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AL, LU OHEE MR OBOSANT FRRo X 9 IThigRE L7z,

Ac

Ar
ATR
Bn
Boc

Bt

Bu

ca.

cat.
CSA
Cy
DABCO
dba
DDQ
DBU
DMAP
DMF
DMSO
EDCI
eq

ESI

Et
HRMS

LDA

Me

acetyl

aryl

attenuated total reflectance

benzyl

tert-butoxycarbonyl

benzotriazole

butyl

circa (= about)

catalytic amount
10-camphorsulfonic acid
cyclohexyl
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
2,3-dichloro-5,6-dicyano-p-benzoquinone
1,8-diazabicyclo[5.4.0]Jundec-7-ene
N,N-dimethyl-4-aminopyridine

N, N-dimethylformamide
dimethylsulfoxide
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
equivalent

electrospray

ethyl

high-resolution mass spectrum
Infrared

coupling constant

lithium diisopropylamide

multiplet

methyl



MHz
mp
MS
m/z
NMP
NMR
NOE
NOESY
Nos
Nu
oct
Ph
pPpm
Pr
quant
quint
rt
sept
sext
TBS
Tf
THF
TLC
TMS
Ts

megaherz

melting point

mass spectrometry

mass to charge ratio
1-methyl-2-pyrrolidinone
nuclear magnetic resonance
nuclear Overhauser effect
NOE correlation spectroscopy
4-nitrobenzenesulfonyl
nucleophile

octet

phenyl

parts per million

propyl

quantitative yield

quintet

room temperature

septet

sextet
tert-butyldimethylsilyl
trifluoromethanesulfonyl
tetrahydrofuran

thin layer chromatography
trimethylsilyl

p-toluenesulfonyl



=1
o

T
EEb

ERS DERMITEITT A Y DA U IR 2R 2R T 2. 4 B Tl
AFITHZ YTV Sl #iF U ELTEERS FOERLECHLRH L TR Y
(Figure S-1), ED X ITHEMERLEM TH > THEEMLBEAIEE Bbh b1z L, Al
BT DAEBMRIIRA L2 2d 5. Z DIEE LR T DITREY DOIAE L A R O i
BThD. i IIENEBEER A AT 5 RRMBIIExG L S, REHITZEOE
IEERET 5 2 L CEEMOBRB AR LT . FRCSRABE A b OB EHRER
BAELAEMIZRVER & 720, BRSO FIEN ZE - THRE S LZ. 408 %
BEREBIURS FEELORENREHE THY, BROERICKESERLTWD

%

Eribulin (S-1)

Figure S-1

F- B EFRERBEAEYIAEHERME S LTHENRT: —mE b D, EHESHEIT TR
ALFZBFIZIB W T BRI SRR N e S T&E 2. flZiE, BIEE &L TV 5 A8 EL

TILEFOBERLHE DD n EFIEMOFZERBILAEWPERH SN TEY, R
PREEY AT MEER LTV D

B HGE OWFZE TIXEERE 5728 1,3a,6a- b ) 7S H Lo S-4 DOGRIEA L L, £ DM
BEPONIT D L THRED L 5 A OBFIZKI) LT % 9 (Scheme S-1).
KIEWET VRS2 ETNF L SB3 DIV v I UG K D —BEESGHRA R THY, &



AT D EHILN L - TR OFRIEN TE 5. T OO BHR 2 RS+ &
L ThRAx 2ifEic ol st g

Cul (5 mol%
oTt con o) G\, QI !\
ok _N, , =R ° WQF M)N"_ N" N
THF R
S-2 S-3 S-4 1,3a,6a-Triazapentalene
Scheme S-1

ZOXIICEEFERBIAMIARMEOR EN LR ER 2SN TEY, 207
AEEEIEICR > TAHATHEIZEL OFENBHBINTND Z LR 0Dd. HTHER
R a2 GO =BRILEMTH L7 V) VU R LIoBEGUIEIL, DR DO LRI
BATBYVERZEDTND D),

e P g ol

85% o 07\

{ NH
CSzCO3 O —
dioxane o) 4 ‘0
100 °C ’o/& 7
76% S-8 HO “—CO,Me
deoxyharringtonine (S-9)
Scheme S-2

ZoO—f#lE LT Gin 5 d deoxyharringtonine (S-9)D A AFZENZE T Hvs 8 (Scheme
S-2). Gin HIET VU P UBRORHEETENT Z & TEHEER LEBRILA Y DRI E R E K



L7z. BILEEE S5 LN S-6 2L N-T A7 =17 ) —LT Y ST L L,
Cs:COs fF1E F RIS Z2 BT 5 & & THIEIM 2 #EITSE, Y Fer7EEr S8 44
L7z, F Dk, FEx OZEHIZ LY deoxyharringtonine (S-9) D&k & ik LT T\ 5.

ERMOEITAT=AT V)V ERMALIEB-F 7 2 LOGHIEEREL TS 7
(Scheme S-3). /& S-10 IZxf L TN T VU A AZ/EH S5 2 Tr-T U AT T A
AR S-11 2K L, TOBRO—ILKATFAR T NT VT LAOETHINEECL Y -7
7 S I S-12 Z SERERIIC AR L 72,

I?oc Pd,(dba); (20 mol %)

co Boc 0
Boc. .
N - °|j N—Pd — N
HPATEN CO (1 atm) Bno A\ | P40
(cis:trans = 1:3) benzene BnO —
' ' 51%
5-10 S-11 S-12

Scheme S-3

PtCl, (10 mol %) '

Bn
N
\\\Rz R1 N R2
/ dioxane-H,0 (2:1) U

R 100 °C
S-13 S-14
PtX; | (X =ClorOH) H,O | -PtX,
L::n I|3n ?n
(\('N R2 R' \N H R' \N/ R2
' R
P R N R W
R1C = XPt XPt
PtX,
Scheme S-4

FICHE I SITASMEEZ =T LR =72 Do OB bR LRSIC L D E e o
— VA RIEDBFEICELI LT 5 8 (Scheme S-4). KIS TIET L F=LT7 Y P S-13



2R LT RO ASEERSE 2 26T, 7V U P UROMER - B(LSHEIT L —%
ICEHA Y n—)L S 14 /AT D 2 EMTE D,

LLED 3 NI FNICT V=B LIET A=V EREZEA LTV V0 % Kk
FEEIZHWD Z & THEMBRBEEELZER L TND. 7YYV UVRIFEATRLF—RK
X<, BBRMBEDITEIT T 22BN bNTWAN 9, Eflo X S ICRfafifEe %2 Lz
R ZETSED 2 & T, ZHRRBERERRILAVOAHRICFHA TS ENTED. 4

BRI ZORRARRISHEICIER L, 7AF=AT VU Y OFRERIEEZBSE, SRS

]

52 L TERBFEHBRAWMORRNE K 2 AT,
FHRARIEOREEITOICHIZY, BEHEET V= AT Y Prd 15-KEBBGIC
EHLEN-TU = AF L E=LT DU P S5 (IMBGETIZ LV 1,5-KEBE I EST
L, BEBIREE S-16 2 TT VLA 2 S-17 ~E EBMICEBREND Z LB HE STV
% 10 (Scheme S-5).

Ho A " R® 0
.
Y [1,5]-H shift N KN
N R? - T e T
R1/\/u“ benzene j \Hj\"H R2
reflux R Ar R
S-15 S-16 S-17
Scheme S-5

FHIIARIEDIEHE LT =V E T X = VR U 7= U S-18 (2%t L 1,5-/k 3%
BE#z#ITIED L, TL=1A 0 S19 B3G5 E T LT (Scheme S-6). £7-Z D
EEAEL D S191F FRICRISEDEWA S VKT LU a3 52 b, S-19 %
BRFETFLLTUEMT L2 2L TEHOBERERRILAME AR TE D EE R, AFZEIC
HFEL.

BRETORME R, FEE S-18 ZMEA L 7278 BHEFRT 2 2 & TP L7z 15-KSBBEN UG T
L, TV=bA I S-19 2B D 2 LTI LTz, FEIIC DWW TS — &5 —Hi T
BuINONN



Ar

( Ar
N R [1,5]-H shift KN
H//?/A . Sk,
S-18 S-19

Scheme S-6

WIZTNVHF= VT VY P S-18 DT AF VRIIZAF VT AT )V EE AN LIZHE S-20
(2% L C 1,5-/KFEBEN G O 21T - 72(Scheme S-7). S-20 Z INEAE FHFR L7z & 2 5,
RIFIZOSHEAT LT L =LA X S2L P NEAREIRA DD EEANCAEKRTH 2 & 2 W L
7= W BRSOV TS —EE EI TR B,

Ar Ar

,!,/ [1,5]-H shift H KN
wR _— MeoZC'\'Yv
4 A R
MeOL™ 10 s21 H
Scheme S-7

T L= A I S2LEFBE ARSI ETH LT AT IVOHRIZEID T L L RFEDOKEF
N E S TND T, REFEZIEHA ST 2 & THIN-BRILIS A H#EIT L (S-22, S-23),
BRALIR S-24 M3 55 L HERI X2 12 (Scheme S-8). = Z TIRIZ S-21 # ARkE - & L= &
ERBERBECA D OFEA IE DI FATE.

Ar Ar (\Ar Ar
k@
H MeOzC ) MeO,C
NuH N NH
Meozc’\ T Meozc& S B S
Nu R Nu R
S-21 : szz s-23 H s-24 H

H

Scheme S-8



Scheme S-9 129 & 5 I FHICA XV R OREIFI = A 7 VAL & & D HE S-25 2% L
TDBU ZEHEE 2 L3 FINT A U R b~ VRIS HETT L, DBU N S-26 4
FRAERETERAIK S2T oD 2 LM bN T D B, 15 KEBEICL VAR LT L
=LA I S211T % S-25 LHMOMEENEENL Z LD, S2L TR L THFNT X
AV RN~ CRORISEITT 20T &21T9 2 & & LT

o N o ] o
NBnN NBn NBn
DBU
one —
P toluene 7 &)
N 7 rt, 12 h N T oBy N A
CO,Me 90% CO,Me CO,Me
S-25 N $-26 N S-27
Scheme S-9

MRS ORER, 7 L=/bA 2 S21 (filit D PPhs Z{EH S/ 5 2 & TRAFZER(LD
ITL, e Rl Yy S8 BWAERTHZ &ML, £l b AT 5 S-28 13k
BT, BHICEY Do ~EEREND Z ENghoTo. BICELOES, &E2E25
ZLTEEME Y D0 S29 TN ER Y Y P2 S-30 DIEIRAIEMAFRETH DL Z L&
B 5 202 L7z W(Scheme S-10). AR DOFEHIIZ DWW CIEEE & Tk 5.

MeOZC AN N
B 7 AcOH |
Ar Ar a
cat. PPh; MeO,C

MeOZC Y |
=
R1 N\ 0, MeO,C

S-21 i S-28 ] | N

Scheme S-10



WIZT L =bA L2 S2LITH L TOREBAIZEM S EL 2 LT, BN DUVROME 2
Tz, B~XY ¥ U BRIE(-)-nupharamine (S-31)X°(-)-lasubine 11 (S-32) Z 1% U & & 9~ 2% A= BiyE
RIS BN HHEETH O ¥ (Figure S-2), MARRIRH 2 XY O U BRAESEEIE D B3
IEBER EEECHL D,

Me OH OMe

Me{ OMe

Me NH
N
HO" B
W, ;

(=)-nupharamine (S-31) (-)-lasubine Il (S-32)

Figure S-2

T2 REtORE R, FE S22 Ik LY DU A EH S %, MBIET U 17 VTR L
el A, BERY VUK S-33 DAERERD I FINERIENEITL, EfERY 0 S-34
TN S-35 DPNIARERINAJIZ A3 5 Z & & FLHY L 7=(Scheme S-11). AKGOFEMILE =& T
RS,

Akr Ar Ar Ar
AN <

H

I Meo,c & " MeO,Co_~ MeO,C.__~
= N  piperidine 2 XN silicagel MeY2 eL2
ot 2 400 By | st 0y g 0
S-21 H S-33 S-34 S-35

Scheme S-11



B TR AT VU DD 15 KEBENS DS

B T L= A I DERK

TV PUVRIIEATFIAT=NRENI END, HREZED SHAREREISABRE S
NTW5S 9. ZORFFECITEEREREME ORIy — L & LT EH T2 b DR
BHED, BRI TON TS Y. R TR LI ICEHETT A= ATV ¥
VORI L L LT L5KEBBGEBEREL, ARENOLH/ONLT L= A I
AW G ERBERBRICA Y ORI EBIE DS 2 BiE L 7=,

FT L5 KFBBEISOLE L7 D N UL T X =17 VU P 5a ZBERIO AR
1 O ZhEVA R L 7= (Scheme 1). BB L7 1 2 OL a0 11 RALHESH K OV LDA 2 1Ef &8
TVL=nAigh2 L L2, AV 3N IELZETT A= AT VY Vv da B3k
BRI, 2 0% TMS A RR#ET 52 & Tha AR L.

kN Ph
N LDA 3a | l!l/
BrZn H H C
™MS——" ZnBr, / _ y WCy
T™S cl Z
1 -78°Ctort 2 4a
'/Ph
K,CO4 N Cy
MeOH Z
rt
Sa 86% (2 steps)
Scheme 1

AR LTZ B 2 W T 15K BB BSOS DORRFT 21T - 72(Scheme 2). £ DOifii, N-~2
VNTINF =)V T Y P Ba e DMSO B 120 °C I L 9 R[5 2 & T, 7
L= A 2 6a DNVEBRNCART D Z &2 B Lo, ARSI EZ LEE L LRl
HREHETHY, MUSKRIEEZBET 2720 THANOT L= A I v EH—{LEm &



LTHRLZENRTES.

Ph T
( ,
\\\Cy %
/ng/LA DMSO Q*/J\Cy
H 120°C, 9 h
S5a 6a quant

Scheme 2

RICARBUG D —MVEZ AR 3~ <, Mx REEEZ W T L5 KBBEIRIGZITH 2 & &
L7z, [, ROSESE 5b-5m IZLL T D X 912/ Rk L7z (Scheme 3). BB/ m L L1
[ZRALHEEN KX OV LDA ZER SW721%, 4 Y 7 a s, 7FUE, 7o xFHE, Y
NAXF T ENEDOL I RT A NNIEE L SA I 3b,3d-3f 2 M T VU U U B A
L, ZO#% TMS EZBiEiSEH 2 LTI AF= LT VY P 5b,5d-5f 25 LT1-. £/
THREEAN CTH D tert-7 F N Ha L OT A F =L 7 VU P 4c ik L TMS EDBREEIT 9
Z L THE S G, BITN-TMS [EHiA I 7 ZHWET VU U UVBROBE KL DN TMS
EOBBEC X O T NVF= ATV P82 LI, GRLIZ8ITHL, NUBUED 2
PR FEE ORI VN 99 /T 4 RHE, TR, 7vH#K, A M EE L ORI
RV OOk ZEHSHELZ LT, TV VURERE T BICEBRENEAINTZT L
X AT VYV 505k AR LT, FEEIC 8 I L TFH 7 FLERLTF =LA 15
ALY 91, 9m %SG S/ 5 Z & T 5l 5m #47.

UEDOE IR LA DT NAF=LT VU DAk LT 1,5-KEBBEIIE & il T-.
FTT UV VUREOT IV S AL 2 72 B Bb-5f & W TG 21T o 72 & 2 A(Table
1), 4 V7 r ek, tert-7 T, 7% SR 5b-5d Tk, DMSO &g+ 120 °C
DL TFABICRISDETL, F4 T 57 L=/ 1 I 6b-6d NEEMIESNT-. F7-
T2 R T NHRR DN F X a VI AE AN LT HVE Be, 5FIZB W T H B IR DS
EITL, ST 257 L=/LA I 6e, 6f & EEmAIZH- 2 7.



1

) Cl
™™Ms— 1

ZnBr,, LDA, THF

_ o
Ph _Ns R 78°Ctort _
2) K,COg3, MeOH, rt
3b :R=iPr 5b
3d :R=nBu 5d
3e :R=-(CH),Ph Se
3f R= -(CH2)3OBn 5f
rPh
K,CO4
N \\\tBU
/ MeOH, rt
TMS
4c
1) Cl
™Ms— 1
ZnBr,, LDA, THF
_N C -78°Ctort
T™MS” XY -
2) K,CO3, MeOH, rt
7
H ArCH,Br (9g-m)
/A‘\\Cy K2CO3 N
Z DMF, rt
8
9g Ar= 2—BrC6H4
9h Ar= 4-BI'CGH4
9i :Ar=4-CICgH,
9j Ar= 4-FC6H4
9k :Ar= 4-M9006H4
91 : Ar=2-naphthyl
9m : Ar = 2-thienyl
Scheme 3

10

Ph

r
N R
/

:R=iPr
:R=nBu
:R=-(CH),Ph

Ph

r

/A\\\tBU
Z

5¢ 98%

H

//A -
Z

8 65% (2 steps)

Ar

r

//A e
Z

5g¢ :Ar=2-BrCgH, 7%
5h :Ar=4-BrCgH, 78%
51 :Ar=4-ClCgH,4 80%
5§ :Ar=4-FCgH, 80%
5k :Ar=4-MeOCgH; 70%
51 :Ar=2-naphthyl 81%
S5m : Ar = 2-thienyl 63%

79% (2 steps
67% (2 steps
66% (2 steps
: R=-(CH3)30Bn 72% (2 steps

)
)
)
)



Table 1. [1,5]-Hydrogen Shift of N-Benzyl-2-Alkynylaziridines”

substrate product yield
'/Ph Fﬂ‘
N pr “ N quant
) X.
é/Al \/km
5b 6b
'/Ph T
//)’/ZEX\JBU \\\\::EL\ quant
) X.
é 5¢ 6¢ o fBu
'/Ph FE
//)’,zﬂxﬁanu ,§§~\::ji\ quant
Z sd 6d A nBu
'/Ph FE‘
N NN quant
\\\\/Ph
é 5e 6e o Ph
(/Ph Ph
N . gN quant
//u\\\ \/\an k.\)\/\/OBn
g7 X
Z st 6f

2All the reactions were carried out in DMSO at 120 °C for 7-9 h.

FHWTEREOT UV — L AF VI AL L7258 59-5m % VO CTRgt 217 - 72 (Table 2).
NRUBUVBRO 2N HRFEE BN LG 59 721X 4 IR FHE, HE, 7 vFE, A FF Uik
ZE N LT HE 5h-5k 124 L TS ZRATE Z A, WIS RISHEIT LEYT LT L
=) A I 6g-6k ZEERMICE X T2, £ 7T NEST = VAR S ORVE 5l 5m (28
WTHREBRICEISE L, ®ad 57 L=/ A 2 6l 6m BN EEANCER L.

11



Table 2. [1,5]-Hydrogen Shift of NV-Aryl Mehtyl-2-Alkynylaziridines®

//A@y
Z 1

)

\
Y,

9
<

substrate product yield substrate product yield
Br OMe
OMe
Br
quant
N cy XN quant
//Q‘\\ X\)\ N wCy N
A 5 6 Y cy éggr,é_&\ < N
5k 6k ' cy
Br
Br
— w| 0 &
N C
//QA‘ y XN \ quant
Z s 6h§'V\Cy //u‘\\Cy Sy
Z
X
51 6l v\c:y
Cl
Cl
S \ —
/i: S
quant S i/
N
//u»Cy XN N oy N quant
P . AN /u,\\ N
=~ si 6i \')\Cy A \')\Cy
Sm 6m
F
F
f quant
N
SN
X,
NN

?All the reactions were carried out in DMSO at 120 °C for 5-8 h.

UbEDOX ST 7o) oo 15-KEBBEIGOBBIZKIIL, TL=/1A 3

¥ DRI E AIEZ N LTe.

12




B T ATAEFEALLET L=LA S U ONARBRIRE SRR W

AIEIC CEEIEIN-T U= A AFATAF= AT VY D20z, 15-KBBERIGIC
EDT V= A I VOMBINERREER LTz, 7 L= A I A0 TNICUSTED RV A
VR OT VL E b OTCOA MR BHA T LR VRS0, i TR X oL T L
HNLCEFRFETHDL AT NVEEBAT L2 LT, LORISEORWERET LD
EMRHERI SN D . FETeT R R EHIL AT AT D 2 & TA L D IREFIS b Bk
ERE, TATNVERETAT AR AT VYU D UACKT D 1,5-KEBENSOFFER T
EHEFELIE.

T AT VEEN LTS EE 10a-10m X7 v F =17 VU Vv ba-bmizxt L CT TV
FULEMRT%, 7raFXRAFILVE/EHSE 52 & TERK L7 (Scheme 4).

'/Ar (Ar
i N
N ‘\\Cy nBULI, ClCOZMe ‘\\Cy
ég%A THF Vi

5 MeO,C 10
Sa :R=Cy 10a :R=Cy 50%
5b :R=iPr 10b :R=jPr 59%
5S¢ :R=1tBu 10c :R=Bu 70%
5d :R=nBu 10d :R =nBu 42%
S5¢ :R=-(CH),Ph 10e :R=-(CH),Ph 42%
5f ‘R= -(CH2)3OBn 10f R = -(CH2)3OBn 41%
S5g :Ar=2-BrCgH, 10g :Ar=2-BrCgH; 50%
5h :Ar= 4-BrC6H4 10h : Ar= 4-BrCGH4 45%
5i  :Ar=4-ClCgH, 10i :Ar=4-CIC¢H, 66%
5.] Ar= 4-FC6H4 10.] Ar= 4-FCGH4 64%
5k : Ar=4-MeOCgH, 10k : Ar=4-MeOCgH, 31%
S : Ar = 2-naphthyl 101 : Ar=2-naphthyl 63%
Sm : Ar = 2-thienyl 10m : Ar = 2-thienyl 36%

Scheme 4

1L COIZHE 10a 2 AW T 1,5-/KE B8 i 27472, 10a 2 DMSO #1100 °C (2N
B 35U LI 2 A, TL=AA I UDNEENICELNTIZLOD, 25O T AT

13



VA~—1la KO Na’RELTWDZ ENRHLMNER -T2, Z 2 CHIEORGTI 21T T4
B, M= 100°C (T OB T A2 28T, 7= A I MlazB—DY7
AT VA ~v—E LTHDZ LT LT-(Scheme 5).

Ph Ph Ph
r 1 &N o Sy
~Cy —_— MeO,C™™Xx X .
/ ©y
H H
MeO2C 10a 11a'
conditions yield product
DMSO, 100°C, 3.5 h quant diastereomixture of 11a and 11a'
toluene, 100 °C, 9 h quant 11a only

Scheme 5

[, 7 L=/bA X 1la OSLEREFAE X RRRST ab G AT S O NOE JIE DR R I &
PN U=, BB Na st L CHEMBAER ST L= 7 2 U 12 & L%, /b
Ha BN LAWY 13 Z A L7-(Scheme 6). 1554172 13 12x%F L T X BRhs il & fhT 217
92 & TCRUTRITNMREFE O L AWM L7 (Figure1). £727 L=/ 4 I 1la®
A RO BATEMEZONTIE, NOEJEZIT) ZE TR I ARETHD Z L E2REL

TW 5 (Figure 2).
o NosCl NO2
H .
H gN 2N HCl aq I iProNEt y O\\s
3 e0, . ., = HN™
MeOzc'\-ﬁ),,C MeOH ﬁ) ‘Cy CHCL  Meo,c™X ©
Y rt, 10 min H rt, 30 min ' “c
* HCI ’ y
H 86% 89% H
. " 13
Scheme 6

14



X-ray crystal structure of 13 (dimer)

P

Figure 1

h

JREEN

N

I

MeOZC'\_Y'“C f— Meozcr\ 5 /*
y 'N" 'Ph
1

1a

Figure 2

RIS TR ONAREIPE NI L T D8, ZOHMBE LT 15-/KkFBBEBORS, HE
10a NEBIRIE 14 ZRTT L =LA I Na~EEBHEND Z LN E 2 B D (Scheme 7)

(Ph
[1,5]-H shift
N ‘\\Cy
Z A
MeOZC
10a
H Cy
// N H
MeOZC ///"//,H/k'/H
Ph
14
Scheme 7

15

—_—

Ph
SR
MeO2C’\.§),//C
y
11a H
f
H
/%/Cy
MeO,Cr,.~
N° H
(.
11a



WICARIIED—fRMEZH BN 5720, xR EZ#EA T L. 7TV U Y
VER EICHE A OT VX VAIBEAZE A LT HEE 10b-10f 2GS 72 2 A, WTNORE
ICRWTHRUGHETT LY T 57 L=/b 4 I 1b-11f NEBMIZAER TS Z & &2 i
L 7z (Table 3).

Table 3. [1,5]-Hydrogen Shift of N-Benzyl 3-Aziridinylpropiolate Esters®

substrate product yield

Ph Ph

( .

-

N P 2
//u,\\/ r MeOzC'\. ' quant
gz “ip
Z 10p | o

MGOQC
'/Ph Ph
Hoo N
N {Bu : N uant
S MeO,C™X. ) q
é “tBu
MeO,C 10c¢ 11c H
Ph Ph

( . L

-

N )
/‘\\nBu MeO,C™. . quant
//B
Z 104 ma | e

MGOQC
'/Ph Ph
N Ph Hc gN
//Q,\\\\/ MeOZC'\,%‘)” quant
Z ""Ph
10e 11e
MGOQC H
(Ph Ph
N H gN
“‘\\/\OBn MeOZC’\_ ) /\/OBn quant
Z ’
10f 11f
M602C H

?All the reactions were carried out in toluene at 100 °C for 9-10 h.

16



Table 4. [1,5]-Hydrogen Shift of N-Aryl mehtyl 3-Aziridinylpropiolate Esters®

substrate product yield substrate product yield
E quant
\\Cy MeOzC ., quant
é /Cy \\Cy
MeO,C 10g 11g H & MeOZC'\ .,
‘C
MeOoC 10k uk | Y

ant
» ‘
/ MeOzC’\ . !
Cy ‘\\\Cy H AN
10h / z N
Z MeO,C™Xx. Y
//C
mo

MeO,C
101

MeO,C quant

Cy b s?
/ MeOZC'\ %‘) .
MeO,C 101 Cy \\Cy MeOZC 3 quant
1 Z ’Cy

MeO,C 10m 1lm H

quant

MGOQC .
10j

\\Cy
/ MeOzC'\ %‘)
Cy
nj 4

?All the reactions were carried out in toluene at 100 °C for 9-21 h.

BHNWTT VU PUVBRERFA EOT U —)L A F VLA I8 L 7= FE 10g-10m % VTl
WNETSTZ., ZORE, WTNOREICBWTHNMTRFICHETL, Y57 L=
4 Y Ug-1lm ZEEMNZH 25 Z ENmhoT-(Table 4). LLEDOFERE NG, 7% K
ST AT NV EBEAN LT AF =T VY A8 TY, 15 KEBESSIEE W —
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PZRTZ LB BMNERoT.
UEDOXICEBFTIT A= AT VY PO 15 KEBEGEZRREL, 7L =113
Y ONROAIEEZMSL LT, 727 0F UREICE AT NV EEA LT EICKR LT 1,5~

KRFEBENIEZAT D &, SARRRDDOEEINCSISHSEITT 52 &2 R L.
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B TAFoAT IOV D L-KERER S EEE TS
ZEHE Y D DR G GE DB

B Y U ATE < D DALFIIF R TON TEIALEMIECTH Y, EIRLBE, B
REMESY 172 EIRIAW DB COISHN 2 ST g WD v ) O BROMEIERIR OIES $
w <, hantzsch OB Y PUEREITILOET 5L O VURBRIENBEEICEDL LT
SHBRESNTND W, LLAaRLERE ) VU OGRIEOS 1L, BAT L EHIED
FIERRETHD Z &, SEBEORKIGE B UHREICKRIT S Z L SOMBEANE SN TE
D, KV EBIEDRENES RBLEEN TN D,

EHIBRBELETAX=AT DU D0 15-KEBBRISZISHT 5 2 LT, RMA
ZEMEY O OERERLL L L LI HIGN-T U =L ATFATAF= LT VY D
10 WOER LT L= A T2 11 ISk, sKEMEEAZ AW 7 A U 2k b~ B
BACMGZHEITSE D 2TV Ree Y Uy 15 ~EEM L%, oz 15 2k
5HZ L THEEE Y V16 DA A HE L7=(Scheme 8).

Ar Ar

r Ho A
N [1,5]-H shift z N
WR . MeO,C™ X |
Z A R
MeOZC H
10 11
Ar Ar
Nucleophilic catalyst MeO,C Oxidation MeO,C N
__________________ - | NH S | N
Aza Baylis-Hillman = R = R
Cyclization
L 15 _ 16
Scheme 8

FUDIZT L= I UACHT 27 RS Y 2 b~ URIB RS DR 21T - 72
(Table5). 7V F = ATV 10arbEMLTET L=/bA I Mallkt LREAE LT
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2 YU EDDBU ZEHS®T- L 2 A, HEBGMTHZ Enbholz(entry 1). 7 REH
& LT DABCO <° DMAP Z MW\ T [[ARELIC IR TER S u(entry 2,3), PBus & 1EH
XD EBHRIBEMNE LD DB THoI=(entry 4). LALLM 5 PPha!d% [ &7 &

BALSOS MM BIFIZHEITL, Y RrE Y Yy 16a NMEEEBMIERTHZ L2 RHL
7-(entry5). & 5IZPPhs % 10mol% £ T U5 Z LIakEh L, ZhRA72 15a DAk & K
L7z(entry 6). 14, b FrE Y YU 15al3RLETH SO BT TE R0 o720, K
SIORER, NUBUVERE T 7 FOVEATEIHMZAIAE 100 XV, FFRFETENW-VE Fo
Y1528 WT, Ao EEEZALZh LTV 5 (Scheme 9).

Table 5. Intramolecular Cyclization with Various Nucleophiles

Ph

( Fﬂ' Ph
N Cy I-j SN nucleoph|le MeoZC\@\l\H
/ toluene MeO2C™ \‘) 60 °C | NG
MeO,C 100 °C,9h N y
10a 15a
entry nucleophile time (h) result
1 DBU (2.0 eq) 1 decomp.
2 DABCO (2.0 eq) 24 decomp.
3 DMAP (2.0 eq) 1 decomp.
4 PBuj3 (2.0 eq) 0.5 complex mixture
5 PPh; (2.0 eq) 1 99% NMR yield
6 PPh; (0.1 eq) 3 99% NMR yield
100 °C,9h
N \Cy ; PPh3 (0.1 eq), 60 °C, 3 h MeO,C
MeOZC/ toluene Cy
101 151 75% yield
Scheme 9
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FAEKLEYE R Y U0 16a 13245

IREETHDZ L5y

£

»no, 2

TR~

b SN 2 FEOBEBE Y U 16a KON 17a ICEBE D 2 &3 65 & 72> 7= (Scheme

10).
Ph
MeOZC | NH air
Pz Cy
15a
EfLE Y O OIS IRS & AR~ L
—EEY U 16a

EERATIC L 0 Z &2 e Lz, T

Ph MeO,C I
MeO,C AR N
~ I o + N
OH
16a 17a
Scheme 10

MR, X ORGSR AT I D IRE LTz,

EHLE ) U2 17a

BEL, 0 X s SRS RRAT 5 5 45\ = (Scheme 11).

Ph
Meozc\d 10 % NaOH aq
|
AN MeOH
Y s0°c.1h
16a 96%
Ph ACZO, Et3N
MeOC DMAP
|
NScy  CHLCl
OH rt, 30 min
17a 80%

(NS
R L CUEm AT VDMK IR ZFTUN VAR iR 18 & LT-%%, X ik
B LTI 7 B F U bk 19 &

21

) \/ ‘,\ -
N A L7
—-—‘\/ N7
Ph \ ,“»‘( Ph
HO,C o >
o @ I _ HOzC\@
NX"cy A CHCl; "¢y
1 - 1
-
X-ray crystal structure (18)
1
M\
|\
Ph \( Ph
MeOZC = N /\‘)\.«/\ MeOZC V N
| \ /_1:7\ _ |
OAc ( OAc
19 A 19
X-ray crystal structure (19)
Scheme 11



UEbED X512 Frb ) D3RP TS —@E#r ) O ROUE#RE Y v
ICEMSIND Z ENgnoTe. ZOTDRICBILSEMEE2E XD T L TH A2 IR E K
TERWVDRRIZIT o 72(Table 6). 7 F =L TPV P 10anbAk LY kae Y
> 15a (Zxt L CER(LAICTH D DDQ #{EH S E-L Z A, =@ Y 2 16a 2% 69% DY
RCTB|RWIZH LN (entry 1). BERIBETO/ME, e v Y balli@a/FH I+
HEZEHREY UV 16a MBEMICAET D Z LA A L. BlH 15ai2xt L 60 °C T CSA
FITLZBERETINT 5 & ZNFh 37%, 53%DINR T 16a 735 Hiv7-(entry 2, 3). £7=
FEfG 2 VR S B 70 & SRR OMIRMED M) L 71%DOUER T 16a BNAEKT 5 Z & 2B 50
(2 L7=(entry 4). FICHROBZMBFI Lz L 25, 1.5 YEHAW- & XKD ENRA BN,
CEBEY UV 16ah TT%DINEE TS Z LTI Liz(entry5). FEfEO &% 1.0 ¥ &EIZT
% IR R ORI T 925 Z &3 0o 7= (entry6). RICYE Ku B U Y2 15a % 14
JEOMSEFFAR TICTRISS 2L 24, WEHE Y 20 17a 53 51%D IR TEIERIIZ/E
U5 2 &M oiz(entry?). BICKGIEEE 2 00C 12 Uiz & @ HMEA ) - LIUE#R Y Y 2
> 17a 73 80% DR CTHERKT H Z & & FLH L-(entry 8). ARFHER NG, —EHHE U U
ARICIIT DS % 60 °C T 15 YEDOEMAEH Y Sentry 5 & L, UEHLE Y P
VARICBIT D RESM A 0°C Tl1REDOREEEH I TS entry8 & L7z,

FARKSZE L CTHER DM 21To72 L 2 A, BEEOUSIIOA 8O TR HUM: % il {8
TELZENHALNE ST UTFTOERIIVE Ruv'U P 15a Of{b%, BERGFE T
FIEFIET TRHRATL OO TH LD, BIRERWHEEL TWD Z & 2353025 (Scheme 12).
Bl 10a L Ak L7zve Ry vy 15aicxf LT 1 RJEOBEFRES T, Hifgs A
B2 R BOSEATH) EBERE U P 17a 53 51%DUE TEIEMICE B D DI L,
FERRAFAE T CIX @A e U 22 16a A% 67% DY CREINAIZ AR LT-.
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Table 6. Selective Synthesis of Substituted Pyridines

Ph Ph
toluene Ph Ph
° iti MeO,C
N Cy 100°C,9h MeO,C \H conditions  MeO,C P elb -~ |N
/ : cat. PPh3 | P S | N Cy
MeO,C 60 °C, 3 h Cy Cy OH
10a 15a 16a 17a
t condifions ti ield of 16a (% ield of 17a (%
entry reagent temp. ime yield of 16a (%) yield of 17a (%)
1 DDQ (1.2 eq) rt 20 min 69 -
2 CSA (2.0 eq) 60 °C 3h 37 <15
3 PhCO,H (2.0eq) 60 °C 21h 53 14
4 AcOH (2.0 eq) 60 °C 6h 71 trace
5 AcOH (1.5 eq) 60 °C 10 h 77 trace
6 AcOH (1.0 eq) 60 °C 18 h 50 34
7 O, (1 atm) 60 °C 2h 18 51
8 O, (1 atm) 0°C 4 h 8 80
Ph
toluene Ph Ph Ph
o MeO,C
N Cy 100 °C, 9 h MeO,C \H reagents MeO,C N e0, 7 |N
/ ; cat. PPhs | _ 60 °C A | N Cy
MeO,C 60 °C, 3 h Cy Cy OH
10a 15a 16a 17a
reagents time 16a 17a
O, (1 atm) 2h 18% yield  51% yield
O, (1 atm), AcOH (5.0) 20 min 67% yield 7% yield
Scheme 12

INETITHE LN FERT — & 2 BRI TR S5 ROCHERE % LU T IZ7R 77 (Scheme 13). %
PTN-RCUATNAXR= VT VYV 10a 2 MET 5 &, 15 /KFEBE D ERIRE 14 2% T
HEITT 5 Z & TR L= T aBEL S, Kl T 1a izt L PPhs Z{EH
SEDE, FNT A Y 2 e b~ RO —BALBOG DS EST U MR 21 & 72 5 72 1%,
EF LOABMPKOKRRF LG SRS L2 TI AU F20834T 5. £

23



LT 22 DAEEMD T AT IAHTIROKFRLF 2 B8 Uk 23 & 72 o> 7-1%, PPhs 23R
TAHZETYVRE RrEY YV 16a BWELND EBZ X LS. 15a OERE, NMEfRE Y ¥
VABOA X 15a %t LIS A EH &5 2 & TRINBUG AT LRz b4 24 23 ARk
5 0. ZOBKBBBEL S h 25 Lirolotk, KERETHZ L THEBKYY U 17a
MWAELDETFREND. FRERY ) DUAROGE, FiBAEFHESE 52 LT 15a
7u h AL LFEER 26 L7220, ZOKREBOEERFICHMEST ENLIBEICL > TRk
HZET, ZEHBEE) VU 16anmEo5ND ERHEEIND.

(Ph H  Cy ¥ th Ph
N A Ho Xy PhsP MeO,C O gN
Wy —— ~ N H|— MeOzc'\.%‘)V — j\/K
/ [1,5]- MeO,C~ /k‘H cy PhsP = Cy
MeO-C H shift T H )
2 10a 14 11a 20
Ph Ph Ph Ph
MeO,C © M Q
NS TR G IR O i O
H
X % - PPh
PhsP Cy PhsP O Cy PhsP Cy 3 ey
21 © © 2 15a
under O,
Ph L P Ph
M602C
MeO,C 0, | |N MeO,C \ MeO,C._~\
| . | U
% Hl Y _h0 Cy Cy
24  OH 25 © 172 O
+AcOH
Ph Ph OAc
@ ® H
MeO,C NH AcOH MeO,C , [0] MeO,C _ N MeO,C SN
| = | = N )
15a
Scheme 13
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WICARBISD—RMEZ B BT 57201, Fiax RE# T Lx =17 U 2 10b-10m
(R LA SO O3 & 7 A 7 B Y UUARICRIT D EE AR RE LT
(Table 7). —EH#a LU & 2 DNBINAIIC AR T D i 544 T (Table 6, entry 5)IZ CTHEVEMRFT 217
STRER, AV 7T m eV tert-7F K, TFAEE S OT LR =T VY ¥ 10b-10d
ERAWE L&, Y42 @YY P 16b-16d 2 W HELMICHES Z LIk LT-.
FLT7 2R TFNUERR DA F T m VB AN LT EE 10e, 10f 2BV TH RAFIC
BOSHEIT L, XIST 5 Z @’ 22 16e, 16f 28RN HE DL, FIZRUEB VRO 2
MICRFZEANUTEE 109 £721X 4 AI2RFHE, BHR, 7oHFR, A MR UELZHEALLKE
'E 10h-10K 2k L TS ERATZE Z A, WTN OIS T 5 =@’ Y 2 169-16K % &
SN2 T £l T 7 FNVERTF == )L A2 O 5E 101, 10m IZB W T H [RERICKIG L,
XIGT % ZEHE Y 2 16l 16m 2SRINAIZAR L7z, W, Z& 10d, 10e, 10f, 101 (28
T, BERRUSINEEO BRI 2 1000C 1 RIF 5 2 & TEIREOLHEN A B, IERR < FHY
T 5 ZEME Y U 16d, 16e, 16f, 161 5T 5 Z L ITEFI L TV 5.

TV CIUER L Y & BRI IS 2 FE — Mtk 2 Miat L 72 (Table 8). IHEH#a 7Y L Avig
RENZAERRCY 2 i 2k M T (Table 6, entry 8)(C TIEIRAT 21T - 72/ R, FLE 10b-10m D
FTHEHAWZIGE CTHRICAMFIZHET L, HIelUE Y Y 2 170-17m 23 BRI AL
THZEERMLE.
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Table 7. Synthesis of Various Trisubstituted Pyridines

AcOH
(1.5 eq) MeO,C

60 °C ~

MeOZC\Q\

Ar
Ar
100°C,9h
N R MeO,C | NH
/ ; cat. PPh; Pz
MeO,C 60 °C, 3 h
10b-10m 15
MeO,C MeO,C
A A

16b 79% (17b 17%)

16¢ 75% (17¢ 13%)

Ph o

MeO,C r
N N MeO,C. A\
NN OBn |

S Cy

16f 60% (17f 13%)
16f 65% (17f 7%) ¢

16g 72% (17g 8%)

Ph Ph
MeOzC\@ MeOzC\@/\
I I
N By N Ph

16d 55% (17d 25%)
16d 66% (17d 8%) ¢

M602C\ /ggN

Cy
16h 85% (17h 2%)

F OMe ‘
M902C = |N MeOzC Z |N MeOZC N
|
S S
Cy Cy X Cy

16j 74% (17 8%)

¢ AcOH was added at 100 °C.

16k 67% (17k 13%)

26

161 45% (171 38%)
161 68% (171 6%) ¢

16e 53% (17¢ 31%)
16e 73% (17e 6%)“

MeOZC\ %E

Cy
16i 71% (17i 10%)

SNGZ
MeOZC SN
|
N Cy

16m 60% (17m trace)



Table 8. Synthesis of Various Tetrasubstituted Pyridines

Ar
toluene Ar 0, MeO,C

N 100°C,9h | MeO,C

R (1 atm) = N MeO,C
o —_— | NH —_— e
Z ; cat. PPhy A R 0°C N

MeO,C 60 °C, 3 h
10b-10m 15 17
Ph Ph
MeO,C._~ N MeO,C._~ N MeO,C MeO,C
I I
N iPr N tBu
OH OH
17b 81% (16b 4%) 17¢ 67% (16¢ 13%) 17d 70% (16d 3%) 17e 75% (16e 4%)
Ph
B
MeO2C = N " r
| eOzC V%
\ OBn |N MeO,C MeO,C
N
OH Cy
OH
17f 69% (16f 5%) 17g 58% (16g 8%) 17h 78% (16h 6% 17i 72% (16i 5%
OMe ‘
Sz
MeOzC = N
MeO,C MeO,C._~ N MeO,C “ |
S | Cy
Cy OH
OH OH
17j 72% (16] 5%) 17k 64% (16k 3%) 17183% (161 7%) 17m 63% (16m 4%)

WICAK N L0 7 V=272 E & T 57280, BHREORDVIC2ERE AW T2 B LIS O
st Z17 > 7-(Scheme 14). 7AX=L7 YY)V 10a LW &K LI-YE Kut'l v 15a
Z 22, 60°C ITINEV LR L7 L 24, TUEHE Y 2 17a 2% 62% D IR TERAIZE
bz, ETRIFMHICTHR AR RIS EAToT & 2 A, BIMER TR L —EHE Y v
16a 78 ST%DINETHOLND Z ERW LN ERo7. U EORRENG, KRS TIEEIKIZ
BREHNTS BUFRRIMEN BB T 5 2 & 2 i L7z,
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Ph Ph

toluene Ph Ph
100 °C, 9 h iti MeO,C
N \Cy MeO,C " conditions  Me0,C N 2L~ |N
A : cat. PPhs | _ 60 °C P Y
MeO,C 60°C, 3 h Cy Cy OH
10a 15a 16a 17a
conditions 16a 17a
open air 7% yield 62% yield

open air, AcOH (5.0) 57% yield 20% yield

Scheme 14

FIEARRISOFAMEEZTRT 2O, GRLIEEZERE Y O 2 HWTHA 7 v Uik
DEWERSLDL e LT, TAT V=2 F B O=aF BT I ROBRIETHY,
TR —REN IS T D ER R el R O SR & L CHEEREH A>TV D 2D (Figure
3. —EHAE Y T 16alixt L THIKRGEZRAATZE 2 A, WFEMIC=aTF BEFHER 18
Z:H Z LT L7=(Scheme 15). F 72 A A L7 iBEK 18 (2 23T =0 A KN
Hinig's &2 WA ISk, =aF o7 2 NFEEIK 28 oA EER L-. WE
B U 17all6 L THRIBRO I Z L THY T2 =3 F U RFEAR 29 LU ==
F o7 2 RFER 30 DARITETh LT,

0O 0]
HOJ\© HNT N N
A A
Nicotinic acid Nicotinamide
Niacin
Figure 3
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MeO ~ "N

10% NaOH aq

MeOH
60 °C, 10 h
96%

10% NaOH aq

MeOH
60 °C, 3 h
98%

Scheme 15

EDCI, HOBt
NH,CI, iPr,NEt

DMF
40°C,2h
99%

EDCI, HOBt
NH,CI, iPr,NEt

DMF
40°C,2h
71%

U EDEIICEEE, TAF=ATY IV D 15-KEBBRGEH#E T 5L EHE
DU OHEBOERIEORIEEER L. AFREITAXF=AT VIO U N TRy T
ZEME ) VU EART DENEMETHY, BLENEEZ DL TEERY ) Vv
FLIFNERE Y P K2 BIRNICART 22 EWA[EETH 5.
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W TIAXF=ATVYI D1 KEBRER IS AL TS
EHL U 2 DR E RTE D B

ERY CURITIZ < OABEE R E ENLEHERBHK TH D720 W, HHEARIC
BOWTHENRERERY DU GRUEOBRBENREEN TN D . EFIIRFE LT L F =
VT VNV D LS IKEBEIGETHLNDT L= A 21K U CREAIZER S
5 ET, T UVVENIA~DORERIOAINESBL, 32), #i o FHNERIEAEITL, BE#ERY Y
> 33 WEMT B LB 2 7-(Scheme 16). F-AMIGNIZ L > TH LN D EHRERY VU iT
BODARFHFLAEART DI LD, REUSIZIIT 2 3IERRFIEIC  BR A E @ e~ ¥
¥ DN E BAE DR R I E F L.

Ar Ar (\AFG) Ar
& N_u_’ m KN o MeO,C.O KN,H L MeO,C e A\
MeO,C MeO,C i
(SHO0) Y €0, yu,R Nu NS R NU e R
H H

31 H 32 33
H

Scheme 16

FPREANE LCTLHBRT I 2R LERE XY U D&% 7 7-(Scheme 17). N-7
U=V AFLTNF=LT VY P 10a ZMELT L=/ I 1la & LRI Vv
TIVEEMSERLEZA, T LIEBRLRUSETT LERALIR 34a 78 45% DR TH L
7o, LI L2 BIAIRRICEIAE R 35a BAET TWD Z LWrhoie. 35a ld_v VT 3
VS lla DA I UENLICHEST D ETAERLIEbDEEZ DD, FREAE LT
BELT R UEAWESAS D, BLK 34b DR & RICRIA R 35b WA U BRER Lo
. T TREIMKISEMRDIZOICRKREAE LT2HRT IV EHWLZ L L.
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Ph

(Ph Ph amine MeO-C Ph
2
H K (2 eq) NH )
N Cy & N e | + ’?l
- MeOzC . X ° RHN C R
é toluene "Cy 60 °C y
100 °C 1h 34 35
MeO,C 10a 11a H
34a: R =Bn 35a: R =Bn
34b: R =Pr 35b: R=Pr
amine yield of 34 yield of 35
BnNH, 45% (34a) ca. 30% (35a)
PrNH, 51% (34b) ca. 15% (35b)
Scheme 17

TILFR=LTIPU P 10a LVARLET L= A I NallxifLT2H/kT I THD
ERY CUEREHSETLE 2 A, T LA AT OB INTHEST L= 03B b X
7T, EXU U UAIMA 36a NAE L D Z L3y ho 72(Scheme 18). LEERILIKIIE S 7e
STEbLDODOMRELAMEZ AR TE 2720, AIEDNSBRLE~D LR E2 R A7
(Table 9). MFTOFER, &Y VA 36a (kL CHEEEAEH S5 &, B{LROER
U OB ETT L 80% D NMR (== TELIK 37a, 38a & SLFSIRIIIZIG S 2 L ITHRD)
L7e. ZOLEHBoNTRIBERITDT 2N 68 L TEBY, ¥ hoRk37a b=/ —1
1k 38a DILHIT 12:1 Thotz. £l LT TsOH Z AWV 725510 b A% OILEE TERILIA
37a & O* 38a 23 Hi, 37a & 38a DT 1011 L7r o7, WA ZMETOME, Bt
71 /7 /L(Silica gel 60 [Kanto, spherical 40-100 pm])% ¥AN L 7-B8hx & BAFICSOSELT L,
NMR I3 85% CER{Lik 37a LN 38a #1525 Z LTI Liz. 2D & & 37a & 38a DI
151 ThoT-. M, AR LEZEHRE ) O ONMMEZEIE s - 4Kk 37a @ NOESY #IE D
FESR B UE LTV D (Figure 4).

T

h
( 15 Q h
/»\CV - MeOzC’&.%‘),i Q
oluene c
= 100 °C Y

M602C H
10a la 90% NMR yield

Scheme 18
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Table 9. Intramolecular Cyclization with Various Acids

'/Ph 1) 100 °C T
S MeO,C
N ¢y 2) piperidine 2 M acid MeOZCIJ\IH MeOZCDH
/‘ toluene Q rt, 1 h
MeOC™  10a 36a
acid yield (NMR vyield) 37a:38a
AcOH (1.5 eq) 80% 12:1
TsOH (1.5 eq) 80% 10:1
silica gel* (2.0 wi/w) 85% 15:1

“Silica gel 60 [Kanto, spherical 40-100 um] was used.

NOESY correlations

Figure 4

eV CTA R LB AR 37a, 38a D T AERLA A TN, FERE I E OIK T A R S
nic. ZOTDREICD EMRIR EAEMT — 2 252 BT, Iz —Lxz—7
NA~DEBELTH Z L & Liz(Scheme 19). 7% =,L. 7Y Y 10a L 9 Ak L7zB{bik
37a, 38a T4k LT TBSCI XA I ¥ — L a HWT Y U LA R KT L A, HHERIRG
WM& BOILEMERD Z LI TE ol 2070 X0 BUSHED @O iHEEER %
WBEEDIfI LIZE 2 A, Bhrv Y vx ) — Lo —T )L 3% % 4 THRINER 48% T35 2
EITRRB LT
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Ph 1)100°C Ph
2) piperidine

c -
N cy 3 silica gel 3) silica gel eozcj/i)\l MeO, jQ conditions MeochH
A\
/ toluene "Cy “Cy| t,1h  TBSO “cy
MeO,C 10a 39a
conditions result
TBSCI, imidazole, DMF multi products
TBSCI, AgNOg3 pyridine, DMF 48% yield (4 steps)
Scheme 19

WIZIN=R DA B2 HES UHE 722 2 Mt 247 - 72(Table 10). #1228 LSS 24T - T2 /61,
THF BB TROG 21T 5 LIEROK T2 b 417223, NMP £7213 DMSO % Hv % & IR
MWL, ZEh 59%, 64%DIETY U )L ) —)Lo—F )L 30a #1%5 Z LI LT-
(entry 1-3). F 7=} % pyridine 7> 5 EtsN, DABCO, 2,6-lutidine (ZZF 3% & W3 7L b IR
DRIBIZIR T35 Z oo T-(entry 4-6). UL EDOFERNOIAEM L LT DMSO, AL L
T pyridine Z % entry 3 Z @S & LT-.

Table 10. Reaction Optimization for the Synthesis of Silyl Enol Ether

Ph 1) 100 °C TBSCI (5 eq)
2) piperidine MeO,C AgNOs3 (5 eq) H

N ¢y 3 silica gel j/i\)NH MeozCUH base (10 eq) MeoZCjO\IH
/ toluene TBSO iy

= rt, 1 h
M602C 10a 39a
entry solvent base yield (4 steps)
1 THF pyridine 15%
2 NMP pyridine 59%
3 DMSO pyridine 64%
4 DMSO EtsN 5%
5 DMSO DABCO trace
6 DMSO 2,6-lutidine <10%
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Table 11. Synthesis of Various Silyl Enol Ethers

'/Ar 1) 100 °C Ar Ar /T\Brigl Ar
2) piperidine M : M B gNU3 :
N R 3) silica gel e0C NH e0C NH pyridine Me0,C NH
AN > ) + | ) _— | ,
2 toluene o) “R HO “R| pmso TBSO "R
MeO2C"™  10b-10m 37 38 rt, 1h 39
Ph Ph Ph Ph
MeO,C.__~ MeO,C_ -~ MeO,C._ -~ MeO,C.__~
TBSO Py TBSO “rBu TBSO “nBu TBSO " ph
39b 75% 39¢ 67% 39d 66% 39e 49%

Cl

Br
o L @
MeO,C_ - > Br
jO\IH MeOLC N MeO,Co - MeO,C -
e
TBSO "’//\/OBn I\)'l 2 | NH eY2 | NH
TBSO ‘Cy

TBSO “Cy TBSO “'Cy
39g 55% 39h 76% 39i 68%

F OMe ‘
@ ® "
MeO,C._ _~

39f 41%

H NH
MeO,C NH MeO,C NH MeO,C H j@
| | | TBSO ‘Cy
TBSO “Cy TBSO “Cy TBSO “'cy

39j 67% 39k 52% 391 61% 39m 42%

pd

RN TASS D —fRMEZ A BN, ke 7227 vF =17 2 Y ¥ 10b-10m Z Hv
TEHRENY VDA AR (Table 11). 7w BV, tert-7F L, 7FLiE%E (o
TNAF= AT VYT 10b-10d ZHE L L TARKIGEI T2 2 A, YT H Y L=z
— /LT —F )L 39b-39d BTG BEFRIRTH LN, 27 2 3 FNAIESCR DA
Fora eI AE AN LTCIE 10e, 10f Z 05 &, REROIKTRA LI D OO L
DUILZRT 39, 39f 21525 Z LK LT, FICRUBUBRO 4 a7 28 A LT
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B 10h-10j £ 72137 7 F VS OHE 101 2% L TN ZRATZE 24, ST 53 U=
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VUED X SIZEFIL, T = A I AT 5 ERY P OREMIN—BALSIZ L%
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EBHIITNX= AT UV O ORRBROSMEICE B L, FEA# kS LT L5 - KEBE)
FbEZR LIz, £72 15 - KFBBEFINC LIV EOND T L= A I BN ERE T
0155 LB Z, BEFEFRBEEMOER~DISHERF T L& L.

FPEN-T V=N AFATAF= AT DY DU NG FiERT 5 &, 1,5 - KEBE
FOSISEIT LERMICT L=bA S UNERRT D2 ez A Lz, BT V¥ Rl
AT NN UTEEIZR LT RAFICRISET L, ERENDOMKEIRICT L =/v
A IVER/DZEICHE L. REISTEROMEN 2, RISKREEE LT 57200
TUEAA IV EHALEME LTHED ZENTE DR ARIETH 5.

WIZT V= A I B HWTEBERE ) O OERERAT. TOREE, Tr=11I
2k L PPhs ZEH S H D Z L TP RS U R A~V BIOBENEITL, Y RrE Y
VNIRRT A Z AR L. ISV Ra bt D L2 2 Tk
HTET, ZEREY VUEITIMNUERE Y U0 2% 2 IR OEIETH S 2 & 1Tk
DTz, KEUSIET AV F =T DU Db OSFREORFUC LY, 2FOEH LY 2
T2 BN DOT ARy P TR TE DFENERIETH .

FNTT L= A IV HOWEEREXY P DEERART. TO/RE, 71L=11
IS LENY VRO Y BTNV EERSED 2 & THFRNBRIENEIT L, SZARER
ANCEBRE XY DURERTHZEE R L. AKSIET A= AT ) Prnb Uy
Ry NTEBRENY DV EERTHIENTES.

U EDXEICEFITAXF= LT VU DD 15 - KEBENGE B L, ARG % i H
THZETEBEY VU ROERE Y O OBENGERIEDBRRIT I L.
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RAARGER] S, TERS RV ANA AW A o ZWP5EiRBh 2 Hr s e <L H Lk
FTET. EFEAARETER— LTS o 1 flE SRR P A I A TR LY
TS R FAAT B R A RAE NI TE o 7 — A B0 B ORE I B JRGH B L
F9. M THEDPIEOMEG N A TEE £ LB SCER PR A MAT T
Fek, WERFEPAEGE DB REEICELE L B ES. BRI E TR 2E
T L TS NIEFIRITL D REHE L 7.
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Experimental Section

General. All reactions for the preparation of substrates were carried out under a positive atmosphere
of argon in dried glassware unless otherwise indicated. Materials were obtained from commercial
suppliers and used without further purification except when otherwise noted. Solvents were dried and
distilled according to standard protocol. Imines 3a%3, 3b%, 3¢, 3d%*, 3e?°, 3?6, 7%, ethynylaziridine
4¢®® and arylbromide 9m?® were prepared according to the procedures described in the literature.
Column chromatography was performed on Silica Gel 60N (Kanto, spherical neutral, 63-210 um), and
flash column chromatography was performed on Silica Gel 60N (Kanto, spherical neutral, 40-50 um)
using the indicated solvent. IR spectra were recorded on JASCO FT/IR-4200 and FT/IR-410
spectrometer. NMR spectra were recorded JEOL JNM-AL400 (400 MHz) and VARIAN VNMRS-500
(500 MHz), spectrometer with tetramethyl silane or chloroform as an internal standard. Mass spectra
were obtained on JEOL JMS-SX102A and JEOL AX-500 spectrometer and Waters MICRO MASS
LCT-premier spectrometers. Optical rotations were determined on JASCO P-1010-GT. All melting

points were measured with Yanaco MP-500D and BUCHI 535 melting point apparatuses.
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Experiments in Chapter I-1

Synthesis of N-arylmethyl ethynylaziridines 5. (Scheme 1 and Scheme 3)
General procedure for the synthesis of N-arylmethyl ethynylaziridines 5a, 5b and 5d-5f.

Synthesis of 5a. (Scheme 1)

(3-Chloroprop-1-ynyl)trimethylsilane 1 (3.10 g, 21.1 mmol) was added at —78 °C to a solution of
ZnBr» (7.92 g, 35.2 mmol) in THF (57 mL). To the mixture was added a freshly prepared solution of
lithium diisopropylamide (0.81 m in THF, 43.5 mL, 35.2 mmol) at the same temperature. After stirring
was continued for 30 min, imine 3a (3.54 g, 17.6 mmol) in THF (6 mL) was added to reaction solution
at the same temperature. The mixture was allowed to warm slowly to room temperature, and further
stirring was continued for 30 min at the same temperature. The reaction mixture was quenched with
saturated aqueous NH4ClI, and then the aqueous layer was extracted with Et,O. The combined organic
layers were washed with brine, dried over MgSQO4, and then the solvent was evaporated under reduced
pressure to give 2-[(trimethylsilyl)ethynyl]aziridine as a crude. To a stirred solution of this crude in
MeOH (88 mL) was added K>COs (4.86 g, 35.2 mmol) at room temperature, and stirring was continued
for 30 min at the same temperature. The reaction mixture was diluted with water and extracted with
Et>O. The combined organic layers were washed with brine, dried over MgSOas, and then the solvent
was evaporated under reduced pressure. The residue upon work up was chromatographed on silica gel
with hexane-AcOEt (97:3 v/v) as eluent to give N-arylmethyl ethynylaziridine 5a (3.61 g, 2 steps 86%)

as a colorless oil.
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1-Benzyl-2-cyclohexyl-3-ethynylaziridine (5a)

Yield 86% (2 steps); colorless oil; IR (KBr) 3297, 2925, 2851, 1496, 1450, 1355, 1024, 734, 697 cm™;
IH-NMR (400 MHz, CDCls) § 0.78-1.01 (2H, m), 1.01-1.22 (4H, m), 1.50-1.65 (4H, m), 1.65-1.75
(2H, m), 2.22 (1H, d, J = 2.0 Hz), 2.42 (1H, dd, J = 2.0 and 3.2 Hz), 3.48 (1H, d, J = 13.2 Hz), 3.90
(1H, d, J = 13.2 Hz), 7.21-7.29 (1H, m), 7.33 (2H, t, J = 7.2 Hz), 7.38 (2H, d, J = 7.2 Hz); 3C-NMR
(100 MHz, CDCls) 8 25.6 (CHz2), 25.8 (CH?2), 26.3 (CH2), 29.9 (CH.), 30.5 (CH), 30.7 (CH), 40.8
(CH), 53.4 (CH), 58.7 (CHy), 71.6 (CH), 80.7 (Cq), 127.0 (CH), 128.3 (CH), 128.7 (CH), 139.3 (Cq);

HRMS (ESI) m/z calcd for Ci7H21NNa [M+Na]* 262.1572, found 262.1573.
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1-Benzyl-2-ethynyl-3-isopropylaziridine (5b)

Yield 79% (2 steps); colorless oil; IR (KBr) 3297, 3030, 2959, 1496, 1454, 1356, 1281, 1026, 734,
698 cm™; TH-NMR (400 MHz, CDCI3) § 0.78 (3H, d, J = 6.8 Hz), 0.92 (3H, d, J = 6.8 Hz), 1.25 (1H,
septd, J = 6.8 and 8.0 Hz), 1.54 (1H, dd, J = 3.2 and 8.0 Hz), 2.23 (1H, d, J = 2.0 Hz), 2.41 (1H, dd, J
=2.0and 3.2 Hz), 3.49 (1H, d, J = 13.2 Hz), 3.92 (1H, d, J = 13.2 Hz), 7.21-7.30 (1H, m), 7.33 (2H,
t,J=7.2 Hz), 7.39 (2H, d, J = 7.2 Hz); ¥C-NMR (100 MHz, CDCls) § 19.2 (CH3), 19.8 (CH3), 30.9
(CH), 31.4 (CH), 54.6 (CH), 58.6 (CHz), 71.6 (CH), 80.6 (Cq), 127.0 (CH), 128.2 (CH), 128.7 (CH),

139.2 (Cq); HRMS (ESI) m/z calcd for C14H17NNa [M+Na]* 222.1259, found 222.1261.
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1-Benzyl-2-butyl-3-ethynylaziridine (5d)

Yield 67% (2 steps); colorless oil; IR (KBr) 3300, 3030, 2957, 2930, 2858, 1496, 1454, 1356, 1248,
1028, 732, 697 cm™*; *H-NMR (400 MHz, CDCl3) § 0.83 (3H, t, J = 6.8 Hz), 1.22-1.31 (4H, m),
1.31-1.50 (2H, m), 1.74 (1H, dt, J = 3.2 and 6.4 Hz), 2.23 (1H, d, J = 1.6 Hz), 2.37 (1H, dd, J = 1.6
and 3.2 Hz), 3.55 (1H, d, J = 13.2 Hz), 3.91 (1H, d, J = 13.2 Hz), 7.22-7.29 (1H, m), 7.33 (2H, t, J =
7.2 Hz), 7.39 (2H, d, J = 7.2 Hz); 3C-NMR (100 MHz, CDCls) § 13.9 (CH3), 22.2 (CHz), 29.0 (CH>),
31.7 (CH), 32.2 (CH>), 48.2 (CH), 58.3 (CH>), 71.8 (CH), 80.4 (Cq), 126.9 (CH), 128.3 (CH), 128.4

(CH), 139.2 (Cq); HRMS (ESI) m/z calcd for CisHisNNa [M+Na]* 236.1415, found 236.1412.
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1-Benzyl-2-ethynyl-3-phenethylaziridine (5e)

Yield 66% (2 steps); colorless oil; IR (KBr) 3290, 3028, 2921, 2853, 2116, 1604, 1496, 1454, 1357,
1244, 1075, 1029, 732 cm™%; *H-NMR (400 MHz, CDCls) & 1.61-1.71 (1H, m), 1.75-1.86 (2H, m),
2.24 (1H, d, J = 2.0 Hz), 2.38 (1H, dd, J = 2.0 and 3.2 Hz), 2.51-2.67 (2H, m), 3.52 (1H, d, J = 13.6
Hz), 3.90 (1H, d, J = 13.6 Hz), 7.07-7.12 (2H, m), 7.15-7.21 (1H, m), 7.24-7.30 (3H, m), 7.32—-7.37
(2H, m), 7.37-7.42 (2H, m); ¥C-NMR (100 MHz, CDCls) & 31.7 (CH), 33.1 (CHy), 34.3 (CHy), 47.4
(CH), 58.1 (CHz), 72.0 (CH), 80.2 (Cq), 125.8 (CH), 127.0 (CH), 128.3 (CH), 128.3 (CH), 128.3 (CH),
128.4 (CH), 139.1 (Cq), 141.3 (Cq); HRMS (ESI) m/z calcd for C19H19NNa [M+Na]* 284.1415, found

284.1416.

42



Ph

N
/ “S-"0Bn
= sf

1-Benzyl-2-[3-(benzyloxy)propyl]-3-ethynylaziridine (5f)

Yield 72% (2 steps); colorless oil; IR (KBr) 3289, 3030, 2933, 2855, 1604, 1496, 1454, 1359, 1102,
1028, 733, 697 cm™*; 'H-NMR (400 MHz, CDCls)  1.36-1.48 (1H, m), 1.55-1.64 (3H, m), 1.73-1.80
(1H, m), 2.23 (1H, d, J = 2.0 Hz), 2.38 (1H, dd, J = 2.0 and 3.2 Hz), 3.36-3.45 (2H, m), 3.53 (1H, d,
J=13.6 Hz), 3.90 (1H, d, J = 13.6 Hz), 4.45 (2H, s), 7.23-7.40 (10H, m); 3C-NMR (100 MHz, CDCl5)
8 27.0 (CH2), 29.2 (CH), 31.7 (CH), 47.7 (CH), 58.2 (CH2), 69.5 (CHz), 71.9 (CH), 72.7 (CHz), 80.2
(Cq), 127.0 (CH), 127.4 (CH), 127.5 (CH), 128.3 (CH), 128.4 (CH), 128.4 (CH), 138.4 (Cq), 139.1

(Cq); HRMS (ESI) m/z calcd for C21H2sNONa [M+Na]* 328.1677, found 328.1677.

Procedure for the synthesis of N-arylmethyl ethynylaziridines 5c¢. (Scheme 3)
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1-Benzyl-2-tert-butyl-3-ethynylaziridine (5c)

To a stirred solution of 2-[(trimethylsilyl)ethynyl]aziridine 4c (441 mg, 1.54 mmol) in MeOH (7.7
mL) was added K>COs (427 mg, 3.09 mmol) at room temperature, and stirring was continued for 30
min at the same temperature. The reaction mixture was diluted with water and extracted with Et.0O.
The combined organic layers were washed with brine, dried over MgSQOs, and then the solvent was
evaporated under reduced pressure. The residue upon work up was chromatographed on silica gel with
hexane-AcOEt (97:3 v/v) as eluent to give N-arylmethyl ethynylaziridine 5a (323 mg, 98%) as a
colorless oil; IR (KBr) 3299, 3031, 2956, 1496, 1455, 1411, 1362, 1227, 1025, 845, 734, 698 cm™*;
IH-NMR (400 MHz, CDCls) 8 0.76 (9H, s), 1.59 (1H, d, J = 3.2 Hz), 2.19 (1H, d, J = 2.0 Hz), 2.47
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(1H, dd, J = 2.0 and 3.2 Hz), 3.47 (1H, d, J = 13.2 Hz), 3.95 (1H, d, J = 13.2 Hz), 7.24-7.28 (1H, m),
7.32 (2H, t, J = 7.2 Hz), 7.40 (2H, d, J = 7.2 Hz); 3C-NMR (100 MHz, CDCls) 5 26.5 (CH3), 28.1
(CH), 30.5 (Cq), 57.5 (CH), 58.8 (CH), 71.3 (CH), 80.9 (Cq), 127.0 (CH), 128.2 (CH), 128.8 (CH),

139.5 (Cq); HRMS (ESI) m/z calcd for C1sH20N [M+H]* 214.1596, found 214.1599.

Procedure for the synthesis of ethynylaziridines 8. (Scheme 3)
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2-Cyclohexyl-3-ethynylaziridine (8)

(3-Chloroprop-1-ynyhtrimethylsilane 1 (1.80 g, 12.3 mmol) was added at —78 °C to a solution of
ZnBr» (4.61 g, 20.5 mmol) in THF (35 mL). To the mixture was added a freshly prepared solution of
lithium diisopropylamide (0.99 m in THF, 20.8 mL, 20.5 mmol) at the same temperature. After stirring
was continued for 30 min, imine 7 (1.88 g, 10.2 mmol) in THF (6 mL) was added to reaction solution
at the same temperature. The mixture was allowed to warm slowly to room temperature, and further
stirring was continued for 30 min at the same temperature. The reaction mixture was quenched with
saturated aqueous NH4ClI, and then the aqueous layer was extracted with Et2O. The combined organic
layers were washed with brine, dried over MgSQO4, and then the solvent was evaporated under reduced
pressure. This crude product was distilled under reduced pressure to give ethynylaziridine 8 (992 mg,
2 steps 65%); colorless oil; bp 55.0 °C/0.2 mmHg; IR (KBr) 3305, 2925, 2851, 1449, 1195, 921, 846,
798, 651 cm™; IH-NMR (400 MHz, CDCls) § 0.55 (1H, brs), 0.81-0.92 (1H, m), 1.04-1.29 (5H, m),
1.61-1.69 (1H, m), 1.69—1.80 (3H, m), 1.80-1.89 (1H, m), 2.01-2.16 (3H, m); *C-NMR (100 MHz,
CDCl3) §23.0 (CH), 25.5 (CHz), 25.6 (CH2), 26.1 (CHy), 30.1 (CHz), 30.4 (CH>), 41.3 (CH), 45.0
(CH), 67.6 (CH), 84.1 (Cqg); HRMS (ESI) m/z calcd for CioHisNNa [M+Na]* 172.1102, found

172.1107.
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General procedure for the synthesis of N-arylmethyl ethynylaziridines 5g-5m.
Synthesis of 5g. (Scheme 3)

To a stirred solution of ethynylaziridine 8 (169 mg, 1.13 mmol) in DMF (1.1 mL) was added K.CO3
(312 mg, 2.26 mmol) and arylmethyl bromide 9g (339 mg, 1.36 mmol) at room temperature, and
stirring was continued for 2 h at the same temperature. The reaction mixture was diluted with water
and extracted with Et2O. The combined organic layers were washed with brine, dried over MgSOsa,
and then the solvent was evaporated under reduced pressure. The residue upon work up was
chromatographed on silica gel with hexane-AcOEt (97:3 v/v) as eluent to give N-arylmethyl

ethynylaziridine 5g (277 mg, 77%) as colorless plates.
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1-(2-Bromobenzyl)-2-cyclohexyl-3-ethynylaziridine (5g)
Yield 77%; colorless plates; mp 66.2—67.4 °C (recrystallized from EtOAc/hexane); IR (KBr) 3190,
2925, 2841, 1569, 1439, 1267, 1236, 1119, 1023, 824, 798, 745 cm™*; 'H-NMR (400 MHz, CDCl3) §
0.92-1.24 (6H, m), 1.58-1.76 (6H, m), 2.18 (1H, d, J = 2.0 Hz), 2.47 (1H, dd, J = 2.0 and 3.2 Hz),
3.82 (2H, s), 7.13 (1H, dt, J = 1.2 and 8.0 Hz), 7.31 (1H, dt, J = 1.2 and 8.0 Hz), 7.54 (1H, dd, J = 1.2
and 8.0 Hz), 7.60 (1H, dd, J = 1.2 and 8.0 Hz); 3C-NMR (100 MHz, CDCls) & 25.7 (CHy), 25.8 (CH>),
26.3 (CH2), 29.9 (CHy), 30.5 (CHy), 30.7 (CH), 40.8 (CH), 53.3 (CH), 57.8 (CH.), 71.7 (CH), 80.3
(Cq), 123.6 (Cq), 127.3 (CH), 128.3 (CH), 130.2 (CH), 132.4 (CH), 138.9 (Cq); HRMS (ESI) m/z

calcd for C17H20BrNNa [M+Na]* 340.0677, found 340.0674.
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1-(4-Bromobenzyl)-2-cyclohexyl-3-ethynylaziridine (5h)
Yield 78%; colorless oil; IR (KBr) 3170, 2926, 2850, 1487, 1449, 1239, 1067, 1011, 857, 821, 782
cm™L; IH-NMR (400 MHz, CDCl3) & 0.82-1.00 (2H, m), 1.00-1.23 (4H, m), 1.52-1.66 (4H, m),
1.66-1.76 (2H, m), 2.21 (1H, d, J = 2.0 Hz), 2.41 (1H, dd, J = 2.0 and 3.2 Hz), 3.47 (1H, d, J = 13.2
Hz), 3.81 (1H, d, J = 13.2 Hz), 7.26 (2H, d, J = 8.4 Hz), 7.45 (2H, d, J = 8.4 Hz); *C-NMR (100 MHz,
CDCl3) & 25.6 (CHy), 25.7 (CH2), 26.2 (CHz), 29.9 (CH>), 30.5 (CHy), 30.6 (CH), 40.7 (CH), 53.4
(CH), 58.0 (CH2), 71.8 (CH), 80.4 (Cq), 120.9 (Cq), 130.3 (CH), 131.3 (CH), 138.2 (Cq); HRMS (ESI)

m/z calcd for C17H20BrNNa [M+Na]* 340.0677, found 340.0675.
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1-(4-Chlorobenzyl)-2-cyclohexyl-3-ethynylaziridine (5i)

Yield 80%; colorless oil; IR (KBr) 3300, 3182, 2925, 2850, 1491, 1448, 1238, 1091, 1015, 856, 808
cm®; 'H-NMR (400 MHz, CDCl3) § 0.82-0.98 (2H, m), 0.98-1.22 (4H, m), 1.52-1.66 (4H, m),
1.66-1.74 (2H, m), 2.21 (1H, d, J = 2.0 Hz), 2.41 (1H, dd, J = 2.0 and 3.2 Hz), 3.48 (1H, d, J = 13.2
Hz), 3.83 (1H, d, J = 13.2 Hz), 7.28-7.34 (4H, m); 3C-NMR (100 MHz, CDCl3) & 25.6 (CH2), 25.7
(CH2), 26.2 (CHy), 29.9 (CH2), 30.5 (CH2), 30.6 (CH), 40.7 (CH), 53.4 (CH), 58.0 (CH>), 71.7 (CH),
80.4 (Cq), 128.4 (CH), 130.0 (CH), 132.7 (Cq), 137.7 (Cq); HRMS (ESI) m/z calcd for C17H20CINNa

[M+Na]* 296.1182, found 296.1181.
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2-Cyclohexyl-3-ethynyl-1-(4-fluorobenzyl)aziridine (5j)
Yield 80%; colorless oil; IR (KBr) 3177, 2928, 2851, 1601, 1510, 1450, 1339, 1220, 1119, 1025, 862,
822, 791, 725 cm™%; *H-NMR (400 MHz, CDCl3) § 0.79-0.97 (2H, m), 0.97-1.23 (4H, m), 1.49-1.66
(4H, m), 1.66-1.74 (2H, m), 2.23 (1H, d, J = 2.0 Hz), 2.40 (1H, dd, J = 2.0 and 3.2 Hz), 3.46 (1H, d,
J=13.2 Hz), 3.85 (1H, d, J = 13.2 Hz), 7.02 (2H, t, J = 8.4 Hz), 7.33-7.36 (2H, m); 3C-NMR (100
MHz, CDCls) & 25.5 (CH>), 25.7 (CH2), 26.2 (CH2), 29.9 (CH>), 30.5 (CH>), 30.7 (CH), 40.8 (CH),
53.3 (CH), 57.9 (CHy), 71.7 (CH), 80.5 (Cq), 115.1 (CH, d, J = 20.6 Hz), 130.2 (CH, d, J = 8.3 Hz),
135.0 (Cq, d, J = 3.3 Hz), 162.0 (Cq, d, J = 234.7 Hz); HRMS (ESI) m/z calcd for Ci7H20FNNa

[M+Na]* 280.1479, found 280.1479.
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2-Cyclohexyl-3-ethynyl-1-(4-methoxybenzyl)aziridine (5k)
Yield 70%; colorless oil; IR (KBr) 3274, 2925, 2850, 1614, 1514, 1449, 1245, 1178, 1038, 820, 759
cmL; IH-NMR (400 MHz, CDCl3) & 0.77-0.96 (2H, m), 0.96-1.23 (4H, m), 1.48-1.64 (4H, m),
1.64-1.74 (2H, m), 2.22 (1H, d, J = 2.0 Hz), 2.39 (1H, dd, J = 2.0 and 3.2 Hz), 3.40 (1H, d, J = 13.2
Hz), 3.81 (3H, s), 3.84 (1H, d, J = 13.2 Hz), 6.87 (2H, d, J = 8.8 Hz), 7.30 (2H, d, J = 8.8 Hz); 2*C-
NMR (100 MHz, CDCls) & 25.6 (CH2), 25.7 (CHy), 26.2 (CH2), 29.9 (CHz2), 30.5 (CH), 30.7 (CH),
40.8 (CH), 53.3 (CH), 55.2 (CHBa), 58.1 (CH?2), 71.6 (CH), 80.8 (Cq), 113.7 (CH), 129.9 (CH), 131.4

(Cq), 158.7 (Cq); HRMS (ESI) m/z calcd for C1sH23NONa [M+Na]* 292.1677, found 292.1678.
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2-Cyclohexyl-3-ethynyl-1-(naphthalen-2-ylmethyl)aziridine (5I)
Yield 81%; colorless needles; mp 61.8—-63.8 °C (recrystallized from EtOAc/hexane); IR (KBr) 3293,
2924, 2850, 1508, 1448, 1268, 1124, 856, 815, 746, 610 cm*; 'H-NMR (400 MHz, CDCls) &
0.80-1.01 (2H, m), 1.01-1.22 (4H, m), 1.50-1.61 (3H, m), 1.63 (1H, dd, J = 3.2 and 7.6 Hz), 1.65-1.75
(2H, m), 2.23 (1H, d, J = 2.0 Hz), 2.47 (1H, dd, J = 2.0 and 3.2 Hz), 3.66 (1H, d, J = 13.2 Hz), 4.05
(1H, d, J = 13.2 Hz), 7.42-7.50 (2H, m), 7.53 (1H, d, J = 9.2 Hz), 7.79-7.87 (4H, m); 1*C-NMR (100
MHz, CDCls) & 25.5 (CHa), 25.6 (CH2), 26.1 (CH2), 29.8 (CHy), 30.4 (CH>), 30.6 (CH), 40.7 (CH),
53.4 (CH), 58.8 (CHy), 71.7 (CH), 80.6 (Cq), 125.4 (CH), 125.7 (CH), 127.0 (CH), 127.5 (CH), 127.7
(CH), 127.8 (CH), 132.6 (Cq), 133.4 (Cq), 136.7 (Cq); HRMS (ESI) m/z calcd for Cai1H2sNNa

[M+Na]* 312.1728, found 312.1729.
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2-Cyclohexyl-3-ethynyl-1-(thiophen-2-ylmethyl)aziridine (5m)

Yield 63%; colorless oil; IR (KBr) 3296, 2924, 2850, 1448, 1331, 1267, 1236, 1021, 852, 697 cm™;
'H-NMR (400 MHz, CDCls) § 0.82-1.25 (6H, m), 1.52—1.66 (4H, m), 1.66—1.75 (2H, m), 2.23 (1H,
d, J = 2.0 Hz), 2.42 (1H, dd, J = 2.0 and 3.2 Hz), 3.69 (1H, d, J = 13.2 Hz), 4.04 (1H, d, J = 13.2 Hz),
6.94-6.99 (2H, m), 7.23 (1H, dd, J = 1.2 and 4.8 Hz); 3C-NMR (100 MHz, CDCls) & 25.6 (CHz), 25.7
(CHy), 26.2 (CH.), 29.8 (CH.), 30.4 (CH,), 30.7 (CH), 40.6 (CH), 53.2 (CH.), 53.6 (CH), 71.8 (CH),
80.3 (Cq), 124.7 (CH), 125.6 (CH), 126.5 (CH), 141.8 (Cq); HRMS (ESI) m/z calcd for CisHaoNS

[M+H]* 246.1316, found 246.1316.
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Conversion of 5 to allenylimines 6. (Scheme 2, Table 1 and Table 2)
General procedure for the synthesis of allenylimines 6a-m.
Synthesis of 6a. (Scheme 2)

To a stirred solution of 3-aziridinylpropiolate ester 5a (59.8 mg, 0.25 mmol) in DMSO (1.3 mL) was
heated at 120 °C, and stirring was continued for 7 h at the same temperature. The reaction mixture was
then cooled to room temperature and the solvent was evaporated under reduced pressure to give

allenylimine 6a (59.8 mg, quant) as a pale yellow oil.

(E)-N-(1-Cyclohexylbuta-2,3-dien-1-yl)-1-phenylmethanimine (6a)

Quantitative yield; pale yellow oil; IR (KBr) 2924, 2851, 1955, 1644, 1580, 1449, 1309, 1026, 842,
755, 693 cm L 'H-NMR (400 MHz, CDCls) § 0.87-1.07 (2H, m), 1.08-1.34 (3H, m), 1.59-1.80 (5H,
m), 1.84-1.94 (1H, m), 3.53 (1H, t, J = 7.6 Hz), 4.73 (2H, d, J = 6.4 Hz), 5.34 (1H, dt, J = 6.4 and 7.6
Hz), 7.37-7.43 (3H, m), 7.71-7.77 (2H, m), 8.24 (1H, s); 3C-NMR (100 MHz, CDCls) § 26.1 (CH>),
26.2 (CH2), 26.5 (CHz), 29.8 (CH2), 29.8 (CHy), 43.2 (CH), 75.4 (CH>), 76.2 (CH), 92.1 (CH), 128.2
(CH), 128.4 (CH), 130.5 (CH), 136.3 (Cq), 160.1 (CH), 208.3 (Cq); HRMS (ESI) m/z calcd for

Ci7H21NNa [M+Na]* 262.1572, found 262.1577.
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6b
(E)-N-(2-Methylhexa-4,5-dien-3-yl)-1-phenylmethanimine (6b)
Quantitative yield; pale yellow oil; IR (KBr) 2957, 2870, 1956, 1644, 1580, 1451, 1384, 1311, 1218,
1170, 1036, 843, 754, 693 cm™!; 'H-NMR (400 MHz, CDCls) § 0.92 (3H, d, J = 6.8 Hz), 1.00 (3H, d,
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J = 6.8 Hz), 1.97 (1H, sextd, J = 6.8 and 7.6 Hz), 3.52 (1H, t, J = 7.6 Hz), 4.74 (2H, d, J = 6.4 Hz),
5.34 (1H, dt, J = 6.4 and 7.6 Hz), 7.38-7.45 (3H, m), 7.72-7.79 (2H, m), 8.27 (1H, s); 3C-NMR (100
MHz, CDCls) & 19.2 (CHs), 19.3 (CHs), 33.9 (CH), 75.4 (CH), 76.8 (CH), 92.0 (CH), 128.2 (CH),
1285 (CH), 130.5 (CH), 136.3 (Cq), 160.1 (CH), 208.4 (Cq); HRMS (ESI) m/z calcd for C14H17NNa

[M+Na]* 222.1259, found 222.1264.

(E)-N-(2,2-Dimethylhexa-4,5-dien-3-yl)-1-phenylmethanimine (6c¢)

Quantitative yield; pale yellow oil; IR (KBr) 2953, 2867, 1955, 1645, 1451, 1362, 1054, 843, 752, 692
cmL; IH-NMR (400 MHz, CDCls) § 0.97 (9H, d, J = 6.8 Hz), 3.47 (1H, d, J = 8.4 Hz), 4.71 (2H, d, J
= 6.4 Hz), 5.37 (1H, dt, J = 6.4 and 8.4 Hz), 7.38-7.43 (3H, m), 7.73-7.79 (2H, m), 8.26 (1H, s); 1°C-
NMR (100 MHz, CDCls) & 26.6 (CH3), 35.5 (Cq), 74.9 (CHz), 80.0 (CH), 90.5 (CH), 128.2 (CH),
128.5 (CH), 130.4 (CH), 136.5 (Cq), 160.0 (CH), 208.6 (Cq); HRMS (ESI) m/z calcd for C1sH19NNa

[M+Na]* 236.1415, found 236.1414.

Ph

G,
X
v\nBu

6d
(E)-N-(Octa-1,2-dien-4-yl)-1-phenylmethanimine (6d)
Quantitative yield; pale yellow oil; IR (KBr) 2957, 2931, 2858, 1956, 1643, 1580, 1451, 1379, 845,
755, 693 cm™L; H-NMR (400 MHz, CDCl3) 6 0.89 (3H, t, J = 6.8 Hz), 1.22—1.40 (4H, m), 1.74 (2H,
g, J = 7.2 Hz), 3.82 (1H, dd, J = 7.2 and 7.6 Hz), 4.78 (2H, d, J = 7.6 Hz), 5.31 (1H, g, J = 7.6 Hz),
7.38-7.45 (3H, m), 7.73-7.78 (2H, m), 8.29 (1H, s); 3C-NMR (100 MHz, CDCls) & 14.0 (CHa3), 22.5
(CH>), 28.5 (CH>), 36.2 (CH2), 70.1 (CH), 76.1 (CHz), 93.6 (CH), 128.2 (CH), 128.5 (CH), 130.6 (CH),
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136.2 (Cq), 160.1 (CH), 208.0 (Cq); HRMS (ESI) m/z calcd for C1sH1gNNa [M+Na]* 236.1415, found

236.1411.

(E)-1-Phenyl-N-(1-phenylhexa-4,5-dien-3-yl)methanimine (6e)

Quantitative yield; pale yellow oil; IR (ATR) 3026, 2920, 2854, 1955, 1642, 1496, 1451, 1309, 1041,
909, 846, 752, 693 cm™%; 'H-NMR (500 MHz, CDCls) § 2.04-2.14 (2H, m), 2.59-2.75 (2H, m),
3.84-3.90 (1H, m), 4.80 (2H, dd, J = 2.0 and 6.5 Hz), 5.33 (1H, g, J = 6.5 Hz), 7.15-7.21 (3H, m),
7.25-7.30 (2H, m), 7.48-7.56 (3H, m), 7.74-7.80 (2H, m), 8.28 (1H, s); 3C-NMR (125 MHz, CDCls)
§ 32.5 (CHy), 37.8 (CH2), 69.0 (CH), 76.4 (CH2), 93.3 (CH), 125.7 (CH), 128.2 (CH), 128.3 (CH),
128.5 (CH), 128.6 (CH), 130.7 (CH), 136.1 (Cq), 141.8 (Cq), 160.8 (CH), 208.0 (Cq); HRMS (ESI)

m/z calcd for C19H20N [M+H]* 262.1596, found 262.1595.

1Y)
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6f
(E)-N-[7-(Benzyloxy)hepta-1,2-dien-4-yl]-1-phenylmethanimine (6f)

Quantitative yield; pale yellow oil; IR (ATR) 2927, 2853, 1955, 1640, 1452, 1361, 1098, 847, 734,
693 cmL; 'H-NMR (500 MHz, CDCls) & 1.62—1.70 (2H, m), 1.76-1.90 (2H, m), 3.50 (1H, t, J = 7.0
Hz), 3.81-3.88 (1H, m), 4.49 (2H, s), 4.74-4.81 (2H, m), 5.31 (1H, g, J = 7.0 Hz), 7.24-7.38 (5H, m),
7.38-7.44 (3H, m), 7.71-7.76 (2H, m), 8.23 (1H, s); 3C-NMR (125 MHz, CDCls) & 26.6 (CHz), 33.0
(CH>), 69.8 (CH>), 70.1 (CH), 72.9 (CHy), 76.3 (CHa), 93.4 (CH), 127.5 (CH), 127.6 (CH), 128.2 (CH),
128.3 (CH), 128.5 (CH), 130.6 (CH), 136.1 (Cq), 138.5 (Cq), 160.5 (CH), 207.9 (Cq); HRMS (ESI)

m/z calcd for C21H24NO [M+H]" 306.1858, found 306.1855.
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(E)-1-(2-Bromophenyl)-N-(1-cyclohexylbuta-2,3-dien-1-yl)methanimine (69)

Quantitative yield; pale yellow oil; IR (ATR) 2924, 2850, 1956, 1632, 1448, 1268, 1022, 908, 843,
753, 732 cm™; 'H-NMR (500 MHz, CDCl3) 6 0.91-1.07 (2H, m), 1.10-1.33 (3H, m), 1.61-1.81 (5H,
m), 1.86-1.94 (1H, m), 3.61 (1H, t, J = 7.0 Hz), 4.76 (2H, d, J = 7.0 Hz), 5.33 (1H, q, J = 7.0 Hz), 7.25
(H, dt, J=2.0and 7.5 Hz), 7.33 (1H, t, J = 7.5 Hz), 7.56 (1H, d, J = 7.5 Hz), 8.02 (H, dt, J = 2.0 and
7.5 Hz), 8.58 (1H, s); *C-NMR (100 MHz, CDCl3) § 26.1 (CH2), 26.2 (CHz), 26.5 (CH2), 29.8 (CH>),
29.8 (CHy), 43.3 (CH), 75.5 (CH>), 76.1 (CH), 91.9 (CH), 124.9 (Cq), 129.6 (CH), 131.7 (CH), 135.2
(Cq), 158.8 (CH), 208.4 (Cq); *C-NMR (125 MHz, CDClIs) § 26.0 (CH2), 26.2 (CH2), 26.5 (CH>),
29.8 (CH2), 29.8 (CH>), 43.1 (CH), 75.6 (CH2), 76.0 (CH), 91.9 (CH), 124.9 (Cq), 127.5 (CH), 129.0
(CH), 131.6 (CH), 132.9 (CH), 134.7 (Cq), 159.3 (CH), 208.4 (Cq); HRMS (ESI) m/z calcd for

Ci17H2:NBr [M+H]" 318.0857, found 318.0852.
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(E)-1-(4-Bromophenyl)-N-(1-cyclohexylbuta-2,3-dien-1-yl)methanimine (6h)
Quantitative yield; pale yellow amorphous; IR (KBr) 2922, 2850, 1953, 1639, 1588, 1567, 1486, 1376,
1068, 1010, 847, 822 cm%; *H-NMR (400 MHz, CDCls) & 0.80-1.05 (2H, m), 1.05-1.35 (3H, m),
1.57-1.80 (5H, m), 1.84-1.95 (1H, m), 3.52 (1H,t,J =7.6 Hz), 4.73 (2H, d, J = 6.4 Hz), 5.32 (1H, dt,

J=6.4and 7.6 Hz), 7.53 (2H, d, J = 8.4 Hz), 7.62 (2H, d, J = 8.4 Hz), 8.18 (1H, s); 3C-NMR (100
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MHz, CDCls) § 26.1 (CHz2), 26.2 (CH2), 26.5 (CH2), 29.8 (CH2), 29.8 (CH2), 43.3 (CH), 75.5 (CH>),
76.1 (CH), 91.9 (CH), 124.9 (Cq), 129.6 (CH), 131.7 (CH), 135.2 (Cq), 158.8 (CH), 208.4 (Cq);

HRMS (ESI) m/z calcd for C17H20BrNNa [M+Na]* 340.0677, found 340.0680.
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(E)-1-(4-Chlorophenyl)-N-(1-cyclohexylbuta-2,3-dien-1-yl)methanimine (6i)

Quantitative yield; pale yellow oil; IR (ATR) 2923, 2850, 1956, 1641, 1595, 1490, 1449, 1087, 1013,
822, 756, 733 cm1; IH-NMR (500 MHz, CDCl3) § 0.87-1.04 (2H, m), 1.08-1.32 (3H, m), 1.59-1.80
(5H, m), 1.85-1.92 (1H, m), 3.52 (1H, t, J = 8.0 Hz), 4.74 (2H, d, J = 6.5 Hz), 5.32 (1H, dt, J = 6.5
and 8.0 Hz), 7.37 (2H, d, J = 6.5 Hz), 7.68 (2H, d, J = 6.5 Hz), 8.20 (1H, s); *C-NMR (125 MHz,
CDCl3) § 26.0 (CHy), 26.2 (CH2), 26.5 (CH>), 29.8 (CHy), 29.8 (CHy), 43.2 (CH), 75.5 (CH>), 76.2
(CH), 91.9 (CH), 128.8 (CH), 129.4 (CH), 134.7 (Cq), 136.4 (Cq), 158.8 (CH), 208.3 (Cq); HRMS

(ESI) m/z calcd for C17H21NCI [M+H]* 274.1363, found 274.1363.
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(E)-N-(1-Cyclohexylbuta-2,3-dien-1-yl)-1-(4-fluorophenyl)methanimine (6j)
Quantitative yield; pale yellow oil; IR (ATR) 2923, 2850, 1956, 1642, 1602, 1508, 1449, 1228, 1151,
1014, 833, 733 cm L; *H-NMR (500 MHz, CDCls) § 0.87—1.04 (2H, m), 1.08-1.33 (3H, m), 1.58-1.80
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(5H, m), 1.85-1.93 (1H, m), 3.51 (1H, t, J = 8.0 Hz), 4.73 (2H, d, J = 6.5 Hz), 5.32 (1H, dt, J = 6.5
and 8.0 Hz), 7.06-7.11 (2H, m), 7.72-7.77 (2H, m), 8.20 (1H, s); *C-NMR (125 MHz, CDCl5) & 26.1
(CH>), 26.2 (CH2), 26.5 (CH?2), 29.8 (CH>), 29.9 (CH2), 43.2 (CH), 75.5 (CH>), 76.2 (CH), 92.0 (CH),
115.6 (CH, d, J = 21.8 Hz), 130.1 (CH, d, J = 8.5 Hz), 132.5 (Cq, d, J = 2.8 Hz), 158.6 (CH), 164.2
(Cq, d, J = 249.5 Hz), 208.3 (Cq); HRMS (ESI) m/z calcd for Ci7H2:NF [M+H]* 258.1658, found

258.1657.
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(E)-N-(1-Cyclohexylbuta-2,3-dien-1-yl)-1-(4-methoxyphenyl)methanimine (6k)

Quantitative yield; pale yellow amorphous; IR (KBr) 2919, 2840, 1955, 1641, 1607, 1577, 1513, 1449,
1299, 1256, 1164, 1026, 831 cm™*; 'H-NMR (400 MHz, CDCls) § 0.81-1.06 (2H, m), 1.07-1.33 (3H,
m), 1.57-1.79 (5H, m), 1.85-1.94 (1H, m), 3.48 (1H, t, J = 7.6 Hz), 3.84 (3H, s), 4.72 (2H, d, J = 6.4
Hz), 5.33 (1H, dt, J = 6.4 and 7.6 Hz), 6.92 (2H, d, J = 8.4 Hz), 7.69 (2H, d, J = 8.4 Hz), 8.17 (1H, 5);
13C-NMR (100 MHz, CDCls) § 26.1 (CH2), 26.2 (CH?2), 26.5 (CHz), 29.9 (CH2), 29.9 (CH2), 43.3 (CH),
55.3 (CH3), 75.3 (CH2), 76.2 (CH), 92.3 (CH), 113.9 (CH), 129.3 (Cq), 129.8 (CH), 159.4 (CH), 161.5

(Cq), 208.3 (Cq); HRMS (ESI) m/z calcd for C1gH24NO [M+H]" 270.1858, found 270.1858.
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(E)-N-(1-Cyclohexylbuta-2,3-dien-1-yl)-1-(naphthalen-2-yl)methanimine (6l)
Quantitative yield; pale yellow amorphous; IR (KBr) 2925, 2851, 1961, 1720, 1637, 1438, 1216, 1161,
1033, 860, 822, 747 cm™*; *H-NMR (400 MHz, CDCls) & 0.91-1.09 (2H, m), 1.09-1.35 (3H, m),
1.62-1.81 (5H, m), 1.88-1.97 (1H, m), 3.59 (1H, t, J = 7.6 Hz), 4.75 (2H, d, J = 6.4 Hz), 5.38 (1H, dt,
J=6.4and 7.6 Hz), 7.47-7.54 (3H, m), 7.82—7.91 (3H, m), 8.01 (1H, d, J = 8.8 Hz), 8.05 (1H, s), 8.40
(1H, s); $3C-NMR (100 MHz, CDCls) § 26.4 (CHy), 26.6 (CHz2), 26.9 (CH2), 30.2 (CH2), 30.3 (CH2),
43.6 (CH), 75.8 (CHz), 76.7 (CH), 92.5 (CH), 124.5 (CH), 126.7 (CH), 127.3 (CH), 128.2 (CH), 128.6
(CH), 128.9 (CH), 130.1 (CH), 133.4 (Cq), 134.3 (Cq), 135.0 (Cq), 160.5 (CH), 208.7 (Cq); HRMS

(ESI) m/z calcd for C2:H23NNa [M+Na]* 312.1728, found 312.1728.
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6m
(E)-N-(1-Cyclohexylbuta-2,3-dien-1-yl)-1-(thiophen-2-yl)methanimine (6m)
Quantitative yield; pale yellow oil; IR (KBr) 2925, 2851, 1955, 1631, 1541, 1448, 1385, 1216, 843,
709 cm%; 'H-NMR (400 MHz, CDCls) & 0.84-1.04 (2H, m), 1.06-1.33 (3H, m), 1.58—1.80 (5H, m),
1.83-1.92 (1H, m), 3.48 (1H, t, J = 7.6 Hz), 4.73 (2H, d, J = 6.4 Hz), 5.31 (1H, dt, = 6.4 and 7.6 Hz),
7.06 (1H, dd, J = 3.6 and 5.2 Hz), 7.30 (1H, d, J = 3.6 Hz), 7.39 (1H, d, J = 5.2 Hz), 8.33 (1H, s); 13C-
NMR (100 MHz, CDCls) & 26.0 (CH2), 26.2 (CH>), 26.5 (CHz), 29.8 (CH>), 29.9 (CH_), 43.1 (CH),

75.4 (CH2), 76.0 (CH), 92.0 (CH), 127.3 (CH), 128.7 (CH), 130.3 (CH), 142.6 (Cq), 153.2 (CH), 208.4
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(Cq); HRMS (ESI) m/z calcd for C1sH20NS [M+H]* 246.1316, found 246.1313.
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Experiments in Chapter 1-2

Synthesis of 3-aziridinylpropiolate esters 10. (Scheme 7)
General procedure for the synthesis of 3-aziridinylpropiolate esters 10a, 10b and 10d-10f.

Synthesis of 10a.

To a stirred solution of N-arylmethyl ethynylaziridine 5a (500 mg, 2.09 mmol) in THF (10 mL) was
added nBuLi (2.6 M in hexane, 0.96 mL, 2.51 mmol) at —78 °C. After stirring was continued for 30
min at same temperature, methyl chloro carbonate (0.24 mL, 3.12 mmol) was added to reaction
solution, and the reaction mixture was allowed to warm slowly to room temperature. After further
stirring was continued for 30 min at the same temperature, the reaction mixture was diluted with
saturated aqueous NH4Cl and extracted with Et,O. The combined organic layers were washed with
brine, dried over MgSQg, and then the solvent was evaporated under reduced pressure. The residue
upon work up was chromatographed on silica gel with hexane-AcOEt (98:2 v/v) as eluent to give 3-

aziridinylpropiolate ester 10a (310 mg, 50%) as a colorless oil.

Ph

r
N ‘\\Cy
/

MeO,C
10a

Methyl 3-(1-benzyl-3-cyclohexylaziridin-2-yl)propiolate (10a)

Yield 50%; colorless oil; IR (KBr) 2927, 2851, 2225, 1714, 1496, 1435, 1260, 1119, 1066, 829, 735,
698 cm™1; tH-NMR (400 MHz, CDCls3) & 0.81-0.92 (1H, m), 0.92-1.07 (2H, m), 1.07-1.20 (3H, m),
1.49-1.73 (5H, m), 1.74 (1H, dd, J = 3.2 and 7.2 Hz), 2.48 (1H, d, J = 3.2 Hz), 3.49 (1H, d, J = 13.2
Hz), 3.79 (3H, s), 3.90 (1H, d, J = 13.2 Hz), 7.25-7.30 (1H, m), 7.33 (2H, t, J = 7.6 Hz), 7.37 (2H, d,
J=7.6 Hz); 3C-NMR (100 MHz, CDCl3) § 25.5 (CH2), 25.6 (CH2), 26.1 (CHz), 29.8 (CH), 29.9 (CHy>),
30.4 (CHy), 40.8 (CH), 52.7 (CHs), 54.6 (CH), 59.3 (CH2), 75.4 (Cq), 86.1 (Cq), 127.3 (CH), 128.3
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(CH), 128.8 (CH), 138.4 (Cq), 153.7 (Cq); HRMS (ESI) m/z calcd for C1oH2aNO, [M+H]* 298.1807,

found 298.1804.
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MeO,C
10b

Methyl 3-(1-benzyl-3-isopropylaziridin-2-yl)propiolate (10b)

Yield 59%; colorless oil; IR (KBr) 3294, 2959, 2225, 1714, 1496, 1435, 1266, 1119, 1065, 829, 735,
698 cm™; TH-NMR (400 MHz, CDCl3)  0.79 (3H, d, J = 6.8 Hz), 0.91 (3H, d, J = 6.8 Hz), 1.30 (1H,
septd, J = 6.8 and 8.0 Hz), 1.72 (1H, dd, J = 3.2 and 8.0 Hz), 2.48 (1H, d, J = 3.2 Hz), 3.50 (1H, d, J
=13.2 Hz), 3.79 (3H, s), 3.92 (1H, d, J = 13.2 Hz), 7.24-7.29 (1H, m), 7.34 (2H, t, J = 7.6 Hz), 7.39
(2H, d, J = 7.6 Hz); ®.C-NMR (100 MHz, CDCl3) & 19.1 (CHs), 19.8 (CHs), 30.0 (CH), 31.4 (CH),
52.6 (CH3), 55.9 (CH), 59.2 (CH?>), 75.4 (Cq), 86.0 (Cq), 127.3 (CH), 128.3 (CH), 128.8 (CH), 138.5

(Cq), 153.7 (Cq); HRMS (ESI) m/z calcd for C16H20NO> [M+H]* 258.1494, found 258.1494.
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Methyl 3-(1-benzyl-3-tert-butylaziridin-2-yl)propiolate (10c)

Yield 70%; colorless oil; IR (KBr) 2955, 2227, 1716, 1435, 1363, 1267, 1125, 1088, 736, 698 cm™*;
IH-NMR (400 MHz, CDCl3) § 0.79 (9H, s), 1.76 (1H, d, J = 3.2 Hz), 2.54 (1H, d, J = 3.2 Hz), 3.49
(1H, d, J = 13.2 Hz), 3.79 (3H, ), 3.95 (1H, d, J = 13.2 Hz), 7.24-7.29 (1H, m), 7.33 (2H,t, J = 7.6
Hz), 7.39 (2H, d, J = 7.6 Hz); 3C-NMR (100 MHz, CDCls) § 26.4 (CHs), 27.4 (CH), 30.8 (Cq), 52.6
(CHs), 58.8 (CH), 59.3 (CH2), 75.2 (Cq), 86.5 (Cq), 127.2 (CH), 128.2 (CH), 128.8 (CH), 138.7 (Cq),

153.7 (Cq); HRMS (ESI) m/z calcd for C17H21NO2Na [M+Na]* 294.1470, found 294.1470.
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MeO,C
10d

Methyl 3-(1-benzyl-3-butylaziridin-2-yl)propiolate (10d)

Yield 42%,; colorless oil; IR (KBr) 2956, 2931, 2858, 2227, 1715, 1496, 1455, 1435, 1267, 1113, 1061,
734, 698 cm™t; 'H-NMR (400 MHz, CDCls) § 0.38 (3H, t, J = 8.0 Hz), 1.20-1.31 (4H, m), 1.37-1.50
(2H, m), 1.92 (1H, dt, J = 3.2 and 8.0 Hz), 2.44 (1H, d, J = 3.2 Hz), 3.57 (1H, d, J = 13.2 Hz), 3.79
(3H, s), 3.90 (1H, d, J = 13.2 Hz), 7.25-7.30 (1H, m), 7.33 (2H, t, J = 7.6 Hz), 7.39 (2H, d, J = 7.6
Hz); 3C-NMR (100 MHz, CDCls) § 13.8 (CHs3), 22.2 (CH>), 28.9 (CH,), 30.9 (CH), 32.2 (CH,), 49.5
(CH), 52.6 (CH3), 58.9 (CHs), 75.5 (Cq), 85.8 (Cq), 127.2 (CH), 128.3 (CH), 128.5 (CH), 138.5 (Cq),

153.6 (Cq); HRMS (ESI) m/z calcd for C17H21NO2Na [M+Na]* 294.1470, found 294.1471.

Ph

r

N~ _Ph
/

MeOC™
Methyl 3-(1-benzyl-3-phenethylaziridin-2-yl)propiolate (10e)

Yield 42%; colorless oil; IR (KBr) 3028, 2951, 2853, 2227, 1715, 1496, 1454, 1435, 1268, 1120, 748,
699 cmt; 'H-NMR (400 MHz, CDCls) § 1.69 (1H, qd, J=7.2 and 13.2 Hz), 1.83 (1H, qd, J = 7.2 and
13.2 Hz), 1.90-1.96 (1H, m), 2.44 (1H, d, J = 2.8 Hz), 2.51-2.68 (2H, m), 3.53 (1H, d, J = 13.6 Hz),
3.79 (3H, s), 3.89 (1H, d, J = 13.6 Hz), 7.05-7.10 (2H, m), 7.15-7.21 (1H, m), 7.23-7.31 (3H, m),
7.32-7.41 (4H, m); ®C-NMR (100 MHz, CDCl3) & 30.9 (CH), 33.0 (CH2), 34.2 (CHy), 48.7 (CH),
52.7 (CH3), 58.7 (CHz), 75.6 (Cq), 85.5 (Cq), 126.0 (CH), 127.3 (CH), 128.3 (CH), 128.4 (CH), 128.4
(CH), 128.5 (CH), 138.4 (Cq), 140.9 (Cq), 153.6 (Cq); HRMS (ESI) m/z calcd for C2:H21NO2Na

[M+Na]* 342.1470, found 342.1470.
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Ph

N
‘\\\\/\OBH
A
10f

Methyl 3-{1-benzyl-3-[3-(benzyloxy)propyl]aziridin-2-yl}propiolate (10f)

M602C

Yield 41%; colorless oil; IR (KBr) 3030, 2951, 2855, 2227, 1715, 1496, 1455, 1435, 1360, 1267, 1103,
735, 698 cm%; *H-NMR (400 MHz, CDCls) & 1.40-1.52 (1H, m), 1.54-1.68 (3H, m), 1.91-1.98 (1H,
m), 2.45 (1H, d, J = 2.8 Hz), 3.36-3.42 (2H, m), 3.55 (1H, d, J = 13.2 Hz), 3.79 (3H, s), 3.89 (1H, d,
J=13.2 Hz), 4.42 (1H, d, J = 12.0 Hz), 4.46 (1H, d, J = 12.0 Hz), 7.25-7.39 (10H, m); *C-NMR (100
MHz, CDCls) & 26.9 (CH,), 29.3 (CH,), 30.9 (CH), 49.1 (CH), 52.6 (CHs), 58.8 (CH2), 69.3 (CH2),
72.8 (CH), 75.5 (Cq), 85.6 (Cq), 127.2 (CH), 127.5 (CH), 127.6 (CH), 128.3 (CH), 128.4 (CH), 128.5
(CH), 138.4 (Cq), 138.4 (Cq), 153.6 (Cq); HRMS (ESI) m/z calcd for CasHsNOsNa [M+Na]*

386.1732, found 386.1734.

pe
N

~Cy
/

MeOQC
10g

Methyl 3-[1-(2-bromobenzyl)-3-cyclohexylaziridin-2-yl]propiolate (10g)

Yield 50%; colorless oil; IR (KBr) 2925, 2851, 2226, 1716, 1436, 1349, 1261, 1117, 1067, 1027, 748
cmL; IH-NMR (400 MHz, CDCl3) & 0.88-1.08 (3H, m), 1.08-1.22 (3H, m), 1.55-1.76 (5H, m),
1.84-1.89 (1H, m), 2.54 (1H, d, J = 3.2 Hz), 3.77 (3H, s), 3.78 (1H, d, J = 13.2 Hz), 3.88 (1H, d, J =
13.2 Hz), 7.14 (1H, dt, J = 1.2 and 8.4 Hz), 7.31 (1H, dt, J = 1.2 and 8.4 Hz), 7.53 (1H, dd, J = 1.2 and
8.4 Hz), 7.56 (1H, dd, J = 1.2 and 8.4 Hz); 3C-NMR (100 MHz, CDCls) & 25.5 (CH>), 25.6 (CH>),
26.1 (CH2), 29.7 (CH), 29.9 (CH), 30.4 (CH), 40.7 (CH), 52.6 (CHs3), 54.4 (CH), 58.3 (CH>), 75.4
(Cq), 85.8 (Cq), 123.8 (Cq), 127.4 (CH), 128.6 (CH), 130.3 (CH), 132.6 (CH), 138.1 (Cq), 153.6 (Cq);
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HRMS (ESI) m/z calcd for C1oH2:BrNO;Na [M+Na]* 398.0732, found 398.0734.

o

N

~Cy
/

MeOzC 10h

Methyl 3-[1-(4-bromobenzyl)-3-cyclohexylaziridin-2-yl]propiolate (10h)

Yield 45%; colorless needles; mp 53.2-54.2 °C (recrystallized from EtOAc/hexane); IR (KBr) 2919,
2849, 2227, 1712, 1489, 1432, 1261, 1230, 1069, 867, 807, 749 cm™*; 'H-NMR (400 MHz, CDCls) §
0.82—1.08 (3H, m), 1.06-1.23 (3H, m), 1.55-1.77 (6H, m), 2.47 (1H, d, J = 3.2 Hz), 3.49 (1H, d, J =
13.2 Hz), 3.78 (3H, s), 3.80 (1H, d, J = 13.2 Hz), 7.26 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J = 8.4 Hz);
13C-NMR (100 MHz, CDCl3) § 25.5 (CH2), 25.6 (CH2), 26.1 (CH2), 29.7 (CH), 29.7 (CH2), 30.4 (CH>),
40.6 (CH), 52.6 (CH3), 54.6 (CH), 58.5 (CH>), 75.4 (Cq), 85.8 (Cq), 121.1 (Cq), 130.3 (CH), 131.4
(CH), 137.5 (Cq), 153.5 (Cq); HRMS (ESI) m/z calcd for C1oH23BrNO2 [M+H]* 376.0912, found

376.0907.

o

N

~Cy
/

MeOZC 10i

Methyl 3-[1-(4-chlorobenzyl)-3-cyclohexylaziridin-2-yl]propiolate (10i)

Yield 66%; colorless oil; IR (KBr) 2925, 2851, 2226, 1715, 1492, 1435, 1348, 1261, 1120, 1067, 1015,
865, 808, 748 cm™1; TH-NMR (400 MHz, CDCl3) § 0.81-1.07 (3H, m), 1.07-1.22 (3H, m), 1.48-1.77
(6H, m), 2.47 (1H, d, J = 3.2 Hz), 3.50 (1H, d, J = 13.2 Hz), 3.78 (3H, s), 3.83 (1H, d, J = 13.2 Hz),

7.31 (4H, s); *C-NMR (100 MHz, CDCls) & 25.5 (CHz), 25.6 (CH,), 26.1 (CH2), 29.8 (CH), 29.8
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(CH2), 30.5 (CHy), 40.7 (CH), 52.7 (CH3), 54.7 (CH), 58.5 (CH>), 75.4 (Cq), 85.8 (Cq), 128.5 (CH),
130.0 (CH), 133.0 (Cqg), 137.0 (Cq), 153.6 (Cq); HRMS (ESI) m/z calcd for C19H22CINO2Na [M+Na]*

354.1237, found 354.1237.

o

~Cy
/

MeO,C
10j

Methyl 3-[3-cyclohexyl-1-(4-fluorobenzyl)aziridin-2-yl]propiolate (10j)

Yield 64%; colorless oil; IR (KBr) 2926, 2852, 2226, 1716, 1604, 1510, 1436, 1261, 1224, 1156, 1120,
1067, 835, 749 cm™1; *H-NMR (400 MHz, CDCls) § 0.79-1.07 (3H, m), 1.07-1.23 (3H, m), 1.46-1.54
(1H, m), 1.56-1.74 (5H, m), 2.48 (1H, d, J = 2.8 Hz), 3.48 (1H, d, J = 13.2 Hz), 3.79 (3H, s), 3.84 (1H,
d, J = 13.2 Hz), 7.02 (2H, t, J = 8.4 Hz), 7.34 (2H, dd, J = 5.6 and 8.4 Hz); 3C-NMR (100 MHz,
CDCl3) 6 25.5 (CHy), 25.6 (CH2), 26.1 (CH>), 29.8 (CH.), 29.9 (CH), 30.4 (CH>), 40.7 (CH), 52.7
(CH3), 54.6 (CH), 58.5 (CH>), 75.4 (Cq), 85.9 (Cq), 115.2 (CH, d, J = 21.5 Hz), 130.3 (CH, d, J = 8.3
Hz), 134.2 (Cq, d, J = 3.3 Hz), 153.6 (Cq), 162.1 (Cq, d, J = 243.7 Hz); HRMS (ESI) m/z calcd for

C19H22FNO2Na [M+Na]* 338.1532, found 338.1532.

N

Cy
/

M602C 10k

Methyl 3-[3-cyclohexyl-1-(4-methoxybenzyl)aziridin-2-yl]propiolate (10k)
Yield 31%; colorless needles; mp 42.9-44.1 °C (recrystallized from EtOAc/hexane); IR (KBr) 2926,

2851, 2224, 1715, 1613, 1514, 1435, 1259, 1120, 1037, 749 cm™*; *H-NMR (400 MHz, CDCls) &
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0.78-1.07 (3H, m), 1.07-1.20 (3H, m), 1.47-1.72 (5H, m), 1.72 (1H, dd, J = 3.2 and 7.2 Hz), 2.46
(1H, d, J = 3.2 Hz), 3.42 (1H, d, J = 13.2 Hz), 3.79 (3H, s), 3.81 (3H, s), 3.84 (1H, d, J = 13.2 Hz),
6.87 (2H, d, J = 8.4 Hz), 7.29 (2H, d, J = 8.4 Hz); 3C-NMR (100 MHz, CDCls) § 25.5 (CH), 25.6
(CH2), 26.1 (CHy), 29.8 (CH), 29.8 (CHz), 30.4 (CHz), 40.8 (CH), 52.6 (CH3), 54.6 (CH), 55.2 (CH3),
58.7 (CHz), 75.4 (Cq), 86.2 (Cq), 113.7 (CH), 130.0 (CH), 130.6 (Cq), 153.7 (Cq), 158.9 (Cq); HRMS

ESI) m/z calcd for C20H2sNOsNa [M+Na]* 350.1732, found 350.1737.
(

N

~Cy
/

MeOZC
101

Methyl 3-[3-cyclohexyl-1-(naphthalen-2-ylmethyl)aziridin-2-yl]propiolate (101)

Yield 63%; colorless plates; mp 92.2—94.6 °C (recrystallized from EtOAc/hexane); IR (KBr) 2926,
2847, 2224, 1703, 1432, 1277, 1121, 857, 822, 749 cm™%; 'H-NMR (400 MHz, CDCls) § 0.79-0.94
(1H, m), 0.94-1.20 (5H, m), 1.50-1.63 (3H, m), 1.63—1.73 (2H, m), 1.81 (1H, dd, J = 3.2 and 7.2 Hz),
2.53 (1H, d, J = 3.2 Hz), 3.69 (1H, d, J = 13.2 Hz), 3.79 (3H, s), 4.04 (1H, d, J = 13.2 Hz), 7.42-7.50
(2H, m), 7.53 (1H, d, J = 8.4 Hz) 7.80—7.85 (4H, m); 3C-NMR (100 MHz, CDCls) § 25.5 (CHy), 25.6
(CHy), 26.1 (CH2), 29.8 (CH), 29.8 (CH>), 30.4 (CH>), 40.7 (CH), 52.6 (CH3), 54.7 (CH), 59.4 (CHy),
75.4 (Cq), 86.1 (Cq), 125.6 (CH), 125.9 (CH), 127.0 (CH), 127.3 (CH), 127.6 (CH), 127.8 (CH), 127.9
(CH), 132.8 (Cq), 133.4 (Cq), 136.0 (Cq), 153.6 (Cq) ; HRMS (ESI) m/z calcd for C23H2sNO2Na

[M+Na]* 370.1783, found 370.1783.
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NS

N

~Cy
/

MeOZC
10m

Methyl 3-[3-cyclohexyl-1-(thiophen-2-ylmethyl)aziridin-2-yl]propiolate (10m)

Yield 36%; colorless oil; IR (KBr) 2925, 2851, 2226, 1714, 1435, 1260, 1119, 749, 700 cm™1; *H-NMR
(400 MHz, CDCls) & 0.86-1.08 (3H, m), 1.08-1.20 (3H, m), 1.56-1.73 (5H, m), 1.74 (1H, dd, J = 3.2
and 7.2 Hz), 2.50 (1H, d, J = 3.2 Hz), 3.72 (1H, d, J = 13.6 Hz), 3.79 (3H, s), 4.06 (1H, d, J = 13.6
Hz), 6.95-7.01 (2H, m), 7.25 (1H, dd, J = 1.2 and 4.8 Hz); 3C-NMR (100 MHz, CDCls) & 25.5 (CH>),
25.6 (CH2), 26.1 (CHy), 29.7 (CH), 29.8 (CH2), 30.3 (CHz), 40.6 (CH), 52.7 (CH3), 53.7 (CHz), 54.8
(CH), 75.5 (Cq), 85.7 (Cq), 125.1 (CH), 126.0 (CH), 126.6 (CH), 141.0 (Cq), 153.6 (Cq); HRMS (ESI)

m/z calcd for C17H21NO2SNa [M+Na]* 326.1191, found 326.1188.

Conversion of 10 to allenylimines 11. (Scheme 4, Table 3 and Table 4)
General procedure for the synthesis of allenylimines 11a-m.
Synthesis of 11a. (Scheme 4)

To a stirred solution of 3-aziridinylpropiolate ester 10a (66.1 mg, 0.22 mmol) in toluene (2.2 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature and the solvent was evaporated under reduced pressure to give

allenylimine 11a (66.1 mg, quant) as a pale yellow oil.
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TN
MeO,C™X. 5
/Cy
H

11a

Methyl 5-(benzylideneamino)-5-cyclohexylpenta-2,3-dienoate (11a)

Quantitative yield; pale yellow oil; IR (KBr) 2925, 2851, 1962, 1722, 1643, 1449, 1259, 1161, 756,
694 cm™L; TH-NMR (400 MHz, CDCl3) § 0.93-1.13 (2H, m), 1.13-1.36 (3H, m), 1.60—1.84 (5H, m),
1.96-2.07 (1H, m), 3.67 (1H, t, J = 8.0 Hz), 3.73 (3H, s), 5.64 (1H, d, J = 6.0 Hz), 5.84 (1H, dd, J =
6.0 and 8.0 Hz), 7.39-7.45 (3H, m), 7.71-7.78 (2H, m), 8.25 (1H, s); 3C-NMR (100 MHz, CDCls) &
26.0 (CH2), 26.2 (CH2), 26.5 (CH2), 29.7 (CHy), 29.8 (CHz), 43.4 (CH), 51.9 (CH3), 75.3 (CH), 88.5
(CH), 97.2 (CH), 128.3 (CH), 128.6 (CH), 130.8 (CH), 136.0 (Cq), 161.1 (CH), 166.4 (Cq), 211.9

; m/z calCd 1or CigH24 2 + . , Toun . .
(Cq); HRMS (ESI) m/z calcd for C1oH2sNO, [M+H]* 298.1807, found 298.1807

Ph
H/, gN
MeOZC'\.%‘),” '
‘iPr
H

11b

Methyl 5-(benzylideneamino)-6-methylhepta-2,3-dienoate (11b)

Quantitative yield; pale yellow oil; IR (KBr) 2957, 1962, 1723, 1644, 1599, 1436, 1387, 1259, 1162,
756, 695 cm™; *H-NMR (400 MHz, CDCls) § 0.96 (3H, d, J = 6.8 Hz), 1.06 (3H, d, J = 6.8 Hz), 2.02
(1H, septd, J = 6.8 and 7.6 Hz), 3.67 (1H, dd, J = 7.6 and 8.0 Hz), 3.73 (3H, s), 5.65 (1H, d, J = 6.0
Hz), 5.83 (1H, dd, J = 6.0 and 8.0 Hz), 7.39-7.44 (3H, m), 7.72-7.78 (2H, m), 8.27 (1H, s); 1*C-NMR
(100 MHz, CDCl3) § 19.0 (CHs), 19.2 (CH3), 34.2 (CH), 51.9 (CH3), 75.9 (CH), 88.5 (CH), 97.1 (CH),
128.3 (CH), 128.6 (CH), 130.8 (CH), 136.1 (Cq), 161.1 (CH), 166.3 (Cq), 211.9 (Cq); HRMS (ESI)

m/z calcd for C16H20NO2 [M+H]* 258.1494, found 258.1489.
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11c
Methyl 5-(benzylideneamino)-6,6-dimethylhepta-2,3-dienoate (11c)
Quantitative yield; pale yellow amorphous; IR (KBr) 2953, 2868, 1961, 1722, 1644, 1438, 1261, 1161,
1029, 809, 753, 693 cm™%; *H-NMR (400 MHz, CDCls) § 1.02 (9H, s), 3.60 (1H, d, J = 8.4 Hz), 3.72
(3H, s), 5.63 (1H, d, J = 6.0 Hz), 5.86 (1H, dd, J = 6.0 and 8.4 Hz), 7.39-7.44 (3H, m), 7.73-7.78 (2H,
m), 8.26 (1H, s); 3C-NMR (100 MHz, CDCls) & 26.6 (CHs), 25.6 (Cq), 51.9 (CH3), 79.2 (CH), 88.2
(CH), 95.8 (CH), 128.3 (CH), 128.6 (CH), 130.7 (CH), 136.2 (Cq), 161.1 (CH), 166.4 (Cq), 211.9

(Cq); HRMS (ESI) m/z calcd for C17H2:NO2Na [M+Na]* 294.1470, found 294.1469.

Ph
H/, SN
MeOC™Xx._ J.
“nBu
H

11d

Methyl 5-(benzylideneamino)nona-2,3-dienoate (11d)

Quantitative yield; pale yellow oil; IR (KBr) 2954, 2859, 1962, 1721, 1642, 1579, 1438, 1378, 1261,
1162, 1027, 872, 805, 757, 694 cm™*; *H-NMR (400 MHz, CDCl3) 6 0.90 (3H, t, J = 6.8 Hz), 1.30-1.40
(4H, m), 1.79 (2H, dt, J = 7.2 and 8.0 Hz), 3.73 (3H, s), 3.98 (1H, q, J = 7.2 Hz), 5.67 (1H, d, J = 6.0
Hz), 5.82 (1H, dd, J = 6.0 and 7.2 Hz), 7.39-7.44 (3H, m), 7.71-7.78 (2H, m), 8.31 (1H, s); 3C-NMR
(100 MHz, CDCls) 6 14.0 (CHz), 22.4 (CH2), 28.3 (CH>), 36.6 (CH-), 52.0 (CHz3), 69.2 (CH), 89.0
(CH), 98.5 (CH), 128.3 (CH), 128.6 (CH), 130.8 (CH), 136.0 (Cq), 161.0 (CH), 166.2 (Cq), 211.6

(Cq); HRMS (ESI) m/z calcd for C17H21NO2Na [M+Na]*" 294.1470, found 294.1472.
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11e

Methyl 5-(benzylideneamino)-7-phenylhepta-2,3-dienoate (11e)

Quantitative yield; pale yellow oil; IR (KBr) 3027, 2949, 2854, 1961, 1719, 1641, 1496, 1437, 1262,
1163, 1029, 755, 696 cm™; *H-NMR (400 MHz, CDCls) & 2.13 (2H, 9, J = 7.6 Hz), 2.73 (2H, t, J =
7.6 Hz), 3.74 (3H, s), 4.03 (1H, g, J = 7.6 Hz), 5.70 (1H, d, J = 6.0 Hz), 5.84 (1H, dd, J = 6.0 and 7.6
Hz), 7.15-7.22 (3H, m), 7.25-7.31 (2H, m), 7.38-7.46 (3H, m), 7.72-7.78 (2H, m), 8.29 (1H, s); :*C-
NMR (100 MHz, CDCls) & 32.2 (CHz), 38.2 (CH2), 52.0 (CHa), 68.2 (CH), 89.2 (CH), 98.3 (CH),
125.9 (CH), 128.3 (CH), 128.4 (CH), 128.5 (CH), 128.6 (CH), 131.0 (CH), 135.9 (Cq), 141.5 (Cq),
161.6 (CH), 166.1 (Cq), 211.7 (Cq); HRMS (ESI) m/z calcd for C21H21NO;Na [M+Na]* 342.1470,

found 342.14609.

Ph

.

Meozc'\y,,,/\/osn
H

11f

Methyl 5-(benzylideneamino)-8-(benzyloxy)octa-2,3-dienoate (11f)

Quantitative yield; pale yellow oil; IR (KBr) 2949, 2855, 1962, 1720, 1641, 1452, 1261, 1163, 1101,
1027, 738, 695 cm*; 'H-NMR (400 MHz, CDCls3) § 1.61-1.76 (2H, m), 1.84-1.94 (2H, m), 3.51 (2H,
t,J = 6.4 Hz), 3.72 (3H, s), 4.00 (1H, g, J = 7.6 Hz), 4.45 (2H, s), 5.68 (1H, d, J = 6.0 Hz), 5.82 (1H,
dd, J = 6.0 and 7.6 Hz), 7.22—7.37 (5H, m), 7.37-7.46 (3H, m), 7.69-7.75 (2H, m), 8.29 (1H, s); 3C-
NMR (100 MHz, CDCls) & 26.4 (CH>), 33.5 (CH>), 52.0 (CHs), 68.9 (CH), 69.9 (CH), 72.9 (CH>),
89.1 (CH), 98.4 (CH), 127.5 (CH), 127.6 (CH), 128.3 (CH), 128.3 (CH), 128.6 (CH), 130.9 (CH),
135.9 (Cq), 138.5 (Cq), 161.4 (CH), 166.2 (Cq), 211.9 (Cq); HRMS (ESI) m/z calcd for C2sHosNOsNa

[M+Na]* 386.1732, found 386.1733.
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11g

Methyl 5-(2-bromobenzylideneamino)-5-cyclohexylpenta-2,3-dienoate (11g)

Quantitative yield; pale yellow oil; IR (KBr) 2925, 2851, 1963, 1721, 1634, 1437, 1259, 1161, 1024,
757 cm™; TH-NMR (400 MHz, CDCls) § 0.95-1.13 (2H, m), 1.13-1.36 (3H, m), 1.62—1.84 (5H, m),
1.96-2.05 (1H, m), 3.73 (3H, s), 3.76 (1H, t, J = 8.0 Hz), 5.67 (1H, d, J = 6.0 Hz), 5.84 (1H, dd, J =
6.0 and 8.0 Hz), 7.26 (1H, dt, J = 1.2 and 8.0 Hz), 7.34 (1H, dt, J = 1.2 and 8.0 Hz), 7.56 (1H, dd, J =
1.2 and 8.0 Hz), 8.00 (1H, dd, J = 1.2 and 8.0 Hz), 8.59 (1H, s); 3C-NMR (100 MHz, CDCls) & 25.9
(CHa), 26.1 (CH2), 26.3 (CH2), 29.5 (CH>), 29.7 (CH>), 43.2 (CH), 51.9 (CHs), 75.0 (CH), 88.6 (CH),
97.0 (CH), 124.9 (Cq), 127.5 (CH), 128.9 (CH), 131.8 (CH), 132.9 (CH), 134.4 (Cq), 160.1 (CH),
166.2 (Cq), 211.8 (Cq); HRMS (ESI) m/z calcd for Ci9H22BrNO2Na [M+Na]* 398.0732, found

398.0731.

Br

Methyl 5-(4-bromobenzylideneamino)-5-cyclohexylpenta-2,3-dienoate (11h)
Quantitative yield; pale yellow amorphous; IR (KBr) 2925, 2851, 1962, 1720, 1643, 1589, 1486, 1437,
1259, 1161, 1068, 1011, 821 cm™%; *H-NMR (400 MHz, CDCls3) § 0.93-1.12 (2H, m), 1.12-1.35 (3H,

m), 1.62-1.84 (5H, m), 1.94-2.05 (1H, m), 3.67 (1H, t, J = 8.0 Hz), 3.72 (3H, ), 5.64 (1H, d, J = 6.0
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Hz), 5.81 (1H, dd, J = 6.0 and 8.0 Hz), 7.54 (2H, d, J = 8.4 Hz), 7.61 (2H, d, J = 8.4 Hz), 8.19 (1H, 3);
13C-NMR (100 MHz, CDCls) § 26.0 (CH2), 26.2 (CH2), 26.4 (CH2), 29.6 (CH2), 29.7 (CH>), 43.3 (CH),
51.9 (CHs), 75.1 (CH), 88.6 (CH), 97.1 (CH), 125.2 (Cq), 129.7 (CH), 131.8 (CH), 134.9 (Cq), 159.8
(CH), 166.3 (Cq), 211.8 (Cq); HRMS (ESI) m/z calcd for C19H22BrNOzNa [M+Na] " 398.0732, found

398.0735.

of
Ho Ny
MeO,C™X._ J.
/Cy
H

Methyl 5-(4-chlorobenzylideneamino)-5-cyclohexylpenta-2,3-dienoate (11i)

Quantitative yield; pale yellow oil; IR (KBr) 2926, 2851, 1962, 1720, 1643, 1595, 1490, 1437, 1259,
1161, 1088, 1014, 826 cm™%; 'H-NMR (400 MHz, CDCls) 8 0.91-1.11 (2H, m), 1.11-1.36 (3H, m),
1.63-1.83 (5H, m), 1.95-2.04 (1H, m), 3.67 (1H, t, J = 8.0 Hz), 3.72 (3H, s), 5.64 (1H, d, J = 6.0 Hz),
5.82 (1H, dd, J = 6.0 and 8.0 Hz), 7.38 (2H, d, J = 8.4 Hz), 7.67 (2H, d, J = 8.4 Hz), 8.20 (1H, s); :3C-
NMR (100 MHz, CDCls) & 26.0 (CH2), 26.1 (CH>), 26.4 (CHa), 29.6 (CH>), 29.7 (CHy), 43.3 (CH),
51.9 (CHs), 75.1 (CH), 88.5 (CH), 97.1 (CH), 128.8 (CH), 129.4 (CH), 134.4 (Cq), 136.7 (Cq), 159.7
(CH), 166.3 (Cq), 211.8 (Cq); HRMS (ESI) m/z calcd for C19H22CINO2Na [M+Na]* 354.1237, found

354.1237.
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H XN
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MeO,C™X. )
/Cy

H
11j

Methyl 5-cyclohexyl-5-(4-fluorobenzylideneamino)penta-2,3-dienoate (11j)

Quantitative yield; pale yellow oil; IR (KBr) 2925, 2852, 1962, 1719, 1643, 1602, 1508, 1438, 1260,
1229, 1162, 1036, 868, 837, 809 cm™!; *H-NMR (400 MHz, CDCls3) & 0.92-1.11 (2H, m), 1.11-1.35
(3H, m), 1.63-1.83 (5H, m), 1.96-2.04 (1H, m), 3.66 (1H, t, J = 8.0 Hz), 3.72 (3H, s), 5.64 (1H, d, J
= 6.0 Hz), 5.82 (1H, dd, J = 6.0 and 8.0 Hz), 7.06—7.13 (2H, m), 7.71-7.76 (2H, m), 8.20 (1H, s); *3C-
NMR (100 MHz, CDCls) & 25.0 (CH2), 26.1 (CH2), 26.4 (CHa), 29.6 (CH>), 29.7 (CH_), 43.3 (CH),
51.9 (CH3), 75.1 (CH), 88.5 (CH), 97.2 (CH), 115.5 (CH, d, J = 21.5 Hz), 130.2 (CH, d, J = 8.3 Hz),
132.3 (Cq, d, J = 2.5 Hz), 159.6 (CH), 164.4 (Cq, d, J = 249.4 Hz), 166.3 (Cq), 211.8 (Cq); HRMS

(ESI) m/z calcd for C1gH22FNO2Na [M+Na]* 338.1532, found 338.1532.

OMe

Methyl 5-cyclohexyl-5-(4-methoxybenzylideneamino)penta-2,3-dienoate (11Kk)

Quantitative yield; pale yellow amorphous; IR (KBr) 2926, 2851, 1961, 1721, 1644, 1605, 1512, 1448,
1253, 1163, 1032, 833, 757 cm1; 'H-NMR (400 MHz, CDCl3) & 0.92-1.10 (2H, m), 1.10-1.35 (3H,
m), 1.62-1.83 (5H, m), 1.96-2.06 (1H, m), 3.63 (1H, t, J = 8.0 Hz), 3.72 (3H, s), 3.84 (3H, s), 5.63

(1H, d, J = 6.0 Hz), 5.82 (1H, dd, J = 6.0 and 8.0 Hz), 6.92 (2H, d, J = 8.4 Hz), 7.68 (2H, d, J = 8.4
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Hz), 8.17 (1H, s); **C-NMR (100 MHz, CDCls) § 26.0 (CH2), 26.2 (CH2), 26.5 (CH2), 29.7 (CH>),
29.8 (CHy), 43.4 (CH), 51.9 (CHs3), 55.3 (CHs), 75.2 (CH), 88.3 (CH), 97.4 (CH), 114.0 (CH), 129.0
(Cq), 129.9 (CH), 160.4 (CH), 161.8 (Cq), 166.4 (Cq), 211.8 (Cq); HRMS (ESI) m/z calcd for

C20H2sNO3Na [M+Na]* 350.1732, found 350.1732.

Ho Sy
MeO,C™X. )
/Cy
H

111

Methyl 5-cyclohexyl-5-(naphthalen-2-ylmethyleneamino)penta-2,3-dienoate (111)

Quantitative yield; pale yellow amorphous; IR (KBr) 2925, 2851, 1961, 1720, 1637, 1438, 1261, 1161,
1033, 860, 822, 747 cm™%; 'H-NMR (400 MHz, CDCls) & 0.95-1.14 (2H, m), 1.14-1.37 (3H, m),
1.63-1.85 (5H, m), 2.00—2.08 (1H, m), 3.68-3.76 (1H, m), 3.73 (3H, s), 5.66 (1H, d, J = 6.0 Hz), 5.88
(1H, dd, J = 6.0 and 8.0 Hz), 7.49-7.56 (2H, m), 7.81-8.01 (3H, m), 7.99 (1H, d, J = 8.4 Hz), 8.05
(1H, s), 8.40 (1H, s); 13C-NMR (100 MHz, CDCl3) & 26.0 (CH2), 26.2 (CH2), 26.5 (CH2), 29.7 (CH>),
29.8 (CH2), 43.4 (CH), 51.9 (CHs), 75.4 (CH), 88.5 (CH), 97.3 (CH), 124.0 (CH), 126.5 (CH), 127.2
(CH), 127.9 (CH), 128.4 (CH), 128.6 (CH), 130.1 (CH), 133.1 (Cq), 133.7 (Cq), 134.8 (Cq), 161.2
(CH), 166.4 (Cq), 211.9 (Cqg); HRMS (ESI) m/z calcd for Ca3H2sNO2Na [M+Na]* 370.1783, found

370.1784.
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Methyl 5-cyclohexyl-5-(thiophen-2-ylmethyleneamino)penta-2,3-dienoate (11m)

Quantitative yield; pale yellow oil; IR (KBr) 2925, 2851, 1961, 1720, 1631, 1435, 1259, 1162, 1043,
809, 712 cm™L; 'H-NMR (400 MHz, CDCls) 6 0.86-1.09 (2H, m), 1.09-1.35 (3H, m), 1.61-1.83 (5H,
m), 1.94-2.03 (1H, m), 3.62 (1H, t, J = 8.0 Hz), 3.73 (3H, s), 5.64 (1H, d, J = 6.0 Hz), 5.81 (1H, dd, J
= 6.0 and 8.0 Hz), 7.07 (1H, dd, J = 3.6 and 5.2 Hz), 7.31 (1H, d, J = 3.6 Hz), 7.40 (1H, d, J = 5.2 Hz),
8.33 (1H, s); 3C-NMR (100 MHz, CDCl3) & 26.0 (CH2), 26.2 (CH2), 26.5 (CH2), 29.7 (CH2), 29.9
(CH>), 43.3 (CH), 51.9 (CH3), 75.1 (CH), 88.4 (CH), 97.1 (CH), 127.4 (CH), 129.1 (CH), 130.7 (CH),
142.2 (Cq), 154.2 (CH), 166.4 (Cq), 211.9 (Cq); HRMS (ESI) m/z calcd for C17H2:NO2SNa [M+Na]*

326.1191, found 326.11809.

Conversion of 11a to 4-nitrobenzenesulfonamide 13. (Scheme 5)

Procedure for the synthesis of amine hydrochloride 12.

NH, + HCI

MeO,C™X. 5
/Cy

12

Methyl 5-amino-5-cyclohexylpenta-2,3-dienoate hydrochloride (12)

To a stirred solution of allenylimine 11a (66.1 mg, 0.22 mmol) in MeOH (5.0 mL) was added 2 N
HCI (1.0 mL) at room temperature, and stirring was continued for 10 min at the same temperature. The
reaction mixture was washed with ACOEt and concentrated to give amine hydrochloride 12 (47.2 mg,
86%) as a colorless powder; mp 146.2—-147.9 °C; IR (KBr) 2925, 2844, 1970, 1720, 1612, 1489, 1438,
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1305, 1198, 1166, 908, 810 cm?; *H-NMR (400 MHz, CD30D) § 1.04-1.41 (5H, m), 1.66-1.92 (6H,
m), 1.61-1.83 (5H, m), 1.94—2.03 (1H, m), 3.70 (1H, dt, J = 1.2 and 8.0 Hz), 3.74 (3H, s), 5.85 (1H,
dd, J=6.4 and 8.0 Hz), 5.95 (1H, dd, J = 1.2 and 6.4 Hz); 3C-NMR (100 MHz, CDs0D) & 26.7 (CH>),
26.8 (CHy), 27.0 (CHy), 29.0 (CHy), 30.0 (CHy), 42.1 (CH), 52.8 (CHs), 56.2 (CH), 91.4 (CH), 93.1
(CH), 166.8 (Cq), 213.2 (Cq); HRMS (ESI) m/z calcd for Ci2H2oNO, [M+H]" 210.1494, found

210.1493.

Procedure for the synthesis of 4-nitrobenzenesulfonamide 13.

NO,
O\\ /©/
H

= HNT Y

MeO,C™X. 5 ©
/Cy

H
13

Methyl 5-cyclohexyl-5-(4-nitrophenylsulfonamido)penta-2,3-dienoate (13)

To a stirred solution of amine hydrochloride 12 (23.0 mg, 93.6 umol) in CH2Cl> (0.5 mL) was added
NosCl (22.8 mg, 103 umol) and iProNEt (41 uL, 234 umol) at 0 °C, and stirring was continued for 30
min at room temperature. The reaction mixture was diluted with water and extracted with CH2Cl..
The combined organic layers were washed with brine. The residue upon work up was chromatographed
on silica gel with hexane-AcOEt (80:20 v/v) as eluent to give 4-nitrobenzenesulfonamide 13 (32.8 mg,
89%) as a colorless plates; mp 145.0-146.2 °C (recrystallized from EtOAc/hexane); IR (KBr) 3290,
2925, 2857, 1965, 1709, 1537, 1438, 1348, 1270, 1166, 1028, 855, 737, 698 cm™*; *H-NMR (400 MHz,
CDCl3) §0.91-1.29 (5H, m), 1.48-1.58 (1H, m), 1.58-1.81 (5H, m), 3.69 (3H, s), 3.84—3.91 (1H, m),
4.86 (1H, d, J = 8.4 Hz), 5.43 (1H, t, J = 6.4 Hz), 5.58 (1H, dd, J = 2.0 and 6.4 Hz), 8.04 (2H, d, J =
8.4 Hz), 8.35 (2H, d, J = 8.4 Hz); 3C-NMR (100 MHz, CDCls) § 25.7 (CHz), 25.7 (CHz), 26.0 (CH>),

28.6 (CHy), 28.8 (CHy), 43.0 (CH), 52.2 (CHs), 57.5 (CH), 90.3 (CH), 95.6 (CH), 124.3 (CH), 128.4
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(CH), 146.6 (Cq), 150.0 (Cq), 165.3 (Cq), 211.0 (Cq); HRMS (ESI) m/z calcd for C1sH22N2OsSNa
[M+Na]* 417.1096, found 417.1097.

X-Ray crystallographic analysis of compound 13. A colorless chunk crystal having approximate
dimensions of 0.60 x 0.20 x 0.20 mm was mounted on a glass fiber. All measurements were made on
a Rigaku RAXIS RAPID imaging plate area detector with graphite monochromated Mo-Ka radiation.
The structure was solved by direct methods (SIR97) and expanded using Fourier techniques
(DIRDIF99). The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined
using the riding model. The final cycle of full-matrix least-squares refinement on F was based on 6878
observed reflections (1 > 0.00c(1)) and 531 variable parameters, and converged (largest parameter shift
was 4.66 times its esd) with unweighted and weighted agreement factors of R = 0.039 and Ry, = 0.077.
Crystal data for 13: C1sH22N206S, M = 394.44, monoclinic, space group P1 (#1), a= 8.8726(5) A, b =
10.4814(6) A, ¢ = 11.8995(7) A, o = 71.434(2)’, B = 69.467(2)’, y = 70.435(2)’, V = 950.83(9) A%, Z =

2, Dc = 1.378 g/cm?®, F(000) = 416.00, n(MoKa) = 2.07 cm™,
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Experiments in Chapter 11

Synthesis of dihydropyridines 15. (Table 5 and Scheme 9)

Procedure for the synthesis of dihydropyridine 15a. (Table 5, entry 6)

Ph

MeO,C
| NH

Cy

15a
Methyl 6-cyclohexyl-2-phenyl-1,2-dihydropyridine-3-carboxylate (15a)

To a stirred solution of 3-aziridinylpropiolate ester 10a (29.7 mg, 0.10 mmol) in toluene (1.0 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PPhs (2.6 mg, 9.91 umol) was successively added to
reaction solution. After further stirring was continued for 3 h at 60 °C, the reaction mixture was cooled
to room temperature and the solvent was evaporated under reduced pressure to give 1,2-
dehydropyridine 15a as a crude. The NMR vyield was determined as 99% from *H-NMR spectrum by
the addition of pyrazine (8.0 mg, 0.10 mmol) as an internal standard. *H-NMR (400 MHz, CDCls) §
1.08-1.32 (5H, m), 1.64-1.72 (1H, m), 1.72—1.86 (4H, m), 1.90-2.01 (1H, m), 3.65 (3H, s), 4.67 (1H,
brs), 4.75 (1H, dd, J = 2.0 and 6.8 Hz), 5.60 (1H, d, J = 3.2 Hz), 7.20-7.36 (5.5H, m, 15a+PPhs),

7.40-7.45 (2H, m), 8.60 (4.05H, s, pyrazine).
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Procedure for the synthesis of dihydropyridine 15l. (Sceme 9)

151

Methyl 6-cyclohexyl-2-(naphthalen-2-yl)-1,2-dihydropyridine-3-carboxylate (15I)

To a stirred solution of 3-aziridinylpropiolate ester 101 (34.7 mg, 0.10 mmol) in toluene (1.0 mL) was
heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture was
then cooled to room temperature, and then PPhs (2.6 mg, 9.91 pumol) was successively added to
reaction solution. After further stirring was continued for 3 h at 60 °C, the mixture was cooled to room
temperature and the solvent was evaporated under reduced pressure. The residue was washed with
hexane to give 1,2-dehydropyridine 15l (26.0 mg, 75%) as a yellow powder; IR (KBr) 3346, 2928,
2852, 1669, 1556, 1474, 1434, 1294, 1228, 1096, 907, 856, 734 cm*; 'H-NMR (400 MHz, CDCls) §
1.08-1.32 (5H, m), 1.62—1.71 (1H, m), 1.71-1.86 (4H, m), 1.90-2.02 (1H, m), 3.64 (3H, s), 4.75 (1H,
brs), 4.79 (1H, d, J = 6.4 Hz), 5.76 (1H, d, J = 3.2 Hz), 7.31 (1H, d, J = 6.4 Hz), 7.39-7.47 (2H, m),
7.65 (1H, d, J = 8.4 Hz), 7.74-7.82 (4H, m); 3C-NMR (100 MHz, CDCls) § 25.9 (CH>), 26.1 (CH>),
26.2 (CH2), 31.4 (CH2), 31.4 (CHy), 43.3 (CH), 51.0 (CH3), 54.9 (CH), 90.5 (CH), 109.8 (Cq), 124.4
(CH), 125.0 (CH), 125.7 (CH), 125.9 (CH), 127.5 (CH), 128.3 (CH), 128.5 (CH), 133.1 (Cq), 133.3
(Cq), 136.7 (CH), 142.3 (Cq), 157.3 (Cq), 167.0 (Cq); HRMS (ESI) m/z calcd for C23sH26NO2 [M+H]*

348.1964, found 348.1967.
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Synthesis of trisubstituted pyridines 16. (Table 6 and Table 7)
General procedure for the one-pot synthesis of trisubstituted pyridines 16a-m.
Synthesis of 16a. (Table 6, entry 5)

To a stirred solution of 3-aziridinylpropiolate ester 10a (40.5 mg, 0.14 mmol) in toluene (1.4 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PPhs (3.6 mg, 13.6 umol) was successively added to
reaction solution. After further stirring was continued for 3 h at 60 °C, the mixture was added AcOH
(11.7 uL, 0.20 mmol) at the same temperature. Stirring was continued for 10 h at the same temperature,
and the solvent was evaporated under the reduced pressure. The residue was chromatographed on silica
gel with hexane-AcOEt (95:5 v/v) as eluent to give trisubstituted pyridine 16a (30.9 mg, 77%) as a

colorless oil.

16a

Methyl 6-cyclohexyl-2-phenylnicotinate (16a)

Yield 77%; colorless oil; IR (KBr) 2926, 2852, 1723, 1587, 1430, 1395, 1289, 1137, 1102, 1051, 769,
699 cm%; H-NMR (400 MHz, CDCls) § 1.29 (1H, tq, J = 3.2 and 12.4 Hz), 1.42 (2H, tq, J = 3.2 and
12.4 Hz), 1.55 (2H, dg, J = 3.2 and 12.4 Hz), 1.71-1.81 (1H, m), 1.81-1.92 (2H, m), 1.97—2.06 (2H,
m), 2.82 (1H, tt, J = 3.6 and 11.6 Hz), 3.67 (3H, s), 7.18 (1H, d, J = 8.0 Hz), 7.37-7.46 (3H, m),
7.52—7.58 (2H, m), 8.02 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) § 26.0 (CHy), 26.4 (CHy),
32.7 (CHy), 46.6 (CH), 52.1 (CHs), 118.5 (CH), 124.1 (Cq), 128.0 (CH), 128.4 (CH), 128.7 (CH),
138.2 (CH), 140.6 (Cq), 158.1 (Cq), 168.8 (Cq), 168.8 (Cq); HRMS (ESI) m/z calcd for C19H21NO2Na

[M+Na]* 318.1470, found 318.1469.
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Ph

MeOZC\f)\I\
|
N iPr

16b
Methyl 6-isopropyl-2-phenylnicotinate (16b)
Yield 77%; colorless oil; IR (KBr) 2964, 2871, 1732, 1588, 1430, 1394, 1288, 1140, 1051, 844, 810,
769, 700 cm%; 'H-NMR (400 MHz, CDCls) & 1.34 (6H, d, J = 6.8 Hz), 3.17 (1H, sept, J = 6.8 Hz),
3.67 (3H, s), 7.20 (1H, d, J = 8.0 Hz), 7.38-7.45 (3H, m), 7.53-7.59 (2H, m), 8.02 (1H, d, J = 8.0 Hz);
3C-NMR (100 MHz, CDCl3) & 22.3 (CHs), 36.5 (CH), 52.1 (CHs), 118.2 (CH), 124.2 (Cq), 128.0
(CH), 128.4 (CH), 128.7 (CH), 138.3 (CH), 140.5 (Cq), 158.0 (Cq), 168.9 (Cq), 169.6 (Cg); HRMS

(ESI) m/z calcd for C16H17NO2Na [M+Na]* 278.1157, found 278.1160.

Ph

M902C\©\
|
X B

16¢

u

Methyl 6-+-butyl-2-phenylnicotinate (16c¢)

Yield 75%; colorless plates; mp 94.7-96.4 °C (recrystallized from EtOAc/hexane); IR (KBr) 2955,
2867, 1724, 1588, 1430, 1382, 1282, 1149, 1050, 770, 700 cm™%; tH-NMR (400 MHz, CDCls) & 1.40
(9H, s), 3.69 (3H, s), 7.34 (1H, d, J = 8.0 Hz), 7.38-7.46 (3H, m), 7.56—7.63 (2H, m), 8.00 (1H, d, J =
8.0 Hz); ®C-NMR (100 MHz, CDCl3) & 30.0 (CHy), 37.9 (CH), 52.1 (CHa), 116.7 (CH), 123.7 (Cq),
127.9 (CH), 128.5 (CH), 128.9 (CH), 138.1 (CH), 140.5 (Cq), 157.0 (Cq), 169.2 (Cq), 171.4 (Cq);

HRMS (ESI) m/z calcd for C17H19NO2Na [M+Na]*™ 292.1313, found 292.1315.
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Ph

M902C = N
. |

16d

nBu

Methyl 6-butyl-2-phenylnicotinate (16d)

Yield 66%; colorless oil; IR (KBr) 2954, 2860, 1723, 1589, 1460, 1431, 1392, 1290, 1209, 1135, 1115,
1051, 768, 698 cm*; 'H-NMR (400 MHz, CDCl3) 8 0.95 (3H, t, J = 6.8 Hz), 1.41 (2H, qt, J = 6.8 and
7.6 Hz), 1.74 (2H, tt, J = 7.6 and 8.0 Hz), 2.89 (2H, t, J = 8.0 Hz), 3.67 (3H, s), 7.18 (1H, d, J = 8.0
Hz), 7.38-7.45 (3H, m), 7.50-7.54 (2H, m), 8.20 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCl3) &
13.9 (CHs), 22.5 (CH2), 31.7 (CHy), 38.2 (CH2), 52.1 (CHs), 120.5 (CH), 124.1 (Cq), 128.1 (CH),
128.4 (CH), 128.6 (CH), 138.2 (CH), 140.5 (Cq), 158.5 (Cq), 165.0 (Cq), 168.7 (Cq); HRMS (ESI)

m/z calcd for C17H1sNO2Na [M+Na]* 292.1313, found 292.1312.

Ph

MeOZC\@\/\
|
X Ph

16e
Methyl 6-phenethyl-2-phenylnicotinate (16e)

Yield 73%; colorless oil; IR (KBr) 3027, 2950, 2857, 1717, 1588, 1496, 1430, 1392, 1291, 1207, 1135,
1104, 1052, 808, 769 cm™%; 'H-NMR (400 MHz, CDCls) § 3.12 (2H, dt, J = 2.8 and 8.4 Hz), 3.21 (2H,
dt, J = 2.8 and 8.4 Hz), 3.68 (3H, s), 7.10 (1H, d, J = 8.0 Hz), 7.17-7.22 (3H, m), 7.26-7.30 (2H, m),
7.39-7.47 (3H, m), 7.52-7.56 (2H, m), 8.00 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) & 35.4
(CH2), 40.0 (CH2), 52.1 (CHs), 120.8 (CH), 124.3 (Cq), 126.0 (CH), 128.1 (CH), 128.4 (CH), 128.5
(CH), 128.5 (CH), 128.6 (CH), 138.2 (CH), 140.3 (Cq), 141.2 (Cq), 158.6 (Cq), 163.6 (Cq), 168.6

(Cq); HRMS (ESI) m/z calcd for Co1H19NO2Na [M+Na]* 340.1313, found 340.1313.
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Ph

MeOZC = N
N | OBn

16f
Methyl 6-[3-(benzyloxy)propyl]-2-phenylnicotinate (16f)
Yield 65%; colorless oil; IR (KBr) 3030, 2949, 2856, 1717, 1588, 1559, 1456, 1431, 1393, 1290, 1207,
1108, 739, 698 cm*; *H-NMR (400 MHz, CDCls) § 2.12 (2H, tt, J = 6.4 and 7.6 Hz), 2.99 (2H, t, J =
7.6 Hz), 3.55 (2H, t, J = 6.4 Hz), 3.68 (3H, s), 4.51 (2H, s), 7.17 (1H, d, J = 8.0 Hz), 7.26-7.35 (5H,
m), 7.38-7.45 (3H, m), 7.50—7.55 (2H, m), 8.00 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCl3) §
29.3 (CHy), 35.0 (CH2), 52.1 (CHs), 69.5 (CH2), 72.9 (CHy), 120.7 (CH), 124.2 (Cq), 127.5 (CH),
127.6 (CH), 128.0 (CH), 128.3 (CH), 128.5 (CH), 128.6 (CH), 138.2 (CH), 138.5 (Cq), 140.4 (Cq),
158.5 (Cq), 164.1 (Cq), 168.7 (Cq); HRMS (ESI) m/z calcd for CasH2sNOzNa [M+Na]* 384.1576,

found 384.1578.

Br

16g
Methyl 2-(2-bromophenyl)-6-cyclohexylnicotinate (16g)

Yield 72%; colorless oil; IR (KBr) 2926, 2852, 1733, 1584, 1432, 1394, 1276, 1202, 1142, 1065, 1025,
807, 759 cm%; 'H-NMR (400 MHz, CDCls) § 1.27 (1H, tq, J = 3.2 and 12.4 Hz), 1.41 (2H, tq, J = 3.2
and 12.4 Hz), 1.52 (2H, dg, J = 3.2 and 12.4 Hz), 1.71-1.79 (1H, m), 1.81-1.90 (2H, m), 1.98-2.06
(2H, m), 2.84 (1H, tt, J = 3.6 and 11.6 Hz), 3.68 (3H, ), 7.22-7.29 (2H, m), 7.33-7.42 (2H, m), 7.61
(1H, d, J = 8.0 Hz), 8.25 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) & 25.9 (CHz), 26.3 (CH>),
32.7 (CH2), 46.6 (CH), 52.2 (CH3), 119.3 (CH), 122.2 (Cq), 123.8 (Cq), 127.2 (CH), 129.3 (CH), 130.1
(CH), 132.2 (CH), 138.6 (CH), 142.2 (Cq), 158.5 (Cq), 166.4 (Cq), 169.6 (Cq); HRMS (ESI) m/z calcd
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for C19H20BrNO2Na [M+Na]* 396.0575, found 396.0575.

Br

16h
Methyl 2-(4-bromophenyl)-6-cyclohexylnicotinate (16h)

Yield 85%; colorless needles; mp 84.9-86.8 °C (recrystallized from EtOAc/hexane); IR (KBr) 2933,
2855, 1716, 1583, 1434, 1400, 1291, 1128, 1068, 1011, 838, 799, 735 cm™%; TH-NMR (400 MHz,
CDCl3) & 1.28 (1H, tq, J = 3.2 and 12.4 Hz), 1.42 (2H, tq, J = 3.2 and 12.4 Hz), 1.49-1.62 (2H, m),
1.72-1.80 (1H, m), 1.82-1.91 (2H, m), 1.94-2.04 (2H, m), 2.80 (1H, tt, J = 3.6 and 11.6 Hz), 3.71
(3H, s), 7.19 (1H, d, J = 8.0 Hz), 7.42 (2H, d, J = 8.4 Hz), 7.55 (2H, d, J = 8.4 Hz), 8.04 (1H, d, J =
8.0 Hz); *C-NMR (100 MHz, CDCl3) & 26.0 (CH), 26.4 (CH2), 32.6 (CH>), 46.6 (CH), 52.2 (CHa),
119.0 (CH), 122.9 (Cq), 123.9 (Cq), 130.4 (CH), 131.2 (CH), 138.5 (CH), 139.5 (Cq), 157.1 (Cq),
168.4 (Cq), 169.1 (Cq); HRMS (ESI) m/z calcd for CigH20BrNO2Na [M+Na]* 396.0575, found

396.0578.

Cl

MeOZC

16i
Methyl 2-(4-chlorophenyl)-6-cyclohexylnicotinate (16i)
Yield 71%; colorless needles; mp 84.1-85.6 °C (recrystallized from EtOAc/hexane); IR (KBr) 2934,

2856, 1716, 1584, 1434, 1402, 1289, 1129, 1089, 1014, 839, 799, 741 cm%; 'H-NMR (400 MHz,
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CDCls) § 1.28 (1H, tq, J = 3.2 and 12.4 Hz), 1.42 (2H, tq, J = 3.2 and 12.4 Hz), 1.54 (2H, dg, J = 3.2
and 12.4 Hz), 1.72-1.80 (1H, m), 1.82-1.91 (2H, m), 1.95-2.03 (2H, m), 2.81 (1H, tt, J = 3.6 and 11.6
Hz), 3.71 (3H, s), 7.19 (1H, d, J = 8.0 Hz), 7.39 (2H, d, J = 8.4 Hz), 7.49 (2H, d, J = 8.4 Hz), 8.04 (1H,
d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) § 26.0 (CHz), 26.4 (CHz), 32.6 (CH>), 46.6 (CH), 52.2
(CH3), 118.9 (CH), 123.9 (Cq), 128.2 (CH), 130.1 (CH), 134.6 (Cq), 138.5 (CH), 139.0 (Cq), 157.0
(Cq), 168.4 (Cq), 169.0 (Cq); HRMS (ESI) m/z calcd for C1gH20CINO2Na [M+Na]* 352.1080, found

352.1079.

16

Methyl 6-cyclohexyl-2-(4-fluorophenyl)nicotinate (16j)

Yield 74%; colorless oil; IR (KBr) 2927, 2852, 1732, 1581, 1510, 1455, 1288, 1137, 1101, 1049, 844,
800 cm%; H-NMR (400 MHz, CDCls) § 1.28 (1H, tq, J = 3.2 and 12.4 Hz), 1.42 (2H, tq, J = 3.2 and
12.4 Hz), 1.54 (2H, dg, J = 3.2 and 12.4 Hz), 1.72-1.80 (1H, m), 1.82—1.90 (2H, m), 1.96-2.04 (2H,
m), 2.81 (1H, tt, J = 3.6 and 11.6 Hz), 3.70 (3H, s), 7.11 (2H, t, J = 8.4 Hz), 7.18 (1H, d, J = 8.0 Hz),
7.53 (2H, dd, J = 5.6 and 8.4 Hz), 8.03 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) & 26.0 (CHy),
26.4 (CH2), 32.7 (CHy), 46.6 (CH), 52.2 (CHs), 115.0 (CH, d, J = 21.4 Hz), 118.7 (CH), 123.9 (Cq),
130.6 (CH, d, J = 8.3 Hz), 136.6 (Cq, d, J = 2.5 Hz), 138.5 (CH), 157.1 (Cq), 163.1 (Cq, d, J = 246.2
Hz), 168.6 (Cq), 168.9 (Cq); HRMS (ESI) m/z calcd for C1gH20FNO2Na [M+Na]* 336.1376, found

336.1375.
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MeOZC SN

. cy
16k

Methyl 6-cyclohexyl-2-(4-methoxyphenyl)nicotinate (16k)

Yield 67%; colorless needles; mp 90.0-91.2 °C (recrystallized from EtOAc/hexane); IR (KBr) 2931,
2851, 1714, 1585, 1514, 1435, 1390, 1297, 1249, 1173, 1139, 1028, 843, 798 cm™; TH-NMR (400
MHz, CDCls) § 1.28 (1H, tq, J = 3.2 and 12.4 Hz), 1.41 (2H, tq, J = 3.2 and 12.4 Hz), 1.55 (2H, dq, J
= 3.2 and 12.4 Hz), 1.71-1.81 (1H, m), 1.81-1.90 (2H, m), 1.98-2.04 (2H, m), 2.80 (1H, tt, J = 3.6
and 11.6 Hz), 3.71 (3H, s), 3.85 (3H, s), 6.95 (2H, d, J = 8.4 Hz), 7.13 (1H, d, J = 8.0 Hz), 7.52 (2H,
d, J=8.4 Hz), 7.98 (1H, d, J = 8.0 Hz); 3C-NMR (100 MHz, CDCls) & 26.0 (CH>), 26.4 (CH>), 32.7
(CH2), 46.6 (CH), 52.1 (CHs), 55.3 (CHs), 113.6 (CH), 118.1 (CH), 123.8 (Cq), 130.1 (CH), 133.0
(Cq), 138.2 (CH), 157.5 (Cq), 160.1 (Cq), 168.6 (Cq), 169.2 (Cq); HRMS (ESI) m/z calcd for

C20H23NO3Na [M+Na]* 348.1576, found 348.1575.

MeOZC = N

I
N cy

161
Methyl 6-cyclohexyl-2-(naphthalen-2-yl)nicotinate (161)
Yield 68%; colorless needles; mp 67.4-68.7 °C (recrystallized from EtOAc/hexane); IR (KBr) 2926,
2852, 1731, 1583, 1431, 1397, 1288, 1136, 1096, 1056, 902, 822, 800, 745 cm™1; TH-NMR (400 MHz,
CDCl3) 6 1.30 (1H, tq, J = 3.2 and 12.4 Hz), 1.43 (2H, tg, J = 3.2 and 12.4 Hz), 1.58 (2H, dg, J = 3.2
and 12.4 Hz), 1.72-1.81 (1H, m), 1.83-1.92 (2H, m), 1.99-2.07 (2H, m), 2.86 (1H, tt, J = 3.6 and 11.6
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Hz), 3.64 (3H, s), 7.22 (1H, d, J = 8.0 Hz), 7.47-7.53 (2H, m), 7.65 (1H, dd, J = 1.2 and 8.0 Hz),
7.83-7.93 (3H, m), 8.04-8.08 (2H, m); 3C-NMR (100 MHz, CDCls) & 26.0 (CH>), 26.4 (CH>), 32.7
(CH>), 46.7 (CH), 52.2 (CH3), 118.6 (CH), 124.4 (Cq), 126.1 (CH), 126.3 (CH), 126.6 (CH), 127.5
(CH), 127.6 (CH), 128.1 (CH), 128.5 (CH), 133.2 (CH), 133.3 (Cq), 138.0 (Cq), 138.4 (CH), 158.0
(Cq), 168.9 (Cq), 168.9 (Cq); HRMS (ESI) m/z calcd for C23H23NO2Na [M+Na]" 368.1626, found

368.1629.

16m
Methyl 6-cyclohexyl-2-(thiophen-2-yl)nicotinate (16m)

Yield 60%; colorless oil; IR (KBr) 2926, 2852, 1731, 1583, 1434, 1388, 1285, 1137, 1097, 990, 821,
795, 706 cm™%; 'H-NMR (400 MHz, CDCls) § 1.29 (1H, tq, J = 3.2 and 12.4 Hz), 1.42 (2H, tq, J = 3.2
and 12.4 Hz), 1.56 (2H, dg, J = 3.2 and 12.4 Hz), 1.72-1.80 (1H, m), 1.82-1.91 (2H, m), 1.94-2.02
(2H, m), 2.76 (1H, tt, J = 3.6 and 11.6 Hz), 3.86 (3H, s), 7.06 (1H, t, J = 4.8 Hz), 7.07 (1H, d, J = 8.0
Hz), 7.37 (1H, d, J = 4.8 Hz), 7.41 (1H, d, J = 4.8 Hz), 7.84 (1H, d, J = 8.0 Hz); *C-NMR (100 MHz,
CDCl3) & 26.0 (CH2), 26.4 (CHy), 32.5 (CH2), 46.2 (CH), 52.4 (CH3), 118.5 (CH), 122.8 (Cq), 127.3
(CH), 127.5 (CH), 128.2 (CH), 137.8 (CH), 143.6 (Cq), 149.8 (Cq), 168.3 (Cq), 169.0 (Cq); HRMS

(ESI) m/z calcd for C17H19NO2SNa [M+Na]* 324.1034, found 324.1038.
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Synthesis of tetrasubstituted pyridines 17. (Table 6, Table 8)
General procedure for the one-pot synthesis of tetrasubstituted pyridines 17a-m.
Synthesis of 17a. (Table 6, entry 8)

To a stirred solution of 3-aziridinylpropiolate ester 10a (40.5 mg, 0.14 mmol) in toluene (1.4 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PPhs (3.6 mg, 13.6 umol) was successively added to
reaction solution. After further stirring was continued for 3 h at 60 °C, the reaction mixture was cooled
to 0 °C, and stirring was continued for 10 h under Oz (1 atm) at the same temperature. The solvent was
evaporated under the reduced pressure, and the residue was chromatographed on silica gel with
hexane-AcOEt (80:20 v/v) as eluent to give tetrasubstituted pyridine 17a (33.8 mg, 80%) as a colorless

solid.

Ph

MeOQC Vi N

OH
17a

Methyl 6-cyclohexyl-5-hydroxy-2-phenylnicotinate (17a)

Yield 80%; colorless needles; mp 126.0-127.1 °C (recrystallized from EtOAc/hexane); IR (KBr) 3399,
2928, 2847, 1739, 1688, 1589, 1436, 1232, 1098, 894, 754, 702 cm™*; 'H-NMR (400 MHz, CDCls) §
1.24-1.50 (3H, m), 1.69-1.81 (3H, m), 1.82—1.90 (4H, m), 3.05 (1H, tt, J = 3.6 and 11.6 Hz), 3.67
(3H, s), 5.36 (1H, brs), 7.33-7.43 (3H, m), 7.45 (1H, s), 7.50-7.55 (2H, m); *C-NMR (100 MHz,
CDClIs) 6 26.0 (CHy), 26.5 (CH2), 30.7 (CH?2), 40.0 (CH), 52.3 (CH3), 123.3 (CH), 124.0 (Cq), 127.9
(CH), 127.9 (CH), 128.7 (CH), 140.2 (Cq), 147.8 (Cq), 150.1 (Cq), 156.4 (Cq), 169.4 (Cq); HRMS

(ESI) m/z calcd for C19H21NO3Na [M+Na]* 334.1419, found 334.1424.

85



Ph

MGOZC >N

I
N iPr

OH
17b

Methyl 5-hydroxy-6-isopropyl-2-phenylnicotinate (17b)

Yield 81%; colorless plates; mp 152.2—153.9 °C (recrystallized from EtOAc/hexane); IR (KBr) 2952,
2874, 2612, 1726, 1584, 1439, 1335, 1249, 1226, 1174, 1099, 1059, 900, 806, 780, 696 cm™*; 'H-NMR
(400 MHz, CDCl3) § 1.33 (6H, d, J = 6.8 Hz), 3.43 (1H, sept, J = 6.8 Hz), 3.67 (3H, s), 5.86 (1H, brs),
7.32-7.42 (3H, m), 7.44 (1H, s), 7.50-7.55 (2H, m); 3C-NMR (100 MHz, CDCl3) & 20.6 (CHs), 30.1
(CH), 52.3 (CHa), 123.4 (CH), 124.2 (Cq), 127.8 (CH), 127.9 (CH), 128.7 (CH), 140.1 (Cq), 148.0
(Cq), 150.0 (Cq), 157.3 (Cq), 169.3 (Cq); HRMS (ESI) m/z calcd for C16H17NOsNa [M+Na]* 294.1106,

found 294.1103.

Ph

MeO,C. A\

I
N tBu

OH
17¢

Methyl 6-tert-butyl-5-hydroxy-2-phenylnicotinate (17c)

Yield 67%; colorless plates; mp 188.4—190.2 °C (recrystallized from EtOAc/hexane); IR (KBr) 3439,
3383, 2963, 2868, 1693, 1594, 1442, 1403, 1322, 1268, 1196, 1032, 900, 799, 706 cm!; *H-NMR
(400 MHz, CDCl3) & 1.47 (9H, s), 3.69 (3H, s), 5.84 (1H, brs), 7.33-7.43 (3H, m), 7.46 (1H, s),
7.54-7.59 (2H, m); ¥C-NMR (100 MHz, CDCls) & 28.3 (CHs), 38.1 (Cq), 52.3 (CHs3), 124.3 (Cq),
124.6 (CH), 127.9 (CH), 128.0 (CH), 128.8 (CH), 140.1 (Cq), 148.8 (Cq), 148.8 (Cq), 157.7 (Cq),

169.4 (Cq); HRMS (ESI) m/z calcd for C17H1sNOsNa [M+Na]* 308.1263, found 308.1264.
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MeOzC 2SN

I
NS
nBu

OH
17d

Methyl 6-butyl-5-hydroxy-2-phenylnicotinate (17d)

Yield 70%; colorless needles; mp 116.2—117.4 °C (recrystallized from EtOAc/hexane); IR (KBr) 2932,
2861, 2603, 1733, 1583, 1444, 1222, 1162, 1109, 1079, 1032, 797, 702 cm™%; *H-NMR (400 MHz,
CDCl3) § 0.95 (3H, t, J = 7.6 Hz), 1.43 (2H, sext, J = 7.6 Hz), 1.75 (2H, tt, J = 7.6 and 8.0 Hz), 2.90
(2H, t, J = 8.0 Hz), 3.66 (3H, s), 5.29 (1H, brs), 7.33-7.42 (3H, m), 7.45 (1H, s), 7.45-7.50 (2H, m);
3C-NMR (100 MHz, CDCls) § 13.9 (CHs), 22.8 (CHy), 30.5 (CH2), 32.1 (CHy), 52.2 (CH3), 123.4
(CH), 124.6 (Cq), 127.9 (CH), 128.0 (CH), 128.6 (CH), 139.8 (Cq), 149.2 (Cq), 150.1 (Cq), 153.7

(Cq), 168.3 (Cq); HRMS (ESI) m/z calcd for C17H10NOsNa [M+Na]* 308.1263, found 308.1260.

Ph
17¢
Methyl 5-hydroxy-6-phenethyl-2-phenylnicotinate (17¢)
Yield 75%; colorless plates; mp 128.2—129.7 °C (recrystallized from EtOAc/hexane); IR (KBr) 3026,
2945, 2868, 2629, 1733, 1585, 1413, 1321, 1224, 1172, 1105, 1033, 751, 699 cm™; TH-NMR (400
MHz, CDCls) & 3.06 (2H, dt, J = 2.8 and 8.4 Hz), 3.22 (2H, dt, J = 2.8 and 8.4 Hz), 3.64 (3H, s), 6.85
(1H, brs), 7.16-7.27 (5H, m), 7.27—7.38 (4H, m), 7.41-7.46 (2H, m); *C-NMR (100 MHz, CDCls) &
34.3 (CHy), 34.3 (CHy), 52.2 (CHa3), 123.7 (CH), 124.9 (Cq), 126.0 (CH), 127.9 (CH), 128.0 (CH),
128.4 (CH), 128.5 (CH), 128.6 (CH), 139.6 (Cq), 141.6 (Cq), 149.3 (Cq), 150.1 (Cq), 152.3 (Cq),

168.2 (Cq); HRMS (ESI) m/z calcd for C21H19NOsNa [M+Na]* 356.1263, found 356.1261.
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MeOZC Vi N

NN ! OBn

OH
17f

Methyl 6-[3-(benzyloxy)propyl]-5-hydroxy-2-phenylnicotinate (17f)

Yield 69%; colorless oil; IR (KBr) 3031, 2949, 2859, 1716, 1588, 1436, 1409, 1225, 1108, 1032, 905,
739, 698 cm™t; TH-NMR (400 MHz, CDCls) & 2.09 (2H, tt, J = 6.4 and 7.6 Hz), 3.05 (2H, t, J = 7.6
Hz), 3.54 (1H, t, J = 6.4 Hz), 3.67 (3H, s), 4.61 (2H, s), 7.32-7.42 (8H, m), 7.44-7.49 (2H, m), 7.56
(1H, s), 7.76 (1H, s); 3C-NMR (100 MHz, CDCl3) & 27.9 (CH>), 28.6 (CH2), 52.2 (CHs), 68.4 (CH>),
73.1 (CHy), 124.8 (CH), 125.6 (Cq), 127.9 (CH), 128.0 (CH), 128.0 (CH), 128.1 (CH), 128.5 (CH),
128.6 (CH), 137.0 (Cq), 140.1 (Cq), 150.0 (Cq), 150.4 (Cq), 151.1 (Cq), 168.2 (Cq); HRMS (ESI) m/z

calcd for C23H2sNOsNa [M+Na]* 400.1525, found 400.1524.

Br

M902C >N

I
\Cy

OH
17¢g

Methyl 2-(2-bromophenyl)-6-cyclohexyl-5-hydroxynicotinate (17g)

Yield 58%; colorless needles; mp 147.1-148.3 °C (recrystallized from EtOAc/hexane); IR (KBr) 2931,
2901, 2846, 1736, 1577, 1431, 1408, 1224, 1149, 1106, 1054, 1005, 803, 753 cm; TH-NMR (400
MHz, CDCls) 6 1.21-1.48 (3H, m), 1.65-1.79 (3H, m), 1.80-1.89 (4H, m), 3.07 (1H, tt, J = 3.6 and
11.6 Hz), 3.66 (3H, s), 5.56 (1H, brs), 7.18-7.25 (1H, m), 7.32—7.39 (2H, m), 7.58 (1H, d, J = 8.4 Hz),
7.66 (1H, s); 3C-NMR (100 MHz, CDCls) § 25.9 (CH.), 26.5 (CH2), 30.7 (CHy), 40.3 (CH), 52.3
(CHs), 122.9 (Cq), 123.5 (CH), 124.2 (Cq), 127.0 (CH), 129.0 (CH), 130.7 (CH), 132.1 (CH), 141.9

(Cq), 148.4 (Cq), 150.3 (Cq), 157.1 (Cq), 167.0 (Cq); HRMS (ESI) m/z calcd for C1H20BrNOsNa
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[M+Na]* 412.0524, found 412.0524.

Br

Methyl 2-(4-bromophenyl)-6-cyclohexyl-5-hydroxynicotinate (17h)

Yield 78%; colorless needles; mp 188.1-189.0 °C (recrystallized from EtOAc/hexane); IR (KBr) 2930,
2852, 1715, 1594, 1437, 1414, 1244, 1108, 1016, 794 cm™*; *H-NMR (400 MHz, CDCls) § 1.24-1.49
(3H, m), 1.63-1.79 (3H, m), 1.80-1.91 (4H, m), 3.05 (1H, tt, J = 3.6 and 11.6 Hz), 3.70 (3H, s), 5.55
(1H, brs), 7.39 (2H, d, J = 8.4 Hz), 7.46 (1H, s), 7.52 (2H, d, J = 8.4 Hz); 3C-NMR (100 MHz, CDCls)
8 26.0 (CHy), 26.5 (CHz), 30.8 (CH?2), 40.0 (CH), 52.4 (CHs), 122.4 (Cq), 123.5 (CH), 123.8 (Cq),
130.5 (CH), 131.0 (CH), 139.2 (Cq), 147.9 (Cq), 149.2 (Cq), 156.6 (Cq), 168.8 (Cq); HRMS (ESI)

m/z calcd for C19H20BrNO3sNa [M+Na]* 412.0524, found 412.0520.

Cl

Methyl 2-(4-chlorophenyl)-6-cyclohexyl-5-hydroxynicotinate (17i)
Yield 72%; colorless plates; mp 178.8—180.0 °C (recrystallized from EtOAc/hexane); IR (KBr) 2932,
2854, 1716, 1590, 1438, 1415, 1319, 1245, 1156, 1110, 1019, 843, 795, 746 cm™*; *H-NMR (400 MHz,

CDCls) 5 1.24-1.48 (3H, m), 1.65-1.79 (3H, m), 1.80-1.90 (4H, m), 3.04 (1H, tt, J = 3.6 and 11.6
89



Hz), 3.70 (3H, s), 5.40 (1H, brs), 7.36 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J = 8.4 Hz), 7.47 (1H, s); °C-
NMR (100 MHz, CDCls) & 26.0 (CHz), 26.5 (CH2), 30.8 (CH?2), 40.0 (CH), 52.4 (CH3), 123.5 (CH),
123.8 (Cq), 128.1 (CH), 130.1 (CH), 134.1 (Cq), 138.7 (Cq), 148.0 (Cq), 149.1 (Cq), 156.7 (Cq), 168.9

(Cq); HRMS (ESI) m/z calcd for C19H20CINOsNa [M+Na]* 368.1029, found 368.1029.

Methyl 6-cyclohexyl-2-(4-fluorophenyl)-5-hydroxynicotinate (17j)

Yield 72%; colorless plates; mp 161.9-163.3 °C (recrystallized from EtOAc/hexane); IR (KBr) 3420,
2930, 2844, 1685, 1600, 1513, 1441, 1415, 1267, 1218, 1157, 1009, 844, 796 cm™!; TH-NMR (400
MHz, CDCls) & 1.20-1.48 (3H, m), 1.65-1.79 (3H, m), 1.80-1.89 (4H, m), 3.07 (1H, tt, J = 3.6 and
11.6 Hz), 3.69 (3H, s), 6.18 (1H, brs), 7.06 (2H, t, J = 8.4 Hz), 7.44 (1H, s), 7.48 (2H, dd, J = 5.6 and
8.4 Hz); *C-NMR (100 MHz, CDCl3) & 26.0 (CH), 26.5 (CH2), 30.8 (CH>), 40.0 (CH), 52.4 (CHa),
114.8 (CH, d, J = 21.5 Hz), 123.5 (CH), 123.8 (Cq), 130.5 (CH, d, J = 7.8 Hz), 136.3 (Cq, d, J = 3.4
Hz), 147.8 (Cq), 149.3 (Cq), 156.5 (Cq), 162.8 (Cq, d, J = 245.7 Hz), 169.0 (Cq); HRMS (ESI) m/z

calcd for C19H20FNOsNa [M+Na]* 352.1325, found 352.1322.
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Methyl 6-cyclohexyl-5-hydroxy-2-(4-methoxyphenyl)nicotinate (17k)

Yield 64%; colorless needles; mp 174.2—174.6 °C (recrystallized from EtOAc/hexane); IR (KBr) 3245,
2923, 2845, 1690, 1592, 1517, 1418, 1252, 1175, 1113, 1036, 832 cm™*; *H-NMR (400 MHz, CDCls)
8 1.24-1.48 (3H, m), 1.69-1.81 (3H, m), 1.81-1.90 (4H, m), 3.03 (1H, tt, J = 3.6 and 11.6 Hz), 3.71
(3H, s), 3.84 (3H, s), 5.28 (1H, brs), 6.93 (2H, d, J = 8.4 Hz), 7.41 (1H, s), 7.48 (2H, d, J = 8.4 Hz);
13C-NMR (100 MHz, CDCls) § 26.0 (CH3), 26.5 (CH>), 30.8 (CH>), 40.0 (CH), 52.3 (CH3), 55.3 (CHs),
113.4 (CH), 123.4 (CH), 123.6 (Cq), 130.0 (CH), 132.8 (Cq), 147.3 (Cq), 149.8 (Cq), 156.1 (Cq),

159.6 (Cq), 169.4 (Cq); HRMS (ESI) m/z calcd for CaoH23NOsNa [M+Na]* 364.1525, found 364.1524.

Z "N
I
X Cy
OH
171

MGOQC

Methyl 6-cyclohexyl-5-hydroxy-2-(naphthalen-2-yl)nicotinate (171)

Yield 83%; colorless needles; mp 183.7—185.4 °C (recrystallized from EtOAc/hexane); IR (KBr) 3248,
2928, 2847, 1693, 1586, 1432, 1406, 1268, 1242, 1101, 743 cm™*; *H-NMR (400 MHz, CDCls) §
1.24-1.50 (3H, m), 1.70-1.84 (3H, m), 1.84-1.92 (4H, m), 3.07 (1H, tt, J = 3.6 and 11.6 Hz), 3.64
(3H, s), 5.43 (1H, brs), 7.46-7.52 (3H, m), 7.65 (1H, d, J = 8.4 Hz), 7.83-7.92 (3H, m), 8.00 (1H, s);

13C-NMR (100 MHz, CDCls) & 26.0 (CH,), 26.5 (CH2), 30.7 (CHs), 40.1 (CH), 52.4 (CHs), 123.4
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(CH), 124.2 (Cq), 126.0 (CH), 126.1 (CH), 126.9 (CH), 127.3 (CH), 127.6 (CH), 127.9 (CH), 128.3
(CH), 133.0 (Cq), 133.2 (Cq), 137.7 (Cq), 147.9 (Cq), 149.9 (Cq), 156.6 (Cq), 169.4 (Cq); HRMS

(ESI) m/z calcd for C23H23NO3Na [M+Na]*™ 384.1576, found 384.1573.

17m
Methyl 6-cyclohexyl-5-hydroxy-2-(thiophen-2-yl)nicotinate (17m)

Yield 63%; colorless plates; mp 124.1-125.1 °C (recrystallized from EtOAc/hexane); IR (KBr) 3231,
2925, 28550, 1684, 1585, 1442, 1403, 1285, 1077, 884, 849, 777, 711 cm™*;

§1.26-1.48 (3H, m), 1.66-1.79 (3H, m), 1.82-1.92 (4H, m), 2.99 (1H, tt, J = 3.6 and 11.6 Hz), 3.85
(3H, s), 5.17 (1H, brs), 7.03 (1H, dd, J = 3.6 and 5.2 Hz), 7.26 (1H, d, J = 3.6 Hz), 7.30 (1H, s), 7.35
(1H, d, J = 5.2 Hz); 3C-NMR (100 MHz, CDCls) § 26.1 (CH2), 26.5 (CHz), 30.9 (CH2), 39.7 (CH),
52.6 (CH3), 123.0 (CH), 123.0 (Cq), 126.1 (CH), 127.2 (CH), 127.3 (CH), 142.6 (Cq), 143.6 (Cq),
147.3 (Cq), 155.8 (Cq), 168.9 (Cq); HRMS (ESI) m/z calcd for C17H1sNOsSNa [M+Na]* 340.0983,

found 340.0984.
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Procedure for the synthesis of nicotinic acid 18. (Scheme 11)

HO Z "N

6-Cyclohexyl-2-phenylnicotinic acid (18)

To a stirred solution of trisubstituted pyridine 16a (49.2 mg, 0.17 mmol) in MeOH (1.0 mL) was
added 10% aqueous NaOH (0.4 mL) at room temperature, and stirring was continued for 12 h at
60 °C. The reaction mixture was diluted with Et2O and extracted with 10% aqueous NaOH. The
combined aqueous layers were added 2 N HCI and extracted with Et,O. The combined organic layers
were washed with brine, dried over MgSQOs, and then the solvent was evaporated under reduced
pressure to give nicotinic acid 18 (45.2 mg, 96%) as a colorless plates; mp 185.1-186.9 °C
(recrystallized from CHCIs); IR (KBr) 3442, 2927, 2851, 1709, 1588, 1401, 1286, 1150, 1108, 811,
765, 697 cm™; 'H-NMR (400 MHz, DMSO-dg) & 1.25 (1H, tq, J = 3.2 and 12.8 Hz), 1.38 (2H, tq, J =
3.2.and 12.8 Hz), 1.54 (2H, tq, J = 3.2 and 12.0 Hz), 1.66-1.75 (1H, m), 1.76—1.85 (2H, m), 1.85-1.94
(2H, m), 2.75 (1H, tt, J = 3.2 and 12.0 Hz), 7.31 (1H, d, J = 8.0 Hz), 7.38-7.46 (3H, m), 7.52-7.58
(2H, m), 7.99 (1H, d, J = 8.0 Hz), 13.05 (1H, brs); *C-NMR (100 MHz, DMSO-ds) & 25.5 (CH2), 25.9
(CH2), 32.1 (CHy), 45.5 (CH), 119.1 (CH), 125.6 (Cq), 127.8 (CH), 128.3 (CH), 128.6 (CH), 137.9
(CH), 140.1 (Cq), 156.2 (Cq), 167.1 (Cq), 169.2 (Cq); HRMS (ESI) m/z calcd for CigH19NO2Na
[M+Na]* 304.1313, found 304.1310.

X-Ray crystallographic analysis of compound 18 chloroform complex. A colorless chunk crystal
having approximate dimensions of 0.50 x 0.40 x 0.10 mm was mounted on a glass fiber. All
measurements were made on a Rigaku RAXIS RAPID imaging plate area detector with graphite
monochromated Mo-Ka radiation. The structure was solved by direct methods (SIR97) and expanded
using Fourier techniques (DIRDIF99). The non-hydrogen atoms were refined anisotropically.

Hydrogen atoms were refined using the riding model. The final cycle of full-matrix least-squares
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refinement on F was based on 4431 observed reflections (I > 0.00c(1)) and 246 variable parameters,
and converged (largest parameter shift was 0.00 times its esd) with unweighted and weighted
agreement factors of R = 0.042 and Ry = 0.067. Crystal data for 18 chloroform complex:
C19H20NO2Cls, M = 400.73, monoclinic, space group P21/n (#14), a = 10.3825(5) A, b = 17.2549(9)
A, ¢ =11.1134(7) A, B = 102.249(2), V = 1945.6(2) A3, Z = 4, D. = 1.368 g/cm?, F(000) = 832.00,

w(MoKa) = 4.82 cm™,

Procedure for the synthesis of pyridinylacetate 19. (Scheme 11)

Ph
MeOZC

—Z

Cy
OAc
19

Methyl 5-acetoxy-6-cyclohexyl-2-phenylnicotinate (19)

To a stirred solution of tetrasubstituted pyridine 17a (16.5 mg, 53.0 pmol) in CH2Cl> (265 puL) was
added EtsN (22.1 uL, 159 umol), Ac20 (7.5 pL, 79.5 umol) and DMAP (0.6 mg, 5.3 umol) at room
temperature, and stirring was continued for 30 min at the same temperature. The reaction mixture
was diluted with H>O and extracted with AcOEt. The combined organic layers were washed with brine,
dried over MgSQOg, and then the solvent was evaporated under reduced pressure. The residue upon
work up was chromatographed on silica gel with hexane-AcOEt (90:10 v/v) as eluent to give acetate
19 (15.0 mg, 80%) as a colorless plates; mp 98.4-100.2 °C (recrystallized from CHCI3); IR (KBr)
2936, 2854, 1756, 1712, 1596, 1429, 1398, 1307, 1257, 1200, 1148, 1114, 799, 749, 695 cm™*; 1H-
NMR (400 MHz, CDCls) § 1.22-1.44 (3H, m), 1.77-1.90 (7H, m), 2.39 (3H, s), 2.85 (1H, tt, J = 3.6
and 11.6 Hz), 3.69 (3H, s), 7.38-7.46 (3H, m), 7.52-7.59 (2H, m), 7.77 (1H, s); 3C-NMR (100 MHz,
CDCl3) § 20.9 (CHs), 25.9 (CHy), 26.4 (CHy), 31.2 (CH2), 40.4 (CH), 52.2 (CH3), 124.4 (Cq), 127.9
(CH), 128.5 (CH), 128.9 (CH), 131.6 (CH), 139.9 (Cq), 142.6 (Cq), 155.6 (Cq), 160.4 (Cq), 167.6
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(Cq), 169.1 (Cq); HRMS (ESI) m/z calcd for C2:H23NO4Na [M+Na]* 376.1525, found 376.1526.

X-Ray crystallographic analysis of compound 19. A colorless block crystal having approximate
dimensions of 0.60 x 0.40 x 0.30 mm was mounted on a glass fiber. All measurements were made on
a Rigaku RAXIS RAPID imaging plate area detector with graphite monochromated Mo-Ka radiation.
The structure was solved by direct methods (SIR97) and expanded using Fourier techniques
(DIRDIF99). The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined
using the riding model. The final cycle of full-matrix least-squares refinement on F was based on 4182
observed reflections (1 > 0.00c(1)) and 258 variable parameters, and converged (largest parameter shift
was 0.00 times its esd) with unweighted and weighted agreement factors of R = 0.039 and Ry, = 0.073.
Crystal data for 19: C21H23NO4, M = 353.42, triclinic, space group P-1 (#2), a = 5.9884(3) A, b =
9.7086(7) A, ¢ = 16.597(1) A, o = 80.492(2), B = 77.830(2)", y = 81.850(2)°, V = 924.5(1) A3, Z = 2,

Dc = 1.269 g/cm?, F(000) = 376.00, un(MoKa) = 0.88 cm™.

Synthesis of substituted pyridines using air as an oxidant. (Scheme 14)
Synthesis of 16a.

To a stirred solution of 3-aziridinylpropiolate ester 10a (29.7 mg, 0.10 mmol) in toluene (1.0 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PPhz (2.6 mg, 9.91 umol) was successively added to
reaction solution. After stirring was continued for 3 h at 60 °C, the reaction mixture was cooled to 0 °C,
and then AcOH (28.6 uL, 0.50 mmol) was added at the same temperature. Further stirring was
continued for 4 h under air atmosphere at the same temperature, and the solvent was evaporated under
the reduced pressure. The residue was chromatographed on silica gel with hexane-AcOEt (95:5 v/v)

as eluent to give trisubstituted pyridine 16a (16.9 mg, 57%) as a colorless oil.
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Synthesis of 17a.

To a stirred solution of 3-aziridinylpropiolate ester 10a (30.2 mg, 0.10 mmol) in toluene (1.0 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PPhs (2.7 mg, 10.3 umol) was successively added to
reaction solution. After stirring was continued for 3 h at 60 °C, the reaction mixture was cooled to 0 °C,
and further stirring was continued for 9 h under air atmosphere at the same temperature. The solvent was
evaporated under the reduced pressure, and the residue was chromatographed on silica gel with
hexane-AcOEt (80:20 v/v) as eluent to give tetrasubstituted pyridine 17a (19.6 mg, 62%) as a colorless

solid.

Synthesis of niacin derivatives 28-30. (Scheme 15)

Procedure for the synthesis of nicotinamide 28.

6-Cyclohexyl-2-phenylnicotinamide (28)

To a stirred solution of nicotinic acid 18 (20.0 mg, 71.0 umol) in DMF (0.7 mL) was added NH4Cl
(5.7 mg, 0.11 mmol), EDCI (21.8 mg, 0.11 mmol), HOBt (16.3 mg, 0.12 mmol) and DIPEA (54.8 ul,
0.32 mmol) at 0 °C, and stirring was continued for 2 h at 40 °C. The reaction mixture was diluted with
water and extracted with AcOEt. The combined organic layers were washed with saturated aqueous
NaHCOz and brine, dried over MgSOs, and then the solvent was evaporated under reduced pressure to
give nicotinamide 28 (19.8 mg, 99%) as colorless needles; mp 198.2—-200.2 °C (recrystallized from
EtOAc/hexane); IR (KBr) 3377, 3177, 2917, 2851, 1649, 1589, 1575, 1555, 1462, 1385, 768, 697
cm™%; 'H-NMR (400 MHz, DMSO-dg) & 1.18-1.31 (1H, m), 1.32-1.45 (2H, m), 1.49-1.62 (2H, m),

1.67-1.75 (1H, m), 1.76-1.85 (2H, m), 1.85-1.94 (2H, m), 2.74 (1H, tt, J = 3.2 and 12.0 Hz), 7.27
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(1H, d, J = 8.0 Hz), 7.37-7.46 (4H, m), 7.66-7.72 (2H, m), 7.73 (1H, d, J = 8.0 Hz), 7.82 (1H, brs) ;
13C-NMR (100 MHz, DMSO-dg) & 25.6 (CH>), 25.9 (CH_), 32.2 (CH>), 45.5 (CH), 118.8 (CH), 127.8
(CH), 128.2 (CH), 128.6 (CH), 130.2 (Cq), 136.4 (CH), 139.8 (Cq), 153.8 (Cq), 165.6 (Cq), 170.5

(Cq); HRMS (ESI) m/z calcd for C1sH20N20 [M]* 280.1576, found 280.1576.

Procedure for the synthesis of nicotinic acid 29.

O Ph

HO Z "N

I
\Cy

OH
29

6-Cyclohexyl-5-hydroxy-2-phenylnicotinic acid (29)

To a stirred solution of tetrasubstituted pyridine 17a (30.2 mg, 97.0 umol) in MeOH (0.6 mL) was
added 10% aqueous NaOH (0.25 mL) at room temperature, and stirring was continued for 3 h at 60 °C.
The reaction mixture was diluted with Et.O and extracted with 10% aqueous NaOH. The combined
aqueous layers were added 2 N HCI and extracted with AcOEt. The combined organic layers were
washed with brine, dried over MgSOs, and then the solvent was evaporated under reduced pressure to
give nicotinic acid 29 (30.0 mg, 99%) as colorless needles; mp 167.8-169.6 °C (recrystallized from
EtOAc/hexane); IR (KBr) 3060, 2929, 2855, 1699, 1558, 1447, 1415, 1321, 1240, 762, 698 cm*; 1H-
NMR (400 MHz, CD30D) & 1.24-1.38 (1H, m), 1.38-1.51 (2H, m), 1.68-1.89 (7H, m), 3.17 (1H, tt,
J = 3.6 and 11.6 Hz), 7.31-7.39 (3H, m), 7.44 (1H, s), 7.49-7.54 (2H, m); 3C-NMR (100 MHz,
CD30D) § 27.2 (CH2), 27.7 (CHz), 31.8 (CH>), 41.0 (CH), 123.9 (CH), 127.3 (Cq), 128.7 (CH), 128.9
(CH), 130.0 (CH), 141.5 (Cq), 149.6 (Cq), 150.6 (Cq), 157.0 (Cq), 171.6 (Cq); HRMS (ESI) m/z calcd

for C1sH19NO3Na [M+Na]* 320.1263, found 320.1259.

97



Procedure for the synthesis of nicotinamide 30.

30
6-Cyclohexyl-5-hydroxy-2-phenylnicotinamide (30)

To a stirred solution of nicotinic acid 29 (23.1 mg, 77.9 umol) in DMF (0.8 mL) was added NH4Cl
(6.3 mg, 0.12 mmol), EDCI (23.9 mg, 0.12 mmol), HOBt (17.9 mg, 0.13 mmol) and DIPEA (60.0 pl,
0.35 mmol) at 0 °C, and stirring was continued for 2 h at 40 °C. The reaction mixture was diluted with
water and extracted with AcOEt. The combined organic layers were washed with saturated aqueous
NaHCOs and brine, dried over MgSOa, and then the solvent was evaporated under reduced pressure.
The residue was chromatographed on silica gel with hexane-AcOEt (60:40 v/v) as eluent to give
nicotinamide 30 (16.4 mg, 71%) as colorless needles; mp 217.8-219.5 °C (recrystallized from
EtOAc/hexane); IR (KBr) 3323, 3177, 2928, 2853, 1620, 1590, 1445, 1313, 1227, 1205, 1177, 754,
701 cm™; 'H-NMR (400 MHz, CD30D) § 1.24-1.38 (1H, m), 1.38-1.51 (2H, m), 1.66-1.90 (7H, m),
3.16 (1H, tt, J = 3.6 and 11.6 Hz), 4.58 (1H, brs), 7.19 (1H, s), 7.31-7.41 (3H, m), 7.62—7.68 (2H, m) ;
13C-NMR (100 MHz, CD30D) & 27.3 (CH>), 27.8 (CH2), 32.0 (CH2), 40.9 (CH), 122.2 (CH), 128.9
(CH), 129.0 (CH), 129.9 (CH), 130.6 (Cq), 141.1 (Cq), 147.2 (Cq), 150.5 (Cq), 156.5 (Cq), 174.6

Cq); HRMS (ESI) m/z calcd for C1gH19N202Na [M+Na]* 319.1422, found 319.1419.
(Ca
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Experiments in Chapter 111

Synthesis of piperidine 34a. (Scheme 17)

Ph

M602C | NH

BnHN Cy

34a

Methyl 4-(benzylamino)-6-cyclohexyl-2-phenyl-1,2,5,6-tetrahydropyridine-3-carboxylate (34a)

To a stirred solution of 3-aziridinylpropiolate ester 10a (30.0 mg, 0.10 mmol) in toluene (1.0 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then BnNH> (22.0 uL, 0.20 mmol) was successively added
to this reaction mixture. After further stirring was continued for 30 min at 60 °C, the solvent was
evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane-
ACcOEt (90:10 v/v) as eluent to give piperidine 34a (18.2 mg, 45%) as colorless oil; IR (ATR) 2923,
2850, 1651, 1596, 1450, 1226, 1073, 908, 772, 731, 698 cm*; 'H-NMR (500 MHz, CDCls) §
0.90-1.47 (6H, m), 1.59-1.85 (5H, m), 2.12 (1H, dd, J = 11.0 and 16.0 Hz), 2.48 (1H, dd, J = 2.5 and
16.0 Hz), 2.56 (1H, ddd, J = 2.5, 6.0 and 11.0 Hz), 3.30 (3H, ), 4.47 (2H, d, J = 6.0 Hz), 4.76 (1H, s),
7.15-7.19 (1H, m), 7.22-7.39 (9H, m), 9.25 (1H, t, J = 6.0 Hz); HRMS (ESI) m/z calcd for C26HssN20;

[M+H]* 405.2542, found 405.2539.
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Synthesis of piperidine 34b. (Scheme 17)

MeO,C
| NH
PrHN Cy

34b
Methyl 6-cyclohexyl-2-phenyl-4-(propylamino)-1,2,5,6-tetrahydropyridine-3-carboxylate (34b)
To a stirred solution of 3-aziridinylpropiolate ester 10a (30.0 mg, 0.10 mmol) in toluene (1.0 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then PrNH2 (16.6 pL, 0.20 mmol) was successively added
to this reaction mixture. After further stirring was continued for 30 min at 60 °C, the solvent was
evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane-
AcOEt (90:10 v/v) as eluent to give piperidine 34b (18.5 mg, 51%) as colorless oil; IR (ATR) 2923,
2851, 1705, 1650, 1596, 1450, 1230, 1061, 762, 699 cm™*; *H-NMR (500 MHz, CDCls3) & 0.91-1.40
(6H, m), 1.02 (3H, t, J = 7.5 Hz),1.46-1.89 (7H, m), 2.13 (1H, dd, J = 11.0 and 16.5 Hz), 2.48 (1H,
dd, J = 2.5 and 16.5 Hz), 2.59 (1H, ddd, J = 2.5, 6.5 and 11.0 Hz), 3.13-3.29 (2H, m), 3.28 (3H, s),
4.74 (1H, s), 7.13-7.19 (1H, m), 7.21-7.40 (9H, m), 8.88 (1H, brs); HRMS (ESI) m/z calcd for

C22H33N20, [M+H]* 357.2542, found 357.2542.
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Synthesis of piperidine adduct 36a. (Scheme 18)

)

h
M902C k

36a
Methyl 5-{[(E)-benzylidene]amino}-5-cyclohexyl-3-(piperidin-1-yl)pent-2-enoate (36a)

To a stirred solution of 3-aziridinylpropiolate ester 10a (20.0 mg, 67.3 umol) in toluene (0.7 mL) was
heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture was
then cooled to room temperature, and then piperidine (10.0 uL, 0.10 mmol) was successively added to
this reaction mixture. After further stirring was continued for 1 h at room temperature, the solvent was
evaporated under reduced pressure to give piperidine adduct 36a as a crude. The NMR vyield was
determined as 90% from *H-NMR spectrum by the addition of pyrazine (5.4 mg, 67.3 pmol) as an
internal standard; IR (ATR) 2924, 2850, 1686, 1642, 1560, 1448, 1342, 1217, 1147, 1022, 948, 908,
731, 696 cm%; 'H-NMR (400 MHz, CDCls) § 1.02-1.91 (19H, m), 3.10-3.31 (5H, m), 3.62 (3H, s),
4.66 (1H, s), 7.34-7.46 (3H, m), 7.65-7.71 (2H, m), 8.01 (1H, s); HRMS (ESI) m/z calcd for

C24H35N202 [M+H]" 383.2699, found 383.2697.

Synthesis of piperidine 37a and 38b. (Table 9)

To a stirred solution of 3-aziridinylpropiolate ester 10a (40.0 mg, 0.13 mmol) in toluene (1.3 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then piperidine (19.9 pL, 0.20 mmol) was successively
added to this reaction mixture. After further stirring was continued for 1 h at room temperature, the
mixture was added silica gel 60 [spherical 40-100 um] (80.0 mg). Stirring was continued for 1 h at the

same temperature, the mixture was added a drop of water. After reaction mixture was filtrated, the
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solvent was evaporated under reduced pressure to give 37a + 38a as a crude. The NMR yield was
determined as 85% from *H-NMR spectrum by the addition of pyrazine (10.8 mg, 0.13 mmol) as an

internal standard.

Methyl-6-cyclohexyl-4-oxo-2-phenylpiperidine-3-carboxylate (37a)

colorless needles; mp 98.0-99.5 °C (recrystallized from EtOAc/hexane); IR (ATR) 2926, 2850, 1729,
1700, 1431, 1354, 1252, 1130, 1002, 801, 752, 697 cm™%; *H-NMR (400 MHz, CDCls) & 0.96-1.36
(5H, m), 1.36-1.47 (1H, m), 1.62-1.88 (5H, m), 2.32 (1H, dd, J = 12.0 and 13.6 Hz), 2.55 (1H, dd, J
= 3.2 and 13.6 Hz), 2.88 (1H, ddd, J = 3.2, 5.6 and 12.0 Hz), 3.56 (1H, d, J = 7.2 Hz), 3.56 (3H, s),
4.23 (1H, d, J = 7.2 Hz), 7.25-7.36 (3H, m), 7.41-7.45 (2H, m) ; 3 C-NMR (100 MHz, CDCl3) § 26.1
(CH>), 26.4 (CH2), 28.6 (CH2), 29.1 (CH>), 43.0 (CH), 45.1 (CHz), 51.8 (CH3), 61.3 (CH), 63.3 (CH),
65.3 (CH), 127.4 (CH), 128.3 (CH), 128.7 (CH), 140.7 (Cq), 168.5 (Cq), 204.4 (Cq); HRMS (ESI) m/z

calcd for C19H26NO3 [M+H]* 316.1913, found 316.1908.

38a
Methyl 6-cyclohexyl-4-hydroxy-2-phenyl-1,2,5,6-tetrahydropyridine-3-carboxylate (38a)
IR (ATR) 2923, 2851, 1654, 1620, 1442, 1359, 1274, 1218, 1064, 843, 729 cm™*; *H-NMR (500 MHz,
CDCls) 6 0.69-0.79 (1H, m), 0.85-0.95 (1H, m), 0.98-1.33 (4H, m), 1.53-1.82 (5H, m), 2.22 (1H, dd,

J =10.5 and 18.5 Hz), 2.30 (1H, dd, J = 5.0 and 18.5 Hz), 2.50 (1H, ddd, J = 5.0, 5.5 and 10.5 Hz),
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3.59 (3H, 5), 4.94 (1H, d, J = 7.2 Hz), 7.22-7.28 (3H, m), 7.29-7.34 (2H, m), 12.39 (LH, brs); HRMS

ESI) m/z calcd for C1gH26NO3 [M+H]* 316.1913, found 316.1912.
(

Synthesis of silyl enol ethers 39. (Table 10, Table 11)
General procedure for the synthesis of silyl enol ethers 39a-m.
Synthesis of 39a. (Table 10, entry 3)

To a stirred solution of 3-aziridinylpropiolate ester 10a (19.7 mg, 66.2 umol) in toluene (0.66 mL)
was heated at 100 °C, and stirring was continued for 9 h at the same temperature. The reaction mixture
was then cooled to room temperature, and then piperidine (9.8 uL, 99.2 umol) was successively added
to this reaction mixture. After further stirring was continued for 1 h at room temperature, the mixture
was added silica gel 60 [spherical 40-100 um] (39.4 mg). Stirring was continued for 1 h at the same
temperature, the mixture was added a drop of water. After reaction mixture was filtrated, the solvent
was evaporated under reduced pressure to give 37a + 38a as colorless oil. To a stirred solution of 37a
+ 38a in DMSO (0.22 mL) was added pyridine (53.5 pL, 0.66 mmol), AgNOs (56.3 mg, 0.33 mmol)
and TBSCI (49.9 mg, 0.33 mmol) at room temperature, and stirring was continued for 1 h at the same
temperature. The reaction mixture was diluted with AcOEt, filtrated and extracted with AcOEt. The
combined organic layers were washed with saturated brine, dried over MgSOs, and then the solvent
was evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane-

AcOEt (95:5 v/v) as eluent to give silyl enol ethers 39a (18.1 mg, 64%) as colorless oil.
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Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-2-phenyl-1,2,5,6-tetrahydropyridine-3-
carboxylate (39a)

Yield 64% (2 steps); colorless oil; IR (ATR) 2918, 2850, 1699, 1614, 1451, 1349, 1246, 1207, 1163,
1056, 932, 913, 838, 789, 762, 703 cm™*; *H-NMR (400 MHz, CDCls) § 0.23 (3H, s), 0.25 (3H, s),
0.90-1.03 (1H, m), 0.97 (9H, s), 1.08-1.36 (5H, m), 1.60-1.78 (4H, m), 1.78-1.85 (1H, m), 2.12-2.18
(2H, m), 2.61-2.70 (1H, m), 3.38 (3H, s), 4.79 (1H, dd, J = 2.8 and 3.6 Hz), 7.17-7.32 (5H, m); 13C-
NMR (100 MHz, CDCls) & —3.8 (CH3), —3.7 (CHs), 18.3 (Cq), 25.8 (CH3), 26.1 (CHa), 26.2 (CH>),
26.5 (CH2), 28.6 (CH2), 29.7 (CH2), 36.2 (CHz), 42.3 (CH), 50.5 (CH3), 58.1 (CH), 60.7 (CH), 113.4
(Cq), 127.2 (CH), 127.8 (CH), 128.3 (CH), 143.9 (Cq), 157.0 (Cq), 166.9 (Cq); HRMS (ESI) m/z calcd

for C2sH40NOsSi [M+H]* 430.2777, found 430.2781.

Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-isopropyl-2-phenyl-1,2,5,6-tetrahydropyridine-3-
carboxylate (39b)

Yield 75% (2 steps); colorless oil; IR (ATR) 2953, 2858, 1720, 1640, 1434, 1362, 1250, 1204, 1064,
932, 836, 780, 731, 699 cm™%; 'H-NMR (500 MHz, CDCls) § 0.22 (3H, s), 0.25 (3H, s), 0.92 (3H, d, J
= 7.0 Hz), 0.95 (3H, d, J = 7.0 Hz), 0.97 (9H, s), 1.64 (1H, oct, J = 7.0 Hz), 2.12-2.17 (2H, m), 2.64
(1H, td, J = 7.0 and 8.0 Hz), 3.39 (3H, s), 4.81 (1H, t, J = 3.0 Hz), 7.21 (1H, tt, J = 1.5 and 7.0 Hz),
7.25-7.33 (4H, m) ; *C-NMR (125 MHz, CDCls) & —3.8 (CH3), —3.8 (CHs), 18.2 (CH), 18.3 (Cq),

19.2 (CH), 25.7 (CHs), 32.4 (CH2), 35.9 (CH), 50.5 (CHs), 58.9 (CH), 60.7 (CH), 113.4 (Cq), 127.2
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(CH), 127.8 (CH), 128.3 (CH), 143.8 (Cq), 156.9 (Cq), 166.9 (Cq); HRMS (ESI) m/z calcd for

C22H36NO3Si [M+H]* 390.2464, found 390.2466.

Methyl-6-(tert-butyl)-4-[(tert-butyldimethylsilyl)oxy]-2-phenyl-1,2,5,6-tetrahydropyridine-3-
carboxylate (39c)

Yield 67% (2 steps); colorless oil; IR (ATR) 2952, 2858, 1723, 1643, 1434, 1363, 1251, 1203, 1060,
930, 838, 780, 699 cm; 'H-NMR (500 MHz, CDCls) § 0.22 (3H, s), 0.25 (3H, s), 0.91 (9H, s), 0.96
(9H, s), 2.10 (1H, td, J = 3.0 and 16.5 Hz), 2.19 (1H, ddd, J = 3.0, 10.5 and 16.5 Hz), 2.59 (1H, dd, J
=3.0and 10.5 Hz), 2.96 (3H, s), 4.78 (1H, t, J = 3.0 Hz), 7.21 (1H, t, J = 7.5 Hz), 7.27 (2H,t, J = 7.5
Hz), 7.31 (2H, d, J = 7.5 Hz); *C-NMR (125 MHz, CDCls) § -3.8 (CHs), 18.3 (Cq), 25.8 (CH3), 26.1
(CHa), 32.9 (CH?y), 33.8 (Cq), 50.5 (CHa), 60.9 (CH), 62.0 (CH), 113.6 (Cq), 127.1 (CH), 127.9 (CH),
128.2 (CH), 144.0 (Cq), 157.2 (Cq), 167.0 (Cq); HRMS (ESI) m/z calcd for C2sHagNOsSi [M+H]*

404.2621, found 404.2615.

Methyl-6-butyl-4-[(tert-butyldimethylsilyl)oxy]-2-phenyl-1,2,5,6-tetrahydropyridine-3-
carboxylate (39d)

Yield 66% (2 steps); colorless oil; IR (ATR) 2927, 2857, 1722, 1640, 1434, 1362, 1250, 1203, 1045,
932, 838, 778, 699 cm™*; 'H-NMR (500 MHz, CDCls) § 0.23 (3H, s), 0.25 (3H, s), 0.89 (3H,t,J=7.0

Hz), 0.97 (9H, s), 1.23-1.54 (6H, m), 2.10 (1H, ddd, J = 3.5, 10.0 and 17.0 Hz), 2.17 (1H, ddd, J =
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2.5, 4.0 and 17.0 Hz), 2.85-2.92 (1H, m), 3.38 (3H, s), 4.83 (1H, dd, J = 2.5 and 3.5 Hz), 7.21 (1H, tt,
J=15and 7.0 Hz), 7.24-7.32 (4H, m); 3C-NMR (125 MHz, CDCls) 5 —3.8 (CHs), —3.7 (CHs), 14.0
(CH3), 18.3 (Cq), 22.7 (CHz), 25.7 (CHs), 27.9 (CHy), 35.9 (CHy), 39.0 (CH>), 50.6 (CH3), 53.3 (CH),
60.6 (CH), 113.3 (Cq), 127.2 (CH), 127.7 (CH), 128.4 (CH), 143.7 (Cq), 156.8 (Cq), 166.9 (Cq);

HRMS (ESI) m/z calcd for C23sH3sNOsSi [M+H]" 404.2621, found 404.2620.

Ph

MeOQC | NH

TBSO 1 ph
39¢

Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-phenethyl-2-phenyl-1,2,5,6-tetrahydropyridine-3-
carboxylate (39¢)

Yield 49% (2 steps); colorless plates; mp 104.7—106.8 °C (recrystallized from EtOAc/hexane); IR
(ATR) 2926, 2853, 1701, 1618, 1450, 1242, 1206, 932, 910, 837, 788, 698 cm™!; H-NMR (500
MHz, CDCls) 8 0.21 (3H, s), 0.24 (3H, s), 0.96 (9H, s), 1.71-1.84 (2H, m), 2.13 (1H, ddd, J = 3.0,
9.5and 17.0 Hz), 2.18 (1H, ddd, J = 2.0, 4.5 and 17.0 Hz), 2.64-2.76 (2H, m), 2.88—2.94 (1H, m),
3.38 (3H, s), 4.81 (1H, dd, J = 2.0 and 3.0 Hz), 7.16-7.24 (4H, m), 7.24-7.32 (6H, m); *C-NMR
(125 MHz, CDClIs) 8 —3.8 (CHs), 18.3 (Cq), 25.7 (CH3), 32.1 (CHz), 37.6 (CH>), 39.0 (CH>), 50.6
(CHs), 52.7 (CH), 60.5 (CH), 113.3 (Cq), 125.9 (CH), 127.3 (CH), 127.6 (CH), 128.3 (CH), 128.4
(CH), 128.4 (CH), 141.5 (Cq), 143.6 (Cq), 156.5 (Cq), 166.9 (Cq); HRMS (ESI) m/z calcd for

Co7H3sNOsSi [M+H]* 452.2621, found 452.2612.
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39f
Methyl-6-[3-(benzyloxy)propyl]-4-[(tert-butyldimethylsilyl)oxy]-2-phenyl-1,2,5,6-
tetrahydropyridine-3-carboxylate (39f)

Yield 41% (2 steps); colorless oil; IR (ATR) 2928, 2856, 1720, 1638, 1434, 1361, 1250, 1203, 1100,
932, 838, 781, 734, 697 cm™%; *H-NMR (500 MHz, CDCl3) § 0.22 (3H, s), 0.25 (3H, s), 0.96 (9H, s),
1.50-1.56 (2H, m), 1.64-1.73 (2H, m), 2.11 (1H, ddd, J = 3.0, 10.0 and 17.0 Hz), 2.18 (1H, ddd, J =
2.0, 4.5and 17.0 Hz), 2.88-2.95 (1H, m), 3.38 (3H, s), 3.44-3.50 (2H, m), 4.48 (2H, s), 4.82 (1H, dd,
J=2.0and 3.0 Hz), 7.18-7.24 (1H, m), 7.24-7.38 (9H, m); 23C-NMR (125 MHz, CDCl3) § —3.8 (CH3),
-3.8 (CH3), 18.3 (Cq), 25.7 (CH3), 26.1 (CH>), 32.9 (CH>), 38.9 (CH?>), 50.6 (CHs3), 53.1 (CH), 60.5
(CH), 70.1 (CHy), 73.0 (CHy), 113.3 (Cq), 127.2 (CH), 127.6 (CH), 127.6 (CH), 127.6 (CH), 128.4
(CH), 138.3 (Cq), 143.6 (Cq), 156.6 (Cq), 166.9 (Cq); HRMS (ESI) m/z calcd for C2oHa2NO4Si

[M+H]* 496.2883, found 496.2878.

39g
Methyl-2-(2-bromophenyl)-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-1,2,5,6-
tetrahydropyridine-3-carboxylate (399)

Yield 55% (2 steps); colorless amorphous; IR (ATR) 2926, 2854, 1724, 1634, 1435, 1362, 1250, 1204,
1056, 934, 837, 781, 752 cm%; 'H-NMR (500 MHz, CDCls) & 0.24 (3H, s), 0.27 (3H, s), 0.94-1.05

(1H, m), 0.98 (9H, s), 1.10-1.35 (5H, m), 1.55-1.78 (4H, m), 1.82-1.89 (1H, m), 2.14-2.23 (2H, m),
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2.66 (1H, dt, J = 6.0 and 7.0 Hz), 3.41 (3H, s), 5.28 (1H, s), 7.05 (1H, t, J = 7.0 Hz), 7.19-7.28 (2H,
m), 7.50 (1H, d, J = 7.5 Hz); *C-NMR (125 MHz, CDCls) & —3.7 (CH3), 3.6 (CH3), 18.4 (Cq), 25.8
(CHs), 25.9 (CH2), 26.0 (CH2), 26.3 (CH2), 28.7 (CH2), 29.5 (CH2), 35.6 (CH2), 42.0 (CH), 50.7 (CHs),
58.3 (CH), 69.2 (CH), 111.9 (Cq), 124.0 (Cq), 127.9 (CH), 128.6 (CH), 132.8 (CH), 142.9 (Cq), 158.8

(Cq), 166.3 (Cq); HRMS (ESI) m/z calcd for C2sH3gNO3SiBr [M+H]* 508.1883, found 508.1875.

Methyl-2-(4-bromophenyl)-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-1,2,5,6-
tetrahydropyridine-3-carboxylate (39h)

Yield 76% (2 steps); colorless amorphous; IR (ATR) 2926, 2854, 1723, 1635, 1434, 1362, 1250, 1204,
1055, 1011, 933, 838, 780 cm 1;'H-NMR (500 MHz, CDCls) § 0.22 (3H, s), 0.24 (3H, s), 0.91-1.04
(1H, m), 0.97 (9H, s), 1.08-1.35 (5H, m), 1.61-1.78 (4H, m), 1.78-1.84 (1H, m), 2.10-2.20 (2H, m),
2.61-2.67 (1H, m), 3.42 (3H, s), 4.76 (1H, dd, J = 2.0 and 3.0 Hz), 7.18 (2H, dd, J = 2.0 and 8.0 Hz),
7.39 (1H, dd, J = 2.0 and 8.0 Hz); 3C-NMR (125 MHz, CDCl3) § —3.8 (CHs), —3.7 (CH3), 18.3 (Cq),
25.7 (CH3), 26.0 (CH2), 26.1 (CHy), 26.4 (CH?>), 28.6 (CH2), 29.6 (CH2), 36.3 (CH>), 42.3 (CH), 50.7
(CH3s), 58.0 (CH), 60.0 (CH), 112.8 (Cq), 120.9 (Cq), 129.6 (CH), 131.4 (CH), 143.1 (Cq), 157.7 (Cq),

166.7 (Cq); HRMS (ESI) m/z calcd for CasHasNOsSiBr [M+H]* 508.1883, found 508.1874.
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Cl

Methyl-4-[(tert-butyldimethylsilyl)oxy]-2-(4-chlorophenyl)-6-cyclohexyl-1,2,5,6-
tetrahydropyridine-3-carboxylate (39i)

Yield 68% (2 steps); colorless oil; IR (ATR) 2926, 2854, 1724, 1635, 1435, 1363, 1250, 1204, 1087,
1055, 1015, 926, 838, 781 cm™1; tH-NMR (500 MHz, CDCl3) & 0.22 (3H, s), 0.24 (3H, s), 0.90-1.04
(1H, m), 0.97 (9H, s), 1.09-1.36 (5H, m), 1.62—1.78 (4H, m), 1.78-1.84 (1H, m), 2.10-2.20 (2H, m),
2.62-2.67 (1H, m), 3.42 (3H, s), 4.77 (1H, t, J = 2.5 Hz), 7.22—7.25 (4H, m); 3C-NMR (125 MHz,
CDCls) & —3.8 (CHs), —3.7 (CH3), 18.3 (Cq), 25.7 (CHs), 26.0 (CH2), 26.1 (CH2), 26.4 (CH>), 28.6
(CH>), 29.6 (CH>), 36.2 (CH>), 42.2 (CH), 50.6 (CH3), 58.0 (CH), 60.0 (CH), 112.8 (Cq), 128.4 (CH),
129.2 (CH), 132.8 (Cq), 1425 (Cq), 157.6 (Cqg), 166.7 (Cq); HRMS (ESI) m/z calcd for

C2sH39NO3SiCl [M+H]" 464.2388, found 464.2380.

39j
Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-2-(4-fluorophenyl)-1,2,5,6-
tetrahydropyridine-3-carboxylate (39j)
Yield 67% (2 steps); colorless oil; IR (ATR) 2926, 2854, 1724, 1640, 1508, 1435, 1363, 1250, 1205,
1055, 938, 836, 780 cm™t; *H-NMR (500 MHz, CDCl3) § 0.22 (3H, s), 0.24 (3H, s), 0.90-1.05 (1H,
m), 0.97 (9H, s), 1.08-1.36 (5H, m), 1.63-1.78 (4H, m), 1.78-1.85 (1H, m), 2.10-2.20 (2H, m),
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2.62-2.68 (1H, m), 3.41 (3H, s), 4.78 (1H, t, J = 2.5 Hz), 6.92-6.98 (2H, m) , 7.24-7.30 (2H, m); *3C-
NMR (125 MHz, CDCls) & —3.8 (CHa), —3.7 (CHs), 18.3 (Cq), 25.7 (CHs), 26.0 (CH2), 26.1 (CH2),
26.4 (CHy), 28.6 (CHz), 29.6 (CHy), 36.2 (CHz), 42.3 (CH), 50.6 (CH3), 58.0 (CH), 59.9 (CH), 113.2
(Cq), 115.1 (CH, d, J = 21.8 Hz), 129.4 (CH, d, J = 8.5 Hz), 139.7 (Cq, d, J = 2.9 Hz), 157.2 (Cq),
161.9 (Cq, d, J = 243.8 Hz), 166.9 (Cq); HRMS (ESI) m/z calcd for CosHaoNOFSi [M+H]* 448.2683,

found 448.2679.

39k
Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-2-(4-methoxyphenyl)-1,2,5,6-
tetrahydropyridine-3-carboxylate (39k)

Yield 52% (2 steps); colorless oil; IR (ATR) 2926, 2854, 1722, 1611, 1511, 1435, 1362, 1246, 1203,
1038, 936, 833, 780 cm™%; *H-NMR (500 MHz, CDCls) § 0.22 (3H, s), 0.24 (3H, s), 0.91-1.05 (1H,
m), 0.96 (9H, s), 1.08-1.36 (5H, m), 1.62—-1.78 (4H, m), 1.78-1.86 (1H, m), 2.09-2.19 (2H, m),
2.62-2.67 (1H, m), 3.41 (3H, s), 3.77 (3H, s), 4.75 (1H, t, J = 2.5 Hz), 6.80 (2H, d, J = 2.5 Hz), 7.22
(2H, d, J = 2.5 Hz); ®C-NMR (125 MHz, CDCls) & —3.8 (CHs), —3.7 (CHs), 18.3 (Cq), 25.8 (CHs),
26.1 (CH2), 26.2 (CH>), 26.5 (CHy), 28.6 (CH2), 29.7 (CH2), 36.1 (CH>), 42.3 (CH), 50.6 (CH3), 55.2
(CH3), 58.1 (CH), 60.0 (CH), 113.7 (CH), 113.7 (Cq), 128.8 (CH), 136.0 (Cq), 156.5 (Cq), 158.6 (Cq),

167.1 (Cq); HRMS (ESI) m/z calcd for C26H42NO4Si [M+H]* 460.2883, found 460.2885.
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Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-2-(naphthalen-2-yl)-1,2,5,6-
tetrahydropyridine-3-carboxylate (39l)

Yield 61% (2 steps); colorless plates; mp 68.8—-69.9 °C (recrystallized from EtOAc/hexane); IR (ATR)
2926, 2854, 1710, 1638, 1431, 1347, 1249, 1213, 1098, 1049, 964, 831, 790, 741 cm™1; *H-NMR (500
MHz, CDCls) & 0.26 (3H, s), 0.28 (3H, s), 0.90-1.08 (1H, m), 0.99 (9H, s), 1.08-1.39 (5H, m),
1.61-1.79 (4H, m), 1.79-1.87 (1H, m), 2.16-2.29 (2H, m), 2.69-2.76 (1H, m), 3.35 (3H, ), 4.97 (1H,
s), 7.40-7.47 (3H, m) , 7.74-7.81 (4H, m); 3C-NMR (125 MHz, CDCls) § —3.8 (CH3), —3.7 (CHs3),
18.4 (Cq), 25.8 (CH3), 26.0 (CH2), 26.1 (CHy), 26.4 (CH2), 28.6 (CH2), 29.6 (CH2), 36.3 (CHy), 42.3
(CH), 50.6 (CHs3), 58.1 (CH), 60.7 (CH), 113.3 (Cq), 125.5 (CH), 125.7 (CH), 126.1 (CH), 126.5 (CH),
127.6 (CH), 127.9 (CH), 128.1 (CH), 132.9 (Cq), 133.4 (Cq), 141.4 (Cq), 157.3 (Cq), 166.9 (Cq);

HRMS (ESI) m/z calcd for CasHaaNOsSi [M+H]* 480.2934, found 480.2932.

39m
Methyl-4-[(tert-butyldimethylsilyl)oxy]-6-cyclohexyl-2-(thiophen-2-yl)-1,2,5,6-
tetrahydropyridine-3-carboxylate (39m)

Yield 42% (2 steps); colorless oil; IR (ATR) 2926, 2853, 1723, 1636, 1435, 1362, 1251, 1204, 1054,
935, 835, 782, 695 cm; 'H-NMR (500 MHz, CDCls) § 0.21 (3H, s), 0.24 (3H, s), 0.89 (3H, t, J= 7.0

Hz), 0.92-1.05 (1H, m), 0.96 (9H, s), 1.08-1.38 (5H, m), 1.63-1.78 (4H, m), 1.81-1.88 (1H, m),
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2.08-2.19 (2H, m), 2.61-2.67 (1H, m), 3.50 (3H, s), 5.17 (1H, dd, J = 2.0 and 3.0 Hz), 6.88 (1H, dd,
J=3.5and 5.0 Hz), 6.97 (1H, dd, J = 0.5 and 3.5 Hz), 7.14 (1H, dd, J = 0.5 and 5.0 Hz); 3C-NMR
(125 MHz, CDCl3) & —3.8 (CH3), —3.8 (CHs), 18.3 (Cq), 25.7 (CHs), 26.1 (CHy), 26.2 (CHy), 26.4
(CHa), 28.6 (CH2), 29.6 (CH2), 36.1 (CH?), 42.2 (CH), 50.8 (CH3), 55.4 (CH), 57.9 (CH), 113.6 (Cq),
124.1 (CH), 124.7 (CH), 126.2 (CH), 148.1 (Cq), 156.9 (Cq), 166.8 (Cq); HRMS (ESI) m/z calcd for

C23H3sNO3SiS [M+H]" 436.2342, found 436.2346.
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