1= 5

VXV TERD G

(LU IN:






ca.
calcd
Cbz

CSA

DART
DBU

DEAD

decomp.

DIAD
DIBAL
DMAD
DMAP
DMF
DMP
DMPU
DMSO

dppp

dr
ee
ent-
eq.
ESI

Abbreviations

acetyl

aqueous

aryl

auxiliary

benzyl

t-butoxycarbonyl

butyl

benzoyl

circa

calculated
benzyloxycarbonyl
(8)-(+)-10-camphorsulfonic
acid

direct analysis on real time
1,8-diazabicyclo[5.4.0]undec-
7-ene

diethyl azodicarboxylate
decomposed, decomposition
diisopropyl azodicarboxylate
diisobutylaluminium hydride
dimethyl acetylenedicarboxylate
4-(N ,N-dimethylamino)pyridine
N ,N-dimethylformamide
Dess-Martin Periodinane
N,N’-dimethylpropyleneurea
dimethyl sulfoxide
1,3-bis(diphenylphosphino)-
propane

diastereomeric ratio
enantiomeric excess
enantiomer-

equivalent(s)

electrospray ionization

Et
evap.

HMBC

HMPA
HMQC

HPLC

HRMS

IR
LDA
LHMDS

NaHMDS
NBS

NIS

NMP
NMR
nOe

p
Pd/C

ethyl

evaporation

heteronuclear multiple bond
coherence
hexamethylphosphoric triamide
heteronuclear multiple quantum
correlation

high performance liquid
chromatography

high resolution mass spectra
iso

infared

lithium diisopropylamide
lithium hexamethyldisilazide
liquid

ligand

meta

molar
3-chloroperoxybenzoic acid
methyl

melting point

molecular sieves

mesyl, methanesulfonyl
normal

normality

sodium hexamethyldisilazide
N-bromosuccinimide
N-iodosuccinimide
N-methylpyrrolidone
nuclear magnetic resonance
nuclear Overhauser effect
para

palladium on carbon



PEG

Pr

psi
Py

quant.

RCM

rt

SM

polyethylene glycol
protective group
phenyl
potential hydrogen
pivaloyl
4-methoxyphenyl
4-nitrobenzenesulfonyl
pyridinium-
p-toluenesulfonate
propyl
pounds per square inch
pyridine
quantitative
alkyl
ring closing metathesis
room temperature
secondary

starting material

TBAF
TBAI
TBDPS
TBS
temp.
Tf
TFA
THF
TIPS
TLC
TMEDA

TMS
Ts
wt.

XS.

tertiary

tetra-n-butyl ammonium fluoride
tetra-n-butyl ammonium iodide
t-butyldiphenylsilyl
t-butyldimethylsilyl
temperature
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran
triisopropylsilyl

thin layer chromatography
N,N,N’,N’-
tetramethylethylenediamine
trimethylsilyl

tosyl, p-toluenesulfonyl

weight

€XCEeSS






B &

Abbreviations

-1 Ea 2
12 G RRRE 4
1-3 AEWENE & SEPE M 6
1-4 BEOE B 10
1-5 EFEOGMRE I 2 ikE 23
1-6  AFHELFHFETOA IR 24
17 AWFFED HEY 26
H2E AR
2-1 =BROBRERICIZ X 2MEHDOEAN L D BEEE OB 29
2-2  FRA RIS IS\ C BRIBE O MET 36
2-3 BSOS D BRAUBUS RTSRAR O feii b O R EsS 43
2-4  BRAVKOGHIBRE TS 5 trans-7 2 V) 3 U HERO S R AL 60
2-5 DMURMEBEHOHEEL ) B 7B~ 77
2-6 RIKD VU BILTEDOERK 83
2-7  HeEE 85
2-8 AWFED G - b AlREM: 87
Experimental Section 89
Spectral Data 127
References 179

A 184



il



H1E

Al



N

N
H
(+)-lysergic acid (1)

Figure 1. Structure of (+)-lysergic acid
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Figure 2. A variety of ergot alkaloids and their derivatives
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VELTEE (1) LZOFEERO—D>THHTLIAHX I (2) OEARRRE
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Scheme 1. Biosynthetic pathways of lysergic acid and ergotamine
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AROEY . VBV ITBEFRLERETHEAT VA RBLOZEOFE
RIS AEwEN, BREESEEZAE L TWAZERHMON TS, TAbITE
26250 | RIEOFIEH~OEZEWIEHN & LT (1) mEGHE, (2) F &= IHE.
MRAREWE Z N LT-EHE LT B) 7 LU VB E, @) e b=
PR~ OB/ & LT (5) MEMom s, #MsiER & LT (6) Ik
RMAEEBORERE, 1Z7F b b (Figure 3),
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Figure 3. Activity spectra of ergot alkaloids
(Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.;
Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 774. &
VR 755
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FRRAT NI A FEB XL OFEROAEYIGVE L HEEEIL, LTD 5
DOORATR LI EOHEEICL > TREL LT ENMbR TS, &
R IX, I ML OERF T EOEBRIE, 2 OEBRE, 6 fOERF T LOE
F9,10 D “EFEADOAE F L THALTWDETF N TH 5 (Figure 4)

Figure 4. Structural diversity of ergot alkaloids

FEXFA) 70 b2 - B 2 MEEARE LS . JERR D AEIENE & BRI D A7 M ov (1) 2»
5 (6) ZIENDA~REREICT 7y b L, HENEL (LA ME TR Lzt
DONLLT DX ToH % (Figure 5), 7T NELLOEE DEV Y, 9,10 2D _HEfEH
DAL > THEEMDIEVEA T FABRRKRESZEILLTWDDONR G5, =
NI H I (2) FIBEVIEEANZ bV EF LTS, =T X RY Y (3)
%, FEEEG~OERBBEETHL —FH, 7 R U UPHEER & e
RAOMHTERIEEIV, =L T2 I 0 9,10 D _HEiiH ZiEL L72 9,10-V b
FexpadZ Iy (16) DAY MUZTZ NV IAX I OFNEITRESERD
I8 U ° - E IHEER A C Hivd —FH T, 7 RuF U UBREEH & e
BR~OMHFNER N RL 72> TS, UBALIEEO Y =F /LT I R(LSD, 4) I,
TAA RN L HET D EFEIEEIERIARE BN TWD N, Er |k
= UHESBUER IR R ~ O BB EHITM R ST b, Zhick ., %3¢
R EEORBN L6 I D EEb T 5,



(b) Ergometrine

(c) 9,10-dihydroergotamine (16) (d) LSD (4) (c) Dihydroergotamine (d) LSD 25

Figure 5. Comprehensive diagrams showing quantitative differences of activity of
various ergot alkaloids
(#1X: Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.;
Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 775. &
VR 755

F N MOERE T 2 MCERLEZ G AT 5 ESHEIEHENR R E <L,
VER L ~DREEAME N 7] E9 561732 (Figure 6), 2-Br-LSD (17) (X LSD &
SOt a b= HEHERZ7RT 28, ZOMOERIZIZE A EBNRL D,
2-Br-Tm/LF & I (18) 137 Fu U VIHEMERANBEEICEN D —FH T, Kl
~OERDRIBIZHE 5D, 2 fLDRFE L 9,10 LD “HEE DEITLEZIT-
72 2-Br-9,10-7 & Ru A7y (19) 137 RUF U U HEEH SRR
~OMEWERNIEEIZ 72> TWD N NMNOEEFFOAF LD ®r h=
FEHERNKIBICH T2 2 RN TEY (- AF NV BLTROT X ) —
AT IR (23) BEROZEERZRL TV 5,



(a) 2-Br-LSD

(b) Br-Ergotamine

W\

&

(c) 2-Br-9,10-hydergin (19, (d) 1-methyl-lysergic acid butanolamide (23)
mixture of 1:1:1, 20,21 and 22)

2-Br-9,10-dehydroergocristine
(20, R=Bn)

N

22-1Br-§,1 Q-Bdehydroergocryptine
(z.B'r.gﬁ S.due)hydmergocomine (¢) Br-Hydergin (d) 1-Methyllysergic acid butanolamide
(22, R= i-Pr) (UML 491)

Figure 6. Comprehensive diagrams showing the activity of ergot substances made by
substitutions in the indole nucleus
(#1X: Stoll, A.; Hofmann, A. In the Alkaloids; Manske, R. H. F.; Holmes. H. L. Ed.;
Academic Press: New York, 1965, Vol. 8, Chapter 21. The Ergot alkaloids, pp 777. &
VR 755

DA, RXTFF ROFER Y L VRO WML ~DEHIZ LV
TEMEANRT MV RELS BT DAL, AT AVIaA R THEEESELEY
DE/FE] LEDLNTWVWAEFUTH 5,
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VLT (1) OUBEMEERK (L3 Bk ORESETHREE Tlc£<
DOWENRRINTND P TNOE | BT D IR FIRFEREE OB OET X
0 534 L7 (Scheme 2), —EiPEs b 24 5 D BEEEET DA AR
(Woodward) , XA 2 25 Z#H LT C BAMET 25K (Julia), 26
DYTLEFH T LT —T VL TDA X/ Diels-Alder )i~ (Oppolzer) . 7 L
V2TICRI LTS O A A T S 85T — gy (KRB, JEH) 12
£V C, DBRE FITHET D00, Y2 28 OPABRA X ABUSIC L
D CEBREMELT-% TN Heck SUSIZ LY D BREMBEST 250K, 1V =

N UL 29 &R & L TAMRDKARIZ B B AT 2 Bk (Haefliger)
D5 OEIT D,

Scheme 2. Synthetic approaches for the ergoline skeleton
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1-4-1 Woodward & DA fk °

Woodward 513 1954 FZ Y B T DH DAL A ZRK L TV % (Scheme 3)
HABFERIE LT3 A R—T7abtF i (30) 20, 4 R U~ EiET
L7ct, BRI T2 Y ANVEThRi#ET LI LTA U P U7 e Uik
WIR3 AL TW5, 31 ZBIE (e~ A L%, —hifbRERELT v
R = LEVEH EE 5 Z & T Friedel-Crafts 7 > WAL SN EST L, =BRMES b
Y24 E/FTN D, HEWTHERRF LY V=0 A ) T eI REEHSE52L T
FhrvafiE BB LG, ATFATI ) TR 2T Lo X —L (32) & H
WTEBRMIGEITV, BRI L DEBROBEICKNE R “RFEL=y FEEAL,
T RU3BEFTND, ST 2 — VO MK gL R A v
KoOBREETo%, TMIUAZ IRV REEHESELZETATFAT b
MEDGFNT IV K=V EBARPET L, ap-~afnr Fo 34 5L T
W5, ZOBEBTYELIBROAT HNEREEKOMEELET L TEBY, L
RUBRICHY T 5 —RkFELT=y MI=FULELTEALTNDS, Thbb,
ERIFTETEFNLVETHRE LK, KFAFTVHET NI UATST b ZiET
THZELTTNa—)L3s ~EEHLTWD, W THEETF A= L AEA ST
TUNAZaY REL, T /L3252 T36 25T\ 5, &#EIZ36 D=hK
WAL DOIEEE e & A RY COBEFRIFRF EOXU Y A NVEDOBREZIT> T
AFNVERT IV IT ~NEBH LT, AT VAT AENLOMAKGRE A > KV
YDA Y R=I~DILEITH) ZETTEIRTOY BT ROEE M E K
LTW5b,
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Scheme 3. Woodward’s synthesis
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_— =
2) o/_\O NaOEt EtOH 2) l\f\/lla%wH on
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< iivie 32 N HCl aq, 79%
B N

benzene, reflux
71% Ac
33 34 35
_ NC N Ve MeO,C
1) SO, liq
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_—
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54% (2 steps) N
Ac 53% 30%

36 37 lysergic acid (1)
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1-4-2  Julia 5 DOERL7

Julia. HIFBEEEMESRME TE L LRV A kT 5= T — hOfFHnZ &
ik LTz CBROEE%{T> T % (Scheme 4), 5-7aEAHF > (38) &5
“AFN=aFURATFI (39) LaMia Lk, 40O ) DUREEE LT
J D EREATEN AT TIEITCTHIE TR A U R—L 41 TV 5,
HNWT, PRTZUVERHWEM DT 7 X DN ORTE AV R ORZER O
RiEZ T TA L FU UFEER 2 25 LTS, 208 ) DU Eifiiz, v
U=y AR LB RS ORI 2 LI k0 3 (o SR o B
Hop-NEFIT AT LD RMEIK 43 & 44 2EH TV D, FTEONIKILFEE AT D
4 1L THF NI AT I REEASEDLZ LT /) T— R XU A U ER
TH2WER L, V) T — RS RUPFA L ~DBRACATINAELT LU B4,
B 45 #ERR L TV D, wEIZ, Woodward H DFIEICHE- TY BT EO4
BREER L TV D,

13



Scheme 4. Julia’s synthesis
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25 45 lysergic acid (1)
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1-4-3  Oppolzer & DE L °

Oppolzer & 134571 W Diels-Alder iz VT, C, D BR & —ZITHEEET 5 ARk
RIR A HE LTS (Scheme 5), JILRLRLEZELTATE K48 & A v
R—=na G357 /va— 46 L0 AR L7z Wittig i3 47 200 S, 49 25
L TCWD, £ R—VORifR#EEL 7T IV ERBE LA Y K= 3 fi~Df
HOBAZITV, = b fbEW) 51 ~L L T\ 5, FVT 51 kLT =3
BT X U FET= b a2 G T 54 I VS MR~ BT Lz%IZ, A Fxv
TIVEEASEDLZ L TEX YV A —T VENL O E1TV, BRALATERA 52
AL L TS, 52% hU 7 ma_Xu BN 5 = & Tiff Diels-Alder it
DT LT, 7 uaxX 20Otz iy 26 ERRT 5, 26 31 3/
Diels-Alder UG A Z 32 & TC, DEAZ —ZEIIHET L LICPILTED.,
VT AT VA —OREME L THBRMELAEY 53 25T\ D, W T, 7V
BRIRTDAFIUEET, TAI=ZULT AT LEZHNTEHENHRT =
U LR DR F-TEFRE G OIEITH 72U 21T > T methyl paspalate (54) ~ & Z5H#i
LTW5D, BRI, HEEMSEME T ZEEAGORMLEIKSHEEZITO> 2L TY
BN TR ZFER L TWND,
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Scheme 5. Oppolzer’s synthesis
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1-4-4 KEF, BEHLOEE "

KEF, IO, FTART L2712 LTIV Al s AnWi=7 3/
WRITFT—=2a VERGE LT C.DBREZ —ZITHET 2 0 AEE Y B 7o
G EE#HE LT\ 5 (Scheme 6), Garner 7 /L7 & K (585) Z#H3&EEE LT,
TUNFZAT VD56 MHIHHE LT VoA oy AfliE W5 TTHI
v 7Y TN K mm T o F AR T X ) T v a—)L 57 25T\,
FNTNITIF— =T L LTOR#E, RT3 vHELET
ZLETIA—KRTAX S8 AL TWD, KRIZ, T/LTE RS9 La— K7 v
X588 & AWIRAG - K> Ty T I h5Z Ik ->TTr UL
XTI a—1 60 25T 5, HNTTLa—LogbtT7ArerR 7 2H
WIEARFRETTEIT) Z L TRV T AT LAHIZT 61 2472%. Myers 578
WELTWAT LUyARIEEZHWTT Ly ~DZER, BiR#421T5 2 L Thik
ATBRAR 27 2 8L T D, 2T IR L TR Uy A2 ERH S B 2 A, R
EHIIN E Bl & e 72 /8T F—3 a UM 62 D & 9 7RBERIRIE A% 5
Z L TH#AITL, C. DEBREAT HMUBRMLEY 63 ~& @A HT 5
ZEITHEILTWD, D% T TROEHER T, JLHEE Y B 7oA
ZEERR LTV D,
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Scheme 6. Ohho’s synthesis
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18




1-4-5 &L OER Y

BWILSIX, 7T e Rk 66 & 1 R—LZ2EFTHT7 VLTI a=y
70 & AETTHMEESOMZ L VEFE L T28 & L%, BRA X B ARIGNMC L D
C BR DREHE & 43 F N Heck BUGNT K % D BR OAEEE A NARAT UV U BR 45 2 A S L
TW5% (Scheme 7), £7°. 71 b A I K 64 ZIBOHRFRE L Tilj—=
v FDOERKEFNENIT> TS, 64 % Evans 7 /v R— VD EAFITfAT3 2
& TIRFBEHDOBAZITW, EUTH HRKBEDOREL A I FOETLEITI Z
ETT I =66 15T 5, — ., 64|k L CSCHRBEEI DA > R—L T LT
b N67 ZEHEETT /N F—)LEUnHEA 68 & LTW\WD, 68 &2, 7/
TV RERE L THIST HBT ¥ R~ ZEH L=, Curtius #5071 L VAT
AT = Pt OKBETHIET 22 LIk x>V TP 69 ~
EEHLTWA, KIZ, 69 ZIRITHRMIATZETT U LT I 70 ~EFHNT
W5, 66 & 70 & AERETHINTHES L. A U725 87 X > % Boc & T L CHA
B A X ARUGHTEAMA 28 28 L CW5, HBRA X B ARG EHIK 711
%9 %57 FWN Heck BUSIZWT IS RAFRIGRIZTET L, WBRELAEY 72 ~
EENTND, 6 TRERTA > R—NVERFT LOREEROBTEL L ATV
TATNA~OEBEITS>TT3 L LT-th, SHIC4 TRER TV EBLIBAT IV
TATINVEZDZEY—DIREY T4 ~EEHL T\ D, &&ZIZ, MK EELT
S THEEME Y VAL VRO EA K &2 ER LT\ 5,
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Scheme 7. Fukuyama’s synthesis

1) TBSOTf
o O o o 2,6-lutidine o
TiCly, i-Pr,NEt H CH,Cl, TBSO  OH
- °C: 0 0,
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B cHo
o
N 67
Ts
-78°Ctort
81%
y
Br 0o
oH 0 O 1) NHoNH, H,0 o4 o o
)k THF, rt, 94% Ny EtaSiH, TiCl, NH,
] N Oy LBUONO CH,Cly, 0°C ]
L R a1 P
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N (0] + B B —
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& Me N NaH2C03 aq /
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N
Ts
66 70 28
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) TBSO .Boc MeO,C _Boc
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Pd(PPhg), | H | H
H Ag,CO3 6 steps
_—
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1-4-6  Haefliger & DAL *

Haefliger 51X, XUV T =42 DA Y =~ U IA~OMMEIGSIZE YD B RO
A v R— )V RS 5 FiE&2 A LT\ 5 (Scheme 8), A& k1% 9,10-P
REUBLTBATF VAT IVOERTH DN, BHAEZEE OB X )5 Y
D EFsz e L, HEEECTHS 5-=bu-2-7 hTuar (75) ZxtiE7T 5
TFIUALERL, 2-TRERAF AT 7 UAEBATF IV (76) ZEASELZ &
TEHRFF ETOTVF L L o f-NAF T 2T ~D~ A TV LT L,
SRIMEEAEW 7T 25T\ D, 77T O F I UL E . BRIES T T 2 KFE R
UHET N U AERANTEILT D I & THRENL DO KFZ IR trans DEAFRIZH
518 FEEFME L THEDLZ LIRS LTS, HWNT, = b XU B UEr
BT =Y UANEBEBIT LAV IBIZE DRV LAT =Y R79~EEHL T D,
79 OFENVLET I REALE AT ALY AN KDBKSISIZ LY . ST 51 Y
=R 29 LTS, 2L TYFULAYA YT LT I RefEHSE
Dl FEIN 80 TRLIEEDICELTERV UL T =4 U BNiEfHEOA Y= Y v
DIRBIFHA~MIIMBEEZRZ L TA v F=ARNEREND, 2L LT
910-t K UL TEEAF LT AT L% T AT Lofr D RMRIESY) 81 & 82
ELTHDZ LT LTS,
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Scheme 8. Haefliger’s synthesis

Cone COzMe
Br
76
MeNH ~ N
2 . “Me
PhH reflux
4%
64% NO,
75 77

H,, Pd/C
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90%

80 81
(25%)
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1-5 ITFEOAR RIS 2 iRE

1-4 THEA L72LISMC b BIEE TIC U BV T BRO A RIFFEIE% < s ST
WBHB, WS ONOBENR D 5, HE STV DG AEREE O FIZIZiE R D25
TREDOIRLEIRMEN T TR Wb ONH HI1EN, T IERTHRILENTZE
AR 2 TR R DGR~ IR T 2 Z R LW &V ) BIEAZ R 2 T
HbDbb5, £z, EFEICR > THEAEEERO GRS BE STV DEBARH
HFLOOHEN B ORI AFE L T\ D, £ 6135+ N Heck SUNMZ K-> T C B
EREEE L TWD D, D X 5 72 A BURIE TlX Heck SUSDERIZ/NT 20 LFEDIB-
KRFEWBES 2 K 912 8 (MDONAKME P ZHIEHT 2 NER B D, VELVLITBROAT
D SALE 8ALD 2 DOARFHLE [FIRFZHIE L7223 O IR E S 2 5 2 1%
BEMSLT DI EDRAFEREITH) ECTHERSTHS R, Bk TIZENEN
ST HIEE LT 2 ISR R ST D,
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1-6  APETIREE TO AT

Z I TCEZFIEIARFELHRRICBN T, M EORBEOTAR & 7 72 B AL
DHESLZ HEE L. 3ALE 4 4L & DRF-IRFBRATERSON 2 VT C BROME %
1T 9 A RkEtE 232 T7= (Scheme 9), D BRiFo,B-Rafi— AT VSN A H T H Y
T 83 DA Z BV ARISIC K VEET L2 L 25l Lz, ZOFMHEO T T
X, SLDONAREFEDOFIE & W SR EZ TR TE 5, CEREZ 3L L 4D TD
DFWNIRFB-IRBREGIRICL VERTH 2B 2 58, BEEL LT
NNV BT M6 84 NZDORIBIMAL L TRETE 5, 8417 /= AT
)L 85 MLFFEREET, 85 DA TS S AL E 10 fLDSNLRILEEIEZ Y % — | 86
2% L C Ireland-Claisen #&{2 5 his 2 21T 9 2 & THHFEPICHIBEICTE 5 L& 2 7,
861X/ AN TV UG ERWD Z EIZED 4-T A v R— LiHEK 8T
MHARTDHZ L& L,

Scheme 9. Retrosynthetic analysis

HO,C _: MeO,C -P C-C Bond
2 ///\ N H Formation
_— between ’
4 C3and C4
H 3 H
N
N
P
(+)-lysergic acid (1) 83 84 85
(R'= CHoX
CHO, COX)
Ireland- 0 0 Br
Claisen Cg[l O?if)
Rearrangement AN NHP piing A
A\ Ts
N
P
86 87

AAE LR TOMR A LLFITRT (Scheme 10), 4-7 A > F—/Liffk
87 L 3-TFr2-A— (88) LAEAMEEL v 7Y LI RUMT L VLT 89 &
Btk TARAMIOBWSRTL 7 ) VL FEKORAET TS Y v F—
b 90 &4 LTz, VT, HUbBEA L U F T A E R (RUAFALT L) T3
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REVER SE5 &, #HIN 91 T L72IERIREE 2 1% T Ireland-Claisen $57. 5t
DEITTHZ LT, B—DRMEKRE LTHARER 92 215, 50L& 10 (LD LK
b2 HIEHT 2 2 LIk LTc, ZDtk, REEDEE & VAR CEBEN O
WEATOTOATFATBE =V 93 24572, FWT, LD 3L 4 TD
IRFESRFBAEB TGO 21T -2, 93 1IZxt L C R Y 7 v A e Y =
FNT T U EHEED 28T, RE-REMODIEKR SNV =EMHLEY 97 73
/oD Z Ennhote, BERMIZIE, 93 #MEM Ficfd 2 e TAE LS
XYV NN =T BT TFF R 94 Bt DA 2 R—/L 30 B OGS
Ko THIRENIS L0, SBITAZ ) —NADBRBELT2A I =T LT A Hf
963 N ZF NI T AKX TEILEZITDHZ LIZX Y ZRBIELAEWITHED
NizeB2b6hbd, RRICORICEGEZFEA2RE L2 00, [ROMm R
EOLTAREMRBRE LW ST HI L& L,

Scheme 10. Attempted C-C bond formation between C3 and C4
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1-7 ARu7eo B

AR OB Y | ITHFHRE STV D IEFEME Y BV 7O a5 Tlidss +W
Heck SUG DB 8 MDA FEDHIENMLETH 2 mBHREE 7o Tz,
D—J7 4~ & AL DA AT AR DRIEITHZE T DL LN TE D2,
AHFERTIE 5 ALOSAR L F OB LT IUXRV, L LERIZST AT L
T —DIREMOFEEAREED D Z LIFFE L2\, £ITC, LiRHEEN
7o 5L & 8NN DO & | d@fe 32 5 AL E 10 MO SLARALF DO FlEN (&
EWMADL L TEREREL I THIEEEBRL, TOEKOb & KBtk
ETHEMMIEIZR AT, £DORSEE LT Ireland-Claisen #5712 &0 5 fir &
10 NEDSEAR L% [RIRFICHIE T&E 2 2 E RSN, 3L E 4 (i COmRFE-
REFEATR T EBRRNECH L Z L b0 ol-, LD R FOHIFEIC
BT 5812 & ZNETITH/IEMAE S LIZ, EROFEZ ik Loo#H7= 72
HHMEUEZMNL T 22 L2 AR E L, RPEEEREICBWTH &RV TY
BN TWHDOERRMZEEITS Z & & Lz,
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2-1 ZAROBBRRIGIC X DMEADEAN L D BRIESE OIS

AR OARZE LRI T D ARMZEDORE R B, 3L E 4 (il TORFE-IR
FREOERIC LY CEREBET I LIIRETH D Z RN yroT, £ T,
TR AARIC T BATEE (1) 25T B2 T,

U BV T EED WA AT % LLFIZ7R T (Scheme 11), D BRAEZEOHIBRIA L LT
WBERIRFBHENBEAINTALAEW I8 2k E LT, TV TP LLIE=ARF v
REATHILEW 99 123 L CAMA BRI Z (EH S 10 (L2 D003 B
HIZRBRERISZ I 232 ENTE UL, 98 BNELND EE X7, 99 13100 75
BT L ETHLE, TORBKMAE LTHLNLUD A, B, CEBREAT 5 =B
Mo h 101 ZRETH T ENTE D,

Scheme 11. Introduction of the requisite side chains for constructing the D ring

H Reg/oselectlve

HO,C & lnsta//atron of

.Me ) X
Construction 5 H Openi%g Cxs the Double
H oftheDRing R React/on /\‘ Bond
4
l:> H
3 O N\

lysergic acid (1) 98 99 100 101
(X= NHP', OH) (X=NP', O)

A& REFEEZA T VU b LIETm RS v KON E SR 722 BB X
JRZAT O BRI, 3 AL AITE R T 265 99 ONLRREENEEIZ 0 5 &
%2%%50#&b%\ﬁmﬂﬁiﬁéﬂﬁwmmaﬁﬁgﬁﬁféﬁﬁﬁﬂ
EEZBNDT=D, 3ALE 5L, 10 (ORI 2 TN HIE 9 5 LB
o5,

Martinelli 11X =BMEAAW 102 DAL 7 ¢ VEAICK LT m-7 2 ol B
B SE 2 & SMSBRIRIR RS AL EIT LT 103 RESNDHZ %
WELTWD ® (Scheme 12), —J7, AL 7 4 VELICx LT rEE U AL
AT T, MRS 2 LT 103 LXMW OSSR LA AT D RF v
R 104 ZSARBIRICARTE D L bk~ TWD, ZOHARIZ UL, =8k
LAY 102 OREE EOREZTEN L CVAREIRIIZT VU VU B X O RS v
REBATHZENARBICARD EEZ 2D, ZRHOMAEZE &IC, T
ETNEEEHWTERERAEICL2T7 VY D0 LT ARF v ROMLE
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BRI RPHBR UL & T DR D D BRIBEFE O 2175 2 L & LT,

Scheme 12. Diastereoselectivity in ergoline synthesis: A face selective epoxidation

o) 0.,
1) NBS F
H wet DMSO mCPBA

N - —_—

2) NaOH CHCly
toluene N
gz 104:103 = 99:1 Bz 103:104 = 98:2
104 102 103

FPE SR e PHBRSOL O FEBLRTREME 2 B 5 <<, BT NVEEEZ W
MNEBB L, TTAEELELTHOEN LD A, CEBEHAT- BIELAY 105
BRI LT, 105 (2% L CTHEx O A ERAE L EH S, XU UL TofE
BRI BHERLS 2ik#e 72 (Table 1), entry 1 & 2 TIET VU UV & KGHE &
LTEIRL, entry 1 TIET A I = AT7®F U R 2 2/EH S 205E 105
&, CHEEHOBRMK 106 & 107 O —FEROREWE 5 2 12, entry 2 IZBWTF
A= LTEFV R PEERSELEZA, XD TORBERK 106 &0
ME MR 107 ENBLZ 151 OTEON, 7YV Py ORBRKIGNIZIE T
HNEERMEOHEIIREETH 722 5, entry 3 LARIZ= R REKIG
HELLTHWSLZ L E L, entry 3 TZARF Y REMNLOTEMELEZ BRI E LT
—7 LR RV TF LT EHREZRIIL, VF U LT EF U ROMINK
S EAT 2 T2 DS R OB DB X A7z, entry 4 TIL, entry 2 & [FIERIZT &
= LT EFY REEHESEERRWVRERIIG R o7z, BRSO RIS
P EEIRMEOM EE BRE L Clentry 5 & 6 TlX B =L Grignard 383 % 7=,
entry 5 CE= )L~ 7RI U A7 RaHWZEONEIRRIEIL 108:109= 2:1
BETHST-0, entry 6 [IZBWTEOLNWVREAITH D B =LK EZ HW 5
ZETRUUNALTOREBRER 108 DA% T2%DINRIZTHED Z EIZHI LT,
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Table 1. Regioselective ring opening reaction

X g
HX ~
° conditions
—_— +
@ ~78°Ctort
105 106 (X= Np-Ns) 107 (X= Np-Ns)
108 (X=0) 109 (X=0)
entry X conditions result

1 Np-Ns PMPOCH,C=C-H, n-BuLi, AIMe,Cl, CH,Cl, 105+106+107
2 Np-Ns PMPOCH,C=C-H, n-BuLi, Ti(Oi-Pr)sCl, THF 106 (44%), 107 (28%)
3 PMPOCH,C=C-H, n-BuLi, BF5-OEt,, CH,Cl, comlex mixture
4 (0] PMPOCH,C=C-H, n-BuLi, Ti(Oi-Pr)3Cl, THF 108+109 (low yield)
5 (0] CH,=CHMgClI, Et,0 108:109= 2:1
6 (0] CH,=CHMgCl, CuCN, Et,O 108 (72%)

ORI TORBRR 108 # VT D BEEOMFIZ1To 2L & L
7oo ZOFHHE % LLTFIZR T (Scheme 13), 108 D /KEEFEIZ % L TR R -
BRI FOEANZITVD, 7109 2155, 109 DEFREF ETOT Lk
EITo T AMEW 110 ~EH L7, PABRA Z B AUSZ HWT D RO

ERZIT O, 111 255 &0 9

FETH D, ZDOERERKE TIE 8 MO F %

HE 2 BHERRVRT, HEROAROMEZ Rk TE D bDEHF R,

Scheme 13. Construction of the D ring by RCM
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FeDOFEIHE > THREDO A EIT>7- (Scheme 14), 9. 108 D/KEEHIC
Ms FEZEA 2 U SRZFEBRLOSC LD 79 FMEa® 112 ~EH# L=, Hil T,
Staudinger [IGMZ LD 112 HFEE LT 22109 |12 p-Ns FZHAL T/ b
TIRNM3 & L7z, ERFEFDATFNLE p-Ns FDFRE, 2-T2EAF LT 7
UNEEA TV (76) (2K BT VI NMEEIAKRITV, PAER A # &2 ARIEKEA 115
D5 ENTE T,

Scheme 14. Synthesis of the precursor of RCM

OH 1) MsCl, TMEDA N3 NH,
CH,Cl,, 0 °C to 1t : e,
91% PPhg . p-NsCl, NaHCO3
> B B — e
2) NaN, DMF MeCN-H,0 (9:1) CH,Cly-H,0, rt
100 °C, 72% 80 °C
94%
108 88% 109
_p-Ns . p-Ns MeO,C
HN MeN 1) HSCH,CO.H 2 NMe
: : DBU > :
Mel, K,CO4 Z, MeCN, rt PR
—_—
MeCN, 60 °C 2) MeO,C IFBF
92% 76
K2003, MeCN
113 114 60 °C 115

(60%, 2 steps)

eV T, Grubbs 25 X% L < X Hoveyda-Grubbs 55 — ARl 2 i CPABR

A BE AR EOMEFE1T -7 (Table 2), H =7 I v OIFILH BTk % (i
TOHOERT WIMAE LTREE 1S LT LI HE07 e b omgd L<Ii3rA
AW T ARG, BE LT LD nn X ¥ 0k D CONEGEE T
FG AT 51228, entry 1735 6 OWFNOBESAIC BN T S ERO 115 %[
WA SRR L RoTe, ZORRNE=RT I LB AR EBRA LT ¢
DD L EL, BHBA X E L ARBRAORA TS 2L & L,
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Table 2. Unsuccessful RCM

entry catalyst additive temp.  solvent

MeOzC/)/\ I:\lMe conditions Me0,C m/\ l:\lMe 1 Grubbs 2nd TsOH-H,O 80°C  toluene
= : aaditive (1.1 eq.) A 2 Hoveyda-Grubbs 2nd TsOH-H,O  100°C  toluene
solvent (0.01 M) <9 3 Grubbs 2nd AcOH 80°C  toluene

no reaction 4 Grubbs 2nd AcOH reflux ~ CH,Cly

115 116 5 Grubbs 2nd BF3OEt,  reflux  CH,Cl,

EEOT AT LN 2 ndT AT a— Lk~ B+ L L L
(Scheme 15), CFED / 207 2 131K LT, 2-7 2 AF /LT 7 U JLfiE A
T (76) ([ZXDTINF M= AT NDiETT, A CT-/KEERED TBS K2k 5
2 NERAT > C 118 24372, KIT, p-Ns FEAFRELTHE _H7 I 119 & L
776

Scheme 15. Modification of the substrate

OoTBS OTBS
Ns
HN P ""eozo Br MeOZC 1) DIBAL -p-Ns
Ny CH,Cl, Z N HSCH,COH 2 NH
Z 032003 —78100°C o, A DBU .
= .
MeCN, 60 °C 2) TBSCI MeCN, rt
imidazole
DMF, rt 67%
66% (2 steps)

113 118 119

119 OEFRFFICHRERZEAL THRA XY BV ARKIGORT 21T 72

(Table 3), entry 1 TIEERFEFICACEEZEAL THRA X B ARG EIT-
7o BOTEIT L2y > 7=, entry 2 TlX Boc i8R %2 HUN 223, Boc FEDER
BT Lto entry 3 TIXERFIZHNVAA MFUREAEA L%, RO
BOGSRMFZAT L2 3 BRALIR 120 ZH BT IS Tﬁwbk@ﬁf@%iﬁigﬁ
NoTz,
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Table 3. Attempted RCM of N-acylated dienes

OTBS OTBS
entry P result
= NH
, - 1) protection
Z - 1 Ac 119
2) Hoveyda-Grubbs 2nd
toluene (0.01 M) 2 Boc Lof B
60 to 100 °C removal of Boc group
3 COMe 120 (trace)
119 120

BRFF EOBEHILL @B LT ¢ UL OB A B OZE W % i L C R
A BBV ARIEDOREEAT > CE D, FTEOKNIHET L2 oTz, ZOJR
KNIBUGE TH D RIGA LV 7 4 VELONAREEIC L Db DL ER L, Kt
DOHRHA 117 DMBEDOAHFARDO 70 v RO H v 7V o 7 ER (J,,= 12.8 Hz)
MNH MNTIZLXV/NSWEBETHA = VERNET 2 T AN E 58D D NARED
el o> TWNDZ EDURIBENT- (Figure 7), ZDZ END, GSDBRIESA TS
HARMGA VT 4 UELE, EFEOFER EMEHIC LD KREEfiSATWD &
Ez2 bbb,

JAB= 12.8 Hz

N

Hg Ha

MeO,C P
N
Ty

|
p-Ns

117

Figure 7. Conformation of 117

EFIT. DBABET AMOFEL LT, 122 ZHWESFRNT IV R—V G
ERRET LT, HFEERIEDEIT L2 bEY 123 235 5472 (Scheme 16), 2
T, DEROWEIEZ GO THIZRAERREZHB T2 & & LT,
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Scheme 16. Unsuccessful intramolecular aldol reaction

MeO (0] MeO (0]

NHQ MeO (0]
3 O3 o
X 0 MeOH-CH,Cly; Ox 0 _ | o)
> H _— : —_— ®
~ N Me,S ~ N - N
oNove [ oNove AcOH-H,O N “Me
rtto 80 °C

109 121 122 123
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22 HHLA ACHIG I DU T C BRABEE DO R

- I A RN 2 LR I2kd (Scheme 17), VB 7 1) OAFT 501
R UBRENLOE NI HT=»> Tid, AR TCOT NV r=13—Y K 124 ~D
—LRFBIFASLIED AN TH D EZ 272, DERIZT VLT L2 — LiFEk 125
W FNIEIEROGNZ X D HEEEFRE Ch 5, —BR LR B AL D & #)>
D L7 D AXFAIL 126 D7 /3L X LT )L 3 — )LVENL~DAEERNF) 72 e R
AR ZNWACKZ LV EAT 5 Z L &2 HH LTz, C RORE-IRFEMA%E 10
AL NALIZTOIWT L, TR T X 268757 2V U U iFEKR 127 215
T 52 LI KD RF-RFM AT UGS E LTRE LT, £2 T, ARISD
BOSSME OB L BRALSOGEDETT 27 2V VU FEIR 127 ORI, O 80
WETIZEZ R T, mAINZ, BT VB ZHWTRRG O FEBLATREM: 2 MDD 5
NP DY e

Scheme 17. New retrosynthetic analysis of lysergic acid

OH OoP
Hydro- p C-CBond p
Formation /
H N\, N

P .
N Mitsunobu  [gp)
Insertion | H  Reaction

—> —>
N\

N
P

P .
HN H stannylation

N
=]

vz

lysergic acid (1) 124 125 126 127

BSOS O FEBLRREMEZ RET T 212 H 720 | FEH 1L Ferreira H 23S LT3 LL
TORINMZFEB L7 (Scheme 18), Ferreira 51X 128 DAL T 4 =)L 7 ¥
VEMLDKIZE DRI K > TT R ) T v a— Va2 G5 mat ettt =
AT TN )VFEEKR 129 1IN 2 CTHERN L OB L0 RFE-IR
FRECGWER SN BB EEY 130 NEONT-EHE L TWD, EHIT 130
DAERUZE H L, KOILAFE L 2R2WBUSHR T BRMAEAY 130 OABELN D5
HEOMFEITHI Z & & L,
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Scheme 18. Acid-promoted cyclization with the N-sulfinyl aziridine

e

0.8 tBu ™S NH,
™S ! XN

A TsOH g

> +
MeCN-H,O (7:1)
reflux
128 129 130

(21%) (70%)

TTNVIE LD trans-N-A VT =)L T V) 0 DERED Ferreira 512 X
STHEZIN TS ? (Scheme 19), XTI/ AT A 2 R131IZ% L C,
Tuasvxvrsal) Nep-7FALIF T A NNN'N-7 KT AF LT LY
T, BULEMM LR S A T Lo VTN REAEH ST A LT, U7
AT VA ERIR trans-N-ANV T 4 =)V T DU P UARDBERTEDL LN I HOD
Thb,

Scheme 19. Diastereoselective frans-N-sulfinyl aziridines

/\C|

t-I?u T™MS

)
n-BuLi, TMEDA 0~§/FBU
eo’g)\ N -95 0C, Etzo, TMS | R1
I g s
R1” O R2 ZnBry; R2
—95°C to rt; 131
131 132
R < R2 dr>98:2

trans/cis > 90/10
50-87% vyield

ZDOIGEOFPRMEITLLT O X 5 IZFH S35 * (Scheme 20), 7' w2/ F L7
B RenTFAIFIL NNNN-T FIZAFALEF LY DT Iy Bl
F BFHE L7277 L=V HER IR 133 1T =IBICHV T 133a & 133b O FpIREE
ZhD, TORBRICFTNIRANT 404 IR 131 ZEHESEL L, TLr=
JVHERFRIE 133a F 7213 133b @ -7 FOVIEARET 5 X O (KR TR A
AT 5, ZOERET, ERTHT VIV DOTT AT LA RRMENREE S
Do MAT, XVE@EW» R LR FDONAREEN DR 2D X527 L=

37



HSNRIEN LT H Z LIk o T, BT 27V VD trans & cis DEPFME
MDRBLT D, TNOEEEER D &, EBBIKE L LT 133a 05511134, 133b O
BAIT 135 NENEFNEZ NS, —ODEBIREDS L, I EEVWR &
FIRTFDONARBEE D D72 720 . ORI F 125 U CLF ORI+ & 258
JA - OIELFELRNDENLT D2 & TEEEZTH I LN TE HEBIRE
134 N HEEICICHEIT L, rans-T ¥V V2 132 56N 5, —J7, &%
RAE 135 7226 OFUSIEEHIEL R E MR ONKEENRELS R Enb T
AT —BUIARNIR R & 72D RO O HERIZHE->TE Y . 133a D
BUOSINEIT U TCARKT 5 trans-7 2 ) ¥ 0132 08 B 72 R DD EIERIREIICE &
N5,

Scheme 20. Diastereoselectivity in the aziridine synthesis

t
1 D tB
+Bu';S® R & t+Bu
san ol N=&pge ™S 7 R
™S ™z . o \ll\lj\
Br- f,t.iA/ R2
TMS
133a 134 trans-azirizine 132
matched transition state
Et,0, rt H
tBu
e . ¥ o
N o131 | ® 1B
I By <2 R O“S/t_ u
CI\_‘_SZnBr R! Rz____ @O' \/N_—é_\ R2 o | _____ » TMS “ ll\l R2
T N \Zn N \lj\
T™S (R"<R? B e A -
TMS Cl
133b 135 cis-azirizine 136

mismatched transition state

F. RSSO RBELZIT O 2O B OA R At L7- (Scheme 21),
-7z abe AT e K (137) ER)-+-TFINVANT T 2R (138)
EEBIAMEA L TANLT 4 A4 I R139 & L7, 139 1% L CRIED T U v
BREEZEAT 52 & TOITED trans-N-A)V 7 4 =)L 7 U 20 140 ¥ 63% D
NRIZTH LI,
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Scheme 21. Synthesis of the model compound

09
.S cl
HoN “® > £Bu /\
138 +Bu ™S +Bu
PPTS ®s. n-BuLi, TMEDA oL
~_CHo _MdSO. g —95°C B0 0N,
Ph - > —
CH,Cly, rt ZnBry; ™S —
—-95°Ctort; 139
78-83% Ph Ph
63%
137 139 140

trans-N-A/)V7 4 =)L 7 VU T2 140 Z VT, KB IAFE LW SR TOBR
B DR 5 21T > 7= (Table4), entry 1 & 2 Tlid, v o BTHD h
BRSO T1 > 7 7 — A VIR VR B W TR TS &2 AT > 7208, BRI LS
¥ 141 DULRIL 20% L THREOFERFE LB S 47z, entry 3 128V T/LA Afg
ThoH =7 MR VR TF N —T VAW 2 A, |RBETHK
JERFEICEIT L, BRI (LAY 141 DGOtz Fiz, i< ALV 7 40T 2

REALDOBRZE & Boc FEDE A %5 T 3 B 89% DILK T 142 ~EH9 5 Z L
b T&E T, &, entry 3 DR KK & L TABROMR 21T 2L & LT,

Table 4. Investigations on C-C bond formation

B t'iBU
% 8 TMs_ S0 8 NH . T HClag MeoH — TMS. ~ NHBoc
conditions AN H 0°Ctort N
TMS — - s >
H 2) Boc,O
NaHCO4
CH,Cl,-H50, rt
89% (3 steps
from 140)
140 141 142
entry conditions yield of 141
1 TsOH, MeCN, reflux ~20% (140 remained)
2 CSA, MeCN, reflux ~20% (140 remained)
3 BF3'OEt2, CH20|2, O DC tO rt 610/0

39



trans-N-A)V 7 4 = VT Y D UEREEZ ) BV ITBOERRIZICHT 2 &%
ARHAIC, & B IZDERORES LB RO ZE A DWW T BT L7z (Scheme 22)
FF WAL TEROAY 142 OEHEF A LICAFAIRLEZEAT S LI[FE
RplZ, BRAHIZCTKEZIMZ D Z LTV afxy REARSE TMS EE2RET D
Bata oz, T2&, Ty 143 MEUBRIETHELND 2 Enaholz,
ERIF 1% ATk Lf:ﬂ:/—\% 144 (12K LCT b T-n-TFIAT BT LT )L
FV RZEASEZEAICH, R0 T Ly 43 REAEME L THE LN,
DT NG, «/ywu@7nb/@M¢Fﬂmm:kﬂrwgm\M@%
L <IEHPESM FTo TMS ZEOBREFFEERFITTHZ L & Lz,

Scheme 22. Unexpected allene formation

T™MS NHBoc NMeBoc
N XN -
NaH, Mel
THF-DMF
0 °Ctort; H,O
84%
142 143
T™MS N NMeBoc NMeBoc NMeBoc

TBAF
D ———
THF, rt
145:143=1:3

RTORER, =& ) — )V EKDIBETREETEERE & 3 vk )V U A2 /EH S
HHZETTMS EBBRETEX A2 LN -72 " (Scheme 23), f§H 727 v
X 146 OHERISEAT o T2y, RS T CIIaid o B (LTI T LT
L2147 WEB, BRIOZ 0007 0 a—) L 148 (HMERINRIZ L 8% Dk
Relpoi-,

144
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Scheme 23. Unsuccessful homologation at the terminal alkyne moiety

NHBoc NHBoc NHBoc NHBoc
n-BuLi, THF NHBoc
AgNOa Kl —78 °C; ( CHZO
EtOH -H,0 -78 C tort

146 147 148
(45%) (40%) (10%)

TMS HEDOBREDOK)ISHEEIZRD L H12E 2 55 (Scheme 24), F7°. 142
DT IV ENLERBIN L T A BT A IR 149 AU D, RH DK
BANC LD TMS 0 BEISN B7F Y R 150 2R TAEKM 146 ~FE S & &
2ZHivb,

Scheme 24. Assumed reaction mechanism of the removal of TMS group

™S NHBoc {ox NHBoc H NHBoc

B ®
A : \ / NHBoc
AgNO3, KI
EtOH-H,0 74%
rt

142 146

7

FREORMAL OB Z TR, TV DU 2B A L2 E % ICH R
J8EATS9 Z & & L7z (Scheme 25), {LA# 140 O TMS %% 7 T -n-7 F LT v
F=ULTNAY RTERE L7, BROSZITV, 2 BfE 36% DINRTT m N
VXTIV a— L 152 4572, 152 1% L CBRILIIG ORI EA L= & 2 A,
PO B DT L LA D2 % 5 6D C 3 BERE 58% DRI T EBRYE(L A1) 148
DIESND Z ENDhotz, T LX VT )L a— VN OFESEZINERE T O
MERHLHLODO, ZOEIZONWTIET VU VUL D b i 2 E e IgH
EBATDHZEIZIVRTE DL LD EERT,

41



Scheme 25. Attempted homologation prior to the cyclization reaction

tBu EBu n-Bui, THF
-BuLl,
0%, e

0" N, TBAF o\‘S\N, —78°C; (CHx0),
- E— - _
T™MS _gj THF, 0 °C H_gj —78°C to rt

Ph Ph 36% (2 steps)

140 151

OH

1) HCIl ag, MeOH NHBoc
0°Ctort ~
_—
2) Boc,O
NaHCO3;
CH,Cly-H,0, rt
58% (3 steps)

7/

148
EFNREFOFERE NS, VA ABERHWET Y Dy OiEMbES X4 L L
T2 IR B IR BREBTER S D FEB A REM 2 MR+ 5 Z LN TE 2, W T I DK

ok U BN T RO GRS LIS~ BIERUSISH D 2 B E D L ic i)
fTeZ & & LT,
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2-3  BELUGIT I D BRACBUS BTBIRIAR O i AL D et

TTFNVRE L E LT, VEATBROARRICE T DB GO G IEE & 72
L7 VYV UFER154 1T 3 MAITEEIE LA LTV D A CERR AT
HR T2 5T 5 (Scheme 26), A IXERILSUGNZ AL %6%%&%26
o, BEIZOWTEL, BERFEFHFET LI E THEENEFERIIRDLT
O BRALSOSMNAFNE K Z ERTPREIND, F7-. ET LVIE @*ﬁ.ﬂL’C X trans-
TV DHRERNTWED, SElltcis-T VU P UDINEE LRV ELD

DL THORFIEITI 2L & L, b, 7V U VUV ORRF T OEBILIC
TANVKR=VEEHNAZ L LT, ANVKR= AT DDA ARRIZ LD
BB T EHINH Y N AN T 4 AT DU ERREICT VU DU EED
FARKISZE FITTEDL LD LB T2,

Scheme 26. Toward construction of the C10-C11 bond

R P
\\ / R NHP
A X

o=z %%

154 155 lysergic acid (1)

FP ANV EETLETYY VA LT (Scheme 27), HZEWE T
HHD-FNV T N7 7 (156) DAF LT AT NALE T I LEEZFTO Boc 3T
L OREZITV, MU T N7 7 VB 157 21572, 612, AV F—LEHR
J?%ib Boc JEIZTHR#EL, 158 & L7z, i\ T, KE(LTA VY TTF LTI =

KD AT NVENLD SR T EITH> CT VT B K159 & L=, #ilf T PMP
ETHRESNTZ T VXL —T LGHEER 160 OT7F Y FE/EHSELHZ
&fﬁmﬁmﬁm%un%v?xTVﬁv—wﬁA%ebf%ko:huﬁy
TAT VA —DHIREEChH o772, IREMOEEAREED D L&
L7z, 161 O —#KERIEIZ Nh%%%ﬂbt&\ﬁﬁfk)f%wy)wa~
YV REPFHTHEMEICTT I VELRRT EO Boe EEABRRVICHRELT I v
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162 %1572, 162 OERJF1IZ p-Ns FEAEA L, He\ O CHIEMESM FE LS
WL THMED 7T VY 2163 % trans & cis DEMEIKIEGEW E L THE LT,

Scheme 27. Synthesis of the indole derivative

NHBoc NHBoc NHBoc
HO,C ) SOCl, MeO,C — MeO,C
2 MeOH reflux o2 B0c;0, DMAP 2 DAL
80020 Et3N AN MeCN rt CHZCI2
CH,Cly, rt N —78°
97% (2 steps) H Boc Boc
D-tryptophan (156) 157
OPMP OPMP
OPMP OMe
z 160 N\  NHBoc 1)MsCl, EtN H, 1) p-NsCl, Py \
n BulLi CHgC|2 rt CH,Cly, rt .zg
T . . /
T 2)Nal, TMSCI 2) KoCO;4 PMP
-78t0 0 °C MeCN 0°C MeCN, 60 °C
41% (2 steps) N
Boc Boc Boc

163

SoNTT VY T 163 ZBRALIS DGR L2235, ﬁﬁﬁ?—ﬁ@@%ﬂﬁ?ﬁ%ﬁ
Yﬁﬂéﬂf: (Scheme 28), 3 FET /L TOBLZENL, TN 3D sp’ RFEIZLED
HOT, USRELENEGE LS5, 7YV VDo ful & FEFEROLEDE
THRERDPEN ENFEKE L TEZOND, IHIC, EHE b7
U UEAICKRE LT, A > K= 3 (LD OREMAMBIG B ETT 5 2 LI X

HOHENEZ > TWAAREELEZ X b, £ T, 34L% sp’ KFEIZT
HZ L TIOMBEEMRRTELbDLE R, MR EEE L TA N UiFE
KERWDZ & &Lz,

Scheme 28. Unsuccessful cyclization with the indole derivative 163

OPMP
OPMP
pNs _.p-Ns
N N ~ " h
A
dr= 3.\_/ BF3-OEt;
—_— H
CHQC|2, O °C \
multi spots N
Boc Boc
163 164
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A R VENEBTAHEE 165 ZHWAIGE., 7Y U2 trans & cis D
BMERB LA v R UL E T 20 O B OISR SEAR L 220 5 248 U 2 Hhik
IR CERALBUS D SUSEIZZDR H D D) E V) SUZOWTHRETT 2 LR H 5

(Figure 8),

R P
N\ N

2 relative
stereochemistry
3

trans or cis —/

165

Figure 8. Important points to be considered for the cyclization reaction

BEWNT, 3 NLRED sp’s T7hbbA v KU VEN A2 H T 5 RISHEE DA%
1T252LELT, TVUPUD trans & cis DEMIKB LA R VEMLE T
DU DL OFRISIR L B A U B BRI LL T O WFEFE T & 5 (Figure 9) .
trans-7 U 166 & 167 1% 3 MfRFE DR FEN R H T AT LA ~—T
BHY | cis-TV VT 168 L 169 133 (IRFBEDNAEFEN R DT AT VA~
—TdHD, Zh6NWHEEHDORIEERDBACSISIT T D RISTED 22 HAET 2 Z
e L7z,

166 167 168

Figure 9. Four possible candidates for the cyclization reaction
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trans-7 V) Tk cis-T V) VU DA OWTLIE TS, £9, trans-
TV DERE BSOS DR RN B D

Z DA G E %777 (Scheme 29), trans-7 2 U ¥ 166 & 167 OFHEUZEI L
T, ETFTNVEEOBREFMRIC, AT 404 IR 170 1IZ63 57 L =/Lilifh
R 133 DN L D VT AT VARIRMZ trans-N-A)V T 4 =)VT V) DU H
MIEZEBHT 52L& Lic, 17T11E3-4 » F—/VEEE (172) OA v R—/VEfL
DBETTIEEANT 4 T I N EDOREICERTERTE D EERTZ, 1B,
AV R=VELOR TSN XV AL D 3 M RFIZHRTH VT AT VA~ —
DIBECDONTIX, DEERE S RBEETIT) 2L & LT,

Scheme 29. Synthetic plans of trans- aziridines

trans-Aziridines ﬁ?u
oS
(0] o'N
y/
Brzn Cl
—> == —>
TMS 3/wH
N
P
166 133 170

OHC HO,C
S)
O, ®_tBu 3/~H
$ + —> N
NH,
N N
P H
138 171 172

FEREEARETEICTEV, TP U P DGR A BRI L7 (Scheme 30), 3-1 > F—
JVEEEE (172) DA F LT AT AL E A v R— LN D& TG 21T 5 Z & T,
AV RV UFEER1T3 24572, 173 DA & RV UERF A p-Ns FEAEAL T
174 & L7212, 2BREZR T AT AERICT 2T V7T e RE L, 175 2157,
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Scheme 30. Synthesis of the aldehyde
HO,C 1) SOCl, MeO,C MeO,C OHC

MeOH p—NsCI 1) DIBAL, CH,Cl,
0°Ctort _oces%
—_—
N 2) NaBH4CN CH20|2 COCI , DMSO
N ACOH, rt N 0°Ctort CH20|2 —78°C; N
H 70% (2 steps) H EtsN, rt p-Ns
quant.
172 173 174 175

TNATERN1I5S ER)-+-TFNLALVT 47 IR (138) L OBAMEEIZLY
ANT 4= NA I DYT AT LA~ —%%7- (Scheme 31), ?5}62@7‘:“/‘72
TUAY—I T LI u~ NI T T 4 —IC K DR FRETH Y | RIS
Y176 & @Mt oW 177 21525 Z LN TE 12, ZOEMETIE 3 MONAAELE
DPEIZITE > TR,

Scheme 31. Successful separation of two diastereomers
©

o) tBu t-Bu
s 0n. 8 O S
OHC HoN @ >tBu o ‘@S\ o ‘g\
138 N N
PPTS / /
+
H,Cly, rt H H
'\{ C ZC 2
o N N
p-Ns p-Ns
175 176 177
less polar isomer more polar isomer
32% (2 steps) 31% (2 steps)

AL AW 176 & i b &% 177 1[5 LT, 7 L=/ /Lllighad ik 133 A 1E
HZH7 (Table 5), entry 1 & 2 ITHBWT, EHDOALT 4 =)L A 176 & 177
DY T NT—T KT DEENRZ L, BDD trans-7 V) ¥ 178 &
179 DR IFEINRIZ L EF 572, entry 3 IZBWT, RE OB A M ELSE5
HTT F 7k Ra 77 o240 s U CTHWER, MG R OEMEAL B S
Nz RIRRRN S BEONT trans-7 V) D0 AW TIRD G EIT -T2,
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Table 5. Synthesis of the trans-N-sulfinyl aziridines

t—Pu
ZnBr
@O‘ \g\ s
N /— N
/ Cl TMS
133
H solvent, rt
N see table N
\ \
p-Ns p-Ns
176 (less polar isomer) 178 (from less polar isomer 176)
177 (more polar isomer) 179 (from more polar isomer 177)
entry isomer solvent result
1 176 Et,O 176 (32%), 178 (26%)
2 177 Et,O 177 (15%), 179 (9%)
3 176 Et,O-THF complex mixture

3NLDMEXI ST DN IR D trans-T 2V VU FEEK 178 £ 179 AT D Z
ENTEDOT, 2 b ZHODLEWI T DBALSUE D FOGHE Z2 5~ 7= (Scheme
32), (EABMALAY) 176 > BFFE LT trans-7 ¥V 2 178 WO TERALNIG &
1To7& 2A, 0°CIZBWTHERILRISDIVBICET L, HBEOE#E Z DT 3
BEFE 57% DILERIZ T =BRIMALEY 180 N5 LTz, —FH . mba® 177 7>
OFE LT trans-7 PV V1719 E W TG EIT T2 & 2 A, ZBRMEES
Y181 [T ELSFFHNRNE NI FERIZAR ST,
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Scheme 32. The result of the cyclization reaction with the trans-aziridines
-Bu

t—/Bu e

@
, s
P08\ \ 1) BF5OEt, ™Moo R
/ N, CH,Cl,, 0 °C N
2) HCl ag, MeOH, rt H“\ H
H 3) Boc,0, NaHCO;
CH2C|2'H20, rt
57% (3 steps) N\
N p-Ns
p-Ns
176 178 180

less polar isomer

t—/Bu
“0 Sy ™S
/ BF4-OEt,
—_— ——
H
0°Ctort
N
O,
p-Ns 0%
177 179 181

more polar isomer

BT, cis-7 VU Y OEREHE Z T (Scheme 33), cis-7 ¥V ¥ 168
£ 169 DT VY P UEN DR LRI T VT e R 184 ICHT AR T B F Y R
183 DY 7 AT VARSI L O EE ST 2L & Lz, 1841, MV
7T 7 UEREAR 157 DA v R —VEL DB TG & T AT VEML O TG
ERTCHERTEDLLDEEZT-, B, trans-7T ¥V VU DOERERIFRIZ, A~
R—= VAL DBITCINZ L VAL D 3 (IRFBIZHKRT HVT AT LAY —D54y
HELZOWTIEL, B RS RBEFETITo 28 & L,
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Scheme 33. Synthetic plans of cis- aziridines

cis-Aziridines

/P /P
N, N
= ':> |:.'>
R H
168 169 182
NHBoc NHBoc
5 OHC MeO,C
AN + T —
M] N\
N N
P
183 184 157

BHWATFHRER -V T v 77> (6) ZHRFRE LTeis-T VU TP D
B ZEIT o7 (Scheme 34), 6 MOLFFHIND cis- 7TV VU id, RARDOYEL
T L VLS5 AL ORISR LRI e D, L LEAERISIZI W TIL, 3101
Y RU L E T VY AL OFI R SR L D E N ERFET VIRV O T,
Mo SR OENCOW I Z 2 TR E L2, 9. 6 DAF LT AT
MEET I VBRI O Boc EICKDRELITV., N T N7 7 UFFEK 185
ARz, FE T, 185 ISk U CHERBIRIEE > 7 2 KFbAR U RS B U U AEEH
SHLZETA YV R=AEN DRSS AT T P B bivle A v R U UaFElk
DT AT V=TT 870~ NI T77 4 —IZLD0HERFRETH Y, K
ML E ) 186 & @ttt b A 187 21525 Z LN TE L, ZOBEBETIL 3 fio
SRR E OPREIZITE - TUOZRU,

Scheme 34. Successful separation of two diastereomers

NH, NHBoc NHBoc NHBoc
HO.C 1) SOCl MeO,C MeO,C MeO,C
25 MeOH, reflux 2 NaBHsCN 2 2
—_— B — 3 H + 3/ _H
N\ 2) Boc,O, Et3N N AcOH, rt
N CH,Cly, rt N N N
98% (2 steps) 57%
H H dr=3.4:1 H H
L-tryptophan (6) 185 186 187
less polar isomer more polar isomer
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BONTTT AT vAY—D o5, ETERMIEAY 186 % H W TLED X
JirZ4T > 72 (Scheme 35), 9. 186 DA » RV VZEHEFAIC Ts A EHEALT
188 L L7=#. KBTS A Y TF AT I =0 L% HWTT AT IVENLD H15 5T
EIToCT AT E K189 2157, *189 (2% L CTH&BE T BT VU KD syn TR 72
MBS DIRF Z2AT 72, LNLZRB S RSO YT AT LA RIRMED
A IR CH D Z EN o oTc, £ T 18 IZxF L TIRIE T 7 r v o
—TIVHEER 190 WO AL ESETEVF U LT BT Y REEH S E72%, 50°C %
TR L7z, +56&. fAMRINICEVAECTET Vaxy R 191 EHFED 71—
A— " ~BL L, syn K192 & anti 15193 O —FEIEO AV VY ) v 22 5
ZENghols, TN o0 FXFH VY ) T hT LA~ NT T T 4 —
WZCEGIZHBET 2 2 D TE T syn 18192 & anti (K193 DAL DOPTE L,
FHXY VY DOEREF EBBIRFOWMoffiOTw hEIEDOT v T Y o
TEBEHRTAZLICL 2T ToTWA P, ZZTldes-T VU U HKT
R syn 18192 W TURBO RIS EIT 272, 192 D J1—s3 A — NELOTEME
b BEFRTOMR#EL B E LT p-Ns FEE2EA LTz, EEMESMAT, 194 OIF
ML ST — 3 A — MO NK G FE AT > TT X 7 T v 3 — Lk Ek 195
E L. FWT P72 REMLE AW FINBIEROGZ K 0 | cis-T 2V Vv
FHER196 2 ERT H T LN TET,
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Scheme 35. Synthesis of the cis-aziridine from the less polar isomer

NHB NHB: NHB Ag’l[z)
0C 0C 0C
MeO,C MeO,C OHC /OTBDF?QO @/O\) NH
{5} e
2 TsCl, Py 2 DIBAL n-BuLi
3/ H —_— H —_— H _ _—
CHCly, 1t CH,Cl, THF TBDPSO = H
—78°C 78 °C;
N o N N
H 98% Ts Ts N
Ts
186 188 189 L 191 —

less polar isomer

N
o NH
LDA, p-NsClI
+ P> 192 0
———————» TBDPSO TBDPSO = H syn THF TBDPSO
~78 t0 50 °C -78100°C
41% (2 steps, syn)
39% (2 steps, anti) N 71%
Ts
192 193
syn anti 194
OTBDPS
p;Ns
N\ HN-PNs N
LiOH DEAD, PPhy
—— —— =  tBDPSO__Z# H
THF-H,0, rt HO H PhH, 0 °C
96% 53% N
N Ts
Ts
195 196

2B, BRTEFY ROT LT KD syn BIREZRAIEGICE L T, B
Tk 7emEbiTom, e VX LT — T LFHEER 160 2 H/ED W74
B7EFU ROFL— MEFAZAMALET VT B R 189 ~D syn ER A 22N
J& (Table 6) <X°. FEEOHMRINIARILEN R DT LT E R 199 % HW 7z [AEED
fHNMEUE (Table 7) AT A, syn BHRPEITTH R OWL b O TIT e o7z,
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Table 6. Diastereoselective addition of the acetylide toward the aldehyde (1)

OPMP OPMP
NHBoc il
160 \ NHBoc \ NHBoc M@
OHC n-BulLi, additive \ \ B '\E"‘] NHBoc
H —_— + N oCcN O
THF, temp. HO H HO H N on
: S W
° N N Nu f H H
s Ts
189 197 198
from the less polar isomer syn anti
entry additive temp. result (197+198)
1 - —781t00°C  35%, symanti= 0.83:1, 11% (189)
2 CeCl; -78t00°C 63%, syn:anti=2.6:1
Table 7. Diastereoselective addition of the acetylide toward the aldehyde (2)
OTBDPS OTBDPS
NHBoc " oTBDPS
oHe — " 190 N\ MNHBoc Y
t] <
" conditions R [,' \]NB NHBoc
THF, temp. HO H 0 Neoe HO Nu
N
0 R R H
N © H
Ts H 'y Nu
199 200 201
from the less polar isomer syn anti
entry  conditions temp. result (200+201)
1 n-BulLi —781t00°C 71%, syn:anti= 2.2:1
2 EtMgBr,CeCl; -78°Ctort  48%, symanti=2.2:1, 37% (199)
3 nBuLiCeCl; -78t00°C 44%, syn:anti= 3.9:1
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3NEDONARAL DRI D cis-T V) P AT _< | Scheme 34 I THN
CUT AT LAY —D O L, @it b EY 187 %ﬁﬁm‘fﬂﬁ%@ﬁm%ﬁot
(Scheme 36) .

Scheme 36. Synthesis of the cis-aziridine from the more polar isomer

e
NHBoc NHBoc NHBoc /\OTBDPS /\\/‘[(NH
MeO,C ’2 TsCl, Py Me0.C Z _DBAL Z n-BuLi190 /<I/S§
CH20|2 nt CHZCIZ THF TBDPSO 7
_78°C -78 °C;

187 202 203 — —
more polar isomer

i\

LDA, pNsCI
205
——» TBDPSO TBDPSO syn THF TBDPSO
78 t0 50 °C -78t00°C
30% (2 steps, syn)
33% (2 steps, anti)

205 206
syn anti
OTBDPS
p;Ns
_p-N N
N\ HN-PNs
LiOH DEAD, PPhy
-_— —— 2~  tBDPSO . _Z H
THF-H,0, rt HO H PhH, 0 °C
71% 74% N
N Ts
Ts
208 209

3NLOMEXNLAAC N IIR D cis-T V) VU FHER 196 & 209 G D 2 &
MWTELDOT, 26 _2>DLEWM TOBRILES D % 7~ 7=  (Scheme
37), 1EMEMEAL A 186 N DFEE LTz cis-7 2 V0 196 % W CBAL G 21T
ST Z A BN B LAY 210 OILRIL 2719 E TH-T-, —F. &
WAL A 187 D OFEE LTz cis-7 VU V2 209 7 W CEBRILKG 2T T2 & &
A, O ZBRME AW 211 OIERIE 63% Th o> 7oh, REISOT VU P
209 OFRAFBIH STz,
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Scheme 37. The result of the cyclization reaction with the cis-aziridines

NHBoG p7NS OTBDPS
N
MeO,C
/ BF30Et2
TBDPSO = H —_—
CH,Cl,
O°Ctort
N
Ts ~27%
186
less polar isomer 196 210
NHBoc p Ns OTBDPS
MeO.C
. BF3 OEt,
3[-H . TBDPSO
N 0°Ctort
H 63%
11% (209)
187
more polar isomer 209 211

INHDOHHEMNS, A2 U v 3 MOSMREFRICE L TUIRRETIEIH 5 b
DD trans-T 2V U BT IVUERBWZ S35 0> 7=, LU, BURD trans-
ANT 4 =N T VYD OEMRITIINCERR CORE2HEZEL TS B &
HEMLHE Fax i AFAENEAINTKELZHET 0 E LD D, £ 2T,
ZIVE TICHENT L= B R IBICRN > T trans-7 V02852 2% 2 &
TEFU ROT T & RO anti BRI 72 NS ORGEH E2 1T - 72,

ZZ T, RRBROFEETHLT LT E R 189 IZx LT, ~"FHAF LY R
FUT X REEF 7 2 b F L —F L8R 160 AL SEZTEFY K
D anti BAR72AIINS)E &2 78 7= (Scheme 38), ~FH A F LY g R 7 2
i, &F0Ox L — MEM Z Rl S &% Z & T Felkin-Anh &7 /VIZHE D anti %
R 72 INBG B S DEMAIE LTHHRTWD *8, AENIEGHRD
BHAL B STz,
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Scheme 38. anti-Selective nucleophilic addition of the acetylide

OPMP

NHBoc

= oPmP

OPMP

OHC 160 N\ NHBoc N\ NHBoc
n-BuLi, HMPA 0 BocHN
. THF, -78 °C * 3 BocHN R oc
O HO H HO H > HO Nu
N multi spots o ~
Ts N N Hh N ol !
Ts Ts
(R< NHBoc)

189 197 198
from the less polar isomer syn anti

ZIZT, RICERBOX L— MERAZAWEZY T AT VBRI R TN ¥
A7z (Table 8), T 7b0H, fIMMEDY T AT L A~—0DIREY 197 & 198
% Swern FEL ORI Z & THRIGT D7 b 212 ~EH L, Fix ORITK
ISERRE Lz, entry 112 WT, HbE Y U AHFETFTAFRILATEST NY 7 A
EERHESETR, U7 AT UARIRMET synianti= 128 FREE Tdh o> 72, entry 2 IZ
BWTKFLIA VY TFAT NI =0 A HWEERITIE, S RMEIT 1:53 1268
L7co BRI entry 3 1Z8BWTC, AKFL MY (s-7FN) RURIVFULEH
W5 ETEIES 1:63ICFE TR ESELZENRTE, 2O, BHITRL
TWAEIEEORBZRTL IV RNBER T L OB TOEBIZLAF L
— MERMB & | EBXHDRSEEED D IRWVIIN GBS HZ & TYT AT L
FBRIRMER B L TV 5D,

IINHOBBNG ., trans-T VY V2 OB R LB I KR EE DN LRI T K EE
fLhY (-7FN) "RV FULERHNET b OBETNI L VSRS 5 Z
L& LT,
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Table 8. Diastereoselective reduction of the ketone by chelation control

OPMP OPMP OPMP OPMP
N\ NHBoc (COCI),, DMSO N\ NHBoc N\  NHBoc N\ NHBoc
\ CHZCIZ —78 °C; \ condltlons \ \
HO i Pr2NEt o
H  _Z8t0°C H
N N
Ts Ts
197+198 212 197 198
mixture syn anti
@ entry conditions syn:anti
M] Boc (determined by NMR)
Bo o ~
l\{ 0 H s oH 1 NaBH,, CeCls, EtOH, —60 °C 1:2.8
—_—
/ﬁD @ 2 DIBAL, CH,Cl,, —78 °C 1:5.3
\ R'
K H g R HoR 3 L-Selectride, THF, ~78 °C 1:6.3

FROMAEZSEZT,

trans-7 VU ¥ UFHEREZ LR L7 (Scheme 39), D-

KU 772 (156) ZHFEEEE LT, A4 v R—LEHNMNOETKIGA >~ R
VDOV T AT VA~ —213 & 214 157,

Scheme 39. Reduction of the indole moiety

NH
HOLC 1) SOCl;
z MeOH, reflux
_—
AN 2) Boc,O
Et;N
N CHZCIQ

97% (2 steps)

D-tryptophan (156)

THEOT AT LAY —D9H,

17> 7~ (Scheme 40),

NORITIZE D T AT E F199 & Lz, 199
—TIVHEER 190 NHLAE L ST BT Y REEH &, synanti= 2.2:1
¥ 200 & 201 =157-, BE
FRIbIZ LD IS T 57 b 216 ~FFE L7-1t%

IR DIRA

NHBoc NHBoc
MeO,C MeO,C
NaBHSCN
AcOH rt
~50%
dr~2:1
157 213

less polar isomer

NHBoc

MeO,C —
3/ H
N
H

214
more polar isomer

MR AW 213 % W CUARR D i %
213 DA R VERIF I Ts A E AL, = AT ILED
WXL CLIRIE R 7 e v o

\Z T

200 & 201 O T )L a2— )LERLZ Swern
KB RY (s-TTFN) RTFEY

FTLZEDT N ENLDETTINEAT 2 T2 Ty KEEFEIC Ms A2 EA L

7= 1%\

T AT LA~ —
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DR, dr=68:1 IZTHLHZ N TE, B, ZDanti K217 1%, cis-7TV
Y ORI OTREIKATH D anti 1K 193 IHFFEE L7 H O & [Rl— OFIX LR
IbFZ2 6T 26 THL Z L 2R L T D (Scheme 35 /),
*EHLDVT AT VA —NEALRIS DT T D BVEEA~EFFETE 50
TS TIZ R o Tclod, O E TR CEY 213 ZHVWo, 7ok, @ik
HAL G 214 % O TZRREHIAT - TR0,

Scheme 40. Successful diastereoselective reduction of the ketone

OTBDPS
NHBoc NHBoc /\OTBDPS
MeO,C 190 N\ MHBoc
213 TsCl, Py DIBAL _ mBui BuLi
less polar isomer CH20I2 it CHZCIZ THF
278G 78100 °C
71% (2 steps)
syn:anti= 2.2:1
215 199 2004201
mixture
OTBDPS OTBDPS
b
NHBoc 1) L-Selectride NHBoc I Boc
(COCl),, DMSO R THF, —78 °C A\ : Boc,, “NH
- - —_ "\ o HO H
CH,Cl,, -78 °C; 2) MsCl, EtzN MsO \
ProNEt H CH,Cl,, 1t H
o ’ BR3 e H
-781t00°C 60% (3 steps) ' Hy- R
R H R
dr=6.8:1 N R
Ts Ts
216 217

e TRIZT VU VU ENLORE L IRFE-IRFAEETEAIGTH D (Scheme

41), RS 217 @ Boc #EZFrEL, EUEHE KT I Ik LT p-Ns %
DEANEITHT2E A, EEMIT /AT IR28 ET7VU V0 219 L DRA
MThole, TNOLERGWOF FHEMEEMIAT LT, 7YV 219
AR ST, AKIE T 219 O TBDPS 5% 7 N T -n-7FINT UE=T AT )VFY
RIckVBpELTCTa/rX L7 ra—u220 & Lz, 220125 LTCO0 °CicT
—T7 MR U RV ZTF LT R EAER S T2 & 2 A, BALKIS A RS
WZHEIT L C =M Ew 221 BEOND Z & nhrolc, 0B, T ORI
TI% TBDPS A4 BrE LI RICERILIE 21T > T b, BR{k# 1 TBDPS DR
BEAT oI G T a VX NENRT Lo ~RBE (T 5 Z ERE I
WTHDH (Scheme 22 ZH7),
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Scheme 41. Installation of the aziridine moiety and the construction of the C ring

OTBDPS OTBDPS OTBDPS

OTBDPS

N\ NHBoc 1) TFA
R CH,Cl,, 0°C

K>CO3
B —_—
MsO 2) p-NsCl, Py MeCN, 60 °C
H CH,Cly, 1t
78% (3 steps)
N
Ts
217 218 219 219

TBAF BF3OEt,
_— _—>
THF,-10°C CH,Cly, 0 °C

61% (2 steps)

220 221

AR AR TORFHT L > TERALSIG O EBL Al e 2 M8 T 5 2 L N T 72
D, MEE LTA v R VDR ITRISIZ L D14 R & 3 DN EF D
EATRENZET 5D, KARSOIEL LT T A7 U A3 (50%, dr=2:1,
Scheme 39 ZM/) 132V DO TIE RV, £Z T, A > N V3D NR b
AT 5 FEERFTRETHDLEBZ X, rans-T VU P U~OFEHELE
D TCEGTEZ# Y ETZ & & L,
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2-4 BRAUSUSHIBRAR TS B trans-7 >V ¥ U iBBRDO K B AL

2-312BWT, trans-7 VY T2 166, 167 & cis-7 2 U T 168, 169 O IUFEEH
DIT AT LA~ —IZx% L CBALBIGN O 217> C& 7=, £ Z CTEHFITIRIL
PO % AT D ROSHEPRIRD =M 2 i 5o XEThHhH T & R LT,

O A, B BRA U N U ThHDLISEE N BEALBOSDTIFIZET L2 &
5. TA, BBRBPA VRV THDHI L,

@ trans-7 V) U B OBEALISHFBIZEIT L2 0D, Trans-7 2 U o
CVEALTWSZ L,

@ A YN ET VDD FENDELD OOV T AT VA
=D, RADTT AT LA =0 DHBLKICHEIT LI Z b, T4
Y RUEMLE T V) D BN DARRI SR R A TR E TH D .
FE@ICEL TR, oD YT AT LA~—166 & 167 DO b, EH LNRERILK
I DHEITT D BMIRTH D 00T 072> TuvZevy (Figure 10), ZiLE T
5T E TP ERDSIARAE T DU T X B sa i EEAT° NMR (2 & 2 I E D
WEETH -T2 Z Lnn, AR & N9 2B TR IR b SE X Ot 7
MMEZOWREEZ BT E Lz, OEET 166 2L, TOEKEITH Z
L& LT,

166 167

Figure 10. Two possible candidates for the cyclization reaction

23 TORRLEFELESEZ, AV RV U3 ET VU UL ON IR &
HlE LT 222 ICBE DR B ZZE 2 L7 (Scheme 42), 72U U8RI
223 DT X TV 3 —VEME & W THEZE L SR 13 224 O VIR = VERE
WX L ClEb s i a2 CEAT A E L LTz, trans-7 VU U UE
FRAZ MBI NI LT, A 2 R Y 7 a B U RFER 226 206 AR AIHEZ: N-
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TINAXH YT )T AT R=y | 225 & D syni&RAY72 Evans 7 /1
R— Gzl T USRI TcEs B2, 7,26 D1 FY v
AL BIZ R > THESNTWDEEBRT I 2LEUS P BNEHTE L &%
ZTee A KUY 3NONMIEFIL, ap-FREEFIT7 VT e K 228 IZxf9 5=k
0 A &2 OARFE Michael (fIIEG T2 K OGS 5 2 & 23l L7z,

Scheme 42. Retrosynthetic analysis toward the frans-aziridine derivative

op Construction ~ OP
of the Introduction of Evans
SO:R Aziridine the Nitrogen Aldol HO,C
X N Moiety \\ NI Atom Reaction
= —> " —> —> :
H
H 0 H OP N
P
N N \
p P CHO
225
222 223 224 226
Aromatic OH Asymmetric
Amination Michael
Reaction Addition N CHO
E— H > @V + MeNO,
Br
NHP
Br
227 228

£7°. A& Michael IS DRFHI AW D o,B-REaFIT LT & K228 ZLLF
DIFETHR LT (Scheme 43), 2-7BEXU X7 /LT R (229) (27 VL~
rxvuhral ReERESE, £ U7KBEEZ AcfbLT230 & L7z, fitl C
230 DR _EREATNLOA Y AT K HEERAR & R AT L Tk
7 — M@ ElcB W2 Vo B-REaF T L7 & R 228 ~ZEHLL 72,

Scheme 43. Synthesis of the a,-unsaturated aldehyde

1) MgCl Oy
N OAc MeOH-CH,Cl, cHO
CHO THF, 0 OC _78 OC; \ H
_— > X >

2) Ac,0, Py EtzN, Me,S

Br 80 °C Br —78°Cto rt Br
83-89%
229 230 (3 steps) 228
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AV RY Y 3 iDSREFEDOREEIZONT, HMOHIC XV HE STV DA
filht 231 & O 7oL B-REAFI T LT & R 228 ~D = k1 X X L DAF Michael £}
B ¥ &Rt L7z (Table 9), entry 1 IZBWTCHRICHRE SN TWD A X ) —
IVEESEE LCTHWEZE 2 A, KR 228 OFE L FEHC AT 2 233 L A X
S — VAR 234 DEIAET DRER L 70> 7=, &2 Tentry 2 5 entry 4 Tl FE
7ua hMEETCH LT E R=FU b, YrmuaRAE s DAFARILLT
REEE L U CRINZAT S 12D RS Do,B-REaFIT LT & R 228 NEIL I 4L
TR LT 233 MY EBNIS N7, entry 5 & entry 6 TlE, A X J —/L & i
LTERWDY ) — LAY TFa LT ia—LEZfn-l 24 233 L 234 D
BIAEDMNH Sz, B EILNMZ LY BRIO T L2 —/v 232 ZHFREEE DR
IZTHRDZENTE T, vk, BEBEERERERICOWDTIIREER TR E 2
Xl oz,

Table 9. Asymmetric Michael addition of nitromethane

&Ph
N Ph OH

H
OTMS 5a, HO
MO PhCOH, MeNO,  NaBH, " @f\/\OH
> > + +
Br solvent, rt THF, rt Br OMe
NO, Br
Br
228 232 233 234
entry solvent result (2 steps) % ee of 232

MeOH 232 (35%), 233 (12%), 234 (11%), 228 95

;
2 MeCN 232 (19%), 233 (46%), 228 88
3 CH,Cl, 232 (25%), 233 (27%), 228 91
4 DMF 232 (16%), 233 (32%), 228 84
5 EtOH 232 (52%) 90
6 i-PrOH 232 (44%) 20

JoTe 232 ZHWTHZRDEBZ MG L7z (Scheme 44), £, BEMSMF
THREH W= e EORTEITW, ACTEE M7 I AT Ts EEEALT
ANIRT R 235 2157, T I U kEil L BT U A2 W EEBET
SRR P EEHATH LT, A2 R UFFER 236 ZIZIETEEMICHED Z
EINTE T, 236 DKEEFE A, AL — b 237 R L7ZEROSICE D =Y
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JL 238 ~EHAL . BRIC= N U VNI AR A TV AT VR TR 3RS 5 2
ETHEDA VR 7 A VEEFHER 239 #1552 L TE 2, LLK
EARIZBWT, BAIOARE~A F AT OBIZFER N E T T 572 8, 7
BN E 7N &R RE R &2 Wra LT,

Scheme 44. Synthesis of the indoline propionic acid derivative

OH OH
1) Zn, AcOH HO
70 °C Cul, CsOAc MsCl, EtzN
H B H B —— H .
2) TsCl, EtgN DMSO, rt CH,Cly, 1t
CH,Cly, 1t 5
g V02 54% (2 steps) gy HTS 99% N 96%
232 235 236
MsO NC HO,C
1) AcCl, MeOH 2
4 NaCN, TBAI H 50 °C H
EEE— B — e
EtCN, reflux 2) LIOHHZO
N o N H>0, aq N
Ts 96% Ts THF'HZO Ts
65 °C
237 238 239

ARF Michael NG D ARFE FEBFEEILLL T O X 512725 T D (Scheme 45)
Bttt Fap-REAfn T /LT b K 228 & vn U U0 & A3 5 AREAEE 231
EDPAMEAIZ LD . FTIORTRNEMEZETLHA I =0 LD T A UFE 240 7
AR D, = b a A Z DO 240 ORISEZRET 5 X 5 ISR TR X v i
ZHIET, NUVUNMIDAFENEANIND, VT, MK G5
il 231 WAL, TATE F22 03535615,
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Scheme 45. Enantioselectivity of Michael addition of nitromethane

F&Ph
N Ph
H OTMS Ph Ph

TMSO O,N TMSO
231 ~[-Ph 2 J_Ph
M0 pncoLH : MeNO, :
7 . : - :
NS AN
Br
Br Br
228 240 241

H,O H
= . CHO —
NO
Br Br 2

242

B 7z 7208 2 LU R IR (Scheme 46), 226 O 71 VA BT 243 DA L7
S UEME DI L VB ATE 2,243 DA > KU UL E R O N & F5
FTHET I MRS E R THEE T H e 2&EX T, AV RU Y 3 fONKRLTF%
T DHRIE L LT, REFMBEZ W=7 27 LA 7 U ARG
ARATH2EE L, 24413 2-T 0 E T == LFEE (245) O ERTH L
FHE L7,

Scheme 46. Modified Synthetic plans of the indoline propionic acid derivative

Aromatic Diastereoselective

HOC — Amination Allylation
Reactlon Reactlon CO.H
H H 2
>
N N Br
P P

245

-7 T T = = )LEEEE (245) L (S)-4-XUUN2-FXV VYT (246) L
DA IS LY . N-T A X8 U ) 247 %457 (Scheme 47), Mtk
ELTTRMITLAER (RUAFNLTUN) TIREHWZYT AT LAER
HI72 7 U BRSPS ﬁb 64% DILR, dr=9.4:1 IZTHED T VU Uk
K248 155 Z LN TET, BIGIFMHEO T, 4 FU V3 MORFROEFEAN
:ﬁHb\f:K%%ﬁ%%OD[@%%ﬁb\ T a—)L 249 ~EEHE LTz, %V T, N-Boc
RV T X REMRWESFRGIES N L EFRIEFOBEANEIT- 7o, BBk
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FMF Boe BEAFRELTAAARST I REFEIKL 250 & LT, Jofe & RO S
WZTCA Y RY UL AREE LTz, A1 RU 251 OF L7 ¢ VENLIZE Rk
¥ FAUBUG & < Jones BEAKIC KV ST 2 WV U EEA~EHL BOA R
Vo 7a A UK 239 2155 Z LTI Lz, i, ARGRREEIX 25 ¢
BEOKEAHKIZTHAMAEL O THS Z L 2R L TWND,

Scheme 47. Synthesis of the indoline propionic acid derivative

P|vCI Eta
‘g NaHMDS
@\ACOZH 04 246 7/\ /\/Br 7/\ L'A|H4
Br n-BuLi, THF W( toluene-THF THF, 0 C
-78°Ctort -78°Ctort
86% 64%
245 dr=9.4:1
1) TsNHBoc
DIAD, PPhy ) disiamylborane
7 toluene-THF cul WFJCmn HOC
H o _ B80°C,o9% °C, 99% NHTs _COsOAc %% H
2) TFA C|.|2c;|2 DMSO rt Jones reagent
acetone 0°C N
Br Ts
(2 steps
239

DT AT UABRERT UV AMEISICOWTIEU TO L S s nd s ¥

(Scheme 48), N-7 I IVAXH 2 ) 22 I L THRIE FY FoLd A Y
b7 IR LUZT MY TAER (RYUAFLTYNL) 7 FEEHS
5 E@2)-= /77— 283 MBI AERT 2 Z ERNHBN TS, i\ TT U
nrzua ReERsED &, fIgHDOA Y 7a VI ZRET 2010 5 K E Al
BT 252 TT VUK 254 N5 Y7 AT L ATEIREY (dr> 99:1) I B 5,
ERILZOMREZEIZLTT VRIS 21T~ 12,

Scheme 48. The precedent of the diastereoselective allylation reaction

Y\o LDA or NaHMDS [
Me/\[o(Njg THF, —78 °C L

252 253
(2-enolate

i-Pr
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FERITIERREOE TR AZBIE LT, a7 T7 7 U ILVEEFHER 255 O
Michael FIAISE ©IZOWTH G 2T o 720, ROV ERITEL N2 o
7= (Table 10),

Table 10. Unsuccessful introduction of a variety of acrylate derivative

Bn : ; Bn
TiCly, i-ProNEt
\T”\O CH,Cl,, 78 °C; R Fl‘T”\O
N > N
\« Z R 255 .K
o) o ¢} o
Br —-78°Ctort Br
247 256
entry R result
1 CO,t-Bu no reaction
2 CO,Me no reaction
3 CO,CH,CF4 no reaction
4 CHO 247:256= 1:1, byproducts

A > R 7 e SR 239 2 VT Evans 7L R— /LSO &
4T 57 (Scheme 49), 239 & (R)-4-X2 UN2-FF 9 UL ) v (257) & OFEL
FOSMZ X0 N-TIovAde> 1) ) v 2588 #1457, e\ C, 77k K=
v 289 LDF L= LT )T — NERKHET D Evans 7V R— VS EIT > T2,
Evans 7V R—= VRIS TIIARUFEEZ ) T— 2 HWAH Z NI TH LN, Z
Z T K Rl LT # v BTV K= ARG ORET EEE L, R
TV R LB ORRFHIE O T Crimmins H OWEZBHIC L, BINFIE LT
N-AFnenr ) Rz Hne Y REOSEUETIE, N-T v dx8 >y U2 ) U
D DD HAR= A OBHEFT— A > FRHHE FERAD THY . 1o
SR L ORI D e b D e DB IR AR 260 2% T T L N — VRS EIT L
BIRNER, B0 T 2T LA~ —I2TT IV R— LSRG E 261 23E 5L
HZEERHL,
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Scheme 49. Diastereoselective Evans Aldol reaction
PvaI Et3

(o]
HO,C YQ 057
H
n-BuLi, THF
N —78°Cto rt

Ts

(6] OTBDPS O,

86%

239 260 261

single diastereomer

Crimmins HIEFF =V L1 ) T — M2l d 570 R—=/LROSIZOWTUL R
DX EELTWDH Y (Scheme 50), N-7 2 vAFH U2 ) 2262 12U
fbF L ENN-TVAY TR ENVZTFLT I VEERHSED L (2)-= /7 7— | 263
EARTLZZENMLN TS, WWTT AT e REERASED L, —RAUIC
[ N—'f“//I/ZLﬂHJL‘/“ U2 VELD DD H VIR =)L D RRRA-TF— A L N

M (FRED THY. MOMEE OSSR REN K b D72 OBEBIREE 264 &
fXTTﬂ/ R— V23897 L. Evans-syn 1K 265 235 65415, LxLTFH¥ =7 A
T/ 7= BT L7V R— ARG TIE, x> U2 VORI T
WFZANENET D 2 & TLREINDERIRGE 266 720 b KIS HEIT L
non-Evans-syn 1 267 ZREIAET 52 EnMbN TS, £Z T, N-AFrenl
R ZWINT 5 L MFERT & T 5 o OREEDREE L CEBIREE 266 X RLE
S AU, Evans-syn K265 2 7 A7 UVABRIIZHE S Z LN T&E 5, EFITZO
FNR. 2212 L C Evans 7 /v R— V& 1T 2 772,

Scheme 50. non-Evans type aldol reaction via the titanium enolate

/iﬁmsn OH 0 o
NMP 0 //4
Q’T"CI - R N" o
Nyt " R1B‘°\\/
I
o o TiCl, i L R J "
; . 2 264 265
R\)J\N J(o i-PrNEt R\)\ _R’CHO | 2255
\\/ ' _ %
Bn Bn I O OH O
. V7 C o]
! BnIN Q L A
262 (2)263 e ERREEEE HETJ\O Tig|---> R N"No
-enolate = H
0 1
RT .
R Bn
266 267

non-Evans-syn
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W72 BRI SOS I L D ERIF T DEANTH S (Scheme 51), 5407
TV R — VUG HAEIR 261 DO N-T7 S VA X3 U 2 ) Ui E e BT 204y
FRIZE VRIS T DT Ve KTV R 268 & L7-t%, HEER -7 F v & =7 w1k
RUFRVZTFNT—TNAEERIC L D= ML EPKRKISZE VEET ¥ R 269
NEHLUTZ, 269 & R v 2 HNEGREIZ A 2 & C Curtius #5223 EIT L, AR
CleA Y7 F— 8 270 DEFEOKBRETHIESNLZ Z &I AFHy U
J 2271 2 PR DOUERIT TR,

Scheme 51. Synthesis of the oxazolidinone

OTBDPS O, OTBDPS OTBDPS
(0]
N—NHNH,  £BLONO
s BF4-OEt,
—_— >
CH,Cl, toluene
H 0°C 110 °C
N
Ts L _
261 268 269 270
N
o
P —
49% TBOPSO __F H
(2 steps)

27

Tt RTY RMBEET Y RADOEHORE, 7k KT K 272 ZHW0
THUAEIRE T U O L 2NN DOt ZEM LIz 2 A, BRORRT
VR214ITMATT X R 275 BEIAETHZ Enn->7- (Scheme 52), 2D X
D IR BUSIA ARTZHE STV % 2, AR 273 22 B RREIC/RT L 9 I2KkD
TBEAELT T UL T ¥ 8 274 DGO, —HFFRAITRT L 5 I—mik
TEBEDBBES DL T R 275 ~EH IS, 275 DEIEZIEIT LA R
ez W OSSRIEEZBM LTI 2 A BT VR 2714 OBRBHFLND Z LR35y
Hro> 7= (Scheme 51 /).,
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Scheme 52. Undesired formation of the amide

H path A oH O
?H (0] QH ®O:> q(\ path A :
/ N AT wNgNo, | o = N
Z 1 H = \ﬁ) UN' H ZZ 3
OTBDPS m OTBDPS w path B OTBDPS W
274
272 273 35%
OH O
path B -
_NZO // : NH2

OTBDPS m

275
44%

Z 2T LLRETA AR L2 RA & O NMR O EL#R I K 0 AR SR L E O TR 24T
120 LETOA T EUAMN S A X9 ) ¥ 7 276 %Ak L7z (Scheme 53),
¥, p- MU TN T 7 VHOROEARIE LAY 213 DR T D & BRAL UG 23k
ITL. ZBRMALAY 221 G H Z L ITBEICHER LT\ % (Scheme 39-41
), TNFNER L7271 £ 276 D NMR il L7=& 2 A, 20 >0 NMR
T Lol LB 271 O 3 LDOSKEFIT T T AT UAERBYR T Y
JALBOGMZ X0 . 5 62& 10 AL BT syn R 7R Evans 7 /b K —/L Ui
WLV ZENENEA LT, — 7 LAWY 276 O 3 MDA LRI RRETH Y |
SAEDONARE L D- RN 7 v 7 7 HRT, 2225408 10 i & ORAfRIL syn T
HDHENDMHoOTND, ZNHDOZ NG, —oDbEMIEA > FY > 3 4if
DINAKRBDRAR DT AT L A~—Th 5 2 LRI EINT-, BILSIGH I
ITT 2 EBMERE BT 27201, SIKORFHBEZ HNTT NV R— VS ZAT
WD ZITO 2L & Lz,
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Scheme 53. No coincident NMR spectrum between 271 and 276

O
(0]
o) \>‘0 )3\
N )) NH
o p
Y — Topso _Z __ 3],
N N
Ts Ts
258 271
O
NHBoc NHBoc
: ///\OTBDPS

MeOZC
H n-Buli »
THF TBDPSO
—781t0 50 °C
N
Ts

213 199 221
less polar isomer

SIKDOARFAHB I 246 2 EH AN L= N-7 2 /v A K> U 27 2277 % V> Evans
TV R— VUt Ofiet 247> 7= (Table 11), entry 1 (28T, WA Z 72

VR CIELE E 722V ) non-Evans-syn 18 279 &= EAERY) & L CTH 272, % Z Centry
2TIE, N-AF e RUZNLZE Z A, BT O Evans-syn 1K 278 32
EDOWZRIZTH LN DO, HYEDEE 277 ORENBII STz, entry 3

B W, WA NNN'N-T T AFILTF LT I UCERE LR, lE
RN R SN0 T, entryd-6 Tix, N-AFvn U Ko & RIEEOME %2 £F
DNN-DVAFNTaE L URBROVAFIVANVEF Y R, AFHAF LY R
U7 X RERINFIE L TR ZIT- 72, entry4 L5 TNN-VAFLTrE L
VIRFEETVAFNLANLE XY REH WA T Bvans-syn (K 278,
non-Evans-syn 1K 279, JFUE} 277 O = FEFEI NS Ehérﬁ*?ﬁc‘: 72 olz, —7J7. entry 6
IZBNTATHAF ALY U N7 I ReHWTcEa, FrE O Evans-syn 14 278
DH% 81%DWR, H—D T T AT LAV—IZTHLND I EE R, 72
Be ~FHAFLY N7 I RERINT 2564 TIX0 °CIZB W TR E
T HIEbTNoT,
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Table 11. Investigations on the aldol reaction

P|vCI Eth
OTBDPS @) OTBDPS 0)
hae
HOZC 246 N\) TIC|4 base
CHZCIZ —78 °C;
n- BuL| THF T addve
—78°C to rt aldehyde
temp.
89%
see table
239 277 278 279
Evans-syn non-Evans-syn
entry base additive temp. result

1 -ProNEt — —78t00°C 279 (77%, major)
2 -ProNEt NMP —-78°Ctort 278 (54%), 277 (~36%)
3 TMEDA NMP —-78°Ctort 278 (26%), 277 (~57%)
4 -ProNEt DMPU -78°Ctort 278 (38%), 279 (19%), 277 (~39%)
5 -Pr,NEt  DMSO —78°Ctort 278 (29%), 279 (17%), 277 (~42%)
6 i-ProNEt HMPA -78100°C 278 (81%)

FTEE DT )V R — VIS RRAER 278 035 HAVIZ DT Se D2 % 1T - 7= (Scheme
54), HREERERICT S ve R UK 280 kM L7272 K 281 ~DZE# L
Curtius B5ZIZ K> T, AXFV VU7 282 % 3 B 62%DINR|IZTHL Z &
IZRED LTz, eV T, 282 DA T & ML OTEMAL & ERIR T OR#E %
HEy& LT p-Ns FEAHA LT, HIEMESMET, 283 OIS icr— " A —

RNEBALDINAS R AT > CT X ) T I a— )LikER 284 ~EH L7~ FC.
284 O VT X REMEE AW 0 FINEIEROGIZ LD . AT D trans-7 ¥V ¥
YRR 285 B RAFIRICRIZTARTH 2 LN TE T,
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Scheme 54. Installation of the aziridine moiety

OTBDPS O OTBDPS OTBDPS 3\
NH
NHNH, +BuONO Q
NH,NH, BF3-OEt, —
- Z
THF, 1t CH,Cl, toluene TBDPSO H
H 0°C 110 °C
62% N
(3 steps) Ts
282
278 280 281
S\\ OTBDPS
. p-Ns p-Ns
a ) _ N\ N
LDA, p-NsCl LiOH-H,0 DEAD, PPhg
—_— / _— _—
THF TBDPSO 7 H THF-H,O, rt PhH, 0 °C
-78100°C H
83% N 76% (2 steps) y
Ts Ts
283 284 285

ZDOBPETT IV R — VRS HAE R 278 DS syn A T 5 2 L 2R D X 5 ITHER L
TW% (Scheme 55), 73 /VE KT UK 280 ~DEHIZB VT RIBEIOE 7
UUTHUE LB OEBREITS T2, VA4 2 RICE DT VF v O ETT
NEIT LAY U 286 BEIETHZ ERgNnoT,

Scheme 55. Side reaction: Partial reduction of the alkyne moiety

OTBDPS O 0 o)
1) +BuONO
0o Q BF4-OEt, o)k NH TBDPSO o>\\ NH
\ NS CH,Cl,
Y xs. NHoNH, 0°C P X
N Bn > > TBDPSO __Z *
HO THF, it 2)toluene H H
H 110 °C
N N
N Ts Ts
Ts
282 286
278 (63%) (25%)

RIERY THHATH YUY /286 D nOe ZRIE LI-EZ A, HRAITR
L7 AEBENEN =4 7= (Figure 11), Z OFEN LAIEHE 11X cis OERITH D |
TV R =) VUL BAER 278 3 syn IR T H Z & ZfEsd LT,

72



NTs

TBDPSO

Figure 11. nOe correlation of the oxazolidinone 286

AEIER LTZAFY Y Y 282 DNMR & FENXEEZ LIRTER Lizibaw &
2% Z I K0 MRS &SR L OMERR A2 1T o 72 (Scheme 56) .
T7bb, U0 OFFETH LA VY v 193 L O z1T
STy ZODEAEWIEINMR B—HLTEY, ERELRW—HE/RLZZ &M
HINH oD EY) 282 L 193 ITFERINAIRILS:, MRTIR b L HIz4a< A
—DILEMTH D Z LN oT-, TOEEPET, 5 MNOMRIEA LRI L TR
ROV BNV TEEDOZ N ETHTHD Z ERHL NIRRT, EEERIEDE
SEAESE L CREORE T Z & & LT,

Scheme 56. Determination of the absolute stereochemistry

—
Bn — TBOPSO _F y
H
N
N
Ts Ts
277 282
[a]p?® +4.54 (¢ 1.01, CHCI,)
(0]
NHBoc NHBoc
///\OTBDPS O)\\ NH
MeO,C OHC 190
» n-BulLi
H > H > é
THE TBDPSO H
—78t0 50 °C
N N
H Ts 41% (2 steps, syn) N
39% (2 steps, anti) Ts
186 189 193

less polar isomer anti

[0]p?° +4.68 (c 0.885, CHCl3)
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ZDERET, WO 7 AT LA~ — O SERBLIE & 5 e 2T DA A
DN EERETH LN 572D T, BLIGEDFERIZONTE LD THL
(Scheme 57), trans-7 YV 178 & cis-7 V) 22209 L &bl L2564,
BEHINZRDOE D trans-7 V) DU DBALKISICHE LT EE EE 25, 4K
UL E 720 D LRI LI LT, trans-T V) ¥ OERBIR

m7&m8cm7/)//@L@h 2289 L 290 At L7 HG. WL

BHINL & 7 L3 UL ASEBHIALE T 5 287 & 290 5 RIS EIT 5 2
<E i))ﬁ:}i))%)o
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Scheme 57. Transition state of four diastereomers

e t+Bu
@ _ _
(o] 'S/
\
BFSOEtZ
CH.Cl, 57%
0°C (3 steps after
changing PG) \
p-Ns
178 287 180
T™MS
BFs’OEtz
%
CH,Cl, 0%
0°Ctort °
179 288 181
- — - OTBDPS
p;Ns _p-Ns
N HN
Ts-N H
BF30Et2
TBDPSO _F Ho———— I H
CH,Cl, 27%
0°Ctort
N
Ts | "I\'ls
186 289 210
pNs - . OTBDPS
N
/ BF30Et2
TBDPSO = ol — % -
CH,Cl, 63%
N 0°Ctort 11% (209)
Ts
209 290 211
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BT trans-7 2V U EEEK 285 1Tk L TR Th D IRFB-IREFESTE
RS DEAETAT L7z (Scheme 58), 285 12k L C =7 vk v HEY = F Lo —
TNUSEEREAER ST L 2 A, ZBIELEW 291 73 93%., 1 DOH—DHEM R L
LTHELN, BICRLTHDE I, FERBME I TF A AHEDHTOE
TR EAEFIC X 2BBIREE 292 OLTEALNAKIEDEITICRKE L FEH LT
WHHLDLEERL WD, FBEODF A -t AEERICHONT, B V=T A
WEFFREDOFF -l BEAEADRHRESNLTND ¥,

Scheme 58. Crucial C-C bond formation
OTBDPS

OTBDPS \
p;Ns N - P-Ns
\\ N H
BF,-OFEt,
_—
y CHCl, :
O°Ctort -
. TBDPSO N
'INs 93% Ts PNs
. 292
285 291 estimated transition state

single isomer

76



2-5 WUBRMEEAR OMEE L Y B 7~ D2

BoNTZBIEEAY 201 225 ) B 7B (1) OARICHT T, EEan-%E
A THEA LU FIZR T (Scheme 59), 37, 291 O 1/ LX)V 7 )L 32— LERAL O
WL DEBROMEE, WICMUERMALEY 293 DA > KU VERLOBLIZ K DA
R— LERER 294 ~DZEH, Z L CT A7 =/L3— R 295 (Txb3 5 —F bk
F DRSNS LD TNV VBREMEOEANTH L, KEIZ 296 DT 2T /LES
NDIKGEE A v R= VBRI FORELEDRELITAIX, VEAL TR
BoNDEWVIEFEITHD, Tivd D TRIZ OV TLARFIZRT,

Scheme 59. Tasks to be remained

OTBDPS (sn]

N .pNs  Oxidation of [Sn]
HN P N

Construction H Indoline to
of the D Ring Indole
R _— e
H —_— H —_— e
Ts Ts
291 293 294 295

co
Insertion
—_— —_—
_— —_—

296 ent-lysergic acid (1)

FT. TEALF AT L a— LFHER 297 IS AEBEIR e Re 24
=B # P2 DWW TG L2 R A 77§ (Table 12), 7' 12730 F L7 L a—
VAL OB, A XGRIE, T O M R SR EIC OV TRET EIT o
7o entry 1 Tl 7 0 7L LT )b a— LERALIZ PMP JEAVE A S 7= FE 2% L
T, RUBVIAIFT FSXF AR T2 LR AT 4 500 AL AkFEL
Uon-TFNAREVER & W2, BOGITSEIBREE CEIT LHREDOIE T 298 L
299 ONLE BMAROIREW 15203, OBINMEIL 298:299=3:1 TH Y +372 b
DT o 72, entry 2 TIE 7 1 7L X LT )L o — V(L O E #a L % TBDPS Jk
[CEE L7223, NLESERIRYE (300:301=3:1) ICZLITELS INROE TR R LN D
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DI TH->7-, —J7, entry 3 TIEF /L X)L7)La—)L (R=H) &HW\WTH
ORI EAT o T, SISO SEREITINRA LI TH O FTED 302 OULERIL 20%F2
FECH o723, 303 OAERITEM S o, £Z T, Ir/2VLF LT L a—
v R=H) ZHEEL LTRAZIT>12fR, entry 4 1IRT L 9ICT BTk R
TIUEBEFR R N T2 VR AT NG VAT Ia ) RERWD EAT
D 302 7S 60%DILRIZTHDIND Z &N hnoT-, (LfE R 303 DIRIE
9.0%FRE T D ATERIRIED M L b o7z, entry 5 TIERE 72 HA0EZRIRED
M EZABEL TR EEWALIRIETH LRI N 7 == A X & W2 ds,
B OFRAEN B S 7=, entry 4 O Z st L CROBRNIE S Z &
L L7,

Table 12. Regioselective hydrostannylation of the alkyne moiety

[Pd]
R'3SnH
+

solvent, temp.

297 298 (R= PMP, R'= n-Bu) 299 (R= PMP, R'= n-Bu)
300 (R= TBDPS, R'= n-Bu) 301 (R= TBDPS, R'= n-Bu)
302 (R=H, R'= n-Bu) 303 (R=H, R'= n-Bu)
304 (R=H, R'= Ph) 305 (R= H, R'= Ph)
desired undesired
entry R R' [Pd], sovent, temp. result

1 PMP  n-Bu Pd(PPhj),, PhH, rt 64%, 298:299= 3:1

2 TBDPS n-Bu Pd(PPhs),, PhH, rt 38%, 300:301= 3:1

3 H n-Bu  Pd(PPhg),, PhH, rt to reflux 302 (~20%)

4 H n-Bu Pd(PPh3),Cl,, THF, rt 302 (60%), 303 (9.0%)

5 H Ph Pd(PPh3),Cl,, THF, rt 304 (52%), 305 (10%)

Fa VLTIV a— )LENED B R a A X = U L O E RO T
LITDE DI SN S * (Scheme 60), (& ZRM: 2 IE S 5 K+, OMIH
ENT VY LFRDONAREE & QA XA L BRI L OMAEEH, O S Th
5o FPTOIZHONT, 7L ELT L3 —/LiFEE 306 ~Db R85 5 —
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ValrOEMWEEZR D, 307 L 308 DOL, B R R®ENT VT LFELE D
ﬁ%ﬁ%@&&wyn#%@%%Kﬁﬁﬁ@ﬁbf&mﬁi@%%&bf%%

o RIZDIZHOWT, 307 IR L2 L DI A R A LRFZFA & ORI CTOMA
W%#u BIEORBLT L2 HKO—2THDHEEZ LTS, Table 12 @
entry 1 °2 DFEREEZ DL, TN TV a— LENLICEEEEN B D5
A HAEERAPRKE Hiv, & HICERRIL L OVREF S KE < 725 72 DI
PEDIR T BRI SN L fRIRTE 5,

Scheme 60. Regioselectivity of the hydrostannylation reaction

oP
oP R'3Sn----OP opP
H [Pd] oP [Pd] ° ,
H | R'3SnH R'3SnH LnPd R'3Sn
| R! -~ R'SSn “Pd R - % R! | Rt | =Y
R‘asn Ln H H
R2 2
R2 R R2 R2
310 308 306 307 309
minor major

b e 2% = kORGSR B E 2. LT ORI A EHH L7z (Scheme 61),
F9°. 291 ® TBDPS 4 HREL T LT La—L 311 & L%, A
DEMETEH L 60%DINRIC CTHEDT VAT v a—L 302 24572,302 D/ >
VT X REAEZ W2 0 FINEREROSIC L 0 . TUERPEL AW 312 % BAF7RIUH
IZCHRD Z LTk LT,

Scheme 61. Successful construction of the D ring

OTBDPS OH
P -pNs BusSn
WH Pd(PPhy),Cl,
n-BugSnH 9y DEAD, PPhg
—_— —_—
H THF, 1t PhH, 0°C
60% 85%
Ts
291 311 302 312

A ¥ R AEMEOBAZ S D, 7 2 ERF S LOBMRIEOLRELT 1
(Scheme 62), 312 ICxfLC 18- TH L7 0a[540]7 > F H-7-= U F1E FF
7 a—NBEEASELZ ETTIVERET EO p-Ns xZFREL, AU
T8 T I VL DORITCHIIR A TF b E T T =7 I 313 & L7z, &K
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I, 313 DA > RY VEFRF 7 LD Ts Z2BTHICREL, oA R
VIR 314 I LT, R P rb Lo BEAYEERSEAZETA U R
U LA TVBIZA v R— b~k L, A R—L 315 2155 2 LITHIL
7o B, A2 F—VIEBILBISOBRICRIAET BB o' L= U O A
ELTHRMLTWD, HEWT, 315 DA > R—/LVERIF 1% Boc J&IZTHRE L.
A 2 R—/VFEEIK 316 ~ZEH L7, 316 (26 LT b U 7 LA o EEgIC L 58 =k
T DOEH#EEIT) ERIFIC, NN —RRAZ VoA 2 REESEHZ LT,
TN =)V AR A w T BT A =13 — K 317 ~EEICE#HT 5 =
ENTET,

Scheme 62. Oxidation of the indoline to the indole

BusSn N,p—Ns BusSn

~H 1) HSCH,CO,H
DBU, MeCN, rt

Na/naphthalene

H > _ >
2) formalin, AcOH THF
NaBH5CN —78t00°C
MeOH, rt
Ts quant. (2 steps) 86%
312 313 314
(PhSe0),0 Boc,O
Indole DMAP NIS, TFA
—_— —_— _—
THF, 45 °C MeCN, rt THF, -10 °C
80% 81% quant.
315 316 317

A R—=ILENLDOBADOERIZHRIKLE L TA > F—= a2z 2 0igEEe., £~ K
—J)L 2 NIIRB oL =B LY BRI bEY 318 NEHNLD
(Scheme 63)

Scheme 63. Over-oxidation at the 2-position of the indole

BusSn BusSn

(PhSe0),0

R —

THF, 45 °C

314 318
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T = E— R 31T 1Tk LT bR FFE A RS 23772 (Table 13),
entry 1 ([ZBWT, MESRME THERE/ T V0 Lak AW ARG ZAT > 7273 B Y
MO EITIRINFEIZE EE o, T2 THLE 319 (X, HEHiEES O R
EAT LB y-REFIT AT LD T AT LA~ —DIRAMTH D Z L3S -o
72, entry 2 ClE, BSOS ICXVHESIN TS, —B(bRFEIRE LTN-R/L 2
Ny 1Y (3200 ZHWDEOREM © 2Rt Ly, OSSR OB B
HENT=, BRIFOREE, entry 3 TRLEZXIICHEDO —MILREFRHK T, T
FIFARN) T2=)VIRAT 4 XTGP LE NI ZF LT I &ML,
NN-UV ATV LT I RERAZ ) —)VOIRGEEEF 75 °C TRIGZEITH 2 &
WZE Y BUSHFHRICHEIT L, TEDOBY- R AT VDT AT LA~ —D
BAM 39 B ELNDZ LR LT,

Table 13. Attempted CO insertion reaction

MeO,C
conditions
_—
317 319
entry conditions result
1 CO (400 psi), Pd(OAc),, PPhg, EtsN, DMF-MeOH, 90 °C 32%, dr=2:1
2 320, Pd(OAc),, dppp, Na,COs, DMF, 80 °C; EtzN, MeOH, 70 °C multi spots
3 CO (1 atm), Pd(PPh3),, EtsN, DMF-MeOH, 75 °C 71%, dr=1.8:1

EHIIT N =V A EY) 321 ) OEEET VR BRI 2 B AT D SO
TZOWNWT OB T o T2, KB ST EW 322 NEEMIIZE B ILHAE R
L7257~ (Scheme 64),
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Scheme 64. Unsuccessful introduction of the carboxylic acid equivalent

BusSn N,p—Ns H

CICO,Me
H Pd(PPhg),Cl,
hydroquinone
B
toluene-HMPA
110 °C

- p-Ns
NP‘

HOC quant_ HOC
321 322

oL 319 ZHIEMESMEIAT U, = AT VERL O AIK G E & T3 VAR = vafi
DEMEAL, Boc ZEDREE —RIITHZETY BT 1) OLAEEMRL
7= (Scheme 65) , AFiSAF1T Boc FEDFRE AL 72 INEGRAE 2 B 5 72 DIZ,
WNERNMEFLIZEEZBND, UBILITBA~DEBRIZOWNWTIE, KERDY B L
TEDOERUICE N TR ZIT) 2 & & LT,

Scheme 65. Total synthesis of ent-lysergic acid

MeOQC HOzC
NaOH
—_—
EtOH-H,O
75°C
319 ent-lysergic acid (1)
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2-6 KIRDO U BN TEEDERK

(R)-4A-RUDN2-FFH VY (257) H V., B L7 B AR IR I -
TRIRD Y BT EOERETT > 7= (Scheme 66), 345 DA 3 5 Boc FDFRZEIC
DWW EIT -T2, TORER, 345 2% LT R Y 74 ol 2 (A S w3k
CWRE AR E LT RICE Y VU EER IS LT RIFRIGEIZTY B
FR AT IV AT VT4 55 Z LIS Lz, &kic, SRS Tk fii %
fToZLicky, RROUEBALIEE 1) OEEKEERLT,
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Scheme 66. Synthesis of (+)-lysergic acid

PivCI, Et;N
0°C;
H Bn
N Bn, NaHMDS
@COZH 04\;) 257 ,\/,/\ o A LiAIH,
—_—
Br n-BuLl, THF m \\g A THF, 0°C
-78°Ctort Br -78°Ctort 85%
78% 74%
245 323 dr=13.6:1 324

1) disiamylborane

TsNHBoc Cul THF,0°Ctort
DIAD, PPhy NHTs CsOAc 97%
toluene-THF DMSO, rt 2) Jones' reagent
80 °C acetone, 0 °C
58% Ts 77%
99% (2 steps)
326 327 328 329
PivCl, EtzN
0°C; o) OTBDPS OTBDPS
o) o (o}
O 0 ,\?\ TiCl,, -Pr,NEL > O\ NHNH
N—{ 257 7) CH,Cly, —78 °C; 7) N 2 +BuONO
H Bn HMPA NH,NH, N BF3-OEt,
—— Bn Bn
n-BuLi, THF ) OTBDPS THF, rt CH,Cl,
o orH wH 0°C
-78°Ctort
A
100% N CHO
Ts 259 Ts
—78°Ctort
330 331 332 333
63%
o OTBDPS
o )\\
I NH Q N\ HN-PNs
O,’ N LDA, p-NsCl o N DEAD, PPhg
—_— - —_— —_—
toluene THF PhH, 0 °C
110 °C TBDPSO -78100°C H
o
63% 81% 66%
(3 steps) "I\'ls
276 334 335
OTBDPS
OTBDPS OH N
_pNs
" HN Z Pd(PPhg),Cl
. '3/2%~12
BFgOEt, TBAF n-BusSnH DEAD, PPhy
E— B —_—
CH,Cl, oH o
0°Cioit THF, rt THF, rt PhH, 0 °C
69% 84% 62% 91%
Ts
336 337 338
single isomer
BusSn
1) Na/naphthalene
1) HSCH,CO,H THF Boc,0
DBU, MeCN, rt -78t00°C DMAP
_— —_—
2) formalin, AcOH 2) (PhSe0),0 MeCN, rt
NaBH;CN Indole
MeOH, rt THF, 45 °C 67%
quant. (2 steps) 59% (2 steps)
340 341 342 343
MeO,C o M MeO,C i M
CO(tatm) o°2 -Me €02 Ne
PA(PPhg), H 1) TFA, Me,S H
NIS, TFA EtsN X CH,Cly, 40 °C X
—_— —_— —_—
THF DMF-MeOH Q 2) Py, MeCN N
-10°C 75°C 50 °C
90% N
92% Eoc (from 344) H
344 345 74 (+)-lysergic acid (1)
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2-7 WRFE

FEFIARFHELERICB W TY B TBEOH T 2 UBRMEE S OF S EED
WESTAC IS CHFZE 2T o 72, £, 72U DU EDIGEMARIC & % IR FE-R HE G
BIRRR 7 RE R OSSR & U TRE L, E7 VEE 140 2 HV TS SEM:
Dixw{t 4T ->7- (Scheme 67), TDOFEFR., =7 vibhU Rz oFLo—T )L
FERE WA RIGEMEZ R L, kIiZ, RESE VBT BOA RIS AT
5%@%%&%%%%?%5799VV%%%@Fié&%j%M?:OwT
MREEAAT 72, EOFER. 3. 5. 10 MO EFZ2WUNTHIE LT o) v
%%%ms#%wﬁ%kﬁﬁﬁﬁ@;Lﬁﬁé_k#%#oko

Scheme 67. Optimization of the reaction conditions and the aziridine derivative

+Bu 5 OTBDPS

tBu | OTBDPS
@ So | p;Ns
O @ N ' ® NH \\
- BF4-OEt \ N, BF..OE
™S — 3 2 5 3 (e} t2
CHZCIZ H 0°Ctort
0°Ctort H
93%
61%
s
140 1 291

single isomer

FROMBEL L1, 3. 5, 10 MO L2 @mUNHIE L7 U Ui
EAK 285 DA & NUBRME R ORESFLIE DOFENLIZREEH L 7= (Scheme 68), S KD
BFRIEEZET D N-T IRV T ) 24T DRUPANLTDOYT AT L
AR 72T VIARIZE D | 3ALORFREEA L, KRIZ, SEORFHBEE
EHETDHNTINEAFIH YY) 27T ET AT e Ra=v | 259 & O syn i&
RIYIR TR ATV K=V &0 | 50 10 fEDSEAR b2 & 2 7= 7 v K—Jb
FOGHGER 278 G Lo, W TERRFOBEAZITW, XY T v
282 AR . TV P UVBROIEBIZE D T VY VU FEEK 285 ~AEHL LT, 285
X L C ERRo#SZm#H LT =BREIEAY 291 ~E -, 291 O m 3L ¥
VT I3 — )VERNL DA L FIE S Z K D D BROMEFE A NERAT > THUERMAL S
32 L L., TOBDODERERCT NV r=1a— K317 2/ LTZ, BRO
AR LR BIRASGZEH L C—REL=y FEEAL, By-Riafie= A
TNDYT AT LA~—DIREY 319 ~EH LTz, KBICHRERLORRE Lk
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SRS EY ., VBNV TBROGHZEMR LTz, Eiz, #IX LA ICHE-> T
FIRD U BN 7D E RS R LTZ (Scheme 66 Z ),

NN

Scheme 68. Construction of tetracyclic skeleton of lysergic acid

PivCl, EtgN
0°C;
H Bn

\Ni Bn NaHMDS Bn HO.C
= 2
CoH OZ\ o 246 7\‘40 PN H 7\]/\0 ’
. —_—
] j( 3 \( —_—
Br n-BuLi, THF o toluene-THF
—78°Ctort & ©

78 ° o o N
78 °Ctort Br 5
86% 64%
245 247 dr=9.4:1 248 239
PivCl, EtzN o o
0°C; OTBDPS 0
00 o }\O ) i »‘ )k
e J N TiCly, i-PrNEt NH
N—L 246 \) CH,Cl,, —78 °C; 0
H ‘Bn : HMPA P
Bn E—— —
n-BuLi, THF H OTBDPS TBDPSO 72 H
-78°Ctort S
N CHO N
o
86% N 259 Ts
277 -78°Ctort 282
81%
OTBDPS
OTBDPS
P;Ns _p-Ns
X N N
5 BF,-OEt, $
10 —_—
3 CHJCl, e H —
H 0°Ctort
N 93%
Ts
291
285 single isomer 312 317
CO (1 atm) MeO,C
Pd(PPhg),
EtsN
B ——
DMF-MeOH
75°C
71%
dr=1.8:1

319

ent-lysergic acid (1)
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2-8 AWFZED L 7= 6 A[REME

FEZIIRBG R ICIBNT, GROKEIC—LRBFARISEZEHT 2 2
XD VIR VEEEANEATE L Z L2 A LTS, ZORERIZED,
INE TR O DL FEBRNRNETH T2 AT VI v A RFEERDOARK
~EHTE NI/ END, FO—HIELLTIZRT (Scheme 69), ARGk
PRIE DGR FIA 346 1T —M LR FBIASISIZ LY AT ARLT I N, 7 b
347 ~BHIEBARETH D, H v 7V TR E OV FERSCA~T 0B &
BT LG8 AT 5 Z L bARETH D, £, —BILRFFHFAIE &
2N~ DEFZIF T DE AN & A A DE I 2-Br-LSD (17) 23, 1 fLd 7 ¥4k
Ny TV TRISIZ K D ATFNVEEOEAN, 6 M ERFEFOLEHE, 9, 107 &
EAOEITTICEY 349 8, ThEnELN 5,

ZOXDICEHRPREA 346 1Z. BAT IV 0 A FEOEBILVECE D 57
FFim 1-3 20) ZEMTED 2 LD, FeREELAIRA L D723 % ATREME
WO TND EF R D,

Scheme 69. Derivatization from the common intermediate 346

348

347
R=OR', NHR"
alkyl etc.

346
X=8nBus, |

349 15
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Experimental Section
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Technical notes

Nuclear magnetic resonance (‘H NMR (500, 400 MHz) and "C NMR (125,
100 MHz)) spectra were determined on JEOL-ECX500 and JEOL-ECS400 instrument.
Chemical shifts for 'H NMR are reported in parts per million (ppm) downfields from
tetramethylsilane (d), chloroform in deuteriochloroform, or methanol in methanol-d, as
the internal standard. Coupling constants are in hertz (Hz). The following abbreviations
are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br = broad. Chemical shifts for ?C NMR were reported in ppm relative to the
centerline of a triplet at 77.0 ppm for deuteriochloroform. Infrared spectra (IR) were
recorded on JASCO FT/IR-4100 and FT/IR 410 Fourier Transform Infrared
Spectrophotometer, and are reported in wavenumbers (cm+). High resolution mass
spectra (HRMS) were obtained on JEOL JMS-T100LC AccuTOF spectrometer and
JEOL JMS-T100LP AccuTOF LC-plus either in positive electrospray ionization (ESI)
method using TFA Na as the internal standard or positive direct analysis on real time
(DART) method using PEG as the internal standard. Melting points (mp) were
measured on a Yamato Micro Melting Point Apparatus MP-21.

All non-aqueous reactions were carried out under an inert atmosphere of
argon in oven-dried glassware unless otherwise noted. Dehydrated diethyl ether,
tetrahydrofuran, methylene chloride and toluene were obtained by passing commercially
available pre-dried, oxygen-free formulations through activated alumina columns.
Dehydrated N,N-dimethylformamide was purchased from Kanto Chemicals Co., Inc.
and stored over activated MS4A. Dehydrated methanol, ethanol and acetonitrile were
also purchased from Kanto Chemicals Co., Inc. and stored over activated MS3A. All
other reagents were commercially available and used without further purification.
Analytical thin layer chromatography (TLC) was performed on Merck precoated
analytical plates, 0.25 mm thick, silica gel 60Fzs4. Preparative flash chromatography was
performed using Silica Gel 60 (spherical, 40-100 mm) purchased from Kanto Chemical

Co., Inc.
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o, B-unsaturated aldehyde 228

1) MgCl O3
cHO e MeOH-CH,Cl, cHO
@[ THF, 0°C -78 °C; @f\v
2) ACQO, Py EtsN, M623
Br 80 °C ~78°Ctort Br

89% (3 steps)

229 228

To a solution of 2-bromobenzaldehyde (229, 15.04 g, 81.28 mmol) in tetrahydrofuran
(200 ml) was added allylmagnesium chloride (2.0 M in tetrahydrofuran, 49 mL, 98
mmol) at O °C. After stirring for 15 minutes, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution and the resulting mixture was extracted
with diethyl ether three times. The combined organic extracts were washed with
saturated aqueous sodium chloride solution, dried over sodium sulfate and filtrated. The
filtrate was concentrated in vacuo and the resultant residue was dissolved in acetic
anhydride (50 mL) and pyridine (100 mL) at room temperature. The reaction mixture
was heated at 80 °C for 1 hour and cooled to room temperature. The mixture was
concentrated in vacuo and the resultant residue was used for the next step without
purification.

Ozone was bubbled into a solution of the residue in dichloromethane (200 mL) and
methanol (40 mL) at —78 °C. After completion of the reaction, argon was bubbled into
the reaction mixture to remove remaining ozone. Dimethyl sulfide (8.90 mL, 122 mmol)
and triethylamine (28.0 mL, 122 mmol) was added and the reaction mixture was
allowed to warm up to room temperature. After stirring overnight, the mixture was
concentrated in vacuo and the resultant residue was purified with flash column
chromatography on silica gel (5 to 10% ethyl acetate in hexane) to give the title
compound 228 (15.19 g, 89% (3 steps)) as a off-white solid.

mp: 46-48 °C (decomp.);

IR (film) 2808, 2735, 1682,976 cm™';

'H NMR (400 MHz, CDCl,) 6 9.77 (d, J= 7.3 Hz, 1H), 7.89 (d, J= 16.0 Hz, 1H), 7.65 (d,
J=17.8 Hz, 2H), 7.37 (dd, J= 7.8, 7.3 Hz, 1H), 7.28 (dd, J= 7.8, 7.3 Hz, 1H), 6.67 (dd,
J=16.0,7.3 Hz, 1H);
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C NMR (100 MHz, CDCl,;) 8 193.4 (CH), 150.3 (CH), 133.7 (C), 133.6 (CH), 132.0
(CH), 130.6 (CH), 127.9 (CH), 127.9 (CH), 125.6 (C);
HRMS (ESI) calcd for C,H,BrONa (M+Na)*: 232.9578, found 232.9588.

alcohol 232

O
N Ph OH
H OTMS 231
@VCHO PhCO,H, MeNO, NaBH, .y
Br MeOH, rt THF, rt
35% (2 steps) B NO,
95% ee

228 232

To a solution of o,pB-unsaturated aldehyde 228 (415 mg, 1.96 mmol),
(8)-(-)-0,a-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (231, 63.8 mg, 0.196
mmol) and benzoic acid (47.8 mg, 0.392 mmol) in methanol (4.0 mL) was added
nitromethane (0.321 mL, 5.88 mmol) at room temperature. After stirring for 8 hours, the
reaction mixture was quenched with saturated aqueous sodium bicarbonate solution and
the resultant mixture was extracted with ethyl acetate three times. The combined
organic phases were washed with saturated aqueous sodium chloride solution, dried
over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the
resultant residue was used for the next step without further purification.

To a solution of the residue in tetrahydrofuran (5.0 mL) was added sodium borohydride
(149 mg, 3.92 mmol) at room temperature. After stirring for 30 minutes, the reaction
mixture was quenched with 1 N hydrochloric acid solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The filtrate was concentrated in vacuo and the resultant residue was purified
with flash column chromatography on neutral silica gel (10 to 30% ethyl acetate in
hexane) to give the title compound 232 (187 mg, 35% (2 steps)) as a off-yellow oil. The
enantiomeric excess of 232 was determined to be 95% ee by HPLC.
(DAICEL-CHIRALCEL-AD-H, hexane/i-PrOH = 95/5, flow rate = 1.0 ml/min, ts =
37.00 min, tr=41.24 min)
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[a],>! 1.73° (¢ 1.18, CHCL,);

IR (film) 2360, 2341, 1550, 1378, 1023 cm™';

'H NMR (400 MHz, CDCl;) 6 7.60 (d, J= 7.8 Hz, 1H), 7.32 (dd, J= 7.8, 7.3 Hz, 1H),
7.25 (d, J="7.8 Hz, 1H), 7.15 (dd, J= 7.8, 7.3 Hz, 1H), 4.73 (dd, J= 14.4, 7.3 Hz, 1H),
4.69 (dd, J= 144, 7.3 Hz, 1H), 4.30 (tt, J= 7.3, 7.3 Hz, 1H), 3.63-3.55 (m, 2H),
2.09-1.97 (m, 2H), 1.58 (br s, 1H);

C NMR (100 MHz, CDCl,) 6 137.9 (C), 133.5 (CH), 129.0 (CH), 128.0 (CH), 127.8
(CH), 124.8 (C), 78.9 (CH,), 59.6 (CH,), 39.5 (CH), 34.8 (CH,);

HRMS (ESI) calcd for C,,H,,BrNNaO, (M+Na)*: 295.9898, found 295.9896.

sulfonamide 235

OH OH
TsCl, EtgN
H Zn . 3 . H
AcOH, 70 °C CH,Cly, 1t
gy V02 44% (2 steps) gr NHTs
232 235

To a solution of alcohol 232 (9.2 mg, 0.034 mmol) in acetic acid (0.40 mL) was added
zinc powder (22 mg, 0.34 mmol) at room temperature. After stirring at 70 °C for 30
minutes, the reaction mixture was filtrated and the filtrate was concentrated in vacuo
and the resultant residue was used for the next step without further purification.

To a solution of the residue in dichloromethane (0.40 mL) were added triethylamine
(14.3 uL, 0.101 mmol) and p-toluenesulfonyl chloride (6.5 mg, 0.034 mmol) at room
temperature. After stirring for 30 minutes, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution and extracted with dichloromethane
three times. The combined organic phases were dried over sodium sulfate and filtrated.
The filtrate was concentrated in vacuo and the resultant residue was purified with
preparative thin layer column chromatography (45% ethyl acetate in hexane) to give the

title compound 235 (6.2 mg, 44% (2 steps)) as a colorless oil.
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[a]p7 18.9° (¢ 1.07, CHCl,);

IR (film) 2926, 2879, 1597, 1470, 1437, 1323, 1157, 1092, 1022, 754 cm™";

'H NMR (400 MHz, CDCl,) & 7.67-7.65 (d, J= 8.2 Hz, 2H), 7.53 (d, J= 7.8 Hz, 1H),
7.28-7.22 (m, 3H), 7.12-7.07 (m, 2H), 4.50 (dd, J= 6.9, 6.0 Hz, 1H), 3.60 (m, 1H),
3.55-3.49 (m, 2H), 3.24 (ddd, J=16.3, 6.0, 5.5 Hz, 1H), 3.18 (ddd, J=16.3, 6.9, 5.5 Hz,
1H), 2.42 (s, 3H), 1.98 (m, 1H), 1.81 (m, 1H), 1.44 (br s, 1H);

C NMR (100 MHz, CDCL,) & 143.1 (C), 140.5 (C), 136.6 (C), 132.9 (CH), 129.5 (CH),
128.2 (CH), 127.8 (CH), 127.8 (CH), 126.8 (CH), 125.0 (C), 60.1 (CH,), 47.1 (CH,),
40.5 (CH), 35.3 (CH,), 21.3 (CH,);

HRMS (ESI) caled for C;H,,BrNNaO,S (M+Na)*: 420.0245, found 420.0249.

indoline derivative 236

OH
HO
Cul, CsOAc
H - H
DMSO, rt
NHTs 99% N
Br Ts
235 236

To a solution of sulfonamide 235 (2.89 g, 7.25 mmol) in dimethyl sulfoxide (40 mL)
were added copper iodide (1.80 g, 9.42 mmol) and cesium acetate (4.18 g, 21.7 mmol)
and the reaction mixture was degassed with three freeze-thaw cycles. After stirring at
room temperature for 6 hours, the mixture was quenched with saturated ammonium
chloride solution and extracted with ethyl acetate three times. The combined organic
phases were washed with saturated aqueous sodium chloride solution, dried over
sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the
resultant residue was purified with flash column chromatography on neutral silica gel
(30 to 50% ethyl acetate in hexane) to give the title compound 236 (2.29 g, 99%) as a

brown oil.
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[a]p* =3.70° (¢ 1.05, CHCl,);

IR (film) 2931, 2879, 1597, 1477, 1458, 1350, 1165, 1090, 1050 cm';

'H NMR (400 MHz, CDCl;) § 7.73 (d, J= 8.3 Hz, 2H), 7.68 (d, J= 7.4 Hz, 1H), 7.27 (d,
J=83Hz, 2H),7.24 (dd, J=7.4,7.4 Hz, 1H), 7.12 (d, J= 7.3 Hz, 1H), 7.03 (dd, J= 7 4,
7.3 Hz, 1H), 4.07 (dd, J=10.5, 9.2 Hz, 1H), 3.72-3.66 (m, 3H), 3.33 (dddd, J/=9.2,5.7,
5.0,3.6 Hz, 1H), 2.40 (s, 3H), 1.88 (dtd, /= 13.8,6.9, 5.0 Hz, 1H), 1.64 (br s, 1H), 1.55
(m, 1H);

C NMR (100 MHz, CDCL,) § 144.0 (C), 141.5 (C), 135.1 (C), 133.7 (C), 129.6 (CH),
128.0 (CH), 127.2 (CH), 124 .4 (CH), 123.6 (CH), 114.6 (CH), 60.3 (CH,), 55.7 (CH,),
37.2 (CH,),36.9 (CH), 21.4 (CH,);

HRMS (ESI) calcd for C,;H;,NNaO,S (M+Na)*: 340.0983, found 340.0985.

mesylate 237
HO MsO
H MsClLEtN H
CH,Cly, rt
N N
Ts 96% Ts
236 237

To a solution of indoline derivative 236 (2.29 g, 7.21 mmol) in dichloromethane (40
mL) were added triethylamine (2.21 mL, 15.9 mmol) and methanesulfonyl chloride
(0.611 mL, 7.93 mmol) at room temperature. After stirring for 10 minutes, the reaction
mixture was quenched with saturated aqueous ammonium chloride solution and
extracted with dichloromethane three times. The combined organic phases were dried
over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the
resultant residue was purified with flash column chromatography on neutral silica gel
(25 to 50% ethyl acetate in hexane) to give the title compound 237 (2.73 g, 96%) as a

yellow oil.

[o]>* =5.07° (¢ 1.15, CHCL,);
IR (film) 3027, 2938, 1597, 1478, 1459, 1351, 1168 cm';
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'H NMR (400 MHz, CDCl,) 8 7.71 (d, J= 8.3 Hz, 2H), 7.66 (d, J= 8.2 Hz, 1H), 7.24 (d,
J=8.3 Hz, 2H), 7.23 (dd, J=8.2,7.3 Hz, 1H), 7.09 (d, J= 7.3 Hz, 1H), 7.01 (dd, J="7.3,
7.3 Hz, 1H), 4.21 (t, J= 6.4 Hz, 2H), 3.98 (dd, J= 10.5, 8.9 Hz, 1H), 3.68 (dd, J= 10.5,
5.0 Hz, 1H), 3.29 (dddd, J=8.9,5.9, 5.9, 50 Hz, 1H), 3.01 (s, 3H), 2.37 (s, 3H), 1.96
(dtd, J=14.6,6.4,59 Hz, 1H), 1.72 (dtd, J= 14.6,6.4,5.9 Hz, 1H);

C NMR (100 MHz, CDCL,) § 144.3 (C), 141.5 (C), 133.6 (C), 133.5 (C), 129.7 (CH),
128.4 (CH), 127.2 (CH), 124.5 (CH), 123.8 (CH), 114.8 (CH), 67.0 (CH,), 55.1 (CH,),
37.4 (CH;),36.4 (CH), 34.0 (CH,), 21.4 (CH,);

HRMS (ESI) calcd for C,;H,,NNaO,S, (M+Na)*: 418.0758, found 418.0757.

nitrile 238
MsO NC
H NaCN, TBAI N H
EtCN, reflux
N N
Ts 96% Ts
237 238

To a solution of mesylate 237 (2.73 g, 6.90 mmol) in propionitrile (25 mL) were added
sodium cyanide (1.35 g, 27.6 mmol) and tetra-n-butylammonium iodide (1.27 g, 3.45
mmol) at room temperature. After stirring at 110 °C for 2 hours, the reaction mixture
was cooled to room temperature, quenched with saturated aqueous sodium bicarbonate
solution and extracted with ethyl acetate three times. The combined organic phases were
dried over sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the
resultant residue was purified with flash column chromatography on neutral silica gel
(20 to 40% ethyl acetate in hexane) to give the title compound 238 (2.17 g, 96%) as a

yellow oil.

[a], 2% 10.4° (¢ 1.22, CHCL,);

IR (film) 2246, 1597, 1477, 1353, 1166, 756 cm’’;

'"H NMR (400 MHz, CDCL,) 8 7.71-7.65 (m, 3H), 7.26-7.24 (m, 3H), 7.07 (m, 1H), 7.01
(m, 1H), 3.95 (dd, J= 10.6, 8.7 Hz, 1H), 3.63 (dd, J= 10.6, 5.0 Hz, 1H), 3.26 (dddd, J=
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8.7,72,5.0,5.0 Hz, 1H), 2.37 (s, 3H), 2.25 (t, J= 7.7 Hz, 2H), 1.81 (dtd, J= 14.0, 7.7,
5.0 Hz, 1H), 1.61 (dtd, /= 14.0,7.7,7.2 Hz, 1H);

C NMR (100 MHz, CDCL,) § 144.4 (C), 141.5 (C), 133.4 (C), 132.9 (C), 129.7 (CH),
128.7 (CH), 127.2 (CH), 124.4 (CH), 123.8 (CH), 118.7 (C), 114.4 (CH), 54.6 (CH,),
38.6 (CH), 30.2 (CH,), 21.4 (CH,), 14.4 (CH,);

HRMS (ESI) calced for C,;H {N,NaO,S (M+Na)": 349.0986, found 349.0975.

indoline-3-propionic acid 239

NC LiIOH-H,0 HOC
H H202 aq H
AcCl-MeOH THF-H,0, 65 °C
N 50 °C N
Ts 54% (2 steps) Ts
238 239

To a solution of nitrile 238 (2.17 g, 6.64 mmol) in methanol (20 mL) at room
temperature was added acetyl chloride (8.0 mL). After stirring at 50 °C for 1 hour, the
reaction mixture was cooled to room temperature and concentrated in vacuo and the
resultant residue was used for the next step without further purification.

To a solution of the residue in tetrahydrofuran (12 mL) and water (4.0 mL) were added
lithium hydroxide monohydrate (836 mg, 19.9 mmol) and aqueous hydrogen peroxide
(30 wt. %, 1 mL) at room temperature. After stirring at 65 °C for 1.5 hours, the reaction
mixture was cooled to 0 °C. Then, 1 N hydrochloric acid solution was added carefully
to adjust water phases to pH=1. The mixture was extracted with dichloromethane three
times. The combined organic phases were dried over sodium sulfate and filtrated. The
filtrate was concentrated in vacuo and the pure title compound 239 (1.23 g, 54% (2

steps)) was obtained as a off-white solid.

mp: 115-118 °C (decomp.);

[a]p™® 20.9° (¢ 1.10, CHCl,);

IR (film) 3028, 2927, 1707, 1597, 1477, 1458, 1352, 1166 cm™;

'H NMR (400 MHz, CDCl,) & 7.67-7.62 (m, 3H), 7.26-7.19 (m, 3H), 7.07 (d, J= 7.3 Hz,
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1H), 6.99 (dd, J= 7.8, 7.3 Hz, 1H), 3.96 (dd, J= 10.6, 9.2 Hz, 1H), 3.58 (dd, J= 10.6, 5.5
Hz, 1H), 3.17 (dddd, J=9.2,7.8,5.5, 5.5 Hz, 1H), 2.35 (s, 3H), 2.25 (t, J= 7.8 Hz, 2H),
1.85 (dtd, J=13.3,7.8, 5.5 Hz, 1H), 1.57 (dtd, J= 13.3,7.8, 7.8 Hz, 1H);

3C NMR (100 MHz, CDCl,) 8 178.7 (C), 144.2 (C), 141.6 (C), 134.1 (C), 133.6 (C),
129.6 (CH), 128.3 (CH), 127.2 (CH), 124.5 (CH), 123.7 (CH), 114.8 (CH), 55.0 (CH,),
38.9 (CH), 30.8 (CH,), 29.3 (CH,), 21 .4 (CH,);

HRMS (ESI) calcd for C,;H,{NO,S (M-H)": 344.0956, found 344.0951.

N-acyloxazolidinone 323

PivCl, Et3N, 0 °C;

H Bn Bn,
N— “
%3 //\O
S IR
Br n-BuLi, THF m o)
-78°Ctort Br
245 78% 323

To a solution of 2-bromophenylacetic acid (245, 2522 g, 117.2 mmol) in
tetrahydrofuran (250 mL) were added triethylamine (17.96 mL, 128.2 mmol) and
pivaloyl chloride (15.84 mL, 128.9 mmol) at 0 °C. After forming white suspension, the
reaction mixture was cooled to —78 °C. In the other reaction flask, n-butyllithium (2.66
M in hexane, 50.7 mL, 134.8 mmol) was added to a solution of
(R)-4-benzyl-2-oxazolidinone (257, 23.88 g, 134.8 mmol) in tetrahydrofuran (220 mL)
at —78 °C and then the reaction mixture was allowed to warm up to 0 °C, which was
added to the white suspended solution via cannular for 20 minutes at —78 °C. After
stirring at room temperature for 2 hours, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution and extracted with ethyl acetate three
times. The combined organic phases were washed with saturated aqueous sodium
chloride solution, dried over sodium sulfate and filtrated. The resultant filtrate was
concentrated in vacuo and the resultant residue was purified with flash column
chromatography on silica gel (10 to 50% ethyl acetate in hexane) to give the title
compound 323 (34.15 g, 78%) as a pale yellow oil.
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o] —45.2° (¢ 1.01, CHCL,);

IR (film) 1778, 1702, 1391, 1364, 1198, 1051, 1027, 748,702 cm";

'H NMR (400 MHz, CDCL,) 6 7.61 (d, J= 8.2 Hz, 1H), 7.37-7.17 (m, 8H), 4.70 (m, 1H),
449 (d, J=18.3 Hz, 1H), 4.37 (d, J= 18.3 Hz, 1H), 4.29-4.21 (m, 2H), 3.35 (d, J=13.6
Hz, 1H), 2.80 (dd, J= 13.6, 10.1 Hz, 1H);

C NMR (100 MHz, CDCl,) 8 169.9 (C), 153.5 (C), 135.1 (C), 134.0 (C), 132.7 (CH),
131.8 (CH), 129.4 (CH), 129.0 (CH), 128.9 (CH), 127.5 (CH), 127.3 (CH), 125.3 (C),
66.4 (CH,), 55.4 (CH), 43.1 (CH,), 37.8 (CH,);

HRMS (ESI) calcd for C,{H,(BrNNaO, (M+Na)": 396.0211, found 396.0247.

allylated compound 324
Bn,
r\/J/\O NaHMDS AN
W{ toluene-THF —-78°Ctort
0 o} -78 °C;
Br 74%
dr=13.6:1
323 324

To a solution of N-acyloxazolidinone 323 (12.33 g, 32.94 mmol) in toluene (75 mL) and
tetrahydrofuran (150 mL) was added sodium hexamethyldisilazide (0.6 M in toluene,
72.0 mL, 42.8 mmol) at —78 °C. The reaction mixture was stirred at —78 °C for 1 hour
and then allyl bromide (13.92 mL, 164.5 mmol) was added. After stirring at ambient
temperature for 4 hours, the reaction mixture was quenched with saturated aqueous
ammonium chloride solution and extracted with ethyl acetate three times. The combined
organic phases were washed with saturated aqueous sodium chloride solution, dried
over sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and
the resultant residue was purified with flash column chromatography on silica gel (5 to
35% ethyl acetate in hexane) to give the title compound 324 (10.09 g, 74%, dr=13.6:1)

as a pale yellow oil.

[a],2* ~83.8° (¢ 1.08, CHCL,);
IR (film) 1781, 1697, 1385, 1208, 1051, 1023, 750, 701 cm';
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major isomer

'H NMR (500 MHz, CDCl,) & 7.58 (d, J= 8.2 Hz, 1H), 7.37-7.22 (m, 7H), 7.12 (dd, J=
8.2,7.8 Hz, 1H), 592 (m, 1H), 5.52 (dd, J= 8.7, 6.4 Hz, 1H), 5.18 (d, /= 17.4 Hz, 1H),
5.08 (d, J=10.5 Hz, 1H), 4.68 (dddd, J=10.1, 7.3, 3.7, 3.2 Hz, 1H), 4.15-4.09 (m, 2H),
3.33 (dd, J=13.3, 3.2 Hz, 1H), 2.84 (m, 1H), 2.77 (dd, J= 13.3, 10.1 Hz, 1H), 2.61 (m,
1H);

"C NMR (125 MHz, CDCl,) 8 172.7 (C), 152.6 (C), 137.7 (C), 135.2 (C), 134.9 (CH),
133.2 (CH), 129.4 (CH), 128.9 (CH), 128.7 (CH), 128.6 (CH), 127.5 (CH), 127.3 (CH),
125.3 (C), 117.5 (CH,), 65.9 (CH,), 55.8 (CH), 484 (CH), 37.9 (CH,), 36.8 (CH,);
HRMS (ESI) calcd for C,H,,BrNNaO, (M+Na)": 436.0524, found 436.0563.

alcohol 325

Bn,

H //\o LiAIH,
T( THF, 0 °C }
o)

Br 85%

P4

324 325

To a suspension of lithium aluminum hydride (2.64 g, 69.6 mmol) in tetrahydrofuran
(200 mL) was added a solution of allylated compound 324 (19.2 g, 46.4 mmol) in
tetrahydrofuran (200 mL) at O °C using a dropping funnel. After stirring at 0 °C for 30
minutes, the reaction mixture was diluted with tetrahydrofuran (400 mL). To the
reaction mixture were added water (2.64 mL), 15% aqueous sodium hydroxide (2.64
mL) and water (7.92 mL) at 0 °C successively. After stirring at room temperature for 40
minutes, the reaction mixture was then filtered through a Celite® pad and the filter cake
was washed with ethyl acetate. The resulting filtrate was concentrated in vacuo and the
resultant residue was purified with flash column chromatography on silica gel (10 to
45% ethyl acetate in hexane) to give the title compound 325 (9.49 g, 85%) as a colorless

oil.
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[a]p202.15° (¢ 1.02, CHCL,);

IR (film) 1470, 1437, 1051, 1023, 752 cm™;

'H NMR (500 MHz, CDCl,) 6 7.57 (d, J= 8.0 Hz, 1H), 7.29 (dd, J= 7.5, 6.9 Hz, 1H),
7.25(,J=69 Hz, 1H),7.08 (dd, J=8.0,7.5 Hz, 1H), 5.74 (m, 1H), 5.04 (d, /= 16.9 Hz,
1H),4.98 (d, J= 104 Hz, 1H), 3.79 (d, J= 6.3 Hz,2H), 3.51 (dddd, J=13.1,6.9,6.3,6.3
Hz, 1H),2.53 (ddd, J=14.4,6.9,6.3 Hz, 1H), 2.42 (ddd, J= 144, 13.1, 6.3 Hz, 1H);

C NMR (125 MHz, CDCl,) 6 140.8 (C), 135.8 (CH), 133.0 (CH), 128.2 (CH), 127.9
(CH), 127.4 (CH), 125.6 (C), 116.6 (CH,), 65.3 (CH,), 45.7 (CH), 35.7 (CH,);

HRMS (DART) calcd for C;;H,,BrO (M+H)": 241.0228, found 241.0243.

N-Boc-p-toluenesulfonamide derivative 326

TsNHBoc
DIAD, PPhg

oy

toluene-THF, 80 °C

99%

325 326

To a solution of alcohol 325 (9.49 g, 39.3 mmol),
N-(t-butoxycarbonyl)-p-toluenesulfonamide (12.8 g, 47.1 mmol) and
triphenylphosphine (12.4 g, 47.1 mmol) in toluene (200 mL) and tetrahydrofuran (50
mL) was added diisopropyl azodicarboxylate (ca. 1.9 M in toluene, 25 mL, 48 mmol) at
room temperature. After stirring at 80 °C for 2 hours, the reaction mixture was cooled to
room temperature, quenched with saturated aqueous sodium chloride solution and
extracted with ethyl acetate three times. The combined organic phases were dried over
sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the resultant
residue was purified with flash column chromatography on neutral silica gel (10 to 30%

ethyl acetate in hexane) to give the title compound 326 (19.2 g, 99%) as a brown oil.

[a],2" 12.7° (¢ 1.05, CHCL);
IR (film) 1729, 1353, 1285, 1155, 1087, 674 cm™";
'"H NMR (400 MHz, CDCL,) & 7.54 (d, J= 8.2 Hz, 1H), 7.43 (d, J= 8.2 Hz, 2H), 7.38 (d,
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J=7.8 Hz, 1H), 7.33 (dd, J=8.2,7.8 Hz, 1H), 7.17 (d, J= 8.2 Hz, 2H), 7.10 (dd, J= 8.2,
8.2 Hz, 1H), 5.67 (dddd, J=17.4,10.5, 6.9, 4.6 Hz, 1H), 499 (d, J= 17.4 Hz, 1H), 4.94
(d,J=10.5 Hz, 1H), 4.18 (dd, J= 14.6,9.2 Hz, 1H), 4.03 (dd, J= 14.6, 6.0 Hz, 1H), 3.93
(m, 1H), 2.54-2.39 (m, 2H), 2.38 (s, 3H), 1.31 (s, 9H);

C NMR (100 MHz, CDCl,) 8 159.9 (C), 150.9 (C), 143.8 (CH), 140.8 (C), 137.2 (C),
135.2 (CH), 132.8 (CH), 128.9 (CH), 128.1 (CH), 127.7 (CH), 127.5 (CH), 127.3 (C),
116.8 (CH,), 84.2 (C), 74.3 (CH), 50.5 (CH,), 37.6 (CH,), 27.8 (CH,), 21.5 (CH,);
HRMS (ESI) calcd for C,;H,4BrNO,S (M+Na)*: 516.0820, found 516.0867.

sulfonamide 327

TFA

CHQClz, rt

To a solution of N-Boc-p-toluenesulfonamide derivative 326 (19.2 g, 38.8 mmol) in
dichloromethane (200 mL) was added trifluoroacetic acid (100 mL) at room
temperature. After stirring for 1 hour, the reaction mixture was concentrated in vacuo.
The excess trifluoroacetic acid was removed azeotropically with toluene, giving the title
compound 327 (15.1 g) as a brown oil, which was used in the next reaction without

purification.

[a],2* -6.07° (¢ 1.13, CHCL);

IR (film) 3273, 1683, 1437, 1327, 1159, 1088, 813, 754, 667 cm™";

"H NMR (400 MHz, CDCL,) & 7.65 (d, J= 8.2 Hz, 2H), 7.49 (d, J= 8.7 Hz, 1H), 7.25 (d,
J= 8.2 Hz, 2H), 7.21 (dd, J= 8.7, 7.8 Hz, 1H), 7.06-7.03 (m, 2H), 5.60 (dddd, J= 17 4,
9.2,6.8,4.1 Hz, 1H), 4.95 (d, J= 17.4 Hz, 1H), 494 (d, J= 9.2 Hz, 1H), 4.63 (t, J= 5.0
Hz, 1H), 3.41 (dddd, J= 7.3, 7.3, 6.9, 6.9 Hz, 1H), 3.21 (ddd, J= 13.3, 6.9, 6.4 Hz, 1H),
3.15 (ddd, J=13.3,7.3, 6.0 Hz, 1H), 2.40-2.30 (m, SH);

3C NMR (100 MHz, CDCl,) § 143.2 (C), 139.8 (C), 136.6 (C), 134.7 (CH), 133.1 (CH),
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129.6 (CH), 128.2 (CH), 127.8 (CH), 127.7 (CH), 126.9 (CH), 125.3 (C), 117.3 (CH,),
46.2 (CH,), 429 (CH), 36.7 (CH,), 21.4 (CH,);
HRMS (ESI) calcd for C,;H,,BrNNaO,S (M+Na)": 416.0295, found 416.0276.

indoline 328

Cul, CsOAc
DMSO, rt
58% (2 steps)

»
o

327 328

To a solution of sulfonamide 327 (15.1 g, < 38.8 mmol) in dimethyl sulfoxide (300 mL)
were added copper iodide (12.0 g, 58.2 mmol) and cesium acetate (25.0 g, 116 mmol)
and the reaction mixture was degassed with three freeze-thaw cycles. After stirring at
room temperature overnight, the mixture was quenched with saturated ammonium
chloride solution and extracted with ethyl acetate three times. The combined organic
phases were washed with saturated aqueous sodium chloride solution, dried over
sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the
resultant residue was purified with flash column chromatography on neutral silica gel (5
to 12.5% ethyl acetate in hexane) to give the title compound 328 (7.12 g, 58% (2 steps))

as a brown oil.

[a]p,??—9.78° (¢ 1.11, CHCL,);

IR (film) 1597, 1477, 1459, 1354, 1167, 1090, 1048, 754, 665 cm'';

'H NMR (500 MHz, CDCL,) & 7.73-7.69 (m, 3H), 7.31-7.24 (m, 3H), 7.13 (d, J="7.5 Hz,
1H), 7.03 (dd, J="7.5, 7.4 Hz, 1H), 5.68 (dddd, J=17.3, 9.8, 7.5, 6.3 Hz, 1H), 5.06 (d,
J=9.8 Hz, 1H), 5.01 (d, J= 17.3 Hz, 1H), 4.01 (dd, J= 10.9, 6.9 Hz, 1H), 3.66 (dd, J=
10.9, 6.3 Hz, 1H), 3.26 (dddd, J= 8.0, 6.9, 6.3, 5.1 Hz, 1H), 2.41 (s, 3H), 2.34 (m, 1H),
2.00 (m, 1H);

C NMR (125 MHz, CDCL,) § 144.0 (C), 141.7 (C), 134.8 (CH), 134.7 (C), 133.9 (C),
129.5 (CH), 128.0 (CH), 127.2 (CH), 124.4 (CH), 123.5 (CH), 117.4 (CH,), 114.8 (CH),
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54.7 (CH,), 39.2 (CH), 39.0 (CH,), 21.5 (CH,);
HRMS (ESI) calcd for C,{H;,NNaO,S (M+Na)*: 336.1034, found 336.1021.

alcohol 342

HO
BH5- THF
2-methyl-2-butene H
THF, 0 °C
97% N
328 342

To a solution of 2-methyl-2-butene (27.54 mL, 259.2 mmol) in tetrahydrofuran (200
mL) was added borane tetrahydrofuran complex solution (1.0 M in tetrahydrofuran,
129.6 mL, 129.6 mmol) at 0 °C. After stirring at O °C for 30 minutes, a solution of
indoline 328 (13.55 g, 43.20 mmol) in tetrahydrofuran (200 mL) was added at 0 °C
using a dropping funnel. After stirring at O °C for 1 hour, 15% aqueous sodium
hydroxide (142 ml, 518 mmol) and aqueous hydrogen peroxide (30 wt. %, 71.0 g, 518
mmol) were added successively at 0 °C. After stirring at 0 °C for 20 minutes, saturated
aqueous sodium thiosulfate (200 mL) was added at 0 °C and the solution was
partitioned between ethyl acetate three times. The combined organic phases were
washed with saturated aqueous sodium chloride solution, dried over sodium sulfate and
filtered. The filtrate was concentrated in vacuo and the residue was purified by flash
column chromatography on silica gel (20 to 80% ethyl acetate in hexane) to give the

title compound 342 (13.87 g, 97%) as a colorless oil.

[ap™* —13.7° (¢ 1.00, CHCL,);

IR (film) 1597, 1477, 1458, 1351, 1166, 1089, 1051, 754, 665 cm™;

'H NMR (500 MHz, CDCL,) 8 7.68 (d, J= 8.0 Hz, 2H), 7.63 (d, J= 8.0 Hz, 1H),
7.25-7.18 (m, 3H), 7.06 (d, J= 7.4 Hz, 1H), 6.97 (dd, J= 7.4, 7.4 Hz, 1H), 3.99 (dd, J=
10.3,9.3 Hz, 1H), 3.59-3.55 (m, 3H), 3.12 (dddd, J= 10.3,9.3, 8.5, 5.1 Hz, 1H), 2.36 (s,
3H), 1.64 (m, 1H), 1.52-1.46 (m, 2H), 1.37 (m, 1H);
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C NMR (125 MHz, CDCL,) § 144.0 (C), 141.6 (C), 135.2 (C), 133.8 (C), 129.6 (CH),
128.0 (CH), 127.2 (CH), 124.3 (CH), 123.6 (CH), 114.7 (CH), 62.5 (CH,), 55.4 (CH,),
39.7 (CH), 30.9 (CH,), 29.7 (CH,), 21 .4 (CH,);

HRMS (ESI) calcd for C,{H, NNaO,S (M+Na)": 354.1139, found 354.1135.

indoline-3-propionic acid 329

HO
Jones' reagent
. acetone, 0 °C g
N 77%
342 329

To a solution of alcohol 342 (13.87 g, 41.84 mmol) in acetone (300 mL) was added
Jones’ reagent (2.5 M, 42 mL, 104.5 mmol) at 0 °C. After stirring at O °C for 1 hour,
isopropyl alcohol (9.58 mL, 125 mmol) was added. After stirring at room temperature
for 30 minutes, the reaction mixture was then filtered through a Celite® pad and the
filter cake was washed with acetone. The resulting filtrate was concentrated in vacuo
and the resultant residue was purified with flash column chromatography on silica gel
(20 to 100% ethyl acetate in hexane) to give the title compound 329 (11.10 g, 77%) as a
off-white solid.

mp: 115-118 °C (decomp.);

[a]y*! =19.5° (¢ 1.01, CHCLy);

Other spectrum data were in good accordance with indoline-3-propionic acid 239.
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aldehyde 259

OTBDPS
OTBDPS Bl
X THF,-78°C; A
DMF CHO
—-78°Ctort
190 1% 259

To a solution of 190 (422 mg, 1.43 mmol) in tetrahydrofuran (10 mL) was added
n-butyllithium (1.58 M in hexane, 0.981 mL, 1.57 mmol) at —78 °C. After stirring
—78 °C for 30 minutes, N,N-dimethylformamide (0.242 mL, 3.14 mmol) was added and
then the reaction mixture was allowed to warm up to room temperature. After stirring at
room temperature for 1 hour, the reaction mixture was quenched with 10% aqueous
sodium dihydrogenphosphate solution and extracted with diethyl ether three times. The
combined organic phases were dried over sodium sulfate and filtered. The filtrate was
concentrated in vacuo with care of water bath temperature kept below 30 °C and the
residue was purified by flash column chromatography on neutral silica gel (2.5 to 5%
ethyl acetate in hexane) to give the title compound 259 (328 mg, 71%) as a pale yellow

oil.

IR (film) 2931, 2857, 1673, 1125, 1113, 1083 cm’';

'H NMR (400 MHz, CDCl5) 8 9.16 (s, 1H), 7.73-7.70 (m, 4H), 7.47-7.40 (m, 6H), 4.50
(s, 2H), 1.09 (s, 9H);

"C NMR (100 MHz, CDCl,) 6 176.3 (CH), 135.5 (CH), 132.2 (C), 130.0 (CH), 127.8
(CH), 94.6 (C), 84 .4 (C),52.3 (CH,), 26.5 (CH,), 19.1 (OC);

HRMS (ESI) calcd for C,,H,(NaO,Si (M+MeOH+Na)*: 377.1548, found 377.1543.
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N-acyloxazolidinone 330

PivCl, E3N, 0 °C; 0]

O
N
H Bn 257 7)

> Bn
n-BuLi, THF H
—-78°Ctort
100% N
Ts
329 330

To a solution of indoline-3-propionic acid 329 (11.10 g, 32.13 mmol) in tetrahydrofuran
(150 mL) were added triethylamine (4.92 mL, 35.3 mmol) and pivaloyl chloride (4.14
mL, 33.7 mmol) at 0 °C. After forming white suspension, the reaction mixture was
cooled to —78 °C. In the other reaction flask, n-butyllithium (2.66 M in hexane, 14.5 mL,
38.5 mmol) was added to a solution of (R)-4-benzyl-2-oxazolidinone (257, 6.83 g, 38.5
mmol) in tetrahydrofuran (150 mL) at —78 °C and then the reaction mixture was
allowed to warm up to 0 °C, which was added to the white suspended solution via
cannular for 20 minutes at —78 °C. After stirring at room temperature for 3 hours, the
reaction mixture was quenched with saturated aqueous ammonium chloride solution and
extracted with ethyl acetate three times. The combined organic phases were washed
with saturated aqueous sodium chloride solution, dried over sodium sulfate and filtrated.
The resultant filtrate was concentrated in vacuo and the resultant residue was purified
with flash column chromatography on silica gel (20 to 70% ethyl acetate in hexane) to

give the title compound 330 (16.24 g, 100%) as a pale yellow oil.

[a]p™* —40.8° (¢ 1.02, CHCL,);

IR (film) 3027, 2923, 1779, 1698, 1477, 1388, 1352, 1166, 754 cm’";

'"H NMR (400 MHz, CDCl,) §7.68 (d, J= 8.2 Hz, 2H), 7.63 (d, J= 8.2 Hz, 1H),
7.33-7.16 (m, 8H), 7.11 (d, J= 7.3 Hz, 1H), 6.98 (dd, J= 7.3, 7.3 Hz, 1H), 4.63 (dddd,
J=9.6,9.6,9.2,3.7 Hz, 1H), 4.18 (dd, J= 10.1, 9.6 Hz, 1H), 4.18 (dd, J= 10.1, 9.2 Hz,
1H), 3.99 (dd, J= 10.6, 9.2 Hz, 1H), 3.60 (dd, J= 10.6, 6.0 Hz, 1H), 3.24 (dd, J= 13.8,
3.7 Hz, 1H), 3.18 (m, 1H), 2.98-2.82 (m, 2H), 2.74 (dd, J= 13.8, 9.6 Hz, 1H), 2.34 (s,
3H), 1.96 (m, 1H), 1.59 (m, 1H);
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C NMR (100 MHz, CDCL,) 8 172.1 (C), 153.3 (C), 144.1 (C), 141.6 (C), 135.0 (C),
134.5 (C), 133.6 (C), 129.6 (CH), 129.3 (CH), 128.9 (CH), 128.2 (CH), 127.3 (CH),
127.2 (CH), 124.5 (CH), 123.6 (CH), 114.7 (CH), 66.2 (CH,), 55.3 (CH,), 55.0 (CH),
39.2 (CH), 37.8 (CH,), 33.0 (CH,), 29.0 (CH,), 21.4 (CH,);

HRMS (ESI) calcd for C,4H,4N,NaO,S (M+Na)*: 527.1616, found 527.1613.

aldol adduct 331
o) QTBDPS OTBDPS O
0 %o x
N CHO
\,) TiCly, i-Pr,NEt HMPA 229
Bn : :
" CH,Cl,, —78 °C; -78°Ctort
63%
N
Ts
330 331

To a solution of N-acyloxazolidinone 330 (16.24 g, 32.13 mmol) in dichloromethane
(150 mL) were added titanium chloride (1.0 M in dichloromethane, 35.3 mL, 35.3
mmol) and N,N-diisopropylethylamine (13.9 mL, 80.2 mmol) at —78 °C, which formed
dark purple solution. After stirring at =78 °C for 40 minutes, hexamethylphosphoric
triamide (8.42 mL, 48.1 mmol) and aldehyde 259 (12.5 g, 38.5 mmol) in
dichloromethane (100 mL) were successively added to the reaction mixture and then the
resulting mixture was allowed to warm up to room temperature. After stirring for 1 hour,
the reaction mixture was quenched with saturated aqueous ammonium chloride solution
and extracted with dichloromethane three times. The combined organic phases were
washed with saturated aqueous sodium bicarbonate solution and saturated aqueous
sodium chloride solution successively. Then, the organic layers were dried over sodium
sulfate and filtrated. The resultant filtrate was concentrated in vacuo and the resultant
residue was purified with flash column chromatography on silica gel (5 to 25% ethyl

acetate in hexane) to give the title compound 331 (16.73 g, 63%) as a brown oil.
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[a]p”® —24.5° (¢ 0.970, CHCl,);

IR (film) 3497, 2930, 2857, 1779, 1696, 1598, 1478, 1389, 1352, 1167, 1109, 760 cm™';
major isomer

'H NMR (500 MHz, CDCl,) & 7.70-7.64 (m, 7H), 7.40-7.33 (m, 6H), 7.29 (d, J= 7.5 Hz,
2H),7.22 (dd, J=8.0,7.5 Hz, 1H), 7.19-7.16 (m, 5H), 7.12 (d, J="7.5 Hz, 1H), 6.99 (dd,
J=15,7.5 Hz, 1H), 4.65 (m, 1H), 4.50 (br s, 1H), 4.37-4.30 (m, 2H), 4.20 (m, 1H),
4.12-4.08 (m, 2H), 4.03 (dd, J= 109, 9.1 Hz, 1H), 3.62 (dd, J= 109, 6.3 Hz, 1H), 3.23
(dd, J=13.1, 3.5 Hz, 1H), 3.07 (m, 1H), 2.73 (dd, J= 13.1, 9.8 Hz, 1H), 2.30 (s, 3H),
2.24 (ddd, J=13.8, 10.3,4.0 Hz, 1H), 2.19 (d, J= 4.5 Hz, 1H), 1.63 (ddd, J= 13.8, 6.9,
4.0 Hz, 1H), 1.02 (s, 9H);

"C NMR (125 MHz, CDCl,) 8 172.5 (C), 153.3 (C), 143.9 (C), 141.5 (C), 135.5 (CH),
135.4 (CH), 134.9 (C), 134.8 (C), 133.7 (C), 132.8 (C), 132.7 (C), 129.8 (CH), 129.5
(CH), 129.2 (CH), 128.9 (CH), 128.2 (CH), 127.7 (CH), 127.7 (CH), 127.4 (CH), 127.3
(CH), 1245 (CH), 123.7 (CH), 114.7 (CH), 85.1 (C), 82.7 (C), 66.2 (CH,), 63.6 (CH),
55.7 (CH,), 55.6 (CH), 52.4 (CH,), 46.7 (CH), 38.0 (CH,), 38.0 (CH), 33.5 (CH,), 26.6
(CH;), 21.4 (CH5), 19.0 (C);

HRMS (ESI) caled for C,4H,N,NaO,SSi (M+Na)*: 849.3005, found 849.3028.

oxazolidinone 276

OTBDPS O
tBuONO
NH,NH, BF5-OFEt,
THF, rt CH.Cl,, 0 °C toluene, 110 °C TBDPSO
63% (3 steps)
331 276

To a solution of aldol adduct 331 (16.73 g, 20.22 mmol) in tetrahydrofuran (200 mL)
was added hydrazine anhydrous (4.52 mL, 151 mmol) at room temperature. After
stirring for 2 hours, the reaction mixture was quenched with 1 N hydrochloric acid
solution and extracted with ethyl acetate three times. The combined organic phases were

dried over sodium sulfate and filtrated. The resultant filtrate was concentrated in vacuo
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and the resultant residue was used for the next step without further purification.

To a solution of the residue in dichloromethane (200 mL) were added #-butyl nitrite
(290 mL, 24.2 mmol) and boron ftrifluoride diethyl ether complex (3.00 mL, 24.2
mmol) at 0 °C. After stirring at 0 °C for 30 minutes, the reaction mixture was quenched
with saturated aqueous sodium bicarbonate solution and extracted with dichloromethane
three times. The combined organic phases were dried over sodium sulfate and filtrated.
The filtrate was concentrated in vacuo and the resultant residue was filtered through
flash column chromatography on neutral silica gel (10 to 45% ethyl acetate in hexane)
to remove (R)-4-benzyl-2-oxazolidinone. The combined organic phases were
concentrated in vacuo and the resultant residue was used in the next reaction without
further purification.

The residue was dissolved with toluene (200 mL) and then the reaction mixture was
heated at 110 °C for 50 minutes. The reaction mixture was concentrated in vacuo and
the resultant residue was purified with flash column chromatography on silica gel (20 to
70% ethyl acetate in hexane) to give the title compound 276 (8.50 g, 63% (3 steps)) as a

yellow oil.

[a]p>® —4.43° (¢ 1.01, CHCl,);

IR (film) 2930, 2857, 1757, 1476, 1355, 1167, 1110, 1090, 754 cm™";

major isomer

'H NMR (400 MHz, CDCl,) & 7.71-7.61 (m, 7H), 7.40-7.30 (m, 6H), 7.22-7.18 (m, 3H),
7.10 (br s, 1H), 6.99 (d, J=7.3 Hz, 1H), 6.92 (dd, J= 7.8, 7.3 Hz, 1H), 5.21 (d, J= 8.2
Hz, 1H), 4.31 (s, 2H), 4.00 (dd, J= 10.1, 9.6 Hz, 1H), 3.86 (ddd, J=10.1, 8.2, 4.6 Hz,
1H), 3.61 (dd, J=10.1, 5.0 Hz, 1H), 3.24 (m, 1H), 2.32 (s, 3H), 1.91 (ddd, J=14.2, 5.5,
4.6 Hz, 1H), 1.58 (ddd, J=14.2,10.1, 3.7 Hz, 1H), 0.99 (s, 9H);

"C NMR (100 MHz, CDCl,) 8 158.6 (C), 144.3 (C), 141.3 (C), 135.4 (CH), 134.1 (C),
133.3 (C), 132.5 (C), 1299 (CH), 129.7 (CH), 128.3 (CH), 127.7 (CH), 127.3 (CH),
124.4 (CH), 123.9 (CH), 114.7 (CH), 89.4 (C), 76.8 (C), 70.0 (CH), 54.8 (CH,), 52.5
(CH), 52.3 (CH,), 36.9 (CH,), 36.4 (CH), 26.5 (CH,), 21.4 (CH,), 19.0 (C);

HRMS (ESI) calcd for C,H,,N,NaO,SSi (M+Na)*: 687.2342, found 687.2316.
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N-p-nitrobenzenesulfonyl-oxazolidinone 334

0
)kN/p—Ns
Q -

LDA

TBDPSO > TBDPSO

THF, —78 °C;
p-NsClI
-781t00°C

81%

276 334

To a solution of oxazolidinone 276 (8.50 g, 12.7 mmol) in tetrahydrofuran (100 mL)
was added lilhium diisopropylamide (0.870 M in hexane and tetrahydrofuran, 32.2 mL,
28.1 mmol) at =78 °C. After stirring at —78 °C for 20 minutes, 4-nitrobenzenesulfonyl
chloride (6.23 g, 28.1 mmol) in tetrahydrofuran (30 mL) was added to the reaction
mixture. After stirring at 0 °C for 30 minutes, the reaction mixture was quenched with
saturated aqueous ammonium chloride solution and extracted with ethyl acetate three
times. The combined organic phases were washed with saturated aqueous sodium
chloride solution and dried over sodium sulfate and filtrated. The resultant filtrate was
concentrated in vacuo and the resultant residue was purified with flash column
chromatography on neural silica gel (5 to 50% ethyl acetate in hexane) to give the title

compound 334 (8.83 g, 81%) as a yellow oil.

[a]p,”* =10.1° (¢ 1.10, CHCl,);

IR (film) 2931, 2857, 1787, 1534, 1349, 1169, 1107, 1090 cm™';

major isomer

'H NMR (500 MHz, CDCl;) & 8.39 (d, J= 9.2 Hz, 2H), 8.22 (d, J= 9.2 Hz, 2H), 7.71 (d,
J= 8.0 Hz, 2H), 7.66 (d, J= 8.0 Hz, 1H), 7.62-7.60 (m, 4H), 7.42-7.40 (m, 2H),
7.36-7.32 (m, 4H), 7.27-7.22 (m, 3H), 7.05 (d, J/=7.5 Hz, 1H), 6.98 (dd, J="7.5,7.1 Hz,
1H), 5.06 (d,J="7.5 Hz, 1H), 4.51 (ddd, J= 8.6, 8.0, 7.5 Hz, 1H), 4.32 (s, 2H), 4.02 (dd,
J=109,9.1 Hz, 1H), 3.75 (dd, J=10.9, 5.1 Hz, 1H), 3.39 (dddd, J=9.1,8.6,5.1,4.6 Hz,
1H), 2.34 (s, 3H), 2.21-2.08 (m, 2H), 0.98 (s, 9H);

"C NMR (125 MHz, CDCl;) § 151.1 (C), 150.4 (C), 144.3 (C), 142.4 (C), 141.5 (C),
1354 (CH), 1354 (CH), 1344 (C), 133.3 (C), 132.3 (C), 130.0 (CH), 129.7 (CH),
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128.6 (CH), 127.8 (CH), 127.3 (CH), 124.6 (CH), 124.5 (CH), 123.9 (CH), 114.8 (CH),
92.0 (C), 74.8 (C), 69.9 (CH), 58.3 (CH), 55.3 (CH,), 52.2 (CH,), 36.4 (CH,), 36.3 (CH),
26.4 (CH;), 21.4 (CH5), 19.0 (C);

HRMS (ESI) calcd for C,,H,;N;NaO,S,Si (M+Na)*: 872.2107, found 872.2101.

amino alcohol 335

OTBDPS

LiOH

TBDPSO THF-H,0, rt

76%

334 335

To a solution of N-p-nitrobenzenesulfonyl-oxazolidinone 334 (8.83 g, 10.3 mmol) in
tetrahydrofuran (100 mL) and water (50 mL) was added lithium hydroxide (746 mg,
31.1 mmol) at room temperature. After stirring for 1 hour, the reaction mixture was
quenched with saturated aqueous ammonium chloride solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was
purified with flash column chromatography on neutral silica gel (20 to 70% ethyl
acetate in hexane) to give the title compound 335 (6.54 g, 76%) as a bright yellow oil.

[a],?7 13.1° (¢ 1.12, CHCL,);

IR (film) 2931, 2857, 1531, 1348, 1164, 1109, 1090, 755 cm™;

'H NMR (400 MHz, CDCL,) §8.28 (d, J= 8.2 Hz, 2H), 8.01 (d, J= 8.2 Hz, 2H),
7.68-7.59 (m, 7H), 7.42-7.31 (m, 6H), 7.23-7.18 (m, 3H), 6.99-6.95 (m, 2H), 5.01 (d, J=
9.6 Hz, 1H), 4.30 (s, 2H), 4.07 (br s, 1H), 3.89 (dd, J= 11.0, 9.6 Hz, 1H), 3.60 (dd, J=
11.0, 5.5 Hz, 1H), 3.46 (m, 1H), 3.27 (m, 1H), 2.35 (s, 3H), 1.75 (br s, 1H), 1.60 (ddd,
J=14.2,11.4,3.2 Hz, 1H), 1.39 (ddd, J= 14.2,8.2,3.2 Hz, 1H), 1.01 (s, 9H);
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C NMR (100 MHz, CDCL,) § 149.9 (C), 146.4 (C), 144.3 (C), 141.5 (C), 135.5 (CH),
135.4 (CH), 134.6 (C), 133.5 (C), 132.8 (C), 132.7 (C), 130.0 (CH), 130.0 (CH), 129.7
(CH), 128.3 (CH), 128.2 (CH), 127.7 (CH), 127.7 (CH), 127.3 (CH), 124.2 (CH), 124.1
(CH), 123.8 (CH), 115.0 (CH), 86.9 (C), 81.0 (C), 64.5 (CH), 56.3 (CH), 55.0 (CH,),
52.3 (CH,), 36.3 (CH,), 36.2 (CH), 26.5 (CH,), 21.5 (CH,;), 19.0 (C);

HRMS (ESI) calcd for C,;H,sN;NaO,S,Si (M+Na)*: 846.2315, found 846.2345.

aziridine 336

OTBDPS OTBDPS

DEAD, PPhs

PhH, 0 °C
66%

335 336

To a solution of amino alcohol 335 (6.52 g, 7.91 mmol) and triphenylphosphine (2.49 g,
9.49 mmol) in benzene (50 mL) was added diethyl azodicarboxylate (2.2 M in toluene,
4.3 mL, 9.5 mmol) at 0 °C. After stirring at O °C for 20 minutes, the reaction mixture
was quenched with saturated aqueous sodium chloride solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was
purified with flash column chromatography on neutral silica gel (5 to 20% ethyl acetate
in hexane) to give the title compound 336 (4.22 g, 66%) as a yellow oil.

[a], 2 —31.2° (¢ 1.14, CHCL,);

IR (film) 2931, 2857, 1599, 1533, 1476, 1349, 1309, 1167, 1109, 1089 cm’";

'"H NMR (500 MHz, CDCl,) 8.32 (d, J= 9.1 Hz, 2H), 8.14 (d, J= 8.7 Hz, 2H),
7.70-7.69 (m, 6H), 7.65 (d, J= 8.0 Hz, 1H), 7.45-7.38 (m, 6H), 7.26-7.20 (m, 3H), 7.02
(d, J="7.5 Hz, 1H), 6.98 (dd, J=7.5,7.5 Hz, 1H), 4.35 (s, 2H), 3.95 (dd, J= 10.9, 9.1 Hz,
1H), 3.67 (dd, J= 109, 5.1 Hz, 1H), 3.22 (dddd, J= 109, 103, 5.1, 40 Hz, 1H),
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3.05-3.00 (m, 2H), 2.37 (s, 3H), 1.83 (ddd, J=14.3,7.1,4.0 Hz, 1H), 1.66 (ddd, J= 142,
10.3,5.8 Hz, 1H), 1.02 (s, 9H);

C NMR (125 MHz, CDCL,) 8 150.5 (C), 144.3 (C), 144.3 (C), 141.4 (C), 135.5 (CH),
135.5 (CH), 133.6 (C), 1334 (C), 132.6 (C), 1299 (CH), 129.7 (CH), 129.2 (CH),
128.6 (CH), 127.8 (CH), 127.8 (CH), 127.3 (CH), 124.2 (CH), 124.2 (CH), 123.8 (CH),
1149 (CH), 854 (C), 76.7 (C), 54.5 (CH,), 52.6 (CH,), 46.3 (CH), 38.0 (CH), 36.4
(CH), 35.3 (CH,), 26.6 (CH,), 21.5 (CH,), 19.1 (C);

HRMS (ESI) calcd for C,;H,;N;NaO,S,Si (M+Na)*: 828.2209, found 828.2201.

tricyclic compound 337

OTBDPS
OTBDPS
BF3OEt2
CH,Cl,
0°Ctort
69%
336 337

To a solution of aziridine 336 (4.22 g, 5.23 mmol) in dichloromethane (40 mL) was
added boron trifluoride diethyl ether complex (1.42 mL, 11.5 mmol) at 0 °C. After
stirring at room temperature for 30 minutes, the reaction mixture was quenched with
saturated aqueous sodium bicarbonate solution and extracted with dichloromethane
three times. The combined organic phases were dried over sodium sulfate and filtrated.
The filtrate was concentrated in vacuo and the resultant residue was purified with flash
column chromatography on neutral silica gel (10% to 50% ethyl acetate in hexane) to

give the title compound 337 (2.93 g, 69%) as a yellow oil.

[a],° ~79.7° (¢ 1.00, CHCL,);

IR (film) 3273, 2930, 2857, 1595, 1531, 1449, 1349, 1165, 1088, 739, 703 cm’";

'"H NMR (500 MHz, CDCL,) 8 8.28 (d, J= 8.5 Hz, 2H), 8.01 (d, J= 8.5 Hz, 2H), 7.70 (d,
J= 8.0 Hz, 2H), 7.58 (d, J= 7.5 Hz, 4H), 7.39-7.24 (m, 9H), 7.08 (dd, J= 8.0, 8.0 Hz,
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1H), 6.77 (d, J= 8.0 Hz, 1H), 5.35 (m, 1H), 4.23 (dd, J=11.5, 11.5 Hz, 1H), 4.17 (s, 2H),
3.75 (m, 1H), 3.54 (m, 1H), 3.21 (m, 1H), 3.14 (dd, J= 11.5, 9.1 Hz, 1H), 2.34 (s, 3H),
2.04 (m, 1H), 1.60 (m, 1H), 1.01 (s, 9H);

C NMR (125 MHz, CDCL,) 8 150.0 (C), 146.0 (C), 144.5 (C), 140.4 (C), 135.4 (CH),
133.4 (C), 132.9 (C), 132.8 (C), 130.7 (C), 129.9 (CH), 129.8 (CH), 129.8 (CH), 129.5
(©), 129.0 (CH), 128.3 (CH), 127.6 (CH), 127.6 (CH), 127.3 (CH), 124.4 (CH), 122.9
(CH), 112.4 (CH), 83.6 (C), 82.6 (C), 57.9 (CH,), 54.4 (CH), 52.6 (CH,), 35.2 (CH),
31.4 (CH), 29.3 (CH,), 26.5 (CH,), 21.5 (CH,), 19.0 (C);

HRMS (ESI) calcd for C,;H,;N;NaO,S,Si (M+Na)*: 828.2209, found 828.2202.

propargyl alcohol 338
OTBDPS
TBAF
—_—
THF, rt
84%
337 338

To a solution of tricyclic compound 337 (2.93 g, 3.63 mmol) in tetrahydrofuran (20 mL)
was added tetra-n-butylammonium fluoride (1.0 M in tetrahydrofuran, 18.1 mL, 18.1
mmol) at room temperature. After stirring for 1 hour, the reaction mixture was
quenched with saturated aqueous ammonium chloride solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was
purified with flash column chromatography on neutral silica gel (10 to 70% ethyl
acetate in hexane) to give the title compound 338 (1.73 g, 84%) as a yellow oil.

[a],2*? ~74.2° (¢ 1.17, CHCL);

IR (film) 2920, 1599, 1530, 1450, 1349, 1309, 1163, 1092 cm’;

"H NMR (500 MHz, CD,0D) 8 8.33 (d, J= 8.6 Hz, 2H), 8.05 (d, J= 8.6 Hz, 2H), 7.65 (d,
J=8.6 Hz, 2H), 7.28 (d, J= 8.0 Hz, 1H), 7.23 (d, J= 8.6 Hz, 2H), 7.10 (dd, J= 8.0, 7.5
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Hz, 1H), 6.87 (d, J= 7.5 Hz, 1H), 4.20 (dd, J= 6.9, 6.9 Hz, 1H), 3.91 (s, 2H), 3.75 (dd,
J=4.6,3.5 Hz, 1H), 3.57 (s, 1H), 3.20-3.14 (m, 2H), 2.28 (s, 3H), 2.02 (ddd, J= 13.0,
4.6,4.6 Hz, 1H), 1.57 (ddd, J=13.0, 11.5, 3.5 Hz, 1H);

C NMR (125 MHz, CD,0D) § 151.3 (C), 148.0 (C), 145.9 (C), 141.8 (C), 134.7 (C),
133.0 (C), 132.0 (C), 1309 (CH), 129.7 (CH), 129.3 (CH), 128.5 (CH), 125.4 (CH),
124.2 (CH), 113.8 (CH), 84.9 (C), 83.4 (C), 59.2 (CH,), 55.8 (CH), 50.6 (CH,), 36.0
(CH), 32.7 (CH), 30.8 (CH,), 21.5 (CHy;);

HRMS (ESI) calcd for C,;H,sN;NaO,S, (M+Na)*: 590.1031, found 590.1044.

allyl alcohol 339

Pd(PPh3),Cl,
n-BusSnH

THF, rt

62%

338 339

To a solution of propargyl alcohol 338 (1.73 g, 3.04 mmol) and
bis(triphenylphosphine)palladium(Il)  dichloride (428 mg, 0.608 mmol) in
tetrahydrofuran (25 mL) was added tri-n-butyltin hydride (0.965 mL, 3.64 mmol) at
room temperature. After stirring for 1 hour, the reaction mixture was quenched with
saturated aqueous sodium chloride solution and extracted with ethyl acetate three times.
The combined organic phases were dried over sodium sulfate and filtrated. The resultant
filtrate was concentrated in vacuo and the resultant residue was purified with flash
column chromatography on silica gel (0 to 30% ethyl acetate in hexane) to give the title

compound 339 (1.62 g, 62%) as a yellow oil.

[aly"® =74.6° (¢ 0.982, CHCL,);
IR (film) 2954, 2923, 2869, 1598, 1531, 1449, 1348, 1307, 1163, 1092 cm™';
'H NMR (500 MHz, CDCl,) 8 8.31 (d, J= 8.6 Hz, 2H), 8.01 (d, J= 8.6 Hz, 2H), 7.69 (d,
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J= 8.6 Hz, 2H), 7.30 (d, J= 8.0 Hz, 1H), 7.26 (d, J= 8.6 Hz, 2H), 7.06 (dd, J= 8.0, 8.0
Hz, 1H), 6.56 (d, J= 8.0 Hz, 1H), 5.70 (d, J= 6.3 Hz, 1H), 5.12 (d, J= 9.2 Hz, 1H),
4.29-4.21 (m, 3H), 3.61 (dd, J=9.2, 4.1 Hz, 1H), 3.44 (dddd, J= 6.3, 4.9, 4.3, 4.1 Hz,
1H), 3.25-3.13 (m, 2H), 2.39 (s, 3H), 2.08 (ddd, J=12.6,4.9, 4.6 Hz, 1H), 1.84 (s, 1H),
1.63 (m, 1H), 1.49-1.34 (m, 6H), 1.27-1.19 (m, 6H), 0.88-0.75 (m, 15H);

C NMR (125 MHz, CDCL,) 8 149.9 (C), 148.3 (C), 146.4 (C), 144.3 (C), 140.4 (C),
138.7 (CH), 134.2 (C), 133.6 (C), 130.3 (C), 129.8 (CH), 128.8 (CH), 128.2 (CH),
127.3 (CH), 124.3 (CH), 122.4 (CH), 112.1 (CH), 63.0 (CH,), 57.9 (CH,), 54.4 (CH),
43.1 (CH), 31.6 (CH,), 30.6 (CH), 29.0 (CH,), 27.2 (CH,), 21.5 (CH,), 13.6 (CH;), 10.0
(CH,);

HRMS (ESI) calcd for C,,Hs;N;NaO,S,Sn (M+Na)*: 882.2244, found 882.2225.

tetracyclic compound 340

DEAD, PPhs

PhH, 0 °C
91%

339 340

To a solution of allyl alcohol 339 (1.62 g, 1.88 mmol) and triphenylphosphine (594 mg,
2.26 mmol) in benzene (20 mL) was added diethyl azodicarboxylate (2.2 M in toluene,
1.0 mL, 2.2 mmol) at 0 °C. After stirring at 0 °C for 30 minutes, the reaction mixture
was quenched with saturated aqueous sodium chloride solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was
purified with flash column chromatography on neutral silica gel (5 to 15% ethyl acetate

in hexane) to give the title compound 340 (1.45 g, 91%) as a yellow oil.
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[a]y™* =79.4° (¢ 1.28, CHCl,);

IR (film) 2954, 2924, 2851, 1597, 1530, 1453, 1349, 1162, 1094 cm';

'H NMR (400 MHz, CDCl;) & 8.30 (d, J= 8.7 Hz, 2H), 7.95 (d, J= 8.7 Hz, 2H), 7.68 (d,
J=8.3 Hz, 2H), 7.44 (d, J= 8.2 Hz, 1H), 7.24 (d, J= 8.3 Hz, 2H), 7.21 (dd, J= 8.2, 7.8
Hz, 1H), 6.91 (d, J= 7.8 Hz, 1H), 6.42 (s, 1H), 4.38-4.31 (m, 2H), 391 (d, J= 17.9 Hz,
1H), 3.39 (d, /= 10.5 Hz, 1H), 3.34-3.24 (m, 2H), 3.15 (ddd, J= 10.5, 10.1, 9.2 Hz, 1H),
2.61 (ddd, J=13.9,10.1,7.1 Hz, 1H), 2.38 (s, 3H), 1.78 (ddd, J=13.9,9.2, 5.5 Hz, 1H),
1.52-1.44 (m, 6H), 1.36-1.27 (m, 6H), 0.96-0.80 (m, 15H);

C NMR (100 MHz, CDCL,) 8 149.7 (C), 147.6 (C), 1442 (C), 141.3 (C), 140.4 (C),
136.0 (C), 135.0 (CH), 133.8 (C), 131.2 (C), 129.7 (CH), 128.3 (CH), 128.1 (CH),
127.2 (CH), 124.2 (CH), 117.9 (CH), 112.8 (CH), 59.4 (CH), 58.7 (CH,), 52.6 (CH,),
40.0 (CH), 32.7 (CH), 30.4 (CH,), 29.0 (CH,), 27.3 (CH,), 21.5 (CH,), 13.6 (CH;), 9.42
(CH,);

HRMS (ESI) calcd for C;,Hs;,N;NaOS,Sn (M+Na)*: 864.2138, found 882.2141.

tertiary amine 341

BusSn N,p—Ns

H HSCH,CO,H formalin, AcOH

DBU NaBH;CN

H > >

MeCN, rt MeOH, rt

quant. (2 steps)
Ts
340 341

To a solution of tetracyclic compound 340 (145 g, 1.72 mmol) and
1,8-diazabicyclo[5.4.0Jundec-7-ene (2.56 mL, 17.2 mmol) in acetonitrile (25 mL) was
added thioglycolic acid (794 mg, 8.62 mmol) at room temperature. After stirring at
room temperature for 45 minutes, the reaction mixture was quenched with saturated
aqueous sodium bicarbonate solution and extracted with ethyl acetate three times. The
combined organic phases were dried over sodium sulfate and filtrated. The filtrate was
concentrated in vacuo and the resultant residue was used in the next reaction without

further purification.
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To a solution of the residue, formalin (2.0 mL) and acetic acid (2.0 mL) in methanol
(175 mL) was added sodium cyanoborohydride (1.08 g, 17.2 mmol) at room
temperature. After stirring at room temperature for 1 hour, the reaction mixture was
quenched with saturated aqueous sodium bicarbonate solution and extracted with ethyl
acetate three times. The combined organic phases were washed with saturated aqueous
sodium chloride solution, dried over sodium sulfate and filtrated. The filtrate was
concentrated in vacuo and the resultant residue was purified with flash column
chromatography on silica gel (1 to 3% methanol in chloroform) to give the title

compound 341 (1.35 g, 114% (2 steps, including thioglycolic acid)) as a yellow oil.

[a],2* —122.1° (¢ 1.11, CHCL,);

IR (film) 2954, 2924, 2868, 2850, 1595, 1453, 1356, 1166, 1094 cm';

'H NMR (500 MHz, CDCl;)  7.69 (d, J= 7.5 Hz, 2H), 7.40 (d, J= 8.0 Hz, 1H), 7.23 (d,
J=7.5Hz,2H),7.17 (dd, J= 8.0, 7.5 Hz, 1H), 6.87 (d, J="7.5 Hz, 1H), 6.32 (s, 1H), 4.38
(m, 1H), 3.40 (d, J= 16.6 Hz, 1H), 3.31-3.22 (m, 2H), 3.18 (m, 1H), 2.91 (m, 1H), 2.36
(s, 3H), 2.28 (s, 3H), 2.03-1.96 (m, 2H), 1.69 (m, 1H), 1.52-1.46 (m, 6H), 1.34-1.27 (m,
6H), 0.93-0.83 (m, 15H);

"C NMR (125 MHz, CDCl,) § 143.8 (C), 139.9 (C), 139.5 (C), 137.6 (C), 133.6 (C),
132.3 (CH), 131.2 (C), 129.5 (CH), 127.8 (CH), 127.0 (CH), 118.7 (C, thioglycolic
acid), 117.7 (CH), 112.2 (CH), 62.5 (CH), 61.2 (CH,), 594 (CH,), 479 (CH,,
thioglycolic acid), 40.4 (CH), 40.4 (CH,), 31.9 (CH), 29.8 (CH,), 28.8 (CH,), 27.1
(CH,),21.2 (CH,), 13.3 (CH,), 8.91 (CH,);

HRMS (ESI) calcd for Cy,H;;,N,0,SSn (M+H)*: 671.2693, found 671.2682.

indole 342
BuzSn
Na/naphthalene (PhSe0),0, Indole
THF THF, 45 °C
-78t00°C

59% (2 steps)

341 342
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To a solution of tertiary amine 341 (1.35 g, <1.72 mmol) in tetrahydrofuran (14 mL)
was added lithium naphthalenide* (1.00 M in tetrahydrofuran, 8.60 mL, 8.60 mmol) at
—78 °C and then the reaction mixture was allowed to warm up to 0 °C. After stirring at
0 °C for 1 hour, the reaction mixture was quenched with saturated aqueous sodium
bicarbonate solution and extracted with ethyl acetate three times. The combined organic
phases were washed with saturated aqueous sodium chloride solution, dried over
sodium sulfate and filtrated. The filtrate was concentrated in vacuo and the resultant
residue was used in the next reaction without further purification.

To a solution of the residue and indole (665 mg, 5.67 mmol) in tetrahydrofuran (17 mL)
was added benzeneseleninic acid anhydride (681 mg, 1.89 mmol) at room temperature.
After stirring at 45 °C for 1 hour, the reaction mixture was quenched with saturated
aqueous sodium bicarbonate solution and extracted with ethyl acetate three times. The
combined organic phases were dried over sodium sulfate and filtrated. The filtrate was
concentrated in vacuo and the resultant residue was purified with flash column
chromatography on neutral silica gel (10 to 100% ethyl acetate in hexane and then 10%
methanol in ethyl acetate) to give the title compound 342 (521 mg, 59% (2 steps)) as a

brown oil, which was contaminated with impurities.

* 1.0 M solution of sodium naphthalenide in tetrahydrofuran was prepared as follows: To a solution of
naphthalene (1.10 g, 8.60 mmol) in tetrahydrofuran (8.6 mL) was added sodium cube (198 mg, 8.60
mmol) at room temperature. The solution was sonicated for 45 min at room temperature. The deep green

solution was used in this reaction.

[a],2 ~117.8° (¢ 0.985, CHCL,);

IR (film) 2954, 2924, 2869, 2848, 2360, 2339, 1597, 1454, 1375, 1349 cm’’;

'"H NMR (400 MHz, CDCl,) 8 8.74 (br s, 1H), 7.73 (d, 0.25H, impurity), 7.19-7.18 (m,
2H), 7.04 (d, J= 4.5 Hz, 1H), 6.86 (s, 1H), 6.61 (s, 1H), 3.91 (d, J= 9.1 Hz, 1H), 3.61 (d,
J=17.4 Hz, 1H), 3.36 (dd, J= 14.2, 2.8 Hz, 1H), 3.23 (d, J= 17.4 Hz, 1H), 2.86 (dd, J=
14.2, 12.4 Hz, 1H), 2.73 (m, 1H), 2.56 (s, 3H), 2.36 (m, 0.84H, impurity), 1.65-1.53 (m,
6H), 1.42-1.30 (m, 6H), 1.09-0.92 (m, 15H);

13C NMR (100 MHz, CDCl,) 8 138.0 (C), 133.9 (CH), 133.5 (C), 131.9 (C), 129.6 (C,
impurity), 126.2 (C), 122.6 (CH), 118.0 (CH), 112.4 (CH), 111.5 (C), 108.6 (CH), 63.5
(CH), 62.1 (CH,), 41.9 (CH), 40.2 (CH,), 29.0 (CH,), 27.3 (CH,), 26.4 (CH,), 13.6
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(CHs;), 9.00 (CH,);

HRMS (ESI) caled for C,;H,;N,Sn (M+H)": 515.2448, found 515.2444.

indole derivative 343

BusSn

Boc,O, DMAP

Y

MeCN, rt

67%

342 343

To a solution of indole 342 (521 mg, 1.01 mmol) and N,N-dimethyl-4-aminopyridine
(12.4 mg, 0.101 mmol) in acetonitrile (10 mL) was added di-z-butyl dicarbonate (288
mg, 1.31 mmol) at room temperature. After stirring for 1 hour, the solvent was removed
under reduced pressure. The resultant residue was purified with flash column
chromatography on neutral silica gel (5 to 15% ethyl acetate in hexane) to give the title

compound 343 (414 mg, 67%) as a brown oil.

[a]p ™ —75.8° (¢ 0.981, CHCl,);

IR (film) 2954, 2924, 2851, 2765, 1730, 1438, 1391, 1359, 1298, 1283, 1155 cm';

'H NMR (500 MHz, CDCl;) 8 7.79 (br s, 1H), 7.31-7.28 (m, 2H), 7.17 (d, J= 7.5 Hz,
1H), 6.52 (br s, 1H), 3.75 (m, 1H), 3.54 (d, J= 16.6 Hz, 1H), 3.27 (dd, J= 14.4, 3.5 Hz,
1H), 3.12 (d, J=16.6 Hz, 1H), 2.69 (dd, J= 14.4,9.5 Hz, 1H), 2.54 (ddd, J/=9.5,6.3,3.5
Hz, 1H), 2.47 (s, 3H), 1.66 (s, 9H), 1.55-1.47 (m, 6H), 1.39-1.26 (m, 6H), 1.04-0.86 (m,
15H);

"C NMR (125 MHz, CDCL,) & 150.0 (C), 139.0 (C), 133.2 (CH), 132.6 (C), 128.6 (2C,
overlapped), 124.9 (CH), 119.2 (CH), 116.8 (C), 116.3 (CH), 112.7 (CH), 83.0 (C), 63.2
(CH), 62.3 (CH,), 42.0 (CH), 40.6 (CH,), 29.0 (CH,), 28.0 (CH,), 27.3 (CH,), 264
(CH,), 13.7 (CH,), 8.99 (CH,);

HRMS (ESI) calcd for C;,H;;N,0,Sn (M+H)*: 615.2972, found 615.2990.
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alkenyl iodide 344

BusSn

NIS, TFA
THF, -10 °C

Y

90%

343 344

To a solution of indole derivative 343 (408 mg, 0.665 mmol) in tetrahydrofuran (6.5
mL) was added trifluoroacetic acid (61.5 uLL, 0.798 mmol) and N-iodosuccinimide (180
mg, 0.798 mmol) at —10 °C. After stirring for 20 minutes, the reaction mixture was
quenched with saturated aqueous sodium bicarbonate solution and extracted with ethyl
acetate three times. The combined organic phases were dried over sodium sulfate and
filtrated. The filtrate was concentrated in vacuo and the resultant residue was purified
with flash column chromatography on neutral silica gel (10 to 20% ethyl acetate in

hexane) to give the title compound 344 (271 mg, 90%) as a brown oil.

[a]p™®=151.7° (¢ 0.81, CHCl,);

IR (film) 2975, 2926, 2849, 1729, 1437, 1391, 1354, 1297, 1283, 1257, 1156 cm';

'H NMR (400 MHz, CDCl;) § 7.80 (br s, 1H), 7.30-7.26 (m, 2H), 7.09 (d, J= 7.8 Hz,
1H), 7.02 (s, 1H), 3.79 (m, 1H), 3.56 (d, J=16.7 Hz, 1H), 3.40 (d, J=16.7 Hz, 1H), 3.12
(d, J=119 Hz, 1H), 2.77 (dd, J= 12.8, 11.9 Hz, 1H), 2.72 (dd, J= 13.7, 12.8 Hz, 1H),
2.49 (s, 3H), 1.68 (s, 9H);

C NMR (100 MHz, CDCL,) § 149.8 (C), 134.5 (CH), 133.2 (C), 130.7 (C), 128.2 (C),
125.0 (CH), 119.4 (CH), 116.5 (CH), 116.2 (C), 113.2 (CH), 94.8 (C), 83.3 (C), 66.1
(CH,), 61.2 (CH), 42.3 (CH), 38.5 (CH,), 28.1 (CH,), 27.8 (CH,, Bu,;SnX), 26.7 (CH,,
Bu,SnX), 26.2 (CH,), 17.4 (CH,, Bu,;SnX), 13.5 (CH;, Bu,;SnX);

HRMS (ESI) caled for C,,H,,IN,O, (M+H)": 451.0882, found 451.0889.

122



B,y—unsaturated ester 345

H
MeO,C N,Me

CO (1 atm) H
Pd(PPhg),, EtzN N
DMF-MeOH, 75 °C
N
dr=1.8:1 N
Boc
344 345

To a solution of alkenyl iodide 344 (270 mg, 0.601 mmol) and triethylamine (0.251 mL,
1.80 mmol) in N,N-dimethylformamide (3.0 mL) and methanol (3.0 mL) was added
tetrakis(triphenylphosphine)palladium(0) (139 mg, 0.120 mmol) at room temperature.
The reaction system was substituted with the atmospheric carbon monoxide and then
heated at 75 °C for 1 hour. The reaction mixture was cooled to room temperature and
quenched with saturated aqueous sodium chloride solution and extracted with diethyl
ether three times. The combined organic phases were dried over sodium sulfate and
filtrated. The resultant filtrate was concentrated in vacuo and the resultant residue was
purified with flash column chromatography on neutral silica gel (5 to 40% ethyl acetate
in hexane) to give the title compound 345 (118 mg, dr=1.8:1, including PPh;) as a

brown oil.

IR (film) 2954, 2852, 2798, 1729, 1442, 1393, 1057, 910, 854 cm™';

major isomer

'H NMR (500 MHz, CDCl;) § 7.77 (br s, 1H), 7.33 (m, 1H), 7.27-7.24 (m, 2H), 6.57 (s,
1H), 3.74 (s, 3H), 3.69 (m, 1H), 3.41 (dd, J= 109, 4.0 Hz, 1H), 3.25 (m, 1H), 3.06 (m,
1H), 2.68-2.58 (m, 2H), 2.54 (s, 3H), 1.63 (s, 9H);

minor isomer

'H NMR (500 MHz, CDCl;) § 7.77 (br s, 1H), 7.33 (m, 1H), 7.27-7.24 (m, 2H), 6.52 (s,
1H), 3.70 (s, 3H), 3.34-3.30 (m, 2H), 3.25 (m, 1H), 3.06 (m, 1H), 2.68-2.58 (m, 1H),
2.51 (s,3H), 2.51 (m, 1H), 1.63 (s, 9H);

HRMS (ESI) calcd for C,,H,,N,NaO, (M+Na)*: 405.1790, found 405.1797.
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methyl lysergate and methyl isolysergate 74

H H
MeO.C Me MeO,C Me
N N
H H
N TFA, Me,S Py X
N CH,Cl,, 40°C  MeCN, 50 °C \
90% (from 344)
N (from .
Noc dr=1.8:1 N
345 24

To a solution of a mixture of 3,y—unsaturated ester 345 (6.5 mg, 0.017 mmol) in
dichloromethane (0.15 mL) and dimethyl sulfide (15 uL) was added trifluoroacetic acid
(60 uL) at room temperature. After stirring for 1 hour at 40 °C, the reaction mixture was
diluted with toluene (1 mL). The solvents were removed under reduced pressure and the
resultant residue was used in the next reaction without any purification.

To a solution of the residue in acetonitrile (0.15 mL) was added pyridine (30 uL) at
room temperature. After stirring at 50 °C for 20 minutes, the solvent was removed
under reduced pressure and the resultant residue was purified with thin layer column
chromatography on silica gel (7.5% methanol in chloroform) to give the title compound

74 (4.3 mg, 90%, dr=1.8:1) as a brown oil.

IR (film) 2950, 2850, 2799, 1732, 1558, 1540, 1507, 1455, 1435, 1068, 1057, 749 cm';

'H NMR spectra of 74 was in good accordance with those reported by Ohno'’

'H NMR (400 MHz, CDCI,) of major isomer & 7.92 (br s, 1H), 7.24-7.16 (m, 3H), 6.92
(s, 1H), 6.60 (s, 1H), 3.78 (s, 3H), 3.72 (m, 1H), 3.53 (dd, J= 15.1, 5.5 Hz, 1H), 3.31 (m,
1H), 3.20 (m, 1H), 2.78-2.69 (m, 2H), 2.62 (s, 3H);

'"H NMR (400 MHz, CDCI,) of minor isomer & 7.92 (br s, 1H), 7.24-7.16 (m, 3H), 6.90
(s, 1H), 6.56 (d, J= 4.1 Hz, 1H), 3.72 (s, 3H), 3.43 (dd, J= 14.8, 5.2 Hz, 1H), 3.36 (dd,
J=11.4,3.7Hz, 1H),3.31 (m, 1H), 3.20 (m, 1H), 2.78-2.69 (m, 2H), 2.57 (s, 3H);
HRMS (ESI) calced for C,;H,,N,O, (M+H)": 283.1446, found 283.1460.
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lysergic acid (1)

H
MeO,C N,Me

™ NaOH

Py
>

EtOH-H,0, 35 °C

36%

Iz

74 1

To solution of diastereomixture of methyl lysergate and isolysergate 74 (8.3 mg, 0.0293
mmol) in ethanol (0.30 mL) was added 1N aqueous sodium hydroxide (0.30 mL). The
reaction mixture was stirred at 35 °C for 2 hours. 1 N hydrochloric acid solution was
used to carefully adjust the pH to 6 and stirred at O °C for 2 hours while a solid material
was formed. The precipitate was filtered off and washed with cold water and acetone to

give lysergic acid (1, 2.8 mg, 36%) as a pale red-brown solid.

[0],? 46.1° (c 0.14, methanol);

IR (film) 3243, 3207, 2921, 2850, 1597, 1455, 1375 cm’';

'H NMR (400 MHz, C;D,N) & 11.71 (br s, 1H), 7.45 (d, J= 7.8 Hz, 1H), 743 (d, J=7.8
Hz, 1H), 7.30 (dd, J= 7.8, 7.8 Hz, 1H), 7.21-7.19 (m, 2H), 4.06 (m, 1H), 3.64 (dd, J=
14.6,5.5 Hz, 1H), 3.54 (dd, J= 14.6, 5.0 Hz, 1H), 3.29 (m, 1H), 2.96-2.88 (m, 2H), 2.52
(s, 3H);

"C NMR (100 MHz, C,DsN) 8 175.1 (C), 136.7 (C), 135.9 (C), 128.9 (C), 127.3 (O),
123.3 (CH), 120.1 (CH), 119.8 (CH), 112.2 (CH), 110.5 (C), 110.5 (CH), 63.8 (CH),
56.0 (CH,),43.9 (CH,),43.3 (CH), 27.9 (CH,);

HRMS (ESI) calcd for C,(H,(N,NaO, (M+Na)": 291.1109, found 291.1111.
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Spectral Data
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DFILE rk12043_non-data-1-1.als

COMNT
DATIM 03-03-2015 09:00:55
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ 399.78 Mz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 4
ACQTM 2.1837 sec
D 5.0000 sec
Pl 4.90 usec
IRNUC 1H
CTEMP 23.2 ¢
SLVNT CDCL3
EXREF 0.00 ppm
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DFILE rk12043_bcm-1-1.als
COMNT

DATIM 03-03-2015 09:01:45

OBNUC  13C

EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 45
ACQTM 1.0433 sec
PD 1.5000 sec
PWl 2.87 usec
IRNUC 1H

CTEMP 23.5 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
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Br
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

PWl

IRNUC
CTEMP
SLVNT
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RGAIN

2.055
2.080

0.982
1
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rk12046-b_non-data-1-1.als

06-02-2015 11:25:58
1H
single pulse.jxp
399.78 iz
4.19 KHz
7.29 Hz
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6002.40 Hz
5

2.1837 sec
5.0000 sec
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23.2 ¢
CDCL3
7.26 ppm
0.12 Hz
38

OH

I

NO,

DFILE rkl2046-b_bem-1-1.als

COMNT
DATIM 07-02-2015 16:06:57
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214

| FREQU 25125.63 Hz

| SCANS 128
ACQTM 1.0433 sec
PD 1.5000 sec
Pl 2.87 usec
IRNUC 1H
CTEMP 23.9 ¢
SLVNT = CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50

OH
H
NO,
Br 2
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DFILE k11351 _non-data-1-1.als
COMNT
DATIM  20-12-2014 16:01:44
OBNUC
EXMOD s;nqle pulse 3xp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 3
ACQTM 2.1837 sec
D 5.0000 sec
PWL 4.90 usec
IRNUC 1H
CTEMP 3.0 ¢
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DFILE rkl12050_bem-1-1.als
COMNT
DATIM 09-02-2015 19:42:58
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ T00. 53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 128
ACQTM 1.0433 sec
D 1.5000 sec
Pl 2.87 usec
IRNUC 1H
CTEMP 23.4 ¢
SLVNT CDCL3
EXREF 7.00 ppm
BF 0.12 Hz
RGAIN 50
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H
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DFILE rkl12051_non-data-1-1.als
COMNT
DATIM 10 02-2015 20:34:40
OBNUC
EXMOD single_pulse Jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 6
ACQT™ 2.1837 sec
PD 5.0000 sec
Pyl 4.90 usec
IRNUC 1H
CTEMP 23.1 ¢
SLVNT CDCL3
EXREF 7.26 ppm
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RGAIN 30
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DFILE rkl2051_bem-1-1.als
COMNT
DATIM 10-02-2015 20:53:19
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5,35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 128
ACQTM 1.0433 sec
33 1.5000 sec
PWl 2.87 usec
IRNUC 1H
CTEMP 23.3 ¢
SLVNT CDCL3
EXREF 77.00 ppm
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DFILE rkl2056_non-data-1-1.als

COMNT
DATIM 11-02-2015 12:54:59
OBNUC 1H
EXMOD single_pulse.3xp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 5
ACOTM 2.1837 sec
PD 5.0000 sec
PWl 4.90 usec
IRNUC 1H
CTEMP 23.0 ¢
SLVNT CDCL3
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DFILE rkl12056 bcm-1-1.als

COMNT
DATIM 11-02-2015 13:03:52
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 00.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 97
ACQOTM 1.0433 sec
PD 1.5000 sec
PWl 2.87 usec
IRNUC 1H
CTEMP 23.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
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RGAIN 50
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DFILE rk12059_non-data-1-1.als
COMNT
DATIM 11-02-2015 19:26:41
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 8
ACQTM 2.1837 sec
PD 5.0000 sec
PW1l 4.90 usec
IRNUC 1H
CTEMP 23.1 ¢
SLVNT CDCL3
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DFILE rkl12059_bem-1-1.als

COMNT
DATIM 11-02-2015 19:33:27
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125.63 Hz
SCANS 68
ACQTM 1.0433 sec
PD 1.5000 sec
| PWl 2.87 usec
| IRNUC 1H
CTEMP 23.2 ¢
SLVNT CDCL3
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DFILE rkl2066-cr_non-data-I~l.als

comnT
DATIM 17-02-2015 08:43:45
OBNUC  1H
EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002,40 Hz
SCANS 3
ACOTM 2.1837 sec
PD 5.0000 sec
PWl 4.90 usec
IRNUC  1H
CTEMP 23.1 ¢
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DFILE rkl2066-cr_becm-1-1.als

COMNT
DATIM 17-02-2015 08:44:27
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN 5.86 Hz
POINT 26214
FREQU 25125,63 Hz
SCANS 128
ACQTM 1.0433 sec
PD 1.5000 sec
PW1 2.87 usec
IRNUC 1H
CTEMP 23.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
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DFILE rk12390-1-1.als

comvT
DATIM 17-11-2015 17:55:04
OBNUC 1H
EXMOD proton.jxp
OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 4
ACQTM 2,2282 sec
PD 5.0000 sec
PWL 4.99 usec
IRNUC 1H
CTEMP 20.1 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 34
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DFILE rkl12390-carbon-1.als

COMNT
DATIM 17-11-2015 17:57:00
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
SCANS 159
ACOoTM 1.0643 sec
PD 2,0000 sec
- PWl 3.16 usec
IRNUC 1H
CTEMP 20.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
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DFILE rk13001-1-1.als

COMNT rk13001

DATIM 2015-11-26 18:18:31
1H

OBNUC
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWl 5.55 usec
IRNUC 1H
CTEMP 33.2 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
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DFILE rk1300l-carbon-1-1.als
COMNT rk13001l-carbon
DATIM 2015-11-26 18:23:32

OBNUC  13C
EXMOD  carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 Kz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 258
ACOTM 0.8336 sec
PD 2.0000 sec
Pwl 3.40 usec
IRNUC 1H

CTEMP 29.0 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE rk13008-2-1-1.als
COMNT rk13008-2
DATIM 2015-12-07 13:59:54

OBNUC 1H
EXMOD proton.jxp

OBFRQ 500,16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PWL 5.55 usec
IRNUC 1H

CTEMP 33.5 ¢
SLVNT CDCL3
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DFILE rk13008~2~bcm~1-1.als
COMNT rk13008-2-bem
DATIM 2015-12-07 14:00:57
OBNUC
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 23
ACQTM 0.8336 sec
PD 2,0000 sec
PWl 3.40 usec
IRNUC 1H
CTEMP 30.7 ¢
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DFILE rk13009-2-1-1.als
COMNT rk13009-2
DATIM 07-12-2015 18:32:51

OBNUC 1H
EXMOD proton.jxp
OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 8
ACQTM 2.2282 sec
PD 5.0000 sec
WL 4.99 usec
IRNUC 1H
CTEMP 19.6 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.10 Hz
RGAIN 22
g
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} | DFILE rk13009-2-bcm-1-1.als
! COMNT  rk13009-2-bem

DATIM 07-12-2015 18:34:23

OBNUC  13C
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
SCANS 549
ACQTM 1.0643 sec
PD 2.0000 sec
PWL 3.16 usec
IRNUC 1H
CTEMP 20.1 ¢
SLVNT ~CDCL3
EXREF 77.00 ppm
BF 0.12 Hz

{ RGAIN 60
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rk13010-cr-1-1.als
rk13010-cr
08-12-2015 12:53:19
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DFILE rk13010-cr-bem-1-1.als
COMNT  rk13010-cr-bem
DATIM 08-12-2015 12:54:16
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4,64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630,54 Hz
SCANS 76
ACQT™ 1.0643 sec
PD 2.0000 sec
PW1 3.16 usec
IRNUC 1H
CTEMP 1l
SLVNT ~CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE rk1301l-1-1.als

COMNT rk13011

DATIM 2015-12-09 13:57:47
1H

OBNUC

EXMOD proton.jxp

OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 4
ACOTM 1.7459 sec
PD 5.0000 sec
PW1 5.55 usec
IRNUC 1H

CTEMP 33.4 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 1.20 Hz
RGAIN 28
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DFILE rk130ll-bem-1-1.als
COMNT rk1301l-bem
DATIM 2015-12-09 13:58:49

OBNUC 13C
EXMOD  carbon.jxp

OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 201
ACQTM 0.8336 sec
PD 2.0000 sec
Pl 3.40 usec
IRNUC 1H

CTEMP 28.7 ¢
SLYNT CDCL3

EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
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DFILE rk13012-1-1l.als
COMNT rkl13012
DATIM 2015-12-14 18:02:52

OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 3
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.55 usec
IRNUC 1H
CTEMP 33.0 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 30
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DFILE rk13012-bcm-1-1.als
COMNT  rk13012-bcm
DATIM 2015-12-14 18:03:49

OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 102
ACOTM 0.8336 sec
33 2.0000 sec
PWl 3.40 usec
IRNUC 1H
CTEMP 25.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE rk13013-1-l.als
COMNT rk13013
DATIM 15-12-2015 17:34:44
OBNUC 1H
EXMOD proton.jxp
OBFRQ 391.78 MHz
OBSET B.51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 4
ACQTM 2.,2282 sec
PD 5.0000 sec
PWl 4.99 usec
IRNUC 1H
CTEMP 20.1 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 30
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N
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DFILE rk13013-bcm-1-1.als
COMNT rk13013-bem
DATIM 15-12-2015 17:35:45
OBNUC
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
SCANS 64
ACQTM 1.0643 sec
PD 2.0000 sec
PW1 3.16 usec
IRNUC 1H
CTEMP 20.2 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE rk11333-b_non-data-1-1.als

COMNT
DATIM 17-02-2015 11:15:01
OBNUC 1H
EXMOD single_pulse.jxp
OBFRQ 399.78 MHz
OBSET 4.19 KHz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS 7
ACQTM 2.1837 sec
PD 5.0000 sec
PWL 4.90 usec
IRNUC 1H
CTEMP 23.4 ¢
SLVNT ~CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 26
OTBDPS
A
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DFILE rkl1333-b_bem-1-1.als

COMNT
DATIM 17-02-2015 11:16:13
OBNUC  13C
EXMOD single_pulse_dec
OBFRQ 100.53 MHz
OBSET 5.35 KHz
OBFIN ' 5.86 Hz
, POINT 26214
| FREQU 25125,63 Hz
) | SCANS 89
ACQTM 1.0433 sec
| PD 1.5000 sec
| PW1 2.87 usec
{ IRNUC 1H
CTEMP 23.5 ¢
SLVNT = €DCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 50
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DFILE rk13014-1-1.als
COMNT  rk13014
DATIM 17—12—2015 17:40:12
OBNUC
EXMOD proton jxp
OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882,35 Hz
SCANS 8
ACQTM 2.2282 sec
PD 5.0000 sec
PWl 4.99 usec
IRNUC 1H
CTEMP 19.9 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 28
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DFILE rk130l4-bcm-1-1.als
COMNT rk13014-bem
DATIM 17-12-2015 17:41:43
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
i POINT 26214
FREQU 24630.54 Hz
| SCANS 64
ACQTM 1.0643 sec
| PD 2.0000 sec
! PW1 3.16 usec
| IRNUC  1H
i CTEMP 20.1 c
SLVNT CDCL3
EXREF 77.00 ppm
F 0.12 Hz
RGAIN 60
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DFILE rk13017-2-1-1.als
COMNT rk13017-2
DATIM 2015-12-22 20:49:48
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507.51 Hz
SCANS 7
ACQTM 1.7459 sec
PD 5.0000 sec
PW1 5.55 usec
IRNUC 1H
CTEMP 33.1 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 24
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DFILE rk13017-2-bem-1-1.als
COMNT rk13017-2-bem
DATIM 2015-12-22 20:51:11
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 148
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H
CTEMP 32.0 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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DFILE rk13020-1-1.als
COMNT rk13020
DATIM 24-12-2015 21:09:35

OBNUC 1H
EXMOD proton.jxp
OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 8
ACQTM 2.2282 sec
PD 5.0000 sec
PW1 4.99 usec
IRNUC 1H
CTEMP 20.2 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 1.20 Hz
RGAIN 24
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DFILE rk13020-bcm-1-1.als
COMNT  rk13020-bcm
DATIM 24-12-2015 21:11:11

OBNUC 13C
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
¥ POINT 26214
¢ FREQU 24630.54 Hz
t SCANS 74
| ! ACQTM 1.0643 sec
PD 2.0000 sec
PWl 3.16 usec
IRNUC 1H
CTEMP 20.4 ¢
i SLVNT CDCL3
EXREF 77.00 ppm
1 BF 1.20 Hz
RGAIN 60
i
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rk13021-2

2015-12-25 13:22:23
1H

proton. jxp
500.16
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MHz
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Hz
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DFILE rkl13021-2-bcm-1-1.als
COMNT rk13021-2~bem
DATIM 2015-12-25 13:23:52
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 258
ACQTM 0.8336 sec
PD 2.0000 sec
PWl 3.40 usec
IRNUC 18
CTEMP 32.9 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0,12 Hz
RGAIN 60
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DFILE rk13022-2-1-1.als
COMNT rk13022-2

DATIM 25-12-2015 18:50:50
OBNUC 1H

EXMOD proton. jxp

OBFRQ .78 MHz
OBSET 8 51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 5
ACQTM 2.2282 sec
PD 5.0000 sec
PW1 4.99 usec
IRNUC 1H

CTEMP 19.7 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 30
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DFILE rk13022-2-bem-1-1.als
COMNT ~ rk13022-2-bcm
DATIM 25-12-2015 18:53:13
OBNUC  13C

EXMOD carbon.jxp

OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214

FREQU 24630.54 Hz
SCANS 256

ACQTM 1.0643 sec
PD 2.0000 sec
PW1 3.16 usec
IRNUC 1H

CTEMP 3¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
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rk13023-1-1.als
rk13023

28-12-2015 12:01:41
1H

proton.jxp
500.16 MHz
2.41 KHz
6.01 Hz

13107
7507.51 Hz

8

1.7459
5,0000
5.55

sec
sec
usec

32.9 ¢

7.26 ppm

0.12 Hz
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E 336
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| et d = |
I S I P 0w o o
(o g s 27 | Sgn S
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I | o i °s
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Co N ol
AN I ST |
| | 0
I i
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| Loy ) | |
o B »%,J%«J M‘_}u( do Moh o ad N N
PPM
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DFILE rk13023-bem-1~1.als
COMNT rk13023-bcm
DATIM 28-12-2015 12:03:10
OBNUC C
EXMOD carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCANS 868
ACQTM 0.8336 sec
PD 2.0000 sec
PW1 3.40 usec
IRNUC 1H
CTEMP 33.1 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60
OTBDPS
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HMBC

=
2 JEOL
" RESONRNCE
'g ) | oo FROCESSING mm’ms ————
3 gausa( 5.0{Hz], 0.0[s
|8 J A pmi 4 sinbell_auto
S zerofill( 1)
] £££( 1, TRUE, TRUE )
— ppm
(1] [transpos:
Py sinbelld( -60, 160 )
= 1 trapazoid( 0[%], 5[%1, 80(%], 100([%] )
Q [] F—1 zerofill( 2 )
0 ££t( 1, TRUE, TRUE )
ppn
b= =
Lag)
1y 6 =5
< . — Filename = rk13023-hwbc-2-2. Jdf
< s Author = delta
<+ Experiment = hmbo. jxp
= sample_Td = §#522982
< Solvent = CHLOROFORM-D
=3 Creation_Time = 28-DEC~2015 14:32:01
0 —1 Revision_Time = 28-DEC-2015 15:54:45
° A Cuzrrent_Time = 28-DEC-2015 16:00:41
g ) Comment = rk13023~hmbe
Data_Format = 2D REAL REAL
Dim Bize = 1638, 512
< Dim Title = Proton Carbonld
14 Dim Units = [ppm} [ppm}
Dimensions =XY
o Site = JNM-ECXS00
2 = DELTA2 NMR
0
l Field Strength = 11.7473579[T] (500 [MHz]
o X_Rog Duration = 0,21823488[a}
P X Domain = 18
X Freq = 500.15991521 [MH=]
X _offset = 5.0 [ppm}
< X_Points = 2048
g X_Prescans =4
=1 X Resolution = 4.58221894 [Hz]
X_Sweep = 9.38438438 [kHe]
= X_sweep_Clipped = 7.50750751 [kHx]
oS — ¥ Domain = 13¢C
—— = 12576529768 [Miz]
g o ] 336 I = 100 [ppm]
8 = = 256
8§ =
[SRa M o f S — = 122,99275819[Hz]
e = 31.4861461 [kEz]
BEo . ) — = Proton
L& v L = 50015991821 [MHa]
- ’ = 5.0[ppm]
< = FALSE
5 Y
as 0 - Total_Scans = 1024
g < Relaxation Dalay = 1.5[a]
ds & - Recvz_Gain =78
IR A Temp_Get = 29.7[dc]
S X _Acq_Time = 0.21823488[a]
Y T X_Atn = 3.7(dB]
8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 02 04 X_Gemma = 42576375
X : parts per Million : Proton abundance
HMBC
%
N ! JEOL
<
3 RESONRNCE
§2 |
S
E - T ' ===~ PROCESSING PARAMETERS ---=
it — i M T gauss( 5.0{Hz], 0.0[s] )
8 sinbell_auto
= zerofill( 1)
££t( 1, TRUE, TRUE )
6 0 o=
[transpose]
sinbelld( -60, 160 )
o - trapezoid( 0[%), 5[%], 80[%x], 100(%] )
= erofill( 2
Q [ [ . | £££( 1, TRUE, TRUE )
ppm
abs
= Filename = rk13023-hmbc-2-2.jdf
= Author = delta
A Experiment = hmba. jxp
sample_Id = s#522982
8 - Solvent = CHLOROFORM-D
@ L] e | Creation_Time = 28-DEC-2015 14:32:01
) 0 (i Revision Time = 28-DEC-2015 15:54:49
< ¢ Current_Time = 28-DEC~201§ 16:01:51
=
- Comment = rk13023-hmbe
Data_Format = 2D REAL REAL
Dim_Size = 1638, 512
0 o - im Title = Proton Carbonl3
Dim_Units = (ppm] [ppm]
< =XY
32 s site = JNM-ECX500
N 0 - Spectromster = DELTA2_NMR
— Field Strength = 11.7473579({7] (500 [MHz]
X_Acq Duration = 0.21823488(s]
- X_Domain = 10
3 X Freq = 500.15991521 (MHz]
B X_Offget = 5.0 [ppm}
X_Points = 2048
X_Prescans =4
X Resolution = 4.58221894 [Hz]
X_sw = 9.38438438 [kHz]
=) X_8weep_Clipped = 7.50750751 [kHe]
n S ¥ Do =13¢c
- ¥ _Freq = 125,76529768 (Mia]
g Y_offset = 100 [ppm}
2 ¥_Points = 256
5 = 122,99275819 [Hz)
T o = 31.4861461 [kHz]
2 o = Proton
é % = 500.15991521 [MHz]
g = 5.0 [ppn]
g = FALSE
o -4
g = 1024
e
g s Relaxation Delay = 1.5[s]
ES Reovr_Gain =78
s 336 Temp_Get = 29.7[dc]
P X_Acq_Time = 0.21823488 (4]
T T v X Atn = 3.7(dB
4.0 3.0 2.0 1.0 02 04 X_Gamma = 42576375
X : parts per Million : Proton abundance
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rkl3024-1-1.als
rk13024

2015-12-28 21:01:11
11

H
proton. jxp
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7507.51 Hz
8

1.7459 sec
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11
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1.20 Hz
30

s

3
= 8
| S
( o
o m o ~
® 28| / g ( .
- g A | ot =
[ Y 3 o = J o
(Tl e g & o5t :
ERIER s L :
! [ horr | /
[ I | . ) / /
JoJ b)) J / JJ J J !
h b veage
l rfdé | | i
| ( W
{ “'\_, (R m_,k?,__m_,_fkﬁi%/y LA A J N \\4“._77__-
PPM
A L L L L L S R R s s
10.50 10.00 9.50 9.00 §.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00 -0.50 -1.00
DFILE rk13024-bcm-1-1.als
COMNT rk13024-bem
DATIM 2015-12-28 21:03:08
OBNUC 13C
EXMOD carbon.jxp
OBFRQ 125.77 Mz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 26214
FREQU 31446.54 Hz
SCaNs 405
ACQTM 0.8336 sec
PD 2.0000 sec
PWl 3.40 usec
IRNUC 1H
CTEMP 33.4 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 60
OTBDPS
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1H
proton. jxp
500.16
2.41
6.01
16384
9384.38

MHz
KHz
Hz

Hz
8
1.7459

5.0000
555

sec
sec
usec

CD30D

T

5.00

4.50

4.00 3.

T FATTTIv s

| |
50 3.00 2.50 2.00 1.50

1.0

T T T A oI \’ﬂ?\wi‘ﬂf

| | | | | !
210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 8

HLLLARATRAA AR AR AR AR

T
i | t |
00 70.00 60.00 50.00 40.00 30.00 20.00 10.00 O.

338

rkl13025-4-bem-1-1.als
rk13025-4-bem
2016-01-10 10:50:52

carbon. jxp
LED o7

7.817

4.21

26214
31446.54

241

MHz
KHz

Hz
0.8336

2.0000
3.40

sec
sec
usec
1
33.3 ¢
CD30D
49.00
0.12
60

338



.944
1.943
2.066

\

-

5

o “ o <

& B I 3 =

3,8 s S &

ci o ° S °
i c - -

L
L]

2.779

3.000

0.949
8:832
0.919
0.813

14.207

rk13026-1-1.als

rk13026

2016-01-12 14:57:41
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DFILE rk13027-1-1.3df
caT

3027
DATIM 13-01-2016 12:43:28
18

OBNUC

EXMOD proton. jxp

OBFRQ 391,78 MHz

OBSET 51 KHz

OBFIN 34 Hz

POINT 16384

FREQU 7352.94 Hz

scaNs

AcQTM 2.2282 sec

PD 5.0000 sec

PWL 4.99 usec

IRNUC 1H

CTEMP g c

SLVNT CDCL3

EXREF .26 ppm
1.20 Hz

RGAIN 28

N 15.253
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DFILE rk13027-bem-1-1.3df
COMNT  rk13027-bem
DATIM 13-01-2016 12:44:59

oBNUC 1
EXMOD cardon.jxp
OBFRQ 96.52 Mz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 32767
FREQU 30788.18 Hz
SCANS 172
ACOTM 1.0643 sec
D 2.0000 sec
WL 3.16 usec
IRNUC 1H
CTEMP 20.2 ¢
SLUNT CDCL3

¥ 77.00 ppm
BF 1.20
RGAIN 50
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bundance

™
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T 1 ! i LTI

3 A PR N S Y J JYNVALT Y]

JEOL
RESONANCE

===- PROCESSING PARAMEITERS ~=-==
dc_balance( 0, FALSE )
se¥p( 2.0[Hz], 0.0[s]

)
0[%], 0[%], 80[%], 100[%] )

T o
= - zerofill( 1)
S3 o o = £££( 1, TRUE, TRUE )
machinephase
. ppm.
< o
i R R S S IS S——— W—" 7 W (T ]
Q I=s —
< =
=S - — = —
& ——
Filename = rk13029-2-hmge-1-2.3df
, Author = delta
377 ~ | 8 9 Experiment = hmge. jxp
g % > sample_Id. = 5#710395
X} < Solvent -
Creation_Time =
< « 3 — Revision_Time =
&3 - Current_Time = 14-JAN-2016 13:12:21
. 3
0 Comment = rk13029-2-hngo
< i Data_Format = 2D REAL REAL
o w— Dim_Size = 819, 512
° ! =4 — Dim Title = Proton Carbonl3
Dim_Units = [ppml [ppm}
(=) Dimensions =XY
=3 Si = JNM-ECX500
~ ' Spectrometer = DELTA2_NMR
=) ° ¢ . Field Strength = 11.7473579(7] (500 [Miz]
= S —— X_Acq(] i = 0.10911744[s]
=3 X_Domain = 1H
’ X Freq = 500.15991521 [MHz]
o 0 X_offset = 5.0 [ppm]
s — g X _Points = 1024
X . X_Prescans =4
X Resolution = 9.16443788 [Hz]
o X_Sweep = 9.38438438 [kHz]
S s . X_sweep_Clipped = 7.50750751 [kHz]
oS ¥_Domain = 13c
- ¥ Freq = 125.76529768 (MHz]
g ¥_offset = 100 [ppm]
LS Y_Points = 256
R Y_Prescans =0
SR " ¥_Resolution = 98.4438004 [Hz]
I ¥_si = 25.2016129 [kHz]
=8d S— Tri_Domain = Proton
S ] Tri_Freq = 500.15991521 (Miz]
= o Tri_Offset = 5.0[ppm]
s Clipped = FALSE
[P e scans =4
23 Total_Scans = 1024
g — Relaxaticn Delay = 1.5[s]
< . L Recvr_Gain =74
&g 341 = Temp_Get: = 23.4[dc]
SR X_Acq_Time = 0.10911744{s]
% R SN 7| X_Atn = 3.7[dB]
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 2.0 X_canma = 42576375
X : parts per Million : Proton bundance
<1
S JEOL
4
o RESONANCE
3° N
E| XOCESSING PARAMETERS ~---—
F 0, FALSE )
=) 2[Hz], 0.0[s] )
; == 0[%], 0[%], 80[%], 100(s] )
= zerofill(
< ££ft( 1, TRUE, TRUE )
=A i
— F PPm
(=] s 4
b=y Filename = rk13029-2-hage-1-2.3df
QA Author = delta
e Experiment = hmge. 3xp
sample_Id = 84710395
3 Solvent = CHLOROFORM-D
Creation_Time = 13-JAN-2016 19:44:2:
Revision_Time = 14-JAN-2016 13
. Current Time = 14-JAN-2016 13:
=
=] s Comment = rk13029-2-hmge
o Data_Format = 2D REAL REAL
o« Dim_Size = 819, 512
. Dim_Title = Proton Carbonl3
Dim_Units = [ppm] [ppm]
Dimensions =XY
site = JNM-ECX500
Spectrometer = DELTA2_NMR
Field_Strength = 11.7473579[T] (500 [MHz]
< X_Acq_Duration = 0.10911744[s]
g X _Domain = 18
X _Freq = 500.15991521 [MHz]
X Offset = 5.0 [ppm]
X_Points = 1024
X_Prescans =4
X_Resolution = 9.16443788 [Hz]
X_Sweep = 9.38438438 [kHz]
X_sweep_Clipped = 7.50750751 [kHz]
o ' ¥_Domain = 13c
L= ¥ Freq = 125.76529768 (MHz]
5@ = 100 [ppn]
£ = 256
8 =0
&) = 98.4438004 [Hz]
I = 25.2016129 [kHz]
g = Proton
= = 500.15991521 [Mz]
E = 5.0ippm]
=) = FALSE
52 = =4
a.\°e L Total_Scans = 1024
g — Relaxaticn_Delay = 1.5[s]
a Recvr_Gain =74
. Temp_Get = 23.4[dc]
> X_Acq_Time = 0.10911744[s]
T T f v X Atn = 3.7[dB
4.0 3.0 2.0 1.0 0 1.0 2.0, X camna = 42576375
X : parts per Million : Proton abundance
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I —— e JEOL
' RESONANCE

7l ---- PROCESSING PARAMETERS ----

i
T
|

0 020406 0.8

i [\ — - dc_balance( 0, FALSE )
- auto_nfilter( offset2, 16.0 )
= highpass( 16.0
sinbell( - , 160.0 )

££6( 1, TRUE, TRUE )

ppm
[transpose]

sinbell2( -60.0, 160.0 )
zerofill( 2 )

e £££( 1, TRUE, TRUE )
= ppm.
= abs
[}/O\ Filename = rk13029-2-hmge-1-2.3df
[NA Author = ta
Experiment = hmge. jxp
sample_Id = 5#710395
Solvent = CHLOROFORM-D
341 Creation_Time = 13-JAN-2016 19:44:22
r Revision_Time = 14-JAN-2016 13:11:31
Current_Time = 14-JAN-2016 13:13:03
@ . — Comment = rk13029-2-hmge
& - Data_Format = 2D REAL REAL
2 Dim_Size = 819, 512
8 5 Dim Title = Proten Carbonl3
] Dim Units = [ppm] [ppm]
\) Dimsnsions =xY
y site = JNM-ECX500
0 Spectroneter = DELTA2_NMR
Q Field_Strength = 11.7473579[7] (500 [MHz]
X_Acq Duration = 0.10911744(s]
X _Domai = 1H
X Freq = 500.15991521 [MHz]
X_Offset = 5.0[ppm]
X Points = 1024
X_Prescars =4
" X Resolution = 9.16443788 [Hz]
< b = 9.38438438 [kHz]
=3 X_Sweep_Clipped = 7.50750751 [kHz]
a2 ¥_Domain = 13c
= Y_Freq = 125,76529768 MHz]
g — Y offset = 100 [ppm]
2 _ ¥_Points = 256
] “Prescans =0
© L ¥_Resolution = 98.4438004 [Hz]
N Y_Sweep = 25.2016129 [kHz]
g TTi_Domain = Proton
= Tri Freq = 500.15991521 (MHz]
k Tri Offset = 5.0(ppm]
s Clipped = FALSE
5 Scans =4
a > Total_Scans = 1024
ﬁ = ) Relaxaticn Delay = 1.5[s]
g = m— Recvr_Gain =74
o 0 Temp_Get: = 23.4[dC]
> X_Acq_Time = 0.10911744[s]
) N T X_Atn = 3.7[dB]
80 79 78 77 76 75 74 73 72 7.1 70 69 68 67 66 65 64 63 62 6.1 6.0 590 1.0 2.0 X_canma = 42576375
X : parts per Million : Proton abundance
El 1 .
B o
- ‘ I : JEOL
S 0w
5 Il RESONANCE
gai i ] I & !
o Ly
- f | T | “\I “ ‘H L T ~--- PROCESSING PARAMETERS ----
E dc_balance( 0, FALSE )
2 o o N M A N WAVAYAN sexp( 2.0[Hz], 0.0[s] )
’J:c id( O[%]1, O[%], 80[%], 100(%] )
? [] [ zerofill( 1 )
e I ££t( 1, TRUE, TRUE )
. r machinephase
ppm
<
3 e
& T —E
= 4 "o ]
A | S
} ‘ ’ . i = rk13029-2-hmbe-1-2.jdf
- b = delta
<4 i & - — = hmbe. jxp
& R ] T b = s#727445
0 -
< [
g ' o .
i
o 0 = rk13029-2-hmbc
= 4 I B 0 — = 2D REAL REAL
° ' g @ & W = 1638, 512
\ § = Proton Carbonl3
= = [ppm] [ppm]
O’ N =XY
~ Site = JNM-ECX500
Spectrometer = DELTA2_NMR
=3
S U A Field s = 11.7473579[T] (500 [MHz]
o« X_Acq_Duration = 0.21823488(s]
X_Domain = 18
< X Freq = 500.15991521 [MHz]
= X_Offset = 5.0[ppm]
S . X_Points = 2048
X_Prescans =4
= X Resolution = 4.58221894 [Hz]
= + X_Sweep = 5.38438438 [kHz]
= . Csweep_Clipped = 7.50750751 [kHz]
. ¥_Domain = 13C
-< ¥ Freq = 125.76529768 [MHz]
gg Y_offset = 100 [ppm]
2= [} ’ f 341 Lo ¥ Points = 256
] N ! ¥ Prescans =0
o 3 L ¥ Resolution = 122.99275819 [Hz]
-8 ——| Y_Sweep = 31.4861461 [kHz]
g~ 8 ] Tri_Domain = Proton
= 1y Tri Freq = 500.15991521 [Miz]
22 0 ] = Tri_offset = 5.0[ppn]
: = S ; clipped = FALSE
o 8 é 9 v Scans =4
2o o Total_Scans = 1024
> v b
g 3 ! i} " '-%,) ~—| Relaxaticn Delay = 1.5[s]
8~ : | Recvr_Gain =78
o 0 o 1] Temp_Get: = 22.3[dC]
) X_Acq_Time = 0.21823488[s]
> . C_Aoq
N u * X Atn = 3.7[dB]
7.0 6.0 5.0 4.0 3.0 2.0 1.0 1.0 X_Gamma = 42576375
X : parts per Million : Proton abundance
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& »
83 RESONANCE
5 E Al ™ A
g° 1 AN = ---- PROCESSING PARAMETERS ----
v do balance( 0, FALSE
o ", . AL U J sexp( 0. 2(5‘1;1, 0.0[ )
o[%1, um. 80[%], 100[%] )
zerofill( 1 )
££t( 1, TRUE, TRUE )
machinephase
PPm
|
=]
o
=
=
Filename = rk13029-2-hmbe-1-2.jdf
Author = delta
Q Experiment. = hmbe. 3xp
sample_Id = 54727445
Solvent = CHLOROFORM-D
Creation = 13-JAN-2016 20:12:47
Revision, = 14-JAN-2016 13:14:10
O Cuzzent_Time = 14-JAN-2016 13:15:25
<
= Comment = rk13029-2-hmbo
o Data_Format = 2D REAL REAL
Dim _Size = 1638, 512
Dim Title = Proton Carbonl3
Dim Units = [ppm] [ppm]
Dimensions =x¥
site = JMM-ECX500
4 Spectrometer = DELTA2_ NMR
J A
® @) Field Strength = 11.7473579[T] (500 [MHz]
- S X_Acq Duration = 0.21823488 [s]
il X_Domain = 1R
< ?g/ X Freq = 500.15991521 Miz]
k] 4 X _Off = 5.0[ppm]
kv. X_Points = 2048
X_Prescans =
X Resolution = 4.58221894 [Hz)
X_sweep = 9.38438438 [kHz]
X_sweep_Clipped = 7.50750751 [kHz]
P YD n = 13C
- ¥ _Freq = 125.76529768 [MHz]
5 Y_offset = 100 [ppm]
o Y_Points = 256
32 ¥_Prescans =
(&} g —H ¥ Resol = 122.99275819[Hz]
e ¥_Sweep = 31.4861461 [kHz]
g Tri_Domain = Proton
= Tri Freq = 500.15991521 [MHz]
E Tri_Offset = 5.0 [ppm]
Clipped = FALSE
s ans -
a Total_Scans = 1024
g Relaxaticn Delay = 1.5(s]
a< Recvr_Gain -
- ﬁ Temp_Get = 3[dc;
e . X_Acq_Time = o zmzussl-l
TTTTTT X_Atn =
78 17 76 75 74 73 72 711 70 69 68 67 66 65 64 630 1.0 2.0 3.0 x_camma = 42575375
X : parts per Million : Proton abundance
Ge) T
pe M f\* , »
9 1 []:F JEOL
s \ 4 f \ K W I v RESONANCE
P i \ O
| ° " 1 Mo i
g } ~--- PROCESSING PARAMETERS ----
2o o o de_balance( 0, FALSE )
) auto nﬂa.‘ltex( offset2, 16.0 )
0
S sinbell ( 30 ‘o, uo 0)
= ) F ££t( 1, TRUE, TRUE
: Tezansposel
sinbell2( -60.0, 160.0 )
zerofill( 2 )
££t( 1, TRUE, TRUE )
ppm
2 abs
& I
= = rk13029-2-hmbe-1-2.3df
= delta
= hmbe. 5xp
= s#727445
o 341 = CHLOROFORM-D
= 3 = 13-JAN-2016 20
@ ) T = 14-JAN-2016 1.
@ — Current_Time = 14-JAN-2016 1.
- Comment = rk13029-2-hmbe
D Data_Format = 2D REAL REAL
v Dim = 1638, 512
< i Dim_Title = Proton Carbonl3
< - Dim_Units = [ppm] [ppm]
i Dimensions =XY
O site = JNM-ECX500
Spectroneter = DELTA2_NMR
Field Strength = 11.7473579[1] (500 [MHz]
- X_Acq Duration = 0.21823488[s]
=] X _Domain =18
g X_Freq = 500.15991521 [MHz]
X offset = 5.0[ppm]
| X_Points = 2048
| X_Prescans =
| X Resolution = 4.58221894 [Hz]
| X_Sweep = 9.38438438 [kHz]
o | X_sweep_Clipped = 7.50750751 [kHz]
.- ~ o A ¥ Domain = 13¢
-3 i 0 = 125.76529768 MHz]
g - = 100 [ppm]
_‘5 — = 256
=0
[&] \3 = 122.99275819 [Hz]
- = 31.4861461 [kHz]
5 = Proton
£33 - e = 500.15991521 [MHz]
=& = 5.0[ppm]
s = FALSE
ol =
2 Total_Scans = 1024
ﬁ @ @ Relaxaticn Delay = 1.51s]
[=d
e - zz 31dc)
PR = 0.21823488([s]
g y = 3.7[dB
79 78 77 76 75 74 73 72 7.1 70 69 68 67 66 65 64 63 62 6.1 6.0 1.0 = 42576375
X : parts per Million : Proton |abundance
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= L
g1 | I L RESONANCE
g7 fi ]
E ‘\ '\ﬂ\ﬁ/ \)L L\’\«’/ PROCESSING PARAMETERS ----
= \.L / - dc_balance( 0, FALSE )
2 _ auto_nfilter( offset2, 16.0 )
e highpass( 16.0 )
sinbell( -20.0, 120.0 )
££t( 1, YTRUE, TRUE )
ppm
< ‘ [transpose]
S = inbell2( -60.0, 160.0 )
=] E zerofill( 2 )
) ££t( 1, TRUE, TRUE )
ppm
abs
!
[ Filename = rk13029-2-hmbc-1-2.3df
o Author = delta
2 B Sample_I. = s#727445
- solvent = CHLOROFORM-D
— Creation_Time = 13-JAN-2016 20:12:47
Revision_Time = 14-JAN-2016 13:14:10
Current_Time = 14-JAN-2016 13:17:11
Comment = rk13029-2-hmbc
p— Data_Format = REAL
=] - Dim_Size = 1638, 512
S Dim_Title = Proton Carbonl3
— Dim Units = [ppm]
Dimensions -=XY
0 q site = JNM-ECX500
Spectrometer = DELTA2_NMR
) Field_Strength = 11.7473579[1] (500 [MHz]
X_Acq Duration = 0.21823488 [s]
= ‘ X:De:;in =1H
o " X Freq = 500.15991521 [MHz]
Ga} A le X offset = 5.0[ppm]
- @ @ — X_Points = 2048
4 f = X_Prescans =4
— X Resolution = 4.58221894 [Hz)
b = 9.38438438 [kHz]
f = 7.50750751 [kHz]
= 13c
i o W r = 125.76529768 [MHz]
g = 100 [ppm]
o T = = 256
= ! “o
(&] ’ 0 = 122.99275819 [Hz]
- = 31.4861461[kHz]
= "f = Proten
2 9@ = 500.15991521 [Miz]
g = 5.0[ppm]
= = FALSE
= 2 ] =4
g2+ —H Total_Scans = 1024
@
g - Relaxaticn Delay = 1.5[s]
8 Recvr_Gain =78
I Temp_Get = 22.3[dC]
> 341 X_Acq_Time = 0.21823488 [s]
t X Atn = 3.7[dB]
4.0 3.0 20 1.0 0 10 20 3.0 xcamma = 42576375
e Bt
X : parts per Million : Proton 3

JEOL
RESONRANCE

—=-== PROCESSING PARAMEITERS ----
dc_balance( 0, FALSE |
| se¥p( 0.2[Hz], 0.0[s,

Y : parts per Million : Carbon13

1)
( 0[%1, O[%], 80[%], 100(%] )
zerofill( 1)
££t( 1, TRUE, TRUE )

ppm

xk13029-2-hmbe-1-2. jdf
delta

C . JXP
s#727445
CHLOROFORM-D
13-JAN-2016 20:12:47
14-JAN-2016 13:23:27
14-JAN-2016 13:33:20

IEEENENE]

Current_Time

Comment = rk13029-2-hmbe
Data Format = 2D REAL REAL
Dim_Size = 1638, 512

Dim Title = Proton Carbonl3
Dim Units = [ppm] (ppm]
Dimensions =XY

Site = JNM-ECX500
Spectrometer = DELTA2_ NMR

11.7473579[T] (500 [MHz]

Field Strength
X_Ac i 0.21823488([s]

X_Domain 1H

X_Freq 500.15991521 [MHz]
X offset .0 [ppm]

X_Points 2048

)

4.58221894 [Hz]
9.38438438 [kHz]
7.50750751 [kHz]

RN RN R AR ]

> 3c
S f 125.76529768 [MHz]
2 v 1 100 [ppm]
J 256
:0 E
122.99275819 [Hz]
= 31.4861461 [kHz]
1= Proton
f Tri_Freq 500.15991521 [MHz]
= i 8 Tri_Offset 5.0 [ppm]
= il ] @ '31 . Clipped FALSE
& A 1 Scans 4
o) AN | } L Total_Seans 1024
X ) A
S @ !)@ 0@3 Relaxaticn Delay = 1.5[s]
i @ b Recvr_Gain =78
! Temp_Get = 22.31dc]
X_Acq_Time = 0.21823488 [¢]
T ™ X Atn = 3.7[4B
4.0 3.0 20 1.0 0 1.0 X_Gamma = 42576375
X : parts per Million : Proton bund
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rk13034-1-1.5d€

COMNT rk13034

DATIM 15-01-2016 18:18:17
OBNUC 18

EXMOD proton. jxp

OBFRQ 391.78 MHz
OBSET 8.51 Khz
OBFIN 3.34 Bz
POINT 384
FREQU 7352.94 Hz
SCANS s
ACOT™M 2.2282 sec
PD 5.0000 sec
1 4.99 usec
IRNUC 1H

crEME 20.0 ¢
SLVNT GDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 16

342

PPM
T I L L L R L L L A S U LR U R
! ! |
10.00 9.50 9.00 7.50 7.00 6.50 6.00 5.50 5.00 4.5¢C 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00 -0.50 -1.00
DFILE rk13034-bem-1-1.als
COMNT rk13034-bcm
DATIM 15-01-2016 18:19:48
OBNUC 3c
EXMOD carbon.jxp
OBERQ 36.52 Mz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
scaxs 338
ACQTM 1.0643 sec
FD 210000 sec
P 3.16 usec
IRNUC 1H
creMp 2c
SLVNT CDCL3
EXREF 77.00 ppm
BF 0.12 Hz
RGAIN
BuzSn _Me
N
| H
H
N
H
342
|
‘r
i
|
|
N |
I |
|
| | 1 Jal
“L\Hiji U\ U. bl i i
N
L ity {mpuii
- gy npus oM
UH”‘U"’HM‘H\‘HH‘wH'\‘H" TTTT ‘\‘HHHH‘H” \H‘HHHH*‘\‘ H\\‘HHHH&]M \\HHHM‘\!‘\M"\HHHH \»“U‘HHHHW\# HH‘I‘MH\‘H‘M’H)HH‘HH T T
| | | | | | i
210.00 200.00 190.00 1€0.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 19.00 0.00
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DFILE rkl13037-1-1.als
COMNT rk13037
DATIM 2016-01-18 17:23:29

OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 13107
FREQU 7507,.51 Hz
SCANS 4
ACQTM 1.7459 sec
PD 5.0000 sec
PHL 5.55 usec
IRNUC 1H
CTEMP 26.5 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 18
BusSn Me
N
| H
H*
N
©
g
N N
5 Boc
7
343
< |
3
=
a |
- |
. |
I |
/
=3 !
s s | !
. a0 © S S d [
I 5 85 " Pl
& o - A oA A | {
B I P P |
S 7 J WAV Mo
1
| .
L WS AL A ¥ L N R
PPM

»“"J‘”\Hi“?!»‘hf‘ml‘ ‘HHT‘T}
[ ‘
1.00 0.50 0.00 -0.50 -1.00

TP TV

| | ! | | i !
00 6.50 6.00 5.50 5.00 4.50 4.00 3.‘50 3.00 2“50 2.00 1.50

U UL U I a R

10.50 10.00 9.50

T T T T

8.50 8.00 7.50 7.

fromT

DFILE rk13037-bem-1-1.3jdf
COMNT rk13037-bcm
DATIM 2016-01-18 17:24:32

OBNUC  13C
EXMOD carbon.jxp

OBFRQ 125,77 MHz
OBSET 7.87 KHz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 171
ACQTM 0.8336 sec
PD 2.0000 sec
PHL 3.40 usec
IRNUC  1H

CTEMP 2 ¢
SLVNT CDCL3

EXREF 77.00 ppm
BF 0.12 Hz
RGAIN 60

343

il

-
====-">

o

DEN
TR

TR T O T e T
| i

T T T T[T TR T T ] [T T e To T

! | | i i
110.00 1001.00 90.00 80100 70.00 60.00 50.00 404‘00 30.00 20,00 10.00

TITTTTITTTTTTTTTITT I

[T7

[rm
210.00 2

00.00 190.00 1801,00 170.00 160.00 150.00 140.00 130.00 120.00
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el
a—
o] JEOL
S - RESONANCE
ki ;'7——' { I I [ b \ 1‘ LAY :
A | m 4 - PROCESSING PARAMETERS -
E3 J s JU N L MO I A I L : balance( 0, FALSE )
T [ | sexp( 0.2[Hz], 0.0[s] )
id( 0[%], 0[%], 80[%], 100[%] )
zerofill(
o ' ££1 1, TRUE, TRUE )
2] ) . - machinephase
= ¥ 22
¢ c:<) e L
o )
P : i
Q
5 A
=4 - =
« A Filename = rk13037-hmge-1-2.jdf
= PS V Author = delta
g - sl | = sample_Id = s#744210
343 " . Solvent = CHLOROFORM-D
< Creation_ Time = 1B-JAN-2016 20:40:45
ST . Revision_Time = 18-JAN-2016 21:35:08
Rl l Current_Time = 18-JAN-2016 21:36:31
< | ] ° Comment = rk13037-hmge
8 c@; Data_Format = 2D REAL REAL
% == Dim_Size = 819, 512
. Dim Title = Proton Carbenl3
o Dim Units = [ppm] [ppm]
= ' Dimensions =XY
site = JNM-ECX500
S [ ! ' = DELTA2_NMR
P —
| = . - Field Strength = 11.7473579(T] (500 [MHz]
| X_Acq_Duration = 0.10911744[s]
21 . X_D¢ = 18
=4 ) —| X_Freq = 500.15991521 MHz]
X_Offset = 5.0[ppm]
3 ' o X_Points = 1024
= - 9 X =4
= H X_Resolution = 9.16443788 [Hz]
o X_Sweep = 9.38438438 [kHz]
2 i X_sweep_Clipped = 7.50750751 [kHz]
2 H— ¥ Domain = 13c
2=] < “ Y _Freq = 125.76529768 [MHz]
8o 5. - Y offset = 100 [ppm]
E- = B . - ¥_Points = 256
g Q i ¥_Prescans =0
o= ¥_Resolution = 122.99275819 [Hz]
=2 l ”“‘ Y_sweep = 31.4861461 [kHz]
g2 — __ | TTi_Domain = Proton
=0 o Tri_Freq = 500.15991521 [MHz]
E = o Tri Offset = 5.0[ppm]
= clipped = FALSE
59T + == Scans =4
a— Total_Scans = 1024
g =
S Relaxaticn Delay = 1.5[s]
a9 Recvr_Gain =7
e >_Get = 32.4([dc])
> ﬂ X_Acq_Time = 0.10911744[s]
T X Atn = 3.7[dB]
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0/0 1.0 2.0 x_camma = 42576375
X : parts per Million : Proton jabundance
=
N JEOL
"
y S —+ ) RESONANCE
B b e
= ===~ PROCESSING PARAMETERS --=~-
- = LT i dc_balance( 0, FALSE )
2 - | auto_nfilter( offset2, 16.0 )
= highpass( 16.0 )
=3 sinbell( -60.0, 160.0 )
S | £££( 1, TRUE, TRUE )
- ppm
[transpose]
sinbell2( -60.0, 160.0 )
zerofill( 2 )
££t( 1, TRUE, TRUE )
ppm
D abs
Filename = rk13037-hmqe-1-2.jdf
b= Author = delta
- = i = hmge. jxp
- Sample_l. = 5#744210
- 343 Solvent = CHLOROFORM-D
< > p) e Creation_Time = 18-JAN-2016 20:40:45
i Revision_Time = 18-JAN-2016 21:35:08
Current Time = 18-JAN-2016 21:37:01
o S Comment = rk13037-hmqe
~ Data_Format = 2D REAL REAL
Dim_Size = 819, 512
< Dim Title = Proton Carbonl3
= = Dim Units = [ppm] [ppm]
ﬁ Dimensions =XY
Site = JNM-ECX500
Spectrometer = DELTA2_NMR
Field Strength = 11.7473579[T] (500 [MHz]
— X_Acq Duration = 0.10911744[s]
X_Domain =18
= 500.15991521 [MHz]
= 5.0[ppm]
< - = 1024
ol L b =4
& = 9.16443788 [Hz)
- = 9.38438438 [kiz]
= 7.50750751 [kHz]
= = 13c
2 0 v = 125.76529768 [MHz]
g = 100 [ppm]
2 =
El =0
o = 122.99275819 [Hz]
oz = 31.4861461 [kHz]
g g S = Proton
22 = 500.15991521 (Miz]
=] = 5.0[ppm]
ﬁ = FALSE
o =4
2 Total_Scans = 1024
g Relaxaticn Delay = 1.5[s]
a Recvr_Gain =74
. Temp_Get = 32.4[dC)
> X_Acq_Time = 0.10911744(s]
N { Atn = 3.7[dB]
78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 |0 1.0 2.0 X_camma = 42576375
X : parts per Million : Proton abundance
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abundance

0.8

- v

F0.10.2 0.5

JEOL
RESONRANCE

---- PROCESSING PARAMETERS ----
dc_balance( 0, FAL

SE
auto_nfilter( offset2, 16.0 )
highpass( 16.0 )

sinbell( -60.0, 160.0 )
£££( 1, TRUE, TRUE )
ppm.

[transpose]

bell2( -60.0, 160.0 )

zerofill( 2 )

££t( 1, TRUE, TRUE )
ppm
| abs
Filename = rk13037-hmge-1-2.3df
Author = delta
= hmge. jxp
sample_1c. = s#744210
Solvent = CHLOROFORM-D
Creation_Time = 18-JAN-2016 20
Revision_Time = 18-JAN-2016 21
Curzent Time = 18-JAN-2016 21:37:21
Comment = rk13037-hmge
Data_ Format = 2D REAL REAL
Dim_Size = 819, 512
Dim Title = Proton Carbonl3
Dim Units = [ppm] [ppa]
Dimensions =XY
Site = JNM-ECX500
Spectrometer = DELTA2 NMR
Field Strength = 11.7473579[1] (500 (MHz]
X_Acq_Duration = 0.10911744(s]
X_Domain = 1H
X Freq = 500.15991521 [MHz]
X offset = 5.0[ppm]
X_Points = 1024
X_Prescans =4
X Resolution = 9.16443788 [Hz)
X_sweep = 9.38438438 [kHz]
X_Sweep_Clipped = 7.50750751 [kHz]
) ¥_Domai =13¢c
= ¥ Freq = 125.76529768 MHz]
3 Y offset = 100 ppm]
L] ¥_Points = 256
] ¥_Prescans =
O Y_Resolution = 122.99275818 [Hz]
= ¥_Sweep = 31.4861461 [k8z]
g N n
= Tri_Freq = 500.15991521 [MHz]
= ——| Tri_ Offset = 5.0[ppm]
= Clipped = FALSE
5 Scans =4
a — Total_Scans = 1024
2
1 Relaxaticn Delay = 1.5[s]
a Recvr_Gain =74
s Temp_Get = 32.4[dC]
> X_Acq_Time = 0.10911744[s]
X Atn = 3.7[dB]
4.0 3.0 2.0 1.0 0 1.0 2.0 x_camna = 42576375
X : parts per Million : Proton bund;
2 | | JEOL
-
g RESONRANCE
|
-1 =~=== PROCESSING PARAMEITERS —----
32 _L L AN A m W L [ # gauss( 5.0[Hz], 0.0[s] )
=2° sinbell auto
—= zerofill( 1)
S . - £££( 1, TRUE, TRUE )
= 060, epm
) ) - J
h sinbelld( -60, 160 )
= trapezoid( 0[¥], 5[%], 80[%], 100[%] )
P zerofill( 2 )
aQ ) ££t( 1, TRUE, TRUE )
o L f 0
<
™
= £k13037-hmbe-1-2.3df
2 y = delta
v (. - 2
b ' °' L L 9 = 5#631789
o 343 = CHLOROFORM-D
= ] ion_Time = 18-JAN-2016 17:33:23
@ N Revision_Time = 18-JAN-2016 18:31:21
Cuzrent Time = 18-JAN-2016 18:39:35
<
o Comment = rk13037-hmbc
e ) 9 (1] Q ‘ ] Data_Format = 2D REAL REAL
' . Dim_Size = 1638, 512
2 Dim Title = Proton Carbonl3
e = e Dim Units = (ppm] [ppm]
Dimensions -xY
1y site = JNM-ECX500
= . = DELTA2_NMR
= - | }
] o — Field Strength = 11.7473579(7] (500 [Mz]
< X_Acq Duration = 0.21823488(s]
. X_Domain =18
C " ] X_Freq = 500.15991521 [MHz]
X offset = 5.0[ppm]
< X_Points = 2048
= + X =4
S X
— X Resolution = 4.58221894 [Hz]
o [] X_Sweep = 5.38438438 [kHz]
2 a X_Sweep_Clipped = 7.50750751 [kHz]
N = ¥_Domain =13c
_— 4 0 i ——— Y Freq = 125.76529768 [MHz]
5o Q  —— Y_offset = 100 [ppm]
8o 9 i — ¥_Point: = 256
ERS Y_Prescans =0
o~ 0 o o 3 é L _ Y Resolution = 122.99275819 [Hz]
- ¥_Sweep = 31.4861461 (kHz]
soldl a o (1] = ‘Ti_Domain = Proton
29 M v° 6 o [ e Tri_Freq = 500.15991521 [Mz]
E > 0 L Tri Offset = 5,0leen
= 31 LR . P N - b i — e s
8= 4 t[ Total_Scans = 1024
8o % i
E = Relaxaticn Delay = ;65[-1
in =
s L) ) 1) ‘ X = 24.7[dC]
> X_Acq_Time = 0.21823488[s]
= 3.7[dB]
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 = 42576375
X : parts per Million : Proton abundance
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| :
. e . F JEOL
8 : b RESONANCE
g -
=
=l /‘\ PROCESSING PARAMETERS
3 gauss( 5.0[Hz], 0.0[s] )
s 2 __| sinbell _suto
zerofill; 1)
££t( 1, TRUE, TRUE )
ppm
[transpose]
sinbelld| -60, 160 )
'3\ trapezoid( 0[%], 5[%], 80[%], 100(%1 )
¢ zerofill( 2 )
:j ££t( 1, TRUE, TRUE )
ppm
abs
<
= Filename = rk13037-hmbe-1-2.3df
bl Author = delta
Experiment = -3
sample_I¢. = 5#631789
p——— Solvent = CHLOROFORM-D
Creation_Time = 18-JAN-2016 1'
Revision_Time = 18-JAN-2016 1i
Current_Time = 18-JAN-2016 1
@ S Comment = rk13037-hmbe
e Data_Format = 2D REAL REAL
Dim_Size = 1638, 512
o Dim Title = Proton Carbonl3
=3 em—— Dim Units = [ppm] [ppm]
N Dimensions =XY
- it = JNM-ECX500
spectrometer = DELTA2 NMR
Field Strength = 11.7473579[T] (500 [MHz]
X_Acq Duration = 0.21823488[s]
X_Domain =18
— X_Freq = 500.15991521 (MHz]
X offset = 5.0[ppm]
X Points = 2048
L X _Prescans =4
X_Resolution = 4.58221894 [Hz]
=) = X_sweep = 5.38438438 [kHz]
o S X_Sweep_Clipped = 7.50750751 [kHz]
o O :)) ¥_Domain = 13C
= >4 Y Freq = 125.76529768 [MHz]
g Y_offset = 100 [ppm]
E] ¥_Points = 256
£ ¥ Prescans =0
o Y Resolution = 12299275818 [Hz]
1 ¥ Sweep = 31.4861461 [kHz]
g TTi_Domain = Proton
= Tri_Fre = 500.15991521 [MHz]
g Tri_offset = 5.0[ppm]
ﬁ . Clipped = FALSE
5 Scans =4
ac @) Total_Scans = 1024
o \
§ = 7 Relaxaticn Delay = 1.5[s]
a Recvr_Gain = 80
& Temp_Get = 24.7[dC]
> X_Acq_Time = 0.21823488[s]
4 ) T T T X Atn = 3.7[dB]
77 7.6 7.5 7.4 7.3 72 7.1 7.0 6.9 6.8 6.7 6.6 6.5 0 1.0 | x camma = 42576375
X : parts per Million : Proton abundance

<)JEOL
RESONRANCE

@
9 .
g M
<
= (( ~ PROCESSING PARAMETERS ----
2 L J / gauss( 5.0[Hz], 0.0[s] )
] sinbell auto
zerofill( 1)
— ££t( 1, TRUE, TRUE )
ppm
[transpose]
- sinbelld( -60, 160 )
trapezoid( 0[%], 5[%], 80[%], 100(%] )
zerofill( 2 )
££ft( 1, TRUE, TRUE )
Ppm
] : - abs
Filename = £k13037-hmbe-1-2.3df
Author = delta
= hmbe. jxp
————————— sample_Id. = 5#631789
< 343 Solvent = CHLOROFORM-D
S — creation_Time = 18-JAN-2016 17:33:23
o Revision_Time = 18-JAN-2016 18:31:21
t Current_Time = 18-JAN-2016 18:40:27
Comment = rk13037-hmbc
Data_Format = 2D REAL
Din_Size = 1638, 512
o Dim_Title = Proton Carboni3
=3 Dim Units = [ppm] [ppm]
< Dimensions =Xy
o0 site = JNM-ECX500
Y Spectrometer = DELTA2 NMR
Field Streagth = 11.7473579(T] (500 [MHz]
X_Acq Duration = 0.21823488[s]
P X_Domain = 1H
pck 1 X _Freq = 500.15991521 (Miz]
by X _Offset = 5.0 [ppm]
X_Points = 2048
X_Prescans =4
X Resolution = 4.58221894 [Hz]
X_sweep = 9.38438438 [kHz]
X_sweep_Clipped = 7.50750751 [kHz]
o / ¥_Domain = 13¢
= = 125.76529768 [MHz]
33 B - T = 100 [ppm]
£ A = 256
8 =) 0 A =0
& ' = 122.99275819[Hz]
= = 31.4861461 [kHz]
H Y | = Proton
= \'J | = 500.15991521 [MHz]
E =) = 5.0[ppm]
= - = FALSE
5" =4
a Total_Scans = 1024
g Relaxaticn Delay = 1.5[s]
a Recvr_Gain =80
e Temp_Get = 24.7[dC]
> X_Acq_Time = 0.21823488(s]
~ y X_Atn = 3.7[dB]
78 77 76 15 74 73 72 71 70 69 68 67 66 65 64 63 62 6.1 60/0 1.0 | X camma = 42576375
X : parts per Million : Proton |pbundance
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1.0

0 JEOL
RESONRANCE

110.0

120.0

!
|
|

PROCESSING PARAMETERS =----
gauss( 5.0[Hz], 0.0[s] )
sinbell_auto

zerofill( 1)

££t( 1, TRUE, TRUE )

ppm.

[transpose]

sinbelld( -60, 160 )

trapezoid( 0[%], 5[%], 80[%], 100[%] )
zerofill( 2 )

££t( 1, TRUE, TRUE }

e

Filename = rk13037-hmbe-1-2.jdf
Author = delta

Experiment = hmbe. jxp

sample_Td = 5#631789

Solvent = CHLOROFORM-D
Creation_Time = 18-JAN-2016 17:33:23
Revision_Time = 18-JAN-2016 18:31:21
Current_Ti = 18-JAN-2016 18:40:03

X : parts per Million : Proton

Comment = rk13037-hube
Data_Format = 2D REAL
0 0 Dim_Size = 1638, 512
Dim_Title = Proton Carbonl3
Dim_Units = [ppm] [ppm]
Dimensions =XY
te = JNM-ECX500
g ~ A Spectrometer = DELTA2_NMR
= Y Field Strength = 11.7473579[7] (500 [MHz]
N X_Acq Duration = 0.21823488[s]
X Domain =1H
= X _Freq = 500.15991521 [MHz]
X offset = 5.0(ppm]
X_Points = 2048
X_Prescans =4
< X Resolution = 4.58221894 [Hz]
= ] X_Sweep = 9.38438438 [kHz]
2 X_sweep_Clipped = 7.50750751 [kHz]
- ! Y Domain = 13c
3 | = 125.76529768 [MHz]
= | = 100 [ppm]
L | = 256
=0
5 % | = 122.99275819 [Hz]
- | = 31.4861461 [kHz]
=< = Proton
28 = 500.15991521 [Miz]
g2 = 5.0ppn]
s I = FALSE
= =4
2 Total_Scans = 1024
g Relaxaticn Delay = 1.5[s]
a2 Recvr_Gain = 80
e D Temp_Get = 24.7[dC]
-2 - X_Acq_Time = 0.21823488(s]
X Atn = 3.7[dB:
4.0 X_Gamma = 42576375
X : parts per Million : Proton B
|
T JEOL
3 RESONANCE
£
g ---~ PROCESSING PARAMETERS ----
-g -
zerofill| 1)
£££( 1, TRUE, TRUE )
< ppm
=k [
= sinbelld( -60, 160 )
trapezoid( 0[%], 5[%], 80[%], 100(%] )
£i11( 2 )
££ft( 1, TRUE, TRUE )
ppm
< abs
=
Q
= rk13037-hmbe-1-2.jdf
= delta
= svesizes
= 8
< 343 = CHLOROFORM-D
71 - = 18-JAN-2016 17:33:23
X = 18-JAN-2016 18:31:21
Cuzrrent_Time = 18-JAN-2016 18:40:53
Comment = rk13037-hmbe
o Data_Format =
S Dim_Size = 1638, 512
s B Dim Title = Proton Carbonl3
@ Dim_Units = Ippm] [ppm]
Dimensions =xY
site = JMM-ECX500
Spectrometer = DELTA2_NMR
<
= - Field = 11.7473579(1] (500 (MHz]
o X_Acq_Duration = 0.21823488[s]
X_Domai. = 18
X_Freq = 500.15991521 [Miz]
X offset = 5.0 [ppm]
X_Points = 2048
2 X_Prescans =
-3 X Resolution = 4.58221894 [Nz]
X8 = 5.38438438 [kHz]
X_swe = 7.50750751 [kHz]
) ¥_Domain = 13¢
= ¥_Fre = 125.76529768 (MHz]
%o Y_Offset = 100 [ppm]
£ 24 ¥_Points = 256
8 ¥ Prescans =0
o ¥ Resolution = 122.99275819 [Hz]
& ¥ Sweep = 31.4861461 [kHz]
g Tri_Domain = Proton
= Tri_Freq = 500.15991521 [MHz]
§ - Tri_Offset = 5.0[ppm]
il Clipped = FALS
& & Scans =4
o Total_Scans = 1024
§ Relaxaticn Delay = 1.5[s]
B Recvr_Gain = 80
o Temp_Get = 24.7[dc]
fak=) X_Acq_Time = 0.21823488(s]
X_Atn = 3.7[dB]
4.0 X_Gamma = 42576375




DFILE rk13039-2-1-1.als
[l rk13039-2
DATIM 20-01-2016 10:53:01
omwe 1K
EXMOD proton.jxp
OBFRQ 391.78 MHz
OBSET 8.51 KHz
OBFIN 3.34 Hz
PorNT 13107
FREQU 5882,35 Hz
scans s
ACQTM 2.2282 sec
0 270000 500
PW1 4.99 usec
IRNUC 1H
CTEMP 19.9 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 1.20 Hz
ReATN is
! .Me
N
| H
"
N
Boc
344
/
f
L / tmpurtty (dedved froms  BusSux )
E
o P i
a 8 Ir o .l
5 4o 88 § r &
8 as S oe @ 4 -
- g i A da 3 ’/ / -
5o - /
7T NI, [
J N H I NS
! ] | »ﬂ
. f | i AL
N } K ,/U\ L W S W VS AN o
e . 324
R R R U U U U UG A U (U I A R i
10:50 10100 9.’50 9.0C 8.50 Vl.bD 7.50 7.00 6.50 6.‘00 5.“50 5_‘00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00 -0.50 -1.00
DFILE
5
paTIM
OBNUC
EXMOD carbon. jxp
‘OBFRQ 96.52 MHz
OBSET 4.64 KHz
OpFN &7 e
POINT 32767
FREQU 30788.18 Hz
SCANS 502
ACQTM
0
B
IRNUC 1H
Crane "
SLVNT CDCL3
EXRER 77.00 ppm
BF 1.20 Hz
RGAIN 60
344
-® ml,u.\t/
(BusSux )
¥
|
I ®
||
| [©)
l : i |
}. Ak ok J A
28
LA L ) L A A A L R L R B e U R i U
i | | | | | | 1 i I |
210.00 200.00 190.00 180.00 170.00 .00 150.00 140.00 130.00 120.00 110.00 100.00 £0.00 80.0C 70.00 60.00 50.00 40.00 30.00 20.00 10.0C 0.00 -10.00
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DFILE rk13040-2-1-1.3df
COMNT rk13040-2
DATIM 2016-01-21 13:32:53
OBNUC 1H
EXMOD proton.jxp
OBFRQ 500.16 MHz
OBSET 2.41 KHz
OBFIN 6.01 Hz
POINT 16384
FREQU 9384.38 Hz
SCANS 8
ACOTM 1.7459 sec
PD 5.0000 sec
PWl 5,55 usec
IRNUC 1H
CTEMP 24.6 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 20
MeO,C Me
N
H
N
N
N
Boc
345
o
o
S
o
]
f
|
(m(un(:-«L pPls )
Zg:
. | ?
weluohug PO ) | 3
(Tneluding P p s . | .
LT S8 . g [oe
8T w o Qo oa a8 s @S | | = @
A% % (88T sl - B 5
S ] Sg ‘;r ssm T ive I / ~ o
Jr /i Ir sl S /}‘ J o s
}
PLNEVALN . I G
PEM
L R U ] B T L A L G U S IR
7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00 -0.50 -1.00
DFILE rk13040-2-bem-1-1.3df
COMNT rk13040-2-bem
DATIM 2016-01-21 13:34:30
OBNUC 13C
EXMOD  carbon.jxp
OBFRQ 125.77 MHz
OBSET 7.87 Kz
OBFIN 4.21 Hz
POINT 32767
FREQU 39308.18 Hz
SCANS 434
ACOTM 0.8336 sec
PD 2.0000 sec
PWL 3.40 usec
IRNUC  1H
CTEMP 24.8 ¢
SLVNT ~CDCL3
EXREF 77.00 ppm
: BF 0.12 Hz
| RGAIN 60
| MeO,C _Me
N
| H
| X
| N
N
Boc
345
0.@ (PPls ).
|
| | | il
11 |
¢ | | |
| | Col ‘ 1 |
| 00 || A
| i ‘ll . j; | | I Hi | | |
‘ L | b L k T - IR~ |
PEM

[T T T T T eI 1]

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140

T T T

| |
.00 130.00 120.00 110‘.00 10

H,\M‘MH
| |
0.00 90.00 80.00 70.00
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DFILE rk13041-1-1.als

COMNT  rk13041

DATIM 21-01-2016 20:15:42
18

oBNUC
EXMOD proton.ixp

OBFRQ 391.76 MHz
OBSET 8.51 KHz
OBFIN 3.3 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 11
ACOT™™ 2.2282 sec
D 5.0000 sec
PHL 4.99 usec
IRNUC 1H

CTEMP oc
SLUNT CDCL3

EXREF 7.26 ppm

N
H
74
D
A | 4
[
! ®
bl | [ . S8 E
Y il cy
| 7= £ : |
[ ! [ Y [y
J | J i i ;/ /‘// 1/ //
« e
E«l . :}mns
1 [530
\ v LJ
L L W M boa /Y M .

PR
T MWHMH‘H\HH: [LLLLEL LI H\i! \‘UH‘HHH‘ ‘;‘M\H\M‘“HHHH[\HE T T \‘HH ‘WHHMSHHM'}‘ HHH}\ MH‘M;\ H‘H\w T wiHH‘HH‘\ TITTTTTITITTTTT

\‘H\H[‘u
10.50  10.00  9.50 9.00 8.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00  -0.50

DFILE data2d-1-1.jdf
COMNT data24

af
DATIM 28-01-2016 16:
13¢

omuc
EXMOD carbon.jxp
OBFRQ 98.52 MHz
OBSET 464 Kbz
OBFIN 8.74 Hz
POINT 7
FREQU 30788.18 Hz
scaNs 40

1 ACQTM 1.0643 sec
D 20000 sec

| Pl 3.16 usec

| IRNUC 1H
cremp ze
SLVNT cDCL3
EXREF 77.00 ppm
BF 012 e
RGAIN

MeO,C. Me
H
X

74

}
|

wmmwm:uun\m;mu‘m‘w\m‘wmmwm.‘uuwz‘ HHH]HUH"\‘\‘HHHH\\\H"H\H‘HH\\“ \HHHH“u\w\wHHHi\« AL LR AL LALY EELALRAL
| ! | |
210.00 200.00 180.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00  80.00  70.00  60.00  50.00 40.00  30.00  20.00  10.CO 0.00
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[UWHHFH:\H\\':MH.M\HH T T TR T HhMM‘.\H;HM)HHHH\;\HHM’ T T
| | | | i i ! |
12.50 12.00 11.50 11.00 10.50 10.00 9.50 9.00 8.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00

PEM.

RGAIN

HO,C

LI

T’HHH\’\HHHH‘ HHH\‘\H\H\m.ummgw\ T \;‘HMHH‘\HH\H\ TTTTTTTTIITT HM“HHH\HWMHH ‘HHHH\‘MHHH\‘\HHHH‘HHH:M;\" !‘:[»Eii[u T T T H\?P

210.00 200.00 190.00 180.00 170.00 160.00 150.00 140.00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50.‘00 4000 30.00 20.00 10.00
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rk13056-cr_non-data—1-1.als
08-02-2016 20:41:48
1H

single_pulse.jxp
399.78 MHz
4.19 KHz
7.29 Hz
13107
6002.40 Hz
32

2.1837 sec
5.0000 sec
5.01 usec
1H
3¢

21.
CBD5N
0.00 ppm
0.12 Hz
46

(+)-lysergic acid (1)

rk-data25-bem_bem-1-1.als
09-02-2016 16:02:16
13C

single_pulse_dec
100.53 MHz
5.35 KHz
5.86 Hz
26214
25125.63 Hz
429

1.0433 sec
1.5000 sec

(+)-lysergic acid (1)

0.00  -10.00



DFILE rkl2332-1-1.als

COMNT rk12332

DATIM 06-10-2015 14:37:15
1H

OBNUC
EXMOD proton.jxp

OBFRQ 391.78 MHz
OBSET 8,51 KHz
OBFIN 3.34 Hz
POINT 13107
FREQU 5882.35 Hz
SCANS 4
ACQTM 2.2282 sec
PD 5.0000 sec
PWL 4.99 usec
IRNUC 1H

CTEMP 20.2 ¢
SLVNT CDCL3

EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 20

o
3
S
<
s
P
/
J( 319
; -
o e
. 2
i 8 o
( o @ 8% 3
o o] 2 ~f 8
A 4 I a
2 5| R i Y
oAl % fir - 8
° { T i il / IS
If { if /i
,// /r’ J i i J /A
:a,e\ue,
[l !/
M | NP, Y U S
A L L e A L T A G e L U A B SR U U Y T

10 50 10,00 9.50 9.00 8.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0. 50 0.00 -0.50

DFILE rk12332-bcm-1-1.als
COMNT rk12332-carbon
DATIM 06~10-2015 14:47:36

OBNUC  13C

EXMOD carbon.jxp

OBFRQ 98.52 MHz
OBSET 4.64 KHz
OBFIN 8.74 Hz
POINT 26214
FREQU 24630.54 Hz
SCANS 280
ACQTM 1.0643 sec
PD 2.0000 sec
PWL 3.16 usec
IRNUC 1H

CTEMP 20.4 ¢
SLVNT CDCL3

EXREF 77.00 ppm

BF 0.12 Hz

il )
dll e

wl“ mi‘ HAE I UH“ [RILERENS ‘MH T "\ T T m‘\h}m HH\‘ T *I}l‘huuw“ HELH L *h'\‘[m‘HHHW

’10 00 200.00 190.00 180.00 170,00 160 00 150.00 140 00 130.00 120.00 110.00 100.00 90.00 80.00 70.00 60. 00 50.00 40.00 30.00 20.00 10.00 0.00
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HMQC

2 JEOL
o
3 § RESONRANCE
'§ B -=-~ PROCESSING PARAMETERS ~--=
3 L ﬂ J\.,L sinbelld( ~60, 160 )
o\ !
2 zerofill( 1)
< £££( 1, TRUE, TRUE )
ppm
[transpose]
2 sinbelld( ~60, 160 )
= v zerofill( 2 )
= . i o ££t( 1, TRUE, TRUE )
o ;
d . ; o
g . 1} [transpose]
= oot TN e
< . v
o Filename = rk12332-hmqo-1-2.3df
< " Author = delta
=3 i g = Experiment = hmqa. jxp
= wgs: = sample_Td = 8#541509
P Solvent = CHLOROFORM-D
3 \_Time = 6-0CT-201§ 15:02
2 g . Revision_Time = 6-0CT-2015 15
Current_Time = 6-0CT-2015 15:32:10
<
2 1 b o Comment = rk12332-hmqe
e i N Data_Format = 2D REAL REAL
< ' Dim_Size =819, 512
= T Dim_Title = Proton Carbonld
R X Dim_Units = (ppml ([ppm]
i i =X
2 . : site = TNM-EC£400
2 L | Spectrometar = DELTA2_NMR
=Y ' i Field ! = 9.20197068([T] (390 (MHz)
Ed %_Acq_Duration = 0.13934592(s]
X_Domai. =18
< H X_Freq = 391.78655441 [MHz]
o 4 X offset = 5[ppm]
= X_Points = 1024
o X_Prescans =4
S X3 = 7.17638521 [Hz]
= ; X8 = 7.34861846 [kHz]
- *”q‘&b ) ’ X_Sweap_Clipped = 5.87889477 (k2]
] h EA ¥_Doma: = 13¢
o8 . T” ¥ Freq = 98.51479726 [MHz]
= = Y offget = 85 [ppm]
So L2 Ypoints z2
= = =
8 @ ¥_Resolution = 65.45325067 [Hz]
. . ¥~ 8o = 16.75603217 [kHz]
22 Tzi_Domain = Proton
e TriFre = 391.78655441 [MHz]
(= Tri_Offset = 5[ppm]
) Clipped = FALSE
< Scans =4
g-’ﬂ Total_Scans = 1024
g § Relaxation_Delay = 1.5(s]
Recvr_Gain = 50
k=] 319 Temp_Got = 20.21dC]
=~ . X _Acq_Time = 0.13934592[e]
[gla=t T T T T T fegenl = 1[dB]
120 11.0 100 90 80 706 60 50 40 30 20 1.0 0 -1.0 03 0.6 09 | x camma = 42576375
X : parts per Million : Proton abundance
HMAC
'
<
" JEOL
=
8 = i RESONRNCE
= i—*—
'g = i Jﬂ 3 Y ] PROCESSING PARAMETERS
: ! - -
g4 ) I dc_balance( 0, PALSE )
28 se¥p( 2.0[Hz], 0.0(s] )
e ( 0[%1, 0[%], BO[%], 100[%] )
] zerofill( 1)
g £££( 1, TRUE, TRUE )
=
PP
Filename = rk12332~hmqe-1-2.3df
Authox = delta
o iment = hmgo. jxp
S Sample_Id = 54541509
= Solvent = CHLOROFORM-D
- ) Creation_Time = 6-0CT-2015 15:02:32
Revisic = 6-0CY-2015 15:30:21
0 Current ? = 6-0CT-2015 15:34:07
@ A @ Comment = rk12332-hmge
A Data_Format = 2D REAL REAL
0 Y 0 Dim Size = B19, 512
& Dim_Title = Proton Carbenl3
- Dim Units = Ippm] [ppm]
Dimensions =Xy
< ‘ Site = JNM-ECS400
= 0 d = DELTAZ_WMR
- Field Strength = 9.20197068[T] (390 (Miz]
X_Acq_Duration = 0.13934592(s]
=1
= 391,78655441 [MHz]
- ats;pml
. = 1024
o =4
= 7.17638521 [Hx]
= 7.34861846[kHe]
=T = 5.87889477 [kHz]
-2 = 13¢C
-2 7 = 98.51479726 [MHa]
§ - = 85(ppm]
l =0
5 = = 65.45325067 [Ha]
= = 16.75603217 [kiix]
g = Proton
£ — = 391.78655441 [MHn]
h 0 o = 5[ppm]
E Clipped = FALSE
Scans =
gq Total Scans = 1024
g g Relaxation Dalay = 1.5(s]
- Recvr_Gain = 50
& 319 Temp_fiet = 20.2[dC)
- — X_Acq_Time = 0.13934592([s]
T T T v X Atn = 1[dB]
8.0 7.0 6.0 5.0 4.0 0.1 0.2 0.3 0.4 x_Gamna = 42576375
X : parts per Million : Proton abundance
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HMaC

S g) JEOL
3 RESONANCE
g ;
-g * ~w=m== PROCESSING PARAMETER§ =-=-
= sinbelld( -60, 160 )
£ zexofill( 1)
££t( 1, TRUE, TRUE )
P pp
= IS
sinbelld( -60, 160 )
zerofill( 2 )
££ft( 1, TRUE, TRUE )
ppm
abs
[transpose]
<
<
o
Filename = rk12332~hmqe~1~2.jdf
Authox = deita
Experiment = bmqc. j¥p
Sample_ld = 54541509
< Solvent = CHLOROFORM-D
g Creation Time = 6-0CT~-2015 15 132
k Revision_Time = 6-0CT-2015 15:30:21
Current_Time = 6-0CT-2015 15
Comment = rk12332-hmge
o = 2D REAL REAL
2 = 819, 512
g 1 = Proton Carbanl3
= lppm] [ppm]
=XY
n = JNM-ECE400
= DELTA2_NMR
2 = 9.20197068[T] (390 [Mla]
a o [ = 0.13934592(a]
- =1
s = 19178655441 [Viz]
= 5lppm]
= 1024
=y = 4
I a = 7.17638521 [Hx]
o ! = 7.34861846 [kHz]
o = 5.87889477 [KHz]
= 13C
pad ] g = 98.51479726 [MHx]
= = 85 [ppm]
B e = 256
"o €] =0
S o = 65.45325067 [Ha]
.. = 16.75603217 [kHs]
o o ] = Proton
2 o Tri_Freq = 391.78655441 [MHa]
= o Tri Offset = 5[ppm]
So Clippe = FALSE
58 Scans -4
2% 0 Total_Socans = 1024
ot
g Relaxation Delay = 1.5(s]
Reavz_Gain = 50
™ g 319 Temp_Bat = 20.2[dC]
X_Acq_Time = 0.13934592[¢]
el T X2 c:" = 1[dB.
4.0 3.0 2,0 03 0.6 0.9 | %X camma = 42576375
X : parts per Million : Proton abundance
HHBC
& JEOL
RESONRNCE
<
k: 4”{ L ~=~= PROCESSING MM’.TERE ——
\ A gausa( 5.0[Hz], 0.0(s] )
< A" — J'W __| sinbell auto !
serofill( 1 )
= v ££t{ 1, TRUE, TRUE )
— ppm
[transpose}
o a sinbelld( -60, 160 )
2 t: id( 0[%], 5[%1, 80(%], 100[%] )
14 @ zerofill( 2 )
I f££t( 1, TRUE, TRUE )
p= PP = i
4 0 abs
< o
o o - Filename = rkl2332-data-oveznight hmb
g 9 B e g Author = delta
< Experiment = hwbc_pfg. jxp
= & 7 ——— sample_Td = rk12332-data-overnight
w0 & ) = Solvent - -D
< 319 ) Creation_Time = 14-OCT~2015 05:09:37
P e S oo Revision Time = 29-DEC-2015 13:59:29
e ? . Current_Time = 29-DEC-201§ 14:00:37
<
= R Data Format = 2D REAL REAL
g Y Din_Bize - 1638, 512
- Dim_Title = Proton Carbonld
P Dim_Units = (ppm] [ppm]
& @ - Dimensions XY
P 8ite = JNM-ECS400
2 = DELTA2 NMR
s )
o Field Strength = §.389766[T] (400 [MHe])
=  AaqT i = 0.27312128{e]
= X _Domain = 1
= B X _Freq = 399.78219838 [MHz}
= n X Offset = S[ppm)
= v X Points = 2048
- o X_Prescans =4
< i @ i @ Q =t X Resolution = 3.6613771(Hz]
51 e X_Sweep = 7.4985003 [kiz]
= o o . X sweep_Clipped = 5.99880024 (kHz]
4 & [ ¥_Domain = 13c
P-4 Y_Freq = 100.52530333 [MHz]
=3 5 o b ¥ offset = 100 [ppm}
g < 9] ° = Y_Points = 256
=] ¥ =0
S i ¥_Resolution = 98.24572435 [Hz]
) Y _Sweep = 25.15090543 [kHz]
o TZi_Domain = Pxoton
] Txi_Freq = 399.78219838 [MHz)
23 Tri_Offset = §[ppm]
H5o Clipped = FALSE
] Scans = 30
R Total_Scans = 7680
e ‘
- = ? o & - Relaxation Delay = 1,5{s)
53 o P Recvr_Gain = 50
82 Temp_Get = 22,8(dc]
o= X_Aog_Time = 0.27312128(a}
o X_Atn = 1[dB]
T T T X pulse = 10,025 [us]
8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0 0.2 0.4 ¥_Roq_Time = 10.17856[ms]
X : parts per Million : Proton bund:
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HMBC

s l
3 . JEOL
) ! RESONRANCE
Ve
E A J“’\/\, ~== PROCESSING PARAMETERS ----
- do_balance( 0, FALS) z N
£ se¥p( 0.2[Hz], 0.0
= oty ot sotar, 00131 )
d zerofill( 1
s ££t{ 1, TRUE, TRUE )
= machinephase
1 PPR
© ¢ 0 ==
2 =NAIO0) 9 ——
I \
-
Filename = rk12332-data-overnight_hmb
Author = delta
Experiment = hmbc_pfg. ixp
< E sample_ld = rk12332-data-oveznight
2 Solvent = CHLOROFORM-D
- Creation Time = 14-OCT-2015 05:09:37
Revision Time = 29-DEC-2015 13:59:29
Current_Time = 29-DEC-2015 14:02:31
0 0 Data_Format = 2D REAL
s Dim_Bize = 1638, 512
& ~ Dim_Title = Proton Carbonld
< Dim Units = [ppm] [ppm]
- Dimengions = XY
= DWM-ECS400
Spectrometer = DELTA2_NMR
Pield Stxength = 9.389766[T] (400 [MHz])
< X _Aoq_Duzation = 0.27312128[s]
= X_Domain = 18
kil X_Freq = 399.76219838 [MHx]
X_offset = 5(ppm]
4 X_Points = 2048
X1 =4
X Resolution = 3.6613771[Kx]
X_sweep = 7.4985003 [kHz]
< X :mp tlimaod = 5.99880024 [kHz)
g ¥_Doma: = 13C
o= 319 z_mq = 100.52530333 [MHz]
- — - Y_offset = 100 (ppm]
g J\ Y_Points = 256
2 N Y Prescans =0
] 9 Y _Resolution = 98,24572435 [Hz]
Q Y_Sweep = 25.15090543 [kHz]
-2 TFi_Domain = Proton
g 14 Tri_Freq = 399.78219838 [Miz]
R-R Tri_ Offset = 5[ppm]
= o 3 0 — Clipped = FALSE
s Soans = 30
g o Total_Scans = 7680
= Belaxation pelsy = 1.50s)
g o Recvr_Gai) -
) ‘\/ Temp_Get = 22.8[dC)
=
In X_Acg_Time = 0.27312128(s]
S X Atn = 1[dB]
T T T T X_Pulse = 10.025[us}
39 38 37 36 35 34 33 32 3.1 30 29 28 27 26 25 24 23 22 21 20 19 02 04 ¥_Acq_Time = 10.17856ma]
X : parts per Million : Proton bundance |
|
HMB <
! i
A t
c H o JEOL
e " ! RESONRNCE
o Iy ) [ B
- MR e B P ‘. oo TROCESBING PASMBTERS ~---
- do_balsnge( 0. FALER
| sexp( 0. z(uzl. 0.
01%1, o[u, 80[%], 100[%] )
zerofill( 1)
£££( 1, TRUE, TRUE )
machinephase
epm
<
=
=
-
Filename = rk12332-data-overnight_hmb
Author = delta
| Experiment = hmbe_pfg.ixp
sample_ld = :kxzigz-d.u~mznthe
solvent = CHLOROFORM-D
E- Creation_Time = 14-0CT-~2015 05:09:37
Revision_Time = 29-DEC-2015 13:59:29
O Current_Time = 29-DEC-2015 14:03:15
— Data_Format = 2D REAL REAL
o /ﬁ ﬂ@ @@ - Dim Size = 1638, 512
P e Pt Dim_Title = Proton Carbonl3
o Dim Units = [ppm] [ppm]
- &ﬁ’\—/\— mmnm- =X
= JNM-ECS400
smzzmee: = DELTAZ MMR
MeO,C. Field Stremgth = 9.389766(7] (aoomun)
X Acq Duration = o 27312128[
X_Domain =
— X _Freq - assﬂnznusmﬂs!
X_offget = 5[ppm]
X_Points = 2048
X_Prescans =a
- x_p..-o:luuan = 3.6613771[Hz]
. + X_8w = 7.4985003 [kHz]
= x_swatp Clipped = 5.99880024 (kHz]
& ¥_Doma: = 13C
- v_ruq = 100.52530333 M5}
= ¥ offset = 100 [ppm]
¥_Points = 256
2 319 Y_Prescans =0
E] ¥ Resolution = 98.24572435 [He]
[é] ¥ = 25.15090543 [kHz]
- I8 - Tri_Domain = Proton
= Y O TriFreq = 399.78219838 [Miz]
2 r Tri_Offset = 5[ppm]
= Clipped = FALSE
s Soans = 30
5 Total Scans = 7680
ao Relaxation Delay = 1.5(s]
g 4 Recvr_Gain = 50
8= Temp_Get = 22.8[dc]
B X_Acq_Time = 0.27312128(s}
S X Atn = 1{dB]
T y i T T X_Pulse = 10.025[us]
3.6 35 34 33 32 3.1 3.0 2.9 2.8 2.7 26 2.5 24 02 04 Y Acq_Time = 10.17856(ms]
X : parts per Million : Proton |pbundance
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T

AL A

A
RN

N JEOL
Z.) RESONRNCE

0.1 02 05 082

abundance

40.0

<O (O

=== PROCESSING PARAMETERE =~===
gauss( 5.0[Hz], 0.0(s] )
sinbell_auto

zerofili( 1 )

££t( 1, TRUE, TRUE )

PP
[transpose]

sinbelld{ -60, 160 )

trapezoid( 0[%], 5“], BO[%), 100[%] )
zerofill({ 2 )

£ft( 1, TRUE, TRUE )

@
©

60.0 50.0

70.0

Carbon13

illion
8q,0

Filename = rl:12332-d-tu~av-xn&qht_hmh
Authoxr =

Experiment = hmbc :_pfg.jxp

sample_Id - zklzs!z-d‘tl-sv‘miqht
Solvent = CHLOROFORM-D

Creation_Time = 14-0CT-2015 05:09:37
Revision Time = 29-DEC-2015 13:58:29
Cuzrent_Time = 20-DEC-2015 14:03:51

319

——

—

Y : parts per

90.0

T T
T AR T

7 36 35 34

X : parts per Million : Proton

33 32

Dats_Format = 2D REAL REAL
= 1638, 512
= Proton Carbonl3
0T = {ppm] [ppm]
Dimengions =Xy
site = ONM-ECS400
= DELTA2_NMR
Field Strength = 9.389766(T] uuelm:])
X_Acq Duration = o 27312123
X_Domain =
X_Freq = 399.752195:!1)«-1-]
X offset = §[ppm}
X Points = 2048
X_Prescans =
X_Raua].\ltien = 3.6613771(Hz]
X_sweep = 7.4985003 [kHz]
X_Sweep_Clipped = 5.99880024 [kis]
¥_Domain = 13¢
¥_Freq = 100.52530333 [MHz]
Y_offset = 100 [ppm}
¥ Points -
¥_Prescans =
¥ Resolution = 98.24572435(Hs)
¥_sweep = 25.15090843 [kHa]
T7i_Domain = Proton
Tri_Freq = 399.78219838 [MHz]
Tri_ Offset = 5{ppm}
ad = FALSE
Soans = 30
Total_Scans = 7680
R‘llxl:ien »_Delay = 1.5({s]
Recvr, -
T _G-t = 22.8[dC]
%_Aog_Time = 0.27312128(a]
F_Atn = 1[dB
X_Pulse = 10.025 [us]
¥_Aog_Time = 10.17856[ms]

1.0 20

abundance

0

120.0 1100

1300

Carbon13

Y : parts per Million
140.0

JEOL
@ RESONRNCE

--~- PROCESSING PARAMETERS -~~~
gauss( 5.0(Hz], 0.0(s] )
sinbell_auto

zerofill( 1)

££6( 1, TRUE, TRUE )

PR

(tranapon]

sinbelld( - 0 )

tzupe;oid( 0[%] 5[!:], 80({%], 100([%] )
zerofill( 2

££e( 1, TRUE, TRUE )

7.6 75
X : parts per Million : Proton

74

ppm
abs

Filenane = :klz:az—dnt--ovo:nsgm:_mh
Author -

Experiment = aney . ptg

sample_Td = rklzaaz—d‘u-o\nxniqht
solvent =

Creation_Time = Ta-ouT-2015 05

Revision Pime = 29-DEC-2015 13
Current_Time = 29-DEC-2015 14:01:31

Data_Format = 2D REAL REAL
Dim_Bize = 1638, 512

Dim Title = Proton Carbonld

Dim Units = Ippm] [ppm]
Dimensicne XY

site = JNM-EC5400
Spectrometer - 'A2_NMR

Field Strength 9.389766[T] (400 [MHE])
X_Acq Duration 0.27312128{s]

X_Domain L

X_Freq 399.78219838 [MHz]

X offaet 5 {ppm]

2048
4

3.6613771{Hz]
7.4985003 {kHz}
5 ssssnou ki)

mo 52530333 [MHz]
100 [ppm]
ss

AHERA KNG B U DD REARHUBHY DN

¥_Resolution 9&24512435(!:)
¥_Sweep 25.15090543 [kHz]
Tzi_Domain roton

Tri_Freq 399.78219638 [Miz}
Tri_Offset [ppm]

Clipped FALSE

Soans 0

Total_Scans 7680
Relaxation_Delay = 1.5[s]
Recvr_Gai: = 50

Temp_Get = 22,8[dC]
X_Acg_Time = 0.27312128 (8]

X Atn = 1{dB’

X Pulse = 10,025 [us]

¥ Aog_Time = 10.17856[ms)




cHdes

—————  6.813
———  5.839
T

S~ 1.872
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Exore

I

——— 3.000

E—-oﬂ <

LJULA_JLU WU

~—_ 1.216
—— 1.198

E\%

T

rk11400-a_non-data-1-1.als

conr
DATIM 21-01-2015 16:52:23
oBNUC
EXMOD single_pulse.jxp
OBERQ 399.78 iz
OBSET 4.19 Kiiz
OBFIN 7.29 Hz
POINT 13107
FREQU 6002.40 Hz
SCANS s
Acome 2.1837 sec
D 5.0000 sec
AL .90 usec
IRNUC 1R
CrEMp 235 ¢
sLvwr  cDeLs
EXREF 7.26 ppm
BF 0112 Hz
RGAIN a1
o
TBDPSO )‘\NH
o
X
H
N
Ts

10.50  10.00

950 5.00 8.50 8.00 7.50 7.0

00 5.00  4.50 4. 00 3.50  3.00

2.00

1.5  1.00  0.50

ITTTHWWIH !M‘HH HH‘H‘HW m H\H\Hlt‘HHH\‘HH'HH‘[H‘IIM]AHHM‘HHHH ]HHHH K HHH“!v T HHHH’\» HHH‘\H T H! H\HEWHHHHMH \HH‘HHWH‘HHH, llHHHH ‘HVMH
o 2.50

0.0

cosYy

=
A JEOL
g2 RESONANCE
E M“ AJ\»«JL_J 3o Balanca 0, TALEE > o
dc_balance( 0, TAI-EE )
2 al wh Aol oan ko L ..xp(onn-m. 0.0,
CH om. 80[%1, 100(%] )
zerofill( 1
££6( 1, mux, TRUE )
machinephas:
Ppm
< -
s
&
o o Filename = rk11400-a_cosy~1-2.jdf
B | Authox = delta
Experiment = casy_pfg.jxp
< sample_Td = rk11400-5 0
« Solvent = CHLOROFORM-D
- Creation_Time = 21-JAN-2015 16:53:42
a @Qﬁ Revision Time = 5-JAN-2016 21:41:50
. Current_Time = 5-JAN-2016 21:42:27
Data_Format = REAL
< Dim_Size = 1024, 1024
o0 & (=] e Dim_Title = Proton Proton
Dim_Units = [ppm] [ppm]
Dimensions =XY
o g L = site = MMM-ECS400
[ = I B Spectrometer = DELTA2_NMR
< | ® 8 ¢ -l Field =9, :ss'lssm (400 MHz] )
- & X AoqDusation = 0. 1707009
[ = “ = X_Domain =
- X_Freq = zss.vazlsass DMiz]
X_offset = 5[ppm]
X Points = 1280
X_Prescans -
< X Resol -
bl . X_Sweep = 7.4985003 [kBz]
X_Sweep_Clipped = 5.99880024 [kHz]
@ B N o & ¥ Domai. =18
o YF = 399,78219838 [Miz]
@ ® 8 b Y_Of£: = 5[ppm]
e =
g = TBDPSO. )\NH Fioinee o
[ o ¥_Resolution = 23.42719204 [Hz]
~ ¥ sweep = 5.99736116 [kHz]
I X Irr_Domain = Proton
g Irr_Freq = 399.78219838 MHz]
= H Irr_Offset = 5[ppm]
Seo o® Tri_Pomain = Proton
s ~ Tri_Freq = 399.76219838 Miz]
5 I o e Tri Offset = 5[ppm]
o, [} i N 3, Clipped = FALSE
Ts Scans =
‘g 0.1 bn— Total_Scans = 256
o
o] 286 Relaxation Delay = 1[s]
el T T 1 Recvr_Gain = 50
U T T Temp_Get = 23.6[dC]
8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0 1.0 2.0 | x 90 Widtn = 9.8[us]
X : parts per Million : Proton abundance
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cos¢

<
2 JEOL
3 RESONRANCE
-Esv ~ PROCESSING PARAMETERS
_§ ° w ok L [ L do_palance( 0, TALSE )
) sexp( 0.2[Hz], 0.
0%, om. 80[%], 100[%] )
zerofill( 1
££t( 1, TRUE, TRUE )
machinephase
° ppm.
-
a
O @
@ ! Filename = rk11400-a_cosy~1-2.jdf
Author - lta
Experiment = cosy_pfg.3xp
o] sample_Id = rk11400-» 0
~ Solvent = CHLOROFORM-D
Creation Time = 21-JAN-2015 1
L Revision Time = 5-JAN-2016 2.
e Current_Time = 5-JAN-2016 2
Data_Format = 2D REAL REAL
Dim_Size = 1024, 1024
Dim_Title = Proton Proton
Dim_Units - lml Ippm}
- Dimensions =
- — site - m«-zcuoo
Spectrometer = DELTA2 NMR
Field Strength = 9.389766[T] (400 [MHz])
X Aogpuration = 0.1707008(a]
3 X_Domain =
= 399.752:9935 IMiz]
[+] =3 = = Slppm]
= 1280
= -4
< =5.
< = L = 7.4985003 [kHz)
@ - = 5.99980024 [kiz]
o = 399.78219838 [Muz]
= 5(ppm]
g TBDPSO. )\ = 256
2 NH )
o o] = 23.42719204 (Hz]
[ ~ Swe = 5.99736116 [kHz]
C o X ITr_Domain = Proton
5 a1 Irx_Freq = 399.78219838 [MHz]
£ N H Irz_Offset = 5[ppm]
= Tri_Domain = Proton
s o Tri_Freq = 399.78219838 [MHz]
5 ) N §' Tri_Offset = 5[ppm]
F-9 N Clipped = FALSE
g Ts Total_s - 256
otal_Scans =
a
S @ 8 286 o= hlnation _Delay = 1[s]
> o e e ————— Recvz_Ga: = 50
T = 23.6[dC]
6.0 5.0 4.0 3.0 20 1.0 0 1.0 | s0 widen = 9.8[us]
X : parts per Million : Proton abundance
NOESY
) JEOL
9= RESONRANCE
- : i
3 o
] AJ“‘ M | t === PROCESSING mmmxnks ——
A sexp( 5.0[Rz], 0.0[s
2 AJ\ Ak HoAR s (0[], 0[\']. 80[%], 100[%] )
umnuc 1)
££t( 1, TRUE, TRUE )
ppm
e h *‘“ [transpose.
by sexp( 5. nm.], 0.0[s
trapezoid( 041, om, 801%], 100(%] )
zerofill(
££2( 1, rnuz, TRUE )
o ppm
-7
- Filename = zk11400-a-noesy, NOESY-1-2.
. o . i3 Author = delta
" v e ol . rd Expexriment = noesy. J:
: sample_Td = rk11400-a-noesy
P . H Solvent = CHLOROFORM-D
N = Creation_Time = 23-JAN-2015 01:03:21
Revision Time = 5-JAN-2016 21:43:50
° Current_Time = 5-JAN-2016 21:45:57
& = 2D COMPLEX COMPLEX
¥ kS = B19, 512
=] = Proton Proton
) J * o b = [ppm] [ppm]
i =X
2 = JHM-EC5400
. ' (-] b ' Spectxcmeta: = DELTA2
4 v ° . . !
o] . e o b - Field Strength = 9.389766(T] (anonmzn
2 5 i = a nsssosu
o b o % S = 399,15:19539[)«5-)
= 5[ppm]
® = 1024
- K = 7.3227542[Bz]
w = 7.4985003 [xHz)
= 5.99880024 [kHz]
° ° - = 18
i F = 399.78219838 [Miz]
“ - e
o o =
S o . TBDPSO. )\\NH d =
E ° o] = 23.42719204 [Hz]
= 5.99736116 [kHz]
.. N = Proton
g = 399.78219838 [MHz]
= = 5[ppn]
=) . = Proton
= : = o — ] S I I = 399.78219838 [Muz]
o Tri_Offset = 5[ppm]
2 A4 N = Clippe = FALSE
Ts Scans =25
g - . e le - Total_Scans = 6400
e 286 Relaxation Delay = 1.5[s]
> oo T T Recvr_Gain = 50
T T Temp_Get = 23.3[dC]
70 6.0 5.0 4.0 3.0 2.0 1.0 0 1.0 20 3.0 Mix Time = 0.5[s]
X : parts per Million : Proton pbundance
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ﬁfEST

210.00 200.00 180.00 180.00

70.00 160

.00 150.00 140.

00

177

I T I tl | | |
130.00 120.00 110.00 100.00 90.00 80.00 70.00 60.00 50,00 40.00 30.00 20.00 10.00 0.00

- JEOL
-
g i RESONANCE
g ~ Y I\ Y
R W _J NN U UQ ~--- PROCESSING PARAMETERS ----
2 do_balance( 0, FALSE )
2 sexp( 0.2[Hz], 0.0[s] )
id( 0[%], O[%], 80[%], 100[%] )
zerofill( 1 )
o0 £££( 1, TRUE, TRUE )
S machinephase
ppm
o
=
2 L
—_ - @
Filename = rk11400-a-noesy_NOESY-1-2.
- Author = delta
- Experiment = noesy.jxp
sample_Id = rk11400-a-noesy
~ Solvent = CHLOROFORM-D
a ion_Time = 15 01:03:21
Revision Time = 5-JAN-2016 21:43:50
/ﬁ"' Current_Time = 5-JAN-2016 21:46:43
B
- Data_Format = 2D COMPLEX COMPLEX
Dim _Size = 819, 512
Dim_Title = Proton Proton
h Dim Units = [ppm] [ppm]
- @ Dimensions =Xy
ite = ONM-ECS400
© Spectzromet: = DELTA2 ]
- Field Strength = 9.389766[T] (400 [MHz])
X_Acq Duration = 0.13656064[s]
© X_Domain =1
- = 399,78219838 [Miiz]
’ = 5[ppm]
~ = oz
= ) = 7.3227542(He]
X_Sweep = 7.4985003 [kHz]
o X_Sweep_Clipped = 5,99880024 [kHz]
- ¥_Domain =11
] ¥_Freq = 399.78219838 [MHz]
Y offset = 5(ppm]
a2 TBDPSO, NH Y Points = 256
- - o) ¥_Prescans -
I ¥_Resolution = 23.42719204 [Bz]
~ o o% X ¥_sweep = 5.99736116 (kHz]
] Irr_Domain = Proton
] Irz_Freq = 399.78219838 [Miz]
8 H Irr Offset = 5[ppm]
= - Tri_Domain = Proton
o Tri_Freq = 39978219838 [Miz]
5 N Tri_Offset = 5{ppm]
Clipped = FALSE
29 Ts Scans =25
g « Total_Scans = 6400
a 286
e Relaxation Delay = 1.5[s]
SRS i — T T . Recvr_Gai = 50
T T T Temp_Get = 23.3(dC]
6.0 5.9 5.8 5.7 56 55 54 53 52 5.1 1.0 Mix Time = 0.5(s]
X : parts per Million : Proton abundance
| DFILE rk12341-bcm-1-1.als
COMNT rk12341-bem
| DATIM 20-10-2015 14:37:20
| OBNUC  13C
EXMOD carbon.jxp
| OBFRQ 98.52 MHz
| OBSET 4.64 KHz
| OBFIN 8.74 Hz
| POINT 26214
| FREQU 24630.54 Hz
| SCANS 451
ACQTM 1.0643 sec
PD 2.0000 sec
PWL 3.16 usec
IRNUC 1H
CTEMP 20.4 ¢
SLVNT CDCL3
} EXREF 77.00 ppm
| BF 0.12 Hz
| RGAIN 60
| | | =
| | NTsBoc
|
| | Br
i il |
] | 350
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