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Studies on acid-catalyzed transformations reaction of
azetidines

ABSTRACT

This dissertation studied on Sc(OTf)s-catalyzed the ring-opening
rearrangement of 2-(hetero)aryl-N-sulfonylazetidines and
organophsphoric acid-catalyzed the ring-opening reaction amines with 3-
substituted azetidines trifluoromethanesulfonate, as outlined below:

1. Sc(OTf)s-catalyzed the ring-opening rearrangement reaction of 2-
(heteo)aryl-N-sulfonylazetidines. Firstly, the optimal reaction conditions
were determined through a comprehensive screening of various metal
Lewis acids, catalyzed dosages; reaction solvents, solvent dosages and
temperatures: Sc(OTf); (1.0 mol%) was employed as a highly efficient
Lewis acid catalyst, tetrahydrofuran was selented as the ideal reaction
solvent, and the reaction proceeded smoothly at 30 °C. Secondly,
extensive experiments using diverse substrates with varying structures
revealed that this method exhibits a broad application range and delivers
high yields. These results unequivocally demonstrate the exceptional
stability of this approach. Moreover, allylamine could be synthesized
from product II-21a and II-21d via several straightforward organic
reactions involving antifungal drug naftifine and plant hormone ababolic
acid biosynthesis inhibitor abamine or abamine SG respectively. It is
noteworthy that in the gram-scale experiment we further reduced the
catalyst dosage to 1/1000 while still maintaining remarkable reaction
rates; however, it necessitated an extended reaction time and a slight
elevation in temperature (45 °C).

2. Organophsphoric acid-catalyzed the ring-opening reaction amines
with 3-substituted azetidines trifluoromethanesulfonate. Through the

systematic exploration of various experimental parameters, including
II
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reaction solvents and bases, we have successfully determined the optimal
conditions for this reaction to be conducted at room temperature using a
phosphoric acid catalyst, cesium carbonate as a base, and toluene as a
solvent. Under these mild and efficient conditions, we have obtained a
series of highly valuable 1,3-diamine derivatives with wide adaptability
as substrates. Building upon this solid foundation, our further
investigation focused on the asymmetric ring-opening reaction between
chiral phosphoryl-catalyzed amine and the aforementioned azetidinium
salt. Regrettably, despite extensive exploration of factors such as reaction
solvent, temperature, alkali concentration, chiral catalysts among others;
we were only able to achieve a selectivity of 25% for the desired reaction

site.

Jie Zhu (Chemistry)
Supervised by Professor Shaowu Wang and Peijun Yang

KEY WORDS: Azetidines, Lewis acid, Ring-opening rearrangement

reactions,Organophosphoric acid, Asymmetric catalysis
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Figure 1-2 AlEt;Cl-mediated ring-opening rearrangement reaction of azetidines reaction
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Figure 1-3 AlH>X-mediated ring-opening rearrangement reaction of azetidines reaction
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Figure 1-5 (ArO);B(R")-mediated ring-opening rearrangement reaction of azetidines with phenols
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Figure 1-6 Nucleophilic ring opening of chiral azetidines catalysed by Lewis acid in the presence
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Figure 1-7 Regioselective ring opening of 2-aryl-N-Ts azetidines with organo-trifluoroborates
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Figure 1-9 BF;-OEt;-catalyzed regioselective ring opening of azetidines with phenylhydrazones
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Figure 1-11 Catalytic enantioselective desymmetrization of azetidines with thiols
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Figure 1-12 Regioselective ring opening of azetidines with HF
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Figure 1-13 Regioselective ring opening of azetidines to 6,6-disubstituted 1,3-oxazin-2-one by

breaking the nitrogen-carbon bond
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Figure 1-14 Ag(I)-catalyzed regioselective ring-opening of N-tosylazetidine with N-, O-, and S-
nucleophiles.
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Figure 1-15 Ring expansion of 2-azetidinylynones to pyrrolin-4-ones

CHR? R?HC 3

R
+ J,\t Rh(OAc)4 (2.0 mol%) T/Ny\COOR“
N1 R® “COOR*  CH,Cl,, rt. R 32 examples
R 34-96% yield
I S 129 .
V8| CHR?  [Rn] CHR2 CCR2
+
SJJ\ 4 stepwise or
N R COOR 2&% concerted 8\ »)
R R'" Y=COOR* R! N7—_CH00R4
R 3

Selected examples

’/{COOBn
s Mo
EtOOC H
PMP—N
/
75% 47%, >20:1 dr
Ph estrone carbapemen

Kl 1-16 @i N-C SR, 3-M0H I ER I TuIh g 20 iid- 0 R il 2R

Figure 1-16 Cyclisation of 3-methylene azetidines to 4-methylene proline via N-C cleavage
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2019 F, Lu S JL[RISERE | —H 4 NEDRIRZIR 7%, EIFE Rho(OAc): 7E
NEAFIIER T, HEEAEGYS 3-TFEERIUCHR T 37 (Wl 1-16)
20, X PRI [4 + 1M ERAEER T B MU e 7 — M oy =, Ho
128 I REFHEN, SRRV E4 8- (Rh-C) RE, ARJ5Ed M
PP A AR b [E) 1,2 3ERE 80Z 5 4T TF/96 ] N-C BRI 43 23R 0 s =4 1-29.. 1%
R RSB ARz, A& EELEY.

1.1.4 EEBECTI TREFFRBHZR

2019 4, An /PNHIRTE 7P [EIFE S N EDRIRZI K% DU TC 3R 138 5 T 2R
FEW (i 1-17) . AE%%ﬂm%Vﬁﬂwniﬂ%5M%é% £ [F) {2 2t
TS AN AT o AFF I Z R SR S — N R TR AT R,
Hr, B REERS B 1-30 BEAGHEpREE EAS BIEEGEL B AR, AAE B R ffo N-
C B, M — RT3 N-IV B =Y 1-31. %05
VG ARG — RAUGE . IR 5 N-R R BE G . AR, Z7iE
S 7 I _E Ry DUz N T AR DY T AR R L B o R e R

VU ICH N-C R R RO AP B
)OJ\ Na (5.0 equiv) 0
R Nﬂ 15-crown-5 (5.0 equiv) R/U\N/\/Me

w5 . H 14 examples
1-30 THF,0°C ) 60-99% vyield

Selected examples

et N\/\Me [jé %(N\/\Me @L A~ M

Kl 1-17 H Na/15 -5 ik- 5 LJE ﬁwwmﬂa’ﬁﬁﬁ%%%c N-C JF#h
Figure 1-17 Reductive single-electron-transfer ¢ N-C ring opening of azetidines using Na/15-

crown-5

1.2 A TIiER AR N Rt R
W T REAE N —Fhak I &Y, Hak J1aEA & PAE SRR 7 A s AL
HI 5L N 3% SR, Francois R ZH B R € T — S8 35 F ISR B . BEAR
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TRT gAY T0E BRI A, RIS = oA B DY TT IR s R P ABL
THILL 17000 5. SRT, 2% VU JCFR B 5% H 1 v] DB 40 R U4 DY TG 3 1 2R
T ST G N s), 38 ik S 50 ML ER A T 77 T 4B R T I SRS A Y T R 1 R S N
PR, RIERTK 5@ 20 T 2R I R A 2 UK R 2 BR R N . T8I SCHR
WA ILA-621, 20 40 60 SRR K O A LI R, XEVHR ARG
W Eh B 7] DIE R BRI 558 B, Bl B EaRAHEAT PR R
1.2.1 EFRZIRTIA T e F IR B

1967 4, Gaertner PR@ZHIRIE 1 58— 3-1Y T W £ 5 b S8 2L o8 % R IF B0
SRS 1,1- 2 O TR RS W SO, e SRR 1-32 HFR R T T
P EUE . T — 7 1-33, SRR P TR A b A R %R S
A 132 KA B R VAR B 1-34 Ak, B JE 1-34 KRS T AL R
AR R A 1-35 (i 1-18)

Et. Base
/NE>OH g Oy B
Et Et. . v[ .
Clor IOy Et/N&OH N o Et
L O ws
via [ Et ]
N +
Et Et” OH
H Et. )
Et Et”
cr
. 1-33
\ o) Et
N o) -
S O- — Elt Et
Et” o)
1-34 N—Et 135
Et _

1-18 Joe S A% R 5 YT 08 3 1 701 N SRAZ T3 Ui
Figure 1-18 Intramolecular nucleophilic ring-opening reaction of alkoxy nucleophiles with

azetidiniums

2002 4, Timothy & NIRIE 1 5t H FHEIE S — CIEAE AR AN K N S
3-( WG IR )-1- R HE P e - 1 - S N2 TR G T g 2h rh T 44 1-36, AR 5 ZEB 1 H
AN [F] 1) 5 BB D SR AR R S, 145 31— R F1 NON- 354 A k-3
75 -1 A A 1-37 G2 PR 245 an 5 06 VT FIAH A & 0 and e 556 yT
JE PG VT ANBRARFE S PG VT 4544 28 Ju W 26 F S I 3 R IILYS 2= (9 28028 6 2 1 4
HFIHTRD BIET7 SO $EH T 2% DY TO R B (1 DXIURE e P 2R R S
FE TEEHES R, A — /N ST AR 2 o e R O, AT e
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LK IE B AT A CanE 1-19)

Me Me
)Oi/\ MsCl 'll Clor OMs* ArOH Ar\O 4 examples
Ph NMe, EtsN Ph_@ Co. 35-67% yield
1-36 2¥~3  Ph NMe,
S N - A
selected examples
OMe

j\/\ 0 0 0
Ph NMe, Ph)\/\NMeZ Ph/l\/\NMez Ph)\/\NMez

42% yield 35% yield 46% yield 67% yield
Bl 1-19 FETY T 0E #h o (AR B SR AZ TR S

Figure 1-19 Reaction based on nucleophilic ring-opening of azetidiniums salt intermediates
[l —4F, Atsushi PR 724 H =50 F ERAAEE 1-15 T 5E-3 R JE-2-
R T e 1-38 I 152 = & H be R 2 1-39 IR WA A4, AT DI ERZR
I B R AN (00 2R R 9 S T i B I MO ZE R 1) CL(— AN il PR I 2R R AR B R
HSRIETFIR R, BL 95% 7= 28 7 A2 A B B AU T1-41, T AN I B IX 35 57 ) 44 T-
42, WA 133 1-41 (1SR FA At R DRI A% TT 38 S B A2 DL Sn2 7 30k AT
[, 7E Cl1 kb5e 4 F/R%E (Walden) 85 (4 1-20) 1691,

PhO Ph PhO Ph
ﬁ MeOTf PhCOONa
N_ _ DCM,tt “NMe THE r 3
n-Bu TfO™ n-Bu
1-38 1-39
B ] Ph
Ph PhCO," PhO
PhO N~ Bu PhO Ph O,CPh
| —_—
Me N-Me N,n-Bu
PhCO; # “n-Bu I\l/le
1-42 "O,Ph ,
L _ 95% yield
1-40 1-41

1-20 FRIAR GRS T 507 T e ER AT

Figure 1-20 Ring-opening reaction of carboxylate anion with azetidiniums salt

1.2.2 BEFERRTIRRY T IR M FF IR R AR
1999 4, Bakalarz V@ZHAT 5T 10T T e Eh 582 Z% 070 RoaP(O)H 1 f B2 160],
T I A AN 5] BB ST 1 AN R SR AZ R Y T BE R e B I TP IR )N, IE Ak
T RIS A Y. BN, 4 RS E IR IR R LR, AR S
N,N-Z 2 RE-3- 52 L0 T g 3 1-43 556 %0050 (Ph).PH R AETT IR N, 153 ¢ -N,
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N-:Z%’E\%-B-%?’Z%W%%ﬁcé\% I-44 . (£ S AL R 2610,

RoP(O)H 1ESEAZIRF 58K FE- NN - - 2 FE-3- 525607 T g £k 1-43 FF3FR e N A5 2
AERIE y-N, N - £ 2 3B U Ak A 2 IR R A 5 ) 1-45 (LN 1-21)
BnO Ph.
R (Ph),PH, LDA P UNE,
_ —N-Et Ph OBn
Br gt THF, -40 °C 87% yield
1-43 1-44
0 16 examp_les
EtO\II:II, NEt, 60-96% vyield
(EtO),P(O)H, NaH OEt OBn
DMF, 60 C 94% yield
1-45

1-21 BESRAZ GG S Y T e 244 2 1) S
Figure 1-21 Reaction of phosphorus nucleophiles with acrobutydine quaternary ammonium
salts

Agata SZIG ' — E T 3-F 30T T g sl . RN A e 5 A Rt
AT . 2005 4F, ZURAARIE | FIE2ENT T g 8 1-48 5 8 RL
SRR IR L (] 1-22) 71, b R R4 i AR 1) R BE IR Rk & 1) 1-49
A, B e AR SR Al ) 3l k2 R R e i (ORI BRI E
1-50, FHABRA AT 1-48 REF—2, (H IR B I P B EUIAUH 40%.

+
NBn2 B ; ’/
) PhoPLi(1.5equiv) thp/\/LNanl +BuOOH th(O)Pﬁ/LNan

BnO” BF, THF, -78 °C to r.t. L dBn OBn

1-46 1-47 1-48

11 examples
58-85% yield

1-22 IRFEBEA S0 T0E AR BRI I N

Figure 1-22 Ring-opening reaction of lithium diphenylphosphine with azetidiniums
1.2.3 AR T iE R IR AR

2003 45, Agata PRI N N- 563580 CREFE IV T ek 149 55
A5 0 1 B R P — AR 9 B8 1 R AT SR AR I 3R S A5 B s — AR #h 1-50 S H
AT (i 1-23) o BARZE RE B Re B BARBERR IR (1 7 VA B T,
(HIX LA G T H B A SR AR O SRR B B MR 451 S B8ORS
FasE, TN R ERRE %A A RE AR
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RQTj] MS— ER'
/w \R |YP|
X K/O DMF, r.t. R Ila"s/\(\N/\ 9 examples

OR bo 50-83% yield

selected examples

Me3CH,CO_S Et0 5

MesCH,CO~ P\s/\AN/\ EtO” P\SMN/\
oBn L_0 oBn L_0

Ph O

N

P<
t-Bu S

N
oBn L_0
Bl 1-23 i sRAZ R S 0T T nE BRI SR

Figure 1-23 Reaction of thiophiles nucleophiles with azetidiniums
2012 4F, Sara WEALETT Me;O » BFs 5 hedbAb 1-hidk-2-( = F )Y T ne
I-51 Je 87, A HAEAR gy T g DU sliig 25 1-52 Canf&l 1-24) 1, SRE4. A
B AT T 28 SR AZ A ST T e SR AR FFER IS, AT 3R AT %5 Fh & ) 22 1k
o- = IR G 153,

g (I\élﬁ)sgcﬁif/‘; B o (4-0l\‘l3Lé1IUiv) Me-R'
N‘R1 CH,Cly, rt. BF, I\'T/'I;R1 MeCN, reflux Nu/\)\CFg, 19 examples
151 52 153 52-88% yield
selected examples

64% yield 63% vyield
1-24 ZRBRE R IY T 0E #h 1 TFH SR

Figure 1-24 Ring-opening reaction of phenthiophenol to azetidiniums

2018 4F, FHERHEOR A IV IR AR 1A & HPoin N TEH LB TR B IR e B
FrAEFERR R T, RR SN T Ie E R E S T, R R AR
BEBCZE 7N T iE sk, el 7 B AR BUEENE CRIE 97%) [N
TEE EBRIARALTD CAnB 1-25) o 2R RIS 3-BORIIIT e £ ) PAE AL
RAEGATIRERIFRAL B, 3R T 2 I REAL IR 6 23 1 B- BB % o
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rR2 R’
HS-Ar, Cat. (10 mol%)
i R2 R! Me
* Na,HPO, (2.0 equiv > [
-OTF N-Me 2 a quiv) ArS\/'k/N Ph 42 examples
Ph)\Ph PhCF3, r.t., 96 h Y 73-97% yield
1-54 I-55 Ph  70-97% ee

Ph e OEt

Me OMe
92%, 95% ee 97%, 92% ee

Bl 1-25 FIEBERR AL S B SRAZ R ST T IE #h A AN AR 25 0 PR e
Figure 1-25 Chiral phosphoric acid catalyzes the asymmetric desymmetry reaction of sulfur-

containing nucleophiles with azetidiniums
1.2.4 FFEAZRFIXI T IER AR LR
2000 4, Bernad %5 NARIE 1 IV T 0E = A0 31 5 B SR AZ AR T30 SO Bz AR il
L3-BEmE el A& 1-57 (R BT i SE A% R m A BT T 0 DY 500 R
#h 1-56 [ S BRI Ry, ZEALFHAN B /NI BR CRAEEEBRIIRRD ERAET
ANAT IS ISR TN OB, i ds i B 5 o e A 7] — S R I B 8 AR ik 2R A
AV 157 CnE 1-26) .

HO, R i O o
+ R'NH, BN N-R

NBny DCM 2N~ 10 examples

BF;” H R 11-83% yield

156 " R=/By R=Pr 157
Bl 1-26 SRz S = RULHINT T e 55 1) S

Figure 1-26 Reaction of amine nucleophiles with azetidiniums

2011 4, Couty BREZHIRKIE | 2-ke LN Trgsh I-58 5 DMAP (4- %k
FEMENE ) SEAZTTI I SN Canf&] 1-27) VAo A% R BASEIZARFIX I T g 1 N
AL AR AR IR R T I BUK TP R, 193] B -BURE R & 1-59.

+ Bn OBn
+
AL, e e
TfO N(Me), P én
BnO (Me)oN

I-58  87% yield
B 1-27 4-Z F L[ LA g 507 T RE Eh T I IOV,

Figure 1-27 Reaction of 4-dimethylaminopyridine with azetidiniums for ring opening
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1.3 AWIREAVIE L

ZREPTR, RN T R ERRPTIA R NAT LR S D BT T .
FHAFATR AR B 264, IR A RS AZ R S Y T e L sk 2B T30
R, 31T — RIAEEMENSEEILE.

MEER AT AR Y, AT, BRI, AR, 5ie
JESEEALFIVE RN AN T e s AL B T 2 A R0E, (B L R i S I 1
PRI R AL S B R IE AW I AERAZRGRIR T, AR A
S BRAFTCERAE N AISRAZAR S Y T e R L SR PR e N BB GE, (HAEAH L
ML N AYZ OF &R i, Bla. i) F Rl iy 1 me
R R ROT I S N 2 A AT HRE

BT, ARSI TC 1 # LR 5 R AL T 2-07 ZE-N-R BRI T ne I
PR HE SN AT HUBERR AL A HLIZOR YT 0E 2 BT S L
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% 2EF Sc(OTh; 1L 2-FE-N-AY T e EH R

2.1 51§
2.1.1 HAKRMEEM

175 P e S AT EE A LA B2 2935 A A A T2 IR,
HA EREBERMAL . BIAE AR E E A — K am k. [KE4Y. Bk
MEOERT R S AR BT G Eiis —Ma A IEE T iBmEE 4D |
RrEZE95 . FEERERSE.

Terbinafine
F
NN h N
) L
Flunarizine

Br
Zimelidine

Tanespimycin(17-AAG)
Kl 2-1 &)@ IS5 1 259

Figure 2-1 Drugs containing allylamine structures

40P 2-1 7 Naftifine A1 Terbinafine /2 I PR LI+ B2 6 BRI B 259,
WS RS M OSBRI GY BB, T AU T RER S 4, R
BAKU479, Cinnarizine 1 Flunarizine /& I &9 5K 2540), 18 F T~ th I S50E 4K
i T H L N TR Sk R LA A T R . Zimelidine & B A 3
SERIRITTIIAR 259, e s AT I R R 400 Jii A 2 SR Al 5- 0 2 £ R 11 0
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Xt HAh A= F K G5 /b . Tanespimycin (17-AAG) K 17-J6 TR fgFE-17-2<
AL R R R R MR 90 (HSP90) HIHNMIZG, X2 MuEiEd bite, &
HLA 5 5 B 40 08 TR0 AR 2 R 3 e a7,
2.1.2 BARKNE KRR NRETR

BT S AT AE I BB, A AN — EBUI T IF K & Fhis 207 1
KA IR L ‘ﬂﬁiﬂﬂ‘ii, LI 4 SR AT R C-N 2 A s T3 e AN
fih & BA S W) B BOR AR SR AL I P R A B B R ATL B — R A D S T
i Hh v Bl R %?%En—%WﬁEEAfF@*IEMZK 11-2 BEAT I, 1AL G4 B AT 4 T8
S ) -1 KSR BUE R . 7228 0 h, R R B R B 112 13- 31
§5 A IV TI-3 o T s AL 1] ) e 28 435 R0 T Bl — ol Ok B A B R A o 128
RN ) JR PR PE R AN R A N (] 2-2) 1921,

Pd(0), Nu~ . T+

Pd
Pd(0), X Il-2

_L,J\/\

| BX
2-2 FEMEALIE I EAL S W 5 R (R A B S R AL B

Figure 2-2 Palladium-catalyzed nucleophilic substitution of allyl compounds with amines

DIBAL-H
NHCOzt-Bu  DIBALE N‘\HCOgt—Bu
ﬁ COEt  _78°C,1h ﬁ H_OAI(i-Bu),

|
-4 OFEt

PhsPCH,, THF

NHCO,t-B
78 °C,1 h to 50 °C, 20 h 2=
AN 8 examples
48%-78% 48-78% yield
11-5
selected examples
COut-Bu
\/z N NHCO,Me NHCO,t-Bu
O ':,// Me\SW Ph Ph\\\\‘ /

0,
78% o4% 68%

Kl 2-3 - HEIRIE J5AS 24 A e

Figure 2-3 a-aminoester reduction yields allylamine
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1994 4%, #UE B RE M@ = R T RSB )E N-RY 1 a- 2 FE B
-4 NEE A, %55 Witting W R N, 5515 3E N K -5, RN
48%-78%1%31 (nfE 2-3)

1995 £, Roach PR ZH i F Mitsunobu Sz N M TR B BN 5 TR e 1D s 2%
e B G ST — . EONERITE AT AR Ak, R RN
AR _HIRNE (DIAD) M= R BHEA IR TNET 11-6, R85 FARK —JeAE sk
A% AR E B0z A A AT 2 I A & T-7 CanlE] 2-4) o B0 e Ak 2
11-7 AR N A % 11-81941,

DIAD/Phs;P

R PhthNH/THF R’
N
R 76-98% e
11-6 17
8 examples
HoNNH, or MeNH
2 NTGOH 2 R 76-98% yield
76-88% sz\ﬁ NH;
R3
-8

B 2-4 i 4 B R A AT B0 I

Figure 2-4 Allyl alcohol is nucleophilically substituted with amine to obtain allylamine

1998 4, Hartwig VR & 2L {5 FH aod I <6 J AT & 00 A 0 0 22 i A P 5 T PR A K
SONAF B A A GO 2 N IR R LR & R A LR, 56
AR AP — AN ECAR RS 23 8 1-11, 2R)5 5 75 58 i 11-9 JE4T A4 sl
RSB 1-12, B )5 40 Bo ik i) A2 #1531 113, & Jm 4 36 570 B 75 21 11-10
(I~ 2-5) .

2014 4, Taichi WA H 10 mol% M) THERZHEAF, 7E 2.0 £5 2 &K MnO,
EET, WP 1-14 532 B N5 BRAT Y T-15 SN (5 7= 205 A B 14 P firg 2=
BIENA ) -16, %7775 B A LR (00 e 36 R A0 X 308 1% . 75381 11-16
S LA R EE R FRA, fE Mo(CO) AL F, 1 —4ah ik A r kb
F R IR B NRBUT EOREE R AR I IZATAE ) T-1709 (R & 2-6)
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o X [Pd(dpppf)Cl,] LA
e +  HoN-R Y-
= NaOt-Bu =
-9 11-10

Y = o-, p-alkyl, CN,
C(O)Ph, C(O)NEt,

o-alkyl, 92%
X=8rl p-alkyl, 52%
via [ ]
L,Pd
L
[L-Pd]
-1
RNHAr AT
11-10 i
/Ar Ar\
LPd PdL
Ve
n-13NHR X112
L base-HX H,NR+base —

Y = p-CN, C(O)Ph,
C(O)NEt,,82-96%

B 2-5 FEMEAL D J s A0 55 A A1 30k S 2 AL B

Figure 2-5 Palladium-catalyzed coupling reaction mechanism of aryl halides with amines

1) Cat. (10 mol%)

O EtO,C
OH MnO, (2.0 equiv) | OH
H T HN N
R Boc  CH,Cl,, 0°C, 20 h * "Boc
11-16
|
CH3CN, H,O N Cat. = D: 15 examples
60 °C, 12 h Boc N ihph 5-78% yield
R 97-99% ee
-tz
selected examples
EtO,C EtO,C EtO,C
2 ‘ lTI 2 | |T| 2 | E
\N\ \ N o\ ~
" "Boc N Boc Boc
Bn Me i-Pr
78% yield 70% yield 71% yield
98% ee 99% ee 98% ee

Kl 2-6 TR S ERRE 5 AT A Y43 205 P Jie
Figure 2-6 Chiral amines catalyze aldehydes with hydroxamic acid derivatives to obtain

allylamine
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20074, Manas VR & ZH 3 i {8 FIN- 55 B e 56 DY o3 1118 7E 105 4 &
Cu(OTD /T FHET R EHE, 7 7 — Sk BRSSO B4l (B)-44 T8 JE AT A4
-19 A0 (nE2-7) o A EHTEEERRGRAERN G, H
B L E A

Ar ,Ts  Cu(OTf), (1.0 equiv) NHT
N S 14 examples
THFOrDMSO |, N A 86-98% yield
R up to 100% '
1118 119

Bl 2-7 WY TE I EEHEAS B4 A

Figure 2-7 Azetidines opening and rearrangement to obtain allylamine

22 MR RBIEH

XF Sc(OTH)s A 2- 75 2% -N-Tl Pk k- 1Y T W F A8 oo B sk ARl fl, 32 22
A WHIMEU LA E. AR A ES . R RIS A 2 i 6T
Cu(OTD): A EIZARTN 5 B IR T e TP ER SOREAH 78, R 90 DU Pk R 4 Sy
B, Sc(OTH: 1E N 5 Wil AL IR, T E =YL . BT AR SO 2
P VY SRR A 7], =90 FR e R LR 6 ) g bR, 7E 30 °C (R =D
FAE T TV B AR SR R B . (A1 SRR, PRI
WA — N RNE, LA B R 5= %G — 2 M ZER . BN
B
22.1 BRIFHAEREAEX KBRS

N T PR S R SR E, AR R SR AT TP I . X B
A RAT RN, (SR S MR =% P B RET (1.0 mol%) fE ML
7, 30 CCFIRA T HEFHIFZE (Solvent) FIHE (xmL) X 2-75 (4%) FE-N-
FRAlBE AL MY T 0E (0.10 mmol) JFIA M IS, Z5RUTTEE 2-1 Fios:

B, WA TR LL VUSRI NG S lE . B R DL R R R, ORI
A8 F DLV R AR S LN TRV A, JU A SR eI R, AR 020 /N
P Z i JEORL ST O, AR ERE RO . 2 5 A AR M L DU S g A K ) —
ENFMEETI, BRI BEFA RS 0.50 /N, (HEFRGRA 35%. L
JH R P o PP s R e R — PR S SR VS U, e 22 BRI 224/ NI AR R o
BB S . HFE2-17 Entry 9-11%0, HJ{EHERH 5.0 mLIEE 2.0 mL
B, M RIRFERR, RIBTRIARET, A NI R IR = AW T . (H2 2%
FIFEZ 1.0 mLIN, OB 2AG B R .
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2 2-1 VE TN N FH B S 5
Table 2-1 The effect of solvent type and dosage on the reaction

R_0O
S’ Sc(OTf)z (1 mol%) Q R
0" N P Y
):l Solvent, 30 °C  (Het)Ar ” 0
(Het)Ar
11-20 11-21
Entry Solvent Time (h) Yield (%)
1 PhCH3 55 14
2 DCM 0.2 28
3 Et,O 3.0 29
4 THF 9.0 88
5 Dioxane 0.5 35
6 DMF 24 NR
7 DMSO 24 NR
8@ THF 15 45
gb THF 17 68
10¢ THF 10 70
114 THF 2.5 73
108 THF 4.0 53

3Run at undried tetrahydrofuran, °Run at 5 ml THF 5 mol% Sc(0Tf)3
°Run at 3.5 ml THF 5 mol% Sc(OTf)3, “Run at 2.0 ml THF 5 mol% Sc(OTf)s,
®Run at 1.0 ml THF 5 mol% Sc(OTf)s.

222 sRBRESEERMAENEAE XK MR

FEXT 42 8 B% 5 Wi R B Bl AT 82, A A b0 a0 5% 1 B DY Sk g
(2.0mL) fEREHR, SEESIR (xmol%) 1ERNMIT, 30 °CTFHEIFMELL
FUFRRANFHEXS 2-75 A BE-N-EBE -1 T hE (0.10 mmol) M EHFHIEM, 45
Bk 2-2 FiR:
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W22 )R S IR S HL X S I 1 5 i

Table 2-2 Effect of metal Lewis acid and its dosage on the reaction

R, O
O//S\N Lewis acid(x mol%) PPN C,)\\S'R
THF, 30°C  (Het)Ar N""o
(Het)Ar
11-20 1-21
Entry Metal (1% mol) Time (h) Yield (%)

12 Sc(0Tf)s 25 70
2 Sc(OTH); 5.0 73
3 Sc(OTf); 9.0 88
4 Y(OTf); 29 NR
5 Pr(OTf)3 29 NR
6 Sm(OT); 60 NR
7 Gd(OTf); 60 NR
8 Yb(OTf); 72 22
9 Lu(OTf)3 72 29
10 Cu(OTf), 40 Trace
11 [(CH3CN)4Cu]PFg 24 Trace
12 Mg(OTf), 24 Trace
13 Zn(OTf), 24 Trace
14 BF3-Et,0 60 23

aRun at 5.0 mol% Sc(OTf)s, PRun at 2.5 mol% Sc(OTf);.

M#F 2-2 Entry 1-3HA] LLEH, BEEMEAAT] Sc(OTH: HEMZEHIEZ, &
RIS RIS W4k, HAS NKRBERZ, RN REERIK (A88%FEET0%) -
ISR R IR S A RTINS R AR BT RO E . R)E, 1R
FE30 °CE& A T 2 BN ARl & 8 = F S iR 3 (1.0 mol%) #HAT T %%, 45
KW BEH Y(OTD:. Pr(OTH;. Sm(OTH);. GA(OTH:1E Jis 14 s ik 5 Wik
LTINS, e 2 PRI N 2260/, H @I TLC 2 (1 MR & Ik R %A 77
AT AL AR KA RPN B Yb(OTDs. Lu(OT):1E Ayt 1 & & i
Gy TR AT, BRER72/N J5 BRE sTE 2%, YIREAS B B AR, (R R S
HE K, MABNER, HPFRAMK. 444 HCu(OThH2. [(CH3CN)4Cu]PFs
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Mg(OTf)2v Zn(OTHAE Ak 2 WiER AL I, B 2 BRER R 60/ NV 2%, AR &
RARENY R . Ra, EHFEZNT, MAREER SR BF; « EbO#ET
THESE, GREIR: RNEH, PR,

o LRTIR, 2R BRI E N 30 °C, 2.0 mL PSR 1 A R BLIE
Al =R A BERIRYT (1.0 mol%) 1E vk &) MR AL, 1870.10 mmol i T W
11-20 JFHE A AT 2R L 1121,

2.3 RYIRIHRRR

B 2-3 2-F7 7 H-N-T I BE- S0 DU A (0 e A 1k
Table 2-3 Substrate suitability of 2-aryl-N-sulfonylaza quaternary rings

R_O
o”S‘N Sc(OTf)3 (1 mol%) « Qé R
):I THE, 30°C  (HebAr™ 7Ny
(Het)Ar
I1-20 I-21
NHTs NHTs

WNHTS

1I-21a: 9.0 h, 100% yield®

-0 O

11-21b: 3.0 h, 91% yield? 11-21c: 3.0 h, 100% yield®
NHTs

NHTs
(0] /
/ o
Br

11-21d: 3.0 h, 83% yield®

NHTs NHTs NHTs

o)/

1I-21g: 2.0 h, 80% vyield®
NHTs
: /
Cl
11-21j: 7.0 h, 89% yield

1-21h: 5.0 h, 90% yield®
NHTs

Q7

Cl
11-21k: 18 h, 35% vyield®

11-21i: 8.0 h, 85% yield?

~ NHTs
g
N
1I-21m: 8.0 h, 53% yield®
NHTs

1I-21p: 3.0 h, 91% yield

I-21q: 72 h, 91% yield®

11-21r: 20 h, 90% yield

CF3

2Determined by 'H NMR analysis of the crude reaction mixture. PRun at DMSO. °Run at DMSO and 70 C. “Run at
50 ‘C. ®Run at 5 mol % Sc(OTf)z and reflux. Runat 0 C.
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n B3R 2-3, N THRFUNY T WELE IR 1 B R S B SR A R R AIE R, FRATT
& VAR GERIIINY T e . B Xt 2-05 J - N-REBESE Y T g rh 05 3t FiE A
TR B M HEAT THRIT, 0 I-21b - I-21d Fios, 25 BRI 45 o T 5 IR
RLREMRELDN, RN RE @ ROEAT R R I T . TR, S5 R
B WA R RS T AR, SRR DY SR A AR RO E A, IR T
70%, AH 405 77040 i — FR AR EK IR £ = 21 70 °C J2 DA B T DA vy 2k 3t
AT R 2-05 R OB Wi TR G DLEAT TARTT, RINAZ N AE TR FE T
A 50 °CHY 1 B8 = AT 13 B M O S =4 T1-21g - 11-21i;  H 11-21e. T1-21Kk %01
HOUAR 225 AN BEL 280 %o 2 7 R S M, [ B s i e I DR 2R R 7= 28, iR R B
INAE AR A AT SR EE I 75 HEAE [ ) S5 A SURE 18 /NN A g DAY 48% i 15
B T % -2k o N- FF I Rl P9 B OR 47 (0 17 g 6 e 2 rp 0 LA R0 19 T 52 1
(II-21p, 11-21q) , Frfd7= 5 U-21q 7T UAE A= — R 50HG 5 IR Esh 7 0
[, I 7B A AR HR AP 1 B 25 R A B T RENOS), 3 A A5
W LRI, R 7R BEAE LR I SR T A REEAT B R B I-21q. UBAN, @
T2 I B R 0 TR gy 2 W DB e Bl S AR U R SR P i A2 7y (11210 o
24 RSN AR
2.4.1 KRS

N T BRI B S SR 2R SR E, AT T e A SE RS . 5, Xy
BEHAHAEME LTI CH M-22d 347 7 S FBSEL, RIA1.0 mol%
Sc(OTh)s AEMEAF, 7= F B ARAEVE 77 HLAK SRR B2 0.05 B IR EBEFHIR SR A
TFAEET0 °CHEFE28 /N, R BNCR ANIS%IIIE TR T-21d. FeJo, Wb PUEIK
R V2 751 FH R AE A BRI 0. 20 BE /R BETHIAE O T, A 4 /IMiEAE R Sc(OTh)s 1)

H,CO N Sc(OTf); (1.0 mol%) ~ H3CO N NHTS
Ts DMSO, 70 °C, 28 h ]@/\A
HsCO [-22d]o = 0.05M  H;CO
I-22d I1-21d
95% yield (1.320 g)

X
N Sc(OTf); (0.10 mol%) ©M NHTs
Ts THF, 45 °C,144 h

[11-22a], = 0.2M I-21a
I-22a 90% yield (1.293 g)

2-8 YL
Figure 2-8 Gram level experiment
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B H0.10 mol% , WM E45°C, il EEK 144 h, FHNI0%, Uil T
3R SRS AN R J5 S (147 2R
242 FYRFEICN RS

N TR S S SE A E AR SCRI A B = il T — e B R A,
BT B B EE RS .
2421 EBFHEK

MEEY) T-21a HRAT T &R, WFEIFTR, J6rE0 °CHkoK% T i
N, 2 RN N R B B A T8 RF 25, B0 °CUKoKIB T Ak
A IN-ZRIR, B TR SRR R M -2 R IR B IE B, AR T
& 1M-21a KRR, B2 10-25; 3 8k, RS FEva s

WaAE I 2 25 S TstRAPEE, 279 10-26; &5, HEHE —PHsL

W TVE R AR, AL 126 MR EMERE L E— P HEGRRAMEE T

A (1) NaH (1.2 eq.)
©/\/\NHTS 0°Crt. 1h ©/\/\ /\’
(2) 1-(Bromomethyl)

I-21a naphthalene (1.2 eq.) 1-25
0.5 mmol DMF, 0°C-r.t, 2h 90% yield (0.192 g)

Mg/CH5;OH
Sonicate, 10 h

(1) NaH (3.0 eq.) S ‘
©/\/\N O‘ 0°C-rt.,1h ©/\/\N O
|
Me (2) Mel (1.5 eq.)
Naftifine DMF, 0 °C-r.t. II-26

85% yield (0.100 g) 2h 91% yield (0.112 g)

2-9 ZRBIFHIE L
Figure 2-9 Synthesis of Naftifine

2.4.2.2 PHEAFNRAHIER SG HIE K

WER2-10FT7R, fkdEmkE 0-21d 5558 RERRFER . n-BuNIfE
T, fECHEERY, EESCRNRM, REBEERME, B3 10-27. A
JE¥ 1-27 AEREAEBERZMT, 193 1028 . #2255 11-28 R HAE 1 g
ARG AN [FAE D PR« BAR RIS & R FEGERRIR AR . AL
CIEVER A IR AR AT N IR BIBTHRL A 5IRT B IR AE AR R P . AL A
FH 5 B e JRe A VA FRIE 70 °C %A T IR BiAF 2R+ BHS G .
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o) N
~
:[:j/mx/\N”“ K:COs (2.0 q.),
~o n n-BuyNI (0.1 eq) 0 X N
I1-21d CH4CN, 24 h 6 Ts

0.5 mmol o
F 35°C-rt n-27
0.65 mmol 98% yield (0.223 g)
Mg/CH3OH
F Sonicate, 10 h
F
0
\O)J\/CI
1.0 eq.
_0 NN 9 o
- o K,COs (2.2 eq.), ~ XN
O Kl (0.35 eq.), g H
/o CH3CN, r.t. (6] 28
Abamine 80% vield (0.118 g)
89% yield (0.130 g) °
K,CO3 (2.2 eq.),
B
\OJ\/\/ "I kI (035 eq),
1.5 eq. DMF, 70 °C
/O]@/\/\N/\@
o F
o)
Abamine SG

“7 87% yield (0.137 g)

2-10 BivE R A& AN HI BT R MBI HL B SG [ K
Figure 2-10 Synthesis of abscisic acid biosynthesis inhibitors Abamine and Abamine SG

2.5 KRB

REF TSR Sc(OTHs itk 2- (%) F7HE-N-REEEIENY T 0 (3R
HHE RN o TR AS R A TR B L R AN]SR R R O I e T A
RS, FHFAT TR . SRJG AT T e PO SES, 45 S F B R 45
MELFII R (/N A0.1 mol%) AR AEK T B F],  FHAS R % R
FIFIF=28, X R ZAE R ARSI SN E, B5R T Tl A= aetk. &
JG, X FTARIE TR PTG, BT PR R A IR 5T SR R
VAL A 2= T VA TR 2B 470 6 A 11 70 BT 7 B AN BT R B SGo
2.6 SKIERS

261 FEHR
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DA b A 1) s 2 353 5 A2 TG 7K T6 S0 A SR UGV DR R AT o SEge i I IR 2R
I T3 B2 2, (AT &I 70 70 A8 P B0 AL 50 G135 DL B % 5
Wi : Sc(OTHs~ Yb(OTDs+ Pr(OTf)s . Sm(OTf): . Gd(OTHs . Y(OTH):s -
Lu(OTf)s Cu(OTD2. Mg(OTf Zn(OTH: ¥ H T H REEAF . AR LA
HEAEH, TP, BEiraEnYHed TR S/, 17T gk
B — M7V 8 NS 1R A B BT P RE AR O o B i i h HSGF254 AL 55
BT A IR AT REIR A 230-400 H, 2 INEEK Silicycle MU HERER K, 3K H i
ILAF .

2.6.2 LN ER
x5 24 it BT R B B T R T R B SR 3 BSAL24S 54 2 — K5 B F LT KT
=AM R ER R B AL RTE ] ("H NMR. BC NMR. “F NMR)
72 H Bruker AVANCE-500 MHz A% 1 3t 4 15 A3 Birill 73, 5171 D S A = R I AR
(DMSO-ds) FUTARE M (CDCl) 5 S ARG 7k B 4k 22 0 B 45 5 75 % Fh
AR /35 4: CDCl: '"HNMR: 7.26. 3C NMR: 77.16; DMSO-ds: 'H
NMR: 2.50. 3CNMR: 39.56. {#iff] Bruker Apex IVRTMS i\ & &
AR IE I IR B o e . FTA REIAG S RIS s SGW X-4 I8 s AT A o
JIT 75 B L 45 K92 Bruker SMART CCD X-Hi 2% B i T 5 Al 5
2.6.3 A THER & RIRIE

o) Ogr R O
N R 20 LDA (1.1 equi 0=¢’
- _s=0 (1.1 equiv.) - o)
V4 NSO BFyELO (10 mol %) N EtOAC (1.1 equiv.) NTs
(HeOAT™  0equiy) PhMe. reflux 20 h j THE 78°C
11-32 D eq (Het)Ar ‘ (Het)Ar OEt
R.P 11-33 11-34
O=S \H ORr
mn,
DIBAL-H (2.0 equiv. 8o
TI:F quv.) (Het)Ar)\AOH KOH (3.0 equiv.), TsCI (1.1 equiv.) —N’
II-35 THF
Ar(Het)
I-36

R = 4-CH3CgHy , Ar = Ph, 4-OCH3CgHy, 3,4-(OCH2),CqHs, 3-Br-4-OCH3CgHs, 4-CHsCgHy, 4-t-BUCgH,, 4-
ClICgHy, 4-BrCgHy, 4-1CgH4, 3-CICgH,, 2-CICgH4, C4oH7, C4H30, 3-Ts-Indole, Styryl.
R =CHs, Ar = Ph.
R =CHsj, Ar = 3,5-Cl,CgH3
R= 4-C11H8N2F3C6H4, Ar = Ph.
2-14 W THER) & RT IR
Figure 2-14 Synthesis of azetidines

AT, M TEKTGEALE ) 100 mL 1 Schlenk S B H1 K 7k

JENTE (10 mmol, 1.0 equiv) FIHF K (30 mL) , A5 IMABEELZIRL G
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(10 mmol, 1.0 equiv)  =FMMWLBmE (0.12mL, 1.0 mol, 0.10 equiv) , 7E
140 °C T AME K BSBEHEEIR SN 20 h JE 5 1k N, S Tik4s. %= it
— DA LLEEH T
G T, g KAL) 100 mL T4 1 Schlenk 2 N H K
N 11-34 A1 THF ¥ (10 mL) , FEEHAEREKOKIBAEE 0°C, RE
TR TN BOE IE e IR EE N 1.0 M 1 R T EEA b4 (DIBAL-H) 12
mL. REHEFRBFERN 5.0h. H TLC MREARNERNYE LS, £ 0°C K
KB 20 mL ZE1H/KFI 10 mL B &7 HCN 15% 1) NaOH 7K UG 4k 24
P15 min WKL, H BA ZZHUREGY, A HUHEH A NaCl KIs RGeS,
K NaxSOs T4, RRBFSERLF=Y, Zr=Pi it — 5 b3 vy Ll B 82 H
Tr—H.
G T, g K TEEAE R 100 mL T4 1 Schlenk & N H % I
TR 1-35 . 15 mL # THF &% . KOH (0.90 g, 3.0 equiv) A1 TsCl
(1.1g, L.lequiv) , #AJEFZ 70 °CFIyE 2.0 h J5H TLC R ESK M EAEHE &
JE SRR N, FZETEAKEE KRN, LR GEEREHL, A HUAHF LR NaCl K& )
Pk, FH NaxSOs TR, Weke 28 RIGFR B =Y, FEEH 7 88 2R A A
VUTCIR RN, 773 80-90%.
2.6.4 FEHINE IRIESRIE
TR T K LA I & R E T, W 10 mL T8 Schlenk /Wi H =
J(30°C) MK 5 B2 Sc(OTH); (0.1-5.0 mol %) - & 2% VUt
(0.10 mmol) FNPYE LM EL — FHEEEHN (2.0 mL) , HI5EJE7E 0-70°C &M,
BLEIH TLC PREFA I RLE 5 85 R R B, 48J5 1 10 mL 180 NaHCO; /K%
WK N, #3715 mL EtOAc (4 4H8) XBUR &Y, KAk
EtOAc (15mL x3) Pk, AHUAHFAMF NaCl KEHRBEE:, F NaxSOs T4,
T Z5 RIS B =Y, AL E AT B A0S B2 R AL S
2-(4-iodophenyl)-1-tosylazetidine (II-22i) A white solid (87%
N\TS yield). Mp. = 146-147 °C. '"H NMR (CDCls, 500 MHz) & 7.66
! (dd, J=8.1, 4.4 Hz, 4H), 7.33 (d, J= 7.9 Hz, 2H), 7.16 (d, J= 8.1
Hz, 2H), 4.80 (t, J = 8.4 Hz, 1H), 3.80-3.68 (m, 2H), 2.45 (s, 3H), 2.31 (dtd, J = 12.1,
8.6, 3.6 Hz, 1H), 2.14 (dq, J = 11.0, 8.7 Hz, 1H). 3C NMR (CDCl;, 125 MHz) &
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144.2, 140.3, 137.6, 131.9, 129.8, 128.4, 128.3, 93.6, 65.1, 47.3, 25.7, 21.7. HRMS
(ESI-TOF) Calculated for C1sH1sINO2S ([M+K]"): 451.9578, found: 451.9583.

m 2-(furan-2-yl)-1-tosylazetidine (II-22m) A white solid (80% yield).
0 N M.p.=105-106 °C. "H NMR (CDCl;, 500 MHz) & 7.67 (d, J = 8.3 Hz,
Ts

2H), 7.44-7.33 (m, 1H), 7.31 (d, J = 8.0 Hz, 2H), 6.40-6.12 (m, 2H),
4.92 (t, J = 8.4 Hz, 1H), 3.79-3.71 (m, 2H), 2.59 (dq, J = 11.1, 8.7 Hz, 1H), 2.43 (s,
3H), 2.25 (dddd, J=11.1, 8.8, 7.3, 5.3 Hz, 1H). 3C NMR (CDCl3, 125 MHz) § 152.3,
143.9, 142.9, 132.8, 129.6, 128.2, 110.5, 108.9, 58.28, 47.0, 22.2, 21.6. HRMS (ESI-
TOF) Calculated for Ci14HsNOsS ([M+Na]*): 300.0665, found: 300.0664.
1-tosyl-3-(1-tosylazetidin-2-yl)-1H-indole (II-22n) A white solid
N (85% yield). M.p. = 142-143 °C. '"TH NMR (CDCl3, 500 MHz)
N Ts 7.92 (d, J = 8.3 Hz, 1H), 7.82-7.73 (m, 2H), 7.70-7.55 (m, 3H),

7.53 (d,J=7.8 Hz, 1H), 7.33-7.15 (m, 6H), 5.09 (t, /= 8.3 Hz, 1H),
3.94-3.78 (m, 2H), 2.50-2.27 (m, 8H). '3C NMR (CDCls, 125 MHz) § 145.0, 144.2,
135.4, 135.2, 132.2, 130.0, 129.6, 128.4, 127.0, 124.8, 124.5, 123.2, 122.0, 119.7,
113.8, 58.9, 47.5, 24.4, 21.6. HRMS (ESI-TOF) Calculated for CzsH24N204S;
([M+Na]"):503.1070, found: 503.1075.

Ts

(E)-2-styryl-1-tosylazetidine (II-220) A white solid (88%

N N yield). M.p. = 103-104 °C. 'H NMR (CDCls, 500 MHz) §

7.80-7.71 (m, 2H), 7.39-7.28 (m, 6H), 7.27-7.22 (m, 1H), 6.53

(d, J=15.9 Hz, 1H), 6.27 (dd, J = 15.9, 7.0 Hz, 1H), 4.50 (q, J = 7.9 Hz, 1H), 3.77-

3.60 (m, 2H), 2.42 (s, 3H), 2.27-2.08 (m, 2H). 3C NMR (CDCls, 125 MHz) § 144.1,

136.1, 132.2, 129.7, 128.6, 128.6, 128.5, 128.0, 126.7, 64.8, 47.3, 23.6, 21.6.

HRMS (ESI-TOF) Calculated for CisHioNO2S ([M+H]"): 314.1209, found: 314.1214.

1-(methylsulfonyl)-2-phenylazetidine (II-22p) A white solid (90%

N, yield). M.p. = 91-92 °C. 'TH NMR (CDCls, 500 MHz) 6 7.48 (d, J =

e 7.3 Hz, 2H), 7.39 (t,J = 7.6 Hz, 2H), 7.33 (t, J= 7.3 Hz, 1H), 5.25 (t,

J=8.5Hz, 1H), 4.20-4.09 (m, 1H), 3.74 (ddd, /= 8.8, 7.4, 3.4 Hz, 1H), 2.68 (s, 3H),

2.54 (dtd, J = 12.0, 8.7, 3.4 Hz, 1H), 2.33 (dq, J = 11.0, 8.8 Hz, 1H). 13C NMR

(CDCls, 125 MHz) 6 140.3, 128.8, 128.5, 126.6, 65.1, 45.7, 38.9, 25.5. HRMS (ESI-
TOF) Calculated for CioH13N20,S ([M+Na]"):234.0559, found: 234.0561.
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ol N 2-(3,5-dichlorophenyl)-1-(methylsulfonyl)azetidine (I1I-22q)
Ms A white solid (80% yield). M.p. = 159-160 °C. 'TH NMR (CDCls,
Cl 500 MHz) 6 7.35 (d, J = 2.0 Hz, 2H), 7.32 (t, J = 1.9 Hz, 1H),
5.22 (t,J = 8.4 Hz, 1H), 4.18-4.09 (m, 1H), 3.76 (ddd, J = 9.0, 7.6, 3.6 Hz, 1H), 2.80
(s, 3H), 2.58 (dtd, J = 11.0, 8.9, 3.6 Hz, 1H), 2.25 (dq, J = 11.1, 8.8 Hz, 1H). 1*C
NMR (CDCls, 125 MHz) § 144.1, 135.5, 128.5, 125.0, 63.4, 46.3, 38.7, 25.2. HRMS
(ESI-TOF) Calculated for C1oH11CI,NO2S ([M+K]%): 317.9519, found: 317.9517.
1-(4-((2-phenylazetidin-1-yl)sulfonyl)phenyl)-5-(p-
tolyl)-3-(trifluoromethyl)-1H-pyrazole (I1I-22r) A
o white solid (83% yield). M.p. = 166-167 °C. H
gON\ B NMR (CDCls, 500 MHz) & 7.87-7.68 (m, 2H), 7.56-
7.45 (m, 2H), 7.43-7.37 (m, 2H), 7.34 (t, J = 7.5 Hz,
2H), 7.32-7.26 (m, 1H), 7.17 (d, J=7.8 Hz, 2H), 7.09
(d, J = 8.2 Hz, 2H), 6.76 (s, 1H), 4.89 (t, J = 8.3 Hz, 1H), 3.82 (td, J = 8.3, 3.6 Hz,
1H), 3.74 (q, J = 8.5 Hz, 1H), 2.50-2.29 (m, 4H), 2.29-2.19 (m, 1H). ¥C NMR
(CDCls, 125 MHz) & 144.4, 144.1("Jcr = 308.8 Hz), 140.0(3)cr = 25.0 Hz), 134.8,
129.8, 129.3, 128.7(3Jcr = 12.5 Hz), 128.3, 126.3, 125.5(*Jc—r = 3.8 Hz), 106.3, 66.1,
475, 259, 21.4. YF NMR (CDCl;, 471 MHz) § -62.42. HRMS (ESI-TOF)
Calculated for C26H22F3N30,S ([M+H]"):498.1458, found: 498.1456.
& NHTs N-cinnamyl-4-methylbenzenesulfonamide (II-21a) A white
©/\/\ solid (57.5 mg, 80% yield). 'TH NMR (CDCl;, 500 MHz) &
7.98-7.63 (m, 2H), 7.53-7.00 (m, 7H), 6.42 (dd, J = 15.8, 1.7
Hz, 1H), 6.02-5.97 (m, 1H), 4.83 (t, J = 6.3 Hz, 1H), 3.75-3.72 (m, 2H), 2.40 (s, 3H).
13C NMR (CDCls, 125 MHz) § 143.6, 137.1, 136.1, 133.1, 129.8, 128.6, 128.0, 127.3,
126.5, 124.1,45.5, 21.5.
(E)-4-methyl-N-(3-(p-tolyl)allyl)benzenesulfonamide

N NHTs
M (I1I-21b) A white solid (68.6 mg, 91% yield). M.p. =
e

116-117 °C. '"H NMR (CDCls, 500 MHz) § 7.91-7.62 (m,
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2H), 7.27 (t, J = 6.8 Hz, 2H), 7.21-6.95 (m, 4H), 6.50-6.32 (m, 1H), 6.04-5.87 (m,
1H), 5.09-4.67 (m, 1H), 3.81-3.66 (m, 2H), 2.35 (d, J = 39.2 Hz, 6H). *C NMR
(CDCls, 125 MHz) & 143.5, 137.8, 137.1, 133.4, 133.0, 129.8, 129.3, 127.3, 126.4,
123.1, 45.6, 21.5, 21.2. HRMS (ESI-TOF) Calculated for Ci7Hi9NO>S ([M+Na]"):
324.1029, found: 324.1032.

X NHTS (E)-N-(3-(4-(tert-butyl)phenyl)allyl)-4-
methylbenzenesulfonamide (II-21c) A white solid (74.7
mg, 87% yield). M.p. = 144-145 °C. '"H NMR (CDCls,

500 MHz) ¢ 7.78 (d, J = 8.3 Hz, 2H), 7.34-7.28 (m, 4H), 7.18 (d, J = 8.4 Hz, 2H),
6.41 (dt, J=15.5, 1.5 Hz, 1H), 5.97 (dt, J = 15.8, 6.4 Hz, 1H), 4.55 (t, /= 6.3 Hz, 1H),
3.74 (td, J = 6.3, 1.5 Hz, 2H), 2.42 (s, 3H), 1.30 (s, 9H). 1*C NMR (CDCls, 125 MHz)
0 151.2, 143.6, 137.0, 133.3, 133.0, 129.8, 127.2, 126.2, 125.5, 123.2,45.7, 34.6, 31.3,
21.6. HRMS (ESI-TOF) Calculated for C20H2sNO.S ([M+Na]"): 366.1498, found:

366.1495.

m NHTs (E)-N-(3-(4-methoxyphenyl)allyl)-4-
~o0 methylbenzenesulfonamide (II-21d) A white solid (77.8
mg, 98% yield). 'TH NMR (CDCl3, 500 MHz) & 7.77 (d, J
= 8.0 Hz, 2H), 7.31 (dd, J = 8.4, 2.2 Hz, 2H), 7.25-7.12 (m, 2H), 6.96-6.70 (m, 2H),
6.38 (d, J = 15.7 Hz, 1H), 5.87 (dtd, J = 15.3, 6.5, 1.8 Hz, 1H), 4.62-4.40 (m, 1H),
3.80 (s, 3H), 3.75-3.61 (m, 2H), 2.42 (s, 3H). *C NMR (CDCls, 125 MHz) & 159.5,
143.6, 137.1, 132.8, 129.8, 128.8, 127.7, 127.2, 121.7, 114.0, 55.3, 45.7, 21.6.
e S e (E)-N-(3-(3,4-dimethoxyphenyl)allyl)-4-
\O:©/\/\ methylbenzenesulfonamide (II-21e) A white solid (83.4
mg, 96% yield). M.p. = 117-118 °C. 'TH NMR (CDCl;,
500 MHz) & 7.87-7.72 (m, 2H), 7.31 (d, J = 7.7 Hz, 2H), 6.79 (dt, J = 5.5, 2.6 Hz, 3H),
6.38 (dd, J=15.8, 3.7 Hz, 1H), 5.99-5.83 (m, 1H), 4.75-4.50 (m, 1H), 3.87 (d, J=3.5
Hz, 6H), 3.79-3.67 (m, 2H), 2.42 (s, 3H). ¥C NMR (CDCls, 125 MHz) & 149.1, 149.0,
143.6, 137.1, 133.0, 129.1, 122.1, 119.8, 111.0, 108.6, 55.9, 55.8, 45.6, 21.6. HRMS
(ESI-TOF) Calculated for Ci1sH21NO4S ([M+H]"): 348.1264, found: 348.1267.
(E)-N-(3-(3-bromo-4-methoxyphenyl)allyl)-4-

Br NN
~o
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methylbenzenesulfonamide (II-21f) A white solid (89.2 mg, 90% yield). M.p. =
108-109 °C. 'H NMR (CDCl3, 500 MHz) & 7.77 (d, J = 8.1 Hz, 2H), 7.38 (s, 1H),
7.30 (d, J= 7.8 Hz, 2H), 7.13 (d, J = 8.5 Hz, 1H), 6.80 (d, J = 8.5 Hz, 1H), 6.31 (s,
1H), 5.84 (dt, J=15.3, 6.3 Hz, 1H), 4.79 (s, 1H), 3.87 (s, 3H), 3.72 (ddd, J = 8.0, 5.5,
1.7 Hz, 2H), 2.42 (s, 3H). ¥*C NMR (CDCls, 125 MHz) § 155.5, 143.6, 137.2, 131.2,
131.0, 130.3, 129.8, 127.2, 126.8, 123.4, 111.8, 56.3, 45.4, 21.6. HRMS (ESI-TOF)
Calculated for C17H1sBrNO3S ([M+Na]"): 418.0085, found: 418.0083.

S NHTe (E)-N-(3-(4-chlorophenyl)allyl)-4-
/©/\/\ methylbenzenesulfonamide (II-21g) A white solid (64.4
¢ mg 80% yield). M.p. = 127-128 °C. 'H NMR (CDCls,
500 MHz) ¢ 7.77 (d, J = 7.9 Hz, 2H), 7.29 (d, J = 7.9 Hz, 2H), 7.27-7.21 (m, 2H),
7.20-6.96 (m, 2H), 6.39 (d, /= 16.1 Hz, 1H), 5.99 (dt, J=15.9, 6.3 Hz, 1H), 4.80 (s, J
= 5.9 Hz, 1H), 3.74 (td, J = 6.3, 1.6 Hz, 2H), 2.41 (s, 3H). 3C NMR (CDCl;, 125
MHz) & 143.6, 137.0, 134.6, 133.6, 131.7, 129.8, 128.7, 127.6, 127.2, 124.9, 45.4,
21.5.

N NHTs (E)-N-(3-(4-bromophenyl)allyl)-4-

Br /©/\/\ methylbenzenesulfonamide (II-21h) A white solid (71.6
mg, 89% yield). M.p. = 141-142 °C. 'TH NMR (CDCls,

500 MHz) 6 7.77 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.0 Hz,
2H), 7.09 (d, J = 8.3 Hz, 2H), 6.37 (d, J = 15.8 Hz, 1H), 6.00 (dt, J = 15.8, 6.2 Hz,
1H), 4.82 (t, J = 6.6 Hz, 1H), 3.73 (td, J = 6.2, 1.5 Hz, 2H), 2.41 (s, 3H). 13*C NMR
(CDCls, 125 MHz) & 143.7, 137.0, 135.0, 131.8, 131.7, 129.8, 127.9, 127.2, 125.0,
121.8, 45.4, 21.6. HRMS (ESI-TOF) Calculated for CisHisBrNO2S ([M+Na]"):

387.9977, found: 387.9974.

“ (E)-N-(3-(4-iodophenyl)allyl)-4-
WNHTS methylbenzenesulfonamide (II-21i) A white solid (87.8
! mg, 85% yield). M.p. = 111-112 °C. 'TH NMR (CDCl3, 500
MHz) & 7.77 (d, J = 8.4 Hz, 2H), 7.68-7.47 (m, 2H), 7.31 (d, J = 7.9 Hz, 2H), 7.06-
6.87 (m, 2H), 6.37 (dd, J=15.8, 1.6 Hz, 1H), 6.03 (d, J = 15.8 Hz, 1H), 4.53 (s, 1H),
3.74 (d, J = 1.6 Hz, 2H), 2.42 (s, 3H). *C NMR (CDCls, 125 MHz) & 143.7, 137.7,
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137.1, 135.6, 132.0, 129.8, 128.2, 127.2, 125.1, 93.3, 45.4, 21.6. HRMS (ESI-TOF)
Calculated for CisHisINO2S ([M+Na]"): 435.9839, found: 435.9832.

X-"“NHTs (E)-N-(3-(3-chlorophenyl)allyl)-4-
©/\/\ methylbenzenesulfonamide (II-21j) A white solid (71.6 mg,
c 89% yield). M.p. = 127-128 °C. "TH NMR (CDCl3, 500 MHz)
0 7.89-7.66 (m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.25-7.14 (m, 3H), 7.14-7.07 (m, 1H),
6.37 (dt, J=15.9, 1.6 Hz, 1H), 6.00 (dt, J = 15.8, 6.3 Hz, 1H), 4.60 (s, 1H), 3.77 (td, J
= 6.3, 1.6 Hz, 2H), 2.43 (s, 3H). 13C NMR (CDCls, 125 MHz) & 143.7, 138.0, 137.1,
134.5, 131.6, 129.8, 127.9, 127.2, 126.3, 125.8, 124.7, 45.3, 21.5. HRMS (ESI-TOF)
Calculated for C16H17CINO:2S ([M+H]"): 322.0663, found: 322.0658.
Cl (E)-N-(3-(2-chlorophenyl)allyl)-4-
@A/\ NHTs methylbenzenesulfonamide (II-21k) A primrose viscous oil
(48.3 mg ,60% yield). '"H NMR (CDCls, 500 MHz) & 7.79 (d,
J=28.1 Hz, 2H), 7.40-7.28 (m, 4H), 7.22-7.11 (m, 2H), 6.82 (dd, J=15.9, 1.7 Hz, 1H),
6.02 (dt, J=15.8, 6.3 Hz, 1H), 4.76 (t, J = 6.3 Hz, 1H), 3.79 (td, /= 6.4, 1.6 Hz, 2H),
2.41 (s, 3H). 3C NMR (CDCl;, 125 MHz) 6 143.7, 137.0, 134.2, 133.0, 129.8, 129.7,
129.2,129.0, 127.3, 127.1, 126.9, 126.9, 45.6, 21.6.
S NHTS (E)-4-methyl-N-(3-(naphthalen-2-
yDallyl)benzenesulfonamide (II-211) A white solid (65.8
mg, 78% yield). M.p. = 117-118 °C. 'TH NMR (CDCl;,
500 MHz) 6 7.97-7.63 (m, 5H), 7.58 (s, 1H), 7.51-7.34 (m, 3H), 7.29 (dd, J=8.1, 2.5
Hz, 2H), 6.58 (d, /= 15.8 Hz, 1H), 6.12 (dt, J=15.3, 6.3 Hz, 1H), 4.71 (ddd, J=19.3,
13.3, 7.3 Hz, 1H), 3.80 (t, J= 6.3 Hz, 2H), 2.39 (s, 3H). 1*C NMR (CDCls, 125 MHz)
0 143.6, 137.1, 133.6, 133.5, 133.2, 133.1, 129.8, 128.3, 128.0, 127.7, 127.3, 126.6,
126.4, 126.1, 123.4, 45.6, 21.5. HRMS (ESI-TOF) Calculated for Cz0Hi19NO2S
([M+Na]*): 360.1029, found: 360.1026.
G/\/\NHTS (E)-N-(3-(furan-2-yl)allyl)-4-methylbenzenesulfonamide (II-
\_0 21m) A white solid (36.7 mg, 53% yield). M.p. = 139-142 °C.
TH NMR (CDCl3, 500 MHz) & 7.77 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 6.6 Hz, 3H), 6.34

(dd, J=3.4, 1.8 Hz, 1H), 6.28 (d, J = 15.7 Hz, 1H), 6.18 (d, J = 3.3 Hz, 1H), 5.96 (dt,
34
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J=15.7,6.3 Hz, 1H), 4.57 (t,J = 6.3 Hz, 1H), 3.72 (td, J = 6.3, 1.5 Hz, 2H), 2.42 (s,
3H). 13C NMR (CDCls, 125 MHz) & 151.7, 143.6, 142.3, 137.0, 129.8, 127.2, 122.6,
121.3, 111.3, 108.5, 45.2, 21.6. HRMS (ESI-TOF) Calculated for CisHisNOsS
([M+Na]*): 300.0665, found: 300.0660.
(E)-4-methyl-N-(3-(1-tosyl-1H-indol-3-
N yl)allyl)benzenesulfonamide (II-21n) A white solid (77.8
TS/N J NHTs  mg 89% yield). M.p. = 148-149 °C. '"H NMR ((CD3):SO,
500 MHz) & 7.93 (d, J = 8.3 Hz, 1H), 7.90-7.77 (m, 4H),
7.71 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 7.9 Hz, 1H), 7.35 (dd, J = 13.2, 8.2 Hz, 5H),
7.26 (t, J = 7.6 Hz, 1H), 6.55 (d, J = 16.2 Hz, 1H), 6.08 (dt, J = 16.2, 6.1 Hz, 1H),
3.61 (t,J = 5.8 Hz, 2H), 2.29 (s, 3H), 2.27 (s, 3H). 13C NMR ((CDs)2S0, 125 MHz) &
146.1, 143.1, 138.5, 135.2, 134.4, 130.7, 130.1, 128.7, 127.2, 125.6, 125.2, 124.2,
122.6, 120.9, 120.0, 113.9, 45.6, 21.5, 21.3. HRMS (ESI-TOF) Calculated for
C25H24N204S:2 ([M+Na]*): 503.1070, found: 503.1072.
N A NHTS 4-methyl-N-((2E,4E)-5-phenylpenta-2,4-dien-1-
©/\/\/\ yl)benzenesulfonamide (II-210) A white solid (65.1 mg,
83% yield). M.p. = 103-104 °C. '"H NMR (CDCl3, 500
MHz) 6 7.64 (d, J = 7.9 Hz, 2H), 7.45-7.38 (m, 2H), 7.34-7.25 (m, 3H), 7.21 (d, J =
8.0 Hz, 2H), 5.91-5.79 (m, 2H), 5.52 (d, J = 3.7 Hz, 1H), 3.76 (dd, J = 14.4, 6.2 Hz,
1H), 3.11-3.02 (m, 1H), 2.39 (s, 3H), 2.02-1.94 (m, 1H), 1.85 (dt, J = 18.1, 4.7 Hz,
1H). 13C NMR (CDCls, 125 MHz) & 143.1, 139.7, 138.3, 129.5, 128.4, 128.3, 127.7,
127.1, 126.4, 126.1, 56.0, 38.3, 23.3, 21.5. HRMS (ESI-TOF) Calculated for
CisH20NO:2S ([M+H]"): 344.1209, found: 314.1203.
WNHMS N-cinnamylmethanesulfonamide (II-21p) A white solid
(48.1 mg, 91% yield). M.p. = 89-90 °C. "TH NMR (CDCls,
500 MHz) ¢ 7.42-7.36 (m, 2H), 7.35-7.29 (m, 2H), 7.29-7.25 (m, 1H), 6.61 (dt, J =
15.7, 1.6 Hz, 1H), 6.20 (dt, J = 15.8, 6.4 Hz, 1H), 4.62 (s, 1H), 3.93 (td, /= 6.3, 1.5
Hz, 2H), 2.99 (s, 3H). ¥C NMR (CDCl;, 125 MHz) & 136.4, 133.9, 129.1, 128.6,
126.9, 124.8, 45.8, 41.7. HRMS (ESI-TOF) Calculated for C1o0H1sNO2S ([M+Na]"):

234.0559, found: 234.0563.
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Cl X NHMs (E)-N-(3-(3,5-
dichlorophenyl)allyl)methanesulfonamide (II-21q) A

Cl white solid (63.7 mg, 90% yield). M.p. = 159-160 °C. 'H
NMR (CDCl3, 500 MHz) & 7.24 (d, J = 6.6 Hz, 3H), 6.51 (d, J = 16.4 Hz, 1H), 6.25
(dt, J=15.7, 6.1 Hz, 1H), 4.65 (t, J = 6.3 Hz, 1H), 3.94 (t, J = 6.2 Hz, 2H), 3.01 (s,
3H). 3C NMR (CDCIls, 125 MHz) 6 139.0, 135.3, 130.6, 127.9, 127.8, 124.9, 45.0,
41.3.

0 N-cinnamyl-4-(5-(p-tolyl)-3-
W”@O (trifluoromethyl)-1H-pyrazol-1-
N \\ yl)benzenesulfonamide (II-21r) A white solid
CF4 (114.4 mg, 92% yield). M.p. = 168-169 °C.
'H NMR (CDCl;, 500 MHz) & 7.91-7.82 (m,
2H), 7.50-7.44 (m, 2H), 7.27 (dtt, J=11.8, 8.3, 3.9 Hz, 5H), 7.15 (d, /= 7.9 Hz, 2H),
7.12-7.06 (m, 2H), 6.74 (s, 1H), 6.46 (dd, J=15.8, 1.6 Hz, 1H), 6.01 (dt,J=15.8, 6.4
Hz, 1H), 4.69 (t, J = 6.2 Hz, 1H), 3.77 (td, J = 6.3, 1.5 Hz, 2H), 2.37 (s, 3H). 13C
NMR (CDCls, 125 MHz) & 145.3, 144.13Jcr = 38.8 Hz), 142.6, 139.8, 139.6,
135.7(3Jcr = 32.5 Hz), 129.8, 128.7(*Jcr = 3.8 Hz), 128.2, 128.2, 126.5, 125.7, 125.6,
123.6,121.1("Jcr = 267.5 Hz), 106.3, 45.6, 21.4. F NMR (CDCl3, 471 MHz) 3 -
62.38. HRMS (ESI-TOF) Calculated for CsH23F3N302S ([M+H]"): 498.1458, found:
498.1462.
2.6.5 FEHIRERILIRIESRAE
2.6.5.1 FHEFHIABIBIEMEE
AR, 0 CCHKIRIRIE T, & T /K T A AL HE R 25 mL 11
Schlenk M KM 11-21a (144 mg, 0.50 mmol) A1 N,N- F Jk F it i
(1L5mL) , RJEMANAMW CFE 60%, 7S ¥uhF, 36 mg, 0.6
mmol) , £ & E MBI 1.0 /N5 H KUK & MBI 1-5RF 8 (133 mg,
0.60 mmol) , TLC iAEREFN 2.0 h JEJEEHE R, SidM. M58 7KEX
JRL, o RSN R BRI, BRRH 2R B8 (10 mL x 3)
RBUKA . A HUAHHEA NaCl ZKIEWBGER, JoK NaaSOs T4, IR ik4E, 15
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FHCRAR 4, 8 PR S AT vk o B AR Al, SRR 125, ;R
90%.

Bk, @AAEY, A KIS AALF ) 25 mL 4 Schlenk [V
WA KK IINE R E (608 mg, 25 mmol) . II-25 (214 mg, 0.50 mol) Al
ToKHEE (5.0mL) , FxEAEWEETEA 6.0 /MG, TLC JEERER &I
BRE S, 1R R AT S A IO K N, 430 o & b g
BCEHLY, O DCM (10 mL x 3) AHUKAH . ﬁ*ﬂ*ﬁﬁﬁ’t@%n NaCl 7KIE e
B, oK NaaSOs T8, JRIRAE, 15 ZIpIRM ™ 4), @k P EHr ik 7
BPRAl, BT 260 77 91%.

wJE, AR EY, 0°CUOKIBIRE T, M&d K LALER 25 mL +
A Schlenk [z M3 RN T1-26 (137 mg, 0.50 mmol) A1 N,N-— FiJE
Hlt (1.5mL) , REMAENE (5&E 60 %, Z7BUET i+, 60mg, 1.5
mmol) , B EERBFE 1.0 NI 5 FHXRIKKBHEEIMABALE (106 mg,
0.75 mmol) , M 2.0 h 5 TLC VEIRER K I E RN &, fF1E R HEBTK
PRI, 30 I QR CE R ICE LY, BIXAH R 4l (10 mL x
3) AHUKAM. ﬁ*ﬂ*ﬁﬁﬁ@@%n NaCl /KIEFPEsk, ToK NaxSOs T4, 8RR,
1S EIRA =4, @ PO A E AT L S B R A, 1SR RATZE S O

‘ N-cinnamyl-4-methyl-V-(naphthalen-1-

X N ylmethyl)benzenesulfonamide (II-25) A white solid
©/\/\+S O (90% yield). M.p. = 121-122 °C. 'H NMR (CDCls,
500 MHz) ¢ 8.30 (d, J= 6.2 Hz, 1H), 7.99-7.74 (m, 4H), 7.58-7.47 (m, 2H), 7.46-7.30
(m, 4H), 7.22 (qd, J=17.5, 6.2, 3.0 Hz, 3H), 7.08-6.92 (m, 2H), 6.09 (dd, J=15.9, 3.0
Hz, 1H), 5.68 (ddd, J=15.9, 8.2, 3.8 Hz, 1H), 4.84 (d, J = 3.7 Hz, 2H), 3.85 (s, 2H),
2.46 (s, 3H). 3C NMR (CDCls, 125 MHz) & 143.6, 136.9, 136.2, 134.0, 133.9, 132.0,
130.8, 129.9, 129.0, 128.6, 128.4, 127.7, 127.7, 127.6, 126.6, 126.3, 126.0, 125.0,
123.9, 123.3, 49.3, 49.0, 21.6. HRMS (ESI-TOF) Calculated for Cz7H26NO2S
([M+H]"): 428.1679, found: 468.1677.

(E)-N-(naphthalen-1-ylmethyl)-3-phenylprop-2-en-
‘ 1-amine (II-26) A primrose viscous oil (91% yield)

AN N .
©Mn'4 O 'H NMR (CDCL, 500 MHz) § 8.13 (d, J = 8.3 Hz,
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1H), 7.86 (d, /= 8.5 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.61-7.45 (m, 3H), 7.43 (t,J =
7.5 Hz, 1H), 7.38 (d, J = 7.4 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.23 (d, J = 6.6 Hz,
1H), 6.57 (d, /= 15.9 Hz, 1H), 6.36 (dt, J=15.9, 6.3 Hz, 1H), 4.27 (s, 2H), 3.53 (d, J
= 6.3 Hz, 2H), 1.71 (s, 1H). 13C NMR (CDCls, 125 MHz) § 137.2, 135.8, 133.9,
131.8, 131.6, 128.8, 128.6, 128.5, 127.9, 127.4, 126.3, 126.2, 126.2, 125.7, 125.5,
123.7, 51.8, 50.9. HRMS (ESI-TOF) Calculated for C2oHi9N ([M+H]"): 274.1590,
found: 274.1591.
2-phenyl-5-tosyl-2,3.4,5-
X N ‘ tetrahydrobenzo[b][1,4]oxazepine (Naftifine) A
©/\/\I\I/Ie O primrose viscous oil (85% yield). "TH NMR (CDCl;,
500 MHz) 6 8.30 (d, J = 8.4 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz,
1H), 7.54-7.50 (m, 1H), 7.49-7.44 (m, 2H), 7.40 (dd, J=11.9, 7.9 Hz, 3H), 7.34-7.28
(m, 2H), 7.23 (d, J = 7.4 Hz, 1H), 6.57 (d, J = 16.0 Hz, 1H), 6.46-6.30 (m, 1H), 3.95
(s, 2H), 3.28 (d, J= 6.6 Hz, 2H), 2.28 (s, 3H).
2.6.5.2 BRiEERE YA BANHIFIFT R AR FNFTHIER SG U & Ak
AR, iR, R KA AL 50 mL 41 Schlenk SV
P R in N 11-21d (174 mg, 0.50 mmol) . XF 4 F i (123 mg, 0.65
mmol) . BKEREF (138 mg, 1.0 mmol) . DU T ZMifb# (37.0 mg, 0.05 mmol)
MOKE (10mL) 5 1 35 °C R RBIPIA/NT, 2RJE S 2 iR HEFE 24 /N
TLC iEERER R ILERHE 2, T 1R RN e 2B F K KON, 430 - mA
LR CEESRECE LY, B EA (10 mL x 3) ZHUKH . A HUAHF R NaCl
IKTE BT, Jo7K NaoSOs T4, R4, 192>, il s Bt
LY HEAE, UL 98%I T AT E] 11-27
Wa, mAFEY, AR E R 25 mL T4 Schlenk S M il
FR IR IIN & B8 E (608 mg, 25 mmol) . II-27 (228 mg, 0.5 mol) AIT/K
HEE (5.0mL) , BHZEEWE=IE 10.0 /MY, TLC EERE KBS RN
Ko AFIERM . M AR BE K L, 7R = oI &R e B
L, FRRH S B (10 mL x 3) ZBUKA . AP A NaCl K& e
B oK NapSOs T, TR, 75 20H ), 8 PodAl 2 i th ik B ik
ali, PP 1M-28. 775 80%.
BJafs 128 5 A A A S b 45 AN R ZAEME PR O T . BARR BN -
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SAFEF, =R, FEE K EAE R 25 mL T Schlenk Jx N H
KM 11-28 (154 mg, 0.50 mmol) . A LBRFHE (65.1 mg, 0.60 mmol)
R (152 mg, 1.1 mmol) . MALEF (29.9 mg, 0.18 mmol) FZfiE (5
mL) , TLCVEMRERRIMIEENE R, F1ERM. HEETRKERRRL, 5000+
PN OIR CBEIRBCE NI, IR R OB (10 mL x 3) ZXHUKAH . AHLHE
FIMA NaCl /KIS S:, Jo/K NaaSOs T4, IR Me4s, 15208~ Y), dxdth
AL Er A B IR, L 89%HI 45 E] Abamine; W URHT, FIE T,
7] 20 To K TEEALFE ) 25 mL T4 Schlenk M AR O 11-28 (154 mg,
0.50 mmol) . R T B HEE (136 mg, 0.75 mmol) . FREREH (152 mg, 1.1
mmol) . HALEE (29.9 mg, 0.18 mmol) A NN-HIEHE (5mL) , TLC
IR AR RS R, FIE RN . IR TIKER RN, 2RI R
LGN, FHRH B (10 mL x 3) ZEHUKAH. A HLAH A E M AL
PRI IBBER, ToKBRIREE T, RIS, SR, 8 PREE R
LS iR, DL 87%H) " %15 %] Abamine SG.
E (E)-N-(4-bromobenzyl)-N-(3-(3,4-
dimethoxyphenyl)allyl)-4-methylbenzenesulfonamide

(I1-27) A white solid ( 98% yield). M.p. = 104-105 °C.

/Oj@/v,}, IH NMR (CDCls, 500 MHz) & 7.77 (d, J=7.9 Hz, 2H),
o Ts 7.33 (d, J = 8.0 Hz, 2H), 7.28-7.23 (m, 2H), 7.09-6.91
(m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 6.69 (dd, J = 8.3, 1.9 Hz, 1H), 6.64 (d, J=1.9 Hz,
1H), 6.18 (d, J = 15.8 Hz, 1H), 5.67-5.57 (m, 1H), 4.33 (s, 2H), 4.00-3.85 (m, 5H),
3.84 (s, 3H), 2.44 (s, 3H). 3C NMR (CDCl;3, 125 MHz) 8 162.3("Jcr = 243.8 Hz),
149.1, 149.0, 143.4, 137.4, 134.0, 132.1(*Jcr = 2.5 Hz), 130.2(Jcr = 7.5 Hz), 129.8,
127.3,121.3, 119.8, 115.4(%3Jcr = 21.3 Hz), 111.0, 108.5, 56.0, 55.7, 49.9, 49.5, 21.5.
BF NMR (CDCl;, 471 MHz) & -114.65. HRMS (ESI-TOF) Calculated for
C25Ho6FNO4S ([M+Na]"): 478.1459, found: 478.1453.
F (E)-N-(4-bromobenzyl)-3-(3,4-dimethoxyphenyl)prop-

2-en-1-amine (II-28) A primrose viscous oil (80% yield).

'"H NMR (CDCls, 500 MHz) & 7.31 (dd, J = 8.5, 5.6 Hz,

/N
o o]
/IE

I-z

2H), 7.02 (t, J = 8.7 Hz, 2H), 6.94 (d, J = 2.0 Hz, 1H), 6.90
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(dd, J=8.3, 2.0 Hz, 1H), 6.81 (d, /= 8.3 Hz, 1H), 6.47 (d, J= 15.8 Hz, 1H), 6.18 (dt,

J=15.7, 6.4 Hz, 1H), 3.89 (d, J = 6.6 Hz, 6H), 3.81 (s, 2H), 3.42 (d, J = 6.1 Hz, 2H),

1.81 (s, 1H). 3C NMR (CDCls, 125 MHz) & 162.0('Jcr = 242.5 Hz), 148.9(%Jcr =

40.0 Hz), 135.9, 131.4, 130.1, 129.8(3Jc—r = 7.5 Hz), 126.2, 119.4, 115.2(°Jc¢r = 21.3

Hz), 111.1, 108.6, 55.9, 55.8, 52.6, 51.2. F NMR (CDCls, 471 MHz) & -115.94.

HRMS (ESI-TOF) Calculated for CisH20FNO> ([M+H]"): 302.1551, found: 302.1554.

F Methyl (E)-N-(3-(3,4-dimethoxyphenyl)allyl)-/NV-(4-

fluorobenzyl)glycinate (Abamine) A primrose viscous oil

o Sy (89% yield). TH NMR (CDCls, 500 MHz) 8 7.34 (dd, J =

\OW K‘fo 8.4, 5.6 Hz, 2H), 7.01 (t, /= 8.7 Hz, 2H), 6.93 (d, J = 2.0

0 Hz, 1H), 6.89 (dd, /= 8.2, 2.0 Hz, 1H), 6.81 (d, J = 8.2 Hz,

1H), 6.47 (d, J = 15.8 Hz, 1H), 6.11 (dt, J = 15.9, 6.8 Hz, 1H), 3.90 (s, 3H), 3.88 (s,
3H), 3.77 (s, 2H), 3.68 (s, 3H), 3.38 (d, J= 6.7 Hz, 2H), 3.35 (s, 2H).

F  Methyl (E)-4-((3-(3,4-dimethoxyphenyl)allyl)(4-

fluorobenzyl)amino)butanoate = (Abamine SG) A

o D/\AN primrose viscous oil (87% yield). 'TH NMR (CDCIls, 500

~o MHz) ¢ 7.35-7.24 (m, 2H), 6.99 (t, J = 8.6 Hz, 2H), 6.94-

J 6.85 (m, 2H), 6.81 (d, J= 8.2 Hz, 1H), 6.43 (d, /= 15.8 Hz,

1H), 6.09 (dt, J = 15.8, 6.6 Hz, 1H), 3.91 (s, 3H), 3.87 (s,

3H), 3.61 (s, 3H), 3.57 (s, 2H), 3.26-3.10 (m, 2H), 2.49 (t,J = 7.0 Hz, 2H), 2.34 (t, J =

7.3 Hz, 2H), 1.83 (p, J=7.2 Hz, 2H)
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535 RN TUEE R FFIR G MRS

3.1 5|5

31 13-ZRNEEN
1,3- R0 e AT AEMER LG A . 29 #E it R a BT 2
MR, HRERERXREZENEH. EMUFETREZ RA&Md, ey
TEE A NG ZEFIAS N BRI I 42 8 AL BC A A BRI BE AR AR o
NG

N_. N \/U\N
H H t
Aloperine (+)-Hinckdentine A Fentany!
Br
CONH‘Bu x
/ HN N
H H
o} o
_ N Manzacidin A

Palinavir

N}ﬂm{ B
A m:g%x}@

DNMTs inhibitor Chiral 1,3-diamine ligands DPEN Catalyst
B 3-1 &1,3- R85 24

Figure 3-1 Drugs containing 1,3-diamine structure

e

W E3-14 Aloperine (7 o) DS —Fh RN v g R 244, REH
S R A AR R S R Y, B PUMOR SR O LR LT A
b %5 4F H s (+)-Hinckdentine A2 N F E Al E B KEY
Hincksinoflustra denticulata ™ 73 B 32 B SR A5 1) SR IR AL W08, A Mg Rk s A gk
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WIRTAN, 25 RG] o M IR PR AR 1 R 25 46 TR 58 1 'E AT DA g e R S R 2 1) 9t
HLE IR 2, B0 T A WERESE . ORISR W] MRk 25 A4 1) B
76, BAIRE WAL EE MG, AR REI GRS
BB FANE . ZF BN —FE H T AR R R, 38 T] LAME N R H
Zj, WEFERME, MALRSFRNBSIENERL. B, &5 2R 6]
oo PRI E R 2 R EATK SF K@ R NE Sl Bl H . ) 501081012
STHIV-1 (Ki=31pM) AHIV-2 (Ki=134 pM) £ %% 1 5 (A B 1A% 75 5 1 )
RN, BN PR RS TE . Manzacidin A-CUIOUILRE DRSS (g
FERE ) T B S 1) — R IR AR R SR P M AT A, BB R B FIIE A I
ZIEEYE, Wnl DMEAR -5 EIR 2R A s RSN E LT
RIODNAF LR EEDNMTs (FLFDNMT1. DNMT3AFIDNMT3B) [12-113],
e REA T R A . H P DNMTL 47 51 4E R DNA H EE AL IR 3k AT . X =Fh il
BV RENG] T ARG . BRI 4, Huang BREAIE 2 B R AR =W &
B R R BT — RV FVERCAR, R X B FPE 13- L AR S PAFL & 4 L [FI 1
FHAEAG A AN B A XS FR A T7 AL, I DLW AR e #1281 — R 5T
P i B 7 1< (114) . DPEN Catalyst /& — U0 Bic 44 (1151161 [(Bisphosphine) Ru(II)
Diamine] #& &8 5 AATE B AY), I A F 4 n] Dy KX it 4
P ¥ R A
312 1,3-ZRNEHRR N RER

KN 1,3- ZREAE 2506 e I B AL, B RASZ 272 K3E . 2004 45, Du
bois PR ZH i) & I RAE T — M C-H F2 Ak SR 5 R A7), XUA% B8 14 44 57
Rha(esp)2 (esp=a,0,a o '-PUHE-13-2K IR , HEAAAFEIH G, 7]
DAMEt 2 B IR e, AR, Mk, JRE MUK S S 3217,
2009 4, ZUREALR] HZ AL B AL R AL C-H HEN & R 1,3- %81 R A
N-Boc {537 R E i TI-1 7] DL T [Rha(esp)2] 5 PhI(OAc), Al MgO 45 & 1k £ i4:
LA NI i T2, om0 TP IR /K mT 3454 IR 1,3- )1 TI1-3.

H2N\ //O O\\ /,O
J “NBoc catalytic HN” " "NBoc mild base NH, NHBoc
R; Rs amination R Rs hydrolysis R; Rs
R, R, 14 examples R,

3-2 FF& MICIRBEmE R 1,3- e ¥ C-H fedb ik
Figure 3-2 A C-H amination strategy for the synthesis of cyclic sulfamides and 1,3-diamines
42



8 W YN T e VAT

2009 4, Benjamin PR SCIL T 2R AL Ol 5 — Fhal R AN A B N
ST R TR R JE A RO, 1% R S 2T RN 5 7 It IR T e N-Boc
T f— SR AR SRS Dy C2 SR B, B - S BB 0 s 807, HoA W & ST
kM. R S B 2B -4 A =5 4 B -5 SO, DA
99% )7 F AL G -7 (W1 3-3)

B ~
I
HIII 5 o
)OJ\ (S)-proline O NHBoc BocHN @HBOC
0, z
H” “CH, _(20 mol%) _ H T Ph Ph
1114 54% CHO
ref.2 -6 12 examples  IlI-7

53-99% vyield
>99% ee

l1-2(3.0 equiv), (S)-proline (20 mol%), up to 99% yield

3-3 ZEES TR TI-5 X0 Je A [N
Figure 3-3 Double-Mannich reaction of acetaldehyde with imine III-5

2014 F, Zhang HJIREAIRIE | — M@ Co(ID) MM B BRI J7%, Co(ID)
AL C-H Ak BB T2 (B Re A 52 M A4k 22 e B R 0200 b T 5 mT LA 3K
G A ISR IR B S B ALY, F T C(sp®) -H SRt w88 5 i 3% 1,6-f%4k,
R IRAG 7N Te TR R G . P f 380 R e D PR R T MR 25 2 e A
AR HMER T 13- AT AEY), JFREEA s, %k /5 0% 8
AR RAF R R 5 F N 1,6- C-H BEFEIZ & B A0 H R 7S o i
fi%, TfidE N-Boe R4 IRIBRIE K K H A0 A 7S To Rl .

0]
Vo -N3 o, 0O
R R.\-S¢ N7
S R\ /S\
)N;/\ )N\\OA [CO”] 1 " R\NH e
— R Ry ———» _
Ry Rs ! 3 R1)\/kR3 R1)%R3
Ry R2 R 24 examples R
-8 . 72-95% yield
-9 W10  64-98% ee  M-11

Kl 3-4 & (D AR S ZA 07N C-H AL
Figure 3-4 Cobalt(Il)-catalyzed intramolecular C-H amination of sulfamoyl azides under neutral

and nonoxidative conditions
2019 4, Kilian PRARHSE H T —FhasifeE Ak 1) dE 75 46 C-H B2 1Y Ritter B %k
RE CRESA0 A 551 1 851 ROBEAE i N-Be SRl e OB, 458 T 1,3-a0
TR0 AZ N AR A A T-12 R B AR OISR A, e R P
VI o TIAAA I 1,6-HAT (1L6-2 5 T# %) ¥ 34 C-H ML IE % 113 [

43



8 W YN T e VAT

Ja ) Ritter e MERE T 1I1-14; #2EH TR C-N 8, Ak 1,3- % I-15. %75
VEAE VAR AL IR R A @ or TBEALFIIE A . B ARG 1,3- AT QIR
N A2% - 99%) FRIHZ A IERLER R IARE M UL B R Sz 1 CankE 3-5)

NHRs NHR;
0O,S.
2">NR, H 1,3-diamine formation OZS\NR2 NHAC
R4 R4R5 24 examples R4 rRs
n-12 42-99% yield m-15
lodine
catalyst
'T“R3 NHR3
0,8 0,5
2°>NR, H Hofmann-Loffler reaction 2Z°SNR, (1)
R Rs 1,6-HAT R “Rq
m-13"* m-1a*

Kl 3-5 Kilian /M4 2019 4R TAE
Figure 3-5 Work of the Kilian group in 2019

2022 4%, VYIRS F o HEPR B ZHARE | — PR AN S5 T A4 Rho fi

A FrEAL B SRR AR A A0 & P AN T B 1 NFST =16 — & i ea Bl 1,3- —igdb

HEWRITTENB, Kimlfke . T NIEE, BERTENIRE YA DR AT R

RLEAE TAEH . 5640 Rhy G EAE A JE R C-N BEANE], 1% 0770 1d Rhy

$%¥ﬂ%mwﬁA&T%Wﬁ W& 17, A5 18 C-N 34 78

o FERMNIEES, RnZs 7T 2MibiA, W3 RPC. FFA H HIEMTE
mﬁam%xﬁﬁﬁ,meAE%QOHﬁwﬁmﬁmﬁﬁo

F Ar
o 4 0 Y
S S

e ~ . R
Ph \\O O// Ph N terminal alkenes 38 examples Rh, .

or/with 31-88% Vi —> Ar [N]

NES] R -88% yield

commerical nitrogen N [N]
source Ar
116 [N]I=N(SO2Ph);
R =H, Me m-17

internal alkenes

3-6 #NFEE C-H — P EHEER,3-%

Figure 3-6 Direct allylic C-H 1,3-amination in one step

3.2 RNFZHEHRMK
WERR AL IR ST T e I3 I BN I 2544k, DARERAL &) T-19 1EN
FAZRA], R TR RN AT S T e T-18 FIHF AN, X s 4414
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G BAVEFIRRIZE, N R .
3.2.1 WEXAY T REELFF IR I Rz B9 520
B e 5T BN B R ALY T e EE TI-18 5EZRAE LAY 11-19

NI . GERUTR 3-1 s
2 3-1 BT TmE ER BRSNS

Table 3-1 Effect of alkali on the ring-opening reaction of azetidiniums

Ph Me, Cat.(10 mol%) Ph SN
N&OBn Base(1.5 eq.)
>7 + /O@NHz > Ph)\N/\(\N

toluene, r.t.

Ph oty | H
1.0eq. 2.0eq. Cat =Diphenyl phosphate ~ Me OBn
1118 -19 111-20

Entry Base Time (h) Yield (%)
18 - 144 56
2 KzPOq4 7.0 81
3 KHC,04 17 72
4 K,CO3 6.0 82
5 Cs,CO3 4.0 98
6 EtsN 13 94

“Run at room temperature , no catalyst and no base
NG iR, AYTREER (0.10 mmol) , XFHAEIEIRAE (0.20 mmol) , R — 2K
AL (10 mol%) , HZK (1.0mL) , AFBL (0.15 mmol) .

B, XPZITE A NG A AN I N B ER (A T B IS LT TR, K
DATIRE AT, (HORERER R ML A 144 /BB ERHE B RIS, 4710 R B 7 85
FREA 56%, FERRMIL N — R I T TN, (B AN IR A 7 S I T A
K, SRNVARMEREAT 58 4. 3% PRI RN SRIEAT 1 iig, 459RWT: BHERL
PUBRE i, MIERES AR 9B T, RRIRIR . BRIRAR . FIREMREAT T A
TIGA, A RBYBRBRARNE S T R 3% T RABRIRIRATE 9 & 7
XA B B 1 AT IR, R BB TR N ACR B T E T, R
Ik 98%. RJE XA NN = LIGHEAT 7R, AR R IRE, N 94%.
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S5 25 FUUE B TELBBRI A HLAR IS o] (i ik S B (R 3R AT, AF 2 ik BR A ' D e 1 i
A, P2 AaR e, AR T AR, BT AR 20 € DLBRIR A B2 5 M
3.2.2 IBFIRA( T RE R FF IR R B B S0

i FIRGEIR, MG VIR BRI ALY T g I-18 5 SR A% )

II-19 [MBIFIEEI . S5 RATTNE 3-2 Ps:
R 3-2 R E BRIT AN K R

Table 3-2 Effect of solvent on the ring-opening reaction of azetidinium

Ph Me cat. (10 mol%)
Ph}N&OBn + OONHz Cs,COs (1.5€4) pp, SN
OTf / solvent, r.t. )\
Ph N N
1.0 eq. 2.0 eq. |
N Me OB H
-1 W19 o - Diphenyl phosphate Tyt o
cat. = Diphenyl phospnhate 1-20
Entry Solvent Time (h) Yield (%)
1 Toluene 4.0 08
2 DCM 10 88
3 THF 9.0 90
4 CH5CN 19 89
5 m-Xylene 35 94

RN AE: 2N, WY TiEEl (0.10 mmol) , X HAIERZ (0.20 mmol) , fEALFFIHE IS
TRE (10 mol%) , WRER%E (0.15 mmol) , AFEEF (1.0mL) »

M 3-2 HRTLAEH, RAFEMH R RIS AN, i 90%, (H
5 EAEEFIAR LD, BORIR) ARV R S BN TR S R, D 3.5 /NIRRT R
(1 4.0 ZNIF, (B2 3ART FOR A 98%, WUk AT DUE R S 3E SR VA T . BRitt
A, HUEFIVIERRE . T SNBSS, SN TR R, T AR AR
T 90% HIFTE R KZE 5, Ul WA 7% S B2 IR 8] AR SE MRV, T g 7 S5 B i A
Ny R R RN RO B IRV o

Zi BRIk, WERRAEALNY T e ST N i AT Y IR N, 1.0mL
FAEN R AR — 2K 0 (10 mol%) + 1.5f% & AR HE A AR
2.0 L ERERAEMIEZRIZETXS 1.0 58K T g a7 A RN .
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33 [RYINRRE
3.3.1 AR T NEEL R4 3T FF I ;e B2 B9S2

MR T IR A I 5B A% 35 S5 Y T e Eh B A X AR s N & FH M, PABAR
N R A, BEAR T Z RN AN FEINY TR iSRRI A& Y, SRR K
3-7 Fas:

Ph R\z Cat. (10 mol%)
%N&w N /OONHz Cs,CO; (1.5 eq.)

Ph -orf Mé toluene, r.t. R
1.0 eq. 20eq Cat = Diphenyl phosphate
n-18 119 1.20

R' = OBn, Ph, O(4-MeOCgH,), O(allyl), OMe. R? = Me, Et, Bn

Phj\hN/\ﬁN@/ Ph)\N/YNQ/ /©/

I ! H
Me OBn H Et OBn Bn OBn
lll-20aa: 4.0 h, 98% vyield. 111-20ab: 10 h, 96% vyield. lll-20ac: 3.0 h, 95% vyield.
(0]
~ (0}
Ph ~
)\ /©/ P M o Ph)\l}l/\A”
e
PRTONTY TN Me ©
Me Ph 7\
AN
Ill-20ad: 9.0 h, 93% yield. lll-20ae: 3.0 h, 92% yield. llI-20af: 3.5 h, 82% yield.
(0]
Me OMe

llI-20ag: 2.0 h, 89% yield.

3-7 AT T WE £h SRR s ML R M

Figure 3-7 Effect of different azetidinium substrates on the reaction

B, XY TRE MR E R2GE VO AT T 5, 4 RER HEURE
RAKUCHH I, 2.3, FWHER, #BAELL 95% LA IR IR 1,3- %, HHR?
NCHER, HTLEMILREER, Aol MR 2 ROV FHER, 5
SRARIEATPRIBR, (HE T HIRA D E 450, B DURYI IS MmO B
A o B Javh RYZEDIRE G AT TRFFS, 25K 4 N A2 R
AUk AR R R, R T I BB K R B = 2 8 s, A AT 92% 81 93%; 4
N GV A PO S R AU I, E TIPS, PR, LR A A A
(1) 11-20af, A H 82%.
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3.3.2 NEIRZAEFLRFIN R MRS R
FIFEAE B e S N2 AF T, BRERAIT T 1 AN R SRR AZ GRS s L FR 52
ZiR N 3-8 flos:

Ph Me Cat. (10 mol%) Ph
\ R3
>~N +>—0Bn | *NH _Cs2CO3 (1.5 eq.) /L R
PH -oTf 54 toluene, r.t. Ph ’}‘/\/\'}‘4
Cat. = Diphenyl phosphate Me OBn R
1.0 eq. 2.0 eq.
11-18 1-19 111-20

CF,

Ph Me Me
Ph)\N/\/\N/O E ;Q/ i\

| Ph N N
Me OBn I /\(\H Ph™NTYON CFs

|
Me OBn Me Me OBn D
lll-20ba: 16 h, 99% yield. Ill-20ca: 38 h, 97% yield. Ill-20da: 62 h, 72% yield.
i\ X X z
PN S
Ph N N Ph N N Ph
Ph NMH | /\AH{\ND , /\l/\H
Me OBn | Me OBn Me OBn
llI-20ea: 28 h, 86% yield. llI-20fa: 20 h, 90% yield. lll-20ga: 7.0 h, 90% vyield.
)\ J< A~ AN
Ph N N Ph Ph N N
Ph N/\/\H | /\/\ k ,\,AAOIE\ K/\
Me OBn Me OBn Ph e n
Il1-20ha: 3.0 h, 98% yield. l1I-20ia: 6.0 h, 94% yield. I1I-20ja: 5.0 h, 96% yield.

Ph /@ )P\h Ph
Ph*w“ﬁw Ph NMN@ Ph*w“ﬁN@
Me OBn Me OBn Me OBn =

llI-20ka: 16 h, 90% yield. llI-20la: 13 h, 91% yield. llI-20ma: 12 h, 71% yield.

K 3-8 AN[EIFZIR AT I N I 52

Figure 3-8 Effect of different amine substrates on the reaction

e 3-8, HE XA F R MEERZARTEAT 75 XHMARZHAT 7B 5N, 4
RUF: SEAEHTT AR MECEZAR, F5 T e R W T XX
LRI o SCIG s AR, A 2RI E SRR, RELA S 99% 7 %3k 45 1,
3-T M, HHT RPN R Z AR B T, TEIERRAC, FREL 16 NN X
R B) 4 BEHEAT S84 . 2440 45 L T 1 = W ORI S A U, Fl T AR AR
RIS LRI — € AL BRI, BT DA 25 R 38 /NI A BB 97% 177 36
ARAF 1, 3-THE I-20ca. 475 5L T RONIN, A 9 A T A3 = 3 T R
IR N SEARZ R, 45 SRR IR T JE ) S M R e K, T 22 62 /N A RE LAY
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2% 23R 1, 3- )% 11-20da. 475 547 FHAG NN, A5 QIR IZ A 25 1%
R, RIS E] A 28 /N, PR ER RGN 86%. SREFH S 1A IR I
WERRIZIS, ZOTIESRIE R, RN 20 /N, PRI 90%. B2 N RFE SR
(U3 R PERE, 80 R F AN T R #RE LA s = 2R A5 =) 1, 3- Kk, =35
A9 90%. 98%. T EHE 1P O I N FH S e, S5 IR AN . B AR
G (ER =y amwil 1 W £ I 7 1 e S 71 14= A Y o o O =0
SAFFED 1, 3-T0%, PRI 94%HN 96% . A FH O A e AR SR A% AR
U N-FREOR i . I, SO (R, (R 2R T 90%;  (H 244 A gl e
TERERZAGIR, BT 5 3 SiEtRs, w ARk R B, HEE =)
FESRAERL, P23 T1%.

g ENR, ZONEEN T RONFEE, 236, I, RUNEEEE, L, Xt
AR AL, MRESE, FEE; BEHTHE. BRI AR I .

3.4 FHBEIEWRRSA T RN A TR IR AR

FPEBE R AL 5 Y T 0E R AR RER T30 I B S AR 7L, DA 119 1N
SRR, KRV T RE RS TH-18 #HAT AR RS, W T PL R A FE SRR
PRI WERIFP R F R, BANEWT:

3.4.1 WAEREREXA T RN FRFIN R K850

B e 5T AR S L R T R A A A R DY TR TII-18 5 i
B 19 AXFR B R0 . S5 RWTF R 3-3 Fis:

e BRI R ST T, SR A TENHEE T, Xt
AEM . AR, UHRER. mRER. BRER. BT 7 Y151 i
, S5 RERWIBRIRARNE NI B 5N P R &1k 97%,  HIR BN AL, 5.5/,
BERRAN . IRIREN . WAREREAN . BERR UM ERRIN nT A B Tt 1 i ek 55 5 5L
PRI RS, SIS RN KA AR R, U S ARV E TR AT g D5 e it o
1753 B0 AR 2 R A BEERRARME IR N A 4% ee fH, HAIS% =%
TR RRARAE 1 B 745 SR 7 e fllee (HAPELF, T4 FRABERIRIERNNE T
PR PH B T REAT L, RIEANT R AR IT90%, ce HMEMCT 4%, 7™
BRKCT B, ORA RS TR . TR rNmEs AW, o
DB E BRBRAR N IS 7, X ASEIRH B AT ik . SR 5 AR X BRRAR A I &5 1
S0 AR AR FIAE AR FH 3 AN [FIBREAT T 558, R IR 1) 7= 2 =
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R 3-3 BRIV T E ERANKS RT3

Table 3-3 Effect of alkali on the asymmetric ring-opening reaction of azetidinium

Ph Me Cat. (10 mol%) Ph OMe
)N >—0Bn HZN@OMS Base 20eq) | Q
Ph -of toluene, r.t. Ph N/\|AN
10eq 2060, Cat. = (S)-A2 Me OBn
n-18 n-19 n-20
Entry Base Time (h) Yield (%) ee (%)
1 NaOH 10 85 <1
2 Na,CO5 55 97 <1
3 NaHSO; 12 90 <1
4 NaHSO,4 22 92 <1
5 Na,HPO, 22 81 <1
6 NazPO, 6.0 95 4
7 LisPOy4 21 87 <1
8 K3POy4 4.0 83 3
9 K,CO3 5.0 96 6
10 Cs,CO3 3.0 98 9
11 KHC,0, 21 57 <1
12 EtsN 1 84 <1
13 DIPEA 11 96 <1
142 Cs,CO3 2.0 95 14
156 Cs2C0; 2.0 99 16
16° Cs,CO; 20 78 12

@Run at 1.0 equiv Cs,CO5. “Run 1.5 equiv Cs,CO5 °Run 3.0 equiv Cs,CO;.

RN AE: 2N, I TiEEE (0.10 mmol) , X HAIERZ (0.20 mmol) , -1 wi e fi
16510(S)-A2 (10 mol%) , HZE (1.0mL) , AR (0.10-0.30 mmol) .

TRRIR W AIBRIRIN, 7R N98%N), (HIKRHEIEHY) ee HN9%, mTHIE
B6%. FIREH TR IREM N IGIRIENIT, P USRI [8] AT 2 1IN 17 7 34X
N57%, ee 1IN T1%. BIFHA PN = ZHANN- "7 2k LFEL3EAT 7%
2, AR R = AR ROR KR FEAR, (HN,N- 5% 5 23 J ARl 2 Oy
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94%, {HJNEHAGERKZE 1IN, H ee /T 1%. %5 LATR, 2 MR 1
NS5 RN BT RRZ, SEUSRER W S B, Enf DU — P
REE ee AWK 3-6 HEntry 14-16°HT 78, 1.5 MEMRHAE NS5 Kk
RI, AL T 5 299%, T H. ee {ETFmEZE16%. Fr LR 28 € ff H 1.56%
HERIRHAE NS S R .
3.4.2 JEFUFTAYT EER A M FRFFIR I B2 B 20

FEE T IR TR AL B R DY e &L 1I-18 5 mi% il 1I-19

SIS RATT R 3-4 Pl
R 3-4 YRR T0E B A FRIT I S NL IR 5

Table 3-4 Effect of solvent on the asymmetric ring-opening reaction of azetidinium

Ph Me Cat. (10 mol%) Ph OMe
Ni}osn  H N@OMe Cs,CO5 (1.5 eq.)
>_ 3 — Ph)\N/\l/\N

“OTf Solvent, r.t. |

106q 20eq Cat. = (S)-A2 Me OBn

11-18 1119 111-20

Entry Solvent Time (h) Yield (%) ee (%)

1 CH4CN 23 67 <1
2 THF 8.0 61 6
3 EtOAc 15 88 6
4 Et,0 4.0 75 0
5 CHCls 9.0 90 2
6 DCM 8.5 80 <1
7 DCE 10 86 <1
8 PhCF, 1.0 90 5
9 mesitylene 1.0 81 15
10 m-xylene 45 86 6
" PhCH; 2.0 98 16

A IR, WWTEE (0.10 mmolD) , % FAEREFRE (0.20 mmol) , T-PEmEE: B
1E7)(S)-A2 (10 mol%) , FRFR%: (0.15 mmol) , ANFIAEF (1.0 mmol) .
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HR3-4rTLAE H, SRR THRKER, "ok, 8.
A OB R OWE. VUEAKIE . R, SREAWE, RN ee
(B HR R AR T F ARG O A8 AR /N T HR I ), =i 2R
BI=R A ZHZRE, XB=FRM ee H5HRMY, H7FRHMZALT
98%. T — 3 F K 17~ R B AR L #190%, H ee HAUNAH 5%, AT LAIRLIE 2
e R RIS 5 R
3.4.3 FMUBEEXIAY T IEE A X FRF IR R B2 895200

WG H T TR B AN T e £k 1118 5% 11-19 KB 5200 o
ZERIN AR 35K

H% 3-5 Entry 1-8 FJ &1, 44 HAE Ar BURIE FIBCZE R F e, A
MEARIE N 2,4,6- N EERIERT, ee (R, N 16%. FRILZAN, HHUREN
2,4,6-FF CLHE IR BN — R BEAE RS, BRI 90%, 1H ee HERIL, 7
WA 8% 5%, HAl JLABUARIELEE RAS N KRR, ee HAEHKT 5%.
H# 3-7 Entry 9-12 A A1, 246 A Ar BURIE IR IR T F M R A, AR
NN BE ) 2,4,6- IS EERS, PR 90%, ee fHN 10%; HUARIEy 9-BEE L
e 9-FEHERT, BAAIBRIE R, ALRAEARNE, FPREET 90%, ee HHA
KT 5%. MU EEHE RS, SEIRR T E R B A 45 AL T I ZS A T e 5 o1
IR IR IRE TR bR R R B O = U R T i (AT 1) VR R, BRI LI
RSN 2 /NI, PERMARE, N 97%, (HiE ee HRA 3%. 4 LATR, ®&
RINS)-A2 9 H TSR TR -

BTS2, WRMFRGAMEN: EET, 1.0mL FERER RN
FHEBRELFS)-A2 (10mol%) « L5 Y E IR AEI. 2.0 542
MI-19 A1 1.0 548 NER TR 18 47 M
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K 3-5 FYEBRRG Y T WE S AKIFRITIA S NL R

Table 3-5 Effect of chiral phosphoric acid on the asymmetric ring-opening reaction of azetidinium

ph&}\,g}ogn . H2N@OMe Cat. (10 mol%) j\h /Q/OMG
PH ot Base (2.0 eq.) Ph |\|1/\|/\N
10eq. 2.0 eq. toluene, r.t. Me OBn
-18 1-19 111-20
Entry Catalyst Time (h) Yield (%) ee (%)

12 A1 3.0 99 <1

2 A2 20 98 16

3 A3 1.5 91 8

4 A4 8.0 95 5

5 A5 5.0 82 <1

6 AB 5.0 90 <1

7 A7 4.5 75 -4

8 A8 17 89 -2

9 B1 9.0 96 10

10 B2 10 88 4

11 B3 17 84 -5

12 C1 2.0 97 3
@Run at toluene (2.0 mL), Na,CO3 (2.0 eq), 60 C Ar

L

0" “oH
L,

(R)-A1:Ar=H

(S)-A2 : Ar = 2,4,6-'PryCgH>
(R)-BA : Ar = 2.4 6-MeCgH, (VA3 1 Ar=2,48-Cy3CeHy
(R)-B2 : Ar = 9-anthryl (S)-Ad: Ar = SiPhs

(S)-B3 : Ar = 9-phenanthryl ~ (S)-A5 : Ar = 9-anthryl
(R)-AG TAr= 3,5-(CF3)2C6H3
(S)-AT : Ar = 3,5-(t-Bu),CqHs
(R)-A8 : Ar = 9-phenanthryl

SN A FIRE, IV TREES (0.10 mmol) , XFHAAIEZAL (0.20 mmol) , BREEHE (0.15
mmol) , HFZK (1.0mL) , AFEFHEBHERMEMLT] (10 mol%) .
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3.44 T EIEMERFT TR KBS0

b v T B A AL 5 Y T W B BN FRF BRSO B R, AT
X AN [F) 5 K0 R D R 5 M AT TR T DR R B 2 A Bl AT B e e 1
ANTRIY T E ERZ S B2, 4 SR B TR

Ph R2 (S)-A2 (10 mol%) (ONG
\ 1 Ph
>F_NE>>_R_+ o_*<::>F_NH2C$2003(15eQJ o /[::j/
Ph / toluene, rt. Ph N/\l/\N

“OTf \ N
2 1
1.0 eq. 2.0 eq. R R
-18 n-19 R'=0Bn, Ph. R?= Me, Et, Bn -20
0]
Ph ,\ll/\l/\u Ph ,\ll/\l/\H
Me OBn Et OBn
lll-20aa: 2.0 h, 98% vyield. lll-20ab: 7.5 h, 95% yield.
ee: 16% o ee: 6%
~ (0]
Ph ’T‘/\l/\m Ph)\w/\lﬁu
Bn OBn Me Ph
lll-20ac: 12 h, 85% yield. IlI-20ad: 6.0 h, 84% yield.
ee: 3% ee: 7%

K 3-9 AN[RINY T WE Sk SRR A0 S B 52

Figure 3-9 Effect of different azetidinium substrates on the reaction

W 3-9, B, SEAFERY T RE R RS R M IEEAT T 55, gRE
. HEUREE RAAKUCH I, 286, RN, BRLAA &1 98% MR RAF T4 1,
3-HEATAEN, 1H ee R EHINE 16%. FfiJ5#%2 7 N-R? /1 R2 ({7 PN Z X
LRI . 2 R2NAIBEEK ) 0, 45 R S Bl [ REK 28 7.5 /hE), 77
RIEMLE 95%, ee (IR 6%; 4 R NA7BHBE KR FERT, 4550 BIoR R NS
FIE K 12 /N, PEREIRE 85%, ee fH KN 3%. BJGWIE T R IEHR
SN, 25 R 2 N AR RIENS, SNINTAIRR 6.0 /NN, 77 3R BEAIG
£ 84%, ee [HIEMLN 7%. 5 ERTR, fERASEN T IERRAIN, 773 A ee E
A PR

FIFETE bR B RBLAAE T, 4R I0 T A RS SR AL A0 T 34 IR BE
SN, SPRWTNE 3-10 s
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Ph Me (S)-A2 (10 mol%) Ph

Ni}oan R R* Cs,CO; (1.5 eq) RO
+ 2 3 Ph)\N/\l/\N’
“OTf toluene, r.t. I\I/Ie OBn '1?4
10 eq. 2.0 eq. Cat. = Diphenyl phosphate
m-18 119 R3=0OBn, Ph. R* = Me, Et, Bn -20
Ph Ph
)\N/Y\N{S Ph/LN/\l/\N/\Ph
| H \N |
Me OBn Me OBn kPh
llI-20fa: 18 h, 82% vyield. lll-20ia: 4.5 h, 90% yield.
ee: 8% ee: 25%
A Q X
Ph ,Tj/\l/\,Tj Ph NA‘/\N\p
Me OBn Me Me OBn
lll-20ka: 13 h, 85% yield. llI-201a: 5.0 h, 89% yield.
ee: 25% ee: 25%

3-10 AR BESRERMIX T 34 S5 ) R

Figure 3-10 Effect of different amine substrates on the reaction

S AN R D SR AR SR N RS MR AT T A, SRae gt AR MR
TR ol 55 28 ARG SOSERSS T 18 /NI, F=30N 85%, ee fHN 8%; 4
A FE g 07 A e — BNy, SOSEISF ] 4.5 /NI, PRI 90%, ee MBI 25%: 24
O e N-FRER RS, OB TR 13 /B, PR30 85%, ee {HH 25%:
M B A VR IX R AR LI, ORI TR 5.0 NI, FREEN 89%, ee (HA
25%. AT RAA . ffe, R S 0k B3 R mZ AN R R LI ee
1B, RIEA A EFR R .

BTS2, NERGHAFRNY T e 2Ky, =249 H A R iR A%,
A T H B R B IR % RN ee (H AU K261
3.5 RKEING

RFERFGT T AEF IR A ALY T g £ 5 B SR A R B X e B 1 e B
EHT — R 13- B E Y. ﬁ&ﬁﬁﬁmﬁ\%ﬁ%\ﬁﬁﬁﬁ%ﬁ%
Pert. BRIbZAh, EXTF YRR ALY T 0E 3h 5 A E W) SIARE BT 3
RLEAT T AR . TESRAETRE S R, X IEF IR IR DL A T IR AT T 0
e, SRIGRIBR AP DL K FH B s B AT T B8, R H E TR A
FELE AR 26 A it b, IRTT T A R SR AZ IR R A B T g 2R 2R ARt IR
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3.6 LIGERSY
3.6.1 EEHMAR

AR AR R SR E N & WS LK LA G/ Schlenk10-
S0mL BT . SRR MG T AR R 2y, AR RT & d Ar  0n T
AR B E IR F R B T RIA SIS AR . R T LA
HEMH, TFRE—Pal, BRAERNSTRES TRAEFMH. 1T e
BHE — 7158 B DU IR SR bt R A 1 — RN & R Ja SOk
PR . A AORE AR A 70 75 R R HSGF254 295, & p K BH T 77 A |1 4=
7= BT A ENTIERER N 230-400 H, 2K Silicycle WA HEEER Ky, 19K
H R EIL A .
3.6.2 KIGINER

S T AN AR 5 A S22.6. 25T A 3R AR A .
3.6.3 BT OEELAY A Rk IRAE

R-X(1.0 eq.) R"OTf
Na,CO, R-X(1.5 eq.) (1500) &
. (3.2 equiv) KOH(1.6 eq.) oM. rt. R\
HCl HNi}OH . R_Ni}OH R_NyOR, DCM, rt. R—NE}OR'
THF “OTf
n-21 -2 n-23 1l-24
12(1.5 eq),
IMD(3.0 eq.),
PPhs(2.0 eq.)
Tol. ref. R'OTf "
(15eq) Ry
R—Nyl W R—NO*Ph DCM, r.t. R_*N + Ph
oTf
111-25 111-26 n-27

Bl 3-11 07T BEER A AR
Figure 3-11 Synthesis of azetidiniums

RAFAET, MEETKEAAER 100 mL T4/ Schlenk S NI H K K
IINE S VU e 3R 2R R 1M-21 (10 mmol, 1.0 equiv) A1 DMPU (30 mL) , %A
JEIMA AT EY) (10 mmol, 1equiv) « BRIEREY (32 mmol, 3.2 equiv) ,
£ 60 °C FHEFEEFRNHE K, 1L . VKKEK, F EA ZERUXMAR, HHL
FIFI AT NaCl /KBS, ) NaoSOs T, 728 Kkik4s, B2k~ HAHE
Hraith.

AFAET, MEETKEAALIER 100 mL T4/ Schlenk S NI A
VA THF (20 mL) , #2240 °CARIR TR R i 1-22 . AL 1.6 £
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Y, REEBIMAKARE. RNFEE RT. 484658, HE TLC ABREENH
Ka, BN FIEA NHLCUIEBAE ARG, SR il e 1 EA 258
RIARZR, AHUAHFHF NaCl /KIEHBES, ) NaxSOs T4, 28 R ik4s, 73 FIH
e, FAEET AL

FAAE T, M KA ELR 100 mL T4 Schlenk & N H T
PN I-23 SR R, B SRR RIEVKOKIBA AR 0°C, SR Z T N
RPN A . REBREERNAEER. TLC mtEENERE, 4t
R 132 E R0 Eh 1-24 TR A ik — B a3 v L8 T —25.

SR T, M KRR 100 mL T4 1 Schlenk S N H K
IO ZE, T1-22 (1.0 equiv) « Bt (1.5 equiv) « BEME (3.0 equiv) = AHE
W (2.0 equiv) , £ 110°C FEIJR 4 h a1k M. FMAMBRE S mAE N
BRF, FHBA BERUAR, AHUHAMEHA NaClKER S, H NaxSOs T,
RWAE, BB, HAEETail.

SAFAE T, MESTKEEAALIRR 100 mL T Schlenk S NI H A
= CTRAERE (10 mol% ) AP S BRI A7, AR5 0 DY A2 2 — i A T1-25
PEHEF/NET G, $EH] 20 CCRIR T A R IA 3.0 f5 4 E R RE RIS %
RE Rk 2 N, HE TLC SAWERWRE, KibRMN. WA
NH.CUEHAE R KT, AR =105 H EA ZHUA R, A HUAHH A NaCl
IKVEWGER, To/K NaaSOs T4, Z8Kk4s, 1S3>, MFEENraiftt.

FAAE T, M KA ELR 100 mL T4 Schlenk N H K T
TN TH-26 F1 = SUR LRI, BE SRR RIEVKOKIBA AR 0°C, SRJEZF T N
RPN A . REBRERNAEER. TLC mtEENERE, 4t
RNEo AR PIRY T RE $E I-27 RS — BT LEEH T 5.

3.64 FHIRNERIRIES R

TR T K A& SR E T, 1 10 mL T Schlenk /K M H =
BRI TrESE (0.10 mmol) + & (0.20 mmol) R (10 mol%)
IR (0.15 mmol) FIHFZE (1.0mL) , =EBHE, HEIH TLC EREAGI R
BHERIGE R, SR J5H 10 mL FHFI NHaCl KSR KRN, #EH 15
mL EtOAc (ZPR M) ZBUREY), /KAZEZEH] EtOAc (15 mL x 3) PEFE &
HANUAE, AHUAEFEA NaCl AKER DS, F NaxSOs T, et 28 K HI143
B, AR E T S A A BIAi 1,3- R A
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Ph /@/O\ (R)-N'-benzhydryl-2-(benzyloxy)-N*-(4-
N

Ph~ °N methoxyphenyl)-V-methylpropane-1,3-diamine

' H
Me  OBn (II1-20aa) Viscous oil (98% yield). 'H NMR
(CDCl3, 500 MHz) 6 7.52-7.11 (m, 16H), 6.78 (d, J = 8.8 Hz, 2H), 6.55 (d, J= 8.9 Hz,
2H), 4.65 (d, J = 11.6 Hz, 1H), 4.51 (d, J = 11.6 Hz, 1H), 4.39 (s, 1H), 3.80 (s, 1H),
3.75 (s, 3H), 3.38 (dd, J = 12.6, 4.3 Hz, 1H), 3.11 (dd, J = 12.5, 6.4 Hz, 1H), 2.60 (dd,
J=18.6,6.2 Hz, 2H), 2.24 (s, 3H). 3C NMR (CDCl3, 125 MHz) § 152.1, 142.6, 138.5,
128.5,128.2,127.9,127.8,127.1, 114.9, 114.4, 76.5, 75.9, 71.9, 57.5, 55.9, 47.1, 41.8.
HRMS (ESI-TOF) Calculated for C31H34N202 ([M+H]"): 467.2693, found: 467.2694.
or /©/O\ (R)-N'-benzhydryl-2-(benzyloxy)-N-ethyl-N?-(4-
methoxyphenyl)propane-1,3-diamine. (III-20ab
Ph)\w/\l/\m Viscousylc))il (36)"1/) p 1d). ! | |
Et OBnN o yield). '"H NMR (CDCls, 500
MHz) 8 7.49-7.11 (m, 16H), 6.76 (d, J= 8.8 Hz, 2H),
6.53 (d, J=8.9 Hz, 2H), 4.84 (s, 1H), 4.55 (d, J=11.7 Hz, 1H), 4.42 (d, J=11.9 Hz,
1H), 3.75 (s, 3H), 3.65 (s, 1H), 3.37 (dd, J = 12.5, 4.1 Hz, 1H), 3.06 (dd, J = 12.5, 6.5
Hz, 1H), 2.78 (dd, J = 13.7, 5.1 Hz, 1H), 2.72-2.57 (m, 3H), 1.26 (s, 1H), 1.00 (¢, J =
7.0 Hz, 3H). ¥C NMR (CDCls, 125 MHz) § 152.0, 142.6, 142.2, 142.0, 138.6, 128.8,
128.7, 128.5, 128.5, 128.3, 128.3, 128.0, 127.9, 127.8, 127.5, 127.0, 114.9, 114.4,
76.5, 72.0, 71.3, 55.9, 52.3, 47.1, 45.4, 10.9. HRMS (ESI-TOF) Calculated for

C32H36N20; ([M+H]Y): 481.2850, found: 481.2848.

O (R)-N'-benzhydryl-N'-benzyl-2-(benzyloxy)-/NV>-
Ph
/©/ (4-methoxyphenyl)propane-1,3-diamine. (III-

PN

o En/\(l);n\ H 20ac) Viscous oil (95% yield). '"H NMR (CDCls,
500 MHz) & 7.48-7.17 (m, 20H), 6.74 (d, J = 8.5
Hz, 2H), 6.42 (d, J = 8.4 Hz, 2H), 5.00 (s, 1H), 4.49 (d, J = 11.7 Hz, 1H), 4.36 (d, J =
11.6 Hz, 1H), 3.72 (d, J = 18.5 Hz, 4H), 3.66 (s, 2H), 3.28 (dd, J = 12.7, 4.2 Hz, 1H),
291 (dd, J=12.7, 6.3 Hz, 1H), 2.79 (dd, J= 13.7, 5.3 Hz, 1H), 2.71 (dd, J= 13.7, 6.9
Hz, 1H). 3C NMR (CDCls, 125 MHz) & 152.0, 142.5, 140.9, 140.7, 139.4, 138.5,
129.3, 129.1, 128.5, 128.4, 128.3, 128.3, 127.9, 127.8, 127.2, 127.1, 114.8, 114.3,
76.5, 71.8, 70.0, 56.3, 55.9, 52.3, 46.6. HRMS (ESI-TOF) Calculated for C37H3sN20>

([M+H]"): 543.3006, found: 543.3010.

58



8 W YN T e VAT

)P\h /@/O\ (R)-N'-benzhydryl-N?-(4-methoxyphenyl)-/NV-
methyl-2-phenylpropane-1,3-diamine (III-20ad

Ph ’T‘/\IAH yl-2-phenylprop ( )
Me Ph Viscous oil (93% yield). 'H NMR (CDCls, 500

MHz) § 7.34 (t,J = 8.9 Hz, 4H), 7.31-7.14 (m, 10H), 7.08 (d, J = 7.4 Hz, 2H), 6.79 (d,
J=28.4 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H), 4.35 (s, 1H), 3.75 (s, 3H), 3.57 (dd, J=11.5,
5.7 Hz, 1H), 3.27-3.11 (m, 2H), 2.81 (t, J = 10.8 Hz, 1H), 2.44 (dd, J = 12.6, 5.2 Hz,
1H), 2.24 (s, 3H). 13C NMR (CDCls, 125 MHz) & 152.1, 142.6, 142.3, 128.6, 128.5,
128.5, 128.1, 127.9, 127.0, 126.8, 114.9, 114.4, 76.4, 60.9, 55.8, 49.5, 43.0, 40.9.
HRMS (ESI-TOF) Calculated for C30H32N20 ([M+H]"): 437.2587, found: 437.2586.
(R)-N'-benzhydryl-2-(4-methoxyphenoxy)-/N°-(4-

@)
2
methoxyphenyl)-V-methylpropane-1,3-diamine
Ph)\N/Y\N ‘ ‘ ‘
Me oO. H (IT1-20ae) Viscous oil (92% yield). 'H NMR
Q (CDCl3, 500 MHz) 6 7.38 (dd, J = 13.6, 7.8 Hz, 4H),
OMe 7.30-7.23 (m, 4H), 7.20 (td, J= 7.7, 7.0, 2.0 Hz, 2H),

6.92-6.68 (m, 6H), 6.60 (dd, J = 8.8, 1.2 Hz, 2H), 4.53-4.42 (m, 1H), 4.39 (s, 1H),
4.17-3.80 (m, 1H), 3.75 (s, 6H), 3.54 (dd, J = 12.7, 4.2 Hz, 1H), 3.26 (dd, J = 12.7,
6.5 Hz, 1H), 2.79-2.57 (m, 2H), 2.27 (s, 3H). 3C NMR (CDCL, 125 MHz) § 154.2,
152.3, 152.1, 142.7, 142.7, 142.4, 128.5, 128.2, 128.1, 127.1, 117.4, 115.0, 114.7,
114.6, 76.5, 76.4, 56.9, 55.8, 55.7, 47.5, 42.0. HRMS (ESI-TOF) Calculated for
C21H34N,03 ([M+H]Y): 483.2642, found: 483.2640.

Ph /©/O\ (R)-2-(allyloxy)-N'-benzhydryl-/N>-(4-
Ph)\w/\(\N methoxyphenyl)-NV-methylpropane-1,3-diamine
Me O (IT1-20af) Viscous oil (82% yield). 'H NMR

k (CDCls, 500 MHz) 6 7.48-7.35 (m, 4H), 7.33-7.12

(m, 6H), 6.80 (d, J = 8.8 Hz, 2H), 6.60 (d, J = 8.8 Hz, 2H), 5.89 (ddd, J = 21.6, 10.6,
5.4 Hz, 1H), 5.25 (dd, J = 17.2, 1.7 Hz, 1H), 5.15 (d, J = 10.3 Hz, 1H), 4.38 (s, 1H),
4.10 (ddt, J=12.7, 5.6, 1.5 Hz, 1H), 4.00 (ddt, J = 12.7, 5.8, 1.5 Hz, 1H), 3.75 (s, 3H),
3.74-3.66 (m, 1H), 3.36 (dd, J = 12.5, 4.3 Hz, 1H), 3.09 (dd, J = 12.5, 6.4 Hz, 1H),
2.58 (dd, J = 12.9, 7.4 Hz, 1H), 2.50 (dd, J = 12.9, 5.1 Hz, 1H), 2.23 (s, 3H). ’C
NMR (CDCL, 125 MHz) § 152.1, 142.7, 142.7, 142.7, 135.0, 128.5, 128.5, 128.2,
127.0, 117.0, 114.9, 114.4, 76.5, 75.8, 70.8, 57.4, 55.9, 47.2, 41.7. HRMS (ESI-TOF)
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Calculated for C27H3:N20, ([M+H]"): 417.2537, found: 417.2536.
o (R)-N'-benzhydryl-2-methoxy-N*-(4-
Ph /©/ o methoxyphenyl)-N-methylpropane-1,3-diamine
eh N/\/\H (ITI-20ag) Viscous oil (89% yield). 'H NMR
Me OMe
(CDCls, 500 MHz) 6 7.42 (dd, J = 14.8, 7.1 Hz, 4H),
7.38-7.15 (m, 6H), 6.84 (d, J = 8.9 Hz, 2H), 6.65 (d, J = 8.9 Hz, 2H), 4.42 (s, 1H),
3.79 (s, 3H), 3.64-3.57 (m, 1H), 3.42 (s, 4H), 3.10 (dd, J = 12.4, 6.4 Hz, 1H), 2.67-
2.48 (m, 2H), 2.28 (s, 3H). ¥C NMR (CDCl3, 125 MHz) & 152.1, 142.7, 142.6, 128.5,
128.2, 127.0, 114.9, 114.4, 78.0, 76.5, 57.5, 56.9, 55.9, 46.8, 41.7. HRMS (ESI-TOF)
Calculated for C25sH30N20, ([M+H]"): 391.2380, found: 391.2379.

Ph (R)-N'-benzhydryl-2-(benzyloxy)-/N/-methyl-/V>-
Ph)\w/\/\H/Q phenylpropane-1,3-diamine (III-20ba) Viscous oil
Me OBn (99% yield). 'TH NMR (CDCls, 500 MHz) & 7.76-6.95

(m, 17H), 6.70 (t,J= 7.3 Hz, 1H), 6.58 (d, J= 8.0 Hz, 2H), 4.64 (d, /= 11.7 Hz, 1H),
4.51(d, J=11.7 Hz, 1H), 4.38 (s, 1H), 4.11 (s, 1H), 3.80 (h, J= 5.1 Hz, 1H), 3.43 (dd,
J=12.6,4.4 Hz, 1H), 3.17 (dd, /= 12.7, 6.3 Hz, 1H), 2.74-2.46 (m, 2H), 2.24 (s, 3H).
3C NMR (CDCls, 125 MHz) 6 148.4, 142.8, 142.7, 138.5, 129.3, 128.5, 128.5, 128.2,
127.9,127.8, 127.1, 117.3, 113.0, 76.5, 75.9, 71.8, 57.4, 45.9, 41.8. HRMS (ESI-TOF)
Calculated for C30H3:N20 ([M+H]"): 437.2587, found: 437.2582.
Ve Vo (R)-N'-benzhydryl-2-(benzyloxy)-N’-mesityl-/V'-
ji‘ j:j/ methylpropane-1,3-diamine (III-20ca) Viscous oil
Ph '.“/\AM (97% vyield). "H NMR (CDCls, 500 MHz) & 7.76-
Me OBn Me
7.03 (m, 14H), 6.80 (s, 2H), 4.69 (d, /= 11.5 Hz, 1H),
4.51 (d, J=11.5 Hz, 1H), 4.37 (s, 1H), 3.86-3.69 (m, 1H), 3.33 (dd, J=12.7, 3.3 Hz,
1H), 2.93 (dd, J = 12.6, 7.6 Hz, 1H), 2.63 (dd, J = 13.0, 5.2 Hz, 1H), 2.51 (dd, J =
13.0, 6.8 Hz, 1H), 2.22 (d, J = 2.5 Hz, 11H). ¥*C NMR (CDCls, 125 MHz) & 143.6,
142.7, 138.7, 130.8, 129.5, 129.3, 128.4, 128.4, 128.2, 128.2, 127.7, 127.6, 127.0,
126.9, 77.9, 76.4, 71.8, 57.4, 51.0, 41.6, 20.6, 18.4. HRMS (ESI-TOF) Calculated for
C33H3sN20 ([M+H]Y): 479.3057, found: 479.3055.
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CF (R)-N'-benzhydryl-2-(benzyloxy)-N*-(3,5-
3

Ph bis(trifluoromethyl)phenyl)-N’-methylpropane-

A

Ph N/H/\H CF,
Me OBn NMR (CDCls, 500 MHz) & 8.11-6.96 (m, 16H),

6.85 (d, J= 8.7 Hz, 2H), 4.64 (dd, J = 11.8, 2.1 Hz, 1H), 4.59-4.42 (m, 2H), 3.75 (dq,
J=9.5,5.0 Hz, 1H), 3.58-3.38 (m, 1H), 3.21 (dq, J=12.3, 7.5, 5.5 Hz, 1H), 2.65 (dd,
J=12.8, 8.2 Hz, 1H), 2.55 (ddd, J=13.2, 7.9, 5.7 Hz, 1H), 2.26 (d, J = 2.1 Hz, 3H).
3C NMR (CDCls, 125 MHz) & 148.9, 142.5, 138.0, 132.2(%)cr = 31.3 Hz), 128.6,
128.5, 128.5(*Jcr = 2.5 Hz), 128.2, 128.1CJcr = 8.8 Hz), 128.0, 127.9, 127.2,
123.7(\Jcr = 271.3 Hz), 111.9, 109.9, 76.5, 75.2, 71.8, 56.7, 45.1, 42.0. ’F NMR
(CDCl3, 471 MHz) 6 -63.16. HRMS (ESI-TOF) Calculated for C3H30FsN20:
([M+HT"): 573.2335, found: 573.2338.
(R)-N'-benzhydryl-2-(benzyloxy)-N?-(2-iodophenyl)-
)P\h Q N'-methylpropane-1,3-diamine (III-20ea) Viscous oil
PN o5 vield), _
Me OB I (86% yield). '"H NMR (CDCIl3, 500 MHz) & 7.67 (dd, J
7.8, 1.5 Hz, 1H), 7.47-7.10 (m, 16H), 6.59 (dd, J = 8.3,
1.5 Hz, 1H), 6.45 (td, J= 7.5, 1.5 Hz, 1H), 4.65 (d, /= 11.4 Hz, 2H), 4.58 (d, /= 11.4
Hz, 1H), 4.39 (s, 1H), 3.93-3.78 (m, 1H), 3.58-3.44 (m, 1H), 3.29-3.14 (m, 1H), 2.61
(dd, J= 8.3, 6.3 Hz, 2H), 2.25 (s, 3H). 13C NMR (CDCls, 125 MHz) 6 147.4, 1428.6,
142.6, 139.1, 138.2, 129.4, 128.5, 128.5, 128.5, 128.2, 128.1, 127.1, 127.8, 127.1,
127.1, 118.6, 110.7, 85.8, 76.5, 75.6, 72.0, 57.4, 46.3, 41.8. HRMS (ESI-TOF)
Calculated for C30H31IN2O ([M+H]"): 563.1554, found: 563.1558.

1,3-diamine (ITI-20da) Viscous oil (72% yield). 'H

Ph (R)-N'-benzhydryl-N*-(benzo|d]thiazol-2-yl)-2-
Ph)\N/Y\H 4<\S (benzyloxy)-N-methylpropane-1,3-diamine (III-

Me OBn N 20fa) Viscous oil (90% yield). '"H NMR (CDCl;,
500 MHz) & 7.74-7.33 (m, 4H), 7.34-7.21 (m, 5H), 7.22-7.13 (m, 5H), 7.13-7.08 (m,
1H), 7.02 (dt, J = 7.3, 3.6 Hz, 2H), 6.96 (t, /= 7.6 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H),
4.55 (d, J=11.6 Hz, 1H), 4.43 (s, 1H), 4.38 (d, J = 11.5 Hz, 1H), 4.25 (dd, J = 14.5,
3.5 Hz, 1H), 4.17-4.04 (m, 1H), 3.87 (dd, J = 14.5, 8.9 Hz, 1H), 2.61 (d, J = 6.1 Hz,
2H), 2.30 (s, 3H). 3C NMR (CDCls, 125 MHz) § 162.2, 142.7, 142.5, 141.4, 138.2,

128.5, 128.4, 128.2, 128.2, 128.2, 127.9, 127.5, 127.0, 127.0, 126.0, 122.5, 121.4,

61



8 W YN T e VAT

121.2, 110.5, 76.2, 74.9, 72.7, 57.6, 46.5, 41.6. HRMS (ESI-TOF) Calculated for
C31H31N30S ([M+H]"): 494.2261, found: 494.2265.
Ph Ph (R)-N',N3-dibenzhydryl-2-(benzyloxy)-/NV-
Ph)\N/\/\NJ\Ph methylpropane-1,3-diamine (III-20ga) Viscous oil (90%
Me OBn " yield). '"H NMR (CDCl;, 500 MHz) § 7.60-6.97 (m, 25H),
4.76 (s, 1H), 4.64 (d, J=11.7 Hz, 1H), 4.53 (d, J= 11.6 Hz, 1H), 4.34 (s, 1H), 3.78 (q,
J=5.7Hz, 1H), 2.77 (dd, J = 12.2, 4.3 Hz, 1H), 2.63 (dd, J = 12.2, 6.6 Hz, 1H), 2.56
(dd, J=12.9, 5.5 Hz, 1H), 2.49 (dd, J = 13.0, 6.7 Hz, 1H), 2.18 (s, 3H), 1.98 (s, 1H).
3C NMR (CDCls, 125 MHz) & 144.4, 144.3, 142.7, 142.7, 138.8, 128.5, 128.4, 128 4,
128.4, 128.4, 128.2, 128.2, 127.8, 127.6, 127.4, 127.3, 126.9, 126.9, 126.9, 126.9,
76.9, 76.2, 71.8, 67.5, 58.1, 50.8, 41.5. HRMS (ESI-TOF) Calculated for C37H3sN20O
([M+HT"): 527.3057, found: 527.3059.
(R)-N'-benzhydryl-2-(benzyloxy)-N*-(tert-butyl)-/NV'-

Ph

Ph/LN/\/\Hk methylpropane-1,3-diamine (III-20ha) Viscous oil (98%

Me OBn yield). "TH NMR (CDCls, 500 MHz) § 7.47-7.22 (m, 13H),
7.20 (dd, J = 7.3, 3.3 Hz, 2H), 4.72 (d, J = 11.3 Hz, 1H), 4.58 (d, J = 11.4 Hz, 1H),
441 (s, 1H), 3.95 (dt, J=17.7, 3.7 Hz, 1H), 3.00 (dd, J=11.7, 4.2 Hz, 1H), 2.69 (dd, J
=11.7, 8.3 Hz, 1H), 2.62 (dd, J = 12.9, 5.1 Hz, 1H), 2.50 (dd, J = 13.0, 7.1 Hz, 1H),
2.26 (s, 3H), 1.21 (s, 9H). 3C NMR (CDCls, 125 MHz) & 142.4, 142.0, 138.2, 128.6,
128.5, 128.2, 128.2, 128.1, 128.0, 127.2, 76.2, 72.4, 58.1, 45.7, 41.5, 27.6. HRMS

(ESI-TOF) Calculated for C2sH3sN2O ([M+H]"): 417.2900, found: 417.2903.

Ph (R)-N'-benzhydryl-N?,N-dibenzyl-2-(benzyloxy)-/N!-

Ph)\N N Ph methylpropane-1,3-diamine (III-20ia) Viscous oil (94%

Me OBn kPh yield). 'TH NMR (CDCls, 500 MHz) 8 7.48-7.19 (m, 23H),

7.16 (dt, J = 7.8, 3.8 Hz, 2H), 4.63 (d, J = 1.9 Hz, 2H),

4.33 (s, 1H), 3.79-3.70 (m, 1H), 3.63 (d, J = 13.7 Hz, 2H), 3.51 (d, J = 13.6 Hz, 2H),

2.69 (dd, J = 13.7, 4.8 Hz, 1H), 2.49 (td, J = 13.1, 12.6, 5.7 Hz, 2H), 2.40 (dd, J =

13.2, 6.6 Hz, 1H), 2.11 (s, 3H). 3C NMR (CDCls, 125 MHz) 6 143.0, 142.9, 139.7,

139.0, 129.0, 128.4, 128.3, 128.3, 128.27, 128.2, 128.2, 127.8, 127.4, 126.8, 126.8,

77.3,76.2,71.9, 59.4, 58.2, 56.7, 41.5. HRMS (ESI-TOF) Calculated for C3sH4oN>O
([M+H]"): 541.3213, found: 541.3215.
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Ph (R)-N'-benzhydryl-2-(benzyloxy)-N?,N-dibutyl-N'-
Ph)\ ITI/\K\N/\/\ methylpropane-1,3-diamine (I1I-20ja) Viscous oil
Me OBn (96% yield). '"H NMR (CDCls, 500 MHz) § 7.71-6.84
(m, 15H), 4.70 (s, 2H), 4.42 (s, 1H), 3.69 (d, J= 5.7 Hz, 1H), 2.56 (d, J= 5.1 Hz, 1H),
2.54-2.43 (m, 3H), 2.38 (t, J = 7.4 Hz, 4H), 2.22 (s, 3H), 1.36 (qd, J = 7.3, 4.1 Hz,
4H), 1.25 (p, J = 7.3 Hz, 4H), 0.88 (t, J = 7.3 Hz, 6H). 3C NMR (CDCls, 125 MHz) &
143.0, 142.9, 139.2, 128.3, 128.3, 128.3, 127.8, 127.3, 126.8, 76.1, 71.9, 58.5, 57.6,
54.8, 41.5, 29.5, 20.7, 14.2. HRMS (ESI-TOF) Calculated for C32H44N2O ([M+H]"):
473.3526, found: 473.3522.

Ph /@ (S)-V'-benzhydryl-2-(benzyloxy)-N!,N’-dimethyl-N>-
Ph)\[?]/\l/\[}j phenylpropane-1,3-diamine (III-20ka) Viscous oil
Me OBn Me (90% yield). '"H NMR (CDCls, 500 MHz) & 7.42 (d, J =

7.6 Hz, 2H), 7.38 (d, J = 7.3 Hz, 2H), 7.32-7.08 (m, 13H), 6.80-6.59 (m, 3H), 4.57 (d,
J =114 Hz, 1H), 447 (d, J = 11.4 Hz, 1H), 4.41 (s, 1H), 3.86 (d, J = 5.7 Hz, 1H),
3.77 (dd, J = 15.3, 3.0 Hz, 1H), 3.20 (dd, J = 15.3, 8.3 Hz, 1H), 2.96 (s, 3H), 2.50 (d,
J = 6.1 Hz, 2H), 2.26 (s, 3H). 13C NMR (CDCIls, 125 MHz) & 149.3, 142.7, 138.7,
129.2, 128.5, 128.4, 128.3, 128.3, 128.2, 127.8, 127.5, 127.0, 127.0, 115.8, 111.9,
76.6, 76.3, 72.5, 57.5, 56.4, 41.8, 39.6. HRMS (ESI-TOF) Calculated for C31H34N20
([M+H]"): 451.2744, found: 451.2742.
(S)-N-benzhydryl-2-(benzyloxy)-3-(indolin-1-yl)-/V-

Ph
)\ methylpropan-1-amine (III-20la) Viscous oil (91%

o m;\QN yield). 'TH NMR (CDCls, 500 MHz) & 7.50-7.11 (m,
15H), 7.11-6.99 (m, 2H), 6.62 (t, J = 7.3 Hz, 1H), 6.44 (d, J= 7.8 Hz, 1H), 4.79-4.55
(m, 2H), 4.41 (s, 1H), 3.83 (dd, J = 6.6, 4.2 Hz, 1H), 3.50-3.23 (m, 3H), 3.10 (dd, J =
14.3, 7.0 Hz, 1H), 2.90 (t, J = 8.4 Hz, 2H), 2.58 (dd, J = 8.8, 6.0 Hz, 2H), 2.25 (s, 3H).
3BC NMR (CDCls, 125 MHz) & 152.8, 142.8, 142.7, 138.8, 129.6, 128.4, 128.3, 128.3,
127.8,127.5, 127.3, 126.9, 124.4, 117.1, 106.4, 76.9, 76.2, 72.2, 57.7, 54.6, 52.6, 41.6,
28.8. HRMS (ESI-TOF) Calculated for C3H3aN.O ([M+H]"): 463.2744, found:
463.2740.

(S)-N-benzhydryl-2-(benzyloxy)-3-(1H-indol-1-yl)-/NV-

Ph
Ph)\ N ﬁﬂ N \p methylpropan-1-amine (III-20ma) Viscous oil (71%

|
Me OBn
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yield). 'TH NMR (CDCls, 500 MHz) & 7.65 (d, J = 7.8 Hz, 1H), 7.44-7.40 (m, 2H),
7.38 (d, J=7.3 Hz, 2H), 7.35-7.23 (m, 6H), 7.20 (dt, /= 5.9, 2.3 Hz, 5H), 7.16 (d, J =
3.2 Hz, 1H), 7.11 (t, J = 7.4 Hz, 1H), 7.03 (dd, J = 6.6, 3.0 Hz, 2H), 6.50 (d, J = 3.1
Hz, 1H), 4.54 (dd, /= 14.7, 2.9 Hz, 1H), 4.43 (s, 1H), 4.27 (d, J= 11.3 Hz, 1H), 4.08
(d, J=11.3 Hz, 1H), 3.98 (dd, J = 14.7, 8.8 Hz, 1H), 3.86 (tdd, J = 8.5, 5.4, 2.8 Hz,
1H), 2.64 -2.51 (m, 2H), 2.26 (s, 3H). 13C NMR (CDCls, 125 MHz) § 142.5, 142.5,
138.0, 136.2, 129.0, 128.8, 128.5, 128.5, 128.3, 128.2, 128.2, 127.9, 127.6, 127.1,
127.1, 121.4, 121.0, 119.3, 109.4, 101.2, 76.2, 72.7, 57.3, 49.7, 41.7. HRMS (ESI-
TOF) Calculated for C32H32N20 ([M+H]"): 461.2587, found: 451.2588.
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