


1. Gener al I nf ormati on
Commercially available chemica@oluriretagani en.weArh yw

solvents waaeorphiepsgghaedar de lptriocedpoiest sHwer e unc
NMR (400 and '€HO}NMRz )Y 18@806dand 150 MHz) were recor
solvents NMRNgpadE@Mouneltierggnitvsan)gae e reported i n Hz
spectra were recorded Rusipegt ao mAVATAR HIGh HFTesol u
analysis (HRMS) was performed on a LCT Premier
perfor med3QuGGimegs R 0dDitleidc awigehl tehe i o lewegreiriemean tisndi
starting@, sartdecrhildl rdv a3zainm en o pahnedn oslu IBemi nw sd e n o |

4-t-b u t-2r }d9i ni t reorpehnemmeoric i al |y avail abl e.

2. Opti mi zaeaoho rodi ft atrdfecsr maot haorocycles 6
Tabl e S1. Formation of racemic 6a from macrocyc
conditions.

N)\‘N /@\ N)\‘N conditions N=Zl Bn h;/—N
CI/‘\\N N O/‘\\N N H,Me _— MeO—(?\l N N_'\:)—OMe
. Me OBn 4&\@/'2;
racemic 6a
EntrBase or Sol vent Temp. Ti meVYield
(equiv. (c= 2.3U)1((C) (h) (%)
1 DI PEA ( acetone rt 12 9
2 EN (2. 0acetone rt 12 7
3 KxxXQ( 2.0 acetone rt 12 11
4 CsCQ(2.0acetone rt 12 trace
5 DI PEA ( DCM rt 12 12
6 K:CQ( 2.0 DCM rt 12 8
7 CsCQ( 2. 0 CHCN rt 12 8
8 CsCQ( 2. 0CHCN reflu 12 15
9 CHCGH (O0ODCM rt 12 6 8
10 CECQH (0DCM rt 12 73
11 pTsOH ((DCM rt 12 71
12 HC(1.0) DCM rt 12 6 6
13 CERCQH (1DCM rt 12 73
14 CERCOQH (2DCM rt 12 76
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Table S2. Screaning oodt aclhyisstas. phosphoric
Bu
OMe OMe Bu Mey e
N)\N N)\N Cat-1 to Cat-18 N=( OBn }—N
o | o | Me — > MeO—{ N N )—OMe
c” N7 N 0" "N" N N DCM N
H Me OBn -10°C-0°C
5a
oo, oo, oo
O\P//O o.°
Cr > Coc o
Ar Ar

Cat-1, Ar = Ph

Cat-2, Ar = 4-Ph-CgH,
Cat-3, Ar = 4-NO,-CgH,
Cat-4, Ar = 2,4,6-(Pr);-CgH,
Cat-5, Ar = 9-Anthryl

Cat-6, Ar = 4-Ph-C6H4
Cat-7, Ar = 4-NO2-C6H4
Cat-8, Ar = 4-CI-CgH,
Cat-9, Ar = 4-MeO-C6H4

Cat-10, Ar = 4-NO,-CgH, Cat-13, Ar = Ph

Cat-11, Ar = 4-CI-CgH,  Cat-14, Ar = 1-Naphthyl

Cat-12, Ar = 4-MeO-CgH,4 Cat-15, Ar = 2-Naphthyl
Cat-16, Ar = 9-Anthryl
Cat-17, Ar = 9-Phenanthryl
Cat-18, Ar = 2-Pyrenyl

Ent Cat al Solv?nTempTiineee(.%:
(30 mo (c= 2.3BM)1 (°C) (h) (%)
1 Ca-t DCM 0 12 21 10
2 Ca-?2 DCM 0 12 59 214
3 Ca-3 DCM -10 12 32 17
4 Ca4 DCM 0 12 10 20
5 Ca-b DCM 0 12 48 2
6 C a6 DCM 0 12 25 31
7 Caft DCM -10 12 29 16
8 Ca8 DCM -10 12 18 25
9 Ca9 DCM -10 12 16 16
10 Cato0 DCM 0 12 59 2
11 Catll DCM 0 12 tra 7
12 Ca1l2 DCM 0 12 16 14
13 Ca-13 DCM 0 12 24 38
14 Cat14 DCM 0 12 30 11
15 Catlh5 DCM 0 12 22 4
16 Ca16 DCM 0 12 48 34
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17 Cat7 DCM 0 12 29 20
18 Cat18 DCM 0 12 14 11

Table S3. OptidMmizatiadbtgzed @Gacrocyclization react

Bu

ﬂﬂe )o\Me By i 0 Me., Ve
NZ N NZON at-16 (30 mol%) N=( Bn /}N
| /@\ P Me — MeO—{ N N )—ome
Cl” °N H 0" "N” N H conditions Ni N
Me OBn .
5a @ H
Si-6a
Ent Solvent Additi TempTi neh Yi el d e g.%)
(c= 2.3v)1 (°C)
1 DCM - 0 12 48 34
2 DCE - 0 12 50 47
3 CHGI - 0 12 48 6 4
4 CHGI - -30 24 17 85
5 CdGil - 0 12 16 8 6
6 tol uent - 0 12 10 6 4
7 Xyl ene: - 0 12 11 6 8
8 acetont - 0 12 7 33
9 CHCN - 0 12 trac 48
10 benzence - 0 12 21 6 4
11 C Gl - 0 24 23 8 6
12 C Gl - 0 36 31 8 6
13 CcGil - 0 72 37 85
14 CcGil - -10 24 14 87
15 CcGil - 10 24 33 83
16 CGil - 20 24 40 78
17 CGil - 30 24 64 72
18 CCly - 0 24 15 86
14 CCly - 0 24 21 85
2 0 CCly - 0 24 15 87
21 CCla 3AM.sd 0 24 19 88
22 C Gl 4AM.SId 0 24 19 88
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23 C Cil 5AM.S1 0 24 26 87
24 C Cil 3AM.sH 0 24 27 87
25 C Cil 4AM.S 0 24 28 88
26 C Cil 5AM.S 0 24 26 86
27 C Gl AgCOs 0 12 20 88
(1.0equiv.)!
28 ccGil CHsCOAg 0 24 N.R.
(1.0equiv.)!
29 C Gl KoC Q 0 72 38 87
(0e Guld\
30 C Gl KL Q 0 72 31 90
(le @uigy
31 CCls: Cl,CHCHChL - 0 24 52 15
(13:7 mL)
32 CCly: CHCL - 0 24 54 76
(13:7 mL)
33 CCly: CHCL - -30 24 21 90
(13:7 mL)
34 CCls: cyclohexane - 0 24 12 90
(13:7 mL)
35 CCls: cyclohexane - 0 48 19 90
(13:7 mL)
36 CCls: cyclohexane - 0 72 24 90
(23 :7mL)
37 CCls: cyclohexane - 10 24 33 88
(23 :7mL)
38 CCly: CHCL K2COs -30 72 30 92
(13:7mL) (0.6 equiv.y9
39 CCls: cyclohexane K2COs 0 72 6 90
(13:7 mL) (0.6 equiv.)!
40 CCls: cyclohexane K2COs 0 72 36 93
(13:7mL) (0.6 equiv.)d
41 CCls: cyclohexane K2COs 0 72 28 92
(13:7 mL) (1.0equiv.j9
42 1,2-dichloroethane K2COs 0 72 84 41
(0.6equiv.)
@BCatalyst |l oading is 20 mol %.

PConcent batil@dM.o f

lConcentba®Ri 6%M.Of

MNo-activated

BMActivated

Mm@ D e)b oA rdtra-1 Sieervee mi x e d

>0 ¢Bgmin@la-1 Gviee ee mi x ed

n

n

a

a reaction

reaction
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MK,C Qo r si |Ibvaem@asd &letr,e mi xed in a reaction vial

MK, CQwas added after 12 h.

3. Synthesis of6-substituted 2,4-dichloro-1 , @ ,r5 agmoese mer s)
3.1Preparation of 6-alkoxy-2,4dichloro-1 , 3 ,r5 azi2des 2a

Cl R2

Nl)§N + R20OH Base N|)§N
_—
Cl)\N/)\Cl Sol./Temp./T(h) Cl)\N/)\CI

2a-2d: 83-87%

R20H, Base, Sol.  Temp. T(h) Product

MeOH, NaHCO;, MeOH, 0°C 4 2a, R? = OMe
EtOH, NaHCO5;, EtOH, rt 4 2b, R? = OEt
PrOH, NaHCO5;, 'PrOH, rt 4 2¢, R? = OPr
BnOH, DIPEA,  CH,Cl,, rt 2 2d, R?= OBn

Scheme S1

A.lm flask that was2,cd4o06 el 3 mD &Ridy,e e Obaar o, )
NaHG@. §23mowé¢r e witneadc ¢gnheotlhanolor dtshogpmolpanol )
mL)JThe resulting frodh&a t°C@ fe o maatéohosnt it rerngidrdad me e
Slyhreeactiguernwdaed by the ladd didtde © safthitk hegr wat er
wast i rr e d24Dichlord6-methoryl,3,5triazine2awas t hen fprremitpheg at ed
mi x t Aifrtbeerifnigetdwaagstwé d he @dt5&@dyamld dri ed ,untdlee vacu
pr od2uamd 0 bt i an3ned yi &4D&hloro-6-ethoxyl,3,5triazine2b a n & ,4-
dichloro-6-isopropoxy1,3,5triazine2cwerei s o If atoend t h by me x twittacéhyl i
acetate (2002 mL).The or g avaswa slha&yseawiutrat esdo da quure ocuhsl or i de
(58mLand dwaised oV eNaSanf ytdcrro ushlatbQaatdo bt et

reswadasechromanhographeebhugehbhgomowekttimne of petrol e
and ethyl a@6ttd) ggr(oRHELIBA % 20 8 %yi el ds

B. At0°C,a s ol upthieonny |arfdt ¢ 8 Grmlo)land DI(PE& % 4nmag in
CHC}( 4Mdhwas added 3dr opowitshee 8o K ubichhnl dagfm azi ne
(7.8, 40 immahl| or ome tchoaon ee d( 7 OnT hakn) ri ecseu Ibtaitrhg mi xt u
stifoerd®?2 hoom tTehe err eakditnirsenh B s h e da qwiekb@il s
(1M, 110satdr atneda GAl§ @e anlfshe or g awa &r ileady eorv er

anhydVa8@®and concentr atThe& ewnwbasre cvharcounuamn o gar aphed
silica gel column eluting ovhltcr (P®iGEt Ar d) of pe
to givediphWiueltd
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3.2Preparation of 2,4-dichloro-6-(4-methoxyphenyl}1,3,5triazine 2e and 2,4dichloro-6-
methyl-1,3,5triazine 2f

Cl R?
| gbr - |
CI)\N/)\CI -20°C Cl)\N/)\CI

R?=4-MeOCgH, and Me  2e: R? = 4-MeOCqgH,, 64%
2f: R = Me, 68%
Sc h eShe

Under the protecti,drmGroifgman ¢pomeat ahgoexiytpdhemtyd enagne s
bromi de or met hylGnamgendels i MLMO0 bmoImividaadnd eTdH Fd)r o pwi s e
idhho the sohutiichd dafo 4%, Ek6nmgl drny (BOHFMHi ch
wasooheadl®C.The resulting miaxtourmae t2v@s Jhierredctoon
sol uticomcward danhegdi etbQls (MM mLds aTdhe dresul ting mi x|
was e xwith dichlorentethane (802 mL). The combi ne dwawagsahnedc wiatyhe r
saturat eNda @@ Breloumdlr i ed oveNaS@Onh hpft e uss celmoemtl of

under JVeesmwdse chromanhographeda gel column el uti
petr ol eumetehyle r(aPEARAd 6 &) to giZe %pr ath@ St s

respectivel y.

OMe

N~ SN

LA

Cl N Cl
2a

2,4-Dichloro-6-methoxy-1,3,5triazine 2a:l4 white solid, 7 . 4 @rong50 mmol2 , 4 ,r6 c-hl or o
1, 3,r5 32 Bpiddmp90-91 .'"H NM® 0O MAzet-d)haepph) 1,3 H()s
1€ NMARO MHz, -AxépopinE2. 7, 1I7TRKB31) 5T4 &8

OEt

)
Cl)\N/)\CI
2b

2,4-Dichloro-6-ethoxy-1,3,5triazine 2b:@ white solid, 8 . @6ém50 mmol2 , 4 ,r6 ch| D, D

tri ag@%nei)npBld32 'H NM® 0 MERGIG( ppd) 54=7 .d8z2H) ,

1, 43=T.tPz3H}ENMR 80 MIDGII( ppMmy2.6, 1711 ®KBG§. 7, 14
31545 ,cmh508

{7



OPYr'

N)%N
PPN

Cl N~ “Cl
2c
2,4-Dichloro-6-isopropoxy-1,3,5triazine 2c:ld colorless oil, 8.60 g (from 50 mmol 2 , 4, 6
trich)|dr»adpadH NMRI OO0 AtHet:d)tepp b)0hedt 6. 0
Hz1H) , =4%.0d HZ , NMR)0.0 MHz ;ds) WNcpeptioyn2e. 4, 171.2, 75
21 .1 RKB3l)543,, 11810848
OBn

i

)\N/)\CI

2d

Cl

2-(Benzyloxy)-4,6-dichloro-1,3,5triazine 2d:13 white solid, 8.87g (from40mmoR , 4 r6 c-hl or o
1, 3,r5 a8 gield mp87-88 .'H NMRI 00 AvtHezt;dg)ii(ep p ™) 53J dd,
8.0, 2.0 HZ,3Q2H)mM, 73H)E BMRADO0( MH2AH)CDIE] 2. 7,
171. 0, 133. 9, 12DRXBx1)5238 . 251@M@.8. 8, 71. 9.

CsH4OMe-4

D)

Cl)\N/)\CI

2e

2 -Dli c h-b-po4et hoxydh @nryala) e iwhite soltl,8.20g (from 50 mmol2 , 4 , 6
trich|dr®aeégieadmp129-130 .*H NMR (600 3Mikozp mMCRGI
(d=6.Hz 2H), J=66..969 @d,), 318 INMPMO, ( NMBHH), 3) UGDCrh) :
174. 3, 171. 8, 165. 3,R A(XBrd)7 ,, 1 AP R MIS1 4-ET8IF) 55. 8
m/[zM+*tt]al c di.HsCiiNs® 2 £6 . ;0 OB @&u516d.:.0 0 3 6

Me
)
)\N/)\CI

2f

Cl

2 -Dli ch-b-me oHy 13 ,r5 a £ whitesolid,5.55g (from50mmoR , 4 r68 ch,| dr»
tri g@lpi@ddmp94-95 .'1H NMR ( 600 3Mikpzp,mMdCBCI (*€, NBIR) .
(30 MHz,;)qDELm)80. 9, 1IFR. 8KBBRPH4 5¢c AHRMS (-HDF)
m/[zM+*]al c dsH.CiNegl 6 €. ;9 6B dw6nld :96 35

(Ref .
[1].HTanakVda,dM.ShiKldi oRMor i MMakkuin,i sBymaheshrsi @ddedza

calime¢hoxy) triazineontiawarn ¢ dfHeaetotroesBy§edl Mdss .
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60%16.

[2.SYrj 9Ka] |l i dhaskh PesTpPar kkKHNeval ai nen, Di scovery
cannabinoid recwiprttourall i garnaenibnyg aappr oa-< h: Furtt
trisubsttinivd 2idpadggo3eidsICB a.rSma 0 14339-2 0 .

[3]. H. Fujita, N. Ha y,aSktauwday, oM. tkhuen i sobaatodali wzaed es
Obenzyl ating reagents based oni agld ndegct ur al i
Chem 2015 80, 1120611205)

4. Synt hesi d-( 36adkoxy, al kyar ydchl olr,o3,r5 &z i n
yl ) oxy )ogdkexy, g | kayrlyHc)h | -ar & r5 2amnste ri mer s)

R? R2 R2
R’ 1
/@: Nl XN DIPEA or K,CO3 N)\lN /©:R N)\lN
+
HoN OH Cl)\N/)\CI THF, rt or reflux Cl)\\N)\H 5 O)\\N)\CI
1 2
Product R’ R? Yield (%) Conditions
. 2a R? = MeO 3a H MeO 75 DIPEA, rt, 24 h
aR = 2b R? = EtO 3b H EtO 63 DIPEA, rt, 12 h
1b, R' = CO,Me ’ ) i
' 2 2¢. R2 = Pro 3c H Pro 52 DIPEA, rt, 12 h
1c, R'=ClI ’
' 2d R2 = BnO 3d H BnO 54 DIPEA, rt, 12 h
1d, R" = Me ’
] ’ R = Moo 2e, R? = 4-MeOCgH, 3e CO;Me MeO 74 K>COg, reflux, 24 h
e R =Me 2f, R? = Me 3f cl MeO 80 DIPEA, reflux, 24 h
3g Me MeO 62 DIPEA, reflux, 24 h
3h MeO MeO 77 DIPEA, reflux, 24 h
3i H 4-MeOCgH, 52 DIPEA, reflux, 24 h
3j H Me 80 DIPEA, reflux, 24 h
Sc h e 818

A. Preparation @8af3damndmdPld unds

At ambi ent 24dchipos-subdituente,, 3 ,r5 a2(id4n.e8s mmol ) ware di s s
THF ( 2i0n md)H & a b kotBraoom n o ph(e2h omemo@)PEA (5. 0 mmol , 64
mg)MmHE20 mL) was iam d@@tnamirtolpbhiésleas&ul ti ng mi xtur e
f or-2 48t room toermpfearat24le i seeHdReAfd er MBF I (r at i
dii sopropyl et hyl atméreadgtianmo Ic i a0 n @ @ n cseantitéerra t reeld u c e d
presfSherodiaBdasn¥-3jwer e i salhatoendhylbbywr apbilica gel C
eluting with a miahnatrhey lofa cpedttracosl efuRRBE3adE Afe r
an3lk;,PE: EA 1 BrYy

B. Preparation ef compound 3

At ambient t empei aba alb2awne)s2tdgidhlord6-methoxyl,3,5

triazine2a( 84 0 mg, 4AK.BQ(rmBmMall.)l mgan®BHM (Muelmd )added i nto

a f.l aBtke resulting mixtureswheglechethior gadvieres a2 4 s h

filetdr aatnd wadihehil owiolmbenlL hTahneeo | (v e c o snb idfhi e dwra st e

evapounderd r educ e d epsriedsseudiesddoddvigarg me ® hmbhe. The
{9



resulting solutisan uwat elaaGl® @dehdyesntdh was dried ov

anhy dvaB @s Af ¢ movMdS Qahdli chl or,drmet hreessdedcureyesdt al | i z
ia mixture of dpethd olr e uore tgdi tavhe®erpa roddwe ty i el d

)O\I\/Ie j)\l\/le
N~ °N N~ °N
\NJ\H/@\O)%NJ\CI

N-(8 (Chl okbnmoet h-bxg,r5 2y 1 hoxy HMghhd dymlex h-ba x g,r5 azin

2-a mi B awhite solid,604.6mg, 75% yield, mp148-149 'H .NMR (400 Mz, Acet on
a(pptn)62 (s, rslL,H)1,H)7J=8768 7(4b HdAd, J2 H8 , 4 7HB0 JIH), 7.09
= 82.04 Hz, 1H), 4. 04€ (NsMR 3(H)O0,0 INIKOpOp b{¥sB, CB3, H)1.7 2. 9,
172121.6,16157.12,1,151.8, 138.4, 130.2, 423853, 117.¢

Cl

(w), 3218311 69%c)M HRMS TCEFSI| ) [ M/ z*c H] ¢ €1 Hf ©INOs:
396. 037 3; Found: 396. 0376.
OEt OEt
jeVoNe]
Cl N H 35 (@) N Cl

N-( (Cihhl é6ed hdx B,r5 2y I hoxy Mghd belohdx 8,r5 2z i n

a mi n ewhi bolid, 533.1mg, 63% yieldmp122-123 .'"H NMR (400 Md)zi, Acet on:
(pptn)56 (s, rsi;H)1,H)7J=87386(6b HAd, J2H8 ,07HZA8 JI=H), 7.07

8.,. 0 Hz, -4H38 (4m486M4 )Gt 8 Hz, JF=H)6, 81.H&3 N MR,

(100 MHz-de) Wcpeptioyn3e. 2, 173.13, 173.06, 171.7, 171.:
119.2, 117.7, 1141®KR, (&KB3H%) ,6 53 006311(4HD,t5BB. 1.

HRMS (-ETSOR) [zM+H3 | od 1 HCEIN/O:42 4. 0686; Found: 424.0689

OPr! OPr!

PN PN

N7 "N NG
CIANJ\H/E)\O)%NJ\CI

N-(8 (Chhl i copr-ap@8x¥% 2y 1 hoxy )rghddyl@opr-ap8x %

t r i @a mh n:avhitesolid, 469.1mg, 52% yieldmp78-79 .'"H NMR (400 MHz, Acet
d)li(ppe) 648, 1Hy,s THB2)=({18670 (Rz,464H9..0 Hz, 1H), 7.0
J= 82.04 Hz, -83H]19 6mM2PPHYH .6z, O6H) J=@.HE2 (&, .

NMR (100 MH&( ApY®.n2, 173.0, 17249, 117013D, 4164138
117.6, 114.4, AR qQKBBIWS5, 22966, (MHBLEAM. 3 HRMS
(TEFSM)[zM+HA | ¢ dx H, £3N/0:452. 0999; Found: 452.10083.
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NZ IN N)\lN
Cl)\ N)\H O)%N)\CI

3d

N-( ((dBenzylchixypy &,r5 2y 1| hoxy HMgbhemyzhekc bkwh) 8, 5

t r i ®-a mn 3dewhitesolid, 590.9mg, 54% yieldmp71-72 .'"H NMR (400 MHz, Acet c
d)Ui(pptn) 66 (brs, 1H), JE. 830(Hzs JAHB) 0 7HHA8TIHY, 7.
7.31 (m, 1GH), 07 HZ8 @AH), 5.5 NMR, (2LH)0, MHz40 ACSt ¢
d)ui( ppiny3.3, 173.0,2 115266H6,17274021,16486. 3, 135.6,
12819, 41 117.8,1 R14K8356,11 27 BBDAISBM. HRMS- (TOF
ESmj[zM+t+3 | ¢ ¢Ce H£NO0:548. 0999; Found: 548.0997.

OMe COM OMe
e
N)\lN 2N)\lN
B e
3e

Met hy!l 4-( ¢(cdh | -6met h-ax g,r5 2y har(rah) | -6-met h-ax g, 5

tri@ayl hoxy) bewhziotaet6es. 0Bigi;d 74 % yi-&l18B8,HmNMR16400

MHz, Adgit(oprpe) 90 (brs,J=118). 4 &z10 1(HY, F= 987. 4 s, 1H
Hz, 1H), 4.03 (s, 3HY, NMROQ MIEDVSO-B)EHO)pp BY Z.24,(s, 3H
i171.9, 171.8, 171.0, 170.0, 165.0, 163.7, 151.1,
IR (KB28wW) ,( 31789 qw)l&M, HRMG-ESTOPF m/*z afl ddH] f or
CiHi€INOs: 454.0427; Found: 454.04209.

)O\Me j)\hﬂe
~°N cl N "N
BOPOEE

o N CI
H 3f

N-(€hl 4 ¢cdh | 6met h-dax g ,r5 2y 1 hoxy Mghhd Bymlex h-o xy

1, &,r5 @a mn n avhitd $olid,687.0mg,80% yield,mp 172-173 .*H NM® 0( MHz,
Acetdi@pnm.:72 (s, 1H), 8=90.8z (4 H)(QdFE..BBB. 7L6d)( d,
4.03 (s, 3HY N3MRO 9( 1(BOMSKEHHE)Y,p p Y 2. 6, 172. 1, 171. 1,
164. 9, 146. 9, 138. 4, 130. 533328, 0328865mMbB6115,6. B5¢
HRMS (-ETOR) [zM+tH]al ¢ diHi @N0s:4C2 9 . ;9 9OBBUNA.:.9 9 86

j)\l\/le j)\l\/le

N7 N Menn

CIANJ\H/@O)%NJ\CI
g

N-(8 (Chl oknmoet h-bx g ,r5 2y 1 helkxeg)l hyl pdlcend yoimet h-ox y

{11



1,3 r5 @amnnevhdg:e solid, 507. 28n6gH BMB y#a6e6DdMHmp 1
Acetdieppt) 54 (brs, 1H), J= 786 4( bHzs,, JEHS,, 477H3650 ((dd,
1H), 4.00 (s, 3H),'€3N¥MR (4003 Npa( RA®BI.0B,e BHI. 4,
172. 9, 172. 4, 171. 1, 166. 3, 150. 9, IIRB7(.89Br )132. 0,
3356 (w),, 182855 (4W0FmM HRMBEFSI) m/zcdlIM+rH] for
C1 Hi £ IN7O3: 410. 0529, Found: 410. 0535.

OMe OMe
OoM
O
R
3h

N-(8 (Chl oekrmoet h-bx g ,r5 2y 1| helkmeg) hoxy#bbhgmet h-oxy

1, &@,r5 ®a mh n ewhi® bolid,655.0 ny, 77% vield,mp 164-166 .H NM#® 0( MHz ,
Acetdg)i@pm) .43 (s, 1H), J=97.BzIH3, TBPBLHBZ d66l)( d,
4.00 (s, 3H), 3.9% KNMB GMIDZIMS®s 8 ®OW(Bp Mm)3:H)172. 4,
i171.7, 171.4, 170.8, 169.4, 164.756109B)R55139. 4,

(KBe:)3361, 3288, 1&IMHRMS6RTOM/SOE+HJal cd. for
CiH1€IN/Os4 2 6 . ;0 4F GuUNEd.:.0 4 7 4
CeH4OMe-4 CeH,OMe-4
Nz\lN @\ Ng\lN
Cl)\\NJ\H . O)%N)\CI

N-( 8 ¢Chl ot(ofnet hoxy@dhdanil&y |l hoxy Hxhd By 1b)

met hoxy{h &nryil&a mn 8i:evhite solid,570.9 ngy, 52% yield,mp 90-92 . H

NMR40(0O MHz, -dde(ep oOn.e68 (brs8. AH)(,m,8.BH)H) 81 0D.28% b(d,
=8.Hz 1H) ,J=8.HBz7 IH), JE8 10 H¢2adH) ,J=B..BH5 2H), 6.99
(br, 2H), 3.901CTsNMBH()MHZ,. 8A3diétpat)@5H)5, 173.1, 172
165. 6, 165.58,40164.8,40183. n1,32. 2, 131.7, 130. 7, 1
115.1, 1141 &R, (X8B8®,1, 533AB7105L&A0DBRMS (-ETOR) z

[ M+tt]al ¢ do.k € A035C4 8 . ;0 9P &uU4n8d.:.1 0 0 5

BAWENe N
3j

N-(8 (CChl o6brmoe t Ly 13 ,r5 @Y1 hoxy Mghhd Bymle)x Hy I3 ,r5 2z i n

a mi 3:aevhite solid, 580.4 mg, 80% yield, mp 142 14 'H .NMR (400 Mddzi, Acet onc
(ppm): 9.57 (brs, 1UH)8.4. 8¢, J4H8,0TYTHABIFH)Y2 TdO7
8.0 Hz, 1H), 2.52€ (NMR 3H) DOn22Mddp pm) : 3HBL1. 5, 172.
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171.4, 164.3, 152.3, 139.0, 129.39,33848, 432 748,8. 4.
1566, T5HMRBM Sc ntETOIR) ZM+H]al cd aHiENO:3®B 4. 047 4 Found:
364.0478.

5. S5y nt hesi B! Nboifme®2-hghzy3(exuyt y| ) He-dBiz @ mse n e
(monomer s)

The ompodawedse phbapatdbréemport efdfomet he dpsd@paration of
(Ref4. Tong,-TS;, ;LikA.n;g JZMBNg, F&ng, ZQang-P. X. WadQu, J.
M.-X. Catalytic enantioselective synthesis and swi
macr ocly.c lAens.. Ch0e2t04,2 848271 14436 . )

ut General procedure A: Bu! General procedure B: Bu! General procedure C:
R3Br, KOH, CSgcos Fe power, aqueous HCI Boc,O
NOZ DMF t/12h O2N N02 EtoH, H2N NH2 tBUOH, 50 °C/8h
OR3® 95 °C/3h R3
| R3 = Bn, 4-FBn, 4-MeBn lla-lic: 65-86% a-llic: 87-91%
t
But General procedure D: Bu'  General procedure E: Bu
1) NaH, DMF, 0°C, 0.5 h
h 4’
> Me< .Me
BOC‘N N/BOC 2) Mel, rt/overnight BOC\ °¢  DCM, rt/6h N N
H  ors H Me OR3 Me OR®
IVa-IVc: 91-95% Va-Vc: 4a-4c: 79-87% from IV

4a, R® = Bn; 4b, R® = 4-FBn; 4b, R® = 4-MeBn

Scheme S4
Gener al procedure A:
Atambiteennip e A-&-b u t-Z 4d9i ni t rldq72h g 30animo|)KOH (3.37 g, 60 mmol)
and CsCO;(977.5mg,3mmolve r e imnflask dhe flask was theavacuated anlackfilled
withni t r o Wertelperso t e ¢ ta tommo sopf hserl ewotbieonfiza iy d mi des (90 mmol
in dry DNWwaé6280ddmihe eos drldaaasckigi on mi xt urreoovms kept
tempefat wing isit atrhtei ng materi al was cons.iimed compl
r e acntiixomarseeavld er (alnddd wamé ¥ t r with éthe/lcdicetate (2003 mL).

The combi nedwaosragéhreidgcawlivgryeetreNda G@ @ Be ondgdir i ed over
anhydNa®@s Aftetrat@andofevhgior avpdmwmdedert Vviheuum.

resiwase chromanographéeda gel column eluting with
et hyl acet2dtle (tFbEegizdyeé-b ut-YyId3i ni t rolldéddzenes

{13



By

O,N NO,

OCH,Ph
lla

2-(Benzyitbxy-¥ }d3i ni t r olblega:lz ksood8i. 8,89 yi ebB 899 mp

IH NMR (600 3MHpzp mMBCDEI (7s ,482H) 8. Hz 2MHHYZ238 ( m,

3H), 5.20 (s,'€2HNMRB0YNMHZ ,  DCO)H#)9.1H5. 5, 143.5, 134
129.2, 129.1, 128..BR (EB5BI5IBAHRMS3BETRR) B0. 9

[ MNd'cal c diii ¥M:0sNa3G 3.;1 1P3UMA.:. 1106

By

O,N NO,

OCH,CgH4F-p

lib
5@-But y24( ¥-f4 uor ob e-h zd§iln)iotxryo)bbewhz et re¢6i.dg ® % yi el d, mp
9394 .'"H NMR (600 3)Mkpzp,nrBCD6I! (7s ,473#9d,dD,Hz5.24H) , 7. 08
(U8 .Hiz 2H), 5.16 (s$€ KRMKBO (MH 3Q)LEHPMO®H)B= (d,
246. 0 Hz), 149.2J=9H%.,6,1d3J643390H%, 126.dP7224.1%. 7 (
Hz, 78.3,.|l B5(#¥B6MBIB3IB, cBHRMS (HOMR)Y[zMNA'cal cd.
f oEHi1ENOsNa3 71 . ;1 0AEu7M1d.:. 1020

Bu

O,N NO,
OCH,CgH4Me-4
lic
5@(But 2 rle t b g h z y 1),-a@Bix yi) t r olbdewhz d ®€8i.d§, 8% yi el d, mp
6769 .'"H NMR (600 3Mkpzp,mrBCD@I (s, J=H)Hz 728),Jd,20 (d,
=7.HBz 2H), 5.16 (s, 2HYE RKRMBO7(Mksz, 38Dl 48 .3®, (s, 9
145.6, 143.6, 139.1, 131.9, .LR9(&HB6GUB,B3 AL, 1526. 3,
c MHRMS (-ETOMR) [zMNd'c al ¢ dif H:0sNa3® 7 . ;1 2cRu6bn7.:.1 26 1

Gener al Brocedure

At ambi ent t2dmemerd(t-buutey, tddit miet r sib(nmenet h d 5O

mL) , wat er cofcéniratedilC)12 M, 0.8 mL) were mixedn a test tubgandtheniron

powder (7 g) was addgabrtionwisewith stirring. The resulting mixture was heatéa 3hat 95°
Corfor5hat6PCinanoilbath(se e Sc heifet eS4)beli @egg t o roomheemper e
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soliindsreacti ohi midrk mtnde wdeCiv@ EnL Wihtelo mbif mé dvaat e
concentnrdetred eduThed rgerseaddsswrodvaed in DCM (200 mL) a
was wwbshhturated aquediusms@klLmli.jbbhe odr gani c | ayer
dried over anhydrous 906 d8N@an ¢ uld ¢ dCwihl e Aedsiti edruef @ | tr
was chromanogqraphéda gel col umnl eednutdtnhge rwi arhd ae ti
acetate 10 :ME): B4 esezxydt-but y 1 )-b eddizaemi en-le &.1

Bu

H,N NH,
OCH,Ph
Ila

22(Benzyl(duy )yl ) bleddz a miehlevdoi $ el i.dgP % yi elldl,d mp
112.'"H NMR MH0,0 gD(EpmM).:49N=6dHz 2H) ,JI=77..) EH) ,
7.38=7(.t22 1H), 6.26 (s, 2H), 4.96&€ (NVMBRRHIHZ ,3. 75 (|
CDQUuU(pPpmM48.5, 139.4, 138.0, 133.2, 32R4BKBrL)28. 3,
3:.3447, 33514, 3B HRMSE6 1-BTOMALBMEbBH]al cdaiH N.0r C
271.;18MPeu71d.;. 1813

By

HoN NH»>

OCH,CgH4F-4

llib
5(But-2-( 6f4 uorobenzyll),dBx gmbe ehaMelwedli.dg,8 % yi el d, m
10607.'"H NMR (600 3Mikpzp,mHCBE6I8d 4, Hz5 .24H) ,J=B. @9 (t ,
Hz 28H)25 (s, 2H), 4.87 (SHOH)EHNMRBG (BAz (pEBCI 4H) ,
(ppihy2d F=2(44H25, 148.5, 139. 4dJ=T73H8). ,8, 1d1B2@ 06 130. 0
H2, 104. 2, 712R 3(,& B3ddp.44,, 33U6GA/FHRMSP 1(ETSOHR) [zM+H ]
cal cdiH2FNgOr2 80 . ;1 7TRHduNA.:. 1711

Bu

HoN NH,

OCH,CgH Me-4

lllc
5t-But-2( et bghzyl ) oxly)dh emd emrpe | lel | ysed |l odg B %6
yielpd26m7."H NMR (600 )Mpzp,mCBOEGddz 2H) ,J=7.22 (d,
6.H62 2H), 6.25 (s, 2H), 4.86 (s, 28)NMBO 68 (brs,
MHz, gfUcpm)48.4, 139.5, 138.1, 135.0, 132.3, 129.
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| R (XB463, 38TMHRIS6LEGH)[zM+*+]al c dib,M.028€.:1961
Fou@85..1963

Gener al [ICrocedur e

2Benax¥({tbut yl )-b eddizaemie s mBociO)2.60g,12 mmol)and t-BuOH

(50 mL) were mixed in a flask. The mixture was warmed for 8h &C56il bath temperatur&@hen
solventwase v a p ou nadveard tanntdlree swdsedi ssol vedThe DEMul 6D0nolL
sol wmtaisonwws Badur at N HGEOB®anLsa ngdat ur at eNda Gd3jQu eo u s

x2 mL)Aft being dried and r elibb v o ¥ |-(3bé n zsyoebi(tv e n t t he
b u tpyhle)n ydli ecnaer blashhdctwe r e | s aclhatoenh ylowr apbi |l i ca gel C C
eluting with a mixture of petroleum ether and et

OCH2|I-3|h

IVa
Dithut y-( bet2p(tbxy-¥y}lp3henyl ene) di c awd @Irhidldy,® 3l Va
yi elpd,28nm2 9.'H NMR ( 600 3Mkhzp,mACDEI (brs7. 2H)( m,7.5%H) ,
6. %, ( 2H), 4.81 (s, 2H)!E& INMRB ((MHz,)eEDCHh) 1. 34 (s
152. 7, 148. 5, 136. 4, 134. 6, 131. 1, 12R (IKBr1)29. O ¢
3:3424, 3330, 1A HRMSE 6 OB c al cdoHsN0sr C
471.28Bb&Mld.:.2849

By

Boc.. .B
N N oc
H

OCH2|E|36H4F-4

IVb
Dithut ydtp u (-1 6f4 uor ob ehzpghle)noyxl ye)n e ) dibc wtribsaemaitde, | V
13g9% yinpl@a 30.'"H NMR (600 Mkzp,mCDBI (brs, 2H), 7.:
J=8. 4 Hz5.244) ,J=B.Hiz0 ZH), 6.66 (s, 2H), 4.79 (s, 2H)
1€ NMBO (MHz,3)uqdDChl) 6 3d 2=2(46H20, 152.7, 148)F, 134. 4,
4 W2, 131.d1J=9 1Hx»O,. 91dpB=21H® , 111.0, 80.268.I1%5.4, 35.
( KBr3)428, 3332, tWMHRMSL {-B8FR)[iIM+0H]al c d..Hs BNgDg: C
489.27Hh®uA.:.2763
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Boc _Boc

OCH2|EiJ6H4Me-4

Ve
Dithut yith ui(-H( Odle tbheln z y {1)-@Bxgny |l ene) dic alribaaenaitde, | V
1339% yietdd44.'H NMR (600 3)Mkpzp,mpCD&l (brs, 2H), 7.
J=8.Hz 2H) ,J=77..t2B8 2H), 6.74 (s, 2H), 4.77 (s, 2H),
(s, 'CTHNMRO (MHz, 3 GDELCNY)52. 7, 148. 5, 138. 9, 134. 6,
129.0, 110.8, 80. 4,1 R6(308B4 BX5,. 233 301,. 61, 72Mn. 51,7 0201,. 41
LHRMS (-ETSOR) [zMH]*c a | ¢ dabls M20s14 8G . ;3 0P ®udsd.:.2 997

Gener al procedure D:

At °COt hle-(2b e n z ySttdxypyhle)ny | ene) HV-BE(r b ammd ke)satdod e d

a stirred sukldpemeéhd®0 ogdfbiNsapre r(si on. i M emiemead aloi &i |
warse molvywd s hwgi t-fhe x)anien dry DMF (30 mLEL.fafter5bhbhin
Me 11.70(g, 12 mmgl was added rcrsaupwixsheg.r eTlweas then stirr
temperature until the starting material was cons
was quwinicthe davmd etrhe mi xture wals@3eLl)r Blte ecdo mbh it me @ C
organic | ayer ssaweurreatvelsds Gdehd®mwlupshdlr i ed over anhydr
NaS QATf tfarratanodn c oinauanrdvear@ t ¢ h ed it-G{u &1 ¢ & ¥ eln,z3y5Hto X y

butyl )phenyl ene) bViagc(wreerbeh ¥ A c a e tve mastreeds )hf o r next st
without further purification.

Gener al procedure E:

The above obt aiVmécd D @GMdlE) pam@niloidsr € max étashk.

The mixture was stir@Ghedl aéent owvantdemnpawmadtuaurme f or
resi ddesswvabC®dd (b T™Mhe resul twiarsdh edo Iwd thilgoure awass at e d
NaCQsol ution and brine, SnAd tderri esd | ovveenrt aenvhaypdorroautsi
wacshr omat oqir aap hseéed mrc ae Igwetli ncgolwi t h a mi xture of pe
acetat e20(:REH: BA Mei me-2-thegdaxyd(tbut vyl )-b eddizaenmade s

Bu

Me . _Me
N

H
OCH,Ph
4a

Iz

N, NDi me#24plenzspltbuyy !l ) He-dBiz @ mieh e dsdoal i d ,mg B78% . 6
{17



yield 4MmpH4EMR (400 JMHppMEBPOE(H, 2 Hz, J2H)..6 7. 45 (
Hz, 2H)J= 77..39 Hzt,, 1H), 6.23 (s, 2H), 4.87 (s, 2H)
& NMR (100 jMdppmh@BCHE, 141.8, 138.1, 131.0, 128.
35.0, 31.7,33341260,. 159/, KBr535

By

Me . _Me
N N

OCH2|E|)6H4F—4

4b
N, NDi me 24 ¢4l uor ob eB(rbydt) ylx)ybdle-dBz @ micon e ds4o | 8 WG . 7
mg8B yi e 880 mMH NMR (600 3NMipzp,nM)CBHEI=B8d dt,Hz5 .24H) ,
7.09=q .tz 2H), 6.19 (s, 2H), 4. 7€ (NMBOIHMHz, 2.83 (
CDG)i(ppn)62d J=2(44H35, 148. 7, dP43.Hp,, 113331..80JF 129. 9 (
9.H3 , 1dpb=261HO , 98.8, 72.0,R IHFKBEYN631150&H 311935
HRMS (-ETSOA) [zM+tt]a | c dibl BNgOr3 1C7 . ;2 OR@uIn7d.:2 0 2 7

Bu

Me . _Me
N

OCH2|E|36H4Me-4

4c

N, NDi me# ymlet hghzyi5t-bxuyy !l ) He-dBz @ micnreds 4 | 71 4Q . 1

mg7% yi eb864 mMHNMR (600 MHitp,pmDEW=7d8z 2H), 7.30

(d=7.H8z 2H), 6.28 (s, 2H), 4.87 (s, 2H), 4.11 (br
1€ NMMO (MHz ,5)UqDCi)48. 4, 141.8, 137.8, 173%5..61,, 131.
34.9, 31.FTR G&BM®I4 211 BWMHRMS5 J-ESOF) [zMH]*cal cd. for

CobaN0313.;22FaBulnd.:.2279

Irz

6. Synt hesiN5(4 ®d&(alkoxy, al kyar)dchl| elr,03,r53 &2z i n
yl ) ami no )6ffatkexy, @ax kgt yll,)ad ,r5 @y N, Ndi me+t hyl
2-(benzyyltbxy yl ) He-dBz @ mé@neet r @a)ne r
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R2 R2 By DIPEA R2 R2 By
(2.4 equiv.)
1 1
Cy G e OO
Me . _Me acetone ~ ~ M
Cl/k\N N O/k\N)\CI N N’ orTHFCI/J\ N Y NTe
_ OR? t, 24 h H Me OR3 M
3a-3j 4a-c 5a-51
5 5a? 5b? 5c? 5d? b5e? 52 5¢° 5h@ 5j? 5j@ 5kP 512
R? H H H H H H CO,Me CI Me MeO H H
R?2 MeO EtO PrO BnO MeO MeO MeO MeO MeO MeO 4-MeOCgH,; Me
RS Bn Bn Bn Bn 4-FBn 4-MeBn Bn Bn Bn Bn Bn Bn
yield 86 76 73 73 85 82 86 81 94 78 67 78
@ The reaction solvent was acetone. ? The reaction solvent was THF.
S c h eSbe
| mf | atsrki ®€r.83mo IN', Nd i me-B-(hbyd t-2((Ib)enzly ¢ o xig,HMe andi ne
(0.5 mmol ), DI PRPHOAU a(vEl) 2 tommea@l( BP 2wmed)e added successi

( NoAeet one was empl oyleld raesa gttheebohisdmd tvveBietmdlaor a

whi ¢ hc ownadsui ont eliddle t o t he Biow s @0Ehbhnkeesyl ofng mixtu
stirred for 24h Tahe mntbH e nrte & cetmper awaigs est opped by
vacuum,. Ttivasrebhir dmetno gar agpihleidc a gweilt hc od uminx ted rud i @
petroleum ether and et hfy tbrdacc eRPBRtEA (fPrE0 cBrA3 f Y otmo 62
5B) t o gi Wbe 6 @rdadyd vecl tdss .

OMe OMe Bu
N)\P N N
e
5a Me OBn
N-(4 3 (Chl otkbmoet h- x g ,r5 @2y 1 hami no)opnlee maxg)rs €z i n
y N, Ndi mel-hlgéenzypit-buy y !l ) He-dBiz @ mieawite solid, 282.0mg, 86%
yield, mp83-84 .H NMR (400 3MHzwo0 tGsDCO3)B( pp ) 67.. 49 ( m,
2H), -7.B3®B.Bm, -B.2AT1 KM, 2@ JHD 2H.zQ. 5H)Qd, J67 .Hz ,
0.5H) br6078HYr 06 .57H),r ( 06..56HYr,( 06..55H4) ,( 4. 75 (s, 1H),
4.01 (s, 1.5H), 145B06@8s(s1.89HFPH)3. B746s (s, 1.5H)
3H), 1.30 (s, Y& SNWMR (11.0204)MHsz,p MCDAB), . 172.0, 171.9,
1701AP016&7. 73, 167. 66, 165. 08, 165.05%36192.436182,
135. 8, 129. 4, 41N238..10P6,.192,8 .141,7 .192,8 .121 4. 6, 75. 3, 55 .
34.74, 34.68, 3B.1B41481 2HRNMBBIO([KM+H]alfcalr
Gzl 658, 265 2; Found: 658. 2647.

OEt OEt Bu
N)\P ‘Ji::L\ N)\P
cr)% /kN O)%N)\N N e
H 5b Me OBn H
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N-(4 8 (Bh| ébed hdx B ,r5 2y hami no)6eh dmdaxxgyni &y F h
NLN3-di mebbhénzypdtbuy yl ) He-dBiz @ mie nwhite Sobd; 261.3mg, 76%

yield, mp 75- 76
0.
0.

0.
1.
127 s,

1
1
1
1

CHaEl N6 8 6.

C

X X
N °N N "N
IA\NXMQOANKN

5c

lH NMR (400
581) 18. 06 r ,
5HPR 6. 7.6 Hz83 d=&H.Hr,
SHP(s 6. 07 %K), 18)s,,
5HY(s,3.B968) , 37AYT7 .Hz3

41 587,.H24, VL ESNMR (
701672 BG7.164%.4038. B5214
32,1 13A8B5430. B28U28102A233
14.4, 113.9,
B, 1L 40KR (KB5PO,,155DH

2965; Found:

OPr’ OPY’ ‘Bu

.Me
N

I
Me OBn H

4. VB3 1( 1, .

183 6540483 HF.39B76@,3B431 .

686 .

3IMHrt, ovt@sDrels Q0 pp BY 283 @b r
®.q5sH) ,0 .65 Hy s, 7 03BH)n,

%.3BHIOmM,7. 1
6. B(H),, 0&B.BHesl), 0B5HH), 6.
31HY 50, 14H4) s, 3.
1 33H)E7 .HZz., 3H)s, 14 .25H)
100 s)MHpp MED@IN.,73 77,7 O .
8747842563 91.,3581.,32 43 7.
12172 M. 8, 117. 8, 117.
4,
HRMS-ESTPEM+*t]al fcar
2955,

N-(4 B (Chl|l i copr-Gpa@y% @Y1 hami no)opseompoxaypB x %
triay INANSdi meRblgénzypltbxy-yénze,dd ami n ahite5solid,

260.1mg, 73% yield,mp 86 - 87

8
1
0
(
1
1
1
1
2
.

.I1H NMR
.06 (s, O0.5H»7
.561)98=(d, 6 Hz,
.5H), 6.
1H), 3.
(s, 4
8, 171.

Su
.30
71.

46 (s, 1.5H),
5H), J4.@.40 (4
1, 170. 8,
37.5, 137.4, 135.7,
14.5, 113.7, 408,
1.68. (KBBY15 x6m.

14.3277;

Found: 714.

(400
(s F130(sSHY J5 BBY m6. 18)7,. 2115
0= 564.)8 H&.80® .(@HY H) ,
49-5(.3,0 0(.nG H)0,. 53H)3 8 .58 2 4( ni,brQ. SLHH)) ,,

167.
135.
872187.31.
HRMS-ESTMP iz M+ +]a | fc als Ha €1 o
3273.

sMtHwErQ o t GsG05.) &( p p m)
(m,
6.62 (s, 0.5
“.0PD (
J83.614(Bz U3BH)(m,238BR) ,(s
,NABRI H.)1.EDIGNMHE p@ng 2 . 1,
94, 167.89, 165. 3,
5, 129. 5, 129. 0,

4. 971. 38. 0,

165.
128. 6,

o, 37.9,

N-(4Benzyl(@&x(@enzycbkpy @&,r5 @yl phami no)lpBerboxy)
triay MNAN>di meR-hbgéenzpltbxyyl ) He-dBz @ mi&d evhite solid,
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294.2mg, 73% yield,mp78-79 .*H NMR ( 400 3NtHwoo t GDn@ek 3 :UQ p B ih) :

8.27 (brs, 0.63H)-7.8.304)mM,blfs 130 (BGHPH)7.. & 0Hz,
2H), 6.75 (s, 1H), 6.64-5(.s2,8207.d}8)H) J5.616.30dHz, 0. :
0. 63H),J=5.1020. O( dHz, O. 63H), M. 7LO.@8brHz, WO=BBH)), H..-
11.2 Hz,. D7 6@BsH)1. BH), 3.40 (s, 1.9H), 2.92 (s,
(s, BT 3MNR (100 s MapieRCIL, 172.0, 171.2, 170.8,
165. 0, 152. 5, 152. 4, 148. 3, 148. 1, 140. 1, 138. 1,
129. 4, 129. 1, 128. 9, 4,12182.86.,2 31,2 31 25842,8 6102 81.24377,1 91, 2 81.
118. 2, 118. 0, 114. 8, 108. 2, 107. 3, 75. 0,R 74. 5, 7
( KBar3)2 718 0,55 8. HRMS-ECSTPEM+H3d | ¢ dCiHsCl o881 0. 327 8 ;
Found: 810.3155.

OMe OMe Bu
N)\|N /©\ N)\|N
Cl)\\N)\N 0)\\NJ\N N-Me
H . H
5 Me  OBnF-
e

N-(4 8 (Hh| smet h-bxg,r5 &y 1 hami no))emee madxg)rs €zi n

y N, Ndi me&5@lylt-3(0 f4 uorobenzy#l)dBxgnbeazidee sol i d,
286 .gB%Myi elBO®9 0 mMpINMR40(0 MHz g)(tGVG I alne5 :UQp.p5T)) :
8.260 HPpr, B0 ,( 7.58 (by O.SHy 227 A5 .(15. 12

(m, 1.5H)907 (M0 2J=5/H)z 6.8#Hhs( d6.6H) ( 6.62 (s, O.
(s, 0.5H), 6.49 (s, O0O.5H), 4.69 (s, 1H), 4.64 (s
(s, 1.5H), 3.37 (s, 1.5H), 2'E8WNMME6 (MBH)s) CDCR8 (s
ipepm)y7z2.7, 172.1, 172.0, 171.5, 170.9, 167.9, 16
152.5, 148.5, 148.1, 140.0, 138.1, 137.5, 135.7,
129.1, 118.1, 117.9, 117.7, 51165. 454.191,5.534,. 61,143.77.,
34.80, 34.T7R, (EB568, BAZB2HRMS (EHSIR)[zM+t]al cd.

f 0BkHs€INGO:676.;25BaBUMN6d.:.2 56 1

OMe OMe Bu
N)\lN /@\ N)\lN
Cl)\\ )\N O)\\N)\N n-Me
H ) H
5f Me OBnMe-4

N-(4 3 (GAh| 6met h-ax g ,r5 @2yl hami no)opnlee mMmaxg)rs €z i n

y N, Ndi meB@lylt-(0met hyl benzyll),aBtamb eezvebniet e sol i d,
274 .9gB¥%myinepd@82 .1H NMR (600 3sMH@Eqgo t D5 :tQp. p5m) :

8. 1M HYs,, 7.0H) (b7s60 (by ®.5H), 262 88) ( J= 17 (d,
7.8z 1H),J=r7..883 Q©d5H)J=77HBZA11K)Y, 7.07 JEB.MHz2H), 6.9

0.5H), J68 .84 (0d,5 Hys,, 60..752H3(, 6.5H) ( 6.59 (s, O0.5H)
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4.69 (s, 1H), 4.65 (Ms, 1HPH)3.8998s(s1158HH), 339"
1.5H), 3.40 (s, 1.5H)),, 22.280 ((ss,, 13.H)H) ,2 18.22 9( s(,s ,1 .4
NMR 50 1MHz , s IGDLCAM)72.8, 172.1, 172.0, 170.9, 167.9,
147.9, 138.2, 138.0, 137.4, 135.7, 134.2, 129.7,
114..71, 754.9, 55.6, 54.9, 54.6, 37.9R, (XBrgs8, 34.
1576, 1%%HRMS5 XHOF) m/*zall bl €1o®:6F 2. 2813; Found:
672.2811.

OMe co MOMe By
e
N)\lN /@ 2N)\lm
Cl)\\N)\N O)\\N)\l\ll n-Me
H 59 Me OBn H

Met h(1¢(4c(2Ben z Wit xy-3-( met hyl ami no) phermymle)t hoxtyhy | ) am
1,3 r5 2y petX gcph|l -6cmet h-tx & ,r5 €y 1 hpami no) be whiteat e 59:
solid, 307.6 mg, 86% yieldnp93-94 .'H NM® 0( MHz 3 qDGutoatnes 7: 0. 43)
U(ppmpe d=8 .Hz1H) , 3(7d=8B .HzQ . 15)7, 8(7s.,7 0. 43 H), #4960 (s,
(=6 .4z, O0. 837W¥r6 .H¥z.,4 0. £37TH)2,6 7(.n3, ©€6..56MH)H) 6. 64

6. 44 (4, 702. 88IH]|)MV,H)YX4 . €0 633m4 . @BO.7R3IH) 4. 3H), 3.68 (s,
356s, 1.7H), 3.53)(s2.813Hy, 23.7ZH”)(s2.77 (s, 1.:
3.9%) NMR (100 s)MHpph®»CHL 72. 3,8 118655698, H614852. 5,

148. 09 3141774242130, 98B3913725,13153.74, 41331382 132.
1285 4288B28»228128¥r18518117.1,33316.26,118%., 4, 113. 4
100. 75. 0,7, 7%4 B5%.,5550 3&8..,D,3437,8 .8 138I1R (KB7 24,
160113,2, dB65HRMS-ESTOF m/*Call Mdk:E€Cbls: C716. 2706; Foun
716.2711.

OMe OMe Bu
5o
Cl)\\N)\N O)\\N)\l}l n-Me
Ho Me OBn "

N-(4Zhl &4 ¢csh | -6met h-t x g,r5 @y hami no)emee mdxyg) 5
triay N, Ndi mehbhéenzyp{tbuyy!l ) He-dzamienevhiSthe solid,
280 g88uUNnyi elld41 0mp.*H NMR (600 sMHwmo tCades 5 :U0. 45)
(pp&) 385. 250 .(H,, BWO0K)S( bs,670.(550H),, 07 .46M.)07 7(. 18,2

6. 55H) , JI7 .22 (1H,) , J=P..HD® (Qd45H), 6.63 (s, O0.55H),
(s, 0.550)4518)-4866%43n, 982 H)s, 1.65H), 3.96 (s, 1.
3.65 (s, 1.65H), 3.42. 3 ,(s, 3b.H95H)3,. 42. 1%, ( s, 65.H
1.23 (sL& ANMR5H)L.50 3MKezp M)CRCI5, 17 10..8, U70.4&4, NUB7T.
167. 7, 165. 0, 164. 9, 148. 2, 148. 1, 147. 9, 142. 8,
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129.7, 128.48, 128.45, 128.3, 128.0, 127.7, 122.
74.7, 55.6, 54.9, 38467, RAq&BB0O27 395 MHRMS560
( TAFS M) [zM+t]a | c daks @O, 609 2 . 2 2BdUNA.:.2 2 5 3

OMe OMe Bu

|
5j Me OBn H

N-(4 & (Gh| éeémet h-ax g,r5 y |1 harmimed)hyl piGempo k-px 8, 5

triay NAN-di me-hlgenzpltbxyyl ) He-dBz @ mie n evhite5dolid,

315.5 mg, 94% yieldnp85-86 .*HNMR ( 400 MMtz wrooQ DsOmh.é5)&( p p m) :

8.30 (br, O0.5H), 1H).,0-27 . (RHBTH,| 0% .79#) 8. 2. M4, (G, 5H), 6.
J= 8.0 Hz, O.5H), 6.63 (s, LH#H)646(m7 RH), 0358, (
3.91 (s, 1.5H), 3.87 (s, 1.5H), 3.62 (s, 1.5H),
1.5H), 2.18 (s, 1.5H5%,HP, 03.23 NVMR, 3408PH)MHZz28 COL|
U( ppihy 2. 6, 17149 ,0711767.08 6 51,81565104 4 8 9,1 , B41240/3.9 .
13913%7. 3, 13%.39, 1@8B33L4M.,0 ¥30528128.12 871.P8 B26.

118. 4, 1,18409,113948.D0,8B0l/r3. @,5 7846418853789, 34.
3437, 81.16.0R [%BRY7, 15FAHRMSB6 EEDF) m/z [ M+H]
CalcdazsHsEddN, €7 2. 2808 Found: 672.2812.

OMe OMe By
OM
W*F Ji:i ﬁgm
o LT AL I e
H 5j Me OBn H

N-(4 % (G4h| 6met h-t x §,r5 @y | harmmed)hoxyp-Greatokyyy
1,3 ,r5 2y ), Ndi me-hgénzpltbuyy!l ) Hedzamiepnewhbt e
sol26d7, g 8myi el9@99miH NMR (600 3MHzwo tCaCel6 G0 . 4)
(pp&) 689. QO K , -7. &R0 MY, 7.33 (sI=90HH HOD ,76 R)328 ( d,
7.0806 8H), J88Hz (a. 6H)J=96HzZ6 80 .(4dHYs,, 61L.H)7, 6(0M@) 52 (s,
6.43 (s, 0.4H), 4.66 (s, 1.2H), 4.62 (s, O0.8H),
1.8H), 3.54 (s, 1.2H), 3.33 (s, 3H), 23 (s, 1.
NMR 00 1MHz ,3)u@DCM)721®1 .8, 171.7, 171.24, 171.15, 17
164. 75, 148. 3, 148. 2, 147. 8, 147. 5, 142. 8, 140. 7
130.3, 129.7, 128.3, 128.1, 127.8, 12774%6.,5,119. 3,
74.4, 55.9, 55.3, 54.9, 54.6R (5kBIr4013845®9537. 7,
cMHRMS (-EFSOR) [zM+tH]al ¢ daHs € My®s:6 88 . ;2 7ThHatudn&d.:.2 76 1
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PhOMe-4 PhOMe-4 g,

X X
N °N N "N
Ak@kk@

Me OBn
N-( 43 (Chl otr(odnet hoxydh@nrildy |l pami no)sfenoxy)
met hoxyfdhé&nildy FNh, Ndi me-hlgenzpitbuyyl ) He-Bzene
di amiwehidle28dblgb7%myi ell @8 1Mp'H NMR (600 sMHEq CDCI
rot ame55:0p.pdaB ). 4I9=.d¥z 1H)-8.83036m, 248).l1H42 81 Hs (d,
7.4 O.45W)y, 07588 ( 1H) 67274247 m, 17 .4BMH)(,m,7.R.455H) ,
7.0680. 96 (6m,9124Hh)dbz 2H) ,J=B..HL e#)bs 6.dF.355HK),, 6.68
1H), 6.5p, 146 1H)O6Y45H), 3.88 (s, 1.65H), 3.83 (s,
3.79 (s, 1.66BMH), 334Hh)2,8682 ($1. 3H), 1.34 ¥&, 4. 95H)
NMR 50 1MHz ,)iqpc) 72. 9, 172.6, 172.0, 171.4, 170. 4,
163.1, 162.9, 153.0, 152.8, 148.2, 147.7, 138. 3,
129.3,121®.87.,9,128. 4, 128. 3, 128. 2, 127.9, 127. 0,
113.7, 113.5, 75.0, 74.6, 55.14R (536B630,1,27h.5%,5 37 . 4,
LHRMS (ESOR) [zM+*tH]al ¢ dabHs € M@:8Q 0. ;3 2F aBuIn0d.:.32 7 3

Me Me Bu
N)\lN /@\ N)\lN
CI)\\N)\N 0)\\NJ\ITI N
H 51 Me OBn H

N-( 43 (&Bh| &6met Hy |3 ,r5 2y | hami no)6mkee dlgkdy,N5 @y F h

N, Ndi me-hlgenzyplt-buyyl ) He-dBizamid:rwehi 5 e 24 d1g0dsm
yieldpamd.'H NMR (600 3MHwqo t @GOG 5 :GQ.pB) ): 578. 4 9

(m, 2HY, 275.8BH) , J=B. W8 ) H7.a6, 1.65H¥7.HZ. 04 (d,
0. 35H),J=67..880 (Od65H)%, 06.6754H)(, 6.62 (s, O0.35H), 6.
0.35H), 4.72 (s, O0.7H), 4.64 (s, 1.3H), 3.50 (s,
1.95H), 2.49 (s, 3H), 2.48 (s, 1.95H8,NRR27 (s,
(0MHz, fgDEpmM)78.4, 177.9, 170.4, 169.4, 166.9, 1
143. 1, 139. 6, 137. 4, 137. 1, 135. 5, 129. 2, 128. 9,
114. 5, 114. 1, 113. 7, 113.231.10,7.31. BLR72%B6 )7 42 38.,4 .
1647, 1%686HRMS5 4&SOHA)[zM+*H]al ¢ dab:s € M@26Q 6 .2 7TBBun d :
626..2754

7. Synthesis of racemic macrocyck6
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R2 R? Bu Me Me
)\ R )\ °N N’
NN N~ N CFsCOOH (2.0 equiv)  N={ R® )/—N

BNS BNEN I VA W
Cl N N (6) N N N / —
N e dea M DCM, rt,, 12 h N—{ N
Me 0 NH
5 T
R1
6 (racemates)
rac-6 6a 6b 6¢c 6d 6e 6f 69 6h 6i 6j 6k 6l
R’ H H H H H H CO,Me CI Me MeO H H
R2? MeO EtO PrO BnO MeO MeO MeO MeO MeO MeO 4-MeOCgH4 Me
RS Bn Bn Bn Bn 4-FBn 4-MeBn Bn Bn Bn Bn Bn Bn
yield (%) 76 77 88 84 76 89 85 77 92 69 88 91

Schefe S

Thetetramerss (0.1 mmol), CRCOH (0.2 mmo) andDCM (40 mL) were mixed in a flask. The
mixture was stirred at room temperature & h until the starting material was consumed
completely The reaction solution wasashed withsaturated aqueous NaH&(@0x2 mL). The
organic layer was dried over anhydrodseSQu. After removal of solvent, theesidue was
chromatographedn a silica gel column eluting with a mixture of petroleum ether and ethyl acetate
(PE:EA from 5:1 to 2:1)o givetheracemicmacrocycls 6 in 69-92% yields.

8 Enantiosel ective synmderecgcls6 of i nherently
Bu
R? R? Bu

N)\N /@iw N)\N 1. (S)-CPA 16 (30 mol%)

< < lvent, 0 °C, 12 h
Cl)\NJ\N O)\N)\N n-Me % -

H Me OR® M 2. K,CO5 (0.6 equiv.), R2={,
Sa-5l 0°C, 60 h

Product (+)-6a (+)-6b (+)-6¢c (+)-6d (+)-6e (+)-6f (+)-6g (+)-6h (+)-6i (+)-6j (+)-6k (+)-6l
Yield%? 36 32 27 16 28 32 47 32 54 31 47 49
Yield%®?: 62 48 49 30 45 51 59 54 70 48 65 54
ee%? 93.2 941 958 629 899 923 96.8 954 949 87.7 150 844
Yield%®*¢ 37 43

Yield%#P¢ 60 65

ee%?° -90.0 -90.7

Yield%? 38 53 36 41 33 36 44 38 47 30 38 55
Yield%%?: 59 74 63 61 52 56 55 60 60 49 52 60
ee%* 874 942 914 834 86.9 892 952 945 885 87.0 489 87.2
ee%%® (98.4)

@ The reactions were conducted in a mixture of CCly and cyclohexane (v/v = 13/7).

b These yields were calculated based on the consumed reactants 5.

€(-)-6a and (-)-6b were obtained from the (R)-CPA 16-catalyzed reactions.

9The reactions were conducted in pure CCl,. (S)-CPA 16
¢ This ee% was obtained after recrystallization.

Schewme S

7.1General procedure:
In atest tubahat wascooledat 0 °C, thetetramers (0.05 mmol), chiral phosphoriacid (S} CPA-
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16 (10.0 mg, 30 mol%) tetrachloromethang13 mL) and cyclohexane(7 mL) (or sole
tetrachloromethan@0mL) were addegduccessivelwith stirring. The reaction mixture was stirred
for 12 h at @C. ThenK>C0Osz (4.1 mg, 0.03 mmol) was added and thsultingmixture was stirred
for another60h at 0°C. The solidsin reaction mixturaveresuctionfiltrated quickly andwashed
with dichloromethane5 mL) that was precooled &t°C. The combinedfiltrate waswashed with
cool saturated aqueodsaHCQ; (10 mL). The organic layer was dried over anhydrdlesSOs.
After removal ofNaSQy andsolvens, the residue washromatographedn a silica gel column
eluting with a mixture of petroleum ether and ethyl acetate (PE:EA3rbrto 2:1) The optically
activemacrocycls (+)-6 were isolatedn 16-54% yieldswith 15.0-96.8% eefrom the reactions in
themixtureof tetrachloromethane and cyclohexane (~2fn 30-55% yields with48.995.2% ee

from the reactions in tetrachloromethane

7.2t ability of dfnhecammaumnchiGal ity
Bu-t Bu-t
cl
\N N Me ©: Me\N N/Me
N—g\‘ Bn cl N:S\‘ Bn ’\R/—N
MeO—S\\J , h?—OMe —_— Meo—g\\‘ h\?_OMe

—g) rz_ 150 °C, 48 h _/g 2:

9] o8
Sic-(+)-6a, 93.0% ee Si-(+)-6a, 93.3% ee

S c h eSBe

Il nherent chirality s®&fwe rhfeectuenrdacaé i xHo&]t @thdéeinpr e ne
racemi zation t o &k( Hp)kac éC5difotre npdddheHaltiom@Behe ma e
S8)

\©/NH

(+)-6a
S+« +7%-( Be n z yri-(Bbxuyt }3£,1%d i me t-& eddi yne2-b x4, @ r8-hzac 2, 4)
di t r i3a 27 (dlh, b3e)n z e n a c y 6d whitecsolich, pl2ang,86% yieldnd93.2% ee
from thetheamitkétmmr @anlolfor omet h@Ewn=e37[UJ2% y+3A 8.h0e xAan e
(c= 0. 4CH nNPEI-101 'H . NMR (400 MIZ( ppBpLlaneés,261H),
7.22 (M9, B=H)7,. 6 ,AzP8I=HY7d.,2, 2.0 B=z,22H)AzFODR) (d,
(= 2.4 Hz;6.184H9 ,( 18, 9DHY .Hz6. d61) ( H=6 .88 0b4z(,d dl,H) ,
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4.73J=(82.0 Hz,J=1H)2,. 04 .Hz2, (ldH), 3.94 (s, 3H), 3.87
3H), 1. 1T NMR OHbFO )MHppMmEBCH, 171.7, 171.6, 168.
152.6, 150.0, 148.0, 138.5, 137.9, 137.8, 136.9,
123.7, 120.3, 74.0, 54R8(XB2I)1657.2158%,41538. 2

HRMS ( AMPRMytH]al c dabls Me©@u6 2R . 2885 ; Found: 622.2872.
Bu

Me

-

Me\N N
EtO N:g\l BnhR/iN\ OEt
g
jen
(+)-6b

S+ +7%( Ben z yri-(Bbxuyt }18,1%d i et -6 pdBiymeL-by-4, @ r8-hza¢ 2, 4)

di t r ir3a 27 (dlg, b3e)n z e n a c y ¢ | whiecsolid,}7 12 eng, 83%6/ibldnd94.2% ee

from the reactiofUjrr t6&sae AXpH mpeBeOtoh &Hn &N MR

(400 AtHet.d)tieppf) 46 (7s5272AH)BH)7,. 19=(8, 0 , Az 091H)
(dds 7.6, 1.6 Hz,224) Hz7.JER2(d7 HXG6 1Y ,( B, 9DH) ,
6.80J=(68d.,2.0 Hz, JAdH)L. 6 .HB, JeMHD) 1, . 64 .H6z2, JEIAH).,2 4. 41
Hz, 2H),J=4.732,(dd, Hz, 2H), 3.J¥87( £, HzZH) 3H3.33.¢(
J= 7.2 Hz, 3HE, NMR17{ 109,  )M#)p.mERCI5, 171.,6, 171.0,
167. 8, 166. 8, 152. 5, 149. 9, 147. 9, 138. 6, 137. 9,
125.3, 125.0, 123.7, 120.2, 714R O(, % Br3)d BIO6 6672 . 8, 37.
1574, 1553HRMSESMPEM+H]al c dsbsble@650. 3197; Found: 650

By

Me

N\ -

N

Pr’OAg\:? an}% S\?fopr"
|

(+)-6¢
S+ +7%-(Be n z y F7oB(xbyu)t-35,1%d i i s o p-6 eodPi omxeyl-b y-4, € r8-az a
1, 5 ¢d2i,t4r)i-3a z7i (dle,b3e)n z e n a c y 6d white sotidal2.h ragn36% vyield, 91.4%
eef rom the reacti onUgi2k t+eétla=scOhAl 204 p@iLO R a fHe
NMR (40@ckHB)EAEpp )Y s, 714R2Y23 nBH)7,. 18=g .0z, ) 1 H
780dd=s 72.60z, 2H) J=7202 Hd, JEH)2, 47 HZQ6 @&Hm, 6. 90
1H)6. &5=( 8. 0 )BZg ddi=H 082 .HDz, B .H3X%. 24 (427 BH)L11. 6
Hz, 1H)J=415.26 (Hz(,s,1H)H) ,3.37(@5=2(.0z, 3B6IQ,J=11 33
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2 Wz, B3H,J=6.Hiz6H) , 1. 1%C (NMMOI(HYHz , ) ICDPIMY 2. 2,
171.7, 170.5, 168.5, 167.9, 166.8, 152.6, 150.0,
127.7, 127.1, 126.4, 125.3, 125.1, 123.8, 120. 2,
| R (KBRWW) 157 4c,m 1HRMSFESTnY [zM+Hh | dadr. s HENeOs:
678.3510; Found: 678.3512.

Bu

€

M N N
Bn04§\::§\l Bnh%i
R : &
(+)-6d
S +1f, 5H%Tr i s( be-®4tpluo-§ydi mel-by4h, a r8-hza¢2, 4)
di t r ir3a z7 (dlh, b3e)n z e n a c y ¢ | whaecsolid, A5h9amy,et1%6yikland83.4% ee
from the react i o (98.4ree dftar terca o/tslt girldf AreBatlgen 0 . 2 ,
CHCHf o8rdwe gUj2%= B FHcA (. £LHFO0B%wOemp101-103 H .NMR
(400 MHz;ds) WNcpeptB®rfes , 71 H)4Al=6 dHBz2H) , 7.J560.HzaH) ,
745734 mbH)7,. 271. 1 74HY 707 . (6 2 H) ,J=7 8MW.2, (HH) J=7.00 (d,
28Hz, 1HI)6Q qaMH)6 . &l6)=( 8. 0 )Aa ) ddH 082 .Hiz, H.HY5 (s,
2H), 5. 4007(ds=, 121H)6, H@(, DA HD) 1. & . H2(,s ,1 HJH)s,3 . B.HY ,
160Ls, '8@HNMRBO (MHz ,3)iCpP®IMy2.5, 171.7, 170.9, 168.5,
149. 9, 148. 0, 138. 6, 137. 9, 137. 7, 137. 0, 136. 9,
128. 29, 128. 1, 127125k, 0127028, 712420, 212543 1, 69. ¢
31.13R ( KBr2)17, 1667 ,cmM5&8HRMSIESSMEBIE M+Hcdal cd. for
CiHaNgO2774. 3551; Found: 774.3543.

N

Me
Y—0Bn

Bu

Me

-

Me._
N N

N= N

MeO 48\1 < 7N OMe

\Jg PhF-4>=

H

108
(+)-6e

S +7P-tBut-yd( f4 uor obetz% i me x-¢ pd&i yne L-d y-4, 6 ,r8-az a

1, 5¢d2i,t4r)i-3a z7itdle,b3e)n zenacycdwhictapBabedg, 33% yield
86. 9Mrem the reacti o fjUjRw 34766 a@ hZLphr,CHEPIBD .a n e

H NMR (400 Ma( p A&kt ©,n 81 H)I=8(.Hz1H) 715711 neH) ,

7. 08. 974H( m 66..99101H)6 . &6)=8 .Hz , ) G8HY dd= 081 .H6z, 1H) ,
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4. 7@ 11.6 Hz(, Il H)1,. 643H0,5,13B)I§)8, 38H)s, I5H3Is, 3. 3
3H) 6( &, PEHNMRO (MHz ,)U@DC) 73 . 1, 171.7, 171.4, 168.
162.B2@4&H20, 152.5, 149.8, 148.2-3.H0B8.4291837. 7281F¢
(d=8.H®» , 126.4, 125.3, 125210H9 ,12B3.63, 12M0..9%, 54.52,3
34,4, BUKB2IMB) 1612, ABABRMS 16EBWAE)[zM+tt]lal cd. for

Cs bl FNgO4:6 4 0 . 2 7P @u4n0d.:.2 8 0 0

Bu

el L

453 PhMe4 =
O

(+)-6f

S +7P-t-But-y( ¥nde t b g h z y 19 ®dxiynme t-& oddi yne2-b -4, @,r8-az a

1, 5¢d2i,t4r)i-3a, z7i(dla,b3e)n zenacyclwhict apdapgd@oyi el d and
92%3de om the reaction in tefivivat3y OF2Emess Amrne and
(c= 0.} ,C8B®PCH NMR (400 MJzi( p A2 ® 0 &1 Ht)J,

=8 . Hz, 7AHQ5=8 dDz2H) , 7 J92.Hzd ) GO I=2 .Hiz, @& .HYG (

J=8 .Hz2H) , 66..8% (m, 2HB,0MHz304AHEdS711.168) 5564 .

(d= 11H6z, 3.H9§, 3318)8, 37H)s, BoK3Is, 231238, 18§ s3IHPH)

& NMRBO (MHz ,3)u@Dpaw)73.0, 171.6, 171.3, 168.4, 167.8
138. 4, 137. 8, 137. 4, 136. 9, 134. 8, 129. 4, 129. 1,
54.2, 37.2, 36.R4,(¥BR.JYM) 23613, QBABRMS 1BEBD )

m/[zM+t]a | ¢ daHs ¥s©@sr6 3G . ;3 0RdBUNE].:.3 02 3
Bu

\ Me

Me .
N

4%\‘ Bn h2/*N
MeOAgu Y—0Me
ASD NH

M902C
(+)-69

SH{+Met hy P( be7n z yrH(tebxuyt J35,1%d i me t-& oddi yne2-b -4, @ ,r8-az a

1, 5 ¢d2i,t4r)i-3a z7i (dla, b3e)n z e n a ¢ y S%caa dtoaqyhwdeite esolid,16.0 mg,

47% yieldand 96.8% der om t he reaction in te(waldn[Udr omet hane
25 +74=5 0A (), MPA7-78°C.'H NM®® 0( MHz s)iCPEHM)IL8s, 1H),

770d=7 .Mz, 18)7, 1. 27m2Q,3=H).tRz1H)7,. ®U=1.Hz, 669 ,
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(ddl= 8 .8#Hz,11R6., GB3H)845 8 s 4Hz, 1RA)Ps 21Hz, 1H),

420s, 36M)x, I, IME, BMME, 30, BHNMBEO (MHz,

CDQ(ppmys3.2, 171.8, 171.5, 168.3, 167.8,

137.7,1,13381. 9, 128. 4, 127. 6, 126. 8, 126. 2,

37.1, 36.KHR @E#BBW)JF10728, +58HRMSIESTPEMmH ]

cal cdsbHsMe@sr &€80. 2939; Found: 680. 2933.
Bu

M _Me
N

e\
N
N:g\‘ Bn '&*N

MeOAg\\‘ Y—oMme

Jg) >:
Cl

(+)-6h

S «+)-7?-(Benzyloxy) 7°-(t-butyl) -35-chloro-18,55-dimethoxy-6,8-dimethyl-2-oxa-4,6,8 triaza-
1,5(2,4}ditriazina -3,7(1,3}dibenzenacyclooctaphane @hwhite solid,12.3 mg, 38% vyield and

166. 8,
125.

945%ed rom the reacti ofUjies 4u2k ¢ alc. hZC ) mHA%e 11h a n e

°CIH NMR MHz0,0 Adgi(@mea)4 s, 72H)d= 8. 4 ),Az-72 { Hn,

3H)7,. 06J=7d,&.Hiz2H) , 7 J983.Hzd ) A HWY=2 . Hzl H), 7=00

(d,

2 .z, ) @8HY dds 482 .Hz, AHO®= 11.6 4 DABIHz, 4.1H) ,
3.06, 3318, 38{)s, B43Is, R.H3s, .'BHNMRO (MHz,5)UiCDCI
2, 150

(ppmys8.3, 171.6, 171.1, 168.3, 167.8, 167.

1301D8.4, 127.7, 126.9, 126.8, 126.4, 126.
| R (KB¥r22W) 1612, IGBBRARMS5EHDRM EM+HJal cd.
Cskls ENeOs6 56 . ;2 4PEUMED.:.2 4 9 9

Bu

Me

N _Me
N N
N:g\‘ Bn J/,N\
Me04§\\‘4/§) >=h270Me
NH
el
(+)-6i

S+ +7%-( Be n z yri-(Bbxuyt }3£,1%0 i me t-3f,06¢y8i meo kx4l @ r8-az a
1, 5 (¢d2i,t4r)i-3a, z7i (dla,b3e)n z e n a c y ¢ | whitec sol@,p7t2 any,e5496 yield and

1, 125

for

94.9%ed rom the reaction in te(rval8hl[gt> medTTadeAand

= 0. ZH yPOi 91°C.'H NMR (400 MJi(ppdpddnes ,-71MH), 7.25

(m, BHJ. OR3H)7,. 0V=(8, 8 Bz9TEHR, 4 Hz ;6.1 ,( ™,. 76H) ,

{30
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4. 64=(82.0 Hz,J=1H)2,. 04 .Hz3 (ldH), 3.95 (s, 3H), 3.86
3H), 2.02 (s,'€C3H)MR 1.1DM Nsdp pAH)B.CL, 171.5, 171. 3,
167.7, 167.2, 150.8, 150.0, 147.8,127.85,0,12163.78,8,
126.3, 125.8, 125.3, 123.4, 714R O(,XBR)¥P5 882, 37.

1543L c MRMS-ESMPpEM+*tt]al ¢ dsHs M@r €3 6. 3041 ; Found: 636
Bu

Me
N N
N:S\‘ Bn&*N
MeO \ p >‘\ OMe
ASJ NH

Me

-

S «+)-7%-(Benzyloxy) 7°-(t-butyl) -18,35,55-trimethoxy -6,8-dimethyl-2-oxa-4,6,8triaza-

1,5(2,4}ditriazina -3,7(1,3}dibenzenacyclooctaphane 6jwhite solid,10.2 mg, 31% yield and

87.%eef rom the reaction in te(rval8hl[l)t>> dettOlcadAnd and
= 0. Z} nPHI5-116°C.'7H NMR (400 Mia(ppde®&@ne 13H), 7. 2
7.20 (m, 3H)7.P%,08. 0@d=z,2 2H)Bz@@HPH2. 4 B8, 1H),
(d,J=8 4 Hz68 2BHNT.m, 2ZH)d=1420 Hz, 4QAd3y ,12.6 HZ, 1H), 3
(s, 3M)s,, &R.HB0, (3s58 s3 H)3H)s,, IJ1HPs,, WHNMR (150 MHz,
CDGQIi(ppm)73.2, 171.63, 171.58, 168.4, 167.8, 167
137. 2, 130. 3, 128. 4, 127. 6, 126. 8, 126. 6, 126. 4,
36. 3, 3R. 4kBRIZWBYH . 1612, clMiBRMS 1 EEBAR)[zM+H]al c d.

f ogHs®lOs:652 . ;2 9RPduNA.:.29 96
Bu

Me _Me
N N
N:S\‘ Bn h2/*N
PMPAg\\‘ , >:h\27PMP
4& NH

(+)-6k: PMP = 4-MeOCgH,

S «+)-7?-(Benzyloxy) 7°-(t-butyl) -18,55-bis(4-methoxyphenyl)-6,8-dimethyl-2-oxa-4,6,8
triaza-1,5(2,4}ditriazina -3,7(1,3}dibenzenacyclooctaphanelé white solid,14.8mg, 38% yield
and48.%eef rom t he react i ofUjits 4x0ekbr{a Oh IXnhy nPraR6t h a n e
-128°C.lHNMR (400 MHd)i( pp &) 8 BeB dBz2H) , 8 .J4&.Hzd ,
2H) 823 s, 14Ht)J=8 7HDz2H)7,.-T1 (n4H) 7 506. 98 (m, 8#B).,0 6. 92 ( «
Hz,) 1H@ 038=8. OHz 24 17H)) I+ 41H6z, 16H) = 41H6z, 3.HY§,
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3H) 3(.s9,033H)s, S3H)s, R.H)s, WHNMRO (MHz , 3 IGDLCH) :

173.2, 171.1, 171.0, 167.7, 166.9, 166.1, 163.1,
137.0, 120.429130 129.5, 128.8, 128.3, 127.6, 1:
113.71, 113.66, 74.1, 53 R53KB2IB)5016BF, 215B6®, 415!

15 L8LHRMS (ETOf)[zM++]al ¢ dabs Ms@ur7 7@ . 3 5A@UMNA.:.3 5 1 4
By

Me

-

N

Me&? an/)H; }—Me
o

(+)-6l

M
N

S+ +7%( Ben z yri-(Bbxuyt }1,1%9 6t 8t r arBex-y 8 r8-hz%a(d2i,t4r)i-azi na

3, 7 (dli,b3e)n z e n a c y clt vahibecsolid, 1612 gy &% @ield and87.20 eef r om t he
reaction in t[@§2rad8 A0f onedX h) a@PB7-99°C.'H NMR (400
MHzAc et-dg)iiepp &) d s, 7142722 nm3H)7,. 1 9=8 )z, 71 ®)7,. 02

(m, 3H)J=6298)HaH6 . Ba9rIH) ,8 §6d1=8.Hz, 18 dI=6. D,

1.Hz, 18(0dz 415. 0 HZ(, Il H)2,. 04 .H64,s ,1 B)A)s,3283.8)5, (s,
3H), 2. 213 §(ss , '8HPN)MPBO (MHz ,)UQDC)28. 7, 175.6, 170.6,
166. 5, 165. 4, 152. 6, 150. 0, 128. 2, 138. 6, 138. 9,
125. 3, 125. 1, 123. 7, 120. 4, | R4 (&EBR2R2B, 21538, 41533
CMHRMS (-EHSOH) [zM+t]a |l ¢ dalls Mo@r5 90 . ;2 9B@UMNA.:2 990 .

9. Functionalization of macrocycliccompoundsS  +6pand S + +6p

9.1 Synthesisof N-alkyl substitutedma cr oc8y c | e s
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Me Me
N - Me _Me
NA& N . N N
= an
7\ NaH, DMF N={ Bn }—N
MeO_S\VJS) _rOMe + REX ———— mMe0={ 7 Y—0Me
0°C =

H 7a: R* = Me,
© 7b: R% = allyl, © ‘R4
R? 7¢: R* = propargyl, R
Sic=(+)-6a: R' = H 7d: R* = 4-BrCgH,CH; Sie-(+)-8ai
Si-(+)-6g: R' = CO,Me

Product: (+)-8a (+)-8b2 (+)-8¢? (+)-8d® (+)-8e® (+)-8f° (+)-8g°  (+)-8h°

R': H H H H CO,Me CO,Me CO,Me CO,Me
R*: Me allyl propargyl 4-BrBn Me allyl propargyl 4-BrBn
yield%: 95 84 90 86 90 87 94 83

ee%: 920 920 914 90.4 96.1 96.7 94.9 96.2
aS,.-(+)-6a (92.0% ee) was used. °S;-(+)-6a (90.0% ee) was used.
€S;-(+)-6g (96.8% ee) was used

Schethe S
Under the protecti @an sof utaiicto noedg(dckd) &h @ Wreoes Pk r e
e +6p:96 98 e(e0). 05 i mmalr)y2mD MR s( addBbdHLt.imobs e md
60% di sper si olnhei nmimieneaelmbtyiwdwaa  n-megx am eadh t est
tube thati nwasn ddoceek edattithi.tinigis e | va g dDt.°G@a@md t hen t he
hal ohy ds7d da rlibo(@enmoil 9 d o Medt-hdammqope mér -bF omopr op
yneédpbr omobenzywerdeddiemi dBipea cntiixanur e fvas anorhed 0. E
ha0°C.The reaction was quenched with ice@BwWwater and
x2mL.) The combined organsat lrnytedd C@v@Bmbavead hed wi t
dried over SsSanhywiteus fNatrati on athdr ecsoindcueentwad i o
chromat ogqpr aplsed i ca gel column eluting with a mix
( PE:=B:Alt)o gicvhembtable o 8y o 988 y i el d.4-96wk/tehe .9

Bu

Me

-

N

Me
N
N:g\‘ Bn&fN
Meoxé h?*OMe

N,
o

(+)-8a
S +7%-( Be n z yri-(Bbxuyt}$5,1%9d i met-ho& y8 meohkh| @, r8-az a
1, 5 ¢d2i,t4r)i-3a, z7i (dle,b3e)n z e n a c y ¢ | whitecsolid, BOhlang,O5%8Byéeld, 92.0%
ee,[Ug2%= +7 =0 0A () npHEOI 81°C.'H NMR ( 6 2@ e MBdepp m) :
7.27%.19 (m, 4M).,7.72.,03.08ddz, 2284) Hz6 . JEH)2( d&ip HZH5 ( d,
1H), -6..99 (6n,862L 180, (m, 2H)12.40 6Kz ,(J&, H)2 . 04 .HIz9, (1dH) ,
3.93 (s, 3H), 3.92 (s),3B)313.84, (BHYMRI)L( 2®BO B84
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MHz, £OQpmys3.0, 171.9, 171.2, 168.2, 167.1, 166.
136.9, 130.0, 128.3, 127.5, 126.7, 126.4, 124.9,
36.4,134. 3|3R31BEB&)A 1BBRBS-ESTMPEM+t]al c dakds M@ C
636.3041; Found: 636.30109.

Bu
Me _Me
N N
N:g\‘ BnJ/fN
|v|eoAg\\l , h\?*OMe
Ag) >:
N
U
(+)-8b
S+ +HA | 73%(Ib e n z yr*H(tebxuyt J35,1%d i me t-& ed8i yne2-b y-4, @ r8-az a
1, 5 (¢d2i,t4r)i-3a, z7i (dlg, b3e)n z e n a c y ¢ |. whiecsolid, @7h7ang,84%8ykeld, I2o
ee[Uj2%= +8X=00AZE),mpBYIi 65°C.2H NMR (400 JMHpp mMLDGI
7.19 (m, XBH)8, 07 .HzQ J%tH,3, 06H®98 JEH2, 46H846 .1786) , 6. 80
(m, 3H)J= 6..%06 Hzt;5 .18 ,( nd,. 912H)1, 0 5Hz0,6 X#H),1 5 .56 0Bz ,( d,
1H), 4=582(@®, Hz-43TH[m, 428y 144..28, (68.dH 8HZ,s,1lHB)H,) ,
3.94 (s, 3H), 3.35 (s!tC3MyYR (@R1063 )dpp BEPCD 1. 15 (
i171.9, 171.2, 168.1, 167.3, 166.3, 152.8, 149. 8,

127. 4, 126. 6, 126. 4, 125. 8, 124. 9, 123. 2, 120. 7,

| R (¥Br)6®9 HRMS-ESTPREM+t]al c dsHsKe0ar6 6@ . 3197;: Found:
662.3195.

S+ +7%-( Be n z yri-(Bbxuyt }3£,1%0 i me t-& eddi yme 4-6 p t-Dyprl-y +2)o x-a

4, @,r8-hz%2(d2i,t4r)i-3a 27 (dla, b3e)n z e na c y ¢ | whitesdidal®.6 mgy % 8 c :

yield, 91.4% egUgd 2= +7 X=50AZ@) nPRA 80°C.'"H NMR (400 MHz, CDCI

(ppih) 2. 19 (m, B=H)8. 07.Hz4, (%HYH, 06 HZ8 JeH), 66 HZ2 (d,
1H), -66..80 (m, B=H)2,. 06.47z%S(stH7.6 Hz,h6 J=1H) ,Hz4, . 513H)(,d,

4. 49=(83.6 Hz,J=1H)1,. 64 .Hz0s (1dB)H) ,4.30.096 (s, 3H), 3.:
3H), 2.16 (s,'¢1HMR 1.1100 N8dp potHg)B.CO, 172.0, 171. 3,
167. 4, 166. 2, 152. 9, 149. 8, 147. 7, 143. 6, 137. 83
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125.7,123.52,0,121.2, 79.8, 73.8, 71.19R (58Br9), 54. 2
3294, 16HRMSEGSTPEM+ttlal c dsbzsMe@660. 3041; Found: 660

Bu

-

Me Me
“N N
N:g\‘ Bn J N
|v|eoA§\\l , >—n?70Me
R
\©/ CH,CgH4Br-4
(+)-8d

S+« +7%-( Be nz y4( ébxryo)mo b &XtzbyltIF1%8d i me t-b eddi yme L-b y-&
4, &@,r8-hz%@(d2i,t4r)i-3a z7i (dlp,b3e)n z e n a c y ¢ | whitecsblid, Bh8anmye8698 d :
yield, 904% ee[U325%= + 5¢c&= A . (X4}, mp HO5-106°C.1H NMRI OO MHZUi CDCI
(ppwhm)34=(8, 4 Hz;7.2H3) ,(m,. 234H)8 Hz ,082IH)d8 Hz 05 1H),
6.96=(d,6 Hz, J2HP, 46H86 JEHY, 06H80 JEHB, 46HZ5 (H),
6. 59=(8,0 Hz, JAH3., 4 6HA0=1H5, 24H96I= H)5,. 24 .+0z0, (1dH) ,
4.540=(d1.6 Hz,J=1H)L. 643299 (16),, 3H), 3.97 (s, 3H),
3H), 1. 18 NMR @HHDO gW(Cdpihy3.0, 171.9, 171.3, 168.
152. 9, 149. 8, 147. 7, 143. 9, 137. 84, 137. 77, 137.
126. 3, 125. 9, 125. 0, 123. 0, 121. 4, 1 X®B.r39 , 73. 7,
1574, ®53BHBRMINECSMPEM+H]al cdsbsBods7®0. 2459; Found:
790. 245 2.
Bu

Me\N N/Me
MeO N:g\l Bnhe/iN\ OMe
&{) .

N,
o
MeOQC

(+)-8e

S« +Nlet h ¥-( b e7n z yrH(tebxupt P19 i met-ho& y8d meok-h| @a,r8-az a

1, 5 ¢d2i,t4r)i-3a z7i (dla, b3e)n z e n a ¢ y S%tcaa dtoaqs Whitd selid, 31.1 mg,

90% yield, 961% ee[Ud2%= + 4 &= 50 AZH), mprB-79°C.'H NMR (400 zyMHz, CDCI
i(ppm)8a=(8, 4 Hz;7.1H) ,(n7,. 2304) 8.O®.,2H) ., 0dbdHIB8 (dd,
8.4, 2.6.BA=(@HB, Hz, JEHR, 46 HZ8 JEHR,. 06 HZQ (@), 4.
(= 11.6 Hz,J=1H)1l,. 64 .HX%9 (1H), 4.03 (s, 3H), 3.98 (
3.353 (s, 3H), 3.'T4WNMRs (189A))MHEp WEDCR, 9H).9, 171
168. 1, 166. 9, 166. 4, 164. 3, 153.2,128.94,9,1 274.96.,8 ,
126.7, 126.2, 125.2, 125.1, 124.0, 121.9, 73.8, ¢
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3 1728cm 16HRMS-ECTPREM+t]al cdasbHible®Of 694.3096; Foun
694.3105.

By

S« +Net hyilal 74(lb e n z yr¥(tebxuyt J1£,1%d i me t-& od¥i yne 2-b y-4, 6, 8

t ri-hz@a(d2i,t4r)i-3a z7i (dla, b3e)n z e n a ¢ y Sflcaa dtoax BfH eehitee solid,

31.3 mg, 87% yield, ®7™6 ee[U}2°%= +48=0 0A (), nPMA6-77°C.'H NMR (600
MHz, SO Qpwm)768=(8, 4 HAz27/B.11H9) ,(m, 3H)6. 6.HzZ/, (AH), 6.
-6.83 (m, 2H)2. b.HZ, (HH)L, 86 H& 7?5 .Aa&#4 ,( ™, 91H), 5. 09
10.2 Hz, 1#+H)17 .54 08z (I H)L, . 44 Hz9, JHHL 5. 0, 4B. 0ddlz, 1
4. 40=(d2.0 Hz,dJEHNL5.46,38%.6dHz, 1H), 4.03 (s, 3H)
3.35 (s, 3H), 3.4 NMR (31H)0, ;MH plpst7{BDsl, 9HY 1. 9, 171
168.1, 166.8, 166.0, 164.3, 153.1, 149.8, 148. 2,
127.6, 126.6, 126.2, 126.1, 125.3, 124.9, 122.0,
34.3, 31.383. 17TRB(MKBHARMS-ESTPEM+H]al c dshlsfle@sr C
720.3252; Found: 720.3290.

Bu
Me _Me
N N
N:g\‘ Bnhe/fN
Me04§\\‘ y h?*OMe
RS
o
MeO,C
(+)-8g
S« +Net h$( b e7n z yr*(tebxuyt 335,1%d i me t-& eddi yne 4-0 y t-DyprAl-y +2)
ox-4, &,r8-hz%(d2i,t4r)i-3a z7i (dla,b3e)n z e n a c y Scaa dtoaxp Heayt ee
white solid,33.7 mg, 94% yield, 2% ee[Ud2°%= + 4 1c=0 0 A Z(}), np86i 86°C.H
NMR (400 MHA pp@xD@II=(@,. 4 Hz -7.1H), (W, -BIHW)8, (6m,99
3Hp, 84=(d, 4 Hz, JtHP, 86 H83 JE#p, 46 HZ8 J=)1,7 .46.,68 ( d
2.4 Hz, 183 ,12.64 2 d4 , 63z ,12LH) ,Hz4 JAM)(Qd M . HD, (WH) ,
4.04 (s, 3H), 3.97 (s, 3H),2.R0=7(2.,%, HXH) 1H3.,348.(@1

9HJE NMR (150 j)MHppMEBCR, 172.0, BB102, 15@8 31, 158
149.9, 147.9, 147.5, 137.8, 137.7, 137.0, 132.5,
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122. 5, 79. 4, 73. 9, 72. 4, 55. DR 6#BRB)wWI¥2.233,7638. 5,
(w), 1728, 460HRMSIEESEMED zavm tHe]al ¢ d 3 Ha NoOer 18.3096;
Found: 718. 3095.

By

Me\N N/Me
N:S\‘ BnJ/fN
Me04§\\‘/ h\2*0Me
{
N\

:©/ CH,CgH,Br-4
MeOZC

(+)-8h
S+« +7%( Ben z yH( ébx yo)mo b &xtzbywltif,|1%d i me t-& edi yne 2-b y-&
4, @&@,r8-hz%(d2i,t4r)i-3a z7i (dlp, b3e)n z e n a c y S%caa dbtoax @t aavhiee
solid, 35.2 mg, 83% vyield, 9% ee[Uj25%= +48&=0 0A @), MPO0-91°C.1H NMR
(400 MH2U( pODIQ)I7W=( 8, 4 Hz, JEHB, 07H357 .283) ,( nm,. 237H) ,
7.0W=(@&, 0 ®HzO9ZHW, 4 Hz, 2H), 6.84 (Us,816)HzE6.76
1H), 6.50 (&%= 115H)2, Hiz.,99A H)d, & .97, J=dH) 1. 64 . B, (dH) ,
4.38=(d1.6 4Hzq2 1(Hy),, 3H), 3.97 (s, 3H),!&.75 (s,
NMR (150 MHApp@yadl. 2, 171.9, 171.4, 168.0, 167. 3,
148. 0, 147. 8, 137.83,4,13¥3%Y,7,13530,4,13628,3,13127.
125. 3, 124. 8, 122. 2, 121. 7, 73.R8,( &&Bf.3@B, 8946.131, 57
1579, Y56 RRMINESTPRE M+Hc]al cdsH:Bods: C848. 251 4; Foun
850.2483.

92Synt lodls-dbs ( car bazoﬂlybsu'm&mlzéahyydl e 10
Pr eparoabtcihd @ r-@tf (carﬂazﬁorlﬁydﬂl ne

-
“ n-BuLi |)\ )\ N
O N O THF, 0°C, 30min i rt, 8 h }

9:47% CI

Sc h eSin@
Under the argoeml adtfiBousipih eirnemmidfh,e( 2 .74 mdl,J L i n THF
was added dropwi se 9iHnatfbflilb geommoeihe ds g2 W HYRlo o o f
t hat waisn ceomo liedeh eb artehs ul tsitng rmidx tfuwrre 3wasmi n and t
dropwise intd, 4 hechbdopHDaennef (5530 2drnyg, T H¥F nfnmodl )mL
ateCO hmi xtwmarse stirred for 8hhadane amlaicarn tont evape rgautewnrc
wat(e3rO amLbd t he mi xt ur é© CW@®B<2 mk.} rTalcea edomhbitrhed organi

wawas hedsawiutrlat eNla G g>BemLuasnd dr i ed ovA=SKQ aAfhtyedrr ous
{37



filtrartdmmvalndaufndeo!l Weareted de b r wmat wor aap hseidl i ca ge
column eluting with a mixture &b lpetgdhleouurno et her
9, ®'(car-badogbwerme yield
(Ref.[5]: C.Li, X. Fan,C.Han,H. Xu, Ternary phosphine oxide host featuring thermally activated
delayed fluorescence for blue PHOLEDs with > 20% EQE and extremely lovoffoll. Mater.
Chem. C20186,6 7 677 54 . )

Cl

Ay
Oy )
) o

6-Ch |l o ,e@i ( c ar {3 Aqrl5yadP:ipalegyellowsolid, 628.6mg,47% yield, mp=230
-231 .'"H NMRAOO MHRU( pCOBT)I933=(8, 4 Hz, JAH)Y, 68HGG @) ,
7.52=(%.,2 Hz,J=H)., 6 THEANMRIDO MHIY p@IFIO. 7, 164. 1,

138. 6, 127. 4, 127 .ROKBx1)2812, 1513, 914208. 0.
Bu-t

Me _Me
N N
Q;‘ N:&‘ Bn )—N
MeO—\ H—0Me

OMe Cl‘&‘J\‘ —»CSZCYOB , Jg) ,\?z Q

MeO*%\‘
acetone, reflux, 6 h N
| T o
Sic~(+)-6a: 90.0% ee 9 ‘/\-

Si-(+)-10: 70% vyield, 89.9% ee
Sc h eStie

At ambi ent tneacpreorcaytcnlpicke+6pd h & .,® . M@ mni¥dd g9 ,990
(®€hl-bra@a,5 £2z-dnel ) bi s9@éamhazoBe) mE&I(L9. 50 mgy6
mmoahd atcdtwmbpe maddeds nitwelay fl ask. The resulting
for 6h 1| acetAifitédei mgact ibeenonamo xedr eo roblmetemper a
i norgani cf islatlrtast evde raend wa s hedT hweiotnhb ifaitdidyd ataec et at e
concentnrdedre doh eaensli daoler wmat ogpr aplsed i ca gel col umn
a mixture of petrol eum etthoe rgiavheamsal ehoyqd yOellceest at e (
in 70% yields with 90% ee.
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N=
Meoﬁ\l

- Qo
O

(+)-10 .

S +77-( Be n z yri-(ebxuyt}4( 4-d 6 ( c a49-p bly adl,r5 @y F1y) & i met-hox y

6 -dBi me-by4, @,r83-hz%¢d2i,t4r)i-3a z7itdle,b3e)n zenacycl obct aphane
white solid, 21.6 mg, 70% yiel89.9% ee [U32°= + 1 3 8= 00 .AZ ) np H69- 171°C.

H NMR (400 MKpp®EDBGlI (brs, JAH§.,0,8.D.32 (K, 4H), 7.
6.0, 3.2 H3d 8H),HZ, 32HE+ Q0 7H2B83JIJREHG,87H21 RH), 7.
7.02 (6n,974M0)d6d.,8, 2446%Hz(dAd2HD, Hz, JLH)2. &1 .HK2, (UWH) ,
4.17 (s, 3H), 4.01 (s, 3H),'E3 .NAMVR ((s1,0034WH,z, 3 .CDLI (
(ppy3. 1, 172. 167 .197,1 .77 .1%,8. 167 .12, 164. 3, 153. 7,
137. 7, 137. 1, 136. 9, 130. 2, 128. 3, 127. 4, 127. 0,
119. 5, 117. 7, 73. 9, 541 R, (KBrl15,7 438, ,1964R M S3 6(. TOOOF, 34
EShmj[zM+*H]al cdeblsMi®£10C31. 4212; Found: 1031.4203.

10. Crystal data and structure refinements for products(+)-6a, (+)-6d, (£)-6j,

Sic-(+)-6b, (£)-8d and Sc¢-(+)-8a

Nf
f

Si n gystals of compoursi(x)-6a (CCDC. 2 3 0 3),§#-68d (CCDC. 2 3 0 3),445-6j (CCDC

2 3 0 3),8hdS.-(+)-8a (CCDC. 230402) were obtained by slow evaporationtbé solution of
the corresponding compounifsdichloromethanandn-h e x &Sri en.gnistals of compoun8ic-
(+)-6b (CCDC: 2304020rhat wasrecrystallized from THFRand methanolwas obtained by slow
evaporation of the solution in dichloromethane aifide x aSimgle. crystals of compoun@)-8d
(CCDC. 2304018 wereobtained by slow evaporation thfe solutionof (+)-8d in chloroform and
nrhex meg.st al | odfcomppinis$e)-6al(a)i6d (£)-6j, Sc-(+)-6b, (+)-8d andSc-(+)-
8a were collected on a XtaLAB Synergy R, DW systatyPix diffractometer equipped with
graphite monochromatizetiu KrUa d i (a & 1.59184 A) at DOK. The crystal data and structure

refinement results are listed in the Tab{e3S.
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-28 Y

™ PLATON-Oct 7 8:20:18 2023 - (60723)

26 A P 21/¢

R = 0.05

RES= 0 42 X

Figure S1. X-ray molecular structure ¢t)-6a. The ellipsoid contour probability level is 50%.

Table $4. Crystal data and structure refinement(fofba

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

ur/ A

b/ A

o/ A
Volume/A3

Z

A
Cs3H3sN9O4
621.70
100.15
monoclinic
P2/c
19.0635(2)
15.8724(2)
21.4307(2)
90
91.9570(10)
90
6480.79(12)
8
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} calg/cn?

e/ mm
F(000)

Crystal size/mm
Radiation

2U range for
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodnes®f-fit on P
Final R
Final Rindexes [all data]

Largest diff. peak/hole / e A

i ndexes

dat a

1274

0.7111

2624.0

0.2 x0.1 x0.05

CukKU (& = 1.

c ¢4.638to 124.998
O K 70 (282 40 O |

21
56351
10348 [R =
10348/90/883
1.027

[ I >=R1=0.042,wR>=0.1293

R1=0.0642 wR, = 0.1355
0.68+0.57

54184

0.0388, Rgma= 0.0254]

CCDCNo. 2303849
Bu
_Me
N N
N‘%\‘ Bn )N
BnO—\ »—O0Bn
4&\©/NH
rac-6d
> Prob = 50
© Temp = 100

PLATON-Oct 7 7:20:29 2023 - (60723)

~

-98 a

P -1

R = 0.04

RES= 0 -55 X

Figure S2. X-ray molecular structure ¢f)-6d. The ellipsoid contour probability level is 50%.
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Table S5.Crystal data and structure refinement(foRsd

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

al/A

b/A

c/A

U/ A

b/ A

o/ A

Volume/A3

z

} cacg/cn?

e/ mm

F(000)

Crystal size/mrh
Radiation

2U range for
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters

Goodnesof-fit on F2

Fi nal R indexes

Final Rindexes [all data]
Largest diff. peak/hole / e A
CCDCNo.

dat a

a
C45H43N9O4
773.88
10015
triclinic

P-1
10.0108(2)
12.9368(3)
17.2186(4)
105.174(2)
98.881(2)
107.685(2)
1983.04(8)
2

1.296
0.691
816.0

0.2 x0.1 x0.05

CukKU (& = 1.
c ¢5.498to 124.978
11 ™M,-h4 OO0 k190 Q1 4,

33123

6323 [Rnt = 0.0219, Rgma= 0.0120]

6323/0/524
0.999

[ I >=R;1=0.0865 wR>= 00922

R1=0.0873 wR>= 00928
0.49£0.39
2303851
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B5 Y

™ PLATON-Oct 7 7:11:35 2023 - (60723)

154 A Peen

Prob = 50
Temp = 100
ot
cs |
% CLIA
. TessAb
Sb’ .... LA
e, T it “Cia
RES= 0 -29 X

Figure S3. X-ray molecular structure ¢t)-6j. The ellipsoid contour probability level is 50%.

Table S6 Crystal data and structure refinement(forbj

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

ur/ A
b/ A

o/ A
Volume/A3

A
Cs34.8H38N9OsCl
694.19
100.15
orthorhombic
Pccn
14.2497(2)
36.7753(5)
14.4950(2)
90

90

90
7595.92(18)

{43



4 8

} cag/c? 1214

e/ mm 1311

F(000) 29200

Crystal size/mrh 0.2 x0.1 x0.05

Radiation CuKU (& = 1.54184)

20U range for data c 6.652t0125

Index ranges -14 O W20 O1L6&l 00 ™4a,
Reflections collected 34722

Independent reflections 6052 [Rnt = 0.0408, Rgma= 0.0280]
Data/restraints/parameters 6052/68/475

Goodnesf-fit on P 1.202

Final R indexes [ | >:=R=0057wR=0.2538

Final R indexes [all data] R1=0.893 wR, = 0.575
Largest diff. peak/hole / e A 2.02£0.79
CCDCNo. 2303853
By
M Me

-

e\
N N
N:g\‘ Bn’\R/*N
EtO*S\\l ) )—OFEt
B! - n

Sic-(+)-6b
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(60723)

PLATON-Oct 27 1:14:35 2023 -

~N
|
—
~N
@
D

P 6222

R = 0.05

Prob = 50
Temp = 100

RES= 0 -12 X

Figure $4. X-ray molecular structure &c-(+)-6b. The ellipsoid contour probability level is 50%.

Table S7. Crystal data and structure refinement{foré+)-6b

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

us/ A

b/ A

o/ A
Volume/A?

Z

I cacg/cm?

e/ mm

F(000)

Crystal size/mrh
Radiation

20U range

or

dat a

A
Cs6.28H42N9Ox 5
67579

10015
hexagonal
P6&22
17.07750(10)
17.07750(10)
48.3005(3)

90

90

120
12199.18(16)
12

1.104

0611

4302.0

0.2 x0.2 x0.05

CukKU (& = 1.54184)

c ¢7.008to 124.982
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Index ranges -170  H9, @0 K9 B50 55 O

Reflections collected 238456
Independent reflections 6484[Rint = 0.105, Rsigma= 0.0210]
Data/restraints/parameters 6484137482
Goodnesof-fit on P 1.097
Final R indexes [ 1| >=R=0039wR,=0.1485
Final R indexes [all data] R1=0.0672 wR>, = 0.1518
Largest diff. peak/hole / e A 0.72/-0.21
Flack parameter -0.03(7)
CCDCNo. 2304020
Bu

Prob

31

(281122)

coou

PLATON-Feb 21 12:22:18 2023

~N
a1
a4

exp_13456_auto P -1 R = 0.03 RES= 0 -57 X

Figure S5. X-ray molecular structure ¢f)-8d. Theellipsoid contour probability level is 50%.

Table 8. Crystal data and structure refinement(te-8d

Identification code exp_13456 auto
Empirical formula CaoH40BrNgO4
Formula weight 790.72
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Temperature/K
Crystal system
Space group
alA

b/A

c/A

U/ A

b/ A

o/ A
Volume/A3

4

] cacg/cnm?

e/ mm
F(000)

Crystal size/mrh

Radiation

20U range

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters

Goodnesf-fit on P2

Final R

Final R indexes [all data]

Largest diff. peak/hole / e A

CCDCNo.

i ndexes

99.99(10)
triclinic

P-1
11.19970(10)
11.6776(2)
15.8142(3)
74.250(2)
73.2240(10)
70.731(2)
1833.45(6)

2

1.432

1.985

820.0

0.01 x0.01 x0.01

Cu KU (& = 1.54184)

dat a c¢ c8.178to152.86

-14 O HL40 O1 %1 90 O1 4,
79604
7356 [Rnt = 0.0542, Bgma= 0.0192]
7356/0/494
1.033

[ 1 >=R:=0.0313, wR= 0.0801
R1=0.0325, wR= 0.0808
0.26+0.59
2304018

¢)
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45 Y

(60723)

N PLATON-Jul 24 10:36:21 2023 -

153  exp_16702_auto

Prob = 50
Temp = 100

RES= 0-148 X

Figure $6. X-ray molecular structure &c-(+)-8a. The ellipsoid contour probability level is 50%.

Table S9. Crystal data and structure refinement{fié+)-8a

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/lA

u/ A

b/ A

o/ A
Volume/A3

Z

J cacg/cm®

e/ mm

F(000)

Crystal size/mrh

Radiation

exp_16702_auto
C34H37NgO4
635.731
99.9910)
orthorhombic
P22:2
24.6160(7)
13.0934(5)
9.9979(3)

90

90

90

3222.39(18)

4

1310

0.727

1348.6
0.15x%0.1x0.05
Cu KU (@&

= 1.54184)
{48



2U range for data c c7.18t0154.18

Index ranges -300 h6,@R K6 DO 12 O
Reflections collected 27752

Independent reflections 6548 [Rnt = 0.0522, Bgma= 0.0321]
Data/restraints/parameters 6548L0/472

Goodnesof-fit on P 1.041

Final R indexes [ 1 >=R=0.0420, wR=0.1057

Final R indexes [all data] R1=0.04%66, wR> = 0.114
Largestdiff. peak/hole / e R 0.20-0.23

Flack parameter -0.07(7)

CCDCNo. 2304021

11LHPLE€peowtfr ggr o,8aclid&G 6

Bu

M _Me
N

e\
N
N:g\‘ Bn’\R/*N
MeO— >_\ OMe
4&)\©/NH
(+)-6a

HPLC: | BN5 c oitPurnnH =Hfedx®awOer &t mL/ mi 25C, 2 BB er2m,
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C:\LabSolutions\Data\Project1\lxc\DATA\1 .Ixc-37-2-0.8-5%-IBNS5.lcd
mAU )
125 E PDA Multi 1
| X
100~ .
II [}
] | &
75 [ 9
50- '
25- |
[
|I - -
0 T - T — T e
I 7 T T | T T T
0 5 10 15 20 25 30 35
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peaks Ret. Time Area Height Area %o Height ®»
1 17.770] 6808233 | 108555 | 50.070 60.834
2 25913 6789331 69890 49.930 39.166
Total 13597564 | 178445 | 100.000 100.000
C:\LabSolutions\Data\Project1\Ixc\DATA\1..Ixc-37-2-238-3-0.8-5%-IBNS.lcd
mAU
| © PDA Multi 1
o
150+ &
i
] A
[
100 k«
i |
\
J \\.
501 ‘ \
g R
™~ \
. J AN
04— 1 /\’-\Ll | S !
0 5 10 15 20 25 30 35
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %o
1 18.266 499011 8343 3.401 5487
2 25.218 14172651 143695 96.599 94,513
Total 14671662 152038 100.000 100.000
Bu
Me Me
N N
N:S\‘ Bn h2/—N
\
MeOAg\\‘ y _ OMe
g) NH
(-)-6a
HPLC: | BN5 coitPunthH =He9x5a n.e 5:, fl

ow2 3Cg90 &dke@®. 8 mL/ mi n
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<Chromatogram>

mV
> ??77A 254nm|
=
300 w©
. ~
&
200
100-]
G- T T R N T T UR A | T T T
0 5 10 15 20 25 30 35 40
min
<Peak Table>
???A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 18.181| 26363809 338620 49.843 49.843 57.493
2 25.715| 26530110 250352 50.157 50.157 42.507
Total 52893919 588972 100.000 100.000
<Chromatogram>
mVv
1 § ?7?7A 254nm
500 =
] I
1 [
400-] ‘ |¥
] |
i |
300 ‘ i‘
] ‘ |
200 "\
] ‘ .“
100-| \ =]
] ‘ \ g
1 I
G-' \\’II T
0 5 10 15 20 25 30 35 40
min
<Peak Table>
???A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 18.191| 36404785 500734 95.007 95.007 95.596
2 27.240 1913088 23070 4.993 4.993 4.404
Total 38317873 523804 100.000 100.000
Bu
M _Me
N

e\
N
N:%\l
EtO \

ONJ

N e
>_

(+)-6b

HPLC: | B

N5 coitPurntbsH 9 BHexabe f |

ow

r 2 8@ 942% 8e mL / mi
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C:\LabSolutions\Data\Project1\Ixc\DATA\3.1xc-200-0.8-5%-IBNS.lcd

mAU _
250 § PDA Multi 1
2
f\
200- ‘l‘
. ( | ©
150~ | 8
100 ,‘ |
“
: |
50 |
§ |
0,7 — = e —— .
= = T : ;
0 5 10 15 20
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm ) )
_ Peak# | Ret.Time |  Area |  Height | Area®% | Height®% |
1 12.209 | 11085827 | 227700 50.685 63.972
2 17.276 | 10786122 128237 | 49.315 | 36.028 |
Total 21871948 355936 100.000] 100.000
C:\LabSolutions\Data\Project1\Ixc\DATA\3.Ixc-200-206-2-0.8-5%-IBN5.Icd
mAU
5 PDA Multi 1
"o
=
4
4 \I
200 |
1 |
100+ \\‘
] Y
0 - N i - l 1‘ — — ¢ —
R S
0 5 10 15 20
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 12.606 620701 12509 2.881 4.670
2 16.847 23282296 255348 97.119 95.330
Total 23972997 267857 100.000 100.000
Bu
Me Me
N
N N
N— Bn N
EtO 7 Mokt
NH
(-)-6b
HPLC: | BN5 coitPurnnH =He9b5a n.e 5., f I

o0 w2 FCgdt0ér&®. 8
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<Chromatogram>

mvV
300 2 ???A 254nm
o
I 2
i K | ;
200+ [ -
i l‘ \ \
\
| \
| { |‘ \
100 / \
| |
| |
, L\
0 / ;
0‘.5‘.1‘0‘..1‘5‘..,2‘0‘..,2‘5‘..,30
min
<Peak Table>
??7?7A254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 12.104| 14620789 254581 49.902 49.902 56.403
2 16.483| 14678460 196776 50.098 50.098 43.597
Total 29299249 451358 100.000 100.000
<Chromatogram>
mv
2507 g 277A 264nm
200- i
1 K'\
150+ | “
_ A
100 I
: |
50-] | .
] / L 2
] | ©
0;_—Jq‘\__4‘_f JJ
o 5 v 15 20 25 30
min
<Peak Table>
???A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 11.429| 10841988 212152 95.374 95.374 95.986
2 16.543 525832 8872 4.626 4.626 4.014
Total 11367820 221024 100.000 100.000
By
Me Me
\N N/
N:S\‘ Bn &*N\
i i
Pro—\ y >:h2*OPr
\©/NH
(+)-6¢
HPLC: | BN5 coitPuntnH =He9xba nie 5, fl ow ?C®140ek. 8
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<Chromatogram>

mV
, 2 ???A 254nm
250 ~
200
150}
] o
100-| g
i f=2}
50
o]
0.0 2.‘5 5.‘0 7!5 1d.0 121.5 15.0
min
<Peak Table>
22?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 7.560 6030646 250090 49.851 49.851 76.220
2 9.530 6066809 78025 50.149 50.149 23.780
Tota 12097455 328115 100.000 100.000
<Chromatogram>
mV
250 = ??7A 254nm
@
(=2
200
150+
100
50 ~
K
©
~
0
0.0‘ - I2!5I o IS.‘O‘ - I?.‘SI o ‘10‘.0I - ‘12|.5I - {5.0
min
<Peak Table>
22?A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 7.677 641603 15728 4.289 4.289 6.679
2 9.831| 14318499 219780 95.711 95.711 93.321
Tota 14960102 235508 100.000 100.000
Bu
Me Me
\N N/
N:S\‘ Bn h2/*N
Bn0~g\\‘ y >_h\?*OBn
‘g)\©/NH
(+)-6d
HPLC: | BN5 col-RurmbH HHeX3Anie 7, fb P 4wm, PRRIBE% d. 7 mL/ mi
(98.4%ceafterr ecrystal l i zation)
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mv

= ??77A 254nm|
50 e
40 §
2
30
20
10
A
T T T T T
0 10 20 30 40 50 60
min
<Peak Table>
2922A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 30.171 4469341 46111 49.179 49.179 57.191
2 40.865 4618528 34516 50.821 50.821 42.809
Tota 9087869 80627 100.000 100.000
mv
200 o ?77A 254nm|
3
&
150+ P\I
|
100 | \
50 E
8
[ AV VY S — AN L ,__/\/L -
0 10 20 30 40 50 60
min
<Peak Table>
777A 254nm
[Peak# Ret. Time Area Height Conc. Area% Height%
1| 30.255| 2136265 23090 8.320 8.320 12.383
2 39.648| 23540791 163378 91.680 91.680 87.617
Total 25677056 186468 100.000 100.000
mv
E ?77A 254nm
126 8
100
75
50+
25 -
8
o] Y WA | )
0 1’0 Zt:! 3‘0 4ID 5‘0 60
min
<Peak Table>
72722, nm
Peak# Rel. Time Area Height Conc. Area% Height%
1| 30.663 40356 1201 0.800 0.800 0.974
2|  39.927| 17399479 122124 99.200 99.200 99.026
Tota 17539834 123325 100.000 100.000
Bu
Me _Me
N
N

HPLC:

Meo&%

PhF-4 >:

(+)-6e

| BN5

NH

N
h%h\?fOMe

c o itPur nent® 04HRe xfalndkwn®l /amien ,

2°G 8 6 n énéh.
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<Chromatogram>

mV
] a 777A 254nm
250-| =
200 2
1 3
] &
150
100
50
0
00 25 50 75 100 125 150 175 200
min
<Peak Table>
?7?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 8.655 6848463 247368 50.787 50.787 59.394
2 12.349 6636226 169119 49.213 49.213 40.606
Total 13484689 416486 100.000 100.000
<Chromatogram>
mV
7504 E ?77A 254nm
o
500
250
o
3
@
. AN
00 25 S0 75 100 125 150 175 200
min
<Peak Table>
???A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 8.940 1658297 72426 6.532 6.532 9.795
2 12.399| 23728215 667030 93.468 93.468 90.205
Tota 25386513 739456 100.000 100.000
Bu
Me\N
=\ ¢ f
Me04§\\‘ h2—0Me
4& PhMe4 =
(+)-6f
HPLC: | BN5 c oitPurnontd 581 e X & wevndk amien, 22682% &ee .25
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<Chromatogram>

mv
200+ '% ???A 254nm
o
150-] 2
sl
100
50
0
— . T T T 1 T T — 1
0 5 10 15 20 25 30
min
<Peak Table>
??7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.587 8070201 176607 49.386 49.386 58.369
2 18.116 8270971 125964 50.614 50.614 41.631
Tota 16341173 302571 100.000 100.000
<Chromatogram>
mv
5 777A 254nm
©
~
300
200
100;
1 o~
o
@
o
G- T T T U
0 5 10 15 20 25 30
min
<Peak Table>
?27?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.972 882509 21045 3.873 3.873 6.21
2 17.601 21902163 317798 96.127 96.127 93.789
Total 22784672 338843 100.000 100.000
Bu
Me _Me
N N
N— Bn N
MeO—\ 7 N—oMe
Jg >:
NH
MeOZC
(+)-6g
HPLC: | BN5 coitPurnnH =He8x0ane 220, fl ow °C,at®6.08% end./ mi
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<Chromatogram>

my
P ?77A 254nm
=
1 o
400
300
- wn
[
g
200
100
G\||\|
0 5 10 15 20 25 30
min
<Peak Table>
???A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.403 9432405 413258 50.193 50.193 65.830
2 19.785 9359960 214508 49.807 49.807 34.170
Total 18792365 627765 100.000 100.000
<Chromatogram>
mvV
© ??77A 254nm
<
1 2
750+
500
250
: &
1 <
) o
0
T T T T T T T T
0 5 10 20 25 30
min
<Peak Table>
2?7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.426 586773 26682 1.589 1.589 3.221
2 19.416| 36345351 801812 98.411 98.411 96.779
Total 36932124 828494 100.000 100.000
Bu
Me\N N/Me

HPLC: | BN5 coiltPunmnt®0 d4de x & h & vmOLr/ anti en 2°6 245% me e .25
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<Chromatogram>

my
300 & ???A 254nm|
g
200
100
0
T T
0.0 2“5 5!0 7.5 10.0 12|.5 15|,D 1?“5 20.0
min
<Peak Table>
???7A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 8.323 5866043 273120 49874 49.874 55.513
2 11.200 5895599 218877 50.126 50.126 44.487
Total 11761642 491997 100.000 100.000
mv i
1250+ " ???A 254nm
] <
1000
750}
500}
250
] b
~
4 o
0
0.0 25 5.0 75 10.0 12.5 150 175 20.0
min
<Peak Table>
?77?A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 8.493 826179 37486 2.742 2.742 3.498
2 11.134| 29306221 1034214 97.258 97.258 96.502
Tota 30132400 1071700 100.000 100.000
Bu
Me _Me
“N N
N‘%\‘ Bn / N
MeO Y—0OMe
\ _;g)
Me
(+)-6i
HPLC: | BN5 coitPurntnH =He9xba nie 5, flow Cat @40 9%
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<Chromatogram>

mvV
300 < 777A 254nm
1 =
8
5
1 &
200
100
0
OIHISIHI‘1|0I 1|5‘ 20I I2|5‘ ISIOI I35‘II‘40
min
<Peak Table>
2??A 254nm
Peak# Ret. Time Area Height Area% Height%
1 20.041| 15631203 260501 49.775 56.011
2 25.071| 15772829 204588 50.225 43.989
Tota 31404032 465089 100.000 100.000
<Chromatogram>
mV
] a ?77A 254nm|
300 @
] &
200
100
(=]
8
1 &
r———a
L L I T 1 U T
0 5 10 15 20 25 30 35 40
min
<Peak Table>
???7A 254nm
Peak#| Ret. Time Area Height Area% Height%
1 20.550 628675 9883 2.574 3.268
2 24.603| 23795736 292552 97.426 96.732
Total 24424411 302435 100.000 100.000
Bu
Me _Me
N N
N= Bn N
7N
MeO—\ OMe

>>

o
MeO

(+)-6j

HPLC: | BN5

CoOoitPurnO M0 dde x & h ® wOLr/ anti e

26 87 nim%
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<Chromatogram>

mV
= ??7A 254nm
150 ©
o
~
&
@
100
50
0
0 5 10 15 20 25 30
min
<Peak Table>
2??A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 12.514 4942848 141155 49.540 49.540 57.623
2 18.377 5034617 103810 50.460 50.460 42.377
Tota 9977465 244964 100.000 100.000
<Chromatogram>
mV
= 2??A 254nm
o
ke
300+
200
100
w
o
o
0 e K
0 5 10 15 20 25 30
min
<Peak Table>
2??A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.615 1042057 31175 6.160 6.160 9.137
2| 18.008| 15873670 310033 93.840 93.840 90.863
Tota 16915727 341208 100.000 100.000
Bu
Me _Me
N N
N= Bn N
PMP 7N pmp
(+)-6k: PMP = 4-MeOCgH,
HPLCA ol umn i-Ple @ Hf:6, 9f | dwndk /amiérh, m, 2°C2458 . &%
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<Chromatogram>

mV
2600-] 8 7?77A 254nm
o
2000 ~
3
©
1500
1000+
500
0
0 é 1b 1|5 Zb 25
min
<Peak Table>
27?A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 13.425| 68995960 2171826 50.209 50.209 57.391
2 16.647| 68422291 1612441 49.791 49.791 42.609
Tota 137418251 3784268 100.000 100.000
<Chromatogram>
mv
| 2 ??7A 254nm|
750 <
500+
1 2
@
o
250+
0 T T T T
0 5 10 15 20 25
min
<Peak Table>
2?7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 13.578| 10284990 337793 25.564 25.564 31.974
2 16.755| 29946970 718654 74.436 74.436 68.026
Total 40231960 1056447 100.000 100.000
Bu
Me _Me
N N

BN5 coitPunohH 281e £ & wlevndk /amien , 268 7%HRee .25
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<Chromatogram>

my/
10 ?7?A 254nm
; 8
50+
254
0
0.0 2!5 5.ID ?,IS 10.0
min
<Peak Table>
??7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 5.595 986770 62323 49.708 49.708 53.738
2 7.051 998344 53652 50.292 50.292 46.262
Total 1985114 115975 100.000 100.000
<Chromatogram>
mv
= ??7A 254nm)|
504
25
g
0 _/L
0.0 l I ‘ I 2!5 ‘ I I I 5.IO I ‘ I I 7,|5 I ‘ I l10,0
min
<Peak Table>
???A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 5.663 54963 4323 6.409 6.409 7.405
2 7.119 802590 54050 93.591 93.591 92.595
Total 857553 58373 100.000 100.000
Bu
Me\N N/Me
N= Bn N
MeO 7N oMe
\1/) =
N,
(+)-8a
HPLC: | BN5 colPuntH 9Bexabe fl owCrat2&40.n8, mOR2/mi me .
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C:\LabSolutions\Data\Project1\Ixc\DATA4. Ixc-223-2-1-0.8-5%-1BNS.lcd

mAU S
§ PDA Multi 1
300~ \
-3
' &
o
200 | | ".
J ‘ [
| ('
[
1
100 ‘ \ [
4 |
‘ [
) \ ‘
0 v _J k. —t S —
. - v
0 5 10 15 20
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Arca Height Area % Height %
1 9. 830 8090858 319969 49.91 l 58.130
2 12.828] 8119605 230464 50.089 41.870
Total 16210463 550433 100.000 100.000
C:\LabSolutions\Data\Project 1\ixc\DATA\274-27 5\4.Ixc-280-4-0.8-5%-IBN5-3.Icd
mAU
PDA Multi 1
500
&
b
250
g
0 — . —— 4
T T
0.0 25 5.0 7.5 125 15.0 17.5 20.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
[ Peak# | Ret Time | Area Height Area % | Height®s |
1 10.293 676973 21172 4.024 4.963
2 13.125 16144744 405405 | 95.976 95.037
Total 16821716 426577 100.000 100.000
‘Bu
&V B ,f
MeOAg\l ’?*OMe
(+)-8b
HPLC: | BN5 coitPunthH 9bexabe fl ow r atoe,

09 5% md€ .mi

{64

n



C:\LabSolutions\Data\Project1\lxc\Ixc-274-3-0.5-5%-IBN5-2.lcd

mAU
507 PDA Mult 1
] | w0
: I
30 [ -
] | |
] AN
20’ | i
— | \\ | ‘.
] |
| A
10_, | \\ \‘ \‘
J/ \ "J \
07 YA A S — S T’ }r - -
. | . | . | . | ! | . | . | !
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 14.045 1199761 35956 49.364 52.068
2 15.434 1230687 33101 50.636 47.932
Total 2430448 69057 100.000 100.000
C:\LabSolutions\Data\Project1\Ixc\DATA\274-275\2.Ixc-280-2-0.5-5%-I1BN5-2.lcd
mAU
= PDA Multi 1
1 o
300 2
g f
i
I
i | \
200+ |
| ‘| |
[
| |
i | \
100 ‘
4 |
| |
ﬁ |
] s/
0 : Sy —
L Ly s S B S B B T —
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peak# Ret. Time Arca Height Area % Height %
1 13.998 557019 13735 3985 4.504
2 15274 13420118 291183 96.015 95.496
Total 13977137 304917 100.000 100.000
Bu
Me_ Me
N N’
N= Bn N
MeO 7N oMe
N
;_
(+)-8¢c
HPLC: | BN5 coitPuntnH =He9x5anie 5, fl°Ow 234 enm, 894LY ¥%i e
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C:\LabSolutions\Data\Project1\Ixc\DATA274-275\3.Ixc-275-1-0.8-5%-1BN5-2.lcd
mAU 250
] PDA Multi 1
- o
- 4
200+ o ™~
] fi e
1 I\ -
1 i
150- ) ;\
_ A
100-] | | \,
] | \
: |
50 | \
| |
i | \
] Y \
0 - T = = : -
U T T ™7 T T U 7 U T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Chl 254nm 4nm
Peaks Ret. Time Area Height Area % Height %
1 12.752 6045929 190612 49615 53.495
2 14.617 6139641 165708 50.385 46,505
Total 12185570 356320 100,000 100,000
C:\LabSolutions\Data\Project1\Ixc\xc-280-3-0.8-5%-IBN5-2.lcd
mAU
750 I PDA Multi 1
R
|
500 R
i [
| h\
4 ‘|
250 |
|
& \
S
0 L = -
L L A L L S B R L B
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225
min
1 PDA Multi 1/254nm 4nm
PeakTable
PDA Ch1 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 12.696 1297097 36556 4.294 5.137
2 14214 28908931 675065 95.706 94 863
Total 30206028 711621 100.000 100.000
Bu
Me _Me
N N
N=— Bn N
MeO—\ 7 V—ome
/) >:
N\
\©/ CH,CgH,Br-4
(+)-8d
HPLC: | BN5 coitPurntnH 9 #Hexafe fl ow

r at’@90@% e&. mL/ mi n
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<Chromatogram>

mV
2 9 ?77A 254nm
g R
&K
500
250
0 J
T T T T T T
0 10 20 30 40 50
min
<Peak Table>
???A254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 25.063| 28544349 593173 49.869 49.869 50.127
2 27.792| 28694708 590161 50.131 50.131 49.873
Total 57239057 1183333 100.000 100.000
<Chromatogram>
mV
| § ??7A 254nm
150-| 3
100
50
3
| &
0
0 1b I Zb - Sb o 4b o 5|0 I 60
min
<Peak Table>
?2?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 24.635 8966530 148450 95.183 95.183 95.002
2 27.361 453812 7810 4.817 4.817 4.998
Total 9420342 156260 100.000 100.000
Bu
Me _Me
N N
N:g\‘ Bn h2/*N
MeO Y»—0Me
%\I /g _IP
N,
MGOZC
(+)-8e
HPLC: | BN5 coitPurnbhH =HeBxOane 20, fl ow °€©,at®6.01% end./ mi
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<Chromatogram>

mv
250 2 ?7?A 254nm
] " 5
200 i
1 hd
150
100
50
o
T T L S
0 5 10 15 20 25
min
<Peak Table>
?7?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 11.149 4041970 230232 50.233 50.233 56.450
2 13.637 4004515 177622 49.767 49.767 43.550
Total 8046485 407854 100.000 100.000
<Chromatogram>
mVv
] 2 ?77A 254nm|
h
7 (3]
400+ -
300
200
100
7 o
=
0 T T L ) F
0 5 10 15 20 25
min
<Peak Table>
??7?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 11.140 186777 10667 1.929 1.929 2.513
2 13.469 9498246 413756 98.071 98.071 97.487
Total 9685023 424423 100.000 100.000
Bu

AS)

Me Me
\N N/
N:g\‘ Bn h%*N
MeOAg\\‘ y >_’?*OMe
N

Me020:©/ \;\\

HPLC:

(+)-8f

| BN5

c oifPum, 9 Hex ade:fl ow r atoe,

09 &. frth/ emé .n ,
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<Chromatogram>

mv
o ?77A 254nm
&
75 - 5
50
25
o N
0 10 20 30 40 50 60
min
<Peak Table>
???A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 47.268 7848929 73936 48.209 48.209 53.539
2 51.101 8431996 64161 51.791 51.791 46.461
Total 16280925 138097 100.000 100.000
<Chromatogram>
mv
1004 3 ???A 254nm
] p
w
75;
50-
25—-
1 b
1 ©
~
1 ~
U*
T T T T T T T
0 10 20 30 40 50 60
min
<Peak Table>
2??7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 47.666 187565 1919 1.671 1.671 2.122
2 50.834 11038407 88509 98.329 98.329 97.878
Total 11225972 90429 100.000 100.000
Bu
Me Me
\N N/
N:g\‘ Bn h2/*N
MeO Y—0Me
1,\4/2 >=r;
N
:©/ N
MeO,C
(+)-8g
HPLC: | BN5 coitPuntnH =He8x0a ne 2:0, fl ow °C 84t eel .
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<Chromatogram>

mV
] 0 ?7?7A 254nm
100 5
4 o™
- 3
] :
754
50
25
o]
0 5 10 15 20 25
min
<Peak Table>
??7A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 12.075 1804438 90243 50.273 50.273 53.932
2 14.068 1784813 77085 49.727 49.727 46.068
Total 3589251 167327 100.000 100.000
<Chromatogram>
mv
400 = ?72A 254nm
| &
300-]
200
100;
1 M~
] 3
1 S
0
0 - 5 10 15 20 " 25
min
<Peak Table>
27??A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 12.037 224716 10021 2.575 2.575 2.692
2 13.977 8501223 362202 97.425 97.425 97.308
Tota 8725939 372223 100.000 100.000
Bu
Me Me
\N N/
N:g\‘ Bn &*N\
Me04§\\‘ p >:p270Me
N\
:©/ CH,CgH,Br-4
MeOZC
(+)-8h
HPLC: | BN5 coitPuntbhH =He8x0a ne 2:0, fl ow °C 9612% eel . 5

{70

mL / mi



<Chromatogram>

mV
p3 ??7?A 254nm
o 0
- ]
500 s
250
0
T T T T T
0 5 10 15 20 25
min
<Peak Table>
?2?A 254nm
Peak#| Ret. Time Area Height Conc. Area% Height%
1 13.204| 12426750 538893 49.811 49.811 53.550
2 14.995| 12521053 467437 50.189 50.189 46.450
Total 24947803 1006330 100.000 100.000
<Chromatogram>
mV
125 = ?77A 254nm
’ o
100}
75
50
25
i [=2]
] S
1 5
G 4
0 5 10 15 20 " 25
min
<Peak Table>
?77A 254nm
Peak# Ret. Time Area Height Conc. Area% Height%
1 13.171 2637208 112357 98.099 98.099 98.242
2 15.019 51108 2011 1.901 1.901 1.758
Total 2688316 114368 100.000 100.000
Bu

Meoxﬂ B"f ro
Ox i

g
et s

(+)-10
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HPLC: | BN5 col-RurmhH CHe&xH fAe: : 5 15,
°C 89.9% ee.
C:\LabSolutions\Data\Project1\Ixc\ixc-267-2-0.5-IBN5.led
mV
| Det A Ch1
1500 8
©
f
\ (=]
\ §
1000 ‘ ’\‘_
] ‘ I
4 } | , \
500 L [
\ \
] \ / \
i |\ \
/ /oA | \
0 —— — ~ T.’ >~ )
— LR — T T — T T T ]
0.0 25 5.0 75 10.0 125 15.0 175
min
1 DetA Ch1/254nm
PeakTable
HMI 2% A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 8.489 28932135 1366782 48.819 57.460
2 11.920 30331878 1011890 51.181 42.540
Tota 59264013 2378672 100.000 100.000
C:\LabSolutions\Data\Project 1\Ixc\DATA\267-2\i-proh\ixc-270-90-0.5-IBN5.lcd
mV
i 9 DetA Ch1
<
«©
1500 J"‘
: |
1000 |
1 |
1 |
] \
500 \\
1 |
] R 8
1 [ z
— L — — T T — T T T ]
0.0 25 5.0 75 10.0 12.5 15.0 17.5
min
1 DetA Ch1/254nm
PeakTable
ol 2% A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 8.425 29748768 1560192 94.971 95.738
2 11.786 1575167 69459 5.029 4.262
Total 31323935 1629651 100.000 100.000

12.Copies of CD spectra of compounds 66@l, 8a8h and 10.

ow
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80 —— R,~(-)}-6ain CH.,CN
—— S,-(+)-6ain CH,CN

60 -

CD(mdeqg)
o

-60 -

-80 4

T T T T T T T T T
220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

Figure S7. CD spectrum oR-(-)-6aandSc-(+)-6ain CHsCN (5.00XL0-° M) at 25°C.

80 —— R,~(-)-8b in CH.,CN
—— S,-(+)-6b in CH,CN

60 -
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CD(mdeg)
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220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

Figure S8. CD spectrum oRic-(-)-6b andSc-(+)-6b in CH3CN (5.00XL0-° M) at 25°C.
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801 —— S,(+)-6cin CH,CN

60 4

N
o

CD(mdeg)
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T T T T T T T T T
220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

Figure S9. CD spectrum 0§c-(+)-6¢in CH3CN (5.25<1.0° M) at 25°C.

80
—— 5,-(+)-6d in CH,CN

2]
o

B
o
1

N
o

CD(mdeg)
& 8 o

®
1S

T T T T T T T T T
220 240 260 280 300 320 340 360 380 400

Wavelength (nm)
Figure S10. CD spectrum ofc-(+)-6d in CH3CN (5.00XL0-° M) at 25°C.
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80
—— S,-(+)-6e in CH.,CN
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Wavelength (nm)
Figure S11. CD spectrum ofc-(+)-6ein CH3CN (5.00XL0° M) at 25°C.

Figure S12. CD spectrum ofc-(+)-6f in CHsCN (5.65<10° M) at 25°C.
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