12 7|02 g 22 HF7 L} (Table 3, entry 2), alcohol

ZH0ME HZ0] T

3aa’}

ojn
<

oy}
A

=x
2a2| T2F (Table 3, entry 3) &= base® KOBull YZHS W=

7|8t9 2 Table 39| entry 12 Z|
14

=

=

il

25

entry 4)

(Table 3,



Table 3. =7tHQl dts &= EAM
PO 0, W
©/ PhMe (0 5 mL) /©/\H /©/\N
1a 2a 3aa 4aa
(0.5M in MTBE)
yield? (%)
base 2a o
entry (equiv.) (equiv.) T (°C) 3aa 4aa
1 KOtBu (2.0) 4.0 150 99 (99) trace
2 KOtBu (2.0) 4.0 140 82 14
3 KOtBu (2.0) 3.0 150 86 14
4 KOtBu (1.0) 4.0 150 87 11

Reaction condition: 1a (0.1 mmol), 2a (0.3-0.4 mmol), base (0.1-0.2 mmol), PhMe (0.5
mL) in a sealed tube under argon, 24 h. 8aNMR yields were determined from 1H NMR

analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.

Yields in parenthesis are for the isolated products.
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FAH
e L

2. 712 B4l

A argE Sof o #E =dE HESHY  hydrogen

donorZ %t83l= alcohol 7|

A
0E
d0
i
om
1=
Ot
2

HRACH (Table 4). HA
benzyl alcohol2| B% para HIXI0| =25 Z25}0] alkyl, alkoxy, phenyl,
sulfide groupO| X|2tE|RAS I 2F 2 BH3dS EJALt (3aa-3ag).
Halogen 27t X[2HE 7| ZOME BHZ0| TIAL| ALt Cl (3ah) > Br
(3ai) > | (3a)) =22 H2 82 EJLCt O|= electronic effect 2Lt
dehalogenation2 Qlot REIZ0| 7|Qlst ZAutz O &ALt CrHEk
fluorineO|  benzene 2|0 ZAFHo= K|2tEl  benzyl alcohol

120 € = gle FU=S0 HEEH dd== X Zopla

meta X0 K27t =EZ benzyl alcohol® A2, FEisH X|EHH e
electronic effect2 &Y =& 8IACH (3al, 3am). Methyl groupO|
K|gtEl X0 M2 steric effect?t IAA HEEIX|= FUAXITE ortho
X|of XgtEl J|ZEoMe &% dast =82 EOFUCH (3aa, 3al,
3a0). Vinyldt acetal group EX oM 2 FE2E {30
AR oLt, SFEior 24bE0] HEEX|= RUCH (3ap, 3ar). Benzyl
alcohol# %t OFL|2t  naphthyldt  heteroaryl  groupOl =g E
alcoholOME Eot =82 Hd=25 = = UALL (3aq, 3as-3aw).

:l b

-
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Table 4. Alcohol 7| & H%

(0.5 M in MTBE)

Primary benzylic alcohols

o

3aa, R = Me, 99%
(93%9, 1 mmol scale)
3ab,R=H, 76%

3ac, R = OMe, 86%
3ad, R = +-Bu, 98%"
3ae, R =Ph, 94%

oD

KOtBu (2 equiv.)
PhMe, 150 °C, 24 h

* R/ TOH

RN i
H

2 3

4 equiv.
A

3ao, 89% 3ap, 55%
3al, R = Me, 97%
3am, R = CFs, 95% /@ @
= 0
3an,R=F, 57% N O N
H < H
0
3aq, 96% 3ar, 34%

3af, R=0Bn, 98%
3ag, R = SMe, 97%

O 0 O

3ah, R = Cl, 94% NN | NN
3ai, R = Br, 72% N " J H _N
; N
3aj,R=1,27% .
3ak, R = OCF, 40% 3as, 61% 3at, 62% 3au, 55%
Primary aliphatic alcohols /@ /@
Q o | Gy
O/\N G/\N 3av, 63%¢ 3aw, 79%
H H

Secondary alcohols

3ax, 42% 3ay, 54% O l
L L g L
e v M Cr
MeO
3az, 40% 3aaa, 49%

3aae, 99% 3aaf, 97%

/©/OM9 @\/\/\ OMe OMe
N /©/ N /©/

N n-CgH N
©/\/\H H FTH

3aab, 48%* 3aac, 30%* 3aad, 10%*

Reaction condition: 1a (0.1 mmol), 2 (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h, 150 °C. @Yields are isolated yields. °PhMe 1.0 mL, ©48 h.
9160 °C. *Modified condition: 1e (0.1 mmol), 2 (0.8 mmol), KOH (0.4 mmol), PhMe (0.5
mL) in a sealed tube under argon, 48 h, 160 °C.
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72 aliphatic alcohol?| 7|& HeIE TSI HEQUCH Aliphatic

alcohol2 AFESt= % alcohol 7|Z2| oxidationO| & ZTIME[X| SOt

TEHE O 2 benzyl alcoholOf H|sH PBHE0| & ZIME[X| A2, 7[EHO|
mah B8 xAS ZHSIH FIASIUCt (3ax-3aad). £3| Cthadh AlEd
alcoholO M= 012 % 80| ZHEE|RUCH (3aad). Primary alcoholzt
HE0 secondary alcoholZ= 7|& HAE SHAIZ 5= JAALCE Alcohol

7129 oxidation ZO| MME|E= ketone FZHHZt aldehyded| H|df
HEXGo| Zasty E340] EO|E A0|2t= fEtes CHEA =2
22 HEE0| HHEAC}t (3aae, 3aaf). O|E S carbonyldt amine

Z=Z7tHl 7te] condensation®CH=  alcohol?| oxidationO] EH20| O

ot dgs oot ofde -+ Uk

2.2. Azide 7|ZE2Q| H<

Hydrogen acceptor2 Zt&%t= azide 7|EOME 2 %&7|9|
Y 7ted R E3o HYEES HQISHEJUACH (Table 5). Alcoholdf
OFEEZLX| 2 aryl azideO|A methyl X[2H7[2] |X[0f 2|Bt steric effect=
A LIELLEX] LUCH (3ba-3da). para X0 halogenO| X|ZHEl aryl
azideO| M & alcoholdt FAISH Z¥MHZ BRSO, Cl (3ga) > Br (3ha) > |
Bia) =22 80| ZASALCt lodineO| XZt=l 3iaE L= HHESOIA

dehalogenation0| TIAE FitES Z2[5t0] =I5, WEE 83



ZH oA halogenO| Zat=l 7|ZHO

4>
o
o
oy
B>
Of
rr
o
ro
mjo
E_|
12
ot

UAAULE. L fluorineO|  X[ghEl 3fall &L Ol2fgt Bedd=

1

HolLl= A2 EIJCL  Naphthalenelt pyridined] == azide
JIHME E5T =282 HQISRASH (3ja-3la), sulfadiazine 22

azide F=MOMZ C-Nbond &d BSS THAZ = UARALt (3ma).

Table 5. Azide 7|Z& H<

Ar
KOtBu (2 -
Ar—N, /©/\ OtBu (2 equiv.) N
PhMe, 150 °C, 24 h
1 2a

(0.5 M in MTBE) 4 equiv.
Aryl & Heteroaryl azides

o o o o

3ba, 98% 3ca, 93% 3da, 95% 3ea, 99%

o o o™ o

3fa, 73% 3ga, 99% 3ha, 75% 3ia, 51%

SN ¢ Ry
ool oa P ONSALE
H H
3ja, 82% 3ka, 76%°¢ 3la, 78% 3ma, 38%"¢4
from sulfadiazine derivative

T

w

Reaction condition: 1 (0.1 mmol), 2a (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h, 150 °C. 2Yields are isolated yields. "PhMe 1.0 mL, °48 h.
9160 °C.
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?Isl  aliphatic azide

£

2y

ol

ARALC}H (Figure

A
an

oju

Sl= secondary amineg ¢

&

o

KM &

A

o

K,
~K

i

FREE

oHgE 7

aryl azideO]|

SHRICE.

ol

st
2!

@/\/\N3 /\/\/\/\/\N
3

3-phenylpropyl azide

©/\N3

azidodecane

benzyl azide

8t aliphatic azide 7| &

Figure 3. Et-30j| 2}
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gE 7IHE 57| flet R VA FOHHel dEE EASHRAL
Hydrogen acceptor®! azide= hydrogen donor?! alcoholZ2FE =4
Ol MHEE E3l reduction T|0f aniline® HME £ ULt ZAUSHA,
TAE MESHH oxidationZ|1l carbonyl

sigt=2 HEd =+ UALE olget £ ol nHgel HZ|E HE2=

Scheme 6. Aminel} carbonyl &7HA|Q| =0l

eq1)

/©/N3 . /@/\OH KOtBu (2 equiv.) /©/NH2 3ea, 8%2
T ——— +
PhMe, 150 °
MeO 3§’mi5r? ¢ meo OMe
N\
Te 2b 1e', 34%? /©/\N

4ea, 34%°2
_H
eq2) N (0] H 0}
©/ 3 Standard condition /@
JOR® " UOU

N

(o
1a 2ae 2ae’, 68%"

3aae, 99%"

Standard condition: 1 (0.1 mmol), 2 (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h, 150 °C. ®NMR yields were determined from H NMR
analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.

bYields are isolated yields.

b i 211 |
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Azide 1eE standard conditionO|A BtSA|Z] aniline 1e'| HHZ

I

ot
ro

St OXt QUL 1eE alcohol 2al}t standard conditionO| Al 30 £ 2H0]|

rt
olo

2 ZZAZ|2 crude mixtureS 'H NMRZ ZOI5IA

mjo
—
=
Q
=)
5
)

1e'2} aniline §efjo] MMHEQ! 3ea, 4deaS ZZt 34%, 8%, 34% =2 =Qlst

N

UARULCE (Scheme 6, equation 1). EEBH alcohol 2aeE AtEH HES 0| A

1O

ketone 2ae’'ES Z2[5t0 (Scheme 6, equation 2) Bt3 & carbonyl

SUHM7t 48Es =St

[

—_

N2

tot

Anilined} carbonyl 2tet=2 &7 oIt 2, azide?t alcohol2

& Ol gl mEHZE gl =A0M 24 HRSAIA  EULE

4

Hydrogen donorQ! alcoholO| @i =S Z, azide 1a2t aldehyde 2¢'S
standard conditionO|A BESAIZIZ I (Scheme 7, equation 1) ¥|5t=
MEdE 3ace Aol WEEIX| UAUCE Hydrogen acceptor?! azide CHA!

aniline 1a’S alcohol 2c2t BISA|ZHS 2

rio

ot 4d= 3ac2

rr

4>
o
o

RWZE UEE|ASH (Scheme 7, equation 2), 7|E azideE ArEst HHS
(Table 4, 3ac, 86% yield)Oll H|3] A ZABIRALCE Alcohol2 hydrogen

acceptor?tl| =2 0|32t 17 {UO0[= basel 2|9t dehydrogenative

I

oxidationg &3 carbonyl SUA7F ddE + U2, O|F Sof

U0 UK FME(0f Al 3ac7t MHE Ho2 ML)

—

22 A = ":;



Scheme 7. =2 O|F LEL{7t Gl= =AM BHS

eq 1)
N3 O Standard condition S /@
+ _— N N
MeO H *
MeO MeO
1a 2¢' 3ac, trace® 4ac, N.D.
eq 2)
NHy /©/\ OH Standard condition /@ N /©
+ _—— N N
MeO MeO
1a" 2 3ac, 42%° 4ac, N.D.

Standard condition: 1 (0.1 mmol), 2 (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h, 150 °C. ®NMR yields were determined from 'H NMR

analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.
bYields are isolated yields.

M7 =2 0|sz 1o =&l HdHZ St azidell alcoholO|

Z2tZt hydrogen acceptor?} hydrogen donor2M 4 0|&2t 1PI0

ozt
2

n

ot UAZs =HAUSHACL £t 2 Ols=t HES M anilinelt

>
o

carbonyl 77} MdElD FIHEQ S|

=l

o #ot=

secondary amine ¥d=0| Fdkl= A2 € = UCL

0

3.2. otCjE S 32 HiH ¢

|

—

Azide= nitrene SUKE AN ZiC|Z B8 4=

— o

M
o

otz E
2efzl SHOo|CH'® ok A2 KOMBuOl 2lsi O47HE= 2tc|Z B8Ol
20z H ALE® mEkM gE F 2tHZE SUHe| HolE el
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9%

?I3t radical scavenging test@?t radical clock experimentS ZI&SIFHCtH
(Scheme 8). Radical scavenger?! TEMPO (2,2,6,6-tetramethylpiperidine

N-oxide) & 1,1-diphenylethylene®| =Xj StOA HHSS TISA|Z

|0

Lt
O|et F&5tA B2 & THE|RACH (Scheme 8, equation 1). E=0]

radical clockg& FE2 == U= cyclopropane@E AZAEl alcohol 55

&= ARALCE (Scheme 8, equation 2). 0|2t &2 AMH ZItE HIEOCE &2

230l 2EE EHS 180l ZRE X B

ey
O

ojo
mjo
fot
ro
O
e
n

Scheme 8. ZtL|Z S F= HiA &

eq1)
Na . /©/\OH Standard condition N/©
HaC Radical scavenger /@/\ H
H5;C
1a 2a TEMPO (2.0 equiv.): 3aa, 67%?

1,1-Diphenylethylene (2.0 equiv.): 3aa, 72%2
eq 2)

H
©/ N3 . QAOH Standard condition ©A/ N \©
1a 5

6, 46%P

Standard condition: 1 (0.1 mmol), alcohol (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL)
in a sealed tube under argon, 24 h, 150 °C. 8NMR yields were determined from *H NMR
analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.

bYields are isolated yields.

¥ P 211 |
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3.3. Potassium?2| &

H

olo

9| xH3t 8l base M IFOIM potassium base= CHE

©
Q
Q
wn
28
C
3
o
=
N
il
re
olo
-
mjn
nx
-
el
k1
Ral
Ot
b
n

Scheme 9. 18-crown-6 etherE AE3t potassium X7 HH

0/.a
Na OH  Standard condition /© vs. 3aa, 99% -
+ 18 6 ) N (standard condition
-orown-6 (2.0 equiv.) H without 18-crown-6)
H3;C
1a 2a 3aa, 54%°

Standard condition: 1 (0.1 mmol), 2 (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL) in a
sealed tube under argon, 24 h, 150 °C. ?Yields are isolated yields.

Standard condition2| BtE (Table 4, 3aa, 99% yield)d} H|WSHY,
potassium2 A|A5t7| IS 18-crown-6 etherE ALESIYES I {|st=
dE= 3aal| 80| Ad2dt= AS HQSIALt (Scheme 9, 54% yield).

SHA|ZH 3aal| 0| TS| A =X|= VA=, Ol &

1

=E20A

rlo

potassium-crown ether complex2| decomplexation2 2 QI8 20 Et-S A9
potassiumO| 23| HAHEX| Zot ez Of o[ ACE.

Base EAM IFFOIAM ZHEE[= alkali metal? AtO[0f 2|t BHZO

25 Y !.-E



Tl "HEQ crown etherE ARESH A2 Sl B39 T

potassium®| EX7 SaeS =Hold = U}

Olz2t g0 EHOSt= +=AE =QIStAXt SHRACE (Scheme 10). F
712 B& azide 1b2t H3AIZES W Adt= HH=2 secondary amine
SEfo| M d= 81 100] MEE|IX| AULCL H=E0, azide 1bQt F=AE

2ot ddE = As UMY aniline 1b° 25 ZESIX| RSHIULCH

ZAIE 7|8t22 hydrogen donor?l alcohol®A hydroxyl group2

£=A9 alcoholQ| a-F=A7F BE azide2o| =4 Ol YL H|Est

s

S 710 Ao o Zass =elstAct.

26 A =2 TH



Scheme 10. =2 O|&% 10| &0O5t= =42 =240l

eq 1)
Standard

CHs N NH
+ +
N
©/\H HaC H;C

1b 7 8,N.D.2 1b, trace® 1b', trace®
eq 2)
N Standard
/©/ 3 : >< condmon /©/ /©/
.
3C
1b 9 10,N.D.2 1b, N.D. 1b, N.D.

Standard condition: 1b (0.1 mmol), 7 or 9 (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL)
in a sealed tube under argon, 24 h, 150 °C. ®NMR yields were determined from *H NMR

analysis of the crude reaction mixture using dimethyl sulfone as the internal standard.

ESH OMElE imine BZHH YAl hydrogen donor?! alcoholite)
F=2 0|88 S8HA reduction E[A ECh O] M alcoholdlA TEEl=
A8 ZQISHIX a-=27F deuteriumlZ X2zl alcohol d-2bE
A2 310} deuterium-labeling experimentS T &SIACH (Scheme 11).
Standard conditionOf|A  HtEE THSIYE O T|IE a-fIXQ
deuteriumO] E&F  {X|E d-3ebTt WHERCH, LCIE LIXE
deuteriumO|  X|gtEl MHE2 BEEX] LUACE O|ZREH  imine
SHZE MPV reduction 282l 62f 12| 0| HEfE AN alcohol|

a-|X| deuteriumE 2Ot reductionZl= MY S X ote = RUACEH

27 H 2-1tlH



Scheme 11. Deuterium-labeling experiment

OMe
Standard /©/ D D /©/
diti
/©/ :<>\)(OH condition :©\)( :©\/l\,:j
D
D
D

d7 -2b d;-3eb, 54%P Not observed

D D D D OMe K
NHy D ~ Ar\N“‘ “0
+ O —— N via )\: UY
e0 D D D D Rp "D pR
D D

Standard condition: 1e (0.1 mmol), dz-2b (0.4 mmol), KOtBu (0.2 mmol), PhMe (0.5 mL)
in a sealed tube under argon, 24 h, 150 °C. Yields are isolated yields. ®H/D ratio was
determined by *H-NMR analysis.

+

MBS 710 2EE 2 20| 7950 Figure 42F #0|
28 7IHE Metd &+ ACH (Figure 4). 7|E2 MEE azide 12t
alcohol 2= KOBuZt EXfsts HSANN 2 Ols=t S HAA

ZICt Hydrogen acceptor®! azide 12 A& TEEOF EaA 71X 9

o

|Et0F A reduction®|™ aniline 1'2 2 HMBHEICEH Alcohol 2 =245
XN&S3t= hydrogen donor®, =4 ME =T oxidationE HEH2| carbonyl

SUH 2222 HMBEICH (Figure 4, 1%t transfer hydrogenation). 44

0x
ra

1’4 2'2 Y7 ZANM O§7iE|= condensationS E3l imine &

3

A

N

=
=

o2t

‘dotCt O|= potassium base =7 S0 A alcohol 22t imine 47t

28 M 2}



62t 12| HOo| MEf TS-1E &3t MPV-type reductionE AEICtH (Figure
4, 2" transfer hydrogenation). O [ alcohol2| o-fIX[0f EX{St=
£=27F imine22 0|F3t0] secondary amine 72| MME 32 &

gtk £ g9 £4 0|S% IYS AKHAM ABE DOl alcohol

15t transfer hydrogenation

N, Ar—NH,
1
KOtBu Imine condensation
R”OH
2 R N0 H,0
Ar—Nj 2
1
S A
RSN
4
o~ _Ar R OH
R
H KOtBu 2
3
r s
Ar “‘K"’O
! ! 2" transfer hydrogenation
~ U
R ~0 R” “H~ "R
2' L i
TS-1
r %
/Ar
RN
H-"/ -0
R

MPV-type transition state

Figure 4. MPV-type2| =4 O|&2t IEO0| =g & Hg 7| X ¢t

29 .-_:lx_c _'.I:_'l' : .



m 2 &

= HATOM= potassium-baseg THE A2 = ARESIO] alcoholit
azide 72| M{2Z2 C-N bond &8 YWHS HLSIALCL HEE BELS0A
alcohol2 hydrogen donorZ, azide= hydrogen acceptor® AFEk|H
potassium-base EX JBtO|A =4 O|s2t WS HM carbonyldt
amine SUHZE in situvz WEEA ELCL Ol WEE F SUHES2

condensationg &9l imineg YWHSt =, MPV-type reductiong A

Ok

=

ik
1o

secondary amineO| X|ZHoZ MYEICt B8 7| AFLE &

T2 0|5% g SUHSS &estA 20, potassiumO| =2

°
Of
for

HgE Ojists S8

rot

I odste stn Qles o

‘_
f
+
20
)
o
]
Lz
ra

g2 IOl F2 AIFES Aol ZHEHO  ZRioA
Z8X0|D], T base SOIA BHSO| SEO] OjS ZtErEt ZEO=

secondary amineg2 &€dg + U= YHOICE ETH transition metalS
ALE5LX| 240} secondary amineg EdSt= 2[%E YHAME SEI|

& 7hsottt.
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de¥oz Y Jtse Al 8OiE2 FUHHQ FHaPE 8o
MESIROH ZE B2 Fisher scientific (Fisherbrand™ Disposable
Borosilicate Glass Tubes with Threaded End)OlA T3t Borosilicate
Glass TubesOl Al R E|QCE B O] ZALb= 254 nm, 365 nm LtES| UV
(VL-4.LC, Vilber Lourmat, Eberhardzell, Germany)St0j Al TLC (silica gel 60

F254 plate, Merck, Darmstadt, Germany)E &off ZHESIRACt HHPES

2

23t column chromatography= 230~400 mesh@| A2[7t AS At23}

rA

S OO, n-hexanell ethyl acetateS HE HIEZ HiEtsto] T
012 AESIRCE =8 ZFH2 Bichi B-540 melting point HH|E
AFESHACE IR AHE™2 JASCO, FT/IR-4200 HeM 2HEEAE
A8 cm™ EHR[E F7HSIRACE Nuclear magnetic resonance spectrats
JEOL JNM-ECZ 400s [400 MHz ('H), 100 MHz (*C)] spectrometerS
AHE3IH O M, 'TH-NMR & 3C-NMR spectra= CDCl; (5§ 7.26 in H and &
77.16 in °C), DMSO-d% (5 2.50 in 'H and & 39.52 in BO)E W& 7|ELE
5l0] ZHSIQCE Chemical shift= part per million (ppm) THRIZE,
coupling constant (J& HzE H7|SIRILE High-resolution mass spectra
(HRMS)E Agilent, Q-TOF 6530 MS / Agilent, 1290 Infinity &H|IE

AH&SHO

Al

ot ALt



1. 7| g

1-Azido-4-methoxybenzene (1e)

/O/OMG
N

3
1e

Ice bathE A3 0 °CE =Xt HEOI|A, p-anisidine (1.23 g, 10.0
mmol, 1.0 eq.)0| =0t A& 2 M HCl (30.0 mL) A0 NaNO, (1.03 g,

87|

olo
|

15.0 mmol, 1.5 eq.)& H,O (15.0 mL)0|l =0] dropwise StC}. Bt
ice bathOlA 7HL] 30 &7t room temperatureOf|A{ WHISH 2 NaN; (1.30
g, 20.0 mmol, 20 eq)?t 2 (20.0 mL)O| =0} A= BAHZ dropwise
oot Ha 7|M7E 2% ®WERY J(Z7F Hots = 30 &7 O
wekstet 7|27 YASHA| S W7HX] NaHCO; & 4224 E0] XS
Z2A|ZI 2 dichloromethanelt H,0E AMEdH work-up $HCt /7152
0] ZY SFSI0l OE XA, flash column chromatography
(silica gel, n-hexane : ethyl acetate = 20 : 1)& Sl orange oil2 Md=
le (124 g, 83%)E Y=Lt 1el] AHEH [O|EHE 7|0 210E Hiet
&S Yottt

'"H-NMR (400 MHz, CDCl3) § 6.96 (td, J = 6.1, 3.4 Hz, 2H), 6.89 (td, J =
6.1, 3.4 Hz, 2H), 3.79 (s, 3H)

13C-NMR (100 MHz, CDCls) 6 157.04, 132.32, 119.98, 115.11, 55.47

IR (neat) v 2955, 2835, 2104, 1585, 1505, 1464, 1285, 1245, 1181, 1108,

39 A



1305, 825, 625 cm™!

1-Azido-4-iodobenzene (1i)

SO

1i

lce bathE ALES] 0 °CE FXI8t HEHO|A, 4-iodoaniline (1.10 g, 5.0
mmol, 1.0 eq.)0| =0} &= 2 M HCl (15.0 mL) A0 NaNO, (517.5 mg,
7.5 mmol, 1.5 eq)E H,0 (7.5 mL)0l =0| dropwise $tC} B &7|E
ice bathO|A 7HW 30 &7t room temperature®A] wHISH = NaNj
(650.1 mg, 10.0 mmol, 2.0 eq)?t & (100 mLO =0 U= 8AUS
dropwise PtCh EA 7[N7F BF HEE[0 7|Z7F MOt T 30 274
O wgketth 7|Z27) LWSHX| QiE M7HA| NaHCO; & 2% Eof
SHZ F3IAZI F dichloromethanelt H,05 AME3H work-up THCF.

7715s 90 Z4Y SFESH6 EWME  HMAHSHE, flash  column

i

chromatography (silica gel, n-hexane : ethyl acetate = 20 : 1) S
yellow oil2] MME 1i (120 g, 98%)E Y=Lt 1ie] AHEH HO|EHE=
7120 E0E HiRP 5 YSHEE

'H-NMR (400 MHz, CDCl3) & 7.64 (dt, J = 9.5, 2.5 Hz, 2H), 6.79 (dt, J =
9.5, 2.5 Hz, 2H)

13C-NMR (100 MHz, CDCls) 6 140.11, 138.84, 121.18, 88.35
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IR (neat) v 2413, 2127, 2089, 1573, 1479, 1292, 1267, 1129, 1005, 818

cm™!

1-Azidonaphthalene (1j)

N3

1j

Ice bathE AtEd 0 °CE FAISH ZENOIA, 1-naphthylamine (715.9 mg,
5.0 mmol, 1.0 eq.)0] =0} U= 2 M HCl (15.0 mL) EH0| NaNO, (517.5
mg, 7.5 mmol, 15 eq)E H,0 (7.5 mL)O| =0] dropwise tCh HHE
87|18 ice bathO|A JHW 30 £7F room temperatureOfAl Htsh =
NaNs (650.1 mg, 10.0 mmol, 2.0 eq.)?t & (10.0 mL)0| =0} A= NS

dropwise PCh EA 7|7t 2F YEL[O 7|ZEJF XOE T 30 £7F

O WwHISHCE 7|27t 2SR %2 W7HK] NaHCO; & AT HO0
2HZ F3AZ = dichloromethanell H,0E AtE3{ work-up BHCt.
/7182 €0 A FFRSIH BOHE HAHSHD, flash  column

chromatography (silica gel, n-hexane : ethyl acetate = 20 : 1)& &3l red
brown oil2| ‘dd= 1j (747.0 g, 88%)E Y=Lt 1j| ABEH [OO|EH=
7|20 20 Hiet S YL

'H-NMR (400 MHz, CDCl;) § 8.09-8.13 (m, 1H), 7.83 (td, J = 6.4, 3.7 Hz,
3

-
|
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1H), 7.64 (d, J = 8.3 Hz, 1H), 7.56-7.44 (3H), 7.27 (dd, J = 7.1, 1.1 Hz, 1H)
13C-NMR (100 MHz, CDCl;) & 136.64, 134.46, 127.85, 127.01, 126.53,
126.27, 125.78, 124.82, 122.67, 114.04

IR (neat) v 309, 2290, 2102, 1592, 1574, 1506, 1461, 1288, 1163, 1077,

1004, 791, 768, 655 cm™

4-Azidopyridine (1k)*

B
N3 Z

1k
4-Chloropyridine-HCl (750.0 mg, 5.0 mmol, 1.0 eq.)2t NaOH (200.0 mg,
50 mmol, 1.0 eq)E H,0 (5.0 mL)O| =0 pHE 6 =2 U= F
methanol (100 mLE €0 Z5% =CQIC} 0| NaN; (650.1 mg, 10.0

mmol, 2.0 eq)?t & (10.0 mL)O| =OF Y= 8EHUHZ Z1 reflux LI

MASHAH dark purple oil2] d-d= 1k (5415 mg, 90%)E ¥=CF 1kQ|
2HE- HOo[Hs 7[E0 E0FE HiQE S LSt

'H-NMR (400 MHz, CDCl;) 6 8.52 (d, J = 6.4 Hz, 2H), 6.93 (d, J = 5.9 Hz,
2H)

13C-NMR (100 MHz, CDCl;) & 151.28, 148.81, 114.20
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IR (neat) v 3272, 2138, 2113, 1582, 1565, 1494, 1415, 1300, 1214, 814,

671 cm™’

3-Azidopyridine (1)

Ice bath& ArE3ll 0 °)CE FAITt &ENO|A, 3-aminopyridine (470.6 mg,
5.0 mmol, 1.0 eq.)0|] =0} QU= 2 M HCI (15.0 mL) 40| NaNO, (517.5
mg, 7.5 mmol, 15 eq)E H,O (7.5 mL)O| 0] dropwise PtCh EHE

7|5 ice bathO|A AW 30 &7F room temperatureOiAl wttot <

dropwise SHCh EA 7|M7F 2& /EE0 7|®2IF Hote = 30 ¢
O wBtotty 7|=Z7t Sds5HX| R= 7K NaHCO; & 28 E0f
SHZ F3IAZI F dichloromethanelt H,05 AME3H work-up SHCF.
77152 €0 dY SFSHO EOE HMASHZA, flash  column
chromatography (silica gel, n-hexane : ethyl acetate = 10 : 1)& &
yellow oilel MME 11 (5958 mg, 99%)E <ELCh 119 AHEH
HOlH = 7|&0 21E Biet SESIL)?

"H-NMR (400 MHz, CDCl;) & 8.36-8.39 (m, 2H), 7.35 (dqg, J = 8.3, 1.4 Hz
1H), 7.28 (dd, J = 8.3, 5.1 Hz, TH)
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13C-NMR (100 MHz, CDCl;) 6 146.18, 141.46, 137.19, 125.99, 124.24
IR (neat) v 2428, 2135, 1572, 1475, 1422, 1305, 1238, 1140, 1020, 801,

702, 687, 817 cm™’

4-Azido- N-(pyrimidin-2-yl)benzenesulfonamide (1m)

lce bathE AFEd 0 °CE R/ HEfOIA, sulfadiazine (750.8 mg, 3.0
mmol, 1.0 eq.)0| =0t Y= 2 M HCl (15 mL) EA0| NaNO, (310.5 mg,
45 mmol, 1.5 eq)E& H,0 4.5 mL)O| =0 dropwise PICt HHE &7|8
ice bathO|A JHLH 3027t room temperature®fA{ WHtoE = NaNj
(390.1 mg, 6.0 mmol, 20 eq)’t & (6.0 mLO =0t U= XS

dropwise TtCh EA 7|M7F B& @EE[0] 7|®27F Xot= £ 3027 O

El
£
g
M

o 7127 ZASHA] 282 M{77HX| NaHCO,E A 20| EHUS
E3tAZI F filter $HCE H,02F dichloromethanedt ARE3 0f2f
MOJLHO| white solid2| 44 & 1m (613.0 mg, 98%)E =Lt

m.p. 234-236 °C

"H-NMR (400 MHz, DMSO-dj) & 11.85 (s, 1H), 8.50 (d, J = 5.1 Hz, 2H),

2
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7.98 (dt, J = 9.3, 2.3 Hz, 2H), 7.29 (dt, J = 9.2, 2.4 Hz, 2H), 7.05 (t, J = 5.1
Hz, TH)

13C-NMR (100 MHz, DMSO-d,) & 158.37, 156.80, 144.13, 136.46, 129.61,
119.41, 115.78

IR (neat) v 2138, 1582, 1492, 1442, 1414, 1306, 1306, 1291, 1165, 1090,

949, 797, 714, 616 cm™’

3§ 53 17
38 N = - TH



2. Secondary amine?| &

2.1. Zuryol

[y

ot

H

Borosilicate Glass TubesO| KOBu (0.2 mmol, 224 mg, 2 eq)E €1

(X S|
S o

C

i
rot

—_—

rubber septuml2E T T vacuum pumpZE TS AEf

-

ot

Argon 888 E2 F vacuum pumpS AtEd| 3¥ IHX|EHSICE O
argon X|2=l tubed| alcohol 2 (0.4 mmol, 4 eq.), toluene (0.5 mL), azide
1 (0.1 mmol, 0.5 M in MTBE, 02 mL 1 eq)& “O{FC} Rubber
septumE MAHSID screw capg T2 = 7|M7F AMOILIIHX| QU=

ZSHA 9H=CE Heating block (dry block heater)® A3 150 °COflA

ot

HS 2gES od=20M A5

WHISICE (1000 rpm). 24 A|Zt mEt
NH,Cl Z2} +=8H 2 mL)Z AtE3H quench tCL Dichloromethane (10
mL x 3)2 FEot0 Y2 ]I|E2 MgSO,E A=xE I filterstn ZY

ZEsict Aol =2ES flash column chromatographyZ £2|3}H0]



c A 7|E ™ol st S M2 azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4
eq)E 7|EE St0 9SS ZIMSIRACE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)& &3l pale yellow solid2]
3aa (19.6 mg, 99%)= =Lt

m.p. 39-41 °C

"H-NMR (400 MHz, CDCl;) & 7.26-7.29 (m, 2H), 7.16-7.21 (m, 4H), 6.70-
6.74 (m, 1H), 6.65 (dd, J = 8.7, 0.9 Hz, 2H), 4.30 (s, 2H), 3.99 (s, 1H), 2.36
(s, 3H)

13C-NMR (100 MHz, CDCl; & 148.36, 137.01, 136.49, 129.44, 129.39,
127.66, 117.63, 112.96, 48.22, 21.24

IR (neat) v 3418, 3019, 2921, 1603, 1506, 1429, 1325, 1251, 1179, 1095,
806, 748, 691 cm”

HRMS (ESI) m/z calcd for CisHi6N* [M+H]* 198.1277, found 198.1273

N-benzylaniline (3ab)

3ab
c AT =l UM Ol S M2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2} benzyl alcohol 2b (0.4 mmol, 0.041 mL, 4 eq.)E
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7182 gt 282 TIESIRILE Flash column chromatography (silica gel,
n-hexane : ethyl acetate = 50 : 1)& &3l white solid2| 3ab (14.0 mg,
76%)s Y=L

m.p. 36-38 °C

"H-NMR (400 MHz, CDCl;) & 7.35-7.41 (m, 4H), 7.28-7.32 (m, 1H), 7.18-
7.23 (m, 2H), 6.74 (t, J = 7.4 Hz, 1H), 6.65-6.67 (m, 2H), 4.35 (s, 2H), 4.05
(s, TH)

13C-NMR (100 MHz, CDCl;) & 148.28, 139.57, 129.39, 128.76, 127.64,
127.36, 117.69, 112.97, 48.45

IR (neat) v 3820, 3648, 3613, 1748, 1704, 1647, 1601, 1508, 1489, 1338,
783, 692 cm™’

HRMS (ESI) m/z calcd for Ci3H4N* [M+H]* 184.1121, found 184.1127

N-(4-methoxybenzyl)aniline (3ac)

c AT =l UM Ol S M2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-methoxybenzyl alcohol 2¢ (0.4 mmol, 0.050 mL,
4 eq)E 7|EZ 10 EtS2 TIEMSIRALCE Flash column chromatography

(silica gel, n-hexane : ethyl acetate = 30 : 1)& &3l white solid2| 3ac
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(22.1 mg, 86%)S Y=Lt

m.p. 44-46 °C

TH-NMR (400 MHz, CDCl3) § 7.29 (d, J = 8.7 Hz, 2H), 7.18 (dd, J = 85,
7.6 Hz, 2H), 6.88 (dt, J = 9.2, 2.4 Hz, 2H), 6.72 (t, J = 7.4 Hz, 1H), 6.63-
6.65 (m, 2H), 4.25 (s, 2H), 3.95 (s, 1H), 3.80 (s, 3H)

3C-NMR (100 MHz, CDCl;) & 158.99, 148.34, 131.54, 129.38, 128.94,
117.63, 114.15, 112.96, 55.43, 47.92

IR (neat) v 3820, 3756, 3648, 3613, 1747, 1705, 1647, 1564, 1508, 1488,
1363, 1216, 783 cm’”’

HRMS (ESI) m/z calcd for Ci4HsNO* [M+H]* 214.1226, found 214.1229

N-(4-(tert-butyl)benzyl)aniline (3ad)

c AT =l UEEM Ol M M2} azidobenzene 1a (0.1 mmol, 0.5 M in

-

MTBE, 0.2 mL, 1 eq.)2} 4-tert-butylbenzyl alcohol 2d (0.4 mmol, 0.071
mL 4 eq)E 7|2 E St1 toluene 1.0 mLE AtEStY BHE S ZIAMSIGILCE,
Flash column chromatography (silica gel, n-hexane : ethyl acetate = 50 :
12 &5l white solid2| 3ad (23.5 mg, 98%)E Y=Lt

m.p. 70-72 °C
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"H-NMR (400 MHz, CDCl;) § 7.34-7.42 (m, 4H), 7.19-7.24 (m, 2H), 6.75
(t, J = 7.3 Hz, TH), 6.68 (dd, J = 8.7, 0.9 Hz, 2H), 4.32 (s, 2H), 4.01 (s, TH),
1.36 (s, 9H)

13C-NMR (100 MHz, CDCl;) 6 150.35, 14839, 136.48, 129.38, 127.50,
125.67, 117.58, 112.90, 48.10, 34.63, 31.51

IR (neat) v 3820, 3756, 3648, 2962, 1748, 1670, 1647, 1603, 1507, 1429,
1363, 1324, 1267, 823, 747, 691 cm™'

HRMS (ESI) m/z calcd for Ci7H,,N* [M+H]* 240.1747, found 240.1740

N-([1,1"-biphenyl]4-ylmethyl)aniline (3ae)

- A 7|E ™ol sh S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2 4-Biphenylmethanol 2e (0.4 mmol, 73.7 mg, 4
eq)E 7|EE 50 ut82 ZTIHSIALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1) &3l white solid2| 3ae
(24.5 mg, 94%)E =Lt

m.p. 83-85 °C

'H-NMR (400 MHz, CDCl3) § 7.60-7.64 (m, 4H), 7.45-7.49 (m, 4H), 7.38

(t, J = 7.5 Hz, 1H), 7.25-7.18 (2H), 6.77 (t, ) = 7.3 Hz, 1H), 6.70 (d, ] = 7.8

1]
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Hz, 2H), 440 (s, 2H), 4.10 (s, 1H)

13C-NMR (100 MHz, CDCl;) 6 148.23, 140.95, 140.31, 138.63, 129.41,
128.90, 128.03, 127.49, 127.39, 127.17, 117.73, 112.99, 48.10

IR (neat) v 3859, 3048, 2825, 2309, 1748, 1601, 1500, 1486, 1428, 1305,
1248, 1180, 872, 826, 758, 747, 689 cm™!

HRMS (FAB) m/z calcd for Ci9Hq7N [M] 259.1361, found 259.1353

N-(4-(benzyloxy)benzyl)aniline (3af)

-

C A=l U™ Ol SHMY S 2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-benzyloxybenzyl alcohol 2f (0.4 mmol, 85.7 mg,
4 eq)E 7|EE ot HtES TIAHSHRLCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 30 : 1)2 S5l white solid2| 3af
(28.5 mg, 98%)= YLt

m.p. 67-69 °C

'H-NMR (400 MHz, CDCl3) 6§ 7.39-7.47 (m, 4H), 7.34-7.37 (m, 1H), 7.31
(d, J = 87 Hz, 2H), 7.18-7.23 (m, 2H), 6.98 (d, J = 8.7 Hz, 2H), 6.74 (t, J =
7.3 Hz, 1H), 6.66 (d, J = 7.8 Hz, 2H), 5.08 (s, 2H), 4.27 (s, 2H), 3.97 (s, TH)

13C-NMR (100 MHz, CDCl3) & 158.18, 148.31, 137.12, 131.81, 129.38,
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128.95, 128.72, 128.10, 127.60, 117.62, 115.09, 112.94, 70.17, 47.89
IR (neat) v 3859, 3756, 2348, 2309, 1748, 1602, 1508, 1453, 1318, 1240,
1174, 1013, 823, 737, 693 cm™’

HRMS (FAB) m/z calcd for CyH1sNO [M] 289.1467, found 289.1473

N-(4-(methylthio)benzyl)aniline (3ag)

o
T
Jad
o
91'
X

ca 7= dEtN ol shd S 2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t (4-(methylthio)phenyl)methanol 2g (0.4 mmol,

617 mg, 4 eq)E 7IEE ot H3ZZ2 TIAHSIALCE Flash column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)& &
pale orange solid2| 3ag (22.2 mg, 97%)E ¥+=Ch

m.p. 37-39 °C

"H-NMR (400 MHz, CDCl;) 6 7.31 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.7 Hz,
2H), 7.19 (dd, J = 8.7, 7.3 Hz, 2H), 6.73 (t, J = 7.3 Hz, 1H), 6.64 (d, J = 7.3
Hz, 2H), 4.30 (s, 2H), 4.03 (s, TH), 2.49 (s, 3H)

13C-NMR (100 MHz, CDCl3) & 148.14, 137.27, 136.50, 129.38, 128.13,

127.08, 117.74, 112.98, 47.95, 16.14

IR (neat) v 3859, 3819, 3647, 2348, 2309, 1748, 1715, 1602, 1508, 1489,
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1429, 1363, 1216, 808, 688, 671, 648 cm'"

HRMS (FAB) m/z calcd for Ci4HsNS [M+H]* 229.0925, found 229.0923

N-(4-chlorobenzyl)aniline (3ah)

3ah
- A 7|=l ddtX ol s S M2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2} 4-chlorobenzyl alcohol 2h (0.4 mmol, 57.0 mg, 4
eq)E 7|EE St0 uEES ZIMSIRALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 40 : 1)2 &9l yellow 0il2| 3ah
(20.5 mg, 94%)= Y=Lt

'H-NMR (400 MHz, CDCl;) & 7.31 (t, J = 15.1 Hz, 4H), 7.18 (dd, J = 85,
7.5 Hz, 2H), 6.74 (t, ) = 7.3 Hz, 1H), 6.62 (d, J = 7.3 Hz, 2H), 4.32 (s, 2H),
4.07 (s, TH)

13C-NMR (100 MHz, CDCl;) & 147.96, 138.13, 133.00, 129.43, 128.88,
128.82, 117.94, 113.02, 47.74

IR (neat) v 3872, 3756, 3648, 3418, 3049, 2922, 17474, 1603, 1507, 1489,
1429, 1324, 1269, 1179, 1091, 1014, 813, 750, 692 cm"

HRMS (ESI) m/z calcd for Ci3H13CIN' [M+H]* 218.0731, found 218.0725
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N-(4-bromobenzyl)aniline (3ai)

o

3ai

cg7lE ek

ro

et e M2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-bromobenzyl alcohol 2i (0.4 mmol, 74.8 mg, 4
eq)E 7IEE S0 uES ZIHSIRACE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 40 : 1)2 &9l yellow oil2| 3ai
(19.0 mg, 72%)S YLt

"H-NMR (400 MHz, CDCl;) 6 7.46 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz,
2H), 717 (t, ) = 8.0 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.61 (d, J = 7.8 Hz,
2H), 4.30 (s, 2H), 4.07 (s, TH)

13C-NMR (100 MHz, CDCl;) & 147.92, 138.67, 131.84, 129.44, 129.17,
121.06, 117.95, 113.01, 47.77

IR (neat) v 3872, 3756, 3648, 1747, 1602, 1507, 1487, 1429, 1322, 1070,
1010, 810, 749, 691 cm™!

HRMS (ESI) m/z calcd for Ci3H13BrN* [M+H]* 262.0226, found 262.0221

N-(4-iodobenzyl)aniline (3aj)
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- A 7|= At ol s S M2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2l 4-iodobenzyl alcohol 2b (0.4 mmol, 93.6 mg, 4
eq)E 7|EE 50 utE2 ZTIAHSIRALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 40 : 1) &5l colorless oil2| 3aj
(8.2 mg, 27%)E Y=Lt

'"H-NMR (400 MHz, CDCl;) § 7.66 (d, J = 8.3 Hz, 2H), 7.15-7.19 (m, 2H),
712 (d, J = 83 Hz, 2H), 6.73 (t, J = 7.4 Hz, 1H), 6.60 (d, J = 7.8 Hz, 2H),
4.29 (s, 2H), 4.08 (s, TH)

13C-NMR (100 MHz, CDCl;) & 147.94, 13940, 137.82, 129.47, 129.45,
117.98, 113.04, 92.52, 47.88

IR (neat) v 3858, 3756, 3647, 2922, 2852, 1747, 1602, 1506, 1482, 1429,
1400, 1322, 1268, 1179, 1005, 807, 748, 691 cm™

HRMS (ESI) m/z calcd for Ci3H43N* [M+H]* 310.0087, found 310.0082

N-(4-(trifluoromethoxy)benzyl)aniline (3ak)

N
o |
F4CO

3ak
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;M7= UBHM Ol Bt E 2t azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} 4-(trifluoromethoxy)benzyl alcohol 2k (0.4 mmol,

0058 mL 4 eq)E 7|EZ o0 H-SZ2 ZIMSIRALCE Flash column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 30 : 1) &
yellow oil2| 3ak (10.1 mg, 40%)E Y=L}

"H-NMR (400 MHz, CDCl;) 6 7.40 (d, J = 8.7 Hz, 2H), 719 (t, ) = 7.8 Hz,
4H), 6.77 (t, ) = 7.3 Hz, 1H), 6.65 (d, J = 7.3 Hz, 2H), 4.35 (s, 2H)
13C-NMR (100 MHz, CDCl;) 6 148.51, 147.42, 137.99, 129.49, 128.95,
121.88, 121.30, 118.43, 113.40, 47.95

F-NMR (375 MHz, CDCl;) 6 -57.77

IR (neat) v 3859, 3756, 1646, 2348, 2309, 1748, 1602, 1508, 1374, 1227,
806, 686, 671, 648 cm™’

HRMS (ESI) m/z caled for Ci4HisFsNO* [M+H]* 268.0944, found

268.0940

N-(3-methylbenzyl)aniline (3al)

A

. © E

— =2L-"1L- HdHO

N
0
T
B
)
9'1-
%

it

£ 2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2t 3-methylbenzyl alcohol 21 (0.4 mmol, 0.048 mL, 4
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eq)E 7|EE 50 H8S TIASIRACE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1) &5l yellow oil2| 3al
(19.2 mg, 97%)= YLt

'"H-NMR (400 MHz, CDCl;) 6§ 7.35 (d, J = 6.9 Hz, 1H), 7.17-7.23 (m, 5H),
6.75 (t, J = 7.3 Hz, 1H), 6.65-6.67 (m, 2H), 4.29 (s, 2H), 3.85 (s, 1H), 2.39
(s, 3H)

13C-NMR (100 MHz, CDCl;) & 148.43, 137.13, 136.48, 130.55, 129.42,
128.39, 127.56, 126.30, 117.59, 112.81, 46.51, 19.07

IR (neat) v 3820, 3756, 3739, 1648, 3613, 2922, 1747, 1705, 1647, 1602,
1541, 1508, 1488, 1374, 1216, 781, 691 cm™’

HRMS (ESI) m/z calcd for Ci4HgN* [M+H]* 198.1277, found 198.1280

N-(3-(trifluoromethyl)benzyl)aniline (3am)

3am
c AT =l AEEE Ol S E M2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2t 3-(trifluoromethyl)benzyl alcohol 2m (0.4 mmol,

0054 mL 4 eq)E 7|EE o0 H3Z ZFIMSHFLCE Flash column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 50 : 1)& &5

yellow oil2| 3am (25.5 mg, 95%)E =L
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"H-NMR (400 MHz, CDCl3) & 7.65 (s, 1H), 7.56 (g, J = 7.3 Hz, 2H), 7.46
(t, J =75 Hz 1H), 7.20 (dd, J = 8.5, 7.5 Hz, 2H), 6.77 (t, J = 7.3 Hz, 1H),
6.65 (d, J = 7.8 Hz, 2H), 441 (s, 2H)

13C-NMR (100 MHz, CDCl;) 6 147.63, 140.58, 131.25, 130.92, 130.83,
129.49, 129.23, 125.61, 124.30, 124.26, 124.22, 122.90, 118.32, 113.24,
48.16

"YF-NMR (375 MHz, CDCl;) § -62.43

IR (neat) v 3859, 3756, 3647, 2348, 2309, 1748, 1603, 1508, 1328, 1164,
1123, 1072, 800, 750, 692, 670 cm"”

HRMS (ESI) m/z calcd for Ci4sH13FsN* [M+H]* 252.0995, found 252.0991

N-(3-fluorobenzyl)aniline (3an)

- A
. ©

N
il
o
T
M
-0
o
x

= UutH 0ol ot Z M2t azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} 3-fluorobenzyl alcohol 2n (0.4 mmol, 0.043 mL, 4
eq)E 7|EE ot Ht3S ZIAHSIYULCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 40 : 1)2 &3l brown oil2| 3an
(114 mg, 57%)E =Lt

"H-NMR (400 MHz, CDCl;) & 7.31 (td, J = 8.0, 5.9 Hz, 1H), 7.18 (q, J =

ol



7.9 Hz, 3H), 7.10 (d, J = 9.6 Hz, 1H), 6.96 (td, J = 8.5, 2.4 Hz, 1H), 6.74 (t,
J = 7.3 Hz 1H), 6.63 (dd, J = 8.7, 0.9 Hz, 2H), 4.35 (s, 2H), 4.12 (s, TH)
13C-NMR (100 MHz, CDCl;) 6 164.47, 162.02, 147.91, 142.47, 142.40,
130.27, 130.19, 129.42, 122,90, 122.87, 117.92, 114.37, 114.27, 114.16,
114.06, 112.98, 47.87

"YF-NMR (375 MHz, CDCl;) 6 -112.88

IR (neat) v 3419, 3052, 2923, 2309, 1747, 1603, 1507, 1487, 1449, 1324,
1266, 1136, 939, 915, 869, 781, 750, 691 cm™’

HRMS (ESI) m/z calcd for Ci3H3FN* [M+H]* 202.1027, found 202.1030

N-(2-methylbenzyl)aniline (3ao)

A
.o

N
n
o
T
>
-0
o
%

=| QMO St S M2t azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 2-methylbenzyl alcohol 20 (0.4 mmol, 48.7 mg, 4
eq)E 7|EE 50 ut82 ZTIHSIALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)& &3l pale brown solid2]
3a0 (17.6 mg, 89%)S ¥+=Ct.

m.p. 37-39 °C

"H-NMR (400 MHz, CDCl3) 6 7.35 (d, J = 6.9 Hz, 1H), 7.17-7.23 (m, 5H),
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6.75 (t, J = 7.3 Hz, 1H), 6.65-6.67 (m, 2H), 4.29 (s, 2H), 3.85 (s, TH), 2.39
(s, 3H)

13C-NMR (100 MHz, CDCl3) & 14843, 137.13, 136.48, 130.55, 129.42,
128.39, 127.56, 126.30, 117.59, 112.81, 46.51, 19.07

IR (neat) v 6417, 3049, 3019, 2923, 2854, 1746, 1601, 1505, 1428, 1321,
1251, 1179, 1090, 991, 868, 746, 691 cm”

HRMS (ESI) m/z calcd for Ci4aHgN* [M+H]* 198.1277, found 198.1274

N-(4-vinylbenzyl)aniline (3ap)

- A 7|E Q™ ol sh S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-vinylbenzyl alcohol 2p (0.4 mmol, 53.7 mg, 4
eq)E 7|EE 50 uE2 ZTIHSIIALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)2 &3l pale yellow oil2|
3ap (11.6 mg, 55%)& ¥=Ct.

m.p. 39-41 °C

'"H-NMR (400 MHz, CDCl;) & 7.39 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 7.8 Hz,
2H), 7.17 (dd, J = 8.5, 7.5 Hz, 2H), 6.67-6.75 (m, 2H), 6.63 (d, J = 7.8 Hz,

2H), 5.74 (d, J = 17.4 Hz, 1H), 5.23 (d, J = 11.4 Hz, 1H), 4.32 (s, 2H), 4.06
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(s, TH)

13C-NMR (100 MHz, CDCl;) & 148.20, 139.19, 136.75, 136.59, 129.40,
127.78, 126.60, 117.73, 113.85, 112.99, 48.17

IR (neat) v 3647, 2348, 2309, 1748, 1647, 1602, 1508, 1489, 1363, 1228,
831, 686, 671, 648 cm’”

HRMS (ESI) m/z calcd for CisHigN* [M+H]* 210.1277, found 210.1273

N-(naphthalen-2-ylmethyl)aniline (3aq)

A

. O E

=| iAol s S M2} azidobenzene 1a (0.1 mmol, 0.5 M in

N
0
T
M
)
9'1-
x

MTBE, 0.2 mL, 1 eq.)2t 2-naphthalenemethanol 2q (0.4 mmol, 63.3 mg,
4 eq)E 7|1EE 50 B3 S T™SIRALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)2 &3l yellow solid2| 3aq
(22.3 mg, 96%)E Y=Lt

m.p. 55-57 °C

'"H-NMR (400 MHz, CDCl;) & 7.82-7.87 (m, 4H), 7.47-7.53 (m, 3H), 7.25-
7.17 (2H), 6.74-6.78 (m, 1H), 6.71 (dd, J = 8.7, 0.9 Hz, 2H), 4.51 (s, 2H),
416 (s, TH)

13C-NMR (100 MHz, CDCl;) 6 148.30, 137.07, 133.62, 132.89, 129.42,

o4



128.50, 127.88, 127.83, 126.28, 126.03, 125.85, 117.76, 113.06, 48.63
IR (neat) v 3756, 3647, 2348, 2309, 1748, 1601, 1508, 1316, 1248, 815,
689, 671, 648 cm™

HRMS (ESI) m/z calcd for Ci7HgN* [M+H]* 234.1277, found 234.1274

N-(benzo[d][1,3]dioxol-5-ylmethyl)aniline (3ar)

e

3ar

Iz

- A 7|=l At ol s S M2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} piperonyl alcohol 2r (0.4 mmol, 60.9 mg, 4 eq.)E
7182 gt 282 TIESIRALE Flash column chromatography (silica gel,
n-hexane : ethyl acetate = 40 : 1)2 &5l pale yellow solid2| 3ar (7.7
mg, 34%)E =Lt

m.p. 77-79 °C

"H-NMR (400 MHz, CDCl3) & 7.18 (dd, J = 8.2, 7.3 Hz, 2H), 6.87 (s, 1H),
6.84 (d, ) = 82 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.72 (t, J = 7.3 Hz, 1H),
6.63 (d, J = 7.8 Hz, 2H), 5.95 (s, 2H), 4.24 (s, 2H), 3.99 (s, 1H)

13C-NMR (100 MHz, CDCl;) & 148.18, 148.04, 146.87, 133.49, 129.40,
120.72, 117.75, 113.00, 108.44, 108.19, 101.13, 48.28

IR (neat) v 3647, 2348, 2309, 1748, 1704, 1647, 1508, 1489, 1374, 1229,

55 - =-TH



806, 671, 648 cm”

HRMS (ESI) m/z calcd for C14H14NO,* [M+H]* 228.1019, found 228.1013

N-(pyridin-4-ylmethyl)aniline (3as)

-

- A 7|= ™ol shd S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-pyridinemethanol 2s (0.4 mmol, 43.7, 4 eq)E
7182 gt 882 TIESIRALE Flash column chromatography (silica gel,
n-hexane : ethyl acetate = 4 : 1)2 &3l pale yellow solid2| 3as (11.3
mg, 61%)& Y=Lt

m.p. 97-99 °C

"H-NMR (400 MHz, CDCls) & 8.55 (g, J = 2.1 Hz, 2H), 7.29 (d, J = 6.0 Hz,
2H), 7.15-7.20 (m, 2H), 6.74 (t, ) = 7.4 Hz, 1H), 6.58 (dt, J = 8.7, 1.6 Hz,
2H), 4.38 (s, 2H), 4.24 (s, 1H)

13C-NMR (100 MHz, CDCl3) & 150.14, 149.07, 147.56, 129.48, 122.17,
118.20, 113.00, 47.20

IR (neat) v 3647, 2348, 2309, 1748, 1704, 1647, 1601, 1508, 1216, 799,
670 cm™’

HRMS (ESI) m/z calcd for Ci,H13N,* [M+H]* 185.1073, found 185.1070
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N-(pyridin-3-ylmethyl)aniline (3at)

e

J R
3at

c A 7|E dEt™ ol shd S 2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 3-pyridinemethanol 2t (0.4 mmol, 0.041 mL, 4
eq)E 7|EE 50 ut82 ZTIHSIRALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 2 : 1)& &0l white solid2| 3at
(11.5 mg, 62%)= Y=Lt
m.p. 80-82 °C
'H-NMR (400 MHz, CDCl;) & 8.64 (s, 1H), 853 (d, J = 4.1 Hz, 1H), 7.70
(d, J =78 Hz 1H), 7.26 (dd, J = 7.8, 5.0 Hz, 1H), 7.18 (td, J = 7.0, 1.7 Hz,
2H), 6.74 (t, ) = 7.3 Hz, 1H), 6.63 (d, J = 7.3 Hz, 2H), 4.37 (s, 2H), 4.08 (s,
TH)
13C-NMR (100 MHz, CDCl;) & 149.33, 148.89, 147.75, 135.23, 135.03,
129.49, 123.68, 118.21, 113.10, 45.96
IR (neat) v 3288, 3028, 2923, 1478, 1577, 1507, 1425, 1312, 1267, 1180,

1094, 1026, 989, 869, 799, 751, 712, 693 cm™!

HRMS (ESI) m/z calcd for Ci,H3N2* [M+H]* 185.1073, found 185.1078

o7



N-(pyridin-2-ylmethyl)aniline (3au)

2z
N
ull
o
T
2
o
o
X
rE

£ M2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 2-pyridinemethanol 2u (0.4 mmol, 0.039 mL, 4
eq)E 7|EE 50 ut82 ZTIHSIRALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 2 : 1)2 &3l brown oil2| 3au (10.1
mg, 55%) =Lt

'"H-NMR (400 MHz, CDCl;) & 859 (d, J = 4.1 Hz, 1H), 7.64 (td, J = 7.5,
1.8 Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.19 (dd, J = 8.7, 7.3 Hz, 3H), 6.73 (t,
J =73 Hz 1H), 6.67-6.69 (m, 2H), 4.79 (s, TH), 4.47 (s, 2H)

13C-NMR (100 MHz, CDCl;) & 158.63, 149.31, 147.98, 136.74, 129.35,
122.20, 121.69, 117.69, 113.14, 49.39

IR (neat) v 3295, 3049, 1603, 1507, 1428, 1323, 1269, 1180, 994, 869,
750, 693 cm!

HRMS (FAB) m/z calcd for Ci,H3N, [M+H] 185.1079, found 185.1082

N-(furan-2-ylmethyl)aniline (3av)

o8



;M7= UBHM Ol Bt E 2t azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} furfuryl alcohol 2v (0.4 mmol, 0.035 mL, 4 eq)E

7|HZ 510 160 °COA] 48 A|Zt St HEES TIAMSIRALCt Flash column

mjo

E
S

of
==

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)
orange oil2| 3ab (10.9 mg, 63%)E Y=Lt

"H-NMR (400 MHz, CDCl;) & 7.38 (t, J = 1.0 Hz, 1H), 7.18-7.23 (m, 2H),
6.76 (t, ) = 7.3 Hz, 1H), 6.69 (dd, J = 8.7, 0.9 Hz, 2H), 6.34 (g, J = 1.7 Hz,
1H), 6.25 (d, J = 3.2 Hz, 1H), 4.33 (s, 2H), 4.03 (s, 1H)

13C-NMR (100 MHz, CDCl;) 6 152.86, 147.76, 142.04, 129.37, 118.15,
113.28, 110.46, 107.12, 41.56

IR (neat) v 1647, 2348, 2309, 1748, 1704, 1603, 1507, 1319, 1216, 807,
731, 689 cm’”

HRMS (FAB) m/z calcd for C;1H;NO [M] 173.0841, found 173.0846

N-(thiophen-2-ylmethylaniline (3aw)

3aw
c AT =l UM Ol S M2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2t 2-thiophenemethanol 2w (0.4 mmol, 0.038 mL, 4

eq)E Z|EE o510 HES ZIASIRACE Flash column chromatography
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(silica gel, n-hexane : ethyl acetate = 40 : 1) &%l white solid2| 3ab
(15.0 mg, 79%)2 ¥=Ct.

m.p. 43-45 °C

"H-NMR (400 MHz, CDCl;) § 7.20-7.24 (m, 3H), 7.04 (d, J = 2.7 Hz, 1H),
6.99 (dd, J = 5.0, 3.7 Hz, 1H), 6.77 (t, ) = 7.3 Hz, 1H), 6.70 (d, J = 7.8 Hz,
2H), 4.53 (s, 2H), 4.07 (s, TH)

13C-NMR (100 MHz, CDCl5) & 147.73, 143.06, 129.40, 126.97, 125.15,
124.70, 118.21, 113.29, 43.61

IR (neat) v 1647, 1348, 2309, 1748, 1704, 1647, 1602, 1507, 1429, 1312,
1251, 823, 689 cm’

HRMS (ESI) m/z calcd for Cy1H,NS* [M+H]* 190.0685, found 190.0681

N-(cyclohexylmethyl)aniline (3ax)

c A 7|E dt™ ol sh S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} cyclohexanemethanol 2x (0.4 mmol, 0.049 mL, 4
eq)E 7IEE o0 BHE2 TIHSIRALCE Flash column chromatography
(silica gel, n-pentane : ether = 30 : 1) &35l yellow 0il2| 3ab (7.9 mg,

42%)E Y=L

60



'"H-NMR (400 MHz, CDCl;5) & 7.14-7.19 (m, 2H), 6.67 (t, J = 7.3 Hz, 1H),
6.60 (d, J = 7.3 Hz, 2H), 3.72 (s, TH), 2.96 (d, ] = 6.9 Hz, 2H), 1.82 (d, J =
13.3 Hz, 2H), 1.67-1.77 (m, 3H), 1.53-1.64 (m, 1H), 1.16-1.32 (m, 3H), 0.99
(qd, J = 12.0, 2.9 Hz, 2H)

13C-NMR (100 MHz, CDCl3) & 148.79, 129.35, 117.01, 112.76, 50.74,
37.74, 31.46, 26.74, 26.12

IR (neat) v 3419, 2922, 2850, 1602, 1507, 1448, 1322, 1259, 1179, 747,
691 cm™’

HRMS (FAB) m/z calcd for Cy3HgN [M] 189.1517, found 189.1510

N-(cyclopentylmethyl)aniline (3ay)

c A=l U™ Ol SHM S 2} azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} cyclopentanemethanol 2y (0.4 mmol, 0.043 mL, 4
eq)E 7|EE 50 ut82 ZTIHSIALCE Flash column chromatography
(silica gel, n-pentane : ether = 30 : 1) &3l brown 0il2| 3ay (9.5 mg,
54%)E L

'H-NMR (400 MHz, CDCl3) § 7.16-7.21 (m, 2H), 6.68-6.72 (m, 1H), 6.62

(dd, J = 8.7, 0.9 Hz, 2H), 3.69 (s, TH), 3.04 (d, J = 7.3 Hz, 2H), 2.11-2.23
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(m, TH), 1.80-1.88 (m, 2H), 1.53-1.70 (m, 4H), 1.24-1.32 (m, 2H)

13C-NMR (100 MHz, CDCl;) & 14870, 129.33, 117.20, 112.81, 49.62,
39.58, 30.81, 2542

IR (neat) v 3416, 3050, 3019, 2949, 2864, 2348, 2309, 1747, 1602, 1507,
1470, 1320, 1252, 1178, 747, 691 cm’'

HRMS (ESI) m/z calcd for Ci,H1gN* [M+H]* 176.1434, found 176.1437

N-(cyclobutanemethyl)aniline (3az)

- A 7|E Q™ ol sh S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} cyclobutanemethanol 2z (0.4 mmol, 0.038 mL, 4
eq)E 7|EE 50 utE2 ZTIHSIRALCE Flash column chromatography
(silica gel, n-pentane : ether = 30 : 1) &5l brown oil2| 3az (6.4 mg,
40%)E Y=Lt

"H-NMR (400 MHz, CDCl3) 6 7.19 (¢, J

7.8 Hz, 2H), 6.71 (t, ) = 7.3 Hz,

1H), 6.63 (d, J = 8.2 Hz, 2H), 3.14 (d, J = 7.3 Hz, 2H), 2.55-2.66 (m, 1H),
2.09-2.18 (m, 2H), 1.87-2.02 (m, 2H), 1.71-1.80 (m, 2H)
13C-NMR (100 MHz, CDCl;) & 14857, 129.33, 117.38, 112.97, 49.99,

35.06, 26.21, 18.67
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IR (neat) v 3647, 2348, 2309, 1748, 1715, 1647, 1602, 1508, 1363, 1216,
798, 671, 648 cm™’

HRMS (ESI) m/z calcd for Ci1HgN* [M+H]* 162.1277, found 162.1274

N-(cyclopropylmethyl)aniline (3aaa)

- A 7|E ™ol sh S M2l azidobenzene 1a (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} cyclopropylmethanol 2aa (0.4 mmol, 0.032 mL, 4
eq)E 7|EE St0 uEES ZIMSIRALCE Flash column chromatography
(silica gel, n-pentane : ether = 30 : 1)2 &3l yellow oil2| 3ab (7.2 mg,
49%)2 Y=Lk

'H-NMR (400 MHz, CDCl3) § 7.16-7.21 (m, 2H), 6.71 (td, J = 7.3, 0.9 Hz,
1H), 6.61-6.64 (m, 2H), 3.79 (s, TH), 2.96 (d, J = 7.3 Hz, 2H), 1.06-1.16 (m,
1H), 0.54-0.58 (m, 2H), 0.25 (td, J = 5.3, 4.3 Hz, 2H)

13C-NMR (100 MHz, CDCl;) § 148.62, 129.36, 117.39, 112.90, 49.20,
11.04, 3.59

IR (neat) v 3410, 3004, 2924, 2924, 2853, 2348, 2309, 1748, 1604, 1507,
1471, 1430, 1318, 1253, 1179, 1018, 747, 691 cm’

HRMS (ESI) m/z calcd for CioH14N* [M+H]* 148.1121, found 148.1117
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4-Methoxy- N-(3-phenylpropyl)aniline (3aab)

- AMZ|El AHFX O] SHAS

rE

= 2} 1-azido-4-methoxybenzene 1e (0.1
mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2t 3-phenyl-1-propanol 2ab (0.8
mmol, 0.109 mL, 8 eq)E& 7|&EZE 11 KOH (0.4 mmol, 22.4 mg, 4 eq.)E

AFESH 160 °COlM 48 AlZt S¢F HtSS TIASILE Flash column

mjo

E
S

(o]
==

chromatography (silica gel, n-hexane : ethyl acetate = 20 : 1)
brown oil2| 3aab (11.6 mg, 48%)E =Lt

"H-NMR (400 MHz, CDCl;5) & 7.30 (t, J = 7.6 Hz, 2H), 7.19-7.22 (m, 3H),
6.78 (td, J = 6.2, 4.0 Hz, 2H), 6.56 (td, J = 6.2, 3.7 Hz, 2H), 3.75 (s, 3H),
311 ( J =71 Hz 2H), 274 (t, ) = 7.6 Hz, 2H), 1.91-1.98 (m, 2H)
13C-NMR (100 MHz, CDCl3) & 152.17, 142.72, 141.87, 128.54, 126.06,
115.00, 114.25, 55.96, 44.60, 33.57, 31.32

IR (neat) v 3025, 2926, 2854, 2348, 2309, 1512, 1454, 1236, 1179, 1037,
818, 700, 647 cm™!

HRMS (ESI) m/z calcd for CigHoNO* [M+H]* 242.1539, found 242.1533

4-Methoxy- N-(4-phenylbutyl)aniline (3aac)

64



H

3aac
CS71E dutdel gd¥E et 1-azido-4-methoxybenzene 1e (0.1
mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2t 4-phenyl-1-butanol 2ac (0.8
mmol, 0.121 mL, 8 eq)E 7|&EZ &t1 KOH (0.4 mmol, 22.4 mg, 4 eq.)=

AES 160 °COIAl 48 AlZt ¢ HIS S ZTIMSHALCE Flash column

mjo

E
S

ot
==

chromatography (silica gel, n-hexane : ethyl acetate = 20 : 1)
brown oil2| 3aac (7.7 mg, 30%)E Y=Lt

"H-NMR (400 MHz, CDCl;) & 7.30 (t, J = 7.3 Hz, 2H), 7.18-7.21 (m, 3H),
6.79 (td, J = 6.3, 3.8 Hz, 2H), 6.58 (td, J = 6.4, 4.0 Hz, 2H), 3.75 (s, 3H),
3.09 (t, J = 6.9 Hz, 2H), 2.67 (t, J = 7.5 Hz, 2H), 1.62-1.79 (m, 4H)
13C-NMR (100 MHz, CDCl3) & 152.11, 142.84, 142.37, 12854, 128.46,
125.92, 115.00, 114.18, 55.95, 45.00, 35.81, 29.38, 29.10

IR (neat) v 3734, 2931, 2856, 2359, 2348, 2309, 1748, 1647, 1512, 1234,
1036, 818, 699, 671, 648 cm"”

HRMS (FAB) m/z calcd for C;7H,;NO [M] 255.1623, found 255.1620

4-Methoxy- N-nonylaniline (3aad)

\/\/\/\/\N

H
3aad
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: M7|E|

o —

ne

HhxOol St E M2t 1-azido-4-methoxybenzene 1e (0.1
mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2} 1-nonanol 2ad (0.8 mmol, 0.140
mL 8 eq)S 7|EZ 1 KOH (0.4 mmol, 22.4 mg, 4 eq)ES ArEd|

160 °COflM 48 AJZt 3¢ E&E  ZT™ASIYULCE  Flash  column

mjo
ofm

chromatography (silica gel, n-hexane : ethyl acetate = 20 : 1) St
yellow oil2| 3aab (2.6 mg, 10%)& ¥+=Ct.

"H-NMR (400 MHz, CDCl;) § 6.79 (td, J = 6.2, 4.0 Hz, 2H), 6.59 (td, J =
6.2, 4.0 Hz, 2H), 3.75 (s, 3H), 3.06 (t, J = 7.1 Hz, 2H), 1.57-1.64 (m, 2H),
1.28-1.41 (m, 14H), 0.89 (t, J = 6.9 Hz, 3H)

13C-NMR (100 MHz, CDCl;) & 152.05, 142.99, 114.99, 114.13, 55.94,
45.15, 32.01, 29.82, 29.69, 29.62, 29.41, 22.81, 14.25

IR (neat) v 3396, 2977, 2925, 2854, 1512, 1465, 1404, 1244, 1041, 817,

750 cm™!

HRMS (FAB) m/z calcd for Cy4H,7NO [M] 249.2093, found 249.2085

N-benzhydrylaniline (3aae)

7
N
1
o
n
bl
O
9'1-
X
1

=2 2} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2t benzhydrol 2ae (0.4 mmol, 73.7 mg, 4 eq)&
66 H 2-TH

-
Ll



7182 gt 282 TIESIRILE Flash column chromatography (silica gel,
n-hexane : ethyl acetate = 50 : 1)& &3l pale yellow 0il2| 3aae (25.8
mg, 99%)E =Lt

"H-NMR (400 MHz, CDCl3) 6§ 7.35-7.42 (m, 8H), 7.28-7.32 (m, 2H), 7.16
(dd, J = 83,74 Hz, 2H), 6.74 (t, ) = 7.4 Hz, 1H), 6.59 (d, J = 7.8 Hz, 2H),
5.55 (s, TH), 4.28 (s, 1H)

13C-NMR (100 MHz, CDCl;) & 147.46, 143.04, 129.24, 128.87, 127.57,
127.47, 117.76, 113.59, 63.15

IR (neat) v 3407, 3025, 2923, 2852, 2348, 2309, 1748, 1600, 1501, 1452,
1426, 1313, 1027, 746, 699 cm™’

HRMS (FAB) m/z calcd for Ci9H¢7N [M] 259.1361, found 259.1359

N-((4-methoxyphenyl)(phenyl)methyl) aniline (3aaf)

3aaf
C A 7|E Aol SE S [} azidobenzene 1a (0.1 mmol, 0.5 M in

MTBE, 0.2 mL, 1 eq.)2t 4-methoxybenzhydrol 2af (0.4 mmol, 85.7 mg, 4
eq)E 7|EE ot Ht3S ZIAHSIYULCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 20 : 1)=& &5l white 0il2| 3aaf

(28.0 mg, 97%)= YLt
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"H-NMR (400 MHz, CDCl3) 6 7.32-7.39 (m, 4H), 7.28 (d, J = 8.7 Hz, 3H),
7.14 (dd, J = 8.2, 7.3 Hz, 2H), 6.88 (dt, J = 9.3, 25 Hz, 2H), 6.71 (t, J = 7.3
Hz, 1H), 6.56 (d, J = 7.3 Hz, 2H), 548 (s, 1H), 4.22 (s, TH), 3.80 (s, 3H)
13C-NMR (100 MHz, CDCl;) 6 158.93, 147.51, 143.28, 135.29, 129.23,
128.83, 128.72, 127.46, 127.37, 117.68, 114.19, 113.57, 62.48, 55.39

IR (neat) v 3734, 2348, 2309, 1748, 1647, 1601, 1508, 1312, 1247, 1176,
1031, 689, 671, 648 cm™

HRMS (FAB) my/z calcd for Cy,oH19NO [M] 289.1467, found 289.1471

2.3. 22|& 3}

ot

r=2| 4 O|o|H: azide 7|1E H4

4-Methyl- N-(4-methylbenzyl)aniline (3ba)

C A=l UEEE Ol St E M2t 4-azidotoluene 1b (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4
eq)E 7IEE o0 B2 ZIHSIRACE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)& &3l white solid2| 3ba
(20.7 mg, 98%)= YLt

m.p. 47-49 °C

"H-NMR (400 MHz, CDCl;) 6 7.27 (d, J = 7.5 Hz, 2H), 7.16 (d, ) = 7.8 Hz,

1]
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2H), 7.00 (d, J = 8.2 Hz, 2H), 6.58 (d, J = 8.2 Hz, 2H), 4.27 (s, 2H), 3.86 (s,
1H), 2.36 (s, 3H), 2.25 (s, 3H)

13C-NMR (100 MHz, CDCl;) 6 146.15, 136.91, 136.73, 129.87, 129.41,
127.64, 126.81, 113.12, 48.55, 21.24, 20.53

IR (neat) v 3756, 3734, 2379, 2359, 2348, 2309, 1748, 1647, 1541, 1516,
1489, 1374, 1216, 807, 671, 648 cm™"

HRMS (ESI) m/z calcd for CisHigN* [M+H]* 212.1434, found 212.1437

3-Methyl- N-(4-methylbenzyl)aniline (3ca)

-

C A7 =l ™ Ol SHM S 2} 3-azidotoluene 1c¢ (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4
eq)E 7IEE 5I0 uES ZIMSIRACE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1) &5l colorless oil2| 3ca
(19.6 mg, 93%)= Y=Lt

"H-NMR (400 MHz, CDCl;) 6 7.27 (d, ) = 7.8 Hz, 2H), 7.17 (d, ) = 8.2 Hz,
2H), 7.08 (t, J = 7.8 Hz, 1H), 6.56 (d, J = 7.8 Hz, TH), 6.45-6.49 (m, 2H),
4.28 (s, 2H), 3.92 (s, TH), 2.36 (s, 3H), 2.29 (s, 3H)

13C-NMR (100 MHz, CDCl3) & 14844, 139.16, 136.97, 136.61, 129.42,
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129.27, 127.68, 118.59, 113.75, 110.09, 48.26, 21.76, 21.24
IR (neat) v 3734, 2379, 2359, 2348, 2309, 1748, 1704, 1679, 1647, 1541,
1509, 1489, 1374, 1216, 719, 671, 648 cm"”

HRMS (ESI) m/z calcd for CisHigN* [M+H]* 212.1434, found 212.1431

2-Methyl- N-(4-methylbenzyl)aniline (3da)

-

c M7=l UMl S E M2}t 2-azidotoluene 1d (0.1 mmol, 0.5 M in
MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4
eq)E 7|EE 50 uE2 ZTIHSIIALCE Flash column chromatography
(silica gel, n-hexane : ethyl acetate = 50 : 1)2 &3l white solid2| 3da
(20.1 mg, 95%)= Y=Lt

m.p. 41-43 °C

"H-NMR (400 MHz, CDCl;3) & 7.30 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 7.8 Hz,
2H), 711 (9, J = 7.9 Hz, 2H), 6.69 (t, J = 7.5 Hz, 1H), 6.64 (d, J = 7.8 Hz,
1H), 4.34 (s, 2H), 3.83 (s, 1H), 2.37 (s, 3H), 2.17 (s, 3H)

13C-NMR (100 MHz, CDCl;) § 146.26, 137.04, 136.53, 130.16, 129.47,
127.70, 127.28, 122.00, 117.21, 110.03, 48.19, 21.26, 17.70

IR (neat) v 2922, 2854, 2348, 2309, 1748, 1606, 1587, 1513, 1447, 1375,

70



1319, 1254, 1129, 800, 745, 671, 648 cm™"

HRMS (ESI) m/z calcd for CisHigN* [M+H]* 212.1434, found 212.1431

4-Methoxy- N-(4-methylbenzyl)aniline (3ea)

o

3ea
CS7E dutdel gd¥E et 1-azido-4-methoxybenzene 1e (0.1
mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4
mmol, 489 mg, 4 eq)E 7|2 E 5l0] 2SS TIHSIRALE Flash column
chromatography (silica gel, n-hexane : ethyl acetate = 30 : 1)& &
dark orange solid2| 3ea (22.1 mg, 97%)E ¥+=Ct.
m.p. 63-65 °C
"H-NMR (400 MHz, CDCl;) & 7.28 (d, J = 7.8 Hz, 2H), 7.17 (d, J = 8.2 Hz,
2H), 6.80 (td, J = 6.2, 3.8 Hz, 2H), 6.62 (td, J = 6.2, 3.8 Hz, 2H), 4.26 (s,
2H), 3.76 (s, 3H), 2.37 (s, 3H)
13C-NMR (100 MHz, CDCl;) & 152.28, 142.68, 136.90, 136.75, 129.39,
127.66, 115.03, 114.22, 55.93, 49.12, 21.22
IR (neat) v 3734, 2379, 2359, 2348, 2309, 1748, 1715, 1679, 1647, 1516,

1362, 1240, 1038, 823, 671, 648 cm™’

HRMS (ESI) m/z calcd for CisH1sNO* [M+H]* 228.1383, found 228.1387
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4-Fluoro- N-(4-methylbenzyl)aniline (3fa)

-

c A 7|E ™ol shd S M2l 1-azido-4-fluorobenzene 1f (0.1 mmol,
0.5 M in MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol,

489 mg, 4 eq)E 7IEE o ELEE ZTIHSIYCE Flash column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)2 S
white solid®| 3fa (15.8 mg, 73%)E& ¥=Ct.

m.p. 68-70 °C

'"H-NMR (400 MHz, CDCl;) § 7.25-7.27 (m, 2H), 7.17 (d, J = 7.8 Hz, 2H),
6.86-6.92 (m, 2H), 6.55-6.60 (m, 2H), 4.25 (s, 2H), 2.36 (s, 3H)

13C-NMR (100 MHz, CDCl;) & 157.17, 154.85, 144.57, 137.06, 136.21,
129.47, 127.64, 115.89, 115.67, 113.86, 113.79, 48.85, 21.24

F-NMR (375 MHz, CDCl;) & -127.80

IR (neat) v 3734, 2359, 2348, 2309, 1748, 1704, 1647, 1509, 1489, 1362,

1216, 819, 671, 648 cm™!

HRMS (ESI) m/z calcd for Ci4HisFN* [M+H]* 216.1183, found 216.1180

4-Chloro- N-(4-methylbenzyl)aniline (3ga)
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- A
. ©

N
n
0
T
A
o
ot
%

IE

o

[t2} 1-azido-4-chlorobenzene 1f (0.1 mmol,

0.5 M in MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol,

489 mg, 4 eq)E 7IEZ olo EZES TASIRUCE Flash column
chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)2 &5

white solid2| 3ga (22.9 mg, 99%)E Y=L}

m.p. 69-71 °C

TH-NMR (400 MHz, CDCl;) § 7.24 (d, J = 8.2 Hz, 2H), 7.15 (d, ) = 7.8 Hz,
2H), 7.10 (dt, J = 9.5, 2.6 Hz, 2H), 6.54 (td, ) = 6.2, 3.7 Hz, 2H), 4.25 (s,
2H), 4.02 (s, TH), 2.35 (s, 3H)

3C-NMR (100 MHz, CDCl;) & 146.82, 137.17, 135.96, 129.50, 129.17,
127.55, 122.11, 114.01, 48.21, 21.25

IR (neat) v 3734, 2379, 2359, 2348, 2309, 1748, 1715, 1647, 1599, 1508,
1362, 1216, 810, 671, 648 cm”

HRMS (ESI) m/z calcd for Ci4H15CIN* [M+H]* 232.0888, found 232.0890

4-Bromo- N-(4-methylbenzyl)aniline (3ha)

73



o

3ha

(e}

IHFA Of

— 1 =

of

M7|EI

o7 1l=

IS 2l 1-azido-4-bromobenzene 1h (0.1

II
C

mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4

mmol, 489 mg, 4 eq)E 7|EZ 3l0] B32 TSIt Flash column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)2 S
white solid2| 3ha (20.7 mg, 75%)2 =Lt

m.p. 80-82 °C

'H-NMR (400 MHz, CDCl;) 6 7.25 (d, J = 9.1 Hz, 4H), 7.17 (d, ) = 7.8 Hz,
2H), 6.49-6.53 (m, 2H), 4.26 (s, 2H), 4.05 (s, 1H), 2.36 (s, 3H)

13C-NMR (100 MHz, CDCl;) & 147.23, 137.18, 135.90, 132.04, 129.50,
127.53, 114.52, 109.14, 48.10, 21.24

IR (neat) v 3734, 2380, 2348, 2309, 1748, 1715, 1679, 1647, 1593, 1498,

1397, 1311, 1245, 1122, 808, 671, 648 cm"

HRMS (ESI) m/z calcd for Ci4H15BrN* [M+H]* 278.0363, found 278.0359

4-lodo- N-(4-methylbenzyl)aniline (3ia)
|
O :
H
3ia
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>|

s 7|l LEbH ol SHd S 2l 1-azido-4-iodobenzene 1i (0.1 mmol,
0.5 M in MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol,

489 mg, 4 eq)E 7|EE o0 HI3Z ZIMSIRULCE Flash column

mjo

E
S

of
==

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1)
yellow solid®| 3ia (165 mg, 51%)2t £4H2Q 3aa (49 mg, 25%)=
2 =Lt

m.p. 88-90 °C

"H-NMR (400 MHz, CDCl3) & 7.41 (dt, J = 9.5, 2.5 Hz, 2H), 7.24 (d, J =
7.8 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 6.41 (dt, J = 9.5, 2.4 Hz, 2H), 4.26 (s,
2H), 4.06 (s, TH), 2.36 (s, 3H)

13C-NMR (100 MHz, CDCl;) 6 147.79, 137.88, 137.17, 135.85, 129.50,
127.50, 115.17, 78.13, 47.92, 21.24

IR (neat) v 3734, 2380, 2359, 2348, 2309, 1748, 1704, 1647, 1508, 1489,
1374, 1216, 808, 671, 648 cm™

HRMS (ESI) m/z calcd for Ci4HisNIT [M+H]* 324.0244, found 324.0238

N-(4-methylbenzyl)naphthalen-1-amine (3ja)

)
N
il
o
s
12
o
o
X
E

2 M2t 1-azidonaphthalene 1j (0.1 mmol, 0.5
75 14 | |
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M in MTBE, 0.2 mL, 1 eq.)2t 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9

mg, 4 eq)E 7IEE o0 EtSZ TAHSIRULCE  Flash  column

mjo

chromatography (silica gel, n-hexane : ethyl acetate = 40 : 1) &
purple solid2| 3ja (20.3 mg, 82%)& =Lt

m.p. 56-58 °C

"H-NMR (400 MHz, CDCl;) 6 7.83 (dd, J = 7.5, 1.6 Hz, 2H), 7.42-7.50 (m,
2H), 7.34-7.38 (m, 3H), 7.26-7.29 (m, 1H), 7.21 (d, J = 7.8 Hz, 2H), 6.66 (d,
J = 6.9 Hz, 1H), 4.67 (s, TH), 4.47 (s, 2H), 2.39 (s, 3H)

13C-NMR (100 MHz, CDCl;) 6 143.40, 137.20, 136.13, 134.39, 129.52,
128.81, 127.88, 126.76, 125.85, 124.83, 123.45, 120.03, 117.64, 104.77,
48.49, 21.28

IR (neat) v 3734, 2379, 2359, 2348, 2309, 1748, 1704, 1679, 1647, 1509,

1488, 1374, 1216, 785, 671, 648 cm™"

HRMS (ESI) m/z calcd for CigHisN* [M+H]* 248.1434, found 248.1438

N-(4-methylbenzyl)pyridin-4-amine (3ka)

"N
I

/@/\N\
H

3ka
o A7|E 2dHbN ol Bt S 2l 4-azidopyridine 1k (0.1 mmol, 0.5 M

in MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg,
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4 eq)S 7I2R ot0] 160 °COIA 48 AlZF S EIS& TIASHILCE.

=
0l0

2220 2 M HC 2 mLE 7t8t & dichloromethane2 2 38 A0

T2 YeCh 7|27t 25K BE M7t NaHCO,& ol +Z0f

N
Ot
Q
ofy

3IAZI = dichloromethanel 2 33| F=3l0 {7\

merct O

ot

77152 4% ZFSHO white solid®| 3ka (15.1 mg,

ne

76%)E Y=Lt

m.p. 120-122 °C

"H-NMR (400 MHz, CDCl;) & 8.17 (d, J = 5.9 Hz, 2H), 7.19 (dd, J = 2155,
8.2 Hz, 4H), 6.46 (d, J = 6.4 Hz, 2H), 4.64 (s, 1H), 431 (d, J = 5.5 Hz, 2H),
2.35 (s, 3H)

3C-NMR (100 MHz, CDCl;) & 15337, 150.06, 137.49, 13491, 129.62,
127.46, 107.82, 46.79, 21.24

IR (neat) v 3734, 2380, 2348, 2309, 1748, 1704, 1647, 1509, 13962, 1216,

808, 671, 648 cm™

HRMS (FAB) m/z calcd for Cy3HqsN, [M+H] 199.1235, found 199.1240

N-(4-methylbenzyl)pyridin-3-amine (3la)

)
Al
n
o
18
2
o
o
ks
rE

2 2t 3-azidopyridine 11 (0.1 mmol, 0.5 M in
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MTBE, 0.2 mL, 1 eq.)2} 4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4
eq)E 7IEE ot HtES TASRULCE g8 =2e=0] 2 M HCl 2 mLE
7tet = dichloromethaneL 2 3 A0f =TS Y=Lt 7|E7 LMK
=  M7HX]  NaHCO,E ol =30 7151 JeAZl =
dichloromethane@ 2 33| FZ3st0] {7|52 ZLCt 0|8 {758
Ze B350 white solid2| 3la (154 mg, 78%)E ¥ELCt.

m.p. 110-112 °C

"H-NMR (400 MHz, CDCl;) & 8.09 (d, J = 0.7 Hz, 1H), 7.95 (d, J = 4.1 Hz,
1H), 7.24 (d, J = 8.2 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 7.08 (dd, J = 8.2,
5.0 Hz, 1H), 6.88 (dq, J = 8.2, 1.4 Hz, 1H), 4.30 (s, 2H), 2.34 (s, 3H)
13C-NMR (100 MHz, CDCl;) & 144.37, 138.26, 137.32, 135.78, 135.42,
129.55, 127.52, 123.98, 118.94, 47.67, 21.22

IR (neat) v 3901, 3756, 3734, 2380, 2359, 2348, 2309, 1748, 1704, 1679,
1588, 1509, 1488, 1417, 1216, 792, 671, 648 cm™!

HRMS (FAB) m/z calcd for Cy3HqsN, [M+H] 199.1235, found 199.1240

4-((4-methylbenzyl)amino)- N-(pyrimidin-2-yl)benzenesulfonamide

(3ma)
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Ab7| &l QlH}A O

— [y

ok

P2 M2t 4-azido-N-(pyrimidin-2-
yl)benzenesulfonamide 1m (0.1 mmol, 0.5 M in MTBE, 0.2 mL, 1 eq.)2t
4-methylbenzyl alcohol 2a (0.4 mmol, 48.9 mg, 4 eq)E 7|EE 5t

toluene 1.0 mLE AFESIO 160 °CO|AM 48 A7t SQF B S TIlSIRALCE,

BE =Z2=0 2 M HCl (2 mLE 78t F dichloromethaneLZ 3H
NO| R7152 Y=L 0ol {7152 AY BFSILD flash column

chromatography (silica gel, n-hexane : ethyl acetate = 1 : 2)& &5
white 0il2| 3ma (13.3 mg, 38%)S ¥=Ct

m.p. 244-246 °C

"H-NMR (400 MHz, DMSO-d}) 6 11.27 (s, 1H), 8.47 (d, J = 5.1 Hz, 2H),
7.64 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 8.3 Hz, 2H), 7.11 (t, J = 7.8 Hz, 3H),
7.00 (t, J = 5.1 Hz, 1H), 6.60 (d, J = 8.7 Hz, 2H), 4.25 (d, J = 5.5 Hz, 2H),

2.26 (s, 3H)

13C-NMR (100 MHz, DMSO-d) & 158.25, 157.22, 152.16, 135.99, 135.93,
129.57, 128.96, 127.16, 125.23, 115.50, 110.76, 45.58, 20.66

IR (neat) v 3124, 2311, 1597, 1513, 1406, 1260, 1222, 1153, 750, 630 cm"

1

HRMS (FAB) m/z calcd for CygH19N4O,S [M+H] 355.1229, found 355.1235
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3. B8 7| A
3.1. Amine 37Zt4|2| =tol

N NH
/@/ °, /©/\OH KOtBu (2 equiv.) /@/ 7, 3ea 8% NMR yield
. . 4ea, 34% NMR yield
MeO PhMe, 150 °C, 30 min MeO
1e 2a 1e’, 34% NMR yield
21% isolated

Borosilicate Glass TubesOll KO#Bu (0.2 mmol, 22.4 mg, 2 eq.)2t alcohol

2a (04 mmol, 489 mg, 4 eq)E &1 rubber septumlZ U2 =

1%
0x

m

vacuum pumpZ ZlE AMEHE OtCt Argon 3ME E£2 2 vacuum
pumpE AtE3l 3H XYX[=HSICEH O|F argon X|ZHEl tubeOl| toluene
(0.5 mL), azide 1e (0.1 mmol, 0.5 M in MTBE, 0.2 mL, 1 eq)& EO{ &Lt

Rubber septum2 HMAHSHL screw cap2 =2 = Z|HM7F A{O{LIZLX]|

®HEE ZAStAH HU=Ch Heating block (dry block heater)2 ARESH

150 °COlA WESICE (1000 rpm). 3027t wEt = B =3aS
H20M ABICL 4 SFE S S B8UE MAS T internal

standard®! dimethyl sulfone (0.05 mmol, 47 mg)2 €1 CDCLE

=OICEH 'H NMRE E3ll aniline 1e' (34%, NMR yield)1t Md= 3ea (8%,

NMR yield), 4ea (34%, NMR yield)2| MM M= E ZQIstct
S wbtol gty =eE2 420AM AR =, prep-TLC (-

hexane : ethyl acetate : triethylamine = 4 : 2 : 1)& 53l £2/5}0] dark
brown solid2| 1e' (2.6 mg, 21%)E Y=Lt 1-Azido-4-methoxybenzene

1e'9

A~HEY HO|[HE 7|&E0 21E Heb S USICf26

80 A 2T}



'H-NMR (400 MHz, DMSO-dj) & 6.63 (d, J = 8.7 Hz, 2H), 6.50 (d, J =

9.1 Hz, 2H), 4.59 (s, 2H), 3.61 (s, 3H)

Figure S1. 223 1e'2] NMR AZE 2 (H-NMR, DMSO-d})

MeO

1e

35610
25500

9‘0 1q 0 11‘ 0

8.0
I

3‘0 4‘0 5.‘0 6‘0

20
i

1.0
i

T T T T T T T T T T
110 100 9.0 8.0 70 6.0 50 40 3.0 20 10

300

X : parts per Million : Proton
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3.2. Carbonyl S7HH|2Q| =l

N OH (0]
3 Standard condition
U O U
1a 2ae

2ae’, 68%

Borosilicate Glass TubesOl KOBu (0.2 mmol, 224 mg, 2 eq.)2t
benzhydrol 2ae (0.4 mmol, 73.7 mg, 4 eq)E Z21 rubber septuml =
B2 F vacuum pumpE FE HEIS HETICE Argon BHE 2 F
vacuum pump& ArEd 3t I X[2totCh 0| argon X|2HEl tubel
toluene (0.5 mL), azidobenzene 1a (0.1 mmol, 0.5 M in MTBE, 0.2 mL, 1

eq)E YO{ELL Rubber septumZ KX AH3tD screw cap= B2

ot

17t MOJLIZEX| =& ZSHA =Lt Heating block (dry block

heaten)2 AMES 150 °COflA LWEISICE (1000 rpm). 24A|7H Wt = S

St 7DI-OI:||-

2= C £ 3o #H#ES 8OE MAHY =

riot
o

SEXIIRS

rot

—_

ol

=
prep-TLC (n-hexane : ethyl acetate = 50 : 1)2 &l 22|50 white
solid2| 2ae’ (12.3 mg, 68%)E ¥ =Lt Benzophenone 2ae’2| AHEH
OO|E= 7[&0| E1E Hiet SY5ICt?7

'H-NMR (400 MHz, CDCl;3) & 7.80-7.82 (m, 4H), 7.59 (tt, ) = 7.4, 1.4 Hz,
2H), 7.47-7.51 (m, 4H)

13C-NMR (100 MHz, CDCl;) & 196.93, 137.71, 132.57, 130.21, 128.41
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3.3. Radical clock experiment

(2-Phenylcyclopropyl)methanol (5)

o~ DIBAL-H _ OH
o) Et,0, -78 °C, 30 min

ethyl 2-phenylcyclopropane-1-carboxylate

(3,

QEON XS RBFE rubber septum2 2 %1 argon X|&tst F -

78 °C ZHOIAM Al

rot

ct =¥

rok

25 ZUOAM ether 45 mbL)et
diisobutylaluminum hydride solution (3.4 mL, 1 M in dichloromethane,

2.5 eq)2 7IBL} Ethyl 2-phenylcyclopropane-1-carboxylate (1.35 mmol,

= |

WHISICH HI20| RE ASE &

— —

256.8 mg, 1 eq)E 7t 2 3087
THZFO| H,02t dichloromethane (10 mL)S AFEdH quench?tCh {7152
H, 02 A0 Z2oi Y ZFII0 EOE At 2 =22=2
flash column chromatography (silica gel, n-hexane : ethyl acetate = 5 :
NE 22|5t0 colorless oil2| 5 (161.7 mg, 81%, trans : cis = 3 : )&
H=Ch 59 ~HMEY HO|EH= 7|E0 E0F Het S LSCH

'"H-NMR (trans-5, 400 MHz, CDCl5) 6 7.29 (t, J = 7.4 Hz, 2H), 7.06-7.24
(m, 3H), 3.63 (t, J = 6.4 Hz, 2H), 1.81-1.86 (m, 1H), 1.44-1.49 (m, TH),
1.01-0.85 (m, TH); 'TH-NMR (c/s-5, 400 MHz, CDCl;) & 7.29 (t, ) = 7.4 Hz,
2H), 7.06-7.24 (m, 3H), 3.48 (g, J = 6.0 Hz, 1H), 3.27 (dd, J = 11.5, 8.7 Hz,
1H), 2.30 (dd, J = 14.7, 8.7 Hz, 1H), 1.44-1.49 (m, 1H), 1.10-1.01 (m, TH),

1.01-0.85 (m, 1H)
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13C-NMR (trans-5, 100 MHz, CDCl;) 6§ 142.57, 128.39, 125.86, 125.68,
66.45, 25.33, 21.33, 13.93; ®*C-NMR (cis-5, 100 MHz, CDCl;) 6 13833,
128.93, 128.34, 126.25, 62.84, 20.90, 20.76, 7.77

IR (neat) v 3854, 3744, 3628, 2373, 2318, 1733, 1699, 1653, 1560, 1436,

1264, 749 cm”

N-((2-phenylcyclopropyl)methyl)aniline (6)

N H
©/ 3 Standard condition N \©

6, 46%

Borosilicate Glass TubesOl KOBu (0.2 mmol, 224 mg, 2 eq.)2t

rlo
ot

alcohol 5 (0.4 mmol, 59.3 mg, 4 eq)& E1 rubber septum2 2 &

i
ot

vacuum pumpZ X5 AEH d2tCh Argon 3ME £2 F vacuum
pumpE AtE3l 3H XYX[=HSICE O|F argon X|ZHEl tubeOf| toluene
(0.5 mL), azidobenzene 1a (0.1 mmol, 0.5 M in MTBE, 0.2 mL, 1 eq)E
ZO{ELC}. Rubber septum2 XMAHSHL screw cap= B2 = 7|7t
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3H), 7.09 (d, J = 7.3 Hz, 2H), 6.73 (t, J = 7.3 Hz, 1H), 6.64 (d, J = 7.8 Hz,
2H), 3.82 (s, TH), 3.16 (d, J = 6.9 Hz, 2H), 1.84-1.88 (m, 1H), 1.44-1.52 (m,
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HRMS (FAB) my/z calcd for Ci¢H7N [M] 223.1361, found 223.1365
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3.4. Deuterium-labeling experiment

D bbb D b D OMe
N3 D i D
/©/ . OH Standard condition N
H
MeO D D
D
1e

D D
D
dy-2b dr-3eb, 54%

: i iGN
D
N
1
D
D D
D

Not observed

OHL
F

Borosilicate Glass TubesO KO#Bu (0.2 mmol, 22.4 mg, 2 eq.) &

ez
S

oE

ok

i
0x
ret
n

rubber septum2Z T2 2 vacuum pumpZ 7l

ot

stct. of

ot

Argon EME &2 F vacuum pumpS ArEdl 3| K|
argon X|2HEl tubeOi| deterated benzyl alcohol d»2b (0.4 mmol, 0.041
mL, 4 eq.), toluene (0.5 mL), 1-azido-4-methoxybenzene 1e (0.1 mmol,
0.5 M in MTBE, 0.2 mL, 1 eq)E ZO{&ELt Rubber septum= X|75t1
screw cap= 22 £ ZIH7F MOILIZHR| B=& 25t B =Lt Heating
block (dry block heater)2 ARE3] 150 °CO|A] WwHESICH (1000 rpm).
24A|2H Wbt 3 B 2o ES o200 At A4S SRE SO EHS
201E HMAHSH F flash column chromatography (r-hexane : ethyl
acetate = 25 : 1)2 &l =2|5t0 colorless 0il2] dr3eb (12.0 mg,
54%)E Y=Ct 'H-NMR2 E3l deuteriumO| retention Tl HEE
H| W SkC}2

HRMS (FAB) my/z calcd for C4HgD,NO [M] 220.1593, found 220.1588

87



Figure S3. =2|%t d-3eb2] NMR AHEZ (?: d-3eb, 'H-NMR,
DMSO-djs Otel: 3eb, "TH-NMR, DMSO-d))
\ Y oI
2 D
D
- D
) D
d7'3eb
g J J J -
110 100 90 80 70 60 50 ) 30 20 10
78 7 i 7
X : parts per Million : Proton o ° i “
] TNV Y Yoo N
N N
hE H
BE 3eb
A ) -
110 100 90 80 - 70 o 6‘0:' 50 DA‘O . 30 20 10

X : parts per Million : Proton

88



V. & 11 2 3

1. Lawrence, S. A. Amines: Synthesis Properties and Applications; Cambridge
University Press: Cambridge, U.K., 2004.

2. () Afanasyeyv, O. I.; Kuchuk, E.; Usano, D. L.; Chusov, D. Reductive Amination
in the Synthesis of Pharmaceuticals. Chem. Rev. 2019, 119, 11857-11911. (b)
Salvatore, R. N.; Yoon, C. H.; Jung, K. W. Synthesis of secondary amines.
Tetrahedron 2001, 57, 7785-7811.

3. Wong, B. K.; Woolf, T. F.; Chang, T.; Whitfield, L. R. Metabolic disposition of
trimetrexate, a nonclassical dihydrofolate reductase inhibitor, in rat and dog. 1990,
Drug Metab. Dispos. 18, 980-986.

4. Roush, G. C.; Kaur, R.; Ernst, M. E. Diuretics: A Review and Update. J.
Cardiovasc. Pharmacol. Ther. 2014, 19, 5-13.

5. Malerba, M.; Ragnoli, B. Ambroxol in the 21st century: pharmacological and
clinical update, Expert Opin. Drug. Metab. Toxicol. 2008, 4, 1119-1129.

6. Imai, S.; Saito, F.; Takase, H.; Enomoto, M.; Aoyama, H.; Yamaji, S.; Yokoyama,
K.; Yagi, H.; Kushiro, T.; Hirayama, A. Use of Bepridil in Combination with Ic
Antiarrhythmic Agent in Converting Persistent Atrial Fibrillation to Sinus Rhythm,
Circ. J. 2008, 72, 709-715.

7. Widemann, B. C.; Balis, F. M.; Godwin, K. S.; McCully, C.; Adamson, P. C. The
plasma pharmacokinetics and cerebrospinal fluid penetration of the thymidylate
synthase inhibitor raltitrexed (Tomudex) in a nonhuman primate model. Cancer
Chemother. Phamacol. 1999, 44, 439-443.

8. Vale, N.; Moreira, R.; Gomes, P. Primaquine revisited six decades after its
discovery. Eur. J. Med. Chem. 2009, 44, 937-953.

9. Lamb, Y. N. Pexidartinib: First Approval. Drugs 2019, 79, 1805-1812.

89



10. Abelson, M. B.; Allansmith, M. R.; Friedlaender, M. H. Effects of Topically
Applied Ocular Decongestant and Antihistamine. Am. J. Ophthalmol. 1980, 90,
254-257.

11. (a) Lane, C. F. Sodium Cyanoborohydride — A Highly Selective Reducing
Agent for Organic Functional Groups. Synthesis 1975, 3, 135-146. (b) Abdel-
Magid, A. F.; Carson, K. G,; Harris, B. D.; Maryanoff, C. A.; Shah, R. D. Reductive
Amination of Aldehydes and Ketones with Sodium Triacetoxyborohydride. Studies
on Direct and Indirect Reductive Amination Procedures. J. Org. Chem. 1996, 61,
3849-3862. (c) Borch, R. F.; Bernstein, M. D.; Durstt H. D. The
Cyanohydridoborate Anion as a Selective Reducing Agent. J. Am. Chem. Soc. 1971,
93, 2897-2904.

12. (a) Fernandez, F. E.; Puerta, M. C.; Valerga, P. Ruthenium(ll) Picolyl-NHC
Complexes: Synthesis, Characterization, and Catalytic Activity in Amine N-
alkylation and Transfer Hydrogenation Reactions. Organometallics 2019, 31, 6868-
6879. (b) Wetzel, A.; Wdckel, S.; Schelwies, M.; Brinks, M. K.; Rominger, F.;
Hofmann, P.; Limbach, M. Selective Alkylation of Amines with Alcohols by Cp*-
Iridium(111) Half-Sandwich Complexes. Org. Lett. 2013, 15, 266-269. (c) Dang, T.
T.; Ramalingam, B.; Shan, S. P.; Seayad, A. M. An Efficient Palldium-Catalyzed N-
Alkylation of Amines Using Primary and Secondary Alcohols. ACS Catal. 2013, 3,
2536-2540.

13. Xu, Q.; Chen, J.; Liu, Q. Aldehyde-Catalyzed Transition Metal-Free
Dehydrative B-Alkylation of Methyl Carbinols with Alcohols. Adv. Synth. Catal.
2013, 355, 697-704.

14. Xu, Q.; Chen, J.; Tian, H.; Yuan, X.; Li, S.; Zhou, C.; Liu, J. Catalyst-Free
Dehydrative o-Alkylation of Ketones with Alcohols: Green and Selective
Autocatalyzed Synthesis of Alcohols and Ketones. Angew. Chem. Int. Ed. 2014, 53,
225-229.

15. (a) Donthiri, R. R.; Pappula, V.; Mohan, D. C.; Gaywala, H. H.; Adimurthy, S.
Sodium Hydroxied Catalyzed N-Alkylation of (Hetero) Aromatic Primary Amines
with Ni, Cs-Dialkylation of 4-Phenyl-2-aminothiazoles with Benzyl Alcohols. J.

90 7

-
Ll



Org. Chem. 2013, 78, 6775-6781. (b) Li, S.; Li, X.; Li, Q.; Yuan, Q.; Shi, X.; Xu, Q.
Structure-dependent tautomerization induced catalyst-free autocatalyzed N-
alkylation of heteroaryl amines with alcohols. Green Chem. 2015, 17, 3260-3265.
(c) Li, X.; Li, S.; Li, Q.; Dong, X.; Li, Y.; Yu, X.; Xu, Q. Efficient and practical
catalyst-free-like dehydrative N-alkylation of amines and sulfinamides with
alcohols initiated by aerobic oxidation of alcohols under air. Tetrahedron, 2016, 72,
264-272.

16. Xiao, M.; Yue, X.; Xu, R.; Tang, W.; Xue, D,; Li, C.; Lei, M.; Xiao, J.; Wang, C.
Transition-Metal-Free Hydrogen Autotransfer: Diastereoselective N-Alkylation of
Amines with Racemic Alcohols. Angew. Chem. Int. Ed. 2019, 58, 10528-10536.

17. L, Q.-Q.; Xiao, Z.-F.; Yao, C.-Z.; Zheng, H.-X.; Kang, Y.-B. Direct Alkylation
of Amines with Alcohols Catalyzed by Base. Org. Lett. 2015, 17, 5328-5331.

18. Kvaskoff, D.; Lierssen, H.; Bednarek, P.; Wentrup, C. Phenylnitrene,
Phenylcarbene, and Pyridylcarbenes. Rearrangements to Cyanocyclopentadiene
and Fulvenallene. J. Am. Chem. Soc. 2014, 136, 15203-15214.

19. (a) Jumar, A.; Janes, T.; Chakraborty, S.; Daw, P.; von Wolff, N.; Carmieli, R.;
Diskin-Posner, Y.; Milstein, D. C-C Bond Formation of Benzyl Alcohols and
Alkynes Using a Catalytic Amount of KO'Bu: Unusual Regioselectivity through a
Radical Mechanism. Angew. Chem. Int. Ed. 2019, 58, 3373-3377. (b) Azizi, K,;
Madsen, R. Radical condensation between benzylic alcohols and acetamides to
form 3-arylpropanamides. Chem. Sci. 2020, 11, 7800-7806.

20. (a) Mihelj, T.; Tomasic, V.; Biliskov, N.; Liu, F. Temperature-dependent IR
spectroscopic and structural study of 18-crown-6 chelating ligand in the
complexation with sodium surfactant salts and potassium picrate. Spectrochim.
Acta A Mol. Biomol. Spectrosc. 2014, 124, 12-20. (b) Braga, D.; Modena, E.; Polito,
M.; Rubini, K.; Grepioni, F. Crystal forms of highly “dynamic” 18-crown[6]
complexes with M[HSO4] and M[H:PO4] (M* = NHs*, Rb*, Cs*): thermal
behaviour and solid-state preparation. New J. Chem. 2008, 32, 1718-1724.

91



21. Hu, M.; Li, J.; Yao, S. Q. In Situ “Click” Assembly of Small Molecule Matrix
Metalloprotease Inhibitors Containing Zinc-Chelating Groups. Org. Lett. 2008, 10,
5529-5531.

22. Tolnai, G. L.; Nilsson, U. J.; Olofsson, B. Efficient O-Functionalization of
Carbohydrates with Electrophilic Reagents. Angew. Chem. Int. Ed. 2016, 55,
11226-11230.

23. Zhao, Y.; van Nguyen, H.; Male, L.; Craven, P.; Buckley B. R.; Fossey, J. S.
Phosphino-Triazole  Ligands for  Palladium-Catalyzed  Cross-Coupling.
Organometallics 2018, 37, 4224-4241.

24. Kwok, S. W.; Fotsing, J. R.; Fraser, R. J.; Rodionov, V. O.; Fokin, V. V.
Transition-Metal-Free Catalytic Synthesis of 1,5-Diaryl-1,2,3-triazoles. Org. Lett.
2010, 12, 4217-4219.

25. Xie, S.; Zhang, Y.; Ramstrom, O.; Yan, M. Base-catalyzed synthesis of aryl
amides from aryl azides and aldehydes. Chem. Sci. 2016, 7, 713-718.

26. Su, Y.; Li, X.; Wang, Y.; Zhong, H.; Wang, R. Gold nanoparticles supported by
imidazolium-based porous organic polymers for nitroarene reduction. Dalton Trans.
2016, 45, 16896-16903.

27. Deng, Y.; Wei, X. -J.; Wang, H.; Sun, Y.; Noél, T.; Wang, X. Disulfide-
Catalyzed Visible-Light-Mediated Oxidative Cleavage of C=C Bonds and
Evidence of an Olefin-Disulfide Charge-Transfer Complex. Angew. Chem. Int. Ed.
2017, 56, 832-836.

28. (a) Voituriez, A.; Zimmer, L. E.; Charette. A. B. Preparation of a Storable Zinc
Carbenoid Species and Its Application in Cyclopropanation, Chain Extension, and
[2,3]-Sigmatropic Rearrangement Reactions. J. Org. Chem. 2010, 75, 1244-1250.
(b) Mauledn, P.; Krinsky, J. L.; Toste, D. Mechanistic Studies on Au(l)-Catalyzed
[3,3]-Sigmatropic Rearrangements using Cyclopropane Probes. J. Am. Chem. Soc.
2009, 131, 4513-4520.



29. Mastalir, M.; Tomsu, G.; Pittenauer, E.; Allmaier, G.; Kirchner, K. Co(ll) PCP
Pincer Complexes as Catalysts for the Alkylation of Aromatic Amines with
Primary Alcohols. Org. Lett. 2016, 18, 3462-3465.

3§ 53 17
93 N = - TH



VI. 8 §

'H-NMR of compound 1e (CDCls, 400 MHz)
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H-NMR of compound 1i (CDCls, 400 MHz)
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H-NMR of compound 1j (CDCls, 400 MHz)
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'H-NMR of compound 1k (CDCls, 400 MHz)
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H-NMR of compound 1l (CDCls, 400 MHz)
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H-NMR of compound 1m (DMSO-ds, 400 MHz)
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H-NMR of compound 3aa (CDCls, 400 MHz)
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H-NMR of compound 3ab (CDCls, 400 MHz)
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H-NMR of compound 3ac (CDCls, 400 MHz)
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H-NMR of compound 3ae (CDCls, 400 MHz)
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'H-NMR of compound 3af (CDCls, 400 MHz)
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H-NMR of compound 3ag (CDCls, 400 MHz)
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'H-NMR of compound 3ah (CDCls, 400 MHz)
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H-NMR of compound 3ai (CDCls, 400 MHz)
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'H-NMR of compound 3aj (CDCls, 400 MHz)
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H-NMR of compound 3ak (CDCls, 400 MHz)
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¥E-NMR of compound 3ak (CDCls, 375 MHz)
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'H-NMR of compound 3al (CDCls, 400 MHz)
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¥E-NMR of compound 3am (CDCls, 375 MHz)
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'H-NMR of compound 3an (CDCls, 400 MHz)
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¥E-NMR of compound 3an (CDCls, 375 MHz)
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H-NMR of compound 3ao (CDCls, 400 MHz)

abundance

3ao

——4.289

——3852

-

2393
—— 1544
— 1281

0 01 02 0‘3 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23

X : parts per Million : Proton

105]
4870

6.0

B

096
195

200

ngn«Do

30

1BC-NMR of compound 3ao (CDCls,

100 MHz)

(thousandths)

2.0

10

Irz

3ao

148428
——137.134

|

136.485

71475
~

77.160
76.845

46,514

19.067

L

T ; T
190 1800  170.0
X : parts per Million : Carbon13

T
160.0

T T
150.0 1400

T
1300

T
1200

T T
1100 1000

117



H-NMR of compound 3ap (CDCls, 400 MHz)
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H-NMR of compound 3aq (CDCls, 400 MHz)
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H-NMR of compound 3ar (CDCls, 400 MHz)
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'H-NMR of compound 3at (CDCls, 400 MHz)
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H-NMR of compound 3au (CDCls, 400 MHz)
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H-NMR of compound 3av (CDCls, 400 MHz)
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'H-NMR of compound 3aw (CDCls, 400 MHz)
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H-NMR of compound 3ax (CDCls, 400 MHz)
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H-NMR of compound 3ay (CDCls, 400 MHz)
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H-NMR of compound 3az (CDCls, 400 MHz)
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H-NMR of compound 3aaa (CDCls, 400 MHz)
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H-NMR of compound 3aab (CDCls, 400 MHz)
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H-NMR of compound 3aac (CDCls, 400 MHz)
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H-NMR of compound 3aad (CDCls, 400 MHz)
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'H-NMR of compound 3aae (CDCls, 400 MHz)
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H-NMR of compound 3aaf (CDCls, 400 MH
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H-NMR of compound 3ba (CDCls, 400 MHz)
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H-NMR of compound 3ca (CDCls, 400 MHz)
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H-NMR of compound 3da (CDCls, 400 MHz)
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H-NMR of compound 3ea (CDCls, 400 MHz)
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'H-NMR of compound 3fa (CDCls, 400 MHz)
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¥E-NMR of compound 3fa (CDCls, 400 MHz)
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H-NMR of compound 3ga (CDCls, 400 MHz)
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H-NMR of compound 3ha (CDCls, 400 MHz)
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H-NMR of compound 3ia (CDCls, 400 MHz)
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'H-NMR of compound 3ja (CDCls, 400 MHz)
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H-NMR of compound 3ka (CDCls, 400 MHz)
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H-NMR of compound 3la (CDCls, 400 MHz)
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!H-NMR of compound 3ma (DMSO-ds, 400 MHz)

283858
mmmmm

— 112713
4258
4244

.

0‘1 Oi2 0;3 0‘4 0‘5 0‘.6 0;7 0‘48 0‘9 l‘.O 1;1 1‘42 1‘3 l‘.4 1;5 1‘46 1‘7 1;8 1;9 2‘0 2‘1

abundance
L
fe—
L

T T T
4.0 3.0 20 10

‘.
B
o]
o
o
o

T T T T
11.0 100 9.0 8.0

= i 7w oT 7 i
X : parts per Million : Proton h oooTem © ”
BC-NMR of compound 3ma (DMSO-ds, 100 MHz)
E Vo || |y
EE O H
“ _N N
o S S
& W |
(@] N —
° N
o H
o] 3ma
e H,,,,w,, )
! 196.0 186.0 1760 16b,0 15b.0 14b0 13b,0 126.0 116.0 10b0 96.0 86.0 70‘v0 66.0 56.0 460 30‘0 26.0 16.0
X : parts per Million : Carbon13

147 2 M E g



!H-NMR of compound 5 (CDCls, 400 MHz)
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H-NMR of compound 6 (CDCls, 400 MHz)
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VI. Abstract

Jinwoo Lee
Pharmaceutical synthetic chemistry

Department of pharmacy, Graduate school of Seoul National University

C-N bonds are easily found in chemical structures, which have important roles
to build major skeletons in pharmaceuticals and biomolecules. C-N bond forming
methods using alcohols are mostly restricted to transition-metal mediated N-
alkylation methods with amine substrates. Although transition metals have shown
their utility on mediating several reactions, using transition metal-mediated
methodologies in drug synthesis may not be suitable because of high-cost and
human toxicity.

Therefore, the development of transition metal-free method is still in demand.
Recently, several researches using Meerwein-Poondorf-Verley(MPV) type
reduction with modified conditions has been reported. Reactions with MPV-type
reduction are highly chemoselective without using high-price transition metal
catalysts. However, the substrates of C-N bond forming reactions using MPV-type
reduction are restricted in amines and studies for azide substrates are not proceeded
yet.

Here, we developed a transition metal-free azide-alcohol C-N bond forming
methodology enabled by potassium-base as a sole reagent. In contrast to transition

metal-catalyzed reactions, this method is operationally-simple with no need to
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prepare complex catalysts. Substrate scope was demonstrated using substrates
containing various functional groups including C-N bond formation of a complex
biomolecule derivative. Mechanistic studies showed that the reaction is initiated by
the reduction of azides to amines under the presence of KOtBu and alcohols. Imine
intermediates generated from amine and carbonyl intermediates which is oxidized
from alcohols, subsequently reduced to form C-N bond via potassium-mediated
MPV-type hydrogenation. The importance of hydrogens in hydroxyl group and a-

position of alcohol for transfer hydrogenation process was confirmed.

keyword : C-N bond formation, Transition-metal free, KOtBu, Azide, Alcohol

Student number : 2021-22187
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